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APPENDIX A
A1.0 GLOSSARY

The following glossary explains some of the terms used in the ground water
sections of this report.

Aquifer

Darcy Equation

Base Flow

Discharge area

A Tithologic 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 usable quantities.

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

Q=kiA

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

hydraulic gradient (L/L}

cross sectional area of flow (L2)

where: Q
k
i
A

noa non

Portion of stream flow derived from ground water discharge.

Area in which ground water filow lines converge and are
directed toward water tabie.

Equipotential Contour line which represents equal hydraulic head.
line
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 two 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 properties of the porous medium do not vary
from point to point in the medium. '

Ratio of flow velocity to driving force {hydraulic gradient)
for viscous flow under saturated conditions of a specified
liquid in a porous medium.
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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 cf the liquid and of the force field causing move-
ment. It is 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 aquifer.

Natural surface discharge of ground water having a
concentrated flow.

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

Surface along which the fluid pressure is atmospheric and
below which the fluid pressure is greater than atmospheric.

Al-2
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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 Designation:

Use:
Location:

Well Type:
Depth's
Yield:

Description:

Water Type:

Hydrogeologic Setting:

Well Designation:

Location:
Well Type:
Depth:
Yield:
Description:

Water Type:

Hydrogeologic Setting:

Div=1%

B.C. Hydro Camp Supply

Approximately 3m from Hat Creek, directly behind
camp.

In augered hotle

Approximately &m

Approximately 10m3/day

Galvanized pipe liner set in hole with boards
covering top.

Ca - HC03

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

M/-2

Domestic supply for residence.

Located on western hillside

Peveloped spring

lLess than Im 3

Sufficient for small house 1.5m"/day.

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

ta - HCO

Shallow springs associated with seepage from
Finney Creek

*DW-1 refers to Domestic Water Supply Source number 1. Note Nos., 6, 7, 1)
and 12 are not wells as pump-pipe systems take water directly from Hat Creek.

Az~ 1
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Well Designation:

Use:
Location:

Hydrogeclogic Setting:

Other Comments:

Well Designation:

Use:
EBEétion;
Well Type:
Depth:
Yield:

Description:

Water TXEe‘

Hydrogeologic Setting:

Well Designation:

Use:
Location:
Well Type:
Depth:
Yield:

Description:

Water Type:

Hydrogeciogic Setting:

DW-3

Domestic water supply for Residence

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

Developed spring

Water flows to surface

Not sufficient for house supply at mid summer

Spring is about lm in diameter and the water

depth about 10mm

Ca - HCO

Shallow around water associated with seepage from
Finney Creek

A sulphurous smeil was noted when a water sample was
coltected. This spring used to supply two houses unti)
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 seailed and water is pumped
into the house.

{a - HCO

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

DW-5

Domestic supply Ranch

Near house and close to a small creek

Dug well

Estimate 5m

Estimated ].5m3/day

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

Ca - HCO

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

Use:
Location:
Well Type:

Depth:
Yield:

Description:
Water Type:

Hydrogeologic Setting:

Qther Comments:

Well Designation:

Use:
Location:
Well Type:
Depth:
Yield:
Description:

Water Type:

Hydrogeologic Setting:

Well Designation:

Use:
Location:

Well Type:
Depth:

Yieid:
Description:

Water nge:

Hydrogeologic Setting:

Other Comments:

DW-8

Domestic supply Residence

Approx. 15m from Hat Creek

Dug well

Approx. 8m

Estimated 2m~/day

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

fa - 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-9

Domestic supply for Residence

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

Surface flow

Sufficient for household use (1.5m3/day)

A smali 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

Pomestic supply to Ranch house

Under the house and about 6m from Hat Creek

Dug well

Estimated 5m

Estimated 1.5m” /day

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

Ca - 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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Well Designation:

Uge:
Location:
Well Type:

DeEth:
Yield:

Descrigtion:

Water Type:

Hydrogeologic Setting:

Well Designation:

Use:

location:

Well Type:

DescrIEtion:

Water Type:

Hydrogeologic Setting:

Other Comments:

Well Designation:

Location:
Well Type:
Depth:
Yield:

Description:
Water Type:

Hydrogeologic Setting:

Other Comments:

DW-13

Domestic water supply to a new house

Approx. 150m west of Hat Creek

Drilled

36m

L.6m” fday (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. Scree
was set between 12 and 13 m depth.

No data available

The well is located in the south end of the Hat Creek valle
near Hat Creek. The water pumped from this well comes fron
a sand and gravel aquifer which extends from 11m to 13m.
The unconsolidated sediments above this aquifer consist
primarily of till with some alluvium near the ground sur-
face. A soft steeply dipping bedrock was reported to have
been encountered below the aquifer. No significant quantit
of ground water was encountered in this bedrock material.
The static water level in the completed well was 6m below
ground which indicate that the sand and gravel is a con-
fined agquifer.

DW-14

Supplementary domestic water supply for Residence.
(Supplements DW-3)

In front of house, between road and Hat Creek.

Dug hole

Approx. 6m

Unknown

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

no data

Hole dug into 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-15

Domestic water supply

Off Highway 12 on Indian Reserve (see fig. 3-4)
Drilled

Unknown

Unknown (estimated lm3/day)

Probably yielding water from unconsolidated sediments.
tog of well was not available.
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Well Designation:

Use:
Location:
Well Type:

Degth:
Yield:

Description:
Water Type:

Hydrogeologic Setting:

Other Comments:

Well Designation:

Use:
Tocation:
Well Type
Depth:
Yield:
Description:
Water Type:

Hydrogeologic Setting:

Other Comments:

Well Designation:

Use:
Location:

Description:
Water Type:

Hydrogeolegic Setting:

Other Comments:

Well Designation:

Use:
Location:
Well Type:
Depth:
Yield:
Description:
Water Type:

Hydrogeologic Setting:

Other Comments:

PW-16

Domestic water supply

0ff highway 12 on Indian Reserve (see fig. 3-14)
Drilied

Unknown 3

Unknown (estimated 1m”/day)

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

wW-17

Domestic water supply

Off highway 12 on Indian Reserve {see fig. 3-14)
Drilled

Unknown
Unknown {estimated Im

3/day)

Probably yielding water from unconsclidated sediments.
Ltog of well was not available.

DW-18

Domestic water supply

Highway 12 at Caribou Highway
Dug well

7.6m 3

(estimated 1.5m”/day)

{chloride 25 mg/1, pH 7.5)
Fiood plain sediment. Mostiy silt.
Data provided by B.C. Government Ground water Division,

DW-19

Domestic water supply

Hwy. 12 at Caribou Hwy.

Dug well

T5m 3

No data (estimated at 1.5m”/day)

Located 5m south of Hat Creek. Probably yielding water
from flood plain sediments.

Data provided by B.C. Government Ground Water Division.
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Well Designation:

Use:
Location:

Well Type:
Depth:

Yield:
Description:

Water Temperature:
Water Type:

Hydrogeologic Setting:

Limestone Quarry Well

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

1c

La - Mg - HEOD

The well is Iécated in a narrow valley with limestone
bedrock exposed on both sides of this valley. Water
pumped from this well comes from a sand and gravel aguifer
which is known to extend from a depth of 24m to the bottom
of the well. The well only penetrates part of the aguifer
and hence the total thickness of this aguifer is not known.
A stoney clay material (probably till) was penetrated above
the agquifer and probably acts as a confining layer., There
are no records of static water levels in this well.

A2-6
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A3.0 SUMMARY OF GROUND WATER DRILLING PROGRAM

A3.1 INTROBUCTION

This appendix summarizes the results of a five hole drilling program
supervised by Golder Associates to provide infill information on the
environmental hydrogeology of the Hat Creek Valley area. The drilling and
piezometer installation was performed by Ken's Drilling of Victoria, B.C.
between August 2 and August 27, 1977.

A3.2 PURPOSE OF THE INVYESTIGATION

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

Two areas of concern were the limestone bedrock exposed and underiying the
northern portion of 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 diameter
and cased where necessary. Three of these holes are located in the Houth
Meadows area and two in the Medicine Creek Valley {see locations Figure
3-4). A1l holes were drilled with a Chicago Pneumatic T-6560 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.

A3-1



(a) Houth Meadows Prggram
(1) 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 piezometer was a porous cup type lysimeter (see Figure
A3-1) and was instalied in the unsaturated silty gravel whereas the other
piezometers were of the 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 bedrock.

Water samples were taken and the rate of water return was measured as the
drilling progressed. Each sample was tested in the field for temperature,
electrical conductivity and pH. A Corning Model 3 pH Meter and a Beckman
Solo-Bridge RB3 EC Meter were used to test the water sampies, and these
field data are shown on the Hydrogeologic Logs. Two soil samples were also
taken at depths 6.8 m 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 were
carried out in all the piezometers in the limestone bedrock and hydraulic
conductivities are summarized in Table A3-1.

(ii) Borehole RH-77-46

The second hole drilled, RH-77-46, was started on August 9 and was
completed at a depth of 92.0 m on August 11, 1977. Two blow back sampling
piezometers were installed at depths of 36.0 and 89.8 m. The deep
1imestone 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

A3-2
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Table A3-1

Summary of Logs of Boreholes Drilled for
Hat Creek Environmental Hydrogeological Study

2) (4)
(1) (1) Piezo (2,3,5) Hydraulic
Hole Piezo Gepth (2) Depth to Conductivity
Number Number (m) Lithology Water (m) {(m/sec). Comments
‘ .
RH-77-45 89.8 blue LMST 19,2 1.7x10 ;
62,9 blue LMST 18.8 5,0%10
-6
3 35.2 buff LMST 17.3 1.3x10 Weathered zone
RH-T7-46 1 89,8 white LMST - - Piezo. broken
during con-
struction
2 36.0 sandy GRAVEL - - Piezo sealed by
casing
RH~77-47 1 32,0 silty CLAY - - Piezo, broken
during con-
struction
-7
RH-77-48 86.9 v. dark SHALE 20.0 5.0%x10
-8
77.0 SANTDSTONE 21.8 B.0x10 Probably low
due to plugging
; of formation
3 58.1 grey SHALE 21.9 3.0x10
RH77-49 1 89.6 GREENSTONE 62.4 1.8x10”7
2 71.5 GREENSTONE 64.8 —5.0::10-7 Fracture zone
at 72 m.
Notes:

(1) see locations of boreholes in Figure 3-4.
(2) see a more detailed description of piezometer imstallation in Appendix A4.0.
(3) water levels recorded on September 20, 1977
(4) based on falling head tests
(5) water samples were taken for chemical and isotope
analyses, see results given in Table 4-1,
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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. No falling head permeability tests
were carried out, however an estimate for the hydraulic conductivity of the
gravel between 10-3 and 102 m/s. These estimates are based on
calculations using the Hazen formula and grain size information provided jn
Figure A3-3,

(iii) RH-77-47

The last hole in the Houth Meadows area, RH-77-47, was started August 1]
and completed August 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 greenstone
bedrock as this formation was too unstable.

The hole did not yield enough water for water samples to be taken, although
0.03 litres per second (1/s) 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 28.2 m
during the driliing. 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
installation and no hydraulic conductivity and water tevel determinations
could be made,

(b} Medicine Creek Program
(i} RH-77-48

The first hole in the Medicine Creek Valley, RH-77-48 was started August 14
and completed at a depth of 92.0 m on August 15, 1977. Three standard
sampling type piezometers were installed in the bedrock at depths of 58.1,
77.0 and 89.9 m. The bedrock opposite each piezometer was respectively:
grey shale, sandstone and dark shale.

A3-3
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Table A3-2

Summary of Cation-Exchange Capacity Values for
Unconsclidated Sediments

Hole(l) Sample Depth CEC(Z)
Number (m) m.eq/100g
RH77~47 8.7 8.8
RH77-47 24,7 5.9
RH77~48 4.3-16.8 12.7
RH77-49 10.7-15.4 12.7

Notes: (1) See locations, 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 Apalysis" purblished by the American
Society of Agronomy.




i Twelve water samples were taken, of which seven were field tested as was
outlined for hole RH-77-45. The resuits of these tests are shown on the
™ Hydrogeologic Log. One soil sample was obtained at a depth range of 4.3 -

16.8 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

u
conductivities are summarized in Table A3-1.

-

(ii} RH-77-49

- The last hole driiled 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.

B Two standard piezometers were installed in the greenstone bedrock at depths
of 71.5 and 89.6 m. Three water samples were field analyzed for

- temperature, electrical conductivity and pH. These results are given on
the 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 sample (see Table A3-2). Falling head permeability tests

- were performed in the iwo piezometers. Test results are found in Table

' A3-1.

il

-

o

<ol

i
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A4,0 HYDROGEOLOGIC 1LOGS OF BROREHOLES

The following hydrogeclogic logs summarize information om all
boreholes that were drilled for the ground water study. The abbreviated
lithology is based on data supplied from drillers logs, bag sémple
analyses and hydrogeologists' field notes.

In order to show all data im one compact log it was necessary to
use a number of abbreviarions and symbolic notation. The following notes
explain these abbreviations. The note numbers correspond to the numbers
shown in parenthesis at the head of each column in the following hydrolegic
logs:

1) Lithologic Terminology 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

Z441 sand, gravel and bentonite.

Ad-1




3)

Cont'd

b)

Hote

drilled hole casing removed

drilled hole casing left in place

e ma——— —— e —
e ———— — b

drilled open hole

¥ x
¥ drilled hole known to have squeezed in
x ¥
%X x

Standard Double Seal Piezometer Arrangement

bz
=i

rLLy

€3¢ depth to centre of piezometer inlet

piezometer type {see be low)

s 903 )

V27772 1;4~—Z36V7ﬁmﬂf%2
5 - [
¥'s -

Ly —Grove!
e ~FICZOMmErer 1D
o see rypes below

Standard Top Seal Piezometer Arrangement

23% depth to centre of plezometer inlet
—_—

——

piezometer type {see below)

E?P‘j}/ g~—Berlonife
e b —Crovel
te

B~ Reromefer 1ip
see ypes below
Type of Piezometer Tip

Type 1:

Standard Sampling Piczometer: ¥ o
S
Slotted 19 mm (0.75 inch) diameter :::igi;”f“”'
’;‘r’;i‘j z:gaw
PVC pipe. Approx. 60 cm (2 feet) T~ Qﬁ b7 o
Bem : sletaes
_pieremere
long, Has an air tube installed to

—

=
enable water to be blown back to PETALL
(hot A scaler

Showing Fos biew ou;;’:;;ej‘g
: = se wottr

ground surface (see detail). o o proconas suoee.
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4)

3)

6)

7)

Type 2: Multiple Tip Sampling Piezometer:

6mm 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

{see details in Figure A3-1).

Water level measured in borehole 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: f1l = water flowing over top of casing
lw = losing water
Mw = making watetr
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 artesian heads (i.e. above datum). These static
water levels are equivalent to total piezometric heads in all

piezometers.
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8) D = Depth range for permeability test (meters)
K = Average formation permeability determined (cm/sec)
¥ = Method used to determine permeability
P = Packer test using head method
f = Falling head test in piezometer
w = Pumping test
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Job No._

Project

Type of orilling,

HAT CREEK ENVIRORAENTAL |

L T T P T T e P T T

ROTARY

T Ty T L T TR

HYDROGEOLOGIC LOG

Rig, ..,  CRICACO PNEUMATIC - T - 650

sesssnesen resereresarrersans ererriararsanes

Qoordinates:

E.O

P T L Y PP P PP PP Y T

Angle from horlzontal _%0°

15486 .
erbbedbhrs batbant s tearane Py, Elevotion type:  altimeter 0

DRILLLHOLE No.

RH-77-45

Reference elevation """~
surveyed X

from map D

Dote siarted

.........

Date. 13700,

Drilting flulg MR Purpose of hole | HYDROLOGIC DATA, .. eeereee
Bearing .. s AZIMUth
2) {3} During Drilking After Drilling
mizr* . ( =T ( =
ompiated 2) j{2H4)r| (5) {6) [{2){7}| Permeability (B}
| Comments
Lithology Construction Depth [ Water | Water igype, | Water 2) .
Level Flow Level | papth [Method| Veolue
{m) {m) | (i/5} {m]) {m) {em/s}

et = 4 19 I e it A et A ER R E
Tt L4e [o 48 -
N J0% “
- 15 .
- k1 -~ -
[ = A Type 3 piezometer ]
10 Siley was installed in & e
- Gravel shallow hole at this =
L. site {Depth=l2H) ]
L | | .
[ e =
- eZZ% .
- -
20 .
n 24 Lts ] A1 1 2 | 0.2 KW ]
— e T ECE60 -
C Loarse sandy "fl/of PHé. 5 -
o Gravel 15 1847 7
il 30 el 30 | 0.2 ECHLS _
— g_;_;g.,g PHI.2 .
- P e o Z
C buff. LMST. e rae 332 " N
— (weathered zone) Biodcei) 35.2 L17.3 | 33.2 f 3x10 | Piezo 3 —
- ng 2.5 3%.7 36.7 3
u [t L 38 | o.2t | Ecseo -
- . PH7.O e
—t0 0 ::ﬁ -]
- - o -1
- o472 L a3 L 0.3 | Ec700 7
- PH7.2 n
- L ke | 0.5 EC650 Fracture Zone at 4bm -
—50 PH?. —
- -
" t"s 4{ Fracture Zone at 62m ]
| — /./V . -
» e 1 | 0.6 EC655 Fracture Zone at 55m =
- [ |21 00 PH7.3 .
o 7z 60 0.8 | Ecsoo 7
:—60 S%o-%‘:' 59.% L - 0. o -
- AT gD 62.9 L 18.8 | s9.9 | f  B.osiTPf Pieze 2 ]
- £ L8| g5 1 69.4 1
L ze / -:
- blue 1 2% -
- 1 imes tone o] | 69 L 0.5 | Eceso 3
70 r." 5~ PH7-5 —
i~ | Z
C Lo74 L 0.9 EC625 N
b— PH7. & —
- - -
—$0 =
o o2 3
- e

s r gt

a T2 .
C L -
- :,/D_ 86 - 88 2.0 EC610 58 -
B Do - . -
== S5t D89:f ol PHT. 4k 19.2 | g2 ¢ hogeo7h Pieso 1 ]

Controctor: | KEN'S DRILLING .. . Logged by R.S$.G ¥ NOTE. Brocketed numbers refer to notes preceding the logs.

Scole’  1:50L0

Golder Associales
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Job No._ y7352

Project

CLLL YT PR P

HAT CREEK ENVIRONMENTAL

HYDROGEOLOGIC LOG

R T LR L R T L R T T T P T T Hre

cavaseensasranes

THP8 O ... SOV, CoOrinates: € VO L wmeed
N 88 o Etevation type. altimeter 0
Rig ., CHIEAGD PREUMATIC - T-650 ...... from map O

RH=77-46

DRILLHOLE No.

Sheet 1. of |

Reference elevation | 822.7 .....oocrvrererernn

Drilling fiuig AIR

Angle from horizontel __90°

[ETT T YT YT N

R L L L L T T T LT T YO

Bearing ... — UL

Birsrcasssarrennsnine

Purpose of hols _ HYDROLOGIC, DATA

sasurntasiis

LR T P PR TR LITN

T T T LI T TTYY Y T TP Oy

Date frmished yos8777 0 . ... ...

2} (3 During Drilling Atier Drilling
mi* (2) (3)
Lithale Completed (2} [{2Y{4)| (5} {6) |{2)(?)] Permeability (B) Comments
oleqy Construction |Depth |Woter |Water nyn,.r |Water —757
Level | Flow Level | papth |Method| Vafue
{m) {m} | (1/s) {m} {m) (em/ss)
:__-_.‘-——__———_rr;.pr—_—-.'-——'—”—-‘ ————— — — .--—-———v--——--—-—--—q—-—--——--—-—-——--—-:
[ 124 -
L
o STy E'/ s HoIsT N
= SRAVEL i 3 LY —
- LA}~
N W 7.5 | 0.2 | ecsto 3
- 9 .7 n
-—t0  COARSE SAND ]
- s EC550 .
- GRA . ]
= VEL 13.5 L 14 L 0.9 | PHjs ~
[ SANDY I : ECk05 -
N COARSE GRAVEL - 16 1.9 | pu7.7 3
o 18,2 eckso 3
20 WM 20.5 20.5 | 0.3 | pHalo —]
- 21 - 1.3 | Ech70 "
- SANDY PHE .0 n
ol COARSE GRAVEL L2k b 2.8 | gclso 3
L PHT.9 -
el
- 27,5 Tob+1 .
" ) |~ -
" ag  GLACIAL ] L 9 —
[ SILTY [ou, -
- cLAY 5 1~ .
[ 34.5 L 0] 2
= . clesfee] . 35 L 1.9 | Ecsio -
= $ANDY GRAVELS 145 ) 3 [ 6. A T L Piezo no. 2: -
o ENTERBEDDED WITH AN ' . ECSG0 partly sealed by casing]
n THIN CLAY SEANS He 20 PHS .2 .
b0 x.a “llzxu —
b P L 41 L_¢.9 [ ecs3o =
43 s ool PHE. 3 ._
- = 4
. z’% L o4s L 6.1 ~
- ErEy .
- R .
0
:—5 b 51 - 0.1 ECL4sg ?
- PHE.7 -
— WHITE -
— LiMESTONE . -
o 57 0.1 |Echio 3
o PKE. 4 I
= L 62 Lo n
: ]
o 3
70 ]
E‘ 75 0.1 | Ecuzo =
N P48, 7 -
" 8 2
5 —
r 18] ]
- Y
L 1]0/0 8s 0.1 {EC3s0 3
- » e PHE.Q “]
- ] 3
- ﬁ?fé_‘ Piczo Ho. 1: .
C o Lo s nly o - uhe wy broken durina
Controctor  KEN'S DRILLING Logged by _ R.5.G, * NOTE. Brecreted numbers refer 15 notes preceding the logs
Dote started: 9/8/77 .~ Checked by ¥idd

Golder Associates
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Job No y76339 ...

HYDROGEOLOGIC LOG DRILLHOLE No. /-0

Shee' -.l‘. - -O' -‘a v ea
oject HAT CREEK ENVIRONMENTAL .
Project,, ... MAT CREEK ENVIROMNERTAL . ooeertrirveeesasnnsenreessonvasssnsnnasessnmensersseverens Reference elevation  #%3.4 R
Type of riling, ., AOTARY ... Coordinates’ €. oso wrveysd (3]
N 87108 Elevotion type.  oliimeter O
Rig,,,... CHICAGO PNEURATIC - T-650 AU LA . from map 0
Dritling fluid AlR Angle from horizontal | eof ... Purpose of hole  yyoR0LAG1C. DATA . eeueeens ceenrennes
BROring .. eveerrerirrnsnrasnnneen, AZIMULN
2) (3) During Drilling After Driilling
(21 * ¢
Lithel Completed {2) {2 (4| ()Y { (8} [{2)({7)| Permeability (8) Comments
otegy Construction [Depth |Water | Wolerigyn,, | Woter 75y
Level [ Flow Level | pepth {Method| Value
{m) (m) | (1/8) {m) {m) {em/s}
L —————— e e L e ]
" 3
- Z
: SILTY M
- GRAVEL -
o o
- 16.5 ]
C SILTY CLAY el | | 18.5 | hoist 3
" 20 —
[ SANDY ]
- GRAVEL -
- $OME SILT 7
o 25.5 24.8 L 0.03 | omw J
- lo .
- Q‘Qlag .-
_ e ]
30 SILTY Lepeeid 30 i
~ CLAY TS N 12 Piezo No. 1 n
- L otSTS 3 i
- 125858 ]
= 5.5 T R —
™ = o KK -
= " K .’ - :
: ;‘A.‘ v = “]
L — Lo ]
- GREENSTONE .
- L 4% [ Moist ]
50 -
= I i 3
.60 !
o 7
- 7
70 —
o 1 ! ]
- d
b 80 —
- =
- bk ko -
n
- PP oex x —_
L X = X —_
~rERX TO (86 Moist -
|90 -
Controctor: | KEN'S DRILLING Logged by: R.$.G. * NOTE. Brocketed numbers refer to notes preceding the logs
Dote started:  !11/8/77 Checked by:
....................... ] Seole 1506
Dote fimsned 13/8/77 Dave 139/77 .. Golder Associates

A4-7



Job No. v743¢9. ... ...

HYDROGEOLOGIC LOG DRILLHOLE No. we-i/oan
Sheet 3 of L
j MAT CREEK ENVIRONMENTAL
Prol.c'................................-.........-..a--........-.....-......-u.....‘......----.-..--u--- Reference aievaﬁon“"_“l?.l_l.: .
Typs of drilling,  ROTARY . ... Coordinotes: E_ AM surveyed
8 Elsvation type. oftimetar
RIQ...vovonrernren CHIEAGD, PHEURATIC:T-650 N tommep [
Drititng iuid__A1A Angie from hortzontal . ...~ Purposs of hols WOROLOHICONTA ...
BOArNG | e eiiereera. T AZIMUtH
2} (3 During Drilling After Drilling
mi2) * (2 (3
Ultvolo Compieted {2y ({2} (4] (5 (6) |[(2i{7)] Permeabitity (B) Comments
ology Construction |Deptn | Water | Water [ oy, | Water 753
Level | Flow Level | pepth [Method| Value
{m) | {m) | (1/s} {m} {m) {cm/s)
I A U U U St O O A
- 22 ]
- 21 04 ]
- F}é% -
N ’Lo/ﬂ,'/
[ gy -
= o GRAYEY TiLL E
= SOME PEBBLES -
- i | 4
- i
o 3
C 7]
[—20 _-1
3 22.5 22.5 J
o L 24 L 0.) W -
[ FINE SANDSTONE , | 1 | £C500 -
- PHZ. 4 ]
- p
—30  GREENSTOHE —
[ | 32 L 0.2 EC54O ]
- PHY . & i
o _35 7
+ . - 0. ]
C COARSE SANDSTONE, . | 2 ’ ::ghf 3
- 38 ’- 0.9 EC560 n
o PH?. 9 1
— 40 0 0.9 | £c610 =
C I I PH7.69 4
- GREENSTONE F 45 SN ~]
= 0 Py -
- 4// -
o aA7sl A .
[ 50 !'§/-B]
n 19l E
- e /Ja .
r 55 b oo —
- iEIEH - 56 - 1.9 | Eceoo -
» el -
" Pl Oo . -
—50 ﬁ“‘" 60.1 —]
- L 62 1.9 | Eecezo _
- JAED PH?.9 ]
- 2
- !:L/ % .
- GREY SHALE ‘ _-1
ot L 49 L 1.9 ]
| —70 47 -]
[ e
- FI2te o
L 2] 3
" =
L~ - Ec =75 75 i 1.3 ; —:-]
| 2 5 -6
E Holie 0 L 21.8 f xl0 - p: -1
- SAKDSTONE L 7?,3 7 78.8 B Piezo No. 2 -
*
80 81 = -]
I~ 9 - DoI q
» YERY DARK (s =
a SHALE il ]
b
o 224 87.7 L 87 L 1.8 j
- 4250 2.0 [37-7 -5 -
=50 97 A ‘_,g) -89-9 Tl 3 R 4Y- 92 f Sx10 - Pieze, No. | -
Contraclor-  KIN'S DRILLING . Logged by R.5.6. ¥ NOTE' Bracketed numbers refer to notes preceding the logs
Dote storted:  11/8/77 Checked by: D
_ Date storted:, _11/B/27. ..., Checked by: ARV ) Scole 1:500
Dote finshed' \8/8/77. . ..., Dote. 137377 ... Golder Associates




Jab No,,

A

HYDROGEQLOGIC LOG DRILLHOLE No. an-77-u9
Sheet 1 of | |
Project HAT CREEK EMVERONMENTAL
E e Y T X L 1 1] S4tEBREER I BEENN IR LI PSRy Reference e'avaﬁon '''''''' l"l:"'?.‘..:. ....... v
Type of drilling _ BOTARY ... Coordinates E 3s072 . . ' surveyed  [K]
N Elevation type. oltimeter G
RI....... CAGACO BNEOMATICTTRESO, . e e trommop [
Le]
DUING M. A, DGO TOMRorlomal S Purpose of ol MORMETONA
Elearing .. ....cceoveiesssrenmsenen “AZIMuth cerrseeerimeenres . B,
m 2 ¥ {2} (3) During Drilling After Drilling
Lithota Compteted (2) (24| (5} (6} 121(1] permeabitity (8] Comment
ey Construction Depth | Water | Waoter [qypg, [ Water T2) nta
Level | Flow Level | pepth [Method| Vaiua
{m) (m) | (1/3) {m) {m) {cm/s)
rorame  r———— —— o A it e} -——’—-’-;—----———-1—-—---——-—'-—— [ = = et e e e o S A R e e e S e —— e}
- ook .
" o "OO.JZ »
F—10 _3
= ' | .
- ¥ .
[ 20 -]
C CLAYEY TILL -
- SOME PEBBLES -
—~ 30 —
- 3
- | | .
[ 40 —
- .
— -
- ]
— 50 —
- { | 3
- 57 n
) ]
- GRAVELLY ]
- CLAY -1
[ o ]
I 67 L«% 68 Hil 3
- Ty 70 q
- A -
— 7% R G/ 70 -5 ...j
r i a5 ¢ 71.5 F64.8 i 70 f 5xi0 L Piezo No. 2 N
r ) FeT-S0 B £ 73 Fracture Zone -
- 2 1 L 75 L 0.2 | EC950 3t 7 -]
- /.ooc,f; PH7 .4 -
o l//l -
- P % ._
[~ : 7 | a. £01000 ]
" _ 80 GAEENSTONE F1 =1 3 A Pviet .
C oo 3
L ol -
- o .
n A {b =
- LA -1
- g S 48 -
- 5o £c1050 88 .
+— 90 ,J-*.-J@ 89.6 15 92 0.3 PH?.6 | 62.4 92 f 8x10°%| Picro tn. | _.j
Contracior KEN'S DRILLING...... Logged iy | g ... % HOTE' Brockeled numbers refer to notes preceding the fogs
Date started  16/8(17........... Checked by. b .
] . . Scater 11500
Date fiushed 1ozis27 ... Dote  y3par59 Golder Associates
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A5.0 ISOTOPES USED IN GROUND WATER STUDIES

A5.1 THEORY OF ISOTOPES APPLIED TO HYDROLOGY

The following is a brief review of the use of three 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: '
Hydrogen {1H)
Oxygen-16 (160)
Oxygen-18 (180)

it

99.985%, Deuterium (2H) or (D) = 0.015%
99.76%, Oxygen-17 (170) = 0.04% and
0.2%.

n

il

Among all the possible species of water, only the following are of
practical interest for most studies:

H2160, HD160, and Hy180

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

samples are expressed in terms of a per mil. difference ( °/00) with
respect to the isotopic ratios of mean ocean water. This constitutes the
reference standard called SMOW (Standard Mean Ocean Water), (Craig
1961(2)),

S /00 = R_sample _1  x 1,000

R
R smow
where R is the isotope ratio D/H or 180160,

Thus samples with + values are enriched, that is they have more of the
heavier isotope than sea water. All oxygen-18 isotope data in this report
is relative to the SMOW standard.
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Many natural processes cause variations of the isotope compositions of
natural waters. Among them, the most important are evaporation and
condensation. During evaporation the lighter molecules of water

{(Hp160), are more volatile than those containing the heavier

isotope, (HD160 or Hp180). 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. lighter) if compared to the
summer precipitation and the variations of deuterium and oxygen-18 contents
in precipitation are linearly correlated (Craig 1961) (2):

5D = 85180 + ¢
where C is a constant which varies from area to area.

Surface waters generally 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
isotopic composition.

2) allowed to re-evaporate from open waters (such as lake
surfaces): If this evéporation occurs, the relationship
between 5D and §180 will deviate from the linear
equation above, and will take on a flatter slope of the

form:
§D = K&18p ~ 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

A5-2



mi

beak

evaporitic, then these ground waters would have a heavier isotopic
composition.

{b} Tritium in Natural Waters: A Review

Tritium is a radioactive isotope of hydrogen, having a mass of 3, and a
half-1ife 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
thermonuciear 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 1018 hydrogen
atoms.

In ground water studies, tritilfl H¥4Surements 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 system
and that no mixing takes pltace, then the age of the water can be determined
by using a logarithmic decay formula.

Estimated 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 leve] 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 water 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 fed continuously into 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 then analyzed by comparison
with a standard gas using a specially constructed mass spectrometer with a
double collector system, The results are accurate to + 1°/oo for one stan-
dard deviation.

(b) Oxygen-18

The analysis of water semples was carried out at the University of Waterloo
Geochemistry Laboratory., The field samples were collected and sealed with
wax in 10 ml bottles. The method of analysis used is basically the same as
that described by Epstein and Mayeda (1953}(5), A 3 m1 sample of the
water was equilibrated with carbon dioxide gas at 25° C in a constant
temperature bath with shaker, for a minimum of 24 hours. An aliquot of the
gas was then analyzed for oxygen-18 content using a specially designed mass
spectrometer (Varian-Mat GD-150). Corrections to the mass spectrometer
analyses were carried out as described by Craig (1957)(6},  The

oxygen-18 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 out 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 Liquid Scintillation Counter for radioactive counting. The
temperature in the counter was 10° € and the average sample counting time

was about 400 minutes.
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TABLE B1-1
STREAMGAUGING SITES IN THE REGIONAL ANALYSIS
No. Station No. Station Name No. of Years ODrainage
of Records Area (km)
1 O08KEQQ5 Cuisson Creek near Alexandria 11 162
2 08MC024 Hawks Creek above Lyne Creek 5 456
3 08MD026 Fountain Creek near Lillooet 12 52
4  Q8MFG20 Cinquefoil Creek near Lillooet 10 57
5 08MFO16 McGillivray Creek near Lillooet 12 52
6 08LAO19 Boss Creek above Hendrix Creek 3 122
7  08LBO50 Mann Creek near Blackpool 21 295
8 08LB020 Barriere River at the mouth 30 1,140
9 08LBO76 Harper Creek near the mouth 3 168
10 08LBO10O Louis Creek at bouhdary of 6 259
railway belt .
11 08LB0O72 Louis Creek at the mouth 5 663
12 08LBG24 Fishtrap Creek near Mclure 12 52
13 08LB0O04 Heffley Creek near Kamioops 12 168
14 08LBO13 Paul Creek near Kamloops (Station A) 30 381
15  08LEO31 South Thompson River at Chase 53 16,162
16  0O8LEC69 South Thompson River at Monte Creek 13 16,602
17  08LDO06 Hiuihill Creek near Squilax (Tower 8 106
Station)
18  O0BLED27 Seymour River Near Seymour Arm 24 805
19  08LEO86 Ratchford Creek at 2,000 ft. contour 3 253
20 08LEQ24 Eagle River near Malakwa 18 904
21 08LC002 Shuswap River near Enderby 42 4,688
22 08LCO34 Ferry Creek near Lumby 17 145
23 08LCO0S5 Bessette Creek near Lumby 17 253
24  Q8LE065S Salmon River at Glenemma 6 1,173
25  08LEO2] Satmon River near Saimon Arm 17 1,507
26  08LEOO1 Botean Creek at Falkland 15 228
27  08LEOOS Chase Creek near Chase 17 613
28 (08LEO13 Monte Creek near Monte Creek 20 184
29  08LFG24 Tranquille River near Kamloops 13 596
30 08LF049 Watching Creek near Kamloops 15 80
31  08LF027 Deadman River above Criss Creek 23 862
32  08LF007 Criss Creek near Savona 25 490
33 08LFO01 Barnes Cresk near Ashcroft 17 104
34 0OBLFO062 Bonaparte River near Bridge lLake 16 66
35 (Q8LF060 Bonaparte River near Cache Creek 15 4,097
36  08LFO02 Bonaparie River below Cache Creek 15 5,025




&

beak
TABLE B1-1 Continued
No. Station No. Station Name No. of Years Drainage
of Records Area (km?)

37 Q8LF047 Fiftyseven Creek near Clinton 8 108
38 08LF021 Scottie Creek near Cache Creek 22 174
39  08LFO13 Hat Creek near Ashcroft 12 73
40 08LFO61 Hat Creek near Upper Hat Creek 16 350
41 08LF015 Hat Creek near Cache Creek 18 658
472  08LGO49 Nicola River above Nicola Lake 13 1,500
43  08LGO06 Nicola River near Spences Bridge 29 7,278
44  08LGO48 Coldwater River near Brookmere 11 316
45  (8LGO10 Coldwater River near Merritt 24 914
46  (08LGOO8 Spius Creek near Canford 15 906
47  08LF017 Murray Creek near Spences Bridge 15 149
48  08NNOO4 Kettle River at Kettle Valley 9 5,698
49  08NNO13 Kettle River near Ferry 48 6,579
50 Q8NNO15 West Kettle River near McCulloch 21 249
51  0O8NN0OO7 Rock Cresk near Rock Creek 6 280
52 08NNOT0 Myers Creek at International Boundary 36 207
53  0O8NNOO1 Boundary Creek at Greenwood 21 425
54 - 08NNOO2 Granby River at Grand Forks 18 2,331
55  (Q8NM158 Trout Creek at the mouth 7 764
56  08NM159 Peachtand Creek at the mouth 7 150
57  08NM155 Trépanier Creek at the mouth 7 254
58  08NM157 Powers Creek at the mouth 7 144
59  (08NM003 Lambly Creek near the mouth 12 272
60  OBNM15T Shorts Creek at the mouth 7 i85
61 08NM179 Coldstream Creek above Kalavista 6 207

diversion ‘
62  (08NMO53 Kelowna Creek near Kelowna 27 221

{(Tower station)
63  Q8NM118 Penticton Creek at the mouth 12 177
64 08NM135 E1Tis Creek at Penticton 10 158
65 08NMO15 Vaseux Creek above Dutton Creek 22 255
66  (O8NLOO7 Similkameen River at Princeton 41 1,852
67 -~ 08NLO38 Similkameen River near Hedley 11 5,594
68  O8NLOG6 Similkameen River near Keremeos 19 5,957
69  08NL0O36 Whipsaw Creek below Lamont Creek 11 185
70  08NLO24 Tulameen River at Princeton 26 1,761
71 08NLOZ23 Otter Creek at Tulameen 29 673
72 O08NLOT5 Asp Creek near Princeton 10 h2
73 08NLO2Y Granite Creek at the mouth 5 264




TABLE B1-1 Continued

No. Station No. Station Name No. of Years Drainage
of Records Area (km?)

74 08NLO12 Allison Creek near Penticton 25 673
75  O08NLOT3 Summers Creek at the mouth 8 249
76  08NLO20 Hayes (five Mile) Creek near Princeton 8 751
77 08NL0O39 Sjwash Creek near Princeton -9 174
78  08NLO4T Wolfe Creek at the outlet of Issitz 8 215
Lake
79  08NLO50 Hedley Creek near the mouth 3 388
80 08NLOD4 Ashnola River near Keremeos 33 1,054
81 08NM138 Terrace (reek near Kelowna 11 31
82  08KHO22 MacKay River at the mouth 5 144
83  08KHO19 Moffat Creek near Horsefly 12 539
84  08KH0Z21 Beaver Creek at outlet of Beaver Lake 5 852
85 08MC00s San Jose River near Lac la Hache 26 489

from Water Survey of Canada, Surface Water Data, Reference Index, 1975.




TABLE BI-2

THORNTHHAITE CLIMATIC WATER BALANCE (BASED ON_CLIMATIC NORMALS FOR THE PERIOD 1941-1970}
FAT CREEK, ___BRIT

REEK,

BRITISH COLUMBIA

50° 45 N
899 METRES

ALL VALUES EXCEPT TEMPERATURE AND SNOWMELT RUNOFF RATIO N MM

JAN  FEB
-11.0 -5.7
0 0
39 19
39 19

106 119
32 1}

0 1]
b} Q
0 0
0 0
1 6
1 6
9 25

121° 36 W
AES STATION # 1163340

HAR

-1.8
0

i
14
41

Hay

ASSUMED WATER HOLDING CAPACITY

I
12.3

104

100 MM

JuL

15.1
125

AUG
14,2

105
32
-72

6
-5
38
67

0

g

0

0

Y

SEP

10.5
65
21
~43
4
-1
23
42

OO Oo

ALL VALUES EXCEPT TEMPERATURE AND SHOWMELT RUNOFF RATION IN MM

JAN
-11.0
0

39
39
132
39
0

oooooo

oo oo

MAR,
-1.8

APR

3.7
35
16
=18
151
-14

A

oo C o~

MaY

9.1
71
22

-48
118
-32
55
16

CcCoOOoOoo

SN,
12.3

104
35
-62
04

ASSUMED WATER HOLDING CAPACITY 200 MM

Jul,
15.1

AU
14.2

0T,

4.1

28
25
-2
28

[
OO OOoOMOMOD

Nov

WL
OO OODOWOO oW
=

OO

DEC

-8.3

ANNUAL

3.2 Temperature, Deg. C.

532
n7
-214

295
238
1

1
21
22

ANNUA

3.2
532
317

-214

07
215
0

0
0
0

Potential Evapotrans.
Precipitation

Precip. - Pot. Evapotrans
Storage

Change in Storage

Actual Evapotrans.
Moisture Deficit
Moisture Surplus

Surpius Runoff

Snowmelt Runoff

Total Runoff

Snowmelt Runoff Ratio {¥)

Temperature Deg. C.
Potential Evapotrans,

Precipitation
Precip. = Pot. Evapotrans.
Storage

Change in Storage

Actual fvapotrans,
Moisture Deficit
Moisture Surplus

Surplus Runoff

Snowmelt Runoff

Total Runoff

Saowmelt Runoff Ratio {%)




TABLE B1-3

THORNTHWAITE CLIMATIC WATER BALANCE {BASED ON CLIMATEC NORMALS FOR THE PERIOD 1941-1970}
ASHEROFT, BRITISH COLUMITA

50 43 N 1217 17 W

304 METRES AES STATION # 1160510

ALL VALUES EXCEPT TEMPERATURE AND SNOWMELT RUNOFF RATIO IN MM

M FEB MAR  APR MAY QN QUL MG SEP
-6.5 1,2 3.6 3.4 150 18.5 2.4 20.4 1?.7
0 B

0 16 53 9 124 146 124
22 i3 7 10 * 16 30 15 25 19
22 13 -7 -41 =74 -94 130 -97 -61
54 68 62 47 19 7 2 1 0
22 13 -4 -20 =21 -N -4 0 0
0 0 13 32 37 41 21 27 19
0 0 3 2] 54 83 125 97 62
0 0 0 0 g 0 0 o Q
0 0 ¢ 0 0 g 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 a 0 0 0
0 0 0 0 & a 0 0 0

ASSUMED WATER HOLDING CAPACITY 100 MM

ALL VALUES EXCEPT TEMPERATURE AND SNOWMELT RUNOFF RATIO IN MM

AN FEB MR APR  MAY  JUN gL AUG  SEP
-6.5 -1,2 3.6 _9.4 15.0 18.5 21.4 20.4 15.7

0 0 6 53 9 124 146 124 81
22 13 7 10 16 30 15 25 19
22 13 -7 -41 -74 -94 =130 -97 -61
59 72 69 56 39 24 12 8 &
22 13 -2 =12 -17 ~14 -1 -4 -1

0 0 10 24 33 44 27 30 21

0 9 5 29 58 a0 119 94 60

a 0 0 a 0 0 0 0 0

0 ] 0 0 0 0 0 0 ¢

0 0 0 0 0 0 0 0 0

0 0 0 ¢ ¢ 0 0 0 0
0 0 0 ¢ ¢ 0 0 0 0

ASSUMED WATER HOLDING CAPACITY 200 MM

NOY.

—
OO CoCOoOMIONN OO

. 8.6

675
213
=462

213

[ R o R v

ANNUAL

8.6
675
213

~462

213
463
0

0
0
0

Temperature Deg. C.
Potential Evapotrans.
Precipitation

Pracip. - Pot. Evapotrans
Storage

Change in Storage

Actual Evapotrans.
Moisture Deficit

Moisture Surplus

Surpltus Runoff

Snowmelt Runoff

Total Runoff

snowmeTt Runoff Ratio {%}

Temperature Deg. C.
Potentiat Evapatrans,
Precipitation

Precip. - Pot. Evapotrans.
Storage

Change in Storage

Actual Evapotrans.
Moisture Deficit
Moisture Surplus

Surplus Runoff

Snowmelt Runoff

Total Runoff

Snowmelt Runoff Ratio {2)




TABLE B1-4 -7

THORNTHHATTE CLIMATIC WATER BALANCE. (BASED ON CLIMATIC NORMALS FOR THE PERIGD 1941-1970)
HIGALARD VALLEY, BRI SH COIURGTA .
56° 31 N 121 1 W -«

1554 METRES AES STATION #1123468

ALL VALUES EXCEPT TENPERATURE AND SHOWMELT RUNOFF RATIO IN MM

S B MR APR MY W QUL AUS  SEP OCT  MOY  DEC  ANMUAL

-8.6 -3.8 -2.0 1.6 7.4 1.5 14,2 13.9 8.9 3.9 -2.3 -5.6 3.3 Temperature Deg. C.
[\ a ) 18 71 LK) 115 105 73 28 a Q 502 Potential Evapatrans.
53 32 28 20 *+ 26 34 19 26 19 24 36 57 374 Precipitation
53 k) 28 3 -44 =59 -95 =77 -53 -3 36 57 ~127 Precip.-Pot. Evapotrans.
142 154 151 100 64 4% - 13 6 4 3 a0 a7 Storage
3 0 0 0 -35 -8 ~21 -6 -2 ] 36 57 Change in Storage
0 0 0 18 62 62 4l 34 21 24 0 0 262 Actual Evapotrans.
b 0 g 0 9 K 74 il 52 4 0 0 240 Moisture Defigit
0 0 0 53 a 0 0 0 0 v} 0 0 53 Moisture Surplus
0 0 0 27 13 7 3 2 1 0 0 0 53 Surplus Runoff
8 20 32 0 0 n 0 0 0 0 0 0 59 Snowme1t Runoff
3 20 2 27 13 7 3 2 1 1] [ 0 112 Total Runoff
16 27 38 0 0 0 0 0 0 0 0 0 Snowmelt Runoff Ratio (%)

ASSUMED WATER HOLDING CAPACITY 100 MM

ALL VYALUES EXCEPT TEMPERATURE AND SNOUMELY RUNOFF RATIO TN MM

% FEB MR AR MAY g JUL AUS SEP  OCT OV DEC  ANNUAL

-8.6 -3.8 -2.0 1.6 7.4 11.5 i4.2 13.9 9.¢ 3.9 2.3 -5.6 3.3 Temperature Deq. C.
0 0 0 18 71 93 115 105 73 28 0 0 502 Potential Evapotrans.
53 32 28 20 26 3 19 26 19 24 36 57 374 frecipitation
53 32 28 3 -34 -50 -95 -1 -53 -3 3% 57 =127 Precip.-Pot. Evapotrans.
183 21 223 200 159 118 73 50 38 37 73 k3] Storage
53 17 0 0 ~40 -40 -44 -23 <11 Q 36 57 Change in Storage
0 0 0 18 66 7t 64 50 30 25 0 0 328 Actual Evapotrans.
¢ 0 Q 0 5 1% 51 55 42 3 0 0 174 Moisture Deficit
0 0 0 26 0 C 0 0 (] 0 4] 0 26 foisture Surplus
0 0 o 13 6 z 2 1 0 0 0 0 26 Surplus Runoff
0 4 16 0 0 0 1 0 0 0 0 0 20 Snowmelt Runoff
0 4 i6 13 6 3 2 1 0 0 0 i 46 Total Runoff
0 28 40 0 0 0 0 0 0 0 0 0 Snowmett Runoff Ratio (%)

ASSUMED WATER HOLDING CAPACITY 200 MM




FIGURE B2-1: (76-4-32) Streamgauging in Anderson Creek with

Ott current meter, 16 Sept., 1976



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 B2-11: SOME TYPICAL RAINFALL - RUNOFF EVEWRTS IN HAT CREEK
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FIGURE B2-12: (76-4-35) Finney Lake, 16 Sept., 1976



FIGURE B2-13: (76-4-36) Dam and gate centrolling outflow Trom
Finney Lake, 16 Sept.. 1976



beak

FIGURE B2-14: (76-1-7) Deeply entrenched section of Hat Creek,
immediately downstream of Indian Reservation
HNo. 2, looking downstream, 18 July, 1976



FIGURE B2-15: (76-5A-14) Meandering, partly entrenched and combined
section of Hat Creek approximately £ 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
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FIGURE BZ-16: (76-5A-23) Hat Creek at Section 9-&, looking down-
stream. At this site, the stream flows

across its fan in the Bonaparte Yalley,
19 Oct.. 197B
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FIGURE B?-17: (76-5-79) Upstream view along Hat Creek from a gite
approximately 20 m below the 1ine of
Section 1-1, 18 Oct., 1976
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APPENDIX C SUPPLEMENTARY WATER QUALITY INVENTORY TABLES AND FIGURES
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TABLE C1-1

GROUNDWATER SAMPLE COLLECTION DATES

 DOMESTIC WELLS (BASE)

DW 1

DW 2

W 3

DW 4

DW 5

DW 8

DW 9

DW 10

DW 12

Steel Bros. Limestone Quarry Well

ARTESIAN SPRINGS

1 22 Nov./7¢
2 22 Nov./76
3 (West) 22 Nov./76
3 (East) 22 Nov./76

BULK SAMPLE PROGRAM

1
Well 1 7 June/77
Well 2 7 June/77
Well 3 7 June/77
Trench B 21 June/77

SPECIAL COLLECTIONS

Coal Seam 19 Sept. 1976

PIT HYDROLOGY STUDY
Well RH 76-19

1} " n It

2

29 Nov./76
1 Dec./76
30 Nov./76
1 Dec./76
1 Dec./76
1 Dec./76
1 Dec./76
2 Dec./76

COLLECTION NUMBER

3

14 October, 1976 {After Pumping)
9 September, 1976 (Before Pumping)

4

21 June/77 6 July/77 20 Quly/77
21 June/77 6 July/77 20 July/77
6 July/77 19 July/77

26 May/77
29 May/77
25 May/77
29 May/77
19 May/77
28 May/77
30 May/77
28 May/77
29 May/77

30 April/77

20 July 77

5

4 Aug./77

4 Aug./77 14 Sept./77
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TABLE C1-2
DETAILED PRESERVATION LEST AMD REFERENCES

Ana"  is_to be Performed

Al1 parameters

Biochemical Oxygen Demand
Chemical Oxygen Demand
Dissalved Oxygen

Mercury

Tetals - Total and Extractable
(excluding ¥a, K, Ca, Mg, Al,
As, B, Hexavalent Cr, and Hg)

Metals - Dissolved {excluding Al,
fs, B, Hexavalent Cr, and Hg?

Metals - Dissolved (A1, As,
8, Hexavalent Cr, and Ha)

Nitrogen - Ammonia, Kjeldahl
Kitrogen, litrate, Nitrite

Organic Carbon

Pheno]

Phosphates

Sample Treatment

Refrigerate at 4°¢C.

Refrigerate at 4°C. Take care

to ensure that the container is
filled to the brim and rid of air
bubbtes,

Add 2 ml concentrated H,50,
per litre,

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

M? 50 wl concentremdluﬂc,.
Aristar grade, and 5 ml of

Y0 K Cr 207 per Titre.

Add 5 m) concentrated WHO,, per
litre to lower the pH to less than
2. Check with fndicator paper

that the stipulated pH has been
attained,

The sample nust be filtered at the
time of sappling through 0.45 um
membrane filter paper before adding
5 m! concentrated HNO; per litre. A
distflled water blank must alsa be
run through the same apparatus using
a similar filter paper.

The sample must be filtered at the
time of sampling through 0,45 um
membrane filter paper. A distilled
water blank must also be run through
the same apparatus using a similap
filter paper.

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

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

Add 2 m) cencentrated HCY per litre.
to lgwer 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 ml of 10% CuSO, and 1 m) of
concentrated WyPD, to lower the pH

to 4. Check with {ndicator paper
that the stipulated pH has been
attaised., Biological degradation is
inhibited by the CuSO.. Acidification
with HaP0, assures the presence of
copper ion in solution and eliminates
any chemical changes caused by the
presence of strong alkali conditions.

Add 2 mi of 2% tigCi, per Yitre.

Refrigerate at 4°¢.

N.B,: If total phosphorus alone is
to be determined, preservation
is not necessary.

1. Standard Methods for the Examination of Water and Wastewater, 13th Edition. American Public Health

hsseciation, et at,, Washington, D.C.., 1971,

2. [Instructions for Taking and Shipping Water Samples for Physical and Chemical Analyses, 2nd Edition.
Inland Waters Directorate, Water Quality 8ranch, Ottawa, Canada, 1973.

3. Methods for Chemical Analysis of Water and Wastes, Envirosmental Protection Agency, Water Quality
Office, Analytical Quality Control Laboratoery, Cincinnati, Ohie, 1971,

4. Biological Field and Laboratory Methods for Measyring the Quality of Surface Waters and Effluents:
Plankton Chapter. Edited by Corneljus Weber, EPS-670/4-73-001, July, 1973,

5. Preservation of Dilute Mercury Satutions. Cyrus Feldman. Analytical Chemistry. Vol, 46, Ho. 1,

January 1974,




ANALYTICAL NETHODOLOGY, REFERENCES

PARAMETER (wo/%)
CATIONS - Trace HMetals

Aluminun (A1)
Arseaic (As)
Cadmium {Cd)
Chromiam (Cr)
Copper {Cu)
[ron {fe)
Lead (P}
Mercury (lig)
Holyhdenum (Mo
Seleniun (Su)
Vanadium (V)
Zine (¢n)

CATIGKS - Alkal§ Edrths & thetals

Caltium (Ca)
Lithiem {1§)
Mannes fuae (Mg}
Putassiom (K}
Sodium (Na)
strantiun (Sr)

ANIONS - General

Boron (B)

Chloride (C1)
Fluoride (F)
Sulfate (S0.)

MINOHS - Hubrients

Tola! hjeldah? Hitrogen {H)
Ritrate Witrogae (MO, - H)
Hitrite Riteegen (10, - H)
lfatal Orthophosphate Fhosphiorus (P}

DREANIC, NONTQHNIC & CALCULATED VALUES

LU

oL

Fhenol

Tutu) Hardness (Call,)
lotal Alkabinity (CaCd )

FHYSLCAL DATA

ph (units) :
Specific Conductance {jwhos/cm @ 26°)
lrye Lobor (Pt«Co units)

Tauperature (*C)

Turkidity {H1N

Total fesidue

filtratle Hesidue
Honfiltrable Rasidue
Fixed Total Residue

Fixed Filtrable Residue
Fixed Monffitrable Residue

BIOCHEMICAL , TISSOLVEG GASES &
BELATED MEASURCHENTS

hub
1.4,
5 Saturation

KEFERLICES FOR ANALYY ICAL, METHOOS

TABLE CI-3

Methodology,

Eriochrome Cyanine R. Colorimetric
Pyridine - AgODC, Coloviwmtric
M

AN

M

AA

Al

A&

vithiol, Colortmetric
Diaminobenzidine Colorimetric
AA

Af

M
AR

A
AR

Curcumin, Coloripetric
Hy(Chs). . Colorinetric
SIS

Turpidimetric {BaCl.}

Digestion, distillation & Nessier
Ueyctne Coloripetric

Biazotization Colorimtric
Hfulybdate Snllz-21,0  Colorimetric

WoCr 0y Diyestion b FAS Titration
Carbon analyzer

4 - Awinvantipyrine Colopimetric
Catculation (La, Mg}
Potentivmtric

Poteationetiic
Condictlivity weter
Centrifuge & Comparator
field

Turbidinetric

Gravinetric
Gravimstric
Gravinetric
Gravinetric
Gravimetric
Graviemtric

Incubation & dissolved oxyyen meter
Field (Ninkier & D.0. weter)
talculation

TTECTION L1075

Method
References
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1. A lLaboratory Manual for Lhe Chemical Analysis of Water, Wastewaters and Biological Tissues by Chemistry Laboratory,
Hater Resources Serwice, Bept. of Lawds, Foresis and Water Resources, Province of Brilish Columbia, Jdanvary 1973,

2. Methods for Chewical Analysis of Walers und Hastewaters Ly W), Traversy, Water Quality Division, Island Waters
Brancty, Mept. of Fisheries and foreslry, Otlawa, Onlarie. 1971,

3. Felluds for Chewical Andlysis oF Waler and Waters by LS, Eaviro
Assurancé Resedreh Laboratory, Nationsl tnvirommental Research

4. Slandard Nethods fgr the Examinalion of

herican Waler Hor

s Mssociarion Water P

wental Pratection Agency, Methods Dev, & Quality
Centre, Cincinnati, Ohio 45288. 1974,

BT a1 SRR PLre ERT T A SRR tgpin Assactecion

5. bovavomment Canada Andlylicdl Methods Mauuat Ly Inlasd Waters DirecLord te, Hater Qualily Branch, Otlawa,

v, twlurigetric Determination of Traces of 'ietals, Jdred Edition by E.8. Sandel?, Inlersirence Pubtishers, Inc,

Hew York. 189y

T, dater Analysis by Atomic Absorption Spectrascopy by C.R. Packer, Varian Techtron Pry, Limited, Spriavale,

victuria. Australid.




SURFACE WATERS

Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station

BULK SAMPLE PROGRAM

Hat Creek Station
Hat Creek Station
Hat Creek Station

D PO =

Hat Creek Staticn 1
Hat Creek Station 2
Hat Creek Station 3

SPECIAL COLLECTIONS

Freshet (Turb., Cond., S.

Station
Station
Station
Station
Station
Station
Station

=g O R B G

4

PIT HYDROLOGY STUDY
- Aleece Lake

TABLE C1-4

SURFACE WATER SAMPLE COLLECTION DATES

Hat Creek (Below Finney Creek)

POWER PLANT 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 Jdune 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
6 7 8 9
5 dauly 77 20 July 77 4 Aug. 77 14 Sept. 77
5 July 77 20 July 77 4 Aug. 77 14 Sept. 77
5 duly 77 20 July 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 June 77
9 September 1976
9 September 1976
COLLECTION NUMBER
1 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




TABLE (1-5

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL )
STATION: DM

Dec. 1976 May 1977 X R

PARAMETER (ma/i) IR
CATIONS - Trace Metals
Auminum (A1) - <0010 <0.010 -
Arsenic {As) - <0. 005 <0,005 -
Cadmium {Cd - <0,005 <0.005 -
Chromlum (Cr) - <(}.010 <0.010 -
Copper (Cu) - <0.005 <0.005 -
Iron (Fe - 0.020 0.020 -
Lead (Pb - <0.010 <G,010 -
Mercury {Hg) <0,00025 <0,00025 <0,00025 <0, 00025
tolybdenum (Mo} - <0,020 <0,020 -
Selenium iSe) - <0.003 <0,003 -
Vanadium {V) - <0,005 <0.005 -
Zinc (In) - 0.069 0.069 -
CATIONS - Atkali Earths & Metals
Calcium (Ca; &0 58 59 2
Lithivm (Li - 0.004 0.004 -
Magnesium (Mg} 18 20 19 2
Potassium (K) - - - -
Sodium {Na) 18 23 2] 5
Strontium (5r) 0.35 0.30 .33 0.05
ANIONS - General
Baron (B} - <0} <0} -
Chloride (C1) 1. 1.6 1.4 0.5
Fluoride {F) 0.54 0.113 (.33 0.427
Sulfate (50,) 23 &1 87 8
ANIONS - Nutrients
Total Kjeldah) Nitrogen (N} on 0.36 0.24 0.25
Nitrate Nitrogen (NQO; - N) <0.020 0.06 <0.04 <0.040
Hitrate Hitrogen (NO, - N} <0.0010 <0.0010 <0. 0010 <0.0010
Total Orthophosphate Phosphorus (P) 0.035 0.043 0.033 0.008
ORGANIC, NONIOMIC & CALCULATED VALUES
cob - 45 45 -
ToC - 24 24 -
Phanol - <0.002 <0.002 -
Total Hardness (CaC0,} 224 227 226 3

- Total Alkalinity {CaC04) x| 226 230 7
PHYSICAL DATA
pH {units) 8.3 8.3 8.3 G
Specific Conductance (pmhos/cm @ 25°) 490 520 505 30
True Color {Pt-Co units) 10 20 15 10
Turbidity (NTU) 1.4 1.8 1.6 0.4
PHYSICAL DATA - Residues
Total Residue 335 356 346 21
Filtrable Residue n 347 339 16
Nonfiltrable Residue 4 9 7 5
Fixed Total Residue 273 2n 272 2
Fixed Filtrable Residue 271 262 267 g
Fixed Honfiltrable Residue 2 9 6 ?




TABLE C1-&

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 2

STATION: DW 2
PARMMETER {mo/e)

CATIONS - Trace Metals

AMuminum {Al}
Arsenic {As)
Cadmium {Cd)
Chromium {Cr)
Copper (Cu)
[ron (Fe}

Lead {Pb
Mercury {Ha)
Malybdenum {Ma)
Selenium {Se)
Vanadium (V)
Zine (In)

CATIONS - Alkali Earths & Metals

Calcium (Ca}
Lithium (L1}
Hagnesium (Mg)
Potasstum (K?
Sodium (Na}
Strontium {Sr}

AH108S - General

Boron (B)
Chloride {C})
Fluoride {F)
Sulfate (S0.)

AHIONS - Nutrients

Tatal Kjeldahl Hitrogen (H)

Nitrate Nitrogen {NO-R)

Nitrite Nitrogen {ND,-N}

Total Orthophosphate Phosphorus (P)

ORGANIC, NONIONIC & CALCULATED VALUES

coD

TOC

Phengl

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

PHYSICAL DATA

pli {units)

Swecific Conductance (wvhos/em @ 25°)
True Color {Pt-Co Units)

Turbidity {NTU)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
MNanfiltrable Residus

Fixed Total Residue

Fixed Filtrable Residue
Fixed Monfiltrable Residue

Dec. 76

L

A
LI T S — N A N B I

N
389

389
389
<}

.00025

.05

-0010
-016

.10

May 77

0.014
<0.005
<0.005
<0.010
<0.005

0.010
<0.010

0.00026
<0, 020
<0.003.
<0.005

0.008

87
0.003
18

14

<0.002

0.25

367
395

346
345

<

0.014
<(.005
<0.005
<0.010
<0.005

0.010
<0,010
<0, 00025
<0.020
<0.003
<(.005

0.008

86
0.003

0.07

0.14
<¢.0010

0.010

k]|

<0, 002
284
2N

394
392

317
<t

<

00025

=1 N e 20 3 e Y

Do
=
3
@

0.03

0.02
<0.0010

0.012




TABLE Ci-7

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 3

STATION: DW 3
PARRMETER (mg/t)

CATIONS - Trace Metals

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

Lead (Pb
Mercury (Hg)
Molybdenum (Mo}
Selenium {Se}
yanadium {¥)
zinc (In)

CATIONS - Alkali Earths & Metals

Calcium {Ca)
Lithium (Li}
Magnesium {Mg)
Potassium (K?
Sedium {Na}
Strontium (Sr)

ANIONS - General

Boron (B)

thloride {(C1)
Fluoride {F)
Sultfate (S0.)

ANIONS - Nutrients
Total Kjeldahl Nitrogen (N)
Nitrate Nitrogen (NO,-N)

Nitrite Nitrogen (NOz-M)
Total Orthophosphate Phosphorus {P)

ORGANIC, HONIONIC & CALCULATED VALUES

con

Tac

Phenol

Total Hardness {CaC0)
Total Alkalinity {CaCC,}

PHYSICAL DATA

pH {units)

specific Conductance {pmhos/cm @ 25°)
True Color (PL-Co wnits)

Turbidity (NTU)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfittrable Resfdue

Fixed Total Residue

Fixed Filtrable Residue
Fixed Nonfiltrahkle Residue

Dec. 76

A
[N T I T — I R S R B R |

14
M

309
69
<1

00025

May 77

<0.016
<0005
<0, 005
<0,010
<0,005
0.015
<0,010
<0.00025
<0,020
<0.003
<0.005
0,025

81
0.004
17

“ 13
0.24

349
342

295
290

>

<0.010
<(.005
<0.005
<0.010
<Q.005
0.015
<0,010
<0,00025
<0.020
<0.003
<0.005
0.025

77

0.004

13
0.27

La A

Wo—-0
Lad W3 —
=]

0.22

.30
<0.0013

0.017

38

<0.002
268
2587

47
342

302
300

.00025

<

I N 2 N T R |

o~ o

wocr
2o
=

0,32

0,04
<0.0016

0.011

£ I —n

19
<5
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TABLE C1-8

GROUNGWATER ANALYTICAL DATA - DOMESTIC WELL 4

STATION: W 4
PARAMETER (m9/%)

CATIONS ~ Trace Metals

Atuminum (A1)
Arsenic {As)
Cadmium (Cd}
Chromium (Cr)
Copper (Cu)
Tron (Fe}

Lead (P
Mercury (Hg)
Hotybdenum {Mo)
Selenium (Se)
Vanadium (Y}
Zinc {(Zn)

CATIONS - Alkali farths B tetals

Calcium (Ca}
Lithium (Li
Magresium {Mg)
Potassium (K?
Sodium (Na)
Strontium (Sr)

ANIONS - General

Boron {B)

Chloride {C1)
Fluoride (F}
Sulfate {S0.)

ANIONS = Nutrients
Total Kjeldahi Nitrogen {N)
Nitrate Nitrogen {ND;-N}

Nitrite Nitrogen (NOy-N)
Total Orthophosphate Phospharus (P)

ORGANIC, NONIONIC & CALCULATED VALUES

L£oo

T6C

Phenol

Total Hardness (Caf0.)
Totat Alkalinity (CaCO,}

PHYSICAL DATA

pH {units)

Specific Conductance (umhos/cm & 26°)
True Color {Pt-Co umits)

Turbidity (NTU}

PHYSTCAL DATA - Residues

Total Residue

Filtrable Residue
Honfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residue
Fixed Nonfiltrahle Residue

c. 76

Dec. 76

T

A
i o ot

0
45

(=R e e ]

328
326

K|
I
<]

00025

.35

.58
.49

.07
050
.001G
045

May 77

<0.010
<(0.005
«Q,005
<(,010
<0.005
0,015
<0.0M0
<0, 00025
<0,020
<0, 003
<0, 005
0,12

64
0.0064
18

0.29

0.21

6.050
<(.0010

9.050

38

<0.002
23
228

350
348

302
300

>

<¢. 010
<0.005
<0.005

<0.010
<0.005
0.015
<0.010
<0, 00025
<0.020
<0.003
<0, 005
0.12

62
0.004
17

20
0.32

o A
ho — o
DI

0.14
0.050
<0.0010
0.048

38

<0.002
224
225

339
337

302
30
<2

1

<

A =R

0

0.

<0
4]

22
22

<2

St MR

—~ O

,00025

.14
050
.0010
005




TABLE €1-9

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL §

STATION: DW 5
PARAMETER (mg/2)

CATIONS - Trace Metals

Atuminum (A1)
Arsenic As}
Cadmium (Cd
Chromium (Cr)
Copper (Cu)
fron Fe}
Lead {Pb
Mercury {Hg)
Molybdenum {Mo)
Selenium {Se)
Vanadium {V)
Zinc (In)

CATIONS - Alkali Earths & Metals

Calcium (Ca}
Lithium {L{)
Magnesium (Mg}
Potassium {K?
Sodium (Na)
Strontium {Sr)

ANIONS ~ General

Boron {B)

Chiaride {C1)
Fluoride (F)
Sutfate (50,)

ANIONS = Nutrients
Tatal Kjeldahl Nitrogen (#)
Nitrate Nitrogen (NOs-N)

Nitrite Nitrogen (NO,-N}
Total Orthophosphate Phasphorus (P)

ORGANIC, NONIONIC & CALCULATEI VALUES

coD

oL

Pheno

Total Hardness {CaC0,)
Total Alkalinity (Cal0,)

PHYSICAL DATA

pH {units)

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

Turbidity {NTU)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfiltrable Residue

Fixed Total fesidue

Fixed Filtrable Residue
Fixed Nonfiltrable Residue

Dec, 76

A
[ I - S R I A A |

54
14
17

21
290

268
268
<]

. 00025

.29

.60
.56

0%
020
L0010
.062

May 77

<0,010
<0.005
<0.005
<0.010
<0,005
0.069
<0,010
<0.00025
<0, 020
<0.003
0.014
0.013

54
0.003
L]

13
0,25

[95) A
Fo—5&
oo

0.11

0.13
<0.0010

0.045

<10

<0,002
192
188

7.7
420

G.40

2172
269

226
226
<]

*1]

<0.010
<(.005
<(.005
<0.018
<0.005
0,069
<0.010
<0.00025
<(,020
<0.003
0.014
0.013

54
0.003
14

16
0.27

bl

SO0
Cad O wna
r O

0.10

0.08
<0,0010

0.059

<10

<0,002
193
191

7.7
410
<10

0.80

282
280

247
247
<]

<

LI R B = N TR R N T I |

0

N 1 5 |

20
<10

0.

19
21

42
42
<t

00025

.02

L0010
017

80




TASLE C1-10

GROLNDWATER ANALYTICAL DATA - DOMESTIC WELL 8

STATION: @W 8

PAGVETER (mg/s)

ot

CATIONS - Trace Metals

Atuminum {A})
Arsenic {As)
Cadmium {Cd)
Chromium (Cr)
Copper (Cu)
Irgn {Fe

Lead (Pb
Mercury (Hg)
Molybdenum (Mo}
Selenium (Se)
Yanadium {¥)
Zinc {In)

CATIONS - Alkali Earths & Metals

Calcium (Ca)
Lithiam {Li})
Magnesium (Mg)
Potassium [K?
Sadium (¥a)
Strontium {Sr)

ANIONS - General

Boren (B8)

Chloride {CH)
Fluoride (F)
Sutfate (S0,)

ANTONS - Hutrients
Total Kjeidahl Nitrogan (N)
Ritrate Nitrogen (NO;-N)

Nitrite Nitrogen (NQ,-N}
Total Orthophosphate Phosphorus (P)

ORGANIC, NONTONIC & CALCULATED VALUES

CoD

T0C

Phenol

Total Hardness {CaC0,)
Total Alkalfnity {CaC0,)

PHYSICAL DATA

FH {units}

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

Turbidity {NTU)

PHYSICAL DATA - Residues

Total Residue

Filtrabte Residua
Nonfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residus
Fixed Nonfiltrable Residue

fec. 76

.00032

[INNC T R N — T TR R I B R |

130
49

95
1.0

10’

0.4
0.060
0.002¢
0.045

527
626

7.4
1400

2.7

929
926

804
204
<]

May 77

0.015
<0.005
<0, 005
<0,010

0,022
0,059
<0,010

0.00026
<(.020
<0.003
<0, 005

0.62

180
0.012
67

120
1

.66

-0038
0%

ocEMNO

<0.002

7
1960
10

1103
1100

928
925

»<]

0.015
<0.005
<0.005
<0,010

0.022

0.059
<0.010

0.,00029
<}, 020
<0.003
<0005

0.62

155
0.012
58

108
1.0

7.4
1750

2.5

966
963

866
B65
<2

(I T B S B B N TR |

50
18
25

24
50

74
74

124
12
<3

oo—-0

00006

.82

.25

i
(¥4




TABLE C1-11

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 9
STATION: (W 9

PARAMETER (mg/2) Dec. 76 May 77 X R

CATIONS - Trace Metals

Aluminum (A1) - <0.010 <(,010 -
Arsenic {As) - <0.005 <0,005 -
Cadmium {Cd) - <0. 005 <0.005 -
Chromium {Cr} - <0,010 <G,010 -
Copper (Cul - 0.038 4,038 -
Iron (Fe - 0.016 0.016 -
Lead {Pb - <0.010 <0,0 0 -
Mercury (Hg) <0, 00025 0.00035 <0,00035 <0.00035
Molybdenum (r;lo) - <gg‘?og <gg§g -
Selenium (Se - <, <. -
Vanadium {V) - <0.005 <0, 005 -
Zinc (Zn) - 0.28 0.28 -
CATIONS - Alkali Earths & Metals

Calcium {Ca)} 72 0 n H4
Lithium (Li) - 0.008 0.008 -
Magnesium (Mg) 37 32 35 5
fotassium (Kg - - - -
Sodium (Na} 8.8 9.8 9.3 1.0
Strontium {Sr) 0.70 0.60 0.65 0.10
AHIONS - General

Boron (B) - <0.1 <0.1 -
Chloride {C1) 0,82 0.45 0,64 0.37
fluoride (F) 0.4 G.078 0,49 0.83.
Sulfate (S04} 78 7% 77 3
Mi:CJNS ~ Nutrients

Total Kjeldahl Ritrogen (N} 0.06 0.08 ¢.07 0.02
Nitrate Hitrogen (KO,-M 0.065 0.07 0.07 0.065
Nitrite Nitrogen {H0,-% <0,0010 <0,0010 <0,0010 <0.0010
Tota! Orthophosphate Phosphorus (P) 0.01 0,009 0.010 0.602
ORGANIC, NONIONIC & CALCULATED VALUES

0D - 41 41 -
00 - 26 26 -
Phenol - <0,002 <0,002 -
Total Hardness (CaC0,) 332 178 256 154
Total Alkatfnity {CaC0,) 286 268 277 18
PHYSICAL DATA

pH (units) 8.1 7.9 8.0 0.2
Specific Conductance {umhos/fm @ 25°) 630 360 495 270
True Color {Pt-Co unfts) 15 <5 <10 <15
Turbidity {NTU) 0.15 0.50 0.33 0.35
PHYSICAL DATA - Residues

Total Residue 434 403 419 kil
Filtrable Resfdue 432 400 416 k¥4
Honfiltrable Residue 2 3 3 1
Fixed Total Residue 38 33 357 49
Fixed Filtrable Residue 381 329 5% 52

Fixed Nonfiltrable Residue <] 3 <2 <3




TABLE {1-12

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 10

STATION: W 10

PARAMETER ({mg/31) Pec. 76 May 77 X
CATIONS - Trace Metals

Aluminum (A1} - 0.010 0.010
Arsenic (As) - <0, 005 <0,005
Cadmium (Cd} - <0,005 <0.005
Chromium {Cr) - <0.010 <0,010
Copper {Cu} - 0,005 <0005
Iron (Fe - 1.8 1.8
Lead (Pb - <0.010 <0.010
Mercury (Hg} <0.00025 0.00035 <0. 00030
Motybdenum {Mo} - <(,020 <0.020
Selenium (Se} - <0,003 <0.003
Vanadium (V) - <0.005 <0.005
Zinc (In} - 0.040 0.040
CATIONS - Alkali Earths & Metals

Calcium {Ca) 89 88 BY
Lithiym {L} - 0.605 0.005
Magnesium EM } 36 32 3
Potassium K? - - -
sodium (Ha) 16 16 14
Strontium {Sr) ¢.48 0.35 0.42
ANIONS - Geperal

Boron (8) - <0.1 .1
Chioride (C1) 2.6 4.6 3.6
Fluoride {F) 0.33 0.126 0.23
sulfate (50,) 73 i8 78
ANIONS - Nutrfents

Total Xjeldahl Nitrogen (N} 0.33 0,36 0.35
Nitrate Nitrogen (NO;-N} <0020 0.14 <0.08
Nitrite Nitrogen {N02-N) 2.0010 <0,0010 <0000
Total Orthophosphate Phosphorus {P) 0.12 0.087 0.10
ORGANIC, NONTONIC & CALCULATED VALUES

con - 48 48
T0C - 32 32
Phanol - <0,002 <. 002
Total Hardness (CaCO,) 370 351 361
Tatal Alkalinity (Cac0,) 354 310 33
PHYSICAL DATA

pt (units) 7.3 7.2 7.3
Specific Conductance [pmhos/cm & 25°) 0 82D 785
True Color (Pt-Co units) 20 10 15
Turbidity (NTU) 36 12 24
PHYSICAL DATA - Residues

Total Residue 527 478 503
Filtrable Residue 519 475 497
Henfiltrable Residue 8 3 6
Fired Tatal Residue 456 393 424
Fixed Filtrable Residue 450 390 420
fixed Nonfiltrable Residue 6 3 5

<

00035

[T T T I - T T N N BN N |

(=R =T

v Or
(Y-
OO

0.03

<0, 0010
0.033




TABLE (1-13

GROUNDWATER ANALYTICAL DATA - DOMESTIC WELL 12

STATION: bW 12

PARAMETER (mg/2)

CATIONS - Trace Metals

Aluminum (AY)
Arsenic éAs)
Cadmium {Cd}
Chramium (€r}
Copper {Cu}
Iron (Fe

Lead {Ph
Mercury (Hg)
Molybdenum (Mo)
Selenium ESe)
Vanadium

Zinc {In)

CATIONS - Alkali Earths & Metals

Catcium (Ca)
Lithium {Li)
Magnesium (Mg)
Potassiym (K?
Sodium (Na)
Strontium {Sr)

ANIONS - General

Boran {B)
Chioride {C1)
Flusride (F)
Sulfate {50.}

ANIONS - Nutrients
Total Kjeldahl Ritrogen (M)
Nitrate Hitrogen (NO,-N

Nitrite Hitrogen (NO,-N
Total Orthophosphate Phosphorus (P}

ORGANTC, NONIONIC & CALCULATED VALUES

(W]

T0C

Phenol

Total Hardness {CaC0,)
Tatal Atkatinity (CaCl,)

PHYSICAL DATA

pH {units)

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

Turbidity {NTU)

PHYSTCAL DATA - Residues

Total Residue

Filtrable Restdue
Nonfiltrable Residue

Fixed Total fesidue

Fixed Filtrable Residue
Fixed Nonfiltrable Residue

Bec, 76

[ I S R T R T S S )

L (I I R I | e LI I I ) | I A ]

<0.010
<0,00%
<0,005
<0, 010
<0,005
0.33
<0.010
0.00035
<0.020
<0.003
<0,005
0.040

<.
<0.10

0.078
13

0.08
0.07
0,001
0.009

41
8
<0.002

178
185

7.9
360

2,2

222
218

196
194

e

<0.019
<0.005
<(), 005
<0.010
<0.005
0.33
<0.010
0,00035
<0,020
<0,003
<0,005
0.040

<0.1
<0.10

0.078
13

0.08
0.07
0.00M
0.009

185

360
<5

222
219

196
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
ANIONS - General

Bicarbonate (HC03) 350
Sulfate 78
Chloride (C1) 14.5

PHYSICAL DATA
Specific Conductance (umhos/cm
25°C) 666

pH 7.40

Sampled by Golder Brawner - Analyzed by Can-Test




TABLE C1-15

GROUNDWATER ANALYTICAL DATA - ARTESIAN SPRINGS

STATION:

AS-2 AS-3 As-3

PARAMETER (mg/s) szl {dest) {East)

Hov. July

22 20
CATIONS -~ Trace Metals 1%/

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

Lead {Pb
Mercury {Hg)
Molybdenum {Mo)
Selenium {Se)
Vanadium (V)
Zinc (In)

oo
OO %t % et ¥ % N
Rg

oo
W
8|S

CATIONS - Atkall Earths & Metals

Calcium {Ca) 74 72

Lithium (Li) . 0.007
Hagnesium (Mg) 14 16

Potassium (Kg

Sodium (Na) 14 12
Strontium (Sr) . 0.18

ANIONS - General

Boron {B) - *
Chtoride (C)} 1.6 2.3
Fluoride {F) . 0.017
Sulfate {s0,) kI 37

" ANIONS ~ Nutrients

Total Kjeldahl Nitrogen (N}

Nitrate Nitrogen {NO.H)

Nitrite Nitragen (N0,-N)

Tetal Orthophosphate Phospherus (P)

ORGANIC, NONTOMIC & CALCULATED VALUES

coD -
TOC

Phenol

Total Hardness {Ca(0,)

Total Alkas¥inity {CaC0,) 2

o
LT I B |
L+
o
~

PHYSICAL DATA

PR {units) .6 7.9
Specific Conductance (umhos/cm @ 25°) 510 540
Trug Color {Pt-Co units) -

Turbidity (NTY) - -

PHYSICAL DATA - Residues

Total Residue 349
Filtrable Residue 349
Nenfittrable Resfdue <l
Fized Tota) Residue

Fixed Filtrable Residue
Fixed Nonfiltrable Residue

® Denotes < MDC
t Contamination Suspected
Cotlected by Golder, Brawner personnel,

72
33
9.4

0.50

LI I T B R
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<

62
15
17

[N Y
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=
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140
66
28
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héah

STATION:
PARAMETER (mg/+)

CATTONS - Trace Metals

Aluminum (A1)
Arsenic (As)
Cadmium (Cd}
Chromium {Cr)
Copper (Cu)
ran (Fe)
Lead {Pb)
Mercury (Hg}
Holybdenum | Ko}
Selenium (Sa})
Vanadium (V)
Tinge {In}

CATIONS - Alkali Earths & Metals

Calcium {Ca)
Lithium {Li)
Magnesium (M)
Potassium (K?
Sodjum (Ha}
Strontium (Sr)

AHIONS - General

Boren (B)
Chioride (C))
Fluaride (F)
Suifate (S04}

ANTONS - Rutrients
Total Kjeldahl Nitrogen (H)
Hitrate Nitrogen (NO,-MN)

Hitrite Nitrogen (MO -H)
Tatal Grthophosphate Phosphorus (P}

ORGANEC, NONIONIC & CALCULATED YALUES

CQd

T0C

Phenal

Fotal Nardness (CaCOy)
Total Alkatvinity (Ca€Dg)

pH {units)

Speci fic Conductance (mhos/cm @ 25¢)
True Color (Pt-Co units)

furbidity (NTU%

Teuperature (°C)

Total Residue

Filtrable Nesidue
Honfittrable Residue
Fixed Totat Residue

Fixed Filtrable Residue
Fixed Nonfiltrahle Residue

NOTE: Fietd Collection conducted by Golder-Brawner and analysis by Cantest,

Station )

oo

LS T T

TABLE C1-16

[ T T T B S A

B 19.
. 9.
.0 18
.0 k1]
<0!
47,
8
AR
.85 -7
677

ELor o

GROUNDWATER ANALYTECAL DATA - PIT HYDROLOGY PROGRAM

Station 4

Mell Rit 76-19
{Before Pumping)

~ th

Station 6

Well RH 76-19
(After 21 Day Pump)

0.004 -,
<0.D05 R
<0.001 B
<0.001 oy
0.007 887
<0,05 3
0,020  .o¥

<0,0002 o- - 55

< 0,004 s
<0,10 - .
197y 2= P

22,2

<0.10
AL
<0.01 2 O

208
943

7.6 <o
1834 655

1600 Z8on

1440




TABLE 1~

BROUNOWATER ANALYTICAL DATA - BUCKET AUGER HOLE #7

STATION: Coa) Sean Growndwater
PARAMETER (mg/e)

CATIONS ~ Trace Metals

Aluninum (A1)
Arsenic {As)
Cadmium (Cd)
Chromium (Cr}
Copper [Cu}
ran (Fe}
Lead (Pb)
Mercury (Hg)
Holybdenun {Mo)
Setenium {Se)
Vanadium (V)
Zinc (In)

CATIONS - Alkali Earths & Metals

Calcium {Ca)
Lithiwm (Li)
Magnesium {Mg)
Patassium {K)
Sadiun (Ha)
Strontium {Sr)

ANIONS - Genera)

Boron (8}
Chlaride (€1)
Fluoride (F)
Sulfate (S04)

MIIONS - Nutrients
Total Kjeldahl Nitrogen (N}
Nitrate Nitrogen {(NOi - H)

Nitrite Nitrogen (N0: - N}
Total Orthophosphate Phospharus (P}

ORGANIC, NONIONIC & CALCULATED VALUES

i)

T0C

Prenot

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

PHYSTCAL DATA
pH {units)

Speci fic Conductance {umhosfcm ¢ 25°)
True Culor {Pt-Co Units)

Turbidity (NTU)

Teaperature {°C)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
HonFiltrable Residue

Fined Total Residug

Fixed Filtrable Residue
Fixed NonFilirable Residue

BIOCHEMICAL, DISSOLVED GASES & RECATED
HEASUREMERTS

oD
b.0.
% Saturation

*  [enotes <MIC
{) Denotes Tatal Concentration

Bucket Auger Hole 7

Coal Seam
19 Septenber 1976

{0.00039) -0o%
g T
{*)

*)
[o.oua) ¥ 0,006

48
(0.015) .
41

a7
300
(0,20} 0,26

8.2
0.33
260

{3

o 1284
2167 20
24

1084

1060




 TABLE C1-18
GROUNDWATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM

STATION: Drill Hole RH - 77 - 45 RH - 77 - 48 RH-77-49
SAMPLE DEPTH: 89.9 62.9  35.2  T89.9 77.0  58.1  89.1
PARAMETER:  (mg/2) '

pH (Units) 7.75 8.00 8.15 8,10 8.10 8.35 8.00
Conductivity {umhos/cm)  626. 689. 729, 936. 1019, 872. 1326,
Total Hardness (CaCO3) 281. 269. 258. 81. 97. 57. 682,
Dissolved Anions

Alkalinity .

Bicarbonates (HCO3) 325. 330. 344, 407, 476. 408. 672.
Carbonates (CO3) NIL NIt NIL NIL NIL 3.04 NIL
Chlorides (c1? 5.0 6.0 7.0 4.0 5.0 3.5 2.0
Sulfates  (S0,) 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
Magnesium (Mg) 29.3 32.0 29.9 7.4 8.3 4.6 91.2
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 EFeg 0.049 L 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
Manganese (Mn) 0.014  0.071 0.21 0.002 0.013 0.001 0.13
Lead (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 0.001
Cadmium (Cd) L 0.001 0.002 L 0.00! L 0.001 L 0.00f L 0.001 L 0.001
Strontium (sr) 0.62 0.45 0.43 0.30 0.33 0.38 1.26
Barium (Ba) 0.031 0.042 0.038  0.030 0.031 0.020 0.071
Vanadium (v) L 0,04 L 0,04 L O0.0&4 L 004 L O.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 ANALYTICAL DATA - BULK SAMPLING PROGRAM #1 WELL

STATION: 1, Well
PARAMETER {ma/e)

CATIONS - Trace Metals

Aluminum (A1}
Arsenic (As)
Cadmium (Cd)
Chromium {Cr}
Copper (Cu)
1ron tFe)
Lead (Pb)
Mercury (Hg)
Molybdenum (Mo}
Selenfum (Se}
Vanadium (V)
Zine (In)

CATIONS - Atkali Earths [ Metals

Catefum (Ca)
Lithium {Li}
Hagnesium {Mg)
Potassium {K)
Sodium (Ra)
Strontium (5r)

ANIONS - General

Soron (B)
Chloride (€1}
Fluoride (F}
Sulfate (S0,)

ANIONS - Nutrients
Total Kjeldahl Kitrogen (M)
Nitrate Nitrogen (WD, - N

Nitrite Nitrogen (NO, - N
Dissolved Phosphate Phosphorus (P)

ORGANIC, NONIONIC & CALCULATED VALUES

con

T0C

Phenal

Total Hardness (Caldy)
Total Alkalinity {CaC0,)

PHYSICAL DATA

pH (units)

Specific Conductance {umhos/fcm @ 25°)
True Color (Pt-Co Units}

Turbidity (NTU)

Jemperature {°C)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residue
Fized Konfiltrable Residue

* Denotes <MDT

7 Jdune 1977

S 91 D ERI B
(=)
&
o

251
230

382
42
40

21 June 1877
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TABLE C1-20

GROUNOWATER ANALYTICAL DATA - BULK SAMPLING PROGRAM #2 WELL

STATION: 2, Wel
PARAMETER (mg/%)

CATIONS - Trace Metals

Auminum (A1)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper {Cu}
Iron {Fe

Lead (Pb
Mercury (Hg}
Molybdenum (Mo}
Selenium ESe)
Vanadium (V)
Zinc {In) .

CATIONS - Alkali farths & Metals

Calcium (Ca)
Lithium {11)
Magnesium (Mg)
Potassium (K)
Sadium (Na)
Strontium {5r}

ANEONS ~ General

Boron (B)

Chloride {C1)
Fluoride (F)
Suifate {50.)

ANJONS - Nutrfents
Total Kjeldah) Mitrogen [N}
Kitrate Nitrogen (N0, - K)

Nitrite Hitrogen (NOz - N)
Dissolved Phosphate Phosphorus {P)

ORGANIC, NONIONIC & CALCULATED VALUES

CcoD

T0C

Phenol

Total Hardness {CalD,)
Total Alkalinity (Cal0,)

PHYSICAL DATA

pH (units)

Specific Conductance (ymhos/cm 8 25°)
True Color (Pt-Co Units)

Turbidity {NTU)

Temperature {°C)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residue
Fixed Nonfiltratle Residue

® Denotes <MIC

7 June /77 21 June /77 6 July /77 20 July /27
* * 0,010 0,030
* * » *
. : " .
* * * *
0.034 0.024 0.035 0.13
" - * .
0.006 0,006 , 0.004
* * hd 0.001
* 0.014 0.0068 0,041
64 15 65 66
0.003 0,004 0.005 0,004
15 16 16
18 18 18 18
0,20 0,21, 0.28 0.23
» * w *
1.7 1.4 1.3 1.3
0. 104 0.128 0.135 0.146
38 a5 54 48
(.032 Q.033 0.043 0.009
27 2 24 50
222 249 228 231
229 232 231 241
7.6 7.4 7.4 1.6
510 520 531 540
354 370 409 387
330 346 340 349
24 24 69 38




TABLE Ci-2
GROUNDWATER AMALYTICAL DATA - BULK SAMPLING PROGRAM # 3 WELL

STATION: 3, Hell

PARAMETER (Mg/1}

7 June /77 21 June /77 - 6 July f77 20 July /77

CATIONS - Trace Metals

Aluminum (A1) *

Arsenic (As) *

ggdmi ;i!n (Ed)} :

romium (Cr

Copper (Cu) 0.007

Tron (Fe} 0.060

Lead (Pb

Mercury (Hg) *

Holybdenum {Mo) -
«  Selenfum [5&) *

Yanadium {V} *

Zinc (iIn) 0.02

* &
* &

0.057
*
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CATIONS ~ Alkald Earths & Metals

Calcium {€a) 260 260 230 250
Lithium {Li) 0,064 0.063 0.067 0.007
Magnesium (Mg) . 81 83 85 88
oo §) %0 %0 00 ™
ooYum a

Strontfum {Sr) 0,72 0.70 2.1 .99

ANIONS - General

Boron (B) 0.
Chloride (C1)} 7.
Fluoride (F) 0
Sulfate (50,) 1

e O
= Al
f=2¥*)

ANTONS - Nutrients

Total Kjeldah} Nitrogen (N) -
Nitrate Nitrogea (NO; - K) -
Nitrite Nitrogen (NO, - N} -
bissolved Phosphate Phosphorus (P) 0.038 0.

[="S N T
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o
=
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-
o
[~
S I T
wy
r

ORBARIC, NONTORIC & CALCULAYED VALUES

o0 97’ 107 101 80"
Phengl - - - -
Total Hardness (CaC0;) 983 991 924 987
Total Alkalinity (CaCO,) 464 506 538 572

PHYSICAL DATA

pH (units) 1.8 7.3 7.2 7.3
Specific Conductance (umhos/cm @ 25°) 3000 3000 2970 3030
True Color (Pt-Co Units) B i - -
Turbidity (NTU) - - - -
Temperature (°C) - - - -

PHYSICAL DATA - Residues

Total Residue 2871 280 2845 2851
Filtrable Residue 2710 27130 2700 2650
Nonfiltrable Residue 161 147 132 161
Fixed Total Residue - -

Fixed Fi1trable Residue - - - -
Fixed Nonfiltrable Residue - - - -

* Denotes <MOC
+ Contamination Suspected

4 Mg, /77

o o
St % *
S W M
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[ * ¥
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230
0.055
65
340
1.8

2846
2740
106
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TABLE C1-22

GROUNDWATER ANALYTICAL DATA - BULK SAMPLING PROGRAM - TRENCH 8

STATION; Trench B Groundwater
PARAMETER (mg/2)

CATIONS ~ Trace Matals

Aluminum (A1)
Arsenic (As}
Cadmium (Cd)
Chromium {Cr)
Copper (Eu)
Iron {Fe)
Lead {Pb)
Mercury (Hg)
Motybdenum (Mo}
Selenium (Se)
Vanadium {V)
Zine (In)

CATIONS « Alkali Earths & Metals

Calctum (Ca)
Lithium {Li)
Magnesiym {Mg)
Patassium (K}
Sodium (Na)
Strontiun (Sr)

ANIONS -~ General

Boron (8)

Chloride (C1)
Fluoride (F)
Sulfate (S0,)

ANIONS - Nutrients
Total Kjeldahl Nitrogen (N}
Nitrate Nitrogen {NO, - R)

Nitrite Hitrogen (NOz - N)
Dissolved Phosphate Phosphorus (P)

ORGANIC, MONIGNIC & CALCULATED VALUES

coD

TOC

Phenol

Total Hardness {CaCDd,)
Total Alkalinity (CaCl,)

PHYSICAL DATA

pH (units)

Specific Conductance {pmhos/cm @ 25°)
True Color (Pt-Co Units)

Turbidity {NTU)

Yemperature {°C}

PHYSICAL DATA - Residues

Tatal Residue

Filtrable Residue
Nenfiltrable Restdue

Fixed Total Residue

Fixed Filtrable Residue
fized Honfiltrable Residue

* Denotes <MDC

21 dune /77 6 July /77 18 July /77 4 Aug. /77
* * 0.025 *
x W * *
- N . -
* * - *
0.003 0.012 0.022 *
. . . 0.0020
0,003 * 0.003 *
* * 0.002 0.003
0.012 * 0,009 0,047
7 56 60 59
0.004 0.004 0.006 0.004
16 16 7 16
21 19 20 2
0.23 0.26 0.24 0.25
* * x *
1.4 1.1 1.3 1.3
0.142 0,059 0.102 0.143
% 56 a8 46
0.032 0.024 0.026 0.026
31 ) 83 ) 95 ) 11 )
243 206 220 a3
222 218 229 2%
8.0 7.9 7.8 8.0
510 499 530 540
387 - 38846 361
339 340 346 357
23 31500 3

[
oo

14 Sept./77
*
*
*
4
0.014
*
0.004
t 4
9.007
67
004
19
2%
0.32
L1
0.112
58
0.025
-
246
257
8.0
603
380
376
4




STATION: 14, Upper Hat Creek

PARAMETER (rig/x) Sept. 76
CATIONS - Trace Metals

Aluminum (A1) (0,31}
Arsenic (As) (*

Cadmiwm (Cd) (*
Chromiu? (():r) E:

Copper {Cy "
Tron (Fe} {0.20) 0.059
Lead (Pb) (:

Mercury (Hg) (
tolybdenum {Mo) N
Sedenfum (Se) f'
Jonadium (V) {0.006)0.008
CATIONS - Atkali Earths & Metals

Calcium (Ca} £8
Lithiun (L1} (0.010}*
Ragnesium {Mg) 18
Potassium [X} 4.9
Sodium (Ka) 19
Strentium (Sr) {0.28) 0.26
ANLNS - General

Boron (B) (*}
Chloride (C1) 0.55
Fluoride {F) 0.23
Sul fate (50,} 50
ANIONS - Kutrients

Total Kjeldaht Nitrogen (N} 0.23
Nitrate Nitrogen (KO, - K) 0.04
Hitrite Hitrogen (NDz - K) *
Total Orthophiosphate Fhosphorus (P} 0,090
ORGANIC, NORIONIL & CALCULATED VALUES

<oo -
Tac 6
Phenol -
Tota) Hardness (CaC0,) 219
Total Alkalinity {CalOy) 220
PHYSICAL DATA

pH (units) : 8.3
Specific Conductance {umhas/cm @ 26°} 470
True Color (Pt-Co Units) 20
Turbidity (HTU) 3.7
Temperacure (°C) 10.5
PHYSICAL DATA - Residues

Total Residue 360
Filtrable Residue 340
Nonfiltrable Residue 20
Fixed Total Residue 296
Fixed Filtrable Residue 281
Fixed Hanfiltrable Residue 15
BIOCHEMICAL , DISSDLVED GASES & RELATED
HEASURENENTS

BOD *
0.0. 9.5
% Saturation 96.4

* Denotes <MOC
() Denotes Tota) Concentration

7 Single value, Standard deviation uot appicable

TABLE C1-23
SJRFACE WATER ANALYTICAL DATA - UPPER HAT CREEK

Dec. 76
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*
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n
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43
341

292
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102

;lll

<0.010
<0.005
~0.005
«0.010
<8.605
0.048
<0,01
<0.00027
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TABLE €1-24

SURFACE WATEH ANALYTTCAL DATA - MID UPPER HAT (REEK

STATION: 10, Mid-Upper Hat Creek

PARAMETER (110789 Sept. 76

CATIONS - Trace Metals

Aluminum (A1)
Arsenic (As)
Cadnium (Cd)
Chromium {Cr)

fron (Fe}

tead {Pb}
Mercury (Hg)
Holybdenum {Mo)
Selenium {5e)
vanadiym (V)
Finc {In)

CATIONS - Alkali Earths & Metals

Calcium [Ca) &0
Lithiun {L1) (0.010) *
Hagnesium (Mg) 19
Potassium (K) 4.5
Sodium (Ha} 24
Strontium (Sr) {0.28} 0.40

8oron {B) (*}
Chloride (C1) 0.65
Fluoride {F) 0.26
Sul fate (50,} 44

Total Kjeldahl Nitrogen (N} 0.22
Nitrate Mitrogen (HOy - §) 0.04
Ritrité Mitrogen (NG: - N} *
0.081
CRGANIC, NORIONIC & CALCHLATED VALUES
Cod -
TOC 7
Phenot -
Total Hardness (CaCd,) 228
fotal Alkalinkty (Ca(0,} 232
PHYSICAL DATA
pH {units) 8.4
Specific Conductance (umhos/cm @ 25°) 480
True Color (Pt-Co Units) 15
Turbidity (HTU) 1.4
Temperature {“C) 9.7
PAYSICAL BATA - Residues
Total Residue 360
Filtrable Residue 354
Honfiitrable Residue 6
Fixed Total Residue 291
Fixed Filtrable fesidue 288
Fixed Honfiltrable Residue 3
BTOCHEMICAL, DISSOLVED GASES 3 RELATED
HEASUREMENTS
BOD *
0.0, 9.8
% Saturation 95.7

b $ingle valug, standard deviation not applicable
* Denotes <MDC
{} Denctes Total foncentration
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TABLE C1-25

SURFACE WATER ANALYTICAL DAYA - MID HAT CREEX

STATIQN: 7, Wid-Nat Creek

PARAMETER (mg/2) Sept. 76
CATIONS - Trace Metals

Aluminum (A1) (.0}
Arsenic [As) 1]

Cadmium (Ca) {")

Chromium (Cr) {")

Copper {(Cu} {n

Iron (Fe) (0.048) *
Lead {Pb) (*}

Mercury (Hg) "

Ma lybdinum (M) -
Salgnium %si) ('?

Yanadium (¥ N

Ting {In) ' 0,013} 0.008
CATIONS - Alkali Earths & Metals

Calcium (Ca) 59
Lithiun (Li) {*} *
Maynesium {Mg) 19
Potassium {K) 4.0
Sodium {MNa) 2l
Strontiom (Sr) {0.30) 0.30
AHIONS - General

Boron (B} (*)

Chloride {C1) 2
Fluoride [F) 0.16
Sultate (S0,) 4
ANIONS - Nutrients

Tutal Kjeldaht Hitrogen (H} 0.29
Hitrate Hitrogen (NO; - N 0,05
Hitrite Nitrogen (RO, - H) *
Total Orthephosphate Phospharys (P Q.040
ORGARTG, NORIONIC & CALCULATED VALUES

con -
TOoC b
Phenol -
lotadl Harduess {Cally) 226
Total Alkalinity (Cal0,) 237
PHYSICAL DATA

pR (units) 8.4
Specific Conductance (umhos/cm @ 25°) 480
True Color {Pt-Co Units) 15
Turbidity (NTY) 6.3
Temperature {*C) 12
PHYSICAL DATA - Residues

Total Residue 363
Filtrable Residue 346
Honfiltrable Residu 17
Fixed Total Residue 243
Fixed Filtratle Res{due 270
Fixed Honfiltrable Residue 13
BIOCHEMECAL, DISSOLVED GASES & RFLATED
MEASUREHENTS

Huo w*
0.0. 9,2
T Saturation 24,9

.{ Single value, standard doviation not applicable

Denotes <MOC
{) Denutes Total Concentration

Dee. 76
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0.024

213
228

348
336

an
300

Har. 77

. 00048

LI T S T R T R I B R |

56
16

19
0.30

Loo,
o
=4

0.12
0

0.0022
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*

0.045

17
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282

276
6

9.6
7.1
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X

<0.010
<0.005
<0.005
<0.010
<0.00%
<0.018
<0.010
<0, 00038
<0,020
<0, 003
<0,005
0.008

58
<0.002
17

.30

£0.1]
1.2
0,14
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0.19
<0.06
<0.0018

0.034
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1.1
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6.00023
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0.002
0.021




STATION: 6, Mid-Lower Hat Creek

PARAMETER  (ng/x)

LATIONS, - Trace Metals

Aluminum (AQ)
Arsenic (As)
Cadmium (Ca)
Chromfum {Cr)
Copper {Lu)
Iron (Fe}
tead {Pb)
Hercury (Hg)
Molybidenum (Mo)
selenium (Se)
Vanadiun (V)
Zine {In)

CATIONS - Alkali Earths & Metals

Calcium (Ca)
Lithium [L1)
Hagnesivm (Mq)
Potlassium (K}
Sodiun {Na)
Strontiume (Sr)

Baron (B)

Chioride {C1)
Flgoride (€}
Sul fate {50.,)

MIONS - Hutrients
Total Kjeldahl Nitrogen (N)

Nitrate Hitrogen (HOy - H)
fiitrite Nitrogen (H0; - N)

TABLE C1-26

SURFACE WATEK ANALYIICAL DATA - MID LOWER HAT CREEK

Sept. 76

64
20

1
{0.25) o0.28

(*)

Total Orthophosphate Phgsphorys (P) 0.059

ORGANTC, NONIGNIC & CALCULATED VALUES

con

roc

Phenol

fotal Hardness (Cal0,)
Tota) Alkalinity (CaCl,}

PRYSLCAL DATE,

PR {units)

Specific Condyctance (junhos/cm @ 25) 47

True Color {Pt-Co Units)
Turbidity (NTV)
lemperature {°C)

PHYSICAL BATA - Residues

Total Residue

Filtrable Residue
Honfiltrable Residue

Fixed Total Residue

fixad Filtrable Residue
Fixed Nonfittrable Residue

337
333

256
259

BICCHEMICAL, DISSOLVED GASES & RELATED

0.0
% Saturation

¢ Single value, standard deviatfon not applicatle

*  Denotes <MDC
{) Denotes Total Concentration
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TAALE C1-27
SURFACE WATER ANALYTICAL DATA - LOWER HAT CREEK
STATION: 5, Lower Hat Creek
PARAMETER {mqg/y) Sept. 76 Dec, 76  Mar. 77 May 77 Xs Ss "R

CATIONS - Trace Metals

Atuminum (A1) (%) - - * <0.010 ] -
Arsenic (As) () - - * <0.005 ) -
Cadmium {Cd) (%) - - * <0,605 # -
Chromium {Cr} {*) - - * <0.410 $ -
Copper (Cu) {*} - - # <£3.005 ¢ -
Iron {Fe) (%} * - - * 0.010 il -
Lead (Pb) {*) - : M 0.010 $ 5
mereury (Hg) {h.00025} 0.00038 * <0.00029  D.O00GS  0.00013
Holybdenum (Mo) - - - * <3.020 [ -
selenium (Se) (*) - - ® <0.003 ¢ -
Vanadium (V) {*) - - * <0, 005 [ -
Zinc (£n) (0.019) =* - - 0.015 .10 0.0070 0.01
CATIONS - Alkali Farths & Metals

Calcium {Ca) 6] 6% 60 64 64 4.0 ]
Lithium (Li) {*) * - - 0.004 <Q.002 0.002 {.003
Hagnesium (Mg) 23 27 25 24 25 1.7 4
Potassium (K} 3.3 - - - 3.3 ¥ -
Sudium {Na) 1% 23 22 22 22 1.7 4
Strontium ($r) 0.28) 0,29 0.43 0.36 0.34 0.3 0.058 0.14
ARIONS - General

Boron (B) {*) - - * <0.1 [ -
Chleride (CH) 1.1 1.5 1.9 k.6 1.5 0.33 .8
Flueride {F) 0.17 0.24 0,087 0.1 0.15 0.068 5,153
sulfate (S0,} 16 12 76 65 65 13 30
ANIONS - Nutrients

Tatal Kjeldahl Nitrogen (N) 0.1%- .09 0.08 0.40 0.18 0.15 0.32
Hitrate #itrogen {0, - H) 2.03 * 0.4 0,05 <0,04 0.91 0.02
Hitrite Nitrogen (HQ, - #) o 0.033 * * <0, 002 0.001 0.002
lotal Grthopnosphate Phosphorus (P} 0.050 0.M6 0,015 0.022 0,025 0.16 0.03%
ORGANTC, NONIONTC & CM.CULATED VALUES

cop - - - 14 10 [ -
fac b - - ? 1 0.7 1
Inenol - - - * <0, 002 p -
Total Hardness (Cally} 247 283 253 259 260 15.8 36
Total Alkalinity (CaCd,)} 2hq 283 262 248 262 15.3 35
PHYSICAL DATA

pH {units) 8.6 8.5 8.4 8,5 8.5 0,082 0.2
Specific Conductance (jmhos/cm @ 25°) 490 580 570 540 545 40.4 90
[rue Colar (Pt-Co Units) 1] 10 5 10 §.8 2.5 8
Turbidity {HTU) 0./8 0.60 (.50 0.85 0.58 0.186 0.3
lemperagure (°C) 1 C 0 12 5.8 6.6 12
PRYSICAL DATA - Residues

Total Residue 36 413 392 362 78 30.0 67
tiitranie Residue 345 3 389 359 376 0.5 68
tonfiltrable Residue [ * 3 3 -2 1 2
Fixed Total Residue 294 347 299 Joo 30 24.8 53
fised Filtrable Residue 294 347 299 298 310 25.1 53
Fiaed Honfiltprable Residue * * * 2 <l 0.5 }
BEOCHEMICAL, DISSOLYED GASES & RELATED

P ASURERENTS

B * - - - <1 ¢ .
.0, 10.3 13.4 13.7 10.2 1.9 1.9 3.2
t Saturation 100.1 98.6 100.8 101.5

+ Single value, standard deviation aqt applicable
*  Denotes <MDC
() Oenotes Total Cencentration




SURFACE WATER ANALYTICAL DATA - UPPER BONAPARTE RIVER

STATION: 4, Upper Bonaparte River

PARAMETER (mg/ ¢} sept. 76
CATIGNS ~ Trace Metals

Aluninym (A1} {0,15)
Arsenic (As) (")

Cadmiun {CJ) (*;

Chromium (?r) :)

Copper {Cu

Fopper Lt {5,057) 0.046
Lead (Pb) (:}

Hercury (Hg} (*]

bl yhdenum {Ho) -
Selenium }Se) ('3

Vanadium (V] {*

linc (2a) () *
CATIONS - Alkali Earths & Metals

Calcium (Ca) 22
Lithium {Li) ("} *
Hagnesium {Mg) i
Patassium (K) 1.9
Sodium {Ha) 8.0
Strontian (Sr) (0.13) 0.15
AHTONS ~ General

Boron (B) {*}

Chloride (C1) 0.58
Fluoride (F) 0.20
Syltate (50,) 0
AKIONS - Nutrients

Fotal Kjeldahl Nirragen (N} 0.25
Hitrate Hitropen (HQ, - %} 0.03
titrite Hitrogen (WO, - N) *
Tokal Orthophosphate Phosphorus ¢.G42
URGANLC, MONTONIC & CALCULATED VALUES

coo -
roc 9
Phenel -
Tota) Hardness {CaCd,) 96
Total Mkalinity {Zall,) 106
PHYSECAL DATA

ol {units) 8.1
specific Conductance fumhosfcu @ 26°) 21
True Color (Pt-Co Units) 20
Turbidity (NTY) 1.t
Teaperature (°C) n -
PHYSICAL DATA - Residues

Total Residue 162
Filiratle Residue 152
Honfiltrable Residue 10
Fixed Total Residua 118
Fized Filtrabie Residue 110
fixed Nonfiltrable Residue 8
BIOCHEMICAL, DISSOLVED GASES & RELATED
HEASUREMENTS

[[3+03] *
9.4, 9.7
% Saturation 94.3

' Single valug, standard Teviation not applicale

* funtees <MOC
{} Desintes Total Concentratien
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TABLE C1-25
SURFACE WATER ANALYTICAL DATA - MID BONAPARTE RIVER

STATION: 3, Mid-Bonzparte River
PARAMETER {mg/e} Sept. 76 Dec. 76  Mar. 77 May 77 T Ss

CATIONS - Trace Metals

Aluninum {A1) (0.11) - - * «5.010 I
Arsenic (As) i*) - “ * <0.005 I
Cadmium (Cd) {*} - - * <0.005 )
Chromium (Lr) [*) - - * <}.Me ¢
Copper {Cu} * - - * <(1.005 I3
Iron (Fe) (0.46) 0.049 - - 0.050 0.050 0.00070
Lead (Pb) * - - * <0.010 #
Hercury (Hg) (0.0027} - * * <0.00028 0
Hulybdenum {Mo) - - - * <0.020 []
seleniom {Se) (") - - * <0.003 b
Vanadtym (V) (*) - - * <0.005 ¢
{1 [20) (*) * - - 0.921 <0.013 0.011
CATIONS - Alkali Earths & Metals

Calgium (Ca) 22 35 33 22 28 7.0
Lithium (Li) (*) * - - 0.00t <0,00t 0
Hognes 1ue (Mg} 13 20 19 n 15 4.9
Putassium () 1.7 - - - V.2 '3
Sodium {Na) i 14 15 B 12 3.0
Stroatiun {Sr) (0.13)  0.08 0.2) 0.21 0.12 0.16 0.066
ANIONS - General

oren (8) {4 - - * <0.) é
ihloriae (L3} 0,30 1.1 1.2 0.63 0.8} 9.42 |
Flueride (F) 0.24 0.28 0,086 0.081 0.16 0.0%6
Sultate (S04} 12 26 30 8.0 19 1
MIONS - Nutrients

Total Kjeldahl Nitrogen (N} 0.24 .17 0.24 0.50 0.29 0.4
Nitrate ¥itrogen {NO; - ) 0.04 * 0.08 0.10 <0}, 06 0,04
Hitrite Nitrogen {110, - N) * 0,003 0.0014 * <0, 0016 0.0009
Total Grthophesphate Phosphorus (P) 4.041 0.032 0,021 0.044 0,034 0.010
ORGANTC, NOMIONIC & CALCULATED VALUES

cud - - - 21 21 [
ToC 13 - - 7 12 4,2
Pheitol - - - * ~0.062 [}
fotal Hardness {LaC0,) 100 169 161 100 132 37.67
Total Alkalinity (CaC0y} 13 188 L 13 146 40,6
PHYSICAL DATA

pH (units) 8.2 8.3 8.2 8.0 8.2 0.13
speci fic Conductance [wihos/cm € 25%) 220 30 350 220 290 81,2
True Color (Pt=Co Units) 20 10 10 kin} 18 9.6
Turbidity (NTU) 1.7 1.0 T 4.6 2.1 1.7
Temperature {°C} 12 0 1 13 6.5 7.0
PHYSICAL DATA - Residues

Total Residue 186 253 257 205 225 16.2
Filtrable Residue 177 250 249 154 208 49.4
Honfiltrable Residue 9 3 8 8t 18 22
Fixed Total Residue 119 182 171 1113 164 - 28.0
Fixed fFiltrable Residue 113 180 173 103 142 39.4
Fixed Nonfiltrable Residue 6 2 8 43 15 19
BIOCHEMICAL, DISSOLVED GASES & RELATED

MEASUREMONTS

H00 » - - - <] Fl
D.0. 9.6 tz2.8 13.0 9.6 .2 1.91
% Saturation 95.5 94,1 98.5 97.6

-'f"_S_i561?-v-a-lnu-em,‘—sqi'éhﬁ_a-r:&md-e-ﬁr ation not applicable
Denotes ~HDC
(} denotes Total Concentration
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TABLE C1-30

SURFALE WATER ANALYTICAL DAYA - LOWER BONAPARYE RIVER

STATION: 1, Lower Bonaparte River

PARAMETER  (mg/e) Sept. 76 Dec. 76 Mar, 77 May 77 X, S
CATIONS - Trace Metals

Aluntinum (A)) 0.23) - - * <0.010 ¢
Arsenic {As) f*) - - * <0.005 é
Cadmium {Cd} (*) - - * <0,005 [
Chromium (Cr) ) - - * <0,010 $
Copper (Cu) i*) - - 0.4005 0.005 $
Tron (Fe) EO.?!i) 0.042 - - 0.042 0.042 0
Lead (Pb} *) - - * <0.010 ¢
Mercury (llg) (0.00082) * * * <0.00025 0
Hotybdenum [Mo) - - - 4 <0,020 ]
selenium (Se) (* - - * <0, 41Ky ]
Vanadium (V) {* - - * <0,005 ]
2inc (In) {0.006) 0,065 - - 0,007 0,036 0.047
CATIONS - Alkati Earths & Metals

Calcium {Ca) 24 8 35 26 3 6.8
Lithiun {L1) (*) * - - 0.001 <0.001 9
Maynesium {Mg) 12 22 21 13 17 5.2
Potassium (K} 1.7 - - - 1.7 ¢
Sodium (iMa) 4.8 15 15 12 13 2.5
Strontium {Se) {0.15) 0.07 0.28 0.21 0,13 9.17 0.092
ANIONS - General

foron (B) (*} - - * <0.1 [
Chioride (C1} 0.50 1.4 1.6 0.70 1.6 0.53
Flueride (F) 0.20 0.3 0.090 . 086 0.18 412
Sulfate (584) 13 33 30 7 23 12
MIONS -~ Kutrients

Total Kjeldahl Nitrogen (N} 0.25 0.15 0.27 0.41 0.26 .11
Hitrate Nitrogen {NO, - N) 0.03 0.05 0.08 0.07 0.05 0.02
Hitrite Hitroyen (H0; « i} 0.004 3.004 0.0018 * ~0.0027 0.0915
Total Qrthophosphate Phosphorus (P) 0.036 ¢.0662 0.654 ¢.047 0.049 g.01)
UKGANIC, MONTONIC & CALCULATED VALUES

[Neh] - - - * <10 ¢
roc 8 - - 9 8 6.7
Phengl - - - 0.004 0.004 #
lotal Hardness (CaCd,) 109 146 174 118 147 38.9
Total Alkalinity (CaC0,) 120 196 183 122 155 39.9
PIIYSICAL DATA

pH (units) 8.3 8.4 8.3 8.1 8.3 013
Specific Lonductanze (umhas/em @ 25°) 240 390 70 250 iz 78.5
Trug Color (Pt-Co Units) 20 0 10 20 15 5.8
Turbidity (NI 2.3 1.2 F.5 4.8 2.4 1.6
lemperature {*C) 14 [} 3 12 7.2 6.8
PHYSICAL DATA - Residues

Total Residue 184 280 266 199 232 47.8
Filtrable Residue 172 275 255 161 216 57.6
Honfiltrahle Residus 12 5 11 38 16 15
Fixed Tota? Residue 132 212 176 142 166 36.3
Trxed Filtrable Residue 124 209 176 109 154 46.3
fixed Nunfiltrabie Residue 8 3 5 33 12 4
RIOCIEMICAL, DISSOLVED GASES & RELATED

HEASUREMLN TS

Bon * - - - <1 [
b.0. 9.5 13.3 12.4 9.9 1.3 1.86
1 Saturation 96.9 96.4 97.3 96.6

+ "Stnaie value, standard deviation not applicable

* Danntes <MDC
() Denotes Tutal Concentration
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STATION: 18, Upper Thompson River
PARAMETER (mgfe)

CATIONS - Trace Meials

Aluminum (A1) {
Avsanic (As) {
Cadmium (Cd) [*
Chramium {Cr} (¥
Copper (Cu) {»
Tron (Fe) {¢
Lead (#b) (
Mercury {Hg) (
Holybdeaun (Mo)

Selenium (Se) {
Vanadium {V) S
fine (In)

CATIONS - Atkali Earths B Metals

Calcium (Ca)

tithium {Li} (%)
Hagnesium (Mg}

butassium {K)

Spdium (Ka)

Strentium (Sr) (6.03)

ANIONS - General

toron {B) {*)
Cnloride (€1}
Fluoride (f)
sultate (504}

fotal Kje¥dahl Nitrogen (N}
Hitrate Nitrogen (NO, - N}

Hicrite Nitrogen (ND; - K)

fotal Orthophosphate Phosphorus (P}

i

g

Phenol

Total Havdness (CaCQd,}
tatal Mkalinity (CaCl,}

PHYSICAL DATA

pH (units)

specific Conductance (jhos/em 8 25°)
True Color (Pt-Co Units)

Turbidity (NTU)

Tewperdture (°C)

FHYSTCAL DATA - Residues
fotal Residue

Fitteable Residu
Honfiltrable Residue

Fized Total Residue

Fized Filtrable Residue
Fixed Nonfiltrable Residue

BIOCHEMICAL, DISSOLVED GASES & RELATED
HEASUREHENTS

[Hil]
0.4,
% Saturation

¢ Single value,
* Denotes <MOC
{} Denotes Total Concentration

Sept. 76 bec. 76
¥
.07 -
8.7 13
* -
24 2.4
n.60 -
1.3 3.0
* 0.05
0.45 2.0
0.10 0.26
6 7
0.07 0.05
0.05 0.65
* 0.063
0.068 0.016
4 -
30 42
27 37
7.7 7.8
n 110
5 10
4.80 .55
13 4.5
60 74
58 73
4 1
46 64
A& 64
L] L]
1 -
9.8 1n.1
96.1 85.9

TABLE Ci-31
SURFACE WATER ANALYTICAL DATA - DPPER THOMPSDN RIVER

. standard deviation nat applicable
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STATIOR: 19, Lower-Thonpson River
PARAMETER (mg/4)

CATIONS - Trace Metals

Auminum {A1) {
Arsenic (As) {
Cadmium (Cd) {
Chromiun (Cr) {
Copper (Cu) {
lron (Fe) {
Lead (Pb) {
Mercury (Hg) - {
Malybdeaum (Mo)

selentun [Se) {
Vanadium (¥} {
Hine (In) {

CATIONS - Alkali Earths & Metals

Catcium (Ca)

Lithium (Li) {0.010)

Maguesium (Mg)
Potassium (K)
sodivm {Hald

Strontiun (Sr) (0.04)

faron {B) {*
Chloride (€1}
Fluoride (F}
sulfate (S0}

AYIONS - Nutrients
Total Kjeldah! Nitrogen (N}
Hitrate Nitrogen (MO, - H}

tiitrite Hitrogen {NO; - N}
fotal @rthophosphate Phospiorus (P}

ORGANIC, NONTONIC & CALCULATED VALULS

cob

e

Prhenol

Total Hardness (CaC0y)
Total Alkalinity (Ladl,)

PUYSLCAL OATA

pH {umits)

Specific Conductance {ymhos/om @ 25°)
Trye Coler {Pt-Co Units)

Turbidity (NTU)

Temperature (°€)

PHYSTCAL DATH - Residues

fotat Residue

Filtrable Kesidue
Honfiltrable Residue

Fixed Total Residue

fized Fittrable flasidue
Fixed Honfiltrable Hesidue

BIGCHERICAL , DISSOLVED GASES & RELATCD
HEASIIREMENTS

dob
0.0.
% Saturation

s $ingle valug, standard daviation mot applicable

*  Denotes MNC
{} Derotes Total Concentration

Sept, 76
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TASLE C1-32
SURFACE WATER ANALYTICAL DATA - LOWER THOMPSON RIVER
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TABLE £}-33
SURFACE WATER ANALYTICAL DATA - HYDROLOGY PROGRAM

" STATION:

Rleece lake Hat Creek
PARAMETER (mg,2) {Outlet) Below Finney Creek

Near RH-76-20
CATIONS - Trace Hetals

Aluminum (A1}
Arsenic (As)
Cadmium {Cd}
Chromium {Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Marcury (Mg}
Motybdenum (Mo)
Selenium (Se}
Vanadium (V)
Zinc {In}

F
LI R I I R A ~ 2 I I 2 I
(=
o
LI TS T N N R S I T S Y |

CATIONS - Alkali Earths & Metals

Calcium (Ca)
Lithium {L1)
Magnesium (Mg}
Potassium (X}
Sodium (Na}
Strontium {Sr)}

o
)

O =

—ta W

P BTIHRL S
(=R N w
[ -

et B

MIMS ~ General

Boron (B) -
Chloride (C1) <0,
Fluoride (F) -
Sulfate (S0,) 52.

w
[ I |

™~

ANIONS ~ Rutrients

Total Kjeldahl Nitragen ()}
Nitrate Nitragen (NQ, - M)
Nitrite Nitrogen (MO, - N)
Total Orthophosphate Phosphorus (P)

vy
T ]

QRGANIC, NONIONIC & CALCULATED VALUES

Co0 - -
T0C - -
Phenol . -
Total Hardness {CaC0,) 188 214
Total ATkalinity (CaCl,} 217 -

PHYSICAL DATA

pH {units) 7.6 8.0
Specific Conductance (umhos/cm @ 25°) 508 462
True Cotor {Pt~Co Unfts) - -
Turbidity {NTU) - -
Temperature (°C) - -

PHYSICAL DATA - Residues

Total Residue

Filtrable Resfdue
Nonfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residue
fixed Honfiltrable Residue

[T O Y
LI S T TN}

Note: Field Collection conducted by Golder, Brawner and Analysis by Cantest,




TABLE C1-34

SURFAGE WATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM -

STATION: Medicine Creek
PARAMETER {PpM}

CATIONS - Trace Metals

Aluminum (A1)
Arsenic [As)
Cadmium (Cd)
Chromiun {Cr)
Capper (Cu}
Iron (Fe}
Lead (Pb)
tarcury (Hg)
Malybdenum (Mo)
Selenium (Se)
Yanadium (V)
Zinc (In)

CATIONS - Alkali Earths & Metals

Calcium {Ca)
Lithium (Li)
Magnesium (Mg)
Potassiuvm (K?
Sadium (MNa)
Strontium (Sr)

ARIONS - General

Boron (B)

Chleride (C1)
Fluoride (F)
Sulfate 5504)
Total Silica (3;02)

ANTONS - Hutrients

Total Kjeldahl Ritrogen (N}

Hitrate Nitrogen {NO; N)

Nitrite Nitrogen {NO; N)

Total Orthophosphate Phospharus (P}

GRGANIC, NONIONIC & CALCULATED VALUES

cop

T0C

Phenal

Tota) Hardness (CaC0,}

Tota) Alkalinity (CaC02)
Phenolphthalein Alkalinity (Cacos)

PHYSICAL DATA

FH (units)

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

Temperature (°C)

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfiltrable Residue
Fixed Tatal Residue

Fixed Filtrable Residue
Fixed Nonfiltrable Residue

BIOCHEMICAL, DISSOLVED GASES & RELATED
MEASUREMENTS

D.0,

2lst
May
1977

<0.010
<0.005
<0,005
<0.010
<0.005
0.021
<0.010
0.00050
<0.020
<0.003
«0.005
0,009

61
0.003
29

0.44

10

<0.002
272
188

8.4
850

0.30
7

361
359

21
July
1977

LI T T T S R I I |

0,35

20
0.5
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TABLE G1-35

SURFACE WATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM
MACLAREN CREEK

STATION: Maclaren Creek 27 duty/77 6 Aug./77 13 Sept./77
PARAMETER (mg/1)

CATIONS - Alkali Earths and Metals

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 (504) 9,6 11 -
Total Silica (Si0,) 1.8 1.4 -

NONIONIC VALUES
Phenolphthatein Alkalinity (CaCO3) ' 0 0 -
Total Alkalinity (CaCOS) 220 240 -

PHYSICAL DATA
pH (Units) 8.3 8.2 -
Specific Conductance { wmhos/cmg 259¢) 400 450 -

PHYSICAL DATA - Residues
Filtrable Residue 257 284 -
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TABLE C1-36

SURFACE WATER ANALYTICAL DATA - PAYILION LAKE PROGRAM

STATION: Pavilion Lake

PARAMETER (mg/2)

CATIONS - Alkali Earths and Metals

Calcium (Ca)
Magnesium (Mg)
Potassium (K)
Sodium (Na)

ANIONS - General
Chloride (C1)
Sulfate (504)

Total Silica (5102)

NONIONIC VALUES

Phenolphthalein Alkalinity (CaCO3)
Total Alkatinity (CaCO3)

r

PHYSICAL DATA

pH (Units)
Specific Conductance -( ymhos/cm @ 25°C)

PHYSICAL DATA - Residues

Filtrable Residue

27 July/77

37

16
4.1
6.2

0.53
52
1.6

2.0
141

8.5
360

239

6 Aug./77 13 Sept./77
37 40
16 18
4.4 3.5
7.7 6.7
0.50 0.40
53 50
1.1 6.5
3.0 4.9
139 138
8.5 8.5
360 359
L
241 238




TRELE CT-37

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

STATION: 1 HAT CREEK

PARAMETER ([Mg/1)

CATIONS - Trace Matals

Muminum tA1)
Arsenic (As}
Cadnium {Cd)
Chromfium {Cr}
Capper (Cu}
Tron {Fe}
Lead {Pb)
Mercury (Kg)
Matybdenun (Mo)
Selenfum (Se)
Yanadium (¥}
Zinc (In)

CATIONS - Alkalj Earths & Metals
Calcium (Ca) 42

Lithium (L1) 0.

Magnesfum (Mg) 13
Potassium {K} -
Sodium {Mal 14

Strontium (Sr) .

ANIONS - General

Boran (B) »
Chlaride (C}) 0.
Fluoride (F) 0.
Sulfate (S0,) 41

ANIONS - Nutrients
Total Kjeldahl Nitrogen (N}

Nitrate Nitrogen (NO; - N}
Nitrite Nitrogen {NO: ~ N)

Dissolved Phosphate Phospharus (P) 0.

ORGANIC, NONIORIC & CALCULATE#R VALUES

£00 -
ToC 15
Phenol -
Total Hardness {CaCl;) 158
Total Alkatinity {Cald,} 149

PHYSICAL DATA

M {units)

7.9
<pec1f1c Conductance {umhos/fem @ 25°) 370

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

PHYSICAL BATA - Residues

Total Residue 323
Filtrable Residue 253
Nonfiltrable Residue 70

Fized Total Residue -
Fixed Filtrable Residug -
Fixed Nonfiltrable Residue -

B8IOCHEMICAL, DISSOLVED GASES & RELATED
MEASUREMENTS

800

. B.0.

* Denotes <MIC

o

[ N AN L3 N

018

008

010

24

8
188

030

LR SN B N B 2
(=4
—
w

[=]
g
~

0,005

59
0.005
21

24
0.30

wn
UWC’:—-‘O
—

0.056

10

234
220

S

8
4

W
Ty 1 S

362
360

e

* LY R ko R R %

[ =2

f= DI I |

17
236
230

8.4
520

383
367
16

.0os

01

.004

107

054

0629

O %o FiO® k!

010

37
0.003

15

0.63
0,090

=T |

.05)

142
144

8.3
350

268
253
35

» ¥

* VD% %

57
15
7

S
-bCPDD

(=25 I A

24

204
198

8.4
440

313
306

022

.003

.004

.88
107

.083

264477 LV/5/TT PA/5/7T 8/6/T7 ZRAESTT S/T/TT J/TTT &/BFTT 144977

* %

* 0

.

* 1 %

0.0
*

60
0.
22

20

[=" I

4

383
378

020

a1

004

AcH

.99
112

049

T T I

60
18
22

E=10 B I |

228
243

8.5
520

351
349

014

.00l

024

. 005

118

.032

* *
* *
M .
* *
0.015  0.030
0.00025 *
" "
9.006 0.006
0.036 0,006
56 58
0.004  0.002
17
23
0.25 0.29
* i *
13 1.2
0,118 0.101
45 41
0,045 0.049
17 [
210 223
250 234
8.6 8.4
520 508
353 359
353 346
<1 13




STATION: 2 HAT CREEK

PARAMETER {mg/ %)

CATIONS - Trace Metals

Aluminum (A1}
Arsenic {As})
Cadmium {Cd)
Chromium {Cr)
Copper (Cu)
Iron (Fe)
Lead {Pb)
Mercury {Hg}
Molybdenum (Mo)
Selenfum (Se}
Yanadium {V}
Zinc (In)

CATIONS - Alkali Earths & Metals

Calefum (Ca)
Lithium {Li)
Hagnesium {Mg)
Potassium (K}
Sodium (Na)
Strontium {Sr)

ANIONS - General

Boyon {B)

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

ANIONS - Nutrients
Total Kjeldah) Nitrogen {H}
Nitrate Nitrogen (NOy - N)

Nitrite Nitrogen (NQ, - N}
Dissolved Phasphate Phosphorus (P)

ORGANIC, NONIONIC & CALCULATED VALUES

coo

TOC

Phenot

Total Hardness (CaCQ;}
Total Alkalinity (CaC0,)

PHYSICAL DATA

pH {units)

Specific Conductance {umhos/cm @ 25°)
True Color (Pt-Co Units)

Turbidity (MTU)

Temperature {°C)

PHYSTCAL DATA - Residues

Total Resfdue

Filtrable Residue
Nonfiltrable Residue

Fixed Total Residue

Fixed Filtrable Residue
Fixed Nonfiltrabte Rasidue

* [Denotes <MDC

[ I S T B |

F I T B ]

TABLE C1-38

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

002
009

[~ W= ) *IP..I * *
= -
~
(L]

59
0. 005
20

0.29

0.080

230
222

8.5
460

359
357

L]

h
o
[}
(=13

o
=1
F

CeO XL D% A1 XS

(=2
ny
-4

. 60

0.004
21

24
0.30

0.064

22

236
228

* *
* *
. "
* *
0,029 0.026
. .
0.006 *
* *
* 0.010
45 57
0.004  0.004
12 15
16 19
0.20 0.18
* 0.1
0.70 0.%4
0.081  0.110
35 4%
0.060  0.066
22- 24_
162 204
157 196
8.3 8.4
360 440
275 jos
258 302
6

240
237

546

62

22

* 0.015
* *
. .
* *
0.020 0.012
. *
. *
0.002 0.001
* 0.018
61 60
0.004 0.005
22 19
20 20
0.32 0.24
. 0.1
11 0.90
0.111 0,120
46
0.046 0,033
30
228
246
8.5 8.5
530
355
351
8 4

212
251

=20 B N N ]

014
0.0038

0.003
0.003
0.010

0,049

17

8.5

5200 515

26/4/77 11/5/77 24517 8/6/71 22/6/77 5/8(77 20/8/T7 4/8/71 14/9/77

.006

PR A RE-E R

.014

0.003

0.30

0.032

226
241

8.4




STATION: 3 HAT CREEK

PARAMETER {mg/%)

CATIONS - Trace Metals

Aluminum {A1) ¥
Arsenic (As) v
Cadmium {Cd)
Chromium (Cr)
Copper {Cu)

v %

Iron (Fe) 0.

Lead (Pb)
Mercury (Hg)
Molybdenum (Mo}
Selentum {Se)
Vanadium (V)
Zine {in})

PR X1

CATIONS - Alkali Earths & Metals
Calcium (Ca) 45

Lithium {Li} 0.

Magnesium (Mg) 15
fotassiom (K} -
Sodium {Na} 14

Strontium (Sr) 0.

ANTONS - General

Boron (B)
thloride (€1) 0

Fluoride (F) 0,

Sl fate (S0,) 35

ANTONS - Nutrients

Total Kieldah? Nitrogen (W)
Nitrate Nitrogen (NO; - N)
Hitrite flitrogen (MO, - M)

Dissolved Phosphate Phosphorus (P) 0.

ORGANIC, NORIONIC & CALCULATED VALUES

CoD -
T0C 19
Phenol -
Total Mardness {CaCDs) 174
Total Alkalinity (CaCOy) 158

PHYSICAL DATA

pH {units) 7.

Specific Conductance (pmhos/cm @ 25°) 380
True Colar (Pt-Co Units) -
Turbidity (NTU) -
Temperature (°C) -

PHYSTCAL DATA - Residues

Total Residue 336
Fittrable Residue 258
Honfiltrable Residue 78

Fixed Total Residue -
fixed Filtrable Residue ot
Fixed Nonfiltrable Residue -

*  Denotes <MDC

012

.004

¢01

26

95
088

030

9

TABLE C1-39

SURFACE WATER ANALYTICAL DATA - BULK SAMPLING PROGRAM - HAT CREEK
STATION 3

032

004
.008

CcCQO1 %1 O % %1 % ¥

60
0.005
20

24
0.2%

o
= *
—

355
350

L O -

[N I

16
234
230

385
367
18

O * %1 1 O % %1 ¥ ¥

032

011

.004

113

. 062

[=20 = SN SN --E N
(=2
~
—

.hos

39
0,004
12

14
0,20

0.70
0,082
34

0.062

20
147
153

6.3
350

270
236
3%

.028

[ -2 B N

57
0:004
15

19
0.18

0.85
0.117
42

0.078

32
204
196

8.4
446

308
300

&

61

21
20

&6

28

239
237

540

378
37

*O K k) OGN $

018

.003

.005

.34

.94
0.

108

.055

26/4/71 11/5/77 24/5/77 B/6/77 22/8/77 S5/1417 20/7/17 §[§(?7 14/9/77

60
19
21
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530

C**) g1 Ok 2O

[
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010

o
o
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.005

.24

.85
.120

.038

—

Cslll

212
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520
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o

.010
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.010

.005

.26

122

.048
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(=3
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&
(=1
=
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57
0.003
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22
0.30

0.88
0,091
41

0.042

216

229
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328




TABLE C1-40
CALGON STUDY - THOMPSON RIVER - MEANS

Th Ri
PARAMETER (mg/2) Dec.74 - ace. 75

CATIONS ~ Trace Metals

Atuminum (A1)
Arsenic (As)
Cadmium (Cd}
Chramium {Cr)
Copper (Cu}
Tron (Fe)
Manganese (Mn}
Mercury (Mg)
Molybdenum (Mo}
Selenium {Se)
Vanadium (V)
2inc {In}

(3]

[~ ]
o ey

A

LI I B A N = L I -}

CATIONS - Alkali Earths & Metals

Calcium {Ca) ' 1
Lithium {Li}

Magnesium {Mg)

Potassium (K)

Sodium {Na)

Strontium {Sr)

[T - B S B

ANIONS - General

Boron (B) -
Chloride {C1) 2.3
Fluaride {F) -
Sulfate {S0,) . 10

ARIONS - Nutrients
Total Kjeldahl Nitrogen (N) -
Nitrate Nitrogen {NO; - &) 0.1

Nitrite Nitrogen (NO; - N) -
Phagphate Phaspharus (P} 0.0

ORGARIC, NONIONIC & CALCULATED VALUES

Tag

Silica (Si0;)

Collotdal Silica

Total Hardness (CaCly)}
Total Alkatinity {Cac0,)

LR
— T I (R
ow

PHYS1CAL DATA

pH {units) 7.4
Specific Conductance (umhos/em & 25°)
APHA Color (Pt-Co Unfts)

Turbidity (NTU)

Temperature (°C)

o
LI =3 -2

PHYSICAL DATA - Residues

Total Residue 93
Filtrable Residue 89
Nonfiltrable Residue 4
Fixed Total Residue

Fixed Filtrable Residue
Fixed Nonfiltrable Residue
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APPENDIX D SUPPLENENTARY WATER USE INVENTORY TABLE

D1.0 TABLES

Table D1-1: Doniestic, Municipal, and Industrial Use Water Licences




TABLE D1-)
DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

Location égﬁﬁﬁé Date (¥?L§§g1)
HAT CREEK VALLEY
1. Indian Affairs [.R., #1 Hat Creek Sept. 26, 1888 6810
Z. J.B. Jdackson L.279 Hat Creek Mar. 19, 18% 2270
3, Indian Affairs 1.R, #2 Hat Creek Sept. 26, 1888 6810
4. J3.B. Jackson L.94 & 93 Hat Creek Jan. 9, 1871 6810
5. Ashcroft Estates via Cornwall Cr, Medicine Cr. Nov. 19, 1877 4540
6. A. Cameron Hat Creek Basin Hat Creek May 25, 1892 4540
7. Indian Affairs via Oregon Jack Cr. Hat Creek Jun. 1, 1883 13620
8. J.B. Jackson Hat Creek Basin Robertson Cr. Nov. 4, 1883 9080
9. A. Cameron Hat Creek Basin McDonald Cr. Oct. 19, 1885 4540
10. Ridge Investments Hat Creek Basin Hat Creek Mar. 9, 1894 4540
11. A. Cameron Hat Creek Basin McCormick Cr. Sept. 1, 1894 2270
12. A. Cameron Hat Creek Basin Hat Creek Oct. 9, 1894 2270
13. G. Parke Hat Creek Basin Hat Creek Feb. 16, 1897 2270
14. A, Cameron Hat Creek Basin Anderson Cr.  Mar. 2, 1903 2270
15. J.B. Jackson Hat Creek Basin Ambusten Cr.  Apr. 10, 1905 2270
16. D.E. Goff Hat Creek Basin Yet Cr. Sept. 15, 1971 2270
17. G. Parke Hat Creek Basin McDonald Cr.  May 14, 1918 2270
18. J.B. Jackson Hat Creek Basin Cashmere Cr. Dec. 14, 1922 2270
19. B.C.H.P. Hat Creek Basin Finney Cr. Aug. 22, 1958 2270
BONAPARTE RIVER-HAT CREEK TO THOMPSON RIVER
A.A. Parke L.102 Bonaparte R, Dec., &, 1871 2270

J.B. Jackson 1..90,91,92 Bonaparte R.  Apr. 6, 1872 4540
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TABLE D1-1 CONT'D

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

Est.
J.B.
J.B.
A.H.
A.H.

of J. Fergusson
Jackson
Jackson
Woodburn
Woodburn

Chevron Canada Ltd.
Circle 7 Ranch Ltd.

Emter & Sons Invest.
Ltd.

A. Stohlman

Indian Affairs

0.M. Hagen

Village of Cache Cr.

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

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

Bonaparte Cr.
Holdings Ltd.

Village of Cache Cr.

Emter & Sons
Invest. Ltd.

CORNWALL CREEK

Ashcroft Est. Ltd.

Location

L.95

L.95

L.93

S.18, Tp2l, R.24
S

R

.8, §.17, Tp2i,
.24

.5189
5.33, Tp20, R.24

L.377, & S.7, Tp21,
R.24

$.33, Tp22, R.24
I.R. #3

L.377

Cache Creek

L.377, 5.8, Tp2l,
R.24

L.377

L.3832, L.1657
Cache Creak

L.377, 8.7, Tp2l,
R.24

L.15,16,17,18,19

Water

Source
Bonaparte
Bonaparte
Bonparate
Bonaparte
Bonaparte

Bonaparte R
Bonaparte R

Bonaparte

Bonaparte
Bonaparte
Bonaparte

Bonaparte
Bonaparte

Bonaparte
Bonaparte

Bonaparte

Cornwall Cr.

R.
Walker Brook
R,
R.
R.

W;U;U'JU_:U

Dec.
Dec.
June
Dec.
Jan.

Dec.
Jul,

Jun.
Apr.
dul.
Nov.
Jul.

Oct.

Oct,

May

Aug.

Dec

Date

23, 1896
23, 1896
16, 1905
29, 1908
5, 1909

1, 1950
13, 1954

27,
25,
15,
20,
11,

1962
1962
1963
1964
1968

23, 1972

23, 1972

16, 1973
15, 1973
. 30, 1976

(appl.)

Apr

. 27, 1865

Volume
(1:day”?)
2270
2270
22700
2270
2270

4540
9080

2270
2270
11350

11350
3178000

177060
726500

170250
4894120

N.A.

4540

(wwks)
(ind)
{wwks)

(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 Mgmt.
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
[.R.#4

L.17
..18, L.374

Lower Oregon
Jack I.R.#3

Upper Oregon
Jack I.R.#2

5.28, 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 QOregon
Jack Creek

Oregon Jack
Creek

Apr

May

Nov.
Dec.

Dec.
Dec.

May

Apr

Mar.

Date
. 27, 1865
19, 1942

26, 1943
21, 1973

21, 1944
21, 1944
18, 1966

. b, 1863

8, 1867

Sept. 26, 1888

Sept. 26, 1888

Aug

. 27, 1965

Volume

(1:day 1)

4540
4540
11350

1135
+ 12300

1135
3405
18160

2270

4540

4540

2270

2270

(ind)

{(wwks )
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TABLE D1-1 CONT'D
DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES

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

Water Source Date Volume (1.day "])
Thompson River " April 20, 1898 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 (1Ind)

* ,
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

PAGE
E1.0 FIGURES
Figure E1-1: 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 E1-4: 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 ET1-7: Quatlitative Matrix for Impact Zone C3
Notes on Quaiitative Matrices El-1
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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 these areas (Zones B and C) are not assessed.
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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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APPENDIX F

F1.0

Table F1-1:
Tahle Fi-2:

Form M-1:

Form M-1:

F2.0

Table F2-1:
Table F2-2:

Table F2-3:

Table F2-4:

Form M-1:
Form M-1:

F3.0

Table F3-1:

Form M-1:

QUANTITATIVE IMPACT ASSESSMENT MATRICES

MATRICES, NOTES AND M-1 FORMS FOR GROUND WATER
HYDROLOGY AND SURFACE WATER HYDROLOGY

Quantitative Impact Matrix - Ground Water Hydrology
Quantitative Impact Matrix - Surface Water Hydrology

Ground Water Sheets 1-4
Notes on Matrix Given on M-1 Form

Surface Water Sheets 1-5
Notes: Surface Water Hydrology

MATRICES, NOTES, AND M-1 FORMS FOR GROUND WATER AND
SURFACE WATER QUALITY

Quantitative Impact Matrix - Ground Water Quality

Quantitative Impact Matrix
Hat Creek Area

Surface Water Quality

Quantitative Impact Matrix
Bonaparte River

Surface Water Quality

1

Quantitative Impact Matrix
Thompson River

Surface Water Quality

Ground Water Quality Sheet 1
Notes on Ground Water Quality

Surface Water Quality Sheets 1-5

MATRIX, NOTES, AND M-1 FORMS FOR SURFACE WATER USE

Quantitative Impact Matrix - Surface Water Use

Surface Water Use Sheets 1-5
Notes: Surface Water Use

Page
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TABLE F1-1
Quantitative Impact Matrix
Ground Water Hydrology
Hat Creek Area
Note: 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 Dffsite
Resource Supply | Activities ing Activities Diversions{ Filling of Pit
Valley Amt(i) 1250 - 85 - 2000 250 - 1000 1060
Alluvial [ uat @ [ & | - g - 6 G - 6 G
Aguifer inpact(3) -H - +L - ~H +M - ~H +i
Buried Amt 300 | 1350 - - 300 15 20 300 500
Bedrock ! Qual F F - - F F F F F
Aquifer Impact ~f ~M - - -M +i +1 +M +M
Marble Amt - - - - 700 - - -
Canyon Qual - - - - I - - -
Aquifer impact - - +] - - +M - - -
Notes: (1) Values given are based on averages of ranges given in M-1 form.

(2) Quality of Resource:

(3) impact Significance:

explanatory note No. 7 given at end of M-1 form (this appendix).

see explanatory note No. 8 given at end of M-1 form {this appendix).




TAELE Fl - 2 QUANTITATIVE IMPACT MATRIX - SURFACE WATER BYDROLOGY
HAT CREEK AREA
(KOTE 1)
ACTIVY .
e CONSTRUCTION OPERATILIORN DECOMMISSIORING
HMINE PLANT OFF HINE PLANT OFF  SITE | Filling | Other
RESOURCE T i Ihctiviti
water (Jl.:‘h?r_ SITE bewater - | Other » iods ot ;it. A
Supply Retivitich [ ing fictivitids plversi 2‘_-5;_‘,15’1?‘_5
(L (2) (3) (4) (3) (6) (7} (8) (%) {10) (11)
smt, +330 +225 +130 +({<100) 0 +1500 -240 +(<100) {+(<100) =500 -1800
RUNOFF VOLUME '
P P P r r 4 P P p P
(Note 2} Qual.
limpact | +I +1 +H +1 +L -1 +I +1 -L =L
’ Amt.
RUROYF
DI1STRIBUTLION Gual. F F F F F F F F F F F
{Note B)
Impact § -L +1 -L -L +I oy -1 T -L +H e
STREAM AmC. -5 0 -5 -(<1) 0 21 0 -4 - (<1} +28 +1
MOR PHOLOGY
Guak. G F F G G F G F
- - +
Impact -H -M -1, + H L +Hi L
- + o +225 0
LAKES aAmt. 20 0 0 Q 0 0 0 14
Qual, F F F
Impact | .y +M +H

BEa
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PeCCE

OwG MO

byil 8208~k




HAT CREEK PROJECT

FORM M1
RESOQURCE : GROUND WATER AREA: HAT CREEK VALLEY PAGE: _ 1 of __ 4
P
. RESOURCE AMOUNT RESOURCE IMPACT
PHASE ACTIVITY GENERAL AREA | CHARACTER Absolute Unit Accuracy % Resource |QUALITY SIGNIFICANCH COMMENT
1) {2) {3) (2). {8) _(6) n (8) (9 (10} 12)
Preliminary Water supply | Coal pit VAA 2 m3/d R 0.1 G -1
site and disposal a, b
developuent
Preliminary Exploratory 37
site drilling Coal. pit VAA 16 m /d M 1 G -1 c
development
Preliminary Bulk sample 3
sita Program Coal pit VAA 2,060 mfd H 3 G -1
d
development
Construction Pit Coal pit VAA 1,000 = 3 L
* | dewatering BBCA 2,000 w/d F 32 F H
Water supply | North of 3
Construction to offices coal pit VAA 23 = o /d R [ [ -L e
and warehouse MCA 167
Coal stocking] North of 5
Construction | and blending | coal pit VAA 20 ~» m/d M 2.5 F +L £
BBRCA 100
Water supply { North of 3
Construction for mine and | ceal pit BBCA 300 ~ m /d | 4 8 F -L -
plant camps 400
Sewage dis- North of 3
Construction posal for coal pit BBCA 200 = o fd P 6 F -L -
mine camp 300
Water supply | North of 3
Construction to plant coal pit BBCA 1,000 - m/d b4 24 F -M
offices, ware} 1,200 &
house, etc.
h
Note:

appropiate note given at the head of each colimn.

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

BeEk
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FoRi ) #hi (REER PRI
RESQURCE : GROUND WATER AREA: HAT CREEE VALLEY PAGE: 2 of _ 4
RESCURCE PAGINT RESQURCE 1MPACT
PHASE ACTIVITY GENEPAL AREA CHARALTER Absolute Unit Accuracy % Resource QUALITY SISNIFICANCH COMMENT
{1 (2) (3) (4) (5) (6) (7) (8) (9) (10 (12)
Construction |Diversions and ’ 3
(Continued} embankment Houth dump VAA 520 o /d o <l ¢ +1
construction MCA
Diversions and 3
Construction |embankment Medicine dump VAA 5+10 w"/d 4] <l G +1
construction ’
Bail and North of 3
Construction | . etation  |Medicine Creek | vaa 5510 o’/d 0 < g +
removal .
Operation Dewatering Coal pit VAA 1,000 = mald P &40 G -M e
BBCA 3,000
Operation Canal base South and east BBCA 500 ~» m3/d M 13 F +M
scheme of pit 700 .
Operaiion Resgervoir Sourth of pit VAL 1,300 m3/d M 57 G -H
Stocking and 3
Operation blending cocal |North of pit VAA 26 > m/d M 2.5 G +L
130
Dumping of 4
Opexation durficials Yorth valley VAA 3070 o /d M 2.2 G +L
dump
Dunping of a
Operatfion waste Tock Houth meadows MCA 200-» 600 m /d M 30 G M 3
DATI
[ % FeGaICt
%ﬁa,.ii owG NG




RESQURCE : GROUND WATER AREA: HAT CREEK V/LLEY PAGE: _ 3 of _h
RESOURCE AMOUNT RESOURCE IMPACT
PHASE ACTIVITY GEMERAL AREA | CHARACTER Absolute Unit Accuracy ¥ Resource [QUALITY SIGNIFICANCH COMMENT
(L (2) (3) (4) () (6) (7) {8) (9) (10) {12)
Operation Pumping of N
(Continued) waste rock Houth Meadows MCA 10 ~~50 w /d M 2 G +1 3
Operation Creek Marble Canyon MCA 300 m3ld M 15 G 1 K
diversion
Craek diver- 3
Operation sion and dump- Medicine Creek VAA 10 -+ 50 n/d M 2 G +1 4
ing of waste
xack
Storing low Worth of VAA - 50-+150 m”/d M 1.5 F G +1
Uperation grade coal Hedicine Creek BBECA
Operation Dumping top Ceal pit VAA 15— 50 - /4 M 1 F G +I
soil BRCA
Operation Store water Upper Medicine VAA 10 m3/d M <1 G +1 1
. in reservoir Creek
Operation Ash pond Upper Medicine Vha 20 mald M <1 G +1
Creek
Cperation Store botrom | Harry Lake BBCA 40-+120 w’/d M 1.5 F +I m
ash {(Alt. Y1)
Operation Store fly ash | Upper Medicine BBCA 15 mzld M <1 G +I
(alt. 1) Creek
Operation Store ash RBarry Lake 3
(alt. 1Ia) BBCA 55155 n”/d M 2 F +1 m
Datl
%Q % FeCHCT
SELE DwWG WO

beit 5308 -Bc




: | [ ] ¥ i L [ 8 [} € ] 1 [ 3
con i‘lﬁT CPEER PROJECT
RESOURCE : GROUND WATER AREAT HAT CREEK VALLEY PAGE: 4 of 4
RESOURCE AMOUNT RESOURCE TMPALT
PHAS!—I ACTIVITY GENERAL AREA | CHARACTER Absolute Unit Accuracy % Resource [QUALITY SIGNIFICANCE COMMENT
) @ (3) (4) (5) (6) (7) (8) (9) (10) 12).
Operation Store ash Harry Lake . 3
(Continued) (Alt. IIb) BECA 55#155 m”/d M 2 F +I o
Decommission- | Maintain creekf South and BECA 500»700 msld ¥ 13 F +M
ing diversion east of pit
hAlE
%%%% HOHET
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NOTES ON MATRIX GIVEN ON M-1 FORM

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

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

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

4, Resource Character: These refer to the major ground water

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

VAA = Valley Alluvial aquifer
BBCA = Buried bedrock channel aquifer
MCA = Marble Canyon aquffer

5. Absclute 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 inen area.

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

7. Accuracy: The limits 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
1imits 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
acceptable to the profession or discipline under which
the resource is categorized.

M - Limited ihformation is available and a value is provided
for a scenario 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
Jjudgment 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 data is specified as

follows:-

I - Indeterminant: An amount cannot be determined.

U - Undetermined: An amount has not been determined,

8. Percentage of Resource: The percentage of the total resource
within the general area that wiil 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
H

Qutstanding; unigue;scarce, rare, endangered

High; much above average quality

G - Good; average quality

-}
1

Fair; somewhat below average gquality

-
]

Poor; substantially below average quality
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I - Indeterminant; quality cannot be determined
U - Undetermined; 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 quality, 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 - Extreme
- H - High
M - Moderate
L - Low
I - Insignificant

Note: The sign prefixing each letter is - ve if water is lost 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 require about 10 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.

Fl-4



beak

c) the quantity of water pumped was about 320 m3/d of this
total fiow, 95 percent 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
so most of this water would have come indirectly from the
creek.

e) The percent of resource is detérmined 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.

g) 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 aquifers in this area, it is highly unlikely
that a ground water source capable of 1800 m3/d coutd 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 expected to be lost on average throughout
the year,

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

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 average 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 Valley and
then westward to the Hat Creek Yalley 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 Aguifer.
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FORM Ml HAT CREEK PRQJECT
RESOURCE : _ Surface Water Hydrology AREA: _ Hat Creek PASE : 1 of §
RESOURCE AMOURT RESOURCE 1MPACT
EA '} CHARACTERISTES ALET SIGNIFICARGE
FHASE ACTIVITX GE Eg%é‘ ﬁ HARA T Absalute Unit Accuracy % Resource A ¥ FONEFICANGE COMMERT
1)y (€3] & (4) () (6) (€3] (8 [ED) (10} 1)
Construction | Mine Hat Creek Runoff +330 1033y " 42 P *+ Note 2 and 3.
Volume
Construction | Plant Water | Hat Creek Runoff +225 10%npe? D 1 P +1 Construction water Supply.
Supply Yolume Note 4
Construction | Plant - Other] Hat Creek Runoff +130 103m3-yr'"1 M +1 P +1 Storm runoff only,
Activities Volume jiotes Z and 3.
. _ 33 -1 . .
Construction | Offsite dat Creek Runo ff +(<100) | 10 m.yr M +T) P +1 Facilities are dispersed and of
) Volume small areal extent.
. : 33 -1 : Flow from dewatering wells and
Operation Mine - Hat Creek Runoff 0 10 myr M 0 P mine seepage would reach Hat
) Dewatering Volume Lreek without mine
- -1
Operation Other Mine | Hat Creek Runoff +1500 10%m3yr M +7 P +L Note §
Activities Volume
-1
33
Operation Plant Hat Creek 53?3;: ~240 167 myr M -1 P -1 Note 6
-1
Operation gffsitg Hat Creek Runoff +(<100} 103m3:yr‘ M +{<1) P +1 Note 7
iversions Volume
. -1 Facilities are dispersed and of
Operation %:ftsj t%eﬁ; Other- Hat Creek Euquff +{€100) 103m3-yr M +{1) P +I small areal extent
i 5 olume

DAL
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FORM Mi HAT CREER PROJECT
RESOURCE: Surface Water Hydrology area; Hat Creek PAGE: 2 of 5
RESOURCE HAMOURT RESOURCE IMPACT
CTIVL ! EA CHARACTERISTYE UALITY SICNIFICANYE
FUASE 4 B G?ﬁggLﬁR TER Absolute Unit Accuracy Y% Resource q COMMERT
) 2) (3) (4> (5) (e) N {8) 2] (10) [433]
33 g |4 L Evaporati
Decommission-| Filling of Hat Creek Runoff -500 10%m™yr M -2 - vaporation from lake
ing pit Volume
’ 33 -1
Decommission-| Other Hat Creek Runoff -1260 10 meyr M -6 Revegetation, return of plant-
ing Activities Vo luiie P -L site and reservoir drainage to
Hat Creek
Construction } Mine Hat Creek Stream -5 m b -11 G - Destruction of 5 km of Medicine
Horphology ' Creek channel, out of 55 km of
comp. channel
Construction | Plant, Water Hat Creek Stream 0 km Flow too small to cause detectable
supply Marphology changes.
Construction | Plant, Other Hat Creek Stream -5 ki ] -9 Destruction of 5 km of Medicine
Activities Morphology, ¥ - Creek channel, out of 55 km of
comp, channel
Only local interferences with
Construction | Offsite Hat Creek Stream -{«1} km ] -{<1} F ~L stream channels for dams, culverty
Morphology etc.

etk
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FORM Ml HAT CHELR PROJECT
RESOURCE : Surface Water Hydrology AREA - Hat Creek pace: 3 of &
] RESOURCE L AMOURT RESOURCE TMPACT |E
HASE 1v GENERAL A ERISTHE UALT SIGNIFICAN
FRAS ACTIVITY {Note 1R)EA CHARACTERIST Absolute Unit Accuracy % Resource e TY s COMMENT
{1) ) ) () (5} {6) {7 (&) ) 1w (1il)
Operation Mine Hat Creek Stream ¢] No flows are added
Dewatering Morphology
. . The mine affects 21 km of Hat
Operation Other Mine Hat Creek Stream_ 121 km D + 47 8 .l Creek in minor way through flow
Activities Morphology - modifications and siltation.
Operation Plant Hat Creek Stream 0 No discharges from the plant.
Morphology Note 10 g
. The diversion eliminates a furthey
Operation Offsite Hat Creek Stream -4 km D -9 G - 4 kn of Hat Creek, beyond the 5 kif
Diversions Morphology eliminated by the mine.
. . Only local interference with
Operation Offsite, Hat Creek Stream -(<1) km D -(<1) F L some stream channels {dams,
Other Activifjies Morphology . culverts, etc.)
7 km of Hat Creek re-established,
Decommission- |} Filling Hat Creek Stream +28 kn D +60 G M 23 fm fully regulated
ing of Pit Morpholoqy
Decommission- Other Hat Creek Stream +1 km D +2 Other diversions to remain in
ing Activities Morphology F +l place but 1 km of Medicine Creek
re-established

DAE
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FORM Ml HAT CRETK PROJECT
REsoumcE: | Surface Water Hydrology AREA ¢ Hat Creek pacE: _ 4 or
RESOURCE AMOUNT RESOURCE IMPACT
GENE AREA CHARACTERISTSS UALLTY SIGNIFICARUE
FHASE ACTIVITY (N?;:]; 1‘; RA Absolute Unit Accuracy % Resource ¢ COMMENT
(1) (2) (3 (%) (5) (&) (&) (8) (9) (10} ({11
Construction | Hine Hat Creek Lakes -20 ha D -38 F -# Draining Finney and Aleece Lake
Note 11 Note 1%.
Hat Creek
Construction Plant, Water Lakes i}
Supply Note 11
Hat Creek Lakes
Construction Note 11 0
Construction Hat Creek Lakes 0
Note 11
Operation Mine Dewater- Hat CLreek Lakes 0
ing Note 11 -
. The Tagoons are not considered
Operation Other Mine Hat Creek Lakes 0 to be lakes.
- Activities Note 11
The makeup water reservoir and
Hat Creek Lakes g
Operation Plant Note 11 ash pond are not lakes.

588

£10
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FORM M1 BAT CREEK PROJLCT

RESQURCE:  Surface Water Hydrology

ARZA; Hat Creek PAGE: _ 5 of _5
RESOURCE AMOUNT RESOURCE IMPACT
1TY GENERAL AREA CHARACTERISTIE UALLITY SIGRIFICANGE "
FRASE ACTIV (Not: ;‘) 5 Absolute Unit Accuracy % Resource Q * CO:2ENT
1 ) (3 (4) (&) (6} [&)] (8) €3 [$10 28 (€3]
. . The two reservoirs of the
Operation Offsite Hat Creek Lakes +14 ha b +27 r M Hat Creek diversion are permanent
Diversions Note '11 and might be considered lakes.
Operation Offsite, Hat Creek Lakes 0
Dther Activitiel Note 11
Decommissionirgg Filling of Hat Creek Lakes +225 ha 0 +433
Pit Note 11 F +H Filling of pit
Decommission- | Other Hat Creek Lakes 0 , Finney and Aleece Lake are
ing Activities Note 11 assumed to be permanently drained

DaTE
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NOTES: SURFACE WATER HYDROLOGY

1.

The "Hat Creek Area" is assumed to include the entire Hat Creek drainage
basin to. the confluehCE'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 soil 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
756 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 pond,570 ha will be
withdrawn from the drainage area contributing to Hat Creek. Runoff at
El. 1300 is approximately 42 mm according to Fig. 4 - 39, Medicine

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

The prime diversion scheme does not affect runoff significantly but the
alternate schieme with storage would have a major impact on the time
distribution of Hat Creek flows.
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10.

11.

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

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.

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.

The main lakes in the Hat Creek drainage (and their areas in ha) are
Blue Earth (6), Parke (4), Fish Hook (6}, Finney {16), Aleece {4) and
Gallagher (6). Several other, unnamed lakes of one to two hectares in
area have a combined area of approximately 10 ha, for a total of 52 ha.
The resource is of relatively low significance because several much
larger lakes are situated within a few kilometers of the Hat Creek
basin perimeter, in particular Pavilion, MacLean 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.

Fl1-8



APPENDIX F2.0

Matrices, Notes, and M-1 Forms for Ground Water
and Surface Water Quality
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TABLE F2-1 QUANTITATIVE IMPACT MATRIX - GROUND WATER QUALITY
HAT CREEK AREA

DECOMIS-
OPERATION SIONING
ACTIVITY : MINE MINE
HOUTH|MEDI- | RECLAMA-
MEA- |CINE | TION
DOWS |CREEK
DUMP 1DUMP
RESOURCE
CHEMICAL AMOURT 400 | 40 |500 to 700
QUALITY G G - U
IMPACT -H {-I -

Joare
s DWG NO




& '] £ E 'l 1 £ £ L ] [ L i 'y ] 1 K i
TABLE F2-2 QUANTITATIVE IMPACT MATRIX - SURFACE WATER QUALITY
HAT CREEK AREA .
ECOM-
CONSTRUCTION OPERATION ISSIONS
ING |
ACTIVITY -
OFF- OFF-
MINE PLANT | o1 7Es MINE PLANT |SITES MINE
(I} NN}
5, = 'E"') 3 ] = '&"’.a = = '==T:l =
RESOURCE - 3 2] d|8%l = Z| 2 8n i Z alazl 21 8 |88 S
= o B " <L LD ) Dy 23 o o [l AT 0Om — ] < O — O, Ll — -
= @ |l <o | 0| = = o L S | = ol 2O = ) o vy =
a3 El388|°x|SE| S22 R |eaIs2 | 88 2L = B | °5]
= o ol = v |l = |w v S| = —J =1
= = | ©Ouw — — w | = — =] ©Dw =) = L i}
E Uél V""',{,_, [ = fan o [ m._-_lb; & cér I o g
. < . <
= =
PHYSICAL AMOUNT U lo.018 u v | 0.03§0.087[ U 0.21 {0.12
QUALITY G G G | & G G G G G
IMPACT -M -L M |-m -L -L -M -1 -E
CHEMICAL AMOUNT 0.018] 0.03 ] 0.04 0.03 |0.087 0.09 | 0.42 0.21
QUALITY G G G G G G G G
IMPACT -H -1 [-I -H | -H -1 -1 -1
BIOLOGICAL AMOUNT 0.018 0.03 U U
QUALITY G G G G
IMPACT -L -H -E -E
T  Joarc 1
e E=




1 [ L £ ) 3 € & 4 3 i€ K.
TABLE F2-3  QUANTITATIVE IMPACT MATRIX - SURFACE WATER QUALITY
BONAPARTE RIVER
DECOMIS-
CONSTRUCTION OPERATION SIONING
MINE PLANT |OFFSITES MINE OFFSITES] MINE
L] o S S w = > = S
RESOURCE = = = = e 2| & o o —~
= = S 2| £E|22 8,12 | 22 =
e SE S S22 = 129 | ®o | < S =
= < S <> = IS 2= g =<
= ~ & — v =< TE =B = < i [
= a = = & 218 2 £2 g
0.24-
PHYSICAL AMOUNT 0.12-4.010.12-4.0]0.12-4.0 4.0 0.24-4.0
QUALITY G G G G G
IMPACT -1 -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 -
B I
e E

fows.no.




L £ % & £ i ] ( 1 : 3
TABLE F2-4 QUANTITATIVE IMPACT MATRIX - SURFACE WATER QUALITY
' THOMPSON RIVER
ACTIVITY CONSTRUCTION | OPERATION | DECOMISSIONING
RESOURCE
PHYSICAL AMOUNT 2.0-16.0 2.0-16.0
QUALITY G G
IMPACT -1 -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
1oATE
gask =

fows. no.




AT CRELE PROJECT

FORM Ml
RESOURCE : Ground Water Quality AREA : Hat Creek PAGE : of 1
RESOURCE AMOURT RESCURCE IMPACT
PHASE ACTIVITY GENERAL AREA CHARACTERLSTIS - QUALITY SIGNIFICARGE COMMERT
Absolute Unit Accuracy 7% Resource i - :
1 (2} (3} %) (33 6) 7 [C3] {9 (10) €23
Harble Canyon 3.1
Operation Mine-Houth i Chemical 400 md P 100
iy Meadow Dump Aquifer G -H Note 1
Valley Alluviug] 3.1
Operation Mine-Medicine wifer Chemical 40 m+d P 100
Creek Dump ha G -1 Note 2
. valley ATtuvium 3
ssioning Hint-Pit aitd Burried Chemical 500 to 700 m-d p 100 u Note 3

Reclamation

Bedrock Channel

Agquifers

B

EiS
e

=Xl

Put Ol
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NOTES: GROUND WATER QUALITY

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

The Teachate flow percent of the total aquifer was assumed to be
20 percent 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 impact.

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

Quality of pit water and buried Bedrock Channel Aquifer unknown
and therefore impact indeterminant.
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FORM M1 HAT CREEK PROJECT
RESOURCE: _ SURFACE WATER QUALITY AREA: _ HAT CREEK PAGE: _ 1 _of __ 5
RESOURCE ) AMOUNT RESOURCE IMPACT
3 CRARACTERISTRS VALLTY SIGNEFICANUE
PHASE ACTIVITY GERERAL AREA RACTRRISTHo— s oo el @ ¢ LF COMMENT
(3§} (2} &2 ) 5) (6) [€)) (&) [€)] (10) {11}
Increased suspended solids in
CONSTRUCTION | MINE-LAND RAT CREEX PHYSICAL i) - - . 100 & -M Hat Creek due to mine consiruce
DISTURBANCE tion activities.
P PO - Impact due to increased total
CONSTRUCTION MINE-PIT HAT CREEX PHYSICAL 0.018 m3, s ! P 100 G -L ids i
DEWATERING suspended solids in Hat Creek.
Impact due to increased total
CONSTRUCTION MINE-PIT HAT CREEK CHEMICAL 0.018 m3.5"1 2 100 G «H dissolved solids in Hat Creek.
DEWATERING
CONSTRUCTION | MINE-PIT HAT CREEK | BILOGICAL | 0.018 w571 p 100 6 -L e e rent Spammonta
DEWATERING blasting
Assume no discharge to Hat
CONSTRUCTION MINE-COAL HAT CREEX CHEMICAL 0.03 m3. 571 P 100 G -1 Creek.
STOCKPILE
MINE-LOW Assume no discharge to Hat
CONSTRUCTION GRADE WASTE HAT CREEK CHEMICAL 0.04 md.5 1 P 100 G -1 Creek.
STOCKPILE
CONSTRUCTION | PLANT-LAND HAT CREEK pHYST increased suspended solids in
- CAL v - - 100 G -M Hat Creek due to plant con-
DISTURBANCE struction activities,
OFFSITES - ncreased suspendeg solids in
CONSTRUCTEON LAND HAT CREEK PHYSICAL v - - 100 G -M sg,t,:?:gggﬁ §g‘§i§$t‘$§§5‘§§pggq;”y
OISTURBANCE the Hat Creek Diversion.

DaTl
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g 1 i K & & 1 B i ] 1 1 1
FORM M1 HWAT CEELK PROJECT
RESOURCE :  SURFACE WATER QUALITY AREA : HAT CREEK PACE: _ 2 of _ 5
RESQURCE l AMOUNT RESOURCE IMPACT
y ; 3 = UALITY SIGNEFICANGE y
PRASE ACTIVITY GENERAL AREA CHARACTERIST Aooluce —ys Aecuracy T Rosoure Q H = COMMENT
[75) 03] ) ) 5y (6) 7 ) (9 (10 [¢39]
C Elevated levels of suspended
OPERATION géﬁf\TERING HAT CREEK PHYSICAL 0.030 mi.s"1 P 100 G -l selids in Hat Creek.
- - Increased levels of total dis-
OPERATION géﬁf\TERING HAT CREEK CHEMICAL 0.030 m3,s"1 P 100 G -H solved solids in Hat Creek.
- Reduced dissolved oxygen concen-
OPERATION MINE HAT CREEK BIOLOGICAL 0.030 mi.s 1 P 100 G -H tration in Hat Creek due to in-
DEWATERING - creased BOD; and amponia
OPERATION MINE - OVER- [ HAT CREEK HYSICAL . 3,571 - Increased levels of suspended
BURDEN [UMPS PHYSICA 0-087 s " 100 G L solids in Hat Creek.
Increased levels of Cr, Cu, Fe,
OPERATION MINE - QVER- HAT CREEK CHEMICAL 0.087 mi.s 1 P 100 G -H and total dissolved solids in Hat
BURDEN DUMPS Creek.
Increased suspended solids in
OPERATION MINE - LAND HAT CREEX PHYSICAL u - - 100 G -M Hat Creek due to mine construc-
PISTURBANCE . tion activities.
Assume no discha to Hat Creek.
OPERATION MINE - COAL HAT CREEK CHEMICAL 0.09 m3, g1 P 100 G -1 : e
STOCKPTLE
OPERATTION MINE - LOM HAT CREEY CHEMICAL 0.42 md.sd P 100 e -1 Assume ne discharge 1o Hat Creek.
GRADE WASTE
STOCKPILE

|
Ka3agh
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lr.—;? = RN
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[ 3 4 i £ i | E i i i £ ] E [ 1 i
FORN ML HAT CRELK FROJECT
RESOURCE : SURFACE_WATER QUAI ITY AREA: HAT CREEK BaGe: 3 of _S
RESOURCE AMOURT KESOURCE IMPACT 1:
+ g = VALITY SIGNEFICAN(
FHASE ACTIVITY GENERAL AREA CHARACTERIST Absoclute Unit Accuracy % Resource q - COMMENT
(1) 2) (33 (4) (s) (0) (7) (8} (€3] (16) i}
Assume no discharge to Hat
OPERATION PLANT - ASH HAT CREEK PHYS ICAL 0.21 md.s71 P 100 - Creek. s
6 1
DISPOSAL CHEMICAL
OPERATION OFFSITES - HAT CREE: paysICAL  1: 0.1 w3571 £ Impact due to substantial Hat
HAT CREEK AT CREEK HESICAL 12 .8 ? 106 G -E Creek temperature increase.
DIVISION ,
OPERATION MINE - HAT CREEK BIOLOGICAL U - - Increased nutrient Toad due
& DECOMMIS- | RECLAMATION P 100 6 E to fertilizers.

ezt
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FORM MY HAT CREEX PROJECT
RESOURCE SURFACE WATER_QUALITY AREA: BONAPARTE_RIVFR PAGE: _4 _of __ 5
RESOURCE AMOUNT RESQURCE IMPACT
PHASE ACTIVITY GENERAL AREA CHARACTERISTIS QUALITY SIGNYFICAN
Absolute Unit Accuracy Resource : COMMENT
(e (2) (3 (4 (5 (6) (€] 8 (9 (10} {11)
CONSTRUCTION | MINE - PIT BONAPARTE CHEMICAL 0.12 m3, "1 R 100 G -L Impact due mostly to increased
DEWATERING RIVER 4.0 total dissolved solids.
CONSTRUCTION § MINE, PLANT, | BONAPARTE PHYSICAL 0.12 m3,s71 R 100 G -1 Impact due to increased sus-
OFFSITES-LAND| RIVER 4.0 pended solids,
DISTURBANCE
CPERATION MINE - LAND BONAPARTE PHYSTCAL 0.24 md g7l R 100 & Impact due to increased sus- '’
I . . -L R
DISTURBANCE RIVER ° 4,0 pended solids.
OPERATION MINE - PIT BONAPARTE CHEMICAL 0.24 md. 71 R 100 6 -M Impact due mostly to increased
DEWATERING RIVER 4.0 dissolved solids,
OPZRATION WINE - QVER- | BONAPARTE CHEMICAL 0.24 md. 51 R 100 6 -L Impact due to increased metals
BURDEN RIVER 4.0 and dissolved solids.
OPERATION OFFSITES - BONAPARTE PHYSICAL 0.24 m3, s"1 R 100 ] -4 Impact due to increased tempera-
HAT CREEK RIVER 4.0 ture.
DIVERSION -
OPERATION & | MINE - BONAPARTE BIOLOGICAL 0.24 m3.s} R 100 6 -H tncreas i
ed nutrient load due to
?EEOMMISSION- RECLAMATION RIVER 4.0 fertilizers.
Dalé I
= PeQIECT |\4348N
%m%% Dws MO
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FORM M1 HAT CREELK PROJECT
RESOURCE : __SURFACE WATER QUALITY AREA:  THOMPSON RIVER PAGE: 5  of
RESOURCE AMOUNT KRESQURCE IMPACT (}z
PHASE ACTIVITY GENERAL AREA CHARACTERIST}& - QUALITY SIGNEFICANdE COMMENT
Absolute unit Accuracy % Resource .
ey} (2) 3 (4 (5) (v) [¢)] (8} (%) {10) (11
CONSTRUCTION ALL THOMPSON CHEMICAL 2.0 - m3,5"1 R 100 G -1
RIVER PHYSICAL 16.0
OPERATION ALL THOMPSON CHEMICAL 2.0 - m3.s"! R 100 G -1
RIVER PHYSICAL 16.0
DECOMMISSION- ALL THOMPSON BIOLOGICAL 2.0 - m3.s" 1 R 100 G -1
ING RTVER 16.0

D&TT
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APPENDIX F3.0
Matrix, Notes, and M-1 Forms for Surface Water Use
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TABLE F3-1/1 QUANTITATIVE MATRIX - SURFACE WATER USE
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TABLE F3-1/2 QUANTITATIVE MATRIX - SURFACE WATER USE
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FORM Ml HAT CRELK PROJECT
RESOIRCE : __ Surface Water Use AREA : A1 Study Areas PAGE : 1 of 5
RESOURCE AMOUNT RESGURCE IMPACT
ACTIV GENERAL AREA CHARAS STYS UALITY SICNIFICANMEE
FHASE TIVITY E CTERT Absolute Unit Accuracy % Resource 2 T COMMENT
1) (2) 3 &) 3) (&) & [3) ) (10} {1l
Construction | Mine - Land | A1) Study Livestock 2384 ha D 4 & -L Logs of Watering Sites
Alienation Areas Note !
Construction | Finney & Aleefe A1l Study Livestock _ —_ U ) .
Lake Dewateripg Areas - & ~L Loss of Watering Sites
Construction | Plant - Land | ATl Study Livestock 827 ha D 1
Alienation Areas Hote 1 t ~L Loss of Watering Sites
Construction E:fj‘tes - A1l Study Livestock 156 ha D <1 . .
n , Areas G -L Loss of Watering Sites
Alienation Hote 1
Mine - Coal
Operation Stockpite Sub Region Livestock Note 2 - ] - G -L Potential Unsuitable Drinking
Leachate I Water
Operation Mine « Sub Region Livestock Note 2 _ i} - G =L Potential Unsuitable Drinking
Drainage 11 Water

e
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& & ] L £ i & | i i i 3 1 4 i
FORM M1 HAT CREEK PROJECT
RESOHRCE : _ Surface Water Use AREA : Hat Creek Drainage PAGE : 2 of 5
RESOURCE AMOUNT RESOURCE IMPACT
PUASE ACTIVITY GEWERAL AREA CHARACTERISTRE - QUALITY S1GNIFICANGE COMMEKT
Absolute Unit Accuracy 4 Resource
1) (§3] (3) “) 6&) &) (7} (&) [€)) (10) arn
. . . R -1
Construction | Mine-Pit Sub-iI?eIzgion irrigation 85 ha-m-yr 1] Nozi R & Y Alienation of Irrigable Land
fon { Hi Sub Regi IrFigati 29 h Lo 10
Construction | Mine-Dumps ub Iz;g on rrigation =My Note 3 G L Alienation of Irrigable Land
N : : 2 . -1
Construction ]| Finney Lake Sub-Region Irrigation 12 ha-m-yr D 4
Dewatering 11 Note 3 & ~L Storage Loss
Plant-Upper _ ; : -
Construction | Medicine Creek Sub Region Irrigation 11 hasmeyr 1 D 4 & -t Alienation of Irrigable Land
Ash Disposal 11 Note 3
Off sites- : 1
Construction | Hat Creek Sub Region rrigation 3 hasm.yr~ D 1 - : . .
Divercion 11 Note 3 G 1 Kiienation of Irrigable Land
OFff sites- ¢ . .
Construction | Hat Creek Sub Region Irrigation 23 hasmeyr” ! D 6 ¢ L onveyance Disruption
Diversion 11 Note 2 Note 3 .
Finney _ i ti
Construction | Creek Sub Region Irrigation 12 ha«m.yr 1 ] 4 6 =L Co"ﬁgﬂ?;ﬁ-?:‘{:g a??ef,g’égfj“ﬂf}s
Diversion I Note 2 Note 3 Finney take dewatering)
Pit Rim G -L Alienation of Irrigabl
Construction { Reservoir Sub Region Irrigation 7 ha-m-yr‘"1 D 3 gable Land
I1 Note 3
Hat Creek . R .
Water Supply | Sub Region Irrigation 45 ha-m-yr']‘ 3] 12 G -L Alienation of Irrigable Land
Construction ?g\%?cg‘r{?lége) 111 Note 3
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FORM M1 HAT CREEK PROJECT
RESOURCE: _ Surface Water Use AREA : As noted PAGE: 3 of
RESOURCE AMOURY RESOURCE IMPACT
r L Al CHARACTERISTYS UALL SIGNIFICAKGE
FHASE ACTIVITY GERERAL AREA R Absolute Unit Accuracy % Resource Q = ) Mg COMMERT
(1) (2) (3 @) {5} (&) [€)) (8) {8 Q0) (tl)
Main Access | Bonaparte, . a1
Construction| Road Cornwall And Irrigation 17 ha.m.yr D 1 G ~L Alienation of Irrigable Land
Qregon Jack Note 3
tudy Areas
Afrport donaparte, -
Construction| Site A Cornwall And | Irrigation 33 ha.m-yr 0 2 G -L Mienation of Irrigable Land
Oregon Jack Note 3
Stu Y Aveas
Main Pump Bonaparte, ) . 1
Construction| Station 1 | Cormwall And | Irrigation 2 ha. m. yr D W3 & -1 Alienation of Irrigable Land
§tugv Areas i
Booster Pump EOﬂﬂPﬂﬁeA g 1
Station I 0rnwa n sqati . - [ -1 Alienation of Irrigable Land
Construction Oregon Jack Irrigation 2. ha-m.yr 0 No:; 3 g
Study Areas
Airport Bonaparte,
Site C Cornwall And ' -1 1 ) ) )
Construction Qregon Jack Irrigation 33 ha-m.yr D Note 3 & -L Alienation of Irrigable Land
S -‘" l"“\l hif - )
Dust Sub-Regions 2 . .
Operation Control 1&%11 Irrigation 10 ha-m-yr* o Note 3 G -L Project Use Evaporation
: Pit River Sub-Regigns -1
Operation Reservoir I%IT Irrigation 3 ha-m.yr ] Nottle 3 G -1 Surface Evaporation
Operation Headworks Sub-Regions Irrigation 3 ha-m-yr~1 D 1 G =1 Surface Evaporation
Reservoir 1411 Note 3
Mine Pit . s
Seepage Sul-Regions Irrigation 0-21 ha-moyr™ ! R =4 Based on Maximum Pump Capacity
Operation Evaporation I 1 Note 3 G -L Specification
S Quality
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FORM Ml HAT CHEEK PRGJECT
RESOURCE:  Surface Mater Use AREA: Hat Creek Drainage page: % of 5
RESOURCE AMOURT RESOURCE IMPACT
HASE ACTIVITY GENERAL AREA CHARACTERISTYS UAL1TY SIGNIFICANE
¥ Absolute Unit Accuracy % Resource Q TGRLFLCARG COMMENT
(1) () (3) (a) ) (v) [§2) (8) 9y {10} [¢4)
Pit Rim ) Y . .
Operation Dewatering Sub Regions Irrigation 0-21 ha-m.yr R <4 e -1 Based on Maximum Pump Capacity
Diversion I&1I1 Note 3 Specification
Coal Stock-
Operation pile Drainage { Sub-Regiens Errigation - - M - 6
Water Quality 1&11 ~L -
Medicine Crk.
Operation Diversion Sub-Regions Irrigation —- U o " _
(81tarnate) 1811 - = & -i
Medicine Crk.
Operation Water Supply Sub-Regions Irrigation — _ U G M —_
{Alternate) 1&II - -
. Hat Creek . .
Operation ater Supply | Sub-Regions | Irrigation U
Alternate I&1I - - - a N _
llote 4
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FORM M1

HAT CREEK PROJECT

risoukce: | Surface Water Use AREA ; A11 Study Areas PAGE: 5 of 9
RESOURCE AMOUKT RESOURCE IMPACT
. SHE b 1 UALLTY SIGNIFICARE )
PHASE AGTIVITY GENERAL AREA CHARACTERIST FONVET e Accuzacy % Resoures Q s COMMEKT
L &) ® (4) %) {b) [4)) [C)] [€N) (10) {11}
Pecormission-] Pit Rim M1 Study Irrigation 25 ha-m-yr -1 ] 1
ing Reservoir Areas Max. . Note 3 G +L Available Storage
Decomnission-| Pit Lake M1 Study Irvigation | 1035 ha-meyr”! 0 30
ing Areas Max. Note 3 & + Available Storage
Decommission-§ Dust Control A1 Study Irrigation 10 ha-m-g,rr-'1 B <1
ing Ceases Areas Max. fete 3 & + Project Use Stops
Decommission-§ Pit Rim A1l Study Irrigation 21 ha-m-yr'l D 1
ing Dewatering Areas Max. Note 3 G 4L Project Use Stops
Ceases
Decommission-{ Plant A1l Study Irrigation 830 ha-m-w"1 D 24 G +H Available Storage
ing Reservoir Areas Max, Note 3
-1
Decommission-| Supply All Study Irrigation 650 ha-m-yr ¥} 19 A
ing pipeline Areas Max. Note 3 & + Available Supply
R Medicine Crk. . :
Decommission- A1l Stud Irrigation — U 3
ing ‘fﬁﬁ;ﬁ:ﬁz;y Areas Y i - - G +M Available Storage
Hat Creek Watdr -1
Decommission-| Supply Reservqir Al1 Study Trrigation 213 ha-m.yr s} 6 ,
ing {Alternate) Areas Max. Note 3 G o Available Storage
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beak

NOTES: SURFACE WATER USE

Based on "Probable Use" Case Grazing Land without Project, Hat Creek
drainage only.

Appears to be easily mitigated.

Based on "Probable Use" case without the project.

Would also affect Sub-Region III,

F3-2



