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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 lnacce331ble to motor vehlcles 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, 1s 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 (F igu_re 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 sdb‘sidiary of Anaconda Cbppér Companyl After
operations ceased, acidic and metal-laden drainage water (Acid Mine Drainage or AMD)
issuing 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 downstfeam 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 1s 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 rotary control valves
that apparently, as of the date of the commencement of these studies, had not been operated
since they were installed in 1987. A sampling port with a pressure transducer is mounted on
one of the drain pipes, upstream of the control valve. The transducer is connected to a data
logger that is monitored by the RWQCB. A view of the seal shortly after its construction in
1987 is shown as Photo No. 1 (the photos can be found after the figures).
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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. As shown on Figure 4, the water level behind
the seal varies seasonally, peaking after the spring snowmelt. At its peak, the hydraulic head
on the seal has been recorded at over 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 from previoﬁé studies oﬁ 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 stréngth of about 190 psi was estimated
along the interface. The design was prepated 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 (to date it has not been sealed). The next point of egress
would be the Old Sawmill adit, located at an elevation about 570 feet higher than the
700 Level Ad1t

-

(2) SRK, “Walker Mine, Final Construction As-Built Report,” March 1989: This report
includes: a letter report descnbmg the key construction activities; Attachment 1
entitled “Quality Assurance Data Summaries” which contains test data related to
concrete matenals 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 pounds of fine aggregate, 1,546 pounds of 3/4-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
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(6)
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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 mamtalmng a water to cementitious ‘
material ratio of about 0.45. The slump at the end of the pump line generally ranged
from 4 ¥ 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 taken dunng 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 _Plng Plan,_ Proﬁle and Details,” dated
March 1989. This 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.

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 anid the interior of the seal, including the drain
pipes, grout pipes, tremie pipe and rock condition.

Water quality data:

» Typical water quality parameters for portal water and unimpacted nearby
streams before construction of the seal were reported in 1985 by SRK and are
shown in the first four columns of Table 1 below. A seasonal variation was
reportéd 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/1 (SRK, 1985).

o The RWQCB monitors the: chemistry of the water exiting the mine portal on a
semiannual basis. Median values for selected parameters measured during
1996-2000 (after seal construction) are listed in the fifth column of Table 1. A
comparison of the third and fifth columns of Table 1 shows the improvement
in the quality of portal water resulting from seal construction, e.g., the pH
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increased from 4.1 to 7.4, the sulfate concentration decreased from 146 to 1
mg/kg, the alkalinity increased from 0 to 56 mg/kg, the copper concentration
decreased from 29 to 0.1 mg/kg, and the zinc concentration decreased from
0.9 to 0.02 mg/kg. ‘

o The quality of the water impounded by the seal is illustrated by data from two
samples taken by the RWQCB in June 2000: One of them (labeled “seep”)
was taken from seépage water emerging from the rock/concrete interface
along the crown of the seal. The other (Iabeled “pool”) was taken from a pool
of water at the downstream toe of the seal. Selected parameters from these
tests are shown in the sixth and seventh columns of Table 1.

« Data on the discharge rate of portal water has been obtained by the RWQCB.

Fifty-one measurements taken from 1957 to the date of construction of the
seal in 1987 give an average discharge flow rate of about 200 gpm and a peak
of about 1,100 gpm. Twenty-four measurements taken after the construction
of the seal give an average discharge flow rate of 6 gpm and a peak discharge
of about 18 gpm. '
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“Tablel -

Water Quality Parameters

Prior to Construction of After Construction of
Parameter | Unit Mine Seal Mine Seal
l Portal' Streams' Portal’ Seep® _ Pool®
pH . Units 4.1 | 7.6 | 7.4 4.0 3.7
; Ca | mg/l 24.5 5.8 ~ 11.5i 29 33
Na ~ | mg/l 2.7 2.8 - 4.6 2.6 3.1
K |mgl| 16 0.7 NA 24 2.8
Mg | mgl 6.4 22 NA 6.8 6.8
SO, mg/l: « 146 5 1.1 200 200
HCOs3 mg/l 0 23 56 ND ND
NO; rﬁg/l 4s 07 NA ND ND
NH; mg/l 0.01 0.01 NA NA NA
Cl mg/l 1 ND 0.66 ND ND
Cu mg/l 29 0.03 0.13 14 12
Zn mg/l 0.93 0.01 0.02 0.76 0.76
Fe | mg/l 1.0 0.15 -‘70.09 3.3 1.2
Notes: 1. Typical water quality parameters reported by SRK before the seal was

constructed (SRK, 1985; Table 2).
2 Median values from water samples collected at the portal and tested :

approximately semiannually from 1996 through 2000 for the RWQCB.

3. 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 Analyzgd
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2.

Purpose and Scope

2.1

Purpose

The purpose 6f the Walker Mine seal testing and evaluation program was to assess. the
integrity of the seal. Specifically, the following characteristics of the mine seal were
assessed as requested by the RWQCB: :

PR Mo a0 o

N
N

Location, depth, and extent of major cracks, © '

Seepage locations and volumes, s

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 selécted 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.

2

Scope

The scope of the seal testing and evaluation work is summarized as follows:

1.

Perform asite 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 (issued on April 13, 2001).

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 (issued on April 13,
2001). :

Upon approval of the work plan by the ﬁWQCB, conduct the additional testing and
evaluation activi}ies‘ (conducted between May and December 2001).

Prepare a Seal Testing and Evaluation Report summarizing the data and findings from
the testing activities, data interpretation, conclusions and récommendations.

This document, entitled “Seal Testing and Evaluation Report”, presents a comprehensive
summary of data and findings from the site visit and testing activities, as well as data
interpretation, conclusions, and recommendations. The findings and conclusions of the site
visit are presented in Section 3.. The investigations performed for additional characterization
of the seal are discussed in Section 4. Section 5 presents additional analyses and evaluations

pertaining to the seal design, construction and long-term performance. Conclusions,
recommendations, limitations, a disclosure statement, and references are presented in
Sections 6 through 10, respectively. Data and additional information are included in
appendices:.
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3. Initial Site Visit

3.1 General

The mine seal was observed in detail during the initial site visit 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 afﬁhatlon included the followmg

o Patrick Morris, Reglonal Water Quality Control Board proj ect manager

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

e Malcolm Lim, Ethan Dodge and Jerry Harrano, Construction Technology Laboratones
(CTL), concrete nondestructive testing specialists .

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

e Gary Mass, independent concrete consultant

-o  Lara Pucik, Walker & Associates (WAI), 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 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.

* The main visit took place on November 1*. Pucik took AMD samples and perforrned
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 pipihg and valves.
Cercone observed rock condltlons 1rnmed1ately downstream of the seal The visit was
concluded shortly before S pm.

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. 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
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wheelbarrow . were stored near the entrance to the adit, by the battery packs The v1s1t was
concluded shortly after 1 pm. o

Throughdut 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.
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 Seepage Conditions Observed Durmg Initial Site Visit

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 timbeéred 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 P(looking toward the seal), under the ventilation duct. On the
average, the adit grade is roughly one percent sloping down toward the portal

Beyond the first 1,300 feet or 80 from the portal the adit runs through generally fresh or
slightly weathered granodiorite. The opening is unsupported and essentlally dry. During the
site visit we did not observe water in this section of the ,2adit 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 hydrauhc pressure of the impounded water measured on the day of the visit
was 61 pst.. Thus, a hydraulic head of approx1mately 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 hydroxide deposits of a dark reddish color have formed over
the seal face. 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 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 perceptlble 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. -
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There appears to be minimal leakage through the rock around the seal. We observed a very

slow drip occurring from existing rock joints that dayhght 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. ' X ‘ S

During the first day of our visit (October 31), we used a hand pump and 125 feet of 3/4-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 moming at
10:45 am the water level had risen to about 8-%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 inchés. 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 occumng in the immediate vicinity of the plug ata hydrauhc head of 140
feet. ; : V o

3.3 Rock Condition Observed During Initial Site Visit

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.
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Beyond the initial timber-supported zone, the rock condition is generally good, and there is
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, slightly weathered to 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 w1th a thin filling of clay (weathered felsic
mineral). ‘

34 Conerete Condition Observed During Initial Site Visit

The exposed face of the concrete seal was closely examined by Gary Mass and Mike Knarr.
A sketch of the face is presented as Figure 5. 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.

3.41 General Appearance

The entire face of the seal was moist.  Except for those areas covered by deposits of iron
hydroxide and calcium carbonate from seepage water, the original formed surface of the seal
was plainly visible and in good condition (See Photo No. 2). 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. A green-colored
copper sulfate staining was also observed on the right side of the seal and on the rock
adjacent to the seal.

The concrete/rock contact appeared to be good (See Photos No. 6, 7 and 8). 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. 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
There was no ev1dence 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 is unknown but it appeared to be produced by a pomted object.

A horizontal water line on the concrete face, as evidenced by a solid iron staining, was
observed approx1mately 18 inches above the floor of the adit. This water line was generated
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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 1nches in thlckness ‘

Several items. penetrate the full thickness of the seal including twelve (12) 5/8-inch-diameter
threaded 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 concréte surface. The pointed end of a
geology hammer was used to check surface hardness. - A

The first area exammed 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 softness was estimated at 1 to 1.5
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 the water line (See Photos No. 3 and 4).

The third area exammed 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 evidernce of seepage flow. The surface paste was found to be hard and-
sound and could not be removed by scrapmg (See Photo No. 5).

As mennoned earlier, iron staining and iron deposits have developed on the exposed face of
. the seal. The heaviest accumulation of iron deposits is down the face on the right-of-center
side of the seal (Se¢ photo No. 2). This deposit is composed of fairly soft material that is up
to one inch in-thickness with a consrstency of mush. The iron stalnlng and deposrts do not
affect the durablllty of concrete in any manner

'
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3.5 Nondestructive Testing of Concrete Performed During In|t|aI
Site Visit : L :

The concrete seal was tested by Construction Technology Laboratories, Inc. (CTL) using the
nondestructive impulse response, impedance log and impact echo testing techniques. Testing
was performed on November 1, 2000. A detailed report by CTL describing the test methods
and results is included in Appendix B.1.

3.5.1 Impulse Response Testing

For the Impulse Response (IR) method of testing, a receiving sensor (geophone) was coupled
to the face of the seal using grease. A sledgehammer impacted the seal face at selected test
points, and the time history of the force measured by the hammer and receiving sensor aﬁer
impact was recorded for analysis. Two IR testmg approaches were adopted:

o A matmg of test points at 2-ft vertical and horizontal spacmg was established, and
‘each test point was impacted with the geophone located approximately 6 inches
~ from the point of impact. This test methodology gave information on the concrete
condition to a depth of approximately 3 feet into the seal from its face.

The IR test in this mode produces two principal parameters: element mobility and
dynamic stiffness. The measured values of mobility and stiffness remain constant
for a given unit thickness and concrete quality. If the concrete thickness, quality or
density reduces, the mobility increases and the stiffness decreases. A separatlon
within the concrete such as a cold joint or delamination will also result in
significant changes in these two parameters.

A 2-ft x 2-ft test grid was laid out over the total seal face which gave a grid with 5
test points in the horizontal direction and 6 test points in the vertical direction. The
measured values of dynamic stiffness and average mobility are plotted in contour in
Figures D.1 and D.2 of Appendix B.1. -

« The geophone was positioned at the center of the seal face, and testing was
performed by striking the face at points around the periphery of the seal. The IR test
results obtained in this mode were analyzed to measure the distance from the face to
the back of the seal and the equivalent dynamic shear modulus at the concrete-rock
interface at different points around the seal. The test data was interpreted using
simulation methods such as the Impedance Log. Test results are presented in
Appendix B.1.

3.5.2 Impact Echo Testing

Like the Impulse Response Test, the Impact Echo (IE) Test uses stress wave to detect flaws
within concrete structures. However, the frequency range used is considerably higher in the
IE test, since much shorter wave lengths are required to detect small anomalies.
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Limited IE testing was performed due to the soft nature of the surface of the seal which acted
as a damper to the impactor. Several different size impactors were used to generate the
energy necessary to penetrate the entire length of seal. Despite using three different size
impactors, the energy generated was insufficient to penetrate the entire length of seal.

3.6 Arrangement and Condition of Drain Pipes Observed During
Initial Site Visit

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. 9 through 14). 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 or1g1na1 seal construction (RWQCB, 1987).

Downstream of the seal, each projecting pipe ha_s a closed 4-inch shutoff valve with a
handwheel actuator and terminates in a blind flange tapp.ed 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 3/4-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 3/4-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 and valve assemblies are included as
Figures 6 (plari) and 7 (elevation). These figures depict the conditions observed during the
site visit and do not include the pipe and valve modifications made after the site visit. The
modificatiorns are discussed in Section 4, and the approxxmate modlﬁed (and current) pipe
and valve arrangements are depicted in Flgures 8 and 9.

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 C. This literature depicts valves that are similar but not
exactly equal to those installed in 1987.

The 1nstalled valves’ nameplate data are as follows

Code: GKM
352363
P/N: 2029397 (west valve); 2029399 (east valve)
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PO NO: 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 (flangeless),
rotary 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 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 specml 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 upstream. The plug
can operate through a 90-degree rotation and, unlike most valves, the shutoff valve stem is
rotated clockwise to open. The valves are precision flow control valves designed for hi ghly
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 y\ears 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 was our understanding that the two 4-inch valves had been in the closed position, under
upstream pressure, and as of November 1, 2000, had not been operated since they were
installed in 1987. :

Valve Actuators: 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 appeared 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. Unlike most
valves, the handwheel is rotated clockwise to open the valve.

Manufacturer information for these actuators is not available. Manufacturer information for

similar, but not equal, actuators is included in Appendix C.

Auxiliary Valves: The 3/4-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 showed no corrosion and appeared to be in good condition. There is
one other 1/4-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 is 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.
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Pressure Gauge and Pressure Transmitter: The pressure gauge was a 5-inch-diameter,
glass-faced gauge with a range from 1 to 300 psi 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 psi manufactured by Druck, Inc (see Appendix C for product
data). 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.

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 1b., Type 316 stainless steel with ANSI Type B16
bolt hole dnlhng The tapped blind flange on the end of each drain pipe also is a raised face
flange, and is marked 150 Ib., Type 304L stainless steel with ANSI Type B16 bolt hole
drilling. The 4-inch p1p1ng and flanges appeared in good condition and, although coated with
metal oxide deposits, showed no corrosmn

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. At least one of the eight machine
bolts and nuts appears to be carbon steel. Each 4-inch wafer (flangeless) shutoff valve is

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

Auxiliary Piping: Most of the 3/4-inch and smaller piping is stainless steel. However, three
segments of the 3/4-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
silver in color and not magnetic; the carbon steel piping was dull gray in color and strongly
magnetic. One carbon steel pipe segment was the first segment on the piping branch for the
pressure transmitter, just upstream of the isolating ball valve. (Note: This segment was
replaced after the initial site visit. The pipe repairs are described in Section 4.) The other two
carbon steel pipes are connected to the blind flanges, one on each flange. (See Figure 7.)
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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 fair condition with some visible corrosion at the threaded connections
at each end. (As discussed in Section 4, the threaded connections in contact with [inside of]
the stainless steel pieces were found to be severely corroded when the pipe broke during a
subsequent site visit on May.31, 2001. Emergency remedial repairs, as discussed in Section
4, were required to replace this piece with a stainless steel piece.)

The entire surfaces of the carbon steel pipes downstream of the blind flanges are covered
with a thin layer of corrosion. These segments have not been replaced with stainless steel,
but they are not as critical since they are downstream of normally-closed valves.

Generic product information for piping and fittings, as well as data on various types of
stainless steel, is included in Appendix C for reference.

3.6.4 Variances of installed Drain Pipes from As-Built Drawing

During the mspectmn it was observed that the installed dram 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 assembhes are not strapped down and are not supported
from below by the concrete block pipe supports that are 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 W1th 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:

¢ The 3/4-inch pipe segment on east drain pipe pressure transmitter line. (The segment was
replaced with a stainless steel pipe segment after the initial site visit.)

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

* The tie bolt at the 10 o’clock position on each 4-inch valve (lodking downstream).
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‘The threaded rod wall anchors and the FxF threaded turnbuckle-type connectors that

connect to the tie bolts at the 5 and 7.0’clock positions on each 4-inch valve.

Miscellaneous tie bolts.and nuts restraihing‘the blind flanges. (The bolts and nuts _
restraining the blind flanges were replaced with stainless steel bolts and nuts after the
initial site visit.) .

3.7 AMD Sampling During Initial Site Visit

Actd Mine Drainage (AMD") was collected on November 1, 2000 from the following four
areas: - i

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.

Seep:» Water Seeping from the seal was sampled bﬁ/ cdllecting a drip stream emanating
from the top of the seal.

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.

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, >samp1es 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. Laboratory analysis of these samples is described
in Section 4.8. '

The other sample >sp'1it was analyzed in the field for:

pH o ,
Oxidation Reduction Potential (ORP)
Dissolved Oxygen (DO)

Iron (Fe) E

These constituents were all analyzed via portable electrode except for iron, which was -
measured using a Hach DR2010 portable spectrophotometer and the Hach Ferrozin_e'
colorimetric method for iron. -

Results of the November 1, 2000 field analyses are presented in Table 2 below:
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' , Table2 -
~Field Determined Water Quality Parameters
(November 1, 2000)
s . PpH - ORP DO " Fe
Sample ID Time. . , ]

p [Units] . [mV] [mg/L] [mig/L]
Sep 11115 . 417 350 6.7 11.6
Pond 1045 480 o312, 7.4 6.3
Drain pipe  11:20 453 = . 286 . 1.7 40.3
Upstream 11:40 4.57 279 1.6 399

\

3.8 Discussion and Conclusions of Initial Site Visit
3.8.1 Seepage S o , .

The leakage observed just downstream of the seal is considered low and within the range of -
what can be expecfed for a well-constructed tunnel plug. As noted in Section 3.2, the
seepage rate was estimated durmg the site visit to be 0.15 gpm. 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 estimated 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 is concentrated along the interface and within a short distance (a few feet) of the
interface, we chose a thickness of 5 feet, although a sli ghtly different thickness would yield
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 raté are consistent with (1)
an essentially impervious concrete seal and (2) bedrock hydrogeologic conditions as
described in the original design documents.

2

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

A

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.

* 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
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‘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.

o 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 qﬁalitative observations with the measured seepage rate of 0.15 gpm
at 140 feet of head suggests that leakage 1s not increasing over time and may have decreased
somewhat. However, it has not completely sealed itself over the 14 years since the seal was
constructed.

We believe thatlp'eriodic measurements of séepage flow (versus hydraulic head) are very
important for long-term performance monitoring of the seal.

\

3.8.2 Rock Condmon

With the exception of poor ground condmons n the first 1,300 feet of the adit, the adit
appears to be sound and stable. The overbreak is generally in the roof and 1s believed to have
occurred during the original excavation (SRK, 1985). -

3.8.3 Concrete Seal

Based on the findings of the nondestructive tests and our visual observations, we conclude
that, in general, the concrete forming the seal is in good condition.

The CTL report on nondestructive testing of the concrete (Appendix B.1) concludes that the
overall condition of the concrete in the seal 1s good, except for a zone of poor concrete
consolidation immediately surrounding and below the location of the original concrete tremie
(pumping) pipe in the upper right quadrant of the seal (see Figure 5 for the location of the
tremie pipe). This zone, with approximate dimensions of 4 feet high by 2 feet wide (see
Figure D.2 in Appendix B.1) was probably caused by “blind spots” developing during the
concrete placement, i.e. poor consolidation under and around the elbow of the original
concrete tremie pipe. This zone is likely relatively shallow in thickness.

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 thlckness of the seal calculated from the mobility plots
presented in Appendlx B.1 assuming a stress wave velocity in the concrete of 13,125 feet per
second varies between 14.5 feet and 15.5 fec:t (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.
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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 (450 to 750 m/s). 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.

Based on surface examination of the concrete seal described in Section 3.4.2, it can be
concluded that the concrete surface 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.
We believe that concrete that is not exposed to direct contact with the acid water can be
expected to be sound and hard.. Additionally, 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 because the acidity of the water upstream of
the plug is s1m11ar to, or shghtly lower than, that of the water m contact with the downstream
face.

~

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, i.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 would provide advance warning for gradual -
deterioration of concrete along seepage paths

Even if seepage were to gradually increase 1r_1 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.
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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 deposﬁed on the concrete surface. The
existing deposits of CaCO; observed on the face of the seal as described in Section 3.4
appeared to be very minor in nature and substantlally less than the iron staining and iron
deposits, particularly the iron deposits on the left- center portion of the seal.

Several honzontal lines were observed above mid- helght on the face that might 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 pumpmg

3.8.4 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. During this initial site visit, the exterior of the carbon steel components exhibited
a variable amount of corrosion. As revealed by the pipe failure during the site visit of May
31,2001, described in Section 4, the carbon steel 3/4-inch pipe segment in the pressure
transmutter line was highly corroded and required emergency replacement. While corrosion
of the remaining carbon steel components is not a cause for immediate concern at this time,
attention will need to be given to the components over the long term, particularly for
corrosion occurring at the contacts between dissimilar metals (carbon steel and stainless
steel). Eventually, when there is an opportumty, all carbon steel components should bc
replaced with stainless steel components

Valves: The valves appeared to be in good condition. However, as of the date of the initial
site visit, the 4-inch shutoff valves in the seal drain lines, as well as most of the 3/4-inch ball
valves, had 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 could also have become frozen The valves
were not leaking. (Later operational testing of the valves described in Section 4 revealed that
the valves and actuators are operational.)

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. Temporary supports were installed during the emergency pipe repair described in
Section 4. Installation of permanent plpe supports is advisable.

GEI Consultants, Inc. 21




3.8.5 AMD Chemistry

Samples of AMD were obtained from upstream and downstream of the seal for laborz;tqry
testing and geochemistry evaluations as described in Section 3.7. Based on the limited data
collected in the field, the following observations were made:

o The samples are all moderdtely 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.

o 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 Oxidation Reduction Potential (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. Coae '

 Dissolved Fe in the seep is low (11.6 mg/L) compared to the AMD behind the seal
(upstream sample) as 1s the pH of the sample. This is due to exposure of the leaking
AMD in front of the seal to oxygen, which assists in conversion of Fe (II) to Fe (III).
Once formed the Fe (III) rapidly hydrolyzes and precipitates as Fe(OH)3 solid. This
reaction series liberates 3 moles of proton for each mole of Fe converting to Fe(OH)3,
thereby lowering the pH. This explains the lower pH of seep AMD (4.2) compared to
upstream AMD (4.6). .

-
T

‘r‘_

|

Since the water behind the seal remains mildly acidic, with a pH slightly over 4, it is-
concluded that acid generating reactions continue in the mine workings. This is to be
expected since a significant portion of the mine workings (between approximate

mEE
[ ]

elevations 6,400 and 7,000) is not flooded. )
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4. Additional Field and Laboratory
Investigations

41 Purpose and Scope’ - -

Additional testing activities were planned and performed based on the observations and
findings from the initial site visit, the initial phase of nondestructive tests, and the AMD -
sampling which are described in Section 3. This sectlon describes the scope, procedures and
results of the additional seal testing.

The scope of additional ﬁeld and laboratory testing activities is summarized as follows:

(I)  Drilling, Sampling and Grouting: Seven holes were 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 were grouted after the testing was complete..

(2)  Nondestructive Testing of Concrete Seal (Second Phase): The condition of the
concrete was evaluated by performing cross-hole sonic logging of the concrete mass.
In addition, Schmidt hammer tests were performed on the face of the seal and
adjacent rock to obtain a rough estimate of unconfined compressive strength and to
develop a baseline, thus documenting the current conditions for use in future
monitoring events.

(3)  Nondestructive Testing of Exposed Mechanical Components: The ultrasonic
thickness measurement technique was used to measure the wall thickness of solid
steel in pipes and valves, therefore providing an indication of internal corrosion.

(4)  Laboratory Testing of Concrete and Rock Samples: Core samples of concrete were
tested to assess the pulse wave velocity and compressive strength of the concrete. -
Petrographic examinations of selected concrete cores were made to ascertain evidence .
of acid attack. Lastly, the compressive strength and pulse velocity of the support rock
was also measured. :

(5)  Mapping of Rock Characteristics: The rock joints exposed immediately downstream
of the seal were characterized in detail to estimate the rock mass rating (RMR) and to
establish a baseline that can be used for future monitoring events. -

(6)  Operational Testing of 4-inch Shutoff Valves: The 4-inch shutoff valves were |
operated to verify that they still open and close. This act1v1ty included procuring and
installing 4-inch backup valves downstream of the ex1st1ng shutoff valves
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(7)  Repair of Auxiliary Piping: Due to-the pipe failure described in Section 4.7, the . I
section of carbon steel pipe upstream of the pressure gauge was replaced witha
stainless steel pipe section. '

(8)  Geochemical Evaluation of AMD Chemistry: The AMD samples taken from
upstream and downstream of the seal were analyzed for major metals to assist in the
identification of indications of concrete dissolution and steel corrosion. ‘

These investigations are described in more detail below.

4.2 Coring, Sampling-and Grouting
4.21 Coring and Sampling | |

Coring, sampling and grouting were performed by Jensen Drilling Company of Eugene,
Oregon, from August 21 to September 16, 2001. Jose Cercone, an engineering geologist with
Washington Group International, supervised the field work and logged concrete and rock
samples collected during drilling. The scope of work and technical specifications for the
coring and grouting subcontract are included in Appendix D. Core logs are presented in
Appendix E. o

Seven HQ (3.78-inch-diameter) holes were 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 were used for the sonic
logging described in Section 4.3 below. The locations of the core holes are shown on Figure
10. Six of the core holes, BH-1 through BH-6, were located along the perimeter of the seal
and were angled away from the axis of the seal, with the objective of intersecting the rock-
concrete interface within the middle third of the seal’s length. This was in order to obtain
maximum information on concrete and rock conditions while at the same time minimizing |
the risk of intercepting a pressurized seam. However, due to the extreme roughness of the '
rock walls, only four of the six holes intersected the rock-concrete interface. The seventh ‘
hole, BH-7, was drilled through the center of the seal and subparallel to its axis. The core _
hole lengths ranged from 7 to 10 feet. The total core hole length drilled was 61.5 feet.

Coring was accomplished using a CP55 air-driven core drill, a Bean air-driven water pump
and a 750 Ingersoll Rand air compressor. A five-foot long Longyear HQ3 core barrel (3.62
inches outside diameter) was used. To obtain core hole alignment, a 12-inch-long, 4-inch-
diameter Schedule 40 steel pipe was welded to a steel plate at the selected angle of the core
hole. The plate was then bolted and sealed with epoxy to the surface of the concrete seal (See
Photos No. 15 and 16). 5 | : |

Drilling was performed through the pipe into the face of the seal. The pipe was equipped
with a valve and pressure gage to allow the control of water loss through the core hole should
a pressurized joint or crack be intercepted (See Photo No. 17).
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Water was intercepted in only one drill hole, BH-4, although water build-up was not enough
to register on the pressure gauge. It was estimated that the seepage rate was 0.01 to 0.02

gpm.
4.2.2 Pressure Testing

Water pressure packer tests were conducted in the holes that intersected rock, i.e., BH-1, BH-
2, BH-4, and BH-6, using a single packer. The holes were flushed with clean water before
performing the tests. A Moyno pump was used to pump the high-pressure water. Flows
were recorded using an Ashcroft flowmeter. The pressure tests typically tested the concrete
closest to the rock-concrete interface, the interface itself, and the adjacent rock. Hole BH-7
was also pressure-tested because the core exhibited a diagonal crack and it was not obvious
whether the crack was a mechanical break or a preexisting crack. The results of the packer
tests are presented in Table 3 below.

Table 3
Water Pressure Testing of Boreholes

Zone Tested* Maximum Maximum Take Estlmat'efi
Borehole () . Pressure (cfm) Permeability
A (psi) (cm/sec)
BH-1 50 10” 100 0.0 - 0
BH-2 3 to 8’ 100 0,125 5x 10
BH-4 5 to 7’ 100 012 2x10°
BH-6 5t09 100 ~.0.01 5x10°

BH7  3to8 100 - 0.0 -0

(*) Measured from downstream face of seal

4.2.3 Grouting

Upon completion of drilling and nondestructive testing, the core holes that intersected the
rock-concrete interface were pressure- grouted A JDC 150 Grout Plant equipped with a high-
speed colloidal mixer and a Moyno 3L-6 grout pump were used. Both were mobilized to the
vicinity of the seal by transporting them over the rail tracks using a spec1a11y manufactured
steel-wheeled cart. A thin grout using microfine cement with 3 to 1 watei- cement ratio was
injected to attempt to seal hairline cracks along the rock- -concrete interface. A maximum
grouting pressure of 150 psi was selected based on (1) the need to use a pressure greater than
the water pressure behind the seal (41 psi at the time of grouting) and (2) the desire not to -
significantly exceed the grouting pressure originally used in the construction of the seal -
(reported to be 125 to 200 psi in SRK, September 1989). The pressures used and the grout
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take required to seal the core holes were measured and recorded and are summarized in Table
4 below. ’ '

Table 4
| Pressurg Grout Data
Borehole . ~Zone of Méximum Total Take After
Grouting Pressure | Initial Filling

(). (psi) (ch
BH-1 5t 10 150 0
BH-2 ' 3’to 8 ' 15!0 ‘ 0.08
BH-4 ' 5t0 7’ -150 0.09

"BH-6 - St 9 : 150 0.08

Once grouting refusal was achieved, a thick, zero-bleed, non-shrink grout was used to
backfill all holes. The collar pipes and plates were then removed, and the holes drypacked
with portland cement grout (See Photo No. 18). The materials used to grout the holes are
listed in Table 5. - ) :

Table 5
Materials Used to Grout Boreholes -

Toial No. of

Material ' _ Manufacturer’ Product Bagé Used *A
Microfine Cement ‘De Neef - Microfine Cement : 3
MC-500 e
Non-Metallic, Non-Shrink, = . Dayton . _‘(’}rout‘ 1107 . 8
Hydraulic Cement Superior o .
Portland Cement - ~ Ash Grove Type I-1I . 2

(*) Includes waste material filling hoses, partial bags, etc.

4.2.4 Miscellaneous Items S o : '

A technical consultation was received from Cal-OSHA during the éoring and sampling
program. The consultation indicated the need to upgrade the tunnel ventilation system during
coring and grouting activities, with the objective of achieving a minimum air flow velocity of
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60 feet per minute. The existing fan and duct system were measured to provide about 600
cubic feet per minute, or an air flow velocity of only about 10 feet per minuté, The existing
duct, an 18-inch-diameter fiberglass pipe manufactured by Schauenburg Flexadux
Corporation, leaked badly at over one third of its joints. In addition, it was deemed that the .
existing fan, a 3 HP Jet Air propeller fan model AAA13 (serial # 1987491) might be
underpowered to provide the required air flow even if the.condition of the duct was
upgraded. Therefore, a 20 HP propeller fan was rented by Jensen Drilling Company from

American Mine Service Inc., 11808 West Highway 93, Boulder, CO 80303. The fan, model -

number 5624BP2 manufactured by Hartzell Propeller Fan Co., Piqua, Ohio, barely achieved
the required air flow.

To further improve air flow, an inquiry was made with Schauenburg about sealing the duct
joints. The suggested methods were (1) using industrial shrink wrap applied around the
joints as a temporary fix, or (2) using an expandable foam sealer as a long-term repair. Due
to time constraints, the shrink wrap method was used to seal all leaky and accessible joints.
This resulted in a significant improvement in air flow through the adit.

To transport compressed air and clean water from the portal to the seal face, Jensen Drilling
Company installed about 2,700 feet of 2-inch diameter galvanized steel pressure pipe labeled
Hyundai A-53A-E, 2”x154x21". This pipe, as well as the steel-wheeled cart, were purchased
from Jensen at the end of the work and left inside the adit for potential use in the future.

4.3 Nondestructive Testing
4.3.1 Cross-hole Sonic Testing

Cross-hole sonic logging between the seven core holes was carried out by CTL on September
10 and 11, 2001. The testing was performed following the coring of the seal but before
grouting. This method is described in detail in the American Concrete Institute Report ACI
228.2R-98. The method uses either core holes or pre-placed tubes in the concrete element to
be tested. A transmitter probe placed at the bottom of one hole emits an ultrasonic pulse that
1s detected by a receiver probe at the bottom of the second hole. A recording unit measures
the time taken for the ultrasonic pulse to pass through the concrete between the probes. The
probes are sealed units, and the holes are filled with water to provide coupling between the
pfobes and the concrete. The probe cables are withdrawn over an instrumented wheel that
measures the cable length and thus probe depth. Continuous pulse measurements are made
during withdrawal, at increments ranging from 10 mm to 50 mm (0.4 inches to 2 inches),
providing a series of measurements that can be printed out to provide a proﬁle of the material
between the holes.

The ultrasonic pulse velocity (UPV) is a function of the density and dynamic elastic modulus
of the concrete. If the signal path is known and the transit time is recorded, the apparent UPV
can be calculated to provide a guide to the quality of the concrete. A reduction in modulus or
density will result in a lower UPV. If the path length is not known, but the tubes are
reasonably parallel, the continuous measurement profile will clearly'show any sudden
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changes in transit time caused by a low pulse velocity due to low modulus or poor quality
material, such as contaminated concrete or inclusions. Voids have a similar effect by forcing
the pulse to detour around them, thus increasing the path length and the transit time. By
varying the geometric arrangement of the probes, the method can resolve the vertical and
horizontal extent of such defects, and locate relatively fine cracks or discontinuities. The
major advantage is that the method has no depth limitation, unlike surface reflection
methods. ' :

For the test to be successfully performed, the core holes must be full of water. Holes 1, 5, 6
and 7 were inclined slightly downward making it possible to retain water in these holes
during testing. Holes 2, 3 and 4 in the upper part of the plug were inclined upward in order to
intercept the concrete/rock interface. Therefore, it was necessary to devise a valve system
that would hold water in the hole while at the same time allowing the CSL probe and cable to
be placed and operated in the hole. The system developed at the plug face to achieve the seal
was successful, and valid CSL test p;roﬁles were obtained for all holes.

The CTL report presented in Appendix B.2 discusses the results of this testing. Perimeter and
diagonal sonic profiles were obtained. The results are presented as plots of equivalent pulse
velocity of the concrete for each sonic log profile in Appendix B.2. :

4.3.2 Schmidt Hammer Tests.

Nondestructive Schmidt hammer tests were performed on the downstream face of the
concrete seal and on the rock surface immediately downstream of the seal to estimate the
unconfined compressive strength of the rock and concrete surfaces and to compare these
readings with the values obtained from laboratory testing of core samples. The tests were
performed on the face of the seal and the adit’s rock surface within 20 feet of the seal by GEI
on September 10, 2001. Results and locations of the Schmidt hammier tests are presented in
Table 1 of Appendix B.3 for the left side of the adit, Table 2 for the roof of the adit, Table 3
for the right side of the adit, and Table 4 for the face of the seal- An N Type Schmidt
hammer was used. A rebound, or R value, was obtained for each test. The R value was
corrected for the angle of the test relative to horizontal, based on the correlation presented in
the operation manual of the N Type Schmidt hammer. '

For the index values for rock, the R value from the N Type hammer (Ry value) was
converted to an R value for the L Typé hammer (R, value) using the conversion expression
from the manufacturer, as presented in Appendix B.3. Using the correlation developed by
Deere and Miller (1966), the unconfined compressive strength was estimated from an
average Ry value, using a rock unit weight of 165 pounds per cubic foot: The expression for
this correlation is presented in Appendix B.3. The unit weight of rock was based on
laboratory measurements from two rock core samples obtained at the seal in September 2001
"(Appendix B.2, Table 2).
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4.3.3 Nondestructive Testing of Exposed Mechanical Components

The internal condition of the exposed mechanical components (piping and valves) was
assessed by thickness testing using ultrasonic testing equipment. Testing was performed on
September 11, 2001, by Kleinfelder, Inc., at 63 points spaced along the drain pipes and
valves. Ultrasonic waves were 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 was calibrated by
inputting wave velocities for the applicable metal (stainless steel or carbon steel). A direct
readout of thickness was obtained from each test. The results of this testing are presented in
Appendix B.4 and summarized in Table 6 below. :

4.4 Laboratory Testing of Concrete and Rock Samples

The concrete and rock cores were visually examined, and samples were selected by Alberto
Pujol of GEI, Gary Mass, and Dr. Allen Davis of CTL for laboratory testing by CTL.
Samples for testing were selected from holes BH-3, BH-6 and BH-7 for the following
Teasons:

¢ BH-3 was selected because it was the hole drilled through the top of the seal. The upper
portion of the seal is an area of potentially weaker concrete and also is the area where
most seepage is occurring.

¢ BH-6, the hole drilled through the bottorﬁ of the seal alld into the floor of the adit,
revealed a localized area of weak, possibly segregated, concrete. Samples of this and
adjacent material were selected for testing.

* BH-7, the hole drilled through the center of the adit, was selected as a potential indicator
of average concrete characteristics. '

The following tests were performed: .

* Unconfined compressive strength of five concrete (ASTM C42) and two rock cores
(D2938) to confirm strength values assumed in the design. The locations and depths of
the samples tested are shown on the drill logs in Appendix E. The results of the testmg
are summarized in Table 2 of Appendix B.2. The full reports are also included in
Appendix B.2. :

* Petrographic examination of three concreté samples according to the methodology
presented in ASTM C856 to assess the condition of the concrete and evaluate possible
deterioration from Al\/[D attack. The full petrograph1c report is presented in Appendix
B.2. :
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e Pulse velocity through five concrete core and two rock core samples according to the
methodology described in ASTM C597 to correlate compressional wave velocities with
the values assumed for NDT evaluations. The results of the testing are presented in”
Appendix B.2. Figure 2 of Appendix B.2 shows the relationship between core
compressive strength and core pulse velocity derived from the five concrete samples.

4.5 Mapping of Rock Characteristics

Observations and measurements of the rock condition and quality next to the seal were made
by GEI on September 10, 2001 to develop a Rock Mass Rating (RMR). The RMR was
prepared in accordance with Table 1 of ASTM D 5878 (included in Appendix E.3). Six
classification parameters are used to develop the RMR. They include the strength of the
rock, the rock quality designation (RQD), the spacing of the joints, the condition of the joints
(aperture, roughness, weathering), the groundwater inflow, and an adjustment for the joint
orientation. A summary of the RMR for the rock in the 20-foot-long reach of adit
immediately downstream of the seal is presented in Table 7. Details of RQD and joint
spacing data used for classification parameters of the RMR are presented in Tables 2 and 3 of
Appendix E.3, respectively. ~

4.6 Operational Testing of 4-inch Shutoff Valves

4.6.1 Background

~ As discussed in Sections 3.6 and 3.8.4', during the site visit of October 31, 2000, the two

4-inch shutoff valves appeared to be in good condition, but it was noted that the valves likely

- had not been operated for 13 years since they were installed in 1987. When valves are

pressurized and not exercised for such a long time there is a possibility that the moving parts
become bonded to the internal components of the valve. The actuators may also have
become frozen. '

It was recommended that appropriate measures be taken to verify that the valves remain’
operational and, thereafter, 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.
However, when the valves are opened, the seat rings or valve stems could be damaged. If
this occurs, 1t 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,
pethaps when the mine is drained. Therefore, it was recommended that the existing piping be
modified by installing a new 4-inch backup valve downstream of each existing 4-inch shutoff
valve and the blind flanges reinstalled. Then the new backup valves could be closed and the
operation of the existing 4-inch valves could be tested. The new backup valves and
downstream 3/4-inch ball valves could then be opened to verify that there is no leakage past
the existing 4-inch valves after the testing. If an existing 4-inch valve were damaged during
,

n
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the test, it could be abandoned in place and the new 4-inch backﬁp valve could be used as the
drain shutoff valve.

4.6.2 Valve Testing and Maintenance

The operational testing of the valves was conducted on June 13, 2001 by Roy Parcell and
Phillip Parcell of Pacific Mechanical Corp., piping/mechanical construction subcontractor to
GEI. The work was performed under the supervision of Alberto Pujol of GEI and Cynthia
Fox of Washington Group International.” As a precaution, 4-inch backup valves were .
installed downstream of the existing shutoff valves prior to the operating test. The modified
arrangement of the drain pipe assemblies, after installation of the backup valves, is shown on
Figures 8 and 9. Catalog information on the new valves is presented in Appendix C.3.
Details of the procedure are described below. ' '

First, the 3/4-inch valves downstream of each blind flange were opened. Some water flowed
out, but the flow stopped after a few seconds. This indicated that (1) the 3/4-inch valves had
been sealing tightly and were not blocked; (2) once the fluid was released, there was no fluid
pressure acting behind the blind flanges; and (3) the 4-inch control valves were sealing nearly
leak-tight since flow out of the 3/4-inch valves stopped once the space between the 4-inch
control valves and the blind flanges was drained, although it appears that over the years the
4-inch control valves have allowed passage of some fluid, which was contained in that space.

The 4-inch blind flanges were removed from the downstream end of the two drain pipes to
allow the installation of the two new backup valves. With the blind flanges removed, it was
noted that the existing control valves were installed with the plug—ends oriented upstream.
Consequently, the inside chambers and stems of the control valves were visible and appeared
to be in good condition with only slight amounts of dark deposits inside (See Photo No. 19).

A new Apollo ANSI Class 150, flanged, 4-inch, stainless steel, lever operated, ball valve was .

added as a backup valve downstream of each control valve (Photo No. 20). The backup |
valves were installed using 1/8-inch thick, full-face, natural rubber gaskets and stainless steel
bolting. The blind flanges were then reinstalled with the same type of gaskets and bolting.

The backup valves are equipped with actuator mounting plates that have standard I»SO bolt
holes and dimensions. This would allow these valves to be fitted with remotely controlled
actuators if desired in the future.

To test the operation of the control valves, the downstream backup valves and 3/4-inch |
valves were closed. The left and then the right control valve was opéned and closed four
times using the handwheel actuators. Both the valves and the actuators operated smoothly,
without hesitation, and shut tightly. Each pipeline was purged once for a few seconds by
opening the downstream valves to clear debris from upstream of the valve seats. Fluid
release was limited by the 3/4-inch valves. The control valves, backup valves, and 3/4-inch
valves were all closed at the end of the valve testing. :
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Two adjustable stainless steel pipe supports were cut to length and installed between the
drain pipes and the rock floor of the adit. Because of the irregular rock surface, blocks of
wood were used to provide a flat surface under the supports. These supports are considered a
temporary feature. The new backup valves were fitted with padlocks to lock the valves in the
closed position. Lastly, the control valve actuators were covered with plastic to help
minimize corrosion and the build-up of mineral deposits from seeping water (Photo No. 21).

4.7 Repair of Auxnllary Pipe - ~
4.71 Background | |

During the site visit of November 1, 2000, it was observed that a pressurized segment of the
auxiliary 3/4-inch piping upstream of the pressure transmitter (and upstream of any valves)
appeared to be carbon steel rather than stainless steel. It was also noted that the pipe appeared
to be only in fair condition with corrosion at the threaded connections at each end. On May
31, 2001, during a prebid site visit for the drilling and grouting subcontract, a break occurred
in the carbon steel segment of the 3/4-inch pipe at the threaded connection into a 1-inch by
3/4-inch reducing bushing which in turn threaded into a 1-inch threadolet welded to the 4-
inch drain pipe (see Figure 7 and Photo No. 27). Observation of the fracture indicated that the
carbon steel pipe at this location was badly corroded and paper-thin. A short duration release
of a limited quantity, of AMD occurred. Emergency, temporary plugging of the pipe was
immediately accomplished with a wooden plug to stop the flow.

4.7.2 Piping Repair

The pipe repairs were accomplished on June 14, 2001 by Roy Parcell and Phillip Parcell of
Pacific Mechanical Corp., piping/mechanical construction subcontractor to GEI. The work
was performed under the supervision of Alberto Pujol of GEI and Cynthia Fox of

Washington Group International. The repair involved first removing the large wooden brace |

holding the temporary wooden plug in place (Photos No. 22 and 23). Then the broken stub
was removed by unscrewing and removing the 1-inch by 3/4-inch reducing bushing from the
main pipe, allowing fluid to escape the pipe through the 1-inch opening. An assembly of
stainless steel connecting piping was quickly screwed into the main pipe. The assémbly
included a new 1-inch by 3/4-inch bushing, a new 3/4-inch threaded nipple, and the old 3/4-
inch ball valve (Photos No. 24 and 25). The connection work took about one minute. The
ball valve was then closed, stopping the discharge. The rest of the pressure gauge assembly
was reinstalled and the pressure transducer sensor was reconnected. Teflon tape and pipe
dope were used for all screwed pipe connections. The piping was checked for leaks. The old
pressure gauge had cracked and was replaced with a new 4.5-inch-diameter, stamless steel,
oil-filled gauge with a range from 1 to 300 psig manufactured by Ashcroft. The pressure
gauge registered a fluid pressure of 45 psi (Photo No. 26). Data on the pressure gauge is
included in Appendix C.5. Finally, the date and time on the pressure transducer data logger
were reset by Rob Busby and Steve Rosenbaum of the RWQCB using a portable computer.
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48 AMD Geochemistry

As described in Sectlon 3.7, Acid Mine Dralnage (AMD) was collected on November 1,
2000 from the following four areas: '

e Pond: The standing pond in front (downstream) of the seal.

o Seep: Water seeping from the contact between the seal and the roof of the adit.
e Drain pipe: Water in long-term contact with the east (right) drain pipe.

¢ Upstream: Water from the main body of AMD behind the seal.

[

One unpreserved, one-liter 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:

. pH '

e Total Dissolved Solids (TDS)
o Acidity '

o Alkalinity .

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

These constituents were analyzed vial"the standard USEPA rﬁethods;*Results from Sequoia
Analytical Laboratory are 1ncluded in Appendix F.

4.9 Evaluation of Data from Addltlonal Investlgatlons

4.9.1 Observations from Drilling and Grouting

Both drilling conditions and examination of the concrete samples indicate that the concrete in
the seal is generally dense, sound, and hard (see core logs and photographs in Appendix E).
The coarse aggregate consists of angular, light colored, limestone particles. The matrix of -
cement paste and siliceous and calcareous fine aggregate is generally dense and hard. No
indicationof weathering or reaction rims was observed.' All breaks in core samples were
deemed to be mechanical breaks. No large voids or poorly consolidated concrete were

found. ' :

The core from hole BH-7 presented a diagonal fracture at a depth of 3 feet. The evidence on
whether this is a mechanical break or a pre-existing fracture is inconclusive: Close '
examination revealed that the fracture passes through aggregate particles, suggesting a '
mechanical break, perhaps along a plane of weakness. However, the examination also -
revealed small amounts of carbonate material on the fracture surface. If these are secondary
mineral deposits, they would suggest that the crack was pre-existing, perhaps a cold joint
formed during concrete placement (or from shrinkage). In any event, water pressure testing
of hole BH-7 yielded zero water loss through this zone. Furthermore, the cross-hole sonic

logging profiles between this hole and adjacent holes did not indicate any defects, suggesting

that this occurrence was either a mechanical break or a very localized feature.
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In general, no segregation was noted, except for an area of soft, weak, concrete that was
intercepted at the bottom of the seal by hole BH-6. The concrete in this area lacked coarse
aggregate, probably from segregation during placement. However, the cross-hole soriic
logging profiles between this hole and adjacent holes did not reveal an area of weakness,
indicating that the area of poor concrete intercepted by hole BH 6 is likely to be very
localized.

Based on examination of the cores retrieved, the concrete in the vicinity of the contact with
the adjacent rock is of the same quality as that of the concrete in the center of the seal, with
the exception of BH-6 noted above. No weathering, reaction rims, or significant indications
of acid attack were observed.

While four holes penetrated the rock-concrete interface, we obtained only one sample of
concrete that was adhered to rock (from hole BH-1). Elsewhere, breaks occurred between
the concrete and the rock. This is not surprising given that the angle of the holes to the rock
wall was generally only a few degrees; the small angle and the difference in hardness
between the concrete and rock may have caused the drill bit to try to deviate from its
alignment, possibly vibrating and causing mechanical breakage of the cores.

The rock around the seal consists of granitic rock and is hard, generally moderateiy fractured,
fresh, and with generally clean joints. No evidence of acid attack of the rock was observed.

Only one of the holes extending into rock yielded some water, at an estimated rate of 0.01 to
0.02 gallons per minute. Water pressure tests of the rock and rock-concrete interface
indicated a hydraulic conductivity in the range of 10” ¢m/sec, which is consistent with the

hydrogeologic model of the rock mass developed for design of the seal. Pressure grouting of |

the rock and rock-concrete interface took only minimum quantities of a thin microfine-
cement-based grout, again confirming the tightness of the seal. g

4.9.2 Cross-Hole Sonic Logging Results

Twelve cross-hole sonic logging profiles were obtained by CTL and are presented in
Appendix B.2. Measurements of equivalent pulse velocities gave between 12,000 and 12,500
ft/sec. All test profiles showed continuous concrete between holes, with no breaks in arrival

signals at any point. Where the core holes penetrated the rock, if poor concrete consolidation

or open fractures were to exist at the rock-concrete interface, a break in the signal arrival
time would be present in the test traces. This was not seen in any of the profiles. The tests
showed sound and integral concrete in the areas of the seal that were explored

The first phase of nondestructive concrete testing performed by CTL had indicated a surficial
area of potentially poor concrete consolidation in the northeast quadrant of the seal, under the
original tremie pipe. The cross-hole sonic logging profile between holes BH-3 and BH-4 °
explored this area. No significant reductions in equivalent pulse velocities wére noted,
suggesting that the concrete in this area is reasonably sound.
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4.9.3 Lab Testing Results

Five compression strength tests were performed on concrete core samples, yleldmg
compressive strengths ranging from 5,780 to 6,750 psi and averaging 6,150 psi. In °
December 1987, the average compressive strength of the concrete in the seal 28 days after
placement was determined to be 5,550 psi based on tests of two cast cylinders (SRK, March
1989). The compressive strengths measured for this study compare well with the original '
strength, indicating that a limited increase in compressive strength has occurred with age. No
adverse effects on the compressive strength from acid attack are apparent in the tested :
materials. ' - '

The unit weight of the concrete cores tested for compressive strength was measured. The
unit weight values range from 137 to 146 pounds per cubic foot (pcf) and average 140 pcf.
These values are indicative of reasonably dense, well-consolidated concrete. The laboratory
ultrasonic pulse velocity of these cores was also measured, ranging from 13,211 to 14,889
feet per second (fps) and averaging 13,884 fps. These values are in the range expected for
well-consolidated concrete of this type. '

Petrographic examinations were made of three core samples obtained from holes BH-3,
BH-6, and BH-7. The sample from hole BH-3 was taken from close to the roof of the adit,
an area of the seal where weaker concrete may be expected to occur. The sample from hole.

BH-7 was from the center of the seal and included the diagonal crack discussed above. The
sample from hole BH-6 was taken from the weak, segregated concrete also discussed above; 4

selection of this sample was made with the express purpose of testing the worst concrete
revealed by the core holes. The petrographic reports are included in Appendix B.2. In
summary, the core samplés from BH-3 and BH-7 were found to be similar in composition
and quality. The general quality of the concrete was found to be good, with no major
abnormalities observed. By contrast, the quality of the core sample from BH-6 was poor,
exhibiting soft paste and no coarse aggregate, possibly due to segregation. Please refer to the
Petrographic Services Report in Appendix B.2 for a detailed explanation of findings and
photographs of the samples examined. \

Similar tests were performed on two cores of granitic rock. The measured compressive
strengths were 16,240 and 22,020 psi. The measured ultrasonic pulse velocities were 18,251
and 19,118 fps. Both cores had a unit weight of 166 pcf. These results are typical of sound,
unweathered granitic rock. Petrographic examinations of the rock were not deemed
necessary because the rock appeared fresh and sound to the naked eye.

4.9.4 Schmidt Hammer Test Results

The Schmidt hammer provided good index measurements of the unconfined compressive
strength of the rock and joint surfaces along the walls and roof of the adit near the seal. The
average index value for the adit’s left wall, right wall, and roof provided a correlation to the
unconfined compressive strength of the rock, which ranged from 17,000 psi to 22,000 psi for
the rock, and 20,000 to 21,000 psi for the joint surfaces. These strengths are within the range
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measured in laboratory tests on rock core samples taken near the rock-concrete contact of the
seal, which were from 16,240 to 22,020 psi. ~

The Schmxdt hammer prov1ded index strength measurements of the concrete surface of the
seal. The average index value, 2,600 psi, provided a correlation to the unconfined
compressive strength for the concrete at the surface of the seal. Strength measurements from
laboratory tests on concrete core samples of the seal were more than twice those estimated

using the Schmidt hammer. It is likely that the thin layer of deteriorated, soft, cement paste

observed on the face of the seal had the effect of significantly reducing the Schmidt hammer
index values. The main value of these data is to establish a baseline that can be used in
future monitoring events to assess trends.

4.9.5 Rock Conditions Downstream of Seal

The observations and measurements of the rock condition and quality document the current
conditions in the 20-foot-long reach of the adit immediately downstream of the seal.
Selected data (on joint strength and condition and groundwater inflow) can be adopted as a
baseline for use in future monitoring events.

The Rock Mass Rating (RMR) for the rock near the seal indicates “good” quality rock. The
RMR range was 65 to 69, as listed in Table 7. This agrees with the observations made in the
adit during site visits in Novemnber 2000 and September 2001. The rock appeared sound and
the joints were tight: There was little evidence of rockfall in this section of the adit,
indicating that the rock has been stable since the mine closed six decades ago.

GEI obtained a lower RMR rating (RMR=65 to 69) for the reach of adit immediately
downstream of the seal than presented in SRK’s 1985 report for the seal location (RMR=81).
This is mostly due to the reduction in rating caused by unfavorable joint orientations, RMR
parameter number six, which SRK apparently did not evaluate. It is also possible that rock -
conditions at the location of the seal were marginally better than those immediately
downstream.

49.6 Valves and Pipes

All valves in the drain pipe system were exercised and were found to be functional. The
actuators of the 4-inch DeZurik control valves were not frozen and operated smoqthly. The
valves gave tight shutoff upon closing. During the pipe repair activities, the interior of the
1/2-inch stainless steel pipe immediately under the pressure gauge was examined and
observed to have no noticeable corrosion (Photo No. 27). This pipe is normally filled with
water under pressure. Likewise, the interior of the DeZurik valves was observed from the
downstream side (the nonpressure side, see Photo No. 19). While this side of the valve was
filled with water prior to the inspection, there was no discernible corrosion of the visible
interior stainless steel components of the valves.

The results of the ultrasonic thickness testing of pipes and valves are given in Appendix B.4
and summarized in Table 6 in Section 4.3.3. The table also lists the nominal wall thickness
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for Schedule 40 pipe. The data confirms that the installed piping is Schedule 40, except for
the new piece connecting to the pressure gauge, which is Schedule 80. As can be seen from
the table, variances between the nominal wall thickness and the ultrasonic thickness -

measurements are relatively small and judged not significant. All measurements are within

the permitted manufacturing tolerance, which is +/- 12.5% of nominal thickness. The main
value of this data is to establish a baseline that can be used in future monitoring events to
assess trends.

4.9.7 Water Chemistry - -

Selected results of the laboratory analysis of samples collected from the seep and upstream
samples are presented below in Table 8 (see Appendlx F for WATI’s report on the
geochemistry of the AMD including complete water chemistry data).

[

Table 8 ‘
Selected Results of Laboratory Chemical Analyses
~of Water Samples Collected November 1, 2000

Analyte | Up str(e;r;i)a mp e See([r)n Sgi}l:;p le le(ff:::::sng/m
- Decrease)
Acidity 92 Coso a3
Alkalinity 0 0 | 0
Aluminum 22 40 418
Calcium 293 247 - 46
Copper ‘ 1.8 9.1 473
Iron | ' 36.1 N 7.8 =283
Potassium , 2.1 20 ' .01
Magnesium 13 5.8 -1.5
Manganese 5 - 032 0 v‘—1.8\
Zine 0607 ol
Sodium 23 22 01
Silicon - 13 ' 129 -~ -0.1
pH N 08

In general the major chemical and minor chemical constituents of the water upstream of the
seal and the water seeping from the rock-seal contact are nearly identical. There are only a
few noteworthy differences. The important points are noted below:
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* The pH of the upstream sample is higher than that of the downstream (seep) sample,
while the Fe in the upstream sarhple is much higher than in the seep sample. As noted
before, the Fe (II) oxidizes to Fe (III) and then precipitates as the hydroxide, with the
generation of additional acidity and the corresponding decrease in pH. Field observations
on the condition of the concrete seal face confirm that heavy iron staining has occurred
on the concrete face and drain pipes, consistent with the precipitation of Fe (III) upon
oxygenation.

o Silicon in the two samples is identical, sﬁggesting that the silicate portion of the concrete
seal matrix is intact. The observed silica concentrations are likely from wall or host rock
dissolution upstream of the seal. If the silicate portion of the seal were dissolving, the
seep water would likely show a gain in sﬂlca content. ThlS is not observed.

¢ Zinc and copper both increase in the seep water compared to the upstream sample. The
cause of this increase is unknown but might be due to the decrease in'pH.

e Magnesium, calcium, sodium and potassium are all major components of concrete and
possibly the mine wall rock. Concrete dissolution would likely increase these
components as AMD passes through the seal if significant dissolution occurred. The -
observed data show that there is very little difference in chemistry at the two locations.
The slight changes noted in the table are well within typical analytical variance and
cannot be used to conclusively identify an increase or decrease in concentration.

e Aluminum tends to increase in the seep water compared to the upstream water suggesting
that a gain in Al occurs as AMD seeps from the seal. Aluminum is a significant
component of both concrete and wall rock. However, aluminum is usually more resistant
than cations such as Mg, Na, K and Ca to acid attack due to its role as a molecular
structural element. Therefore, increases in Al should be accompanied by increases in
these other cations as well. This is not observed. The increase in Al in the seep may be
due only to the decrease in pH which solubilizes Al in the rock 'th;ough which the seep
runs.

In summary, based on the chemistry discussion above, there is no apparent difference in most
chemical constituents occurring in the AMD behind the seal or in the seep flowing along the
contact between the seal and the wall rock. The differencés in chemistry between the
locations are limited mainly to pH and Fe. In other cases where small differences in
chemistry occur, they tend to be within typical analytical variance (<25%) suggesting that
most differences may not be 51gn1ﬁcant Repeated samplmg of the different locations would
be necessary to determine if the differences are consistent and real.

It should also be noted that since the pH of the seep and pond samples is lower than that
observed in the AMD upstream of the seal, acid attack may be slightly more aggresswe on
the downstream face of the seal.
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5. Additional Analyses and
Evaluations

5.1 Review of Geotechnical and Structural Design =~ -
5.1.1 Description of the SeaI‘Design

The seal in the adit of the Walker Mine was designed to prevent direct discharge of acid and
heavy metal-laden waters from the mine. SRK evaluated the seal design in their report,
“Walker Mine Project Draft Final Feasibility and Design Report,” dated September 1985. In
the report, SRK determined that a 15-foot-long concrete seal in the adit would be adequate to
resist the design water pressures expected in the mine. The seal would resist the water
pressures by transferring the load from the concrete to the rock mass next to the seal through
the rock-concrete interface.

The maximum water pressure head expected on the back of the seal is 570 feet, which is the
elevation difference between the Main Access Drive Adit and the location where water could
exit at the Old Sawmill Adit. SRK used a factor of safety of 2.5 for this water pressure head,,
giving a design water pressure head of 1,400 feet. For d651gn, this préssure was applled to
the back surface of the concrete seal.

SRK reported that the rock at the seal was a coarse grained granodiorite, and estimated a
uniaxial compressive strength of 22,000 to 29,000 psi, which is considered strong rock. The
weathering of the granodiorite was fresh. SRK found that the quality of the rock mass at the
seal was “good” based on the Rock Mass Quality (Q) system, and “very good” based on the
Rock Mass Rating (RMR) system. These classification systems evaluate the strength of the:
rock mass and are described in the 1985 SRK report. ; ‘

SRK assumed a concrete strength for the seal of 2,000 psi, and determined that the concrete’s
resistance to punching shear was adequate. SRK also checked the shear strength of the seal
for a potential failure surface along the rock-concrete interface. SRK’s design evaluated the
shear strength along this failure surface based on its surface area and the estimated shear
strength of the rock mass along the rock-concrete interface. SRK estimated the shear

strength of the rock mass based on Hoek’s principal stress relationship for the type and
quality of the rock mass observed at the seal, as quahtiﬁed by the RMR and Q ratings. SRK
assumed that the normal stress acting across the rock-concrete interface would be negligible.
For design of the seal, SRK estimated a shear strength of 182 psi for the rock mass adjacent
to the rock-concrete interface. : .

Water seepage around the seal is controlled by the condition of the rock mass surrounding
the seal and the water pressure gradient along the length of the seal. A maximum allowable
water pressure gradient of 40 psi per foot and a design water pressure at the back of the seal
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of 1,400 feet of head were used for design to establish a minimum seal length of 15 feet.
This condition controlled the design length of the seal.

5.1.2 Construction Information

SRK described the seal construction and as-built condition in a letter report dated March 7,
1989. SRK reported that the seal location was properly prepared in accordance with the
specifications before concrete was placed to allow a good bond between the concrete and the
rock. Soil debris was excavated from the tunnel invert and loose rock pieces were scaled to
expose a sound rock surface in the tunnel. Water was used to clean the rock surface of mud
and dirt. Joints and fractures exposed in the rock surface were ti ght and not considered by
SRK as a conduit for unacceptable seepage around the seal. The joints form irregular rock
surfaces with a stepped pattern of asperities about 8 inches deep and spaced several feet
apart. SRK considered the asperities to provide a good mterlockmg surface for the rock-
concrete contact.

A video was recorded by the RWQCB documenting the condition of the rock during
preparation of the seal area and before concrete placement. For the most part, the video
confirms the observations in SRK’s 1989 report. The surface of the tunnel walls, invert, and
roof appear to have sound rock with tight joints. When the video was recorded, it appears that
the rock in the lower walls and invert had been cleaned. Some reddish mud appeared to
remain coating portions of the rock in the upper walls and roof. Cleaning operations were

still in progress, and these areas may have been cleaned but not recorded.

Mine water was controlled at the seal to prevent accumulation in the tunnel invert. However,
at the start of the concrete pour an unexpected surge of water entered the seal area and
accumulated in the invert of the tunnel. During the concrete pour, the concrete reportedly
displaced the water and the contractor did not consider the water harmful to the performance
of the seal, even though the specifications required the concrete to be placed in the dry.

5.1.3 Data and Results from the Testing and Evaluation Activities

Rock

As indicated earlier, Schmidt hammer index values provided a correlation to the unconfined
compressive strength of the rock at the surface and indicated a range of 17 ;000 psi to 22,000
psi for the rock mass, and 20,000 to 21,000 psi for the joint surfaces. Laboratory test results
on rock core samples yielded compressive strengths of 16,240 and 22,020 psl.

GEI revrewed the Rock Mass Rating (RMR) for the rock immediately downstream of the
seal. The RMR indicates * ‘good” quality rock with values of 65 to 69. S .

Based on these observatlons and measurements, GEI estlmated the shear strength of the rock
mass around the seal using Hoek’s principal stress relationship for the type and quality of the
rock mass observed 1mmed1ate1y downstream of the seal. GEI estimated a shear strength of .
150 psi for the rock mass adjacent to the rock-concrete interface based on good quality
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granodiorite with an RMR of 65 and an approximate average rock uniaxial compressive
strength of 20,000 psi and maintaining SRK’s assumption that the normal stress acting across
the rock-concrete interface is.negligible. ‘

Concrete

Field tests on the seal indicate that, to the depth tested, the concrete is dense, continuous, and
in good contact with the surrounding rock. Strength measurements from laboratory tests
yield values of 5,600 to 6,200 psi. .The Schmidt hammer measured an index strength of
2,600 psi for the concrete surface of the seal. SRK’s stability analyses of the seal used a
concrete strength of 2,000 psi; thus, the concrete is stronger than assumed in the design.

Rock-concrete interface '

Rock conditions exposed in the walls and roof of the tunnel next to the seal are similar to the
rock conditions along the rock-concrete interface observed in the rock core obtained during
our investigation and documented by others in the as-built report and video recording. The
information on rock quality next to the seal can therefore be used to estimate the rock quality
at the rock-concrete interface of the seal.

5.1.4 Discussion. : ]

The condition of the 15-foot-long concrete seal and surrounding rock mass is adequate to

. resist the design water pressure head of 570 feet, with a factor of safety of 2.5 on the water

pressure based on our interpretation of the original seal design, seal construction records,
field and laboratory data collected for this study, and our estimates of the material properties
of the seal and surrounding rock. The factor of safety used for the original design, i.e., 2.5
times the maximum water pressure, is still reasonable. In our review of the seal design, we
evaluated stability for (1) shear through the concrete and (2) shear through the adjacent rock
mass. Shear along the rock-concrete contact is not considered to be physically possible given
the large asperities in the rock surface. Shear failure along the rock-concrete interface would
require dilation of the interface to allow the concrete to slip along the large rock asperities. A
large dilation cannot physically occur in the adit because the rock-concrete interface of the
seal 1s confined on all sides.

5.2 Review of Concrete Mixture Data Versus Published Data on
Acid Attack of Concrete from the Iron Mountain Mine

5.2.1 General

The concrete mixture and placement data from the Walker Mine Seal - Final Construction
As-Built Report, by SRK dated March 1989, was analyzed and compared with the results of
the Iron Mountain Mine (IMM) studies involving field performance of concrete in an AMD
environment. The purpose of this comparison was to develop an order-of-magnitude estimate
of the rate of acid attack and depth of affected concrete at present, and an order-of-magnitude
prediction of expected depth of attack at the end of the 100-year design life of the Walker
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Mine seal. The analysis was performed by Gary Mass, an independent concreté consultant
under subcontract to GEIL The complete study is presented in Appendix G.1 and is
summarized herein. A summary of the field studies for IMM is presented in the September
2000 article entitled “Resistance of Concrete to Acidic Water” (Connell et al., 2000).

5.2.2 Characterization of Concrete in the Seal

The concrete mixture design for the Walker Mine seal was prepared and presented by
Engineering Testing Associates, Inc. of Sparks, Nevada in their report dated October 14,

1987 (contained in SRK, 1989). The mixture and sources of materials are presented in Table

9 below.

On November 13, 1987 the concrete seal was placed. Details of the placement of the seal are

presented in Appendix G.1. A total of ten 8-cubic-yard batches (80 cubic yards) were
prepared using an onsite batching plant. Only 6 cubic yards of the ninth batch and none of the
tenth batch were discharged into the concrete pump. The estimated volume of concrete
actually placed in the roughly 9 foot wide by 12 foot high by 15 foot long seal was 66.2 cubic
yards.

Water content of each batch was varied to maintain as consistent a slump of concrete
entering the pump as possible. Except for the partly-used ninth batch, the water content of
concrete was less than the mixiure design water content (292 pcy). Water content and water-
to-cementitious materials ratio for the batches are presented in Appendix G.1. The average
water-to-cementitious materials ratio was 0.41. :

During the placement, concrete samples were taken at the pump and at the discharge end of
the pump line. The average slump at the pump was 6.6 inches and average slump at the seal
was 4.4 inches. Ambient temperature at the seal was a stable 47° F and average concrete
temperature at placement was 54° F. At approximately mid-point of the third batch, a set of
cylinders was cast at the seal. The cylinders were later tested with the results shown on
Table 10. :
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Table 9
Concrete Mixture Design Data
- Walker Mine Seal
Pound i
Material . : Source ounds per C ub?c
‘ - , ; . Yard
Portland Cement, ASTM C 1750, Typell - Calaveras 450
Low Alkali ; , »
Pozzolan, ASTM C 618, ClassN ' Lassenite 150
Silica Fume, FORCE 10,000 " WR. Grace 495
. Water | - _ : 292
Fine Aggregate, ASTM C 33 Teichert Aggregates 1476 (S.S.D.)
Coarse Aggreg'ate, A‘ST‘M C 33, ‘SizeNo. ‘ Sierra Aggregatés 1546 (S.S.D.)
67 (limestone)~ T ) . ,
High-range Water-reducer, "ASTM C 494, W.R. Grace. .- (108 oz.)
Type G, Daracem'100Q - . ) . -
Total Weight' c : N 39635
Design compressive strength, 28 days S 3000 psi
Design slump, after addition of Daracem 7 inches
100 o S
Water-to-cenientitious materials ratio ‘ C o 0.45, by wt.
Table 10
Compressive Strength of Concrete Sample
, ' ' _Conipressi\}é 'Strr'ength
G A "
3day - o : 1390
7day R 2620
28 day .+ 5550 (aVerage of two
- : specimens)
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5.2.3 Exposure Conditions

During the concrete seal design phase and more recently during these investigations, AMD
water samples were tested. It is well recognized that acid waters, when in direct contact with
concrete, attack portland cernent by dissolving and removing part of the cement constituents,v
leaving behind a soft, mushy mass. The rate of attack has been reported to depend, in part,
on the acidity of the water’s pH (Lea, 1971). A summary of the pH test results on the various
water samples is presented in Table 1, Section 1,.and in Appendix G.1.

It can be assumed that AMD water began to pond against the upstream face of the seal while
concrete placement was completed. Recent water quality tests would suggest that the pH of
this water was about 4.6. The actual time for the AMD reservoir to reach full-height of the
seal 1s not known. Contact grouting of the uppermost crown of the seal was performed on
November 23, 1987, ten days after concrete placement.

Since installation of the seal some seepage has developed. The most significant seepage
appears to be along the concrete/rock contact at the top of the seal. However, staining
indicates some seepage along both sidewalls. Water quality samples of the uppermost
seepage show an average pH value of about 4.0. In addition to the seepage, a permanent,
approximately 18-inch-deep, pond has formed in the low area at the downstream toe of the
seal. The pH of the pond water appears to vary from 3.7 to 4.8. Based on the above, pH
values for analysis of the seal were taken as 4.6 for waters against the upstream face of the
seal and 4.0 for seepage.

5.2.4 Iron Mountain Mine Studies

In late December of 1998, as part of the mine reclamation studies for the Tron Mountain Mine
in California, a series of concrete mixtures were batched and mixed at a local concrete plant
in Redding, California. The objective of this work was to investigate the performance of
various types of concrete when exposed to AMD water for an extended period of time.

A total of seven different rmxtures were prepared in 2-cubic-yard batches. For each mixture,
the concrete was tested for fresh concrete properties and twenty 6-inch-diameter by 12- inch-
high cylindrical concrete specimens were cast. Twelve of these specimens for each of the
seven mixtures (total of 84 specimens) were cured under standard ASTM C 39 conditions
and were tested for compressive strength at ages of 7,28, .56, 90, 180, and 302 days; two
specimens were tested at each age. The remaining eight specimens for each of the seven
mixtures (total of 56 specimens) were cured, surface-dried, and weighed. These specimens
were then taken to the Iron Mountain Mine area and immersed in acidic waters. Four
specimens of each mixture were immersed in AMD water with a pH of approximately 2.4
and the other four specimens of each mixture were immersed in a small stream of surface
drainage with a pH of approximately 3.1. Two of the specimens from each mixture were
removed from each immersion site at 2-month intervals, brushed, surface-dried and weighed.
The remaining two specimens of each mixture at each immersion site were left in the acidic
water for a period of 6 months and 8 months, respectively. At the end of each period, the
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remaining specimens were brushed, surface-dried, and weighed. Immersion testing was
started on March 1, 1999 and was completed on October 22, 1999.

Of the seven different mixtures tested, the mixture most resembling the concrete mixture

used in the Walker Mine seal was the one identified as SCRR-3. Based on the immersion test

results and the relationship of volume-to-surface area and weight-loss-to-initial-weight of the
cylindrical specimens, the rate of AMD attack was calculated as an average depth of surface
loss. The results of this calculation for mixture SCRR-3 are summarized in Table 11 below.
Material properties for this mixture and detailed test results are presented in Appendix G.1.

] Table 11
AMD Immersion Test Results at Iron Mountain Mine

~pH 2.4 ~pH 3.1

Immersion Testing, Months Avg. Surface Loss, in.  Avg. Surface Loss, in.

Brushed Samples (2-month intervals):.

| 6 | .0.0471‘ | 0.0157
Unbrushed ’Samplé'sf: |

6 00417 ~0.0063

8 ©0.0498 0.0075

5.2.5 Discussion

It is apparent from the immersion testing results that unbrushed concrete, when exposed to
AMD waters, forms a layer of reaction by-products that retards the progress of acid attack,
likely by acting as a diffusion barrier. This condition was visually observed on the
immersion test specimens. Since there is no abrasive action in the movement of AMD water
through the Walker Mine seal, the unbrushed condition can be considered more
representative of the rate of attack. Accordingly, the 8-month values for rate of attack for
unbrushed specimens can be used. A conversion of this value to rate of attack per year is
plotted on Figure 11. Using a semi-logarithmic scale and assuming a straight-line
relationship, the curve can be extrapolated to pH values of 4.0 and 4.6 to provide a rough
estimate of the annual rate of attack of concrete in the Walker Mine seal. The corresponding
average annual rate of attack is 0.001 in/yr for a pH of 4.0 and 0.0002 in/yr for a pH of 4.6.

A comparison can be made between the IMM results, as presented herein, and the visual

examination of the Walker Mine seal. From Figure 11 an average value of 0.001 in/yr, for a
pH of 4.0, can be taken as the rate of attack of the seepage water on the downstream face of
the seal. This equates to approximately 0.33 mm of surface softening in 13 years of service.
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Visual observations during inspection of the seal in November of 2000 indicated that the
maximum depth of surface softening was on the order of 1 to 2 mm. The difference in these
values may be attributed to one or more of the following: S e T

. Exposure of the Walker Mine concrete seal to AMD water at a very early age when
attack is much more severe

[

. Gradual increase in pH values smce installation of the seal, wherein attack may have
been more severe in early years

. Seasonal variation of pH |

. Slightly higher water-cementitious materials ratio of the Walker Mine concreté
. Inaccuracy ih the visual estimate of surface softening during inspection

. Inaccuracy in the predicted rate of surface softening

As seen from the IMM studies, the pH of the AMD water has a significant effect on the rate
of attack on concrete. The higher pH value of the Walker Mine AMD water suggests that the
rate of attack on the concrete seal will be rather slow. This is confirmed by current
performance as indicated by examination of the portion of the seal’s downstream face that is
in contact with AMD. At a design life of 100 years, the estimated maximum softening of
concrete exposed to AMD waters is on the order of 0.1 inches based on IMM testing. Ifa
value of 2 mm in 13 years is extrapolated, this softening could reach a depth of 15.4 mm, or
slightly more than % inch in 100 years. If either of these conditions occurred along a
continuous seepage path such as a crack along the rock-concrete interface, a marked increase
in seepage would occur before the structural integrity of the seal were threatened. The
occurrence of seepage and the seepage rate are thus key indicators of concrete condition and
performance.

5.3 Potential Presence of Transverse Thermal Cracks

A simplified thermal study was made by Gary Mass, an independent concrete consultant
under subcontract to GEI The study was made using ACI 207.2R-95, Effect of Restramt
Volume Change, and Reinforcement on Cracking of Mass Concrete, to “analytically .
investigate the potential for thermal transverse cracking in the concrete seal during curing.
Parameters used in this study were taken from the final coristruction report prepared by SRK.
Details of the methodology used are presented in Appendix G, including the calculations
performed (Appendix G.2) and the above-mentioned ACI publication (Appendix G.3). 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 and coring programs described earlier in this report. On the contrary,
the test results indicate that the concrete is of good quality and without si ignificant
discontinuities. 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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6. Conclusions

The conclusions are structured in accordance with the specific characteristics of the mine seal
that were to be assessed during this study, as outlined in Section 2.1.

- -

6.1 Location, Depth, and EXtent of Major Cracks

Based on the findings from our visual observations, nondestructive tests and intrusive
explorations, we conclude that, in general, the concrete forming the seal is sound, hard, and
in good condition. No major cracks; large voids, or large zones of poorly consolidated
concrete were identified. Three defects were detected by our explorations:

e Hole BH-6 encountered a 2-foot-long zone of soft, weak, concrete at the bottom of
the seal. The concrete in this area lacked coarse aggregate, probably from
segregation during placement. However, the cross-hole sonic logging profiles
between this hole and adjacent holes did not reveal an area of weakness, indicating
that the area of poor concrete intercepted by hole BH-6 is likely to be localized.

e The first phase of nondestructive (impulsé—response) testing identified 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. This zone, with
approximate dimensions of 4 feet high by 2 feet wide was probably caused by “blind
spots” developing during the concrete placement, i.e. poor consolidation under and
around the elbow of the original concrete tremie pipe. The presence of this zone was
not intercepted by core holes nor detected by subsequent nondestructive tests (cross-
hole sonic logging), indicating that it is shallow in thickness.

o A possxble crack or weakened plane was intercepted by hole BH-7 at a depth of 3
feet. As discussed in detail in Section 4. 9.1, the evidence as to whether the separation
was a mechanical break caused by coring or a pre-existing fracture or weakness, such
as a cold joint formed during concrete placement, is inconclusive. In any event, water
pressure testing of hole BH-7 yielded zero water loss through this zone. The cross-
hole sonic logging profiles between this hole and adjacent holes did not indicate any
defects, suggesting that this occurrence was either a mechanical break or a very
localized feature. '

6.2 Seepage Locations and Volumes

Water impounded behind the seal induces a hydraulic gradient through the seal and adjacent
rock mass. As a result of this hydraulic gradient, 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 1n the form of drips running down the face of the seal. Most of the leakage
daylights at the left-center portion of the crown and along both side walls. We did not see
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any evidence of perceptible seepage flow occurring through the concrete itself. Likewise, we
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. ' :

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. The seepage rate was estimated .
during our site visit on November 1, 2000 to be approximately 0.15 gpm for a hydraulic head
behind the seal of 140 feet. The measured seepage rate is consistent with an average
hydraulic conductivity of 10 cm/sec.or less for the rock penetrated by the adit. We would'
expect the seepage rate to be directly propomonal to the hydraulic head.

More important than absolute flow amounts is the trend of flows versus time. A review of
data and qualitative observations suggests that, so far, the hydraulic conductivity of the
seal/rock system has not been increasing over time and may have decreased somewhat.
However, the flow paths have not completely sealed themselves over the 14 years since the
seal was constructed : ’

6.3 Physical Condition of Concrete on the Submerged Side of the
Seal

Based on surface examination of the submerged portion of the downstream face of the seal, it
can be concluded that the concrete surface 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 soﬁemng is only approximately 2 mm at the locations tested. Furthermore,
softening has not resulted in loss of the surface paste by erosion. Concrete deeper than this !
thin surficial zone of softening 1s sound and hard, and is indicative of the concrete mass
within the seal as generally confirmed by the exploratory core holes. The concrete that 1s not
exposed to direct contact with the a01d water can be expected to be sound and hard.

We have no reason to believe that the physwal condition of the concrete on the upstream face
of the seal differs significantly from that observed on the submerged portion of the
downstream face. Since the pH of the seepage water ponded against the downstream face of
the seal is somewhat lower than that observed in the AMD upstream of the seal, acid attack *
may be slightly more aggressive on the downstream face of the seal. The results of
nondestructive testing indicate that the thickness of sound concrete in the seal is _
approximately equal to the 15-foot design thickness of the seal, suggesting that the thickness
of soft, deteriorated concrete is small. A review of a study of acid attack on concrete
performed at another Northern California mine confirms that the observed rate of attack, i.e.,
2 mm in 13 years, is reasonable for acidic water with a pH of about 4.

1
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6. 4 Condition (Corrosnon) of the Two Plpe-and-Valve Assemblies

Although covered w1th iron oxide dep051ts the exterior of the stainless steel pipe and valve
components is not corroding: The interior of the stainless st_eelﬂcomponents that could be 7
observed was also in good condition. Ultrasonic thickness testing of the pressurized piping
components confirmed wall thicknesses approximately equal to the design thiclgnessés.

The exterior of the carbon steel components exhibited a variable amount of corrosion. As

revealed by the pipe failure during the site visit of May 31, 2001, described in Section 4, the

carbon steel 3/4-inch pipe segment in the pressure transmitter line was highly corroded and
required emergency replacement. While corrosion of the remaining carbon steel components
(assorted bolts, tie-rods and nonpressurized 3/4-inch pipe) i1s not a cause for immediate
concern at this time, attention will need to be given to these components over the long term,
particularly for corrosion occurring at the contacts between dissimilar metals (carbon steel
and stainless steel).

All valves in the drain pipe system appeared to be in good condition. All valves were
exercised and were found to be functional. The actuators of the 4-inch DeZurik control
valves were not frozen and operated smoothly. The valves gave tight shutoff upon closing.
The actuator enclosures are painted cast iron. The enclosures and handwheel stems are
encrusted with metal oxide deposits and show external corrosion due to constant exposure to
dripping acidic water. Unlike most valves, the handwheel is rotated clockwise to open the
valve.

6.5 Coﬁdition of the Support Rock at-the Seal Area

The rock around the seal consists of granitic rock and i$ hard, generally moderately fractured,
fresh, and with generally clean and tight joints. No evidence of acid attack of the rock was
observed. Water pressure tests of the rock and rock-concrete interface indicated a hydrauhc
conductivity in the range of 10~ cm/sec, which is consistent with the hydrogeologic model of
the rock mass developed for design of the seal..

6.6 Condition of the Rock-Concrete Interface

While four holes penet_rated the rock-concrete interface, only one sample of concrete adhered
to rock was obtained. Elsewhere, breaks occurred between the concrete and the rock. This is
not surprising given that the angle of the holes to the adit wall was generally only a few
degrees; the small angle and the difference in hardness between the concrete and rock méy
have caused the drill bit to deviate from its alignment, possibly V1brat1ng and causmg
mechanical breakage of the cores.

It is also possible that the concrete and the rock are not well bonded throughout. The video
from the day of the seal construction appears to show portions of the adit wall that were not
clean enough to result in a good bond between concrete and rock. It is not known whether
these areas were cleaned after the video was taken. However, the results of both
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nondestructive testing programs do indicate that the concrete is in intimate contact with the
rock. In the first phase of testing, consistently high values of shear wave velocity along the
interface were calculated (see Table 1 of Appendix B.1), indicating a good contact between
the concrete and the rock. In the second phase of testing, all cross-hole sonic logging profiles.
showed continuous material between test holes, with no breaks in arrival signals at any point.
If poor concrete consolidation or open fractures were to exist at the rock-concrete-interface, a
break in the signal arrival time would be present in the test traces. This was not seen in any
of the profiles. ‘

In our opinion, complete adhesion of the concrete to the rock is not required for stability of
the seal. Shear along the rock-concrete contact is not considered to be physically possible
given the large asperities in the rock surface. Shear failure along the rock-concrete interface
would require dilation of the interface to allow the concreté to slip along the large rock
asperities. A large dilation cannot physically occur in the adit because the rock-concrete
interface of the seal is confined on all sides.

No evidence of acid attack was observed in the rock-concrete interface where it was
traversed by the core holes. However, 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 water-
bearing, 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, i.e., by softening of the
surface paste. Over a long period of time, it is possible that the softened paste may gradually
erode 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. Concrete sometimes has a tendency to plug itself through the leachin g
and redeposition of calcium carbonate. Monitoring of long-term trends in the seepage rate
through the seal would provide advance warning for gradual deterioration of concrete along
seepage paths.

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 si gnificant
velocity through the opening, causing mechanical damage to the rock or concrete at the A
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’s
rock walls. 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.
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6.7 Condltlon of the Seal with Regard to Its Ability to Wlthstand
the Design. Hydraullc Head

In our opinion, the condltlon of the 15-foot-long concrete seal and surrounding rock mass is
adequate to resist the design water pressure head of 570 feet based on our interpretation of
the original seal design, seal construction records, field and laboratory data collected for this
study, and our estimates of the matenal properties of the seal and surrounding rock.

6.8 Maximum (Optlmum) Head on Seal to Minimize Seal
Degradation

We believe that the rate of degradation of the concrete in the seal is rather slow (less than 1
mm per year).. Within the normal operating range of hydraulic heads experienced by the seal
to date, we do not believe that there is a threshold value of hydraulic head that will minimize
acid attack. Obviously, lower hydraulic heads generate lower gradients, less seepage, and
less mechanical stress; thus, lower heads are desirable over higher heads all other things
being equal. However, as indicated above, it is our opinion that the seal is currently safe to
operate up to the full design head of 570 feet.
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7. Recommendations
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(1) Seepage Monitoring

We believe that monitoring of seepage locations and seepage flow rate (versus lhydr“aulié
head) is very important for long-term performance monitoring of the seal. Monitoring of
long-term seepage rates, adjusted for hydraulic head, should provide advance warning of
gradual deterioration of the concrete along seepage paths, and should allow the RWQCB to
undertake high-pressure grouting of the seepage areas to rehabilitate the seal if it becomes
necessary. In addition to seepage flow measurements, the seepage locations at the seal face
should be monitored and recorded yearly, and apparent changes should be evaluated.

It is recommended that a convenient means of measuring seepage rates be installed to
facilitate this monitoring task. A feasible way of doing this would be to construct a concrete
weir wall just downstream of the seal, as shown conceptually on Figure 12. The weir wall
would be located to avoid interference with the existing valves, including access to the
actuator handwheels, tie bolts, and port at the bottom of the shutoff valves. The top of the
wall would be just below the bottom of the drain pipes and valves. The flow metering
element could potentially be a perforated stainless steel plate bolted to and sealed against a
rectangular opening in the concrete wall. The perforations in the steel plate would have to be
arranged to facilitate the accurate measurement of flows. It appears that 1/8-inch-diameter

+ perforations arranged at two-inch vertical spacing would accomplish this objective. The

lowest perforation would have to be just above the static water level in the adit downstream
of the weir wall (the “static water level” shown on Figure 12). The contact between weir
wall and foundation would have to be very well sealed to avoid seepage losses.

An approximate hydraulic head versus flow rate curve is shown on Figure 12. However,
since this is not a standard weir configuration, it is recommended that this arrangement be
calibrated under controlled conditions. The curve should then be revised to agree with the
calibration test results.

The flow would be measured by measuring the water level within the pool upstream of the
weir wall and converting to flow rate by the use of the calibrated hydraulic head versus ﬂow
rate curve. The water level measurement could be done with a high-sensitivity pressure
transducer. A.Druck PTX 520 with a range of 0 to 5 psi should be sufficient, since the -
accuracy of the instrument is 0.15% of full scale, or about 0.2 inches. - The pressure .
transducer would be connected to a data logger powered by a battery pack which could be
located near the entrance to the mine, in an arrangement similar to the existing system. The
existing data logger only has one channel, so either the existing data logger would need to be
replaced with a multi-channel unit, or a separate unit installed. Seepage flow data could then
be downloaded and analyzed twice per year by the RWQCB during their semiannual visits to
the mine portal. Confirmatory manual readings of flow rate could be made during the annual
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visits to the seal by measuring the time that the weir flow takes to fill a contamer of known
volume. ' ' '

The orifices in the weir plate should be periodically cleaned to keep them open and free- .
flowing. It is quite possible that the orifices will tend to plug or to develop a build-up of iron
deposits or slime. Such build-up would change the head-versus-flow relationship and at
worst it may make the flow measurements using the perforated plate impractical. If thls
occurs, two fallback options are available:

o Use the weir structure to obtain a manual flow measurement during each annual visit.
This option would provide one reading per year.

* Measure the seepage flow by installing a pumping system in the pool behind the weir
structure. For this option, the perforations in the steel plate would need to be sealed
(or the plate replaced with a solid plate). A small diaphragm metering pump,
powered by a direct current motor and a battery pack, would be installed to pump the
water from behind the weir. The pump would be turned-on and off by the transducer
measuring the water level behind the weir, or‘by a level switch. - The pump would
discharge to the downstream side of the weir. The data logger would record pump
run time, which is directly related to flow for a positive displacement pump, thus, a
flowmeter would not be needed. This optlon could prowde daily to Weekly ﬂow
readings.

(2) Replacement of Carbon Steel Components

When there is an opportunity, all remaining carbon steel components should be replaced with
stainless steel components, since carbon steel components will continue to corrode, .
particularly at the contacts with stainless steel pieces. The known remaining carbon steel
components are addressed below. All existing nuts and bolts should be reexamined

carefully, both visually and with a magnet, to locate.any additional carbon steel components.

* Tie bolt at the 10 o’clock position on each 4-inch shutoff valve (looking downstream):
These carbon steel tie bolts should be replaced'with stalnless steel tie bolts before
corrosion reduces the strength of the bolts.

o Threaded tie rod wall anchors and FxF threaded turnbuckle-type connectors that connect
to the tie'bolts at the 5 and 7 o’clock positions on each 4-inch shutoff valve (see Figure
9): The sections of carbon steel tie rod that pass through the flanges of the valves should
be replaced with stainless steel tie bolts, while at the same time retaining the embedded
tie rods. This can be accomplished by cutting each tie rod at a location upstream of the
valve and flanges.. The downstream tie rod section should then be replaced using
stainless steel tie bolts that run through both flanges and are restrained by stainless steel
nuts, and that extend upstream to connect to the cut end of the embedded tie rod with the
turnbuckle. The modified configuration is shown on Section A-A of Figure 12.
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* One 3/4-inch pipe downstream of the blind flange for both the east and west drain pipes:
These are not as critical because under normal conditions they are not pressurized.

o Carbon steel padlocks: These were used to prevent tampering with the 4-inch backup
valves downstream of the shutoff valves. These padlocks should be replaced w1th Ya-
inch-diameter, long hasp, corrosion resistant padlocks. : -

Proper precautions should be taken when replacing carbon steel fasteners under liquid .
pressure. Only one tie rod should be cut or unfastened at any time, and temporary restraining
across the flanges on each side of the shutoff valve may have to be prov1ded depending on
the fluid pressure at the time the repair is made.

(3) Installation of Pipe Supports

Pipe supports for the 4-inch drain lines were contemplated in the original de51gn 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. Temporary pipe supports were
installed during the emergency pipe repair described in Section 4. However, the temporary
supports could not be fixed to the uneven rock floor of the adit and, consequently, they can
come off easily. Installation of permanent pipe supports is advisable. The existing temporaryg
supports could be used for the permanent installation, since they are corrosion resistant,
adjustable, and removable. However, for a permanent installation, each support should have
a concrete footing. Ideally, the permanent pipe supports could be constructed at the same
time that the concrete weir wall is constructed. Figure 12 shows one idea that uses the
existing pipe support retained at the bottom with a pin made from a 1-inch-diameter stainless
steel rod embedded into the concrete footing of the weir wall Other configurations are
possible.

(4) Regular Operatibn of Valves.

It is recommended that the RWQCB 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. To test the ooperation of the 4-inch control valves, we suggest the followmg
sequence:

* Open the downstream 3/4-inch valve; document the flow conditions.
e Open the backup 4-inch valve; document the flow conditions.

* Clear débris from upstream of the 4-inch control valve seat by opening this valve for
a few seconds. To open this valve the handwheel actuator needs to be rotated
clockwise. Fluid release will be limited by the 3/4-inch valve. However, make sure
that no person is standing in front of the flow path during this procedure. Close the
control valve. Check that it is shut tightly.
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* Close the downstream backup valve." Leave the 3/4-inch valve open.:

¢ Open fully and then close the 4-inch control Valve several times. Check that the
actuator operates smoothly, without hesitation. - o

e With the control valve closed, open fully and then close the 4-inch backup valve
several times. Verify that the closed control valve is shut tightly.

L 1

e Close all valves to end the test, and reinstall safety padloeks.

-

We recommend that this procedure be performed at least once each year.
(5) Protection and Monitoring of Valve Aciuqtors

It is recommended that the RWQCB monitor the condition of the manual rotary actuators
mounted on the 4-inch shutoff valves. The existing actuators are fabricated with painted cast
iron housings and, although they are still in good condition, they are more susceptible to
corrosion than the stainless steel drain piping and valves. Consequently, the existing
actuators should be protected from the constant dripping of acidic mine seepage and
monitored for excessive corrosion.

It 1s suggested that the actuators be cleaned of deposits using a non-abrasive method that will
not damage the paint, such as a plastic scrub brush or pad. The actuators should then be
dried and covered with a plastic tent. The “tent” can simply be a heavy-duty PVC garbage
bag, although the plastic needs to be restrained using elastic cord or waterproof tape to
prevent puddling water from tearing or dragging the plastic material off and exposing the
actuator. An off-the-shelf item, such as a plastic garbage can, could be modified to make a
serviceable tent, so long as it was waterproof, acid resistant, and light weight.

The rotary-type actuators may be difficult to replace for several reasons: 1) the shutoff valves
are control valves and rotate in the opposite direction of most valves; 2) each shutoff valve -
has a special tapered spline at the top of the valve stem rather than the typical 2-inch nut; and
3) the shutoff valves were fabricated before the bolt spacing and dimensions of actuator
mounting plates were standardized to use ISO bolting. Eventually, if the actuators need to be
serviced, they could be unbolted from the valves, removed from the mine, and refurbished by
a valve specialist or replaced with new actuators. More detailed considerations on the
servicing of the actuators are included in Appendix C.2.

(6) Subsequent 10-Year Inspections

We understand that the June 1997 Operations and Maintenance Procedures for the Walker
Mine requires the RWQCB to perform integrity testing of the mine seal every 10 years. We
recommend that the next 10-year testing and evaluation program include at least the
following:

¢ Visual inspection of the condition of the seal.
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¢ Measurement of seepage flow from the seal and review of seepage rates, locations,
and historical data to determine seepage trends.

'

o Evaluation of the rock quality next to the seal, including Rock Mass Rating (i{MR) ,
and in-situ index strength tests (using the Schmidt Hammer). Estimation of the RMR
requires the estimation of the Rock Quality Designation (RQD) among other factors. ‘
To estimate the RQD for an excavated rock face without coring, a line is drawn along’
the rock face. Those distances between fractures in the rock along the line that are
greater than four inches, are summed and divided by the total length of the line to
obtain RQD values.

o [Evaluation of the concrete quality of the seal, including in-situ index strength (using
the Schmidt Hammer) and nondestructive testing (using the Impulse Response test
method). )

e Visual inspection of the condition of valves, actuators and drain pipes and operation
- of all valves. Evaluate the need for servicing the actuators.

e Ultrasonic thickness testing of pipés and valves.
o Chemical testing of the water.
¢ Recommendations for the subsequent 10-year inspection.

The data presented in this Seal Testing and Evaluation Report can be used to document the
baseline conditions (as of year 2001). Future data can be compared to the baseline conditions
to detect and evaluate trends. : '

(7) Other

If the RWQCB decides to construct a seal in the Piute adit, we recommend that, at that iime,
a detailed inspection of the seal in the main adit be performed prior to construction of the
Piute seal to confirm that the existing seal and drain piping remain safe to withstand the
design hydraulic head of 570 feet.
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8. Limitations ~ -

This report presents observations made and conclusions drawn from (1) visual inspections 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 as well as
intrusive testing of the seal components. The purpose of the inspection, testing and review
has been to assess the integrity and safety of the seal for cbntinuing 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 \einployees and agents who performed the inspections, tests,
and investigations, 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 constructed 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 gencraily 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 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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9. Disclosure Statement

This report was prepared through Agreement.0-058-150-0 between the State Water

Resources Control Board and GEI Consultants, Inc. This disclosure statement is prov1ded
pursuant to Exhibit D, Item 6 of said agreement.
This report is the last of a series of written reports prepared by GEI Consultants under the
agreement. Additional reports prepared by GEI include a Site Visit Report and Sampling
Analysis Work Plan, a Health and Safety Plan Addendum, Monthly Status Reports, and
Subcontract Documents for various activities.
The maximum amount of this agreement is $350,000. The main subcontracts issued by GEI
relating to the preparation of documents and written reports for this project are listed below:
}“ Subcontractor Subcontract Amount
1 C ‘
| C
‘ Washington Group International, Inc. $ 57,100
; ll Construction Te¢hnology Labofatories',. Inc. - 46,000
Walker and Asso-ciates, Inc. ‘ 15,000
| .~ Gary Mass | 10,000
. SDV-ACCI : | | | 10,500
f Jensen Drilling Company, Inc. “ 88,200
Ilg Pacific Mechanical Corporation, Inc. ' 11,500
i
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Appendix A

SRK'’s As-Built Drawing for Walker Mine Seal

GEI Consultants, Inc. ' I -, !
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Appendix B
Nondestructive Testing of Mine Seal

“Evaluation of Concrete Mine Seal Using Nondestructive Testing, Walker
Mine, Portola, Plumas County, California”, CTL, November 28, 2000.

“Evaluation of Concrete Mine Seal Using Nondestructive Testing, Walker

Mine, Portola, Plumas County, California, 2™ Visit”, CTL, October 31, 2001.

Schmidt Hammer Test Results

“Ultrasonic Thickness Evaluation, Walker Mine Seal”, Kleinfelder, Inc.,
October 17, 2001.

GEI Consultants, Inc.




“Evaluatlon of Concrete Mine Seal Using Nondestructlve Testing, Walker

Appendix B.1

Mine, Portola, Plumas County, California”
CTL, November 28, 2000.

GEI Consultants, Inc.
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] - . www.ctlgroup.com
| 5420 0ld Orchard Road
Skokie, MNinois 60077

Cons‘trucﬁon Technology Laboratories, Inc. 800.522.2CTL (2285)

November 28, 2000

Mr. Alberto Pujol .

GEI Consultants, Inc. - -
2201 Broadway Suite 321 o ’ *

Oakland, CA 94612

RE: EVALUATION OF CONCRETE MINE SEAL USING NONDESTRUCTIVE TESTING
WALKER MINE, PORTOLA, PLUMAS COUNTY, CALIFORNIA
CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
CENTRAL VALLEY REGION RESD-PSB-AD 2000-11 -
CTL PROJECT NO. 320098

Dear Mr. Pujol:

GEI Consultants, Inc. instructed Constructioanechnology Laboratories, Iné. (CTL) to carry out an
evaluation of a mass concrete mine seal (plug), located in the Walker Mine, Portola, Plumas County,
California. The first phase of this evaluation comprised nondestructive testing from the downstream face
of the plug. : ‘ : o

Testing was performed on site on November 2, 2000. The nbndestructivé Impulsq Response, Impedance
Log and Impact Echo testing techniques were used to evaluate the piers. All test methods are fully
described in Appendix A, B and C to this report. ‘

CONCRETE SEAL PLUG DESCRIPTION

The mass concrete plug fills the original rock tunnel, and is approximately 9 ft wide by 12 ft high at the
visible face, and approximately 15 ft deep. The rock surrounding the plug appears to be hard and
compact at the plug face. Water seepage is visible at the top face, and it is not clear whether this seepage
is coming from the rock or from the concrete/rock interface, or both. » :

Plate 1 in the Appendix D shows the plug. Two drain outlet valves are visible on the plug face: at
approximately 3 ft from the left and right edges respectively and approximately 3 ft from the base of the
plug. In addition, a sealed pipe is apparent in the top right corer of Plate 1, which is thought to be the
entry point of the original concrete tremie. The sheen on the concrete face is from the water seepage.
Several 1 in. diameter grout pipes were also noted at the top right corner of the plug.

Structural/Architectural Engineering, Testing and Materials Technology
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TEST PROGRAM

The plug was tested using the Impulse Response (IR) method and Impact Echo as described in
Appendices A through C to this report. For the IR method, a receiving sensor (geophone) was coupled
to the face of the plug using grease. A sledgehammer impacted the plug face at selected-test points, and

the time history of the force measured by the hammer and of the receiving sensor after impact was
recorded for future analysis. - All data was stored on a field portable computer for analysis in the office.

Two IR testing vapproaches were adopted:

* A matrix of test points at 2-ft vertical and horizontal spacing was established, and each test
point was impacted with the geophone located at approximately 6 inches from the point of
impact. This test methodology gives information on the concrete condition to a depth of
approximately 3 ft into the plug from its face, and is fully described in Appendix A. This
program is entitled IR — Concrete Quality. L

* The geophone was positioned at the center of the plug face, and each test was performed by
striking the face at points around the periphery of the plug. A digital gain of either 10 or 20
was applied to the velocity response from the geophone to amplify the signal strength, in
view of the damping effect of the seated plug. The test data can be interpreted using
simulation methods originally developed for testing the length and integrity of drilled shafts

and caissons such as the Impedance Log, and the test method is fully described in Appendix -

B. This program is entitled IR — Plug/Rock Interface.
* Limited Impact Echo testing was performed due to the soft nature of the surface of the plug.
The soft nature of the surface of the plug acted as a damper to the impactor used. Several
different size impactors was used to generate the energy necessary to penetrate the entire
length of the plug. Despite using three different size impactors, the energy generated was

insufficient to penetrate the entire length of the plug.
| DATA ANALYSIS

1. IR - Concrete Quality |

The IR test in this mode (see Appendix A) produces two principal parameters: element mobility and
dynamic stiffness. The measured values of mobility and stiffness remain constant for a given unit '
thickness and concrete quality (modulus, density), and for similar support conditions. If the concrete
thickness decreases, the mobility increases and the stiffness decreases. If the concrete quality reduces,
the mobility increases and the stiffness decreases. A separation within the structure such as a cold joint
or delamination will result in significant changes in these two parameters. Also, for poor density -
concrete in the outer 3 ft of the unit being tested, the measured stiffness and mobility reflect the concrete
consolidation conditions; in the event of poor consolidation, the stiffness will decrease and the average
mobility will increase:
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The 2-ft x 2-ft test grid laid out over the total plug face gave a grid with 5 test points from left to right in.
the horizontal direction (Columns A to E) and 6 test points from bottom to top (Rows 1 to 6). The
measured values of dynamic stiffness and average mobility are plotted in contour form in Flgures D.1
and D.2 respectively. -

2. IR - Plug/Rock Interface
The vapulse Response results-obtained in this mode were analyzed to measure:
a) the distance from the face to the back of the plug,

b) the equivalent dynamic shear modulus at the concrete rock interface at different pomts
around the plug.

Typical values for concrete stress wave velocmes in integral foundation piers with good concrete quality

vary between 12,500 and 14,000 ft/s, with average values around 13,125 ft/s.
The depth of the plug measured with the mobility plots assuming a stress wave velocity in the concrete
of 13,125 ft/s varied between 14.5 ft and 15 5 ft (See Figure D.3).

It was also p0331ble to measure the characteristic impedance (Impedance Log and Sonic Echo) of the

plug from some of the IR test results as described in Appendix B. This value of characteristic impedance _

was then combined with the Sonic Echo test results, to produce an Impedance Log for the plug. The
Impedance Log method is also described in Appendix B. A simulated mobility plot from the Impedance
Log is compared with an actual test result in Appendix D, Figure D.4. The matching value for the shear
wave velocity, B at the concrete/rock interface is obtained from the parameters used in the simulation
model (Davis & Dunn, 1974).

DISCUSSION OF TEST RESULTS .

1. IR - Concrete Quality

Figures D.1 and D.2 show that the values of stiffness and average mobility are relatively consistent over
most of the plug face, apart from a zone around column D, from test rows 3 to 6. It is expected that the
average mobility will decrease from the center of the plug to the edge, and that the inverse will happen
for the measured stiffness. This is the case for three of the four plug face quadrants (SE, SW and NW),
whereas the fourth quadrant shows considerably higher values for average mobility, and
correspondingly much lower values of stiffness.

Itis of interest to note that these poorer results come from a zone immediately surrounding and below
the location of the ongmal concrete tremie. The very high mobility values indicate that poor concrete
consolidation is present in a zone approximately 4 ft high by 2 ft wide at the locauons shown in the
northeast quadrant, as shown in Figure D.2.
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2. IR - Plug/Rock Interface

The depth of the plug measured with the mobility plots assuming a stress wave velocity in the concrete
of 13,125 ft/s (4,000 m/s) varied between 14.5 ft and 15.5 ft. If the projected plug depth of 15 ft is-
substituted, then the concrete stress wave velocity is higher, between 12,690 and 13,560 ft/s (3,870 to

4,130 m/s); indicating that the concrete in the plug is of good quality.

Values for the shear wave velocuy at the rock/concrete interface for different points around the plug
perimeter are presented in Table 1 below.

" Table 1

Test Location (Column-Row) Shear Wave Velocity, B (m/s)
A-2 750
A-3 750
A-5 500
B-2 750
C-1 - 3 ) 450
C-6 450
D-2 500
D-5 . 600
- 'D-6 450
~ E-1 750
E-2 - 750
E-3 750
E-5 450

As a comparison, measured values for B for rock socketed caissons are usually in the range of 300 to
400 nvs for high concrete/rock bond. The very high values measured here indicate a very good bond
between the concrete and the rock.

Lower values for 8 (between 450 and 500 m/s) are concentrated around the bottom center and the top of
the plug, with high values along the sides of the plug over the lower two thirds. This is to be expected, as
a result of the concrete placement technique employed. :

DISCUSSION

The overall condition of the concrete in the plug is good, except for areas with high mobility and low
stiffness values, indicating zones of poor concrete consolidation. This is present in a zone
approximately 4 ft high by 2 ft wide around column D in the northeast quadrant. This was probably
caused by “blind spots” developing during concrete placement. We recommend that this zone be
inspected by cross hole sonic logging and coring to a limited depth during the second phase of the
investigation. The test program for the second phase will be provided at a later date.
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Very high values of shear wave velocities for the concrete/rock mterface were calculated, indicating a
very good bond between the rock and concrete plug. The bond at the interface is greater at the lower two
thirds of the plug edges. For a plug depth of 15 ft, the average calculated concrete compression wave
velocities. are between 12,690 and 13,560 ft/s (3,870 and 4,130 mv/s), indicating good quality concrete in
the body of the plug with no.discontinuities. It is our recommendation that this limited nondestructive
survey of the plug/rock interface in this first phase be complemented by cross hole sonic logging in core
holes intersecting the interface. It should be noted that the wave speed velocities noted on above is
based on‘industries standards. The wet environment present, and the expected higher concrete
compressive strength will affect the wave speed velocity. CTL recommends that the cores be tested to
obtain actual wave speed velocity.

We sincerely appremate the opportunity to work with GEI Consultants Inc on thls project. If you have
any questlons please call us at 1-800-522-2CTL. , ‘

Respectfully

CONSTRUCTION TECHNOLOGY LABORATORIES, INC.

et s

Mglcolm K.Lim, P.E. ‘ - Co ' Steven H. Gebler, P.E. _
Project Manager - - Senior Principal Engineer
Attachments
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APPENDIX A :

STRESS WAVE TESTS FOR CONCRETE

1. THE IMPULSE RESPONSE TEST

The Impulse Response (IR) test method is a nondestructive, stress wave test, used extensively in the
evaluation of machined metallic components in the aircraft industry. Its application to concrete
structures in Civil Engineering is less well known, and the method has received far less publicity than
the recently developed Impact-Echo (I-E) test (Sansalone & Streett, 1997). Both methods are described

in the American Concrete Institute Report ACI 228.2R-98, “Nondestructive Test Methods for Evaluation
of Concrete in Structures”. -

The IR method (also referred to in earlier literature as the Transient Dynamic Response or Sonic
Mobility method) is a direct descendant of the Forced Vibration method for evaluating the integrity of
concrete drilled shafts, developed in France in the 1960’s (Davis & Dunn, 1974). The basic theory of
dynamic mobility developed at that time has not changed; however, its range of applications to different
structural elements has increased to incorporate the following problems:

¢’ voiding beneath concrete highway, spillway and floor slabs (Davis & Hertlein, 1987),

e delamination of concrete around steel reinforcement in slabs, walls and large structures such
- as dams, chimney stacks and silos (Davis & Hertlein, 1995),

o low density concrete (honeycombing) and cracking in concrete elements (Davis & Hertléin,
1995; Davis et al, 1997),

* the depth of ASR attack in drilled shafts used as pylon foundations (Davis & Kennedy,
1998), : -
* debonding of asphalt and concrete overlays to concrete substrates (Davis et al, 1996), .

* the degree of stress transfer through load transfer systems across joints in concrete slabs
(Davis & Hertlein, 1987). ) ’ - '

IR Testing Equipmient ; _

The method uses a low strain impact to send a stress wave through the tested element. The impactor is
usually a 1-kg sledgehammer with a built-in load cell in the hammerhead. The maximum compressive
stress at the impact point in concrete is directly related to the elastic properties of the hammer tip.
Typical stress levels range from 5 MPa for hard rubber tips to more than 50 MPa for aluminum tips. The
response to the input stress is normally measured using a velocity transducer (geophone). This receiver
is preferred because of its stability at low frequencies and its robust performance in practice. Both the
hammer and the geophone are linked to a portable field computer for data acquisition and storage.

Method Description : ,

When testing plate-like structures, the Impact-Echo method uses the reflected stress wave from the base
of the concrete element or from some anomaly within that element (requiring a frequency range
normally between 10 and 50 kHz). The IR test uses a compressive stress impact approximately 100
times that of the I-E test. This greater stress input means that the plate responds to the IR hammer impact

- {r:rq
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in a bending mode over a very much lower frequency range (0-1 kHz for plate structures), as opposed to
the reflective mode of the I-E test.

Both the time records for the hammer force and the geophone velocity response are processed in the
field computer using the Fast Fourier Transform (FFT) algorithm. The resulting velocity spectrumis
divided by the force spectrum to obtain a transfer function, referred to as the Mobility of the element
under test. The test graph of Mobility plotted against frequency over the 0-1kHz range contains

information on the condition and the integrity of the concrete in the tested elements, obtained from the
following measured parameters: ‘ : ‘ .1

® Dynamic Stiffness: The slope of the portion of the Mobility plot below 0.1 kHz defines the
compliance or flexibility of the area around the test point for a normalized force input. The
inverse of the compliance is the dynamic stiffness of the structural element at the test point.
This can be expressed as:

" . Stiffness f [concrete quality, element thickness, element support condition]

.. Mobility and Damping: The element’s response to the stress wave imposed will be damped

by the element’s intrinsic rigidity (body damping). The mean mobility value over the

0.1-1 kHz range is directly related to the density and the thickness of a plate element, for
example. A reduction in plate thickness corresponds to an increase in mean mobility. As an
example, when total debonding of an upper layer is present, the mean mobility reflects the

thickness of the upper, debonded layer (in other words, the slab becomes more mobile). Also,

any cracking or honeycombing in the concrete will reduce the damping and hence the
- stability of the mobility plots over the tested frequency range.

* Peak/Mean Mobility Ratio: When debonding or delamination is present within a structural

element, or when there is loss of support beneath a concrete slab on grade, the response
behavior of the uppermost layer controls the IR result. In addition to the increase in mean
mobility between 0.1 and 1 kHz, the dynamic stiffness decreases greatly. The peak mobility

below 0.1 kHz becomes appreciably higher than the mean mobility from 0.1-1 kHz. The ratio

of this peak to mean mobility is an indicator of the presence and degree of either debonding
within the element or voiding/loss of support beneath a slab on grade.
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APPENDIX B

STRESS WAVE NDT METHODS FOR CONCRETE DEEP FOUNDATIONS
(APPLIED HERE TO THE PLUG/ROCK INTERFACE ASSESSMENT)

Since the 1960's, test methods based on stress wave propagation have been commercially. available for
the nondestructive testing of concrete deep foundations. Developed at first in France and Holland, they
are now routinely specified as quality control tools for new pile and drilled pier construction in western
Europe, northern Africa and parts of eastern Asia. Their present use on the North American continent is
less widespread. Recent improvements in electronic hardware and portable computers have resulted in
more reliable and faster testing systems, less subject to operator influence both in testing procedure and
in the analysis of test results.

Two distinct groupings for deep foundation NDT methods are apparent:

- Surface Reflection techniques, and
- Direct Transmission throu gh the concrete.

The Impulse Response method and its denvatlves used at thlS site belong to the Surface Reflection
family.

1'.so‘N|c ECHO R -

The earliest of all NDT methods commercially available, this method is known variously as the Sonic
Echo or Seismic Echo Test. )

The Sonic Echo method uses a small impact delivered at the head of the pile shaft, and measures the
time taken for the stress wave generated by the impact to travel down the shaft and to be reflected back
to a transducer (either a geophone or an accelerometer) coupled to the pile head. The impact is typically
from a small hammer with an electronic trigger. Both the moment of impact and the pile head vertical

movement after impact are recorded by a digital data acqulsmon device, which records the data on a
time base.

If the length of the pile shaft is known and the transmission time for the stress wave to return to the

transducer is measured then its velocity can be calculated. Conversely, if the velocity is known, then the -

length can be deduced. Since the velocity of the stress wave is primarily a function of the dynamic:

elastic modulus and den51ty of the concrete, the calculated velocnty can provide information on concrete

quality.

Where the stress wave has traveled the qu length of the shaft, these calculations are based on thé
formula:

21
Ve=—

dt
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Where: ve = Stress wave velocity-in concrete |
1 = Shaft length _ : !
dt = Transit time of stress wave ’ P

Empirical data has shown that a typical range of values for v, can be assumed where 3800 to 4000 m/s
(12500 to 13200 ft/s) would be indicative of good quality concrete, with a.crushing strength of the order
of 30 - 35 N/mm?® (4500~ 5250 psi). The actual correlation will vary according to aggregate type and
mix, and these ﬁgures should be used only as a broad guide to concrete quality.

Where the length of the shaft is known, an early arrival of the reﬂected' wave means that it has -
encountered an obstacle other than the toe of the shaft. This may be a break in the shaft, a significant
change in shaft cross section, or the point at which the shaft is restrained by a stiffer soil layer. In certain
cases, the polarity of the reflected wave (whether posmve or negative with respect to the initial impact)
can indicate whether the apparent defect is from an increase or decrease of support at the reflective
point.

The energy imparted to the shaft by the impact is small, and the damping effect of the soils around the
shaft will progressively dissipate that energy as the stress wave travels down and up the shaft. To
increase information from the test, the signal response can be progressively amplified with time.

-Depending on the stiffness of the lateral soils, a limiting length/diameter ratio exists beyond which all
the wave energy is dissipated and no response is detected at the shaft head. In this situation, the only
information that can be derived is that there are no significant defects in the upper portion of the shaft,
since any defect closer to the head than the critical I/d ratio would reflect part of the wave. This limiting
l/d ratio will vary according to the adjacent soils, with a typical value for medium stiff clays of 30/1.

2. IMPULSE RESPONSE (MOBILITY or TDR)

Originally developed as a steady state vibration test in France, where a controlled force was applied to
the pile shaft head by a swept-frequency generator. Geophone velocity transducers recorded the vertical
shaft response, and the input force from the vibrator was continuously monitored. The resulting response
curve plotted the shaft Mobility (geophone velocity, v / vibrator force, F).against frequency, usually in
the useful frequency range of 0 - 2000 Hz ,

The evolution of data processing equ1pment over the last two decades has allowed the use of computers
on site to transform the force from a hammer impact (similar to that used in the Sonic Echo method) into
the frequency domain.

A blow on the shaft head by a small hammer equipped with a load cell generates a stress wave with a
wide frequency content, which can vary from 0 - 1000 Hz for soft rubber-tipped hammers to 0 - 3000 Hz
for metal-tipped hammers. The load cell measures the force input, and the vertical response of the shaft
head is monitored by a geophone.
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.The force and velocity time-base signals are recorded by a digital acquisition device, and then processed
by computer using the Fast Fourier Transform (FFT) algorithm to convert the data to the frequency
domain. Velocity is then divided by force to provide the unit response, or transfer function, which is
displayed as a graph of shaft Mobility against frequency.

This response curve consists of two major portions, which contain the following information:

- At low frequencies (<100 Hz), lack of inertia effects cause the pile/soil complex to behave as a
spring, and this is shown as a linear increase in amplitude from zero with increasing frequency.
The slope of this portion of the graph is known as the compliance, and the inverse of compliance
is the dynamic stiffness. The dynamic stiffness is a property of the shaft/soil complex, and can
therefore be used to assess a shaft population on a comparative basis, either to establish

uniformity, or as an aid to selecting a representative shaft for full-scale load testing by either
static or dynamic means.

- The higher frequency-portion of the Mobility curve represents resonance of the shaft. The -
frequencies of these resonances are a function of the shaft length and the degree of shaft toe
anchorage, and their relative amplitude is a function of the lateral soil damping. The mean
amplitude of this resonating portion of the curve is a function of the impedance of the pile shaft,
which depends in turn upon the shaft cross sectional area, the concrete density. and the stress
wave propagation velocity, vc.

As with the sonic echo test, when the shaft length is known, a shorter length measurement will indicate
the presence of an anomaly. The additional information available from the Mobility curve such as cross
section and dynamic stiffness can help in differentiating between an increase or reduction in cross
section, for example, even in relatively complex soils. The response curve also contains information on
the phase of the reflected signals, shown as a shift of the peak frequencies along the frequency axis. The
time-based Sonic Echo result gives signal phase as only positive or negative, with no graduation. The
Mobility test makes it possible to quantify the phase shift caused by a change in support conditions,
providing information on the quality of contact between the shaft and the lateral soil.

In common with the Sonic Echo test, a relatively small amount of energy is generated by the hammer
impact, and soil damping effects limit the depth from which useful information may be obtained.
However, even where no measurable shaft base response is present, the dynamic stiffness is still a
parameter for comparative shaft assessment.

3. IMPEDANCE LOG

A recent approach to interpreting the responses from a combination of both Sonic Echo and Mobility
surface reflection methods is the Impedance Log [Paquet, 1991; ACI Report 228.2R, 1998], where the
information from the amplified time domain response of the Sonic Echo is combined with the
characteristic impedance of the shaft measured with the Mobility test. ‘
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Even though the force applied to the head of the shaft by the Surface Reflection methods is transient, the
wave generated by the blow is not. This wave contains signals from shaft changes as it proceeds

downward, and these changes are reflected back to the shaft head. The reflectogram so obtained in the
Sonic Echo test can not be quantified. N 7 o

The amplitude of the reflected signal on the Reflectogram from a defect or-from the pile base is a
function of distance from the pile head, and of surrounding soil stiffness. In uniform soil conditions, this
damping function is exponential, and the Reflectogram can be corrected using such a function to yield a
uniform response over the total shaft length, as is frequently done in treatment of Sonic Echo test data.

The measured shaft impedance in the Mobility test can then be combined in the Reflectogram to give
dimensions to the response amplitude. This final result is referred to as the Impedance Log of the pile
shaft. This Impedance Log can be adjusted to eliminate varying soil reflections, and the profile so
obtained is proportional to the pile cross sectional area. '

The probe cables are withdrawn over an instrumented wheel that measures the cable length and thus
probe depth. Continuous pulse measurements are made during withdrawal, at height increments ranging
from 10-mm to 50 mm (0.4 inches to 2 inches), providing a series of hence '

A summary of the test methods described above along with the advantages and disadvantages is noted in
Table B.1. R
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i TABLE B.1 INTEGRITY TEST METHODS

‘ |
i ? SURFACE REFLECTION

‘ INTEGRITY '_I'EST SONIC ECHO IMPULSE RESPONSE IMPEDAN(_IE LOG
i ‘ . METHOD (MOBILITY)

| PR[NCIPLES & - Measurement of the - Measurement of the Measurement of the response

. propagation time of dynamic response of the in both time and frequency.
i CONDITIONS .longitudinal stress waves. shaft in the frequency - The equipment and test
| - The shaft head is struck domain - procedure is as for the

‘ with a hammer sending a - The shaft is struck with a Mobility test.

1 compression wave down hammer equipped with a - Analysis is in both time and
| IN the shaft to the toe or any load cell and the velocity frequency domains.

o anomaly where it is or acceleration response of

‘ reflected back to the the shaft head is recorded.

_ surface. - Analysis is in the
118 - Analysis is in the time frequency domain.
I domain.
i : ADVANTAGES - No pre-placed tubes. - No pre-placed tubes. - As for Mobility test, plus:
I ‘ - Portable equipment. - Stiffness measurement. - Effective shape of shaft
: - Rapid. - Portable equipment. derived from analysis.
}i : : - Rapid.

. DISADVANTAGES | - Confuses necking and - Results interpretation is - Requires very good test data
= . bulging. delicate. for accurate analysis.
l' ; ' ‘ - Does not measure " - Limitations on geometry | - Full analysis can not yet be
‘ ’ diameter. of pile to be tested, as for completed on site at time of

| - Unable to determine sonic echo. test.

defects in shafts > 100 ft or

il. with I/d >30/1.
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THE IMPACT-ECHO TEST

Like the Impulse Response test, the Impact-Echo (IE) test uses stress waves to detect flaws within
concrete structures. However, the frequency range used is considerably higher in the IE test, since much
shorter wavelengths are required to detect smaller anomalies. Surface displacements caused by
reflecting stress waves can be viewed versus time as a displacement waveform. The amplitude spectrum
of this waveform is computed by FFT, as for the Impulse Response. This spectrum has a periodic nature,
which-is a function of the depth to the reflective boundary (either the back of the element, or some
anomaly such as a crack in the element under test). The depth of a concrete/air interface (internal void or
external boundary) is determined by:

d=v./2f 1

d is the interface depth, v, is the primary stress wave velocity and f is the frequency due to
reflection of the P wave from the interface.

If the material beyond the reflective interface is acoustically stiffer than concrete (e.g. concrete/steel
interface), then the following equation applies:

d=ve | 4f )

The difference in the acoustic impedance of the two materials at an interface is important because it
determines whether the presence of an interface will be detected by an I-E test. For example, a
concrete/grout interface gives no reflection of the stress wave because the acoustic impedance of
concrete and grout are nearly equal. In contrast, at a concrete/air interface, nearly all the energy is
reflected, since the acoustic impedance of air is very much less than concrete.
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“Evaluation of Concrete Mine Seal Using Nondestructive Testing, Walker
Mine, Portola, Plumas County, California, 2™ Visit”
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_ October 31, 2001

Mr. Alberto Pujol

GEI Consultants, Inc.

2201 Broadway Suite 321" ‘ :
Oakland, CA 94612 = = - , | o

RE: EVALUATION OF CONCRETE MINE SEAL USING NONDESTRUCTIVE TESTING
WALKER MINE, PORTOLA, PLUMAS COUNTY, CALIFORNIA
CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
CENTRAL VALLEY REGION RESD-PSB-AD 2000- 11
CTL PROJECT NO. 320098 - 2'“’ VISIT ‘

Dear Mr. Pujol:

GEI Consultants, Inc. (GEI) instructed Constriction Technology Laboratories, Inc. (CTL) to carry out
an evaluation of a mass concrete mine seal plug, located in the Walker Mine, Portola, Plumas County,
California. The first phase of this evaluation comprised nondestructive testing from the downstream face
of the plug, and was completed in November 2000 (see CTL Report No. 320098 dated November 16,
2000). The second phase reported here comprised nondestructive testing in core holes drilled in the plug
to intersect the concrete/rock interface, as well as laboratory tests at CTL Headquarters on both concrete
and rock core samples.

Nondestructive testing was performed on site on September 10 and 11; 2001. The nondestructive Cross-
hole Sonic Logging (CSL) testing technique was used to evaluate the plug. This test method is fully
described in Appendlx A to this report .

CONCRETE SEAL PLUG DESCRIPTION

The mass concrete plug fills the original rock tunnel, and is approximately 9 ft wide by 12 ft high at the
visible face, and approximately 15 ft deep. The granodioritic rock surrounding the plug appears to be
hard and compact at the plug face. Water seepage is visible at the top face, and it is not clear whether
this seepage is cormng from the rock or from the concrete/rock interface, or both.

Plate 1 in the Appendix B shows the plug ‘Two drain outlet valves are visible on the plug face: at
approximately 3 ft from the left and right edges respectively and approximately 3 ft from the base of the
plug. In addition, a sealed pipe is apparent in the top right corner of Plate 1, which is thought to be the

Structural/Architectural Engineering, Testing and Materials Technology
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' entry point of the original concrete tremie. The sheen on the concrete face is from the water seepage.

Several 1-inch diameter grout pipes were also noted at the top right corner of the plug.

TEST ‘PRQGRAM

In order to evaluate the quality-and the integrity of the concrete in the downstream 8-ft portion of the
plug and to examine the interface between the plug and the rock where possible, seven 4-inch diameter
core holes were drilled normal to the face of the plug. Figure 1 in Appendix B shows the location of the
seven core holes drilled to between 8 and 10 ft into the plug face and subsequently used for CSL testing.
Holes 1 to 6 were drilled at a slight inclination to the normal, so that thie core hole would intercept the
plug/rock interface at approximately 6 to 8 ft upstream of the plug face. Core 7 in the center of the plug
was drilled with a slightly downward inclination, in order that the hole would retain water.

Continuous core samples were obtained by Jensen Drilling Company under subcontract to GEI
Consultants and were logged by Jose Cercone of Washington Group International, project geologist.
Alberto Pujol of GEI in consultation with Dr. Allen Davis of CTL and Gary Mass, independent
concrete consultant, selected samples for testing at CTL laboratories. When coring was completed, CSL
tests were performed between core holes. The test comprises-sending ultrasound pulses from a
transmitter in one hole to a receiver in another hole, and measuring the pulse travel time between the
two holes. A profile of transmitted signals with depth in the hole can be established, thereby obtammg a
picture of the quality and uniformity of the concrete between the two holes ’

For the CSL test to be successfully performed, it is essential that the core holes be full of water to ensure
coupling of the transceivers to the surrounding concrete. Holes 1, 5, 6 and 7 were inclined slightly
downward, so making it possible to retain water in these holes during testing. However, holes 2, 3, and 4
in the upper part of the plug were inclined upward in order to mtercept the concrete/rock interface, and it
was necessary to devise a valve system that would hold water in the hole while at the same time
allowing the CSL probe and cable to be placed and operated in the hole. The system developed at the
plug face to achieve the required seal was successful, and valid CSL test profiles were obtained for these
upper holes.

TEST RESULTS
1. Cross-Hole Sohic Logging
Dr. A.G. Davis of CTL and Mr. Bemie Hertlein of STS Consultants, Ltd. (STS) performed the CSL
testing. Figure 1, Appendix B shows the core locations on the plug face. Twelve CSL profiles were

obtained, and are listed with the distances between each profile in Table 1.

The distance between core holes increases as the core hole advances into the plug from the face. This
inter-hole distance cannot be calculated, but has an effect on the CSL profile obtained between cores.
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The pulse trave] time increase with increasing path length. This is shown clearly in the CSL plots for
each of the 12 profiles given in Appendix B to this report.

Table 1. CSL Profile Spacing

CSL Profile = e _Dlstance (Ihehes)

1-2 o ] L 58
16 50
-7 ... 80
23 ... 46
27 I . -
34 , . 39
37 © 47
4-5 58
4-7 44
5-6 - 40
5-7 47
6-7 o .44

|
Ten of the 12 profiles showed Very clear CSL arrival s1gnals over. the total profile lengths Poorer
coupling of the probes in the top core holes caused by difficulty in maintaining these holes full of water
during testing resulted in the need to greatly amplify the signal traces. This was the case for Profiles 2-3
and 3-4. Measurements of equivalent pulse velocities near the plug face gave between 12,000 and
12,500 ft/s. All test profiles show continuous concrete between test holes, with no breaks in arrival
signals at any point. : Co

In the cases where the core holes penetrated the rock, most of the pulse travel path at the end of the holes
would be in concrete. However, if poor concrete consolidation or very fractured rock were to exist at the
rock/concrete interface, a break in signal arrival time would be present in the CSL traces. This was not
seen in any of the profiles.




October 31, 2001
Mr. Alberto Pujol

Page 4
Table 2. Core Test Results
Core Sample Compression Strength | Core Unit Weight UPV (ft/s)
(psi) (Ib/cu.ft) '
BH-3: 0.0-0.9 ft (Concrete) 6290 137 14,269
BH-3: 8.8-9.5 ft (Concrete). ' 6110 ' 146 13,382
BH-6: 0.0-1.0 ft (Concrete) ' 5800 139 13,211
BH-6: 5.3-5.7 ft (Concrete) | . 6750 137 14,889
BH-7: 5.0-6.1 ft (Concrete) | = 5780 142 13,667
BH-1: 9.5-10.0 ft (Rock) L 16,240 . 166 19,118
BH-253-6.0ft(Rock) | -~ = 22020 B _ 166 18,251

2. Laboratory Compression Tests on Cores

CTL performed compression tests on five concrete core samples and two rock core samples selected by
Alberto Pujol of GEI from the seven full-depth cores taken in the plug. Core strengths and unit weights
are summarized in Table 2 above. The full test results are presented in Appendix C to this report.

3. Laboratory Ultrasonic Pulse Velocity Tests on Cores

CTL performed ultrasonic pulse velocity (UPV) tests on the five concrete and two rock cores listed in
Table 2 above, according to the methodology described in ASTM Standard C-597. The measured pulse
velocities are given in Table 2. Figure 2, Appendix B shows the relationship between core compressive
strength and core pulse velocity derived for the five concrete samples.

4. Petrographic Analysis |

CTL performed petrographic studies on 3 core samples, and the full petrographic report is presented in
Appendix D to this Report. :

DISCUSSION OF TEST RESULTS

1. Concrete Quality

The concrete core compression strengths ranged between 5780 and 6750 psi, with four of the five tests
between 5780 and 6290 psi. Core BH-6: 5.3-5.7 ft was a smaller core, taken in an area with obviously
softer concrete, possibly due to segregation (see core photos). This is described in the petrographic

examination section, Appendix D. The compressive strength was higher than expected, and does not -

i
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 reflect the concrete quality immediately below the tested core. The UPV results on the cores showed a

regular increase with strength, and were in the range expected for well-consolidated concrete of this
type.

The CSL tests showed very sound and integral concrete throughout the plug, with CSL velocities
between 12,000 and 12,500 ft/s where they could be calculated at the plug face. No anomalies weie
observed in any of the CSL test results. !

2. Rock Quality

The two cores tested gave very high compressive strengths and ultrasonic pulse velocities, to be
expected for sound granitic rock. No signs of fracture or weathering were observed in the cores
submitted for testing.

3. Plug/Rock interface
The CSL tests showed regular transition betwecn concrete and rock at the plug 1nterface when

intercepted by the test core holes. No loss of signal was observed at this interface in any of the CSL test
profiles.

We sincerely appreciate the opportunity to work with GEI Consultants Inc on this prOJect If you have
any questions, please call us at 1-800-522-2CTL. .

Respectfully:

CONSTRUCTION TECHNOLOGY LABORATORIES, INC.

Malcolm K. Lim,PE. . . . . . - StevenH Gebler, P.E.
Project Manager . .. . L - -+ + Senior Principal Engineer

Attachments
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APPENDIX A

STRESS WAVE NDT METHODS FOR CONCRETE DEEP FOUNDATIONS
(APPLIED HERE TO THE CONCRETE PLUG AND PLUG/ROCK INTERFACE ASSESSMENT)

Since the 1960's, test methods based on stress wave propagation have been commercially available for
the nondestructive testing of concrete deep foundations. Developed at first in France and Holland, they
are now routinely specified as quality control tools for new pile and drilled pier construction in Western
Europe, northem Africa and parts of eastern Asia. Their present use on the North American continent is
less widespread. Recent improvements in electronic hardware and portable computers have resulted in
more reliable and faster testing.systems; less subject to operator influence both in testing procedure and
in the analysis of test results. ' - ‘

Two distinct groupings for deep foundation NDT méthods are apparent: .

- Surface Reflection techniques, and
- Direct Transmission through the concrete.

The Cross-hole Sonic Logging (CSL) method used during this visit to this site belongs to the Direct
Transmission family. The Impulse Response and Impact-Echo methods used at the plug face during the
first site visit belong to the Surface Reflection family.

v THE SONIC LOGGING METHOD

The Sonic Logging method is designed for use on deep foundation shafts, mass concrete foundations
such as slurry trench walls, dams and machinery bases. The method is described in the American
Concrete Institute Report ACI 228.2R-98, “Nondestructive Test Methods Jor Evaluation of Concrete in
Structures” (Reference 8). ’

The method uses the core holes in the concrete element to be tested, or pre-placed tubes. A transmitter
probe placed at the bottom of one hole emits an ultrasonic pulse that is detected by a receiver probe at
the bottom of a second hole. A recording unit measures the time taken for the ultrasonic pulse to pass
through the concrete between the probes. The probes are sealed units, and the holes are filled with water
to provide coupling between the probes and the concrete. '

The probe cables are withdrawn over an instrumented wheel that measures the cable length and thus
probe depth. Continuous pulse measurements are made during withdrawal, at increments ranging from
10 mm to 50 mm (0.4 inches to 2 inches), providing a series of measurements that can be printed out to
provide a profile of the material between the holes.

The ultrasonic pulse velocity (UPV) is a function of the density and dynamic elastic modulus of the
concrete. If the signal path length is known and the transit time is recorded, the apparent UPV can be
calculated to provide a guide to the quality of the concrete. A reduction in modulus or density will result
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in a lower UPV. If the path length is not known, but the tubes are reasonably parallel, the continuous
measurement profile will clearly show any sudden changes in transit time caused by a lower pulse
velocity due to low modulus or poor quality material, such as contaminated concrete or inclusions.
Voids will have a similar effect, by forcing the pulse to detour around them, thus increasing the path
length and the transit time. By varying the geometric arrangement of the probes, the method can resolve
the vertical and horizontal extent of such defects, and locate fine cracks or discontinuities. _

The major advantage is that the method has no depth limitation, unlike surface reflection methods.”

REFERENCES

1. ACIReport 228.2R-98 (1998). “Nondestructive Test Methods for Evaluation of Concrete in
Structures.” American Concrete Institute, Farmington Hills, Michigan, Chapter 2.3.

2. Baker, C.N. and Khan, F. (1971). "Caisson construction problems and correction in Chicago." J. Soil
Mech. and Found. Engng. Div. ASCE, 97(2), 417-440.

3. Davis, A.G. and Robertson, S.A. (1975). "Economic pile testing." Ground Engng., 8(3), 40-43.

4. Levy, LF. (1970). "Sonic pulse method of testing cast in situ piles.” Ground Engng., 3(3), 17-19.

5. Olson, L.D., Wright, C.C. and Stokoe, K.H. (1990). "Strides in nondestructive testing." Civil
Engineering, ASCE, May 1990.

6. Preiss, K. (1971). "Checking of cast-in-place concrete piles by nuclear radiation methods." Brit. J.
Non-destructive Testing, 13(3), 70-76.
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— APPROX. PROJECTION
OF CORE HOLE (SEE
NQTES 2 AND 3)

. t-rmsn WATER r_me

1. Core hole entry point is about 1010 19 inches from the rock face. Hole diameter is 4 inches.

2. Hole orlentation projected on 3 vertical plane passing through the entry peint: '
*Holes 1,5, 6 and 7 ace oriented at angles of 5, 7. 17 and 7 degrees downward, respectively.
*Holes 2, 3 and 4 are oriented at angles of 6, 7 and § degrees upward, respectively.

3. Hole orientation projected on a harizontal plane passing through the entry point.

+Holes 1 and 2 are oriented 5t angles of 8 and 6 degrees toward the leRt (toward the rock sidewall), respectively.
* Holes 4 and 5 are odented at an angle of 5 degroes toward the right (toward the rock sidewalf).
* Holes 3, 6 and 7 are parattel o the axis of the seal.
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Technology
Leboratories, Inc.

Approximate Borehole Location and Orientation

Regional Water Quality Control Board | so Furo o
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: www.ctlgroup.com
<Tl 5420 0ld Orchard Road
: Skokie, Illinois 60077

Construction Technology Laboratories, Inc_ 800.522.2(TL (2285)

PETROGRAPHIC SERVICES REPORT

CTL Project No.: 320098 ‘ Date: November 29, 2001
Re: Petrographic Examination of Concrete Core Samples from Walker Mine

Three concrete core samples, labeled BH-3, BH-6 and BH-7 (Fig. 1) were received October 2,
2001 from Dr. Mohamad Nagi, CTL, on behalf of GEI, Consultants, Inc. The core samples were
reportedly taken from the above-referenced structure to aid in evaluation of concrete quality.

Petrographic examination was requested on the core samples to evaluate concrete properties.

'FINDINGS AND CONCLUSIONS

The results of the petrographlc exammatlon are summarlzed below; additional details of which
are presented in the attached data sheets

Core Samples BH-3 and BH-7 appear to be similar in composition and quality (Fig. 2). The
general quality of the concrete is good, no major abnormalities are observed. Distress is

- essentially limited to cracking. Core sample BH-7 was received fractured along the long axis of
the core and somewhat diagonal (Figs. 1 and 2). The fracture surfaces pass through and around

. aggregate particles and are relatively clean; only small amounts of carbonate material are present
on the fracture surface. A definitive cause for this crack was not determined. Randomly oriented
microcracks are common in Core Samples BH-3 and BH-6, and abundant in Core Sample BH-7.

The concrete represented by Core Samples BH-3 and BH-7 was produced using a fairly well
graded, 1/2 to 5/8 in. top size, crushed limestone coarse aggregate and a siliceous and calcareous
sand uniformly dispersed in a non-air-entrained portland-cement paste. The concrete core
samples are generally well consolidated. Air content, by volume of concrete, is estimated at 2 to
3% in Core Sample BH-3 and less than 2% in Core Samplé BH-7. In Core Samples BH-3 and
BH-7, the cement paste along surfaces of freshly fractured concrete is dark-brownish gray,
moderately hard to hard and exhibits dull to subv1treous luster. Paste-aggregate bond is
moderately tight to tight.
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Core Sample BH-6 is different in composition and of lesser quality compared to that observed in

Core Samples BH-3 and BH-7 (Fi g- 2). The general quality of the concrete is poor. The core

sample does not exhibit coarse aggregate, possibly due to segregation.

The concrete represented by Core Sample BH-6 was produced using a well graded, 1/4-in. top
size, siliceous sand dispersed uniformly in a non-air-entrained portland:cement pasté. The
concrete core sample is well consolidated. Air content is estimated at less than 2% by volume of
concrete (Fig. 3). In Core Sample BH-6, the cement paste is light gray, moderately soft to soft
and friable and exhibits dull luster. Paste-aggregate bond is weak.

The microscopical examination of the submitted concrete samples did not detect mineral

pozzolans in the cementitious paste matrix. However, it is reported that the cementitious

Ji atenal contained 31% pozzolan. The nondetection of pozzolan material by petrographlc

methods is most likely due to the extreme fineness of the particles.

The cement paste microstructure in each of the examined core samples exhibits a low degree of

crystallinity (isotropic) (Fig. 4). The lack of calcium hydroxide (hydration product) in the cement

.. paste is most likely due to its reaction with the reported pozzolan material in the cementitious

paste. The lack of calcium hydroxide could also be an indication of moisture (water) passing

through the concrete leaching out soluble hydrates. This occurrence does not appear to be

$ adversely affecting the integrity of the paste represented by Core Samples BH-3 and BH-7.

However, the mtegrlty of the cement paste in Core Sample BH-6 could be further compromlsed
by this occurrence due to the overall poor quality of the concrete.

Minor amounts of ettringite are observed lining some voids (Fig. 5). This occurrence suggests
dissolution and recrystallization of soluble sulfates and calcium as secondary deposits in.
available void space.

METHODS OF TEST

Petrographic examination was performed in accordance with ASTM C 856-95, "Standard
Practice for Petrographic Examination of Hardened Concrete." The core samples were cut
longitudinally and one of the resulting surfaces of each was lapped and examined using a
stereomicroscope at magnifications up to 45X. Surfaces of freshly broken concrete were also

studied with the stereomicroscope.
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ll - A small rectangular block was cut from the midsection of each core sample, placed on individual
- glass microscope slides with epoxy, and reduced to a thickness of approximately 20 micrometers
(0.0008-in.). These thin sections were studied using a polarized-light microscope at

magnifications up to 400X to determine aggregate and paste mineralogy and microstructure.

~ e oK
‘ David B¢ Vollmer
I Senior Petrographer

Il Petrographic Services
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856

CTL PROJECT NO.: 320098 DATE: October 25, 2001

CLIENT: GEI Consultants Inc. 'REPORTED PROBLEM: None
STRUCTURE: Walker Mine EXAMINED BY: D. B. Vollmer ]
LOCATION: California . Page 1 of 6
SAMPLE

Identification: Core Sample BH-3, 8.4 ft - 8.8 ft.
Dimensions: Diameter 2.4 in.; length 3.4 to 4.1 in.

Core Ends: Fracture surfaces pass through and around aggregate particles.

Cracks or Large Voids: No macrocracks or large voids observed.

Reinforcement: No reinforcement observed.

AGGREGATES

Coarse: Crushed calcareous rock composed mainly limestone.

Fine: Sand-size material composed mainly of a variety of calcareous and siliceous rocks (i.e. limestone,
quartz, feldspar, chert and various igneous rocks).

li . Gradation & Top Size: Fairly well graded to a top size of 1/2 to 5/8 in.
Shape & Distribution: Coarse and fine agg'regate particles are angular to subrounded, elongated to
equant; aggregate distribution is relatively uniform.

ﬁ PASTE

ﬁ Color: Dark-brownish gray.

Hardness: Moderately hard to hard.
Luster: Dull to subvitreous.

E Pasfe-Aggregate Bond: Moderately tight to tight.

Air Content: Estimated at 2 to 3%, by volume of concrete; concrete is not air entrained.

“ Depth of Carbonation: No applicable; no surface concrete present.

| Calcium Hydroxide*: Estimated at 1 to 3%; the paste exhibits a low degree of crystallinity.

li ' Unhydrated Portland-Cement Clinker Particles*: Estimated at 4 to 8%; pseudomorphic clinker
; : particles (relics) are common to locally abundant. -
!i Pozzolans*: No pozzolans observed.

Secondary Deposits: Inwardly projecting ettringite crystals partially line some voids.
€

MICROCRACKING: Randomly oriented microcracks are common in the body of the concrete.

< T L Structural/Architectural Engineering, Testing and Materials Technology '
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ESTIMATED WATER-CEMENT RATIO: Due to the age of the concrete and continued hydréﬁon and
alteration of the cement paste, estimating the original water-cement ratio would be speculative, therefore,
a numeric estlmatlon will not be reported.

MISCELLANEOU_S: Sand streaks composed of calcite occur throughout the sample.

*percent by volume of paste

< TL Structural/Architectural Engineering, Testing and Materials Technology
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856

CTL PROJECT NO.: 320098

CLIENT: GEI Consultants Inc. REPORTED PROBLEM: None

STRUCTURE: Walker Mine EXAMINED BY: D. B. Vollmer
LOCATION: California Page 3 of 6

DATE: October 25, 2001

SAMPLE
Identification: Core Sample BH-6, 6.5 ft - 6.8 ft.
Dimensions: Diameter 2.4 in.; length approximately 4 in.
Core Ends: Eroded surfaces pass mainly around aggregate particles.
Cracks or Large Voids: No macrocracks or large voids observed.

Reinforcement: No reinforcement observed.

AGGREGATES

Coarse: No coarse aggregate present.

Fine: Natural siliceous sand composed mainly of quartz, feldspar, chert, a variety of igneous rocks and
small amounts of various other rocks and minerals. '

-Gradation & Top Size: Sand is well graded to a top size of 1/4 in, )
Shape & Distribution: The sand grains are angular to rounded, elongated to spherical; distribution is
relatively uniform.

PASTE

Color: Light gray; predominately buff on exterior cylindrically cored surface due to the presence of
what appears to be a fine sand material.

Hardness: Moderately soft to soft and friable.

Luster: Dull.

Paste-Aggregate Bond: Weak.

Air Content: Estimated at less than 2%, by volume of concrete; concrete is not air entrained.
Depth of Carbonation: Not applicable; no surface/concrete present.

Calcium Hydroxide*: Estimated at 1 to 3% locally; the paste exhibits a low degree of crystallinity.

Unhydrated Portland-Cement Clinker Particles*: Estimated at 1 to 3%; pseudomorphic clinker
particles (relics) are common. ' '

Pozzolans*: No pozzolans observed.

Secondary Deposits: Inwérdly projecting ettringite crystals partially line some voids.

MICROCRACKING: Randomly oriented microcracks are common in the body of the concrete
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ESTIMATED WATER-CEMENT RATIO: Due to the age of the concrete and continued hydration and
alteration of the cement paste, estimating the original water-cement ratlo would be speculative, therefore,
a numeric estimation will not be reported. ’

*percent by volume of paste
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856

CTL PROJECT NO.: 320098 . DATE: October 25, 2001

CLIENT: GEI Consultants Inc. REPORTED PROBLEM: None
STRUCTURE: Walker Mine EXAMINED BY: D. B. Vollmer
LOCATION: California Page 5 of 6
SAMPLE

Identification: Core Sample BH-7, 3.1 ft - 3.7 ft.
Dimensions: Diameter 2.4 in.; length 6.7 in.
Core Ends: Fracture surfaces pass through and around aggregate particles.

Cracks or Large Voids: Core was received fractured along the long axis of the core and somewhat
diagonal; fracture passes through and around aggregate particles. No large voids observed.

Reinforcement: No reinforcement observed.

AGGREGATES

Coarse: Crushed calcareous rock composed mainly limestone.

Fine: Sand-size material composed mainly of a variety of calcareous and siliceous rocks (i.e. limestone,
quartz, feldspar, chert and various igneous rocks).

* Gradation & Top Size: Fairly well graded to a top size of 1/2 to 5/8 in.
Shape & Distribution: Coarse and fine aggregate particles are angular to subrounded elongated to
, equant; aggregate distribution is relatively uniform.
PASTE _
Color: Dark-brownish gray.
Hardness: Moderately hard to hard.
Luster: Dull to subvitreous.
Paste-Aggregate Bond: Moderately tight to tight.
Air Content: Estimated at less than 2%, by volume of concrete; concrete is not air entrained.
Depth of Carbonation: Not applicable; no surface concrete presént. _
Calcium Hydroxide*: Estimated at 1 to 3% locally; the paste exhibits a low degree of crystallinity.

Unhydrated Portland-Cement Clinker Particles*: Estimated at 4 to 8%; pseudomorphic clinker
particles (relics) are common to locally abundant.

Pozzolans*: No pozzolans observed.

Secondary Deposits: Inwardly projecting ettringite crystals partially line some voids.

MICROCRACKING: Randomly oriented microcracks are abundant in the body of the concrete.
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ESTIMATED WATER-CEMENT RATIO: Due to the age of the concrete and continued hydration and
alteration of the cement paste, estimating the original water-cement ratio would be speculative, therefore
a numeric estimation will not be reported.

*percent by volume of paste
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Appendix B.3

Schmidt Hammer Test Results

GEI Consultants, Inc.




SIX'POSIASY JBUILEH IPILYIS
L002/L2/2} L8E00 Wsfoid

100} 31qno Jad spunod ggl Jo %001 4o JBiam pun e yum {91°¢ + S0jBA Tl X 1Bkam 4un 300y X yip0'g) v OF = 'YoUI asenbs 4ad spunod ul yibusys aAIssaJduio) esaym

"oU| ‘SjUBYNSUOY) |39

.00y 198U) Joj saiuadoid xepuj pue uoneoyisse|) Buasuibul, (9961) JRIN pue 8193Q JO gI°g 8.nbBi4 Ul uoissaidxa ay Buisn pejewnsa sem Yyibuans saissaidwo) (2
.NAzmv SZ00'0-NYXELL'L +Gb = T 'SM0Jj0} SB JaINIOBJNUBIY SSIMG WOY UOISSaIdXa U paseq '("y) JawweH adAt 7 0} (M) Jewwey 8dA| N woy anjeA o jo uoisieauon (9
"uonPBLIoo 8ifue 1s3) snid enjeA Y painsesyy (S
“(payoene) Jawwen IpPIuydS adA 1 7 pue adA] N ayy 103 suolonsu| mc:m._mno 84} 40 | Bjqe WOJ) UOIIOBLI0D By} PUB |BJUOZWOY O) BAljE[8d S8} 8L} JO 8ibue ay} uo paseq uooeuod (¢
i ! . "WOAUI BAOQE BOUBISIP [BDIUBA S A "SIXE |8uuny Buoie jlem [ees wols BOUB)SIP I X
“(1eas Buoey) uonIBLIP SAUP (3ULN] O} BAYE[A] S| BPIS Y3] |BSS SIOBJUCD IIeM [UUn} BJaUMm [2AS] HBAU JE ||BM J3] UO I 0=A PUB O=)X 8jeuIpI00) (£
"Spremumop ealiebau ‘spiemdn eaisod ‘jejuozuoy wouy Juswnsul jo elbuy (2
JawweH piwydg N edA] B yim painsesw enea y (1
. . :$310N
14 = ediy Ut Yibuals aaissasdwod pauyuooun sl = ediy u1 yibuans eaissaidwoo pauyuooun
000'Le = 1sd ul yibusns eaissaudwos papunas e asp .000'2Z = Isd ul yibuasis eaissasdwod papunol e asn
|74 A Y4 = h_ma_ u1 enjea Ty ebeseae wouy pajewiss yibuals ealssaidwon 8vZ'z2 = F_ma us enjea Ty abessae woy pajewinss ybuans anssardwon
08 = (aneA ) Jowwey 7 16} enjeA Y peau0) obesary L'LS = (enfeA ) Jawwen 7 10y 8NJEA Y PaO8II0) abeiaay
F %] £'65 £l 59 St St~ 8S 909 0'8s 00 s 0L 0 8s
€4S o'bs 00 5'S 0'gi 0 ¥S : 9'8S S'GS St Sy 0’9 Sp &
995 Z'es g'L- ‘0’9 s Sh+ SS Z'8S 0SS, 00 x4 0zl 0 SS
8'6S ces 8L 0L oy Sh+ vS 0'.S 9'es 9l (184 09t St Zs
9GS 0?2s 00 09 09 0 [4°} 9'65 0zs 00 0's o'l 0 Zs
6'€S 005 00 oY 00t 0 05 6'€S 00§ 00 5 09 0 05
9'€s g'eb gl §C sz St~ 414 8'es 6'6¥ (Al 0’9 0¢ Sh+ Zs
2'cs o8y 00 ‘0t oLl 0 8t 9'€es 9'6¥ 9l S’ 091 s 8y
fAr4] o8y 00 S'E S0 0 514 ) ¥0s o'op 00 ot oy 0 514
€0s 6'GY A 0's ST S+ . :14 . ¥0s o'9r 00 0's 02 o] 14
. S'6v 0'Sy 00 0t S'L 0 14 . £0S 6sy 6L 0'S §'sl St W
S'6p 0'sy 00 )4 oL 0 Sy : €0S 6'SY 6l S Sel St 144
. S'6v 0'Sy 00 S oy 0 14 ' €0S 65y 61 s'e Sy Sy 124
L'y o'ty 00 0¢ 09l 0 124 . S'6b [0R*)4 00 Sy ol 0 14
8'op 0y 00 Sl ) K} [42 €6y g'vy ze- 09 09l Str+ Ly
89y oz o) ‘0’9 0§ Sh oy L'y 14 0 0L 001 St 34
o'st o'oY 00 0L 00l 0 oy i 0'sy aor 00 oy A 0 oy
A4 0'Le 00 R4 oyl 0 FA [A%4 0'ge 00 o't oLt 0 8¢
S'iy 2'9¢e N.N. 02 o€l 104 e v'zy FAVA 44 Sy oLl St~ S¢
L'6E £'ve £2C (k4 0zl St 4% S'Ly Z2'9¢ 44 S'E S'L St 143
J1OIN W ) (6ap) STOIN . ) ()  (Bep)
adA) JswweH nm_m:,\ oy uoRoewo) A X . ajbuy .d:_m> Ny adf]) JowuweH mm_m:< Joj uonoeuo) A X Nm_mc< ,8njeA Ny
woy pajoauo)  paeno)  sbuy ise) 1S9 40 uoneson 1591 painseay woy papauo) pspauo)  abuy iss) £}SaL Jo uoneooq 1sa] painseapy
‘enjeA ™y ‘snjeA Ny | 'eneA Ty ‘anfeA My
80BUNG JLIof i S0BLNG SSE MO0Y
VO 'elopod
QUIN JBNIBAN

| . - lIEAA [2UUn] Yo Uo S}NSeYy 158 JaLIWEH IPIUYDS - | B|qe)




S pasIAeS JAWWEH IPILIYOS
L002/.212) 18€00 y8loid ‘ou| 'sjuByNsuo) |39

100} 210 Jad spunod gl JO %o0u Jo JyBiam hun B yum (B1- + omEA T X 1Bam yun yo0u x yiopog) ¥ OF = 'UoUI 81enbs sad spunod vy 'yiBuans aassauduoy alaym

" 400y joely) Joy seipadold Xepu| pue uoneoyisse|) Buusauibul, (9961) JolIIN pue 8198Q JO 819 8inbi4 Ul uoissaldxa ay) m:_m.._ pajewysa sem Em:m._.w anissaidwo) (2

(NH) SZ00°0 - MU X €LLL + 6°F = T 'SMOJ|0) SB SINDBJNUBA SSMS WOy UISSaIdXa uo paseq ‘(Td) Jawwen adA | 7 o) (VM) sewweH adkL N woy anjeA Y 30 UoIsIaALeD (9

'uonoanod glbue ise) snid enjeA Y painseap (g

‘(Payoeye) sswweH 1pIuyas adA1 7 pue edA] N ey} Joj suonon)su| Buneredo sy o | 8|qeL Wwoy Uono3LI03 8y} pue [BlUOZUOY O} 2ANE}SY S8} 8y} Jo 8|Bue ey) uo paseq uoioaLOD (b
“llem 16U By} WOy PAUNSESL '|BULN] SSCIOE SOUEISIP [BIUOZUOY §! A "SIXE [SUUN} BUOE [[EM [ESS WOY BSUBISID SI X

"UOIOBIIP BALP [BULINY O} BALIEIDS JOOJ BY} J0 8PIS IYBL B} U (€8S B} Yim JOBILOD BU) JE JOOU LO S| 0=A PUB 0=X BJBUIPI0DD (£

‘splemumop sanebou ‘spremdn eAISod ‘|[Ejuozuoy Wy Juawnisu Jo ofuy (g

JswiieH JpIWYdS N edA | e ypm painseaw enjea Yy (|

SOI0N
Pl = ed ul yiBuails eaissaidwod pauyucoun 1L = edy w yibuass eassardwiod pauyucoun
ooo'le = 15d u1 yibuans eaissaIdWwoo papunal e esn .000'2L = 1sd ul YiBuaijs eaissesdwod papunos’e asn
2.6'02 = h_Wd ul anjea Ty ebesaae woy pajewnse ybusns anssaidwon vip'LL = h_.ma Ul enjea Ty efesaae woy pajeunsa yibuans sassalduwon)
0°0S = (enjeA y) Jawwen 7 10) enjeA Y PsoaLor) sbeioay [*3+14 = (enjeA y) Jawwey 7 10} enjeA Y paoeuo)) sbessay
0’19 p'8s 94 59 Sy Sh+ 09 €65 v'9S 9} sz oy Sy+ 8s
019 |1 S9'L- 0's 09 Sh+ 08 995 z'es 21 or ol Sh+ Ss
€65 v'9s P9 0z . 5ol Sh+ 85 9'eS 07¢s 0¢- S’ 5'e Sh+ 121
54§ (4 4] 8- §'S oct Sp+ - 9§ A 905 9’k 0e o8l S (14
9'95 €S 8'}- 09 08l - Gh+ SS zes o'st : 00 184 S6 0 14
9'9% 2’es 8’} o'y S0l Sp+ SS (44 ogy 00 ST S0l 0 °14
8'€S 6'6v 1°Z- SP o€l Sh+ zs " 1zs 6Ly Al 0T §6 ' Sb+ 0S
625 68V L'e- S’y A S+ %} €085 6'sh [SrAd ('R 4 oy S+ 14
625 6’8y A oy 08l S+ 1S S'6v 0'sy 0o St o€l 0 14
(4] “6'LY A ov 0’9 - Gb+ . 0S 8'9p oey 00 Se Sl o} [44
£0s 6'st (¥4 Sl 0's Sh+ 14 Rc14 [\r44 . 00 09 oot 0 44
FA(14 =R 44 &4 0's Syl S+ Ly X1 ozy 00 X4 oot 0 44
€8y gey R4 09 S0l Sh+ v oSy ooy 00 0'c ot 0 [0)4
0'sy 0’0y 14 S0l [ )o] 8 Sy 1> : X014 (&1 9z s'e Sv Sv+ 8g
Svy v'6¢ 9Z x4 Sy Sh+ A4 L'6E 4 4 0L 06 St 4
L'y 9 9T o'l S8 Sh+ 6€ G'6€ o've 00 (VR4 S'SL 0 e
80v b’'se YA 0t 0zl Sh+ 8¢ G'6E 0've 00 1R 4 oLl 0 e
80y b'Se 92 o} 06 Sh+ 8¢ 8’6t Z0e 8¢ og 06 Sh+ €e
'8¢ [ 82" St 0's Sh+ 9¢ 9've '8¢ Le- 0t oY S+ A
1'9€ LLE . 62 0 0'S Sp+ . ve | . 928 692 . . _L¢- . .0¢ _O0pL.. . Sp+ . OE
o1OIN W) ) (6ep) RETY ] () (Bap)
8dA ) Jawwen SIBuy 1o} ucesion A X ,8ibuy  aneaty [ edAt sewwen SOlBuy Jo}  uonoeuon A X Llbuy eneA Ny
woy pajoano)  pepano)  8|buy ise) 1581 Jo uoneoo 1s8] . painsesiy | woy papauo)n uﬂuwtoo 8lfuyisal  .saj JO uoneso 1sa) painsesiy
‘anjeA ™ ‘enieA Ny e .| 'enien™  ‘enizaMy . :
80BUNgG JuIof N R 80BLING SSBW %00y . ) a
VD 'ejoyod
aulp JaxepA

- JOOY |BUUN} U0 SYNSBY IS8 | JSWWEH IPIWYDS - Z 8iqel




$|X POSIABL JOWIWERH TIPILYOS
L002/2012L 28£00 weloid ‘ouj 'SJUBYNSUOY |39

o0} 91qn0 Jed spunod 9@l JO 4001 0 JyBiem Bun e ypum * (85°C + BNMEA T4 X 1yDiam yun yooy X proeg) ¥ O = 'UoUI uenbs ted spunod ) ‘yibuess eaissaidwo?) assym

" M00Y 1R 10} seuadold xepu| pue uonesyisseld Buuesuibul, (9961 ) J[IN pPuB 8J23Q Jo g1 'g 8nbi4 u) uoissasdxe ey) Buisn pejewnss sem ybuans ealssaudwon (2

.NAzmv §200°0 - MU X €11} + G5'% = Y !SMOJ|0) SB JRINOBJNUEIN SSIMG WOY uoissaudxe Lo paseq ‘(1Y) Jawwey adk 1L 703 (NY) Jowwey edA] N woy enjea ¥ jo uoisiaauod (9

' [ ‘uoioeLiod eibue 158} snid enjep Y painsea (g

‘(peyoene) Jowwey Ipiwyog edA) 1 pue adA] N 84} Joj SuolINASU} mc:ano ey} JO | 8jqe] woly UOIOaLIcD ms pue [ejuozuoy o} 8ARelad 158} By) Jo ejbue ey} uo peseq uonOBLOY (P
"HBAUI BAOGE BOUEBSIP [BOIUSA St A "SIXE [ouun} Buofe jlem [eas Woy aouelsIp st X

"UORDAUIP BALIP [3UUN) 0) 8A m_m._ $1 8pIs JYBL ‘[eas SIORIUCO ||em [SUUNY BIBUM [BAS| LBAUI 1€ [|BM JYBL UO ) 0=A PUB g=X SIBUIPIo0D) (g

"Spiemumop eanebau ‘spiemdn eanisod ‘[ejuozZUOY WOl juswruisul Jo efuy (Z

JawweH pIydS N edAL e yim paunsesw enieA y (i

KLY

8€El = ediy u yibuasns eaissasdwod pauyuooufn 14 = edpy w1 yjbuans eAissaidwod pauyucoun

000'02 =15d w yibuays anissasdwos pepuno. e esn - 000'02 = 15d u Ybuans eAlssesduiod papunod e esn

£59'61 = ~_ma ul enjea Ty ebeseae way pajeunss yibuans saissesdwo) 699'02 = h_mn u enjea Ty ebesase woyy pajewnss Yibuals aaissaidwon
'8y = (enjea Ty) JawweH 7oy enfeA Y Paoasuoy) sbeieay 56 = (enjeA Ty) JsWwweH 7 Joj enjeA Y PeloaLIo)) abeiaay
929 v'09 9L 09 08t Sh+ z9 §'19 0'6S 00 se - O€El o] 6S
€8s Z'SS 8L oy *)r4 Sh+ LS . 268 €95 Lt 4 0’8 St+ 8S
S48 [4 4] 8L S'9 gel Sh+ 95 £'6S 9'ls 9t S’} SpL Clad 0§
8'vs 0'LS 00 oe SG o . 1S 8'vs 0'ls oz S'S oel S+ €S
6°€S 00s 00 14 otl 0 0s 8'vs 0'ls 00 59 0z -0 1S
O] 0’6y 00 Sy S8l 0 514 g'es L'6p . Ll oy 0'Sl St~ 214
9'Ls v'iv a'L- Sy S'S ) ad 514 0Zs 8'Ly 8’1 09 St , St ot
805 1414 9'L- St 091 St 14 €15 oLy 00 144 004 0 FA4
€05 6'St 12 0L 06l Sp+ 214 05 'Sy gl Sl 0Lt St R44
g'gy o'vy 00 (14 14 0 124 Z20S 8'Sh gt 0e .06 St 144
oLy ey gl (o4 09l St 44 : [ 414 6'vp ‘ 61 oe 09 St 154
(A4 [444 8L x4 0'Gt St 144 9'8p o'vy ' 0Z 09 0Lt St 44
99t L' A S'e §6 S+ 144 g'9b oy 0 0'e 0Lt St~ oy
g'op L'y x4 1R74 St St+ 144 89y ozy 0z ST 0e Sy ov
ey 08t (1Al St oct St oy 66y oLy oe . 0§ 09 Sy 6¢
Zey 0'8e 00 (14 S0 0 8t R4 0Ly 00 o€ 0L 0 134
%4 09¢ 0Z Sy 08 St 8¢ 9ty '8¢ 9¢ 09 02 Sh+ 34
£oy 6°vc L'e- 44 56 Sp- L€ Sy z2'9¢e rAr4 S0 S'6 St ve
G'6E o've 00 0z oe 0 ye Sy Z29€e FAY4 ol S'6 St~ . £
¥'6E 6'EE (AL 0'S S'8lL Sp- 9¢ LA 0'CE 00 09 08 0 [4>

g10IN ) (), (Bap) JOIN W W (6ep)

adA) Jswiwey GoIbuy 104 uondanon A X ,iBuy aneANy edA 1 jawwen Sibuy jo) | uoiaLo) A X Slbuy  eneA Ny
woy peyaniny pepaun)  eibuy ise) JseL jo uonedo]  ise) painseapy woy pepeuod  papeno)  slBuyissl  (ISe] jouoneso ]  isaL painsespy
‘anjeA By anjeA Ny L ‘onjeA 1y ‘anjea Ny
82eung Juior ] 80BUNG SSEW %004
VO ‘Blopod -
ouly JaXIep

II2AA 18UUN L 1B UO S}NSON 1501 JSWIWEH JPIUYS - € B|qE),




S[X'PasiAB JBWWEH IPILIYOS ’
1002/L0/21 28€00 Waloiy "au| 'sjuByNsSuUo) |39

. JaWWeH 1piwyos N adAL
. 10} w:o;o:hmc_ mcam._wao Jo qg “Bi4 woyy pajewnsa ybhuasns saissardwor (g
. , ‘uonsauoo sibue 1sa) snid anjeA Y painseay (S
._wEEmI IPIUYOS By} Joj suononusu) BuneledQ ayy jo | a|qe) woy
uonRoaLIod ay pue [BIUOZUOY O) BARE|S) IS8 Y] Jo 3|Bue ay) uo paseq uondauo)d (¢
"HOAUI WY 30UeSIP [BOIAA SBINSBAW A ‘|BUUN) SSOIOE 30UB)SIP [BJUCZLIOY SaINSBAW X
- "UoNOBIP BAUP {3UUN] O} BANRIAY SI APIS Y3] '[BDS SIOBJUCD |[EM
. o : 1SUUN} B13YM |3AB| LiBAUL 1B |BSS BJaI0UCD JO BPIS Y] UD S) O=A PUB =X SjeuIpJoo]) (£
L ‘[euoZUOY wol uswruisul o ajbuy (Z
‘[B8S 9}2JOU0D AU} O 808} BY] UO JSWILIEH JPIWYIS N adA 1 B yum pasnsesw anjea y (|
’ S3I0N

. , 009'Z = 1sd u1 ybuays anissaidwod pauyuoaun
- €81 =, BdIN Ul ‘anjeA J pajoanod abesaae woy yibuails aaissaidwo)
N.wN =3njeA Y paypau0d mmm‘_m><

06 00 ov oz’ 0 6¢
0°.¢ 00 o0L - §v 0 >
0°L€ 00 00 0C ] L€
09¢ 00 00t 02 0 1
0se 00 o¢ 08 0 ¢
0'se 00 SP ‘09 © 0 se
0'ee 00 0z 0z ] €€
. 0€e 00 08 0z 0 £¢
i C . o'te 00 C gy 0'8 0 i€
, o 0'Le 00 0g 08 0 1€
, , . . 0'0¢ 00 S0 09" ] o¢
L 0'sz 00 0z 09 0 T4
» - 0se 00 o] 09 0 74
- ove 00 09 08 0 ¥z
oz 00 0z - &v’ ] ¥z
, o've 00 09 - 02z 0 ¥Z

0z 00 08 Sy 0 2z
0L 00 ov 0s 0 L
- . oSt 00 00 Sy 0 Gl
0Ll 00 08 . Gt 0 L

W (u) {6ap)
$ONieA Y ,U0iOBL0D A X HLlbuy  enea
pajosuo) 9)buy 1s9) (1531 JO uoeooT 1591 painseapy
VO ‘elopod |
BuIN J9YjEAA

[eaS 8}3IoUDD) UO SHNSIY 1S9 JAWWEH IPILYDS - b J|qeL




- e A e b e

tJowwey ise} jo "oN |epies

e 6 pue yed jo ‘oN ojB}S eseejd
: ‘sjyed eseds Bupiepio ueypy
sl 13edw| uo uojjipuo)
' Dwwey 353 23940u0) N IdL Y
94} jo uoda S jeuIpn}iGuoy
- - ¢ 6y
A------91
-woyby aqny
" eyD "qued £Z-05£0-v
ase) BujAued 9z-05¢0-v
14D 1eyd "qIed GZ-05£0-v
MOPUIM-MBIOS $Z-0SCO-V
Buudg med €2-06£0-v)
-6l uid Z2-0SE0V
1NN %007 12-05E0-v1
© M3)0S duL 02-0560-V1
8|B2S § MOPUIM 61-0SE0-V1
% J9ysem 1184 81-0S0-v1
BA33IS SPIND L1-0GE0-V)
-2 6unds joedwy 91-05£0-v1
6uudg Buiureroy G1-0560-v
JswweH ,,.¥N,, pue
oN..—SSEW JaWwWeH v1-05c0-V
1Med €L-05E0-Vv1
Buuds uvoissaidwod Z1-05E0-v
J8a0 Buly 11-0560-V
- g buly ved-om] 01050V
ded 60-05£0-V1
€ 2510 80-05E0V
Jeg epind JswWweH L0050V
¢l 219]0wo) volINg-ysnd 90050V
POY 3pINY YitM Japid ¥0-05£0-V
BuisnoH £005E0-v
Jabunid 1oedwy 10-05E0-V

P

P, B

Uy | e+ 91— £2— 09
T+ gL+ 1'z— 1rg— " 0%
s+ 02 +. 9¢— 6'c— oy
ve -+ £+ | ve— Lry— og
be -+ sT+ Se— vs— 03
ee+ ye+ 1]}
006~ oS— | oGP+ 006 + ny
" ‘spiemumop spremdn enjeA
» aj6ue uoneuldul 10} UOIIDAIIOY punoqay

1)
siorvdw) |ejuozZLOY-UON 10}

SUOLIEDIPU] JDWWEH }SD) DY} JO uOl}dIII0D | 9|qe L

"] 01qe) J0d se poj20J109 oq jsnwNY enjea punoqa) oy}

's@0vjIns |elU0ZIIOY JO pPaulduU] uo ) Guisn uaypn 'sedejins jeonsea Bunsay
Jo) "e°s ‘uondeuip oedw |RlUGZIIOY JO) pBjesqijed §1 JaWWwRY }S8) 8y 9

_ *Suo1es0)

0[qissadde A[IsLo jou Jo yiup ul 5)50) joedw; sojje BGuipeas punoqas oyy

Guixyy 10§ soaios om_c;_woﬁ ot L *(91) Bunds joedwy POUCISUOJUN YIIM 0 ")

‘1oedwy oy) Guiseojos selje pojdoye oq skempe pinoys Gupyao “(9) uoling

_-Ysnd e jo suesw Aq uonsod Jees sii vl paydoj s (g) ysip opinG pue (1)

Jeq epinb siy yum seyjeboy(1) Jebunjd oy *sisoy oy paysiuy Guaey el g
“fewwey ey jo sixe jeuipnpbuoy oy) jo 1no AjyGis
s) (1) sebun|d ey; uonisod pepusixe sy uf '019z 0) o]INb suUINja) J8ADU
J8pl) BY] °peJI9duUEI S] UOHEDIIPUL BY] OW|] DWES BL]) I8 puUk 58} JAayuN|
€ Joj 10591 s1 11 'palse) 10ds eyy woly Jauwnuey oty Huiaowss Kjdwis Ag b
‘sStw Jowwey ay)
JO JusweAOWw piemio} oy} Jo yuedsed uy enjea punoqas ey} saalb uonisod
J9pu oY) Jo Buipee. oyl “(v) Jepu eyj Kq (61) B]EIS DY) UO POJEIIPUL S YOIYM
unowe ujeped e Aq spunoqes (y1) sscw Jswwey ay) 1acdw) oY) 18y ¢
i{9) uvonnq
-ysnd ey} yonoy jou oQ °(g) eaeyns eyy o} ojbfue 1ybis je Ajjoexe Play
9q Isnw Jawuwey ey) }dedw jo Juewow ey} 3y "Buisnoy ey) uo sinssaid
ey} Buiseosou) A|mo|s Aq peidaye oq )sNw 8sSE8|aY 'POSES|a] S| JOWLLEY
eyl (g) Guisnoy ey ul Aje1e|dwod sieaddesip )1 eiojaq JSN{ "pojse} oq
0} (3) edejins 01810uU0D ey jo Jods oy jsulebe possoad si (1) 18bunjd ayy ‘g
. *Jlesy Aq (g) Buisnoy ey) jo 1no epy|s ||im pue pases|al
st seBunid ey (1) JeBunid yordw) ey jo pesy ayy vo Buissaid Apyby £g -4

(c°613)
d3wWweH 3s9 ] 93815U0D ay} 40} suonjoniisu] Bupesadp |y

[ Avripeiy

R & 0 R e S

.-




L LT T T T L L LT T TR UL SN PI AT L PPV JOUNpRUINIRERe PRSI S PPN

B N XA

6 8
i,,S3AINY UoNRIQIED Y] JO AlIPIIEA JO S}IWIT,, A UOIID3S Japun 8joN 1,.88AIN3 uofiBIqIRD 8L} jO AlIPYRA JO S)WIT,, A| UONDBS Jopun BlON
’ *sj|nsel §s9) 81} || §0 yuedsed g opn|duy *$)|nses )s8) oY) |je Jo 1uedsed og epn|oul
Koy o) pauyop os ose "UIWZ puk 'XCWZ sjw) uoissadsip ey { Aoyl jey) peauyep os esu.cujw,d} puk ‘xew D) S)WI| uvolssadsip ay |
*;wo /0% uy yiGuesys eajssesdwuod sepuljhd oty) jo onjua A|eyi] jsow = Wz ] *1sd vy Yi0uois oajssosdwod ognd oY) jo onjEA Koyl 1SOW = 9)
‘@oeyIns v *eogns
018J5U0d L1p pue Yjoowg "shep gg 0} y1 06y ‘ejebesbile pues/jearsb 919)2u03 Lip pue yloowsg *skep g6 0} pi o6y -ajeles66e puesfjoacib
: Apijenb-poob yum juowed puejiod joedwod o} Kjdde seaind eyy Lyijenb-pool yym juowed puepiod yoedwod o) Aidde soaind ey
ss 05 sv op se ot st o 5 05 14 el ki ot SE 2
W P
oy _..\.\\|| B \03 ________r \\\
_I\-\liltkl \A 052 LI R 3 o-.s-..".- g \\ 000
U114 A punIg AL LA LA
P Q32 Jdawwey . \\ LA~ \“\ W_ 2043 ne QIding ~ \.-\ ] P
& oows u_-.w_aw“o \%X 44 PuROGYs sounutHy % A A
—+— .ﬁ.a. Y g 0oL os8 _<_ "__ _J_.E_o._ oL A v4 coce
5s <.ENIEE~|-||IL\J|J\..X&4‘ \\cn.llllll ann 17T ey vewsy -1V IV VA\..I 20
v oWz TRy WAL - -1 s ;Y\ o nM.n.n
\\\l .\kl“\ G 253 oloos \\\\ S ooov wm...m
N e e ° - Z1- .. ¥ as
| A U 538 N erZEins
a A A4 oog -6 p. ”* m
s fos 5\\.\ apy aNE lm,ﬂoﬂ H 4 P’ “\ i 0005 3 8
.w g gk Lapapy NNREE E
AT T 25 MU A ids
,_ o IVAY\V\ .Mm E3 ) o % Va L \\\ .....,.M m
| £ 44 oor 38 AL HH- g%
| 5(%° \,\X\ \v\ Se 3 % P b4 :
_ S XRI\WW& 2 \\ 74 it 000 :
| Ay LA &
CAAG o
0 o 7. 74 0008
£ VT (o ES 0008
3 areZdn 3 s
A 11 ) 009 : DDDD_n.
| o [ 0s (12 or SE ot Sz oc e o e ot So o0

roEEaI 1591 N edAy Jowwepy 1so) N odh)

| ’ wqunN punoqay 24} ysuiebe papod
Wby ul 3Buang aaissasdwo) 1B3puy k) nm.Nu.m

JaquinN punoqay 24j jsujelbe pajjopd
1sd uy yjBuang aaissasdwo) aqn)y eg-Biy
y -

- QO—XQ .




Appendix B.4

-

“Ultr