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i604) 273-1601

14 June 1982 Reference: K4635

British Columbia Hydro & Power Authority
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Dear Dr. Hathorn:

Re: Hat Creek Project - Assessment of the Impact of Construction Water Supply
Long-Term Pump Test Program on Ground and Surface Water Resources

We are pleased to submit to you three revised copies of the above referenced
report.

Also please find enclosed seven extra copies of Figure 3 of Section C of this
report.

Please do not hesitate to contact G.A. WNieminen or myself at this office
regarding this report or any other related matter

t has been a pleasure working for you and we look forward to being of service to
you in the future.
Yours sincerely

BEAK CONSULTANTS LIMITED
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1.0 INTRODUCTION

This report is to provide fulfilment of work presented in BEAK's 22 January 981
proposal to B.C. Hydro and the 22 May 1981 revision.

The scope of this project was to examine the surface water and ground water
effects of long-term pumping of ground water at the site of B.C. Hydro's future
thermal electrical generating station at Hat Creek. Ground water is going to be
required during the construction of the generating station.

BEAK investigated the surface water effects and retained Golder Associates to

provide interpretation of the ground water regime.

This report has been divided into three sections. This section (Section A)
provides a summary of the overall findings of the whole project. Section B
provides a description of the surface water monitoring and Section C contains a
report to BEAK by Golder Associates on the ground water aspects of the study.

K4635 -1-
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2.0 DISCUSSION

Two wells capable of pumping ground water from two different aquifers have
been drilled at the Hat Creek site.

Well PWI produces water from an interval of 100 to 113 metres below ground
level. Since PWI produces from a deep aquifer and the aquifer lies below 67
metres of impervious silty clay, Golder Associates determined that pumping
from here would not affect Hat Creek. Hence, this well was neither pumped nor
assessed for impact during this investigation. A further investigation is planned

to identify the extent and characteristics of this aquifer at the northern pit rim.

Pumping well PW2 was the only well pumped during this study. [t produces
ground water from the Marble Canyon aquifer which is located downstream and
north of the Hat Creek aquifer of PWI. The producing interval of PW2 is located
from 26 to 29 metres below ground level and hence was believed that pumping
from here might affect the flows in Hat Creek. Hence, PW2 was pumped for 30
days from 6 October until 5November, 1981 in order to investigate possible

effects on the creek from long term pumping.

Pumping well PW2 was pumped at a near constant rate of 9.4 I/s (148 U.S. gpm)
for 30 days. This resulted in a drawdown of approximately 14 m in the well after
30 days. Three metres of available drawdown remained at the end of the test.
Approximately 95 per cent recovery of the well occurred within one hour after

pumping ceased. The pumping test was carried out at the end of the dry season
(which usually occurs from September to October) to permit the maximum

impact on the creek flows to be assessed.

BEAK established stream qgauging stations approximately 400 metres apart on
Hat Creek, upstream and dewnstream of the pumping well. For the first 24 days
of pumping, the upstream flow measured |0 to 14% greater than downstream
flows. Immediately before sumping commenced on 6 October, the upstream flow
was 4% greater than the downstream measurement. This 10 - 14% upstream/

K4635 -2-
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downstream difference was 4 to 6 times greater than the removal rate of ground
water. On the last 6 days of pumping, the upstream/downstream flow difference

was virtually zero.

Since the difference in upstream and downstream creek flows did not increase
over the pumping period (in fact it decreased), it is concluded that long-term
ground water removal will not affect the volume of Hat Creek. This bears out
the conclusion from the ground water monitoring program. While the pumping
well was drawn down by |4 metres, the water level in the observation wells
dropped by only 2 and 0.13 metres at distances of 47 and 90 metres respectively.
Golder Associates accounts for the early difference in upstream and downstream
creek flows by the loss of creek water in this interval to surficial gravel deposits

because of the depression of the water table during the dry season.

Twent y-five water quality parameters were examined on water sampled from the
well and in the creek at the upstream and downstream gauging stations. The
water analyses indicated that the water quality in the creek did not suffer during
the pumping. In addition, both the ground water and creek water had water
acceptable for aquatic life and drinking health standards. Only manganese in the

well water was high which is aesthetically undesirable for drinking water.

K4635 -3-
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3.0 CONCLUSIONS

The following conclusions are drawn from the overall study:

I. Long-term pumping of ground water will not affect the flow volumes in
Hat Creek.

2. Long-term pumping of ground water will not offect the water quality of
Hat Creek if the ground water is used as a source of supply.

3. The creek's water and the ground water should be acceptable for the health
of aquatic life and drinking water standards. However, siightly high
manganese concentrations make the ground water aesthetically undesirable
for drinking water use.

4, The pumping well in this test appears to be capable of pumping
continuously a maximurn of 800 cubic metres per day (at least 9.4 litres per
second or 148 U,S. gallons per minute).

5. The cone of drawdown of the pumping well in this test appears to be
limited in extent.

K4635 -4
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4.0 RECOMMENDATION

Because of the difference in flow rates measured at the upstream and
downstream gauging stations in this study, it would be advisable to re-monitor
the flows at these same points at a similar time of the year in 1982, Another set
of similar data would solidify the findings of the unexpected upstream/
downstream flow differences encountered in this study and would provide more

of a data base for the future comparison.

K4635 -5-
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1.0 INTRODUCTION

During the 30 day test (October 6 - November 5, 1981} of continuous pumping of
ground water from the Hat Creek cquifer, Beak Consultants Limited examined
the possibility for changes that could have occured in the surface water of Hat
Creek.

Two stream gauging stations were established to determine creek flows upstream
and downstream of the pumping well. In addition, water samples were taken for
chemical analysis from the two gauging stations and the pump discharge. The

following is a report on these aspects of the ground water pumping test.

K4635 -1-
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2.0 DESCRIPTION OF FIELD WORK

Two sites were selected on Hat Creek to serve as stations for water quality
sampling and discharge measurements. It was desired to locate both stations
outside of the drawdown cone of pumping well PW2 (see Figure 1}. One gauging
station was located upstream and the other downstream from the potentially
affected portion of Hat Creek. It was decided that the Downstream Gauging
Station would be situated upstream of where the pump water was discharged into
Hat Creek in order to best simulate the situation which would result if the
construction camp were consuming the pumped ground water. To ease the
analysis of results, it was ensured that Hat Creek received no tributaries
between the two gauging stations so that the pump test was the sole influence on
this portion of the creek. In addition, to ensure optimium results for stream
discharge, the gauging stations were located in a section of the creek where the
flow regime was uniform and unimpeded and where the velocity of flow was

within the ideal range of the velocity meter.

Based on the proceding considerations, the Upstream Gauging Station was
located about 300 metres upstream from the B.C. Hydro Information Centre and
the Downstream Gauging Station was situated about |00 metres downstream
from the Information Centre. Water samples were taken at these two gauging
stations and from the pumping well's (PW2) discharge. The locations of the two

gauging stations, pumping well and observation wells are shown in Figure |.

K4635 -2-
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3.0 SURFACE WATER FLCW RESULTS

Before the results of the creeck's flow measurements are presented and discussed,
a brief description of the means by which these measurements were determined

will be made.

The objective of stream discharge measurement procedure is to determine the
volume of water passing through a selected cross section of the stream in a given
period of time. First, a chcnnel profile is constructed by measuring the water
depth at reqular intervals across the width of the stream. Next, the velocity of
flow is measured at the same positions across the stream width., The velocity
measurements are made at 60% depth (where the average velocity in vertical
section is found) using a velocity meter. For this project, a velocity meter
manufactured by A.Ott (Kempton, West Germany) was employed. The Ott meter
consists of a propeller mounted on a rod and an electrical digital counter which
counts rotations of the propeller. Hence, this instrument has been calibrated by
the manufacturer to allow calculation of stream velocity from the rate of

revolution of the propeller.

When measurements have been completed, usually at ten or more points across
the stream width, the velocities are calculated and the corresponding depths are
recorded. A plot of velocity X depth versus the stream width is then made after

which the stream discharge is determined by measuring the area under the

resulting curve.

Since it was expected that any changes in the surface water flow regime in Hat
Creek during the pump test would be relatively small, it was thought worthwhile
to determine the Ott meter's sensitivity with which discharge could be measured.
To carry out this determination, two measurements were made in a very short
time space during which therz was no rain. These two measurements were made
on October 5, 1981, the day before the 30 day pump test began. Measurements
were made at the Upstream Gauging Station and at a site 3 metres upstream of
the Upstream Gauging Station. Based on the flows calculated at these two sites,

K4635 -3-
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the accuracy for the Ott meter in this project appears to have been within

+ 0.003 cubic metres per second:

SITE TIME ~ ELOW (m’/s)
3 m upstream of the Upstream Gauging Station 17:00 0.363
Upstream Gauging Station | 7:45 0.360

Creek discharge (flow) measurements were made at the Upstream and
Downstream Gauging Stations on five days of the 30 day pumping period. In
addition, on October 6, 1981 just before the pumping commenced, flows were
measured at the two stations. This data along with the pumping well's discharge
rate is presented in Table |.

From Table |, after the pumping began, it is seen that the first three upstream
flow measurements were |0 - [4% higher than the corresponding downstream
flows. These first three measurements span the first 24 days of the 30 day
pumping period. Before the pumping began, the upstream flow was 4% higher
than the downstream flow. The last two flow determinations show the upstream
and downstream flows which are close to being equal when considering the

accuracy of the Ott meter previously discussed.

The first upstream/downstrear flow measurements in Table |, which were taken
just before the pumping began, indicates that the upstream - downstream
difference in the first 24 daws was not caused by the pumping. In addition, the
differences of the first three upstream/downstream measurements after pumping

began were 4 - 5 times greater than the pumping rate.

KA4635 -4

A MEMBER OF THE SANDWELL GROUP




[y

%yt Beak

4.0 WATER QUALITY

Samples analyzed for 25 water quality parameters, were collected on four
occasions from each stream gauging station on October 6, 13, 26 and November
3, 1981. The October 6 sample was taken just before the pumping commenced.
The pump discharge water was sampled for the same 25 analyses on October 13,
26 and November 3. The water quality analyses varied little to not at all for
each sampling source. The water quality parameters {(after pumping began) were
averaged and are presented in Table Il. Table lll compares the analyses before
and during the pump test.

All of the 25 parameters analyzed fall within the recommended health limits for
acceptable water for aquatic life and drinking water standards. However, the
manganese level in the well water is higher than the recommended (0.05 mg/L)
and objective (0.0! mg/L) levels for drinking water. Manganese concentrations
over 0.05 mg/l. are not aesthetically ideal for drinking water. The pumping does
not appear to have affected the water quality atf the Upstream and Downstream
Gauging Stations. Further, the discharging of all of the pumped ground water
into Hat Creek during the test does not appear to have changed the water quality
in the creek as seen in the last column of Table II.

The total dissolved solids (nonfiltrable residue) of the well water averaged about
350 mg/L which is typical of ground water from surficial materials as sampled by
B.C. Hydro*. The Hat Creek surface water total dissolved solids of
approximately 290 mg/L is also within the range of previously measured samples
although this parameter has been shown to vary widely during the year*.

This sampling program should now provide a baseline water quality against which

any progressive changes in the creek or ground water can be assessed.

* British Columbia Hydro & Power Authority, Thermal Generation Projects

Division: "Hat Creek Project 1979 Environmental Field Programmes"
(April, 1981).
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5.0 CONCLUSIONS

. The pumping of ground water from well PW2 does not appear to have

influenced the creek's flow because:

(@) The upstream flow was greater than the downstream flow before
pumping started and continued to be greater by about the same
magnitude during the first 24 days of the test. Before pumping, the
upstream/downstream flow difference was 6 times greater than the
ground water pumping rate and 4 - 5 times greater than the pumping
rate during the first 24 days of the test.

(b) The upstream/downstream flow difference on the last 6 days of the
test was virtually zero. If the pumping had affected the creek's flow,
the upstream/downstream flow difference should have increased.

2.  The water quality of Hat Creek was not affected by the pumping of ground
water from pumping well PW2.

3. The water quality of Hat Creek was not materially aoffected by the

discharge of ground water into the creek (see Column &4 of Table [[).
4,  The water quality of the creek appears to be suitable for aquatic life.
5. The ground water appears to be generclly suitable for drinking water and

only its manganese concentration is slightly high from an aqesthetic
standpoint.
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6.0 RECOMMENDATION

The creek flow at the two gauging stations should be remonitored during the dry
season in 1982 to determine if the upstream/downstream flow difference is a

normal phenomenon during this time of year.
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TABLE |
FLOW DATA (m>/s)

(1) (2 (3 (4) (5)
Upstream Downstream Difference

Date Gauging Gauging of Well Sum of

(1981) Station Station (1)-() Discharge (2) + (4)
October 6 0.442 0.387 0.055 0.0094 0.3964
Pumping Commenced
October 27 0.358 0.317 0.041 0.0094 0.3264
October 28 0.387 0.340 0.047 0.0094 0.3494
October 30 0.355 0.322 0.033 0.0094 0.3314
November 1 0.338 0.332 0.006 0.0094 0.3414
November 3 0.332 0.330 0.002 0.0094 0.3394

Average During
Pumping 0.354 0.328 0.026 0.0094 0.3374
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TABLE Il

WATER QUALITY ANALYSES DURING THE PUMP TEST OF HAT CREEK
WELL WATER AND THEORETICAL CALCULATION DOWNSTREAM OF THE
WELL WATER DISCHARGE INTO HAT CREEK

*THEORETICAL
CALCULATION
UPSTREAM DOWNSTREAM DOWNSTREAM
GAUGING GAUGING WELL OF WELL WATER
ANALYSIS STATION STATION WATER DISCHARGE

Total Cyanide <0.005 <0.005 <(0.005 <0.005
Dissolved Fivoride 0.09 0.08 0.12 0.08
Nitrate Nitrogen 0.021 0.011 0.011 0.011
pH 8.3 8.3 7.9 8.3
Filtrable Residuve 291 285 346 287
Nonfiltrable Residue 2 I <| <|
Dissolved Aluminum 0.006 0.012 0.007 0.012
Dissolved Antimony <0.001 <0.001 <0.001 <0.00!
Dissolved Arsenic 0.009 0.007 <0.005 <0.007
Dissolved Cadmium <0.005 <0.005 <0.005 <0.005
Dissolved Chromium <0.01t <0.01 <0.,01 <(0.0!
Dissolved Cobalt <0.01 <0.01 <0.01 <(.0}
Dissolved Copper <0.005 <0.005 <0.005 <0.005
Dissolved Iron 0.03 0.03 0.02 0.03
Dissolved L ead 0.02 0.02 0.02 0.02
Dissolved Manganese 0.01 0.01 0.12 0.01
Dissolved Molybdenum <0.03 <0.03 <0.03 <0.03
Dissolved Nickel <0.01 <0.01 <0.0! <0.01
Dissolved Selenium <0.001 <0.001 <0.001 <0.00]
Dissolved Silver <0.01 <0.01 <0.01 <0.01
Dissolved Uranium 0.0044 0.0043 0.0047 0.0043
Dissolved Zinc 0.008 0.007 0.022 0.007
Total Arsenic 0.009 0.007 <0.005 <0.007
Total Mercury <0.00025 <0.00025  <0.00025 <0.00025
Radium 226 Radioactivity

(Bqg/L)** 0.02 0.02 0.02 0.02

I.  All units are in mg/L except pH and Radium 226.

2.  Upstream and downstream numbers tabulated are averages of 3 samples taken on
separate days.

* The theoretical concentrations are calculated from:

(Average Downstream Flow X Cencentration) + (Well Discharge Rate X Concentration)

Average Downstream Flow + Well Discharge Rate
** | Bg/L = 27 pCi/L
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TABLE il
BEFORE AND DURING PUMP TEST

UPSTREAM DOWNSTREAM
GAUGING STATION GAUGING STATION
BEFORE DURING BEFORE DURING

ANALYSIS TEST TEST TEST TEST
Total Cyanide <0.005 <0.005 <0.005 <0.005
Dissolved Fluoride 0.09 0.09 0.09 0.08
Nitrate Nitrogen 0.025 0.021 0.019 0.011
pH 8.3 8.3 8.2 8.3
Filtrable Residue 298 291 289 285
Nonfiltrable Residue 3 2 2 ]
Dissolved Aluminum 0.032 0.06é 0.014 0.012
Dissolved Antimony <0.00!) <0.001 <0.001 <0.001
Dissolved Arsenic 0.009 0.009 0.008 0.007
Dissolved Cadmium <0.005 <0.005 <0.005 <0.,005
Dissofved Chromium <0.01 <0.01 <0.01 <0.0l
Dissolved Cobalt <0.01 <0.01 <0.0! <0.01
Dissolved Copper <0.005 <0.005 <0.005 <(.005
Dissolved lron 0.03 0.03 0.04 0.03
Dissolved Lead 0.02 0.02 0.02 0.02
Dissclved Manganese 0.01 0.01 0.0l 0.0!
Dissolved Molybdenum <0.03 <0.03 <0.03 <(.03
Dissolved Nickel <0.0| <0.01 <0.0! <0.01
Dissolved Selenium <0.00t <0.00| <0.00} <0.001
Dissolved Silver <0.01 <0.01 <0.01 <0.0l1
Dissolved Uranium 0.0032 0.0044 <0.00002 0.0043
Dissolved Zinc 0.005 0.008 <0.005 0.007
Total Arsenic 0.009 0.009 0.014 0.007
Total Mercury <0.00025 <0.00025 <0.00025 <(.00025
Radium 226 Radioactivity (Bg/L) 0.03 0.02 0.02 0.02

1. All units are in mg/L except pH and Radium 226.

Results during pumping are averages of 3 samples.
Results before pumping are from one sample.
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APPENDIX |
WATER QUALITY DATA OCTOBER 6, 1981
BEFORE PUMP TEST COMMENCED

UPSTREAM DOWNSTREAM
GAUGING GAUGING

ANALYSIS STATION STATION
Total Cyanide <0.005 <0.005
Dissolved Flouride 0.09 0.09
Nitrate Nitrogen 0.025 0.019
pH 8.3 8.2
Filtrable Residue 298 289
Nonfiltrable Residue 3 2
Dissolved Aluminum 0.032 0.014
Dissolved Antimony <0.001 <0.001
Dissolved Arsenic 0.009 0.008
Dissolved Cadmium <0.005 <0.005
Dissolved Chromium <0.01 <0.0l
Dissolved Cobalt <0,01 <0.01
Dissolved Copper <0.005 <0.005
Dissolved Iron 0.03 0.04
Dissolved Lead 0.02 0.02
Dissolved Manganese 0.0} .01
Dissolved Molybdenum <0.03 <0.03
Dissolved Nickel <0.01 <0.01
Dissolved Selenium <0.001 <0.001
Dissolved Silver <0.01 <0.0l
Dissolved Uranium 0.0032 <(.00002
Dissolved Zinc <0.005 <0.005
Total Arsenic 0.009 0.014
Total Mercury <0.00025 <0.00025
Radium 226 Radioactivity (Bq/L} 0.03 0.02

Results are in mg/L except pH and Radium 226.
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APPENDIX 1]

WATER QUALITY DATA OCTOBER 13, 1981

UPSTREAM DOWNSTREAM
GAUGING GAUGING PUMP
ANALYSIS STATION STATION WATER

Total Cyanide <0.005 <0.005 <0.005
Dissolved Flouride 0.09 0.08 0.12
Nitrate Nitrogen 0.022 0.009 0.010
pH 8.3 8.3 7.8
Filtrable Residue 292 276 340
Nonfiltrable Residue | | <]
Dissolved Aluminum 0.005 0.013 0.005
Dissolved Antimony <0.001 <0.00} <0.001
Dissolved Arsenic 0.009 0.006 0.005
Dissolved Cadmium <(.005 <0.005 <0.005
Dissolved Chromium <0.01 <0.0! <0.01
Dissolved Cobalt <0.01 <0.01 <0.01
Dissolved Copper <0.005 <0.005 <0.005
Dissolved fron 0.04 0.03 0.02
Dissolved |_ead 0.03 0.03 0.03
Dissolve Manganese 0.0 0.01 0.11
Dissolved Molybdenum <0.03 <0.03 <0.03
Dissolved Nickel <0.01 <0.01 <0.01
Dissolved Selenium <0.00] <0.001 <0.001
Dissolved Silver <0.01 <0.0| <0.0l
Dissolved Uranium 0.0042 0.0042 0.0038
Dissolved Zinc 0.007 0.007 0.023
Total Arsenic 0.008 0.006 <0.005
Total Mercury <0.00025 0.00025 <0.00025
Radium 226 Radioactivity (Bq/L) 0.03 0.03 0.02

Results are in mg/L except pH and Radium 226.
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APPENDIX Il

WATER QUALITY DATA OCTOBER 26, 1981

UPSTREAM DOWNSTREAM
GAUGING GAUGING PUMP
ANALYSIS STATION STATION WATER

Total Cyanide <0.005 <0.005 <0.005
Dissolved Flouride 0.09 0.08 0.12
Nitrate Nitrogen 0.015 0.007 0.012
pH 8.3 8.3 7.9
Filtrable Residue 294 292 351
Nonfiltrable Residue 2 I < |
Dissolved Aluminum 0.005 0.014 0.005
Dissolved Antimony <0.001 <0.001 <0.00|
Dissolved Arsenic 0.009 0.007 <(.005
Dissolved Cadmium <0.005 <(0.005 <(.005
Dissolved Chromium <0.01 <0.0! <0.0l
Dissolved Cobalt <0.0! <0.01 <0.0l1
Dissolved Copper <@.005 <0.,005 <Q.,005
Dissolved Iron 0.03 0.03 0.02
Dissolved Lead 0.02 0.02 0.02

| Dissolve Manganese 0.02 0.0( 0.12

; Dissolved Molybdenum <0.03 <0.03 <0.03
Dissolved Nickel <0.01 <0.01 <0.0l
Dissolved Selenium <0.001 <0.001 <0.001
Dissolved Silver <0.0l <0.01 <0.01
Dissolved Uranium 0.0046 0.0040 0.0046
Dissolved Zinc 0.008 0.005 0.023
Total Arsenic 0.009 0.007 <0.005
Total Mercury <0.00025 0.00025 <0.00025
Radium 226 Radioactivity (Bg/lL) 0.0l 0.0l 0.02

Results are in mgfL except pH ard Radium 226.
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APPENDIX IV

WATER QUALITY DATA NOVEMBER 3, 198l

UPSTREAM DOWNSTREAM

GAUGING GAUGING PUMP
ANALYSIS STATION STATION WATER

Total Cyanide < 0.005 <0.005 <0.005
Dissolved Flouride 0.08 0.08 0.11
Nitrate Nitrogen 0.027 0.018 0.012
pH 8.4 8.4 8.1
Filtrable Residue 286 288 346
Nonfiltrable Residue 2 2 <|
Dissolved Aluminum 0.009 0.010 0.010
Dissolved Antimony <0.001 <0.001 <0.001
Dissolved Arsenic 0.010 0.007 <(.005
Dissolved Cadmium <0.005 <0,005 <0.005
Dissolved Chromium <0.01 <0,0l1 <0.0|
Dissolved Cobalt <0.0]| <0.0| <0.,01
Dissolved Copper <0.005 <0.005 <0.005
Dissolved Iron 0.03 0.03 0.02
Dissolved Lead 0.02 0.02 0.02
Dissolve Manganese 0.0l 0.0l 0.12
Dissolved Molybdenum <0.03 <0.03 <0.03
Dissolved Nickel <0.01 <0.01 <0.0}
Dissolved Selenium <0.001 <0.001 <0.00|
Dissolved Siiver <0.01 <0.01 <0.01
Dissolved Uranium 0.0044 0.0048 0.0056
Dissolved Zinc <0.005 0.007 0.021
Total Arsenic 0.010 0.008 <0.005
Total Mercury <0,00025 <0.00025 <0.00025
Radium 226 Radioactivity (Bq/L) 0.02 0.02 0.03

Results are in mg/L except pH and Radium 226.
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1.0 INTRODUCTION

The terms of reference for the work covered by this report are contained
in Golder Associates proposal 812~1512 dated January 1981. The work involved the
assessment of the impact on the ground and surface water resources at Hat Creek,
caused by the long-term pump testing of wells drilled for the purpose of providing a
water supply for construction purposes. The details of the exploration, design and
construction of the wells has been reported on in Golder Associates report 812-1507
submitted to British Columbia Hydro and Power Authority (BCH) in January 1982.

Golder Associates hydrogeological staff carried out the ground water
field work during October and Novetnber 1981. Field work for the surface water
program involving water quality sampling and stream gauging was separately
undertaken by Beak Consultants. Routine ground water measurements were made
by the BCH site staff.

2.0 PROJECT OBJECTIVE

Production wells have been installed in two separate aquifers; one the
Hat Creek Valley aquifer lies just north of the proposed pit and the other the
Marble Canyon aquifer is at the Hat Creek road junction close to the BCH
temporary office (see Figure 1). Because of the proximity of these aquifers to Hat
Creek itself, it was considered necessary to assess the impact that pumping from
them would have on the flows in the creek. This has particular significance due to
the fact that the water is abstracted from the creek by the Boneparte Indian Band
downstream of the well sites. It was decided that the optimum time for carrying
out this assessment would be at the erd of the dry season in say September/October

time when flows would be minimal.

Of the two wells installed, only that in the Marble Canyon aquifer (PW2)
is considered to be able to impact the creek flows. Well PW] installed in the RHat
Creek aquifer was screened between 100 and 113 m below ground; some 67 m of

silty clay overlies the sandy gravel aquifer in this well.

Golder Associates
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The methods used to assess the impact of pumping on the creek were as

follows:
- establishment of gauging stations on Hat Creek both upstream and
downstream of the area likely to be impacted by pumping (see
Figure 1).
- monitoring of creek flows both before, during and after pumping.
- execution of a 30-day pumping test on well PW2 with monitoring
in the surrounding observation wells.
- measurement of flows from the well (returned to the creek
downstream of the 1est)
- sampling and chermical analysis of creek and well water at
periodic intervals during testing.
- analysis of data and assessment of potential impacts.
3.0 TEST PROCEDURE

During June and July 1981, two production wells 203 mm (8") in diameter
(PW1, PW2), three observation wells 152 mm (6"} in diameter (OW2, OW3, OW4)} and
two standpipe piezometers (OW1, OWS5) were completed in the Hat Creek area
north of the proposed pit for the purpose of providing a water supply for
construction purposes. The locations of these installations are shown on Figure 1
and presented in schematic hydrogeological section in Figure 2; the wells are
described in GA report 812-1507 dated January, 1982. Following the completion of
the wells, and prior to the long-term pump testing, a program of ground water
monitoring was carried out by B.C. Hydro staff during August and September. Over

this period water levels in all completed installations was recorded daily.

A five bhorsepower submersible pump was installed in production well
PW2 by A and H Construction of Abbotsford, B.C. under the supervision of Golder
Associates. The pumped water was discharged through a 100 mm diameter hose
into Hat Creek at the location shown on Figure 1. This site was selected to be
downstream of the stream gauging locations so as not to interfere with the pumping
test results. A digital flow meter was attached to the discharge pipe

approximately 2 m from the well.

Golder Associates
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Pumping of this well commenced on the 6th of October 1981 and was
continued for 30 days. A near constant pumping rate of 9.4 l/s was maintained
throughout the length of the test. It was found that as the drawdown in the well
increased, the pump rate decreased, since the water had to be pumped against an
increasing hydraulic head. It was thus necessary to occasionally adjust the pump

rate.

It was intended to produce as much drawdown in the well as was
available, and hence create as large an impact as possible on the surrounding
ground water regime. This aim was achieved, since at the end of the test period

only 3 m of available drawdown in the pump well remained.

The response of the ground water regime to pumping was monitored in
the nearby wells and piezometers. For the first two days of the test, water levels
were monitored by Golder Associates field staff. Thereafter BCH staff took daily

readings of water levels and pumping rates and reported to Golder Associates.
Pumping ceased on the 5th of November. The first day of the recovery
was monitored by Golder Associates with BCH field staff continuing the monitoring

program unti] sufficient stabilisation had been achieved.

4.0 TEST RESULTS AND ANALYSIS

The pump test data was reduced using Golder Associates' pump test
program. The reduced data was then used to plot hydrographs to permit analysis by

conventional methods.

The pump test hydrograph shown in Figure 3 illustrates the response of
the wells in Marble Canyon to pumping. Three conventional methods of analysis
were used for this test. The Theis and Jacob methods were used to analyze
drawdown data and the Theis recovery method was used to analyze the recovery
data. Although many of the assumptions inherent in all these methods could not be
completely satisfied, due mainly to the geological nature of the material being
tested, it is felt that the results of analysis are adequate for the purposes of this
study. In the absence of analytical techniques for complex situations, it is
acceptable to utilize conventional techniques as long as the limitations and

inaccuracies are kept in mind.

Golder Associates
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For the interpretation a pumping rate of 9.4 1/s (148 U.S, gpm) was used
although at times during the pumping a slight fluctuation was recorded. Analysis of
the recovery data should be considered more reliable since the curves are smooth
and not influenced by a fluctuating pump rate. It was only considered possible to
analyse the responses in OW3 and PW2 to pumping. OW?2 is screened in a lower
aquifer, while the piezometers in OW5 and OW1 showed only slight response to
pumping PW2 even though they were screened within the same aquifer. It is
considered that the decline in water level of 70 wm in OW5 is due to the natural
ground water recession associated with a period of no recharge. Water levels in
OW4 and PW1, completed in the deep Hat Creek Aquifer, continued to rise during
the pump test in PW2. The recovery of water levels in these wells was associated
with the pump test carried out in PW1 during July, 1981 and reported in Golder
Associates’ report 812-1507 submitted to B.C. Hydro and Power Authority, January
1982.

The results of the analysis are contained in Table 1.

It can be seen that the results from the various methods are in good
agreement with a median hyraulic conductivity for the sandy gravel of 5 x 10-5

m/s. The value of storage calculated is in the order of 1 x 10 “4.

The time drawdown graphs for both PW2 and OW3 can be matched to the
Theis type curve for early times (less than 10 minutes). Thereafter the response
can be matched to "leaky" type curves indicating a probable semi-confined
recharging aquifer system. At times greater than 1000 minutes, a deviation from
the leakage curves is observed and this is assumed to be due to a boundary effect

limiting the extent of the expanding cone of depression.

A schematic geological section of Marble Canyon is presented in Figure
2. This area is a zone of ground water discharge to Hat Creek and is characterized
by increasing hydraulic heads with depth (i.e. near vertical upward ground water
flow). It is suspected that the recharging response seen in the time drawdown
curves is due to leakage from the underlying gravelly sand aquifer screened in OW2.

A value of hydaulic conductivity for the intervening aquitard is calculated as 7.8 x
1077 m/s.

Golder Associates
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The results of streamflow gauging of Hat Creek during the pumping test
is shown in Table 2. The results indicate a greater decline in upstream flows over
downstream flows over the duration of the test. This is contrary to what would be
expected if test pumping was affecting streamflow. It is considered that this
decline in streamflow upstream iz possibly due to increased abstraction for -
irrigation purposes or due to the loss of stream water flow into the surficial gravels
as ground water levels declined seasonally. Pumping PWZ2 does not appear to have

had any effects on the aquifer in the vicinity of Hat Creek.

5.0 SUMMARY AND CONCLUSICNS

Drawdown in PW2 was approaching stabilization after only 100 minutes
of pumping at 9.4 1/s. Fluctuations after this time are considered more a function

of fluctuating pumping rate rather that aquifer characteristics.

The cone of drawdown appears to be very steep and limited in extent. A
drawdown of approximately 14 metres at the pump well-produced only 2.0 metres
of drawdown at a distance of 47 metres (OW3) and only about .13 metres of
drawdown at a distance of 90 metres (OW1). Approximately 95 per cent recovery

of the pumping well, after 30 days of pumping occurred within 1 hour.

There are no indications that the pumping of well (PW2) at the rates

being considered will have any impact on flow rates in Hat Creek.

We trust that this report provides the information you require at this
time. If you should bhave any questions or comments, please do not hesitate to

contact us.

Yours very truly,
GOLDER ASSOCIATES

G.E. Rawlings, P. Eng.

R.S. Guiton

GER/RSG/km
812-1512

Golder Associates
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MARBLE CANYON AQUIFER SYSTEM
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Well
Number

FW2

Method of
Analysis

Theis Drawdown
Theis Recovery
Jacob Drawdown
Jacob Drawdown
Theis Drawdown

Theis Recovery

TABLE 1 Summary of Pump Test Results

'I‘l:z'msmissivity

m /s

1.52 x 10”2

2.25 x 1074

4.3 x 1074
1.92 x 10
9.6 x 1074

2.04 x 107

3

3

Storage
Coefficient

1.31 x 1074

1.67 x 1074

Hydraulic
Conductivity m/s

1.52 x 1072

2.25 x 1072

4.3 x 1070

3.0 x 1074

1.5 x 1074

3.2 x 1074

Estimated
Acquifer
Thickness
m

10.0
10.0
10.0

6.4

6.4

6.4




TABLE 2 Streamflow Measurements in Hat Creek

Date(1981)

6th October

27th October
28th October
30th October
1st November

3rd November

(Beak Consultant)

Ups'ream
Station
1/s

442

358

387

355

338

332

Golder Associates

Downstream
Station
1/s

387

317

340

322

332

330

Qu/Qd

1.14
1.13
1.14
1.10
1.02
1.01



APPENDIX A

A-1 Data
A-2 Theis Analysis
A-3 Jacob Analysis
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Ans, 14
LR L]
LR
LIIR I L
LU
LR Y ]
L 1)
ANZ  9R
M2, 97

e 2N/11/H1=12,07,5%0 = PALE 2

DISCHARGE COMMENTS
WATL
LITKRES/S

9,46 START PUME 1312R mbFHh
Wt ADING 212090

9,64 mETER RLADING 2212%% AT {0128

Mt TER READING 257430 AT &t29

METER REAUING 2BT73%0 AT Zizan
METEN HEAUING 3nd320 4T 2310w

METER WMEADING 4daniQ

9.2K METER HEADING 685770
9,54
9,57
9,28 METER REAUING 1023300
9,59



PUME TEST SUMrARY FOR whLL/PIFZOMETER  NuMBER - Pue, ae 20/117R1=12,07,50 As Pauk  §
DaAT T ELAPSED PRESSUNE DEPIH 1N NRAWRDFINN walER NISCHAHGE ((TMMENTS
Tlme WEAUIMNG wATEH FLEVATEON ®ALE
YR MON DAY MK MIN  MINLTES P3t me THE S Mt TRES M AIHES LITRES/S
B1 1o 11 R B,0  aMY2.0 19,74 13.7% Hig 98 9,37
Al 10 12 A 0,0 LR IF I ] 19,73 15,15 Ma,94 9,48
81 1a 13 A 0,0 97520 19,74 13,40 Hu2 A9 9,36 METEH MEADING lobdlS0
Al tn 14a A o.n f1E92,0 19,41 13,83 K02, Re 9,86 INCHEASE PUMP RATH
LY ] LR - HoU,0 12n32,0 20,10 1a,1°2 nig 57 9,44
AL 1n & A 0,0 1uD?2.0 20,13 1a,15% Hp2 54U Q.u% METEWN KEADING 2925100
#1107 A w,0  15812,8 FION B Ja, % Hng R 9. un
Bi fo 18 & 0,0 16%5e,0 an,1a L Bng, 51 9,48
KL 10 19 B 0,0 1MIGZ.0 20,17 14,19 A, 50 9,47
Hi 10 20 & D.,0 198%2.0 20,19 16,21 Mg ull Q.42
L3 | in 21 # 0,0 21272.0 20,240 14,22 Ang ul QU
RL 10 22 H 0,0 22712,.0 20,17 fu, 19 Had, 50 9,0}
R1 1o 23 B 0.0 Pa1%S2.0 20,25 ya 27 HoQ u2 9,49
A1 1n P4 A 0.f 259%92.0 20,2% 1u,2? miP 0 9,03
RL 1n 7% A n.p 270320 20,27 14,09 Ritg  uil 5,37  'LHANGE 0 PST-LwINA uiGd
Rl 10 26 R 0.0 ZREIA.N 20,32 1a, du LEPI 1) Q,uy
Ry 10 27 B 0,0 29%12,0 en,. 9 14,51 LY P Y] 9,41
K 1n PR R 0,0 31352,.0 2n, 33 14,45 AN2,%u 9,40
#1 10 29 B 0,0 32797,0 20,32 14, 44 LT L 9,39
Kt 1o 30 A 0,0 a2¥2.0 20,%0 1u, %7 HOP, 3T 9,39
LB I I ¥ | A 8.0 35640,0 20,79 14,3%1 nog, 38 9,a9
LA N 1 T 57,0 37109,0 20,34 14,38 Hnpg, 8% 9,27
AL 1t 2 R 0,n IMLS2.0 20,41 14,3 Ang, 2e 9,37
R 1 3 A DN §U992.0 FLIRELY 1o,%7? ROp, 32 9,37
AL 1 a A O.n 410320 20,40 1a,82 Hnp, 217 9,39 METHR HEADING p398390
a1 5 11 0,0 uinSz,0 2R 02 10,44 An2,2s RECOVERY, Mt TER READING
a1t 5 1) P UINRZ 2 16,20 10,22 Haw, u7 bout000 §1800
1 5 1 WS 630%2,% 12,27 6,09 RIN, an
Al 1 5 1 ML R L] 10,59 U, bl KE2,0AR
ARt 14 5 11 1,0 aloshy,e 9.67 1,69 Ay, on
s 1 LI B B R ¥ L S | Ko} 2.H9 Ki{4, 8D
By 1) 5 11 1,5 43055.5 LT 2.0h My, 23
ap 19 5 11 ?,n 4ynS%a,o0 A0 2.12 Hlu, &7
aon 5 11 2,5 40848 7,98 ?.00 Ky, ne
ar i S 11 3,0 wINSS,0 r. 7Y 1.79 K1a,90
a1 11 S 11 4,5 410%55.% .04 1,08 LRI B
Ry 1 Y% 11 a,np 4inhe,.n 1.%% 1,57 Ryn, 12
LA B 5 11 95,0 430570 7,44 1,46 Hin, P}
LA B 5 It 6,0 ulUSR,0 T M 1,46 H1%,3%
Al 11 S 1) #M.8 43060, N 7.7% 1,25 14,04
LI B | % 11 10,0 al0ge,n 7.14 1,18 Hiy 5%
AY 11 S 11 15,0 43047,0 1.10 1,12 HiY, 57
LI S 11 2P,n uin?p .0 6,94 a, 94 His, 74
LY} 1B 9 11 2%.0 a3inty. b kMY 0,91 Hih,7H
AL 1 5 11 30,0 abok2.n b, RS n H? LE LT



DATE
YR MnM
Al 1
a1
a1 11
LI
LN
LI N
LI E|
LA B ]
a1t
R 11
Ay 1
A1 11
LI B
AL 1
Ml 11
81 11
ar 1
a1y
LA B
moo1y
LINER B
LEN ¥ |

Day

DB~ FFIFISAANSISASTTAN

PlUMp

TEST

T1¥t

HF

11
11
12
12
13
14
95
16
17
19
fa)
23

7
té
th

L]
18

E@Fx D

MIN

40,0
S0,0
0,0
a0 0
0,0
10,0
50,0
15,0
an, 0
20,0
20,0

-
oDoooa DTS
-

T2 O2I2IDDHDID

SUmkaRY FUOW wELL/PEEZUMETER

ELAFSED
Time
MINUTES

4s%o92,n
asinz o0
LRAR TN
a%1%2,0
43e202,n
g3fel, 0
usice,o
a3int 0
ETLFIN ]
a3%%2,0
asel?,n
LAY N
qung 0
4asshe 0
ua792,0
4sTSZ 0
LEY ALY
a1192,0
4hhl32,n
Lunt2,0
51%512,0
5e9%2.0

i i [
NUmHE N - Pnp,
PHE S$50RF BEPTH Y0 IHARDOWN
HELAD NG nATER

PSI HETHES HE THES

b, M0 n, b

&.A2 0,R4

6,79 0,R1

b.1¢ n,Td

b.hH a, 710

b, b LY.

t,67 64

b.b? f,od

s,60 0,67

6,58 0,60

.57 0,49

B,5%8 n,5A

h,5%% B.55

L T [ T

H.51 0,5%

b, dR et

b, 47 n,u9

Ul 0,ub

b,ul N,45

b4l n, 4%

(3] 0,43

6,348 n,an

wikfER
FLEVATION
METRES

Hi% Ky
LAY LY
H1% AR
H15,9%
R1Y,99
Hin, 0l
Alte,0%
Hla, 08
Mih,00
APle, N9
Hit, 10
Ala, L
Als, 14
Fio,i>
LA PR L)
Klbh, 1@
Rle, 20
Kin, 2}
Wi, 24
Mle,24
Rlb,26
Hib, 79

e /11 /81=12,07,.50

NISCHARGE
NATE
LITRESYS

CUMMENTS

PAGE



MESTUJAL W Ampirwe

ERVATION wfLl » Pwp,

Timt SIwCE

ELAPSED 1Mt PUMP STUBRPEN aaltiy BHAWDLUWN
(1) (rn R FAND] (s)
awnst,. 2 2 54248 06 10,22
R LY Y R85, 00 s,29
4IN52,R L STUng K a,h1
dinh s 0 1.0 4ing i ng 3,69
43153,3 1,4 Suldng wi L)
43053%,9 1.5 2RT02,53 2.496
u3054,0 Zul 21527.00 2,t¢
43nsa,.5 2.9 17221 ,80 2,00
4304%5,0 .0 14351 ,n7 1,75
CRILY Y .4 12301 ,97 1.66
43056, 0 u,n 10764, ,00 1,57
a3ns7,0 L0 Bhl1,40 1,46
43nse,n .0 AR Y ] 1,18
LRUTT N LI “3m2,50 1.2%
alne2.0 10,0 aves .20 1.18
ajes?,n 15,0 2AT1,13 1,12
307N Fita W 215%,460 e 9h
4307 N fu, 0 1723.08 9t
VRPN n,0 Yiym 07 A7
LRSI Y] un,n t0yry, M0 Ph
4iing,o H0,0 862,04 .Bu
43112,0 s, 0 TiA,33 Pl
431H2,.0 100,0 a3),%2 .74
480, 0 1%0,0 2AR, 01 ]
ay2e2,.0 21n,.0 206,01 b
QY322,0 270,0 lan 4% Y
a43inT .0 35,0 137,67 ot
LELLY- il anp,.0 1,63 bd
LALLM H00,0 A7.10 L
LALEFY hon,n T0,48 N9
a§rn2 0 730,0 59,98 «5R
na2e2,0 12160,0 3o, 5N 55
aus52,0 15000 29,10 ol
aarep, o 1740, 0 ?5.74 W53
457%2,0 2160,0 16.9% 50
LY T\ 31AN, 0 14,58 L49
arye,n atan,n 11,40 L lih
BRH12,0 S%hn,0D L 4
CLLE P rozo,n T.1) LY
51512,0 HanD 0 8,09 L43

B249%2,0 S900,0 5.35 L un



& & R A A 2 A & & & b

& A ® A F A & % ® & & &

& & A & & & 4 & & 2 8 4 A 8 & 3 a & & K& 5 A P 5 b &N
*

A

. GDIDEM ASSULJATES

-

»

A & & % & % & p & 4 4 @ & 4 F # & & 4 B A P44 & B
L]

L

* PUMF THST SUMmMaRY FUR WELL/PIEZOMETER  NUMHER = Unil,
.

L]

- PN/ /ML=12,00,00

-*

#® & a & A & & & & 4 * & B A h s % & & A & 2 A & p & N

PUMPEDN WELL NUMHER « Pr?,

CIHIENT - H,C, MYCRN,
PROJECT Namp -
PROJECT NUMHER - R121512,
LOCATTION nF TESY « HAT CWEER B,Cas
TYPE OF TEST o CLUNSTANT RATE
NATE PUMP STANTED e 4/10/R1=2K8,0/13
(DAY /MO /¥ReMIN/HRS)

DATE PUMP STI0PPFD - §/11/781= 0,0/11

DATA ON DBSEWVATION wWELL

GROUND FLEVATION = H22,.4a0
DATUM PUINT =

METGHT OF DATUM ARDYE GROUND LEVEL = .01
DEPTH TO STATIC waléw LEVEL = 2,03
FELEVATION (F SYATIC waATER LEVEL = LF3uY. ]
TYRE OF ONSFHVATIUN Wil =

DEPTH UF GRAVEL PACK [NTFERVAL = 23,08
DISYANCE FROM PP ING wiLL = 0,00

DATA M FUMPED wiiLl
WELL NIAMETER = 203 m
PUMP TYPEF «

FLOwW MEASUREMENT
FLOWMETEW, 1YPE =
PUMPING HATE = 9,396E+00

AJUIFER DaTa
AOQHIFER CUNDITINNS =
ADUIFE R DESCRIPTION =
AAWIFER THICKNESS « 4.90

TEST DETATLS
wEATHER CONDITINONS = vaN]lAHLLE,
TESTED BY a LNLDEH ASSHCTIATES,
COMMENTS - MONF,

4 & & ® & & & & & B2 4 N

HAT CREFR ENVIRONMENTAL STUDY,

mETHES

TOP OF [9MM PVl PIPE,
HMETHES

ME THE S

g THRES

STannPIPE PIETHMETER
10 26,41 Mt INES
MEIRES

SUHMERSIHLE

DIGETAL,
LITRES/S

UNCONE [MED
SANDY LRAVEL,
“EYRES

" ® 0% 2 B @B R REE S




PUMP TEST SUMMARY FUOR WELL/PIEZOMETER  NUMHER = ALY T 2U/11/81-12,08 00 aa PAGE 2
DATE TIME ELAPSED PHE SSIIKE NERTH TO DRAWDOWN wATFH DISCHARGE CUMMENTS
TImF RE AN NG nATER ELEVATION RATE
YR MON DAY HR MIN MIBUTES P82 ME THES METRES METHES LITRES/S
0 o [} o 0,0 6,00 R, 01
0 0 0 0 n,n 0,00 LER UL
A1 10 & 9 32,0 2.4 CFLIY PUMPING Pn2 13128
A1 10 & l1a o,0 32.0 2451 n,08 KoU 50
aL 10 & tu 22,0 54,0 2.53 0,10 K20, 4R
L3} 10 b t4 41,0 5.0 2457 [ “eo ,u9
Bl 10 & 14 53,0 LA 2.51 0,08 HoO, %0
Bl 1 b 16 4,0 15%6,0 2.54 0.1} AP0, a1
A1 10 b 16 49,0 1970 254 0,11 Heo ut
L3 I 1] 6 tT 35,0 2u7,0 2.54 0,11 B2u 07
“1 10 6 18 29,0 291,00 FT'] 0. 11 Kot u?
AL 10 s 2N S.n 397,0 2.53 n, 10 Ro0 UM
AL 1N 5 21 45,0 49?0 2.51 0,10 CEL T
L} | 10 i 0 ue, 0 et 0 F-1 (LI ] LYJT: ]
Al 10 7 1a 28,0 1500,0 2.57 Y] ARO UG
A1 10 7 1s a7,0 16%9,0 2.58 n,13 MZ0  4Y
A1 18 L] 8 0,0 25%2,0 ?.50 0,1% Hen 63
AT 10 a 10 0,0 2672,0 2ah] a,1m H2N 4N
Ry 10 9 B 0,0 3992,.40 2.592 0,09 KN, 49
By 10 9 1s 0,9 aqrz.,n 2,52 0,09 LFLNL)
Al tnD 1D 8 0,0 Lu3z, 0 2.58 n,13 LEIINLY
41 10 10 1 0,0 5912,0 2.5%% n,te PN
At 10 11 a 0.0 nH72,.0 2,57 [ L] KPN, 4
K1 10 12 & 0,0 AYIP.0 2,586 n,t% AU, 4Y
H 10 13 A 0.0 gi62,0 2.56 0,1} KN, us
AL 10 14 B 0,0 111%2,0 2,50 0.t% Hen, ald
AL 10 1S B 0,0 12632,0 2,59 D.1b L2
RL 10 1 4 0.0 janve,n 2.57 LI} RPN Ui
3] 10 17 7 5%.0 15%07,0 2,58 n.tl HRp OF
At 10 1A 7 55,0 16%47,0 2.54 0,1t A0, uT
81 10 19 T 55,0 |A3NT,n 2.5R 0,15 HPD U}
a1 10 20 A& 9,0 19H41,.N 2.54 n,11 Kan,u?
Ay 10 21 A B, 0 21280,0 2,54 n.11 YA
Ay 10 22 T 87,0 22709,n 2.53 6,10 HPD, UM
A1 10 23 7 %5,0 2atut,n 2.5%3 0,10 K20, 4N
R1 10 24 T 57,0 265K9,0 2,52 0,09 M2N, 09
H1 10 2% A A,0 27040.n 2. 4R n,05 R26,%53
My 10 26 1 57,0 Q2Rus9,D 2.54 N1t agn a?
Ay 10 27 7 85,0 299070 ?.5% n,12 LELTY
L} 10 2R T 5%,0 ¥1dar.n 24+hh h,12 LT
A1 n 29 7 55,0 ¥IA7.D 2.57 [N} AD 4l
AL 10 30 T 59,0 sa2ei,n 2.590 n.13 82N, 4%
A1 10 3} A 5.0 A5KT7.0 2,87 0,10 meh,au
AL 1 1 T S%,.n 37107.0 2.57 n,tu Hen Uy
R1 1 2 7 59,0 §H4a7,.0 2.0t N,IR A20, 40



YR

L}
B1
Ll |
L3
R1
Hi
L
L4

Ri
L3 ]
A1

Ht
e.
L3
R
81
L]

Fitteg TEST SiimkARY brik wbLU/PIEZOMEIER  MUmMEH - iinl, e CO/NE/ARTI=12 08,00  aa ALt 3
hate T1mt tLAPSED PHE 550K ngPtp Tn NHARDN WM wATE & DISCHARGE COMMENTS
11 READ TN whitw Frrvatinm HATE
HKH MIN  MINUTES ML THES Mp TRES ME IRES LITRES/S
1 3 1 55,0 499n7,.n 2450 0,13 HADLUS
1 L] T 55,0 4tu2?,n 2.5 n,14% Lr4UMUL]
1 S 7 85,0 42WeT,0 2.53 0,10 H20,4R
11 S 11 30,0 G40HP .0 2.4 n.n2 LFLIY HECOVERY IN Pna 11100
11 9 12 ab,0  a§1nT,0 2.8 0,00 RPN, 5K
11 S 1% 45,0 4333z,0 s 00 -, 03 LE U Y |
11 S 1! at,0 oluhp,. 60 2.,u0 0,08 Hon,ml
1 S 19 25,0 asynhhT,n 2,40 - N} koo, 61
11 S 25 5,0 4iArr1.n 2.0 -0, 3 W20, 81
R & 7 15,0 su2el.n F L =0,03 H20,.h]
11 b 12 0,0 ausY2,.D 'S L] =n,09 He,n}
11 6 16 D0 aale,n 2 Ut -0n,0% LEIUNN ]
11 7 A 0.0 4sT82,.0 2.4} o,nn BN, 6N
11 7T 16 0,0 u4e2d2.n 2,47 0,04 L4 LN
" " R 0 _n uvtQ2_bH P UR 0, n% K20 ,53%
11 9 A 0,0 URAKS2,0 2ln n,ns R2U,5%
11 jo A 0,0 %HO072,0 e.,u2 -t N LEIIN L)
nm 1 4 0,0 S1%12,0 2.0 -, 03 K20,81
1" 12 A0,0 529520 2.57 -N,0b K20, 6U



HESEIUAL UWARDIDINN

UHSERYATION REYVL = (W],

TImMk S1HCEH

FLAPSEN T Iwmp PHMP STDHVEPED wAflo DHAwWD'wWN
() Ty (17t1) (§-3]
LR LLLPaN ] 0,0 436,07 N2
atis7T 0 tny, 0 431,02 00
aN§sFL0 2nr5,0 142,06 ., 03
43gne,n unn_n LLIGE -, Ny
GYH5T 0 HoL,.n He, P25 -, 08
asriIr,o ten,.n 0o, 3K - 03
ca2el, N 1215,0 36,45 -, 013
YuShe .0 15014, 11 29,70 - 04
'TIL N 1740 ,0 2%.70 -,0%
us7%2,0 2rnn, 0 16,95 L0n
anei2.o MHD 0 14,%0 Ot
ur1192,0 ajun,o 11,40 « 05
uR6 32,0 SHAN, 4 6,72 .03
50072,0 T020,0 7,13 -, 01
51%12,0 Hauph 0 6.09 -.03

52952,.0 qaqan, 1) 5.3% = 08



IR R I N I

PUMPED wEl NUMRER = Pwp,

BUMP TEST SimMARY FOR wWhLl ZPIFZUMETER

LINDER ASSOCIATES

2n/11/7R1=12,08,00

A & & 4 & & & A F A & A B K & & % & & 4 & 4 g & & B a4 A A B KA s A oo

# & & & ka8 A & &k & & & & 4 & 4 K A & & 2 & 4 a & g 2 xR A K K NPy

NUMRER = w2,

LI I T R R R R T N N I I T I BT Y B AN T N DR N T TN N I B BN L B I N ]

CLIENTY - P, MYCRD,
PROJECT MaMi w HAT CHEEN ENVIROINMENTAL STUDY,
PRANJECT NUMBER - H1P1912,
LOCAT)ION UF TEST - HAT CHEEX B,C,,
Typr oofoNsY = Cnagraut navf
NALE PUMP STANTFEN = o/]10/81=28,0/71)
(DAY /MO/YReMIN/HES)
NATE PUMP STUOPPEDR <« &/11/R1= 0,071}
PATA ON DHSFRVAIION wiL|
GRUUND ELEVATION = H23,60 METRES
NATUM PNINT = TP OF wWill SEAL,
HEIGHT OF DATUM AHUOVE GRUUND LEVEL = 2% METIHES
NFPIM T0D STATIL wATEM LEVEL = T.20 miTRES
FIFVATION OF STATIE waATER LEVEL - 816,57 Mt IRES
TYPE NF NSEHVATION WELY = SURFENED WELL
REPIR UF SCHEENED INTEWVAL = 30,00 Tu §52,%0 Mt THES
NISTANLE FRUM PUMPING wEilL = 122,00 METRES
NATA NN PUMPED wELL
WELL NIAMETER 203 m
PUMP TYPL = SUBMERSINLE
FLOow wp asSudrMENT
FLOWMETER, TYPF = DIGITAL,
PUMPING WATE = F.39GF +uD LYITHt S/
AJUIFER Dala
AMUITFER LNADITINNG - 1INCDONE THE D
AONIFER BESCHIPTION = SANDY GHAVEL,
AQULFER THICRNESS = 240 "ETRES

TESYT NETAILY
wEATHER CONDYITINNSG =« VARIAMLEL,
TESTEN RY e GLIILhER ASSOCTATES,
COMMENIS - NisMb

*» % % B S B3 E NP EE S



e
»
-

OBNTFTFIID

T w~wF TS ASANLE W

FUMP TESTY Siedbaly Frrke wh L JPLEZOMETER  NUMHER = fimg, e 2N/ /8 =12, ,008 00 #n PAGE P
Time ELARSEN PHF 550k DEPTH YD DRARDUWN wATH N NISLHARGE CNMMENTS
T1+E HE &1 TG PATHH ELE vaTInu HATEH
Hi My MRS ¥S5! mETHES ME THES »F THI S LITNESYS
LU 0,00 HAY RS
no b0 n,oo0 HAL M5
9 uy,n 7.28 Hig, 57 PUMPING Pr2 | 5t/2H4
1a 5,0 37,0 7.50 n,22 Hin, 3% INSTALL PUMB AND FTIL
14 24,0 S6,0 T.he n,eéd Kin, 1% PRESSURE TANK
uh, 1 terr, 0 T.h0 0,346 e, 21
25,0 2517,0 7.0l [ 1) Hiw, P!
10,0 a0 T.87 0.9 Aln,1R

\5,n S54u47,0 T.69 n,a) LAY
to,n LLL e 7.7 a,4% Bin,l0
10,0 Ky22.0 1,12 n,ua Aln, 13
10,0 9T62,0 7.74 n,ub Mte, 11
15,0 1lea?,n 7.75 0,u? Alo,tD
10,0 126u2,0 .77 n,u9 Aln,0R
10,0 tanud a 1.19 n,ut Min,Nb
5.0 15%17,0 T.00 n,4%2 Hia,0%
(0,0 16962,0 7,82 (Y] Rin, 0}
S.0  18ye7.n T.R3 n,5% Mlk, 02
1.0 19kaa, 0 T Au n,56 Hib, 0t
1R, 0 212%0,0 T.h% n.%7 Alp,0n
10,0 22127.0 7.87 n,5% Ay, 9A

.0 2ulbr,0 T.RY n,%9 AR L
1,0 2%602,0 7.RA LT Atn, 97
15,0 PThut,n L fiyhi HiY, 98
10,0 2R4n2,0 7.90 0,he AL, 9%

b0 290917,0 1.%92 N,b4 ALYy 9%

.0 313%A.0 7.95% 0,65 R1Y .92
10,0 32M02,0 1,.9u n,hh Kin, 91

h,N SU23A,0 1.95 U Ri%,90
PO N 158492,.0 7.9 L, hH H1Y, AR9
S, 3020 7.97 n,n9 LIL.T ]
Hh,0 IRYSA 0 1.97 n,6% LAY, L]
S,0  luger.n T.%9 0.7 RiS Ha

h,0 dlalm,u LI n, 12 R1Y, A%
6.0 UIRTA,D A 02 n, Ty wiG M3
S0, uilh2,0 T.78 n,un K1k, 09 RFLOVERY IN Pwé 11100
A.n w92, 0 7.7% 0 U7 LN R L]
0.0 4as3az.n 7,73 0,405 Alp, 12
FAL TR T.thh 0,38 Rk, 19

D0 44%%2 .0 T.4% n A7 Hip 20

Hen  4ulep. n 7.58% f.2% Hin, 2

LN LY L 7.49K n, 40 Ko, 2!

[ LY A F N T.00 n, 82 BRIk, 2%

0.0 ali92,0 T.60 n,42 Hie,2%

— —— - - —
BT Y ETFTAUNSNALNZITTIITEI-TIIAITITITIITIDDTETETIPIIETETTETD
o*

LTI ¥ 7.59 . %) Bit, 20



PUMP TEST SuMkapwy FUR wEL) /PTEZOMED
NATE 1IM¢ ELAPSED PRE 551Kt DE
TIwE READING
YR MON DAY HR MIN MINUTES Ps1
A 11 Ho 0,0 son¥r,0
41 11 i B D0 H1512,0
81 1t 12 B D,0 4$29%2,0

THHSERVATENN ok L

FLAPSED TIME
(B )]

Yilnl, 0
4si9Z,0
MEETTN
Haz2ilz2.n
[T L LT
quies 0
U5 752,10
LLY- AP
wr197,.0
GRbAS L0
wnar?2,0
51%12,0
Leusd.n

nATER
ELEVATINN
METHES

Rib, /7
klb, 2R
Alb,2H

RaAlTIN
t1s11)

192,148
LY |
1u%, 48
36.29
FA I J ]
9. 7d
1h.9%
1d,54
11,un
K72
T.13
0,09

PR ONUMHE L - Nne,
P1k 10 DRARIIDWN
MATHNR
HETHRES HELIRES
T.9H n,n
T.57 0,29
1.57 n,29
K STLUAL DR ARDInN
L = iing,
TimE STeet
PLME ST0PPED
(11
110,0
lan ,u
290,10
1#220,0
1500,0
tTun,n
ST00,0
3lup,n
alun,o
SHAL, D
mnsn, 0
Hunn 0
anp,n

5.35%

LE) e0/11 /K112, 000,00

DISLHARGE
WATH
LITRES/S

URAWDURN
5)

LuA
'y
RS
P L
W37
. Ph
. L
.32
T
.31
. 50
09
.29

COMMENTS
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@ & & & & & A 5 4 & 2 A R A & A A A s & % AR s N A s A s A A A A s s e A

GOLOUER ASSOCTIATES

A A& & 4 & 2 & 8 &2 A K 4 & & A 8 A S K A & 2 & 4 & & K& F A& & 4 8 B B & b & &

PumP TEST SuMMaARY FNOR WELL/WIEJOMETER  HUMBER = im3,

20/11/R1=12,08,0%

L N E RN NN

LI I I L I L I N B O TN I A B L O R I I DR R O DN IR N R D TN TN R T RN R ]

PUMPER Wil NUWHER « Pw2,

CLItNT - H,C, HYDHN,

PROJECT MNami » HAT CHEtK ENVIRONMENTAL STLDY,
PHOJECT NUMHER = Ri21512,

LOCATION OF TEST « MAT CREEK K C.e

teor e Togt CONSTANY RATL

DATE PUHP STARTED o &/10/81=28,0/13

(DAY ZHO/YReMIN/HIS)

DATE PUMP STUFPED = S/11/7A81e D, 0711

DATA ON NIRSLRVATION wWELL .
GHOUND ELEVATION - R22,20 MEIRES

NAtUM POINT - T0F OF CASING,
HFIGHT DF DNATUM AHOVE GROUND LEVEL = «hl METRES

NEPTH TU STATIC wATEk LEVEL - b,l] METINES

FLEVATTION OF STAaTI{ waATER |EVEL = Hie, 70 MFINES

YYPF [DF DHSERVATLINON will = SCREENMED whLL

REPTH NOF S{REENEN INTERVAL fi.R0 N 26,20 MEINES
NISTANCE FROM PIMPING will = ar.00 METHES

DATA ON PURMPED whLL
WELL DTAMETER = 203

m

PUMP TYPE - SUAMERSTHLE
Fifim WFASUREWENY

FLUWMELER, TYPF = DIGIT AL,

PUMPING RATE = 9,399k +00 L IINES/S
AQUIFFR DATA

AONTEER CONBTTINNG = UNCAONF INLD

AJIFER DESURIPTIION @ SAMDY GRAVEL ,

AQUIFEN THICHNESS = 64 ME TWE S

THEST DHIAYLS
wEATHER CONDITIAONS « Vak]AHLE,
TFSTEN HY = GOLREHR ASSOCTATES,
CNUMENTS - MOKE,

% B 3 BB F B SRR R



nave
YR MON
n n
1] o
a1 10
L3} 0
a1 n
L3 10
AL n
LA} ]
LI Y)
By 10
By 10
LY Y]
LR L]
Rl 10
Al 10
A1 1n
ny 10
AL 10
LY.
AL 10
&) 10
A1 te
#1110
A1 1o
Al 10
61 10
RL 10
a1 1n
Al 10
Bt 10
LY
ay 10
Al 10
L.} ] 10
KL 0
LT N
LT ]
Al 10
K1 ta
Hy 10
By 10
A1 AN
A1 m
Ay 190
W1 10

Ay

AEFTPA~NuNwTFIITFIIFIIFCrOrroOTITOFoOrTFrr>oOraIoIrrrL o

St

1r51

TirE

Hi

MiN

o0
n,n
6,0
25,0
PH Y
29,0
29,5
An,n
0,%
3,0
LY %))
LRI
LY}
Ab D
4,0
CRL
uy.o
53,0
YA, 0
LN
18,0
Pt |

BULLYF] A

ELAFSHD

Tiwg
MINLTES

=N A DS

4 % T BT T AT REE YR

SO ND N, Ny o

H1,0
10a,n
150,60
200,0
290,0
nh,n
wnn,n
500,0
a00,0
enn,n

10o6,d
1506,4
1647,0
2%92,8
Inse,n
L9g9p .0
were,n
Su3p,.n
5917,0
hRTZ.0
H31p,0
9The,0
t1222,.0

i ] i |
FUK whLL/ZV1HJORETER NHMBER = wi,

Pt SSURE DEPTH 1D UkamitibmN
W ADING ey

#31 METRES ME TRES
n,no
n,on
b1l
LR

b1} 0,ne

LS R LI AL]

h,dh n,15

5,34 0,7%

LI | n,%0

']} n,57

6.60 (]

bel0 n,59

6,77 N,hb

6,90 n,79

6,98 o,n7

T.11 1.00

T_IH !'ﬂ!

T.72 t,11

T.7% tatd

1,27 1,18

T.oH 1,17

T.10 119

T. M 1,20

T.18 1,227

T.45 1,24

T30 1.2%

T.37 1.726

Foy9 1.28

7.37 1.2%

7.30 1,27

7.40 1,29

T.41 1,%0

T, u2 1.31

TeuS t, 0

T.4% 1,34

T.49 1450

7.50 1,49

7.54 1,0}l

T.595 1,64

Ta%7 Tabn

7,59 t ult

T.61 1.50

LY 1,%4%

T.0R 1,.%7

7.7 1,060

t

1

wallw
LAY R RIL
METRES

Ree LRI
Hlo Hl
Ri6, 70
Kih,70
Hin, hH
Hin, 62
Hlm_ 5%
LA
HRih 0l
Hin, 35
Hih, 2?1
Hie. 11
Hlb,0d
H1%,91
AR LA )
R1Y, 70
Ili‘L

P
v

HES, L9
LAY Y
Hlh , Hu
Hth,53
Arh,51
®i5,50
LIRIYT.
Hih,ub
H15,45
A%, 0
BlY,ue
AT
A%, 43
LERTE]
KN, ab
Aty 39
Ath, ik
MG, 4
M1h, 2
Blh, 4}
HI1h, 27
HiS.2h
LARY]
R15,22
1%, 20
RS ,17
Hi%,13
H15,10

L AU /RL=12, DR, 0% o
D15CHARLE COMMENTS

HaTlk
LITHES/S

PUMP [NG Pw2 | 3L28

PALL

2



NATE

YH MON DAY

Al
ny
"
M
LY
Ay
Ay
ni
Hy
Hi
A1
ni
At
R1
81
K1
Ay
Ay
81
H1l

10
1
10
10
10
10
10
10
10
i
1
1n
10
10
10
in
10

15
1h
t?
T
19
20
21
22
21
24
FIN
26
2t
F1.|
29
n
31

AN PSP PSP AT VPPN ARS AL, NE W=

Bymp

TEST

T 1Mt

HH

- . s e 3B ER2ERPIBPETIDPIIDIEIDIETTEE

ok m wm b b Me e .

P
-

- -
-——

_.._...._.._
BN e

L3 L

SIS D

I EEEEEEE N EEEEEEE R Y

-
Do NS AN e e B EE WS

SEPRPIAPHPABIAIDITISNDIISIIISOOOOINIISTIDRD

DELSE Y-

-
a2

-
s

-
>

20,0

-
EXS
.

= -

40,0
Su,0

o,n
an,0
0,0
0,0
L1

SHMFARY FUR WELL/ZPTEZUWETFK

ELAPSED
Vi
MINLTES

12632 ,n
tanltz,0
19512,0
14952 0
1A39p7 .0
19R32 .0
2177%,0
22717.0
FalhG.0
25598 ,.0
2T03A,0
2RuTH, N
299150
$13%5,0
1279% .10
ladia n
unhy 0
371120
LLELY'I)
3949a,0
alays,n
[PLY LN
ains2 .0
43052 ,3
PRIV )
CELLE T )
LEYTIL N 9
CELETPN
FLULTTIN )
LRLLLIN .
IS, K
RULY N
ayoen,o
Uine2. 0
430h7,0
qiny2. .0
a7 N
44nng, 0
4ineg o
4rinp N
43112,.0
adihe,n
ar2n2,0
412k .0
LLEFF Al

| | ] 1
NUMHER = 0On3,
PRESSURE DEFTH I NRARDUNN
HEADING wAlEH

P51 METKES METIRES
T.76 1.6%
T.74 1,67
7.80 1,69
T M2 1.7
T.Ru 1.73%
TPt 1,75
T.88 1.77
7.90 1.79
1.92 1.0)
7,93 1, A2
T.94 1.R%
1.97 1.9
T.90 L K7
a,00 1,89
A, n2 1.9]
a nt HL P
h,03 1,92
A, 0K 1,95
H, 07 1,90
[T 1,97
A, 10 1,89
R, 11 2,00
w11 .00
LIS K] 1,99
A, 0H 1,9%
R, 00 1,89
Ta91 1.H0
1.83 1,72
71.1% AL
T.n2 1.%1
1.52 1,4t
7,45 1.34
T.M49 1.23%
T.78 1,13
T.106 i.0n%
7.09 n,9H
7.0% 0,94
T.02 n,91
b, n,u?
b9 n_Ms
6.9% n,hu
H,R9 n,7n
b AT N, 7h
LY 0,78
b K2 n,11

wAltw
[ERRTRENIL]
METHES

HIS, Y
HiL%, Ny
Hi%,01
Hid,99
Hiu, 97
K14, 9%
Biu,9)
ny6,9)
ALY, RY
niu HA
RYu AT
MU MU
Bl MY
tlu,N1
Hla, 79
BiE,.TH
RI1U,TH
Wit 75
Klu, 74
H14,7}3
wya, 1}
Al4,7n
R1a,T0
Hia 11
Riu, 7%
MU Ay
A4 ,90
AU, 9N
B1%,0h
Hib,1@
R1Yhy, 2%
hiY, s
nih, 4t
B15%,%5
B, bY
WS, 7P
AL, Th
RS, 79
K14 R}
Hi%,AS
BiS,Ae
Ai% .92
Wi%,94
H14%,9T
815,99

s 20/11/81-12,08,05 4

DISCHARGE
Ktk
LiTWES/5

COMMENTS

HECOVERY PW2 L1300
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TH

H
L3}
[}

Al
L}
L3
n
A
ol
Hi

M1
i
Hi

DATE
MON

1
11

.t et s A e o o -
B I eI Y

DAY

- -
e DO B> SAND P

PUMP T 87
TIme
HKE MmN
16 15,0
17 ah 0
19 20,0
¢l P00
2y to,n
T 10,0
12 N0
16 0,0
B n.n
ta 0,0
LY ]
K 0,0
L] b0
A 0,0
8 0.0

SUMMARY FIR wELL/PIEZUMETER

ELARSEN
Time
HINUTES

H3347,0
CRTLY N
Uihnp . n
d4ieTg.0
4iTR2 .0
Yueep 0
LEL LT
44792 ¢
15752 ,0
LLTS T
R FIN ]
anp32, 0
Yoot 0
51%12,0
52952,0

Nh ZDA11/R1e12, 00,05 *a  paBE

] i i i i i
AUMHE N - wy,
PHESSURE DEETH TO LUHARDDWN WATHH NISCHARSE
e AT NG wATHR FLEVATION RATE
P51 ME TRES mETRES Mt fRES LITHES/S

LML) n, 7o Hik, 00

h KD n,h9 Hib, Nl

b, TR el Wik, N4

6,11 VIR AYh, N0

s, 76 N, 6% Hib 01y

6,72 .61 Hin,09

6,58 n,u7 4% AIN,?23 HEODG

6,5% N,da *sl Alp,2h 216-09

b5 n,up +5% Hin, 20611

6,50 0,39 «5b mipn TGk

1] N, .S Bina, 3800616

b,u% n,3a K1 Hle, ARG 1T

-, 19 B, 2R T RIn U2TH6 25

6,39 N,28 -3 His, u2Pb-25

6,38 N.21 A4 Hih. uL XI5 26

CUMMENTS

INSTALL PUMP S/0%,a0m
ADD L1TM 10 DRAWDUWN

)



WESTDUAL DRAwDUWM

OHSERYATTON wkti = Owg,

Timp S10CH

FLAPSED TimE pyuMe STURPED Hatljo DRAWNONN
{1 i1y (1/11) (3}
ainyg, s ] 1a3ant a6t 1,99
URLLY ) oM SARI b O 1.99
LETAY 1.3 3%1467,92 ] A9
RIS Y 1.4 23YiR, T8 .00
qiosn, 3 4,1 tHT19, 26 1,72
FRILYIN] 2.R 19316, 71 1.hd
43055,4 3,.H t1330,47 1,51
ELLT ] 4,A He70,47? ¥,
a30%}1 . A 5,4 laupi, s 1,34
4inso,N L} L5302,50 1,23
a50K2,0 1n, o 430K, 20 t.1%
A LLY ] 15,0 2RTL, 1Y 1.0%
a3ajz.n 20,0 2153,60 .9
43077,0 25.0 172%,08 T
ginn2,n n,n 1ate,n? 21
43092,0 an,a 107,80 LY
aying,n 50,0 K2 _n4 LY
arill,n KO0 LY JHG
Q43152,0 ton,o 43] .52 M
43202,0 1s0,n fHA G| W h
43PnP,0 s10,0 2ne,01 +73
[RETFM] 2In,o tho, 8% .11
4%367,0 31h,0 137,67 « 70
Qya52,0 ano,n {oR, 68 oh
4495%2,0 5n0,0 K710 ath?
u3ere,n B0 .0 7O, 44 b
aying,n tin,n 59,98 LL
FTL. Y 1210,0 L LIS 1) st
445%2,n 150,40 9,70 L7
wut92,0 1tan,n FLY L] LUt
uaih2,n 27009 16,95 L9
4ndie,.n 1L LA 14,54 19
ati9r,n a140,0 11,60 Y
upnss,n SSAN O n, 72 30
saniz,q Thpt, 0 7.13 . 2R
514912.0 Basn, 0 s,09 d.

52952, Y9oh, 0 5,35 27



a % 4 & * & & A A & 4 @

& & & & & % & B & A & B

Pumg TEST Summ

» % 5 % B PSS PR RS

a k A ¥ & A A & 8 & A &

PUMPED WELL NUHHER =
CLIENT -
PROJECT Namg -
PROJFLT NUMAER -
LtRCATION b TEST -
TYPE 0F T§ST -
NATE PUMP STARTED =
(DAY /PD/YR=MIMN/HEE)

NDATE PUMHE STUPPEN =

DATA OIN OHSERVATINN wkLL
GHOWND FLEVATION =
nATuUM PUINT -

HEIGHT OF DATUM AHUVE
DERPTE 1D STATIC WATEW
ELEVATION UF STATIC w
TYPE NF OHSERVATION W
DEPTH OF SCHEENED INT
DISTAMCE FROM PUMPING

DATA DN PUMPED WELY
WELL PDIAMETER =
PIMP TYPE -

FLOW MEASLIREMENT
FLOWME TEN, TYPE =
PUMPING RATE =

AUUTFEW DATA
ANUIFER CONDITINNS =
AQUIFER DESTRIPTIION =
ADUTFER THI{RNESS =

TEST nerAfLS
WEATREN COMDTTIDNS
TESYED HY
COMMENTS

s & & & & & a4 2 A A & K A k& » xR R 4 4 A K K Foa s

GULDER ASSOCIATVES

# k& & & A 2 oa A * & & & R & & A & f & & A 4 B g @

ARY FOR wELL/ZPIFZUMETER  NUMRER = Und,

2n/11/R1=12,08,19

A 8 & 4 * F A& g & K &R AN AR R AR A SN

Pw2,
K, 0, HYLHD,
HAT CREFK ENVIKRNNMENTAL STUDY,
RI21512,
HAY CHEEN B, C,,
CUNSTANT NATEH
6710/81=2R, 0713

S/i1t/7R1= 0,071

A3, Db METHES
T Nt PyC CASING,

GRIIND LEVEL = .07 My Twt S
LEvEL = ' 00 METHES
ATEN LEVEL = Bu) . 09 METRES
ELL = SCREEMED wEiLL
EHVAL = 106,10 10 tna, 70 METHES
WFLL = 2000, 00 METRES
203 m

SUBMERSIHLE

DIGITAL,
F,399E 400 LITHES/S

UNL N TNED
SANDY GRAVEL,
UNKNOWN

VARLABLE ,

GOIDER ASSOCTATES,

tHE wATER LEVEL IN THIS wkil COMTIMIBD
TO WECOVER 10 STATIC LEVvEL DURING OCT1,,

* 9 % 3 B * D RS B S



PHME LEST SUMMARY Fithk wh | L/ZP1E 2UMETER NIJMHEW = Wi, “h CHZLI/AL=12. 00,19 4w PALE 2
NATE T 1Mk LLAPSED PKFS5S5uUkt DEPTH T DRAmDIIWN wATER NISCHARGE COMMENTS
TIme wWEADING PATHW U vAT RN HATE

YH MON [PAY  HKR HIN  MINUTES PSI METMES METHES ML TRES LITRES/S

0 n ] 0 0,0 a,60 RUY 18

0 o n L ] o,ng Aut s
R 1 6 10 10,0 Th LY T N PUMPING Pw2 13328
By 10 T 13 an,p jusg, o LPu n,2n Hap M9
L} 10 A R oas,.n FAL ¥ N .23 0,19 Hip, 90
L2 B ] 9 R 25,0 uo1?7,0 .22 no1# MU, 9]
AL 10 N Hos . p S447,0 e n, 18 LRI |
Yy 10 11t RIS 0 LY ] .22 n,1R Hutl 9
Ky 10 12 8 15,0 Hi27, 0 .21 no1? Hun,9¢
HY 10 1} H 3% .0 CRLE ] s n,1v Ran 90
H1 i 14 8 20,0 L11217,0 ra) n,1e Mg, 9n
Hi 10 1% H 20,0 126%2,0 22 v, 1R Ry, 9y
o3 | 10 16 LTI ] junaz. n o1 P17 Kdit, Q9
[ KL I 4 R 20,0 1%5382,0 22 W18 LT CT]
LR TR L A 25,0 1&977,.0 20 N s Hat, 43
LB L L R 2%.0 1AULT D AR N lu Hun, 9y
L3 I U4 B 2%, 0 19857,0 o1 h n, 1o Huo,9%
Hl 10 24 A 25,0 29%17,0 el n,nNA mgl 0
LB | 1o 2% K oPA%. N 2TunT,n .12 n, ok Ruj 0t
a1 1t 24 M 2%,0 2RU9T .0 L OR n,na “ol, n%
a1 I 27 a 25,0 2uelt.on eNh n,n2 Hay nr

Al 0 PR T 50,0 33u2,0 .04 n, Myt 0%

o] ] 10 29 “ 20,0 $PH12,0 L] n,ot MUt nH

AL 1n 30 R 20,0 lupSp,0 .09 n, 0% Hal, oy

LR R N ) | A 40,0 3IsT12,0 0B n,ny M4l 5

L.} ] 1 1 T 45,0 11u97,0 o114 h,07 Hal,ng

LR N | 2 a 30,0 3IRSAR.N L) p,0s Mu] ., na

LI R 3 A 15,0 wnOnT,o0 ’ .05 a,n Hul OR

AL 1t '] A IS,0  wlyar,n .11 n,07? Ant 02

1t 5 A 20,0 GFH92.N N9 0,05 #wuy, 0u INSTALL PUMP =
"1 7 Hoon N 48752, n,no =fh na #a1,13 F.5%0 WATURAL OVERFLOW RECDHDED
Ar 11 a A 0,0 47192,0 n,on -, 09 LETIN R 2,217

A1 11 9 non,0 4rRKlZ,0 a,nn v, 0 LIRS ) 2.217

A1 11 In M 0,0 ShOTA.0 n, oo -t 04 LLIPS R ) Ped?

LI N 1 4 b0 H1512.0 0,00 =fi, 04 Hul,13 2a2

Al i1 i & DN 529%2,n0 a,00 i), QU KA1 .13 2.27



a4 4 % B & A B F 4 s A & K& & & A B & & & B & 2 & & & & A KNSR oS

GULDER ASSUCTATES

A & A @ & & & & b A g F & A W A K K & 8 F b s goa kAo AR AN E A

PUME TEST SUMMANY FOK wELL/PIEZUMETER  NUMHER = naS,

20/11/781=12,08,22

* ® » R P EER SR e R

& & & & & A A A AN o4 N AR A E AR A AR AN A A Rs AR

PUMPED WELL NIMRER = Pw2,

CLIENT « W,0, HYCHO,

PREJECT NaMg « HAT CHEEX ENVIHONMENTAL S5T0U0Y,
PROJECT NUMBENR - H121%12,

LOCATION GF TESTY « HAT CREEK H,C,,

TYPF DF TEST e ENNSTANT HATE

DATE MUMP STANIFD e &H/10/81=28,0/713
(DAT/MUSYHwM|N/HRY)

DATE PUMP STUPPED = S/{1/81t= 0,0/11

DATA NN ORSERVATION wELL

GHOUND FLEVATION = A20,9a ME1RFS
NATUM POINT = TUP OF 19Me PYC PLPE,
MEIGHT OF DATUM AHRDVE GROUND LEVEL = ol ™METHES
PFRTH TO STATIC wATER LEVEL = Y. 24 RFINES
FLEVATION OF STATIC WATER LEVEL = A16,31 Mt IMES
TYPE OF DHSERVATION WELL = STanpPIFE PLEZOME TER
DEPTH NF LMAVEL PACK INTERVAL 13,949 1o 19,22 MWETHES
NISTANCE FROM PUMPING WELL = 326,40 METRES
DATA NN PUMPED wELL
WELL DIAMEIER » 203 ™
PLUMP TYPE = SHAMERSIHLE
FLOW WEASHREMENT
FtnaMpTEH, TTPE = NIGIYAL,
PUMPING HATE = $.599F +00 LITRtS/S
.
AQUIFER DaTa
AQULFEN CUNDITIONS = UNCONF ENF Y
ADQUTFER NESCHIPTION = SanDY GRAVEL.,
AUUTFFR THITKNESS = 125 Mt TRES

TESY DEVTATLS
wERTHER CONPRITIONS « VaRTAHLE,
TEST1ED HY w GOLDER ASSUCTATES,
COuMENES = NNt ,

. % B % % % e Rt RS RS




PUME 1} ST SUMMARY bk whLL/PIE ZUMETER  NHUIMHER - fimb, an COZ11/708=12,00,22 #2 PAGE 2
NATE TimMg ELAPSED HHESSIKNF DEFTH TO DHAWDIWN whTER DISCHARGE COMMENTS
11mf HE A [, wATLH [N RTRRNIL] Hath
YR MON DAY HR M[N MIsh1p S (-] ] METHES M THE S M TES LITWES/S
" o 0 0 0,0 0,00 [Pl IR LY
0 1} 0 noo.n 0,00 P L]
Al 10 L] 9 ac,0 Sedd Rih, 81 PUMPING Pw? TV12W
My 10 6 4 52,0 LI 5.29 n,un Mib. b
K1 10 b 1k 15,0 ta?r,n S.2N n,n Ale,30
L] | L] & 17 uo,0 52,0 .26 fi,0n} Hip,§Nn
H1 0 T 10 as,0 1217,60 5,25 n,ni Hlm,3n0
Hy 0 ] 4 10 .4 2562,0 5.¢% LR Hin, 30
.} ] tn 9 A 0,0 5992, 40 5.7% n,01 Klo,3in
LB I L L] A 0.0 Sus2,n S.24 n, ALY
H1 0 1 s 0,Nn CLEF ) 5,24 n, Hin,8]
A1 10 12 4 0,0 AS512,0 5,24 0, Hin, Y1
aL 16 43 LI 97%2,0 5,24 9. Rin, %1
K110 tu # 0,0 1119p,0 5,24 0, Bin, 5|
L} in 15 15,0 12647 ,0 5,24 0, Alh,31
Ry 10 Qs B 15,0 14oH7 O 5,24 n, mit, 41
Kt 1 g7 8 10,0 15522,0 5,24 n, LT 3.7
®i v 1n B 19,0 169h7,0 5,24 0, Hie, i1
By 10 19 A 10,0 1H4N?,D Y,2% o.01 Hib, 30
Hl tn 20 B 10,0 19K42.0 5.2% n, ot M6, 30
Al 10 2% R 12,0 212Ma,n 5,24 n, Hia, Y1
A1 10 22 B 1S,.0 27121,0 5.2% n, Ml Kie, 30
By 10 23 10,0 2a1el," 5,26 0,02 Rib, o9
LA} 10 24 B 15,0 24%607,.0 Se2b n,neg Hin, 29
a1 I1n 2% A 1),0 270u3.0 5,27 o.n} Mlh, P H
A1 10 26 A 15,0 ZHRART 0 5,726 0,ne Hitk, 2%
A1 10 27 A 10,8 299220 5,27 o,n3 Hin, 2R
A1 10 28 A 10,0 M362,0 5.27 h.Nn3 Ain,2R
Mt 10 29 LERE R YL P 5,20 a,08 Rin,oT
A1 10 3D A 10,0 3a2up,.n 5.2A n,04 Alh,?27
A1 10 %I 8 25,0 3156497.0 S5.2AR (UL Y] H1h,27
L I | ] A S0 37117,0 5,29 0,05 Hie,2e
Al 1t 2 R 10,0 RALKH2,0 5,29 0.0% Hlh,2h
LI 3| 3 A 10,0 aanng,n 5,30 n.oe Mle, 2%
L] ] 1 L] R 1U,0 b4jauz, 0 %.30 n, 0 Ale, 25
Hi 1" 5 B AP 0 428H2, D L%t nony Alh,2 4 Pud RECOVERY 11100
A1l i1l S 12 S%.0 aliatT. 0 5,30 4,06 LA L]
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. - Figure A.2.1
Well No....PHZ........ Dato observed in._ FWZ. ..
T LEAKY AQUIFESR ANALYSIS (Hontush Method)
IOO, T 1 T T YL U F T L L L | L] T T T5y1rY T T T Y rTT%T T T T 1071 ¥ T
F @ MATCH POINT
F| = caTa POINT ]
[ | TYPE CURVE Fluctuating ump Rale
" { ]
e ‘ LT e s e e LS #,%xgxx,*ww
v OF M 0 E
€ 3
z )
z 4
o
; )
[~
&
e It .
[ )
a! | n Ld gl —L L3 4 it L A WS 1 hd d kM a) R WU Y |
ai i 10 100 1000 10000
TIME SINCE PUMPING STARTED (minutes)
CALCULATIONS:
0103 wlu,r/8) (94110 ( 1 ) _ 5,074 .
T= as 12.57 (4.9 ) [5x metras /sec.
g = —240 Tty -_240 ¢ )] )Wy - -
r* { )t
Tm' (r/B)"_ { S L S
p=-00 = < = - meires /sec.
r ( )
WHERE:
r= Rodius from pumped well _— _ (metres) s = Drawdown 4.9 (metres)
Q = Pumping rute,n__‘?_.ﬁ?_m._m(Iitres /sec.) t = Time since pumping started. —  (minutes)
mi= Averoge thickness of aquitord _(metres)  we, /gy /
T = Tronsmissivity { metres¥/sec) u Match point paron.'-eters from
- f Hontush leaky aquifer type curve
S = Storage coefficient (fraction) /8 .3
P = Hydraulic conductivity of aquitard (metres/sec))
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TIME - DRAWDOWN GRAPH FOR PUMP TEST No. ../ _ Ao
Well No. .. PWZ . .. Dota observed in. . ow3 . o0 A&

Praisct Nn _8/2’/5/2 .

T LEAKY AQUIFER ANALYS!S (Hantush Merthod)

10 T Y T 17717 | 1 1T 7TrrrrT ] T T TT7YY T L T T 1T T1T1°T B T T
' | @ MATCH POINT _ h
| x DATA POINT
[ | = TYPE CURVE b
X XXX X xR0
. X, ¥ x XX XXX XX Xlxxxxx |
~ 10 .
s | @ ]
: -~ -
E - .
- - e
z | J
z
o
5 L J
x
«
x
°
» f E
I ]
- i
1 I P R 1 Y I AT I I | I TS I B I | 1 1 1111 i | L1
I 10 100 1000 10000
TIME SINCE PUMPING STARTED (minutes)
CALCULATIONS:
. 010 Wiu,i/B) _ (9431070 ( 1) _ -4 :
T= aTs 1257 (72 ) Q6 x/0”% metres/sec.
§=_280 Tty _ 240 (96x0" ) 16 WI) | ;5,004
[ 2 -4 4 _
P = Tm (‘r/B) . (9exw0 ™ ){ 5 l( b ). 7.8%1077 metres /sec.
r { 47 )
WHERE:
r= Radius from pumped well 47 {metres) s = Drowdown .75 (metres)
Q = Pumping rate 7.4 . (litres/sec) t = Time since pumping started /& (minutes)

T = Transmissivity { metres¥/sec.) u ./ Match point puron:\eters from
"""" Hantush leoky aquifer type curve

S = Storage coefficient (fraction) /B .e
P = Hydraulic conductivity of aquitard {rnetres /sec.)
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. Figure A 3.1
Well No. PwWZ Data observed in __ FWE 9 :
Depth to t/t' = Ratic of tirme since pumping started to time since pumping ceased.
static water
fevel " 1 I 10 100 1000 10000 100 000
T
b NOTATION
Pump test: x daotg point
| Recovery : O dato point
14 paax X2
X xx X X X%
3 i g KRRXE XXRXXRXX]
™ / X
3 x*
s 2
—
=z
z
/10
o
2 = . A5=4.0m
z / X ,
<l
g 8 /
&
.
4
-
Availogble Z
dfawdoyn to -
piezo ““m Y Ly tvpib by rrppebl g vyl 3y 1 1 b))
-------------- X 5| 5 10 50 100 500 1000 10000 100000
. | AR Lo b iiiy
TIME (days)
CALCULATIONS Pumpingé{ Recovery
_ 183 Q 1.83x .. 2.4, _ -4 2, 183% . . _
Le9 RO T2 Gsx |04 10%4x 40 =43x10 mé W% )
_ 1.83Q 1.B3x . - 1.83x . .
Legno. iy ey 0. 04
_135T.1g 138 { il ). .
5= f. * ‘ ‘: '....--.......‘lo
A 42 25 424 )2‘ ).
min T ( ) Z e eerieren .. MiNYtES
WHERE r = Radius from pumpedwait__ = (metres) &4 = Drawdown (metres per log cycle)

Q: Pumping rote_ T4 Clitres /3ec)
1= Time intercept for 2ero drowdown _ {min}

Ymin ° Approx. minimum volue for which u=<0.0f

T = Tronsmissivity {metresZ/sec)

S = Storoge cosfliciem (fraction)

Golder Associates
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TIME - DRAWDOWN GRAPH FOR PUMP TEST No._/

Figure A. 3.2
Well No., PWZ Data observed in_ _Ow3 =~ 9
Dept_h to t/t' = Rotio of time since pumping storted to time since pumping ceased.
siatiic woter
tevel ] i 10 100 1000 10000 100 000
T
— NOTATION
Pump test: x doto point
- Recovery : © doto point
2.0 L
- |
-«
= X
»
£ |G 100( f
— « KK XX As=0.84m
: (2 AT
z . /x XXX X
a ¢
E — °
< VAs=088m bob®
|+ 4 _6 T
° b— L oo ® °° ® ./
L]
-4 o|® e 2
o%o
K
0
Available
drowdown to
piezo 1P Lot drerngl 8y RN AN SIS S RN
.............. m 1 5 1 5 10 50 100 500 1000 10000 00000
. . i _rreedngg 1 e
TIME SINCE PUMPING $TARTED (minutes) N 3 s 10 0 50 100
TIME (doys)
CALCULATIONS 83 o Pumping?q- tho»401194
l. 1.83x .. 0% "3 .t 1.83x .77 -3
. { T —— —_— e = x 10 H‘?/ = £
Leg no ol T Qsx |04 10* % .88 . 19 7 10*4s .84 gxio s
Led no. - T =830 1.83x . 1.83x I
e Qw2 10* 1054 04 .
13ST by _ _13S QISR 1p )
= = 3 -4
s " ( 47 )' sentrbvasrran x Io
42 125 .42 147 Fu3xi0H
'-i.: = L. é ?... W“

T
WHERE r =

{ [.9x1073)

Rodius from pumpec well 47  (metres)

Q= Pumping rate, 9.4 (litres /3ec)

tamia = Approx. minimum value for which u=0.00

Golder Associates

O3 = Drowdownimetres per 109 cytie)

T = Transmissivity
S = Storage coeffici

(metres?/sec)
ent (fraction)
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TIME - DRAWDOWN GRAPH FOR PUMP TEST No.

Figure A.3.3
Well No.. PWZ. . Data observed in_ AWZ. o
Depth to t/t' = Ratio of timae since pumping storted to timae sSince pumping ceosed.
static water
level
598 m A 1 10 100 1000 10000 100 000
Ll
B NCTATION
Pump test: x docto point
- Recovery : O data point
8
§ -
.
E & As = 7.8m
- -
=
z 4
o
s - .
7
g gd°°°
L o 0°°
opp o0
ec6sio oo 000 SsoPoeoo o O
’ /
Avaifable
drowdown to
piezo fip R R NN A N R AR N Lot ity
™ A 5t 5 10 50 100 500 1000 10000 100000
TIME SINCE PUMPING STARTED (minutes) ! 35 10 35 50 100
TIME {doys)
CALCULATIONS " Pumping Rccovcry94
_ 183 Q 1838 v, 1.83x .24 _ -4 2
Leg o) T F BTTGE 0% 10°4% 78, 2.25 x107%
Lea no 1830 1.83x . 1.B3x .
9 P Qs x 104 0% ... 0% ..........
1387 ¢ 138 ( % ). -
Sz —g2-: T T 10
42 s a2 { R )
tuin ® I = N 3 2 e eee.. TIOUtES
WHERE r = Radius from pumped well _—  (maetres) &s = Drawdown (metres per log cycle)

Q: Pumping rate G4 . (itres /sec)

1o ® Time intercept for zero drawdown - (min)

‘mia

s Approx. minimum vaoiue for which u=<0.04

Golder Associates

T = Transmissivity (metres?/sec)
S = Storage coefficient (fraction)
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