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2.0 INTROBUCTION TO THE STUDY
2.1 TERMS OF REFERENCE

{a) Inventory

The inventory studies presented herein were undertaken in response to the follow-
ing general Terms of Reference with respect to hydrology, water quality and water
use:

Determine the seasomal variation in discharge of surface flows,
stream morphology and areas subject to flooding in the Hat
Creek Valley. )

Identify the subsurface flow regime and areas of interaction
between subsurface and surface flows in the valley.

Conduet a comprehensive water quality survey of water courses
which may be affected by the proposed development including
selected standing water bodies to provide baseline data.
Document the location of knowm wells and analyze the well

water quality.

Estabiish the present and future consumptive use of water
supplies in the Hat (reek Valley.

(b) Impact Assessment

The impact assessment presented herein was developed in response to the following
general Terms of Reference relating to effects of the development:

Evaluate the Hat Creek Diversion in terms of any effects on
vater quality and surface hydrology.
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Assess the implications c¢f proposed reservoirs, lagoons and
impowndments on water quality and water use.

Examine drainage systems for hazards to the emvirvonment. Quantify
and qualify leachates and surface runoffs from waste rock, over-
burden, ash disposal and storage areas.

Estimate the quantity, quality, and disposal of pit area waters.
Examine the potentiql for wastewater re-use and ultimate disposal.

Asgesg the overall effect of the propesed development om the quality
and quantity of the water resources of the area including any impacte
on the consumptive water wuse in the Hat Creek Valley and by dowmstream

commmnities.

2.2 FURPGSE AND SCOPE

British Columbia Hydro and Power Authority have proposed to estabiish a 2,000
megawatt thermal generating station and coal mine in the Hat Creek Valley. With-
in this goal, environmental studies were commissioned to provide an inventory of
resources in sufficient detail to provide baseline data from which to establish
and evaluate impacts of the proposed development in comparison with predictions
of the evolution of these resources without the development.

(a) Inventory

The irventory sections of this report document the findings of the resource
studies undertaken for the Hat Creek Prgject in respect to hydrology, water
quality and water use. The relationship of the inventory phase studies to the
overall environmental study program is illustrated in Figure 2-1.
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The inventory information derived in this study is set out in two main sections.
Section 3.0 RESQURCES INVENTORY METHODOLOGY discusses the sources of data and
information utilized as well as the methodology utilized in defining tha nature
of the existing water resources in terms of hydrology, water quality and water
use. Section 4.0 RESQURCE IN!ENTGRY describes in detail the findings of the

inventory studies. Supplementary data and information pertaining to the inventory

studies are contained in Appendices A to D. Section 5.0 PROJECT RESOURCES
WITHOUT THE PROJECT presents a brief scenario of the future water resource re-
gime without the influences of a major coal mining and thermal power plant de-
velopmert in the Hat Creek Valley.

(b} Impact Assessment

The impact sections of the report, document the assessment findings in respect
to interactions of the proposed development with the water resources of the
area.

The impact assessment is contained in Section 6.0 IMPACTS OF THE PROJECT. Sec-
tion 7.0 OPPORTUNITIES FOR MITIGATION. COMPENSATION, AND ENHANCEMENT outlines
measures which should be examined by project designers in order to amelqorate
the potentially significant impacts identified in the assessments. Section 8.0
RESEARCH AND MONITORING RECOMMENDATIONS points out areas where further study is
recommended and outiines consideraitons for monitoring programs.

2.3 STUDY TEAM

The participating consultants in the phases of the detailed environment studies
reported on in this document were as follows:

BEAK CONSULTANTS LIMITED
Study Co-ordination and Management
Water Quality and Water Use




GOLDER GEOTECHNICAL CONSULTANTS LID.
Ground Water Hydrology

KELLERHALS ENGINEERING SERVICES LID.
Surface Water Bydrology

CANADIAN BIO~RESOURCE CONSULTANTS LID.
Agrieultural WNater lise

Beak Consultants Limited on behalf of the study team wishes to acknowledge the
valuable guidance provided by British Columbia Hydro and Power Authority for
whom the studies were conducted and by the co-ordinator of the environmental
stuclies EBASCO SERVICES OF CANADA LIMITED.
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3.0 RESOCURCES INVENTORY METHODOLOGY

3.1 DATA AND INFORMATION SOURCES
{a) Hydrology
(1) Ground Water
A. Data Required

The inventory information required for an environmental hydrogeology
program must be based upon the objectives of the study. This information
can be divided into two parts. These are: collection of base line data;
construction of models of flow systems.

Collection of Base Line Data

This data includes geometry and hydrogeologic characteristics of the local
bedrock and unconsolidated sedimentary materials present in the Hat Creek
Region. The data collected for this study is directed at providing
information for the evaluations required, rather than for the less well
defined task of achieving a comprehensive understanding of the entire
ground water flow system in the region. Specific items include:

- location of all known wells, piezometers, springs

- regional geologic data, formation permeability

- geochemical characteristics of ground waters.
These data were primarily collected for the evaluation of the flow systems
and served as additional data to the ground water quality study.

Construction of Models of Flow Systems

The ground water resources ¢f an area are normally studied by determining the
physical features of local flow systems, and by evaluating the flow quan-
tities and the c¢hanging chemical characteristics of the water along these
flow systems. The essential components of a ground water flow system are:-
- & recharge zone: where water {either surface water or direct
precipitation) infiltrates to the ground water table

3-1



- an intermediate zone: where the infiltrated water moves through
the rock or soil

- a discharge zone: where the ground water seeps upwards and out of
the particular flow system. This seepage can pass into another
flow system or discharge out of the ground and either avaporates
or becomes part of a surface water system.

Using the base line data and knowing where the impacts are likely to occur,
simplified models of grounc water flow systems were constructed for these
areas. The following data had to be determined {or if necessary assumed):
- subsurface flow patterns, including location of ground water
recharge and discharge areas
- major aquifer delineation and characteristics
- qguantity of ground water flow.

B, Information Sources

VYery little information on ground water movements can be observed above the
ground and hence most of the data is based on information coliected from
drilled boreholes and a knowledge of the regional geology. The data used
in this Hat Creek study were derived from existing reports and also from
field studies, including a drilling program. The data sources can be
summarized under the foliowing categories:

Government and Consultant Reports

There are no published reports which deal directly with the study of ground
water in the region, Much of the data has been interpreted from regional
geological reports and from mining and geotechnical studies in the area,
noteably Duffel and McTaggart 1951 ], Ryder 19762 and Church 19?73. In
addition some site specific geologic studies were available, for example
McCullough 19777,




Hat Creek Geotechnical Study

This study was reported in March 1977 by Golder Associates Ltd. ® and
includes a significant amount of geological and ground water data,
particularly around the proposed coal pit and waste dump areas. Over one
hundred piezometers were installed and falling head permeability tests were
carried out in all the three major lithologic units around the pit:

clastic sediments of the Coldwater Formations (claystone ranging up to
congiomerate) coal and basaltic rock. One pump test was carried out to
evaluate the hydrogeologic behaviour of the Coldwater claystone unit.

Some preliminary géotechnical information is available on boreholes drilled

for investigation of dam sites for water storage reservoirs and ash ponds
in the Upper Medicine Creek Valley.

Air Photc Interpretation

Coloured and black and white stereo paired photographs are available.
These aid in identification of rock types, geological features, vegetation
types, surface water bodies, and saline soil zones. '

Logs of Water Wells

These include logs of five drilled water wells, land owners' 1ﬁfunmation on
ten dug wells and developed springs and information on two dug wells
provided by the Ground Water Section British Columbia, Department of
Environment. The data includes: well construction details, lithology,
well yield, depth to static water and pumping water level and seasonal
influences and water temperature.

Borehole Drilling Program

A five hole drilling program was carried out in 1977 for Golder Associates
in order to provide ground water data in selected critical areas where
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information was very scarce. These holes provided data on 1ithology,
piezometric elevations {see glossary of terms Appendix Al.0Q), ground water
quality and isotopic composition, and hydraulic conductivity of rock and
soil.

. Water Quality Data

Chemical and isotopic analyses of water samplies collected in the field were
run and were used to make interpretations on the changes taking place as
the ground water moved along a particular flow system,

Dbservations of Base Flow Recession in Houth Creek

The base flow recession in Houth Creek (see location in Figure 3-4) was
measured, and c¢an be used tc assess the quantity of ground water discharged
into the proposed Houth Meadows waste dump area.

Observations of Water Levels in Existing
and Installed Piezometers

Piezometric data are available from existing records and in the field from
existing and new piezometers installed in the five boreholes., These data
were used to interpret the direction of movement of ground water fiow
'systems.

(i1) Surface Water

The surface water regime of an area is normally studied on the basis of
precipitation, snowmelt and runoff data, combined with information about
physical features and general climate.
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Table 3-1 lists all the Atmospheric Environment Service climatic stations within
the general region (defined by latitudes 50° and 50030‘, and longitudes 120°.and
122030'] for which some relevant data are avai?ableﬁ. The type of data collect-
ed is also indicated in Table 3-1. Figure 3-1 shows the corresponding station
locations. Considering that much of the runoff-producing terrain 1jes about

1,500 m in elevation, coverage for the purposes of the present study is sparse, but
it is fortunate that one climatological station "Hat Creek" E1.899 m, lies

within the perimeter of the proposed mine and has over 15 years of daily precipi-
tation and temperature data,

Snow accumulation in B.C. is being monitored by the Water Investigations Branch
of the Ministry of the Environment"7 Table 3-2 lists the snow courses in the Hat
Creek region and their location is indicated on Figure 3-1. Unfortunately, there
is only one year of record for the two snow courses in the Hat Creek drainage
(Nos. 284 and 285) but the general region is covered reasonably well.

The Vater Survey of Canada8 is responsible for streamflow measurements in B.C.
On Hat Creek, stream flow records start in 1911, but were unfortunately dis-

continued after a few years, not to resume again until 1960. Useable recor-ds2
for Hat Creek exist for three sites with drainage areas of 73, 350 and 666 km .

Table 3-3 gives a summary of operating periods and type of record (e.g.

continuous recordings, manual gauge readings, year-round or seasonal) and
Figure 3-2 indicates how drainage area increases along Hat Creek and shows the

relative position of the gauging sites.

For the regional analysis, Section 4.1 (b) (i)C, streamflow records from 85
stations located on the interior plateau of B.(. have baen analyzed (See

Table B1-1 Appendix B). A summary of these records is published including de-
tailed descriptions of the location and type of record available for all stream
gauging sites in B.C. operated by the Water Survey of Canada.s'9

The flood plain mapping of Section 4.1 (b) {ii)F is based partially on aerial
photographs taken in September 1976 by McElhanney Surveying and Engineering
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TABLE 3-1
CLIMATIC STATIONS IN THE HAT CREEK REGION
{as defined by latitudes 50°-51° 30° and lengitudes 120°-122° 30')
' +
I . 4.
o @ [ =
[= 8 = o = ]
Stati period of Record |= |2 |E (B 12| &
Nu?n?eﬂrn Station Name w 8 |8 erio <o e |2 (821 ] =) e
3 + 2~ + > = [~ % [»] = -
2 b © & Began Ended a |em o |- =
— o > o $. E. L] 1] b=l g
- s - Year Mo. [Year Mo. | S |23 |8 |2 | B | =] §
| — L ) wy T [ a. (=4 = W
1160540 | Ashovoft 4 50° 43 i2i® 20 488 1544 i X X X X X
1160510 | Ashcroft * 50° 43 121° 17| 305 1912 09 X X
1161660 | Clinton * 51° 05 121° 34| 892 1881 01 {1965 01 X
1163340 | Hat Creek 50° 45 121° 35| 899 1960 1 X X
1163468 | Highland Valley BCCL 50° 31 121° 011472 1966 12 X X
1163469 { Highland Valley Lornex | 50° 28 121° 02]1582 1967 01 X X
1163779 | Kamloops * 50° 41 j20° 28| 350 1878 01 X X X X X
1163780 | Kamloops A 50° 43 120° 25 345 1951 O X X X X X X X
1123835 | Kamloops Meadow Creek | 50° 28 120° 36(1189 1965 06 X
1114435 | Kwotlenemo Lake 50° 40 121° 50| 914 1969 01 X X
1114620 | Lillooet * 50° 42 121° 561 290 1878 01 X X
1114740 § Lytton 50° 14 121° 34} 175 1944 08 (1970 01 | X X X X
1124860 | Mamit Lake * 50° 23 120° 48 |1006 1924 01 {1965 03 X X
1125070 | Merritt 50° 06 120° 47| 591 1918 11 {1952 06 X X
* Record net continuous during period showr
from Atmospheric Environment Service, Climatological Station Data Catalogue,1976.
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TABLE 3-2
SNOW COURSES IN THE HAT CREEK REGION

Stméfon | Station Name — Location . Elevation %;;;;?
atitude | Longitude (m)

285 Cornwall Hills 50° 42' 121° 27! 2,000 1977
185 Gnawed Mountain 50° 26' 120° 59! 1,580 1968
284 Harry Lake 50° 47° 121° 33' 1,350 1877
g2 Highland Valley No. 1 | 50° 30' 120° 57' 1,550 1958
153 Highland Valley No. 2 | 50° 30" 120° 59 1,510 1966
85 Lac le Jeune (lower) 50° 28' 120° 30° 1,370 1956
241 Lac Te Jeune (upper) 50° 28' 120° 30' 1,460 1973
124 . Lytton 50° 15' 121° 38 270 1966
182 Mission Ridge 50° 46° 122° 12° 1,850 1967
57 Pass Lake 50° 51' 120° 30! 870 1950
81 Pavilion 50° 55' 121° 49" 1,230 1955
49 Porcupine Ridge 50° 58' 120° 33! 1,830 1950
56 Tranquille Lake . 50° 56' 120° 33! 1,420 1950

from Water Resources Service, Snow Survey Measurements Summary, 1975.
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TABLE 3-3 - STREAMFLOW RECORDS IN HAT CREEK DRAINAGE AREA
. 1 el
NAME OPERATOR TYPE PERIOD OF LOCATION DRA I RAGE COMMENT
OPERATLCON LAT. /LONG . AREA (km?)
"above gauge)
Ambusten Creek BEAK Manual 12 Sept. 1976 - 55 44 00 28.7 F NAT.
% June, 1977 121 33 48
Andersor Creek BEAK Manual i€ Sept. 1976 - 50 43 39 n.s # NAT.
10 June, 1977 12} 37 46
Finney (reek BEAK Hanual 17 May, 1977 -. 50 45 D6 9.8 # REG.
1¢ June, 1977 12v 37 12
hat Creel near W.5.C. Hanual 19111922 50 36 44 FER S REG.
Ashoreft €1 34 69
hat (reel near w.S.C. Manua) 1913-13,1960-73 50 53 03 658,60 C REG.
Cacne Creek SRS 121 20 55
Hat (reek near K.5.C. Manual 1911 50 53 05 603.5 S REG.
Larquile ¥ 127 29 55
Hat {reek above K.5.C. Fanual 1521,23,34 50 47 ¥ 349.7 S REG.
Marble Canyon - 127 36 40
Hat Creek near Upper K.5.C. Manual 1969-1977 - 50 45 22 9.7 € RiG.
Hat Creel X - S e e 121 35 18
Hat Creed - Hammond W.S.C. Manual 1912-22 50 37 15 62.5 S REG.
diversion 121 34 10
Houth Creek BEAK Manual 18 Oct. 1976 - 50 47 24 28.2 T NAT,
9 June, 1977 121 36 18 -
Medicine Creek BEAK Hanual 15 Sept. 1976 - 50 45 30 58.2 1 REG.
E June, 1977 121 33 50
Medicine Creek BERK Manual 12 May, 1977 - 50 45 45 158.3 # REG.
diversion 28 May, 1977 121 26 50
Bonaparte River near W.S.C. Manuatl 1960-1974 50 54 57 4092.2 C REG.
Cache Lreek 121 24 20
Bonaparte River below W.5.C. Manual 9n-21, 50 48 05 5024 .6 C REG.
Cache Creek 1412-77 2119 15
W.5.C. - Water Survey of Canada - ~ seasonal measurement
# - miscellaneous measurement NAT. - natural flow
E - continuous measurement REG. - Flow affected by storage and/or diversion

At

- includes Medicine (reek Diversion
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Limited and supplied by Ebasco Services of Canada Limited, Environmental Consult-
ants, and partially on field surveys conducted during this study.

A wide range of other data, such as topographic maps, geologic maps "(in particular
a recent map and report‘2 on the surficial geology of the National Topographic
Series Ashcroft map sheet, NTS No. 921), black and white air photos, and inter-
views with local residents also form part of the background material on which
the present study is based.

{b) Water Quality

The ohjective of this water quality analysis is to determine and characterize
the present concentrations of various water constituents appearing in the
major water bodies of the study area which, if altered, might cause changes
to the environment. One task in meeting this objective is to determine the
type of data -and information available from outside socurces and to assess its
applicability to the study.

For the purposes of this report, the term "existing data" is defined as that
data which has been collected, or was in the process of being collected, prior
to the commencement of this project in July 1976. Such data are reviewed in
Section 4.2.

(i} Ground Water

There are no existing ground water quality data available for the Hat Creek
Valiey which are pertinent to this study.

(ii) Surface Water

A. Ministry of the Environment (MOE)

The M nistry of the Environment in the Province of British Columbia has compiled
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water quality data on Hat Creek (at mouth), the Bonaparte River (below Cache
Creek and above Clinton Creek) and the Thompson River (at Savona and at Spences
Bridge). The collection of this data was instigated in 1971 and this collection
provides the most comprehensive observation period available.

B. Department of Fisheries and Environment (DFE)

The only relevant data available from the DFE's NAQUADAT program is that obtained
from the Thompson River at Spences Bridge and some water temperature data on
Hat Creek.

C. Calgon Corporation

A water requirements report prepared by Calgon for B.C. Hydro, Systems Design
Division contains & detailed monthly monitoring program of the Thompson River

at a location approximately 3 km upstream of the confluence of the Bonaparte
River and the Thompson River, over the period December 1974 through October 1975.

(¢} Water Use

(i) Ground Water

There are no recorded sources of information on ground water use in the valley.
Unlike surface water development, the land owner is not required to apply for
a permit for ground water development. However, some general information was
provided through interviews with home owners and water users in the valley.




(i1}  Surface Water

A. Irrigation

The sources of information pertaining to the use of water for irrigation in the
Hat Creek, Tower Bonaparte, Cornwall, and Oregon Jack drainages were the
following:

1)

2)

provincial water licence datam’11 obtained from the B.L. Water Rights

Branch, the governmental body responsibie for administering these
Ticences. Data pertain to the use or storage of surface waters and
give details on the source of water, the point of diversion, the
quantify of water allowed to bé diverted or stored, and the specific
parcel of land on which the water is to be used;

discussions with Hat Creek Vailley ranchers regarding their use of water
for irrigation;

the Agriculture report12 of the Hat Creek Detailed Environmental
Studies. Information obtained included: the theoretical irrigation
requirements of Hat Creek Valley considering crops, soils and climate;
the location, soil type, and amount of presently irrigated land of

Hat Creek Valley; the areal distribution of potentially irrigable Tands
in Hat Creek Valley and the Ashcroft-Cache Creek area; and water
quaiity guidelines for irrigation use;

air photographs, in natural colour, yielding information on crops and
methods of irrigation in the Hat Creek Va]]ey13;




heak

n
LS

8)

the Fisheries and Benthos report14 of the Hat Creek Detailed

Environmental Studies, yielding information concerning the flow
requirements for maintenance of the fishery resource in Hat Creek;

a provincial government report, Preliminary Feasibility Study for
Oregon Jack Creek Irrigation Proposals,ls which yeilded information
concerning a potential storage reservoir in the Hat Creek area;

A B.C. Ministry of Agriculture study, Savona-Cache Creek-Basque
Irrigation Development E’tudy,l6 which yielded information on lands
having potential for intensive agricultural production with irriga-
tion in the Cache Creek area;

flow probability curves, which were developed from historical flow
records of hydrometric stations of Hat Creek.8 provided information
concerning additional water that wouid be available for irrigation
use; and

water chemistry data, presented in Section 4.2{b) of this report,

provided information pertaining to the suitability of waters in
the study area for irrigation use.

B. Livestock

The sources of information regarding livestock water use in the Hat Creek
Valley were two-fold:

1)

2)

the Agriculture report12 of the Hat Creek Detailed Environmental
studies, yielding livestock populations; and

a farm structures handbook, Structures and Envirorment Handbook,17
providing information about livestock water consumption rates.




C. Domestic and Municipal

Infornation on present'and potential surface water use for domestic purposes
was obtained by examination of water licenge datala, existing and projected
futura2 population estimateslg, and utilization of per capita water use esti-
mates?o’ﬂ’22 Water licence data were examined for the Hat Creek Valley, the
Bonaparte River reach from the confluence of Hat Creek to the Thompson River,
the Cornwall Creek and the Oregon Jack Creek area. Although all water licences
for domestic use may not currently be used for that purpose, it is considered

so in this report because it is within the licence holders right to do so.
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3.2 FIELD INVESTIGATION METHODOLOGY
{a) Hydrology
(i) Ground Water

The field work related to the ground water investigation can be divided
‘nto six main tasks: field reconnaissance, interviews with land owners,
bhorehole drilling program, water sampling for isotope analysis, water level
measurements in piezometers and weir installation for base flow
monitoring.

A. Field Reconnaissance

Three major expeditions were made into the Hat Creek and adjacent valleys.
These trips were carried out in November 1976, April 1977 and July-August
1977, and were limited to areas which could be reached using a four-wheel
drive vehicie. Investigations were concentrated around the major potential
impact areas in the Hat Creek Valley. The area covered included the
Fountain Creek Yalley, the Hat Creek Valley and parts of the Cornwall and
(iregon Jack Valleys (see locations Figure 3-3).

The trips were planned to:
1. Observe and photograph geclogical and other features which could

provide evidence of zones of potential ground water movement,
(e.g. fault zones!, ground water discharge zones {e.g. springs,
seeps and evaporite salt deposits), ground water recharge zones
(e.g. snow melt infiltration into coarse granular surficial
sediments). Many of these features had been observed in aerial
photographs and the field visit was planned in order to provide
better definition.

3-Nn
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2. Collect water sampies for inorganic chemical and isotope analyses.

3. Determine the location of residences and/or irrigated farm land
where wells and developed springs may be located.

B. Interviews with Local Ground Water Users

Local farmers, a limestone quarry operator, residents of Indian Reserves and
recreational homeowners were interviewed. The information provided related to
existing wells, springs and other ground-water-related features such as seeps
and minimum stream flows. Information on seasonal changes in flows and water
use were particularly valuable.

C. Borehole Drilling Program

Five 150 mm (6 inch)} diameter boreholes were drilled in areas close to the
proposed Houth Meadows and Medicine Creek waste dumps and the proposed ash
pond in the upper Medicine Creek Valley (see locations of these five boreholes,
Nos. RH-77-45 to RH-77-49, inclusive, in Figure 3-4)}. The purpose of these
borehola2s was to provide ground water data in areas where potential ground
water contamination could occur as a result of the disposal of rock and ash
wastes.

The borezholes averaged 91 m (300 ft.) deep and were completed as permanent in-
stallations with piezometers for both water level measurements and ground water
sampling. Details of the execution and results of this drilling program are
provided in Appendix A3.0.

D. Water Sampling for Isotope Analysis

Both stable and radioactive isotopes provide a useful means of determining
the past history of ground waters. The stable isotopes used in this study

3 - 12
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were oxygen-18 and deuterium, and the only radioactive isotope used was
tritium. These isotopes have heen used in a number of ground water studies
in Canada, for example Dakin 1975 25, Simard 1977 2%. A brief

rev.ew of the theory and use of isotope studies is given in Appendix A5.1.

Water samples were collected from different holes, springs, streams and
lakes. Samples were sealed in plastic bottles, and sent to the University
of Waterloo, Ontaric and Chalk River Nuclear Laboratories, Ontaric for
oxycen-18, deuterium, and tritium analysis. The analytical methods used
are described in Appendix A5.2.

The field sampling was designed to obtain a set of regional isotope values
covering a variety of accessibie ground and surface waters, covering as
wide an area as possible. These background values would provide an average
jsotope content for local ground water recharge. Both oxygen and deuterium
analyses were run in order to help determine the origin of the ground
waters using relationships between deuterium and oxygen-18 concentrations.
Tritium determinations were made in order to help identify different types
of ground water and to estimate the relative age of the water,

£. Water Level Measurements in Piezometers

The cepths to water were measured in a number of piezometers installed
during this investigation as well as in piezometers installed during
geotechnical investigations in the vicinity of the proposed coal pit
(Golder Associates, 1976)5. The locations of the borehales in which
these piezometers were instailec are shown in Figures 3-3 and 3-4.

Only a limited number of measurements were required as most water level
measurements were supplied by others. Measurements were made using an
electrical tape for standpipe piezometers and a pressure readout box

for pneumatic piezometers.

These piezometric data were used to determine hydraulic head {see
glossary) at various points in the ground water flow systems (i.e. at
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the piezometer tips). These potentials were used to help determine the
direction of ground water flow. In addition the seasonal change in the
hydraulic potentials provided data on the recharge characteristics and
hydraulic conductivity of the flow systems.

F. Installation of & Weir to Monitor
Base Flows in Houth Creek

A 60 om (2 ft.) wide x 30 cm (1.25 ft.) deep wooden rectanguiar weir was
constructed in Houth Creek approximately 300 m (1,000 ft.) upstream from
its confluence with Hat Creek. A Belex water bag was submerged about 3 m
upstr2am of this dam. A Rustrack strip chart pressure recorder (Bordon
tube type, pressure range 0-21 kN/mé (0-3 psi)) was installed to record
the pressure in the water bag. The reading resolution was 0.69 kN/mé
(6.9 -m of water) and the recording range between 0 and 475 m3/day.
The wair was instailed on July 25, 1977 and recorded flows to October 20,
1977.

(ii) Surface Water
Field work related to surface water hydrology consisted of three main
tasks:

1. 1Initial inspection of stream channels, lakes, ltake outiet controls,
irrigation diversions, bridges and culverts. This provided the basis
for the detailed planning of items 2 and 3 below.
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2. Streamflow measurements in most tributaries to Hat Creek close to the
proposed mine site in order to relate their runoff regimes to that of Hat
Creek (For which data are available).

3. Channel surveys along typical reaches of Hat Creek downstream of the proposed
development, to serve as a basis for predicting changes in channel morphology
in case the runoff regime of Hat Creek should be altered as part of the
diversiin scheme. )

Most streamflow measurements were made with a small QTT propellier-type current
meter, which proved quite suitable for the exceedingly small flows encountered.
On one stream (Finney Creek) the depth was too shallow even for an OTT current
meter {d (propeller) > 5 cm} and a temporary triangular weir made of steel plate.
attached to a plywood cutoff wall had to be installed., The stream gauging
techniques are described in the literature 2,5 and illustrated in Figures B2-1 and
B2-2, Appendix B. On several of the small streams gauged as part of the present
study, permanent stream gauges are being installed by the Water Survey of Canada,
acting on behalf of B,.C. Hydro. The cata collection periods of this study are
Tisted in Table 3-3.

The hydraulic geometry of Hat Creek, downstream of the proposed nine, was
defined by means of cross sections and profiles along typical reaches,
together with photographs and notes on bed and bank materials, flood plain
deposits, vegetation and other relevant features such as beaver dams,

debris jams, etc. later levels were observed at all surveyed cross sections
hoth in fa'l1 1975 and in May and June 1977.

(b) Water Quality

As previously stated, the objective of this water quality analysis is to deter-
mine and characterize the present concentrations of various water constizuents
appearing in the major water bodies of the study area which, if altered, might
cause changes to the environment. 7To achieve this objective it then bec¢omes
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necessary to establish the baseline concentrations of the water constituents,
including the trace elements, plus the physical characteristics of the water
such that any alteration which may occur in the future may be assessed.

The chemical composition of a particular stream or river is subject to variat-
ions for a number of reasons. The first of these is related to discharge.

Over a period of time the contribution of ground water to 2 river remains rela-
tively stable while the contribution of surface runoff can be extremely variable.
As ground water tends to have higher dissolved solids levels than surface runoff
the overall river dissolved solids concentration will vary inversely with dis-
charge 2@ Secondly, variations in chemical composition may be attributed to
location within a system insofar as tributary inflows, degree of mixing and
evaporation may be determining factors of chemical composition. In general

the concentration of dissolved constituents tends to increase from the source

of a stream to its mouth 27,

Lake waters generally have a more stable water quality than streams or rivers

but are subject to seasonal cyclies, particularly in the case of small lakes.
During the summer, evaporation takes place and the dissolved s0lids concentra-
tion may .ircrease. Similarly, during the winter in lakes that are shaliow

in relatjor to their ice cover, the concentration of dissolved solids in the

lake water may increase as the surface water freezes. Variations in lake water
chemistry may cause stratification of the water mass. The extent of this strat-
jfication will depend on many factors such as depth, size, wind exposure, type
of inflow (whether predominantly grourd water or surface water), and overall
flushing rate. Changes in lake water chemistry may also be related to biological

activity, particularly in highly productive lakes. The action of photosyn-
thesis and respiration can markedly alter the levels of oxygen, carbon dioxide,
28

and pH. depending upon which time of day samples are taken

The physical factors promoting mixing in surface water bodies are much less
effective o~ absent in ground waters. Considerable differences in composition
of groundwater may be found both vertically and laterally in ground water ~eser-
voirs. In determining the nature of dissolved matter in stored ground water
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throughout an aquifer, discrete wells are sampled and an indication is obtained

of conditions at a single point in a three dimensional system. Collection

of samples from many wells distributed areally over an aquifer generally will

give the prcbable upper and lower 1imits of the concentrations of the dissolved
solids in the ground water body at that time and in a general way can show the
distributior pattern of the water's quality 26 In considering the variation

of quality cf ground water with time, it is better to think of aquifers as reser-
voirs subject to slow changes in quality as the water circulates, than to consider
them as "pipelines" or watercourses through which water moves from one place

to another 26,

Because of the natural variations in the chemical composition of waters, a

water quality monitoring program must be designed in such a way as to adequately
document the magnitude of spatial and temporal variability in the concentrations
of the parameters selected for measurement 2% In the following sections, the
measures taken to achieve this are given. ‘

(i) Ground Water

The objective of the ground water program was to establish the baseline of the
existing gfound water quality in the Hat Creek Valley.

A. Programs

To establish the ground water quality in the Hat Creek Valley, a variety of
different programs of sampling and analysis were carried out. Figures 3-5
to 3-7 showthe location of sample sites for the ground water program. Table
3-4 shows the frequency of sampling for the different programs and Table 3-5
shows the different analyses performed for each program.

A1l domestic wells (DW) in the Upper Hat Creek Valley were tabulated (Table
3-6) and those of ground water origir were selected for sampling and analysis,
thus excluding those wells designatec as DW6, DW7, and DW11. The majority

of domestic wells are located close to Hat Creek in the Upper Valley area and
are less than 10 meters in depth.
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TABLE 3-4:  SANFLING PRUGRAW

PROGRAMS July hug. Sept. Oct. Nov. Dec. Jan. fet. Mar. Apr. HKay June July Aug. Sept. Oct. Nov. Dec.
Hat Creek, Bonepartie Raver, 3 q 1 3 3

Thompsun River

Guose b Fanney Loots k] f 1 3 3

i1 hydrotogy Study H

Power Flant Site Study 3 4 1 2

Frawnet Study 3.8 2

bicomm s Tia
LuTipsOn nTvEe

F-
t
o

intake Siudy

Eulk Sample #rogram 4 A z,4 1,3 1 2

Favilion Lake Study 4 1 2
GRESKNINATER SAMPL ING PROGRAM

PR{OSKAMS

Domestic wells 4 1 3.4

Ariesian Springs I | 3

Pit Hvorology Study 2 2 .

Puwer Plant Site Study 4

Coal Seam 3

Buls Zample Proaram 1,3 1,3 1 2

NOTE:  Week ) b7

s B-|.4
3 15-21
4 »21

.
AlY numbers yndicate the Liwme when drscrete grab samples were obiained.




PARAME IER

carIgue Tracg Mot

Aluminum {Al)
Arsenic (As}
Cadmium (Cd)
Chromiug {Cr)
Capper (Lu)
iron {Fe)
Lead (Pb)
Mercury {Hg}
Mo iybdenum [Mo)
Selenium (Se}
Vanadiuva (V)
Linc {In}

CATIONS- Alkal} Earths & Metals
Calcium {Ca}

Lithium (Li)

Magnes ium (Mg)

Potass ium (:?

Sodium {Na)

Strentium {Sr)

ANIORS - Generai

Boron (8)
Chloride {{1)
Fluoride (F)
Sulphate  {50+)

ANJONS - Nutrienls

Total Kjeldahl Nitrogen (N)

Hitrate Nitrogea (NO?-N)

Mitrite Nitrogen (NO:-N}

Total Orthophosphate Phosphorous (P)
DRGANIC, NONIONIC,E CALCULATED VALUES
cop

T0C

Phenol

Total Hardness {CaCo }

fotal Alkalinity (CaCO )

PHYSLCAL DAIA

pH {units) o
Specific Conductance (umhus/cm 8 25°C)
True Coloyr {PL-Co Units)

Turbidity (#T0

Tenperature {'C)

PHYSICAL DATA - Residues
Total Residue

fFiltrable Resigue

Noaf iltrable Residue
fixed Total Residue

Fixed Filtrabie Residue
Fixed Nonfillrable Residue

BIOCHEMICAL, O1SSDULYED GASES & RELATED

AEASURERENTS
BoD

0.0.
% Saturation
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TRBLE 16
LIST OF DOMESTIC WELL SITES IN THE WAT CREEK VALLEY

STATION
(48P DESIGIATION)

[

oM 10

LOCATTON

Hydro Camp ~ I m
from Hat Creek

0 m south

of Hydro casp
along oid (Yow)
road

1.5 km south-of
Hydro camp - low
road

3 «m south of
dydro camp -
low road {scuth.
of proposad pit
area}

3/4 km north of
old & new rtad
scuthern junction
on old road

1.5 km north of
D 5 on old road

3/4 ka south of
old & new road
southermn juncture
and west 3/4 km

2 km south of
7

3/4 km soutk of
D¢ B and east

from road (near
landing strip)}

2 km south
of D1t 9 & 10 m
west of roac

1.5 km soutt of
O 19 turnoff west

3/4 km south of
11 turmo!f wast

ORIGIN

Frre—

Hat Creek &
Groundwater

Artesian

" Artasian

{Finney Crmek)

Groundwater

_Groundwater

Hat Creek

Hat Creek

Groundwater

Artesian

Grouncwater

Hat Craek

Groundwater

SAMPLING HOTES

-Gaivanized culvert
~Sampled at Im (Yan Dorn}

~{ollected from reservoir

-Seeping from Western hillside

-Collected froa irrigation
-Possibly Finney Lake origin

-Sampled from tap
<el] located about 20 m
wast of Hat Creek

-Hand pump well
=15 m from Hat Cresk

=Not sampled

-Not sampled

-Sampled from tap
=15 m from Hat Creek

~5ealeq reservair
-Sampled from tap

~Sealed well
-6 m from Hat Creek
-Collected from tap

-Hot sampled

«Haw residance
-Sampled from tap




In addition to sampling domestic wells on a seasonal basis (winter and spring)
five other sampling programs were carried out to meet specific information
needs of the ground water hydrology program. To assess artesian flows in the
Hat Creek Valley a number of sites were identified and selected for sampling
and detailed analysis. To determine the hydrogeochemistry in the pit area,

a well {Well RH 76-19) was sampled for various water quality parameters at

a depth of 90 meters after 21 days of pumping. Local ground waters in the area
were also sampled to provide comparative data. To further delineate the hydro-
geochemistry of ground water in the pit area, an opportunistic sample was obtained
from Bucket Auger Hole #7 located uphill from Well 59-19. This hole had a
depth of 22 meters. To assist in the definition of the ground water regimes

in the Medicine Creek area, Houth Meadows, and Hat Creek-Marbie Canyon divide
area, the water quality of several test wells was analyzed. These wells were
sampled at depths ranging from 35 to 90 meters. Finally, as a means of jden-
tifying possible impacts to ground water quality as related to mining activities
of the project, several wells were regularly sampled as part of the Bulk Sample
Program. Well locatigns were chosen such that water quality in spoil and coal
storage areas might be identified.

B. Sampling and Analytical Procedures

The collection dates for all ground water samples are given on Table Cl-1,
Appendix C.

Specific to the domestic well {DW) program, all known welis in the Hat Creek
Valley were identified and those not pumped directly from Hat Creek were sampled.
Inaccessible wells were sampied from the house tap after a flushing period.
During sampling, comments by residents in the Valley concerning water quality
were occasionally noted. Collecticns were carried out on a semi-annual basis

in conjunction with surface water surveys.

For each program, samples were collected in either clean plastic bottles with
plastic linad caps or, for the specific case of phenol, clean glass bottles.
Samples wer2 kept cool and dark. JSamples for unstable parameters were preserved
jmmediately upon collection as detailed in Table Ci-2, Appendix C.
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The methods used for the analysis of water gquality samples and the associated
references for each method are summarized in Table C1-3, Appendix C. Each
method has been selected to minimize interferences and obtain suitable accuracy.
The references from which they are selected are recognized as containing
"standard procedures" consistent with government accepted methods, thus
ensuring comparability of data.

C. Precision and Accuracy

In estab ishing a comparative data base over a long period of time it is
-essential that strict quality control procedures be assumed. These measures
involve &nalyzing duplicate aliquots of each sample (precision) and reference
control samples (accuracy). This procedure has been performed on 10 to 20
percent ¢f the samples analyzed, sufficient to ensure the validity of the
resultant data. A further check on the accuracy of the laboratory procedures
and also the completeness of the parameters selected, may be conducted by
performing a cation-anion balance. " The sum of all major cations expressed

as equivalents/liter should be egqual, within certain 1imits, to the sum

of the major anions expressed similarly (Figures C2-1 to €2-3). The data
contained in this report are expressed in mg/l, however, these values may

be easily converted to equivalents/ liter. Several cation-anion balances

are included in the detafled discussions that follow and may be used not

only as‘an accuracy check but also as an indication of ionic distribution.

{(ii) Surface Water

The objective of the surface water program was to establish the baseline
water quality of Hat Creek above and below the proposed development plus
the water quality of the water cours2s which could be influenced by Hat (reek.

A. Programs

To establish the existing surface water quality in the Hat Creek Yalley
and in the Bonaparte and Thompson Rivers, a variety of different programs
of sampling and analysis were carried out. Figures 3-8 and 3-9 are maps of the
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surface water sampling stations. Table 3-4 {also Table C1-4, Appendix C)
-shows the sampling dates for the various programs and Table 3-7 shows the
parameters analyzed.

In deciding the locations for the temporally systematic sampling of Hat Creek
and the Bonaparte and Thompson Rivers,‘care was taken to delineate spatial
variations. The rationale behind the sample site location selection was to
place sampe sites above and below the entry of major tributaries to the
stream of interest. In addition, the number of sample sites decreases in the
order of Het Creek, Bonaparte River and Thompson River. The reasons for this
were two fcld; ?irst, from the standpcint of water gquality, this is the order
of importance of these water courses to the project; second, the available
historical data follows a reverse order to this in terms of completeness.

During the course of this study five additional surface water sampling programs
were initiated to assist in specific studies. These were the Pit Hydrology Study,
Power Plant Generation Site Study, Freshet Study, Intake Design Study and <he Coal
Bulk Sample Program. In the Pit Hydrology Study the intent was to delineate

the ground water composition in the proposed pit area. However, components

of the data concern Hat Creek and Aleece Lake and have, therefore, been incor-
porated in the surface water section. Additional water quality data in the vic-
inity of the proposed power plant site was required to help delineate ground

water {low regimes in the area. This necessitated the establishment of monitoring
stations on Medicine Creek and Maclaren Creek. Pavilion Lake was samplied to
document the water quality of this nearby standing water body. To determine the
change in suspended solids loading during the freshet period a number of stations
on Hat Creek and the Bonaparte River were selected and sampled daily over certain
periods of the 1977 freshet. Changes in flow during this period were very low
reflecting the very small spring runoff. Suspended solid concentrations and

algae numbe~s in the Thompson River were determined from samples taken at the Wal-
hachin Bridje located approximately 21.5 km upstream of the junction of the Bona-
parte with the Thompson River. The purpose of the study was to delineate fluc-
tuations of these parameters with particular reference to intake design. To
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PARAME TER

CATIONS - Trace Metals

Aluminum {A1)
Arsenic {As)
Cadmium {Cd)
Chrombum {Cr)
Coppar 100}
Iron (Fe)
Lead {Pb}
Mercury (Hg)
Mo lybaenum (Mo)
Selenitm [3e)
Vanad ivm (V)
line {In}

CAIIONS- Alkali Earths & Metals '

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

ANIONS - General

doron {#)
Chloride (C1)
Fluoride (F)
Sulphate [ 3S0-)

ANIDKS - Nutrients

fota) Kjeldahl Nitragen (N}

Nitrate Nitrogen (MO3-N)

Nitrite Nitrogen [80:-N}

Total firthophosphate Phosphorous (P}

ORGANIC, NOMIONIC.& CALCULATED VALUES

coD

T0C

Phenal

Tota) Hardness {Calo )
Total Alkalinivy (CaCo )

PHYSICAL DATA

pH [units) °
Specific Conductance (umhos/cm ® 25 ()
True Colour {Pi-Co Units)

Turbidity (ulu&

Teaperature ( C}

PHYSICAL DATA - Residues

Total Residue

Filtrable Residue
Nonfillrable Residue
Fixed Tolal Residue

Fixed Filtrable Residue
Fixed Nonfiltrabie Residue

BIOCHEMICAL, DISSULVED GASES & RELATED
REASUREMENTS

BOD
D.0.
% Saturation

TABLE 3-7: SURFACE WATER PARAMETERS ANALYLED

Hat
Creek
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provide more detailed data on the possible effects of mining activities, three
surface wa:er stations were established on and near Hat Creek in association
with the Bulk Sample Program.

B. Sampling and Analytical Procedures

The sampling and analytical procedures used were as outlined in Section 3.2
(b)(i1) 8 Ground Water, Stream and small river samples (Hat Creek and
Bonaparte River) were obtained at mid-width and in areas free from turbulence.
The Thompson River was sampled 1-2 m from the stream bank. Lake samples for
detailed analysis were obtained near the surface.

During the initial survey carried out in September 1976 total concentrations
and, where the total concentration was greater than the minimum detectable
concentration (MDC), dissolved concentrations were determined. The procedure
was modified in future samples so that, with the exception of mercury, only

dissolved concentrations were measured. This was done for three main reasons:

(1)  The current Ministry of the Environment (B.C.) regulations are based on
dissolved concentrations with the exception of mercury30'3].

(2) The dissolved component is a prime biologically active component

{3) The great majority of ions were below the MDC in the total test.

32

€. Precision and Accuracy
The methods used to ensure precision and accuracy were outlined in Section
3.2 (b) (i) C Ground Water

{c) Water Use
(i} Ground Water

Interviews were carried out with water users. No metered flows were
available and estimates of water consumption were made.
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(i1) Surface Water

A. Irrigation

Field work was limited to the observation of irrigation practices of the
area at various times during 1976 and 1977, and the discussion of irrigation
practices with Hat Creek Valley ranchers.

B. Livestock

Examinaticn of livestock water use did not involve any field work.

C. Domestic and Municipal

Examination of surface water domestic and municipal use was restricted to
collection and review of existing available data.
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4.0 RESOURCES INVENTORY -

4.1  HYDROLOGY
{a) Ground Water
(i) General Regional Geohydrology

The rate of recharge and movement of ground water in any given region will
depend on the topography and on the nature of local bedrock and
unconsolidated sediments. The topography in the Hat Creek region varies
from steep in the Marble Canyon region to roiling in the southern end of
the valley. Elevations range from a high of about 1,900 m (6,230 ft.} on
the west topographic divide to about 550 m (1,800 ft.) at the confluence
with the Bonaparte River.

Uncorsolidated surficial sediments cover much of the Hat Creek Valley and
the bedrock sediments beneath are very varied (see geologic map in Figure
4-1). Most of the surficial deposits and bedrock units are made up of fine
graired sediments and do not have a very high hydraulic conductivity.

While some ground water does flow through these materials, this flow is
generally insufficient to classify the geologic unit as an aquifer (see
definition of an aquifer in Appendix A1.0). There are only three
potentially distinct types of extensive aquifers in the Hat Creek area:

fractured :imestone bedrock; fractured intrusive bedrock; and sand and
gravel aquifers in surficial deposits (see an outline of these areas in

Figure 3-4},

The following is a review of the hydrogeological characteristics of
each major geological unit found in the Hat Creek Vvalley. |

A. Surficial Deposits

There is a thick and almost total cover of surficial deposits over the Hat
Creek Valley {Ryder 1976) 1 These deposits are varied and have
diverse origins (including glacial till, lacustrine deposits, glacio-
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fluvial deposits, colluvium, alluvium and slide debris). Because of the
diversity of these deposits, a detailed distribution is not shown in this
r2port and the reader is referred to a detailed map provided in Ryder

1
1376

In general the surficial deposits on the western bench of the upper Hat
Creek Valley are less well drained than the depasits on the eastern bench.
Springs and seeps are common on the western side particularly below the 900
m {3,000 ft.) contour {Golder Associates, Reference 2) and these seeps are
particularly noticeable betwsen Finney and Anderson Creeks.

The following is a brief summary of hydrogeological characteristics of the
major surficial deposits encountered around the proposed development areas.
The distribution of some of these units will be described further in
Section 4.1 {a) (ii).

Alluvium

Alluvium is found predominantly along the bottom of the valiey (see Figure
3-4) and is made up of reworked glacial and colluvium deposits consisting
of sands and gravels commonly with silt interbeds and occasional clay
layers. Sufficient ground water has been encountered to classify this
geologic unit as a ground water aquifer. The test trench "B" excavated for
the coal bulk sampie study intersected a 5 m (16 ft.) thick sequence of
permeable sands and gravels with hydraulic conductivities ranging from
10-4 to 10-2 m/sec. The quantity of water pumped from this trench

ranged up to a steady flow of about 1,700 m3/day. The B.C. Hydro
exploration camp wells {DW-1) yield water from the same alluvial sediments
and the yield is estimated to be in the order of 10 m3/day. Most of

the shallow dug wells located along the Hat Creek Valley are producing
ground water that has infiltrated through the alluvium from Hat Creek.




Till

4 glacial deposit, consisting of cobbles and gravels with occasional
Joulders up to 1 m diameter in a matrix of sand, silt and clay is located
on the west side of the valley. Hydraulic conductivities are generally
very low and hence, thi§ unit cannot be classed as an aquifer.

Glacio-fiuvial Deposits

Thick sequences of glacio-fluvial sediments up to 90 m thick (Golder
Associates, 1977 2) have been encountered in exploration drill holes

along the east side of the valley in the vicinity of the proposed coal pit.
These deposits consist of interbedded sands and sandy gravels with cobbies
and boulders up to 0.6 m. Typically there is much variation in grading,
with some interbedded tills, clays and silty sediment zones. However,
while these sediments are relatively thick and potentiaily permeable, they
are generally dry and well drained particularly in the area immediately
s0uth east of the proposed pit.

The location of a potential buried glacfo-fluvial agquifer north of the
proposed coal pit is shown in Figure 3-4, These deposits are an extension
of the east side sediments described above. A relatively high yield
aquifer was encountered in borehole RH-77-46 which is located near the
junction of the Hat Creek road and Highway 12. The significance of these
two aquifers is further discussed in Section 4.1 (a) (ii},

Relatively high flows {(up to 270 m3/day for short periods of time) have
been observed while drilling geotechnical boreholes in the vicinity of the
proposed coal pit. These high flows in glacio-fluvial sediments suggest
the presence of an aquifer, however drill logs of adjacent boreholes shows
that these water bearing zones are of limited areal extent (Golder

Associates, 19772).




Stide Debris

h substantial volume of slide debris is located on the west side of the
valley especially in the northwest part of the valley. These sediments are
composed of a variable assortment of till and Coldwater sediments often in
a bentonite matrix. Hydraulic conductivities are very low except along
51ide planes and there are no known aquifers in this unit. However some
shallow depressions in the <ypically uneven surface topography have been
filled with sloughs that have been fed by shallow ground water seeps and
surface water run-off.

8. Bedrock Formations

The regional bedrock geology is shown in Figure 4-1., The oldest (basement)
rocks, the Cache Creek Group, consist primarily of altered sedimentary

. rocks. These rocks are near the ground surface over approximately 50 per

cent of the study area. The more recent bedrock formations are made up of
Spences Bridge Group {mainly volcanic rocks) and Kamloops Group (consisting
of volcanic and sedimentary rocks). The following is a brief hydrogeclogic
description of the significant bedrock units found in the study area. '

Limestones (Marble Canyon Formation)

“hese massive limestones are well distributed throughout the area {see
Figure 4-1) and there are many exposures, noteably in the Marble Canyon
Area and northern side of the Houth Meadows Area {Figures 4-2 and 4-3).
Hased on an examination of exposed limestone bedrock in the nortn Houth
Meadows Area (McCullough 19773), it appears that the fractures are
steeply dipping (largely between 60 degrees and 80 degrees) and only a few
fractures could be classified as extensive. No significant karstic
features have been identified in this area.

fiorehole RH-77-45 penet;ated 49 m (160 ft.) of fractured limestone located
in a fault or fracture zone north of Houth Meadows. The water yield at a
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depth of 92 m was 2 1/s (168 m3/day) and the formation's hydraulic
conductivity in this fracture zone averaged 10-6 m/sec. As these
limestone formations are relatively permeable, particularly along fault
zones, they can be regarded as a moderate yield aquifer.

Altered Clastic Sedimentary Rocks

These rocks are made up of ¢reenstone, chert, argillite, (part of Cache
Creek Group) quartzites and phyllite and may be interbedded with the
limestone. Hydraulic conductivities are typically low, ranging hetween
10-10 and 10-8 m/sec, with the higher values being encountered in
fractured or fault zones. The ground water flowing through these rogks
moves very slowly and hence water quantities and qualities abstracted from
any wells would be unsatisfactory due to low yields and high dissolved
salts content.

Yolcanic Rocks (Kamloops Group Only)

These include a diverse group of rocks: basalt, andesite, dacite, phyllite
with associated tuyffs, agglomerates and breccias. Falling head
rermeability tests indicatec that typical hydraulic conductivities around
10-6 m/sec could be anticipated.

The Kamloops Group volcanics are believed to form the basement of the Hat
{reek Basin in the proposed pit area, although it is possible that the
Marple Canyon Limestone may locally underlie the Coldwater sediments in the
rorthwest. The Kamioops Volcanics are faulted against . the overlying
(oldwater Formation along the eastern margin of the Hat Creek Basin.

Poorly Consolidated Sedimentary Rocks
{Coldwater Formation)

These comprise & thick sequence of fine grained Tertiary clastic rocks and
4 substantial accumulation of low grade coal up to 460 m (1,500 ft.) thick.




Although there is much facies varfation within the basin, sandstones and
conglomerates with siltstones predominate below the coal, and siltstones
with claystones predominate above. The Coldwater Formation is thickest in
whe center of the basin (1,200 m +) and is faulted along the margins,
particularly along the east side of the valley. In the Medicine Creek
iarea, the picture becomes mare complex and volcaniclastic rocks are present
nossibly forming much of the Coldwater Formation Sequence. Thin velcanic
*lows are also present.

The most permeable zones in this formation are the coal units. Results of
falling head permeability tests give typical values for hydraulic
zonductivity as follows:

Clastic Coldwater Sediments 10-10 m/sec
(both basal and upper units)
Coal 10-6 m/sec

As the cpal units are Qenera]ly_encapsu]ated within the low permeability
zlaystone and siltstone units, the ground watar yield from the coal will
pe limited to the quantity of water that can flow through the claystone.
nalcite veins are relatively frequent in some areas and this mineralization

is believed to further reduce the formation's hydraulic conductivities., There

are no significant aquifers in these sedimentary rocks.

Intrusive Bedrock

A large body of intrusive rock is exposed at the higher elevations west of

the coal pit area. The rock types include granodiorite, quartz diorite and
diorite, and based on an air photo examination the rock mass appears to be

retatively massive with only minor fracturing. Mo permeability tests have

deen made in this formation at Hat Creek. However based on data from other
areas, hydraulic conductivities of about 10-7 m/sec would be expected.
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(i1) Flow Patterns

Both the surficial and bedrock geology of the Hat Creek Valley are very
diverse and as a consequence the ground water flow patterns are complex.

In order to simplify the study of these flow patterns four areas have Deen
selected for detailed evaluations. These areas have been selected
primarily because they appear to be major potential impact locations after
development commences., These are areas which couid be reasonably expected
to be influenced by hydrogeologic changes caused by the proposed mining and
power generation activities.

A, General Flow Systems in the Upper Hat Creek Valley

The flow systems in the upper Hat Creek Valley can be charagterized by
ground water recharge in the upland areas and discharge in the valley
bottom. The east-west flow pattarns across the valley are shown for the
area around the proposed pit in Figure 4-4. These flow patterns can be
regarded as typical of flows across most parts of the Hat Creek Yalley.

The ground water flaws typically under an approximate hydraulic gradient of
0.1 toward Hat Creek where most of the discharge occurs. Recharge in the
upiand areas takes place through thin surficial sediments into volcanic and
Jimestone bedrock. Lower down the valley, the ground water flows into the

¢lastic Coldwater sediments. A pump test of a screened well in these
Coldwater sediments (RH-77-19, see location Figure 3-4) showed that ground

water in the sands and gravels in the till above the Coldwater Formation
was recharging water to the siltstone-claystone sediments.

Estimates of the quantity of ground water which discharges into Hat Creek
have been made by considering the amounts of precipitation which fall into
the upland recharge area.
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The assumptions made were:-
- that recharge zones extend approximately 2 kilometers toward Hat
Creek from a ground water divide in the upland areas.

- That about 10 percent of the mean annual precipitation on the
upland areas will infiltrate to the ground water table in the
recharge zones. This percentage is a reasonable value based on
anaiyses of hydrogeclogic data in other regions similar to Hat
Creek. The estimated accuracy is * 30 percent.

The mean annual precipitation in the upland areas (i.e. above elevation
1,300 m} 1s between 355 and an assumed maximum of 430 mm at the highest
elevations (see precipitation variation given in Figure 4-26, Section 4.1(b)
{ii) A). We will assume that the average precipitation in these upland
ground water recharge areas is 400 mm. Thus, ground water discharge is
estimated to be 10 percent of 400 mm = 40 mn per year. Using Darcy's
equation (see glossary) for calculating ground water seepage, the estimated
ground water discharge along the valley is between 284 and 568 m3/day

per KEIETEEEEL>AIS°‘it is estimated that in the order of 0.5 - 2 pé;zéqz bfbuivvﬂt'
of the ground water which discharges into Hat Creek originates from the

Coldwater ééa?ﬁaﬁfs and the remaining ground water reaches the creek

through surficial sediments.

In the vicinity of the proposed coal pit, the east bench is better drained
due to a greater thickness of surficials which consist predominantly of the
moderately high permeability glacio-fluvial sediments. As a result ground
watzr discharge on the east side of the valley passes through the alluvium
and into Hat Creek without any surface discharge. On the west bench the
surficial cover is much thinner and consists predominantly of low permea-
bility tills with some interbedded glacio-fluvial sediments. As a result,
the west bench slopes are less weil drained and springs and seeps are
comnon particularly below the 300 m contour.

At several locations in the Hat Creek Yalley, small ponds exist which dis-
play a distinctive 1ight coloured deposit around their perimeter (see
Figure 4-5). These are evaporite deposits which are concentrations of
salts formed by the evaporation of water from restricted basins. These
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SALINE SLOUGH Figure 4-5

howss 1 V.76359 o OG- mees O yan, /78

A typical shallow slough that is commonly found in
the Hat Creek valley. These depressions collect both
shallow ground warer seepage and surface water run-
off. The regional water table is generally wmany 10's
of meters below ground surface. Most of the water
¢ollecting in these ponds will evaporate and never
reach the regional water table. White residual sale
deposits left behind on aevaporation can be seen in
places around the edges of the slough.

Golder Associates




yonds appear to have a relatively impermeable silty bottom and show no
indication of surface outlets.

Jbservations around Finney and Aleece Lakes suggest that these lakes are
fed by local perched ground water flow systems and small streams flowing
from the west., Intermittent surface water discharge from these lakes can
occur, especially during the spring freshet. The remainder of the lake
water is dissipated mainly as evaporation and only a smalil amount by ground
water discharge. Evidence for the latter conclusion is based on isotope
data and is presented in Section 4.1 (a) (iii) B.

The only potentially significant aguifers in the main Hat Creek Yalley are:

the valley alluvium and a bedrock valley filled with g]hcio-f1uv1a]
sediments northeast of the proposed coal pit.

Yalley Alluvium

The depth and width of the aguifer will be variable, however by assuming an
average depth of 5 m and width of 100 m, the estimated ground water flow
down valley in this aquifer is 2,300 m3/day. As the size and shape of

the aquifer will vary and as the aquifer is hydraulically connected to Hat
Creek, there will be an interchange of water between the creek and aquifer

along the length of the creek channel. This interchange will be in both
directions; either from aquifer to creek or vice versa, depending on the

prevailing hydrogeologic ccnditions.

Glacjo-fluvial Valley

As mentioned earlier a number of boreholes drilled for coal expioration in
the area northeast of the proposed coal pit have delineated part of the
buried bedrock valley. The approximate outline of this valley is shown in
Figure 3-4, However, it should be noted that the location of the northern
part of this valley has not been probed by drilling and hence its depth and




location have been estimated by extrapolating existing data in the south.

The channel 1is approximately 600 m wide and while the depth is variable the
estimated average depth below the water table (elevation 833 m) is 100 m
below the general bedrock surface. Bv assuming a hydraulic conductivity

of 1074 m/sec and using the Darcy equation the estimated ground water

flow along this valley is 5,000 m3/day. The discharge from the northern

end of the valley will probably seep through alluvium and then into Hat Creek.

B. Houth Creek Basin

The Houth Creek Basin is located in the northwest corner of the Hat Creek
Valley (see location Figure 3-4) and is of particular interest as much of
the valley could possibly be used as a storage area for waste rock. The
significant geological units and ground water fiow systems within the basin
are shown in Figure 4-6.

The limestone and intrusive bedrock formations are the only potential
agquifer systems in the basin. Ground water recharge will take place in the
upland areas along the northern and western margins of the hasin. The

v floor of the flatter parts of the basin is covered with a thick (generally

over 100 m) veneer of relatively dense till. There are no existing data on
hydraulic conductivity and ground water levels for these tills. However,
some data will be obtained during the 1977-1978 geotachnical drilling

‘program. Preliminary data suggest that the tills will have a low hydraulic

conductivity and that the regional ground water table will be in the order
of 30 m below ground surface at the center of the basin.

Some of the ground water flowing south through the limestone bedrock
appears to discharge as a series of springs and seeps in the valley floor
along the base of the bedrock slopes. For example the small lake (Houth
Lake) in the northeastern corner of the basin appears to be spring fed.
These seeps, dlong with aother ground water discharges, contribute to the
base flow in the rorth branch of Houth Creek. The south branch of this
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creek drains the areas underlain by bedrock with a low hydraulic
conductivity. Consequently, as the ground water discharge from the bedrock
is negligible this branch of the creek would normally dry up soon after the
spring run-off.

The flow in Houth Creek as recorded at its mouth, is given in Fiqure 4-7.
As can be seen, there was very little run-off resulting from summer rain
énd hence, most of the discharge recorded during the monitoring period was
¢round water discharge.

Estimates for the total ground water budget have been made. Seepage flows
can be estimated by using the Darcy equation (see Appendix Al.0} and in
crder to apply the equation the following assumptions were made:-
- The bedrock was assumed to be isotropic and relatively
homogeneous.
- The average hydraulic conductivity for both Timestone and

intrusive bedrock was 10~7 m/sec.

“he calculated ground water flows shown in Figure 4-6 are as follows:-

inflow:
from north 72 m3/d
from west 360 m3/qg
TOTAL 432 m3/4
Qutflow toward the east:
in limestone 168 m3/d
in til 2 m3/d
in claystone-conglomerate 1 m3/d

TOTAL 171 mdyqg

The difference batween thesa two totals is the estimated ground water
lischarge to the ground surface within the Houth Creek Basin, i.e.:-
432 - 171 = 261 m3/d

$- U
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By inspection of the flow record given in Figure 4-7 the average annual
ground water component of flow in Houth Creek is estimated to be about
220 m3/d, the ground water lost as evapotranspiration in the wet areas
especially along the toe of the hillside slopes would account for the
remaining discharge, i.e.:

261 - 220 = 41 m /d
This represents an annual evapotranspiration loss of about 30 mm over the
estimated ground water discharge area {about 0.5 kmz). The above calcula-
tions are necessafﬁly approximate, However, they are provided to illustrate
the order of magnitude of c¢round water flows and discharge in this creek basin.

C. Marble Canyon

The Marble Canyon area is immediately north of the Houth Creek 3asin and is
of special interest because of the presence of a major aquifer in the
canyon and its close proximity to the proposed development areas (see
Figure 3-4). The canyon is long and narrow and extends from Pavilion Lake
to a junction with the northern end of the Upper Hat Creek Vallay. Massive
limestone bedrock is exposed along both sides of the canyon (see Figure
4-2) and geologi¢ evidence suggests that the canyon was formed by the
scouring action of glacial ice on the fractured limestone bedrock, possibly
along a fault line. The bottom of the canyon has been partly filled with a
glacial and glacio-fluvial sediment to an estimated average depth of 50 m.

Borehole RH-77-46 was drilled in the valley bottom at the eastern end of
the canyon {see location Figure 3-4) and a good sand and gravel aquifer was
encountered at a depth of 9 m. Water yields of up to 2.8 1/s5 (243

m3/d) were recorded during the drilling and a potential yield of 650

m3/d has been estimated for a properly screened production well at this
location. The aquifer encountered is about 20 m thick and is believed to
be a similar thickness at the limestone quarry well, which also yields
water from a similar glacio-fluvial aguifer.
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lased on geologic evidence there appears to be an aquifer or series of
interconnected aquifers extending to Pavilion Lake an” beyond its
northwestern shores. However, based on topographic and isotope evidence
there appears to be a ground water divide east of Turquoise Lake (see
Figure 3-4). Thus, the water seeping from this lake would flow northwest
toward Crown and Pavilion Lakes. This isotope evidence will be presented
in Section 4,1 (a) {ifi) B.

There are no well developed channels for collecting surface water run-off
from the canyon and hence, a1l precipitation must either become ground
water recharge or be lost as evapotranspiration. The ground water flow
systems in the canyon are illustrated in Figure 4-8. This shows that the
Jround water flows from recharge areas at higher elevations, laterally
through limestone bedrock and discharges into the surficial sediment
iquifer in the canyon bottom. [n addition this ground water is
supplemented by surface run-off which infiltrates into the talus deposits
and eventually into the surficial aquifer. The ground water in this
surficial aquifer will then flow in a southeasterly direction from the
jround water divide toward Hat Creek. An estimated ground water flow
budget is as follows:-

Inflows:
Deep seepage in limestone 490 m3/d
Canyon bottom infiltration 1564 m3/d
TOTAL , 2054 m3/d

HJutflows: :
Down valley seepage in surficial sediments 2053 m3/d
Down valley seepage in limestone bedrock 1 m/d
TOTAL 2054 m3/d
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CGROUND WATER FLOW SYSTEMS
N MARBLE CANYON

Figure 4-8
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D. Medicine Creek Basin

The Medicine Creek Basin is situated on the eastern side of the Hat Creek
Valley and the creek flows into Hat Creek just south of the proposed coal
piz. The basin is relatively flat over much of the higher elevations and
the creek valley is deeply incised (see Figure 4-9)., Because of its close
proximity to the proposed development areas it is an attractive area for
storage of waste rock and coal ash and hence warrants a detailed
hydrogeological investigation.

IMost of the bedrock in this basin is covered with a low permeability till
blanket. The thickness of this til] is variable, but generally less than a
few meters in the upland areas and ranging up to 60 m in the Medicine Creek
Va'laey floor, A11uyium is almost absent in the creek bed,

The bedrock is comprised of limestone (Marble Canyon Formation}, altered
sedimentary rocks (noteably greenstone), volcanic rocks and low
permeability sedimentary rocks {Coldwater Formation}. All units with the
exception of some of the volcanic rocks would have hydraulic conductivities
less than 109 m/sec and hence, the rate of ground water flow through
these rocks would be very slow. The Medicine Creek Valley follows a
genlogical fault. However, based on data collected to date, the hydraulic
conductivity along this fault is only marginally higher than the unfaulted
bedrock. Piezometric information recorded in piezometers installed in
boreholes RH-77-48 and RH-77-49 (see Appendix A4.Q) indicates that Medicine
Creek is perched above the ground water table. Generally this water table
is located just above the bedrock surface as illustrated in Figure 4-10.

The ground water recharge will occur mostly in the upland areas and the
movement would generally be toward the valley bottom. Preliminary seepage
calculations show that most (say 90 percent) of the ground water would
flow through the till or glacial drift overlying the bedrock and the
remaining 10 per cent would flow through the bedrock. The total seepage
flow is estimated to be 35 m3/d per km atong the length of the creek,
Based on these data, the estimated down valley ground water flow at the
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Medicine'Creek mouth is in the order of 350 m3/d. Most of this flow is
in the tilt and less than 1 per cent of the flow is estimated to flow in
the bedrock along the fault line.

(iii) Hydrogeochemical Patterns
A. Dissolved Inorganic Chemistry
Introduction

Selected water analyses for inorganic chemical content of both surface and
graund waters have been used to construct a Piper diagram (Piper 19444).

This diagram is a convenient method for representing a particular type of
water based on the relative proportions (expressed as a percentage of the
total equivalent weight) of the major dissolved ions in the water (see

Fijure 4-11), Studies by others have shown that with few exceptions ground
waters in the recharge zones are typically a calcium-magnesium bicarbonate
tyse water (Schoeller, 19595). As the ground water progresses through the
flow system the increase of calcium and magnesium fons is controlled by
equilibrium relationships with minerals present in the rock, such as calcite,
dolomife and gypsum., Sodium ion is not subject to these controls and hence
thez proportions of this ifon will increase relative to calcium and magnesium,
and a sodium type water would result. This effect is further accelerated
where fon exchange (calcium-magnesium for sodium) can take place.

Area West of Proposed Coal Pit

Most of the ground water flowing in the Coldwater Formation Rocks is
characterized geochemically as sodium-bicarbonate type waters {see sample
Nos. 9, 20, 21, 27, 28 and 2¢ plotted in the Piper diagram Figure 4-11}.

Mo data is available on the nature of ground waters flowing in the intrusive

grandodiorite and volcanic bedrock materials. However, a ground water
with a lower percentage of dissolved sodium would be expected based
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on data obtained from other areas (i.e. similar to the cation proportions
shown by Finney and Aleece Lakes, samples 17 and 19). Thus, for ground
water flowing eastwards from intrusive or volcanic rocks into Coldwater
sediments the anion proportions would be expected to remain constant (i.e.
mostly bicarbonate ion) and the calcium and magnesium portion would
decrease in favour of sodium jon. The basis of this prediction is related
to the general hydrogeochemical trends described above and to data on the
c¢liay mineralogy of the Coldwater claystone sediments (Golder Associates
1977 ).  The dominant cation in the montmorillonite clay was found to

be sodium and hence ion exchange of calcium-magnesium ions in water for
sodium jons in the sediments can be expected.

\

Medicine Creek Basin

Borehole RH-77-48 encountered ground water that flows through clastic
sedimentary rocks (Coldwater Formation shale and sandstone) while borehole
RH-77-49 encountered ground water in the greenstone bedrock. The
geochemical characteristics of these two ground waters are basically very
di“ferent {see Figure 4-11, samples 27 and 30 respectively}. The shale-
sandstone ground water is a sodium bicarbonate water and the greenstone
grdund water is a calcium-magnesium bicarbonate water, This distinct
di“ference in the type of ground water in these two zones is consistent
with the slow moving hydrogeologic flow patterns cutlined in the last
section. [f the ground water flows were rapid and entirely in the bedrock
in the down valley direction, then geochemical theory would predict that
the ground water in the greenstone bedrock would also have a very high
sodium content with respect to the other two cations.

B. Isotopes
Introduction

Plots of deuterium and oxygen-18 isotope content are presented in Figure
4-12. This shows that most ground water and river water samples analyzed
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fall along the line typical of meteoric waters (see explanation of theory
in Appendix A5.1). The deuterium values for these waters range between
-150 and -140 per mil (°/00) and oxygen-18 values between -18.8 and -17.3
ser mil. Most of the lakes and small streams have waters that have been
subjected to a high degree of evaporation, falling beneath the meteoric
line (see explanation in Appendix AS.1}.

Tritium samples collected from a number of wells are summarized in Table
4-1 and show relatively low tritium values. As explained in Appendix A5.1
values of less than about 30 tritium units suggest that more than 16 years
have passed since the water.entered the ground water flow system.

Finney - Aleece Lake Area

Both Finney and Aleece Lakes have artificially raised ocutlets and at the
time of sampling no water was flowing over the outlet structures. The
oxygen -18 content of inficwing seepage water to Aleece Lake (possibly via
Finney Lake) was -14.3 in November 1976 while the Aleece Lake water was
-3.8. This shows that the lake is highly evaporitic and hence much of the
water appears to have evapcrated from the lake surface and only a smail
proportion of the water will leave the lake as ground water seepage.

Houth Meadows Area

Isotope data indicate that the seepage into Houth Lake is subjected to some
moderate evaporation before it leaves the lake and that the discharge (in
April 1977) from this lake was small in comparison to the flow in the north

branch of Houth Lake.

Marble (Canyon Area

A progressive change in isotope composition of surface waters can be
observed in the Pavilion Lake area. This change follaows along the
evaporation line shown in Figure 4-12 and can be seen as follows:-
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TABLE b-i

SUMMARY OF CHEMICAL AND VSOTOPI ANALYSIS OF LOCAL WATERS USED FOR JIYDROGECLOGIC STUBY

Sampia Sampla Jace Sample $Tta

No .,
76-1 EEL) Alegco Creek
76-2 9/11/76 Spring
763 /11478 Aloace Lake
76-4 311276 watl AHIE-19
785 9/11.76 Hat Ceeak
766  14s10;76 Wet) AMZ6-19
7= 1/ W] Seup on road
-8 W L1 Clnqefail Lake
-9 29/ 77 Jecp Woll
7+ 294 W17 Qitch watar
-1 297 W7 Chilhit Lake
77-12 29/ W77 Founcain
Creak
T3 297 %77 Keatley Creuk
17+ 219/ 477 Pavilion
Lake
77-15 1/ ., 17 Crown Lake
1216 Y W17 T Turquoise
Lake
78] 29 WM? Crown Craak
77-48 13/ W77 Crowt (reek
i7-19 10/ W77 3¢ m Qawp wWall
71-1 30/ W77 Houth Lake
-2 10/ & 77 Houcth Cresk
7722 30/ W77 Hat Creek
77-13 18/ W77 Houth Creek
7= 30F W17 Aleace Laxe
77-25 30f WY Anderson (raek
17-26 30/ W77 Finney Laka
Tr-21 304 W7 Alkaling
slough
7= 7 7T Medicine Crask
71-13 8/ 517 Spring
T30 187 5477 O=8
7= 54 877 AH=77-45 N1
77-32 18/ &7 AH=T7-45 ¥2
17-33 18/ 77 WM=77-45 13
1734 28/ W77 AH 7T7-48 1
1-35 15/ 477 RH 77-48 42
17-36 1S/ K77 A 77-MA
77-37 %/ 7T RH 77-49 11
NOTES: )

2}

3)
b}

HAT CREEX COAL PROJECT
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- Melting snow in Crown Creek (Samplie 18)
- Turgquoise Lake (Sample 16)
- Crown Lake (Sample 15)
- Pavilion Lake {Sample 14)

Thus, based on isotopic data the seepage flow from Crown Lake would appear
to be toward Pavilion Lake. The isotopic compesition of ground water
samples from borehole RH-77-45 are all, with the exception of one sample
(Mo. 32), very close to normal meteoric water and do not show any sign of
s'gnificant evaporation. The low fritium levels suggest that the rate of
ground water movement is low, suggesting a relatively low rock permea-

b 1ity.

Medicine Lreek Area

Both Medicine Creek water (Sample 28) and ground water samples from
boreholes RH-77-48 and RH-77-49 1ie on the meteori¢ line. However, the
Medicine Creek water was jsotopically heavier than the ground waters. This
suggests that at the time of sampiing (April 1977) the ground water
component in the run-off in Medicine Creek was small relative to direct
run-off. These conclusions are consistent with other data on the local
fow systems in that the bedrock ground water dces not contribute
significantly to the creek flow in this basin.

(iv).Nater Tables - Seasonal Yariations

Water level data for specific geologic units have been recorded in
piezometers in the Hat Creek Valley and have been converted to piezometric
head elevations. These piezometric heads represent the total hydraulic
head {pressure head plus position head) at a specific point in an aquifer
{i.e. at the piezometer tip). The term "piezometric head" is used here as
a more general term which can apply to all points within a geclogic unit,
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while the term “water table" applies only to those points where the
pressura head is atmospheric.

Monthly piezometric head data have been recorded since November 1976.

Plots of piezometric head versus time for selected piezometers are shown in
Figures 4-13 to 4-15 and Table 4-2 lists the relevant installation data for
each of the selected piezometers. These piezometers are located mostly in
the vigcinity of the proposed pit area (see locations in Figure 3-4) and
some are in the Medicine Creek Valley.

The general trend in all of the plotted data shows a decline of piezometric
heads since November 1976. At this stage it is difficult to predict future
trends, as not all of the piezometers have become fully stabilized and the
period of monitoring is limited. However, based on present data, maximum
annual fluctuations of piezometric heads in recharge zones are estimated to
be between 3 and 10 m., Maximum annual fluctuations in the discharge area
near Hat Creek should be quite small (1 or 2 m} since in this area
piezometric heads are largelv controlled by the creek level. A similar
fluctuation is expected for piezometric Jevels in the Medicine Creek
Yelley.
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Figure 4-14
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Figure 4-15

HYDRCGRAPHS OF SELECTED PIEZOMETERS [N MEDICINE CREEK AREA
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beak
Tabla 4=2
Summary Datz on Geotechnical and Coal Exploraticm
- Holes Quoted in this Study
Piezometer(z) Coqrdina:es(&) Installation Piezometer(l) Piezometar Material Discharge
Number Date Elevation Depth Below Screened or
(m) Surface Recharge
(m) __Zone
76=138-1 El9461 7/7/76 663.4 251.6 Siletstonte, Discharge
N8(O977 Sandstone
76=138~2 E19471 7/7/76 854.6 60.4 Coal Discharge
N80977 .
7h=144=1 E20505 20/7/76 626.6 329.1 Ceal Discharge
N76991
76-160-1 E21022 10/8/76 763.4 162.3 Siltstone Discharge
N81999
76=180-2 E21022 10/8/76 864.7 6l.0 Sand, Discharge
N81999 Gravel
76=803~1 £203%0 23/6/76 798.2 168.4 Clayey Discharge
N75190 Siltstone
76=816=1 E24624 26/7/76 724.7 266.3  Basalt Recharge
N78956
76~-816-2 E24624 28/7/76 891.2 99.7 Sand, Recharge
N78956 Gravel,
Till
BATE-7 E19,050 1676 open hole 23 m(3) Coal Intermediate
N800Q0
76=824~1 E38493 25/9/76 1123.6 51.5 Greenstone Discharge
N76601
76-827-1 E37163 10/10/738 1387.1 16.8 Phyllite Recharge
N82798
RH~-76=19 E19959 1/9/76  screened well 44.2- Clayey Incermediate
N76477 118.3(5) siltstome
Notes: 1) ALl piezometers are standpipe piezometers.
2) See locatioms, Figure 3-4
3) Depth to bottom of open hole.
4) Coordinates given in feet.
5} Scraened interval.




(b} Surface HWater
{i) Regional Descriptive Hydrology

A. Thompson River

The Thompson River basin, with its drainage area of approximately 55,000 kmz,
drains a large portion of south-central British Columbfa. Upstream of their
confluence at Kamloops, both the {lorth and South Thompson basins are mountain-
ous and extensively forest covered. From the outlet of Kamloogs Lake to its
confluence with the {iicola River, the Thompsgn drains 7,874 km of semi-arid
interior plateau, and of this area, 5,000 km comprise the Bonaparte River
basin6 which includes the 660 km2 Hat Creek basin.

The flow regime of the Thompson River is dominated by snowmelt runoff in its
head watar area, the Columbia Mountains, with the contribution from the interior
plateau »eing almost negiigible. At the outletch Kamloops Lake the Thompson
River runoff gmog?ts to 564 mm from a 39,109 km drainage area, based on a mean
flow of 397 m -s while the runoff observed in the Bonaparte River near Cache
Creeka(dr?inage area 4,092 km2)§mounts to only 39 mm based on a mean flow of
5.1m.s . Several stream gauging sites have been in operation along “he Thomp-
son River reach from Kamloops Lake to the Fraser River confluence, but by far
the most extensive records are available at Spences Bridge, downstream of the
confluence with the i{licola River, where the drainage area is 54,550 kmz. At

the propoged cooling water intake site, the drainage area is approximately
13,009 kTI smaller gut-}he high and Tow flows should not differ by more than

500 m-.s and 20 m s  raspectively, which amounts to less than 20 percent.
Figure 4-16 shows maximum and minimum flow frequency curves for the Thompson
River near Spences Bridge. Both curves have unusually flat slopes, indicating
that the year-to~year variation in both freshet peak flow and minimum flow is
relatively small. '

o
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B. Hat Creek and Bonaparte River

The Bonaparte River drainage basin, including Hat Creek, lies in the western part
of the Interior Plateau of British Columbia.’ The northern portion of the basin
lies on the Fraser Plateau, while the southern portion falls into the Thompson
Plateau. The Hat Creek drainége basin also straddles the line separating these
two majer subdivisions of the Interior Plateau. The Clear Range, west of Hat
Creek, is considered part of the Fraser Plateau, while the broad valley above

the mine site and the Cornwall Hills are part of the Thompson Plateau. The Clear
Range is separated from the Coast Mountains by the deeply incised valley of the
Fraser fiiver, following the structural line of the Fraser River Fault.’

The climate of the Interior Plateau is continental, mildly so in the western
part, which in¢ludes the Hat Creek region, and of medium intensity further east.

Kendrew et al.8 describes this climate as follows:

Winters are cold and the land s under snow (usually of no great
depth in the valleys) during most of December and January.
Temperature rises fast in March and spring ig a pleasantly dry and
bracing season, swmmer is warm with many hot days but cool and
oceastonally cold nights. Precipitation i8 light and well distri-
buted over the year; it i notably light tn the 'dry belt' around
Asheroft. Summer and winter get most, spring 18 definitely dry
and in the west autwm 13 almost as dry. OF the months June is
noticeably more cloudy and raimy than its neighbours, September
(in some valleys October) notably dry. Most of the precipitation
18 snow in December, Jonmuwary, February. In swnmer heavy showers,
many of them in thunderstorms, provide much of the rain, but the
showers are soon over and summer 13 a season of bright skies, by
far the least cloudy season in contrast tc the rather bleak cleudy
winters. The wuplands are cool in swmmer, cold in winter, and have
more precipitation than in the valleys, but west of the Selkirks
even the uplands do not ge* excessive amounts (eg. 0ld Glory 24
inches) and their skies are not more cloudy than in the valleys.

The detitils of the precipitation ragime in the Hat Creek region are discussed in
Section 4.1(b)(ii}A.
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The hydrilogic regime of streams originating on the Interior Plateau is
relatively uniform, being characterized by a prominent spring freshet due to
snowmelt at the higher elevations, where considerable snow packs can accumulate.
It generilly peaks in May or early June. Following spring freshet, stream

flow tends to fall off rapidiy to low summer flow. Particularly in the
southern parts of the plateau, where irrigation is widespread, summer s also
the time of highest consumptive use, contributing further to reducsd summer
stream flows. During September and October there may be slight increases in
runoff, due in part to lower evapotranspiration rates and in part to reduced
demand. Runoff drops again to low values in mid-winter. Snowmelt at the Tower
elevations begins early, leading to gradually increasing runoff during iHarch
and April.

The highast flood flows can be due to ejther snowmelt or rainfall or a
combination of both, with snownelt being the most frequent cause by far,
particularly in the larger basins. Rain peaks due to high-intensity convective
showers in midsummer are common, particularly in the smaller streams, but the
intensity of such floods is rarely comparable with the larger snowmelt floods.
Rain floods caused by frontal rain have occurred in some basins but are also not
particularly large. '

The Towest flows occur either during dry spells in late summer or in mid-winter
during cold spells. On many streams it can be either one of these times,
dependiny on weather conditions,

In order to check how the runoff patterns of the Bonaparte River and llat Creek
compare with the general region, a regional analysis based on annual mezn daily
peak flows was computed. The stream flow records generally contain three types
of annual peak flows:

(1) Instantaneous peaks which are only available for gauging sites equipped
with a continuous recorder.
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(i1) Mean daily peaks Biged on averaging the continuous record for successive
days.

(ii1) Daily peaks based on once-a~day manual cbservations.

The data publications of the Water Survey of Canada do not distinguish between
items (i) and (111), although they can differ by as much as 100% in small basins.
The ins:antaneous peaks are of most practical value but, because most of the oider
stream flow records are based on once-a~day manual gauge readings, there are not
enough instantaneous peak data available to justify a regional analysis.

Neil gg_gl? have investigated the ratio of instantaneous to mean daily peaks

for rivers in Alberta and found it to be exceedingly variable, ranging from 1.00
to 2.76, and decreasing irregularly with drainage basin size.. For the case of the
gauging site "Hat Creek near Upper Hat Creek" located at the mine site (drainage
area 350 ka) the ratio should fall into the range of 1.2 to 1.5, while for the
Bonaparte River, with its extensive lake storage, the ratio should be well below
1.1

The indax to the records of the Water Survey of Canada10 was searched for stream-
flow reczords for basins within the Southern Interior Plateau region. Two years
of records for active stations or five years for 1néct1ve stations were specified
as the minimum for inclusion in the analysis. Then somewhat subjective criteria
were adipted for the following reasons: (i) hydrometric measurementS are rarely
discontinued after only 2 to 3 years, uniess the site proves to be highly unsuit-
able, and (ii) it seems quite likely that a similar analysis will be recomputed
in a fews years to up-date the results, at which time active and inactive stations
will have comparable minimum record lengths. Basins with significant Take areas,
diversions or regulation were omitted from the analysis. Initially, 99 basins were
selected, of which 85 were eventually retained.

Figure 4-17 shows the gauging sites included in the final analysis and Table B1-1,
Appendix B lists these 385 sites.
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For eact basin the following parameters were evaluated:

l!

The geometric mean, u, of the ubserved sequence of mean daily annual peak
flows, Xi, as listed by Hater Survey of Canada.11
L ; log X,
n . 1
W= 10 1..=-1.
"log" referring to logarithms to the base 10.

The geometric standard deviaticn of the same sequence.

n b3
T {(log X; -log u)?
1]

I

|

n-
g = 10

Drainage area.

Slop2 of the main-stem stream channel between two points, 10 percent and 85
percant of the Tength from the source to the gauge respectively.

Mean basin elevations, obtained as the mean of 10 to 50 grid point elevations,
Standard deviation of the same grid point elevations.

Mean annual precipitation at the centre of the basin as shown on British
Cotumbia Land Inventory Mean Annual Precipitation Map (Map Ho. 17).

Percant of basin area consisting of lakes as indicated by HTS maps.'

Percent of basin covered by forest, as indicated by the green shading on
TS maps.

Initially the extreme maximum daily flows observed were plotted against drainage
area as shown in Figure 4-18. A1l points relating to Hat Creek or to the
Bonaparte River fall far below the envelope curve.
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Linear multiple regressions were then computed on the log~transformed data using
the TRIP-program package available aon the UBC computer._lz The regression was
weighted hy the number of years of data available at each station, Two regres-
sion equations were computed, one for u, the geometric mean of the flows and one
for o, the geometric standard deviation. The program searches through the seven
independent variables and finds those which contribute signif1cantly* to explain-
ing the observed variation in the dependent variables, u or ¢, '

Four independent variables appear to contribute significantly to explaining the
mean size of floods on the southern jart of the Interior Plateau, In decreasing
order of importance they are:

1. drainage area, AD’ in kmz;

2. mean elevation, E, in m;

3, mean précipitat1on at the centre of the basin, P, in mm; and
4, percent forest cover, F.

The regression equation is:

log u = -.7.008 + 1.008 log Ay + 2.893 Tog E + 1.376 log P
+ 1,480 TOG F vvviveennnnnn. (3)
It explains 87.2 percent of the variance in the data.

Figure 4-.9 is a plot of the observed vs. predicted values of u for the 85 basins
included ‘'n the regression. The two dashed 1ines indicate the range within which
the predicted values differ from the observed values by a factor of less than two.
Many points fall outside that range, indicating that considerable caution is
required if such regression results are to be used for design purposes. For the
purpesae of this study, however, Figure 4-19 is very illustrative. A1l the points

*At an F - probability level of less than 20 percent
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relating to Hat Creek or to the Benaparte River 1ie far above the 1tne of perfect
agreement, which indicates that Hat Creek and the Bonaparte Riyer generate roughly
one third of the flood flows of comparable basins with the same tndependent
variables, AD, E, P and F, but located elsewhere on the Intertor Plateau. This

is undoubtedly related to the pronounced rain-shadow effect of the Coast Mountains,
immediately to the west of the Hat Creek drainage area, The Coast Mountatns are
almost 1,000 m higher than the hills surrounding Hat Creek and the change in
general tarrain level is particularly abrupt irmediataly west of Hat Creek., The
parametar P fafls to take full account of this fact because it is based on biased
data obtained mostly at low elevations. In the case of the Banaparte River, the
discrepancy is partly attributable to extensive lake storage, which reduces peak
flows.

[f Equation 3 is to be used for design estimates in the Hat Creek area, the
regression constant should be adjusted to -17. 485 (from -17.008) to correct for
the discrepancy between the overall regression and the Hat Creek region. HWith .
this adjustment, the equation can 2e expected to give reasonabie flood estimates
for drainage basins greater than 20 to 50 km in the general Hat Creek region.

The regression on the geometric standard deviation was performed in a similar
manner. The data were first log-transformed. Hote that the dependent vartable,
log o, *s simply the standard deviation of the logarithms of the individual

annual peak flows, X;. Exactly the same four independent variables appearing

j
in the regression on Tog ¢ (Equation 3) reappear again in the regression on log

g. The equation is:

log o = 2.0265 - 0.0515 log A, - 0.2436 log E -
- 0,1902 Tog P ~ 0.2089 109 F vevvvivevnnnn (4)

It explains 43 percent of the varijznce of the set of 35 standard deviations
available for analysis. Observed and predicted values are compared in Figure

- 4 - 26



beak

4-19 indicating a rather poor fit, This is nat surprising since the standard
deviation of flood series is generally more vartable and more difficult to
define than the mean value,

The points representing Hat Creek fall close to the Tine of perfect agreement,
indicating that the observed year-to-year variability of floods in the Hat
Creek region is reasonably typical for the southern Interior Plateau of B.C.
The Bonaparte River is Tess typical, probably due to its larger basin with
sjgnificant lake storage,

Similar regression equations could be compuyted for other parameters of the

annual hydrography, such as the annual low flow, mean annual flow or mean flows
for particular seasons. While the computation of further regressions was beyond
the scope of this study, a rough comparison of mean annual runoff in Hat Creek
with mean annual runoff elsewhere in the southern Interior Plateau appears in
Figure 4-20. It confirms the earlier statement that the drainage basin of Hat
Creek and the major western portion of the Bonaparte River basins are particularly
dry parts of the Interior Plateau.

(i) Hat Creek Valley Hydrology

A. Precipitation ard Snowmelt

The precipitation records for the ciimatological station "Hat Creek", located
within the proposed pit perimeter o¢n the valley floor at an elevation of 399 m,
are summarized in Table 4-3. Temperature (daily maximum and minimum) and
preéipitation (daily) have been observed since November 1961. Precipitation fs
observec¢ twice daily, in the morning and evening, but only a total daily value
is pubiished for each day. The original, half-day observations are available,
but not in published form., Peak moenthly precipitation occurs in January, with a

i
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measurable precipitation

[ [ ] [ i ] i i | ] ] ] 8 1 s
TABLE 4.3
SUMMARY OF PRECIPITATION RECORDS FOR HAT CREEK
(based on Canadian Normals, 1941-1971)
Record Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Mean rainfall () 2.5 2.8 5.3 8.2 j17.8 | 35.1 ] 29.0 { 31.8 { 20.%V | 21.3 6.6 3.5 ] 183.9
Mean snowfall (cm) 36.9 | 15.7 | 10.2 8.1 3.8 0 0 0 ¢.5 3.8 | 23.1 | 31.0 | 133.1
Mean tota) pracipitation oy g 1 . - R T T Y
(m) v v 39.4 18.5 15.5 16.3 21.6 35,1 29.4 3.8 ZU.b Z5.1 9./ 34.5 37.u
Greatest rainfall in '
24 hrs. (mm) 10.2 5.1 3.0 8.1 |16.5 | 22,6} 38.9 }{ 30.0 | 26.7 | 17.5 5.3 7.6 38.9
Years 10 10 i0 10 10 10 10 10 9 10 1n 1
Greatest snowfall in
24 hrs. (cm) 42.4 8.4 9.1 111.9 9.4 e 0 0 T 8.6 119.1 | 221 42 .4
Years 10 10 10 10 10 10 10 10 10 10 11 1N
Greatest precipitation
in 24 hrs. {(mm 42.4 | 10.2 9.1 |15.7 |i6.56 1 22.6 | 38.9 | 30.0 } 26.7 | ¥7.5 ] 19.1 | 22.] 42.4
Years 10 10 10 10 10 10 10 10 9 10 11 1N
Nusber of days with 10 6 6 5 7 7 8 7 6 6 9 | n 88

from Atmospheric Environment Service, Canadian Hormals, 1973.




secondary peak in June, March and April are distinctly dry, with a secondary
dry period in September, In Figure 4-21, the seasonal distribution of mean
monthly precipitation observed at Hat Creek ts compared with the distribution
observed at five other sites in the general region, The Hat Creek data appear
to be typical.

The yezr-by-year variations in total precipitation, total rainfall and great-
est 24 hour rainfall are illustrated in Figures 4-22, 4-23 and 4-24, re-
spectively and are compared with data for other sites in the general region.
The frequency curves for Hat Creek are based on 14 years of data in the period
1961 to 1975 but other curves are based on different periods of record, The
number of years of record are shown in brackets for each curve. With 62 years
of data, Kamloops has by far the longest record. The lowest total annual
precip- tation observed in Hat Creek region was 71 mm at Ashcroft in 1938, Some
of the largest 24 hour rains are: 114 mm in 1917 at Lillocet, 77 m in 1963 at
Lytton, 57 mm in 1939 at Merritt. For Hat Creek, the highest value is 39 mm on
July 23, 1966.

Data on rainfall intensities of shorter duration than 24 hours are sparse. The
Rainfall Intensity-Duration-Frequency curves for Kamloops A and Kamloops-Meadow
Creek, developed by the Atmospheric Environment Servica, are the most relevant
data available for the present study. They are the nearest stations to Hat

Creek and also most compatible from a climatic point of view. The 24 hour .
values given for Kamloops A agree closely with the corresponding values indicated
by the frequency curve for the distribution of the greatest 24 hour rainfail at

Hat Creek- (Figure 4-24). This is somewhat inconsistent as the Intensity-Duration-
Frequency curves are for time periods that can start any time while the "greatest

24 hour~ rain" data are for climatic days, roughly 8 am to 8 am.. The former should
give significantly higher intensities.

Since Jrecipitation at Hat Creek is significantly greater than at Kamloops, the
Intensity-Duration-Frequency curves for Kamloops were adjusted upwards to set the
24 hour values in agreement with the 24 hour values observed at Hat Creek, neglect-
ing the differences in definition of the time period. The resulting three curves
are shown in Figure 4-25,
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FIGURE 4-21- SEASONAL DISTRIBUTION OF MEAN MONTHLY PRECIPITATION
IN THE HAT CREEX REG|ON
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Comparison between the curves for Kamloops A, situated at elevation 351 m, and
Kami»yops Meadow Creek, at elevation 1,188 m, suggests that there is only littie
variation in rainfall intensity with elevation. The curves given in Figure 4-25
should therefore be adequate for both the mine and plant sites.

Total precipitation depends strongly on elevation but in order to evaluate that
dependence for a particular region, one would require information from close-by
climatic stations covering a wide elevation range. This information is not
available for Hat Creek. The best available data are piotted on Figure 4-26,
together with a proposed curve for Hat Creek. The curve is not meant to fit all
the plotted points; it is an attempt to fit those data points judged to be most
relevant to Hat Creek. The data points for Lillooet and Kwotlenemc Lake show
how rapidly precipitation increases westwards, while the data points for Mamit
Lake and Kamloops indicate a more gradual increase eastward.

The curve of Figure 4-26, relating mean annual precipitation to elevation, can be
combined with the area-elevation curves fdr Hat Creek and Medicine (reek {Figure
4-27),to compute a total mean precipitation input into these basins by adding up
the input to successive elevation bands. For Hat Creek, the total amounts to

394 mm, evenly distributed over the basin area, which can be compared to the 317
mm m2an annual precipitation observed at the Hat Creek climatological station.
The figure for Medicine Creek is 390 mm.

The streamflow regime of Hat Creek is dominated by the annual accumulation and
melt of a snow pack. Detailed records of this process are not available for the
Hat Creek drainage but Figure 4-28 shows four years of the records for the
Mission Ridge snow pillow. It is located 45 km west of Hat Creek, in the Bridge
River drainage, at an elevation of 1,850 m, where it receives more snow than
would sites at the same elevation in the Hat Creek Valley. The data are included
here as a rough indication of the timing and rate at which the snow pack in Hat
Creek can be expected to accumulate and melt. Except for the greater precipita-
tion at the Mission Ridge site, other relevant climatic factors {e.g. temperature,
humi 3ity, hours of sunshine) are closely comparable.
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Snow accumulation is even more dependent on elevation than {is mean annual pre-
cipitation. This variation can be investigated either on the basis of mean
“annual snowfall, as recorded by the climatological stations of AES, or on the
basis of mean maximum snow water content accumulated in the snow pack, as
recorded by the snow surveys of the Water Investigations Branch. The two are
not truly equivalent for several reasons:

(1} The Atmospheric Environment Service uses a standard factor of 0.1 to
convert the depth of newly fallen snow to its water equivalent although it
is well known that the factor can vary over a wide range.

{ii) Snowmelt can take place before the maximum snow pack is accumulated.
(i11) Rains falling onto a deep, cold snow pack can become incorporated in 1t.

In Figure 4-29 these factors are negiected and data of both types are plotted
against elevation. There appears to be no obvigus discrepancy between the two
types of data, although this naturally does not establish that they are really
equivalent. As done earlier in the case of precipitation (Figure 4-26) a
proposed curve for Hat Creek is drawn by eye, fitting the most relevant data
points as best as possible. It indicates the variation with elevation of both
mean annual snowfall and mean annual snow pack accumulation.

_ As in the case of annual preciqitat‘ion, an average snow pack can be computed for
Hat Creek on the basis of Figures 4-27, and 4;293by adding up the accunylation in
each elevation band. It amounts to 6.09 ¢+ 10 +.m of snow-water equivalent, or
176 mm over the total basin area. Comparing it with the earlier mean annual
precipitation input to the basin of 394 mm, indicates that, on average, 45 per-
cent of the total precipitation input into the basin is incorporated in the snow
pack be“ore becoming runoff,
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The year to year variation in snow accumulation is {llustrated by the frequency
curves of Figure 4-30, In each case the 1977 snow pack is illustrated with a
separate point. A tendency for sites with a small snow pack to also have the
most variable pack is apparent but not well defined. Spring 1977 is truly
outstanding for its lack of snow.

B. Flow Regime

As discussed in Section 3.1{a)(i{) significant records existzfor three gauging
sites along Hat Creek. The uppermost gauging station (73 km ), "Hat Creek near
Ashcrofg“, was operated seasonally from 1911 to 1922 only. The middle station
(350 km |, "Hat Creek near Upper Hat Creek", has almost continuous rgcords since
1961, and the lowermost station near the mouth of Hat Creek, (658 km ) "Hat Creek
near Cache Créek". has records from 1911 to 1913 and again from 1960 to 1973,
This last station has recently (May 1977) been re-established. Table 3-3 gives

a summary of operating periods and type of records. Figure 3-2 is a plot of

Hat Creek drainage area versus length from source. The three important stream
gauging sites are shown on this figure.

Almost all streamfiow records for Hat Creek are based on once-a-day manual gauge
observations. As pointed out earlier, it is therefore quite probable that some
flood peaks may have been considerably larger than indicated by the daily data.

In Figure 4-31, which were originally prepared by B.C. Hydro's Hydroelectric

Design Division for Beak Consultants Limited, the records for Hat Creek and for

the Bonaparte River immediately upstream of Hat Creek are summarized as 5-Day
Probability Curves. For each site the daily flow records for successive 5 day

periods are combined into groups. The distribution of flows in each group is

then analyzed to obtain the following parameters: maximum, 10 percent exceeded vaiue,
median, 90 percent value and minimum. These parameters are plotted at the

middie of the 5 day period. The curves provide an excellent summary of the range

and seasonal distribution of flows observed in the past. Late August and early
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September show up clearly as critical low flow periods, Rain~caused peaks can
occur in summer but do not reach the magnitude of spring freshet flows, The
possibility of significant early snowmelt in March or April is indicated but
does not appear to be common. The Bonaparte Rtver appears to have a much more
requlated Tlow behaviour. This is partly due to significant lake storage but
also due to its very large drainage basin,

The standard flow-duration curves for the same four sites are shown on Figure
4-32, and the corresponding flood-frequency curves are shown on Figure 4-33,
Also shown on Figure 4-33 are the predicted flood frequency curves based on

the regional analysis regression equation for ﬁ. the mean daily peak flow, and -
adjusted to the Hat Creek region, as discussed in Section 4.1 (b) (i)8. In
Figure 4-34, the adjusted regional analysis has been used to obtain flood
_frequency curves for Harry, Medicine, Ambusten, Anﬁerson, Finney and Houth
Creeks. An existing diversion frog Medicine Creek to Maclaren and Cornwall
Creeks affects the topmost 15.3 km of Medicine Creek drainage. Its cagaci?y
is unknown, but based on field inspection it appears to be around 0.5 m s
In Figure 4-34 the diversion is ignored as there is no assurance that it will,
in fact, be in operation at any given time. The basin parameters used as in-
dependent variables in the regression equations are listed in Tabie 4-4, tlhere
available, peak flows observed by BEAI in the course of the freshet survey of
spring 1977 are also plotted and show that this was an unusually dry spring.

The year tt year variability of total runoff from Hat Creek can only be analyzed
for stream gauging sites with year-round operation. This eliminates the upper-
most Hat Creek station and part of the record for the other two stations. Figure
4-35 shows the year to year distribution of runoff from Hat Creek. Mean annual
runoff, for the station "Hat Crgek near Upper Hat Creek" based on 14 years of data,
including 1976,315 21.0 x 10 m . The gotal Ticenced use upstream of the jauge

is 9.79 x 10 m , of which 5.49 x 10 m is 11cenced6fo§ use in the Hat Craek
drainage basin. The remainder consists of 2.06 x 10 m licenced for diversions
to Oregon Jack Creek, a d1vers1on that has not been used for years (Figure B2-3
Appendix B) and 2,24 x 10 m licenced for diversion to MacLaren and Cornwall Creek,
which appears to be in full use. lhile these numbers indicate a consideranie
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TABLE 4-4: Basin Parameters for Flood Frequency Curves
Drainage Area Clevation Precipitation torest Cover
lHame (km ) (m) (mm) (%)

Hat Creek near
Ashcroft 72.52 1612 457.2 94.18
Hat Creek near
Cache Creek 658 1336 406.4 085.08
Hat Creek near
Upper Hat Creek 349.7 1443 457.2 80.28
Bonaparte River

“ near Cache Creek 4092 1266 457.2 92.48
Anderson Creek 39.03 1623 508.0 717.7
Ambusten Creek 30.32 1508 457.2 2.8
ltarry Creek 9.68 1177 406.4 74.6
Finney Creek 14.52 1367 406.4 84.8
Houth Creek 30,32 1389 457.2 97.8
Medicine Creek
including diversion 58.21 1432 457.2 96.4




| i i i ! i ] " & i ' i 3 & I n
) RETURN PERIOD IN YEARS
1005 1OV 102 108 1) 125 ' z [ o 20 8 100 200
j ] i i x t l A ) n ] 1 I
pRoDABLYTY
|'3°” 299 938 333 98 e 3% 90 80 7O .80 .50 A0 30 20 tc o8 .02 M 003 OOF 0Ol 000t
M .
.
7
.
B -
. P V.
4 p _ .
Xelx
3 X L7 L 2
HAT CREEK near xi X e ¥
~ CACHE CREEK e
" . (08LEOI5)
; N 4R
E »,ﬂ/k HAT CREEK near
UPPER HAT CREEK
w (OBLFO8I)
W o
© o» >
z o8 v
g or
, o
; o8 X HAT CREEK NEAR CACHE CREEK
: ® HAT CREEXK NEAR UPPER HAT CREEK
a
o3
ot
a‘:iu 200998 900 90 9 % v $0 70 60 50 40 M 20 1] s z 1 08 02 0l 0.0
PERCENT OGREATER THAN
FIGURE 4-35: DISTRIBUTION OF HAT CREEK RUN-OFF —— - Nee T7I0E
PROACH K4242 J4-35
Jows no | Rev. 221




surplus of water in most years, this {s somewhat misleading due to the fact that
the seasonal distribution of runoff and irrigation water demand are out of phase,
and there is 1ittle natural or artif{cal storage in the Hat Creek drainage area.

In Hat Creek, the Towest mean daily flows of the year can occur either in late
summer on in mid-winter. Both these low flow periods are of considerable, but
different biological and economic significance. They are therefore analyzed
separately here. The streamflow records for Hat Creek near Upper Hat Creek have
been broken into yearly periods running from June 1 to May 31 and low flow
frequencies curves for the late summer low, mid-winter Tow and combined low have
been prepared as shown on Figure 4-36. (The individual curves which include the
data points are contained in Appendix B, Figures B2-4, B2-5, and B2-6). The two
low flow periods are quite similar in magnitude of observed flow but the late
summer flows are considerably more variable. Summer 1977 appears to have been
the driest summer of record. '

On two occasions during Fall 1976 and again during a four week period {n May and
June 1877, streamflow measurements were carried out in all the major tributaries
to Hat Creek near the proposed mine site. Ilith 1976 having geegla year of
relatively Tow f1gwslin Hat Creek, (mean discharge of 0,39 m -5 , with long temm
mean being 0.69 m-s~ ), the fall discharge measurements give an indication of
normal minimum flows to be expected in these tributaries. Under very unusual
conditions, such as occurred in 1977, even lower Fiows are possible. The
measurements of fall 1976 are listed in Table 4-5.

The data collected during spring 1377 are shown in Figures B2-7, B2-8, and B2-9.
The gauging sites for the spring program are listed in Table 3-3 and are not
always identical to those of fall 1376, although the differences are minor, For
comparison, the Water Survey of Canada records of the same period for the gauges
"Hat Creek near Upper Hat Creek" {at the mine site) and "Hat Creek near Cache
Creek" (at the mouth) are similarly shown in Figure B2-10, Appendix B. Harry
Creek was visited as part of the fi2ld program and was found to be dry.
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TABLE 4-5: $treamflow Measurements of Fall 1976

Gauging Site | Digchar?e

Stream Latitude Longi tude A Date and Time (m.s )
Anbusten 50 34 00 i21 33 48 15 Sept. 4:30 0.0147
50 44 00 121 33 48 18 Oct. 3:55 0.0099
Anderson 50 43 39 121 37 46 16 Sept. 8:30 0.0419
50 43 39 121 37 46 18 Qct. 6:00 0.0201
Hat b 47 35 121 36 20 18 Oct. 5:15 0.2996
Houth 50 47 24 121 36 18 18 Oct. 4:45 0.0110
Medicine 50 45 30 121 34 50 ~ 15 Sept. 10:30 0.0147
Medicine 50 45 50 121 30 50 15 Sept. 1:30 _0.0136
Medicine 50 45 30 121 34 50 18 Oct. 3:00 0.0110




The period of observations does irclude the highest flow of spring 1977 at the
mine site (June 7, 1977), which indicates that the timing of the field program
was correct. The weather did unfortunately not cooperate, in that there was
an unusually low snow pack, combined with a long, relatively cool melt period.
This cembination of factors produced by far the lowest freshet peak ever
observed in Hat Creek.

In order to illustrate the distribution of runoff during Spring 1977, the

observed runoff values for the period May 13 - June §, 1977 have been integrated
and plctted against the corresponding drainage areas in Figure 4-37. It indicates
that Arderson, Ambusten and Medicine Creek runoff accounts for approximately one
third ¢f the runoff above the "Hat Creek near Upper Hat Creek" gauge during this
period. Also of note is that the tributaries on the west side of the valley
contributed the greatest runoff per unit drainage area.

The response of Hat Creek to significant rainstorms has been investigated by
searching the streamflow records for rain-caused flood events, and then plotting
streamflow at the Upper Hat Creek gauge, and rainfall, maximum, minimum and mean
temper:ture observed at the Hat Creek climatological station. Figure B2-11
Appendix B, shows a sampie of such plots and the results are summarized in Table
4-6. (olumn 8 gives the amount o runoff in the hydrograph as mm over the 350 kmé
drainage basin and Column 9 gives this runoff as a proportion of the rainfall
input. It ranges from 1 percent %o 10 percent, with the larger values associated
with rainstorms during or shortly after the main snowmelt season. The one record-
ed value of 28.5 percent is almost certainly invalid, with the hydrograph repre-
senting mainly snowmelt. Column 10 gives a simple runoff coefficient, based on
the highest 24 hour rainfall rate during the storm and the peak flow, including
baseflow. Since the data are based on daily observations, irregularly spaced in
the case of stream flow, basin lay is poorly defined. The lag appears to be in
the order of 24 hours, but it is probabiy closer to 12 hours for the largest
flows. Runoff coefficients for rain peaks in later summer and fall range from

1 percent to 3.5 percent, but for rain storms occurring during or shortly after
the snow melt season, this goes up to 17 percent. The one event with 30 percent
is probably mainly snowmelt.
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' i ! 1 & i i ' ' 1 5 ' N '
TABLE 4-6
HYBGROGRAPH ANALYSIS FOR VHE STREAMGAUGE “WAT CREEX NEAR UPPER HAT CREEK®
(note: A deatvage area ol 350 ke? bhas lnum assumced)
RAIR STREAMFLOW R;nrnoff
Total over | Date of iHuhest Date of Peak Fast Fast runafl coclfliciont
Perlod Analyted period highest § 24 hr. rate peak flow ((!L:gs) runoff | as preportion| based on Comments
{mm) rate {mmn) flow (m*s ') ¥ (mm) | of rainfail 23 hr.period
1 3 4 5 6 7 8 9 10 n
May 26-31, 1961 21 May 26 15 May 27 4.9 ] 1.079 L0514 . 0006 Raln during spowselt
July 21-28, 10£) 7.4 July 21 T4 July 22 0.608 - 0,148 0202 0203 Sistinct valn peak
May 23-30, 1962 26 My 25 10 May 26 12.06 1 1.40 .2BS .300 Raln on snow, followed
by hot weather
Sept, t0-14, 1962 22.5 Sepe. 10 2.5 Sept. 1 0.440 1 0.109 .0oAl 054 Hsthuct, small raln
peak
Oct. 11-17, 1962 28.5 Oct. 12 16.3 Oct. 13 0.710 1 0.159 0056 L0061 Sharp ratn peak
Oct. 20-30, 1963 13 oct. 21 13 Get, 22 0.400 ! 0.184 014 0076 Rectangular hydrograph
probably rain at low el.
and fast melting snow
higher up
June 10-14, 1964 n.6 June 117 22.3 June 11 14.5 ~1/2 3.28 .0919' 1605 Rain during period of
high snowmelt flow
dJune 16-22, 1964 3.9 June 18 17.6 June V8 1”21 1 2.64 .0803 RED) Raln at declining snow-
melt Flows
Sept. 6-11, 1964 3.4 Sept. 7 26.6 Sept. B 1.24 1 0.358 0114 0115 Prominent raln peak on
a wet basin
Aug. 22-30, 1965 45.8 Aug. 23 30 Aug. 24 1.38 ] 0.699 053 0114 Rain peak
July 5-9, 1966 27.9 July 5 26.9 July 6 AN 1 1.00 .0358 0340 Rafin peak
July 23-Aug. 3, 1966 47 July 24 9 July 25 3.62 1 2.13 .0454 .0229 Rain peak, possibly
some snowselt
July 1-12, 1969 54.6 July § 14.5 July & 6.60 i 3.95 L0724 N2 Rain peak during later
snow runoff
Aug. 1D-17, 1974 46.2 Aug, 12 23.2 Aug. 12 1.09 <} 0.439 .0189 0116 Rain peak




The one climatic record from a site at the edge and lowest point of the drainage
basin is naturally not adequate to define precipitation over the entire basin.
The true runoff coefficients and proportions of runoff are certainly different
and protably often smaller than the values shown in Table 4-6, since the Tow
elevaticn of the climatological station will often lead to under-estimated
precipitation.

The Hat Creek Va}1é§ contains only a few smail lakes. Finney Lake (Figure 82-12,
Appendiy B, 16 ha surface area) and Aleece Lake (4 ha) fall within the Stage

9 pit perimeter. According to Section 4.1 {a) (ii) A, these lakes are fed by
perched ground water flow systems and small surface streams. Both lakes have
intermittent surface outflows, intermittent streams flowing into them and inter-
mittent surface outfiow. The water level of Finney Lake has been raised by a
small dem and outflow is controlled by a simple, manual siuice gate (Figure B2-13,
Appendix B). The lakes in the valley do not significantly affect the basin
runoff regime.

C. Evaporation and Water Balance

Evaporation and transpiration can be estimated by various means. Estimates for
specific drainage basins or for large areas (greater than a few kmz) are normally
obtained from a water balance which can be stated as

E=P-0-5 ' '
P is precipitation input, Q0 is outflow, S is storage change and E is the residual
and can be assumed to represent evapotranspiration, as long as the area under
study does not have significant ground water inflows or outflows. S, the storage
change, can be neglected if long-term mean values are being considered.

Applying this equation to the Hat Creek drainage basin upstream of the stream-
gauge al the mine site (drainage area 350 kmz), where the Tong-~term runoff is

60 mm, and using the elevation adjusted mean annual precipitation of 394 mm as
input, one obtains an evapotranspiration loss of 334 mm. With proper adjustments
for irrigation and diversion losses, the natural runoff should be approximately
75 mm, giving a natural evapotranspiration loss of 319 mm.
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Besides the above water balance method, several other techniques are available
for estimating evapotranspiration from climatological data but they generally
require far more detailed data than is available for Hat Creek. One procedure
speci~ically developed for sites with only temperature and precipitation data

is the Thornthwaite method.13 It was intended mainly for the central and eastern
y.S. and is well known to Tead significant discrepancies during spring snowmelt
if applied to Canadian data. The Atmospheric Environment Service has modified
the procedure and is applying it to some of its standard climatological data.14
The computations are performed on mean monthly data and take the form of a water
balance, The input consists of measured precipitation and the cutput is made up
of computed evapotranspiration and runoff as a residual term (that part of the
input which cannot be accommodated in soil storage). The results depend greatly
on the assumed value for soils storage (depth of water that can be stored in the
soil for later evapotranspiration). In the field, soil storage is highly vari-
able hut the values of 100 to 200 mm, for which the Atmospheric Environment
Service performs its computations, cover the commonly observed range of average
regional values. Locally, the range can naturally be much larger,

The weter balances for Hat Creek, Ashcroft and Highland Valley are shown in
Tables B1-2, B1-3 and B1-4, Appendix B.

In Figure 4-38, the main terms of monthly Thornthwaite water balances are plotted
for six climatological stations covering as wide an elevation range as possible

in or near Hat Creek, using the AES results for 200 mm soil moisture storage.

A1l the graphs show how actual evaporation in late summer becomes severely Tlimited
by dry soil conditions. This effect is most pronounced at the lower elevations.
Runoff occurs only at the highest elevations and is concentrated in spring. The
fact that this does not correspond exactly to the time distribution of flow in
Hat Creek is not surprising. The water balances only apply to sites with exactly
200 m soil water storage, wnile in fact a wide range of soil storage capacities
occur in any natural drainage basin. There are small dareas of open water or areas
with a ground water level practically at the surface a1l along Hat Creek and its
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tributaries and it 1s these areas that produce some runoff from summer and fall
rains. There are also extensive aquifers below the root zone which store water
and release it gradually, maintaining some year-round streamflow.

In Figure 4-39 the elevation-dependence of the main water balance terms is
exam%ned. The data points correspond to the six sites plotted on Figure 4-38
and in addition, Kamloops A (El1. 345), Xamloops (E1. 378) and Merrit (E1. 585).
Curves for use in the Hat Creek area are indicated. They have been obtained by
trial and error, assuming that the runoff curve, if combined with the area-
elevation curve of Figure 4-27, shou’d give the natural mean runoff at the

mine site of 75 mm. The same result could naturally be achieved with a wide
range of ifferently shaped curves so that the internal consistency between ob-
served ruroff and proposed water balance termms does not guarantee correctness
of the latter. However it does indicate that curves of Figure 4-3% are probably
not far off the mark and shows that computied evapotrdnspfration {s compatible
with observed runoff. It also shows that an average of close to 200 m 5011'
storage hes to be assumed to obtain the Tow observed runoff values. Given the
extensive forest cover over much of the basin, this is not an unreasonable as-
sumption.

The only evaporation measurements (Class A pan evaporation) available near Hat
Creek were made at the Highland Valley climatological station. The records are
short and discontinuous but do confirm the computed potential évapotr‘ansp‘iration
reasonably closely (Figure 4-40). .

0. Channel Horphology

Hat Craek, as it appears presently, ‘s not responsible for the major landforms

of the Hat Creek Valley. The valley is mainly the result of glacial processes,
combined with structural factors and stream erosion by earlier and probably larger
streams. Present~day Hat Creek has heen too small to alter the valley, as left

by the retreating ice, in a major-way. It has, however, been able to cut canyons,
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20 to 50 m deep, through obstructions of bedrock or coarse unconselidated sedi-
ments, leaving terrace remnants behind (Figures B2-14, B2-15, Appendix B). The
channel profile of Figure 4-41 (insert), shows the location of steep canyon sec-
tions, where the channel is bedrock or boulder-controlled, alternating with flat-
ter sections in unconsolidated seciments. Except for the large alluyial fan where
Hat Creek emerges into the Bonaparte Valley (Figure B2-16, Appendix B} there are
no truly alluvial sections.

Hat Creek, between the proposed mine and the alluvial fan in the Bonaparte Valley,

15, 16: In plan, the channel is irregular and split

can be classified as follows
to anastamosing. The valley cross se;tions show an entrenched or partly entrench-
ed channel, whose lateral development is continuously confined by resistant valley
walls or hiéh banks of unconsolidated sediments. Except along some desply entrenched
canyon sections, the valley flat generally consists of several fragmentary

narrow and Tow terrace levels, some of which may be subject to infrequent flood-

ing, and a narrow genetic flood plain, rarely more than a few channeil widths wide
(Figure B2-15, Appendix B). The stream channel itself is affected by beaver work-
ings, debris jams and Tocal coarse lag deposits and it is consequently highly irreg
ular in shape and often poorly defined. The dominant channel bed material is

gravel to cobble with some sand. Some flood plain and terrace areas are covered

by a thin veneer of sandy-silty suspended sediment deposits (Figure B2-17,

Appendix B).

In order to define the hydraulic geometry of Hat Creek quantitatively, three
short channal profiles (Figure B2-18, Appendix B) and 12 cross sections were
surveyed (Figure B2-19, B2-20, B2-21, 32-22, B2-23, Appendix B}. The location
of all surveys is indicated in Figure 4-41 and 4-42.

The channel slope, outside of canyon'sections, appears to be about 1 percent
and is relatively constant along morphologically homogeneous reaches. The
third profile on Figure B2-13, Appendix B, for Reach No. 9, covers almost the
entire length of the alluvial fan in the Bonaparte Valley.
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The cross sections illustrate how the valley floor generally consists of a nar-
row genetic flood plain and several equally narrow low terrace levels, At the
time of survey flow was very low and unfortunately it has not been possible to
obtain water levels corresponding to relatively high flows. The hydraulic per=-
formance of the Hat Creek channel is therefore only poorly defined, The observed
hydraulic geometry is summarized in Table 47,

On a geologic time scale, Hat Creek is degrading along almost its entire channel
length, the alluvial fan at its downstream end being the main exception. The
dimensions of such channels are generally most closely related to relatively high
flows, since only such high flows can rove the coarse lag deposits armoring much
of the channel perimeter. While it is not possible to state exactly what flows
are needed to maintain th present’channei size, flows at or above the two-year
flood level of 6.0 m -5- would certainly be required regularly.

Bankfull flows can serve as a rough indicator of channel-forming discharge. Us-
ing the bankfull levels indicated on Figures B2-19, B2-21, and B2-23, Appgndi§ B,
flows have been estimated for Reaches 1, 5 and 9 as 22.4, 25.5, and 2.6 m .5
respectively. This can be compared with the two-year flood at Upper Hat Creek
of 6.0 ma-s" , and indicates that the channel forming discharge is ill-defined
and probably of order 10 to 25 m3os'1 with a return period somewhere between 4
and 30 years.

The tributaries to Hat Creek in the vicinity of the proposed mine are all steep,
degrading mountain streams flowing over coarse lag deposits or over bedrock
(Figures B2-1 and B2-2, Appendix B).

E. Flood Plains

No significant development has occurred on areas along Hat Creek {downstream of
the propcsed mine) subject to occasional flooding., These areas are presently
either used for grazing and hay or are covered by dense willow thickets, beaver
ponds anc marshes.
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TABLE 4-7
HAT CREEK HYDRAULIC GEOMETRY.

Cross Dis&harge Slone Surface Width Area Mean Velocity Mean Depth Manning
Section (m3-g ~¥) op (m) {m?) {m-g -a) {m) n
1-1 0.937 0.011 4.41 0.90 1.04 0.20 0.034
0.286 6.011 3.03 0.32 0.89 0.10 0.025
1-2 0.937 0.012 8.88 1.88 0.50 0.21 0.077
0.572 0.012 8.75 1.55 0.37 0.18 0.094
1-3 0.937 0.014 7.25 1.70 0.55 0.23 0.080
0.286 0.014 5.25 0.81 0.35 0.15 0.095
2.1 0.937 0.014 7.50 1.95 0.48 0.26 0.10
0.265 0.014 4.25 0.42 G.64 8.1¢ 0.040
5.1 0.951 0.014 5.12 1.54 0.62 0.30 0.085
0.277 0.014 4.12 0.79 0.35 0.19 0.11
5.2 0.951 0.01% 6.00 1.52 0.63 0.25 0.066
0.277 0.011 2.38 0.30 0.92 0.13 0.029
5.3 0.951 0.00%0 3.75 0.77 1.24 0.20 0.026
0.294 0.0090 3.00 0.33 0.89 0.1 0.024 |
6-1 0.965 0.010 8.25 1.81 0.53 0.22 0.020
0.302 0.010 7.12 0.95 0.32 0.13 0.080
9-1 0.654 0.0090 10.25 1.77 0.37 0.17 0.078
0.271 0.0090 9.12 1.18 0.23 0.13 0.10
g-2 0.654 0.0079 7.75 1.50 0.44 0.19 0.066
0.271 0.0079 6.62 0.90 0.30 0.14 0.079
9-3 0.654 0.0087 3.50 0.48. 1.36 0.14 g.18
0.2N1 0.0087 2.88 0.35 0.77 G6.12 0.19
9-4 0.654 0.0096 4.75 1.06 0.62 0.22 .16
0.271 0.0096 4.62 1.03 0.26 0.22 0.14




Due to the irregular nature of the Hat Creek channel and the many low terrace
fragments making up the valley flat, exact definition of a flood plain zone
(for a specified frequency of flooding) would be a massive undertakﬁng that
could naot be justified. As an alternative, a flood plain zone, based mainly
on the cross section surveys and on vegetative indicators, has been defined

on ster2o air photos. It is delineated on Figures 4-41 and 4-42. The re-
currencz interval of flooding is probably quite variable over the flood plains
zone, but should generally be in the order of 5 to 20 years. lhile the total
area of flood plain downs%ream of the pit (see insert table on Figure 4-42) is
quite small, roughly 3 km , this should not distract from its possible biologi-
cal and economic significance,
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4.2 PRESENT WATER QUALITY

" The examination of the water quality data generated by this study has been
diviced into two main areas, viz., ground water and surface water. In the case
of ground water this has been further divided into four subcategories which
groups the data on the basis of the general type of aquifer that the water has
come from. This, in turn, is related to different geographical areas within
the program study area.

In the case of surface water, because of the general absence of fixed point
waste discharges, the approach taken was to examine the different systems within
the study area by water parameter quality groupings. Within each grouping,

each parameter was then examined in turn to establish the influence of that
paramneter on water quality. '

(a) Ground Water

In examining the ground water samplied in this program, it has been observed
that all of the ground waters analyzed can be placed in one of four categories.
These categories are:

(i} Shallow ground water in the alluvium connected to Hat Creek.

(ii) Intermediate or surficial ground water in limestone.

(i11) Deep permeable bedrock ground water.

{iv) Unique samples due to special conditiaons.

It {s based on these four categories that the data in this section will be

presanted.
(i) Shallow Ground Water

This water is of the calcium=-bicarbonate type and strongly resembles Hat Creek
in its characteristics. This is probably due to the fact that the alluvium is
hydraulically connected to Hat Creek (Section 4.1 (a) }. The locations
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indicated as having this type of water are: All of the domestic wells sampled
with the exception of DW8, the artesian springs sampled with the exception of
#3 East, and the Bulk Sample Program samples with the exception of Well 3,
Table 4-8 shows a comparison of the system mean for Hat Creek compared to the
average values for the domestic wells, with the exception of DW8. The great
similarity between Hat Creek and the domestic wells is evident, particulariy
when compared to the coal seam ground water which is in category {(iii). The
detailed resuits for these samples are contained in Tables C1-5 to C1-22,
Appendix C.

{ii) Intermediate or Surficial Ground Water

These waters are intermediate between the shallow ground water characterized

by the principal ions being calcium and bicarbonate and the deep bedrock where
the principal ions are sodium and bicarbonate. The sample locations that are
in this category are the Steel Brothers Well and drill hole RH77-45 in the Houth
Meadows area plus the artesian spring #3 East. In the case of the two samples
in Houth Meadows, the water most probably has come from a surficial alluvium
which fiows through limestone, which is a dominant formation in the area
{Section 4.1 (a)). In the case of artesian spring #3 East, the factor most
likely to be dominating in its water quality characteristics is the fact that
the water has travelled a greater distance underground than in the cases of the
other artesian springs sampled, thus permitting base exchange to take place in
whict sodium replaces calcium in solution. The results of these three sample
locations are summarized in Table 4-9. The detailed results of these samples
are contained in Tables CT-14, (C1-15, and C1-18. Appendix C.

(1) Deep Permeable Bedrock Ground Water
‘These waters are characterized by high sodium content when compared to calcium

and cenerally have existed as ground water for an extended period of time
(Section 4.1 (a). As a result of this they also exhibit a high filtrable
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STATION:
PARARETER {mg/1)

CATIONS - TRACE METALS

Aluminue (AL)
Arsanic (As)
Cacmium (Cd)
Chronium (Cr)
Coppar (Lu)
fron (Fel
Lesd {FB)

Mercury (Hg)
molybisenun (M)
Selenium (Se)
Vanadium (V)
linc iIn)

CATIONS - ALKAL! EANTHS & METALS

Catcium {Ca)
Lithium (LI}
Magnesium (Mg}
fotassiuva (K)
Sodium (Na)
StronLium {5¢)

MHONE = GEMERAL

toron (B)

Chioride {C1)
Fivarige {F}
Sulfate (504)

ANIONS = WUTRIENTS
Total - %jeldshi = Nitrogen (N}
Kltrate - Nitrogen (NOy - N)

Witrate - Hitrogen (MOy - K)
Tatal -~ Orthophosphate = Phosphorus {P)

QRGANIC, NONIONIC & CALCULATED VALUES

tan

Toc

Phenal

Total Hardnass (Cacoa)
Total Alkallnity (Cagoy)

PHYSICAL RATA

pt {units)
ipecific Conductance (umos/guzsqt)
True Calor {Pt=Ca Units)

Turpidity (NTY)

Temparature { C)

PHYS | CAL DATA - RESIDUES

Total rasidue

Filtrable residus
Norr=filtrable residus
Fined total retldus

Flxad Filtrab,le residue
Fixed non-filtrabia residus

BIDCHEMICAL, DISSOLVED GASES & RELATED
HEASUREMENTS

Ba0

0.0,

¥ Satucacion

{ ] Denotes Total Concentration

TABLE 4-8
SUMMARY OF SHALLOW GROUNDWATER DATA

HAT CREEK DOMESTIC WELLS COAL SEAM
Exctuding Dw8
«0.010 <0.011 {0.030)
< 0.005 < 0,008 {0.012)
<0.005 < 0.005 < (,00%
<0.010 <0.010 «8.0010
€ 0.005 < 0.008 T < 0,005
< 0.026 <0284 ~me 0. 125
< 0.010 <0.010 €0.010
< (1. 00040 < 0.00028 {0.00038)
< 0.020 < 0,020 -
< .00 < 0.00) <$.003
< {J.008 <0.005 < 0.008
< 0,007 0.074 0.008
57 &9 48
0.002 Q. 004 <0.008
19 21 41
4.0 - 27
20 15 300
0.32 0.33 0.4
<0.10 <010 <¢, 10
1.1 <1l.4 8.2
0.16 4.35 0.3
5 50 260
.19 0.16 5.7
< 0.05 <0.10 0.02
< 0.002 <0.001 0.001
0.043 0.037 0.037
2! <37 -
$ 1% 21
< 0,002 < §.002 -
224 247 28%
226 246 191
8.4 1.8 7.3
489 1) 1700
12 <9 20
1.5 1.3 1.3
6.4 - 10
348 387 128
342 153 1220
6 4 2
81 309 1088
278 308 1080
4 <3 L]
< 1 - ?
Ha - 0.8
9.2 - 7.1




STAT1oN:
PAUMETER  (mg/1}

LATIONS = TRACE METALS

Aliminua (Al}
Arienic {As}
Calmium {Cd)
Ch-omium {Cr)
Caopper {(Lu)
[ron (Fe}
Laag {(Pb)

Mercury (Hg)
Mo ybdenums (Mo)
Se enium (Sa)
Vanadium (V)
e {In}

CAIONS = ALKAL! EANTHS & METALS

Caiclum {Ca)
Lithium (L1)
Magneslum {Mg)
Polassiuva {1}
Sotlium (Na)
Stroncium (Sr)

ANIONS - GENERAL

Boron (B)

Chioride (C1)
Fliarids (F)
Sul fare {504}

ANIOHS - NUTRIENTS
Total - Xjeldahl - Wltrogen (M)
Kitrace - Nitrogen {NOy - W)

Nitrate ~ Hitrogen (MQz - H}
Total - Orthophosphate - Phosphorus (P)

ORGANIC, NONIONIC & CALCULATED VALUES

[ 1]

ToC

Phanol

Total Hardness (CaCoy}
Total Alkatinicy (CaCo,)

PHYSICAL DATA

pH {unics) 25%¢
Speclfic Conductance [unhol/gu T}
Trus Colar {Pr=Co Unlts)

Turbidity {NFY)

Temparature {C)

PHYSICAL DATA = RESIDUES

Total residue

Filtragle residus
Non-TiTtrable residus
Fixed total restdue

Fixed Filtrante Aesldus
Fixed non-Ffilcradle rasldus

BIOUHEMICAL, DISSOLVED GASES & RELATED
MEASUREMENTS

BOD
D.o.
% Seturation

TABLE 4-9
SUMMARY OF SURFICTAL GROUNDWATER DATA

STEEL BROS WELL RH77 45 5 EAST

: < u.fm -

- < 0.002 -

. <0.041 -

- < ¢.001 -

- <0.04 -

- 0.008 -
.4 58.0 140
45.4 10.4 Ea

3.4 4.6 -
g.4 4.4 28

- 0.50 -
4.5 6.0 ;.5
78 8,2 250

- 269 -
350 333 439

7.4 4.0 7.8
666 581 1100




E |

- residue with a correspondingly high specific conductance. The sample Jocations
exhibiting this type of water are drill hole RH76-19 (after 21 days of pumping),
Bucket Auger Hole #7, drill hole RH77-48, and drill hole RH77-49. The first

L)

two of these locations are in the pfoposed pit area while the last two are in

the area of Medicine Creek. The results from drill hole RH76-19 are of special

- interest in that, due to its depth, they represent the most probable composition
of the pit water and thus represent a worst case situation of the water discharge
from the pit area. A comparison of theses results with those from the Medicine
Creek area shows that, of the parameters analyzed, only vanadium shows a signifi-
cant difference at RH76-19 (1.97 mg/1 compared to < 0.04 mg/I for the two stations
at Madicine Creek). This increase in vanadium content is most probable due to
contact with the coal deposit, as vanadium is a common trace constituent of

- coal. The results of these sample locations are summarized in Table 4~-10. The
detailed results of these samples are contained in Tables (Cl1-16 to £1-18,

- Appendix C.
{(iv) Unique Samples Due To Special Conditions

There are two sample locations in this category, Well #3 of the Bulk Sample
Progiram and Domestic Well 8. In the case of Well #3 the water was most lTikely
dominated in terms of water quality by having percolated through the dry lake
- immediately adjacent to the well. This dry lake has left a large amount of a
variety of salts similar to those found in Goose/Fish Hook Lake. This can be
seen in Table 4-11 which compares the average of the other ground waters in the

Bulk Sample Program with Well #3 and Goose/Fish Hook Lake, In the case of
DW8, it would appear that the water feeding this well has come from a different
- aqui“er than that feeding the other wells in the area, and that this aguifer
has =ravelled a greater distance underground. This conclusion is based on the
L much higher levels of sodium and chloride ions to be found in this well.
- In genéra], while the different ground water samples examined showec many
differences, a comparison of the ground water results with the Canacian
-
o
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TABLE 4-10

STATION:
PARAMETER (mg/1)
TATIONS - TRACE METALS

Atuminum (A}
Arsenic (As)
ladmive {€d)
shromium {Lr}
soppar (Cu}
Iron (Fe}
sad (Pb)

sercury {Hg)
iolybdanum (Mo)
Selenium (Se)
tanadive (V}
linc (In)

CATIONS - ALKAL| EAATHS § METALS

Caleium L)
Lithium {Li}
Magnesium {Mg)
Potassivm [K)
Sodium (Na}
stronciom {Se)

AMIONS - GENERAL

Soron (8)

Chloride {C})
Fluaride (F)
sulfate {504)

ANIONS = NUTRIENTS

Total ~ KJaldahl - Nitrogen (N)
Hitrate + Wltrogen (NOy - W)

Nitrate = Nicrogen (NOp = N)

Total = Orthophosphats - Phosphorus (P)

ORGANIC. HONIONIC & CALCULATED VALUES
€0o

1214

Phanol

Total Hardness (CaCos)

Total Alkaiinity (Calos)

PHYS)CAL DATA

pH lunits) -y
Soecific Conductance {nmhos/gnzs £)
True Color {Pt=Co Units)

Turbidity (NTY)

Temparature { C)

PHYSICAL DATA - RESIDUES

Total residus

Filtrable rasidus
Non-fiitrable residua
Fined total resl!due

Fizxaed fiitrable residue
Flaed non-Ffllcrable residus

BIOCHEMICAL, DUISSOLVED GASES & RELATED
AEASUREMENTS

80D
b.0.
§ Saturation

{ ) Denota2s Tatal Caoncentration

SUMMARY OF BEDROCK SROUNDWATER DATA

Bucket Auger
RH 76-19 Hole #7 RH 77.48 RH 7749
0,004 {0.030} - -
<0.005 (0.012) - -
<0.001 <0.005 < 0.00% < 9.001
«0.001 <$.010 - -
0.007 <0, 005 .004 < (.00}
<0.05 0.12% < 0.035 0.073
<0,002 <0.019 0.002 < 0.001
- [ 0.00039 } - -
<0.004 - - -
<0.10 <0.003 - -
1.97 <0.005 <0.04 <0.04
9,020 0.008 <0.01% <0.000
47.7 48 20,2 122.4
0.05 <0.008 - -
21.6 4 6.8 91.2
u,0 27 3.8 .7
330 300 182.1 32.2
0.08 0.14 0.34 1.26
<010 <0.10 - -
<0.5 8.2 4.2 2.0
Q. 067 0.3 - -
17.3 260 112.0 196.8
2.2 5.7 - -
<0.10 0.02 - -
<0, 001 0.00% - .
<00 0.037 - .
. 4 - .
208 289 78 682
43 791 43] 572
7.8 7.3 8.2 8.0
1834 1700 842 1326
N 20 - .
- 3.1 - -
. 10 - .
N 1244 - .
1600 1220 - .
- 24
. 1088 - .
1400 1080 - .
. 8 - -
. 7 .. _
- 0.8 - .
- 7.1 - .
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STAYICA:
PNUANETER (mg/1}
CATIONS - TRACEMETALS

Alusinua (AD)
Arsanle [As)
Cadnium {Cd)
Cheomium (Cr}
Coppar {Cu)
lron (Fe}
Leas (Pb)

Mercury {Hg)
Mol ybdenum (Mo}
Selenium {Se)
Vanadiva (V)
Tiag (In)

CATIONS - ALKALI EARTHS & NETALS

Lalciwa (Ca)
Lithium (LI}
Magnasiue (Mg}
Potassive (R}
Sodium (Na)
Scrontiom (Sr)

MIoHS - GENERAL

Soron (8)

Chioride {C1)
Fivaride (F)
Sulfate (50.,}

ARIONS - WUTRLENTS
Tatal = Kjaldehl = Nitrogen (N)
Nitrate = Nitrogen (NOy =~ W)

Nitrate - Nitrogen (NOy = N}
Tatal * Orthophosphate + Phosghorus (P)

ORCANIC, NONIONIC & CALCULATED VALUES

424

Tot

Phenot

Tatal Hardness (Lalos)
Toral Alkalinity {(CaCo,)

P SICAL DATA

pH (units) 9
Spic| fic Conductancs (uﬂhm/gnzs &
Troa Color {Pt=Co Units})

Turbigity (arrg)

Terparature (¢}

PHVSICAL DATA - RES1DUES

Taral residus

Fi trable raslidue
Hon-flitrabie residus
Fiusd totai residue

Fiwd Filrrable Residue
Fiwd non=F:ltrable residue

BINCHENICAL, DISSOLVED GASES & RELATED
HESSUREMENTS

114
0.C.
1 taturation

TABLE 4-11
SUMMARY OF UNIQUE SAMPLE DATA

WELL 1, 2, and
Trench B WELL 3 GOOSE/FISH HOOK LAKE
< 0.004 < 5.0 < 0.010
< 0,005 < 0.005% < 0.005
- - < 0,005
< 0.010 < 9.010 < 0.010
€0.009 < 0.005 < 0.005
0.323 0.162 < 0.018
- - < 0.010
(<0.00012) < 0.00013} (< g.ggm)
<0.004 < 0.003 < 9.003
<0, 005 < 0.005 8.006
<0.016 0.038 < 9.030
66 248 11
0.004 0.051 0.070
16 80 99
. . 150
20 384 1390
0.25 1.26 1.2
<0.10 Q.18 0.3
1.3 1.5 96
8.120 0.128 < 0.57
4 1328 2140
. - 3.2
- - < 0,087
- - < 0.0016
0.027 0.040 1.6
- - 124
k] 88 164
- . < 0.002
231 945 436
23 533 1520
7.8 7.4 9.8
530 3010 6700
- - 50
. . 3.9
- - 6.4
79 2858 5076
347 N4 5070
2 144 6
. . 4706
. . 4703
. . 1
I
. . 1
. . 9.6
. - 90.3
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o

~Jrink ng Water Standards (Table 4-12) shows that in all cases the ground waters

sampled meet the Drinking Water 5tandards for Toxic Chemicals and, with the
except:ion of calcium in one Tocation, meet the recommended limits for other
chemicals in drinking water. The location where calcium did not meet the
recomnended 1imits was Well #3 of the Bulk Sample Program.

‘b)Y Surface Water - Streams and Rivers

To da:e a large amount of surface water data is available. To reduce this data
to a yize amenable to analysis, annual means were calculated for each station.
Also, to highlight the differences between Hat Creek, the Bonaparte River, and
the Thompson River, annual means of each watershed were calculated. Such a
method of data treatment will, upon inception of a regular monitoring program,
result in an efficient and substantive means of assessment.

Data ~“or programs other than temporally systematic sampling of Hat Creek and
the Bonaparte and Thompson Rivers have not been included in this statistical
treatnent. The reason for the exclusion is that any baseline description
developed must be rational and consistent over the long-term in both time and
space. Not all sampling programs met these criteria as they were designed to
meet varying information needs. Nevertheless, the non-routine programs do pro-
vide ‘information against which the baseline description formulated from
systematic sampling may be tested.

The data for surface waters are oresented in Tables (1-23 to €1-39, Appendix

C. Annual means for stations on Hat Creek, the Bonaparte River, and the Thomp-
son River are presented in Tables 4-13, 4-14 and 4-15,respectively. A comparison
of the annual means for each watershed is presented in Table 4-16.
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TABLE 4-12

RECCMMENDED ORINKING WATER STANDARDS & QBJECTIVES

Deinking Water Standards
for Toxlc Chemicals

N.D. = Not detectable

Recommanded Limits for
Other Chemicals in

Drinking Water

JARAMETER Haxioum
Acceptable Permissible Acceptabie
. Objective Limtt Limit Db jective Limit
SATIQNS - Trace Metals (mgs1) {mg/1} {mg/1} (wg/1) (m/1}
Aluminum - - - . -
Arsenic {As N.D. 0.0 0.05 - -
Cadeium (Cd N.D. 0,01 .01 - -
Chromium - Hexavalent (Cré*) N.D. <0.05 0.05 - - -
Copper (Cu) - ? - - <0.0% 1.0
Iron (Fe - - - <0.05 8.3
Lead (Pb K.D. «0.08 0.08 - -
Mercury {Hg} - - . - -
Molybdenum {Mo) - . . . -
Selentum (Se) N.D. <0, 0 8.01 - -
Yanadium (V) - - - - -
linc (In) - - - <1.0 5.0
CATIONS - Alkadi Earths & Matals
Calcium (Ca) . - - <75 - 200
Lichium {L1} - - - - -
Magnes {um (P?) . - - <50 150
Potassium (K - - - - -
Sodium (Na} - - - - -
Strontium (5r) - - - - -
Total Hardeess (as CaCD,) - - . <0 il
ARIONS
Baron (B) - 5.0 5.0 - -
Chioride {C1) - - - <250 250
Fluoride (F} - - - - -
Sulfate {50,) - - - <250 500
Nitrogen (N0, & NO; as N} 0,0 <10.9 10.0 - -
Total Alkalinity (as CaCOy) - - - - 30-500*
Phosphatas {as PO,) - - - «0.2 3.2
OTHER
Total Dissolved Solfds - - <500 1000
Phenol - - - N.D. 0.002
Physical Quality of
Treated Water
Orjective Acceptable
Limit

PHYSICAL PARAMETERS '
pH (untts) - 6.5-8.3
Specific Conductance [umhos/cm @ 25°) - -
True Lolor (Pt-Co units) <5 15
Turoidity (JTU) <] 5
Temparature (*{) <10 15

*  Ganeraily acceptable although it does not guarantee that problems due 0 this characteristic, in this

range, wiil not occur.

 “There are no known instances where substances causing or contributing to hardness are directly implicated

as ciausing hesith problems -500 mg/1 may be unsuitable for domestic or industrial use.




TABLE 4-13
ARNUAL  MEANS
HAT CREEK SYSTEM
STATION:
14 10 1 5 5

PARMETER (po/1) b4 ¥ X X X
CATIONS « Trace Metils

Aluwinum (A1} <0610 <4.010 <0.010 - <Q.010
Arsenic {As) 4,008 <0.00% <(.005 - <(.008
Cacmiom {C2) <0, 005 <3.008 <0,008 - «@.005
Chromiwm (Cr) «0.010 <0,010 <0,010 - <0.010
Copper (Eu) <. 005 «§.00% <0.005 - 0.5
iron (Feg 0.048 0.037 «3.018 <0.0.0 «().010
Lead (Pb <0.019 <0010 <0.018 - <§.G10
Mercury (Hg) «0.00027 <Q.0012 <0.00038 . <q, 00029
Molybdenur (M) <. 020 <0020 <0,020 - <(.020
Selenium [Se) <0.003 <0, 003 0.003 - <0.003
Vanagium [Y) <0.00% <0, 00§ <0, 005 - <&, 805
Itne (In) 0.007 <0.DOS §.008 <0.005 <0,010
CATIONS - AYkali Earths & Metals

Caleium [La) 19 5B 58

Lithium (L) <0.0025 <Q,0025 «0,002 <. 00 <(.002
Magnesium (Mg} 16 20 37 20 25
Potassium {K) 4.9 4.5 4.0 3. 3.3
Sodium [Na) 17 24 20 17 22
Strontium (Sr) 0.28 0.3 0.30 0.28 0.3%
ARIONS - Genera)

“Boron [B) ©.1 4.1 <0,) - <0.1
Chlaride {C1) 0.6% 1.0 1.2 0.87 1.5
Fluoride {F) 0.15 0.18 0.14 0.24 0.15
sulfate (50,) 50 57 50 41 85
ANTONS - Nutrieats

Tota} Kjeldan] Nitrogen (M) 0.19 0.27 0.19 8.12 8.18
Nitrate Nitrogen (Hi1y - M) 0.96 0.04 <0.06 0.04 <0.04
Nrtrite Nitrogen (M - K) <0.0017 <0.000 <0.0018 Q.00 0,002
Total Orthopnospnaté Phosphorus (P) 0.050 0.065 0.038 0.05% 0.025
ORGANTC, HQ!_!DH[C b CALCULATED VALUES

oo ‘ 45 10 17 - 16
Tac 8.5 16 8 4 §
Phenal 49).002 «0,002 z;g.onz .2- <0, 002
Total Hardness {CaCl,) 18 226 2 260
Total Alkalinity [Cléﬂs) %9 228 a2 287 262
PHYSICAL DATA

pH {units) 8.) 8.4 8.4 8.5 8.5
Specific Conductance (umhes/cm @ 25°) 450 495 an 470 545
True Color [Pt=Co Units) 12 18 n 0 4.8
Turdptdity {HTU) 1.6 1.40 2.5 1.2 0.68
Temperature (°C) 4.5 9.8 6.4 12.5% 5.8
PHYSTCAL DATA - Residuas

Total Residue - »m kLT s kxy) 378
Filtrable Rasidue nz 350 336 333 376
Nonfiltrable Residie 8 5 8 [} <2
Fixed Total Residue 266 280 214 259 no
Fixed Filtranle Residus 261 276 269 259 no
Fized Nonfiltrabie Residue <8 4 <5 < <}
BIOCHEMICAL, DISSOLVED GASES & RELATED

MEASUREMENTS

BOD < <l <l <1 <l

- 8.0, 1.2 10 1.1 9.5 1.4




TABLE 4-)4
ANNUAL MEANS
BOMAPARTE RIVER SYSTEM

STATION:

4 3 1
PARMETER (mg/1) ¥ ¥ X
CATIONS - Trace Metals
Aluminum (A1} «.010 {010 <0.010
Arsenic [As} <0005 0,005 <0.005
Cacmiva ({d) 0,005 <0.005 <, 005
Chromium (Cr) <6.010 <0.010 <©.010
Copper (Cu) <Q.008 <).008 0.005
fron {Fe) 0.082 0.050 0.042
Lead (Pb) <3.010 <Q.010 <0.010
Mercury (Hg) <0.00038 <0, 00025 <0, 00025
Molybdenym (Mo) <0.030 0,020 <).020
Selenium (Se) <0.003 «0,003 <0.003
Vanadiuam (V) <0. 005 <0.005 <0.005
Zine {In} <0,018 0,013 0.036
CATIONS - Alkali Earths & Metals
Calctum {Ca) 2% 28 31
Lithium {Li} <0.001 <0, 001 <0.001
Magnesium {Mq) 15 15 13
Patassium {K) 1.9 1.7 1.7
Sodium (Na) 1 12 13
Strontium {5r) 0.13 0.16 0.17
MIONS - Ganeral
Boron {3) .} 0.1 .1
Chigrida (1) 0.88 3.8 1.0
Fluoridga [F) 0.16 Q.18 0.18
Sulfate {50.) 15 9 21
ANIONS - Hytrtents
Total Kjsidahi Nitrogen (N} 0.25 0.29 0.26
Nitrate Nitrogen (NQ, - N) 0.05 <0.06 0.05
Hitrite Nitrogen (NO: - N) <0.0012 <0.0016 <@, 0027
Total Orthophasphate Phosphorus (P} 0.034 0.034 0.049
ORGANIC, NOWIONIC & CALCULATED VALUES
cop 27 21 <10
ToC 12 12 8
Fhenal <Q.002 <0.002 0.004
Total Hurdness [CalD,) 126 k-4 147
Total Alkalinity (Call,) 41 146 155
PHYSICAL DATA
pH (units) 3.2 8.2 8.3
Spectific Conductance {umhos/cm @ 25°) 280 280 2
Tryue Color (Pt-Co Units) 16 18 15
Turbidity (HTU) 1.7 20 2.45
Temparature (°C) 6.1 6.5 7.2
PHYSICAL OATA - Residues
Total Residue e 225 2R
Filtrable Restdue 197 208 216
Konfiltrable Residue 15 18 16
Fixed Total Residue 145 154 166
Fixed Filtrable Residue 134 142 154
Fixed Nonfiltrahle Residue 12 1§ 12
BIOCHEMICAL, DISSOLVED & RELATED
MEASUREMENTS
BQD ol <] <}
b0, 1.2 11.2 113




STATION:

PARAMETER (mg/t}

CATIONS « Trace Metals

Alumingm (AY)
Arsenic {As})
Caamiuym (Cd)
Chromiva (Lr)
Copper (Cu)
{ron {Fe
Lead (Pb
Mercury (Hg)
Molybdenum (Mo}
Selenium (S}
Yanadium {V)
Tinc (In}

CATIONS - Alkali Earths & Metals

Calctum {Ca)
Lithiwm (E1)
Hagnesium (Mg)
Potassium (K)
Sodium (Na)
Strontivm (Sr)

ANIONS - Genaral

Soron (B)

Chloride {C1)
fluoride (F)
Sulfate 1504)

ANIONS - Nutrients

Total Kjeldanl Nitrogen (M)
Nitrate Hitrogen {NO, - N}
Nitrite Hitrogen (NG, « N}
Tota) Orthophosphats Phosphorus (P)

ORGANIC, HONIONIC & CALCULATED VALUES

£00

TOC

Phenal

Tota) Hardness {Call,)
Totat Alkalinity (CalDy)

PHYSICAL DATA

pH (unirs)

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

Turpidity (NTU)

Temperature {*C)

PHYSICAL DATA - Residyes

Teta! Residue

Filtrable Residue
KWonfiltrable Residue
Fized Total Rasidue

fized Filtrable Residus
Fixad Nonfiltrable Residue

BIOCHEMICAL, DISSOLYED GASES L RELATED
MEASUREMENTS

800
0.0.

TABLE 4-15

ARNUAL MEANS
THOMPSON RIVER SYSTEM

18 19
¥
<0,018 0.023
<0.005 <0.005
<0.00S <0, D05
<0,0t0 ,010
<0008 <0.008
<Q.018 0.026
«0.010 <0.010
<0, 00035 «0.00032
0,020 «0,020
<0.003 £.003
<. 005 «0.005
0.018 0.016
1 12
<0, 001 «0.001
2.2 2.4
0.50 0.55
3. 1.5
«).055 <0,054
<0.1 0,1
1.7 1.6
0.12 0.1
7.3 1.9
0.07 0.09
0.08 .0
<0.0017 <0.0018
0.028 ¢.012
<10 n
4 2
<Q.002 <0.002
k] kL]
u kL]
7.8 1.8
95 96
8.8 8.8
0.82 0.80
1.9 8.1
73 80
N 78
2 <3
52 48
51 47
<1 <2
1 <1
1.0 1.1




TABLE 416
AUNUAL SYSTEM MEAiS

SURFACE WATERS
STHTION: "Hat Creek Bonaparte Thomoson
PAIAMETER - - -
PAIMETER (mg/1) Z % %
CAYIONS - Trace Metais
Aliminum (A1) .01 .01 0,017
Arienic (As) <0, 005 «.005 <0.005
Calmiom {Cd) <0.00% 0,008 <4, 005
Chromium (Cr) «0.010 (,010 <0.010
Copper (Cu) <0, 004 <), 005 <0, 005
Tron (Fe <0.026 . 0.048 <0.022
Leid (P <0.010 <0,010 <0.010
Meicury (Hg) <0, 00040 <0, 00029 <. 00034
Mo’ ybdenum (Mo) 0,020 «0,023 <3.020
Se entum (Se) <0.003 <0,003 «3.003
Yasiadium {¥) «<(. 005 <0, 005 «§, 004
Hue (In) <Q,007 «0.02) .017
CATIONS - Alkall Earths & Metals
Calcium (Ca) 57 28 n
Lithium (Li) 0.002 <0, 001 <0. 001
Maines s (H?l 19 16 2.3
Porassiuvm (K 4.0 1.8 0.6
Socifum (Na) 20 13
Strontium (Sr) 0.% 8.18 0.085
ANIONS - General
Boron (B} .10 <0.18 <0.10
Chlorice (C1) 1.1 0.94 1.6
Fluoride (F) 0.16 0.17 o.n
Sul fate (504) 54 18 1.6
ANIONS - Hutrients
Total Kjeldahl Nitrogen (N) 89.1% 0.27 6.08
Nitrate Nitrogen (NO;-N) <0.06 <0,06 <0.07
Nitrite Nitrogen (MO,-N) «<0.00¢ <0.002 <. 002
Tot.a! Orthophosphate Phosphorys (P) 0.041 0.039 0.020
QRCANTC, NONTONTC & CALCULATED VALUES
<ok 21 19 21
TOC! e 10 3
Phe noi <0, 002 <0.003 <g,002
Total Hardness {CaCD,} 24 135 38
Total Alkalinity (LalD,} 226 147 3%
PHYSICAL DATA
PH (units) 8.4 8.2 7.8
Spacific Conductance (imhos/cm & 25%) 489 294 93
Trie Color {Pt-Co units) 12 16 9
Turttdity (NTU) 1.5 2.1 1.81
Terperature (°C} 6.6 6.6 8.0
PHYSTCAL DATA - Regidues
Total Residue ug 223 ™
Filtrable Residue u2 207 74
Nonfiltrable Rasidus 8 16 3
Fized Total Residue 28 160 50
Fixed Filtrable Residue 278 144 49
Fixed Nonfi)trable Residue 4 3 z
BICCHEMICAL,, DISSOLYED GASES & RELATED
MEASUREMENTS
BOC <1 «] <1
b.C. 1.1 i 11,2 11,1




(i) Cations: Trace Metals

This group consists of those cations that are normally found in natural waters
at levels of 0.1 mg/1 or less. In this study, the cations which were deter-
mined were: Aluminum, arsenic, cadmium, chromium, copper, iron, lead, mercury,
moiybdenum, selenium, vanadium, and zinc. Typical concentrations for these
ions are shown in Table 4-17, which shows mean concentrations of these ions for
waters in the United States.

Aluminum is one of a éroup of metals that can exhibit amphoteric qualities]7.
For aluminum to be present in appreciable quantities as the ion AI+3, requires
that the pH of the solution be less than 5. For aluminum to be present in
apprieciable quantities as the ion A1204'2 requires a pH greater than 9. Both

of trese conditions are rare in natural waters. In acid waters, values greater
than 100 mg/1 can occur, but this is usually caused by industrial waste or mine
drainage18‘ As to be expected from the foregoing discussion, levels of aluminum
found were very low. Indeed, with the exception of Station 19 on the Thompson
River, all of the values reported are less than the MDC (0.010 mg/1).

Arsenic generally exists in natural water as the ions AsO4°3 and Asoz' . Con-
centrations of up to 1 mg/] exhibit no lethal effects given that the Jethal

dose for animals is approximately 40 mg/kg]9 of body weight, At al’ stations
examined arsenic levels were less than the MDC (0.005 mg/1), )

Cadmium is a very rare ion in natural waters, however, it can be in*roduced by
waste disposal. Cadmium is removed from solution by hydrolyzate and oxidate
sedimnents and also by precipitation of the cadmium as the carbonate]g. At all

stations examined cadmium levels were less than the MDC (0.005 mg/1).

Chromium is another of the group of metals that can exhibit amphoteric qualities.
It is present in minor amounts in igneous rock but is more common in basic and
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} Fpem J.F. Kopp and R.C. Kroner, Trace Metals in Waters of the
Feceral Water Pollution Control Administration, Cincinnatf

2 1577 samples {Oct. 1, 1962 - Sept. 30, 1967)

! 1464 aluminum analyses

beak
. TABLE =17
SUMMARY OF TRACE ELEMENTS IN WATERS OF THE UNITED STATES!»?2
Observed Positive Values
N f Positi F f {mg/2)
0. of Positive requency o

Element Occurrences detgcti o?: . % Min. Hax. Yean
Zinc 1207 76.5 0.002 1.183 0.064
Cadmium 40 2.5 0.001 0.120 0.0095
Arsenic 87 - 5.5 0.005 0.336 0.064
Boron 1548 98.0 0.001 5.000 0.101
Phosptaorus 747 47.4 0.001 5.040 0.120
Iron 1192 75.6 0.001 4.600 (0.052
Molybcenum 516 32.7 0.002 1.500 0.068
Manganese 810 51.4 0.0003 3.230 0.058
Aluminum? 456 31.2 0.001 2.2760 0.074
Beryllium 85 5.4 0.00001 0.00:22 0.00019
Capper 1173 74 .4 0.001 0.280 0.015
Silver 104 6.6 0.0001 0.038- 0.0026
Nickel 258 16.2 0.001 0.130 0.019
Cobalt 44 2.8 0.001 0.048 0.017
L ead 305 19.3 0.002 0.140 0.023
Chromium 386 24.5 0.001 g.112 0.0097
Vanadium 54 3.4 0.002 0.300 0. 040
Barium 1568 99.4 0.002  0.340  0.043
Strontium 1571 99.6 0.003 5.000  0.217

United States,




ultrabasic rocks than in the more silicic types of rockzo. Strong oxidizing
conditions produce the (7:1r'04’2 inn17, howeyer, the natural occurrence of this is
very rare and is more usually the result of industrial waste disposal. At all
stations examined chromium levels were less than the MDC {(0.010 mg/1).

Copper is a fairly common frace constituent which occurs most commonly in rocks
as the sulphide. In the process of weathering this sulphide is oxidized to the
sulprate which is water soluble. However, a considerabie amount of the copper
thus dissolved may be subsequently precipitated as the carbonate]g. At all
stations examined copper levels were less than the MDC (0.005 mg/1).

Iron can exist in many forms in natural waters. It may be in true solution, in
a colloidal state that may be peptized by organic matter, in the inorganic or
organic iron compléxes, or in relatively coarse suspended particles. [t may be
gither ferric or ferrousZ]. Because of these factors, iron is generally not a
good constituent on which to base conclusions in the chemical interpretation of
water analyseslg. The dissolved ferrous plus ferric content of the systems
examined ranged from 0.022 mg/1 for the Thompson River to 0.048 mg/1 for the
Bonaparte River. The World Health Organization (WHO) recommended limit for
iron in drinking water is 1 mg/1. This limit is based not upon physiological
considerations, for iron in trace amounts is essential for nutrition. Rather
the 1imit is based on aesthetic and taste considerations. For example, iron
and manganese tend to precipitate as hydroxides and stain Taundry and porcelain
fixtures and the ferric iron will also combine with tannin in tea to produce a
dark violet co]ourzz. Based on the foregoing, the values found are below the

level at which iron begins to cause problems in water quality.

Lead occurs in rock primarily as the sulphide (galena), and occasionally as the
oxidelg. In these forms, lead is not readily soluble at a pH greater than
approximately 4.5. At all stations examined lead levels were less than the

MDC (0.010 mg/1).
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Mercury is strongly absorbed by minerals in hydrolyzates which normally prevents
natural waters from carrying more than trace concentrations except under unusual
circumstance323. The mercury levels in the systems examined ranged from 0.00029
mg/1 for the Bonaparte River to 0,00040 mg/1 for Hat Creek. The Canadian Public
Health Standards do not include a standard for mercury but the U.S. Environmental
Protection Agency National Interim Primary Drinking Water Regulations specify
0.002 mg/'l.61 Based on this information it is considered that the levels of
mercury found do not exert a significant effect on the water quality of the

systems examined.

Molybdenum acts as a catalyst in the conversion of gaseous nitrogen into a
usable form by free-living, nitrogen fixing bacteria and blue-green algae.
However, high concentrations of molybdenum cause heart disease in ruminant524.
Molybdenum levels in the systems examined were below the MDC (0.020 mg/1) in

" the case of Hat Creek and the Thompson River, and only slightly above the MDC
in the case of the Bonaparte River.

Selenium generally occurs in natural waters as the ion Se04'2. It may be
absorbed on hydroxide precipitates such as ferric hydroxide or on hydrolyzate
sediments. Selenium is generally only present in trace quantities in natural
waterslg. At all stations examined selenium levels were Tess than the MDC
(0.003 mg/1).

Vanadium is not normally present in natural waters in significant amounts,
although values of up to 0.150 mg/1 have been reportedZI. At all stations
examined vanadium levels were less than the MODC (0,005 mg/1).

Zinc is an essential and beneficial element in body growth but is not normally
19

found in more than trace amounts in natural waters However, concantrations

above 5 mg/1 can cause a bitter astringent taste and opalescence in natural
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water521. Fish and other aquatic 1ife exhibit a high sensitivity to zinc. 1In

soft water, levels of zinc ranging from 0.1 to 1.0 mg/1 are lethal, but calcium
is antagonistic toward such toxicityzz. 'The annual system means for zinc found
in this study ranged from 0.007 mg/1 for Hat Creek to 0.023 mg/1 for the Bona-
parte River. These values are well below those given in the foregoing dis-
cussion, and hence it is considered that these levels are below those that
would cause any concern with respect to water quality.

(ii) Cations: Alkali Earths and Metals

The alkali metals are a group of elements that consist of lithium, sodium,
potassium, rubidium, cesfum, and francium. Of these, rubidium and cesium are
exceecingly rare in a natural environment, while francium is an artificial
elemert which has only short lived isotopes. These three elements were not
determined and will not be considered here. All of the common salts of the
alkali metals are water soluble with solubility increasing in the order lithium-
sodium-potassiumzs. Because of this high solubility it is only rarely that
these elements are not found in matural waters.

The alkali earths are a group of elements that consist of beryllium, magnesium,
calcium, strontium, barium, and radiym. 0f these, only magnesium, calcium, and
strontium are normally present in natural waters. The alkali earths are much

less water soluble than the alkali meta]szs, and the importance of this group

of compounds lies mainly in their contribution to water hardness.

The ions to be considered in this section are calcium, lithium, magnesium,
potassium, sodium, and strontium. As shown in the previous discussion, these
fons make up the commonly occurring alkali earths and metals.

Calcium is present in nearly all natural waters because of its widespread
occurrence in rocks and soils. High concentrations of calcium and sulphate
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indicate the possibility of solution of gypsum or anhydrite, and low concentra-
tions of calcium compared to sodium may indicate absence of readily soluble
calcium minerals or the action of base exchange whereby calcium originally

in the water has been exchanged for sodiumz. An examination of the data for

the different systems shows that calcium is present in appreciable quantities
with the calcium to sodium ratio being approximately 3:1. This would tend

to indicate that the water has come in contact with calcium bearing minerais.
Particularly in the case of Hat Creek, with an annual system mean of 57 mg/]

of calcium as Ca+2, there is an indication of a significant ground water com-
ponent which has been in contact with calcium bearing minerals {see also Section

4.1 (a) ).

Lithium is comparatively rare. The scarcity of lithium in rocks more than
any o:her factor probably is responsible for the relatively minor amounts of
the element found in water. Lithium should not be adsorbed in base exchange
reactions because all the common cations are reported to be able to replace
Tithium from base exchange material 26. Any base exchange reactions which
occur, therefore, should bring 1ithium inte solution rather than remove it

from solution. These points are borne out by the results obtained in this
survey., Of the systems examined, only Hat Creek had a mean annual value greater
than :he MDC (0.0071 mg/1), and even here the value for lithium was only 0.002

mag/]l.

Magnesium content is considerably less than calcium in most waters of low to
moderiate dissolved solids concentration even when computed on the basis of
concentrations expressed in equivalents. The Ca:Mg ratio for natural waters
computed from equivalents commonly ranges from about 5:1 to about -1:1. High
values suggest that the water obtained calcium from relatively pure limestone
or other calcium carbonate deposits or that gypsum was available for solution.
Low values of the ratio indicate that magnesium silicate minerals are being
disso’ved or that dolomitic rocks are being attacked °. Converting the means

for the systems studied to equivalents and calculating the Ca:Mg ratios shows
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that the value for these ratios range from 1.1 for the Bonaparte River to 1.8
for Hat Creek to 2.9 for the Thompson River. From this it can be inferred
that, at least in the case of the Bonaparte River and Hat Creek, the water

has been in contact with either magnesium silicate minerals or dolomite. In
the case of the Thompson River, the situation is not clear, as the value of

the ratio obtained is almost exactly at mid-range. This probably reflects

the s-ze of the Thompson River watershed with its much larger diversity, which
would tend to produce a more average condition.

Potassium in reéistate and hydrolyzate sediments is largely in the form of
unaltered silicate minerals and clav minerals, respectively. In these forms

the potassium is less readily available for solution in water than are the
soluble sodium salts that often are found in clastic sediments. Only in certain
kinds of evaporates are large quantities of potassium salts available for direct
solution in water. Potassium salts are highly soluble and are among the last

to be separated as solutions are evaporated; hence evaporates that contain

much potassium are rather rare. Because of the foregoing, most natural waters
contain much more sodium than potassium, even though amounts of both that would
appear to be available for solution are nearly the same19. An examination of
the data for the three systems examined in this study shows that in all cases
the foregoing applies here. The sodium levels found are in the region of 5

to 7 times that of the potassium.

Sodium, when leached from rocks, tends to remain in solution. It takes part

in no important precipitation reactions like calcium and magnesium since nearly
all sodium compounds are readily soluble. Sodium bearing waters may, under

some circumstances, participate in base exchange reactions. All natural waters
contain at least some sodium and values of less than 1 mg/1 are very rarelg.

The foregoing is borne out by the results obtained for all three systems examined.
The rather high sodium value for Hat Creek (20 mg/1) when compared to the Bona-
parte and Thompson Rivers may reflect the combination of low flow and high

\

evaporation rate that occurs in Hat Creek (see also Section 4.1 (a) .
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Strontium is a typical alkali earth element similar chemically to cal¢ium.
Strontium is one of the most abundant minor constituents of igneous rock and
is important also in carbonate sediments. Strontium is more plentiful in syen-
jtic and granitic rocks and occurs in very minor quantities, if at all, in
ultrabasic rocks. Strontium sulphate (celestite) is a common component of
carbcnate sediments and strontium may partly replace calcium in aragonfte23.
An eramination of the results indicates that the water present in Hat Creek
has probably been in contact with some form of strontium bearing mineral, as
the values obtained are above those that would otherwise he expected (0.32
mg/1 as compared to 0.217 mg/1, the United_States average as shown in Table
4-17).

(i1i) Anions: General

The ions to be considered in this section are borate {as boron), chloride,
fluoride, and sulphate.

Boron is essential in trace quantities in plant nutrition but becomes toxic

to some plants when present in amounts as small as 1 mg/] in irrigating water 27
Most plants are somewhat more tolerant than this but many are damaged by concen-
trations of 2 mg/1. In a very general way, the waters that are highest in

boron concentration seem usually to be sodium waters, which might be expected
because the sodium borates are more soluble than the calcium or magnesium
boratas 8 This is borne out by the results of this survey in that in all

cases we are dealing with a calcjum type water and we find that in ail cases

the boron level is less than the MDC (0.1 mg/1).

Chloride is present in all natural waters. In waters associated with sedimen-
tary rocks, concentrations do not usually exceed 5 mg/1. Waters high in chloride
usually are also high in sodium. This generalization is based on the fact

that, in the more highly mineralized waters, common salt (NaCl) is the main
mineral in solution!? A1l of the indications are that in the Hat Creek VYalley
the main types of rock formations are sedimentary in origin (Section 4.1 (a) }.
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The values obtained for chloride for all three systems studied were less than
5 mg/1 in all cases. Again, because these waters are calcium and not sodium
waters the chloride content tends to be lower.

Fluorides exhibit moderate to high solubility. Resistate sedimentary rocks
frequently contain calcium fluoride {fluorite) as a minor constituent, and
possibly other fluoride bearing mingra]s may constitute part of the grain
material of resistates, where chemical weathering has not been complete.
Fluoride in natural waters has been attributed to solution of micas which
contain fluoride 2? Water containing less than 0.9 mg/1 is not likely to cause
mottlad enamel in children or cause endemic cumulative fluorosis and skeletal
effects QO The WHO European Drinking'water Standards set an upper Timit of
1.5 m3/1 for drinking water 22, The fluoride content of the systems studied
ranged from 0.11 mg/1 for the Thompson River to 0.17 mg/1 for the Bonaparte
River. ' Based on the foregoing, it is not considered that the fluoride levels
found is cause for concern for the water quality. The results do indicate
the presence of some fluoride bearing minerals in the area.

Sulphates of most of the common metallic elements are readily soluble in water.
The sulphate ion, once formed, is chemically stable in most of the environments
to which natural waters are subjected. These two factors are of basic import-
ance in governing the behaviour of sulphate jons in water. Gypsum and anhydrite
are important components of many evaporate rock formations and are present in
small amounts in a great many resistate and hydrolyzate rocks. Because of
their relatively high solubility, these minerals are an important source of
sulphate in water, even though in the individual formation they may te present
only as a minor constituent1? With the exception of the bicarbonate-carbonate
group, sulphate is the most important anion present in terms of concentration.
In the case of Hat Creek the results for sulphate tend to bear out the fact
that there is a comparatively large groundwater input to Hat Creek and that
this ¢roundwater has been in contact with either a gypsum or anhydrite type

of rock, most probably incorporated in resistate or hydrolyzate rocks (see
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also Section 4.1 {a) ).

(iv) Anions : Nutrients

The ions composing this group are total Kjeldahl nitrogen, nitrate nitrogen,
nitrite nitrogen, and total orthophosphate phosphorous. In considering the
nitrogenous compounds bresent in a water system, it is helpful to consider

them as components of the nitrogen cycle. In this cycle, decomposition of
nitrogenous organic matter either by aerobic or anaerobic bacteria gives rise
to ammonia. The sum of the "¢rganic nitrogen" and the ammenia nitrogen present
constitutes the total Kjeldahl nitrogen. The oxidation of ammonia by aerobic
bacteria, a process usually referred to as nitrification, produces first nit-
ritss and then nitrates. Nitrate, the final oxidation product of the ammonia,
serves as food for plant life and is used by plants for the ‘building up of
plant proteins. The decay of proteins leads to the formation of ammonia, thus
completing the nitrogen cyc]esl. Somewhat high levels for total Kjeldahl nitro-
gen in comparison to the nitrate and nitrite nitrogen leveis were noted. This
cou ¢ be due to agricultural runoff from urea type fertilizer or from animal
waste. It is also possible that it is due to some factor inhibiting the action
of the nitrifying bacteria. For example, manganese, even in Tow concentrations,
js toxic to this group of bacteria.

Phosphate minerals, compared t¢ the carbonates or sufphates, are comparatively
rare. Phesphate tends to redepasit in hydrolyzates and elsewhere in the form.
of iron and calcium phosphates, Generally the amount of phosphate present

in natural waters is less than 1 mg/1, although a few examples of natural waters
are <nown where the value s as high as 30 mg/). In natural waters, the nitrogén:
phospharous ratio is near to 10:1]9. An examination of the results of this

study shows an anomaly in the nitrogen to phosphorous ratio, particuiarly in

the case of Hat Creek. Nitrogen to phosphorous ratios calculated from the
annual system means give values for this ratio of 5.6, 8.5, and 7.6 for Hat
Creek, Bonaparte River and Thompson River respectively. This difference,
particularly in the case of Hat Creek, must be due to one of two causes. Either
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the nitrogen level is lower than normal for natural waters or the phosphorous
level is higher than normal. The latter is more likely due to input of phos-
phorous from fertilizer contained in runoff to the water system.

(v) Organic, Nonionic, & Calculated Values

The pzrameters contained in this group are chemical oxygen demand (COD), total
organic carbon (TOC), phenol, total hardness as equivalent CaCO 3, and total
alkalinity as CaC03.

C0D, 710C, and phencl when considered together are indicators of environmental
contamination of an organic nature. Levels of these three parameters were
found to be quite low indicating that there is a low level of organic loading
to these systems.

Hardness in water is one means of expressing the concentration of certain.
"soap consuming" cations, specificially: calcium, magnesium, strontium, iron,
aluminum, 2inc and manganese. When considering domestic uses, hardness of
water does not become particularly objectionable until it reaches approximately
100 mg/1. Hardness can greatly exceed this level. In many places, especially
where waters have come in contact with limestone or gypsum, few natural waters
will be found to have a hardness of much less than 200-300 mg/1. In gypsiferous

- waters hardness over 1000 mg/1 is common. As a broad classification, waters

with a hardness of less than 100 mg/1 are considered soft, from 100 to 200

mg/1 moderately hard and greater than 200 mg/1 very hard'?. Hat Creek may be
classified as being very hard with a annual mean of 224 mg/1, the Bonaparte

River as moderately hard with an annual system mean of 135 mg/1, and the Thompson
River as soft with an annual system mean of 38 mg/1.

Alkalinity (total) represents those anions which form acids that are only weakly
dissociated in solution, and which thus enter into hydrolysis reactions. Thus,
chloride, sulphate, and nitrate ions do not affect alkalinity but carbonates
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do. In general, because of the relative abundance of carbonate minerals and
because carbon dioxide, which enters into equilibria with them in water solution,
is readily available, bicarbonate and carbonate are to be expected in most
waters. The presence of hydroxide ions in natural water in amounts sufficient
to affect the alkalinity determination directly is very rare, unless artificial
contanination has occured.

In addition to the carbonates and bicarbonates formed by equilibria with carbon
dioxide in the atmosphere, these ions can also be formed by way of the carbon
cycle. Organic carbonaceous matter in rivers, which may arise from dead and
living animals and plants, from sewage and industrial wastes, and from soil
erosion is oxidized by aerobic bacteria in the presence of dissolved oxygen

to carbon dioxide, which may then be neutralized in part by the alkali earths
and metals to bicarbonates or carbofdates. The reverse process (production

of oxygen from carbon dioxide} is termed photosynthesis and is carried out
only by green plants containing chlorophyll, such as algae, in the presence

of sunlight; it involves the formation of oxygen and the utilization of the
carbon for the synthesis of complex organic compounds such as fats, carbohydrates, -
etc. In the absence of oxygen anaerobic bacteria metabolize carbohydrates
and other organic compounds leading to the reduction of carbon to methane.
This occurs in septic tanks and in sludge and mud deposits and decomposing
vegetation at the bottom of streamsa]. The alkalinity levels were found to

range from 226 for Hat Creek to 147 for the Bonaparte River, to 35 for the
Thompson River, tending to follow the alkali earths and filtrable residue levels.

(vi} Physical Data

The parameters contained in this group are pH, specific conductance, true colour,
turbidity, and temperature,

The pH-value of a water solution represents the overall balance of a series

of equilibria existing in solution. Most natural waters have pH values ranging
from about 5.5 to slightly over 8.0]9.
on the alkaline side of the pH scale and, as the alkalinity of the water de-
creas2s, so does the pH so that the highest pH is in Hat Creek, foilowed by

In all cases the waters sampied were
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the Bonaparte River, with the jowest values being recorded for the Thompson
River.

Electrical conductance is the ability of a substance to conduct an electrical
current. Specific electrical conductance is the conductance of a cube of the
sutstance 1 cm on a side32. The specific conductance of an aqueous solution
is an indication of the concentration of dissolved ionic species present and
is thus an indication of the filtrable residue present‘g. In natural waters
the specific conductance of the water multiplied by a factor, which varies
from 0.5 to 1.0, gives the value for the filterable residue’”. Figure 4-43
shows the relationship between the specific conductance and the filtrable
residue for Hat (Creek. Using standard statistical method533, a linear regres-
sion analysis was performed on the data, and the slope of the regression line
was calculated. The value of the slope, which is the factor mentioned above,
was found to be 0.68. The regression coefficient was calculated at 0.781,

indicating a good correlation between specific conductance and filtrable residue.

Colour may indicate the possible presence of organic material. Thus, surface
watars that leach decaying vegetation may be coloured, and groundwaters that
pass through peat, lignite, or other buried plant remains may take on a colour.
The determination is mainly significant in the evaluation of drinking water
supplies or for other uses wherz2 colour is not desirablelg. The low colour
levels found for all three systems is a further indication of the low level

of organic matter in the water and tends to substantiate the low levels indica-

ted by the low COD, TOC, and phenol determinations.

Turbidity is caused by the presence of suspended matter such as clay, silt,
finely divided organic¢ matter, bacterija, plankton, and other microscopic organ-
isms. jurbidity is an expression of the optical property of a sample of water
which causes light to be scattered rather than transmitted in straight lines
through the sample. Excessive turbidity reduces light penetration into the
water and, therefore, reduces photosynthesis by phytoplankton, attached algae,

and submerged vegetationzz. From this it is evident that there should be a
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relationship between turbidity and non-filtrable residue. Figure 4-44 shows

this relationship for Hat Creek. Using standard statistical methods33, a linear
regression analysis was performed on the data, and the slope of the regression
line was calculated. The value of the slope, which gives the factor relating
turbidity to non-filtrable residue, was found to be 3.1. The regression coe-
fficient was calculated at 0.862, indicating a good correlation between non-
filtrable residue and turbidity.

Temperature changes in bodies or streams of water may result from natural
climatic phenomena or from the introduction of industrial wastes such as cooling
waters. Temperature is important, and sometimes c¢ritical, for many usas of
water. [t affects the palatability of water, treatment processes, the value

of water for many industrial uses, including cooling processes, and its suit-
ability as a habitat for aquatic life 22. For drinking purposes, water with
a temperature of 10%¢ is usually satisfactory. Temperatures of 15°C or higher
are usually objectionab]e34. Below 10°C water weeds grow very sparsely, between
10-15°¢ Qrcwth is prolific reaching a maximum above 15°C35. Changes in water
temperature as a result of human activity are generally upwards. This increase
in the temperature of receiving waters results in the following concomitant
effects: (1) higher temperatures diminish the solubility of dissolvec oxygen

and thus decrease the availability of this essential gas, (2) elevated temper-
atures increase the metabolism, respiration, and oxygen demand of fish and

other aguatic life, thus increasing the demand for oxygen under conditions

where the supply is lowered, (3) the toxicity of many substances is increased

as the temperature rises, (4) higher temperatures militate against desirable
fish " ife by favouring the growth of sewage fungus and the putrefaction of
sludge deposits, and finally (5) even with adequate dissolved oxygen and the
absence of any toxic substances, there is 2 maximum temperature that each
species of fish or other organism can tolerate; in the case of lake trout and
brook trout this figure is approximately 23 - 25°¢. However, the optimum or
preferred temperature for these fish is 13 - 179¢.%2
we can conclude that temperatures over 17%¢ represent marginal quality and

Based on the foregoing,

temperatures over 25%C indicate poor quality. Figure 4 - 45 shows the water
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temperatures for two different stations on Hat Creek. Using the above criteria
it can be seen that Hat Creek near Upper Hat Creek rarely exceeds 15% (two
test results in 86) and can, therefore, be classed as having good water quality
with respect to temperature. At Hat (reek near Cache Creek, howaver, it is
observed that during the months of June to September the water temperature
periodically exceeds 17°C. Based on this it may be concluded that Hat Creek
near Cache Creek has water of only marginal quality with respect to temperature
during the summer months. In the case of the Thompson and Bonaparta Rivers,
the highest temperatures recorded were 13 and 14°C respectively. Thus in these
two rivers we may conclude that the water quality with respect to tamperature
is good.

(vii) Physical Data: Residues

The parameters contained in this group are total residue, filtrable residue,
non-*iltrable residue, fixed total residue, fixed filtrable residue, and fixed
non~Filtrable residue. Total residue is the term applied to the material left

in the vessel after evaporation of a sample of water and its subsequent drying

in an oven at a definite temperature. Total residue inc]uges non-filtrable
resiudue - that is, the portion of the total residue retained by a filter and
filtrable residue, that portion of the total residue which passes through the
fiiterZ]. The relationships of non-filtrable residue with turbidity and filtrable

residue with specific conductance have already been discussed (see {vi} above).

Baset on the results of the freshet study shown in Table 4-18 and based on graph-
jcal analysis of the suspended sediment and dissolved solids concentrations
versus discharge (Figures C2-4 to C2-9, Appendix C), predictions have been

made of the load variation over a hypothetical mean discharge year in 5oth

Hat (reek and the Bonaparte River as shown in Figure 4-46. Suspended sediment
concentfations are likely to average approximately 300 mg/1 in Hat Creek and
65 my/1 in the Bonaparte River during mean freshet discharge. The suspended
sediment yield in Hat Creek varies from less than 2 metric tonnes (t)/month
during winter to upwards of 2400 t/month during freshet. This translates into
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Station {Base)

and Parameter 19 May
Conductivity ® 250
Nonfiltrable
L Res idue 3%
Turbidi&y_l sun 4.0
Flow, m¥s 19.3
Conductivity 230
Nonfiltrabie
1 Residue 28
Turbidity 2.3
Conductivity 220
. Nonfiltrable 2
*  Residue €
Turbidity 2.8
Conduc tivity 540
5 Nonfiltrable 1
Residue
Inrbidi}y_l 1.0
Flow, m's 0.44
Conductivity 520
5 Honfiltrable 4
Residue
Turbidity 0.60
Conductivity 480
7 Nonfiltrable 3
Residue
Furbidity 0.85
Conductivity 480
Nonfiltrable
4 " hesidue <!
Turbidity 045
Flow, mls”! 0.29

* pmhos/cm @ 25"

" g/
ane NTU

250
29

230

.90
At

0.65

.93

A5
.29

26 May

250
59

5.0

22.9
230

0.75

3
1.0

[ 1 |
TABLE 4-18
FRESHET 1977 -~ DAILY COLLECTION DATA

21 May 22 May 23 May 24 May 25 May
250 250 250 240 250

35 3 37 57 59

2.6 2.5 2.2 4.3 6.4
16.4 15.3 14.6 17.5 21.0
230 210 230 220 230

27 19 26 50 43

2.2 1.8 2.3 2.4 .7
220 220 220 210 230
26 &7 K §3 B

2.2 1.6 1.4 3.1 3.7
540 530 540 530 530

4 [ 4 & \a

11 0.55 0.75 0.80 1.1

0.39 0.40 0.44 0.81 0.62
510 510 520 510 500

2 4 7 8 6

0.60 0.90 0.715 1.0 1.0
190 490 480 A70 450

6 9 0 28 10

1.1 V.2 1.0 2.1 2.1
510 490 500 480 460

3 3 4 9 4

0.50 0.50 0,55 0.95 0.15

0.35 0.38 0.58 0.60 0.43

0.4

0.65
0.5

0.90

450

1.4
0.35

260
156

9
27,7
240
Té

530

0.70

0.45
560

1.0

470

1.
460

0.90
0.32

210
33

5.5
11.8
250

27
4.0
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29

2.8
490
r

1.5

0.75
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24
8.2

340
B
13

290
5
7.8
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S
~
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a calculated mean annual sediment yield of 5.6 t/kmz/year at the mouth of Hat
Creek which has a basin drainage area of 660 kmz. The Bonaparte River below
Cache Creek carries a sediment load of 10-25 t/month during the winter and
upwards of 2700 t/month during freshet. The calculated mean annual sediment
yield at this location based on a drainage area of 5,205 km2 is 1.3 t/kmz/year.

The dissolved solids load in Hat Creek ranges from 260-400 t/month in winter to
upwards of 3,000 t/month during freshet. The corresponding ca]cu]ated mean
annual dissolved solids yield on a budgetary basis is 14.3 t/km /year, from a
total basin drainage area of 660 kmz. This compares with a calculated yield
of 12.5 t/ka/year from 430 kmz in Upper Hat Creek (BEAK Water Quality Station
7). These figures indicate the calculated mean annual dissolved solids pick-
up ir the Tower 230 km2 of drainage area is about 18 t kmz/year,

The cissolved solids load in the Bonaparte River below Cache Creek ranges from
1,600 - 2,200 t/month in the winter to upwards of 7,200 t/month during freshet.
The calculated mean yield over fthe year would be about 8 t/km /year, based on

the basin drainage area of 5,025 kmz.

The tudgetary values generated indicate Hat Creek runoff is considerably more
turbid in the spring than the Bonaparte, and it also yields considerably more
dissoived solids per unit area of drainage than does the Bonaparte River. The
sediment yield characteristics reflects the surficial geology, channel morphol-
ogy and gradient and runoff regime in the valley. The dissolved solids yield
is a product of the ground water contribution to surface flow, agricultural
practices and high evaporation in the arid climate of the valley.

(viii) Biochemical, Dissolved Gases, and Related Measurements

Biocheﬁica] oxygen demand (BOD) is a measure of the amount of oxygen required
to remove organic matter from the water in the process of decomposition by
bacteria. It provides an index of the degree of the biodegradable organic

content of water36 In this study the B0D at all stations examined was less
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than the MOC (1 mg/1) indicating a very low level of biodegradable organic
matter in the three systems examined.

Dissolved oxygen in surface water is necessary for the support of aquatic life,
which in turn is necessary for the removal of organic contaminants. For cold
water biota, dissolved oxygen levels should be at or near saturationjs. If
fish are present in a river receiving a heavy organic load, mortality may
occur when the dissoived oxygen falls below a certain c¢ritical level - in the
case of many fish this is about 5 mg/lal.‘ An examination of the results shows
that at no time in any of the systems studied did the dissolved oxygen level
even approach the value of 5 mg/l and the average percentage saturation for
each system was 90.2, 91.1, and 93.3 percent for Hat Creek, Bonaparte River,

and Thompson River respectively.
(c) Surface Water - Lakes

Lakes in general are chemically more stabie than streams or rivers and do not"
show such striking changes in the amount and proportions of the principal
dissolved substances. In most lakes the major ions,k except the comporents of
the cirbonate buffer system, remain relatively constant in amount, and large
changes in water chemistry are restricted to the scarcer biologically important
substances,

In deciding which lakes in the Hat Creek Valley to analyze, the decision was
made t0 analyze two lakes which most probably represent the two extremes on

a spectrum of water quality. Other lakes in the Hat Creek Valley may then be
consicdered to exist on a continuum between these two extremes. The two lakes
chosen to represent these two extremes were Goose/Fish Hook Lake and Finney
Lake.

Goose/Fish Hook Lake is typical of the type of aikali slough found in the
southern interior of the province. These sloughs typicaily contain very high
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levels of alkali metals and sulphate, which, of course, results in high values

for pH, conductivity, and filtrable residue37.

Finney Lake, on the other hand, i5 more typical of a "wilderness lake" or
oligutrophic lake, characterized by low nutrient levels and high levels of

dissolved oxygen in the epiTimnionaa.

The results obtained in the analysis of these two lakes are prasented in Tables
4 - 19 and 4 - 20. The format of presentation in this section is the same as
in Section 4.2 {b) (Surface Water: Streams and Rivers). The general chemistry
discussion in that section applies equally to this section and, for the purpose
of brevity, will not be repeated.

The following cations were less than the MDC in both Finney and Goose/Fish
Mook Lake: aluminum, cadmium, chromium, copper, lead, and selenium. Of the
remaining cations in this group, all of the levels found were very similar to
those found in Hat Creek, with the possible exception of vanadium, and that
only in Goose/Fish Hook Lake. In this one case there was found, in one test,
a valse of 1.0 mg/1 for total vanadium. The cause of this one high value is
not kiown.

In th2 case of Goose/Fish Hook Lake the clacium level is lower than that found in
Hat {reek resulting in a Ca:Na ratio of 0.008:1. This very Tow ratio is pr&bably
due to the fact that Goose/Fish Hook Lake is a shaliow slough located in a
depression which collects shallow ground water seepage and surface water runoff.
Water leaves these types of sloughs almost exclusively by evaporation, resulting
in concentration of the dissolved components. As the calcium compounds are

much "ess soluble than the sodium compounds, the calcium tends to precipitate

out of solution forming a calcium type sludge on the bottom énd resulting in a
lower ratio of calcium to sodiumin the remaining water. In addition, base

excharge reactions in which calc'um is replaced by sodium in solution would appear
to be occurring.
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STATION: 17, Finney Lake

PARAMETER (mg/t} Sept. 76
CATIONS - Traca Metals

Aluwinum {A1) .

Arsenic (As) -i

Caomiuvm (Cd) )

Chromium (Cr) {*}

Copper {Cu) *)

Iron (Fe) 0.083) *
Lead (Pb} *

Mercury (Hg) -
Hoiytdenum (M) -
Selenium {Se) (*

Vanadium (V) (*

Zinc (In) (6.019) 0.007

CATIONS - Alkali Earths & Metals

Calctum (Ca
Lithium {L1 {*}
Magnesium {Mg)
Potassium {K)
Sodium (Na)

Strontium (5r)

ANIONS - Generai

Boron (B} {0.1)

Chioride (C1)
Fluoride (F)
Suifate {50}

MIDNS - Hutrients

Total Kjaldan) Nitrogen (N)
Nitrate Mitrogen (NO, - N)
Nitrite Nitrogen (NOy - N}
Total Orthophosphate Phosphorus (P}

ORGANTC, HONIONIC & CALCULATED WALUES

]

TaC

Phenol

Total Kardness {Cac0,)
Total Alkalinity (CaCD,)

PRYSICAL DATA

pH {wnits)

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

Turbidity (NTU)

Temperature {°C)

PHYSICAL DATA - Residues

Total Aesidue

Filtrable Residus
Honfiltrable Residue
Fized Tatal Rasidue

Fixed Filtrable Residue
Fixed Nonfiltraple Residue

BIOCHEMICAL, OISSOLVED GASES & RELATED
MEASUREMENTS

BOD
D.0.
1 Saturation

Denotes <MOC
{] Oengtes Total Concentration

15
-

7.4
2.4

13
(0.07) 0.08

~oe
g1

0.49
0,03

0.042

152
150

o —
oo

TABLE 4-19,
SURFACE WATERS - FIMNEY LAKE

Dec. 76
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TR -0
SURFACE WATERS - GOOSE/FISH HOOK LAKE

STATION: 16, Goosa/Fish Hook Lake
PARNMETER (mg/t) Sept. 76 Dec. 76 Mar. 77 Hay 77

CATIONS - Trace Metals

Aluwinum (A1) *) - - *
Arsenic (As) 0.009) . - .
Cadmiva {C4} () - . *
Chromivm (Cr) (* - - »
Copper (Cu) (*} ° - - .
iron (Fe) {0.076) = - - 0.026
Lead (Pb} * - - b
Mercury (Hg) (0.0071) 0.00035  0.0006) v
Molybdenum (Ma) - - - 0.03
Selentum {Sa} i") - - h
vanadium (V) 1.4} - - 0.006
2tnc (n) (*} . - . 0.054
CATICNS - Alkali Earths & Metals

Calcium {{a) 13 13 8.0 n
Lithium (L) (0.860) 0.082 - - 0.087
Ragnesium {Mq) 130 150 16 100
Potassium (¥} 190 .- - -
Sodium [Ma) 1900 2000 160 1500
Strontium {5#) {1.5) }.5 2.0 0.18 T
ANIONS - General

8oron (B) - (0.3 - - 0.3
Chtoride (C1) 120 150 16 99
Fluoride (F) 1.6 0.51 v 9.13
Sulfate (50,) ' 2900 3300 260 2100
ANIONS - Nutrients

Total Kieidahl Mitrogen (W) 2.8 8.2. VA 4.0
Nitrate Nitrogen (NOy - N) 6.20 - 0.03 0.02
Nitrite Nitrogea (NO; - N) 0.003. . 0.0015 .
Total Orthophosphate Fhosphorus (P) 1.9 1.9 0.48 1.9
ORGANIC, NOWIONIC & CALCULATED VALUES

cop - - - 124
Tac 156 - = 173
Phencl - - - .
Total Mardness (Cal0,) 568 &49 86 439
Totat Alkatinity (CaCD,) 1983 21353 186 1557
PHYSICAL DATA

o {units) 5.9 0.4 9.7 9.6
Specific Comductance (Lmnos/cm & 25°) 7800 8900 370 9300
True Color (Pt-Co Units) L 60 §0 40
Tursidity (NTU) 3.2 5.7 4.7 1.8
Temparature (*C) 14 . - .5
PHYSICAL DATA - Rasidues

Total Residue 6537 7968 857 5174
Filtrable Residue 6520 71960 650 5170
Nonfiltrabie Residue 7 [} 7 4
Fized Total Residue 6083 415 545 4762
Fixed Filtrable Residue £040 70 543 4760
Fixed Monfiltradble Residue H 5 2 2
BIOCHEMICAL , DISSOLVED GASES L RELATED

ME ASUREMENTS

BoD 1 - - .
b.a. 14.1 12.0 5.4 &.8
% Satyration 138 %3.6 2.1 10.6
* Denptes <MDC

{) Denotes Tatal Concentration
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The ‘ithium level in Finney Lake was found to be less than the MDC. This is
in agreement with the results of Hat Creek. In the case of Goose/Fish Hook
Lake the lithium levels found again indicate the evaporative concentration
which has taken place.

The magnesium level in Finney Lake is lower than that found in Hat Creek for
the same reasons as for calcium, that is, a lower ground water input to Finney
Lake than to Hat Creek. Generally speaking, magnesium compounds are more
soluble than the corresponding calcium compounds. More specifically, the
solubility of magnesium carbonate and sulphate at 25%¢ is 0.0106 g/100 cc

and 38 g/100 cc respectively while the corresponding values for the calcium
salts are 0.00153 and 0.241 g/100 cc respectively?®, The levels of magnesium
found in Goose/Fish Hook Lake reflect this increased solubility of magnesium
compounds when compared to calcium.

The potassium level in Finney Lake is lower than that found in Hat Creek. This
is probably due to lower ground water input to Finney Lake. Goose/Fish Hook Lake
potassium levels again reflect the evaporative concentration taking place.

The sodium level in Finney Lake again is lower than in Hat Creek due to reasons
already mentioned, while Goose/Fish Hook Lake exhibits very high sodium levels
for the reasons already discussed under calcium.

The strontium levels found in both of the lakes studied repeat the pattern
found for the other parameters already discussed.

If the ratio of concentrations for different parameters, outside of the trace
constituents, is calculated for Hat Creek compared to Finney Lake, it is found
that, with only a few exceptions, this ratio averages at 2.05 with a standard
deviation of 0.32. The exceptions to this are fluoride, sulphate, Kjeldahl
nitrogen, chemical oxygen demand, and total organic carbon. This would indicate
that in Finney Lake the various constituents bear the same relationship to each
other as they do in Hat Creek but there is a dilution factor of approximately 2
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from a higher input of surface water compared to ground water.

If similar ratios are calculated for Goose/Fish Hook Lake compared to Hat
Creek, the situation is not so ¢lear. The average ratio is found to be 20.47,
but the standard deviation is 24.62. This large variability is probably due
to the complicating factor of precipitation of dissoclived materials due to
concentration by evaporation resuiting in the exceeding of the solubility of
some of the dissolved salts. That this occurs may be seen by the deposits of
salt: to be found around the perimeter of the lake.

The fluoride level in Finney Lake was found to be higher than that in Hat

Creek (0.22 mg/l compared to 0.16 mg/l). This would seem to indicate that the
strezms feeding Finney Lake flow through an area bearing soluble fluoride rocks,
possibly fluorite. This is probably one of the sources of the somewhat high
fluoride level found in Hat Creek which was previously mentioned.

The sulphate level found in Finney Lake is much lower than can be accounted

for bty simple dilution when compared to Hat Creek (5.0 mg/l compared to 54 mg/l).
This is probably due to the ground water input to Hat Creek having been in contact
with sulphate type minerals resulting in an elevated level for this ion in Hat
Creek.

The kjeldahl nitrogen, C0OD, and TOC levels in Finney Lake may be best understood
when considered together. The higher levels for these three parameters indicate
that, while intrinsically not high, the level of biological activity in Finney
Lake is greater than that shown by Hat Creek.

Figure 4-47 shows a temperature and dissolved oxygen profile for Finney Lake
obtained in September 1976. The figure shows a typical pattern for a shallow
oligotrbphfc ]ake38, with a high dissolved oxygen level in the epilimnion,

and a hypolimnion with a low level of dissolved oxygen. The absence of a
therrocline, the third criteria for a shallow oligotrophic lake, may be due to
the fact that the lake was sampled in September which would be the period of the
fall overturn or it may be that the lake is too shallow for a thermociine at any

time of the year,
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(d} Surface Water - Other Programs

These programs provide a 1imited amount of information on surface water guaiity
and a-e discussed briefly in this section. '

(1) Pit Hydrology Study

Aleece Lake (outlet) and Hat Creek {below Finney Creek) were samplied and a
limited analysis of the samples was performed. The results of these analyses
are collated in Table C1-33 , Appendix C. The only points worthy of note in
terms of surface water quality are the somewhat high values of sodium and
potassium found in Aleece Lake, possibly indicating an input to Aleece Lake of
deep permeable bedrock groundwater. ’

{(ii) Power Plant Site Study

A series of samples was obtained from Medicine Creek, MaclLaren Creek, and
Pavilion Lake. The results of the analyses of these samples are collated in
Tables C1-34, Cl1-35, and C1-36 , Appendix C. These results are very similar
to the results obtained for the Hat Creek area.

(iii) Thompson River Intake Study

In this study,soreferenced here only for completeness, suspended sediment
concentrations were found to range from<1.0 « 2.0 mg/1 during three separate
samplings in February, March, and June 1977. The report however does indicate
suspended concentrations as high as 91 mg/l have been observed in othar studies39.

The study also measured suspended sediment size distributions.

A total of 46 - 55 different taxa of algae were found during the study with @ mean
algal density ranging from 262,003 units/liter in February to 695,000 units/

liter “n June. The algae density was found to vary proportionately with the

river discharge and inversely with river ice cover.
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For further information it is suggested that the reader consult the report.
{iv) Bulk Sample Program

Three sample stations were established on Hat Creek with respect to the coal

Bulk Sample Program. The results of the analyses carried out on samplies from
these stations are collated in Tables C1-37, C1-38, and Cl-39, Appendix C.

The main points of difference between these sampies and the annual mean values
for Hat Creek 1ie in the higher values for total organic carbon and non-filtrable
residue. These higher values are attributed to samples taken during the spring

freshet.

(e) Comparison With Existing Data

As stated in Section 3.1 (b}, for the purposes of this report, the term "existing
data" is defined as that data which has been collected, or was in the process of
being collected, prior to the commencement of this project in July 1976.

(i} - Ministry of the Environment (MOE)

Table 4-21 shows the MOE data for their sample stations of interest to this
prcject. The data for Station 0600073, Hat Creek at mouth, shows very simlar
values to those for the Hat Creek System mean values with the exception of the
total orthophosphate phosphorous. The MOE mean value for this parameter is

0.C12 mg/1, while the program mean value is 0.043 mg/1. A possible explanation
for this variation may be found in the sampling dates of the MOE data. Qut of

a total of 16 samples collected, 10 were collected in the period of June to
August inclusive. An examination of the data for Lower Hat Creek for the samples
taken in March and May 1377 show that the average total orthophosphate phosphorous
for these dates is 0.019 mg/l. This value is much closer to the MOE figure which
might indicate a seasonal bias in the MOE data,

4 - 65




beak

STATION:
PARAMETER (g0 /4|

CATIONS -

Aluminum (A1)
Arsanic (As) »
Cadmium (Cd}

theomivm [CF)

Copper {Cu)

iron [Fe}

Lead {Pb)

Mercury (#g) (pg/t) *
Holybdenusa (Mo) .
Selanium (Se}

Vanadium (V)

2inc (In) *

CATIONS - ALKALI EAATHS & METALS

talcium {Ca)
Lithium (L1}
Aagnes lum (Mg}
Potassium (K)
Sodium (Ha} *
Strontium (Sr) .

ANIONS = SENERAL

Soron {B) *
Chiorias (Cl1) *
Fluoride {F}
Sulface (504)

AN IOMS = HUTRIENTS
Total = Xjeidanl - Nitrogan (N)
Wlicrate = Nitrogea (NOy - W)

Nitrate - Witrogen (NO; = N}
Tactal < Orthophosphate - Pho&?rorus

DRGANIC, NONIOWEC § CALCULATED VALUES

con

Tot

Phanal

Toral wardnaws {CaCos)
Tota! Alwalialcy (CaCog)

PHYSICAL_DATA

pi (units}

Specific Conductanca {umhos /s
True Colar {Pt-Co Units)
Turbldicy (NTg]

Temperacure { ()

a
257

PHYSICAL DATA - RES]OUES

Total residus

Filcrabla resldus

Nen~filtrable reasldue -
Fiaed total residue

Fixed filtrabel residue

Fined non=filtrable residue

BIDCHEMICAL, DISSOLVED GASES & RELATED
HEASUREMENTS

800
¢.0.
} Saturation

{ ) Oenotes Total Concentration
*  Denctes Less than 5 Samples

TABLE 4-21
MEANS OF HAT CREEK, BOWAPARTE RIVER & THOMPSON RIVER
’ 1871 - 1977
MINISTRY OF THE ENYTROMMENT DATA
Hat, Creek Bonaparte R. Bonaparts R.
Al mouth above beiow
Clinton Lr. Cache Craek
0600073 0600017 0500008
< 01 - -
< 1),005 - -
< 0.001 < 0.002 < 0.016
< L1 < 0.1 < 0407
< 1,001 < 0.001 ¢ 0,003
<{0.08) *  <(0.05) -
< 10,0019 - -
< (.008 * 0?006 < 0:019
61.6 19.6 12.5
24.8 13.8 26.3
2 - :
2:2.8 - -
< .1 - .
2.0 4.9 2.6
n.12 - .
5l.4 < 5.3 38.6
< {116 Q.20 0.35
< 0.03 < 0.03 < 012
< {1,008 < 0,005 < 0.01
4.012 Q. 004 0.061
b 7 7
ur % 194
243 115 193
.5 8.1 4.1
520 230 "
4 13 12
8.6 2.0 7.8
4.5 7.8 6.5
355 155 305
i 147 266
H . 11 53
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A comparison of the data for the Bonaparte River with the MOE data is complicated
by the fact that the sample locations used do not coincide. Therefore, the few
smal' differences observed (sulphate, total orthophosphate phosphorous, hardness,
and alkalinity) are probably as much due to sampling location difference as they
are 1.0 any other variable such as flow or seasonality.

A comparison of the data for the Thompson River with the MOE data shows that the
only point of difference is that the program value for the chemical oxygen demand
for the Lower Thompson River (Station 19) is much higher than the MOE value for
the Thompson River at Spences Bridge (Station 0600005). Because this difference
is the result of one very high test in the program (31 mg/1, May 1977} it is
considered that this point is an unexplained outlier and that the norm wouid not
show this high value.

(i1) Department of Fisheries and Environment (DFE}

The CFE temperature data for Hat Creek has already been discussed in Section

4.2 (b) (vi) (Surface Water: Streams and Rivers) (Physical Data). The other
DOFE data available is the data provided by the NAQUADAT program for the Thompson
River. The data for this system are summarized in Table 4-22. The only points
of difference between the NAQUALDAT data and the program data for Station 19 is
1'_n the iron and zinc values., The values reported by DFE for iren and zinc are
0.117 and 0.002 mg/1, respectively. The program values obtained for the same
parameters are 0.026 and 0.016 mg/l respectively. The most probable cause of
these differences lies in the fact that the analytical techniques used for their
determination were different. In the case of the DFE data, the values reported
are the extractable values. In the case of the program data, the values reported
are the dissolved values. The reasons for determining the dissolved values were
discussed in Section 3.2 (b) (ii) (B) (Sampling and Analytical Procedures).

(i) Calgon Corporation

This data, contained in a Calgon Corporation report to B.C. Hydro, covers the
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TRBLE 3=27
MEANS OF THOMPSON RIVER
STATI0M: ENYIRONMENT CANADA DATA
1973 - 1376
PARAMETER  {mg/); Thompson River
Near Spances Bridge 008LFDO1
CATIONS - HEAVY =ETALS
Aluminum (A1) -
Arsanic (As) Extractable 0.0002+
Cadmiun {Cd) Extractable < 0,001+
Chromium (Cr)  Eatractabile 0.900%+
Copper (Cu} Extractable < 0.001
fron (Fe) Eatractable 0.117
Lead (PB) Extractable < 9.002+
Hanganese (Mn) -
mercury (Hg) Extractable {ug/T) < 0.05
Molybosnum (Mo) Extractable 0.0F3+
Seilenium (Se) Extractable 2.0Q1+
Vanadium (V) -
Zine (In) Extractable < 0.002
CATIONS - ALKAL! SARTHS ¢ METALS *
Lalcium iCal} 2.7
Lithium (Li) .
Magnesium (Mg} N
Potassium (K} 0.86
Sodium (Na) 3.0
Strontium {Sr) -
AN{ONS - GENERAL
Boren (B) .
thloride (£1) 1.5
Fluarige (F) . 0.07
Sulfare (504) 11.6
ANIONS - NUTRIENTS
Total - Xjeldshl = Nitrogen {N} <0.32
Mitrate - Nitrogen (ND, - N} 0.068
Micrate - Nitroges [%0; - M)
Total - Orthophosanate - Phosphorus (P} -
QRGAMIC, NONIOMIC & CALCULATED VALUES
cao -
Toc 3.7
Phang! -
Totai Hardness (Caloy) Lalcd. 4
Total alkatinicy (tafo,} 38
PHYSICA DATA
pH (units) 7.2-8.0
Specific Conductamce {USIEfem) 101
hgparent Color {Rel. Unmirs) <?
Turbidity (JTU) F
Temperature { () 8.6

PHYSICAL DATA - RESIDUES

Total residue -
Filtraale residue Calcge. 57
Non+filtrable residus
Fized total residue

Fixgd filtrabel residue
Fixea nen=filtraple residue

- Ao

BIDCHEMICAL, DISSOLYED GASES ¢ RELATED
HEASUREMENTS

80D -
0.0, 15.0
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pe~iod December 1974 to October 1975 inciusive for the Thompson River and is
summarized in Tabie C1-40 , Appendix C. The two major differences between the
daa contained in the Calgon report and the data contained in this program lie
.in the very high values given in the Calgon report for aluminum and turbidity
(0.2 mg/1 and 5 respectively compared to program values of <0.017 mg/1 and 0.81
respectively). The high turbidity reported in the Calgon study is somewhat
questionable when compared to the value of 4 mg/1 for the nonfiltrable residue.
Use of the regression equation developed in Section 4.2 (b} (vi} (Physical
Daza) indicates that a turbidity of 5 corresponds to a nonfiltrable residue of
approximately 17 mg/l or, conversely, a nonfiltrable residue of 4 mg/l
corresponds to a turbidity of 0.89, The latter is more consistent with the
program data, No explainable reason can be found for the high aluminum values.
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4.3 WATER USE
{a} Ground Water

Within the Hat Creek Valley there are 12 domestic wells, and three

developed springs. The locations of all wells are shown in Figures 3-3 and
3-4 and details of these wells are included in Appendix A2.0. As mentioned -
earlier, metered flows were not available so that water consumption from
these sources had to be estimated. [t is estimated that the domestic water
consumption in the Hat Creek Valley is approximately 30 m3/d. \\\\

There are no wells or springs which are used for irrigation purposes in the
valley, however in some places ditches have been dug to divert ground water

from areas of bogs or seeps into dry soil areas. This is a limited
practice since minor amounts of ground water are available.

A large capacity well supplies wash water for a limestone quarry located in
the Marble Canyon area. This well is estimated to deliver 500 m3/d of
which about 75 per ¢ent is returned to the ground water table as
infiltrated waste water.

(b) Surface Water

(i} Irrigation
Two analtvses were carried out to sstimate the amount of water presently used
for irrigation in the study area: (A) an analysis of water licence informa-
tion, carried out for the Hat Creek, Lower Bonaparte, Cornwall, and Oregon
Jack drainages (refer to Figure 4-48 for the location of these drainage
areas) and {B), an analysis based on a water use model carried out for the
Hat Creek Valley considering specific soil, crop, climate, and irrigation
system characteristics, The two analyses provide a useful comparison or
check on the other water use estimate. While water 1icences
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are based on established irrigation practices and supply needs of a specific
area, they do not necessarily represent present use, insofar as less
water (or none at all in the case of an unused individual licence) or
more water may on the average be currently used than accounted for by
water licences. Water licences do not account for use of ground water,
nor do they account for naturally occurring subsurface irrigation. The
water use model, on the other hand, while based on site specific condi-
tions, may not completely acccunt for variation in water use caused by
very localized conditions. It should be noted that in both analyses,
the water use estimate represents a gross quantity including any amounts
that may reenter the surface water system as return flow.

A. MWater Licence Analysis

Water licence information for the.study area is summarized in Table 4-23
according to the source (specific creek) from which water is licenced
for irrigation or storage purposes.

Hat Creek Drainage (includes Medicine Creek)

The water licence information for the Hat Creek drainage basin was cate-
gorized in Table 4-23 on the basis of four subregions (refer to Figure
4-48) which contain approximately equal lowland areas of the Hat Creek
valley. This summary format was envisaged as being useful, not only

in reporting present use results, but in assessing and reporting future

water use with and without the 8.C. Hvdro project.

Details of water licences are shown on Figure 4-49 (sheet 1). The locat-
ion of the licenced point of diversion and the guantity of irrigation
watzr licenced per season are depicted in this figure, as well as the
location of presently irrigated lands {as determined in the Agriculture

40

study -~ from 1976 aerial photographs4]).
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TABLE 4-23/1 !
IﬁRlGAIION WATER LICENCE LNFORMATION
Location of Diversion Irrigation Licence*** Supplementa? Licence** Storage Licence
Water Hater Water
Number of Guantity Land Number of Quantity Number of Quantity
Licences {ha-m) Area licences (ha-m) Licences {ha-m) Storage Location
Bat Creek Drainaye
Subreygion [
Hat Creek H 165 (37})+* - -
Gaillagher Creek i il - - 1 n Gallagher Lakes
Kobercson Creek 4 [¥4 - -
Sub Tola) 8 188 (37}* {205 (40)+ - - ] 13
Subregion 1
Hat Creek 4 F4] - -
Lloyd (Houth) Creek 1 nt - - 4 tloeyd Reservoirs
Medicine Creek i 5 236 {224)+ - - 3 2l6**ten] Mclean Lake
Fianey Creek 2 24 - - 12 Finney take
Anderson Creek - - ] 12
Ambusten (reek*#*s= 1 1 - - 7_J
Sub Total 13 296 (224)* {346 (318)* ] 12 k] 230
Subregion i - 1
Hat Creek [ a9 - -
Anderson Creek 3 24 1 28
Ambusten Cregk»ws» 1 ¥ - -
Cashmere Creek 1 2 ) 2
Martin Creek 1 7 - -
McCarmick Creek F4 14 - -
McDanald Creek 4 40 ) 10
White Rock Creei 4 5 - - L] L] Wihite Rock take
Schnelder Br, 1 7 - - [ Schneilder Swamp
Parke Lreek - - 1 4 2 Parke Lake
Fhil Creeka#**» 2 28 1 6 1 5 Parke Lake
Crater Creek 1 ) - -
Dargugh Cregk**~» k] 20 - -
Pocack Creek 2 17 - - ]
Sub Total 29 788 518 5 50 4 7
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’ TABLE 4-23/2
IRRIGATION WATER LICENCE INFORMATION
Location of Diversion Irrigation Licence*** Supplemental Licence** Storage Licence
Water Water Mater
Number of Quantity Land Kumber of Quantity Number of Quantity
Licences {ha-m) Area {icences {ha<m) Licences {ha-m) Storage Location
Subregian IV
Hat Creek [ 184 {1581+ 1 48 {48)* 2 6 Lanaley Lake B
Dregon Jack Swamp
Pocock Creek 6 19 - -
Yet Creek**** - - ] 7
Colley Creek 4 49 - -
Darough Creek 1 Whole - -
Flow —
Sub Total 17 a3 (158) 1 510 (325)* 2 55 (48}* 2 36
— [T (R - Ao [ N (VDS WS S —_
Totals 64 1045 (419)*H698 (6B3)* 8 117 (48)* 8 294
hd Used outside of Hat Creek watershed,
e Used only when primary source is Inadequate, but not available for other licencees.
hw Supplemental licences not included.
AN Fully recorded
LR 2%

The same licence for 37 ha-m included in both totals,
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TABLE 4-23/3
IRRIGATION WATER LICENCE INFORMATION
Location of Diversion Irrigation Licence*** Supplemental Licence** Storage Licence
Water Kater Hater
Number of Quantity Land Number of Quantity Number of Quantity
Licences {ha-m) Area Licences {ha-m} Licences (ha-m) Storage Location
Bonaparte Driinage
{South of Township
21)
Bonaparte River B 684 1 49
Settlement Brook 1 - -
Walker Brook 1 2 - -
Perry Brook ] B - -
Craig Spring 44 - -
Cache Creek 12 179 1 28 2 66 Semlin Lake and
Reservolr, West
Fork Cache Creek
Cathe Swamp 1 24 - -
Thompson River 1 148 - -
Total 57 1290 1246 2 75 2 66
Cornwall & Cheetsunm
Drainages ) +
Carnwall Creek 5 59 1 45 3 Gq*araa Mclean, Fitzellan &
° Henry Lakes
Cheetsum Creek**#* 1 10 - -
Lone Tree Creek | 18 - - ] 18 UK Lake
Ashcroft Creek 1 15 - - ] 15 UK Lake
10?7 Gulch Creek 1 10 - -
Hahashket &
Tingley Springs 13 - -
Total 10 i2s 07 i 45 5 97
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TABLE 4-23/4
IRRIGATION WATER LICENCE FHFORMATION
Location of Diversioa Irvigation Licence*** Supplemental Licence** Storage Licence
Hater Mater Water
Number of Quantity Land Number of Quantity Number of Quantity
Licences (ha-m) Area Licences {ha-m} Licences {ha-m) Storage Locatton
Oregon Jack &
Winoburs iwl
Drainages
Oregon Jack Creek ? 136 k] 52 q 68 fond
MHinaberriet Creek 1 [} - -
Basque Swamp 1 Whole - - - -
Flow
tulu Brook 1 5 - -
McKenna Brook | 1 - -
Total 1 148 166 3 92 4 68
bl Used only when primary source is inadequate, but not available for other licencees.
bl Supplemental licences not included.
L Fully recarded {note that the licence for Cheetsum Creek also uses some water
Minaberriet Creek).
ik kW

The same Vicence for 37 ha-m included im both totals.
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A total of 1050 ha-m of water af the Hat Creek drainage is licenced annually
for irrigation use. This amount is distributed between subregions I, II, III,
& IV by the amounts of 188 ha-m, 296 ha-m, 288 ha-m, and 278 ha-m respectively.

The major source of water is Hat Creek which is licenced for the diversion of
459 ha-m; Medicine Creek is the next largest source, 1icenced for 236 ha-m;
the remaining 355 ha-m is distributed between 19 other creeks. Four small
creeks, Ambusten, Phil, Darough, and Yet are considered by the B.(. Water
Rights Branch as being fully licenced.

Of the 1350 ha-m of Hat Creek Valley water licenced for irrigation use, 631
ha-m are licenced for use on land that 1ies within the Hat Creek drainage
basin while 419 ha-m are licenced for use on land that lies outside. There
are two major components of the water that is used on land outside the Hat
Creek drainage: (1) in subregion 1I, 224 ha-m is licenced for diversion from
Medicine Creek into the Cornwall drainage; and (2) in subregion IV, 158 ha-m

are licenced to be diverted from upper Hat Creek to the Oregon Jack drainage.
This latter diversion, however, has not been operational for some time.

The area of lands that are licenced for irrigation water use from Hat Creek
totals 1698 ha, which consists of 1015 ha within the Hat Creek drainage basin
and 683 ha lying outside associated with the water guantities noted above.

In additior to the irrigation ticences (primary licences} discussed above, ‘
supplemental irrigation licences can be issued for a secondary source to make
up the total amount of water of a primary licence when it is not possible to
withdraw tha complete amount from the primary source. A total of 117 ha-m
have been licenced under supplemental licences for points of diversion within
the Hat Creek drainage.

Irrigation storage licences for a total of 294 ha-m have been issued for
waters originating in the Hat Creek drainage, the largest being the storage
of 216 ha-m of water from Medicine Creex in MclLean Lake for irrigation use
on the benchiands of the Thompson River,
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A relatively small amount of water, 42 ha-m, is licenced for storage in
Gallagner Lakes, Lloyd Reservoirs, Finney Lake, White Rock Lake, Schneider
Swamp, and Park Lakes for use in Hat Creek Valley itself. The remaining amount,
36 ha-m, is licenced for storage in Langley Lake and Oregon Jack Creek Swamp

for us2 outside Hat Creek Valley. However, water is not being diverted to
fulfill this latter storage licence due to the disrepair of the diversion ditch.

2

Bonaparte Drainage (south of Township 23}

A total of 1290 ha-m of the surface waters of the Bonaparte drainage (south

of Township 23) is Ticenced for irrigation use. The major source is the
Bonaparte River itself, accounting for 684 ha-m. Cache Creek is the next
largest source, acgounting for 379 ha-m. One irrigation licence for 148 ha-m
is held on the Thompson River. The lands associated with these water licences
totals 1246 ha. A total of 75 ha-m of water is under supplemental irrigation
Ticenca., Storage is licenced for Semlin Lake and a reservoir on the west fork
of Cache Creek in the total amount of 66 ha-m. Licence letails for the lTower
portion of this area are shown on Figure 4-49 (sheet 2).

Cornwall E Cheetsum Drainages

A total of 125 na-m of the waters of the Cornwall and Cheetsum (immediately
south of Cornwall) drainages is licenced for irrigation use. The major source
is Cornwall Creek, accounting for 59 ha-m. The other five sources in this
drainaje are licenced for between 10 ha-m and 18 ha-m each. The land associated
with these licences totals 307 ha. One supplemental irrigation licence is

held on waters of Cornwall Creek in the amount of 45 ha-m. Licenced storage
totals 97 ha-m and is held in McLean, Fitzellan, Henry, and UK Lakes. Licence
details for this area are shown on Figure 4-49 {sheet 2}.
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Oregon Jack and Minaberriet Drainages

A total of over 148 ha-m of the surface waters of the Oregon Jack and Minaberriet
(immedia=ely north of Oregon Jack) drainages is licenced for irrigation use.
Oregon Jack Creek is the primary source, accounting for 136 ha-m of the total.
The lands associated with these licenced waters totals over 166 ha. A total of
92 ha-m of water is held under supplemental irrigation licence, the source of
which is entirely Oregon Jack Creek. Storage is licenced for one pond in the
Oregon Jack Creek drainage in the amount of over 68 ha-m.

B. Water Use Model Analysis

The amount of water required for irrigation is a function of c¢limate, soil,
crop, and irrigation system characteristics. In general, this amount is made up
of two major components: the irrigation requirement of the crop (water used

by the piant); and the amount of water that is lost during the conveyance

from souirce to field and during field application (water not available to the
plant). The ratio of the irrigation requirement of the crop to the totzl

amount o< water used (i.e. diverted from source) represents an irrigation effi-
¢iency value for a particular system. For the Hat Creek Yalley, both the irri-
gation requirement of the crop and the irrigation efficiency were determined on
a field specific basis to provide a second (to the water Ticence analysis) esti-
mate of present water use.

Determination of Irrigation Requirement

The following model and associated results (Table 4-24 were developed ir the

Agricul ture report40. The model is similar to a computer model used by

Agriculture Canada in their determination of irrigation requirements for other

agricultural areas in British Columbian.
IR = R [(foPE)-P-SU] , not less than zero (1)

where,

IR represents the irrigation requirement of the crop, expressed as a depth of

water;
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Determination of Irrigation Requirement

The foilowing model and associated results (Table 4-24} were
developed in the Agriculture report 40. The model is similar to

a computer model used by Agriculture Canada in their determinatian
of irrigation requirements for other agricultural areas in British
Columbia 42

IR = R[(f-PE)-P-SU], not less than zero (1)
where,

IR represents the irrigation requirement of the crop, expressed
as a depth of water;

R represents a risk factor, which is a function of the risk of
not having enough irrigation water to meet the consumptive needs
of the ¢crop. Risk is synonymous with probability, but usually
implies a hazard, It is expressed as a cumulative percentage and

indicates the number of years out of 100 when the values used are
exceeded. When the risk factor is greater than 1, the risk is
less than 50 percent.

A reasonable planning risk of not having enough water for the
irrigation of hay and pasture, the major crops of the Hat Creek

valley, was determined to be 20 percent (i.e., there would be the
probability that 20 years out of 100, the calculated seasonal

irrigation requirement would be less than the water requirement
based on actual climatic conditions)., This figure was based on
current design specifications43 and discussion with a B.C.
Minis<ry of Agriculture irrigation specialist regarding actual
risks assumed in current farming practices.

The risk factor, R, was obtained by averaging the ratio of
irrigation requirements for the desired risk {in this case 20
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TABLE 4-24

MONTHLY HAT CREEK VALLEY IRRIGATION MODEL PARAMETERS

AND TRRIGATION REQGUIREMENT RESULTS

1 = rl(e.pE)op-sul, net tess than zero (1)
April May June Jufy Aug Sept Oc Total
R 1.15 1.15 1.15 1.15 1.1% 1.15 1.15 1.15
f 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PE (cm) 3.58 7.70 9.14 11.96 {10.24 5.38 0.0 48.0
(in) 1.4 3.03 3.60 §.71 4.03 2.12 0.0 18.9
P (cm} 1.63 2.16 3.51 2.90 3.18 2.06 2.5 17.9
(in} 0.64 0.85 .38 1.14 1.25% 0.81 0.9 7.1
Sy
Hay/Pasture* on {cm) 1.95 1.22 0.04 0.0 G.0 .0 0.0 3.2
Upland Soil (in) 0.77 0.48 0.02 0.0 0.0 0.0 0.0 1.27
Hay on (cm; 1.95% 2.49 0.55 0.25 0.0 0.0 0.0 5.0
Floodplain Soil (in 0D.77 0.98 0.22 0.10 0.0 0.0 0.0 1.97
IR .
Hay/Pasture* on (cm) 0.0 4.98*+ 6.43 |.10.44) ] 8.13 3.84 0.0 33.8
Upland Soil (in) 0.0 1.96 2.53 4.1 3.20 1.51 0.0 13.3
\ ' _ . o L
Hay on (cm) 0.0 3.51*** § 84 10.13 8.13 3.84 0.0 31.5
Floodplain Soil (in) 0.0 1.38 | 2.30 3.99 3.20 1.51 0.0 12.4
* Assumes that pasture is irrigated the full irrigation season.

**  Start of irrigation season'calculated to be May 5th,
**x*  Start of irrigation season calculated to be May 15th.
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R represents a risk factor, which is a function of the risk of not having enough
irrigation water to meet the consumptive needs of the crop. Risk is synonymous
with probability, but usually implies a hazard. It is expressed as a cumulative
percentage and indicates the number of years out of 100 when the values used are
exceeded. When the risk factor is greater than 1, the risk is less than 50 per-
cent.

A reasonable planning risk of n6t having enough water for the irrigation of hay
and pasture, the major crops of the Hat Creek Valley, was determined to be 20
percent {i.e., there would be the probability that 20 years out of 100, the
calculated seasonal irrigation requirement would be less than the water require-
ment based on actual climatic conditions). This figure was based on current de-
sign specifications43 and discussion with a B.C. Ministry of Agricuiture irriga-
tion specialist regarding actual risks assumed in current farming practices.

The risk factor, R, was obtained by averaging the ratio of irrigation require-
ments for the desired risk (1n this case 20 percent) to irrigation requirements
for a 50 percent risk, as documented for varicus surrounding locations by Canada
Department of Agriculture computer ana]yse542’44’45’46. The risk factor so ob-
tained was:

R = 1.15;

A)

f represents a consumptive use factor. This is defined as the ratio of consump-
tive use of water by a crop to potential evapotranspiration. Consumptive use is
defined as the sum of the depths of weater franspired by the plants, evaporated
from the soil surface, and intercepted precipitation evaporated from plant
foliage. Fotential evapotranspiration is the maximum quantity of water capable

of being Tcst as water vapor, for a given climate, by a continuous stretch of
vegetation covering the whole ground znd well supplied with water.

The consumptive use factor, f, is 1.00 for an actively growing crop that com-
pletely covers the soil over a large area and that has access to an ample supply
of readily available soil water (water that is within the root zone of the crop
and that supplies the water requirements of the crop without limitation to
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transpiration). If the crop area is small or thékindividua] plants are high
and spaced in rows so that heat can be carried into the space below the top of
the canopy. the consumptive use factor may exceed 1.00. Where plants are short
and do not cover the ground so that bare soil is showing, the consumptive use
factor is "ess than 1.00. Maturing crops that are not actively transpiring
have a consumptive factor of less than 1.00. Consumptive use factors have been
established for a number of crops and climatic conditions47’48. The hay and
pasture of Hat Creek Valley are representative of crop cover with a consumptive

use factor of 1.00.

PE represents potential evapotranspiration, which is defined as the maximum
guantity o water capable of being lost as water vapor, in a given climate, by
a continuous stretch of vegetation covering the whole ground and well supplied

with water. It depends only on meteorological conditions. -

Potential evapotranspiration was determined by utilizing a formula that is cur-
rently used by the Canada Department of Agricu]ture42 in estimating irrigation
requiremen:s. This formula, which is a modified version of an original regres-
sion mode] proposed by Baier and Robertson49 is based on energy balance prin-
ciples and relates daily latent evaporation to meteorological and astronomical
variables, This method differs from the less rijgorous Thornthwaite methocd of
determining potential evapotranspiration (values reported for the study area in
.Section 4.1 (b) (i) C).

The Thronthwaite method uses the parameters of mean monthly temperature and
length of day, and the assumption of a fixed sharing of the heat budget. It
was developed primarily for arriving at an annual consumptive use value for
hydrological studies but is not considered as reliable as some other methods

for calcu]ating specific irrigation requirements for shorter periodssoﬂ {om-
parison of results shows that the Baiar and Robertson formula is more conserva-

tive, i.e., yields higher potential evapotranspiration rates.
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The particulars of the formula used for estimating the potential evapotranspira-
tion in the Hat Creek Valley are given below:

LE = -53.39 + 0.337 Max + 0.531 Range + 0.0107 QO

+0.0512 Q + 0.0977 Wind + 1.77 (e, - e.) (2)

s

where,
LE = astimated latent evaporation, in cc/day, as observed from black Sellani

plate atmometers.

Estimates of LE {in cc/day) convert to estimates of PE {in inches/day) by a
factor of 0.0034 inch/cc. '

Max = daily maximum temperature (°F),
Range = difference between daily maximum and minimum temperature (°F),

. _2 _
Qo = solar energy at the top of the atmosphere, in cal cm day ! obtainable
from published tabTes40.

Qs = total sky and solar energy on a horizontal surface, in cal cm 2 day’!.

Qs is estimated from the formula:

Q= QO(D.ZSI + 0.616 {n/N)) (3)

3

where,

n = duration of bright sunshine, in hours,

N = length of day, in hours, obtainable from published tables40.

Wind = total daily wind run, in miles, at &6 feet above the ground.
Wind records taken at higher levels were adjusted to the 6-foot height

by the formuia:

- log 6
U6 Ux Tog hx (4)
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where,

=
"

6 wind run at 6-foot height,

|
It

wind run at height'(hx),

X
hx = he2jght of anemometer, in feet.
e, e = Vapor pressure deficit (mb) from saturation vapor pressure at mean

air temperature (ﬂ§5~%Jﬂlﬂ) and mean daily dew-point temperature.

Long-term records of daily extreme temperatures and precipitation are avaijl-
able for many stations, but the corresponding records of daily sunshine, wind
run, and dew-point temperature are often missing or incomplete. Special
procedures have been developed to use available daily temperature and precipi-
tation records and to estimate daily values of the missing elements in equa-
tion (Z). An equation relating minimum and maximum temperatures to mean

daily dew-point temperature (Td) was evolved from daily climatological re-
cords at eight Canada Department c¢f Agriculture stations across Canada for
1956-57:

T, = -12.58 + 0.52 Min + 0.92 Max - 0.005 Max? (5)

d
Monthly values for potential evapotranspiration were derived for the Hat Creek
Valley from the above formulae by using specific climatic and physical proper-
ties data50’51‘52’53’54.
the valley lowlands, on which all irrigation occurs, though some variation would
be expected due to the difference in elevation between the south end of the
valley and the north end where Hat Creek joins the Bonaparte River. At the

time this derivation was made, climatic information for Hat Creek Valley was
limited and did not allow for the possible variation in climate to be taken in-
to account. The monthly values determined for potential evapotranspiration,

PE, for thsz irrigation season are shown on Table 4-24.

Climatic variables were assumed to be constant for

P represents precipitation. Data for average monthly precipitation were abtained
from meteo~olagical records of the Atmospheric Environment Service51 monitori-
ing station, "Hat Creek", and are shown in Table ¢-24,
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SU represents storage utilization, which is the amount of lwater stored in the
soil at the start of the season that could be utilized efficiently under normal
irrigation scheduling.

The amount of storage utilization is a function of the soil texture and crop
rooting depth. Based on current irrigation scheduling practices the total sea-
sonal sto~age utilization would be one-half of the readily available water,
which, in turn, for most crop types is 50 percent of the total soil water be-
tween field capacity and wilting point (available water storage capacity, AWSC).

For Hat Creek Valley, storage utilization was determined for two dominant soil-
crop combinations presently found in the valley: hay on floodplain seils and
hay or pasture on upland soils. The value of AWSC for these soil-crop combina-
tions was based on published AWSC values43 representﬁtive of soil textures en-
" countered in typical soil profiles (ground surface to crop rooting depth) of
each soil type. The tesulting available water storage capacities were 20 cm
for the floodplain soils and 12 cm for the upland soils. Seasonal storage uti-
Tization was calculated as 5 cm and 3 cm for the floodplain and upland soils

respectively.

The seasonal storage utilization (for each of the two soil types) was distri-
buted throughout the early months of the irrigation season by the graphical
technique shown in Figure 4-50. The curve for net consumptive use (f-PE-P} is
representiative of values as given in Tabie 4-24. The starting date of the ir-
rigation season was calculated to be the date at which there would remain a 15
percent risk {current design value for determining irrigation cyc1e43) of not
meeting the irrigation requirements during the first irrigation cycle. This
date was determined for each soil type as the number of days of a maximum
length cycle before the date at which all readily available water would be de-
pleted if no irrigation water was applied. The calculated irrigation starting
dates, Mav 5 for upland soils and May 15 for floodplain soils, agreed well with
field observations of farm practices in Hat Creek.
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Total seasonal storage utilization (SU) was
distributed through the early months of the
growing season by drawing a smooth curve as
shown. The area between the curves for each
month was used in the model for monthly
storage utilization.

Water Requirement, depth

A M J J A S 0

. ' , Month

point *s" represents the start of the irrigation
season.

MONTHLY DISTRIBUTION OF SEASONAL STORAGE UTILIZATION (Su)
FIGURE 4-30




The monthly values of storage utilization for both the floodplain and upland soil
types of the Hat Creek Valley are presented in Table 4-24.

. )

The calculated monthly irrigation requirements, IR, for the floodplain and up-
land soils are given in Table 4-24. The table shows that the irrigation season
is from Mey to September inclusive. The seasonal irrigation requirement of the
two soils are 31 c¢m and 34 cm for the floodplain and upland so0ils respectively.
The floodplain soil type requires less irrigation water in May and June because
of their greater storage utilization.

Determination of Irrigation Efficiency

The irrigation requirements in Table 4-24 do not take into account water convey-
ance losses, spray losses, and deep percolation losses. These water Josses are
primarily a function of the method of irrigation and type of soil. Two artifi-
cial methods of irrigation are used in Hat Creek Valley: sprinkler irrigation;
and diversion of creeks via ditches for surface irrigation which is the gredomi-
nant method. Water needs are supplemented by natural subsurface irrigation on
most of the floodplain lands.

Sprinkler system efficiences are reported to range from 60 percent to 80 percent

and surface system efficiencies from 40 percent to 80 percent43‘56.
41

Interpre-
tation of stereo-pair coloured air pnotos ~ and field observations showed uneven
water dis:ribution on many fields, indicating a wide range of actual application
efficiencies in Hat Creek Valley. Significant conveyance losses were assumed
since, in many cases, creek water is diverted over long distances before reach-
ing the fields to be irrigated. Because of these losses and the irreguler
topography and shape of many fields, efficiencies used to estimate present water
use were chosen on the low end of tha theoretical ranges and are shown in Table

§-25.
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TABLE 4-25

OVERALL IRRIGATION EFFICIENCIES USED
IN THE ESTIMATZ OF PRESENT WATER USE,
HAT CREEK VALLEY

Application Method |

Soil Type Sprinkler Ditch

Upland | 60% 50%

Floodplain 70% 0%
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Irreguilarly shaped fields shcwing contrast between sprinkler
irrigation {foreground) and ditch irrigation (background in
the Hat Cresk valley.

IRRIGATED LAND FIGURE 4-51




Figure 4-51 is a photograph that illustrates the irregularly shaped fields in
Hat Creek Valley and also shows the contrast between sprinkler and ditch irri-
gation.

Water Use Model Estimates

The quantity of water presently used to irrigate lands within the Hat Creek
Valley was estimated by superimposing the irrigation requirements (IR, Table
4-24) developed for each combination of Hat Creek climate, soil and crop type
onto the amount of presently irrigated land within each combination. The dif-
ferentiation of crop type, hay or pasture, on a field specific basis was esta-

blished by visual interpretation of stereo-pair coloured air photographs41.

The Tocation of so0il typé, upland or floodplain, as given in the Agriculture
report40 was established by soil survey methods. The water quantity for each
combination was adjusted by superimposing the efficiency factor (Table 4-25)
accounting for water losses due to method of conveyance, method of application,
and deep percolation. The differentiation of method of water application, ditch
or sprinkler, on a field specific basis was established by interpretation of

coloured aijr photos41.

The results (Table 4-26) for both the quantities of land presently irrigated
and the estimate of the quantities of water used for irrigation were summarized
and reported on the basis of the four subregions defined for the Hat Creek
drainage basin (Figure 4-48). The estimate of total water used for irrigation
is 679 ha-m (5502 acre-ft) per year. Regions III and 1V, which roughly cover
the south half of the valley, account for the majority of present irrigation
use with a combined total of 746 ha {1843 ac) of irrigated land representing

a water quantity of 455 ha-m (3689 acre-ft). Regions I and II are estimated

to have 338 ha (838 ac) of irrigated Tand and associated water quantity of 224
ha-m (1815 acre-ft). Presently irrigated lands are shown in Figure 4-49,

Examination of Table 4-26, shows that the quantity of annual irrigation water is
approximately distributed through the irrigation season as follows: May, 14%;
June, 19%; July, 31%; Augqust 24%; and September, 12%
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MODEL ESTIMATE OF AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - PRESENT

TOTAL WATERSIED

Irrigation Method § Crop Type

I )
Sprinkler-Hay ' Ditch-Hay Ditch-Pasture ' Total !
H
Water Water Water Water i
) Area Volume . Area Voiume Area Volume ; Area Volume '
Seil Group (ha) {ha-m) (ha) {(ha-m) (ha) {ha-m) . (ha) (ha-m)
Floodplain Soils 173 77 32 17 A ; : 205 94
N
Upland Soils 98 57 576 389 205 . 139 i 879 585
TOTAL 271 134 608 406 ' 205 139 1084 679
Average Seasonal Distribution (ha-m)
May June i July { August . Sept Total
s ?
96 128 ‘ 211 165 79 679
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TABLE 4- 26/2
MODEL ESTIMATE OF AVERAGE IRRIGATION WATER USE I HAT CREEK VALLEY - PRESENY

SUB-
REGION 1

Irrigation Method & Cron Type

]

*Upland Soils

Sprinkler-llay i Ditch-llay Ditch-Pasture Total
]
Water i Water Water ! Water T
o Area  Volume ‘ Area  Volume | Area Volume Area Volume
S0il Group (ha) (ha-m) ! (ha) (ha—m)i (ha) (ha-m) (ha) (ha-m) |
| ) |
- - 157 107 | 53 36 210 143 :
|

Average Seasonal Distribution (ha-m)

| May ‘ June ! July : August | Sept Total

e

z1 l 27 44 34 ) 17 143

* _As soils information for this region did not allow a breakdown into floodplain and upland

soils; all soils were assumed to be characterized by upland soils.




TABLE 4- Zo/3

MODEL ESTIMATE OF AVERAGE IRRIGATION WATER USE 1N HAT CREEK VALLEY - PRESENT

SuB-
REGION T1

i
H
| -

Irrigation Method § Crop Type

Sprinkler-llay Ditch-Hay Ditch-Pasture | Total
i ; :
! Water Water Water Water
¢ Area Valume Area Volume | Area Volume Area Volume '
Soil Group (ha) (ha-m) (ha} (ha-m) ! {ha) tha-m) {ha) {ha-m}
Floodplain Soils 16 7 - - - - ; 16 7
i
' ; i
1Upland Soils ! 18 11 35 23 59 40 % 112 74
f :
- Total : 34 18 | 35 23 f 50 49 ! 128 81 i
Average Seasonal Distribution (ha-m)
~ T
May June i July August Sept i Total
I T l
12 15 l 25 20 9 [ 81 f
L ! .
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TABLE 4-26/4

MODEL ESTIMATE OF AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - PRESENT

SUB-
REGION I11

| Irrigation Method § Crop Type
Sprinkler-ilay : Ditch-tlay Ditch-Pasture Total
Water | Water Water Water ,’
Area Volume | Area Volume - Area Volume Area Volume i
Soil Group (ha) {ha-m) (ha) (ha-m) (ha) (ha-m) (ha) (ha-m) '
. Floodplain Soils ' 157 70 32 17 - - 189 87
-s
:Upland Soils 10 6 271 183 87 59 368 248 ;
?TOTAL l 167 76 ;303 200 87 59 557 335
Average Seasonal Distribution (ha-m)
May : June July ! August ] Sept ; Total
; t I ! !
i | t
46 : 63 105 82 | 39 335 |
: {
1|
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MODEL ESTIMATE OF AVERAGE [RRIGATION WATER USE IN HAT CREEK VALLEY - PRESENT

SUB-
REGION 1V

Irripation Method § Crop Tvﬁe

‘ Sprinkier-Hay Ditch-Hay Bitch-Pasture Total
. Water | Water Water Water
) Area Voiume Area Volume | Area Volume Area Volume
Soil Group (ha) - (ha-m) (ha) (ha-m) | (ha) (ha-m) (ha) (ha-m)
- Floodplain Soils - ~ - - - - - -
| i
!Upland Soils i 70 40 113 76 | 6 4 189 120
! ;
TOTAL 70 40 l 113 76 6 4 189 120
Average Seasonal Distribution (ha-m)
‘ May June July | August l Sept Total
|
| 5 |
l 17 23 37 . 29 l 14 120

Heag



Discussion of Water Use Results

A comparison of water use estimates determined by the two analyses, {.e., the
water licence analysis and the water use model analysis, is shown for the Hat
Creek Vallay by subregion in Table 4-27.

I
Although, in general, the water quantities defined by water licences would be
expected t) represent an upper limit of surface water use, (by legal definition),
these quantities were not expected to be greatly different from the model pre-
diction of average use. Examination of the summary shows a good correlation be-
tween both analyses for both the water quantity and irrigated land guantity re-
sults. This close comparison suggests that both analyses provide a reasonable
estimate at present irrigation water use in Hat Creek Valley.

Based on the aerial photographs and water licence maps a few small irrigation
licences were not being utilized in 1976, at least on the land for which they
were issued; as well, a relatively small amount of land, principally in subre-
gion I, was being irrigated in 1976 for which recorded water licences could not

be associated. This is probably the main reason for the difference of 45 hectares
between the two analyses for subregion I (Tabie 4-26), although part of this dif-
ference would also be made up of subsurface irrigated land which do not have
water licences associated with them.

The average rate of water use (water guantity + land quantity) for subregion I
is roughly one-third higher for the water licence analysis than the water use
model analysis. Although the water quantity result for the water licence analysis
is low because it does not account for the irrigation of approximately 45 ha men-
tioned previously, this is not evident in the results because of a greater oppo-
site effect due to the fact that the model analysis did not take into account the
sTightly warmer climate during the growing season and therefore higher irrigation
requirement in this area. An average application rate of 0.76 m (2.5 ft) for
subregion I, which is between the licenced application rates of 0.61 m (2 ft) for
the Upper Hat Creek area and 0.91 m (3 ft) for the Bonaparte Valley, would give
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TABLE 4- 27

COMPARISON OF WATER USE ESTIMATES
HAT CREEK VALLEY

Water Use Estimates

Water Licence Analysis Water Use Model
Subregion Water Quantity, ha-m Water Quantity, ha-m
I , 151 143
Il 72 81
II1 288 335
[v 120 120
Total 631 679
Irrigated Land, ha Irrigated Land, ha
I 165 210
I 128 128
111 538 557
IV 185 189

Total 1016 1084




a better estimate of present water use. Multiplying this rate by the amount
of irrigated land in subregion I, 210 ha, gives a value for present irriga-
tion water use of 160 ha-m.

Actual irrigation water use would vary somewhat from year to year depending on
management practices, climatic conditions, land ownership change, etc. For
example, in a year with much greater than normal spring precipitation, the
start of irrigation would be delayed somewhat; and in a year with lower than
normal water flows, as has happened in the past due to low snowfall and/or
precipitation, the guantity of water normally used in irrigation may just not
be available. This latter condition is accentuated in Hat Creek Valley due

to the fact that storage of irrigaticn water is minimal.

(i1} Livestock

The gquantity of water presently used by livestock was estimated by multiplying
the livestock population, reported to be about 2000 cattie within the Hat
Creek drainage basin40, by an average daily rate of water consumption for a
beef animal of 0.033 m3/day (8.6 U.S. gallons per day) taken from the 1itera-
ture57. The total daily consumption, then, was estimated to be 66 ma/day
(17,300 USGPD). ODuring the summer the daily consumption would be greater than

this amount and during the winter it would be less.

The estimate of the total annual gquantity of water presently used by livestock
is 2.4 x 1O4m3 (6.4 million U.S. gallons). This amount represents approximately
0.4 percent of water presently used for irrigation in the Hat Creek Valley.

In the spring, summer, and fall when cattle are grazing on pasture and range-
lands, Tivsstock water is supplied by the creeks, lakes, and many small catch-
ment ponds that exist in the Hat Creek drainage basin. ODuring the wintering
period, th2 source of livestock water is frequently the same as that of the
domestic supply to the farm residence.
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Estimates of cattle populations were not available for other portions of the
study area; however, it is judged that the ratio between livestock water use
and irrigation water use for the Bonaparte, Cornwall, and Oregon Jack drainage
wouid not be radically different from that estimated for the Hat Creek drain-
age.

"iii) Domestic and Municipal

A, Present Use

Hat Creek Valley

The existing population of Upper Hat Creek Valley, south of Highway 12, is
approximately 25 persons who are mainly in ranching operations. Lower Hat

Creek Valley, to the Bonaparte River, has an estimated population of 85 persons;
of these, about 80 reside on two Indian Reserves (I.R. 1 and 2) and about five
are involved in ranching operations near the mouth of Hat Creek. Thus, the
total population of Hat Creek Valley is estimated at 110 persons.

On the basis of water licence data (See Table D1-1 Appendix D), a total water

usage of 84 m3d'1(22,200 USGPD) is licenced for withdrawal from Hat Creek and

its tributaries for domestic and stock watering purposes. 18.2 m3d'] (4,800
USGPD) of this amount is diverted out of the Hat Creek watershed for use in
the Cornwell Creek and Oregon Jack Creek areas.

Within the valley itself, of the 65.8 m3d'] {17,400 USGPD) licenced, 36.3

m3d'1 (9,600 USGPD) is licenced for withdrawal from Hat Creek and the remainder
is Ticenced for withdrawal from its tributaries. The total licenced for with-

drawal frion Hat Creek downstream of the proposed mine is 25 m3d‘T (6,600 USGPD).
The Ticencad guantity for use on Indian Reserves Nos. 1 and 2 in Lower Hat (Creek

valley is 13.6 m3d™' (3,600 USGPD).
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Downstream Bonaparte and Thompson River

The 1975 population estimates for the downstream communities of Cache Creek
and Ashcroft are 1,050 and 2,030 persons respectively. In addition, the rural
population not including inhabitants of area Indian Reéérves is estimated at
220 persons for the unincorporated areas surrounding these centers. The popu-
lation of Indian Reserve No. 3 north of Cache Creek is estimated to be 100
persons.

The water licence data indicate a total licenced guantity, for domestic, mun-
icipal and industrial purposes, of 9,222 m3d'T (2,438,800 USGPD) from the Bona-
parte River between the junction of Hat Creek and the Thompson River. The
total licenced withdrawal in this category for Indian Reserve No. 3 (Bonaparte)
is 11.3 m3d'1 {3,000 USGPD) and the total licenced quantity for Cache (reek
municipal use is 8,070 m3d'1 (2,133,960 USGPD). The remainder is licenced

to many other users in this reach, made up of individual withdrawal rights

ranging from 2.3 to 726 m°d”! (600 to 192,000 USGPD).

The community of Cache Creek presently utilizes an infiltration gallery ad-
jacent to the Bonaparte River and current water system intake capacity is approx-
imately 4,990 m3d“’1 (1,300,000 USGPD). Based on this value and present {(1976)
population, the peak per capita demand rate in Cache Creek is 4.8 m3d'} {1,260
USGPD) which reflects the peak dry weather requirements. The average daily
demand is approximately 0.91 mod”! per capita (240 USGPD per capita) or 955

m3d~1(2¢8,900 USGPD).

The community of Ashcroft presently withdraws its water supply from the Thomp-

son River, downstream of the confluence of the Bonaparte River, via a wet well
type intake. The current licenced withdrawa! rate is 1,815 md™! (480,000

USGPD);'however, summer demand reaches 7,260 m3d’7 (1,920,000 USGPD), which
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translates to a peak per capita demand rate of 3.6 m3d™! (950 USGPD) based

on 1976 pnpulation.s8 The average daily demand is approximately 0.91 m3d'] per
capita (200 USGPD per capita) or 1,847 m3d™| (488,500 USGPD).

The water licence data for the Thompson River between Wallachin and Lytton

B.C. have been reviewed by others.>? The information derived indicated a licenced
quantity for domestic purposes as 477 m3d'1 (126,150 USGPD) excluding Ashcroft's
- licenced émount. The total quantity licenced or in application status for
industrial use including mining tota‘ls 86,885 rn:"d"1 (22,975,000 USGPD). The

majority c¢f this industrial demand is for the Lornex mine in the Highland Valley.

Cornwall and Oregon Jack Creek Areas

The current population of the Oregon Jack Indian Reserve is 13 persons and

a further 40 persons reside on the Ashcroft Indian Reserves Nos. 1, 2 and 4.
It is reported that no people live an the MclLean Lake Reserve. The quantity
of water licenced for domestic and stock watering purposes in the Cornwall
Creek watershed, including domestic water diverted from the Hat Creek.basiﬁ,
is 48.8 m3d'} {12,900 USGPD). The quantity licenced for industrial use is
12.3 m3¢”! (3,240 USGPD).

The total licenced surface water for domestic and stock watering purposes in
the Oregon Jack Creek basin, including surface water from the Hat Creek water-
shed, is 15.9 mod”! (4,200 USGPD). ‘ '

A summary >f the existing domestic water use licences by area is given in Table
D1-1 Appendix D, with locations of existing surface water licences in the Hat
Creek Vallzy having possible domestic or municipal water use shown in Figure4-52.
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5.0 PROJECTED RESOURCES WITHQUT THE PROJECT
5.1 HYDROLOGY

(a) Ground Water

The ground water hydrology in the study area has not altered substantially dur=-
ing ‘recent times. Existing data suggest that without the proposed Hat (reek
Coal Project, there will De no noticeable hydrogeologic changes in the foresee-
able futurg.

(b} Surface Water

The runoff regime of Hat Creek and its tributaries is stable and would Tikely
remain so without the project. The same applies to the other streams which
could be affected by the project. As discussed in Section 5.3, there exists

a considerable potential for expansion of irrigation. Some additional irriga-
tion water could be obtéined simply by increasing the capacity of existing
diversions or by building new diversions, but upstream storage would need

to be provided for any large-scale expansion of the irrigated area in the

Hat Creek Jalley. This, in turn, would reduce spring freshet flows and extend
the duration of late summer low flows.

Reactivaticn of the Oregon Jack Creek diversion is presently under studyl. It

L of water out of Upper Hat Creek for irriga-

would divert up to 4.5 x 106—m3 year
tion in the Ashcroft area. There is considerable storage along that diversion

route, so that most of the diversion could take place during spring freshet.

The three lakes which would be affected by the project, Finney, Aleece and McLean
are also stable and unlikely to undergo significant natural changes during the
next few decades. Finney and McLean lakes are presently being used for irm-iga-
tion storagz. This usage could be expanded and intensified by providing
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increased inflows through new diversions, and by building higher dams and more
elaborate outlet works. Aleece Lake could also be converted to a storage re=-
servoir, although the topography is not particularly favourable.

3.2 WATER QUALITY

{a) Ground Water

Unless there is development of other industry or a marked increase in residential
dwellings in the Hat Creek Valley, no noticeable change in the water quality of
the grounc water is anticipated.

(b} Surface Water

The factors most Tikely to influence surface water quality in the Hat Creek Valley,
in the absence of the development of the proposed thermal power station, would be
agricultural activities including increased irrigation and fertilization of land
and clearing of trees close to the banks of Hat Creek. At present, the phosphorous
level compared to the nitrogen level is already high. Any further nutrient addi-
tions could possibly result in a marked increase in algal growth in the creek.

Currently, the water quality of Lower Hat Creek, with respect.toc temperature during
the summer months, is only marginal. Any activity which would tend to cause fur-
ther increises in témperature would be detrimental.

The projected increase of agriculturally utilized land of almost 100 percent by the
year 2000, as discussed in Section 5.3 (b) (i), could have an adverse affect on Hat
Creek water quality. Industrial or municipal development is expected to be mini-
mal and therefore have little impact on surface water quality.
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...5.3 WATER USE

(a) Ground Water

The total consumption of ground water in the Hat Creek Valley is estimated to be
about 53) m% d~1 and this represents less than 5 percent of the total potential

ground water resource in the valley. Most of the present ground water consumption
(94 percent) is used to supply wash water for a limestone guarry. Domestic wells use

very little ground water and hence unless other industries, municipal subdivisions
or perhaps irrigation is developed using ground water in the valley, the future
ground water use will remain essentially the same as it is at present.

(b) Surface Water

(i} Irrigation

The projected water use analysis considered two cases, that of maximum potential
use and that of probable use. Maximum potential use assumes that the amount of
irrigable land is limiting while water quantity and quality are nonlimiting;
probable use considers all significant constraints, including the availability
of good quality water, Both cases include, as part of the total, lands that

are preseitly irrigated. It should be noted that all water use estimates rep}ea
sent a grass gquantity including any amounts. that may reenter the surface water
system as return flow.

Projected irrigation water use is reported for the Hat Creek drainage on the
basis of he same four subregions as in the present use inventory (Figure 4-48).
Because 1e¢ss information was available for the Bonaparte, Cornwall and Oregon
Jack regions, these were combined for the analysis of projected use.
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A. Hat Creek Drainage

Potential Use

Figure 5.1 shows the location of potentially irrigable lands (i.e., all

land areas that would.benefit, in a convential agricultural sense, from
irrigation) in the Upper Hat Creek Yalley and Table 5-1 gives the associated
potentia” water use quantities and land areas.

The area’ extent of irrigable lands in Subregions II, III, and IV were
measured from the potential use map. The maximum potential water demand
for irrigation in these subregions was estimated by the same methodology
utilized for the present use case (Water Use Model Analysis, Section 4.3
(b) (i) B) except that potential irrigable lands were substituted in the
analysis. Corn, as well as hay and pasture are the crop types considered
in potential use. Although the actual water use by corn would be slightly
less thar hay or pasture during the earlier months of the irrigation season,
this difference was not considered significant enough to alter the water
specifications provided for pasture and hay. Thus, the annual irrigation
requirement and its monthly distribution over the irrigation season were
taken to be the same for each of the three crop types .considered in poten-
tial use.

[t was assumed that'the irrigation efficiencies of the present use case
would represent the future use case as well. Therefore, the overall irri-
gation efficiencies, for each of the two soil types, implied by the present
use analysis were used for the potential use analysis. For upland soils
this was 51 percent and for floodplain soils, 69 percent.

For Subregion I, Canada Land Inventory agricultural capability classes

1 - 4 as reported and mapped for the Agriculture study2 ware ysed for the
potential use analysis. These lands were measured for areal extent and
the potential water use estimated by applying the annual water use rate
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TABLE 5-1/1

AVERAGE IRRIGATIGN WATER USE IN HAT CREEK VALLEY - POTENTIAL

TOTAL WATERSHED

Area Water Volume
; (ha) (ha-m)
6033 4164

SEASONAL DISTRIBUTION (ha-m)

May June July : August Sept Total

594 79N 1290 1004 | 485 4164
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TABLE 5-1/2
AVERAGE TRRIGATION WATER USE IN HAT CREEK VALLEY - POTENTIAL
SUBREGION I
Location* Area (ha) Water Volume (ha-m)

Lowlands 790 602

Highlands 1440 1098 !

Total 2230 1700

SEASONAL DISTRIBUTION (ha-m)
\

1 May June July August Sept Total
: 238 323 527 408 204 1700

CLI agricultural capability

lands for this subregion.

with the irrigable lands for Subregions II,

itnformation.

IIl, and 1IV.

Soils information for Subregion I was not at the same level of detail as for the rest of
Hat Creek valley; the above estimate of potential water use is a rough estimate based on
CLI classes 1 - 4 represent potential irrigable
The lowlands are located in the valley bottom and are comparable
The highlands are located at the

extreme north end of the watershed and do not have a counterpart in the other subregions.




TABLE 5-1/3

AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - POTENTIAL

SUBREGION 11

Soil Group Area (ha) Water Volume (ha-m)
Floodplain Seoilsg 64 29
Upland Soils 1652 1095
Total 1716 1124
SEASONAL DISTRIBUTION (ha-m)
May June July August Sept Total
164 213 347 271 129 1124




TABLE 5-1/4

AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - POTENTIAL

SUBREGION III

Soil Group Area (ha) Water Volume {(ha-m)
Floodplain Soils 183 84
i Upland Soils 1129 | 748
! Total 1312 832

SEASONAL DISTRIBUTION (ha-m)

May June July August Sept Total

119 158 258 202 95 832
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TABLE 5-1/5
AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - POTENTIAL

SUBREGION 1V

Soil Group Area (ha) Water Volume (ha-m)
Floodplain Soils 25 11
Upland Soils 750 497
. Total 775 508
L.
SEASONAL DISTRIBUTION (ha-m)
May June | July August 7 Sept _Tota]
73 97 158 123 57 508

eay



of 0.76 m (2.5 ft) determined in the present use analysis. Seasonal dis-
tribution of irrigation water in Subregion I was assumed to be the same
as in the present use analysis.

It was estimated that 4164 ha-m (33,744 ac ft) would be required to irrigate
all of the potentially irrigable lands in Hat Creek Valley, 6033 ha ({14,908 ac).
This water guantity is approximately six times greater than that presently
being used for irrigation in the Hat Creek drainage. The monthly distri-
bution of this water over the irrigation season was estimated to be: May

- 594 ha-m; June - 791 ha-m; July - 1290 ha-m; August - 1004 ha-m; and
September - 485 ha-m. Potential irrigation water use by subregion was
projected to be: Subregion I - 1700 ha-m; Subregion II - 1124 ha-m; Sub-
region III - 832 ha-m; and Subregion IV - 508 ha-m. The greatest increase
over present irrigation water use would be in Subregions I and Il where
present use reprasents only .about 10 percent of potential.

The probable future use of surface water for irrigation in Hat Creek Valley
is dependent on the availability of irrigablie land, the availability of
suitable water and future socio-economic conditions. Since the constraint
of water availability turned out to be very dominant, consideration of
future economic conditions was limited to the assumption that they would
favor the production of beef cattle as they do at present. Irrigation

wzter therefore, would continue to be used to assist in the production
of forage crops.

Land Availability. The availability of irrigable land in the Hat Creek

Valley was reported in the'previous subsection (Potential Use) and represents
all the land that would be considered for jrrigation use.
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Water Quality. The suitability of potential irrigation water was assessed
using water chemistry information reported in Section 4.2(b} and water qual-
ity specifications reported in the Agriculture assessmentz.

A comparison of water chemistry results and the water gquality specifications
for irrigation {Table 5-2) shows that most surface water resources in-Hat

Creek appear to be suitable for irrigation use. Exceptions include the few
scattered alkali lakes. The gquaiity of one of these, Goose/Fish Hook Lake,
showec high values of pH, electr<ical conductivity, total dissolved solids,
sulphates, and the sodium adsorption ratic, all of which indicate unsuitability
for irrigation use.

Water Quantity. The guantity of available irrigation water was based on flow

recorcs of hydrometric stations in the valley and the flows in Hat Creek required
for the maintenance of the fisheries resource. The conditions of risk under
which irrigation developments would proceed were assumed ta be the same as
used in the present use water model analyses. The risk, 20 percent, indicates
that insufficient water would be tolerated not more than 20 years out of 100,
thereby requiring corresponding flows having an 80 percent probability of
occurrence. The 80 percent flows were interpolated from the hydrograph of

the hydrometric station of Hat Creek near Upper Hat Creek shown in Figure

5.2 and these flows reported for the months May through September in Table
5-3. The flow required by the fisheries resource was based on results of

the Fisheries and Benthos reportﬁ and is shown in Table 5-3.

Available water for irrigation use was estimated by subtracting the monthly
fisheries requirement from the 80 percent probability flows. As shown in
Table 5-3 the fisheries requirements during August and September are greater
than the existing 80 percent probability flows_eliminating the possibility

of expansion of present all-season irrigation use without additional storage.
3 -1
-5 .

Fisheries also require a two week flushing flow of 1.42 m
ment can almost be met in the last two weeks in June based on the monthly average

This require-

80 percent probability flow quantity of .34 m3 s']; however, in mgst years
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TABLE 5-2

WATER QUALITY LIMITS FOR

IRRIGATTON USE IN HAT CREEK VALLEY***

ltem

Temperature

pH

Electrical Conduyctivity
Total Dissolved Solids
Suspended Solids

Chemical or Bicchemica:
Oxygen Demand

Chlorides

Sulphates

Sodfum Adscerption Ratio
Residual Sodium Carbonate

Radionuclides:
Alpha Concentration
Beta Concentration

Trace Elements:

Aluminum
Arsenic
Baeryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Fluoride

Iron
Lead
Lithium
Manganese
Molybdenum
Nickel
Selenium
Vanadium
linc

* Minimum

** | imited information available on maximum 1imit but literature

Maximum

55°C at source

4,5*

2 mmhos/cm @ 25°C

1400
i

-9

mg/1

15 megq/]
15 meg/1

2 megq/1

1 picocurie/1
10 picocuries/l

20.0
2.0
0.5

mg/1
mg/1
mg/1

: 1

.07 2.0 N

0.05 mg/1

1.0
5.0
5.0
15.0
20.0
10.0
2.5
10.0

0.01 mg/)

2.0

0.02 mg/}

1.0
1G.0

mg/1
mg/ 1
mg/1
mg/ 1
mg/1
mg/1
mg/1
mg/1

mg/1

mg/1
mg/

suggests that high values may leave adverse effects.

% Semi-tolerant crops including potato, tomato, corn and oat.
**** Tolerant crops including alfalfa, cabbage, lettuce and carrot.

**¥x* From the Agricultural Report - Reference Z.

10
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HAT CREEK WATER FLOW AVAILABLE FOR EXPANDED AGRICULTURAL USE (m®-s™!)

TABLE 5-3

i May June July Aug Sept
|
P Existing
! B0%Z Probability Flow 1.07 1.34 0.45 0.16 0.13
Subtract Ist 2nd
Fisheries Minimum wk - wk
Flow Requirement?® 0.28 0.28 1.42 0.28 0.28 0.28
Net Water Available
For Agricultural Use 0.79 1.06 NIL 0.17 NI NIL
(212 (137 (44 :
ha-m) ha-m) ha-m) (/ ;5%f3 )
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this requirement will be well satisfied. Assuming that this placement satis-
fies the fisheries flushing flow requirement, water is available for expanded
agricultural development during May and the first half of June. A similar
ana]ysié of the flow hydrographs for Hat Creek near the Bonaparte River support
the above conclusions, as the available water quantities were not significantly
different.

The maximum amount of water that would be available for storage would approach
158¢ ha-m as shown in Table 5-4. This figure was calculated by subtracting
the fisheries requirement of Hat Creek from the average annual runoff of the
Hat Creek drainage basin (above Carquile). ’

The feasibility of developing new reservoirs was only briefly assessed. A
report by the B.C. Water Investigation Branch1 indicates that a reservoir
near Langley Lake could be developed for storage of up to 691 ha-m (5,600
ac-ft) of Hat Creek-water for irrigation with the expectation of a favorable
cost-benefit ratio.

In this case, most of this water would probably be used for irrigation of

land on the benches of the west side of the Thompson River since thaese lands
are generally of higher agricultural capability than those in the Hat Creek
Valley. The feasibility of developing other reservoirs in the Hat Creek drain-
age basin was not addressed. |

Probable Use Results. The superimposition of land availability and water

availability was used to project probable future water use in the Hat Lreek
drainage basin. The Agriculiure study2 reports that no additional nay or
pasture lands (all-season irrigation) would be expected to be developed in

the future due to the lack of available stream water in August and September
(Table 5-3). This study2 further states that water available in spring would
probably be used for developing spring pasture and that storage would probably
be developed to provide water for corn production on the high capability lands
of the valley. Probable water use results are tabulated in Table 5.5.




TABLE 5-4

MAXIMUM WATER AVAILABLE FOR STORAGE, TOTAL HAT CREEK DRAINAGE BASIN

Volume {(ha-m)
Average Net Runoff

9\7 t=e 4-35) 25 x 10%m? 2500

Minus X Qadassemn Uazk_ L
Fisheries_Requirement6
October - March @ 0.21 m>.s"! 331
April - September @ 0.28n9-s'] 442
Flushing Flow @ 1.13 md.s7} 138

Remaining Runeff Available for Storage 1589

q!aq



TABLE 5-5/1

AVERAGE TRRIGATION WATER USE IN HAT CREEK VALLEY - PROBABLE

TOTAL WATERSHED

' ? A1l Season Spring Pasture (6 wks) Total l
. Water Water Water
Area Volume Area Volume Area Volume
Soil Group (ha) (ha-m) (ha) (ha-m) (ha) (ha-m)
Floodplain Soils 205 94 12 1 217 95
, Uptand Soils 1211 - 827 506 83 1717 910
" Totatl 1416 921 518 84 1934 1005

SEASONAL DISTRIBUTION (ha-m)

May June July August Sept Total

182 207 286 224 106 1005




TABLE 5-5/2
AVERAGE TRRIGATION WATER USE IN HAT CREEK VALLEY - PROBABLE

SUBREGION 1

! A1l Season Spring Pasture (6 wks) Total
Water Water Hater
Area Volume Area Volume Area Volume
Seil Group . (ha) {ha-m) {ha) {ha-m) (ha) (ha-m)
Upland Soils* 260 198 105 19 ( 365 217

SEASONAL DISTRIBUTION (ha-m)

May June July August Sept Total

39 46 61 - 48 23 217

* As soils information for this region did not allow a breakdown into floodplain and uplland
soils; all soils were assumed to be characterized by upland soils.
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TABLE 5-5/3
AVERAGE TRRIGATION WATER USE IN HAT CREEK VALLEY - PROBABLE
SUBREGION I}
A1l Season Spring Pasture (6 wks) Total
Hater ' : Hater - Water
Area Volume Area Volume Area Volume
S0it Group (ha) {ha-m} (ha} {(ha-m) {ha) {ha-m)
Floodplain Soils 16 7 - - 16 7
 UplYand Soils 394 261 57 9 451 270
Total . 410 268 57 9 467 277 !
SEASONAL DISTRIBUTION (ha-m)
May June July August Sept Total

-
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TABLE 5-5/4
AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - PROBABLE
SUBREGION I11
A1l Season Spring Pasture (6 wks) Total
Water Water Water
‘Area \_'olume Area Volume Qrea Volume
| Soil Group (ha) - (ha-m) {ha) {ha-m) (ha) (ha-m)
Floodplain Soils 189 87 | - - 189 87
Upland Soils 368 248 261 42 629 290 |
i Total | 557 135 261 42 818 377
SEASONAL DISTRIBUTION (ha-m)
‘ May June July August Sept Total i
: 72 79 105 82 39 377 ]

yeaq
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TABLE 5-%/5
AVERAGE IRRIGATION WATER USE IN HAT CREEK VALLEY - PROBABLE
SUBREGION IV
A1l Season Spring Pasture (6 wks) ‘Total
Water Water Water
Area Volume Area Volume Area Volume
S0il1 Group {ha) {ha-m} {i1a) {ha-m) {ha) {ha-m)
Floodplain Soils - - 12 1 12 ]
. Upland Soils 189 120 83 13 272 133
B
| Total 189 120 95 14 284 134
SEASONAL DISTRIBUTION {(ha-m)
May June July August Sept Total
26 28 37 29 14 134
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It should be noted that any increase 'in the overall irrigation efficiency

in the Hat Creek Valley would allow additional lands to be irrigated without
increasing the total amount of water use. This aspect, which has not been
quantified, would only affect the distribution of irrigated lands and

not water quantity.

The stream water available for irrigation in May and two weeks of June

would likely be utilized to irrigate spring pasture lands. This use was
assum2d to be dependent on existing irrigation facilities and consequently

was limited to 518 ha (71280 ac}. The associated water use guantity was esti-
mated to be 84 ha-m (681 ac ft} which is about one-quarter of the water avail-
able in May and June for irrigation. This amount was calculated from monthly
irrigation requirements determined in the water use model analysis (Table
4-24) in the case of spring pasture lands in Subregions II, III, and IV, and

"~ the overall irrigation efficiencies reported in the potential use section

for floodplain and upland soil types. For spring pasture lands located in
Subreyion I, monthly irrigation requirements were extracted from the results
of the potential use section (Table 5-1). The subregional breakdown of pro-
jected water use associated with irrigated spring pasture (Table 5-5) is:
Subregion I - 19 ha-m; Subregion II - 9 ha-m; Subregion IIl - 42 ha-m; and
Subregion IV - 14 ha-m. The distribution of spring pastures is much the same
as present irrigated lands due to its dependency on existing irrigation facil-
jties.

The Agriculture study reportz further states that besides the all-season

hay and pasture land presently under irrigation, that 332 ha of additional
land will probably be developed for irrigation of corn., Most of this Jand
1ies in Subregion II. Calculations using the water use model specifications
for upland soils (Table 4-24) indicate that storage would have to be developed
to supply 220 ha-m (1783 ac ft). This amount is about one-third of the maxi-
mum storage of the proposed Langley Lake reservoir1 and roughly 15 percent

of the maximum storage availability remaining in the Hat Creek drainage basin
after spring pasture irrigation water use is subtracted. Assessment as to
the location of a suitable storage facility for this water supply was not
carried out.




The tctal area projected for all-season irrigation within the Hat Creek drain-
age is 1416 ha (3499 ac). The associated water use is 921 ha-m (7464 ac ft).
The distribution of this probable all-season irrigation water use on a sub-
regioral basis is: Subregion I - 198 ha-m; Subregion II - 268 ha-m; Subregion
III - 335 ha-m; and Subregion IV - 120 ha-m.

The projected probable water use in Hat Creek Valley, including all-season

and sgring pasture uses, is 1005 ha-m (8144 ac ft). This is roughly one and
one-half times present irrigatjon use. About three-guarters of the additional
water would have to be supplied by new storage.

B. Bonaparte, Cornwall, and Oregon Jack Study Areas

Potential Use

The B.C. Ministry of Agriculture (BCMA) has.identified 8137 ha (20,107 ac)

in the Savona-Cache Creek area as having potential for intensive agricultural
production with irrigationa. Th*s includes 2405 ha that are presently irri-
gated. A rough estimate of the amount of irrigable land lying within the
water use study areas (Bonaparte, Cornwall, and Oregon Jack drainages), based
on the map accompanying the above BCMA analysis, is 4500 ha (11,120 ac}.

The ncrmal annual water use rate for these areas as per water licencing is
0.91 m (3 ft). This is higher than the other .regions within the study area
because of the warmer climate. Multiplying the quantity of potentially irrig-
able land by this rate gives a total potential water use of 4095 ha-m (33,360
ac ft). This quantity of water is about two and one-half times greater than
that presently licenced for irrigation use (Section 4.3 (b) {i}A).

Probable Use

The probable use of water withoutl the project for irrigation within the Bona-
parte, Cornwali, and Oregon Jack study area was estimated on the basis of
additional information contained in the BCMA ana]ysis:‘r and results reported




beak

in the Agriculture assessment reportz. The former work identified four distinct

areas totalling 1257 ha (3106 ac) that because of size and configuration

of ir-igable land could be practically developed. The latter report judged
that three of these areas, totalling 786 ha (1942 ac), were favorably disposed
to probable irrigation development because of their proximity to irrigation
water supplies. As well, this report2 jdentified a further 151 ha (374 ac)

of land that would have a good probability of being developed within the

life time of the proposed B.C. Hydro project.

Adding the estimate of presenf]y irrigated lands, 1719 ha (4248 ac) (Section
4.3 (3) (i)A) to the 937 ha considered to be most probable for futurs develop-
ment, a total gquantity of probable use irrigated lands within the study area,
then, was estimated to be 2656 ha (6564 ac). The probable water use associated
with this gquantity of land was estimated by multiplying this quantity of

land by the normal annual water use rate for this area of 0.91 m (3 ft),

giving a total of 2417 ha-m (19,692 ac ft). This quantity of water is just
‘over 50 percent more than is presently licenced for irrigation use and just
about 60 percent of the total potential.

The sources of additional irrigation water to fulfill the requirements of
probable use was not assessed in any detail. Some water may still be avail-
able for licencing from the Bonaparte and other small creeks of the area

but information did not allow quantification of this potential. Water is
available from the Thompson River and could be supplied to the irrigable
tands, most likely, via a regional frrigation system since the 1ifts are
guite high. Another possibility is development of a reservoir near _angley
Lake for storage of Hat Creek water. This proposal has been studied by the
B.C. Ministry of the Environment and is discussed further in a previous sub-
section (Hat Creek Drainage).

5-10



(i1} Livestock

The quantity of livestock water use projected without the project was based
on the probable livestock population reported in the Agriculture assessmentz.
By the year 1996, the cattle population supported in the Hat Creek drainage
basin was projected to be 3360 animals. Multiplying this number by the average
daily rate of water consumption for a beef animal of 0.033 > d'](S 6 USGPD) ,
gives a daily livestock water consumpt1on of about 111 m3 d” -1 (29,318 USGPD).
Annually, this is 4.1 x 10 m (4.1 ha-m) (10.7 million U.S. gallons) which

is about 0.4 percent of the irrigation water use projected for the Hat Ceek
Valley. This is approximately 70 percent more than is estimated as being

used by Tivestock at present in %he Hat Creek drainage basin.

The source of livestock water within the length of projected future use would
be the same as at present {see Section 4.3(b){(i1)}).

Estimates of future cattle populations in the other portions of the study
area were not available. However, it is expected that the proportion of

Tivestock water use to irrigation water use would not be radically different
from that projected for the Hat Creek Valley.

(i11) Domestic and Municipal

Potential Use

The population to 1990 in the Hat Creek Valiey, excluding the Indian Reserves,
is expected to remain unchanged or to show negligible increase. Thus the
potential domestic use without the Hat Creek Project will approximate the
existing use. The projected changes in population of the various Indian
Reserves, based on the trend from 1965 to 1975, are negligible to slight

decreases.

5 -1



POPULATION TREND - INDIAN RESERVES’

fear Bonaparte Reserves Ashcroft Reserves
1965 203 46
1970 170 37
1975 178 41

The only significant anticipated increase in water demand for municipal pur-
poses will be for the communities of Cache Creek and Ashcroft.

The praojected populations of Cache Creek and Ashcroft for year 1990 are 1,595
and 3,035 persons respectively, as shown below:

ASHCROFT AND CACHE CREEK POPULATION ESTIMATES AND
PROJECTIONS WITHOUT HAT CREEK PROJECTS

fear Ashcroft Cache Creek
1976 2,030 1,050
1980 2,455 1,205
1986 2,685 1,355
1990 3,035 ‘ 1,595

Based on present peak municipal Jer capita demands in these centers the pro-
jected potential water use rate for 1990 will be 7,580 ms ¢! (2,005, 200
USGPD! for Cache Creek and 10,854 mq d”] (2,870,400 USGPD) for Ashcroft.
The average daily demands based on 0.910 m% d’1 per capita (240 USGPD per
capita) would be 1,451 mq d'! (334,000 USGPD) for Cache Creek and 2,760

d~) (730,400 USGPD) for Ashcraft.

No majoF industrial plants which would have significant surface water use
are anticipated in either of these centres to 19909.

5 - 12
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POPULATION TREND - INDIAN RESERVES7

'ear Bonaparte Reserves Ashcroft Reserves
1965 203 46
1970 170 37
1975 179 41

The only significant anticipated increase in water demand for municipal pur-
poses will be for the communities of Cache Creek and Ashcroft.

The projected populations of Cache Creek and Ashcroft for year 1990 are 1,585
and 3,035 persons respectively, as shown below: '

ASHCROFT AND CACHE CREEK POPULATION ESTIMATES AND
PROJECTIONS WITHOUT HAT CREEK PROJECT8

_\'ei Ashcrcﬂ Cache Creek
1976 2,030 1,050
1880 2,455 1,205
"986 2,685 1,355
“990 3,035 ‘ 1,595

Based on prasent peak municipal per capita demands in tﬁese centers the pro-
jected potential water use rate for 1990 will be 7,580 mq d'] (2,005,200
USGPD! for Cache Creek and 10,854 m3 d'} (2,870,400 USGPD) for Ashcroft.

The average daily demands based on 0.810 m% d'1 per capita (240 USGPD per

capit) would be 1,451 m> d”' (384,000 USGPD) for Cache Creek and 2,760

m> 4~ (730,400 USGPD) for Ashcroft.

No majo? industrial plants which would have significant surface water use
are articipated in either of these centres to 19909.

5 - 12



REFERENCES

ECTION 3

10.

11,

12.

Duffel, S., and McTaggart, K.C. 1951, Ashcroft map - area B.(.
memoir 262 Geol. Surv. Canada (including map Mo. 1010A).

Ryder, J.il., 1876. Terrain inventory and quaternary geology
Ashcroft, B.C. Paper 74-49, Geol. Surv, Canada.

Church, B.il., 1977. Geoleugy of Hat Creek Coal Basin.
Geology of British Columbia, 1975, B.C. Ministry of Mines
and Petroleum Resources, p. 99-118.

McCullough, P.T., 1977. HMapping of limestone north of Houth
Meadows . British Columbia Hydro and Power Authority Repcrt
unpublished, 29 pp.

Golder Associates Ltd., 1977.  Hat Creek geotechnical study;
volume one of unpublished final report {Mo. 6) submitted to
British Columbia Hydro and Power Authority.

Environment Canada, 1976. Climatological Station Data Catalogue -
8ritish Columbia, Atmospheric Environment Service.

British Columbia Water Investigations Branch, llater Resources Service;
1975, Snow Survey Measurements Summary 1935-18975. Department of
Lands, Forests and llater Resources.

Hater Survey of Canada. 1974. Historical Streamflow Summary, British
Columbia to 1973, Inland Waters Directorate, Environment
fanada, Ottawa,

Water Survey of Canada. Surface ilater Data, Reference Index, 1975,
Inland \laters Directorate, Environment Canada, Ottawa, 1975.

8.C. Water Rights Branch, Victoria, B.C. 1976. Water Rights Maps
and 1list of licence cdetails., map sheets at 20=-chain scale:
321, 322, 323,325, 326, 361, 362, 363, 364 &, 365.

B.C. Water Rights Branch, Victoria, 8.C. 1978, ‘later Rights Maps
. and list of licence cetails, map sheets at 20-chain scale:
311, 320, 328, 328A, 362, 363, 363A, & 364.

Canadian Bio Resources Consultants Ltd. 1978. Agriculture Assess-
ment - Hat Creek Detailed Environmental Studies.




13. llcElhanney Surveying & Engineering Ltd, September, 1976, Coloured
air photographs, Ro1l MA 1045,

14. TLeak Consultants Limited. 1978. Fisheries and Benthos Assessment -
Hat Creek Detailed Environmental Studies.

15. E.C. Hater Investigation Branch, Ministry of the Environment. June,
1977. Preliminary Feasibility Study for Oregon Jack Creek
[rrigation Proposals.

16. E.C. Ministry of Agriculture, Kamloops office. March, 1977. Savona-Cache
Creek - Basque Irrigation Development Study.

17. Midwest Plan Service. 1975. Structures and Environment Handbook,
Seventh Edition, p. 379.

18, E.C. Yater Rights Branch, Kamloops, B.C. List of Surface Water
Licences for Hat Creek, Bonaparte River,

19. Personal Communication., Strong, Hall & Associates, January 1978.
20, Fersonal Communication. Urban Systems Ltd., January 1877, March 1978,
21, Steel, E.N. 1960. Water Supply and Sewerage. McGraw-Hill Book Company, Inc.

22. Fair, Geyer and Okun, 1966. Water and Wastewater Engineering. John Willy &
Sons, Inc.

23. [llakin, R.A., 1975.' The origin of goundwater, Mayne Island, British
Columbia; unpublished, MSc Thesis, University of Haterloo, Ontario,
204 p . '

24, Simard, G., 1977. Carbon-14 and tritium measurements of groundwaters
in the Faton River Basin and in the Mirabel area, Quebec;
Canadian Journal of Earth Sciences, Vol. 14 p. 2325-2338.

25. Church, M. and Kellerhals, R., 1970. Stream Gauging Techniques for Remote
Areas Using Portable Equipment, Technical Bulletin Ho. 25, Inland
llaters Branch, Department of Energy, Mines and Resource, Ottawa,
Canada. ({Now: Inland Waters Directorate, Environment Canada),

26, ‘Hem, J.D. 1962. Study and Interpretation of the Chemical (haracteristics of
lHatural Mater, U.S. Geological Survey Water Supply Paper 1473,

27. (guss E. and Erlebach W.E. 1976. Limitations of Single Water Samples In
Representing Mean Water Quality, Technical Bulletin Ho. 95,
Inland Yaters Directorate, Pacific and Yukon Region, Hater
Quality Branch.




28.

29,

30.

_jvingstone, 1963. Data of Geochemistry, Sixth Edition, Chapter G,
Chemical Composition of Rivers and Lakes, U.S. Geological Survey
Professional Paper 440-G.

-iaccio, L.L. 1973. Water and Water Pollution Handbook, Vol. 3, Marce!
Dekker Inc., New York, N.Y.

Anon., January, 1978. Brief presented by the Mining Association of British
Columbia to the Public Inquiry Into Pollution Control Objectives for
Mining, Mine-Milling, and Smelting Industries of 8ritish Columbia.

31. Anon. December 1973. Pollution Control Objectives for Mining, Mine-Milling,
and Smelting Industries of British Columbia.

32. Lee G.F. and Mariani, G.M, 1977. Special Technical Publication 634,
pp. 196-213, American Society for Testing and Materials, Philadelphia, Pa.

SECTION 4

1. Ryder, J.M. 1976. Terrain Inventory of Quarternary Geclogy, Ashcroft,
British Columbia, Geological Survey of Canada, Paper 74-79.

2. Golder Associates Ltd., 1977. Hat Creek Geotechnical study; volume
one of unpublished final report (No. 6) submitted to British Columbia
Hydro and Power Authority.

3. McCullough, P.T. 1977. Mapping of limestone north of Houth Meadows;
unpublished, British Columbia Hydro and Power Authority report
29 p.

4, Piper, A.M. 1944, A graphic procedure in the geochemical inierpretation
of water analysis; Trans. Amer. Geophys. Union. Vol 25, p. 914-

923.

5. Schoeller, H. 1959, Geochemistry of groundwater; Chapter IV in Arid
Zone Hydrology, Unesce.

6. Northwest Hydraulic Consultants Ltd. 1976. Hat Creek Water Supply,
Hydrology, Interim Report. Prepared for Sandwell and Company
l.imited.

7. Holland, Stuart S. 1976. Llandforms of British Columbia: a Physiographic

Outline, British Columbia Department of Mines and Petroleum
Resources, Bull. 48. Victoria.




8. Kendriew, G.W. and Kerr, D. 1955. The Climate of British Columbia
and the Yukon Territory, Queen's Printer, Ottawa.

9. Neill, C.R. et al, 1970. Selected Characteristics of Streamflow in
Alberta. Research Council of Alberta. River Engineering and
Surface Hydrology Report 70-1.

10. [nvironment Canada. 1975. Surface Water Data, Reference Index, 1975.
Water Survey of Canada. Inland Waters Directorate, Ottawa.

11. [LEnvironment Canada. 1974, Historical Streamflow Summary, British
Columbia to 1973. Water Survey of Canada, Inland Waters Directorate,
Ottawa. .

12, jerring, James H. and Seagraves, Paul. June 1974, UBC TRIP, Triangular
Regression Package. The University of British Columbia, Vancouver,
B.C.

13. “hornthwaite, C.W. nad Mather, R.R. 1955. The Water Balance, Publications
in Climatology, Drexel Inst. of Technology, Laboratory of Clima-
tology, Vol. 8, 86 p.

4. Phillips, David W. 1976, Monthly Water Balance Tabulations for Climato-
logical Stations in Canada, Atmospheric Environment Service,
Publication DS #4-76.

15. xellerhals, R., Church, M., and Bray, D.I. July 1976. <(lassification
and Analysis of River Processes, American Society of Civil Engineer-
ing, Journal of the Hydraulic Division, Vol. 102, No. HY7.

16. Ministry of the Environment. March 1977. Aquatic Systems Inventory
and Analysis, Report prepared by Resource Analysis Branch, Victoria,
B.C.

17. (Cotton F.A. and Wilkinson, G. 1962. Advanced Inorganic Chemistry,
Interscience, New York, N.Y.

18. FEusch, W. Zeitsohr. 1927. Anorg. Chem., V. 161.

19. Hem, J.D. 1962. Study and nterpretation of the Chemical Characteristics
of Natural Water, U.S. Geological Survey Water Supply Paper 1473.

20. Goldschmidt, V.M, 1937. J. Chem. Soc., 655.
21. Zitandard Methods for the Examination of Water and Wastewater. 1971.

13th Edition, American Public Health Association, et al., Washington,
0.C.




L2

Hl

il

HH

baak

22. McKee J.E. and Wolf, H.W. 1963. Water Quality Criteria. The Resource
Agency of California, State Water Resources Control Board.

23. Rankama K. and Sahama, T.G. 1950. Geochemistry. Chicago University
Press, Chicago, [Tlinois.

24, Smith R.L. 1966. Ecology and Field Biology, Harper and Row.

25. Lange, N.A. 1967. Handbook of Chemistry, McGraw Hill.

26. Kelley, W.P. 1948, C(Cation Exchange In Soils. Reinhold Publishing
Carp.

27. Scofield C.S. and Wilcox, L.V, 1931. Boron In Irrigation Watar.
U.S. Department of Acriculture Tech. Bull. 264,

28. Eaton, F,M, 1935. Boron In Soils and Irrigation Waters and Its Effects

. on Plants. U.S. Department of Agriculture Tech. Bull. 448.

29. Cedarstrom, D.J. 1945. Geology and Groundwater Resources of the
Coastal Plain in Southeastern Virginia. Virginia Geol. Survey
Bull. 63-.

30. Anon. 1971. Water Quality Criteria. Second Edition. California
State Water Resources Control Board.

31. Klein, L. 1962. River Pollution, Vol. II Causes and Effects, Butterworths,
London.

32. Condon, E.V. and QOdishaw, H. 1967. Handbook of Physics, McGraw Hill,
New York, N.Y.

33. Byrkit, D.R. 1972. Elements of Statistics, D. Van Nostrand Company.

34. Burnson, B. 1938. J.A.W.W.A., 30, 793.

35. Arnold, G.E. 1935. J.A.W.W.A., 27, 1968.

36. Anon. 1972. Report of the Committee on Water Quality Criteria, Federal
Water Pollution Control Administration.

37. Livingstone, D.A. 1963. . Data of Geochemistry, Sixth Edition, Chapter
G, Chemical Composition of Rivers and Lakes, Geological Survey
Paper 440-G.

38. McGauley, P.H. 1968, Engineering Management of Water Quatity, McGraw
Hill, New York, N.Y.

39. Anon. 1976. Hat Creek Water Supply, Hydrology (Interim Report), Northwest

Hydraulic Consultants Ltd.




40,

41.

42.

43.

450

460

47.

48.

49,

80,

51.

52.

536

54.

(anadian Bio Resources Consultants Ltd. 1978, Agriculture Assess-
ment - Hat Creek Detailed Environmental Studies.

McEThanney Surveying & Engineering Ltd. September, 1976. Coloured
air photographs, Ro11 MA 1045,

(anada Department of Agriculture. 1968. Tech., Bull. 6%. A
Computer Program for Estimating Risks of Irrigation Require-
ments from Climatic Data.

E.C. Department of Agriculture., 1975. Irrigation Design Manual.

Agrometeorology Section, Canada Department of Agriculture. August
1968. Tech. Bull. 54, Risk Analyses of lleekly Climatic
Data for Agricultural and Irrigation Planning, Kamloops, B.C.

Agrometeorology Section, Canada Department of Agriculture. April
1969, Tech. Bull. 76, Risk Analyses of Weekly Climatic
Data for Agricultural and Irrigation Planning, Princeton, B.C.

f.grometeorology Section, Canada Department of Agriéu]ture.‘ August
1968. Tech. Bull. 57, Risk Analyses of lleekly Climatic
Data for Agricultural and Irrigation Planning, Summerland, B.C.

Elaney, H.F., and ¥.D. Criddle. 1966, Determining consumptive use
for planning water developments, p. 1-34. In Methods for
estimating evapotranspiration. Irrigation and Drainage Spec-
iality Conference, lLas Vegas, [lev. 1966. Amer. Soc. Civil
Eng., United Engineering Center, New York.

Hobbs, £.H., and K.K. Krogman. Observed and estimated evapotranspira-
tion in Scuthern Alberta. Trans. Am. Soc. Agr, Eng, In press.

tater, /., and Geo. i. Robertson, 1965.‘ Estimation of Latent Evapora-
tion From Simpie Weather Observations. Can. J, Plant Sci.
45; 278-284.

Canadian HNational Cormittee for the International Hydrologic Decade.
September 1966, Familiarization Seminar on Principles of

Hydrology.

Atmospheric Environment Service. Undated. Temperature and Precipita-
tion 1941-1570 British Columbia.

(anada Department of Transport. 1968. Climatic Hormals, Volume 3,
Sunshine, Cloud, Pressure and Thunderstorms,

{leteorological Branch, Canada Department of Transport. 1963, (limatic
nNormals, VYolume 5, Wind.

Combustion Engineering, Inc., 1967. Steam Tables, Properties of
Saturated and Superheated Steam,




beak

55. B.C. Water Rights Branch, Victoria, B.C. 1976. Water Rights Maps

56. Israelsen, 0.W. and Hansen, V.E. 1962. Irrigation Principles and
Practices. 447 pp.
57. Midwest Plan Service. 1975. Structures and Environment Handbook,
Seventh Edition, p. 379.
58. Personal Communication, Strong Hall & Associates. January 1978.
59. Integ-Ebasco, Hat Creek Project~-Site Evaluation Study. October 1976.
60. Beak Consultants Limited. OCecember, 1977. Suspendéd Sediment Character-
istics of the Thompson River and Effects of Algae Growth on Hat Creek
Water Supply Systems. Prepared for Sandwell and Company Limited.
61. Environmental Protection Agency. September, 1977. Multimedia Levels -
Mercury. Office of Toxic Substances. EPA 560/6-77-031. Washington, D.C.
SECTION 5
1. B.C. Water Investigations Branch, Ministry of the Environment. June 1977.
Preliminary Feasibility Study for Qregon Jack Creek Irrigation Proposals.
2. Canadian Bio Resources Consultants Ltd. 1578. Agriculture Assessment -
Mat Creek Detailed Environmental Studies.
3. B.C. Ministry of Agriculture, Kamloops Office. March 1977. Savona-Cache
Creek-Basque Irrigation Development Study.
4. Migwest Plan Service. 1975. Structures and Environment Handbook, Seventh
Edition. p. 379.
5. Water Survey of Canada. 1974. Historical Streamflow Summary, British
Columbia to 1873. Inland Waters Directorate, Environment Canada, Ottawa.
6. Beak Consultants Limited. 1978. Fisheries and Benthos Assessment - Hat
Creek Detailed Environmental Studies.
7. Personal Communication. July 1977. Strong, Hall & Associates.
8. Personal Communication. December 1977. Strong, Hall & Associates.
9. Personal Communication. December 1976. Strong, Hall & Associates.
U.5. Environmental Protection Agency. 1973. Water Quality Criteria 1972.

10.

and Lists of licence details, map sheets at 20-chain scale: 321, 322,
323, 325, 326, 361, 362, 363, 364 and 365.

EPA.R3.73.003.




	(a) Inventory
	(tl) Impact Assessment
	(a) Inventory
	A Programs
	(a) Ground Water
	(i) General Regional Geohydrology
	A Surficial Deposits
	6 Bedrock Formations


	(ii ) Flow Patterns
	Hat Creek Valley

	(iii) Hydrogeochemical
	A Thompson River
	(ii) Power Plant Site Study
	(iii) Thompson River Intake Study
	(a) Ground Water
	(b) Surface Water
	(a) Ground Water
	(b) Surface Water


	(a) Ground Water
	(b) Surface Water
	Irrigation
	A Hat Creek Drainage
	Oregon Jack Study Areas

	185
	120e
	153
	Highland Valley No
	Lac le Jeune (lower)

	85
	Lac le Jeune (upper)

	241
	124
	Lytton

	81
	120°

	120°
	nmflltrable
	iL
	Rcriduc

	Imflltrdble
	Relldue

	Rerldue
	'I
	SUBREGION

	SC!!!s
	SUBREG ION

	Soil Group Area (ha) Water Volume (ha-m)

	Floodplain Soils
	Floodplain Soils
	Upland Soils
	Sept To ta



