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APPENDIX A

A1.0 GLOSSARY

Tne following glossary explains some of the terms used in the ground viater
sections of this report.

Aquifer

Darcy Eguation

Base Flow

Discharge arca

Equipotential
1ine

A 1ithologic unit {or combination of such units) which has
appreciably greater transmissivity than adjacent units and
which has capability to store and transmit water recoverable
in economically usuable quantities.

The most basic equation used for estimation of seepage flow
rates through a porous medium.

Q=k1A

flow rate of water through the medium (L3/T)
hydraulic conductivity (L/T)

hydraulic gradient (L/L)

cross sectional area of flow {LZ)

where: (
k
i
A

n uw n g

Portion of stream flow derived from ground water discharge.

Ares in which ground water flow lines converge and are
directed toward water tabie.

Contour Tine which represents equal hydraulic head.

Evapotranspiration

Flow system

Ground water

Homogeneity

Hydraulic
conductivity

Portion of the precipitation returned to the air through
direct evaporation and/or by transpiration.

A set of flow lines in which any twe flow lines adjacent at
one point in the flow region remain adjacent throughout the
entire flow region, and that can be intersected anywhere by
an uninterrupted surface across which flow occurs only in
one direction,

A body of subsurface water in which fluid pressure is
greater than atmospheric.

The physical prOporties of the perous medium do not vary
from point to point in the mediun.

Ratio of flow velocity to driving force (hydraulic gradient)
for viscous flow under saturated conditions of a specified
ligquid in a porous madium.
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Hydraulic head

Hydraulic
gradient

Infiltration

Perched ground
water

Permeability

pH

Piezometric
surface

Spring

Transmissivity

Water table

The sum of the pressure and elevation heads.

Increase in hydraulic head per unit length of flow path.

The inflow of water into earth materials,

A lense of ground water separated from an underlying body of
ground water by unsaturated earth material.

A measure of the relative ease with which a porous medium
can transmit a liquid under a hydraulic gradient. It is a
property of the medium alone and is independent of the
nature of the liquid and of the force field causing meve-
ment. It 1s a property of the medium that is dependent upon
the shape and size of the pores.

A measure of the acidity or alkalinity of water.

Imaginary surface defined by the level to which water will
rise in wells tapping a confined aguifer.

Natural surface discharge of ground water having a
cancentrated flow.

Rate of horizontal water flow in gallons per day through a
vervical strip of aquifer 1 foot wide and extending full
saturated thickness under hydraulic gradient of 1 foot per
foot at prevailing water teirperature.

Surface along which the fluid pressure is atmospheric and
below which the fluid pressure is greater than atmospheric.
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A2.0 WELL INVENTORY

The following summarises the data collected on domestic wells,
developed springs and an industrial well in the Hat Creek Valley,

Well Desicnation:

Use:
Location:

Well Type:
Depth:
Yield:
Description:

Water Type:

Hydrogeoicgic Setting:

Well Designation:

Location:
Wetl Type:
Depth:
Yield:
Description:

Water Type:

Hydrogeciogic Setting:

DW=~ 1%

B.C. Hydro Camp Supply

Approximately 3m from Hat Creek, directly behind
camp.

tn augered hole

Approximately 5m 3

Approximately 10m”/day

Galvanized pipe limer set in hole with boards
covering top.

Ca - HCO3

Hole was originally drilled down to the coal below
surficial sediments {approx. 5m thick). Most of
the water infiltrates through surficial sands and
gravel from Hat Creek,

Dit-2

Domestic supply for residence.

Located on western hillside

Developed spring

Less than Im 3

Sufficient for small house 1,5m”/day.

Spring waters flow to @ collection pool (approx.
Im x 2m x 0.5m)

Ca - HCO

Shallow springs associated with seepage from
Finney Creek

“DW-1 refers to Domestic Water Supply Source number . HNote Nos. &, 7, 11
and 12 are not wells as pump-pipe systems take water directly from Hat Creek.
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Usec:

Well Type:
Depth:
?ﬁg;fu
Desciiption:

Water;gﬁggz

ﬁ?drqﬁpologic Setting:

Other Commnts:

vWell Designation:

Use:
Locatjon:
Well Type:
Deplh:
Yicld:
Description:

Water Type:

Hydrogecologic Setting:

Well Designation:

Use:
Location:
Well Type:
Depth:
Yiels:

Cescription:

Water Type:

Hydrogeclogic Setting:

Domestic water supply for Residence

On west bench near Finney Creek. About 150m from
residence

Developed spring

Watzr flows to surface

Not sufficient for house supply at mid summer

Spring is about Im in diameter and the water

depth about }0mm

Ca - HCO

Shallow éround water associated with seepage from
Finney Creck

A sulphurous smell was noted when & water sampie was
collected., This spring used to supply two houses until
about 4 years ago when, according to resident the
supply almost dried up as a result of subsidence of part
of the bench, west of the property.

DW- 4

Domestic supply for Residence. Some irrigation use.
About 20m west of Hat Creek '

Dug well

About 3m 3

Good supply (approx. 2m” /day)

350mm diameter dug well collects seepage water from a
bank about 15m away. Well is sealed and water is pumped
intc the house.

Ca - HCD -

Springs Esed to issue from the foot of the bank but the
springs have now dried up and a dug well became necessary.

DV-5

Domestic supply Ranch

Near house and close to a small creek

Dug well

Estimate 5m

Estimated l.5m3/day

Well was dug with a back hoe and kept open with 2 well
liner ’

Ca - HCO

Well watér is probably derived from a shaliow ground water
flow system and being only 15m from Hat Creek may also in-
ciude some infiltrated creek water




Well Designation:

Locatgyl:
Well Type:
Depth:
Yield:
Description:

Water Type:

Hydiogooiogic Setting:

Cther Lomments:

Weill Designxtion:

Use:

Location:
Well Type:
Ei:ﬂ_r h:
Vi

Description:

Water Type:

Hydrogeologic Setting:

Well Designation:

Use:
Location:
Well Type:
Description:

Water Typco:

BidrogeolqglE_Settigg:

Other Comments:

DW-8

Domesti¢ supply Residence

Approx. 15m from Hat Creek

Dug well :

Approx. Bm 3

Estimated 2Zm”/day

The well is completely boarded up and is not accessible.
No construction details were avalilable.

La - HCO_, with high sodium chloride content

Well dug”into river alluvium and on pleistocene deposits.
The high sodium chloride content is somewhat unusual for
Jocal ground waters and suggests that the well water may
have been contaminated.

DW-%

Domestic supply for Residence

Apprax. 300m up hill, east of the residence
Developed Spring

Surface flow

Sufficient for household use (l.5m3/day)

A small holding tank has been constructed to collect
spring water

Water is derived from a marshy area. This water is
probably a mixture of surface and shallow ground waters.

DW-10

Domestic supply to Ranch house

Under the house and about 6m from Hat Creek

Dug well

Estimated 5m 3

Estimated 1.5m™ /day

Top of well is sealed with a concrete slab and no con-
struction details are available.

€z - HCO

Water de?ived from river alluvium and or pleistocene
sediments.

Water had a hydrogen sulphide smell and possible high
dissolved iron content suggesting reducing conditions.
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DW-13

hgghl Designation:

Use:
Location:

;Jc-"].__*_!_":l'-—qz po:
Depth:

Yield:

Description:

Water Type:

Hydrogeologic Setting:

Well Designation:

Use:

Location:
Well Type:

Description:

Water TzEe:

Hydrogeolouic Setting:

Other Comments:

Well Designation:

Use:
Well Type:
Depth:

Yieln:

DcscrIELion:

Water Type:

Hydrugeologic Setting:

Other Commoents:

Domestic water supply to a new house

Approx. 150m west of Hat Creek

Drilled

36m

t.6m_ /day (Note well is capable of producing approximately
230m3 /day) .

150mm diameter steel cased well with 150mm stainless steel
continuous wire wound screen with Imm slot openings. Screen
was set between 12 and 13 m depth.

No dats available

The well is located in the south end of the Hat Creek valley
near Hat Creek. The water pumped from this well comes from
a sand and gravel aguifer which extends from 11m te 13m.

The unconsolidated sedimants above this aquifer consist
primarily of till with some alluvium near the groun:i sur-
face. A soft steeply dipping bedrock was reported to have
been encountered below the aquifer. HNo significant gquantity
of ground water was encountered in this badrock materiail.
The static water level in the completed well was 6m below
ground which indicate that the sand and gravel is a con-
fined aguifer.

DW-14

Supplementary domestic water supply for Residence,
{Supplements DW-3)

in front of house, between road and Hat Creek.

Dug hole

Approx. 6bm

Unknown

Hole probably dug with a backhoe and then Im diameter
pipe liner installed.

no data

Hole dug intc unconsolidated silts, sands and gravel,
Water probably infiltrates mainly from Hat Creek.
Static water level about the same as Hat Creek.

The well was only recently constructed and has not been
used,

DW-i5

Domestic waoter supply :

OFf Highw:y 12 on Indian Reserve (see fig. 3-4)
Drilled

Unknown

Unknown (estimated lm3/day)

Proba?]y yielding water from unconsolidated sediments.
Log of well was not available.
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Well Designation:

Use:
Location:
Veil Type:
Depth:
Yield:

flap i S

Water Type:

Hydrogeologic Setting:

Other Comments:

Well Designation:

Use:
Location:
Well Type:
Dent@:
Yield:
Descriprion:
War.r Type:

derogeoﬁogic Setting:

Other Comments:

Well Designation:

Use:
Location:
Hfljﬁffﬁe:
Oujeth:
Yielid:

Description:

Mater Type:

Hydrogeclogic Setting:

Other Comments:

Well Designation:

Use:
Location:

We I} Type:
Depth:
V?éTq:
Deseription:
Watcer Type:

Hydrogeolonisz Setting:

Other Comments:

DW-16

Domestic water supply

0ff highway 12 on Indian Reserve (see fig. 3-4)
Driiled

Unknown 3

Unknown {estimated Im”/day)

Probably yielding water from unconsolidated sediments.
Log of well was not available

DW-17

Domestic water supply

Cff highway 12 on Indian Reserve (see fig. 3- k)
Crilled

Unknown 3

Unknown (estimated Im”/day)

Probably yielding water from unconsolidated sediments.
Log of well was mot available.

DW-18

Domestic water supply

Highway 12 at Caribou Highway
Dug weall

7.6m

(estimated 1.5m3/day)

{chloride 25 mg/1, pH 7.5)
flood plain sediment. Mostly siit.
Data provided by B.C. Government

PW-19

Domestic watar supply

Hwy. 12 at Caribou Hwy.

Dug well

}5m

No data (estimated at 1.5m3/day)

Located 5m south of Hat Creek.
from flood plain sediments,

Datea provided by B.C. Government Ground Water Division.

Probably yielding water

Ground water Division.



heak

Well Designation:

Use:
Location:

Well Type:

Pescription:

Water Temperature:
Watnr Type:

Hydrugeologic Setting:

Limestone Quarry Well

Suppty of makeup and wash water for process plant.
Approximately 15m north of Hwy. 12 and 4km west of

Uppe= Hat Creek Valley turnoff,

Drilled

30m 3

525m” /day (estimated)

175mm diameter drilled well with 150mm stainless steel
screen set between 26 and 31m depth below ground.

117c '

Ca - Mg - HCO

The well is }écated in a narrow valley with Yimestone
bedrock exposed on both sides of this valley. Water
pumped from this well comes from a sand and gravel aquifer
which is known to extend from a depth of 24m to the bottom
of the well. The well only penetrates part of the aquifer
and hence the total thickness of this aguifer is not known.
A stoney clay material (probably till) was penetrated above
the squifer and probably acts as a confining layer. There
are no records of static water levels in this well.
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A3.0 SUMMARY OF GROUND WATER DRILLING PROGRAM

A3.1 INTRODUCTION

This appendix sumnarizes the results of a five hole drilling program
supervised by Golder Associates to provide infiil information on the
environmental hydrogeclogy of the Hat Creek vValley area. The drilling end
piezometer installation was performed by Ken's Drilling of Victoria, B.C.
between Auqust 7 and August 27, 1977.

A3.Z2 PURPOSE OF THE INVESTIGATION

The purpuse of this field investigation was to supplement and correlate
hydrogeologic data obtained from other studies in the Hat Creek Valley.

Two areas of concern werée the limestone bedrock exposed and underiying the
nortiern portion ¢f the Houth Meadows basin and the surficial and bedrock
materials in the Medicine Creek Valley. Both areas are proposed waste rock
and/or ash disposal sites. The geological properties, areal extent of the
underlying bedrock and the ground water characteristics in both areas were
of particular interest as the potential for contaminant transport with the

ground water in these areas was unknown.

A3.3 DRILLING PROGRAM DETAILS

A total of 454 m of drilling was spread between five holes during the 26
day field program investigation. All holes were drilled 150 mm dizameter
and cased where necessary. Three of these holes are located in the Houth
Meadows araa and two in the Medicine Creek Valley {see locations Figure
3-4). A1l holes were drilled with a Chicago Pneumatic T7-650 which was
capable of drilling with the rotary air flush method and was also able to
drive casing. A summary of all boreholes are given in the hydrogeologic
logs presented in Appendix A4.0.
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(a) Houth iieadows Program
(i) Borehole RH-77-45

The first hole drilled, RH-77-45, was started on August 6 and completed at
a depth of 92.0 m on August 8, 1977. Four piezometers were installed at
depths of 12.0, 35.2, 62.9 and 89.8 m (see Hydrogeologic Logs in Appendix
A4.0). The shallow piezoweter was a porous cup type lysimeter (see Figure
A3-1) and was installed in the unsaturated silty gravel whereas the other
piezometars were of tie blow back sampling type (see Figure A3-2). The
ground water table was encountered in the top of the limestone bedrock and
the three lower piezometers were installed in potentially water bearing
zones in this beadrock,

Water samples were taken and the rate of water return was measured as the
drilling progressec. Each sample was tested in the field for temperature,
electrical conductivity and pH. A Corning Fodel 3 pH Heter and a Beckman
Solo-firidga RB3 FC teter were used o test the water sampies, and these
field data are shown on the Hydrogeologic Logs.' Two soil samples were also
taken at depths 6.5 o and 28.2 m and a grain size analysis for the 28.2 m
sample is shown in Figure A3-3. Falling head permeability tests ware
carried out in all the piezometiers in the limestone bedrock and hydraulic

conductivities are summarized in Table A3-1.

(i1} Borehole RH-77-46

The second hole drilled, RH-77-46, was started on August 9 and was
completed at a depth of Y2.0 m on August 11, 1977. Two blow back sampling
piezuneters were installed at depths of 36.0 and 89.8 m. The deep
Timestone bedrock piezometer was damaged during installation and is not
operational. The shallow piezometer in the surficials was partially sealed
by the casing and hence is only partially operational.

Water samples taken during drilling were tested in the field and results
are shown on the Hydrogeologic Log. Five soil samples were taken at depths
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Table A3-1

Summary of Logs of Boreholes Drilled for
Hat Creel: Fnvironmental Hydropeological Study

(1) (1) Piezo (2,3,5) " Hydraulic
Hole Piezo Depth (2) Depth to  Conductivity
Nurher Number (m) Lithology Water (r) (m/sec) Comments
-6
Rli-77=45 1 89.8 blue LMST 19,2 1,7x10
-7
2 62,9 blue LMST 18.8 5,0x10
-6 :
3 35.2 buff LMST 17.3 1.3x10 Weathered zone
Ri-77~46 1 89.8 white IMST - - Piero. broken
during con-
struccion.
2 36.0 sandy GRAVEL - - Piezo sealed by
casing
RB=77-47 1 32,0 silty CLAY - - Piezo. broken
during con-
struction
-7
Rile77-48 1 89,9 v. dark SHALE 20.0 5,0x10
-8
2 77.0 SANDSTONL 21.8 8.0x10 Probably low
due to plugging
. of formation
3 58.1 grey SPALT 21.9 3.0x10
Ri77-49 1 89.6 GEEENSTONE 62.4 l.8x10—?
-7
2 71.5 GRLENSTONL 64.8 5.0x10 Fracture zone
at 72 m.
Notes:
(1) see locations of boreholes in Figure 3-4.

(23

(3} water levels recorded on September 20,
based on falling head tests
water samples were taken for ¢
analyses, see results given in Table 4-1,

(4)
(5)

hemical and isotope

sec a more detailed description of piezometer installation in Appendix A4,0,
1977
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7.7, 12.3, 14,3, 23.6 and 35.6 m and a grain size analysis for the 23.6 m
sample is presented in Figures A3-3. HNo falling head permeability tests
were carried out, however an estimate for the hydraulic conductivity of the
gravel between 103 and 10-2 m/s. These estimates are based on
calculations using the Hazen formula and grain size information provided in

Figure A3-3.

{i11) RH-77-47

The last hole in the Houth lHeadows area, RK-77-47, was started Bugust 11
and compieted Rugust 13, 1977 at a depth of 86.0 m. One blow back type
sampling piezometer was installed at a depth of 32.0 m in silty clay
sediments. A deep piezometer could not be installed in the areenstone
bedrock as this formation was too unstable, '

The hole did not yield enough water for water samplies ito be taken, although
0.03 litres per secend {1/s5) did flow for a brief period at a depth of 24.5
m. Five soil samples were taken at depths 8.7, 8.8, 24.3, 24.6 and 28.Z m
during the drilling. The grain size analyses of each sample are given in
Figures A3-3 and A3-4, and cation exchange capacity test results are given
in Table A3-2. The piezometer appears to have been severed during
instaliation and no hydraulic conductivity and water level determinations
could be made.

(b) Medicire Creek Program
{i} RH-77-48

The first hole in the Medicine Creek Valley, RH-77-48 was started August 14
and conpleted at a cepth of 92.0 m on August 15, 1877. Three standard
sampling type piezometers were installed in the bedrock at depths of 58.1,
/7.0 and 89.9 m. The bedrock opposite each piezometer was respectively:
grey shale, sandstone and dark shale.
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Table A3-2

Summary of Cation~Exchange Capacity Values for
Unconsolidated Sediments

Hole(l) Sample Depth CEC(z)
Xumber () m, eq/100g
THT7-47 8.7 g.8
RH77-47 24,7 5.9
RII77-48 4,3-16.8 12.7
RH77-49 _ 10.7-15.4 12.7

Notes: (1) See locstions, Figure 3-4,

(2) The samples were tested for cation-exchange
capacity by "Sodium Saturation" in accord-
ance with procedures described in "Methods
of Soil Analvsis" purblished by the American
Society of Agronomy.




Twelve water samples were taken, of which seven were field tested as was
outlined for hole RH-77-45. The results of these tests are shown on the
Hydrogeologic Log. One soil sample was obtaired at 2 depth range of 4.3 -
6.8 m and a cation exchange capacity test was run on this soil sample (see
results in Table A3-2 ).

Permeability tests were performed in all three piezometers and hydraulic
conductivities are summarized in Table A3-1.

(i1} RH-77-49

The last hole drilled in the Medicine Creek Valley, RH-77-49, was started
on August 16 and was completed at a depth of 92.0 m on August 19, 1977.

Two standard piezometers were installed in the greenstone bedrock at depths
of 71.5 and 89.6 m. Three water samples ware field analyzed for
tenmperature, electirical conductivity and pH., These results are given on
tie Hydrogeologic Log. Soil samples were taken at depths of 10.7 - 15.4,
29.6 - 36.0 and 57.0 - 59.4 m and one cation exchange capacity test was
made on the first sampie (see Table A3-2). Falling head permeability tests
vere unrformed in the two piezometers. Test results are found in Table
A3-1.




AL4,D HYDROGEOLDGIC LOGS OF ROREHOLES

The following hydrogeologic logs summarize information on all
borcholes that were drilled for the ground water study. The abbreviated
lithology is based on data supplied from drillers logs, bag sample
analysea and hydrogeolegists' field notes.

In order to show all data in one compact log it was necessary to
use a nurmber of abbreviations and symbolic notation. The following notes
explain these abbreviations. The note numbers correspond to the numbers

shown in parenthesis 2t the head of each column in the following hydrologic

logs:
1) Lithologic Terminolegv Used in Logs
Lithology determined from hydrogeologists' field description of rotary
cuttings.
2) Datum

Unless otherwise stated all depth measurements are given in
meters relative to present ground level.

T.D. = total depth drilled.

3) Construction

a) Type of Backfill

e
_'E;ég sand, gravel and bentonite.




3)

Cont'd

b)

Hole

- —— — P —— Arr— e d———
— e —

x X 3

drilled hole casing removed

drilled hole casing left in place

drilled open hole

drilled hole known to have squeezed in

Standard Double Seal Piezometer Arrangement

£3% depth to centre of piezometer inlet

piezomzter type (see be ] ow)

L—J

Vd_c’éid-if S a—Beriforie

Frezomerer 71p
seeg rypes below

Standard Tep Seal Piezometer Arrangement

Ve 7t

Type 1:

TR

230 depth to centre of piezometer inlet
—_— .

g

piezometer type {seec below)

LIIYY. ﬁuﬁem‘om/%

P.
F«

|)

'g,‘l\@rave/

f%ezoma/er 19y
seg 1ypes below

Type of Piezometzr Tip

Standard Sampling Piezometer:

Slotted 19 mm (0.75 inch) diameter
PVC pipe.

long.

Approx. 60 cm (2 feet)

Has an air tube installed to

enzble water to be blown back to

R

grouiid surtface (see detail).

L o

o e s‘,".J'L"5-ff-=’"



4)

5)

6)

7)

Type 2: Mul-iple Tip Sampling Piezometer:

fmm PVC tubing threaded through
middle of 64mm PVC casing. End

of tubes were exposed, covered with

a cellulose filter cloth and taped to
the 50mm casing,

Type 3: Porous Cup Type Lysimeter:

Used for water sampling purposes only

(seec details in Figure A3-1).

Water level mrasured in berehele when drilling had reached
indicated depth (meters).
Water flows recorded while drilling was in progress. In hard rock
drilling where the borehole stays open these flows normally
represent cumulative flows since the water bearing zone was first
encountered.
Other: fl1 = water flowing over top of casing

Lw = losing water

Mv = making water

EC = Electrical conductivity in micro mhos/cm

PH = Field pH measurement of water sample
Static water level in piezometer/well after the ground water has
recovered from drilling operations (September, 1977). Positive
values indicate artesiazn heads (i.e. above datum). These static
water levels are equivalent to total piezometric heads in all

piezomoters.




&)

D = Depth range for permeability test (meters)

K = Average formation permeability determined (cm/sec)
M = Method used to determige permeability

P = Packer test using head method

f = Falling head test in piezometer

w = Pumping test
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A5.0 ISOTOPES USED IN GROUND WATER STUDIES

A5.1  THEORY OF ISOTOPES APPLIED TO HYDROLOGY

The foliowing is & brief review of the use of tnree selected isotopes for
evaluation of hydrologic systems. Much of the information is summarized
from Brown, R.H. et al.(1972)(1)

{a} Stable Isotopes of Hydrogen and Oxygen in Natural Waters

The stable isotopes of hydrogen and oxygen, which are the two elemental
constituents of water, have mean abundances in natural compounds as

follows:

99.985%, Deuterium (ZH) or (D) = 0.015%
99,76%, Oxygen-17 (170) = 0.04% and
0.2%. |

Hydrogen (1H)
Oxygen-1b6 (160)
Oxygen-1k (180)

Among ald the passible species of water, only the following are of
practical interesi for most studies:

Hp100, HDY8Q, and Hp180

The variations of tne isotopic ratios D/H and 180/160 in water

samples are expressed in terms of a per mil. difference ( "/oo} with
respect to the isotopic ratios of mean ocean water. This constitutes the
reference standard called SMOW (Standard Mean Ocean Water)}, (Craig
196112)), .

5 /00 = R _sample _j x 1,000

R smow
where R is the isotope ratio D/H or 180,160,

Thus samples with + values are enriched, that is they have more of the
heavier isotope than sea water. A1l oxygen-18 isotope data in this report
is refative to the SMOW standard.




Many natural processes cause variatfons of the isotope compositions of
natural waters. Among them, the most important are evaporation and
condensation. During evaporation the lighter molecules of water

(11,100), are more volatile than those containing the heavier

isotope, (HD16D or H2180). Thus, the vapour which evaporates

from the ocean is depleted by about 12-15°/00 in oxygen-18 and 80-120°/00
in deuterium, with respect to ocean water. Winter precipitation in general
will be depleted in heavy isotopes {(i.e. 1ighter) if compared to the
sumner precipitation and the variations of deuterium and oxygen-18 contents
in precipitation are lincarly correlated (Craig 1961) (2);

50 = 88180 + ¢
where € 1s a constant which varies from area to area.

Surface waters generaliy reflect the average isotopic composition of the
local precipitation unless it is:
1) mixed with isotopically different waters, such as water from
a different catchment basin, or ground water of a different
isctopic composition.
2) allowed to re-evaperate from open waters (such as lake
 surfaces): If this evdporation occurs, the relationship
between 8D and £180 will deviate from the linear
equation above, and will take on a flatter slope of the

form:
£D = K&EV80 - A

(Gat et al. 1968):(3)
where K = a constant falling value between 4 and 6
A = a second constant.

Ground water will tend to reflect the average composition of the recharge
zone waters. Thus, if recharge took place from a lake which was highly
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‘evaporitic, then these ground waters would have a heavier isotopic

composition.

{h) Tritium in Natural MHaters: A Review

Tritium is a radioactive isotope of hydrogen, having a mass of 3, and a
half-life 12.26 years, {Brown et al 1972}{1). It occurs in the
environment as a result of both natural and man-made processes. Large
amounts of man-made tritium were released to the atmosphere by
thermonuclear tests in the period 1953-1962. The tritium content in
natural waters is expressed in tritium units (T.U.). One tritium unit
corresponds to a concentration of 1 tritium atom per 10'8 hydrogen

atoms.

In ground water studies, tritium measurements are useful to give
information on the approximate time that has elapsed since recharge took
place. If it can be assumed that the ground water enters a closed systen
and that no mixing takes place, then the age of the water can be determined
by using allogarithmic decay formula.

Fstimated tritium concentrations for the precipitation in the Hat Creek
area, are presented in Figure A5-1. As can be seen from this diagram the
interpretation of the age of a particular ground water younger than 16
years is not very easy. This is due to the fact that for ground waters
that have been in the ground for less than 16 years there are two age
solutions for each tritium ievel obtained. However, if values are less
than 30 tritium units the ground water can be interpreted as being over 16

years old.

A5.2 METHODS FOR ISOTOPE ANALYSIS

Samples of water collected in the field were analyzed using standard

methods for isotopic analysis.
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(a} Deuterium

The wator Samples {minimum 10 ml)} were sent to the Environmental Research
Branch of Atomic Energy of Canada Ltd. (A.E.C.L.)} Chalk River Nuclear Lab-
oratories for analysis. Water samples were fad continuously inta an eva-
porator and the ensuing water vapour converted to hydrogen gas by the reac-
tion with hot {750° C} uranium metal (Friedman and Woodcock 1957)(4),

The deuterium to hydrogen ratio in this gas is thea analyzed by compariscn
with a standard gas using a specially constructed mass spectrometer with a
double cellector system. The results are accurate to + 1°/oo for one stan-

dard doviation.

{b} Oxygen-18

The analysis of water samples was carried out at the University of Waterloo
Geochemistry Laboratory. The field samples were collected and sealsd with
wax in 10 m? bottles. The method of analysis used is basically the same as
that described by Epstein and Mayeda (19533(5), A3 m sample of the

water was equilibrated with carbon dioxide gas at 25° C in a constant
temporature bath with shaker, for a minimum of 24 hours. An aliquot of the
gas w2s then analyzed for oxygen-18 content using a specially designoed mass
spectrometer (Varian-'tat GD-150). Corrections to the mass spectrometer
analysas were carried out as described by Craig (1957)(6), The

oxygen-1% values for each group of 12 samples were checked against a
standard water sample of known isotopic composition. The results are
precise to a standard deviation of + 0.1 per mil. (SMOW).

{c) Tritium

The analysis of tritium in the waters was carried .at at the University of
Waterloo laboratories. Analysis was carried out by first mixing 10 mls of
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water sample with 15 mls of 'Instagel'. This mixture was then shaken up
and the resulting emulsion allowed to gel. The sample was then placed in a
Nuclear Chicago Ligquid Scintillation Counter for radicactive counting. The
temperature in the counter was 10° C and the average §amp1e counting time

was about 400 minutes.
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1)

2}

5)

6)
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APPENDIX B SUPPLEMENTARY SURFACE HYDROLOGY INVENTORY TABLES AND FIGURES

B1.0 TABLES

Table B1-1: Streamgauging Sites in the Regional Analysis
Table B1-2: Thornthwaite Climatic Water Balance for Hat Creek
Table B1-3: Thornthwaite Climatic Water Balance for Ashcroft

Table B1-4: Thornthwaite Climatic Water Balance for Highland Valley
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Figure B2-1 {76-4-32): Streamgauging in Anderson Creek

Figure B2-2 (76-4-28): Current Meter ready for Streamgauging in Ambusten Creek
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Winter Minimum Flow Frequency Curve for Hat Creek near Upper Hat
Creek (O5LF061)

Yearly Miniwmum Flow Frequency Curve for Hat Creek near Upper Hat
Creck (0SLFO61) :

The Relationship between the Climatic Conditions of the Hat Creek
Valley ard the Discharges of the Houth Creek and Medicine Creek
Diversion

The Relationship between the Climatic Conditions of the Hat Creek
Valiey and the Discharges of Finnuey and Anderson Creeks

The Relationship between the Climatic Conditions of the Hat Creek .
Valley and the Dischaiges of Medicine and Ambusten Creeks

The Relationship between the Climatic Conditions of the Hat Creek
Valley and the Discharge of the W.S5.C. Stations on Hat Cresk

Some Typical Rainfali-Runoff Events in Hat Creek

{76-4-35) Finney Lake

{76-4-36) Dam and gate controlling outflow from Finney Lake
(76-1-7) Deeply entrenched section of Hat Creek

(76-5A-14) HMeandering, partly entrenched and combined sectian
of Hat Creek

{76-5A-28) Hat Creek at Section 9-4
(76-5-29) Upstreanm view along Hat Creek

Hat Creck Water Surface Profiles




Figure
Fiqure
Mygure
iFigure

Figure

Cross Sections 1-1, 1-2, 1-3
Cross Section 2-1
Cross Sections 5-1, 5-2, 5-3
Cross Section 6-1
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TABLE B1-]
STREAMGAUGING SITES IN THE REGIONAL ANALYSIS

No. Station ho. Station Name No. of Years Drainagg
of Records Area {km?)

1 CeRLG0S Cuissen Creck near Alexandria 11 162
s DERCCTa Hawks Creck above Lyne Creek 5 456
3 08076 Founlain Creek near Lillooet 12 he
A - 054020 Cinquefoil Creek near Lillooet 10 57
5  OumMFOTo McGillivray Creek near Lillooet 12 52
6 0BLADYY Boss Creek above Hendrix Creek 3 122
7 08LBORG Mann Creek near Blackpool 21 295
8 0oLhszo Barriere River at the mouth 30 1,140
9 GLBOTS Harper Creek near the mouth 3 168
10 08LBO1S Louis Creck at boundary of 6 259
railway belt
Tt 08LB072 Louis Creek at the mouth 5 663
172 Q2LBOZG Fishirep Creek near MclLure - 12 52
13 08LE0N04 . Heffley Creek near Kamloops 12 168
14 0811513 Paul Creck near Kamloops (Station A) 30 321
14 SLE03T South Thompson River at Chase 53 16,162
16 08LEOBY South Thompson River at Monte Creek 13 16,602
1/ 08LLOGS Hiuinill Creek near Squilax (lower 8 106
Station)
18 081.0027 Seymour River Near Seymour Arm 24 805
15 (OLEOLG Ratchford Crezk at 2,000 ft. contour 3 253
20 0BLLEOY4 fagte River near Malakwa 18 504
21 CRLGCRS? Shuswap River near Enderby 42 4,653
272 0BLCO34 Ferry Creek near Lumby 17 145
23 0010005 Bessetts Creck near Lumby 17 253
24 HEENGY Salmon River at Glenemma 6 1,173
USRS Salmon River near Salmon Arm 17 1,507
26 0CL. o Bolean Creek at Falkland 15 228
i N IR O Chazme Croek near Chese 17 613
760 00 T0s Monte Creek near Monte Creek 20 184
79 QL rngg Tranguille River near Kamloops 13 596
30 0%EF0Ag Latching Cresk near Kamloops 15 80
31 0OLF0?7 Deadi - River above Criss Creek 23 862
32 0LLFopy Criss Lreek near Savona 25 490
37 o100 Barnas Creek near Ashcroft 17 104
30 Q8LrF6z Bonaparte River near Bridge Lake 16 £5
35 DOLFOAD Bonaparte River near Caciie Creek 15 4,097

30 QSLFOOZ Bonap:ay te River below Cache {reek 15 5,025




TABLE B1-1 Continued

No. Station No. Station Namea No. of Years Drainage
of Records Area {km?)

3/ CALFD47 Fiftyseven Creek near Clinton 8 108
3 0RLFOU2T Scottie Creek near Cache Creek 22 174
29 (QGLF013 Hat Creek ncar Ashcroft 12 73
40 GRLINS] Hat Creck near Upper Hat Creek 16 350
A1 08LFOYS Hat Creek near Cache Creek 18 658
47 OOLGGEY Nicola River above Nicola Lake 13 1,500
43 GOLGGOG Nicola River near Spences Bridge 29 _ 7,278
A4 QBLGO4AB Coldwater River near Brookmere 1 316
45 08LGOIN Coldwater River near Merriit 24 914
A6 GHLGORD Spius Creek rear Canford 15 906
A7 GBLFGLT Murray Creek near Spences Bridge 15 145
A8 QRNNGGA Ketile River at Kettle Valley ] 5,698
A DGHROT3 lettie River nzar Ferry 48 6,579
B OBNNOTH Kast ¥ettie Eiver near McCulloch 21 249
51 O8UNOGY Rock Creek near Rock Creek 6 280
L2 QoHHCTO Myers Creck at International Boundary 35 207
53 0N Boundary Creek at Greenwood 21 425
had  OEHNOOZ Granby River at Grand Forks 18 2,331
Hh 0 (8NM1SE Trout Creek at the mouth 7 704
313) CHMTH9 Pearhland Creek at the mouth 7 150
57 08NMI155 Trepanier Creek at the mouth 7 254
58 0OWNM157 Powars Creek at the mouth 7 144
59 0RHMAN03 Lambly Creek near the mouth 12 272
60 08NS Shorts Creek at the mouth 7 185
61 DenM1 79 Coldstiream Crzek above Kalavista 6 207
diversion
62  OBNMOL3 Kelowna Creek near Kelowna 27 z221
(Touer station) .
63 08NMINE Penticton Creel at the mouth 12 177
61 0035 Ellis Creek at Penticton 10 158
6L 08NS - Vaseux Creak above Dutton Creek 22 255
06 06 057 Similkam=en River at Princeton 41 1,852
67 08HLO38 Similkamzen River near Hedley 11 5,561%
68 OBNLGOS Similkameen River near Keremeods 19 5,95/
69 OONLDSE Whipsaw Creek below Lamont Creek 11 185
70 08NLOZ4 Tulameen River at Princeton 26 1,767
71 0BNLOZ3 Ottei Creek at Tulameen 29 673
7o QBNLOTS Asp Creek near Princeton 10 52

73 00ALO2] - Granite Creek at the mouth 5 264




Mo,

From Weter Survey of Caneda, Surface Water Data, Reference

Station No.

OnL0T2
OBHLO13
0BR1L020
OHNLO3S
06RL041

081 080
Oun G
UBNITI 38
ourINz?
051019
IRp S

GERLRLE

TABLE B'-1 Continued

Station Name No. of Years Drainage
' of Records Area (km2)
Al1ison Creek near Penticton 25 673
Sumners Creek at the mouth 8 249
Hayes (five Mile) Creek near Princeton 8 751
Siwash Creek near Princeton 9 174
Wolfe Creek at the outlet of Issitz 8 215
Lake
Hedley Creek near the mouth 3 388
Ashnola River near Keremeos 33 1,054
Terrace Creek near Kelowna 1 31
MacKay River at the mouth 5 144
MofTfal Creek near Horsefly 12 539
Beaver Creck at outlet of Beaver Lake 5 852
San Jose River near Lac ia Hache 26 459

index, 1975.
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FIGURE B2-1: (76-4-32) Streamgauging in Anderson Creek with
0tt current meter, 16 Sept., 1976
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FIGURE B2-2: (76-4-28) Ott propeller-type current meter, ready

for streamgauging in Ambusten Creek,
16 Sept., 1976
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FIGURE B2-3:

(76-1~15) View along the abandoned Hammond Diversion
of Upper Hat Creek to Oregon Jack Creek,
19 July, 1976
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Figure B2-0:

The Relationship between the Cliimatic Conditions of the Hat Creek

Yalley and the Discharges

of Finney and Anderson
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FIGURE B2-11:

RUNOFF EVEHNTS
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FIGURE B2-12: (76-4-35) Finney Lake, 16 Sept., 1976




FIGURE B2-13: (76-4-36) Dam and gate conirolling ouifiow from
Finney Lake, 16 Sept., 1976




FIGURE B2-14: (76-1-7) Deeply entrenched section of Hat Creek,
immediately downstream of Indian Reservation
No. 2, looking downstream, 18 July, 1976




FIGURE B2-15: (76-5A-14) Meandering, partly entrenched and combined
| section of Hat Creek approximately 2 km
downstream of Robertson Creek. A series
of fragmentary terrace levels and a small
genetic flood plain are prominent in the
centre of the photo, 19 Oct., 1976




FIGURE B2-16: (76-5A-23) Hat Creek at Section 9-4, looking down-
- stream. At this site, the stream flows
across its fan in the Bonaparte Valley,

19 Oct., 1976
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FIGURE B2-17: (76-5-29) Upstream view along Hat Creek from a site
approximately 20 m below the line of
Section 1-1, 18 Oct., 1976
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APPENDIX C




Table C1-28: Surface Water Anaiytical Data

APPENDIX C SUPPLEMENTARY WATER QUALITY INVENTORY TABLES AND FIGURES

C1.0 TABLES

Table Ci-1: Ground Water Sample Collection Dates

Table C1-2: Detailed Preservation List and References

Table Ci-3: Analytical Methodology, References, & Detection Limits

Table C1-4: Surface Water Sample Collection Dates

Table C1-5: Ground Water Analytical Data - Domestic Well 1

Table C1-6: Ground Water Analytical Data - Domestic HWell 2

Table C1-7: Ground Water Analytical Data - Domestic Well 3

Table C1-8: Ground YWater Analytical Data - Domestic Well 4

Talle C1-9: Ground Water Analytical Data - Domestic Well 5

Table C1-10: Ground Water Analytical Data - Domestic Well 8

Table C1-11: Ground Water Analyiticai Data - Domestic Well 9

Table C1-12: Ground Water Analytical Data - Domestic Well 10

Table C1-13: Ground Yater Analytical Data - Domestic Well 12

Table C1-14: Ground Water Analytical Data - Steel Bros. Limestone Quarry Well
Table C1-15: Ground Water Analytical Data - Artesian Springs

Table C1-16: Ground Water Anaiytical Data - Pit Hydrology Program

Tahle C1-17: Ground Water Analytical Data - Bucket Auger Hole 47

Table C1-18: Ground Water Analytical Data - Power Plant Site Program

Table C1-19: Ground Water Analytical Data - Bulk Sampling Program - #1 Well
Table C1-20: Ground Water Analytical Data - Bulk Sampling Program - #2 Well
Table €C1-21: Ground Water Analytical Data - Bulk Sampling Program - #3 Well
Table C1-22: Ground Water Analytical Data - Bulk Sampling Program - Trench B
Table C1-23: Surface Water Analytical Data - Upper Hat Creek

Mid Upper Hat Creek

Mid Hat Creek

HMid Lower Hat Creek

Lower Hat Creek

Tahle C1-24: Surface Water Analytical Data
Table C1-25: Surface Water Analytical Data
Table C1-26: Surface Water Analytical Data
Table C1-27: Surface Water Analytical Data

Upper Bonaparte River
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Data
Data
Data
Data

Pata

Data
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Caltgon Study - Thompson River

Mid Bonaparte River
Lower Bonaparte River
Upper Thompson River
Lower Thompson River
Pit Hydrology Program

Power Plant Site Program
Medicine Creek

Power Plant Site Program
MaclLaren Creek

Power Plant Site Program
Pavilion Lake

Bulk Sampling Program
Hat Creek - Station 1
Bulk Sampling Program
Hat Creek - Station 2
Bulk Sampling Program
Hat Creek - Station 3
Means
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C2.0 FIGURES

Figure C2-1: Analyses of Hat Creek Valley Ground Waters
Figure C2-2: Mean Concentrations of Surface laters 7
Figure C2-3: Mean Concentrations of Generation Site Surface Waters

Figure C2-4: Sediment Concentration versus Discharge, Hat Creek near
Upper Hat Creek

Figure C2-5: Sediment Concentration versus Discharge, Hat Creek near
Cache Creek

Figure C2-6: Sediment Concentration versus Discharge, Bonaparte River
betow Cache Creek ,

Figube C2-7: Dissolved Solids Concentiration versus Discharge, Hat Creek
near Upper Hat Creek

Figure C2-8: Dissolved Solids Concentration versus Discharge, Hat Creek
near Cache Creek

Figure C2-9: Dissolved Solids Concentration versus Discharge,
Bonaparte River below Cache Creek




TABLE C1-1
GROUNDWATER SAMPLE COLLECTION DATES

DOMESTIC WELLS (BASE)

29 Nov./7¢6 26 May/77

DW 1
DW 2 1 Dec./76 29 May/77
DW 3 30 Nov./76 25 May/77
DW & 1 Dec./76 29 May/77
DY 5 1 Dec./76 19 May/77
LW 8§ 1 Dec./76 28 May/77
DWW 9 1 Dec./76 30 May/77
bW 10 "2 Dec./76 28 May/77
Di 12 - 29 May/77
Steel Bros. Limestone Quarry Well 30 April/77
ARTESTAN SPRINGS

1 22 Nov./76 20 July 77

2 22 Nov./76

3 (kest) 22 Nov./76

3 (East) 22 Nov./76

BULK SAMPLE PROGRAM

COLLECTION NUMBER

1 -2 3 4 5
Well 1 7 June/77 - - - -
Wall 2 7 Jdune/77 21 June/77 6 July/77 20 July/77 ~
Well 3 7 June/77 21 June/77 6 July/77 20 July/77 4 Aug./77
Trench B 21 June/77 6 July/77 19 July/77 4 Aug./77 14 Sept./77
SPECIAL COLLECTICNS

Coal Seam 19 Sept. 1976

PIT HYDROLOGY STUDY
Well RH 76-19 14 October, 1976 (After Pumping)

L1] 1] 1t n

9 September, 1976 {Before Pumping)
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DETALLED PRESERUATION LIST AND REFEREMCES

Analysis to ba Parformed

AVl parameters

Biochemical Oxygen Demand

Chamical Oxygen Demand

Dissalved Oxygen

Mercury

Metals - Total and Extractable
(excluding Ha, K, Ca, Mg, Al,
As, B, Haxdavalent Cr, and Hg)

Metals - Dissolved (excluding Al,

As, 8, Hexavalent Cr, and Hg)

Metals - Dissolved {AY, As,
8, Hexavaleat Cr, and Hg)

Nitrogen - Ammonia, Kieldahl

Hitrogen, fiitrate, Nitrite

Organic Carbon

Phenol

Phosphates

TABLE (1-2

Sarple Treatment

Refrigerate at 4°C,

Refrigerate at 4°C. Take care

to ensure that the contalner is
filled to the brim and rid of air
bubbles.

Add 2 ml concentrated M,5Q,
per litre.

Analysis in the field. The
procedure is described in “Standard
Methods", 13th edition pp 477-479.

Add 50 m} concentrated MNO,,
Aristar grade, and 5 mi of

Y0¥ K:Cr 07 per litre.

Add 5 ml concentrated HNG,, par
litre to lower the pH to less than
2. Check with Indicator paper

that the stipulated pH has been
attafned.

The sample must be filtered at the
time of sanpling through 0.45 un
merbrane filter paper before alding
5 ml concentrated HNO, per Titr-~. A
distilled water blank myst alsg ha
run through the same apparatus using
a similar filter paper.

The sample must be filtered at the
time of sampling through 0,85 wn
mendbrane fiiter paper. A distilled
water blank must also be run through
the same apparatus using a similar
filter paper.

Add 2 ml of 2% HgCl: per litre.
Refriverate at 4°C.

Add 2 ml of 2% HgCl; per litre.
Refrigerate at 4°C,

Add 2 m} concentrated HCl per litre
to lower the pH to less than 2.
Check with indicator paper that the
stipulated pH has been attained.
Refrigerate at 4°C.

Collect in 1 litre glass bottles.

Add 10 mi of 104 CuSQy and | @) of
concentrated HyP0, to Yower the pH

to 4, Check with indicator paper
that the stipulated pH has been
attained. Blologica) degradation is
inhibited by the CuS,. Acidification
with HyP0, assyres the presence of
copper ton in solution and eliminates
any chemical changes caused Ly the
presence of strong alkali conditions,

Add 2 ml of 2% HqCI; per litre.

Refrigerate at 4°c.

H.0.: If total phosphorus alone is
to be determined, preservation
1% not nacessary,

1. Standard Methods for the Examination of Water and Wastewater, 13th Edition. American Public Health
Assaciation, et al., Washington, 0.L.., 1971.

3. Methods for Chemical Analysis of Water and Wastes,

2. Instructions for Taking and Shipping Water Samples for Phystcal and Chemtcal Analyses, 2nd Editfon.
{nland Waters Directorate, Water (Quality dranch, Otteawa, Canada,

Envirgnmental Protection Agency, Water Quality

0ffice, Analytical Quality Contro) Laboratory, Cincinnati, Ohig, 1971,

4, Biological Fileld and Laboratory Methods for Measuring the Quality of Surface Haters and Effluents:
Plankton Chapter. Edited by Cornelius Weber, EPS-670/4-73-C01, July, 1973,

5. Preservation of Dilute Mercyry Solutions.

Junuary 1974,

Cyrus Feldman,

Anaiytical Chemistry. vol, 45, Ho. 1,



ARALYT{CAL

AR TR (ng/ <)
CATTIMS - Trace Hetals

Aluminue (A1}
Arsenic [As)
Cadutum (vd)
Chruanun (Cr)
Copper (Lo}
Tron (Fe)
Lead {P0)
ercury (Mg)
Mol yLdenum {Mg)
Seleniun {5)
Vanwdiun (¥)
Line (4n)

CATI ~ Alhaly Earths & Nelals

Catiium {Ca)
Litlows {Lid
Maygries fue (1)
Putusyti (F)
Sodrwn (N3}
Strentium (3r)

MUOHS « Genera)

Hovon (1)

Chlerive (€1)
Fluorive (F}
Sulfate (50a)

MRS - Dutrients
Tutnl khjuldahl Kitrogen (M)
Rityate Nitrogen (NO, - N}

Nitrite Yotrogen (N0, « N}
{utal Uisnophosohate Phosphovus (P)

OAGRIC, MOIIC

Cult

T0L

Fhengl

Toi i Hardness {CalG,)
Toral AlkeVinity (CaCli)

PHYSILAT DATA

pH [units)

specific Conductance {jmhos/cm 0 25°)
Tiue Colar (Pt-Lo units)

Terperature (°C)

Turbndity (NTUY

MM DATA - Residues

Tatal Residue

Filtrable Residoe
Hunfiltrable Residue
Pyned Total Residue

Yided Filtrable Residue
Finod “oufiltrable Residue

RICCHEMICAL, DISSOLVED GASES &

badld
LN
SoSatwmetion

KiFihetits FOR ARALYTICAL NETHODS

TABLE i-3

METHUDULOGY, REFERERCES & DETECTION LINITS

Methodology

Eriochrome Cyenine R, Coalorimetric
Pyridine ~ AODC, Colorinmetric
AR

A

A

AR

AA

FAA

hithict, Colorimetric
Diaminohenzidine Colorimetric
AA

A

zzz2EET

Curcumin, Lolorieetric
Wy (Chs), . Colorisetric
SPAS _
furnidvmetric (Baliy,)

Digastion, distillation & Hessler
Brucine Celorimetric
UDiazotization Colorimetric
Hotybdate 4nCl;24,0 Colorinetric

K:Cr,0; Drgestion & FAS Titration
Carbon anelyzer

4 - Awinvantipyrine Colorimetric
Calculation (Ca, My}
Potentiometric

Potentiometric
Conductivity meter
Centrifuge & Couwparator
Field

Turbidinetric

Gravipetric
Gravinetric
Gravinetric
Gravinetric
Gravisefric
Graviretric

Encubation & dissolved oxyyen meter
Field (Winkler 3 6.0, weter)
calcuiation

Mz thod

References

[
F
w
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Ly L L L L e

1.2,
2,3.4,

o

0.010
0.005
0.005
0.010
0,005
0.0i0
0.0%0
0.00025%
0.020
0.003
0.005
0.005
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b ot ot et

Lo A laburatory Manual for the Chemical Analysis of Water, Wastewsters and Biological Tissues by Chemistry Lataratory,
Habtr: lespurcus dervice, Dept. of Lands, Furesis and Water Resources, Frovince of British Columbia. Jdanusry 1973,

. Metlods for Chewfcal Analysis of Waters and Mostewsters fy W.J. Traversy, Watur Qualtity Division, [nland Waters
Swnan, bept, Of Fisheries and Forestey, Ottawd, Untariu, §97).
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SURFACE WATERS
Station 1
Station 3
Station 4
Station 5
Station &
Station 7
Station 10
Station 14
Station 16
Station 17
Station 18
Station 19

BULK SAMPLE PROGRAM

Hat Creek Station
Hat Creek Station
Hat Creek Station

[FS AN I )

Hat Creek Station
Hat Creek Station
Hat Creek Station

G )

SPECIAL COLLECTIONS

TABLE C1-4

SURFACE WATER SAMPLE COLLECTION DATES

Freshet (Turb., Cond., S.S.)

Station
Station
Station
Station
Station
Station
Station

Lt A=A T S0 B 0 #% Y o

4
PIT HYDROLOGY STUDY

A1eece Lake

Hat Creek (Below Finney Creek)

GENERATION SITE STUDY

Medicine Creek
Maclaren Creek

PAVILION LAKE STUDY
Pavilion Lake

Sept. 76 Dec. 76 March 77 May 77
18 Sept. 6 Dec. 16 March 20 May
18 Sept. 5 Dec. 15 March 24 May
16 Sept. 5 Dec. 16 March 25 May
16 Sept. 5 Dec. 16 March 23 May
16 Sept. - - -
16 Sept. 30 Nov. 15 March 22 May
15 Sept. - - 26 May
15 Sept. 30 Nov. 14 March 20 May
17 Sept. 3 Dec. 14 March 24 May
17 Sept. 3 Dec. 15 March 27 May
18 Sept. 6 Dec. 17 March 23 May
18 Sept. 6 Dec. 16 March 30 May
COLLECTION NUMBER
1 2 3 4 5
26 Apr. 77 11 May 77 24 May 77 8 June 77 22 June 77
- 11 May 77 24 May 77 8 June 77 22 June 77
26 Apr. 77 11 May 77 24 May 77 8 June 77 22 June 77
b 7 8 9
5 Jduly 77 20 duly 77 4 Aug. 77 14 Sept. 77
5 July 77 20 July 77 4 Aug. 77 14 Sept. 77
5 July 77 20 duly 77 3 Aug. 77 14 Sept. 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 June 77
19 May 77 to 28 May 77 Incl. 8, 9 & 10 Jdune 77
9 September 1976
9 September 1976
COLLECTION NUMBER
N 2 —3_ 4
21 May 77 27 July 77 6 Aug. 77 13 Sept. 77
27 July 77 6 Aug. 77
27 July 77 6 Aug. 77 13 Sept. 77




GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL )

STATION: DW 1 .

PARAMETER {mg/t)

CATIONS - Trace Metals

Aluminum {Al)
Arsenic (As
Cadwium {Cd
Chromium {Cr)
Copuer {Lu)
Iron {FE;
Lead {Pb
Mercury (Hy)
Holybdenum (Mo)
Scelenmium {Se}
Varnadium (V)
Zinc (Im)

CATIONS - Alkali Earths b Metals

Calgium (Ca)
Lithiva [L1)
Magnesium (Mg}
Potassium (K)
Sediup (Na)
Strontium (5r)

AlJONS - General

Boron {2)

Chioride {C1)
Flugride {F)
Sutfate (50.)

AHIONS - Hutrients
Total rjeldahl Hitrogen [N)
Hitrate Nitrogen {NO, - h)

titrete Nitrogen (HO, - 1}
Tote)l Orthophosphate Phosphorus (P)

QUGANIE, HONIDHTC & CALLULATED VALUES

con

Toc

Phenol

Tetal Hardness {Lal0,)
Total Atkelinity {Cal0,)

PHYSICAL BATR

pe {units)

Specific Conductance {y.mhos/cm B 25°)
True Cutar (Pt-Co units)

Turbidity (NTU)

SHYS]CAL DATA - Residues

Tota)l Residue

Tiltrable Residue
Honfiltrable fesidua
Fixed Total Pesfdue

Fired Fittrable Nesidue
Fiaed Honfiltreble Residue

TABLE C1-5

A
LI T T N~ T T TR A N B |

60
18
18

315
k3

273
n

. 1976

.00025

.35

1
.020
L0010
035

May 1877

<0

<0,
<0,
<0,
<0.

<0

<0.
<0,
<0,
<0,

58
20
23

45
24
<
227
226

356
347

271
262

010
005
[H)
0o
005
020
010
00025
020
003
0a5
.089

004

.30

o -

13

.36

-0010
“043

002

<0,010
<0,005
<0.005
<0.010
<0.005

0.020
<0.010

<0,00025

<{.020
<0,003
<0.005

0.068

59
0.004
19

21
.33

A
_O—wO
Lt

o

0.24
<0.04
<0,0010

0.03%

45
<0,002

226
230

8.3
505

1.6

345
329

ere
267

.00025

A
[ A =R R L

Wi A W

oo
el
~
4

0.25
<0.040
<C.0010

¢.008

Wty

30
0.4

21
i

WD R



TABLE C1-6

GROUNDWATER ANALYTICAL DATA - DOMESTIC WwELL 2

STATION: DM 2
PARAMETER (mg/1)

CATIONS - Trace Hetals

Aluminum (A1)
Arsenic {As)
Cadmium {Cd)
Chromium {Cr)
Copper {Cu)}
lron (Fe

Lead {Pb
Mercury (Hg)
Molybaenum (M)
Seleniym (Se)
Yanadium [V}
Zine (In)

CATICHS - Alkall Earths & fetals
Calcium (Ca)

Lithium (Li)

Hagnesium (Mg)

Potassium (K?

Sodium (Ha)

Strontium (Sr}

RUONS - Genera)

Boron (B}

thloride (C1})
Flueride {F}
Sulfate (S0h)

ANIONS - Nutrients
Total Kjeidah) Nitrogen (H)
Nitrate Nitrogen (NO,-%)

Nitrite Nitrogen (40;-h)}
Tota] COrthophosphate Phosphorus (P}

ORGANIC, NOWIONIC & CALCULATED VALUES

cop

™

Prengt

Totel Hardness {(CaCO,)
Total Alkalinity (CaC0,)

PHYSICAL DATA

phi (units)

Specifig Conductance {ymhos/cm 8 25°)
True {olor {Pt-Co Units})

Turbydity (HTU)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfiltrable Residue

Fixed Total Rusidue

fized Filtrable Rasidue
Fyaed Honfiltrable Resldue

pec. 76

.00025

<

LI R T B~ B D DU B B R |

B4
16

15
0,33

e

ook
[P
o

0.05

0.12
<8,0018

0.016

May 77

0.014
<0.005
<0.005
<0010
<0.005

0.6
<0.010

0.00028
<0020
«0.003
<0, 005

0.008

0.003

0.08

D.15
<@,0010

0.004

397
395

346
35

>

0.004
<0,005
<. 005
<0.010
<0, 005

0.0
<0.010
<0.0002%
0. 020
«0.003
<0, 005

0.008

85
0.003
17

15
.30

[l
[N =N ]
]

b

0.07

0.14
<0.0010

0.010

<0002

ki)
392

ary
<t

.Bog2s

"
(IR N T N = T TN RN N B |

o TR L

.07

moo
ry
3
o

0.03

0.02
<0.0G10

¢.012



TALE C1-7
GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 3
STATION: DWW 3
PARAMETER (mg/t) Dec, 76 Hay 77 ¥ R

CATIDNS - Trace Metals

Aluminum (A1) - <4,0%0 <0.010 -
Arsenic {As) - «0.005 . «0.005 -
Catmium {Cd) - <0, 005 <0.005 -
Chrortum (Cr) - <0.010 <0.010 -
Copper {Cu) - <D, 005 <0.005 -
Iron (Fe} - 0.015 0.015 -
tead (Pb - <«0.0%0 <0.010 -
Mercury (11g) <0.00025 <0. 00025 <0.00025 <0.00025
Motybdenum (Mo} - <3.020 <0.020 -
Selenium (Se) - <0.003 <0.003 -
Vanadium (V) - <0, 005 <0.005 -
ling {In) - 0.025 0.025 -
CATIONS - Alkalf Earths & Metals

Calcium (Ca) 13 81 7 8
Litaium (Li) - 0.004 0.004 -
Magnes ium iH } 15 17 16 2
Potassium K? . - - - -
Sodium {(Na) 12 " 13 13 1
Strontium (5r) 0.29 .24 0.27 0.0%
ARIONS - General

Boron (B) - 0.1 <0.1 -
thloride (1) . 1.6 2. 1.9 0.5
Fiveride (F}) 0.55 0.084 0.32 0.46
Sulfate {50,) 28 37 33 9
ANIONS - Mutrients

Total Kjeldah Nitrogen {N) . 0.06 0.38 0.22 0.32
Nitrate Nitrogen {R0,-H} 0.28 8.32 0.30 0.0
Hitrite Hitrogen {KD,-M) . <0.0010 0.00%6 <0.0013 <3,6016
Total Orthephosphate Phesphorus (P) 0.0 0,022 0.017 0.01
URGANIC, NOWIONIC & CALCULATED VALUES

coe : ‘ - 38 18 -
108 - 16 . 16 -
Pheno) - <0.002 <0, 002 -
Total Kardness (LaCd,) 244 272 . 258 28
Total Alkalinity {CaC0,} 254 257 257 3
PHYSTCAL DATA ’

pit funits) - 7.9 7.7 7.8 0.2
specific Conductance [ymhos/em 8 25°) 480 © 540 510 60
True Celer (Pt-Co units) 5 5 5 o
Terbidity (WTU} 0.10 0.75 0.43 0.65
PHYSICAL DATA - Residues

Total Residue 344 349 kN 5
Filtrable Residue kLY a2 342 1
Honfiltrable Residue 3 7 5 'y
Fized Total Residue 309 295 02 11!
Fixed Filrrable Residue 309 290 300 1§

Fixed Nonfiltrable Residue <] 5 3 <5
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TABLE

Ci-8

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 4

STATION: DW 4

paraveTER (mu/t)

CATIONS - Trace Metals

Aluminum {AT)
Arsentc [As)
Cadmium {Cd)
Chromium {Cr)
Copper (Cu)
iron (Fe

Lead (Pb
Mercury (HMg)
Molybgenum [Mo)
Setenium {Se)
vanaciun (V)
Zinc {In)

CATIONS - Alks){ Earths & Metals

Cateium {Ca)
Lithiyms (L)
Magnes i um EN }
Potastium K?
Sedium {Na)

Strontrum {Sr)

MO - General

Boron (B)

Chlorice (C1)
fluorige {F)
Sulfate {50.)

AHIONS - Nutrients
Tote! Yieldahl Nitrogen (N}
Nitrate Nitrogan (NO;-K)

lifteite Nitrogan {NOz-N)
Total Orthophosphate Phosphorus (P)

DRGANIC, NONIONIC & CALCULATER VALUES

cob

TOC

Prenol

Total Mardness {CaCl,)
Toral Alkalinity (CacCO,)

PHYSICAL DATA

pH (units}

Specifiz Conductance (ymhos/em @ 25°)
Truz Culer {Pt-Co units)

Turbidity {NTU)

PHYSICAL DATA - Residues

Total Pesidue

Filteadvle Residue
Honfittrable Residue

fraed Total Residue

Fixed Filtrable Resfdue
Fiazd Honflitrable Residue

n
LI R Y I - N B B |

59

16

G.

0
0
<0
0

328
26

301
301
<1

80025

35

.07
050
0010
045

i

<0.010
<0.005
<0.005
<0.010
<0.005
0.01%
«0,010
«0.00025
<0.020
<0.003
<0.005
0.1z

64
0.004
18

23
0.29

(=] A
— L

0.21

0.0%0
<0.0010

0,050

22

<0.002
2N
228

350
348

302
oo

»q

<0.010
<0.005
<0, 005
.00
<0,005
0.015
<(.010
<0, 00025
0,020
<0,003
«{. D05
0612

62
0.004
17

20

A
o

0.050
<0.0010
0.048

22

<0.002
224
225

5
0.15

39
33

302
ki
<2

<

[ IR I - B R T

O~ R oW

—o o

22
22

<2

- 00025

.05

-051

L)
.050
.Gar

.005

10



TAELE €3-9

GROUNDWATER ANALYTICAL BATA - DOMESTIC WELL 5

STATION: DW &
PARAMETER {mg/t)

CATICNS ~ Trace Metals

Aluminum [AY)
Arsentc (As)
Codmivn (Cd)
Chromium (Cr)
Copper (Cu}
[ron iFez
Lead [Pb
Mercury (Hg)
Molybdenum {Ho)
Selenium (Se}
Vanadium (V}
zine (2n)

CATIONS ~ Alkali Earths 3 Metals

Calciun (Ca)
Lithivm (L1)
Magaes ium EH }
Potassium K?
Sodium [Ha)

Strontium {Sr)

AIICNS - Generat

Boron {B)
Chioride {£1)
Floaride {F)
Sultate {50,)

ANIONS « Nutrients
Totel Kjeldahl Nitrogen (N)
Hitrate Hitrogen (NO,-%)

Nitrite Kitrogen {50;-N)
Total Orthophosphate Phasphorus (P)

ORGANIC, ROMIORIC B CALCULATED VALUES

CGo

T0C

Phenol

Tota! Hardness {CaCC,)
Total Alkatinity (CalD,)

PHYSICAL DATA

pH {units)

Specific Conductance {imhos/cm @ 2573
True Coler (Pt-Ce units)

Turbidity (HTU)

PHYSICAL DATA - Residues

Totol Rasidue

Fittrable Residue
flonfiltrabie Residue

Fixed Tatal Residue

Fixac Filtrable Resfdue
Frzed Konfiltrable Pesidue

Dec. 76

.00025

A
LI I N B - R R R I B 2 |

0.60
0.56
3

0.0%

G.020
<0.0010

D.062

19;
193

400
10

28
250

268
268
<1

<0010
<0008
<0.005
<0.07¢
<0.005
0.069
«0.010
<0.00025
<0.020
<(1.003
0.014
0.013

54
0.003
4

13
0.25

o5
OD —

0.1
0.13
<0. 0010
0.045

<10

4
<0.002

1892

188

7.7
420

0.40

272
269

226
226
<]

<0.010
<. 005
<0, 005
<0.010
<@,005
0.069
<0.010
«<0.00025
<0.020
<0.003
0.014
¢.013

A

-
oo o
ug-

0.16

.08
<0.0010

0.059

4
<0,002

193

191

1.7
410
<10

0.80

282

247
247
<}

L3

LI R~ 2 L I I B B I

o) OO

0

<«

L. I B

20
<19

19
21

4z
42
<3

00025

.04

.40
.47

.02

“ealo
017



TABLE C1-10

GROUNDAATER ANALYTICAL DATA - DOMESTIC WELL 8

STATION: DW B
PARAMETER (mg/1)

CATIONS - Trace Matals

Aluminum (A1)
Arsenic {As)
Cacmium (Cd)
Chromiom {Cr)
Copper {Cu)
lron {Fe

Lead (Pb
Mergury (Hg)
Holybdenum {Mo)
Selenium (Se)
Yanadium (V)
ling {iIn)

CATIONS - Alkali Earths & Metals

Calcium (Ca)
Lithium {Li)
Mayres bum (M)
Patessium (K?
Sodium {Ha)
Stroatium [Sr)

MIJONS - General

Boron (B)
Chiuride {C}})
Flusrice {F)
Sulfate (50.)

RIIONS - Nutrients
Totel Kjuldahl Nitrogen (H)
Nitrate Yittrogen (%0,-%)

Hitrite Nitrogsn {N0,-N)
Total Orthophosphate Phosphorus (P)

QROANIC, NONIONIC & CALCULATED VALUES

oD

T0C

Phenol

Tota} Hardness {Call,)
Toral Alkalinity {CaCl,)

PHYSICAL DATA

pit {units

Specific Conductance (ymhos/cm @ 25°)
True Color {Pt-Co units)

Turbidity (1TU)

PHYSICAL DATA - Fesidues

Total Residue

Filtrable Residue
ltonfiltrable Residue

Fixed Total Residue

T axgd Filtrable Residue
Fraed Honfiltrable Residus

Dec. 75

00032

[ T T S~ N DO T B I I |

130
49
95

0.70

D.4)

0.060
0.0020
0.045

929
926

804
<]

Hay 77

0.015
<0, 005
<0,005
<0.010

0.022

C.05%
<0.010

0.00926
<0.020
<0, 0063
<0.005

0.62

180
0.012
&7

120

0.0038
0.032

85

<0.002
725
685

1500
10

1103
1100

928
925

>|

0.015
<0.005
<0, 005
<0, 010

D.022

0.059
<0, 010

0.00029
<0.020
<0.003
«0,005

D.62

<0.002

966
963

856
<2

00006

LI T B - B S T T N N |

50
8
25

24
50

0.25%
1.94
0.0m38
0.012

74
74

124
121
<3



TASLE C3-11

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 9

STATION: LU
PARRMETER (mg/t)

CATIONS - Trace Metals

Aluminum {AY)
Arsenic {As)
Cadmiuvm (Su)
Chromiuz {Cr)
Copper [Cu)
Iron (Fe)
Lead (Pb)
Mercury (Hg)
Holybdenum {Mo)
selenium {Se)
Vanadium {V)
Zing {In)

CATIONS - Alkali Earths & Metals
Calgtum (ta}

Lithtum {Li

Magnesium {Hy)

Potessium (Kf

Sodium (Na}

Strontium {Sr)

AHTONS - General

Boron (8)

Cnloride (€1)
Fluorice (F)
Sulfate (59,)

MIONS - Hutrients
Tuta) Kjeldahl Mitrogen {N)
hitrate Nitrogen [NO,-N

Nitrite Nitrogen (NO,-N
Total Orthophosphate Phosphorus (P)

ORGANEC, WONIONIC B CALCULATED VALUES

con

T0L

Phengl

Totat Hardness ({Cat0d,)
Tatal Alkalinity (CaCd,)

PHYSICAL DATA

pH funits)

Specific {onductance (umhoskm @ 25°)
True Color (Pt-Co unfts)

Turbidity (HTU}

PHYSICAL DATA - Residues

Total Residue

Fittrable Residue
Honfiltrable Residue

Fixed Total Residue

fixed Filtrable Residue
Fixed Nonfiltrable Residuse

Dec. 76

A
[ =L I e

w
Sor g
-

(=)

-4

0.

0
<0
4]

13
286

434
432

381
381
<

oo

00025

g

06
.065
Rk
On

May 77

<0.010
<0 005
<0, 0G5
<0.010
0.038
0.0
<0.010
0.00035
<0, {0
<0.003
«0.005
0.28

70
¢.008
32

D.45
0.078

0.08

<0.001)
0.00%

41

26

<0,002
178
268

403
400

332
329

>}

<0.010
<0.005
<0.005
<0.010
0.038
0.06
<0.0 0
<0, 00015
<0,020
<0.003
<0.005
0.28

n
0.008
¥

- O
Tn O e
L

s

0.07

0.07
<0.0010

0.070

41

<0.002
255
21

8.0
495
<10

0.33

419
416

357
355
<2

<]

000358

O — 1 th s ™ [ I = I I I L I |
o

WS
oW
Tad =g

0.02
0.005
<0.0010
0.002

154
18

0.2
270
<15

0.35

n

49
<3



GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 10

STATION: Dv 10
PARAMETER (/1)

CATIONS « Trage Metals

Aluminum (A}
Arsente {As)
Cadmium {Ld)
Cnromium (Cr)
Copper (Cu}
Tron (Fe}
Lead {Pb}
Mercury (Hg)
Malybdenua (M)
Selentum {5¢0)
Vanadium (V)
Zine {In)

CATIONS - Alkali Earths & Metals

Caleium {Ca)
Lithium (Li)
Magnesium (Mg)
Potaessium (K?
Sodrum (Na)
Strontium (Sr)

AHTONS - Genera)

Boron (B}
Chlpride {(1)
Fluuride {F)
Sulfate {50,)

AUDNS - Nutrients
Total Kjeldah} Nitrogen (N)
Hitrate Hitrogen (ND;-K)

Nitrite Nitrogen (NG,-1l)
Tetal Orthophosphate Phosphorus (P)

ORGANIC, HONIONIC 3 CALCULATED VALUES

0D

T0C

Phenol

Tatal Hardness (CaCD,}
Total Alkatinity (CaC0,)

PHYSICAL DATA

pH [units)

Specific Conductance (ymhos/cm @ 25°)
True Color (Pt-Co units)

Turbidity {HFY)

PHYSICAL DATA - Residues

Total Residue

Ftitrable Residue
tonfiltrable Residue

Fined Total Restdue

Fise¢ Filtrable Residue
Fixed Nonfidtrobte Residue

TABLE (i1-12

Dec. 76

00025

<

[I T TR I - N N R N N N B |

0.33
«0.020

0.0010

0.12

527
£19

456
450

May 77

0.0%0
<0.00%
<0.005
<0.010
<0.00%

<0.010
<G. 620
0,003

<0,005
D.040

0.005

0.35

&

2%

e
[-- R =11

¢.3%
0.}14
<0, 0810
D.087

48
2
«0.002
351
ELLY

820
10
12

478
475

393
350

0.010
<0.005
<0.005
<0.010
«<0.005

<0.010
<0.00030
<0.020
«0.003
<0, 005
0.040

0.3
<0.08
<0,0010

0.10

<0.,002

503
497

424
420

00035

<

[N I~ 2 R T I B Y A |

(=N~ B I

13

RS RS
oo
o

0.03

<. 0010
6.033

90
24

45
44

63
&0



TABLE £1-13

GROUNWATER ANALYTICAL DATA - DOMESTIC WELL 12

STATION: DM 12
PARAMETER {wg/t)

CATIONS - Trace Metals

Aluminum (A7)
Arsenic [As)
Cadmium (Cd)
Enrgmium {Lr)
Copper {Cu}
iron Fe;
Lead (Ph
Mrrcury [Hg)
Molybdenum (Mo}
Selenium (Se)
Vanadium (v}
Zine (In)

CATIONS - Alkali Earths & Metals

talcium {Ca)
tithrum {Li)
Magnes fum EM H
Potassium K?
Sodium (Ma)

Strontium (Sr)

MUIONS - General
Boron [B)
Lhloride {£V}
Fluoride (F)
Sulfate (50,)

AHIOHS - Hutrients
Tutal Kleldahl Nitrogen (H)
Ritrate Nitrogen [HQ;-H)

Nitrite Nicrogen {80s-8)
Toral Orthophosphate Phosphorus (P}

ORGAMIC, NONIORIC & CALCULATED VALUES

Co0

T0C

Prenol

Total Kardness {CaC0,)
Total Alkalinity (Cacd,}

PHYS)CAL DATA

pR {units)

Specific Conductance (wmhosfem § 25°)
True Lolor {(Pt-Co units)

Turbidity (HTU)

PRYSICAL DATA -~ Residues

Tora) Residue

Fittrable Rasidue
Honfiltrahle Rosidue

Fixed Total P2sidue

Fixed Filtrable Restdue
Fixed Honfiitrable Residue

Dec. 76

L T T T R T T B I B

[ I} [ T T ] LI I | L LI I I B |

[ I T T |

Way 77

«0.G19
<0.005
<0, 005
<0.010
<0, 004
0.2
<0.010
0.00035
«0.020
<0, 003
<0.005
0.040

50
0.003
13

0.1

0.1
<0.10

0.078
13

0.08
0.07
¢.0017
0.009

L))
B
<0.002

178
185

7.8
360

2,2

222
215

196
194

>

<0.010
«0.005
<0, 005
<0.010
<0.G05
0.33
<2010
0.00035
«0.020
<0,003

~ <D.605

0.040

<¢.1
<310

0.078
13

0.08
0.07
0.0011
0.008

f
8
<0.002

178
185

7.9
360

2.2

222
29

186
194



TABLE C1-14
GROUNDWATER ANALYTICAL DATA - STEEL BROS. LIMESTONE QUARRY WELL

STATION: Steel Bros. Limestone Quarry
PARAMETER (mg/2)
CATIONS - Alkali Earths and Metals

Calcium.{Ca} 71.4
Magnesium (Mg} 45.4
Sodium (Na) 8.4
Potassium (K) 3.4

Bicarbonate (HCO3) 350
Sulfate | 78
Chloride (C1} 14.5
PHYSICAL DATA
Specific Conductance {umhos/cm

25%) 666
pH ' 7.40

Sampled by Golder Brawner - Analyzed by Can-Test



-_

L2

GROUNDWATER ANALYTICAL DATA - ARVESIAN SPRINGS

STATION:
PARAMETER {mg/1)

CATIONS - Trace Metals

Aluminum {A))
Arsenic {As)
Ladmium {Cd)
Cnramium (Cr)
Copaer (Cu)
Tren (Fe;

tead (Pb
Yerzury {hgh
Myt shdznum (Mo)
Saleniuvm {Se)
varadium (V}
Line (Ia)

CATIONS - Alkali Earths & Metals

Caictum {Ca}
Lithium {Li)
Ma:-resium iH )
Petzssium K?
Sodium {Ma)

Strontium (Sr)

RTINS = General

Laren {8}
Chigrize {C1)
Fluoriga {F)
Sulfate (50,)

RUDNS « hutrients
Totel Kjeldahl Ritrogen {N)
iitrete Mitrogen (HO,-h)

hitrite Nitrogen (K0,-N)
Totz] Orthophosphate Phosphorus {P)

CRGSNIC, MOMIONIC & CALCULATED VALUES

cos

i

Phera)

Total Hardness {CaC0,)
Total Alkalinity (CaC0,)

PHYSICAL DATA

P {unts)

Specifie Conductance (pmhos/em b 25°)
True Color {Pt-Lo units)

Turhidity (HTU)

PHYSICAL DATA - Residues
Total Residue

Filtrable fiesidue
Henfiltrable Residue

Fixed Total Residue

Fixed F1ltrable Residue
Fixed lionfittrable Residue

* Denptes < MG
t Lontamination Suspected

Collected by Golder, Brawner personnel.

TABLE C1-15

As-1
Hov., July
22 20
e [T
- L ]
- *

- e

- 0.15
- 0.2
- a
-
- 0,001
- p.032
74 72
. b.ooy
15 1
w12
D08
- *
1.6 2.3
. 0.017
15 ”
_ 0.014
. 0
T e
255 257
7.6 1.9
510 540
319
349
<l

L T ]

[ R R I I I R I T |

72
33
9.4

0.50
76

LI T T B ]

AS-3
(Hest}

=
i I 6
R <

[ I R I R N O I e B |

62
15
17

10y

LI T B A |

LN I D TN A R B R A N ]

140
66
28

.
ar
(V=B I ]

1.
1100



STATION:

PARAMFTER {mg/r}

CATEONRS - Trace Metals

Aluminum (M)
nrsenic (As)
Catatum (Cd}
reuium (Er)
Zopper (Cu)
Yo (Fe)
tead (Fb)
serewry (Hgh
tulyudenum {Mo}
talenium (Se}
vansdium {V}
True (2n)

CITIRNS - Alkali Earths & Metals

Calgium (Ca)
Cithian (Li)
vagnesium (Mg)
Futassium (K?
sodtum {Na)
Strontium [Sr)

AH10NS - General

daron {8)

cntoride (C1)
Fluorice (f)
sultate (S0.)

EJONS - Mutrients
Total Kjeldahl Hitragen {H)
frtrate Mitrogen {H0,-4)

trite fitrogen (K0, -N)
Tstal Drthophasphate Phosphorus (P}

URGANIC, MONIONIC & CALCULATED VALUES

Frengl
Total Hardness (CaCl,)
Tutal Atkalinity {£af0,)

PAYSICAL DATA

vt {units)

Specific Conductance {pmhosfom 8 25¢)
True Color (Ft-Co units)

Turhidity (NTU%

Tnaperature (“C}

F4YS1CAl_DATA - Residues

Tutal Residue

Filtrable Nesidue
hnfiitrable Residue

Fired Totdl Residue

Fixed Filtrable Resldue
Fiagd Nonfiltrable Residue

TABLE C1-1&

GHUUNDHATER ANALYTICAL DATA - PIT HYDROLOGY PROGRAM

Station 1

Aleece Creeh

44,
21.
33,

[ I R T T T R T B R I |

B 19.0
7 9.4
0 18.0
0 1o
<0.5
7.7
86
Z13
B3 1.6
877

WIE: Field Collection conducted by Godder-Brawner and analysis by Cantest

Station 4

Hell RH 76-19
(Before Pusping)

Station 6

Yell RH 76-19
(Afrer 21 Gz Funo)

0.003
<0, 005
<0.601
<0.0ul

0.7
<0.05

0,020
< 0,0032

<0004
<, in
1.87

W N )
(=4 Ie e ¥~
= oo~

22.2
<010
«<0,001
0.

208

943

Y500

1400



TABLE C3-07

GROUNGWATER ANALYTICAL DATA - HUCKET AUGER HOLE #7

STATiGN: Coal Seam Groundwater
PAHAMETER (mg/+)

CATIOMS - Trace Metals

Alumiaum (A1)
hrsewic (As)
Cadimus (L8]
Chuosnum {(Cr)
Loppr {Cud
Tron, (fe)
Lead {0)
Furiury (Hg)
toly b senam {Mo)
Seloniun [Se)
Vst train {V)
Jiee (2In)

CATIuNS - Albali Earths & Metals

Coleaum {La)
Lithiun {L1)
Mg s Lum {Mq)
patazsrun (K)
Sodvum {Ha)
Strontium (Sr}

ARLONS - General

turon (B}

tlorize {CY)
Flurride {F}
Sulfate (S0.)

BHIOHS - Hutrients
Tute! Kjuldahl fiitrogen {h)
Hitrate Mitrogen (N0, - I.!

Hitrige Hitrogen [H0y = N
Tote| GrthaphGsphele Phossnorus {P)

URGANIC, MDNIONIC & CALCULATED VALUES

Cuh

T8C

Phengd

Total HMardness {CaCl.)
Total Alhalinity {Caf0,)

FHYSICAL BATR

aH lupits)

Specifrc Conductance (jmhas/em @ 25°)
True Colar (Pt-Co Units)

Tortiarty {174}

Tewperature (°C)

PHYSICAL DATA - Residues

Trtal Hesitee

Fritranle fasidue
Hontiiteatle Pasidue
Fiae ! Total Kesidue

frave Tiltiesle Resicue
Faxed Wonfiltreble Residue

Bidu #ICAL, DBISSOLVED GASES & RELATED
MRS MENT S

HIRH]

u.n.
1 Seturation

ivnotes <MOC
{} Lenotes Total Concentration

Bucket Auger Hole 7

Coal Seam
19 Septeber 1976

{0.00039)
(%)

{;).009) 0.006

{0.015) *

{0.20) 0.26

*)
( 8.2
0.33
260

1244
1220

1065
1080



TABLE Ci1-18
GROUNDWATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM

STATION:  Drill Hole RH - 77 - 45 RH - 77 - 48 RY-77-49
SAMPLE DEPTH: 89.9 2.9 35.2 89,9 77.0 58.1 89.1
PARAMETER:  (mg/s)

ph (Units) 7.75 8.00 B.15 8.10 8.10 8.35 8.00
Conductivity {» mhos/cm) 626. 689. ©729. 936. 1019. 872. 1326.
Total Hardness (CaCOB) 281, 269. 258. 81. 97. 57. 682.

Dissolved Anions

Alkalinity

Bicarbonates (HCO03) 325. 330. 344, 407, 476. 408, 672.
Carbonates (c03) NIL NIL NIL NIL NIL 3.04 NIL
Chlorides (c1? 5.0 6.0 7.0 5.0 5.0 3.5 2.0
Sulfates (504) 62.4 . 91.2 96.0 115.2 139.2 81.6 196.8
Dissolved Cations

Calcium Ca) 64.4 55.2 54.3 20.2 25.1 15.2 123.4
fagnesium {Mg) 29.3 32.0 29.9 - 7.4 8.3 4.6 - 81.2
Potassium (K) 4.33 4,62 4.74 3.95 4.12 3.47 4.74
Sodium (Na) 23.0 43.7 57.5 172.5 203.6 170.2 32.2
Iron Fe) 0.049 | 0.03 0.043 L 0.03 0.044 L 0.03 0.073
Copper Cu) L 0.001 0.002 0.002 0.005 0.004 0.003 L 0.001
Mananese (Mn) 0.014 0.071 0.21 - 0.002 0.013 ¢.001 0.13
l.ead (Pb) L 0.001 0.001 L 0.001 0.002 0.002 0.002 L 0.001
Zinc (Zn) 0.010 0.009 0.005 0.037 0.006 L 0.001 L 0.601
Cadmium {Cd) L 0.001 0.002 I 0.001 L 0.001 L 0.001 L 0.061 L 0.001
Strontium (Sr) 0.62 0.45 0.43 0.30  0.33 0.38 1.26
Bariun (Ba) 0.031 0.042 0.038 0.030 0.031 0.020 0.071
Vanadium (V) L ¢.04 L 0.04 L 0.04 L .04 L 0.04 L 0.04 L 0.04

Note:- Field Collection by Golder, Brawner
- Analyses by Can Test Ltd.
- L Denotes Less Than



TABLE C1-19

GROUNDWATER ANALYTLIUAL DATA - BULK SAMPLING PROGRAM #7 WELL

STATION: 1, Well
PARAMETER {mg/t)

CATIONS = Trace Metals

Atuminum (A1)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr}
Copper {Cu)
Tron {Fe}
Lead (Pn)
Mercury (Hg)
Mo yirdenum {Mo)
Selenium (Se)
Vanadium (V}
line {In)

CATIONS - Alkali Earths & Metals

Calcium (Ca)
Lithium {Li)
Bagnesium (Hg)
Potassium (K}
Sodium {Ha)
Strontiwn (Sr)

KilONS - General

Soron (B)

Chloride (C1)
Fluoride {F)
sulfate {S0.)

RIIONS ~ Nutrients
Total Kjeldahl Kitrogen (h)
hatrate Hitrogen (HD, « M)

Niterte Nitrogen (HOp - N)
;330lved Phosphate Phosphorys (P)

CRCANFC, NOWIONIC & CALCULATED VALUES

jdi)e]

T0C

Phenol

Total Hardness (Cal0,)
Tota) Alkalinity {Cal0,}

PHYSICAL DATA

pH {units)

Spocific Conductance {umhos/em @ 25°)
True Color {Pt-{o0 Units)

Turbtdity {(HNTY)

Temperature {°C)

PUYSICAL DATA - Residues

Tutal Residue

Filtrable Resicue
Nonfiltrable Residue

Fised Total Resicue

Fixgd Filtrable Residue
Fizxed HonFiltrable Residue

* Denotes <MDC

7 June 1977

<3
r
)

PO o

(=T I |

.013

0.27

0.051

0.024

20
25)
230

2} June 1977

LA T I I I R O B I I |

LRI I | L I B | TR I | oo [ I I T I |

oty
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TABLE €1-20

GROUNDWATER ANALYTICAL DATA - BULK SAMPLING PRUGRAM #2 WELL

STATION: 2, Well
PARAYITER (mg/e)

CATIONS, - Trace Metals

Kuminum {Al}
Brsenic {As)
Cadmium (C4)
Chromium (Cr)
Copper {Cu)
Jron (Fe)

Lead (Pb)
Hereury (Hg}
Molybdenum (Mo)
Setenium iSe}
Vanadium (V)
e (In)

CATIONS - Alkali Earths & Metals

Catciom {Ca)
Lithiwn (L1)
tagnesium (Mg)
fatassium (K]
Sodtum (Ha)
Strontium {5r)

FILOMS - Ceneral

Boren [B)

Chleride {C1)
Fluaride {F)
Sulfate {S0,)

MIITHS - Hutrients
Total Kjeldah) Hitrogen (N}
Kitrate Nitrogan {HD, - W}

hiteite Hitrogen (K0, - h)
Dissolved Phasphate Phosphorus (P)

ORCANIC, NONIORIC & CALCULATED WALUES

con

T0¢

Plenn)

Total Hardness ({af0,)
Tetal Alkalinity {CaCO,)

PHYSICAL DATA

pH {units}

Spacific Lonductance {imhos/em @ 25°)
True Color [Pi-Co Units)

Turhidity (HTU)

Jeaperature (°C)

PUYSICAL DATA - Pusidues

Totul Hesidue

Filtrable Residue
Henfiltrable Residue
Fised Tota) Rosilee

Fixed Fritrable Residue
Fieed Ronfiltrable esidue

' Denotes <MBC

7 June /77 21 June /77 6 July /77 20 Juiy /17
* * 0.010 0.030
- x * *
. . . R
. " * %
0.034 0.024 0.03% Q.12
. : . P
0.006 0,005 * 0. 004
* - * ¢, 00!
* 0.014 0.008 0,041
64 75 65 66
0.033 0,004 0.005 0.004
15 15 16 16
18 18 18 18
0.20 0.21. 0.28 0.23
* ® > -
1.7 1.4 1.3 1.3
0.104 0.128 0,125 0. 146
k] 45 54 45
0.032 £.033 0,043 0.00%
27 » 20 50
222 249 T 228 231
228 232 231 241
7.6 7.4 7.4 1.6
510 528 - 531 - 540
354 37 409 387
330 346 3430 349
24 24 &0 38
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GROUNDWATER ANALYTICAL DATA - BULK SAMPLING PROGRAM # 3 WELL

STATION: 3, Hell
PARAMETER (Mg/1)

CATIONS - Trace Fetals

Aluminum (A1)
Arsenic (As)
Cauvium (Cd)
Chromium (Cr)
Copier (Cu)
Tron (Fe;
Lead {Pb
#arcury (Hg)
Folybdenum {Mo)
Selenium {Se)
venadium {V)
2ine (In)

CATIONS - Alkali farths & Metals

Catcium {Ca)
Litniwy (Li)
Hagres tum {Mg)
Potassium (K)
sodum [Ma}
Strantiyn (Sr)

NiIDHS - General

foron (B)
Chlaride (C1)
Fluo=ide (f)
Sultate (59,)

RIONS - futrients
Tutal #jeldan]l Hitrogen (W)
Hitrate Hitrogen (N2, - H)

Hitrite Nitrogen {102 - H)
Dissolved Phosphate Fhosphorus (B)

OXGANIE, NONIONMIC & CALCULATED VALUES

TAELE €1-21

o]

TaC

Frenol

Tatal Hardness (Cal0,)
Tutal Alkalinity (Cach,)

PUTSICAL DATA

pi {units)

Soeci fic Conductance {umhos/cm B 25°)
Truz Color {(Pt-Co Un1ts)

Turatdity {HTUY)

Teiperature {°C)

Tota? Residue

Filtrable Residue
Hunfiltrable Residue

tixed Total Residue

Fiaed Filtrable Residue
Fiaed Nonfilttraple Residue

*  Denptes MGE
+  (untaminagion Suopetted

7 Jure [T7 21 June /37

* [ ]

» L

: .
0.G07 *
0.060 6.081

. R

. .

- *
0.024 0.016
250 260
0. 064 0. 063
a 83
3£ 380
0.72 0.70
0.2 0.2
7.4 7.5
£.305 0,134
1300 1300
0,938 0.035
97’ 102
933 991
464 500
7. 7.3
3650 3000
25N 2877
2710 2730
161 147

6 July /77

20 July /7T 4 Ruy. /17
0,057 .

* *

. .

- -
0.25 0.1%

* 0.00063

. .

* ¢.003
0.13f 0.10
250 230
0.007 0.055
88 65
430 340
0.99 1.8
6.2 0.2
7.4 7.1
0.133 0.135
1260 1320
0.034 0.048
80 st
987 B2
572 586
7.3 7.3
3030 3030
2851 2346
2650 2740

106

161
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TABLE C1-22

GROUNDWATER ANALYTICAL DATA - BULK SAMPLING PROGRAM - TRENCH §

STATION: Trench 8 Groundwater

CATIONS - Trace Metals

Aluminum {A1}
Arsenic {As)
Cagmium {Cd)
Cheomium {Cr}
Copper [Cu)
iron {Fe)
Lead {Pb)
Hercury {Hg)
Molybdznum {Mo)
sedenium (Se)
Yenadium (V)
Zwnc {In)

CATIONS - Alkalt Earths & Metals

Calcium (Ca)
Lithiem (Li)
Magresiun (Mg)
Petezsium (K)
Soctum (Ha)
Strontium (Sr)

AH1UNS - General

fiorun (8)

Cnlorice (C1)
Fi.nride (F)
satfate {S0,)

RHTUNS - Hutrients
Total rjeldahl Nitrogen (M)
Hitrate tEitrogen (NG, - M)

Mtrite Hitroges (NG, - N}
Dissclved Phosphate Phasphorus (P)

ORGAMIC, NONTOMIC & CALCULATED VALUES

o

100

Pheno)

totael Hardness {CaC0,)
Totel Alkalinity (CaCO,)

PHYSICAL DATA

o {units)

Specific Conductance {ymhos/cm @ 25°)
True Color (Pt-Co Unfits}

Turbidity (NTU)

Terperatyre (C)

PUYSICAL DATA - Residues

Tota! Residue

Filtrable Residue
Honfiltrable Residue

Fixed Total Residue

Fised Filtrable Residue
Fixed Honfi1ltrable Hesidue

e & g e e

* DPenotes +MDC

21 June /77 6 July f17 16 July /17
. * 6.025
* * *
: . .
- - h 3
0.003 0.012 0.022
- : .
0.003 , 0,003
v . 0.002
b.012 . 0.009
71 56 60
0.004 0.004 0.005
16 16 17
21 19 20
g.23 0.26 0.24
® L *
1.4 1.1 1.3
0. 142 0,099 0.102
a4 56 48
0.032 0.024 6. 026
1 83 95
73 206 220
22z 218 229
8.0 7.9 7.8
810 459 530
187 - 38846
139 340 346
a6 31500

[T |

4 hun. f77

LI I

L N

0.0020

0.003
D.047

3

0.004

16
26

1l

213
236

540

361
357

0.25

0

24 sepr.g71
.
) 4
5.614
-
0.004
"
¢.007
67

0.004
19
2%

0.32
1.1
0,112

56

0.025

4
246
57

8.0
603
ann
376

4



t TARLE C1-23

SUXFACE WAILH ANALYIICAL DATA - UPHER HAT CREEK

B STATICN: 4, Upper Hat Creek
PARAMETLR  {my/ ) Sept. 76 Dec. 76 Mar. 77 May 77 ' $ia R

CATIONS - Trace Hetels

Abumaum {AY) (,0'3” - - . <0.010 ¢ -
mueniz {As) i*) - - * «0.005 ¢ -
- Ladmivn [Cd) (=) - - * =0,005% [ -
: i ; {*) - - = <0.010 ) -
Clyomivn (Cr) L
Cupper (Co) (*) - - * ~0,005 o -
Tron {Fe} éO.ZDJ n.0p59 - - 9.035 gg?e 2.03!5 p.023
il ' n) - - «C, -
- oo ig) () . * 0.00030 <C.00027  0.00603  0.00005
= 1ty bdenum (Ho) . " - : :ggf}g s :
Selentwn {Se) E.g : N . <0605 : .
;':::Ji'{:)m {0.006)0.008 - - 0.005 0.007 0.6¢1 b.002
-
CATTGNS - Atkali Eerths & Metals
Calcrum (€a) 58 56 52 kli] 49 13 28
Dithiwm {Li) (0.010) ¢ - - 0.004 «0.0025 0.0021 0.003
L Pownes tu M) 15 14 14 14 6 2.6 5
vebatyhum {X) 4.9 - - - 4.9 N y
Sudtua (Ha) 19 16 16 18 17 1.5 3
Strontium {Sr) [0.28) 0.26 0.30 0.27 0.30 0.28 0.020 0.04
L
FA1005 - General
Buren {R) 1*) - - * <01 [ -
Chlarsde {01) 111 0.5% D.82 0.6B 0.61 0.6% 0.3
- Flaaride (F) 0.23 0.20 0.074 G6.097 0,15 G6.07 0,133
sultute {50,) 50 41 41 66 50 12 25
ATUNS - Hutrients
- Totel Kyeldah! Mitrogen {H) 0.23 0.10 0.18 .25 619 0.67 0.15
Witrate Mitrogen {80y - %) 0.04 0.03 0.12 0.04 0.06 0.04 0.08
Latrite fhitegaen (R0, - ) . 0.003 0.0018 L <0.0017 0.06u33 0.4602
Total Orthopho.hete Phespherus (P} U.040 €.033 0.035 0.043 0.050 0.027 0.G37
W
WHOANTC, WONIONIC B CALCULATED VALUES
Ll - - - 45 45 p -
inc 3 - - n 8.5 3.5 5
- Fhaenot - - - * <0.002 [ -
Total Haraness [CalB,) 21% 1498 187 153 189 7.6 63
Total Alkelinity {CaC3,) 220 198 162 215 199 3.2 58
—— PIESTCAL DATA
ph (un1s) - 8.3 8.0 8.1 6.2 8.1 0.13 3
Specrfi¢ Conguctance (pamhos/om 8 25°) 470 420 20 500 450 42.4 80
Trues tolor {(#t-~Co Units) 20 W : 5 15 12 E.4 1%
~ TarStodity (NTU) 7 0.75 1.2 0.55 1.6 1.5 3.15
- Lpe sdure {*0) 10.% 0 0 [ 4.6 5.4 10.5
PHYSICAL DATA -« Residues
o futa] Residue 340 290 290 343 az 3.2 7
iltrabin liesidue 3 283 285 kLN nz 324 55
konfiltrable Residue 20 7 4 2 B 8.1 18
tised Tutal Residue 296 2be 213 292 266 6.3 B3
Flagd Fydtmble Restdoee 281 257 213 252 261 35.0 79
. Froed onfiltrabtie Resicue 1% 5 * " <8 6.6 15
E |
Blorstea1caL, DESSOLVED GAYES & RELATED f
Me ASUREIY L fS_
- ' B * - - - <1 ‘ -
[0, 9.5 12.5 12.3 0.5 1.2 1.45 k|
{ Saturation 96.4 §97.5 95.9 102
i 2o han gty walee, stesddard deyiation wot applicable
- b Bty SMUO
() Lenotes Tetal Conientration .
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STATIDN:
PARACETER  (nige) .

CATICHS = Trace Metals

Kluzinum (A1)
trsenic (As)
Cotmrom (LA}
Chromam (L)
Cupper {Cu)
lron {Fe)
tead (Pn}

10, Mid-Upper Hat Creek

TABLE C€1-24

SURFACE WATER ANALYTICAL DATA - KI1D GPPER HAT CREEK

0.29) 0.057
0,

(=

Parcuey (Hg)
Mol sodenum (Mo} -
Selenfum (Se) E";\
Yanachuwn (V) .
Ninc {In) {* o
CATICNS - Alkali Earths & Metals
Careium [Ca) 60
Lyt {(14) (0.mo} =
Maytesium (Mg) 19
Fotassium (K 4.5
Sedium (Ha) ., 24
Strontiwn {Sr) {6.28) 0.40
RU0IS - General
Burcn (B} (=
{loride (C1) 0.65
Flusrige (F) 0.26
Sutfate (804) L
AilCNS - Hutrlents
Tutal ¥3jeldahl Nitrogen {H) g.22
Nitrate Nitrugen {HD, - A) 0.04
fitrité hitrogen (WO, - N) .
0.081
GRGANIC, MWOWIONIC b CALCULATED VALUES
(ili} -
100 ?
Phingl -
Toty) HMardoess (CaCO,) 228
Total Atkalinity (CaCO,} 232
PHYSTCAL UATA
i {units) 8.4
Spectric Conductance (smhosfem & 25°) 480
Tewe Lotor (Pt-Co Units) 5
Turbidity (NTY) 1.4
Terperdture (*C) 5.7
PYSTCAL DATA - Residues
fotal Residue 360
Fitrratle Kesidue ki
ity trable Residue 6
Fraed Tutd)l Residue 241
lis2e F1ltrable Residue 218
Figk2 honfiltrahle Residue 3
BIOCFUICAL . DYSSOLVED GRSES & RELATED
B, LTS
Ruts "
b 9.8
L oualurdtion 95.7

o feeiwtes MG
() tenotes Tutal Concentration

Sept. 76

Y Ginate value, stantard deviation not applicable

Dec. 76

LIRS R Y B T B |

[} LI ] LI I |

¥ bor o1

LI T N |

Mar. 77

L S I | [ IR ) [ ] LI B LI I R R B

LI I A ']

May 77

57
0
20

25

0
24

225
224

5§10
20

35
347

268
264

10.

101

» % % RO 2O O RER

017
.0mz

004

.28

)]
04

050

Ell

<0.010
<0.005
«<0.005
<0.010
<0,035
G.03%
<0.010
0.0012
«0.020
«(.003
<0.005
<0.005

6.27
0.04
<0.061

0,065

10

<0.002
226
228

495
18

356
350
14

<]

0

—

d
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SURFACE WATER ANALYTICAL DATA - MID HAT CREEX

STATION: 7, Mid-Hat Creck
PARASETER {ma/t)

CATICHS - Trace Metads

Aluminum {A1) {
Arsenic {As) (
Cadmium {Cd) {
Chrowium (Ct) (
Cupper {Cu} {
fran (rUJ (
Lead {pul {
Mercury (Hg) {
Folytdenum (Mo}

Selenium (Su) (
Vanadiom (V) *
tene (2n) u

CATICHS - Alkali Earths & Metals

Calgium (Ca)

Cithum (L'i) : (*)

Havuesium (Hg)
Folassiwm (K)
Sudium (Ha)

Struntium (Sr) : {0.30) 0.3

Boron {B) ™

Lhlovide (L1)
Fleoride (F})
Sulfdate {SU,)}

1005 - Hutrieats
futa! Kjeldahl Nitragan (N}
Mitrate Hitrogen (HO, - W)

Hiteite Mitvogen (10, - W)
Total Ortlophosphale Phosphorus {P)

URGANIC, HONIONIC & CALCULATED VALUES

oo

T0{

Phenol

futel Mardness [Calh,}
Total Mbalinity (CalG,)

EHYSICAL BATA

pit {units)

tpecific Conductance {umhos/em @ 25°)
true Colur (Pt-Co Units)

Turnidity {MTU)

Tengerature {°C)

PHYSICAL DATA - Residues

Tutel Residue

tiltrable Hesidue
Hunfiltrable Rosidue
Fisd Total Restdue

Fined Filtrable Pestdue
Fiaed Hurfiltrable Rasidue

YIUCHEM' G AL, DISSOLVED GASES 2 RELATED
LA e TS

Uy
u.n,

i Saturatiun

wnaies <MUC
Tenales Totat Concentration

—

Single value, §tandard deviation not applicable

TABLE C1-25
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L 20 D T R B I ]

[ |
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TRBLE C1-26
SURFACE WATEK ANALYTICAL DATA - MiD LOWER HAT CREEK

STATION: 6, Mid-Lower Hat Creek

PARAMETER  (mg/¢) Sept. 76 Dec. 76 Mar. 77 May 77 X

Aluminum (AY) (%) - - - -
Arsenic (As) {*) - - - -
Catmrwn {Cd) {*} - - - -
Chrusiom {Cr) E:% - - - -
Cupper (Cu) - - - -
fron (Fe) {*} « - - - <0.010
tead (Ph} (*} - - - -
Mereury (Hg) {0.0019) - - - -
Hotybdenum (Mo) - - - - <
aelenium (Se) (*) - - - -
Yanadium (V) (*) - - - -
Zinc (In) ) ' - - - <0.005
CATIONS - Alkali Earths & Metals

Colcium {Ca) 64 - - - 64
Litniun (Li) (") . . - - 0. 001
Magnetum (M) 20 - - - 20
Patassium (X} 3.1 - - - 1.1
So.ftun {Ha) 17 - - - 17
strontium {Sr) (.25} o0.28 - - - 0.28
ANTONS - Generad

soron {B) {*) - - - -
Chipride (C1) 0.87 - - - 0.87
Muoride (F} 0.24 - - - 0.24
Sulfate {50.) 41 - - - '
FHIONS - Rutrients

Tutsl Kjeldah) Hitrogen (N} g.12 - - - 0.12
Hitrate Hitrogen [W), - K] 0.04 - - - 0.04
Nivrite Hitrogen {N0O; - H) . - - - <0, 001
Tutel Orthaophosphate Phusphorus (P) 0.059 - - - 0.059
QRGANTC, NOHTONIC b CALCULATED VALUES

cao - - - - -
e 4 - . - P
Phensl - - - - -
Tatal Hardness {CaCd,) 242 - - - 242
Total Alkalinivty {CaCl,) 247 - - - 247
PHYSICAL DATE

ph {units) © B - - - 8.5
Suucitic Lonductence (wmhos/cm @ 24°) 470 - - - 470
Trug Color (Pt-Co Units) 10 - . . 10
Turbidity (HTY) 1.2 - . . 1.2
lewperature {*C} i2.% - - - 12,5
PHYSICAL DATA - Residues

Total Fesidue 397 - - - LEY)
Fyttrable Resicue KEX . - - 333
honfiltrabic Residue 4 - - - 4
Fined Total Restiue 259 - - - 259
Fyxed Fittrahle Re.idue 259 - - - 259
Frave Nonftltr bt Kesidue * - - - <]
BIQCHEMICAL,, DISSOLVED GASES b RELATER '

P HETS

#o0 . . . a
D.0. 9.5 - - - 9.5
i Saturestion 97.6 - -

¢ T SiEgTe Vatus, Standard devTatton not applicable
* Denotes <M0C
{) [enotes Fatal Cuncentration : . .

¢y 11 yE Y F LY
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SURFACE WATER ANALYTICAL DATA - UPPER BONAPARTE RIVER

STATION: 4, Upper Bonaparte River

booSenghe valee, stendard deviation not applicable

4 Bentoes -HDE
{} benites Total Cuncentpation

PARAMETER (mg/2) Sept, 76
CATIONS - Trace Metals
Aluminum (A1) (0.
Arsenic (As) {*)
Codmium {Cu) (:]
chremium {0} g';
Can e
??3;‘?Fé%”) {0.057) 0.04b
Lead (i) f:%

T Mercury (Hg)
3l yhdenum | M) -
Seleniam [Se) (*
vanadiun (V) (
zing {¢n} &) *
CATIHS - Alkali Zarths L Metals
Caloium [Ca)} 22
Lirhaen (L1) {*) *
Mg fua (M) 10
Patissium [Y} 1.9
sodiun {Ha) 8.0
Struntium (Sr) (0.13) 0.05
ANIONS - Genera)
Yuron {B) {*)
tnloride (C1) - 0.%8
Musride {F) 0.20 .
sehrate €540.) HY
MECHS - Hutrients
Tutal Xjeldanl Nitrogen (H) 0.2
Hitrate Hitrogen (B0, - W) 0.03
Hitrite hiLrogen (M0, - W) .
Twtel Orthophosphate Phosphorus - 0.042
OAGANIC, NOMIONIC & CALCULATED VALUES
otk -
104 9
Pozngl -
lata} Hardness {CaC0,} 96
fotal Rlhalinity {Cal0,) 106
P21 CAL _GATA
pH {units) R
wuectite Conductance {jechos/om 8 25°) 210
Tewr Culor {Pt-Co Units) 20
Murbidivy (nTU) o1
Tarperature (°C) r
PHYSIEN, DATA - Resdues
Total Residue 162
Filtrable Residue 152
tiif1lerable Kesidue 10
Fiscd ToLal Pesidue e
Fraed Filtraule fesidue 140
Frxed konfiltrable Residwe 8
BIMCHERICAL, DISSOLVED GASES & RELATEDL
hE Ptz TS
Rob *
by, 8.7
¢ Saturation 91.3

TABLE C1-28

Dec. 76

33
20
14

0,16
0.0
0.002
0.027

75

-
L= v

245
240

185,
184
2

Har, 77

LU T T T T I |

0,17

0.088

0.20
a.

0, 0010
g.027

249
2

149
143
[

May 77

O+ OO RO R *
oo [=]

a3z

27
%

104
13

20
30

13

9.1
9.25

<0.000
<G.005
<G.005
<0.010
<0.005
0.052
<0.010
<0.00038
.03
<0003
<0005
<0.018

0.25
4.06
<0. 0012
0.034

27

<0, 002
126
143

6.2
280

1.7
6.1.
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157

165
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12
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SUHFACE WATER AWALYTECAL DATA - MID BURAPARTE RIVER

STATION: 3, Mid-Bunaparte River

PARAMETER (mg/i)

Aluminum (A1) {
Arsenic (As) {
Cavimium (£d} (
Chromium {Cr) {
Cupper (Cul) (
{run {Fe) (
Lead {Po} {
Mereury (Hg) {
ol ybaenuy (Mo)

Seleafum ! Se) (
Vanadtun {V) {
ine {In} (

CATIONS - Alkali Earths & Metals

Calcium (Ca)

Citiium {Li) {*}
lagne§ 1 um ( Nq)

Pytassivn (K)

Sudium (fa)

Strontiun [Sr} {0.13)

MIQNS - General

boron {B) {*}
thiorive {C1)

Fluaride (F)

Sulfare (50.)

RIIDHS - Hutrients
Total Kjeldahl Hitrogen (M)
Liteate Mitrogen {80, - NJ

faerite titrogan (M0 - 1)
Total Orthophosphate Phosphorus (P}

ONBATIC, NORIONTC & CALCULATED VALUES

oo

T0C

Phenol

Juta) Hardness (CalD,}
Total Rlialinity (ColU,}

PHYSICAL DATA

pH {units)

spect fic Conductance {wwhos/em B 25°)
True Color {Pt-Co Units)

Yurbidity {(NTU)

Temperature (°C)

YSICAL BATA - Residues

Tatal Kesidue

Filtrabie Residue
Honflttrable Hesidue

fixed Tota) Residue

Flxed Filtrasie hesidue
Fizgd Honfiltradle Residue

BIOQHFMICAL, DISSOLVED GASES B RELATED
He ASUREMLATS

Kol
B.0.
1 Saturation

1' h,‘.rirlrnu—l-;‘va-iI.‘E_,"s‘{};n-\T'r-u-r'_crH:e'v-i-a_t.ion not applicable

Benutes <802
{) fanotes Tutal Convientration

Sept. 76

0.049

22
"
B}

1.
10
0.

—

113

. B
220

. 72‘

1856
Vi

1%
113
[

§5.5

Lot e e ]

1
08

Lo RS
=D

24
04

0t

Dec. 76

L T T T "SR T N B T |

V69
iss

3n
10

253
250

182
180

o

(=N =T =]

TARLE C1-29

.21

.003
032

Mar, 77

L2 I B B R B |

19
15

B_Q—-l

G.24
0.08
0.00Y4
6,021

161
174

257
249

1
7}
B

May 77

o
i
(=]

Dnlbnﬂptnsns

R

0.001

0.50
6.10

0.044

21

100
110

205
154

146
103
43

«0.010
<0.005
<. 00%
<0.010
<0.00%
0.050
<0, 010
<0, 00025
<0.020

" <0, 003

<0,005
<0.013

— A
Boob
z@==

0.29
<0.06
<0.0016

0.034

21

«0,002
132
146

225
208
I8
154
142
1%

S» R

[} -

¢ -

¢ -

'] -

11 .

0.00070  06.001

$ -

0 0

¢ -

' -

F -

o.on 0.66

7.0 13

0 [

4.9 g

M -

3.0 6.1

0,066 0.13

] -

0.42 0.9

0.0%% G, 199
13 22

0.14 ¢.33

0.04 g.08

0. {005 0.002

0.0i0 0.023

[} -

1.2 &

p -
i7.67 £9
40.6 18
Q.13 ¢.3
81.2 150

9.6 20

1.7 3.6

7.0 12
5.2 n
49.4 96
a2 48
28.0 3]
39.4 T
19 41
¢ -

1.91 3.4



SUHFACE WATER ANALYTICAL DATA - LOWER BONAPARTE RIVER

STATION: 1, Yuwer Bonaparte River
PARAMETER  (g/#) Sept. 78

CATIONS - Trace Mstals

Aluminum (A1) (0.23)

Aesente Lhsh {*)

vt o { L) {*)

St ordun (Cr) *}

Conper (Cu) é')

Lean {fe) ﬁG.'f‘.i) 0.042
beat! (PG} *)

Mercury (Hg) {¢.00DR2)
Haiyadenun {Mo) -
salenium (Se) (*}

Yonaciue () {*}

Zine {In) {D.006)  0.065
CATIONS - Alkali Earths & Metals

{atcium {Ca) 24
Litetam {4i) () »
Haueterd iyn, (My) 1Y4
Fatansiun {K) 1.7
soliga (1) . 9.8
stronlios (Sr) {0,18) u.07
AHEGNS - General

surgn {8) ()

utoride {0V) Q.50
Tlovride {F) . .20
Satfate {$4,) 13

ACMS - Nuerients

Tate! Kieldahl fitteogen {H) ¢.25
Lrteate fitrogen {0, - N) .03
vt fhtpager (WG, - N) n.004
Tutal Orthophesphate Phosphorus (P) .03
UAGANEC, HONIOHIC & CALCULATED VALUES

b -
T¢¢ 8
Fhene! -
Totsl Nardness {Cal0,) 109
total Mikalinity [CaCO,} 120
VINSIER, DATA

wi {unnes) R.3
suesific Conductance (jmhus/cm 8 25°) 230
Tiwe Culor (8¢-Co Units) 20
nrtfliny {BTY) 2.2
lereratore (70) 4
Y STEAL DAVA - Residues

total Restioue 184
Pilleahle Kesidue 112
Genfrliteable Revidye 12
tixed Totad Restdue 13¢
fravd Filtealle Fosigue 124
fraed Monfiltrable Restvdue &
BTG e MICAL, DESSNLVLD GASCS 8 RELATED

M RIS

HNE *
B, 9.5
. tatucation 96.%

‘angle value, stundard deviation aot apnticabie
Pt M
) epoles Yota! Concenteotion

ThgLE €1-30

Dec. 76

I T R ST |

0.28

ocCcoo
o
)

Tso
196

280
215

212
203

Mar. 77

O I B ]

LI B 1

3%

21

15
0.21

0.090

0.27
G.0e
0.6oe
0.054

ki)
by
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255

176
176

May 77

O W D RN R

26
[
13

12
i

14
122

250
20

12

156
161

142
169
3

[=a3 - B
o
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007

.6

13

004

G

<19

Q
147
155

8.

nz
15
2

7

232
246

166
154
12

010
005
005
.010
.005
.0az
-010
00025
020
003
005
.036

.0

.26
.05
G027
049

004
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0.¢015
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TARLE C1-31
SURFACE WATER AMALYTICAL DATA - UPPER THOMPSON RIVER

STATION: 18, Upper Thonpsen River

FARAMETER (mipfe) Sept. 76 Dec. 76 tar. 7 May 77 X6 Sia

CATLINS - Trace Matals

RMuywinum {A1) {=} - - * <0.0%0 [
Frsenic (As) (=) - - * <0, 005 [
Lot (G} {*} - - * <«0.005 [
Ol mium (Cr) (*) - - * <0.010 4
Coper [Cu) () - - * <0. 005 ¢
Teen [Fu) [0.nz8} * - - 0.D2s <0.014 0.01)
Lead {PL) (*) - - * <0.010 [}
wozory (lig) {*) * 0.00056 ¢ <0.00035  0.03017
“glylidenuin (Mg) - - - - <«0.020 []
Setenivm {Se) [*) - - * <0.003 [
Yatad ui (V) 4] - - - <0, 005 [}
Ying {In} 0.011} 0.017 - - 0.019 0.08 0.0014
CATIONS - Alkali [arths & Metals
Lalcium {Ca) 4.7 13 13 3] " 2.0
Lithium L1} [*) * - - 0.00} 0,001 ]
Maanes fum (Mg} 2.1 2.4 2.5 1.8 2.2 0.
Fatagsiun (K n.60 - - - 0.60 ¢
S0t an (fld) 1.3 3.0 4.0 4.0 3.1 1.3
Strpntium (5r) "ofu.03) = 0.05 0,005 0.067 <0.055 0,035
MIQUS - Geoeral
Boron (B} e - - * <«0.1 [}
tntorise (£3) 0.45 2.0 2.9 1.3 1.7 1.8
Pragride {F) 0.10 0.26 4.091 0.054 0.12 0.098
Saltate (80,) 6 7 9.4 6.7 7, 1.5
Si1gns - Rutrients
fotal Rietden Hicrogen {h) 0.07 .05 0.05 0.10 0.07 b.2
Netvate Hitroaen TN, - N 0.05 0.05 0.1 0.10 0.08 £.03
nronrte Hitrogen (N - H) . 0.003 0.0011 00012 <0.0017 0.0011
lutal Orthwphosphale Phosphoarns (P) 0.0u8 0.096 0.621 0.02k 0.028 0.027
OANIC, HUNIGIC §_CALCULATED VALUES
tun - - - b <10 ]
T . [} - - 4 4 ]
Flang) - - - * <0.002 [
Tuzad Mardness (£oC0,) 30 42 43 kL 38 6.
iuta) Alhalinity (Callly) 27 37 39 Kk} 34 5.3
IS AL BATA
bt (untts) - 1.7 7.8 7.9 1.7 7.8 0.096
el f1e Conductance [jumhos/em @ 259) 71 110 110 88 95 15
Trwe Color {Pt-Do Mnits) 5 10 10 10 8.8 2.5
Ywuidity (WTU) T 0L EO 0.55 0.55 . 1.4 0,62 D.40
femnergture (L) 13 4.5 3 1 1.9 4.9
PHYSICAL DATA - Resicues
fotal fesidua 60 L 87 7z 13 n
Filteatie flasidue LY 73 &4 68 7t 1
wenfillrehle Residue 2 1 3 4 2 1
Fiagd Total Residus I‘H')_ 64 44 52 52 9.0
Ciaed Filtralle hewidus it 64 Lt 50 51 9.0
Pragd Honfittrable desidue . ¥ * 2 <l 0.5
B0 CAL, DISSOLVES GASES & RELATED '
SR RENTS
ini i} 1 - . . ] $
ler, ) 9.8 1n.) 13.2 10.0 1.0 1.56
toLaluration 86.1 84.9 Wi, e 93.6

Singly vatue, Standard deVidtion net applicabie
* {enples. -MOC
{] lanutes Tutat Cungentraticn .

015

= BN -+ S = T T N B |
: =

.0o02

2.45
0.209
3.4
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STATION: 19, Lower Thompson River

PRRAMETER (w1}

Musinun (A}) {o
Aevenio (As) (*
Cavmtum {Ld) (*
oreanium (Cr) (*
Cobper {Cu) : {=
Legn {Fe) (o
read {PO) (*
Hercury (Hg} IC
Malybdenum THo)

selentgm ESE) (
varadiwn [V) {
fane (In) {

CATIDNS - Alkali Earths & Metals

Calcium (Ca)

{tthium {L1) {0.010)

Hagnestum (Hq)
Futessiom (X}
o et (Ni)

strontium {Sr) . {0.04)

£AIDUS - General

feran {8) (*)
hroride (V)

MNuoride [F}

yelfote {50.}

A HS - Nutrients
Tatal ®¥jeldall Nitrogen (N}
Litiate Hitrogen (50, - H}

hitrite ditpegen (5t - K}
futal Orthophusphate Phasphorus {P)

ORGA'IC, NDNTONIC & CALCULATED VALUES

L0

LAY

faengl

fetal Hardness (CaCl,)
Tutal AnaYinfey {CaC0,}

FHYSICAL DATA

P {upits)

swecifig Conductance (jubos/em @ 25°)
True Color (Pt-Co Units}

Turtidity {HTU)

fomperature {*C}

fota} Rasidue

Frttrable Resicue

an fylyrgbie kesidue

FMoed Totad fesidue

fracd Filtreble Pesidue
vined Honfiltrable Hesidue

BIGCHEMFCAL . DISSOLVED GASES & RELATEL
v A ENTS

BiH}
..
L vaturation

Stagin valor, TStondard déviation not applicahle

' o feantes -MiA
(3 Genoies Tuta) Concentration

Sept. 16

werrr R

=R * D
o

32
27

7.8

D.90
13

73
10

q9
44

Do
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TaBLE £1-32
SURFACE WATER AMALYTICAL DATA - LOWER THOMPSON RIVER

Dec, 76

LI T T RN S I A |
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SURFACE WATER AMALYTICAL DATA - HYDROLOGY PROGRAM

STATION:
PARRMETER (wa/1)

CATICNS -~ Trace Metals

Aluminum (A1)
Arsenic [As)
Caamium {Cd)
Chromium (Cr)
Coprer {Cu
lron (Fe)
Lead (Pb)
Mercury {Hg)
Kalybdenum (Ma)
Setenium {Se)
vonadiun (V)
2ang (In)

CATIONS - Alkadi Earths b Metals

Celcium {La)
Lithiya (Li}
Ragnesium (Mg)
Potassyum (K}
Sodius {Ha)
Strontiom (Sr)

RUCNS - General

Boron (8)
trnYoride (C1)
Fluseide {F)
Sutfate (504)

ANIOHS - Nutrients

Total Ljeldah! Hitroyen (H)
Nitrate Hitrogen (hG, - N)

Hitrite Hitrogan (N3, - H)

total Orthophosphate Phosphorus (P)

ORGANTC, NONIONIC & CALCULATED VALUES

[Aah]

T4C

Phenel

Total Hardnass (CaCO,)
Total Alkatintty {CalD,)

BHYSICA, DATA

pH {units)

spectfic Conductance {jmhos/cm B 25°)
True Color (Pt-Co Untts)

Turbidity (NTU)

Terrerature (°C)

PHIGTCAL DATA - Residues

Total Residue

Filtrable Residue
tionfiitrable Residue

Fyxed Total Hesiduz

Fixe¢ Filtreble Residue
Fixed Monfiltroste Residue

A e —————

hute: Field Collection conducted by Gulder, Urawner and Anatysis by Cantest

TABLE C)-33

Reece Lake
{Outlet)

LI T T R )

LI T S I T}

.05

LDinr o

Nt

tiat Creek
Below Finney Creek

Hear RH-76-20

R O T T I R N R T |

58.0
7.
2).

214

B.0
462
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TARLE (1-34

SURFACE WATER ANALYTICAL DATA - PUWER PLANT SITE PROGRAM - MEGICINE CREEK

STATION: HMedicine Creek
PARAMETER {PPM}

CATIONS - Trace Metals

Aluminum (A1)
Arsenic {As)
Cadmium (C6)
Chromium {Lr}
Copper (Cu}
Iron (Fe}
Leag (Pb)
marcury {Hg)
Malybdenum (M)
Selenium (Se)
Vanadium (V)
Zing (2n)

CATIONS - Alkali farths & Metals

Calcium (Ca}
titnrum [Li)
Macnesium (Mg}
Potassium (K?
Sodium (Ma)
strontium (Sr)

AHIONS - General

Borun {B)
Chioride (C1)
Fluaride (F)

s fate 1504)
Tatal Si&ic; (S;DZ)

AUIONS - hutrients
Total Kjeidahi MNitrogen (N}
Nitrate Kitrogen (ND, H)

kitrite Mitrogen {NO; N}
Jotal Orthophosphate Phosphorus (P)

CRGANIC, MOMIONIC & CALCULATED VALUES

€0D

T0L

Phensl

Total Hardness {CalD,)

Total Alkalinity (CaCO.)}
Phenclphthalein Alkalinity (Cacna)

PHYSICAL DATA

PH {units)

Specific Conductance (umhos/
True Color (Pt-Co units)
Turbidity (NTU)

Temperature {“C)

PHYS1CAL DATA - Residues

Total Residue

filtrable Residue
Hanfiltrable Rasidue

Fixed Total Residue

Fixed Filtratle Residue
Fixed Honfil.rable Residue

BIOCHEMICAL, DISSOLVED GASES & RELATED
HEASUREMENTS

D.0.

21st
1977

<0. 010
<0, 005
<0, 005
<0.010
<0.005
0.02)
<0.010
0. 00050
<0.020
«.003
0,005
0.009

10

«0.002
2712
188

27
July
1977

[ R A A ]

1oy

[
hug

197

61

21
2.2
12

LI B A |

322

LI I

LI T R I Y B I N R B |

58

24
2.3
1

L

318

[ ]



TABLE C1-35

SURFAGE WATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM
MACLAREN CREEK '

-

STATION: Maclaren Creek : 27 July/77 6 Aug./77 13 Sept./77
PARAMETER {mg/z)

CATIONS - Alkali Earths and Metais

Calcium (Ca) 52 56 .
Magnesium {Mg) 17 | 19 -
Potassium (K) 1.8 2.4 -
Sodium (Na} : 4.4 5.6 -

ANIONS - General

Chloride (C1) | <0.1 30.0 -
sulfate (S0,) 9.6 11 -
Total Silica (Si0,) 1.8 1.4 -

NONICNIC VALUES .
Phenolphthalein Alkalinity (CaCOB) 0 0. -
Total Alkalinity (CaCG3) 220 240 -

PHYSICAL DATA
pH (Units) 8.3 B.2 -
Specific Conductance ( wmhos/cmg 25°C) 400" 450 -

PHYSICAL DATA - Residues .
Filtrable Residue 257 < 284 -




TABLE C1-36
SURFACE WATER ANALYTICAL DATA - PAVILION LAKE PROGRAM

STATION: Pavillion lLake 27 July/77 6 Aug./77 13 Sept./77
PARAMETER {mg/%) '
CATIONS - Alkali Earths and Metals

Calcium (Ca) 37 37 80 .
Magnesium (Mg) ' 16 16 18

Potassium (K) 4.1 4.4 3.5
Sodijum {Na) ‘ 6.2 7.7 6.7

ANIONS - General

Chloride (C1) 0.53 0.50 0.40
Sulfate (50,) 52 53 50
Total Silica (Si0,) 1.6 1.1 6.5

NONIONIC VALUES
Phenolphthalein Alkalinity (CaCO3) 2.0 3.0 4.9
Total Alkalinity (CaCOs) 141 139 138

PHYSICAL DATA : .
pH (Units) | 8.5 . 8.5 8.5
Specific Conductance (pmhos/cm® 25%¢) 360 360 358

PHYSICAL DATA - Residues
Filtrable Residue . 239 241 238
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TABLE C1-37

SURFACE WATER AMALYTICAL DATA BULK SAMPLE PROGRAM - HAT CREEK
STATION 1

STATION: 1 MAT CREEK
PARAMETER {Mg/1)

CATIONS - Trace Metals
Atuminum {A))

Arsenic (As) -
Cadmiun (Cd} -
Chrcmium {Cr) 7 ®
Copo=r (€) *
fran 1Fe) 0.
Lead (20} .
Mercury [Hg) ®
Folybiderun (Ma) -
Selentur {Se) -
Vanagion (V) "
e {In) 0.

CATIONS - Alkali Earths & Metals

Calcium (Cz} %]
Lithium {L1) 0.
Magnesium (Mg} 11
Potassiwm (K) .
Sodium (tia) 1
Strontium (5¢) 0.

ANIONS - General

Boren (8} )
Chloride (C1) 0.
Fluoride (F) .
Sulfste (50.) 41

ARIONS - Kutrients

Total Kjetdah! Kitrogen {N)
Nitrate Nitrogen {NO, - K)
Nitrite Nitrogen (NOy - W)

Dissolved Phosphate Phosphorus (P}
QRGANIC, NONIONIC & CALCULATED VALUES
cop -
ToC 15
Pnenol -
Total Hardness (Call,) ©158

Total Alkalinity {CaCD,) 149

PHYSICAL DATA

pH {units)

Specifiz Conductance (umhos/cm B 25°) 370
True Color {Pt-Co Units)

Turbldity (HTU} .
Temperature {°C} -

PHYSICAL DATA - Residues

Total Rasidue 323
Filtrable fHesidue 253
Nonfiltrable Residue 70

Fiued Total Residue -
Fixed Filtrable Residue -
fixed Nonfilttrable Residue -

BIOCHEMICAL, DISSOLVED GASES A RELATED
FEASURETENTS

BOD
0.0.

* Denotes <MDC

(=

01

030

01§

(=2 S - W R

59
0.025
21

24
0,30

wn
o=
— o™

0.056

10

234
220

" 8.5

490

* 3 21 w8

W

0.005
0.01

60
0.004
21

25
0.30

1.0
0.107
65

[ 2 B I |

054

17
236
230

8.4
520

333
367
16

L

f=
]
w

(=2 N N - N W

.010

37
0,003
12

0.13

0.63
0.030
M

[ 2 B T )
h=4
o
—

19

142
149

8,3
350

288
253
35

L I = N B S — B A N )

24

204
198

8.4
440

312
306

11

022

003

004

.083

020

ELEEE L - B L B A

0.003
*

60
22

0.31

0.9%9
0.112
68

240
236

8.4
547

383
378

W

o
—
F

(=]
—

by

o0
~n
&

COoO#*r At O R R oA

228
243

8,5
520

[ =20 B I

17
210
250

8.6
520

353
353
<1

OD‘lO'O'I' o "

26/4777 11/5/77 2475777 8/6/77 22/6f711 5/7/77 20/1/771 478/71 }4/9/77

L ]
L ]
.
-*
05  0.030
.00025 *
.
006 0.006
.036  0.006
£8
004 0.002
19
22
B 029
37 12
118 0,101
41
L0485 0,049
6
223
234
8.4
508
59
346
13
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STATION: 2 MAT CREEK

PARAMETER (my/ 2)

CATIONS - Trace Metals

Aluninum {AY)
Arsenic (As)
Cadmivm (Cd)
Chromium {Cr)
Copper (Cu)
Tran (Fu’
tead (#p
Mercury {Hg)
¥olybdenun {Mg)
Selenium {Se)
Vanacdium (V)
2ing {In}

CATICHS - Atkali Earths B Betals

Colelum (Ca)
Lithium {Li)
Magnesium (Mg}
Potassium (K)
Sodium {Na)
Strontium {Sr)

AKIONS - fieneral

Boron {8)

Chloride (C1)
Fluoride [F)
Sulfate {50,)

AIONS « Nutrients

Total Kjeldaht Nitrogen ()
Nitrate Nitrogen {N0, - N}
Nitrite Nitrogen {KD; - N}
Dissolved Phosphate Phospharus (P}

ORGAKIC, MONIDNTC & CALCULATED VALUES

TABLE C1-38

SURFACE WATER ARALYTECAL DATA - BULK SAMPLING PROGRAM - HAT CREEK
STATION 2

2674777 1175777 247571 8/6/77 22/8/77 $/B/17

con

T0C

Phenpl

Tots] Hardness (CaCd,)
Total Alxalinity {CaC0,)

PHYSTCAL DATA
pH funits)

Specific Conductance {umhos/cm @ 25°)

True Color {Pt-Co tnits}
Turbidity (NTU)
Temperature {(°C)

PHYSICAL DATA - Residues

Total Residue

Fittrabie Residue
Hont1ltrable Residue

Fised Total Residye

Fixed Filtrable Residue
Fixed Nontiitrable Residue

* Denotes <MDC

LI S T N D N R B

[T

L2 T T

- L N A

oo =

59
20

24
Q.

a.

230
222

359
357

LI B |

025

002
.00%

605

25

as0

. ¥

.026

LI~ ]

0.004
0.024

60
0.004
21

24
0.30

0.064

L 4 *
- L
. .
- *
0.029 0.028
. .
6.006 *
*
0.010
45 57
0.004 0.004
12 15
16 13
¢.20 D.1k
* 0.1
0.70 6.94
0.081 ¢.110
35 48
0.05¢  0.066
22 24
162 ° 204
157 196
8.3 8.4
360 440
275 308
255 302
[

20/8/77 4/8/71 14/9/77

. 0.015
- L
. .
+ -
0.020 6.012
’ .
. .
0.002  0.001
. 0.018
61 60
0.004  0.005
22 19
20 20
0,32 0.24
. 0.1
L1 p.eo
0,111 0,120
62 a6
0.046 0.033
22 30
240 228
237 248
8.5 8.5
546 530
380 - 385
i m
8 4

» %0 4R

. 0.014
0.003
0.003

0.003
0.010

87
17

0.30

L

1.1
0.120
43

0.(48

¥

B

2O 1O % 1 R
'8 €

~
o w

0.014

61 ‘
0.002
18

22
6.3

*

1.0
0.098
44

21 226
251 241

8.5
520

362
382
<l

8.4
515

- 353

343
0



SUAFACE WATER ANALYTICAL DATA - BULX SAMPLING PROGRAM - HAT CREEK

STATION: 3 HAT CREEK

PARAMETER (iog/t}

TABLE Ci-39

STATION 3

CATIONS - Trace Metals

Aluminum {Al}
Aesanic {As}
Cadgmium (Cd)
Crigmiom {Cr)
Copper {Cu)
lron (Fe)

Lead {Pb)
Mercury (Hg)
Molyhdenum (M)
Selenium {Se)
Yanadrum (V)
iee (In)

012

-1 % Y B %

004

* B0

CATIONS - Alkali Eerths & Matals

Calcium {Ca) 45
Cthium {L1) 0.00i
Magnesium {Mg) 15
Sutassium [K) -
Sadiun [Na) 1
Strontfum (5M) 0.26

ANIOHS - Genera?l

Boror {B)
Chlceide (£1) 0.85
Fluerice (F) 0.088
Sulfate (S0.} ] 35

BNIDYS - Rutrients
Total Kjeldahl Hitrogen {N)
Hitrate Hitrogen (N0, - X}

Nitrite Nitrogen {NG, - N) -
Dissoived Phosphate Phasphorus (P} - 0.030

ORGARIC, NONIONTC & CALCULATED VALUES

4eb] -
T0C 19
Phenpl -
Total Hardness (CaCd,)} 174
Total Alkalinity {Cal0,} 158

PHYSTCAL DATA

oM (units) 7.8
Specific Conductance {pmhos/cm @ 25°) 380
True Colur (Pt-Co Units) -
Turbidity {HTU) -
Temperature (°C} -

PHYSICAL DATA - Residues

Total Residue . 336
Filtrable Residue 258
Monfittrable Residue 7

Fiaed Total Residue -
Fixed Filtrable Restdus -
Fixee tionfiltrable Residue -

* Denctes <MAC

0.005

1.3
0.107
56

0,045

232
219

.032

LI~ O R )

=R

011

0.004

16

234
230

338
367
18

821

[-IE B A - N )

.B05

38
0.004
12

14
G.20

[ I I I ]

052

147
153

360

270
236
34

028

003

[-NE NI A= N S

0z2]

0:004

0.85
0.117

[~ T ]

.078

08
300

LI I |

-allvupinlti
(=] o
S —
w o

61
0.005
21

20
0.34

0.94
0,108
&6

0.055

28
239
237

B.6
540

378
71

=

28

228
247

530

(=30 3L N IR SR -]

015

010 -

084

.038

12

212
248

[=2=10 BN N - AR

.01

.004
010

.005

122

.048

RE/4/77 1L/5/77 2475/77 B/GSIT 22/6477 547477 20/7/77 3/8/77 M4/977

=)
=

b=
Q
o

O rOt TGOk B * o

g

57
€.003

2
0.30

2.031
0

a3
328

P



PARARETER {mg/1}

CATIONS - Trace Metals

Aluminum (A1)
Arsenic {As)
Cadmium (Cd)
Chromium (Cr)
Copuer (Cu}
[ean {Fe)
Manganzse (Mn)
Fercury (Hg) )
Folybdenum {Mo)
Selenium (Se)
Yanadium (¥)
ine {in)

CATIONS - Alkati Carths & betals

Calelum (Ca)
Lithium (Li)
Magnesium (Ma)
botassium [K}
Sodium (Ha)
Strontium {5r)

ANIONNS -~ General

Boron (3)

Cnloride {C1)
Fluorice §{F)
Sulfate (50,)

ANITHS - Hutrients
Total Kjeldahl Nitrogen (N}
Kitrate Hitrogen {49, - N}

Nitrite Hitrogen [Nz - N}
Prosphate Phosphorus {P)

ORGANIC, WONIONIC & CALCLLATED VALUES

To0C

Stlica (5i0:)

Cullofdal Silica

Tota) Hardness (CaC0,)
Total Alkalinfty {CaC0,}

PHYSICAL DATA

pH {units)

specific Conductance {wmhos/fem @ 25°)
APHA Color [Pt-Co Units)

Turbidity {HTU)

Temperature (°C)

Tetal Residue

Fritrable Residue
Nunfiltrable Residue

Fraed Toral Residue

Fiaed Fittrable Residue
Fixed Honfiltrable Residue

TABLE C1-40
CALGON STUDY - THOMPSON RIVER - MEANS

Thompson River

Dec.74 - Oct. 75

™~

A
oo
o ~r

Lo Deaetr o

P D e

2.3
10

ot
ANt PN
ouwm

9

93
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APPENDIX D SUPPLEMEWTARY WATER USE INVENTORY TABLE

1.0 TABLES

Table Di-7: Domestic, Municipal, and Industrial Use Water Licences
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W™
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Y

9.
10.
11.
172.

4]
NN

id.

r
L]

14,

TABLE D11

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

HAT_CREEK VALLEY

. Indian Affairs

J.B. Jacksaon

. Indian Affairs

- J.B. Jackson

. Asheroft Estates
6.

. Indian Affairs

£, Cameron

J.B. Jackson

A, Cameron

Ridge Investments
A. Cameron

A. Cameron

G. Parke

M. Cameron

. J.B, Jackson
16.
17.

D.E. Goff
G. Parke

. J.B. Jackson

B.C.H.P.

Location

I.R.

#1

L.279

I.R.

#2

L.G4 & 93

via
Hat
via
Hat
Hat
Hat
Hat
Hat
Hat
Hat
Hat
Hat
Hat
Hat
Hat

Cornwall Cr.

Creek Basin
Oregon Jack
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin
Creek Basin

Cr.

Water
Source

Hat Creek
Hat Creek
Hat Creek
Hat Creak
Medicine Cr.
Hat Creek
Hat Creek

Robertson Cr.

McDonald Cr.
Hat Creek

McCormick Cy.

Hat Creak
Hat Creek
Anderson Cr.
Ambusten Cr.
Yet Cr.,
HicDonald Cr,
Cashmere Cr.
Finney Cr,

BONAPARTE RIVER-HAT CREEK TO THOMPSON RIVER

AA. Parke
J.B. Jackson

L.102
£.90,91,92

Bonaparte R.
Bonaparte R.

Date

Sept. 26, 1888
Mar. 19, 1894
Sept. 26, 1888
Jan. §, 1871
Nov. 19, 1877
May 25, 1892
Jun. 1, 1883
Nov. 4, 1883
Oct. 19, 1885
Mar. 9, 1894
Sept. 1, 1894
Oct. 9, 1894
Feb. 16, 1897
Mar. 2, 1903
Apr. 10, 1905
Sept. 15, 191
May 14, 1918
Dec. 14, 1922
Aug. 22, 1958

Dec. 5, 1871
P'.D]‘. 6, 1872

Volume
(Q-day ')

6810
2270
6810
6810
4540
4540
13520
9080
4540
540
227
2270
2270
2270
2270
2270
2270
2270
2270

2270
4540




TABLE D1-1 CONT'D

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

Est. of J. Fergusson
J.B. Jackson

J.B. Jdackson

A.H. VWoodburn

A K. Yoodburn

Chevron Canada Ltd.
Circle 7 Panch Ltd.

Emter & Sons Invest.
Ltd.

A. Stohlman

Indian Affairs

0.M. Hagen

Village of Cache Cr.

0.M., NO., &
K.A. Hagen

0.M1., N.O., &
K.A. Hagen

Bonaparte Cr.
Holdinos Ltd.

Village of Cache Cr.

Emter & Sons
Invest., Ltd.

CORNMALL CPEEK

Ashcroft Est. Ltd.

Location

.95
.95
.93
.18, Tpzl, R.24

.8, S.17, Tp21,
.24

L
L
L
S
S
R
L.5189
$.33, Tped, R.24
L
R
S
I
L

377, & S.7, Tp2l,
.24

.33, Tp22, R.24
.R. #3
.377

Cache Creek

L.377, 5.8, Tp21,
R.24

L.377

L.3832, L.1657
Cache Creek

L-377: 5-79 sz‘l’
R.24

L.15,16,17,18,19

Water

Source
Bonaparte
Bonaparte
Bonparate
Bonaparte
Bonaparte

Bonaparte
Bonaparte

Bonaparte

Bonaparte
Bonaparte

Bonaparte

Bonaparte

Bonaparte

Bonaparte

v e B o i o B |

=

R.
Walker Brook
R.
R.
R.

R.

R.

R.

Bonaparte R

Bonaparte

Cornwall Cr.

Date

Dec. 23, 1896

Dec. 23, 1896
June 16, 1905
Dec. 29, 1908
Jan. 5, 1909

Dec. 1, 1950
Jul. 13, 19854

Jun. 27, 1962
Apr. 25, 1962
Jul. 15, 1963
Nov. 20, 1964
Jul. 11, 1968

Oct. 23, 1972
Oct. 23, 1972

May 16, 1973
Aug. 15, 1973

Dec. 30, 1976
(app1.)

Apr. 27, 1865

Volume

{(1-day” ')

2e70
2270
22700
2270
2270

4540
9080

2270
2270
11350

11350 -

3178000

177060

726500

170250
4894120

N.A.

4540

(wwks)
(ind)
(vwks)

(ind)
(wwks)

{ind)
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TABLE D1-1 CONT'D

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

Ashcroft Est. Ltd.
Indian Affairs

Burford Momt.
Services Ltd.

Shell Canada Ltd.

T.C. & P.V. Fisk
T.C. & P.V. Fisk
Indian Affairs

OREGON JACK CREEK

Indian Affairs
Indian Affairs
Indian Affairs
Indian Affairs

M.A. Landels

Location

L.19

IR#4 {Ashcroft
Tribe)

L.16

L.16

L.16,17
L.16,17
I.R.#4

L.17

L.18, L.374

Lower Oregon
Jack T.R.#3

Upper Oregon
Jack I.R.#2Z2

$.28, Tpl9, R.24

Water
Source

Lone Tree Cr.
Cornwall Cr.

Cornwall Cr.
Cornwall Cr.

Cornwall Cr.
Cornwall Cr.
Cornwall Cr.

Oregon Jack
Creek

Oregon Jack
Creek

Oregon Jack
Creek

North Oregon
Jack Creek

Oregon Jack

Lreek

Date
Apr. 27, 1865

May 19, 1942

Nov. 26, 1943

Dec. 21, 1973

Dec. 27, 1944
Dec. 21, 1944
May 18, 1966

Apr. 6, 1863

Mar. 8, 1867

Sept. 26, 1888
Sept. 26, 1888

Aug. 27, 1965

Volume

(1-day ')

4540
4540
11350

1135
+ 12300

1135
3405
18160

2270

4540

4540

2270

2270

{ind)

{viwks)




TABLE D1-1 CONT'D _
DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

THOMPSON RIVER (Betwesn Wallachin and Lytton, B.C.)]

Water Source Date - Volume (1.day -])
Thompson River v April 20, 1893 464900

Thompson River July 17, 1915 46490  (Ind)
Thompson River July 3, 1962 1810775  (wwks)
Thompson River May 2, 1964 9790

Thompson River March 8, 1968 2446

Thompson River August 13, 1968 68271076 (mining)
*Thompson River November 18, 1968 : N.A. [mining)
*Thompson River September 21, 1970 . 97880 (mining)
*Thompson River April 21, 1975 73410 (Ind)
*Thompson -River April 21, 1975 18409080 (Ind)

*
Denotes water application only, not a licence

! Integ-Ebasco, Hat Creek Project - Site Evaluation Study, October 1976
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APPENDIX E QUALITATIVE IMPACT ASSESSMENT MATRICES

E1.0 FIGURES

Figure E31-1: Impact Zones For Qualitative Assessment Matrices

Figure E1-2: - Qualitative Matrix for Impact Zone A - Preliminary Site
Development and Construction

Figure E1-3: Qualitative Matrix for Impact Zone A -~ Operation and
Decommissioning

Figure El1-64: Qualitative Matrix for Impact Zone B2

Figure E1-5: Qualitative Matrix for Impact Zone B3

Figure E1-6: Qualitative Matrix for Impact Zone C2

Figure E1-7: Qualitative Matrix for Impact Zone C3




/ [ J o E
! ' N : L . . .
A 1 c‘ N . ) ) \ —AC” ( . g
Pregation ; - 3 . N . -t ’ .
g . T 2 v b by Ny )
. i 5 - ~ L) -

- Y -
i LI ' - ‘s
— Ncaiiior!:’,—m/m}'_ { - . . e \ i . SCALE - [:230,000

< b ‘ — O‘.I?'acs‘rn § L ?

CINTAN BCEWAL - T30 WITRES

BRITISH COLUMEIA
HYDRO AND POWER AUTHORITY
HAT CREEX PROJECT

DETAILED EMNYVIRONMENTAL STUDIES

IMPACT ZONES FOR
QUALITATIVE ASSESSMENT
MATRICES

BEAK

CONIULTANTS LiwiTED

Figure E1-1

e, il bt e 0 e . A A T o e g D SIS i - s



" ~ - -y - e - - ————— - e - e e .- . R T T e efam e s Spgegyeyy S -y o]
. L]
! T TEE0ATIY Y g0 dnvwsind T ..A-.umiu TN uuﬁ.. LM .u.
£ % R Y 0 O O G O A OO Ot
kR o Tvow ssow) VLT AR a+ ~ Iy © |
12 7 EIRENIY) 4: 1 LI N Ak $ ~ |
(] At e s, Y 0 JON IR bl . I B Il I l; - — - e T
¢ - oy - L . 4 =
w - —
4 a I.II|||£_TE:;FGS:.:¢ M RLE NEE I~ ] %
R SIyipany A BN NN T4 -
blz = 93 e eavda N i - A i
- |2 S10d_Aowyday | N ] :
e |2 T I8LS 7 HININT] _
Ll e RO LEELRS . At - -4 _
S | S EXCITEVAT) MUFREFIP MG, 0 I I O, D o o W S .
x o [ T8 D 7 aung 1 R
I <3 R S I S TR R ) 1. RENN 1
i L1093 IWvised N Ao lr n T - T
¢ avoy sy |1 11 et (e
%3 eyt LA A RAFFEFFEE R | G
z 143 _HOLLPAYINI Tve] | i I . BN A~y :
VR TP ICICEEEN 3 0 N . (2R !
HiiddINES T SNV 1] HJ._:- .
SIANAILIY x40 adwtuns [N ] [ [ 1 H |
: soves | | 1 I TYNC LT 1 !
3n1yanad 7 swotvasens | T 4.
i . _IYS3I9IT 2504 ) -
E E&E@EEE@.&.&}{- 1 N
- ATAdDS WALYR 311G 4 dvy i BN - |} 1
m dwwal ¢ Lol i )
« SISNOHTHYA_7 Sd0Ns _
: - SINY1d HILVE IL3¥h0T
W _wopnmiisney gt T T | AEES NN .
N -3 S 1L A AR
= SEONaY | 3 ORI ER 3T ! : % N 3
-— ...i s oteet- i,_l[. -y rr gt
< ::: @mﬁﬁL.:T1 RE
o GHlddidis 7 oMIuvii) 1y
« z HolLynvdaug 35wl | [T - 3 !
=z M NI 3 _ISNGHALNG s :
| o o STANAINYLS AVAIILAS [ HERE m
I a o R W TR EET S 311 RN NEEE RN .
i ' = DHEJdI¥LS 9 ONiNYILY !
! o I SHOD9YY 3 BHINILIA 39vNivya ] [ ﬁm :
! 5 3 HO1Lvwvadug 3593 | |7 - _
= 4 SHILEAS. 1DJSHVHL NSy 1 ,
o L [ O T CELT R E :
[ &) 7 [ worianuisnng wwawnwani] N :
1] . ONIJ4INLS 3 ONINYITT ) _ 177 i
2z wjol __SNorsNRAng ¥ AT ] - nEnN
' O F | vorsonyisaoy invavgast | LY
o 3 291441915 7 ONIHYIT) N 5 M ] 1
SI1LEAILIY TV J0_ Adverans i X XY
» NN T l,m
= H —__wsoasta_asnaw ] | T3 O g” RN
o m . ¥S04SH0 u¥AIS_ged T RENENEREE ,
M u AXddns yILyn g AN 1T EEEEEEE NN 1 17 :
o _dWy) N RS .
= b — 3S00MIRVA T S4¢hs [ ] N s
g 1itv 34 NOAvevgTea waal ] H-H ~I 1
L 5¥0AJANQY EREERN REEN 1]
g [T SOvon ~ A -1 4
. w M wan0d_3 ronvasens| | [ 4L . | ,
> | U O A O _
- " FIGAI015 TLEVA 30V90_FOT M BYREEEEE.NELL NN - _
= z o vaeats o [T AD B AN !
= " SIS0 1105401 HENSENEELY NEN NN :
o L - B TP e o N W WA ) 1] W
o 5 | ___SIMpDrGuy) _H-ﬁ T ) T T
) e 1 AL LIAREIO | EENERANN 1]
o R e SH0ISSIATE I ] T REEENELEN |g11 .
| SHI0TY] ¥ DHIL3LtD N BAN | Tt
T hmaiuie 1y ettt -.rJ.lii, o - 1
e w— ru--uﬂ SENTREESS NN 42
——TL YA TSTICFYEINNES o abty IS R AR R B b B
. . MINIUIAIN Tyl U \ -1
‘ = SHEHILIG ¥ Bty ] N -
a omiisvagl | 4 1717 T -
- R | T 1= : :
__FOFIVAYYS - e e e
T antadarwis 3 amievaio [ 1R - .._15 -ty :
_$312TA119F 107 40 Awvians ) -l ) B “tr -1 -
> e Wyyd0Hd 31dRys WVIE (WYY [T]T) La _ ERREEEL RERS ;
& i HoTIISTInG3v_ongh 11-
> = FCTIVEDTdY 3 TY210019Tk Iy \
T P8 [CpwnavsawsEgaey ranf ] L
J w g AT ANAST - - L N
i w BRITTIVA 290:V9014 i[9 11" IM_I- A OO H.M.M
i . IO O L R
@ ©° PG T S O L I o T
d¥d ¥IIVHY] NN _ 1T
TP 111 B 1115
=3 =
B N0 0O F_ |8
i3 > !
< L " HERNE
_ < o b e [ £ o £
5 gl a0 2 SRNRE
g ! | E 1| J o wlol” 5 i
- - - r - el -3 21 B 1Lz
Q) a.f_ f_ 8y W ® “ m”.....r.r_ Nu.as-..fr.. l;_d_um n."v.m CLH..W
& cf E g i 5 E 5[5l SRS 8| Bhg| hms
= e EE R E o 30 il B A
2 - < 2 . :.—H. sl —P ,Lm.aL n.«—lﬁ—.nfl
Farwe Fur-UT { T .w.-r!.!. .NA.-LI
(Al 1] F1,) 5UﬁF4CL VEODXO CRUL IVITRLIT LV 1.3 VEY TR e
O3 d=p
QOO0 Tarwe . Tawe Dvw
i
S T e ren e g e
.t ﬂ...f, - - A ' e—— ———— ———— [ —_— - —- —
o [ 1 [ [ —— s .- — e —— - . .zu .‘l — . .H.|u o |J.,

A —— e —

o A e e ot o e m—
TR SR




ey

QUALITATIVE MATRIX

—

OFF.
SITES

SIRLIALIIY TIV S0 AN

AN ST e
NIINT AWH RITY

PLANT

m._C;:uc W 3y ANMHMITS

N
|
1

1

STPENTATO NT1799 VI

RE———

SHOOCHT T SHIHILIO MY

DECONMISSIONING

MINE

SYIA7_ SSUdSig 40 KU1 VYT Ty

L STLLIARLOV MY O AWy

_.
el U]

MM LSVYIHT 3ACHIY

13
Q7 3DYNIYYA NIV

OFFSITES

STULIAILLIY TIV 0 adnmns [N

i
]
t

" May 78

i
Figure E1-3

N

LA

A
¥ :
A_J_L_:_:;aﬂ;i_L
i: 1
bl
_BAI

M113d1d
Q¥oy_$5130v

2 WO} 174340
Q 10¥1H07_IIVHIVHG

g ER IR

FINGRIENTVW avou/

!

$IKT13d14

_1ILYNRILTY] S3icAyIs Ty
{z=3d35 3540) S:

DIVERSION

LETCIEEIS )

(Finds_Isve) Tunvd

POWER

PLANT

SILLIANLIY TV 40 AW/HMNS

g
|

SNOOSFT T aNTHILIC™ 197HIVYG

I e TARES]

WEO4SId 35033y

IYRIYEO VIWT 7 OHVA
R ENT :._Mw.,.

o wa:oz
:c_—<¢uoc i1

SHIPVATISYA LIV

YIBY 370075 YILvn 31N1S HSy

dWG HSY ATd (WG

OPERATION

MINE

INFRASTHUCTUR4

STTLIALIIY 11V 30 AVWHNG,

© e —em— -

i
_J|i|i
_ .

™t

R

_Ilffl

1
.
i

V3d¢ 501105 315%M 0941 1T
dHNG HSY WOLIUR Addid |

N

IVS04510_35n33y

WSOUSIA IS

FR S40M3]

ANY1d_KQI IVRY4T¥d 140]

A

{(Iv03) ¥OAIALOD

Suvoy

1]} u._u_:.o T4 i

$HO0SSY 2 NMINILIg”

041001 _1sn0

SHOATALGD
ERTPER I IR VI

m.._.__.:ua: Tos

DUMPS

dHng_a3iiva :»xo:

4400 HY 210119

NOTSHIAIG 9D AJHNIS

$W5134N0)

J0ULN0D J9MHIYY0

0y1607 1500

zo_.—cn..__a<»w 14074

Eaam e . L

PIT

BHINTIVAIE [h
DHI15V1E

zc:<>«.uau 0}

VUADH I W30uN9wIAD

AIEEAFECI

NOISYIALO %3 WincH]

dHnd_SA0UV 4 HINgR |

AN NILYA I :..a g

]
'

x
Lol ket
7y NN RV,
' M 1
: i o
: !
|
]
T

> S
[
;
I

(-

Lo L ]
<

La.-

IMPACT ZONE A

e rren
| S—

P

majer_ _ _ _ __ 3
major ._________m
minor______..__

e

minor__ __ _ __ ___

Benelicial Impact
Ambivalent - _ _ _ _

Negntive Impact
No Impact

BTSCHANLE 2Ch

£

ESire
FELHAGE &

WATER TAE

| FLCW EGH

'—*“rJiT

'
[P -
N P

[

1
N

2

=
I Tort

4
,.
1

[

NN
:

ZAL
BIOLLYCAL

LRFES
PnYSIzAL
CHES

P

! C:\L

'1'.-
3

MrS

M :

L.
v}

LIOLC

U ICTPAL, INDUST= 1AL

3

T ML PAL, IHDUSTY AL

mesT

VESTQ

Faruwe
a=oaz0

wnvtn~w4rtn wAtEJQWATE

DGR SN DB IDTD TR AU QZ0DTA roTucu ]

ElS<pws

I=0E0~N0U»

[« =0 S RT3

LT

SIFWE S

SE— —— — m———
ﬂ“l.l.l [ rsamal ——d

- ———

—~—

——
e

— =

[S—

———
M

RN S B




4

MATRIX

QUALITATIVE

SANLIATLIY TV 40 AYYWWNS

NOISYIAIO HIFYT LVH

INiT3dId

SILEIALLIY NIV 20 AMVWWAS

May 78

59

J0¥LNDGD FOVNIVYQ NIVIHIYH

PLANT] SITES

SYI¥Y YS0dSIQ 31SvA 40 NOELYHYTDdY

Figure E1-4

SILLIATLIY 1Y J0 AYVHWAS

I0¥INGD JDVHIVED WIVLIHIVH

MINE [POWER| OFF-

Lhd 40 NOIIWVWYII3Y
SSWNG 40 NO11vWyld3Y

DECOMMISSIONING

SINLIATLIV 1V 40 AYVWHIS

IN[I5did|.

k3

Ovpy $532J¥

225

KOt ivd3dO

JQYLR0D 3OVYRIVED

ROAD 1SUPPLY

MAIN

JONVHIINEYW QVOY

OFFSITES

{31vNY311Y) HIOAHISIE 9 IVHYD

HAT
OIv.

ICREENK; ACCESS [WATER

{3SveE) Y10AY3S3d 5 1VNYD

SILL{ALLIY 1Y 40 AYVHHNS

SILLEALLIV ¥IHIO

OPERATION

RO14VH3dD INVd

POWER
PLANT

YIOAHIS3Y

AYS0d5t0 HSY

SILLIALLIY 1Y JO A¥VHWNS

FUNLINELSYHINT

MINE

S3N1dHI0LS 3 S4HNQ

S3HLIAILIY Lid

SINLIALLIY 1Y 0 AUPRWAS

Ovod $5333Y

ISUPPLY]

AN113d1d

MO ITHYdINd FIVIUNS

ININILIG 3D¥RIVED|

OFFSITES

L=

1

!
S1¥3AIN3 T
134 % hoI1vAYIX3| i

AROAD

Sild mO¥Y0R

MAIN ACCESSWATER

aNidd FELS 2 ONIYY3TD

KDISEIAI0 NI3¥D IvH ;

SILLIAIIIV IV 30 A¥YHHNS

SAILIAIIIY HAHLO

HI0AHIS3Y

CONSTRUCTION

POWER
PLANT

10

WS04 HSY

SILLIATLIV TV 40 AMYHWRS

FENLINYLSYUINI

MINE

S3V1dNI0LS T SdWNG

S3LIAILIY 1id

1K3Wd073A30 SITLIATLIV T1T¥ 40 AWVWWAS)

LS

L ABYNEW I 134d ONI TeWY S VTLNIMNOYIANS

minor— —— . —. . Iz

Benelicial Impact

END O
_

JHAUHICIPAL, IHDUSTICIAL

LIVESTOCK

]
<
[S]

1wy

major__ . ___ . .

ESTIC, MUNYCIPAL, INDUSTRIAL

RECIIARGE & D]SCHARGE ZONE

major — — e —
minor . _ _ __

iRRIGATION

IMPACT ZONE B2

STREAN MORPHOLDRY

WATER TABLE
FLOW REGINE
“RONOFF REGTHE
BIOLOGICAL
BIGLOGICAL
IRRIGATIOR

——

W
A
T
E le

PHYS | CAL

CHENICAL

CHEMICAL

P

LAKES
TUTVESTOCK
DORESTTE

o
=
|
c WATEJ_WATEHHWATEH SgewE { B geux

a%uurnc,GHOUND_.UHFACEGROUNuTunrﬂUE

UOM

T

Negative Impact
Ambivalent _ _ _ __ __

No Impact

G
1]
0
L
H

ODLd—>
»DEOJL00> B Wz Dwvw
E-2-42011]. 4

S ——
H




QUALITATIVE MATRIX

COMMISSIONING

SITES

STILATIIV TIV 40 AHVIWWIT

3NIT3d1d

POWER [OFF~-
PLANT

SIILIAILIV TV 40 A¥YWWAS

0EINAY FOVNIVEG NIVLINIVH

SvayV 1v504510 315VA 40 NOI1YWI1I3Y]

¢

w
x
r

S$3ILIAILOY TV

P

OPERATION

SILLIATLIV T 40 Auidns

OFFSITES
MAIN

ACCESS

ROAD

HOEIYY3d0

T0¥LRGY 39V¥NIVED

FINYNILN YW QYO

KOESH3ATQ HIFHI IvH

Sipe 1 )

POWER
FLANT

SAILIATLIV 1Y 40 AYVHWNS

|-
L

SIILIAILIY YIHIO

¥I1OAYISIY

3

NOI1v¥3d0 LNYId

SKDCOW] 7 SKIHILIG JDVN)IvHO

SNOISUIAIQ X¥334]

WvS0d540 HSY,

S3ILLIATLIY V]

CONSTRUCTION

SIILIAILIV TV 40 A¥vMWWNS:

OFFSETES
MAIN ACCESS

ROAD

14

NOtIYHYdINd 3VIUNS

ONEHILIQ 39vHIvHd

S143AIND

5,

T714 3 NOILLYAYIXI

5114 AQGHYOB

SNId4IHLS 2 ONEYVITY

SINLIANLIY 1Y 40 Auvidns

—

v
w
-
o
-
w
<
o
W
L
b=
[=J

ONIHILIG 30VIHIVHO

108

WIDANIS 3Y

ASH
DiSPOSAL

SNO09YY 7 DNIHILIG 39VHIVYD

NOLivivdidud 35vE

SNUISYIAIO %33¥)

SHILIANLIY 1TV

FUELELRELED]
iLis
ANYN I HI 13ud

SHAIALIY W 40 AHYWHNS

9N11AWYS TVLNIWNOW IANT

IMPACT ZONE B3

major— _ _ _ . B

Negative Impact

minor— .. — o

(4

EN0O O
i

]
!
!
ﬂ

major — .. .
minaye
No Impacet _ _ _ _

Beneficial impact
Ambivalent . _ _ __ _

WATER TABLE
FLOW REGIME

ON

TREAM MORPHOLOGY

RUNCFF REGIME
AKES

RECHARGE & DISCHA

=
i

PHYSICAL
CHEMICAL
BIOLOCICAL
HYS I CAL
CHEMICAL
BIOLOGICAL

_DOMESYIC AUNTCIPAL , INDUSIRIAL

LIVESTOCK
IRHIGAT I ON
LIVESTOCK
IRRIGATIOH

BE-wZ | Zarwr

D202 70 VDK o yut

Farwe | Tu~-uc
ORQIZTA MOTh-LUu

w( DOHESTIC, MUNICIPAL, INDUSTILIAL

Pk
VEZOITI

|-we
) IHE e bl

IroEmO-0U-

Ot =
Sa-we

FCwWE Suw

Figure E1-5
May 78

3

N ———

|

-y
=

BEs




MATRIX

QUALITATIVE

OFF-
SITES

SINLIAILIY 1Y 40 AHVHHNS

JHIT3did

NOLLVLS dHid

LN

AMY1d

SINLEAILDY TV

DE-
COMMISSIONING

MINE

SINLIANILLLIY TIv 40 AwvWWOS

0

A0ELIR0D 3DVHIVED HIVLINIVH

S4HNQ 4O HOI1wHYIO3Y

Lid 30 KOIiVWYID3W

Figure E1-6
May 78

SILLIATLIY TTY 40 AYVWHAS

{3LYHN3LTY) Ld0dH 1Y

L

WATER

IDYNIVYD 3NIT

Sdanfd

Qv0Y $533Jv]

ELTRETIF]

OFFSITES

HAT

ICREEK| SUPPLY

oiv.

JIVHEILIW) YI0A¥ISIY § IVAVI)

T35v8) ¥i0A¥3S3d 9 IVNYY

OPERATION

POWER
PLANT

SITLIALLIY 1Y J0 AuvWHRS

S3HLIAILIY WIKL

HO11ivd3d0 LWV

IYS0d5i0_HSV

()
CY]
—t
=

e

MINE

S3IILIAILIV T 40 AuvHWNS

B0

JHNLINHLSVEAN]

§371d¥J015 % Sdund

SANIIAILDV Jid

SINIIALLIY TV 40 AYVWUHNS

AIRFORT

3YNLINELSYHINI

sl

ICUAN0D IDVYHIVHQ

Uvdy 55333

HOllvdvd3ud 35YR

OHiddELs 3 INI¥YIND

2y

OFFSITES

WATER

SUPPLY i{Aliernate Sile)

SNOLIVis JWnd

Gvor_$5333v

AN Y¥3IM0d 7 WD) IYISBNS

FLINECIY)

5|

ROISHIALD W3IIFBD IVH

CONSTRUCTION

POWER
PLANT

SILLIAILDY 77 J0 AHVHWNS

SI{LIRILIV YIHLOD

d10nd353Y

10

504518 HSY

MINE

SILLIALLIY TAY 40 A% VHRNS)

FdnL I LSV SN

S3TINI0LS 7 S5dWNG

51

531 1M1 Lid

INIH40T3A30

115

AYvhiiWE13Y8d

SIILIAILIY TV 30 AMVHHNG

SN ITdHYS 1N IHNDE I AN]

IMPACT ZONE C2

]
minor._ . — o . !2

Negative tmpacl

for_ o e e —

ota

N0 O
h

major — — . -
minor _ . . __
Mo impact _ .

Benelicial impact
Ambivalent _ _ _ _

RECHAAGE ¢ DISCHARGE ZONE
STREAH MORPHOLOGY

RUNOFF REGIME
LAKES

FLOV AEGIME

VATER TABLE

FHYSTCAL
EHEHICAL

WiOLOGICAL

HURTCTPAL, INDUSTRIAL

CL,MUNICIPAL, FNDUSTILEAL

ESTOCK

(GAT DN

;
[}

AESTH

HESTIE

-
gsiE

LIVLSTOCK
IRRIGATIOM

EECrwd | Fa-wE

OrosYo WD cow

w

CewWE [ SebuT

[

H

_ TarwE | S ewa

= -1 EUnrACLGﬂDUuU?UnFﬂCK

I>Oxp-A00>

GO

i

b2 {4

!

“WATEH S




RO S AR PN T ORI A VI R P TRt T

ety

QUALITATIVE MATRIX

v

SAIVITALLOY 1TV 40 AWwWinS

SHTTVITI0
3 133id

iE

JAViNG

KOI1VLS duid

PLANT

e

SILIAILIY W 30 ABYHAAS |

10Y1H0 JTVNIVHO NIVINI W

5Y 3%y J<m¢mw—= I3 40 zo-»<z<.Uu=

DECOMMISSIONING
MINE Powznforrsnes

Figure E1-7
May 78

531 LiAi L3 11V 30 Abveiis

J0¥AINOI JIVNIVED NIVINIYH

_ATd_20 HATIv

$dvng_40 N3] L7133

_SINLTAILIY IV 40 Abvidns

BHIOVDNIA0 anIwdinh3

L¥ddyly

SUPPLY

FORCIS LIEL TR)

dving

AN 1Id | d

IAVINI

|l
]
!
1
}
i
—
7
T F
1
q

OFFSITES

MAIN
ROAD

 dild e
=)
==
- .

NOILvi3dD

I0WIKR0Y _IDVHIVRD

FINVHELHI YW OVOY

oy,

HAT
ICREER |ACCESS | WATER

{(3avn¥I1TY) ¥10A4353Y 9 TVNYD

(35v8) utoauigan 2 tvnyd

OPERATION

POWER
PLANT

SIILIAILIV VTV 40 AMVKHNS

STI1TAI1IY ¥INI0

HO11Y¥340 1NV

WED4510 15V

MINE

SILAIALLIY 1TV 40 AUYWHNS

INIINNISVYINT

3311423015 5 SaWNa

STNIiALLIV 21d

SANIIALLIV VIV 30 A¥vibns

QUIP_ OFF=

LOADING
FACILITY

IVALINYLSVEINE

J0eLH0D 3vNIvVEa

¢ -

ovoy wmuuu<

zo_hqmqauxu ETTH

AIRPORT r

N —pe

FYNLIAW LSV ANE

FOUINGD JOWHIVED

a<nr §5330v

ot Lvigvdind 35vd

AMiddIN1S T BuINv3ID

OFFSITES
WATER
SuPeLY

SHNILYIS dHNd

Qo muqu=

Hi3dld

HOTLIGEISHAY VLN

CONSTRUCTION

MAIN ACCESS
ROAD

W01 IVUY4TUd_ 32V 3008

QHIHILIO _FviIVg

Tt LR BN S R ol B —_

S 143NN

113 32 zc.~,><u:u

____Siid hgwuod

GRiddTUIE T 5H1uviI

NOISHIAIGQ 334D LVH

POWER
PLANT

SIILIAILYS 117 10 AHuring

$ATIIMI 19V BIHID

z.a:zuwux

decuw_o HSY

MINE

SILLIACLIY TW 1 awnans

JUNLINYLISVHANI

$371d%J010%5 2 SdWNQ

mm_-_p_hu< 114

LM~ OTIAI0
3318 AMUNIHIIING

D01 1guvs aqprm:zexq>=u

.
\
|
B
I
.
i
H
!
T
I
'
§
]
s
1
H
[}

LH

IMPACT ZONE C3

BN 800
f

—
e

MAOF s e e e

MAOT s e e e

Negstive Impact

miner— . - —
Beneficial Impact

minor o e e

Ambivolent — .

No Impact _ _ _ _

¢ DISCHARCE ZONE

WATER TABLE
318k

FiLOw KE:
RECHARG

LHANCIPAL THDUSTRIAL

K
LHUNTCIPAL , IHDUSTRIAL

-
3

LALES
FHYS ITAL
CHTHICAL
2101 ICAL
HYS 1 CAL
CHEMICAL
S1CL0SICAL
BOEESI
LIVESTO
IRRIGATIGH
BORFETIC
R3)
1A

L2 [4
STREAM MORPHOLOGY

=t

FEXruE

«
&
1
E
R

FA-un Farue | ZArwE | ZarwE

OEQITO

SUurﬁcE JzODxa FUHFACE UTODEI WSEmAY .

T>OXQ 4O L DT -1 T N

OD =
ELTINT

!
It

r ~ - - ; h
[SE— r..ll!lqy A st e - .il!h [S— !




heak

Qualitative Impact Assessment Matrices

Notes on Qualitative Matrices:

1)

The assessments on Ground Water in the Qualitative Matrices

refer only to activities in the Hat Creek Valley (Zone A}.
Activities outside the Hat Creek Valley are beyond the scope

of this study and therefore impacts on the ground water resources
of tnese areas {Zones B and C) are not assessed.
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APPENDIX F

F1.0:

Table F1-1:

Table F1-2:

Fe.0:

Table F2-7:
Table F2-2:

Table F2-3:

Table F2-4:

F3.0:

Table F3-1:

QUANTITATIVE IMPACT ASSESSMENT MATRICES

Matrices, Notes and M-1 Forms for Ground Water Hydrology
and Surface Water Hydrology

Quantitaetive Impact Matrix - Ground Water Hydrolsgy

Quantitative Impact Matrix - Surface Water Hydrology

Matrices, Notes, and M-1 Forms for Ground Water and Surface
Water Quality

Quantitative Impact Matrix - Ground Water Quality

i

Quantitative Impact Matrix
Hat Creek Area

Surface Water Quality

Quantitative‘lmpact Matrix
Bonaparte River

1

Surface Water Quality

Quantitative Impact Matrix
Thompson River

Surface Water Quality

L]

Matrix, Notes, and M-1 Forms for Surface Water Use

Quantitative Impact Matrix - Surface Water Use
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APPENDIX F1.0

Matrices, Notes and M-1 Forms for
Ground Water Hydrology and Surface Water Hydrology
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Note:

%

r

TABLE Fi-1

Quantitative Impact Matrix
Ground Water Hydrology

Hat Creek Area

All values are flows given in m3/d {(see Note 1)

Construction

Operation

Decommissioning

Activity Mine Plant Off Mine Plant
Water Other Site | Dewater- Other Offsite

Resource Supply [Activities ing Activities Diversions | Filling of Pit
Valley Amt (1) 1250 - 85 2000 250 - 1000 100
Altuvial | quat {2 G - G G G - G G
Aguifer Impact(B) -H - +L -H +M - -H +M
Buried Amt 300 | 1350 - 300 115 20 300 400
Bedrock | Qual F F - F F F F £
Aquifer impact | ~M - -M +L +] +M +M
Marble Amt - - 5 - 700 - - -
Canyon Qual - - G - G - - -
Aquifer Impact - - +i - +M - - -

Notes: (1)} Values glven are based on averages of ranges given in M-1 form.

(2) Quality of Resource:
(3) Impact Significance: see explanatory note No. 8 given at end of M-1

explanatory note No. 7 gliven at end of M~] form

(this appendix).
form (this appendix),




TALLE F1 ~ 2 QUANTITAFIVI, IMVACT PATRIX = SUSRFACL WATER IIVDROLOGY
HAT CRIVE ABCA
{NDTE 1)
ACTIVITY .
! CONSTRUCTION OPERATION DECOMISSIONING
A SOURCE MINE PLANT OFF MIKE s OFF SITE Filliny nr.lmz .
v H I sctivitiogs
mater U‘_:mfr_ SiTE ewater = | Other Giversiogs he ;i[ ¢
Supply [wetivitid: ing Activitids diversior ;c:?\t;tfc .
- (L (2) () {4} (5 (o) () (&) {¥) (16} i}
Amt., +330 +225 +130 +{<100) 0 +1500 =240 +{~100) |+(<i00) =500 -1800
RUNOFF VOLUME
\ . [ P P P ¥ v r 4 r P
(vote 2) al.
rpset +1 +T +I +1 +1, -1 +1 +1 -L =L
Ant.
RUBOFF
DISIRIBUTION ual, F F F F F F F F F F F
{Nete 8}
impact -L +1 -L -L +1 - -L 1 -L +H H
STREAM AmL., =5 0 -5 ~{<1) 0 2% ] ~h ={<1) +28 +1
FURPHOLOGCY
Quat. | ¢ F F ¢ ¢ F ¢ F
- - +
Impack -H -M -1, . 1L H L +M L
- ' +
LARES Amt. 20 0 0 4] Q a 0 +14 o} 225 0
Qual, F F F
Impact | _y : +M +H
DarL
| S —
b Dl )

bt 43004



A 2 2 A & o

FORE M1 ———— e
RESOURCE - GROUSD WATER AREA: HAT CREEK VALLEY P_A[E: _ 1 of ___5__
MO IMPACTY
RESOURCE RADUNT RESOURCE
PHASE ACTIVITY GENERAL AREA { CHARACTER AbsoTute Unit Accuracy ¥ Resource [QUALITY SIGNLIF JCANCH COMMENT
(i) {2) {5 (4). (5) _(8) [#2] {8} {9} (10} {12)
3
Froliminary Water supply | Coal pit VAA 2 o /d R 6.1 G -1
nite and disposal a, b
"development ]
Preliminary Fxploratory 3]
site drilling Coal pit VAA 16 m/d M 1 G -1 c
development
Preliminary Bulk sample 3
site pregrazm Coal pit YAA 2,500 w’/d H 3 G -1 .
¢ovelopment
)
Constructlon Mt Coal pit VAA 1,000 =» 3 - i
dewntering, BCA 27,000 m/d P 32 r H
wWater eupply § North of 3
Construeti- » to offices coal pit VAA 23 - m/d R 6 G -L e
and warehouse MCA 167
Coal atocking] MNorth of : 3
Construetion and blending ! coal pic VAA 20 =» o /d M 2.5 r +L f
IBCA 100
Water mupply | Nerth of ‘ . 3
Construction for mine and | corl pit BBCA 300 - v /d 4 8 F -L -
plant campa 400
Sewage die- North of 3
Congtruction posal for coal pit BBCA 200 -» n /d F [ F -L -
mine camp 300
Hater supply | Narth of 1
Constructicn to plant coal pit BBCA 1,000 » n/d R 24 F -H
of {fces, warel 1,200 &
house, ete,
h
Note:

appropiate note given at the head of each column,

For an explanation of the above values and symbols, see attached notes under

s

raty

ey

——
Owl, O
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RESORCE : CROUND WATER EMEA: HAT CPEEK VALLEY Mhse: 2_of _ &
PESOURCE AIURT RESOURLE TPACT
PHASE ACTIVITY GINEPAL AREA ] CH/SACTER Alsolute unit Accyracy ¥ Arsou-ee  [GUALIT SISNIFICARTY COENT
in {2) L R I K.} {5) ) Y (3| 19) 101 {12)
Construct fon Liveraions and 3
‘Cont inued) embankment Houth dump VAA 5«20 m/d 0 <1 G +1
cunstruction MCA
Diversions and 3
Constructfon }cobankment Hedlcine dump VAA S+10 m/d 1] <] G +I
congtruction
Soil and North of
Constructlon vegetation Medleine Creck VAA S5+10 m:’ld 0 <1 G +1
removal .
COperation Dewatering Coel pit VAA 1,000 == nlld P 40 G -M e
BBCA 1,000
Operation Cangl base South and east BRCA 500 -~ l]/d M 13 F 4
schene of pit 700
Opcrat lon Reservoir South of pit VAA 1,300 mald ] 57 [ -H
Stoching and . 3
Operaticn blending coal |Nocth of pit VAA 26 —» m/d M 2.5 ¢ 4L
130
Dumping of 1
Operation durficiale North valley VAA 3070 o /d N 2.2 [+ +L
dump
Dumping of 1
Operacion wasta rvock Houth meadows MCA 200 600 M M 10 [+ +M 3

patf
Fif:‘}é‘qﬂi L)
.-‘-'..c'?i." DG w0

il 400 -0




S O LT T S S T T TR T I N N B B

s AT CPLEn PRIJECT
. . &
Fiteack: GROUND WATER . AREA: HAT CREEK V7LLEY PAGE: _ 3 of _ &
PESOURCE ARJUNT RESOURCE 1MPACT
PiASE ACTIVITY GENERAL APEA | CHARACTER Absaiute unit Accuracy T Resource |[QUALITY SIGN!FICARCH COMYENT
|t 2 {3) i4) {5) 16} 17) (8) (9) {10} (2)
pumping ef 3
wiaste rock Hoyth Meadows MCA 10 — 50 mn/d M ? G +1 3
3
Cperation Creek Marble Canyen MCA 300 m fd M 15 [+ +M .
diversion
0 i Creel diver- 3 .
perat fon s1on and dump- Medicine Creek VAA 10 -= 50 m /4 M 2 6 +1 3
ing of waste
rock
F N 3
N ion Steoring low Norch of VAA 50130 m”/d M 1.5 F G +1
Pperati grade coal Hndlcine Creek BRCA
fNperation Dumping top Coal pit VAA 15 > 50 m.jld hi 1 F G +1
soll BRCA
Operation Store water Unper Medlcina VAA 10 mJ]d M <] G +I 1
in reserveolr Creek
Operacion Ash pond Upper Medicine VAA 20 mjld M <1 c’ +1
Creek
Gperation Stotre botton Rarry Lake 40120 n’ld M 1.5 F +1 m
BRCA
ash (Alt. 1)
Operation Store fly ash| Upper Medicine BHCA 15 mald M <1 G +1
(Ale. 1) Creek
Operation Store ash llarry Lake 3
(Alt. I%a) BACA 55 153 mfd E 2 F +1 .
an L
%f;:_] _.% BT ]
[ SLLW 3 DWG ~U

e BI0K-N4
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Py - Qs A e . . '

=
o T C7LLE PRONEST
PESOURCE: GROUNE WATER FREA: VAT CREFK VALLEY PAGE: & of _ 4
' PESOURCE AAQURT RESOURCE PACT

PHASE ECTIVETY SENETAL AREA | CH2RACTER Fhsoiute Lnit hcecuracy X Respyrce  JGUALLTY SIGNIFJCANCH COMMENT
i 2} ) i4) {5) 6y 1 ) (8} {9} {16) {12)

Mreration Store ash ftarry Lake - 3

{ont Inue ¢) TAlt. TIh) BDCA 552155 m/d M 2 2 +1 n

wecommission- | Mointain creek| South and ERCA 500+700 m]ld M 13 F ' +M

tng diversion cast of plt

6ATE
' Ed@_ % e
- VoAt ome ~O
bl 4708 - b )




NOTES ON MATRIX GIVEN ON M-1 FORM

Phase: The phase of development for Hat Creek Coal Project
proposed.

Activity: Activity that causes the impact that has been
quantified.

General Areas: These are the same as given in the matrix sheets.

Resource Character: These refer to the major ground water

aquifers outlined in the Inventory Report (Section 4.1 (a)).

YAA = Valley Alluvial aquifer
BBLA = Buried bedrock channel aguifer
MCA = Marble Canyon aquifer

Absolute Amount: This is the amount of ground water, measured in
terms of changing water table and/or flow regime, that could
be affected by development in the given area.

Units: Units of measurement are flows. Changing water levels
were not easy to quantify in a matrix form.

Accuracy: The 1imits of accuracy are specified as follows:-

D - Determined: A precise value is given based on
calculation or measurement.

R - Range: No exact single value can be provided but the
limits of the range within which the value will fall can
be precisely stated.

P - Predicted: Neither an exact value nor exact limits can
be stated but a value can be provided based on limited

knowledge, known relationships, or any other measure
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that will provide a value within a level of accuracy
acceptablie to the profession or discipline under which
the resource is categorized.

M - Limited information is available and a value is provided
for a scenaric representative of an assumed set of
conditions.

0 - Opinion: A value is provided for which supporting data
is unavailable. However, the value represents the best
judgment of the professional assigned to study the
resource.

In cases where no data on the amount of resource affected

can be provided, the lack of numerical date is specified as

follows:~

1 - Indeterminant: An amount cannot be determined.

U - Undetermined: An amcunt has not beeﬁ determined.

8. Percentage of Resource: The percentage of the total resource
within the general area that will be affected by the
development. The total resource is generally restricted to
the local aquifer and/or ground water flow system. '

9. Resource Quality: Levels of quality have been assigned to the
affected resource using the following letter designations:-

0 - Outstanding; unique;scarce, rare, endangered

H

High; much above average quality
G - Good; average quality
F - Fair; somewhat below average quality

P - Poor; substantially below average quality




1 - Indeterminant; quality cannot be determined
U - Undetzrmined; the quality of the resource has not been
determined.

10. impact Significance: The impact significance is an indication of
the net effect of the project on the resource. Beginning
with the existing amount and cuality, a determination has
been made of resource amount and resource quality following
project actions. |
Letter designations have been used to designate impact
levels so as to avoid the inherent difficulties in numerical
value scaling. The impact significance is indicated in five
levels as follows:-

E Extreome

t

H - High

M Moderate

L - Low

—
!

Insignificant
Note: The sign prefixing each letter is - ve if water is Jost and
+ ve if there is a gain to the ground water resource.
12. Comments:

a) the alluvial aquifer is hydraulically connected to Hat Creek
and hence a minor reduction in the flow in the creek would
occur.

b the water supply would reguire about 30 m3/d. -However,
about 8 m3/d is retained in another part of the same

aquifer and hence net impact is a loss of about 2 m3/d.




hEﬂH_ ¢) the quantity of water pumped was about 320 m3/d of this

total flow, 95 per cent would return to the ground water.
Only 16 m3/d is lost.

d) Bulk sample Trench "B" was very close to Hat Creek and the
so0 most of this water would have come indirectly from the
creek.

e) The per cent of resource is determined by calculating a
weighted average impact on each of the two aquifers
affected.

f) The values given assume that a well near the offices would
supply the water,

g9) This assumes that the seepage from the sewage disposal
facility reaches the ground water table in the buried
channel aquifer. |

h) The project description proposes that a well be drilled at a
point southeast of the plantsite. As there are no
significant aguifers in this area, it is highly unlikely
that a ground water source capable of 1800 m3/d could be
developed. The nearest potential aquifer is the buried
bedrock channel aquifer and we have assumed that the water
would come from this source.

i) The estimated seepage losses from the ditch range between 50
and 150 m3/d/km. However, this seepage loss only occurs
while there is water in the diversion ditch, About 400
m3/d could be erpected to be lost on average throughout
the year, |

J) Tiis estimate is for ground water seepage only aﬁd does not
include seepage losses through the embankments which would

S be picked up on the surface water collection system.
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k)

1)

m}

This seepage is likely to be very variable depending on the
season. 300 m3/d is the maximum av-rage monthly,

discharge. However, there would generally be no flow in
this channel for at least six months of the year.

This seepage would flow toward the Medicine Creek Yalley and
then westward to the Hat Creek Valley where it would enter
the alluvial aquifer.

These values include both ground water flows and surface
waters which have come through the retaining embankments
and/or the ash piles but not entered the ground water table.
These surface water flows are included here as much of the
Tow flow in Harry Creek seeps down to the Buried Bedrock

Valley Aquifer.




IR B Uiy
zraornon: _Surtace Hater Hydrology AkEA: llat Creek rant 1_of _%
RESOURLZ v T | pEsouscE 1MFACT
i1 : . iR nEs FeR1ST |2 CALITY SICNIFICAN.]Z -
HASE ACTIVITY (‘E{ﬁoé\é. ’l\] EA CUARACTERLS Aluoleze it Accuracy % Resouret CALE F COMERT
) ) 5 ) ) oy 71 (8) (v (o) (It
Construction Fine Hat Creck Runoff +330 1030.:‘1:!}'?_1 5] +2 P + Hote 2 and 3.
Yolume
Construction Plant Water Hat Creek Runoff +225 1{]3m:!yr'1 [\ +] P + fonstrection water Supply.
Supply Yolune tote 1
Construction Plant - Otherf Hat Creck Runoff +130 10311135_\!1‘-1 <) +1 p +{ Storm renoff only.
hetiuities Yolume fotes 2 and 3.
Construction | Offsite Hat Creek Runoff +(<100) 103:3 rhl ] +e 1)1 P +1 Facilities are disperséd and of
' e ¥ small areal extent,
Yo lune
. 17 -1 flow from dewatering wells and
Operation Mine - Hat Creek Runoff 0 107mwyr M 0 4 wine seepage would reach Hat
Uewaterfing Valume treek without mipe
) -1
Operation Other Mine | #at Creek Runoff +1500 10%ndyr M. 4 P L Note §
b Activitios Yolime
-1
33
Operation Mant Hat Creek Runof f -240 107 meyr M -1 P -1 Note 6
Volyme
. -1
Operstion Offsite Hat Creek Runoff +(<100) | 10%yr M +{e1) P + Note 7
Diversions Yolume
33 -1 Factlities are dispersed and of
Operation q\”si“iei- Othgr Hat Creek Runoff +{¢100) 107y r M +{1) p +1 small areal extent
Activities Yolume

LR A

Telt

e

e

Vel da iy 0

oot 808 - he
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ForM M1

HaT TARSN FROJECT

pESsURCE: _Surface Water Wydrology arpn:  Hat Creek PacE: _2 of _ 5
RESOURCE AMOUNT RESOUPCE IMBACT
ASE ACTIV TENER RE IARACTERIST IS CALITY SICRIFICAN(T QN
FASE Actram ¢ (NE}:LI’)“M CHARAC Absolute Unit Avenracy % Resource @A ) ‘ COMMERT
] B Tt T MBS So, -
1) (s {3 ) i (v (7: ey (9 P iy
33 ! P L Evaporation from lak
Secasmission-| Filting of Hat Creek Runoff -500 107 msyr H -2 - vaporation Trom lake
ng Pit Volume
33 -1
Pecommission-| Othor Hat Crook Runaff -1260 107 m.yr L -6 Revegetation, return of plant-
ing Activities Volume P -L site and reservoir drainage to
Hat Creck
i
Construction I Hine Hat Creek Stream -5 km -1 5 - Destruction of & km of Medicine
Morphology ' Creek channel, out of 5% km of
comp. channel
Construction | Plant, Water Hat Creek Stream 0 km Flow too small to cause detectable
“Supply Morphelogy changes.
Construction | Plant, Other Kat Creek Stream - km -9 ) Destruction of § km of Medicine
Activities Morphology 3 -M Creek channel, out of 55 kin of
) comp. channel
Only Yocal interferences with
Construction | Offsite Hat Creek Strean -{z1) km -{<1) F -1 stroam channels for dams, culvert
) Morphology ete.

Bkt T
¥ ,;l' RU R 1
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d & ¢ P2 ¢ 0t tnm

rous Mt
ETAOUECE Surface Water Hydrology PACE ¢ 1 o %
RLSGURCE AMUUT RESOUNCE IMPACT
roar ACTIVITY CRENEPAL AREA CHARACTERIST = CALETY SIGRIFICANE L
o " ™ote 1) Abrolute U'nit Accuracy h jlerourct ¢ : COMMENT
tl) (8] (3} (4) (&3] (U] (e () (41 i) (il
Operation Ming Hat Creek Stream 0
Dowatering Morphology No flows are added
N . PO The mine affects 21 km of Hat
Gperation Jiher Mine Hat Creck Stream £ 21 km ] 3+ 47 X .
Activitios Norphology [ +L Cr-etzk in lfnnor way thr'ou&_.]h fiow
modifications and siltation,
Ogeration Plant Hat Creek Stream 0 .
Morphology Il_ﬂ:gtgu;gharges from the plant.
. e h
Goeratian | Offsite |t Creck  [stremm 4 w | . o | w | e Ghwerston elminates o Bty
Diversions Morphology eliminated by the mine,
i i Only Jocal interference with
Operation 0ffsite, . Hat Creek Stream -(¢1) km P ={<1) F L szﬂ»je’ stream ch::n:!l_s {damst
Other Activifies Horphology . culverts, etc.) '
) . ? km of Hat Creek re-established,
Decommission- ] Filling Hat Creek Stream +28 km D +60 6 W 23 km fully regulated
ing of Pit Morphology
Decommission- Other Hat Creek Stream +1 km 1} +2 . Other diversions to remain in
ing Activities Morphalegy F 4L place but 1 km of Medicine Creek
re-estabitshed

o
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FORM M1

BT CFELE IIOFLTT

RESOURCE ¢ Surface Water Hylrology ARES Hat C!"EE'&(__ PACE 4 of 5
RESOURCE AMOUNT RESO{'RCE IHEACT
; 4 REN ARACT T1= CALITY SIGRIFICANY: S
FIASE ACTIVITY (‘E&ig\tlé ‘}R)m CRARACTERLST Absolute Yoit Accurucy % Resource or4 COrMENT
15 'ES) ) {a) 5 [y 2] (®) =) (iv) an
Fane 3 sosoe - = ; - pos F ~H Braining Finney and Aleece Lake
{onstruction Hing Hat treex Lakes —£W ha ] -Jo ' ! v ’
Note 11 kote 11,
Bat Creek
Construction Plant, Water Lakes 0
Supply Kote 1i
Hat Creek Lakes
Canstruction Hote 11 0
Construction Hat Creek Lakes 0
Hote 11
Operation Mine Dewater- Hat Creek Lakes 4]
 ing tote 117
The lagoons are not considered
Operation 2th?rimne Hat Creck Lakes11 0 to be lakes.
ctivities Note -
The makeup water reservoir and
H
Operation Plant ot Creek k*:::sn 0 ash pond are not lakes,
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oM M) AT CRTUE PROILIT
Surface Water Hydrolagy AUFA: Hat Crenh PATE 5 ot 5
}— KESOUKCE AMOUNT KESOURSE LMPACT
PHASE ACTIVITY GENEFAL AREA CHARACTERIST }= QUALITY S1GHIFICAN]S .
' cTIv L(Ho-'te 1) Absolute Unit Actcuracy % Resource COZENT
) (2} (&) (=) (3) Loy ) (o} ()] (1) [4EY]
The two reservoirs of the
Operation Offsite lat Creek Lakes +14 ha ] +27 £ +H Hat Creek diversion are permaznent
Diversions Note 11 and might be considered lakes.
Operation Offsite, Hat Creek Lakes D
Dther Activitiel Note 11
Decommissionirly Filling of Hat Creek Lakes +225 ha ] +433
Pit tlote 11 F +H Filling of pit
Necomtissfon- | Other Hat Creek Lakes 0 Finney and Aleece Lake are
ing Activities Rote 11

assumed to be permanently drained

el 8300 B¢
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NOTES: SURFACE WATER HYDROLOGY

1.

The "Hat Creek Arza" is assumed to include the entire Hat Creek drainage
basin to the confluence with the Bonaparte River.

Only mean annual runoff is considered, assuming thatmore runoff
constitutes a positive impact.

Absolute values are estimates of the increased runoff, assuming 22 mm
for disturbed surfaces, based on the differences between water balances .
for 100 mm and 200 mm 5031 storage {(Table B1-2).

It is assumed that the construction water supply is derived from deep
wells or from surface waters outside of the Hat Creek basin and that
75 percent of the flow eventually becomes an addition to Hat Creek flows.

This refers to the time near completion of mining, with 1370 ha in the
pit and in the Houth Meadow dump contributing at 100 mm and 800 ha
of other disturbed ground contributing at 22 mm.

With the plant area, make-up water reservoir, and ash ponq,570 ha will be
withdrawn from the drainage area contributing to Hat Creek. Runoff at
E1. 1300 is approximately 42 mm according to Fig. 4 - 39. Medicine

Creek is assumed to be diverted around the ash pond, not to Mclaren
Creek.

The prime diversion scheme does not affect runoff significantily but the

alternate scheme with storage would have a major impact on the time
distribution of Hat Creek flows.




8. The time distribution of runoff cannot be reduced to one or a few
numbers yet it needs to be considered in the guantitative matrix. If
only "runoff volume" is shown, because it happens to be quantifyable,
the erroneous picture of a generally beneficial impact of the project
on the resource "surface runoff" appears.

8. A major portion of Medicine Creek is also being destroyed, but since
the tributaries to Hat Creek cannot readily be lumped with Hat Creek
and are of less significance, this is ignored here.

10. The internal drainage of the plant site, reservoir/and ash pond does
not significantly reduce flows in Hat Creek and there is no natural
Medicine Creek channel left below the ash pond.

11. The main Jakes in the Hat Creek drainage {and their areas in ha) are

Blue Earth (6), Parke {4}, Fish Hook (6), Finney {16), Aleece {4) and
Galtagher {6). Several other, unnamed lakes of one to two hectares in
area have a combined area of approximately 10 bha, for a total of 52 ha.
The resource is of relatively low significance because several much
Targer lakes are situated within a few kilometers of the Hat Creek
basin perimeter, in particular Pavilion, McLean and Bedard Lakes.
Lake area given here are rough estimates only as there is considerable
conflict between different maps. The large-scale maps tend to indicate
larger lake areas but only a few lakes are included in the larger-scale
mapping. '
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APPENDIX F2.0

Matrices, Notes, and M-1 Forins for Ground Water
and Surface Water Quality




TABLE FZ-1  QUANTITATIVE IMPACT MATRIX - GROUND WATER QUALITY

HAT CREEK AREA

) DECOMIS-
o
OPERATION | s1on1xg
ACTIVITY MINE MINE
HOUTRH {MEDTI- | RECLAMA-
MEA- [CINE { TION
DOWS [CREEK
DUMP  [DUMP
RESOQURCE
CHEMICAL EMOUNT 400 40 500 to 700
QUALTTY G G U
IMPACT - H -1 -
n oall i i
%Ez f:_:;_[% PROSLCT
R _;\i'—n-el“ii DWG MO {




' 1, I 8 % A | t ) . " 3 n A N
TASLE F2-2  ZUANTITATIVE (W07 mo77 0 - SURFASD JATIR QUALITY
ELT OCREDEL MET
CONSTRUCTION OPERATION oI
L3
ACTIVITY
o . OFF - OFF-
SINE PLART 1 orres MINE ST IS TTES [MINE
il Lt
e —d Lt Le) [¥N) ! d
S W wa &2 2l 215 £ wi wa | & = w | 5
g o — =l O | caen o o o or L [ es) de— | e 3 F— = o oon f—
= o x| Lo a0 | = o = o w2 E = Tl o < ll 5 L
SE O E|83|°5 |32 Se| T |ER|SE88|%6] x| 5 |28 =
= =d ol = vy ) = | v ol = — - = = -
= — [an N TE] — — L — g = o (45 = < b i
oy L [ 76} A o [am} [ o [ 78] —t (Y] %] — o ‘ar
= o : v t o <, o
< =
PHYSICAL AMOUNT U {0.018 U U 0.0310.08/ U 0.21 1012
QUALITITY G G G G G G G G G
IMPACT -M -L - ~-M -L -L -M -1 -E
CHEMICAL AMOUNT 0.01871 0.03]0.04 0.03 }0.087 0.09 0.42 U2
QUALITY G G G G G G G 5
IMPACT -H -1 - ~H -H - -] -
BIOLOGICAL AMOUNT G048 3.063 U
QUALITY G G G G
IMPACT ~-L -H -[ _
'L DAl l
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TABLE F2-3 QUARTITATIVE IMPACT MATRIX - SURFACE WATER QUALITY
SCNAPERTE RIVER
. prEooYIc-
ACTIVITY CONSTRUCTION OPERATION STGHING
MINE PLANT [OFFSITES MINE OFFSITES MINE
Lt L) lal -
RESOURCE = = = E=: @ S| = 5 58 =
" = ég c:ég c:zg - 535% %§V7 - & EE
] = = o = o & Za =9 = O e =
= < 5 <D =) s . o 2= = G =
i pd ol & = o | & o = o
o (o] ] = g a g o e
0.24-
PHYSICAL AMOUNT 06.12-4.010.12-4.0{0.12-4.0 4:0 0.24-4.0
QUALTTY - G G G G G
IMPACT ~[ -1 -1 -l -M
0.24- 0.24-
CHEMICAL AMOUNT 0.12-4.0 4.0 4.0
QUALITY G G G
IMPACT -l -M =L
0,24~
BIOLOGICAL AMOUNT 4.0 0.24-4.0
QUALITY G G
IMPACT ~L -L
: l Eﬂ Da DAL i
' SR AR ES 13
el s

Yywe mo
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TABLE Fz-4 GUANTITATIVE IWPELCT MATRIX - SURFACE WATER QUALITY
THGHPSON RIVER
ACTIVITY CONSTRUCTION OPERATION DECOMISSIONING
RESOURCE
PHYSICAL AMOUNT 2.0-16.0 2.0-16.0 ,
QUALITY G G
IMPACT -1 ©o-1
CHEMICAL AMOUNT 2.0-16.0 2.0-16.0
QUALITY G G
IMPACT -1 -1
BIOLOGICAL AMOUNT 2.0-16.0
QUALITY G
IMPACT -1
lpate
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Tuality

Ground water N

AREA

Hat Creck

L RIPSA LI

PAsE : 1 of

HESOURCE ARLULT R}ZSUURC_E THMPACT
VHASE ACTIVITY CENERAL ARTA CHARACTFRIST 3= OUALTEY sronnang: COSMELT
Abselute [UTLR % Arcuraey W Merenrce el
(1) ) &N (a) (5 ) (7 BT () D] i
Marble Canyan 3 -1
Operation Hine-Youth fqui fer Chemical 400 med ? 100
Y¥eadow Dump 4 G - Note 1
Valiey Alluviun 31
“paration Winp-Hedicine { pquifor Chemical 10 md P 100
Creck ump K G -1 Note 2
Yalley Alluviun 3.1 | ”
Cecormissioniel Mint-Pit and Burried Chemical 500 to 740, med B 166 T tote 3
Reclamation |Uedrock Channel emica v g ¥ fiote 3
Aquifers
a [
[t ):-v.ﬂﬂj
ST .
Wiluews
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NOTES: GROUND WATER QUALITY

1. Parameters of leachate quality that exceeded PCB Guidelines or were
unusually high include aresenic, chromium, copper, iron, dissolved
solids, and pH. These were considered in the impact assessment.

The leachate flow perecent of the total aquifer was assumed to be
20% as determined by Golder.

The leachate and existing acquifer quality were used to estimate the
final acquifer water quality. These values were compared to the
Canadian Drinking Water Standards in evaluating the jmpact.

Z. The quality and quantity of seepage to the ground water from the
Medicine Creek dump will produce insignificant impact.

3. Quality of pit water and buried Bedrock Channel Aguifer unknown
and therefore impact indeterminant.
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VESUTROE s SURFACE WATER QUALITY AREA : HAT CRLEV PACL 1 of 5
RISOURCE ANOUNT KESOURCE IFPACT
THASE ACTIVITY LUTERAL AREA CHATACTERIST (= QUALLTY SJCHIFTCANG. COrENT
i Alisolute Unit Acenracy 7 Ee=orree
(1) Liy {(3) {4} (> ™) {7 lo) (&) (iv) {15
e . - Increased suspended solids in
CORSTRLCTION N!“E',hnt‘g,,, HAT CREEK FHYSICAL v - - 109 & M Hat Creek due to mine genstruc-
DISTLRBANTE tion activities.
N i - Impact due to increased total
CONSTRUCTION MINE-PIT HAT CREEK PHYSICAL £.018 ml,s"! P 100 6 -L suspended solids in Hat Creek.
CIVATERING
Iinact due to increased total )
TORSTRICTION MINE-PIT HAT CREEK CHEMICAL 0.018 md. 571 P 100 G -H dissolved solids in Hat Creek.
DEWATERTNG '
! s H - impact due to increased ammonia
CONSTRUCTION MINE-P]T HAT C{REEK BILOGTCAL 0.018 md.s ! P 100 G -L and BODe in Hat Creek from
C LT E
DEWATERT NG blasting.
Assume no discharge to Hat
COrisTRUCTION MIHE-COAL HAT CREEX CHEMICAL 0.03 LENN p 100 G -1 Creek.
STOCKPILE
HIHE-LOW Assume no discharge to Hat
CONSTPUCTIEN GUADE WASTE HAT CREEK CHEMICAL 0.04 mi, 57! P 100 G -1 Creek.
STOCKPELL
rep Increased suspended solids in
TONSTR -
STRUCTEION E%g%p;:&!g{ HAT CREEK PHYSICAL U - - 100 G -M Hat Creek due to plant con-
AN : struction activities.
consTRLCTION | canpr HAT CREEK PHYSICAL Mng Cheek A To arreTlo eon
e lﬁ?g? RBA ’ s1C v N - 100 G -4 struction activities, especiaily
URBANCE the Hat Creek Diversion.
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Rnsacnes:  SURFACE WATER GUALTTY AREA: _ HAT CRELX v 2 _of 5
RESOURCE AMOULT HUSOURCE THPACT
ASE ACTIVITY UENERAL ANEA CHARACTERTSY 1 QUALLTY SICNIFICAN]: CorminT
Alnolute Unit Aucuracy T Rewource . st
) 2} H [T ™ (v) e Ty 1T T (It
e . ) . i ETovated Tevels of suspended
4 FLarm VIKE HAT CREEK PHYSICAL 0.030 T P 100 ¢ -L s0)ids in Hat Creek.
DEWATERING
OPERATION MINE HAT CREEK‘ CHEXIEAL 3 .71 Increased levels of total dis-
EANTERING ' " 0039 me.s P 100 G -H solved solids in Kat Creek.

| i - I oduced dissolved oxygen concen-
TPERATION MEEETE . HAT CREEK BIOLOGICAL 0.030 P p 100 G P Ergtion inSHat CrenkYEUG cancen
FATERIRS l creased BOD: and armonia

2 PATION MINE - OVER- |  HMAT CREEK PHYSICAL ¢.087 L ] Increased levels of suspended
BURDEN DUHPS ' " 100 6 -L solids in Hat Creek.

fncreased levels of Cr, Cu, Fe.

CPEPATION MINE - OVER- HAT CRELK CHENICAL 0.087 nd.s7 P 100 G -~H and total dissolved solids in Hat
BURDEN DUMPS : Creek -
- -1d -
CrEpATCN B rEAND | HAT CREEK PHYSICAL v - s - 100 G M os Creck due to mine construc-
. CE tion activities.
OPERATION MINE - COAL HAT TREEX CHERICAL 0.09 " Assume no discharge to Hat Creck,
STOCKPILE " ms P 190 6 -1
CPEFATION MINE - LOW HAT CREEK. CHEMICAL 0.4 L Assume np discharge to Hat Creek.
GPADE WASTE 42 m.s P 100 6 -1 g
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WESOUCE SURFACT WATER O 1Y ARFA « AT CIERK Bail: 3 o 5
RESOUNCE ARSI VESHIRCE IKPACT
FHASE ACTIVETY INRERAL ARTA CHARACTER 1 ST 45 QUALLTY SICNITICAN LS ONAED
£ ACTINITY GIRERAL © AbsoluLe Tuit Accuriacy 6 Reoure, N LorernT
(1) 1) (€Y () (3 & h () 7} (1J} (11}
nr Assurie no discharge to Hat
CPERATION PLANT - ASH HAT CREEK PHYSICAL 0.21 mi. 571 p 1co G -1 Creck.
DISPOSAL CHEMICAL
OPERATION QEESITES - HAT CROEX 3 "1 Impact due to substantial Hat
‘ HAT CRELY AT CRiE PHISICAL 0.12 me.s P 100 G -E Creek temperature increase,
bivisien v4|
OPEQAT I I - HAT CREEK } increased autrient load due
B OECOMIIS | CCUAMATION ‘ HIOLosTERL ! ’ 100 ¢ -t to fertilizers.
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RESDIRCE ¢ SURFACE WATeR QUALTTY RRFAT  AORAPARIE 2I1VER BAth: _ 4 of 5
RESOURCE AMOWRT RESOURLE TMPACY
IT'ASE ACTIVINY CENEMAL AREA CHARACTERLISY 1= QUALLITY SIGHEFLICAD o
Absolute nit Accuricy T Resource P
() (2 [§3 (s} () oy N (<3 (¥ (to} G2l
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DEMATLAHE RIVIR 4.0 total dissolved solids.
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JISTURRANLCL
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OEUATERIKG RIVER * 4.0 dissolved splids,
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CPEDATLON OFFSITES - BONAPARTE PHYSICAL 0.24 - LA R 100 G -M Impact due to fncrecased tempera-
UAT CREEK RIVER 4.0 ture.
DIVERSION .
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APPENDIX F3.0
Matrix, Notes, and M-1 Forms for Surface Water Use




QUAKTITATIVE MATRIX - SUFTACE WATER USE
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REsORE: _ Surface Water Use AREA: _ A1Y Study Areas. 1 o _5
RESOUWICE AMOTLE I¥PACT
IEASE CTIVITY TLNTRAL ARTY IARACTERTST S SICHEFICAL.] oy aeEr
ASE ACTIVITY CLIRAL ARTA CHARACTERTS Trealais T oeirany ke ouree COTMENT
(L () (3) (4} (52 (v} (€] {s) (&) (lu} (11}
Zomstructicr | Hine - Land | A1) Study Livestock 2384 ha D 4 6 -L Loss of Watering §ites
Alienation Areas Rote 1
Construction j Finney & Aleoke A1l Stud Livestock u
Lake 5ewa€eri q Areas y ) - - - G -L Loss of Watering Sites
Construction | Plant - Lapd | All Study Livestock 827 ha h] 1 N , . Ut tam €
Alienation Areas Note 1 [} -L Loss of Hatering Sites
Cffsites -
Constructic A1l Stud i
v " Lard '\rcastu Y Livestack 136 ha 0 <1 G -L Loss of Watering Sites
Alicnation : Nole 1
Mire - Coal
Daeration Steckpile Sub Region Livestock Note 2 — U -_ G =-L Potential Unsuitahle Drinking
Leachate il Water
Gperation ing - Sub Region Livestock Note 2 _ U - 6 -1 Potential Unsuitahle Drinking
frainage 11 Water
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pzsnvace: _Surface Water Use ARen:  Hat Creek Drainmage pace: 2 _oi _ 5
RESQURGE FATUST RESOLRUE IMPACT .
FPASE ACTIVITY GEHEMAL AREA CLHATACTERIST]S - graLI Ty SIANTRICAN]: LT
Ahnolute lni g Avcuracy 7 Mvrource
(i} (&) [} 5] (3} ) (Y2 (b v {1v) )
. . -1
Construction | Mine-Pit Sub-Region Irrigation 85 ha-uryr D N I:l 3 G -M Alienation of Irrigable Land
11 ote
. -1
Construction | Mine-Dumps Sub Region Irrigation 29 ha-m.yr 0 " t(} 3. & -L Alienation of Irrigable Land
11 ote
Canstruction | Firney Lake Sub-Regien Irrigation 12 ha-m-yr'1 ] 4 . G L Storage Loss
Jewatering ii Note 3 b
Plant-Upper - G - Ali ion of Irrigable Land
Canstruction | Medicine Creey Sub Region Irrigation 11 ha-m-yr‘l i} 4 L tenation rrigable Lan
Ash Disposal 1] Note 3
Off sites- -1
Construction | Hat Creck Sub Region Irrigation 3 ha-m.yr 0 1 G -1 Klienation of Irrigable Land
Diversion 11 Note 23 R
AfF sites- .
. . - Conveyance Disryption
Construction | Hat Creek Sub Region Irrigation 23 ha-m.yr™} 0 6 g -L 4 thid
Dtvarsion i Note 2 Note 3 -
Finney - veyance Disruption {Excludes
Canstruction | Creek Sub Region Irrigation 12 ha.m.yr 1 v} 4 G =L E‘z’“ha?’,...,,r-i alsg alienated by
Diversion 11 Note 2 Mote 3 Finney Lake dewatering)
Pit Rim -1 G -1 Alienation of Irrigable Land
Construction | Reservoir Sub Region Irrigation 7 ha-m.yr D 3
1t : Note 3
Hat Creek
gater SI;PIJU" Sub Reglon Irrigation 45 ha-m.yr'I ] 12 G ~-L Alienation of Irrigable Land
eservoir .
Construction (Al teraate} il Note 3
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kESOUPeE: _ Surface Mater lse AREA : As noted mrE: 3 of 5
RESOUHCE AMOWRT WESOVRCE IMPACT
L IVITY 5 e QUALITY SIGRIFICAN o
FilASE ACTIVITY CENERAL AREA CRARACTERLST haTuce e P A — QUALITY t COrMENT
) (2} ) () {5} (v (7} (o} (39) (1) 17,
Main Access | Donaparte, 1 -
Constryctior Poad Toemgall find Irrigation 17 ha.m.yr i} 1 G -1 Alienation of Irrigable Land
Jeeyan Jack Hote 3
Srady 4rPas
Afrport Donaparte, i
Construction| Site A Cornrall And Irrigation 39 ha. m.yr D 2 G —L Alienation of Irrigable Land
grcqun Jack Note 3
tudy Areas
Main Pumo Bonaparf;e. .y . " . -1 o .
Station 1 Cormwall And irrigation 2 ha-m.yr b <1 o — Klienation of Irrigable Land
Lonstruction fregon Jack Note 1 @ 1 AVIERELIo g
: Study Areas
Booster Pump gnnapa;-:e}!,k | 1
Station I ornwald An : meyr « G T -1 Aicpation of Irrigable Land
Construction Oregun Jack Trrigation . ha-m.yr o )
Note 3
Study Argas ]
Alrport Bonaparte, g
Site € Cormrall An -1 1
Construction g:e on Jack Irrigation 33 ha-m.yr o Note 3 G ~L Alienation of Irrigable Land
([« TN § .
I TITEUS
Dust Sub-Reglons . z .
Operation Control I %11 Irrigation 10 ha-m.yr 1 D Note 3 6 -L Project Use Evaporation
. Pit River Sub-Regions -1
Operation Reservoir Isll Irrigation 3 ha-m-yr o Nnt: 3 [ -1 Surface Evaporation
Operation teadworks Sub-Regions Irrigation 3 ha-m.yr~ ) 1 G -1 Surface Evaporation
Reservoir 1811 Note 3
Mine Pit
Secpage SubsRegions - | Irrigation 0-21 ha-m-yv-'l R <4 ‘ Basec}fun Maximum Pump Capacity
Operation Fvaporation | 1 % i1 Note 3 6 -l Specification
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PTAn arE Surface Water Use AREA: A1l Study Aveas PIE: 5 ot 5
RESUUACE AN ELSOURCE IMPACT
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l'iao‘nussw:n Aroas udy 9 Hax, Note 3 6 +H Available Storage
fecormission-f Dust Control A1} Study irrigation 10 ha-m-_yr"‘ D <l
ing Ceases Areas Pax, Hole 3 G 4L Project Use Stops
Decommission-{ Pit Rim A1 Study Irrigation 21 ha-m-yr'l ] 1 :
1 ing Newatering Areas ' Max, Note 3 G + Project Use Staps
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Decommission- | Plant A1 Study Irrigation 830 ha-dieyr- 0 24 G +H Available Storage
ing dasnrvoir Areas Max, flote 3
— . N
Jecormission- | Supply A1 Study [rrigation 650 - ha.m-yr D 19
ing Pipeline Arcas Max. Note 1 G +H Available Supply
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NOTES: SURFACE WATER USE

1. Dased on "Probable Use" Case Grazing Land without Project, Hat Creek

drainage only.
2. Appears to be easily mitigated.
3. Based on "Probable Use" case without the project.

4. Would aiso affect Sub-Region III.




