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1.0 INTRODUCTION

This report presents hydrogeological characterization and baseline monitoring information in and
near the proposed Permit Area of the Wishbone Hill Coal Project. The proposed Permit Area is
located approximately seven miles north of Palmer, Alaska, as shown in Figure 1-1. Baseline
information presented in this report includes a discussion of the regional hydrogeologic framework,
a description of the investigations conducted to characterize the baseline hydrogeology of the
proposed Permit Area, and data related to groundwater flow directions, hydraulic parameters,
recharge/discharge conditions and groundwater quality.

Hydrogeological investigations at the proposed Permit Area were started in August 1988. This
report includes the results of four quarterly groundwater quality sampling rounds that were
conducted during the baseline monitoring period from August 1988 to July 1989. It incorporates
water level and piezometric head data from monitoring wells and piezometers that were collected
during the period of August 1988 to June 1990. Monitoring programs will be continued throughout
the mining and post-mining phases of the operation as described in Part D, Section 15.0.

The baseline monitoring program described in this report was developed to provide information in
support of a surface mining permit application. During the scoping, design and implementation of
the hydrogeological characterization and baseline monitoring program, meetings were held with the
Alaska Division of Mining (DOM) and the Division of Geological and Geophysical Surveys
(DGGS) on June 13 and October 11, 1988. The DGGS was retained by the DOM to act as a
technical advisor on the hydrogeological investigations. The scope of the hydrogeological
characterization and baseline monitoring program reflects the comments and suggestions received
from the agencies during these meetings.

Quarterly groundwater sampling and the collection of water level and piezometric head data from
monitoring wells and piezometers have been ongoing and initially continued though December
1990. In October 2008 these programs were reinitiated and are currently being maintained to
expand the project’s site data base. Addendum 1 provides a compilation of all the historical
groundwater monitoring results obtained to date.
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2.0 REGIONAL HYDROGEOLOGY

2.1 Hydrogeologic Units

The proposed Permit Area is located on the Southeast side of the Talkeetna Mountains in the Cook
Inlet Basin (Figure 1-1). Groundwater conditions in the basin are summarized by Freethey and
Scully (1980). No previous investigations of groundwater conditions in or near the proposed
Permit Area were found in the literature. A detailed description of the geology in the area is
provided in Part C, Chapter Il. Barnes and Payne (1956) provide a description of the coal geology
and previous mining activities in the Wishbone Hill District, Matanuska Coal Field.

The hydrogeologic units present in the region surrounding the proposed Permit Area include
sedimentary, igneous and metamorphic bedrock, glacial sediments and alluvial deposits. The
general hydrogeologic characteristics of each of these units are summarized below based on
Freethey and Scully (1980).

2.1.1 Igneous and Metamorphic Bedrock

Igneous and highly metamorphosed rocks underlie the entire Cook Inlet Basin. They are usually
well consolidated, dense and frequently jointed and faulted. They outcrop along the Talkeetna
Mountain front some two miles north of the proposed Permit Area, plunge deeply and underlie the
proposed Permit Area at great depth. Hydraulic conductivity of the igneous and metamorphic
bedrock is generally low except where secondary fractures or joints provide moderate permeability.
Well yields are nearly all less than 5 gpm. As a result, these rocks do not constitute a significant
groundwater aquifer.

2.1.2 Sedimentary Bedrock

Sedimentary rocks include well to poorly consolidated arkose, graywacke, gravel conglomerate,
sandstone, siltstone, shale, coal and limestone. They form ridges, rounded hills and bluffs in the
Matanuska Valley which lies between the Chugach and Talkeetna Mountains. In and near the
proposed Permit Area, Cretaceous sedimentary rocks are overlain by Tertiary clastic rocks
including the Chickaloon Formation which contains the coal deposits, the Wishbone Formation and
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the Tsadaka Formation. The Tertiary deposits include siltstones, mudstones, sandstones,
claystones, coal, and fine to coarse pebble conglomerates. Hydraulic conductivity of the rocks is
generally low, although some discontinuous layers of coarse-grained deposits may provide local
areas of higher permeability.

2.1.3 Glacial Sediments

Quaternary glacial sediments consist of moraines and other unsorted glacial drift. They are a
heterogeneous blend of gravel, sand, silt and clay. They typically occur in upland areas of basins,
where bedrock may be at relatively shallow depth, and often form hummaocky terrain with poorly
developed surface drainage patterns. In and near the proposed Permit Area, glacial sediments
mantle sedimentary bedrock with typically 5 to over 100 feet of silt to well graded gravels.
Permeability of the glacial sediments is highly variable and depends on the amount of fines. This
unit often supplies ample water for domestic use but supports few large-yield wells.

2.1.4 Alluvial Deposits

These deposits include Holocene flood plains, terraces, and alluvial fans consisting of well stratified
silt, sand and gravel. They generally form lenticular deposits along major streams such as the
Matanuska River to the south of the proposed Permit Area. Generally the permeability of these
deposits is moderate to good and they provide adequate groundwater supplies to domestic wells.
Some well yields greater than 1000 gpm have been reported. Significant alluvial deposits in and
near the proposed Permit Area have not been identified although some alluvium of limited depth
and areal extent occurs along Moose Creek.

2.2 Groundwater Recharge and Flow

Based on Freethey and Scully (1980) the regional direction of groundwater flow is primarily
controlled by topography. Recharge occurs from infiltration of precipitation and seepage from
surface streams and lakes. Regional discharge occurs along the major river valleys and to the Cook
Inlet. The amount of recharge in the higher elevations, where bedrock units outcrop, is limited by
the relatively low permeability of these units. Freethey and Scully (1980) report infiltration into
igneous, metamorphic and sedimentary bedrock to be poor to moderate. Surface drainage is
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reported as good to very good. Thus, most rainfall and snowmelt leaves the higher elevations as
surface runoff rather than infiltrating into the bedrock units. Recharge to bedrock is also limited by
its low permeability in areas where it is overlain by glacial or alluvial deposits.

Glacial and alluvial deposits are principally recharged from infiltration of rainfall and snowmelt.
Along loosing reaches of rivers and streams, glacial and alluvial deposits are recharged by
streamflow. Relative stream gains and losses per mile of stream length are reported for four
streams in the Cook Inlet Basin by Freethey and Scully (1980). These include the Eagle River
Meadow Creek, the North Fork of Campbell Creek, and Ship Creek. Data from Moose Creek are
not reported.

Groundwater discharge from glacial and alluvial deposits occurs primarily along gaining reaches of
rivers and streams. Where glacial deposits mantle bedrock along ridges and highlands, they may
also discharge vertically to the underlying bedrock (Freethey and Scully, 1980).

3.0 SITEHYDROGEOLOGY INVESTIGATIONS AND MONITORING

3.1 Investigation Strateqy

Prior to field operations, the stratigraphy and regional hydrogeology of the proposed Wishbone Hill
Mine site were reviewed to determine the important water-bearing units in and near the proposed
Permit Area. Two primary hydrogeologic units were identified for monitoring and characterization
during the baseline hydrogeologic studies.

The first major hydrogeologic unit is Tertiary sedimentary bedrock found in three formations
including:

1) The Chickaloon Formation, which is comprised of shale, claystone, siltstone, sandstone,
coal and pebble conglomerate;

2) The Wishbone Formation, which is comprised of pebble conglomerate, sandstone and
siltstone, and;

3) The Tsadaka Formation, which is comprised of pebble conglomerate, sandstone, siltstone,
and silty carbonaceous shale.
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The target coal beds are found in the upper portion of the Chickaloon Formation. They include,
from top to bottom, the Jonesville Group, the Premier Group and underlying Midway Seam, the
Eska Group and the Burning Bed Group. This hydrogeologic unit is important since it constitutes
the bedrock aquifer within the proposed Permit Area.

The sedimentary bedrock is overlain by Quaternary deposits that include glacial outwash, glacial
drift, ice-marginal deposits, esker-kame terrace deposits, stream terrace gravels, alluvium,
colluvium and aeolian loess. These sediments constitute the second major hydrogeologic unit in
the proposed Permit Area. The Quaternary deposits consist of a wide variety of materials from
clayey and silty sands to well graded gravels, and range from 0 to over 100 feet thick. Where these
materials are saturated they form the uppermost aquifer in the proposed Permit Area. The recent
alluvial channel deposits adjacent to Moose Creek are also included in this hydrogeologic unit.

The baseline hydrogeologic investigation concentrated on these two major hydrogeologic units. A
field program that included installation of groundwater monitoring wells and piezometers,
groundwater sampling, water level measurement, well testing, and surface seismic profiling was
designed for the proposed Permit Area. The locations of these various facilities and investigations
are shown on Plate IV-1.

The hydrogeologic investigations were conducted according to an overall strategy to characterize
the hydrogeology of the proposed Permit Area. The important components of this strategy
included:

e Six monitoring wells installed in bedrock to obtain representative water
samples and water levels. At least one well was installed in each of the
major coal groups including the Burning Bed, Eska, Premier and Jonesville.
Construction data for the monitoring wells are provided in Table 3-1.

e Two of the monitoring wells in bedrock were of sufficient diameter to
conduct pump tests for the purpose of determining large-scale hydrogeologic
characteristics in bedrock. The drawdown during the pump testing was
monitored in the pumped well and surrounding piezometers.

e Eleven monitoring wells were completed in the uppermost aquifer (i.e.
glacial and alluvial sediments) for the purpose of measuring water levels and
obtaining water samples. These monitoring wells were located up-gradient
and down-gradient of the proposed open pits, around the proposed slurry
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pond location, and down-gradient of the old mine spoil piles located in the
northwestern portion of the proposed Permit Area. Construction data for the
monitoring wells are provided in Table 3-1.

e One of the monitoring wells in the alluvial sediments was of sufficient
diameter to conduct a pump test for the purpose of determining large-scale
hydrogeologic characteristics in alluvium adjacent to Moose Creek.

e Two monitoring wells were installed in the area of the old Premier
underground mine to evaluate groundwater conditions and quality in the old
workings. One of these wells was of sufficient diameter to conduct a pump
test.

e Thirty seven piezometers in thirteen drillholes were installed at suitable
depths and locations to determine the potentiometric conditions in bedrock
in the areas of the proposed open pit mine. Piezometers were also located to
provide monitoring during two pump tests that were conducted in bedrock.
Construction data for the piezometers are provided in Table 3-2.

3.2 Field Investigations

3.2.1 Monitoring Wells

Exploration Drilling and Supply Co. and Denali Drilling of Anchorage, Alaska, were contracted by
Idemitsu Alaska, Inc. to perform the drilling and well construction associated with the project in
1988. The contractors provided a variety of tire and track mounted auger and rotary drill rigs,
compressors, and support equipment for the project. The air rotary drilling rigs used air/water mist,
or air/ffoam to assist in removing the cuttings from the borehole. During drilling, soil and rock
samples were obtained every five feet for examination, classification and sampling. Drilling and
well installation operations were carried out from August 10 to November 10, 1988. All well
completions were supervised by a hydrogeologist from Golder Associates Inc.

A total of 17 groundwater monitoring wells were installed in the proposed Permit Area in 1988.
The locations of the monitoring wells are shown on Plate 1V-1. The 11 groundwater monitoring
wells completed in the alluvial or glacial sediments were drilled with a track-mounted auger drilling
rig equipped with air rotary capabilities. Once the borehole had been drilled to the proper depth, 2-
inch schedule 40 PVC flush coupled screen and casing were installed to the design depth.
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Typically the wells were designed to penetrate 10 to 20 feet below the water table. Where less than
10 feet of saturated sediments was found, wells penetrated several feet into the bedrock. A filter
pack was constructed using Monterey #8 sand or equivalent, that was designed to allow a
maximum 2 percent passing through an 0.020-inch opening. The wells were constructed inside the
hollow stem augers. Auger flights were withdrawn as the filter pack and bentonite seal were
installed. The remainder of the annular space above the bentonite seal was grouted to the surface
with a cement/bentonite grout. A typical well completion in alluvial and glacial sediments is shown
in Figure 3-1.

Five of the six bedrock groundwater monitoring wells were constructed by drilling and driving steel
casing with a top-head hammer air rotary drilling rig. The casing was driven through the glacial
sediments to the top of the bedrock or until refusal. The boreholes were then advanced by air rotary
to the final depth in the bedrock. One well (H88-13) was drilled using a conventional rotary rig
with air and foam. Significant difficulties were encountered in drilling this hole and a
biodegradable mud was eventually used to provide hole stability.

Four of the bedrock monitoring wells were completed with 2-inch diameter schedule 80 PVC flush
coupled casing and screen. Two of the wells were completed with 5-inch diameter schedule 80
PVC flush coupled casing and screen to allow adequate completed diameters for pump testing. A
typical pump test well completion is shown in Figure 3-2. Once the PVC flush coupled casing and
screen were installed, a filter pack was constructed using Monterey #8 sand or equivalent. A
bentonite seal was installed above the filter sand and the remainder of the annular space above the
seal was grouted to the surface with a cement/bentonite grout. Surface casing was withdrawn while
the grout was tremied into the annular space.

Completion details for each monitoring well are provided in Appendix A. A summary of
completion data is presented in Table 3-1.

Monitoring wells were constructed with flush-joint threaded, schedule 40, nominal 2-inch diameter
PVC pipe and well screen or flush-joint threaded, schedule 80, nominal 2-inch and 5-inch diameter
PVC pipe and well screen. The well screen was machine slotted with 0.020-inch width openings in
six rows of 60 degree intervals around the screen with a minimum of 44 slots per foot. The base of
the well was fitted with a threaded PVVC cap designed to withstand all installation and well
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development pressures. The drill rigs were used to set the string of PVC screen and riser pipe
following drilling and cleaning of the borehole.

The typical procedure for installing the monitoring wells is summarized below.

e The well screen, bottom plug, well casing and centralizers were kept clean
or cleaned as needed prior to installation in the borehole. Workmen took
precautions to ensure that no grease or other contaminants contacted the well
construction material. Workmen wore clean gloves while handling the
screen and riser.

e The male end of each joint was fitted with an o-ring gasket and joints were
tightened by hand or with decontaminated chain wrenches. Stainless steel
centralizers were attached to the well screen at approximately 30-foot
spacing so that the screen was centered in the borehole.

e The well screen was lowered to the predetermined level and held in place.

e The volume of Monterey #8 sand or equivalent sand that was computed to
fill the annular space around the well screen to a depth of 3 to 5 feet above
the well screen was carefully measured out and poured slowly into the
annular space. The exact levels of materials added were measured
periodically with a weighted engineering tape.

e A volume of 1/2-inch diameter bentonite pellets or course granulated
bentonite to create a seal 3 to 5 feet thick was computed and carefully
poured into the annular space. If the seal was constructed above the water
table, exactly five gallons of water per 50 pounds of bentonite pellets were
poured into the annular space. A weighted seal tamper was lowered down
the borehole to tamp the pellets into a cohesive mass of clay.

e The annular space was then sealed using a cement bentonite grout (2 to 5
pounds of bentonite added per 90 pound sack of cement) that was pumped
into the annulus using a side discharge tremie pipe. The cement was mixed
by hand in a large trough and was approved by the on-site hydrogeologist
prior to use in the well. The grout was injected continuously until it flowed
out of the annular space at the surface. The well was not disturbed for a
minimum of 48 hours.

e The PVC pipe was cut off 3 feet above the ground surface and a loose PVC
slip cap was installed. A steel protective monument was cemented into
place and a protective lockable cover was installed. A drain hole (1/4-inch
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diameter) was drilled in the monument to permit water to drain out of the
annular space. A concrete protective pad was constructed around the
monument.

All wells were developed by airlifting or bailing following installation. A track-mounted drill rig
and separate track-mounted compressor were used in the airlifting process. Typically, the airlifting
was conducted over a 24-hour period by moving to a new well location at about noon each day, and
airlifting the well during the afternoon and morning of the following day. This allowed the well to
recover overnight and allowed more water to be removed from the well. Some shallow gravel
monitoring wells were developed by using a stainless steel bailer. The wells were repeatedly bailed
and allowed to partially recover until relatively clear water was produced by the well. Estimates of
well yield were obtained during airlift development by diverting water into a small channel or pipe
and measuring the flow rate using a bucket and watch. Estimates of well yields varied from less
than 1 gpm to over 5 gpm.

In July 1989, Tester Drilling Company was contracted by Idemitsu Alaska, Inc. to drill and install
two additional monitoring wells (H89-29, H89-30) into the old underground workings of the
Premier Mine. The wells were drilled and installed under the supervision of a geologist from
McKinley Mining Company, Inc. Development testing and water sampling was conducted under
the supervision of a hydrogeologist from Golder Associates Inc.

The two wells were drilled with an Odex drilling system using air. In each hole an 8 inch diameter
surface casing was installed. Well H89-29 was drilled to a total depth of 204 feet and encountered
mine voids and rubble zones over the depth interval from 177 to 201 feet. A 5 inch diameter
stainless steel screen with 0.050 slot size was installed. The screen was wrapped in a filter fabric
since gravel packing in the mine void was not feasible. The screened interval was isolated using
two formation packers and cement grout. Well H89-30 was drilled to approximately 198 feet in
depth and did not encounter mine voids. The well probably intercepted a mine piller. The well was
completed as a 2-inch diameter monitor well using stainless steel screen and PVC casing.
Completion details of H89-29 and H89-30 are provided in Appendix A.

During drilling of these holes with air, water production was noted by the onsite geologist. In hole
H89-29, 100 to 120 gpm of water production was observed at a depth of 56.5 feet from the
Chickaloon Formation. In hole H89-30, 40 to 50 gpm of water was produced from the glacial
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sediment/bedrock contact at a depth of 82.0 feet. These high water production rates were
anomalous when compared to the other wells installed at the site and may reflect increased
permeability in this area as a result of structural features or the presence of the old mine workings.

3.2.2 Piezometers

A total of 37 pneumatic piezometers were installed in 1988 in 13 exploration core or rotary
boreholes (1 to 4 piezometers per borehole). The locations of the piezometers are shown in
Plate I1V-1.

The design of each piezometer installation was determined on site after review of geologic and
geophysical logs. The generalized construction of the pneumatic piezometer boreholes is shown in
Figure 3-3 and the specific piezometer completions and lithologic logs for each borehole are
provided in Appendix B.

A typical installation consisted of a SINCO two-tube pneumatic piezometer tip wrapped in a filter
sock made of canvas filled with Monterey #8 filter sand. The pneumatic tip assembly and lower
section of hose were weighted with a 5-foot section of 5/8-inch steel rebar and lowered into the
open borehole to the desired pre-measured depth. Monterey #8 filter sand was placed around the
tip. Monitored bedrock intervals ranged from approximately 8 to 90 feet. Isolation of the monitored
intervals was achieved by installing seals that ranged from 5 to 45 feet in thickness. Below 200
feet, seals were composed of cement and 5 percent powdered bentonite grout that was tremied into
place and allowed to cure overnight. Seals above 200 feet were installed using Barroid Hole Plug, a
course granulated bentonite, that was hand poured and allowed to swell in place. The remainder of
the borehole was sealed with a grout mix of cement and 5 percent bentonite. A minimum 7 feet of
surface casing with a locking cap was cemented in place at each hole to protect against frost
heaving and to protect the piezometer installation from vandalism.

3.2.3 Seismic Survey

Approximately 4700 lineal feet of seismic refraction profiling was conducted by Northland
Geophysical Company in two locations in the proposed Permit Area from August 23-27, 1988. The
program consisted of a baseline profile (line S1) and one cross-profile (line S2) along the western
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edge of Mine Area 1, and a baseline profile (line S3) and two cross-profiles (lines S5 and S6) along
the northwestern portion of Mine area 2. The locations of the profiles are shown in Plate IV-1.
Northland Geophysical Company's report is included in Appendix G.

The purpose of the seismic profiles was to determine the depth to Tertiary sedimentary bedrock in
selected portions of the proposed mine areas. The locations of the profiles represent areas where
the proposed mine pits could extend into the Moose Creek Valley. The profiles were conducted to
determine the thickness and areal extent of the alluvial/glacial sediments in these areas in order to
provide a basis for evaluating potential mine inflows and hydrologic impacts of mine development.

All of the seismic lines were laid out with a geophone spacing of 25 feet resulting in a nominal
spread of 575 feet. The seismic refractions resulting from the explosive energy source were
recorded by a 24-channel seismic system that consisted of two integrated 12-channel GeoMetrics
digital seismographs. Multiple shots were fired and recorded at each station to achieve reversed
arrivals from the bedrock and a better definition of seismic velocities. The end point locations of
each seismic line were determined by survey crews contracted by Idemitsu Alaska, Inc.

3.2.4 Hydraulic Head Measurement

Hydraulic heads were measured in monitoring wells and piezometers to provide data on
groundwater flow gradients in glacial/alluvial sediments and bedrock. During the period from
August to November 1988, head measurements were taken periodically during the field installation
and testing activities. This period represented the first quarter of baseline monitoring. Head
measurements during the second quarter were taken in February and March 1989. Beginning in
April 1989, monthly head measurements in wells and piezometers were initiated since this was the
beginning of the period when recharge to groundwater from spring run-off could be expected to
occur. Monitoring on approximately a monthly interval was continued through October 1989, after
which a quarterly monitoring interval was initiated and continued through June 1990.

Water levels were measured in 2- and 5-inch monitoring wells by using a Solinst electric water
level probe. This probe consists of an electric water level sensor on a calibrated tape and was used
to measure the depth to the standing water level in the well. During pump testing of H88-15 and 16
a Terra 8D automatic data acquisition system was used to measure water levels in the wells. This
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system utilizes an electric transducer to measure water pressure. Measurements are stored in
electronic memory and software is available to convert measurements to water levels. Water levels
were measured by an electric well probe during pump testing of well H89-29.

Pneumatic piezometers were measured using a pneumatic readout unit. This unit measures water
pressures directly. Pressures are converted to hydraulic head based upon the elevation of the
piezometer tip.

3.2.5 Monitoring Well Testing

Most monitoring wells were hydraulically tested by slug testing methods following well
development. Slug testing provides a method of estimating the hydraulic conductivity and
transmissivity of the screened interval in the well. A Solinst water level tape and a Terra 8D data
logger with an electronic pressure transducer were used to collect the recovery data. The testing
method involved measuring the static-water level in the well, calibrating the Terra 8D and then
removing or introducing a slug of water and monitoring the recovery of the well to static water
level. Tap water from Palmer, stored in newly purchased plastic five-gallon containers, was used as
slug water. The slug tests were performed after the monitoring wells had been sampled so as not to
affect laboratory analytical results.

In addition to slug testing, two bedrock groundwater monitoring wells (H88-15 and H88-16) were
pump tested in 1988 and well H89-29 completed into the old workings of the Premier Mine was
tested in July 1989. Pump test wells H88-15 and 16 were constructed of 5-inch PVC and were
designed as part of a pump test cell that included nearby piezometers to measure drawdowns in the
bedrock aquifer. Well H89-29 was constructed with steel casing and was not part of a test cell
including piezometers. The lithology and construction logs of the pump testing wells are provided
in Appendix A. Wells H88-15 and 16 were screened across a large interval of sedimentary bedrock
to allow testing of a representative section of strata that will contribute to pit inflows. Well H89-29
was screened in mine voids to determine groundwater conditions in the old workings.

MW Drilling out of Anchorage, Alaska, was contracted by Golder Associates Inc. to perform the
pump testing and related activities in 1988. The wells were pumped using a submersible 2-hp
pump powered by a gasoline-driven generator. Water was discharged through a 1-inch galvanized
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drop pipe, a flow meter, and multiple flow control valves. A 75 foot discharge line carried the
water away from the well site. The water discharge rate was continuously monitored and adjusted
when necessary to maintain constant flow rates during the tests.

Pumping rates were chosen based on flow rates produced during the air lifting development, slug
testing and initial short-term step-testing of the wells. Water levels within the wells were
continuously monitored by a Terra 8D data logger equipped with an electronic pressure transducer.
Piezometers were read periodically during pumping and recovery phases using a Petur pneumatic
piezometer readout unit charged with nitrogen gas. Drawdown and recovery data recorded during
the pump test are presented in Appendix D.

Pump testing equipment was initially set up on well H88-16 on November 10, 1988. Pumping
began at 1010 hrs. on November 11 at a rate of 4.5 gallons per minute (gpm) based on development
estimates. This rate turned out to be too high and the pump was stepped down to 2.8 gpm at 1152
hrs. The pump was turned off at 2017 hrs. on the 11th, and the well was monitored to recovery at
1530 hrs. on the 12th. A second pump test was started at 1200 hrs. on November 14 at a rate of 1
gpm. The pump was turned off at 0039 hrs. on the 15th. The well recovered by 1112 hrs. on
November 15.

Pump testing equipment was set up on well H88-15 on November 15, 1988. A step test of the well
began at 1415 hrs. on November 15 at 2 gpm initially and then at 3 gpm after 1636 hrs. The pump
was turned off at 1751 hrs. on the 15th and allowed to recover overnight. The second pump test
began on November 16 at 1128 hrs. at a rate of 4 gpm that was maintained throughout the test. The
pump was shut down at 0021 hrs. on the 18th and the well recovered to within 3 feet of the static by
1624 hrs. on the 18th.

Groundwater monitoring well H88-14 was designed as a 5-inch diameter pump test well in the
glacial/alluvial sediments adjacent to Moose Creek. However, a combination of relatively low
permeability materials in which the well was completed (i.e., saturated alluvial sediments were not
encountered) and minimal saturated thickness made pumping in H88-14 unfeasible. Instead, a slug
test was conducted in H88-14. Well H88-14 was replaced with well H88-14A which was located
immediately adjacent to Moose Creek in alluvial sediments.
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Pump testing in H89-29 was conducted by Tester Drilling under contract to Idemitsu Alaska Inc. A
submersible pump was set at a depth of approximately 200 feet below the top of casing on July 26,
1989. Development of the well was conducted for approximately 2 hours and clean water was
produced almost immediately from the well. The pump test in H89-29 was started at approximately
0910 hours on July 27, 1989 and stopped at approximately 1355 hours on the same day. The well
was pumped at an average rate of 55 gpm and produced only 0.3 feet of drawdown. Approximately
19 hours after turning off the pump the water level had recovered only 0.1 feet to approximately 0.2
feet of drawdown.

3.2.6 Water Quality Sampling and Analysis

The seventeen monitoring wells in alluvial/glacial sediments and bedrock installed in 1988 were
sampled quarterly. Quarterly sampling rounds were taken in November 1988, and February,
May/June, and July 1989. One round of water samples was collected from wells H89-29 and H89-
30 in July 1989. The samples were collected, preserved on ice and then transported within
approximately 24-hours to Inter-Mountain Laboratories, Inc. in Sheridan Wyoming for analysis. A
Quality Assurance Plan describing the sample acquisition, transportation and analysis procedures is
presented in Appendix H.

Samples were collected using a stainless steel bailer or a Hydrostar dedicated sampling pump.
Dedicated Hydrostar pumps were installed in wells H88-10, 11, 12, 13, 15 and 16. The Hydrostar
sampling system used PVC riser pipe, a stainless steel pump and stainless steel sucker rods to
produce non-aerated representative groundwater samples. A pressurized air driven motor was used
to power the pump for withdrawing the water during the November 1988 sampling round. In
February 1989, the air motor could not be used because of site access problems during winter. A
hand-powered pump was used instead. In well H89-29, the water sample was taken during
operation of the submersible pump.

All wells were purged by extracting 2 to 5 times the saturated well volume to ensure that fresh,
representative groundwater flowed into the well prior to sampling. Approximately 3,500 ml of
water in four labeled containers was collected from each well for laboratory analysis. One of the
two metal analysis samples was filtered through a 0.45 micron filter and preserved. Water samples

1vV-14 WBH 2009 Update



for nutrient analysis were also preserved. Additional samples were collected for field
measurements and analysis.

Water samples were analyzed for a comprehensive set of parameters as described in Appendix H.
Field measurements were generally made at the time each sample was taken. These measurements
included pH, conductivity, alkalinity, dissolved oxygen and temperature. In some instances,
equipment problems caused by cold temperatures resulted in measurements being made after
sampling (e.g. indoors) or, in the case of equipment failure, some field measurements could not be
taken.

3.3 Results

3.3.1 Hydraulic Head Data

Monitoring Wells

Water levels measured in monitoring wells through June 1990 are presented in Table 3-3. These
monitoring wells are completed in alluvial sediments adjacent to Moose Creek, in glacial sediments
and in bedrock units. Plots of water levels in monitoring wells are provided in Appendix E-1. A
discussion of water level variations is provided below.

Wells H88-14A, H88-17 and H88-19 were completed in alluvial sediments adjacent to Moose
Creek at the locations shown on Plate IV-1. Well H88-14A had a maximum water level variation
of 6 feet based on one high reading in April 1990. Omitting this reading, the maximum variation of
other readings was only 1.5 feet. Wells H88-17 and H88-19 had variations of 1.3 and 1.5 feet,
respectively. Water levels in these alluvial wells are largely influenced by the level of Moose
Creek. Thus, higher levels in the wells occurred during periods of high streamflow such as during
the spring runoff.

One well, H88-21, was completed in glacial sediments in Mine Area 1. It had a maximum water

level variation of 6.2 feet with the highest levels occurring in May and June and the lowest levels in
the fall and winter.
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In Mine Area 2 wells H88-22, H88-27 and H88-28 were completed in glacial sediments. The
maximum variation in these wells was 6.4, 15.0 and 12.8 feet, respectively. Seasonal fluctuations
were observed with the highest water levels occurring in May to July and the lowest levels in fall
and winter. An exception to this was observed in H88-22 which had a minimum water level in
April 1990.

Wells H88-23, H88-24A and H88-25 were completed in glacial sediments near the proposed slurry
pond. (Well H88-23 may actually be completed in the upper portion of the Tsadaka Conglomerate
or in re-worked Tsadaka sediments based on a color change noted in the drill log of this hole.)
Wells H88-23 and H88-24A have similar hydrographs (see Appendix E-1) with water level
variations of 19.8 and 12.0 feet, respectively. The highest levels were measured in May and June
1990 and the lowest in March 1989. In general, seasonal fluctuations occur, with higher levels in
May to July and lower levels in fall and winter. Well H88-25 had a maximum variation of 11.5 feet
with the highest levels generally occurring in May to August and lowest levels in fall and winter.
However, this well did not respond to seasonal influences the same as the other two wells in the
area. In particular, H88-25 did not show the same increase in water levels in May and June 1990.
This may be related to the lower hydraulic conductivity in well H88-25 compared to H88-24A as
shown in Table 3-5.

On the west side of Mine Area 1 wells H88-10, H88-29 and H88-30 were completed in bedrock at
the locations shown in Plate IV-1. Wells H88-10 and H88-30 were completed in the Premier coal.
Well H88-29 was completed in mine voids from the old underground workings in the Premier coal.
Well H88-10, which is adjacent to Moose Creek, had a maximum water level variation of 16.3 feet
with the highest levels occurring in May to July and the lowest levels in fall and winter. The water
levels in H88-10 ranged from approximately elevation 711 to 727 feet, whereas the elevation of
Moose Creek near this well ranges from 755 to 765 feet. Water levels in H88-29, which was
completed in the old mine workings, varied 10.1 feet with the highest level measured in June 1990.
Water levels in H88-29 ranged from approximately 700 to 710 feet in elevation, which is well
below the 750 to 760 elevation of the adjacent reach of Moose Creek. Water levels in H88-30
varied by 8.9 feet and ranged from approximately 716 to 725 feet in elevation with the highest level
measured in January 1990. The existence of the old mine workings is evidently affecting bedrock
water levels in these three wells. The observation that water levels in the old workings fluctuate
seasonally indicates that groundwater contained in them must be discharging to an elevation below
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700 feet. It is possible that stratigraphic or structural features result in discharge of this
groundwater along Moose Creek at points downstream of the proposed permit boundary, although
no such features have been detected. These water levels also serve to illustrate the poor hydraulic
connection between Moose Creek and the underlying bedrock in the vicinity of the old workings.

In the center of Mine Area 1 well H88-15 was completed over an approximately 200 foot interval
of the Premier Group. This well was used for pump testing of the strata that will contribute to mine
inflow in Mine Area 1. Water levels varied 11.2 feet in this well with the higher levels occurring in
May and June and the lower levels in late summer, fall and winter.

Four bedrock wells were completed in Mine Area 2. Well H88-11 was completed in the Burning
Bed coal. It had a maximum variation in water level of 5.3 feet and showed no discernable
seasonal fluctuations. Well H88-12 was completed in the Eska coal and had a maximum variation
in water level of 4.2 feet. It also displayed no discernable seasonal fluctuations. Well H88-13,
completed in the Jonesville-Premier interbed material, had a maximum fluctuation of 12.2 feet
based on one anomalously high measurement in August 1989. Omitting this reading, the variation
was only 3.8 feet with the highest levels occurring in May and June. Well H88-16 is a pumping
well completed across approximately 350 feet of steeply dipping beds in the Premier Group and
Midway coal. It displayed some apparent seasonal variation in 1990 with water levels increasing by
several feet in May and June 1990.

Piezometers

A summary of piezometric heads measured in pneumatic piezometers is presented in Table 3-4.
Plots of piezometric heads from these piezometers are provided in Appendix E-2 and data are
tabulated in Appendix E-3. Maximum variations in piezometric heads within individual
piezometers ranged from 8.9 to 68.6 feet with the vast majority of variations ranging between 9 and
30 feet. The highest heads in most piezometers occurred in May and June 1990. Relatively high
values were also measured in June and July 1989. The lowest heads were generally measured in the
period of September 1988 to April 1989 or in December 1989. Thus, piezometric heads vary
seasonally with highest levels occurring during spring runoff in May through July and the lowest
heads occurring in fall and winter.
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Some individual piezometers had larger head variations. It is likely that these more variable head
measurements are spurious readings caused by drilling, installation or instrument malfunction.
Drilling and installation effects are caused by the introduction of drilling fluid and grout into the
hole which will result in a disequilibrium between the hydraulic head in the borehole and that in the
surrounding formation. Several hours to days may be required for these effects to dissipate and
hydraulic head equilibrium to be established between the piezometer and the surrounding
formation. Also, during the winter months, extremely cold temperatures may have resulted in
malfunction of the pneumatic piezometers and read-out device (e.g. frozen water vapor in lines).

3.3.2 Seismic Survey Data

The seismic profiles conducted along lines S1 and S2 in Mine Area 1 and lines S3, S5 and S6 in
Mine Area 2 (see Plate IV-1) encountered three major types of material based on seismic velocities.
The uppermost layer is defined by low seismic velocities and consists of soil, loess and loose
sediments. The second layer consists of unsaturated and saturated alluvial and glacial sediments
defined by intermediate seismic velocities. The third layer includes Tertiary sedimentary bedrock
and is defined by relatively high seismic velocities.

The seismic profile results for each line are discussed below. Cross sections along each of the
profile lines are presented in Appendix G and the location of each line is shown in Plate IV-1.

Lines S1 and S2 were located along the west side of the proposed pit in Mine Area 1 where the
proposed pit extends down into the Moose Creek Valley onto what is probably an old stream
terrace. The ground surface along the top of the proposed pit slope ranges from approximately 780
to 800 feet in elevation in this area. The reach of Moose Creek along this portion of the proposed
pit ranges from approximately 745 to 770 feet in elevation.

Line S1 (see Figure 1, Appendix G) extended northwest-southeast along the base of a relatively
steep slope that forms a transition between the Moose Creek Valley (including the current
floodplain and old terraces) and the higher elevation glacial terrain which extends northeast towards
Wishbone Hill. A 4 to 5 foot thick low velocity zone representing surfical soils and loose
sediments was encountered along S1. The bedrock and glacial/alluvial sediment contact along S1
was variable. Starting at the northwest end of the line and extending approximately 180 feet
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southeast along the line, bedrock was detected at 10 to 20 feet in depth. From 180 to 480 feet along
the line, the bedrock contact deepened to approximately 35 to 45 feet below ground surface,
probably indicating an old channel incised up to 25 feet into bedrock. From 480 to 830 feet along
line S1, bedrock was encountered at depths of 15 to 25 feet below ground surface. From 830 feet to
the end of the line at 1120 feet, the contact with competent bedrock deepened to 40 to 90 feet below
ground surface. However, evidence of some competent rock at depths of 25 to 35 feet was also
detected along this section of line S1. Northland Geophysical Company interpreted this as a
possible zone of weathered Tertiary bedrock (see Appendix G). It is also possible that the seismic
profiling was picking-up disturbed zones of bedrock where underground mining has occurred in the
Premier Group.

Line S2 (see Figure 2, Appendix G) was oriented perpendicular to S1 and extended from the Moose
Creek Valley on the west end up a relatively steep slope and into the higher glacial terrain on the
east end. The portion of line S2 in the Moose Creek Valley encountered bedrock at depths of 10 to
25 feet. Line S2 did not encounter the incised channel in bedrock detected along line S1. As the
line extended upslope to the east, the glacial sediments thickened to approximately 60 feet. The
bedrock surface increased in elevation from west to east from approximately 750 feet to 840 feet.

Lines S3, S5 and S6 were located along the northwest side of the proposed pit in Mine Area 2. The
proposed pit in this area extends most of the way down a steep slope separating the higher glacial
terrain from the lower terrain in the Moose Creek Valley (see Plate 1V-1). The ground surface
along the top of the proposed pit slope ranges from approximately 950 to 1000 feet in elevation in
this area. The adjacent reach of Moose Creek ranges from approximately 925 to 975 feet in
elevation.

Line S3 (see Figure 3, Appendix G) extended northeast-southwest along the base of a relatively
steep slope that forms the transition between the Moose Creek Valley and the higher elevation
glacial terrain that extends up to Wishbone Hill. A 3 to 5 foot thick layer of low velocity material
representing surficial soils was encountered along the northeastern half of the line. An intermediate
velocity zone, approximately 5 to 20 feet thick, was encountered underneath the surficial material.
The intermediate velocity material probably represents glacial sediments on the northeastern half of
the line. A high velocity zone representing bedrock was encountered below the intermediate zone.
On the southwestern half of the line, the shallow low velocity zone was absent and an intermediate
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velocity zone, ranging from 5 to 10 feet thick, was encountered directly overlying bedrock. The
shallow zone along this section of the line may represent Moose Creek floodplain deposits. No
significant channels or other irregularities in the bedrock surface were detected along line S3.

Lines S5 and S6 (see Figures 4 and 5, Appendix G) were oriented perpendicular to S3 and extended
from the Moose Creek Valley up a steep slope and onto higher elevation terrain to the southeast.
The seismic stratigraphy of these cross profiles was similar to line S3. On the Moose Creek Valley
floor, bedrock was overlain by 5 to 10 feet of intermediate velocity materials probably representing
alluvium. As the lines extended upslope, a 3 to 5 foot thick layer of low velocity surficial soil
material was found overlying a 10 to 15 foot thick layer of intermediate velocity material, probably
comprised of glacial sediments. The bedrock surface showed no significant erosional channels or
other irregularities.

3.3.3 Aquifer Test Data

Slug Tests

Hydraulic properties of the bedrock and glacial/alluvial sediments were estimated with falling head
slug tests. Hydraulic conductivities were calculated with the Hvorslev basic time lag method
(Hvorslev, 1951). Values for transmissivity were then calculated by multiplying hydraulic
conductivities by the length of saturated sandpack in each well. Test data and calculations are
provided in Appendix C. Table 3-5 is a list of the values for hydraulic conductivity and
transmissivity that were determined for each monitoring well.

In the glacial/alluvial wells that had water levels below the top of the sandpack, saturated thickness
was taken to be the interval from the bottom of the sandpack to the water table. Inaccurate early-
time data due to slug water initially filling the sandpack produced deviations from the theoretical
straight line. However, later time data generally displayed the straight line necessary for acceptable
analyses.

Calculated hydraulic conductivities from slug tests in glacial/alluvial sediments varied widely.
Values obtained from wells in glacial sediments ranged from 0.1 to 4.2 ft/day with the exception of
one value of 0.008 ft/day from well H88-25. Two tests from wells in alluvial sediments yielded
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values of 10.3 and 52.4 ft/day. The higher values in alluvium reflect a significantly smaller fines
content in these sediments than in the glacial deposits as observed in the field and described in the
borehole logs presented in Appendix A.

Calculated hydraulic conductivities in bedrock ranged from 0.005 to 4.7 ft/day. The slug test in
well H88-10 recovered too rapidly for analysis (i.e., the hydraulic conductivity was too high). This
well is located in an area where underground mining in the Premier Group has occurred previously.
Thus, the hydraulic conductivity in H88-10 has probably been significantly enhanced by mining
and associated disturbance in bedrock.

Pump Tests

Pump tests to determine representative formation hydraulic conductivities of the bedrock aquifer in
Mine Areas 1 and 2 were performed in wells H88-15 and H88-16, respectively. The spatial layout
and cross sections of the H88-15 and H88-16 pump test cells are shown in Figures 3-4 and 3-5,
respectively. A pump test was also conducted in well H89-29 which was completed in the old
workings of the Premier Mine. This test was conducted to determine groundwater conditions in the
old workings.

During the tests in H88-15 and H88-16 pumping and recovery data were collected in the pump
wells with a Terra 8D computerized data acquisition system. In addition, piezometric levels were
monitored periodically during the pump test in the nearby piezometers. Water level data were
collected with an electric water level probe during testing of well H89-29.

Several analytical approaches were used to evaluate the H88-15 and H88-16 pump test data and
determine aquifer parameters. Drawdown and recovery data were analyzed using the Theis curve-
matching method for non-leaky confined aquifers (Theis, 1935), the Hantush-Jacob curve-matching
method for leaky confined aquifers (Hantush and Jacob, 1955), and the Jacob straight line method
for non-leaky confined aquifers (Jacob, 1946). Recovery data were analyzed using the Theis
recovery method (Theis, 1935). These methods were used to determine transmissivity and
hydraulic conductivity of the pumping well. Piezometer data were analyzed to estimate
transmissivity and hydraulic conductivity as well as specific storage of the bedrock. The data from
well H89-29 were not amenable to analysis using standard methods because the well was
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completed in mine voids which responded to pumping as essentially a reservoir. The results of this
test are discussed below. Test data and detailed analyses are presented in Appendix D.

Well H88-15 was located in relatively flat-lying Premier Group strata as shown in Figure 3-4. The
well was pumped for approximately 3000 minutes at a rate of about 4 gpm. The maximum
drawdown in the well was approximately 80 feet at the end of the pumping period. Recovery of the
well was 99 percent complete within 209 minutes after shutting off the pump. Drawdown in
response to pumping was measured in the three piezometers in hole PB-105, which is located
approximately 250 feet from the pumping well. The maximum drawdown in the three piezometers
ranged from 7 to 15 feet. Considering the heterogeneous nature of the bedrock, these drawdowns
were quite uniform and indicate that the bedrock responded to pumping as a continuous unit at PB-
105. Piezometers in holes PB-8 and PB-60, located approximately 400 and 800 feet from the
pumping well, respectively, did not have a measurable response to pumping. Piezometers in hole
PB-7, located approximately 450 feet from the pumping well, responded erratically during the test.
It is expected that readout instrument error or frozen water vapor in the piezometer lines may have
resulted in the erratic readings. A clear response to pumping could not be determined in PB-7. The
lack of response in holes PB-7, 8 and 60 was probably a result of their greater distance from the
pumping well.

The transmissivity calculated from the drawdown data in H88-15 is approximately 5 ft’/day (see
Figures D-1 and D-2, Appendix D) which corresponds to an average hydraulic conductivity of the
test interval of 0.02 ft/day. Recovery data in H88-15 indicate a transmissivity of 2 ft*/day and a
hydraulic conductivity of 0.01 ft/day (see Figure D-3, Appendix D). The transmissivity values
calculated from the PB-105 piezometer data range from 14 to 30 ft*/day. Specific storage values
range from 2 x 107 to 4 x 107 ft™* (see Figure D-7, Appendix D).

The differences in transmissivity values calculated from drawdown data taken from H88-15 and
piezometers in PB-105 are typical of a heterogeneous aquifer. They may result from a number of
factors relating to the natural variability of the bedrock and the fact that simplifying assumptions
made in the analytical models are seldom met in nature. The individual piezometers measured
drawdown in only a discrete portion of the pumped interval in H88-15 (i.e. the completion interval
of the piezometer as indicated in Figure 3-4 and Appendix B) and therefore are not representative of
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the entire pumped interval. The best estimate of the transmissivity of the entire pumped interval at
the location of H88-15 is 2 ft*/day which was calculated from data obtained in the pumped well.

The pump test data from well H88-15 start to deviate from the non-leaky Theis curve at
approximately 60 minutes into the test (see Figure D-1, Appendix D). The drawdown curve
approaches horizontal until a time of approximately 600 minutes into the test when drawdown data
again start to increase with time. There are several possible explanations of these data. Assuming
the zone being pumped behaves as a confined aquifer, the initial flattening of the drawdown curve
at 60 minutes could indicate vertical leakage into the pumped zone from overlying and/or
underlying units, or it could indicate a recharge boundary such as a permeable fault or lateral
change to a higher transmissivity formation. The second deviation at 600 minutes may reflect
another boundary (i.e. no-flow boundary) such as a low permeability fault or lateral change to a
lower transmissivity formation. The drawdown data could also indicate a change from confined to
unconfined conditions in the pumped zone (e.g., a delayed yield response). There are a number of
structural and stratigraphic features near well H88-15 that could contribute to the drawdown
response that was measured (see Figures 3-5 and 4-1). The later time drawdown effects do not
affect the estimate of transmissivity made from the early time data when measured drawdown falls
along the Theis curve.

Well H88-16 is located in steeply dipping (i.e. 55 degrees) Premier Group strata as indicated in
cross section A-A' in Figure 3-5. The well was pumped for approximately 800 minutes at a rate of
1 gpm. The maximum drawdown in the well was approximately 46 feet at the end of the pumping
period. Recovery in the well was complete within about 1350 minutes after shutting off the pump.
During the pumping period measurable drawdown was not observed in any of the piezometers in
holes PB-12, PB-102 and PB-13 located approximately 165, 235 and 260 feet from the pumping
well, respectively.

The transmissivity calculated from the drawdown (see Figures D-4 and D-5, Appendix D) and
recovery (see Figure D-6, Appendix D) data in H88-16 is approximately 2 ft’/day which
corresponds to an average hydraulic conductivity over the pumped interval of approximately 0.006
ft/day.
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Hydraulic conductivity is a highly variable parameter in most natural geologic materials. The
values that were obtained from the pump tests in H88-15 and H88-16 are applicable at the location
and scale of the tests but may vary at other locations. The major purpose of running the large-scale
pump tests was to test a large volume of the bedrock and thus obtain representative large-scale
values of hydraulic conductivity.

Various errors may be associated with field testing for hydraulic conductivity. In general, the errors
associated with equipment measurement (i.e. water level probes, flow meters) will be relatively
small, on the order of 10 percent or less. The possible errors associated with the calculation of
hydraulic conductivity by analyzing test data using an idealized model (i.e Theis analysis, Hantush
analysis, etc.) will be more significant and can range up to several hundred percent depending on
the degree to which the natural system meets the assumptions inherent in the analytical models.

The strata tested in both H88-15 and H88-16 are stratigraphically and structurally complex and,
therefore, do not meet many of the assumptions inherent in standard pump test analysis methods
(e.g. homogeneous isotropic aquifer with infinite areal extent). Therefore, the pump test results
should be considered order of magnitude estimates. Qualitatively they indicate that the bedrock
units are of relatively low permeability and can be expected to produce very limited amounts of
water to wells or open excavations.

Well H89-29 which is completed into the open mine voids of the old Premier Mine was pumped at
55 gpm for a period of 285 minutes. The water level in the old workings decreased about 0.25 feet
due to pumping. The pump test results indicate that the old workings behaved as an open reservoir
rather than a porous media. Therefore, hydraulic conductivity is not a relevant parameter and the
test could not be analyzed using standard aquifer analysis techniques.

The test data were analyzed (see Appendix D) to estimate the area of old workings that were
influenced by the test. Based on the known volume of water pumped, the observed drawdown, an
estimated extraction ratio at 50 percent in the old mine, and an estimated width of the mine of 17.4
feet (based on a 10 foot seam dipping at 35 degrees), the total length of old workings affected by
pumping was 964 ft. This is approximately one half of the total length of workings on the west side
of Moose Creek. These results indicate that the old workings may not be directly connected
hydraulically over their entire length of approximately 3,600 feet. However, sustained pumping for
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days or weeks coupled with monitoring of water levels in the old workings would be required to
accurately determine the degree of connection. This testing is best conducted during actual
dewatering of the old workings prior to mining (see Part D, Section 11.0).

Recovery of water levels was relatively slow with a total recovery of about 0.1 foot in 1126 minutes
(see Appendix D). Using the same ratio of drawdown to volume pumped that was observed during
the pump test, a recovery rate of about 5 gpm was estimated for the old workings (see Appendix D).

3.3.4 Groundwater Quality Data

Laboratory analyses of groundwater samples were conducted by Inter-Mountain Laboratories, Inc.
The original laboratory reports of analytical data are presented in Appendix F along with laboratory
QA/QC procedures.

Field parameters for the quarterly groundwater sampling are presented in Table 3-6. Results of the
laboratory analyses of quarterly groundwater samples are summarized in Table 3-7.

The analytical results obtained for well H88-13 may not be representative of actual groundwater
chemistry based on drilling and sampling considerations. Mud was used during the drilling of H88-
13 to prevent collapse of the borehole. The use of mud probably caused the high dissolved solids
content that has been measured in this well.

The initial sampling results from well H88-25 are also probably not representative. Well H88-25
was a low producer and well development prior to sampling was very difficult. Therefore, high
levels of dissolved solids in the initial sampling round may reflect the lack of adequate well
development. Lab results from the February, May/June and July, 1989 sampling event for this well
show a decrease in concentrations for most of the analytical parameters, probably indicating a
return to native water composition.

Field measurements and laboratory analyses of samples collected during the four rounds of
sampling indicate that groundwaters at the site have variable water quality. Ignoring well H88-13,
which is still considered unrepresentative due to the use of mud during drilling, the groundwaters
have pH values ranging from 6.1 to 11.5, total dissolved solids from 66 to 834 mg/I, total hardness
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from 4 to 191 mg/l, total alkalinity from 4.1 to 1521 mg/I, and acidity less than 1 mg/l. A detailed
discussion of the groundwater quality results is presented below.

Field Parameters

Field parameters obtained during the November, 1988 and February, May/June and July, 1989
sampling events are summarized in Table 3-6. Values of pH measured in the field vary from
slightly acidic (6.06) to basic (11.45), and generally fall between 6.5 and 8.8. The pH values for
wells completed in the glacial/alluvial units range from 6.06 to 8.46 and average 7.3. Bedrock
wells show a wider range of pH values from 6.96 to 11.45 and average 8.9. Laboratory
measurements of pH were generally within one standard pH unit of the field measured value.

Groundwater from bedrock well H88-12 consistently had pH values in the 9.7 to 11.4 range
whereas groundwater from all other wells was generally below pH 9. Well H88-12 is completed
into the Eska coal unit. The Eska coal also had the highest pH value reported in the
overburden/interburden geochemistry data in Part C, Chapter 111 (i.e. a pH value of 9.2). The reason
for the anomalously high pH values in well H88-12 is not known.

Field conductivity measurements ranged from 96 to 1441 pmhos/cm. Conductivity values for the
glacial/alluvial wells ranged from 96 to 741 pumhos/cm, with a mean value of 217 pumhos/cm.
Higher conductivity values were measured in bedrock wells and ranged from 260 to 1441
umhos/cm, with a mean value of 698 pmhos/cm.

Concentrations of total dissolved solids (TDS) ranged from a minimum of 66 mg/l to a maximum
of 834 mg/l excluding well H88-13. During November, 1988 a TDS concentration of 2750 mg/I
was measured in H88-13, where mud was used during drilling. The values measured during the
succeeding three rounds were 1984, 1850 and 2008 mg/Il, respectively. All wells completed in
glacial/alluvial units had relatively low concentrations of TDS (66 to 202 mg/l), with the exception
of H88-25. As mentioned above, the November chemical results from this well may not be
representative. TDS values in this well were 716, 132, 140 and 190 mg/| for the November, 1988,
and February, May/June, and July, 1989 rounds, respectively. Relatively high TDS concentrations,
greater than 600 mg/I, also occurred in bedrock wells H88-11, 12, 13, and 30.
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Dissolved oxygen concentrations in groundwater averaged about 12 mg/l for both glacial/alluvial
and bedrock wells. Values ranged from 8.3 to 14.4 mg/l in all the wells, excluding H88-13. These
values are at or near the solubility limit for oxygen and are similar to oxygen concentrations
measured in surface waters.

Trace Constituents

The concentrations of trace constituents, primarily metals, in groundwater samples were generally
quite low. Dissolved mercury was not detected in any of the groundwater samples at concentrations
above the detection limit of 0.001 mg/l. Barium was detected in well H88-10 at a concentration of
1.1 mg/l and in wells H88-13 and H89-29 near the detection limit of 0.5 mg/l. Arsenic was
measured in wells H88-11, H88-12 and H89-30 at concentrations near the detection level of 0.005
mg/l and one anomalous result of 0.20 mg/l from well H88-10 in the May/June, 1989 round.
Cadmium and zinc were frequently detected in multiple wells (see Table 3-7 for details), and
copper and lead less frequently, but concentrations were always at or near the detection limits for
these constituents. Selenium was detected only during the February sampling event in wells H88-
11, 23, 25, 27, and 28 at concentrations of 0.007, 0.01, 0.007, 0.01 and 0.01 mg/Il, respectively.
Aluminum was also detected in several wells at or near the detection level of 0.1 mg/l. Although an
aluminum concentration of 2.6 mg/l was measured in H88-22 during November 1988, the
February, May/June and July 1988 analysis indicated an aluminum concentration of 0.1, 0.2 and
<0.1 mg/l respectively. Similarly, values of 1.5 and 1.7 mg/l for aluminum were detected in the
November, 1988 and February samples of well H88-12, with subsequent results dropping to 0.4
mg/l in May/June and below the detection limit in July. All of the July, 1989 samples showed
aluminum concentrations below detection limit.

Nutrients

Nutrient levels in the groundwater samples were variable. Total organic phosphorous
concentrations ranged from the detection limit of 0.001 to 3.11 mg/l, with a mean for the
glacial/alluvial wells of 0.70 and a mean of the bedrock wells of 0.042. Concentrations were
typically at or near 0.1 mg/l and values greater than 1 mg/l were reported in H88-19, 22, 23, 25 and
217.
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Total Kjeldahl nitrogen (TKN) concentrations up to 206 mg/l were detected in the groundwater
samples, but averaged 7 mg/l for the glacial/alluvial wells and 0.9 mg/l for the bedrock wells. The
unusually high value of 206 mg/l TKN reported for H88-19 during November, 1988 appears
anomalous when compared with the other values of 10.8 and 38.8 mg/l from the May/June and July
1989 rounds. However, all the TKN values from this well appear unusually high. Without the 206
mg/l value from well H88-19, the mean TKN value for all other wells drops to 2.9 mg/Il. For all the
sampling events, nitrate concentrations were low, typically less than 1.0 mg/l. A nitrate value of
7.54 mg/l was reported in H88-22 for the February 1989 sampling round and values between 1.0
and 2.55 mg/l were reported in wells H88-17 and H88-27. Nitrite was consistently below the
detection limit of 0.01 mg/l with a few exceptions at or near the detection limit in wells H88-17, 21,
23, 24A, and 25.

Major lonic Constituents

The predominant dissolved chemical constituents in groundwater in the project area were calcium,
sodium, potassium and bicarbonate. The maximum concentrations for these constituents were 57,
351, 8.8, and 906 mg/I, respectively.

Bicarbonate was the dominant anion in water samples from all wells, with the exception of H88-12
and H88-25. The carbonate anion was the dominant species in well H88-12 as a result of the high
pH during the November, 1988 and February, 1989 rounds with the bicarbonate anion nonexistent.
During the May/June, 1989 round the bicarbonate anion was dominant but significant amounts of
carbonate were also present. During the July, 1989 round the carbonate anion was dominant but
significant amounts of bicarbonate were present. The pH values vary correspondingly with the
carbonate/bicarbonate ratios. Chloride was the dominant anion in well H88-25 with bicarbonate
secondary.

Sodium and potassium were typically the predominant cationic species in water collected from
wells completed in the bedrock units. However, in wells H88-10 and H89-29, calcium was the
major cationic species while sodium and potassium were of secondary importance.

Water samples collected from wells completed in the glacial/alluvial units showed a greater
variability in cation chemistry than water samples from the bedrock units. Calcium was the major
cation in all wells except H88-19 and 14A where calcium was the predominant cation while sodium
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and potassium were of secondary importance. Sodium and potassium were the predominant cations
in wells H88-24A and 25 while calcium had become the secondary cationic species.

The predominant chemical characteristics of the groundwater at the site can be illustrated
graphically using the representations of Piper (1944) and Stiff (1951). The trilinear diagram
proposed by Piper (Figures 3-6 to 3-9) permits the composition of a water sample to be represented
by a single point on a graph. This facilitates comparison of numerous water samples to determine if
the water samples are compositionally similar or whether significant variations exist in the
inorganic water chemistry. The trilinear plot uses two equilateral triangles, one for anions and one
for cations. lonic concentrations are expressed in milliequivalents per liter. Each vertex represents
100 percent of a particular ion or group of ions. The cationic composition of a water sample is
plotted in the cation triangle, and the composition with respect to anions is represented by a point
plotted in the anion triangle. The coordinates at each point add to 100 percent. The diamond-
shaped field between the two triangles is used to represent the composition of water with respect to
both cations and anions. The cation and anion points plotted in the triangular fields are extended
into the central plotting field by projecting them along lines parallel to the upper edges of the
central field. The intersection of the lines represents the composition of the water.

Figure 3-6 displays the analytical results of the November, 1988 groundwater samples plotted on a
trilinear diagram. The February, May/June and July, 1989 results are shown on Figures 3-7 to 3-9.
The water chemistry of the bedrock wells with the exception of H89-29 and H88-10 clusters tightly
at the bottom portion of the central diamond field indicating the dominant sodium-potassium-
bicarbonate composition. Water compositions for most of the glacial/alluvial wells in the
November 1988 and February 1989 sampling rounds plot closely together in the left side of the
central diamond field which indicates a calcium-bicarbonate composition. Water compositions
during these rounds for H88-14A, 24A, and 25 plot more towards the center of the diamond field
indicating the increased percentage of sodium and potassium in these samples. Plots of
glacial/alluvial wells have moved upwards and towards the center of the diamond field in the
May/June and July sampling rounds, indicating higher calcium and chloride concentrations.

In Stiff diagrams the analytical values for a water analysis are plotted along horizontal axes. These
axes are separated from each other and are divided by a vertical center line. Cation concentrations
are plotted on one side of the center line and anion concentrations on the other. Joining the plotted
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concentration points for a particular water analysis produces a polygon with a shape that is
characteristic of the particular water composition. Stiff diagrams of similar shape imply similar
water compositions.

Figures 3-10 and 3-11 are Stiff plots of the analytical data from the four sampling rounds for
bedrock and glacial/alluvial wells, respectively. Analytical data for the individual constituents for
the sampling rounds were averaged to produce a composite diagram characterizing the groundwater
chemistry of each well.

The water compositions of the bedrock wells are presented in Figure 3-10. The characteristic shape
of the Stiff diagrams for the bedrock wells graphically illustrates the sodium-potassium-bicarbonate
composition of these waters.

Stiff diagrams displaying water composition for the glacial/alluvial wells are presented Figure 3-11.
These groundwaters are more variable in composition than groundwaters from the bedrock wells.
Three general types of water composition were identified. Water from the glacial/alluvial wells
may be characterized as either calcium-bicarbonate composition (H88-21, 22, 28, 17, 23 and 27),
calcium (sodium and potassium)-bicarbonate composition (H88-19, and 14A), or variable sodium
and potassium dominant water types (H88-24A, and 25). The groundwater composition in well
H88-19 may be influenced by the old mine tailings that overlay the sand unit in which the well was
screened.

40  ANALYSIS OF SITE HYDROGEOLOGY

41 Groundwater Flow System

4.1.1 Hydrostratigraphy
The detailed geology of the proposed Permit Area is described in Chapter Il of this permit

application. This section presents an overview of the geological conditions in each of the two
proposed mine areas as they relate to the groundwater flow regime.
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The proposed Permit Area is underlain by Tertiary sedimentary bedrock of the Chickaloon,
Wishbone and Tsadaka Formations. The Chickaloon Formation is comprised of shale, claystone,
siltstone, sandstone, coal and pebble conglomerate. The upper Chickaloon contains the major coal
groups that will be mined including, from top to bottom, the Jonesville Group, the Premier Group
and underlying Midway Seam, the Eska Group and the Burning Bed Group. Individual beds within
the upper Chickaloon Formation tend to intergrade and vary in thickness over relatively short
distances. Coal beds within the well defined groups tend to grade laterally into carbonaceous shale
and claystone.

The Wishbone Formation is comprised of pebble conglomerate, sandstone and siltstone. The unit
as a whole is competent and well cemented. It tends to contain finer sediments in its lower portion
where it grades into the Chickaloon Formation.

The Tsadaka Formation is comprised of pebble conglomerate, sandstone, siltstone and silty
carbonaceous shale. Spatially the Tsadaka Formation is discontinuous and not well defined across
the site. It is believed to be poorly indurated and friable.

The sedimentary bedrock is overlain by Quaternary deposits including glacial outwash, glacial drift,
ice-marginal deposits, esker-kame terrace deposits, stream terrace gravels, alluvium, colluvium and
aeolian loess. The glacial deposits, where they were encountered in boreholes, ranged from well-
graded gravels and gravel-sand mixtures with little or no fines and 5 to 25 percent cobbles and
boulders, to silty sands and tills. (Grain size analyses of soil samples from glacial wells H88-21
and 22 are presented in Part C, Chapter V.) The stream alluvium consists of coarse gravel to coarse
sand with some cobbles, boulders, and silt and a trace clay. The colluvium and aeolian loess is
found in a surficial soil layer over portions of the site and is generally less than 5 feet thick.

A Dbedrock geologic map of the site is presented in Figure 4-1. Representative geological cross-
sections located on Figure 4-1 have been constructed through each of the two mine areas. These
sections, which include water levels in wells and piezometers, are presented in Figures 4-2 to 4-7

(Figure 4-2 is a legend for the cross-sections).

Mine Area 1
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Section B-B', shown in Figure 4-3, runs northwest-southeast through the western portion of Mine
Area 1. The Premier Group and underlying Midway Seam dip to the northwest. Portions of the
Premier have been removed by previous room and pillar mining operations in this area. Data from
wells H89-29 and H89-30 (not on section B-B') indicate that water level elevations in the old
workings are approximately 710 feet (see Section 3.3.1). The piezometric levels measured in hole
PB-101 may also be affected by the previous mining activities. As indicated in Figure 4-3, the
piezometric head in the Premier Group (Piezometer No. 3 in hole PB-101) is below the top of the
Premier and below the level of Moose Creek.

Section D-D' (Figure 4-4) runs northwest-southeast through the eastern portion of Mine Area 1.
The northwest end of the section encounters an area of southeast dipping Jonesville Group coal
which is separated from relatively flat-lying Premier Group coal by a northeast-southwest trending
fault. The major portion of the cross-section lies in the Premier Group Coal until at the southeast
end, another fault is encountered and the Wishbone Formation truncates the Premier Group.
Piezometric levels in the coal groups generally decrease to the southeast. The heads in the Midway
Seam underlying the Premier Group are about 20 feet higher than the corresponding heads in the
Premier.

Cross-section G-G' (Figure 4-5) runs northeast-southwest through the eastern part of Mine Area 1.
It shows the flat-lying Premier Group coal bounded on the southwest by the Tsadaka Formation,
which has been faulted up against the Premier and on the northeast by the Wishbone Formation,
which has also been faulted up against the Premier.

Mine Area 2

Section I-1' (Figure 4-6) runs northwest-southeast through the western portion of Mine Area 2. All
four of the coal groups are represented on this section. They dip steeply to the southeast. The
Premier Group is repeated due to the presence of a thrust fault on the southeast end of the cross-
section. Other thrust faults are also located along this cross-section.

Section M-M' (Figure 4-7) runs northwest-southeast through the eastern portion of Mine Area 2.
This section intersects all four major coal groups, but does not have the thrust faults shown in
Section I-I'. As in Section I-I', the coal beds dip steeply to the southeast.
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4.1.2 Hydrogeologic Units

Two major hydrogeologic units occur within the proposed Permit Area. Sedimentary bedrock,
which includes the target coal seams and underlies the site comprises the first unit. Glacial
sediments and alluvial deposits comprise the second major unit.

Bedrock Unit

Tertiary sedimentary bedrock including the Tsadaka, Wishbone and Chickaloon Formations
comprises the bedrock hydrogeologic unit at the site. As discussed in Section 4.1.1, both the
Tsadaka and Wishbone Formations consist mainly of pebble conglomerate, sandstone and siltstone.
The Chickaloon Formation is comprised of the same materials but also includes a significant
proportion of claystone, shale and coal. Individual beds in the Chickaloon tend to intergrade
laterally and vary in thickness over short distances. The majority of the bedrock is well indurated,
relatively competent rock.

Structural features including folds and faults have added complexity to the bedrock hydrogeologic
unit. In some instances, faults have caused significant lateral or vertical offset of beds.

Where hydraulically tested in small-diameter monitoring wells and large-diameter pumping wells,
the bedrock hydrogeologic unit has generally exhibited low hydraulic conductivity in the range of
0.005 to 0.03 ft/day (with the exception of wells H88-10 and H89-29, which are affected by the old
underground workings in the Premier Mine). Direct observational data from the pumping tests in
wells H88-15 and H88-16 indicate that the hydraulic response to pumping is limited in areal extent.
These wells, which were open to several hundred feet of bedrock, produced only between 1 and 4
gpm during sustained pumping. Thus, no significant water producing zones in bedrock were
identified in either pumping well. The bedrock hydrogeologic unit is best characterized as a
heterogeneous, uniformly low permeability unit. It would normally be considered an aquitard
rather than an aquifer based on its permeability and yield. Because the bedrock is a heterogeneous,
low-permeability and structurally complex unit, the degree of hydraulic interconnection in the unit
is low to moderate causing piezometric heads to vary both horizontally and vertically within the
bedrock.
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The bedrock formation has been faulted as shown in Figure 4-1. The old Premier and Buffalo
mines encountered faults in underground workings according to Barnes and Payne (1956) who
reported that mining in faults required additional underground support. They did not report any
significant increases in mine inflow associated with the faults. They indicated that significant
gouge zones are associated with faults. During the geotechnical drilling program for the proposed
mine (Golder Associates Inc., 1989) angle hole PB-103 penetrated a fault zone at a depth of 280
feet on the north side of Mine Area 2. The core information indicated a brecciated zone with
moderate weathering and a high clay content characteristic of gouge.

Based on the available information, it is anticipated that faults will be generally low permeability
features because of weathering and high clay content. It is possible that significantly higher
permeability zones may be associated with fractures or faults in the bedrock. However, these
zones, if they exist, should be fairly localized and should not change the basic consideration of
bedrock as a low permeability unit.

Glacial/Alluvial Unit

Glacial and alluvial sediments are combined into a hydrogeologic unit. Glacial sediments are
extensive across the site whereas alluvial sediments are mainly confined to the Moose Creek
Valley. Groundwater in this hydrogeologic unit is generally under unconfined conditions. This
unit forms the uppermost aquifer at the site.

Glacial sediments are composed of a wide variety of materials ranging from clayey and silty sands
to well-graded gravels. Glacial sediments range in thickness from 5 to well over 100 feet and
directly overlie bedrock over most of the site.

The glacial sediments are stratified and individual layers are not continuous over significant
distances. During drilling of these sediments, zones of hard material were encountered reflecting
large rocks and/or zones of cementation. Localized perched groundwater conditions (i.e. saturated
zones above the regional water table) were encountered during drilling. Generally these localized
zones were perched on silt and clay layers or on cemented zones and could not be traced between
drill holes. Thus, there are no mappable aquifer and aquitard zones within the glacial sediments at
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the scale of the well spacings on the site. Instead, the glacial sediments comprise a heterogeneous
unconfined aquifer.

Fluvial processes in Moose Creek have sorted the glacial sediments leaving alluvium deposits
comprised of cobbles, gravel and sand with some silt and clay. The alluvial deposits are of limited
areal extent. They primarily are confined to the existing stream channel and flood plain of Moose
Creek as evidenced by monitoring wells installed near Moose Creek that penetrate unworked
glacial sediments (e.g. H88-14). Moose Creek is apparently flowing on or just above bedrock along
much of its reach in and adjacent to the proposed Permit Area based on seismic information
presented in Section 3.3.2 and drillhole data from wells penetrating Moose Creek alluvium (see
Appendix D).

The extent and saturated thickness of the alluvial and glacial sediments are shown in Figure 4-11.
Generally, the saturated alluvial sediments along Moose Creek are less than 20 feet thick. Saturated
glacial sediments range from less than 20 to approximately 40 feet in Mine Area 1 and
approximately 20 to 60 feet in Mine Area 2.

4.1.3 Hydraulic Parameters

Hydraulic parameters were measured in slug and pump tests conducted in bedrock and
glacial/alluvial units. The distribution of hydraulic conductivity values measured in the two units is
shown in Figure 4-8.

Bedrock hydraulic conductivities generally fall within the range of 0.005 to 0.03 ft/day. Values
obtained from both slug tests and pump tests are consistently in this range. An exception to this
range is a value of 4.7 ft/day measured in well H88-12. This well is completed into the Eska Group
and represents the only test conducted in the Eska. Although it may indicate that the Eska is
significantly higher in hydraulic conductivity than the other coal units, it is considered more likely
that this hole encountered a zone of more extensive fracturing that may not be characteristic of the
Eska at other locations. Two values of specific storage in bedrock of approximately 2 x 107 and 4
x 107 ft* were obtained from the H88-15 pump test. Specific yield (i.e. drainable porosity) of the
bedrock is likely to be quite low, probably 2 to 10 percent based on the material types.

1V-35 WBH 2009 Update



The overall average hydraulic conductivity of the bedrock is low. It is expected that the higher
permeability strata will include sandstone and coal units. Siltstone, claystone and shale units will
have very low hydraulic conductivities. Where strata are relatively flat-lying, the siltstone,
claystone, and shale units will limit vertical leakage into the sandstone and coal. Where strata are
steeply dipping the siltstone, claystone, and shale units will tend to form sub-vertical barriers to
horizontal flow.

The hydraulic conductivity of the glacial sediments is highly variable. Figure 4-8 indicates that
hydraulic conductivities determined from slug tests range from approximately 0.008 to 4 ft/day with
most values falling between 0.1 and 1.4 ft/day. This range of hydraulic conductivities reflects the
variability of material types in the glacial sediments. In general, the hydraulic conductivity of the
glacial sediments is probably one to two orders of magnitude greater than the bedrock. The specific
yield of the glacial sediments can be expected to be in the range of 5 to 15 percent based on
material type.

Hydraulic conductivity of the alluvial sediments has been measured in two slug tests as indicated in
Figure 4-8. This material exhibits the highest values measured in any materials at the site, ranging
from approximately 10 to 50 ft/day. Hydraulic conductivity of stream alluvium is high because the
material consists primarily of sand and gravel with little silt and clay content. The specific yield of
stream alluvium is probably in the range of 10 to 20 percent.

4.1.4 Potentiometric Surface and Groundwater Flow

The uppermost aquifer in the proposed Permit Area includes glacial and alluvial sediments.
Groundwater in this hydrogeologic unit is generally under unconfined or water table conditions.
Approximate water table contours in the glacial/alluvial sediments are shown in Figure 4-9. These
contours are based on water levels in wells completed in glacial and alluvial sediments, on the
location and elevation of surface streams and lakes, and on the overall topographic contours at the
site.

Figure 4-9 indicates that there is a major groundwater divide coinciding with a major topographic
divide running northeast-southwest through the site. Groundwater flow is generally north and south
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from this divide. Horizontal gradients are variable, ranging from approximately 0.04 to 0.30 with
the most common value around 0.09.

The uppermost aquifer is very heterogeneous because of the variability of the sediments of which it
is composed. It is likely that many small-scale deviations in the general flow directions shown in
Figure 4-9 will exist due to the aquifer variability and local topographic influences. It is also likely
that localized perched water table zones will exist in areas where infiltrating water encounters
layers of low permeability silt and clay within the sediments.

Piezometric levels measured in piezometers completed in bedrock are shown in Figure 4-10. This
figure also presents water levels measured in monitoring wells completed in both bedrock and the
glacial/alluvial sediments. In most of the bedrock holes there is a general decrease in piezometric
level with depth indicating downward flow in the bedrock. However, there is significant variability
in piezometric levels in bedrock, probably as a result of the heterogeneity and low permeability of
the bedrock. As a result, there is also a high degree of variability in horizontal and vertical
hydraulic gradients in the bedrock as indicted in Figure 4-10.

In areas where glacial/alluvial and bedrock wells are located adjacent to each other (e.g. H88-14
and H88-10, H88-27 and H88-13) there is a downward gradient from the glacial/alluvial sediments
into the bedrock. Thus, at these locations bedrock is being recharged by vertical flow from the
glacial/alluvial sediments.

In the westernmost area of the site, old mine workings exist in the Premier Coal Group. Well H89-
29 was completed in the mine voids on the eastern side of Moose Creek and well H89-30 was
completed in the mined interval (but did not encounter voids) on the western side of Moose Creek.
These wells indicate that the water level in the old mine workings is at approximately elevation 710
feet which is substantially below the water levels in the overlying glacial/alluvial sediments and is
also below the level of Moose Creek which flows over the old workings at approximately elevation
755 feet. Thus, the bedrock groundwater system in this area is hydraulically poorly connected with
the shallow groundwater in the glacial/alluvial sediments and surface water in Moose Creek.

4.1.5 Recharge/Discharge
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Recharge to the glacial/alluvial sediments aquifer originates from precipitation falling on the
proposed Permit Area. Recharge is apparently occurring over most of the proposed Permit Area.
Discharge from the glacial/alluvial sediments aquifer occurs by horizontal flow into Moose and
possibly Buffalo Creeks and by vertical leakage into the underlying bedrock.

Water levels in wells adjacent to Moose Creek were used to determine whether discharge or
recharge from the uppermost aquifer to the stream was occurring. Well H88-17 along Moose
Creek in the northeastern portion of the proposed Permit Area had a water level at or slightly above
the level of Moose Creek indicating that the uppermost aquifer was probably discharging to the
stream in this area. Wells H88-14A and H88-19 located along Moose Creek in the northwestern
portion of the proposed Permit Area both had water levels from 3 to 6 feet below the water level in
Moose indicating that the stream was potentially loosing water to the uppermost aquifer in these
areas. This could be a localized interaction between the stream and the highly permeable alluvial
sediments and alluvial groundwater may be flowing back into the stream at locations further down
stream.

Recharge to the bedrock hydrogeologic unit occurs by vertical flow from the overlying glacial and
alluvial sediments. Piezometric data from bedrock (see Figure 4-10) do not indicate that there is
any significant source of offsite recharge. For example, piezometric heads in piezometers PB-12,
13, 92, 100 and 102 were higher than heads in surrounding wells and piezometers. They are also
located in an area which is a local topographic high. If offsite recharge was occurring, higher heads
would be found in at least some of the surrounding wells and piezometers. Also, the low
permeability of the bedrock and anticipated low permeability of faults (see Sections 4.1.2 and 4.1.3)
make it unlikely that offsite recharge will be significant in the bedrock.

In the eastern portion of the proposed Permit Area, heads in bedrock wells and piezometers are
higher than the water levels in adjacent Moose Creek. Therefore, it is likely that bedrock is
discharging minor amounts of water to shallow alluvial sediments along Moose Creek in the
eastern portion of the site. As discussed in Section 4.1, it appears that the heads in the bedrock in
the westernmost portion of the proposed Permit Area have been depressed by the old underground
workings in the Premier Mine. The water level in Moose Creek (e.g. elevation 755 feet) is higher
than the piezometric head in the bedrock (e.g. 710 feet) in this area indicating potential flow from
Moose Creek and shallow alluvial deposits into the bedrock and old workings. The location of
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groundwater discharge from the old workings is likely to be along Moose Creek south of the
proposed permit area. Although the mechanism for discharge from the underground workings is
not known, it is likely that discharge occurs as a result of stratigraphic or structural features that
have not been mapped to date.

4.1.6 Conceptual Model of the Groundwater Flow System

This section integrates the existing hydrogeological information into an overall conceptual model of
the groundwater flow system in the Permit Area. The conceptual model incorporates the current
understanding of groundwater occurrence, flow directions, recharge/discharge, hydrologic
boundaries to the flow system, interactions between hydrogeologic units, and interactions with
surface water.

Groundwater exists in glacial sediments found over most of the Permit Area, in alluvial sediments
found along Moose Creek, and in bedrock formations which underlie the glacial and alluvial
sediments. These deposits are grouped into two major hydrogeological units as described in
Section 4.1.2.

The glacial sediments are highly variable in size ranging from cobbles down to silty sand
and till. As described in Section 4.1.3 the hydraulic conductivity of the glacial sediments is
generally in the range of 0.1 to 1.4 ft/day (3.5 x 10™ to 4.9 x 10" cm/sec) which according to the
U.S. Department of Interior (1977) is in the low to moderate range of hydraulic conductivity and is
characteristic of an aquifer with poor to fair potential domestic well yields. Alluvial sediments
along Moose Creek contain fewer fines than the glacial sediments and are more permeable, with
hydraulic conductivities in the range of 10 to 50 ft/day (8.5 x 10 to 1.8 x 10 cm/sec) which is in
the moderate to high range of hydraulic conductivities. The limited saturated thickness of the
alluvium (i.e. less than 20 feet) puts it in the range of an aquifer with good potential domestic well
yields but poor potential irrigation well yields. The saturated glacial and alluvial sediments
comprise the water table aquifer in the Permit Area.

Groundwater flow in the water table aquifer generally mirrors surface topography with flow from
high areas towards Moose Creek as shown in Figure 4-9. Moose Creek forms a hydrogeologic
boundary to the water table aquifer along the north, west and south. A topographic divide near
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Wishbone Hill forms the hydrogeologic boundary of the water table aquifer to the east. A
groundwater flow divide runs through the Permit Area with groundwater north of the divide
flowing north into Moose Creek and groundwater south of the divide flowing southwest eventually
to Moose Creek. Recharge to the water table aquifer is from local precipitation. Discharge is
primarily to Moose Creek. Some local discharge occurs into Buffalo Creek which is the only other
stream flowing across the Permit Area. Springs, seeps or other surface indications of possible
groundwater discharge were not identified in the Permit Area except along the Moose Creek flood
plain. The bedrock hydrogeologic unit that underlies the water table aquifer forms a low
permeability boundary. Some vertical leakage from the water table aquifer into the underlying
bedrock units occurs. However, the amount of leakage is small because of the low permeability of
the bedrock.

The bedrock geologic units are described in Sections 4.1.1 and 4.1.2. They are stratigraphically and
structurally complex. Folding has resulted in beds ranging in dip from horizontal to vertical and
faulting has truncated geologic units resulting in distinct blocks of bedrock separated from each
other by major faults. Existing information indicates that at least some of the faults have associated
gouge zones and probably form very low permeability hydraulic boundaries between blocks of
bedrock. The bedrock units have a significantly lower hydraulic conductivity than the overlying
glacial and alluvial sediments. As discussed in Section 4.1.3 measured values are generally in the
range of 0.005 to 0.03 ft/day (1.8 x 10°° to 1.0 x 10™ cm/sec). These values fall in the low range of
hydraulic conductivity according to the U.S. Department of Interior (1977) and are characteristic of
an aquitard rather than an aquifer.

Groundwater flow in the bedrock hydrogeologic unit does not occur in specific zones that are
sufficiently permeable and hydraulically interconnected to be defined as aquifers. Rather, the
bedrock behaves as an anisotropic and heterogeneous low permeability aquitard. As described
above the bedrock has been extensively faulted and folded with specific geological units forming
blocks that are separated by faults. Many of these faults are thought to form very low permeability
hydraulic boundaries between blocks due to the presence of clay gouge along the fault plane. It is
possible that localized fracture zones in the bedrock occur that have higher hydraulic conductivities
than unfractured bedrock. However, any such zones will be localized and will not alter the basic
conceptual model of the bedrock as a low permeability unit.
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The groundwater flow in the bedrock is generally from areas of high to low surface topography.
Heads within the bedrock are variable (i.e. they do not conform to a single piezometric surface)
because of the low permeability and heterogeneous nature of the bedrock. Thus, it is not feasible to
produce a piezometric contour map representative of the bedrock hydrogeologic unit. Moose Creek
acts as a discharge boundary to the bedrock groundwater system on the north, west and south sides
of the site. To the east, the topographic high near Wishbone Hill acts as a no-flow boundary to the
bedrock flow system. In the western portion of Mine Area 1 the old underground workings in the
Premier Coal Group are apparently acting as a discharge boundary.

The bedrock hydrogeologic unit is recharged by vertical leakage from overlying saturated glacial
sediments and alluvium. However, due to the low permeability of the bedrock, there is poor
hydraulic connection between the bedrock and the overlying water table aquifer. Evidence of this
poor hydraulic communication is seen near the old underground workings where piezometric levels
in bedrock are substantially lower than those in the overlying sediments and Moose Creek.
Although flow directions in the bedrock may be locally variable due to stratigraphic and structural
complexities, in general the bedrock groundwater flow is towards Moose Creek.

4.2 Groundwater Quality

4.2.1 General Groundwater Chemistry

Groundwater quality monitoring completed to date indicates that the groundwaters in the proposed
Permit Area are variable but generally of moderate to high quality. Minimum, maximum and
means of chemical characteristics of groundwaters in the proposed Permit Area are provided in
Table 4-1, separated into bedrock and glacial/alluvial categories. Analysis of water from well H88-
13 has been omitted from Table 4-1 because of suspected water quality effects resulting from the
use of mud in this hole.

4.2.2 Suitability Classification

Water quality criteria for the State of Alaska are promulgated in the Alaska Water Quality
Standards, 18AAC.70. The water quality criteria are combined with the water use designation (e.g.
drinking, agricultural, aquacultural) to determine the water quality standard for a particular water
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body. Alaska Water Quality Standards incorporate by reference Federal Primary and Secondary
Drinking Water Standards in addition to numerical criteria for other constituents not covered under
Federal Regulations. These include criteria for dissolved gases, pH, temperature, and dissolved
inorganic substances including TDS, chloride and sulfate.

Table 4-2 lists Federal Drinking Water Standards along with maximum concentrations measured
during the baseline monitoring program. Groundwaters have not been tested for some parameters
for which Federal Drinking Water Standards exist, including radionuclides, organics, and biological
parameters because these parameters are not generally applicable to coal mining permit studies. As
indicated in Table 4-2, the groundwater samples generally meet Federal Primary Drinking Water
Standards for which analytical tests have been run. Details regarding the specific sample locations
which exceed drinking water standards are presented in Table 4-3. In general, groundwater from
the glacial alluvial materials exceeds Federal Secondary Drinking Water Standards for iron and
manganese while groundwater from the bedrock units exceeds drinking water standards for other
various parameters.

Water quality standards for agriculture and irrigation are specified in Section (1)(A)(ii) of
18AAC.70. Groundwater in the proposed Permit Area meets these standards with some
exceptions. Water from H88-12 consistently exceeds the specified pH range of 5.0 to 9.0 while
H88-11 and H88-16 have each exceeded this range once. The 2.5 standard for sodium adsorption
ratio has been consistently exceeded by water from wells H88-11, 12, 15, 16, 24, and H89-30, and
occasionally by wells H88-24 and 25.

The State of Alaska applies additional water quality standards under 18AAC.70 to regulate human
activities which result in alteration to waters within the jurisdiction of the State. Standards have
been developed for different types of water use, including:

A Water Supply
I.  Drinking, culinary and food processing
ii.  Agriculture, including irrigation and stock watering
iii.  Aquiculture
iv.  Industrial

B. Water Recreation
i.  Contact recreation

ii.  Secondary recreation
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C. Growth and Propagation of Fish, Shellfish, other Aquatic Life, and Wildlife

Unless otherwise designated, the most stringent standards applicable under each use will apply to
discharges of groundwater. Standards under particular use categories for several water quality
parameters relevant to the proposed project include:

e pH - "Shall not be less than 6.5 or greater than 8.5. Shall not vary more than 0.5 pH units
from natural conditions. If the natural condition pH is outside this range, substances shall
not be added that cause an increase in buffering capacity of the water" (Water Recreation -
contact recreation).

e Sodium Adsorption Ratio - "Dissolved inorganic Substances; Sodium adsorption ratio less
than 2.5. (Water Supply - agriculture).

e Dissolved Inorganic Substances - "Total dissolved solids from all sources shall not exceed
500 mg/l. Neither chlorides nor sulfates shall exceed 200 mg/l. (Water Supply - drinking
water).

e Dissolved Gas - "Dissolved oxygen shall be greater than 7 mg/l in water used by
anadromous and resident fish...In no case shall dissolved oxygen above 17 mg/l be
permitted.” (Growth and Propagation of Fish, Shellfish, and other Aquatic Life and
wildlife).

The standards potentially apply to any releases of water at the site during operational and post
closure periods.

The baseline monitoring completed to date indicate relatively high groundwater quality. No
significant water quality problems have been identified in groundwaters of the Moose Creek
watershed, with the exception that groundwaters possessing high sodium adsorption ratios are not
suitable for irrigation supply.
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5.0 CONCLUSIONS

Two primary hydrogeologic units are present in the proposed Permit Area. Tertiary sedimentary
bedrock (the Chickaloon, Wishbone and Tsadaka Formations) composed of siltstone, mudstone,
sandstone, claystone, coal and pebble conglomerate underlies the proposed mine site. This unit is
structurally complex due to folding and faulting. In Mine Area 1 this unit ranges from relatively
steeply dipping to flat-lying. In Mine Area 2 the bedrock unit is uniformly steeply dipping. Glacial
sediments composed of a wide variety of materials from clayey and silty sands to well-graded
gravels overlie bedrock in thicknesses typically from 5 to well over 100 feet. Recent alluvial
deposits are found adjacent to Moose Creek and appear to be of limited extent and depth. Moose
Creek is apparently flowing on or just above bedrock along much of its reach in and adjacent to the
proposed Permit Area.

The hydrogeology of the proposed Permit Area has been investigated by a field testing program that
included six monitoring wells in sedimentary bedrock, two of which are of sufficient diameter to
conduct pump testing, eleven monitoring wells in glacial and alluvial sediments, one of which is
large diameter, two wells into the zone mined in the old Premier Mine (one well actually
intercepted mine voids) and thirty seven pneumatic piezometers in thirteen drillholes into bedrock.

Potentiometric levels measured in piezometers in bedrock were variable with depth. In the majority
of holes there was an overall decrease in head with depth indicating downward flow gradients in
bedrock. However, in some holes there was an overall increase in potentiometric level with depth
indicating potential upward flow.

The uppermost aquifer in the proposed Permit Area is located in the glacial and alluvial sediments.
Based on water levels measured in monitoring wells completed in the uppermost aquifer, there is a
major groundwater flow divide running east-west through the proposed Permit Area corresponding
to a topographic divide. Groundwater flows north and south from this major divide.

In general, where glacial/alluvial and bedrock wells were located next to each other (e.g. H88-14
and H88-10, H88-27 and H88-13) water levels in the glacial sediments were higher than water
levels in bedrock. Thus, groundwater in the glacial sediments is probably recharging the bedrock
system over most of the site.
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Hydraulic characteristics of the two major hydrogeologic units have been measured in slug tests
conducted in both glacial/alluvial and bedrock wells, and two pump tests conducted in bedrock
wells H88-15 and H88-16. The pump test in H88-15, which is located in relatively flat lying
bedrock, indicated a transmissivity in the test zone of approximately 1 to 5 ft/day. This
corresponds to a hydraulic conductivity of 5x10 to 2.5x10? ft/day. The pump test in H88-16,
which is located in steeply dipping bedrock, indicated a transmissivity of 0.2 to 2 ft/day and a
hydraulic conductivity of 6x10™ to 6x107 ft/day. In general, hydraulic conductivity of the bedrock
is quite low and it is not expected to be a major source of groundwater. Hydraulic conductivity in
the glacial/alluvial sediments is variable, ranging from approximately 0.008 to 52 ft/day. The
limited saturated thickness of this unit over much of the site, however, limits its potential for
significant groundwater yields.

Groundwater samples were collected from monitoring wells in November 1988, and February,
May/June and July 1989. The field and laboratory analyses conducted through July 1989 indicate
that the groundwaters in the proposed Permit Area are of relatively high quality (i.e. they generally
meet Federal drinking water standards).

The pH of groundwater from glacial/alluvium wells ranged from 6.06 to 8.46 and averaged 7.31.
Groundwater from bedrock wells ranged in pH from 6.96 to 11.45 and averaged 8.88. Field
conductivity measurements in glacial/alluvial wells ranged from 96 to 741 umhos/cm and averaged
217 pmhos/cm. Bedrock wells ranged in field conductivity from 260 to 1441 pmhos/cm and
averaged 968 umhos/cm. Total dissolved solids in glacial/alluvial wells generally ranged from 66
to 202 mg/l (except well H88-25 which had a TDS concentration of 716 mg/l in November 1988,
but subsequent concentrations have been in the range of 130 to 190 mg/l), and in bedrock wells
from 142 to 834 mg/l. Mean values of TDS for the glacial/alluvial wells and bedrock wells were
138 mg/l and 423 mg/l respectively. Well H88-13 had TDS concentrations ranging from 2750 mg/I
to 1850 mg/l during the four sampling rounds. These high values were probably the result of the
use of drilling mud in this hole.

Concentrations of trace constituents, primarily metals, were generally quite low. Most trace
constituents were near or below their detection limits. Nutrient levels in groundwater were
variable. Total organic phosphorous ranged from <0.001 to 3.14 mg/l. Total Kjeldahl nitrogen
concentrations were generally below 7.4 mg/l except for high values of 206 to 10.8 mg/l measured
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in H88-19 which is a glacial/alluvial well located immediately down-gradient of old mine spoils.
Nitrate concentrations were low with a maximum of 7.54 mg/l and nitrite was at a maximum
concentration of 0.05.

The major dissolved species in groundwaters were calcium, sodium, potassium and bicarbonate
with maximum concentrations of 57, 351, 8.8 and 906 mg/l, respectively. Bicarbonate was the
predominant anion in all wells except H88-12 and 25. In H88-12 carbonate was dominant during
the November 1988, February 1989 and July 1989 rounds as a result of high pH (11.45 to 10.26)
while chloride was slightly dominant in H88-25. Sodium and potassium were the dominant cations
in bedrock wells except in H88-10 and H89-29 in which calcium was dominant. In
glacial/alluvium wells calcium was dominant in all wells except H88-24A and 25 where sodium
and potassium were dominant.

Bedrock wells contained predominantly sodium-potassium-bicarbonate type groundwaters. The
glacial/alluvial wells generally contained calcium-bicarbonate type groundwaters.

With certain exceptions, groundwaters sampled at the site met Federal Drinking Water Standards.
These exceptions are detailed in Table 4-3 and include, in general, concentrations of iron,
manganese and selenium in several glacial/alluvial wells and values of pH, TDS, barium and
fluoride in several bedrock wells. Relatively high sodium adsorption ratios in wells H88-11, 12, 13,
15, 16, 24A, 25 and H89-30 exceeded Alaska State standards for irrigation water.
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TABLE 3-2
PNEUMATIC PIEZOMETER CONSTRUCTION DATA

FILTER SAND INTERVAL STRATIGRAPHY
G 58 PiEZO.  PIEZO. (Foet) OF
PIEZO. COORDINATES ELEVATION DEPTH ELEV. DEPTH ELEVATION FILTER SAND
NUMBER NORTHING  EASTING (fest) {feat) (fest) FROM TC FROM TO INTERVAL
PB-7 1 2,817,813.89 659,843.08 930.1 35790 5731 3450 3720 5851 5581 LOWER PREMIER
2 2,817,813.80 6b9,843.06 930.1 290.0 640.1 2840 300.0 4631 6301 UPPER PREMIER
3 2,817,813.89 659,843.08 930.1 232.0 688.1 2150 230.0 7151 6911 UPPER PREMIER
PB-8 1 2,817,398.23 659,632.99 905.2 315.0 580.2 2555 336.0 6497 5692 CHICKALOON
2 2,817,398.28 ©£58,632.99 906.2 239.5 6657 2335 2500 6717 6552 LOWER PREMIER
3 2,817,388.23 659,632.98 905.2 187.5 7177 1779 1839 7273 T3 UPPER PREMIER
PB-12 1 2,819,730.03 683,379.74 1084.5 334.2 760.3 2452 3844 8493 7101 CHICKALOON
2 2,819,730.03 663,379.74 1094.5 2258 868.7 1848 2207 6097 8648 {OWER PREMIER
3 2,819,730.03 ©63,378.74 1094.5 142.0 9525 1252 167.3 9693 9272 MIDDLE PREMIER
4 2,819,730.03 €63,379.74 1094.5 107.0 987.5 843 1142 1010.2 8803 UPPER PREMIER
PB-13 1 2,819,991.45 663,178.14 1100.8 353.0 747.8 3050 3750 7958 7258 SUB-ESKA COAL
2 2,819,991.45 663,178.14 1100.8 275.0 8258 2550 2950 B458 8058 CHICKALOON
3 2,819,991.45 663,178.14 1100.8 220.0 8808 1795 2405 9213 860.3 ESKA
4 2,819,891.45 663,178.14 1100.8 130.0 970.8 96.0 1505 10048 950.3 CHICKALGON
PB-60 1 2,817,679.48 659,278.52 9169 199.7 7162 1602 2044 7557 7115 CHICKALOON
2 2,817,679.49 ©659,278.52 9169 141.4 7745 1266 1499 7893 766.0 LOWER JONESVILLE
PB-88 1 2,819,015.36 663,561.00 1042.5 2217 820.8 89.0 2405 9435 B02.0 PREMIER
PB~92 1 2,819,585.78 662,782.06 1091.2 409.7 681.5 3937 4468 6975 6444 CHICKALOON
2 2,819,685.78 662,782.06 1081.2 338.3 7529 3266 3763 76486 7149 LOWER BURNING BED
3 2,819,585.79 662,782.06 1001.2 268.8 8224 2204 2876 8708 BO36 UPPER BURNING BED
PB-100 1 2,818,870.12 682,551.53 1075.6 396.0 B79.8 38585 4015 T17.1 674.1 CHICKALOON
2 2,818,870.12 662,551.53 1075.6 153.5 9221 1445 168.6 9311 906,1 SUB-ESKA COAL
PB-1011 2,817,050.15 658,081.10 873.8 348.0 5258 3244 3712 5494 5026 CHICKALOCN
2 2,817,050.15 ©658,C81.1¢C 873.8 311.5 5623 3073 3180 5665 5558 MIDWAY SEAM
3 2,817,050.15 658,081.10 873.8 256.0 6178 2158 3013 6580 5725 CHICKALOON/PREMIER
PB-102 1 2,820,103.96 B63,579.53 1096.6 384.0 7126 3333 4318 7633 6648 LOWER PREMIER
2 2,820,103.96 ©663,579.53 1096.6 277.5 819.1 2545 2050 8421 8016 UPPER PREMIER
3 2,820,103.96 663,572.53 1096.6 221.0 875.6 1182 2370 9784 BLO6 CHICKALCON
PB-103 1 2,820,679.51 663,004.04 1007.0 321.8 6852 291.1 3202 7159 6778 CHICKALOON
2 2,820,679.51 663,004.04 1607.0 2428 764.2 2184 2612 7876 7458 CHICKALOCN
3 2,820,679.51 €63,004.04 1007.0 119.3 887.7 1048 1317 8022 8753 LOWER PREMIER
PB-1041 2,821,611.26 £64,057.28 1026.7 288.0 7387 2445 3066 7822 720.1 CHICKALOON
2 2,821,611.28 664,067.28 1026.7 2163 8114 1730 2357 8537 N0 LOWER PREMIER
3 2,821,611.26 664,057.28 1026.7 137.7 889.0 815 1580 8452 8687 UPPER PREMIER
PB-1051 2,817,405.04 660,299.33 883.4 2735 609.8 2640 2835 6194 5989 MIDWAY/CHRICKALOON
2 2,817,405.04 660,299.33 8834 180.5 702.9 1585 180.0 7249 6844 LOWER PREMIER
3 2,817,405.04 660,299.33 883.4 132.5 7509 735 1440 B809.9 7394 UPPER PREMIER

NOTES: Depth is depth balow ground surface.

Elevaticn is elevation above mean sea level,

August 1989

Golder Associates
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July 1690 (REV.2)

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATION DATA

JULY 1988 THROUGH JUNE 1980.

WATER LEVEL
WELL G.S. STICK DATE ELEVATION

NUMBER ELEVATION UpP MEASURED {Feet

(Feet) {Feet) a.m.sl)

H88-10 787.5 3.08 09/26/88 720.8

09/28/88 718.9

10/25/88 720.6

11/03/88 719.6

11/04/88 7196

11/13/88 7189

11/22/88 718.7

02/09/89 713.8

02/14/89 713.2

02/25/89 7126

03/28/89 7108

04/18/89 716.8

06/06/89 719.5

07/27/89 718.2

08/22/89 717.2

09/24/89 7169

11/10/89 714.4

12/21/89 718.0

01/20/80 713.6

04/17/90 7271

06/18/90 7224

H88-11 1090.2 2,98 11/08/88 1035.4

11/13/88 1051.0

11/22/88 1061.1

02/00/89 1072.3

02/23/89 1072.4

03/28/89 1072.3

04/17/89 1075.1

06/07/89 10741

07/25/89 1074.8

08/22/89 1070.7

09/24/89 1074.6

11/02/89 1075.0

12/21/89 1074.6

01/20/90 1075.1

04/23/80 1075.9

06/19/80 1074.4

Page 10f8
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July 1890 (REV.2)

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATICN DATA

JULY 1988 THROUGH JUNE 1990.

WATER LEVEL

WELL G. 8. STICK DATE ELEVATION
NUMBER ELEVATION up MEASURED {Feet

(Feet) {Feet) am.sl)

Hgg~12 1023.7 2.1 10/05/88 1007.5
10/25/88 1006.8

11/04/88 1006.7

11/22/88 1007.6

02/11/89 1005.9

02/26/89 10055

03/28/89 1006.3

04/17/89 10081

0613788 1007.6

07/18/88 1006.9

08/22/89 1008.9

09/24789 1007.7

14/09/89 1007.4

12121189 1008.2

01/20/90 1007.0

05/07/90 1009.7

C6/16/90 1006.9

Hg8-13 11401 2.79 11/07/88 994.7
11/20/88 995.6

02/11/89 9941

02/26/89 993.8

03/28/89 too deep

04A7/89 996.4

06/14/89 996.8

07/19/89 995.6

D8/22/89 985.4

09/24/89 9961

11/03/89 996.5

12/21/89 995.7

0117190 985, 1

05/04/90 9978

06/19/30 997.3

Hga-14 *788.9 2.00 11/13/88 778.0

Page 2 of 8
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July 1990 (REV.2)

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATION DATA

JULY 1988 THROUGH JUNE 1990.

WATER LEVEL
WELL G. 8. STICK DATE ELEVATION

NUMBER ELEVATION up MEASURED (Feet

{Feet) {Feef) am.s.td.)

H88-14A *771.9 1.9 11/12/88 757.2

11/13/88 757.3

11/18/88 757.3

11/22/88 787.2

02/09/89 756.8

02/15/89 7571

03/28/39 787.3

04/18/39 757.8

05/23/89 757.8

07/25/39 7579

08/22/89 757.8

09/24/89 7577

11/0t/89 756.6

12/22/89 757.4

01/20/80 757.1%

04/17/90 783.1

06/18/80 758.1

H88-15 870.7 3.00 11/05/88 838.4

11/16/88 338.2

11/20/88 836.9

02/12/89 835.8

02/28/39 835.5

03/28/89 836.8

04/18/89 838.5

0B/16/80 846.0

07/18/39 838.2

08/22/89 836.9

09/24/89 a37.2

11/08/89 838.3

12/21/89 837.2

01/25/80 336.4

05/09/80 848.7

06/19/80 839.9

+H88-16 1103.0 2.98 11/06/88 1054.0

11/13/88 10442

11/21/88 1054.1

02/09/89 1053.8

02/28/89 1053.8

03/28/80 10563.6

04/17/8% 1053.9

0B/16/88 10621

07/19/88 1065.5

08/22/89 1054.8

09/24/89 1064.7

11/04/89 1055.2

12/21/88 1054.8

01/26/80 1054.1

05/10/90 10562

06/19/00 1058.8
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July 1990 (REV.2)

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATICN DATA

JULY 1988 THROUGH JUNE 1980,

WATER LEVEL
WELL G. S STICK DATE ELEVATION
NUMBER ELEVATION up MEASURED (Feet
(Feet) {Feetl) a.m.s.l)
H88-17 897.2 2.88 10/05/88 989.3
10/25/88 989.1
11/07/88 989.2
11/08/88 988.5
11/22/88 989.2
02/11/89 990.1
02/16/89 988.8
03/28/89 988.9
04/17/89 989.9
05/30/89 989.6
Q711/89 989.0
08/22/89 989.5
09/24/89 989.6
12/21/88 989.0
01/19/80 989.0
05/07/30 989.7
06/19/90 989.3
H88-19 842.8 3.50 09/26/88 814.3
10/25/88 814.0
11/08/88 814.8
02/09/89 ice
0a/28/89 ice
04/18/89 814.8
05/23/89 814.6
0710/89 815.3
08/22/89 814.7
09/24/89 8148
11/01/89 814.4
01/24/90 8138
04/24/90 B14.9
06/19/90 B15.0
Hag-21 862.1 3.83 10/25/88 821.9
10/28/88 8220
10/29/88 8221
10/30/88 8221
11/05/88 8223
02111/88 818.3
02/16/89 818.0
03/28/89 817.2
04/18/89 817.7
05/23/89 8234
07/51/89 822.6
na/22/89 820.6
08/24/89 819.8
11/03/89 820.9
12/22/89 820.7
01/24/80 £819.4
05/07/80 825.9
06/19/90 §23.9
Page 4 of 8
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July 1290 (REV.2)

TABLE3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATION DATA

JULY 1888 THROUGH JUNE 1990.

WATER LEVEL
WELL G.S. STICK DATE ELEVATION

NUMBER ELEVATICN up MEASURED (Feet

{Feet) {Feet) am.s.l)

H88-22 1074.2 3.01 08/31/88 1069.9

08/26/88 1070.9

10/25/38 1070.2

11/05/88 1068.3

11/06/88 1069.5

02/09/89 1066.3

02/16/89 1066.1

03/28/89 1065.2

04/17/89 1068.0

05/30/89 10711

07/10/89 1069.2

o8/22/e89 1069.0

09/24/89 1070.8

11/02/89 1070.2

12/21/89 1069.5

01/24/90 1070.4

04/24/30 1084.7

06/19/80 1070.5

Hg8g§-23 840.0 2,35 09/01/88 791.5

09/26/88 791.4

10/25/88 783.0

10/30/88 783.4

11/05/88 784.4

02/12/89 791.6

02/21/89 781.3

03/28/89 780.0

04/18/89 780.5

05/24/89 794.8

07i23/89 795.9

08/22/89 794.7

09/24/89 793.6

11/11/89 793.9

12/22/89 793.9

01/23/90 7941

05007190 802.5

06/19/90 809.8
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July 1980 {REV.2}

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATION DATA

JULY 1988 THROUGH JUNE 1990,

WATER LEVEL
WELL G. 8. STICK DATE ELEVAYTION
NUMBER ELEVATION uP MEASURED (Feet
(Feet) (Feet) a.m.s.l)
Hag-24A 8455 283 08/01/88 793.4
0/26/88 793.5
10/25/88 794.5
11/01/88 794.9
11/02/88 794.9
11/08/88 795.1
02/%2/89 793.3
0221789 792.6
03/28/89 791.8
04/18/88 792.4
05/24/89 795.2
Q7/123/89 796.5
08/22/89 7956
09/24/89 784.7
$1/10/89 794.8
12/22/89 7948
01/23/80 798.2
05/08/20 8029
06/19/90 803.8
Hag-25 830.9 282 08/01/88 793.3
09/26/88 798.7
10/25/88 798.6
10/31/88 798.8
11/01/88 7951
11/05/88 791.6
02/12/89 798.7
02/18/89 798.5
02/23/89 797.6
03/28/89 797.9
04/18/89 798.0
05/24/89 799.7
07/23/89 798.1
08/22/89 803.1
09/24/89 7980
11/11/89 798.5
12/22/89 798.4
01/23/90 798.3
05/08/90 800.5
06/19/90 799.0
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July 1990 (REV.2)

TABLE 3-3
MONITORING WELL STATIC

WATER LEVEL ELEVATION DATA

JULY 1988 THROUGH JUNE 1980,

WATER LEVEL
WELL G.S. STICK DATE ELEVATION

NUMBER ELEVATION UpP MEASURED ({Feet

{Faet) (Feet) a.m.sl)

H88-27 1128.4 2.93 08/31/88 1081.1

09/24/88 1081.6

10/25/88 1082 4

i1/07/88 1081.8

11/22/88 1081.0

0211/89 10788

02118/83 10785

02/21/89 1078.3

03/28/89 1077.6

04/17/89 1078.3

05/31/89 1087.6

07/11/89 1082.2

08/22/89 1080.7

09/24/89 1081.0

1i/o2/89 1081.7

12/21/89 1080.3

011 a/g0 1080.1

05/04i80 1092.3

06/19/90 1083.6

H8g§-28 1297.7 3.10 10/03/88 1246.7

10/25/88 1246.9

11/02/88 1247.2

11/06/88 1247.3

11/07/88 1247.3

02/11/89 12471

02/17/89 1246.8

02/21/89 1246.8

03/28/89 1246.3

04/17/89 1247.3

05/31/89 1250.7

07/26/89 1252.0

08/22/89 1246.6

09/24/89 12471

11/03/89 12445

12/21/89 1247.6

01/19/90 12475

05/04/80 1246.8

06/19/80 1257.3

H8g9-29 *772 07/27/89 709.6

08/25/89 j02.7

08/24/89 702.7

11/01/89 702.0

12/21/89 704.4

Q1/23/90 699.9

04/17/80 703.0

08/19/90 710.0
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July 1990 (REV.2)

TABLE 3-3
MONITORING WELL STATIC
WATER LEVEL ELEVATION DATA
JULY 1988 THROUGH JUNE 1890.

WATER LEVEL
WELL G.S STICK DATE ELEVATION

NUMBER ELEVATICN upP MEASURED (Feeat

(Feet) (Feet) am.sl)

H8g-30 *753 07/27/89 706.9

08/22/38 717.8

09/24/89 717.3

11/03/88 716.2

12/21/89 718.6

01/24/90 724.8

04/18/30 7159

06/19/80 723.0

NOTES:

* Indicates approximate survey of ground surface elevation.
Stick—up is height of PVC casing above ground surface.
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TABLE 3-5

HYDRAULIC PARAMETERS DETERMINED FROM SLUG TESTS

HYDRAULIC

WELL CONDUCTIVITY TRANSMISSIVITY SCREENED

No. (ft/day) (Ft?/day) UNIT

H88 - 10 Recovered too fast for analysis BEDROCK

H88 - 11 0.005 1.3 BEDROCK

H88 -~ 12 4.7 169 BEDROCK

H88 - 13 0.028 3.3 BEDROCK
H88 - 14 4.2 25, GLACTAIL SEDIMENTS
H88 - 14A 52.4 157 STREAM ALLUVIUM
H88 - 15 No slug test performed BEDROCK

H88 - 16 0.034 11. BEDROCK

H88 ~ 17 10.3 35. STREAM ALLUVIUM
H88 - 19 No slug test performed STREAM ALLUVIUM
H88 - 21 0.67 4.0 GLACTAL SEDIMENTS
H88 - 22 0.10 4.5 GLACIAL SEDIMENTS
H88 - 23 No slug test performed GLACIAL SEDIMENTS
H88 - 24A 0.40 8.4 GLACIAL SEDIMENTS
H88 - 25 0.008 0.02 GLACIAL SEDIMENTS
H&88 - 27 1.2 3.0 GLACIAIL SEDIMENTS
H88 - 28 1.4 7.6 GLACIAL SEDIMENTS

NOTE: Values determined by the Hvorslev Time Lag Method.

August 1989
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TABLE 3-6
FIELD ANALYTICAL RESULTS OF QUARTERLY GROUNDWATER SAMPLING

Specific Dissolved
Conductance Temp. Oxygen  Alkalinity
Date Well pH Lmhos °C mg/l mg/i
11/22/88 HB88-10 6.62 385 3.0 14.2 358.0
02/15/89 7.15 388 3.0 13.2 104.0
06/06/89 7.34 321 3.0 11.4 144.0
07/25/89 7.79 332 4.0 12.2 187.0
11/22/88 HB88-11 6.96 1326 2.0 13.6 1521.0
02/15/89 8.50 1441 1.5 12.8 638.0
06/07/89 9,37 966 3.0 10.9 634.0
07/25/89 8.75 1303 2.5 12.8 48.0
11/21/88 HB88-12 11.40 - 2.0 13.0 588.0
02/15/89 11.45 386 2.5 12.4 579.0
06/14/89 9.68 777 3.0 12.2 44.4
07-18-89 10.26 1045 4.0 11.8 37.9
11/20/88 HB88-13 8.60 304 4.0 4.7 2565.0
02/26/89 7.42 341 2.0 11.6 1084.0
06/14/89 8.086 370 4 12.8 1621
07/19/89 8.28 1 3.5 13.6 137
11/22/B8 HB8-14A 6.06 162 3.0 13.5 53.0
02/15/89 7.51 214 2.0 13.1 130.0
05/23/89 7.55 139 1.0 12.8 47.0
07/25/89 7.23 96 8.0 12.6 28.0
11/20/88 H88-15 8.31 260 2.9 13.0 137.9
02/21/89 —_— _— 2.0 12.2 -
06/16/89 7.90 900 3.0 11.6 242.0
07-18-89 7.69 784 4.0 11.2 28.5
11/21/88 H88-16 8.79 338 3.0 9.1 577.0
02/28/89 8.38 325 3.0 13.6 —_—
06/16/89 9.45 300 4.0 12.2 153.0
07/19/89 8.72 272 2.5 12.2 10.8
11/08/88 H88-17 (7.34) (198) 3.0 (9.3) {94.4)
02/16/89 6.72 203 2.0 13.4 80.0
05/30/89 6.69 255 2.5 12.4 73.0
07/11/89 6.73 196 3.0 10.9 76.5
11/08/88 H88-19 (7.38) (243) 4.0 (9.2) (277.0)
02/15/89 Frozen ——— —— - —_—
05/23/89 7.28 172 2.5 13.4 61.0
07/10/89 717 133 2.5 11.3 47.2
11/09/88 H&8-21 (8.07) (158) (18.5) (9.9) (74.5)
02/16/89 7.84 210 2.0 12.4 49.0
05/23/89 7.78 160 2.5 13.0 64.0
07/11/89 7.21 150 2.5 12.0 64.0
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TABLE 3-6
FIELD ANALYTICAL RESULTS OF QUARTERLY GROUNDWATER SAMPLING

Specific Dissolved

Conductance Temp. Oxygen Alkalinity
Date Well pH umhos °C mg/l mg/l
11/05/88 H88-22 (7.66) (192) 2.5 (9.3) {172.0)
02/16/89 7.41 198 1.0 12.2 52.0
05/30/89 6.84 180 2.0 13.2 48.0
07/10/89 7.55 188 3.0 10.7 83.2
11/03/88 HB38-23 (7.12) (234) {18) (14.2) (97.6)
02/15/89 7.24 156 2.0 14.4 55.0
05/24/89 7.06 124 2.5 12.5 41.0
07/23/89 6.78 121 2.0 11.5 3.2
11/03/88 HB88-24A (7.68) (251) — (9.2) {75.1)
02/15/89 7.68 254 2.5 13.4 70.0
05/24/89 7.30 225 2.5 12.3 57.0
07/23/89 7.40 183 2.0 11.2 7.3
11/03/88 H88-25 (8.05) (252) _— (8.3) (245.0)
02/15/89 B.46 741 1.0 12.8 40.0
05/24/89 7.72 281 2.5 12.0 81.0
07/23/89 8.36 273 4.0 10.8 127.0
11/07/88 H88-27 _— e —_— — —_—
02/21/89 6.96 162 1.0 13.2 88.0
05/31/89 6.83 111 2.5 12.4 45.0
07/11/89 7.13 132 4.0 12.4 48.5
11/07/88 H88-28 —_— - - —_— —_—
02/21/89 6.28 144 2.0 12.2 64.0
07/26/89 7.42 161 2.0 11.0 51.3
07/26/89 H89-29 7.34 294 2.0 10.6 100.6
07/28/89 HB839-30 8.02 449 3.0 12.4 231.6
NOTES: ~-— = parameter not measured

{ ) = paramatar not measured in accordance with Sampling Quality Assurance Plan
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TABLE 4-1

SUMMARY OF CHEMICAL ANALYSES
OF GROUNDWATER IN PROPOSED PERMIT AREA

GLACIAL-
CONSTITUENT UNITS ALLUVIAL WELLS BEDROCK WELLS
Max Mean Min Max Mean Min

pH {Lab) 8.89 7.45 6.62 10.94 8.78 7.55
pH (Field) 8.46 7.31 6.06 11.45 8.88 6.96
Specific Conductance (Lab) pmhosiem 1210 205 83 1260 6865 234
Specific Conductance (Field) pmhosfcm 741 217 96 1441 698 260
Temperature °C 8.0 2.6 1.0 1.5 2.8 4.0
Dissolved Oxygen mg/l 14.4 12.0 8.3 i3.6 12.1 9.1
Alkafinity {Lab) mg/l 358 102 41 1521 427 133
Alkalinity (Field) mg/l 358 89 28 1521 348 10.8
Aluminum mag/l 2.60 .35 <0.01 1.70 0.40 <0.1
Arsenic mg/l 0.020 0.020 <0.005 0.030 0.013  <0.005
Barium mg/l 1.10 1.10 <0.5 C.60 0.50 <D.05
Cadmium mg/l 0.008 0.004  <0.002 0.005 0.004 <0.002
Copper mg/l 0.03 0.02 <0.01 0.01 0.01 <0.01
Lead my/l 0.08 0.08 <0.02 0.03 0.03 <0.02
Mercury mg/l <0.001 NA  <0.00t <0.001 NA  <0.001
Selenium my/l 0.010 0.008 <0.005 0.007 0.007 <0.005
Zinc mg/l 0.14 0.03 <0.01 0.08 0.04 <0.01
Chromiuim mag/l <{.02 NA <0.02 0.02 0.02 <0.02
Iron mag/| 4.34 0.33 <0.05 0.84 .14 <0.05
Manganese mg/| 4.58 0.23 <0.02 0.05 .03 <0.02
Chromium (Total) mg/l 1.9 0.1¢ <0.02 0.11 C.05 <0.02
iron (Total) mg/l 1010.00 126.72 0.19 21.70 4,78 0.14
Manganese (Total) mg/l 13.20 2.44 <0.02 0.28 .08 <0.002
Total Hardness 1N 78 48 102 26 4
Bicarbonate HC03 mg/i 225 111 49 906 328 0
Carbonate C03 mg/l 3.0 0.1 0.0 344.0 59.0 0.0
Chloride mg/ 284.0 10.7 0.4 33.0 6.3 0.4
Nitrate NO3 mafl 7.54 0.63 <0.01 0.5 0.1 <0.01
Nitrite NO2 mgfi 0.05 0.02 <0.01 <0.01 NA <0.01
Sulfate S04 ma/l 45.0 6.7 <0.1 26.0 5.8 0.4
Calcium mg/l 57.0 235 12.0 27.0 6.8 1.3
Magnesium mg/t 12.0 4.7 <0.1 17.83 2.3 <0.1
Potassium mg/l 8.8 2.2 0.5 3.0 1.7 0.5
Scdium mg/l 171.0 16.0 3.4 351.0 166.4 22.0
Anions meqg/| 11.28 2.31 1.1 15,27 7.72 2.82
Cations meq/| 11.50 2.31 0.99 15.48 7.79 2.80
Cation/Anion Difference % 2.49 0.76 0.00 1.78 0.72 0.00
Ammonia as N mag/l 1.40 0.17 <0.01 1.87 0.3C 0.01
Total Kjeldahl Nitrogen as N mg/l 206.0 7.0 <0.1 24 0.9 0.1
Ortho Phosphorus mg/l 0.568 0.470  <0.001 0.338 0.06 0.00

Total Organic Phosphorous mg/l 3.140 0.699 <0.001 0.280 0.042  <0.001
Total Phosporous mgfl 16.200 3.294 0.008 1.480 0.278 0.012
Total Acidity mg/l <1 NA <1 <1 NA <1
Sodium Adsorbtion Ratio mghl 5.38 0.74 0.19 52,80 20.70 0.93
Total Dissolved Solids mg/l 716 138 66 834 423 142
Beron mg/l 0.42 0.17 <0.01 0.43 0.18 <0.01
Flucride mg# 0.67 0.18 0.08 3.26 1.28 0.05

NOTE: Data from H88-13 is not included in this table because
of expected effects of using mud during drilting.
August 1989 883-2145
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TABLE 4-2

COMPARTSON OF FEDERAL_DRINKING WATER QUALITY STANDARDS
AND GROUNDWATER QUALITY IN THE PROPOSED PERMTT AREA

Maximum
Maximum Measured
Allowable Concentration
Concentration In Groundwater
Parameter (mg/1) {(mg/1)
Primaryv_ Standards
Nitrate as N 10.0 7.54
Ba i.0 1.1
As 0.050 0.030
Cr 0.050 0.02
Pbh 0.050 0.08
Ag 0.050 NM
cd 0.010 0.008
Se 0.010 0.070
Hg 0.002 <0.001
Fluoride 4.0 3.26
Secondary Standards
Cu 1.0 .03
Fluoride 2.0 3.26
Fe 0.30 4,34
Mn 0.05 4.58
in 5.0 0.14
TDS 500 834
Chloride 250 284
Sul fate 250 45
Color 15 units NM
Turbidity 5 NTU NM
Odor-Thres. 3 units NM
Corrosivity "Rel. Low" NM
Notes: < indicates measured values below
detectable limit.
NM indicates parameter not measured
August 1989 883-2145

Golder Associates



TABLE

4-3

GROUNDWATER SAMPLING LOCATIONS EXCEEDING
DRINKING WATER STANDARDS (DWS)

FEDERAL PRIMARY FEDERAL ALASKA DWS (mg/l)
DWS (mg/l) SECONDARY DWS (mg/) Sec 18AAC.70 (DY(AXD
PARAMETER Ba Pb Se FLUORIDE Fe Mn pH pH TDS
STANDARD 1.0 0050 0.010 2.0 0.30 0.05 6.5-8.5 6.0-8.5 500
Station ID Date
H88-10 11/88 1 1.0
2/89 | 1.0
6/89 | 1.1
7/89 | 1.1
H88-11 11/88 2.1 738
2/89 8.50 8.50 782
6/89 9.37 9.37 834
7/89 8.75 8.75 786
H88-12 11/88 3.17 11.40 11.40 728
2/89 3.26 0.81 11.45 11.45 736
6/89 3.08 9.68 9.68 616
7/89 2.93 10.26 10.26 642
HB88-13 11/88 0.05 8.60 8.60 2750
2/89 1984
6/89 1850
7/89 2026
HB88-14A | 11/88 6.06
H88-16 11/88 8.79 8.79
6/89 9.45 9.45
7/89 8.72 8.72
H88~-17 11/88 0.08
2/89 0.08
H88-19 11/88 0.18
HB8-21 11/88 0.67
2/89 0.39 0.05
August 1989 883-2145



TABLE 4-3

GROUNDWATER SAMPLING LOCATIONS EXCEEDRING

DRINKING WATER STANDARDS (DWS)

FEDERAL PRIMARY FEDERAL ALASKA DWS (mg/l)
DWS (mg/l) SECONDARY DWS (mg/} Sec 18AAC.70 (1XAX()
PARAMETER Ba Pb Se | FLUORIDE Fe Mn pH pH TDS
STANDARD 1.0  0.050 0.010 2.0 030 0.05 6.5-85 6.0-8.5 500
Station ID | Date
Hg88-22 11/88 4.34 0.7
2/89 0.13
6/89 0.15
7/89 0.1
H88-23 11/88 0.21
2/89 0.010
6/89 0.08
7/89 0.06
H88-24A | 11/88 4.58
2/89 0.46
6/89 0.11
H88-25 11/88 716
6/89 1.01 0.07
H88-27 11/88 0.05
2/89 0.08 0.010 0.95
H88-28 11/88
2/89 0.010 0.09 6.28
August 1989 883-2145
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Domed pad to

divert runoff \
I |

s . Ground Surface

Cement grout with
2 to 5% bentonite

added

Bentonite peilet

seal

Alluvial/Glacial
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AND LITHOLOGY LOGS



LITHOLOGY WELL COMPLETION
PVC slip cap

Sand \\\‘<\ i—— Locking cover

Comed concrete pad " 47 Stesl protective

te divert runoff ] cover
GROUND SURFACE (78751 R T
< Dark vellow—brown, fine to coarse SAND e -
B and fine to coarse GRAVEL, some siit,
0 little cobbles and bouiders {Gravels) /
1 7z . \
:18 6—in. borehole —| . 2.0—in. PVC casing
20 4 Light olive—gray to dark gray, // s v /592
] CLAYSTONE (Chickaioon fm) / ot ite arout
—~ 7 -
% Y73 //
1] - 1
[Tl
el ~ E
£ 40 - /
= ,
@ : //
! ] s
50 i
] &
60 — :
] £6.7 8 &
] \Vi \\
70 —72 9/26/88\
4 Clive—gray to gray-black, SHALE \
A 3 X
80 — \ N Zentonite cnips
i85 \\ (Baroid Hoie Plua)
u g ARR
3 Olive~gray, CLAYSTONE :\ N
30 — . N\
] 3 R
~ \{%\
100 — \\\\‘
e v S Ar
Date: 9/24/8B8 .
p — . Ground Zlevation: 787.5
LEGEND _T.0.C. Slevation: 801.2
Cement Grout —' 2.07 Sch. 40 PVC - Coordinctes:
Riser, Fiush Threaded ‘ ?jorth: 2,816,823.39
Bentonite Grout _ Bost 657,707.19
S 2.0" Sch. 40 PYC Screen §
A\ Bentorite Pellets 0.020" Siots, Flush ; ore A1
Threaded : FIGURE
a

Sandpack WELL H88-10
Water ! LITHOLOGY AND
—2- Water Level NOT TO SCALE § WELL COMPLETION

- IS, e N WISHBONE

PROJECT NO 883~2145 OWG NO 7577 DATE 1/20/89  DRAWN JSS APPROVED RM Golder Associates Inc.



LITHOLOGY WELL COMPLETION

— Ay A,
110 i
i . N
j B--in. borehole 2.0—in. PYC casing
120
4125
1 Dark gray, SILTSTONE
~—~~
3 130 —
2 3 Jentonite chips
~ 1 (Baroid Hole Plug)
£ 140 —
5 -
@ 4
O —t
150 —
N Jentonite chivs
180 — (Baroid Hale Plug)
1168
170 Black, COAL (Prsmier Go)
IO‘: Fiiter sand
7 (Lenestar #3)
180 —
]
4 2.0—in. PVC
Igo—j weil screen
200 1200

End of Borencle

' Date: 9/24/88
- ' Ground Zlevation; 7T87.5
LEGEND | 7.0.C. Slevation: 8012
Cement Grout 2.0" Sch. 40 PVC ' Cocrdinates:

- Riser, Flush Threaded . North: 2,816,923.39
% Bentonita Grout !

East: 657,707.19

) 2.0 Sch. 40 PVC Screen
@ Jentcnite Peliets 0.020" Siots, Flush | FIGURE A-1

= Threaded WELL H 88 - 10

- . LTHOLOGY AND WELL
—=- Water Level NOT TO SCALE COMPLETION (CONT.)
- N0l 0 SeA ONT. )

PROJECT NO 883-2145 DWG NQ 75B0 CATE 1/20/39 ORAWN JSS APPROVED RM Golder Associates inc.



LITHOLOGY WELL COMPLETION

PVC slip cap
Sand [\ !—Locking cover
Domed concrete pad \ [} 1—— 4" Steel proteciive
to divert runoff oot fmey cover
7 Dark yeliow—brown io olive—~gray, Y 'I//
] fine to coarse SAND and GRAVEL % // ) ,
- 5.875—in. borehole — v 74— 2.0-in. PVC casing
10 —
] - Cement /5%
o0 . bentonite grout
4 A " A
NI Y
— -97
E 1 Med to dark SILTSTONE e
100 — fum gray tec dark gray, SiLT
Z 4  (interbedded with siaystone and SELVAR
- 1 trace shale) (Chickaloon fm) 1n/8/88
-
o 110 -
© ]
120
] dentonite chips
130 —
140
- —2.0—in. PYC
- well screen
150 —
A A A
L/ \j f\j
180 —
N Filter sand
180~  19C: trace coal 4.875~in. borehole —
200 —
] 2.0-in. PVC
o well screen
210 —
—_— As A
! Date: 10/31,/88
LEGEND , ' Ground Slevation: 1080.2

Riser, rlush Threaded
% Bentonite Grout

N\ Bentonite Pellets

1 Sandpack

2.0" Sch., 40 PVC Screen i
0.020" Slots, Flush
Threcded

Cement Grout D 2.0% Sch. 40 PVC
.

7 Woter Lavel NOT TO SCALE |

© T.0.C. Elevation: 1093.0

. Coorcinates:

:  North: 2,818,202.50
East: 662,349.80

FIGURE A "'2

e H88-11

LITHOLOGY AND
WELL COMPLETION
WISHBONE

PROJECT NO BB3—~2143 DWG NO 7818 DATE 2/8/89 DRAWN JSS APPROVED RM

Golder Associates Inc.




Depth (feet)

I
1

LITHOLOGY

WELL COMPLETION

Medium groy to dark gray, SILTSTONE

<

(interbedded with claystone and

< T

trace shaie) {Chickaloon fm)

280

Gregenish—black, CLAYSTONE
(interbedded with siltstene)

280

K3
2]
O

Illlllltli

A
o
Q

4.8753—in. borzhole ~—

— Filtar sond

2.0-in. PVC
well screen

1

<=

[#]
]
(=]

llllil]_.l!l[lllll

(]
(¥
O

L
£
O

A
v
A7

<

405
END OF BOREHCLE

LEGEND
Cement Grout 2.0" Sch. 40 PYC

Riser, Flush Threaded

I

Bentonite Grout

2.0 Sch. 40 PVC Screend
0.020" Slots, Flush '
Threaded

3 } Sentenite Pellets

Sandpack

Water Level

NOT TO SCALE ,'

. date: 10/31/88

. Ground Zlevation: 1080.2
©T.0.C. Zievation: 1093.0
. Coocrdingtes:

North: 2,819,202.50

i Eagst: 662,349.80

FIGURE A"2
we HB88=T11
LITHOLOGY AND

WELL COMPLETION CONT
WISHBONE

PRGJECT NG 883-2145

DWG NO 7819 DATE 2/6/89 DRAWN JSS APPROVED RM

Golder Associates Inc.




LITHOLOGY WELL COMPLETION
PVC slip cop
P .
Sand ]—-—Lockmg cover
Domed concrete pad | 47 Steel protective
to divert runoff by cover
- GROUND SURFACE (7022.7) et it M i e
4 Dark yellow—brown, SILT, little v Lk
3 clay, trace fine sand ’// 71¢
10 _:6.3 / %
4  Qlive—gray, fine io coarse SAND /
7 and GRAVEL, trace silt 5.875—in. horehalae _/ 7 2.0-in. PVC casing
20 % %ﬁl /5
. ~<— Cement /572
] 8.2 / % bentanite grout
-y
ﬁg 30 <30 10/5/88 % /
2 1 Derk greenish—gray, fine to coarse / _,//
~ 1 SAND and GRAVEL, somae silt,
£ 40 — little clay v
o = / /
5 B
o 149 / %
80~ Oive—gray, SANDSTONE (interbedded /
4 with claystene and siltstone) /
3 (Chickaicon *m) //
60 — / 7
;] 7 /
] A
70 — //i ///{
7 L
] % /
80 ] e .
Jav Jentonite chips
ag —  Olive—gray, SHALE (interbedded with _
-t claystone) 3
296.3
100_‘ Groy—black to bigeck, COAL
4 {Eska Gp) .
_ 2.0=in. PVC
108 well screen
1701 Light gray to olive—gray, CLAYSTONE
1 {interbedded with siltstone)
-118 Filter sand
120—w Gray=black to biack, COAL
{Lower Eska Gp)
] ; ==
13093130 \ &
4 Dark gray to olive—biack, SILTSTONE | k;\\ N\ Fentenite cnips
TV (interbedded with shale) v = . \
Date: 10*1/3/8-8
LEGEND ; Ground Elevation: 1023.7

Cement Greut
Bentonite Grout
Sentonite Pellets

Sa

= Water Level

2.0" Sch. 40 PVC
Riser, Flush Threaded

|
:

2.0 Sch. 40 PVC Screen
0.020" Slots, Flush
Threaded

ndpack

NOT TO SCALE §

Coordinates:

North: 2,821,481.58

|

|

| T.0.C. Elevation: 026.4
| East:

663,862.74

FIGURE A "3

we H88-12

LITHOLOGY AND
WELL COMPLETICN
WISHIONE

PROJECT NO 883—-2145

OWG NO 7814 DATE 2/8/8% DRAWN JSS APPROVED RM

Goider Asscciates Inc.




LITHOLOGY WELL COMPLETION

A

i Cark gray to oiive—black, SILTSTGNE
140 — (interbedded with shale)

Sentonite chips

150—: 180: trace codl
1
N - Cement /3%
160 bentonite grout
170 —
= ] s 3
5 : : ¢
Y 180_ t N
~ ! ] > § — Caving
< 4185 ;
o 1 End of borencie
st 180 -
E Date: 10/3/88
! Ground Elevation: 1023.7
LEGEND ‘

T.0.C. tlevation: 1026.4
Coordinates:

2.07 Sch. 40 PVC

Cemeni Grout
Bentonite Grout

[

Riser, Flush Threaded {  North: 2,821,481.58
| East: 863,862.74

2.0" Sch. 40 PVC Screen

Bentonite Peitets % %ozo; Siots, Flush acure A=3
= reqde

Sandpack v H88-12

LITHOLOGY AND
_Z_ Water Level NOT TO SCALE WELL COMPLETION CONT
WISHBONE

PROJECT NO 883~72145 DWG NO 7815 DATE 2/6/89  DRAWN JSS AFPROVED RM Goider Associates Inc.



LITHOLOGY

Domed concrete pad Sand

WELL COMPLETION
PVC slip cap

— Locking cover

/

® 4" Stesel protective

to divert runoff - — cover
0 GROUND SLRFACE (7740.7) T EE—e—
—_ L
<4 Dark yellow—brown, fine %o zoarss 1 oA
7 SAND and fine to coarse GRAVI., j/ zg
0 - some cobbies, trace silt / V
10 — % %
7 / , _,/'/—-E.O—In. PVC casing
] / [’/ 7
20 / o
- V<— Cement /5%
] / // bentcnite grout
30 22,0 // %
4 Dark yellowish brown, sandy, fine to / /
N coarse, GRAVEL, some cobbies, trace silt /
o .
B !///1
A ‘ .
—N— T 775 % 7 ,t_
- Dark brown to biack,fine 1o coarse %
a0 — SANDSTONE, some silt, trace ciay. 83.7 gy
] 7
— ] 3/24/88 / /
2 ] -
L 90 —g2 o » Ry
~ 4 Grayish—black, SHALE 4.78~in. borenoie 7 %
5 ] /
Q. 100 /
- B %
g 110 % /
J445Gray—black, SHALE, trace soai / %
] Derk gray to black, SILTSTONE /
120~ (interbedded with shaie) \ (R "
—— == E—
s ag 1140 / y
< Grayish—black to gray—brown, SHALE / /
150 — /
1155 / /
7 Medium dark gray, CLAYSTONE, / /
160~  (interbedded with trace sandstone / /
7 and shdle) / %
| Dote: 8/31/88
! Ground Zlevation: 1140.1
LEGEND i

Cement Grout
Bentenite Grout

Threcded
Sandpack

L. Water Level

2.0 Sch. 40 PVC
Riser, Flush Threaded
2

0" Sch. 40 PVC Screenf

N sentonite Peilets % 5.020° Siots, Flush
B

NOT TO SCALE

T.0.C. EZlevation: 1142.9
Coordinates:
Nertih: 2,822,647.55
East: £65,500.08

FIGURE A"' 4

we H88-13

LITHOLOGY_AND
WELL COMPLETION
WISHBONE

PROJECT NO 883-2148 DWG NO 7811 DATE 2/5,/89

ORAWN JSS APPROVED RM

Golder Assocciates Inc.




LITHOLOGY WELL COMPLETION

—A—— A A

170 — . 7 //
]ttt gerkc o, SLAvSTONE n
R sandstone and shale) / /
160 ] 4.75—1n. barehole // /_.__' e
/ % Cement /3%
b % / hentonite grout
‘iSO'—"E % J%
200 ?
o 20 // ~
o N
iff 220_: 4.75—in. borehole-——wZ Z/
§ E2313 % %
o T 7
. Memum dark gray, S]l{..STONE‘ / /
3 (interbedded with shaie and ciaystone) % %
240~
250— 7
250 ] / /
o s— - ‘ o
: Y
e Z 7
4 Block, COAL (interbedded with /
310—_: claystone) (Jonesville Gp) %
320 320 % %
] Clive—gray, silty fine SANDSTCONE %
330 A / é A

1 Date: 8/31/88
| Ground Elevation: 1140.1

LEGEND . : | T.0.C. Slevation: 142.9

LI ¥ Grout 2.0" Sch. 40 PVC Coordinates:

sment Srod D Riser, Filush Thraaded _ ‘ North: 2,822,647.55

P77 Bentonite Grout _' _ Eost: 665,500.08

— 2.07 Sch. 40 PVYC Screent

N\ Bentonite Peilets % 0.020" Slots, Flush FIGURE A-4

— Threaded

i Sandpack WELL H 88" 1 3

g ‘ LITHOLOGY AND
Water _evel NOT TO SCALE | WELL COMPLETION (CONT)

WISHBONE

PROJECT NGO 883-2145 OWG NG 7812 DATE 2/6/88  ORAWN JSS APPROVED RM Golder Associates Inc.




LITHOLOGY

WELL COMPLETION

T 133s K ;. V
1 Light oiive—gray to black, COAL, _g:rﬁg:?t/f%m ¢
340—  (interbedded with clay and siltstone) grou
— ’ A Y
:345(Prem|er Ge.) R Bentonite zhips
4 Brownish—black, SHALE
350
1501360 4.75~in. borehole — 2.0-in. PYC casing
4 Light clive—gray to black, COAL
7 (interbedded with claystone and
570 ~37Dslitstone)
i 1  Olive—gray to olive—~black,
i ] LAYSTCNE, irccs codl
i% 4 (interbedded with siltsiene)
380
= 7 Trace of coci seams
o -
joR -
o) N
390
400 —
+4 405
4 COlive—gray to diack, SHALE
410~1  (interbedded with siltstone)
7
3 2.0~in. PVC
420 4 well screen
-

Ta47 Black, COAL [interbedded with shaie)
i (Unngmed Gp)

450 452

Olive—gray to black, SHALE
{interbedded with claystone)

3 END OF BORENCLE
470

LEGEND
Cement Grout

Bentonite Grout
Sentonite Pellets

2.0" Sch. 40 PVC
Riser, Flush Thresaded

(.020" Siots, Flush

% 2.0" Sch. 40 PVC Screend
Threaded

Sandpack

—Z_ Water Level NOT TO SCALE

- ilter sand

{18 Coving

\ Date: 8/31/88

Ground Elevation: 1140.1
T.0.C. Elevction: 1{42.9
| Coordingtes:
| North: 2,822,647.55
i East: 665,500.06

FIGURE A"' 4

WELL H88—13

LITHOLOGY AND
WELL COMPLETION (CONT)
WISHBONE

PROJECT NO  883--2145 DWG NO 7813 DATE 2/6/89 DRAWN JSS APPROVED RM

Golder Asscciates Inc.




LITHOLOGY WELL COMPLETION
PVC siip cap ~

T l——Locking cover
Domed concrete pad  Sand E | 8" Steel protective
to divert runoff \ ] cover
GROLND SURFICE (778.9) TP BT
- v = ~ - T
4 Dark yellow—brown, fine to coarse SAND '// 7 5.0 —in. PVC casing
7 and fine to coarze GRAYEL, some silf, / g Cement /5%
4 trece clay ;
5 — 4.875—In. berehoie gzgggm%i gi?g;
< ] 9.9
L 10 —_ 5.0 —in. PVC
~ 112 . 1/13/88 well screen
& <4 Olive—gray, C_LAYSTONE (interbedaed
% 45 1 with siltstone) {Chickaicon fm) . Filter sand
O -
118
20 — END OF BOREMOLE

*
APPROXIMATE SURVEY

LEGEND
Cement Grout

Bentonite Grout
Bentonite Pellets
Sandpack

_S_ Water Levei NOT TO SCALZ :

| Date: 11/10/88
‘ Ground Elevation: 788.9%
\ T.0.C. Elevation: 790.9 %

Coordinates:
North: 2,816,995.3 *
East: 857,713.5%

5.0 Sch. 40 PVC
Riser, Flush Threaded

FIGURE A - 5

v H88-14

LITHOLOGY_ AND
WELL COMPLETION
WISHBONE

0.020" Slots, Flush

% 5.0 Sch. 40 PVC Screen#
Threaded '

PROJECT NO 883-2145 DWG NO 7810 DATE 2/5/89  DRAWN JSS APPROVED RM QGolder Associates Inc.



LITEOLOGY WELL COMPLETION

PVC siip cap
™ rLocking cover
Demed concrete pad Sand | _ 4" Steel protactive
& to divert runcff \__*__. - cover
_ SROUND SURFACE [771.9) — T B
4, « Qlive—black, FiL., mixture of coal - ——2.0-in. PVC casing
:2'5debris and fine to coarse gravel % 7‘“‘ Cement/5%
——lcnd sand / tentonite greut
5 4.875~in. borehole @ 3 Sentonite chi
N J  Derk yelow—grewn to medium light gray, AR enionie chips
3 - fine to coarse 3IAND, with fine to
o _' coarse gravel, some cobbles, seme to .
= 197 ittle sit, trece clay, damp to dry 2.0—in. PVC
- 4.7 well screen
< 3 \Vi
& 15 — 1/12/88 L Fiter sand
O -
20 m20
END OF BOREHCLE
* APPROXIMATE SURVEY | Date: 11,/10/88
! Ground tlevation: 7719
LEGEND T.0.C. Elevation: 772.8
Cement Grout 2.0" Sch. 40 PVC Coordinates: .
Riser, Flush Threaded North: NS 2,816,842.8

East: NS 657 425.4 %

"~} Bentenite Grout
0" Sch. 40 PYC Screen
c

2. .
genionife Pellels g 0.020" Slets, Flush FIGURE A—6
a

Threaded

Sandpack : wee H88-14 A

7 weter Level LITHOLOGY_ AND
Leve NOT TO SCALE WELL COMPLETION

WISHBONE

PROVECT NO 863—2145 OWG NO 7809 DATE 2/6/89  ORAWN JSS APPROVED RM Golder Associates Inc.



LITHOLOGY WELL COMPLETION

PVC slip cap
~_ i——Locking cover
Comed concrete pad Sand . B—in. Steel protectiv
te divert runoff N N R cover
_ 0 GROUND SURFACE (870.7) e S e B it v
7  Brownish—gray to light tan, fine to V//'
1 coarse SAND and GRAVEL, trace sit % //
10 //’ 72 é
] 9.875~in. borehole —/ A/ //'/ 5.0~in. PVC casing
20 — ] ) 7 %/
] 8-in. steel casing A %/
] L
= 30 33.0 27 % 2
3 v g
> 137 It/5/88 /1 7 ]
£ 40 - Medium light gray to medium dark gray, %
o - CLAYSTONE /MUDSTONE (interbedded with / -
] 1 siltstone) {Chickaioon fm) —Cemenfc/a%
e ] g bentonite grout
50 — / /
N - /
] 7 /é/
50 - o ,/ M
‘ y 3335133355 NN
—.4\‘,_.___ '\»,I T ;,52\ Ty N“c’
40 b ;% g;é [ ;%HCaving
] :_ ; Bentonite chips
] £
20 — i
A B \ A
—
—— v v
110
J119.5
120 — .
. Gray—black to nlagk, COAL
j (ﬁ?nﬂm'Gp) —— Fiiter sand
130
n 5.0—in. PVC
- well screen
140 -
4145
1 Medium dark grey to dusky brown
150 — LAYSTONE /SILTSTONE
__JT___: 4y A
Dcte: 11/8/88
’ | Ground Elevatiom: 870.7
LEGEND 3 | T.0.C. Slevation: 8737
Cement Grout —! 5.0" Sch. 80 PVC 1 . Coordinates:
Riser, Flush Threaded i . North: 2,817,411.48
0 H [ -
/] Bentonite Grout : | East: 860,040.14
8 5.0" Sch. 80 PYC Screent
N Bentonite Pellets 0.020" Slots, Flush A_7
j Threcded FIGURE

Sandpack WELL H88‘15
7 weter | : LITHOLOGY AND
oter Levei NOT TO SCALE | WELL COMPLETION

; B ———. RIS ) S el WISHBONE

PROJECT NO 3832145 OWG NO 7820 DATE 2/6/89  DRAWN JSS APPROVED RM Goider Asscciates Inc.



LITHOLOGY WELL COMPLETION

—A— A A
= Medium dark gray, dusky brown
R CLAYSTONE /SILTSTONE
160 =
1 187: trace ceodi
170 —
7 5.0-in. PVC
180 — well screen
190_— — Filter send
~ ]
o 200—
e -
St —
= N
8— 210-:
] 215
I Medium dark gray, CLAYSTONE
220 —

vl

o

&
N R

238

240~ Black, COAL [interseddec with

3 claystone) {(Fremier Gp.)

]
B —
2580 .

s
2507 hedium dark aray, CLAYSTONE

4 (interbedded with siltstone)
270
280—
290 — . .

:300 §§§§ é;i ﬁg Caving
300 END OF BOREROLE .

l =TLE ' Oater 11/8/88

LEGEND | Ground Elevation: 870.7

T.0.C. Elevgtion: 873.7
Coordinates:

Cement Grout D 5.0" Sch. 80 PVC

Riser, riush Threaded
[77] Bentonite Grout

3 5.0" Sch. 80 PVC Screeni
Sentonite Pallets % 0.020" Slots, Flush -
E Thraaged :

1 North: 2,817,411.48
| East: 6860,040.14

FIGURE A -7

WELL H88-15

LITHOLOGY AND
WELL COMPLETION (CONT)
WISHBONE

;] Sandpack

7 ‘Wgter Leve

NOT TO SCALE §

PROJECT NO 883-2145 OWG NO 7821 DATE 2/5/89  DRAWN JSS APPROVED RM Golder Associates inc.




LITHOLOGY

WELL COMPLETION
BVC slip cop -

Locking cover

Scnd .
Demed concrete pad \ " 8" Steel protective
to divert runoff = cover
-0 GROUND SURFACE (71030) e rorit, [ i R
41  Dark yellow—brown, SiLT, some fine % i
1 to coarse sand, little fine gravel, // é/
-4 little to trace ciay, damp /
10 — ' /
ik . . / 3.0—in. PVYC casing
< Dark vellow—brown, silty fing to 9.875—in. borencle — /7 ) )
ng ]  coarse SAND, little to some fine
4 to coarse gravei, trace clay, damp / /- Cement /5%
] / / nentonite grout
—
*;3’ S0 233 / /
> 1 Olive—gray, fine to coarse SAND, / /
- 4  seme silt, some fine io coarse /
< 4C —  gravel, trace zigy, demp /
C:LJ) ] 49.0 /
50 A 7
= 11/6/88 / %
80 — 7
- L /
0 / %
80 — ; /
188
30 - Olive—biack, SHALE Sentonite chips
J82
A Black to olive—bigek, COAL,
4 (interbedded with claystone/ .
100+ sitstone)(Premier Go) _5‘?1"1”‘ P\éC
h well scree
110—— —— Filter sand
~ 7.875—in. berehote —
120 —
130 —
120 v A—
| Jate: 10/20/88
| Ground Elevation: 1103.0
LEGEND | T.C.C. Sievation: [106.0
Cament Grout 5.0" Sch. 80 PVC | Coordinates:
Riser, Flush Threaded ] | Eorth: 2,819,896.54
Y I -
% Bentenite Grout | EBost 883,436.78
3 5.0" Sch. 80 PVC Screen
NN Bentonite Pallets 0.020" Siots, Flush FIGURE A-B
Threaded
Sandpack WELL H88‘16
o LITHOLOGY AND
Water Level NOT TO SCALE § WELL COMPLETION
PROJECT NO 883—2145 DWG NO 7804 DATE 2/5/89 DRAWN JSS APPROVED RM Golder Associaies Inc.




LITHOLOGY

WELL COMPLETION

A A —A
140
] 5.0—in. PYC
i well screen

150 —

] — Filter sond

160 —

170 o ‘
= 3 7.875—in. borehoie — 5.0—in. PVC casing
Q -

,E -
180 —

£ -

-+

= ]

2 1304

e 1193

1 Medium gray te dark gray, fine

4 SANDSTCNE {Chickaloon fm)
2CC =202

7 Light cilve—gray, silty fine
SANDSTONE, (interbedded with .
claystone)

e ]
[
&
i

5
Il[lkllll!

LEGEND

Cement Grout D
Bentonite Grout
X 3.
Bentonite Peilets % 0.020" Slots, Fiush

5.0° Sch. 80 PVC
Riser, Flush Threaded

Threaded

Sendpack

N Water Level

" Sch. 80 PYC Screen ":

NOT TO SCALE |

A\f

A e

—
: Date:

10/20/88
! Ground tlevation: 1103.0
i T.0.C. Elevatlon: [106.0
| Coordinates:
North: 2,819,896.34

| fast:

563,436.78

FIGURE A -8

w H88-16
LITHOLOGY AND

WELL COMPLETION CONT

WISHBONE

PRGJECT NO 3832145 OWG NO 7805 DATE 2/6/8%

DRAWN JSS APPRQVED RM

Golder Associates inc.




LITHOLOGY

WELL COMPLETION

—A— A A
280 —
290 —
300
] ——5.0=In. PVC
_ 7.875—in. borshole — well screen
310
1317 THIN COAL SEAMS
320
Q -
E -
>, B
S 330
Q.
a 3
a ]
5407 3.0—in. PVC
1 well screen
350_— Filter sand
360
p 5.0=~in. PVC casing
370 — 7.625—in. bhorencle ——
380 —
—h - A A
Y A \ A
400 40z
B Light gray, silty, fine SANDSTONE
410
420 \ .
4438
440 — End of borehaie
| Jcte: 10,/20/88
- T Ground zievation: 1103.0
LEGEND - T.0.C._ Elevation: 1106.0
Cement Grout 5.0" Sch. 80 PVC . Coordinates:
ome DRiser, Flush Threaded - North: 2,819,896.54
w Bentenite Grout =ost: 663,436.78
RS 5.0" Sch. 80 PVC Screen
N Bentonite Pellets % 0.020 Siots, Flush _ coure A=8
Threaded .
Sandpack WELL H88‘16
\ ; LITHOLOGY AND
Water Level NOT 7C SCALE {| WELL COMPLETION CONT

WISHBONE

PROJECT NO 883-2145 DWG NG 7B0B DATE 2,/8/39

DRAWN JSS APPROVED RM Colder Associates Inc.




LITHOLOGY WELL COMPLETION

PVC slip cap
Locking cover
Domed concrete pad ' 4" Steel protective
to divert runoff Sand_ {__ —_— cover
GROUND SURFICE (997.2) T, RS
115 Dark yellow—rown, SLT 1 —o54—2.0-in. PVC casing
] ’ / — Cement /5%
- Light gray, fine to coarse GRAVEL, bentonite grout
3 — some cobbles, some bouiders, littie 79 Bentonite chips
3 fine to coarse sand, trace silt V
.« 2.0—in. PVC
- 10/5/88 well screen
10 ~
13 =7 Fllter sand
—_ 4 Light gray, CLAYSTONE 2
T 18— 8—in. borehcle ?
2 118 A
g
1 END OF BCREHCLE
£ 20
o
)
o]
Date: 10/5/88
Ground Elevation: 997.2
LEGEND g T.0.C. Elevation: |00C. |

2.0" Sch. 40 PVC g Coordingtes:
Riser, riush Threaded : North: 2,822 ,520.48
i East: §64,046.71

Cement Grout D

Bentonite Grout .

N 2.0 Sch. 40 PVC Screen{
entonte Pt % 0.020" Slots, Flush f rioure A=9

Threcded :
i Sandpack seee WELL H88_17
LITHOLOGY AND

WELL COMPLETION
WISHBONE

—- Water Level NOT TO SCALE }

PROJECT NO B83-2145 DWG NO 7807 DATE 2/8/89 DRAWN JSS AFPROVED RM Golder Associates Inc.



LITHOLOGY WELL COMPLETION
PVC slip cap ~

t——Locking cover
Dormed concrete pad .

- 4" Steel protective

to divert runoff Sand\m o cover
-0 CROUND SURFACE (B42.8) J__,_.———// 20 XA
4 Olive~black, FiLL, claystone 7 A y
- - : ement,/372
] fragments, taflings pile / % bentonite grout
10 4~ 2.0-in. PVC casing
- 8—in. borehote Bentonite chips
20 103 — Filter sand
1 OClive—black, fine to coarse SANE, 285 2.0~in. PVC
o 35 some sit irace fine gravel VA well screen
=uu 9/26/88 &
o ] N
L 135.1 Black, COAL \; Sentonite ohi
- Bentonite chips
£ 40 436.2 Olive—black, SHALE N N\ P
g 140 END OF BCREHOLE
a ]
50 -
Cate: 9,/23/88
= H .
LEGEND Ground £levation: 342.8

T.0.C. Elevation: 846.3
Coordinates:
North: 2,818,483.72
Eust: 658,788.08

2.0" Sch. 40 PVC
Riser, Flush Threaded

Cement Grout
Bentonite Grout

S _ 2.0" Sch. 40 PVYC Scrzen
N\ Bentonite Pellets % 0.020" Slots, Flush :
= Threaded !

FIGURE A - 10

vy H88-18
LITHOLOGY_AND

WELL COMPLETION
WISHBONE

| Sandpack

- wgter Levej NOT TO SCALE j

PROJECT NO 8B3—2145 OWG NO 7808 DATE 2/6/89  DRAWN JSS APPROVED RM Coider Associates Inc.




LITHOLOGY WELL COMPLETION
PVC stip cap -
Sand . I———Locking cover
Jcmed coencrets pad _____‘] L 47 Stzel protective
to divert runoff e I ey cover
GROUND SURFACE (862.7) R e
= C TTsTo ellowisn_orown, organic ik '7;’/ 7 7 )
] Dark vellowish brown, fine to ccarse /% ///
4 SAND, some silt, some fine to f %
10 —  coerse gravel, trace clay // - Cement /3%
5 . bentonite grout
4 8—in. borehole ——
] A, 2.0—in. PVC casi
20 — 7 O—in. cgsing
] 2V
] Bentonite chips
L -
- 30 —
ik -
O 4
N~ ~37.0 39.8
£ 40— Olive gray, 7ine to coarse SAND _L 2.0—in. PVC
= 4 ond SILT. little to trace, fine to 11/5/88 | well screen
o 3 coarse gravei, dam
= ] : P - Fllter sand
30 ~
o Bentcnite chips
80 —
20 — Za— Cement /5%
o bentonite grout
03
=2Qlive brown to medium dark brown,
SHALE, some cogl
| (Chickaleon “m.}
a0 -
] END OF BOREHOLE
‘IDCJj
| Date: 10,/21,/88
LEGEND i Ground Elevation: 862.1

2.0" Sch. 40Q PVC

Cameant Grout
@ Bentonite Grout

I
:

Level

—Z_ ‘Water

Riger, rlush Threaded

™ 2,0" Sch. 40 PVC Screeni
N\ 3entonite Pellets 0.020" Siots, Flush »
Threaded

NOT TO SCALE

T.0.C. Elevation: 865.9

% Coordingies:
| North: 2,816,620.80
i East: 659,688.28

FIGURE A_ 11

v, H88-21
LITHOLOGY_ AND

WELL COMPLETION
WISHBONE

PRGJECT NO 883-2145 DWG NO 7651 DATE 2/9/88

DRAWN DJH APPROVED RM

Golder Associates Inc.



LITHOLOGY

WELL COMPLETION
PVC slip cap

" 4" Steel protective

Sand '—Locking cover
Domed concrete pod \ ____I

to divert runoff bl o cover
_ GROUND SURFACE (7074.2) e EE———
4 Dark yeilowish orown, silty fine SAND, 43 L o45 Cement /5%
:—} some organics, little to trace, medium bentonite grout
4 ' to coarse SAND, trace clay, trace fine 8/31/88 ; ’
10— 1. g"°"5i tsentonite chips
Tl )
41  Medium yellowish brown, silly fine 8—in. borehole — 20-in.PVC casing
20 2 SAND, little to trace, medium to
i coarse sand, trcce clay, trace fine
4 gravel
Ui — Filter sand
o 30 =& Derk yellowish brown, silty fine SAND,
3 31 little to troce, medium to coarse
ha? i sand, little to trace, fine 1o medium
b ravel, trace cla
S 40— 360 g
% - Light olive gray, fine SAND, with b= 2.0=in. PYC
- ] silt, scme meaqium to coarse saond, well screen
50 —  little fine to coarse gravel
1 515
1 END OF BORERCLE
50 —
Date: 8/26/88
LEGEND 2 Ground Elevation: 1074.2

Cement Grout
Bentonite Grout

Threaded

Sandpack

S Water Lave]

2.G" Sch. 40 PVC
Riser, Flush Threaded

2.0% Sch. 40 PVC Screen§

N dentonite Pellets % 0.020" Slots, Flush

NCT TO SCALE {

T.0.C. Elevation: 1077.2
Cocrdingtes:
North: 2,819,734.40
East: 662,165.67

FIGURE A -12

v, H88-22

LITHOLOGY AND
WELL COMPLETION
WISHBONE

PROJECT NQ 883--2145 OWG NO 7852 DATE 2/9/88

ORAWN DJH APPROVED RM

Golder Associates Inc.




LITHOLOGY

WELL COMPLETION
PVC slip cap

Sand ™ l——Locking caver
Domed cencrete pad \ | — 4" Steel protective
to divert runoff ‘ i cover
0 GROUND SURFACE (840.89) e e BT e
- Dark yellow—kbrzwn, SILT, some fine o ” ////
37 to medium sand, trace coarse sand, i 7%
0 —_'[ircce cebbles, trece clay, damp ﬁ// ///
10 — - y
] Light olive—gray, saondy, fine / A A . \ .
il to coarse GRAVEL, trace 8-in. borehole —/ o % 2.0—in. PVC casing
4 silt, trace cobbles, dry /
20 —
- / %— Cement/5%
] / / bentonite grout
3 3 Dark yellow—brown, silty fine SAMD, (silt
= . and send interbedded) trace clay, wet Bentonite chips
Q. 1  Olive—gray, fine to coarse GRAVEL,
Q A 48.5
- -+ with fine to coarse sand, some
- sitt, trace clay, wet VA
50 » a/1/88
157 —2.0~in. PVC
g§o —  Olive—gray, fine to coarse SAND, well scraen
. little silt, troce fine ic coarse
1 gravel, wet — Filter sand
70 -
80 —
90
100 -
4108
]  End of borehoie
10—
| Date: 8/24/88
LEGEND . Ground =levation: 840.0

Cement Grout
Benteonite Grout

Threcded

Sandpack

5 water Level

2.0" Sch. 40 PVC
Riser, Flush Threaded

2.0" Sch. 40 PVC Screen

Bentonite Pellets % 0:020" Slots, Flush

NOT TC SCALE §

i T.G.C. Elevation: 842.4
i Coordinates:
North: 2,816,470.74

i East

§62,508.83

FIGURE A - 1 3

we H88-23
LITHOLOGY_AND

WELL COMPLETION
WISHBONE

PROJECT NO 883-2145 DWG NO 7803 DalE 2/8/89

DRAWN JSS APPROVED RM

Golder Associates Inc.




LITHOLOGY WELL COMPLETION
PVC siip cap

Sand I—-Locking cover
Domed concrete pad \ _

. 4" Sizel protective
to divert runcff

[ cover
-— GROUND SURFACE (845.5) \\\/-r-'—., % ': PRSI ae =
1 Deark yellow—brown, fine to coarse SAND, A S B A
7 with fine to coarse gravel, some silt, 1 S
~ some cobbles /// //
10 - /7 /
o /‘ _- .
B 8=-1n. boreho!e—/ / 2.0—in. PYC casing
207 Dark yellow—brown, fine to medium SAND, % - — Cement /5%
4 little coarse sand, liitle fine io / bentanite grout
7 medium gravel, trace siit
= 30 43y
3 34 Dark yellow—brown, fine to coarse GRAVE! Sentonite chips
N— 3 - v 0 < L i
~ ] some fine to coarse sand, little silt (Boroid Hole Plug)
N —
*5_ 40 o Dark yellow—brawn, fine to coarse SAND,
o = and fine tc cogrse gravel, some
a 1 cobbles, some to iitlle silt 521
50 = V4
] 9/1/88 2.0—in. PVC
= well screen
60 —
: Filter zaond
70 — E= Lonestar #3
174 E:
1 Olive—gray, fine to coarse SAND N\ \\\ o '
a0 — ond GRAVZL 3 y aento.m’c‘e chips
483.86 N\ {Beroid Hole Plug)
] End of Borencie
90 —

| Dote: 8,20/88
W ! Ground Elevation: 845.3
LEGEND A : T.0.C. Elevation: 848.3

Cement Grout D 2.0" Sch. 40 PVC : | Coordinates:

Riser, Flush Threadad | North: 2,815,847.90
' | East: 663,564.21

2.0" Sch. 40 PVC Screen §

Bentonite Grout
e %1020; ilo{s' Fiush | rouze A~14
reade

Sandoack WELL H88-24A
LITHOLOGY AND

—= . Water Level NOT TO SCALE | WELL COMPLETION
e — WISHBONE

PROJECT NO 8B3—2145 DWG NG 7576 DATE 1/20/89  DRAWN JSS APPROVED RM Goelder Asscciates Inc.



LITHOLOGY

Dcomed concreie pad

WELL COMPLETION

Locking cover

Slip cap
Sand

PR

Cement Grout

Sandpack

—sz ‘Water Level

Bentonite Grout
Bentonite Pallets

2.0"

to divert runoff
GROUND SURFACE (830.9)
] Dark vyellcwish brown, SILT, some
1 fine to medium sand, silt peockats,
10 <1g damp te moist
7 Light olive gray, fine to coarse,
117 3AND, trace fine to medium gravel,
4 trace siit
20 —
1 Light olive gray, fine to coarse,
. sendy GRAVEL, trace silt
30
Q -
0 4
Y
> 4
= 40420
Q.
D 7 Olive gray, fine to coarse, SAND
a 7 and GRAVEL conglorerate
50 —  (T=adaka fm.}
80 —
70 —
80 —
90 —
194.0
4 END OF BCREHOLE
100
LEGEND

Sch. 40 PVC

Riser, Flush Threaded

Sch. 40 PVC Screen 3

0.020" Slots, Flush
Threaded

I
i

NOT TO SCALE 3

378

VA
o/1/88

L

W%ntonite chips

= Steel casing
— 8—in. borehole

b Cement,/5%
bentonite grout

Qentonite chips

wed—— 2—in, PVC schedule

40, casing
——Fllter sand
——2--in. PVC schedule

40, screen: 0.020-in.
slots

—- 3.5—in. borehgie

———Filter sand

Dete: 8/14 /88
Ground Elavation: 230.9
T.0.C. Elevation: 833.7
Coordinaies:
Neorth: 2,815,306.15
East 662,680.44

FIGURE A -15

we H88-25

LITHCLOGY_AND
WELL COMPLETION
WISHBCNE

PRCJECT NO 883~2145

DWG NO 7830

OATE 2/3/89

ORAWN DJH APPROVED RM

Golder Associaies Inc.




LITHCLOGY WELL COMPLETION
PVC slip cap

Sand ™ ]—Locking cover

Domed concrete pad \ ' __ 4" Stesl protective
to divert runoff cover

GROUND SURFACE (1128.4) TPt B

|

— O .. L.
Derk yeilowisn brown, fine to coarse, i~ Cement/32%
sandy SILT, some fine to coarse S bentonite grout
J gravel, little to trace clay Bentaonite chips
10
12.5

| Dark yellowisn brown, silty fine *c —2.0~in. PVC casing

coarse SAND, some fine to coarse
gravel, trace ciay

8—in. borehale —

i Lignt oiive gray, fine to coarsse,

sandy SILT, little fine to medium 2. G—in. PG
gravel, trace clay weil screen
3 H

Clive gray, fine to coarse SAND and Fit P
— Filter san

fine to coarse GRAVEL, troce silt, 47.3
trace cobbles .

8/3i/88

t—— 3.875—in. borshole

END OF BOREROQLE

Depth (feet)
n B (5]
L] (= ]
I NS R R
(B
[3n)

60 2
| Date: 8,/29/88
I Ground Elevation: 1128.4
LEGEND ! T.0.C. Flevation: 1131.3

|
|
- : Coordingies:
Riser, Fiush Threaded : i North: 2,822,583.89
- ! Egst: 665,584.80

2.0" Sch. 40 PVC

Cement Grout D
Bentonite Grout :
g 2.0 Sch. 40 PVC Screend

XX 8entonite Peliets 0.020" Siots, Flush ; coure A=-16

Th fed i
Sandpack reace WELL H 88 = 2 7

| LITHOLOGY_ AND
ater Level NOT TO SCALE | WELL COMPLETION

PROJECT NO 883—2145 DWG NO 7653 DATE 2/9/89 DRAWN DJH APPROVED RM Golder Associates Inc.



LITHOLOGY

PVC sli a
slip cap

WELL COMPLETION

lLocking cover

Domed concrete pad  Sgnd ' 4" Stgel protective
to divert runoff b cover
R GROUNG SUREICE (71297 7) __(___.,.-ﬁ" e
] Dark yellow—krown to dusky brown, /1 -
B SILT, with <lay, little to trace fine i ]
+— 0 medium sand / /
iC 1,4 Ousky brown, silty fine to coarse _ /
3 f?‘RA\/EL, some fine to coarse sand, S8—in. borencle — v 2.0—in. PVYC casing
1 ittle clay
20 —21 Dusky yellow—brown, fine to coarse /N . /5%
3 _ISAND, little fine to coarse gravel, [ “be”?e”,f rout
127little silt, trece clay o, / entoniie grou
% 30~ | Dusky brown, SILT, trace fine to LI I
§ h sand \
~— :37 Dark yeillow—brown, fine to medium dentonite chips
£ 4p — SAND, some coarse sond, some fine 3 i
"5_ R to coarse gravel, traze silt, troce clay
@ i
Q ] Light olive—gray, fine to cecarse SAND 51.0 Filter sand
50 ~ cnd fine toc coarse GRAVEL, irace silt SZ
- 10/3/88
] S 2.0—in. PVC
50 — : — = weil screen
: . L
- RYNR T
70 — it
] ¥ d
] L
* n
30 - 2 ze
] ReERs!
1 3.75~in. borehcle f §§ 2 ]
90 — ! i —— Native fill
4 2 ¢
4 ; 3
. »
100 22 :
N Light clive to gray, fine to coarse R §
1 SAND and fine to coarse GRAVEL, b
4 troce silt 8
110 3
4115 3
] END OF BOREHOLE
120—
. Date: 10/2/88
LEGEND " Ground tlevation: 1297.7

Cement Grout
Bentonite Grout
Bentonite Peilets
Sandoack

S Water Leve!

.07 Sch. 40 PVC
Riser, rlush Threaded

2

R

2.0° Sch. 40
0.020" Slots, Flush
Threaded

I
:

PVC Screeny

NOT TO SCALE

T.0.C. £levation: 1300.8
. Coordinates:
North: 2,824,330.2
East: 566,403.23

aoure A=17

v H88-28

LITHOLOGY AND
WELL COMPLETION
WISHBONE

PRGJECT ND 883-2145

DWG NO 7822 DATE 2/6,/89

DRAWN JSS APPROVED RM

Golder Asscciates Inc.




LITHOLOGY

0 GROUND SURFACE (Aporox. 772.0)

WELL COMPLETION

Plastic slip ca

Domed Concrete
Pad to divert runctf

Locking cover

]

8-in. Steel
protective cover

|

Q
1 Olive-black to brownish-black 7
- MINE SPCILS /
10— / //
7 Light olive-gray. dense, fine o coarse, / /] O-in. i i
] SAND and GRAVEL little silt / 7 5.07in. steel casing
20— sa{Maose Creek Ailuvium) 1 /
- 8-in. surface casing— /
3 Light clive~gray to medium
30—  light gray, fine grained, /
- ironstained SANDSTONE /
71 (Chickaloon frm) / /
40— / / —39.5'
] / %-—T.S-in. borehole
50— / /
- 56.5 / /
N v, / L— Cement/Bentonite
50— 7/15/89 % Grout
70 % /
80— % %
] 7 %
90“: 93 / /
196 Qlive-black SILTSTONE / /
100-: Medium dark to dark gray / /
- SANDSTONE
1 (Chickaloon fm) / /
110 % %
—y— | N Ll
Date: 7/15/88
R Ground Elevation: 772.0 approx.
GEND ‘B T.0.C. Elevation:
ament Bentonite " Coordinates:
i Grout D 5.0" Steel North: 2,818,710 approx.
Sandpack East: 657,500 approx.
N 5.0" Johnson Low Carbon,
Cement Grout % Stainless Steel 0.050" FIGURE A"' 1 8
Slots. Filter Fabric Wrapped
we H89—-29
Y water Level T LITHOLOGY AND
NOT TO SCALE WELL COMPLETION

WISHBECNE

PROJECT NO 883-2145.1

DATE 8/9/89%




7

1 Sandpack

N

Cement Grout

:

Water Level

5.0" Johnson Low Carbon,
Stainless Steel. 0.050"
Siots, Filter Fabric Wrap

NOT TO SCALE

LITHOLOGY WELL COMPLETION
—A——=7  Medium dark to dark gray SANDSTONE A 7 A

120~  (Chickaloon fm) W //

4123

1 Black, COAL (interbedded / /

- with carbonacecus shale)
130~ (Premier Gp.} / /

5 / y’/ 5.0-in.steel casing
140— / /
150; é %
160-—: / % Approx. 1'

. //: filter sand ,
170— = A

— 1 L. Formation

: Open Packers

1178 - — 175
180——182_5V0ID {fractured and washed out debris) E

- RUBBLE E 5.0-n. steel screen

. = (I77't0 197 )
1907193 = __ Gpen

1 VvOID tfractured and washed out debris) =
200— 201 = 5.0-in.steel sump

1204 Carbonaceous SHALE

END CF BOREHOLE
Date: 7/15/89
= Ground Elevation: 772.0
E‘-’END . ) T.0.C. Elevatior:
ement Bentonite Coordinates:
(/) G D 5.0" Steet Nerth:. 2.8 16.710

657,500

East:

FIGURE A- 1 8

WELL H89"'29
LITHOLOGY AND

WELL COMPLETION (CONT)
WISHBONE

PROJECT NO B83-2145.1

DATE 8/9/89




LITHOLOGY

WELL COMPLETION

Threaded PVC cap ~——

—— Locking cap
Sand 8-in. Steel
o GROUND SURFACE (Agprox. 753.0)  Barroid Bentonite 7 / - _protective cover
: Greenish~gray, very dense /
<+  GRAVEL and Sand. L .
7 little silt Centralizer
10
20— / 7 A2 0-in. PYC casing
7 8.0-in. surface casing / //
- / /
3
40— /
i / L Centralizer
50— 54.8
1 7
- 7/20/89 — Cement bentonite
60 -— / grout
4 /
0 / /
80—{g2 / /
3 Black, CCAL and BONE / )
4 (interbedded shaies) Centralizer
80— (Premier Gp.) / /
3 / / _—7.0-in. borehole
i n
] // .
Barrcid Hole Plug
_/\,1_“):‘ Ar
Date: 7/20/89
b Ground Elevation: 753.0
LEGEND T.0.C. Elevation:
W Cement Bentonite 2.0" Sch. 40 PVC Coordinates:
< Grout Riser, Flush Threaded North: 2,816,480
@ Barroid Hole Plug East: 656,735
(Bentonite)
-m Sandpack 2.0" Stainless Steel screen, -
% 0.020" siots FIGURE A 1 9
WELL H89‘"30
- ~ LITHOLOGY AND
—— Water Level NOT TO SCALE WELL COMPLETION

WISHBONE]

PRACJECT N0 BR3-2145.1 DATE 8/9/89



LITHOLOGY

V"1 Black. COAL and Bone
(interbedded shales)
{Premier Gp.)

120—]
125

WELL COMPLETION

§ 1 1.8

fack, CCAL
130 130B

i33Carbonaceous SHALE

Black COAL

At

45

< Carbonacecus SHALE

-159

170

-|  Black COAL (interbedded shaie)

ll!ll

g

g

J.JIII]IIJ

198.7

Brownish—-brown SILTSTONE

END OF BOREHOLE

LEGEND

Cement Bentonite
Grout

@ Barroid Hole Plug
(Bentonite)

Sandpack

A%

Water Level

[
E

2.0" Sch. 40 PVC
Riser, Flush Threaded

2.0" Stainless
steel screen,
0.02Q" Slots

NCT TC SCALE

A T

——Barrcid Hele PLug

——Centralizer

2. 0-in. Stainless
welil screen

— Filter sand

— Centraiizer

2.0-in. Stainless
sump

— Barroid Hole Plug
(Bentonite)

Date: 7/20/88
Ground Elevation: 753.0
T.0.C. Elevation:

Coordinates:
North: 2,816,480

East: 656,735

FIGURE A" 1 9
WELL H89_30

LITHOLOGY AND
WELL COMPLETION (CONT)

WISHBONE

PROJECT NO 883-2145.1

DATE 8/8/88




APPENDIX B

PIEZOMETER COMPLETION

AND LITHOLOGY LOGS



LITHOLOGY* PIEZOMETER COMPLETION

I'__——.‘—Locking cover
Domed concrate pad

GROUND SURFACE (930 12) to divert runoff P\ /2
- - I AKOFTA T
% T SaND ond GRAVEL Z%éé:::‘h
N /‘/ (74— Cement /57
10 _ 6 5/8-in. cesing ﬁ%g/// benterite arout
R 727
417 é/;%é
20 -]  SANDSTONE /%//f/
7 ({interbedded with shale/silistone) //r/
(Chickaloon fm) AN
: Ickaloon ™ /7/¢¢
=30 47
£ o
£ 40 ] 5 1/4—in. borehole 22?2
T 7
" 503 %777
%0 55.0 %f/ﬁ
- v ; é %
60 — ? Idé,/f
. 2%%%
[ 75.0 é ///” 2
: v g /éf
i 87.5 %
20 8/30788/ ?yé
7 2%
~ i
3 % ?
100 . 72277
’ | \
200 — [
1204 ”?’
4 coaL /’ /’
210—  {Upper Jonesville Gp) %g(\{g . .
5 §§§;\ Bentonite chips
220--_:_ ——Filter sand
S — A 2 y
LEGEND g?et:émae{gf /Eiaeavutions:

1)573.12 2)640.12 3)698.12
Coordinates:

North: 2,817,813.89

East: $59,843.06

Cementi Grout
Bentanite Grout
N Bentonite Pellets
Sandpack

IllrLI‘E]’\c:iogy inferred from geophysical logs

Woter Level 1

Water Level 2

Woter Level 3

FIGURE B--I

wee PB=7

LITHOLOGY AND
PIEZOMETER COMPLETION
: WISHBONE

L

Fiezometer

NOT TO SCALE

PROJECT NO 883-2745 DWG NO 7801 DATE 2/2/83  DRAWN JSS APPROVED RM QGolder Associates Inc.




LITHOLOGY

PIEZOMETER COMPLETION

v ] A Ar
230+ Fiiter sand
] Piezameter #3
240 —{241
1 Silty SANDSTONE Bentonite chips
4 (Chicaloon fm)  ESESSE o )
250 iiter san
—\ = \
B — v v
7280
—_ 280 COAL Bentonite chips
s 1 (Lower Jonesville Gp)
o) §
~ 290 i Plezometer #2
- -
"5' N
> 300_:302 Filter sand
] SHALE Bentonite c¢hips
4 (interbedded with sandstene)
310 —
320—
N Filter send
3350
340-—:342 i
“ COAL w&mmnﬁe chips
4 (unnamed Gp) e
250+
350..: —— Plezometsr #1
] Filter sand
370372
1 END OF DRILIHOLE
380
| Date: g/24/88
LEGEND | Piezometer Elevations:

Water Level 1

Cement Grout
1"/~ Bentonite Grout

N\ Bertonite Pellets

Sandpack

Lithology inferred from gecophysical logs

Water Level 2
Water Level 3

Plezometer

Ak

NOT TO SCALE E

1)573.12 2)640.12 3)698.12
Coordinates:

North: 2,817,813.89

East: 559,843.06

FIGURE B-1

we PB=-7

LITHOLOGY_ AND PIEZOMETER
COMPLETION (CONT)
WISHBONE

PROVECT NO 8832145 DWG NO 7802 DATE 2/2/88  DRAWN JSS APPROVED RM Golder Associates Inc.




LITHOLOGY* : PIEZOMETER COMPLETION

r—Locking_ cover
Comed concrete pad ™) r,—\
to divert runoff
{ SAND and GRAVEL /;é/
N [} Cement /5%
) 6.625 -in. casing /'/% bentonite grout
10~ %97
"\l
= 30 442%
© - ///
o] 4 ////
= J38.0 %Y
£ 40 < SANDSTONE, {inferbedded with 22747
o ] shae/siltstone 2977
) 4 (Chicaloon fm. 43.0 59 %/% +— 5.25—in. borehole
50 N _l_ 528 i ’///' ///,/
. §730/88 _V_ L /7”7’ %
. 2%%%
60 2977
_f\"__“_.“ \w /;; / I\r
 — A A
90 — //1’”
: 2%
: %/
100 — %
_.._'\v..—— ’\; /‘// J\I
—— 0/ v
170——_- é
:175'{3 Bentonite chips
- CoAL
180~  (Upper Jonesvile Gp.)
i ——Filter sand
190 ] Plezometer 43
200 120C.0
-} Siity SANDSTONE
210
220 —h—— | A A
LEGEND
Date: 21/88
Cement Grout SZ Weter Level ! Pi(;:ezeomi{er /Eievcticns:
- é)sggq t2)565.6 3)717.6
f vordinates:
. Bentonite Grout SZ Water Level 2 North: 2.817,398.23
Bentonite Pellets Y Water Level 3 _ Eost: 639,632.99
Sandpack E Piezometer FIGURE B...2
*  Lithology inferred from _' WELL PB‘8
geophysical logs | LITHOLOGY AND
NOT TO SCALE §  PIEZOMETER COMPLETION

WISHBONE

PROJECT NO B83—2145 DWG NO 7626 DATE 2,/2/89 DRAWN DJH APPROVED RM Colder Associates Inc.



LITHOLOGY PIEZOMETER COMPLETION

— 220
~1226.0
~ COAL
230 — (Lower Jonesville Gp.)
240 — :.MPEE;ZOmeter #2
250 —
-4255.0
] Siity SANDSTONE
260“‘:
270
280 —
290
300
-303.0
1 SsHALE
310 -]
] r— Plezometer #1
320—_
330
1336.0
340-: END OF DRILLHOLE
Date: 8{21/58 .
Piazometer Elevotions:
LEGEND 9593'1 t2)6565.6 3)717.6
-ﬂ Cement Grout \/ Water Level 1 ocordinates:
North: 2,817,398.23
% Bentonite Grout S[ Water Leval 2 East: 839,632.99
N Bentonite Rellets ! Water Level 3 FIGURE B—2
Sandpack 5 Plezometer : WELL PB-B
LITHOLOGY AND PIEZOMETER
NOT TO SCALE COMPLETION (CONT)

PROJECT NO 8832145 OWG NO 7627 DATE 2/2/89  DRAWN DJH APPROVED RM QGolder Associates Inc.



LITHOLOGY *

GROUND SURFACE (7094.49)

PIEZOMETER COMPLETION

) ]—'Lccking cover
Domed concrete pad f-.\\

to divert runoff

N
p)

"

SAND and GRAVEL

6 5/8~in. casing

10 —
20
- N
5 0
) ]
-
3= ]
;C__, 40 -
o
S ]
- ]
50 -
60
—“68.0
70 — SHALE
80 —
186.0
B COAL
90 — (Upper Premier Gp)
100 —
10
7116.0
1oo-] SHALE
1124.0
- COAL
130~ (Middle Premier Gp)
— AT
%

LITHOLOGY INFERRED FROM GECPHYSICAL LOGS

— Cement /5%
bentonite grout

30.3

10,/15,/88

50.9

5.25-in. borehole

NN NN NN NN N NN NN NN

88.9

N N NN NN NN
N,

N

7
-

.

Bentonite chips

77777 NSNS

94.1

~—Filter sand

Plezometer #4

Bentonite chips

——~Filter sand

A

Date: 10/16/88

LEGEND

Cement Grout
Bentonite Grout

Bentonite Pellets

MERE

Water Level 1
Water Level 2
Water Level 3

Water Level 4

NOT TG SCALE

Piazometer Elevations:
1%750.3 2)868.7 3)952.5
4)987.%
Coordinctes:
North: 2,819,730.03
East: 663,373.74

FIGURE B -3

WELL PB‘12

LITHOLOGY AND
PIEZOMETER COMPLETION
WISHBONE

PROJECT NC 883—2145

DWG NO 7628

DATE 2/3/B8

- DRAWN J55 APPROVED RM

Golder Associates Inc.




LITHOLOGY

PIEZOMETER COMPLETION

v ) CQoAL A, A
1 (Micdle Premier Gp)
- — Filter sand
140 —
- Piezometar #3
S W—
— e— \ . y
4168 T
170 SHALE
i Bentonite chips
180 —H80
1 COAL
o 1 (Lower Premier Gp)
3] i
L 190+
h? N
= ]
e -y
& 200
a ]
] — Fiiter sand
210 —
220—
4225 ;
1 SILTSTONE J— Piezometer #2
230 (interbedded with ciaystone cnd S
1 sandstone)
4 {Chickaloon fm) ] »
4 Bentcnite chips
240—
250
— A A A
B = =
3304 — Filter sand
] ——Biezometer #1
340
— ] A 4,
—A— i Ar
380 -
1384.4
g END OF DRILLHOLE
380
Date: 10/16/88
Piezometer Elevations:
LEGEND

Cement Greut
Sentonite Grout
Bentonite Peilets
Sendpack

Ba Piezometer

L

Water Level 1
Water Level 2
Water Level 3

Water Lavel 4

NOT TO SCALE |

12750.3 2)868.7 3)952.5
49875

Cocrdinafes:

North: 2,819,730.03
East: 663,379.74

FIGURE B "3

wer PB-12

LITHOLOGY_ AND PIEZOMETER
COMPLETION (GONT)
WISHBONE

PROJECT NDO 883—2145

DWG NO 7629 DATE 2/3/89

DRAWN JSS APPROVED RM

Golder Associates inc.




LITHOLOGY *

PIEZOMETER COMPLETION

{_——‘-“-—-Locking cover
Domed concrete pad ) /r\
to divert runoff 4
A GROUND SURFACE (1700.765) e 77 7 /5/ r——
1 SAND and GRAVEL 1 7
N 77 /71— Cement/5%
10 - 6.625—in. casing //1/,//]‘/ bentonite grout
g NN 7/ 722 7.0
—A— A, 7 A
- o
: KA77777%
T sz U %é?
43’: > —: i %//%//—-S’ceei casing
- ] 8/2788 /%/
1 49297,
$ 60 27 /éé
g 75777
70 —472.0 ;////ﬁé
1 SANDSTONE 2 /%/
o] by e o a0
; R
ap —| § %\\: Bentonite chips
qgo_.z 5.25—in. borehoie :
130_; :‘———Piezometer #4
M_O__i —— Filter sand
150 -
— N "_1 % N
170“:173-0 Bentonite chips
4 COAL
180 1 AEske Sp-) A A
LEGEND |

"

*

Cement Grout

Bentonite Grout

ohlds

Sandpack
Plezometer

Litholegy inferred from

geophysical logs

Water Level 1
Water Level 2
Water Level 3
Water Lavel 4

NOT TO SCALE

Date: 8/22/89
Plezometer Elevations:
1)747.76 2)825.76.3;880.76 4)970.76
Coordinoies:
North: 2,819,991.45
East: 663,178.14

FIGURE B-4

WELL PB-13

LITHOLOGY AND
PIEZOMETER COMPLETION
WiSHBONE

PROJECT NO 883~2145

DWG NO 7633 DATE 2/2/839

DRAWN DJH APPROVED RM

Golder Associates Inc.




LITHOLOGY

PIEZOMETER COMPLETION

— 180 \
. COAL J,\\F
— A7 (Eska Gp.) % A
220~ Piezometer #3
230 —
240 1240.0
i SILTSTONE
] {interbedded with sandstone & claystone)
- {Interburden Chickaioon fm.)
250-—_
260 —
276
E -Plazometer #2
280+
290
300
1.304.0
- COAL
110 {Sub—Eska Gp.)
S —
= 3
350-':
e — Ar
——‘N‘—:‘ A
370 —
-4375.0
1 END OF DRILLHOLE
380
Date: 8/22/]89 ;
Piezcmeter Elevations:
LEGEND 1)747.76 2)825.76 3)BE0.76 4)970.76
-. “%{ Cement Grout Water Level 1 Coordinates:
. SAVAR North: 2,819,991.45
7/1 Bentonite Grout V Water Level 2 Eost: 663,178.14
Y Bentonite Pellets T Water Level 3 foure B=4
Sandpack h 4 Water Level 4 WELL PB"13

E Piezometer

NOT TO SCALE |

| LITHOLOGY AND PIEZOMETER
COMPLETION (CONT)
WISHBONE

PROJECT NO 883~2145

OWG NO 7634 DATE 2/2/B9

DRAWN DJH APPROVED RM

Golder Associates Inc.




LITHOLOGY

CROUND SURFACE (975.8)

PIEZOMETER COMPLETION

Domed concrete pad
tc divert runoff /

Locking cover

-0
— ] Dark yellowish brown, fine to coarze
B 1 SAND and GRAVEL
o i
10
S 115.9
& i Medium gray, CLAY
o 20 —21.5
4 Black, COAL
-27.5
30 — Light gray to medium gray, SANDSTONE Cemen‘_:/S%
1 {interbedded with shale and siltstone) bentenite grout
40 —
S S—— A
N\ — 4 L 4
20 - AR Bentonite chips
177.05
80 —  Grayish black to black, COAL
- (Upper Jonesviie Gp)
o Void
80 —
100
4103.3 _ / Date: B/14/B8
N Medium gray to dark gray, A Bentonite chips Piezometer Elevalions:
1 slity SANDSTONE J718.2 2)774.5
110 - Coordinates:
] Filter sand North: 2,817,879.49
] tast: 659,278.52
i inclination: 70°
190 3 b Azimuth:  312°
1124, I . AR
Bentonite chips y R —
7 Groyish black to black, COAL
130—  {Lower Jonesville Gp)
] Filter sond
i LEGEND
140 — Plezometer £2 Cement Grout N/ Water Level t
3 /A Bentonite Grout \F Water Level 2
150 — T 3 .
— A %\\\\\\\\\\\\\\&\‘%\& Bentonite chips - Bentonite Pellets \ 4 Water Level 3
Sandpack E Plezometer
5 cove NOT TO SCALE §

FIGURE B -5

wer PB-60
LITHOLOGY AND

PIEZOMETER COMPLETION
WISHBONE

PROJEGT NO 8832145 DWe NO 7608 DATE 2/2/B9 DRAWN DJH APPROVED Golder Associates Inc.




LITHOLOGY PIEZOMETER COMPLETION

— 10T S
e 4 Medium light gray to medium gray,
2 ] silty SANDSTONE
T 160
s ]
& i
o 1701717 Filt
1 Medium gray to olive black, SHALE flter sand
-4 {(interbedded with sandstone)
180 —
J 4.5—in. borehole
180 —
200 Piezometar #1
1204.4
- END OF DRILLHOLE
210 -
i
220~

Date: B/14/88
Pigzometer Elevations:
1)716.2 2)774.5
Coordinates:

North: 2,B17,678.48
East: 658,278.52
Inclingiion: 70"
AZimuth: 3i2°

LEGEND

Cement Grout _ 7 water Level 1
, Bentonite Grout _ N Water Level 2
Bentonite Pellets W Water Level 3
Sandpack Bg  Piczometer
Cave NOT TO SCALE

FIGURE 8"5

weLL PB"SO
LITHOLOGY_ AND PIEZOMETER

COMPLETION (CONT))
WISHBONE

PROJECT NO 8832145 DWG NO 7610 DATE 2/2/89 DRAWN DJH APPROVED Golder Associates Inc.



LITHOLOGY * : PIEZOMETER COMPLETION

I'__—'-——Locking cover
Domed concrate pad

TN =~
10 = 4—in. casing // bentanits grout

0

20 — % %

h 0

2 w04 / /

- 50 ~ %%

q .

60 — ) % %

: )

70 - % %

80 %Z

0 422 COAL %//
o (Premier Gp) \—Bentonite chips

Date: 8/5/88
Piezometer Elevations:
1)820.8

Coordinates:

North: 2,819,015.36
East: 663,561.00

LEGEND
Cement Grout _ N/ ‘Water Level 1
Bentonite Grout
Bentonite Pellets
Sandpack

. Litholegy inferred from 5
gecphysical logs

FIGURE B - 6

Piezometer . WELL PB"BB

LITHOLOGY AND
PIEZOMETER COMPLETION
WISHBONE

NOT TO SCALE }

PROJECT NO B83-2145 OWG NO 7632 OATE 2/3/89  DRAWN JSS APPROVED RM Golder Associates Inc.



LITHOLOGY

PIEZOMETER COMPLETION

"1 coaL A \
1801 (Premier Gp)
200
210
220
. Plezometer #1
= ]
S 2304
Y -
~ 3 —Filter sand
= ]
T 240
Q .
= 7 Bentonite chips
250 —
260 — Caving
270 /
— A A A
1320
320
4 SHALE
1 (interbedded with siltstone)
__ 4 (Chickcloon fm) _
07 —— Cement /5%
] bentonite grout
340 /
350
1355 //%
] END OF DRILLHOLE
360—
Date: 8/5/88
LEGEND Piezometer Elevations:

Cement Grout

Bentonite Grout
Bentonite Peliets
Sandpack 5

Lithelogy inferred from geophysical logs

SZ Water Level 1

Piezometer

NOT TO SCALE

1)820.8

Coordinates:
North: 2,818,015.36
East: 683,561.00

FIGURE B"'e

w PB-88

LITHOLOGY_AND PIEZOMETER
COMPLETION (CONT)
WISHBONE

PROJECT NO 883-2145 DWG NGO 7635 DATE 2/3/B9

DRAWN JSS APPROVED RM

Golder Associates Inc.




LITHOLOGY

GROUND SURFACE (1091.2)

PIEZOMETER COMPLETION

<~ Locking cover

Demed concrete pad
to divert runoff

(@]

Depth (feet) |
[§%] —
& [

Illlll!llll

]

Dark yellowish brown, fine to coarse
SAND and GRAVEL

80.0

R

.

()
!

e
wn
<

253.2

260

[aS)
~
[

llllllllllllllillll

N

o0

0
|

27.8 22.9
y y A VA i 4 v
v 8,/27 /88
Light medium gray to derk gray, 4.5—in. casing
SILTSTONE {interbedded with sandstone) Cement /5%
bentenite grout
A A
- .
= Filter sand
Date: 8/26/B8
Groylsh biack to black, COAL ?;ezometer tlevations:
(interbedded with shale & siltstone) ;\)Ososjd-in t2)_752-9 3)822.4
{Upper Burning Bed Gp.) vNc.'rthzozeéB{Q 585.89
tast: 662,782.08
Inclination: 707
Piezometer #3 Azimuth: 298
LEGEND

Cement /5%
bentonite grout

Cement Grout
Bentonite Grout
Bentonite Pellets

Sandpack

B}E Caving

Waier Level 1

Water Level 2

Water Level 3

Piezomeier

Ak R

NOT TO SCALE |

FIGURE 8-7

v PB-82

LITHOLOGY AND
PIEZOMETER COMPLETION
' WISHBONE HiLL

FROJECT ND 8R3—2145

DWG NO 7611 DATE 2/2/BS DRAWN DJH APPROVED

Golder Aessociates Inc.




LITHOLOGY PIEZOMETER COMPLETION
—300 y
- 3
© 4
q(i) -
~— 910=z13
= . Medium dark gray to derk gray,
o ] SILTSTONE
G 3207 Cement /5%
1326.5 bentonite grout
1 Grayish black to black COAL
3307 (interbedded with shale & siltstone)
1 {Lower Burning Bed Gp.)
349_: Piezometer #2
350 —
i 3.65-in. borehole
3 Filter sand
360~j
1367.8
2T e Olive gray to gr\ay?sh black, SILTSTONE
- {Chickalogn Fm.)
380 —
7 Cement /5%
N bentonite grout
230 Caving
13981
- Olive black to dark greenish gray,
400—  CLAYSTONE Filter sand
4404.4
& Dark greenish gray, SILTSTONE
410 — Piezometer #
— Y
____/\r__.____. A
440~
1446.8
N END OF DRILLHOLE
450 —
450—

Date: B/14/BB
Piezometer Elevations:
11681.5 2}752.8 3}822.4
Coordinates:
North: 2,819,585.99
tast: 662,782.06
inclination: 70°

Azimuth: 298°

LEGEND
Cement Grout

Bentonite Grout
Bentonite Pellieis
Sandpack

@ Caving

Water Level 1
Water Level 2

Water Level 3

hhls

Plezometer

NOT TO SCALE §

FIGURE B -7
wu PB-82

LITHOLOGY AND PIEZOMETER

COMPLETION (CONT})
WISHEBONE

PROJECT NO 88321435 DWG NO 7612 DATE 2/2/B9 DRAWN DJH APPROVED

Golder Associates Inc.




LITHOLOGY PIEZOMETER COMPLETION

t——Locking cover
Domed concrete pad \ )
to divert runoff
-5 EROUND SURFACE (7075.6) R —— % Y rner
4+ Dork yellowish brown, fine to coarse //%
1 SAND and GRAVEL //-‘— Cement/5%
0 4.5—in. casing ?%/é bentonite grout
J ALV
i 18.9 4
20 — YV P 2— Caving
S p— A 4 A
.~
w50 55.3 4
2 155.0 V4 4
~ J  Medium gray te dark gray, silty 8/27,/88 ?7/7
£ 80} SANDSTONE 2 /%__ Cement /5%
3 N . //‘i}/" . (]
a 4 (Chickaioon Fm.) é/% bentonite grout
70 - //
S V— A % A/// A,
___J\{__ Ay 7 . A
130 —
140 — \ -
+142.8 N Bentonite chips
3 Qlive black to biack, COAL -.
4 (interbedded with shaig) :
150—“
N Pierometer #2Z
150‘_ ——Filter sand
170 y
: .
180 —
. —— Void
190 -
200— ? W
— 22 y - A

‘ Date: 7/14/88

Piezcmeter Elevaticns:
LEGEND 1)679.6 2)822.1
-m Cement Grout SZ Water Level 1 . Coordinates:
. Nerth: 2,818, 870.12
w Bentonite Grout S! Water Level 2 East: 662,551.53

Benionite Pellets E Piezometer FIGURE B-e

Sandpack _: WELL PB-1OO

LITHOLOGY AND
NOT TO SCALE § PIEZOMETER COMPLETION
T R WISHBONE

PROJECT NO 883—2145 DWE NO 7818 DATE 2/2/89 DRAWN DJH APPROVED RM Golder Associates Inc.




LITHOLOGY . PIEZOMETER COMPLETION

—200
{2040 / %
. Medium light gray to medium derk gray, /
216 fine to medium SANDSTONE ;*“ Cement /5%
] 7 bentonite grout
4 {Chickalocn Fm.} //
220 % %
S S Z A
350
T o] \\%
= » :
& i
— N
370*_—
380: ——Filter sand
380
E —— Piezometer #
400-—-_- 401.5
e END OF DRILLHOLE
410
Date: 7/14/B8
. ) Piazometer Elevations:
END ‘10)673.6 2)922.1
£2] cement Grout Water Level 1 oordinates:
’ emen /. Water Leve North: 2,818,870.12
w Bentonite Grout F Water Level 2 East: 662,551.53
\\\\\\\% Bentonite Fellets E Piezocmeter FIGURE B—8
i s PB-100
LITHOLOGY AND PIEZOMETER
NOT TO SCALE COMPLETION (CONT)

WISHBONE

PROJECT

NO 8E83-2144 DWG NO 7617 DATE 2/2/B8  DRAWN DJ4 APPROVED RM Golder Associates Inc.




LITHOLOGY

PIEZOMETER COMPLETICON

T—Locking cover
Domed concrete pad W r
to divert runoff r\
— 0 GROUND SURFACE (5738) e T ——
] Dark yellow—brown to olive—gray, Bentonite chips
] fine to coarse SAND and GRAVEL 6.5—in. borehole
—’gl J}rr 1 ¢\Vr
Y SRR e 7777
. - sandstone) (Chickalcen im) /*///‘%/
s 7
~ ] 297
S ] 4.5—in, boreho?e—%é/ﬂ% .
o 90 //%%— Cement /5%
= N %///%% bentonite grout
100 —1100.5 %Z%Z
7 Medium gray tc gray—black, SHALE /%///’/
1 and SILTSTONE, trace coal % % ?
110 — 7%
120 /'f 2%
1 Light to medium-dark-gray, 127.1 / /%
1 silfy SANDSTONE R A9,
130 — 8/30/88 /??%
] 4977,
1138.8 22//2222
140" ‘glack, COAL (interbedded with shale) 2997
| NN
. {Premler Gp) //%%
150 Z %éé '
] 2447
160; 162.8 %é%é
: w1
._J\,__A s
200~ 7 v, ¥
] $i8i%
- E} : Caving
..._.....J\v,__...... A §§>§‘§H§ A
Date: 8/21/88
LEGEND Fiezometer Elevations:

Cement Grout SZ
Bentonite Grout S! Water Lavel 2
_vV_

Water Level 1

&\\Q Bentonite Pellets
Scndpack

Water Level 3

Piezometer

NOT TO SCALE f

1)525.8 2)562.3 3)617.8
Coordinates:

North: 2,817,050.15

Fast: 858,081.00

FIGURE B-g

WELL PB'101

LITHOLOGY_ AND
PIEZOMETER COMPLETION
WISHBONE

PROJECT NO 883~2145 DWG NG 7816 DATE 2/2/88  DRAWN DJH APPROVED RM Golder Associates Inc.




LITHOLOGY

PIEZOMETER COMPLETION

—A— A ;
210—_ \\\\\\ o Caving
] & bas— Bentonite chips
220 Black, CCAL (interbedded with
J shale) {Premier Gp)
- _ - .
= N Caving
L 230~
N 4
< ]
2 _
o 240—
A ]
1248.4
250~ Medium gray to dark gray, SILTSTCNE i
- ! s 4.5-in. borehole
4 {interbedded with shale and sandstone)
" Plezometer #3
e \ A
280—281.5
4 Medium gray, SANDSTONE 3.75=1n. borencle Filter sand
7 {interbedded with silistone)
290
300 —
<1305.8 Benionite chips
310 ~ Brownish—bicck to black, COAL
-1 G i
] (Midway Gp) +— Plezometer #2
R - Filter sand
32043213 Bentonite chi
1 Medium gray to dark gray, SILTSTONE enrenite cips
1 (interbedded with shale)
—A— A A
—— A\ X
250 +4348.5 B t 1
— — meter
- Gray-black to biack, CQAL fezometer 4
1 ({interbedded with shale)
360—_ 361.1 ——Filter sand
] Medium gray, SANDSTONE
370_: 371.2
4 END OF DRILLMOLE
380
Date: 8/21/88
LEGEND Piezometer Elevations:

Cement Grout
Bentonite Grout
Bentonite Peliets
Sendpack

Water Level 1
Water Level 2
Water Level 3

Piazcmeter

Al

T

v
="

NOT TO SCALE

11525.8 2)562.3 3)817.8
Coordinctes:

Nerth: 2,817,0580.15

East: 658,081.00

FIGURE B = g

v PB-101

LITHOLOGY_ AND PEIZOMETER
COMPLETION (CONT)
WISHBONE

PROJECT NO BEB3-2143 OWG NO 7817 DATE 2/2/88

DRAWN DJH APPROVED RM

Golder Aasociates Inc.




LITHOLOGY : PIEZOMETER COMPLETION

’—Locking cover
Domed concrete pad ™ /ﬁ'
CROUND SURFACE (1096.6) to divert mnoif\ %
0 i Dark yellow—brawn to dark gray, fine o %///g
1  coarse SAND ond GRAVEL G297
‘o /%Z gerr;en'_c/l’;%
] %%/7’ entonite grout
] 4.5~in. casing é%ﬁé
20 f’é%&
v N — N
— A I
= 7 5 t\lezg %ﬂ? 50.2\’
3 7 ~ ’ i 2
£ 80 é%%
g %0 %%7%
3 185 85.9 %%/‘///
S 1 Medium light gray to dark gray, . A %‘/////
90 -|  SANDSTONE (interbedded with siitstone s/es/88 LAV
] and shales) 27/%2
’IOO-—E {Chickcloon fm) /%//j¢
Tk
110-: § dentonite chins
] X
‘120'—_ o
;] 3.65-in. borehole —
130~
i v y
220—-:- Piezometer #3
230-; ——Filter sand
N ;}'/
240 G Y
4 — t/S5%
] Z%f/j beerﬁzr;it/e grout
250_:. A 2%% A
g_ute: 9{29/588 fons:
END : ! S;?%Tse :{)81?}“ Ners.s
Cement Grout Vi Water Level 1 ?I%-rtl??:az.esséOJ 03.96
Bentonite Grout Y 4 Water Level 2 East: 663,579.53
Bentonite Pellets W Water Level 3 : =cure B=10
Sandpack E Piezometer ;; WELL PB"'102
' LITHOLOGY AND
_ NOT TO SCALE | PIEZOMETER COMPLETION

WISHBONE

PROJECT NO B83—2145 DWG NO 7620 DATE 2/2/83  DRAWN JSS APPROVED RM Golder Associates Inc.




LITHOLOGY PIEZOMETER COMPLETION

—280 A,

. v A — Cer/\r{ent/sz
:257_5 } bentonite grout
260 — Gray-black to black, COAL
1] (interbedded with shaies)
7 (Premier Gp)
270
—~ 280—: Plezometer #2
o ~
0 ]
M
~ N ——Filter sand
£ 200—
5 R
2 ]
] '7 f'— Cement /57
S00— /| bentonite grout
—— A A,
___.\r__: AL V/ A
330 /
340
""—f\/—“—— “‘.J '\,
Y Ar
380
——Plezometer #1
380
A A
—— A\ \
400 —
4 —Fllter sand
+4407.2
410 — Medium Iigh’E gray to derk gray,
- SILTSTONE, (interbedded with
— N sandstone) ,“\xj %
430—  (Chickaioon Fm.)
1474.5 [ A Cement /5%
] END OF DRILLHOLE bentonite grout
480 —
Date: 9/28/88
Piezemeter Elevations:
LEGEND 1)712.6 2)819.1 3)875.6
Cement Grout Water Leval 1 Coordinates:

North: 2,820,103.96
East: 663,579.53

Bentonite Grout
Bentonite Pellets
Sandpack

Water Level 2

Water Lavel 3 FIGURE B""10

Piezometer WELL PB-102

§ LITHOLOGY AND PIEZOMETER
NOT TO SCALE § COMPLETION (CONT)
I, WISHBONE

shih

PROJECT NO B883—2145 DWG NO 7621 DATE 2/2/85  DRAWN DJH APPROVED RM Golder Associates Inc.



LITHOLOGY

GROUND SURFACE (T1007.4)

PIEZOMETER COMPLETION

<_ Locking cover
Bomed concrete pad
to divert runoff p
\ -

2.5

- 0
— 1 Light gray to greenish—gray, fine to N
° 1 coarse SAND and GRAVEL, some silt, 10/15/88
N 0] cobbles (Glacial Gravel)
~ 10 -
< 3
I-'J —
a ] _ Cement /5%
O 20 — 10,/15,/88 bentonite grout
—AN— v '
—A— A
80 —91.8
: Gray—black to black, SHALE and COAL,
N (interbedded. with siltstone) 4.5—in. casing Bentonite chips
100—  {lower Premier Gp) (8aroid Hole Plug)
110
E Piezometer #3
120—122.4
7 Medium gray to clive—gray, sandy SILTSTONE Filter sond
. Lonestar #3
130 — ( #3)
140 —141.9 Date: 10/9/88
- Gray black to black, SHALE and COAL Piezometer Elevations:
3148.8 1)685.16 2)764.19 3)887.66
150__ Medium gray to olive—gray, SILTSTONE Cc;\jcg’:il}r;l'uéeas.zo 679.51
] Ein’terbedded with sandstone) Eost:'6:63,0b4.0:4-
] Chickaloon fm) Inclination: 70"
160 — Azimuth: 310°
170
] Cement,/5% LEGEND
] bentonit t
180 — entonite grou Cement Grout \/ Woter Level 1
] - Bentonite Grout ¥ Water Level 2
190 — QQ\\\& Bentonite Peliets Water Level 3
—n— - i 4
Sandpack H Pigzometer
{383 cave NOT TO SCALE §
FIGURE 8'11
wvew PB-103
LITHOLOGY AND
PIEZOMETER COMPLETION
WISHBONE
PROJECT NO BB3~2145 DWG NO 7581 DATE 1/20/88  DRAWN JSS APPROVED Golder Associates Inc.




LITHOLOGY

v ]
200
210 —
220-: Medium gray to olive—gray, SILTSTONE
] Einterbedded with sandstone)
- Chickaloon fm)
230
240
250 —
260 —
270
1278.7
280 — N N
5 Medium gray to medium dark gray,
B silty SANDSTONE
290
300
4305.1
1 Olive—black to olive—gray, CLAYSTONE
310~ ({interbedded with siltstone)
320
330-{331.4
- End of drilthole
340
350
360

PIEZOMETER COMPLETION

Cement /5%
bentonite grout

Filter sand
(Lonestar #3}

Piezometer #2

Cement /5%
bentonite grout

Filter sond
{Lonestar #3)

Piezometer #1

Date: 10/9/88
Piezometer Flevations:
1)685.16 2)764.18 3)}887.66
Coordinates:

North: 2,820,679.51

East: 663,004.04
Inclination: 70"
Azimuth: 310"

LEGEND

Cement Grout
Bentonite Grout

Sandpack
l}}g Cave

Bentonite Pellets

Water Level 1

Water Level 2

Water Level 3

L

Plezometer

NOT TO SCALE §

FIGURE B _11

wee PB-103

LITHOLOGY AND PIEZOMETER
COMPLETION (CONT )
WISHBONE

PROJECT NO 8B3—2145 DWG NG 7582 DATE 1/20/89 DRAWN JSS APPROVED RM

Golder Associates Inc.




LITHOLOGY PIEZOMETER COMPLETION

‘ I——Locking cover
Domed concrete pad /

te divert runoff A &
REACE (1026.7) —~ P el
— 0 GROUNG S /...-.»—-—ﬂ-'r/¢%/ =
3 Dark yellow—brown, fine to coarse SAND / %
- and GRAVEL ///
10 — %/ %
] 2%%7%
E 3.65—in. drillhcle %é;/fé
20 245 /%? —- Cement /5%
. 26.0 M.!.,_/%/? bentonite grout
-~ - . VAR Y %f//ﬂ//
= 30 2227
2 4355 L//’” 977
%: 40_5 tDrere gsl'i?ty. fine to coarse SAND, 10/15/88 %///gé
T 4 0]
S 79?4
50 ,4/ % 2
] 4%2%
] ///¢
] ////
60 — o //
] 2%%7
168.2 9%
70— Gray black to black, SHALE NN
3 % Bento‘nitg chips
7 § (Barnid Hele Plug)
80 - AR
] £ g
90 928 gfiizsi‘;? #3)
] Black, COAL (interbedded with
-4 shales)(Premier Gp)
100 —
S — A, A,
Date: 10,/15/88 _
(EGEND || T SR
Cement Grout \/ Water Levei 1 C?\Ioc:ﬁt?:a;,e;é‘!.SH.ZB
[/ Bentonite Grout N 4 Water Level 2 East: 684,057.33
Bentcnite Pellets _ ¥ Water Level 3 FIGURE B—12
Sandpack E Piezometer : WELL PB"104
LITHOLOGY AND
NOT T0 SCALE §  PIEZOMETER COMPLETION

WISHBONE

PROJECT NO 863~2145 DWG NO 7578 DATE 1/20/89  DRAWN JSS APPROVED RM Colder Associates Inc.



LITHOLOGY ' PIEZOMETER COMPLETION

—A— \ A\
140_: —— Plezometer #3
7 ——Filter send
150 — {Lonestar #3)
1188.4
80— Gray-bleck, SHALE, (Interbedded
] with shales) Bentonite chips
i (Bareid Hoie Plug)
170 —
-173.1
4 Black, COAL, (interbedded
180—  with shales}
— A1 A
210+
R — Plezometer #2
220
- e Filter gand
N (Lonestar £3)
230
4235
i Olive—bleck to clive—gray, SILTSTONE, ; .
240— (interbedded with sandsiones) oo s
Chickaioon fm, footwall) 9
250
—_—h— ] A
—— ; Y
280 —
] —— Plezomter #1
290 —
- —Filter sand
300 (Lonestar #3)
1306.8
310_‘“ End of Borahole

Date: 10/15/88
Piezometer Elevations:
1}738.7 2)8i1l.4 3)889.0
Coordinaies:

North: 2,821,611.28

Egst: 664,057.33

LEGEND

Cement Grout
m Bentonite Grout
Bentenite Pellets

Water Level 1

Water Level 2

Water Level 3 : FIGURE B"‘12

Piezemeter WELL PB "1 04

LITHOLOGY AND PIEZOMETER
NOT TO SCALE COMPLETION (CONT )
T — WISHBONE

Shil

| Sandpack

PROJECT NO 883—2145 DWG NO 7573 DATE 1,20/89 DRAWN JSS APPROVED RM Golder Associates Inc.



LITHOLOGY * PIEZOMETER COMPLETION

[——Locking cover
Dormed concrete pad ™ (f‘\:
to divert runoff L
e CROUND SURFACE (8834) e S—— %7m :
. Dark yellowish brown, fine to coarse //%
1  SAND and GRAVEL 2 /%
10 — [ %f/f Cement /5%
i %/}// bentonite grout
] 4.5~In. casing ///2% :
20 27 é
S — A u ]
S - %
- &0 ] &
2 1o s 10,/19/88 §\g\ 57.0
S~ ) . d
S 60 -1 Gray black to black, COAL N
o ]  (interbedded with shale) §§§
Q ] N
0]  (Premier Gp.) ' %%r\\% Bentonlte chips
50 - ——Filter sand
S A— "y Ar
—’\r“-—“—_ A A
‘[30—_ Piezometer #3
140—: ——Filter sand
150 —
7 Bentonite chips
160 -
170
5 ——Filter sand
180—_' Piezometer #2
1190.4 v
190 7
—N——" Medium gray to dark gray, SILTSTONE A A A
(interbedded with claystone/sandstons) Date: 10,/19,/88
ate:
: Plezometer Elevations:
LEGEND | 1)609.9 2)702.9 3)750.9
Cement Grout \/ Water Level 1 Coordinates:
- North: 2,817,405.04
[/] Bentonite Grout N 4 Water Level 2 East: 660,299.33

Bentonite Pellets ! Water Level 3
Sandpack

Litholegy inferred from
gecphysical log

FIGURE 8-13

E Piezometar WELL PB‘105

LITHOLOGY AND
PIEZOMETER COMPLETION
WISHBONE

NOT TO SCALE |

PROJECT NO 8832145 DWG NO 7613 DATE 2/2/83 - DRAWN D APPROVED RM Golder Associates Inc.



LITHOLOGY PIFZOMETER COMPLETION

I
w
[ ]

- Medium gray to dark gray, SILTSTONE 7 //
] (interbedded with ciaystone/sandstone) o
200 o Cement/5%
1 (Chickaloon Fm. — inter burden) /é bentonite grout
] Z
210 %5}
—A— A 9/ A
— v W Y Y
2 250 / %
2 . / 7
N - / )
£ 260 2
i
2 ] A 4
) -267.8
- — Fil
270-]  Grayish black to black, COAL frer sand
1 {Midway Gp.)
1 Dark gray, SILTSTONE —— Piezometer #1
280— _ (Chickaloon Fm. — Footwall)
—4283.5
- END OF DRILLHOLE
280~
Date: 10/19/88
Piezometer Etlevations:
LEGEND 1)609.9 2)702.9 3)750.9
Cement Grout Water Level 1 Coordinates:

North: 2,817,405.04
East: 680,299.33

Benteonite Grout
N Bentonite Pellets

“ Sandpack

Water Level 2

Water Leval 3 FIGURE B"13

Piezometer WELL PB"‘IOS

LITHOLOGY AND PIEZOMETER
NOT TO SCALE COMPLETION (CONT)
T WISHEONE

shils

PROJECT NO BA3-2145 DWG NO 7614 OATE 2/2/89  .DRAWN DJH APPROVED RM Colder Associates Inc.



APPENDIX C

SLUG TEST DATA AND ANALYSIS



100
.
2 -
= 10 tl.
(03] 8~
g A g
1% - G
2 % S
L Y
I b 3 o>
- O
%) ‘e, -
N 2 . L —
[¥8] ®s . E
(>-)< .. 3
Lad Q
1 3 =z
O e
- |
7 |
| et
2+ | l
I »
1 |
| t=47.29 |
01 !IIJIIA’t|llil(llll]ll!lllll!]lllnlIi]]’|||l|llfl||l|l[llllf
Q 20 40 60 80 100 120
TIME (Minutes)
(2 m L)
t= 47.29 min. (7 In D
. K=
= 267 feet 8Lt
=KL
D=47/8 inches
d= 2 inches K=00047  ft/cay
m= 100 T=125  ft?/day
DESIGN BY: SHBONE PERMIT
ORAWN B HVORSLEV FALLING HEAD ANALYSIS mu. lmz @ 01-8;-;‘90(;
CHECK BY; Hee FIGURE N c-1 REV.
DWG FILE: oO. - N
USIBELLI COAL MINE, INC. & e SCALE, 0

DATE DRAWN: 1/89

P,0, BOX 1000, HEALY, ALASKA 9974




100

J IS D |

‘5 2
e ] 0
i - 3
2 _ O
W o
T ] 3
) —
%! - I
o 2
e | z
L =}
1 ' =
N | s L
_ l |
. ! l
- I ‘ . i
. l |
I !
t=28.
0.1 L T e i B ’r T ?3[ T l; T T T T T
0 40 80 120
TIME (Minutes)
: 2 (2 m L)
t= 28.33 min. _ (D’ In D
L= 36 feet 8Lt
T=KL
D= 57/8 inches
d