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SUMMARY

A ground water hydrology investigation was conducted in the vicinity of the City and Borough
of Juneau (CBJ) well field in Last Chance Basin. This study was undertaken to evaluate the
ground water conditions during winter low flow events. The results of this investigation are
summarized below.

1.

2.

3.

4.

5.

6.

When all surface flow from Last Chance Basin is intercepted by the Alaska Electric Light
and Power (AEL&P) intake structure, Gold Creek flow below the intake structure
increases from 0.53 cubic feet per second (cfs) to 6.21 cfs. This increase is along a
distance of approximately 250 feet in the concrete flume below the intake structure.

CBJ pump cycling effects were observed in all wells. This indicates that a hydraulic
gradient exists from the unconfined to the semi-confined aquifer and that water in the
unconfined aquifer moves down into the semi-confined aquifer when the production
aquifer is pumped. Under non-pumping conditions, wells in the production aquifer flow
at the surface, indicating an upward flow gradient between the two aquifers.

The water table varied directly with Gold Creek stage until Gold Creek flow decreased to
approximately five cfs. At approximately five cfs, Gold Creek flow did not significantly
change, but the water table continued to decrease, reflecting the greater CBJ pumping rate
of seven cfs.

Once Gold Creek flow increased, by as little as two cfs, the unconfined aquifer recharged
within two days. The water table increased up to six feet in 24-48 hours.

During the January 1995 low flow condition, springs below the AEL&P  intake structure
drained Last Chance Basin at a rate of 3.5 to 5.3 cfs. The springs act like a pumping well
in which the cone of depression moves from the AEL&P  intake structure into Last
Chance Basin. During low flow, the cone of depression dewaters the creek in an
upstream direction from the intake structure.

The January 1995 fish kill (during the study period) occurred simultaneously with a rapid
decrease in the water table at the lower end of Last Chance Basin. The drop in the water
table caused Gold Creek near MW-C to become a loosing reach and go dry. This rapid
decrease was caused by the springs below the AEL&P  intake structure (see 5 above)
interacting with the drawdown influences from the CBJ well field to increase the effect.
A similar dewatering of Gold Creek probably occurred during the fish kill in March
1994.



INTRODUCTION

Gold Creek is a small, dynamic, high energy stream with an 8.5 square mile drainage area above
the USGS stream gage at the head of Last Chance Basin. A portion of Gold Creek’s flow is
captured by old mine glory holes (sink holes created by the collapse of underground mine
workings), routed through the mine, and redirected back to Gold Creek above Last Chance
Basin. During low flow conditions, the entire flow of Gold Creek infiltrates into the ground
water system within the basin.

The CBJ water system obtains a significant portion (at times all) of its water from a well field
located in Last Chance Basin. The basin has two aquifers, an unconfined aquifer and a semi-
confined production aquifer. A ten to twenty foot silty semi-confining layer exists between the
two aquifers. The aquifers are predominantly recharged by Gold Creek in the upper part of Last
Chance Basin. Because of its importance, past and future development within the watershed
requires careful evaluation for potential effects on the ground water systems.

In March 1994, between two and three hundred dead char were found in a pool on Gold Creek
located near the bottom of Last Chance Basin. The death of these fish coincided with a turbidity
event that was described as an “unusual milky sediment discharge” (Attorney General Report,
1995). The sediment event and dead fish raised public concern, and a series of public meetings
were held to evaluate the possible causes of the fish kill. Numerous possible causes were
identified, and this study helped evaluate low water flow in Gold Creek. Initially, low flow was
ruled out because the condition of the fish suggested that the fish were not frozen, nor had they
died from lack of oxygen; conditions that would be expected if the creek went dry. A second
low flow event during this study provided key data for evaluating low flow conditions.

To better understand the unconfined aquifer’s response to pumping from the well field and winter
low flow conditions, the Department of Natural Resources conducted a joint study with the CBJ
and Echo Bay Mines. The study consisted of five shallow drive point wells installed in Last
Chance Basin and equipped with water level monitoring equipment. This report summarizes the
information obtained from the study and discusses the results.

The cooperators undertook this project to evaluate:

1) surface and ground water systems,

2) surface and ground water interactions,

3) CBJ well field pumping effects on the surface and ground water, and
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4) underflow quantity from Last Chance Basin that forms springs below the AEL&P
intake structure.

STUDY LOCATION

Last Chance Basin is the lowest of three basins on Gold Creek and is located approximately one
mile northeast ofJuneau.  The basin altitude ranges from about 260 feet to 330 feet (Waller,
1959). The basin is approximately 4,000 fset  long in the east-west direction and approximately
1,000 feet wide north to south.

Monitoring wells were installed in the unconfined aquifer as part of this study, and all wells,
except MW-C, were located between the CBJ well field and Gold Creek. MW-C was located
west of the well field and Gold Creek near the lower pool where a significant number of dead
fish were found (Figure 1).

METHODS

Six monitoring wells were installed at the project site (Figure 1). All wells except MW-K consist
of 0.010 inch slot stainless steel drive points on 1.25 inch steam cleaned galvanized pipe. Well
MW-K was an open end well that was installed in an excavated pit near the well field access
road. All drive point well sites were excavated to a depth of approximately six feet with an
excavator. The wells were installed by placing them at or near the excavated depth and using the
excavator bucket to drive the well points into undisturbed material below the excavated pit.

Well top-of-casing elevations were surveyed relative to a CBJ benchmark located on the corner
of the old generator building. The benchmark has an elevation of 283.83 feet.

All wells were developed at approximately one gallon per minute using a peristaltic pump until
the water cleared.

Stream velocities used in the calculation of discharge were measured with a Price pygmy meter.
Velocities were measured at six-tenths depth, with sufficient number of sections such that no one
section contained over ten percent of the total flow.

Six Omnidata digital recording datapods  were installed with O-5 pounds per squire inch, gage (O-
11.5 feet range) Instrumentation Northwest pressure transducers. One datapod  was installed in
an existing 1958 U.S. Geological Survey test well (TW-3A,  53 feet deep) approximately 15 feet
from MW-W. The other datapods  were installed in wells MW-W, -J, -T, -F,  and -C. The
datapods  evaluated water levels hourly and recorded changes greater than or equal to 0.01 foot.





RESULTS

Stream flow

Stream flows were measured at three points along Gold Creek below the AEL&P intake structure
(Q- 1, -2, and -3 on Figure 1). Two of the sites were measured in the concrete flume downstream
from the intake structure and the third was located downstream from the end of the concrete
flume. Site Q-l was located 50 feet downstream from AEL&P’s intake structure, site Q-2 was
located 250 feet further down at the end of the concrete flume just above the old intake grizzle.
Site Q-3 was located just below the large rock (approximately 25 feet high) in the creek bed 250
feet below the concrete flume. Measured flows ranged from 0.53 cfs to 6.21 cfs (Table 1).

Table I. Stream flow results porn  6 December 1994 through 17 January 1995.
All flows in cubic feet per second.

Location 1216194 1219194 l/17/95 l/17/95

Q-1 n/m’ 0.53 r-r/m2 n/m2
Q-2 4.05 4.10 2.65 2.72

Q-3 6.21 n/m’ n/m2 n/m2

n/m = not measured.
1 Not measured due to insufficient time
2 Not measured because flow was too low for the available cross-sections

Well levels

Changes in the water table elevation depended on the CBJ pumping rate, the spring flow below
the AEL&P  intake structure, and the flow in Gold Creek. Well MW-C had the largest change in
water level (7.41 feet). Water level changes in the other four monitored unconfined aquifer wells
had a range of 1.68 to 4.73 feet (Table 2).

DISCUSSION

Last Chance Basin underflow

At the lower end of Last Chance Basin, Gold Creek is contained in a concrete flume for
approximately 300 feet. At the upstream end of the concrete flume, AEL&P  has an intake



Table 2. Summary well elevations and water level changes.
All elevations in feet above mean sea level and levels in feet.

Referenced to CBJ benchmark.

Well
Well
TOC’
Elevation

Well
Depth

Maximum
Change

In Water
Levels

MW-Wdp 299.12 8.58 3.29
MW-Jdp 299.32 12.00 3.45

;;;$I 290.55 292.26 15.67 10.33 1.68 1.85
MW-Cdp 274.81 15.35 7 . 4 1
MW-K2 300.26 6.58 N/A
W-3 AdP 300.80 52.50 4.73

dp: Data pod installed
1: TOC= Top of casing
2: No screen, open bottom well.

structure for a wooden flume that runs along the base of Mt. Juneau to a hydroelectric facility in
downtown Juneau.

Water leaves Last Chance Basin as either surface flow in Gold Creek or as ground water in the
unconsolidated sediments (underflow). Underflow is the flow of water beneath the bed of a
surface stream, generally in the same direction as, but at a much slower rate than the surface
drainage (Bates and Jackson, 1980). The term underflow is used in this report to identify the
component of Gold Creek flow below the AEL&P intake structure that comes from aquifers in
Last Chance Basin. This is one of the components of baseflow that maintains a sustained flow in
Gold Creek below Last Chance Basin. The other component of baseflow is the sustained ground
water discharge from the unconsolidated sediments on Mt. Juneau to the north of Gold Creek and
west of Last Chance Basin. Water in Gold Creek below the AEL&P intake structure comes from
underflow from Last Chance Basin, ground water discharge from Mt. Juneau, and/or from
overtopping of the AEL&P  intake structure.

To estimate underflow, flow measurements and water quality samples were obtained below the
AEL&P intake structure when all Gold Creek flows were diverted by the structure. Water
samples were collected to estimate the mixing ratios of Last Chance Basin underflow and Mt.

6



Juneau ground water using cation-anion ratios. The sites were selected to measure the amount of
water flowing from springs below AEL&P’s intake structure. The flow in the concrete flume
increased from 0.53 cfs immediately below the intake structure to 4.10 cfs at the end of the
concrete flume. The majority of the spring water was from a large washed out area in the
concrete flume immediately upstream from site Q-2. Approximately 250 feet further down Gold
Creek the flow increased to 6.21 cfs. Although the Q-3 measurement was taken three days
before Q-l, weather conditions were consistent and measurements at Q-2 were taken on both
days to tie the two measurement times together. Most of the flow in Gold Creek below the
AEL&P intake structure comes from the spring in the washed out concrete flume bottom and
through the stream bed below the concrete flume. The measurement at Q-3 also includes water
that bypasses the concrete flume (approximately 0.5 cfs). This consists of springs on the left
bank edge that infiltrate to an abandoned water collection gallery. The pipe for the collection
gallery is diverted back to Gold Creek approximately 100 feet below the end of the concrete
flume.

Water Quality samples for this study were analyzed for major inorganic ion chemistry. All
samples were consistent with previous Gold Creek and Last Chance Basin ground water samples
(Figure 2). Figure 2 is a trilinear diagram that represent the major-ion composition in percentage
of total equivalents (Freeze and Cherry, 1979). The trilinear diagram allows the chemical
composition of numerous samples to be represented on a single graph to observe groupings and
trends between water types. Water types that fall on a line generally represent a mixing between
the two end members (Freeze and Cherry, 1979). In the case of Gold Creek, the two end
members are the calcium-bicarbonate water from the talus slope, and the calcium-sulfate
dominated water from the mine tunnel discharge. The mine tunnel water has a higher sulfate
level because of the oxidization of sulfide minerals in the old AJ mine. The tunnel discharges to
Gold Creek above Last Chance Basin. The sulfate dominated water enters the ground water
system in Last Chance Basin and acts as a tracer for water from the basin. Surface water from
sites Q-2 and Q-3 are calcium-bicarbonate-sulfate versus calcium-sulfate water types. The
calcium-sulfate water types come from Gold Creek above the AEL&P intake structure and
ground water from Last Chance (Figure 2, Points 2,3,  and 4 respectively).

The higher percentage of bicarbonate in the surface water samples from below the AEL&P
intake structure compared to the samples from Gold Creek above the intake structure (50%
versus 35%),  indicates a greater amount of bicarbonate dominated water from the Mt. Juneau
talus slope is mixing with underflow from Last Chance Basin ground water. Water from Mt.
Juneau generally does not have a high percentage of sulfate. Figure 2 has a talus slope water
sample from February 1990 plotted that is probably representative of the Mt. Juneau ground
water coming from the talus slope outside of Last Chance Basin. The dilution effect from the
ground water, based on sulfate levels, is approximately 15 percent. Applying this ground water
dilution factor to the actual flow measurements from Q-3 would suggest that the maximum
underflow as measured at Q-3 is 5.3 cfs. Measurements at Q-2 during the January low flow
period indicate that the spring flow decreased by at least 34 percent. This would provide an
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CATIONS
PERCENT REACTANCE VALUE

A N I O N S
e T ,ocatlomd  Date

1. Talus slope spring near PW-1, February 1990

2: Abandoned water pipe return to Gold Creek, December 1994

3. Gold Creek above AEL&P’s  intake structure, December 1994

4. Spring (PVC pipe) near flume bottom, December 1994

5. Gold Creek in concrete flume, December 1994 (Q-2 site)

6. Gold Creek below concrete flume, December 1994 (Q-3 site)

7. AJ mine tunnel above Last Chance Basin, February 1990

Figure 2
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estimated underflow of 3.5 to 5.3 cfs during the January 1995 low flow event. Based on this low
flow data, underflow during high flow conditions probably exceeds six cfs. Waller (1959)
estimated the under flow at approximately three cfs from differential measurements at the upper
and lower ends of Last Chance Basin.

Water table fluctuations

Well water levels were measured periodically throughout the winter with a steel tape, and hourly
with data loggers for the six wells. The results from all measurements are contained in Appendix
A for the periodic measurements, and Appendix B for the data loggers. Well MW-C showed the
largest overall change in the water table, approximately 7.5 feet (Figure 3). Well MW-T (Figure
4) showed the greatest daily effect of the CBJ pumping (daily variations of up to 0.2 feet). MW-
T is located closest to the two cycling production wells (PW-2 and PW-3). The record for MW-
T is missing the first four weeks of data (through December 24) because of a failed pressure
transducer. All wells showed some effect from the well field pump cycling and the general trend
of the water table followed the changes in Gold Creek flow. Well MW-W was the furthest from
the production wells and closest to Gold Creek. The water level response was typical of the
other wells with respect to changes in Gold Creek (Figure 5).

Well MW-C was located as close as possible to the lower pool on Gold Creek where the dead
fish were found. The large drop in the water table elevation was in response to the draining
effect of the springs immediately below the AEL&P  intake structure, and the high CBJ pumping
rate. Because the pool is closer to the springs, the lower pool on Gold Creek should have a water
table fluctuation greater than the changes recorded in MW-C. Water table decreases from
production well pump cycling does cause prompt and repeated dewatering of Gold Creek below
the well field. Once flows in Gold Creek started to increase because of rain, the water table
recovered up to six feet in less than two days.

The water table between the CBJ production wells and Gold Creek (around wells MW-W, -J, -T,
and -F) changed by two to four feet during the study, with the largest change in MW-J. The
water table change in this area appears to follow Gold Creek flow, until the flow is below
approximately five cfs (Figure 5). Below five cfs, the water table continues to drop faster than
Gold Creek can recharge the aquifer, depleting aquifer storage

The production aquifer piezometric surface was monitored in TW-3A,  a 1959 USGS test well.
The piezometric surface was approximately eight feet lower than the water table in MW-W
(approximately 15 feet away). This indicates that a downward flow gradient existed between the
unconfined and semi-confined aquifers. Changes in the TW-3A water level were subdued
because the well is plugged with silt and it took one to two days for the well level to fully
respond to changes in the piezometric head.
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Figure 5: MW-W Water Level Changes
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Gold Creek dry areas

On 17 January 1995 Gold Creek was checked for flow conditions throughout Last Chance Basin.
Gold Creek was flowing from the head of Last Chance Basin to a point just upstream of wells
MW-W and TW-3A. From this point, Gold Creek completely infiltrated and remained dry until
a point downstream of the well field (Figure l),  where the streambed dropped in elevation and
water flowed for approximately 500 feet. From this point, the streambed was dry to the AEL&P
intake structure.

In January 1990 during a low flow event, Gold Creek was observed dry by the author for about
500 feet upstream of MW-W and TW-3A,  opposite to 1995 observations. From this point,
baseflow  provided enough water for Gold Creek to flow to the flume. The difference in the
observed dry areas is probably due to differences in the CBJ well field production rates. In 1990
the well field was pumped at three to four cfs. In 1995 the Last Chance Basin well field was
pumping seven to eight cfs. This increase in pumping demand lowered the water table in the
central section of Last Chance Basin enough to cause Gold Creek to fully infiltrate and go dry.
When the well field is producing three to four cfs, enough underflow is able to bypass the well
field to maintain baseflow  to Gold Creek and supply the springs below the AEL&P  intake
structure.

1995 fish kill conditions

During January 1995 another fish kill occurred concurrently with this study. On January 12’h,
living, dying, and dead fish were observed in the lower pool on dewatered stream bed under an
insulating layer of ice. The State Department of Fish and Game fish pathologist examined the
fish and found them to be in a similar state to those found in the 1994 fish  kill event, including
sediment imbedded in the gills (Attorney General Report, 1995). DEC personnel observed Gold
Creek going dry between the CBJ well field and the metal car bridge early in the morning. This
dewatering occurred when water demand increased and the CBJ pumps cycled on.

After observing the 1995 fish kill and the well logs for MW-C, Gold Creek dewatering was
reevaluated as the sole or primary cause of the 1994 fish kill. The fish in Gold Creek appear to
have adapted to sudden dewatering by burrowing into the sediment. Fish that die from
dewatered conditions do so at varying times, and do not show a uniform time of death, evidence
of drying, or evidence of freezing (Attorney General Report, 1995).

.-
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CONCLUSIONS

This project provided an opportunity to observe water table changes in response to CBJ pumping
and an extended low Gold Creek flow event. Flow measurements and geochemical sampling
provided information on the underflow from Last Chance Basin and ground water from Mt.
Juneau. Key points are summarized in the following:

1.

2.

3.

4.

5.

6.

When all surface flow from Last Chance Basin is intercepted by the AEL&P  intake
structure, Gold Creek flow below the intake structure increases from 0.53 cfs to 6.21 cfs.
This increase is along a distance of approximately 250 feet in the concrete flume below
the intake structure.

CBJ pump cycling effects were observed in all wells. This indicates that a hydraulic
gradient exists from the unconfined to the semi-confined aquifer and that water in the
unconfined aquifer moves down into the semi-confined aquifer when the production
aquifer is pumped. Under non-pumping conditions, wells in the production aquifer flow
at the surface, indicating an upward flow gradient between the two aquifers.

The water table varied directly with Gold Creek stage until Gold Creek flow decreased to
approximately five cfs. At approximately five cfs, Gold Creek flow did not significantly
change, but the water table continued to decrease, reflecting the greater CBJ pumping rate
of seven cfs.

Once Gold Creek flow increased, by as little as two cfs, the unconfined aquifer recharged
within two days. The water table increased up to six feet in 24-48 hours.

During the January 1995 low flow condition, springs below the AEL&P  intake structure
drained Last Chance Basin at a rate of 3.5 to 5.3 cfs. The springs act like a pumping well
in which the cone of depression moves from the AEL&P  intake structure into Last
Chance Basin. During low flow, the cone of depression dewaters the creek in an
upstream direction from the intake structure.

The January 1995 fish kill (during the study period) occurred simultaneously with a rapid
decrease in the water table at the lower end of Last Chance Basin. The drop in the water
table caused Gold Creek near MW-C to become a loosing reach and go dry. This rapid
decrease was caused by the springs below the AEL&P  intake structure (see 5 above)
interacting with the drawdown  influences from the CBJ well field to increase the effect.
A similar dewatering of Gold Creek probably occurred during the fish kill in March
1994.
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MW-J -0.92 -0.961 0.04 1 MW-J 2.00 2.04

I I MW-T I -0.61 I n/a I n/a 1 I I I MW-T i 0.:39 0.37I I , I I , I
MW-F 1 -0.93 l-0.921 -0.01 1 1 1 MW-F j 1.30 1.28

39 5.38MW-C / -4.55 I-4.541 -0.01 1 1 1 MW-C 1 5.: I-
TW-3A j nla I-O.68 I nla 1 j TW-3A 1 -0.05 1 0.01 1 -0.06

-io1-

-0.04

0.023330.02
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l’ll3Ol94 18:21 9.06 1213194 2121 10.95 1215194 5121 10.96 12ffl94 6121 9 . 9 0
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A Pfoposa/  for a Hydrogeologic  Study of the

Water Resources of Gold Creek Basin,

Juneau, Alaska

Prepared by

Roman J. Motyka, Richard S. No/l,  and James A. Munter

INTRODUCTION

The City and Borough of Juneau (CBJ) water system derives most of its water from the Last

Chance Basin well field  located in the Gold Creek watershed (figs. 1 and 2). This well field is

CBJ’s  only dependable year-round water supply. Because of its importance in meeting CBJ’s

water needs, any proposed industrial development near or within the Gold Creek watershed

requires careful evaluation for its potential effects on ground waters In the Gold Creek drainage

system. Such evaluations can only be done satisfactorily with  detailed hydrological and

geological data. This project is designed to obtain, evaluate, manage and disseminate these data

to increase our understanding of the hydrogeologic conditions in the Gold Creek drainage basin.

The primary goals of this study are to: 1) collect hydrologic data from all source areas within the

Gold Creek drainage basin; 2) expand the baseline of water chemistry data, and use these data

to identify and track possible contamination; 3) develop both a conceptual and a computer model

of the sources and areas of basin recharge: 4) use the water chemistry and hydrologic data to

determine the direction of the ground water flow systems, mixing ratios for waters, and residence

times within the aquifer: and 5) identify aquifer recharge boundaries for future development of a

well field protection plan by CBJ agencies.

The results of this study will assist in the identification and evaluation of potentially adverse

effects of proposed developments in and around Gold Creek Basin so that appropriate mitigating



measures can be devised. These developments include the planned reopening of the Alaska-

Juneau (AJ) gold mine and the associated long-term diversion of up to 20 percent of Gold Creek

flow. Because Gold Creek may be a major source of recharge to the Last Chance Basin aquifers,

impacts caused by any changes to its flow must be carefully assessed and fully understood.

Additionally, industrial activities in and around the Gold Creek basin have the potential of

introducing contaminants into the watershed. With a better understanding of the sources of

recharge for the Last Chance Basin well field aquifer, recommendations can be made to regulate

or restrict potentially hazardous activities in hydrologically sensitive areas. In this way, the results

of this study can help Federal, State, and Municipal agencies address public concerns regarding

potential impacts of industrial development on the quality of Juneau’s water supply.

GEOLOGIC AND HYDROLOGIC SETTING

Last Chance Basin is located in a glaciated valley of metamorphic rock consisting of schists and

phyllites. The ore body of the AJ mine, located east of Last Chance Basin (fig. I), consists of a

network of quartz veins containing sparse gold, pyrite, pyrrhotite, arsenopyrite, galena, sphalerite,

chalcopyrite, and silver (Wernecke, 1932; Nokleberg and others, 1987). The total sulfide content

of the ore body is generally less than five percent (OTT, 1989). The vein system, about 5.8 km

long, and 600 m wide (fig. l), dips to the northeast.

Based on well-logs (Waller, 1959; QUADRA, 1982; GeoEngineers,  1989) sedimentary layers

within the basin consist of (from bottom to top, see fig. 3): 1) till: 2) glaciomarine silts and clays; 3)

glacio-alluvial sands and gravels; 4) clays and silts possibly of lacustrine origin; and 5) alluvial

sands and gravels, A rockslide-avalanche from the side of Mt. Juneau blocked Gold Creek just

east of Mt. Maria, and probably created a temporary valley lake which subsequently filled with

sediment. Basin bedrock geometry is unknown but well-logs show depth to bedrock in mid-basin

exceeds 240 ft.
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Gold Creek drains an area of 8.4 mi* above Last Chance Basin, may be a major supply of

recharge to the Last Chance Basin aquifers, and varies in discharge from 1.8 - 1,850 cfs (period

of record, 1985 to current year). The principle aquifers in Last Chance Basin consist of an

unconfined aquifer and a confined aquifer that is the CBJ production aquifer. The well field is the

only year-round CBJ water supply and presently consists of 5 production wells. Production wells

4 and 5 (completed in 1989) are currently not in service.

An extended review of previous studies of Gold Creek and Last Chance Basin is contained in

Appendix I. Preliminary hydrologic and geologic interpretations of Last Chance Basin were made

by Wailer  (1959) and Anderson (I 959) following the drilling of several test wells in Last Chance

Basin by the U.S. Geological Survey (USGS). Later studies have mostly concentrated on the

engineering evaluation of the Last Chance Basin aquifer to determine water supply

characteristics such as transmissiv’ky,  hydraulic conductivity,  safe yield and maximum or optimum

pumping rates (QUADRA, 1982; JMM, 1985; OTT,  1989) (cf. Appendix I). Data acquired in these

engineering studies mainly address the aquifer response to pumping, and not the actual recharge

or geologic setting of the ground water system. The engineering studies have concluded that

recharge occurs primarily in the lower part of Last Chance Basin or through a leaky confining

layer. They failed to consider an equally or more plausible scenario described by Anderson

(1959) under which water is recharged near the head of Last Chance Basin where the confining

unit may be thin or absent. They also failed to consider the possibility that recharge may

originate from the side valley walls of Last Chance Basin. An understanding of the relative

importance of these mechanisms is important to the long term management of the Last Chance

Basin aquifers.

Water quality of Gold Creek is excellent, but is only monitored at the stream gauging station (fig.

1) by the USGS at this time. Routine testing of the well water by the CBJ water department is
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conducted to verify that the water meets ail drinking water requirements. Analysis of mine tunnel

discharge reported by Echo Bay Exploration indicates that concentrations of most constituents

are elevated with respect to Gold Creek water.

Engineering studies were conducted by James M. Montgomery (JMM) Consulting Engineers in

1985 and 1988 to determine the best way to meet the CBJ water requirement of 4860 gallons per

minute (gpm) for three hours. The completion of production wells 4 and 5 in the summer of 1989

provides enough water to meet these water requirements. The CBJ water system operates on a

gravity flow design with pumping of wells as needed.

NEED FOR STUDY

Although this project is designed to address potential Impacts associated with any development in

the Gold Creek basin, public attention has largely been focused on the proposed reopening of the

AJ mine by Echo Bay Exploration because of its potential for affecting the supply and quality of

water within the CBJ. The mining project is located within portions of two watersheds, one

draining into Gold Creek (fig. l), and the other into Sheep Creek, located in the valley south of

Gold Creek.

At the head of Gold Creek, water is currently being captured by old glory holes (sink holes

created by the collapse of underground mine workings). Captured water drains through old mine

workings and is redirected back to Gold Creek via a tunnel which presently discharges into Gold

Creek near the head of Last Chance Basin (fig. 2). Presently, 5 - 6.5 percent of summer, and 11

- 14 percent of winter flow in Gold Creek is intercepted and diverted by a mine drainage tunnel

‘back to Gold Creek (OTT, 1989). OTT  (1989) estimates that up to 20 percent of flow could be

intercepted due to increased glory hole size and number. During the life of the mine, estimated at



13 to 25 years, Echo Bay Exploration proposes to block the tunnel and divert the water to

Gastineau Channel to prevent contamination of Last Chance Basin waters.

During mining, the reduction in Gold Creek flow could reduce the recharge to the Last Chance

Basin aquifers, particularly during times of low flow. Data indicate that the highest percentage of

capture occurs during times of low flow in the winter (OTT, 1939). At present, old glory holes

capture up to 14 percent of stream flow which is reunited with Gold Creek near the head of Last

Chance Basin. It is therefore useful to determine the recharge contribution to the production

aquifer from the various sources, including the discharge tunnel waters on a seasonal basis, to

assess the impact of future loss of these waters from Last Chance Basin.

The loss of flow may be particularly severe during the winter when stream flow is the lowest. CBJ

water consumption during winter months has historically averaged 4.5 cubic feet per second (cfs)

but averaged 6.6 cfs for the month of January 1990 (CBJ Water Utilities Data File, 1990).

Records show that Gold Creek flow was less than 4.5 cfs for periods of 30 or more consecutive

days during the winter months for 14.years  since 1950 and was less than 6.4 cfs for periods of 45

or more consecutive days during the winter months for 12 years since 1950 (USGS Water

Resources Data File). Loss of the drainage tunnel flow to Last Chance Basin during periods of

low flow in Gold Creek could therefore cause water shortages, and could increase pumping costs

because of lower well water levels. The existing alternate water supply, Salmon Creek reservoir,

suffers from turbidiiy problems related to heavy rain events, seasonal melting, and other causes

that exceed Alaska Department of Environmental Conservation (ADEC) and U.S. Environmental

Protection Agency (USEPA)  guidelines. This surface water source cannot reliably supply water

year-round without extensive and expensive treatment plant modifications.

During and after mining, surface and ground water quality may be affected. As previously

mentioned, Echo Bay Exploration proposes to divert drainage tunnel water to Gastineau Channel
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to prevent contamination of water in Last Chance Basin. Only during floods exceeding a 10 year,

24 hour storm event would mine drainage and tunnel water be diverted back into Gold Creek.

During such events Echo Bay Exploration expects any contamination associated with  mining

activity to be diluted to within safe limits by the increase in Gold Creek flow. Echo Bay

Exploration does not expect any contaminated mine waters to enter the Last Chance Basin water

supply system through any other avenues. Because no safe limits have been established for

some potential mining related contaminants, data on the hydrology and geology of the Gold

Creek drainage system and the Last Chance Basin aquifers are necessary to verify  the

expectations of Echo Bay Exploration. These data would also aid in identifying hydrologically

sensitive areas so that activities in such areas can be appropriately conducted.

After mining operations, Echo Bay Exploration proposes that the tunnel flow be redirected back

into Gold Creek. The effect of this redirection on Last Chance Basin water quality is of major

concern. Available chemistry on present tunnel discharge waters show them to have elevated

concentrations of suifate,  bicarbonate and some trace metals as compared to Gold Creek water

(Appendix I). After the mine closes, tunnel water could be expected to have substantially higher

concentrations of dissolved solids. The higher dissolved solids could be from an increase in

oxygen and water contact time on fresh surfaces of bedrock (increasing oxidation and dissolution

of sulfide minerals), an increase in the amount of flow through the abandoned mine workings, and

the resuspension of sediments or contaminants left in the mine. Infiltration of these waters into

the aquifer tapped by the CBJ well field could resuft  in the deterioration of ground water quality

from the wells. However, OTT (1989) believes that besides an increase in suspended sediment,

because of the nature of the ore body, little change in water quality will occur, and expects stream

dilution to reduce any impact of mine drainage to within allowable limits. OTT does not expect

any acid mine drainage to occur because the mine is a low sutfide  ore with some talc-silicate

host rocks. The expected pH  is between 7 and 8 (OTT, 1989). Determination of recharge

sources and the proportion of contributions to the aquifer could help guide agency planning and
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public policy decisions with regard to returning tunnel flow to Last Chance Basin following

cessation of mining operations. It could also help alleviate public concern regarding future

degradation of water quality.

APPROACH

To better understand the Last Chance Basin ground water system, including sources and areas

of recharge, and to help determine the best way to safely manage the CBJ water supplies, this

project examines the geology, hydrology, and water chemistry of the Gold Creek watershed. An

understanding of the geologic processes that formed the aqutfers  in Last Chance Basin will help

in determining where aquifer recharge is taking place. These areas may include the upper part of

Last Chance Basin, along the creek bed, and along valley walls on the periphery of the basin.

Because of the long term nature of concerns in Last Chance Basin, this study will design all

installations for long term monitoring.

A review of previous work is contained in Appendix I. An outline of the project work plan is

contained in Appendix II. The study is composed of two interrelated phases. The first phase

concentrates on hydrology and a systematic geochemical and isotopic sampling program

designed to establish baseline geochemical parameters and to provide information on basin

recharge. The second phase, which involves a drilling program, seeks to determine basin

geometry and aquifer geology, explore water sources below the present production aquifers, and

help confirm recharge models. The two phases may be implemented simultaneously,

sequentially, or partially overlapping.

7



Phase 1

Phase one will include a review of available literature, previous chemical data, and air photos.

Unpublished information will be obtained from C&l personnel, consulting firms, and well drillers.

A working base map (scale: 1 :lO,OOO)  will be compiled based on Miller’s (1975) surficial  deposits

map, other bedrock geologic maps, and supplemental field geologic mapping.

Data acquisition will include measurement of potentiometrfc heads and mapping of springs and

seeps in Gold Creek Basin. Potentiometric head measurements have been done in previous

investigations, but were commonly influenced by pumping, or were not time-synchronous. This

investigation will attempt to map potentiometric or water table surfaces under both pumping and

non-pumping conditions.  One or more automatic water level recorders will be installed, provided

suitable observation wells can be found.

In cooperation with the USGS two additional stream gauges will be installed on Gold Creek and

operated for one year to complement data from thestation presently located below the drainage

tunnel. One gauge will be positioned at Silverbow Basin; the other station will be placed below

the bridge at the west end of Last Chance Basin (Fig. 1). Data derived from the Silverbow basin

gauge will help delineate the maximum possible flow that can be captured by glory holes (i.e., all

of upper Gold Creek), and data derived from the west end of Last Chance Basin gauge will help

determine the amount of Gold Creek flow going to the recharge of the Last Chance Basin

aquifers. A series of flow discharge measurements will be made between the USGS gauging

stations on Gold Creek in Last Chance Basin to determine segments of the stream that gain or

lose water. Drainage tunnel flow will also be monitored to help obtain better estimates of current

glory hole stream capture and to determine the proportions of tunnel drainage vs total Gold Creek

flow on a seasonal basis.
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A geochemical and isotopic sampling program will be done to determine water types, provide

baseline water chemistry of all waters in the basin, and trace any trends such as higher sulfate

mine waters entering the ground water system. The water sampling program will follow a quality

assurance plan such as established by Munter and others (1990). The sampling program will

sample up to 15 locations quarterly for major anions and cations, selected trace metals, turbidity,

stable (oxygen-18 and deuterium) ground water isotopes, tritium, and field parameters. In

conjunction with basin geology and flow system mapping, water chemistry and isotopic

composition will help identify recharge sources and areas, seasonal trends, and aquifer residence

times.

Based on these data, both a conceptual ground water flow  model, and an appropriate computer

model, such as the USGS Modular Three-Dimensional Finite-Difference Ground-Water Flow

model (MODFLOW) by McDonald and Harbaugh,  will be developed. A report will be produced

that: 1) addresses the residence time of water in the aquifer: 2) estimates areas of artesian

conditions and recharge zones; 3) provides chemical and isotopic identification of waters in Gold

Creek Basin; 4) determines any chemical trends; 5) determines the percentage of flow in Gold

Creek from each section of the basin with the stream gauges; 8) determines the percentage of

Gold Creek and mine outflow waters in well water; 7) establishes a baseline water quality data

base; and 8) assesses potential effects of development on aquifer recharge and ground water

quality.

2Phase

The second phase of the study will include a program of geophysical exploration, well drilling, and

sampling. These investigations will help delineate the basin geology and geometry, and

determine if the production aquifer is unconfined in the upper (east) end of the basin.
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Geophysical methods (consisting mainly of seismic refraction or reflection surveys of the basin)

will be completed principally to delineate the bedrock surface underlying Last Chance Basin.

Secondarily, the surveys may be useful for determining ff talus and slide rock extend vertically

downward to the production aquifer providing a route for recharge off valley walls, and give a

better estimate of total water availablliiy within the basin.

A limited number of shallow monitoring wells (approximately 20 ft deep) will be placed in the

basin. These wells will be used to map the water table during pumping of the lower aquifer and

under static conditions to determine if the “confining” bed actually leaks, and to test the water

quality of the unconfined aquifer. If leakage through the “confining” layer is significant, it would

have implications for protection of the production aquifer: oil spills or releases of hazardous

materials In Last Chance Basin could quickly affect the quality of water from the public supply

wells.

A single test well, approximately 60 feet deep and located in the upper (East) end of Last Chance

Basin will be used to determine the extent of the confining layers. Resufts  of previous

investigations suggest that the confining bed for the production aquifer pinches out to the east

(Anderson, 1959; JMM, 1966). If this is the case, then the production aquifer is actually

unconfined, and may be receiving a majority of its recharge at this location.

The final phase of drilling will include one or two wells drilled to bedrock. These wells will be used

to explore the lowest aquifer. A geochemical identification of the water will be made, and the

water levels will be monitored during pumping from the middle production aquifer. This deep well

will also provide information on the structure and geologic history of the basin. The estimated

depth of these wells is 300 feet.



Waters from the newly drilled wells will be sampled, geochemlcally and isotopically analyzed on

two separate occasions, and added to the geochemical  data base. The final report data base will

include these samples, along with the four seasonal sample rounds from phase one. It is

recommended that the CBJ initiate a long term sampling plan to follow up this report to monitor

any changes in Gold Creek water quality.

Results of these Phase 2 investigations will be used to: 1) confirm and refine the recharge models

from Phase 1; 2) generate geologic cross-sections of Last Chance Basin; 3) help establish the

geologic history of Last Chance Basin; 4) determine any difference in water types between the

production and lower aquifers; 5) determine the potential for using the lower aquifer as a future

CBJ water supply; and 6) reassess impacts of development on aquifer recharge and water

quality.
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APPENDIX I

REVIEW OF PREVIOUS STUDIES

INTRODUCTION

A geologic investigation on the origin  of Last Chance Basin was conducted by the USGS, and is

contained in Waker  (1959). A hydraulic investigation for the CBJ by Keith Anderson was

completed about the same time as the USGS 1959 study, and summarizes the hydrology of Last

Chance Basin. More recent studies have generally dealt with the engineering characteristics of

the aquifer materials and were done in connection with further development of the CBJ well field.

GEOLOGY OF GOLD CREEK BASIN

The bedrock geology of the Gold Creek drainage basin consists mainly of Upper Triassic chlorite-

hornblende-biotite phyllltes  and schists, with some areas of granitic gneiss. The metamorphic

grade increases from green schist facies in the west around Juneau, to amphibolite facies in the

eastern headwaters area of Gold and Granite Creek (Ford and Brew, 1973). The Silverbow fault

strikes in an east-west direction along the axis of Last Chance Basin, up Snowslide Gulch and

through the old AJ mine glory holes (sink holes created by the collapse of underground mine

w o r k i n g s ) .

The ore body of the AJ mine consists of a network of quartz veins containing sparse gold, pyrite,

pyrrhotite, arsenopyrite, galena, sphalerite, chalcopyrite,  and silver (Wernecke, 1932; Nokleberg

and others, 1987). The total sulfide content of the ore body is generally less than 5 percent

(OTT, 1989). The vein system, about 5.8 km long, and 800 m wide (fig. l), dips to the northeast.
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Last Chance Basin lies northeast of the city of Juneau in a narrow glaciated valley. It is the

lowest of several basins on Gold Creek, and is approximately 4,000 feet long in an east-west

direction, with a maximum width of 700 feet. The east and west ends of the basin are at

elevations of 330 and 260 feet respectively (Wailer,  1959).

Based on well-logs (Wailer,  1959; QUADRA, 1982; GeoEnglneers,  1989)  sedimentary layers

within the basin consist of five units (from oldest to youngest, see fig. 3): 1) till; 2) glaciomarine

silts and clays; 3) glacio-alluvial sands and gravels; 4) clays and silts of possibly lacustrine origin;

and 5) alluvial sands and gravels. Unit 5 thins to the west, unit 4 thins to the east, while unit 3 is

wedge shaped and thins to the west and south (JMM, 1985). JMM (1986) found some evidence

that unit 4 pinches out to the east, but did not present the evidence (it is probably the thinning of

the bed). Basin bedrock geometry is unknown but well-logs show depth to bedrock in mid-basin

exceeds 240 ft. A pre-historic rockslide-avalanche from the side of Mt Juneau blocked Gold

Creek just east of Mt. Maria (Spencer, 1906)  and probably created a temporary valley lake which

subsequently filled with sediment.

USGS test wells drilled to a maximum depth of 236 feet in 1959 did not penetrate bedrock in the

lower (west) end of the basin (Wailer,  1959). Bedrock was encountered at 60 feet in the upper

end of the basin in only one test well (Wailer,  1959). Problems with large boulders were

encountered at depth during drilling through all units and prevented the drilling to bedrock as

planned in all but one well.

Unit 1 was penetrated in 1959 by only one test well and no data exist regarding its thickness or

lateral continuity (JMM, 1985). The lowest clay bed (in unit 2) contains shell fragments, indicating

a possible marine origin (Waller, 1959, C. Lindsay, pets.  comm.,  1990).
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HYDROLOGY

Gold Creek drains an area of 8.4 mi*  above the head of Last Chance Basin where it is presently

gauged (fig. 1). The gauge was moved from the outlet of Last Chance Basin in 1984 because the

CBJ well field may have been removing water from the creek by infiltration during pumping (H.

Seitz USGS, oral comm.,  1990). The maximum discharge since 1984 was 1,850 cfs on 11

September 1988, and the minimum was i .6 cfs on 20 February 1985 due to a snowslide

upstream causing temporary storage (USGS Water-Data Report, 1988). At present a small

percentage, 5-6.5 percent in the summer and 11-14 percent in the winter (OTT, 1989),  of Gold

Creek flow is captured by glory holes connected with the old AJ mine workings. This captured

water is returned to Gold Creek via a tunnel at the head of Last Chance Basin.

The aquifers in Last Chance Basin consist of an unconfined water table (in unit 5), a semi-

confined to confined aquifer (unit 3) which is the present production aquifer for CBJ, and a

possible aquifer of unknown extent at depth (unit 1) (fig. 3). Unit 4 acts as an upper confining

layer for the production aquifer. Unit 2, an extensive clay layer, confines the production aquifer

from below.

The CBJ well field produces water from the confined aquifer between approximately 60 and 100

feet. The production aquifer, along with an unconfined aquifer, are located above a thick clay

layer in the upper 100 feet of sediment (Wailer,  1959, GeoEngineers, 1989). JMM (1985)

subdivided this upper 100 feet into an unconfined and a single confined aquifer, while

GeoEngineers (1989) found evidence for two confined aquifers. The difference  in interpretation

may be due to the well locations in the basin (GeoEngineers only worked in the upper basin on

production wells 4 and 5) and differences in drilling and well togging methods.
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Water levels in the 1959 USGS test welts were found to correlate with  Gold Creek level changes

and Wailer (1959) concluded that the “confined” production aquifer is directly connected with

lower Gold Creek. Because downstream water levels changed prior to upstream levels, Wailer

(1959) further inferred that recharge occurs in the west end of the aquifer and that pressure

differentials are transmitted back up the confined aquifer (Wailer,  1959). Although Wailer (1959)

did not address recharge in other parts of Last Chance Basin, subsequent authors appear to

have disregarded other potential sources without cause. The downstream wells that the USGS

used in their work were apparently abandoned and not used in any other study, as no other

mention of data collected from these wells is ever made.

The Anderson (1959) report appears to have been completed concurrently with the USGS 1959

open fife report, but with a more thorough discussion of recharge processes. According to

Anderson (1959)  the waters in the shallow unconfined aquifer were at about the same level as

the water in Gold Creek, and a pump test showed that these shallow gravels are hydraulically

connected to Gold Creek by infiltration. Anderson (1959) concluded that the water entering the

sands and gravels of the confined aquifer originate at the upper (eastern) end of the basin from

the flow in Gold Creek, with the amount of recharge from Gold Creek about 3 cfs based on

stream discharge measurements.

From the pump test done in 1959, Anderson calculated a transmissivity of 150,000 gpd/ft.  This

pump test was done at only 100 gpm because low entrance velocities from an improperly sized

screen would not allow a higher pumping rate. This low pumping rate produced changes in the

monitoring well of less than a foot, and this could cause a large error in the calculation. Anderson

(1959) found that the well levels stabilized within a relatively short time.
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WATER QUALITY AND CHEMISTRY

Water quality of Last Chance Basin and Gold Creek is generally good, except for water

discharging out of the AJ mine tunnel (BLM-AJ PDEIS, 1989), and one sample from production

well 5 after installation (GeoEngineers,  1989).

The mine discharge was sampled for the Preliminary Draft EIS (PDEIS), but only one sample,

taken on 8 September 1989, is included in the Appendix of the PDEIS. This water is a Ca-Mg-

SO,-HCOs  type water, with a sulfate level of 295 mg4.  Three samples of the tunnel water taken

in July, August, and September of 1988 were included in the OTT (1989) report, and are all Ca-

Mg-S04-HCOs  type waters. Of the OTT (1989) sar@es,  all had hardness greater than the

drinking water standard of 250 mg/l.  Two samples had iron greater than the drinking water

standard of 0.3 mg/l,  and one sample had lead and manganese greater than the drinking water

standards of 0.01 mg/l  and 0.05 mg/l  respectively.

It is unknown if Gold  Creek water above the tunnel has been sampled. The Preliminary Draft EIS

lists a sample from 8 September 1989 (sample site is onfy  ldentified as Gold Creek) in its

Appendix 1 that has very low sulfate levels. Because of these low sulfate levels, it is presumed

that this sample could be from above the mine drainage tunnel. The water differs from the tunnel

drainage and Gold Creek water collected below the tunnel mixing zone. This water is a Ca-HCOs

type, with a sulfate level of only 8 mg/l.  All solutes in this sample appear to be lower than the

other samples reviewed. This sample could also be low because of dilution from very high flow

rates in Gold Creek.

Between 1983 and 1988 nine samples from Gold Creek were taken by the USGS from their

gauging station site below the tunnel discharge. These samples are a mixture of Gold Creek and

tunnel drainage waters. This water is a Ca-S04-HCOs  type, with sulfate values between 13.0
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and 48.0 mg/l.  The range of values in these samples are: hardness 28-80 mg/l as CaCOs;

specific conductance 65-185 mhos/cm;  calcium 8.3-21 .O mg/l;  magnesium 1.8-6.7 mg/l;

bicarbonate 18.0-44.0 mg/l;  iron 3.0-l 6.0 mg/l,  and sodium, chloride, fluoride and nitrate all less

than two mg/l  (BLM-AJ PDEIS, 1989).

The USGS in 1959 sampled two wells in Last Chance Basin and found the water to be Ca-S04-

HCOs type. Sulfate levels were 34 and 37 ppm. No trace metals analysis were conducted on the

1959 samples. Samples from production wells 4 and 5 did not have an analysis for a full set of

major chemical parameters, but the sulfate levels were 40.3 and 28.0 mg/l  respectively. The CBJ

utilities sample the wells every three to five years to insure that the water meets federal and state

requirements. These data consist mainly of trace metals concentrations which are used to

compare against primary and secondary drinking water standards. The only trace metals found

above drinking water standards in any of the production wells occurred in well 5, and were

chromium (0.086 mg/l)  and iron (4.58 mg/l). Major anion and cation analyses, which are useful

for distinguishing different water types, are lacking from CBJ data.

ENGINEERING STUDIES AND PARAMETERS

In 1985 and 1986 JMM conducted two studies of the CBJ Last Chance Basin well field

(production wells 1,  2, and 3). Both JMM reports were concerned with increasing the water

supply to meet existing CBJ fireflow  requirements of 3,500 gpm for three hours, plus the

maximum average hour demand of 1,160 gpm, for a total of 4680 gpm for three hours. The

present CBJ system operates on a gravity  flow design with pumping of wells as needed. After the

installation of production wells 4 and 5 in 1989, pump tests were performed by GeoEngineers  Inc.

JMM (1985) conducted a pump test on the field by pumping production well 3 at 1,200 gpm for 48

hours. The results of the pump test were inconclusive and required JMM to return in 1986 to
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retest the well field. The major problems of the 1985 JMM pump test were that: 1) most wells did

not have water level changes large enough to determine realistic aquifer parameters (well levels

changed by only 0.2-3.52  ft.); and 2) most data was not collected from the start of the pumping

(some water levels were not collected until 125 minutes after the pump test started). JMM (1985)

did recommend that: 1) the wells be monitored monthly: 2) that all flows from wells be recorded;

3) flow in Gold Creek should be monitored at the head and outlet of Last Chance Basin; 4)

precipitation should be measured in the basin; 5) a digital ground water model of Last Chance

Basin should be constructed; and 8) development in the drainage area of Gold Creek should be

limited. Besides limiting development in the basin, no other recommendations were

implemented.

Because the work of JMM in 1985 did not yield the information needed to determine the best way

to develop the ground water system, another testing program was conducted in 1988 by JMM.

This test used an In-Situ, Inc. SE200A Hydrologic Analysis System to collect data. The SE200A

employs pressure transducers to measure and record data. Water levels were monitored for 15

hours prior to the pump test, and it was found that the levels Increased by 0.4 ft. due to the

increase in Gold Creek level (JMM, 1988). Production well 2 was used for pumping. The first

pump test was stopped by a tripped circuit breaker. At that time it was found that production well

1 was flowing by gravity flow. It was not possible to stop the flow out of production well 1 during

the pump test. A 2-hour  recovery period preceded the restart of the test. Production well 2 was

pumped at 1,000 gpm for 1,300 minutes with a 325 minute recovery test. Besides well 1 flowing

at the same time as the pump test (estimated at 5-7 percent of the flow) a constant pumping rate

was not maintained. After two hours the flow from the pumping well was diverted and this caused

a change in back pressure that increased the pumping rate. The pumping was adjusted. At three

hours, another change caused a decrease in pumping rate and again the pump had to be

adjusted. At 10.5 hours flow was again diverted for a “brief period” but no adjustments were

made. Almost all wells stabilized in response to the pumping, and some increased in response to
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an increase in stream level and a decrease in barometric pressure. At the end of the recovery

test, most wells were higher than at the start.

JMM (1988) used early time data to determine the aquifer characteristics, and found the

transmissivity to be 18,000-22,000  gpd/ft.,  with a storage coefficient of 103,  A plot of drawdown

versus distance gave a transmissivity of 22,000 gpdMt.  These transmissivities are significantly

lower than other reported values (see below). The reason for the difference is the use of early-

time data before boundary effects are seen. This suggests that recharge from Gold Creek is

rapid. The early-time data gives a more representative value of transmissivfty without any effects

from recharge boundaries.

From the 1988 testing, JMM found the aquifer to be semiconfined and to exhibit  a large amount

of leakage through the confining layer. JMM (1988) found the production aquifer approaches

steady state within a few hours when being pumped at 1,000 gpm, and believed this steady state

condition demonstrates hydraulic connection between the confined and unconfined aquifers.

After the installation of production wells 4 and 5 in 1989, GeoEngineers conducted a pump test

on each well with the other well used as a monitoring well. Both wells had a 4 hour stepped

pump test (740-l ,710 gpm), and then a 24 hour constant rate test at 1,710 gpm for production

well 4, and 1,560 gpm for production well 5. Production well 3 was pumping at 1,200 gpm before,

during, and after the tests on both wells 4 and 5. GeoEngineers (1989) found that both wells

reached steady state after 2 hours, and that both wells could be pumped to the maximum allowed

by screen entrance velocities. The estimated transmissivity is 184,000 gpd/ft.  The estimated

interference to production wells 3, 4, and 5, if all were pumping at their maximum capacity, would

be 10.6, 20.4, and 23.9 ft. of drawdown  respectively.
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APPENDIX II

WORK PLAN OUTLINE

Hydrogeologlc Study of the Water Resources of

Gold Creek Basin

Prepared by
Roman J. Motyka and Richard S. Nell

Alaska Division of Geological & Geophysical Surveys
JUn8aU  office

I. PHASE 1

A. Review and Summarization of Previous Work
1. Review of available literature
2. Review of previous chemical data
3. Obtain unpublished information

a) CBJ personnel
b) Past consulting firms
c) Well drillers

4. Review air photos
5. Compile working base map

a) Surficial deposits (Miller, 1975)
b) Bedrock2

B. Data Acquisition
1.  Piezometric head measurements
2. Mapping of springs and seeps in Gold  Creek Basin
3. Recondition monitoring wells and install datapods
4. Install additional  stream gages

a) Lower Last Chance Basin
b) Lower Silver  Bow Basin

5. Water geochemical identification and sampling program
a) Establish quality assurance program
b) Sample locations: up to 15 samples per quarter

1) Ground water in Last Chance Basin
2) Gold Creek
3) Mine tunnel discharge
4) Surface runoff of side slopes
5) Springs

c) Field parameters: pH,  conductiviiy,  alkalinity,
temperature, flows when applicable

d) Laboratory parameters: major anion and cations, selected
trace metals, turbidity, stable isotopes, tritium

C. Data Reduction
1. Enter into Lotus data base
2. Check anion-cation balance
3. Plot chemistry (Piper plots)
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D. interpretation of Results
1. Identify chemical or isotopic trends
2. Interpret water level measurements
3. Derive preliminary recharge model based on results
4. Plan next sample round based on results

E. Prepare Reports
1. Determine residence time of water in aquifer
2. Define area of artesian conditions
3. Determine background chemical and isotopic identification of

waters in Gold Creek Basin
4. Determine any surface to sub-surface trends
5. Determine the percentage of flow in Gold Creek from each

section of the basin with the stream gages
6. Prepare preliminary conceptual hydrogeologic model of basin
7. Assess potential impacts from detilopment  on aquifer recharge

and water quality

II. PHASE 2

A. Last Chance Basin Delineation
1. Seismic survey

a) Define basin shape and depth
b) Determine extent and depth of talus slope

B. Monitoring and Test Wells
1. Shallow wells to test unconfined aquifer

a) IO-20 feet deep
b) Geochemical identification of water
c) Monitor during pumping of middle aquifer
d) Cluster near deeper well to determine head difl erences

2. Test well in upper end of Last Chance Basin
a) 50-80 feet deep
b) Geochemical identification of water
c) Sediment sampling for geologic cross-section
d) trace extent of confining layers

3. Deep test well to bedrock
a) Install two cored wells
b) 300-350 feet deep
c) Geochemical identification of water
d) Monitor during pumping of middle aquifer
e) Cluster near shallow and middle aquifer wells

C. Prepare Reports
1. Confirm and refine recharge model
2. Prepare geologic cross-sections of basin
3. Determine geologic history of Last Chance Basin
4. Determine differences in water types between aquifers
5. Determine potential for using lower aquifer as CBJ water supply
6. Reassess impacts of development on aquifer recharge and water

quality
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UNIT 1--Surficial fluvial  sand and gravel deposit, 20 to 30
feet thick, thins to the west.

UNIT 2--Sandy silt and clay deposit, 15 to 30 feet thick,
thins to the east.

UNIT 3--Bouldery  sandy gravel deposit, 20 to 70 feet thick,
forming a wedge that thins to the south and west.

UNIT 4--Sandy gravelly clay deposit with shell fragments,
at least 120 feet thick.

UNIT 5--Fine sands and gravels with boulders and clay,
thickness unknown.

Metamorphic bedrock.

Stratigraphic Section of Last Chance Basin FIGURE 3


