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1. Background and History

1.1 Background

The Walker Mine is an inactive underground copper mine located approximately 23 miles
northwest of Portola, in Plumas County, California (Figure 1). Access to the site is by
County Road 112 (Figure 2). North of Lake Davis the road is graveled and is not plowed
during the winter. The mine site is located at altitudes ranging from 6,000 to 7,000 feet
(mean sea level datum) and is generally inaccessible to motor vehicles between November
and May.

Mining operations took place between 1916 and 1941. Underground workings were
developed between about El. 5,400 and El. 7,000. The “700 Level Main Access Adit,”
which is the subject of this project, is located at about El. 6,200 and is the lowest point at
which the underground workings reach the surface. This adit, driven in the early 1920’s
from the mill site at Dolly Creek, reportedly intersected the South Orebody at a distance of
about 3,000 feet from the portal. It then followed the mineral vein through the Central,
North, 712 and Piute Orebodies (Figure 3). At approximately 10,000 feet from the portal, the
Piute shaft was raised in the vein from the 700 Level to the ground surface in 1927/1928
(SRK, 1985).

The mine was closed down in 1941 by a subsidiary of Anaconda Copper Company. After
operations ceased, acidic and metal-laden drainage water (Acid Mine Drainage or AMD)
1ssuing from the adit portal began to affect the downgradient streams (Dolly Creek and Little
Grizzly Creek). The discharge from the mine was reported to have totally eliminated aquatic
life in Dolly Creek, downstream from its confluence with the mine drainage water, and in
Little Grizzly Creek downstream from its confluence with Dolly Creek for a distance of
approximately ten miles downstream of the Walker Mine (SRK, 1985).

In November of 1987, the California Regional Water Quality Control Board (RWQCB)
constructed a concrete plug, or seal, in the adit with the purpose of stopping AMD
discharges. The seal was located at a distance of about 2,700 feet from the portal based on an
evaluation of the rock conditions along the adit performed by SRK in 1985 (SRK, 1985).
The seal is seated in granodiorite. Its cross section is about 9 feet wide by 12 feet high and
its length is 15 feet. Two 4-inch-diameter stainless steel pipes are embedded in the seal to
allow draining of the impounded water. The pipes are controlled by globe valves; these
apparently have not been opened since the seal was constructed. A sampling port with a
pressure transducer is mounted on one of the drain pipes. The transducer is connected to a
datalogger which is monitored by the RWQCB. A view of the seal shortly after its
construction in 1987 is shown as Photo No. 14 (the photos can be found after the figures).

GEI Consultants, Inc. -1-
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Installation of the seal has been a success. Discharge of AMD from the adit has reportedly
ceased. Surface water monitoring by the RWQCB has not detected any springs or seepage
areas into the valleys of the Dolly or Little Grizzly Creeks that could be identified as
groundwater recharged from the Walker Mine workings. The seal impounds the AMD,
which now partly floods the mine workings. The water level behind the seal varies
seasonally, peaking after the spring snowmelt. At its peak, the hydraulic head on the seal
exceeds 200 feet, and the reservoir created by the seal holds back more than 90 acre-feet of
AMD.

The RWQCB operations and maintenance plan for the Walker Mine site requires the
RWQCB to perform integrity testing of the mine seal every 10 years. Testing of the mine
seal is a critical and necessary project because if the seal were to fail a large volume of AMD
would be released, impacting aquatic life in downstream creeks.

1.2 Available Data

Available information on the Walker Mine seal includes the following;:

(1) Steffen Robertson and Kirsten (SRK), “Walker Mine Project, Draft Final
Feasibility and Design Report,” September 1985. This is the design report for the
seal. The stated design life for the seal is in excess of 100 years. The report
contains interpretive information on the site geology and hydrogeology. It also
presents the rock mechanics evaluations performed to assess the shear strength
along the rock/concrete interface. An allowable shear strength of about 190 psi
was estimated along the interface. The design was prepared assuming a
maximum hydraulic head of 570 feet and applying a factor of safety of 2.5 to the
hydraulic head. The maximum hydraulic head is controlled by existing adits
above the Main Access Adit. The Piute Shaft landing tunnel has a portal at an
elevation approximately 390 feet higher than the 700 Level Adit (Figure 3).
However, for the design it was assumed that the Piute Shaft also could be sealed.
The next point of egress would be the Old Sawmill adit, located at an elevation
about 570 feet higher than the 700 Level Adit.

(2) SRK, “Walker Mine, Final Construction As-Built Report,” March 1988: This
report includes: a letter report describing the key construction activities;
Attachment 1 entitled “Quality Assurance Data Summaries” which contains test
data related to concrete materials and concrete; Attachment 2 entitled
“Specifications”; Attachment 3 entitled “Correspondence,” which includes
additional data on the concrete, information on instrumentation, and
miscellaneous correspondence; and an unnumbered attachment dated September
1989 containing the SRK “Construction Activities Reports.” According to this
report the concrete mixture used for the seal had a design 28-day compressive
strength of 3,000 psi. Each cubic yard of concrete contained approximately 1,476
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pounds of fine aggregate, 1,546 pounds of %.-inch to No. 4 coarse aggregate
(limestone), 450 pounds of Type II low alkali portland cement, and 150 pounds of
lassenite, a natural pozzolan. Silica fume, also pozzolanic in nature, was added at
a rate of 49.5 pounds per cubic yard to improve the workability and pumpability
of the concrete. A superplasticizer was used to obtain a slump of about 7 inches
at the pump while maintaining a water to cementitious material ratio of about
0.45. The slump at the end of the pump line generally ranged from 4 2 to 6
inches. The concrete was placed in a single shift on November 13, 1987. The
total volume placed was approximately 66.2 cubic yards. The temperature of the
mix ranged from 51 to 56 degrees Fahrenheit. The ambient temperature in the
mine during placement was 47 degrees Fahrenheit. Concrete test cylinders made
from one sample during the placement averaged a 28-day compressive strength of
5,500 psi.

Regional Water Quality Control Board, “Walker Mine Site Safety Plan,” January
20, 1998. This is the RWQCB safety plan for their site management operations,
and was used for the site visit described in this report.

SRK drawing entitled “As-Built Walker Mine Plug Plan, Profile and Details,”
dated March 1989. It is the construction drawing for the seal. A copy is included
in Appendix A.

Westec drawing entitled “Walker Mine Tunnel Rehabilitation, 700 Level Adit
Mapping Data” dated March 1995. It presents geologic mapping data along the
adit alignment.

Water quality data for two samples taken from downstream of the seal in June
2000: One of them (labeled “seep”) was taken from seepage water emerging from
the rock/concrete interface along the crown. The other (labeled “pool”) was taken
from a pool of water at the toe of the seal. Selected parameters from these tests
are shown in Table 1 below. Typical water quality parameters reported in 1985 by
SRK for portal water and unimpacted nearby streams are also shown in Table 1.
A seasonal variation was reported by SRK both in flow amounts and copper
concentration, with the latter being highest during periods of greatest flow. This
was attributed to the spring flushing of acid generated in the mine all winter,
resulting in spring flows that have a lower pH and a higher copper content than
flows later in the year. Reported copper concentrations for AMD ranged from
about 10 to 50 mg/l (SRK, 1985).

Video entitled “Walker Mine Seal Project” dated November 13, 1987. It shows
the site of the seal just prior to concrete placement. It shows views of the
bulkheads upstream and downstream of the seal and the interior of the seal,
including the drain pipes, grout pipes, tremie pipe and rock condition.

GEI Consultants, Inc. -3-



TABLE 1
WATER QUALITY PARAMETERS

O O 3 /

Parameter Unit Portal’ Streams’ Seep” Pool”
Ca mg/1 24.5 5.8 29 33
Na mg/1 2.7 2.8 2.6 3.1
K me/l 16 0.7 24 78
Mg me/l 6.4 22 68 6.8

SO, mg/1 146 5 200 200
HCO; mg/1 0 23 ND ND
PH units 4.1 7.6 4.0 3.7
NO; mg/l 45 0.7 ND ND
NH; mg/1 0.01 0.01 NA NA
Cl mg/1 1 ND ND ND
Cu mg/1 29 0.03 14 12
Zn mg/1 0.93 0.01 0.76 0.76
Fe mg/1 1.0 0.15 33 1.2

Notes: 1. Typical water quality parameters reported by SRK (SRK, 1985; Table 2)
before the seal was constructed.
2. Tests performed by CLS Labs, Rancho Cordova, California for the RWQCB.
Samples were collected just downstream of the seal. Test results are dated
July 14, 2000.

ND = Not Detected
NA = Not Analyzed

GEI Consultants, Inc. -4-
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2. Purpose and Scope

2.1 Purpose

The purpose of the Walker Mine seal testing and evaluation program is to assess the integrnty
of the seal. Specifically, the following characteristics of the mine seal are to be assessed:

Location, depth, and extent of major cracks,

Seepage locations and volumes

Physical condition of concrete on the submerged side of the seal,

Condition (corrosion) of the two pipes and valve assemblies installed in the seal,
Condition of the support rock at the seal area,

Condition of the rock/concrete interface at selected locations,

Condition of the seal with regard to its ability to withstand the design hydraulic head,
Maximum (optimum) head on seal to minimize seal degradation.

F@mo oo o

2.2 Scope
The scope of the seal testing and evaluation work 1s summarized as follows:

1. Perform a site visit to inspect the visible features of the seal and conduct an initial
phase of nondestructive tests. Prepare a Site Visit Report that presents the
observations, test data, and initial evaluations.

2. Based on the results of the site visit and initial tests, plan additional testing and
evaluation activities to characterize the seal. Prepare a Sampling and Analysis Work
Plan that summarizes the proposed integrity evaluation program.

3. Upon approval of the work plan by the RWQCB, conduct the additional testing and
evaluation activities. Prepare a Seal Testing and Evaluation Report summarizing the
data and findings from the testing activities, data interpretation, conclusions and
recommendations.

This document includes both the Site Visit Report and the Sampling and Analysis Work
Plan. The findings and conclusions of the site visit are presented in Section 3. The
investigations proposed for additional characterization of the seal are delineated in Section 4.
Data and additional information are included in appendices.

GEI Consultants, Inc. -5-
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3. Site Visit Report

3.1 General

The site visit took place on October 31 through November 2, 2000. The weather was sunny
on October 31, partly cloudy on November 1, and again sunny on November 2.
Temperatures were below freezing at night and in the upper 30s to low 40s during the day.
There was about two to three inches of snow on the ground at the mine site. Vehicular access
to the site required 4-wheel drive due to mud and snow on the road in the vicinity of the site.

Participants and their affiliation included the following:

e Patrick Morns, Regional Water Quality Control Board project manager

e Alberto Pujol, P.E., Mike Knarr and Nick Kollerer, GEI Consultants, project director,
structural engineer and staff engineer, respectively

¢ Malcolm Lim, Ethan Dodge and Jerry Harrano, Construction Technology Laboratories
(CTL), concrete nondestructive testing specialists

¢ Jose Cercone and Cynthia Fox, Washington Group International (Washington),
engineering geologist and civil/process engineer, respectively

e Gary Mass, independent concrete consultant

e Lara Pucik, Walker & Associates, geochemistry specialist

e Patrick Morrison, SDV-ACCI, graphics and project support

The general sequence of activities occurred as follows:

e Preparatory activities occurred on October 31*'. A generator was brought to the mine site
and the adit was ventilated. Morris, Pujol, Kollerer, and later Morrison, entered the mine.
A ladder, hand pump, hoses and various supplies were brought to the vicinity of the seal.
The seepage pool next to the seal was pumped out to enable access to the valves and
observation of the concrete face. At the end of the day Morrison left the site.

o The main visit took place on November 1%. The generator was again hooked up and the
mine ventilated. Pucik took AMD samples and performed field water quality
determinations. Kollerer pumped out water that had accumulated in the seepage pool
overnight. The CTL group performed nondestructive tests (impact echo and impulse
response) on the concrete of the mine seal. Knarr and Mass inspected the condition of
the concrete face. Fox measured and inspected the piping and valves. Cercone observed
rock conditions immediately downstream of the seal. The visit was concluded shortly
before 5 pm. Pucik left the site. A meeting was held over dinner to discuss the day’s
observations. During the meeting, a preliminary outline of the Site Visit Report and
Sampling and Analysis Work Plan was reviewed.

GEI Consultants, Inc. -6-
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e A smaller group including Mass, Fox, Cercone, Pujol and Kollerer returned to the mine
site on November 2" to wrap up the site visit and demobilize. The adit was ventilated
prior to entering the mine. Kollerer again dewatered the seepage pool next to the seal.
Fox, Cercone and Mass concluded their observations. A chain with padlock was placed
around the handwheel of each control valve actuator to prevent unauthorized actuation of
the valves. The site inspection equipment was retrieved from the seal area and the area
cleaned up. The ladder, pump, hoses and wheel barrow were stored near the entrance to
the adit, by the battery packs. The ventilation duct was retracted into the adit and the
mine was locked up. We left the site shortly after 1 pm.

Throughout the site visit, air quality in the adit was monitored using a gas monitor (MG140
Four Gas Monitor manufactured by Industrial Scientific Corporation) which continuously
monitored oxygen, hydrogen sulfide, carbon monoxide and combustible gas content. No
problems were encountered with air quality. Whenever personnel were in the adit, at least
one person remained outside, at the portal, to monitor the generator and for safety purposes.

3.2 Observed Seepage Conditions

From the portal, the adit begins with a 150-foot-long cut-and-cover section supported by a
corrugated metal pipe lining. This section, constructed recently, appears in good condition
and dry. The next 1,100 feet of the adit is heavily timbered and very wet. The surrounding
ground is decomposed or highly weathered granodiorite. The adit drains groundwater from
the hillside above the portal. Water drips from the roof at many locations, and pools are
present on the ground to a depth of up to 6 inches. The water overflows into a ditch that runs
along the left side of the adit (looking toward the seal), under the ventilation duct.

Beyond the first 1,300 feet or so from the portal, the adit runs through generally fresh or
slightly weathered granodiorite. The opening is unsupported and essentially dry. During the
site visit we did not observe water in this section of the adit until we reached a distance of
about 200 feet from the seal. The rock surface is partly covered with a thin coating of
reddish mud, reportedly deposited during a collapse (date unknown) in the timbered section
that caused the adit to be flooded. The floor of the adit is covered with soil which supports-
ties and a narrow gauge rail track.

At the seal, the hydraulic pressure of the impounded water measured on the day of the visit
was 61 psi. Thus, a hydraulic head of approximately 140 feet was acting on the upstream
face of the seal. As a result of the hydraulic gradient through the seal and adjacent rock
mass, water seeps through the concrete-rock interface and existing joints in the rock mass.
The leakage primarily daylights to the downstream face of the seal along the interface
between the concrete and the roof of the adit, and appears in the form of drips running down
the face of the seal. Large iron oxide deposits of a dark reddish color have formed over the
seal] face and were sampled during our visit. Most of the leakage daylights at the left-center
portion of the crown and along both side walls. We did not see any evidence of perceptible

GEI Consultants, Inc. -7-
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seepage flow occurring through the concrete itself. Wet reddish mud covers the floor of the
adit at the toe of the seal. We tried to push it aside with a shovel and did not see any
perceptible evidence (in the form of bubbling or eddies in the mud) of seepage occurring
along the rock-concrete contact at the floor of the seal. However, the mud and water
impeded a good view of the contact and small amounts of seepage would escape detection.

There appears to be minimal leakage through the rock around the seal. We observed a very
slow drip occurring from existing rock joints that daylight at the roof of the adit about 25 feet
downstream of the seal.

The seepage accumulates in a pool on the floor of the adit at the downstream toe of the seal.
The pool is confined by the seal face, the adit sidewalls, and the ballast soil covering the adit
floor away from the seal. Approximate pool dimensions are 10 feet by 6 feet and the depth
of water is up to about 20 inches. Water also accumulates in the ditch on the left side of the
adit for a distance of about 200 feet from the seal. The water in the ditch appears stagnant,
and it seeps into the ground and disappears at the same rate that it discharges from the seal
area. The grade of the adit within a few hundred feet downstream of the seal is essentially
flat.

During the first day of our visit (October 31), we used a hand pump and 125 feet of %-inch
garden hose to pump water out of the pool next to the seal. We also bailed water using 5-
gallon buckets and discharged it at the end point of the hose. We estimate that we removed
about 1,000 gallons from the pool using these methods. The discharged water simply pooled
within the irregularities of the adit floor at the discharge point of the hose and in the ditch
along the left wall. We blocked the ditch next to the seal to prevent the water from flowing
back into the pool. We stopped pumping at 3:00 pm. Before we left for the evening we set
up a temporary staff gauge to measure the water level in the pool. When we left at about
4:00 pm, the water level was at about 3 inches above the bottom. The following morning at
10:45 am the water level had risen to about 8-1/4 inches, and we pumped about 200 gallons
out to return the water level to about 3 inches. This volume of water over a period of 19 hrs
45 minutes gives a seepage rate of 0.17 gpm.

When we left on November 1 at 4:35 pm, the water level was 2-1/8 inches. When we arrived
at 9:55 am on November 2, the water level was at 7-1/8 inches and we estimate that we
pumped about 150 gallons to draw down the water level to about 2 -1/8 inches. This volume
of water over a period of about 17 hrs 30 minutes gives a seepage rate of 0.14 gpm. This rate
is slightly lower than that observed the previous day possibly because during the previous
day, water may have been seeping back into the pool from the soil deposits that cover the
floor of the adit adjacent to the pool. Based on these observations and considering the
approximate nature of the method used, we believe that 0.15 gpm is a reasonable estimate of

the seepage rate occurring in the immediate vicinity of the plug at a hydraulic head of 140
feet.

—
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3.3 Observed Rock Condition

Rock exposed along the 700 level adit consists mainly of coarse-grained, light gray
granodiorite containing chiefly quartz, plagioclase feldspar phenocrysts, and dark colored
mafic minerals. Structures observed along the adit include joints, cleavage, and sheared
zones.

With the exception of poor ground conditions in the first 1,300 feet of the adit, the adit
appears to be sound and stable. Beyond the initial timber-supported zone, the rock condition
is generally good, and there 1s no installed support. We observed no indications of rock
distress, stress-induced relief, post excavation overbreaks or cave-ins. The overbreak is
generally in the roof and is believed to have occurred during the original excavation (SRK,
1985).

Generally the rock is slightly to moderately jointed, fresh, and dense. The predominant joint
orientations observed, two sets along the adit drive, are N 50 W and E-W. Both sets dip
between 45 to 55 degrees to the south. Typically the joints are spaced 1 to 3 feet apart, and
are rough, tight and clean or with a thin filling of clay (weathered felsic mineral).

3.4 Observed Concrete Condition

The exposed face of the concrete seal was closely examined by Gary Mass and Mike Knarr.
The purpose of the examination was to determine the condition of the concrete that was
accessible, as an indication of the condition of the concrete throughout the seal. This section
presents the observations that were made.

341  General Appearance

The entire face of the seal was moist. Except for those areas covered by deposits of iron
oxide and calcium carbonate from seepage water, the original formed surface of the seal was
plainly visible and in good condition (See Photo No. 1). Surface deposits appear to be
associated with those areas of seepage and seepage flow including the active seep in the left-
center portion of the crown and along both sidewalls adjacent to the concrete/rock contact.
Efflorescence, whitish deposits of calcium carbonate, was isolated to two locations. These
locations were the lower left sidewall and upper right side of the seal. Efflorescence is
generally associated with the leaching of Ca(OH), from the cement due to movement of
water through, or adjacent to the concrete. When seepage water exits the concrete and reacts
with air, CaCO; forms and is deposited on the concrete surface. The existing deposits of
CaCOs appeared to be very minor in nature and substantially less than the iron staining and
iron deposits, particularly the iron deposits on the left-center portion of the seal. A green-
colored copper sulfate staining was also observed on the right side of the seal and on the rock
adjacent to the seal.

GEI Consultants, Inc. -9-
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The concrete/rock contact appeared to be good (See Photos No. 5, 6 and 7). No
discontinuities were observed. Concrete against rock was well consolidated and free of
visible voids, honeycomb, or other defects.

No surface erosion was observed. The concrete appeared dense and well consolidated.
Several horizontal lines were observed above mid-height on the face that would suggest the
possibility of cold joints in the concrete during placement of the seal. However, close
examination of these lines showed no evidence of poor consolidation or actual existence of
cold joints. These lines appeared to be the result of the occasional flow of concrete against
the form as it was filled by pumping. The lines are composed of a series of small surface
voids, generally less than 1 mm diameter. These lines were not continuous across the face,
but were generally limited to several feet in length. Furthermore, there was no evidence of
seepage, past or present, along any of these lines.

No cracking of any nature was observed on the face of seal. The only damage appeared to be
a l-inch-deep by 8-inch-long gouge in the concrete face on the lower left side of the seal.
The cause of this gouge i1s unknown but it appeared to be produced by a pointed object.

A horizontal water line on the concrete face, as evidenced by a solid iron staining, was
observed approximately 18 inches above the floor of the adit. This water line was generated
by the presence of the ponded seepage against, and immediately downstream of the seal.
Since the ponded water had been removed for access and inspection, a mud line of soft iron
sediment could also be seen along the floor. This mud line followed the contour of the rock
along the floor and appeared to be about 3 to 4 inches in thickness.

Several items penetrate the full thickness of the seal including twelve (12) 5/8-inch-diameter
treaded form ties and the two (2) 4-inch-diameter stainless steel drain pipes. No seepage, or
evidence of prior seepage, was observed around any of these penetrations. The embedded
pipe that was used for pumping concrete into the form and the embedded grout pipes do not
penetrate the full thickness of the concrete seal and no evidence of seepage was observed
around either of these features.

3.4.2 Surface Examination

Since portions of the surface of the concrete had been exposed to acidic water, either from
seepage flowing down the face or from standing water in the pond, a close examination was
made to determine hardness and quality of the concrete surface. The pointed end of a
geology hammer was used to check surface hardness.

The first area examined was in the center of the calcium carbonate deposit on the lower left
side of the seal (See Photo No. 2). This area was wet from active seepage flow. It was found
that the thickness of the deposit ranged from 1 to 2 mm and that this deposit was reasonably
well bonded to the concrete. The underlying concrete surface was soft and could be easily
removed by scraping with the hammer point. Depth of the sofiness was estimated at 1 to 1.5

GEI Consultants, Inc. -10-
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mm. Once this soft paste and mortar were removed the concrete immediately underneath
was hard and sound.

The second area examined was above and below the water line that had been created by the
ponded seepage. Below the water line the concrete surface paste and mortar could easily be
removed by scraping to a depth of 1 to 2 mm before hard, sound concrete was reached.
Above the water line the depth of soft paste and mortar was approximately 1 to 1.5 mm, or
slightly less than below water line (See Photos No. 2 and 3).

The third area examined was immediately below the protruding steel pipe that had

been used for pumping concrete into the seal. The surface in this area was moist but there
did not appear to be any evidence of seepage flow. The surface paste was found to be hard
and sound and could not be removed by scraping (See Photo No. 4).

Based on these observations, it can be concluded that concrete exposed to the acid mine
water has been affected to some extent and has resulted in a softening of the surface paste
and mortar. At present, the depth of this softening is small: generally less than 1.5 mm
except below the pond water line where the depth may reach approximately 2 mm at the
location we checked. Furthermore, softening has not resulted in loss of the surface paste by
erosion. Concrete below this thin zone of softening is sound and hard, and most likely
indicative of the concrete mass within the seal. However, concrete along the concrete/rock
contact where seepage is occurring has probably been affected in a similar manner as that
observed on the face. At this time, no increase in seepage rate has been observed that would
indicate that the softening of the paste and mortar has been detrimental or has affected the
integrity of the seal. We believe that concrete that is not exposed to direct contact with the
acid water can be expected to be sound and hard.

As mentioned earlier, iron staining and iron deposits have developed on the exposed face of
the seal. The most severe accumulation of iron deposits is down the face on the right-of-
center side of the seal. This deposit is composed of fairly soft material that is up to one inch
in thickness with a consistency of mush. The iron staining and deposits do not affect the
durability of concrete in any manner.

3.4.3 Potential Presence of Transverse Thermal Cracks

A simplified thermal study using ACI 207.2R-95, Effect of Restraint, Volume Change, and
Reinforcement on Cracking of Mass Concrete, was made to analytically investigate the
potential for transverse cracking in the concrete seal during the curing period. Parameters
used in this study were taken from the final construction report prepared by SRK. Details of
the methodology used are presented in Appendix B, including the above-mentioned ACI
publication and the calculations performed.

The results of this study indicate a potential that transverse cracks might be present within
the concrete. However, there is no visible evidence of cracking or structural distress.
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Furthermore, the nondestructive testing described in Section 3.5 did not detect transverse
cracking; on the contrary, the test results indicate that the concrete is of good quality and
without discontinuities. Therefore, it is felt that, if they exist, these cracks are most likely
well distributed and do not affect the structural integrity of the seal. Additional
investigations such as limited coring and sonic logging of the concrete will be considered to
confirm this assessment. '

3.5 Nondestructive Testing of Concrete

The concrete seal was tested by Construction Technology Laboratories, Inc. (CTL) using the
nondestructive impulse response, impedance log and impact echo testing techniques. A
detailed report by CTL describing the test methods and results is included in Appendix C. In
summary, the report concludes that the overall condition of the concrete in the seal is good,
except for a zone of poor concrete consolidation immediately surrounding and below the
location of the original concrete tremie pipe in the upper right quadrant of the seal (see
Figure 4 for the location of the tremie pipe). This zone, with approximate dimensions of 4
feet high by 2 feet wide, was probably caused by “blind spots” developing during the
concrete placement.

Typical values for concrete stress wave velocity in integral foundation piers with good
concrete quality vary between 12,500 and 14,000 feet per second, with average values around
13,125 feet per second. The thickness of the seal calculated from the mobility plots
presented in Appendix B assuming a stress wave velocity in the concrete of 13,125 feet per
second varies between 14.5 feet and 15.5 feet (versus a design length of 15.0 feet). Thus, the
measured thickness of sound concrete agrees closely with the original design thickness.
Conversely, for an assumed seal thickness of 15 feet, the average calculated concrete
compression wave velocities are between 12,690 and 13,560 feet per second, indicating good
quality concrete in the body of the seal with no discontinuities.

The shear wave velocity at the rock/concrete interface for different points around the plug
perimeter was measured, ranging from 1,500 to 2,500 feet per second. As explained in the
CTL report, these are very high values, indicating a good contact between the rock and the
concrete. The lower values within this range are concentrated around the bottom center and
the top of the plug, with the higher values along the sides of the plug over the lower two
thirds. This is expected as a result of the concrete placement technique employed.

It is suggested that the zone of poor concrete consolidation in the upper right quadrant of the
plug be inspected by cross hole sonic logging and coring to a limited depth during the second
phase of the testing and evaluation program.
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3.6 Observed Arrangement and Condition of Drain Pipes

3.6.1 General

The drain piping consists of two independent 4-inch diameter stainless steel pipes that extend
through the concrete seal (See Photos No. 8 through 13). The SRK drawing entitled “As-
Built Walker Mine Plug Plan, Profile and Details” (attached in Appendix A) indicates that
the pipes extend a minimum of 6 inches upstream of the seal face and the inlets are protected
with screens. The drawing also shows that rubber rings were placed around each pipe at 4-
foot intervals to serve as waterstops. The screens and waterstops are visible in the videotape
of the original seal construction (RWQCB, 1987). Downstream of the seal, each projecting
pipe has a closed 4-inch shutoff valve with a handwheel actuator and terminates in a blind
flange tapped for two 3/4-inch-diameter pipe stubs, each with a closed ball valve. Upstream
of the 4-inch shutoff valve, the drain pipe on the right side (looking toward the seal) has a %-
inch pipe branch used for a pressure transmitter connection that includes an isolating ball
valve, a pressure gauge, a sampling port, and a pressure transmitter sensor. The left drain
pipe has only a %-inch pipe stub-up with a ball valve and threaded end plug. Sketches
showing the approximate dimensions and materials of the installed arrangement of the drain
pipe assemblies are included as Figures 5 (plan) and 6 (elevation).

3.6.2 Valves and Instruments

4-inch Shutoff Valves: The two 4-inch valves are K-Max rotary control valves (RCV)
manufactured by DeZurik. DeZurik sold this line of valves in 1994 to Leslie Controls, which
continues to produce RCV K-Max valves. Leslie Controls has a California representative,
Birmingham Controls, that can supply information and field service for the K-Max valves.
Product information for the 4-inch K-Max valves currently being manufactured by Leslie
Controls is included in Appendix D. This literature depicts valves that are similar but not
exactly equal to those installed in 1987.

The installed valves’ nameplate data are as follows:

Code: GKM

352363

P/N: 2029397 (west valve); 2029399 (east valve)
PONO: 12676 Guide: STELL

Body: 4.0 STL SS Plug: LIN

Trim Size: 4.0 Trim: S3

DEZURIK

According to the nameplate data, the installed valves are 4-inch, wafer style, globe (half-ball
plug) valves with stainless steel bodies, plugs, and trim. The original assembly number
indicates that the valves were ordered without actuators. According to Leslie Controls, each
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valve was originally equipped with the following items: a high strength 17-4 PH stainless
steel shaft, Stellite alloy bearings, teflon packing, “full capacity” sized seat ring, and a special
trim hardening feature composed of a Stellite alloy coating on the plug and seat ring. The
valves are installed stem up with the plug-end oriented downstream. The plug can operate
through a 90-degree rotation and, unlike most control valves, the valve stem is rotated
clockwise to open. The valves are precision flow control valves designed for highly erosive
service and have a minimum shutoff rating of 285 psi (ANSI Class IV). The DeZurik service
representative provided the information that the service life of the teflon packing is at least
25 years and that the packing should be in good condition in the mild acid (pH 4)
environment. The valves are installed with black, 1/16-inch thick, raised-face flange gaskets
that are in good condition. The exteriors of the valves are not corroded and are in good
condition.

It 1s our understanding that the two 4-inch valves have been in the closed position, under
upstream pressure, and have not been operated since they were installed 13 years ago.

Valve Acuators: Each 4-inch shutoff valve is equipped with a rotary, manual, handwheel
actuator. The actuators are totally enclosed and have 6-inch diameter handwheels. The
actuator enclosures are painted cast iron. The actuators appear to be in operable condition,
although the enclosures and handwheel stems are encrusted with metal oxide deposits and
show external corrosion due to constant exposure to dripping acidic water.

Auxiliary Valves: The ¥%-inch ball valves are lever-operated and have threaded ends. The
valves are marked “1000 wog CF-8M”, which indicates that they are suitable for water, oil,
or gas service at pressures up to 1000 psi, and are made of Type 316 stainless steel. All the
ball valves are normally closed except for the isolation valve on the pressure transmitter
piping. The ball valves show no corrosion and appear to be in good condition. There is one
other “s-inch valve at the sample port on the pressure transmitter piping. The valve appears
to be a globe valve and has a round plastic handwheel operator. The valve body material is
slightly bronze in color and 1s marked “796F MUR”. The valve was operated during the site
visit to take a water sample from the pipeline. It is in good condition, has no corrosion, and is
providing leak-tight closure. ‘

Pressure Gauge and Pressure Transmitter: The pressure gauge is a 5-inch diameter, glass-
faced gauge with a range from 1-to 300 psig manufactured by Royal. The pressure transmitter
has markings identifying it as a Model PTX 520 industrial pressure transmitter with a range
from 1 to 300 psig manufactured by Druck, Inc. The transmitter has a 2-wire current output
that provides a continuous 4-20mA signal to a Telog data logger located near the entrance of
the mine. The direct current power for the transmitter and the data logger is provided by a
multiple battery pack near the entrance of the mine. The wiring connecting the transmitter to
the data logger is strung unprotected along the floor of the mine adit, making it vulnerable to
being tread on and to rock falls.
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3.6.3  Piping General Arrangement

4-inch Piping: The 4-inch piping is stainless steel of unknown type and is identified as
Schedule 40 pipe on the original construction drawings. The spool flanges are welded, slip-
on, raised face flanges and are marked 150 Ib., Type 316 stainless steel with ANSI Type B16
bolt hole drilling. The tapped blind flange on the end of each drain pipe also appears to be a
raised face flange, and is marked 150 lb., Type 304L stainless steel with ANSI Type B16 bolt
hole drilling. The 4-inch piping and flanges are in good condition and, although coated with
metal oxide deposits, show no corrosion.

The flanges take eight 5/8-inch diameter bolts. There are eight machine bolts with nuts
securing the blind flanges to the adjacent spool pieces. A least one of the eight machine
bolts and nuts appears to be carbon steel. Each 4-inch wafer (flangeless) shutoff valve 1s
held in place by six tie bolts and two threaded rods that restrain the valve between the flanges
of the adjacent pipe spools. The tie bolts and threaded rods were examined visually and with
amagnet. At least one of the six tie bolts that restrain each valve between spool flanges
appears to be carbon steel, not stainless steel. In addition, the threaded rods (wall anchors),
which are embedded into the concrete of the plug wall, are also highly magnetic and appear
to be carbon steel.

The stainless steel bolts and nuts are in good condition and show no corrosion. The carbon
steel tie bolts and nuts are in fair condition and show noticeable corrosion, especially where
the carbon steel is in contact with stainless steel. The threaded rod wall anchors are in good
to fair condition. These rods are covered with oxide deposits, but show only mild surface
corrosion.

Auxiliary Piping: Most of the %-inch and smaller piping is stainless steel. The thickness
(Schedule) of this piping is not known, although it is likely to be Schedule 40. However,
three segments of the ¥%-inch piping appear to be carbon steel pipe. Pipe metals were
inspected visually, examined for markings, and checked with a magnet. The stainless steel
piping was not magnetic and silver in color; the carbon steel piping was strongly magnetic
and dull gray in color. One carbon steel pipe segment is the first segment on the piping
branch for the pressure transmitter, just upstream of the isolating ball valve. The other two
carbon steel pipes are connected to the blind flanges, one on each flange. (See Figure 6).

The stainless steel piping was found to be in good condition and showed no exterior
corrosion. The carbon steel segment on the pressure transmitter piping appeared to be
galvanized and was in good to fair condition with some corrosion at the threaded connections
at each end. The entire surfaces of the carbon steel pipes downstream of the blind flanges are
covered with a thin layer of corrosion.

Product information for piping and fittings is included in Appendix D.
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3.6.4 Variances of Installed Drain Pipes from As-Built Drawing

During the inspection, it was observed that the installed drain pipes and valves do not entirely
match the as-built drawing in Appendix A. The main differences between the as-built
drawing and the actual installed arrangement are summarized below:

1. The two projecting piping assemblies are not strapped down and are not supported
from below by the concrete block pipe supports shown on the as-built drawing. In
actuality, the piping is cantilevered from the face of the seal.

2. The 4-inch shutoff valves do not have the flanges shown on the as-built drawing. In
actuality, each valve is a wafer-type valve and is held in place by tie bolts that extend
across the body of the valve between the flanges of the adjacent spool pieces.

3. The pipe branch for the pressure gauge and pressure transmitter is more complex than
shown on the drawing. The installed pressure transmitter piping includes an isolating
ball valve and a valved sampling port, along with the pressure gauge and pressure
transmitter.

In addition, while the original design intent as we understand it was to use stainless steel for
all wetted piping components, flange bolts, and wall anchors, the inspection revealed that the
following piping components and fasteners appear to be carbon steel rather than stainless
steel:

e The 3/4-inch pipe segment on east drain pipe pressure transmitter line

¢ One 3/4-inch pipe downstream of the blind flange for both the east and west drain pipes.

e The tie bolt at the 10 o’clock position on each 4-inch valve (looking downstream)

e The threaded rod wall anchors and the FxF threaded turnbuckle-type connectors that
connect to the tie bolts at the 5 and 7 o’clock positions on each 4-inch valve.

e Miscellaneous tie bolts and nuts restraining the blind flanges

3.7 AMD Sampling

Acid Mine Drainage (AMD) was collected on November 1, 2000 from the following four
areas:

e Pond: The standing pond in front of the seal was sampled, after about 20 hours of
recharge and prior to any other activity in the mine, in order to provide a sample with as
little disturbance as possible.

e Seep: Water seeping from the mine seal was sampled by collecting a drip stream
emanating from the top of the seal.
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e Drain pipe: Water in long-term contact with the east drain pipe was collected by
sampling the first volume of water to flow out of the pipe upon opening of the sampling
valve.

e Upstream: Water from the main body of AMD behind the seal was sampled by
collecting flow from the drain pipe after approximately 25 gallons of water had been
allowed to drain from the pipe. This represents 2 pipe volumes and means that water
flowing through the pipe at the time of collection was sourced from AMD that had not
been in long-term contact with the pipe prior to sampling.

Two unpreserved, one liter, samples from each area were collected. One sample from each
area was placed into a cooler with ice for transport under standard chain of custody protocols
to Sequoia Analytical in Sacramento, CA for analysis of:

e pH

e Total Dissolved Solids (TDS)
e Acidity

e Alkalinity

e Calcium, Copper, Iron, Aluminum, Potassium, Magnesium, Manganese, Sodium, Lead,
Silica, Chromium, Nickel, Molybdenum, Titanium, and Zinc.

These constituents will be analyzed via the standard USEPA methods included in Appendix
E. The other split was analyzed in the field for:

e pH

¢ Oxidation Reduction Potential (ORP)
¢ Dissolved Oxygen (DO)

e Iron (Fe)

These constituents were all analyzed via portable electrode except for Iron, which was
measured using a Hach DR2010 portable spectrophotometer and the Hach Ferrozine
colorimetric method for Iron (included in Appendix E).

A solid sample of presumed iron oxide buildup deposited by the seep on the concrete seal
face was also collected by scraping the material off the face. After examination undemeath a
microscope, this sample may be analyzed for various elemental and mineralogical
constituents. '

Results from Sequoia Analytical Laboratory will be included in the Seal Testing and
Evaluation Report. Results of the November 1, 2000 field analyses are presented in Table 2
below:
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Table 2 Field Determined Water Quality Parameters (November 1, 2000)

Sample ID Time pH ORP DO Fe
[Units] [mV] [mg/L] [mg/L]
Seep 11:15 4.17 350 6.7 11.6
Pond 10:45 4.80 312 7.4 6.3
Drain pipe 11:20 4.53 286 1.7 40.3
Upstream 11:40 4.57 279 1.6 39.9

Based on the limited data collected in the field, the following observations have been made:

o The samples are all moderately acidic with pH ranging from 4.2 to 4.8. The pH observed
in these waters suggests that some of the host or wall rock contains some buffering
capacity and therefore is able to neutralize some of the pyrite oxidation generated acidity.
The reason for the slight differences in the pH of the samples is not yet apparent.

e The samples all contain some dissolved oxygen, which is expected in an actively
oxidizing orebody. Oxygen is required for sulfide to oxidize to sulfate. The Pond and
Seep samples are both in higher oxygen containing environments, since they are directly
exposed to air.

» The dissolved oxygen content supports the ORP measurements. Most oxygen is
observed in the seep and pond samples directly exposed to air, while the AMD behind the
seal is much lower in dissolved oxygen. Behind the seal diffusion of oxygen into the
AMD and concurrent consumption by sulfide oxidation limits the dissolved oxygen
content.

e Dissolved iron follows the dissolved oxygen and ORP measurements. Samples with low
dissolved Fe are the samples containing the higher oxygen contents. High oxygen
ensures oxidation of Fe (II) to Fe (IIT) which then precipitates as solid ferric hydroxide.

3.8 Discussion and Conclusions of Site Visit

381 Seepage

The leakage observed just downstream of the seal is considered low and within the range of
what can be expected for a well-constructed tunnel plug. SRK estimated an average
hydraulic conductivity of 10” cm/sec or less for the rock penetrated by the mine (SRK, 1985,
p- 18). The measured seepage rate is consistent with this hydraulic conductivity, as
demonstrated in this paragraph. For simplicity, the measured seepage flow of 0.15 gpm can
be assumed to be carried through an annular envelope of rock around the seal. Selection of
the thickness of the ring of rock is somewhat subjective. Based on the observation that
seepage 1s concentrated along the interface and within a short distance (a few feet) of the
interface, we chose a thickness of 5 feet, although a slightly different thickness would yield
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similar results. An average hydraulic conductivity of 7 x 10 cm/sec can then be back-
calculated for this ring of rock by applying Darcy’s Law to the measured seepage flow, the
assumed flow cross section, and an average hydraulic gradient of approximately 7. Thus, it
can be concluded that the observed seepage conditions and flow rate are consistent with (1)
an essentially impervious concrete seal and (2) bedrock hydrogeologic conditions that are
consistent with those described in the original design documents.

More important than absolute flow amounts is the trend of flows versus time. In this respect
we have only the following data to compare:

e MetaCon, Inc. letter dated June 6, 1988 (contained in SRK, March 1989): Describes a
pressure of 11 psi (25 feet of hydraulic head) and a dry face of the seal except for a
stained area approximately one-third of the way up on the west wall.

e SRK letter dated September 30, 1988 (contained in SRK, March 1989): Describes
unquantified seepage under a hydraulic head of approximately 32 feet of water. Seepage
was seen at the concrete/rock interface along much of the left side of the seal face and
over a short section of the upper right side of the seal face.

e SRK letter dated December 20, 1989: Describes a small quantity of seepage, on the order
of tenths of a gallon per minute, under a hydraulic head of 97 feet. Most of the leaking is
reported to be confined to the interface between the seal and the roof, with no apparent
leakage through the rock around the seal.

A comparison of these qualitative observations with the measured seepage rate of 0.15 gpm
at 140 feet of head suggests that leakage is not increasing over time and may have decreased
somewhat. However, it has not completely sealed itself over the 13 years since the seal was
constructed.

We believe that periodic measurements of seepage flow (versus hydraulic head) are very
important for the long-term performance monitoring of the seal.

3.8.2 Concrete Seal

Based on our observations and the findings of the nondestructive tests, we conclude that, in
general, the concrete forming the seal is in good condition. Acid water attack on the
submerged and wet portions of the downstream face is limited to the outer one-tenth of an
inch. The concrete underlying this thin, deteriorated, layer is hard and sound. We have no
reason to believe that the physical condition of the concrete on the upstream face will differ
significantly from that observed on the submerged portion of the downstream face. The

nondestructive test results, although approximate by nature, also indicate that the thickness of

sound concrete in the seal agrees closely with the design thickness. Additionally, both visual
observation and the nondestructive test techniques indicate that, in general, the concrete/rock
contact is good.
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Additional comments and issues for consideration include the following:

A zone of poor concrete consolidation was identified by nondestructive testing in the
upper right quadrant of the seal (see Figure D.2 in Appendix B). This zone is believed to
be associated with poor consolidation under and around the elbow of the original
concrete “tremie pipe” and is probably relatively shallow in thickness. It is suggested
that a limited intrusive exploration be considered to evaluate this zone further.

A small amount of seepage is occurring along the concrete/rock contact at the roof and
sidewalls of the adit. This suggests that there are small, hairline openings between the
rock and the concrete along the top and sides of the seal. The concrete along these
hairline openings where seepage is occurring has probably been affected in a similar
manner as that observed on the face, 1.e., by softening of the surface paste. Over a long
period of time, one could anticipate that the softened paste could be gradually eroded
away, making the interface opening between the rock and the concrete gradually larger
and allowing more water to flow through the interface, resulting in gradually increasing
seepage flows. At this time, no increase in seepage rate has been observed that would
indicate that the softening of the paste and mortar has been detrimental or has affected the
integrity of the seal. Monitoring of the long-term seepage rate through the seal is
recommended as a means to provide advance warning for gradual deterioration of
concrete along seepage paths. Concrete that is not exposed to direct contact with the
acidic water can be expected to remain sound and hard.

Even if seepage were to gradually increase in the future, the increase in flows would not
be a threat to the structural integrity of the seal until the water began to flow with
significant velocity through the opening, causing mechanical damage to the rock or
concrete at the interface. If this were to occur, it would take a significant loss of material
to jeopardize the integrity of the seal, since the seal is wedged-in between the irregular
surfaces of the adit rock. Monitoring of seepage rates should provide ample advance
warning and would allow the RWQCB to undertake high-pressure grouting of the
seepage areas to rehabilitate the seal.

Coring through the interface of the rock and concrete at the roof of the adit near the main
seepage locations should be considered to directly examine the condition of the interface.

A simplified thermal study was made to analytically investigate the potential for thermal
transverse cracking in the concrete seal during curing. The results of this study indicate a
potential that transverse cracks may be present within the concrete. However, the
existence of such cracks is not supported by the findings of the nondestructive testing
program. It is believed that, if they exist, these cracks are most likely well distributed
and do not alter the structural integrity of the seal.
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3.8.3 Piping and Valves

Piping: The exterior of the exposed piping is generally in good condition. Although it is
covered with iron oxide deposits, the exterior of the stainless steel components is not
corroding. The exterior of the carbon steel components exhibits a thin layer of corrosion, but
this is not a cause for immediate concern at this time. However, over the long term, the
carbon steel 3/4 inch pipe segment in the pressure transmitter line needs to be given
particular attention because it 1s more susceptible to corrosion and is in a pressurized line
upstream of the control valve. This piping should be protected from further corrosion by
wrapping with polyethylene tape. Eventually, when there is an opportunity (at a time of low
hydraulic head or if the mine is drained), this pipe segment should be replaced with stainless
steel pipe. ’

Valves: The 4-inch shutoff valves in the seal drain lines, as well as most of the %-inch ball
valves, have not been operated in 13 years. When valves are pressurized and not exercised
for such a long time there is a possibility that the moving parts may become bonded to the
internal components of the valve. The actuators may also have become frozen. Thus, we
know that these valves are not leaking, but we do not know if they still are operational of if
they will give tight shutoff once they are exercised.

In considering how to proceed, two alternative courses of action present themselves. The
first alternative is to do nothing. If at some point in the future the mine has to be drained, the
valves would be operated at that time, with the understanding that the valves may not open at
all, in which case the drain lines would have to be hot-tapped. More likely, the valves may
become damaged as they are opened so that they will then not close or will leak when they
are closed. If in that future event the valves are damaged, they would have to be replaced at
that time.

A second alternative is to take appropriate measures now to verify that the valves are
operational and, hereafter, operate all the valves in the system on a regular maintenance
schedule to ensure that they continue to operate smoothly and do not become frozen. If the
valves are to be considered fully operational, they need to be opened and closed to test
whether they still rotate correctly and shut completely. However, the possibility exists that, if
the valves are opened, the seat rings or valve stems could be damaged. If this occurs, it may
not be possible to close the valve completely, or when closed, the valve may leak. Since the
valves cannot be removed from the pressurized drain lines, a damaged valve may need to be
abandoned in place until it can be removed and serviced in the future, perhaps when the mine
is drained. Two options for conducting an operational test on the valves are apparent:

e Option #1: Using the existing piping arrangement, shut the downstream ball valves on the
3/4-inch lines tapped into the blind flange. Then test the operation of the 4-inch valves
by opening and reclosing them. After the test, open the downstream ball valves to verify
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that there is no leakage past the closed 4-inch shutoff valve. If the 4-inch valve is
damaged and cannot be closed, then in effect abandon the 4-inch valve in place and use
the two 3/4-inch ball valves as the shutoff valves for the drain line.

e Option #2: Modify the existing piping by installing a new 4-inch backup valve
downstream of each existing 4-inch shutoff valve, and reinstall the blind flanges. Close
the new backup valves and test the operation of the existing 4-inch valves. Then open the
new backup valves and downstream 3/4-inch ball valves to verify that there is no leakage
past the existing 4-inch valves after the testing. If an existing 4-inch valve is damaged,
abandon it in place and use the new 4-inch backup valve as the drain shutoff valve.

There are some considerations before a testing option is selected. One is that the ¥4-inch ball
valves have probably been in the mine without regular maintenance for as long as the 4-inch
shutoff valves. Therefore, before testing as outlined in Option #1 could proceed, the ball
valves would need to be removed from the mine and tested to verify that they are in good
condition or replaced with new valves. In addition, all carbon steel piping downstream of the
blind flanges would need to be replaced with stainless steel, since this piping would become
pressurized if a shutoff valve could not be closed after the test. If this occurs, additional %a-
inch piping, valves, and end caps would be required in order to exercise and maintain the ball
valves as the shutoff valves. In addition, mine flow would be restricted to the %-inch lines,
at least until the mine was fully drained and the piping could be modified; this could create
future operational limitations.

Option # 2 requires the selection, purchase, and installation of two new 4-inch backup valves.
Once installed, each of the drain line valves could be exercised regularly, and the
arrangement would maintain the full capacity of the 4-inch drains. In the future, if a different
arrangement is required (such as connection to a water treatment facility), the blind flanges
could be removed and other 4-inch piping connected to the drain lines. The lowest cost
option for backup valves that provide tight shutoff would be flanged, ANSI Class 150,
stainless steel ball valves.

After coordination and discussion of alternatives with the RWQCB, it is our understanding
that the RWQCB desires to check the operating condition of the 4-inch shutoff valves. We
recommend adoption of Option 2, since it would not reduce drain capacity.

Pipe Supports: It was mentioned earlier that pipe supports for the 4-inch drain lines were
contemplated in the original design but were not constructed. While pipe supports are not
strictly required because of the short cantilevered length of the pipes, it would be advisable to
install them to reduce the possibility of inadvertent overstressing of the pipes by human
activity. Wood cribbing under the pipes may be sufficient for this purpose, although it would
require periodic replacement. Adjustable metal pipe supports could also be used.
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3.8.4 AMD Chemistry

Samples of AMD were obtained from upstream and downstream of the seal for laboratory
testing and geochemistry evaluations. The water behind the seal remains mildly acidic, with
a pH slightly over 4, suggesting that acid generating reactions continue in the mine
workings. This is to be expected since a significant portion of the mine workings (between
approximate elevations 6,400 and 7,000) is not flooded.
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4. Sampling and Analysis Work Plan

4.1 Purpose

The purpose of the Sampling and Analysis Work Plan is to describe the scope and outline the
procedures for additional seal testing and evaluation activities. The additional testing and
evaluation activities are recommended based on the observations and findings from the site
visit, initial phase of nondestructive tests, and AMD sampling which are described in Section
3.

4.2 Scope
The proposed scope of testing and evaluation activities is summarized as follows:

(1) Drilling, Sampling and Grouting: Holes will be cored through the
downstream portion of the seal and adjacent rock to recover concrete and rock
samples and to allow nondestructive testing of the seal and rock-concrete
interface from the cored holes. The holes will be pressure-grouted after the
testing is complete.

(2) Nondestructive Testing of Concrete Seal: The condition of the concrete will
be evaluated by performing cross-hole sonic logging of the concrete mass.

(3) Laboratory Testing of Concrete and Rock Samples: Core samples of concrete
will be tested to assess the pulse wave velocity and compressive strength of
the concrete. Petrographic examinations of concrete cores along the concrete-
rock interface will be made to ascertain the evidence of acid attack and
quantify the magnitude and depth of alteration. Lastly, the compressive
strength of the support rock will also be measured.

(4) Review of Concrete Mixture Data versus Published Data on Acid Attack of
Concrete from the Iron Mountain Mine (IMM) near Redding, California: The
composition of the concrete in the seal will be reviewed and compared to test
concrete mixes for which detailed acid attack data have been developed at the
IMM. The IMM data will be correlated to the Walker Mine conditions, and
conclusions will be drawn as to the estimated effects of long-term AMD
attack on the concrete.

(5) Nondestructive Testing of Exposed Mechanical Components: The ultrasonic
thickness measurement technique will be used to measure the wall thickness
of solid steel in pipes and valves, therefore providing an estimate of internal
corrosion.
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(6) Operational Testing of 4-inch Shutoff Valves: The 4-inch shutoff valves will
be operated to verify that they still can open and close. This activity will
include procuring and installing 4—inch valves downstream of the existing
shutoff valves in case the existing valves are damaged during the operational
test.

(7) Geochemical Evaluation of AMD Chemistry: The analytical chemistry data
for AMD samples taken from upstream and downstream of the seal will be
evaluated for indications of concrete dissolution and steel corrosion.

(8) Review and Evaluation of Geotechnical and Structural Design: The
geotechnical and structural design of the seal will be reviewed. The concrete
and rock strength data from laboratory testing will be used to verify that the
safety factor of the seal remains at the level assumed in the design.

These investigations are described in more detail below.

4,21 Drilling, Sampling and Grouting

Holes will be cored through the downstream portion of the seal and adjacent rock to recover
concrete and rock samples and to allow nondestructive testing (NDT) of the seal and the
rock-concrete interface. The core holes will be used for the sonic logging described in
Subsection 4.2.2 below. The cores will also serve to examine the condition of the interface
between the concrete seal and the rock walls, as well as to take samples of the concrete and
rock immediately adjacent to the rock-concrete interface. A minimum core barrel size of 3-
7/8 inches external diameter will be used.

Drilling will be performed through grout pipes cast into the face of the seal and equipped
with pipe packers and valves. This will allow the control of water loss through the core holes
ifa prm joint or crack should be intercepted. The drilling contractor will be required
to submit the design of the grout pipe for approval by GEI and the RWQCB. A preliminary
scope of work and technical specifications for the drilling and grouting subcontract are
included in Appendix F.

Seven continuous cores will be taken starting at the downstream face of the plug, with their
locations as approximately shown on Figure 7. The core holes will be angled away from the
axis of the seal, to ensure that the rock-concrete interface is cut within the middle third of the
length. This is in order to obtain maximum information on concrete and rock conditions
while at the same time minimizing the risk of intercepting a pressurized seam. One 8-foot-
long core hole will be through the center of the seal and parallel to its axis. It is estimated
that an approximate 56-foot total core length will be taken. The drilling operation and the
cores taken from these holes will be observed and logged.
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The drilling procedures will be recorded and the water color noted. The difference in flow
rate between the drill water injected during coring and the water returning from the dnill hole
will be measured. During the drilling, sudden changes in drilling advancement rates that may
indicate voids or changes in material properties will be recorded and evaluated. The depths
where such changes occur will be compared with the features of the core. Any anomalies
such as poorly consolidated concrete, cracking, and voiding identified in the concrete cores
will be correlated with the results of the NDT program. The interface conditions will be
examined in detail. All core hole observations will be documented.

Upon completion of drilling and nondestructive testing, the flow rate from the core holes will
be measured and the water sampled for additional chemical analyses if considered
appropriate. The valve at the grout pipe will be closed and the water pressure in the hole will
be measured. The core holes will then be pressure-grouted; a thin grout using microfine
cement will be injected to attempt to seal hairline cracks along the rock-concrete interface.
Once grouting refusal is achieved, a thick zero-bleed grout will be used to backfill the holes,
and the grout pipes will be removed. The grout take and pressure required to seal the core
holes will be measured and recorded. The volume of grout that penetrated voids or cracks
intercepted by the core holes will be estimated.

4.2.2 Nondestructive Testing of Concrete Seal

Following the coring of the seal but before grouting, cross-hole sonic logging between the
core holes will be carried out. The method is described in Appendix G. Perimeter and
diagonal sonic profiles will be obtained, and any anomalies such as voiding, poor compaction
and cracking of the concrete between these profiles will be located and sized. The results
will be presented as plots of equivalent pulse velocity of the concrete for each sonic log
profile.

In addition, nondestructive Schmidt hammer tests will be done on the downstream face of the
concrete and on the rock surface immediately downstream of the seal to estimate the
unconfined compressive strength of the rock and concrete and to correlate these readings
with the values obtained from laboratory testing of core samples.

4.2.3 Laboratory Testing of Concrete and Rock Samples

As indicated above, the cores will be visually examined and logged. The concrete-rock
interface will be examined in detail. Evidence of chemical attack will be recorded. Concrete
and rock cores will be tested for the following:

e Unconfined compressive strength of concrete (ASTM C42) and rock (D2938) to confirm
strength values assumed in the design.

e Petrographic examination of concrete (ASTM C856) and rock (ASTM C295) to assess
the condition of the concrete and rock and evaluate deterioration from the AMD attack.
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e Pulse velocity through concrete (ASTM C597) and rock (ASTM D2845) to correlate
compressive wave velocities with the values assumed for NDT evaluations.

It is anticipated that at least two tests of each type listed above would be performed on each
material (rock and concrete). The ASTM procedures listed above are included in Appendix
H for reference.

4.2.4 Review of Concrete Mixture Data Versus Published Data on Acid Attack of Concrete from the IMM

As part of the mine reclamation studies for the Iron Mountain Mine, Mass, Washington, and
GEI conducted a long-term field test of concrete performance for concrete in contact with
AMD. Seven different concrete mixtures were immersed for eight months in two different
AMD streams with pH values averaging 2.5 and 3.5 respectively. The concrete weight loss
and compressive strength were measured over the 8-month test period. The test results were
used to estimate the long-term rate of acid attack and durability of concrete structures that
will be in contact with or submerged in AMD. A summary of this work is presented in
Connell et al (2000). For the Walker Mine seal, available design and construction records
pertinent to the mix design and quality of the concrete in the seal will be reviewed; this
information is contained in the Final Construction Report (SRK, 1989). The mix
composition of the seal concrete will be compared to the mixtures tested at Iron Mountain.
Using the test results of the mixture that most closely resembles the Walker seal concrete, an
estimate will be made of the long-term rate of acid attack that the Walker seal concrete is
likely to be experiencing. This estimate will be compared to the physical observations made
during the site visit.

4.2.5 Nondestructive Testing of Exposed Mechanical Components

The internal condition of the exposed mechanical components (piping and valves) will be
assessed by thickness testing using ultrasonic testing equipment. Ultrasonic waves are
applied to the outside surface of the metal element. The waves travel through the element
and are reflected back from the inside surface. The method measures the time of travel of the
ultrasonic waves. The equipment is calibrated by inputting wave velocities for the applicable
metal (stainless steel or carbon steel). A direct readout of thickness is obtained from the test.
This is then compared to the design thickness. Laminations, dips, or pitting from internal
erosion should result in a reduced thickness reading.

4.2.6 Operational Testing of 4-inch Shutoff Valves

Prior to performing an operational test of the 4-inch shutoff valves, 4-inch backup valves will
be installed downstream of the existing 4-inch shutoff valves. Stainless steel ball valves are
recommended for the application as providing a reasonable balance between performance
and cost (see Appendix I for catalog information of the proposed valves). It is anticipated
that a purchase order will be issued to a valve maintenance contractor for the installation of
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the new valves, operational testing and onsite maintenance of the existing valves. The work
is expected to consist of the following activities:

e Remove the blind flange from the end of each drain pipe

o Install a backup valve on each drain pipe

e Re-install the blind flange against the downstream end of the backup valve

e Close the backup valves )

e Open and close the existing shutoff valves. If the handwheel actuator does not work,
remove it and decide whether to repair it on site or send it to the shop for repair.

e After the actuators have been maintained and the shutoff valves have been opened and
closed several times, and once they are closed, open the 3/4-inch ball valves and open the
backup valves. Observe whether the 4-inch shutoff valves close leak tight or whether
they leak. Document the performance of all valves.

e Close the 4-inch backup valves

e Close the 3/4-inch ball valves

o Install chains with padlocks to impede unauthorized operation of the shutoff valves.

4.2.7 AMD Geochemistry

Results of the ongoing chemical analyses described in Section 3.7 will be used to evaluate
the extent of possible deterioration of the concrete and steel in the seal. The chemical
similarities and differences between samples will be assessed for indications of whether or
not significant deterioration is occurring. The Upstream sample will be assumed to be a
baseline representing background AMD. The Drain pipe and Seep samples will be compared
to this baseline. Differences in chemistry will be evaluated and potentially attributed to steel
corrosion and concrete dissolution, respectively.

To accomplish the comparison, several chemical markers will be used that should distinguish
between baseline AMD and AMD containing steel or concrete dissolution products. These
include calcium, magnesium, sodium, potassium, aluminum, iron, silica, molybdenum, zinc,
copper, and other trace metals. If possible, dissolution rates for some of these constituents
will be estimated, leading to order-of-magnitude estimates of the mass of concrete and steel
dissolved per year.

4.2.8 Review and Evaluation of Geotechnical and Structural Design

The geotechnical and structural review of the concrete seal will consider the original design
studies as well as the testing and performance data developed during this investigation
including the following:

¢ Observations during the on-site examination of the concrete seal, including the
configuration and position of the seal in the tunnel, and the appearance and soundness of
the seal concrete
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e Results of nondestructive testing of the seal

e Observations from the examination of cores and core holes

e Results of laboratory strength testing of concrete and rock

e Observations of the rock immediately downstream of the seal and along the interface
with the seal, including rock configuration, joint spacing and direction, and rock integrity

e Observations and test results regarding the integrity and strength of the rock-concrete
interface.

e Geochemical evaluations of analytical data for the seepage water.

During the core drilling operation, the rock joints exposed immediately downstream of the
plug will be mapped in detail to estimate the rock mass rating (RMR) and to establish a
detailed baseline, thus documenting the current conditions for use in future monitoring
events. The geometry of the rock surface in the adit immediately downstream of the seal will
be correlated to the lengths of concrete and rock measured in the core holes to estimate the
rock surface geometry at the interface with the seal. The observations and measurements
will be correlated with the conditions disclosed by the 1987 video of the rock surface at the
location of the seal before it was constructed.

The design parameters used for the original design of the concrete seal will be reviewed with
regard to the data and observations outlined above, to confirm that these design parameters
are still suitable. The purposes of the review are as follows:

¢ Evaluate whether the rock-concrete interface shear strength is consistent with the value
used in the original design.

o Evaluate whether the water pressures measured in the core holes are consistent with the
assumptions used in the original design.

e Evaluate whether the strength of the concrete is consistent with the value used in the
original design.

4.3 Seal Testing and Evaluation Report

A Seal Testing and Evaluation Report will be prepared once the additional investigations and
analyses are concluded. The report will contain a description of the site conditions, a .
summary of pertinent seal design, construction and performance information, a description of
the testing and evaluation activities conducted under this project, the data and findings
obtained from these activities, data interpretation, conclusions and recommendations. The
conclusions will address the existing and anticipated structural strength and stability of the
seal, and in particular, the seal’s characteristics listed in Section 2.1. The recommendations
will address proposed seal improvements as well as suggested testing and analysis activities
for the next 10-year inspection.
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5. Limitations

—

This report presents observations made and conclusions drawn from (1) a visual inspection of
the Walker Mine Seal; (2) a review of documents made available by the RWQCB relating to
the design and construction of the seal; and (3) the results of limited nondestructive testing of
the concrete in the seal. The purpose of the inspection, testing and review has been to assess
the integrity and safety of the seal for continuing operation in the interest of environmental
protection and public safety.

In the context intended above, the term “safety” is interpreted to be restricted specifically to
major structural and control features of the seal in regard to its adequacy against possible
catastrophic failure. No consideration is given or intended to the safety or integrity of the
adit downstream of the seal. Likewise, no consideration is given or intended to the safety of
individuals who could be exposed to personal mishaps by entering the mine or utilizing the
seal’s features.

GEI Consultants, Inc., and its employees and agents who performed the inspection, reviewed
available information, and prepared this report, desire that it be clearly understood that the
conclusions regarding the condition and safety of the seal and related facilities are not
guaranteed, but do represent our best judgment. Inevitably, such judgment must be
recognized to be affected to an uncertain degree by the practical limitations which affect all
evaluations of water-retention structures, relative principally to approximate knowledge of
the internal condition and properties of the existing structures and their foundations, and the
uncertainties that are known to exist in estimating factors of safety. We endeavored to
perform our professional services for this project in accordance with generally accepted
engineering practices; no other warranty, expressed or implied, is made.

The conclusions and recommendations in this report are based in part upon the data obtained
from limited subsurface nondestructive testing and surface observations. Actual subsurface
conditions may escape detection by the testing techniques used and may therefore be
different from those described. The nature and extent of such variations may become evident
when further tests and evaluations are performed. If variations from the anticipated
conditions are encountered, it may be necessary to revise the recommendations in this report.
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This report was prepared through Agreement 0-058-150-0 between the State Water
Resources Control Board and GEI Consultants, Inc. This disclosure statement 1s provided
pursuant to Exhibit D, Item 6 of said agreement.

This report is the first of a series of written reports to be prepared under the agreement.
Additional reports to be prepared include a Health and Safety Plan Addendum, Monthly
Status Reports, Subcontract Documents for various activities, and a Seal Testing and
Evaluation Report.

The maximum amount of this agreement is $350,000. The main subcontracts issued or yet to
be issued by GEI relating to the preparation of documents and written reports for this project
are listed below:

Subcontractor Subcontract Amount
Washington Group International, Inc. $ 57,100

- Construction Technology Laboratories, Inc. 43,040
Walker and Associates, Inc. 15,000
Gary Mass 10,000
SDV-ACCI 10,500

Drilling and Grouting Subcontractor (to be determined) 60,000 (estimated)
Valve Purchase, Testing, Installation and Maintenance
(to be determined) 10,000 (estimated)
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