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Dear John: {&en v
E . = R i
Re: Hat Creek Project e =
Final EIAR & Environmental Summary :
-:- . _‘\.w«(We have reviewed the revised, "Printer's Proof" copies of Volumes 1, 2 and
Y Tables of the Eaviropmental Impact Assessment Report (EIAR) which you sent -
! zv“*?? with your letter of 11 October 1979, I am enclosing herewith marked up
M., AL~ pages from the three volumes which require additiomal correctioms. Except'
andde S as noted below re four tables with errors which are yet to be resolved,
-

- after the additional corrections are made ESCLEC will consider the EIAR

F‘_’M Wto be final.

'I‘a.bles 3.4~10, 3.4-11, 4.1-23 and 4.1-24 in Part Four were found in my

review to contaim-substantial errors in tabulation. The:errors we think - .
were the result of changes that were occuring &s Stromg Hill'&<Associates [

.continued work onm: the data base during preparation of the’Fimal Draft EIAR, -

It may be that bottom-line figures on the tables, which were used in the

'{15\? 3&/ text, were, late corrections, and that éorrespcﬁﬁng corrections were not .

Y o

made in the body of the tables. Dr. Lesnick is mew checking the tables:zand

.ﬁ_‘}_',.a\ the corresponding .sections of text. I expect his-gorrections to be provided

- e
.:V'\M

within a few days, I will forward them to you immediately on receipt.

I have also reviewed the figures a&s marked by J.GdAlesi for revision. The
marked up volume is.sufficiznt for this purpose. "In view of the relativel? )
winor changes, it will not be necessary for me to see coples of the revissd
figures., I am eficlosing copies of four figures requiring further corrections.
Upon completion of these indicated changes all of the revised figures adre
also acceptable to ESCLEC as final.
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I will be returning your copy (#18) of the draft report under separate cover
within the next week. When the Final EIAR is reproduced, I ask that you
send me rten (10) complete cowies for internal distributiqp and company files..

Very truly yours,

4 e

Frank 3, Titus, Ph.D.
Manager
Denver Regional Office

FBT/slr
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-
- Mr J C Edwards :
Coordinator, Detailed Environmental Studies
Bzt Creek Project
- BC Hydro & Power Authority
555 Vest Hastings Street
Vancouver, BC V6B 4T6

- Dear Mr Edwards:
Re: Hat Creek Project
- Detailed Environmental Studies
" Environmental Summary for Composite Report

Attached s the final, revised version of the Environmental Summzry for

-
incorporation in the Hat Creek Project composite report to the BC Hydro
- Board of Directors. This report {s being telecopied tc you today from New
- York, and clean copy 1s also being sent by air express.

In the revision an attempt has been made to incorporate the suggestions of
BC Hydro reviewers who commented on the earlier draft version. We trust
- that you will view this version as presenting & balanced description of

the project.

- As you requested in our meeting of 31 May 1978, this final summary has been
. prepared in a format for direct insertion into the composite report. In
‘ order to provide for this we bave addressed only the "most probably" pro-
ject facilities, except that all three AQCS/stack height alternatives are

considered.

Furthermpore, we have deleted several sections that appeared in our draft
- summary, including those on "Major System Design Alternatives" and “Licens-
ing Considerations". We understand that some of the topics in our deleted
draft sections will be addressed by BC Hydro persennel in a section on
"Principal Areas of Concern”. We hope that our draft may have been useful
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in these areas. Most of the questions and concerns that were raised {n the
draft summary are still considered to be valid although we recognize that
they are not pertinent in the :pecific context of the envirommental summary
for the composite report.

The attached fipal summary addresses impacts in cualitative terms, as d4id

the draft summary. In the pericd since preparation of the draft, a number

cf consultants' impact reports have been received by ESCLEC, although they
are not yet all'in hand. Because of the critical time constraints on ESCLEC/
Envirosphere project personnel in producing the EIAR, we have not interrupted
the EIAR work to totally rewrite the summary using the latest quaatitative
data.

We trust that the information presented will provide an adequate envirommental
summary of the project for the Board of Directors when incorporzted with other
composite report sections being prepared by BC Bydro.

I will be in telephone contact with you from here in New York, and will answer
any questions which you may have regarding the summary.

Very truly yours,

/\////’
F B Titus, Ph.D.

Manager Regional Qffice

FBT/ps
ttachment:

ce: J. A Rasile:



D 2.0 - ENVIRONMENTAL SUMMARY
-
D 2.1 INTRODUCTION
- This section supplements and summarizes the Envircomental Impact Assessment

Report (EIAR) prepared by the coordinating consultant, Ebasco Services of

Canada Limited, Environmentzl Consultants., The EIAR presents a description .
- of baseline environmental conditions and the impacts of development, opera-
tion and decommissioning of projeet facilities, Because project construc=
tion and operation would create the major effects, only these phases are
addressed in this summary. However, in the subsection on Water Resourcas

E_
Impacts, the potential importance of mine decommissioning is mentioned.
- g Rad Sl L SRS '
.WW 'I.‘his conclus:.cn is based on predictions.

of the impacts that would occur umder unusual conditions (e.g., critical
climatic or hydrological conditions) as well as those that would occur un-
- der average conditions., Conservative assumptions and analyses have been

used in formulating the predictioms,

- This summary considers eavironmental effects of only the selected systems
for the power plant, mine and offsites facilities. The exception is the
Air Quality Control System (AQCS)/stack height configuration, for which

- three alternatives are considered, Each of the alternatives will meet the

! ambient air quality guidelines for sulphur dioxide proposed by B C Hydro
N to the Pollution Control Board, These guidelines are assumed in the EIAR
‘to be applicable. If the Pollution Control Board promulgates more strin- -
- - gent guidelines, the present strategy may have to be reviewed.

The subsections that follow summarize environmental impacts on air quality,
- water resources, aquatic enviromments, land resources and socioeconomics,

D 2.2 AIR QUALITY IMPACTS

E |
The most important air quality and meteorological effects of the project
result from operation of the power plant and the mine., The specifiec
meteorology/aix quality concerns investigated Iinclude:

1. Construction effects
2, Effects of plant operation on local zmbient air quality lavels
- 3, Regional air quality effects
4, Alr quality effects from mining operations
) 5, Effects of all project components on local climate
- : 6, Effects of the cooling towers on fogging and icing conditions
and salt drift depositiom
7. long-range tramnsport and acid rain effects
8. Effects on local and regional visibility conditions

(a) Comstruction Pericd

Construction effects on air quality are expected to be minor, assuming that
appropriate dust control measures are used,
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{(b) Operation Periocd

Diffusion model calculations cf power plant stack gas emissions were run
for three alternative air quality control system (AQCS) configurations,
The calculations show that each would meet the assumed ambient air quality
guidelines for sulphur dioxide (SOp). The counfigurations are:

1. Mateorological Control System with a 366 m stack
2., Mateorological Control System with a 244 m stack
3. Partizl Flue Gas Desulphurization with a 366 m stack

These fall into two classes, The first class, coasisting of alternatives

1 and 2, the Meteorological Control System (MCS), would meet the guidalines
by reducing stack emissions (by operational comstraints such 25 load shed-
ding or switching to low sulphur coal) only when air quality predictiocns
and/or real~time field momitors indicate that a guideline is likely to be
exceeded at any terrain point, The second class, alternative 3, Flue Gas
Desulphurization (FGD), would meet the guidelines by continuously reducing
SO, emissions from the stack.

A measurable increase im S0; levels in the local area (withinm 25 km) should
be expected, particularly with the MCS control options. Councentrations ap-
proaching the assumed guidelines would occur only on the highest tevrrain
within the local area, and concentrations at lower terrain elevations would
be significantly below guldeline levels, Increases in other contaminants
(perticulates, .oxides of nitrogen, carbon wonoxide, hydrocarbons, and trace
elements) due to plant operation are all expected to be small in comparison
to the assumed ambient guidelines,

Mining operations, even with wetting and other dust control measures, could
preduce fugitive dust concentratioms in excess of the short-term guidelines
in the valleys within a few kilcmetres of the mine under restrictive meteoro-
logical conditions {possibly a few times & year). The annual guidelinpe

could ‘also be exceeded in the valleys within a few kilometres of the mine,

Based on a thorough review of the literature pertzining to climatric effects
of thermal power generation, on the field program, and on modelling results,
it is concluded that project operation would have no zpprecizbla effact on
global atmospheric processes, and only minor loczlized effects on regional

~ and local scale climatic conditions, Waste heat and moisture from the cool-

ing towers could produce slight increases in precipitation. Visible vapor
plumes from the cooling towers would occasionally extend to distances of
more than 15 km from the genmerating station, Ground-level fogging and
icing should not be a problem due to the plume exit height from the natural
draft towers, Evaporation from the ash pond and make-up water reservoir
could cause local fogging and/or icing conditions in their immediate vicin=-
ities, particularly on cold days during the spring and f£all., Fredicted
salt drift deposition rates from the cooling towars are very small and
should cause no adverse effects,

Long-Tange transport and acid rain effects were also investigated by the
meteorology/air quality consultant. These studies indicate that 'short-term
decreases in pH levels of preéipitation could occur beneath the plume within
about 20 km of the stack during summer showers. Also, because of long-range
transport and conversion of SOZ to sulphates, short-term precipitation pH



reducticns of lesser magnitude could occur in limited areas at greater dis-
tances from the power plant, The extent and magnitude of these effects are
- extremely difficulc to prediet, A monitoring program is recommended in the
EIAR to ensure that poteantial problems due to acid rain would be i{dentified.

Tugitive dust from mining activities could reduce visibility im the valleys -
within a Zew kilometres of the mine by about 507% under many wmeteorological
conditions, and could reduce it even more umder worst-case meteorological
conditions. Although the power plant plume would be visible (appear partially
- opague) close to the stack, no significant effects from the stack plume on

visibility within the 20 km local area are expected, Sulphate Zormation aand

particulates far downward of the plant site would have minimal effects on re-
- gional visibility, : : ' '

D 2.3 WATER RESOURCES IMPACTS
- (2) Construction Pericd
(i) Groundwater

Potentizlly useful groundwater aquifers in the Hat Creek Valley are small and
of limited areal extent, Comstruction activities would not produce any sig-
- nificant effects on groundwater quality if PCB guidelines are met for sewage
systems and refuse disposal. Toward the end of the construction stage the
. maximum groundwater use rate could be about one-third of the groundwater
flow rate, but this rate would be temporary and the effects would be loczalized.

- The development should not affect the availability of groundwater upstream
or downstream from the study area. : : : ]

- (ii) Surface Water
During the construction phase, use of proper sedimentation 2nd erosioa con~-

- trol procedures should prevent hydrological impacts due to gullying and
stream erosion, znd water quality impacts duve to wind and water borne sedi-
ment, raining Finney and Alsece lakss, and the relocation of 9 km ¢f n=-

- tural Hat Creek channel, would cause localized impacts that should not affect
areas outside of the Hat Creak Valley., Pit area dewatering also has the po-
tentizl to alter the chemical quality of the receiving stream, Hat Creek,

- and thus treatment measures should be provided.

Construction of project facilities would alienate lands on which about 1.56 X
106 m3/year (1,268 ac-ft/year) of water is projected for irrigation use in

- the future., Part, or perhaps all, of this water may be available for the
yrrigation of other lands, and thus the net impact on water use should be
small., The Hat Creek and Finney Creek diversions would block the use of

- ‘ present irrigation conveyance ditches associated with the supply of 3,5 X
10° m3/year (284 ac-ft/year) of water.

(b) Operation Period.

-
et (i) Groundwater
- Pit excavation and dewatering would cut the valley alluvial aquifer, but
most of the water from dewatering would be discharged to Hat Creek after
treatment, thereby minimizing downstream effects,
‘ -

3



Drainage from the proposed waste disposal sites in Houth Meadows and Madicine
Creek would result in some seepage into the groundwater system, but because
the quantity of seepage would be small compared to groundwater f£lows, impacts
should be minimal. Impermeable lining should be used to control seepage from
the coal stockpile and low grade waste pile, as the quality of the wastewaters
will be extremely poor.

Impacts on groundwater quality from operation of the power plant could occur .
at the ash disposal sites, Fowever, with suitable controls (basa prepara-
tion, cutpff walls, and seepage collection-return system), the impact would
be limited to the immediate area of the disposal site. Construction and
operation of the offsite facilities would not azfifect the groundwater resource.

(1i) Surface Water

Operation of the mine should have no significant impact on the flew regime of
Hat Creek becazuse the mine drainage pumped to Hat Creak after treatment is
mainly water which discharges to the creek under natural conditions. The ex-
istence and oparation of the power plant would have only minor effects on
stream flow, except that the alienation of 5 km of Medicine Craek valley by
the ash disposal site would reduce the Hat Creek drainage area somewhat. The
Hat Creek diversion would have minor effects on downstream flow regime and
channel morpholegy. .

_Runoff and seepage from the main waste disposal sites, and pumped mine waters,
are sources that would require tyeatment before discharged to Hat Creek in
order to wmeet PCB guidelines and to avoid serious impact, 7The predicted
quality of leachates and runcff £from the coal piles, the low-grads waste site
and the ash disposal sites icdicate that discharge of these waters to Bat .
Creek should be avoided. Anzlysis of the remaining discharges indicates that
dissolved solids and suspended sediment in Hat Creek would be likely to ine
crease moderately during parts of the yeax, WNitrogen and phosphorus losses
from reclamation fertilization should be controlled to prevent increases in
Bat Creek nutrient levels., Water temperatures in the Hat Creek diversiom
canal during lov summer flows would be significantly higher than ia the origi-
nal stream channel.

Project cperation could affest the availability of up to 6.0 X 105 m3/year
(486 ac-~ft/year) of water for Irrigation use, Because part of this is for
non-consumptive uses in the project, the net impact on irrigation water would
be less than this,

(¢) Decommissioning Period

Conversion of the mine pit into a lake upon decormissioning would be the
most significant impact of this project on water resources in Hat Creek Val-
ley. It would convert Hat Creek into 2z fully regulated stream and could
have detrimentzl effects on water quality in the stream, Studies should be
undertaken to evaluate the alternatives for final mine reclamation, Ian paz-
ticular the environmental effects should be carefully considerad,

D 2.4 TMPACTS ON AQUATIC ENVIRONMENTS

The Hat Creek Project would directly affect the aquatic ecosyszem of the
Thompson River and the Hat Creek watershed. Indirect or secondary effects

. 4



to regicnal water bodies and stream courses due to long-range transpor:t of
airborne pollutants could also occur to a limited extent., The major aquatic
resources of concern zre the resident fish population of Hat Creek, princi-
pally rainbow trout, and the migratory salmonid population of the Thompson
River watershed. Although specific impacts could affect such other ecosysten
components such as benthic invertebrates or primary producers to a greater

or lesser extent, the fish populations are the principal concern to man. Any
significant changes at other biological levels of organization would be re-
flected in a change in the fishery resources of the impacted habitat,

Impécts associated with the project development would imeluds, Eut not be
limited to, the following categories:

1, Hzbitat modification

2, Habitat loss

3. Intake effacts
Habitat modification comsiders the effects of such factors as water quality
degradation, sedimentation and flow reductions on the fish populations of
water bodies, Habitat loss results from a project action, such as a ecreek
diversion, which removes an area from utilization by the biota. Intake
effects result principally from impingement ¢f juvenile salmonids,

(2) Construction Periocd

Impacts to aquatic habitats during the comstruction phase of the project
would be of a local nature and would be limited principally to 1) habitat
modification associated with unavoidable siltation from comstruction
activities (especially stream crossings), and 2) habitat losses resulting
from construction of the intake structuvre in the Thompson River, road and
pipeline crossings of the Bonaparte River, and diversion of Hat Creek and
its tributaries. Impacts associated with sedimentation could be zmeliorated
by limiting activities during critical life history periods, such as spawn-
ing seasons, and avoiding critical locales during peak runoff periods.,
Habitat loss due to diversion of Eat Creek would represent a minor direct
ibss to the productivity of the wztershed, Some additional stress to f£ish
population might result from increased fishing pressure dus to recreztion-
2l £ishing by the work force. This stress could be reduced or avoidsd by
prohibiting or limiting fishing in habitats of concern.

(b} Operation Period

Project operation presents the major aquatic ecological comcern, as it would
affect the aquatic resources on both a local and regional basis. Water with-
drawal from the Thompson River could result in the loss of some juvenile
salmonids by impingement, but f£ish protection design parameters incorporated
in the design of the proposed intake would minimize potential losses. 1In
addition, potential losses could be reduced significantly if the intake is
not operated during critical juvenile migration periods. (Reservoir storage
capacity would be sufficient to allow power plant operation to continue
during such periods ) Thus the design and operating constraints should re-
sult in a negligible impact on the regiomal salmon fisheries industry.
Habitat modification if water quality in Hat Creek is degraded would affect
rhe downstream rainbow trout population adversely. This loss would not be
offset by any additional habitat in the diversion canal. '



- Long-range transport of air pollutaznts possibly could cause measurable changes
in wacter quality of lakes and stream courses downwind of the project; such ef-
. fects could be cumulative through the life of the plant., Monitoring could
- identify any changes. Analysis of the available data suggests however that
any such water quality degradations should not exceed acceptable levels.

D 2,5 LAND RESOQURCES TMPACTS

E
The specific land resources for which envi*onmantal impact assessment has
been undertaken comprise the following:
-
1. Vegetation and Physical Environment
2. Wildlife
- 3. Forestry
4, Agriculture

- Land alienation during the construction period, and air quality degradation
during the operation peflod would cause the major effects, In the regional
context, impacts on land resources should be moderate, Those related to
coqstructlcn activities would be temporary and mostly limited to actual facility

- sites. Operationzal effects on flora and fauna, including those which could
result from ambient zir quality changes, would all be limited to an area with-
in 25 km of the plant site.

E ]

() Construction Pericd

- Agriculture is the principal land resource activity that would be affected
by construction, Cattle grazing and the organization of existing ranch .
zreas are the two agricultural resource aspects which would be most affected.

- Construction of the mine and associated waste dumps would alienzte land that
is regarded as good range and cropland, Plant construction would alienate a
smaller zrea and land that is genexally less valuable for grazing.

- The loss of forest resources dus to construction of the mine arnd power plant
would be minor sinece the forest productivity of most of the land is poor.

A large percentage of the mine area is unforested, and the forescry loss

- due to mine develeopment has already been deductéd f£rom the allcowable annual
cut,

- Some riparian vegetation would be lost by development of the mine., This
vegetation is only found slong portions of Hat Creek, and it is amn important
wildlife habitat because of its limited extent in the Valley, Wildlife habi-
tat loss due to construction of the power plaant should be minimal,

(b) Operation Period
- Operational effects on the flora and fauna of the Hat Creek Valley and en-

virons would result primarily from the degradation of ambient air qualiry,
The three elternative AQCS/stack height alternatives are described in
- Section D 2.2, 4As is noted there, each of these would meet the assumed
‘ ambient air qualit?_guidelines for S0,. However, increased 50, concentra-
g tions still could be expected to cause some short-term effects on vegetation
within 25 km of the plant site, These effects should be limited to vege-

- tarion growing on the highest elevations in the Clear Range, Arrowstone
Hills and Cormwall Hllls, where the greatest ambient concentrations of pollu-
tants would ocecur. .

L |



Total protection of vegetaticn cznnot be a2ssured solely by compliznce with

the assumed guidelines for 3-hour averages because an averaging period at

- any particular terrain point could include 1 hour or shorter periods with
concentrations high enough to affect vegetaticon. With a meteorclogical
contrel system (MCS), short-term high concentrations could be expected,

- . With flue gas desulphurization (FGD), in contrast, the maximum shorteterm
concentrations would be significantly lower.

Nevertheless, if a 366 m (1,200 ft) stack with either an MCS or partial

FGD control system is provided, the short-term vegetation effects in the
upland terrain should be minimal., In comparing the two 366 m stack cases,
the partizl FGD system should result in less impact on vegetation than the

- MCS system, I1f a 244 m (800 £t) stack with MCS is provided, the impact on
vegetation should be greater because maximum 50, concentrations are predicted
to ba greater with the shorter stack, The forests and range vegatation

-~ found at higher elevations are not economically as productive as those present
in other parts of the valley. Ther efore, because the most significant air
quality degradation would occur at these high elevations, the impact on
regional forestry and range vegetation resocurces would be minimal,

The potential for lomg-term or chronic 50, injury cannot be zssessed ac-
curately due to the lack of definitive work or published results on this
- aspect of air pollution effects on vegetation, If it were to pceour it
would be most apparent at higher elevations,

- Flucride emitted during plant operation in the gaseous form of EF could be
an injurious air pollutant, Zxtremely low concentraticns of HF {(in the ppdb
range) have been reported to Ye injurious fo sensitive species such as Pone.
derosa pine., The fluoride question cannot be resolved at this time because ’
of wide variation in published and unpublished data on the percentage of
fluoride weleased in gaseous form during cozl combustion,

The degradation of ambient air quality should not have an adversa effect on
birds or mammals. Other effects of project cperation on the fzuna should be
minimal. '

D 2.6 SOCICECONOMIC IMPACTS

The Hat Creek Project would directly affect Llocal populations residing in
the Valley and communities within about 30 kilometres from the Project
centre, Population centres outside the local area, such as Ramloops,
having economic¢ linkages with the local communities might also be affected.
The list below includes some of the major social, politiczl and economic
areas of concern that are addressed in the EIAR (not necessarily in order
of importance): '

1. Population, Income and Employment
2, Housing and Infras:tructure
3, Social Adjustment
4, local Govermment and Community Services
e 5. Land Use ‘and Aesthetics
i 6. Native Indians .
7. Recresation
8., Archaeology



Impacts would be caused not only by intrusion of the Project components on
human poPulations and their ecconomic and social activities, but also by pop-
ulation~induced effects of the Hat Creek Project. Specific casual factors
could include resource use changes, labour requirements, expenditure patterns,
population ip-migration, and sesthetic alterations,

(z) Constructicn Pericd

During construction, land use in the Hat Creek Valley would be changed from
agriculture to mining and electricity generation. Forest, wildlife and other
land resources would be disturbed locally, and this would affect recreation-
al uses., The construction activity would result in an influx of men and
material, with associzted noise and dust, which at certain times and places
might negatively affect the local population, including some Native Indians.
Archzeological resources could be affected by the disruption of land and by
increased acgcess,

Construction workers and their families would require housing, medical,
educational a2nd other community services which could place pressure on ex-~
isting capacities or strain the financial ability of local communities to
provide the additional serviczs. The locatien of a large and primarily
male construction work force inm the Bat Creek Valley Camp or in the loezl
communities could be expected to increase some social problams apnd would
require adjustment on the part of the permanent residents,

Significant regional benefits would result from local employment: on the
project and from increzsed income and employment cause by project relatred
expenditures in the study area, The total Hat Creek labour forees would
peak at more thanm 3,000 persons by the time the first unit begins operation
in the mid 1980's. Subsequent decline of the construction work force and
increase of the more permanert operating work force should not e disruptive
if business and other community leadership groups plan appropriately.

(b) Operation Pericd

Most of the operating work force of more tham 1,000 perscns would reside
with their families in the loczal communities and becoms assimilated inte
the social, political and economic fabric, Their income would be bene-
ficial te the local economy. Assuming a reasonable distribution of the
operation staff and their families zmong the communities, the impacts on
community infrastructure and services should be minimal in most instances;
planning on a regional and local level, would aid in identifying deficient
services or potentizl burdens on governmental units to provide sesrvices.

The expenditures made by the operating work force and their families in
the study area would generate additional income and employment, which in
turn should stimulate in-migration and thus increase the population base.
Any purchases made by B C Hydro in the local area during the construction
or operation phases would also promote regional economic development,

Although the recredtion potemtial in Hat Creek Valley would be affected,
recreation days in the overall study region should increase owing to the
population increase. The operation of the plant would slightly degrade
the quality of the air shed through airborne contaminants such as sulphur
dioxide and and nitrogen-oxides, but health-related hazards of such con-
taminants would be insignificant,
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CHAPTER 1.0 - THE HAT CREEX PROJECT

" British Columbia Kydra and Pcwer Autherity (B.C. Hydro) preopeses to construct and operate a
2000 MW coal-fired powerpiant, open pit coal mine and ancillary offsite facilities in the Hat Creek
Valley. Hat Creek Valley is located in southcentral 8ritish Columbia and is bounded by latitudes 50%15"
and 50950", and longitudes 121°25' and 121745'.

Hat Creek Valley ferms part of the Thompson plateau region which separates the Coast Range from
the Monashee Range of the Rocky Mountains. Although characterized as a plateau, the region is marked by
dramatic topographic relief, Eresion by large rivers such as the Fraser and Thompson, and smaller streams
such as Hat Creek, have dissected the plateau and created & stark, rugged iandscape.

Ha< Creek Valley varies in elevation from about 490 m above MSL at its lower end near the
village of Carquile where Hat Creek joins the Bonaparte River te zbout 1070 m in the upper valley above
the proposec project site. Ridges te the south of the project are 1555 m above MSL and the Cornwall
Hills to the southeast area 2010 m above MSL. Peaks of the Marble Range to the north reach elevations of
about 2075 m. Maximum elevations between 2196 m and 2320 m are found in the Clear Range to the west, The
project site is approximately 16 km southwest of Cache Creek and 80 km west of Kamloops (Fig. 1.0-1).

Tha project consists of:

1. Bavelopment, operation and decommissioning of an cpen pit mine to exploit 320 Mt of Hat Creek coal
from the No. 1 deposit.

2. Construction, operation and decommissioning o¢f four 500 MW net (560 MW gross) ccal-fired thermal
generation units.

3.  Construztion, operaticn and decommissioning of offsite systems which inciude project access roads, a

makeup cooling water supply system, a 69 k¥ transmission system, creek diversions, an airstrip,
construztion camps and aquipment off’.oading facilities.

The mine would %e Jocated in the floor of upper Hat Creek Valley with the downstream pit rim
about 1 km south of the mouth of Marble Canyon at the time of maximum development. The powerplant is
proposed to be located on roiling upland terrain about 4 km east of the mine head -at an elevation of
about 1410 m.

Cooling water for the powerplant, and the relatively small amounts of water for other uses,
would be pumped frem the Thompson River, approximately 23 km to the east. The cooling water makeup
requirements would be minimized by & recirculating system and all blowdown would be consumptively used by
other plant systems so that the plant cperates in a "no discharge" mode of cperation.

For the purpase of this repari construction is assumed to begin in 198¢ or 1581, Unit 1 of the
powerplant is scheduled to begin operation in 1986, This wouid require completion of the cffsite systems
and developrent of the mine by that date. Units 2, 3 and 4 were assumed to begin operation in 1887, 1988
and 1989, respectively.
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The Environmentai Impact Assessment Report (EIAR) summarizes the relevant envirenmental and
engineering studies conducted in support of the project. Engineering descriptions present the major
project systems and alternatives which could affect the environment. Because cof the evolutionary nature
of compliex thermal power developments, the engineering systems presented are subject to continual analysis
and revaluation. [t should be expected, therefaore, that design changes wouid occur during the subseguent
engineering phases. Emphasis would be given to systems for which consumptive resource uses could be
minimized and for which environmental impacts have been identified and minimized.
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CHAPTER 2.0 - SUMMARY TERMS OF REFERENCE

In June 1976 B.C. Hydro commissioned Ebasce Servicas of Canada Limited, Environmental Con-
suitants (ESCLEC) to coordinate the cetailed environmental studies on the proposed Hat Creek Project.
The broad objective of the terms of reference prepared by B.C. Hydro in 1976 and finalized in August 1377
are:

Te fdentify and evaluate the effects of the propcsad Hat Creek coal mine, 2000 Mw generating
station and anciliary offsite facilities on the natural and cultural environment of the region,
ang to compare these effects to the development of the area and rescurces without the project.

B.C. Hydro identified five broad areas of study. These were assigned to consuitants for investi-
gation. Table 1.0-1 summarizes the study components and the primary study teams. These organizations
were responsible for the preparation of the Environmental [mpact Assessment Report (EIAR) technical data
base, for the accuracy of the resource inventoriss and fer the professional merit of the impact analyses
and conclusians,

As coordinating consultant, ESCLEC administered the detafled environmental studies, transmitted
information from ihe design consultants to the environmental consultants and ensured satisfactory com-
promises between engineering requirements and environmental constraints, ESCLEC advised B.C. Hydro of
areas which required either more intensive analysis or separate investigation., Implementation of these
suggestions served aither to modify the terms cof reference or to initiate new studies. ESCLED prepared
the text of the EIAR based on the consultants' reported results.

The conduct of the detailed environmental studies paralleled the engineering concepiual and
preliminary design. This approach permitted continuing liaisen between the environmental and engineering
investigations. As a resuit, design features which would mitigate environmental impacts were incorporated
early in the project design, Because of the conservative approach used to predict impacts and the
inclusion of preliminary design features to mitigate them, it is axpected that the final design would
further reduce the impacts presented in this report.
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CHAPTER 3.0 - PURPOSE AND SCOPE OF THE ENVIRONMENTAL IMPACT ASSESSMENT REPORT

The EIAR integrates the results of the detailed environmental studias (DES) for the proposed
Hat Creek Project. The study team and their respective respeonsibilities are presented in Table 1.0-1.
The purpose of the EIAR is:

1. To summarize and integrate the envirermental data.
2. To provide an information base for the development of the Environmental Impact Statement {EIS).

3. To provide a technical basis to identify and recommend environmentally ccmpatible system alternatives
for the project.

The EIAR presents the technical results of the Tocal and regional resource inventories and
projected envircnmental impacts caused by construction, operation and decommissioning of a 2000 Mw power-
plant, open pit mine and offsite support facilities. These studies occurred between June 1976 and June

- 1978,

Natural and cultural resources are described and projected over the expected 3%5-year pericd of
powerplant operations. Resgurces are projected on a with- and without-project basis. The diffarence
between the scenarios is defined as the Hat Creek Project impact.

It is understood that B.C. Hydro, after the licensing procedures are determined, would outline
the applicable guidelines and cbjectives that must be satisfied to obtain necessary approvals, and that
thereafter the EIS would be prepared. The EIS would evaluate enviropmental impacts with reference to the
regulatory requirements in the framework of a benefit-cost analysis.
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CHAPTER 4.0 -~ CECNVIRONMENTAL IMPACT ASSZSSMENT REPCRT FORMAT

Environmental studies for the proposed Hat Creek Project are summarized in tie EIAR. Descrip-
ticns of potential impacts are developed based on a comparison of with-and-withcut-case projections of
natural and cultural resources. Mitigation and compensation measures to amelforatea the potential effects
are discussed. It is intended that the EIAR provide the reader with sufficient backjround information
and description to enable evaluation of the consequences of the project from local and regional perspec=
tives. To ensure that this goal is achieved, it is necessary that the reader understand the present
status of the natural and cultural resources, the nature of the developments which could affect the
environment and the importance of the beneficial and adverse impacts of the project. This report is
intended to provide the basis for such understanding.

The EIAR consists of five parts. Part One, entitled “Introduction", describes the purpose,
scope and format of the report, the history of the project and the terms of reference.

Part Twe, entitled "Description of the Hat Creek Project”, is based on project descriptions of
the mine and offsite facilities prepared by B.C. Hydrul'z and on a project description of the powerplant
prepared by Integ-Ebascos. These deszcriptions were developad from preliminary engineering studies
especially for use by the environmental consultants. They characterize the major features of the proposed
development anc summarize information on engineering systems which could affect the environment.

Part Three, entitled "Environmental Setting without the Project", presents 1. Methodoiogy
2. Resource Inventory and 3. Resource *rojections Without the Project. The present natural and cultural
resources of Hat Creek Valley and the surrounding region, contemporary constraints and a prediction of
their status over 35 years if the project were not constructed are discussed. Part Three discusses
metecrology-air quality, socio-economics and noise as well as land and water rescurces.

Part Four, entitled "Impacts of Project Development" presents the environmental impacts of the
Hat Creek Project. Included in Part Four are impacts associated with:

1. Preconstruction activities.
2. Construction activities.
3. Qperation activities.
4, Decommissioning activities.
Envircnmental impacts of the above activities on the terrestrial and aguatic biota, air quatity, hydre-
logy, water gquality, geology, cultural heritage and socio-economics resources were evaluated to determine
mitigation requirements. Most of the information provided in this part of the EIAR is developed from the
impact evaluations presented in the QDetailed Environmental Studies (DES). However, to ensure compiete
topical coverage, ESCLEC developed some of the informaticn presented in Part Four.

Part Five entitled "Mitigation, Compensation and Monitcring®, discusses specific recommendations
made for the Hat Creek Project. It is written on the basis of the JES reports and the project

description. Alsa included is a discussion of proposed environmental monitering programmes.
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CHAPTER 5.0 - PROJECT HISTORY

THE POWERPLANT

In 1970 the British Calumbia Erergy Board conducted a study to assess future provincial energy
needs through 1990.1 The results, published in May 1971, predicted a peak provincial electric power
demand of 19 984 megawatts (MW) and 112 120 million kilowatt hours (kWh) of annual energy demand by 1330.
This projected demand corresponded to an average annual compound growth rate of 7.6 percent for the
20-year period between 1970 and 1990.

o meet the projected electricity load growth, the Energy Board commissioned Montreal Engi-
neering Company {Monenco) to study and recommend the most dasirable sequence of electrical plant construc~
tion through 1890. A report, entitled "Electric Energy Resources and Future Power Supply" was published
in August 197:2.2 Monenco recommended a combined programme of hydre and thermal power development based
primarily upon an expamsion of hydroelectric generation capacity and on the use of coals from either the
East Kootenay or Hat Creek areas.

In 1974 Dolmage, Campbell and Asscciates inventoried the coal reserves and rescurces in British
Columbia. Their report, entitled "Coal Resourcas of British Columbia", issued in April 1975, summarized
the provincial coal reserves.3 The study detailed all major provincial reserves and emphasized those on
Vancouver Island as well as the vast thermal coal depasits in the Hat Creek and East Kootenay areas. The
report indicated that the Hat Creek and East Kootanay deposits had sufficient proven reserves to supply a
2000 Mw steam electric generating station for 35 years.

In 1974 B.{. Hydro appointed a task force to evaluate the alternative generation projects and
energy resources in terms of their economics, the provincial energy demand and the environment. The task

force published its findings in May 1975 in a report entitled "Alternatives - 197541990".4 The authors
were cognizant that economic and environmental realities constrained new hydroelectric generation sites

to Revelstoke on the Columbia River and to further development of the Peace River. Based upon this
analysis they recommended 2 programme of electric energy development through and beyond 199C.

The task force recommended a mixed programme of gas turbine units for Vancouver Island, installa-
tion of 2700 MW at Revelstoke, two coal-fired thermal plants, the McGregor and Kootenay diversions, and a
system of peaking units at G.M. Shrum, Mica, Revelstoke and Seven Mile to satisfy the diverse provincial
powar needs. A coal-fired thermai-elect~ic project burning Hat Creek ¢oal was identified as the overall
most economic source of energy after Revelstoke. The report concluded that a programme "...include the
development of coal-fired thermal power at Hat Creek as being the most economic way of generating power
to meet the electric load growih in the province from 1986 to 1920, based upon information available”.
Becausa of this analysis and the strength of the recommendations by the task force, B.C. Hydro investigated
a Hat Creek coal=fired thermal-electric station in detail.

B.C. Hydro realized that if the power needs couyld be satisfied by the first major coal-fired
thermal ptant in the province, it would evoke concarn for protection of the environment. To assess the
environmental feasibility of a Hat Cresk coal-fired generating station, B.C. Hydro prepared terms of
reference for a preliminary environmental impact study.
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5.2

THE POWERPLANT ~ {Cont'd)

In July 1974, B8.{. Hydro authorfzed two groups, B.C. Research and Oolmage, Camptell and
Assogiates, to conduct a prefiminary snviranmental impact study of the proposed 2000 MW Hat Creek power
develcopment. The preliminary impact report, completed in August 1975, presented the combined environmental
affects of construction and operation of a powerplant located at, or in the vicinity of, the Hat Creek
coal de]:u:vsit.5 Although the study reported several important environmental concerns, it made no praferred
site recommendaticns. To complete this task, B.C. Hydro commissioned Integ-Ebasco to conduct cancsptual
design and site evaluation studies.

The Site Evaiuation Report, issued in October 1976, identified a site at Harry Lake ia Hat
Craek Yalley as the best location for a coal-firad power station burning Hat Creek t:c:a].6 The recommended
mine mouth site was based upon eccnomic and environmentai considerations. Upon completion of the site
evaluation study, B.C. Hydro released terms of reference for a 6-month detajled environmental study of
the region around Harry Lake. The terms of reference, prepared in accordance with the Coal Cevelopment
Guidelines, addressed the ecalegical, socio-econemic, meteorclogical and hydrological facgts common to
major thermal power development proiects.

An analysis of the preliminary results from these studies, and in particular of the ambient afr
quality and socio-economic effects, compelled the decision within B.C. Hydro that the resource inventory
component of the environmental studies extengd over one full calendar year. Several topics were also
enumerated which, because of their sansitivity, warranted separate study efforts. For example, the
Thompson River water intake, the bulk sample programme and studies of the native Indian people each
required more treatment than was anticipated at the outset of the studies, As a result, B.C. Hydro
broadened the terms of reference to include these special studies, as well as to extend the study pericd.
Thase early dacisions increased both the scope and detail of the project impact assessment.

THE COAL MINE

The record of Hat Creek coal began when prospective deposits from Hat Creek Valley in central
British Columbia were reported in 1877 and 1894 by G.M. Dawson of the Geological Survey of Canada.
Exploration of the deposit centered on Hat Creek, where bank erosion exposed coal from the Ne. 1 deposit.
By 1925, three shallow shafts, two short adits and seven drill holes were driven aleng the creek.
Proximate analyses were also obtained on 24 mine samples and 32 drill samples. No further work on the
deposit occurred until 1933!.6

Small scale commercial expleitation of the No. 1 deposit began in 1933, Between 1933 and 1942
a few hundred tonnes of coal per year were produced for sale to Jocal towns and vitlages. Production
ceased n 1942 and no work resumed until 1957 when the property was optioned by Western Development and
Power, Limited, a subsidiary of B.C. Electric Company, Limited. At that time one Crown Grant claim was
explored extensively b3} surface diamond drilling. Between 1957 and 1959, 165 proximate analyses were
obtained from the drill cores.

Owrership of the one explored Crown Grant claim and two coal licenses on the Hat (resk ceal

property was transferred to B.C. Hydro when B.C. Hydro was incorporated. Exploraticn aon the property
teased unti} mid+-1374 when 8.C. Hydro and Power Authority began definitive drilling of the known deposit.
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5.2

THE COAL MINE - (Cont'd)

In 1974, B.(. Hydro acquired ccal licenses for most of the upper Hat Creek Valley. Reconnais-
sance drilling, conducted under the auspices of B.C. Hydra, revealed twa coal deposits: the No. 1 depesit
at the site of the proposed open pit, and the Ne. 2 deposit scuth of Anderscon Creek. The former deposit
contains estimated reserves of 325 Mt of sub-bituminous coal and the latter 3.1 Gt of cpal.

Definitive geological and geotechnical work on the No. 1 deposit continued tarough 1978 in an
effort te refine the knowledge of the dat Creek No. 1 deposit. Such krewledge js a fundamental pre-
reguisite to the development of an efficient mine plan prior to the initiaticn of mine preproduction
work,
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CHAPTER 1.0 - INTROOUCTION

Part Two of the EIAR presents engineering descriptions of the major project components and
alternativas for the mine, powerplant and offsite facilities. Each description was prepared especially
for the EIAR and presents engineering details which would have environmental relevance should the project
proceed. Because ongoing engineering studies could revise the various systems as knowledge of the project
increases, it is likely that changes ir the final configuration of project facilities would occur. One
objective of the detailed design phase would be to refine each af the selected systems so that enviren-
mental impacts identified in the detailed environmental studies could be minimized further,

Chapters 2.0, 3.0 and 4.0 of this Part provide summary descriptions of the powerplant, the mine

and the offsite systems associated with the project. The general arrangements of. powerplant, mine and
offsite facilities are shown in Figs. 1.0~1 and 1.0-2.
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2.2

2.3

2.3.1

CHAPTER 2.0 - POWERPLANT

GENERAL

The Hat Creek powerplant would utilize coal mined from the Kat Creek open pit and convert the
thermal energy into electrical energy to be fed into B.C. Hydro's electrical grid system. The pliant site
is located about 4 km east of the mine head on a broad hilitop at an elevation of about 1410 m. The
description of the plant 1in this chapter is summarized from a report by B.C. Hydro's engineering
ccnsu1tant.l

The powerplant is rated at approximately 2000 MW (net) from four 500 MW units. Each unit would
be designed t¢ generate 550 MW gross of which 60 MW would be used for auxiliaries., The first unit would
commence commercial operation in January 1986. It s expected to operate at base load for extended
periods and, in later years, in a two-sh'ft or intermediate mode with weekend shutdowns, Over the 35-year
neminal plant “ife, the station capacity factor is expected ta average 635 percent.

Major features of the powerplant relate to circulating water, coal handling, air quality con-
trol, water treatment and ash handling systems. These systems were designed to provide reliable service
to the plant and to assure protection of the environment.

The plant is cdesigned to minfmize makeup water requirements and to maximize reuse and recycle
of watar such that waste ligquids are net discharged to the surrounding areas. Liguid wastes emanating
from plant procasses eitner will be treated or directly reused to convey ash to the disposal areas. The
technical details of the powerplant are summarized in Table 2.1-1.

MAKEUP WATER SUPPLY SYSTEM

Makeup water would be obtained from the Thompson River, pumped appraximateiy 23 km te the plant
through an 80 ¢m diameter pipe, and stored in an 8.3 x 105m3 reservoir near the plant. The river intake
and pipeline are classified as offsite systems and are descrihed in Part Two, Chapter 4.0, "The Offsite

Systems.”

CIRCULATING WATER SYSTEM

A circulating water system, comprised of cooling towers and steam condensers will be provided
te dissipate waste heat from the steam cycle. This system has been designed as a closed cycle with
recycling of water to both minimize makeup water requirements and avoid the discharge of liquid effluent
to the environment. The intake and water reservoir are described in Section 2.10 of this chapter.

Condenser
The low pressure steam which leaves the steam turbines will be converted to the liquid phase in

the condenser. A cooling tower system economic optimization study, including transverse condenser selec-
tion, was perfarmed. Based on the results, a 304 stainless steel dual pressure, divided water-bax type
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2.3

2.3.2

2.4

CIRCULATING WATER SYSTEM - (Cont'd)

candensar, with a cooling watar flow rata of 8957 L/s is coﬂtemplated for each of the proposed units,
This ¢ooling water would be regirculatad through the ¢ooling towers, with makaup provided from the starage
reservoir.

Coaling Towers

Two 116.4 m natural draft hyperbolic ccoling towers are proposed for the Hat Creek powerplant.
Selection of these towers {s the result of an optimization study carrfed out an several types of coeling
tower systems. Normally each tower would serve two units. Condenser cooling water cascades through the
tower, where 3 portion is evaporataed and the remainder cocled. The hyperbolic shape of the cooling tower
shell and the convection effect as the air is heated inducas the ajr flow through the Iower.

In wet coeling towers, only a minor part of the overall cooling affect is by direct heat
transfer from warm water to cool air. The major part results from the evaporation of the water. At full
load (2000 MW net) and at the coaling tower dasign cenditions af 13.99C ambient wet bulb temperatura, tha
estimated quantity of water evaporated will be 1.11 m3/s.

. Because of the evaporation lossas, the circulating water in the systam stead{ly in¢reases in
dissolved solids. To control the dissolved solids concentration, water will be "blown down” from the
cooling tower sumps. The cooling towers are expected to operate at approximately 11-14 cycles of concen-
tration to maintain a water balance for the plant. Water from the reservoir will be added ta the system
to make up for the evaporation, drift and blowdown losses.

Effective drift eliminateors can reduyce the drift less in natural graft towers to less than
0.008 percent af the circulating water flow rate. This compares to the'evaporation loss of approximately
2.75 percent. Blawdawn from the towars would be used in other plant systems to ansure that na liquids
are discharged from the plant, Auxiliary equipment would also raject heat %o the c¢irculating water
system via direct coclers. Spent auxiliary zooling water would be pumped to tha cooling tower and used
as cooling tower makeup. -

CCOAL HANDLING SYSTEM

Tha coal handling systems are designed to process coal, waste rock and overburden from the
mine. Primary and secondary powerplant crals would he segrsgated from solid waste and Tow grade c¢oal
prior tg transport overland %o the plant. The conveyors would discharge the coal into a surge bin to
provide short-term storage of coal delivered to the plant.

From feeders at the bottom of tha bin the coal would be conveyed by a system of bell conveyors
to the top of the coal siles in the boilarhousa. The conveyor belts would bde of fire-resistant material
and a fire protection sysiem of the water sprinkler type would be incorporated to protect the system.

Coal dust would be the only potantial emission from the system., At transfer points 1t couid
rise with the disturbed air and escape the enclosure if controls were not provided. Therefare, ail
transfer points would be enclosed and a dust control system, consisting of a centralized vacuum system
and an automatic baghouse, would remove dust Jaden air at each transfer paint and convey it to the
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2.5.1

COAL HANDLING SYSTEM - (lont'd)

baghouse through ducting. Dust would be separated in the hag house by filter cloth selected to assure
that air vented from the vacuum exhausters wouid meet the Poliution Control Branch emission objectives of
229 mg/ma.

Additional descriptions of cosl miming, transportation and storage are provided in Chapter 3.0,
"The Ming",

AIR QUALITTY SONTROL SYSTEMS

The characteristics of tha fuel are primary determinants in the selection of air gquality control
systems (AQCS). The Hat Creek Noe. 1 [eposit has been classified as sub-bituminous, averaging approxi-
mately 13 9C0 kJ/kg for run-of-mine coal, at 28 percent ash and 20 percent moisture. The heating value
cf the blended coa! delivered to the plant s expected to range from 12 795 to 16 982 kJ/kg. The ash
content would range from 32 to 20 percent.

The sulphur content would range from 0.45 to 0.42 percent on a wet basis. This range of sulphur
levels woule result from coal preparation and blending for consistent heating values. A supply of low
sulphur coal (0.21 percent) would also be available if a meteorological control system {MCS) is used to
meet ambient sulphur dioxide guidelines. '

The foliowing paragfaphs describe the systems (or alternatives) which have been selected, based
on the above fuel characteristics, to control contaminant emissions and resulting ambient air quality
contaminant concentrations.

Particutates

Electrostatic precipitators lccated behind the air preheaters are proposed to control particulate
emissions. These would have an efficiency of 99.5 percent, for conservative coal characteristics, to meet
the particulate emission objectives propused by B.C. Hydro %o the Pollution Control Sranch.1

Elactrostatic precipitators remove particulates by the following steps:
1. Transmitting an electrical charge to the suspended particulate matter.
2. Collecting the charged particles on a grounded surface.
3. Removing the collected matter from the grounded surface by mears of a rapping and conveying system.
In order to facilitate maintenance and enhance reliability, the precipitator would consist of

separate sections in parailel, each section receiving a percentage of the gas flew., Multiple power
supplies and fields would be used to minimize the effects of equipment failure.
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AIR QUALITY CONTROL SYSTEMS - (Cont'd)

Oxides of Nitrogen (NOX)

Nitrggen compounds in coal and the diatamic nitrogen in combustion air are the source of oxides
of nitrogen (Nox) emitted during combustion. These are principally nitric oxide (NO) and secondarily
nitrogen dioxide (NOZJ. The principal factors controliing the production of NOZ during coal combustion

are flame tamperature, amount of excess combustion air and furnace residence time.

Modern boiler burnar—windbox dasigns are arranged %o provide minimum air to the primary igritien
and combustion zone. The remainder of tha ¢ombustion air is added via separate ajr-only ports and mixed
with the fuel within the furnace to ctause ¢ompletz combustion pefore the furnace exit. Design provisions
such as these reduce excess air, flame temperature and residence time to 2 minimum.

For actual operating conditions, with 30 percent excass afr at the air heater outlat, NOX
emissions should be well below the B.C. Hydro recommendations ta the F’CB,1 and possibly as low as 380 to

480 mg/m3, depending upon the design of the boiler,

Carbon Menoxide and Hydrocarbons

Carbon monoxide and hydrocarbons occur in flue gas as a result of incomplete combustion. As is
the case Tor control of oxides of nitrogan, contral of carbon monoxide and hydrocarbon emissions fis
accomplished through proper furnace design. It 1s expected that thase contaminants will only be emitted
from the stack in trace quantities. However, for purposes of environmental fmpact assessment, carbon
monoxide and hydrocarbon emissions have been calculatad on the basis of .05 percent and .015 percent by
weight of ceal, respectively.

Sulphur Gigxide (502)

Several alternative systams (stack height - AQCS combinations) for the control of sulphur
dicxide (502) were undar considerat{en at the time of writing. Analyses conducted sarly in the envirea-
mental studies by the meteorology/air quality subconsultants, Environmental Research & Tachnology, Inc. |
(ERT),Z indicated the need for a stack height in the range of 244 m to 166 m {(assuming & single stack
with four flues, and depending on the extent of additiomal control measures) %o meet ambient 502 guideline
levels proposed by B.C. Hydro to the Pollutien Control Branch.l Tha additional control measuras under
consideration include a metearological contrel system (MCS), which would control Sl'.i2 emissions on an
intermittent basis in response to adverse metsorolegical conditions, and flue gas desulphurization (FGD),
which would cantrol SDZ emissions continuously. Three of the most likely combinations of stack height
and control systems were studied in detail by ERT. These are: :

1. MCS with a 244 m stack.
2. MCS with 366 m stack.
3. FGD with 386 m stack.

The following paragraphs describe the MCS and FGD alternative systems for controlling 502.
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AIR QUALITY CONTROL SYSTEMS - (Lont'd)

{a} Meteorological Contrel Svstem (MCS)

An MCS is a systematic plan of defined procedures for reducing ¢ontaminant emissions to
the atmosphere when predicted or oxserved meteorological conditions are conducive to high ground-
level ambient concentrations. Such control strategies may assume many operational forms; both Joad
reduction and fuel switching programmss have been evaluated quantitatively by ERT for this study.

An MCS normally consists of:
1. A real-time, metaorological and ambient afr quality momitoring network.

2. A forecasting staff with the facilities and equipment for producing real-time, local-scale
metearological predictions.

3. A computar-based air quality prediction model.
4. The ability to effect the necessary emission curtalliments so as to maintain ground-level ambient
concentrations at acceptable levals.

The MCS neing considered for Hat Creek would include each of thesa components. Tha emission control
procedure that is expected to be utilized would be a combination of both load reduction and fuel
switching. Which procedure is utilized would be determined by seasonal load demand variations and
the degree of emission reduction required. It has been assumed that lower-sulphur coal, with average
sulphur content of 0.21 percent and a mean heating value of 17 587 kJ/kg, would be stockpiled for
use during periods of adverse dispersion potential in the winter months {November through February).
During the remaining months of the year, uniform Tead reduction of all generating units has been
assumed to be the preferred control measure)for reducing ground-levei concentrations.

MC5 operational requirements for the Hat Creek Project include the capability to predict
ambient SDZ cencentrations during the fuel switching mode at least & 1/2 hours in advance; moreover,
it has been assumed that a fuel switch, once enacted, will be maintained for at least 3 hours (the
minimum averaging time corresponding to control action requirements). Load reduction procedures to
decrease emissions hy a given amount can normaliy be implemented much more rapidly than an equivalent
fuel switch, since the latter involves delays associated with physically providing the secondary
fuel to the boilers. Thus, for MCS applications invelving load reduction, ‘forecast lead-time
requirements are less critical.

For either mode of MCS operation, 3 plume transport lag time is inevitable. That is, a
change in emission strength at the source would not begin to affect ambient concentrations at a
specific downwind point untit a certain time interval has elapsed. The duration of this interval
depends upon wind speed. This lag time, together with the emission response lag time, would be
taken into account in the operational MCS air quality forecasting procedures.

With the MCS control optfon, the 502 emission rate and other stack parameters would, of

course, dJepend on whether the plant was operating with uncontrolled emissions or being controllied by
fuel switching or load reduction. QDuring the fuel switching mode, 502 stack emissions are expected
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(&)

to be reduced %o 5282 kg/h (39 percant of the uncontrolled rate with the primary fuel), at a tempera-
ture of 149°C and flow rate of 238 384 m3/m1'n. With ‘toad reductipn, 502 emission reductions are
nearly diractly proportional ts the reduction in load. At 30 percent load, for example, the expected
502 emission rate is 10 953 kg/h (81 percant of the uncontrolled rata), at a temperature of 129%¢
and a flow rate of 212 090 malmin.

Fiue Gas Oesulphurization (FGD)

An FGD system, a$ an alternative, would reduce the flua gas emissians. SOz emissions from
the stack would not exceed 300 ppm (dry} by volume. Thus, ambient air quality would remain within
the proposed cbjectives when burning Hat Creek coal in the powerplant beilers., In order to achieve
this level of ambient 502 concentration, 80 percent of the flue gas would have 2o be treated. The
treated flue gas would be rsheated by mixing it with the untreated portions of the flue gas befare
entaring the stack. As a4 result of mixing, the tamperature of the flue gas flowing through the
stack would be above the flue gas dew point and the stack would be operating under "dry" conditions.
Also, the degree of renheating achieved by the mixing of treated ahd untreated ﬁortions of the flue
gas would provide desirable plume rise charactaristics.

The FGD system would consist of two wet 502 absorber towers per unit operating at a
20 percent removal efficiency. The flue gas would initially enter the gas c¢leaning towers downstream
of the elactrostatic precipitators and the boiler fnduced draft (I0) fans. Depending on the salection
of equipment, additiomal boostar fans could be required in series with the ID fans., The fans would
discharge 60 percent of the flue gas ints the dperating absorbers whare St‘J2 would be ramoved utilizing
a reactant slurry of pulverized limestone. The untreated portion of the flue gas would flow through
a bypass duct and mix with the treated gas downstream of the absorbar mist eliminators.

A third stand-by absorber tower would be pravided for edch unit to improve the FGD system
availability and to facilitate full capacity operation. Periodic maintenance on the non-operating
module could be conducted at zny time without adversely affecting the particulate collection or the
performanca of the FGD systea.

Pulverized limestone slurry would be continually fed into the Sl’.\2 absorption system by a
wat ball mill and slurry preparation equipment. The calcium carbonate in the iimestone slurry would
chemically react with the SOZ in the absorber to form calcium sulphites and caleium sulphates. The
spent slurry containing these products and any axcess limestone would continually discharge to a
thickenar for concantration. The concentrated thickener underflow would be ulitimataly disposed of
in a waste sludge disposai area. Water from the thickener would be returned for use in the slurry
system.

The quantity of 502 to be discharged from the stack after scrubbing is calculated ta be

§25% kg/h (approximately 46 percent of the uncontrolled rate). Flue gas from the scrubbers is
expected to have a temperature of 82%C and a flow rate of 262 189 m3/m1‘ .
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2.5.1

WATER TREATMENT SYSTEM

General

The water treatment system includes boiler feedwater treatment designed to provide demineralized
water for steam cycle makeup and sootblowing. The water treatment system also provides potable water,
and makeup and cooling water for the air conditioning system. Makeup water will come from the reserveir
located on the site.

Boilar Feedwater Treatment Systen

A schematic diagram of the plant's water treatment system is given in Fig. 2.6-1. The design
continucus demand for the total water treatment system is approximately 57 L/s.

The treatment of the feedwater cycle makeup &t the plant consists of pretreatment and
demineralization. Pretreatment removes suspended particulate matter, residual organics and a large
portion of the cclloidal silica. The pratreatment stage consists of chlorination, coagulation/clarifica-
tion, filtratfon and activated carbon filtration,

Foilaowing pretreatment, demineralization wouid remove dissolved solids and ultrafiltration (if
required} would remove colloidal silica. 7The demineralization system would consist of catien exchange,
degasification, anion exchange, uitrafiltration and mixed bed demineralization. The entire system for
four units would consist of three parallel 50 percent duty trains producing 49.2 L/s of demineralized
water.

Operatjon of the water treatment system would generate a number of wastewaters associated with
both the pretreatment and demineralization stages. In the coagulation/clarification process, suspended
solids originally contained in the makelp water settle to the bottom of the clarifiers to form sludge.
It is estimated that 0.4 /s of sludge at & 1 percent suspended solids content would be generated daily.

The demineralizer system requires regeneration of the spent exchanger resins. The strong acid
cation exchangers would be regenerated ance a day, typically utilizing a sulphuric acid soiution. The
anion exchangers would also be regemerated once a day, typically utilizing a sodium hydroxide solution,
Regeneration of the mixed bed polishing demineralizer would occur approximately once every 4 days. The
entire station regeneration process would produce a combined wastewater output of approximately 288 m3/d,
which is usualiy acidic in nature.

The ultrafiltration unit would be backwashed daily. Ip addition, there would be a centinuous
discharge of cencentrate from this unit. The concentrate and backwash wastewater flow rate is estimated
to be 2.6 L/s on an average daily basfs.

Demineralizer regeneration wastewater would be conveyed to an equalization/neutralization

treatment system for the adjustment of pH to a neutralized range. The ultrafiltration concentrate and
backwash water would be recycied to the system at the inlet of the clarifiers.
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WATER TREATMEMT SYSTEM - (Cant'd)

Condensate Polisher

A condensate polishing demineralizer design presently being considered consists of two
50 percent capacity nmixed bed units for each generating unit. Since the polishing units would be mainiy
required during and shortly aftar unit start-up, tha duty cycle will allow ampie time for regeneration,
and therefore no standby capacity will be needed. QOne of tha 50 percent uni®s can be operated to give
sida-stream polishing during normal operation of the hoiler and turbine ar during recycling to the hot-
well during a unit outage.

The operatien af tha condensate polishing demineralizer also reguires regeneraticn of the spent

exchanger resins. These resins are regeneratad on an infrequent basis corresponding to the usage of the
unit.

ASH HANDLING AND DISPQSAL SYSTEM

Ash will be of twa major types:

1. Bottem Ash/Slag = combustion products dropped out of the furnace in either dry or molten stats, and
collectad in water impounded hoppers,

2. Fly Ash - fina particles that leave the furnace with the flue gas and are trapped by electroustatic
precipitators.

In addition, there would ba small quantities of mill rejects which may consist of a varjety of
coarse, heavy pieces of stone, slata and iron pyrites fn dry form. Mi11 rejects would be rejected by the
pulverizers in the course of grinding the coal.

Small guantities of fly ash would be collected in hoppers at points of change in the direction
of the flue das stream such as the economizer and air heater cutlets. Economizer ash would consist of
coarser particles that would be handied aither by the boitom ash disposal system or by the fly ash removal
system. The manner of handiing economizer ash would depend on the ash system design and its manu-
facturer, Ash cotlected in the air heater outlet hoppers would be considered as part of fly ash and
would be handled by the same system that rsmoves fly ash from pracipitater hoppers.

Mi1l rejects and pyritas removal and disposal would be incorporated inte the bottem ash handiing
and disposal system. The quantity of mill rajects and pyrites is a function of the type of coal and of
the @fll construction. It is expectad for Hat Creek coal to be approximately 0.5 percent of the firing
rate,

Quantities of Ash

The total quantity of boiler sclid refuse to be generated is a function of ash content of the
coal and the steam generator coal firing rate. For a complete discussicn of the ash content in each
designated coal type, see Chaptar 3.0, "The Mine".
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2.7 ASH HARDLING AND DISPQSAL SYSTEM - (Cont'd)

{a) Average Ash Production

The ash production corrasponding to the average station load factor and station life
(65 percent over 35 years of 1ife), turning "typical coal" and a gross turbine-generator output of
560 MW will be as follows:
6057 t/d for the station*

77.4 x 106 t for the station over its 1ife**

{b) Bottem Ash - Fly Ash Percentage

The proportions of the total ash generated as bottom ash or fly ash cannot be predicted
accurately at this time since they are dependent on the ash properties of the coal and boiler
design. Experience at the Centra’ia Generating Station in the State of Washington shows that at
times as much as 45 percent of the ash is produced as bottom ash. The balance is carried from the
steam generator as fly ash. The average at Centralia is abproximate]y 25 percent bottom ash and
75 percent fly ash, Further testing of the Hat (reek coal and its ash characteristics weuld esta-
blish the ratio more accurately for this project.

Presently the following ranges are being considered:

Bottom Ash: 15% to 45% of total ash
Fly Ash: 85% to 53% of total ash

When these proportions are applied to the maximum and average ash production rates, the
following ranges of production rates result:

Production over 35 year

ety kg/ 5 an s B T oanes aer Taut e
Sottom Ash at 15X 6.06 4.06 11.6 x 10°
at 45% 18.18 12.15 3.8 x 10°
Fly Ash  at 85% 34.34 22.93 65.8 x 10°
at §5% 22.22 14.84 42.6 x 10°

Used to determine average equipment and operating labour requirements for ultimate ash disposal,
particularly for dry disposal.

**  {sed to determine total ash disposal area requirements.

*x* Based on worst acceptable ¢oal and maximum steam generator design rating of 488 kg/s.

*xX% Based on guaranteed turbine generator rating (560 MW) and "typicaT coal”.
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2.7.2

2.7.3

2.7.4

ASH HANOLING AND DISPOSAL SYSTEM - (Cont'd)

Te provide margins for the variance in the percentages of bottom ash and fly ash, the
plant bottom ash handling system is dasigned to handle up to 45 percent bottom ash, and the fly ash
system {s designed to handle up to 85 percent fly ash.

Steam Generator Ash Disposal System

Bottom ash would be removed hydraulically from the water filled hoppers beneath the furnacas by
water ejectors or centrifugal pumps. The ash and water would be piped by gravity to the ultimate dispesal
area at upper Medicine Creek. Mill rejects and pyrites would be removed from their hopper and piped with
the bottem ash. Fly ash would be collected dry in happers, and would be pneumatically removed and mixed
with water for conveyance as a slurry under gravity to the upper Medicine Creek disposal site.

Ash Watar
(a) Recirculation

In this "wet® ash disposal scheme the bottom ash slurry would be 15-30 percent solids by
wefght, Recirculation of transport watar from the disposal site would be necessary to consarve
water. Average fly ash slurry concentrations greater than 40 percent would be required o avoid the
necessity of recirculating transport water. Although this appears feasib?e;-present information
indicates that to aveid potential scaling problems a 20 percent slurry concentration would ba
optimua,

The total return flow of ash transport water from the upper Medicine Creek pond has been
estimated to be approximately 223 L/s for an ash slurey concentration of 20 percant for both bottom
ash and fly ash, for typical csal and a plant capacity factor of 65 percent.

{b) Water Retained with the Ash

In a flooded ash disposal site the ash would contain two parts water to one part ash by
volume. These disposal volumes were calculatad on 801 kg/m3 butk density, ar 0.82:1 by weight, and
the ratios ware applied to the average ash produclion rates given previocusly.

Uoper Medicine Creek Ash Oisposal Site

The entire volume of ash produced by the plant would be conveyed to an ash disposal site in
upper Medicine Craek (UMC) Valley. The UMC disposal area would be developed behind a retaining dam and
the site would have a storage capacity of approximately 133.5 Hms at a maximum depth of appreoximataly
100 a.

Preliminary results from a test boring programme indicate that fairly continugus, impermeable
rock strata underlie this area. The bedreck 1s comprised of limestone, altered sedimentary rocks,
volcani¢ rocks and low permeability sedimentary rock. All units, with the exception of the volcanic
rocks, have hydraulic conductivities of less than 10'8 co/s. Therefore, the impermeabiiity of the rock
would obviate the need for an artifigial liner ta protect groundwater resources from contamination.
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2.8

2.8.1

2.8.2

PLANT WATER BALANCE

Because the powerplant would be operated in a "no liquid disgharge" mode, the water balance
equates plant makeup flows with plant consumptive f%aws.l The objective of the water balance is to reuse
and recycle &1l discharges preduced by those systems to whicgh Thgmpson River water is provided. The
plant water balance involves only plant precess waters and rainfall runoff from material storage areas.
Uncontaminated piant sfte runoff would be discharged directly to local creeks.

Systems Makeup

Plant water systems can be divided into primary and secondary water use systems. The distinction
is based on the required makeup water quality. Primary water use svstems require good quality water,
such as treated or untreated Thompson River water, for their efficient and economical operation. These
systems would mainly include the circulating condenser cooling water system, the makeup demineralizer
system and the potable water supply system. The secondary water use systems can utilize inferior quality
water such as blowdown from the primary water use systems. Tvpically, plant secondary water use systems
could include the bottom and fly ash transport systems, and a flue gas desulphurization systea,

Concenser cooling water is the Targest water use system in the plant. It requires continuous
makeup to replenish water lost to evaporation and drift in the cooling tower and to replace the blowdown
that is required to maintain water quality parameters within desirable iimits. Under the design meteo-
rolagical conditions of 13.9%C and 50 percent humidity, the tower would evaporate approximately 1098 L/s.
Drift is estimated at 3.3 L/s.

Based on cooling tower operation at approximately 14 cycles of concentration, the cooling water
system would require makeup flows of approximately 1157 L/s under design meteoroliogical conditions, at
rated output and 100 percent capacity factor. Over the life of the plant, an average capacity factor of
65 percent is anticipated. Assuming th's, the average annual water consumption would be approximately
621.3 L/s. This would require a makeup flow of approximately 647 /s,

In addition to the cooling water system, makeup from the Thompson River is required for steam
cycle makeup, sact blowing, domestic water supply and the sarvice water system.

Systems Blowdown

The blowdown from the cooling water system would assentialily be Thompson River water that has
been concentrated approximately 14 times. The quantity of blowdown during maximum rated plant output and
design meteorological conditions would be approximately 83 L/s. On an average annual basis, the blowdown
would be approximately 50 L/s.

Blowdown rates from other primary water use systems have been estimated as follows:

Dem*neralizer Regeneration Wastewater 5.0 LU/s
Sanitary Wastewater 0.6 L/s
Heating, Vantilating and Air Conditioning 0.2 L/s
Floor Orainage 5.3 L/s

Total 12,1 L/s
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2.9

2.10

2.11

PLANT WATER BALANCE - (Cont'd)

Water balances for the preferred ash handling schemes are shown in Figs. 2.8-1 and 2.8-2. On
these water balancgas bottom ash and fly ash are both sluiced in a 20 percent slurry concantration.

In order to achieve no liquid discharge, the total biowdown produced by the primary watar use
systems would be cqonsumed by the secondary water use systems. The maln water management technique
involived in this scheme is the cperation of a closed Tacp ash sluicing systam. Caaling tower hlowdown
was varied until the total of primary water use system blowdowns was equal to the ash handling systam
requirements, consisting of ash pond avaporation, water aentrained (unavailable for reusa) within the
sattled ash, and bhoiler ash hopper evaporation. Recycling ash slufce water causes the chemical
constituents leached from the ash to concantrate, thereby increasing stuice water dissglved solids, The
return ash sluice water would be treated in a single-stage, Time-sada ash watar softening system to
maintain caleium and magnesium concentrations below levels which could cause scaling problems.

SOUND ATTENUATING SYSTEMS

The Hat Creek plant. would be designed to meet the in~plant regquirements for personnel protec
tion™ and also to minimize the enviromnmental! fimpact in the nearby residential areas. Primary emphasis
would be placed on noise control at the source by using attenuating devices such as acoustic enclosures,
silencers and Togging. Hearing protactive devices would be used by the in=plant personnel only in areas
where noise reduction cannot be achieved by feasible engineering methods,

1

The ncise control programme would be carried out during the design stages of the station. It
would include both in-site acoustical designh such as boiler feed pump enclosures and sound control
requirements as part of equipment specifications.

WATER RESERVOIR

The reservoir would provida surge capacity for the makeup watar requirements of the powerplant.
The water would be impounded by an earth fi11 dam approximataly 48.8 m high. Overflow {s not expected.
Howevar, a spillway would direct overflow to the Medicine Creek and runoff diversion ditches if it
occurred. The water would flow into the UMC ash disposal arsa if the overflew exceeded the capacities of
thesa ditches.

Pumps at the resarveir would provide makeup to the cooling tewers, The suction pipes would be
arrangad such that the pumps could operate with the resarvoir watar level at fts aminimum and also during
freazing conditions.

YARD ORAINAGE

A system of yard and area drains separate from the plant floar drainage system would be instzlled
at the site to collact, convey and dispose of storm water offsite. It {3 proposed to convey runoff
collacted in the plant araa fnto a 1.5 m deep retenticn pond of approximateiy 1730 m3 capacity. This is
sufficient to contain the rainfall Intensity equivalent to approximately 2 hours duration based
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2.11

2.12

2.14

YARD DRAINAGE - (Cont'd)

upon a returnr period of 10 years. The pond would drain in an open, grassed ditch toc the makeup water
reservoir,

COAL PILE DRAINAGE

If an emergency coal pile is located within the plant boundaries, drainage from the coal pile
would be kept separate from the yard drainage system. Runoff from the coal pile would be conveyed to the
return ash siuice water treatment system for treatment and rause.

SANITARY WASTEWATER

Wastewater from the potable water system would be treated by a package type extended aeration
treatment plant. It {s expected that this form of treatment could remove 85 percent of the influent
biochemical oxwgen demand (BOD} and suspended solids. The average daily sanitary wastewater flow is
expected to be approximately 0.6 L/s and would be reused in the ash transport system.

FLOOR DRAINAGE

Plant floor drainage consists of normal maintenance washdowns, eguipment drains, abnormal
liquid discharges and washdown from areas for servicing equipment that uses lubricants in its function or
precess. These wastewaters would be c¢ollected in a separate drainage system and conveyed to the plant
oil/water separator. This oil/water treatment facility would typically consist of a prefabricated unit.
Effluent from this system would be reused “n the ash transport system.
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3.2

32,1

CHAPTER 3.0 - MINE

GENERAL

B.C. Hydro holds 650 ha of coal license and Crown ¢rant land in the upper Hat Creek Valley.
The No. 1 and No, 2 coal deposits are known to contain in excess of 1 Gt of coal within the conceptual
open pits plarned for 185 m depths. The coal is classified as sub-bituminous €, averaging approximately
13 900 kJ/kg far run of the mine at 28 percent ash and 20 percent moisture., It is propcsed to mine the
No. 1 deposit by open pit methods, using trucks, shovels and conveyors, to recover 320 Mt of coal at a
production rate sufficient to supply the Hat Creek powerplant.

The description of the mine in this chapter is summarized from a mine project descriptien.l
The topics describad are:

1. Coal preparation and handling.
2. Waste handling.
3. Water usa.

The leccation of the mipne in relation to other project facilities is shown in Fig. 1.0-1. The
total area disturbed at completion of mining would be 757 ha for the cpen pit and 263 ha for the waste
dumps and associated areas.

As the mine s opened and expanded, the land would be ¢leared of merchantable timber and topsoil
would be removed and stored for later reclamation. Fig. 3.1-1 shows the location of topsoil suitable for
reclamation. Before removal of wastes begins Hat Creek would be diverted around the east side of the
proposed mine pit, and diversien ditches would be dug to prevent water from flowing into the pit from the

west. The ditches would feed into Tagoons to settle suspended solids before discharging the water to Hat
Creek.

COAL PREPARATION AND HANDLING

Intredyction

The following sequence of coal preparation and handling operations is proposed im transporting
coal from the mine to the Hat Creek powerplant:

1. Conveyor transport out of mine pit.
2.  Primary crushing.
3.  Secondary crushing.

4. Coal stocxpiling.
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3.2

3.2.2

3.2.3

3.2.4

1.2.5

COAL PREPARATION AND HANOLING - {Cont'd)

5. Coal reclaim and transport to the powerpilant.

-

Convevor Transport Qut of Mine

Ccal would be transferred to conveyors by shovel-loaded trucks at the mine. The trucks would
dump the csal inta hoppers which would be equipped with grizzlies to raduce coal size to about 60 c2 or
less. Three parallel conveyors are proposed with one conveyor usually handling coal, a second handling
mine wastas (discussed in Section 3.3) and tha third a spare. The spars would permit periodic mainten-
anca, conveyor extension as the mine enlargas and repair of breakdowns without disrupting the transport
of coal. The conveyors, in fixed installations, would have Dbelt turnovers and deep troughing on the
carrying side and troughing on the return side to minimize spillage. AJ1 fixed conveyors would be
anclesed in removable enclosures large encugh to permit maintenance personnel to carry out inspections
inside, thus aveiding envircnmental prablems due to dust and weather, The coal handiing conveyor would
carry the coal to the primary and sacondary crushers.

Primary Crushing

The primary crusher would reduce the minus 60 cm tb about minus 25 cm. A possible crusher for
this duty ¥s a Bradford breaker. The machine has the advantage that while it crushes the cscal, it dis-
charges Targe hard stones separately without crushing. [t also rejects to a Timited extent large lumps
of clay,

Secendary Crushing

Secondary crushers would be resyired to reducas the minus 25 cm material produced by the primary
crushers. Various types of secondary crushers such as hammer nills, Bradford breakers or others could be
used. It fs assumed that secondary crushing would take place prior to delivery to the stockpile, so that
only "small® coal is stockpiled. :

Stockoiling
The coal stockpile wouid serve to:

1. Provide short-term surge capacity to even out differences between mine output and powerplant
requirements.

2. Guard against interruption in smine production to ensure continuocus coal supply to the powernlant.
]

3. Carry out a biending function ta provide a more consistent coal product to the powerplant,

The coal pile would be adequate to store about 900 000 t. The suggested layout of tha <oal
stackpile area fs shown on Fig. 3.1-1. The stockpile area would coensist of four piles, each about 750 m
lang by 61 a wide by 15 m high.

In addition to normal coal storage, provision must Be made for about 900 000 t of uncrushed

coal produced durfng the initial development of the mine. This would be trucked, as neither the mafn
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COAL PREPARATION AND HANDLING - (Cont'd)

conveyers nor the stocking area equipment are Tikely to be oparational at this stage. It is proposed to
store this coal immediately north of tha permanent stockpile area. The coal im this area could then be
gradually reclaimed or retained as an erergency stockpile. Finally, a separate low grade coal dump with
capacity for about 46 Mt storage is planned. This coal would be considered unacceptatle at the present
time but might become usable in the future.

Spentanecus combustion would be avoided by stockpiting ccal in a manner which would ensure that
air is excluced to the maximum extent possibie. Rainfall runoff from the stockpiles would be collected

by a surrounding ditch, then diverted to a nearby lagoon {see Section 3.4.2).

Coal Reclaim and Transport to ithe Power Station

Coa’i recovered from the stockpile will be directed to a re-crusher to reduce any frozen lumps
or accretions to the size acceptable %o the powerplant. This unit could be comprised of a scalping
screen and hammer mill. Frem the re-crisher the coal would be delivered by means of trunk conveyors to
storage bunkers located in the boilerhouse. The bunkers are expected to hold enough coal to last approxi-
mately 12 hours.

WASTE HANDLING

Solid Wastas

Solid waste materials resulting from the coal mining activities would be removed from the mine
for disposal. Solid wastes include:

1. Waste rock located above the coal, consisting of siltstones and clayey siltstones, frequently ben~
tonitic or carbonacaous, with thin bands of volcanic tuff. :

2. Interbedded materials consisting mainly of claystones and siltstones, some with swelling clays and
jron carbonates.

3.  Underlying strata consisting of siitstones, sandstonres and conglomerates, some weakly cemented.
4, Surficial materials consisting of ti11, sand and gravel.

Table 3.3-1 summarizes the locse volume of these materials which would be dumped during each
mining stage. A total volume of 840 Mm3 would be produced during the life of the mine.

Spoil Disposal Araas

Thrze main spoil dump jocations are proposed for storage of the wastes., These are shown on
Fig. 3.1-1. Their volumetric capacitias are Tisted in Table 3.3-2. ODescriptions of the dump areas are
presented below:

1.  North Valley Dump - Nine million Toose cubic metres of surficial material from the initial conveyor
incline excavation prior te start of production would be dumped in the valley immediately to the
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WASTE HANDLING - (Cont'd)

north of the conveyor incline. The coal biending and stocking area would be located on a portion of
this dump sita.

2. Medicine Creek Dump = This dump would store approximately 363 millfon Toose cubic metres of material
behind a retaining embankment constructed across the mouth of the valley. It is proposed to stors
free-draining surficial material here, although 1t would also be necessary to store 54 million loose
cublc metres of pit and segregated waste material during the 11fe of the mine. The dump is also
sized to include ash from the powerplant, although present plans are to store the ash separately, as
is described {n Chapter 2.4,

3. Houth Meadows Dump - This dump would store approximately 4567 million loose cubic metres of waste and
surficial material in the Houth Meadows Valley behind a retaining embankment.

dne of the thrse conveyors at the mine would transfer pit wastes to the dump areas. Initfally,
surficial waste would be removed by sgrapers, discharging directly to the dump areas. When distances
and the route make direct dumping uneconomical, the matasrial would be fed to the conveyor at the
mine for transfer to the dump areas.
WATER USE
Potabie Watar
It is assumed that the potable water supaw would he from the pawerplant (see Chapter 2.0). A
570 ra3 storage tank, and water supply pipeline from the powerplant to the mine, could Be provided for

this purposa. R

Pit Jewatering and Rainfall Runoff

Wastewater from pit dewatering and from proposed dewatering activities for mine slope stability,
and pregipitation runoff from the waste dump and goal stockpile areas, would be directed to lagoons which
would sarve as sadimentation basins. Most of the watar in the lagoons would be used for industrial
purposas, including dust suppression and equipment washing, Any discharges of excess water would be into
Hat Creek downstream of tha pit after the water had heen adequataly treatad.

Sanitary Wastes

A "package type extended aeratfon sewage treatment plant” would be provided to handle sanitary
wastaes from the construction camp, mine offica and shops area during operation. The treatment process
jnvelves comminution, oxidatieon and possibly chlorfnation. Treated effluent would be directed to a
collection pond for use as a water source for dust control. STucdge, aleng with solid wasta refuse from
the shop complex and garbage from tha construction camp, is designated for a landfill area,
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CHAPTER 4.0 - QFFSITE SYSTEMS

GENERAL

The offsite facilities are located outside of the mine and powerplant areas. and include the
following:

1. Access road.

2. Makeup couling water supply system.
3. Transmission lines.

4.  Creek diversions.

5, Airstrip.

6. Construction camps.

7. Equipment offloading facilities.

The descriptions of the aoffsite facilities fn this c¢hapter are summarized from an offsite
prcject description.l The project description emphasizes the preliminary nature of the engineering
studies at the time of writing.

ACCESS ROAD

Access to the Hat Creek Project would be provided by a paved two-lane highway. The road would
commence at Highway No. 1 (Trans~Canada Highway) near the Ashcroft Manor, and proceed up Cornwall and
Mactaren Creeks and down the north side o7 Medicine Creek past the powerplant site. It would then continue
dawn past the mine mouth area and join Highway No, 12 at the north end of the upper Hat Creek Valley.
The Tength would be about 31 k. The proposed route of the access road is shown on Figs. 4.2-1 and
4.2-2.

From Highway No. 1 the road would rise over 900 m to the summit near the powerplant, then drop
appraximately 600 m from the powerplant to the {ntersection at Highway No. 12. A short, neariy-ievel
section of rcad approximately 1.5 km long would conmect the powerpiant site and the new access road.
Abcut 9 km of the existing Hat Creek Valley road would be relocated around the east side of the open pit
No. 1. This relocated road would be adjacent to and follow the Hat Creek diversion canal. It would join
the new project access road near the coal handling area. The total area required for the rcad right-of-
way would be 300 to 120 ha. OF the toual area, approximately 70 to BO ha is covered by forest. The
right-of-way corridor would have a minimum width of 30 m, and a maximum width of about 100 m on sections
requiring sidehill cuts or high fi¥1s. The alignment would make nine creek crossings. Of these, Cornwall,
MacLaren, and Medicine Creeks are the most significant. A1l of these crossings would be made using
culverts through the road embankments., Precautions would be taken during culvert installation to minimize
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ACCESS ROAD - (Cont'd)

disturbance %o the creek bed, to maintain creek flows, and to aveid siltation and abstruction of fish
passages.

The access road would join two provincial highways. Therefors it is likely that it would
become part of the provincial highway system after constructifon of the Hat Cresek Project has been
completed. To ensure that the B. C. Department of Highways requirements would be satisfied, arrangements
have Bean made for their participation in the route saiection and for assistance with the preliminary
design should the project proceed,

MAKEUP COOLING WATER SUPPLY SYSTEM

Introduction

The proposed watar supply system for the Hat Cremek Project would take {n watar fram the Thampsan
River near its confluance with the Bonaparte River, and would pump the watar approximately 23 km, with 2
1if% of approximately 1100 m, to the powerplant reservoir fn the Hat Creek Valley,

The supply scheme was determined from an evaluation of intake and iocation alternatives on the
basis of economic, environmental and engineering factars. These factars Included intake reliability,
river quality, total cost and constructibility. The suitability of the intake type and locatien for
river water withdrawal was critical in the development of the selected system. Kay system parameters are
prasentad helow: ' '

Maximum Flow Rate 1580 L/s

£levation Difference 1100 o X
Pipeline Length {along slope) 23 km

Pipe Diameter : . : 800 mm

No. of Boostar Pumping Statians 2

No. of Booster Pumps in Beoster Statiem 5

Bocstar Pump Motor Power (each) 2600 kv

The maximum flow rate of 1580 L/s 1s based upon the four units in the powerplant each
simyltaneously operating at full lead of 580 MW {gross) continuously. The actual pumping rate will vary
according to powerplant load, and, with considerable makeup storage capacity in the powerplant reservoir,
flexibility in the pumping rate will be possible. )

Makeup Water Intake

The preferrad location of the intake is on the west bank of the Thompson River, 360 m upstream
of the mouth of the Bonaparts River.l The reasans for proposing this site are as follows:

1. The area is hydraulicaily acceptable, based on river surveys carried cut in January and March 1977,

2. The area is considered geotechnically scund, based on visual observations.
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MAKEUP COOLING WATER SUPPLY SYSTEM - (Cont'd)

3. An intake upstream of the confluence of the Beonaparte River would aveid taking in the more turbid
water of the Bonaparte.

4, Generally, both access and room for construction are good.

5. The Thompson River has a large flow compared with the maximum demand of 1580 L/s (1.58 m3/s) for the
Hat Creek cooling water supply. Maximum recorded flows at Spences Oridge were 4137 m3/s. The daily
mean minimum recorded flow at Spences Bridge is 125 m3/s. Thus the project demand represents
significantly less than 2 percent ¢f the Thompscn River flow at its Towest value., The effect of
this scheme on the Thompson River downsiream is considered negligible,

A pier type intake structura (Fig. 4.3~1) would be utilized to withdraw makeup water from the
river.2 This intake would be ariented almost parallel to the river flew to use the sweeping action of
the river to minimize fish enirapment, and to provide sufficient flow along the face of the screens to
convey debris past the intake.

The intake would be made up of six individual ceils, one of which would be provided for future
use or for standby capacity. The screens would be the travelling vertical type and the screening surface
would be fabricated from stainless steel wire. with 2.5 mm clear. openings to comply with Environment
Canada requirements. For trash removal the screen baskets would be fitted with hooked 1ifting lips.
These 1ips wouid drain away from the screen to avoid entrapment of salmon fry.

The preferred location of a screening system is at the face of an intake. With travelling
scresns, it is not feasible to mount the screen immediately at the face of the intake hecause the above-
water portion of the screens need protection against ice, and debris. For the Hat Creek intake this
protection is provided by a curtain wall in front of the screens, but because the curtain wall would
provide an area behind which fish could be trapped, a flow velocity parallel fo the screen faces is
provided through the space between curtain wall and screens. This flow would enter the intake at the
upstream side and exit at the downstream side. The space between curtain wall and screens would thus
become part of the river, so that fish which have entered this space would be directed back to the river.

The upstream end of the intake would be equipped with an approach section to ensure that the
first upstream screen would also be exposed to the parallel river flow. This approach section would not
have a curtain wall so that river flow could enter between curtain wall and screens over the full river
depth. Rather, a vertical sectional siide gate would be orovided at the end of the approach section.
The bottom of this slide gate would automatically follow the river water surface thus acting as a weather
barrier. A similar gate would be provided at the downstream end of the intake, between the curtain wall
and side wall of the last intake cell.

The width of each cell would he such that the screen approach velocity at minimum river water
depth would not exceed 0.12 m/s as stipulated by Environment Canada. This low approach velocity together
with the parallel river flow would prevent impingement of salmon fry on the screen. To prevent river
solids from settling in the bypass channel and restricting the flow, the bottom of the channel would be
sloped away from the screens, thus directing settling solids back te the river. This geometry would
place the top of the travelling screen boot 1.7 m above the river bottom, and would leave a water depth
on the screen of 1.1 m at design minimum river level.
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MAKEUP COOLING WATER SUPPLY SYSTEM - {Cont'd)

Nermally, intaks pumps would start up against a ¢losed valve which slowly opens sao that the
flaw through the screen gradually increases. Furthermers, because the pumps and screens are combined in
fntegral unfts, the flow through any single screen could not exceed the design rate.

At some existing intakes slide gates are installed in the walls betwean the pump cells to
enable tha bypassing of a travelling screen while it is shut down for maintenanca. These gates have been
purposaly laft out af this design to preclude the possibility that more than one pump could draw water
through one screen, an operating condition which could lead to screen approach velocities in excess of
the stipulated maximum of 0,12 m/s.

Because the travelling screens would operate benfnd fixed trash racks and are exposad ta the
sweeping action of the river, it 1s expectad that little debris would c¢ollect an the s¢reens, Cleaning
of the screens would be by high pressurs watar sprays locatad at the cperating floor. Spray watar,
together with debris if any, would ba returned t5 the river at the downstream end of the intake.

Tha .bottau of the intaka cells would be recessed appreximately 2.5 m belew the intake sfill to

creats a chamber for grit collection. Removal of grit would be carried out by air 1ift or other means
and returned to the river,

For frost protection, the vertical sliide gates at the upstream and downstream ands of the
intake would prevent cold air from entaring the fntake. At the operating floor the debris discharge
chute would be equipped with a belt convayer to facilitate return of ice to the river. Provisions to
electrically heat trace trash rack and gate guides, fntake sills and screen cloth would be incorporatad
to prevent icing problems, To ensure that the {ntake structures and all visible work is aesthetically

. pleasing, the final designs will be coordinated with the averall project aesthetic and architectural

planning.

Preliminary data indicated that the booster pumps generate noise at SPL (sound pressure levels)
in the range of 30 to 95 dB(A), while the motors with no fnsulation have SPL of 105 cB{A) at 3600 rpm.
The booster pump motars, since they are of special design, can be ordered with various degrees of sound-
attenuating enclosures which can reduce the SPL to approximately 85 dB(A), Proper selection of the
pumping station's exhaust-air ducting, reof and wall construction materfals can further reduce the sound
level to an acceptable value outside the station.

Pipeline

Tha pipeline would start at the intake structure on the Thompson River and terminats at the
north and of tha pewerplant reservoir, thus traversing about 23 km (Figs. 1.0-1 and 1.0-2). The route
has been salected to Dbe reasonably direct, to avoid arsas of geotachnical instability and diffieult
construction, to minimize total installation and operating costs, to aveid Indian Reserve lands and to
minimize environmental impacts. ‘

Tha routsa was alsa intendad %o follow and be part of the proposed Nicola to Kelly Lake
transmission line corridor to the extent possible in order to minimize impacts. Subsequently, tha
transaission Tina proposed route2 was changed with a combined corridor not possible. However, the proposed
pipeline route has remained unchanged.
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MAKEUP COOLING WATER SUPPLY SYSTEM - (Cont'd)

The route would cross a variety of terrains: the agricultural lands of Lot 378 and of Boston
Flats; the rock-dominated stopes of the Trachyte Hills; and the gently sloping forests westward to the
plant reservoir. At present, the suburb north of Ashcroft is the cniy inhabited area near the routs,
The current extent of development there lies about 110 m to the south of the route, however the route is
within town limits.

The pipeline right-of-way would be about 18 m wide. It would contain a Toocse-surface access
read, the buried pipeline, and a buried duct-bank carrying the control cables and power cables. The
right-of-way would require Tight clearing over most of its length, so that the total cleared area would
be about 28 ha. The remaining 11 ha at iower elevations comprise sage and bunch grasses that would not
require clearing, Following complietion, the right-of-way would be graded and revegetated, except that
the road would be retained for maintenance access. Monthly inspection would ensure that any erosion
problems would be quickly controlleq.

The surface drainage scheme would centre]l the flow of runoff across aor parallel to the right-
of-way. For cross-flow drainage, specia’ provisions would oniy De required at gqullies; the provisions
could te in the form of paving with cotble stones at the point of crossing to prevent erosion. Where
parallel-fiow drainage might occur, the objective would be to prevent the backfilled pips trench from
acting as a draipage course. Provisions would be in the form of shallow trenches or depressions to lead
runaff away from the right-of-way and direct it towards existing drainage courses. The trenches would be
paved where necessary with cobblestones, and would ba 25 m to 50 m long depending on local topagraphy.

Plant Reservoir

The pipeline would discharge into inlet works in the reservoir at a point remote from the plant
intake, so that the reservoir would act as a settling basin to reduce suspended solfds. Because the
reservoir contains a large volume of storage, and because its water level could vary over a wide range,
the inlet works would consist of an open flume running to the reservoir bottom which would carry the
water from the pipeline termination, at the high water level, to the operating water level. At the
bottom the inlet would have a hydrauiic jump and stilling basin so that erosion of tha empty reserveir
basin would be prevented. Thus, at low ovperating levels neo additional sediments would be eroded from the
reservoir by the flow, and at high operating levels the settling capacity of the reservoir would be
utilized to reduce suspended solids Tevels at the reserveir outlet.

69 kV NOMINAL TRANSMISSION SYSTEM

Introduction

This section describes the 65 kV transmission system that would supply power for tae following:
1.  The mine.
2. Powerplant construction.

3. The cooling water system.
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4.4.4

83 kY MOMINAL TRANSMISSION SYSTEM

The Hat Creek powerplant will be connected to the Nicola ta Kelly Laka 500 kV transmission
line. However, since the davelopment of the 500 kV transmission Tine is independent of the Hat Creek
project and is discussed fully id other engineering reports,l 3 description of the Nicola to Kelly Lake
500 kY transmission line is not prasented hera.

Mine and Powerplant Construction Powsr Scurcs

Fig. 4.4~1 shows the basic 69 kV line routa proepesed for supplying the mine substation and the
powerpiant construction power substation. Power to the mine substation would be tapped from an existing
&2 k¥ line located near Highway 12.2 The new 59 kV supply line would cross Highway 12 to the mine
substatfon and would be approximataly 1.2 km long. The supply ta the construction substation would be
taken from the mine substatien using two parallel single 53 kV lines appreximately 3.5 km long. The
right-of-way cross sections would require a maximum of 20.0 m for a single 69 k¥ g¢ircuit, and 30.5 n
total for two parallel §9 kV single circuits:

Cooling Water System Power Scures

The 83 kV supply to the pumping station would be taken from a proposad new 230/60 substation tso
be called Rattlesmake Substation. There are two altarnative sitas for Rattlesnake Substation. Fig. 4.4-

2 {1lustrates these, Site A {s approximately 1/2 km from the existing 230 kV 1ines on land gently sloping .

to the south. It is approximataly 3 km from tha highway baetween Cache (Creek and Savena, 1 1/2 km from a
subdivision, and approximately 12 ka from the puwping station. Site 8 is approximataly 3/4 km east of
Site A and lies close to, and to the north of, the existing transmission 1ines between two ¢reek beds.
The site is alse approximataly 1 1/2 xm from the highway between Cache Creek and Savora, 1 1/2 km from
the nearest housa, and 12 km from the pumping station.

From Sites A or B, the 59 kY tap would cross the highway close to the town of Cache (reek where
it is well screened from traffic viewing but within sight of a subdivision. It would then follow the
route of the gas pipeline to the high pressure pumphouse Tocated adjacent to the Thompsen River just
downstream of the mouth o¢f the Bonaparte River. A sscond stage intermedfiate pumping station is proposed
to be located adjacent to Highway MNo. 1 Jjust north of the north boundary of Ashcroft Indian Reserve
No. 2. The tap to the intermediats pumping station from the proposed 1ine to the Thampson River i{ntake
is shown on Fig. 4.4-2.

The 69 kV line from Rattlesnakes Substation Sites A or 8§ should be tapped out as shown on Fig.
4.4-2 if the distance between the Rattlasnake Substation and the pumping station is to be kept to 10 to
12 km. Aleng the sectfon from the tap to the intermedfata pumping station, the Tine would be visible
from Highway 1 and from the -road linking Highway 1 and Asheroft. It will also pass in the vicinity of
several houses near Boston Flats,

{ooo from Existing 69 kV Line ta Rattlesnake Substation
It 135 also proposed to tie the existing 63 kV line (60L29) fnto the proposed Rattlesnaks

Substation. To accomplish this, it will be necessary to run a new 59 kY line along the existing 230 kV
route to some nofnt between the town of Cache Creek and the Bonaparta Indian Reserve,
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4.5.1 Introduction

Excavation of open pit No. 1, disposal of pit surficials and mining wastes and disposal of ash
from the thermal plant would require diversion of Hat Creek and several smaller tributaries including the
upper and lower portigns of Medicine Creek, Finney (reek and the area adjacent to Aleece Lake and Lloyd
Creek.

4,5.2 Hat Creek Diversion

Hat Craek would be the mosi significant of the diversions, having an overall drainage area of
about 310 kmz. Fig. 4.5-1 shews the yeneral arrangement of the proposed diversion. Based on the
conceptual desigh of Monenco Consultants Pacific Ltd.,1 this diversion would be accomplished basically
with a 7 km Tong impervicus-fitled, lined canal on the east side of the Hat Creek Valley, a 2100 m long
discharge conduit to return the flow to Hat Creek downstream of the pit and a 15 m high headworks dam
immediately downstream of Anderson (reek. The design capacity of this diversion wouid be about 23 m3/s
with an emergency capacity of about 33 ma/s. The average annual runoff and diversion flow would be about
0.7 m3/s. Upsiream of the diversion, a retaining dam would be constructed to maintain and equalize flows
in Hat Creek.2

An aiternative diversion scheme that would utilize Hat Creek water as a supplemental water
source is being considered.2 This arrangement would comprise essentiaily the same canal arrangement as
described in the preceeding paragraph except with reduced diversion capacity, a small reservoir and
pumphouse where the canal would cross Mecicine Creek and a 0.57 m3/s, 50 cm buried pipeline with a length
of about 4570 m up to the main water supply reservoir. Hat Lreek storage would be provided at an
alternative site downstream of McCaormick Creek. The earthfill dam at this site would be about 30 m high
and would require a low level outlet works with a capacity equivalent to the canal. An emergency spillway
similar to that at the headworks dam would also be provided. The alternative site reservoir would have a
normal maximum watar level of E1., 1052 creating a reservoir 2.4 km long with a surface area of about
120 ha.

4.,5.3 Medicine Creek Divarsion

(a) Upper Medicine Creek

Cepending upon what arrangement is finally adopted for ash disposal, two distinctly
different approaches to this diversion are possihle. If wat ash disposal in the upper Medicine
. Creek area (base scheme appears in Fig, 1.0-1} is selected, the diversion would require ditches on
both the narth and south sides of the valley to intarcept and convey water through the divide into
MacLaren Creek at E£1.1295 m. Since it would probably be uneconomical to provide diversion capacity-
for the probable maximum flcod, such maximum floed runoff, together with the runof¥ below the lavel
of the ditches, would have to flow to the ash pond.
-
If the area downstream of the base scheme is selected for ash disposal, a reservoir would
be created at the base scheme ash pond site. Collected runcff could then be pumped to the main
water supdly system and utilized as powarplant makeup. Including the currently licensed diversion,
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the available runoff could total about 0.13 m3/s as an annual average. With 2 pumping head of only
about 150 m, energy benefits could be substantial.

(b} Lowar Medicine Crask

The lowar Medicine Creek area may be used for disposal of pit surficials and mine wastes.
Te prevent erosion and ensure stabiiity of this material, it would be necessary to intercept and
convey all runoff to the Hat (reek Diversion c¢anal. Runeff from the drainage area of 18 kmz would
be divertad in ditghes.

Finney Creek. Aleece Lake and Llovd Croek {iversions

Runcff from the Finney Creek drainage area of about 13 k' would ha diverted by ditch inta the
canal headworks resarveir (Fig. 4.5-1). :

Most of - the runoff in the vicinity of Aleece lake and Lloyd Creek, 3 drainage area of about
i kmz would be diverted around the south edge of the Houth Meadows wasts dump in ditches and discharged
into Hat Creek. To avoid concentrating the flow to this area, the northern portions af this basin and
the waste dump couid be drained to the north.

AIRSTRIP

The Civit Aeronautics Department of Transport Canada -has undertaken calfbration flights and
brief ground reconnaissance of tha Cache Creek and Ashcroft area and fdentified three potentfal airstrip
sites.l Thase sites are shown on Fig. 4.6-1. The drawing also shows typical runway detajls for an
afrstrip suitable for most executive type jet airgraft.

Transport Canada has indicatad that all three sites appeared to be acceptable from an operational
point of view, although mors detailed surveys would be raquired before a final decifsfon could be made.
They 1indicated that they preferrsd Site C, near Cache Creek, because it had the best ground clearancas
for aircraft landing and taking off. Site A would be their second choice, with Site B third.

Additienal factors that must be considered in salecting the afrstrip lTocatien are:

1. Location of the sita relative to the existing ¢camunities and the project sita.
2. Present use and ownership of the land.
3.  Potential for future expansion of the runway.

4.  Cost.

5. Noise disturbanca.
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Lacation

A1l three ajrstrip sites are relatively close to the existing communities. &ftes A and B are
closer to Ashcroft while Site C is closer to Cache {reek. Sites A and 8 are also closer to the Hat Creek
Project than Site € via the proposed new project access road up Cornwall Creek,

The following table summarizes the distances from each site to existing communities and to the
project.

Distances ip Kilometres

Site A B c

Ashcroft 9 5 15
Cache Creek ‘ 14 10 4
Powerplant 22 23 37
Mine 30 3l 45

Use and Cwnersnip ¢f Land

Sites A and B are both within the Cameron Ranch presenily awned by B. C. Hydro. Site A is on
land used for grazing while Site B is on partly irrigated agricultural iand. Site C is on fully irrigated
agricuTtural land within the Emlin Ranch which is privately owned. An airstrip at this location would
remove from the ranch all of the land now being irrigated.

Potential for Zxpansion

Site C could be extended to a length greater than 1500 m. Sites A and B, however, would be
limited to maximums of approximateiy 1500 m and 1350 m, respectively. A runway length of only 1350 m
would be restrictive for some of the executive type aircraft under certain Joad and climatic conditions,

CONSTRUCTION CAMPS

Introduction

Separate construction camps are proposed for the powsrplant and the mine. The camps, as located,
offer the optimum combination of ecoromical water supply, convenience of access and residential
suitability. The water supply would be drawn from wells to be constructed near Hat Creek, upstream of
the initial mine pit. The water would se pumped tc both camps. An intermediate pump station would be
provided. The foilowing description is summarized from & report on the proposed camp faciTities.l
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4.7

4.7.2

4,7.3

CONSTRUCTION CAMPS - (Cont'd)

Camp

{a)

(b}

Camp

Locatians

Powerplant Camp

Two factors considered for the Tocation of this camp were the workers' travel distanca
from the campsite to the powerplant site, and the availability of a camp area of suitabie size and
grade to facilitate camp construction. Construction work is essentially a single shift operation
and will not cause consistent loud noise during the night.

The construction camp for the powerplant requires an area approximataly 300 m x 370 m.
Areas suitable for a camp sita are available north, west and southwest of the powerplant, The
most desirable location for this camp would be on the gentle slope on tha north side of the plant
(Fig. 1.0-1). in the park-like deciduous forest. This forest provides a buffer between camp and
construction site and allows atiractive settings for the camp units.

Mine Camo

A desirable Jocation for the mine camp is depicted in Fig. 1.0-1. It would be situatad in
a pine ferest in an area gently sloped. This forest would tend to screen the camp from the new
project access road, power line and conveyor right-of-way. The water supply line would run through
an easily accessible area. The so0i1 in the area appears to be well suited for installation of
underground services.

Lavout and Servicas

{a)

Layout s

Typical camp layouts are illusirated in Figs. 4.7-1 and 4.7-2, These can be modified to
suft the local contours and requirements of the project. Each camp would have a cantrally located
kitchen/cafeteria complax with a recreation hall nearby. The bunkhouses would be located around
this complex. Each camp would be surrounded by an access road with parking facilities, A car wash
and a limitsd number of ocutlets for car heaters would be provided. The spacing between camp units
wouid be 8 m to 10 m to provide fire breaks and privacy.

The layout concept for tha :amp§ is based on the purchase and lease of prefabricatad unfts
that are assembled onsite into bunkhcus'es, kitchen and cafeterfas and recreation halls. Recent
exparience indfcates that this type of installation {s economical. The camps for the Hat Cresk
Project are to be used for a longer period than narmal, and therefora the sbec‘lﬁcatfons for camp
buildings would maka allowanca for this extra usage.

Camp sarvices, including water, elactric power and sanitary sewers, are designed to function
with the maximum camp development or with only the core of the camps Installed. Additicnal
residential uniis would be added and removed as required by the manpower schedule. Telephone services
would be provided by the 8. C. Telephone Company and pay talephones for the camp population would be
Tocated in the recreation halls.
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4.7 CONSTRUCTION CAMPS - (Cont'd)

- (b

Water Supoly
Three aiternative metheods of providing water for the two construction camps were considered:
1. Local wells drilled near the camps.

2. Transporting water by tank truck from wells near Hat Creek to storage facilities a= the camps.

"3, Pumping water from wells near hat Creek to storage facilities at the mining camp and from there

to storage fac{lities at the powerplant camp.

Only method three is recommended because the availability of an adeguate supply of
groundwater at the powerplant campsite is guesticnable, and trucking water from Mat Creek would not
be economical. The preferred water suppiy system is shewn in diagramatic form in Fig. 4.7-3. It
consists of two 30 m deep wells in the aquifer near Hat Creek, upstream of the initial mining
activities.

Drill holes in the vicinity indicate a top Tayer of sand and gravel of considerable depth
with water-table ‘tavels near ground surface. If the permeability of the aquifer proves
unsatisfactory, surface water would be obtajned from Hat Creek by means of shallow wells. In either
case, the wells would be provided with standard well pumps capable of pumping approximately 4 L/s
through a pipeline directly to the storage facilities at the mine camp. From the mine camp the
water would be pumped to the powerdlant camp. Before the water enters the storage facilitias it
would be chlorinated as reguired.

After Hat Creek has been diverted, it would be necessary to replace the wells. It is
suggested that a suitable water intake be constructed where the pipeline crosses the diversion
channel. This crossing would be less than 1.6 km from the mine camp and near the same elevation, A
new set of pumps would have to replace the well pumps. To ensure water free of sediments, a pair of
pressure filters would be fnstalled near the stcrage facilities.

The water supply system i3 sized to provide 190 L/d per person in the camps. At a maximum
combined camp population of 1440 (+20% design safety) the daily demand would be 328 ma/d. The
proposed pumping rate of 4 L/s with a single set of pumps would supply 348 ma/d inte the camp storage
faciigties. By utilizing the stard-by opumps, this supply could be iJncreased to appreximately
600 m”/d.

Water Distribution and Fire Protection

Potable water distribution and fire protection would be combined in a single system at
each camp. Each system would be designed and constructed in accordance with applicable fire codes.
The systems would be similar except for the sizes of the storage reservoirs and the detailad piping
layouts.

The reservoir at the mine camp would hold 757 m3 of water while the one at the powerplant
camp would hald 1135 m3 of water. Of these reserves, 379 m3 at each camp would be allocated for
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CONSTRUCTION CAMPS - (Cant'd)

(d)

fire protection only. This ainimus fire protection ressrve can supply 50 L/s for two 85 mm and four
40 mm hose streams for a 2-hour pericd. The reserveirs would De completely enclosed rubber~coated-
nylon=fabric tanks supported by soil embankments., A closed top would prevent contamination and
minimize avaporation losses.

A house near each reservoir would cantain two potable watar pumps, one diesal engine fire
pump and all controls, The potable watar pumps would supply 32 L/s each and the fire pump would
supply 65 L/s at 7 kPa. (One potable water pump fs expected %a run continucusly to pressurize the
distribution system, with excess water recirculated through a pressure relief valve back into the
resarvoir. Tha seccnd potable water would start on pressure drop. The fire pump would start on
pressure drop and upon power fajlure.

To prevent freezing, the piping systeam would be installed below the frost line or insulatad
and heat traced. A cart with hoses, nozzles and other fire fighting equipment for use with 65 mm
outlets on the 150 ma hydrants would be housed at a central spot in each camp. Four inch hoses
would be available in cabinets on both ends of each bunkhousa. Thesa hoses would be connected to
standpipes that are part of the internal piping of the bunkhouses,

Sanftary Sewage Treatment and Jisposa)

Separate sanitary affluent treatment and disposal facilities would be instalisd at sach
camp. Because of the cost of a pipeiine from the pawerplant camp ta the mine camp, and the
unfavourable conditions for dispasing of effluent in the mine camp area, it would be fmpractical %o
install one central plant for the twe camps.

Each finstallation would provide full biclagical treatment to remove at least 80 percent
8005 during summer and winter., Each system would provide aercbic oxidation wtilizing an open basin
with submergeqd static a3erators.” The system would be designed with sufficient retentfon and weould
noct require any primary treatment other than comminution ahead of the basin, RNeither would it
require sludge remaval and dispesal. The final effluent would be treated to satisfy the requirements
of the regulatory authorities.

The final effluent from the powerplant c¢amp would be directed to an fmpoundment basin
formed by the axisting Harry lake. The preiiminary project layout (Fig. 1.0~1) indicates that this
lake area also could be developed into a bottom ash impoundment. This basin {s expected %o have a
suyrface area large enough to evaporate the axpected volume of effluent under normal conditions. Any
residual effluent would be retained as part of the ash water %o be used for tramsportatiocn of the
ash slurry from the powerpiant. Chlorination 2s necessary would be provided as part of the system.

Further studies are required regarding disposal of the final effluent from the afne camp
treatment plant and the avoidance of discharge into surface water. The available alternatives are:

1. Deep well disposal.

2. Spray irrigation.
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()

(f

()

3. Impoundment.
4, Drainage field.

The geological conditions appear %o be favourable for deep well dispesal, Bare hole
records indicate that a dry gravel ted underlies the camp area. Haowever, further geological studies
are required to confirm this. Spray irrigation has been used successfully at locations of similar
climate even though it is limited to summer operation, and this would necessitzte an additional
disposal method during the winter peried. The contours of the ground in the mining camp area de not
allow a natural impoundment basin without interfering' with storm water runcff. If an impoundment
basin is required for the winter time, it would have to be excavated. The surface soils in the camp
area appear to be till with very_Jow permeability. If soils of adequate permezbility are found
during a cetailed soils investigation, construction of a2 drainage field could be undartaken.

Power Distribution

The power distribution throughout the camps and from the mine camp to the well pumps are
assumed to be at 12.47 kV, with step-down transformers at utilizaticn peoints as required. Street
lighting would be provided in camp areas and fleod lighting in parkin§ areas, Qutlets for electric
car biock heaters would be installed for 500 cars at the powerplant camp and for 200 cars at the
mine camp. A fire alarm system with sirens and locator panel would be provided for both camps.
These systems would be hooked up to the interpal alarm systems in the bunkhouses. A small standby
construction type generator fueled by propane gas would provide emergency electric power for lighting
and furnace fans in the cafeteria and recreation hail.

Camp Heating, Ventilation and Air Conditioning

Bunkhouses at the two camps would be heated electrically. Each room would have a unit
heater controiled by its own thermostat. A makeup 2ir system would heat fresh air when required and
provide positive ventilation. Air conditioning would be provided in the summer. The cafeteria and
the recreation hall would have warm air furnaces heated with propane gas. Gas would be used aise in
the kitchen for cooking and baking.

Catering and Housekeeping Services

B. C. Hydro would engage an industrial catering and housekeeping service. The caterer
would be selected before the contract for the camp bufldings s awarded and given the opportunity to
participate in the detailed layouts of the kitchen and dining room facilities te suit his
requirements.

The caterer would be responsible for all services reguired to manage and maintain the
camps, inciuding fire protection, ard maintenance of water supply and effluent treatment facilities.
Refurbishing of buildings, and major repairs, would be arranged by B. C. Hydro as required. Snow
removal and garbage disposal would be part of the general contractor’'s scope of work, All camp
garbage would be dispesad of in a suitable Tandfill meeting &11 regulatory requirements.
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EQUIPMENT OFFLOADING FACILITIES

During the construction phasa, matarials and equipment for the project would ba shipped from
the suppifers By rail. The nearest rail line is some 32 km from the project sita. The distance and the
terrain make it uneconomical to construct a spur line into the Hat Creek Project site. Conseguently, all
rail shipments must be trans=-shipped by road frea a convenient point oa the rajlway,

A trans-shipping terminal would be required at the interfacs of the rail and the road for
transferring the materials from the railcars onto the highway trucks. A number of sxtremely heavy pleces,
weighing up to 300 t, would be deliversd to the tarminal on special railcars. The terminal would have a
derrick to move thesa Toads from the railcars to specially designed trucks. The e¢ffleading facilities .
would 21so be used as an interim storage yard for material and equipment.

Negotiations ars underway with the three major railways for the provision of an offioading area
for handling project aquipment. Qepending on the results of these negotiations the offloading facilities

could be locatad at any of the follawing sites:

BCR - near Kelly Lake Substation
CNR - J&8 {umber site near Ashcroft
CPR - Spences Bridge

The proposed layocut of the officading facilities s shown on Fig. 4.8-1.

The offloading facilities would require a level 3 ha area, 400 m long by 75 m wide. Tha area
would be graded and surfaced with gravel and crushed rock to a depth sufficient to provide adequate
bearing capacity for the trucks and mobile equipment to maneuver around the entire area. The area would
be sloped to a minimum grade of 1 percent to provide surface drainage, and ditghing would be provided
arcund the perimeter if required. An access rocad would be built connecting the offlcading area to the

“highway. The terminal area would be enclosed by a 2 m high chain link fence with three strands of barbed

wire at the top. Gates would be pravided o¢n the roadway area and at the point where the rail spur enters

the terminai.

A portable modular building installed on the sita would be divided into three sections to sarve

as an office, lunchroom and washroom.
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CHAPTER 1.0 - INTRCDUCTION

Part Three, Environmental Settirg without the Project, discusses the collecticn of data and its
use to describe the current status of the environment in the vicinity of the proposed Hat Creek Project.
This baseline informarticn provided the basis to identify the impacts from development of the Hat Creek
Project prasented in Part Four. Part Three presents Baseline Data Collection Methodology (Chapter 2.0);

Resource [nventery (Chapter 3.0) and Resource Projections without the Project (Chapter 4.0).

Chapter 2.0 describes the collection of environmental data, the sources, methods of analysis
and the rationale for seleciion of monitoring stations and specific epvirenmental paramsters. Data
sgurcas for sach discipline used to characterize resources generally consisted of:

1. A review of available literature including results of previocus field studies.
2.  The pre-cperational monitoring programmes.
3. Discussions with lecal residents, and industrial and governmant officials.

- Amalytical procedures utilized were standard methods. Monitoring station Jccations and parameters
monitored were salected td provide specific information on petentially sensitive components of the

environment.

The characterization of the eavironmental resources in the Vicinityrof the Hat Creek Project is
based upon the results of tha Detailed Invirommental Studies. The results are presented in Chapter 3.0
(Resource Inventory}. Information on metecrology, air quality, epicemiology, water rescurces, land
resources and socio-sconomic characteristits on a regienal, local and site-specific basis i35 presented.

Chapter 4.0 projects these environmental resources over 35 years based upon the assumption that
the project would not proceed. These baseline forecasts were then compared with <the environmental
conditions expected during the development and cperation of the Hat Creek Project. The cifference between

the with and without project cases served as the basis for evaluating preject impacts.
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2.1

2.2

2.2.1

CHAPTER 2.0 - BASELINE DATA COLLECTION METHODROLOGY

IMNTRGDUCTION

This chapter describes the sources of the baseline environmental data and the procadures used

to collect the data for the Hat Creek Preoject, Information is provided for meteorclogy-air guality,

enidemiology, ~ater resources, land resources, socio~economics and noisa.

METEDROLOGY - AIR QUALITY

Metesoralogical Data Sources

(a)

(b}

Regional

The regicnal climatological characteristics presented here, and in more detail in Appendix £
te the Air Quality and Climatic Effects Reportl, are basad primarily on long-ters data from the
records of the Climatological Service DOivision of the Atmospheric Environment Service of Canada
(AES). Two AES publications extensively used were "Canzdian Weather Review"? and “Monthly Record:
Meteorclogical Dbservations in Canada“.3 In additien, the “U.S. HNaval Weather Sorvice World-Wide
Airfieid Summar'}es”4 was utilized. Hourly AES surface meteorological data on magnetic tape for
Ashcroft (19656-1971), Kamltoops (1974-1975), and Lytton (1574-1875), as well as uppar air radiosonde
(RADB)} chservations for Vernon and Prince George, B.C., were used in the regional cliimatological
analysis. A complete listing of the regional metecrclogical data socurces is contained in Appendix A
to the Air Quality and Climatic Effects Report.s

Locai

Site meteprological conditions were determined from one year (1973) of onsite metecrolegical
data obtained from an eight-site preliminary monitoring network developed by B.C. Hydro. Each of
the sites was aquipped with a mecharical weathar statian which recorded wind spesd. wind direction,
temperature, and humidity. This monitoring netwerk is desscribed in more detail <n Section 2.2.3,
"Onsite Meteorological and Air Quality Monitaring". The locations of the mechanical weather stations
are depicted in rig. 2.2-1. In addition to these onsite measurements, histerical climatological
data were obtained from several nearby AES weather stations, Table 2.2-1 presents a listing of the
locations and elevations of the stations for which data were utilized. Appendix A to the Ajr Quality
and Climatic Effects Report5 contains a compiete discussion of the local metecroicgical data sources.

Information on the vertical structure of winds anc temperature over the Hat Creek Valley
was obtai+ed from short-term, intensive studies performed by MEP Company {sponsored and assisted by
B.C. Hydro) inm both the winter and summer of 1975, and in winter, spring and summer of 1976.7'8
Data were obtained from minisondes, a series of hygrothermographs on the slopes of the Hat Creek

Valley and from a series of constant level balloon flights.

The atmospheric diffusion characteristics of the Hat Creek Valley were investigated through
the use of ¢il-fog and gas tracer studies conducted in the wintar, spring and summer of 1576 by
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2.2.2

METEQROLOGY = AIR QUALITY - (Cont'd)

North American Weather Consultants, under the sporsarship of 8.C. Hydro.9

Intensive meteoralogical
measurements were conducied to define ambient conditions during simulated powerplant plume releases.
The information from these studies was used to calibrate the air quality prediction models used in

estimating the air quality effects of the project.

Air Quality Data Sources

(3)

-y

Regignal

Long=term ambient air quality data are available for only a few locations in southern
8ritish Columbia. The sparcity of data is not a serious problem because there are few emission
scurcas {n the region. The paucity of emissions permits one te make reasonatle assumpticns about
basaline ambient  air quality. The full-scale, pre-cperational, onsite monitoring programme
implementad hy B.C. Hydre will previde data to verify thesa assumptions. The air quality data base
consists of measurements of ambient particulate levels, dustfall, and sulphation rates taken by the
8.C. Department of the Envircnment, Water Resources Service.lo

The available data reflect conditions in and near the industrial communities of Kamlcops
and Squamish. Both communities are well removed from the project site.. Consequentiy, thess data
cannot be considered representative of the sparsely populated rural area surrcunding the proposed
profect site. Even gross features, such as seasonal trends, are inadequately represented. A complete
descriptien of the Jlocations where air quality measurements wers taken, as well as the peried of
record, are given in Appendix A ta the Air Quality and Climatic Effects Report.s

Other regional air gquality data include the results of a survey of the snowpack and stream
water acidity fn Hat Creek and Wells Gray Park. This survey was conducted by 8.C. Hydro on June 3,
1877. Data were analyzed by the Environmental Laboratory of the B.C. Ministry of the Environment.
The results were used in the analysis and prediction of pracipitation acidity cue to Hat Creek
sulphur dioxide emissions.

An inventery of particulates, sulphur and nitrogen oxides frem Xamloops, Cache Creek,
Clinton, and Highiand Yailey was cémpi1ed by B8.H. Levelton and Associatas, Ltd. under contract io
B.C. Hydro in 1977.11 The results were used qualitatively to discuss contemporary regional air
quality as well as in the analysis of the effects of the Hat Creek Projact on regional air quality,

Local

A Timited amount of total suspended particulates data zare available from B.C.cHydrO and
the Envircnmental Laberatory of the B.C. Ministry of the Envircnment for the Hat Creek Valley and
Cache Creek bdeginning in the spring of 1977.12 Data were collected using the high volume sampler
method, The Tocations of the 5ix stations for which data are avajlzbie are indicated in Fig. 2.2-2.

Additicnal local ambient air guality data will be available from the full-scale, pre-
cperational, onsite monitoring programme implemsnted by 3.0, Hydra. The programme is dascribed in
the fallowing section. At the present tims, however, data frsm this programme were not availapie
for use in this report.
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METEOROLOGY - AIR QUALITY - (Cont'd)

Qnsite Metecrological and Air Quality Monitoring

8.C. Hydro has estaplished an extensive pre-operaticpal programme to gather meteorological and
background air guality information as part of the Hat Creek Jetailed Invirommental Studies. This programme
is described in detail in Appendix H to the Air Quality and Climatic Effec:s Raport;13 & summary gdescrip-

tion is provided in this section.

{(a) Programme Dhjectives

The overall cbjective of the pre-operational monitoring programme has bezen the compilation
of a jong-term metearclogical and air quality data hase for the Hat Creek region. Specifically, the
programme was designed to altow 3.C. Hydro:

1. Yo obrain accurate informatijon of t*the backgroumd zir quality levels {i.e., sulphur dioxide,
nitrogen dioxide, carbon monoxide, ozone, dust, visibility and heavy metalis) in the region
pricr to start~up of the propesed plant.

2. To c¢ollect baseline meteorological datea in sufficient detail to allow for further evaluation
and design of a meteorolegical control system for the proposed thermal generating plant, should

that he the selected sulphur dioxide contral system.

3. To collect pertinent meteorolegical and atmospheric turhulence data fer the evaluation and
detailed design of cooling towers.

4. To c¢ollect meteorclogical data to add to the state-of-the-art knowledge about the effects of
irregular terrain on contaminant dispersion in the viciaity of the proposed plant.

{b)} Preliminary Meteorological Mgonitorinc Programme

The implementation of a manitoring programme designéd toe meet the above cbjectives is a
major uncertaking. It was apparent that, becausa of the time reguired to establish the necessary
cemprehensive monftoring programme, onsite data would not be available for use in the detailed
envirenmental studies. Therefore, B8,C. Hydro initfated a creliminary metecralogical monitoring
programme in November 1374 for the purpose of collecting data on the air flow patterns over the
irregular terrain surrounding the site of the proposed thermal plant, Data were collected from
ground=based stations, from ‘nstrumented ballocns and from aircraft.

Tne preliminary programme includad eight mechanical weather stations operating in the Hat
Creek area {see Fig. 2.2-1.). These stations were installed in November and December, 1974, to
measure wind speed (collected as wind run), wind direction, temperature and relztive humidity at
10 m above the ground., (Data from these stations were supplemented during the winter of 1973 hy
information from four hygrothermographs (which measure temperature and relative humidity) located on
the eastern slopes of the upper Hat Creek Valley. Data from the weather stations and hygrothermo-

graphs have been routinely reduced to hourly average values for computer analysis and evaluation.

In addition te wind information obtained from tha mechanical weather stations, wind data
have been ccllectad with a3 wind sensor which has operated since July 1961 at the junctien of the
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upper and fower Hat Creek Valleys with Marble Canyon. Also, dry bulb temperature, wet buid
temperature, relative humidity and prscipitation data have bheen coilectad in the upper Hat Creek
Valley since Novemzer 1960.

Quring 1975 and 1976 3.C. Hydro sponsared saveral studies to investigate the boundary
layer wind and thermal structure in the Hat Creek Valley. Minisonde studies were conductad by MEP
Company during the winter and summer seasons of 1975 and 1976 and during the summer of 1973 and the
spring of 1975; acditional “information was obtained from obsarvations of constant-volume ballcon
frights. »8

Atmospheric diffusion characteristics and plume trajectories at elevations approaching
plume heights have also been studied through the use of oil-fog and gas tracers. These studies were
conducted in the wintar, spring and summer of 1976 by Narth American Weathar Consultants under 3
contract with 8.C, Hydro.g

Data collected during the preliminary menitoring programme form the data hase used in the
air quality assessment. These data are presented in detail in Appendix & to the Air Quality and

Climatic Effects Raportvs

Full~jcale Maregrological Monitaring Programme

The curreﬁt full-scale metearological and ajr gquality monitoring programme was dasigned
and constructed by Western Rasaarch and Development Ltd. with design assistance by Environmentat
Research & Technology Inc. as part of the Hat Creak Detailed Environmental Studies. It commenced
operation in 1977 and will dinftially complement and aeventually replace the monitoring stations of
the preliminary meteorcicgical menitoring pregramme. This current programme jncludes four parmanent
monitoring stations equipped' with continuous sensors, monitors and automatic recording and data
acquisition fnstrumentation. The following section presents a brief description of the metaorelegical
monitoring sites; the air quality menitoring will be covered in later discussions. ’

{i} Metzorological Menitoring Sitz Descriptions

The 501Tswin§ four permanent monitoring statioms have been established in the
general Hat Creek Area:

wy
-y
[ad
£}

Location

In the Hat Creek Valley near the mine sita
At the proposad plant site

On Pavilion Mountain

In the vicinity of the town of Cache (reek

-hb.lNl—‘l

The locaticns of these stations are Indicated on Fig. 2.2-3.
$ite 1, the Hat {resk Valley site, is situated near the location of the proposad

mine. This sita is being used primarily to monitor hackgreund air quality levels. However,
it is also equipped to monitor wind speed, wind direction, temperature, dewpaint,
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visibility, sclar radfation and precipitation in order to correlate the meteoroiogical
conditions with obsarved viriaticns in air quality and to aid in later estimates of the
atmospheric dispersion cf emissicns from the mine.

Site 2, at the proposed plant site, is used for collecting wind spead, wind
direction, temperature, dewpoint, precipitatien, evaporaticn, barometric pressure and
turbulence intensity data. These data will previde climatological information for input
into coeling tower and stzck plume models in future studies. At this site a 100 m metre
tower 1s used to obtain high level turbulenge intensity data, wind speed and direction,
temperature and relative humidity.

Site 2 1is located on top of Pavilion Mountain at an elevation of 2100 m (MSL),
and s 23 km northwest of :ihe Jocation of the propssed plant. This site s representative
of air quaiity and. meteorolicgical conditicns existing at higher elevations within the
region of the proposed plant. Metaorolagical measurements made here are representative of
the conditions affecting tre transport and dispersion of the plant stack and cooling tower
effluents. Wind speed, wind dirsction, temperature and precipitation data are collected
at this site.

Site 4 is lJocated 16 km east of the proposad powerplant site in the Cache Creek
area. This site fs in a valley about 300 m helow the elevation of the proposed plant base
and s situated in a growing pepulation center. Monitoring of wind speed, wind direction,
temperature and dewpoint is being conducted at this site to provide informaticn for
evaluating the general air quality in this area. 7he eguipment s housad in a mobilte unit
with a 10 m telescoping tower, and thus can be moved for future sampling at other locations.

Meteornlegical Meniteoring Equioment

The meteorological sensors installed at each of the four monitoring sites reflect
the current state-of-the-a-t of metesorological {nstrumentaticn suitable for micrometeor-
ological menitering. The metecrological equipment at each site s summarized in
Table 2.2-2. {cmoiete descriptions and specifications of each of the sensors may be found
in Appendix H to the Air Quality and Climatic Effects Repurt.13

(d) Air Qualitv Monitoring Programme

4

Air Quality Moni%toring Site Qescriptions

Air quality monitoring sites have been established in the vicinity of the propesed
Hat Creek Plant at the same locations as the metecrological monitoring sites discussed
previcusly. Site 1 (mine) was established to monitor background air guality levels so
that potential effects from the proposed powerplant and mining activities can be evaluated.
Oxides of nitrogen, suspended particulates, visibility (fecg), visibility (haze), czone and
sulphur dioxide are being sonitored at this site. Also inciuded at this site are equipment
for monitoring sulphation, dustfall, suspended particulates, and corrosion. 5Site 2
{powerpiant) was estabiished primarily as a metecrological meonitoring site, but monitering
for suspended particulates, dustfail, suiphaticn, and corrosion is also conducted. Site 3
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{Pavilian Mountain) is considerad representative of air quality and metecrological
conditions existing at higher elevations. This site was established primarily for
monitoring metaorelogical cenditions but is also equipped to monitor dustfall, sulphation
and corresion, Sita 4 (Cache Creek) was estabiished primarily for meaitoring background
air quality levaels of oxides of nitrogen and sulphur dioxide. At this lecation, monitoring
is also being conducted for ozone, carbon monoxida, visibility (haze), suspended
particuiates, suiphatian, dustfall and carrasign.

In additicn to the primary monitoring sites, seaveral supplementary air quality
monitoring sites have been established to gather dustfall, sulphatien and atmospheric
corrasien data. Qustfall cylinders and sulphation plates are considered semi-quantitative
monitors of suspended particulatass and sulpnur dioxide. Since these devices are relatively
inexpensive %6 install and operates they are used in large numbers to give a general idea
of contaminant distribution over a wide geographic area. A %otal of 16 sulphatien and
dustfall monitoring sites have been established, including the four major site locaticns.
The locations are shown on Fig, 2.2-4,

_Ataospheric corrasion statfons are designed to give a semi-guantitative indication
of corrosive materials in the atmosphere. Studies indicate that corrosion rates in the
atmosphere can be related- to atmospheric contaminant concantrations. Eight corrosien
stations have been installed ia the area as shown cn Fig. 2.2=5, including the four major
sites.

In addition to the high volume samplers for suspended particulates at three of
the four major menitoring sites, three other high volume sampler sites have been astablished
to aid in tha detzrmination of existing atmospheric particulate leadings. The six locations
are shewn on Fig.. 2.2-6.

{if) Afr Quality Monitoring Eauioment

A Tist of the air quality monitoring equipment usa2d at each site is provided in
Table 2.2-2, along with the meteorological meonitoring equipment. A detailed desgription
of the squipment used, including complete specificaticns, is included in Appendix H of the
Aip Quality and Climatic Effects Report.

fata Procassing and Quality Control

A1l continuously monitored metecrological and air quality data are recorded an both analog
{strip chart) and digital data acquisition systems. Recovery of primery data at each site is
accomplished via a digital data Togger interfaced to a magnetic tape racorder. Twelve S-minute
average values of each parameter zre recordsd on magnetic tape each hour with each tape containing
approximataly 2 weeks of data. Thea apraleg data acquisition systems provide a continuous trace for
each parameter, and, because of the inhersnt stadbiiity of such equipment, serve 2as backup to the
digital data acquisition systems. The non-continucus parameters (dustfall, corresion, sulphation
dnd suspended particulates) are recorded manually after laboratory analysis.
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2.2 METEOROLOGY - AIR QUALITY -~ (Cont’d)

Quality control of recorded data is proviged in the fcliowing manner. Recerded data are
checked by computer for accuracy and copsistency, and to determine that the data are within
predetermined limits of meteorological and air quality reasonablensss. Datz points found to be

cutside of these ranges are manuaily evaluated from the strip charts and Tnvalid recercs are replaced.

Another aspect of the quality control system consists of a programme of regular instrument
calibration. Each of the continuous air quality analyzers is interfaced with an automatic calibration
system which automatically checks the calibration of each analyzer every 24 hours, as weli, monthly
multipoint c¢alibrations and adjustmants are carried cut on the air guality analyzers. The metaoro-
legical fastruments are calibrated manually on a routine hasis.

2.2.4 Enfdemiclogy

(2)

(5

Primary Air Contaminant Datz Scurces

(i) Epidemiolegic Studies

Epidemiological research is the primary vehicle to establish the human health
effects response range. Epidemiologic studies are of two types: mortality excesses that
sccur in response to expasure 4o air contaminants, and morbidity studies which assess
changes in dissase patterns or exacerbations of existing disease in relaiicn tc changes in
the concentration of ambient contaminants. These studies do not, hewever, yield uneguivocal
conclusions. This i5 due to the presence of multiple contaminante and variatiens in the
concentration of sach component which make it difficult to associate a hzalth effect in a
cause-effect relationship.

(i1} Clinical and Animal Toxiceloaic Experiments

In contrelled human clinical experiments, good medical practice dictates that
healthy adults be used rather than a more vulnerable cross section of the papulation. O0OF
necessity, the dosages which are administered are Tow and the admimistration is restricted
to relatively short pericds of time, disimilar to natural congitions. These restrictions
preclude examination of the interaction of mult'ple contaminants or multiple stresses such
as temperature or humidity.

Animal toxicologic studies suffer from the deficiency that, at prassent, adeguate
animal models do not exist that relate animal exposure directly %0 human exposurs, A3 a
result, animal toxicolegical studies have been valuable for identifying narmful pollutants,
but they have not been useful im develcping quidelines to prevent adverse health effacts.

Trace Air Contaminant Data Sources

(1} Health Data Base

Human exposure studies have not been conducted at low contaminant concentrations.
As a result, heavy reliance is placed upon animal toxicolegy studies and data collected
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2.2

2.3

2.3.1

METEQROLCGY - A

IR QUALITY - {Cont'd)

(1)

during acuta and subacute exposure episodes related to occupational scemarios. fQata on
the heaith of workers exposed to various contaminants usually does net contain precisa
contaminant concentration or length-of-expasure infarmatien. Alsa, the synergistic and
antagonistic affects of multiple exposures are usually not takan inta account in these
studies.

Review of Existing Lagislation Pertaining to Trace Contaminants

{ii1)

Existing ambient air quality objectives for trace contaminants, as established
by the provincaes ¢f British Coiumbia, Alberta and Ontario, the Canadian Federai Government
and the United States Faderal Government, were reviewed. Standards for sulphates currently
in force in California, Montana and Pennsylvania were assessad.

As a direct result of inadeguate monitoring of contaminant cuncentrations and 2
lack of specific epidemiolcgical studies, the develepment of specific regulaticns for
trace contaminants in the ambient air has only coccurred in the ltast few years. Thus, it
is not suprising to find that the provinces of British Columbia, Alberta and the Canadian
Federal &overnment do not hava ambient afr quality objectives for many of the traca
contaminants under study. In Canada, only the Province af Ontario has ambient air guality
regulations Tor trace elements. At this ¢ime, na Timits have been established for
sulphates, nitrates, nitrosamines and polycyclic organic matter.

Prodicted Emissions and Ambient Concentrations

Quring test burn operations on Hat Creek coal 21 elements were analyzed in erder

15,16 From thig

to predict trace contzmfnant emission rates from the Hat Cresk Project.
1ist of 21 elements, 14 trace contamipants waere identifiad for apidemiolagical study due
to their emission rate or their known adverse health effects. In additicn, suspended
sulphatas and nitrates, pelycyclic organic matter and nitrosamines wers included due 2o
their potential health effacts. Potential ground leval contaminant concentrations wers
calculated using a steady-state diffusion model calibrated ts the atmospheric conditions

of the Hat Creek Va]1ey.s

WATER RESQURCES

Water Quality

(a) Introduction

Tha objective of the watar quality analysis was to characterize the concentrations of

surface water and grouncwater constituents of the study arsa. This basaline was utilized to determine

thanges ca

used by Hat Creek Project activities.
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L2 WATER RESQURCES - (Cont'd)

{bY Data and Information Sgurces

(i) Groundwater

There are no axisting groundwatar quality data available for the Hat Creek
Valley. Onsite monitoring provided all necessary basaline data.

(i1} Surface Water
Existing surface water gquality data were availabie from the Ministry of the
Environment 1in the Prov'nce of British Co]umbia,l the Decartment of Fisheries and
Environment (DFE} MAQUADAT programmesz and a powerplant water reguirements report prepared

by Calgon Corporation for &.C. Hydro.3

(c)y Fiald Investigation Mathodology

(1) Groundwater
A, Programmes

Fig. 2.3-1 shows the Jlccation of sampling sites for the grounpdwater
programmes. The frequency of sampling far the programmes and the 2naiyses performed
are listed in Tables 2.3-1 and 2.3-2.

A1l domestic wells (OW) in the upper Hat Creek Valley were identified
{(Fig. 2.3-3) and those not directly supplied from Hat Creek were selected for sampling.
Five other sampling programmes were carried out te meet specific informatien needs,
To assess artesian flows in the Hat Creek Valley, a number of test holes wers selected
for detailed analysis. To determine the hydrogeochemistry in the pit area, a well
(Well RH 786-18) was sampled at a depth of 90 m, and a sample was obtained from a
bucket auger hole. To assist in the definition of the groundwater regimes in the
Madicine Creek area, in Houth Meadows and in the Hat Creek-Marble Cinyon divide area,
the water quality of several test weils was analyzed. Alsoe, several wells were
regularly sampled as part of the Bulk Sample Programme. Well locations (Fig. 2.3-2)
ware chosan %o charactarize water quality in spoil and ceal storage.

Fig. 2.3~1 shows the Jlocatien of the surface water sampliing stations.
Table 2.2-1 shows tie sampling dates for the various planned programmes and
Tahle 2.3-4 shows the parameters analyzed. The rationale for selection of sample
stations was to place sites above and below the entry of major tributaries on the
stream of interest.

8. Sampling and Analvtical Procedurses

Inaccessible domestic wells were sampled from the house tar after a flushing
period. For each programme, samples were c¢ollected, preserved, stored and analyzad

by standard methods and procedures.°'7'a’9’l0
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WATER RESQURCZS < {Cant'a)

(i)

Surface Water
A. Programmes

Fig. 2.3-1 shows <the Jlocaticn of the surface water sampling statioas.
Table 2.3-1 shows the sampiing dates for the varfous planned programmes and Table 2.3-4
shows the parameters amalyzed. The rationale for salection of sample stations was to
place sites above and below the entry of major tributaries on the stream of {nterest.

Five additional surface water sampling programmes were inftfated to assist
specific studies. In the Pit Hydrology Study the intent was to delineate the ground-
water compositien in the propesed pit area. However, componants of the data cencern
Hat Creek and Alesce Lake and have tharsfore been incorporatsd in the surfacs water
section, Additional water guality data (Generation S$ite Study) were required to
establish the sujtabiiity of variocus waters for precess use and to help delineate
groundwater flow regimes. Monitoring stations were established on Medicine Creek,
MaclLaren Creek and Pavilion Lake. To determine suspended solid loadings during the
freshat pariod, a number of stations on Hat Creek and the Bonaparts River were selectad
and sampled daily during periods of the 1977 freshet (Freshet Study). Suspended
soiid concentrations and algal numbers {n the Thompson Rivear determined from samples
taken at the Walhachin Bridge {Jocated approximataly 21.5 km upsiream of the confiuence
of the Bonaparte and Thompson Rivers) delineated fluctuations of thase parameters
with refarence to intake design. Three surface water stations were also established
on Hat Creek In association with the Bulk Sample Programne (Fig., 2.3-2).

8. Sampling and Analytical Proceduras

The sampling and analytical procedures used were selected from standard
references.6’7'8’9’10 Hat Creek and Bonaparte River samples were cbtained at mid-width
and in areas free f{rom turbulence. The Thompson River was sampled 1-2 ®m from the

stream bank. Lake samples for detailed analysis were obtained near the surface.

{d)} Labgratory Test Methodelogy

{1

(11)

Introduction

Laboratory lsachate tests were updertaken on representative samples of Hat Creek
¢oal and waste materials to predict tha guaiity of leachates under actual site conditions.
Samples included three types of high-grade coal (coals A, B and C), low-grade waste coal,
waste rock, overburden, fly ash and bottom ash.

Leachate Tast Methodoleay

In order ta determine the quantities of extractable salts in the samples, an
acgelerated test procedure was adopted.11 The technique assists in the evaluation of
tatal leachable saits present in the material in a short period of time compared with
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2.3.2

WATER RESOURCES = (Cont'd)

Hydrology

(a)

(5}

field experiments which mav take many years. Apalytical m=thods for a7 extracis conformed

with

A.

Intreduction

Flow

. 6,7,9
standard procedures, ' !

Total Extrictadle Salts Tasts

Three coal samples and eight waste material samples wera testsd in the
laboratory to determine the total guantity of salts extractagle by water. Each
sample was crushad befure tasting to facilitate the extraction.

A pre-weighed, crushed sample was agitated for 20 minutes with deionized
water and then cantrifuged. The agueous supermatant was decanted and the volume of
tha remaining slurry made up with fresh delonized water to maintain a water-to-solids
ratic of 5 to 1 volume by weight. The procedure was repeated t¢ produce a total of

eight extracts which were combined and analyzad for the required parameters.

Rate of Ralease Tests

Three coal samples and four waste material samples were tested to determine
the rate of release of water-extractable salts using a percolation column. Preliminary
tests demonstrated that no leachate would percolate through very fine unscreened
material., Samples were therefore screenad and the 2.0 mm fraction was used for
laboratery testing.

A pre-weighed quantity of sample was ptaced above a fibraglass plug in a
glass column. A second fibreglass plug was placed above the sampla and then deionized
water was allewed to percolate through the sample. The leachate was collected at
successive 24-hour intervals for 8 days. Individual extracts from the first § days
of the test wera analyzed for all required parameters. For certain parameters, the
extraction during the first 24-hour period was so low that analysis of the remaining

extracts was not undertaken.

regimes and physical characteristics of the major groundwater and surface water

bodies of tha study area were delineated to assess hydro'ogical impacts on Hat Creek valley and to

ascertain whether the potential impacts coufd be transmitted ta other areas.

Data and

Information Sources

(i)

Groundwater

renorts

The data used to dafine the groundwater regime were derived from existing

12‘13’l4'15‘l°, air photographs and also from previcus field studies, including a

driiling pregramme.
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WATER RESQURCES - (Cant'd)

(i)

Surface Water 4

17 within the Hat
Creek general region were utilized in this study %o define a number of water balance
varfabies, Snow accumulation in B.C. is menitored by the Water Investigations Sranch of

Data from 14 Atmospheric Envirenment Service c¢limatic stations

the Ministry of the Envirunment.18 Thirteen snow coursea stations which are located in the
Hat Creek region were used to define this parameter. Water Survey of Canada flow recardslg
for Hat Creek exist for three sites, which wars utilized to ascartain the creek's flow
characteristics. For the regional analysis, stream flow reccrds from 85 statfons located
on the intarior plateau of B.C. were analyzed. Floodplain mapping was basad partially on
aerial photographs taken in September 1976 and partfally on fiald surveys. A wida range
of other data, such as topographic maps, air photas and fnterviews with lccal residents,

farm part of the background material on which the surface water inventary is based.

(¢ Fiald Investigation Mathedology

(4

Groundwater

A. Field Reconnaissance

Field investigations concentratad on potential Jmpact areas {n the Hat
Creek area and included the Fountain Creek Valley, the Hat Creek Valley and parts of
the Corrwall and Qregon Jack Valleys (see locations, Fig. 2.3-3). The c¢bjectives cf
the investigations wera: ‘

1. Observe geological and other features which could provide svidence of zones of
potential groundwater movement, groundwater discharge zones and groundwater
recharge zones, '

2.  Collect water samples for ingrganic chemical and isoctope analyses,

3. Determine the Tocation of residencas and/or irrigatad farm land where wells ang
developed springs may be located.

8. Interviews with Local Groundwatar Usars

The information provided by these interviews relatad to existing wells,
springs and other groundwatar related features such as seeps and minfmum stream
f16ws. Informaticn on seasonal changes in flows and water use were particularly
valuable. ’

. Borshele Drilling Proqramme

Five borsholes wera drilled fn areas clase to the proposed Houth Meadows
and Medicine Creek wasta dumps and the proposed ash pond in upper Medicine {reek
Valley (saes locations, Fig. 2.3-3). The purpese of these barsholes was ta provide
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groundwater data in areas where potential greundwater contamination couid occur.
Boreholes were completed as permanent instailations with piezometers for both water

level measurements and groundwater sampling.

D. Water Sampling for Ilsotope Analysis

Water samples were collected froum boreholes, springs, streams and lakes.
Field sampling was dasigned to chtain a set of regional isotope values covering a
variety of accessiblz ground and surface waters. These background values would
provide an average Isotope content for local groundwater recharge. To determine the
origin of groundwaters, relationships betwoen deuterium and oxygen-18 concentrations
werg dafined. Tritium ceterminations were made in ordar to help identify different
types of groundwatar and to estimate the relanive age of the water.

E. Water Level Mepasurements in Piezometers

The water dapths were measured i1 a number of piezometers installed during
this investigation, as: well as in piezometers installed during gesotechnical investiga-
tions in the vicinity of the proposed coal pit, The locations of these piezometers
are shown in Fig. 2.3-3.

Piezometric data were used o determine the hydraulic head at various
points and subsequently to determine the direction of .groundwater flow. The seasonal
change in the hydraulic potentials provided data on the recharge characteristics and
hydraulic conductivity of the flow systems.

F. Installation of a Weir to Monitor Base Flaws in Houth Creek

To determine groundwater base flows, a deep wooden rectanguiar weir was
constructed in Houth Creek, approximately 300 m upstream from its coafiuence with Hat
Creek. The weir was installed on 25 July, 1877 and flows were recorded toc 20 October,
1977.

(i) Surface Water
Field work related to surface water hydroiogy consisted of three main tasks:
1. Initial inspsction of. stream channels, lakes, ‘lake outlet controls, irrigation’
diversions, btridges and culverts. This provided the basis for .the detailed planning.

af the items telow.

2. Flow measurements in tributaries to Hat Creek to relate their runoff regime to that
of Hat Creek (for which data are available).

3. Channel surveys alony typical reaches of Hat Creek downstreams of the proposed
development, to serve ¢s a hasis for predicting changes in channel morphalogy.
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Water Use

(a)

(2)

Most flow measurements wers made with a small propeller~type current meter. Gn
several of the small streams monitored, permanent stream gauges ara heing installed by the
Water Survey of Canada, acting on benalf eof B.C. Hydro. The data collectian periads of
this study are Tisted in Table 2.3-5.

The hydraylic geometry of Hat (reek downstream of the proposed mine was defined
by means of cross sections and profiles along typical reaches together with phetagraphs
and nctes on all relevant morphological features. Watar levels were observed at all
surveyad cross sections in the F3l1 of 1976 and in May and June of 1977,

Introduction

A primary concern during the design of any new water-using facility is possible infringement

on the operations of aexisting users. Impacis on existing ‘facilities can occur from both watar

quality and quantity changes.

Qata and Information Sources

(1

(113

Groundwater

There are no recordad sources of information on groundwater use in the valley.
Unlike surface water development, the landowner is naot required to apply for a permit for
groundwater development. Howevar, general {nformation was provided through interviews
with homeowners and water usars in the valley.

Surface Water

A, Irrigation

The sources of information pertaining to the use of water for {rrigation in
the Hat Creek, Lower Bonaparte, Cornwall and Oregon Jack drainages were the foliowing:

provincial water license data obtained from the B.C. Water Rights Eranch;zo the
1

Agriculture Report; aerial photographs; the Fisheries and Senthos Report;5 other
reports,22’23 which yielded information concarning potential storage reserveirs in
the Hat Creek area; and flow probabiiity curves and water chemistry data derived from

the aforementioned baseline studies,
B. Livestock

The sources of finformation on livestock water use in the Hat Creek Valley

wera: the Agriculture Report,21

handbook,z4 providing information on livestock water consumption rates.

yialding 1ivestock populations; and a farm structures
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WATER RESOURCES - (Cont'd)

C. Domestic and Municipal

Information on present and potential surface water use for domestic purposes

R . . . . ea 25 o . : .
was cbtained by examination of water license daza,z existing and projectad pepulation

26 27,28,29

estimates™ and utilization of par capita water use.

{(c) Field Investigation Methodology

(i3 Groundgwatar

Interviews were carried ocut with water users. No meterazd flows were avajlable

3o estimates of water consumption were made.
(i) Surface Water

Field work in tais area was limitad to the observation of jrrigation practices
in the area at various <imes during 1976 and 1%77. Oiscussions with Hat Creek Valley
ranchers on irrigation practices were aiso held., Livestock, domestic ard municipal water
use studies did not require field work.

Aquatic Ecoltocy

(a) Regicna!l

For the purposes of this study, the aguatic environments affected by the project were
divided inte those located in the wicinity of the site and those in the larger surrounding region.
Impacts Zo the regional aquatic envircoments would primarily be those related to air contaminants.
Boundaries selected to define the region reflect this mode of impact. Thus, boundaries in the
directior of the prevailing air movemenis are more distant from the site than are boundaries up-wind
of tha site. Regicnal impacts, if any, would tend to ccgur after several years of plant operation,
over a hroad geographic area.

(b) Site-Specific
(i) Thompson Rivar
Baseline informatien to assess the potential impact to the Thompson River was
available in both published and unpunlished forms. This was Targely a rasult of concern

by governmental organizations because of the river's {mpertance %o migratery fish
populations.
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(11)

Other Acquatic Envircnments

Inadequate information was availanle on the aquatic envirgnments in the immediate
site area. Therefore 3 detailed study of the benthgs and fish near the Hat Creek site was
sponsered by the 8.(, Hydro and Power Authority and performed by Beak Consultants Lim’ted.s
Fiald recennaissance trips were also made to the proposed road and pipeline crossings.

Watar bodies other than the Thompsan River which could be affected by developmen:
of the Hat Creek site include Cornwall ({reek, MaclLaren Creek, Harry Lake, Finney lake, an
unnamed pand in Hat Creek Valley southwest of the proposed pit-rim dam, Aleeca Lake, Hat
Creek and its tributaries and the Bonaparte River. Ffield studies conducted an these water
bodies focused on the fish, benthes, and a charactarization of the physical habitat. Fish
wera chosen for study because of their direct value to humans and because they occupy the
highest aquatic trophic level. They also provide an indication of the productivity of
other trophic levels. [Benthic organisms were studied because thay provide fish food,
especiaily for salmonids and because they are extramely important in lotie sys‘tams where
allochthonous input (dedrital contributions originating from the watershed) is often the

major source of energy and nutr'ien‘ts.30’31

The study effort expended on each aquatic environment depended upen on the
degree to which each weuld be perturbed by the development. Thus, Hat Cresk, which would
have its channal relocated and would receive discharges from site runoff and the coal
mine, and the Bonaparte River, ints which Hat Creak flgws, were studied mora intensively
than other water bodies. )

A.  Habitat

Physical habitat survays of Harry lLake, the unnamed pond, Cornwall, uppar
Medicine and Maclaran creeks ware performed on 22-23 September, 1377. Water depth,
stream width, bottom=type and riparian vegetation were describad.

The mors intensive sampling programme was also fnitiated in Saptember,
1976. Additional samples wers taken in June, 1977 and August, 1977. Sampling was
performed at 18 stations in the vicinity of the Hat Cresek sits (Fig. 2.3-4). Four
stations were Jocatad on the Bonaparte River (numbers 1-4),_ savan stations on Hat
Creex (5-7, 10, 14, 14a, 15) and sne each on an unnamed creek (B8), Finney Creek (9},
Medicine Creek (11}, Ambusten (Creek (12), Anderson Cresk (13), Geosa/Fish Hogk Laka
{16}, and Finney Llaka (17)., Finney Cresk at station 9 was subtarranean and never
sampled. The four cresks named ara tributaries of Hat Craek.

A quantitativa assessment of the physical habitat was mada in September at
211 Hat Creek and Bonapartas River stations axcept numbers 1 and l4a. Six transegts
across each water bedy were established at 3 @ Tntervals at each of these stations,
except stationgs 2 and 3, where only single transects were established. At 0.6 a
intervals along each transect, measurements of river depth and velccity were made,
except at station 2 whare these measuraements were made at 1.5 m intervals. Stream
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velocity was determinzd at 80 percent of the river depth at the potnts of measurement.
Within a 315.2 m section of sitream at each station, the relative cccurrence of boulders
(30.5 cm), pebbles ({7.6-30.5 cm), gravel (0.3«7.8 cm), siit (0.3 cm), and other
substrates {logs, etr.) was determined. The ratio of pool to riffle environments,
temperature, riparian vegetation, and a qualitative assassment of bank stahility were
also made for a 15 m sectien of stream at each station. Attempts at station 1 to
obtafn data g¢imilar <o that obtained at the other stations were precluded by deep,
swift water. Visual estimates of the various parameters were made from the stream
hank.

Physical hasitat at tributary sampling stations {numbers 3, 11, 12 and 13)
and at Hat Creek station 14a was assessed in a more qualitative manmner. Substrate
size ranges, stream width, siream depth, pocl to riffle ratio, and stream velocity
were estimated rather than measurad, For example, stream velocity was categorized as
gither sluggish, rapid or torrential. At tha two iake stations {(numbers 15 and 17},
depth and substrat: were estimated and notes concerning aguatic vegetalion were
taken.

A helicapter survey of thosa portions of Hat Creek and the Bonaparte River
coversd by the sampling staticns was also made. Pool to riffle ratics, stream
substrate, bank stability, riparian vegetation znd beaver dams were noted to the
extant that they couid be observed from the air.

Physical habitat assessments at all stations 7n Juse were restricted to
jqualitative observations similar to those at tributary stations in September. At Hat
Creek and Bonaparte River staticns, however, stream velocity was estimated hy timing
floating abjects. No observaticns waere made at Lake stations. HNo observations were
made at rAmbusten {reek since it had been diverted for {rrigation., A helicopter
survey was conducted similar to the one in Septembar. The physical habitat survey in
August was identical to the one conducted in June, except that no helicopter survey
was made. The chemical aspects of the various aquatic habitats were also measured.
Water samples were taken at twelve statijons (Fig. Z2.3-2), and analyzed for a variely
of ceonstituents. In addition, dissocived oxygen concentrations were determined at the
time of sample collaction. Samples were taken in September and December, 1376, and
March and May, 1377. OCther water quality samples were taken as part of a1 hydrelogy
study, a generation site study, and certain special collections. Tha methodelogy and
sampling cdesign for the water quality sampling programme are discussed in detail in
Section 2.3-1.

Benthos

Sampling for bhenthic invertebrates was conducted during September 1975 and
June and August, 1977 using the same stations as for habitat surveys except station
14a. Six samples were taken at each station. A ponar grab, which sampled a bottom
area of 523 cmz, was used fo take benthic samples at the lake stations {16 and 17).
A17 other stations were sampled with a Surber sampler, which samples a bottom area of
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929 c::nz. Samples were washed on a 545 p mesh screen, The retained material was
storad in 2 solution of 10 percent formalin and rose bengal. In the laboratory,
samples were sorted, Jidentified, anrd enumerated. Identification was to general
taxonomic group. QOrganisms from cne randomly salected repliicate from each station
were jdantified Lo genus and species when possible. If Jless than 100 organisms were
found in a single replicate, an additional replicate was subjected to the detailed
identification procadurs.

fish

Fish were sampied by electreoshocking at all Hat {reek and Boenaparte River
stations, at the mouth of Medicine Creek and at Goose/Fish Hook and Finney Lakes
{statfons 16 and 17). In addition, tributary streams were visually surveyed far
fish. Sampling and surveys were performed in September, 1976, and Junme and August,
1977. In Hat Creek, a 3 mm square mesh net was used to block the upstream end of the
zone to be shocked. Shocking was performed in an upsiream dirsction. Shocking time,
fength and width of stream section shocked wers recorded. Shocking was performed in
a similar manner in tha mouth of Medicine Creek, but a natural barrier cbviated the
need for aetting. Shocking in the Bonmaparte River was Jimitad %o near~shore (within
2 m) shaliow areas. ’

A1l captured fish were identified, measured, and weighed. Sex, parasites,
and unpusual conditions were noted. Stamachs and 20 scales were removed from up to 10
mountain whitefish, and up to 10 rainbow trout in the size catsgories 0-100 ma,
101-200 mm, and 200 mr {when specimens were availahle) at staticns 1, 3, &, 5, 5, 7,
10 and 14. A1l other fish were rsleased aftar field medsurements were taken. Pool
to riffle ratios in the area being shocked wers alsg noted,

Scales from each fish were placed in a numbered envelope and were indepen-
dently examined in the laboratery by two individuals with a Bausech and Llomb Tri-
Simplex Micro-Projector at 2 magnification of 45x. If age estimates by the individuals
were in disagreement, a third measurement was made. [f this did not reselve the
di sagr‘e&ment—. the scales were not used.

Stomachs were wrapped in gauze, numbered, and preservad in 10 percent
formalin. In the laboratery, stomach contents were identified and volume determined
by water dispiacament to the nearest 0.01 mi. Food items with volumes Tess than
0.01 ml were recorded as having a volume of 4.01 ml.

A fyke net with a 6.3 mm square mash Dody and 12.7 wm square mesh leads and

wings, measuring 12.2 m and 2.7 m long, respectively, was used to sample fish in
Finney Lake, The net was set perpendicular to the shore in water 1-2 m deep.
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2.4.1

2.4.2

LAND RESQURCES
Introduction

Several consultants were raesponsible for the design and implementation of the baseline data
acquigsition programmes. Physical habitat and range vegetation were investigated by the TERA Envirormental
Resource Analyst, Ltd. (TERA).1 Soil data were cempiled by Canadian Bio Resources Consultants (CBRC)l.
Wildlife data were collected by TERA, with the exception of data cn big game mammals which were compiled
by L.R. Erickson and Assuciates.z Ferest inventaries were prepared by Reid, Collins and Associates,
Ltd.,3 and the agricultural ioventory by CBRC.4

The approach employazd by each consultant was to gather information from a regional, local and
site-specific perspective. In this manner the degree of detail was increassd as the scope of the studies
focused upon the immediate project site. Tha regional study araa was fdentical to that defined in the
8.C. Hydro Terms of Reference. The local study area was defined by an arbitrary boundary extending 25 km
from the centra of the project site. The area referred to as site-specific includes the upper Hat Creek
Yalley and the propesed access routes to the Thompson River, The study areas are depicted in
Fig. 2.4-1.

The level of detail afforded to each study area varied as a function of its importance to the
entire project. The methods presented in this report are those needed to compile data important to the

proposed development and appropriate to a4 summary document.

Physical Envirenment

(a) Study Aoproach and Rationale

Climate, landforms and soils were selected as the descriptive components of the physical
environment, because they influence the distribution, abundance and compesition of fiora and fauna.
The aopreach was basically comparative in nature. Physical components, described in general terms
for the broad regiocn, were compared to detailed descriptions of land areas within the immediate
vicinity of the project.

The parameters used to describe climate includa precipitation, humidity, temperature and
number oF sunlight hours. All of these parameters are discussed from a regional and site-specific
perspective except insolaticn (sunlight) for which site-specific data weres not available.

Landforms were described on the basis of physiography, slope and relief, bedrock geology
and surficial geolegy. Physiographic aspects were discussed from both regienal and site-specific
perspectives. Slope was divided into two broad categories; stseplands having greater than 30 percent
slope and bottom and uplands having less than 30 percent slepe. Badrock and surficial geology were
also discussed from each perspective. Bedrock forms the foundation and source material for soil
development, hence s an important facter in describing vegetational patterns on a broad scale.

S0i1 information was compiled at thres Tevels of detail. Soil orders were identified in
the regicn of the project, soil associations for a 25 km radius around the projact site and soil
series or modified soil series, depending on the type of information available, were identified in
close proximity to the project site.
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{b) Data Sourcas and Analysis

(H

(191)

Matural Vegataticn

Climata

Climatic data have been recarded at both the Atmospheric Environment Service
(AES) monitoring stations and the B.(., Hydro mechanical weather station network fn the Hat
Creek VYalley. This data as assessed and summarized by Environmental Rasearch and
Technology, Inc. (ERT)s was utilized in this analysis.

Landforms

Physiographic subdivisions within tha regifonal area were identi{fied from a
report on the praovincial physiography.6 Soil mappin97 corrglated with aerial photsgraph
intarpretation was also utitized in the determination of physiographic subdivisions and
landform categories. A brief aerial and ground reconmaissance was conducted for the
purpase of field checking physiographic boundaries. —

The description of the regional bedreck and surficial geology was derived from
oubiished sources.a-l2 Additional infarmation was obtained from interpretation of aerial
photography. Bedrock and surficial geolegical descriptions of the Hat Creek area were
based upon information prasented in the ]iterature13’14 and from a more racant reportls
developed as part of the Qetailed Environmental Studfes.

Soils

Regional soil ordars were described by groupinmg the existing soil asseciation
information7 inte so0il arder units.ls S0il1 association information on a local scale was
derived from provisional mappings7 and 3 modiffed mapping preparad by the government of
§ritish Columbia. Soil series data for the portion of the site area in the Thompson and
Bonaparte River vallevs were obtained from a published study.17 Mcdified soil serjes
information was summarized from aerfal photograph interpretation and field inspection.
Aerial photographs were usad to identify and map majer‘physiographic units. Two to thrae

random field inspections per physiographic unit verified the boundaries of the units.

{a) Study Approach and Ratignals

(13

Veqetation Dasgrintion

The Krajinals‘lg'28 approach was employed to describe the vegetation indigenocus

to Hat Creek and the surrounding region. This approach 1s appropriata ito studies whers
the vegetation of extensive land areas is te be described. It utilizes several sucressive
levels of integration, each providing a greatar cdegree of informaticn than the preceding.
Vegetation associations coupled with forast cover types were used to describe the vegetation
from a Tecal or site perspagtive.
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Bicphysical Analysis

The bicphysical anaiysis method described by Lacat521 was used to define resource

sensitivities of szlected areas. The biophysical methed invalved mapping and intaroretation
of physical and biclogical parameters. t culminates in the identification of homogenous
units or subbnits where environmental componants are not identified individually, but as
integrated sysiems.

(b} Dzta Sources and Analysis

Regional Vegetation Descriotions

observations. Observations made during the course of other investigations

The regional vegetation description was prasented in terms of biogeoclimatic

zones. It was based primarily on a single published sour0522 and supplemented with field

23-26 in the

British Celumbia intericr were also utilized in the development of regional vegstation
descriptions,

Project Site Area Vegstaticon

Vegetatian descriptions of the Hat Creek Project site area and environs are

presented as vegetation associations and forest cover types. These were developed from
field recormaissance and sampling programmes.

Field Reconnaissanca

The field reconnaissance phase of the project site vegetation programme was
used to acgquaint field parsonnel with tha sampling area and associated vegetation

patterns. During this phase homogencus vegetation associations within the area of

the proposed developmant wers sealected for quantitative field sampling.

Field Sampling

Replicate plots 10 2% in area were laid out within each subjectively chesen
homogeneous stand.1 The number of plots was dependent upon the complexity of the
vegetation and the stratification within esach stand. A total of 90 plots were located
throughout the Hat Creek area, mest within 25 km of the plant site. Initial sampling
was conducted during the fall (20 September -31 October) of 1976 with supplemental
sampling late spring of 1977 (May) to ensure that spring ephemerals were sampled.

Physical data, such as stope, elevation, aspect, soil type and topography

were recorded for each 10 mz

plet. The vegetation within each plot was stratified by
layer. Species cover as well as total cover were estimated for each strata. Data
from replicate plots were compared and reduced to a form suitable for production of

the vegetation associaticn descriptions.
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Data collectad during the field sampiing proegramme were analyzed using a
Krajina - adaptation of the phyto-sociological technigques developed by the Zurich-
Montpellier Scf‘mcﬂ.z7 Similar vegetation groups coupled with envircnmental factaors
were grogressively clustered visually and tabu?ated.28 Mezn species cover and
vegetation strata were used as the major criterfa to diffarentiate and group the
field data into vegetation associations. Vegetation assaociations and forest types

ware then mapped for the area within 25 km of the plant site.

(i11)  Biaphvsical Analysis

The biophysical anaiysis employed twa levels of intagration, the biophysical
unit and subunit. Biophysical subunits were developed by intagrating climate, landforms,
soils and vegetation inventory maps to produce homaganous units., The subunits found
within the same biogeaclimatic zones were lumped together forming biephysical units. Any
envirgamental limitations were idantifiad for each uait and the information recaorded in
tabuiar format. Resourca capabilities for wildlife, farestry and agriculture were then
evaluated for each biephysical subunit.

Wildlife

(a)

(b}

Study Approach and Ratienalas

The purpose of this study was %o determine the status of the wildlife resource in the
vicinity of the proposed Hat Creek development, The potantial wildlife value of the ragicn and the
direct usage of wildlifa were also assessed.

The regiopal study area was identical to that defined in the terms of the reference. The
Hat {reek watershed {s a natural unit used to report wildlife inventsry and usage data and is
sssentially simiiar to the local study area used by the other disciplines in the Land Rescurces
Section. It was divided inte two zones: the upper Hat Creek watershed (or valley) and the lower
Hat Creek watershed (or valley). The study area boundary map (Fig. 2.4-1) shows the study area
ralationship to the plant and mine site,

Cata Sources and Analysis

T

The primary wildlife resource document used in the preparation of this saciion was the
Cetailed Environmental Studies Land Rescurces Subgroup, Wildlife Repart.z

o

(i) Major Wild1ife Hahitat

Most wildlife data have been reported according to the habitats in which wildlife
species were observed. Therefore, wildlife habitats wera identified from maps of the
existing vegetation associations. The wildlife habitat areas differ from the vegetatien
association areas in two respects:

1. Two or more similar vegetation associaticns were often lumped into ocne wildlife
habitat unit.
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(i1)

(i)

(iv)

2. Adjustments were made for habitats in which existing vegetation differed from the
dominant or ¢limax vegetation.

Wildlife data were callected in all major defined habitats {Table 2.4-1).
Big Game

The majority of big game species informztion was derived from published sources.
Data on local big game winter and summer ranges and known wildlife migration routes were
obtained through personal communications with Tocal experts. Capada and British Columbia
Land Tnventory Hap529-32 wera used to defipe ungulate usa capabilitias in all study areas.

Tha published data were supplemented Dy a reconnaissance field trip between
27 July and 3 August 1975 for the Hat Creek Valley, Pavilion and Kelly Lake areas. A
sumuer range aerial survey was undertaken on 17 September 1575 of the known California
bighorn sheep ranges on Marble and Shulap Mangses, Yalakom Mecuntain and Slok Hi11. A
pellet groun transect survay was conducted during the week of 16 tc 20 May 877. Vegetation
map units identified and described for the local study areat were -eviewed for their
notential as big game range, based on plant species compesition, elevaticn and aspect.
Two ‘pellat group transects measuring 152 m jong and 3.1 m wide were established in each of
nine units selectad as potential big game range.

Animal observations and track abundance from British. Columhia Land Inventory
field maps and notes,zg.34 the B.C. Hydro and Power Authority 1976 aerial survey35, the
B.C. Fish and Wildlife Branch 197% ground survey in the study areaas ani & 1878 helicoptar
survey by B.C, Hydro and the 8.0, Fish and Wildlifa Branch formed the basis of the available
data on ungulate winter distribution. This infermation, in conjunction with a literature
review, information selicited frem local sources, B.C. Fish and Wildlife Branch, Cache
Creek hunter kill data,37'38 and the results of the pellet group survey provided the basis
for the big game input inty the biophysical classification system,

Unland Game Birds

Information conzerning upland game birds was derived from published data, personal
communication and dirsct survey. The direct survey was conducted con 26 and 27 April 1377
in the upper Hai Creek and Medicine Creek Valleys. The numbers and species of game birds
seen or heard during a 6-minute period at each sampling station wers counted. A total of
40 statiens, 10 each in Riparian, Ponderosa Pine - Douglas-fir - Bunchgrass, Open Range,
and Douglas-fir - Pinegrass habitats were surveyed.

Waterfowl

A.  Resource [nventory

Existing information regarding distribution and numbers of waterfowl in the
upper Hat Creek Valley was derived from investigations initiated by Ducks Unlimited
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and by the 8., Fish an& Wildlife Brancn.39'4O Qriginal Ducks Unlimited data frem

investigations in 1975 and 1976 wera alsc obtained and utilized in estimating watarfowl
populations, Additional breeding waterfow]l data were gathered as part of an overall
breeding bird survey from 6 July 1976.

Quring migration, single waterfowl index counts were taken during aerial
surveys conducted on 16 Septamber 1976 and 28 April 1877. Additional information
regarding species presance and relative abundance was gained from ground surveys
conducted in September 19758, and April and May 1977.

8. Wetland Inventary

An inventory and classification of waterfowl habitat in the Hat Creek sita
arsa was undertaken, Air photo interpretation verified by ground observations
coupled with Ducks Unlimited data, was used to map, classify and count wetlands.
Relative accuracy of the breeding waterfowl survey was then assessed and the capability
of habitat to support waterfow] was evaluatad. The regional perspective was obtained
from published land capability data.

An attempt was made to classify wetlands through aerial photograph interpre-
tation, according to the system proposad by Stewart and Kantrud.41 Strict application
of this classification system was not possible on all air photographs and a compromise
system was derived. Each wetland was mapped and categorizad. ‘Wetland areas and
circumfersnce of edge were estimated by an eiliptical approximation method.42

Physical parameters of 17 wetlands chosen to represent the range of wetland
types within the upper Hat Creek Valley were sampled.z In each wetland, data regarding
appearance of vegetation, depth, water profile and soils were recorded. The pH and
specific conductivity were measured in each wetland using narrow-range pH paper and a
radiometar conductivity meter.

Birds

Distributien and seasonal bird status data were gathersed frem the Titera-
ture‘43'52 Records of birds sighted in British Columbia were searched for species of
special interest, such as rare or endangered species and raptors. Discussions wers held
with local experts, but most information was cerived frem {ield cbservations.

A breeding bird survey was conducted from 3 to & July 1976, using a modification
of the procedure used By the official North American 3reeding 8ird Survey. > >0 Birds
were countad and fdentified at 0.4 km intervals and by recording cbservations by habitat
along predestined routes. Three-minuta counts of birds were taken at 20 statiaons in each
of five habitats: Open Range {low and mid-eievation grassland), Riparian, Aspen, Ponderosa
Pine = Jouglas=fir - Bunchgrass and Douglas-fir - Pinegrass.
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(vi)

(vii)

(viii)

Furbearers

Harvest data from registered traplines and discussions wita B.C. Fish and
WildTife biologists were ttilized to estimate relative abundances of furbsaring species,
Trapping done by status Indians 15 not recorded by the B.C. Fish and Wildlife Branch and
is not included in this analysis. Tetal furbearer harvest information for the province of

B.C. was obtained from provincial records.ss

Smz1) Mammals

The census programme for small mammals was undertaken frem 2 September to
28 September 1976. Small mammals were marked and recaptured. On the basis of the racapture
data, estimates of relative abuncance for each species captured were established.

Fifteen live~trapping plots were estabiished; three in each of the following
five habitats: Open Range, Pondercsa Pine - Oouglas-fir - Bunchgrass, Rizarian, Aspen and
Douglias=fir = Pinegrass. .ive-trapping plots consisted of Longworth trans set 10 m apart
in seven rews of seven traps. A grid of four rows of 12 traps was used in areas whers a
7 x 7 grid would have extended out of the sampied habitat and into surrounding habitat
(three Riparian plots and ona Aspen plot).

The traps were set for a total of 5 days in each plot. Traps were checked each
morning. Mammals were cindividually marked by toe <clipping, fur clipping or some
reéognizab]e pattern, ATl other mammals observed on the pilots, but not trapped were
counted and recordad. S$ince reliable regional data regarding species' home range size and
trappability were neot available, relative abundances of small mammals were based on the
minimun number known alive in each trapping grid area.

Cansumptive and Nonconsumptive lUse

The term "game animals™, as used in this report, refers to species Tor which
hunter licenses are required in Zritish Columbia and is further classified inte big game,
game birds and furtearing animais. Wildiife resourcs use is considered under the headings
of consumptive and nonconsumptive.

A, Consumptive Use
Big Game o

Genersl resident hunting was analyzed within boundaries of Game Management

Areas 4, 14 and 15. Data were assessed by reviewing the B.C. Fish and Wildlife

Branch survey information for the period 157¢ to 1974, inclusive. Resident nhunting

within the project locale was analyzed using statistics from the Cache Creek check

station for the years 1969 through 1574, Nonresident hunting was assessed on the

basis of hunter returns filed with the B.(. Fish and Wildiife B8ranch by guide-
.outfitters operating i1 Game Manzgement Areas 4, 14 and 15 from 1870 to 1974.
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Waterfow! and Upnland Game Sirds

Consumptive use of watarfowi was estimated using B.C. Fish and Wildlife
Branch Hunter Survey questionnaire results, Cache Creek check station returns,33 and
Canadian Wildlife Service species composition surveys. These sources of information
differ in tarms of area coversd and the way in which data were collected. For the
purpose of game bird hunting, information from Game Management Area 14 only was
included in the analysis,

Furbearers

The consumptive use of furbearsrs in the regional study area was determined
by examining trapping returns on file with the B.C. Fish and Wildlife Branch. These
records were searched far all registered traplines within the regional study area and
within the jurisdictions of ths Kamloops, Merritt, Lilleoet and Clinton conservation
offices for the 1971-1972 to 1975-1976 trapping seascns inclusive, with all harvest
information use recorded. The results represent a ccomplete tally of all fur legally
taken within that time period and area except that taken by status indians.

Nonconsumptive Use

Nonconsumptive wildlife use was estimated from information regarding wildlife
concomitant with other recreational pursyits., The prime sources of ornithelogical
recreation activity were the nest record cards and the sight record cards on file in
the B.C. Provincial Museum.

Rare and Endangersd Soecias

The list of rare or endangered tarrestrial vertebrates within the study
area were Dased on compilations of the Canadian Wildlife Service, Nationai Musaum of
Canada, Canadian Wildlife Federation and the International Unien for Conservation of

Nature and Natural Resourtes.57-62

{a) Study Approach and Rationale

(1)

Forest Resources

The study employed a comparative approach whersby data were collectad from

regional and local study areas, each providing greater detail with increased focus on the
actual plant and mine sites. The definition of the regional study area is identical to
that desgribed in tha terms of referencesa and includes approximately 23 358 kmz of land

area.

The lecal study area is defined 45 a 25 km radial cir¢le cantered on Harry Lake and

encompasses 1962 kmz.
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(i) Insect and Diseace Survey

The forest resources of an area are subject to many deleterious agents which

degrade the quality of the resource. Insects, diseases, fires and industrial air emissions

are but a few cf the agents which cap have a negative effect on the guality of the forest

resource, Insect and disezse symptems can, in most occurrances, resemble or mimic symptoms

of

exposure to air emissiaons from fossil fueied facilities. Thus, it is important to

identify baseline insect and disease conditions prier to operatien of fossil fueled

facilities in order that future injury symptoms be attributed to the causal agent.

contrast to the previously defined study areas, the occurrence of

The approach incorporated both historical and present status informatien. In

£ major forest insect

pests was identified in an area bounded by 70 Mile House te tha north, Ashcroft to the

east, Lytion to the south and Lillocet to the west. Seven of the most freguently occurring

insects were chosen Tor closer investigation which included & review of the present status

within the vicinity of the Hat Craek Project.

(b) Data Sourcas and Analysis

(i) Forest Resources

Regional inventories were based solely upon information derived frem published
64-71

survey reports for each public sustained yield unit (PSYU) found in the regional, and

local study areas. In the contedt of local area descriptions, the unit survey reports

were used solely in the calculation of mean annual increments (MAL).

A

Regional Study Area

The forest resources within tha regisn wera described on the basis of
forest  stands, access, disposition and  industries. The published survay
reportss4_71 were used to zalculate area summaries for crown centrolied land. Volumes
for each PSYU, which were bhased on ¢lose utilizatiaen standards (18 c¢m + dbh, less
decay), were derived from crown forest land volume averages. Araa and volume data
for privately managed land were cbtained from the owners. In all cases, the portion
of a PSYU within the boundaries of the regionat study areaz was prorated, The apnual
allowable cut (AAC) for each PSYU was obtained from published inventory statistics.sg
The accuracy of these statistics was confirmed by the Resource Planning Division of

the B.C. Forsst Service.72

Listings of established licenses wers obtained from the
Kamiocps and Cariboo district offices of the B8.(. Feorest Service. Employment and
oroduction statistics of the forest industrial plants for 1975-1976 in the Hat Creek
region were determined via telephone surveys of each p]ant.73 T¢ supplement this
data, 1975 and 1976 producticn statistics for sawn lumber, plywoad and pulp were

extracted from recently published economic data.74
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8. Local Studv Area
Forest cover type maps75 with the associated map area and vclume
summaries76-78 were the primary sources used to compile area and volume data bdy

forast types (mature, fJmmatura, residual, not satisfactorily restocked and non-
commercial cover) for the local study area. Seven productivity categeries (good,
medium, poor, nonproductive, open range, alpine and cleared) were also idantified
from the forest cover type maps and summarized to produce a site quality map of the
Tocal study area. The mean annual increment (MAI} was converted to an ail-inciusive
MAI to obtain an estimated allowabls annual cut (AAC) for the partions of each PSYU
in the local study area.

(ii) Insect and Disease Survev

Information used in the preparation of a baseline inseqt survey was derived from
published records of the Forest Insect and Disease Survey of Canada.7g This informatian
was supplementad with two reconnaissance flights of the Hat Creek Area conducted during
May and August 13978. These two reconnaissancas concentrated on the vicinity of the proposed
project as well as the surrounding region.

Agriculiure

(a)

(v)

Study Approach and Rationale

The data coilected for this affort describe both natural and anthropogenic components.
Natural parameters investigated were climate, topography, soil and range vegetation. Anthropegenic
components of the agricultural system include ltand use patterns, agricultural practices, farm and
ranch characteristics, market conditions and government policies and programmes., In the agriculture
study the sita-specific study area was expanded to include the Hat Creak Valley watershed.

Land Capabilit

Agricultural capabfiity of land is measured as the rangs of crops which can be supportad
eh a particular land unit. It {s largely a function of climatic and edaphic factors and is analyzed
in each of the study areas with reference to three broad capability categories: high capability,
which can support crop plants; low capability, which can support rangs plant species; and
predominantly nonagricultural land.

{1} High Capabilitv Land

High capability lands are those portions of the regional study area where a wide
range af crops and/or hardy casreals and vegetables may be grown (with frrigation). They
were defined as land Capability for Agriculture Class 1-4 on Canada land Inventory (CLID
published and provisional maps. The CLI land capability classification scheme consists of
saven ranked classes developed from analysis of edaphic, climatic and landform features.
The classes refer ta the range of crop types capable of growing on a particutar land and
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(i)

not to crop productivity. Classes 1-3 are considerad to be capsble o growing 3 wide
range of crops. Classes 4 and 5 denote areas largely restricted to forage production and
grazing, while Class 6 consists of native grazing land. Class 7 has na agriculturail
capability at ail. It should be noted that z mepped capability unit sometimes carries two
CLY class ratings; an improvad rating whareby tne capability is determined assuming there
is irrigation and/or drain:ge improvement; anrd an unimproved rating, wheresy the capebility
assumes no such improvements. High capability land of the local study araz was defined as
CLI Land Capability Classes {improved) 1 through 5. The area thus delineated essentially
includes all irrigable lands. High capability lands of the sita-specific area were analyzed
in greater detail utilizing soil data from the provimcial sail surveyBO and a field survey
conducted by <JBRC staff.al
Secticn 2.4.2.

The methodology of the seil survay 1is summarized in

The znalysis of c¢limatic intluences en agricultural <¢zpability was performed
utilizing the climate capability for agriculturzl maps and publications prepared as part
of the CLI progranme.  These mans {1:125 000) represesnt one aof severzl considerations
incorpurated inte the CLI agricultural capacity classification of Canadiam lands. The CLI
ranked climate capability classes range from (lass 1, which refers to climatic regimes
supportive of tha widest range of crop types, to Class 7, indicating climatic extiremes
which preclude agriculture., For apporoximately 15 percant of the regicnal study area where
neither published nor provesional (less detaiied than published efforts) climate capability
for agriculture maps were available, information relevent tao the area was obtained from
1:3 500 Ogg ¢limatic maps preparad dy the Gaography Department of the University of British
Columbia. :

Low Capability Land

Low capability lands were defined as areas where agricultural activity fis
restricted to grazing and were broadly identified in the regional study area from a map of
22

biogeoclimatic zones originally corstructed by Krajina. From analysis of forage

suitability of charactaristic grass species, three of the six zones occurring in the
regional study area were determined suitable for cattle grazing: Pondercsas Pine -
Bunchgrass, Interior Douglas~fir and Cariboo Aspen - Lodgepole Pine = Douglas-fir.

Low capability lands of the local study area consist of those areas classified
in the CLI land capability for agriculture scheme as Ciasses 6 and 7, which inglude range
land and nonagricultural land. This area was analyzed according to a tentative classifi-
cation of land capability for grazing developed by the Soil Survey Division of the B.C.
Department of Agricu]ture.83 While the Hat Creek basin locale has not been mapped for
range capability, provincial Soils Branch personnel have assigined range czapability classes
to each soil and landform unit delineated on the provincial soil and landforms map of this
area. In this system, Class 1 areas have "no impartant limitations te growth of native
forage piants" and Class § areas have "severe limitations” to native forage plant growth.
The detailad analysis of project site agricultural capability utilizad a vegetation map
(1:80 00G). Vegetation associations occurring in areas of the site not considered as high
capability land were evaluated for range capability and productivity.
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Praductivity

Data on crop yields cqurrently achieved in the study areas ware cbtained from 8.C. Jepartment

of Agricuiture documents including Preduction Data Information sheets>

Costs and Returns.85

and Producers; Consensus
Thase data were supplemented by consultation with lacal farmers.

Range productivity data were obtained to permit analysis of current carrying capacities
and diffarences between these and potential levels that may be achisved with good management
practices. The wvariability of range management practices as well as of naturad factars (soil,
topography and climate) were addressed through examipation of several information sources.

The current carrying capacity of local study area rangeland was derived from two sourcas,
B.C. Forest service grazing permit allotments (Kamloops District Office} and a 1969 Forest Servica
grazing map.as The first source was utjlized by dividing the areal extant of a particular permit
unit by the corresponding number of animal unit months (AUM, where animal unit refers to one 454 kg
steer or a Cow with caif) allotted to the unit by the Forast Service in 1977. Presumabiy allotments
are dynamic, reflecting current status of forested sactions of permit land yet in accord with long=
term protecticn of range resources. For nonpermit grazing lands, comprising appraoximately cne=third
of the LSA rangeland, carrying capacities for various vegetation cover types wers extracted from the
19693 Forest Service map.

An estimaze of cattle numbers currently supported by the Hat Creek Valley was develcped
through assessment of each of tha threse feed resources: irrigated valley lewlands, lower-elevation
spring grazing lands and higher—elevation summer rangeland. The irrigated valley lands are cropped
fer hay, which must meet feed needs over the § winter months. Hay yields were estimated for each of
three general sofil cnnd‘itions.a1 Forage productivity of spring pasture and summer range was derivedss
for each vegetation association as defined in Section 2.4.2. Translaticn of forage yields into
corresponding number of cattle capable of being supported, was achieved with .the foliowing
assumptions: '55 percent utilization of forage (if exceeded, could tead to long-term deterioraticn
of range productivity); a forage requirement of 300 kg per AUM; and accessibility of the entire
range to cattle.

Carrying capacities potentially achievable in the Jlocal study area with good range
management were extrapolated from estimates of palatable native forage prcducticn.ss The forage
yield astimates relate to the five provincial tentative grazing capability classes {see
Saction 2.4.6(5)(i1), Low Capability Land) and were derived frem "measurements of undisturbed native
forage in grassland areas and under weil stocked lands". Extrapolation to catile carrying capacities
corresponding to the varfous grazing classes incorporated the three assumptions noted previcusly.

A second astimate of cattle carrying capacities potentially achievable in the Hat Creek
watershed excluding land capable of supporting irrigation agriculture, was derived from data scurces
other than those previcusly reported.es In this second approach, potential carrying capacities were
identified for each vegetaticn association, for both well stocked and recent c¢learcut conditions.
The hasis for assfgnment of carrying capacity estimates was based on range management

pub]icationsa7'88 and censuitation with staff of the Agriculture Canada Kamloops Research Station.
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(d)

Agricultu-~al Land Use and Practices

The agricultural land within the prejsct study area was identiffed through provincial
pubticatisns, aerial photographs, site observations and interpretation of land ownership patterns
and government policies ragarding Crown holdings. Land use infermation for the regionmal asrez was
abtained from census data referring te the Thompsoen-Nicola Census Division, bounda-=ies of which are

delineated on Fig. 2.4-7?. For the local and site analysis, use pattarns wers Jdentified from
interpretztion of aerial photographs (1:24,000) taken in September 1978; publiched presant use
maps;89 B.C. Ministry of Agriculture apd Ministry of Environment Reports;go’gl and land tenure

patterns. Land tenure patterns were analyzed for identification of rangeland, assuming cattle
grazing essentially occurs on Crown lends administersed under grazing Tease or permit.

2.4,7 Cultural Heritace Resources

(&

)

Phase I Laventory Methodelaay

The purpose of tha Phase [ Cultural Rescurce Study,92

conducted by personnel of the
Oepartment of Anthreoolcgy and Sociclogy of the University of 8ritish Columbia, was to describe the
cultural heritzage resources of Hat Creek Valley. The work was done under the auspices of the office
of the Provincial Archaeologist and contractad by B.C. Hydro in 1976. The 1976 study area consisted
of 30.4 cmz of valley bhottomiands and adjscent forested slopes. A stratified random sampting
programme with replacement was used. Possible sampling units, each 400 m by 400 » placed north-
south and eastwest, called quadrats, were created. Each was classified as either "grassland" or
"forest" by the predominant vegetation im the guadrat. Using this chiterion of vegetation, the
study area was ¢ivided (stratified) into 331 grassland quadrats (the grasstand stratum) and 234
forest guadrats {(the forest stratum) as shown on Fig. 2.4-3. A total of 44 quadrats, 32 for the
grassiand stratum and 12 Tor the fores£ stratum, were selected by random-sampling with replacement
for field investigation. These quacdrats, containing an area of 7.0 kmz or 7.8 percent of the study
area, wer2 then designated for intensive inventory. '

Intensive field work to inventory the cultural resources in each quadrat censisted of
complete surface observation by field crews of 4-6 members approximately 10 m apart moving in parallel
lines, from cne edge of the guadrat to the othar.

A1l archaealogical "sites" and isolated artifact locations were recorded. An archaeological
"site" was defined as the location of past human activity that teft meterial remains with an artifact
density of six items or mores within a 4 mz area and/o~ that left recognizable amanipulations or
changes of the surface (such as depressions, rock cairns or burnt rock middens)

An artifact "location" was recorded for the presence of a number of items fewer than the
arbitrary six items per 4 mZ area. Items recovered at sites and artifact locations included chipped
stone projectile points, ground stone teols, tools fashioned on stone flakes, stone flakes used as
toels, and, most oftan, the waste stone flakes created from the process of chipping other stone
tocls (deaitage).

2-131 ' Part Three



2.4

{b)

LAND RESQURCES - (Cont'd)

Sites and artifact locations wers located on maps. All surface matarial on each sita
located by the quadrat survey was completely collected. Surface cultural featurss were recordad.
Information was also collegted aon the gecmarphologic and current botanical characteristics of =ach
site and each quadrat. Soil samples were taken for each site. In additicn, the general condition
of each site, the degree of disturbance and the prebable activity that caused it were recorded in
order to provide a measure of present rates of non-project related impact. A few sites or cultural
features in 2 quadrat were selected for a very limited programme of subsurface tasting through
excavation in Phase 1. The Phase I study lecated 35 cultural heritage resgurces sitas; 76 in the
grassland stratum and ¢ in the forest stratum.

Phase II Invantory Methodaloay

With the general charactaristics of the cultural heritage rascurcas base determined by
analysis of the sites, artifacts and features located by the Phasea [ survey, the Phase II research
was directed to an assessment of the specific rescurces likely to be affected by the proposed
development in Hat Creek Valley. A multistage study to attempt complete inventory was initiated in
1977. The study area was axpanded to include the additional areas within the valley that were
subsaquently defined as 1likely alternative project component locations. Research priorities were
placed on those areas in the valley that were subjected to impact from preconstruction activities
(as frem exploratory drilling) or on those areas to be affected early in the proposed constructicn
schedule.

The large size of the study areas again required an initial sampling effort to meet the
two objectives of a c¢ompleta {nventory: 1. to determine the specific nature and distribution of
sites within each location; and 2. to detarmine the information content of various site types by
subsurface investigation through excavation.

The Phase [ sampling gr{d of quadrats was axtended over the other portions of the valley
oroposad for development to ensure the comparability e¢f the sampling units used in both phases of
study. The proposed locations of specific project components were considered as strata to be sampled
by random sampling with replacement.

The strata were designated as follows with the number of gquadrats within each stratum
given in parenthases:

~ Medicine Creek Wasta/Ash Dump (18)

- Upper Madicine Creek Fly/Bottom Ash Dump (18)
= Harry Lake Powerplant {6)

Powerplant Raserveir (8)

= Upper Medicine Creek Wet Ash Dump (48)

= Med{cina Creak Offsite Areas (72)

= No. 1 Qpen Pit Mine (77)

= Houyth Meadows Waste Qump {41)

= Hat Creek Diversion Reservoir (3}

(F and G are the forest and grassland strata
of Phase [ sampling)

M Lo XM OO B 3
]
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2.4 LAND RESOURCES =~ (Cont'd)

The locations of these strata in relation to the Phase I grassland and forest strata are shown in
Fig. Z2.4-4.

Two alternate surface dat: collection strategies were used in the Phase II inventory. If
the quadrat to be sampisd jay ocutside the Phase I study area, then it was subjzcted to complete
intensive surface coilection. If the quadrat was within the Phase II study arza, a judgemental
sampling scheme was utilized, whick used as its field method complete collection of material found
in transects across the located sites. The placement of tha transacts, each & path 2 m wide and of
the necessary length to cross a site, was guided by considerations of cbtaining a 10-20 percent
sample of the entire extent of the sits, of including the range of apparent artifact densities and
of supplementing the site map in reconstructing artifact densities onsifs. Transects were oriented
with respect to the north-gouth, east-west grid used throughout the antire cultural rescurces
investigation.

For the first season of the Phase II survey, 80 guadrats weare salectad Ly random sampling
without replacement for survey, 76 af which were outside the Phase 1 study area and ware to be
sampled extensively. Three guadrats; proved unsurveyable. In the 77 qguoadrats surveyed, a total of
104 sites were Tocated containing 34 cultural features, The sites were not distributed evenly
througheut the study strata, but showed concentrations within cartain strata.

Botanical and palynological data for the Hat Creesk Valley were collected during the first
season of Phase II investigations. As in Phase I, physiegraphic information was recorded for each
Gguadrat and site and included observation on landform classification, drainage, slope, exposure,
accassibility ahd the quality of field of view.

Excavation at cne site was begun in 1976 and continued during 1877. Subsurface excavations
ware initiated at selected lithic scatter sitaes, several of which included a “cultural depression”.
Upon excavation these cdepressions were found to consist of tayers of thermally fractured rock,
charcoal, ash and some carbonized plant remains. The charceal and plant material was collected for
future botanic, radicocarbon and dendrochronological analysis. Fauna remains encountersd were also
coliected for future analysis.

2.4.8 Geology

{a)

(bl

Studv Approach and Rationale

The gealogy of the oroject area was surveyed for all natural ressurces and physical
characteristics that could be affected by the Hat Creek Project. Studies emphasized the economic
aspects of rescurce utilization and recovery, as well as fundamental analysis of geologic sturucture,
stratigraphy and seismicity.

Data Sources and Analysis

Atthough regional geeclogic studies are described in the literature, little detailed
information was availabie on the :pecific area occupied by the project complex. Methods used to

gather and analyze the geologic cata related to the areas of interest cited above inciude field
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observation, geologic mapping, 1{terature searches, drilling and coring, field sampiing, geophysical
and geochemical field surveys, aerial photograpnic fntarpretaticn, and extensive Jlabaratory testing
and analysis reiating to the physical and chemical properties of naturai rasources and earth
materials.

SQCIO-ECONOMILS

Introductien

Information was collectad of a quantitative and qualitative nature in order %o describe the
histarical and existing socio-econcmic setting and to provide the raw data and inferential base tc make
prejectians about future socio-sconemic levels of activity. Egenemic, social and pelitical theory provided
the basis far selecting explanatory variables. In order to abtain data on these variables for various
purposes, direct methods {e.g. sample surveys) and indirect methods {e.g. )iterature research) were
undertaken. Also, extensive information of a qualitative nature was accumulated to assure that all
concerns are placed in their proper temporal and spatial context.

Income, Emolovment and Pogulation

The baseline data on income, employment and population were collected from official government
publigations, personal d{nterviews with governmeat and union officiais, written correspondence and
telacomsunications. tachnical literatura search was undertaken in all areas for data and information.
The Hat Creek Area Resident Survey, complsted {n 1977, provided economic amd social information an
households. In additicn local newspapers were examined for relevant information.

Community Land Use

For the purpose of the land use inventery, a map was prepared {Fig. 3.5.2, Chapter 3.0} at a
scale of 1:100 000 that 1s centered on the project and incorporates an area within a 25 km radius in all
directions, Existing land use maps for this study ars2a were used 3s base maps and updated by more recent
information. The land use mappings consulted were prepared in 1376 by the British Columbia present land
use project as part of the Canada Land Inventory (CLI)*, at a scale of 1:50 000, The CLI mappings were
updated through the usa of color remote sansing photography taken in September 1874, at a scale of
1:24 600. Land use categories which were given particular attention in the updating process were improved
pastureland, built-up areas and mines and quarries. Areas in forest and rangeland categeries have not
undergone significant change and are, thersfore, represented primarily according to the original (LI
present land use mappings, dated 1967.

Housing

The statistics provided for the housing market analysis of municipalities were obtained by
personal discussicns with responsible persons in the housing sectar as well as by surveys undertaken by

* The CLI is a fedarally approved ration-wide survey of land use and capability for the purpcse of
Tand use and rescurce planning for agricuiture, forastry, recreaticn and wildlife. Eagch provincs
performs the survey within {ts own boundaries, with the fintent of previding resource development
planning at all levels.
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2.5.6

SOCIC-ECONOMILS ~ {Cont'd)

the detailed anvironmental consultant. £ physical counting of the housing stock compiled data on housing
starts. Vacarcy rates were chbtained through parsonal discussions with real estate officials and zpartment
heilding ownars. Information on constiruction astivity was ebtainad from building permit data and discus-
sicns with leogal contractors. Price data were released Dy members of the local real esltate trade.

Services

Datz and infermation on the *ollowing services offered by govarnmentz] units within the Hat
Craek study area were inventoried by tha sub-consuitant: 1. education; 2. health; 3. recreation; 4.
social; 5. cqultural; 6. corrections; 7. court/judicial; &, legal; 9. police; 10. fire; and 11.
communication service systems. This invantory on services was developed by peoling informatien obtained

from parsonal communications, official reports, znd records of the pertincht public sarvice group.
Recreaticn

(a) Dara Sources

Data for this study were jathered on setting, ragreatfanal assets, recreational facilities,
recreational activities, capability and constraints. Most data were ontained frosm published sources
arspared by provincial and local agancies. Agency represantatives and informed {ndividuals were also
contacted. Hat Crask consultant reports dealing with wildlife, fisheries, and aesthetics were
reviewed, and discussions were held with project technical personnel {n these and related disci-
plines. Current aerfal photagraphs ware interpreted for recreatioral devolopments Lo the extent
nracticable and 1:50,000 bese maps srovidad information on %topography and landforms. Fiald checks of
recreation resources apd facilities were also undertaken in the Hat Creek Yalley and surrounding
areas. QData sources for each topic ave summarized in Table 2.5~1.

(b) Analvsis Areas

Because project impacts <end to diminish with distance, the examination of recreational
phenomena by geographic area is an integral part of the methodeiogy. Four areas were delineated,
each of which (except the first) was divided inte cuadrants, centered onm the project site {these
areas are shown on Fig. 2.5-1). Thase gquadrants ware salected to reflect different-impact areas
asseciated with the project. Arez A includes the plant, mine site, ash dispesal sites, {mpoundments
and al} major land impact aress., Area B encompasses Hat Creek Valley surrounding ranges and hills.
Here, the greatest impacts could accur from air pollutants dischargad by the powerplant. Area C
includes major highways and the largest concentraticns of human habitation nearest the project.
Area § extends beyond Area £ to & limit of 100 im to the limit of stack emission effects. This area
includes a variety of recreatienal apportunities and facilities, some of which will probably be used
by warkers employed at the Hat Creek Project. Area A {5 about 12 560 ha in extent, Area 8 89 500 ha,
Area C 274 8G0 ha and Area D 590 £0C ha. The description and analysis praocedure is keyed to the
geograph’c areas described beginning first with Areas A and B, Area C is treated separately (within
the constraints of available data), followed by Area 0, which is treated more generizlly because it is
largs and because the recreational impacts it experiences from people living outeide the immediate
project region are important.
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Community and Regicmal Infrastructurs

AR inJ;ntory was developed by tha consultant covering the water system, the sanitary sewerage
system, solid wastes disposal and roads relevant fo the communities under consideration. The information
was obtained through contact with responsible government agencies in the communities. Information on
transportation in the region was obtained from the Ministry of Highways. Consultantions ware made with
each of the utility companies to determine their capability to provide adequate service,

Local and Regional Government

Financial data and information were collected for the municipalities of Ashcrofs, Cache Creek,
Clinton and Lilleocet; the Regional Districts Thompson-Nicola and Squamish-Litlooet; and Scheel Districts 29
and 30. The Municipal Act, the Ministry of Mumicipal Affairs, the municipal budgets and Toc¢al officials
were sources or providers of the detailed information.

Social Environmant

Information on the social environment of the area was drawn from a number of sourcses. A major
information source was the survey of residents Tn the study area conductad early in 1977. A gquestionnaire
was administersd to a random sample of over 300 persons in 145 households in Asheroft, Cache Creek, the
Hat Creek VYalley, Clinton, Lillooet and the surrounding rural areas. Qther data gathering techniques
usad by the consultants in defining the attributes of the social condition include: 1. a2 review of
similar projects and literature on previous projacts; 2. a survey of newspapers; 3. an interview schedule
with ‘ranchers in the Hat CreeX Yalley and key persons in the study area; and 4. incorporation of daia
from other study taam members.

Native Tndian Studies

The inventory was undertaken without the {avelvement of the Indian peopie fn the study area or
of the Department of Indian Affairs. As a result, information for this study had to be obtained from
published statistics, published research materials and reports and personal interviews with government,
cerporata and private individuals involved with thae Indian and non-Indian communities of the study area.

A library search revealed only & limited amount of published material of value to the study.
Anthropolagical and ethnographig referencas were able to be supplemented when the preliminary inventory
of cultural heritage resources in the uppar Hat Creek Valley was made available. Several published
studies and reports on the difficulties facing Indian pecple entaring the wage eccnomy wers utilized in
the study. The Canada Census, 1971, provided the most comprehensive data base available for Indian
residents of the study area. Personal interviews were held with government dgpartments and agencies
providing services to Indian peocple in the study area as well as Jocal employers and knowledgeable
persons.

2- 3 : Part Thrae



2.5

2.5.11

2.6

$0CI0-ECONGHIES - (Cont'd)

Aesthetic Considerations

(a) Literature Review

Visual analysis methodolcgies have been described as tools used %o identify aesthetic
attributes, forecast changas in aesthetic characteristics and Lo describe the implications of changes
in enviranmental quality and in the petential uses of the environmental resources.

In order to more fully understand current visual analysis principles. techniques, and
studies, a literature search and review was conducted. Materials were gathered at the libraries of
the Univarsity of British Celumbia, the University of Washington {state), the Resource Analysis
Branch of the Provincial Government, the Thermal Division of B.C. Hyero and Power Autharity and at
tha offices of thz co-ordinator of tha envirorpontal analysis, ESCLEC. VYisual analyses ranging from
general principles and procedures to detailed methods of visual impact measurement were reviewad and

absorbed.

The results of this review made 7Tt clear that there is a3 consensus and considerable
daveloped technical methodology for ¢lassifying and recording viswval quality of the natural
environment. There dis less agreemant on metheds for measuring the visual impact which man-made
alements have on the natural landscape. The basis for the visual analysis methodoiogy which was
developed for this study is work dene by R Burton Litton, Jr. and the Resourca Analysis Branch.

(b) "Study Methodology

The methodology employed in the study considered the analysis in three ssquential staps.
The first step was to assess the existing visual qualities and the visual sensitivity to change
within tie defined studv area. The second step was to describz the causes of visual impact (the
plant aelaments and appurtenant structures) and to evaluate their effect upcn the receptors of the
existing environmsnt, The third and final task was to determine the importance of the impact, bDoth
by judgiag tha quality of the scsne imposed upon and judging the megnitude of the impact upon that
scene and commenting on courses of aciion to mitigate or comoensate for the impact.

NOISE

In order to determine sound levzls presently ex{sting in the proposed Hat Creek Project anvirons,
a noise survey was conducted during the fall and winter of 1976 and 1977 and during the spring of 1977.
Four sites were chosen throughout the vallev to obtain resdings indicative of tre existing noise
envirenment. Sites 1 and 2 were indicative of ambient levels near Highway 12. Site 3 was indicative of
the ambient levels near the Hat Creek Road. Site 4 was selected as a sample of the zreas ramoved from
the frequently travelied roads. Site 5 at Ashcroft was chesen to be in c¢lose proximity to the proposed
pumping statien. The leocaticns of the sites are shown in Fig. 2.6-1.

Continucus noise measurements were taken at all five monitcring sites to determing the day/night

average sound levels, L and the various statistical indices such as LlO and L90' “hese measurements

dn’
were made using the fast response {125 ms time constant} settings of the noise anaiyzer to capture peak
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events such as car passbys. The most predominant noise events were automatically tape recorded so that
the most commcn noise sources at each site could be identified and so that invalid data could be
detected. The menitaring schedule is shown in Table 2.6-1.

Periodic measurements were made of the existing amdient levels in octave bands between 31.5 and
8000 Hz. These pericdic background measurements were taken usfng the “slow" response (1 s time constant)
on the sound level meter. Other data obtained during the noise measurement pericd included metearelogical
variables such as wind speed, tamperaturs and relative humidity.

Metgoroiogical data were collected during the fall by the measuring team at noise monitaring
Sites 1 to 4. During wintsr monitoring at each site, the measurement system was largely unmanned.
Metsorological data ware obtained from 8.C. Hydro weather stations close to the menitaring sites, The
Tocations of these weather stations are shown inm Fig. 2.6-1. In addition, wind speed data wers auto-
matically recorded on tape whenever noise levels pxceeded 3 preset valug., This was to ensurs that wind
noise resulting from excessive wind speeds greater than 19 km/h did not influence the resuits. A% noise
monitoring Site 5 (in Ashcroft) the wind speed was 2lso automatically recorded on tape. Because this
monitoring was done on an unmanned basis, other metsorological data had to be obtained from the government
weather abserver stationed in Ashcroft. :

Guring the fall monitoring, informal traffic counts were obtained by the measuring team at
Sites 1 to 4. In the wintar, traffic counts wera sxtracted fraom the tape recordings. At Site S estimates
of the volume of train traffic wers abtained from Canadian National and Canadian Pacific Railways.

At each of the four valley sites, two perfods of 24-hour measurements were made during the fall
and winter monitoring programmes; one on a weekday and one on a weekend, Due to time lost in moving from
one site to another and in calibrating the systam, some of the monitoring periods consistad of sligntly
less than 24 hours. At site 5 (Ashcroft}, only one 24-hour measurement was mada on a weekday in May
1977.

Ouring the weekday winter monitoring at Site 1 on S March 1377 the microphone failed during the
evening, henca the nighttime data was rejected and other data obtained previcusly for a weeknight at this.
site was used in its place. 0On 5 March 1877, unmanned monitoring was ¢onducted at Site 4 to obtain data
for a wintar weekend. Beczusa of high wind conditions followed by ocgasional calm periods, the dynamic
range of the measurement systems proved insufficient and the instrumentaticn was overloaded during wind
gusts. These data were rejected; howaver, this site was removed from man-made sound so¢ that the data
cbtained for a weekday approximated ambient sound lavels of a weekend at this location,

The noise monitoring system used for the ambient survey consisted of a Bruel & Kjaer Precision
Sound Level Metar Type 2204 and Qctave Band Filter Set Type 1613, a Hcdel 1945 General Radio Cemmunity
Roise Analyzer, a Uher Tape recorder Modeil 4400, and a 8ruel & Xjaer Calibrator Type 4230. A1l of this
equipment was battery ocperated and with the exception of the microphone and an anemometer, was containad
in a mobile labaratory.
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INTRODUCTION

CHAPTER 3.0 -~ RESDURCE INVENTCRY

Resourcs Inventory presents the bhasaline dats which characterize regional and local environ=

mental components. These datna were collected during the Detailed Environmontal Studiss (BES) and are

utilizad to deseribe the envirenment in the Hat Cresk region.

3.2 METEZORCLOGY -~ AIR QUALITY

3.2.1  Metzorclogy/Climatology

(1)

(i)

(a) Regiomal Climatological Cenditicas

Winds

The climate of ihe Hat Creek region is greatly influznced by the intazraction of
large-scale pressure and wind flow patterns with the regiond]l topagraphical features. The
Coast Range to the west and the Columbia Mountains of %ha Rockies %o the eiast serve to
shelter the area frem strong lower-level fTlows associated with large scalas atmospheric
circulations aloft. By prevepting marine air {rom panetrating into iniand areas, the
Ccast Range causes interisr British Columbia to be classified as having a "continental"

climate.

Disturbznces (storm systems)} in the upper atmosphere vary in lccatisn and inten-
sity according to the season of the year. At the latitude of the Hat Crzek Valley, the
highest frequencies of storm occurvence are in the spring and fall. Ouring these seasons,
upper-level winds over Haw Creek are predominantly from the southwest through north. In
winter, most storms track to the south, while in sumner, most storms pass well to the
nortn. Upper-level winds over Hat Creek are predominantly from the southwest through
northwest during these seasons. Surface winds in the region are grea:ly influenced by
tocal ‘topographic features. Llocal terrzin channeling and mountain-valley circulations
make generalizations about regional surface winds difficult, except that the surfacs winds
in the valleys generally flow parailel te the orientation of the vallay whila mountain

winds are more varied.
Precipitation

Precipitation patterns in southern British Columbia are strongly influenced by
terrain. As the prevailing westerly surface w'nds flow in from the Pacific Ocean and up
the slopes of the Coast ange, the maritime air is c¢ooled, causing cloud formation and
precipitation. As the winds flow down the eastern slepes they are warmed znd cry out.
Annual precipitation levels in the intericr average only 250 to 500 mm whereas the coastal
areas receive over 2000 mn (Fig. 3.2-1). The seasonal distribution is fairly even in the
inrtericr, however, coastal areas receive most of thei« precipitation in fall and winter.

3-1 Part Three



3.2

METEQROLOGY = AIR QUALITY - (Cant'd)

(ii1)

Temperature and Humidity

Temperature and humidity conditions in the Hat Creek regien are also influancad
by the presenca of the Ccast Range which isolates the region from the moderating effacts
of the Pacifi¢ Ocean. This resuylts in relativaly large diurnal and seasonal variations in
both temperatyrs and relative humidity. Ofurnal temperature variations are as much as 14
to 18°C in the summer and 5 to 10°C in the winter; summer averzge temperatures exceed
winter averages by 20 ta 30°C.

Seasonal variations in relative humidity values differ by 20 to 30 percent for
sevaral sites in tha Hat Creek region. Ofurnal variations are alse ilarge. [n addition to
these diurnal and seasonal variations, wide variations in both température and relativa
humidity conditions cccur among different locations within the Hat Creek region, depending
primarily on alevation. Mean annual regional temperatyrss are presentad in Fig. 3.2-2
and average daily temperature ranges for selected regfonal stations are presentad in Table
3.2-1, Regional dewpoint and relative humidity data are presented in Tabla 3.2-2.

(b) Sita Meteorological Canditions

Because of the large differancas in elevation and topographic characteristics within the

site area, significant differences exist in the lecal wind, precipitation, temperature and humidity

pattarns,
network.

These differences are svident in the records of the B.C. Hydro mechanical weather station
The following paragraphs presant information obtained from this network as well as from

nearby Atmospheric Environment Servica (AES) stations. -

(1)

Winds

The wind roses from an eight-station B8.C. Hydro monitoring network reveal wind
flow conditions that are indicative of a complex.mountaine-valley flow regime, Significant
day-night variations in both wind speed and direction occur. For example, at the statigns
within the upper and Jower portions of the valleys, a very low speed, down-valley “drainage”
flow predominates at night. 1In fact, nearly one third of the nighttime hours for scme of
these valley locations exhibit calm conditions {wind speeds less than the starting threshqld
of the instruments, about 2.4 km/h). Conversely, the daytime winds at these locations are
stronger and generally travel upslope in responsa to surface heating by solar radiation.
This day=-night variation is much less dramatic at tha ridge locations, reflecting the more
frequent influanca of upper-air winds at these jess sheltared Tocations.

The annual wind rese for the plant s$ite as represented by the data from mechanical
weather station WS 7 is presanted in Fig. 3.2-3. The prevailing (most freguent) wind
direction 1s from the west followed by west-southwast, narthenorthwest, and east-
southeast. The high directiecnal variability and relatively strong wind speeds {average of
about 10 km/h) findicated by the wind ruse are consistent with the ridge location, and are,
{n general, {ndicative of good diffusion conditions,
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The annual wind rose for the mine 51";.3, as reoresented by the data from mechanical
- wezther station WS 5, 1s -enicted by Fig. 3.2-4. 7ha prevailing wind directicn is from
the south-southwest, followed by south and north. Thess directions are geperaily parallei
tc the valley orientation, with down-valley flow {from the south and southwest) prevalent
- at night and up-valiey flow (frem the narth) prevalent during the cday. Although the
average wind spzed is similar to that at station WS 7, the directional persistance exhibitad
is tvnical of the wvalley lecations and indicates diffusion conditions which are more
- restrictive than those at the ridge sites.

{ii} Precipitation

Average apnual total precipitaticen in the upper Hat Creek Valley is 317 mm,
distributed almest evenly over the year with a slight winter maximum. Although only
- minimal measurements &t the plant site are currently zvailable, a total of 340 to 4480 am
of precipitatisn should ¢ensrally be expeczed in an average year, bassd on data from
nearby stations at alevat-ons similar to the piant s*it.e.3 In general, stations at higher
- elevations in this regicon receive more precipitation than those at lowar elevatiens.
Annual snowfall in the upper Hat Creek Valley averages 1329 mm/a. Estimated plant sita
snowfall is in the range of 1500 to 2000 mm/a, again based on data from stations at

- ' similar elevations.

(i) Temperature and Humidity

Temperatures in the project area are also strongly elevation dependant. The

mechanical weather station nearast the plant site (W3 7) recorded average winter highs and

- Tows of 1.5°C and -Z.OOC. respectively, and average summer higns and Yaws of 21.8%C and

3.5% during 1975. The ‘ower valley station {WS 1) had average winter highs and lows

of -2.9°C and -14.1°% and average summer highs and lows of 20.8°C ang 8.4°% ~during the

- same period. These large diurmal and seasonal ranges (espacially at valley lecations) are
typical of interior or "continental" climates.

- Extramely large diurnal relative humidity ranges are also svident from the
onsite measurements. MNighttime humidities exceed daytime values by 20 to 40 percent at
stations in the Tower valley with the largest ranges in the spring and summar months.
Ridge locatieons are lass humid than valley stations at night, but similar to the vailey

-
stations during the day.
- (¢} Influence of Tcpography on Local Air Flow Pattarns
The influence of topography upon Tocal wind fields ¢ esvident in the wind speed and direc-
- tion data obtained from the eight mechanical weather stations. Winds at the valley staticnms,
Stations 1 to S5, follow c¢losely the orientaticn of the individual valley in which the station is
located. In addition, the hilis surrounding the Hat Creek Valley appear tc shelter the valley from
- upper-level high speed winds. Data from the three ridge sites, Stations & to 8, show freguent
southerly and westerly wind components. The winds at these Tocations are influenced by the large
. scale weather patterns. The ridge stations thus show a much greater frequency of pericds with high
-
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wind speeds, whila the valley stations, because of their sheltared locatiocns, experienca more calms
or near calms.

3.2.2  Air Qualfty

(2)

(b}

Regional Conditions

The region surrounding the Hat Creek area is generally sparsely populated with very few
existing significant sourcss of anthropogenic emissions. In 1977, B.L. Hydro engaged B. H. Lavelton
and Asscciates Ltd. ta prepare an finventary of sources of primary contaminants.4 The inventary
provides information regarding the nature and magnitude of particuiate matier, sulphur cxides, and
nitrogen oxides emissions in the Kamlocaps, Cache Creek, Clintan, and Highland valley areas. Based
en this document, estimated total emissions from existing and proposad facilities (but net including
Hat Creek) in these locales ara:

Sulphur oxides (SOX) - 102 104 kg/d
Nitrogen oxides (Nﬁx) - 20 534 kg/d
Total particulates (TSP) - 22 845 kg/d

With the exception of a proposed 400 t/d copper smelter near Highland Valley, and a preopesad 1000 t/d
copper smelter pear 70 M{le House, most of the sourcas are located east of Hat Creek in the Xamloops
area.

Existing regional ambient air quality data (dustfall, sulphation and suspended particulates
data from the 8.C. Department of the Envircnment) raflect conditions in and near the industrial
areas of Kamlgops where most of the above emissions occur. Hence, these data are not represantative

of the sparsaiy-populatad region surrounding the Hat Creek area, where much lower dustfall rates,
sylphation rates and concentratigns of suspended particulates would be expected. Thesa regional
amyient' air quality data are, however, presentzd in Appendix A to the Air Quality and Climatic

Effects Report. >

B.C. Hydro conducted snow sampling in the Cormwall Hills during the winter and spring of
1976-77 and in Wells Gray Park fn June, 1977, These sampies were chemically analyzed to provide
bvaseline Informatfon far an {nvestigation of potential effects of the powerplant on precipitation
acidity. The results from the analysas of samples at the two Tlocations were similar, indicating
uniferm composition of the regional snowpack. Interestingly, pH vaiues in the snow samples wers
about 5.5, near the "paturai" valus for precipitation in eguiiibrium with atmospheric carbon
dfoxide. Samples taken from streazms originating in the same snowfields showed a pH of approximataly
8.0. Apparently, alkaline matarial in the stream beds neutralizes the acidity of the fresh snow.z
Detai]eg results of the apaiysas are presented in Appendix A to the Air Quality and Climatic Effects
Report.

Local Conditions

————

A summary of the available measurements of total suspended particulates in the Hat Creek
Valley and Cache Creek fs presented in Table 3,2-3. 7The locations of these monitoring stations were
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indicated in Fig., 2.1-1 {Section 2.1.2, Air Quality Data Sources). The dzta indicate that existing
suspended particulate concentrations are very low in the Hat Cresk Valléy area, with geometric means
in the range of less than 17 to about 20 pg/mB. The data for {ache Creek (Statien £} are apparently
strongty influsnced by &the location of the monitor with respoct ta z dirt parking Tot and the Jevel

f activity in the area. These data are, therefere, not helizvad to be representative of Hat Creek

o
Yalley baseline conditiens.

ERTs Air Quality and Climatic Effects Report3 indicates that 40 pg/m3 represants a reason-
able but conservative background particulate level im the vicinity of the proposed mine. The report
alsoc indicates that a value of 20 ug/m3 appears reasonable for the lowar Hat Cresk Valley. However,
only spriag and summer data wers available at the time their report was written, Based on the more
complete dsta presented in Table 3.2-3, a geometric mean background concentration of 10 te 20 ug/m3
appears rapresentative of ceonditions in the vicinity of the propesed miae and in Tower Hat Creek
Valley, It i35 expected that existing particulate concentrations in the vicinity of the propesed
plant are even less becausa of the lowar level of dust preducing activities in this area.

No historical record of maasured ambient concentracions for ather contam’nants was avail-
zble for the present stucy. In view of the . project’s location in a rural area with very Tow popula-
tion density and no significant nedrady industry, background values of Zero have been assumed through-
out ERT's apalysis for contaminants otier than suspended partfcu1étes.3

3.2.3  Eaidemiolagy

It is the purpose of this secticn to summarize the data base from which ambient air quality
schievemant guidelines have been recommendszd to 2.C. Hydro and Power Authority for their preposed Hat
Creak Project. The five commonly occurring air poliutants for which criteria documents have been prepared
znd for which ambient air quality standards exist im most of the industrialized nations cof the warld are
addressed. These common pollutants are sulphur dioxide (SOZ), total suspended particulates {TSP), nitro-

gan dicxide (NOZ), carbon monaxide {COY, and photochemical axidants (03).

In additfon, a serizs of trace elements known to exist in varying quantities in the various
coal seame throughout the world are addressed.  For the most part, ambient air quality standards or
guidelinaes either do not exist far these trace ejements cor are darived from a2 severely limited data base.
Seconcdary air peollutants, dncluding suiphates and nitrates, for which no primary ambient air quality
standards or guidelines currently exist (except for California, which has a sulphate standard of 25 pg/ms,
24 hours average) are also discussed.

(a) Review of Existing Ambient Ajr Quality Criteria for Primarv Contaminants

Primary ambient air quality standards and guideiines for the United States and Canada,
both at the federal, provincial and state levels, are summarized in Table 3.2-4. Ia the U.5., a
primary ambient air gquality standard is ona specifically designated to protect human health with an
adequate margin of safety for the most sensitive segments of the popuiaticn. A secondary standard
is one spegifically designed to protect zgainst damage to vegetatiom both in agriculture and
forestry. The Canmadian federal standards are termed either maximum desirable or maximum acceptable
while Canadian provincial guidelines are set at three levels, A, B and ¢, with level A being the
most stringent and level C being the least stringent.
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(b) Review of Primary Air Contaminant Emission Rate Controls

()

summarized

Emission rate control critaria for several provinces, statas and federal agencies are

in Table 3.2-5. Canadian federal emission guidelines for coal=fired powerplants are

currently undar cevelopment and will probably regulate emissions based on mass of coal burned or par
unit of heat generated.

Health Basad Guidelines for Primary Contaminants

(i)

Sulphur Dicxide

A,

B.

Morhidity Data

Review of the available epidemiciogical data relative to the adverse health
affects of sulphur dioxide for 24-hour exposures indicates a range of response between
120 and 500 ug/m3 with the strongest evidence suggesting a range apprecaching 300 to
400 ug/ma. It was the best judgement of the researchers conducting more recent
studfes that the observed effact at concentrations below 300 pg/u:3 was due to sulphates
and not sulphur dioxide alone. '

‘Health infaormation gathered thus far indicates that ne significant increase

in morhidity results from Jong=-term exposures to sulphur dioxide at concentrations

below 90 pg/m” annual average, In fact, with respect to the increased prevalence of
chronic bronchitis in adults and increased acute lower respiratory disease fn chil-
dren, adversea effacts are only observed at concentrations fn the range of 90 yg/m3
to 200 ug/m3 annual average. .

Mortality Qata

Epidemiological data exists which are alleged to relate excess mortality to
increases in ambient suiphur dioxide concentrations. However, examination of these
data reveals a consistent simultanecus presenca of kigh smoke or particulate concen-
trations of 500 pg/rn3 or higher, during mortality episodes. This is compared to
lower particulats concentraticns of 300 pg/m3 when describing morbidity. The obser
vance of such differences has led researchers to-ascribe thase effects to the joint
interaction of particulates and sulphur dioxide producing sulphates. This has Ted,
in turn, to the current hypothesis that sulphates are the respensible agent in certain
health affects.?

Most studies have focused on increased mortality during episodic conditions
of severe inversfon which are not relatable to long=term exposures. Additionally,

"all study resylts have been obscured by other subtle effects, effects which are not

contaminant-specific enough to factor cut sulphur dioxide er even natural phenomena.
In view of this, attempts to link excess mortality to increased sulphur dioxide
tevels are very sguivocal,
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(it

(iii)

Total Suspended Particulatss

Horhidity Data

Raview of the availeble epidemiolegical data relative to the zdverse neiitn
effects of cuspended particulata mattar indicstes a rangs of response hetween 75 and
375 pg/m3 with the stongest avidence suggesting a2 range of 150 to 300 pgﬁm3. Mara
recent results indicate that deleterious health effacts occurred at particuiate
metter concentrations below this range. However, in the best judgement of the
resgarchers conducting the studies, these adverse health effacts were Jue to sulphates

rather than particuiate matier per se.z

Information relative to adverse health effects ¢f leng-term exposuras to
particulates indicates increases in morbidity resulting from leng-term exposure to
particulata matter {n the concentration range of £0 to 220 pg/m3 annual average.

Mgriality [ata

Epidemiological data exist which attempted to relate ingreases in mertality
te increases in embient suspended particulate concentrations. Thess data suggest an
adverse effect range from 200 to 730 pg/m3 and as with sulphur oxides, the mortality
range overlaps the morbidity thresheid. With regard to the guection of sulphur
cxides, excess mortality is not a very sensifive parameter. Currently, the gquestion
of whethar specific particelate-borne contaminants are producing adverse fhealth
responses halow a concantration of 150 pg/m3 is an Issue yat to be resolved.

The Z4~hour suspended particulate matter guideline with regard to animal
mortaiity data does not allow a defensible guideline range to be established. The
range of &0 to 100 pg/m3 annual average is supportable on the hasis of available
data. Once again, a strong possibiiity ex’sts that specific particulate-berne conta-
minants may bz producisg effects beleow this range.

Nitrogen Qxides

A.

Morbidity Data

Yery limited data exist on the response of humans to shori-term nitrogen
oxide exposure. Thess data suggest an zdverse response range of 2030 to 3000 pg/ma.
Results from long-term human exposure to nitrogen oxide is very timited and these
data suggest that effects are adverse 1in the range of 100 tco 600 ug/m3 annual
average.

Mortality Data
Currently, <here are no short-term studies of human mortality {n response

to nitrogen oxide. Cnly animal exposure data are available e¢n excesses in mortality
attributed te nitrogen oxide exposures.
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(1v}

(v)

Carbon Monaxide

A, Morbiditv Data
Review of tha available data relative to adverse effects of carben monoxide
on humans at l-hour averaging times indicates adverse effacts are observed at concen=
trations ranging from 43 to 3560 pg/ma. Over an 8-hour averzging time, carbon monoxide
concantrations ranging from 15 to 50 pg/m3 Ccause an adversa response. It is noted
that the most important physiclogical changes occur at the laower end of the ranga.
B. Mortality Data
A carbon menoxide health guideiine {im the range of 40 ta 50 pg/m3 {i-hour
average) is suppertable based on health data. However, because of the diversa physio-
logical effects and acute tandency to alter cardiopulmenary functions, the Jower
value of the range is preferred. Although fnsufficient data are available, a health
quideline in tha range of 15 to 20 pg/rn3 for an B8-hour average is supportable. As
with the 1-hour exposure guideline, the lawer end of the range is preferred.
Oxidants

Only morbidity data are available for oxidants., Few studies have been conducted

on humans for long-term exposure to oxidants. Review of. the relatively more complete
short-tarm data indicates that humans exhibit adverse responses to oxidants at concentra-
tfons in the range of 100 to 1200 pg/ma aver a 1/2 to 2-hour pericd. The most reliable

déta from the standpoint of completeness and physiological significance indicate this
range is too broad. Short-term oxidant concentrations in the range of 150 to 300 pg/m
ara supportable on the basis of these health data. Oxidants, like carbon monoxide, cause

very acuta responsas in particularly susceptible population subgroups and an attempt
should be made to adhere to the lower values in the range.

{(d) Ambient Air Quajity Standards and Guidslines for Trace Eiements

(1)

Trace contaminant health effects are discussed in the follewing saction. Particular
attention is given to 14 selected trace elements. These include arsenic, beryllium, cadmium, chro-
mium, copper, fluorine, lead, manganess, mercury, nickel, selenium, uranium, vanadium and zing. The
section also examines suspended sulphates, nitrates, peolycyclic organic matter and nitrosamines.
Ambient trace element air quality standards and guidelines for the Unjted States, and the Provinces
of Ontario and British Columbia are susmarized in Table 3.2-6.

Arsenic (As)

Although the exact compounds. of arsenic in particulates have not been charac-

terfzed.s all forms of arsenic accumulate in body liver, muscies, hair, nails and skin
tissue. Chronic exposura to ambient arsenic in savere cases 1s characterized hy nasal
septum ulceration, darkening of the skin, keratosis of the palms and soles, malaisa and
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(i1

(iif)

(iv)

fatigue. Children apparently have an increaszed sensitivity and accumuiate more arsenic in

their body tissues than adults.8

While arsenic hias been implicated az a carcinegen in many occupational and
epnidemicioginal studies, sesveral studies have produced contrary avidence regarding the
Tecation of the tumors. Arsenic is generally ancepted 25 producing a delayed skin cancer
in both industrizl and geileral popu}ations.s A1thouah animal toxicology experiments have
failed te substantfate the carcinogenic effects of arsenic, chromosomal mutation in tissue

‘s . . o 8,%,10,1
culture and teratogenicity have been cbserved in animal studies. 7" 1

fervilium (Be)

The respensa of various animal gpecies to toxic beryllium goientratiens does
12

not coincide with that of humans. For example, cancer of the lungs anz benes in animais
. N : 13 ..
has developed which {s noh typical of humans. Howaver, detwatitis hag heen peoduced in

animals tareugh heryliium dust exposure, and this svimptem does accur in man,

Expasura of workers to air heavily contaminated with berylliuvm causes delayed
acuta pneumonitis (lung inflammation). Sensitization te repested beryilium exposures is
also known. Chronic beryllium exposure is characterized chiefly by a granulomatous lung
disease. Latent periods of up to 20 years may octur before the onsat of this pulmonsry
cancer. Skin lesions, either from acute or chroniz exposures, are also highly character-
istic of beryllium exposure. QOther oargans of the body may develep granulomatous lesions,

including the heart.l4

Cancer of the Viver, bils dect and gall Bladder have all been
cited.s Pulmenary cancer and other symptoms of chronic beryllium discase have not occurred

for ambient occupaticnal concentrations of less than 2 pg/m3 for an 8-hour day.
Cadmium (Cd)

Since cadmium oc:zurs on the smallest particles in fly ash, it is readily respi-
rable and c¢an easily enter the Jjung, where it is absorbed and transported through the
body. Caemium teoxicity is manifested primarily as beone, kidney or pulmonary disease.
Long=tern ingastien can lead to abnormal bone develupment, osteoporosis and susceptibility
to multiple fractures. Carcineogenic and taratogenic petentials have heen shown in animal
exparimants although cadmium has also been shown to inhibit the immune response in
arn'mals.8

Chromium (Cr)

No harmful effects resulting from chromium at normal ambient concentrations have
been reported. Epidemiological studies suggest a high incidence of lung cancer in workers
associated with the manufacture of chromium chemicals. Animal studies confirm this carcipo~
genic effect. Long-term exposure to low levels of chromium cencentrations in the lungs of

s . 1
the average man increases with age.'5
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{v)

(vi)

(vii)

(viii}

Caopoer (Cu)

Copper is an eassential alement for man as well as many plants and animals. In
man, caopper is presant in many oxidative enzymes, and is necassary to the formation of
haemoglebin. Coppar does not accumulate in human tissues with age, although serum copper
levels do increase. Inhalation taoxicity, although relatively uncommon, is primarily
manifested through occupational exposurss to high concentrations of copper dusts and
fumes.

Fluorine (F)

Fluorine is not an essential element for normal physiological functioning fn the
body, although it is ene component of animal bones. Fluoride is considered to be bene-
ficial to humans in some instances. Acute exposure to hydrogen flucride gas causes burns
on tha skin and intense and sometimes fatal lung irritation.ls Chronic exposure to
extramely high concentrations of atmospheric fluoride is known from occupational scenarios
to cause ¢rippling fluarosis (debilitating bone disease). Under normal conditions, inhaled
fluoride constitutes a very small portion of the body's total fluoride intake. However,
in a few instances, community health effects have been citad in people living near fluoride=
emitting industry. Symptoms of hematological changes and general health effects were
described. Thase symptoms are not unique to fluoride exposurs, nor are they common in
occupational fluoride exposure.

Lead (Pb)

Lead has long been associated with central and peripheral nervous system dissase,
renal disease, anemia and effects on haemoglobin forfnation.l8 The effacts of jead on the
central nervous system of children are devastating. The threshold values for chronic lead
poisoning have heen stucdied, especially with regard to the hypersensitivity of children to
Tow=level lead exposure.ls'zo

bl

i Human

21,22,23

Some earlier animal studfes show possible carcinogenic effects of lead.
studies have net borne this out, to date. Teratogenic effects are known in animals
and chromosoma aberrations caused by lead have been detscted through laboratery experi-
ments. Llead burdans in axperimental animals, similar to burdens expefienced by man, have
been shown Lo cause decrsased resistance %o infection and decreased 1ife span.18

Manganese {Mn)

Of the trace elements, manganese is one of the least toxic to nanmals. 2t

Because of its {mportance as an agtivator of different enzymes, manganese is one of the
tlements essantial to man's diat in trace amounts.

Inhalation of manganese dusts and fumes is not a normal expasure route but cases
of manganic pneumonia and chronic manganese poisoning have resuited from these occupatiomal
exposures., Acute poisoning by manganese is actually rare.25 Some studiss have shown
manganese to have a delayed mutagenic effect in gi;gg.zs
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{ix)

(x)

(xi}

Recent studies have found increasing incidences of preumoniz and respiratory
problems in communitizs near industries where large amounts of manganese dust are emitted.
However, the data rasulting from epidéméo!cgica] and occupatioral axperiments s always
suspect due Yo the deficiencies of the erperimental methods,

Mercury (Hg)

Methvi-mercury s the mest texic mercury compound and mose probabiy s not
directly emitted through combustion of coal. Since na daty exist at this time on the rate
of cycling or bictransfermation, it s difficult to assess the impact on the biosphere
from irorganic mercury amissions to the atmosphers.

Mercury vapor is efficiently absorbad by man with 75 ta 83 percent baing absorbed
at ambient concentrations of 50 to 350 mgfm3.27 Chronic exposura to lower doses, charac-
teristicaily named "mercurialisa, produces the iasicdious onsat of Toag-term symptoms
caused by the accumulation and retention of mercury in the brain, testes and thyroid.
These long-term symptoms have heen shown to be only partially reversible. Reral toxicity

is also a classical result of chronic mercury pﬂisaning.za'zg

Humans are exposed to
mercury in food, water and air, Thus, with multiple exposure reutes and the easy accumula-
tion of mercury in the tody, it is difficult to guantify the actual amounts of mercury

which cause chronic toxicity.

Both inorganic mercury and the organic mercury sacondarily formed in the environ-
ment demonsirats teratogenic properties in experimental animals. Animal expariments alse
suggest that mercury causes decrsased repreductive performance.  Cell culture experiments
have shown that both organic and irorgenic mercury cause chromosm2]l mutation although the
former of these has been refuted.z7

Nickel (Ni)

Nickal may be one of the trace elements essential to human health. Howaver,
depandent on tha chemical ferm of nickel, exposure may be harmful, HNickel carbony) causes
a delayed onset of fever, respiratory problems, Teucocytosis and cyanesis and can possibly
result in death in 4 to 1 days.aa The toxicity af inarganic nickel compeunds and elamental
nickel has not been as extensively characierized as that of naickel carbonyl., Aninal
toxicological experiments have demonstratad that all compounds of nickel are potentiaily
carcinogenic.30’3l Respiratory changes have baen noted in animals inhaling inorganic
nickal ccmpounds.32

Salenium (Se)

Selenium is a non-metallic trace element essential to human 1ife and helps teo
maintain body tissue e1asticity.33 Most reports on the adverse effects to human health
due to inhalation of salenfum describa industrial exposure te dusts, fumes, and vapers of
selenium and its compouncs. Elemental selenium is relatively pon-toxic, although it has
been implicated as causirg irritation to the mucous membrances, catarrh, nosebleed, loss
of sense of small and dermatitis,
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Selenium has been suggested as being teratogenic in one cccupational study on
humans.33 It has been implicated as both a carcinogen and an anticarcinogen in animal
toxicological stud1es.34'35
demonstrated no cancer mortality.

Occupational studies of humans exposed to selenium have
3% Epidemiological studies have shown a relatiscnship

between nigh selenfum concentrations in the soil or air and lower incidence aof
cancer.37'38'39

Hranium {U)

Adversa health conditions related to uranium usually are a result of the highly
toxic nature of uranium and its salts, rather than its radioactivity.40 Generally, uranium
causes pathological effects in the kidneys, lungs, liver, cardiovascular, nervous and
haematologic systems. Changes in protein and carbohydrats metabolism have also been noted.
Chronic exposures have alsc been cited as inhibiting reproductive activity and affecting
uterine development in experimental anima]s.40 Howevar, toxicity is a function of relative
solubility of the uranium compounds, with more soluble compounds being more toxic.

Vanadium (V)

Vanadium s poorly ahsorbed in mammals when ingested, but more easily absarbed
when inhaled, Insoluble forms of vanadium at concentraticns over 50 pg/m3 are thought to
accumuiate in the human lung and cause puimonary irritat1an.4l Body turnover for vanadium
{s thought to be rapid.

Afrborne vanadium emittad through coal combustion probably occurs in solid forms
in the fly ash. The toxicity of vanadium oxides, which are the most likely compounds in
fly ash, is proporticnal to their valence stata. The pentoxide. form is the most toxic.
Some authors consider vanadium %o be a significant health hazard when in a submicron
aerosol form. Epidemiological studies of atmospheric vanadium in urban areas suggest a
correiati:; of ambient vanmadium with mortality from bronchitis and pneumonia, especially
in males.

In animal experiments, expesures to high concentraticns .of vanadium resuit Jn
multi-system toxicity and death, Compared to industrial or ambient expasure, these levels
are extemely high. Animal experiments using more reascnable exposure leveals demonstrate
an adverse affect on pulmonary defense.

Some cepidemiologic evidenca exists which Tinks vanadium to lung cancer and heart
disease, but this is by no means ccnclusive.42 In fact, animal experimentation supports
the fact that vanadium is not carcinogenic.41 :

Zinc (2n)

I1lness from zinc occurs primarfly as zinc “fume fever”. This illness oeccurs
with cccupatfonal exposure to fresh zinc oxide fume, usually 1in concentrations greatar
than 15 mg/m3. This tands to be a short-lived illness with completa. recovery, even aftar
multiple exposures. Zing ¢higride {ZnC!z) is more caustic, and more frritating.
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Large doses of beth inhgled and ingested zinc have caused death o
el

experimantal animals. The copcantraticn levels uscd, however, are much highe

slace lavels or any ingested amount normally svailabie {n the Ziet.

Folyeyclic Sruanic Matrar (POM)

Polycvelic organ ¢ matter (POM) is a large grouwp of ring-stiructured aromatic
hydrocarbons which may hava substituted groups attuched to one or more rings. POM occurs
either as a vapour or, more commonly, a5 & condensed pariiculata. Relative to the public
health consideration of the prososed Kat Creek pewe-plant, polycyclic aromatic hydrocarbons
(PAMY include, aseng othar hydrecerbons, benio-z-anthriacene and banzc-a-pyrene  {3aP).

43
Many of the constitimnts have been suspected or ¢lzsszed as organic carcinogens.

/advarsa human health conditicns acsociated with exposure to poly-

cyclic areomatic hydrozarbons, the mast significant is carcinegenic activity. Workars in

the fossii fusi-related industries have been shown to have an ingraased incidence of botn
. 44-43 . P s .

skin and lung tumors. Tha causa-effect or dose-response re]auicﬁ:nwps for these

tumors have been difficult to ascertain.  Recently, anfmal toxicclogical experiments have

sin-pointed polygyclic organic matter as the carcinagenic agent contsined in the dariva-
tives of fossil fuels. Howaver, the majority of these studies are limited to the topical
application of P0OM resulting only in the induction of skin cancer. Toxicologic studies
45,46

41‘
'

fovolving inhalatian exposures have revealed

cr

2 valuahie information.

At ambient atmospheric concentration Tevals, polycyclic arometic hydrocarbons

43,45
have not been proven to cause human tumers. 7' In epidemiclogic studies, an association

has been shown between air contamfpation and human nortality rates from lung cancer.

Suspended Sulphates (504)

Sulphates are secondary conifaminants generataed by the chamical coaversion of
sulphur dioxide. A discussion on the atmospheric chemistry of suspended sulphates Js
beyond the scope of this summary. It is important te peint out that the subject of sulphur
diexide conversinn to sulphate is under intens2 investigation by federal agenciss and

academic institutions in the United States.

Animal studies have revealed that sulphuric acid (H2504) is tie most toxic of
all the sulphates being studied. 43 It should be pointed out that the toxicity of the
varicus suspended sulphates is a function of particle size, relative humidity and tempera-
ture. The subject of the biglogical activity of suspended sulphates s highly
controversial and cannot at this time be definitely characterized.

Tha only epidemiological stucies that have been conducted eon the exacerbaticn of
human health by atmospheric suspended sulphates were those by the United States Enviran-
mental Protection Agency vundar their Community Health and Environmental Surveillance

[~
System nrogramme (CHESS).“O The publicatien of a raport on the findings from CHESS jgnited
controversy aver the toxicology of suspended sulphates. This controversy is presently

unresalved.
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(xviif)

Suspended Nitratas {N03}

Suspended nitrates are secondary atmospheric contaminants produced through
chemical reactions occurring in the atmesphers. Even though a pracise understanding of
the processes through which atmospheric suspended nitrates are generated is not currently
available, 1t is obvious that nitric oxida (NQ) s the primary precurscr to this class of
atmospheric contaminants, Nitric oxide is a by product of the combustion of fossil fuels.
It has been specuiated that nitrogen dioxide {ntaracts with hydrocarbons and ozone to
produce, @ hazardous arganic nitrate known as peroxyacyl nitrate (PAN}. This highly
reactive molecule s unstable and probably decomposes in such a manner as to produca
inorganic nitrate.

No studies have been conducted {nto the toexicologqy of inhalad nitrate salts.
This is probably due ta the complexity of producing a nitrate salt aerosol the size of
respirable particles (mass median diameter of 3.0 microns or less).

The United Stated Environmental Protaction Agency, through its CHESS studies,
produced evidenca which suggests that suspended nitrate levels of 2-7 pg/m3 will produca
an mlevated asthma attack rate.51 The investigaters, however, caution that insufficient
knowledge concerning the chemical and physical nature of the suspended particulates Timits
the {ntarpretation of their observation.

Nitrosamines (NNA)

Tha bioclogical activity of the nitrosamines has been studied extensively inm
experimental animals.sz Sc far, every nitrosamine studied has baen proven to be cargine-
genic in at least one apimal species and every animal species situdied has provan to be
sensitive to at least one nitrosamine. These facts alone are sufficfent in establishing
the nitrosamine family as being one of the most hazardous in our environment. There have
been, howaver, no human clinical studies canducted on the biological activity of the
nitrosamines. '

WATER RESQURCES

Water Quality

{a) CGroundwatar

The results of the groundwater monitoring programme are presented in Table 3.3-1 (refer to

Fig. 2.2-1 ?¥or station locations). Analysis of the data indicated that all groundwaters can be
placaed in one of four catagorias:

(H

Shallow Groundwatar

This water s of the calcium-bicarbonate type and strongly resembles Hat Creek
water in its characteristics. This was expected as the alluvium is hydrologicaily
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(b}

connected to Hat Creek. The locations haviag this type of water zra: all) sampled domestic
wells (OW) excent DW2 and the artesian springs except No. 3 fast.

(i1} Intermediate or Surficiasl Croundwater

Thess waters exninit charscteristics between that of shallew groundwatar and
deap bedreck groundwater (sodium and bicarbeorate type). The samnle Iscations in this
categary at the Stesz] Brothers well, drill hele RHY7-45 fn the Houth Meadows arsa and
artesian spring No. 3 Zast. TIn the case of the two samples in Houth Meadows, the water is
derived from a surficial alluvium which flows through iimestone. In the case of artesian
spring Mo, 3 Ezst, the water appears to have travelled a ¢reat distance uncarground, thus

permitting sodium-zalcium base exchange Lo take pla

(ii1) feen Pernezpla 3adrock Groundwatar

These weters sre characterized by a high scdium content compzrad to zalcium and
generally have existed as groundwater for an ex:iended peried of time., As a resuit of this
they also exhibit high {iltrable residue and specific conductance values. The sample
Jocations axhibiting Lhis typa of water are drill heols RH76-19, bucket auger hole Nao. 7,
drill hole RH77-48, and drill hole RH77-43. A comparison of the results among these
stations indicates that ths zinc concentration of RHVS~19 15 an soparent cutlier (1,97 mg/L
compared to <3.01% mg/L for the two stations at Medicine Creck) probebly dua to contact
with the coal deposit.

(iv) Unigue Samples due to Special Conditicns

There are two sample 1ocaiions in this category, well Mo, 3 of the Bulk Sample
Programme and well OW8. ‘watsr from well No. 3 has apparently percolatec through the dry
tike immediately adjacent to tha well. This dry lake has 1=7i a large amount oY evaporite
deposits. Wwater feeding well DW8 has apparently come from a differsnt aguifer than tpat
feeding the other wells in the arsa, and has travelled a greater

et
This conclusfon is based an the much highar levels of zodium and chloride ifons found in
this well.

istince underground.

In general, while the grouncwaters examined showed many differences, they compared favour-
ably with Canadian Drinking Water Standards.2 In all cases the drinking water standards for toxic
chemicals were met and, with the exception of calgium in one locatien (weil No. 3 ¢f the Buik Sample
Programme), the recommendsd imits for othar chemicals {n drinking water wara mat,

Surface Witer

(i} Straams and Rivers

A corparison of the annual water qua®ity means for each watershed is presented
in Table 3.3~1. Data for programmes, other than the systematic sampling of Hat Creek and

the Sonaparte and Thompsen rivers, have not been inciuded in this statistical treatment.
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It should be noted that constituent concentrations did not appear to vary between stations
on a specific water body for a particular monitoring event.

A.

Cations: Trace Metals

Levels of aluminum were very law. With the axception of cne measurement,
all valuas reported were less than the minimum detectable concentration (MOC).
Arsenic, cadmium, chromium, lead, molybdenum, salenium and vanadium were also found
to be below the MDC at all stations.

The dissaived ferrous plus ferric iron content ranged from 0.022 mg/L for
the Thompsen River to 0,048 mg/L for the Bonaparte Rjver. The World Health Organiza-
tion's (WHO) recommended limit for iron in drinking watar is 1 mg/L. The values
found, therefors, are well below ths level at which iron begins to ¢ause a water
quality preblem.

The mercury levals ranged from 0.00029 mg/L for the Bonaparte River to
0.00040 mg/L for the Hat C{reek. The Canadian Public Health Standards do not {nclude
a standard for mercury, but the U.S. Environmental Protection Agency Natienal Interim
Primary DOrinking Water Regulations specify 0.002 fag/L.3 Levels found in the local
Hat Creex darea should not exert a significant effect on the watar quaiity of the
systems axamfned. .

Zinc concentrations above 5 mg/L can cause a bitter astringent taste and
opalescence fn natural waters, The annual system means for zinc found in this study

ranged from 0.007 mg/L for Hat Creek %o 0.023 mg/L for the Bonaparte River. These
values ars well below those that would cause any concern with respect to water

quality.

Catfons: Alkali Earths and Metals

Calcium is present in nearly all natural waters because of its widespread
occurrence in rocks and soils, An examination of the data for the different systems
shows that calcium is present in appreciable quantities with the calcium to scdium
ratio being approximataly 3:1. This wouid tend to indicate that the water has come
in contact with calcium bearing minerals. Particularly in the case of Hat Creek,
with an annual system mean of 57 mg/L of calcium, there {s an {ndication of a ground-
water component which has been in contact with calcium bearing minerals. Concerning
1ithium, only Hat Creek had a mean annual value greater than the MOC (0.001 =g/L),
and this value was onTy 0.002 mg/L.

Magnesium concentrations are considerably less than calcium in most waters.
The Ca:Mg ratfe for natural waters computed from equivalents commonly ranges from
about 5:1 to about 1:1. The value for this ratio ranges from 1.1 for the Bonaparte
River to 1,8 for Hat Cresk to 2.3 for the Thompson River. It appears that water in
the former two streams has been {n contact with either magnesium silicate minerals or
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dotomite. In the czsa of the Thompson River, tha value of the rztic is zlmost exactly

it mid-range veflecting the size of this watershed with 1ts much larger 2iversity.

Potassium salts are highly seluble ard are among the last to ce precipitated
as soluticns are evajoratad. The values found during the survey are al1 comparably
Tow. Hat Crzek exhibiied the highest conzentratien (4.0 wmg/L) which would be arpected

s evaporaticn is highest in this area.

i)

Sedium takes ne part Tn important precipitation reactiocns. It may, under
somg  circumstances, participate in base exchanye reactions. Secdium valuas of lass
hait 1 mg/L are very rare, The rather high sodium value Tor Hat Creck {20 ng/L) when
cempared to the Bonaparie and Thompson rivers may reflect the conlriration of low flow

and high evaporaticn that cccurs in Hat Creek.

Strontium s one of the most abundant minar constituents of ignecus rock
andd 15 also impertant in carbenate sediments. An examinaticn of the re<ults indicates
that the wakter present in Hat Cresk has prebably been in contact with same form of
strontium beiring minaral, as the values ocutained are abova those thot would otherwige
be expected,

Anions: Genaral

Boren is generally found in natural waters in only trace quantities, The
results of this survey indicate that in each water bhody the boron Tevel is Tess than
whe MOC (0.1 mg/L).

hloride ions are preseant in alil natural waters. In waters assaciated with
zedimentary rocks, concentratieas do not wusually exceed 9 mg/L. Much of the rock
formatiens in the Hat Creek Valiey are sadimentary in origin and correspondingiy, the

values obtained for chloride for all three systems studied were less than 5 mg/L in
all cases,

Fluoride in matural waters has been atiributed to soluticn of micas which
contain fluoride. Tre WHO European Orinking Water Standards set an upper limit of
1.5 mg/L for drinking water., The flucride content of the systems studied ranged from
0.11 mg/L for the Thompson River te 0.17 mg/L for the Zonaparte River. While the
concentrations are low, the resulis do indicate the presence of soma fluoride bearing

minerals in the ares.

Sulphates of most of the common metallic elements are readily soluble in
water. The sulphate ion {3 also chemically stable in most naturz™ waters. Gypsum
and anhydrite are an important source of sulphate in water. In the case of Hat
Creek, the rasults for sulshate, 54 mg/L, terd to indicate that there is a compara-
tively large groundwater fnput to this water body and that this groundwater has been
in contact with eithe~ a gypsum or anhydrite type of rock. The concentration is aiso

abieve the present ?0llution Control Board Level A Gbjective for sulphate, 50 mg/L.4
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Anions: Nutrients .

Somewhat high levels faor total Kjeldahl nitregen were nated. This is
probably due to agricuitural area rumaff. Generally the amount of phosphate prasant
in natural waters is lesy than 1 mg/L and the nitrogen/phosphorous ratio is appreoxi-
mately 10:1. Similtar ratios calculated from the annual system means gives values of
5.6, 8.5 and 7.5 for Hat Creek, Bonaparte and Thompson rivers, respectively., This
difference, particularly in the case of Hat Creek, is likely due to input of phose
phorous from fertilizer contained in runoff.

Organig, Nonionic and Calculated Values

€00, TOC and phenol when considered tagethar are indicators of envirenmental
cantamination of an organic ngture, Llevels of these three parameters werg found to
be guite low indicating that there is a low lavel of organic Toading to these
systems.

' As a broad classification, waters with a hardness (as CaC03) of less than
100 mg/L are considarad soft, from 100 to 200 mg/L moderately hard and greatar than
200 mg/L very hard.s Hat Creek may, therefore, be classified as being very hard
(224 mg/L), the Bonaparte River as moderataly hard (135 mg/L) and the Thompson River
as soft (38 mg/L). The alkalinity levels (as 03603) were found to range from 226 for
Hat Creek to 147 for the Bonaparte River, o 35 for the Thompson River, tanding to
follow the alkali earths and filterable residue lavels.

Physical Data

Most natural waters have pH values ranging from about 5.3 to slightly over
8.0.5 In all cases the waters sampied were on the alkaline side of the pH scale,

“ranging from 7.8 for the Thompson River to 8.4 for Hat Creek.

Coloyr may indicate the possible presence of organic material. Surface
watars that leach decaying vegetation and groundwaters that pass through peat, 1{g-
nite, or other buried plant remains may take on a colour. The law colour leveis
found for all three systems is a further indication of the Jow lavel of arganic
matter in the water. :

Turbidity 1s caused by tha presence of suspended matter. [t is an expres-
sion of the optical property of a sample of water which causes Tight to be scattered
rather than transmitted in straight lines through the sample. Excessive turbidity
tharefors, can reduce the photosynthetic process. In general, the average turhidity
values for all threes watar bodies were extremely low (0.81 %o 2.1 NTU) but during
freshet, vaiues up to 79 NTU wera observed in Hat Creek.

Temperature is important, and sometimes critical, for many uses of water.
It arfects the patatability of water, treatment processes and its suitability as a
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habitat for aquatic 11fﬂ For drinking purpases, water with 2 tarperature of 10°C
: 2 o s ; .
usually satiszfactory,™ 6 Temperztures greatar than 137C c4an be objecticnahla.

hare is a maxioum temperature that =ach specias of fish or cther organism can teler-

- . : . ., ¥] .

ata. For sxamole, rainbow Srout can talerais approximately 23 to £47C. Howaver, the
. . -5 -0

praferrad Lemparatire for this scecies s in the range of 137 to 17

-

Fig. 3.3-1 shows the water temperature for two different stations on Hat
Creek.  From the graph, it can be seen that "Het Creek near Upper Hat Creek" rarely

. e .
exceads 187C an

[
(%]
o

in, therefore, be ¢lassed as having good water gquality with respect
to temiceralure. At Hat (Crsek near Cacha Creck, however, the watar tesperature
during the months of June to Septemder froquently excesds 1590 and can excazed 2070
during low [ow oeriods, This area could {herefore be considerad to have only mar-
ginzl quality with recpect to tasmparature. In the ¢ase of the Thospson and Senaparte
rivers, th: highest fempsratures recorded ware 13 and L4°C, respantvaly, indicating

good watar quality with respect to temparature,

G. Physice] Reta: Rasidues

Bzsed on thoe results of Lthe freshet monitoring praograsme and on 2 graphical
dischargae related analysis of suspendad sediment (non-filtarable residiz) and dis-
solved salids [filterabls residue) concontrations, predicitiens héve been made of the
load variation for a hypathetical mean discharge year in both Hat Creek and the
Zonaparte River. This is shown in Fig., 3.3-2 and Table 3.3-2.

The estimated valuss indicate Hat Creck runeff 7s considerably more turbid

in the spring than the B3uonaparts, and it 2l1so yields considersbiy more dissoived
solids per unit area of drainage than does the Bocnaparie River.

H.  Biochemis

il Meyeen Demard and Dissolved Oxygen

In this study ¢the BOD at all atiens examinzd was less than the MOC

st
el -

(1 mg/L}, again indiciating a very low of bfodcgr dable organ’c matier in the
] ol

three systams evamined. Corresponding 1/, th2 average vad oxygen saturation for

sach water system sampled was ahove 90 percent,

Lakes

Two Takes representing two exiremes on the water gqualiiy spectrum were sampled.
Othar lakes in the Hat Creek VYalley can bs censidered to exist on a centinuum betwean
these two extremes. The two lakes chosen were Goose/Fish Hook Lake and Finney Lake.

Gonse/Fish Hook tLake is typical of an alkali sleugh found in the southern
interier ¢f the Province. 1% contains very high levels of aikali metals anz sulphate
which result in high values for pH, conductivity and filterable residue (3ee Table 3.32-1).

Firney L2ke on %the c¢ther nand, is more typical of an coligotropnic lake, characterizad by
relatively low nutrient levels and high levels of dissolved oxygen in the epilimnion. The
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following traca elements were lass than the MOC in both Finney and Goose Fish Hook lakes:
aluminum, arsenic¢, cadmium, c¢hremium, copper, lead and selenium. Of the remaining cations
in this group, all aof the levels found were similar to thosa described far Hat Craek.

(iif) Surface Water - Other Programmes

The results of these pragrammes wers utilized ta fuylfill specific {nformation
needs required during the course of these studies. Since the data were not directly
utilized for impact assessment, they are omitted frem this discussion. The Hydrology,
Orainage, Water Quality and Use Reportl should be consuited for the presantation of thesa
results,

(iv) Comparisan with Existing Data

The data collected during this surface water monitaring programme were compared
to "existing data" recorded by the Ministry of the Environment,7 Departmant of Fisheries
and Emn'1'-131'1men'l'.8 and the Calgen ‘.‘ch“pm-at'.'inan.9 In general, all data compare reasanably
well although some variation due to spatial and temporal differences in the sampling
programmes was noted. .

{¢) Laboratory Test Results

A1l laboratory 1eachate~ tests were carried out using procedures designed to acceierats the
release of extractabla salis. The tests were designed to determine the total amounts of water-
extractable salts and the relative rate of release of salected parameters, Results of total
extractable salts tests are given in Table 3.3-3 while test results on rate of releasa are presented
in Table 3.3-4. It should be notad that this Jatter table only ingludes the extractions from Day 1
of the total 8-day programme. [t was this initial extraction approximating initial pore volume
displacemants that was utilized to predict potential leachate valuas. 'The Solid Waste Disposal,
Coal Storage and land Reglamation R:-z;;or-tl0 should be consulted for the remaining rate of release
test results.

Hydrology

{a) Grouncwatar

(i} Flow Pattarns

Both the surficial and bedrock geslogy of the Hat Creek Valley are very diverse
and as a consequence the groundwatar flow patterns are complex. In order to simplify the
study of these flow patterns, four areas which appear to be potential impact locations
have been selactad for detailed avaiuvation.

A. General Flow Systems in Uoper Hat Creak Vallay

The flow systams fin upper Hat Creek Valiley can be characterized by ground-
water recharga in the upland areas and discharge in the valley bottom. The
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groundwater typically flows under 3n soprodiinaia hydraelic gradient of 0.1 towards

Het Creek where most of the discharge occues, hege east-west flow patterns are

shown Tn Fig. 3.3-3. The guantity of grouncwater wnich discharges ints Hat Creek has
el

been estimated to ba beatwzen 284 and 068 n”/d/km of creek bsd.  Approximataly S8 to

¢
89.5 percent of this groundwater reaches the cra-lt through surficial sedimaents,

n the wvicinity of the proposed ceal pit, the esast bench 75 well drained.
Groundwater discharge on this side of ths vallasy passes through the 2lluvium and into
Hat Creek without eny surfate discharge. Tho west bench slepes are less well
drained.  Spring: and seeps are comoun particuizrly below the 300 m contaur. Observa~
tions around Fipney and Aleace lakes sungest that “hese lakas ara Ted by locz) perched
groundwater fluw systems and small sireams flowing from the west. Intermittent
surfaca water discharce from these lsekes can cccur, naialy during “he spring freshet.
The remaindsr of tha iaka water is dissizatsd mainly as evaporation anc only a small
amount via greundwater discharge. fvidenze far the Yatfer conclusion is substantiated

by isotope data. v

The anly potentially significant zquifers in the main Het Creak Valley are
the valley alluvium and a buried bedrock vailey filled with glacio-fluvial sediments
northeast of the propesed coal pit.

Valley Aljuvium

The depth ard width of the aguifer will be variabla. The sstimated avarage
groundwater flow down valiey in this aguifer is 2300 ms/d. As the azuifer is hydrau-
Tically cennected wo M2t Creak, thers will be an intarchange of water hetween the

creek and equifer along the length of the craexk channal.

Glaciofluvial Valley

The approximate outline of this valley s shown in Fig. 2.3-3, However, it
should be noted that the location of the rneorthern part of this valley has not been
probed by drilling and hence its depth and lozztion are only estimates. The channel
s appreximztely 600 m wide and has an estiratad averags depth of 100 m below the
general bedrock surface. The estimated groundwater flow aleng this wvalley 1is
5,000 ma/d. The dischargae from the northarn end of the valtey provably seeps through
alluvium and then into Hat Creek.

B. Houth Creek Basin

The significant geological units and groundwater flow systems within the
basin are shown 1in Fig., 3.3-4, Tne <calculated groundwater flcws prasented in
Fig. 3.3-4 are as follows:
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0.

Inflow : Qutflow towards the West
In limestone 169 m/d
From north 72 m3/d In tiNl 2 m3/d
From west 380 n3/d In claystone caonglomerate 1 m3/d
TOTAL 432 2/d TOTAL 171.0%/¢

The difference betwesn the twa totals, 261 m3/d, js the estimated groundwater dis-
charge to the ground surface within the Houth Creaek basia.

Marble Canvon

Marble Canyon is leng and narrow and extends from Pavilien Lake to the
northern end of the upper Hat Creek Vailey. Massive limestone bedrock is exposad
along both sides of the canyon. The bottom of the canyon has been partly filled with
a glacial and glaciofluvial sediment to an estimatad average depth of 50 m.

Based on geologic evidence an aquifer or series of intarconnected aquifers
appear to éxtend to Pavilion Lake and beyond its northwestern sheres, However, basad
on topographic and {sotope evidence there appears to be a groundwater divide east of
Turquoise Lake {see Fig. 3.3-5). Thus, the water seeping frem this lake would flow
northwest toward Crown and Pavilion lakes. The groundwater flow systems in the
canyon are also fllustrated in Fig. 3.3-5. Groundwater flows from recharge areas at
higher alevations, latarally through limestone bedrock and discharges fnto the surfi-
cial sediment aguifer in the canyon bottom. This groundwater is suppiemented by
surface runoff which infiltrates into the talus deposits and eventually into the
surficial aquifer. The groundwater in this surficial aguifer will then flow in a
southeasterly diraction from the groundwater divide toward Hat Creek. An estimated
groundwater budget for the southeastarly flow s as follows:

Inflows
Deep seepage in limestone - 490 m3/d
Canyon bottom infiltration 1564 m3/d
ToTaL 2058 2%/
Qutflows
Down valley seepage in surficial sediments 2053 m3/d
Down valley seepage in 1imestona bedrock 1 m3/d
TOTAL 2054 m°/g

Medicine Creek Basin

Most of the bedrock in the Madicine Creek basin {s coversd with a low
permeability t117 blanket. Alluvium is almost absent in the creek bed. A1l bedrock
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(i) Water

units with the exceptien of some of the volcenin rocks would have nydrauiic condug-

Coes - -8 ; .
tivities ‘esz than 10 "m/s and hence, the rate of groundwater fiow through these

4

rocks wou'ld be very siow, he Madigine Creek Valley follows a qeolsgical fault.
However, based on data colliscted to date, =he hydraulic conductivity along this rault

is only marginally higher than the unfaulted sedronk,

Greundwater recharge will occur mestly in the upland 2reas and the movement
would generally hbe tnward the valley beottom (Fig. 3.3-6). The total sespzge flow is
estimated to be 35 m’ /d/&m along the langth of tha craock, The estinated down valley
groundwater flow at tho meuth of Medicine Creek iz in fhe crder of 250 ma/d. Most of
this total flow is i1 the till and less than 1 percent of ine flow is estimated to
flow in the badrock along the Tault Tine.

@5 - Sezsonal Variations

gathe
Tocat
same
decl’
fluct
16 m.

smatl

leval,

Yalle
(L) Surface Water

(1 Recior

Montnly plerometric head data bhave been reccrded since HNovember 1976, Data
red up o MNovember, 1977 have been utilized in this report. These pieZometers are
ed woastly in the vicini{ty of the proposed 37t area (see lcocatiens in Fig. 2.3-3) and
are in toe Medicine Creek Valley. The jgeneral trend in all of the data shows a
ne ¢f piezometric heads sinca HNovember 1876, Zased on precent data, maximum annual
uations of piezometr-c heads in recharge zone: are estimated to be between 3 and
Maximum annual fluctuaticns in the discharge arza near Hat Creek should be quite
(1 or 2 @) since piezometric heads in this area are Targely controlled by the cresk

A similar fluctuaticn is expected for piezemetric levels in tre Medicine Creek
Y.

nal Deseristive rtvdroloay

Thampson River

Tha Thompson River basin, with its drainage area cof approximataly 53 000 kmz

drains & large portion of south-central British Columbia. from the outlet of Xamlcops

Lake to its confluence with the Nicola River, thes Thompson drafas 7374 kmz of semi-

arid interior platezu, and of this zresz 5000 kmz comprise the Boreparte River basin
nich includes the 650 kmz Hat Creek basin.

The flow regime of the Thompsen River is deminated by srowmell runoff in
its head water area, the Columbia Mountains, with the contribution from the interior
plateau being aimost negligible. The most extensive stream gauging records scuth of
Kamioops Lake are zvailable at Spences Bricge, where the drainage area is 54 G650 kmz.
At the watar supply intaxe site, the drainage area is approximately 13 000 km2
smailer than at Spences Bridge but the hign and Yow Tiows should not differ by more
than 500 ﬂ3/s ang 20 ma/s, respectively. The maximum and minimun flow Freaguency

curves fer the Thompson River near 3pences Bridge are shown fn Fig. 3.3-7. Both
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curves have unusually flat slopes, fndicating that the year=to-year variation in beoth
freshet peak flow and minimum flow is relatively small,

Hat €resek and Banacartse River

In order to determina how the runoff patterns of the Bonaparts River and
Hat Creek compare with the general region, a regional analysis based on annual mean
daily peak flows frem 85 basins was computed. Basins with significant lake areas,
diversions or regulation were omitted from the analysis.

Initially, extreme maximum dajly flows were plotted against drainage area
as shown in Fig. 3.3-8. A1l points relating to Hat Creek or to the Bonaparts River
fall far below the envelope curve, Linear multiple regressions wers then computad on
the data, one for u, (the geometric mean of the flows) and one for ¢ (the geometric
standard deviation). Fig. 3.3-9 is a plot of the observed versus pradicted values of
4 for the 85 basins included in the regression. A1l the points relating to Hat Creek
or to the Bonaparte River lie far above the line of perfect agreement, which indicates
that Hat Creek and the Bonaparte River generate roughly one<=third of the flocd flows
of comparable basins Técated alsewhere on the Interfor Plateau. This is undoubtedly
related to the pronounced rain-shadow affect of the Coast Mountains, immediately to
the west of the Hat Cresek drainage area. In the ¢ase of the Bonaparte River, the
discrepancy fs partly attributable to extensive lake storage, which reducas peak
flows.

The regression on the geometric standard deviation was performed in a
similar manner (Fig. 3.3-9). The points representing Hat Creek fall close to the
line of perfect agreement, indicating that the observed year-to-year variability of
floods in the Hat Creek region is reasonably typicai for the southern Interior Plateay
of B.C. The Bonaparte River {s less typfcal, probably due to its larger basin with
significant Take storage.

Hat Creak Vallev Hvdroleoqy

Precipitation and Snawmelt

The year~by-year variations fin total precipitatior, total rainfall and
greatest 24-hour rainfall are {llustrated in Fig. 3.3-1C. Data on rainfail intensi-
ties of shorter duration than 24 hours are sparsa. However, based on the most
relavant data available for the present study, appropriate information related to Hat
Creek was developed (Fig. 3.3-11). ’

Total precipitation depends strongly on elevation. The best available data
are plotted on Fig. 3.3-12, together with a proposed curve for Hat Creek. The curve

{s an attempt to it those data points judged Lo be most relevant to Hat Creek.

Fig. 3.3-12 can be combined with the area-elevatfon curves for Hat (reek
and Medicine Creek {Fig. 3.3-13), to computa the volume of precipitation at various
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e2levations and subsequently a totzl mean precipitation input ¥sr these basins. For
Hat Creek, tha total amounts %o 3%4 mm, aevenly distributed over the 2avin area, which
czn be cempared to the 217 mm mean annual procipiiztion
of

8¢

103

climatelogieal station lecaled at an efavation m.

a0

Cresk is 320 mm.

-

Snow aocumu ation is also depencent on elevaticn.

T

his variation can e

investigated either on the basis of mean annual snowfall, or on oz basis of mean
maximum snow water content accumulated in the snow peck. In Fig, 23.3-14 data of both
types are plotiad against elevation. The propesed curva for Hat Criek fits the most

ralevant diata points as best as possible. From this the verage ssowpack is computed

—

I B . ) .
te be £.09 x 100 wm” of snow-water equivalent, o~ 176 mm over the tutsl basin area

This indicates that spproximately 45 percent of the total pragipitacion input into
,

the basin is facorpovatsd i the snowpack oefore hacoming runoff. ha year-fo-year

vaerfactfon “n spow gccumulation is 11lusTraved Dy taz freguency curve of Fig. 3.3-15.

In Fig., 3.3-16, the records for #at (reek and for the Banaparte River
inmediately upstream of Hat Creek and for Ha: Crenk itself are sunmearized as S-day
probability curves. The curves summarizs the vinge and sezsonal distribution of
cbsarved Tlows.  late August and early Sepitesher are oritical low Tlow pariods.
Peaks resulting from heavy rains can occur in sumwer but do not reach the pagnitude
of spring frashet flcws. The possibility of significant early snowmeit in Harch or
April ds not common., The Boraparte River appeacs ¢ heve a much gere reguiated flow
behavicur. This s due to significant ~ ke storzge and Jts very large Tdrainage
basin.

The standard flow-duration curves for the same four sites are shown on Fig.
3.3-17 znd the cerresponding flood-freguency curves ar2 shown on Fig. 3.3-18. Also
shown on Fig. 3.3-18 are the predicied (Tood fravuency curves based an the regional
analysis regression sguaticn for w, the mean daily peak flow, adjusted to the Hat
Creek region. In Fig. 3.2-19 the adjusted regiongl analysis nas also been used to
ohtain flood frequeacy curvas for Harry, Medicine, Ambusten, Andsrson, Finney and

Houth cree<s, the main tributaries of Hat Creak.
¥

Fig. 3.3-20 shows the year~to-year distribution of runoff Trom Hat Creek

!

Mean annual runoff, for the station "Hat Creek nezr Upper Hat Cresk" based on 14 years

& 3

of data, including 1875, is 21.0 x 107 m Thers is Tittie natural or artificial

storage in tha Hat Lreek drainage area.

In Hat Creek the lowest mean daily flows of the year can occur either in
Tate summer or in mid-winter, Low flow fraouency curves for tne Jais summer low,
mid-winter Tow and combined jaw have been presared as shown on Fig. 3.3-21. The two
Tow flow periods are quite similar in magnitude but the late summer flows are consi-

derably more variable.
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The response of Hat (reek to significant rainstorms has heen investigated
by searching the stream flow records for rain-caused flood avents. The resuits of
the analysis are summarized in Table 3.3-5. Column 8 gives the amount of runoff in
the hydrograph as mm over the 350 km2 drainages basin and Column 9 gives this runoff
as a percentage of the rainfall input. It ranges from 1 percent fo 10 percent, with
the larger values asseciated with rainstorms during or shortly after the main snowmelt
ssason. The lag {Column 7) appears to be in the order of 24 hours, but it s probably
claser to 12 hours for the largest flows. Runoff coefficients (Column 10} for rain
peaks in late summer and fall range from 1 percent to 3.5 percent, but for rainstorms
occcurring during or shortly after the snowmeit season, this goes up to 17 percent.
The one event with 30 percent runoff probably reflects high snowmelt conditions. The
true runoff coefficients and proportions of runoff are different and probably often
smaller than the values shown in Table 3.3-5, sinca the Tow elevation of the ¢limato-
logical station will often lead to an under-estimated precipitation.

Evaporat?en and Water Balancs

Evaporation and transpiration estimates for specific drainage basins or for
large areas {(greater than a few square kilometres) are normally obtained from a water
balance which can be stated as:

E=P-0-5

Where P s precipitation Tnput, 0 §s outflow, § is storage change and E s the
residval and can be assumed to represent evapotranspiration, as long as the area
under study does not have significant groundwater inflows or outflows. The sterage
change (5) can be neglected if long-term mean values are being considered. Applying
this equation to the Hat Creek drainage basin upstream of the stream~giuge at the
mine site {drainage area 350 kmz) where the long-term runoff {is €0 mm, and using the
elevaticn adjusted mean annual precipitation of 3% mm as input, one obtains an
evapotranspiration loss of 334 mm. With proper adjustments for irrigation and diver-
sion losses, the natural runoff would be approximataly 75 mm, giving a natural
avapotranspiration loss of 319 mm. This can be compared to values of 294 mm and
317 mm reported by the At.mospher'iq Environment Ser\n'ce.n Thesa latter values were
developed utilizing a modified Thornthwaite method, applying it to standard ¢limato-
logical data at the Hat Creek station and assuaing soil watar holding capacities of
100 mm and 200 mm, respectively, Oiffersnces are dua to the elevation-dependence of
the main watar balance characteristics. '

Channel Morphalagy and Flood Plains

Hat Creek Valley {s mainly the result of glagial processes, combined with
structural factors and stream erosien by earlier and probably larger streams.
Prasent~day Hat Creek is too small to alter the valley in a major way.

Hat Cresk's channel between the proposad mine and the ailuvial fan in the
Bonaparta Rivar Yalley, can be ¢lassified as {rregular and split to anastemosing and

3~ 26 Part Three



(3]

(9%

= {Cont'd)

oftan poorly defirec.  The wvallsy cross sazctions  show an entranched or partly

entrenched channel, Tor which lateral davelcpment §s5 continueusly cenfined by resis-

tdatnd sediments. The wvallay flat

n
(=}

tant wvalley wells cor high banks eof wurcon
generally censists of scveral fragmantary rarvow and Tew ferracz Tevels, and a narrow

genetic flood plain, rarely more than a few shannel widihs wide. The deminent channel

bed material 15 gravel Lo cebble with soma sand.

Thoe channal slons, outside of caryon sectinns, zppears to be abeut 1 percent
and is relatively constant ajeng msrvho?ogical?y homoqgengous reachas.  Onoa geologic
time scalz, Hat Cresk s degradipg alcag 2 hennal Tength, the

aliuvial Joaoat its downstream end being the main exceptia The dieensions of such

=3

chapnels zre genarally wost closely velated to relatively hlgh fiows. 5Sankfull flows

can serva as a rougy indicater of channel-Tormirg discharge.  Using these lavels,

ow3 have baen astimated for Reaches 1, 5 and 9 {se2 Fig. 3.3-23), as 22.¢, 24.% and
7.5 ma/s, respactively.  Thic can be compared witn the 2-yezr flood &t upper Hat
Creek of 6.0 m3/s and indigcatss that the channel Torming discharge ‘s probably in the

arder of 10 to 25 m3fs with a return period betwesn 4 and 30 years. A flsed plain

zene basec mainly on the cross sectien surveys and on vrgc tative indicatars, hzs been
defined on stereg air photegraphs. It is delineated ¢n Fig. 3.3-22 and 3.3-73. The

recurrznce  interval of flooding is probably quite varizhle over tha flood plains
zone, but should generally be in the same order of magnitude as barkfull flows, The
Hydrology, Crainage, Water Quality and Use Report should be consulted Tor mere detail

cn Hat Creel's channel profile and hydraulic geometry.l

{a) Groundwater

Within the Hat Creck Valley thera are 12 domestic welis, and three C“v;Tuvmd aprings. The
locations of all wells are shown in Fig. 2.2-1. [t is estimatad that the domestic watar consuinption
in the Hat Cresk Valley is approximately 30 ma/d. There are no wells or springs wnich are usad faor
irrigation purpoesas in the valley, however in some places ditches nave bzen dug o divert a minor

amount of groundwatar from areas of begs or seeps into dry soil areas.

A large capacity well supplies wash water Yor a limestene quarry located in the Marble
Canyon area. This well Js estimated to deliver 300 m3/d of which about 75 percant is returned to
the greundwater table as infilirated wastewater.

{b)  Surface Water
(i) Irrigation
The following andlyses were carried out fo estinate the amount ¢f water presently

used for drrication in tie stedy zrea {Fig., 3.2-24): 1) an analysis of water license

information, and £) an anaiysis based cn a water use model.
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Water Licensa Analvsis

Hat Creek Drainage

The water license information for the Hat Creek drainage basin was cata-
gorized in Table 3.3-6 on the basis of four subregions (refer to Fig. 3.3-24) which
contain approximately equal lowland areas of the Hat Creek Valley. A tatal of
1080 x 104 m3 of water of the Hat Creek drainage is licensed annually fer irrigation
vusa. The major source of watar is Hat Creek which is licensed for the diversion of
459 x 10* o°.

0f the 1050 x 104 m3, 631 x 104 n° are licensed for use on land that lies
within the Hat Creek drainage basin while 419 x 104 n° are licansed for use on land
that lies outside. Of this latter number, 224 x 104 m3 is iicensed for diversion
from Medicine Creek inta the Cormwall drainage and 158 x 10t m3 are licensed to be
diverted to the Oregon Jack drainage. This latter diversion, however, has not been
operaticnal for scmetime.

In addition to primary irrigation licenses, there are a3 number 6f supple-
mental licenses and some irrigation storage licenses. Thesa are also detailed in
Table 3.3-6. A relatively small amount of water is licensed for storage in other
areas.

Benaparte Orainage {south of Township 23)

A total of 1290 x 104 m3 of the surface waters of the Bonaparte drainagg
(south of Township 23) is licensed for irrigation use (Table 3.3-7). The major
scurce is the Bonaparte River itself. Cache Creek is the next largest source and one
jrrigation license is held on the Thompson River. A total of 75 x 104'of water is
under supplemental irrigatiocn license. Storage js licensed for Semlin Lake and a

resarvoir on the west fork of Cache Creek in the tota) amount of 66 x 104 m3.

Cornwall and Cheetsum Drainages

A total of 125 x 10‘ m3 of the waters of the Cornwall and Chestsum (immedi-
ately south of Cornwall) drainages is licensad for irrigation use. The major source
{s Cornwall Creek. Tha other five sources in this drainage are licensed for 10 to
18 x 194 n3 each. One supplemental irrigation Ticense is held on waters of (ormwall
Creek and storage is licensed for MclLean, Fitzellan, Henry and UK lakes.

QOregon Jack and Minaberrist Drainaces

Approximataly 148 x 10 u3 of the surface waters of the (Oregon Jack and

Minaberriet (immediately north of Oregon Jack) drainages is Iicensed for 1rr1gattcn
Oregon Jack Creek ig the primary source, accounting for 136 x 10 m3 of the total of
which 92 x 104 m3 of water is held under supplemental irrigaticn license. Storags {s

1icensed for one pond in the area in the amount of over 63 x 104 u3.
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a7 watar reguired for irrigation s a

functiion <1 climate, sof
crep ard Trrigacion system charanieristics,  ©n geneval, this amount is made up of
two majer conoopnents:  the Jrrigation raguiremaat of the crep (water used oy the
piants); and the amowit of watar that is lest during the conveyenCt: Trom scurce ta

fiald and during Field appiication {(water not availsnle to the piants). The ratio of

the irrigatisn reguirzaent of the crop to tha *otal amount of water used (i.e.

diverted fram sgurca) peprasants an drrization eVicienny value for & parivicular
sysLem

The model used to determine the dirrigatien reguirement s similar to a
computer  oefel  used by Agriculture  Canedz for agricuitural  areas  in 8ritish

12

Columbia. Tha formula usad 1s:

IR =R ({fPE) - P - 5U)

where, IR reprasents ithe irrigation requiremsnt of the crop, expressod 25 a death of
water; R resrasents 2 risk factar, which is a function of the risk of net having
cricugh  frrigation watsr to meet the consumptive peads eof the crap; T represents a
consumotive use factor which is dafined as the ratio of consumptive use of water by
a cyop to potential evapotranspiration; PE represents patential evapctrinspiration; P
represents pracipitatiaon and SU represents storage utilizaticn, which is the amount
of water stored in the soil at tha start of the season that could be utilized effi-

ciently under normal irrigation scheduling,

The irrigation requiremgnts {IR) detarmained by this weodel ZJu not take into
account various water losses. Thesa losses ara primarily a function of the mathod of
irrigation and type of soil. Two artific{al methods of irrigation are uged in the

Hat Creek Valley: sprinkler irrigation and creek divarsion for surface irrigation.

Efficiencies usad teo estimate present water use were chosen on the Tow end

of the theoretical ranges for each method and are as follows:

Aopliication Methed

Soil Type grinkler Ditch Diversion
Uptand 60% 50%
Fiocdplain 70% 60%

The quantity of water prasently used to irrigate lands within the Hat Creek
Yalley was estimated by Euperimposing tha f-rigation requirvements {IR) develcoed from
the model onts the amount of presently irrigated Tand and adjusting the total by the

water loss 2fficiency factor.

The results (Table 3.2-8) for both the guartities of land presently irrigated

and the sstimate of the quantities of water used for irrigaticn were summarized
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and reported on the basis of the four subregions defined for the Hat (Creek drainage
basin (Fig. 3.3-24). Tha westimate of total water used far irrigation is
679 x 10* n%/a.

A comparison of this estimate and the water license analysis shows 2 good
correlation for both the quantity of water and the quantity of irrigatad land. This
would indficate that, in general, irrigation licensas are presently being utilized in
full in the Hat Creek Vallay.

Livestock

The quantity of watar presently used by iivestock in the Hat Cresk Valley was
estimated to be 65.5 m3/d. Summer consumption would ba greater than this amount and
winter caonsumptien would be less, Tha estimate of the total annual quantity of watar
presently used by Jlivestock 1is 2.4 x 104 ma. This amount represents approximately
0.4 percent of water presently used for frrigation in the Hat Creek Valley.

Estimates of cattle popuiation were not available for other portions of ths,
study area; however, it is. judged that the ratio between livestock water use and.irrigation
water use for the BSonaparte, Cornwall and Oregon Jack drainages would net he radically
diffarent from that estimated for the Hat Creek drainage.

Domestic and Municipal

A. Hat Creek Valley

The total population of Hat Creek Valley including iwo Indian Reserves
(I.R. 1 and 2) 1s estimated at 110 persons. On the basis of water license data a
total watar usage of 84 n3/d is licensad for domestic and stock wataring purposes
from Hat Creek and its tributaries. O©Of this amount, 18.2 m3/d is divertad out of the
Hat Creek watarshed for use in the Cornwall Creek and Oregon Jack Creek areas. The
total withdrawal licensed from Hat Creek downstream of the proposed mine is 25 m3/d.
The licensed quantity for use on Indian Reserve No. 1 and 2 in lower Hat Creek
Valley is 13.5 m/d.

8. Qownstream Bananarte and Thommson River

The 1976 population estimatas for the downstream communities of Cache Creek
and Ashcroft are 1050 and 2030 persons, respectively. The rural population, exclusive
of the area Indian Reserve inhabitants, {s estimated at 220 persons for the unincor-
porated areas surrounding these cantres, The population of Indian Reserve No. 3
north of Cache Creek s estimated to be 100 persons.

Water license data indicats that a total of 8222 m3/d fs licansed for

domestic, municipal and industrial purposes from the Bonaparte River between the
Junction of Hat Creek and the Thompson River. The total licensad withdrawal in this
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categqory for Inaian Reserve Ko. 3 (Boniparte} is 13.3 m7/d and the total licensed
gquantity for Cache Crazk municipel use s 2070 m”/d.  The remaincer is licensed to
many othoer users ia this reach, mede up of individual withdrawal rights ranging from
3
2.3 to 726 m7/d.
The community of Cache Creek ebbsins fts water supuly from the 3Jceaparte
River using an icfiltration gallery tvpe inlake. The currest water system intake
capacity is approximately 4990 m3fd. Bazsad ¢n this valua and the 3978 nopulation,
s . . . 3 " -
the average daily demand s #sonroximately 0.91 a7/ cer capita or 253 mg/d.
The communizy of Asheroft pregently withdraws 7ts water suepply from the
Trempsen River, downsiream of the conflusuue of tho Sonaparte River, via a wat well

k!
tyna  intane. ne current Yicensed withdrawal ratve s 1315 m™/d, 4alzhough, suwmmer

=]
or
i
e
o
]
N

. PR vaes . .
damand reachss 7260 m7/d. Based o peaulation, tha average daily demand is

. 3, . P
apmcorimately 0081 w7/d por conits or 1847 n”/d.

The water license data for the Tnoapson River betwaan n and Lytton,
B.C. indicate a licensed guantity for domesiic purpesas of 477 m3/d ax¢luding
Ashereft's licensed amount. The total guankity licansad or in application status for
industrizl usze totals BG 885 m3/d. The majurily of this industrizl demand is for the
Loraax Mina in the Highland Valley.

o0 Jack Creek Areas

The currant population of the Oregen Jack Creek Indian Reserve is 13 persons
and a further 40 persons reside on the Ashocreft Indizn Reserve Ho. 1, 2 and 4. It is
reparted that no pecple Tive on the Mcolean Lake Reserve. "The guantity of water
licensed {or domgstic and stock wateving puTBOSES in the Cornwail Creek walershed,
ircluding domestic water diverted from the Hat Creak basin, is ¢8.8 m3/d. The
quantity licensed for industrial use is 12.3 m3fd. The total Ticensed surfice water

for domesiic and stock watering purpeses in the fOregon Jack Creek basin, inciuding

2
. . ‘ c s 3
surface water frow the Het Creek watershed, 75 15.9 m™/d.

Regional Aguatic Ecoloay

. s . . s 3-1
The nature of any aguatic system is dependent upen its watershed cnaractar1st1cs.l° &

Two kinds of watershed effects on aquatic acosystems exist: those due to the physical geographic
influences and those due to humanm ~nfluences.  Physical geographic influences include those due to
ciimaztolegy and geclogy. Human effects on a watershed are a rasuit of Tand use. In the following
sections, tha relationships between these factors and ihe aquatic habitats Tound in the region
surrounding the proposed Hat Creek Project (defined in Part Three, Sectien 2.2-5) are cunsicared.

After characterizing the aguatic habitats within the region, the bictz occupying these
habitats are gescribed. Primary empnasis is piaced on the fish species because of the iarge quantity
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of available information dealing with fish in the region, and also because impacts to fish are of
great concern to pecple. Further, since fish tend to occupy the highest trophic Tevels in aguatic
ecosystems, differences in other communitiss (lower frophic levels) will also manifest themselves in
fish populations.

In additicn to the indirect effects humans have on aguatic systems via land use practices
within watersheds, humans can directly sffect aquatic systems by exploiting fish populations and by
competing with the agquatic community for water use. The extent of these occurrencas is also
addrassad.

(1) Watershed Charactaristics
A, Geology

The configuration of the drainage basin is the result of long=-term geologic
processes expecially erosion, applied to the regional geclogi¢ terrain. Qrainage
basin configuration, along with climatic and vegetation charactaristics, contrel
seasonal and short-term precipitation runoff rates in streams. Water quality in
lakes and strsams s affected by the chemistry of the surface water dratnage and
groundwater inputs. Similarly the chemical characteristics of surface water gontribu~
tions to streams is affectad by rock and s0i1 geochemistry.

B. Climate

The Tocation of the Coastal Range on the westarn border of the region
effectively blocks marftime climatic influences. Temperatures exhibit continental
extremes, with average monthly temperatures reaching 21°C in the summer and dropping
betow =5°C in the winter. Precipitatien is generally low and exhibits an orograshic
pattern. Observed precipitation ranges from lass than 250 %o 1000 mm/yr with higher
values observed at higher alevations. Most locations in the region receive 250 to
500 ma of precipitation per year.

Surface water quality s {nfluenced by climate in several ways. Water
temperatures in the region c¢losaly approximate averaga monthly air temperatures.
Alkalinity in the ragion varfes from less than 50 mg/L %o greater than 400 mg/L.
Although partially due to the composition and solubility of soils and rocks, the
higher values are also a result of the concentrating effects of a climate whera
evaporation exceeds precipitation In many areas. Thesa and cther water guality
parameters for the various regional water bedies are given in Table 3.3-8.

The intermittency of many of the streams in the region can also bé attri-
buted to the arid climate.
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Lard use in the watarsheds within the rzgion 3 shewn in Fig. 3.3-2%. As
can he seen, much of the human orientcd land uses are concentratad around watar
1

Sodies.  This prebably has

in hirhor copcontraticns of susponded sclids and

faster runai? becauss of increzsed aress 5T clearsd Yand and an norease in nutrient

irput from zgriculiural sractices, szntiz fanks, leaching from garbage dumps, eto.

Twenty=fiva spacies of resident fish have been ifdant{fied within the region

{Teble 3.3-10). Many of thaesz species are adupted to cold, flowing water (or leke nargins)
1

n

with gravel or rock euhsirate.  Nens are rare ¢ encdangared, "™ OF the six spenies of
kokanes (]and‘iocked SO

are not wideiy aistributed within tha region. Delly Vards

salmonids, oreck trout {an introduced specias)

, riinbow trost, aad pygmy and

mountain wiiitefish are wmors prevalent. In addition ¢o tha rasident Tish, five speciss of

anzdromous  fish spawn ono spend their early Ti7e stages within the
? ¥

scckeve salmon { Oncorhynchus perta), pink saimon ( Qacoraynchus gorbu

'
S
( Onchorhvichus kisuteh), chinook salmon ( Gncorhwnchus Ushwavischa) anc staelnead trout

(Salmo gairdneri}. The signiTicance of tha Fraser River system is suggasted by the fact
ti

>

it an averace of 7 054 500 salmon producad by this system are caugh® by commercial

fishernen each vear, Whap added to the soort and subsistence catch, thie number represents
b P

excess produztion {(Fish net nesded to maintain the ponulation size).

The importance ¢f migratory fish to th: agquatic ecosystem witsin the region is
dependent upon the density of migrants and the time they spend within a given water baody
r porticn thersof,  The density can be highly variabie, dnpending uson éitewspecffic
tat factors. For example, in the Thompson River tetwesen 35 and 42 miles, twice as
many pink salmon spawn por mile than in the rivar betwsen 24 to 35 miles. The time spent
Wwithin a water body 15 species specific. Pink salmen spawn during alisrnata years (e.g.
1373, 1873, 1977) in Sep‘:embo_r‘ ana Qctober. Migration to the sea occcurs in the spring
soon atter amergrice from graval spawning beds while the yourg salmon ave stilil in the fry
staga. Sockeye salmon adults migrzte upriver during the sumner, spawn in the fall and the
Jjuveniles remzain in freshwater for 1 teo 2 yaars before migrating to the acean in the late
spring., Adult chirook sa mon exhibit a freshwatar life cycle similar to sockeye, but the
young af this species can 2ither migrate immediately atzer hztching or after saveral years
in freshwater. Adult coho salimon migrate upriver from July to December to spawn esch year
in the fall. Sema ccho szlmon migrate to the sea as Try in the spring and some remain in
freshwater for thair éntire lives., However, mest remair one year in frashwater. Steclhead
are gquite variablz in thair freshwater 1ife zycle. Upriver migrations occur in the summer
or winter, while spawning takes place in spring. Downstream migration of juvenile fish
occurs in the soring. Th: degree to which each species spawns within a given water body
within the region, the number of Tish travelling through the region %o spawn in upstream
Tocations, and tne total number of fish spawniag in the Fraser River system are given in
Tabte 3.3-11.
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Many salmon in the Fraser River system are infected with infectious haemapoitatic
necrgsis (IHN), the protozoan Trechophyrs sp, the copepod Salmonicola sp, or the lamprey
Entorphenuys tridentatus. The effects of the other infestations in natural salmen popula-
tions are not known, but IHN causes high mortality in hatchery fish.

Direct Human Effects

A. Fisheries

Fish caught by the region's sport fishery are mostly salmonids, although
some burbot are also taken. In the Xamlcops area rainbow trout, brook and lake
trout, kokanee and steelhead accounted for 57 00C, 19 000, and 2000, respectively, of
the 102 000 fish taken in 1969-1970, This representad 7.6 percent of the total
number of sport fish taken in British Columbia in that year. In the Xamloops area,
during the years 1963 and 1570, 79 percent of the anglers preferred to fish lakes
rather than streams. Within the region, 731 378 angler days were expended fishing
228 lakas in 1976, Sport fishing in streams appears to be somewhat more specialized.
Tha Thompson River, for axample, §s known for its steelhead fishing. It accounts for
84 percent (12 013 angTer days) of the effort expended in the region by steelhead
fishermen.

Regforal fish and wildlife personnel provided a general assessment of
angling pressure in tha region. Green Lake, Kelley lake, Kelley Creek, Tunkwa Lake
and the Thompson River (for steelheads) were thought to be fished at or near the
maximum desirabla fish;ing pressure. Other watar bodies in the region could evidently
withstand greater fishing pressure than they are presently receiving without damage
to their fish populatien,

A large portion of the Canadian and United States commercial salmon fishing
is dependent upcn the spawning and nursery grounds provided by the Fraser River
system, Approximataly 33 percant of the tatal salmon taken in British Columbia
originates in the Frasar River system, while 10 percent of the catch is from the
Thompson River system. The importance of the ragion can be assessed in terms of
spawning of escapement, given in Tables 3.3-11 and 3.3«12. 1In acddition, an average
of approximately 186 COC salmon and steelhead from the Frasar River system are used
by Indfans each year for subsistence purpeses.

B. Enhancement of Fish Pooulation

The region’s fish populations are not only exploited by the various fishing
categories discussed in the preceding section but also enhanced by varicus management
practices. Most important {s the control of the fish catch (e.g. by licensing
fishermen, establishing seasons, ete.) to prevent overfishing (i.e. fishing at a rate
greatar tham the optimum sustainable yield). Natural spawning 1s enhanced by
stocking. In past years, rainbow %Zrout, drock trout, kokanse, steelhead, cutthrocat
trout, Atlantic salmon, and take trout have been stocked in the region. Numbers of
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fish stocked are likely to increase in the future as two regional rearing facilities
are constructed and become operational. In addition, varipus stream improvement
projects have been undertaken so that migrant spawning would be enhanced. These
include fish ladders, spawning channels, and an incubation channel. Additional fish
will be spawned in the region in the future when a planned hatchery is built.

. Competing Water Uses

The Tocation and capacity of major intakes in the region are summarized in
Table 3.3-13. The location and volume of major discharges in the region are given in
Table 3.3-14.

(b) Site-specific Aquatic Ecology

Thompson River

The Thempson River, formed from the MNorth and South Thompson rivers and flowing
out of Xamioops Lake, drains the Thompson Plateau. The fish fauna consists of 13 species,
including five species of anadromous salmonids (Table 3.3-15). Much of the required
information in Section 2.3.5(a) also applies to this more specific section on the Thompson
River, The Thompson River contributes more than 30 percent to the annuai catch of Fraser
River salmon. River banks and beds which are composed mainly of cobbles and boulders with
isolated bars of grave] suitable for spawning are chiefly utilized by pink salmon. The
nearest  spawning area to the proposed Hat Creek intake site and the confluence of the
Banaparte River is approximately 500 m above the proposed intake sit.e.z]'

The river reach of concern and its relation to the project is shown in Fig. 2.2-4
{see Chapter 2.0). While this study involved no direct sampling of the Thompson in the
subject river reach, several qualitative observations were made. The Thompson mainstream
serves here as a migratory route for anadromous saimonids and provides some rearing habitat
for juveniles and resident aduit fish. 1t is characterized by a relatively deep channel
and strong currents. An area of rapids composed of large boulders is apparent at low
water just upstream of the confiuence with the Bonaparte River. Spawning conditions in
this reach are poor, and in many areas the river botiom is covered with boulders 0.3 to
0.6 m in diameter. International Pacific Salmon Fisheries Commission (IPHFC) divers noted
no spawning in this region, although a large concentration of spawners did ocgcur on the
spawning beds located approximately 600 m above the proposed intake site. <l There is aiso
some 1imited utilization of the Bonaparte River in the region below the falls.

The Thompson River is probably best known for its quality steelhead fishing and
is considered one of the finest "trophy" producing streams in British Columbia. While
catch estimates are not available for just this river segmant, B.C. Fish and Wildlife
reports that an estimated 732 steelhead were taken from the Thompson River during the
1976-77 season at an average success rate of (.122 fish/ angler/d.zz

Approximately 20 percent of this reg'ic;n of the Bonaparte River exhibits good
spawning habitat. An estimsted 611 pink saimon spawned in this section of the river in
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1977. In addition, a small but significant run of approximataly 25 fish annually spawn in
the Bonaparte R1vor.23 It is 1ikely that some coho and steelhead trout alsc utilize the
available habitat to about the same extent.

Other

A, Physical Habitat

Hat Creek provides a variety of habitats from its headwatars to its con-
fluance with the Bonaparts River. These habitats range from small pools and beaver
dam {mpoundments to fast flewing watar in canyon and chuta aress. Hat Creek tribu-
taries provide relatively poar fish habitat compared to Hat Creek {tseif. Overaii,
1{ke most cther small permanent stream courses of Iinterior British Columbia, Hat
Creek appeared to provide good rafnbow trout habitat. Some general obsarvations and
distinctions can be made whan describing Hat Creek in terms of fish habitat.

Using information derived from helicoptar flights and the mers intensive
assessaant of habitat parameters at the varfous sampliing stations, Beak Consuitants
chose to divide Hat Creek inta 17 longitudinal zones. 0n the basis of morphosatric
charactaristics, such as substrata particle sizs, pooi to riffie ratio, bank stability,
vegetation cover, ets., these Zones can be grouped as shown in Fig. 1.3~26, according
to tha thrse habitat types described below: 19

pe l

Substrata - predominantly boulder, cobble, pebble, and gravel
Pool to Riff1a - 30:70 - 0:100 7

Swift-flowing, commonly steep gradient, deciduous trees and brush
Zones -~ A, B, C, 6, I, L )

Type I1

Substrata - cobble, pebbles, sand, silt

Pool to Riffle ~ 80:20 - 15:90

Intermadiats but generally varied current and gradient
Beaver dams, varied vegetation type

Zones = E, F, H, K, ¥, N, Q, P

Type I1I

Substrats = pebble, gravel, sand, silt

Pool to Riffle - 100:8 - 80:60

Less steep but varfed gradient, sluggish to moderate currsnt
Beaver dams

Zones - D, 4, ¢

3~ 386 Part Thres



3.3

WATER RESQURCES =~ (Cont'd}

Sampling station locations are shown in Fig. 2.2-4 and their physical
characteristics are described in Table 3.3-16. Location of the Hat Creek station
relative to habitat twype can be seen in Fig. 3.3-26. Stations 5, 6, and 10 represent
Type 11 habftat and Station l4a is identified as Type III habitat.

Stations 8, 9, 11, 12 and 13 were established on five tributaries to Hat
Creek, an unnamed creek, Finney Creek, Medicine Creek, Ambusten Creek and Anderson
Creek. These small streams consisted of swift-fiowing cool waters for mest or all of
their length. Pool to riffle ratios for observed stretches of these streams approached
0:100. Finney Creek ran underground - for part of its length. Ambusten. Creek was
intermittent, as its water was diverted for irrigation on a seasanal basis. A partial
description of thesa streams appears in Table 3.3-16, and more detailed information
is provided in the Fisheries and Benthos Report. 1e

Stations 1, 2, 3 and 4 are Jocated on the Bonaparte River. These sites
would have been described as Type ] habitats had the Hat Creek classification scheme
been extended %o include the Bonaparts River. Pool to riffle ratios of 5:95 and
10:90 were observed and substrates were dominated by pebble and gravel. Water tempera-
tures in the swift=flowing Bonaparte ranged from 12° to 22%.

Water quality information for Hat Creek and the Bonaparte River is summarized
in Table 3.3-9. Water bodies located within the study area reflect similar micro-
climatic, geological, and soil conditions and contain waters of high alkatin'ity.lg
Alkatlinity values ranged as high 2s 800 mg/L with pH between 8.1 and 8.5, reflecting
the wali=buffered nature of these watars.

Benthos

Benthos is the term applied to organisms which live in, or on, available
bottom substrates. Animals typically found in these collections include worms,
mussels, hydras, protozoans, cgrustaceans (e.g. amphipods, or shrimp-iife animais},
and insect larvae. These animals are used as food by fish and wildlife. Salmonids
rely heavily on crustaceans and insect iarvae. Insect larvae may be picked up by the
rish directly from the substrste, or as they float downstream in a characteristic
pattern of diel (daily) "behavioral drift".

Type and Abundance of Organisas

A 1ist of organisms present in each of the study areas is given in
Table 3.3-17. These organisms are all "macroinvertsbrates”. Summaries showing which
of these genera are dominant, and the taxonomic orders to which they belong, are
given in Tables 3.3-18 and 3.3-19. Most of the animals identified in these tables
represent clean-water, or pollution-intolerant animals, as would be expected in the
Hat Creek Valley. They also reflect an affinity toward rubble, pebble and gravel
substrates, which characterized most of the stations.
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The density of animals present at each statfen fn September 1976, and June
and August 1977, is showd in Tanles 3.3-20, 3.3-21 and 3.3=22. Thesa data are pre=
sentad in tarms of habitat types as defined previously. Table 3.3-23 indicatss that
mayfiies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptara) are
abundant in local streams and no one organism consistently dominates samples. Vari-
ability among stations within habitats was also considerable (Tabie 3.3~23). With
the excaption of laka stations, the range of densities observed within habitats was
aftan as Targe as it was among habitats. [t may be reasonabla to treat the study
streans as 4 group of fairly similar environments with respect to their benthic

communities. These streams are all basically high altitude, fast flowing, relatively -

undisturbed systems. Goose Lake and Finney Lake (station 16 and 17) were consi-
derably different, as would be expected. ‘

A general similarity among stations {is observed when crganisms are arranged
in groups, each representing different levels of habitat and/or water quality specifi-
city.ls This kind of grouping is a classical one for studying gross differsnces in
community structure dus to pollution, but it often masks the subtle within-group
diffarences which exist becausa of adaptation to different physical habitats. Seak
Consultants Ltd.]'s creatad threw groups, as follows:

- Mayflies (Ephemercptera), Oragonflies (Odenata), étomﬂies {Placoptara),
Beetles {Coleoptara), and Caddisfiies (Tricoptara).

- Midges (Chironomidae) and other Diptara.
- Aquatic Worms (01igochasta).

Percent compositfon of samples taken in September 1976, June and August
1977, alang with substrate compositfon at those stations, is shown in Table 3.3-24.
Basad on percent ccopositions, pafred statfon “affinity indfces" were calculated by
sunming the smaller of the two percentages for each category {(e.g. substrata type, or
each of the thrae erganism typas). Indices between 0 and 100 are formed, and these
are plotted on a symmetric, or trallis, dfagram. Numerical values are printed in the
right half of the matrix, and codes, represanting ranges of values, are printed in

" the left half of the matrix to make {nterpretation easier.

Simitarities {in substrate composition among stations are shown in
Fig. 3.3-27. It fs evident that a‘lthm:qh there are gross similarities among habitats
{as defined praviously), substrate composition within habitats varies considerably.
For example, Station 1 on tha Bonaparta River is more closely related to the Hat
Cresk statfons, than it is ta the other Bonaparta River stations., Station 15 more
closaly resembles Bonaparte River stations 2 to 4, than 1t does Hat Creek stations.
Type 1 stations (5, 6, 10) are all closely reiated. Type II stations 14 and 15 are
related to substrats, but station 7 fits better into Type [ category if substrate
alone is considered. Similarity indicas based on a benthic group compesition (Fig.
3.3-28 and 3.3-29) did not reflect those based on substrate, but it is possible that
"station® substrates did not exactly represent the kind of microhabitat whers samples
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were actually taken. With the exception of the two lake stations (16 and 17) and at
times the various tributaries (stations &, 11, 12, 13) and Hat (reek station 15,
group composition among stations did not appear to be significantly different. In
September 1376 (Fig. 3.3-28), Bonaparte River stations (1 to 4) were similar among
themselves, as were Hat Creek stations (fn difference between Type I and II habi-
tats). Goose Lake (1£) and Finney Lake (17) had a 30 percent between-statjon affinity,
but were quite different from stream stations. These lakes were not sampled in 1877,
In June and August, 1977 (Fig. 3.3-2% and 3.3-30) station 15 was distinct from the
rest of the stations, probably due to minimal flow in this section (headwaters) of
the systes.

Biversity of Organisms

A numerical representation of species diversity (Shanpon - Weaver Index}
was computed for each station ‘and sampiing date. The details of this procedure are
given in the Fisheries and Benthos Report. 13 In generai it is intended to express
the evenness with which fndividuals are distributed among genera ("equitability"),
and the number of different genera sampled (“richness") in a single number.

Results of this exercise suggested that benthic diversity increased in a
downstream direction in Hat Creek Valley (basically Bonaparte River versus Hat Creek),
but statistically there were considerable overlaps in the indices calculated (as
shown by measures of precision, or "fiducial Hmits").l9 One would often expect an
increase in diversity with increasing distance downstream, due to an increase in
available niches. ’

Utilization of Benthic Macroinvertebrates by Rainbow Trout

Rainbow trout feed on benthic organisms to the extent that they are avail-
abla and/or abundant ({.e. the fish are t:&mm:n"tun'istﬂ:).]'9 The frequency of occurrence
of the most abundant food {tems in stomachs of Hat Creek and Bonaparte River rainbow
trout is presented graphically in Fig. 3.3-31, 3,3-32 and 3.3-33, wherein stomach
contant is plotted against sampling station. Only trout of the 51 to 100 mm and 101
to 150 mm size categories ware examined as these were the only size represented
throughout the study area.

The figures do not suggest any consistent spatial trends in the importance
of Ephemoptera, Tricoptera, and Diptera to the diet of rainbow trout. Examination of
benthic data presented in Tables 3.3-20, 3.3-21 and 3.3-22 indicata that the abundance
of these organisms in benthic samples alsoc fails to follow any consistent spatial
trends. It appears that neither benthic data or the analyses of stomach contents are
capabla of demonstrating that water bodies or habitat types differed with respect to
the nature of their banthic communities or the utilization of benthic organisms by
rainbow trout. Fig. 3.3-31 and 3.3-33 suggest temporal trends in the frequency of
occurrence of Ephemeroptera and Diptera in the stomachs of rainbow trout, thereby
suggesting seasonal and/or yearly trends in the availability and utilization of these
organisms by trout.
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Summary and Conclusiens

-

Benthic communities were gensrally similar throughout the study “area.
Excaptions included two small laka habitats, and, during summer, the headwatars of
Hat Creek. Samples were dominated by organisms which are generaily throught of as
being poilution {ntglerant. This was expectad in the upper Hat Creek Valley, although
some agricultural activity takes place in portions of the systaa.

Benthic community composition could not be clearly related %0 habitat type
in tha Hat Creek and Bonaparts River stream ecosystems., This difficulty was relatad
to environmental variation at the microhabitit level, and typical sampling variation
experiencad in this kind of a programme. Thers was some evidenca that benthic diver-
sity was greater in downstream portions of the vallay.

Rainbow trout tanded to feed on organisas which were asbundant and/or sasily

available, Whareas fish population parametars could be related to habitat type

(Section 3.3.4(b)(111)), the composition of their stomach contents could not.

Fish

The species composition and relative abundanca of fish collactsd at Hat
Creak and Bonaparts River sampling stations during September 1976, June 1977 and
August 1977 are prasentad in Table 3.3-25. A total of 273 specimens rspresanting
saven species wars collectad {n the Bonaparta River during the three sampling
periods.

Longnose dace was the dominant species (150 individuals) followed by bridge=
11p sucker (58), lecpard dace (258) and rainbow trout (19). Species presant in smaller
nusbers wers redside shiner (6), mountain whitafish (6) and brook trout (1). Fewer
species wers collectad from Hat Creek and these axhibited a different order of abun-
danca. Hat Creek collectfons yielded 532 individuals of five species. 0Of these five
specfes, rainbow trout were clearly dominant (592), particularly upstream of
statfon 5. Trout wars followed by bridgeslip sucker (22), mountain whitafish (10),
longnose dace (6) and Teopard dace (2). 8r{dgelip sucker, longnose daca and leopard
dace, the dominant species of the Bonaparte River ¢ollections, were takan anly at the
most downstream Hat Creek station (station 5). The apparent rastriction of thase
species to the lower reaches of Hat Creek was eifther the Tack of suitable habitat
furthar upstream or the prassance of barriers %o miqration (beaver dams) or a combina=
tion ¢f thesa two factors. When the fish collection data are considered according to
habitat type {as described in Section 3.3.2), it can be ssen that the number of fish
collected per square meter of stream fished is genwrally higher at Type Il and
Type 11 stations than at Type T station, as shown in Fig, 3.3~34. This observation
does not hold for stations 10 and 15 which are Type I and Type [I hab"ltats. respec-
tively. This is 1ikely dus ts the fact that sampiing was conducted Both upstream and
downstream of the station,m whers poel to riffle ratios were somewhat higher than at
the station {tsalf (30:70 as opposad to 10:90). The low densities at station 15 in
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September 1976, and August 1577, occurred during periods when water had been diverted
for irrigation and can be attributed to fish being concentrated in remaining pools.
Densities at Station 15 during June 1977, when flows appeared normal, are probabiy
most representative of densities {n this reach of stream.

The tributaries to Hat Creek appear to provide little suitable fish
habitat. Anderson and Ambusten Creeks exhfbited no fish during the periods sampled.
During the July and August 1977 surveys the total flow of Ambusten Creek had been
diverted for irrigation. Finney and Unnamed creeks also exhibited Tittle or no flow
and no fish during ary of the three field surveys. Electroshocking in the lower 10 m
of Medicine Creek yielded four rainbow trout in September 1575, ten rainbow trout in
June 1977, and two rainbow trout in August 1977. Upstream movement of fish beyond
this point appeared restricted by a barrifer about 2 m high, although a Jocal rancher
statad that some fish {presumably rainbow trout) do occur further upstream. Overall,
the poteatial fish habitat available in the tributaries appeared negiigible compared
to that existing in Hat Creek. '

Sampiing efforts and visual examination of Finney Lake in September 1976
tfailed to reveal any fish. A local rancher stated that the lake was stocked in the
past but froze "solid" several years later, resulting in winterkill. B.C. Fish and
wildlife Branch/ personnel at Kamloops stated that Finney Lake, as well as Aleece
Lake, have supported fish fn the past and probably could again in the future.24

Visual observation of Goose/Fish Hook Lake in September, 1976 yielded neo
evidence of fish life such as fish rises, wakes or young fish in or near the shoreline

vegetation. Lake pH was 9.9 and alkaline deposits were noted along the shoreline.

Age and Growth Characteristics

Langth-frequency histograms for rainbow trout are presanted by station
sampling period in Fig. 3.3~35 and Table 3.3-26. 3Small rainbow trout (less than

60 mm in total length) were present at all Hat Creek stations in September 1976 and
at stations 5, 6, 7 and 10 in August 1977. Scale anaiysis confirmed that these were
young of the year fish (1976 and 1977 year classes, respectively), suggesting that
spawning occurs throughout the langth of Hat Creek.

Examination of length-frequency histograms by habitat type (Fig. 3.3-36)
indicates small fish and thus probably spawning may have occurred more frequently at
Type I stations (5 and 6) than at Type I stations {7, 10, 14 and 15). Station 10 is
here considered as a Type Il habitat, due to the morphometric characteristics of the
area above and below station 10 itself, where sampling was actually conducted.
Habitat Types I and I[I aiso appear to differ with respect to the abundance of larger
rainbow trout, with more large fish in evidc\hce at Type 1] stations.

Statistical significance of observed differences between Type 1 and Il
habitats was tested using the Kolmogorov-Smirnov Test.z5 a nonparametric procedure
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which can be used to tast for shifts in frequency distributions. Given the nuil
hypothesis of no difference in the size of rainbow trout in Types I and II habitat,
rasults of this test indicate that differencas as extreme or more extrsme than thosa
gbsarved in September 1976 and June 1977 should have occurred only with probabilities
af 0.001 and 0.1, respectively (Table 3.3-27). The null hypathesis was rejected for
thase dates. Differencas in August 1977 wers not axtrese enough ta reject this
hypothesis, High numbers of small rainbow trout at stations 5 and & support the
contantion made by Beak Consultants Ltd. that the riffla areas of lower Hat Creek may
serve as spawning habitat and nursary areas for the Bonaparta River as well as Hat
Creek rainbow trout populations.

At Bonaparts River stations (1, 2 and 3), young wers first collectad in
June, 3approximately 1 month earlier than in Hat Creek. These individuals are repre-
santed in histograms by specimens less than 60 mm in total length. This suggests
that spawning in the Bonaparte River occurred earlier than in Hat Creek and/ar that
young dwe]oped sore quickly there.

The past growth of Hat Creek trout population was caleculated from scale
megsurements taken from fish collacted in September 1375, Juna 1977, and Auqust 1977.

The relationship between scala radius and total length was linear. The
regrassion. lines for the three sats of data were not statistically different and the
data sats were therefors pooled to provida a best estisate of the relationship between
Tength and scale radius:

Total length (mm) = 5.571 + 5 ? (scale radius)
Corralation coefficient (r) =

Individual total lengths at sach annulus ware determined from measurements
dlong the antarior scale radius and calculated by the formula:

1n-:=§9t1-c)

whers, In = length of fish when annulus "n" was formed; ¢ = correction factor for
length of fish at scale formation (5.571 mm); Sn = length of scale from focus to
annuius "n"; § = length of scale from focus to margin; and 1 = Tength of fish at time
af capture,

Mean back-calculated total lengths and ranges for rainbow trout {n Hat
Creek are shown in Table 3.3-28. The general similarity of mean lengths at a given

.age for .the various year classaes suggests factors governing growth of rainbow trout

in Hat Creek have remained relatively constant the past three or four years. Factors
affecting variation {n Individual growth also appeared to have remained relatively
constant. The wide range in observed lengths of fish 1 year and older may be due to
an extended spawning time peried, to varfation in individual growth rates, and/or to
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error in back calculation. Evaluation of tha contribution of each of these sources
of error is beyond the scope of this study. Mean back-«calculated lengths and the
number of age 1-6 rainbow trout collected from Hat Creek stations are plotted in
Fig. 3.3-37.

The number of fish 2 years and clder appears to be related to habitat type
as was suggested by length frequency histograms. Numbers of 2 and 3-year oid fish
collected at Type [ stations {5 and &) are Jower than those for Type Il stations (7,
10, 14).

Among rainbow trout of ages 4, 5 and & only one fish was collected at
Type I stations as opposed to 38 at Type II stations. This difference may be a
resuit of differential mortality rates at the two habitat types or to migration of
older fish from Type I inte Type Il habitat. Since numbers of one year old fish
appear higher for Type I than Type II habitat types, differential spawning success
does not appear to be the cause of the relatively high numbers of older fish at
Type 1I stations.

There does not appear to be any relationship between numbers of fish and
mean back-caiculated length (i.e. density dependent growth) as shown in Fig. 3.3-37,
This may be due to high variability in both the numbers and lengths or to a true
absence of density dependent growth,

No apparent relationship exists between mean back-calculated length and
habitat type (Fig. 3.3-38). Tharefore, no diffarence between habitat types with
respect to growth can be postulated.

In conclusion, back-calculated age/length data indicates that larger fish
{age 2 to 6) are most abundant at stations 7, 10 and 14, with no such trend existing
for young (age 1+) trout. This would suggest that Type Il habitat fs favorable both
as a nursery area and as habitat for adult rainbow trout, while the swift-flowing
riffle areas at stations 5 and 6 serve primarily as nursery grounds. No relationship
between grewth and habitat type was observed.

Mean observed total lengths of trout collected (Tabie 3.3-29) show the same
trends such as length variation among stations and among fish from the same year
class, as did back-caleulated lengths. If tha observed mean lengths are plotted
successively by year class to provide a general observed growth curve for rainbow
trout in Hat Creek, a#s shown in Fig. 3.3-30, and this curve is compared to that based
on back-calculated lengths, the two curves appear similar, The small correction
factor (5.571 mm), which is the theoretical fish length at scale information, may
account for back-calsulated lengths being less than observed lengths. A correction
factor of 15 or 20 wm is probably more representative of actual fish length at scale
formation and would result in nearly identical curves.
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Spawning and Sex Ratios

‘ Examinatfon of gonads of mafi:;n fish indicated that rainbow trout in Hat
Cresk spawnsd between aid-June and lata July. Collection of sexually mature fish at
all stations would indicats that spawning accurred the length of Hat Creek. Langth
diffarencs observed among young-of-the-year rainbow trout support the extanded
spawning time indicated above.

Numbers and langth ranges of saxually maturs male and female rainbow traout
captured at Hat Creak stations during June 1977 and Auqust 1977 are presantad in
Tablae 3.3-30. The smallest maje was 110 mm and the smallest famale 121 mm. Youngest
fish for both saxes were aga 1+, although sexually mature fish of this age ware
uncommon. Sex ratios at each station appeared relatively avan.

Condition Factor

Condition factor provides a measure of the relative plumpness of fish.
Comparison of condition factors for rainbow trout amoang stations and betwesn sampling
periods provides one indication of the robustnass of well-being of individuals in a
temporal and spatial framework.

Means and ranges for condition factors of rainbow trout at aeach statfoe
during each sampling period are shown in Table 3.3-31. To aminimize any fish-sizs
affects, values ware determined for length classes of less than 100 and greater
than 100 am.

Mean condition factors of rainbow trout were usually greatar than 0.80.
Examinaticn of specimens at %time of collection showaed most were fn good condition
with few appearing emaciated. The sxtremely low condition factors (mean 0.29) for
rainbow trout less than 100 ma at Station 15 in September 1976 may have Leen related
to the diversion of watar for {rrigation. Fish wers concentrated in remaining pools
and may bave causad small Tish to spend less time searching for food and more time
avoiding possible predation, thus contributing to the low condition factor. September
1976 conditions were in contrast to those in June 1977, when flows appearad normal,
and August 1977, when water had been divartad but only small fish were present.

Mean condition factars for rainbow trout lass than 100 am varied more than
for larger fish. This may reflect an inherent variatign in the length-weignt relation-
ship of fish until they attain scme larger size. [t suggests that the growth or
gondition aof smaller fish may be more sensitive to variation in the diversity and
quantity of available food than larger fish, or may vary with time of spawning. Mean
condition factors for the study area were found to be similar to the ranges reported
for other studies in North America. 2
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3.4 LAND RESOURCES

Populiation Estimates

The average number of Hat Creek rainbow trout collected per square meter of
stream sampled was calculated for each habitat type during each sampling period and
appears in Table 3.3-32. These values were multiplied by the total area of stream
thought to be best characterized by each habitat, and summed aver habitat types,
yielding the population estimates appearing in Table 3.3-32, Total estimates vary
Tittie during 1877. However, 1976 and 1577 estimates differ by roughiy 10 00D fish.
The average number of rainbow trout in Hat Creek, estimated by the above methods, was
approximately 24 (000.

An assumption made in calculating population size fs that fish ware distri-
buted uniformly within each habitat, with density equal to that calculated by
averaging densities for representative sampling stations. Bias in population esti-
mates, induced by variability in physical habitat, may have been reduced by the
habitat classffication system used.

An additional assumption made in estimating population size was that
slectrofishing gear captured 100 percent of Tish in the area sampled. Beak
per‘s::mnell9 contend that very few fish greater than 150 mm in length escaped capture.
This observation is consistent with experience that the New York Department of Environ=-
mental Conservation (NY DEC) has had in quantitative electrofishing efforts focused
on rainpow trout in tributaries to Cayuga Lake. Clifford (reech, NYDEC Regional
Fisheries Director, indicated that in sampling streams similar in size and chemistry
to Hat Creek, gear efficiency commonly exceeds 90 percent for fish greater than
100 mm in total iength. Gear used to catch fish of the O+ and 1+ age groups (100 mm
in length) was probably less efficient. However, population size was calculated only
for use in cost banefit analysis. Fish of O+ and 1+ age have little economic value.
Thus, population estimates were made enly for fish greater than 100 mm in Tength.

3.4.1  Physical Envirvmment

{2) Climate

(M

Regional Description

The southern interior of British Columbia is dry due to the effectiveness of the
Coast Range in blocking the intrusion of moist maritime air. The annual precipitation in
the Coast Range at the headwaters of the Stein River fs about 2000 mm, while the total
mean annual precipitation recorded at stations found to the east of the Ccast Range varies
from a low of 239 am in Asheroft to a high of 403 in Williams Lake, The distribution
of total annual precipitation is relatively  wupiform throughout the region
(Table 3.4-1). :
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(b} Landforms
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The highest snowfalls in the region are commeonly found at the high altitude
locations. Annual snowfalls of 10 m or more are found at specific locations in the Coast
Range. Total annual snowfall recordad at the Atmospheric Environment Services {AES)
stations in the region of Hat Cresk is summarized in Table 3.4-1.

Tha highest se2sonal relative humidity recorded within tha region is found
during the winter wmonths., Spring and sumper values are the Towast rescorded, which is
indicative of unfavourable growing conditions., The mean annual relative humidities
recorded at AES stations in the region are also listed in Table 3.4-1.

The south central region of British Columbia is charactarized by a typically
continental c¢limate. Continental climates, without the moderating aeffect of tha oceaan,
exhibit large seasoral temperatuyre fluctuations. Seasonal mean temperatures recorded at
AES stations in the region have about a 20°C range between the low winter and high summer
temperatures at each station. In the regional area, the frost-free pericd extends from
May to mid=September. The numher of frost-free days range from agproximataly 60 to 140.
Generally, stations on hillside areas have 2 longer frost-fres season than the adjacent
vallay locatiens.

-Approxilately 2000 hours of bright sunshine are recorded throughout the region
on an annual basis. The total annual number of sunshine hours for five of the AES stations

in the region of Hat Creek is listed fn Table 3.4-1. . On a seasonal basis, spring and
sumser have the highest number of sunshine hours and winter the least.

Hat Creek Valley and Project Sita Description

The average total annual precipitation recordsd at ths upper Hat Creek Valley
station s 317 mm. This amount is distributed evenly over the entire year. Total annual
precipitation predicted to occur at Harry Lake should range from 350 to 400 mm. Annual
snowfail from 1500 to 2000 mm. This snow cover accurs earlier in the fall and axtaends
later {n the spring than that found in the valley.

Tha relative humidity valuas appeared %o exhibit a large diurnal fluctuation.
Diurnal ranges recorded in the north end of the valley average about 40 percent during the
spring and summer, 30 percent {n the fall and 20 to 25 percent in tha winter.

The mean annual temperature in the valley fis 3.2%. Spring and summer mean
temperature ars 1.7 and 13.B°C. respectively. Mean daily maximum and minimum temperatures
are 119C and -4°C (Table 3.4-1). Mean temperatures at the Harry Laks site are expected %o
bs slightly higher based on data from other monitors within the area.

Physicgraphy

The proposad development is locatad in the Intarmontane Beit between the crystai-
Tine plutanic complex of the Coast Mountains and the metamorphic terrain of the Columbia
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h'igl'alanas.2 The Interior Plateau is the dominant physiographic region in the Intermontane
Belt. This region has been divided intoc the Fraser and Thompson plateaus which have been
subdivided into a number of smaller, discrete units (see map 4-1, Physical Habitat and
Range Vegetation Resml-f.).3 The Hat Creek Valley forms the boundary between the Thompson
and Fraser plateaus.

A.  Thompson Plateau

The Thompson Plateau has wmore relief and is smaller than the Fraser
Plateau. 1t is composad of several smaller plateaus and hilly areas with considerabie
relief. The Tranquille, Douglas, Nicola and Icomen piateaus are characterized by
intrusive bedrock terrain with a rolling upland. The highest elevation in the plateau
areas is South Forge Mountain (1905 =). The Trachyte and Arrowstone hills also form
part of the Thompson Plateau. These areas have more varied bedrock resulting in
complex landforms. The highest elevation in the Trachyte hills is Cornwall Mountain
at 2036 m. The major valleys in the Thompson Plataau are characterized by extensive
glacial benches, glaciofluvial terraces, alluvial! fans and deeply incised fluvial
channels,

Within the YThompson Plateau, most slopes greater than 30 percent are in the
Trachyte and Arrowstone hills., The slopes are the result of complex geological and
glacial patterns. There are steep slopes in the Trachyte hiils near the Thompson and
Hat Creek valleys. Steep slopes adjacent to Oregon Jack Creek are also found in the
Cornwall hills. The Targest arez of moderate slopes on the Trachyte hills {'s between
the lower Hat Creek Valley and Maiden Creak. The Cattle Valley is an area with
gentle siopes within the Trachyte hills. Like most of the moderately sloped land
this land is commonly used &s open rangs. The Arrowstone hills are essentially an
-upland plain at an elevation of 1200 to 1300 m. The plain is volcanic in origin and
fs formed by plateau basalt, The siopes at the extremities of this plain drop

abruptTy to the Bonaparte River, Oeadman Creek and the Thompson River. The Dougias
Plateau is a roiling upland plain with the least relfef in the region. The mean

elevation ranges for subdivisions of the Thompson Plateau do not vary by more than
600 m.

B. Fraser Plateau

The Fraser Plateau consists of two major physiographic units, one includes ‘
the Bonaparte Lake and Green Lake plateaus and the other inciudes the Clear, Marble
and Camelsfoot ranges. The highest peak in the {lear Range is Cairn Peak (2326 m).
Mount Bowman (2220 m) is the highest peak in the Marble Range. The Fraser River
Valley, between the {lear, Marble and Cameisfoot ranges, 1is deeply incised and
exhibits a typically rugged landscape. Lands with slopes greater than 30 percent are
found only in the Clear, Marble and Cameisfoot ranges. The areas with steep slopes
in the Clear Range are found in the western and southern portions of the range along
the Thompson and Fraser rivers. Slopes increase to 60 percent at higher elevations
in the range. Flat lands are found in the vicinity of Botanie, Skumka, Fountain and
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(1)

Cinquefoil creaks. Slopes lTess than 30 parcent are common to the eastern side of tha
Clear Range and extand intc the upper Hat Creek Valley. Gently sleoping land
{30 percant siopa) is found in the valley near Pavillion Lake. The slcpe of the land
in tha Camelsfoot Range is predominantly greatar than 30 percant. The Marble Range
{s characterized by an unusual configuration of flat uplands and shaer cliffs. The
landscape, called karst topograpghy, exhibfts frequent flat uplands beunded by sheer
eliffs.

The other major physiographic units within the Fraser Plateau are the Green
and Bonaparte Lake platesaus. The Bonaparte Lake and the Green Laka platesaus are
¢haracterized by gently rolling plains with abundant lakes. The average elevations
of the Green Lake and Sonaparte Lake plateaus ars 1000 m and 1200 m, respactively.
These plateaus are cmohly gently rolling til11 plains. 3harp relief is found only

in the deeply incised stiream channels such as tha Bonaparte River, Bridge Creek, Dog

Creek and 3ig Bar Creak.

Bedrock Geglegqy

Regional Rescription '

The regional study area for the proposed development is located within
three geological provincas, namely: Coast Crystalline Belt, Interior Plateau and tha
Owineca Belt. The Interior Platsau is the dominant geolagical province of the
regional area. This plateau {s bounded by the Coast Mountains to the west and the
Columbia Highlands to the east.

A major fault system occurs aloag the Fraser River. This fault zone
saparates tha ‘Coast Mountains from the Iaterior Plateau. Secondary and sympathetic
faylts have occurred within the Marble Range, Clear Range, Trachyte hills and the
southarn Cascade Mountains. Faults are also evident in the North Thompson River
Valley. . -

The oldest rocks in the region are the metamorphic rocks of the Adams
Platsau. They have been dated at 300 millfon years and consist of gneiss, schists
and recrystallized limestone. Siightly younger, metamarphic and intrusive rock from
the Triassic and Jurassic periods ars found on the eastern adge of the Interior
Plateau within the Bonaparta Lake, Tranquille, Nicola and Douglas plateaus. These
rocks are also found on the western edge of the Interior Plateau in the Marble Ranga,
Camelsfoot Range, Clear Range, Trachyte Plateav and Icomen Plateau. Thus, the eastern
and westarn borders of the Intarior Plateau form a transition zone between two major
mountafn chafns. The cantre of the plateau contains either basalt or intrusive rocks
which range in age from 60 to 150 million years and reflects less disturbanca and
uplife.

3~ 48 - Part Three

Y



3.4

B.

LAND RESOURCES - (Cont'd)

Hat Creek Valley

The bedrock of the Hat Creek area consists of a wide variety of rock units.
The oldest unit is the Paleozoic Cache (Creek Group which consists of limestone and
metavolvanic rocks. Pyrociastic and flow rocks cover much of the area as a result of
volcanic episodes which occurred during the Cenczoic Era. The oldest rocks of these
episodes ars composed of basalt, dacite and rhyclite of the Kamloops Group. This
group is exposed on the eastern and western sides of upper Hat Creek Valley. Some
sporadic occurrences are also noted in the southern end of the valley. The clastic
sequence of the Kamlvops Group within the valley has been divided into the Coldwater
Beds, the Hat Creek Coal Formation, Medicine Creek Formation and the Finnsy Lake
Beds.? The Colowater Beds consist of sandstone, siltstone and conglomerata. The
Medicine Creek Formation 1is composed of poorly consolidated bentonite, Yacustrine
claystone and siltstone. The Finney Lake Beds overlie the Medicine Creek Formation,
Sandstone and volcanic rocks are both found within the Finney Lake Bads.

Another unit, the Spances Bridge Group, is found to the sast of Hat Creek
in the (lear Range. This group is composed of velcanic and minor sedimentary rocks.
The volcanic rocks, which are accumuiations of lavas and pyroclastic rocks consist
primarily of andesite and dacite. This group has been dated as early upperstage of
the Lower C{retaceous series. A nonconformity separates the Mount Martley 5tock, a
biotite horneblende granodicrite of Cretacsous Age, from the overlying Spences Bridge
Group.

(i1) Surticial Geglogy

A

Regional Description

The occurrence and distribution of surficial deposits within the region of
the proposed development ars 2 vesult of Fraser glaciation and deglaciation. Relling
ti11 plain, thin ti11 venesr, colluvium and various fluviai-glaciofluvial deposits
are the types of surficial deposits found in the regional area, Spatially, the
distribution of these deposits conforms to the physiographic units found in the arsa.
The higher elevations have weathered bedrock outcrops which have been turned inta
colluvium at the lower elevations. The lower sides of the hills and ranges are
characterized by a till veneer and grade imto ti11 uplands in the flatter portions of
region. The impeded drainage conditions found within the Green and Bonaparte Lake
plateaus (pf the Fraser Plateau) are z result of large pockets of silt and organic
deposits on the rolling till plain. As a result of continued weathering, these
deposits have been modified into magnesium sulphate potholes, saline lakes and bogs.
Windbiown deposits on the benchiands of the Thompson River lie over til11 and glacio-
fluvial surficial deposits, and have developed into some of the richest agricultural
land in the area.
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Hat Craek Valley

The surficial deposits within the Hat Creek Valley consist of hummocky
ground meraine, which forms a thick covering of til11, but s reduced te a thin
covering on hill tops and arsas with steep sliopes. Thare ars many Qccurrences where
the bedrock protrudes through the thin covering. Fluvial and glaciofluvial sands and
gravels ars found on the eastarn side of the valiey, north of Medicine Creek, and in
most of the iarger tributaries of Hat Creek. A pattern of coarse till alternating
with fime ti11, which overlies thick deposits (consisting of sand and gravel), cccurs
an the lower portions of Harry Creek.

Arqas of mass wasting are also found within the valley regime. Oeposits
resuiting from preglacfal lahars or volcanic mudflows are found exposad as hoodocs or
pinnacles. The upper Hat Creek Valley fs covered by a preglacial jand sifde origina-
ting from Mount Martlay. There are alsc numercus post glacial slides and sarthfTows
in the upper Hat Cresk Vallay., An extansive flow slide descended Whita Rock Creek
into the valley. Another slide, most of which is inactive, was found in the area
between Finney Lake and Houth Meadows. The headwall of this slide 13 characterizad
by numerous ponds. There ‘are numerous "sand boils", which resemble quicksand, in the
area south of the proposed mine. .

Numercus outcrops occur on sither side of the valley, although few are
found aon the valley bottom. Thers {s a talus sTope which formed below valcanic
outcrops in the area east of the proposed mine sits. Limestona bluffs are commen in
the southsastern portion of the valley, while limestone outcrops frequently occur
along the northern extent of the upper Hat Creek Valley. The westarn portion is
characterized by granitic ahd volcanic outcrops.

A.

Regional Soil QOrders

Seven sofl orders were identified within the region of the proposed develop-
ment, namely Brunisols, Luvisols, Chernozems, Podzols, Gleysols, Regosols and
Orgénics. The Luviseis and Brunisels are the most commonly occurring ordars.
Gleysols and Organics are only found in small randomly occurring areas. Chernozeaic
soils are confined to major valley systems, Podzols to the Coast Range and Regosols
to major stream coursas.3

The Luvisols are characterized by the presence of an alluvia) A-horizon
overlying a textural B-horizon, Thay are medium-textured and neutral-to-alkaline in
reaction, Luvisoi parent material is generally deep giacial till and it is commonly
found whare the topography s a roiling plateau. This order {s widely distributad in
numersus smaller parcals throughout the region.
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The Brunfsolic order s characterized by a rust brown coloured B-horizon
covered by a shallow organic surface horizon. Podsolization is very weakly expressed
by this horizon and 100 percent base saturation is common in lower horizons. The
parent material {s colluvium or glaciofiuvial materials and is generally coarse-
textured. This ordar is most commonly found in areas with steep to moderately staeep
topography, such as deeply incised river or creak beds. The Brunisolic order is
found within in the (lear Range, along the Stein River in the Coast Range, near the
Bonaparte River and near Deadman Creek.

Local Soil Associations

Soils within 25 km of the project-.site were derived from glacial till,
glaciofluvial deposits, colluvium, lacustrine deposits and alluvial deposits.
Twenty-one associations from three different orders were identified for soils origi-
nating on glacial till. These soils are generally of medium texture and are well-
drained. Seven associations from two separate orders were found for s0ils originating
on glaciofiuvial deposits. These soils are commonly medium-coarse in texture and are
well to rapidly drained. 5So0ils originating on colluvium were found to have eight
associations from two orders. These soils are medifum in texture and well to rapidly
drained. One association from a single order was identified for soils originating on
lacustrine deposits. These soils are typically fine-textured and well-drained. Two
associations from one order were identified for soils originating on allyvial
deposits. These sails are medium-textured and imperfectiy to poorly drained.

The predominant associations in the vicinity of the propesed mine are
Glimpse, Glossey, Frances, Medicine, Maiden and Carson. The associations near the
proposed plant and Medicine Creek disposal area include Mclaren, #Mclaren Gisborne,
Medicine, Massey, Glimpse and Crown Hounuin.“!

The predominant soil series in the Thompson and Bonaparta River valleys, in
terms of total area, are the Angiesey, Cheetsum and Toweli. The Basque and Bonaparte

serfes are also prevalent in the area. The Anglesey covers 5.43 knz. It is derived
from glaciofluvial parent material, {is well-drained and 1s important as grazing land.
Cheetsum is found on 11.39 kmz of land. It toc is derived from glacial till, is
welli-drained and-underlies significant grazing land. Towell covers 9.53 kmz and is
derived from alluvial-colluvial ‘fan. It is wall=drained and is important as pasture
and grazing land. The Basque covers 1.13 kmz, is derived from an alluvial fan, and
is moderately to well-drained and arable.

A total of &9 d‘lffer;nt soil saries were fidentified from modified soil
series data for lands adjacent to Hat (Creek and the northern portion of the eastern -
side of the valley.s The predominant sofls found on the plant, mine and ash disposal
sites are summarized in Tables 3.4=2 and 3.4-3. The parent material of these soils
is commonly glacial ti1l. Scil develops#nt and surface textures vary considerably.
Drainage characteristics are highly variable, ranging from poor to excessive. The
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tand near the proposed plant site and ash disposal areas is used primarily for
grazing.

Natural Vegetation

(a) Ragional Biogesclimatic Zones

h

(if)

Distribution

Eight biogeoclimatic zones gccur within the region of the propesed develcpment
(Fig. 3.4~1). Four of these are impartant in a land use context, The dominant bicgea-
c¢limatic zone in the regional area is the Engelmann Spruce - Subalpine Fir. This zone,
which comprises the major portion of the intarior forests of British Columbiz, is widely
distributad, covering approximataly 13 670 kmz or 40 percent of the regional area,

Interior Dowglas-fir Zone is the second most commonly occurring zone in the
regional area (Fig. 3.4-2) and covers 11 300 knz or 33 percaent of the regional area. The
Interior Douglas=-fir Zone is widely distributad throughout the regicn, except in the
southeastern portion where zones characteristic of higher alevations predominats. Othar
biageoclimatic zones making up substantial portions of the region include Ponderosa Pine =
Bunchgrass (3253 knz) and Cariboo Aspen - Lodgepole Pine - Douglas-fir (3495 knz). The
Ponderosa - Pine Bunchgrass Zone occupies the lower slavations in the Frasar, Thompson and
Nicola River valleys, whila the Cariboo Aspen Laodgepole Pine = Douglas-fir Zona fs found
only in the northeastern corner of the regional area.

The occurrences of the remaining four zones are limited. The Mountain Hemlock
(648 knz) and Coastal Western Hemlock zones (389 k:az) are Tound only in the exiresme south-
west pr.:‘rtion of the regional area, with the Coastal Waestarn Hemlock Zone restricted to
cartain drainages. The Intarior Western Hemlock Zone (200 knz) 1s only found in the
northeastarn corner of the regional area and the Alpine Tundra Zone ({980 kmz) appears on
only the highest mountain peaks in the Coast Range.

Zonal fescriptiens

- Tha Engelmann Spruce - Subalpine Fir: Zone, which -is deminant in the regicnal
area, does not have as favouradble a ¢limate for growth as othar zones in the regioﬁ. The
Tow number of frost-free days suggests a short groewing season, although forest productivity
{s reported to be the second highest of all the zones within the region dus to the levels
of precipitation. The land within this zone is used for livestock summer grazing, although
tha amount and quality of forage is relatively Tow. Some of the basic biotic and at':iotic
factors characteristic of this zone are summarized in Table 3.4-4,

The second most common Zone in the regional area, Intarior Douglas=fir, has a
more moderata climate than the Engelman Spruca - Subalpine Fir Zone. - The importances of
livestock grazing and forest utilization attest to the favourable growing conditions in
this zone. Like the Engelmann Spruce - Subalpine Fir Zone, grazing activity in the
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Interior Douglas-fir Zone s limited to the summer months (Tabie 3.4-4). Improved pasture
and alfalfa production is fTeasibie, although irrigation is regquired. The logging industry
which began in the late 1800s has continued to be an important aspect of the regional
industry within this zone.

The Ponderesa Pine - Bunchgrass Zone, which does not occupy as much of the
regional arsa as either the Engeimann Spruce - Subalpine Fir or Interior Douglas-fir
zones, has a semi-arid climate and is considered to be a major agricultural zone in British
Columbia. Irrigation is mandatory due to the limiting amount of rainfall. Cattle grazing
is an important activity within this zone. Forest productivity is the lowest of the
forested zones within the regional area, while use by wildlife, principally ungulates and
upland game birds, is high. Additional factors of note are summarized in Table 3.4-4.

The Cariboo Aspen - Lodgepole Pine - Douglas-fir Zone is similar to the Interior
Douglas=fir Zone, although the climate is sliightly more severe as a result of the more
northerly location, The severe winter coupled with reduced snowfall restricts the occur
rence of many of the tree species found in the Interior Douglas-fir Zone. Forsstry and
grazing of domestic livestock are the principal activities conducted in this zone. There
is some agricultural activity, but the type and produc;ivity of crops are limfted due to
the relatively short growing season.

The climate of the Alpine Tundra Zone is quite severe, resulting in a JTimited
growing season. Due to the severity of the climate, no agricultural or forestry related
activities occur within this zone., Wildlife occasionally utilize these lands for graring
during the summer months. This zone .is alse important for recrsational use and water
storage.

The remafning zones, Coastal Western Hemlock, Mountain Hemlock and Interior
Western Hemlock have moderate climates and favourable growing conditions. As a resylt,
forest productivity is high and logging is an {mportant form of land use. The Interior
Western Hemiock Zone has the highest forest productivity of any of the zones in the
regional area. However, the occurrence of this zone is limited to a s»all area in the
northern portion of the regional area. Other parameters of note for these 2ones are
summarized in Table 3.4-4, -

On the basis o biogeoclimatic zone descriptions, the regicnal area of the
proposed development can be categorized as important to both agriculture and forestry. Of
the three most prominent zones in the region, the Interior Douglas-fir and Engelmann
Spruce - Subalpine Fir zones are the basis for important forest industries. In addition,
the zones also possess substantial grazing resources. The Ponderosa Pine - Bunchgrass
Zone is the major agriculturz? zone, although the value of the resource is again limited
by the availability of water, either irrigation or precipitation.
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{b) Local and Site-specific Vegetation Associations

(1)

Forest Associations

Fourtsen forest associations were identified in the project Tecale (i.e. within
25 km of the proposed plant site). Each forast association is specific to a particular
bicgeoclimatic zone with three exceptions, which can occcur in saveral zones due to their
tolerance range. The areal extent of each vegetation asseciation, grouped by biogeo-
climatic zones, s presented in Table 3.4-5. On the basis of areal extent, the more
common associations from a local context are: Engelmann Spruce - Grouseberry; Engeimann
Spruces - Grouseberry = Pinegrass; Qouglas-fir - Pinegrass and Oouglas-fir - BSunchgrass -

-Pinegrass. The Riparian Association does not occur on large areas of land, yet is still

important due, in part, ta its high species diversity and productivity.

The Dougias-fir - Pinegrass Association f{s the most commonly oeccurring
(478.5 knz)' associatien in the project locale. This association is also the most wide
spread throughout the Interior Douglas-fir B8fogeoclimatic Zone. It occurs on relatively
steep, cool slopes or Benches an mid-to-upper slopes. It fs of some fmportance from a
project perspective, since it occcupies large areas in the immediate vicinity of the project
area (Fig. 3.4-2). Specifically it {s found on the western side of the Hat Creek Valley
at the lower elevations of the Clear Range. It is also the predominant association along
the Madicine Cresk drainage and in the Trachyte hills.

Mature forests of the Douglas-fir - Pinegrass Association are generally dominated
by Oouglas-fir in the overstory. The understory which is essentially shrub-free fs
daminated by a uniform cover of pinegrass (Calamaqrostis rubescens), Howaver, the forest
stands within the project locale are in a seral stage and hence are dominatad by por lerosa

“pine (Pinus ponderosa) at elevations below 1050 @ and lodgepole pine at higher elevations.

The shrub layer is poorly developed and the common species found are listad in
Table 3.4-6. As expected, tha herbaceous layer is dominated by pinegrass. The remaining
speciqs listed in Table 3.4-6 are commonly found with high presence but with Tow cover
valyes. )

A unique featura of this assaciation in the vicinity of Harry Laka is the occur-
rence of large stands of quaking aspan ( Pooulus tremuleides). This occurrence may be
attributed to the presence of seepage water in the rolling topography, abundance of a
limastone derived parent material, and logging, to a minor degree.

The second most common association within 25 km of the proposed development
{project lJocale) is the Engeimann Spruce - Grouseberry. It occupfas 197.9 kmz of the
pmjec‘é Tocale and is the most abundant subalpine association, This association s
commonly found on broad ridges and gentle slopes within an elevation range of 1520 to
1850 m. The Engelmann Spruce - Grouseberry Assocfation {s limited to the higher elevations
in the Coast Range which are west and north of the Hat Creek Valley. For this reason,
this association is not of particular importanca from a site-specific perspective.
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The Engelmann Spruce - Grouseberry Association does not, as previously discussed,
occur within the immediate vicinity of the project site, However, since it is found at
higher elevations and is subject to fumigations by stack emissions, this association is
important and should be described. Some of the basic descriptive features for this associa-
tion are summarizsd in Table 3.4-6. Generally, subalpine fir (Abies lasiocarpa) is a major
component of the overstory and Engelmann spruce (Picea angelmannii) the dominant species in
the clipax state of this association. However, in the vicinity of Hat Creek, subalpine fir
was found only to exist fn jsolated stands or as scattared groups of regeneration species.
Most stands were found to be composed of mixtures of lodgepole pine (Pinus contorta) and
Douglas=-fir (Pseudotsuga menziesii var glauyca) with Engelmann spruce of minor importance,
The species composition was generally found to be more diverse along streams and drainage
areas where moisture conditions were mors favourable. In most ogcurrences, canopy coverages
were dense ranging from 50~100 percent. The understory is frequently dominated by grouse-
berry {Vaccinium scoparium) and the remaining shrubs lfsted in Table i.4-6 were found to
occur sporadically. Coverage of the herbaceous layer is Tow due to the dense shrub canopy.
Species commonly found in this layer are summarized in Table 3.4-6. In terms of usage,
logging is the predomirant activity conducted in this association. Cattie grazing is
minimal due to the lack of palatable grasses, although wildlife utilize this association
mainly as summer range. :

The Douglas-fir - Bunchgrass - Pinegrass Association occupies 143.0 kﬂz of the
project locale and generally becomes established on southern exposures with moderate
slopes. This association §s found near Oragon Jack Creek where {4 empties into the Themmson
River and to the northeast of the Bonaparts River. These areas are not in the immediate
vicinity of the development and therefore are not of major significance. This associatien
is also found along the Medicine Creek Valley and to the north and south of Lone Tree Creek
(Fig. 3.4-2). These lands are of some {importance, because of their proximity to the
development. '

The Douglas-fir - Bunchgrass - Pinegrass Association is an intermediary between
the Douglas-fir - Bunchgrass and Douglas-fir - Pinegrass associations. Generally, the
understory is dominated by bluebunch wheatgrass when the canopy species have been dis-
turbed. Pinegrass domipance replaces bluebunch wheatgrass as the canopy closes. The
overstory s characteristically Douglas fir with ponderosa pine as a seral species. The
dominant species fn the shrub Jayer (Table 3.4-6) ecccur sporadicaily and generally have low
cover values. The dominant grasses (bluebunch wheatgrass and pinegrass) cover approxi-
mately 50 percent of the ground surface. The herbaceous layer is primarily composed of
weedy plants as 1isted in Table 3.4-6.

The Engeimann Spruce - Grouseberry - Pinegrass Association occupies 183.4 ke of
the project lecale. It is commonly found on plateau areas at slevations between 1400 and
1675 m. The association is of particular inporm::ce to the site since it is found to the
east of upper Hat Creek ‘alley around Cornwall hilis and in the area east of Harry Lake to
the north of Medicine Creek. The association alse occurs in the Arrowstone hills, which
will not be directly affected by the proposed deveicpment.
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The Engelmann Spruca - Groussberry - Pinegrass Association is a dry phase of
Engeimann Spruce - Grouseberry Assgciatfon. Engelmann spruca { Picea engelimannii) is a
seral constituent in this association, although lodgepole pine was found %o be the most
abundant saral species in mast stands., The shrub layer is characlerized by a low layer of
grouseberry and Dbearberry ( Arctostaphylgs uva=-ursi) and a higher layar of buffaloberry
{ Sherpherdia canadensis), common juniper (Juniperus communis) and mountain alder (Alnus
incana). The remaining shrubs listed in Table 3.4~§ are found less frequently. Pinegrass
( Calamagrostis rubescans) is the dominant herbaceous species, which covers as much as
95 pegcant of the ground surface. Other characteristic species ars listed in
Table 3.4-6.

The Riparian Association is found along the banks of streams and assocfated
floodptains in the Intarior Oouglas-fir and Ponderosa Pine - Bunchgrass Bicgeoclimatic
lone. It occupies 10.1 kmz of land area in the project locale (i.e. within 25 km of the
powerplant site), Isolated patches of this association are found along the Bonaparte
River and tributaries, upper aﬁd lower Hat Creak and near the northwestarn shore of
Paviilion Lake. The most continuous occurrences within the project locale appear to be
along Hat Creek {Fig. 3.4-2) and thus are important from a sita=speci fic perspectiva.

The Riparfan Association is a complex perpetuii, seral association with a multi-
layered dense structure. It is the most species rich and biologically productive area in
the project site due to continued water avaflability throughout the growing season. Black
cottorwood ( Populus trichocarpa) is the dominant canopy species. Other species such as
willows (Salix spp.), rad alder (Alnus rubra) and quaking aspen (Populus tremuloides) ars
also common but rarely dominate the canopy Tayer. The dominant understory species are red
osier dogwood (Cornus stolonifera), Nootka rose (Rosa nutkana), currant (Ribes lacustre),
snowberry (Symphoricarpus albus) and 1ittle wildrose (Rdsa gymnocarpa). A large number of
grasses and herbaceous specias cccur. However, Bboth presence and mean cover are highly
varfable. Some of the more common herbacecus species are bentgrass ( Agrostis alba),
bromegrass ( Bromus inermis), harsetail ( Equisetum arvense), meadowrue { Thalictrum
geeidentale), sweat ¢icely (Osmorhiza chilensis), yarrow {Achillea millefolium)}, dandelion
{ Taraxacum officinale), clover ( Trifalium repens) and white sweet clover ( Melilotus
aiba).

Grassland Assgciations

$ix grassland associations ocgur within 25 km of the proposed development
{project locale). Three of thase associatiocns were found to occur an larger areas of land
than the other three., The Big Sagebrush - Bunchgrass was found on 199.9 kmz, Kentucky
Bluegrass on 44.6 kmz and Bunchgrass ~ Kentucky Bluagrass on 25.5 kmz. However, in the
immediate vicinity of the sits, the Sagebrush - Bluebunch Wheatgrass Associatien appears
to be mora prevalent than the Bunchgrass - Kentucky Bluegrass Association as shown fin
Fig. 3.4-3.

The most common association, Rig Sagebrush - Bunchgrass, fs confined to the
lowar valley slopes generally between 400 and 650 m. This association is found in the
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Thompson and Bonaparte River valleys and makes up a substantial amount of the land area in
the site vicinity (Fig. 3.4-3).

The Big Sagebrush - Bunchgrass Association is the driest in the project locale.
This association {s similar to the Sagebrush - Bluebunch Wheatgrass Association which
cccurs in the Interior Oouglas-fir Zone. However, the Sagebrush Bluepunch Wheatgrass
Association has a greater species diversity, which is due to increased moisture avail-
ability. B8ig sagebrush ( Artemisia tridentata) is the dominant shrub, while the others
listed in Table 3.3-7 are not as commonly found or have low cover vaiues. The herbaceous
layer {s dominated by bluebunch wheatgrass (Agropyron spicatum) in those areas not over-
grazed. In areas where overgrazing has occurred, Sandberg’s bluegrass {(Poa sandbergii),
nesdle and thread (Stipa gomata), sand dropseed (Sporobolus cryptandrus) and downy brome
( Bromus tectorum) invade and replace bluebunch wheatgrass (Table 3.4-8). Other species
common t¢ the herbacecus layer are 1isted in Table 3.4-7.

The Kentucky Bluegrass Association commonly occurs on all large open range areas
at an elevation of from 1200 to 1800 m. This association occurs in the immediate vicinity
of the plant around Harry Lake and to the north of Medicine Creek, near the confluence
with Hat Creek (Fig. 3.4-‘3). There are also some isolated occurrences around the Mclean
Lake area.

The Kentucky Bluegrass Association has a higher soit moisture thar the Bunch-
grass - Kentucky Bluegrass Association. This results in a greater abundance of Kentucky
bluegrass (Poa pratensis), a poorly developed shrub layer and a higher species diversity
in the herbaceous layer., Although the shrub layer is pcorly developed, Tittle wildrose
was found frequently within this association. In the herbaceous layer, Kentucky bluegrass
commonly forms a complete ground cover.. With the excepticn of blusbunch wheatgrass, the
other species listed in Table 3.4-7 ware commonly found in this association. It should be
noted that the broad-leaved herbaceous species have a presence value of 80 percent, but
the cover values are generaliy less than 5 percent.

) The Sagebrush -~ B8luebunch Wheatgrass Association is not commonly found in the
Interior Douglas-fir Biogeoclimatic Zone. It 1is possible that its occurrence in the
valiey can be attributed to the high concentrations of bentonite as has been the case
elsewhere in the pt-t:nriru:lz.6 This association is localized along the west side of Hat
Creek to the north of the Medicine Creek confluence. There is also a small occurrence on
the east side of Hat Creek in the vicinity as that found on the west side.

The Sagebrush - Bluebunch Wheatgrass Association has, unlike the kent.uclqy Blue-
grass Association, a well-developed shrub layer which is dominated by big sagebrush. The
cover values for big sagebrush range from 35 to 85 percent. As a result of the high cover
values, most other shrubs are reduced in occurrence. The remaining shrubs Tisted in
Table 3.4-7 apparently can co-exist with the big sagebrush. Bluebunch wheatgrass dominates
the herbaceous layer, while the other species listed in Table 3.4-7 are also freguently
found in this assocfation. J
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Successional Status

The vegetation within the area defined by a 25 xm radius around the project sits
is primarily in a successional stats due to such perturbations as fire, logging and over-
grazing. The effects of thesa perturbations have been most evident in canopy or avarstoery
species. Some shrub or understory species have been largely removed by fire and logging,
although most of these species have a tendency to regenerate quickly. The compesition of
the understory is also determined largely by changes ocsurring in the canopy.

Common successional tree species within the project lecale are lodgepale pine at
elevations up to 1065 m, Douglas-fir at elevations up to 1525 m, and pondercsa pine below
1065 m. Douglas-fir, below 1525 a, forms part of the climax ferest.

The forest stands within the project lacale do contain some climax species.
They ars usually found as dominant regenaration components, lesser components of mixed

successional stands, or as {solated patches of pure ¢limax stands.

Rare or Endangered Specias

No plant species Tisted as rare or endangerad7’a were found within 25 ka of the
proposed development. Several species of showy wildflowers were fdentified in the project
area, but as yet thase are not considered rare or andangeréd. Thesa showy wildflower

_species include yellow bells (Fritillaria pudica), shootingstar [Dodecathon pauciflorum},

spring beauty (Claytonia lancolata) and death camas (Zigadenus venenosus). Thare ars two ’
species which are known %o occur near Hat Creek and have been placed on the rare or
endangered 1ist, swordfern (Polystichum kruckbergii) and locoweed (Oxytropis podocarma).
These two species were noet observed in the locale of the project site.

A plant species checkiist of those specias encountared during the field studies
has been compfled and appears in Table 4-19 of the Physical Habfitat and Range Vegetation
Repart.3 The species have been catagorized by vegetation strata into tree, shrub, grass,
herh, lichen and moss layers. The impertance of these species to wildlife, man and live-
stock has also bean evaluated. The species, ralative abundance, resource use, relative
importance and season of use are suymmarized fn Table 4-20 of the Physical Habitat and
Range Yegetation Report.3

Existing Stress Conditiens

A, Grazing

There has been extansive usa of the range areas within the project locale
by domestic livestock. The extensive use areas are primarily confined to the Interior
Douglas-fir and Ponderosa Pine - Bunchgrass zones. On a more site-specific¢ basis,
grazing has been very intense is the cpen range ar2as found in the Hat Creek Valley,
uppar Medicine Creek, lower Corrwall Creek, Thompson River VYalley and the alpine
areas. Areas usad for both farest and grazing activities have not been as severely
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disturbed as the open range, with the exception of the range lands in the Cornwall
Mountain area which have been depieted of most patatable vegetation.

Extensive overgrazing of am area usually results in a large scale alteration
in species diversity. The palatable species are reduced in number while the unpala-
table ones increase. In addition, the range becomes invaded by plant species which
could not compete when the range was in an undisturbed state. The decreasing,
increasing and invading plant species for the important grasslands in the site locale
are listed in Table 3.4-8.

B. Forest Fires

Forest fires have historically been and will continue to be a major
disturbing factor ir the project leccale. The historical pattern and incidence of
fires is reflected by the age and distribution of JTodgepole pine, which commonly
occurs after fires. Qther than the evidence offered by the lodgepoie pine stands, no
other historical information was found during the Detailed Environmental Studies.

(vi) Biophysical Analysis

The area within 2% km of the proposed development was divided into biophysical
units. Each biophysical unit possesses similar landform, soil and vegetation which form
recurring patterns over the landscape., A total of 91 biophysical units were identified
within the project locale (see maps 4-~7a and 4-7b, Physical Habitat and Range Vegetation
Report).3 A total of 254 biophysical subunits, which are further subdivisions of the
biophysical unit and are based on soil limitations and vegetation ussociations, were
jdentified. The common biophysical units identified as occurring in the vicinity of the
propesed plant and mine site are summarized in Table 3.4~9.

Wildlife

{a) General Description of Major Wildlife Habitats

Game and non-game wildlife populations depend on habitat quality and quantity for perpetua-
tion of their numbers. Regional and local study areas offer a wide range of habitat types for
wildlife. Many such habitat types are locally stressed through land use practices such as grazing
and logging activities, or through natural stresses (e.g. excessive snowfall, limited rainfall) and
have reduced wildlife habitat potential. Major wildlife habitats are summarized below with their
component vegetation associations.

Wildiife habitats were identified and mapped within the local study area (Fig. 3.4-4).
The relationship between wildlife habitats, vegetation associations, and their areal extent is
presented in Table 3.4=10 and discussed below.

Subaipine Krummholz Habitat includes the Engelmann Spruce - Wiilow - Red Heather Parkland
Association and is found at high elevations just below the Alpine Tundra Zone. Most of the area is

covered with short willow and dwarf conifers.
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The Engelmann Spruce-Lodgepole Pine Hapitat covers large tracts of higher alevation
forest., Climax vegetation and some seral stages of the Engelmann Spruce - Subalpine Fir associations
(Engelmann Spruca - Subalpine Fir - Grouseberry, Engelmann Spruce - Grouseberry - Pinegrass,
Engelmann Spruce - Grousebarry - White Rhodedendron, and Engelmann Spruce - Horsetail) accur.

The Oouglas-fir-Pinegrass Habitat covers more of the local study area than any other
habitat type. Oouglas=fir {s tha climax species for Douglas«fir « Pinegrass, Oouglas-fir - Zunch-
grass, DQouglas-fir - Spirez=-Bearberry, and DQouglas-fir - Bunchgrass = Pinegrass associatfons.

Oouglas=-fir dominated habitats also occur as seral stages in some lower eslevation Engelmann Spruce -

Subalpine Fir vegetation associations.

Ponderosa Pine-Oouglas-fir-Bunchgrass Habitat consists mostly of seral stages of Douglas-
fir = Bunchgrass, Oouglas-fir = Bunchgrass = Pinegrass, and ta a lesser extent, Qouglas~fir < Pine-
grass associations.

Aspen Habitat is dominated by quaking aspen or by a mixture of quaking aspen and conifers.
This forest type often occurs as a transitional zone between coniferous forest and open rangs,

Riparfan Habitat is only about 0.5 pergant of the local study area, and is. charactarized
by black cottonwood, willows and other shrubs,

Opan Range Habitats cover a very wide range of climatic and edaphic conditions. Open,
treeless habftat dominmated by grassas or grassiike vegetation can be found from low elevations near
the Thompson and Fraser rivers to the.tops of the highest peaks gn stsep, dry slopes to watarlogged
salfne depressicns. Open Range Habitats cover 21 parcent of the local study area and are summarized
below.

The highest elevation grassland-type community is the Alpine Habitat which includes the
Mountain Aspen - Sedge and the Highland Grassland associations. Just below the alpine tundra and
generally above 1200 m, a band of mid-elevation grassland (Kentucky Bluegrass Association) occurs.
This grassland is characterized by a relatively continuous carpet of heavily grazed short grass. On
better drained soils, low elevation grassiand (Bunchgrass - Kentucky Bluegrass Association) ocgurs
which 1s characterized by scatiered bunchgrass and sizable areas of bare soil.

Two other major open range habitats ars recognizable. Sagebrush Habitat types (Sagebrush -
8luebunch Wheatgrass Association) are mostly in the northarn half of upper Hat (reek Yalley. The
Big Sage Habitat type (Big Sagebush = Bunchgrass Association) is widely distributed throughaut the
Thampson and Sonaparte valleys.

Brush Habitat occurs as an early seral stage following logging or burning of faorast communi-
tias. Brush habitat is domipnated by a 20 to 40 percent gover of shrub species, mainly composad of
comnon snowberry, willow, rosas, western shadbush and juniper plus scattered regeneration of ledge-
pole pine, Douglas-fir and Engelmann spruce with a dense understory of pinegrass.

Available Bog Habitat {s small, covering 0.4 percent of the Tocal study area and corres-
ponds to the Willow - Sedge Bog Assogiaton which occurs over a wide range of elevations whenever

topegraphy and drainage conditions favour its formation.
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Cultivated Fields cover 2.1 percent of the Jocal study area.

The remaining 0.8 percent of the local study area is categorized as miscellaneous habi-
tats. Exposed rock, lakes, river, urban developments and saline depressions are examplies of these
Saline depressions and waterbodies are biclogically important and are described in datai)
in the waterfow] section.

wildlife Populations

(i)

Regional Status

A

8ig Game

Big game is an important recreational resource in provincial British
Columbia and therefore a major component of natural land resources. This section
presents descriptions and local status of big game species occurring in regional and
Tocal study areas. Ungulate species -are discussed in terms of habitat capability
ciassifications. Non-ungulate species discussions are based on available “preferred"
habitat type. In addition, appropriate population trends are presanted.

The Canada land inventory ungulats capability classification system based
on a scale from class 1 (no significant limitations to the production of ungulates)
to class 7 {Timitations so severe that thers is no ungulate production) was used as
a basis in ungulats habitat assessment. Ungulate capability classes 1 to 3 are
tonsidered very important wildlife habitat, especially if designated as a winter
range.

) Population estimates of .resident big game species are found in
Table 3.4~11. The most jmportant big game species in British Columbia are mule deer
( Odocoileus hemionus hemionus). Mule deer seisct southern exposures supporting new
plant growth as they move from low elevation winter ranges to alpine and subalpine
summer and fall ranges. These habitats are found throughout the regional study area
{Fig. 3.4-5). Mule deer numbers in the Hat Creek area increased to a peak in the
early 1960s. A considerable decline (20 percent) in female mule deer productivity
was recorded in Game Management Area 14 (which fncludes the Jocal study area) from
1964 to 1974, At the present time, desr numbers are considered to be below
average.g

Moose ( Alces alces andersoni) occupy a variety of habitats from valley
bottom tc high mountain valleys. Highest moose densities occur in forests opened by
fire and other forms of timber removal, where willow, birch or aspen have regen-.
erated. Moose are second to deer in recreational value and at present, moose numbers
are considered to be balow late 1940s population levels.

——
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Meuntain goat (Qreamnos americanus) setect aipine and subalpine areas for

summer range and precipitous rock facas for winter range. The largast cancentrations
of this species are located fn the southwest corner of the ragional study area.
Mountain goat hunting is lacally concentratad in areas such as the northerly parts of
the Lower Mainiand area and the Cayocesh~Texas Creek area. Approximately 100 000
mountain goats inhabit British Columbia and this comprises 80 percent of the popula-
tien in North America. The provingial goat population therefora has fnternaticnal
significance.

California sheep (Ovis canadensis californiana) and Rocky Mountain bighorn
sheep ( 0.c. canadensis) use mid-to-low elavation grasslands and exposed ridges for
winter range, precipitous terrain for lambing grounds and high elevation alpine and
subalpine areas for summer range. Juxtaposition of thase ranges is very important
and is often the factor determining range use by bighorn sheep. California bighern
sheep utilize the Marbie, Camelsfoot (Yalakom Hountéin, Nine Mile Ridge and Red
Mountain} and Shulap ranges and Mission Ridge. Fifty to 150 Rocky Mountain bighorn
sheep finhabit the Scarped Range north of the confluence of the Fraser and Thompson

rivers at L;.r!‘.i:cm.9

Rocky Mountain elk ( Cervus canadensis nelsoni) winter on Tow elevation
south=-facing slopas supporting fire-induced seral plant cover and naturally occurring
grass/shrub vegetation associations. Summer months ars spent {in mountain ranges as
high as grazing {s available, At the present time, there s no hunting season on

those animals which are found mainly in the Lytton area.

Mountain c¢arfbou ( Rangifer tarandus) wintar in high elevation mature
forests, foraging on arboreal lichens. In the summer, they use 2 wide varisty of
succulent plants in alpine and subalpine areas. Valley hottoms are used during
spring and fall when snow conditions hinder travel and feeding. The nearest caribeu
to the Hat Creek area are in the Chilcotin regicn.

8lack bears ( Ursus americanus) are found throughout the regicnal study
area. Ouring summer and fall, blagk bears are widely dispersed and forage on piant
and animaT foods.

Grizzly bears (Ursus actas hereibilis) are scattered throughout the regional

study area. In summer they occur largely in Alpine Habitat; in the early spring
period, avalanche tracks are a prefarred habitat. High elevation meadow {5 prefarred
by grizzly bears in the late summer. The greatest concentrations of grizzly bears
appear to be in the more fsolatad mountain tarrain in the westarn, and particularly
southwestarn, portion of the study area.9

Cougars (Felis concolor) occur throughout the study area in a wide variety
of habitats. However, they tend to favour rocky and mountainous terrain. Deer are
the important prey of this species, consequently, cougar are found where deer
concentrate.
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Wolves (Canis lupus) occupy a variety of habitats including open plains,
forests, mountains and brushlands, where daer, moose, caribou and mountain sheep are
prey specles. The greatest wolf concentrations can be expected {n major moose winter
ranges.

Upland Game Birds

Regionally, ruffed grouse ( Bonasa umbellus), spruce grouse ( Cawachites

canadensis} and blue grouse (Dendragapus obscurus) are the most common and the most

hunted species of upland game birds. Ruffed grousa is the most abundant species and
is Tound 1in Riparian, Bog and Douglas-fir-Pinegrass Habitats. Spruce grouse are
found above the ruffed grouse in the Engelmann Spruce-lLodgepole Pine Habitat, Blue
grouse are found principally at forest edge, at timberline and at the Douglas-fir
Ponderosa Pine - open range ecotone., Chukar { Alectoris chukar) and sharp=-tailed
grouse ( Pediocetes nhasianelius) are locally present and hunted in the Thompson
Valiey but suitable habitat for these specias is limited in comparison to habitat for
other grouse specias. Both are found in the Big Sage Grassland Habitat. Ring-necked
phcasan;. ( Phasianus colichicus) although historically abundant, are becoming
scarce,

Waterfowl

Land was classified into three capability categories: high, nedium or Tow.
A high rating corresponds to Class 1, 2, 3 or 3M (special migration areas). A
medium rating corresponds to Class 4 or 5, and a Jow rating to Class 6 or 7. The
distribution of these three waterfowl capability categories within the regional study
area (Fig. 3.4=6) dindicates that Hat Creek Valley is one of the few areas of high
waterfowl capability within 75 km of the proposed mine site.

Areas of medium waterfow] value are scattered throughout the Thompson
Plateau. The mountainous regions have a uniformly low waterfowl capability. The
Fraser Plateau north of the Thompson Plateau and Marble Range is relatively flat and
has extensive areas of med{um waterfow] capability.

Birds

i——

. The Tlocal study area avifauna s detafled below. A paralie! regional
perspective was not attempted because of the disparity of available dati.

Furbearers
Furbearer species are ecologically and commercially important species.

Some such as beaver ( Castor canadensis) can modify habitats through damming acti-
vities. Qthers are potentially valuable in the fur palt trade.

The regional study area, which comprises approximately 3 percent of the
province, produces about 1 percent of the fur yield. Lynx, beaver and coyote are the
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most importang species %taken in terms of fur value. Fisher, muskrat, mink and bobcat
are the next most significant species, Trapping 1{s, hewever, a marginal

In additfon to their roles fn ecosystem dynamics, small mammals ares fopor—
tant prey species for raptor populations and upper trophic level gcarnivore species.
Mammals which should be found within the regional study area ars summarized in
Table 3.4-12. Also dncluded in this table are comments regarding trophic status and
the distribution or relative abundance of these species.

enterprise.9
F. Small Mammals
Site and Vicinity Status
A. Biq Game

The Hat Creek watarshed consists of 13.1 percent class 3 and 86.9 percent
class 4 deer and moscse range. Approximately 10.8 percent (7027 ha) 1{s rated as
class 3 deer winter range. Wildlife habitat limitations of poor soil moisturs,
excassive snow depth, restrictive soil depth and adverse axposure or aspect are found
in the watershed, lands most important to logal deer and mocsa are located in the
upper drainage of Anderson Crgak, between 1050 and 1350 m in elevation on the west
side of Hat Creek between Martley and Colley creeks and crossing Hat Creek to Blue
Earth Lake, the valley bottom saction of Hat Creek where the creek parailals
Highway 12, and the north and south ridges of the mouth of the Hat Creek Valley in
the Carquilla area (Fig. 3.4-5).

During the wintar of 1975-76, the Fish and Wildlife 8ranch surveyed the
upper Hat Creek road for ungulate crossing sftes, (fvestock and deog tracks were
observed during the sampling perfod. Hewever, no wild ungulate tracks were recorded.
Scattered deer tracks wers rscorded at elevations of approximately 1000 to 1300 m on
the north hanks {southern exposures) of the mouths of Medicine Creek and Langley Lake
valleys as well as in the Finney Lake area. Moose tracks were observed in the upper
white Rack Creek area aiong the west side of the Hat Creek Yalley at approximately
the 1200 a elevaticn in the Phil, McCormick, Andarson and Martley Creek drainages and
Finney Laka.

Q
a

A winter 1978 helicopter survey by B.(. Hydro and the B.C. Fish and Wildlife
Branch resulted in a count of eight mule deer in Ponderssa Pine-Jouglas-fir-
Bunchgrass, seven in Engelmann Spruce-lLodgepole Ping and four in Douglas-fir-Pinegrass
habitats at alevations between 850 and 1830 m on south-facing slopes nerth aof
Highway 12, In additien, four dser were counted in the sagebrush/bluebunch wheatgrass
habitat at 1040 m elevation on the western side of the valley.

Evidence of cattle activity was found in all wildiife habitats, Low and
mid-elevation grasslands exhfbited the greatast concentrations of cattle cm‘ps.9
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Deer activity was concentrated in the Sagebrush Habitat at the north end of the upper

- Hat Creek Valley. The degree of deer use, the vegetation composition, and the eleva-
tion (1000 m)} of this habitat confirm that it is an important winter range for deer in
the surrounding area.

Transects in Engelmann Spruce-Lodgepole Pine, Ponderosa Pine=Douglas-fir=

Bunchgrass, and Alpine habitats indicated some deer use. Deer tracks and moderate

- browsing on several shrub species indicated that the Riparian Habitat is used to a
considerable extent by deer.

- Little evidence of moase activity was seen in the Engeimann Spruce-Lodgepole
Pine Habitat. ODuring the vegetation field surveys, moose pellet groups were found to
be abundant {n the Bog Habitat, particularly on Pavilion Mountain.

E ]
B. Upland Game Birds
- Ruffed grouse and hlue grouse are common fn the upper Hat Creek Valley. No

game birds were seen or heard in open range, while seven ruffed grouse were recorded

in Riparian Habitat, two ruffed and three blue grouse were recorded in Ponderosa Pine-

- Douglas-fir-Bunchgrass Habitat, and seven ruffed grouse were recorded in Douglas-fir-
Pinegrass Habitat.

- Mourning doves (Jenaida macroura) and common snipe (Capella gallinago)} were
observed in the valiey and chukar were seen in the Thompson Valley, south of Ashcroft.
Spruce grouse were not observed, but probably occur in the Engelmann Spruce-Lodgepole

- Pine Habitat in the local study area. In September 1976 a relatively large number of
blue grouse were chserved at timbertine,

- C. Waterfowl

Breeding pair counts by Ducks Unlimited and B.C. Fish and Wildlife personnel
- were pade in 10 sections in 1975 and in six sections in 1976. Only wetlands below
1200 m elevation were surveyed. Summing counts for each section (using the better
counts for the two sections with overlapping data), resulted in a total of 156 breeding
-— pairs for all 14 sections. ’

Assuming that 90 percent of the bresding pairs were detected by the ground
- workers and that the surveyed wetlands were representative of all wetlands, it is
estimated that 259 pafrs of waterfow] bred in the main Hat Creek Valley. These figures
compare with B.C. Fish and Wildlife Branch sstimates of 200 + 50 breeding pairs in the
- . main valley, ‘ .

In 1976 tie B.C. Fish and Wildl{fe Branch and Ducks Unl iaif.ed counted
- , 106 breeding pairs and-40 broods on 10 sections. Thus about 38 percent of the breeding
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pairs were eventually successful. In 1975 and 1976, ducklings in 43 brogds were
countad, The mean brood size was 6.1. From these data it has been astimated that
approximately 600 ducklings were produced yearly in the upper Hat Creek Vaﬂey.g

The most savere limitation %o waterfowl nesting in the Hat Creek wetlands is
the general lack of marsh vegetation. Heavy cattle grazing in the Hat Creek Vailey
has disturbed the shallow portions of wetlands, removing marsh vegetation. The narrow
@marsh edges of Hat Creek wetlands additionally limit watarfowl productivity and cover.
The invertabrate fauna 1s well-developed in most ponds. Therefore, an adequate
duckling food supply appears ta exist in Hat Creek uwet'.'ands.9

Nesting and brood arsas are required for succassful waterfow] reproductien.
At Hat Creak the %two ara usually found in separate areas. HNestis are located in
relatively dense cover at varying distances frem water. Dense cover is generally
lacking in many parts of the Hat Craek Valley. Gocd {nterspersion of nesting cover
and brood pends is crucial to nesting success in the Hat Creek Vaﬂey.g '

Predation is a major mertality factor affecting waterfowl productivity.
Brood success of Hat Creek waterfowl appears %o be good, which fndicates that local
predation on waterfowl is probably not great.

In total, 507 waterfowl were counted in the sutumn survey and 371 waterfowil
wars counted in the spring survey in 1977. Both surveys probably sampled a minimum of
75 percent of the wetlands, indicating that approximataly 700 and 500 ducks, respece
tively, were prasent at the time of sampling. These data do not reflect the taotal
number of watarfowl using the sita wetlands during the course of the migration period.
Mallards (Anas platyrhynchos), teal (Anas sp) and goideneye {Bucephala spp) wers the
most common species. A summary of waterfowl species racerded for the upper Hat Creek
Vallay and the relative abundancs of each species are given ia Table 3.4-13;

Birds

Sixty-eight species ware recorded on breeding bird surveys gonducted in five
habitats in the Hat Creek watarshed. O0f the five habitats sampled, the highest
nusbers of individyals were seen in the Pondaresa Pine/Douglas-fir/Bunchgrass Habitat.
The fewast were seen in open ranges. Species diversity was highest in the Riparian
and Aspen habitats and was slightly lower but equal in the other habitats. The Rip-
arian Habitat contained the highest number of unique or restricted distributien
species. The Aspan Habitat contained the fewest. Only two species were recorded on
the ow! survey: great horned owl (Bubo virginianus}; and screech cwl (Otus asiel,
neithar of which was abundant. [nformation from literature sources and field surveys
concerning the presence, seasonal status, relative abundanca and habitat praferenca of
Hat Creek avifauna is summarized in Table 3.4-13.
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In general, the upper Hat Creek Valley is an excellent area for bird
watching. The habitat is open and the birds are much more visible than in the forests
of coastal British Columbia. In addition, the avifauna is quite diverse in the upper
Hat Creek Valley. Species characteristic of dry, warm zones and those characteristic
of cool, moist zones can be found within a few kilometres of each other.

Furbearers

The area potentially affected by physical disturbance associated with the
mine and thermal plant has no registered traplines in it. The upper Hat Creek region,
however, has an abundance of furbearers, Beaver were found along Hat Creek and aiong
most of its tributaries. Many of the more valuable waterfowl wetlands are the result
of beaver activity.

A mink (Mustela vison) was observed along Hat Creek, and a short-tafled
weasel (M. erminea) and a least weasel (M. nivalis) were captured in live-traps set
for mice. The latter species is rare in British Columbia and this capture is well to
the southwest of its previously recorded range. No muskrats (Ondatra zibethica) were
seen in Hat Creek wetlands but their signs were seen north of Clinton. Coyotes
(Canis latrans) were sighted in the Hat Creek Valley. Two bilack bears were seen, one
near Hat Creek and the other in Venables Valley. A wolf (Canis lupus)} was cbserved
at Cornwall Peak.

Small Mammiis

The deer mouse ( Peromyscus maniculatus) was the most commonly encountered
small mammal. Red sguirrels (Tamiasciurus hudsonicus) were in all forested zones and
chipmunks ( Eutamias amoenus) recorded for only three habitats, although signs were
evident in all habitats. Micretine rodents ( Microtus spp) were not found to be
abundant. Because they undergo regular population fluctuations, microtine rodents
may constitute a significant fraction of the small mammal resource in othar years,

The Riparian Habitat contains the greatest diversity of small mammals
species. Of spacial note is the capture of a least weasel (Mustela nivalis) in the
open range near Harry Lake. Only five specimen records of this species have been
reported in British Columbia.

Yellow-bellied marmots (Marmots flaviventris) were commonly cbserved in the
study area, Marmots preferred rockpiles and open ranges and were only observed in
the southern two-thircs of the upper Hat Creek vVailey. Tracks along Hat Craek {ndf-
cate that feral cats (Felis domeéticus) may be an important component of the logal
fauna.

(¢) Rare and Endangered Species

The concepts of rare species and endangered species differ in a fundamental way. The

biological concept of rarity pertains -o the distribution and abundance of a species. Specifically,
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a rare species is one whose number are either widely separated into small subepopulations with

reduced intarbreeding, or are restrictad to a single population, The coacspt of an endangersd
spacies s biologically meaningful only in context of existence through time. Henca, an endangered
species is one whasa reproductive poteantial fs threatanad.

In acceptad usage, a specias considared as 2 "rare species” is not endangered, but may be
vulnerable owing to 1its Tow numbars. ‘“Endangered species” are in immediata danger of extinction
{{.e. the particular gsne pool which comprises the species or sub-specias s immedfately subject to
being {rrevocably 1lost), and these are categorfzed as vulnerabls, threatened, or critically
endangered, depending on the degree of vulnerability. Rars or sndangered species occurring or
potentially gecurring within Hat Creek regional and lecal areas are Tistad below.

() Rare Sosctes

Tailed Frog (Ascaphus truei) -

The tailed frog s unique among wmphibians 1n'that it breeds in torrent stresass.
It {s a member of an archaic taxonomic group now representad only by itsalf and by a
species in New Zsaland. The tailed freg is not considersd endangered, but is 1isted
because it has besn rarely collectad {n southwast British Columbia and because of its
unique bfalogical and taxonomic status.

Gopher Snake (Pitucphis melancleucus catenifer)

The gophar snaka occurrencs fs only marginal in British Columbia in the warm,
interior dry bclt.n In British Columbia it s found where small mammals are abundant at
Tower elevation (below §10 m). The species was probably never abundant in 8ritish Columbia
but s a common reptile in tha westarn United Statas. ’

Least Weasal (Mustela nivalis)

The smallest member of the weasel family is sparsaly distributed in northarn and
cantral sections of British Columbia. The preferrsd habitat throughout its range s open
lands and deciduous forest. Rarely recorded in the previncs, the animal captursd in the
Hat Creek watarshed during small mamsal trapping operations apparently represants the
southernmost record for Sritish Calumbia.

Poor Will (Phalaenoptilus nuttallif)

The poor will only occurs in two small areas of Canada: southsrn {nterior
British Colusbia and the Cyprus Hills area of southern Alberta and southwestarn Saskat-
chewan. The bird prefers semi-arid habitat and was found to be an uncommon summer resident
of big sage in the project arsa.
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Long-billed Curlew (Numenius americanus)

The distribution of the long-billed curlew in British Columbia is limited to the
southern interior region. The species has decreased throughout its range in recent years,
perhaps due to habitat disruption. This species was regularly recorded in wetland habitats
in the project area and probably nests in grasslands.

Trumpeter Swan (Dlor buccimator)

The trumpeter swan, faced with near extinction a few decades ago, has recovered
to a considerable axtent due to the compiete protection which it was given. The species
probably breeds in northern British Columbia and winters on the coastal islands. It was
recorded as an uncommon spring migrant in wetland and saline depressions in the project
area.

Common Loon (Gavia immer)

As with other fish-eaters, pesticide and mercury poisoning is the greatest
threat to common loons, although oilspills and hunting are alisc causes for concern. Loons
occur throughout Canada, but generally breed in remote waters, usually only one pair to a
lake. Pairs were sighted in McLean and Aleece lakes in the Hat {reek drainge, and appeared
to have successfully bred there. Pesticide poisoning seems to be a bigger threat to loons
in the eastern part of the species range, but the potential is high everywhere, especially
because loons do not breed until they are 4 or 5 years old.

Peregrine Faleon (Falco peregrinus)

The peregrine falcon has been the centre of a controversy regarding endangered
and vanishing wildlife species in North ﬁuner"lca"l‘:"":IJ (Table 3.4-14). The overall decline
in numbers of peregrine fTalcons is believed to be e result of the accumulation of pesti-
cides in the tissue of the birds, resuliting in thin-shelled eggs which are subject to
breakage and dehydraticn, However, Beeben contends that peregrine falcons are nefther
rare nor endangered in western Canada. Nevertheless, the species has been proven vulner=
able and DDT derivatives have been strongly implicated. Since peregrine falcons prey on
birds, they are not necessarily immune to the application of pesticides thousands of
kitometres to the south. No peregrine falcon was sighted in the upper Hat Creek vValley
during spring migration, however, it Is conceivable that peregrine falcons do nest within
the regional study area.

Bald Eagie (Haliaeetus leucocephalus)

Like the osprey, the bald eagle has undergone a considerable cecline over much
of the southern and eastern portion of its range due to persistent pesticide poisening.
The species is still relatively common in British Columbia, particuiarly along the coastal
rivers, but was not observed within the project area during the study period.
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White Peiican (Pelecanus srythrorhychos)

Only a single colony of white pelicans occurs in British Columbia, at Stump Lake
about 100 km east-southeast of the project site. Because of the spacies' extreme rarity
in the region and the vulnarability of the fsolated colony to extirpation, the pelican is
considered endangered in Britisn Columbia. Elsewhere in Canada, it is listed as vylnerable
(because of breeding colony persecution and passible threats from pasticides). The whits
pelican was recorded as a rare spring migrant through the project area.

Cougar (Felis concoler)

Although the particular sub-species of cougar found in Hat Creek Valley (falis
concolor oregonensis) fs not considersd rare or endangersd, the range and numbaers of the
species as a whole in Canada have rapidly diminished becauss of overhuntinq.u The aendan=
gered sub-species, missoulensis, probably occurs in the northern partion of the study

arez, but the datails on exact sub-species borders or biological differsncas are not’

knm.n Although beaver, rabbits, birds and amica comprise a portion of their diet,
cougars depend primarily on deer for food,

Grizzly Sear (Ursus arctas harridilis)

Like the cougar, the grizzly bear has its stronghold fn the west, with most of
the Canadian population found in British Columbia and the Yukon: One of the andangersd
races, the Lillcoet grizzly occurs within the study area mainly west of the Fraser River.
This race was apparently nsver asbundant and bacauss of heavy hunting prassure fs now
extremely rare or perhaps already extinct. Although trophy hunting is a real threst to
grizzly populations, the greatest threat at present is the encroachment of man on the

7 large wildarnass arsas required to support the grizziies.

Wolf (Canis Jupus)

The wolf is not considered to be an endangered species fn most of Canada.
However, history has shown that wolvas tend to-be extremely vulnerable to the advance of
civilization.

Califarnia Bigharn Sheep (Ovis canadeﬂsi-s californiana)

This sub-specias of bighorn shesp is believed to have formerly occurred through=
out mest of the southern intarfor of British Colusbia., [t {s now restricted to separate
herds, 1ike the ChiTcotin~Riske Craek groups, the Vassux Lake group, tha Ashnola group,
and other small groups, including several within the regional area, Oscline in bfghern
sheep numbers {s in part attributable %o meat and trophy hunting. Encroachment on their
wilderness habitats has resulted in a drastic decreass {n suitable habitat, which in turn
results in small populations which are more susceptibie to the effacts of parasites and
epidemic diseases such as pnsumcnia. One of the most severe threats to bigharn populations

fs compatition with demestic 1ivestock far forage, and the transaission of diseasas and
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parasites from domestic sheep to wild sheep. Bighorn sheep are very habitual in their use
of summer and winter ranges. Habitat use conflicts occur when domestic livestock summer
ranges overlap with bighorn winter ranges.

Endangered Species

Prairie Falcon (Falco mexicanus)

The Canadian range of the prairie falcon encompasses the southern border area,
from southeast British Columbia ta southern Saskatchewan., It occurs in arid plains and
semi-desert hapitat. Declining numbers of falcons are due primarily to the presence of
pesticide residues (principally DOT, but also heptachler and dieldrin) which results in
soft-shelled eggs, embryo mortality and a high incidence of nesting failures. The limited
range of prairie falcons makes the species more susceptible to extinction than species with
wider distribution.

Osprey (Pandion haliaetus)

This cosmopolitan fish-eating raptor has suffered serious daclines throughout
much of its range due to poisening by persistent pesticides. Viable populations still
exist along many of the major streams in British Columbia and recent bans on the use of
some pesticides give rise to hope that the species will eventually recover., The species
was recorded as an uncommon fall migrant in the project area, but apparently did not breed
there, .

(d) Consumptive and Non-consumptive Use

»

(i} Consumptive Use

A.

Big Game

The regional study area includes portions of Game Mapagement Areas {GMA) 4, 14
and 15. A considerable portion of GMA 15 extends to the east of the regional study area
boundary; howsver, it also includes a Targe partion of the Lytton-Merritt-Kamloops area.
Over 15 percent of the resident hunters in British Columbia hunt GMA &4, 14 and 15 even

- though these areas account for only about 4.7 percent of the land ares in the province.

Deer attract the greatest number of hunters. in GMA 4, 14 and 15, approximately 25 000
hunters harvested annually more than 7620 ungulates or I11.7 percent of the estimated
ungulate harvest in British Columbia over the period of 1970 to 1974,

From 1969 through 1974 the combined upper and lower Hat Creek watershed provided
an annual average harvest of approximately 9.1 deer, 2.7 moose and 0.2 black bears which
represent respectively, 28, 34 and 13 percent of the average anpual desr, moose and bear
harvests in Management Unit 3=17, The north end of upper Hat Ureek (Medicine and Anderson
Creek drainages) provided annual average harvests of 3.5 deer and 1.7 moose respectively.
The Medicine and Anderson Creek harvest represented 70 percent of the deer and 85 percent
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of the moose reportad killed in the upper Hat Creek watershed. Ths Lormwall Creek arsa
provided an annual deer harvest which was slightly less than that repertad for the Medicine
and Andersan drainages.

Approximately 11 percant of the desr harvesiad in GMA 14 are checkad through
Cache Craek. A higher parcantage of tha moosa (29 percent) and dlzck bear (17 parcant)
harvest are checked through Cache (reek. Resident hunters who do net pass the Cache Cresk
station take 3 high percentage of the deer (89 percant) and mogse {71 percent) Rarvested.

Resident Hunting

The majority of the deer and moose huntars using the regiocnal arsz resida in the
Kamloops area, with the second largest number residing in the Lower Mainland arsa. The
targest percentage of goat and shees hunters reside in the Lower Mainland area, with the
second largest number residing in the Kamloops area.

Non=resident Hunting

The greatest number of guides hunt in GMA 14, Moose are the most abundant big
game spacies harvestad, fallowed by desr, black Bear and sheep. The sscond highest number
of quidas fm the study arsa utilize GMA 4. Deer, goat, mountain shssp, black bear, mooss
and grizzly btear (in degreasing order of abundance) are harvested {n this zrea. The
lowest number of guides in the study arse use GHA 15. Meoose and deer are the majer game
animals harvestad there. ‘

Low numbars of grizzly near are harvested in the study area (0.5 percent of the
B.C. provingial averzge). However, tha presence of this species in coanjunction with Rocky
Mountain and California bighern sheep and mountain goats makes the area zttrastive to non-
resident hunters.

8. Waterfowl

A portion of the regional study area west of the Fraser River {s included in
GMA 4, while a portion of the regional study area south and east of the Thompscn River
is iacluded in GMA 15. Thess latter two GMA are not included in the presant waktarfowl
analysis, sinca most of the waterfowl habitats iz outside %the regional study ares
boundary. Consaquently, data may net he relevant %o the regicnal study area. More
than 7 parcent of the provingial hunters are lecated in CGMA 14 and approximately
5 percent of the watarfowl were harvestad in this management area,

In 1976, GMA were changed to the much smaller Management Units. Cache Crezk
Hunter check returns for 1376 ars avaiizhle for the smaller Managesent Units, Manage-
gent Unit 3-17 {(wnich includes Hat Creek) is relatively unimpertant to regional
hunters in comparison ta Management Units 3-30 and 3-31. The area araund Clinisn i¢
nearly an order of magnituds more productive to huntars than the Hat Cresk area. Ths
relative jmportanca of Hat Creek to local hunters or those who leave the valley via
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the Oregon Jack Creek Road cannot be accurately estimated from the Cache Creek check
station data.

€. Upland Game

Sharp-tailed grouse, spruce grouse, ruffed groyse and blue grouse are all
important game species in the Hat Creek region. A significant portion of the upland
game bird hunters and harvesting in the province is ¢entered in GMA 4. The region is
particularly significant for chukar hunting, since more than haif the B.C. hunters
use the area with nearly a third of the provincial harvest taken there,

Harvests from Managemant Unit 3-17 (including Hat Creek) are very small
(only 3 percent) in comparison to harvest from the other two management units. More
than four-fifths of recorded harvest comes from Management Unit 3-30, east of
Highway 97. Regional upland game bird hunters appear to choose adjacent areas in
preference to Hat Creak itself.

Non-consumptive Wiidlife Use

In comparison to other interior localities such as Ashcroft, Cache Creek,
Kamloops, 100 Mile House or the Okanagan Valley, few sight records or nest records for the
Hat Creek Valley are on file in the B.C. Provincial Museum's records. As the B.L. Provin-
cial Museum nest and sight record schemes solicit records from 2all interested amateur
birdwatchers in the province, the lack of Hat Creek records strongly implies that the
valley is not used very much for recreational bird watching.

The nearest aciive naturalists club s in Kamioops, although some naturalists
may be active in Lillooet and Ciinton. Hat Creek 1ies. just outside the Kamioops Club
area. Hat Creek Valley is a superior area in which to observe birds. Bird species are
abundant, diverse and easily visibie in the open forests and rangelands. Additionally,
the Hat Creek avifauna includes species that are efther not found elsewhere or are not as
easily found. The potential for recreational nature watching is high, but this resource
appears to be underutilized.

Limited access is, in part, responsible for the low level of non-consumptive
wildlife use in the Hat Creek Valley. Except for the Cornwall Peak fire lookout road,
most of Hat Creek Valley is fenced, privately controlied land. Upper Hat Creek residents
have indicated that they actively discourage recreational activities of non<residents
within the valley.

Man-induced Perturbations

Man's activities in the vicinity of Hat Creek have had a significant impact on
the abundance and distribution of wildiife. Hunting pressure has eliminated or greatly
reduced some species of big game in the past. The project site falls within three game
management areas administered by British Columbia Fish and Wildlife Branch. Hunting is
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now regulated to cbtain sustained yields from existing came species. Intensive grazimg by
cattle is now a major stress cn many of the natural habitats and s z faclor affacting the
capacity of some of these areas te support wildlife (a.g. grazing ;et1and vegetation
destroys waterfow] nesting and breood cover). Lumbering sctivitias in the region have also
had a significant impact on wildlife populations. Timber harvesting has besn detrimental
to some spacies but has benefited ctﬁars (e.g. moose have increased their range largely
due te the availability of forage in cutover arzas). The pattarns of existing man-induced
stresses appear jikaly to continue.

3.4.4 Forest Rasourcas

{a)

(b)

(<)

Forest Lands

Approximately 1 731 500 ha of the proposed development region is classified as foresg
Tand, This s approximetely 3.3 percent of the taotal forest land within the province of Eritish
Columbia and 74 percent of that encompassaed by the regional study a. 0f the 198 350 ha circumscribad
by the local study area {25 kn radius), 75 percant {s forestad land.

Forest land tenurs of the study area 1s sumsarized in Tabhle 3.4-15, MNinaty percant of the
forest land in the regional arza and 96 percent of that within a 25 km radius of the project is
Crown land.

Resource Status

The current status of forest resources §s appraisad in terms of forsst types and standing
ma3turs volume. Forest stands are typed as mature, impature, rasidual (stands which nave been
disturbed 26 to 75 percent by legging, fire, insects ar disease), not sufficiently restocked (NSR,
disturbed over 73 percent and not restocked with sufficient numbers of commercial species), and
noncommercial covar (NCC, forzst Tand vegetatad with non=comnarciai species).

The status of forests as of 1370 in the regiomal s2nd lecal area is summarized din
Tahle 3.4=15. Almost half of the regional and local forest arez is c<lassified as mature, of which
approximately 93 to 94 percent occurs on Grown land.  Residual, NSR and MNCC together acgsount for
less than 8 tz 10 percent of these aresas,

Standing mature volume (1370) of each commercial specias within the regicnal and local
area {s presanted fn Table 3.4-15. The total volume of maturs timber within the region s I135.¢8 EmB
with the three majer species, Jodgepele pine (38 percent), Douglas-Tir (36 percent) and spruce
(15 parcent) accounting for 89 percant of the volume., In the local study area, Douglas-Tir is
substantialiy more abundant, constituting more than half of the total maturs volume.

Produgtivity
The preductivity of standing timber is5 measured using the mean annual increment (MAI) at

the rotatien age. As potential yields are in lYarge part a functian of sita conditicns, the 3.C.

Forest Service has evelualed pravinefal forsst lamd wtilizing a system of ranked sita classes
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specifie for major commercial species. The four classes recognized by Reid, Collins and
ﬁussm:'ia.tes,z4 good, medium, poor and low, comprise 9, 35, 54 and 2 percent of the regional study
area, respectively. Productive forest land within the local study area is coasiderably more scarce:
2 percent is classified as good, 25 percent as medfum, 71 percent as poor and 2 percent as low. The
distribution of site classes in the local study area is portrayed in Fig. 3.4-7. Mean annual incre-
ments (MAl)} caleculated for the various B.C. Forest Service Management units of the regicral area
range fr-o.:m 1.2 to 2.4 mafha. The corresponding annual allowable cut (AAC) for the Jlocal area is
146 189 n°.

Provincial forest lands are divided into districts administered by the B.C. Forest
Service. Within and scmetimes straddling districts are smaller divisions created for management
purposes. Thease can be of two types: Public Sustained Yield Units (PSYU) which contain Crown lands
and are managed by Forest Service personnal, or Tree Farm Licenses (TFL) placed under private
management.. Sixty-five percent of the regional study area is located in the Kamloops Forest District
and 35 percent in the Carfboo Forest District. The two districts, within the regiconal area, incor=
porated a portion of TFL No. 35, which represents 2 percent of the regional forest land, and portions
of the foliowing seven PSYU (percentage of regional forest land noted in parenthesis): Big Bar
{30), Botanie {(20), Kamloops (11), Lac La Hache (13), Nehailiston {6), Nicola (8) and Yalakom
{10).

The B.C. Forest Service manages Crown land forest, comprising 90 percent of the regional
forest land and scme portions of TFL. Forest Service decisions regarding timber harvesting and
scheduling are based on harvest applications submitted by Tumber companies and the AAC calcutated
for each PSYU. Available finformation does not permit accurate projection of future harvesting
locations. However, as of January 1877, 24 forestry companies had been alloted some portion of the
AAC designated for the seven P5YU (including portions outside of the RSA) noted above.

Sites of present or near-future timber harvesting activities occurring on Crown lands of
the local study area are noted in Fig. 3.4+8. There is currently cne principal Tumber operation in

the local area. This company has been authorized to remove timber from the Hat Creek Valley and
intends to remain active there until at least 1990.

Also fllustrated in Fig. 1.4+8 are two areas proposed for designation as Envircnmental
Protection Forests (EPF). If the areas are accorded this status, timber operations will be prohi-
bited or restricted, due to unstable or staep' slopes and/or important wiidlife, recreational or
aesthetic features.

The proposed EPF near Robertson Creek contains steep slopes conducive to erosion. The EPF
located near Pavilion Lake is in the proximity of Marble Canyon Provincial Park and Indian Reserves 3
and 1A.

Regicnal study area production of forest products in 1976 accounted for 9 percent
(171 690 m3) of the plywood, 6 percent (6300 tons) of the pulp and 5 percent (564 million board
feet) of the lumber produced in the province. The one principal lumber concern operating in the
local area trucks logs to 1ts sawmill and plywood plant at Savona.
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The ocgurmance of farsst insact pesis has Seen recardad in the regicn of tha
project since 1912, The major insact pests recorded are nountaia pine deetle (Dandrachonus
pondarasas), Ouuglas=fir bestle { [androctonus gseudotsuczz), feuylas=rfir 2usscek moth

{ Orcyia pssudoijugata), Wesuarn blackhsaded budworm {Acleris gloverapal, spruze Gudworn

{ Cheristensura gogidentalis), satin moth { Stilpnatia salicis) and dlack pinelzaf scala

(Mueulapsis caiifarnica).

The bark bestles, (8. ponderosse and (. pseudetsugas), have historically baue
the most destrrstive, causing  demage  hrough  reductiens  in growth  and  uliimataly
mortality. [, rerdeeosae attacks all pine species and §s often Tound assaciated with

0. brevicomis. In general, bark beelles foed beneath the bark of trees causing piteh to
flow out of thz entry holes. The foliage becames chlorotic 3=4 weaks after infestatien,

and in the foellewing season, the leaves may turn reddish brown and abseise.  Foilaowing
zits,  the tres pay live for enly a few yoars., Toe sost recent outhreak of Do
2 in the vicinity of the develepmant wss in 1376 whan 210 Ra of poncerosd AN
ad in uppar Hat Creek. Tha mest recant outbreak of 0. g;gﬂ_,x_g_f:»*as“mzeg in the vicinily
af the develaoprant wag ia 1376 whan 210 pa of pecderose ping was kiflad in cpper Han
Creek. Tha wost vecent uutirzak of 0. preydotsugame iu tha vigiy

meat coourrad in 1873 w5 300 Pcdta;?:;. ware aksarved ih Fouptain Va

Defoliatars, 0. poeudotsugata, A gleverana

alse considersd major Forcsh pasts, | Defnliators davegs teses Dy devouring foliags while

in larval stages. The dumsge is exhihized by crooped meaedlas, thin, yaliow oy brows

foliage and Bare twigs.

panly eosureing defsiiator in tha prejact ares.

ir. Tha Tazt major suthreak was renortzd o

ere dofoiiated. £, ocgefdentalis g a major pest

af Boaglas=Tie. It s thz sost active insect in the projswet arsa.  Severs cullirosds hava
sezurrad on the wastern slepas of the Clear Range. The ingaect has besn particularly

active im recent yezars, as avidancad by fne exizasive arsas of defeliaticn in tha vicinity

Scale ins:.\.ct::., such a5 . galifornlesn, atlack ponderusa pine, primarily thosa
faund on the drier aftas in thy viginity of the projsci. The most corman symaton of szale
<
u

n
fnfestation 13 2 chiorasils and senescance of the Taaves, ultimataly resulting in & thinning

X fumgal o othar tree disesszs of major imsortanca hove Bsen nsted in the

ragicn of the groncsad daveloprant.
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(i11) Fire

Forest fires have historically been and will continue to be a major disrupting
factor to the forests im the vicinity of the proposed project. The historical pattern
aml incidence of fires is reflected by the age and distribution of lodgapole pine, which
commonly occurs after a firs. On this evidence ﬂone. it appears that fires have been
prevalent within the valley and can be expected to occur in a similar pattern in the
future.

Agriculture

Agricultural resources of the project study areas are described with reference to climate, land
capability, range vegetation, productivity, and agricultural and land use practices. Water resources
available for irrigation are described in Section 3.3, Water Resources. Current and potential produc-
tivity are addressed separately from Jland capability because productivity is a function of natural
resources and agricultural practices. Section 3.4.5(g), Agricultural Land Uses and Practices, incor=
porates land use patterns, farming practices and considerations affecting these such as government
programmes and policies.

{(a) Climatic Factors

Ciimate varies markedly due to changes in elevation and proximity to large water bodies.
Even in areas where climate is most favourable for agriculture, aridity limits dryland farming to
drought-resistant forage or cereal crops. With irrigation, areas in the general vicinity" of Nicola
and Kamloops lakes and large rivers such as tha Thompson, Fraser and Tower Nicola exhibit CLI Climate
Capability for Agriculture (CCA) Class 1 (improved, sign.ify'ing that irrigation i4 assumed) condi-
tions. In the CCA system classes range from 1, which allows production of the widast range of crop
species, to 7, which precludes agricultural activity.

Class 1 gliimate is condugcive to rafsing corn, a high value crop, as wel’l as a wide range
of vegetubles, small fruits, forage crops and cereal grains. Special Class 1b (improved rating)
possesses conditions suitable for production of crops which thrive in warm temperatures, such as
tomatoas and vine crops. This class occurs regionally en the sastern benches of the Fraser River
between Lillocet and Lytton and on the benches of the Thompson River between Asheroft and Savona.

Thirty percent (598 kmz) of the local study areaz, principally the valley lands and adjacent
benches of the Thompson, Fraser an¢d Bonaparte rivers as well as isolated pockets of the Hat (reek
Valley, experience (lass 1 climatic regimes. This includes 336 Imz where special Class 1b conditions
occur, Without irrigation ratings in these Class 1 (and 1b) areas range from Class 3 to Class 7.

The benches adjacent to Class 1 areas generally experience climates identified 2s improved
Class 2 or 3. These areas (510 kmz, 26 percent of the local study area) are typically associated
with lower-elevation grasslands and can support intensive agriculture if soil characteristics are
not limiting. Typical crops cultivabie in Class 2 and 3 areas, assuming irrigation and suitable
soil and terrain conditions, are hardy vegetables such as cabbage, forage species and certain cereal
grains. '
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Climate capacilities of almost nalf of tha area (385 kmz

44 percent) range frem Class 3
through Ciags 7. Here, principal climatic restraints on productivity arg aridity, a frost-fraa
period Jess than &0 days, and less thaa 1900 growing cagrse days gr2ater than 59¢.  The lowar ragqions
cf the Tpocal study area ganerally experience Class & and 5 climatic caonditionst wnich Timie agri-
culture o, cultivatien of forage crops (Class &) and cattle grazing. Areas with Class § ang 7
(318 k:lz, 16 percent of tha JTocal study area) climatic czpabiiities have, respectively, limited or
ne agricultural potential and are characteristically assaciated with the higher ealavaticn mountains
Tecatad in the westarn particn of the siudy area,

Regional Land Capzhilities

The araail distribution of Jland capability catsgories, high, Tow and vary Timitad is
depicted in Fig. 3.4-9. High capakility lands can support with {rrigation, sustainad annual har-
vesting and are deiined as lands Jdontified by the CLI as Land Capability for Agriculiure (1A}
improved (irrigation assumed) Classes 1, 2, 3 or 4. The CLI LCA system, which reflacts climatic and
edaphic variables and includes saven c¢lasses, fs further dascribed in Section 3,4;,6{b)¢ Low capa-
bil{ty zresas reprssend mostly grazing Tend, while thoses areas demarcatad as neither high nor Tow
capapitity are af only Yimitad azgricultural (essentially grazing) value. Tha cempositicn of tha
regiong] study area with refarzica to these three Lroad categories, including individual LCA Claseas 1,

2. 3 and 3, 15 surmzrizad in Tahie 3.4-17.

The most extsnsive arcas of nRigh capability agricultural lund, LCA daproved flasses 1tz
4, ogczur primarily in the river valleys and platsaus of the northeern portion of the study regian
(Fig., 3.4-%). (Tass 1 and 2 Jands, howevar, are Targely resiricted to arezs along the lerth Theapson
River, Muepiti-Nicola lLake vicinity, Kamlcops viginity, Fraser Rivar Valiey from Lilloget-lytton,
and the Thuemeson River VYalley in the Asheroft-Cachz Creek-Savona area. The gensral restreiction of
Class 1 and 2 Tands ta thess lacalee 15 a function of <limata.

The 210 ki mz af the regional study ares ddentified in the CLI as LLA Class 1 (improved
rating}, constituta 30 parcenc  of  tha dmproved Claws 1 capakility land in  the province
(Takle 3.4-173. Tha juxtagosition of this Class 1 land with 16 900 &;;az of Tand suitabls for grazing,

rancdars the ragicnal study arca woil-suited for beev cattle production,

The portion of the regional study arza danetsd in Fig. 3.4-9 as supporting Yittla or np
agricultural activity, caincides with higher elavaticons, Bicyeesglimetic zones characiaristic of

muen of this portion, Eagaimamn Spruce = Sub-alpine Fiv - Alpine Tumdra and Subeaiping Mountain -

Hemlogk zonas, srovider oply Taitad forage for catgla,

Loeal Land Canabilitfaes

{1} High Capability Lands

The gistribution of lamis theurexic2lly capsble of supperting intensive agri-
culture with irrigoticn, fdantificd ca %he basis of LT LCA imoroved Classes 1 %o §, i3
prasentad In Fig. 3.4-20.  Aszeciated arssl coverzgos rtor each of the LLA classes is
fncluded in Table 2,418, High capanility lunds {2680 ‘/“:7 appreximasaly 13 sercent of tha
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local study aresz occur primarily where climatic variables, particularly duration of frost-
free period, number of growing degree days greater than 5.6°{:, soi1 and terrain features
are favourable. These areas are situated chiefly in the valleys and benches of the
Thompson, Bonaparte and Fraser rivers, on plateaus east of Pavilion, and in approximately
50 km? of the Hat Creek Valiey. An important companent of this intensive agriculture land
is the 36 kmz with Class 1 agricultural capability, Tocated mostly along the Thompson
River and Semlin Valley.

Low Capability Lands

Lands with CLI LCA Classes 6 and 7 (f.e. Tow capability lands) were assigned
grazing capability ratings ranging from 1 toc 5. The criteria for assignment were developed
by the 50fils Division of the B.{. Department of Agriculture as part of a tentative methodo-
logy for mapping CLI land capability for grazing. The distribution of higher capability
grazing lands (grazing classes 1, 2 and 3) and lower capability grazing lands (grazing
Classes 4 and 5) are depicted in Fig. 3.4-10. The higher capability grazing lands occur
primarily on the secondary benches adjacent to rivers, and on lower elevations of mountains
in the Hat Creek basin.

Approximately 46 percent (907 kmz) of the local study area is {identified as
higher capability grazing land. This represents an important agricultural resourca. Most

" of these lands are grazing Class 2 or 3. The low capability grazing area, comprising

(d) Site Area

approximately 41 percent (796 knz) of the local study arsa, represents a relatively unim=
portant grazing resource. =~ °

(1)

Land fapabilities

High Capability Lands

High capability lands are portrayed in greater detail in Fig. 3.4-11. They
comprise approximately 35 percent (72 kmz) of the area dalimited by the figure and occur
mostly in the eastern portion of the site area, in the vicinity of Asheroft and Semlin
Vailey. Within the western portion of the site area (upper Hat Creek Valley) there are
approximately 38 kmz of high capability tland, predominantly LCA (lass 3. While climatic
factors in some portions ¢f the Hat Creek are propitious for irrigated agriculture, sot)
characteristics in those areas with favourable climate restrict the LCA ratings (improved)
to 3 and 4. N

. A more detaﬂ‘ed analysis of high capability land of the site was conducted
utilizing soil maps constructed at a scale of 1:24 000. A summary of these findings is
in¢cluded here. From evaluation of the sof] maps and CLI CCA maps, five classes of capa-
bitity for intensive agriculture with irrigatfon were identiffed. Classes were assigned
to all soil units of the site~specific study arez where cultivated crops or irrigated
pasture could be supported. The five classes are each associated with a preferred crop
{higher value crop) and ranga from irrigable lands capabie of producing the widest range
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of crops of which tomatses would bhe considerad preferrad, to irrigable lands where inten-
sive agriculture would Tikaly bBe lTimitad to irrigatad sasture. The areal exitent of each

of the fiva zlasses or irrigable lang is prasantad in Table 3.1-19.

(i%) Low Capahility Lanas

Low capahility lamd incorporatas z!1 lang units rated LCA clasgsas 8-7.  This
category constitutas the sortion of the sita-specific study area for which agriculiural
activity would bz assentially limited ta grazing and includes 426 kmz or 85 percant af the
site-specific study arsa. Further differsni{ation of grazing Tand Tnio the five grazing
capability classes daveloped by tha Soils Division of the 5.C. Department of Agriculture,

a1 -

is mapped in Fig. 3.4-114.

fange Yesgenation

Important forage plant specias wiich characterize rangsland of tha sita and Hat Crieek
basin and vicinity ave netad in Tadls J.4-20. The Imporcancs of these speciss ref s palatabilit

and fead valus o grazing livesteck, as wall as relative abundance.  Bluebunch whautqra&s (Adrc

i
af tha 20 vegetatisn associations ddantifizd in the lacal study area (Saciicn 3v4,2‘. Thasa six
associstions compriss 127 kaz or approdimately 20 persert of the rangeland within the Hat' Crazk

watarshed porbion of the Tecal stugy area.
Preductiviny

(3 Crop ands

Average yields and ralative importance of cvop types grown in the lecal study
area are presantad dn Tabfe 3.4-21.  Productivity ranges reflect differing managemant
practices and climatic pegimes.  Alfalfa and oarchard grass are particwiarly important
crops.  Alfaifa yiaids can range tp to 16 Mg hay/ha on well-managed tands oenurring in
Ciass 1b c¢limata capability areas, such as osour along the Bonaparta River nsar Cacka
Cresk. Corn is -incrzasing irm pepularity &5 an sinoal crep for silage production wit
potential yialds as hign as §3 Mg/he.

{ii) Rangeiang
Rangeland productivity Is expressed in temes of cattle carrying capacity and
reflects manzsgesnent practicss as well a3 adaphie and climatic factors. Carvying capacities
currently realizad ane thosa potzalially achiavabie with geod manugament pregtices sre

discussad,
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Current Carrying Capacities

Local Study Area

Estimated cuyrrent carrying capacities of the various grazing permit units
administered by the B.C. Forest Service in the local study area are listed in
Table 3.4-22, The units employed hers %o measure carrying capacity are land area
{hectares) required to support one animal unft (AU, one steer or one cow and calf)
for 1 month, cammonly expressed as ha/AUM. In the 1211 @? of the local study area
managed on & permit bas{s, carrying capacities range from a high productivity of 0.4
to a low productivity of 54.1 ha/AUM, and averages (when weightsd for areal contribu-
tion) at 6.7 ha/AUM.

The present carrying capacity of non-permit rangelanc, the 6&% kmz of
private land (including Indian Reserves) and lease rangeland of the logal study area,
was derived from forage yialds mapped in 1369 by the B.C. Forest Service.27 Utilizing
an average carrying capacity calculated for this segment of the local study area,
2.4 ha/AUM, the lower grassiands of the area can support roughly 31 500 AUM. This
translates into forage sufficient for 10 000 catile over a 3-month intarval. Although
the exact number of cattie maintained in the local study area is not known, estimates
indicate there may he on the order of 5000 animals. The high estimate of carrying
capacity is 1ikely due to a combination of three factors:

1. The lower rangelands may be in poorer condition than they were 10 years ago when
the range map was prapared.

2. The 669 kiz estimate of areal extent of lower grassland areas within private and
Jease land may be higher than the grassland areas actually available to

cattie.

3. Animals may be grazed on these lands for a perfod averaging more than
3 months.

Hat Creek Valley

An estimate of cattle numbers presently supported in the Hat Creek Valley
(watershed) was devaloped from analysis of seasonal productivities. Theoboundaries
of the Hat Creek watershed are delineatsd in Figure 3.4-12, The cow/calf operations
characteristic of this area utilize three sources of cattle feed: hayfields from
which winter feed is harvested, spring pasture and summer grazing.

The 879 ha of frrigated valiey haylands generally exhibit three levels of
productivity, depending on soil characteristics. Total production is estimated to be
roughly 5398 Mg of hay, which would sustzin approximately 3395 animals for saven
winter months (assuming 1 month of all pasturing on cropped hay fields). Spring
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rangelands provide about 3916 AUM, sufficient to support 1958 animals for a -2-menth
pericd, while summer rangelands provide about 9141 AUM which support approximately
3047 animals for the three sumser aonths.

From cosparison of the three seasonal productivities, it is apparent that
spring feed production probably limits Hat Creek Valley cattle numbers to rougly 1958
animals., Current numbers of cattle would significantiy exceed 1958 if spring grazing
wers supplemented with extra hay or if hay fields were used as frrigated pasturs.

Potential Carrving Capacity

Potential carrying capacity 1is defined here to indicats range carrying
capacity likely to be achisved if good management practicas maintain native forage
production near levels measured for undisturbed conditions. Improvemants such as
tert{lization, f{rrigation or introduction of axotic plant species ire not assumed,
nor 15 water availability for cattle consumption considered.

Potantial carrying capacities calculated for the five grazing capability
classes tentatively defined by the tLI. are presented in Tabie 3.4-23. The basis for
the calculated carrying capacities is the range of forage productfvities, noted in
the first column, estimated by the Sofls Division of the B.C. ODepartment of Agri-
cult.um.zs Assumptions utilized in translating forage yields into cattle support are
noted in Table 3.4-23 and Section 2.4.5(c). Total annual carrying capacity for the
local study area, as derived in this table, ranges froam 90 445 to 186 506 AUM. A
second informational source was employed to calculate potential range carrying capa-
city for the Hat Creek watarshed. Vegetation assoclations fdentified in
Section 3.4.2 were assigned carrying capacities darived from conversations with
provincial staff and from data reported in the literature. Potential carrying capa-
cities calculated in this manner are presantsd in Table 3.4-24; when summed for the

~entire watershed, they range from a low (assuming fully stocked forests) of

17 000 AUM/yr to a high (assuming recent clearcut conditions in forestad areas) of
36 500 AUM/yr.

Frem comparison of Table 3.4-23 with Table 3.4-24, it {s notad that the
estimated carrying capacity of the Hat Creek watershed derived in the latter,
36 505 AUM/yr, is comparable to the Tower estimate derived fn Tabla 3.4-23, 32,307.
As the two tables were developed from independant data sources, this suggests that
the lower estimates included in Table 3.4-23 are more realistic than the higher
estimates.
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A large zortiaon of the regfonal study ares is considered agricultural lana,
reflecting extensive use of both open range ard forasts Tor cawtie grazing, The
Juxtaposition of orodustive river valisys, suitad for ferags precduction, with large

tracts of grazing Tand favour tne cow/calf type cof cattle coerstion wnich coarace

tarizes the agriculture of this araa.

The 1%7% areal axteant of Fzrmland and major c<rop-cover typss of tne
Themason<Mizala Census Division are noced in Table 2.4-25.  The Houncary of tris

census division s depicted fa Fig. 2.4-27 aiapg with the boundary of the regional
study area. Farmland is cdafined to include improvec and unimpraoved deeded and Crown
leasa land, but does not include Crown rangeland adminfstared on 2 permit/fee 5asis.
The 5480 kmz

23 percent of all the farmland witnin tha preovince. OF the 530 kmz imoroved Tarmland,

of farmland witnin the Thompson-Nicula Census Division camprise

2 PR, . . . R . .
320 ke~ are (as of 197%) devoted to crop producticn, prinrcially fersge crops.  Hay

is the chiel crop, accounting for 23 percant of the total cropland arez.

Agricultural Lara Raserve

Approximataly S1S0 sz gr 23 parcent of the regional s
designated as part of the provincial Agricultural Land fReserve (ALR).
of resarves within the oprovincs ard within the study ares ara daci
Fig. 3.4-12 and 3.3-13. Twenty percent of the antire provinciz? ALR oczurs within

the study region.

The mzjority of fhe ALR within the ragioral study area ars

to major rivars (exczpiing the Frasar River scuth of Lyillon) and their tributaries

and on the plateau arszi neorth and wast of Clinton. In generai, ALR include lands

W

a
tasses 1 through 4, and selecied rangelanas assigned LLA classes

assigred CLI LCA o3

and &.

Farm Charzcteristics

The number of farms of wvaricus size catsgories, zand Tarm capital valuas,
are presznted Ia
Thompson-Hicala Census $ivisicn are ra

than 32 ra. h

3
supperted by the division comprises 17 sercent of tne ('vestock value of the
v

Livestock nuiapers ara alsg  reported in Tapie 3.4-250  OF the 523 Tarms

ir¢luded in the Thompson-Nics
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inventory at the time of the 1976 census. Little other Tivestock production occurs
in the division with the exception of sheep, numbers of which acgount fer 10 percent
of provincial sheep production.

Cattle Operations

Beef production in the regfonal study area {s associated with cow/calf
ranching operations {n which calves are raised for sale to finishing operations
iocated outside of the province. Cattle are maintained by higher alevation grazing
lands, aainly Crown land available on a lease or parmit basis, and valley cropiand
usually deeded to the rancher. Most farmers raise forage crops to provide winter
feed for their own cattle. To utilfze both feed sources, cattle are moved from the
lower elevations in summer t0 graze higher elevation Crown land, and returned to
lowsr alevation range and cropped haylands in the fall. Cattle are normally wintered
adjacent to hay production areas, where they are fed forage harvested during the
preavious summer.

(i) Local Study Araa

Land Use and Tenure

Agricultural Jland wuse and land tenure patterns are portrayed in
Fig. 3.4-14. Approximately 12 percent (243 knz) of the local study area is deeded
{private), 4 percant (79 k.mz) Indian Reserve and the remainder, Crown land. Land in
the latter category Js available for agriculture on either a lease or permit basis.
Agricultural leases can be obtained from the provincial government for certain Crown
lands that ars at least 50 percent arable, while grazing leases are available for
selected lands generally not amenable to use on a grazing permit basis. "Crown Teases,
both agricultural and grazing, are administared by the Lands Management Branch of the

B.C. Ministry of the Environment; with an agricuitural lease, the leasee may opt to
purchase the parcel if 80 percent of the arable porticn has been placed under cultiva-

tion. Grazing permits are administered by the B.C., Forest Service, and are issuad
for specific sreas, numbers of Tivestock and grazing periods.

Relationships between land tenure and agricultural land uses are summarized
in Table 3.4-27. From inspection of the Table and Fig, 3.4-14, it is noted that most
of the 45 knz of cultivated cropland and irrigated pasture (that is areas of intsnsive
irrigation aq'f*icultum) is restricted to deeded lands and Indian Reserves. Approxi-
mately 98 pergcent of the local study arsa is rangeland, 63 percent of which is
administered by the Crown on a permit basis., Grazing use of aimost half of the
antire available rangeiand is rastricted by vegetative and terrain features.

Field crops raised in the Hat Creek basin and vicinity are listed along
with ranges of yields in Table 3.4-21. The two most important crops are alfaifa and
orchardgrass; the former is particularly welli-suited to CLI class 1b climate areas
(lower benches and vallay bottoms of the Fraser, Thompson and Bonaparte rivers) where
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the iong frost-7¥ree pericd permits up to four harvests anpually. Jther crops «hich

are jrmuortant to a3 lasser axtant are alsike clover, grested whaatgrass, reed canary

orass, Limothy 2ad corn.

Distribution of major land use and tenurs cavagories among the 13 fara
units compriszing the locat study ares, is bar diagramred in Fig. 3.4-15. A farm unit
refers rere to the aggregat2 land araa unger :.1g1n narzgement contral that funciions
as a unit for zhe procuction of agricultural preducts. Twalve of the farm venits are
cattle ranches, while 2ne is a cemmercial hay pnrdticn. The larges
Unit 5, comprised of &03 na of ireigated private and/or lease lang, 13 §37 ha ¢

and/ar leass rangeland, and utiiizes 3,280 AuM/yr of permit land. O

are 6, 8 and S.

Acricuitural Land Hesarves

A map of ALR acuurring within the Jozal study area 1s presanted in
Fig., 3.4-16. The reserves include 529 kmz, reprassnting 27 parcent of the lang in
the study area. Singe cniy 3 percent of the entire province is desigrated ALR, it
can ke dinferrad that the Hat Cresk hasin and vicinity represents a soncentration of

agricultural resources

Goverecmant Proqrimaes

A& total of seven agriculturzl research plots are maintainsd in the lcea
study area. Agriculture Canada managas one, the 2.C. Ministry of Environmert manages
two, &nd the two 3g=ncies togeinar operate four. The plots are vtilizea for Tnvasti-

tin A laprovenen tachni i rosaegin a ed ¢ Q. e STo
gaf'rg ranga iaprovenment tachnigues such as reseecing and weed contrel, and Zrop
sguctivitias.,
3

A regent  Agriculiure  apd  Rural  Develooment Agreement oetween 3rilish

Columbis =rd the Federal Goversment provides for Ffunding in excass of 20 miliion
dnliars iagrovement, No estinatas ara availzble of the
ameunt imoroved thrgugh Tmolenantation of this oprogrzrmme
within the Toeczl (or regional) stugy area.  Lower grassiands along wajor river
courses, such as tne Tbcmsson, Freser and perhags the Scnaparsze Afvar, wouia likaly

rasaonc

has been <oonducteg by the Water investigation 8ranch of tne 8.C. Ministry of tne
Eavirorment, It was aeternined 3hat 274 ha of farmland on the bzpches o the west
side of the Thompson Rivar, netwesn Orasgen Jack Oreek and Cormwall Creak, could e
thasreticaliy ceveloped and irrigsted. As presently designed, the propesad irrigazion
]

scheme weould precluds eny axpansisn of irrigatad land immediataly downstream 37 une

- 1

diversion point on Hat Cresk (2:172 &xm south of ypper HMat Jresk).
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(i1} Site=specific Study Arsa

A. Land Use and Tenure

Land usa and tenure patterns of the site-specffic study arma are portrayed
in Fig. 3.4-17, which 1is a larger-scaled version of Fig. 3.4-14 (discussed with
raferenck to the iocal study area). The location of irrigated lancs (grepland and
irrigated pasturs), important cattle trafls and licensed water diversions can also be
obsarved in Fig. 3.4=17. There are approximately 880 ha of irrigatad land within the
Hat Creek watershad portion of the arsa, and 870 ha within the lowlands of the
Thompsen River. Irrigation s practiced mostly an deeded lands. From inspection of
Fig. 3.4-17 it 1is noted that, on a general level, neither vegetation nor terrain
saverely restrict grazing usa in the site area.

8. Agricultural Land Resarve

The distribution of ALR within the site area is depicted in Fig. 3.4-18,
The resarves encompass the bottom lands of the Hat Cresek Valley, benches and bottoa
lands associated with the Thompson River and the high capability rangeland in the
vicinity of McLsan Lake. Approximately 40 percent of the ALR within the local study
area fs Tocated within the site-specific study area (the boundaries of which are
noted in Fig, 2.4-2, Chapter 2.0).

Cultyral Heritage Resources

(a) Phasa 1 Inventory

The survey of 44 quadrats comprising the Phase [ target sampie provided data on 85 prenise
torfc cultural heritage resources sites. These sites were located in 22 (50 percent) of the M
quadrats surveyed; in the grassland stratum 13 (40.6 percent) of the quadrats were "empty” of sites;
in the forest stratum, 9 (75 percent) of 12 quadrats weres "smpty”.

The averzge sita density per grassland quadrat is 2.37 er 14.84/!0!2. In the forest
stratum, an average of (.75 sites were found per quadrat, or 4.69/!0!2. The density of prehistoric
cuttural heritage resources is three times as great in the grassiand stratum as in the forest
stratum. The mean density of sites in tha Phase [ survey is 12.06/1&2.

) Three main catagories of sites were defined: Iithic scatters; cultural depressions and
rock cairns. A particular site may have a combination of these site categories, The Tithic scatter
was the dominant site type recorded in both the grassland and forest strata.

Sita size exhibits a considerable degree of varfation both within and between the forest
and grassland strata. In the forest stratum, site size ranges from § to 8240 a’ anc mean site size
is 1062 uz (standard deviation of 2104), Grassland stratum sites exhibit an even graater size range
of from 4 to 9404 mz. Mean sfte size is 433 nz (standard deviation of 14%2). There is a trend
toward small sites, 50 percent or more of the sites fn each strata are less than 100 mz in areal
extent; only 7 {8.2 percent) sites are larger than 1000 mz.
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Arzifact as:zomblaces also disglay a =rend %2 Tow fragusncies.

orevides a usatul incex to the nature ana axtent of zctivities during sits: accupation. The major
artifact catacory in tna ; o i ki nizaca. : m, e fensity

vaiues ran Tha mean

cenitage
tandency toward low debizage density walues with 34.4 perzant of the Torsst s

82.2 percent of the grassland sites having censities of less than 2,25 items perm

Estimates of aznticuity ¢f tne Phasa I sitas wers cessisle anly thraugh the tyncicgical
cross-dating of assamblages.  OQnly those sites centaining artifact typas Tdentified zs zamooral
far

markers in the archenlagical literaturs werse considerad

<
5 sites was undetermined Zue t& the preszace of only cebitags

rials, Tne tentative tesporal assigrrments of various sites, or components of aulticomponent

is prasantad in Taste 3.4-29

These ~...{;ur;ﬂ suggRst thal Hab Creek Yallay has bean ocgunied sincs at least

7300 years bafore the nresant (B7) by carsans [{ving within the archa2elogical culture Known as the
Nesikep Tradiwien. fe renmains of the garliaest cultural trzcitions known in the interior of Zritisn

Columbia, tha 3td Cordillaran, were not prasznt in the Phz2se | sampiz

The Early Hasiken pericd, from 7000 to 2300 years 2P, is characterizad by migrocsrss and
microblades fashioned Fram suzn coras.  Microbladas are very szal? lithic blade implements and
microcores are the stones frow which the biades were struck., During the Late Nesikao period, fram
2500 8f to AD 1700, tne asixblisted man-iand relatianship ¥s though to hava coabtinued assentially
unchanged with emphasis on Vishing in the major river vailevs srd an adaptation to nurting anu
gathering in a dry Tarest envivonment, but withoudt the microtes] indusiry, Within the Late Nesikep,

o

1
a2 finar tempoval division, the Xamiscps Phasa (1800 te 1080 8P <o the historic pericd) is set off

and recognizad, in 2ari) by tha oragance of the distirctive Kamleog -aotched projestile point.

Material from the Zarly ond Lata MNesikaep pericds, dncluding szre Xamloons peoints wa

coversd

The transfer of cuitural-temporal sequences constructied in the maia part in

major river wallevs frum Aork done ip pitheuse villages to material recovered in surfage coliesticns

in an upland Tntericr trizutary valley, must be viewsd with caution. The tamparai
be consicerad lixely hypothases to ce tested by absoiute dating, such as radiocarten acs datermina-
tions, *or by construction of an incependant intra-vailey cultural saguence. The JTaiier mnethog would
zka ints account ]ike!y gitfarencas in gainarns and purposaes of use of sizes and resourgss 1n tns

interior, as compared to sadentary rivar resscurce-oriented major river vailey sites.

Phase 1T Inwvantary

0f the 77 guadrats in Phase [l sampiing, 37 (30.% percent) guadrats had no s¥tes. & total
sitas wezre locatad, three of which were historic sitas, 97 prehistorig, and

Tsbie 3.4-29 presants the tots] numasr
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stratum. Within the 104 sites, 34 cultural features have been identified, of which 17 are prehis-
toric, mainly cultural depressions and 17 are historic, including remains of log cabins, irrigation
systems, as well as depressions.

Twenty=four sites were gridded and coilected totally while 80 sitss wers transactad using
the judgemental sampling design. Aftar extrapolating the sizes and numbers of artifacts collectad
from the partially sampled sites to correspond to infcrmation gathered from complete sampling,
comparisons among sites and strata could be made.

The average size of 1ithic scattar sites, the most common site category, was 584.45 uz
(standard deviation of 1,126.0). Small sites, less than 100 mz. comprised 37 percant of the total
number, and large sites, greatar than 1000 mz, 14 percent of the total number. The mean Tithic
artifact count and tha mean debitage density of each stratum which provide 3 rough measure of inten-
sity of prehistoric use of the stratum, are presented in Table 3.4-30.

Most of the prehistoric sites could not be assigned a date on the basis of chronologically
diagnostic artifacts. Thirty-two prenistoric sites were assigned temporal placements which ranged
from fariy to Late Nesikep, from 7000 BF to AD 1750, while the temporal placement of 69 sites remain
undetermined (Table 3.4-31). Several of the historic sftes located have potentially datable arti-
facts but anaiyses have yet to be done.

In addition to Tithic scattars, other prehistoric sites recorded were two aidden strains,
racognized by dark organic staining of the present surface and artifact material and 15 cultural
depressions.

Using a preliminary analysis of sita data and of the material recovered from the first
year of Phase II survey, a “clustering algorithm" was esployed to group the strata by their simi-
larity, The groupings that emerged correspond to physiological boundaries within the valley, with

the Medicine Creek/Harry Lake region containing Strata A, B, £, H; Hat Creek botiom lands containing
Strata I, K; and Houth Meadow containing Stratum J.

As previously statad, no refined temporal control of the sites located is currently
possible. However, the occurrence of eight out of ten sites with a Lata Nesikep component in the
Houth Meudow should be noted, especially since sites with an Early Nesikap component occur in all
three intra-valley regions.

The Medicine Creek/Harry lLake reagion is distinguished from the other two regions by the
occurrence of small sites with low cdensities of debitage and a relatively Righ parcent of the assem=
blage belng composed of retouched, that §s resharpensd or reworked, lithic artifacts. There are
also fewer sites per unit of space (except within Stratum B), occupying a smaller percentage of land
surface than in the other regions. Tha sites are more uniform in thair characteristics, that is,
the varfation in site size and artifact counts is smaller than in either the Houth Meadow or Hat
Creek bottom lands. More than 80 percent of the artifacts are composed of vitrecus basalt. There
are few cultural depressions on terraces above creeks and there {s a tendency toward iocating sites
near creeks or ravines (50 percent).
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These interpretations of past sattlement pattarns and resource utilization are hypotheses

to be tested by further analyses, survey and excavation. The interpretations ;hemse\v!s are prﬂi:
minary speculations on prehistoric behaviour from a model for hunting and gathering sybsistence and
settiamant behaviour and from sthnographic anatogy.

Gaology

{&) Regional Redrock Gecloay

(1)

(i)

Stratigraphy

The project area, bordered by the Clear Ringe and tha Thompscn River Valley,
lies principally within the Thompson Plateay of British Columbia., Surficial sadiments
which are thickest in valleys and form thin veneers on hill tops consist predominantly of
a1Tuminum, glacial ti1], ground moraine and drift. Typically, bedrock is only exposed on
the steep flanks of hills or gullys,

Throughout the Canozofc, mass wasting has been an important phanomena in the
upper Hat Creak Valley. A variety of deposits consisting of preglacial volcanic mudflows
(lahars), landslides and pust~glacial earth flows ars evident at the sfta. West of the
No. 1 coal deposit thers are inactive slides covering an extensive area between Finney
Lake and Houth Meadows. Part of this slide is stil]l active, but ft should pose no problem
to open-pit operations. Surficial materials are, however, very susceptible to gullying
and 1f the surface layer becomes broken, a fine dust tends to form that resists the rooting
of plants,

Bedrock consists of a wide varisty of rock units (Fig. 3.4-19). Paleozoic
limestones and metavolcanic rocks of the Cache Creek Group form the majority of the subcrep
in the central part of the project site area. The clastic segquence of the Kamlaops Group
in the Hat Creek VYalley has been divided into the Coldwatar Beds, the Hat (reek Coal
Formation, the Medicine Craek Formation and the Finney Lake Beds. The Coldwater Beds
reaching thicknesses of 1370 m east of the Hat ({reek Valley consist of sandstone, silt-
stona, Claystone, congliomerata and minor coal. The Coldwater Beds ars overlain by the Hat
Creek Coal Formation (450 m thick) that consists mainly of coal with siltstone and clay-
stone partings, and locally thick sections of siltstone, sandstone, claystone and
comgliomerats. The Medi¢ine ([reek Formation, overlying the Mat Cresk Formetion, consists
of poorly consolidatad beantonitic, claystons and 3iltstons, The sandstone and comglomarate
of the Finney Lake Beds overlies the Medicine Cresk Formation,

Loa) Geolegy

Tha coal forpations in the upper Hat Creek Valley are divided into two deposits:
the No. 1 depésit at the site of the proposed open pit and the No, 2 deposft locatad scuth
of Anderson Creek (Fig. 3.4-20). The No. 1 deposit contains approximately B25 Mt of
subbituminous coal that can be sub~divided into four discrete zones designatsd A through
. The top most zone, designated as the A-zone, consists of 180 m of interiayered Clean
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coal, clayey czal apd clastic rocks. The zone &iso has a large number of partings and
many seams with nigh inherent ash. Whersas tha base of the A-zone i3 predominantly waste,
the average for the entire zone is aporoximately 20 percent.

The Bevzane 15 predomirantly coal 75 m thick with few partings and moderate

inherant ash content. Approximately 2 percent of the B8-uone is waste. The C-zone {s &80

[22)
=)

to 110 = thick and is appraximataly 33 pergent wasta. The lowest zone, the D-zone, is

ta 110 & thick and contains the higrest grade of ceal in the entire deposit. This zons i

v

the most uniformiy consistapt througheut with just 3 percent wasts. In all feur zones,
tre Tnnerent asn and tha frequency and thickpess of partings increases taward the west.
The No. 2 depesit may contain more than 3.1 Gt of csal. This deposit will nst he affactaa

Dy open it cperaticns.

The Hat Cresk coal daposit lies in a Tertiary sadimeniary basin situated wizhin
the Cordillarzn Meuntain Chain of British Columbia. ha basin is enes of three witnin the
provings tecaved in a similar tectonic environment, tae othars bdeing the Merritt and
SimiTkameen coal Fields.

The Canadian <Cordillera consists of two intensaly deformed zanas, the Eastern

and Western Cordiijera szparated by a heterogenesus, ajthough relstively slightly deformed,
31

intarior zone.

The Hat Craek area lies nzar tha west limit of the intarior zone which has alsa
, . . .. . I, , 3
neen iacluded with thae Eastern Cordiilera and considered as the Columpian fold belt.
cne, trending neorth-northwest just zast of Lillocet, forms the eastarn

The Fraser Faull Z
toundary of tha West

ara Cordillera ip the areza under consideration.

3
o
p ]

In the Hat Creek zrea the sironrg deformaticn of the Western Cordiile

2
Frasar Fault Contrasts the waazker deformation of the Columdian foid te
d

Relativeiy v
faulted rocks., [During the perfod when thesa nmaterials were extruded

subjectad to biack and transcurrent faulting resulting Jrem the northwes
J

segments of the litacsoreric niate to the west of the Corsillara.

The regiecnal trend of the struciures within the Corcillers ara 2o th2 orinwast

LiTlocat has a wmare nortner

ogen recsrded within the
F

raser Fault Zosne or in the Hat Creex arse which Is gerera

in the unper Hat

syaciing flarnxcad

&
cn the east by 3 fauited anticline with an adaitional syncline furtnees zast. Thz Mo, 2
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deposit is located on the eastern flank of tha principal syncline which plunges approxi~
mately 15 to 20 degrees to the scuth. The folds of the coal basin are complicated by
transcurrent and normal fau'lts that have displacemants of as much as 550 m.

Seismicity

The Hat Creek Project fs lTocated in the Interfor Plateau near the eastern margin
of the Coast Range. The former physiographic region, in the area of Hat Creek, is classed
as a2 Zone 1 saismaic risk based on the Seismic loning Map of Canada4. The latter region is
classed as Zone 2 seismic risk. Between 1899 and 1974 ten earthquakes of Modified Marcalli
Intensity II or more have been felt at the sita, The largest intansity was 0.02 g; this
effect resulted from a 1946 earthquake of magnitude 7.3, with its epicenter in the Georgia
Strait near Powell River.

None of the faults fn the Hat Creek area are known to be active {Fig. 3.4-19).
The nearest .fautt where sfgnificant post-Pleistocens movement has bDeen recorded in the
Yalakom Fault Ione, a bDranch of the Fraser Fault Systam extending northwestward from
Lillooet, A deep-seated displacement measuring 5.0 on the Richtar scale was recorded near
Relay Mountain in 1526. The main Fraser River Fault System is considered to have been

- inactive since the Tertiary.

Based on the limited data available, the Dominion Observatory in Victoria has
concluded that the maximum acceleration of an earthquake that would probably occur within
a return period of 100 years s 0.017 g. It is concluded from this data that the Hat
Creek area is a afnor seismfc risk.

Economic Geology

The potentially exploitable natural rescurces of the site area were .survevad to provide an

inventory of econcmic resources that say be affected by the project. In projects that require the
mining of a fuel source within the sfte boundaries, resources In addition to fuel may be sterilized
by the mining cperations,

(1

Fossil Fuels

Other than coal, no additional fossil fuels have been found in the site area.
Detajled investigations have confirmed the existence of substantial coal reserves that
uncerlie most of the uppar Hat Creek Yalley. The two major deposits shown on Fig. 3.4=-20
contain approximately 3925 Mt of coal having an average heating value of 16 770 kl/kg, an
average ash content of 37.4 percent, and & fixed carbon content of 30.2 percent. In
addition to this, there are large quantities of low-grade coal and carbonifarcus rocks.
Coal waste, that portion of the coal formatfon having ash content ranging between
69 percent and 79 percent, is also considered a potential resource as it can be blanded
with the better quality coal for use in fluidized bed combustion systems.
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Mimerais

Although confirmed mineral danosins of chroemium, gold, copger, silvar, 70tybdenunm

[&]

and epsomita exist witnin the sita ares in additien to other unexploiizd nineral claims,
anly those reisources in *“ne imnediate viginity of ths project complex need Be consicerad.
Several mingr chromite <eposits near Cache Creex include the Cache Cresk and Corawail

reek showing (Fig. 3.4-20). Tha host rogcks for these “wo ore deposits are sarpentinita
and a diorite stock intruded by small serpentinite pluterns. Although these two 'ocalities
contain 2 variety of minerals such as chromite, pyrrhotice, limonite, chalcooyrite, <haico-

cite and garnierite, the minerziization i35 2ot of sconoemic interest.

Several mineral claime are recorded within the site area. OF the sxisting

claims witbin the site

it

rag, Vittle pubiished infermaticn 15 available, however, geo-
nhysical and/er field surveys conducted 25 part of the Hat Creax sita investigaticn suqgest

q

that no significant minsralization is evident at these lozalitiss.

enviranment in the site area suguests a potential for Base metal winaralizatien, no
avidence of significant ore depasits has baen found in the areas proposad “or project
facilities.

R5CRS

RPack rescurces within the sitz area consist of currently exploitad

Q.
e
I
o
o
i
T (33
(5]
5 o
-+

limasuvone, sand and gravel, as well a3, potentially exploitable depesits of ¢

naked c¢laysiene tnat uvnderiie swch of the upper Mat Craex Vzlley. 0OF the lerge "imesione

resources of the only a swell portien 1iss within the site ares (7ig. 3.2-19j.

qJe oputoreg of the Canyon Formation 1n Houtd HMzadows s the oniy zaononmically

recoveranle daposit that will he directly affected by the Hat Creek Project. The limesione
narth and west of the Houth Meadows waste disposal site is grey, or whits, ang is {irely
erystalline and iacally brecciated. Samples from four dr2as within the depesit have an

averaqga CECOS cantent aof 55.7 percent. Limsstone of the gualizy s probabily acceptze?

far usa in zement, mortar, agriculioral dime, industrial wasie treatmeﬂt, aninai

sulphite pulp manufecturs, nypachlorile

mically acoessiole duposits estimatad  at

Maadows.

he five currently exploitsd sources of sand ard gravel

site ares ars shown ca Fig. 3.4-20. The two gquarrizs at Zeston Flats
5000 t of zggregate per y2ar and the reserves within the ezst Bench
r 5 Mt 17 ado

ition, aporaciable zncunts of unexplioitad
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upper Hat Creek Valley. Additionally, baked claystone may overlie most of the coal
resourcks in the same ares. Bentonite stone may overiie most of the coal resources in the
same area. GBentonite and kaolinite are the two clay minerals of potentid] economic value
in the claystone deposits. Precise information on the distribution and chemfstry of these
two minerals precludes, at this time, a determination of their possible economic uses.
Howaver, the properties of these deposits may be suftable as a source of alumina used in
the manufacture of aluminua,

The baked claysione deposits, formed as z result of a natural ¢oal fire, are
estimated to be fn excess of 16 ML, This materisl consists of red, orange and yallow,
brick=1fke, baked clay and isoiated pockets of grey clinker and fs currently bdeing evalu-
ated for its suitability for brick manufacture. [t has alreacy proven valuable in road
construction and maintenance.

SOCI0-ECONOMICS
Introduction

The socio-economic resource inventory was undertaken in the areas defined below. Thess regions
contain the fmportant economic and socfal communities and resourcs areas that would be subject to poten-
tial impact by the Hat Creek Project.

The proposed Hat Creexk region is defined by an area bounded an the north by an east-west 1ina
through 70 M{le Houss, on the south by an sast-west line drawn through a peint 8 miles south of Lytton,
on the wast !;y 2 nerth=-south Jina through the west end of Seton Lake and on the east by a north=south
1ine through the eastern boundary of Kamloops. [n this report the area is referred 10 as the Hat Creek
region, the study region or simply the region, The region is shown in Fig. 3.5-1.

In agdition, a second area has been defined as 2 subsaet of the region within which the majority
of the potantial land use and population induced preject impacts wfll occur. This area is bounded by

70 Mile House to the north, Lillooet ts the west, an east-west line 20 miles south of Ashcroft to the

south and Walhachin to the east. This area is tearmed the local study area or the local area. It is also
11tustrated in Fig. 3.5-1.

Poputation, Income and Employment

(a) Populaticn

{1) Growth Character{stics

The overall population of the Hat Creex region attained & Jevel of 77 300 persons
in 1976. Table 3.5-1 provides 1966 to 1976 population statistics far the Hat Creek regian
and Yocal areas. Althougnh the region has been one of the faster growing arsas of the
province during the last decade, growth appears to be meving more in line with that of the
province as a whole during recent years; i.e. 2.5 percent.
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Kamlocps, B.C.'s third largest city, with a current populaticn of 58 300 ara tn
major distiributian centre for the region, has bdeen the major focal point af growin in the
regicn. Kamlocps' growth has corresponded with the level of feorest zand minerzi explaita-

tien in the surrounding niaterianda. Althocugh primery industry develcomant has been tiae
basis of Kamioops' axpansion, the tertiary and guartarnary sectors have baccme the leaaing
employmant  sactors.  The area also supporis a large teef ranching econamy with major

ranching anterprises and numerous small, often marginal, operations.

Since the early 1970s, both Ashcreit and Cache Creek have zaxperfenced a slow
growth 1n populaticn with the two communities fncreasing by eonly 6.1 percent during the
last 3 years. The sharply curiaiied growth in trafiic volumes on the Trans-CTanada Hicnway
during recenl years has bdeen the limiting facter in the cass of Cachs Creex, Ashorofi's
growth was undoubtsdly slowad by the decision of Lornex Mires to build the "instant

comunity”’ of Logan Lake.

Clinten has besn experiencing steady population deglines sinze 1906 as & result
of forest indusiry rationalization throughout the area. A ¢iose utilizaticn cutting
policy has resulted in the demise of small sawmiils and the recuction Tn 2mployment

apportunitias.

The pepulation of Lillooet, stimulazad by the lecation of a large mill nearby,
grew frem 1514 in 1871 te & level of 2220 ip 1875, The rural popuiation has shown some
exnansion aquring the period, buv ihis hes besn sainly around the fringas of  ihe

communities. -

Migration Lharacteristics

ne population of the Hat Craex regicn is relativeiy transiteory.
has been :he primary labour supply source for maintsiring the indusiria
expansicn of the idsu decade. In 2871, zpout 43,5 percent of the regiona
in-migrants of *he precesding 3 years, Tahle 3.9-2 reveals that mo
grating frem cther szrsas of 2ritish Columoia.  Intar-grovincial migrants actounmiad for

24,8 percent of 211 in-migrants, mainly from the praivie provincas and Ontarino,

Within the local study area, Ashcroft and Cache Cresk have a very high preportion
of recent in-migration residents, explaining thatr raoid pepulation increasss ducsing the

1680s.  Clinton and Lillooet, wat pariod, show 3 commens
urata

alty hig crooertion of
Among respancdents rezcrting their fermer residential origin in the Hal (Creek
Resident Survey, the majority resided in eithar the Lower Mainlanc or cther arezs aof

"

interior 3rizisn Columoia.  Over half of the zopulzticn cams from urban centres and aboui

30 percent from rural arezs. Only § percant ceme from other smell town envircnme

1
survey atso indiczied tnes ovar two-thirds of thne Yocal area's residencs had lived in the
area Tor oore than 5 oyesrs, reflec nq the low peoulation graowth since 1871 ana, likaiy,

the relatively low labour turrover at tha Sethienen sng Lernex mines

i
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Age/Sex DBi stril;uti on .

The regiona! composition, largely as a result of the influence of Kamloops, is
very similar to the province as a whole, However, with the exception of Cache Creek, the
local communities contain a significant male Dbigs. Nearly 60 percent of the regional
population is below 29 ymars of age, compared to the provincial average of 53 percent.
Aiso, the proporticn of seniors in the region is only 4.9 percent compared to 9.4 percant
in the overall province. A1l communities contain a large male and female population in
the 0 to 14 age grouping. A small percentage of the population of Ashcroft and Cache
Creek is over 60 years of age, in comparison with both the region and province.

Family and Household Composition

The average numder of children per family in 211 communities is 1.8, in com
parison with the provincial average of 1.6. Average household sizes are larger in the
regicn than the provincs with 3.5 persons per household as compared to 3.2 persens in the
province as a whole.

In comparison to the province, Ashcreft, Cache Creek and Clinton have signifi-
cantly larger percentages of their populations with five and six individuals per
householid. Clinton has over doubis the proportion of households with mors than six persons
than the provincial avarage. When compared with the provincs, all communities within the
study area alsc indicate sunstantially fewer one=-person househoids.

Marital Status

In the overall region, approximataly two-thirds of the population 15 years and
over ars married, 6.4 percant are single and 6.9 percent are diverced, separated or
widowed., This compares very closely with the figures for British Columbfa. Ashcroft and

Clinton have a relatively high percentage of married persons. The rural areas support the
highest proportion of singles, while Ashcroft and Cache Creek contain a high proportion of

divorced, separated or widowsd persons.
Education Levels

In general, educational achievement levels are lower in the region than in the
province as a whole. A significantly higher proportion of the regional population has
attzined less than Grade 8, while a lower proportion has obtained Grade 12 or post-
secondary education. Ashcroft and Cache Creek show an exceptionally high proportion of
individuals achieving Grade 9 to Grade 11 levels, while the (linton population shows a
high percentage of persons with very low and very high educational achievement. It appears
that females have a higher level of schoaling than men in the region.
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Eranic fomaosition

The dominanmt cultural group is of 3ritish origin aczounting for ovar 34 zarcent
of the populaticn. Ciher sthnic groups and their percent {nclude: German - 9.5; Frenzi -
5.4; Scandinavian = 5.3; Native = 4.1, The remaining population denctes a higniy diversi-

fied cultural azpcastr

g

(5) income Charactaristics

(1)

Totz]l Inccme

Total inczme For the Hal Creex region s reported at 3177.2 afilion for 1870 and

In the Tocal studv area, total inceme

[53]

r
is sstimatad at $453.7 million for 187
at $17.8 million for 1870 and s estimatesg at 3$42.0 =aillion for 1576, Par

are estimatad at 33820 and 55604 Tor ths ragion and tha loga) zrez, respectively,

The major sources of incame among tne logcal study arsa, the total Hat (reek

region, anc the province as & whole are compared in Table 3.5-3. The data irdicate that

P

both the local
employment than is the case provincially. Self-emeicyment income is signitficantly higher

ard the ragicen generate & higner proportion of their incame through
in the regicn, particularly in the local arsa.

Household Income

Ll

fverage housghold fnceme is shown in Tapie 31.%-4, The regicn's househeld Tncoms

level it atiout 7 percant Tower than the province as & wisla. Althouch levels ia Asnhcroft
are well 2bove the pregienal average, 211 other cormurities are below. Cache Lresk nas a
household income Tavel slightly below the regienal average in spite of wary h1gh participz~
tion rates. Clinten, Lillocet and the rural areas exhibit relatively low pariicipation

rates with 2 nigh proportion of fow payment emplayment in their cccupational mix.

In order te ciotain an index of ecunomic well-being, dependency rales ars compared
with average houvsenold income 17 Tzole 3.5-4.  This indicater revaals an fnverse relatic
ship between ohe dapendency rete iand the leval of iacome, suggesting that the real sdlernenic
disparity blewwean highar and lowsr dncome zreas i greaster than that incicatec by the
gverage income Figure alone. arty applicabie to Clintan and Litiscet.

Clinton, Lillooet and the local rural areas have below average household incomes

and have a higher thzn &verage number of households with incomes Delow the defines poverty

f‘)

Tine of 3$5000. ‘tHowever, HKamleops, wiich had an average heusebold incoma 4 percentac

oy

paints above the regicnal average, also had & hicgh provortion {21 percent) of tiousznold

that received lass than $50C3 in 1370.

Part Thrae

L3
i
W
~d

AL



1.5
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(iv)

SQCID-ECONGMICS - (Cont'd)

Industrial Earnings

The charsctar and relative stage of development of the Jocal study area in
comparison to the region as a whole 1s typified by Table 3.5-5.

The primary sectors contribute more than one-quarter of the income generated in
the local area while they account for slightly more than 10 percent of total regional
incoms. The more balanced economy of the overall region is relatively strong in the
manufacturing, construction, transportation and trade sectors.

Average sarning Teveis are generally highest in the mining, forestry and con-
struction sectors. Average weekly earnings in British Coljumbia by {industry are shown in
Table 3.5-6. It would appear that average industrial earnings are 8.0 percent higher in
Vancouver than in Kamloops, but the difference is steadfly narrowing (Table 3.5-7).

Income Distribution

The distribution of employment income in the local area, and the overall study
region {s compared to that for British Columbia in Table 3.5-8. The distribution of
employment income indicatas that a siightly greater percentage of employed persons in the
local area have incomes in the upper classes than fs the case for the total region or the
province as a whole. [In contrast, income distribution 1{n Table 3.5-4 shows a low
percentage of households ‘n the local area having household incomes in tha upper income
categories. '

(¢} Latour Force and Employment

&)

Growth Characteristics

The region's labour force has been growing at an average annual rate of
6.5 percent ovar the decade, reaching an estimated level of 33 500 persons ian 1976.
Changes in male and female !abour force are shown {n Table 3.5-9.

Empioymant expansion during the 1960s and early 1970s covered a broad front of
forestry, mining, transportation, government and service industries. Rapid in-migration
provided the bulk of the ‘abour force for these developments but, in spite of this -fnﬂow,
employment growth has genurally exceeded labour force increases. Unemployment rates have
generally exceeded labour force fincreases. Uneaployment rates have generally been 1 or
2 percentage points below that exparienced for the province as 2 whole,

The local study area contains an estimated 1976 labour force of 3450 persons,
represanting an average annual growth over the past 10 years of 5,1 pertent. The ingus-
trial compesition of the regional labour force is compared with British [olumbia's labour
force in Table 3.5-10. The regicnal labour force is concentrated im the mining, construc-
tion and transportation and service sectors. The Highland Valley and Merritt areas
contribute the majority of mining industry opportunities and further cevelopments will
ensure the continued importance of mining to the region's industrial employment base.

3« 98 Part Three



CONGMICS ~ (Cont'd)

Kamloops Js the transpertztion centre of the Southern Intarior ane a oopular
resicential zentre Tor scme af the i G
forca. Xamloops has 2 reasanabiy diversified retzil sectar and it attracgts maior oraine

acgministrative sarvices of goveramznt and privale Tngustry

The manufacturing sector in the region, while a significant empioysr, is 2
substantiatly smaller contritutor to overall regional emnloyment than it is in the grovince
as a whole. Manufzcturing that does exist is neavily doairated Y9y woed processing in
which the sconomics of production raquire proximity Setween tna resourcs and tne precessing

facility,

With respect *to the industrizi composition of the leocal study arss, anout
20 percent of the indusirial labour force 1s occupied in the primary secior comparad o
slightly less than 10 percent in the cverall Hat Cree' region. Community business ang
personal sarvices reprasent the largest empleyment grour and, within this sector, food anc

accommodation emaloymant is dominant.

Logging ang sawnilling activity ds orianted towards Clinten ara Lilloo
g ¥

=]
former community is heavily cdependent upon sawmil] employmaat. A major mill at Lillocet
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empioys about 20 percent of that cormunity's labour force. However, B,
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ment of Highwavs crews are also major empleovers providing a mors balance

than that wnich exists in Clintan.

Mining has bteen a major cantriputer ta the growtn ot the ares, particulanly in

Ashcraft anc Ceone Crask.  Bethlshem and Lornex mines hava 2 combined labour Torce of
apout 1050 persons. Asncreft houses about 255 Bathlehem emplovess.  About 70 Lornex
workers reside in  Asncreft and Cache Cresk.  Mining developments have contributad

indirectiy to tha area's scanomy targugh their purchases of jocal services.

Cattle ranching is the primary economiz astivity of the rural residents in the
Yocal siudy ares.  Agriculturs empleys only 2.2 percent of the regional and provincial
3

apur force in comparison with 5.1 percent of the local ares labour forge,  Abcut
Iy

s

[

un
e
1+l
=
o
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re engaged in rancning Tocally, mostly on & permanent basis,

The maior non-primary resource contributor to the area's employment i35 thne
sarvicing o tourist and commercial highway trafiic Cache Crzex s almost tolal
demendent on this secter. Thase incustriss alse ccmpriie a major, aithougn less critica

~a

camponent ot the Clinton =conomy.

Lasour Lurnover prabiems in the regicn's resourde sactor apoear to be mindwal
in sharp contrast wo taz more isolated parts of the Interiar. Therc 15, howavar, & high
ate of turncver in the service sector for those joos that are lew peying, z2asonzl ang

%

tycically fillad 2y youryg Jemates

Most ov the supply difficulties occur in the sxilled trades reguirag oy ine

resource indusiries. deavy duty mecnanics, elegiricidns, millwrights, welcers ang instru-

ment men are genarally 1 chert supply.
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SOCI0-ECONOMICS - (Cont'd)

The age distribution of the regional Tabour force suggests a pattarn typical of
resource hinterland arsas. Table 3.5-11 indicates that 72.2 percent of the regiocnal
labour force fs under 44 years of age, compared to 67.2 percent for the province as a
whole. The youthful bias occurs mainly fmn the 25 to 44-year age catagory, a factor which
tends to be reinforced by in~migratien,

Table 3.5-11 indicates that the lccal study area exhibits even higher participa-
tion rates than the overall region in both male and female categories. Ashcroft and Cache
Cresk have axtremely high male participation while Clinton and Cache Creek show unusually
high female participation,

Marriage tends to significantly lower female participation. This fact is not
unique to the region and is generally considered to resylt from a combination of the
preference for non-emplioyment among married women, a lack of suitable employment opportuni-
ties, insufficient day care facilities and a lack of appropriate job skills. [Involvement
in non-traditional oggupations, however, s ralativaly Timited.

Construction Labour Sunbly

The resident construction labour force in the region {is estimated at about
3750 persons in 1976. The most recant available estimates of construction labour supply
by trade are presanted in Tabie 3.3-12.

Almost 65 percant of the regional construction work force is unioniZed and over
75 percent of thess members are employed in four trade categories: general laboursrs,
equipmpent operators, carpanters and electrical workers. All of thess trades are repre-
sented by unions having regional dispatch jurisdiction for projects in the central part of
the province.

For the most part the unionized construction workers are highly mobile, e.g.
aboyt 500 members are currently working in Alberta and many are expected to return to the
Kamloops arsa over the next ysar. The non-unionfzed comstruction labour forca fs less
mobile and s primarily occupied in logal housing and commercial construction,

The local study arsa has a resident construction labour force of about .
250 persons. Of this total, unifon officials estimate that there are about 140 construction
trade union members: Jabourers = 40; operating engineers - 40; carpentars - 35;
teamsters - 15; plumbers and pipefitters - 5; and electrical workers - 5. The skill
categories of the remaining 110 construction workers are unknown, however, it is likely
that they are primarily in the semi-skilled trades as reflected by the non-union labour
force far the overall region. :
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Unemoiayment

Rates and Characteristics of the Unercloved

Unemolayment rates in the region are reported %o be ganerally 1 to
2 percentage points helow the seasanaily adjusted provincial rates. The number of
unempioyed persons in the total Hat Creak region ¢laiming Unemplioyment ITnsurance
benefits as of April 28, 1977 is shown in Table 3.5-13. It would appear that the
female labour {orce is aexperiencing proportignateiy higher ratss of unemployment than
males. Unemployment i3 highest in the traditiomal femals eczupations of sales,
servica and clerical. Raqgional unempioyment in the male labour Force is nighest in
the consiruction and orimary industries. Over 48 percant af the male Unempioyment
Insurance Commission claimants are occusiegd in these industries.  There are about
990 unemployed maje construction workers in thae region representing aver 26 pevrgant

of the constructinn labaur Torce.

Unemployment ranas, as reflected by UTC dats, are highest ewong the youth
of the region. Nearly 25 parcent of male UIC claimants ars betwean the age of 20 and
24 while this groun aczounts for only 14 parceant of the labour force. Among femalg
partvicipants, both the 20 to 29 anrd 25 to 34 age groups show dispropertiopately high
unesmp lovment.

In the local dat Creak area there were 370 perzons unempioyea as of
Aprit 28, 1577, rep}esenting about 10 percent of the local lsbeur force. Table 3.85-13
indicates that a similar unemplsyment pattern hy industry to that previeusly discussag

for thne region exisis in the iocal area.

Seasenal, Cvelirel epd Structural Asoects of Unemclowvment

The regional ecensmy's direct and indirect dependency on forestry, agri-
culture, constructicn and louriswm activity is the prime cause of seasconal unemploy-
ment. In additien, 4 portien of the Jahour farze prefers only te work at cgartain
times of the year. Seasopality 15 generally mcre evidant in the female than tha male

jabour force,

The structural charascter of the regicnal zcenrcny also wmakes it wulnerabis
to cyciical disturbancas.  Construction coycles end rejeted fluctuatieons in Tumer

demand result Jn significant variaticns in rogienal empioyment lavels., The mining

fndustry, although contipually faced witn widely fluctiaiing mecal pricas, sxperiences;

tess employment variaticn than forasiry.

Clinton provides an example of a cosmunity that h racentiy sufferad tha

as
effects of structural cremployeent resulting from techrcleocical ¢hange introduced ay

the provincial clece utilization timber harvesting policy. Unemployment as a rasualt

of inadeguate sdugntiona? and vogaticnal skills is 3lsa reported t2 pe an important

factor Tn the unempidwment situation in “na area.”
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Specific Unemplovment Concerns

Women

Only 41.6 percent of the women in the region participated in tha labour
force durfng 1971, compared to 80.2 percent of men (see Section 3.5.2(c)). In British
Columbia as a whole, the growth in female participation has been increasing much more
rapidly than for males over the last 15 years.

Adjustments are occurring both in the attitudes of some empliovers and the
attitudes of society at large in accepting the desires of women to pursue employment
goals commsnsurate with their ambitions and capabilities, as well as providing the
social institutions necessary to peruit the combining of family and employment goals.
Women in the Hat Cresk region constityte & large potential Jabour pool. Approximately
65 percent of the women not currently 4in the labour force have previous work
murioncn.z

High School Students

The problems of employment for schocl dropouts centre on their lack of
ssployment sxperience and possibly thair attitudes towards worik. The regional
population is generally younger than in other areas of the province, particulariy in
Kamioops and Cache Cresk.

This extensive group, age 15 to 19, represents approximately 10 percent of
the regional population and, therefors, should be developed as a potential source of
labour and as an investment in the futurs of the region. This group must also be
looked at in terms of the probiems which can result {f they "drop owt' of the educa-
tion system before conpletion to take up employment.

Underempioyment

Within the Hat Creek region, underemployment no doubt sxists. Some women,
for example, who are willing to work full time are only able to find part time employ-
ment or are only able to work part time due to the absence of adaquate child care
facilities in the community, Tha sxtensivensss of this phenomenon in the region is
wnknown.,

Existing Training and Retraining Pregrammes

Regional Training Programme Qverview

For the purposes of this study, four types of training programmes have been
Tdentified: on~the~job - training; pre-apprenticeship programmes:; apprenticaeship
programmes; and special programmes. This range of programmes is intended to prepare
individuals for empioyment in the various construction and operating cccupations in
B.C.
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The majority of szami-skilied znd skilled trades have aporenticaship pro-
grammes ~nich 2re a mixture of on-the-jobn trazining and institutional trzining, These
skilieg pre-zpprenticashin, zpprenticaship and cspecizl programmes zre  sponscred

Jointly by the Minfstries of Zducation ang Labour, Gavernment of Iritish Columpia,

The f{nstitutional component of thes: programmes is offered through the
provincial community callege systems. The institutians that offer these prugrammes

and will be particularly applicable te this study are:

Cariboc Community Caitege, Kamloous
Okanagan Cammunity "owTeg Kalowrna
British Columbia Vecational School, Buraaby (BQVS)

British Calumbia Tnstitute of Technology (80177, Burnaby

.

British Columbia Mining Schocl, Rossiand

A1l underground and open pit mining orogrammes ars offered through the 3.C.

Mining Schecl at Rossland.  These programmes are ocutlined in mors detail in the

Socie-econanic Raport.I

Land Use

A 1:100 080 s=csles map showing land use c¢lassifications within an approximate 25 kv radius of
the Hat Cregk Project is pressabzd in Fig. 3.5-2. The categories 2re based upan provircial CLUD wmaepings
and are shown in detail im Tobla 3.5-14.

As can be ssen from the land use mep, the dominant land cover in the JTecal arsz is
{apout 75 percent), and a significant portisn of this land is ussd cually for livestock grazing
indicatad by the T{ catagery). The forest land is almost wholly owned by the Crown, with o
grazing issued to loeczl ranches by the Hritish Columbia Forest Service {Kemleops Dist
forest raprasents asout 50 percznt of the forest cover, with non-commerciai forest amountﬁﬂg to ¢
0.2 percant. The gsredominant tres spacies in tha "produciiva' category are Douglas-fir, lodgepole pine,
and spruce cccurring in pure and mixed stands.  Activities associated with the forest industry such as

sawmills ans olywood plants are 211 located outsicz o the 25 km radius,

Apout 2 nercant of the lang within the Jocal arez s in the improvad pasturaland category.

Thesa lands arsz found ajong the two major river valleys, and tne Hat (reex Valley. Thay are usad pri-

marily to grow aifalfa and other forage and Teec crop

s. Altheugh limitad LTy topcgrazhy and motsturs
a

deficiencies, this catagery of land use has expandad sigaificantly since the origimal inventaory macpings

were pregarad by the CLL in 1357,

The land use catagorized as “built-up arcas" consists of several small towns and thair asseci-

sted residentizl, commarcial and industrial devalopments. The villages af Aspcreft, Liiloost, and Cacng
Creek have exhibitad the wmost significant gruwih i this catagery cver the past 10 yesrs. Lland use

.
[
patterns in Ashcroft (1%75 pepulation, 20330, typicat of smsll older communities, consist or a wall-

cefined commergial core surrgunded by residential znd industrial uses. Hosever, the 23wn has z nuicer of
N

nenpsan Rivar, wnich curves thrsugh
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the village, and therefore borders it on the southwest and northeast; topographic constraints in the form
of high land gradients; an Indfan Reserve on the west; and the agricultural land reserve (ALR). ALR
lands exist within the municipal boundarfes, but because of their high capabiltity when irrigated
(Class 1), it is likely that no urban development will be permitted on these properties unless no alter
nate development areas are availablas.

The dominant land use features in the Village of Cache Cresk (1976 population, 1050) are two
highways and the adjacant highway commercial servics establishments. Expansion of residential uses ars
constrained by topography and the ALR. However, the ALR may not prove to be i major constraint because
the agricultural capability of the reserved land {s not very high, and urban development has been
authorized in the past by the British Columbia Land Commission. Within the topographic censtraints,
small parcels of land are available for rasidential develcpment and Timited commercial and light indus-
trial developmant.

Other important land uses in the local area in addition to forestry, agricultuce and "built-up*
categories are mining and recreation. Thers are approximately 18 known extractive operztions within
25 km radius of the project site. Of these, five are gravel or sand quarries, three aru chromium mines,
twe are copper and silver mines, and two are coal deposits (Hat Creek No, 1 and 2). There is alsc one
gold mine and one limestone quarry. The minerals extracted from the four remaining operations are
unknown.

Within a 25 km radius are three provinch'i parks, tha nearest of which {s Marble Canyon Park
{shown in Fig. 3.5-2), located south of Pavilion Lake. The park encompassas approximately 827 acres and
offars camping facilities. In 1976, there was an approximate total of 2100 can;pgréund party nights at
the park.‘ The number of day usars is unavailable. Near the park are approximately 24 privataly=-owned
recreational cottages on the esast side of Pavilion iake. These are used primarily in the summer months

and possibly during the hunting season. The other parks are Cayoosh Park, on the Frassr River near

Lillooet and Downing Park, at Kelly Lake to the sout.hyms"t of Clinton,

Housing

(a) Asheroft

The existing stocks of single and two family homes, muiti~family, and mobile homes consist
of 480, 180 and 105 units respectively. With a 1976 census population of 200%, the average household
size i3 2.82.

Vacancy rates have bDeen very Jow. As of February 1977, thers were approximately
10 dwelling units, (singie or twe family) on stream, with definite plans for another 10 to 15 units
to be constructed in 1977. The majority of homes planned or being buflt, are believed to be buflt
for speculation. In the short run, the limited availability or supply of serviced lots presents a
constraint to further construction.

Three companies in Asheroft and Cache {reek estimated that they could build 100 to

120 dwelling units per year given sufficient demand with their current staff; by fincreasing their

staf? levels, this output could be increased stgnificantly. If the demand for housing fincreased

significantly, buiiders and developers from Kamloops would very Tikely move into the area, providing
competition for the smaller Tocal firms.
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Yacant serviced icts hiave peen markating at oricas {n the corder of 310,000 to $12,300. An

average arice “pr a3 Sypical 112 n° =hree tedrocm bungalow s 347,000 to 350,0C0C.

Asncroft and Cache Cresk arz servicad by three hanks and a c¢redit union capabie of writing
residential mortgages; these held most of the residential mortgzges. Current head office Janding

policies and lesad time for the hank to prepare for unusually high mortgage demands affect the avail-
2biTity of funas.

Cacne Creex
The existing stock of single and wwo Tamily, aulti-family, and mobile homes consists of

170, 20 and 112 units rascegtively.

As in Askcrefi, vacancy rates in Cacne Creek nave been very lew. Mew residential construce
tion activity is comgentrated In the Satte] Susdisisios in East fiache Cresk. Constructicn plans for
1877 indicats that the majority of 30 additional dwalling to be built will be dene an a speculative
basis. The estimated cdtput of tha Tocal companies sperating at full capacity is 100 to 120 zddi-

tiognal dwellings units per year.

fricas of servicad lots and housing in Cache Creek are vary similar to ihesz found in
Ashcroft,  Canstructicn costs arz generzlly equivaglen: e these in famiceps.  The comments gn
financing capadilities partainine to Ashercft are aqually applicable tu Cache Ureok.

Clintan

The existing stocks of single and wwe Tamily homes, multi=family, and medile homes consist
of 220, 20 and 41 units, respectively. With a current peopulation of 808, ithe average househeid sz
is 2.37.

Yacaney rates in Clinton ar: somewhat higher than in Cache Crask aor Asheroel Ag

0
Fabruary 147 tnare wera rfo rouses oeiag constructed, and tnere was no evidence of emy new units

dafinitely planinzd far 1377,

Prices of lots and housing ars significantly lower than in Cache Creek or Ashoro¥i. Scae

i
. - - 2 ;
3 are selling at 34500 and a 117 37 thras badroom bungdlow ~ould be prics

serviced 1o d at aporoxi-
mataely 333,CC0.

Clinten, sarvized by the Sank of Montrezl, faces the same constrainits o rasidestial
financing 35 Ashcroft.  Apbrexicately 100 to 107 units couid probably oe finanged loczliy ia Clinton
without serfous tatilenacks.
Lillogey - inc

uding Lillcoet Rivarsid

Tonrquanent District

£

The existing stocks of single and twe family hemss, w0lti-Ffamily, ano wobile hnges consist

cf 480, 2 and 173 units, respectively.  With a currant population of 2135, the averzg2 housensld

S
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1.5 SCCI0-ECONOMICS - (Cont'd)

Vacancy rates have been low, both in single and multi-family dweliings. Approximately 20

to 30 dwelling units ware under construction as of February 1977, No information is available
regarding the number of addit{onal units planned for 1577,

2

Prices for serviced iots range from $10,000 to $12,000. The typical 112 m™ three bedroom

bungalow would command a price of $48,000 to $53,000.

3.5.5 Services

(a) Educatien

Carihoo).

The service stydy area fis locatsd within the boundaries of School Distrigct 30 (South
During the academic year 1876-77, Schoo] District 30 had a total of 11 schools in opera-

tion and had an enrol!mont of 2137 students.

Within the service study arsa and located in Ashcrofi, Cache Creek and Clinton there were

six schools in operation during the 1976-77 academic year with a total -enrollment of 1598 students.
Table 3.5-15 contains data with respect to thesa schools.

(1)

(i)

Elamentary Education

Ashcroft Elementary was built in 2965 with additions in subsequent years. The
schoo] has a large activity room, a well-stocked T{brary and cutdoor facilities.

Although Coppervale Elementary s the oldest school facility in the study area,
it has recently been rebuilt and fireproofad. The school has a full-sized gymnagium with
a stage, well-equipped 1ibrary and outdoor facilities,

Cache Creek Elementary has a large activity room and a well-stocked library. On
the school site, there fs a small building adjacent to the school that sarves as a ousic
roosm fTor band and choir practice. Recreation facilities are Jlocated on the schoel
grounds. The Clinton Elsmentary 5School, which is approximately 10 years old, has a
gvmnasium, a 1ibrary and outside facilities,

Betwesn 1957 and 1973 the total aenrollment in the eglementary schools in the

study arsa had reached 1170, & 38.1 parcant increase. From 1974 to 1976, it decreased to
921 elementary students (15,3 percant decrease).

Secondary Education

In the study arsa, secondary school classes from Grade 8 to 12 are provided in
Ashcroft, and Grade & to 10 in Clinton.

Ashcroft Secondary School, in fts  fourth year of —cperation in the 1976-77

academic year, had a student population of 573 in 26 classrcoms. The scheol can accommo-
date 595 students and should have reached its full capacity by the 1977-78 school year.

3= 108 Part Three



3.4

(ii1)

SQCIO-ECONOMICS - (Cont'd)

The schogl has a well-gquipped gymnasium, a multi-purpose room, cafeteria, workshops, an
art reom, two home economics rooms and outdoor recreation facilities.

Ashcroft Secondary School has an active extrascurricular sports programme and
its facilities are wused for community recreation clubs and continuing education
programmes.

David Stoddard Junior Secondary School in Clinton has an enaroliment of 104
students in nine classes. Included in the facility are a gymnasium with a stage, an
industriai education room, a home economics room, a typing room, a science room and
outside facilities.

The gymnasium fn the £linton Sacondary School is used by community groups, and
after school hours for extra-curricular sports events. Continuing education classes were
held at the school in previcus years, but were cancelled in 1976 because of lack of
demand.

Since 1967 secondary school enrollment has been increasing by approximately
10 percent asach year, reaching a total enrollment of &77 students in Gctober of 1976. As
with the elementary schools, there ware no plans to change or add any secondary schoal
facflities in the study area. The schoe! board operates a total of 19 school buses
throughout the district. The maximum distance travelled by any student s 30 miles one
way.

The breakdown for the 1976 budget for Schoal Oistrict 30 is given be1ow:5

Total operating axpenses £3,679,003
Tetal non-operating expensas 217,456
Total debt sarvices and capital costs 720,778
Gross total budgeted expendituras $4,617,238

School districts in 8., have two major sources of revenua: Tocal property
taxation and provincial government grants. For School District 30, provincial grants
cover 47.94 percent of the total net budget and lgcal assessments cover 52.05 percent of
the net !'.wudgs.n:.6

Continuing Education

Cariboo College in Kamleoops offers continufng educatien coursas in the South
Cariboo region. In the year ending June 30, 1977, a total of 42 courses were offered in
the South Cariboo region, with a total enrollment of 246 people. Continuing education
courses are provided in cooperation with Schaol District 30, and use existing school
facilitias in Asheroft, Cache Creek, Clinton and Lytton,
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Standards for Education Services System

Information regarding standards for education services can be obtained from
Resource Planning Unit, ELYC Secretariat, Province of B.C. in their publigcation entitled
"provincial Service Requirements and Costs for Proposad (ommunity” which was prepared for
Townsite Sub-Committee, September 1976.

Resident Comments on Existing Education Service in Study Area

Residents {nterviewsd in the Hat Creek and area resident survey expressaed generail
satisfaction with the aducation services in ths study area. Those expressing tha most
satisfaction were houssholas 1in Ashcroft; Cache Creek and Hat Creek Yalley residents were
generally satisfied; and (linton resfdents were split on their rating of schools with a
greater proportion dissatisfied.

Hospital

The Ashcroft and District Ganeral Hospital provides a full rangs of hospital
services, fincluding minor general surgery. Any major surgery, orthopedics, or serious
burns are taken to Kamicops or Vancouvar. 0F the 41 beds ian the hospital, 33 are usad for
acute care patients, and eight are usad for extended care patients.

Admissfons te the hospital have been decreasing steadily over the past 5 years,

Average occupancy for Asheroft has decrezsed from 49.4 percant in 1974 to 46.2 percent in

1976.

Given the 70 percent occupancy rats suggested by the B.C. Ministry of Hea]th,7
Asheroft Hospital could suppert a patient-day volume of approximately 9000 to 10 000 days;

. the hospital's 1976 patient-day volume was 6057 days. Basad on the 1976 population of

£280 for the service study area, the Ashcroft hospital provides 6£.25 heds per 1000
population.

In 1976, the hospital had & staff of 50 that included the hospital administrator
and nine department heac!s.’3 A pathologist from Kamlcops visits the hospital rsgularly.
The hospital 21sc has two woman's auxiliaries and a group of voluntesr taenagers.

The 1876 operating budget for the hospita)l was 3932,809B based on a per diem
rate of funding and fs met almost entirely by provincial grants, In 1977, the Thompson-
Nicola Regional District approved $8000 for capital expenciturss.

In Ashcroft, the ambulance unit has two ambulances, one full-time employee and
volunteer staff. The Clinton ambulance unit began service in early 1377 and has one
ambulance that is operated by volunteer staff. The rescue unft of the Ashcroft Fire
Department also serves as an ambulance unit.
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Medical and Dental

There are three physic¢ians in Ashcroft, and cne physicfan in Clinton serving
approximately 35280 people. Based on discussions with physicians in the sarvice study
arsa, the number of physicfans appears to be sufficient to meet the present needs of the
area's population.

There are no permanent dentists at present in the service study area and at
least one dentist is needed. The Publfc Health Nursas from Ashcroft operats a preventive
dental programme in the schools in the study area.

Public Health

The South Central Health Unit has a branch office located in Asncroft that
services School Districts 29 and 30; there are-offices in Clinton, LilToget and Lytton for
this branch offica.

The health unit offers envirunmental inspection and nursing services concerned
with home care, public heaith and epidemiology. The public health services are directed
primarily to the school popuiation and newborn children. There are aiso VD clinics ang
some rural mental health programmes. Home nursing care is available in Ashcroft and Cache
Creek but not in Clinton at present hecause of 2 shortage of nurses in that area.

In 1976, the health unit branch office fn Ashcroft was staffed with 3 health
inspector, a senior public health nurse, two public health nurses, two registared nurses
for home care programmes (working half time), and one and a haif clerks. One additional
public health nurse will be added in 1977.

Menta) Health

Mental health problems are dealt with by Tocal physicians, public health nurses,
or by raferrals to outside specialists. Kamloops has a provincial mental health centre
that provides mental health services to the region. A psychiatric socfal worker comes to
the Public Heaith Qffice in Ashcroft from the Kamloops Mental Heaith Centre 1 day per
month. There are two psychiatrists located in Kamloops., The Kamloops Family (ife Associ-
ation provides a Crisis Line and a counseliing service for residents of the Kamloops
ragion.

Resident Comments regarding Health Services

Cache Creek residents axpressed dissatisfaction with the Tack of dogtors’ officaes
in their village. However, B0 percent of the study area houssholds were satisfied with
medical services. Residents said that dentists were needed in tha communities. Pecple
also complained of the need for more doctors and several additional specialists including
an optaometrist, chiropractor, pharmacist, nurse and mentz]l health warker. The ambulance
service was considered to be satisfactory. The existing standards and recommended guide-
1ines for Health Services are disqussad in the Socio-scanomic Report.1
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Recresation

The recreation resources presently in the service study area provide for public leisure
time activities such as ball games, athletic events, swimming, skating, tennis, children's play,
banquets, dinners and dances. These activities are either unorganized in nature or organizad by
racreation clubs in the community, A detailed fnventory of the recreation resources for Ashcrofy,
Cache Creek and Clinton is provided in the Socis~economic Report.l

In genaral, recreation programmes in Ashcroft, Cache (reek and Clinton are initiated and
sponsored by Jocal interest groups. Recreation clubs meet regularly in community halls, Legion or
Elks hal’ls, private homes, or in schools. Special events take place throughout the year, such as
fall fairs, stampedes, dances and community banguets that are also sponsored by local groups.
Recreation clubs and associations that are functioning in the service study area include: Brownies,
Gir) Guices, Royal Capadian Legion, Lions, Elks, O1d Age Pensioners Group, hockey leagues, snowmobile
club and swim club. Residents of {ache Creek travel to Ashcroft to use recreation facilities and
vice versa.

The Province of B.C. Outdoor Recreztion Branch does not employ standards in determining
the recreation facilities or staff requirsd in an area. Rather, necessary facilities are determined
by expressed demand and willingness t¢ raise funding Tn Tocal communities.

0f tha people responding to the survey, less than 50 percent felt that recreation activi-
ties wers adequate. Only 38 percent of the households surveyed were satisfied with indoor sperts
facilities in their towns.

Social

The Ministry of Human Resourcas has three offices in the study area: Merritt, Lillooet
and headquarters for the region in {ache Creek. There is alsc a sub-office located in the courthouse
in €l4nton. There is one superviser for the region. The Cache Creek office is staffed with two
social workers, one financial assistance worker and one stenographer. The Cache (reek office has a
caseload that is comparabie to other Human Resources offices serving similar areas.

The spacific programmes of the Ministry offarsd through the Cache Creek offica include the
statutory services of social assistance, old age pensioners assistance, day care, homemaker, fostar
homes, adoptions, child welfare, family service and assistance for handicapped people. Thers is
aiso a group home for chiléren, a group home for Native Indian children, a special rate foster home,
a home for retarded children, a sheiter workshop and an dTternate education facility. There are 25
foster homes throughout the area.

The Ashcroft-Cache Creek Day Care Society provides the only day care services in the area
at a day care and play school centre in Ashcrofi, In September, 1375, there was & staff of two, and
1 to 12 children at the centre. The day care centre {s 1icensed for a maximum of 25 children, but
has never operated—at its full capacity.
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The Ministry of Human Resources does not plan its facility or staff reguirements on the
basis of standards. There are no standards available for day care serviges.

Cultural

Cultural resources in the service study area provide for a Timitaed range of cuitural
activities including displays of historic events, arts and crafts shows, occasignal travelling
musical and theatrical events and 1ibrary services. Museums are operating in Ashcroft and Clinton
with displays of local and regional nistory.

The Iibrarifes offer special programmes thraughout the year, such as children’s stery
hours, summer reading programmes for ¢hildren, films and library tours, .

Special events such as concerts or theatre troupes come to the arsa and perform in
community hatls and schools. Arts and crafts shows are held periodically. Other events, such as
fall fairs, stampedes and community dances, organized by local groups and organizations, occur
throughout the year. '

Residents falt that there was 2 definite Tack of cultural activities in the area which
they defined as including theatres and other evening entertainment facilities. There are no stan-
dards available for most cultural servicas.

Lorrections

The provincial Minfstry of the Attorney-General provides a Corrections office located in

Ashcroft. The office fs staffed by a probation officar and a secretary (half-time). The probation

officer travels to the gcommunities surrounding Ashcroft as required.

Programmes offered include probatignary supervision and divarsion programmes for juveniles
and adults; family court cases such as applications for maintenance, custody and enforcement and
marriage counsalling; and provingcial and national parala., The probation office also provides pre-
ventive programmes such as drug counselling and assfstance to Alcoholics Anonymous. The major
proportion of the corrections caseload is in probationary supervision.

Although thera are no standards defining staff requirements throughout the Province based
on papulation, the Correcticns Branch does suggest that a probation officer is usually required in a
community when it reaches about 5000 peocple, Corrections staffing is cdetermined more by caseload
and tharefgrs, by crime rate in an area.

Court and Judicial

The following staff would be considersd standard for g Provincial Court: judge, court
clark, sheriff, official court reporter, crown counsel and prosecutor. A Provincial Court may sit
full-time or part-time. If the court sits part-time, it is served on circuit with the judge,
afficial court reporter and crown counsel travelling from a Targer court. The County and Supreme
Courts also sit in a Aaumper of the Provincial Court centres.
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Provincial Courts in the service study area are located in Ashcroft and Clinton. Aduit
Provincial Criminal Court represents the bulk of activity in both courts. Other Tevels of court
representad in Asheroft and Clinton are Smal) Claims Court, Family and Juvenile Court and Superior
Court. Provincial Criminal Court sittings have been minimal in Ashcroft and Clinton.

A Provincial Court cireuit judge comes to Ashcroft one day per week from Kamloops and to
Clinton one and one-half days per month. A County Court judge comes to Ashereft 1 day per month
from Williams Lake. The regional crown counse! in Kamioops appoints a crown counsel on an ad hoc
basis to come to court in Ashcroft and (linton. Small claims and fami{ly matters are heard by a
Pprovinciai Court judge at the same time as criminal matters.

Sheriff sarvices are provided by the RCMP or by sheriffs from Ashcroft. There is presently
the need to add one sheriff to provide sheriff servicas to courts in Ashcroft, Clinton, Lytton and
Lillcoet. The Clinton registry was closed in July 1977, becausa the lavel of activity was considered
to ba minimal.

Legal

Legal afd sarvices are provided through a legal office in Ashcroft and anothar in Cache
Creek which operats as agents for the Kamioops Legal Aid Society. The lawyer in Cacha Creek feels
that there is sufficient worklosd in the area presantly to handle another fuii-time lawyer and that
with any increzse in population, this would become essantial.

Residents in the study area ingicated that they obtained Tegal services, for the most
part, in Kamloops. Opinions on the satisfaction with the service were split. There are no standards
avaiiable for the provision of Tegal services in British Columbia.

Police

The RCMP provide police sarvices in the study area through detachments located at Ashcroft
and Clinton. They provide polica protection, safety education courses and have e pubiic relatfons
department.. The total criminal code offences for the Ashcroft and Clinton RCMP detachments have
besn increasing gradually over the 10-year period.

The Ashcroft detachment has six officars of highway patrel, six on general duty and two
stanographars. Also, there is a seven parson auxiliary police force, trained in an emergency
planning coursa, that s available in case of a disaster. The Clinton detachment has four general
duty officers and ons stenographar. Over the next Tew yesars, the addition of twe officers and ona
patrol car is planned Tor the Ashecroft detachment.

The RCMP recommend one polica officer per 1000 people Tn 2 rural area snd one police
officer par 750 people in an urban area. The RCMP alsc recommend three to five general duty officers
per police vehicle and two highway patrol officers per police vehicle.

Households in all study area communities were very satisfied with law enforcement, with
85 percent indicating satisfaction.
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Fire

Fire servicas are provided in the study area by volunteer fire departments that are
operated and financeqd by each village. The Qffice of the 8.C. Fire Marshall, recommends that a
volunteer fira department should have at least 25 members. The Asheroft Firs Department consists of
25 firemen, including a Fire Chief, Qeputy Fire Chief and four Captains. Their equipment consists
of two pumpers and one rescue unit that also serves as an ambylance.

The Cacha Creek and Clinton Fire Oepartment each have 18 volunteer firemen, including a
Fire Chief and [eputy Fire Chief. The Cache Creek department has one pumper with a rescue ladder.
The C1inton Fire ODepartment {5 equipped with one fire engine.

Although most residents were satisfied with fire protection in the area, Clinton residents
expressad more uncertainty and slightly lass satisfaction than residents of Asacroft or Cache Creex.

Communication

The Ashcroft post office is used by approximateiy 3000 people per month. There are four
full=-time staff, twe part-time staff and two casual staff members. A new Fesderal building is planned
for Ashcroft that would axpand the post office to 325 mz in siza.

The Cache Creek post office serves approximately 2000 people per month. The post office
has one postmaster/zone manager, one assistant postmaster, one shift superviser, five full-time
postal clerks and four part-time postal clerks,

The Clinton post office is the smallest aof the three post offices in the area, serving
approximately 1000 people from Clinton and the rural surrounding area. There are three fuil-time
staff at the Clinton post office. The sfze of tha Clinton facility is more than adequate for its
existing operations.

CBC radio and telavision programmes are received in the thres communities in the service
study area. There are TV repeaters located within the service study area in Ashcroft, Cache Creek
and Clinton that transmit programmes from the CBC affiliate TV station in Kamloops.

A few people in Ashcroft and Cache Creek felt that postal services wera poor, although no
specific reasons were given. Clinton residents said that television and radio reception were

unsatisfactory.

Commerciai Services

The commercial facilities of the local study area are essentially located within the
communities of Ashcroft, Cache Creek, Clinton and Lillooet. These facilities generally cater ta
rather small trading area pepulations as well as the servicing of highway traffic. Kamloops serves
as the major regional trading center with a trading area populatien of 100 Q0BG persons. The existing
array of commercial facilities in Ashcroft, Cache Creek and Clinton are identified in Table 3.5-15
and compared to the level of facilities in Merritt.
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The area resident survey reveals that Kamioops is the preferred shopping location for
about half of the local ares residerts for household furnishings and clething. The resident survey
also indicated a general satisfaction with the commercial facilities in the local communities,
considering the size of the towns. At the present time commercial develiopment in Ashcroft and Cache
Creek is in a period of uncertainty.

3.5.6 Community and Regional Infrastructure

(2)

Community Infrastructurs -

(i) Watsr System

The Ashcroft water system has basic supply capacity for population growth up to
a total of 3100, Howaver, there {s a lack of storage capacity to provide for adequate
fire flows in beth north and south Asheroft.

The Cache Creek w~ater system has base supply capacity for population growth up
to a total of 1800. Watar supply {s derived from the Bonaparte River through an infiltra-
tion gaillery. Water supply components serving East Cache Creek are inadequats for further
new development and provision of adequate fire storage reserves.

The Clinten watar supply dis derived by gravity from a dam and water impoundment
area on (linton Creek. Although it appears that adequate Tlow is available in Clinton
Creek for the present population, it 1s suggested that insufficient water licenses are
held by the village. The distribution system is generally adequate.

The present water supply system sarving the village of Lillocet fs considered to
be mors than adegquata for the existing population. In the Lillocet Riverside Improvement

District, all components of the supply and distributfon system are severely overburdened.

(1%} Sanitary Sewer System

In Ashcroft the present upgrading programme includas consalidation of the gollec-
tion systoms and construction of & high rate activated sludge trestment plant. Upon
complation, the upgraded cdllection and treatment system will adeguatsly handle a popula-
tion of 5000. Major trunk storm sewerage facilities are net required given the gensral
accessibility of natural drainage features, but several outfalls fram the natural drainage
courses to the river are required.

Cache Creek has & tresatment plant capable of sarving a population of 5000 and
trunk main facilities with adequate capacity for potential developments. 1In Clinton,
treatazent is provided by a series of anaercbic and aerobic lageons with a service capacity
for a population of between 1500 to 2000 persons., A limiting factor fs the prasant Pollu=
tion Control Permit which authorizes discharge from a peopulation equivalent of
approximately 1200 persans. The trunk sewer main, which is capable of sarving by gravity
extension all potentially developable proparties, has a capacity acdaguate for a service
population of 2700.
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Litlooet has 3 spiragestor type system, which is capable only of primary treat-
ment. A deadline has been issued by the Pollution Control Branch to upgrade the system to
provide the equivalent of biclogical secondary tireatment. The collection system is
generaliy adequate for the existing papulation.

Soiid Waste Disposal

The village of Ashcroft and Cache Creek utilize a common land i1l site located
adjacent to the Trans~Canada Highway {Highway No. 1) and midway between the municipaii-
ties. The operation of the land f{i11 site is a responsibility of the Thompsan Micola
Regional Jistrict and the municipalities contribute on a proportionata use basis.

Roads

Local roads within the Villages of Ashcroft, Cache Creek and {linten are in
generally good condition and adequate for the existing population. Traffic congestion at
the fntersection of the Trans Canada Highway and Caribog Highway is experienced on summer
statutory holidays and to 2 Tesser degree during the summer holiday period.

{(b) Regional Infrastructure

(i)

(i)

Transportation

Highway Na. 1 is a major route connecting the Lower Mainland and the 8.C.
Interior. It joins Highway No. 37 at Cache (reek, forming one of the most heavily
travelled highway intersections in the province. Summer average daily traffic volumes at
selected points for the period 1970 to 1976 are presented in Table 3.5-17.

The marked seasonal peaking of traffic volumes during the summer months indicates
the importance of Highways No. 1 and No. 97 for tourist and recreational travel. During
other months of the year, traffic volumes in the study area are reduced considerably below
the summer peak reflecting commercial through traffic and Tocal traffic.

In the absence of any improvements to the existing highway system angd the Cache
CreeX road network, any growth in highway travel by study area residents would lead to
further deterioriation in the efficiency of vehicutar movements within the region.

ytilities

At prasent, B8.C. Hydro provides slectrical power to Ashcroft, Cache Creek,
Clinton and Lillocet. B.(. Telephone provides telephone service in each of the four
municipalities and Inland Natural Gas provides service to ail municipalities except
Lillocet.
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3.5.7 Local and Reginnal Goverment

The functions and responsibilities of village municipalities are specified in the Municipal Act

and can generally be classified into twoe main categories:

(a)

1. Legislative control and regulation by by~law.
2. Provision and delivery of community faciiities and sarvices.
In the foliowing analysis of municipal financing and budgeting, the primary smphasis is on

the costs associated with the provision of the services outlined above and the financial capability
of the municipalities to finance these services.

Ashcroft
(1) Historical Expenditures and Revenues
In the table of Historical Expenditures, Table 3.5-12, all capital payments
are combined in a single category of fiscal sarvices. The expenditure totals include
general government, protectivae services, transportation, environmental health, public
health and welfare, environmental development, recrsation and cultural, fiscal
services, transfars Lo reserves, capital from ressrves, water works and other
sarvices.
Table 3.5-18 contains historical revenue figures for municipalities in the
Hat Creek Region during tha 1870 to 1976 perfod. The total revenus figures are
aggregated from property tax; sewer, water, garbage; and all other sources.
Summary of Revenues: 1970 - 1478
1870 1972 1974 1876
Population 1800 1950 2000 2005
Proparty Tax $ 44,090 $ 67,130 $138,910 $145,087
Sewer, Water, Garbage 78,323 107,265 145,807 186,638
All Other Sources 56,156 91,867 175,162 268,988
Total Revenue $U8.560  sSeda sM50.909 S600.IN
(i) Assessment and Property Tax Rates
In 1976 the per capita taxable assessmont in Ashcroft was approcimately $2,350.
The two main components of assessed values and their percent contribution are residential
(63 parcent) and commercial (22 pergent}, respectively.
(411) Water and Sewar Services

Current expenditures on the water system are as follows:
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Itam Apnual Expenditures
Capital - Debt Retirement $32,110
Operating and Maintenance 57,245

TOTAL $89,355

The present water rates are:
1. Water utility rate - $5.00/mo or $80.00/yr plus,
2. Frontage tax - $1.64/front m.

Assuming an average Tot frontage of 19.8 m, total annual water costs wauld be
approximately $90/yr/user.

(b)Y Cache Creek

(N

(i)

(1it)

Historical Expendftures and Revenues

The totails in Table 3.5-18 fnclude expenditures on general government, protective
sgrvices, transportation, health and welfars, and other services for ache Creek. Expendi-
tures have increasad from about $131,000 in 1970 to $48G,000 in 1976.

Foellowing is a summqry on a biannual basis (1970-1976) of revenuas from alil
sources in the village of Cache Craek, .

Summary of Revenues: 1970 - 1976

1970 1972 1974 1976
Population ' 1600 1100 1200 1040
Property Tax $ 27,032 S 44,577 $101,762 $116,352
Sewer, Water, Garbage 72,559 111,15 108,863 242,402
A1l Other Soqurces 32,283 49,222 55,102 63,300
Total Revenue 5131874 5204 955 §265.727 5422 054

Assessment and Property Tax Rates

In 1976, the per capita taxable assessment in Cache Creek was 53,997. The two
main components of assessed values are residential <« 34.85 percent and commercial -
52 percent.

Water and Sewer Services - User Rates

The existing sanitary sewer system is generally adequate, although a $50,000
upgrading programme is currently being carried out. In 1976, the Village budgeisd to
recaive $19,000 from the provingia] govermment under the provisions of the Sewer Facilities
Assistance Grant. With the additional work to be undertaken in 1376 and 1977, it is
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estimated that this grant will increase to approximately $24,000 per year. Net cosis to
the village will therafors be 568,000. In 1873, projected revenues from sewer user feaes
were budgetad at approximately $62,000.

In 1976, the village budgeted to receive $23,300 from the provincial government
under the provisicns of the Water Facilities Assistance Grant. Net costs to the village
are therefore approximately $39,000 per year given the estimated annual capital, and
operating and maintenance costs of $44,000 and $18,000, respectively. In 1978, budgeted
revenues from user rates were $66,000, resulting in a substantial surplus which will be
carried over for use in futurs years.

Historical Expend{tures and Revenues

Table 3.5-18 contains a summary on a biannual basis (1970-19768) of actual
expenditures on all services provided by the village of Clinton.

Foliowing s a summary of & biannual basis (1970-1%76) of revenues from all
sources in the village of Clinton.

Summary of Revenuas: 1970 - 1976

1970 1972 1974 1876
Papulation 1150 2%0 820 806
Property Tax $ 12,200 $ 13,000 $ 15,900 $ 26,000
Sewer, Water, Garbage 54,200 60,800 76,400 78,300
A1l Cther Sources 51,500 . 40,300 58,700 19,100
Total Revenus $117.700 112,900 £252.900 2184400

Assessment and Propertv Tax Rates

In 197§, the per capita taxable assassment in Clinton was approximataly $223§.
The twe main components of assessed values are rasidential - 5§ percent and commercial -
42 percant. It is assumed that fncreases will be proporticnate to population increases.

Watar and Sewer Services = User Rates

In 1976, the village budgeted to receive $15,000 from the provincial government
under the provisions ¢f the Sawer Facilities Assistance Act. Net costs to the viliage are
therefore estimated to be 533,000 given astimatad capital, operating and maintenance costs
of $30,000 and $18,000, respectively. In 1976, projectad revenues from sewer use Tees
were budgeted st approximately $32,500,
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(d) Lillgoat

In general terms, the village does net have a particwiarly strong assessment base - the
per capita taxable assessment is approximately $1900. As.such, tha tax rata is relatively high
compared te the other municipalities under considaration - 34.99 mills. It is anticipated that the
assessment base will improve significantly if the propesad Fadaral Penitentiary fs taken into the
boundaries of the villaga.

Even though the mill rate in Lilicoet is higher than the other communities under considera-
tion, the expenditure per capita, which could be interpreted as level of service, is lower in
¢ertain areas of expenditure. Comparison of the per capita expenditures in Lillooet, Ashcroft and
€ache Creek i1lustrates this:

Expenditure Par {apita

(3)
Village Recreation Transportation General Government
Lillooet 20.75 37.57 49.93
Ashcroft 51.01 58.45 64.98
Cache Creek 53.55 57.98 51.63

Social Environment

The attributes selected to describe the guality of life in the social environment of the smal)
towns in the study area constitute the "human" or social rescurce that ultimately will be affected by,
and, fn turn, affect future development.

These attributes have been ¢lassified into two major groupings, the social setting and the
social conditions., The factors defining the social setting include the population and economic bdase,
histarical aspects, the natural environment, accassibility, availability of services, housing, land and
other amenities, and the opportunity for employment and income. These factors are discussed in other
socig=economic sub-sections of the EIAR. The attributes describing the social conditions within the
study area are grouped inte three topic areas: social benefits and problems; community cohesion; and the
reactions of residents to growth and development, These topical areas are the focus of discussion in the
following sections.

(a) Social Benefits

While the majority of the residents moved to the study area for economic or job related
reasons, some were drawn to the region because of anticipated environmental and community benefits.
Many of the athers who arrived for economic reasons said that they have come to enjoy the benefits
once they settled. When asked in the resident survey to comment on their fealings regarding the
area as a place to Tive, 70 percent of the total rated it as good or excellent, specifically noting
the desirability of the natural setting, the size of the communities and the availability of
services, See Table 3.5-19 for the responses by major categories.
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Access to outdoor activities was a major benefit, especially in the clean, pollution-free
environment and the relatively mild year-round climate. They felt that the outdoors and related
recreational activities, both during the summer and the wintar, ware major attributes of the area.

The residents viewed the small town setting as very favourable. One of the major repeated
comments was that the small size of the communities resulted in a friendly atmosphere. Residents of
Clinton and Ashcroft noted that thefr rural setting was much more desirable than a large urban
environment. They felt the towns were excallent family orfented communities. Resicdents were satis-
fied with the majority of sarvices in their communities, especially physical services and basic
social sarvices such as education and Taw enforcement as wall as the availability and the quality of
housing in the communities.

Services in Ashcroft were used extensively by residents for their medical, educational and
religious needs, while Cache Creek appears to be an antartainment centrs. The centrality of the
study area within the province was 4 major facter providing them with quick access ta other areas of
the region or the province. A significant proportion of the residents drive to Kamioops for
services, especially dental, legal and entertainment. Some residents go tc Vancouver for major
purchases and special servicas.

Social Problems

Community-relatad probiems and problams associated with the availability and adeguacy of
some comaunity services are evident in the coomunities. While criminal offences over the last few
years generally have grewn in the study area at a rate sim{lar to that of the province, the RCMP
have noted 4 20 percent decrease in crimipal activity in the last year. The RCMP have inferred that
the use af alcehal {s the most serious problem in the study area based on a significamt increase in
alcohol related offences from last year.

Welfare and social assistance cases, while fairly heavy, wers noted as bDeing at the lowest
Tevel in several years. Nearly two-thirds {60 percent) of the cassload resides in Clinton, with
20 percent in Ashcroft and 15 percent in Cache Creek, with single parent families comprising a
relatively large proportion of the caseload. A number of service delivery representatives indicated
in interviews that marriage breakups wers prevalent, however, this was not corrcohorated by resident
survey or government statistics.

It was indicated by the RCMP that an increased usa of the Trans-Canada Highway has resuylted
in a transiency problem in the ares, especially in Cache Creek. Teachers in the Ashcroft Senior
Secondary Schooil indicated that & high drop-out rate was normal as the students reached 16 and were
able to take avajilable low ski1l, high paying jobs. This has been assccizted with 2 percaived
increase in juvenile problems related to alcohol and vandalism.

Residents alsc wers concerned with the delivery of some community services in the study
area such as cultural, entertainment, variety and competition in shopping and sports facilities and

programmes. The major request from residents was for recreational facilities.

The major problem perceived by the residents to be facing the study area s that of employ-
ment. While, at present, there is relatively stable empioyment accompanied by a fairly low

1-120 Part Thres



3.5

{c)

(a)

S0CI0-ECONQMICS - (Cont'd)

unemployment rate compared with the rest of the province, this is a somewhat inacgurate portrayal as
many of the unemployed have left the area seeking employment elsewners,

Community Cohesion = Stability

Historical events have led to a cross section of residents in local communities. On the
one hand, there is a relatively stable population of long time residents, notably ranchers and
farmers in the rural areas, including the Hat Creek Valley. Then, there is the newer population who
have moved in during the Tast two decades with the advent of aining and other resource extraction
enterprises, as well as the increased service sector activities. The stability charactaristics can
be seen to some extent in Table 3.5-20, Length of Residency in the Study Area. Nearly one-haif of
the residents have Tived in the region for more than 10 years and nearly one-half of these, for
20 years or more. The remaining portion of the residents have lived in the region Tess than 10 years
and are generally the "newcomers" to the area. Those who have lived in the area from 3 years o
15 years (about one-half of the papulation) arrived in the region during the prime growth period of
mining and service sactar expansioms. Cache {reek and Ashcroft became tha prime residential Tocations
for these incoming residents.

Ashcroft notas the largest number of residents living between 11 and 20 years in the
community, This was the period during the late 1950s when the first major developments occurred in
the Highland Valley. The Hat Creek Valley and Clinton, on the other hand, noted a large percentage
of their populations resident for greater than 20 years. from these characteristics, it could be
assumed that the population in the study area is generally very stable. The major reason for coming
to the region has been economic, with nearly three-quarters of the Ashcroft residents stating this
as their prime reason for living there.

8.C. Telephone Company reprasentatives indicated that most telephone disconnects were most
1ikely related to out-migration from the study area, rather than fnternal movements between or
within communities.

Information on future resident stability was solicited in a question in the survey directed
to young people in the study area communities to determine their desire to work in the area. Nearly
ene=-half of the students indicated an interest in remaining but they were concerned about being
unable to find full-time, fnteresting work. Those expressing interest in Teaving indicated that
they either intended to continue their educatfon or Took for work elsewhare.

With respegt o the antigipatad residency of the aduit population in the community,
40 percent of those sampled stated they would stay as long as possible., An equal percentage indi-
cated that they did not know and expressed concern about the stability of the economic base and the
related job market. When asked under what conditions they would leave, many observed that it would
be only tc seek work alsawhere. Eavironmental loss and pollution would cause some individuals te
move from the study area to find natural amenities in other areas of the province.

Community Cohasion = Participation

Government representatives are elected from the region Tor both faderal (Members of Pariia-
ment) and provincial {Members of the Legislative Assembly) governments. Another level of government
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is the Thompson-Nicola Ragional District, the offiges of which are located in Kamloops. The Village
Councils in Ashcroft, Cache Creek, Clinton and Lillooet, as well as the school board and the health
board, are influential in the developmant activities of their communities.

Several agricuiture and ranching associztions operate in the Cache (Creek, Ashereft and
Clinton areas. Various church groups as weil as service organizations are quite active in the
imnediate area. Most of the towns have 2 norma] number aof service organizations, sosieties, associa-
tions, social clubs and civic organizations in comparison to other towns of similar size in British
Cotumbia. There is a lack, however, of voluntesr organizations and self-help groups. The ranching
and farming residents, the mining and mine fndustry related residents, and the business and commer
cial groups in each of the towns take part 1in the so0cial activities of the arez and their
communities. The residents have some formal and informal recreation and community related clubs and
special social events.

Over one-third of the survey respondents said that their friends had lived there longer
than they had. This may indicate that there has been a reasonable level of integratfon of the newer
residents into the existing study ares.

Many residents noted that they socialized with friends or went to evening meetings. A Tew
oftan key participants in community business and government indicated more extensive activities. A
substantial group noted that they did not socialize at all, the largest portion Tocated in Ashcroft.

In comparison with the general population, the mining resfdents seem to have a diffarent
pattarn of socializing. While many socialize infrequently or not at 211 outside of their own family,
an equal number socfalize extensively, This lack of integration does not seem to have resulted in
major conflicts in the community and, at presant, there seem to be no noticeable problems. Over
40 percent of those surveyed expressed satisfaction with the local government structure, although

nearly one=third ware uncertain and another quarter were dissatisfied.

A numbar of local {ssues were raised during the interview process, as well as in the

‘review of Jocal newspapers. Some revolved arcund the intercomeunity rivalry between towns in the

region, especially between Cache Creek and Asheroft. There have been few successful joint planning
ventures and the twoe communities were not in favour of amalgamation plans put forward to allow for
potential sharing of services.

The final indicator of pudblic involvement revolves around resident responses to the
planning activities and pubiic announcements made by B.C. Hydro regarding the Hat Creek Project.

3
Existing Community Cohesion

Each community fn the study area presented a reascnably cohasive image. The stability of
the residents and their level of participation in community activities generally indicated a commit-
ment to the study area and the individual towns.

Several of the communities sesmed more cohesive than others, notably Cache Creek and the
Hat Creek \alley. ' The residents of the Hat Creek Valley have been committed to thefr ranching
Jifestyle and the vailey. The Cache Creek residents, on the other hand, are working for expansion
and development of the economic base of their community.
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Attitudes of Residents Towards Growth and Jevelopment

Over two-thirds of the residents sampled were in favour of a doubling of the popuiation,
many of wnom strongly favoured this increase. More than two-thirds favoured a steady population
growth while only a few regarded this as unfavoyrable. A stable or no-growth situation was viewed
as favourable by only 38 percent of the residents sampled and unfavourable by an equal number
(39.9 percent). With respect to a degling in the population, 80.8 percent falit a declining popula-
tion was unfavourabie.

The urban residents of Ashcroft, Clinton and Cache Cresk strongly favour large population
increases either within their communties or in the study area. The rural residents, including the
Hat Creek Yalley population, however, would prafer to see a no-growth or stable situation.

Nearly all residents (88.3 percent) would like a large shopping centre in the study area.
The development of a major fndustry solicited slightly less favourable response than the shopping
centre with three-quarters (75.2 percant) of the surveyed residants wanting the development. Of the
Hat Creek residents, one-half were undecided about the desiradility of a large fndustry while one-
third (31.6 percent) were opposad to it. Ashcroft residents were most unified as 87.2 percent of
this town's residents desired the development of a large industry.

The issue of the development of a new town in the area resulted in some indecision by the
residents as one-third (32.3 percent) expressed favour at the development of 2 new town with slightly
more residents (39.2 percent) not favouring the new town. Nearly two-thirds of rural and Hat Creek
residents expressed disfavour with 2 new town. With respect to the development of an airport,
nearly twe=thirds (75.0 percent) of the study area respondents favoured this development.

Attitudes of Residents toward the Hat Creek Project

Three specific sources were referenced in this apalysis. These are the resident survey
completed by the consultants in April 1977, the telephone opinion pol]l completed by the Cache Creek
Chamber of Commerce in September of 1976 and the newspaper survey undertaken by the consultants
during the time of the study (1976 and 1977).

In the resident survey, the attitudes of residents toward the development of the Hat Creek
Praject were solicited. Two«thirds of the respondents in the study area were in favour of the Hat
Creek Project, .another 20.7 percent were neither in favour nor opposed and about 12 percent expressed
opposition. The residents of Caghe Creek, Ashcroft, and Clinton were almost equally fa favour of
the preoject. The major oppesition was notad by the residents of the Hat Creek Valley with
68.4 percent opposed to the project and 26.3 percent recognizing both the positive and negative
aspects. In the valley 5.3 percent favoured the development of the coal mine and thermal generating
station.

Greater than 80 percent of the prssent ¢onstruction and mine employess favoured the develop-
ment, while the praofessional categories indicated less favour. Qver three-quarters of the ranching
and farming respondents, ar the rural residents, were fn oppesition to it. Thase respondents who
were unemployed, although a small number, wers the group most strongly favouring the aroject. The
majority of people favouring an increase in population and the other potantial developments, also
strangly favoured the Hat Creek development.
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The telephone poill revealed a favourable response from 65.7 percent of the Cache Creek
respondents, almost fdentical with that of the resicent survey response of §6.3 percent in favour of
the project in the study arsa.

Resident Concerns Recarding the Hat (resk Proiect

Over 40 percent of the respondents expreassed employment interest, in the Hat Creek
Project. Many considered work in czonstruction, operations, or the relatad commercial and clerical
support activities.

In the primary sector over two-thirds of respondents currently emplioyed in nining, forestry
and construction related activities expressad intearest in work, Twenty percant of the women respon=-
dents, one=-naif of the students, and 60 percent of the unemployed expressed interest in working on
the project, should it proceed.

The Hat Creek Valley Community .

D) Physical and Historical Setting

The Hat Cresk Valley contains some of the earliest ranches in the regicn,
established over 100 years ago. Sinca that time, the valley has been dedicated to agri~
cultural production, mainly baef cattle. A small underground coal mine that serviced the
study area was in operation saveral decades ago, but Teft Tittle niark on the present
surroundings. '

Some of the original families that settled in the valley are still opperating
fanily ranches. These people are important members of the social fabeic of the valley and
in the surrounding communities. The valley had a population in 1377 varying from 30 to 40
residents, including ranchers, dependents and ranch hands.

While the ciimate is relatively dry, firrigation has brought some of the land
ints active production, as well as supporting the grazing of herds of besf cattle.
Privately owned land is supplemented by crown grazing ieases, While most of the residents
work full=time on the ranches, some also support themselves with outside jobs by working
on construction or in servite jobs in the valley and tha surrounding towns. The reported
household incomes are generally lower than in the overall study area. However, this is
offset by other attributes of their particylar lifestyle and & high degree of
self-sufficiency.

In addition to the agricultural use of the Hat Creek Valley, residents from the
surrounding region have, for many years, used the valley as 2 recreational ares. Hat
(resk has provided one of the best grazing and hunting areas in the Cariboo. Many valley
residents particularly enjoyed riding and hiking throughout the valley.

Eighty percent of the valley residents indicated that the valley was an excelient
place to Tive with the remaincer considering it a good place to live. The majority of the
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comments centered on the climate, the productivity of the Tlang, the secluded setting and
their rural lifestyla.

Characteristics of the Residents

The 30 to 40 residents and dependents represent approximately ten family
groupings within the valley. A number of these people are the descendents of families
that originally sattled in the valley over a century ago., The actual resident papulation
of the vallasy fluctuates extansively depending on the seasan. A few older children and
other family members have moved to other communities in the region or to the Lower Mainiand
for education or employment, but return in the spring, summer or fail of each ysar for
holidays and planting and harvesting activities.

Most of the residents are families with several children., The oldar residants
within the area do not consider themselves as retired, as they werk to mafntain self-
sufficient operations on their holdings. A1l the residents interviewed, regardiess of
age, occupation, ar income, were firm {n thefr commitment to their ranching 1ifestyle.

The Existing Secial Environment in the Communities

{i}

(i1}

(ii1)

gache Creek

The town has a high activity image linked to its location at the intersection of
major B.C. Highways. The residents have common objectives related to thair service sactor
econamy and are strongly in favour of growth, development and the Hat Creek Project. They
have high axpectations of the social and economic effects of the project. However, resi-
dents also noted a great awareness of potential anvircnmental effects related to
davelopment and expressad tha need for controls.

Ashergft

The town, of some historical significance, is based on rescurce developments and
the railway. [t does not appear to have a strongly cohesive community, perhaps due to
the fnflux and continuing turnover of resfdents. Thers is a Tow visible Tavel of public
social activities, although many study arsa services are available in the town. The
residents, anticipating needed economic benefits, are in favour of growth, development ang
the Hat Creek Project.

Hat Creek Community

The residents of the valley expressed commitment to their ranching lifestyle ang
the preservation of the natural environment., They form a stable community with strong
historicai continuity through their families and the land. The residents are in oppositian
to population growth and deveicpment in the study area and strongly opposed to the Hat
Creek Project. Many apparsntly feel bitter, insecure and threatened by praoject develops
ments and any indecisfon on the part of 8.C. Hydro.
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(iv) Clinton

Clinton is a physically attractive small town in a quiet rural setting. However,
the continuing decline in the forestry industry and the town pepulation, has resulted in
an atmosphere of uncertainty and depression within tha community, heightened by the visi-
bility of underutilized services and land., The residents are strongly in favour of growth
and development, and especially, the Hat Creek Project, hoping that this will reverse the
existing decline fn activity.

(v) Lillooet

The residents of Lilioocet do not sesm to identify with the study area, or the
present and potential development activities. A strong community identity was not observed
by the consultants during the studies. In general, the community is fn favour of growth,
development and the Hat Creek Project, although uncertainty was exprassed due to informa-
tion gaps regarding the project.

Native Indian Studies

The cultural herftage of the Indian people is examined relating their heritage to their settle~
ment fn the Hat Creek area and laying the foundations for understanding current social and economic
conditions, and Indian perceptions.

This study was undertaken without tha cooperation or finvolvement of th; Indian people of tha
Hat Cresk ares, or, axcept on a very limited basis, of the Oepartment of Indfan Affairs {DIA). The local
Bands were not willing to cooperate with the B.C. Hydre funded Indian studfes unti} their own studies
were underwady and they asked DIA %o prohibit access to the Department's records by 8.0. Hydro
consultants. 10 J

(a}) Definitiocns

The Indian peopla of British Columbia commonly are classified into two groups: Status (or
Registered) Indians and non-Status Indfans. Status Indians are defined as those pecple coming under
the jurisdiction of the Indian Act (1957). Thair names appear on the Official Indfan Register,
Most appear on s specific Band List, but a few are not associated with a specific Band and appedr on
4 General List. The terms Indian Band and Reserve are used as defined by the Indian Act.

Status Indians are not necessarily of Indian racial origin, nor necessarily genetically
“more Indian" than those who have chosan enfranchisement, or their offspring. Feopie of Indian
racial origin whe are not registered under the Indian Act are generally referred to as non-Status
Indlans,

It is estimated that there are approximately equal numbers of Status and non-Status
Indfans in British Calumbia. In 1975, Qepartment of Indian Affairs statistics showed 52 280 Status
Indians in British Columbia., Because¢ the Jocation and the number of non-Status Indians could not be
determined, the study is concerned primarily with Indian people living on Reserves in the study
area.
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Most Bands in British Columbia have grouped themselves into regional Indian Oistrict
Councils, with boundaries that do not necassarily represent tribal boundaries, The Ipaian District
Councils are usuaily composed of the elected chief of eacn Band in the Jistrict and act as a body to
represent the group fntarests of the Sands concarned.

The Union of B.C. Indian Chiefs is an grganization representing many of the Indian Bands
in the Province. [t acts as a resource group for member 3ands and provides leadership and guidance
for its members. The Union has a fyull-time executive and staff., Each Band has a council to direct
its activities,

Deffnition aof Study Arsas

It was decided to include in the primary impact study the four Bands whose Reserves are
Tocated clpse to the proposed Hat Creek Project; namely, the Bonaparte, Pavilion, Asheroft and
Oregen Jack Creaek Bands. The location of their respective Reserves is shown on Fig. 3.5-3.

It was decided to define a secondary study area ancompassing those Indian Bands who had
Reserves within a 50 km radius of tha proposed thermal generating plant site. This decision brought
into the study the Bands who use the facilities and services of Ashcroft and Cache Cresk (e.g.,
Deadman's Crgek Band whose children attend school in Ashgroft) and alsa Bands whose members might be
prepared to commute in order to obtain employment at Hat Creek (e.g., some of the Lillooet area
Bands). ‘

There are 11 Bands in addition to the four included in the primary study area who have
Reserves within the defined secondary area boundaries. They are:

.

1. Deadman's Creek 7. High Bar
2. Cook's Ferry 8. Cayoose Creek
3. Nicomen 9. Lillooet
4. Lytton 10, Bridge River
8. Clinton 11. Seton Lake
&. Fountain

Their Resarves are also shown in Fig. 3.5-3.

() -Sett1ement Patterns and Cultural Considerations
(i) Cultural Heritage and Past Settlament Patterns

"]

Preliminary archaeological research in the upper Hat Creek Valley has recovered
evidence of aboriginal sattlement and resource utflization which may extend as far back as
7000 years.u The basin is inferred te have been utilized in seasomal fishing, hunting
and plant gathering activities by nomadic groups. It {s probable that this pattern of
settlement and subsistences prevailed up to the time of histeric contacts.
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The Indian Bands in the study area are part of the Interfor Salish, a large
linguistic group whose territory covers much of the central and southern Interior of
British Columbia and stratches south inte the 5tates of Washington and Idahe. Fig. 3.5-4
shows the territories of the Interior Salish amd Fig. 3.5+% shows the tribal boundaries of
the Shuswap, Thompson anc Lillocet Indians; all sub-groups of the Interier Salish. The
study arez s located at the junction of the boundaries of the three tribal groups. The
Pavilion and Bonaparte Bands are Shuswap, while the Ashcroft and Oregen Jack Creek bands
are Thompson Indians. Most of the upper Hat Creek Valley was part of the hunting territory
of the Thompson Indians from Spences Bridgn.lz The lower reaches of the valley were
within tha territories of the Bonaparte Barni.]‘3

The Interior Saiish were semi-nomadic where pattern of movement was affectad by
the seasonal avaiiability of food. The Indians travelled mainly in small fam{ly groups
but in the winter & number of groups would live together in their semi-permanent settle-
eents. Within tribal boundaries, the land and its resources wers regarded as common
property for the tribe or kin. When a number of family groups were together, the lifestyle
was semi~comnunal. Decision making tanded to be democratic and Band members were consulted
on important decisions. [t seems Tfkely that this Tifestyle remained basically unchanged
for thousands of years before whita conta'ct, 200 years ago.. By the aend of the nineteenth
century the majority of the present Reserves in the primary study area had been
established.

Retention of Cultural Identity .

Cultural identity is characterized by the interaction of a complex set of
elements, some physical and some zttitudinal. These factors include the use of a parti-
cular Tanguage, the pursuit aof traditional activities and the holding of certain values
and attitudes.

The 1971 Census data showed that, while 18 percant of the people identified
Indian as the mother tongue, only 8 percent stated that Indian was the language most often
usad at home, denoting that Englisn is now the predominant ianguage on the Reserves,

The Indian people do not appear to uss the social and recreational facilities inm
the local non-Indian communities to any degres. Social intaraction seums to be mainly
within their own Reserve and with other Indian communities, a fact which contributes to
saintenance of [ndian self-identification. Similarly, the Reserve systam has been a major
factor in maintaining and strengthening Indian cultural identity.

Prasent Settlement and Qrganization

The four Bands in the primary study area have & total of 23 reserves, with a
total area of over 63 knz. These reserves are listed in Table 3.5-21.

Most of the Ashcroft Reserve residents live on Ashcroft Reserve No. 4, located
near the function of Highway MNe. 1 and the south Ashcroft connector road. Thers are nine

houses on this Reserve, sat back some 150 m from the road.
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There are soma houses on Pavilion Reserve No. 3, about 1.9 km west of the Hat
Creek Junction along Highway No. 12, but most of the Pavilion Band members live on the
main Resarve, some 8.1 ikm to the west of the Hat Creek Junction.

It appears that all four 8ands function independentiy, administering their own
financial and organizational affairs, Pavilion BSand s a member of the Lillooet Indian
District Council, while the other three Bands are members of the Thompson River District
Council.

(d) Demographic Characteristics

(i)

(i)

Popylation

Table 3.5-22 presents total on-Reserve and off-Reserve Status populations for
the Bands in the primary and .secondary areas. At the end of 1875, the four primary area
Bands had 6521 members of whom 354 (57 percant) were }iving on-Reserve. The 11 Bands 1in
the secondary arsa had a total of 2598 members, of whom 1655 (64 percent) were living on-
Reserve. QDuring the last decade, the total Band population of the primary area has been
fncreasing at an average growth rate of 1.9 percent anmually compared to 1.3 percent for
the secondary area Bands and about 2.0 percent for the Status Indian population in British
Columbia as a whole,

The size of Status Indian populations at any point in time is not only a function
of birth and death rates, but alsa of marriage preferences. From the limited statistics
available {for 1975 and 1976 only) the birth and death rates for the primary bands are
more in lina with those for the general populatfan of British Columbia than for the Status
Indian population. Because the natural population growth in the area was about 2.4 percent
annually over the last decade and the recorded growth was 1.9 percent, ocut-migration due
to marriage preferences appear to play a part in the population growth of these Sands.

The historical relationship betwesn on and off-Reserve populations is shawn in
Table 3.5-23. Throughout British {slumbia there has been a trend of populatien migration
away from the reserves, (n-Reserve populations have increased marginally during the past
decade while off-Reserve populatigns have increase by £6.6 percent. Among primary area
Bands 44.? percent of Band members live off-Reserve compared %to 36.8 percent throughout
8ritish Columbia. The off-Reserve Status population Tiving in the primary area is esta-
blishag for 1571 as follows: Ashcroft = 25; Cache Creek - 35; Lillooet - 40; Clinton -
85, and Rural - 25.

Age/Sex Characteristics

The Indian population is significantiy younger than the non~Indian population of
the study area. Among primary Band members, &4 percent are under 25 years of age, compared
with 52 percent of the general Ashcroft/Cache Crsek area residents, 45 percent aof the
total British Columbia non-Indian popuiation and 65 percent of the total 8ritish Columbia
Indian popuiation. In addition, 73 percent of the female Banc members are undar the age

3 - 129 Part Three

e



3.8

(i)

SOCIO-ECONOMICS - {Cont'd)

of 25. According to the 1971 Cansus, the male/female ratio on the primary area Resarves
is calculated at 1l.1:1. The youthfulness of the Indian population is expiained in part by
a high pirth ratea and a Tow 1ife expectancy. The observed decline of tha Indian birth
rate in 8ritish Columbia accounts for the trend of the age structure toward that of the
overall Breitish Columbia population,

Family Structurs

Indian society retains & valus systam that is significantly different from that
of Canadian non~Indian society., Civil marriage, divorce and illegitimacy are not as
important as in white society, byt family relationships and acceptancs of sldars are more
highly valued.

The 1971 CLensus data contain information on family and household sizes and
structyre. They indicate a near constant distribution of family size from 2 persons to
9+ parsons, with an average size of 5.7 persons per family. Most families live as a
single unit in their own home. Only 10 househoids in all four bands are shown as con=
taining more than one family. A further 15 households are shown 2s not containing a
family group as such, of which 10 are occupied by a single person.

(e} Labour Force and Emnloyment

&)

Historical Characteristics

The 1971 labour force of Resarve residents has been estimated by the Cansus at
about 100 persons. The labour force can be characterized as young and male dominant but
not differing significantly in this respect from the non-Indian comounities of the study
area. Males comprise over 75 percent of the Indian labour Torce. Table 3.5-24 provides
participation rates by sex for the primary arez bands and the local communities. The
number of Resarve residents in the experienced labour force by industry is contained in
Table 3.5-25 for 1971,

Table 3.5-26 denotes that the Indfan labour force was almost fully employed;
howevar, only 50 percent of them had full-time esployment. The Ashcroft and Oregon Jack
Creek Resarve residents had about 90 percant of the working age population in the Jabour
force and emploved mostly on a full-time basis. The main source of employment was mining.
ATl 80 mambers of the Bonaparts labour force were sxperienced and amployed at the time of
the Census however, anly half had full-time employment. Agriculture, manufacturing and
the service industries dominate their areas of invoivement.

Only 10 of 55 working age people for the Pavilion Band wers in the labour forca.
Haif had not worked in the previous 18 months and none ware employed fuli-time., No Temale
participated fn the labour force and no single industrial category was significant emcugh
toc be specified as providing the employment.
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Curreant Status

At the time of writing this report the empioyment situation among the four
primary area Bands seems to have declined since 1571 but there are oppartunitfes for
future fmprovement.

Stable, full-time employment is scarce. BSethlehem Copper Mines employ an esti-
mated 8 to 10 Indian people from the Asheroft and Cache Creek areas. Competition for
employment at the mine is very high, especially for entry-level positions. It appears
that the Indian employees have, in the main, been with the company for a long time, with
some as fong as 8 to 9 years. Few, 1T any [ndians are emplayed at the Larnex Mine,

Since the 1971 Census, three significant, but small-scale scurces of Indian
employment have been establisned: The Steel Brothers Canada Ltd. lime plant located on
Ashcroft Reserve No. 2; the Basque Ranch owned by the Cook's Ferry Band and tha Gulf
Agrigultural Chemical Plant.

The Stesl! Brothers plant was opened in 1974 and employs 18 fyll-time employees.
The three management and administrative positions are staffed by non-Indians, but 13 of
the 15 hourly-paid full-time smployees are Indians. About half of these are Pavilion Band
members, one is from the Bonaparte Band and the balance are fram the Fountain and LiTTooet
bands. The plant is unionized, but there is an informal agreement on preferential hiring
for local Indians, with Pavilion Band members having first opportunity. In addition to
the employment benefits provided, Stee]l Brothers provide revenue to the Pavillon Band in
the form of Teasa payments. )

The Gulf Agrigultural Chemicals plant, located on the Ashcroft Reserve and
opened in 1974 manufactures explosives for the mining industry. It employs only two
people on a full-time basis (ore being the non~Indfan manager) but approximately six Limes
per month will emplay an additional eight people for a single shift.

The Basgue Ranch was acquired in 1974 by the Cook's Ferry Band as a land-swap
compensatory measure with Bethlehem Copper Ltd. Grazing leases for Crown land are held by
the Band in the area. It is astimated that the ranch wouid likely employ about five
people.

Among the four primary area Sands, agriculture offers a limited amount of present
and potential future employment both on and off the reserves. [t has been estimated that
about eight Indians are employed full-time and another eight part-time by the ranches of
the Hat Creek Valley.l4 However, use of local Indians as seasonal or part-time ranch
hands seems to be decreasing. A recent study assessed the potential fer agricultural
development on the Bonazparte Reservas and concluded the Reserves had some potential for
providing additional fuli-time agricultural emp1oyment.15

All four bands in the primary area have Reserve lands that seem to offer poten=
tial for employment generation. About 10 fuil-time positions 1ikely exist in the
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administration of the four local bands. The retail and service sectors, primarily oriented
to the tourist trade, offer employment opportunities in the primary study area. The work
is ysyally seasonal with relatively poor pay.

A reasonable estimatsa of total Indfans working in the service sector would be
10 persons. Much of this employment would be seasonal and part-time. The biggest single
source of employment among Reserve residents in the study area at the present time is
federally funded, temporary work projects, operated through Canada Manpower. The use of
the temporary work projects, the aims expressad in work project application and the stabi-
ity being experienced among Indian employees, all indicate a growing wish and ability to
participate in the wage sconomy.

About 50 Indian peopla are currently employed in the primary study area on a
reguiar basis. This is a decrease from the number of employed Resarve residents fndicated
in the 1371 Census.

The high levels of unemployment were statad repeatedly by Indian groups in their
applications for funding under federal temporary work programmes. Also, Canada Manpower

information en client registrations, vacancies and placements suggests high unemployment.

Barriers_to Indian Emoloyment

The following s a discussion of general conditions on published sourtos.m’ls"""

The problems identified have not all baen spacifically documented for the study area,

Physical {solation of Reserves from employment opportunities and the lack of
reliable and independent transportation present employment barriers. Unnecessarily high
standards of educatfon and experience are often barriers. The emphasfs placed on educa-

" tional requirements for apprenticeships is particularly significant in presenting barriers

to the achievement of tradesmen status by Indians. Both industry and organized labour
tend to follow practices that act as barriers to-Indian employment.

Social problems, such as alcohol abuse and 3 developed "structural dependence"
on weifare can also form barriers to employment. Prejudice, paternazlism and misunder
standing of Indian aims can act as further barriers to Indfan empioymant. Garnisheeing of
wages is generally more prevalent 2mong Indian people than among non-Indfans and the
prospect of encountering such action can form a barrier to sesking employment.

The view that Indians are primarily fnterssted in outdoor activities of a
seasonal or short~ters nature and have no degree of responsibility, is fairly wide-
spread. v The basic misunderstanding and stereotyping of Indians in the minds of emplovers
tend to have the effect of barring employment and of becoming self=fulf{lling prophecies.
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(e} Income

{H

(i1}

Empioyment and Transfer Income

Tables 3.5-27 to 29 contain total income, average income and income distribution
data for the Bonaparte, Ashcraft/Oregen Jack and Pavilion Bands. The Ashcrefi/Oregon Jack
Band has an average individual fngome of about $3400 2nd income per family of $10,820. In
comparison, the general population of the study area in 1970 had average and family
income figures of $5360 and %9774, respectively. The Bonaparte Band also had a high
propartion of empioymant but had much lower income levels than the Ashcrofi/Oregon Jack
Band. Overall the Pavilion Band statistics reflect a2 Jow level of employment and income.
The distribution of income presented in Table 3.5+29 shows that 75 percent of income
recipients received less than $3000 annually in 1971 compared to half that percentage
among the non-Indian local area popuiation. Onty 3.5 percent of the Indian people, com=-
pared to 15 percent of the non~Indian population, earn in excess of 310,000 anpually,
while nearly 90 percant of the Indian female labour force members earn Tess than $3000.

Subsistence Income

The Indian food fishery appears to be the largest natural resource income sgurce
for the Indians of the primary area. Hunting provides a marginal real income while the
trapping of furbearers is almost non-existent. Indian pecpla also engage in the collection
of natural vegetation for food and medicinal purposes. The subsistence economic activities
listad in Table 3.5-30 are estimated to represent at least 23 percent of the total income
of Indians in the primary study area.

(f) Education, Health and Housing

(1)

fducation

A recent study carried out in conjunction with the Union of 8.C. Indian Chiefs,
concluded that aducation {s one of the most important concerns of Indian fami'lies.18
Table 3.5-31 compares the educational achievements of the Bands in the primary study area
with those of the Indfan population of 85.C., the total population of 8.C. and the residents
of Ashcroft and Cache Creek. The tabie shows a considerable gap between the education
levels of the Indian and non-Indian population. Qnly 26 percent of the B.C. popuiation
has not achieved higher than elementary educatfon, compared to 63 percent for the total
Indian population and 56 percent for the on-Reserve residents in the primary study area.

The level of educational achievement in 1971 for Reserve residants is shown in
Tabie 3.5-31. Studies by Stanbury and others have drawn the conclusfon that the education
gap between Indfan and nen~Indian people is rapidiy c1using_19 There are indications that
this is the case within the study area.

During recent interviews with each of the lecal schosl principals, with student
counsellors and with members of the local school beard administration, a number of points

received general agreement:
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1. Levaels of education achievement among local Indianm people were increasing.

2. While drop-out rates and absenteeism fof Indian pupils were higher than for non-
Indians, there was a sigady improvement over the years.

3.  There was increasing evidence of Indian parental and Band interest and involvement in
the school system.

4. Participation by Indfan pupils in extra=curricular activity was increasing.
5, Racial harmony in the school had improved.

It {s understood that about seven meabers of the Bonaparte Band alone werse
engaged in university or post graduste courses and saveral more are involved in vogational
training. Also, an adult upgrading course (Basic Training for Skills Development) has
just been established by Canada Manpower in Cache Creek.

Health

Indfan birth rates are consideradly higher than the provincial average. However,
the rata of birth decline is about 50 percent higher than for the generai population. In
1967, the Indian birth rate was about twice that of the general population but, by 1975,
the gap had lessened. The 1975-1976 statistics cbtained for the Bands in the primary area
show & live birth rate of 13.7 per 1000. This is less than the provincial average and
almost half of the average for B.C. Indians as a whola.

The crude death rate for Indians throughout B8.C. s aiso falling gradually and
is gensrally in line with that of the provincial average. The most significant difference
betwesn Indian and non-Indian death statistics lies in the rates of violent desths and

“infant mortality. The provincial violent death rate for Indians is over three times that

of the general population. Whila Indian infant mortality throughout the province fs
almost twice the provincial average, no such deaths were recorded among Indians in the
primary area during the two years for which data are svailable.

The primary stucy area is servicad by the Ashcrofi (istrict Hospital and by the
four~doctor medical center in Asheroft. In addition, a health nurse from tha Federal
Department of Health and wWelfars, based in Kamloops and a dentist sponsorsd by the Depart~
ment of Indian Affairs, visit the reserves oa a regular basis. The haspital does not have
a resident doctor, but uses the services of the four doctors practicing in Asheroft. In
addition, at Tezst two of the four Bands have 2 Band member trained as a resident health
nurse.

It is the geaneral copinion of the representatives of the Federal Dspartment of
Health and Welfare, the Provincial Oepartment of Health, two local doctors and local
employers dnterviewed that thare are no significant heaalth problems specific to the
Indian population in the study area. The respondents were also of the opinfon the Pavilion
Band had slightly more megizal problems than the cther three Bands in the ared.
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(iii)

Housing

The statistics prasentad in the native Indian studylo indicate a hausing situa-
tion common to many Indian reserves ceonsisting of basic houses, many with few or no
servi¢as. The housing situation on the Pavilion Reserve was worse than on other reserves.
Houses were mare ¢rowded, at 1.7 parsons pesr room, compared to (0.8 persons par rgom for
Tocal non=Indfan housing and ne houses are shown as having bath, toilet, or hot water
facilities. The Ashcroft/Oregon Jack Creek bands appear %o have the best housing situa-
tion, with the majority of houses having bath, hot water and toilet facilities and an
occupancy of slightly Tess than one person per room. Observation during the study showed
that the houses on the Bonaparte Reserve appearsed to be of a better standard than those on
the other resarves.

(g} Social and Community Servicas

(1

(it)

Justice

There existed a genera! consensus ameng the people interviewed from the ROMP,
the courts, the probation service and the B8.(. Police Commission, that crime is not a
significant problem among the Indian people in the primary study area. Throughout the
province, the rate of admission of Indian peopia to corrective institutions is over three
times that of non-Indian18 and the rata of admissions to probation is nearly three times
that of the non-Indian population.

Human Resgurces

The Ministry of Human Resources (MHR) has an office in Cache Creek which services
an area that contains all primary area Bands except for the Pavilion 8and. The OHR
provided information for the month of June 1977 that indicated that transfer payments are
considerably greater among Indian pecple than among non-Indians, The off-Reserve and nen-
Status Indian population within the MHR area is of the order 5 to 10 percent of the total
papulatien, but the prapartiaen of Indians among transfer payment reciptents fs congiderably
higher. This would indicate that the current unemployment situation among off-Reserve and
aon-Status Indians is Tikely to be as significant as it appears to be for aon-Reserve
Indians.

A recent socio-economic study concludes that throughout 8.C. the rate of children-
in=care from on-Researve homes is over six times that of the genaral papulation.la This
large imbalance is not to be found in the study area and the locai MHR manager naoted that
the f{ncidences of having to take Indian children into care were gradually daclining.
There is no greater problem with respect to chiidren-in-care with the MHR among Indian
people than among non-Indians.
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{(h) Natural Fespurcs UtiTization

&)

Fishery Resource

A

Introduction

The fishery {s important to the Indian populations of the area because the
trout fisheries of the numerous lakes and streams of the primary study area are
Tished by the Indian people as 2 recreational pursuit. Alse, the saimon fishary of
the Fraser River system has traditionally played an important role in the economy and
culture of the Indian people who settled in its basin. The importanze of the fishery
varied, howaver, among the Bands of the basin according to tha relative local abun=
dance of fish and cthar natural food resources,

In general, {t is recognized that the fishery resource is less critical to
the current way of 1ife of Indian people, than was the case during aboriginal times.
However, it must sti'l be considered important in the maintsnanca of their cultural
haritage and as z altarnative source of {ncome.

Indian Catch

Pacific salmon and stselhead trout are the major species of the inland
Indian food fishery. Table 3.5~33 shows the average composition of the reported
Indian food catch for the total Fraser River system.

Buring recent years, the Tepor<sd Indian sockeye catch has averaged about
205 Q00 fish, OQver 45 percent of this catch has occurred in the middle ragions of
the Thompson and Fraser Rivers. The reported Indian sockeye catch has accounted for
about 13.5 percent of sockeye escapement and 3.0 percent of the total Fraser run.zo

It has not been possible to astimata the number of fish taken by the bands
in the study area. Table 3,.5-34 shows the sockeye catch reported in the Fisheries
Management areas ¢losast to these bands. An upward trend can be observed in both the
reported catch and the number of permits issued to Indfan peopla throughout the
Fraser River system during the Tast decade.

Indian Consumption .

The average annual consumption of fish, during aboriginal times by Indians
within the Fraser River system, has been estimated at 320 kg/capita. 21 On the basis
of M.G. Bannett's more recent catch estimates, Indian average annual consumption
throughout the Fraser system is implicitly determined to be about 125 kg/capita. If
one uses tha reported catch estimates of Environment Canaca, then average annual
consumption is in the order of 40 kg/capita, compared to an average annual fish
consumption of 5.8 kg/capita for Canada, &
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The fish consumption among Indians living in tnhe primary and secondary
impact zones s not known. However, it is suggested by Rennett that, whereas fisn is
the most important staple in the annual food economy of Indians Tiving from Lytton to
Mission City and from Quesnel to the headwatars, fisn is no more important than game
ar wild plants to the [ndians of the central Fraser system.21 Assuming that the
annual per capita food consumptien of Indfan people in the Fraser basin is similar ta
the Canadian average, the subsistence salmon catch would constitute betwesn S percant
and 19 percent of total food cansumed.

Economic Valua of Subsistence Fishery

The estimated 1972 fincome value of the subsistence fishery to Indian
people is shown fn Table 3.5-35. It s estimated that the fishery added between
$1.5 million and $6.8 million to the 1972 income of the Fraser basin Indian popula-
tion. This represents between $30 and $400 income per capita. Assuming Indian fish
consumption in the primary study area approximates the average for the basin, the
1972 income value represented for those Reserve Indfans is batwesn $32,000 and
$142,000.

Wildlife Rasources

Hunting

Indians hunt year round throughout the Hat Creek area, baoth on and off
reserves. Bacause tha Oregon Jack and Sonaparte No. 1 and No. 2 reserves afford good
winter range, a significant amount of their effort is reportad tao be asn-Reserve.

The major species hunted is mule deer. Limited records exist on reported
off-Reserve kills, although data are not available on total kil17. The Ffish and
Wildlife Branch estimatas that the total Indian ki1l ranges between 15 and 30 deer
annually in the area.lu An estimate of the 1976 net food value of the game harvest
to the [ndian people on~Resarve is determined at between %5175 and $1780 or $1.15 and
$8.70 per capita.

Trapping

The opinions of Fish and Wildlife Branch officers suggest that the fmpor-
tance of trapping has declined substantially and has been reduced to a minimal lTevel.
At the present time, there are 21 registered Indian trap Tines located in the Clintan,
Lillooet and Merrit districts. None are Tocated in the area potentially affected by
the Hat Creek Project and the majority are located west of the Frasaer River.

No Indian trap line returns are included in the annual fur returns published
for the Hat Creek region.23 However, Indians are not rBquired to raport their catch

uniess they sell the nelts, at whizh time a royalty must be paid.
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Vegatation

The gathering of wild berries, plants and rocots of various types is usually
congucted Dy the women and children Band members.

Agriculture

The Iadian people of the primary and secondary study areas are engaged in
agriculttural activities both as ranch hands and as entrepreneurs. “heir involvement
fneludes utilization of Resarve lands, as wall as Crown lands.

Land on the Bonaparte Reservas is only partially developed for agriculture.
Irrigation is 1imitad to about 8.1 ha on IR No. 3, with water pumped from the Bona-
parte River, while several small fields on IR No. 1 are irrigated by gravity flow
from numsrous small creeks and springs.ls A few cattle are grazed by Scmaparte Band

members and parts of their rangs are leased to nefghbouring Indiam and non-Indian
ranchers.

Thers are approximstely 325 ha of {rrigable land on the three reserves, but
over half of this total {s contained in fields of less than 8 ha.ls With the axcep=-
tifon of a few small arsas, Resarve lands are generaliy only suitable for irrigated
hay crops. Expectad &)falfa yields would range betwesn 10 000 and 14 545 kg/ha.

The rangelard of the Bonaparte Reserves has an estimated carrying capacity
of 945 Animal Unit per Month (AUM).

The McLean Lake grasslands, owned by both the Bonaparte and Ashcroft bands,
is the most productive Reserve rangeland in the area. At the present time, the total
Reserve 1s leased to the Pavilion Band.

Members of the Oregon Jack Cresek Band ars also involved in agricuiture,
The current use of Reserve land is unknown, but Band members have grazing rights for
30 cattle on Bonaparte IR No. 1 and No, 2, as well as Crown lands north of
Highway 12.

Among bands in the sscondary study area, the Cook's Ferry Band has extansive
laase holdings south and southeast of Aghcroft and grazing rights for 582 cattle
extending from the Oregon Jack Creek Road south of Spences Bridge. Ihe Fountain and
Deadman's Creek bands are also known to be involved {n agriculture.

Indian peopie in the primary study area have a number of water licanses for
{rrigation purposes permitting withdrawals from Hat Creek and the Bonaparte River.

Domestic Water

The Indian Bands of the primary study area obtain their domestic water
supplies from the jocal rivers, creeks, welils and springs. The source of most of
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this available water supply fs the snow melt from the Clear Range, the Cornwall and
Trachyte hills, .

F. Minerals

There is no reason to helieve that the gravel and limestone guarry apera-
tfans presently being carried out on Indian reserves will not continue to serve theair
prasent role, with the continuation of the appropriats benefits to the bands.

The question of ownership of minreral deposits below [ndfan resarves has
never been settled. The ODepartment of Indian Affairs stated that they knew of ne
instances whers a Band had mined the metallic, coal, or petroleum deposits below its
own Reserves. They also pointed out that no Indians had been involved in the execu-
tion of the "B.C. Indian Reserves Mineral Rescurcas Act of 1343".

3.5.10 Recreation

(a)

Inventory Format

For each of the geographic areas previously described {see Fig. 2.5-1, Chapter 2.0), a
common inventory procedure is genarally followed which deals with a series of topics which infiuence
recreational patterns. Current data ars presented and where available, past trends are described.
Topics discussed fnclude: Setting; Recreational Assets; Recreational Facilities; Activities; Land
Capabilities; and Constraints.

(b} Setting

With respect to the setting, the areas of greatest {interest are A and 8 (Fig. 2.5-1)
which are bounded by the Fraser River to the west, Thompson River to the east, Clinton to the north
and Lytton to the south. It is within these areas that the principal physical impacts of the Hat
Creek Project would 1ikely occur.

Apart from the deeply incised Fraser River Vallay on the west and the less visually
dramatic Thompson and B8onaparte River valleys on the east, the most significant landform found in
the area is the Hat Creek Valley itself. This elongated, bowi-like vailey is made up of flat to
rolling tarrain which becomes increasingly steeper as it rises %o the crests of the Clear and
Pavilion ranges on the west and north and the Cornwall and Trachyte hills on the east. The pastoral
quality of the valley is enhanced by the irrigated farms, ranches, open pastures and small lakes and
creeks, scatiered on both sides of Hat Creek from Highway 12 south to Qregon Jack Creek. Various
types of vegatation are found in the valleys ranging from scrub grassland to coniferous forests and
alpine meadows. The scattered forests adjacant to the farms and ranches gradually merge to cover
the sides of the surrounding hills and mountains. Three principal points of access connect Hat
Creek Yalley with the Fraser and the Thompson-8anaparte River valleys.

Water bodies are faw and small. Hat Creek, the principal stream in the area, s compara-
tively short and similar to many other creeks found cutside the valley. Pavilion and McLean are the
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(c)

principal lakes. Pavilion Lake is sufficiently large to provide an important fishery but is not
comparable fn size to othar lakes outside the area such as Loon and Green Lake.

The vast majority of lands in the Hat Creek Valley are Crown owned. Some privataly owned
farm lands exist along Hat Creek south of Wighway 12. Incian raservations are found along Highway 12
at Mclean Lake and along Oregon Jack Cresk. Most of the private holdings are used for agricultural
purposes with extensive irrigation an both privats and Indian reservation lands along the Creek from
its headwaters to the junction with the Bonaparts River, Some private lands are posted against
hunting.

A1l Crown lands fall within the jurisdiction of the Lands Branch which leases large areas
alongside private lands for agricultural purposes. Beyond the Teased areas, grazing permits are in

effect. The Parks 8ranch administers Marble Canyon Provincial Park Tocated south of Pavilion Lake.

Recreation Assets

Within Areas A and B, thera are a variety of natural anvironmenta) assets, scme of which
are conducive to recreational pursuits. In general, the Hat Creek Valley cannot be considered as a
destination for sightseers although its pastoral charm provides a pleasant diversion. The Pavilien
and Clear ranges and the Cornwall and Trachyts hills provide a backdrop to the Hat Creek Valley and
are usad by hikers and others wha visit the Cornwall Lookout and other viewpoints in the area.
Although the Hat Creak Vailey {tse!f is not an important scenic resource, Marble Canyon, Pavilien
Lake and portions of the surrounding hills and mountains do have significant scenic vnlfms.

There are no sites of historic importance in the valley, however, pictographs found in
Marble Canyon and along Qregon Jack Creek provide visible evidence of man's presence in prehistoric
times. For the gem hunter, the Hat Creek Valley possesses {dentified sites for agate, amber
(scattersd amongst the surface coal rubble) and opalite, particularly along Medicine Creek. In
addition to their attributes, many of the lakes and streams in Areas A and B support fish and provide
an important recreational rescurce for angiers. Tributaries to Hat Creek support a negiigible
fishery whereas savearal lakas ingluding McLeam, B2lus Earth, Crown, Langley, Pavilion, Turguoise,
Botanie, Kwotlenemc and Pasulko provide angling opportunities. Only Pavilion and Mclean Takes
appear adeguate in size for boating. A private boat launching ramp is available at Pavilion Lake
with access from Highway 12. Mclean Lake fs ouch acre difficult to approach and lies within an
Indian resarvation. Access can be Timited depending on tribal pelicies and actions,

The flat to rolling terrain of the Hat Cresk Valley and surrounding hills are conducive to
recreation actfvities inciuding backroad travel, snowmobiling and cross country skiing. At the
higher elevations in the Pavilion and Clear ranges, hiking fs possible with established trafls
available in some locations. A variety of animal 1ife of interest to hunters is supported within
the various vegetative zones including waterfowl and upland game consisting of ruffed, spruce and

. blue grouse. Also of Interest are big game inciuding mule deer, moose, bear and California Bighorn

Shesp. A number of recreational assets in the Hat Creek Valley and adjacent areas are shown in
Fig. 3.5-6.

D
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Facilities

The only private facility in the area is Vic's Lakashore Camping located on Pavilion Lake.
This facility has 4 cabins, 18 camper-trailer sites and a boat launching ramp. Nearby are 24 private
cottages, occupied predominantly by people from the Lower Mainland, the same area that provides the
bulk of users for the camping facility. C(loser to the project site the Parks Branch maintains
Marble Canyon Park which has 8 developed and 18 undeveloped campsites, 10 picnic tables and a beach.

Physical development constraints have tended to limit faciiities at both Marble Canvon and
Pavilion Lake. Future possibilities for public recreation development can be inferred from the
designation of recreation reserves by the Parks B8ranch. 5fx such reserves are found in Areas A and
B including four at Pavilion Lake, all of which have little or no potentfal for development because
of the Tack of useable Tand. Blue Earth Llake is indicated as possessing moderate potential for
picnicking and camping but road and grazing conflicts occur. The recreation potential at Langley
Lake s indicated as "very low”. Recreational facilities within Hat Creek Valley and nearby areas
are prasented in Fig, 3.5-7.

Recreation Activities

Activities are a basic measure of the impact of recreation on the natural environment.
Thay include a set of specific outdoor activities which can, in some instances, take place simul-
taneously. Activities range from fishing and hunting to sightseeing, swimming, boatfng.l skating,
hiking and others. The bulk of recreation activities takes place during the summer. This is the
perfod when the weather is most conducive to a variety of outdoor pursuits, access to recreation
sites is comparatively esasy, tourism {s at its peak, school is out and helidays are most common. In
this respect recreation is a phenomengn of “peaks" with facility use at a maximum generally for only
a few months,

(1) Hat Creek Valley (Areas A and B)

Hat Creek Valley rescreation {is predominantly generated by people who reside
gutside tha area. The resident population of the valley is so small (enly 35 residents)
that locally generated activities ara not ¢onsidered to be significant.

Information on current recreation activities f{n the Hat C(reek Valley within
Areas A and § was obtained from five primary sources: a home interview and site survey;
data from provincial agencies; other Hat {reek consultant reports; data on accommodations
cbtained from accommodation guides; and information on highway volumes obtained from the
Ministry of Highways. ‘

At best, the data collected can provide a basis for the approximation of the
total amount of recreation activity that can be assumed to occur. Definitive information
is lacking on many activities. The data therefore are only representative of conditions
and actual numbers can and will vary.
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Activity tevels

An estimated 40 350 activity days of all types take place fn the Hat Creek
Valiey and adjacent areas. About 22 S00 activity days occur in the vailey with an
addftional 9250 and B700 days estimated for Marble Canyon Park and Pavilion Lake,
respectively, There are large variations on the estimates of total activity days by
place and particularily by activity type. By inference, the dominant activities are
hunting and backroad travel accounting for about 28 percent and 35 percent of all
activity days. Hunting takes place throughout the area with lgcation dependent on
species sought. Backroad travel {5 thought to take place throughout the Hat Creek
Yalley preper between the farms and the adjoining hills and mountains. Angling
accounts for about 20 percent of all activity days, occurring predominantly at
Pavilion Lake and Marbie Canyon Park. Less than one-fifth of fishingy activity occurs
along Hat Creek and nearby smail lakes. Other activitfes (exclucing sightseeing)
acsount for less than 20 percent of all activity days and ogcur primarily at Pavilioen
Lake and Marble Canyon Park where developed recreation facilities are found.

Angling

Fishing occurs along Hat Creek, although as far as {s known, no fishing
ccgurs at Harry, Aleece and Finney lakes {the primary water bodies in the viginity of
the plant and mine site). Fishing resources outside the Hat Creek Valley, of which
thers are many, generally have higher fishing productivity compared with Hat Creek.

Evidence of fighing activity in Hat Creek was obtained from several
sources. The Fisheries and Benthes Reportzg stated that B.C. Fish and Wilglife
parsonne! at Kamloops reportad 250 to 1000 angler days per year on Hat Creek and that
fishiag by children from the Indian Reserve and residents from Cache Creek ocqurs in
tha lower reaches. The home interview of Hat Creek residents made by Strong-Hall and
Asscciates indicated that residents of nearby communities fished Mat Creek between
Anderson Creek and 1ts junction with the Bongparte for 1493 angler da:ys.l Above this
ares along Hat Creek, 132 were 1isted as fishing the “general area”.

In addaition to Hat Creek other important fishing sites near the plant and
mine site are Pavitfon Lake and {rown and Turquoise lakes in Marble Canyon Park. The
Fisheries and Banthes Report“ indfcatas that 10 000 angler days ocgurred on Pavilion
Laks fn 1976. In addition to its present yse, Pavilion Lake is capable of supporting
a substantial increase in angling pressure, however, public access is Timited.
Pavilion Lake has bean stocked with rainbow trout since 1330. Crown and Turguoise
Lake, located somewhat closer to the project site, sustained 12 000 angler days fn
1975.24 Crown Lake has been stocked anpuaily since 1938. Angling pressure at Crown
and Turquoise lakes is limited because of tha small size of the lakes and the diffi-
culties encountered by the Parks B8ranch in expanding campsites. Langley Lake,
although not stocked, sustained 1000 angler days in 1376. Blve Earth is stocked with
an average of 2000 fish and annual angler days are listed at 1200.
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Hunting

Within the greater Hat Creek Valley hunting takes place for several species
aof wildlife incfuding deer, mosse, bear and game birds fnciuding uplanda game and
waterfowl. No specific studias have been made aof hunting in the Hat Creek Vailey
aithough infereances can be made from other data. A home interview survey indicated
that lecal area residents hunted for 4515 activity days in the Hat Creek Valley and
nearby areas in 1376, including the surrounding mountain areas.t

Waterfowl are hunted at several Takes in the vailey and nearby areas,
however, there are conflicting estimates of the number of birds taken. The Canadian

* Wildlife Service estimated 882 birds taken in 1976, while the Fish and Wildlife

8ranch data indicates only 195 were taken. Four upland game species are also huntaed
in the valley fncluding bliue grousa, ruffed grouse, spruce grouse and chukar although
it is not possible to calculate the agctual number of hunter days expended.

Data on big game hunting in the area indicate that 124 deer, 20 moose,
§ black bear and 3 mountain goat were taken in 1976, Hunter days expended in taking
these animals were 4872 for deer, SI1I for moase, 150 for bear and 62 for goat.

Swimming, Boating

Swimming and beating are watar-based recreation activitiaes that can take
place at Marble Canyon Park and Pavilion Lake. Boating, howaver, is not possibie at
Marble Canyon as the park lacks a launching ramp. Total swimming activity at Marble
Canyon Park cannot be direct]y determined, however, using certain assumptions, total
swimming for both local residents and campers is estimated at about 31370 days.

Boating does take place at Pavilien Lake. One aestimate of local boating
use at Pavilion Lake indicated 13 000 activity days. This figure must be considered
high, however, since the Fish and Wildlife Branch estimate of 10 000 angler days at
Pavition Llake is considered to be a more accurate representation of total beating
activity. Swimming alse occurs at Pavilion Lake but the amount 7§ unknown.

Camping

Camping in the Hat Creek Valley and adjacent areas can only occur at
government campsites at Martle Canyon Park or at Vic's Lakeshore Camping. Marble
Canyon Park, where camping fs free, operates overcapacity due to campers using picnic
tabte sites for overnight stays. The park had an estimated 5354 camper nights during
1976. Vic's campground with 4 cabins and 18 campsites reported 3447 visitor days,
all of whom are assumed to have stayed overnight. Sixty-two percent of campers at
Marble Canyon are from British Columbia. The balance are from the rest of (anada,
the U.5. and elsewhere. Seventy-one percent of visitors to Vic's campsite are from
8ritish Columbia with 58 percant from the Lower Mainland.
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Sightsaein

Sightseeing is an activity in which most people participate, often in
association with other activities. The number of sightseers on and adjacent to the
Hat Creek Vvalley can oniy be determined by inference from other data sources.
Assuming the ratio of local visitors to total Cornwall Lookout visitors holds for all
sightseeing activities, a potential 3867 sightsesars could visit the upper Hat Creek
area. At the northern end of the valiey the majority of sightseers wouid follow
fouts 12 between Highway 97 and Lillgoet. Highway Qepartment trip purpose data for
1972 indfcated that 80 to 85 percent of trips on principal highways in the area were
sccfal-recrsation. Applying the same ratio to Highway 12, there could have been as
many as 52 GO0 sightseers in 1975 passing through the Marbie Canyon in the two summer
months, assuming 3.0 pearsons per vehicle.

Local backroad travel in the genara! lower Hat Cresk-MclLean Lake-Pavilion
Lake ares was calculated to account for 3714 activity days for both liocal and nonlocal
recreationists. This activity is assumed to be independent of sightseeing occurring
on Highway 12.

Cottaging

Apart from the 24 private cottages on PaviTion Lake in Area B-1, there are
no gavernment cottage isases within the study area except for lakes fn Arsa D. No
cottage subdivisions are presantly pending in the study arsa but some 34 subdivisions
already exist fn Areas B and 0 encompassing 405 leases, virtuany all of which are
developed, A review of leassholders at & sample of sites mdicat.td that apprommtﬂy
one~haif of the leaseholders wers from the Lower Mainland.

Capability and Constraints
Capability

Current recreational use in Areas A and B is not necessarily indicative of
fyture use pattarns. Two additional factors should be considered: the demand for
recraation and the capability of the land to accommacdate fnecreased pressure. Tha
capability of ths ares to accommodata recrsational pressure has been derived from the
Canada Land Inventory.

Lanada Land Inventory

Capability mapping for recreation is designed to provide an estimate of the
quantity, quality and location of outdoor recreational lands. The basis of the
recrastion classificatien according to the CLI definition is the relative quantity of
recreational use that a land unit can attract per year under perfect markat condi-
tions, without undus ceterigration of the resource base. This assumes & common level
of demand and accessibility for each land unit. There are deficiencies in the use of
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CLI classifications, in particular, recreation capability rankings, which pgse limita-
tions to their reliability as a planning toot. CLI recreation capability rankings
ignore presant use and accessibility. A high capability designation of an area for
intensfve recreation activities is virtually meaningless fin remote locations where no
road systam is planned or where private property and conflicting land uses prevail.

For the purposse of this study, land acreages within CLI recreation capa-
biTity classes were measured for the major portion of Area A. Canada Land Inventory
recreation capability classifications in this area are low and moderate. Most of the
area has been rated at 5 and 6. However, the classifications do indfcate good hunting
opportunity for one or two game specifes in a significant portion of this zone in
addition to viewing wetland wildlifs along Hat Creek. Despite these potentials for
hunting and viewing, recreational activities within this area are restricted by
current agricultural use and private ownership of the land.

Recreatfon capability classifications for Area 8 are ranked primarily low
and moderate. By far the largest portion of this 2one is rated 6 which is indicative
of extansive areas of terrain with little topographic variation and Tow capability
for recreational use. Highest capabilities occur arpund water bodies (in this casae
the lakes in Marble Canyon) for activities including angling, viewing and camping.

Constraints

The agricultural land reserve classification covers a major portion of the
Hat Creek Yalley. The intent of the Agricultural Land Reserve classification is to
retain certain Tands in agricultural pursuits to the greatest axtent possible.

The Forest Servica has undertaken studies of two types of zones of signifi-
cance to recreation: recreation zones and sight zones. Recrsation zones {(which are
subdivided into primary and secondary based on their recreation value) are found
along the Thompson and Bonaparte rivers, in Marble Canyon, at Barnes and Willard
lakes and at other smaller Takes within the Hat Creek Valley. Sight zones, which are
also supdivided into primary and secondary, are found predominantly along highways
and rivers. These zones ars indicative of sensitive viewing areas within which
special forest cutting practices are in effect.

The Forest Service also provides Timitad development at recreation sites
known as Recreation Project (RPK) areas. Recreation project sites are found at
Barnes and Willard Lakes in Area C and at Blue Earth Lake and Three Sisters Creek in
Area B. Potential sftes are indicated at Cornwall Lookout and at a small lake
southwest of Ashcroft.

The Forest Service has also designated areas known as Recreation Reserves.
Recreation Reserves are formal map notations of areas of high recreatign value and
are recognized by all government departments. These areas may or may not hbe receiving
public use at the present time but the recreation values are reserved for the use and
enjoyment of the public and cannot be damaged by timber harvesting.
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Area C - The BSonaparts, Thompson and Fraser River Valleys

c.

Setting

The major river valleys which predominantly define Area C and surround the
Hat Creek Valley are distinctly different from the quiet pastoral quality of the
valley fitself. To the east of Areas C-2 and (-3 are Highways 1 and 97, both major
trunk highways connecting the Lower Mainland with the eastern and northern portions
of the province. Cache Creek, Ashcroft and Clinton, the c¢losest major population
centers to the project sits are found cn these routes with shopping and other
community facilities available. Comparativaely large concentrations of tourist accom=
aodations and recreational opportunities are afforded by the Thompson and Bonazparte
rivers, their tributasies, and several nearty lakes which provide sftes for fishing
and other watar oriented recreational pursuits.

To the west, the dramatic Fraser River canyon fs & unique scenic resource
distinctly different from the arid Thompson River Vallsy, Backdropped on the west by
the Cameisfoot and Pacific Coast ranges, large irrigated farms lie on bench lands .
abutting the deeply Incised rivar. Lillooet is the only community of importance,
with access afforded by Highway 12 betwesn [arquilie and Lytton. Highway volumes and
tourist accommodations are quite small in number compared to -those in the Thompson
River Vallay.

Recreational Assets

For the active recreationist the principal assets of Area C ara its streams
and lakes. For the passive recreationist, the scenic beauty of the Thompson and
Fraser river canyons ars important features. The Clear Range with attractions for
hikers, Botanie Mountain for naturalists and viewers, the Camelsfoot Range for
hunters and the Thompsan far fishing, canoceing, rafting and viewing are all important
assets. The contrast betwesn the Thompson and the. Frasar canyons is unfgue. The
Thompson, arid with sami-desert vegetation, contrasts with the richness of the
Fraser's coniferous forested slopes. The Bonaparte, minor by comparison, offers much
less topographfc relief but adds interest with a series of JTakes scattersd in the
valley floor from south of the town of Clintan.

Facilities

Compared with Areas A and B, Area C offers a large number of diverse recre-
ational facilities. Concentrations of motel-hotal and camping facilities ars
avafiable in Cache Creek, Ashcroft, Clinton and Lillocet. For the vacationer in
search of a resort and ranch experience, facfliities can be found in the vigcinity of
Ashcroft, north of Cache Cresk and south of Lillocet. Day use and overnight facili-
ties exist at Parks Hranch sites at Cayoosh, Kelly Lake and Kersey Lake parks. The
Forest Service has camp sites at Barnes and Willard Takes southeast of Ashcraft. A
number of recreational reserves have been estabiisned at & veriety of locations
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scattered throughout Area C, Recreation facilities in Area £ are shown on
Fig. 3.5-8.

There are an astimated 704 accommodation units in Area C, the bulk of which
ara concentrated in the Cache (reek area. Units in Ashcroft (Area C-3) added t2
those in C-2 account for two-thirds of all units in Area C. Qver 75 percent of ail
units are hotel-motel units with the balance trailer sites and campsites found distri-
buted about egqually in proportion in all four sectors of Area C. Two sitas are
listed as dude ranches; ona in Area (-1, the other in C~3, south of Asheroft.

Qf decisive importance in Area C is the excellent access provided by
Highways 1, 97 and 12. The Clinton-Pavilioa Road, of much lower standard, offers the
opportunity for circumferential travel around tha entire area, allowing the interested
visitor to partake in a series of changing and dramatic scenic adventures.

Racreation Activities

Dominant activities in Area C are dictated largely by the natural resources
and facilities available. Angliing is an important pursuit with major opportunities
available on the Thompson, Bonaparte and Fraser rivers as well as at Barnes, Kelly
and other lakes. Sightsesing, either from highways or backroads, is angther important
activity. OJpportunities for swimming are few, however, rafting and canoeing on the
Thempson and Fraser rivers are pyrsued.

Local Resident Activity Jays in Area C

Area C accounts for almost 42 000 Tocal community recrsation activity days
{exctugding Liltovet). This represents 40.2 percent of all local resident activity
days compared with 14.3 parcent for Areas A and B combined. The most popular local
resident recreational activity in Area C {s angling, accounting for 37 percent of al)
activity followed by backroad travel which accounts for 32 percent. Hunting is the
least important local resident activity in Area C, accounting for 1170 activity days
ar less than 3 percent of the total.

There are 11ttle data available on the proportion of Tocal to non-local
activity in Area C. Day use facilities such as Kersey Lake show a dominant local use
pattern whareas resorts cater to recreationists living some distance away. A compari-
son of total Tocal resident angler effort at sefected sites in Area C indicates that
by far the most important fishing sites are the Thompson River, Barnes Lake and
B8arnes Creek areas and the Kelly Lake and Creek area. The Bonaparte River - Kersay
Lake - Clinton area are als¢ important fishing locations but are much less significant
than the others. Hunting is found at Kelly Lake, Clinton, Barnes Lake and at genera!l
locations throughout the area. '"Lake and shore' activities are found at Pavilion
Creek near the Frasar River; Back Valley near Cache (Creek; at Barnes Lake, Barnes
Creek and the Thompscn River, Backroad trave]l is not site specific. In all cases,
reported backroad travel took place in the "general area” distributed predominantly
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in Areas C-1, C-2 anc C-3 which lie generally in vicinity of Highways 97 and 1 and
the Clinton Paviifon Ruad.

Rafting and Canoeing

One recresational activity within Area C that is generajly not found in
Areas A and 8 fs rafting and canceing. The Thompson River from Savona to Lytton fs
one of the most popular rafting routes in British Columbia. Thera are three com
sercial rafting outfittars serving the river, which combi_ned. had 820 guests in 1976,
wp from 320 in 1974, Canoeing is also popular within the study area although the
numbar of participants 1is unknown. Cance roytes include the Thompsen betwsen Savona
Provincial Park and Lytton and the Fraser River between Lillcoet and Lytton.

Cacability and Constrajnts

Capability

_ Arez C has a wide range of topographic variation with an associated wide
range of CLI recreation capability ratings and activities. Recrestional activities
rated wmost highly are angling, canceing and viewing of surrounding terrain and
interesting landforms. Historic and archeological sites, also rated highly, occur
along the Fraser River and adjacent tributaries as well as within major settlements.
It is notable that ths high capability ratings in this zone do not refiect prasent
levals of use. Except for the Forest Service developments at Barnes and Willard
lakes south and east of Asheroft and Cayoosh Provincial Park at Lillocet, there are
no pubiic recreation developments in Class 2 and 3 lands. Public access to the
Thompson River is also quite Vimited.

Class 4 and § Tands, usually associated with hunting, watsrfow] viewing and
scenic viewing in general, ara distributed relatively evenly throughout Area C where
they are located adjacent to lakas and water courses. The major portion of Area C is

given a Class 6 rating, which indicates poor capability for recreation.

Constraints

Large aress of the Fraser, Bonaparte and Thompson River valleys within
Area C are included in the B.C. Agricultural Land Reserve (ALR). Thass jocations are
for the most part found whers agriculture {s pursued today. Although the intent of
the ALR designation is to maintain agricultural activities, conditional use permits
can be gbtained for recrestiona)l developments,

B.C. Forest Service recreation zones, site zones, recreation reserves and
recreation projects (RPK) are aiso found in Area (. Primary recreation Iones are
found along the Thompson and Bonaparte rivers but not along the Fraser. Primary and
secondary sight zones are found alang the valleys formed by all three rivers.
Recreation project sites are found at Barnes and Willard lakes in Area C.
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Ecological Resarves

Ecolegical Reserves, which are sstablished by an Order-in-Council to protect
a2 unique ecological feature from intrusfons, are apen to passiva recreational use.
There is one ecological reserve (ER 85) within Area C, located approximately 21 km
northeast of Clinton along the Cariboo highway. The Reserve comprises 190 ha and its
unique feature is a stand of northern ponderosa pine,

0 - The Paripheral Regfon

Setting

The wasterly half of Area 0 is distinctly differsnt from the eastern
portion. To the west of the Fraser River lie the massive Coastal mountains inter-
spersad with rivers and takes of outstanding scenic beauty. Access to the area is
osoor compared with Area C and the eastern part of Area 0. Partly as a consequence,
recreational use is comparatively low, attracting those desiring a more rugged experi-
ence. In Area D-1 the Camelsfoot and Shushwap mountain ranges dominats, with the
Fraser and Yalakem the major river systems. In Area 0-¢ Anderson and S5eton lakes
provide interesting scenic resources while the southern portion of the area contains
the rugged Stain River, presentiy under study as a primative wilderness area.

Quite different characteristics are found to the east in Areas 0-2 and
D-3. Both areas are characterized by small Takes, most of them stocked with fish,
providing an i{mmense angling resource. The area's hilly and rolling terrain is much
different from the mountainous areas to the west. Areas 0+-2 and 0~3 are drier,
contain major highways and the city of Kamloops (the largest urban centre in the
study region). Population lavels are higher, access is easiar and recreation activity
levels are greater in Areas 0-2 and 0-3 than in 0=1 and 0-4.

Recreational Assats

Due to its size and physiographic diversity, Area D offers a wealth of
recreational opportunities. Active recreatfon is dominated by the numerous fishing
Takes. Lakes such as Kamloops, aoﬁaparte, Green and Loon Lake on the east and
Carpenter, Anderson and Seton on the west are of major size. The many smaliar lakes
scattered northwest and southwest of Kamloops are of equal fishing significance
despite several which are inaccessible except by air. Hunting s important throughout
the area with the species sought related to terrain and topegraphy. Birds provide
much of the hunting experience in the easterly half of Area D while Dig game is more
dominant in the westerly portion. Scenic values are more sfgnificant in Areas D-1,
0-4 and the southern portion of 0+3 with the dominant snowcapped peaks of the loastal
range creating an exciting visual experience.
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Facilities

Area 0 is the dominant source of recreational facilities within the study
region. Kamloops s the most important single sita for tourist accommodation with
several hundred hotel and motel units withim and nearby the city. Many of the lakes
north and south of Kamloops contain hunting and fishing resorts cataring to guests
from a variety of places with British Colusbia and the Lower Mainland the major
source of visitors. The Parks Branch maintains several major facilitfes in Area D
fncluding Loon Laka, Lac Le Jeune, Savona and Big Bar Lake parks. Parks Branch
facilities are more dispersed than public facilities, many being sited in less acces-
sible areas. An exception is Savona Park which because of its location on Highway 1
attracts many day use visitors. Accommodation units in Area [t are shown in
Table 3.5-38.

Recreation Activities

Total activity day data for Arsa D 1s not availabla. Howdver, limited
information on local usage can be derived from one source. A home interview survey
indicated that about 45 parcent of all local residents in Clinton, Cache Creek and
Ashcroft use Area D for their recreational pursuits.l The dominant areas in Arsa D
favorsd by local anglers include Loon, Green, Xelly and Rig Bar lakes. Local nunters
use the Loon Lake area as well as sites near Machete and Bonaparte lakes. Green Lake
is a great favourite for “lake and shore” activities with over 5000 local activity
days reported. Backroad travel is, scattered widely with the C(Clinton-Loon Lake,
Fraser-Li1lo0et and Guichon-Highland Valley areas most favoured. "Qther" activities
are concentrated at lLoon Lake, Deadman Creek and the North Thempson-Kamloops area.
In total, of the local recreation activities that take piace in Area D, far mors
occur in Area D=2 than in D-3.

Activity data for non=local residents in Area 0 is gersrally lacking,
However, some fragmentary informaticn on fishing and hunting activity {s available.
A comparison of total and lecal fishing activity for some lakes in Area D indicates
that lTocal activity forms a very low proportion of the total. Exceptions are Big Bar
and Qufltanton lakes where i1ocal angler days account for 45.4 percent and 25.4 parcent
of the total, respectively. Many lakes in Area D are capable of supporting increases
in angler pressure. Lakes being fished at capacilty at presant are in the minority.

Comparative hunting data are even more rudimeatary than that available for
fishing. Data which are available inferantially supports the finding, mzde in com
paring fishing activity, that except for tha Hat Creek Valley and adjzcent areas,
hunting by local community residents forms a smail propertion of the total activity.
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3.5.11 Aesthetic Considarations

(a) Comparative Analysis of Visual Qualities

Inventory

In addressing the subject of existing visual qualitfes within the study area, the Jagical
first step 1s %o prepare an inventory of visual resources which exist at present within the pre-
viously described study area boundaries. This is accomplished by the definition of "visual units"
or individual scenes, made up of a number of elements such as tress, buildings, ¢iiffs and vaileys.
(The term "visyal units" is more presicely defined below.) It is important to note that this
analysis differed from analogous ones performed in other disciplines since groups of slements as
opposed to the inventorying of individual units was performed.

Aftar the "visual units" gre def'ined, they constitute the fnventory of resgurcas for this
discipline. They must then be ranked (or judged fn 3 qualitative and guasi-quantitative way) so
that their relative importance or lack thereof may be ascertained. The determination of the quality
of ‘visual units" will be subsequently used to assess the degree of degradation to the "visual
units” which will result from the Hat Creek Project (Part IV) and determine the needs for and means
by which mitigative measures may be instituted (Part V).

Tha evaluation of the existing visual quality found within the study area is based on the

‘philosophy that receptor reaction is stimulated by the variety, vividness and unity of the scenes

viewed. Further, the components of those factors are the form, line, color and texture of the
landscape.

Variety focuses the attention of the observer and its presence provides a richness and
diversity which stimulates the. observer, [ts absence tends toward monotony in landforms, rocks,
veéetation and water forms. Vividness distinguishes the intensity of the visual experience by
giving distinction or producing strong visual cues to the observer. Unity provides the quality
whereby parts are joined together fnto a cohersnt unit which stimulates a recognizablie experience.

Visual units were fdentiffed within the study area as a first step in the visual analysis.
A visual unit was defined as an area having a continuous sense of enclosure and containing scanic
elements which provide unifying or distinctive qualities to the Tandscape. Visual units have
boundaries, partial or complete, such as ridgelines, distinct siope changes or valley forms.

Within the defined visual units (Fig. 3.5-9), the degres of unity, variety, and vividness
present in each landscape component was evaluated. The alements which were evaluated are as
follows:

1. Boundary definition of the visual unit.

2. General configuration of the landforms included in the visual unit.

3. Terrain pattern.
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4. Presence (er absance) of water bodies in tha visual wnit.

5, Features within the visual unit which stand out due to dominant scale, isglatign, distinctive
shage or othar speciail character-stics.

8. Vegetational patterns.

7. Cultural and land use patterns. Thesa reflect the presence of human occupation and use of the
land for field crops, pastures, grazing areas, roads and other man-made elements.

Components wers 2ssigned a rank from 1 (Tow quality) to 7 (high quality). A numeric rank
of 4 indicated an average gquality for the study area. Each landscape component of each visual unit
was ranked 2and these rankings are found in Table 3.5-37, The sum of the scores for unity, variety
and vividness within each visual unit determined fts ranking relative to the other units in the
study area.

It should be emphasized that this quantifying procedure for establishing the overall
visual qualfty of the units has the implicit subjective value judgements of the observers in ft. It
undoubtecly reflects the observers' cultural backgrounds, the context within which the obsarvations .
were mada and the sensitivity of the observers ta diffarent environmental stimul{. It was, there-
fore, deemed appropriate to qualify the numeric ranking of each visual uynit by adding a description
of the overall visual quality of the unit (which is created by the combined effact of all of the
landscape components).

In canjum:_:ion with the description of visual quatity, the sensftivity to man-made changes
was evaluated for visual unity. This amounted to a qualitative assessment of the landscape's
abilfty to absorb change or modificiation. The most important critarion of a unit's visual sensiti-
vity fs ts visual quality numeric ranking, A high rank indicates a ssnsitive area where there is 2
high degree of unity and/or variety and/or vividness which would be disruptad by the impesition of

mam~mace elamants. This does not mean, however, that lessar—ranked visua]l unfts alss would not be
affected by man-made elements.

Sensitivity s also a functfon of the way the man-made changes are displayed or exposed to
the observer in the landscape components. The following 1ist represents guidelines for gauging
sensitivity to alteration:

1. Changes occurring on higher Jocations become more apparent to an observer than ones that occur
in Tower reachas.

2. The greater the sideslope, the greater the exposure of changes that occur on ft.

3. Ridgelines and skylines are sensitive to change becauss of "silhouetting” effects which occur
in thesa places.

4. Changes that occcur along shorelines and water courses are sensitive because of the exposure and
contrast between man-made and natural elements,

‘
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5. Vegetative type, texture and pattern affect visual sensitivity. Elements placed in bunch grass
ranges will be conspicuous, whereas there may be opportunities for scraening those elements in
forestad areas. ’

Yisual Unit Assessment

The visual units described in the folTowing assessment are shown fn Ffg. 3.5-9. Each
visyal unit evaluation follows the c¢riteria enumerated above and is based an an analysis involving
interpretation of aerial photographs, examination of 1:50000 topographic maps, field reconnaissance
at ground level and from a helicopter, review of site photographs and a review of pertinent reports
by project consultants.

The visual quality of each visual unit was independently evaluated according to the
criteria by three members of the study team. The visual units that were evaluatad fell into four
different categories of visual quality. The highest level were those visual units having outstanding
or unique visual qualities. Next were those units with high or above average visual qualitiss. The
third group were those units with average visual qualities and, finally, there were two visual units
having fair to poor visual qualfties.

The 10 visual units that wers evaluated are shown on Figure 3.5-9, Thesa visual units
wera detarmined from the topographic features which describe areas having a continuous sanse of
enclosure. A field observation of the study area verified the extent and Tocation of the visual
units. They included Marble Canyaon, upper Hat Creek Valley, Medicine Creek -Valley, Cattle Valley,
Highway No. 12, Cache Creek, Thompson River, Highway MNo. 1, Oregon Jack and Langley. In addition,
gbservations were also made of two special featyres: Cornwall Lookout and Trachyte hills.

Special Faaturss

The . nature of the tandscape and the characteristics of the project development indicated
the need to fnclude features within the study area which were not within the defined visual units.
The two special featuras described below are the Cornwall Lookout and the Trachyte nills.

The visual quality assigned to the two special features was detarmined from 2 comparative
analysis with the visyal units. The qualitative description indfcates the general visual quality of
each special feature because ¢riteria for Tandscape components are not appicable to either Cornwall
Lookout ar Trachyte hills.

(1) Cornwall tookeut - Special Feature - Visual Juality: Outstanding

The Corrwail Lookout provides a special and unique visual experience to the
study area. Llocated on the highest peint within the study area, it produces a majestic
panoramic view extending frem the snowcapped Coast Range on the west and southwest to the
Highland Valley and the Thompson Lake Valley to the east and northeast. Balow the Tookout
there is a unigue vista of the Thompson River, Ashcroft and the existing pattern of the
valley floor. To the north, the Trachyte hills dominate the vista from the lookouwt.
However, it is the rugged features of the Coast Range and the abflity to Took down at the
Thempson Valley that provide the unsurpassed vistas from the lookout.
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(11) Trachyte Hills - Special Featurs ~ Visual Qualfty: High

This special feature was selected because of its significance to the development
of this project. Although the Trachyte hills extend along the Highway No. 12 corridor,
this observation focuses on that part of the Trachyte hills that has been proposed as the
piant sita. The area contains both forested and open areas. From various points around
the proposed plant site, vistas of Highway No. 12, Marble Canyon, upper Hat Creek Valiey
and Medicine Creek Valley can be seen. The predominant views are down to upper Hat Cresk,
Marble Canyon and the Highway No. 12 junction.

NOISE -

The L5, Lgg and Loy statistical noise index values measured during the Basaline Noise Moni-
toring Progranme are summarized in Table 3.6<1. The values of Eguivalent A = Weighted Sound Level
(Leq(24)) and Day/Night average socund level, (Ldn)' obtained at each sfte are presentad in Table 3.6-2.
This table also contains values of the day average sound level (Ld} and the night average sound laval
(Ln), from which the Ldn and ch(24) values were computed. Upon reviewing the data summarized fin
Tables 3.6-1 and 3.6-2, {it appaars that in the majority of tha cases no significant differences ware
found betwesn the fall and winter data at the monitoring sitss. At Sites 1 and 2, the noise levels are
slightly higher on weekdays than on weekends probably due to increased trafffc and to more frequent
cperation from the nearby cement plant (near Site 1). At both of these sites, the ambient levels ware
found to be controlled by the prevailing traffic on Highway No. 12 and the day/night average sound levels
ranged from 44 to 51 dB(A). At sites 3 and 4, the Ldn values ranged ‘between 32 and 41 dB(A}, controlled
by natural sources such as wildlife, wind and rain. At Site 5, the Ldn valus was founcto be 56 dB(A).
The predominant noise source was train traffic, although wind noise was significant on the day that
menitoring was conducted.

Informzal traffic counts were obtained at Sftes 1 to 4 for both day and night during the moni-
toring period. The 24~hour data, which {s shown in Table 3.6-3, was cbtained in some cases directly by
the monitoring team and in other cases by listening to tape recordings made during the monjtoring period,
Table 3.6-4 shows the metaorological data that was coilected by the measuring team at Sites 1 to 4
during fall monitoring. From this table, it appears that only in a faw isolated cases was wind speed
found to excaed 7.5 kw/hr with microphoma wind noise contaminating the data. However, when the Ldn of
Site 5 was calculated bassd on the nearby train traffic, it was found to have a value of 54.5 dB(A) which
agreed closely with the value of 55 dB(A) derived from the measurements. This implied that the measured

Lyp was influsncad primarily by train traffic and not by microphona wind noise.
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CHAPTER 4.0 - RESQURCE PROJECTIONS WITHOUT THE PROJECT

INTRODUCTION

Chapter 4.0 presents predictions of the physical, biological and cultural base in the Hat Creek
ragion through year 2020. The purpose of the chapter on resource projections is to provide a comparative
basfs to gauge the environmental impact of the Hat Creek Project on the region through the thirty-five
year plant life. Forecasts were developed from an analysfs of historical and contemporary resource
statistics, projection of historical trends and evaluation of discussions with local residents and
municipal, regional and Federal government officials. The forecast models used to make predictions
account for present conditions, constraints and plans, as well as proposad private and provincial
davelopments.

METEQROLOGY - AIR QUALITY

Metecroliogy

Discounting normal climatic {luctuations, the meteorology of Hat Creek Project environs is not
expected to vary from its present state in the foreseeable future. The other projects currently planned
for the general area around the plant site (based upon an inventory of projected developments prepared by
the socio-economic consultant)” are all relatively small and located at considerable distancas from the
plant site. Although these profects may have localized impacts upon climatic conditions (most iikely a
siight reduction in visibility due to fugitive dust or other particulate emissions), the impacts should
not extend to the plant site area. '

Air Quality

The Hat Creek Project is isolated from existing and planned industrial sources of sulphur
pxides, nitrogen oxides, particulate matter and other air contaminants. Existing and planned industrial
facilities may have a measurable impact on their local air quality but their effect upon regional air
guality conditions (and the Hat Creek area in particular) would be minima1.2 The absence of regional
impact is attributed to the small size of these facilities and the fact that most are or will be located
in deep valleys. This tends to restrict the spread of airborne contaminants to othar areas of the
region.

WATER RESQURCES ©

Water Qualit

Unless there js development of other fndustry or a marked increase in residential dwellings in
the Hat Creek Valley, no measurable change in groundwater quaility is anticipated. The projected increase
in agricultural land-of more than 100 percent by the year 2000:l could result in an adverse effect on Hat
Creek nutrient levels. Industrial and municipal development is expected to be minimal and have 1ittle
impact on surface water quality. Anmy future activity which would tend to cause increases in Hat Creek
water temperatures, such as vegetation clearing, would be detrimental. )
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drale w

The groundwatar hydroioegy fn the study area has not altersd substantfally in racent times.
Existing data suggest that without the prepasad project there will be no noticeable hydrogeolsgic changes
in the foressesable future.

Tha runo?f regine of Hat Cresk and its tributarfes {s stable and would likely remain so without
tha project. Futurs irrigation water requirements could be cbtainad by increasing the capacity of existing
diversions or by building new diversions. Upstrsam storage, however, would be required for any large-

scale expansion of 1rrigation. Storage would reducs spring freshet flows and extend the duration of lata
sumpar flgows,

Water tise

{a) Groundwatar

Unless other industries, municipal subdivisions or irrigation systems ara daveloped using
groundwatar fn Hat Creek Valley, use requirements will remain at prasent levels.

(b} Surfaca Water

() frrigatien

The projectad watar use analysis considerad two cases: potantfal usa and probable
use. Potential usa. assumes that the amount of frrigable land is limiting while watar
quantity and quality are not liaiting. Probable . yse considers all significant
constraints. Both cases -include, as part of the total, lands that are presently
frrigated.

A. Hat Creek Orainage

Potantial fise

Table 4.3~1 prasents the quantity of potantiaily irrigable Tands in the Hat
Creek Vailey and their associatad water usa estimates. The water demand in these
subregions was estimated Dy the same modelling methodology utilizad for the present
use case (Chaptar 3.0) with the following sexceptions: potantially irrigadie lands
ware substitutad in the analysis; and corn was considersd in addition to hay and
pasture crops. For each of the soil types, irrigation efficiencies implfed by the
presant use analysis were ysed for potential use.

It was estimated that 4164 x 10‘?13 of watar would be required to irrigate

all of the §033 ha of potentially {rrigable lands fn Hat Creek Valley. This water
quantity s approximataly six times greatar than that presently heing used.
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Probaple yUse

Probable irrigation water use is dependent on the availability of irrigable
land and the avajlability of suitable watar. Since the constraint of water avail-
ability was found to be dominant, it was assumed that irrigation would continue to be
used to assist in the production of forage crops. The availabflity of irrigable land
was assumed to be the same as that reported above.

Analysis of potential irrigation water showed that most surface water
resources in Hat Creek are suitable for {irrigation use. Exceptions include tha few
scattered alkali lakes.

The quantity of available irrigation water incorporated the resulits of the
Fisheries and Benthos Report3 and was estimated by subtracting the monthiy fishery
resource flow requiremaent from Hat Creek fliows corresponding to an 80 percent
probability of occurrence (a risk factor of 20 percent). The resultant fiows indicated
that the fishery requirements during August and September eliminate the possibility
of expansion of present ali~season f{rrigation use without additional storage. The
fishery resource aiso requires a two week flushing flow of 1.42 ms/s. This reguirement
can generally be met in the last two weeks in June. Assuming that this timing is
satisfactory, watar is avajlable for expanded agrizultural development during May and
the first half of June. The maximum amount of water that would be available for
storage would approach 1589 x 104m3. This figure was calculated by subtracting the
flow requirement from the average annual runoff of Hat Creek {above Carquile). The
feasibility of developing reservoirs in the Hat Creek drainage basin was not
addressed.

A summary of probably water use predicted by the water use mode! is provided

in Table 4.3-2. A total of 1934 ha of land is projected as irrigated by the year

2000 without the proposed Hat Creek project. The associated water quantity is
projected to be 1005 x 104m3 per year. This is roughly one and one-half times
present frrigation use. 0Of this, 220 x 104m3 would have to be provided by development
of new storage.

Bonaparte, Cornwall and Oregon Jack Study Areas

Potential Use

The B.C. Ministry of Agriculture (BCMA) identified 8137 ha in the Savona-
Cache Creek area as having potential for agricuttural production with irrigation.4
This includes 2405 ha that are presently irrigated. An estimate of the amount of
irrigable land lying within the Bonaparte, Cornwall an¢ Oregon Jack drainages is
4500 ha., The potential water use associated with this guantity of land was estimated
by multiplying the quantity of land by the annual water use rate for the area, 0.51 m,
giving a total of 4095 x 104m3. This quantity of water is about two and one-half
times greater than that presently licensed for irrigation use. ‘
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(1

(i)

Probanle Use

The BCMA analysis also fdentified four district. areas totalling 1257 ha
which because of size and configuration could ba practically develapcd.4 The
Agriculture Repert judged that three of thesa areas, totalling 786 ha, ware favorably
dfspasad to probable irrigation davelopment becausa of thair proximity te irrigation
watar suppl'lls.l An addftional 151 ha of land was projectad to have a good probahility
of being developed within the 1ifetime of the proposed project. Tha total quantity
of probable irrigatad lands, then, was estimatad to be 2656 ha. This fncludas 1719 ha
of presently irrigatsd land. The associatad water uss was estimated at 2417 x 104rn3.
This quantity of watsr is just over 50 percant more than s presently ligensad for
irrigation use and about 60 percent of the total potential. Scurces of additional
irrigation water to fulfill the requirements of probable use have not been explored.

Livestock

By the year 1996, the cattle population supportsd {n the Hat Creek drafnage
basin was projectad in tha Agriculture Report to be 3350 an‘fru‘!s.l The average daily ratae
of water consusption for a beef animal 1s 0.033 ualday. This yields a daily Tivestack
watar consumption of about 111 u3fday. Annually this {s 4.1 x 104113 which is approximataly
70 percent more than s pressntly consumed by 1ivestock.

Domestic and Municipal

The popuiation freoa the preseant to 1990 in the Hat Creek Valley, excluding the
Indian Resarves, is expacted to remain unchanged or to show a slight increase. Projected
changes Tn the populaticn of the varfous Indian Reserves, based on the trend from 1965 to
1375, ars negligible to slight decreases. Thus the potential domestic use without the Hat
Creek Project will apgproximata the existing use.

The projectad populations of Cache Creek and Ashcroft for the year 1990 are 1535
and 3033 persons, rcsptctive]y.s Based on presant peak municipal per capita demands in
these centars, the projected watar uss rate for 1990 will be 7580 n3/d for Cache Creek and
10 8s4 r|3/d for Ashcroft. The averige dafly demands basad on 0,310 m3/d per capita would
be 1451 l3ld for Cache Creek and 2780 uald for Ashcroft. No major industrial plants which
would have major surfacs watar use are anticipatad in either of thesa cantars up ta
1990.

Aguatic Bioloqy

(a) Ragional

provincial

Regional anadromous salmonid populations can be axpected to increasa due ta faderal and
stock anhancement and restoration efforts, While longterm plans are subject %o c¢hange

and can fall short of expected results, presant anhancement plans call for Thompson River stacks ta
be {ncreased by 500 000 sockaeye, 70 000 coha, 20 000 chincek and 4000 staelhead.3 The exact time
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(b)

frame in which the stocks can be expected to reach proposed levels is not known but it is not
unreasorable to assume that the results of this programme, if implemented, could be in evidence by
1985. Additiomally, natural pink salmon stocks in the Thompson River have shown 2 general upward
trend over the Tast twenty years which can be expected to continue, Estimates of potential saimonid
production for the Thompson River are given in Table 4.3-3. [t is likely that natural stocks would
approximate these values during the 1ife of the project.

Resident fish populations are not expected to substantially fincrease. Fish stocking is
used as a management tool to maintain the guality of regional sport fisheries. Population enhancement
in certain areas would likely be reflected by increasad utilization. However, increased fishing
pressure cr habitat deterioration could act to reduce fish stocks in certain areas.

*

Site-Specific

Without the Hat Creek Project, aquatic populations of the subject areas of the Thompson
and Bonaparte Rivers and Hat Creek will be similar to those at present. While the area upstream of
the falls on the Bonaparte River {s probably capable of supporting large numbers of spawning salimon,
salmon access to this area s timited. Removal of the falls would provide access to the Bonaparte
River. The resident fish populations of the Thompson River intake may increase slightly, reflecting
the increased number of juvenile salmonids present in the system as a result of enhancement efforts.

Rainbow trout will continue to be the dominant fish in Hat Creek. Mountain whitefish will
alse ogccur throughout Hat Creek, but in much smailer numbers than rainbow trout. Lower reaches of
Hat Creek will support fishes such as bridgeslip sucker, Tongnose dace, laopard dace, and possibly
redside shiner,

Total numbers of rainbow trout in Hat Creek will be approximately 20 000. About one-third
to one-half of these will occur in lower Hat Creek. Rainbow trout which are longer than 250 mm or
older than & years will be uncommon in Hat Creek.

Spawning will oceur throughout the length of Hat Creek, primarily between mid=June and
tate July, with fry emerging from late July through September. |Lower Hat Creek will be utilized as
a spawning ground by rainbow trout migrating upstream from the Bonaparte River. Further upstream
movements will continue o be limited by barriers such as besver dams and the canyon falls.

Trout will utilize food, principally aguatic insects, in about the same proportion as they

occur in the environment. The abundance of benthic food resources should be sufficient to support
the fish populations.
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Tarrestrial Ecology

(a)

()

Physicai Envirgnmant

" Climate, landforms, Dedrock formations, surficial deposits and soils are important
components of the physical environment. [t is anticipatad that the componants of the physical
envirgnment would not be affected during the perfod of project operation. The processes by which
thess components ars altersd require long periods of time, many times the expected Tifa of the
project. Weathering of parent matarial during soil formation {s one of the processas requiring many
decades before changes are noticsable. Climatic changes are also Jong=tarm processes. Easily
recognizable changes are thosa resuiting from Jand use pattarns such as agriculture, forastry and
aining. Grazing and cultivation practicas in agricultural areas cause changes in $ail through
efther direct disturbance or altarations in vegetation pattarns. Forestry activities also cause
changes in sofls and physiography through access road development and timber harvesting practices.
In open pit mining operations the alterations to- the physical environment are obvious. I s possible
that sooe small scala changes may occur to the soil component. However these changes can be expected
on & localized basis only,

Natyral Vegetation

¥

In general, the distribution and species composition of vegetation communities fs a function
of many factors including soil, climate, fire, logging, dissases, and insect infestations. Each
factor is important %o a rasource projestion and shoulid be addrassed in the projection process.
Maturally occurring factars such as fire and insect infestations are not easily predicted and may or
may not fnfluence the vegetaticn within the expectad operatiocnal pericd of the project.

Projected rescurce changes in the absanca of the proposed davelopment would, in a simplistic
sansa, reflect pattarns of succassfon. It is highly likely, howsver, that some perturbations may
occur and that succession will not be able to proceed naturally. Logging, fire and insect infestation
are three major influences which can have an adversa effect an pattarns of succession.

The natural vegetation in the Tocale of the project has already besn subjectad to sach of
these perturbations. Logging has disturbed large areas 1in the vicipity of the project
(Fig. 4.4-1). Future logging activity will depend on regeneration and the productivity of the sitas
(both of which 2ppear to be Tow). [t would alse appear that the potantial for expansion of the
forest industry within the region of the projfect is Taw.

No records pin-painting the occurrence of forest fires within the project locale ware
available. However, the presence of lodgepole stands reflects tha occurrence of past fires. [t
would appear from the nusber of Jlodgepole pine stands within the project lacals that forest fires
have played a major role in disturbing successianal patterns. [t is probable that forest firas will
continue to be a major fzctor in the interior forests of British Columbia even though new control
tachniques have enabled farasters %o limit the number, accurrence and sjzs of fires.
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Insects have also been a recurring problem in the area, Seven insect pests have infested

trees “n the project locale on a periodic basis since tke first records were kept in 1912 (Section

3.5-5).

Based on this historical record, insect infTestations can be considered 1ikely perturbations

in the futurs.

(i

(it)

wildlife

Forest Associations

Four dominant forest associations, Engelmann Spruce - Grouseberry, Engelmann
Spruce - Grouseberry - Pinegrass, Douglas-fir « Pinegrass, and Douglas-fir - Bunchgrass -
Pinegrass, are found within 25 km of the proposed site. Each of these associations is
targeiy in a successiona’ state due to previous fires and logging. Succession in each of
these associations will proceed toward climax unless a major perturbation causes the
pattern to be altered. The state to which the association would revert or the extent of
the delay in the successional trend toward climax would depend largely on the severity and
nature of the perturbation. Assuming that the incidence of fire and insect infestations
remains at the presant level, n¢ changes are expected to ocetur in the composition of
forest canopy trees.

Grazing land within forest associations has been subjected to varying degrees of
use and, consequently, to varying degrees of vegetation disturbance. The major effect has
been reduction in grass and shrub cover and an increase in waeds and unpaltatable species.
it is probabie that these forest range areas will not change in the future. However, the
value of these areas could fncrease if the reseeding programmes planned by the government
are inftiated and recommended range management practices followed.

Grassland Associations

Three grassland assocfations, Kentucky - Bluegrass, Sagebruch - 8luebunch
Wheatgrass and Big Sagebrush - Bunchgrass, are the dominant grassland associations within
25 km of the proposed development. Grazing areas within the grassland associations, like
those in the forest associations, have been subjected to heavy grazing pressure and as a
result many of the areas are severely overgrazed. The successional patterns of these
ranges have been severely retarded and are in a state known as disclimax. The disclimax
is caused by the grazing activity which tends to keep the vegetation in a disturbed state.
It is estimated that it would take approximately 20-40 years for the climax communities to
become established once the grazimng pressure is removed. By reducing the grazing pressure,
the range areas are projected to remain in their present condition for many years. Any
improvement programmes are axpected to have only a Tocalized effect.

Two factors appear to De critical in determining the future wiidlife resource in the local

and regional study areas: the habitat avaflable for wildlife; and the amount of human interference
with wildlife activities.
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Habitat

Without the Hat Cresk project, tha types and variety of wildlife habitat available
in the Tlocal study area should remain essentially unchanged. No land use in the local
study area has great potantial for expansion. Livestock grazing is intense in most areas
and cnuld_ not ba expanded under present management proceduras. Agriculturs has already
expanded t5 a liait imposed by the irrigation watar supply. Logging and fires have resoved
most maturs stands of markatable forest timber. Bayond 1990, logging may {ncreasa whan
trees of marketable size devalop. Recreational uss is generally low and, sxgapt for sport
hunting, is largely confined to Marble Canyon and the Thompson River.

Mining activities are capable of altering the future wildlifes environment.
Increased open pit mining is planned in the Highland Valley southeast of the local study
arsa. These activities, plus future aexpansion, could have major fmpacts on wildlife
habitat fn the area through habitat Toss and disturbancs.

A, Waterfowi

Wetland habitat for waterfow] should remain nearly unchanged through the
year 2020. Scme minor draining or flooding may occur in conjunction with agricultural
Tand use activities. Unless major draining of watlands for agriculture occurs,
howaver, the effects would bde ainor. The net positive and rnegative effects may
cance! sach othar in terms of waterfowl productivity. If, as anticipated, waterfow]
habitat remains largely unaffectad, the numbers of ducks bresding in both the Tecal
and regional study area should resain approximately the same,

8. Upland Gamebirds

Long=tarm changes in populations of upland gamebirds are not likely to
occur n the absence of the Hat Creek Project. Habitats utilized by these birds
would remain virtually unchanged, and their capability to suppart gamebirds weould
resain the sama.

C. NomGame Birds

No significant changes in non-game bird populations ars expectad in the
local or regienal study area. . These species are usually not harvestad. Because very
few major changes are expected in the Hat Creek local and regicnal study area
habitats, few changes are to be expectad 1n the avifauna.

0. Furbearers

Harvesting of furbearers {s currently low; heace, populatfons are probably
near maximum within the limits of annual variation typical of-many furbearers. The
‘coyote, howevar, has been harvested 1a large numbers. Current harvest has not
appreciably diminished coyota population numbers. Without drastic changes in habitat
or harvest, no changes in furbearer populatfons are expected.
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Small Mammals

As with other non-harvested species, no major changes are expected in local
or regional small mammal populations if the project does not proceed. Minor changes
would occur as the result of habitat succession or other natural phenomena,

Big Game -

©
Within the local study area the potential for deer numbers to increasa is

high while the potential for numbers of mountain sheep, cougar, and elk numbers to
increase is moderate., Black and grizziy bear, wolf, and moose numbers are not likely
to increase much beyond their current levels, Mountain goat and caribou have no real
population growth potential.

Increases in big game numbers are dependent on:
1. Changes in Yand use practices.
2. Changes in hunting pressures.
3. Changes in hunting limitations imposed by the goverament.

4. Improvements in game management practicas.
’ []

¥ Increasss fn land used for agricultural, lumbering and mining purposes, and
for housing will reduce avaflable habitat for big game animails. Agricultural expansion
and opportunities for significant increases in lumbering activities are limited and
as such will not restrict growth of big game numbers. Mineral and energy reserves
and housing development associated with Jocal population growth, will likely reduce
potential Tevels of big game. In some cases, for example, increases in land developed
for housing or mining will include areas already stressed by agriculture. In these
situations developmerts will have minimal impact on habitat loss. Consequently,
though human population growth and {ndustrial development may be predictable, their
effect on wildlife habitat losses and big game populatfon potential will be determined
by the location of such developments.

The predicted human population growth in the local study area is nearly
twofold while the regional study area growth may be 2.7 times its current level by
the year 2020. These dincreases will likely affect big game numbers by increasing
hunter pressures. Additionally, the rise in hunting license sales was more rapid
than the general population growth. Most harvests of big game species have been
declining in recent years, however, these declines may reflect the cyclical population
characteristics as well as increases in the presence of huntars. The rate of big
game population increases is directly dampened by the magnitude of this hunting
pressure.
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If game populations decline at critical ratas, governmental restrictions on
hunting seasons and bag Timited c¢ould be instituted tc¢ maintain adegquate game
resourcas. The future will bring improved game management procadursas to zugment the
standing stock of appropriata popuiations.

Assuaing ainimal governmantal involvement and no major advancas in wildlife
management, it is most likely that big game annual standing stock will continue an
overall declining trend through the year 2020. Land use practicas and increased
Juntar pressure will creats this net Toss {n population sizes.

4. Rare and Endangersd Species

Pradicting the future for rare and endangered species is a difﬂcult.task.
The mere fact that a species {s endangered means, by definition, that {ts continued
exfstence s impariled. The Tocal and regional study areas are of very Iittle
consequence %o worid populaticns of any of tha rars or endangered species listad in
Table 3.4-14. No environmental changes that would affect tha ability of the local
and regional study areas to support thesa rare and endangered spscies are expeciad.

Human Activities = Hunting Pressurs

Eploitation will likaly remain restrictad to thosa species now huntsd for
sport, trapped for profit or regarded as pasts. Thess sourcas of mortality are influenced
by husan demographic.changes and resource management. With adequate resourcs management,
wildlife pepulation lavels could be maintafned at a level to allow continued sport hunting
at current or higher levels of harvest.

The situation regarding furbearers may changs in time. Ralatively 1ittle fur is
now harvestad in the regional study area in comparison to what could be taken. Fur pricas,
attitudes of trapiine owners and government policy regarding registared traplines will.
influsnce trapping activities. Thus, considerable latitude exists for an fncreasa in fur
harvest,

Oemagraphic changes are expectad to affact hunting within the local and regional
study areas. Population increases will yield incrsases in hunter nusbers and subsequently
may affect hunting pressures. Cartain game hunters are ganerally umwilling to travel far
(such as small game huntars). Human population changes in the local study area could
therefore aitar annual harvests of thesa various game species. Grouse and biack Lear are
particularly prone to the type of hunting associated with other field activities.

A.  Waterfowl
Expectad changes in demand for watarfowl will be a function of access to
hunting areas. Huntar access should not improve ovar the next 40 years unless the

number aof valley residants increasss or the number of peopla who ars allowed to hunt
the land increasas.
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8. Upland Gamebirds

Increases in demand (hunter effort) for local upland gamebird resources
were estimated in concert with expected population increases and hunter origin
distribution. DOemographic projections suggest a growth by 2020 of approximataly
150 percent in regional hunters and an anticipated population growth of 70 percent in
the lLower Mainland.2 Tha total ingrease in demand is equivalent to a yeariy increase
in demand for upiand jamebirds of approximately 1.¢ percent.3

€. Ffurbearers

Regional economics indicate that trapping is not currently a viable economic
employment alternative in the area. However, individuals may become interested in
trapping for marginal incomes, Granting additional traplines could increase furbearer
tarvest. The opportunity for expanded furbearer trapping exists because this is an
underutilized resource.

Both the Jocal and regional study area offer many attractive features te
resident hunters. (Consequently, population increases should result fin increased
hunter pressure. The large metropolitan lLower Mainland area is relatively near, as
is the fast growing community of Xamloops. Actess A0 the southwestern portion of the
regional study area would be greatly increzsed by development of the Vancouver—
Pemberton-Ciinton transportation corridor.

wWith an existing potential for increasing present big game numbers, the
close proximity to Vancouver, the existing good highway connections, and the present
good diversity amd numbers of big game species, hunter demand in both the local and
regional study areas should increase by about 1.5 percent per year.

The basic premise upon which the rescurce projection was developed is that the productive

forested lands required for the project would be managed on 2 sustained yield basis, according to
B.{. Forest Service Regulations. The value of the allowable annual cut (AAC) contributed by these
lands was used to evaluate the vaiue of the Tands shouid the project not be developed.

)

Regional Forastry Resources

The regional forestry resources can be affected by such factors as regeneration
success, insect infestaticons, land use regquirements, designation of environmental protection
forests, and governmenta’ policy decisions. In the project region, which is character-
istically dry, regeneration of c¢lear cut areas can take as long as 15-30 years. However,
recent cutting philoscphies and improved technology have reduced this time interval.
Insect infestatian and some future land use reguirements, such as mining, have been included
in the allowable annual cut caiculations. Thus, it is not expected to increase in the
ahsence of the proposed development. It may, however, decrease should envirormental
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protection forasts be established mgionaﬂy. No major expansions of the forest industry
would be anticipatad since most of the AAC for the PSYU's within the region of the project
have been allocated %0 quota holders. The total timber allocation, expressed as a
percentage of the AAC, is 79 percent for the Big Bar, 79 percant for fctanie, 9% percent
for Kamioeps, 57 parcant for Lac La Hache, 81.5 percant for Nehalliston, 93 percant for
Nicola and 77 percant for the Halahom PSYU. The remaining percantages of the allocations
in each PSYU are rarely Jssued by the Forsst Servica to quota holders. The remaining
tinber can be sold to quota holders requiring additional volumes through district forestear
sales. The regional forestry resourcs is expactad to remain at fts currant lavel.

Project Locale

Logging activity within 25 km of the proposed project sits has been cantesrsd in
the Hat Creek Valley. One company, Evans Products, Ltd., is currently harvesting 102 000 m3
of timber from two licensa areas on an annual basis. It fs anticipated that harvesting
will continue in or near the valley for the next 10 to 15 years. After this tima, Togging
activity will be oinimal while regrowth takes place in harvested areas. ﬂu'r'ing the
regeneration time, it may be possible for local contractars to cbtain permits far some
logging of mature or fnssct infestad timber. It {is also probable that the existing
sultiple usage (forestry/grazing) will continue inta the future. The forest economy and
logging activity are projected to remain at the presant level,

The estimated AAC for the project locala is 145 189 r|3. The MAI contribution to
the AAC from the area disturbed by the project, should it not be developed, would range
from a lTow of 2400 il3 to a high of 3300 n3. The loss to the AAC cut over the 35 year 1ife
of the project would range from 84 000 a° to 115 500 m° or 1.6 to 2.2 percent of the AAC
over tha 35 year period.

{e¢) Agriculturs

(1

- Crop Praduction

A.  Regiona) Area

The %otal land arsa available for crop production in the regional study
area s approximataly 4427 knz, if {rrigation is practicad. This area represents the
sum of aj1 areas with Canada Land [nventory (CLI), land capability for agriculture
{LCA), improved ({rrigatad and/or drained) Classes 1-4, QOnly a small amount of this
land is presently cropped duse to restriction of intensive farming to those lands

~whers irrigation fs feasible. If one assures that the extent of crop land within the
Thompsan-Nicola Census Divisien, 322 kllz. fs a rough approximation of that within the
study region, thers remains roughly 4000 k:nz of Classes 1-4 land in the study region
not currently cropped. Davelopment of this high capability Tand would depend largely
on the availability of irrtgaticn watar. -
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Most readily accessible surface water has been allotted to present farm
operations, Any additional water supplies must be derived from jess accessible and
more costiy sources, exploitation of which will likely reguire government-sponsored
regional irrigation systems. Institution of a regional system in the Ashcroft-Cache
Creek-Savona area has been investigated by the B.C. Ministry of Agriculture.4
Approximately 22.3 km2 werg fdentified as potentially developable when irrigation
system constraints were considered. The economic feasibility of this pian, however,
has not been datermined.

It is prejected that the probable role of irrigation agriculture in the
regional study area will continue to be one of support to the beef industry, Forage
crops, grass, alfalfa and silage corn, are expected to remain the principal crops. A
major increase in vegetable production {s not anticipated because of, the sizeable
capital investment required, the present excess of available land and processing
capability in the Lower Mainiand of the province, and the competitive position held
by growers in the Pacific MNorthwest of the United States. Fruit production is not
likely to increase as the risk of detrimental winter conditions discourages commercial
orchard operations.

Local Areas

Approximately 260 kmz of the local study area have been ranked CLI, LCA
Classes 1-5, representing the total acreage available for irrigated agriculture
including {rrigated pasture. Forty=five km2 of this is currently irrigated.

Expanded usage of irrigable Jands’ is restricted by the availability of
irrigation water and factors outlined with regard to the regional area. Within the
tocal area only limited opportunities exist for development of off-farm irrigation
facilities supplying individual farms or ranches. Part of the area considered -in the
regional Ashgroft-Cache Creek~Savona f{rrigation plan, discussed above, lies within
the local study area‘. Five distinct locales in the local stucy area, totaling
1319 ha, are of sufficient size for further consideration. From an evaluation of
water availability it appears that 788 ha of this area is more amenable to development
than the remainder. This estimate may be low because additional irrigable lands were
identified from the s0f1 map of the site. From evaiuaticn of the soil data, there
appear to be approximately 1060 ha of land in the Cache Creek-Ashcroft portion of the
site area whare irrigation schemes appear practicable.

Placement of additional land under irrigation will be influenced by the
same factors noted for the regional area. Analysis of resource capability and market
conditions indicates that cattle production is likely to continue dominating agricul-
ture in the local area. An additicnal 700 to 1000 ha of irrigated land, therefore,
would most tikely be planted to forage ¢érows. Production of silage carn may increase
relative to other forage crops, as corn is an important feed for beef cattle
"finishing". .
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Site Vicinity

Probable changes in land area placed under irrigation were prajec'.ted for
the entire site-specific study area and its western portion, upper Hat Creek Valley.
Of the §5.5 Iul:2 and 38.2 @’ of irrigable land in the site-specifi¢ study area iand
upper Hat Creek, respectively, 17.5 and 8.8 are presantly irrigatad.

Potantial and projected amounts of frrigatad cropland (ingluding pasture)
are summarized in Table 4.4~1. Projection of probable areas assumes that as much
land as economically possible would be irrigatad, and that tha project {s not
joplemanted.

Available all-ssason water in the Hat Cresk Valley is aiready entirely
allotted to farming and fisheries. A current surplus of water during the spring
season, howaver, would permit spring pasture irrigation and, if storage works were
constructed, all-saason frrigation of croplands. For projection of the probabls casa
sumsarized in Table 4.4<1 it is assumed that a portion of the spring surpius would be
storsd, and allotted %o irrigable lands on the Thompson benchlands with capabilities
of . supporting tomats and cabbage crops. Stored water would also ba divertad to
potantial carnland of the Hat Creek Valley. The remainder aof spring seasocn water
which 1is not stored s 1ikely to be usad for spring irrigatien of 4.2 knz of pasturs.
In total, 16.2 hz of land in the upper Hat Craek Valley would be {rrigatad.

Along the Thompsoa River bench lands in the eastarn portion of the sites
specific study area, a sizeabls acreage of irrfgable land may be placed under
cultivation or foproved pasture if a regfonal irrigation scheme is implemented. The
extent of projected “probable” increase assuming development of the Savona-Ashcroft-
Cache Creex area, is roughly 1060 ha, which raisas the total extent of probable
{rrigated land {n the site-specific study area to 31.7 kaz.

(11} Cattla Production

A,

Regfonal Ares

Grazing lands within the regional study area are generally utilized to
thefr full stocking capacity considering presant rangs conditions. The area could
1ikely support increasad cattle numbers if forest clear-cut areas and ranges were
resesded. Industry personnel have suggested that such resseding could increass
regional carrying capacity by 10 ta 20 percant.

Local Area
The estimatad potential carrying capacity of the local study area range s
roughly 90 00C AUM or 15 000 cattle for a six month parfed. Comparisan with the

current level of range use, 5000 animals, suggests that considerable increass In
carrying capacity is passible. As essentially all rangeland is presently grazad, an
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{ncrease can only be effacted through better management practices, particularly
reseeding. Range area administered by the Forest Service will probably improve
gradually as a result of careful manzgement. Overgrazed 1cwér grasslands will produce
higher forage yields within a period of several decades only if a reseeding programme
is implemantad,

c. Site Vicinity

Projection of cattle production through a 20-year period was performed for
the Hat Creek Valley. This topographical unit was selected for detailed analysis
because many of the permit grazing lands of the site area are delineated by watershed
boundaries, and because it providas a convenisnt basis for evaluating the interactive
effects of various project actions on ranch productivity.

Projection of cattle numbers was conducted in two steps. Productivity of
irrigated croplands was estimated from projected amounts of Jand placed under
irrigation or put into pasture, and range productivity estimated for the remaining
land. The two estimates of productivity {cropland and rangeland), were then integrated
because year-round support of cow herds can be limited by either winter feed (harvestad
from irrigated lands) or spring and susmer range.

The results of a series of steps and assumptions utilized to project probable
numbers of cattle from estimated crop and range productivities are summarized in
Table 4.4-2. It can be noted that the smallest number of cattle, 3027 AU, would be
supported during the summer season. The total number of AU supported on a year-round .
basis can be increased above this level by supplementing summer forage with all-
season pasture and extended use of spring pasture., With thesa assumptions the
projected probable total AU supported by the Hat Creek Valley is 3476. The estimated
increase from 2080 to 3476 would be expected to follow a sigmoidal pattern because of
relatively sharp increases in spring grazing capacity during the micddle of the 20-year
interval.

Cultura) Heritage Resources

The number of cultural heritage resources sites in the Hat Creek Valley study area may be
estinated from the results of the Phase [ and Phase II surveys. In Phase I, 331 grassiand quadrats were
separated from 234 forest guadrats in the stratification of the study area into a grassland stratum and
forest stratum. The survey revealed site densities of 2.37 per grassland quadrat and 0.75 per forest
quadrat. Multiplication of each density by the total number of quadrats in each stratum results in an
estimation of 784.5 sites in the grasstand stratum and 175.5 sites in the forest stratum, or a total of
approximataly 960 sites in the Phase I study area.

The Phase I study area was extended to other tikely or alternative project component locations
for Phase II sampling as shown in Fig. 2-4.4 (Chapter 2.0). Strata B, €, D, E, H, one guadrat of stratum
I and 15 quadrats of stratum J are outside the Phase [ study area boundaries. Summing the site projections
for these strata given in Table 3.4-29 {Chapter 3.0) and calculating the appropriate projection for the
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extarnal portions of strata I and J (1 quadrat x 2.04 sites/quadrat, 15 quadrats x 1.75 sites/quadrat)
adds approximataly 361 sitss to the previous estimate for a total Phase I and Phase !I astimate of 1321
sitas in the arsas of Hat Creek Valley likaly to ha affected by project developmant. It must be
appreciated that these ars minimal estimates. The existenca of buried or otherwise overlooked sitas
would increase this estimata.

Numbar of sitas alone are not an adequate measurs of the significanca of an area, (neither is
the number of artifacts at a sfta a sufficient measure of its {mportance) howaver, thass numders provide
one measure of the present information potantial.

Comparisons of the major types of sitas (Jithic scatters and cultural depressicns) fsund within
the valley to thair occurrencas cutside Hat Cresk Valley are difficult. Most of the previous archeological
work fn the Interior of British Columbia was focused on large stratified sitas in major river valleys
that could provide chronological sequances far "plateau” archeology.

These comparisons indicata that there exists minimal information on cultural heritige resourcas
which ars similar to the samplie recorded for the upper Hat Creek Valley. In part, this is attributabla
ta the chranalogical emphasis in most of the previous research, although tha potantial {mpartanca af
sites other than winter village settlements such as ssasonal, short-tarm camps has been noted. Oue to
preservation factors and the nature and duration of activities carrfed out, thesa sites are localizad
surfaca scattars of stone tcols and debitage and are rarely described in any more detafl than being
Tumped under the general tarm “chipping stations”. The lack of detafled research on such sita types fis
often attributad to their poor archeological visibflity and minimal artifact contants. This,
nevertheless, does not remove the fact that such sitas will constityts the only archeologically-
observable evidencs of the nature and location of lats prehistoric short-tarm sccupatfens and ail types
of sattliement prior to the {ntroduction of pithouses.

Based on prasent levels of disturbance and ongoing attrition rates, the general location of the
Hat Creak Vailey and the prasent pattarns of land use have resultad in relatively little archealegical
impact. The location of the valley has, until recently, put it outside the areas of economic growth,
while tha utilization of much of the landscape is natural rangeland has resultad in minimal altaration of
the land surface. The major agents of disturbance prior to current studfes of the proposed Hat Creek
Project have been cultivation, logging, and road construction. Thus, the valley is one of the few
tributary valleys fn the Fraser-Thompson Platsau region that are relatively fintact with respect to
extansive Jand altaration. Other particular valley systaas in simflar environmental contaxts and having
ethnographic evidence of occupation (such as the Sonapartas, Botanie and Nicsla Valleys) have all undergone
considerable moditication in the bottom lands and Tower slopes, resulting in considerabie disturbance of
the cultural heritage resource Dasas. ' )

In the Hat Creex study, resaarch potential s evaluatad mainly in the contaxt of substantive
quastions of current interast {n plateay archeonlogy. Within this context, methedological, theoretical
and tachnical dosains are alsc addressed in designing and carrying out research aimed at answering the
substantive question. Many of the problems currently coafronting plateau archsology have aiready been
mentioned; lack of prshistoric cultural adaptation biased towards major river valleys, the lack of-
regionaliy-appifcable chronological sequenca of archeglogical cultures, and an unrepresentative sample of
archeclogical data bfased towards larger sitas from those arwas which have been investigated.
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The cultural heritage resources of the upper Hat Creek Valley have the potential to contribute
research resulis in addressing all of %the above problem areas. On the basis of present surface and
subsurface investigations, there exist numerocus "pure" single component sites to provide information on
specific chronplogical perfods. -The environmental location of the valley provides the archeclogical
resources necessary te fiti critical gaps in present knowledge of the range of variation present within
the subsistence-settlement system of the region, The results of subsurface investigations at cultural
depressions and the survey data in general are "unique" in the extant literature on the prehistory of the
Canadian Interior Plateau. The nature of the resource base also provides the opportunity to test new
methods and technigues of collecting archeoiogical data from smail 1ithic scatter sites and cultyral
depression featuyres and analyzing this information to interpret the social and economic organization
responsibie for their deposition.

Geology

(a) Introduction

The current potential for resource utilization within the project area is closely related
to local economic development as high transportation costs typically preclude the commercial viabitity
of establishing remote markets for raw materials. However, as advancing technology craates new uses
for raw ‘materials, the‘natural resources not currently exploitable in the site area may become
attractive for local or remote commercial markets. This section explores the potentfal for alternate
uses of these resources by other industries under currently feasibie technology cohsisteat with the
present knowledge of the resources, their physical and chemical characteristics and abundance.

{b) Fossil Fuels

The demand for Hat Creek coal could conceivably increase in the future. The high ash, low
taliforic value, and moisture content of these reserves should continue to restrict its use for home
heating in local communities. However, its conversion to synthetic natural gas is both technically
and econcmically feasible. Other conversions to methano!, ammonia, coal liauids, coal solids, or
in situ synthetic natural gas are less 1ikely because of technical and/or market considerations.

(c) Minarals

Currently there are no known mineral deposits within the project arez that are present in
sufficient gquantity to warrant exploitation. Thus, the probability of future development without
the project 1s low.

{d) Rocks

Existing quantities of Timestone and aggregate within the site region should be more than
adequate to satisfy future local demand for home and road construction. Although claystons
exploitation is not 1ikely, except as a by-product of coal extraction, the baked claystone could be
mined as a primary raw material for use in brick manufacture if the physical and chemical properties
prove favourable. Estimated reserves of baked claystona are more than adequate to satisfy the
future demand for this resource within the project area.
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Population, Income and Emoloyment

{(a) Population

M

(i)

(it)

(Y

Method

Population growth expectad to occur fin the local study area without tha Hat
Cresk Project has been determined ytilizing the populatiocn model and assumptions described
in the Socio~economic Rnportl and is basad on the employment projections in Table 4.5-1.
For the remaining areas of the overall region, historical trends and future expectations
in the relationship batween labour farce and population provida the forecasting basis.

Profectad Pooulation

The local study arex has an estimated 1975 gopulation of 7500 persons and is
expectad to grow to 2 level of 3960 persons by 1990. The gecgraphical distributien of the
fncremental pepulation ameng the communities of the area is delineated in Table 4.5-2.

Ashcroft and Cache Creek will 1ikely recaive about 60 percant of tha increment,
due primerily to the mining relatsd developments in the Highland Valley. Clinton and
Lillcoet could expand on the basis of resource and government oriented projects likaly ta
cccur in thosa arsas. The unorganized rural areas are not projected to grow significantly
throughout the perioed.

The project-based fo;-tcasting technigue employed results in biock increases in
comaunity populatien. Ia utilizing the farecast for community planning one must take fate
congideration the uncertainty surrounding future dnniopmnt'projects in the area, pre-
project speculation resulting fn service sector employment expansion prior to project
commencament, and inducad employment creation lagging behind direct project enp‘loymnt:. ‘

The remaining areas of the overall region report a current population of 69 300
persons, reflecting an average growth of 4.5 percent annually since 1971, ’

In a recant study, B8.C. Talephone forscast an fincrease in the labour force
propartion to 48.5 parcant by 1990 for the intarior region of the prov'lm:l.z The projection
assusptions used by 3.C. Telsphone have been applied to the residual area of the study
region. The resulting population estimates are shown in Table 4,.5-2, Jveral] regional
population is expectad to grow at slightly over 2.5 percent annually to 1990.

Characteristics of the [nceming Poputation

Tha d{ncoming population, primarily dus to the increasad mining and related
processing activities fn the Highland Valley, will have charactaristics similar to those
of a numbar of typical rescurca communities in Canada. This will be valid for the direct
and indirect work forges related ta the aining activities as well is the induced or servica

-
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(b} Income
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SOCIO-ECONOMICS ~ (Cont'd)

population. For this reasen, three resource communities have been chosen and representative
characteristics chosen from the comparison of these three communities; Grande Cache,
Aiberta, as well as Sparwood and Mackenzie in B8ritish Columbia.

Age

The incoming population will be relatively young, with over 33 percent
under 15 vears of age and aimost 40 percent between the ages of 20 and 39. As the
work force becomes more established, the number of peopie over 50 will 1ikely increase,
but, in the initial years, only & percent will be in this age group, whiie one percent
will be 65 yesars of age or older.

Marital Status

Almost 75 percent of the incoming population 15 years and older are likely
to be married. Approximately one-quarter of the families will be young couples with
no children, but on an average, there will be two children per family. Most families
will have twoc or threa, although there will likely be more with one than with three.
Relatively few familfes will have more than three children, and the average family
size is expacted to be 3.8.

Households

About 37 percent of households formed will contain only one or two persons.
The average household size is expected to be 1.3 persons.

Educatian

About 20 percent of people 15 years and over, not attending school, will
have no more than a grade eight education, and am additional 41 percent will not have
graduated from high school. About three percent of the poputation group will have a
unfversity degree. These population charasteristics will have impiications for and
provide guidance to the provision of housing and community services in the receiving
communities.

Projected Income

Income projections without the Hat Creek Project are derived from the population

-and employment projections found in the Socio-economic Report.1 The bhasis for future
income forecasts in the local study area is the payroll of direct and indirect employees
identified in the report cited above.
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Total employment income is then derived utilizing induced income multipliers of
1.22, 1.18, and 1.28 for Asheroft/Cache Creek; Clinton, and Lilloet, respectively. Total
income for the remaining arsas of the Hat Creek Region 1is forecast on the basis of
expectations regarding future growth in real income par capita. A1l estimates ars made in
tarms of 1976 dallars.

The rnet increase in Tacal area employment income, utilizing a project specific
income muitiplier approach, will comprisa the following componants:

1. Total fncome earnad by in-migrants,
2. Total income earned by existing residents not pravicusly in the labour force.

3. Total income earned by existing residents formarly emploved less thair former
earnings. '

4, Total {ncome earned by existing rasidents prsviously unemployed less their faormer
transfer payment {ncome.

Average a&ining industry wage lavels are assumed at a 1976 leve) of Sl?,OOO/yr.l
Average wages for the proposad Lilloget priscn are assumed at $14,000/yr. The income
sultipliers for each community usad to determine induced income have heen listed above.

The myltiplier estimation model appears in the Socio=econemic Repor’t.l

In datermining net empigyment inceme generated as a result of the identified
indystrial growth pattern, the main conceptual element that needs to be deductad from
gross fncome {s the former transfer payment recasipts of previousiy unemployed Tocals.
Average annual Unemployment Insuranca Comarission (UIC) payments were reported to equal
$1034 in 1976,

The total net Tncome Increase expectad to sccur in the local area without the
project is shown in Table 4.5-3., Employment income fs forecast to {increase from an
estimatad current Tevel of $37.7 million to $55.5 million in 1990. Employment {ncome
representad 89.9 percant of total regional {ncoms during 1970. Assuming this relationship

* holds throughcut the forecast parfoed, total local income is forecast to rise from $42.0

mit1ion to $51.8 ailTien in 1990,

For the rs-uininq arsas of the Hat Creek region, income is forecast on the basis

‘of expectad growth in real income per capita since data are not available over a3 time

frame syitable for forscasting. Real per capita income fn British Columbia has Been
increasing at an average annual rate of 4.7 percant ogver the past decade. A comprehensive
and recently published provincial forecast projscts a long=~term growth in real proviacial
parsonal income per capita of 2.5 percent annually.

The expectad expansions aof the Highland Vallay amfning industry and the Kamlcops
ind Merritt service sectors would result in continued regional income growth but probably
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not faster than the province as a whole in per capita terms. It is assumed that real per
capita income will rise &t an annual rate of 3.0 percent in the remaining areas of the Hat
Creek region resulting in an increase from $5900 in 1576 to 38925 in 19%0.

Implications of without Project Income Projections

A,

Distributional Aspects of Income Growth

income distribution aspects discussed include geographical distributfon,
allecations between existing residents and in-migrants, distribution among existing
residents and changes in the overall percentage distribution of fncome classes,

Major mineral developments axpected to occur in the Highland Valley wil?
tend to concentrate income growth in that area with Kamicops benefiting. Logan Lake
and, to a Jesser extent, Ashcroft and Cache Creek will gain a greater share of the
incremental regional ingcome generated.

The majority of the recipients of incremental income would continue to be
in=migrants, responding to the employment opportunities created. Among existing
residents, the recipients of the incremental income generated would include the
existing unemployed, individuals previcusly not in the labour force and fndividuals
switching jobs to take advantage of opportunities providing them with greater 'total’
income.

The percentage distribution of income by income class is likely to change
significantly in the local study area. There should be a greater concentration of
individuals in the upper income "group earning more than $15 000 per year; the middle
and lower income groups will decline proporticonately and the proportion eof individuals
on ow fixed incomes will also decline on relative basis.

A final aspect of structural change that is likely to occur in the local
s$tudy area is the relative deciine of self-employed individuals. With tha commercial
expansion forecast in Ashcroft and Cache Creek, it s quite likely that some of the
marginal operators will not be able to compete.

Price Effects of Income Growth

Kamloops, due tg its size and proximity to the relgvant small communities,
will, to a certain extent, act 2s a buffer in controlling the extent to which economic
shocks affect the price of goods and services; the city will be more effective in
minimizing price effects on consumer goods and services than on land.

The extensiveness of land speculation is affected by: 1. the degree to
which population settlement and associated <¢ommercial expansien can be dispersed
among alternative settlement locations; 2. the supply of serviced Tand; and 3. the
degree of concentration of iand ownership.
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The opportunity for ainimizing land price effects exists in the developments
relatad to the Highland Valley. Five communities are Tocated within 40 miles of the
expectad developments and among them could provide the residential alternative
necessary to diffuse speculative prics pressures.

(¢) Labour Forca and Emoloyment

)

Projected Labouyr Force Withaut the Hat Creek Profact

A.

Local Study Area

The projections of futurs local area labour ferca without the influence of

the Hat Creek Project are developed by assessing the basic growth sectors of the
area’s economy, fdentifying specific projects that are expected t3 occur in these
sectors, determining employment assocfated with these projects and astimating the
indirect and inducad employment generated by these projects.

Industrial Developmant Potential

The major sectoral determinants of eccnomic growth in the area have been
forestry, agricuiture, mining, transportation and the servicing of highway traffic.
It is expected that development in the foresesable future will revelve around the
lin'ing sactor. '

) The forast industry has historically besn an 1mpor'tant cantributor to the
econcmy of the local area "and it i{s expected to continue teo play an important role.
However, futurs developmen: pattarns in the area are not expectad to be significantly

influencad by the Torest sector. Most of tha available annual allowable cut, under

existing management practices, has besn 2llocated, and there are no Known plans for
future procassing expaasion.

Limitations imposed by soils, climate, topography, water supply, transport
costs and land~use conflicts, preclude development of the agricuitural sactor much
beyond its current status. Some possibilities exist for expansion of horticultural
production narth of the area which could promote a vegetable bulk freaszing piant in
Cache Cresk, or for expansion of feed lot operations, bhut both of these are dependent
on significant government policy changes. Even if these policy changes occurred,
their effects on total agricultural eaployment would ba marginal.

The area's rail system contains the potential for expansion with the proposad
B.C. Rail/C.N. Rail Connector between Ashcroft and Clinton. However, recsnt events
surrounding this development suggest that it 1s unlikely to occur in the foresesable
futurs.

The servicing of highway traffic has been a funcamental growth component of
the Cache Creek economy and is also highly faportant to Clinton. This growth has
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stabilized since 1971 in spite cof continued growth "in traffic. It s reported that
some excass capacity still exists throughout most of the year in the food and
accommodation sector of the Cache (reek economy.

It is expected that the volume of traffic will continue to grow over the
next 15 years but at a substantially lower rate than has occurred during the last
decade. A critical determinant of future volumes in the area is the recently announced
government decision to proceed with the construction of the Coquihalla Highway.

Without the development of the Coquihalla, traffic growth on Highways No. 1
and No. 57 in the Cache Creek area {s expected to grow at between 3.5 percant and
4.5 percent through the mid=-1980's. With the Coquihalla, volumes are expected to
return to levels occurring in the mid=-1970's.

Given these expectations and the existing over-capacity in the food and
accommodation sector of the communities servicing nighway traffic, it is not expectsd
that significant employment increases will be generated in the local study area to
service traffic flows through the forecast period.

By far, the most significant potential for local employment growth over the
next 20 years centers on mining developments in the Highland Valley, The extent and
timing of the Highland Valley development hinges on the decisions of four minfng
companies: Bethlehem Copper Corperation; Cominco Ltd.; Lornex Mining Corporatien
Ltd.; and Teck Corporation. A "most 1ikely" development scenaric has been constructed
based on personal interviews with mining company and government representatives.
Consequently, the expected development pattern to 1990 appears to be as follows:

1. The expansibn of Bethlehem Copper's milling capacity from approximately 18 150 t/d
at present to 41 000 t/d by 1979. The net employment incrsment associated with
this expansion would be 180 positions.

2. Expansion of Lornex's existing 36 300 t/d milling capacity by 1579 would create
an additional 400 jobs.

3. Second-stage development of the Vallay Copper deposit with ceonstruction of a
45 360 t/d ore concentrator which could be operational by 1985. About 550 jobs
would be associated with this development,

4. Conmstruction of either a copper smelter or a copper processing plant (using
hydrometallurgical technology) by Cominco during the late 1980's. The direct
. - employment associated with & copper processing plant would be about 425 persons,
whereas a smelter, which has a larger minimum economic plant size, would pravide
about 500 new jobs. It is assumed that a copper processing plant (rather than a
smelter) will be constructed in the Highland Valley during the period 1985-1990,
creating 425 direct jobs.
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5. The development of Teck (Caorporatian’s Highmont Mine proparty, estimatad o mill
dbout 22 680 t/d. It is assumed the plant will ba producing by 1990 and would
employ about 425 persons.

At this time, the best estimate of total futurs direct employment associated
with intreased mining and processing activity in the Highland Valley is 2400 new jobs
by 1990. However, by 1379, Placer levelopmant Corporaticn’'s Craigmont mine will have
besn exhaustad, resulting in the Toss of about 350 jobs. The net regiona)l employment
increasa assocfatad with mining and procassing in the study region is therefore
reducad to about 2050 jobs.

In additfon to the direct operating jobs created, these projects will also
{nvolve considerable short-term construction employment. Tabla 4.5-4 f1lustrates the
general level of construction manpower required. -The large mining developmants will
require bDetween 18 and 30 months for construction and will have an average Tabour
force during that pericd of about 70 percant of their peak requirements.

Other projects 11kely to occur in the local study area include:

1. A rock crushing plant commencing operations in 1977 located at Mackerby, providing
40 direct jobs.

2. A Tederal penitantizry located at. LfTlocet with an in=service datse of 1979 is
expacted ta pravide 200 direct jobs.

3. A lice gquarry and cement- plant at Clinton, expected to be i{n production by 1981,
would provide 125 dfrect jobs. ’

4. Extensfon of the B.(. Hydro transmission network with the csnstruction of two
500 k¥ transaission l1ines betwsen the Kslly Lake and Micola substations. These
1ines will be constructed through the 1377 to 1988 period with an average annual
labour requirsment of approximately 115 persons.

Induced Employment Muitipliers

The mathodelogy for astimating {nducad smploymant multipliers is discussed
in the Socig=sconcaic Report.l The resultant multipliers for communities within the
lacal area are as follews: Asheraft/Cache Creek - 1.42; Lfllocet = 1.42; and Clinton -
1.35. :

Projectad Local Labour Force

The total direct, fndirect and induced employment increments expected to
cccur ars shown in Table 4.5-5. Total labour farcs growth associated with this
esployment axpansion has been shown {n Table 4.5-1. The average annual growth of the
labour forca is caiculated tao be about 2.2 percant,
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Total Hat (reek Region

In contrast to the project basad forecasting approach used for the local
study area, cmployment levels Tor the remaining areas of the Hat Creek region are
projected based on extrapolations of historical trends in the context of expected
future development patterns,

The labour force of the Jocal study area, a subregion of the total Hat
Creek region, has been forecast to increase from its current level of 3450 to 4635 by
1990. (See Table 4.5-1). The residual area of the region has a current labour force
estimated at 30 850 with 85 percent of the total residing in Kamloops.

The future growth of Kamloops will continue to be largely dependent on
resource development in its hinterland and on developments which maximize {ts
locational advantage as a transportation nexus. One potential element in Kamloops®
future that could aiter this established pattern would be government decisions to
meaningfully decentralize provincial and/or federal administrations.

The main source of futura employment generation in Kamloops will be in the
tertiary sectors of the economy. All indications point towards & Tower rate of
future labour force growth in Kamloops than has been the case in the recent past.
Given the magnitude and type of developments that are expectad to take place, long=
term growth in the order of 3.5 percent would appear reasonable for the foreseeable
future, Under this assumption, Xamloops' labour force would grow from its 1376 level
of 26 300 persons to about 42 600 persons by 1990.

The remaining areas of the total Hat Creek region inclucde Merritt, Logan
Lake, Lytton and rural communities east of Ashcroft and Cache Creek. The grawth
potential of these areas fs essentially tied to expansions in the agriculture, mining
and forest industries as well as the growth in highway traffic. The major impetus
will come from the previously mentioned mining developments in the Highland Vallaey.

With this type of development potential, long-term labour force growth in
the order of 2.5 percent annually for the other communities of the Hat Creek region
would appear reasonable. Under this assumption, the current ares labour force of
4550 persons would increase to 6400 persons by 1990.

Projected labour force growth in the tota! Hat Creek region is shown in
Table 4.5-1. It is expected that the region's labour force will increase from 33 775
persens in 1976 to 52 930 persons by 1990 without the influence of the Hat Creek
Project.

(i) Implications of Without Proiect Emplnjrment Projections

The rate and nature of growth expected in the Hat Creek region, without the

project, could have a number of structural implications for the regional economy. On a
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broader scale, the cverall davelapment of the provincial ecenocmy during the next decads
¢ould affect the avaiiability of constructicn labour throughout the ragion.

A.

Seasonal and Cyclical Stabiiity

The prevailing level and pattern of seasonal unesployment in the region ars
not expected to undergo any significant changes during the forecast period. This
imifes no major shifts of Tabour to the sectors experfencing seassnal unampioyment;
no technological changes which would reduca seascnal unemployment; and, in the case
of tourism, no davelopment of a year-round tourist industry.

The study region's reliance on the forest industry has been 2 major factor
in the detariorating employment situation experienced during recent years. Sawmilling
is nighly sansitive to changes in lumber prices, which flugtuate considerably, and Is
likely to represent a continuing source of imbalance in the ragion's economy. The .
Tevel of mining activity {n the region is not sensitive to short-term or cyclical
varfations in prices for primary spstals.

Aé:ar:ﬂng to the scenario developed hers, an upswing in both direct and
induced construction employment should accompany mining investments in the Highland
Valley during the late 1970's to early 1980's.

Unemployment Without the Proiect

Unemployment among males is congantrated In the forestry, construction and
transportaticn sectars while unemployment among females is concantrated in salas,
servics and clerical categories. Unempioyment 1s disproporticnately high ameng the
younger nembers aof the labour force. Women lkperienca properticnately higher
unespioyment than males,

Tha leval of future unemployment in the study arsa is c¢losely tied to
demand for the regfon's primary exports, basically forest products, copper, and to a
lessar degree, tourism and recreation. The timing of a rscavery in export markets is
highly uncertain. It is aisc uncertain whether Kamloops has the ability o attract a
significant amount of seconemic activity which is {independent of the axplfeitation of
the region’'s natural resourcass.

It was assumed in the scenario for tha region's future econcmic development
that activity in the forest industry would return to its pre=recession level, but not
increase, and that {nvestment in the copper deposits of the Highland Valley would
procsed during the late 1970's and cantinua through the lata 1380's. The scenario
constructed hers would fmply a significant reductien in the Tevel sf unemployment in
the regicon during the lata 1970's and early 1980°'s.
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C. Construction Labour Supply

Any projections of the future state of the constryction industry are perilous
due to the sector's dinstability. Manpower forecasting and planning technigues for
this sector are onot sophisticated, and subject to uncertainty. Given these
complexities, a general survey of possible future industrial and enginearing projects
in Western Canada, and a broad assessment of factors affecting the future supply/demand
situation regarding construction labour has been undertaken.

Construction employment related to possible future investment projects in
the region, excluding Hat Creek, is estimated at 7600 man-years over the forecast
perfod 1376-1990. Although it 1s expected that a more competitive market for
construction labour would prevail in B.C. during the late 1970's to early 1980's, it
is not anticipated that the projects which would come on stream during that period
would experience difficuTties attracting construction labour.

Community Land Use

Without the proposed project, it {s expected that land uses within a 25 km radius of the project
would remain stable fn the future with forestry and agricultural activities continuing to dominate.

The potential exists, however, for an intensification of agricultural use in this area. Based
upan agricﬁ]t.ura! capabitity ratings, approximately 10 percenmt of the local area has a potential for
intensive development (capability classes 1 through 4, improved rating). These lands are ltocated in the
valleys and benches of the Thompson, Bonaparte and Fraser Rivers, on the plateaus east of Pavilion, and
in the Hat Creek Valley itself, At the present time only about two percent of the area within 25 km of
the project is under cultivation.

Similarly, lands with a high capability for grazing (Grazing Capability Classes 1, 2 and 3) are
located on secondary benches adjacent to the rivers and at lower mountain elevations in the Hat Creek
drainage basin. These lands, which comprise about 50 percent of the 25 km area, are currently in use by
local ranchers., However, it has been estimated that the potantial carrying capacity for grazing in the
area is three times greater than its present carrying capacity. This suggests that in the future the
cattle industry may show further expansion in thase Tands of high grazing capabitities.

The other significant Jland use in the local area which may be subject to change in the future
is mining agtivity. There currently does not appear to be any economic viability to a further expansion
in this sector, however, other than the exploitation of coal rescurces.

Built-up land use areas will probably expand with the natyral growth in population. These
changes are expected to be minor, as the population growth forecast for the local area is comparatively
modest - an average of 42 percent for the periods 1976-1990 for the communities of Ashcroft, Cache Creek,
and Lillooet. Population in the Hat Creek Valley {tself is exﬁected to remafn stabie at 35 individuals.

4 - 27 Part Three



4.5

4.5.3

4.5.4

SOCIO-ECONOMICS - (Cont'd)

Housing

{a} Asheroft

The quantity and type of housing demanded will vary according to the follewing factors: 1.
population increase; 2. ability of prospective consumers to pay for housing; and 3. ljfestyle
prefarencas of prospective consumers.

The estimated d{ncremental population of Ashcroft and Cache Creek to 1990 would be
approximately 970 and 580, respectively. Without the project, it is projected that Clinton's
popuiation wayld be stable until 1981, when 1t s anticipatad that construction would commence on
the Columbia Lime Plant, At that tima, 1t {s eastimated that the population would ingrease by
approximately 315 people, with the population expected to remafn stable until 1990. Lilloocet's
population fs expected to be stahie until 1979, at which tima the Federal Penitentiary Project is
expected te start. At that time, ft s estimated that the populaticn would increase by abaut
500 people. S3ubsequantly, the population is anticipated to remain stable until 1990,

. 8ecausa the majority of the new Ashcroft residents would be associatad with copper mining
in the Highland VYalley, it {s assumed that the average housshold size and income protile of new
families, and the housing mix demanded would be similar to that found in tﬁn V¥illage of Logan Laka.
The housing mix in Logan Lake is outlined as follows:

Percant of Total Estimated Household Size

Single family and dupiex 54 .6
Mobile Homes Fa 3.8
Townhouses 4 3.0
Apartmants 2 2.1
Average 3.26

The housahold sfze estimated for the Incrementail populaticn in Ashéroft is 3.5, 3.5 and
2.1 for singte family and dupiex, mobile homes, and muylti-family units, respectively. These estimatas
apply equally in the case of Cache Creek, Clinton and Lillocet.

Table 4.5-6 provides the astimated number of additional dwelling units required to housa
the expected increased populations fn Ashcroft, Cache Creek, Clinton and Lillcoet. Becausa sf the
stablie nature of the popuiation and the existing housing aix, it is anticipated that of the new
dwelling units required in Clinton and Lillocet, a higher proportion would be singla family dwellings
than fn Ashcroft or Cache Creek.

Servicas

Based on relevant standards and population forecasts for the Hat Creek study area without the

projact, projections of facility, staff, and Tand requirements, operating costs and capital costs are
prasentad for each servica system from 1977-1590. Detailed information regarding tha existing servicas
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and prejected requirements is provided in the Socio~economic Repov“t:.1 A summary of that material is
described beiow for each service system.

(a} Reguiraments for Education Services System Without the Project

(i)

(i1}

Elemantary Education

The graph o¢f elementary student enrollments, Fig. 4.5-], shows the predicted
trends of enrgilment from 1976-1990 for the elementary schools in Asherofy, Cache Creek
and Clinton. In these three communities, enrollment is expected to increase gradually and
the number of classrooms and staff needed will alse increase slightly. Total elementary
student enroliment in the service study area is expected to increase from 1976-1590 by
39 percent. QOver the time period, 1976-1990, the elementary school enrollment of Ashcroft,
Cache Creek and Clinton would increase by 44 percent, 39 percent and 29 percesnt, respec-
tively. Each of the eiementary schools in the study area has sufficient space to
accommodate the increase in elementary students for several years.

Clinton's elementary school should reach 1¢s capacity by the 1981-82 academic
year, two additional c¢lassrooms would be sufficient to handle the reqJirements of the
increasing student populations in Clinton from 1981-1990. Ashcroft's elementary student
population can be accommodated up to the 1985-86 academic year. From 1985-19580, three
extra classrooms will be reguired in Ashcroft.

In order to maintain the present level of teaching quality in the service study
arga it is anticipated that by 1990, seven additional teachers would be required in
Ashcroft and Cache Creek and three in Clinton.

The operating costs of schools in. 8ritish Columbia were approximately $1490 per
student during the 1975-76 academfc year. This cost includes staff saiaries and the cost
of maintenance and services. Based on 1976 dollars, the increase in elementary student

enroliment could result in an increased operating cost of $528,950 in the service study
area by 1990.

Secondary Education

Secondary student enroilment in the sarvice study area s expested to increase
over the next 13 years at z rate similar to the anticipated growth in elementary student
enroliment. These enroliment projections are shown in Fig. 4.5-1. The secondary school
enrollment in Ashcroft from 1976-1990 should increase by 37 percent and the junior secondary
school by 35 percent.

Ashcroft's secondary school presently has space for an axtra 22 students, and is
axpected to be operating at full capacity by 1979-80. Eight additional classrooms would
e required to handle the increase in students from 1980-1990, The junior secondary
schoot in Clinton has room for an extra 121 students and is not expected tp reach its full
rapacity by 1990.
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In Ashgroft, 11 extra staf?f could be necessary betwaen 1377 and 1990. Thres
axtra taachers could be nesded fn Clinton between 1979 and 1990.

The additional sacondary student enrollment up ta 1590 could result in an
increased school operating cost in the study area of $333,760 (in 1976 dollars) on the
basis of the B.C. average cost per student for the 197576 academic year.

Continuing Education

Ouring the past decade, enroilment in this type of eaducation has quadrupled
throughout the province. The continuing aducation courses in the study area have Dbaen
available for only 4 years and do not reflect the provimcial trend yet. As interest in
the courses is fncreasing in the study area, it is axpaected that enrolliments also would
increase in the next Tew years to raflect the B.C. trend.a Changes in the types of coursas
that are in demnd3 reflect a switching from courses in hobbies and crafts, to collage
credit courses and courses providing vocational training.

{b) Reguirements for Health Services Without the Project

1)

Haspital

The Ministry of Health mafintains that an average occupancy of 70 percent is a
suitable rate for a hospital of 33 beds and suggests that Ashcroft and 0fstrict General
Hospital could support 2 patfent-day volume of approximately 9000-10,000 c.tays."h

In broject'lng the hospital requiremants in the searvice study area to 1950, the
1976 hospital oaczupancy ratg of 46.2 percant was assumed to remain constant over the
l4~ywar period. Based on the standard of 4.25 hospital beds par 1000 population, the
Asheroft hospital should be abla to accommcdate the fncreased population to 1990.

Additional staff would be necassary aover the next 14 years to handle any increasa
in admissions. Assuming the present occupancy rate and the axisting ratioc of staff to
patients remain constant gver the ld-year pericd, the following staff could be required at
the Ashcroft hospital:

1978 1 %o 5 additional staff
1981 1 to 3 additional staff
1985 1 to 3 additionai staff
1987 1 to 3 additional staff
1990 1 to 3 additional staff
Possible Total: § to 17 additional staff

The 1976 hospital budget included an approvad cperatien cost ef $932,509.
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Medical

Based on the 1975 popuilation of 5280, there is a ratio of one general practitioner
for 1320 popultation in the sarvice study area. Assuming that this standard is maintained,
it is anticipated that one additional physician woula be required in the service study
area over the next 14 years.

Denta)l

Based on the standard of cne dentist for 2500 population in rural areas in B.C.
there is an immediate need for two dantists in the service study area which would meet the
needs of the population increase up to 1990. The capital cost of setting up a facility
for one dentist is $40,000-$45,000 for a renta) office and $65,000-570,000 in a facility
built by the College of Dental Surgeons. The operating costs associated with that office
would be $70,000-$80,000 annually,

Publiic Health

The Public Hezlth Branch of the Ministry of Health recommends that ane additional
public health nurse is presently needed in the Ashcroft Public Health office.5 There are
plans to add this extra nurse in 1977, Also, it is felt that a2 minimum of one home care
nursé s needed to provide home care services in Clinton. When these twn nurses are added
to the Ashcroft office, the staffing shouid be adequate to meet the needs of the increased
population to 1990.

Mental Health

There {s an immediate need in the study area for mental health services. The
Mental Health Branch of the Ministry of Health suggests that services be initiated in the
study area by locating one mental health worker there who woulid be attached administratively
to the Kamloops Mental Health Cantre. This mental health worker would require one part-
time clerical staff and 2% m2 of office space. The operating costs woulc be approximately
§26,000/yr.

Ambulance

The level of ambulance service required in the study area will depend on
demonstrated need. One acditional fuli-time employse is presently needed to operate the
second ambulance located in Asheroft. One additional ambulance and one full-time employee
should be necessary by 1987 in Ashcroft and Cache Creek.

The operating costs for the ambulances in Ashcroft and Cache Creek could be

$30,000-%45,000/yr. The operating costs for the Clinton detachment ¢ould vary from
$4000-$8000/yr.
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(e)

{d)

(e)

¢

Reguirements for Recreation Sarvicas System

<

Commynitias in the study area are Tacking in recreation facilities and the existing ones
are being used at close to capacity. Each communily surveved axpressad the need for additional
recrsational facilities.

Population fn the study area {s expectad to incrsasa by approximataly one=third over the
next 14 years. Upgrading of existing recresation facilities would assist in mesting the nesds of
this population growth. The community halls in Asheroft and Clinton, and the swimming peol in
Ashcroft need special attantian, as suggestad by representatives in the study area.

In addition to the upgrading of aexisting facilities, the communities in tha study area
already have reached a size where a desand has been exprassad Tor other recreational resources. The
increased population in future years would put further prassure on this demand,

Although recrsation facilities are provided within village boundaries, rural residents
alsc make use of thess sarvices. In tha study area, the rural population wantad the use of curling
and bowling facilities and resources for children.

Given the constraint of covering operating costs and the range of respansa that were
received in the survey, it 1is possible that the future needs of the study area residents could be
et by a multipurposs recreation complex that could be used and costs shared jaintly by Ashcroft,
Cache Creek and Clinton.

Reguirements for Social Services System

The Ministry of Human Rasourcss' Tsquirements are determined by caseloads. Becausa caseload
standards are not available, the average population per Human Rasources worker for B8.C. regions,
excluding the Lower Mainland, was applied in calculating requirements for the sarvice study area,
Given the population projections, no additional staff or facil{tias would be necessary to 1590.

Recquirements for Cultural Servicas System

As the population grows, the demand for cultural activitias and all forms of antartainment
tand to fncrezse. Howevar, there is sufficient spacs fn axisting fracilities in Asheroft, Cache
Creek and Clinton to accomsodate a few additional activities organized by thosa communities.

Projections of library servicas in Ashcroft, Cache Creek and Clinton based on the standards
of the B.C. Library Development Commission, indicata that the existing facilities and staff of the
three libraries would be adequate to 19%0.

Requirsments for Other Services Systea

The existing corrections staff would be sufficient ts handle any ingreasas in the population
in the service study area over the next 14 years. One sheriff 15 needed presently to provide sheriff
sarvicas for the arsa, Tncluding Lytteon and Lillooet, as well as Ashcroft and Clinton, Qther
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Roads

A. Proposed Intersection Improvements

The 1962 Ministry of Highways improvement plan basically involves providing
four travelling lanes on both sections of tne Trans Canada Highway and the Cariboo
Highway. As of December 1977, the Ministry of Highways has no firm schedule to
undertake the four laning improvements within Cache Creek. The Ministry of Highways
has indicated that these improvements would be required regardless of the extent and
timing of population increases in Cache Creek and Ashcroft.

B. Local Roads

Local roads are generally considered to be adequate to accommodate
anticipated population increases without the project.

Storm Drainage

No major trunk storm sewerage facilities are required in view of the generai
accessibility of natural drainage features,

Water and Sanitary Sewage System

It is expected that no major improvements would be required to adequately handle
the population increments anticipated without the Hat Creek Project.

Roads

i t—

Roads have adegquate capacity for the existing population and projected increases
to 1890.

Storm Drainage

No major trunk storm drainage facilfties are required in view of the general
accessibility of natural drainage features.

Regional Infrastructure

(1)

Prejection of Traffic Volumes

The Coquihalla Highway will provide an alternative route through the Interior,
connecting Hope to Highway No. 5 in the Merritt area, via the Coguiha'la Pass, and the
Coldstream valley. The propesed route should be in operation by the mid~1980s, actording
to current plans.
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Community and Regional Infrastructure

{a) Ashcroft

&)

(1

(1)

(ii1)

Water Systam

The following Jmprovements ars raquired %o adequately sarvica the existing
population, as well as the incremental population anticipatad 2o 1990 without the Hat
Creak Project: 1. a new watar intake; and 2. distribution systam Iin North Ashcroft,
reconstruction of Elm Streat booster station and supply main improvements.

Santtary Sewage System

Once current fmprovements are completed, additional i{mprovements would be requirad
t0 accommaodata the prajected population increases to 1994.

Roads

Major expenditurss on upgrading would not be required to iccommodate projfected
population increases %a 1990.

Cache Creek

LD

(i

(1it)

Water System

.If 1 policy was adopted to limit furthar development in East Cache Creek and to
direct new dsvelopment into the saveral vacant aresas where adequata capacity exists for
complete infilling, thers would be no need for upgrading of the existing water system
components. The existing {nadequacies in available fire flows in the east saction would
resafn uncorrectad.

Sanitary Sewage System

Given a treatment plant with a rated capacity to sarve a population of 5000, and

.trunk mafn facilities with adequata capacity, improvemeants would not be required to

accommodata population projections to 1990,

Solid Waste Disposal

- The site has ample capacity to accommodata the needs of both communities in the
forssesable futurs.
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1. Each category of expenditures included operating and maintenance costs, capital (debt retirement)
and purchase of capital items from general revenue.

2. A1l astimates are expressed in constant 1977 dollars.

3. It is assumed that sewer, water and garbage services are totally self-sustaining and therefore
are excluded from the projection of expenditures.

4, It is assumed that there will be no contributions to a reserve fund.

5. It is predicted that costs will generally rise approximately in proportion with the projected
incrsases in population.

The revenue which must be generated by property taxes is determined by taking the difference
between projected expenditures and projected revenues from nonproperty tax sources.

The sections to follow provide budgetary and fiscal related information for the municipali-
ties of Ashcrott, Cache Lreek, Clinton and Lillooet.

Projected Expenditures and Revenues

Table 4.5-8 provides the projected expenditures and revenues for the municipalities of
Ashcroft, Clinton and Cache Creek. These estimates, based on the projecting approach outlined in
the previgus section, reflect population growt'hs in these three communities.

Assessment and Property Tax Rates

On the basis of restricted value assessments (as opposed to using current actual values in
the determination of individual ‘assussed values), it is projected that assessed values would increase
in direct proportion to Ashcroft's population., The property tax rates (miil rates) required to
gensarate the necessary revenue requirements are presented in Table 4.5-8.

For Cache Creek, the proportion of total values represented by commercial values in 1976
s disproportionately high. This preportion is expected te decline as additional residential
development takes place. It has therefore heen assumed in projecting assessments that the residential
component would increase proportionately with popuiation. It has alse been assumed that the
commercial component would increase somewhat slowar, although a sizable shopping center is planned
for the community. The projected assessments and mi11 rates for Cache Creek are found in
Table 4.%5-8. .

Table 4.5-8 also contains the projected property assessments and tax rates for (liaton.
Assuming that Clintoen does not undertake any major capital works projects, it is expected that tax
rates would be maintained at a Tow level.
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The Ministry of Highways estimates that without the Coquihalla Highway, summer
traffic volumes at tha <China-far Tupnal on Highway No. 1 would increase from
8500 vehicles/day in 13976 to 13 300 in 1986. An extrapelatien of this projection to 1951
results in an estimatad volume of 15 700 vehicles/day during that year. Summer traffic
volumes just south of Ashcroft averags about 90 percent of the levels at China Bar. The
Ministry estimatas that 1986 volumes on Highway No. 1 with the Coquihalla Highway would
approximate lavels experiencad during 1974».8 Table 4.5=7 anntains thess projections.

The projections for Highway No. 97 refer to a point immediataly north and south
of the junction with Highway No. 12. The summer average daily traffic flow at this paoint
fs projected to increase from 6700 to 11 500 venhicles/day betwaen 1976 and 1991.

Sunmer traffic volumes on Highway No. 12, recorded near Pavilien, ars small,
averaging about 400 vehicles/day. An extrapolation of historical trends over time indicates
an increase to about 550 vehicles/day by 1986 and 600 vehicles by 1991.

Tratfic flows rscorded intermittently at the Carquile Junction with Highway
No. 97 indicats that the volume of traffic at that point on Highway No. 12 is about
50 percant higher than at the point south of Pavilion. It can ba expected that traffic
volumes wast of the Hat Creek Junction would continue to axcaed volumes near Pavilion by
about 300 vehiclas/day (i.e. 2 total volume of 900 vehicles/day).

Utility Profections

A, 8.C. Hydre

No problems are forsseen in providing ealectrical supply to Asheraft, Cache
Cresk or Lillooet.

8. 8.C. Teleohane

No problems ars foresesn in providing the reguired additional telephone
servica in sach of the four municipalities.

C. Inland Natural Gas

In each of the thres communities of Ashcroft, Cache Creek and Clinton, no
problems are foreseen in providing expandad sarvice.

Local and Regional Goverrment

(2) Introduction

In projecting expenditures, the following approach was usad:

4 - 38 Part Three



4.5

4.5.7

(i)

(iid)

(v}

Lillocet

SOCIO-ECONOMICS - (Cont'd)

With provingial government assistance, total annual costs are expected to
be reduced to approximataly $95,000. Total costs per capita would not be significantly
higher than present costs and as such, rates would not be altered significantly.
Without government assistance, ft is estimated that user rates would have %0 be
increased by approximately 30 percent to 2 level of approximately $120/yr per user,

Cache Creek

With respect to sewer sarvices, it is anticipated that the existing annual rates
of approximately $120 per residential lot would be adequate for the forecast period.
Existing water facilities would generally be adequate to accommodate projected population
increases to 1990. The exisint water rates of approximately $185/yr for an average
residential lot are relatively high. No further increases are expected in the near
future.

Clinton
A, Sewar

The existing sanitary sewer system is generally adequate, with only minor
extansions required to accommodate an increase in population to 1120. It {s therefore
anticipated that the existing annual rates of approximately $75 per residentfal lot
would not have to be Tncreased significantly in the forecast period.

B. Water

Based on the need for upgrading of the water system (alternate groundwater
sources, upgrading mains for fire flow), the village has projected that capital
expenditures of approximately $110,000 would be required (equivalent to approximately
$12,000/yr. Under the Watar Facilities Assistance Programme, the village would be
aligible for an annual grant of approximately $9000. Resultant costs to the viilage
would therefore be approximately $31,000. In 1976, projected revenues were 521,000.
As such, existing rates of approximataly $50 per residential lot would have to be
increased significantly to approximately $75-$80 per lot. The resultant rates would
sti1] be relatively low compared with rates in Lache Creek and Ashcroft.

Although existing water and sewer rates are relatively low, (water - approximately
$77/yr for an average residential 1ot and sewer - approximately $50/yr), it is anticipated
that rates would have to be increased to finance the improvements required to both systems.

Social Environment

The study area would undergo steady but slow economis growth from the present time until 1990,

if the anticipated industrial development projects occur and the Hat {reek Project does not proceed. New
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(d) Watar and Sewar Sarvices
(i} Asheraft

A.  Sawer

The fn‘l'im;'lng is an analysis of projected costs for the upgrading of the
sewar system, shewing costs to the village with and without the existing assistancs
available from the federal and provincial goverrments.

1. Capital Costs
- New Works
- Existing Facilities

2. Oparating, Maintesnance plus
Contingencias

TOTAL

Estimated Annual {osts

$141,200
24,700
$165,900
54,000 54,000
$219,500

Without any assistance, therefors, the annual ¢ast to the village would be

approximately $220,000.

With assistance

under existing provingial and federal

programmes, howaver, the annual cost %o the village -is reduced to approximataly
$100,000., In order to raise this amount, it is anticipated that the fallowing rate

structure would be imposed:

. 1. Sewer utility rate - $5.00/mo ¢r $72.00/yr.

2. Frontage tax - $2.80 per front metrs.

Assuming an average lot frontage of 20 m, total annual sewerage costs would

be approxinataly $130/yr per user.

B. \Watar

The estimated capital cost of improvesents required to accommodate popuiation
increasss in Ashcroft to 1990 {s $280,000, which is equivalent to a debt retirement

. payasent of approximataly $30,000/yr.

Assuaing this work is undertaken in 1980,

annual costs after that date are estimated as follows:

I1tam

Capital - Jabt Retirement
Operating and Maintenance

-

TATAL

4 - 38

Estimated Annual Expenditures

$ 52,000
85,000

$127,000
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Most communities in the study area would have only minor probiems meeting their housing, land
and physical infrastructure requirements up to 1990. The adequate provision, location and choice of
housing and land would be a major fagtcr in attracting and retaining residents. This, as much as any
other factor, would contribute to the guality of 1ife of the residents and the communities in the study
area. If the communities wish to take advanmtage of the situation, steady growth would allow for careful
planning to meat community needs.

The valley may return to a state reminiscent of its rural, agricultural past and the residents
would be able to continue with their 1ifestyle. Members of the remaining valley families who have
expressed interest in living in the valley may not make that commitment under the circumstances. The
grazing and agricultural potential of the valley may be increased if further irrigation is developed,
benefiting both the study area and the region, However, plans for the development of the coal deposits
by B.C. Hydro would continue to be a factor in the valley residents’ plans and, therefore, may affect the
implementation of any expansions or improvements they might contemplate.

Issues, however, may arise should the Hat Creek Project not proceed. The social envirenment of
the Hat Creek Valley has been altered ‘by the exploration, bulk sampling and environmental study phases of
the Hat Creek Project. Also, B.C. Hydro has major land holdings in the valley and some residents have
relocated. The expectations of many residents have been raised in anticipation of the project. Actions
already have been taken assuming approval of the Hat Creek Project. If the project does not proceed,
these communities and residents would be directly affected.

Native Indian Studies

(a) Demographic Characteristics

The rate of growth for on-Reserve populations would be strongly affected by the perceived
relative attractiveness of 1ife on and off the Reserve. Ap improvement in the levels of Indian
employment in the study area, withcut the Hat Creek Project, would serve to reduce the pressure an
Reserve residents to move away in order to obtain employment. The increased financial stability
that employment would bring residents {is 1fkely to be reflected in a general improvement of the
socio-economic environment of the Feserves and, therefore, would probably further serve to negate
some of the pressures that have been found to cause Indians to leave their Reserves.

It is forecast, therefore, that the percentage of.Band members leaving the Reserves in the
study area would stabilize over the study period. Since the total Band population would increase,
the on-Reserve population would alsc increase. This growth can be expected to be in the order of
110-140 persons to the year 1990,

(b) Labour Force and Employment

Steady economic expansion is being predicted im the tocal area, largely on the basis of
expected mineral-related developments in the Highland Valley. These developments are likely to
generate in the order of 2500 permanent direct, indirect and induced opportunities in the area over
the next 15 years, as well as a large number of short-term construction jobs. Natural turnover in
the present economy of the study area in itseif generates a significant number of job opportunities.
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mining operations are anticipated in the Highiand Vallay and Clinton might be the location of a lime and
cement plant. Planning is underway for 1 new fedaral penitentiary in Lillocet. It is projectad that
nearly two-thirds of the incoming popuiatign would Tocata in Ashcroft and Cache Creek with relatively
small grewth in the remaining areas. The communities may not 1ikely ba able to absorb the increased
popuiation without community disruptiens. Regardless, a decision not to build the Hat Cresek Project
would resuit in some socfal impacts on the study area espacially in Cache Creek, Ashcraft and the Hat
Creek Valley as discussed beiow.

While there is an immediata need for some sarvices, irrespective of the amount of growth in the
study area, other sarvicss would be able to accommodate the expected population until 1990. As the
availabitity of services is an important part af the gquality of life in any community, the projectad
servics needs should be met {f the study area communities pian to develop as stable, cohesive entitfes.
This would be especiaily important if the Hat Cresk Project does not go ahead because of the exfsting
expectations of the residents that action would occur. Some communities 1ike Cache Creek would nesd to
work hard in order to keep the existing residents and attract newcomers.

If the project does not proceed, and the anticipated population growth generated from the other
projects {is.realized, several positiva attributas of the community may be enhancad. Tha first character
tstic is the small rural nature of the communities. With a slew but staady growth rats until 1990, the
compunities most 1ikely would be abla to absorb this growth with faw problems. This would allow the
ratantion of the small town, friendly atmosphers which so many residants indfcatad was 2 major attribute
of the community., The communities should continue to kaep thair family orfantation which many residents
said was a desirable satting for raising their children. A steady population growth would allow thess
charactaristics to remain as they are now, or, perhaps, be enhanced. '

Another desirable attribute of the area is the existing natural environment, offering access to
the out-of-doors and assocfated recreational amenities. With a steady, but relatively. small popu]ai‘.ion
{ncreasa, the recrsational amenitias of the area would not be aver~utilized. The anvironmental
deterioration feared by some residents, from the development of a large industry, would not occur, and,
therefors, the environmental quality of the region may not be appreciably affected. Baecausa of this
environmental quality the area would ratain and possibly continue to draw new residents.

As the steady population growth primarily would be related to mining, the incoming residents
probably would have similar demographic characteristics to the existing residents, especially in Ashcroft.
Because of this, and the relative stability of the axisting communities, it 1s anticipated that the level
of social probiems in the communities would sae 1ittTe change, possibly increasing at a rate proportionats
to the population incresase. The existing problems related to alcohol and juvenile activities can e

"reduced {f the propar servicas are provided, as discussed previously.

As noted in the Resident Survey, while aany people in the study area favoured large increasas
in the population, an aven greater number indicated steady growth as being desirable. The relatively
steady growth situation which would develop without the project weuld allow the communities to support a
stable economic base and thus reflects a dasirable growth profile. Wwhile Asheroft would probably continue
to see some turnover fn the aminfng industry, the populatfon grewth aver the Tonger time pariod may allow
further intagration of the existing and new residents into the community. Clinton, potentially affected
by the development of the iime and cement plant, would see its population stabiliie with some growth
eccurring, which, however, would only take up the existing surplus servica capacity.
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The 1971 survey indicated the need for 1042 new houses, suggesting that the situation is
deteriorating. The B.C. Socio-economic Development Commission, in its 1977 r-epc:r-t.,}"'L
concluded that old housing, new family formations and perhaps rising expectations, are
creating a heavy demand for new units.

Impraved housing standards on Reserves would probably be achieved only as a result of
improving the employment/credit capability of on-Reserve residents, or by extending the amount of
funds available for on-Reserve construction. There are indications that both of these things would
happen to some extent in the future. The previous sections on employment and population suggested
that the socio-economic status of Indians in the study area would improve in the future and it is
understood that the Central Mortgage and Housing Corporation (CMHC) is considering extending the
range of on~Reserve programmes,

Natural Resource Utilization

(i) Fisheries

There is some evidence that the Indian catch per capita has been growing in
recent years, but the data on which this trend is observed are questionab‘le.lz It is
maintained that Indian salmon consumption per capita would remain fairly stable through
the projection period, but that overall consumption would increase commensurate with
population growth. The real value of the consumption is expected to increase in Tine with
the historical relationship of fish prices to the general level of prices in the economy.
Trout fishing by Indian people in the lakes and streams of the study area is likely to
increase in the future provided that stocks are maintained to sustain incresased fishing
effort. )

(i) Wildlife

Without a major change in the general profitability of trapping, it is gonsidered
doubtful that this activity would engage a significant number of Indian people in the
future,

Hunting in the hills and meadows of the study area is reportedly a popular
activity among Indian males. The current kill by Indians fs estimated at about 15-30
mule deer annua'l'ly.9 Given the priority hunting rights of Indians, it is considered
unlikely that their average kill would decline significantly. On the other hand, without
substantial game management inputs, it is uniikely that the resource would expand. The
expected result, therefore, is that the kill per Indian hunter would likely decline over
time.

IGRRD) Vegetation

Because the nature or extent of current use is not known it is not possible to
make any reascnable judgement as to their future use.
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There are currently some 70 Indian members of the labour force not regularly empioyed, and
on the order of 100 people would need to be accommodated in the labeur force over the next
10-15 years. It would seem reasonable, therafore, that many of thesa could ba employed over that
period if the numergus barrfers to [ndfan employment can be overcome. [t is the detailed environ
mental consultant's judgement that the next 15 years will sae a substantial decrsasa in these
barrisrs and a carrespending incraase in the level of Indian employment in the study area.

Income

A quantitative projection of Indian income without the Hat Creek Project cannot be
confidently developed. Howaver, it is Tlkely that income Jevels ameng Band members would rise in
real tarms {f involvement in the wage econocmy takaes place.

Education, Health and Housing

(1) Education .

The without project foracasts of studemt population and facility expansicns,
developed for the overall Hat Cresk socie-economic studies, are not expectad to signifi-
cantly aiter or influence the trends in local Indian education. The fn-coming poputation
will be mestly non-Indfan. Howaver adversa effects on racial harmony and, consequently,
Indian educational achievements, will be mainiy a factar of the attitude of the local
Indfan pecple thmﬂvts.s ' ‘

(it} Health

Without the Hat Creek Project, ft 1s aexpected that population and economic
growth in the study area would ihcrease stsadily over the next decade. The future health
standards of the Indian paople might be expectad to reasonably correlats with their economic
and social welfarse.

The Hat Crask socio-economic study indicates that as long as staff fncreases are
comnensurate with populatfon growth, there should be no significant capacity problems
among the arsa's health servicas that amight c¢resate particular concerns for tha Indfan
people. The major community daficiencies identi{fied ralates to dental #nd menta} health
facilities. Health sarvices would be improved for both Indian and non-Indian people in
the Jocal area to the extent that population growth ancourages the provision of these
facilities.

(i1i) Housing

It s difficult to predigt the extent to which heusing condftiens on the Resarves
within the study area would improve in tha futyre. [nadequate houiing is of primary
concern to Indian groups and government, The 1973 Biemnial Housing Survey carried out by
the Department of Indian Affairs showed that of the 5124 homas on Resarves in British
Columbia, 1042 ware in need of major repair, with an additional 2468 new houses needed. 10
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outdoor experience may find no diminution even if the number of wildlife taken is5 reduced. Others

may range farther afield, penetrating into areas more remote from present activity locations.

Forecasty

H

(i1)

Population Growth

An indication of potential recreation demand, particularly in Areas A, B and C,
{refer to Fig. 2.5-1, Chapter 2.0}, is the forecasted population growth in nearby
communities. Population forecasts without the project have been prepared for nearby
communities. For the Hat C(reek Valley itself, it has been forecasted that population
would remain constant at 35 individuals. Growth forecast for nearty communities fs
comparatively modest, rising about 33 pearcent over the period from 1976 to 1290. Growth
in unincorporated areas was determined to be zers due to annexation of new growth areas by
Yecal communities.

Future Recreational Activity Growth

Recreational pressure on the Hat Creek Valley in the future, as it is today,
would be brought about by two groups: those who live nearby and can visit the area and
return home within a day; and those who are visftors, staying at nearby public or private
facilities. While there are differences by type of activity, total recrgation in the
valley 'is estimated at present to be approximately 49 percent non-local and 51 percent
Tocal.

In future years these ratios may change, as could the total number of recreation
sctivity days. The changes could depend on many facters among which are the growth in
population of both participant groups, recreation activity participation rates, increased
per capita and housshold income, access, the availability of facilitie; and their ceost,

and the avaflability of new or substituta recreation areas to accommodate crowding at
existing areas, as well as increased total demand.

Reviewing the available data for past years on highway volumes, private accom=
modation upits, Parks Branch site numbers and use, growth in fishing licenses and other
inferential information, the conclusion drawn is that future growth in racreation pressure
on the Hat Creek Valley would be more a result of growth in the population of the Lower
Mainland and elsewhere than increases in the local area ftself. The evidence points to
very large numbers of non-local residents on the major highways, the majority of whom are
on social-recreational trips (with increasing numbers bringing their accommodation with
them). Growth in highway volumes in the past decade, even on major highways, has occurred
at twice the rate forecast for local population growth. For local highways, including
Highway 12 which provides access to the Hat Crsek Valley, increases have been higher,
ranging over 100 percent. Local attendance records show that a majorfty of usars of local
recreational facilities are from the Lower Mainland, thus it is reasonable to assume that
recreational growth would rise accordingly and that Jocal pressures could form a diminishing
proportion of the total.
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{iv) Agriculture

Agricultural potantial has baen indicated for Rasarves No. 1, No. 2 and No. 3.]’3
It {s suggasted that some agricultyral development would take place on the Reserves during
the next 15 years. Although the citad report suggests a potantial irrigable area of
325 ha on the three Bonaparte Reserves, in soil capability terms the economic potential s
1ikely not that high. Tha lands "are broken into many parcais, some of which are too
small for large-scale mechanized agricnlture".u

It is suggested in the Agriculture Repart that thers is unlikely to be any major
economic incantive to expand agricuitural output in the area during the foresasabla
futun-m Even so, it 1is considersd Ifkely that there wouid be some limitad ranching
deveicpeent on the Bonaparts Raserve before 1990. If this involved 25 percent of the
irrigable land on Resarve No. 1 and No. 2, this might comprisea about 33 ha of irrigated
land and would 11kely require addftional grazing Tand to that available on the Reserves.u'

(v) Water Rssgurcss

. In addition to irrigation demands, water would be utilized for domestic purpeses.
Reserve populations have bDeen projected to approximate 475 persons by 1990. Assuming no
major change in per capita water requirements, total usa would be in the order of 30 nafd.
It is not possible to detarmine whathar this demand would require additional water licenses
or whather it would ba aet by an {ncrease in groundwater withdrawals,

Recreation

{(a) General Projections .

Regardless of whethar the Hat Cresk Project proceeds or not, there are saveral overriding
fssues that could {mpact recreation in 8ritish Columbia, the Hat Creek Valley and surrounding areas.
First {s the future growth in the provincial population. There is no reason to anticipate any
lavaling or decline in the number of provincial residents in future years, nor can fncoms levels be
axpected to drop. Tourisa would continue to be promoted and the number of visitsrs from other areas
would, it fs hoped, increass, further bBolstering the pravincial aconomy. Technology would continue
to make mobility easier and the potential for more people to penetrate areas hitherto difficult for
accass would probably rise. AlT-terrain vehicles, trall bikes, snownobiles and other recreation
equipsent together with extended leisure time would combine to {ncrease pressurs on outdeor
recreational resources. In response, goverment would have little choiga but to continue to limit
fishing catches, set hunting bag limits, and raduce pressures on important habjtat areas. None of
thase staps are new. They would 1ikely become more important in future years if the natural resources
of the province ars ty remain productive. The conséquencu of thesa forces on recreation can be
two=fold; the number of recrsationists may risa but the recreation experience may decline - Tess
fish per fisharman, fewer deer per huntar, more pecple per hectars of beach; or the types and patterns
of rscreatfon may change - new activities may substituta for current activities when the rewards
become unsatisfactory for the effort expended. Tuls may affect consumptive recreation activities
most strangly. In contrast, those hunters or fishermen who are more iatent on simply seeking an
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to use. If and when such an event would ocgur is unknown, dependant as it is on goverment
policy. However the opportunity to reduce pressure at Marble Canyon while at the same
time enhancing recreation at Pavilion Lake would appear to be a reasonabie course of
action.

It 1is assumed therefore that public access at Pavilion Lake would be improved
and activity levels would rise in propoertion to increases in highway volumes commencing
within the next decade. Jvernight use at Marble Canyon Park would remain constant, but
day use fs assumed to rise in proporticn to increases in highway volumes,

Without evidence to the contrary there 1is no reason to assume that the
distribution of activities within the valley by type and location would vary from the
distribution estimated at present. The dominant single activity would consist of back
road travel followed by hunting and angling. Reduced consumptive success rates per hunter
and fisherman can be assumed if no increase in the resource occurs. Whether this would
result in 3 decrease in total activity days is unknown. However, it may be reascnable to
assume that sportsmen would be satisfied with lower yields per unit effort or would seek
game alsewhere. As the bulk of hunters and fishermen are from British Columbia, pressure
would 1ikely increase equaily with population province-wide. Improved access to the north
may ture hunters to new areas, however, the degree to which this would affect local hunting
pressuyre is unknown.

Growth in Recreational Activity by Local Area Residents

Activity day data for residents of Hat Creek, Ashcroft and Cache Creek show that
an estimated 104 356 activity days occurred in 1876-77. Almost one-third of these activity
days was spent angling, approximately 30 percent in back recad travel, cver 15 percent in
"other" activities, slightly less than 15 percent in "lake and shore" activities and
7.6 parcent in hunting. About 14 percent of all Jocal recreation takes place in the Hat

Creek Valley, and at Pavilion Lake and Marble Canyon. Another major location 1is the
Clinton-Loon Lake area, accounting for about 22 percent of all activities, and the Ashcroft
area, which accounts for about 18 percent.

In general, local recreationists show a strong proclivity to partake in activities
at sites close to home. For both Clinton residents and Cache Creek-Ashcroft residents,

about one-half of all activity days take place within 20 to 30 km of home.

Future Local Recreation Activity Days

There are some data on increases in recreation participation rates for both
Canada and British Coljumbia but none at all for local area residents or for workers at
mines and powerpiants. It is probable that rates would rise but how rapidiy is difficult
to determine. Inferential evidence of peossible future growth rates can be gleaned from
other sources. Fishing licenses for B.C. residents, for example, rose about 54 percent in
the past 9 years. Hunting licenses showed an erratic pattern with no pronounced upward
trend. Data on park attendance were similarly erratic with an upward trend in attengance
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The government has encouraged this growth and continues to do so. Tourism s
important to the aconomy of British Columbia as 1t is to the communities of Cache (reek,
Ashcroft, Clinten and Lillooet, all of which endeaver to attract visitors to their areas.
Tourists or visitors are rscreationists, either active or passive.

Future Activity Lavels

The foracast for growth fn recreational activities in the Hat Creex Vallay
without the Hat Cresk Project is basad on saveral assumptions. First, and most decisive
is parsistanca of the existing agricultural land use patiern. Agriculture is the dominant
activity in the valley floor, amuch of the land is irrigated and the potential exists for
expanding frrigation %o fyrther arsas. Oseded, leased and permit lands are all used for
hay growing and grazing and there is no reason to assume this pattarn would not persist.
Furthar strengthening the case for continuation of the agricultural pattern is the
designatfon of much of the area as agricultural land, indicating government policy to
continue and strengthen the existing land use patterns.

Further support for the assumption of no major change in Tand use pattarn i{s the
absence of any existing recreational facilities or proposals Tor new ones (except Tor
proposals to install primitive facilities at Blue Earth Lake by the Forest Service).
There are no major watar bodies fn the valley to atiract development and access s
comparatively poor. In addftfon, Canada Land Inventory intarpretations, while pointing %o
several areas of comparatively low recreational potential, indicata the area has geod
potantial for agriculturs (for which it 1s already used). In addition, areas fin the
valley denotad as ncreatfonal_nscurcns appear to have poor potential for development.
These assumptions do not imply there will be no growth in recreational activity in the
valley. There is no reason to believe, however, that existing pattarns will. change
dramatically. It Is assumed thersfore that recreational activities will grow in some
relation to increasas in population (local and non-Tocal) and general visitor tourist
activity.

Foar the non-project case ft f1s assumed for the Hat Creek Vailey that future
activity day Tevels would rise at different rates for resident and nen-resident recreation-
ists. Growth in resident activity days is assumed ta rise at the same rate as the
forscastad increass in the populatifon of Cache Creek and Ashcroft (rasidents of thesa
communities are the dominant sourca of local recreationsists found in the vallsy). However,
an fncrease in participation rate of only 5 percent per year is anticipatsd. Non-local
growth s assumed to rise In proportisn to highway volume increases on Highway 12 in the
vicinity of Highway 97, which have been astimated as 100 percent per decade.

Growth at Marble Canyon and at Pavilion Lake are not assumed to fncrease at the
samq rats as the Hat Creek Vailey. Marble Canyon campground is airsady overused and
sxpansion of the sits is difficult if not {mpossible. A mors probable answer to futurs
growth 1s to creata a pubiic facility at Pavilion Lake which is large and capable of
aceommodating more fishing pressure. To creats public access would rsgquire acquisition of
private lands, as recreation reserves along the lake have been evaluatad and are impracticail
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it is expected that without the project, increases in traffic volume would result in increases in the
ambient noise Tevel by about 1.5 d8 {A) and 2.5 dB (A) by 1986 and 1991, respectively. Therefore, it is
expected that the future increase in the ambient noise at residences along Highway 12 without the Hat
Creei Project would be negligible.

Without the project, the maximum increase in traffic noise Tevels along Highway 1 and 97 is
expected to be about 3 dB (A) and 2.5 dB (A), respectively by 1991, providing the Cogquihalla Highway is
pot built. If the Coquihalla Highway is completed by the mid-1980s, it would be until about 2005 before
the traffic no‘se along Highway 1 around Cache Creek increased by 3 d8 (A) above presant levals,

Increases in Railway Traffic

Train noise from both the Canadian National (CNR) and Canadian Pacific Railway (CPR) mainlines
is the basis for the ambient noise levels at the location of the makeup water intake and riverside pumping
station, which are just north of Ashcroft.

Based on current CPR predictions of rail traffic growth through Ashcroft, it is expected that
it will take 25 years for the train traffic volume to double and hence cause an increase of 3 dB (A)

above the present ambient levels.

Population Changes

where no dominant sources of roise such as highways, railroads or factories are present, the
ambient noise level can be estimated on the basis of population density. Such noise lavels increase
steadily with increases in community population density. The three major areas where existing human
populations weuld be exposed to noise from the Hat Creek Prcject (i.e. the Bonaparte Indian Reserve 1,
the Hat Creek Valley and the residences near the confluence of the Bonaparte and Thompson rivers), are
not expected to see signfificant increases in population density.l Therefore, no significant increases in
the existing ambient noise levels are expected in the foresseable future.

Changes in Land Use

Without the project, no significant changes of land use patterns are expected in the Hat Creek
Valley or on the Bonaparte Indian Reserve 1. Ais0, no significant land use changes are expected in the
Trachyte Hills surrounding the plant site or around the proposed site for the makeup water intake at
Ashcrof;. Consequently, no significant changes in the existing ambient noise levels are expected in the
future. .
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notad in rescant years, Howavar, growth fn park facilitiss such as campsites and picnic
tables in the region was substantial, with fncreases ranging close ta 200 percent in the
past decade. Highway volume increases in the viginity of tha project area have risan
batwean 70 percent and 200 percant in the past 10 years. Growth in accommodation units
has also shown a mixed pattarn but growth has been strongly upward, particularly from 1965
to 1975 in Area C-2, which lies class to the project sita (sas Fig. 2.5-1, Chapter 2.0).

Using these increases %0 infer commensurate rises in recreation activity levels
fnvolves a degres of judgment. Although the aevidenca pofnts %o increases in recreation
activity %o which risas in traffic volumes, recreaticnal facilities and Ticansas are
responding, there is na direct tie batween the factors. To ignore past incrsases as not
being indfcative of fuyture recreation growth would however be unduly pessimistic. [t is
assumed thersfore that fnereases in activity ratas waould rise betwesn SO parcant and
100 percent par decads in future years basedon growth in recreaticn related facilities and
licenses. In appiyfng the increasa Tocally, an assumad 5 percent annual rise n activity
rate is forecast for the 1ocal study area population.

There 1s no clear-cut evidence to Infer that the futurs distribution of recrsation
days wouild differ sarkedly from thase occurring at prasant. Loccal recrsation patterns are
strongly oriented o sitas welil within the 100 km study boundary with Areas C-2, C-3,
0-2 and 0-3 strongly favoursd. Oniy 2.9 percant of total activity days takes placa beyond
Kamlgops, north of 100 Mile Housa or south of Lytton and Marritt,

Aesthetic Consideraticns

It is spparent from the precading sections that:

1. Within the Hat Creek Valley, industrial developments in¢luding mining, wouid be insignificant and
located at considarable distancas from the proposed powerplant.

2. An‘intensification of agricultural use in the Hat Creek Valley couid occur.

3. Littls, if any, physical expansfon of existing recrsational facilities or new acquisition of
recreational lands is anticipated in the Hat Creek Valley.

In conclusion, visual aspects of the Hat Cresk Valley and environs are expectad to ramain virtually
unchanged from their presant conditions if the Hat Creek Project does not proceed.
-1

ISE

Increases in Highway Traffic Volumes

Traffic noisa from Highway 12 is the primary source of ambient noise levels at assentially all
residences on Bonaparte Indian Resarves No. 1 and 2. Hencs, changes in Highway 12 traffic volume would
affect theass ambient noise Jevels. Based on traffic predictions mads by Strong, Hall & Associataes Ltd, ,1
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