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CHAPTER 1.0 - INTRODUCTION

Chapters 2.0, 3.0, 4.0 and 5.0 of this Part of the Environmental Impact Assessment Report
(EIAR) evaluate the potential impacts of the Hat Creek Project (the powerplant, the mine and offsite
facilities) during preconstruction, construction, operation and decommissioning activities. Analyses
have been performed to estimate the impacts on:
1. Meteorology =~ Air Quality.
2.  Water Rescurces.
3. Land Resourcas,

4.  Socioc~economics.

5. Noise.

Where the data was inadequate to quantify impacts, conservative assumptions were utilized to
reasonably identify both the most likely and maximum possible adverse impacts. Environmental mitigation
and compensation proposais to minimize potential adverse impacts from the Hat Creek Project {see Part Five)
were identified for consideration by B.C. Hydro.
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2.1

CHAPTER 2.0 - ENVIRONMENTAL IMPACTS OF PRELIMINARY PRECONSTRUCTION ACTIVITIES

Preliminary precenstruction activities are those that are necessary for testing coal character
istics, fixing Tocations of the project components, completing preliminary angineering tests on these
locations and collecting environmental data, They provide essential information for determining project
feasibility and developing the project descriptions that have been used in the environmental studies.
Preconstruction activities inglude, dut are not Timited to:

1. Land surveying and acquisition.

2. Local access road construction.

3.  Test drilling for coal, foundation and groundwater conditions.
4, Coal bulk sample programme.

5. Environmental studies.

Preliminary preconstruction impacts are described in this chapter by resource and impacts of
ail project components are included within each resource description. Most of the activities have already
been compieted. Most of the impacts are tempcrary and are extremely small from a regional resource
perspective.

METEOROLOGY - AIR QUALITY

.

During the spring and summer of 1977, B.C. Hydro conducted a Bulk Sampling Programme to obtain
coal samples from the proposed Hat Creek Mine for a series of comprehensive offsite combustion tests.
Prior to c¢ommencing the programme, it was recognized that the sampling activities would have some
tamporary effect upon the air quality of the area. Therefore, mitigative techniques and practices were
incorporated into the programme and carried out as the work proceeded.

The primary air quality effect of the Bulk Sampling Programme was an increase in suspended
particulate concentrations caused by fugitive dust emissions during the excavating and handling of the
coal samples. These fugitive dust emissions were controlled to a great extent through the use of a water
spray truck.

During the programme, a network of high volume samplers was used to monitor the ambient sus-
pended particulate congentrations fn the upper and lower Hat Creek valleys. The locations of the six
stations were depicted in Fig, 2.1-2, Part Three,

Tha high volume sampler network is part of the ongoing baseline monitoring programme, which was
discussed in detail in Part Three of this report. The data collected at these network sites during the
Bulk Sampling Programme were used as the basfs for estimating the air qualfty and climatic effects of the
programme. The sampling network also provided data on figitive dust from truck movements on nearby
access roads. The material presented below is based in large part on a report on the programme prepared
by Acres Consulting Services Limited.l
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2.1

2.1.1

2.1.2

2.2.1

METEOROLOGY = AIR QUALITY = (Cont'd)

Afr Quality

Localized increases in suspended particulata congentrations wers recorded by tha sampling
network described above during the 8ulk Sampling Programme which are attributed to the programse. The
most significant changes in particulata concantrations oczurred in the immediata vicinity of the excava-
tion site during dry windy periods and were ralated %o the blowing of topsofl and carbonacsous matarial
from the overburden. Particulate loadings of the ambient air at locations removed frem tha excavation
sitas varied widely and are not readily correlated with excavation activities. In general, howavar, the
aitigative measures aemployed kept fugitive dust emissions low except under very windy canditions within
the immediate excavation area.

Fugitive dust emissions related o truck movement on access roads in the area were ainfmal
compared to thase in the actual excavation sites. A water spray truck was usaed continuously aon the
access roads and in the excavation area to suppress dust, but was apparently more affactive on the
roads.

The actual suspended particulate concentrations recorded during the Bulk Sampling Programme
were low, with most of the 24~hour average readings, except those at Station § (Cache ka).z below
&0 ug/ns. The geometric mean susbmdad particulate concantrations recarded during the prograsme ranged
from 11 pg/n® at Statian 1 (Higtway 12) %o 49 ug/m® at Statian & (Cache Creek).? The high mean concentra-
tion at Station & is, however, not believed to be associated with fugitive dust sourcas refated to the
Bulk Sampiing Programme, but probably resultad frow the high volume of traffic through this location and
the level of activity In the area. A sumsary of ail of the suspended particulats data callected in the
arsawhich was initiatad during the spring of 1977 was presanted in Part Three of this rsport.

Matsorology

The fugftive dust emissions associated with the Bulk Saspling Programae activities resuitad in
locatized reductions in' visibility during extremely windy conditicns. Mo visibility seasyremants are
avaiiable, however, s0 tha frequency, »nagnitude and arsal extent of thase reductions canrot be deli-
neatsd. These intermittant visibility reductfons have ceasad with the conclusion of the Bulk Sampling
Programee.

Llocalized suspended particulats incresses also occurred aleng access roads to the powarplant

sita. Although these areas were not sonitored, usa of these roads was not intansive and particulate
concantration increases should have been localized and temporary,

WATER RESQURCES

Powerplant

(a) Watar Quality

Preliminary preconstruction activities have not caused long~tarm impacts on surface water
and groundwater quality. Explioratary drilling undertaken to estabiish foundatienm conditions for
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2.2

2.2.2

WATER RESOURCES - (Cont'd)

{®)

{c)

(d)

powerplant facilities has caused only minor Tocaiized disturbances which have been and would continue
to be reclaimed by revegetation should the project not proceed. Dusting from added traffic on Hat
Creek Valley roads and upper trails has probably caused a certain amount of fine sediment to enter
the creeks directly and through precipitation washout. Since the disturbed area in the vicinity of
the powerplant is less than 1 percent of Medicine {reek's drainage area, the impact has been
insignificant.

Hydrology

The only notable activities relating to hydrology are exploratory drilling and minor
access road construction. These are, however, too small to cause changes in the area's runoff
regime and would not affect groundwater at all. Any activity would produce a certain amount of
erosion generating sediment, but due to the minor nature of thess activities, this has been
insignificant,

Water Use
This project phase has not affected groundwater or surface water usage.

Aguatic Ecologqy

Impacts to the aquatic community are Timited to those caused by the increased sediment
Toads described in (a) above. These impacts are considered insignificant due to the apparent lack
of a trout population in Medicina Creek.

Water Quality

The Bulk Sampie Programme involved the excavation of coal from two trenches comprising an
sstimated area of 4§ ha. A further & ha was vtilized for overburden disposal, coal stockpiles and
reclamation test plots. During this programme three groundwater stations and surface water stations
were monitored. The data collected to date indicates no significant project related alterations in
either groundwater or Hat Creek water quality.l Dusting was only a local operaticnal problem and no
leachates have been observed from the storage piles. Groundwater entering Trench B near Hat Creek
was pumped to the Dry Lake area for evaporstion without influencing the water quality of Hat Creek.
The monitoring programme remains in prograss.

Construction of access roads to the trench areas and exploratory drilling have causad some
surface disturbance which can be subject to erosion by precipitation and runoff. Considering the
small size of the disturbances, impacts have been minor and should the project not proceed, reclama-
tion would be quite straight forward and no Jong-term impacts are visualized. The existing camp
sanitary waste discharge of 8 m3/d fs too siight to have a noticeable effect on Hat Creek water
quality.
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{c)

(d)

Hydroisgy

(i)

{11}

Water Usa

Groundwatar

The existing camp water supply utilfzing an estimatad 10 m3/d and di.scharging an
astimatad 3 n3/d induces an increased flow of fnfiltrated water from Hat Creek, Aftar
being used in the camp the watar is returned to the alluyvial aquifer with only a minor
voiumetric Toss. This ftransfer has basen obsarved to occur naturalily at varfous reachas
alang the creek bed and henca the net impact {s very minor. |

The exploratary drilling programme includes several boreholes which were drillad .

and developed as water weils. Thesa wells have been pump tested so that soil and rock
hydrauylic conductivities can be determined. In all cases, approximataly 90 parcent of
this pumped groundwater would De returned to groundwater at 3 location greater than 200 o
from each well. Water losses would result only from evapotranspiration on the Tand
surface. The periods of pusping, or Tn some cases dailing, ware lass than 40 days.” The
impact, therefore, would be negligible in relation to the overall groundwatar resourca.

Suring the Bulk Sampie Programme, Trench 8 was the oniy excavation to encounter
the groundwatar table. The estimated seepage pumped from this trench was 2000 aa/d. This
seepage had faf{itrated from the surrounding alluvial aquifer, which in turn had exffil-
tratad from Hat Cresk. Although dewatering. Trench 8 represanted a tesporary major impact
on the groundwatar flow in the alluvial agquifer, the pumping activity was restricted to a
period of only 2 months. Oue to the short duration of this activity the overal] impact on
the groundwater resourcs and Hat Crsek {s considersd minor. Should the project not procoed,
the trenchas would e reclaimed.

Surfacs Water

The anly facility of concarn was the Bulk Sampie Programme overdurden dispesal
arsi. The other activities, disturbfng approximately 12 ha, have been too small %o cause
noticeable changes in the surfacs water hydrological patterns of the area. Becausa the
disposal area was located in the Hat Creak floodplain ft was exposed to potsntial erosion
by flaods. In order to mitigate this potential impact, the exposad toe of the dispesal
area was built out of coarsa gravel which wauld sufficiently ameliorate any arosion
probless.

The axploraticn camp well would be the only new water source. Minimal fmpact on groundwater

use {s expectad becausa of the very saaill quantity of water withdrawn,

Aguatie Ecology ) —

Impacts to the existing aquati'c community below the proposed mine sita dus to preconstruc-

tion activities have been ainimal. These are limited to locally increased sadiment loading in Hat
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Creek ang its subsequent effect on rainbow trout redds and food resources in the immediate vicinity.
These events were transitory and extremely iocalizad in nature.

Offsite Facilities

Preliminary preconstruction activities related to the intake structure include surveying,
exploratory drillings, environmental sampling and other monitoring programmes. These activities can be
scheduled to avoid critical river perfods such as salmonid spawning or downstream fry migrations thus
eliminating any potential impact to the resources of tha Thompson River.

Impacts due to other offsite faciiity preconstruction activities have been limited to local
increases in the sediment loading of various watersheds. Oue to the siight intrusions of each facility
in relation to its assocfated watershed and the temporary nature of these disturbances, impacts are
considered insignificant.

LAND RESOURCES

Physical Environment

{(a) Exploratory Orilling Programme

No adverse effects on climate, surficial depesits or bedrock formations are anticipated
from the drilling programme, which was conducted as part of the preliminary precomstruction activi~
ties, Howaver, there couid be eithar direct or indirect effects on soils. Direct effects could
result from physical disturbances and indirect effects from vegetation removal. Establishing access
routes to the drill sites and the general activity associated with drilling are the principal factors
contributing to physical disturbances and vegetation removal. These effects would be temporary in
nature and would be restricted to small areas, no larger than the actual drilling sites. Thus,
impacts to the physical resources within the Hat Creek Valley are considered to be negligible. In
the event that the proposed project does not proceed, impacts to soils could be more substantial
uniess the affected areas are revegetated or restored to their natural state.

{b) Bulk Sampling Programme

Approximately 12 ha of land was disturbed as a result of the bulk sample programme,
Facilities were located in close proximity to one another and in the general vicinity of the proposed
mine site. As a result, the major effects were confined to the lang areas in the immediate vicinity
of the trench areas. C(limate, physicgraphy, surficial deposits and bedrock formations would be
largely unaffected by the activities associated with this programme. Soils in ths trench areas
would receive the greatest effect, albeit insignificant in the event that the proposed mine is
developed as planned.

In the event that the proposed development does not proceed, moderate impacts to the soil

are anticipated. Much of the soil disturbed by the programme was found to be sensitive to erosion.
Severe dusting problems were encountered and required special treatment. The soils affected, also
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have an axtremely shallow topsail horizon. Unless restoration programmes are initiatad, much of the
topsoil layer could be lost which would create problems in revegetating the areas. .

Natural Vegetation

(a) Exploratory Orilling Programms

The primary effects of the drilling programme, including access roads, were direct losses
of vagetation. Approximataiy 300 Il2 of vegetation was disturbed at each drill sita. The majority
of the drill holes wers located within the boundaries of the proposed mine, where the existing
vegetation was maintained in an unnatural.state due to overgrazing by livestock. The areas disturbed
by activities associated with drilling are, by comparison, minimal to the areal extant of natural
vegetation disturbed by grazing.

In the event that the project i{s not developed as planned, soma adverse Tmpacts may result
if the drill sitas ars not revegetated or restored immediataly. Changes would occur in the vegeta-
tive composition, which could allaw noxfqus weedy species o invade the disturbed areas. If the
presant grazing pressurs persists, the probability that less palatable vegetation would become
astabliished is increased. As a result, the value of the range would be degraded.

(8) 8ulk Sample Programme

The effacts rasulting from the bulk sample programme are, !ike the drilling programme,
direct lossas of vegetation. A greatar loss of vegatation occurrsd from the development of Tranch A
than from Trench B. This was due to the larger size and greater number of access roads espioyed,
The sfgniffcancs of the impact was greatar at Trench A than 3, sinca the vegetation in the drea
adjacant to Trench B had besn previously disturbed., Othar potential effects, which could have an
adverss fimpact on remaining vegetation, include reduced productivity dus to intarception of lataral
seepage water by drainage ditches or roads and possible flocding dus to thesa same facilities. At
presant, fampacts resuiting from this programme appear to be ainimal and are restrictad to the imdedi-
4ts areas of the trenches and accass roads.

Wildiife

The bulk sazple and drilling programemes have had no significant fmpact on wildlife. No habitats
eritical 2o the santinued existence of any species in the region wers Tost and the roads and trenches ars
unitkaly to intarfare with normal 2avements of wildiife within the area.

Forest

{a) Expioratory Orilling Progqramme

A large number of the drill sitas located in the Hat Creek Valley flaor are in the area of
proposed mine pit No. 1. This area fs classified as open range with few trees of commercial value.
The forest productivity of a large portfon of the arsa {s ratad poor to low by the Sritish Columbia
Forest Sarvice. In general, the area is considered to be of minimal value to the forestry resource
within 25 km of the proposed powerplant site.
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The effects of the drilling programme on the forest respurce are the direct loss of
forest species during the preparation of d4ril) sites. Appraximately 300 rn2 of land was disturbed at
each drill site. However, no measurable impact to the forest resources i¢ anticipated from the
drilling programme due to the small area disturbed at each dril) site and the present status of
forest species. Some erosion of disturbed sites may occur if they are not restored or revegetated
quickly.

(b} Bulk Sample Programme

Approximately 12 ha of land were disturbed by activities associated with the bulk sample
programme. The areas disturbed are located along Hat Creek Valley bottom lands. Forest vegetation
in this area is sparse and the land is classified as open range, which has been heavily overgrazed.
Oue to the open nature of the vegetation, few trees were removed during the programme and no
measurable impacts were noted.

Some impacts to the forest species of the valley bottom could octur should the proposed
development not proceed as planned and the areas disturbed by the bulk sample programme are not
restored to their previous condition, These impacts, primarily in the form of srosion, would only
affect the forest resources by degrading productivity of an area which is presentiy at a low
level,

Agriculturs

Preconstruction activities could reduce agricultural resources through land ciearing required

for exploratory drilling and the bulk sampling programme. The drilling programme, which has already been

carried out, required small areas for water holding ponds and routes for moving heavy equipment. Ffrom
initia) observations of reclamation efforts, 1t is not considered iikely that either of these temporary
Yand requirements would result in any lasting reduction of grazing productivity, $f further project
activities were not affectaed.

The approximately 12 ha of grazing land required for the bulk sampling programme occur in an
Agricultural Land Reserve. Reclamation of this area appaars feasible, should the project not proceed.

Cultyral Heritage Resources

The impact of the drilling and bulk sample programme on tultural heritage resources was minimal
since field activities ware monitored by archaeological consultants or the Provincial Archasologist.

Geoltogy

The impact of the drilling programme on the geclogical resources of the area was insignificant.
The bulk sampling programme alsc had no significant impact on the availability of these resources.
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Overall Considarations

{3}

(v)

(<)

The preconstruction phase 3egan in 1974 when feasibiTity studies were first undertaken.
Since then, specific studies have included exploratary drilling activities, the bulk sample pro-
gramme, Tand acguisition, conceptual engfneering design, community surveys, public informatioen
pragrammes, detailed environmental studies and the licensing appTfcation hearings should tha project
procesd to that sitags. The overall impact of thesa efforts has been o provide information for
decision makers within B.C. Hydra, various government agencies and ministries, government uaits and
the public at large.

The impacts of preconstruction activities are discussed in the following sub-sections
acgording to time perfods,

Preliminary Activities

Activities during this preliminary phasa revolved argund.the naturs of the coal deposit,
development of the deposit and the usa of the csal for thermal generation. The numbsr of persons
inveived 1in the affort resultss in non-measurable economic gains and did not create sarvicing
problems in the local communities. Land use -impacts associated with 'exploratory drilling in the Hat
Cresk Valley ware insfgnificant. However, these activities affected the attitudes of residents in
the valley and the nearby communities. .

Hat Creek Valley residents viewed the activitias as a movement from coal potantfal %o
development which would affect them through iand acquisition amd through a change in the rural
charactar and lifestyle of the existing valiey. Community resicents reflected a mixad reaction to
these activities but sensad the potential significance of the project on the Hat Creek region.

Evaluation and Prenaraticn Activitias

Baginning in late 1975 and continuing %$o the prasent %time, B.({. Hydro has undartaken a
number of activities to obtain technica), environmental and community related faformation for degi~
sfon making purpsosas. The effect of thess sfforts has stimulated the development of community
planning in Clinton, Ashcroft and Cache Creek and regional planning in the Thompson-Nicala Regional
District.

i The sarvica entarprises have henefitied from expenditures that were made locally by 8.C.
Hydro personnal and consultants. Becauss the spending was done throughout the year and not just
during tha peak tourfst months, seasonal fluctuations have heen dampened. A few Tocal residents
have benefitted from direct and indirect employment, howevar, the effsct on total local income was
minimal. Thers was no need for increased investment in comsunity infrastructure, housing stock, or
coomunity facilities as a result of avaluation or preparation activities.

Some land has been alienated from agricuiture and other uses in the Hat Creek Valley as a
result of the bulk sample programma, clearing and ather activities. The increasad Tevel of activity
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in Hat Creek Valley appears to have alienated land from outdoor recresation use by the area's resi-
dents. Property acquisition by 8.C., Hyaro has resulted in the movement of local residents. However,
the majority of the land has been leased back for agricultural use. Within the communities, some
local residents have purchased or consolidated land parcels for future developments.

Activities undertaken by the local comminities (e.g. community plans) have resulted in
administration costs and increased expectations. However the long-term benefits to the community
are anticipated to cover the costs incurred.

The increased awareness of the project being preoposed has changed the expectations of
community residents with respect te the future of the community. While a number of study area
residents view the project favourably, anticipating employment, income and lifestyle improvements,
others see the proposed project as a disruptive factor, undermining what they would consider important
elements of community life. With respect to the Hat Creek Valley residents, the ingreased B.C. Hydro
activities have contributed to additional anxiety and insecurity.

(d)} Assessment Activities

If the decision is made to apply for licensing of the project, the continued activities
towards a final decision would intensify the disparate views among community residents. However,
the majority of people are not expected to change their opinions as a result of the detailed
studies. Also, the differences in opinifon are not expected to cause an unresolvable or destructive
polarization in the so¢ial fabric of the communities. The Hat Creek Valiey residents would view the
licensing and information efforts as a reaffirmation of their expectations that the project would
proceed.

If the Jicensing effort is denied, those opposed to the project would be pleased but those
who supported the project would feel a loss over what they perceived as opportunities' foregone.
Some residents might decide to leave the area for better employment opportunities in the futura.

It appears that a majority of the local residents would favour the issuance of a develop-
ment 1icense. If the project were approved, the local communities might experience some speculative
building, infrastructure investment and a rise in general business activity. These activities might
result in short-term price increases in land due to speculation. Some residents particuylariy in the
valley would move as a2 result of the project, Other residents might be resentful of B.C. Hydro and
project supporters, while still others would adjust to what they might consider an unfortunate
development.

Aesthetics

ﬁuring the preconstruction phase, there have been necessary disruptions to the existing visual
scene. The generation of noise and dust occurred due to the operation of heavy equipment and machinery
on the site. Bulldozers were employed for Clearing, grubbing and grading, as well as front end loaders,
trucks and other pieces of heavy equipment. Chain saws were used for felling and sawing trees. The use
of this equipment created noise, dust and debris in the area. Because, however, the nearest towns
(Pavilion and Carguile) are both 18 km distant and appropriate dust suppression and noise abatement
techniques were employed, these effects have been minimal.
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Recraaticn
The Hat Creek Project cian be expected to have two primary recreationai effects:
1. A loss in recreational opportunities causad By changes in Jand use from existing agricuitural-
forestry usa to electric power production and mining.

2. An induced rscraational demand impact caused by increases n population directly related %o site
activitias as well as by peopie attracted to the site to observe the oparation.

Secondary recreational impacts csuld oczur if natyral resaurges beyond the immediate sita are impacted by
the project. Physical impacts associated with preconstructfon activities would them have ainimal effect
on the recreational resourcss.

.

1SE

——

Naotse producing activities have been carried out in the Hat Creek Valley as a part of 3 pro-
gramee %o esvalyata the coal deposits, which include the bulk sampie and the expioratory drilling
prograomes. :

Exploratory Orilling Programme

An intansive drilling programme to sstablish the extent and quality of the Hat Creek coal
deposits was startad by 8.C., Hydra in 1974, This programme was at its peak from September 1977 %5 January
1978 when a total of nine drilling rigs wers in use. The estimated noisa lavels of these rigs rangas
from 80 to 100 d8(A) at & distance of 15 a.

Bacausa the ambfent noisa Tevels in the Hat Creek Valley are typically less than 40 dB(A),

drilling operations could he audible for a distance of 3.2 km under the worst conditions (no wind attenua-

tion and no significant topographical shielding). Orilling near occupied property was avoided where

possible. Any potential noise affects on the Hat Creek Valley ranches .cnuld have been attenuated by the
high banks of the cresk and the uneven valley tarrain. Neverthaless, the noise levels increased over
apbient canditions and several complaints were recaived from nearby ranchers.

Bulk Samole Programme

During the Bulk Sample Programme the major noise sources were causad by tha excavation of
Trench “A" and "B* (shown in Fig. 2.5~1) and transportation of the coal over Highways 12 and 97 to
Ashcraft.

(a) Excavation Noise

A sound survey was condugtad during the excavatisn of ovarburden from Trench "A* of the

Hat Creek Bulk Sample Programme during 25 to 25 May 1977.1 Basaline noise level measursments derived

from the monitoring programme conducted in the valley ware utilized for comparisen purnoses and are
shown in Taple 2.5-1.
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The estimated existing ambient sound level vaiues at three selected monitoring points
around Trench "A" (shown in Fig. 2.5-1), which were derived from the baseline noise monitoring study
conducted previousiy in the vallsy, are shown in Table 2.5-1. &rief measurements were also made at
the northern edge of the Lehman property, about 1220 m from Trench “A" and the background noise
levels (generated by a light wing in the trees and from Hat (reek {tself) were found to be 40 to
44 d8(A). The measured Leq {1/2 hour equivalent energy level)} values at the three monitoring sites
during the excavation of Trench "“A" are alse shown in Table 2.5-1.

At Sites 1 and 2 the trench operation was completely shielded from view by the high points
of the uneven terrain, whereas at Site 3 the trench operation was in full view and therefore did not
penefit from “topographical shislding".

Brief measurements were made at twoc other locations in the va11éy to check the intrusive-
ness of the Trench "A" noise. At the northern edge of the Lehman property (the nearest significant
noise rTecaptor}, the excavation noise could only be intermittently heard above the background noise.
At the junction of Hat Creek Road and Highway 12, the operation was not audible above the background
noise created by a 1ight wind and running water.

The noise level generated by a blast in Trench "A" on 26 May was recorded at Site 3 (drill
hole 76-168). The blast was used to break up a volcanic dome which was located roughly in the
centre of the trench. The charge consisted of 477 kg of Iremite-H explosive and generated a noise
level of 96 dB(A) at a distance of 945 m.

Trucking Noise
Field data were not collected on the highway trucking noise gensrated during the Bulk

Sample Programme. However the trucking of coal along Highway 12 was estimated to result in a 1 dB(A)
increase in the Ld, value (day night average level) on weekdays and only a slightly larger increase

on weekends.z This estimate is based on the assumption that a maximum of 16 round trips of truck
loads of coal occurred during the Bulk Sample Programme (32 truck events at each Tlocation).
Highway 97 is presently a major trucking route and hence the additional 32 events per day are consi~
dered to have had a negligible effect on the Ldn value along this highway.z
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CHAPTER 3.0 - ENVIRONMENTAL IMPACTS OF CONSTRUCTION ACTIVITIES

Construction activities are a1l of those activities necessary for constructing the powerplant,
mine and offsite facilities, installing the equipment and preparing ail systems for operation. The
activities include, but are not Timited ta:

1. Providing construction-labour camps.

2. Providing power, water, sewage facilities, construction access roads and laydown areas.
3. Permanent road and railroad construction.

4, Purchase and erecting buildings and all other structures.

5. Constructing dams, dykes, drainage ditches and diversions.

8. Initial mine overburden stripping and coal stockpiling.

7.  Purchase and installation of all machinery.

8. Final cleanup, grading and revegetating.

Because the powerpiant would comsist of four units, which would be constructed sequentially and
are scheduled to start operation at 1 year intervals, the constructifon and operating phases would over—
lap. This affects all aspects of the project and requires detailed and complex scheduling. For the most
part, facilities peripheral to the powerplant must be operational wnhen the first unit starts up and

subsequent to the first unit startup most construction activities would be concentrated at the plant.

AIR QUALITY AND METEOROLOGY

Curing construction of tha plant, mine and offsite facilities the main air quality concerns
would be activities that produce fugitive dust emissions. These activities inglude road construetion,
grading and excavation, erection of buildings and facilitias, blasting, concrete batching and initial
mining activities. Gaseous emissions from motorized construction equipment and construction workers'
vehicles would cause localized but insignificant increases in onsite ambient concentrations of carbon
monoxide, oxides of nitrogen and hydrocarbons.

Air Quality

Fugitive dust emissions from construction activities could cause elevated suspended particulate
concentrations (e.g. 150 to 200 ug/m3) within the plant site.l The size of the site and the relative
tack of sensitive land uses near the site perimeters suggest that the air quality effects of powerplant
construction activities wouid be minimal, if not negligible. If localized problems should arise, mitiga-
tive procedures, e.g. watering during windy periods, are available.
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£levated suspended particulata concantrations would occur during the first few years of active
mining, although they would be smaller than thosa expected during peak mining psrfods and mitigatad to
the maximum extant practical. Suspended particulatas would, for the most part, be confined to the immedi-
ata vicinity of the mire itself. As is indfcated in Chapter 4.0, annual average incremental suspended
particulata caoncantrations during peak mining perfeds could reach approximately 260 ug/ma near the pit,
but should be Jess than 100 ug/n3 outside of the immediata vicinity of the nine.l B8eyond 3 ka from the
mine the increase fn annual suspended particulata levels during peak aining periods should be no mors
than 60 ugfn3.1 Maximum fincresental 24-hour average suspended particulats concantrations in excess of
200 pg/u3 ara pradictad for the southern sactions of the Indian Reserve in the Tower valley during peak
nining activitias, with Incremental concantrations of 150 ug/n3 extanding ta the nerthern boundary of the
Rlscrvc.l As is the case for annual averages, maximum short-tearm suspended particulate concantrations
during mine “construction® activities are expected to be smailer than those during the peak mining
pariod.

The principal air quality impact of constructing the intake structurs, makeup water line,
transaission lines, creek diversions, aimport and equipment offlaading facilities woyld be the fugitive
dust emissions associated with Doth actual construction, including excavation, trenching, blasting,
grading, etc., to the ssall areas immedfatsly surrounding the construction activity and would be mitigated
ta the greatest extent practicable by dust abatesant procedirss (see Part Five).

The construction of the iccass road would result in two primary effects upon local air quaiity.
The first would be an increass in almospheric particulates Joadings dus $o the scraping and grading of the
roadbed and the hauling of cunstruction matarials over unpaved roads. Thess particulate Tevel increasas
would be confined to areas adfacent to active construction and would be Rinimized to the maximum extant
possible using stata-of<the-art dust abatesent procadures. The secand affect would be ambient level
increasas of other air contaminants resulting from the Gasecus emissions of the tamporary asphalt plants
usad during read paving. -

Onca tha accass road is complatad it would serve as the sajor thaoroughfare to and from the Hat
Creak site for the duration af construction activities. The estimated peak traffic volume during con~
struction 1s 500 to 700 vehicles per day at tha beginning and end of the work week and 200 to 300 vehicias
at shift changes during the remainder of the week. This traffic volume would not emit enough gaseous
contaminants to significantly alter air qual'ity.l

Metsarology

The particulates emissions from tha initfal mining activitias would reducs slightly the amount
of direct suniight that reaches the ground in the {mmediata vicinity of the aine and might thersfore
produce a slight annual average decrsase {n temperature at locations in the immediata vicinity of the
wine.l This temperaturs change would be less than the natural variation of annual average temperatures
in the Hat Creek area. o

The particulata emissicns from mine construction during the fnftial phases would also have a

somewhat adverse impact upon visibility in the adjacent surrounding area. According to ERTs analysis of
visibilﬂy.l'z annual average visibility reductions could be on the grder to 50 percent during the years
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of peak mining activity (see Chapter 4.0)}. Particulate concentrations during initial mining activities
are expected to be smaller than during psak mining activities and visibility reductions are also expected
to be significantly less.

Construction activities for all offsite faciiities shouid produce only small amounts of fugitive

dust which would have only localized effects on visibility and which should be insignificant. MNo other
meteorological effects are expected. )

WATER RESOURCES

Powerplant

{a) MWater Quaiity

()

(i)

Groundwater

The construction camp sewage disposal system and the concrete batch plant would
have 1ittle effect on groundwater quality provided that the tagoon, impoundment and associ-
ated embankments ars constructed of impermeable matarials which are prevalent in this
area. The prasent sewage disposal system design would alss require the containment of
natural surface runeff in the Harry Creek watershad above the impoundment., Consideration
should be given to diverting surface runoff away from the lagoon. A sanitary waste dis-
posal system would be provided to service the construction site facilities, and it is
recommended that this facility be incorporated into the construction camp system. Due to
the limited dilution and assimilative capacity of the creeks near the plant site, the
discharge of treated sewage should be minimized.

Site selection for the disposal of refuse from the powerplant construction
facilities, wouild ensure compiiance with all criteria for a Level A landffll as discussed
in the Pollution Contral Objectives for Municipal type waste discharges in British
Ca'!mbia.l This weuld negate any potential for groundwater pollution from this source.
Qther powerplant construction activities, including the reservoir and ash disposal facility
construction, should not have any impact on the groundwater resources of the area,

Surface Water

Construction activities through disturbances of ground cover and dust generation
have the potential to cause impact on the physical quality of Harry Creek and Medicine
Creek surface water. The disturbed areas could encompass approximateiy 10 percent of
Harry Creek's drainage area and up to 10 percent of Medicine Creek's drainage area if the
ash pond and water reservoir are completely cleared. Sediment control facilities would be
necessary to protect these tributaries of Hat Creek. Provided all construction area
runoff would be treated via settling lagoons to prescribed or background 'le\re'ls,2 the
impact would be acceptabie from a water quality viewpoint.
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(b} Hydroiogy

(i

(i)

Groundwater

Activities including construction of ash and coal transport systems, drainage
ditching, lagoons and most plant components wouid be performed above the water table and
would not invalve zny zajor watar transter. Hencs, there would 5e no fmpact on ground~
water. ATl clearing and stripping activities would tend o causa increased runoff and
decreasad infiltration. This would cause a minor negative Tmpact on the groundwatar
table, as it would be lowered slightly and on the groundwatar flow regime. Increasaed
inf{1tration (above natural Tevels) from the bottom of both the Harry Creek and Medicine
Cresk diversions would tand to raise the groundwater tabla. The seepage rates are likely
to be lew, 60 t¢ 150 az/d/kn and would only apply during the few manths of the year when
thare is watar in the ditches. ‘

Surfacs Watar
Clearing and grading activities can have the following threas principal effacts:

1. Vagetation interception lossss are almost aliminatad, thareby making more precipita-
tion available for storage in the snowpack, for infiltration and for runeff.

2. The depth of soil availabla for active watar storage 15 reduced.

3. The lack of fc;'ut canapy tands to spesd up snowmelt by savers)] weeks, theredy
reducing peak ruroff r:aus during spring freshet.

Secondary effects due ta clearing include decreased {infiltration capacity,
decreased surface storage and a hydraulically smoother surface. All thesa factors wark in
the same direction as the main effects, namaly towards sarlier and larger flows during
spring freshet and during rain flocds. Potantial impacts from these larger flows could be
reducsd cansiderably 7 the makaup watar reserveir and ash storage area, the two major
Tand areas disturbed, are cleared only aftar the stream diversions, &rainaqn diteches and
sedimentation ponds have been installed. These latter facilities would tand ta equalize
flows, tharsfore minimizing peak flows to receiving waters.

Plant site storm runeff would probably Ba released to Harry Creek arter passage
through & sedimentation basin, The rate of releass would depand on the detailed design of
the facility and should be such that the total flow in Harry Creek does not exceed its
natural capacity, which say be as low as 10 to 20 L/s, thereby avoiding extansive gullying
and erasion, and the associatad impacts.
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3.2 WATER RESQURCES - (Cont'd)

(c) Water Use

(1)

(i1)

Groundwater

A maximum total requirement of 1324 m3/d to supply the plant camp and other
facilities would probably be obtained from a weil or wells located in the buried bedrock
valley aquifer. This usage represents approximately 26 percent of this agquifer's flow.
The impact is, however, temporary and should not affect zny existing wells in the
valley.

Surface vater

Bue to the diverse areal extent of water use impacts and their lack of facitity
dependence, all construction activity impacts are discussed in this section.

A, Irrigation

Tha gquantities of irrigation water affected by the alianation of frrigable
land are tabulated in Table 3.2-1., Activities of the base project scheme would
alisnate a total of 273 ha or 20 percent of lands projected as being irrigated in the
future {probable use} without the project. The guantity or irrigated water assocfated
with these lands s 156.5 x 104n3. These quantities may not represent a total ieoss
as irrigation of other lands could be considered.

The draining of Finney Lake would result in the loss of irrigation storage
and the construction of the Finnay and Hat Creek diversions would restrict the use of
present firrigation water convayance systems (ditches) by blocking their presant
routes (see Table 3.2-1). Some of these affected uses could be effectively compen-

sated by the provision of an alternate water conveyance route or alternate source of
water.

B. Livestock Use

The impacts on livestock watar use due to the construction of all project
facilities are associated primarily with the alientation of rangeland. The Agri-
culturs Report4 states that about 3400 ha of rangeland would be aliemated (lost to
grazing use) by the project and thus eliminate, as well, the use of watering sites
within the alienated areas.

C. Domestic, Municipal and Industrial

Combined population projections for the communities of Ashcroft and Cache
Creek have been reported in the Socio-economic Report.s Total water usages have been
caiculated based on a per capita usage of 0.91 m3/d. Due to the proximity and
accessibi1{ty of Ashcroft to the project site it was assumed that two~thirds of the
population increase would occur in Asheroft and one-third in Cache Creek. This
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WATER RESQURCES - {Cont'd)

breakdown is within the assumed range of population distribution raflected in the
Socio~sconomic Rtporf..5 Ashcroft obtains its water from the Thompsan River and Cache
Cresk from the Bonaparta River. Based on this information population estimates and
water usage projections are presentad in Table 3.2-2. The impact of this incressed
usage on the two respective watsr bodies {s dasmed insignificant,

{d) Agquatic Ecology

The major impact ta the aguatic community of Hat Creek from construction of the powerplant
would be 2 potantial increase in the Tevels of non-filtarahble residus and turbidity caused primarily
by erosicn from disturbed areas, from stream or intermittant-watercourse crossings and from fugitive
dust. While most or all of this {mpact can ba amelicrated by proper erosion control measures (runoff
{nterception and treataent in sattling basins), some increass in suspended solids concentrations in
Hat Cresk ¢ould be expectad.

The continued existanca of the rainbow trout population is intimately relatad to a combina-
tion of environmental factors including water depth, temperature, substrata composition and sedimeant
load. Changes in these parameters couid have an effect on the availabie trout habitat, available
food resources (benthos) and reproductive potential (spawning habitat).

The deposition of silt, sand and small-grain gravel affects trout pepulations {n several
ways. It can act to decrease the quantity and quality of avaflable food (macroinvertabratas) to
both juvenile and adult trout because pebbie and cobble substrates are more productive than sand/sil1t
substrates. It also reduces the quantity and gquality of available spawning habitat by reduging the
{ntarstitial flow. This would lowar tha flushing of the metabalic wastas and tha amount of dissalved
oxygen available to trout aggs and larvas in the redd. The effects of siltation and fine substrates
on tha emargencs of saveral trout species has been dmnstraud.sJ The relationships Between
diversity and production of benthic macroinvertebratss and substrata composition fs also well
utahlishod.s‘s ‘

The potantial for impacts resuiting fros increased suspended solid loading and resultant
siltation in Hat Creak, Bonaparte River and tributary streams is substantial. The benthic community
of thess streams s comprised primarily of insect larvae adaptad to firm substrates with intarstitial
and/or epilithic niches (Part Three, Section 3.3.4(b)(i1)8). Trout, wnich subsist an these ogranisms,
would also be affectad directly by siltation of spawning area. These effects could be increased by
possible flow reductions (dascribed in the sections dealing with oparation and decommissioning).

The inclusion of sattiing ponds to decrease suspended solids lcadings to below 50 mg/L as
speciﬂcdz would protsct the watsr Dody from habftat loss or modification (due to sedimentation)
except in isolated spois such as stream crossings. With maintsnance of the adeguats instresam flows
recommended in Table 3.2-3, suspended solfds which do entar the streams (f.e. up to 50 msg/L) should
either settle out in pools and behind the existing dams, or be swept out of the system. There are
na other projectad adverse impacts 23 the aquatic community expectsd from construction of the
plant.
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3.2.2

Mine

WATER RESQURCES - (Cont'd)

{(a) Water Quality

N

(1)

Groundwater

The camp sanitary waste disposal system should not affect groundwater quality,
providing dykes and the aerated lagoon are constructed of relatively impermeable matarials
to minimize seepage. Final disposal by deep well {injection or irrigation should have
littie impact, provided thaere is sufficient subsurface travel or no direct surface runoff
to Harry Creek consistent with regulatory guidel‘ines.l Treated effluent from mine shops
and warehouses would be used for dust control. This disposal systam should not have any
impact on groundwater quality.

Selid refusa disposal to a landfill site meeting all regulatory guide'l'inesl
would have minimal impact on groundwater quality. It would be advisable to select a
suitable disposal site for all mine refuse rather than just a temporary site for construc-
tion refuse.

Coal and low-grade waste coal will begin to be stockpiled during this project
phase. Since the guality of runoff and leachates from thase areas would be poor (see
subsequent Section (ii)), it is assumed that a relatively impermeable base would be used
to minimize percolation of leachate thus minimizing any groundwater impacts. If imple-
mented, leachates would appear in the surface drainage system. '

Both pit dewatering and area dewateri'ng would be required during the construction
phase. Extraction of groundwater froe the dewatering activities should not affect the
quality of the remaining groundwater,

The astimated quantity and quality of saepage from each area and the subsequent
groundwater quality impacts are discussed in Section 4.2.2. Othar activities during the
constryction phase of the aine are not expectad to affect groundwater quality.

Surface Water

Many operations would disturb the landscape by removing or destroying existing
vegetation and thus expose areas to erosion. Since the areal disturbance in the valley

~during this phase is only a small fraction of that which will exist throughout the mine

life, predictions on sediment yiald are made in Section 4.2.2 based on the maximum areal
disturbance subject to runeff erosion. Proper sedimentation and erosion control methods,
however, should be implemented as soon as construction commences to minimize this impact
and meet regulatory guidelines.z

Other pit area activities which can affect water guality include blasting and

dewatering. Jewatering during construction is estimated at zpproximately 1000 m3/d from
the dewatering wells and the pit. An additional 780 m3/d would occur during rainfall
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avents frem precipitation falling within the pit. An estimata of this watar quality is
presentad in Table 3.2-4. This estimata fs considered a worst casa beczusa the wastawater
wouid be diluted whenever precipitation made up a significant portion of the total. This
water, after passing through the proposad settling pond, should be of acceptable quality
for discharge to Hat Creek, [t would be saiine, contafn some colour and bicdegradable
satarfals and possible elevated levels of ammonia from blasting residuals. Hat Creek
should, however, provide a satisfactory dilution (5-10:1) even at low flow. Comparisen
with Pollution Control Board object‘lvesz indicates all parametres are within regqulatory
Timfts axcapt suiphata (140 mg/L versus 50 ag/L for Level A) and zine (1.0 ag/L versus
0.50 mg/L far Lavel A).

Estimatas of the total leachats gquality that can be expectsd from the coal pile
are also shown in Table 3.2-4. This table fndfcates the probable worst wastewatar quality
from the coal pile during the "flush phenomena" effact of a prolonged rainstorm, assuaing
acid conditions do not davelep. Under normal conditions it is fikaly that runoff and
Teachates would be non-existent as the average short duration rainfall would 1ikely. be
totally inf{ltrated into the coal pile and would subsequently evaporatse. A comparison of
this table with Pollution Control Board uhjnct'!vesz indicatas that chromium, coppear, iron
ani mercury concentrations may be above the levels allowed for frestwatar discharges.
Coal pile drainage also contains biodegradeable organics as fndicated by the leachata tast
data (see Table 3.4-3, Part Three). Assuming 3005 is extracted at the same rate as dis-
solved solids, the 3005 cancentration of coal pile leachata could be as high as 1200 mg/L.

. This wouid cayse a significant decreasa in the dissoived oxygen leveis of Mat Creek, {f

discharged. BSased on this discussion, consideration should be given to further treatment
of this discharge sbove simple sedimentation or a nen-discharge form of operation.

The Tow-grade wasts cnal stockpile should exfst in an unsaturated condition and
be unlikely to produce any continuous seepage. The only leachates expected would be
during spring snoweait runoff and during rainstorms. Table 3.2-4 indicates the estimated
Tsachate quality whfch 1is considered to represent a worst case, assuming acid drainage
charactaristics 4o not develiop. Chemical parametres which could be abave Level A effluent
cbjoctinsz considering the physical (ssdimentation) treatment propossd are: arsanic,
¢chroaium, copper, fron and mercuyry. The lavel of biodegradadble organics in runoff could
&l1s0 be substantial. The flow from a oncs in 10-year, 24-hour storm, could add about
800 kg of 8005 to Hat Creek which would Tower the dissolved oxygen levels, It would
appear from the predictions that the propossd physical treataent would be fnadequate and
that eithar more extensive treatment or intal containment with aevaporation or rsuse would
be required. o e

Proposed Taks dewatering activities include draining Finney and Aleeca lakas.
An impact from this activity could result froa highly enriched water drained from the
bottom of these Takes into Hat Creek. Timing of these dewatarings for a high flow parisd
such as spring would allaw considerable dilution potantial in Hat Creek and minimize water
quality imoacts.
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Hydrelogy
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WATER RESQURCES - (Cont'd}

Groungwater

The dewataring of the cocal pit to ensure slope stability would be achisved by
means of vertical wells drilled in the pit and around the pit perimetre. Based on
hydraulic conductivities, the radius of influence of the dewatered bedrock around the coal
pit will be less tham 100 m beyond the pit face at any stage. As tha final radius of the
proposed coal pit is approximately 1.5 km, the maximum distance to the edge of the Zone of
groundwater influenced in bedrock would be about 1.6 km (see Fig. 3.2-1). Surficial
sediments have higher hydraulic conductivities, the calculated maximum radius of influence
could extend about 1 km beyond the pit perimeter (i.e. extending to a maximum radius of
2.5 km from the centrs of the final pit) (see Fig. 3.2-1). The major impact from these
dewatering activities would be that the shaliow alluvial valley aguifer would be cut in
two by the pit and blocked at the pft rim dam. The estimated length of this alluvial
aquifer is 18 km and the length affected by the pit is 5 km. Thus, 28 percent of the
alluvial aquifer would be affected and similarly 40 percent of the buried channel aguifer
would be affected. The impacts, while significant in the vicinity of the pit, would be
restricted to the area close to the pit and hence would not cause a major regional impact.
Hat Creek flows downstream of the pit would be slightly reduced due to evaporation losses
incurred as the groundwater is transported to the Hat Creek diversion canal.

Clearing and stripping operations in the pit area and in Houth Meadows would
reduce groundwater recharge and increase surface water runoff. The result would be a
minor Jowering of the groundwater table through the decrease of recharge to the aguifers.
No impacts would occur in the Medine Creek Valley where the water table is well below the
valley floor.

A system of surface ditching to collect and convey runoff away from the pit area
is proposed for the pit perimeter. These ditches may have to be Tined in the general pit
area, but in areas outside tha dewatering cone of depression this would not be necessary.
The net impact of the ditching systm would be a reduction of groundwater recharge near
the pit and some increased groundwater recharge in areas beyond the pit. These jmpacts
are both relatively minor in terms of the groundwater resource.

The complete dewatering of both Aleece and Finney Takes would have little or no
impact on the groundwater resources of the area. Only a small portion of the lake water
is lost as seepage and most of this would be through the upper 1 m around the wetted
perimeter of the lake.

The topsoil, coal and low-grade waste c¢oal stockpiles are all located in areas
where the surficial sediments are mostly glacial tills. The estimated seepage loss through
the 1§11 would be between 1 x 1075 and 5 x 10™% m°/d/n? of storage area. The total seepage
from these three areas would be only slightly greater than the present rate of precipita-
tion seeping to the groundwater table, resulting in a minor beneficial hydrological impact
due to increased groundwater recharge.
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{c)

(d)

It is pressantly proposed ta drill two wells to supply both the mine and power—
plant camps which, it {s assumed, would also supply mina and powerplant constructian
facflities. If thesa wells ware drillad and daveloped in the area close Lo Hat Creek, the
groundwater axtracted from these wells would come from an alluyvial aguifer which is
hydraulically connacted ta Hat Cresk. As mest of the water wouid come indirectly from Hat
Creek thers would be 1ittls or no impact on the groundwatar resource. The small quantity
of sawage «ffluant from the mine facilities would have an insignificant effect on tha
groundwatar resourcas of the area,

Other activities suech as the construction of creek diversfons arsund waste
disposal areas, emtankment construction and spail disposal would not fmpact on the ground-
watar resource becausa as previously mentioned, the water table is well pelow the ground
surfaca {n thesa areas.

(i) Surface Watar ) .

Construction of the mine and associated facilfties involves extansive clearing,
grading and earth moving. Approximataly 3400 ha of tarrain would be disturbed during the
caurse of mfnfng, In this dres, however, surfacs runcff tands to be megifgible. Erosion
and sedipentation facilities would be built prior to clearing and earthmoving, so that
{mpacts would be relativaly minar.

The sourcs of both the afne and plant construction water supply would likaly be
from wells in ane of the aquifars in Hat Creek Valley. A flow of approximately 0.12 nals
would be required. Any surface water source in the vallay may be significantly affectad
by such a withdrawal, but the construction pericd of a few years s tao short to cause
significant alterations in channel morphology or other long=term surfiaca watar h}drc!agy
impacts.

Watar Use

A1l existing domestic wells and deveioped springs within the pit perimetar would Dbe
abandoned. Thase would faclude OW-1, OW-2, DW=3, DW-4 and DW-14 (see Fig. 2.2=1, Part Thres). The
sstimatad amount being pumped from thesa five groundwatar sourcss s 15 I3/d. The proposad water
wells supplying the offices and warehouses, and tha oine and plant construction camps would he the
anly new wells in the area. Tha estimatead maximum water requirsment for the mine camp is 100 u3/d.
This flow is small in comparisgn to aquifer flows and hence a amfnor impact would result. Surfaca
water use impacts have been addressad in Section 3.2.1(e){11).

Aquatic Ecology

The major impacts to the aquatic comeunity of Hat Creek dus to the sonstruction of the
fine are wxpecisd Lo be limited to thosa causad by increasad loading of suspended soiids from cleared
areas and excavation and some fncrease in dissoived 10lids and nutrients from lake and pit dewatering
activities. The potantial affects of suspended solids and siltation on the aguatfc resources have
been discussed in Section 3.2.1(d). The increasa in dissoived solids and nutrient levels of Hat
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Creek during mime construction will be minimal and tramsitory in nature, and although the potential
for increased growth of epilithic algae exists, this is not expacted to be problematic.

3.2.3 Dffsite Facilities

(2)

(b}

(2

Intake Structurs

The intake structure would be constructed behind a cofferdam. Some temporary increases in
suspended solids concentrations and turbidity levels could be expected. These should be of short
duration incurring only minor water gquality impacts. Excavated material would be disposed of in
suitable 1and?{1] areas. Poor gquality sediments are not expected tc be encountered.-

The timing of construction activities has been scheduled to avoid pink salmon spawning
years. By exercising proper care and construction practices, it should be possible to limit impact
due to intake construction to the loss of habitat associated with the placement of the fntake pier
in the river. This potential impact has been minimized by siting the intake in a reach of the
Thompson River that contains Tittle, if any, suitable salmon spawning habitatl1 and by the selection
of a pier-type intake structure to be located in the river. This should aveid the potentially
greater habitat disruption and fish disorientation that could occur from an installation on the
riverbank, Access to the structure is provided by a small walkway which also carried the pipe to
the pumping station onshors, again minimizing the structure's prasence in the river. These design
aspects are indicated {n Figs. 3.2-2 and 3.2-3.

Main Access Road

Construction of the main access road would entail such activities as clearing, stripping,
excavation, fil1l, borrow areas, culvert {nstaliation and drainage ditching, disturbing a total of
100 to 200 ha between Ashcroft and the plant and mine site. The road crosses surface streams and
creeks nine times, It would be necessary to control erosion related sediment loss and fugitive
dust, particularly at the crossing of Cornwall Creek because of existing domestic water uses.
Normal road construction sediment control measures would be necassary to protect surface watar
quality.

Impacts on agquatic ecology should be limited te flow disruption of watercourses at the
nfne necessary strepam crossings, from srosion and sedimentation from these crossings and the clearing
and excavations associated with roadbed and grade preparations. Replacement of the existing bridge
trossing on the Bonaparte River with a more modern structure to provide adeguate access to the
intake site could be expected to improve presently existing flow patterns in the Tower Bonaparte
River. Impacts on aquatic biota due to siltation were discussed in more detail im that section
deating with the construction of the powerplant.

Makeup Water Pipeline

Construction of 23 km pipeline, pump stations and access road would disturb about 38 ha of
terrain. Activities such as clearing, stripping, trench excavation, blasting and spoil disposal
have potential to cause erosion and fugitive dust related sediment loss to surface drafnages. Extra
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(d)

(e}

precautions %o avoid impact from sadiment jossas would ba neceysary at the Cornwall Creek and Bona=
parts River cCrossings. Provided precautions are taken, impact en water qualfty shouid be minor and
of shart duration.

Impacts on aquatic scology would be similar to thosa assocfatad with the construction of
the access road except for the additional habftat disruption caused by the buried pipeline cressing
of the lowar Bonaparts River. Zecause this area of the Bonaparts supports 2 saall salmon run (sea
Section 3.3.4, Part Thrae) it would be nacessary to properly time the activities in the streambed to
avoid damage ta the individuals of the population using this river as a spawning ground and nyrsary
habitat. Habitat improvement of this area could cccur §f the proper pipeline burial techniques are
emplioyed. Thase aspects ars dfscussed in more detail 1in the chaptar dealing with aitigation of
impacts.

59 _kV Transaission Lines

The construction of these facilities would not fmpact on the watar rescurces of the
area. .

Crask Diversions

Construction of the Hat Cresk diversion wouyld entail clearing, stripping, excavation,
111, smbankment and access road construction, The total disturbed area including reserveirs (base
case) s about 46 ha assuming the ressrvoir basas are stripped of topsoil. Runoff froem all construc-
tion arsas aust be controlled, collected and treated to appropriate lavaels to aveid serious fmpact
on NHat Creek water qualifty. Construction of the reservoirs and the discharge conduit plunge pool
would 1ikely be done during the sumser low flow period. Ouring this time the cresk 1s least able to
copa with sediment and extremely good erosfon control methods should Be fmglemented 3 protact
downstrean creek values.

The construction of cutoff trenches and/or grouting of permeable sadiments beneath the
embankment structures for the Head Works and Pit Rim Dams would partially cut off the groundwatar
flow in the alluvial aguifer adjacant ta Hat Creek. The estimated down valiey flow in this aquifer
is 2300 lsld. The reduced groundwatsr fiow in this aquifar immediately downstreas of the embankment
would be fin the order aof 300 I3/d. The result woyld be 2z =major negative impact on the alluvial
aquifer in tha valley. QOownstream fmpacts would, however, be negligible. The remaval of vegetation
and locse topsoil on upland areas would alse cause a slight incrsase in runoff and a subsequent
decrease in infiltration to the water table resulting In 2 minor lowering of watar tables.

Inpacts on aquatic ecology due to construction of the <reek diversions are siaflar to
those expectad froa constructiom of the access road. Care should be taken not to fnterrupt the
natural watarcourses until’ the diversion is actually scheduled for operation. The Hat Creek diver
sion would elimfnate 9 km of existing habitat in the existing stream channel, This would be 2
significant impact as the diversion canal would not provide replacement habitat.
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3.3

3.3.1

WATER RESOURCES ~ (Cont'd)

(f) Airstrip

The activities of clearing, stripping, base preparation and construction of drainage
contral structures would expose areias to possible ercsion and a certain amount of fugitive dust.
Impact on water quality due to sediment lpss would likely be minor providing normat caonstrugtion
sediment lass procedures are utilfzed. The proposed sftes for the airstrip (A and C) appear to be
away from sigmificant developed surface runoff systems, thus sediment Joss should not be difficult
to control,

(g) Equipment Qfflpading Facilities

The activities of clearing, stripping and facility construction would expose areas to
possible erosion and some fugitive dust. Impact on water quality due to sediment loss would likely
be minor providing normal construction sediment loss procedures are utilized.

LAND RESQURCES

Powerplant

The assessment of the effects on the land resources due to powerplant construction is biased on
the assumption that the total land area required for each facility component would be disturbed during
the construction phase. Storage reservoirs and ash disposal areas are assumed to be completely cleared
and ready for utilization. No sequential preparation of sites fs assumed. Construction activities are
considered to be restricted to the immediate vicinfty of the facflity and an appropriate buffer zone has
been Included in the estimate. Facility components discussed in this section include the plant island,
makeup water reservoir, Medicine Creek ash disposal area, Harry Lake ash disposal area and other anciliary
facilities.

(2) Physical Environment

Approximately 23 of the 86 soil units identified as occurring within the project locale

would be disturbed during plant construction. These effects could result from either the permanent
loss of soil, or the compaction of soils due to construction related activities. Each of these
effects would be localized to the facility area.
The s0il unit, area disturbed and sensitivity rating1 for each of the plant facilities is
presented in Table 3.3-1. The sofl unit with the gresatest area disturbed by the plant (unit 58)
covers 66 ha. This unit has been given a moderate sensitivity rating, sfnce it is moderately sensi-
tive to dusting and alkalinity-salinity problems. The tapsoil reclaimability is low and therefore
the impact ot the soils within the project locale due to the loss of this unit is not considered
significant. The soil unit with the largest area disturbed by the makeup water reservoir (unit 54)
covers 40.4 ha, This unit is moderately sensitive to erosion, dusting and alkalinity-salinity
preblems. Its loss fs considered to be insignificant. The Medicine Creek ash disposal area would
disturb 147 ha of unft 38, 89 ha of unit 51, 120 ha of unft 52 and B85 ha of unit 56. Each of these
units have been assigned a moderate sensitivity rating. Only two units disturbed by the ash disposal
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{b)

LAND RESQURCES - (Cont'd)

ares have Dawn ratad as being of high sansitivity, namely units 55 (35.2 ha) and 57 (8.5 ha). The
high rating is due to the high topsail -reclamation suitability. However, the small area affectad
suggests that the resuiting impacts are minimal. The Harry (aka ash disposal area wouid use 99.3 ha
of unit 51. This unit has a moderata overall sensitivity rating and moderats topsoil reclaim
ability, The impact of the Toss of this unit is negligible in comparison to the total resourcas
available.

The total soil area disturbed by pilant construction is small in comparison to the sail
rasourcas in the project locale. Sensitivity ratings are genarally modearate. Thus, any impact to

the soils froa plant construction is anticipated to be minimal.

Natural Vegetation

{f) Birect Vegetation Losses

Construction of the powsrplant and associatad facilities would disturb portions
of six vegetaticn assocfations found within 25 i of the profest. The area disturbed and
sengitivity nﬁngs]' fer each vegetation association are summarized by facility components
in Table 3.3-2.

The three associations with the largest total areas disturbed are the Engeimann -
Soruce - Groussberry - Pinegrass (35.4 ha), Oouglas-fir - Pinsgrass {438.5 ha) and Kentucky
Blusgrass (471.3 ha). Construction of the makeup watar reservoir would disturd the largest
araa of the Engelsann Sprucs = Grouseberry - Pinegrass Associatisn (57.9 ha) whfle the
Medicine Creek ash disposal area would disturd the largest area of Douglas-fir - Pinegrass
(322.0 ha) and Kentucky Bluegrass (306.7 ha} associations.

The Kantucky B8luegrass Association would be the mast affectsd, sinca 10 percent
of the total arsa covered Dy this association within the project locale would e disturbed
during plant construction. [n comparison, only 0.5 percent of the EngeTmann Spruca =
Grouseberry -~ Pinegrass and 0.9 percent of the Douglas-fir = Pinegrass associations would
be disturbed. The fmpact to the vegetation asscciations resylting from the disturbances
incurred during plant construction are considered to be minimal, since wach of the associa-
tions with the largest area disturted have been rated as low in overall sansitivity.

The other three associatfons which wouid have some portions disturted during
construction are the Ocuglas-fir - Bunchgrass (1.3 ha), Dougias-fir - Bunchgrass - Pine-
grass (8.5 ha) and the Willow - Sedge Bog (8.1 ha). The Douglas-fir - Bunchgrass and the
Douglas-fir - Bunchgrass - Pinegrass have been rated moderates In overall sensitivity.
Howsvar, the impacts to these associations are considared to be minimal, since such smail
areas are affected and the loss of thasa areas would translats to less than a Q.1 percent
reduction in the total area of these associations as found within 25 km of the project.
The Willow = Sedge Bog Associfation was rated high in overall sensitivity due to its unique
charactaristics. The impact on this assogiation from a local parspective is considared to
be minimal, because the area disturbed is only 1.2 percent of the total arsa found within
25 ka of the project.
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(i)

(111)

(e) Wildlife

LAND RESOURCES - (Lont'd)

Air Emissions -

Dust emissions from construction activities may have an adverse effect on the
vegetation. Dusting would only be a problem during the typically dry summer months and
would be Tocalized to the construction sites. The accumulation of dust on vegetation,
particb1arly those with pubescent leaves, has been demonstrated to cause a reduction in
photosynthetic activity. Impacts on vegetation due to dusting would be the result of
reduced productivity. It is also possible that dust emissions may enhance the fraquency
of insact infestations and occurrence of diseases. The magnitude of these impacts can not
be guantified since dust concentrations from piant construction have not been predicted.
The means for translating dust accumulations to productivity reductions in guantative
terms have not been reported in the literaturs. This data void also precludes the
assessing of the magnitude of these impacts. However, it is anticipated that the impacts
would be minimal because dust control measures are intended to be utilized and the extent
of the dusting would be small, primarily affecting only the vegetation associations in the
immediate vicinity of construction activities.

Indirect Factors

Vegetation could also be affected by changas in the near surface sespage water
due to construction activities. The availability of this seepage water is important to
the vegetation in the Hat Creek Valley since i% provides both a source of water and
nutrients necessary for growth. Two associations, Saline Depression and Willow - Sedge
Bog, are critically dependent on seepage water. The other associations are not dependent
on this water source, but could exhibit reduced productivity without it.

Impacts to the vegetation resulting from interference with seepage water during
plant construction are considerad to be minimal, because construction activities are not
expected to occur in areas where seepage is prevalent. The Willow - Sedge Bog Association,

which is the only association critically dependent on seepage water and affected by plant

construction, occurs in the vicinity of the Medicine {reek ash disposal area, The minimal
impact that construction would have on this association, due to the small area disturbed,
would result primarily from direct disturbance. Impacts from reduced seepage water are
not considered to be substantial. However, impacts resulting from seepage water inter-
ference on this association and others can not be assessed until seepage water patterns
have been identified in detail.

The Hat Creek Project and related activities will affect wildlife resources in three

general ways.

1. Habitat Toss.

2. Human disturbance.
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3.  Altaration of biological processas.

Habitat loss {s used herein to denota alteration of an axisting habitat so that indigenous
specins preaferring that habitat can no longer usa it for their life history requirements. Human
disturbance invoives the effect of man's activities (noisa, machinery operation and hunting) on
wildlife resourcas. Altaration of hiological processes ocours when the resources upon which wildlife
depend are impactad and these fmpacts are passed on to the wildilife population. For e¢xample contami-
naticn of food sourcas may resylt in accumulation of these contamipants in higher trophic levels
(¢.g. the larger carnivores) with subsequant lethal or sublethal (e.g, reducad reproductive success)
affacts.

The primary data sourge 1s the Appendix A~2, Wildlife Impact Assassment. Game, nongame
and rare and endangered species have been considered. No measuradbie {mpact 1s axpected to occur on
rars and endangered species. Other species and their population statys are summarized in the text,

(1) Habitat Loss

Plant construction would result in clearing and grubbing about 163 ha or 0.1 percant
of tha focal study area (Table 3.3=3), exclusive of the ash disposal alternatives. (and
area and habitat types needed for the ash dispesal systems dire presentad in Table 3, 3-4.
Tha plant sites would require removal of five habitat types. The largest habitat type loss
(60 ha) will be aspen stands. This §s 2.2 percant of the aspen habitat within the Tocal
study area. Engelmann spruce - lcdgepole pine, midalevation grasslands are the two largest
habitat types tc he removed Dy the ash disposal systems. These habitat Tossas would most
affect grouse populations; howevar only a small parcantage of the local study area would
te favoived. Up to 5 parcent of the riparfan hadbitat within the Tocal study area would be
lost during construction of the Hat Creek Projsct. This habitat removal represents a loss
of relatively valuvable deer habitat and Tocally valuable waterfowl and furbearer
habitat.

{i1) Human Qisturbance

Nolise and the presance of machinary and venfcles would be relatively constant
during the construction peried and would Jlessen in intansity as the sits preparaticn
pracass nears compiation and intsrnal plant construciion increases. The potential impacts
from these sourcas as well as thoss related to hunter preassures and demand largely parallel
thase summarized in the mwine constryction fmpact discussion except that their duration
would be less. The additive impacts of aine and plant construction are not expected to be
significant at the Tocal study area Tevel.

(it1) Alteration of Biologica)l Processes

No major altaration of a species aor population's biological procassas is antici-
pated with construction since levels of air pollutants are expected to be low and no
migration or dispersal pathwiys would be blocked.
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Direct Loss

Construction of the powerplant and assogciated facilities would disturp 623.6 ha
of forest tands. This {s 0.42 percent of the total forested land found within 25 km of
the powerplant site, A large percentage (98.7 percent} of this land is considered to be
productive forest land. Eight coniferous and three deciduous species were identified as
occurring on the productive forest land disturbed by construction activities. The total
merchantable volume affectad by plant construction is approximately 26 702 m3. Lodgepole
pine accounts for 63 percent of this total, Douglas fir for 31 percent and spruce for
S percent.

The site ¢lass breakdown, based on the predominant forest growth type, lodgepoie
pine - conifer, of the forest iand disturbed by plant construction is 2 percent goed,
63 percent medium and 28 percent poor. A1l of the good sfte land is found within the
proposed Madicine Creek ash disposal area, The mean annual ncrement (MAI) for the good,
medium and poor sites is 3.1, 2.1 and 1.3 m3/ha respectively., This transiates into a
total annual fincrement of 168 812 and 227 13 for the good, medium and poor sites,
respectively.

Construction of the powarpiant and associated facilities wouid result in the
physical less of land available for the growth of forest_species. As 2 result, it is
antigipated that there would be an impact to the forest resources. This impact should be
minimal, since the area lost for future growth is classiffed as predominantly medium or
poor site class with a small percentage of good site class. The area of good, medium and
poor site class as found within the project locale would only be reduced by 2.6, 1.2 and
0.2 percent, respectively, as a result of plant construction. In a similar manner, the
total annual increment of good sites lost due to plant construction is only 2.3 percent of
the total annua)l fncrement for good sites within the project locale. Sites rated as
medium are only 1.1 percent of the project Jocale total, while poor sites are only
0.2 percent. Construction should have a negligible impact on the forest industries within
the project locale since the loss of AAC represents, but a small percentage of the regional
totals, It is alsoc assumed that the timber on the land areas required for facility com-
ponents would be logged and removed as part of the regular forest management programme and
quota allocations.

Air Emissions

~ Dust emitted during construction activities may accumulate on the ieaves of
forest species occurring within the immediate vicinity of construction. These dust accumu-
lations may cause the leaves to overheat during sunny periods and thereby cause premature
needle death. [ust accumulations have also been found to enhance the suysceptibility of
trees to Black pineleaf scale, which have attacked small areas of pondercsa pine in the
vicinity of Lytton.
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The magnitude of the impacts resulting from dust accumulations can not Le
assassed, since the levels have not been predicted for the construction phasa of the
project. However, jt is anticipated that the impacts would he negligibie, due to the
utilization of dust suppression measures, the small areal extant arfected and the tendency
for Tocalization within the area of the activity.

(e) Aqriculture

8D

(1)

Land Disturbance

Sixty=two percent of the land disturbed by plant construction is leasad and
38 percent permit-administrated. Sixtesn ha are irrigated and the remainder utilized for
cattle grazing. Forty-sight ha bhave besn desfgnated part of the Agricultural Land
Resarves,

Approximately 830 ha of leasad and permit land woyld be pre=smpted from graZing
use by construction the plant components. Two hundred fifty-five ha of Kentucky Bluegrass
Association, 440 ha af Douglas=rir - Pinegrass Assacfation and 130 ha of Engalmann Sprucs -
Groussberry = Pinegrass Association would be thus affectsd. The Xentucky Bluegrass
Association fs grazed during the spring and has been ascribed a current carrying capacity
of 2.0 ha per anfmal unit month {AUM); loss of 235 ha and approximataly 130 AUM, would
reduca present estisatad spring grazing resocurcss of the Hat Creek basin from 3920 AUM to
3790 AUM, With regard to agricultural resources projectad for a without-project scanario,
the Kentucky Bluegrass Assoclation is expected to incrsass in productivity (dus ta
resesding) to a carrying capacity of 0.52 ha/AUM. When projected productivitias are
considered, the loss of 255 ha represants a Toss of approximataly 411 AUM per spring
saasen (2 months).

The Oouglas-fir - Pinegrass and Engelmann Spruce - Grouseberry - Pinegrass
Association are utflized for susmer grazing. Their estimated current carrying capacity of
8 ha/AUM {s nat expectsd to change markadly {f the project {s not executed. Construction
¢f the plant cosponents on 570 ha of these twe assoclations would Tesssa summer season
productivity by approximstaly 95 AUM or 30 anfmal units (AU), This can be compared %o the
current sumaer season productivity in the entire Hat Craek basin, 3000 AU,

The effect of plant land requirements on projected agricultural usas s pre-
sentad, by Fam Unit, in Table 3.3-5, Tha fmpact of entire projsct land requirsmants on
agricultural uses and tanure {s summarizad in Table 3.3-6.

ust

The potentfal fspact of dust from plant construction activities cannot be quali-
fied. The sita vicinity sofls would promote dust formation, However, through esployment
of dust suppression measurss the {mpact can be lassenad.
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(i11) Noise

General guidelines for predicting or avoiding sound effects on various land uses
have been published for by the U.S5. Department of Housing and Urban DeveIopment.4 For
tivestock farming, 65 dB(A) and 75 dB{A) are considered compatable and marginally compa-
table, wnile for non-livestock agriculture the corresponding levels are 75 dB(A) ang
85 dB{A).

Predicted construction noise levels within the Hat Creek Valley are generally
within 30 to 35 dB(A). - The highest levels occur at the north end of the valley. When
construction activity is greatest, noise levels adjacent to the plant site are predictad
to be 55 dB(A). ODecibels {dB(A)). ODuring no wind conditions, noise levels are expected
to be 10 dB{A) higher.

The impact of noise from plant construction wouid he largely confined to the Hat
Creek Valley and would not be of regional concern. Although a large portion of the Local
Study Area will experience ingcreased noise levels, in general these are sufficiently low
to preclude affects on agriculture. The effect on Tivestock in the valley fs expected to
be minimal,

(f) Cultural Heritage Resources

Based on survey results, there would be no impact on the cultural heritage resources from
the construction of the plant 19 the area corresponding to Stratum € of the Phase Il survey. No
resource sites were located during the intensive survey of that stratum. The pessibility remaing
that buried or ctherwise overlooked sites might be encountered during construction and need be dealt
with.

(g) Geology

The fimpacts of plant construction on geology are considered to be minimal. Impacts are
anticipated to result from the use of aggregate supplies in the valley. Depletion of these supplies
is consigered to be insignificant in comparison to supplies avaiiable in the regionai area.

The assessment of effects on the land resources due to mine construction is based on the assump-
tion that the total Tand required for each facility component would be disturbed during this phase. wWaste
dumps, topsoi) storage and low grade coal storage areas are assumed to be completely cleared and ready to
be utilized during the operation phase. HNo sequential preparation of facility sites has been assumed.
Construction activity is considered to be restricted to the immediate vicinity of the facility and an
sppropriate buffer zone has been factored into the estimate of disturbed land. Fagility components
assocfated with mine comstruction include Mine Pit No. 1, Medigcine (reek waste dump, North Valley waste
dump, Houth Meadows waste dump, topsoil storage areas, low grade coal storage and other auxiliary
facilities.
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{a) Physical Epviroment

Construction of the mine and relatad facilities will begin a substantial modification of
the Tlocal Tandsurfaca. Approximataly 35 sofl units ware fdentified fn the areas affected by the
proposad mine and related activities. The effects resuiting from mine construction would be derived
from the removal and storage of both topsoil and overburden, and would be restricted to the mine pit
and waste disposal areas.

The sofl units, area disturbed, and sens{tivity ratings for each of the mine facilities
are presanted in Table 3.3-7. Five sail units in the area of the proposad mine ware identified as
having a high averall sansitivity. The five units are &8 with 40.5 ha disturbed, 17 with 131.9 ha,
19 with 100.8 ha, 200 with 3.1 ha, and unit 21 with 57.4 ha. Soil unit 6B has a high susceptibility
to alkalinity = salinity problems, but has a low soil reclaimability., Unit 17 has a high suscepti-

bility to dusting and fs also of little value for reclamation. Unit 19 {s moderately susceptible to ~

all factors and is moderataly vaiuable for reclamation. Unit 200 is highly susceptible to all
factors and has a moderats reclamation valus. 35011 Unit 21 has been rated as being highiy suscep~
tidle to dusting, but is of little value for reclamation work. The remaining units are classified
as either low or medium in cverall sensitivity. Ultimately, the land area disturbed by the mine
construction would ba agproximataly 767 ha. Five sofl units having high sensitivity ratings sake up
50 parcant of the mine arsa. However, from a regional perspective, the significance of soil distur
bance should be minimal.

In the Medicine Cresk wasta dumg area oniy ane soil uynit, No. 57, was assigned 3 high
ovarall sensitivity. This unit occupies the largest area (137.2 ha) ‘and is highly sensitive to both
dusting and alkalinity - salinity problems, but s only moderataly suitable for reclamation. It

oczurs on 28 percent of the area. The remaining soil) units are ratad as moderata in overall sensi-’

tivity. The Tmpact aof %the Medicine Cresk waste dump on soils, from i local perspective, would be
minimal.

The North Vallsy wasta dusp 5 situated on sofl units ratad as noderats in overall sansi-
tivity. B8ecause af this rating and the smail area required, the impact of this facility is considered
to be minimal.

Five of the soil units identified in the area of the Hoyth Meadows waste dump are ratad as
being of nhigh. sensitivity, The aress of unit 10 (76.3 ha), unit 20 D (17.8 ha), unit 57 (129.9 ha),
unit 63 (83 ha) and unit 64 (S51.0 ha) commrise 57 percent of the total area. All of these units are
highly sensitive to alkalinity =~ salinity problems and soderataly to highly sensitive to dusting.
The resaining units are rated as modsrate in overall sensitivity, although two units, 31 and 33, are
highly susceptible to alkalimity -~ salinity problems. On the Dasis of this svidence, the Heuth
Meadows wasta dump is expected to have a moderats impact on the soils,

Topsoil storage area 8, which is locatad south of the mine pit on the west side of Hat
Creek, i3 composed of soil unit 17 (61.3 ha). This unit it ratad as high in overal] sensitivity due
to its high suscaptibiiity to dusting. The impact of this area on the sofl s anticipated to ba
high from a lacal perspective and ainimal from 4 regfomai perspective.
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0]

The s0i) units mapped in the topseil storage area C, located south of the Medicine Creek
dump, and the low grade coal storage area are all rated as being moderate in overall sensitivity.
Thus, perceivable impacts would be anticipatad,

The impacts on sgils from the construction of ancillary mine facilities are also antici-
pated to be minimal. Only small areas of each soil unit are affected, and for the most part the
units are rated moderate in overall sensitivity. However, soil unit 19, which would be covered by
facitities totalling 48.5 ha in area, is rated as high sensitivity. Impacts to this soi? unit would
be high from a local perspective and negligible from a regional context.

Matural Vegetation

(i) Direct Vegetation losses

Construction of the mine pit No. 1 and related facilities wouid disturb portions
of thirteen vegetation associations found within 25 km of the project (project locale).
The area disturbed and sensitivity rating for each vegetation association are summarized
by facitity component in Table 3.3-8.

The six associations with the largest total areas disturbed are Douglas-fir -
Pinegrass (700.8 ha), Douglas=fir - Bunchgrass - Pinegrass (431.3 ha}, Sagebrush - Blue-
bunch Wheatgrass (425.2 ha), Kentucky Bluegrass (411.0 ha), Douglas-fir - Spirea - Bear-
berry/ ODouglas-fir - Bunchgrass - Pinegrass compiex (115.3 ha). Three facilities, mine
pit No. 1 (120.5 ha), Medicine Creek waste dump (114.5 ha) and the Houth Meadow waste dump
(365.0 ha), make up a large percentage of the disturbed area in the Douglas-fir -~ Pinegrass
Association, Mine pit No. 1 (137.6 ha) comprises a large percentage of the disturbed area
fn the Douglas-fir - Bumchgrass Association, while a large percentige of the area disturbed
in the Douglas-fir - Pinegrass = Bunchgrass Association results from construction of the
mine (92.7 ha) and Medicine Creek waste dump (232.0 ha). The Medicine Creek waste dump
(13a.1 ha) Houth Meadow waste dump (126.0 ha) and combined topsoil and coal storage areas
(104.5 ha) disturb a greater percentage of land in the Kentucky Bluegrass Association than
the other facility components evaluated. Development of mine pit No. 1 disturbs the
largest percentage of tand in the Sagebrush - Biluebunch Wwheatgrass Association. Construce
tion of the Houth Meadow waste dump (111.5 ha) makes up a 'Targe po.rtion of the disturbed
Tand in the Douglas~-fir - Spirea - Bearberry/Douglas-fir Bunchgrass - Pinegrass complex.

In terms of total area disturbed, the Douglas-fir = Pinegrass Asscciation would
have the greatest impact, followed by the Douglas-fir = Bunchgrass - Pinegrass, Sagebrush -
Bluebunch Wheatgrass, Kentucky Bluegrass, Douglas-fir - Spirea - Bearberry/Oouglas-fir =
Bunchgrass = Pinegrass complex in order of decreasing impact. The overall sensitivity of
the Douglas-fir - Pinegrass and Kentucky Bluegrass Associations fs low, moderate for
Douglas-fir - Bunchgrass - Pinegrass and Oougles-fir - Bunchgrass Associations and high
for Sagebrush - Bluebunch Wheatgrass Association. On the basis of the sensitivity ratings,
the “Sagebrush = Bluebunch Wheatgrass would inzur a severe impact from mine construction.
As further proof of the predicted severe impact, the disturbed area is 63 percent of the
total area of this.association within the project locale. This impact cannot be mitigated
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becauss 1 large percentage of the disturbed area occurs within the boundaries of the
propesad mine. .

The two other associations rated as moderate in  overall sensitivity,
Oouglas~fir - Bunchgrass and Qouglas-fir - Bunchgrass =~ Pinegrass, should not be as
saversly impactad as the Sagebrush - Bluebunch Wheatgrass Association, sinca the total
areas of these two associations within tha project locale would only be reducad by 5 and
3 percant, respectively.

The impact of the Kentucky Bluegrass Association should dbe minimal. Even though
the aine construction would result in the disturbance of 411.0 ha of this association, the
total arsa in the project locale would only be reduced by 8.3 percent. The overall sensi-
tivity of this association has beun ratad low which 1s indicative of the relativa unimpor=
tanca of this assacfation.

The two other associations which were rated high in overall sensitivity, Riparian
and Willow - Sedge Bog Associations should experience a minimal fmpact. Minimal {mpacts
are anticipated due to the small areas involved and the Tow parcantage of these areas in
retation to total areas within the project locale (0.9 and 0.3 percent, respectivaly),

Alr Emissions

Dust smissfons frca mine construction may be 2 problem duriag the dry summer
sadsons., The accumulation of dust on vegetation, particularly thoss with pubescent lesaves,
nas been demonsiratad as the causal agent responsibls for reductions in photosynthetic
activity. Thus, impacts on vegetation dus to dusting would result from reduced producti-
vity Tevels. [t s aiso possible that dusting may {ncrease the frequency of insect fnfes-
tations and the occurances of disease cutbreaks. The significance of these impacts can not
be guantified, since the dust emissions generatad during mine construction have nat been
pradicted. However, 1t is anticipated that fapacts from dusting would be minimal and
localized tz the afne area. The use of dust control tachniguas would also raduce any
potantial impacts. Should there be an impact dus to dusting, it would be small fn compari-
son to the impacts resyliting frem direct vegetation loss,

Indirest Factors .

There {5 a potantial for an sdverse Topact an vegetation due to reductions m
the supply of watar or nutrients from near surface sespage water. The preparation of the
minre aret prior ta mining ocparations may altar the movensnt of sespage water. Thus,
vegatation, which relfes on this seepage water for growth, may exhibit reductions in
productivity. The extent or -probabiiity of this effact can not be assessed, since detailed
information on the flow of sespage watar Nas not hHaen developed.

Two associations, which have been fdentiffed as criticaliy dependent on this

seepage watsr, are the Saline Depression and Willow - Secge Bog. These two assoclations
do not zppear ta sccur ta any great extant in the vicinfty of the mine and sny potential
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impacts due to loss of seepage water would, by comparison to direct disturbance, be
substantially less.

Habitat Loss

Mine excavation would result in a habitat loss of about 2400 ha. Douglas-fir-
Pinegrass (899 ha), Ponderosa Pine Douglas-fir-Sunchgrass (466 ha), Sagebrush (459 ha),
and Mid-elevation Grassiand (295 ha) habitats would be most affected. The Hat Creek Coal
mine would inveive 1.5 percant of the local study area. Mine development would remove
Yess than 6 percent of any habitat type in the study area except for Sagebrush, where over
60 percent of this habitat will be lost to the study area (Table 3.3-9). Field studies
indicated that the Sagebrush Habitat type is most intensively used by deer, and thus
represents an {mportant impact of the project on a local game popuiation. Other habitat
losses are of less importance.

The mine pit in the valley floor would require diversion of Hat Creek. Hat
Creek and Finney Creek would be channelized. Riparian Habitat there would be disrupted or
lost. Movements of animals such as mink, otter, and beaver would be partially or completely
blocked. To regulate waterflows in the Hat Creek diversion canal, two or three storage
reservoirs would be constructed. Upland wildlife habitats would be replaced with aguatic
habitat types. Shoreline conditions should dictate what new wildlife potential would
develop.

Muman Disturbance

The noise and presence of operating machinery and vehicles should should be
relatively constant during the life of the mine. Most animals would adapt to these impact
sources in areas of "preferred" habitat near mine operations. Because noise levels should
rarely exceed 55 dB(A) except in the vicinity of the mine, alteration of movement patterns
rather than injury would be the primary impact.

The impact of neise and human activity on an individual or population depends on
the current vigor and reproduction Stage of animals subjected to these stresses. Consistent
human activities and neise should result in nominal stresses. Sudden and unpredictable
events, however, can disrupt nesting, breeding, territory establishment, cars of young,
etc. During periods of physiological stress such as low food avaflability when individual
vigor is tow, the sudden fright stimulus can result in population losses. Time and addi-
tional energy spent adjusting or fleeing new disturbances can under low vigor conditions
induce animal mortality. Consequently, winter and breeding season non-routine human
activities are most likely to impact wildlife populations.

Increases in hunting pressures on wildlife would be proportional to populatien

increases associated with mine development., Fur trapping activities are not projected to
increase as a result of this increase in personnel. Deer hunting pressure is expected to
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increase the most with lessar demands baing made on moose, black Bear, and big horn sheep
within the Tocal study area. A suybstantial increase in waterfow] hunting demand is
epected which may be a significant impact at the local leval when combined with construce
tion and operation personnel. More modest Increasas are expectad in numbers of upland
game dird huntsrs, Increasas in hunter demand or pressure indicata greater human related

mortality levels and possibly lower standing stock of populations present, partfcularly'

thase species with limited habitats and low population lavais.

Altaration of B1ological Procasses

Impacts of the mine operation on biclogical processes include the introduction
of potantially toxic or pathogenic agants into the food, water and air resourcas of wild=
Tife populations. The most 1tkely problem sources {ncluda:

1. Dust and particulatas generation, and
2. Wasta disposal.

Based on astimatas of concantrations of particuiata matarials from mafning activi-
ties, all dust generation should be sufficiently localfzed and short~lived so that signifi-
zant fmpacts would Se avoided. Dust contrel on reads will minimizs problems from this
30ouTCR.,

The primary sourcs of wasts related contaminants would bBe the wasts dusps and
sine construction camps. Sewage from the camps will be treated and disposad of by deep
well injection and spray irrigation. Solid wasta disposal would be at & land fi11 near
the mine. No nagative iompacts are expectsd with liquid wasta disposal because toxic
materiais should not baecome availadie to wildlife with this approach. If the Tandfili {s
within a wasts dump, no additional impacts on wildlife are expectad.

Oirect Loss

Construction of the aine and associated facilfties would disturd 1891.4 ha of
forast Jand. A large percantags of this land (87.7 percant) is considersd to be productive
forest land. Eight conifercus and thres deciducus species were identffied as accurring an
the productive forest land disturbed by constructien activities.® A total of 120 148 a°
of merchantable volume would be lost from these species. Douglas-fir accounts for
81.5 percent of this tatal, pondervsa pine for 14 percsnt, spruce for 2.5 percant and
lodgepoTa pine for 1.3 percent.

The sfta class breakdown, based on the predoainant forest growth type, Jouglas-
fir, is 0.4 percent goad, 5 parcent medium, and 34.8 percent poor. The mean annual
increment (MAI) for the good, medium and poor sitas is 3.8, 1.7, and 1.0 m?’/ha, respec~
tively., These translate into a zotal annual increment of 25, 194, and 1714 m3 for the
good, medium and poor sitas, respectively.
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Construction of the mine should have a negligible impact on the forest resources,
since the area disturbed is predominantly poor site class. The areas of good, medium and
poor site classes as found within the project locale would only be reduced by 0.3, (.28
and 1.8 percent, respectively. In a similar manner, the total annual {ncrement of good
rated sites, which would be lost due to mine construction, is only 0.34 percent of the
total annual increment rated as good for sites within the project locale. S5ites rated as
medium make up only (.22 percent of the project locale total, whiie poor sites make up the
highest percentage (1.7 percent).

The development of an opan pit mine in the Hat Creek Valley has been factored
into calculations of the allowable annual cut (AAC). This results in a reduced AAC fer
the Botanic Public Sustained Yield Unit (PSYW) im which the proposed development occurs.
This reduction has effectively eliminated the mean annual fncrement contributed by the
area disturbed during mine construction. However, a distinction should be made betwean
the impact on the forest resource itself and the impact on forest management practices.
The fact that the development of & major facitity, such as an open pit mine, has been
factored into the calculation of the AAC suggests that the impacts to forest management
practices would be negligible. Development of the project would rasylt in the physical
loss of land availsble for tree growth which would resylt in an impact to the forest
resource. This impact is considered to be minimal since the site class of the area, based
en the predominant growth type, (Douglias-fir), fs 94,6 percent poor. Construction would
also have a negligible impact on the forest industries within the project locale because
the loss of AAC reprasents but a small percentage of the regional totals.

Afr Emissions

Dust emitted during construction activities may accumulate on leaves of forest
species occurring within the immediate vicinity of the construction. These dust accumula-
tions may cause the leaves to overheat during sunny periods and thereby cause premature
neadle death. Dust accumulations have also been found to enhance the susceptibflity of
conifers to black pine leaf scale, which have attacked small areas of pondercsa pine in
the vicinity of Lytton.

The magnitude of tha impacts resulting from dust accumulations cannot be assessed
since the levels have not been predicted for the constructiocn phase of the project.
However, it is anticipated that the impacts would be negligible because dust suppression
measures would be utilized and the areal extent of the affected areas would be small and
tend to be localized in the vicinity of the disturbange.

(e) Agriculture

(i

Land Disturbance
The mine is expected to expand during the 1ife of the facility to an eventuyal

size of 2330 ha, 63 percent of the land requirements of the entire project. A large
partion of the mine area, 1814 ha, would affect leaselard curreatly usad predominantly far
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cattle grazing. Loss of leased land would affect five farmm units with percent losses
ranging from negligible to 33 percant (Farm Unit~7)}. Four hundred and ninety-seven ha of
descded Tand would be disturted, arffacting principally Farm Unit & which incTudes 11 ha of
irrigatad tand. The mine would Tncorporate approximateiy 18 ha of permit lTand Tocated in
the MclLean Laka A Unit.

Land reguirements of the entire project wers presanted in Table 3.3+ as they
related to 1individual Farm Units and agricuitural land tenures. The contributfon of aine
developoent to the total Tand disturbance incurred from the completa projsct fs substan=
tial. With reference to both desdad and leased property, mine raquirsments reprasent
a0 ptfclnt of the area alisnated from Farm Unit 6, Mine land disturbancs also accounts
for %0 percant of the alisnated leasad area of Farm Unit 4, 89 percent of that of Farm
Unit 5, and 33 parcant of that of Farm Unit 7.

Mine land requirements Include 1875 ha of Agricultural Land Resarve, rspresenting
3 parcent of that designated within the Local Study Area and 81 percant of that alfenatad
by tha entire project.

Effacts of project land disturbance on projected agricultural uses were sumsarizad
in Table 3.3-5. The scenario of agricultural activities projectad for tha site ares
without project developmant, assumes an approximate doubline of the arsa placed undar
frrigation. The entire project would presspt 273 ha of land that would otherwisa be
{rrigatad 1f the project were not finstigated. Fifty-one percent, 138 ha, of these would
be attributable to land required for the mine. [n tarms of the effsct of project lamd
disturbance on probable use of agricultural resoyrces the Aine component represants the
greatsast source of impact. .

In addition to irrigatad land the proposed mine would also preempt 2136 ha of
projectad desced and leased grazing land. Approximataly 926 ha of this are grazed during
the spring, while the remaining 1243 ha are considersd summer range. Tha vegetation
associations utilized during the spring currently exhibft carrying capacities of 2 to
2.4 ha/AUM, If re-seading programmes are implemented and carrying capacities improve to
1.23 to 0.62 ha/AUM, as profected, then lass of 926 ha could represent a reduction in
projected spring cattle numbars of 550 Al. Summer range productivities are not projectad

to foprove. Removal of 1260 ha of suomer range Trom grazing usa lessens summer support by.

approximately 85 AU.

Total land requiresents for the entire project are likaly to reduce productivity
of Farm Units 5, 6, 7 and 8, while not appreciably affecting Units 1, 2, 3, 4 or 11. The
consaquential reduction of beaf praduction in the Hat Cresk Valley over a 20 year period
has besn estipated at approxisately & percant or 200 animal units. This assumes air
quality effects as described fn Section 3.1, and eafficlent use of project-related lands
available for agricultural activities.
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(it Dust
The potential impact of dust from mine activities cannot be quantified. The
soils of the site vicinity promote dust formation. Through employment of dust suppression
measures, however, this impact can be greatly reduced.

(f) Cultural Heritage Resources

The ground disturbing activities of the construction of the surface mine, hardly to be
separated from the actual operation of the mine, would have the greatest impact of all project
activities upon the cultural heritage resources contained within Stratum I as defined in the Phase II
survey. Approximately 147 sites are projected to be contained within Stratum I. The mine is Tikely
to obliterate the in-situ her{tage resources and where significant finds have been identified approp-
riate mitigation would be inplemented,

Where the surface within Stratum I s excavated to reach the underlying coal there will be
2 potential impact in the form of disruption of cultural context and loss of artifactual material
uniess complete survey and appropriate mitigation has occurred beforehand. Professional examination
should also be arranged for unexpected sites discovered during construction.

(g} Geology

Impacts to-the geological resocurces from mine construction would be darived from developing
and mining the inftial coal supply for the plant and from developing and utilizing aggregate suppiied
from the upper Hat Creek Quarry (Fig.3.4-2, Part Three). The development and exploitation of these
resources would be beneficial to tha Province. The amount of coal mined in this phase would be
small in comparison to the operational phase. The amount of aggrsgate utilized would be small in
relation to the regionally available supply.

Offsite Facilities

The assessment of the effects on the land resources from construction of the offsite facilities
was based on the assumption that all offsite facilities are to be completely constructad in this phase
and ready 1o be utilized during the operation phasa. lto segquential preparation of sites was assumed,
Construction activity was considered to be restricted to the immediate vicinity of each facility and an
appropriate buffer zone has been included in the estimates. Facilfty components associated with offsite
construction include the main access road, airstrip, airstrip access road and a general grouping of the
remaining facilities. The general group, selected by the detailed consultants.1 consists of the makeaup
water pipeline, the €9 kV transmission lines, the intake structure and associated pump stations and other
minor facility components.

(a) Physical Environment
Landforms would be largely unaffected by construction of offsite faciiities. Some minor

changes would occur during construction of the access road, however, the effects would be minimal.
Construction of approach and departure zones for the proposed airstrip will invoive grading the
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c¢rown of ane small hill to the north of the proposed runway (between Lone Star and Cornwall Creeks)
and one to the south of the proposad runway. The portions to ba removed are minimal, and the
resuitant impact on landforms would ba fasignificant.

A large nuaber of the soil units idantified as occurring within the project area ara
affectad by the aain access road and the gther offsita facflitiss. Although construction af the
proposed facilities would disturb a Targe number of units, only a few units are affected o any
great areal extent.

The soil units, area disturbed, and sensitivity ratings for esach of the soils affactad by
offsite facilities are prasented in Tabis 3.3-10. The total ar=a of soils disturbed during construc-
tion 1s approximataly 324 ha. The sofl units with the Targe areas disturbed by the main access rcad
are units 38 and 47, and the arsas occupfed are 16.2 and 15.0 ha respectively. Tha ovarall sensi-
tivity of unit 38 is moderate and of unit 47 {s Tow. Thus, impacts to thess two units would be
considered minimal. Units 19, 20A and 25 have high overall sensitivity ratings due to high suscep~
tidility to dusting and alkallnity-salinity probless. However, the land arez affectad by these
unfty (2.4, 5.7 and 3.6 ha) 13 relatively small, and the disturbances should rasult in 2 ainimal
impact.

The sail units with the Targest areas disturbed by airstrip construction are units 25 and
27, with areas of 13.8 and 15.2 ha respectively. Unit 25 1s rated as high in overall sensitivity,
while unit 27 {s rated as medium. The Nigh rating assigned t@ unit 25 1s a result of high suscepti-
bfTfty to dusting and alkalinity;salfnity problems. The {mpact jfm Tass of this unft is considered
to be winfmal due %o the small area disturbed, even in light of the high sansitivity rating. Impacts
resulting from disturbance to othar unfts are judged to be insignificant.

Soil uynits with large areas disturbad by the other offsite facilitiss (Table 3.3-10) are
units &4, 19, 2%, 27, 36, 38, 47, and TL with areas of 11.5, 14.9, 22.6, 17.0, 10.4, 25.9, 18.§, and
15.7 ha respectivaely. Only units 19 and 25 ware assigned high overall sensitivity ratings. DOis-
turdbing thesa units would have a great {mpact. Impacts frem disturbanca to aother units should be
minfnal.

In terms of the overall sensit{vities and the land areas disturbed, construction of the
offsita facilities would result in a greatar impact to soils than construction of the plant but a

Tesser impact than sonstruction of the mine and related facilities.

Natural Veqstation

(1) Oirect Vegetatioo Losses

Construction of the offsite facilities would dfsturt. porticns of 13 vegetation
associations found within 25 km of the proposed development (project Tocale}. The area
disturbed ind sensitivity rating for each vegetation association are sumsarized by fagility
component in Tabie 3.3-11.
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The associations with large areas disturbed are Big Sage - Bunchgrass {120.1 ha),
Douglas-fir - Bunchgrass - Pinegrass (66.5 ha), Douglas-fir - Pinegrass (63.0 ha), and
Kentucky Bluegrass (28.7 ha). The proposed airstrip (46.6 ha), 6% kV Vines (36.0 ha), and
access roads (23.0 ha) combimed make up & large percentage of the area disturbed in the
Big Sage - Bunchgrass Association. A large area of the Douglas-fir - Bunchgrass - Pinegrass
Association would be disturbed by the Hat Creek diversion canal {23.8 ha) and the main
access road (33.7 ha). The main access road and makeup water pipeline would disturb 339.3
and 16.9 ha, respectively, of the Douglas-fir - Pinegrass Association. The main access
road (25.0 ha) makes up a large percentage of the disturbed area {n the Kentucky Bluegrass
Association.

On the basis of the total area d1sthrbed within each association, the Big Sage -
Bunchgrass Association should have the greatest impact from construction, followed by the
Douglas-fir - Bunchgrass - Pinegrass, ODouglas-fir - Pinegrass, and Kentucky Bluegrass in
order of decreasing qimpact. The Big Sage -~ Bunchgrass, Douglas-fir - Pinegrass, and
Kentucky Bluegrass Associations have been rated as Tow in overall senmsitivity. The Douglas-
fir = Bunchgrass - Pinegrass has been rated as moderate. On the basis of the sensitivity
ratings the Douglas-fir - Bunchgrass - Pinegrass Association should experience the greatest
impact. The Riparian Associatfon has a nigh sensitivity rating, but a relatively small
area of disturbance (12.5 ha). A large percentage of the area disturbed in this association
is due to constructian of the pit rim reservoir.

The impact {dentified for the Big 5age - Bunchgrass Association is not signifi-
cant, since the area disturbed during offsite construction is oniy 0.6 percent of the
total arsa of this association as found within the project locale. In a similar manner,
the impact on the Douglas-fir - Bunchgrass - Pinegrass Association is not considered to be
significant, Dbecause the area disturbed would only reduce the area of this association
within the project logcale by 0.5 percent. This small percent reduction is a strong enough
factor to negate the moderats sensitivity rating. 1Impacts to the Xentucky Bluegrass
Association should also be negligible due to the low sensitivity rating and the small
percentage (0.7} of land disturbed in relation to the total area found within the project
Tocale.

The only association c¢onsidered to have a significant impact is the Saline
Depression. It has been rated as moderate in overall sensitivity with oniy a small area
affected. However, the arez constitutes 10 percent of the total area of this association
found within the project locaie and on this basis, the impact fs judged to be significant.
Other associations which couid have a significant impact, but to a lesser degree than the
Saline Depreassion, are the Riparian, Cultivated Fields, and Bunchgrass - Kentucky EBluegrass/
Satine Depression complex. The areas within the project locate will be reduced by 1.7,
1.9 and 3.6 percent for the Riparian Association, Cultivated Fields, and Bunchgrass -
Kentucky Bluegrass/Saline Depression compiex, respectively. These percentages are typi-
cally 2-3 times greater than the largesi reduction percentage tor the other associations
affected.
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Air Enissions

Dust wsmissions from the construction of offsite facilitias may be a potential
probies, wxpecially during the typically dry susmer months. The accumulation of dust on
vegetation, particularly those with pubescant leaves, has bhesn demonstrated to be the
causal agent producing reduced photosynthetic activity. Impacts ta tha vegetation would
result primarily froa reductions {n productivity. Tha significance of thesa impacts can
not be assessed, since the dust emfssions generatsad by offsite construction have not Desn
predictad. However, should thers be an impact due to dusting, it would be locaiized in
the construction area and would be small in comparisen to the impacts rasuiting from the
direct disturbanca of vegetation.

Indirect Factars

The major {ndirect factor, which could affact the vegetation during construction
of the offsita facilities, is tha interference with the movement of near surface seepage
water. The Saline Depression and Willow = Sedge 30g are the only two assocfations found
in the project locals, which are critically dependant on this seepage watar as a nutrient
and moisture supply. However, the Saline Oepression is the only one, which could be
arffectad by offsita construction. It is found in the vicinity of the proposad airstrip.

The facilities grouped under the other offsite facflities catagory, which couid
have an affect on the sespage water, include the mafn accass road, Hat Creek diversion
canal, Finnay Creek diversion canal, power plant accass road and the coal conveyors. The
extant of tha effects frem construction of these facilities is difffeult to assess until
the naturs and lacation of sespage arsas have besn identified.

The Saline Deprassion Associaticn, as described previausly, is critically depen-
dent upon saspage water. Tha potantial for an adversas impact on this assocfation exists,
since it occurs in the area whare construction could potentially interfare with seepage
watar flow, and %o complicate matters an fmpact is also anticipated from direct
disturbance.

Becausa 2 number of offsite facilfty lecations are not known and relatfvely little wildlife

data wers collectsd from offsita facility locations, thess structures are traatad collisctively and
in gensral terms. The habitat occupied by each offsite facility, howaver, has besn computed and
providas the basis for impact assessaent (Table 3.3-12).

8D

Habitat Loss

Offsite facilities would result in a loss of about 3%56.5 ha (Table 3.3-12). Big
Sage, Low Elevation Grasslands, and Douglas-fir-Pinegrass habitats are the most important
habitats affscted. The Big Sage Habitat is important deer and ungulata habitat. The
narrow configuration of most offsite facilities plus the fact that the construction effects
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would be temporary lead to ‘the conclusion that unguiates and upland big game would be
little affected by offsite facility construction. Migratory waterfow! may use the reserveir
for staging and resting. The long term effects on waterfowl breeding are uncartain.

Transmission 1ine facilities construction would involve minimal impact except
where woodlands oceur in the right-of-way. Fipeline construction will require excavation
of narrow strips of Jland. Habitats in early successional stages would be minimally
affected. More mature habitats will be lost on & long term basis because maintenance
requiraments will dictate early successional stage habitat replacement. Access roads, the
airstrip, pumping statfons, ra{iroad offlocading areas, atc, would result in permanent
habitat Josses.

Human Qisturbance

Aelatively 1little additional human disturbances to wildlife is expected from the
construction of offsite facilities.

Direct Loss

Construction of the offsite facilities would disturd 160.7 ha of productive
forest land. Seven coniferous and three deciduous species were identified as occurring on
the forest land disturbed by construction activities. A total of 10 138 ua of merchantable
volume from these species exists on the lands disturbed by construction. Eighty-five
percent of the volume f¢ Douglas~fir. The remaining 15 percent 1is distributed among
lodgepole pine, ponderosa pine, deciduous trees and spruce (in descending order of total
volume).

The site class breakdown, based on the predominant forest growth type, Douglas-
fir, is 2.4 percent good, 27.8 percent medium, and 698.9 percent poor. The mean annual
increment (MAI) for the good, medium and poor sites is 3.6, 1.7 and 1.0 ms/ha. respec~
tively. These translate into a total annual increment of 14, 75, and 110 ll3 for the good,
mecium and poor sites, respectively.

Construction of the offsite facilities would result in the physical loss of land
available far the growth of forest species. As a result, it {s anticipated that there
would be an impact to the forest resources® This impact should be minimal, since the area
disturbed {is predominantly (69.8 percent) poor site class. Tha areas with good, medium
and poor growing sites as found within the project locale would only be reduced by 0.2,
0.13 and 0.12 percent, respectivaly, as a result of offsite facilities construction. In a
similar manner, the total annual increment of sites, rated good, which would be lost due
to offsfte facility construction, is only 0.2 percent of the total annual increment for
the good rated sites within the project locale. Sites rated as medium and poor are onily
0.1 percent of the project Jocaie t%otal. (onstruction should also have a negligible
impact on the forest industries within the project locale, since the loss of AAC represents
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but a small percentage of the regional totals. It is also assumed that the timber on the
land disturbed by coastruction of affsite facilities would bDe logged and removed as part
of the regular forast management programme and queta ailccation,

(i Afr Emissions

Oust emittad durfng construction activities may accumulats on leaves of farast
species occurring withia the f[meedists vicinfty of construction activities. These dust
sccumulations may cause the JTeaves ts overheat during sunny periods and thereby cause
prematurs needle death, Dust accusulations have alsg been found to enhancs the susgep-
tibility of conifers to black pinaiear scaie, which have reportedly attached smail stands
of ponderosa pire in the vicinity of Lytten. -

The magnitude of the impacts resuiting from dust accumulations can not e
assassed, since the dust emissions generated by construction have not besn predicted.
Howaver, it 1s anticipated that the impacts would be negiigible, because dust suppression
measures would be utilized, the extant of the areas affected is small and the affacts to
be restricted to the immediate area of the disturbanca,

Agriculture

Offsita facilitias require 324 ha of land. Twenty=four ha are deeded irrigated lands,
109 ha are deedsd nonfrrigatad lands, 153 are Teasad and 38 are locatad on Crown permit units.
Comparsd to othar cosponents, offsite systes land requiresents are relatively afnor and are best
svaluated as part of the entire projects' impact. A principal effect of offsite facilities is
utilizatien of 103 ha ¢f land projectsd o de irrigated (24 ha of which are presently irrigated)
assuming no project development. '

Cultural Heritage Resources

Crfsfta construction and the anciilary sarvice roads may have a savere impact on any
culzural heritige resources that are presant. Offsita areas should ba exasined professionally prior
ta construction. If construction has adversa impacts on thesa resources of a significant nature
they should be mitigated accordingly,

The Hat Creek diversion arez and the diversion reserveir have besn subjectad to preliminary
examination. The diversion reserveir, corresponding to Stratum K of the Phase II survay, s estimated
to contain 6 sites although others, buried or overiookad in survey, may, of coursa, be presant,

Roads built for offsits facilitias may provide acgess to previously undisturbed areas and

there may be fncrsasad danger to vandalisa to any cuitural heritage resourcs adjacent to these
roads. The magnitude of this indirect impact cannot be estimatad.
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(g} Geology

Operation of tha water pipeline may restrict access to the aggregate deposits at Boston
Flats. However, abundant aggregate is found throughput the project area so the impact is considered
minor.

The construction of offsite facilities, expecially the access road, would require part of
the aggregate found in the project area. Because aggregate deposits are common in the area and the

aggregate could be stockpiled for later retrieval, this is considered to be a minor impact.

Biophysical Analysis

The biophysical analysis was used to assess the impacts from construction of the plant, mine
and offsite facilities on the land resources of the project sfte. The impact assessments presented in
Sections 1-3 (Part Four, Chaptar 3.0) have addressed the land resources as separate entities, wnile the
biophysical analysis incorporates possible interrelationships or interactions between each of the land
resources and assesses impacts on the basis of an integrated approach. The assessments presented in this
section are respansive to the direct Toss of resources., Facilities are treated as complete entities and
components are grouped under general headings of plant, mine and offsite facilities.

A tota) of 46 biophysical subunits, which had been assigned either a high physical and biological
sensitivity or high integrated resource capability rating, were identified as being affected by construc-
tion of the plant, mine and offsite facilities. The biophysical subunits, areas affected by plant, mine
and offsite facilities, occurrence in project area, primary and secondary land use practices and sensiti-
vity ratings are presented in Table 3,3-13.

Impacts to two units, 2ABL1.17 and 2T7G.7, with large areas disturbed by plant construction
(Table 3.3-12) are considered to be negligible due %o the moderate physical and biological feature sensi-
tivity rating and the Tow integrated resource capabflity rating, Twelve subunits have large areas (greater
than 50 ha) affected by construction of the mine and associated facility components. Three subunits,
1AE.19, 2TE1.19% and 3TE1l.17 would exhibit a significant impact from construction of the mine due to the
high physical and biclogical features sensitivity rating and high integrated rescurce capability rating
{(Table 3.3-13). Two of these thres subunits {1AE.19 and 2TE1.19) are found in the north end of the Hat
Creek Valley and the third {3TEl.17) within Houth Meadows. The other units, which could also have adverse
impacts, although less severe than those previously discussed, are JAE.10, 2TDB1.8, and 2TDB1.19. A1l
three of thase subunits are located in the north end of the upper Hat Creek Valley. E£ach of these subunits
have been assigned one high and one moderate rating for either the physical and hiolegical features or
integrated resource capability. (Other subunits with large areas affected but with a Tess significant
impact than the other two groups of subunits discussed previously are 3CE1.10, 3CG1+2.24, 3TBL1.17,
3TDB.17 and 3TEl.10. The impacts to each of these units should be moderate, since they have bean assigned
one high and one Jow sensitivity rating (Table 3.3-13). Subunit 3CEI.10 is located on the steep siopes
of lower Medicine Creek, 30G1+2.24 on the steep slopes above Houth Meedows, IATBLI.17 in the lower Medigine
Creek Valley, 3TDB.17 in the lower reaches of Medicine Creek Valley and 3TELl.10 southeast of the cenfluence
of Medicine and Hat Creeks. —'

3-a3 Part Four



3.3

LANO RESOURCES =~ (Cont'd)

Construction of the offsita facilities would o?ny disturb a large area (>50 ha)
of one subunit, 1BGS51+3.21 (Table 3.3-13). This subunit is found in the middle reaches of
upper Hat Creek VYalley. Subunit 18GS1+3.21 has bheen assigned a moderate physical and
biological features sensitivity rating and a high integrated rasourcs capability rating.
On the basis of these ratings, it is anticipated that the impact to this subunit would be
afnimal. Two other subunits, 2TB1.31 and 3TDB.23 have 32.19 and 32.22 ha disturbed,
raspectively, Subunit 2TB1.31 1s found in the Thompson River Valley and subunit 3TDB.23
along cpper Hat Creek Setween McOonald and Anderson Creeks.

Sevearal trands ars avident in the rasults of the bicphysical analysis. Mest of
the high intagratad resgyrcs capabilitfes are associated with Biophysical subunits found
on slopes of 0 to 3 percant. Thess high intsgrated resource capabilities are a resuit of
the high agricultural capability and importance vajue ratings assigned to these biophysical
subunits. Wherever agriculture has been rated as having a high capability, it generally
overrides tha othar possible rescurca usas, thus, yielding 2 low~level of resource intagra-
tion. Biophysical subunits 1AB8.21 through ITEL,17 exhibit this trend (Table 3.3-13).
Prysical and biological sansitivities for thessa subunits are moderata with & nusber of
subunits possessing high alkalinity and salinity problems. Biophysical subunits 1BRL1+3.13
and 18R11+3.29 within the above group wers the only two subunits rated ds having a moderats
Teval of resourcs intagration becauss of their high wildlife capability.

Blophysical subunits 2AB1.31 through 2TGL.10 exhibit a more diverss trend in
possible resourcs uses. In general, agriculturs {is the primary uss, although forestry and
grazing frequantiy repliace agriculture as the primary use in about one-half of the above
biophysical sybunits. This resuits from sany of these Biophysical subunits having tapo=
graphic limitations to agricylture. Where agriculture is absent, the intagratad resource
capabiiity {s generally low,

Glophysical subunits 3AE2.24 through 3THL.17 pose the greatest ifmitations to
devalopment (Tabla 3.3-13)., Most of thesa biophysical subunits have high sansitivitiaes
while the others have at Teast ons overriding physical or biological characteristic causing
a higher rating to be assassed. However, in terms of the intagratad resource capability,
most ware rated as low. In addition, tha Jevel of resource intagration shaws a mediua or
high Tevel of Intagration indicating that thess subunits are fmportant %o several uses.
Forestry, grazing and in some instancas wildlife form the dominant resources uses on the
above biophysical subunits. The Wetland = Bog bicphysical subunit has a high physical and
biological sensitivity, but a Tow integrated resgurca capability with wildlife as the
primary usa. )
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Labour Force, Popuilation and Income

{a) Labour Force and Employment

(i)

(i)

Direct Project Employment

Total direct employment requirements for the Hat Creek Project are listed in
Table 3.4-1. The construction phase for the powerplant was proposed to begin in 1378 and
continue through 1986 with peak Jabour requirements occurring during 1982 and 1983. The
construction phase for the offsites as compared with the powerplant was expected to begin
in 1978 and continue through 1986. The construction phase for the mine, as compared with
the plant and offsites, invoives construction-type activities past 2020, About 9400
man-years of labour are expected for plant construction, 9800 man-years for mine construc-
tion, and 1200 man-years for offsite construction. Construttion activities are anticipated
to invelive one shift working a 7 1/2 hour day, 5 d/wk.

Labour requirements by trade skill classes for the plant and mine are included
in Table 3.4-2. The early pilant construction years would require inputs primarily from
the general labourers, operating engineers, carpenters, and electrical workers while the
peak and wind down periods would emphasize the inputs of plumbers, pipefitters, iron
workers, electrical workers and boilermakers. The major trades in terms of numbers required
for mine construction would be operating engineers, machinists/miilwrights, and general
labourers, Skills reguired for offsite construction include general earth moving and
tignt construction skills with the exception of the water pipeline which would require
more tachnical skills.

Regional Labour Force Participation in Direct Employment

The powerplant as well as the other project components would be constructed
basically by a union labour force. Because it is Tikely that the British Columbia construc-
tion unions might experience relatively high levels of unempioyment in the near future,
Job openings for local residents who are not union members are expected to be limited.
The number of persons from the region in many trade categories of the unionized construction
labour force is finsufficient to meet the project's labour regquirements. The effective
regional supply of construction workers is tabulated fn Table 3.4~3. Other projects are
Tikely to compete with Hat Creek in terms of meeting their labour requirements from the
regional labour pool. Construction supervisory and engineering personnel would most
likely be obtained from outside the region. Given the above Timitations and recognizing
the opportunities for some of the currently unemployed and for new regional entrants to
the labour force, Table 3.4-4 provides an estimate of direct local and regional participa-

tion for the total project.

Over the construction pericd, regional residents are likaly to obtain about
11 200 man-years of employment directly on the project; local residents are expected to
obtain about 2100 man-years of work.
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Indirect and Tnduced Empioyment

Indirect amployment arising from project expenditures on goods and sarvicas
supplied within the Region would increasa regional employment, Thesa expendityres would
probably include earth=moving equipment, trucks, small tools and consumables, 1ncluding
c2mp cataring supplies. The local study area would not provide a significant amount of
these requirements and Xamloeps is the only community in the region capable of doing so.
Limited regional purchases outside Xamlocps might include Tumber from Clinton or 3Savona
and bulk fuels from Ashcraft. Incresental employment associated with these local area
purchases would be afnor.

Tha purchase of small tools and consumabies from a dfstributfon centre such as
Kamloops would account for about 4 percent of the contract price for construction of tha
thermal plant..z If 50 percant of thasa items wers purchased in Kamloops, an additional
$20 wi17ion in sales would ba genarated during the plant construction peried.

On the assusption that 40 percent of the equipment, matarials and suppliies came
from Kamloops, the aining operation would spend about 355.5 wilifon annually by 1985, This
amount would fncreass to about $16.5 million, in 1976 dollar terms, by the year 2000.

The provisian of catering suppifes for the construction camps fs an activity in
wihich Xamloops could play an important rale. Through discussions with industrial catersrs,
{¢ has bewn estimatad that about 25 parcant of the partinent suppliss raguired for the
camps could be supplied from Kamloops. Over the 1ife of the construction camps their
expandi tures would contribute about 515 millfon to the Kamloops economy.

In total, then, it might be expected that the Hat Crsek Project could increass
industrial sales in the rsgion, primartly fn Kamloops, by about $435 million, in 197§
doilars, over the Project 1ifa. Thase increassd sales would approximats an incrementai
1200 man~years of indirect esployment, avaraging 35 parsons per year, assuming wages
constitute 4 percant of wholesale sales at an average salary of 15 000/yr.

Inducad esployment likely to cccur in the Region as a resuit of the Hat Creek
Project can de found in Table 3.4-~5. Although sost of this employmeant will ba generatad
in the Tocal study area, Kamloops would also shara in the empioyment growth. The induced
effacts of direct construction workers are assumed o ocsur largely in Asharort and Cache
Creek.

Regional Participation fn Indfrect and Induced Employment

Estimatad local participation in fndirect and {nduced employment fs shown in
Table 3.4+8. It was assumed that 30 percent of the employment positions created in the
local study arva will be obtafned by Tocal area residents. In Xamloops, it has been
assumad that 60 parcent of the sarvice jobs would be obtained by Kamiocop's area residents.
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Labour Supply for Other Regional Industries

The employment opportunities creatad by the Hat Creek Project would result in
some perscns job switching in spite of constraints to switching and incentives for staying
in currently hald positions in the region. The most likely regional sectors to experience
personnel losses would be mining, transportation, forestry, local construction and puip
mil1ing. Major problems would arise if extensive switching occurs in the heavy mechanical,
electrical, machining and stationary engineering trades. Although the powerplant would
result in heavy demands for steam engineers that cannot be provided by the existing B.C.
Hydre unions, the mine would pose a potential threat to employers wanting to retain their
mechanics, electricians, machinists and millwrights. In particular, higher turnover rates
for Bethlehem Copper might occur because of uncertainties over the future of the Bathlehem
property and the advantage of shorter travel distance on superior road conditions for
Bethlehem Copper smployees in Ashcroft and Cache Creek.

It is unlikely that many employees of machines, industrial repair and auto
sechanic shops would be drawn to the Hat Creek mine.

{b) Population

(%)

Population Growth

The increase in population associated with the project would be determined by
the number of in-migrating employees, their marital status and dependents. The expected
in-migrant population associated with direct, indirect and induced smpioyment positions is
shown by area of demicile in Table 3.4-7.

Most of the in“migrant direct employees, during the constructicn phase, would
occupy single status construction camps proposed for the Hat Creek Valley. The remainder
would reside in the nearby communities as well as in the rural areas. During the construc-
tion phase, the following considerations would affect the accommodation decisions of
workers: 1. length of employment; 2. living-out azllowance; 3. availability of housing;
4. project work schedule; 5, proximity of the jobsite to workers' current residences;
6. worker status and family influence. All workers interested in single status accommoda-
tion would be provided free room and board in a construction camp. Union members, currently
residing outside the local area, but within the total region, would Tikely Tive in the
camps or possibly commute to the jobsite:; members residing outside the region, are expected
to commute on a weekly or bi-weekly basis. It is expected that most of the supervisory
and engineering staff would reside in the communities seeking family accomodaticon.
In-migrants seeking community residence would probably be 95 percent married and this
greup would average 2.6 dependents.1 Indirect and induced employees are expected to have
similar marital and demographic characteristics to the direct operating employees.

Total local population changes with and without the project are shown in
Table 3.4-8.
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Settlement Pattarns of Incremental Population in the Local Stugy Ares

Tha altgrnative placas of rasidenca within the logcal study area ingluge:
1. Asheroft/Cache Creek; 2. Clinton; 3. Lillooet; and 4. Rural areas. The spatial
distribution of residence would be Influenced by: 1. commuting time and expense;
2. housing costs and availability by type; 3. property tax levels and utility ratas;
4. natural features of a comsunity; and 5: lifastyle preferencs. The Socic-economic
Rnpurt]‘ pravides a cosparative avaluation of the communities based an the above factors to
which the reader is referred for detafls. For the purposas of projscting popylation the
estimated percent of incresmental population in Ashcroft/Cache Creek, Clintsn, Lillaoet,
and rural areas are 80, 15, 0 and 5 respectively.

In ordar to assess the effects of population changes, two settlemant scenarios
have been constructed for Ashcroft and Cache Cresk. Scenario 1 assumes that 70 pertent of
the designated Ashcroft/Cache Cresk population would setile in Asheroft and 30 percant in
Cache Creek. Scanarioc 2 raverses this distribution. The population projections with and
without the project are shown in Tahle 3.4-9.

Socio-cultural Characteristics of the Incremental Pooulation

The charactaristics of the incoming construction workfargs encompass age, sax,
sarital status, family size and mobility. It is assumed that these charactaristics would
differ anly sifghtly from thoss of workforces that have bean employed on other B.C. Hydro
projects; e¢.g. Mica Creek Dam and tha Seven Mile Project.

The age distribution of these previous B.(. Hydro warkfarcas indicates a larger
proportion of oider workers. Hearly one-third ars aged 34 years or lass, onethird age
35-44 years and one~third 45 years or asre. MNearly 95 percant of the workers wers enployed
on previcus B.C. Hydro construction projects, one half of these on three or more projects.
Although the current 8.C. Hydro construction workers are very mobile as {dentified in the
Labour Forca Analysis of the Seven Mile Project, their fazilies ars not as mobfle. It is
astimated that approximataly 15 percent of the workars would seek accommodation in the
towns whils the majority would live in the constructicn camps. Thersfore, an older work=
forca i3 anticipated for Hat Cresk with 9 percaent of tha workforce between 156 and 24 years
of age; 54 psrcent between 2% and 44 years of age; and 37 percent from 45 years of age and
glder,

Three-guartars of the construction workers are anticipated to be married with an
average family siza of 3.4 and avarags of 1.4 childran. 0Qf the married workers who would
bring their families to the study area, over one~third would have no children and slightly
less than one=~half would have ane or two children.

Charactaristics of the {ncoming population combined with the existing population

in the study area zommunities “without the project' are discussed in the Sccio-economic
chartl ta which the reader {s referrad for datails,
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Oirect Net Income

Direct income is defined as wages and salaries paid directly to the project
workforce, Annual income estimates are derived from unfon wage rates selected from 1975
Columbia Hydro Constructors contracts, updated to 1976 and assuming a 37.5 hour work-week
for 52 wkfyr.3 As shown in Table 3.4-10, total direct net income gains are estimated at
$239 miition, in 1876 doilars, throughout the construction phase. About 55 percent of the
total would accrue to regional residents. The gross income figures are adjusted for
foregone opportunities from Unemployment Insurance Commission benefits as well as job
switching. The direct income gains of regional in-migrants, alse in Tabie 3.4-10, are
expected to account for 40 percent of the direct regional income total. In-migrants
residing in the construction camps are expected to spend about 10 percent of their earnings
in the region. This amount, as indicated in Table 3.4-10, has been included in %the direct
income estimates. )

Table 31.4-10 also itemizes the direct net income gain in the local area. The
local study area would share a substantial portion of direct regional income gains,
primarily in the form of in-migrant resident income and camp resident spending.

Indirect and Induced Income

Indirect and induced regional jncome! estimates for the construction phass are
shown in Table 3.4-11. The total project expenditures expected to ocgur in the region are
approximately $140 million. The regional value added associated with these sales is
expected to be about $4.8 ni11ion.1 Induced fncome is expected to total around $122
million in the Region, $46.9 aillion of which would benefit the local study area. Total
regional income benefits are estimated at $366 million with the local study area obtaining
about $236 million,

(a) Introduction

This section is only concerned with land use impacts that are likely to occur in the

municipalities of Ashcroft, Cache Creek, and Clinton. An evaluation of the availability of land to
accommodate the projected space requirements for new development is undertaken in order to understand
{mpacts associated with land use changes. Land use impacts in areas other than the municipalities
are covered in various subsections of this report.

{b) Space Reguirements and Land Availability

In the Village of Ashcroft, space requirements for residential development attributable to

the project are estimated to vary between zpproximately 18 ha and 40 ha for population settlement,
scenarios 2 apd 1 respectively. Delays or time lags may be experienced however in Ashcroft
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and Cache Creek in the procass of converting vacant land into sarviced residential land. The central
business district {s expectsd to axpand further as a result of the project and a shepping canter
might be built. If a shopping canter {s constructed, 2 to 3 ha would be reguired as spposad to 0.8
or 1.2 ha without it. Also, less than 12 ha wouid be required for expansion in the 1ight industrial
and service commercial sector with the project. Although additional acreage would be regquired %o
accompodate residential, commercial and industrial expansion, an adequata supply of Tand would be
avaflabie whan nesded, )

With respect to residential spacs requirements in Ciche Creek attributable to the project,
approximately 18 ha and 40 ha would be needed under population sattlement scanarie 1 and 2, respec-
tively. Given the assumption that new cotmercial deveiopment would bs avenly distributad between
Cache Cresk and Ashcroft, about 2 to 3 ha of land are expected "with' the project as opposed to 0.3
aor 0.4 ha "without” the project. If sarviced Tand is available, up to 40 ha of land may de required
for new business qstablished %0 provide sarvicss ralatad to the project. Given the projected spacs
requirement of a2 maximum of 51 ha in relation to approximately 109 ha suitable for residential
davelopment, an idequata supply of land is evident. Praliminary plarning in the village has identi-
flad vacant sitaes for potential shopping centars and has provided far further general <camercial
development through redevelaopment of older and presently mixed use areas. Cache Creek has submitted
a boundary extansion application to provide for 1ight industrial or service commercial development.

Space requirements fn Clinton for residential development attributable to the project are
expactad to be about 12 ha. If development occurred at densities consistant with existing patterns,
total residantial space requirements with the project would be about 30 ha, of which 18 ha wouid be
accounted for by the project. Lass than 2 ha would be required for gensral commercial development
and less than 4 ha for light Industrial and service commercial davelopment in Clintsn. The availabla
land suitable for rasidential devalopaent as well as comsercial devalopment s adaquate in {linton.
Sevara]l areas just outside Clinton's municipal boundariss can be pade available for light industrial
and service commarcial development commensurate with desand.

Housing

(a) Introduction

A saparats housing market analysis has been carried out for Ashcrari, Cache (reek and
Clinton sovering demand and supply factors with and without the project. Oemand for new housing fs
wxazined in terms of the quantity (number) of dwelling units required and the assccfatad housing
type units nesded. 0On the supply side, factors considered include: 1. availapility of deveicpabie
land; 2. output capabilities of the construction {ndustry; and 3. aunicipal land development
poifcies. For the purposes of this report, supply and demand considerations relatsd to housing
quantities and type by municipality will be discussed. The reader {s raferred to the Socic-econemic
Report for details and topics not discussad hcre.l

(b) Quantity of Housing Units

In Ashcroft and Cache Creek, two projections, one for each settlement scanaric, have been
undertaksn to estimata housing demand. An average nousenold sizs of 3.4 is used for transforming
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projected popuiation increases into projected increases in the number of households for Ashcroft,
Cache Creek and Clinton.

In Ashcreft, approximately 625 households of the estimated increase of 900 households
under Scenario 1 are attributable to the project. Following 1990, increases attributable to the
project are expected to be only about 15 housing units. Under Scenario 2, approximately 270 house-
holds are attributable to the project and, similar to Scenaria 1, the housing formation is concen-
trated in the time period from 1978 to 1984. Table 3.4-12 provides data on projected increases in
housing units associated with both sgenarios for Asheroft.

The estimates of housing units that would be required in Cache Creek under Scenaric 1 and
2 are outlined in Table 3.4-13. Under Scanario 1, approximately 265 households out of the estimated
increase of 415 households are attributable to the project. With respect to Scenario 2, approximately
625 out of 775 households are attributable to the project. Similar to Ashcroft, household formation
is prominent from 1978 to 1984. Following 1990, increases accounted for by the project are expected
tc be few _in number. )

Tabte 3.4-13 alse contains estimates of the housing units that would be required- in
Clinton. The project would account for about 170 out of the total estimated increase’of 270 housa-
holds to 1990. The probable demand both with and without the project is expected to be concantrated
in the time period from 1980 to 1984; increases after 1984 are anticipated to be insignificant.

Housing Types

The demand for housing types can be explafned by such variables as ability to pay, demo-
graphic characteristics, and lifestyle pi'.eferences. An analysis of these considerations as well as
empirical data from the 1971 Census4 on the distribution of housing types for Sparwood, Grande Cache
and Logan Lake provided the basis for projecting the mix of new housing stimulated by the Hat Cresk
Project. The housing types comprise: 1. single and two family; 2. townhouses, rowhouses;
3. apartments; and 4. mobile homes. The projected percentage distributions and number of units
required for Ashcroft, Cache Creek and Clinton to 1990 are shown in Table 3.4-14.

Housing Supply Concerns

In Asheroft, it is 1likely that during the period of high housing demand imhediately
foliowing project commencement, that there would be some time lags or delays in the supply process.
Any delay in the process which could give rise to a temporary housing shortage would be much more
pronounced under Scenario 1 than under Scenario 2. The general concerns stated above apply to Cache
Creek as well. However, any delays in the housing supply process are Iikely, particularly under
Scenario 2, during the first 4 years after project inftiatfon. With respect to Clinton, it is
likely that twice the number of housing unfts projected with the project could be supplied without
any delays. During the first 4 years after project start-up, this would represent an increase from
125 to 250 additional housing units. '
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Servicas

{a) Intraduction

(b)

Tha imspacts of the project on public services are described by identifying the differencas
betwesn the Tevel of sarvicas "with" and “without® the Hat Creek Projsct. Om the basis of current
governzant standards for building and staff requiremants and the 137§ data pertaining to each sarvice
systam, sarvica projections from 1977 to 1990 are made using population foracasts for the study area
with the Hat Cresex Project. Thase projections of sarvica requirements donsist of facility, staff
and land requirements, oparating and capftal costs. The sarvice projections assume that a servics
wouid be Tn placs and ready for operation the ysar that the population reaches the size reguired to
meet the government standards.

Education
N Elementary Education

The forscasts of aelementary school enrcllments for the 19761990 with and
without the project for Ashcroft, Cache Creek and Clinton are shown in Figures 3.4-1 and
3.4~2. In thwe three communities, thers 13 expectad to be a substantial {incresase in
enroliment as a result of the proposad Project. With the project, enrollment is estimatad
at 1945 students in 1990, a 115 percant increass from tha 1976-77 academic year enroliment
and 2 77 percent growth ‘in enrollment in the study area by 1990 over that projected
"without* the project.

The Tarqgest addftions take plage In Ashcroft’s elementary schools fn Scenarie 1
whers a 171 parcant enrollment increasas is expectad from 1976 to 1990. Under Scenario 2,
Ashcroft's elesentary enrollment would {ncrease by 105 percant from 1975 to 1990. The
slemntary schools in Asheroft presantly have space for 89 additional students. It is
very likely that with Scsnario 1, a new slementary schoo) facility would be nesded and
ready for occupancy befors tha 1933-84 academic year. Z2ecause three additional classrooms
would be required without the project, the student population increasa in Ashcroft related
to the Hat Craek Project would require an additional 17 classrcoms with Scenarie 1 and 7
classrooms with Scanaria 2. The additicnal teaching complement for Ashcroft’s slementary
schoal attributad to the project papulation weuld be 20 taachers for Scsnario 1 and 11 for
Scenarie 2. :

Cache Creek's growth in olendntary school anrollment for Scenario 1 represents a
§1 parcent greater increass than that expected without the project, whila the Scanario 2
incruase 1s 155 percent larger than that forecastad without the project. With the project,
the student pepulatian in Cache Creek would require 3 more classrooms for Scenaric 1 and
12 mors classrooms for Scanario 2. Also, with the project, 8 addftional taachers out of
15 required for Scenario 1 and 19 tedchers out of 25 required for Scanaric 2 are a resylt
of the project population.
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Clinton's elementary school would have the smallest increase in enrollment of
the three communities. From 1976~1980, the increase in enroliment would be 51 percent
greater than that projected for Clinton without the project. The projections without the
project indicated 2 need for 3 classrooms from 1981 to 1990 thus 6 extra classrooms would
be required for the incremental Hat Creek population. The elementary school in Clinton
would need & additional teachers from 1978 to 1990 with the Hat Creek Project which repre-
sents an fincrease of 5 teachers from that expected to be needed to 1930 without the
project.

The additional capital costs of elementary eaducation in Ashcroft, Cache Creek
and Clinton up to 1990 with the project under Scenarioc 1 would exceed 1376 levels by
$1,876,368; $30,867; and $20,790 respectively. Analogously, the additional capital costs
under Scenaric 2 are estimated at $31,563; $1,860,174; and $20,790 for Ashcroft, Cache
Cresk and Clinton, rsspectively, With respect tec operating costs associated with elementary
education in Ashcroft, the average yearly impact on operating costs would equal $435,424
under Scenario 1 with the Hat Creek Project and would equal $209,039 under Scenario 2 with
the project. The average yearly impact on operating costs in Cache Creek under Scenario 1
would be $179,397 and under Scenaric 2 would be $398,159 more than the costs without the
project. The annual operating costs for (Clinton's elementary education would increase
from $323,330 in 1976 to $607,830 in 1990, with average annual operating costs of $501,739
for both scenarios, The average yearly impact on operating costs would increase by
$110,684 with the project.

Secondary Education

With the Hat Creek Project, the secondary education enrollment in the service
study area is expected to increase at a rate similar to that of the elementary enrollment
increases, The secondary school in Ashcroft would have a 108 percent increase in enroliment
from 1976 to 1990. The projections for this school would be the same for both Scemarie 1

ang Scenario 2. The secondary enrollment in Ashcroft with the project is 71 percent
greater than the eanroliment increase projected without the Hat Creek Project. These

enroliment forecasts are shown on the graph fn Figure 3.4-3.

With the enrollments forecasted with the project, the school will have reached
its full capacity by the 1979-80 academic year. From 1979 to 1990, an additional 24
classrooms would be required based on 25 children per classroom. It might be possible
that a smaller secondary school would be required in Ashcroft or Cache Creek by the
mid-1980s.

The population attributable to the Hat Creek Project, would require 16 more
classrooms than what the population increases without the project would need,

This secondary school would require 35 additional teachers from 1977 to 1990

with the project based on the 1976-1977 pupil/teacher ratio (PTR) of 19.1. Twenty=-four
teachers out of the 35 required would be attributabie to the Hat Creek Project.
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Clinten's junfor secondary school 1s expectad to have a 112 percent increass in

student population from 1976 to 1990 with the project, 76 percant greater than that
projectad for the sape time perfod without the praject. The schoel would not reach its
full capacity before 1990 and, therefors, in aither case, doas not require any additiona!l
classrocas. ’

Nina additicnat taachers would be needed for (Clinton's junior secondary schoot
from 1979 to 1990, with the Hat Crsek Project. This total repressnts an incraase of &
teachers from that required by the enroliment incraasas without the project basad on 1975
1977 PTR of 13.

In Asheroft, the capital costs for sacondary aducation up to 1990 with the
project would Be $131,198 more than the 1975 capital ‘costs for Both scenarios and $89 303
over the capital costs without the project.

Ashcroft's secondary education would have an increase in oparating costs uwp to
$1,86%,490 in 1990 with the project for both scenarios. When compared to the situatfon
"without" the project, the average yearly {mpact on operating costs would be $410,355.

With respect to secondary education in Llinton, the capita) costs would not
increase cver tha 19768 capital costs in efther scanario, and there would de ne impact an
gcapital costs as a result of the project. The operating costs with the project wouid
increase to 3327800 in 1990 which would represant an average yearly ispact on operating
casts of $71,023 when comparsd to costs without the project.

Pest-Secondary aad Continuing Educatisn

By 1982 or 19831, some administrative space might be required in the study area
for the post-secondary and continuing education programms.

Although snroliment in post-secondary and continuing education fs expected to be
noticeably greater with the project than without  the project, the existing pudlf< schoal
facilities should provide adequats space. However there might Be a need, for some admini-
strative space, administrators, additional taachers and matariais.

Hospital

Tha Ashcroft hospital is expected to be able to serve the {ncreasad population
with the project to 1590. However during the peak years of population increasa from 1982
to 1984, the hospital may be operating at close to fts capacity.

Staff additions would be necessary up to 1990 to handle any increases in hospital
acmissions. If it {s assuped that the presant hospital occupancy rats and the existing
ratio of staff to patients remains constant up ts 1990, tha following staff aight be
needed at the Ashcroft hospital:
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1978 1to 5 additiona) staff
1879 1 te 5 additional staff
1980 1to 5 additional staff
1981 5 to 10 additional staff
1882 5 to 10 additional staff
1983 1 to 5 additional staff

Possible Total 14 to 40 staff above the 1976 total of 49 staff

Based on experiences with other similar projects in B.C., it s uniikely that
the construction workforce associated with the Hat Creek Project would have a significant
impact on the hospital occupancy rate up to 1990. Most injuries that would take place at
the mine site or the plant would be treated by first aid or by the empioyet's own doctor.

With respect to impacts on hospital facilities, forecasts of requirements remain
the same both without and with the Hat Creek Project. MNo additional hospital facilities
would be needed in efther case. [Depending on the trends in hospital utilizatiom, ft is
1ikely that more staff would be required at the hospital with the project than without it.

Medical

If a ratio of one general practitioner for 1320 populationl is maintafned, a
total of 9 physicians would be needed in the service study area up to 1990 "with" the Hat
Creek Project, four of the doctors would be needed as a result of the project related
pepulation increase.

With Scenario 1, two of the additional physicians would ba needed in Ashcroft,
two in Cache Creek and one in Clinton. With Scenario 2, one of these doctors would be
needed in Ashcroft, three in Cache Creek and one in Clinton,

wWithout the Hat Creek Project, it was projected that only one additional physician
would be required in the service study area up to 13990.

Capital costs for medical sarvices in the study area up to 1990 with the project
would be $108,620 more than the 1976 capital costs. The annual operating costs for medical
services in the study area would increase to $720,000 in 1990, with an average annual

operating cost of $581,333.

In terms of operating costs, the impact of the project would be $108,620 for
capital costs and an average yearly impact on operating costs of $208,000.

Denta?

Based on the standard of one dentist for 2500 population in rural areas in
8.C..5 a total of 4 dentists would be required in the service study area up to 1990 with
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the Hat Creek Project. One of the dentists might locate in Clinton, and the remaining 3
in Ashcroft and Cache Creek, with two locating in Asheroft in Scenario 1 and two in Cache
Creek in Scanario 2,

Using an upper estimate, the capital costs for dantal servicas in the study area
with the project up to 1990 would be $180.000 for rental officas and $280,000 {n facili-
tias buiit by the College of Dental Surgeons of 8.C. The operating costs with the project
would fncrease from $160,000 in 1977 to $320,000 in 1990, with average annual operating
costs of $255,000.

The affect of the praject on the costs of dental sarvices would be a differenca
in capital costs of $90,000 for rental offices or $140,000 for facilfties built by the
Collega of Dental Surgeons of B.C., and an average yearly impact on operating costs of
$106,667.

Public Health

Based on the standard of one public health nuprsa for 4000 pcoulations and the
recomtandations of the Public Health Branch of the Ministry of I-Iu'lt:.h.7 two additional
public health nurses would be needed in the Ashcroft Public Health office up to 1990 with
the Hat Creek Project. As wall, one additional homa cars nursa would be nesded to provide
home care sarvicas in Clinton. Space provided by the Ashcroft Public Health Office in a
new rental facility should be sufficient to accomsodate the staff. increases up to 1990.
During the finftial stages of construction assoctfated with the Hat Creek Project, additional
publiic health 1nspections would be required at the construction camp sitas.

Without the Hat Craek Project, the Ministry of Hedlth has recommended that one
adaitiona) pubifc health nurse and one nRode care nurse world be needed in the sarvice
study area up to 1990.7 The Hat Creek Project would resuyit in one extra public health
nurse being needed in the area up %o 19%0.

Operating costs would increass from $120,583 in 1975 to $215,47% in 1990, with
average yearly operating costs of $199,733. Tha effect of the project would be o increase
tha averade yearly ocperating costs by $12,4585.

Mental Health

At lesst gne additional menta] health worker wouid be required by 1982 with the
Hat Cresk Project and should be sufficient to meet the naeds of the population up to 1990.
The Hat Creek Project can account for one additional mental heaith worker ovar the fore-
castad requirements without the project.

The capital costs to establish mental heaith servicas in a rental facility in

the study area would be $3000. The operating costs would f{ncrease from $27.375 fn 1376 to
$54,365 fn 1990 and give average annual oparating costs of 541,744, With the project
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there wpuld be no impact on capital costs but there would be an average yearly impact en
operating costs of $16,302.

(vi) Ambulance

One additional full-time employee is needed presently to operate the second
ambulance located in Ashcroft. With the Hat Creek Project, 2 additional full-time employees
and 2 more ambulances might be required in Ashcroft and Cache (reek before 1990 depending
on the demonstrated need. One full-time employee might be required in Clinten if the
ambulance unit there receives more than 100 calls per year.

When compared with the projectad servica requirements without the Hat Cresk
Project, the Ashcroft ambulance unit might require 2 more employees and 2 more ambulances
as a result of the Hat Creek Project.

The capital costs for the Ashcroft/Cache Creek ambulance unit up to 1990 with
the project would be $30,000 plus the 1976 capital costs. The annual operating costs
would increase from $37,500 in 1976 to $169,050 in 1990, with average yearly operating
costs of $121,327.

The effect of the project on the costs of the Ashcroft/Cache Creek unit would be
to increase the capital costs $30,00C up to 19%0. The average yearly impact on operating
costs for that unit would be $49,427,

The costs of the Clinton ambulance unit are sxpected to bde $15,000 in capital
costs up to 1990 and $5500 {in average annual operating costs from 19576 to 1990 with the
project. The capital and operating costs are axpected to remain the same without and with
the project.

Recreation

In order to meet the needs of the population growth expected with the Hat Creek Project,
improvements and sdditions to the recreatigm services system would De needed. I[nitiglly, the com=
munity halls in Ashcroft, Cache Creek, and Clinton wouid need upgrading and, possibly, enlarging.
More open space would have to be developed in Ashcroft and Cache Creek in both scenaries.

Additional recreation facilities such as a curling rink, bowling alley, indoor swimming
pool, or multi-purpose facility nmight be required in Ashcroft, Cache Creek or Clinton both witheut
and with the Hat Creek Project. However, the choice of recreation facilities and the timing of the
additions should be determined by the residents of the communities and the needs of the construction

workforce.

Social

The existing ratio of population per Human Rescurces worker for B.C. regions, extluding
the Lower Mainland, was applied in calculating requirements for the service study area.
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Based an the population forecasts with the project, the Hat Creek Project would account
for 2 additional social workers and 1 support staff being needed up to 1990. Additional day care
sarvices would also Da needed as a result of the project. Initially, these sarvicas might be offered
privately from family dwellings.

Capital costs with the project up £ 1990 ars not expectsd to increasa over the 1376
capital costs. Operating costs would increass from $98,707 fn 1976 to $147,457 in 1990, with average
yearly operating casts of $129,957.

There would ba no {mpact on capital costs of social servicas becausa of the project, but
the average yearly impact on cperating costs would be $31,250.

Cultural

The B.C. Library Oaevelopment Commission has developed standards for 1{ibrary services in
8.C. Those standards indfcats that some additional spaca would be needad for the Cache Cresk library
by 1982 with Scenario ?..g One axtra staff would be neadad in Ashcroft by 1982 with Scanario 1. The

Carfbos Thompson Nicola Library System has suggested that a temporary library in portable facﬂ'ltics‘

aight be placed at the construction camp to provide library services for the work forcs living
thare.

Withaut the Hat Creek Praject, it was projectad that ne additicns to the existing library
facilitias and starf would he needed in the service study area up to 1990.

The operating costs are expected to fncreass from $52,300 in 1976 to $115,750 in 1990,
with averige annual operating costs of $96,623. The average yearly i{mpact on operating costs as 2
resuit of the project would be $36,237. )

Residents of the study arsa have expressed the desire for additional opportunities for
cultural activities in their communities.

Corrections

Without the Hat Craek Project, additional probation officars would not be nesded in tha
sarvice study ared. However It {s possibie that one additiomal probation officer may be required by
1582 or 1583. Extra space would have to be provided for that person. -

The capital costs for corrections servicas with the project wouid 2e the same as the 1978
capital costs. The average yearly operating costs would increase from $22,400 in 1976 to $32,775 in
1990 with the project, giving avarage ysarly oparating costs of $28,525. Capital costs weuld not
increase for this sarvice as a result of the profect, but the average yearly impact on operating
costs would be 55225.
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Courts

Additional staff or facilities for the Ashcroft Provincial Court are not expected to be
needed as a result of population increases to 1990 with the Hat Creek Project., One sheriff is
needed presently to provide sheriff services to the area as projacted ‘“without” the Hat Creek
Project.

The capital costs up to 1990 with the project would be the same as the 1976 costs. The
annual operating costs would incresase from $89,100 im 1976 to $188,100 in 1990, giving average
yearly operating costs of $158,180. There would be no impact on the capital costs of court services
with the project, but the average yearly impact on operating costs would be $52,960.

Legal

Rased on {nformation obtained from profassionals in the study area, it is possibie that
the area could support at least one more Jawyer up to 1990 with as well as without the Hat Creek
Project.

Police
Twe extra officars are anticipated to be added to the Ashcroft poiice force over the next
few years.lo In addition to these 2 officers, 7 more RCMP would be needed to 1980 with the Hat

Creek Project.- Additional officers for highway patrol would also be needed byt their numbers cannot
be determined until projections of traffic volumes are available., Alsc, 1 or 2 more general duty
officers may be needed by 1981 or 1982 to service the project construction camp. The new RCMP
facility planned for 1979 should be adequate to 1990.

The total capital costs for the Ashcroft police services with the project would be
$750,000 plus the 1976 capital costs. Operating costs would increase from $420,000 in 1976 to
$735,000 in 1990. The project is not expacted to generate any impact an capital costs, but the
average yearly impact on operating costs would be $113,000.

The Ciinton RCMP detachment would need 2 extra officers up to 1990 as a result of the Hat
Creek Project. The existing facility space would be adequate over that time period.

The annual operating costs would increase from $140,000 in 1976 to $210,000 in 1977, with
average yearly operating costs of $184,333. The average yearly impact on operating costs would be
$44,333.

Fire

The onty change required to fire services in the area as a result of the Hat Creek Project
would be the possible addition of a full~time fire chief in Asheroft in Scenaric 1 sometime between
1983 and 1987. The annual operating costs would increase from $24,768 in 1976 to 360,260 in 1990,
giving average annual operating costs of $45,250. The impact on operating costs would result in an
average yearly increase of $14,398.
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{1} Communication

P

When the new federal building which will house the Ashcroft past offics {s complated,
additional staff might be required. The operating costs for Scanaric 1 would increasa frea $450,000
in 1976 to $1,131,750 in 1990, with average yearly operating costs of 3$834,300 in that Scenarie.
For Scenario 2, the operating costs would increase from $4%50,000 in 1876 to $1,083,500 in 1930,
giving an average annual figure of $801,450. The affect of the project on cperating costs would be
ta increass the average yearly costs by $476,917.

A radio transmittar and T.V. regeatar might be requirsd at the construction camp sita.
Qtherwise, no additional transmittars or repeaters would be needed {n the study area.

(m) Commercial Services

{1} Commerciai Sector Development with the Project

Given the uncartain response of the privats market to potantial opportunities
arisfng from a population increase and the lack of a well-defined relationship (in quantita-
tive tarms) between trade arsa population levels and commercial space . provision con a
squars fogtage basis the type of commercial establishoent which nmight be created in
responsae to a population increase, as wall as to the amount of the new commercial activity
{s astimatad on an “order of magnitude” basis.

With the project, the combined population of Ashcroft and Cache Creek is projectad

to fincrease from 1200 to approximately 7700 by 1933. In responss to an increase in the

- trading population of this magnitude, 1t is probable that axisting businesses would

axpand and that new businesses providing sarvices similar to existing facilities (e.g.,

ssall suparmarksts, persanal sarvice establishments, varfety storas with clothing and
household appliances, etc.) would be astablished.

In addition it 1s probable that with an expandad trade area population a broader
range of commercial sarvices and products aight become available including: 1. A small
department store; 2. wmisceilanecus specialty retail stores; 3. financa, {nsurance and
legal officas; 4. recreation commarcial; and 5, larger consumer durahlas.

It 1s also anticipatad that a trend toward incrazsed invoivement in the commercial
sector by regiona]l or national chains will arisa, both by satting up new astabiishments
and by purchasing existing establishments owned by Independent proeprietors. The small
shopping centre which has been propesed for Cache Craek would likely be econcmically
viable with, but quasticnable without, the project. .

In teras of the amount of new commercial space which s likely 2%a be created

with the project, an "order of magnitude” estimate of gross floor area {s approximately
5574 to 7432 u%.
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With the project, the population of Clinton is projected to increase from 8500 to
approximatety 1750 by 1990. An increase of this magnitude would Tikely give impetus to
the "expansion of retail and service establishments providing goods and services required
on a regular or convenience basis. Establishments marketing specfalty goods and services
or major consumer durable goods would not be likely to Tocate in Clinton in response to
this population increase.

Industrial/Service Commercial Facilities

{1}

Summary

Industrial/Service Commercial Sector Development with the Project

It is anticipated that the types of industrial and service commercial establish-
ments Jikely to locate in the municipalities would be classified into two categories:
1. establishments providing services to the Jocal trading area population; and 2. esta-
blishments providing services to the Hat Creek Project.

With the project and given the combined population of Ashcroft and Cache Creek,
it is anticipated that there will be an expansion not oniy in the pumber of 1ight industriail
and service commercial estabiishments, but a droadening in the scope and range of services
available a5 well. On an "“order of magnitude" basis, it is estimated that in the %two
comrunities, approximately 10 to 20 ha of land would be required to adequately accommodate
the demand. No constraints or restrictions on the supply of land are anticipated in
either community.

with the project, there is also a pessibility that establishments such as heavy
duty equipment sales and service will find 1t economically feasible to locate in the lache
Creek/Ashcroft area, It Is possible that if serviced land is .avaﬂable at reasonable
prices, up to 40 ha may be required to accommodate the demand. It is anticipated that
light industrial establishments of this nature will tend to concentrate in the proposed
light {ndustrial area south of Cache Creek, primarily because of proximity to the Trans-
Canada Highway and the proposed access road to the project site.

In Ashereft, during the proposed constructien perfed, some 1light industrial
activity associated with the trans~shipment of eguipment and machinery from rail to trucks
might take place if B.C. Hydro decides to develop offloading facilities off the CNR at
Ashcroft., If the development would take place in Ashcroft, approximately 3 ha of land
adjacent to the CNR in North Ashcroft would be ut{Tized.

With the project, the magnitude of the increase of population in Clinton would

1ikely provide an impetus for modest expansion of light industrial or service commercial
establishments serving the local trading area population.

In general, impacts to most service systems would occur in the area of additional staffing

rather than extra facilities required as a result of the project. Differences in all service
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requiremants, including capital and cperating costs, without and with the project would be mest
substantial for education.

The Targest impact to the education saervicas fn the study area, in tarms of an increase in
anroilment, would be found in the alementary school in Cache Creak. In that community, & new elemen—
tary school facflity would be needed in Scenario 1. A new elesentary schoal facility would be
needed also in Ashcroft in Scamario 2. A new secondary school facility, or additions to the existing
factlity in Ashecroft, would be required in efther scenario. Without the project, 1t is unlikely
that thase new facilities would be necassary.

As well as affacting school facilities, considerably mors teachers would be needed in all
schools in the sarvice study area as a result of the project.

The hospital 1n Asheraft may reach its full capacity at peak years of population, byt
additional facilities would not be needed as a result of the praject. The construction workforce is
not expectsd to have a significant impact on haspital services. Tha population increases as a
resuilt of the project would necassitata the addition of hospital staff.

Four more doctors, two additional dantists, and facfl{ties for thess professionals would
be nesded fin the sarvica study area in additfon to thosa medfcal and dental sarvices expectad
without the project.

Mors open space and additional recraation facilities would be needed fn the three communi-

tiss and in the Hat Cresk Valley becauss of the addad population with the project. Although the
type of facility and the timing of its additien should be determined by the local residents these
faciiities would sti11 be needad, especially batween 1981 and 1983.

Local residents would want sore cultural resourcss on account of the project, but, as with
recreation sarvices, the exact nature of thase rescurcas should be determined by the communities in
the study area.

Bacause’of the project, more library space would be required in Cache Cresk in Scenario 1,
and more library starf in Ashcroft in Scenario 2. Also, a portable library facility would be needed
at the construction camp.

In Asheroft and Cache Cresk, five more poiice officers would be required tecausa of the
fncreasad population with the project, and two extra officers would be needed in Clinton. In addi-
tion, one or two police officars would be newded to service the construction camp during the pui
years. .
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Community and Regional Infrastructure

(a) Community

Infrastructure

(1)

(i

(iii)

Water Systam

With the project, additional improvements required in Ashcroft would include:
1. Supply mains and booster station upgrading to serve Mesa Yista bench.
2. Expansion of reservoir capacity to serve the Mesa Vista bench area.

In Cache Creek, improvéﬁents that would be required with the project include:
1.  New water intake.

2.  HNew water reservoir to serve the east sector of Cache Creek.

3. New supply main and reservpir to serve future light industrual-service commercial
development areas immediately south of Cache Creek.

Trunk matn extensions would be required in Clinton with the project, in addition
to storage expansion at the source of supply, to serve the proposed new davelopment areas
. L]

in the westeriy sector of the village.

Sanitary Sewerage Sysiem .

with the project, it is anticipated that the population level in North Ashcrofi
would exceed the 1800 level and as a result, upgrading of the Tingley Street 1ift station
and the forcemain across the Thompson River would be required. Also, a second outfali
sewer main to connect to existing primary collectors on 6th Street in South Ashcroft would
be required with further deveiopment in the Mesa Vista bench area.

A new trunk main to serve the future light industrial/service commercial develgp-
ment area south of Cache Creek would be the only improvement required with the project.

In Clinton, major improvements as a result of the project would include the
extension of trunk mains to new development areas in the westerly sector of the village.
Costs for extending trunk mains are expected to be relatively low. Also, upgraded disposal
facilities are anticipated to be required with the project.

Solid Waste Disposal

The common landfili sits utilfzed by the village of Ashcroft and Cache Creek has
agequate capacity to accommodate the projected population increases both with and
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(iv)

{v)

(vi)

without the project. The existing landfill site has similarly adequate capacity for the
village of Clinton and surrounding areas both with and without the project.

Roads

Cavaicpmant axpansion in Ashcroft would tend to increase congestion at the
Thompson River Bridge and the access road to Mesa Vista Bench. Therefore, upgrading of
the above roadway components aight DBe needed with the project, particularly under
Scanardo 1.

In Cache Creek, the projact wouid require upgrading the following roads:
1. Upgrading main access route (Quartz Road/Stage Road) to east saector of the village;

under 3cenario 2, this access road would have to be extanded eastward to reconnect to

the Trans=Canada Highway. '

2. Extansion of new accass road south to provide entrance to the proposed indusirial/
sarvice commercial area south of the village.

3. Extansion of Q1d Stage Road north to connect into Carfboo Highway.

A new access road would be required with the project in Clinten to sarve the proposed new

davelopment area west of the community.

Starm Drainage

Although no major trunk stors sewer facilities would be raquired in Ashcroft,
savaral autfalls from the natural drainage courses tc the river would be needed. In Cache
Creak and Clinton, ne major trunk storm sewerage facilities would be required in light of
the general accessibility of natyral drainage features,

Timing Concerns

Asheraft and Clintan might experience some short tarm delays or time lags in
their infrastructure expansion prograas; e¢.g. financing capital {mprovements, including
the sacuring of commitments far {nfrastructure grants from senior governments.

(b) Regional Infrastructure ¢

(1)

Yrilities

Each of the utiiity companies - B.C. Hydro, 8.C. Talephone and Inland Natural
Gas indicats that nc problems are anticipataed fn providing additional services in Ashcroft,
Cache Creex and Clinton. Howaver, a significant amount of lead time would be needed to
avoid delays {n the dalivery of new servicas during rapid developoent episodas.
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(i1} Transportation

The Hat Creek Prpject would necessitate an increase in both vehicular and truck
traffic through the Jocal communities as well as the regional highway system. At present,
Highway No. 12 provides the only access between the project, the main regional highways
(No. 1 and No. 97) and the nearest communities. The proposed access road to the project,
avaiiabie in 1980, follows the Medicine and Cormwall Creeks and intersects Highway No. 1
near the south end of Ashcroft.

Table 3.4-15 provides estimates of probable passenger commuting patterns for
thase time periods when maximum traffic might be expected. The greatest volumes are
1ikaly to occur on Friday nights, during the peak construction years (1982 and 1983) as
camp residents leave the area for the weekend. Although the volume and timing of evening
trips for entertainment could not be estimated, they are Tikely to be substantial.

The major passenger vehicle impacts anticipated would occur at the junctions of
the B.C. Hydro access road with Highway No. 1 and Highway No. 12 with Highway No. 97. The
volumes of traffic arriving together at the juactions would produce congestion and pose
safety hazards as they access and egress Highway No. 1 and No., 97, The safety hazard
wouid be particularly severe during summer peak highway traffic times.

Truck movements, chiefly from the railyard and to the site, would approximate
50 vehicles per day. The major concern with respect to thase vehicles occurs at their
point of access to the major highways, where they present a potential safety hazard
moving into through traffic.

3.4.6 Local and Regional Government

(a)

(b)

Loca} Government Structure - Management and Provision of Services

The rapid growth rates projected for the communities, in particular Cache Creek and
Ashcroft, would necessitate a greater level of plarning and administrative activity on the part of
government. Time lags in the delivery of services and processing of development applications would
probably result in initial years of community growth.- It is estimated that a lead time of about 1
to 1.5 years would be required to enable the municipalities to start and complete the changes and
modifications required in the local govermment structure, even with a community plan and impiementa-
tion bylaws in force.

Municipal Finance and Budgeting

A comparative evaluation of projected expsnditures, revenues, assessments and tax rates
for each municipality indicates that gver the long term, each of the municipalities would be finan-
cially capable of carying out its responsibilities without imposing undue tax burdens on taxpayers,
both with and without the project. Temporary fiscal difficulties in Ashcroft and Cache Creek might
result in excessive in¢reases 1in taxation levels during the first few years after project
commencement.,
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Projections of government axpanditures covered the following catagories:
1. General governmant.
2. Protective sarvicas.
3. Transportation.
4. Recreation and cultural,
8. Public health and welfare.
§. Environmental development.
7. Fiscal management sarvicas.
8. Qther services.
3. Environmental health,
10. wvatar.
Contributions to other ageancies for which the municipality collects taxas are not included in the
projections. Tha profections of expenditurss have been adjusted %o reflect the “nat costs" to tha
sunicipality thus taking into consideration available senfor government grants as wall as contriby=
tions from developers realized by impiementation of a QOevelopment Cost Charge Bylaw. Projecliad
revenuss consider property tax sources as wall as non-property tax sourcas such as:
1.  Grants in 1ieu of taxes. -
2. Revenuye sharing programmes.
3.  Infrastructure grants.
4. Municipal incantives grants,
5. Sales of sarvicas.
§. Development cost charges.
7. Rnn_nuu from cwn sourcas.

In projecting property assassment lavels, the hase year s 1976 and projections are made
for residential and non-residential assessments. Rasidential assassmwents ars expectad to increase

in direct proportion to the rate of population increase. The present ratio of non-residential to
total assessments would remsin stable at atout 37 percant in Ashgroft and decrease slightly from the
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presently hign level of 62 percent in Cache Creek. In Clinton, the non-residential component of the
assessment base is expected to change in direct proportion with population changes.

With the project, it is projected thst user rates and charges for water and sewer services
would not increase to levels which by Provincial standards would be considered excessive that is,
charges in excess of $150 each.

The projectad data required for the calculation of property tax rateas are summarized in
Table 3.4-15 for Ashcroft, Table 3.4-17 for Cache Creek, and Table 3.4-18 for Clinton. The following
subsections provide a comparative evaluation of projected tax rates for each of the above
communities. ‘

(i} Ashcroft

Tax rates are projected to rise rapidly in the initial pericd after project
commencement. Tax rates are then expected to gradually decline, reaching a comparable
Tevel with rates projected without the project in 13886. 1In 1990, the tax rate under
Scenaric 1 reflects the increase in population to the 5000 fievel, at which time the
municipality is required to finance police protecticn.

(ii) Cache Creek

With the project, it is projected that tax rates will jump sharply i{n the first
year following project commencement, reflecting the rapid expansion of the local government
structure required to adequately handie the increased level of development activities in
the community. Under Scenario 1, it is projected that within three to four years following
project commencement, tax rates with the project will be roughly equivaient to tax rates
without the project. In 1990, the sharp jump in taxes under Scenarfo 1 is attributable to
the increased expenditures on the welfare function required when the population reaches
the 2500 level.

Under Scenario 2, it is projected that tax rates will excaed tax rates without

the project by an average of approximately 30 percent. This can be attributed, ameng
other things, to the following factors:

1. with the project under Scenario 2, the population is projected to exceed 2500, hence
the municipality is required to make contributions toward the welfare function.

2. With significant population increases under Scenario 2, the per capita taxable assess~
ment level is expected to decreass.

3. The smaller the size of the municipality, the more significant is the effect of the

basic $30,000 grant given to a1l municipalities as part of the Revenue Sharing
Programme.
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(<)

(ii1) Clintan
[l
Without the project, the tax rates are projectad to increasa by about 6 mills
when the population incrasases from 310 to 1155. Tax rates are projectad to be only slightly
higher (Tess than 1 mill) with the project than without it,

Regiona] Oistrict

The role of the Regfonal District would be planning for new devaicpment in the unorganizad
rural areas of the study arsa. The Thompson Nicola Regional District has racently embarked on a
ptanning program which should cuiminats in the adoption of an Qfficial Regional Plan by the lTattar
part of 1978. The Regional Plan will estabiish policies and guidelines for coordinating new develcp~
ment fn these unorganized areas. The Reglional OJfistrict nmight participate with the nember
municipalities {n the study area {n joint financing programmes for cartain services, and in garticular,
recreation and cultural services.

3.4.7 Social Environment

{a)

(b)

Introduction

Tha Hat Creek Project would affect the social envircnment through changes in the natural
anvironment; changes in economic structurs and opportunity; pepulation changes and community expan—
sion; and adjustment problems assccisted with rapid change and development. social impact {s viewad
tharefore in terms of quality aof 1ife altarations. Quality of 1ife changes would primarily occur in
the local study arsa, particulariy Ashcraft, Cache Cresk and the Hat Creek Valley. Minimal effects
would ocgur among the broader population of the region. Table 2.4-1% summarizas social impacts over
the 11fe of the Project. '

Imspacts Resulting from fhanges in the Matural Enviromment

In this saction, spiliovers associatad '\nith the project that rasult in a loss of amenities
avaflable from a natural environment are of prioe concern. Social impact assessment shouid weigh
the types of amenitias provided by the natural resourcas without the project, the reductian of such
amenities as & result of the project, the population(s) whose quality of life would ba affected, and
the parmanenca of thess losses, as well as gther critaria of significanca. .

The major changes in the natural environment arising from project slements in the Hat
Creek Valley incliude: reduction fn the quantity and guality of agricultural, recrsational and
forest land, reduction in the quantity and quality of wildiife haditat, reduction in the flow charac-
teristics and quality of surface and groundwater supplias, reduction in Hat Creek fish populatien,
increase in noise levels and altarations in noise charactaristics and reduction in the gquaiity of
the ambient air.

The individuals affscted includa valley residents (30-40 pecple) and other users of the

vallay. It appears that a few valley residents aight have 2o relocats as a dfrect resuit of land
alienation but most rasidants would nat have to relocate. With reaspect to the changes identified in

3-58 Part Four

J



3.4

SOCI0-ECINOMICS - (Cont'd)

{c}

(d)

the natural environment, the evaluation of amenity resources lost and consequent reduction in the
quality of 1ife would be a subjective decision on the part of the individual(s) involved. Hat Creek
Valley residents would tend to value the amenity losses higher than non-residents who use the valley
only for recreation or other purposes.

The proposed access road, pipeline and transmission line corridor would alienate small
amounts of agricultdre, forest and recreational lands, as well as some stream and fishery disrup=
tions. However, the economic and social consequences are considered insignificant. The proposed
airport is unlikely to generate significant negative social impacts in the short run. The residents
of all study area communities generally favoured the proposed airport, the benefits of which would
accrue to non-commercial users of the airport faciiities.

On the assumption that the offloading facilities wouid be located at the CNR station in
Ashcroft, increased trucking during the construction period on the 1ikely route would affect residents
and others in the vicinity. These individuals would have to adjust to minor disruptions and addi-
tional noise, albeit minfmal, associated with additional traffic and offloading activity in the
area. It is to be expected that residents would have some concern about the potential for road
hazards and risk of injury with the presence of additional traffic in the local area. However,
there is no reason for this potential to be realized given existing traffic regulations.

If the Ko. 1 booster pumping station for the watar intake operates without acoustical
mitigation, the incremental noise levels would probably affect 15 to 20 residents in the immediate
area. Some af these residents might find the constant incremental background noise incompatible
with residential satisfaction. However, the proposed mitigation at the pumping station would offset
the significance of this annoyance.

Impacts Resulting from Changes in Economic Structure and Jopartunity

The Hat Creek Project would create a large number of short and long term employment
opportunitiss, Tower unemployment rates in the short run, create employment opportunities for

individuals wanting to enter the Tocal labour force and generate opportunities for individuals to
improve their employment positions in the regien.

The project would also raise the income and employment axpectations of many residents in
the study area, It is understandable that some local residents would be disappointed if their
expectations were not realized. However, the hiring practices of B.C. Hydro as dictated in the
labour management contracts and laws related to discrimination in hiring would inhibit maximizing
local employment.

Impacts Resulting from Population Changes and Community Expansion

The project would result in a large and rapid population increase in the local study area,
producing a number of personal adjustments on the part of existing residents and inducing expansions
in communitly social services, commercial goods and sarvices, housing and community infrastructure.
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Ephemeral reductiens in the quality of life might result in the local area through the procass of
providing sarvicas and integrating the population.

Over the tonger run, parsonal adjustments wouid normalize and new social pattarns emerge.
Expanded sarvices would provide benefits to the local people through greater choics of mors convenient
and probaply more efficient servicas than that likely to occur without the project. For most resi-
dents of tha study ares, changes in tha physical character of the sattlement communities would
enhance the qualfty of Tife. The Denefits of additional fncome and employment would continue over
the 1ife of the project.

Social and Community Adfustment Probiess

Adjustment problems might occur as a result of changes in social behaviour and health;
changes in community stability; changes in coomunity social stratification and strugture. The
adjustmant prodiems Jdentified below must be viewsd as potsntial and the significanca of them is
unknown in the specific case of the Hat Cresek Project. The reason for thesa caveats is that infer
eances were primarily sade about adjustment problems based on thosa experienced on comarable
projects.

Some communities affected by large-scale industris] developments and rapid pepuiatien
growth have experienced considarable increases in petty crimes. The proximity of the construction
camp labour force and any fncreased flow of ynemployed job seskers would tend to increase transiency
Tavelis in the study area cmun'it'les. Beczuse alcohel consumption would tend to increase, the
potantial exists for alcohol-related problems. Othar areas subject to rapid growth have experienced
an incredse in juvenile delingquency and vensreal diseasa.

New residents nmight question the values and assusptions of the established residants,
possibly creating concarns in the community through the adjustment period. On the other hand, the
Project would Tikely reduce out-migration from the study arsa, increasa employment opportunities as
wall as provide an incentive for former residents to return to re~establish residency. In particular
mors local young people would remafn in the local communities with the preject than without it thus
contributing to family stabilfty. '

Social stratification would occur through sagregation of individuals in housing developmants
built for Hat Creek Project employess. The major effect of this stratification would retard integra-
tion batween newcomers and existing residents. Over tize, the process of intagration would reguire
underitanding and adjustmant on the inter-personal as well as community level. Changes in local
poiitics {n tarms of key fndividuals and the relative strangths of vestad intarest groups would
11kealy occur. Hew organizatfons would be formed that would meet the needs of community residents as
well a3 new events and activities fncreasing the quality of 1ife in the communities and assisting
the integration of different resident groups.
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Native Indian Studies

(a)

(b)

(¢}

Employment

The Hat Creek Project would provige a larga number of employment opportunities. In
addition to adding to the total number of employment opportunities available in the area, the Hat
Creek project would offer the local Indfan peopie a marginal benefit in that it is located near the
Reserve, thus easing the communication and transportation barriers. In light of currently higher
Indian than non-Indian unemployment and the forecasted level of local area participation, the number
of jobs likely to be taken by Indians would not be extensive. It would appear that unless special
steps, such as the development of an affirmative action program are taken to resolve spacific employ-
ment problams of Indians, the likelihood of significant employment benefits accruing to the local
Indian people, certainly in the short term, would be low.

The proposed project would create some wage employment and business opportunities in the
local economy, which might offer further potential for Indian empioyment benefits. Although there
might be some loss of employment in the agriculture sector as a result of the project, the lack of
reliable data precludes an accurate prediction of empioyment changes. No significant impacts are
anticipated with respect to Indian non-wage employment.

Income

The Hat Cresk Project 1is expected to provide an overall pesitive force in raising the
level of Indfan incomes. The basic rationale for this conclusion is that -the project would generate
income through direct, indirect and induced employment opportunities far in excass of employment
opportunities that might be displaced, {if any. Also, the project would not have an appreciable
effect on non-wage income or income-in-kind. The Hat Creek Project would provide a large number of
empioyment positions in skilled trades having higher wage levels than any that exist in the area at
the present time. Therefore, the greater the employment of Indians directly on the project as well

as other employment opportunities generated by the project, the greater one would expect the income
benefits to be.

Local cost of living increases that might result from the project would reduce the real
income of Indians and non-Indians an fixed incomes or incomes that do not keep pace with the general
trend of prices. Lease revenues received by local bands might also be reduced if the demand for
grazing land declifines and the existing Ashcroft airport is taken out of service.

Secta)

(1) Community/Construction Force Interactions

Although the anticipated construction work force would likely be wvary stable
from a social point of view, interactions hetween the predominantly male work force and
the female Band members may lead to social impacts.
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(iv)
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The Tlarge numbers of males unattachad on eithar a temporary or a permanent
basis, the length of the construction phase of the project and the fact that the workers
wouid be Tiving either in the Tocal communities or in camps nearty the communities, would
probably resyit in the davelopment of interracial personal relationships.

If these relationships are detrimental, family or aarital disharmeny among
Resarve residents may ogzur as well as the incidenca of additional stress and other
probless related to mental heaith, alcohol abuse and acts of vialence. However, the Tevel
and significance of such potantial impact cannot be reliably predictad. Alse, the possible
occurrenca of discrimination and prejudice subsequant to an increasae in the non=Indian
population defies prediction.

Population Imoacts

The project would tand to incrsase the Raserve populations by lessening the
motivation of Sand asmbers to leave the Reserve for economic rezsons and by providing an
incentive for some Band membars to return to the area to participats in an expanded
sconomy. However, [ndfans who percaive or realize 1ifastyle changes as a result of the
praject might leave the ares. Tharsfors, two-cpposing forces are anticipated to affect
Indian popuiations in the study area, the net effect of which is uncartain.

Health Impacts

Based on Afr Quaiity and Climatic Assassment Reportu and the épiduiolagy

Rmrt.u no significant impacts are anticipatad to be experiencad by tha Indian as a
resylt of the project. Negative effects identified in the repert include a reduction in
visibilfty from fugitive dust in the Mat Creek Valley and an increase in relative humidfty
within S km of the source which would produca additional local fogging. Fugitive dust can
have potantial adverse nealth consequencas. The reader is referred to sactions 3.1 and
4,1.1 for additional discussion an air quality considerations.

The residents of Bonaparts Reserves Ne. 1 and 2 might experfence adverse health
impacts 1if they ocbtain thefr domestic watar supply from Hat Cresek. The significancs of
this {mpact, if any, depends on the potantial negative water quality effacts 1dent'med13
and the mannar fn which watar is collected and distributed.

Noise

The Nofse ﬂ.partu of the Detailed Environmental Studies dfd not identify any
significant fmpacts for any of the Reserves in ths study area.

Community Services

Because of uncertain future desand conditiocns and supply adjustments related %o
comunity services potantial iepacts on Indfans are difffcult to assess. Nevertheless, no
significant adverse {opacts are Tikely to be experienced by Indfans as a resuil of increased
desand for social sarvices.
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(d) Resource-Use Impacts

(e)

()

(1) Fisheries

15 6

The Fisherias Report™ and the Water Intake Reportl concluded that there were
no significant impacts anticipated for salmen, trout and other fish species as a result of
the project. However, the divarsion of Hat Creek would significantly affect fish resources
in cartain stretches of Hat Creek. Also potential adverse impact on the salmen population
might result from the Bonaparte River crossings by the water intake pipeline and the
proposed new project accass road. Given the total fish resources of the local area and
region thesa ressurce losses would not affect the Indians in a significant mannar. Also,
increased fishing pressure might adversely impact Indian recreational and subsistence
fishing.

(i) Wildlife
Because the game harvesting activity and trapping on the part of local Indian
pecple is minimal, the impact of some possible wildlife losses are expected to ba minor in

terms of consumptive use and income equivalency.

(iii) Agricultural and Natural Vegetation

The lack of basic information on the importance and use of natural vegetation;
the extent of agricultural development on and off-Reserve; the potential reduction of
productivity of grazing land through air guality changes; and present and future land use
on the part of Indian people precludes accurate prediction of impacts, ff any, and com-
sequently the significance of potential impacts. For example, the project would divert
some irrigation water use from lands that could be irrigated in the future but the {mpact
cannot be directly ascertained without the land use plans developed by the Indian people.

Cultural Impacts

The influx of a large numbar of non-Indian people into the area would intansify the ethnic
minrority status of the Jocal Indian people. Individuals that attach significant preservation values
on the traditional Indian lifestyle would probably be impacted by the incidence of inter-racial
marriage and relationships, the potential reduction of land basad activities and any erosion of
cultural didentity. Although the increased pressure of a non-Indian culture and Tifestyle would
suggest a negative impact on Indian people, the significance of impact cannot be determined.

Setttement Impacts

It is not anticipated that the project would result in significant changes in the setilement
patterns of the large majority of Reserve residents in the study area.
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Recreaticn

Construction impacts of concern to rscreation are those which creata physical disturbanca of
the land surface. For the most part thesa impacts are caused by land clearanca far construction of
facilities. Oust, noisa and other impacts are less significant being temporary {a character.

Construction impacts occur predominantly in thres analysis areas; Area A, B=3 and €-3 (refer to
Fig. 2.5~1, Part Three). The mine, plant and some offsits facilities are located in Area A and 8 and the
balance of the offsita facilities are found predominantly in Area (C-3.

The second major recreational impact of concern is the induced recreation demand created by tha
construction labaur forca. [t §s anticipatad that workers will taks advantage of the recreation resources
and facilities within the Vallay and nearby areas grsating much greater recrsation pressure than exists
at present.

{2) pPhysical Bisturbancs

From the recreational perspective, construction and operation impacts will ovarlap during
the pericd between 1378 and 1987 at the end of which it is assumed all four powerplant units will be
built and functioning. From the standpoint of land disturbancs it can be assumed that areas covered
by tha ash dusps and the fuil open pit coal aine will grow to reach their ulticata sizes over many
years, but at the tise operation begins excavation and f111ing will have affacted relatively szall
areas. Top sofl and cover vegetation will have been removed to facilitats operations. At the and
of the construction stage the areaz occupied by all project components will amount ta about 790 ha.

There are no recreational facilities that will be affected by project construction.
Activities which presantly occur in disturbed sita &reas can move to other locatfans. These activi-
ties consist of hunting, fishing, backroad travel and sightsasing. [n addition, gem hunting along
Medicine Creek (which is included in the backroad travel category} will be substantially reducad or
aliminatad.

The amount and type of game anizals affacted by the disturbed areaz is unknown. It is
assumed that a net lgss in gase popuiation will gccur owing to habitat loss, even though existing
gime may disparse to othar areas as a result of project activities. lapacts on hunting are axpected
toc extend well Dayond tha immediate construction areas as it {3 anticipatead that many gJame animals
will not venturs near the actual sfte of cparations.

The fish rescurce in Hat Cresk wfll be disturbed over the 700 a section which {s to be
relacated. Relocation probably would result in the entire loss of fish in this section and there
may be downstream consequencas. From the recreational perspective, angling that takes placs in
this section will be eliminated during construction. It is possible, however, that onca project
cperations commence, angling could be restored depending on project charactaristics and operational
practices.

Backroad travel probably occurs in the area to be disturbed by the project, particularly
in the Trachyta hills which ars somewhat aere cpen than other neardy tgrrain. Sightseeing of the

3I-6a : Part Four




3.4

SQCI0-ECONOMICS = (Cont'd)

natural environment in the project area will also be affected. The project will be most visible in
the Medicine Cresk Valley and upper Hat Creek Valley, with some project elements visible from
Marble Canyon, Cattle Valley and Highway 12. Sightseeing is not expected to be adversely affected
by the project. During the project construction phase it can be reasonably expected that beth Tocal
residents and tourists will make special trips to view the activities taking place. For travelers
on Highwa& 12 it will be virtually impossible to avoid seeing the projegt during construction and
thus substantisl increases in sightseeing can be expected. VYisitor numbers, however, have not been
estimated. The estimated number of recreational activity days displaced by the project is contained
in Tapie 3.4-20.

The impacts indicated in Table 3.4-20 are not correlated by project component. Because
the activities affected are dispersed in location, there is nc means for directly allocating impacts
significantly to one particular aspect of the project. The only excsption is angling, where the
direct agent is the open pit mine which nacessitates the diversion of Hat Creek.

3.4.10 Aesthetics

3.5

Visual impact issues are focused upon the ocperational (post-construction) phase of the develop=
ment, since during the pre-construction and construction stages, visual impact would be too dynamic to
propese meaningful mitigation or enhancement procedures. Therefore, the topic of visual jmpact is chiefly
concernad with the quality of the Built environment and not with the process by which it is created.

It §s acknowledged, however, that there will be infringements upon the existing aesthetic
qualities of the site and its envirens during the construction of the plant and its ancillary facilities.

During the construction perfod of a major installation there will be necessary interruptions to
the existing visual scene and, therefore, to its aesthetic impact. Heavy equipment - such as cranes and
loaders - will be employed to stockpile and transport building materials about thg-sfte. Bulldozers and
trenching eguipment will be used for underground excavation purposes. There will be approximately
1000 workars on the site.

A1l of these activities will create noise, dust and debris in the area. Fortunately, the
aesthetic impact of these operations on residences will be minimal, since the nearest towns (Pavilion and
Carquile) are both about 18 km distant. :

NoISE

Noise tevels anticipated from construction of the Hat Creek project were calculated in terms of
yearly day-night average sound levels (YONL). The YDNLs are derived from the sound pressurs level of
each major nofse source normalized to 2 distance of 15 m and adjusted. by a usage factor. In this study
the usage factor for a piece of equipment is expressed relative to a time base of 1 year. For example, a
compressor which operates & hr/d, 7 d/wk for 3 months would have a yearly usage factor of
B/24 x 7/7 x 3/12 = 1/12 -er 0.0833., This factor would be applied to reduce the operating noise level of
the compressor by 10 log (0.0833) or 10.8 d8{A) to obtain the YDNL.
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A sound propagation mode! was used to calculats the transmission of sound froa project sources
to various receptors. The model uses the following attsnuating factors:

1. Geometric spreading.
2. Atmospheric absorption.
3.  Topographical shielding.

Other factors, such as wind and tampersture gradients and ground effects, have Deen neglected
in the noise pradiction procedure, thus making the mode] somewnat conservative.

Nolse levals generatsd by construction activities vary continuously as a function of time and
the first year of the project produces the highest noise (ses Fig. 3.5-1). To maintain a conservative
approach, the noise analysis presentsd in this report pertains to this first year of construction. The
total noise lavels produced during construction will comprise contributions from diffarent project activi-
ties. Ouring the first yesr of the project these activities are indicated to be:

1. Plant zonstruction (excavations and foundations).
2. Mine preparation (f{11ing of the North Valley Dump).
3. Accass road construction.

4. Mine camp constryctisa.

5. Project relatad traffic on Highway 12.

Construction work except the initfal North Valley Oump filling operation, has tesn considered
to be on a S-day week basis with a simple 8-hour shift starting at 8 a.a. The initial North Vailay Oump
fi1ling operation was based on a 13.5 hr/d schedule (7 a.m. to 10 p.m.), 7 d/wk during a perfed of
6 months.

Criteria

The noiss fepact criteria propesad for construction and operation of the Hat Cresk project are
basad on noisa Timitatfons which will assure that the Targe sajority of people are protected from hearing
loss and other megative leaith and welfare effects with an adeguats margin of safety.z The USEPA also
provides guidelines for the assassment of community responss to various degrees of intruding noise levels
that takes into account factors such as previous sxposuyrs to nofse and community attitudes.

The health and weifare effects are descrided fan tarms of Egquivalent A = weightad sound lavel
ovar 24 hours Leg(24) and yearly day=night sound Tevel (YONL). A maximum Laq(24) of 70 dB(A) is intanded

ta protect the public against hearing loss and various stress-relatad dissases, whereas a maximua YONL of
55 dB8(A) is related to interferenca with activitfes such as spesch communication and sieep.
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Community reaction to an intruding noise is estimated by correcting YONL, using Table 3.5-1.
The corrected Tevel s the normalized YONL. The estimated community response is determined from
Fig. 3.8-2. )

Secause infreguent, intermitient noise events may De disturbing (although they may make a small
contribution to the tota?! YDNL), the following criteria have been established for intermittent noise
3
sources:

1. Where the YDNL is 5% dB(A) or less, no evening or nighttime {7:00 p.m. - 7:00 a.m.) intermitlent
noise level should exceed the YDNL by more than 20 dB({A).

2. where the YDNL is greater than 55 dB(A), no evening or nighttime intermittent noise level should
exceed 75 dB(A).

To assure that the noise Jevels created by individual impulsive noise events such as blasting
do not create a hearing hazard, a 140 db peak sound level limitation is proposed as a maximum at the

project property boundary. This Tevel is based on B.C. Workmans®' Compensation Board regulations of
Janvary 1, 1878.7

Maximum nofse levels for various categories of land uses shown in Table 3.5-2 are based on
nofse impact criteria for major airports. The criterion proposed for farm lands is an Leq(24) of 70 dB(A)
which would adequately protect farm workers against hearing Toss in a normal 1i{fetime.

The criterion proposed for cattle grazing is a YDNL of 85 dB(A). Noise produces the same
genaral types of effects on animals as it does on humans, inciuding hearing loss, effects on communications
and pehavioural and non-auditary physiolagical effects. At present, the experimental evidence on which
to base noise level criterfa for animal exposure to noise fs incomplete. The current approach is to
assume that animels will be at least partially protected.by application of noise limitations developed
for human exposures.

The various noise level ¢criteria used in this report are summarized in Table 3.5-3.

Mine and Plant

The total noise lavels produced during construction would be comprised of contributions from
different project activities. During the first year of the project these activities would be:

1. Plant construction {excavations and foundations).
2. Mine preparation (filling of North Valley Oump).
3.  Access road construction.

4.  Mine camp construction.

5.  Project-related traffic on Highway 12.
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Moise effects producad by the abova activities fn four important receptor ardas are dfscussed

below,

(a) Sonaparte Indfan Resarve [

(b} Bonaparte Indian Reserve 2

(e}

The nofsa from construction activities would vary from a YONL of about 62 dB(A) at the
south~wast corner of the reserve to a YDNL of 35 dB(A) at the north-east corner, as shown in
Fig. 3.5-3. By adding the background YONL contour values of Fig. 3.5-4 ta those of Fig. 3.5-3, the
combined YONLS at recsptor points that would ba expactsd during the first year of the project were
obtained. Thase are shown on Fig. 3.5-5.

The areas of the Reserve fn which the sstimatad YONL would exceed 55 dB(A) and tharefors
are considersd imcompatible with residential land use, are alss shown in Fig., 3.5-5. There is
presently one cocupied housa within that area.

Cattle and hofsas are grazed aver much of the Reserve and since the YONL on the reserve
will not exceed 85 dB{A), project effacts should be compatibie with grazing.

The normaiized YDNLs that have besn estimatad to determine probabie community reaction
wars obtajined by using the correction factors of Table 3.5-4 and applying these to the YONL cantours
of Flg. 3.5-3 within the Baonaparts Indian Reserve boundaries. The resulting normaiized YONL values
range from 45 to 72 dB(A). Based on Fig. 3.5-2, 1t can be seen that the expectad community reaction
will vary from "no resction? to "threats of legal action”, '

?

The pradominant noise that would affect the Sonaparte Indian Reserve 2 will be from traffic
along Highway 12. Based on traffic predfctions for the first year of the project, it is axpectad
that an increase of 1.5 dB{A) would occur along the highway, thus producing a YONL of 55 dB(A} at a
distance of 27 a from the highway. Based on the available information, thars are no dwellings
within this distance.

Tha saxisum norma)ized YONL on the Ressrve would be lass than 55 dB{A) and according to
Fig. 3.52, no comeunity reaction 13 anticipated.

Hat Creek \fal‘lez Ranches

The five ranches in the Hat Creek Yalley that would be affectad by noisa frem the various
construction activities are shown in Fig. 3.5-6 and the expectsd project noise lTevels together with

. the normalized YONLs are listsd in Table 3.5-6. This table indicates that the normalized project

YONL varies batween 45 and 61 ¢B(A) and that the estimated reaction of the community to the Hat
Creek construction would be from “ne reaction® to "widespread complaints™.

Since none of the combined YDNLs at the recsptor points excesds the 55 d8(A) critsrion

{Table 4.5-5), the Hat Creek Vallaey ranches will be compatible with residential land use thraughout
the canstruction perfed.
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The cattle grazing noise criterion of YONL will be exceeded within about 150 m and 75 m of
the Nerth Valley Dump and the access road, respectively. It should be noted that fencing would
probably be instailed within 50 - 100 m of the pit and dump operations, thus preventing cattle
grazing too close.

Trachyte Hills

Plant construction noise levels would exceed the grazing land criterion of YONL 65 up to
about 210 m beyond the fence line, shown on Fig. 3.5-7. At the plant site elevation of 1400 m,
however, the grazing capability of the land is about 10 percent high quality and 90 percent low
quality.

Offsite Facilities

(a) Intake Structure

The construction of the makeup cooling water supply system would include the following
activities:

1. River bottom preparation - November 1578 to April 1979,
2. Water intake construction - August 1980 to May 1981.
3. Pumping station construction - April 1981 to April 1882.
4. Pipeline construction - April 1981 to November 1981.

Onty during the month of Apriil 1981 would the various construction activities near the
Bonaparte-Thompson confluence overlap in time and hence the impact of each activity has been evaluated
independently from the others. Alsg, because the aforementfoned construction activities have been
considered as temporary sources of noise, a community sensitivity correction of -5 dB(A) has Dbeen
applied in each case.

Fig. 3.5-8 shows the location of the nearby residential area, which presently contains six
occupfed dwellings (16-18 residents), relative to the various components of the water supply system

near the confluence of the Thompson and Bonaparte Rivers.

(1) River Bottom Preparation

The noise levels produced by the river bottom praparation activities are expected
to vary from YONL 56 at the eastern edge of the residential area to YONL 46 at the westarn
edge.

Based on the existing noise level of YDNL 56 measured at monftoring site 5 and
train traffic predictions, it is estimated that the existing Jevels in the residential
area range from YONL of S5 %o about 62, as shown in Fig. 3.5-8. Hence, the existing
ambient levels over most of the residential area are incompatible with residential land
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use. By adding the existing axtreme ampient leveis ts the predictad river bottom prepara-
tion activities it fs seen that the combined noise Tevels would range from about YONL ef
55 to 63 dB(A) and the compatability of the area for residential Tand use wouid Aot be
degraded significantly. The normaiized project YDNL is expected to range from 46 to
56 dB(A) and Dased on Fig. 3.5-2, the probable reaction of the community would De "no
reaction” to “sparadic complaints”,

(i) water Intaks Construction

The construction of the cooling water intzke is axpectad to last 10 amcnths and
would produce noise levels varying from YONL 54 to 65 in the residsntial area bordering
the conflusnce of the Thompson and Bonaparte.

The combined noise levels from the existing trair iraffic and intake constructfon
would vary from about YONL 58 %o 67 as shown in Fig, 3.5=9. Therefore, tha area would be
made more facoepatibie with residential Tand use Dy 3 to § dB(A).

As can ba saen from Tabis 3.5-4, a total sensitivity correction of +5 d8(A) has
bean applied to the intake construction nofss Tevels, thus resyiting in normalized intruding
values of YONL 59 to 70 dB{A).

Fig. 3.5-2 then predicts a community reaction resulting from “sporadic complaints”
to “thraats of Tegal action”. ’

(i) Pumoing Statfon Construction

The Booster Pumping Station No. 1 is Jocatad about 30 m to 270 & from the resi-
dential area as shown in Fig, 3.5-10. Construction is to last one year and s expectad to
produce noise Tavels in this residential area ranging from YONL $7 to §9. Tha combined
pumping station construction and train notse YONL would range from 60 to 70 dB8(A), as
shown in Fig. 3.5=10. Thus, during the construction of Sooster Pumping Statien No. 1, the
residential area would be made more incompatible with residential land use by § ta
8 dB(A).

Tha normalized project YDNL would vary from 57 to 89 dB(A), thus the predicted
ccamunity responsa would ba "sporadic complaints” to “threats of legal action”.

i Tha criterion for noisae level compatibility with cattle grazing is YONL of 65 or
Jess. It s expectsd that at Sooster Pumping Station No. 2 a YONL of 65 dB(A) would de
sxceeded for roughly 150 m around the active construction zone, thus alienating frem
grazing a total area of about 0.3 knz for a period of one year.

(b) Main Accmess Road

The accass road would be constructad in two phases, excavation and base coursa (Qctoter
1978 to December 1979) and paving (April ta Navember 1980). The main fmpact would be generated
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during the excavation and base course phase, Tor the approximately 50 workdays adjacent to the
McLean Lake Reserve. (Quring this time, the daily average noise levels at the southern edge of the
resarve would vary from and Ldn of 47 to 65 dB(A), which reflects a significant increase relative to
an existing ambient levels of about 35 dB(A)., Hence, annoyance could result especially if the
excavation and base course phase activities near the MclLean Lake reserve woyld be in the summer when
recraational use of the area s 1ikely.

The access road would run adjacent to the McLean Lake Reserve for about 1200 m, with its
closest approach distance being about 360 m as shown in Fig. 3.5-11. The access road censtruction
would then have an impact on grazing land for about 30 m along the southern boundary of the resarve
{exceeding Ldn 55).

Highway trucking of gravel and asphalt would take place continuously during the paving
operation. Assuming a mean value of 45 trucks/hr it is expected that the grazing land use criterion
of Ldn 85 would be achieved within 30 m of the rpadside. Also the neise impact of trucking on
McLean Lake Reserve would be an Ldn of 42 dB{A) which is not considered significant.

Makeup Water Line

The construction ¢f the makeup pipeline would impact four receptor areas: the residential
area at the Thompson-Bonaparte confiuence, the North Ashcroft subdivision, the Cornwall hills grazing
lands and the Mclean Lake Indian Reserve. The residentfal area of the Thompson-Bonaparte confluence
would be impacted by an Ldn of 63 to 75 dB{A) during the few days when the pipeline construction
zone would be directly adiacent to it. These levels would be about 12 to 13 dB(A) above the daily
ambient noises levels established by train traffic and therefore could result in some short term
community complaints.

The pipeline construction noise in the North Ashcroft Subdivisfon is expected to generate
a YDNL of 41 to 54 dB(A), thus increasing the range of noise levels in the area from about YDNL 50
to 56 to 50 to 58. The land use incompatibility would then be increased by a maximum of 2 dB(A}.
Reference to Table 3.5-4 reveals that 2 community sensfvity correction of +5 should be applied,

resulting in a normalized YDNL ranging from 45 to 59 dB(A). Based on Fig. 3.5-2, it is seen that
the community reaction is expected to be betwsen "no reaction* and “sporadic complaints”.

In the Cornwall Hills grazing area an Ldn of 65 dB(A) would be exceeded for approximately
450 m on each side of the pipeline route. At any point along the route, a strip of land 900 m wide
would become incompatible with grazing for a pericd of about a week: assuming a laying rate of
610 m/d.

The pipeline is to be located parallel to and about 210 m from the southern boundary of
the Mclean Lake Indian Reserve. Based on the grazing compatability criterion of Ldn 65 for the days
when the oparation is adjacent to the reserve, it appears that a 250 m strip along the south edge of
the reserve would become incompatible with grazing for & period of less than a week.
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Transaission Lines

The construction of tha 655 xV transmfssion lines is not sxpected to make a significant
contribution %o the total profect impact becausa of other predominant nofse sourcas in the area such
as pumping station constructfon and coal preparation facility construction,

Creek Qiversions

{reek diversion facilities construction would not be a significant sourca of noise impact
bescauss of its concurrence with other construction activities such as the excavation of the pit
incline and the ?i11ing of the North Valley Dump, which would dominata the snvironsental noisa
impact.

Airstrio

Two airstrip sitas are being considered for this project; Site “A", 14 km south of Cache
Creek near Highway 1 and Sita €, 4 im east of Cache Creek near Highway 1. Site "A" 1s locatad on
grazing land with no residences in the viginity, while Site "C* is on agricuitural Tand with the
nsarest ranch buiTdings about 300 @ from the westarn end of the runway.

Alrstrip construction is scheduled from April 1979 to April 1980 and at Site “AY, with no
residencas in the vicinity, only grazing land area of about 0.5 hlz wouyld be made incompatibie with
grazing. At Sits "¢, {he combined noise Tevals of traffic and construction wouid range from YOAL
af S5 to 61 dB(A) from the nearest of the Tarthest bHuilding locations from Highway 1. Therefors,
thers is a possibility that airstrip construction would render a previcusly compatible residential
logation {ncompatible (YDNL greater than 55 dB(A)) depending upon existing occupancy. The ares of
residential land yse incompatability during the sxisting construction s shown ia Fig. 3.5-12. The
ranch at Stte “C* would be exposed to a normalized afrstrip construction would lavel of YONL 54 and
Fig. 3.5-2 raveals that "no adverse reaction” is expected from the rasidents.

At Site "C" the agricultural land use noise critarion of Lagq(24) of 70 d8(A) would be
exceeded within aboyt 53 @ of the edges of the active construction zone, which will be 100 m, as
shown in figure 31.5-12. Since it is possible that farming activity might take place withia this
{ncompatible zone, there is a potantial for noisa fmpact.

Equipment Jffloading Facilitfes

Becauss thes precise locations of 4the sita altarnatives at Asheroft, Kally Laka and Spencas
Bridge ars unknown, the existing noise levels it these three aitarnatives are also unknown. Thers-
fors, only a qualitative assessmant based on the present activities fn the community can be made at
this time. Thus, Spencas Bridge (which has two railways and Highway 1) wouid be the f{rst choice,
witile Asheroft (whigh has two railways ind a very Tight industrial area) and Kelly Lake (which has
ons raflway and a nighway which has some trucking) would be less compatible sitas. Becausa of the
potentfal impact on the greatest number of residents, Ashcroft {s consfdersd the least desirable
site.
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CHAPTER 4.0 - ENVIRONMENTAL EFFECTS OF THE OPERATION

4.1 POWERPLANT

4.1.1 Air Quality Control Svstsm

(a) Introduction

(i) Approach

A comprehensive approach to the determination of air quality effects was taken
in the Detailed Environmental Studies, This approach, as outiined in the Terms of
Reference, was designed to:

1. Identify allowable air contaminant threshold levels in terms of human health effects
{1iterature surveys).

2. Postulate “guideline" congentrations well below those associated with adverse health
effects for various averaging times. '

3.  Evaluate and make full use of existing data on ambient meteorological and air quality
conditions.

4. Conduct brief field measurement programmes as necessary to augment these information
sources.

5. Perform mathematical modelling and other studies to predict both the air quality and
climatic effects of the various project components (plant, cooling towers, wmine,
offsite faciTities), including the alternatives.

6. Desfgn and install an extensive monitoring network for the collection of meteorological
and air quality data during both the pre-operational and operational phases of the
project.

(i) Selection of Ambient Guidelines

Specific ambient air quality guideiinmes for coal-fired powerplants have not baen
established in British Columbia. The air guality effects of the project are therefore
compared to the "“guideline" concentrations developed as a result of the spidemiological
review conducted as part of the Detailed Environmental Studies.l For review purposes
these air quality effects have also been compared to existing guidelines for “Food
Processing, Agriculturally Oriented and Qther Miscellanecus Industries of British
Columb1a“2 and the existing guidelines for “Mining, Mine~Miliing and Smelting Industries
of British Columbia".3 The health effects of various contamipant levels and the proposed
"guideline" values have been discussed by B.C. Hydro in a submission to the Poliution
Control Branch Public Enquiry to Review Poliution Control Objectives for the Mining, Mine-
Milling and Smelting Industries of British Columbia, January 1978.% The "guideTine"
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valuss deveioped for this project are presented in Table 4.1-1, along with the axisting
guidelinas for comparison purposes; their epidemiolegical basis fs described in detail in
Appendfix G tao the Afr Quality and Climatic Effects Report. X

Selection of Alr Quality Control Systems

Selection of tha Afr Quality Control Systems (AQCS) described in Part Two,
Section 2.4, fnvoived several considerations. These 1included the emission objectives
contained in “Pollutfon Control Objectives for Food-Procassing, Agriculturally Orfented
and Qther Miscalilansous Industries of British CaIunb'Ia".z the emission gbjectives contained
in "Pollutien Control Objectives for the Mining, Mine-Milling and Smelting Industries of
aritish Colmbia',3 the ambient gufdelines raferred to in the previous sectiom, stack
height optimization studies conductad by Environmental Rasearch and Tachnology, Ine.
(ERT): and information on the faasibility of various aitarnatives and standard powerplant
practica provided by INTEG/EBASCO and B.C. Hydro. These considerations formed the basis
for the criteria usad 1n the salection of the control systems for particulatas, oxides of
nftrogen (mx) and sulfur dfoxide (saz).

The design critaria and type of aelegtrastatic precipitators (particulatss
controi) have not yet bDeen selactad. However, cold=side electrostatic precipitators
located aftar the air preheatars are proposad at this time. It 5 estimated that a
colTection efficiency of 99.52 percant {s necassary t0 mest the emfssion obfectivas
contained 1in “Pollution Control Objectives for Food-Procassing, Agriculturally Orientad
and Othwr Miscellanecus Industries of British c:nuﬂ:h"z for particulates (229 mg/ns)
using the worst accsptable coal and assuming that 80 percant of the ash {s fly ash.
Estimated incremental particulate concentrations in this report are based on this worst-
"case emission rate.

The Hat Creek boilers will ba designed to mest tha provincial objectives contained
in “"Pollytion Control Objectives for Food-Procassing, Agriculturally Orientad and Qther
Miscellaneous Industries of Britisn Columbia*? far WO, emissions (1146 mg/m’). Although
the boiler design has not yet been salected, it {s anticipatad that the design wauld
provide for low excass air and a low flame tesperaturs, thus reducing nox formation to a
minimus. Enissions for actual operating conditions with 30 pearcent excess air should be
well Below the emissicn ocbjective. However, estimated {ncremental M) and NQZ concantrations
in this repor: are again based on the worst-casa emission rata.

Although the specific designs for the particulates and MO, emissfon control
systams are net yet fTinalfzed, tha general critaria for systes selection hava Deen
detarzined. In the case of soz. however, saveral altarnatives are undar consideration.
Studies conductad by ERT early in the Detailed Environmental Studfes indicated the need
for a stack height in the range of 244 o 366 m, depending on the extant of additional
contral measures, to meet varfous assumed ambfent guideline Teveis. The additicnal control
measurss under consideration included a metsorological controi systam (MCS) and flue gas
desulphurization (FGD)}. Once fidentification was »ade on the SOZ guidelines whigch the
plant dasign should consider (sae previcus section), it became claar that there were still
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severa]l control system/stack height combinations which could be employed., Because of the
need to limit the number of alternate systems studied in order to complete the analysis of
the environmental effects of these alternatives in time for inclusien in this report,
thres of the most likely alternatives were selected for detailed study: 1. FGD with a
366 m stack, 2. MCS with a 366 m stack, and, 3. MCS with a 244 m stack. The results of
the detailed study of these alternatives are provided in the Air Quality and (limatic
Effects Report and its Appandix ( -~ Alternate Methods of Ambient Sulfur Dioxide Cantro1.5

The decision process concerning these three SOZ control alternatives would be
complex. The environmental costs and benefits must be weighed against engineering and
economic consideraticns, and a system chosen which is acceptable to all parties fnvolved.
This decision procass is not yet complieta. Hence, ft is not the intent of this report to
recommend a stack hefght/control system combination for SDZ. This report does provide an
analysis of the environmental effects of three alternatives (all of which meet the selected
ambient guidelines). The resuits of this analysis can then provide input to the decision
process.

Afr Quality

(1)

Predicted Local Air Quality

A. Modelling Methodology

A program of diffusion moddlling was designed %o estimate the effects of
the Hat Creek Project on iocai air guality (within 25 km of the site). Regional air
quality effects (25 to 100 km from the site) are discussed in a separate section. A
point source Gaussian diffusion model Wwas employed by ‘ERT to predict ground-level
concentrations of contaminants emitted by the proposed powerplant. The model simulates
the rise, transport and diipersion of buoyant stack gases. The Briggs formulation is
employed for estimating the piume rise. The transport is calculated using steady-
state meteorolegical conditions. The effects of terrain on plume transport are
simylated by a method based on potential flow theory which allows the plume to be
Tifted somewhat (depending on atmospheric stability) when travelling over elevated
terrain features., The dispersion in the ¢ross-wind and vertical directions is assumed
to be well represented by Caussian (bell-shaped) curves. Removal processes (chemical
transformations and deposition) are assumed to have Tittle effect on the local scale.

Inputs to the mode! include 2 sequential record of local meteorclogical
data (one year of onsite data from the mechanical weather station nearest the plant
sfte (WS 7), supplemented by data from other statfons), terrain elevations within a
radfal distance of 25 km and emission characteristics corresponding to operation with
each of three potentfal air quality control configurations. Base+load emission
parameters are presented in Table 4.1-2. The stack base was considered at elevation
of 1418 m MSL; consisting of four flues {inside diameter 7 m) in one chimney which
will be either 244 or 365 m high. The flue gas temperature would be 149°C and the
volumetric flow rate would be 248 816 m3/min for the base-load, uncontroiled case

4 -3 Part Four



4.1

POWERPLANT - (Cant'd)

(differences between these emissicn parameter valuas and thosa expected for each of
the three ajr quality cantrol configurations are discussad in the sactions concarning
the effects of the individyal system on ambient cencentrations). Parametarization of
diffusion rates in the Hat Creek facility was sccomplished Sy analysis of onsite
trace plume simulations. The basic mods] was thus tailored 2o reflect sita~specific
tarrain and weather faatures. It s referred to as the Hat Creek Model (HCM) in this
report and is described in detail in Appendix B to the Afr Quaiity and Climatic
Effacts chor\‘..a

Ground-level, fncremental, centeriine (piume moving directly toward the
receptor) concantrations for sulphur dioxide were computed for each hour for a one-
year period. Tha sequence of hourly canteriine values was used togather with a
"sector-averaging” technique {which distributas a portfon of the plume over a
22 1/2 degree wind direction sactor) to develop several longsr time avarages, including
3=hour, B=haur, 2Z4=hour and annual pericds. The results were analyzed to detarmine
raximum values and to develop frequency distributions fer each averaging time.
Ambient {incremental concantrations for the other contaminants considered (oxides of
nitregen, particulatas, hydrocarbons, carbon manoxide and tracs elements) ware® computed
from the results for suiphur dioxide based on the ratio of the eafssfon rata of the
particular contaminant ta that of sulphur dioxide. Sumsaries of the resuits for each
of the three altarnata afr guaiity control configurations (FGD with a 356 m stack,
MCS with a 356 » stack and MCS with a 244 o stack) ars provided {n the sactions that
follow. Dataiied results can be found in the Alr Quality and Climatic Effacts ReportT
and 1ts Appendix €.3

Becausa the proposad sita is located in 2 relatively remots area with ng
major sourcs of air contaminants, zero Background lavels ware assumed {n the modelling
analyses for all contaminants except particulatas. Nom-zero background levals for
particulatas were indicated by monitoring in the Hat Crsek Vallay (sze Appendix A to
the Alr Quatity and Climatic Effects Rmort).s Consarvative average valuss of 40 ;.|g/m3
in Upper Hat Creek Valley and 20 ug/|3 {n the Lowsr Hat Creek Valley were assumed by
ERT in the modelling analyses. Tha available monftoring data now Indicate that
annual Ddackground levels are in the range of 10-20 ng/m3. The menitoring programme
described fn Part Thres, Section 2.1~3 of this report would produce data on background
contaminant leveis which can be usad to confirm or altar thesa assumptions.

Ground-lLevel Concentrations ~ Partial FGD With 366 m Stack

The lTocal air quality effects of the powerplant with a 366 & stack and the
partial FGO systam described in Part Two, Section 2.5.5(b) of this report ware
evaluated using the Hat Cresk Model. The safor diffarence betwesn the emission
parsmetars for the partial FGD cass and those previously indicated far base lecad with
no controis {(Tabie 4.1-2} f{s that the 502 exissfon rata 1s 46 parcant of the
uncontrolled rats. In addition, the flue gas tamperaturs is decreased as by 677 to
82°C and the volumetric flow rata is increased by 13 373 a°/ain. Al other emission
paramsetars were assumed to remain the same, This {s believed to be a consarvative
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assumption since the FGD system would undoubtedly reduce the emissions of some of the
other contaminants. However, the extent of any such emission reduction is not
quantifiable at this point.

The results of the modelling analysis are presented in Table 4.1-3 for the
contaminants and averaging times for which ambient guidelines have been assumed,
based on the epidemiological studies (see Section 4.1.1{a)(§). It should be noted
that values presented in this table are maximum predicted values. The annuai values,
therefore, represent the highest predicted average for any point within 2 25 km
radius from the proposed plant. The short-term values represent the absolute highest
predicted value for that particular averaging time for any point within the 25 im
radius area. Detaijed information on the expectad frequency of various contaminant
levels {is contained in Appendix C to the Air Quality and Climatic Effects Report.S

Sulphur Dioxide

' Maximua predicted 502 concantrations for plant operation with partial flue
gas desulphurization (FGD) are listed for various averaging times fin Table 4.1-3.
As indicated in the table, this control system, with full availability, would be
expected to maintain ambient levels well below the ambient guidélines assumed in this
report (Table 4.1-1). Resuits of the modeliing analysis suggest, in fact, that
compiiance could be achieved with recommended Pollutien Control Branch (PCB) ambient
guidelines by the partial FGD system with a shorter stack or smaller portion of
scrubbing, i.e., less than 56 percent.

Figure 4.1-1 depicts the distribution of predicted incremental annual
average soz concentrations within 25 km from the proposed generating station. Maximum
concentrations are expected to occur at locations with the highest elevations,
specifically in the Cornwall Hills, Arrowstone Hills and Clear Range. Terrain effects

and the annual distributfon of wind direction are the most important factors producing
the pattern seen in Figure 4. 1-1. ’

Oxides of Nitrogen

For purposes of computing the local-scale contributicn of the powerplant to
ambient levels of nitrogen oxide (ND) and nitrogen dioxide (NOZ), it was assumed
(based on previcus studies) that a total NGx emission rate of 600 ppm is equally
divided between NO and Hoz. Oue to the difference in the molecular weights of the
two compounds, the mass emission rate of NOz is, therefore, about 51 percant greater
than that for NO. In this way, the complex series of reactions that attend the
conversion of M0 are accounted for in a manner consistent with results of powerplant
plume measuremgnts. For the local air guality analysis, piume travel times are
cansidureg insufficient to produce appreciable quantities of organic and inorganic
nitrates. ’
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Figures 4.1-2 and 4.1-3 indicate the distribution of computsd annual average
N0 and Noz, respectively. Maximum values of 2.5 pg/m3 and 3.7 ug/m3 are predicted
for f..hesn species. No guidelines for ambient NO or NOZ are currently in effect in
British Columbia, nor have any besn assused in this report (see Section 4.1.1(a}(i1)).
The quantitative effect of the FGD on emissions of Nox {3 not established. Thus, the
mast conservative estimate of emissions (correspoading to uncoatrgiled operation)
have been usad in the calculations for these compounds.

Particulates

Isopleths of predicted local annual arithmetic mean concantrations of total
suspended particulatas (TSP} are presantad in Figure 4.1-4, Annual guidelines for
TSP assumed fa this report are expressed in tarms of the geometric mein. The model,
however, produces results in terms of the arithaetic mean. The arithmetic mean Is
always greatar than or aqual to the geometric mean. Thus, the presentation of
arithaetic mean caoncantraticns fn discussions of TSP effects in this repert is
inharently consarvative in tarms of compifance with the annual gquidelines.

A maxioum annual particulate concantration of 1.2 |.1g/l|3 is predictsd in the
Cornwall Hills, 13 km south-southeast from the generating station. This value fTs
small in coaparison with the annual guideline even when added %o the existing
background concentrations. Tabie 4.1-3 Tists the maximum predicted TSP concentration
for the other averaging tfse of intersst (24-hours).

Total Hydrocarbons and Carbon Monoxide

Emissions of total hydrocarbons (HC) and carbon monoxide (CO) are assumed
to be about 1.8 pirc:ﬂt and 12.1 percant of FGD-controiled 502 emissicns,
respectively., Estimated annya) concentrations for thesa contaminants may be chtained
from Figure 4,11 by multiplying caleulated Su2 concentrations by thessa emission
ratfos. MNo applicable guidelines pertaining to ambient levels of hydrocarbons are
currantly in effect in British Columbia, nor have any been assumed fn this repert
(see Section 4.1.1(a}(f1)). Haximum 1-hour and 8-hour CO concantration guidelines of
14 300 ug/13 and 5500 pg/m”, respactively, are assumed in this study. Table 4.1-3
provides the predictsd maximum l-ﬁour and 8-hour CO concentrations. Clearly, the
predictad values ars negligible in terms of these guidelines.

Traca Elements

Table 4.1-3 also 1indicates predictad asaxioum 24-hour and annual mean
concantrations for selectsd trace elesents that will Be emitted from the preposad
powerplant. The tabulated values correspend to thosa substances for which ambfent
guidelines have besn assumed fn this report, as provided in Sectian 4.1.1{a)(ff). As
indicatad in the tabls, no values approaching the assumed short-tarm aor long=tara
guidelines are expectad. Concantraticns for other traca elements listed in Table 4.1-3
say be estimated by scaling predicted 502 cancentrations By the agpropriata emission
ratios. :
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Commitment of the Air Resourcas

Ma.xmum predicted 3-hour and 24-hour SG!2 concentrations with FGD are 366
and 208 pg/m , respectively. These values represent 56 percent and 80 percent of the
assumed guideliine levels., Care must he exercised in interpreting these percentages,
because the maxima represent the highest single concentrations predicted at any
point. It should be recognized that on a iong-term basis, the average of 3 or 24-hour
values at a particular location would, in fact, be the annual average. Flue gas
desuiphur-izatwn was predictad to resylt in & maximum annual average S{Jz concentration
of 4.5 ug/m this is 1B percent of the assumed guideline, which probably represents
the best overall estimate of the air quality resource commitment associated with this
502 control strstegy. The corresponding incremental commitment for particulates is
about 2 percent., Results of other contaminants, including carbon monoxide and trace
elements, indicate a n’egiibibh degradation in terms of the applicable guidelines.

Ground-iLevel Concentrations -~ MCS with a 366 m Stack

This section presents the local air guality modelling results that would
correspond to powerplant operation with a 366 m stack height and a meteorclegical
control  system (MCS) for sulphur dfoxide control (described in Part Two,
Section 2.5.5(a) of this report). The assumed mode of MCS operation is as follows:

1. During periods of adequate dispersion, the plant fuel would be 0.45 percent
sulphur coal with & mean heating value of 14 644 kJ/kg.

2. When the predicted maximum 3-hour ambient S(l2 concentrations would exceed
655 ug/m3, or when the 24-hour maximum would exceed 260 pg/ma, emission reductions
would be made by one of two methods: during the months of November through
February, the fuel would be switched to 0.21 percent sulphur coal with a heating
value of 17 587 kJ/kg; or during the remaining months, the generating capacity
of the four 500 Mw (net) units would be uniformly reduced as requwed to bring
ambient concantrations beiow the 3-hour and 24-hour criteria.

3. To minimize the number of physical fuel-switch operations, it is assumed that
the minimum period of lowssulphur coal use would be 3-hours and that the minimum
interval of high sulphur coal use between switch periads would be S-hours.

Plant emissions would, of course, remain the same as for the base-load,
uncontrolled case presented in Table 4.1-2 except when MCS control action (fuel
switching or Joad reduction) would be required. For fuel switching, it has been
assumed that a?l! emission parameters would remain the same as for the base-load,
uncontroiled case except that SO emfssions would decrease to 39 percent of the
uncontroned rate and the vo]umetr‘ic flow rate would decrease by 10 432 m 3 /min to
238 384 m /m1n. In the case of 1oad reduction, emission parameters would be reduced
nearly in proportion to the reduction in lcad (see Table 4.1-4). As indicated in the
table, emission rates for the various contaminants under varfous load condftions can
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be obtained by using the "adjustmant factors” in Table 4.1-4 together with the base-
load, uncontrolled emission ratas in Table 4.1-2. As an extra measurs of conservatism
for trace elements, ngo emission reduction with efther load reduction or fuel switching
has been assumed ror thess parameters in the analysis, .

A dodelling study basad on l-year of input data was conducted to avaluate
the feasibility of the MCS. The results, provided fn datail in Appendix C to the Air
Quality and Climatic Effects Report,> {ndicate that:

1. MCS control actions would be Timited to a Tew fusl switching perfods durfng the
winter, Usa of 0.Z1 percant suiphur fuel on those occasions would be adequata
t0 prevent ambient viclations, even with control critaria set at 80 percant of
the assumed guideline values.

2. Load raductien requirements during the remaining months would come {nfrequently,
1f necessary at all and the annual generating capacity Joss due to any such
curtaiTments would be negligible.

3. The aodel analyses show that the installation of a 3656 » stack would ensure that
the powarpiant could be operated virtuaily &s a base-load faciiity with
uncontrolled emissions of sulphur dioxide.

Table 4.1-5 presents the predictsd saxisum concentrations faor “the
contaminants and averaging times for which asbient guideiines have been assumed (sqe
Section 4.1.1(a)(1f)). Datailed {informatifon on the wepected frequency. of various
contaainant levels for MCS operation with a 366 m stack fs contained in Appendix C to
the Air Quality and Climatic Effects Report.’

Sulphur Dioxids

© Maxisum computad 502 concentrations from powerplant emfssions with an MCS
and a 366 m stack are prasantad for various averaging times in Table 4.1-5. A
comparison of these valuas with those in Table 4.1-3 pofats out the diffarances
hetween tha effects of constant emission reduction technologies (such as FGD) and
intarmittant contrals (such as MCS) dasigned to eliminate only peak concantrations
above the assused guideiines. Maximum concantraticons for all averaging tizes with
the MCS are higher than thosa calculatad with FGED. Pradicted saximums with MCS are
close to the assumed guildalines for the 3=hour and 24-hour averaging timas.

Filgure 4.1-5 indicates the gecgraphical distributicn of annual average 502
concantrations within 25 ka from the propassd generating station., Maximum values are
higher than those predicted for FGD controls, but are still nearly an ordar of
magnitude beTow the assumed guideline (25 pg/na). The highest ¢oncentrations are
sxpectad to occur in remote, elevatad locations.
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Oxides of Nitrogen

Maximum local concentrations of N0 and NO2 may be estimated from the 502
modelling results in Table 4.1-5 by scaling predicted So2 values by the factors 0. 25
and 0.38 respectively, Maximpum annual averages computad in this way are 1.8 ug/m
for NQ and 2.7 pg/m3 for NOZ. Distributions of annual average concentrations of
these species may be similarly obtained from the SOZ values in Figure 4,1-5. No
ambient guidelines for Nox have been assumed for this report.

Particulates

Maximum computed total suspended particulate (TSP} concentrations within
25 km of the powerplant with MCS are displayed in Table 4.1-5. Predicte&
concentrations are well below the assumed guidelines. The distribution of predicted
annual average TSP concentrations may be inferred from the pattern dispiaved in
Figure 4.1-5, by scaling the plotted values for SO2 by the facter 0.12.

Total Hydrocarbons and Carbon Monoxide

Emission ratios of total hydrocarbons and carbon monoxide to uncontrolled
suiphur dioxide emissions are approximately 0.017 and 0.055, respectively.
Conservative estimates of annual concentrations of these contaminants may be obtained
by scaling predicted 502 levels given in Figure 4.1-5 by the appropriate ratios.
Table 4.1-5 1lists predicted CU levels fgr the l-hour and 8-hour averaging times.
Caiculated concentrations are well below assumed guidelines.

Trace Elements

Maximum 24-hour and annual (arithmetic) mean predicted concentrations of
selected trace elements within 25 km of the powerplant are indicated in Table 4.1-5.
Annual average concentration patterns for these trace elements, as well as the others
for which emission rates ars given in Table 4.1-2 may be estimated from Figure 4.1-5
by scaling the 502 concentrations in the figure by the ratio of the appropriate
emission rate to that of SOZ. As was predicted for FGD, ambient levels of trace
elements are axpected to be well below the assumed guideline values.

Comnitment of the Air Resources

Using the same assumptions discussed in Sectiom 4.1.1(b)}(i}, the degradation
of the afr quality resource associated with powerplant operation with MCS and a 366 m
stack was examined for the major contaminant emissions. Peak predicted 3-hour,
24-hour and annual average 502 concentrations are 99 percent, 100 percent and
28 percent of the applicable gquidelines, Short-term concentrations at or near
guideline levels would be expected with this form of emission control, because MCS §s
designed to eliminate only those values above the guideline thresholds. Use of this
control strategy, therefore, represents commitment of a larger fraction of the air
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resource than that associated with FGD.  Modal-predicted nmaximum incremental
cencantratfons for other contaminants correspond to air gualfty degradation of
2 parcant or Tess.

Ground=iLsve] Concantrations - MCS with a 244 m stack

This saction provides rasults of a1 modelling analysis to pradict local
ambient concentrations resulting from operation of the proposed powerplant with an
MCS and a 244 m stack height., The assumed ogparating rules and emission parametars
for the MCS are identical to thosa presantad for the 365 & stack/MCS configuraticn
(see Section 4.1.1(b)(1)).

A complete study of the feasibility of this control strategy and all of the
modelling results (including the expected frequency of various contaminant Tevels)
ars included in Appendix C to the Air Quality and Climatic Effacts Report.s in that
study, it was findicatad that the MCS would 3e capable of maintaining 3-hour and
24=hour 502 concentrations below the dssumed gu‘idlh‘m levels by: 1. switching to
lowar-sulphur fue] for about 195 hours during the months from Novesber through
February; and 2. reducing plant genarating capacity to 80 percent load for about
80 hours and to 50 percant load for about 5 hours during the remaining 8 months.
Table 4.1-6 preseants the caxisum concantrations predicted by the spedel for the
contaminant and averaging times for which zabient guideiines have besn assumed (see
Section 4.1.1(a){11}).

Sulphur O{oxide

Maxious predictad soz concentrations within 25 km of the plant for the
244 B stack/MCS emission scenario are presentad in Table 4.1-6. As axpected, the
asbient levels would be highest for this control stratsgy, but 3=hour, 24-hour and
annual saxisa would be at or below tha assumed guidelines, Isopleths of annual
average snz concantrations with the 244 m stack height and MCS are shown in
Figure 4.1-§,

Oxides of Nitrogen

Maximum local concantratians of NO and NOZ aay .bl estimated from thc.SOZ
modelling results in Tadle 4.1-6 by scaling predictsd 502 vajues by the factors 0.25
and 0.38 respectively. Maximum annual averages computed in this way are 2.3 Mg/m3
for NO and 3.5 pg/a3 for Noz. Distributfons of annual averzge concentratfons of
these species may be similariy cbtained from Figurs 4.1-6. No ambient guidalines for
NO‘ have been assumed for this study. )

Particulates
Table 4.1-6 lists loca) maximum computad TSP concentrations for various

averaging times. The distribytion of annual average valuss for the 244 @ stack/MCS
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configuration may be obtained from Figure 4.1-6 if the plotted 502 values are scaled
by the emission ratio factor of 12. No concentrations approaching the assumed 24-hour
and annual guideline values are indicated.

Total Hydrocarbons and Carbon Monoxide

Annual average concentration patterns for WC and CO0 may be estimated from
Figure 4.1-6 by means of the scaling factors 0.017 and 0.055, respectively. Peak
calculatad l-hour and B~hour €0 concentrations are listed in Table 4.1-6. Predicted
concantration levels are d{nsignificant by comparisen with the assumed guideline
values.

Trace Elements

Table 4.1-6 1ists annual and 24-hour maximum computed concaentrations for
selected trace elements emitted by the powerplant with the MCS and 2 244 m stack.
Peak values would be well below assumed guideline levels. Geographical distributions
of annual average concentrations may be estimated from the computed SD2 concentrations
in Figure 4.1-6 if the plotted values are scaled by the appropriate emission ratio
factors.

Commitment of the Air Resource

In terms of the relationships between predicted pe2k concentrations and
assumed ambient guidelines, SD2 is the only significant contaminant from the standpoint
of air resource commitment for powerplant operation with a 244 m stack and meteoro-
logical controls. Maximum calculated values for 3-hour, 24-hour and annual averages
represent 85, 100 and 37 percent of the corresponding guidelines, respectively. Of
the three technologies considered in this analysis, this control strategy would
result in degradation of the largest fraction of the air gquality resource. Fractional
commitments in terms of contaminants other than 502, howevar, are expectad to be
negligible.

Predicted Regicnal Air Quality

Modelling Methodology

The air guality effects of the powerplant emissions of a regional scale
(between 25 and 100 km from the proposed plant) were estimated by ERT using an
adaptation of the same model that was used to svaluate the local air quality
concentrations, the "“Hat Creek ModeT“.B The regional modelling is therefore basad on
the same theoretical assumptions as the Jlocal modeiling. That 1s, the Briggs
formulation {5 wused for plume rise, transport is calculated using steady-state
meteorclogical? conditions, the effects of terrain are simulated by a method based on
patential flow theory and dispersion is assumed to be well represented by Gaussian
{bel1-shaped) curves calibrated using the onsite tracer plume sfmutations. The
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primary difference satwesn the Tocal and regional modals is in the area of removal
processes. On 2 regicnal scale, it is not appropriata to assume, as is done for the
Tecal scale, that contaminant removal mechanisas (chemical transformation and dry
daposition) ars not important. Therefore, the regional mode! incorparatss algorithms
to sfmulata thesa processas.

wWhiTe the Gaussfan plume formation {3 generally not fntanded for regiocnal
scale applications, the low dansity of setsoroiogical monitoring stations in the area
favors the use of this relatively siapie approach over more sophisticated numerical
models which rsquire mere imput information. To compensats for the uncertainty
associated with the application of a Gaussian model for regional scale calculations,
msodel Input parametars werse sglectad to ensyre that conservative afr gquality
predictions would result.

The metaorological fnput ta the model consists of an annual wind rose
developed from 700 milliibars (mb) (about 30 000 m MSL) and winds maasured twicas daily
at Vernon, B8.C. The tarrain aelevations of receptsrs out to 100 im (modified ta
snsure that concantration predictions for valley lacations are consarvative) are also
input to the mode] as well as plant ewissicn charactaristics. A1l regfonal modelling
was performed using the basa-load uncontrolled emission paramaters presentad in
Tabie 4.1-2 (Section 4.1.1(b){f)) and & stack height of 366 m. Since the calculatad
concantrations and deposition ratss beyond 25 km presentad in tha following section
ars axtresealy small, the medeliing was not repeatad for all three sulphur dioxide
control strategies. It 13 expectad that concantrations and depositicn ratss for the
244 m stack would be about %50 percant higher than those pradictad for the 3656 m
stack. Howaver, in view of the small concantrations predictad for the 168 m stack,
this increase would not be siguf\'fcznt.7

Ground-Lavel Concantrations

Only long=tarm (seasonal and annual) concantrations and deposition rates
wers computed on the regional scale. The follgwing sections present a summary of the
anbient concantration resuits for 502, 504’ (Sulphate), NG, HOz, particulates and
tracs slements. QOeposition rates ware detarmined ta be less Important and therefaors
complete results are not fncluded 1n this report. A brief discussion en photochemical
oxidants is also presentad., A completa sat of regional medelling results (both
concantrations and deposition) is pressntad in Appendix £ to the Afr Quality and
Climatic Effects Report.>

Sulphur Qixoide and Sulphatas

Figures 4.1-7 and 4.1-8 fllustrate predicted annual average concantrations
of 532 and SO‘.. Bayond 25 km, the maximum concantrations for these species are 1.7
and G.1 pg/ua. respectively. Peak annual deposftion rates of Tess than
0.1 ug/lzluc are predictad for both 502 and 50". Tha Jocations of the regional
scale ocaxima reflect the highest tarrain Teatures and the prevailing upper—level
winds over southern British Columbia.
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Annual average sulphate concentrations increase with downwind distance to a
maximum at approximately 70 to 80 km from the proposed plant because of the sTQw
chemical transformation of 502 and 50, Beyond 70 to 80 km, the ambient S0,
concentrations begin to decrease as p1ume mass concentrations are depleted by
diffusion, deposition and chemical reaction process.

Oxides of Nitrogen

The Hat Creek Regional Model was used to calculate regional KO and Noz
concentrations that would occur because of ND amissions from the thermal plant (see
Appendix B to the Air Quality and Climatic Effe:ts Report) The mode! does not
simulate the complicated atmospheric reactions that convert NO to NGZ. Therefore,
the published resuits of field studies were used to adjust the emission rates in the
mode]l simulations. Because maximum NO2 to NO ratios of about 4 are observed in
powerpiant plumes at long downwind distances, it was assumed that 80 percent of the
NOx emissions were in the form of NO These emissions result in peak predicted
annual average Noz and NO concentrat1nns (beyond 25 km) of 1.0 pg/m and 0.1 pg/ms.
respectively. Organic and inorganic nitrate compounds would not be produced in any
significant amount by the Hat Creek plume. Annual distributions of N0 and NO2
concentrations on a regional scale are presented in Figure 4.1-9 and 4.1-10
respectively.

Particuiates and Trace Elements

The regional effects on air quality due to the emissions of particulate fly
ash and trace elements were calculated by ERT from the emission rates presented in
Table 4.1-2 (Section 4.1.1{b)(1)). Regional annual average particulate concentrations
above background levels are presented fin Figure 4,1+11. The maximum concentration
beyond 25 km was calculated to be approximately 0.2 pg/ms. Concentrations of trace
elements can be calculated from the particulate isopleths by scaling predigted
particulate values by the ratio of the emission rate of the trace element to the
particulate emission rate. Trace element concentrations are scaled to the particulate
values in the regional modelling rather than the 502 values (as was the case in the
local modelling) because chemical transformations are incorporated in the SDZ mogeiling
which are not appropriate for the trace elements.

Photochemical Oxidants

Powerplant plumes have been obsearved to produce a net increase in
photochemical oxidant concentrations only in highly polluted urban areas with
significant ambient concentrations of reactive hydrocarbons. These compounds are
necessary precursors to the formation of photochemical oxidants (see Appendix B to
the Air Quality and Climatic Effects Report).8 Because background reactive hydrocarbon
Tevels are expected to be very low in the Hat Creek Region, the thermal plant would
not produce oxidants. In fact, any oxidants in the atmosphere would be depieted by
the Hat Creek plume for several tens of kilometres downwind because the excess NO in
the plyme at these close-in distances would react with the 03 to produce NO2 and 02.7
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€. Cumulative Effects of the Project and Jther Sources

The Hat Creek Project would be located in an area which would be isolated
from major industrial sources of sulphur oxides, nitrogen oxides and particulate
mattar. Howsver, sincs there are Industrial sourcas located within 100 k& of the
project, the potential interaction of tha emissions that would be produced by the Hat
Craak plant and other industrial emissions was considered by ERT.7 Assuming hase=
load, uncontrolled emfssions, Hat Creek would produce approximately 324 768 kg/d of
Sdz. 207 248 kg/d of N0, and 40 000 kg/d of particulatas (Table 4.1-2), which would
ba added ta tha emissions from the existing saurces and other planned sgurcas dis-
cussed in Part Thres, Section 3.2.2(a). ‘tHowever, the resuits of the ragional
modelling analysis discussed in previous subsections demonstratad that Hat Creek
stack emissions would produce extremely low ambient concentrations at large downwind
distances. The matesrglogical conditions conducive to the long=range transport of
the Hat Creek plume are such that the piume would have to ba transportad in elavated
stable layers in the atmosphere. (Under these conditions, any impact would therafore
be confined to slevated tarrain locations. Becausa other existing and proposed
industrial sources are located in river valleys, or at least at elevations well
below the Hat Cresk powerplant sits, Tt would ba expected that the fncremental sffact
of tha Hat Creek plume would not produce any significant cumulative concentrations of
air contaminants within the impact ranges of thess sources. Llocal industrial sources
would be the deminant contributars to amshient levels in their own savirons.

{e) Effects on (Jimate

40

Evaluation Msthodology

Potantial effects of the powerplant air contasinant emissions on climate
including acid rain, visibiiity degradation and a nusbar of other mesoscale (local and
regional) and global scale effects have besn investigatad. Using various szethodolegies
based upon state-of-the-art data and techpigues, ERT daveloped sstimatas of the climatic
affects of the Hat Creek Project. > '

Acid rain is a complex phencmencn which has only recantly bBegun te receive auch
public attantfon. Most experimental evidenca of acid rain has been developed in Scandin=
avian and eastarn North American areas which are fraguently downwind of very large
industrial regicns., Publighed reports an this topie consist primarily of reparts of
peasurements. MNo discussions or podelling tachniques to estimata pH change due to 2 point
source such as the proposed Hat Creek powerpliant ware found by ERT in the 1itarature.
Hance, the evaluation of the potential for 2cid precipitation as a resylt of this project
was Gonductad primarily using qualitiative estimates based on material contained fn the
litarature. ERT difd estimate Tocal and regional pracipitation pH changes through 2
Bodel1ing technique (ses Appendix B to the Afr Quality and Climatic Effects Report)® which
utilized the resuits of chemical analyses of snow samples and predicted ambient sulphur
dioxide and sulphate concantrations. However, because of the uncertainties fnvolvaed, tha
results should be used to provide qualitative rather than quantitativa indications of
patential precipftation pH changes.
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The visibility degradation amalysis conducted by ERT is based on the application
of the linear thegry of visual acufty to visibility reduction by particulates in the air.
This approach (discussed in detail in Appendix B to the Afr Quality and Climatic Effects
Report)a is based on the following assumptions: the eye-brain system is pearly linear in
its response to light stimulus; all objects can be defined in terms of sinuscidal lignt
patterns given in cycles per angular degree of arc; and the light scattaring coefficient
fs proporticnal to the mass concentration of particulates in the air. Local visibility
degradation was assessed by this technigue. Regfonal visibility effects and plume opacity
were estimated by less sophisticated techmniques, based on a literature survey.

Other climatic parameters which would conceivably be modified by the operation
of the proposad facility are divided into two groups depending on the scale of the potential
alteration. On a global scale, the atmospheric temperature structure and energy balance,
as well as the chemical composition of the stratosphere, were examined, The mesoscale
factors examined include precipitation amount, temperature, relative humidity, snow-cover
persistance and dapth, growing ssason and wind flow patterns. The evaluation of effects
of the proposed project on thesa parameters was conducted through an extensive litarature
survey and through the use of analytical techniques where appropriate. Appendix E to the
Air Quality and Climatic Effects Reportn contains the results of thess anaiyses.

The most significant findings for those meteorological parameters that would be
primarily affected by emissions from the plant are discussed in later paragraphs of this
section. Effects due to tha cooling towers and mining activities are discussed separately
fs Section 4.1.2(a) and 4.1.1(c), respectively.

Acid Rain

Current interest ‘in the topic of acid precipitation stems primarily from numerous
pubiished reports of steadily increasing acidity imn rain and snow samples collected in
Scandinavia and eastern North America. Widespread precipitation pH reductions are
associated primarily with long-range transport of contaminants (sox and Nox) to these
areas from large, highly industraiized regions. Obviously, the effects of a single stack
source wouid produce considerably smaller effects. Only the precipitation actually passing
through the Hat Creek powerpiant plume or precipitation formed in clouds affected by the
plume would experience any change fn acidity. The area affected by the modified
precipitation in any one precipitation event would be small in comparison with the overall
area subjected to rainfall or snowfall, although over the course of a full year, the total
area upon which some modified precifpitation falls could be significant. Snow is apparentiy
enly about one-fourth as effective as rain in scavenging air contaminents from a stack
p1ume.8 Since aimost half of the precipitation falling in the Hat Creek Valley is snow,
one would expect that precipitation acidification due to the Hat Creek powerplant plume
would occur primarily in the summer.

Appendix 8 to the Air Quality and Climatic Effects Reporta includes a discussion
of published accounts on acid precipitation and the chemical and physical processes
responsible for the phenomenon. On the basis of experience near other coal-fired
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powerpiants, it was concludad by ERTT that short-tarm decreasas fn precipitation pH valuss
would occur benesath the plume within about 20 km of the plant sita during typical summer
showers. Calculations were Ddased on: 1. conservative assumptions, tee, complete
absorption of sulphur oxides and complete dissociation of suiphuric acid within the
precipitation; 2. nodel-predictad increasas in the ambient levels of snz and sylphatas;
and 3. results of chemizal analyses of snow samples taken in eastarn British Columbia
which indicated that precipftaticn pH reducticns cowld also accur in Timitad areas haneath
the plume during shori-term episodas out to 100 km from the plant. According to the
analysis, precipitation pH reductions should be more significant clese to the plant than
at large distances because 502 scavenging would be relatively sare important than sulphate
scavenging. As indicatad in Section 4.1.1(b), $0, concentrations would be highest clase
ta the stack, whereas suiphate concantrations would be expectad $9 reach a saximua at
approximateiy 70 to 80 m from the plant. However, the extent and magnitude of thasa
effacts are axtremely difficult ts predict. A monitoring programme {5 recommended %o
ensure that potential problems due to scid rain are fdentified at an early stage.

Yisibility

Modarn electrostatic pncipiﬁt.ors would curtail particulats emfssions to a
saximum value of 0.23 gram per standard cubic metar of stack gas. This concantration
corrasponds to & plume that would be slightly visible, but the relatively narrow width of
the plume and natural wind variability would preclude any apprecisble decreases of
visibility within about 25 km of the stack. Howaver, sulphate aerosols, siowly generated
ny sox in the pluse and the smel) fraction of other particulates that remain suspended for
extanded travel distances would causa some reduction in visibilfty on a regional scale.
It has besn estimated that these aerosois would reduce visibility By abeut § percent on an
annual basis.7 ‘

Other Climatic Effects
A, Global Scals Effects

Basad on the litarature review described in the methodology section above,
ERT concluded that the projest would have no appreciable affact on the atmospheric
temperature structure or energy balance. This conclusion was based on the fact that
the project's discharge of heat, soisturs, particuiatas and gaseous contamimants fs
very ssall compared to worid-wide natural and aathropegenic emissions. Likewiss, it
was concluded that the chemical and radiative procassas govarning the composition of
the stratosphers would not be appreciably altared as a result of the pnjcct.u

B. Masoscale (Local and Regional) Effects

The possibility of precipitation enhancement is e resuit of the particulate
emissions from the plant was fnvestigated through a litsrature survey. The particulate
matter could act as condensation nuclel and affect clioud and precipitation formatien.
However, studies of the effects of this particulate matter on precipitation
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augmentation have concluded that precipitation amounts resulting from such emissions
are very small compared to natural amounts (less than one percent on an annual
basis). The stack plume could, however, help initiate the formation of small clouds
on occasion.

Thermal alterations would be expected more as a result of cooling tower
effluents than as a result of the stack plume. Potential temperature changes as a
result of plant operation as well as potential charmges in Yocal relative humidity
conditions are summarized in Section 4.1.2{a)(vi), concerning the climatic effects of
the cooling tower system.

The plant is also expected to have littie or no effect on the growing
season, snow-cover persistence and depth and wind flow patterns {except in the
immediate vicinity of the plant structure). These topics are discussed in detail in
Appendix E to the Air Quality and Climatic Effects Report.ll

{(d) Effects on Human Health

()

(1)

Recommendations for Primary Air Contaminant Ambient Air Quality Achievement Gufde1ines

Table 4,1-7 summarizes recommendations for ambient afir guality achievement
guideTines for the five commonly occurring atmespheric contaminants. Comprehensive review
of the toxicological and epidemiological data base for these five common atmospheric
contaminants leads to the conc]u;icn that the recommended achievement guidelines are
completely protective of human health. In some cases, no recommendation has been made for
an achievement guideline due te an insufficiency of health data.

Comparison of Ambient Air Quality Criteria to Recommended Public Health Guidelines

A. Suliphur Dioxide

The recommended ' ambient air quality achievement guidelines for the Hat
Creek Project are 300-400 pg/m3 for the 24-hour average and S0-100 pg/m3 for the
znnual average. No one hour average guideline is recommended. Compliance with
British Columbia Level Cz and the Canadian Federal "maximum acceptabie guiTuelines“la
is sufficient basad on public health concerns.

&. Suspended Particulate Matter

Based on published data, a 24-hour guideline of 150-400 ug/m3 and an annual
guideline of 60-100 pglm3 are recommended to protect public health, A great deal of
uncertainty exists regarding the potential toxicity of related particulate borne
contaminants and efforts to achieve values in the lower end of the concentration
range wouid be desirable.
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Nitrogen Oxidas (as NOZ)

Cyrrently, heaith data suggest that a short-term (1-2 hour} range of 2000-
3dco pq/n3 would be appropriate 9 protect public health. However, hecause these
data are 50 {Tmited, & guideiine is not recomsanded.

Tha most appropriata nitrogen guideline ralates to long-term annuali
exposure. In this regard, achievement of nitrogan oxide concantrations of 100-
200 ;.sg/l3 as an annual average is recommendad to protect public health. Clearly, as
for all contaminants, efforts should be directed toward the lower limit of the
concantration range dut the health banefits of achieving ambient concantrations dalow
this range cannot be quantified. Complianca with the Canadian Fedearal ‘“maximus
accaptable” guid.linlu would be sufficient to protect public health.

Carbon Monoxide

A 1-hoyr carbon poroxide guideline range of 40-60 ng/m3 and 3~hour guideline
of 15-20 ng/u3 ara recomsandsd. This contaminant has many diffuse physiological
sffects 1n particylarly susceptible papulaticn subgroups and &1l effarts should Ba
sude to achieve concantrations in the lowar and of the range. Compliancs with British
Columbia Level Cz or the Canadian Federal “"maximum accaptable” gl.m:hl'lrm]'3 wauld be
wore than sufficient to protect public health,

Oxidants (as 03)

Based cn the review of existing health data, the recommended guidaiine for
oxidants s the cancantration range of 150-300 wg/m° for short<tarm (1/2-2 hour)
exposure. Becausa of {ts reactive potantial, every effort should bs expended 9
sxintain the Towest practicable concantration in this rangs. '

Insuff{ciant data exist to quantify the adverss effeacts of oxidant expasures
for the 24-hour and annual time durations and 1t {s presmature to recoomend guidelines
for thess two averaging periods. Compilance with the Canadian Federal ‘“maximum
accaptable” guideline™ would be sufficient %5 protact publfc health.

The health data base was found to be lacking with respect to0 sulphur
dioxide exposures for l-hour duraticn, nitrogean oxides exposure for l-hour and 24-hour
dyrstions and oxidant exposures for 24=hour ind annual mxposures. For thase casas
guidelines couid not bs recommended. Specifically, ssveral deficiencies were notad,
No studies have been conductad with sulphur dioxide at concantration ranges more
common to the ambient air abjectives for the l-hour averaging time to quantify an
affect~dose response. "The limited short~term suiphur dioxide exposure data which
exist, were derived primarily from occupational exposure studfes and {in these cases
concentrations were an order of_a magnitude greater than those set farth in existing
1-hour objectivas. Thess data gannot appropriataly be used to establish a defensible
ambient air quality odjective for l-hour expasures %o sulphur dioxide.
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Insufficient data on nitrogen oxides exist wupon which to support the
recommendations of 1 hour of 24-hour guidelines. This condition arises largely
because community studies focused on long«term effects. As with sulphur dioxide, the
data derived from the occupational exposure studies cannot be directly extrapolated
because they would invariably dictate guideline concentrations which would be
unrealistically high.

The situation refative to oxidants is the antithesis of what is observed
with nitrogen oxides; namely the fact that the primary concern has been for short-
term effects with 1ittle concern for long-term oxidant exposures. As such, community
studies have assessed the adverse health effects induced by peak oxidant exposures
during 1 to 4 hour intervals. These studies form the bulk of our health knowledge
retative to this contaminant, As a result, it is not possible at this time to
establish guidelines for efther 24-hour or annual averages. This- concern with short-
term exposures to the exclusion of other time periods derives from the fact that
historically episodes of high ambient concentrations of oxidants have always occurred
over short time periods.

A1l of the standards of objectives of the jurisdictions reviewed ars more
than adeguate to protect pubiic health. Of the contaminants studied, standards for
suspended particulates are in close agreement with the recommended guideline range.
This indicates that the standards set for suspended particulates are based primarily
on human health considaraticns, Standards for the other contaminants are scmewhat
more stringent than the recommended health based guidelines. This situation is most
1ikely the resuit of other factors, such as contaminant effects on vegetation,
considered when these standards were established,.

Health Risk Assessment for Trace Contaminants

Specific emission rates or ambient air quality controls for trace contaminants
are not recommended for the Hat Creek Project. 1In view of the preseni knowledge of the
effects of trace elements on public health, no adverse health risk is foreseen from the
proposed Hat Creek powerplant. For gaseous fluorine, the predicted maximum 24-hour average
ground level concentration is approximately one half of the most stringent ambient air
quality objective. For the remaining trace elements, the predicted 24-hour average ground
Tevel concentration when compared with various North American ambient air quality objectives
has shown that acceptabie ambient levels are at least ten times higher than the levels
predicted from the proposed Hat Creek powerplant. Epidemiological studies which refate
morbidity to either suspended sulphate or nitrate exposure are considered inadeguate to
promuigate ambient air standards. It is not possible at this time to assess conclusively
their impact on human health,

No recommendations are made for polycyclic organics or nitrosamines. Although
several members within the class of polycyclic organic matter, inciuding benz-a-pyrene and
3-methylcholanthrene, have been impiicated as mutagens and carcinogens, the necessary
epidemiological studies have not been conducted. It remains to be proven that these
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compounds, as encountared in the atmaspheric anvironment, contribute to thae incidanca of
cancar fn humans. Thare is no avidenca to suggest that aftrosamines are produced by the
combustion of fossil fuels. while the formation of nitrosamines does require sourcas of
both nitrogen oxides and organic amines, no potential sourcas of amines have Deen identified
in the region of the Hat Creek Project. Therefors, nitrosamines would not be expected to
appear as either primary or sacondary contaminants.

LR

€.

Arsanic_(As)

The saximum predictad 24-hour concantration of arsanic that wouid be expectad
from the Hat Cresk powerplant is 0.024 ug/na.s Thersfore, no risk to tha public
health is foresesn relative to atmospheric arssnic that would be emittag¢ from the Hat
Cresk Project powerplant. N

Beryilium (Be)

The pradicted Z24-hour maximum ground level concentratfon, that would be dus
to the Hat Creek Project, is 0.00083 yg/n°.% When this value is compared to emission
1aits, no risk to the public heaith is foresesn from this potentially hazardous
siement.

Cagmiym (Cd
The predictad 24-hour maximum ground level concentration of cadaium that

would be dum to the Hat Cresk Project is 0.00024 pq/na.s This lavel should cause no
risk %o human health.

Chromfum {Cr)

In Canada, no agencies have suggestsd safe ambiant Tevels for chromium.
The predicted 24<hour maximum ground level concentration for chremium that wouid be

due to the Hat Cresk Project is 0.0029 pg/n>.® Mo risk to the public health is

predicted at this Tevel.

Copper (Cu)

Copper s not generally considered to be an extremely toxic element in the
concantrations normaily ancountsred. The predicted 24-hour maximum ground level
concantration of copper that would be due to the Hat Cresk Profect is 0.0012 pq/ua.s
Mo adversa health effects are predicted for the Hat Cresk Project.

Fluarine (F)

Atmospheric standards for fluorides ars difffcult to sat. The predicted
24~hqur maximum ground Tevel concentration for particulate flusride that would be
due to the Hat Creek Project is 0.032 pg/ng.s This concantraticn should not present
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a2 public health risk, The predicted 24-hour maximum ground level concentration of
gasecus fluorine is 0.332 pg/ma. This is approximately haif of the maximum allowed
by Ontaria. No adverse health impact is predicted due to gaseous fluoride.

Lead (Pb)

The predicted 24-hour maximum ground leve] concentration of lead for the
Hat Creek Project is 0.0095 ug/m3.s This value is well below suggested standards and
no risk to the public health is predicted.

Manganese (Mn)

The predicted 24-hour maximum ground level concentration of manganese that
would be due to the Hat Creek Praject is 0.0055 ug/m3.5 This value is far below any
Tevel at which adverse human heaith effects may result.

Mercury (ﬂg!

For the Hat Creek Project, the predicted 24~hour maximum ground level
concentration for particulate mercury is 0.0075 pg/ma.ﬁ This Jevel would pose no
threat to public health. Similarly, the gaseous portion of the mercury emissions
would pose no threat to publiic health.

Nickel (Ni)

The predicted 24~hour maximum ground_ level concentration of nickel that
would be due to the Hat Creek Project is 0.0039 pg/ms.6 No adverse health conditions
are predicted. .

Selenium (Se)

The predicted 24-hour maximum ground level concentration of selenium that
would be due to the Hat Creek Project is 0.00021 ug/m3.5 Mo risk to puplic health is
predicted. Similarly, potential gaseous emissions of selenium present no risk to
public health.

Uranium (U)

Uranfum §s a highly dangerous eiement relative to human health due to its
toxicity and radicactivity. For the Hat Creek Project, the predicted 24-hour maximum
ground level concentration of uranium emitted through coal combustien is 0.0011 pg/m3.6
Based on a specific radicactivity of uranium of 6.77 x 10'1 ycurie/gm,6 this uranium
emission is equal to abeut 7.3 x 10'15 ucurie/ml. This level is far belew the U.§.
standard and no adverse health risk is predicted.
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Vanadium (V)

The toxicology of vanadium is not extremely well known and thus agreement
has not been reached as to its signiffcance as a contaminant. Relative %0 present
standards, ths Hat Crasek Project would presant no risk to the pubiic haalth through
vanadium emission since the predicted 24-hour maximum ground level concaatration of
vanadiua s 0,00015 pg/m°.5

Zire (In

Relative to the other trace elements disgussed in this document, zing is
less toxic. This maximum ground Tevel concantration predicted vaiue for the Hat
Creek Project {s 0,0083 pg/us.s No adverse health risk is predicted.

Polycyctic Organfc Matter (POM)

An association betwaen ambient lavels of POM and adverse health affects has
not beean scientifically validated and nc regulations for PCM at ambient concentration
levels have been promulgated. Thersfors, no heaith risk assesssent is sade for the
Hat Creek Profect with raspect to POM,

Suspended Sulphates (504)

The controversy surrounding suspanded sulphates resuited in the adopticn of
an asbient air quality standard (AAWS) for sulphates by only three states in the
U.3.A.; no objectives have besn adoptad in Canada. Relative to the sxisting standards,
the predictad saximum 12-hour average amdient cancantration of 0.6 ug/n3 for the Hat
Creek Project should present ng health risk.

Suspended Nitrates (NO:,‘)

The current data base with respect 0 human health response to the inhalation
of suspended {norganic nitrate fs {nadequata. However, tha current data base does
not suggest that suspended inorganic nitratas presant a significant health hazard to
humans.

Nitrosamines (NNA)

Coal=fired powerplants are not recognized as prisary sau:-ces of nitro~
samfnes. In addition, thers s no source of amines in the region of the proposad Hat
Cresk powerplant. Thersfors, nitrosamine formation in the atmosphere due ta potantial
aixing and resction betwesn smission plumes is not expectad. No public health risk
1s anticipated.
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Conclusion

Based upon the results of the epidemiological literature review and the predicted
ground leve! concentrations for both primary and trace contaminants, no adverse health
impacts would be associated with operation of a thermal generating station at Hat Cree&
Ambient concentrations of all contaminants would not exceed levels required to protect
human health and in most cases the concentrations would be substantially beiow the
respective guidelines,

(e) Effects on Terrestrial Wildlife

(1)

Primary Air Contaminants

Combustion products represent the most significant potential impact source from
the plant. Stack emissiens, cooling tower drift, ash and waste disposal products have
been analyied with regard to their potential for wildlife damage. Of the stack emissions,
sulphur dioxide (502), oxides of nitrogen, hydrocarbons, carbon monaxide, ozone particulates
and trace elements have been avaluated and would not be expected to result in measurable
wildlife injury through habitat modification (e.g., loss of cover or food species),
inhalation, ingestion, etc. Fluorine analyses were not available at the time of this
writing. These conclusicns are based on current state-of-the-art knowledge for thess
contaminant effects. Llong-term subtle effects may yet be discovered.

The primary effects on vegetation and wildlife would arise from 502 and "02
ground Jevel concentrations. If the 366 m stack height and flue gas desuiphurization
system is employed, certain species such as Pleurozuim schreberi and Salix spp. would be
severely but locally affected by airborne contaminants. These species are, however, only
components of larger more diverse and resistant habitats. Consequently, the indirect
effects of habitat modiffcation on wildlife should be nominal. A total of 23.4 kmz would
possibly be affacted by this control technique. If the meteorological control system
(MCS) is usad on the same stack approximately 238 kmz would may be measurably affected.
If the MCS approach is used on a 244 m stack height, about 324 kmz would be disturbed.
Each of these ‘latter predicted impacts would affect a wide variety of vegetation
assoctations within a 25 km radius of the site. Some assocfatfons such as the Englemann
Spruce Grouseberry are not sensitive to predicted levels of air contaminants; however,
associations such as the Witlew Sedge Bog would be sensitive to these levals and this
would adversely affect wildlife populations through loss of food and cover resources. The
z2ir quality iempact predictions are based on worst case conditions which would act likely
occur, The more probable position is that vegetation effects would be much Tess than
those projected. Subsequent indirect affects on wildlife would be directly related to any
vegetation stresses.
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A.

Trace Elaments

Sensitivity

Arsenic (As) causes 2 wide range of pathological changes including gastro-
intastinal (GI) and respiratory tract inflammation, skin lesions, degeneration of
organs, hemorrhaging and lung cnrxqesti:m.]'4 It has also been shown to be
carcinoqan‘lc.ls Water 135 the most fraguent mode of ingestion sinca As usually doas
not accuaulate in above ground vegetation. Concantrations of 0.4=10 ppm may be toxic
to man, 13 ppm to livestock and 100-150 ppm to bittarling, minnows and carp.ls’n
Prolonged exposure to levels as lew as 27 ppm may be lethal o rln‘r!mms.l'8 Arsenita
(“*3) is the nost toxie form of arsenic, followed by arsanata (As*'s) while elemantal
As {s much Tess toxic to animals.

The toxicity of cadeium (Cd) varies greatly between organisas. Some species
are highly sensitive (e.q., harsas.ls rainbow troutzo and aquatig invartcbratas)u
while others exhibit relatively high tolerances. Mammals tend to accumulate Cd in
the liver and kidney and may, consaquently, exhibit chronicg synptoas.ls Cadmium's
primary toxic effect {s on respiratory oxygen exchange. I% has also been shawn to
affsct reproductive ;otant'lai.zz ONA replication in chmmsouns,23 and haemoqlioifn
prcduction.24 Levels of 9.9 ppm Cd in grass may be lethal to horses while as Tittla
as 0.0015 ppm in water could cause toxic effacts on rainbow trcut.zo

Chroalum (Cr) 1s relatively toxic to animals causing corrosion of the GI
tract, neoplasms and  kidney lesions.zs Hexavalent ¢{r {s the most toxic form,
although, lathal levels ars paorly astablfshed. Low Tevel chronic exposura aay be
mors toxic than acute exposures in ﬁsh.s Mammals have also bean shown ta suffer
from chronic exposurs tg 5 ppa 1n drinking water.

Although copper {(Cu) 1s an essentfal element to animals, ft can be lathal
in excessive concentrations. lathal concentrations range from 0.006-0.012 ppm for
aquatic imsruhuus,ﬂ 2.1 ppm  for fish.6 725 ppm for sheep and 2000 ppm for
rats.23 Man may exhibit toxic symptoms on a diet including 330 apm/day.s Excess Cu
1s accumulated in the Tiver and is usually aliminated in bile or urina.

Excassive dietary fluoride (F) may Interfers with calcium oetobolisa,
sanzysatic procasses, normal callular respiration and the immune biclogical response
of tht anisal 1o cartain d'lsusas.zs Physical symptoms include dental defects, bone
deformation and sineralization of tandons. Forty to sixty ppm may cause weight loss
in catt‘ln.au Fluoride s accumulatad fa bones and teeth and consequently s rarely
transfarred up the food chai |'|.3:L

In animals, lead (Pb) may ba taken in by inhalation, ingestion and in the
case of organic forms aof Pb, Dy dermal tranﬂacation.m’az Symptoms of Pb poisoning
include derangement of tha central narvous system, gastrointastinal fract, ausculature
and the hasmopoistic systm.33 Lead poisoning may also resuilt in 1nfortility,34
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canceras'ss and decreased resistence to infection.36‘37‘38'39 The maximum safe value

for portable water for animals is 0.5 ppm.zg The World Health Organization drinking
watar standard is 0.0% ppm.36 Fish exhibit great variation in their apility to
tolerate Pb but, in general, 2.8 ppm and 0.1-50 ppmls'29 in water are considered to
be Tethal to fish,

Mercury (Hg) may be ingested or inhaled by animaljs and is accumulated in
the kidneys, 'iver, hair and cther tissues. Organic Hg attacks the nervous system
and impairs immunolegical responses and reproduction. As much as 50 percent of the
Hg emitted from coal combustion may find fts way to aquatic systems where 5 percant
of it accumulates in sediments.4° Dissolved concentrations of about 1 ppm are fatal
to fish. Toxicity for all animals varies with the chemical form of Hg ingested. As
little as 1-3 ppm of HgCl, has been shown to cause egg shell thinning in biras.*?

Vanadium is a relatively non-toxic metal to animals.ls In large concen-
trations (25-150 ppm) some forms of vanadium can suppress weight gain,35 cause
gastrointestinal 1rr1:ation.‘2 or increase mcrtality.ls’z

ling (In} is an essential trace element for animals.z8 Zinc is relativaly
non~toxic to birds and mammals and a wide margin of safety exists between normal
intakes and those tikely to produce deleterious effacts, Fish may be susceptible to
zing toxicity at concentrations varying between 0.14 to 7.21 ppm depending upon water
hardness, temperature and growth stage.

Assessment

Arsenic concentrations in Hat Creek small mammals ranged up to 3.67 ppn.6
These are generally above vaiues reported in the Titerature.43 Levels found in Hat
Creek fish ranged from 0.07 to 2.3 ppm,5 far below toxic levels. Stack emissions are
very unlikely to significantly affect concentrations in living organisms since back-
ground soil levels range up to 170 ppm without adversely affecting existing organisms
on the site.

Cadmium levels in Hat Creek and vicinity may be of some concarn to fisheries
since existing Cd levels in Hat Creek and Bonaparte River averaged 0.0013 ppm.
Although Davies and Goott]zg state that 0.0015 ppm could cause toxic effects to small
rainbow trout more conservative estimates of toxic levels range from (.003 to
0.01 ppm.zo'44 Cadmium fallout (Table 4.1-8) is not expected to cause ambient levels
to rise into this range,

Existing chromium leveils are relfatively high in some soils (up to 530.0 ppm)
and stream sadiments (526.67 ppm) compared with published data.s’25;43 Concentraticns
in water samples are far below those shown to Cause toxicity symptoms and stack
fallout would be insignificant as comparec to existing exposure levels.

Measurements of existing copper (Cu)} levels were extremely variable reaching
a high of 171.67 ppm in one sample of small mammals. Although this is above the
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normal valuas reported in the Tftarature.ls‘43 it is far below the levels at wnich
toaie symptoss oecur. Stack emissions of Cu would not significantly affect fish or
wildlife in the area.

Levels of fluoride in Hat Creek receptors, while higher than Titaraturs
values for scme 3o0i1, streas sediment and grass saomples, are well balow those Known
to causa toxicity. Fluoride would be a mzjor constituent of stack smissions, however,
projected accumulations (Table 4.1-8) would not likely cause toxigity in animals in
the vicinfty of the site.

Excapt for high lead (Pb) levels in water and small mammai samples, Pb
concentrations in Hat Creek receptors are similar to values reported in tha
Hta!'atum.]"‘-"28'35'4'3 No Pb level {in any receptor presently approach a toxic
concantration and Tailout from stack emissions would not likely increass these laveis
in tarrestrial or aquatic organisams.

Concentrations of mercury in Hat Creek fish and small mammals appear to be
af the same magnitude as lavels in other studies.® Projectad stack smissions are

relatively low (Table 4.1-8) and would have a nagligible impact on existing mercury
levels.

Levels of vanadium fn Hat Crsek recsptors wers similar to li{tarature derived
valuns.s Vanadfum 1s generzlly non-toxic to animals and stack emissions would be
. expected to have no adversa impacts on existing wildlife,

Iinc levels varied widely in Hat Creek receptors byt were, for the most
part, similar to values reported in the Htaraturc.s Because of the broad toleranca
ringe axhibited by most organisms, zinc emissions froa the stack would be unlikely to
causa any impacts on wildlifa,

{f) Effects on Terrsstrial Vegstation

(t

Vegetation Injury Asssssment Methédnlog!

The rationale employed to a2ssess the vegatation fnjury that would result from
each of the proposad air quality control stratagies (AQCS) fs based upon the assumption
that the air emissions from the Hat Cresk Project wouid constantly occur fn mixtures. The
levals of S0, and M0, predictsd by EAT for each AQCS® wauld occur n a ratfo of approx-
isataly 3:1. Sulphur diexide synargiss would be possible at this ratio and at the predictad
ambient S.IJz and Huz conceantrations. Thus, the effacts on vegetation were not evaluatsd
for 502 indfvidually but in combination with uoz. The jmct of 502 was assumed to Be
snhanced 50 percant and threashold concsntrations reduced by 25 percent in the pressnce of
an at the concantrations pradicted By air quality modelling.

The pathod used %o evaluats the projectad emission levels was closaly relatad to
the locations of receptor points used by the ERT npodelling program.a Tha saxinum
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concentrations for each of the air quality control strategies (AQCS) were evaluated at
each receptor site and used to develop a general pattern of the predicted 502 cancentrations
within the project area. Seasonal peak concentrations and frequency isopleths were
constructed and overlaid on vegetation maps to determine which vegetation types would be
exposed to adverse 502 concentrations. Areas of vegetation associations that would be
affected were determined by assuming a definite area around each receptor point, which
varied according to the distance of the point from the assumed stack location. The area
of vegetation association that would be affected was assumed to be equal to the land area
determined for sach receptor point.

The percentage of vegetation types within each association was determined and
then used to compute the area of each vegetation type that would be affected in the vicinity
of each receptor site., Sensitivity tables for SCIZ/NO2 ware constiructed for all plant
species encountered within 25 km of the project (project mt:a‘le)“"5 The values presented
in these tables take 1into account the responses of individual specfes to the different
components of the emissions as well as the factors which modify the results.

Sensitivity

Injury to vegetation from exposure to toxic air contaminant Tevels can be either
acute or chronic. Acute injury usually occurs as the result of a short-term exposure to
high concentrations, while chronic injury may resuit from exposure to JTow concentrations
over long periods of time. The term injury, as opposed to damage, is generally used to
describe a1l plant responses to air contaminant exposures, and would include reversible
effects on metabolism, physiological processes, necrosis, sanescence and growth and
development modifications. This definition of injury will be used in the context of this
report. On the other hand, damage fs used to define those effects which would reduce the
value of the plant for its intended use, be it economic or ecolegical. The bulk of the
work reported in the literature on air contaminant effects addresses acute responses,
simply because experimentation with acute injuries 1is easier, less time consuming and
yields the most conclusive and dramatic results. Apother factor contributing to the
dearth of data on chronic effects is the difficulty of ascertaining the effects of chronic
exposures due to the long experimentation times required and the ability of plants to
utilize or tolarate low concentrations of contaminants.

Air quality standards are developed 2s a means of compromise between complete
vegetation protection from air contaminants and the economics required to achieve this
goal. Available information on the effects of air contaminants on vegetation comprises
the data base upon which standards are developed. However, as noted by .Jm:::.‘.:sen.a'6
compifance with standards does not ensure complete vegetation protecticn, Further, current
standards are developed on the basis of single pollutants, while it is well estabiished
that different pollutants may interact with each other and elicit a biological response.

Threshold cencentrations of toxic air contaminant Jevels are the lowest

concentrations which cause deleterious effects to foliage. It is difficult to assign
definite threshold concentrations to particular species for a number of reasons. S5pecies,
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varieties, cultivars and even individual plants react differently to 2 given air contaminant
independently of any external environmental factors which may affect susceptibility. The
davelopmental stage of a plant, as well as nutrient supply and time of sxposure during the
day, largely determines tha degrea of sensitivity. The overail cosplexity of plant
responses to air contaminants, especially when mixtures aof air poliutants are involved,
also negatas the valus of threshold concentrations. Howaver, investigators must have some
potnt of refarence froa which assesszents of fmpacts can be generatad.

A.  Sulphur Oioxidae

Sylphur is an essential plant macronutrient, which is reguired in relatively
large quantities. Sulphur is obtained by plants primarily through root absorption of
sulphate present in the soil. Soma plants have heen found to receive a portion of
their sulphur requirements through dirsct foliar absorption of 502.47 However, most
plants exposed to Sdz may suffar zacuts Tnjury when absorpticn rates excsed the
metaboiiec capability of folfar tissue to oxidiza Soz to the Tess toxic sulphats
{on.“'a"g Acuta injury is typically manifasted by locaifzed interveinal necrosis on
broad=-Teafed spe:'fesso and by necrotic bands on nesdla tips and prematurs needle
abscission on conifars.

Generalizad threshold concentration values have been developed for 502.46’52
Thess valuas ara based on interpretations of work performed by a nunber of individuals
and thus should not be viewed as finita entities with a wide range of application.
Threshoid concantration curves as plotted from thesa valuss for sensitiva,
intermediate and resfstant species are prasentad in Fig. 4.1-12. A summary listing
of estimatad threshold 50, concentrations for visible fnjury to sensitive plant
specfes from several sourcas is presented in Table 4.1-5. Tha responsas to SOZ of
cartain tree species common ty the Hat Creek area are summariZed in Tadble 4.3-10 and
herbacsous species in Table 4.1-11. The information prasentad s by no means compiete
since only a small fraction of the species found fn the Hat Creek region have been
studied and the results reported in the scfentific Titarature.

8. Nitregen Oioxide

Nitrogen diocxide s one of the two zost significant gases in the nitrogen
exide group which are produced during high temperaturs csabustion. High <oncantrations
of mz are capabie of causing injury to vegetatfon. Acuts Injury sywptomology 14
typically asanifestad as watsr scakad lesions, which first appear on the adaxial leaf
surfacs., The lesions disperse with time throughout the leaf causing necrotic
patches. These patches are usually white to tan in coler and strongly resemble saz
injury sysptoms,

Cancantrations of mz required to cause visiblie plant injury are high
relative to commoniy ocsurring ambient leveis., Thompson et, al. suggest that
thresheld dosages causing visible injury range froa 18 300 - 28 200 pg/n3 far one
hour, 4324 - 6580 pg/na for 821 hours and 1380 ug/n3 for 43=hour exposures. Some
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typical responses %o NOZ of vegetation indigenous to the Hat Creek area are summarized
in Table 4.1-12. This summary is by no means conclusive of all plants upon which
investigations have been conducted; however, the plant species indigenous to Hat
Cresk are are not commonly found in the literature, The concentrations which have
been shown to be injurious to vegetation are much higher than the concentrations that
would be emitted by the proposed powerplant. '

Qzone

Ozone is generally considered to be the most injurious air pollutant to
vegetation, although it is rarely a probliem in the imeediate vicinity of a combusition
source. fue to the photochemical nature of ozone formation 1in the atmosphere,
effects on vegetation from ozona fumigations are commonly observed some distance from
the source.

The most common symptom of ozone injury on many deciduous trees, shrubs and
some herbaceous species is small sharply defined dot-like Tesions. These lesions may
be dark brown, black, purple or red. The injured area is primarily confined to the
adaxial ‘teaf surface. The common symptom of most herbacecus species and many woody
species s small unpigmented necrotic spots or more general adaxial surface
b'leaching.aG Bifacial necrosis and chloresis are alsa common injury symptoms. Ozone .
injury is usually found towards the tip of youngest leaves and over the entire leaf
or- near the base of oldest Jeaves., Leaves ranging from €5-95 percent of their full
syrface area are the most sensitive and are most likely iajured in a fumigation
incident. Syptoms of ozone injury on aifaifa, a species commonly grown in the Hat
Creek area are extremely variable. Adaxial necrosis, bifacial necrosis and chlorosis
are common symptoms.BG Symptoms of ozone injury to pondercsa pine, another species
common to the Hat {reek area, has been described as a chlorotic dec11ne.B7 Chiorotic
needle mottle symptoms 3130 develop from the tip to the base of older age leaves.
These symptoms are generally followed by a necrotic tip die back. The oldest leaves
abscise early, while one year old leaves tend to remain on the injured tree.

Threshold concentrations of ozone for most sensitive species are generally
considered to be in the range of 98.2 - 235.8 ug/m3 for 2-4 hours.86 Sensitive
varieties of alfaifa and cats have been injured by 196.3 - 235.5 pg/m3 far 2 hours.88
Responses to ozone of vegetation typically found in the Mat Creek area are summarized
in Table 4.1-13. Oniy the more commonly occurring species are listed since they are
the only ones which have been studied.

Fluoride

The potentially injurious effects of fluoride on vegetation have been
recognized in the past but lpsses due to fluoride injury have not become prevalent
until recently. Fluoride is emitted as a gas (principally in the form of HF) during
the combustion of coal and it is in this form that it may be a potential problem in
the Hat Creek area. Fluoride does not appear to have any role in plant growth.97
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The charactaristic symptom of fluoride injury on many Bbroad-leaved plants
is necrosis, which occurs predominantly at the leaf tips and margins. A dull gray-
greaen watar-soaked discoloration of leaf tip and margin tissues is typfeal. Symptoms
on conifers are similar. MNecrotic arsas first appear at the tip of the currant years
needles and then prograss toward the base. [n ganeral, the young aemerging needles
ire post sensitive and becoms more resistant with aqge.

The sensitivity of plants to fluoride, as with other air contaminants,
varies considerably with environmental factors. [t is generally thought that fluoride
infury to vegetation commonly results from accumuiation of flucride in the plant
tissus over Deriods of t‘im.gs Presumably, saensitive plant species are those that
would Be injured by low atmospheric concentrations of fluaride or when foliar levels
reached a minimal amount. Diffarentiating plants into categories of sensitiva,
intarmadiats and resistant is highly arbitrary since many extanuating factors are

_ involved. As a point of refsranca, plants which are injured by continuous exposure

to 5.65 pg/m3 HF or less for 7-9 days are considered to be sensitivc.sg Ancther
fnvestigator found that exposure to 2.1 ug/m3 HF for 8 hours per day for 5 days a
week in an extanded period producad injury symtnns.luo Clearily, the relatioaship
betwean sensitivity and levels of atmospharic fluoride Tevels requires additional
work before being utilized to assass impacts. Some typical responsas to HF and F of
plants common ta the Hat Creek area are sumarized in Table 4.1-14. Again, this s
not a complate Jlisting sinca many of the species found in Hat Creek have not besn
iddressed {a the scientific literature.

Air quality standards for fluoride are not comman, primarily because of the
degree of difficuity in defining acceptable lavels. Howsver, standards - have besn
devaloped in Uregon 'ta provide a means of protacting stone fruits. The standard was
writtan by a committae of agricuitural scientists and its effectiveness is evaluatad
by an afr quality monitering network coupled with a dafinite sampling methadolegy and
perfodic vegetation surveys. The levels and time perigds of this standard are as
foilows: 4.5 ppb (5.98 ugfm3) for 12 hours, 3.5 ppb (4.68 ug/ra“’) for 24 hours,
2.0 ppb  (2.66 pg/m°) for 7 days, 1.0 ppb (1.33 pg/m’) for 30 days, and 0.55 pps
(0.88 ug/u’) for the growing sesason. Information on thfs standard {5 presented as a
means of comparison and not as a proposed model for the Hat Creek Project.

Particulates

Thera have been few studies conducted on the affects of particulate matier
on vegetation., Those studies which "have been reported in the literaturs tend ta
address the nar.un. of the plant response to particulates rather than {njury threshold
‘Iavels.mg The sffects of particulates on vegetation have Deen chserved %o fnhibit
stomate closun.nu decreass fingcoaing solar radfatian,mg or Tatsrfers with the
atnaspheric heat balance of the leaves.
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Acid Rain

Sulphur dioxide and NCI2 may be coxidized in the atmosphere to sulphuric
(H2504) or sulphurous (H2503) acids and nitric acids (HNOa).nz The pH values of
rain have been observed to be decreasing over the past 20 years in samples taken in
the Northeastern United States. This lowering of the pH has been attributed to coal

combustion and the associated accumulation of scids (H2504,H2503, HN03) in precipi=
tation. 13

Studies on the effects of acid rain on vegetation have centered on the
responses rather than threshold concentrations. Laboratory investigations have
tended to simuiate application of acid rainfall on vegetation with the intent of
sliciting a response. Some of the respenses obsarved include necrotic spotting on
yellow birch seedlingsn" and decreased needle length of Scotch pine.ns’ns Qther
effects due to rain have been postulated as changes in leaching rates of nutrients
from foliage and soil and long-term decreases in forest productivity.113 Ciearly,
the ecological effects of acid rain are largely unknown.

Air Polluytant Mixtures

Gaseous air contaminants are rarely found in isolatfon. Kitrogen oxides,
as well as sulphur oxides are common products of coal combustion. The probability of
these two contaminants causing foliar injury has been postulated and is a current
topic of concern to many {nvestigators. There have been several reports in the
literature that combinations of 50-2 and NOZ, 502 and 03 and 502 and HF may act
synergistically. In a synergistic response, concentrations of each contaminant at a
level balow that considered to be injurious can result in visible injury. Typically,
synergistic responses occur when the concentration of SOZ exceeds that of the other

contaminants.

The 502 threshold values presented in Table 4.1-9 may not appiy to ambient
levels which contain more than one ajir contaminant. Plant sensitivity may be increased
when plants are simultaneocusly exposed to SO2 andg NOZ. However, plant responses to
mixtures of St.)2 and NUZ vary widely with species, environmental factors, plant age
and dosage. The results of studies of the effects on vegetation from combinations of
502 and NOz have been summarized by Runeck1es.45 The summation demonstrates that the
synergistic effects range from none to a many-fold increase in impact over that from
exposure to 502 alone, It has been proposed that, based on the 502 and NG2 levetls
predicted for Hat Creek, a general 25 percent reduction in 502 threshold levels and 2
50 percent increase in injury over that caused by 502 alone would be caused by SC)Z/NEZI2
synergism.45 Some typical responses from exposure to SC)z and NO2 of vegetation found
in the Hat Creek Valley are summarized in Table 4.1-15.

Sulphur dioxide and ozone are the anly other air contaminant combination

which have been studied in some detail. These studies were designed more to elicit a
response rather than determine threshold concentrations. Tobacco, alfalfa, broceold,

4 - 21 Part Four



4.1

H.

POWERPLANT - (Cont'd)

radish and soybeans have been investigated. The common finding was that 502-03
combinations at concantrations similar to thosa found in urban areas have consistantly
resulted in synergistic or additive effects.’* The respanse of vegaetation common in
the Hat Crsek area to this air contaminant combinaticn is summarized in Table 4.1-16.

Studies regarding the effects due to combinations of SOZ and HF have bean
rarely addressad in the 1{tsrature. Mandel at a17° found that 7 day axposures of
corn to a concantration of 393 1.|g/11:3 SOZ and 0.5 pg/m3 HF for 23 days elicited a

synargistic response. The lavel of gasecus fluoride emissions predictad for Mat -

Cresk are a small percentage of 502. Basad on the evidence available, it would not
appear that the gassous fluoride emiss{ons from Hat Creak would influence the effects
of 502 &lone ar in combination.

Tracs Elements

Ninas trace elements were salected for detailed study on the basis of axisting
high concantrations {n coal or ash, capability for velatilization during combustion,
petantial for toxicity, existing high concantrations ia Hat Creek recsptor matarials
and existanca of regulatory guidelines. Thess nfne elements were anaiyzad in Hat
Creak receptor aatarials at saveral sites during three separate saasons and compared
to toxic levels or threshold concentrations as reportad in the literaturs. The
findings of the litarature review ars susmarized below for each of the elesants, with
the sxcaption of fluorine which was discussad previously.

Arsante (As)

In general, As {s nat considersd to be essentfal for plant growth, although
Tow doses have been found to promots plant grcr'mt.!'l.l:!'7 Arsenic toxicity in plants is
dependent on the concentratien of soluble As and not on the total As concentration
in sails. The fres alemental form is not considered to de as toxic as many of the
associated compounds such as arsenite and arscnau.m The greatast toxic effect of
As appears %o be most pravalent at the seedling stage sincs high As concentrations
hive besn demcnstrated ta arrast germination and reduce seed viabiiity. 13 Plants
generally accumulata As fn the roots, especially in the tips of new roots. Arsenic
doas not typically accumulata in the abave ground portion of plants and is not likely
to become injestad by grazing animals.

Most plants can normally tolerate total As concantrations In soils ranging
from 1-40 ppm. Some plants, such as Douglas-fir have been cbserved to grow well on
soils in the vicinity of heavy metal deposits where As concantration are reportad to
be as high as 8200 ppﬂ.lzo High arsanic concentrations ranging frem 3.4-9.% ppm have
been fdentified as the causal agent responsible for the reduced productivity of
orchard soils in the Yakima Valley, Washington. Soil As concentrations greater than
2 ppm, 1n the soluble form, have besn shown 1n causs damage %o alfalfa and bar'!ey.ln
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Cadmium (Cd)

Cadmium §s not considered to be an essential nutrient for pTants.lzo'lzz
It {s readily absorbed by plants eithar from the soil via the roots or from the air
via stomata.123 In general, the effects of toxic Cd concentrations appear to be
localized in leaf tissue. Primary effects include a reduction in leaf transpiration
apd a reduction in net photosynthesis due to a decrease in the total number of
chloroplasts. Cadmium toxicity symptoms are usually manifest as either foliar
chlorosis or necrosis. Cadmium concentrations of 1 ppm are considered to De non
toxic. 117,124 Some depression in growth rates have been observed when Cd concentra-
tions in plant tissue resch 3 ppm. Advaerse effects at the organeile level have been
noted at £d concentrations of 2 ppm.

Chromium (Cr)

Chromium, is not considered to be an essential element for plant growth.lzs

However, the addition of 0.1-0.5 ppm Cr to soils has been noted to stimulate growth
of lettuce and corn saed‘l'im;s.l:"9 The presence of chromium has 21so been observed to
increase nitrogen fixation in peas.r"‘9

Chromium toxicity to wvegetation is a function of the chemical form,
solubility and concentration. Chromium, as chromic or chromate, in concentrations of
B-15 ppm has been found to cause chlorosis in sugar beets grown in sand cultures.
Chromate (Cr*) at concentrations batween 0.03 and 64 ppm has been observed to inhibit
the growth of algaes. Some of the lower plants appear to be able to accumulate large
amounts of Cr with no notabie symptoms.ms

Copper (Cu}

- Copper is commonly regarded as a macro-nutrient that is essential to plants
in Jarge quantities. Copper is an important constituent of plant enzymes and
proteins. Plants can accumulate copper, although in mest plants, it is stored in
the roots where it generally {s unavailable te grazing animals. Some grain species
have been found to accumuiate up to 15 ppm Cu, which may be a hazard to grazing
anima}s.us Symptoms of Cu toxicity are exhibited as foliar chlorosis caused by the
interference with iron metabolism. ns '

Due to the essential status of copper, agricultural soil daficiencies are
more commen than toxic situations. Soils high in organic content of a sandy texture
require Cu through fertilization. Copper toxicity is considered to be governed by
soil pH. Spinach and gladiolus did not show toxicity symptoms from Cu concentrations
of 93-130 ppm when soil pH was 4.5 to 4.7,

Some of the species considered to be sensitive to Lu toxicity include:

alfalfa, clover, corn, bean and squash.ng Toxic symptoms in plants can result when
Cu concentrations in tissues approach 20 ppm. At concentrations exceeding 40 ppm,
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snapbeans were found ta exhibit severe symptomology. Concentraticns in the range of
20-30 ppm are also considered to cause reduced yielids in snapbeans. Growth of
caulfflower, lattuce, potatos and carrots were reduced by 0.5-50 ppm of copper
mtau.m Sesdlings of some grass specfes (Agrostris s.) appear to develop
tolerances to higher than normal Cy concentrations over a period of 10 weeks.

Lead (Ph)

Lead 1{s not considersd to be an assential! element for plant growth, although
it is commonily found in most plants.n7 Lead antars the plant through stomata. As
1 consequence, the plant organs invalved with gas axchange tend %o have higher lead
concentrations than storage tissues. Organelles such as chloroplasts, aitochondria
and nuclei oftan exhibit high Pb concantrations.

Leafl pubescance 2lso saems to govern the rate of Pb accumylation, Ganerszlly,
accusuiatfons are higher in leaves with rough or hairy surfacas than in leaves with
smooth surfaces. Translocation of Pb within the plant {s reportadly low, therefors
Tead concentrations appear ta be highest in Teaf tissue. ’

Lead toxicity affects stomata resistanca of plants, which in turn results
in a reduced photosynthetic potnntiﬂ.ua'lzg Lead {aons can reduce coz fixation in
isolated chloroplasts which may also reducs photosynthetic potantial of whele plants.
Lead may also inhibit electron transport ind enzyme activity. )

Many plants axhibit retarded growth ratas when axposad to 10 ppe Pb in
solution cuIture.nJ Damage to french bean plants was notad following exposurs to
30 ppm lead suh'at..m Lead concantrations af 10 ppm were responsiblie for reduced
root growth fn sheep fus:uom and the growth rata of corn was readuced when nutrient
solutions contatned 200 ppa Pb.

Some plants such as grape, apple and oranga trea seedlings were not affectad
by Pb concantrations ranging from 150-200 ):pu.m'9 Plants have alsa been shown to
&hsord Targe amounts of Pb without exhibiting toxicity symptoms, For axample, Pb
concantrations as high as 350 ppm were measured in stems of shrubs, with no visible
injury symptoms. Lsttucs has also been found to accumuiats as much as 2 pom Pb
without any toxic symptoms.

Mercu H

Mercury is not an essantial element for plant growth, Mercury compounds
have besn used as seed fungicides. Plants grown froa thesa seeds have been found to
contain higher than normal Hg concentrations. In general, Hg is not concentrated fin
plants growing on normal sofls. Soil-bound Hg is typically not available for plant
uptake, aithough many plants cannet prevent uptake of gasaous Hg through the mots.uo
Most higher vascular plants are resistant of Hg toxicity even though concantrations
are present in tissues.
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Mercury concentrations (HgC]2 form) of 0.5-50 ppm were found to inhibit
growth of caulifiower, lettuce, potats and carrot p1ants.127 In algae, a Hgt:I2
concentration of 3.5 ppm caused a 98 percent reduction in chlorophyil synthesis and a
50 percent reduction in galactolipid synthesis. The bulk of tha studies on Hg toxicity
as reported in the Iliterature use algae as test species and the results are not
appiicable to situations involving higher piants.

Vanadium (V)

Vanadium is not considered to be an essential eiement for growth of higher
plants, although V is thought to be an essential element for algal growth. There are
no reports in the T{terature of either toxicity or deficiency of V to plants growing
under field c:m:!'it‘.fons.l:l'9 It has been noted that some species accumulate V without
exhibiting toxicity symptoms. Snap bean was found to contain 600 ppm V, cabbage
S50 ppm, tomatoes and asparagus 30 ppm, without any apparent toxicity symptoms.

In laboratory studies, V was found to be toxic to germinating seeds and
even more s¢ to plants at later growth stages.nl Toxicity to roots and tops of
barley was reported when culture solutions contained 500 ppm V.132 Barley was also
found to be injured when 1 mg of V, as vanadium chloride, was added to solution and
sand cultures. Decreased growth in orange tree seedlings was attributed to the
addition of 10 ppm calcium vanadate to the soil, while total mortality was observed
at 150 ppm. .It has been suggested that 0.5 ppm V in nutrient solutions is the toxic
leveal to plant.s.ug Other studies have indicated that V concentrations of 10-20 ppm
are stightly toxic to soybeans, 26 ppm to beets, 40 ppm to barley, 20 ppm to wheat
and 22 ppm to oats. 33

Zinc {In)

Zinc is not an essential element for growth of higher plants, although it
is essential for some fungi and algae. Zinc is absorbed primarily by the roots and
translocated to leaf tissue, although the primary storaga organ appears %o be the
roct system.134 Most of the stored zinc is apparently bound within the cell wall in
an insoluble fom.135 Toxic symptoms may be manifest by foliar chlorosis which fis
caused by In interference with iron uptake.

It has been reported that 12.5 percent total Zp in spil will stunt most
vege1;at"u.'u'|.1‘18 Toxicity levels were found to vary censiderably between species.
Toxicity has been observed in ocat leaves, when leaf concentrations ranged from 1700-
7500 ppm, while the teoxicity range for tomatoes was determined to be 326-1489 ppm.ug
Toxic levels for cowpeas and corn are reported to be 560 kg/ha and 784 kg/ha,
respectively. 119 '

linc toxicity has been found to vary with the soil type. Sandy soils were
found to be most toxic and clay loamy soil least toxigc. Toxic goncentrations in peat
s0ils of New York State range from 0.43-10.16 percent for such crops as carrots,
spinach and 1ettuce.ng
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caver that would be affected in the vicinity of Cairn Peak and 3lustry Mt. is
approximataly 110 knz. The total cover that would be affected in the vicinities
of Chipfun Mountain, Mt. Martley and Corrwall Hills is 30 ka®, 28 km® and 14 k@?,
respectively. Pleurozium schreberi (62.5 kmz), Picea engelmannii (53.2 kuz),
Pinus contorta (43.5 ke°), Psaudotsuga menziesi! (19.7 im®), Alector{a jubata

'(17.0 km“), Satix nivalis (11.0 km?'} and Salix cascadensis (10.0 knz) would be

the species predicted to exhibit the largest total affectad vegetative cover, on
an annual  basis. Seven species, Pooulus tremuloides, Ables Jasiocarpa,
Pleuyrozium schreberi, Paa pratensis, Satix nivalls, Salix cascadensis and Salix
30. would sxhibit the greatast injury percentage with estimatas of 3, 9, 13, 25,
52, 52 and 65 percent, respsctively. ~

N

The areas of vegetation associations that would be disturbed by the
potantially {injurious air contaminant levels for each AQCS were summarized in
Table 4.1-17. The Engelmann Spruce - Grousebarry and Engelmann Spruce -
Grouseberry Pinegrass associations would be most affected with 100.86 and
46.56 knz of vegetative cover impacted. Impacts to thesa associations would be
insigniticant due to the Tow overall sansitivity ratings which have been
assigned. The other assoclations with relatively large areas that would be
atfectad include: Engelaann Sprucs = Willow - Red Heather Parkland (22.7 kml),
Engelmann Spruce - Grouseberry - Lupines (29.3 knz) and Oouglas=fir - Pinegrass
(18.5 hlz). The Engalmann Spruce = Willow = Red Heather Parkland would be the
only assaciation within this group which would have a savers Impact due to its
high overall sensitivity rating and relatively large area affsctsd. The other
vegetation associations affectad by gqround leval concentrations were considered
to have a2 megiigible impact dus te the small areas invo]ved and the low ta
modarata sensitivity ratings. In total, 238.47 e of vegetative cover would ba
disturbed by the 366 m stack with MCS.

244 3 Stack MWeight with MCS

The saximaa ground lavel concentrations predicted 0 accur frem ihe
proposed Hat Creek Project powerplant with a 244 3 stack and MCS afr quality
cantrol strauﬁy were summarized in Table 4.1-6. On the dasis of thase predictad
lavels and the threshold values presanted fn the literature (see Subsection i1,
Sensitivity), the potential for savere impacts to the vegetation within 2% ka of
tht’projm dus %o 502 woitld be Tow, although siightly higher tham the 366 a
stack height with MCS case. The probability would remain low as long as the
hourly SGz concentrations, which were combined to form the 3.hour average,
remain at or below a value of 833 ug/u3. The probab{lity of adverse impacts to
vegetation found at the higher elevations within 25 km of the plant could tend to
increasa if hourly concentrations exceed the 1000 ug./u3 level.
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As stated previously the assumption that 502 and NOZ would act
synergistically is highly conservative. The following assessment is for a worst
case and it is highily unlikely that any potential impacts would be more severe
than those presented in the following discussions.

The Jand areas where existing vegetation would be affected by the
predicted St:)zll‘“.'l2 emissions appear to be restricted to the higher elevations of
Chipiun Mountain, where 30 kmz of vegetative cover could be injured. The
potential areal extent of vegetation injury, on an annual basis, at the higher
elevations of Blustry Mountain, Cairn’s and Moore Peak would be approximately
30, 20 and 35 km, respectively. Approximately 28, 17, 18 and 85 km® of
vegetation would be affected in the vicinities of Mt. Martley, south Hat Creek
Valley, Arrowstone Hills and Cornwall Hills, respectively. The vegetation
species that would experience the greatest impacts, on the basis of total area
affected, are Pleuorozium schreberi, Picea engelmannii, Pinus contorta,
Pseudotsuga menziesii, Alectoria jubata, Salix cascadensis and Salix nivalis.
The injury percentage of these species is estimated to be 14.3, 4.4, 4.4, 5.5,
5.5, 52 and 52 percent, respectively. Other species having a predicted high
estimated injury percentage but not included in the above Tist due to the small
total area affected include Salix ssp. (71.5 percent}, Poa pratensis
{28.6 percent) and Populus tremuloides (13.5 percent).

The areas of vegetation associations would be disturbed by the poten-
tially injurious air emissions levels for each AQCS were summarized in
Table 4,1-17. The Engeimann Spruce - Grouseberry Association would have the
largest total area injured (i24.0 kmz). The potential jmpact to this asiociatiun

is Jjudged to be moderate due to the large area involved and the low overall -
sensitivity rating assigned to this association. Other associations with Jarge

areas of predicted injurious affects include Engelmann Spruce - Grouseberry -
Pinegrass (58.7 kmz), Dougias~fir - Pinegrass (37.6 'mZ). Engelmann Sprute -
Grouseberry - Lupines (29.9 kmz), Engelimann Spruce -~ Willow - Red Heather Parkland
(27.1 luuz) and Douglas~fir - Bunchgrass - Pinegrass (15.2 ka). The Engelmann
Spruce - Willow = Red Heather Parkland Association is the only one in this group
which would be considered as having a significant impact due to the high overall
sensitivity rating. The predicted impact to this association is considered to
be moderate since the area involved is considered to be a more important factor
than the high sensitivity rating. In total, 324.41 Inuu2 of vegetative cover are
predicted to be injured on an annual basis. The impact from this strategy is
considered to be more significant than either of the other two cases.

In conclusion the 244 m stack with MCS is considered to to have the
highest potential impact. Lower stack heights would result in phytotoxic ground
Tevel 502/N02 concentrations in those areas where sensitive vegetation occurs.
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Nitrogen O{oxide

The concentrations of nftrugen dioxide necassary to produca visible injury
ta vegstation are higher than the ground level cancantrations pradictad to c¢ccur from
the powarplant. The maximum ground level NOZ concantrations predicted for the plant
ware presented in Tables 4.1-3, 4.1-5 and 4.1-6. Threshoid concentrations for
visibie injury are higher than the predicted levels. Thus, no impacts to vegetation
from uuz {in {solatfon) would be anticipatad. The effects of low NGZ concantrations
in synargism with 502 have Seen assessad in the preceding section.

gzone

Qzone (03) formation {s a photochemically driven reaction which is dependent
an the concentration of HOZ/NO. Since the lavels of Noz and NO are predicted to ba
lou,‘ low 03 concentrations can alsa be expected. Thesa low concentrations would
generally be Delow the thrashcid levels for sansitive vegetation. 0Qzone is rarely
considered to be a problem in the immadiata viginity of fossil fueled powerplants.
It more commanly is a problem scme dfstance froa the scurce. Thersfors, injury to
vegetation from 03 within 29 im of the project would be a remots possibility and the
consequences af any Tmpacts nagligibla.

Particulates

The rate of particulata emission predictad from the plant is approximately
40 000 kg/day. Baseqd on predictions of Sdz hvcls,s ratio of snz to particulatas ang
deposition velocity of 0.1 cm/sec, the greatest annual depesition would be 17 pg/m
for tha 3656 m stack with MCS and 3%5.2 pg/n3 for the 244 m stack with MCS., On the
basis of the avaflable data in tha T{terature, thare 1s no evidenca to suggest that
any fmpacts would gccur to the vegatation from these two depasition ratas. With the
excaption of vanadium, no tracs elements emittad as particulates are considered to be
the cause of any potential impacts to tha vegetation.

Acid Rain

Injury to vegetation from acid rain would cccur primarily from wet daposition
of sulfuric acid on the Teaf surfacas. Ory deposition gensrally has little effect
uniess the plant surfacas have been wet. Littls or no effect from acid precipitation
would be anticipated within 100 km of the project sits. The predicted reduction of
rainfall pH to 3.7 for the worst case condition is considersd to be at or above the
threshold lavels for visible injury. Thus, it appears that no direct injurious
effacts would gecur. .

Trace Elements

S—

The projected annual ground Tevel concentrations for each of the traca
slements studisd are presanted in Table 4.1-18. The mean maximum concentraticns
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measured in Hat {reek receptors and the project soil enrichment due to stack and
cooling tower emissions for sach of the trace elements studied are also presented in
Table 4.1-18.

Arsenic levels 1in soil samples for Hat Creek were noted as being higher
than background levels reported in the Ht.er'ature.s The effects of high As levels in
soils on vegetation depend on the amount of soluble As and not total As. Thus, it is
difficult to assess the present status of As toxicity to vegetation. However, there
were no apparent As toxicity symptoms observed in the Hat Creek ef:osyst'.ems.5 The
projected soil enrichment values, on an annual pasis, (Table 4.1-8) are minimal and
are not expected to raise As concentrations to toxic levels in Hat Creek ecosystems.

The mean maximum cadmium concentrations measured in Hat Creek soiils
(Table 4.1-B) appear to be higher than background levels reportad in the 1iterature.
However, Cd toxicity to plants, has never been demonstrated under natural
c:c:ntﬁt.icms.n8 Cadmium levels in Hat (Creek vegetation were below background lsvels
reported in the Jiterature. The projected sofl enrichment values are ltow and no
accumutations large enough to produce toxic effects in plants would be anticipated.
However, plants do tend to accumulate Cd without exhibiting toxic symptoms. In this
case, plants with high Cd concentrations would be a hazard to grazing animals. There
is not enough information currently avajilable to adequately evaluate this potential
hazard.

The mean maximum chromium levels measured in Hat Creek vegetation, and soils
are consistent with background levals reported in the literature. All of the Cr
concentrations measured in Hat {reek receptors appear to be below toxic levels. The
additionai amounts contributed by stack emissions(Tabie 4.1-18) would be quite low
and would not result din any appreciable accumulations or soil  enrichment
(Tabile &.1-8).

The maximum values recorded for topper in Hat Creek receptors is consistent
with values reported in the literature, although large sample variability precludes
any definitive conclusions. The levels measured were below reported toxic concentras
tions. The ambient concentrations (Table 4.1-18) and projected soil enrichment
{Table 4.1~8) are gquite low. As a result, Cu concentrations would not be expected to
increase to the toxic level over the operational 1ife of the powerplant,

The concentrations of lead recorded in plant and soil sampies were consistent
with background levels as reported in the literature. None of the levels measured
approach toxic levels in Hat Creek receptors. Lead s not easily absorbed by plants
or leached from soils. Any lead absorbed from the soil is stored primarily in the
roots and would be unavailable to grazing animals. The projected soil enrichment
vatues (Table 4.1-8) are low and would not result in toxic accumulations. Lead can
also be absorbed through foliar tissue and can pose a potential hazard to animals.
Predicted anpual ground level concentrations {(Table 4.1-18) are not high and would
not accumulate to toxic ievels in plants. The potential for lead distribution in the
escosystem is Tow due to the insoiubility of Tead compounds.
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8.

The naturally occurring mercury leveis in Hat Creek receptors are within
;;ha range of background levels as reported fn the literaturs. The projectad annual
soil enrichment values are low (Table 4.1-8) and it is unlifely that toxic accumy~-
lations would rasult. It has bean reportad that HgQ deposited on soils is mmobilized
and that only small proportions of Hg absorbed by the 2011 i3 taken up by plants.lsg
The factors regulating the accumulation of mercury in tarrestrial ecagystems ars nat
as well documentad as in aguatic systems. Howaver, on the basis of existing levels,
projectad emission rates and projectad soil enrichment, no adversse {mpacts to
vegetation from sercury aczumulations would be anticipatsd.

The Tevals of naturally occcurring vanadius in sofis and vegetation of Hat
Creek are within the Eangn of background concantrations reportad in the literature.
Thare have Desn no reparts of vanadium toxicity to plants growing undar field
condftions. This would als¢ appear to be the sftuation at Hat Creek where existing
valuas and predictad sail enrichment values are Tow {Table 4.1-8).

Like mast of the other trace elements studied, the concentration of zinc in
Hat Creek soil and vegetation are simtlar to background values reportsd fa the
1itarsture. In genersl, ziac is relatively femobile 1In s0ils. However, the
leachability of zinc from Hat Creek matarials was demonstratad and the potential
existy for the mobility of zinc in the ecosystem. Many plants have a high affinity
Tor zine, although thera is a wide range of accumulation ratas in plants. The
predictad ambient concantration (4.1-18) and soil enrichment are considered to be
Tow. It i3 aiso 1{kaly that most of the In deposited on the soil surfacs would be
ahsorbed on hydrous oetal oxides in ths soil. Thus, the impacts to vegetation from
In accumulatians in sofl would be minimal.

Forest Veqetation

Lontrolled Emissions = Sulphur Oioxide

It is anticipatad that specific forsst aresas would become partially denuded
dus to the predictad 502 ground level concentrations. Mowever, these areas cannot de
specified efther spatially or temporarily. The mcst likely case would ba that low
level concantrations would causa a growth raduction dvar a wide area. Individual
trees would preobably respond to these Jow levals aczording ta thair relative
sansitivities and existing environmental conditions at the time of the fumigation
incident, It afs possibTe that effects dus to short term fumigatien incidants can be
reversad, although continucus fumigation {incidents would result in chronic injury
symptoms. Growth reductions would occur at this poiﬂt and ultimataly erown thinning,
should fumigations continue.

The assessment of {mpacts resulting from the various 50, levels as determined
by the AQCS utilized {s daveloped on the premise that:
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1.

Individual branches, branchlets or needles scattered throughout the crowns of
trees would suffer partial or total necrosis, thus reducing growth rates.

Individual trees scattered throughout the Hat Creek Valiey, which are sensitive
to the contaminants would die during plant operation.

The values presented in the following discussions are the result of converting the
sporadic scattered losses of trees or chronic growth reductions into an eguivalent

area of crown cover iast on an annual basis,

366 m Stack Height with FGD

The potential production lost each year due to ground level 50,
concentrations from the powerplant employing a 366 m stack and flue gas
desulphurization system in terms of mean annual increment (MAI) would be
12,6 m3. This reduction translates into an annual vaiue of $70 on the basis of
$5.50 per m3. It is possible that the actual loss would not be as great as the
nqmbers presented, since some of the trees would possibly recover from the
fumigations. Since the time period required for recovery cannot be preditted,
the numbers generated are based on a no recovery case, These reductions presented
ars based solely on injury and the numbers presanted are assessments and not
actual measuremants,

. .
366 m Stack Height with MCS

) The potential production lost each year due to ground level 502
concentrations from the powerplant employing a 366 m stack and meteorological
control system (MCS} in terms of MAI would be 347.1 m3. This reduction translates
inte an annual value loss of approximately $2000 based on $5.50 per m3. As
stated above, {t is possible that the actual loss wouid possibly be Tess since
the values derived are based on no recovery by the forest species. The annual
total Joss would be substantially larger than that determined for the 366 m
stack with FGD case.

244 m Stack Hefght with MCS

The potential production lost each year due to ground leavel 502
concentrations from the powerplant employing 2 244 m stack height with an MCS in
terms of MAl would be 508.1 m3. This reduction would translate into an annual
loss of approximately $2800 based on $5.50 per m3. As previously described, it
is possible that the actual loss would be Jess, since the values were derived
assuming nc recovery from short-term fumigations. The annual total dellar value
loss, should this stack height and ¢entrol strategy by empioyed, would be greater
than the 366 m stack height with MCS5 case and would therefore be considered as
the most potentially harmful contrel strategy in terms of losses te the forestry
resources.
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Uncontralled Emissions -~ Fluoride

The assassment of Iimpacts to vegetation due to the predicted fluoride
greund Tevel concentrations was developed from two perspectives: a probabla casa;
and a worst case. In the probable case of fluoride: 502 ratfo of 8.92 x 1l3'4 was
utilized in the darivation of ground Tevel fluorida concentrations. In the werst
case, all fluoride which could not be accounted for in the tast burns was assuzed to
axit the stack in a gasesus stats. Therefore, a larger flusride: Su2 ratio of
9.02 2 10.3 was utilized. Thase two cases ware utilized due to discrepancies between
results presentsd i{n the Jiterzture surveyed and results from a fluoride sampling
program conductad as part of a bulk sasple tast burn programme. This approach f{s
highly conservative since most of the data in the litaraturs are derived from
thearstical studies rather than from actual tast samples. A complats description of
the two cases, rationale for their selection and tha fluorida emission rates for each
casa 1s presented in Section 5 of the Forestry Report. 140

Probabie Case

The ground level Tluoride concentrations for a 24=hour averaging
period ware pradictad to be 0.1 and 0.2 pq/u3 based on Sﬂz concantratiaons of
150.8 and 280.0 pg./us. respectively. The 0.1 pg/n3 concantration is predicted
to occur one day during the growing seasen (April-October}. The areal extant of
forest veqetation exposad to this concentration would be approximately 6176 ha.
The ground level fluorids concantrations predicted for a 3-hour averaging period
was computad to be 0.6 and 1.2 pg/l3 on the basis of Sﬂz concentrations af 655.0

and 1300.0 ug/na. The predictsd exposure frequency of the 0.6 pg/n3 concentration
is 0.4 days during the growing season. The are: of forest vegetation expogad to
this concentration would be 23 357 ha. Concentratigns of 0.4 and 0.8 ug/a” were

predicted (one hour averaging pericd) on the basis of one-hour 502 concentrations
of 450.0 and 900.0 pg/n3, respectively. The predicted expesure frequency of the
0.4 gq/na fluoride 4s 0.7 days during the growing season. The area of forest
vegetation exposed to this concentration would be 132 272 ha. Tha predicted
fraquency of exposure %o a2 ground level fluoride concentration of 0.8 |.tg/t|3 is
1.3 days within the growing season. The area of forest vegetation exposed to
this concentration would 5e 34 335 ha. No short term effecis would be anticipatad
to result from thesa dosages (concentration and exposure paricd). However, the
patantial far lang-tarm accumuiatians {chronic injury) would exist. The magnitude
of these chronic effects can not be assessad at this time dus %o thae lack of
definitive work in the l{taratyre ragarding chrenic injury.

N

Worst Case

The ground level flueride concentrations for a 24-hour averaging
pariod was computad %o be 1.44 and 2.35 ng,:'* en the basis of SOZ cencentrations
of 160 and 2680 pg/na, respectively, Exposure to 1.44 gq/n3 fluoride during the
predicted exposure period would possibly cause a reduction of 4100 rl3 in the MAL
on 5176 ha of forest land within 25 ka of the project.
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.The ground level fluoride concentrations for a 3-hour averaging period
was computed to be 5.91 and 11.73 J.sg/m3 on the basis of 635 and 1300 pg/m3 50,
concentrations. A ground level fluoride cencentration of 5.91 pg/m3 for 0.4 days
(during the growing season) wouid potentially reduce the MAI of the 23 857 ha of
forest land by 1% 800 m3 Concentrations of 4.06 and 8.12 pg/m3 were computed
for a one-hour average based upon SOZ concentrations of 450 and 900 pg/m3 The
4.06 uq/m fluoride concentration for 0.7 days would possibly cause a reduction
of 88 000 m3 in the MAI for the 132 272 ha of forest land affected. The
8.12 1.|g/|n3 fluoride concentration for 1.8 days (growing season) would possibly
cause a reduction in the MAI of 22 900 m° in the 34 390 ha of land affected.

In summary, the value of the annu2) growth reductions in the probaple
case for the 386 m stack height with FGD would be $100. This value is based
solely on losses ($100) due to SO2 leveis. In the worst case, the toctal annual
loss from air emissions (366 m with FGD) would be $125,786. This value rapresents
a contribution of 5100 in Josses from Sﬂ2 emissions and $125,686 in losses from
fluoride.

The total value lost on an annual basis for the probable case using a
355 @ stack height and MCS would be $2000. The loss due to 50z would be $2000
of this total, that dye to fluoride is nil. The total far the worst cass
(366 m with MCS) would be $127,586, which is comprised of $2000 from SOZ
emissions and $125,686 from fluoride.

The total value of the annual losses due to emissions for the probable
case where a 244 n stack height with MCS would be $2800. This total is comprisad
"sotely of losses from SBZ. In the worst case, 502 emissions would result ip a
loss of $2800 and fluoride for $125,686, which totals §128,486 on an annual
basis. The 366 m stack height with FGD control strategy would be the prefesrred
case in terms of reduci ng losses to the forest resources.

Agricuitural Vegstation

Potential air quality effects on agricultural crops resulting from powerplant
operation aras disgussed in documents preparsd by ERT,6 Runeckles45 and CBRE:.""‘u
Results presented in the latter are summarized here. Sulphur dioxide (SGZ) and
nitrogen dioxide (NOZ) emissions have been identiffed as potential sources of crop
injury. The ERT report consluded that release of trace alements would not likely be
detrimental to terrestrial biota. Because of relatively high concentrations of
fluoride in Hat Creek coal, this element is not 1included in the trace element
category. The low concentrations of hydrogen fluoride predicted by the Hat Creek
Local Alr Quality Hodels would not be expected to injure vegetation, although the
long-term accumulation of fluoride in soils and woody plants would reguire
monitoring.
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Three air quality control systems were utilized in predicting oparational
amadjent afr quality., With a flue gas desulfurization system, predictad ambient
cancantrations would be insufficient to causea <Qrop damage. Potential impacts of
50,/M), emissions predicted for the metaorological control system (MCS) with 366 m
high and 244 a high stacks, are evaluated. The impact evaluation consists essentially
of {dantifying frrfgatad and prajectad irrfgatad Tands whare stack emissfons would
{injure aifalfa (which is particularly sensitive to Saz) %o a degres that agricultura]
uss of the land would change from crop (including hay and jrrigatad pasturse) producticn
to cattle grazing. <Changes from cropping activities to grazing waere predicted for
lands 1n the Hat Creek Vallay and for 1lands eisewhare whers modeied SOZ/NOZ
concantrations would cause 20 and 30 percant alfalfa injury, respectively.

366 m Stack with MCS

Areal extents of presently irrigatad and projected irrigated land of the
Uppar Hat Creek Valley subject to injurious concentrations of SOZJNOZ. are included
in Table 4.1-19. Gf the 737 na of Tand potantially subject ta injury, 243 ha of
projectad irrigated land and 152 irrigated ha would experienca folfar injury equal to
or greater than 20 pergent, assuming worst-case <onditfons, Under these conditions,
alfaifa injury would result fa sections of the Fraser Plateau and Cornwall Hills but
not at levels exceeding 20 percent.

Foliar injury levels predfctad for average casa conditions would aqual or
axceed 20 percant in 6 ha of firrigated land and in 3 ha where irrigation {is
projected, Portijons of the Pavillfon and Cormeall Hills areas would experiencs
injury levels lass than 20 perceat. The changing of land use from cropping ta grazing
in 9 ha of the upper Hat Creek Valley was factared inte deef production projected for
the with-project case (assuming MCS with a 365 m stack and average conditions). A
comparison of this amount of projected irrigated land lost with that which would be
alienated by project land reaquirements (273 ha) indicatas that air gquality impacis
wauld account for a relatively small portien of the projected irrfgated land removed
from crop (including irrigatad pasturs) production.

The reasponses of many grass species ts 502/"02 have not been raported in
the T{terature. Sased on the small ared of grazing land that would be exposad to
concantrations generally considered potentially Injurious, stack emissions would not
reduce grazing tand carvying capacity.

244 & Stack with MCS

Areas of presently Iirrigatad and projected irrigated land where 502/?«32
ground Teve! concentrations modeled Tor MCS 244 m stack conditions cause alfalfa
injury, are summarized in Tabie 4.1-19. Seven hundred and thirty-seven ha of projected
jrrigatad land gnd 491 ha of presently irrigated land weuld exparienca concsntrations
causing foliar 1{njury to aifalfa. Assuming worst-case conditions, foliar injury
would exceed 20 percant in 413 na of land where {rrigation fs projected and n 342 ha
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of presently irrigated land. With warst-case conditions, foliar injury would also
occyr in the Fraser Plateau, Pavilion arsa, Arrowstone Hills and Cornwall Hills. In
the affected portions of the latter two areas of the Local Study area, the predicted
foliar injury Yevels would exceed 20 percent.

Foliar injury to alfalfa, when predicted for average conditions, would
equal ar exceed 20 percent in 6 ha of irrigated Tand in 9 ha where irrigation is
projected. Under these conditions, foliar injury would octur in the same area of the
Local Study Area as predicted for worst-case conditions, but no $njury leveils greater
than 20 parcent would be expectad in areas other than the Upper Hat Creek Valley.

The MCS with 244 m stack would possidly injure grass species in Timited
portions of the Local Study Area grazing land. This effect would not be expected to
reduce range productivity, although the responses of important forage species such as
Agropyran spp, Hordeum jubatum and Poa spp. to air contaminants are not known.

LY

{g) Effecss on Soil

There js 1ittle or no information available for assessing the effects of air contaminants
on scils. Most sources address effects on vegetation or wildlife. In general, effects from air
emissions are presumed to be the result of absorption by the vegetation and the subsequent transmittal
to the soil by translocation to the root system, litterfall or by the washing actien of throughfall
or stemflow precipitation. In the case of particulates and acid rain, direct deposition would
pdssibly occur. Generally, direct deposition has the greatest effect on sofls and indirect deposition
(Yitterfall, stemflow, and throughfall, root decomposition) the least.

Ground Tevel concentrations of 502, NGZ and hydrocarpons would not have an adverss impact
on sofls. Uptake of sulphur by soil from litterfail would have z minor effect, which would be
beneficifal in the event that soils are deficient fn sulphur. '

An adverse impact on soils due to acid precipitation would result shouid soil pH be reduced
substantially. Soil pH reductions have Deen reported to occcur as a result of sulfate and nitrate
being removed from the atmosphere and deposited in the form of sulfuric or nitric acid. The reduction
in seil pH would lead to a reduction in calcium and a reduced activity of the soil microbes. Howsver,
the significance of these impacts is considered negligible due to the high buffering capacility of
s0ils within 25 km of the project,

Particulate deposition on scils would be of concern, because trace element composition may
cause secondary impacts on wildlife or livestock. Relatively high concentrations, in comparfson to
background levels reported in the literature, of arsenic, cadmium, chromium, fleoride and selenium
have bpeen reported in the upper 5 cm of the soil within 25 km of the project.s The passibility
exists that further additions of these trace elements would cause potentially high levels in
vegetation grown on these soils. Selenium and arsenic are of particular concern, since ingestion of
vegetation containing high levels of these elements could injure wildiife and livestock. The
significance of these impacts or even the preobability of occurrence can not be predicted, since many
factors (s61] pH, nutrient and moisture status) influence the rate of which elements are retained in
the soil as well as the rate at which these elements are stored by vegetation.
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(h) Effects on Water Resources

(1

(i)

Water Quali

Gaswous emissions from the Hat Creek project would have a potantial fgr affecting
the watsr resources of the surrounding region through the generation of acid precipitation.
This phencmenon 1s not a continugus process, but instead would proceed aepisedically.
Severe episodes would resylt fn g shart-tars fncreasa in the acidity of saall lakas and
streams. If this were to occur fin the Hat Creek area, it would Be most prevalent during
the spring and sumser seasons. Spring episodes would be caused by the releasa of pollutants
by rainstorms. The sagnftude af the impact, however, would be¢ inversaly relited to
watershed size as the geology and vegetation of a watershed modifies the chemistry of the
pracipitation and subsequently fts affect on the watar resource. Following such episodic
avents, a watar body undergoes a recevary period as watar chemistry values return to
norsa) levels. i

As thasa episodic events continue over the Tong-term, a watar resource would
axhibit a noticeable change in various constituent concantrations. The mast obvious of
thesa would be a decline In pH. This rate of acidification has baeen. studied for groups of
Takas in Sweden, MNorway, Ontarfa, Canada and New York, U.S.A.lq'z from these studies
acidification rates have been reported to range from -0.015 to =-0.1 pH units per year with
an approximats average of -0.05, Thase pH decreasas ars the result of large jndustrialized
areas emitting significantly greatar concantrations of sulphur coepounds than would be
exparienced in the Hat Creek arsa. Mechanisas to predict quantitias of acid precipitation
for a specific area from a specific poifnt source discharge are not yet available. If,
howaver, it i3 assumed that the Hat Cresk project would cause tha average acfdification
rate {=CG.05 pH units per year), a consarvatively high assumotion, 10 years of plant
operation would be required to lower the pH of the most sansitive 1“‘143 in the region
(Roille Lake located approximataly 210 ke fros the Mat Creek Vallay) to 6.0, which is
considered the critical Tevel. It should also bde noted that only two other watar bodies
in the region, Hoffat'!.ans and Crookad taks, have prasent pH values Towar than 7.0.143
Gfven this conservative time frame for impact identification, an appropriate manitoring
pregram could be instituted to determine the specific effect of Hat Cresk emissions on
the sensitive watar Bodies of the area. If acidification or other negative effects are
noted, remedial action in the form of operational or design medificatiosns could bDe
instituted before impacts become problematie.

Aquatfe Ecolegy

Ispact to all components of aquatic systems can result from the acidification of
a4 watsr rescurce dus to acid precipitation. Concarning decmposer organisms, the
decompasition of calluloss was reduced by SO parcent at pH 5.2 when ccmpared to controls
at pH 7.0.1“ The rate of decay of birch leaves was greater at pH 7 than at pH 5.2, 3.5
or 4.0. Qther laboratory studfes suggest that a Towersd pH tands ts Inhibit bactarial
action, but not fungal gr-owth.“s The net resuitl appears to de a slowed rate of decay, an
aecumulation of organic material, and lessered nutrient cycifng.lu Evidence concarning
the effects of pH on pnytoplankton is timitad, although fewar species of the class
Chlorophyceae were found at pH's 1ess than §.0 {n one Take survey. 144
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Much greater quantities of epiliths grew in an artificial stream channel at
pH 4 than in a similar channe) containing similar water, where the pH was 6.145 In
Lake aggevatn. a lake in Norway with a pH of 4.6, macrophytes were covered with heavy
growths of filamentous a1gae.14s However, the more acid tributaries of the River
Huddon in England (pH less than 5.7) have less epiphytic growth than in less acid
tributaries.146

Several authors report that Sphagnum spp. appears to replace other aquatic
macrophytas at Tow ):|H.m6 However guantitative support of this hypothesis is limited
to the measured increase of Sphagnum spp. in shaded, shallow, sheltered locations as
the pH is decreased.ln The macrophyte Lobelia spp. has been studied in the
laboratory, and was found to grow less well at pH 4 than at pH 6.145

In a ‘ltake survaey, Wright et 31_144 found that more species of zooplankton
were found in Takes with pH 6.5 to 7.0 than at higher and Tower pH's. Lievestad et
31.145 reported that the occurrence of some zooplankton species was related to pH and
that, below pH 6.5, a small but significant correlation betwean number of species and

pH was found.

Among macroinvertebrates, Cammarus lacustris is rarely found below pH G.O.M4
snails are rarely found at pH 5.2 - 5.8 and never found below pH 5.2.145 Leivestad
et a1 1% again found a low significant correlation between pH and number of species,
when the pH was below 6.5.

The effects of fncreased acidity on fish have received greater attention
than other aspects of the aquatic ecasystem. The Atlantic saimon catch in nine
Norwegian Rivers has been decreasing since 1885, and was essentially 0 by 1972. The
pH of these rivers now ranges from 4.5 to 5.5. This decline is thought by Wright et
31.144 to be due to reproductive failure of the population. They feel that pH's
5.0 - 5.5, 4.5 - 5.0 and 4.5 are the critical lower limits for successful reproduction
of Atlantic salmon, sea trout (sea run brown treut) and brown trout, respectively.
Beam'sh:m8 also concluded that the failure of fish populations to reproduce
was the wreason for their extinction from acidified lakes, He attributed this
reproduction failure to a failure of females to produce gva., He feels that lower pH
Timits for reproduction are 5.5 - 6.0+ for smallmouth bass, walleye, and burbot,
§.2 - 5.5 for fathead minnows, 4.7 - 5.2 for brown bullhead, white sucker, and rock
bass, and 4.5 « 4.7 for lake herring, yellow perch and lake chub.
Leivestad et a1.145 report sevaral examples of the effects of low pH on
fish. The Atlantic salmon catch in seven Swedish rivers with an average ph of 5.16
has decreased to zero, although the catch in other Swedish rivers (average pH = £.57)
has increased during the last 30 vears. In the acidic Mandal River, 99 percent of
Atlantic saimon eggs and fry died. In a more neutral tributary and in neutralized
Mandal River water greater than 80 percent survival was achieved. ATmest no brown
trout fry were found in a brook with a2 pH of 4.8, even though spawning conditions
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were otherwisa favorable. [n a nearby bBroek with poor spawning conditions but a
brook with pH 6.2 had a high rata of survivai. Brown trout in the Tovdal River
experienced an extansive fish kiil during the spring of 1975. No perch mertalities
wers cbserved. The kill was attributed to a sharp drop fn pH (from pH 5.0) assoctataq
with the initial period of snowmalt. In 2 Take survey, a lessar proportion of lakes
with "good" populations of brown trout had a pH leass than 6.0. Most lakas with
"sparsa population” had a pH greatar than 4.5. It {s intaresting to note, hcwaver,
that several lakes with a pH Tess than 4.3 had good trout populations. In a laboratory
stucdy, it was notad that the salmonids tastad seemed %o be sensitive to Tow pH in the
order rainbow trout, Atlantic saimon, brown trout and brook trout., Older brook trout
appedred to be Tess sensitive than youngar brock trout. Lafvestad at 11_145 alsa
notad that individuals of thae same species exhibit a diversity of sensitivity to
lowared pH, and that differing sensitivities appeared to be a hereditable trait,
. This suggests tha potantial for genetic adaptation (natural selection) to low pH.

In the previous sectfon on watar quality, it was conservatively estimated
that a significant pH depression would occur enly after 10 years of plant operatien,
Given this tine frame, an appropriats biological monitoring program could be institutad
to detarmine any impacss on the biota of the water bodies due to acidification.

‘Canting Tower System

(a) Effects of Coaling Towsr Plumes

Modelling Methodology

Fogging and icing from coalfng tower plumes and visible plume langth were asssssad
by ERT using the nunerical model “COOLTWR". A second ERT model, "DEPOT™, was used to
estimate the spatial distribution of c¢ooling tower salt drift depositicn. “COOLWTR® is a
muoerical model that calculatas the physical properties of moist plumes as a function of
downwind distance from the cooling towers. It s designed to provide simultanecus solutions
to 3 system of differentfal equations describing the conservation of pluma mass, a tota)
plume moisture, plume scmentum, and pluse specific entropy (23 thermcdynamic property). A
series of thermedynamic routines are {ncluded to simulata phass changas of plume water
along the trajectory of the cooling tower effluant., The “OEPOT" modal uses plune
trajectorfes computed by “COOLTWR* to simulata the procasses by which drift droplets
undergo transpart, dispersfon and evaporation fn the atmosphers and fall to the ground.
The features of both of these acdels are described in detail in Appendix 0 to the Alr
Quality and Climatic Effects Report. 4?

The data finput to the modals included the physical dimensions and oparating
charscteristics of the towers, the emfssion characterfistics (as outlined in the plant
description), and salectad ambient metsorolagical ganditions. The netaorclogical parametars
required ware wind speed and direction, temperature, relative humfdity, and atmaspheric
stability. One year of onsite data from mechanical weathar station No. 7 (supplemented Dy
data from the other stations) was used to provide the needed metearglogical information,
A completa description of the data base utilized {is provided as Appendix A to the Air
Quality and Climatic Effects Repn!'t.s
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A complete set of cajculations by both models was performed to estimate the
nature and frequency of atmospheric effects due to the operation of four different cooling
tower configurations {(four rectangular mechanical draft towers' four round mechanical
draft towers; four natural draft towers; and two natural draft towers). The results of
these calculations are described in Appendix D to the Air Quality and Climatic Effects
Reportng and summarized in the sections that follow. As a consequence of this alternate
cooling tower study and other studies, the two natural draft cooling tower arrangement
described in Part Two was chosan as the preferred system. The orientation of the two
towers now proposed is slightly different from that modelled; it is now proposed that the
two towers be centered on a Tine orisnted parallal to the plant axis rathar than on an
east-west Jine (see Part Twa, Project ODescription). However, this small change in
grientation is not expected to alter either the predicted magnitude or the location of the
calculated effects in any significant way.

Other potential c¢limatic effects of the cooling tower system (precipitation
enhancement, thermal and humidity alterations, etc.) were investigated aleng with the
potential climatic effects of the other project components through 3 detailed Jiterature
survey, an examination of field measurement programs, and an analysis of the existing
climate. The details of this study and the postulated climatic effects of the Hat (Creek
pProject are presented in Appendix £ to the Air Quality and Climatic Effects Report.n A
sumsary of the potential climatic effects of the coocling tower system is provided in Sub-
section vi, below,

Ground Level Fogging and Icing

Ground Tevel fogging and icing due to cooling tower plumes occur when the plume
intersects (impinges upon) the ground surface. [n the vicinity of the towers, these
effects are caused by plume downwash in high winds. High winds cause an aerodynamic wake
to form downwind of the tower structure, and ail or part of the plume is deflected into
this region. {irculations within this wake can then mix the plume to the ground adjacent
to the tower. Because of the height and shape of natural draft towers, the wake which
forms downwind under high wind conditions is different than that for mechanical draft
towers. ATthough there is some reduction in plume height from natural draft towsrs under
high wind conditions, the plume generally does not become trapped by the circulations in
the wake, and, in fact, no ground level fogging or icing is predicted in the vicinity of
the Hat Creek towers on the basis of the model :a1cu1ations.l4g Visible plumes would
possibly impinge on the peaks of some of the surrounding hills, but the resuiting fogging
and/or icing would not be expected to affect any such location for more than 5-10 hr/yr.
Icing due to drift water emissions, (liquid droplets emitted from the tower with the vapor
plume) would also be expectad to be insignificant.

Localized fogging and possibly fctng would likely be produced by the evaporation
of water from the make-up reservoir and ash pond and subsequent condensation in the air or
on nearby surfaces on cold days in the fall and spring seasons. This fogging and icing -
{which should be confined to plant property} would be more significant in the plant vicinity
than that which would result from operation of the cooling towers. However, both water
bodies would likely be frozen over during the winter season and no additional fogging and
icing wouid occur, .
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Yisible Vapor Plumes

The Tength of the visfble vapor plumes from the cooling towers have been estimatad
by the ERT mocdel on a seasonal and annual basis. The annual pattern of visible plume
frequancies s presantad in Fig. 4.1+13. As indicated, the frequency of plume lengths
greater than 5 km would be vary small, (at most, about 10-15 hr/yr) with many of these
occurrencas at night or during condftions of Jow clouds, natural fog, or precipitation,

Most of the medium to long plumes (1-5 km), would Tikely sccur in the winter
saason when the relative humidity is high. However, thers would also be a small number of
very long plunes (15-20 km} in the sumper during cases of very high relative humfdity.
These very long visible plume predictions are probably excessive, caused by certain
conservative assumptions in the model.

Salt Orift Jepositian

Drift consists of liquid droplets emftted by the cooiing tower with tha vapor
piume. While the vaper plume cansists of relatively purs water {(betause ft has baen
evaparated and then condensed), .the drift droplets have the same chemical constivents as
the cocifng watar, but with {ncreased concentratfans of dissolved salts. The fncreased
concentrations occur- because as the water recircylatas within the plant's cogling systeas,
some of it aevaporates as nearly pure water, leaving the salt behind. As this procass
continues through several cycles, the 3alt concentration increases. The drift droplets
are Inftially carried cut of the tower along with the vipor pluse, bBut Deciuse they are
relatively large in size, they begin to fall out of the plume and the watar begins to
svaporate as they fall to the ground. It is the salt and salt solids in the droplets
which fall to the ground which are referred to as the salt drift depesition.

Fig, 4.1-14 pressnts the predicted salt drift deposition for ihe prefarred
cooling tower system. The maximum annual depositfon rate of 4700 kg/lazfyr is predicted

_ %o eccur about 1 km east of the towers. 4% Annual salt arift depasition rates would fall

to fnsignificant values (Tess than 100 kg/knzlyr) at a distancs of about 7-8 km to the
edst and at closer distancas in the other direstions.

Acid Mist

Acid mist 1s formed by a sosewhat different process than acid rain {see Section
4.1.10c)(11)). Acid®rain is a problem generally associated with long-range transpert and
ocgurs as a result of the washout by natural rainfall of sulphur dioxide and sulphatas in
the stack plume. Acid mist, however, s a short-range phenomengn caused by the interaction
of the sulphyr dioxide in. the stick plume and the watser in the <ooling tower plumes.
Natural draft plumes have a3 relatively low initial vertical velocity, but by virtue of
their mass, a very large bouyancy. The stack plume has a large axit velecity, but its
boyyancy excess {s mere quickly dissipated than that of csoling tower plumes Decause of
jts smaller surface-to-volume ratfo. As a result, both plumes will tand to Tevel off at
about the same height under cartain {nfrequent metsorclegical corditions (this is more
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Effects on Terrestrial Vegetation

A.

Natural Vegetation

S5alt Deposition

Westher conditions, fon toxicity, and plant sensitivity are factors which

determine threshold aerfal salt deposition rates producing toxic concentrations.
Salt crystals impacted on leaf blades are washed off during pericds of rain.lso
However, investigations of the effects of salt water cooling tower515°'151'152
vegetation indicate that salts accumulating on Jeaf surfaces between rainfalls may be
rapidly absorbed by foliar tissues when relative humidity s sufficient to maintain
salts in the dissolved state. Plants may achieve reiatively high concentrations of
substances such as 504', and C1, which are normally less available from the soil,
through foliar absorption.
ATl soil elements may be toxic to plants in high cuncantrations.153 although
€17 has been the focus of salt water cooling tower studies because it represents a
major'component'of emitted salts, and because it has been indetified as the toxic
agent in experiments where foliar . damage resulted from applications of sea spray or
road salt.154'155 Incidences of C1° toxicity have been partially attributed to the
propensity of some plants to retain and concentrate €1 in leaf t‘lssues.lss'ls6 The
critical factor in assessing salt injury to vegetation appears to be the amount
deposited an foliage between periods af precipitation, which would wash away toxic
deposits. Research conducted by the Boyce Thompson Institute151 on 12 relatively
sensitive plant species indicates that, at 85 percent relative humidity, a depesition
rate at or below 0.01 pg C\-/cmzlmin Tor exposures of 4 to © hours produces a risk of
adverse effects on the most susceptible vegetation.

There s 1ittie information available regarding potentially finjurious
aerial deposfiion rates applicable to the other principal ions, SOJ‘and Ca**, which
would be emitited from the two natural draft cooling towers. Sulfate and Ca**.
however, are essential macronutrients required by plants in much larger quantities
than 17, a plant micronutr1ent.157 It has been demonstrated that during one growing
season, rotation crops such as corn utilized about 16.8 kg sulfur (50.4 kg 504') and
33.2 kg caleium per ha, compared to 5.6 kg/ha of €17, 298

Isopleths of predicted annual salt deposition from two natural draft coeling
towers were presented in Fig. 4.1-13. The maximum salt deposition rate would be
4700 kg/kmzlyr. The point of maximum deposition would be approximately 1.1 km due
aast from the proposed cooling tower locstion. This deposition would rate drop to
560 kg/kmzlyr approximately 3 km from the tower and would be further reduced to
approximately 100 kg/kmzlyr 7-8 km from the towers. The deposition rate proposed by
Boyce Thompson as having a potential for adverse effect5151 is 5.25 x 104 kg/kmz/yr.
This rate is an crder of magnitude higher than the maximum rate predicted. It would
take approximately 11.2 years without rainfall for this Yevel te accumulate on
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vegetation found at the paint of maximum salt deposition. The time required for this
Tevel to accumulata on vegetation in the other iwo salt deposition zones {580 and
100 kg/knzlyr) would be 393 and 525 years, respactively. This large d¢ifferanca betwean
the potantiaily injurfous rate and the projected depesition ratas from the proposad
coaling towars, the low probability that there would be ne rainfall 4o remove salt
depositions from the vegetation during tha sstimated time intarvals, the fact that
this maximum deposition rate occurs in a very saall area 1in tha vicinity of the plant
site, and that the projected deposition rate for a large percentage of the area
affected would be 112 kg/hz/yr, would suggest that thers would nrot be any adverse
effects to vegetation from cooling tower salt deposition.

It is possible, but highly unlikaly, that dus to the wide range of tolerance
of spacies to salt deposition, some sansitive specifes in the Hat Creek arsa wouid be
injured on an annual basis. This would possibly occur even beyond the 3 km area
whare lowar ratas are predicted.

A m:cbabﬂity of injury would exist within 1 km of the towers dus %o
continued deposition. Mowever, quantitative assessment af such fnjuries fs not
possible in the absanca of specific data as to the effects of Thompson River salts
applied in aeresol form.

Effacts that would be dus to increases in relative humidity and intaraction
betwaen cooling tower plume and powerplant stack are considered to be remote due to
the different releass heights. Changes in micro~¢ciimate that would be due to cooling
tower drift{ are possible, Sut highly unifkaly.

Trace Elemants

The affect of trace element deposition on vegetation would also be considered
negiibible and for the most part impercaivable. The predicted annual deposition
ratas were presentad in Table 4.1-8, These values correspond to tha {sopleths
presented in Fig. 4.1-13. 0On the basis of the low valuas predicted, no significant
sffects on vegetation would Tikely occur dus to accumulations of trace elements in
the soil from cooling tower drift,

8. Agricuitural Vegetation -

Effacts of salt depositad from the project cooling tower plumes were
evaluated by ERT,5 Runeck1es,45 and CBRC.]"]' The small amounts of salt that would Qe
depositad would nat be expected to De a significant source of trace elements, and
would be considered a2 ainimal possible cause of veg.cf.ation injury. The small
contribution of cocling tower salt to existing fluxes of salt resulting from {rrigation
vatar would not De expectad to appreciably affact soil salinisy.
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Effocts on Terrestrial Wildlife .

A. Salt Deposition

Cooling towers associated with this faciiity would use water from the
Thompson River. Some dissolved solids and salts originating from this river would be
cast into the atmosphere and deposited some varying distances from the towers.
Deposition rate data would be low enough to predict that ceoling tower emissions
would not result in measurable effects on wildlife (based on current literature).
This same conclusion would be reached regardless of the cooling tower altarnative
suggested.

B. Trace Elements

The contribution of the cooling towers to trace elament fallout in the vicinity
of the plant would likely be minimal. No significant impact on any form of wildlife would
be anticipated. A detailed discussion of the potential effects of selected trace elements
may be found under Stack Emissions (Section 4.1.1(e)}(if)).

Effects on Soils

Salt Deposition

The potential effects of drift from ceoling tower plumes on the sofl rescurces
would be increased moisture regimes and salt contents of the soil. The maximum annual
pregicted salt deposition would be 4700 kg/kmz/yr. The majority of soils within 25 km of
the plant have high alkalinity and salinity preblems and the addition of salts would
possibly cause excessive salt levels. These high salt levels would possibly lead to
secondary impacts on vegetation, livestock and wildlife. Vegetation, which cannot tolerate
high -salt Jevels would possibly be affected, which, in turn, would have an effect on
wildlife or livestock. High salt concentrations could alse alter the nutrient availability
in the sub-syrface sofls. It is highly unlikely that any of these potential affects would
occur due to the l1ow deposition rates.

Trace Elements

The projected annual sofl enrichment values from the trace elements that would
be gmitted from cocling tower ar{ft are presented in Table 4.1-8. These projected
concentrations are extremely small and would not increase background concentrations
significantly.

(b} Consumptive Water Use

Based on the Hat C(Creek Project Water Management Study performed by Integ-Ebasco, the

powerplant would regquire between 6562 and 824 L/s of makeup water flow for an average plant capacity
factor of 65 percent, dependent upon the ash transport system utilized. The largest consumptive
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watar usd would occur at the cooling tower systam due to cooling tower avaporation and drift.
Average daily cooling tower evaporation and drift is estimated at 525 L/s, representing 756 %o
- 34 percent of total plant makeup at 65 parcent capacity facter, According to the Air Quality and
Climatfc Effects chortu the local and regional effects of cocling tower evaporation on climatas
would be so afnor that noticeable secondary effacts on surface watsr hydrology would ba highly
improbable.

Material Storage and Solid Wasta Handling Svetams

(a) Ash Handling System Altarnatives

(1

Watar Quality

A,

Groundwatar

Estimates of seepage quantities for each ash handling system alternative
are summarized as follows:

Sespage to Saepage to
Gr‘ougmur Surfage Watar

Ash Handling System {m*/d) (m*/d)
Base Case Combined Ash Pond at Upper 20 20 - 100
Medicine Creek (UMC)
Alternate 1  Harry Laka - Sottom Ash Pond 20 20 - 100
UMC - Fly Ash Pond 15 20 - 8¢
Altarnats 2 Harry Lake - Dry Bottom Ash
) Disposal ’
Harry Lake = Ory Fly Ash Oisposal kL 29 - .1.20

The guantity of ash that would be producad is approximately 6000 t/d, thus
for the base case, sespage rates would be about 20 #3/1000 ¢ of ash par day. Existing
base metal mine tailings operations in British Columbiz experience seepages of 57.6
to 166 #°/1000 t/d.

Leachate gquality projections are presented fn Table 4.1-20. They have been
based on results of the total extrazctable salts tests presented in Section 3.3.1,
Part Thres. Since these tests utilized deionized watar to facilitate the extraction,
the results are conservatively high. The projected leachata concentrations also
reflect the quality which would likely ocrur during the {nitial pore volume displace~

ments of the pond and have accountad for, in an additive sanner, the quality of the

procass uaterlso which will be used %0 wet or sluice the ash. Initial pors volume
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concentrations represent a "worst case" anaiysis. As pore volume displacements
ingrease, i.e. more water passes through the pond, censtiuent concentrations would
decrease and ultimataly level off. Tha Jiterature and the rate of release tests
performed on other waste materfals indicate that 5 to 15 pore volume displacements
would be necessary before leachate quality levels off.

Seepage from the proposed ash disposal pond in UMC would be 20 m3/d and can
be compared to the existing groundwater flow of 175 m>/d from the total reach above
the ash pond embankment., A moderate dilytion potential thersfore exists for any
contaminated percolation., There are noc known groundwater users in the UMC Valley.
It would thus seem unnecessary to require lining of the proposed ash pond t¢ further
reduce seepage and percolation. It would, however, be prudent to install a cutoff
wall at the lower embankment such that contaminated seepages are intercepted before
reaching aquifers in the Hat Creek Valley. [t is also.recommended that a surface and
subsurface seepage recovery system below the retaining embankments be installed to
collect seepage and return it toc the pond. Provided this is done, the groundwaters
of the valley would not be affected by thesa ash disposal operations.

Ash disposal ta the Harry lLake region in the alternata schemes would also
generate leachates. Bottom ash which 1s quits parmeable would drain quite rapidly-
and ex{st after disposal in an unsaturated state, Fly ash having low permeability
would effectively become a saturated dump after compaction. The geological nature of
the Harry Lake area is not well defined at this stage as little testing has been
performed. Disposal design strategies similar to those required in UMC would be
necessary to prevent contamination of groundwaters.

Surface Water

The UMC ash pond should be designed to prevent leachate dischargs.

Considering this, there wouid be no direct intaraction with surface water quality.
Dusting around the edge of the ash pond would pose a potential minor impact on water
quality of Medicine Creek and Maclaren Creek.

Concerning Alternate 1, fly ash pond water quality interactions would be
the same as the base case. The bottom ash return water system would have to be
designed to handle all precipitation and snowmelt runoff from and around the disposal
area. Seepage through the water reclaim pond dam should also be collected to avoid
contamination of lower Harry Creek water qu!th. If these actions are taken, there
would effectively be no interaction with the surface waters outside the immediate
area of the ash disposal arsa.

The dry ash disposal areas (Alternate Z) would be deveioped in sections
such that as each section is completed it could be revegetated. The process would
minimize the disturbed area subject to runoff, likewise the amount of contaminated
runoff to be handled. A runoff holding pond would be included in this scheme with
reuse of tollected waters for dust control and presumably no positive discharge.
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This course of action would be appropriata if it {3 consarvatively assumed that
runcff quality would be simflar to the leachata data presantad fn Tahie 4.1-20.
Considerations should alse Be given to constructing the runaff holding pond with
imparvious matarial to minimize sespage.

Hydroiogy

Groundwatar

A i1l bTanket covers most of the bedrock fn the proposed UMC pond area.
Field tests of the hydrauifc conductivity of these badrock sediments gave values of
about 1077 a/s. The depth to groundwater table in the bottom of the valley fs about
20 a. B8y assumfng the conditions shown in Fig. 4.1-15, the estimate of seepage %o
the groundwatar underneath the western dam embankment is 20 aald. Dapending on the
type of embankment construction, the saspage through this structurs wouid be between
20 and 100 aald. All wastward flowing seepage 17 not intercapted would ultimately
entsr Hat Creak. Little data {s available on the gealogy at the eastarn sida of the
pond. However, the sespage to the groundwatser baneath the pond flowing esastwards
through the topographic divide is astimated at 10 naid and would enter Cormwall Creek
Valley. The results of all sespage would Be a minor rise in the groundwater table.

In the wat ash dispasal scheme at the Harry Lake site (Alternmata 1), a
considerable amount of seepage could flow both out of the toe aof the ash spoil slopa
and under the dump ftself (sea Fig. 4.1-15). Most of the graundwater seepage would
reappear in the channel of Harry Creek and would be collected in the catch basin.
However, the estimated recharge added to the local deep groundwater flow System would
ba about 20 usld. This groundwater flow system would discharge into tha glacfe~
fluvial aguifer in the buried bedrock valley which has an estimatad flow of Q00 usld.
In adgition, during the drier months, much of the flow in Harry Cresk appears to seep
down to this aguifer. The saximus annual above ground seepage (i.e., in the ash or
retaining emabrkment) would be between 20 and 100 n3/d. This seepage, plus seepage
lossas from Harry Creek would indirectly rscharge the buried channe) aquifer i{n the
Hat Creek Vallay. The net result of all seepage would be a very minor beneficial
{spact in that recharge to the aquifer would be increased. The disposal of fly ash
in the UMC Valley would have siaflar {mpacts to the base scheme, but with a lowar
:ugn;mdn. Annual peak seepage flows through the embankment would be betwesn 20 and
80 a7/d.

Far Alternate 2, the total saepage lossas ta the groundwatar table from the
bottom ash storage area, dewataring pond and fly ash storage area combined are
estimated to be 35 uald- (ses Fig. 4.1-17). Depending on the depth of the groundwatar
table and the thickness and hydraulic conductivity of the undarlying ti11, some
groundwatar seepaga couid surface in Harry Creek. Above ground seepage would range
between 20 and 120 a°/d. If dewataring bdins are utilized fnstead of a dewatering
pond, precipitation and scme resfdual mofsture retafned in the ash would seep down
through the ash pilas and eventually saturate the surticial sediments and bedreck
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betow {see Fig. 4.1-18). The total seepage losses %o the groundwater table in this
case would alsc be about 35 m3/d. The above ground seepages surfacing at the toe of
the bhottom ash pile would be betwsen 20 and 120 ms/d. 4&s with Alternate Scheme 1,
the seepage from these ash storage areas would indirectly recharge the buried channel
aguifer, both as seepage from beneath the storage piles and as seepage losses resulting
from ingreased flows fn Harry Creek, The net result would again, be a minor beneficial
one in that recharge is slightly increased.

B. Surface Water

A1l ash disposal schemes would involve the isolation of considerable areas
from the Medicine Creek drainage area. The Medicine Creek ash disposal area (408 ha),
the makeup water reservoir (62 ha) and the plant area (100 ha) would reduce the total
drainage area of Medicine Creek by somewhat over 10 percent. Compared to the major
impact on Medicine Creek discussed earlier (diversion inte ditches and destruction of
the natural channel) this small change in runoff would be insignificant. The dry ash
disposal schemes, however, would avoid the infilling of the UMC Valley and the
associated destruction of 5 km of natural Medicine Creek channel and are, therefore,
preferable. In veiw of the fact that Lower Medicine Creek would have to be diverted .
around the large mine spoil dump, this is not a major benefit.

whether Medicine Creek runoff would be diverted to Maclaren Creek appears
to be uncertain at this time. A diversion of Timited flow from Medicine Creek to
Maclaren Creek is presently operating and could bz enlarged to handie all possible
flows. MaclLaren Creek's channel morphology would need to be examined to determine
whether or not it could accept such flows without adverse impact such as erosion and
gullying.

Water Use

There are no operational phase activities at the plant site which would have an
impact on existing groundwater use. Surface water use would be affected if a portion of
Medicine Creek's flow is diverted around the UMC ash pond to MacLaran Creek. This would
decrease the amount of water flowing to Hat Creek and thus have & minor impact on use of
irrigation water in Hat Creek Valley. It couid, however, be beneficial to users in the
Cornwall {reek drainage area,

Medicine Creek watar may also be considered for use as powerplant makeup.
Datails of this alternative have not been deveioped at this time and thersfora, the
potential effacts cannct be fully quantified. 1In such a case, users, in both the Hat
Creek Valley and the Thompson River area would be affected. The total water to be collected
and used during the frrigation season would probably displace current licensed water use,
In addition, up to 216 x 1043113 of freshet water normally diverted and stored in MclLean
Lake ¢could also be affected.
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(h) Ash Stuice Water Treatment Siudge Disoosal System

Several of the alternatives for ash disposal wouid require treatment of the recycled ash
pond supernatant to avoid scaling of the sluicing system pipelines. This treatment would gensrats a
calcium carbonate, sagnesiux hydroxide and calcium sulphates type sludge which would be disposed of
fn a sludge storage pond. The size af the disposal are& that would de required over the lifle span
of the powerplant is estimatsd at 2-4 ha and would contain 6 000 000 t of dewatered sludge. Leachate
data are not available for this material. However, sespage Tossas would be Taw dus to the prasence
of ti11 at or near the ground surfacs. With adequata pond preparation using relatively impermeabls
tills and with a location suitably above local grouncwater, the operation would Tikely not impact
groundwater quality or groundwater flows. The nature of the sludge, being highly alkaline, wouid
aTso pravent dissolution of Dost metal constituents in the sludge.

It would also be necessary to aensures {isolation of this area from interaction with
uncontaminatad surface runoff by means of diking and divarsion ditches. Provided runef? from the
duap 1is contained for reuse and/or avaporated, thers wouid De no contamination of surface water
systams.

(e} Flus Gas Desulphurization STudge 0isposal .

The alternative of a Meteorological Control System for controliing chimney emissions is a
partial Flua Gas Desulphurization (FGD) systea. 'The guantity of siudgae that would he expectad from
this procass is about 7.1 x 105 t over the plant life, requiring an arsa of approximataly 80 ha.
All process wastewaters would be recycled, thus #liminating any positive d)zscnargc. A specific
disposal site has not been identified at this time, If FGD 1s chosen, the site selection phasa
should examine specific fmpacts on groundwatar and surface watars. Leachatas from this matarial can
contain extremely elevated lavels of caleium, sulphates, chlorides, total dissolved solids and
possibly matals, The quantity of leachates, howaver, would be very dependent an the pthnqabﬂity of 7
the sludge, which can vary considerably, and the pond 1ining materfal. If leachate can be adequataly
contained, impacts should be minimal.

(d) Coal Pile Storage Runaff

Runoff and leachata from the potential plant site coal pilte would be gollected, routed %o
a holding basin and subsequently reused in the ish handling system. The qualfty af this water would
be peor, but since thers would be no positive discharge, there would be no intaraction with
uncontaminatsd ground and/or surfaca waters in the plant site area,
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(a) Labour Farce, Population and Income

(i

Labour Force and Emplovment

A.

Direct Project Employment

The proposed plant would require about 250 employees through the operation
phase. Staff requirements as each 500 MW unit comes on 1line are presented in
Tabte 4.1-21. The plant would entail 3 three=shift operation, seven days a week.

Regional Labour Force Participation in Direct Employment

5ki11 shortages would be a major Timjtation in the absence of extensive job
switching. Also, some quaiified regional residents might not obtain employment
because of the hiring requirements dictated by the several cpllective union agreements
to which B.(. Hydro is a party. Job securfty and locational advantages over other
regional mining jobs, wages, fringe benefits and the upiqueness of the Project would
draw regjonal residents for potential employment at the plant. Given the above
considerations, Table 3.4+4 provides an estimate of direct local and regional
participation for operation of the Hat Creek Project.

Through discussions with B.C. Hydro officials, it was concluded that a few
clerical, general tradesmen, and operating and maintenance helpers would be the most
11kaly positions for which local qualifications would be suitable and for which unien
constraints would be least significant. Thess positions would account for a potential
80 out of the 247 jobs in the plant. In estimating regional participation, 75 percent
of the 80 potential jobs would likely be filled by regional residents. Local residaents
would be expected to fill about half of the regional total.

Indirect and Induced Employment

The operating phase of the Ap!ant wéuld not likely contribute to direct
regional purchases. General hardware items might be purchased regionaily if prices
are competitive with Lower Mainland supplies.

Within the local study area, induced empioyment increments for the operating
phase are assumed to occur in the settlement community of the operating workforce.
Table 3.4-5 provides estimates of the indirect and induced employment likely to occur
in the region.

Regionat Participation in Indirect and Induced Employmernt

The reader is referred to section 3.4.1 for relevant discussion.
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Labour Suppiv for Other Regional Industries

The reader is refarred tg Section 3.4.1 for relevant dfscussion.

Fooulation

A,

Popuiation Growth

The general discussion aon popylation growth in Section 3.4.1 is perintent
o this ssction concerned with plant operation.

Jperating employses, as well as indirect and induced employess, would be
txpectad to reside in the communities and syrrounding rural aresas., Direct operating
erployees, in-migrating to the Zommunities and ryral areas would be expected to bhe
about 35S parcent single and 75 percant married with the Tatter averaging
2.8 dependents., Indirsct and induced smployees would be expectad %o have similar
marital and demographic charactaristics to the direct operating saployess.

Settlement Patterns of Incremental Population in the Local Studv Arsa

The reader is referred to Section 3.4.1 for relevant discussion.

Sacio-ctltyral Charscteristics of the Incremental Papulatien

The following dfsgussfon highifghts the anticipatad changes in the
composition of the populatfon. associated with various communities. The reader is
referred to the Socio-economic Reportm for dtt.g'lls. Table 4.1-22 provides a summary
of major populatien charactaristics by community “With" and "Without" the project.

The popuiation of 40-50 ranchars in the Valley would be reduced substantially
although it is anticipated that thers would be Jittle change in the characterfstics
of the existing, long time residents of the ranching comaunity. The Incoming
poputation associated with the Hat Creek Projest would be relatively young with
nearly one=hal?f in the prime employment years, age 20 to & years, Of the remaining
poepulation, an equal number will be children or young aduits with only a small
proportion of the population ovar 45 ysars of age. This reflacts a younger age
distributfon than that associated with existing mining warkforces in the Highland
Valley. About thres-quartars of the incda'ing population over the age of 15 would be
married and thus similar to the amarital status of the Lornex and Bethiehem workforce.
8ased on the thres surrogate communities an average family size of 3.8 persons with
1.8 children and an average housahold size of 3.4 parsons would be anticipated for
the incoaing populition. The anticipated family size would be lass than that in soae
af the study srea communitias ang would have implfcatfons for the delivery of services
which was discussad in Section 3.5.4.
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With respect to education levels, over a third of those 15 years of age and
over and not attending school would probably have acheived grade 11, 12 or 13 level in
the school system. Less than 10 percent would have completed somz university
training. About one-third of the fncoming population would have a grade & education
or less, while a s1ightly smailer proportion would have a grade 9 or 10 education.

1ncome

Direct Net Income

The total wage expenditures for the operating phase of the project would be
around %720 millien, {n 1976 dollars. Table 4.1-23 contains the estimated direct
increases in net regional and local income. The study region would Tikely receive a
direct incoms gain of $533 million during the 35 year life of the project. The Tocal
study area would receive, paradoxically, greater direct net regional income benefits
than the region of which it is a part; $586 million for the local study area versus
$683 million for the region. The paradox is explained by the prbcess of deducting
Unemployment Insurance Commission income losses from unemployed residents that would
work on the project.

Indirect and Induced Income

Indirect and induced income increases in the region and locail area are shown
in Table 4.1-24. Indirect income gains would likely be realized in the Kamiocops area.
Also, most of the induced regional income over that generated in the local study area
would accrue to Kamloops.

Total Net Income Gains - Construction and Operation

The Hat Creek Project would significantly stimulate the expansion of income
threughout the study region and the local area. The project would contribute about
$1,426 million to the region and $1,071 milifon to the local! study area, in 1976
dellars.

Regional and Local Income Distribution Implications

The western part of the region, centred 2t Ashcroft and Cache Creek would
expand its relative contribution to overall regional income Jevels and growth,
Ashcroft and Cache Creek would be expected to obtain the largest share of total
income benefits within the local area. Construction related activities would result
in an increase in thes income of the region's construction workforce both unfen and
non=union, as waell as benefit owners of commercial ventures. Local landowners would
benefit from capital gains, expected ts be moderate, realized on the sale of their
land. —
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Although women would nat share proporticnately more of the income banefits
of the project than in regionai fincome growth without the project, any reduction in
the seasonality of employment positions traditicnaliy hald by women would be of
benafit to thea.

It can be expectad that the distribution of personal income would shift
upwards fn the local area. Also, the ranga of personal ingome would probably spread
rather than narrow as a result of the Hat Cresk Project.

E. Effects of the Project gn Local Prices

Although price fncreases would affect rural and municipal land, the increases
would probably be modarata, The greatest land price increasas might occur in Takeshare
properties, such as at Pavilion and Loon Lakes, in short supply around the vicinity
of the project. Price prassures are likaly to take place in temporary accommedations
and restayrants., However, the genaral lavel of consumer prices in the area are not
expacted to be significantly affectad by the project.

(b) Recrsation

Physical Effects

Once the plant, aine and offsite facilities are completad and Tyully operational,
project fmpacts affecting recreational activites wauld be of three separzted kinds; gradual
fi1ling of the ash and mine waste disposal area; potential impacts to the surrocunding
vegetation caused by reduction fn air quality; and dust, stack emissions and cooling towar'
plumes affecting scanic values bayond the physical presance of the profect itself.

Gradual f{11ing of ash disposal areas would predominantly affect backroad travel
as most game of fintarest to hunters would Tikely be dispersed dua to the presence of
machines and human activity. It {s assumed that backroad travel could continue 1in the
unf{lled portions of project disposal aremas. Mo further fishing ifmpacts area would be
assumad to occur in the operatisnal phase beyond those preempted by construction. It {3
possible that fishing could improve during the operational phase but its axtent remains
unknown because of potential adverse impacts (such as acid rain) that csuld conceivably
affect the watsr dquality of valley lakes. Other activities which would include nature
study, plant callecting and walking are asswsed ta affect 100 activity days amaually
through preemption of Tand during the operatian phasa.

Project facility emissions would affect natural scanic values adversely, howevar,
the physical presence of the project {s expectad to attract sightseers, Thus the net
{mpact of the project on sightseeing would be to increase activity levels (as will be
described Jatar).

The impact of stack gas emissfons on recreation 1s difffcult to demonstrate or
quantify. Indications are that thearwe would be a Tow, but not {mpossibie, chance for

4 ~ 68 Part Feur

""-.:7"



4.1

(i)

POWERPLANT - {Cont'd)

vegetation to be affected by stack emissions. If such chance occurrences were to take
place in summer, vegetation such as Englemann Spruce could be affected at nigh points
including Cornwall lookout. The extent to which this would offset visitation is unknown
but is considered to be small as the occurrences {if any) are expected to be infrequent.
Operational practices would be intended to aveid occurrences of this kind. Effects on
humans would be negligible or nil as the pollutant concentrations expected - should 2
chance occurrence take place -~ would be below detectable levels. It is assumed therefore
that stack emissions would not directly affect visitation or other activities in the upper
reaches of the hills and mountains surrounding the valley. Annual estimates of activity
day impacts associated with project operation in Area A (refer to Fig. 2.5-1, Part Thres)
are shown in Table 4,1-25,

Induced Recreational Activity Impacts

The recreational impacts caused by project activities described in the proceding
section would probably create shifts in the location of activities rather than decreases
in the amount of activity. All activities that would be affected by the project are
dispersed, thus locations at which the activity takas place can be shifted by participants.
There are many areas where backroad travel, angling, hunting and sightseeing can take
place that are relatively close to the project site. In the preceding sections recreational
assets available in Areas B, C and D (i1lustrated in Fig. 2.5-1, Part Three) were described,
all of which are capable of absorbing the loss of recreational resources within Area A,

The most fmportant recreational impact of the project would not be the toss of
recreational resources within Area A, but the introduction of new population in the Hat
Creek Valley and adjoining towns. This population growth would be expected to create
significant increases in recreational activity levels throughout all areas near the project
site and envirens.

Increases in population created by the project are of two kinds: those associated
with the construction work force and those who would operate the facility. Both of these
would tend to overlap to some degree as the project would be built fn stages, with
generating units going 1into operation while others are still being buflt. Recreation
activity Tevels associated with increases in population would be incremental to those
already forecast for the “without the project" case and reflect & 5 percent annual increase
in participation rates overall. It is assumed, however, that participation rates between
the construction and operational work force would be different. It is gquite possible that
recreation levels for camp construction workers would be highar than those for residents
of nearby communities becasue the labor force is physically located within the valley. It
is expected that construction workers would use the valley for recreation after hours and
on weskends except those who may travel home on days off. A further assumption is that
the resident farming population of 35 persons would bs reduced as their lands are preemptad
by B.C. Hydro for use in the project. Where agriculture continues it is quite possibie
that the recreational pressure induced by a large residsnt work force could conflict with

_agricu]turaI and grazing areas as off-duty workers seek the fish and game available,
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In a survey of Bethlehem~Lornex miners residing in Ashcroft, it was found that
there are no major significant diffarencas in recreation pattarns for miners in comparison
ta the antire populatfon, It is assumed, therefors, that ths Hat Creek work force resident
in Ashcraft, Cache Cresak, Clinton and ryral arsas would not differ in participation from
the existing and forecast papulation. Tha work force resident in the Hat Creek Valley
camps are assumed to have higher participation levels however, largely due to the life
style available to a largaly male group semi-isclated from nearby communities. While it
is possible to estimate Tocal werk force participation ratas and recreation days for
various activities, the consequencas to local resourcas (including fish and game, for
exiapie) are unknown, Hopeful anglers may fish Hat Creek and surrocunding lakes aven 17
the prospects of a catch are remots, or perhpas more likealy, as catgh ratas diminish
sportsmen wouid range farther affeld or turn to other pursuits. [n shear numbers, the
potantial for extrepe pressure on wildlife in the vallay and environs would likely be
high. Should natural resources bacome endangered as a result, restrictions zay be In
order.

A. Tota) lncrsmental Recreation Activity Days

Table 4,1-25 portrays the type of phenomana expectad with the introductieon
of a sajor findustrial {nstallation in a seaf-remote area, Population, and as a
consequencs forecastad recreation activity, show strong increases during the earty
years, peaking when construction is at a platsau and operations are beginning. As
the constructfon work force deciines and the permanent staff takes up residence,
recreation activity totals decline and then stabiize.

The farecast in Table 4.1-26 reflects a number of forces at work; first is
the absoiuta fncrease in population directly atiributable to the project as foreciast
in the Socio~econcmic Studym {this population is incremental to the normal growth
expectad ia the study ared without the project shown fa Table 4.1-27); second,
differences in participation rates assumed in scme activities for construction campsits
workers; and third, an assuped growth of 5 percant in recrsation activity participation
rates ovarall.

A comparison of activity days forscast for area residents and for project
workars {s provided 1n Table 4.1-28, These data indjcats that in 1984 and 1986,
project induced recreation activity levels would exceed those forecast for local
population withoyt tha project. Total activity days “with the project” wauld be the
sum of Both as it is assumed that local pogulation recreation increzses would occur
whether the project procaeds or not.

8. DOistrfbution of Incresmentsal Recreation Activity Davs

The locations where Turther recreational activity will take placa are
difficult to ascertain. A forscast of distribution of sctivities for recreaticnal
growth "without the project” was presented in the prededing section and it could be
assumed that the future distribution of activities for the "with the project” case
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would be smilar. There are three problems associated with this assumption. First,
is thea introduction of a large resident work force within the vailey, coupled with
major physical disturbances in the lower reaches; second, is the question of the
capability of the valley's lands and water to absorb the increases forecast; and
third, is possible changes in the locations of recreation activity by non-local
recreationists who may choose to partake in activities elsewhere as a result of the
project.

It was indfcated earlier that the inroducticn of the large construction
work force into the valley would induce great pressure on the avajlaple natural
resources. Canadian Land Inventory (CLI) data indicate that while the valley is not
highly rated for recreational capability, it does possess attributes suitable for low
density recreation such as sightseeing, hunting, and backread travel - for which the
area is already used. Wwhat is lacking, however, are measures of carrying capacity
and management programs to ensure that recreation carrying capability levels are not
exceeded. With the exception of fish stocking in Tocal lakes, the predominant thrust
ef provincial management policies in the valley s toward agriculture (including
irrigated agriculture) grazing and forestry. Recreation is not a dominant theme in
the valley as it {is at Marble Canyon Park and Pavilion Lake to the northwest along
Highway 12.

Lacking distinctive and explicit recreational policies for the valley, two
scenarios have been prepared outlining what could occur under differing management
assumptions, For both scenarios it should de borne in mind that substitution is an
important factor related to all activities presently occurring in the Hat Creek
Valley. There are a large number of areas nearby (many, such as Take fishing sites,
operating at below capacity) to which recreationists cam turn if the recreation
experience 1in the Hat (resk Valley proves unsatisfactory. This substitution
oppertunity could pessibly affect non-local recreationists (who have traveled some
distance from home and thus have more flexibility in destination than local day-use
recreationists who are comprised predominantly of the project camp construction
workers and resident of nearby communities.

Scenario One - Preadominantly Unrestricted Activity

Assuming no restrictions on angling or hunting would be imposed other than
those existing at present it is quite conceivable that local fishing in Hat Creek and
adjacent valley lakes could be eliminated for all practical purposes. Pavilion Lake
would be an exception and assuming public access is not improved, pressure would
increase through greater use of the private boat launching ramp. Pavilion Lake does
have the capacity to accept greater fishing pressure and is genergusly stocked on an
annual basis. It is doubtful however that Pavilion Lake would be capable of accepting
a major increase without affecting the resource. The Thompson River and major fishing
resources available in Area D would most likely absorb much of the increased pressure
brought about by project workers = as they do for local community residents now.
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Assuming no basic change in hunting regulations ft {s conceivabis that the
rasident camp force would exert extrems pressure on existing game resoyrcas, perhaps
to the point of parmanent depletion. Forscast total project work forca hunter days
would exceed prasent huntar days in the vallay in the early 1980's. If the majority
of this activity takes placs in the valley, and assuming no changs in presant and
projectad valley hunting activity, hunting lavels cauld double. The extent to which
wild1ifa populaticn in the vallay could tolerats this potential to increase in pressure
i3 unknown as data on sustainable yields by species are lacking.

Backroad travel in the valley would likely increasa to very high levels
particularly as somea farming would be discontfnued with graz1‘ng and pastyrs lands
turned over to project related activities, The extant to which air emissions would
affect domestic grazing and wildiife forage is unknown. Impacts are anticipatad to
be Jow, but chanca occurrences would be possible. In essence it is conceivable that
atl-terrain or four-wheel drive vehicles could penetrate most areas of the valley
except actively farmed areas within the upper Hat Cresk area. Similar {mpacts could
occyr in wintsr with probably active yse of snowmcbiles (some snowmobile enthusiasts
have been known to drive game to the point of exhaustion, thus affecting wildiffe).

A1) Yother® activities would alsc grow, likely resulting in savere congestion
at Marble Canyon Park with the possible spread of picnicking and other activities to

undesignated areas throughout the valley and alor;g roadsides.

Scanario Two - Restricted Activity

A more stringent - and perhpas likaly - approach, depending on the experience
gainad as construction begins and work force numbers grow, would be o limit recreation

‘activities that are found %o exert heavy pressure on resources, Fishing activity

could be banned or catches l{mited at local lakes; the length of open season could Be
Timitad by the Fish and W{ld1i{fe BSranch for hunting of threataned game species;
valley areas could Be posted to restrict off-road vehicles where agricultural confiicis
occur, game 15 harassed or vegetative and soil damage occur (this may e particularly
faportant {n arid areas). Coincidental with the impasition of restricticns would be
the introduction of substitute Indoor organized activities for construction camp
warkers, perhaps under the dirsction of a recreation superviser. Indoar and cutdoor
sparts and game, fnrcluding non-destructive getivities such as cross-country skiing,
target shooting, fice skating, auto racing and other similar pursuits could divert
pressure from local natural resourcs based recreation activities. Providing facilities
and equipment for thess activities would enhancs participation. Local community
parks could be established offering opportunities for baseball, football, hockey and
similar activitias to help relieve outdoor recreation demands caused by pepulation
increases in local cuciunit'lu. An additional step would be to direct comstryction
camp outdoor recrsationfsts %ts sitas and fTacilities in Area D capabie of accepting
increased prassure. '
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C. Project Qperation Impacts 1986 - 2020

Once the Hat Creek Project is completed and in operation no further increase
in recreational activity demands would be caused by the project itself as the permanent
resident work force would be expetted to be constant in number. Growth in population
in local nearby communities would likely continue, but the forces causing growth
would not be due to the project as the most significant effects of the project-
related population on total local popuiation would already have been felt,

As a result, increases in project fnduced recreation activity levels would
grow in concert with Tocal activity at a projected rate of 5 percent annually.
Growth in total activity beyond the assumed annual increaée in participation rate
would occur through fncreases in local population unrelated to the project.

Project Site Visitation

Assuming B8.C. Hydro would follow a visitor program, visits to the site by tourists
and others could be substantial. The Hat Creesk Project would be close to main travel
arteries and fits unique size and type of activity could attract numbers of visiters,
particularly as it would be situated near Highway 12 leading from Carquille through Marble
Canyon to Pavilion Lake and Lillocet. Access would also be available on the new access
road from Highway 1 near Ashcroft to the project site. It is assumed that visits to the
site would vary between 1000 and 2000 persons per year.

Non-1ocal Recreational Growth

Data are lacking which can be used to forecast rscreational growth in Areas C
and D caused by non-Tocal residents. As stated earlier, {ndirect evidence points to non-
local recreationists, particulariy B.C. residents from the Lower Mainland, as being a
dominant factor in overall recrsation patterns. The extent to which growth in British
Cotumbia as a whole would affect recreation patterns in Areas C and D is unknown.

(c) Aesthetics

When the plant is completed, it would consist of a number of diverse elements, many of

which would have a large impact on the visual aspects of the environment. The plant stack is dealt
with as a separate item because its impact wouid be greatest due to the tonsiderable heights which

are proposed. Other major elements of thae plant are:

Switchyard, electric towers, and cables required to tie into the 500 kv corridor,

Generating facility itself, consisting of the turbine hall, the boiler plant, and the
precipitators.

Buildings for administration, service and warehousing.
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4,

5.

FaciTities for ash watar and 1y ash.

_Fuel il and water tanks.

Coal storage area and conveyor systea,

Ash slurry pipes.

Coaling towers.

Approach froam the accass road.

Principal measurements of the plant structure are 280 m long, 92 @ wide, and 94 m high,

and for @ach of two hyperbelic coeling towers, aboyt 100 @ in diameter znd 138 a in height. The
major extarior building materfals would ba concrste, matal ¢ladding, stee) and glass.

The visual Impacts associated with the massings of the major plant elements wauld be upen

Marble Canyen, upper Hat Creek Valley, Medicine Creex Valley, Highway Na. 12, Cornwall Lookout, and
. Trachyta Hills. The extent of impact on thesa and other areas ire more fully described in the
Aesthetics Report.lsz ’

(N

The Stack

The stack would he a vary dominant visual element in the region of the plant.
It would be sither 244 or 366 m high - depending upon air quality detarminations - and
would have 2 top diameter of about 22 a. Minfmal plume effect would be expected in the
summer, byt there would be a visible pluse in winter months.

Visually {mpacted areds from this siack would be: Marble Canyon, upper Hat
Creek Valley, Medicine Creek Valley, Cattla Valiey, Highway No. 12, Highway No. 1, Cornwall
Lookout and Trachyte Hills. Tha reader should consult the Aesthetics Reportlsz for
details. )

Fig. 1.0-1, Part Two presanted thea arrangement of the sajor project slemants.
Fig. 4.1-19 1s a graphic representation of these elements and their relationships to the
visual units previocusly enumeratad. Fig. 4.1-20 is the site plan of the powerplant {sland.
Fig. 4.1-21 is a parspective sketch of the powerplant island.

These four figures should be sxamined for gvarall orfentation purposes prior to
perusal aof Figs. 4.1-22, 4.1-23 and 4.1-24. These latter figures demonstrate fmpacts to
views Trom seiectad locations by seans of before and aftar sketches.

(¢) OQther Socig-ecanemic Considerations

During the operaticn phase of the powerplant, impacts on land use, housing, services,

community and regional infrastructure, local and regicnal government, social environment, and
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Native Indians would occur. The impacts of plant operation for each of the socio-economic
censiderations igdentified above were discussed with construction related impacts. The reader is
therefore referred to the appropriate socio-economic considerations in Sections 3.4.2 through 3.4.8.

Noise

The Hat Creek Project would comprise many separate facilities but in no one year would all
these facilities produce their maximum levels. The noise analysis of the plant and mine impact is based
on the maximum noise impact generated by these facilities which would occur during Mine Stage 6 in the

years 2013 - 2018.

{a) Plant Operation Noise Model

The plant would be capable of operating in either the "base load" or "two-shift mode”.
Base load would involve full time operation while two=shift operation would invoive 6 to 9 hour
interruptions as well as weekend shutdowns. Since ft has not yet been established in which mode the
plant would operate, it was conservatively assumed that the plant would operate on "base locad". '

Plant operation noise can be characterized by continuous noise from combustion, power
generation and air handling processes punctuated by intermittent noises from steam vents and circuit
breakers. The contributions of both the continuous and intermittent noise sources have been accounted
for in calculating the total yearly average day/night noise levels (YONL's) for plant operation.

Six plant continuous noise sources potentially strong enough to infiuence the overall YDNL
beyond the plant boundaries would ba:

Boiter House and Turbine Building
Eight (8) Forced Draft Fans

Eight (8) Primary Air Fans

Eight (8) Induced Draft Fans

Twelve (12) Transformers

Two (2) Natural Draft Cooling Towers

Two plant intermittent noise sources able to contribute to the overall YDNL would be:

Eight (8) Electromatic Relief Vajves
Fourtesn (I4) Air-Blast Circuit Breakers

{(b) Mine Operation Noise Model

During its preduction 1ife, the coal mine (open pit, coal preparation facilities and waste
dumps) would produce a2 relatively constant noise output punctuated by periodic impulsive noise from
blasting. All pit operations are considered to take place below the original level of the valley
floor so that some degree of shielding would be provided by the pit walls. The removal of
superficials (overburden) wouid be largely carried out by scrapers which would stay at or near the
surface of the pit, and consequentiy pit wall attenuation would be negligible.
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The major noise sources of the csal preparation facilities would be the coal stacker-
rectaimer and the associated conveyors, mobile cleanup equipment ang the primary and sacondary
crushars.

Compared to the Tevels of activity involved with pit excavation and superficfals removal,
the wasta dump activities would producs auch lower noise Tevals.

Blasting activities would be a regular part of the mining oparation, and therefors blasting
has been Tncorporatad in the calculations of YUNL generatad by the mine.

Plant and Mine Environs

Total yeariy average noisa Tevels (YONL's) around the plant and nine would be mainiy
comprised of contributions frem mine mabile equipment, coal preparation facilities, contributions
from pit blasting and pewerplant faci{litiss. The nofse levals to be generatad by the above major
scurces ware estipated and projectad to the varfous receptors as described in Chapter 3.0, Part
Four. The resulting impact at each significant recaptor location is described balow.

Q)] Bonaparte Indian Reserve 1

The areas of Ruserve 1 in which the <ombined future ambient and cperation noisa
levels during Mine Staga 6 would exceed YDNL 55 and therefore would be incompatible with
restdantial land use are shown hachured in Fig, 4.1-25. The broad strip of land slong the
southern end of the resarve would be {mpacted By c¢oal preparation and mine noise, and it
is presently occupled by cne cdwaliling with four to six residents. The strip of incompatibie
Tand along Highway 12 is {mpacted primarily by the non-project traffic during Mine Stage 6,
as shown in Figs. 4.1-26 and 4.1-27. By applying the sensitivity correction of Table 3.5-4
{Chaptar 3.0) toc the sound levels, producad by the aoine and plant operation
(Fig. 4.1-26), 1t 1s seen that the normalized project YONL's would rangs frea 50 %o
72 dB(A), at the northeast and squthwest corner of the Reserve, respectively. Fig. 3.5-2
(Chaptar 3.0) indicates then that the expectad community reaction is from “ne reaction® to
“threats of legal actfon®. Sincs YONL 65 will not be exceeded anywhere on Raserve 1
during Mine Stage 5, cattle grazing would be compatibie everywhere.

{(in Scnaparta Indian Resarve 2

The only project noise that would reach Reserve 2 would be the traffic aoise
from project-relatad vehicles using Highway 12. The increass in Highway 12 traffic noise
dua to project-associated traffic would be less during Mine Stage § than Tt would be
during the first year of project construction because of the predicted 5 d8(A) fncrease in
non=project traffic ncise fn the {intarim. This increasa {n non-project traffic noisa
would possihly cause resfdents on Reserve 2, who are within 4S5 a of Highway 12, ta
axparience a noise level exceeding YONL 38 dB(A).
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(iid) Hat Creek Valley Ranches

At the time of this writing, there were seven occupied ranches in the Hat Creek
Valley that would be within the range of audibility of the mine and plant. The Ed Lenman
Ranch would be vacated before Mine Stage § occurred because of its ¢lose proximity to the
rim of the pit. The remaining six houses are listed in Table 4.3-29 and their locations
are shown in Fig. 3.5-6 (see Chapter 3.0). Table 4.1-29 shows the existing ambient YONL,
the project YONL, the combined total YDNL and the normalized YDNL at each ranch location.
This table shows the expected resident reaction to the project nofse, which ranges bestween
"no reaction” at the G. Parke Ranch to "vigorous action” at the W Saulte and Ike Lehman
Ranches. The project noise would render the Souite and Lehman Ranches incompatible with
residential land uses since the expected YONL of 63 dB(A) exceeds the recommended YONL of
55 dB(A).

It is estimated that the grazing land alienated by noise (impacted by an YOML
greater than 65 dB(A)) would extend for about 600 m beyond the rim of the pit during Mine
Stage 6, as shown in Fig. 4.1-26. This land would comprise an area of about 6.5 kmz if it
is considered that without mining noise, grazing could be carried out up to the rim of the
pit. However, becauss range fencing would be erected within-100 m of the pit rim, the
area alienated from grazing by noise alone would be substantially Jess.

(iv) Trachyte Hills

Based on the assumption that relatively noisy forced draft and primary air fans
would be installed in the plant, the area incompatible with grazing (YONL exceeds 65 dB(A))
would be about 4.0 knz which includes about 0.65 kmz of the makeup water reservoir site,
as shown in Fig. 4.1-28. However, the potentially impacted area is judged by Canadian Bio
Resources Consu\tantslu 1o provide spring range only, and of it, 10 percent has high
grazing potential whereas 90 percent has low potential. ’

MINE

Meteorslogy = Air Quality

(a) Introduction

Air quality effects of particulate emissions resylting from activities related to the Hat
Creek coal mine were assessed by ERT using a steady-state Gaussfan diffusion model for multiple
sources which fs described in detail in Appendix B to the Air Quality and Climatic Effects Report.l
This model, calied ERTAQ, is similar to the Hat Creer Model (HCM) utilized for prediction of jocal
scale air guality concentrations resulting from operation of the powerplant, except that it is
designed for applications using multiple sources, including point, line, and area sources. It
incorporates most of the same basic assumptions as the HCM in that: (1) steady-state meteorological
conditions are assumed; (2) dispersion is assumed to conform to Gaussian (beil~shaped); and (3)
removal processes {chemical transformation and deposition) are not considered. tHowever, terrain
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effects are not considersd and, because mine emissions occur at or near ground lavel and have no
Ocess buoyancy or velogity, no plume risa calcylations ars included. Instead, emissions ars assumed
to be uniformly mixed through an initial 10 m depth.

Metecreological imnput toa the ERTAQ model depend on whether short-tarm ar long=tarm
calculations are being performed. For annual average concentration calculaticns, an annual stability
wing rose developed for the mine analysis from hourly data collected during 1975 at the B.C. Hydro
mechanical weather station wS-5 (Jocated in upper Hat Creek Vailey near the mine site) was used as
input. Short-term concentrations (24-hour averages) were computed on the Dasis of a rangs of
potantial ‘“worst-case® and “typicai" dispersion conditions. Thesa conditions wera identified from
the stabflity wind rose and wind persistence statistics davelcped from data froa the mechanical
weather stations in the valley. Light-wind/stable (stagnatfon and high-wind/neutral conditions were
invastigated, as well as severz] other more typical scenarios.

For modeiling purposas, the mining operations described in Part Twe of this report ware
divided ints a number of gecastrically idealized line and area sources (Fig. 4.2-1), reprasenting
the vear of maximum production and activity (2017-2018). Emissions of suspended particulate matter
from thesa mining ¢perations ware then quantified.

The important mining operations 1n terms of suspended particulate production would be:

1.  Surficial saterial remcval.
2. Ovarburden removal.

3. Coal removal.

4.  Hayl road traffic and repair,
5. Coal stockpiling.

Dust-producing prucesses asscciated with these operations include scraping, shoveling,
blasting, hauiing, and dumping. Emissions from these activitias wers estimated on the basis of
published factors frem the i{tarature and projectad operating information for the year of maximum
.production and activity from the proposed nine plan. 2

Erosion of axposed surfaces and storage areas by the wing would also ba an important
potentfal sourca of fugitive dust associated with mining activities. Emissions that would be due %o
wind erosion at the Hat Cresk Mine were computad by ERT to reflect local seteorclogical conditions,
sofT properties,; and the orfsntation of the mine with respect to the prevaiiing wind.

Table 4.2-1 lists emission factors, source operating units, and the annual controlled
eaission rates assumed for each mining activity. The tabulated values represant very conservalive
estioates, basad primarily on studies of the air quality affects of -strip mfning operatings in

Wycaing and Colorads. These emissions account only for the assumed fraction of disturbed material
in particle sizes small ancugh to remain suspended Sayond the afne area. As evidenced in Table 4,2-1,
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wind erosion {in disturbec areas (based on the annual average wind speed) would be the major dust
source for the Hat Creek Mine. The emissicns given for this source are believed to bDe particularily
conservative because it was assumed by ERT that wind erosion would occur throughout the year. In
reality, emissions would decrease to near zero during periods of precipitation and during the winter,
with its extended pericds of snowcover and frozen ground.

After wing erosion, the major sources of fugitive dust would be haul+road traffic,
overburden removal, and surficial removal. However, most of these activities would take place
within the pit, below ground lsvel. Realistically, the depth below ground level at which a source
is emftting should exert considerable influance on reducing the resulting amount of suspendad
particulates carried downwind. However, this feature is difficult to treat quantitatively, and al)l
sources for the Hat Creek Mine were conservatively assumed to be emitting at ground tewvel.

A number of assumpticns regarding dust control techniques were included by ERT in the
calculation of enn'ss1ons:z

1. Frequent watering of haul rcads and exposed surfaces was assumed, resulting in 50 percent
control of dust emissions,

2. A speed 1imit of 24 kph was used on ali haul roads to give a contrpl efficiency of B0 percent,
in addition to the control by watering.

3. The land reclaimed from the waste dumps midway in the life of the mine (year 2005-2006) was
assumed to be the only area that would be reclaimed at the time of the model year 2017-2018.
This is a reasonable but conservative assumption for the proposed mining method; reclamation of
an open pit mine and waste dumps would not be possible on a Targe scale until mining is
completed.

4. The conveyor system would be completely enclosed resulting in approximately 100 percent centrol
for this source.

The emissions Tisted in Table 4.2-1 include consideration of these control measures.

A complete description of the modelling methodology, the meteorological input, the emission
parameters, and the resulting predictions of the air contaminant concentrations and ¢limatic
modifications is provided in the Air Quality and Climatic Effects Report and its Append'lces.2 A
summary of the results s provided in the following two sections.

Air Quality

Estimates of the incremental arithmetic mean annual suspended particulate concentrations
(based on the conservative assumptions discussed above) that would result from the mine's operation
are presented in Fig. 4.2-2. Calculated values greater than 100 ug/ma are confined to the immediate
vicinity of the mine pit. The 50 pg/m3 contour extends northeastward approximately 3 km beyond the
upper-lower junction of Hat Creek Valley, and southward fo within about 1 km of Anderson Creek.
Annual concentrations generally between 25 and 50 ug/m3, with peak values of about 60 pg/ms, are
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predfctad for the Indian Reserve north of the mine in the lower valley. To¢ a1l these values must be
added the existing background suspended particulata concentrations described in Part Three,
Section 3.2.2(h). ERT has assumed Dackground valuas of 20-40 |,n;/r|\3 dspending on 1ucatian.a More
recent 8.0, Hydre data indicats an annual average background of 10-20 ,,g/,.:"_ On the basis of aither
of these estimatas for background, the calculations indicats that the 60 uq/m3 annuyal gecmesric mean
assumed guidaline (su.smion 4.1, 1(a)(11}) wouid possibly be axceedad over the area within a few
kiTemetres of tha aine,

Nina separata sets of metesrnlogical conditions ware Tnput to the model by ERT to calculata
“worst-casa” and “typical" incremental 24-hour suspended particulata concsntrations that would be
dua to emissions from the mine. Of the possibie "worst-case’ conditions investigated, the predictad
concentrations wers highest for stable diffusion conditions with very Tight winds (2.77 kph)
parsisting from a single direction (S5W) for 14 hours out of the 24-hour perfod. The results are
presanted in Fig. 4.2-3. Incresental 24-hour cancentrations in excass of 200 ug/_ﬂl3 are predicted
for the southern saction of the Indian Resarve located above the junction {n the eastarn braneh of
the lowar valley. The 150 ug/n3 contour extands to the northern boundary of the Resarve. With
background concentrations added, the calculations indicata that ths 150 ;.rg/m3 24-hour averags assuged
guideline (see Section 4.1.1({a)) would be axceedad for several kilometres offsita. However, thase
"worst-case” meteocrological conditions would occur only a few times per year and the concentrations
predictad are Jikely to be overestimates dus to the consarvatisam of the modeliling assumptions.,

Results for one of the cases with more typical meteorological conditions (moderata winds
{8-hours of persistant north winds at 2.04 kph) with neutral stability) are depictad in Fig. 4.2-4.
ERT bcliuvesz that this and similar cases would represant typical afierncon conditions in the upper
valley. The results indicata that the dust-producing processes in the afne contribute ta much lower
ambient suspended particulata lavels; no incrementa]l values greatsr than 100 pg/m3 are predicted,
aven near the mine pit, for these more typical conditions.

The quantities of trace alements in the fugitive dust emissions from mining oparations
ware determined by ERT to be insignificant in terms of their potentis]l contributions to ambient
contaminant lavels. A discussion of maximus predigtad concantrations for selected rice elements
due to coal combustion in the Hat Cresk Powarplant {s presanted in Appendix F to the Air Quality and
Climatic Effects Report.3 and sumparized in Sectfon 4.1.1(b)({} of this report.

In terms of commitment of the air resource due to aining activities, only total suspended
particulates are significant air contaminants. Sincs predictad annual average concantriticans excaed
the assumed amoiant guidelines, it {s concluded that 100 percent of the air resource will be used in
some areas af the upper and lower Hat Creek Valley and Marble Canysn. The significance of mine
emissions outside of these valleys would be negligibie,

Metsoroiogy

The methodology used in the investigation of the potantial effects of project operatien on
¢limatic conditions has been discussad 1n Section 4.1.1(c)}{1). ERT investigated a varfety of climatic
parametars which could potentially be modified as a result of project operaticn. GOnly twe ¢limatic
effects due to mining operations ware postulated: thermal altarations and vis{d{l{ty degradation.
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Potential thermal aiterations are discussed by ERT in Appendix E to the Air Quality and Climatic
Effects Report4 while visibility degradation is discussed in Appendix 8.1 Summaries of ERT's
conclusions on these topics are presented here,

A slight and very localized annual temperature decrease would possibly occur directly over
the mine pit due to scattering of incoming radiation by sustained particulate loadings in that area,
Theoretical model simulations of atmospheric processes support this contention. Any effect of this
kind would certainly be smallier in magnitude than the natural year-to-year variability of annual
average temperature and would not have any significant impact on agricultural activities.

The effects of dust emissfons from mining activities om visibility within Hat Creek Valley
were estimated by ERT using the linear system of visual acuity. This approach allows one to estimate
the extent to which the visual detail of the object s obscured as the concentration of aerosols
increases. As noted in the previous section, typical background suspended particulate concentrations
on the Indian Reserve 3 knm north of the mine were estimated by ERT to be about 20 pg/ma. According
to ERT;s ana]ysis,z the eye can distinguish fine, moderate, and coarse detail at distances of about
14.6 km, 36 km and 54 km, respectively, with this particulate loading. The maximum annual increase
in suspended particulates predicted for this location (&0 pg/ms) is expected to reduce the visible
ranges for fine, moderats and coarse detafi to 3.5, 9.0 and 13.5 km, respectively. A more typical
incremental annual particylate value that would be expected to occur within the Indian Reserve is
25 pg/m3. This value added to background would be expected to reduce the distances at which fine,
moderate, and coarse detail are discernible to about 6.5, 16.0 apd 24.0 km, respectively. On the
basis of these modelling results, ERT :oncludedz that emissions from the mine would reduce the
annual average visible range by about a factor of four near the northern. boundary of the mine site,
and by no more than a factor of two beyond 5 km from the mine., More severe short-term visibflity
reductions beyond the site limits may occasionmally occur, especially with persistent, 1ight winds
and stable dispersion conditions. However, no such effects would be expected at locations outside
of the Hat Creek Valley.

Effects on Human Health

predicted fugitive dust concentrations 1in excess of the assumed guidelines for total
suspended particulates (TSP} alene are an inadequate basis to predict adverse human health effects.
Without specific data on the respirable fraction and chemical constituency, it is difficult to
determine what the epidemiological consequances would be of exposures to TSP concentrations predicted
for Hat Creek. The projected TSP concentrations for Hat Creek are based upon fugitive dust emissions
alone and do not include combustion sources.s

Fugitive dust is typically characterized by particles of large mass, median diameter,
Such particles are neither respirable to any great extent, nor are they composad of materiais commonly
associated with adverse health effects. ‘For these reasons, fugitive dust may be more of an
operational or nuisance problem than an epidemiological concern.

Scientists are concerned about fine particles, thase 2.5 pm and less, because they can be

inhaled and deposited in the deep lung or gas exchange areas. Particles larger than 15 pm most
Tikely do not significantly affect human respiratory systems.sa The toxi¢c fraction of fugitive dust
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sourcas in rural areas is considered to be small because such areas are ganerally not exposad to

paotantial

contamination by industrial fallout or affected by adsorption of gasaoys poilutants, such

s are prevalent in urdan atmosphcres.Sb When the sourcea is determined to have a specific health
impact, reasonably avaflable control measurss to minimize impact can be undertakun.Sb

wWatar Resourcas

(a) MWatar Quality

(1)

(n

Groundwater

Sespige from the mine waste disposal areds would represent the most signiffcant
operational {mpact on groundwater quality. The maximum volume of seepage wauld, however,
be relatively low, totalling abous 400 u3ld from the propesed Houth Meadews disposal area
and 40 ,E/d from the Medicine Creek disposal area. The estimated quality of seepage that
would emanats from each disposal area i3 indicated in Table 4.2-2 for conditions of faitial
pore volume displacement. The overburden matarial would be simflar to that proposed for
disposal in the Medicine Cresk area, whereas the wasts rock would be similar to the
claystone matarial proposed for disposal in tha Houth Meadows ares. Sespage from the
Medfcine Creek area would be expected to have elevated Tevals of iron and copper, but
since the flow would be Iinsignificant, {apacts to groundwatar guality would be slight.
Sespage from the Houth Meadows area would be expectad to have elevated levels of arsenic,
chromium, copper, fren and dissolved solids. Since this sespage flow {3 expectad o
increase total groundwater flow by 50 percent, a degradation in the water quality of the
aquifer would be axpected. This aquifer, however, ultimataly discharges o Hat Creek and
comprises less than 1 percent of this creek’s averaga flow. Long-term impacts on Hat
Cresk watsr quality, therefors, would be neglifgfble. It s recomwended, however, that
monftoring wells be fnstalled in the Houth Meadows and Marble Canyon arsas ta discarn the
quantity and quality of any seepage from this disposal area to ensurs long-term water
quality integrity.

Mine ares and pit dewatering ars extraction processas and as such would not be
axpectad to pose any hazard :o the quality of the remaining groundwatar resgurces in the
vallay. The poor quality of lsachatas from the coal pile and low-grade wasta dispesal
area has been discussad previously. Provided base construction for each area utilizes
well compactad {mpermeabla material, percolation of leachatas to groundwatsr would be
insignificant. Sewage and refuss disposal would cause insignificant impairment to groung-
watar quality provided the treatad sewage storage pond and Jandf411 are situated above the
groundwater table and precipitation infiitration minimizad,

Surfaca Water
The main impacts to surface water during operation of tha mine would be from:
disposal of mine watar froa pit area dewataring; sediment loss from disturbed areas and

fugitive dust precipitation washout; seepage from the Houth Meadows and Medicine Creek
waste dispasal areas and nutrient Joss from fartiifzation activities during reclamation.
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It is assumed that due to the probable poor water gquality of leachate and runoff from the
coal pite and low-grade waste disposai area, these sources of contamination would not be
discharged to surface water streams.

The degree of dewatering increases substantially in the operation phase to about
30 /s from dewatering wells and from mine seepage. A further 9-125 L/s would require
pumping from the pit during and following precipitation events. The estimatad quality of
this water was presented in Table 2.2-4. [Due to this increased flow, the guantities of
colour, 3005 and ammonia (the latter from passible blasting residuals) would no Tonger be
acceptable for discharge to Hat {reek after sedimentation. Colour addition would pessibly
cause a minor aesthetic impact while a B(}IJ5 addition of about 20 kg/d would possibly
reduce the dissolved oxygen level in Hat (reek to less than 5 mg/l. The ammonia level
would possibly be substantially above regulatory levels (0.50 |'r:g/L).7 Given that this is
2 "worse case" water guality estimate and dependent upon the dilution potential of
precipitation, it is recommended %thai the effluent from the sedimentation pond be closely
monitored and that provigsions for additional treatment bs incorporated into the lagoon
design.

Mine facilities and overburden disposal areas would be subject to precipitation
runoff and sediment loss. [Dus to the short contact time of precipitation runoff, the
major water quality parametre of concern would be suspended solids. Mean values ranging
from about 0-1300 mg/L during baseline conditions to values ranging from 250-3900 mg/L
during rain events have been observed by nthersB in studies of sedimentation ponds at
surface mining operations. As presently designed, the lagoons that would service the
waste disposal areas and other disturbed areas would also intercept surface runoff from
undisturbed areas. This arrangement would not provide the best approach to sediment and
erosion control. Lagoons of a “dedicated”" nature function better and can therefore be
smaller in size. It may also be necessary to add coagulants to increase sedimentation
efficiency. If this is contemplated, consideration should be given to the possible effects
of the coagulant on downstream water guality. Runoff to Harry Creek which would be near
the coal preparation area may be subject to impact from coal fines. Consideration should
be given to placing a settling basin on this creek to protect Hat Creek water quality.

Under normal circumstances of low precipitation, there would be insignificang
runoff from the overburden disposal areas. Under these conditfons the only discharge
would be seepage from the toe drains of these areas. The quality of these flows, as
predicted in Table 4.2-2, would contain elevated dissolved s¢lids and metals such as
¢hromium, copper and iron in excess of regulatory guidelines.7 Treatment by sedimentation
alone would not be expected to reduce Tevels of dissolved metals. Without additional
treatment, or a no~discharge mode of operation, the impact on water guality of Hat Creek
would be high. '

Reclamation during mining would probably require the appiication of fertilizers.
Based on present reclamation plams, ithe contribution of nitrogen and phosphorous to Hat
Creek from fertilizer contained in runoff were calculated for two possibie cases: (1) a
single appiication of fertilizer at the time of the first seeding or {2) annual application
of fertilizer over all reclaimed land. The values are:
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Singla Fertilization Annual Fartilizatian
Nitrogen (N) Fhospnerocuws (F) Nitrogen (NJ  Phosphorous (P}

From Startup to
Midpaint of Mining 0.003 mg/L 0.0002 mg/L 0.023 mg/L 0.001 =g/t

From Midpoint to
End of Mining 0.015 mg/L 0.001 =g/t 0.172 mg/bL 0.001 mg/L

This lass of nutrients could fostar algae and slime growth in Hat Craek and subsequently
care should be taken ta minimize fertilizer loss.

Reclamation aof dfisturbed areas, however, would have a number of bdeneficial
jmpacts. Thesa would include the diminishing of the rates of sail erosion, chemical
leaching and wind caused dust from previcusly disturbed arsas. These would benafit both
surfaca and subsurface watar gquaiity.

In order to project a probable maximum Lchange in the quality of Hat Craek during
mine operaticn, a watsr quality balanca was made of thesa main discharges. A period of
sunpar Jlow flow was assumed whean the dilution effect is minimal; surface runoff is
negligible; mine watar from dewaturing and waste disposal area surface seepages would be
at a maximum. Minor groundwater subsurface flows from wasta disposal areas were not
considered. In order to derive the resuitant concentration of any watar quality parametrs
in the final combined flow downstream of all discharges, the following watar quality
balanca formula was utilized:

GGy * Q85 * Q585 + QyCy
BT

c

where ¢ = the concantration of a particular parametre in the combined
. discharge. .

C.L - C‘ = the concantratfons of the parametres in component discharges
presanted in Tablas 3.2-4, 4.2-2 and 3.4~1, Part Three.

3/:

QZ = MHouth Meadows Oispasal Area Seepaga = 0.017 m3/s

and, Ql = Hine Watar Flow = 0.030 2

Q?. = Medicine Creek Disposal Area Seepage = 0.023 mzls
l‘.!4 = Hat Crgck Flow = 0.2 nsls
QS a  Total Flow = 0.19 u3/s

A nunber ¢f assuoptions ware also fncorporated into this balance and include:

1. Those parametres, exsept sulphate, which would exceed the current reguiatory Level "A"
Objntivts7 were reduced 1o the objective lavel to simulata the result of treatment
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prior to discharge. Sulphate was deleted from this assumption since there is no cost
effective technology available for removing sulphate and the objective is presently
under review.

2. The quality of the discharge was averaged where necessary. For instance, the quality
of the Medicine Creek disposal area seepage is assumed to be the average of that
produced by Overburden 76-1 and 76-13 of Table 4.2-2.

3. The level of suspended solids after treatment is assumed to be less than or equal to
the Level "A" requirement of 50 mg/l.7

4, The maximum temperature is assumed to be the value projected to occur in the diversion
canal (see Sub~section 4.3.5(b) for discussion of this topic).

5. The nutrient leveis are assumed to be those values projected to result from reclamation
fertilization on an annual basis, plus gontributions from seepage and mine waters to
be discharged to Hat Creek. It dees not include any contribution from blasting
residuals.

The resulting water quality derived from this balance is given in Table 4_2-3
for pertinent parametres. The results indicate a substantial (90 percent) increases would
be axpected in the dissolved solids level of Hat Creek which would possibly present problems
to aquatic life. Increases are also projected in the atkalinity, sodium and chloride
levels. The level of arsenic would exceed the acceptable drinking water level of
0.01 lllg/L,9 but would still be considerably lower than the maximum permissible level of
0.05 mg/L. The projected levels of chromium, copper, iron and lead would remain below the
acceptable limits. Watar temperature could pose a severe problem to the exfsting fisheries
resource and would also be above the maximum level deemed acceptable for drinking purposes
(15°C).9 The projected Tevel of suspended solids would be such that the corresponding
turbidity would be about 7 NTU which is somewhat above the acceptable receiving water and
drinking water level of 5 NTU. All other parametres would remain within the Objective
Level of Recommendad Limits for Drinking water.

Predictions have not been made for 5005 or dissolved oxygen levels because
existing data are not considered sufficiently reliable. If further testing indicates that
the BOD5 load would be above about 50 kg/d, biological treatment could be required to
maintain adequate oxygen levels in Tower Hat Creek. The projected "worst case" levels of
the nutrients, nitrogen and phosphoraus, indicate a significant increase would be passible.
These levels are considerably in excess of those generally accepted as being able to
stimulate algae growth.

With the exception of low flow periods, the impact of changes in Hat Creek water
quality would have an insignificant effect on the Bonaparte River. During low flow the
level of dissolved solids could increase by 10-20 percent based on the “worst case" analysis
for Hat Creek. The nutrifent levels could also increase during this period and would
foster some increased algae growth. Considering the diiution potential available in the
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(b) Hydroloay

N

Thompson River, water quality changes in this water body would be insignificant. The Hat
Creek development would alse result fn an increass in the population of the village of
Cache Creek and Ashcroft. The impagt of additional sawage on the Bonaparte and Thempson
rivers should be minimal.

Groundwater

The major impacts” to the groundwatar hydrological regime of the area wouid be
caused by placament of vast quantities of wasta rock and overburden in dispasal areas.
When dumping ccmmences in Houth Meadows some major changes in groundwater flow patterns
would 1ikely ocecur particularly in the Timastone bedrock at the north of the disposal
area. Initially when the waste rock is dumped it would be loose with a hydraulice
conductivity between 10-5 and ].l')-3 n/s and seepage watar would easily pass through., As
the dump height fncreased the materfal in the botiom of the dump wouid becoms more compact
and reducs hydraulic conductivities to about m'n m/s. This would tand to saal off the
saepage flow through the base of the cdump. The watar tahle in the 1imestons bedrock would
than rise at about tha same rate that the dump surface risas. Groundwater seepage and
surface runoff from tha limestone bedrock woyld flow toward the dump until the watar table
in the dump became higher than the groundwater divide in tha bedrock. At this point
sespage from the dump would flow into the bedrock (see illustrations in Fig. 4.2-5). Tha
major seepige Tosses to the groundwater table would occur in the nertheasiarn corner,
around the saddle embankments and Dbeneath the east embankaent '(see i1lustration in
Fig. 4.2+5). Estimatad sespages from the dump through thae limestone bedrock ars 10-50 274
(QI) undar tha sast aembankzsent and 200-_600 3/d (QZ) norf.hward around the saddle
embankmants., The result would be a diversion of an estimated additional water flow of
400 aald toward the surficial aquifer in Mardble Canyon. This would repressent about a
%0 parcent increasa in groundwatar flow in the l{mestone badrock on the south side of the
canyon. The groundwater leval in the canyon aquifer, which flews eastwards, would risa By
a few metres, but would not reach the ground surface., The rasuit would be a major
beneficial impact on the canyen aquifer in that recharge is greatly increased and assuming

-seepage water quality would be satisfactery for any intended use. Seepage flows through

the embankment structurss, while not strictly groundwatar flows have Been estimated to be
between 300 and 1500 a°/d.

The depth to the groundwater table beiow the basa of the Medicine Creek dispesal
area 1s aboyt 30 m below ground surface and hydraulic conductivities of underlying bedrock
and surficial sediments are Tow (10°% to 1077 m/s). Initfally vaste material would be
"free~draining® for a period of a faw months after placement. However, the affects of
weathering and consalidation would reducs hydraulfe conductivities toe values similar to
those given for the Houth Meadows arsa. Recharge would come from precipitation on the
loose surfice matarials (assumed to be realatively coarsse), leakage from diversion canals
argund the disposal area and from sqepage from the small pond behind the e¢mbankment at the
sastarn end of the arsa. This would result in a rise of the watsr table by 10-30 m and
possilily %o the ground surface. Eventually, the stesper hydraulic gradient toward the Hat
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(i1)

{(c} Water Use

(1)

Creek Valley would dominate and groundwater seepage wouid become greatest in this direction
(see Fig. 4.2-6). Seepage Tosses, in the order of about 20+50 m3/d, would be expected and
a minor beneficial impact would resylt. The astimated maximum short-term sespage through
the embankment would be between 300 and 2000 m3/d. Two other activities will continue %o
affect the groundwater resource during the operational phase of the mine. These include
pit and arsa dewataring and drainage ditching and diversions., Both topics have been
previously discussed in Section 3.2.2. The maximum zone of influence due to pit dewatering
was shown in Fig. 3.2-1 and thare would be no impact on local aguifers beyond this zone.
Drainage ditching and diversions would continue to have ambivalent impacts in that ground~
water recharge would be redistributed from naturally occurring areas.

Surface Water

In the course of mining, large areas that produce practically ne surface runoff
in their natural state would be converted to relatively impervious runoff-producing areas.
Surface runoff from these irtif'lc'ia'l, relatively smooth surfaces would be rapid and the
proposed extensive system of drainage ditches would contribute further to this unnaturally
rapid response. The proposed two major lagoons and the large sump capacity in the mine
would, however, act in the opposite sense by permitting regulation of outflows. The
combinaed effect of these faciiities would be that lagoon releases following a 10-year,
24-hour rainstorm wowld only amount to 0.35 ms/s and thus, no significant changes in the
frequency of flooding ar in channel merphology would be 1{kely.

Surface runoff would only be occurring infrequently at the mine site. Except
during snowmelt, which would not normally last for more than a month, there would be very
few runoff-producing rainstorms. Ouring the remaining time the effect of the mining
operation would mainly consist of releasing some itreated effluent and flow from dewatering
wells. Practically all this flow is now enterfng the creek as groundwater seepage. The
resulting changes in natural flows would be far teo small to have noticeable effects on
channel morphology, but increased dry weather flows would be a beneficial impact.

Reclamation of embankments and waste disposal area surfaces would create surfaces
with similar hydrological properties as the original natural surface. The volume of
runoff from reclaimed surfaces would therefore return to approximately its matural value.
The time distribution of runoff, however, would remain affected by ths project since
terrain slopes would be changed permanently and the system of ditches and lagoons would
remain in place.

Groundwater
Some groundwater could be developed %to supply water for irrigation of revegetated

areas fn waste disposal areas. Well development would cause an impact ranging—frem minor
to significant depending on the quantities requived.
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(1%) Surfacs Water

. The impact of project operations on irrigation water usa {3 summarized in
Table 4.2-4. Project operations {(basa scheme} could affact tha availability of approx-
imataly 60 x 104m3/a of watar for irrigation use. Because water usage would be partially
coopased of non-consumptive uses that woyld only change the location of water availability,
the net fmpact on {rrigation watar usse would mors than likaly be less than the zbove
quantity.

Domestic, municipal and industrial watar usage increases that would be due to
arsa population changes have been discussed under Section 3.2.2.

(¢) Aguatic Ecelogy

Impacts %5 the aguatic biota of the Hat Creek watershed associated with the open pit
aining ocperation would rasult from the Toss of approximataly 7 iam of aquatic habitat due ta diversion
of Hat Creek around the mfne and from changes in watar quality and or quantity that would ba due ta
mine discharges. Cartain lesser impacts %o the aquatic community would possibly result from the
activities of the increased human population associated with the mining operation.

Habitat loss would commenca with the operational phase of the Hat Creek diversion, at the

- commencement of mine preparation, but 13 considered to be an impact of mine operations. The 7000 m

that would actually e removed from the systam by the diversion represents a 17 percent reduction in
available natural Hat Cresk habitat. B8asad on fish density estimates developed in this report (sae
Part Thras, Chapter 3.0) approximately 2900 rainbow trout greatar than 100 mm in length occcupy this
stream segnent. It has heen estimated that the total trout population (including thosa individuals
less than 106 ma n length) ranges frea 3Q00-5300 fish.m Since the Hat Creek trout popuiation is
at presant relatively unexploited, the carrying capacity of tha watershed would be decreased by at
least approximately 17 parcant due to mine operatfons. While the resarvoirs that would he constructad
2s part of the averill creek diversion scheme represent possible productive hapitat which could be
stocked or exploited by native trout populations, {increased production from this new habitat would
1{kely be offsat By a loss of productivity in the reach of Hat Creek dirsctly downstrsam of the
msine, due to a cumbinatfon of &the loss of input to the Tower reach via “drift" and the axpectad
watsr quality impairment from mine dewataring and runoff from wasta dumps and disturbed areas. Usa
of these reservairs, howaver, is discussad further in Part Five, Mitigative Measures.

Table 4.5+3 provides an estimate of projectsd watar quality and a comparison with existing
water parametres in Hat Creek. The potential {mpact of these water quality changes was discussed in
Sub=section (a) above. The principal impact would be an {ncreased potential for algal growth in the
creek itself due to the potantially high nutrisnt levels. Ne significant effect from thess watar
quality changes would ba expectad downstream after mixing with the Bonaparte River. B
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Land Resources

Physical Environment

The only significant impact that operation of the mine would have on the physical environ-
ment 35 that derived from erosion and dusting probiems. Fugitive dust emissions would come primarily
from the movement of heavy equipment within the pit and along the unpaved haul roads and from blasting
within the confines of the pit. Other areas surrounding the pit, which had been cleared of vegetation
guring the construction phase could also contribute to the dusting problem through wind erosion.
ERT has predicted that wind erosion would be the most significant generator of dust. The predicted
dust levels for wind erosion is 941 000 kg/yr as compared to 381 000 kg/yr from overburden haul
rpads and 196 000 kg/yr from averburden removal.z The predicted total amount of dust produced fs
based on the assumptions: that dust would be controiled by 50 percent through watering, a 25 kph
spead limit would be imposed on all haul roads to achieve a dust control efficiency of 80 percent,
iand reclaimed from waste disposal areas midway in the 1ife of the mine would be the only reclaimed
area by the year 2017-2018, and the compiete enclosure of the conveyor system would result in
100 percent dust control. [t is very probabie that the dust levels predicted could be lower, since
many of the activities associated with mine operation would occur below ground level,

The amounts of dust released from mine ogperation could affect the climate, although any
effect would be restricted to the immediate vicinity of pit and waste disposal areas. The possible
effect on climate would be a decrease in ambient temperature due to the interception of solar
radiation .by dust particles. The solar interception causes a reduction in ground level solar
radiation. This degree of cooling would be negligible in comparison to the natural variabiltity of
the mean annual temperatures and would not be expected to have an effect on the growing season.

Natural Vegetation

The affects due to fugitive dust emissions could be a problem during the cperétien of the
mine. The quantity, extent and possible dust sources were discussed in the proceeding section
"Physical Environment". To briefly summarize, a total of 2 288 800 kg/yr of dust emissions was
predicted to occur from mining activities, In terms of dust concentrations, the highest concen-
trations are predicted to occur adjacent to the pit area. Within 4 km of the mine, dust concen-
trations are predicted to exceed the normal background levels by 30 pg/rn3 {annual average). An
annual average of 10 pg/m3 above background is predicted to occur up to 10 km from the centre of the
pit. The 24=hour worst case concentration is predicted to be 700 pg/ma, however, this level was
based on a set of meteorclogical conditions which would rarely occur.

Busting has been shown to affect vegetation by causing a reduction in photosynthatic
activity and an increase in the probability of insect infestations or disease. There is very little
information in the literature on threshold dust levels, although it has been suggested that a
concentration of 28 000 pg/m3 for 810 hour perfeds would reduce photosynthetic activity by
30 percent. The levels predicted from mining activities are substantially lower than reported
thresnoid values and on this basis impacts to vegetation would be negligible.
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(d)

(e)

18]

{g)

{Cont’'d)
Wildlife
from a wildlife resourcs viewpoint, mine gperation impacts would be extansions of mine

construction {mpagts and ware, therefore, considered in the relevant discussion pressntad in Sub-
section 3.3.2(¢).

Forestry
No impacts would be anticipated on the forestry resourca from fugitive dust emissions

releasad during oparational activities asscciated with the mine. This assessment is basad on the
assumption that the dust cantrgl strategies employed would be sufficient to minfmize dust lavels.

Agriculture

The effact of dust on local agricultural operations cannot %He predictad. DJust {apacts,
howevar, could be ainimizad through appropriata dust suppression maasurss.

Cul;ura'l Haritage Resources

To the extent that expansive operation of the mine would continue the ground disturbing
activitiss begun during construction, it would contributes to the adverss 1mpacts on the projectad
147 sitas in the area as discussed fn Sub-section 3.3.2(f).

Geology
(1) Intreduction
The impact of the project on the availability and usa of the patural resgurcas

within the project areaz would be primarily relatad ta the operation of the proposed open
pit and its associated wasts disposal areas. Of the resources inventoried in presvicus
sections, the only resources potantially affected by the gpen pit mine would be the fossil
fuel and rock aggregate deposits of the project area.

(i1}  Fossil Fuels

Qbviously the operation of the nlant and mine would have a significant impact

upon the availability and utilization of the coal reservas within the upper Hat Creek

. Valley. The coal would be excavated ta fuei the pawerplant and the ccal wasta would Be

either stockpiled for latar use or discarded in waste areas. The coal reserves within the

valley and specifically the No. 1 depasit would De more than ample %o satfsfy plant fuel
consumption during tha design~1ife of the facility.

Since the plant would use only about 10 parcant of the total estimatad coal

reservas within the upper Hat Creek Vallay, the impact upon the avaflability and use of
thess coal deposits by the operation of the plant and mine would be moderate,
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(iii)

Rock Resources

The operation of the open pit mine and associated waste disposal areas would
directly affect the rock resources of the project area by the sterilization, excavation
and/or consumption of these depasits.

Approximately 445 Mt of aggregate would be temporarily sterilized on the east
bench of the upper Hat Creek quarry by the open pit and approximately 200 Mt would be
mined as a by-product of coal extraction. The project would use approximately 110-115 Mt
of aggregate. Thus a large supply could be stockpiled for other uses. After coal
extraction has terminated, the temporarily sterilized deposits could be excavated. Since
less than 20 percent of the total aggregate reserves within the valley would be consumed
during the plant 1ife and the rest would be ultimately available for exploitation, the
temporary steriiization of the aggregate deposits at the quarry is considered to be a
moderate impact.

Limestone deposits within the waste disposal site at Houth Meadows would be
permanently sterilized by the project. Depending upon the final disposal area design,
30-360 Mt of limestone could be affected. However, vast quantities of limestone available
within the immediate vicinity of the site area would make this impact insignificant.

Excavation by-products consisting of approximately 1060 Mt of combined bentonitic
and kaclinitic claystone and siltstone, as well as, coal waste, aggregate and baked
claystone would be made available as & result of coal mine operations. The well defined
distribution of the claystone and baked c¢laystone within the coal formations would make
feasible the separation and storage of most of this material. If viable markets could be
found, then mine operations wouid have the potential to supply these raw materfals that
otherwise would not have been economically available, The potential wuse of these coal
mine by-products would be a beneficial impagt on the resources of the upper Hat Creek
Valley.

4,2.4 Socio-economics

(a) Income, Labour Force and Population

(i)

Labour Force and Emplovment

A. Direct Project Emplovment

Table 4.2-5 presents direct emplioyment by skill for seven stages of the
operation phase from 1980. Overall mine employment would be essentially constant
past 1990. The mine, analogous to the plant, would operate on a three shift basis
each day of the week. .
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{5}

8. Regional Labour Force Particisatien in Direct Emglayment

Skill shortages and compatition from experienced non-regional workers would
possibly impede regional partigipation. The unfon jurisdiction for the mine cparation
has not yet besn defined but representation other than by the axisting B.C. Hydro
unions would most 1fkely enhance regional participation. The availability of z large
number of jobs ancompassing @ range of skill requirements and an cpan hiring policy
would influenca regional residents to saek mine employment.

Given the lack of a syitable estimating model}, it has been assumed that the
regional and local participation currantly ht{nq experienced by Bethiehem and Lornex
aines would be expected at the Hat Creek mine. These proportfons have, tharsfore,
been used in the estimation of regicnal participation as shown in Table 3.4-4.

C. Qther Labour and Empioyment Censiderations

The reader is referred to Section 4.1.4 for relevant discussion concarning
indirect and induced employment; regional participation in such esployment and labour
supply for other regional industriss. '

{if) Poguiation and Income

The raader is referred to Section 4.1.4 for relavant dfiscussion on population
and {ncome impacts asscciatad with the mine. '

Assthetics .

The open pit mine would encompass an area of 470 ha by the year 1994 and over 750 ha by
2021. The pit would he excavatad in the form of benches about 15 m high and thesa benchas would
accomaodate equipment for excavations. It 1s axpectad that the zine would reach a depth of 187 z by
the year 2021. Three conveyors would be usad ta transport tha coal out of the mine and they would
regquire a right-af-way of about 62 m. [mpacted areas associatad with the mine are upper Hat Creek
VYalley, Medicine Creek Yalley, Highway No. 12 and Trachyte Hills.

Blanding facilities and stockpiles would be locatsd next to the entrancss tz Marble Canyon,
Highway No. 12 and uppar Hat Creek Valley visual units. They would be necessary to the coal operation
and consist of primary and secondary crushers, a coal preparation area, blenders and spreaders for
stockpiling, Four large stockpiles of coal 780 a long by 62 8 wida and 15 ® high along with the
50 ha surface material dump are part of. the blending facilities arsa. The access road to the plant
from Highway No. 12 would pass through the bdlending arsa. Fig. 4.2-7 is a site plan of the mine
service area. Fig. 4.2-8 13 an accompanying perspective sketch of the elements of the aine sarvice
arsa.
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MINE - (Cont'd)

{c) Other Socio-Economic Considerations

Mine related impacts on land use, housing, services, infrastructure, government, social
environment and native Indians have been discussed with the powerplant construction impacts.
Therefore %the reader is referred to the appropriate topical coverage in Sections 3.5.2 through
31.5.8, With respect to mina related impacts on recreation, the reader is referrsd to Section 4.1.4(b)
for relevant discussion.

Noise
Because of the cumulative effect on various work sources, the noise impact produced by the

mine operation activities was evaluated and discussed in Section 4.1.5 together with the environmental
noise effects of the plant operation.

QFFSITE FACILITIES

Meteorology =« Air Quality

(a} Access Road

After the plant and mine are in operation, the access road would be one of the few offsite
facilities whose operation would have the potential to directly result in air contaminant emissions
of any significance. The volume of traffic created by employees travelling to and from work is
estimated to be 200-300 vehicles per day in 1984, increasing to 500-600 per day by the year 2010.:L
Commercial and private vehicles would also use the access road, but in small numbers and on an
irregular basis. Since the road would be paved, no significant incremental dust would be
anticipated. Vehicular emissions of carbon monoxide, oxides of nitrogen and hydrocarbons along the
roadway would peak around shift changes, but, for the projected traffic volumes, the effects on air
quality wouid be negligible.

(b} Airstrip

The airstrip is another offsite facility whose operation'wmu1d result in afr contaminant
emissions of potantial significance. Such emissions would be produced by business aircraft involved
with the Hat Creek Project as well as by othar commercial and recreational air traffic. No
information 1is presently available concerning the anticipated air traffic volume or the types of
aircraft that would be using the facility other than the fact that the airstrip would be suitable
for most executive type jet aircraft. Emissions from both general aviation (turboprop and piston)
and business jet aircraft consist primarily of carbon monoxide, oxides of nitrogen and hydrocarbons.
Assuming a usage level which could reascnably be expected for an airport facility of this type, one
would expect that air guality effects would be negligible.

{c) Equipment Offloading Facilities

Most afr contaminant emissions from this source would occur when the plant is in the
construction stage. At that time, about 10 semi-trailer trucks wouid be entering and leaving the
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offloading area during 3 normal day.z Once the plant is in operation, activity at thesa facilities
would greatly diminish. Air contaminant emissions would be produced by the vehicles entering and
leaving the area and by fugitive dust (both windbliown dust and dust produced by vehicles moving on
the unpaved area). Based on the expected Taevel of activity, air quality effacis due to vehicular

Jemissions would be negligible. Because of the small area of disturbed land (approximately 23 ha as

opposed to about 1500 ha for the mine and associated wasta dispasal areas), windblown dust would neot
be 3 significant problea. Wataring would be used as necessary to cantrol fygitive dust emissions.

Water Resourcas

{a) Intake Structure

Even under extrema conditions, water withdrawal at the intake structure would deplete the
Thompson River by T1ttle more than 1 percant, so that there would be no significant hydrologic
effects on the Thempson River, Tha discharge of water treztzent clarification plant sludge blowdawn
to the Thompson River would cause ainor localized turbidity.

The potential effects of the facility on aquatic scology would be Timitad to the withdrawal
of as much as 153G 1/s of water from the Thompson River and to impingement of fish., The intake was
designed to minimize habitat disruption with {ts placement in the river (Fig. 3.2-2). It also
incorporatsas several fish protection design parametres to reduce potential impingement lgssas.

The mast important aquatic resources potentfally affected by the fntake would be the
populations aof anadromous saimonids. The wulnerability of the several species depends primarily
vpon the particular 1ifs stage affected, the duration of exposurs and the swimmipng ability of the
fish affected.

There is no suitabie spawning substrats in the immediate vicinity of the intake structure.
Some limitad pink, coho and chincuk spawning cccurs in the Tower reaches af the Sonaparte River and
a large pink salmon spawning concantration sccurs approximataly 0.8 i above the praoposed intake
site (see Fig. 3.2-3). lLarge numbers of pink salmon fry and sockeye smolits would pass the intake on
their downstresn migration to the sea. Additionaily a smaller number of chinggk and cofe salmon and
steelhead trout woyld be exposed to the intake. With the possibla axceptian of pink salmen fry,
these fish would possass sufficient swimming ability to avefd the intake and the intaks should not
attract or concentrats fish to any appraciable ut&nt.a Even small (about 2.5 ca) pink salmon and
rainbew trout fry would likely possess sufficient swimming capability to avaid the intake velocity
(refer to Water [ntaks Repor:).‘

Tha dasign of the Thompson River intake includes thres principal fish protection parametras
which would greatly reduce any potantial {mpingement. These principal features are; a small mesh
(2.5 om clear cpening) screen cloth; a Jow (0.12 /%) fTntake velocity and a bypass current across
the scresn face., The small mesh scresn clath precludes ail but the smallest grqanisas from
entrafrment Tn the <ooling water. The low velogity across the screen face weuld permit thosa fish
coming in contact with the screen face to avoid befng trapped against it. Altheugh na actual
seasurements of swimming abilities for pink salmon or rainbow trout fry wars deveioped for this
study, equations developed to measure sritical swia speeds of sockeye salmons indicate that fish of
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(b)

(e)

the size range of salmon and trout fry would be capable of swim speeds in excess of that at the
screen face of the proposed intake. Provision for a bypass channel and upstream inlet between the
curtain wall and intake screens would permit 2 net downstream current across the screen face at all
river flows and intake pumping modes. These features would direct fish downstream and out of the
intake.

Aithough few fish would become impinged at the intake, cal¢ulations were made in an
attempt to model possible intake scenarios shouid the fish protection measures fail to perform as
expected. Assuming the average plant pumping factor and mean river discharge during downstream pink
salmon fry migration, the calculated annual reduction to the gommercial fishery in terms of returning
adults from a run of B8 millfon fish could potentially be on the order of 800 adult fish., This
estimate .is Dased upon the assumption that none of the fish protection design features function and
that all fish impinged would be lost (100 percent mortality). There is, however, sufficient design
flexibility inherent in the project to totally mitigate this impact should it occur. This recundancy
is distussed in Part Five, Mitigation.

Access Road

Water quality concerns related to the operation of the access roads would be minor sediment
losses channeled finta Cornwall (Creek via runoff ditches and possible excessive use of deicing
compounds near creek crossings and shallow groundwaters. Neither of these interactions are
quantifiable, but are considered minor negative potential impacts.

The mafn hydrological impact of this facility would be the effect of increased surface
runoff from the paved surface. Since 7 km of the road wouid parallel Cornwail Creek, up to 200 L/s
could possibly find its way into Cornwall Creek following a 10-year l-hour rainfall where it could
temporarily constitute a significant addition te norma) summer flows (20-100 L/s). The 4 km road
segment aleng Mclaren Creek could similarly contribuyte te that stream. Morphologically the read
runoff would be insignificant in both cases. Significant effects on MclLean lLake would be precluded
due to the size of that lake.

The intermittent nature of much of Cornwall Creek would preclude any significant impact to
the aguatic community. The subsequent discharge of Cornwall Creek and the attsndant runoff
contaminants, to the Thompson River should not affect the pink saimon spawning grounds located
downstream of Lornwall Creek.

Makeup Water Line

Operation of the water supply pipeline and pump stations would not cause any significant
impact on groundwater resources. Provisions would be provided at each pump station for safe disposal
of lubricating 1iquids, other waste materials and sanitary wastewaster,

Discharge of pipeline grainage to Cornwall Creek and the Bonaparte River are proposed
durtng tine maintenance procedures. It would be necessary to establish a controclled drainage rate
below which turbidity levels would not disturb natural stream values or downstream water usars.
Present design indicates that chlorination for control of bacterial growth in the pipeline may be

4~ 93 Part Four



4.3

QFFSITE FACILITIES ~ (Cont'd)

()

necessary. It s unlikely that the level of chlorine would be very high, however, sufficient
datention time should be provided to ensure total residual chiorine concentrations are within
acceptadnle Timits,

From a hydrological viewpgint, speration of the pipeiine would not cause any major impacts.
The most significant {mpact weuld likely result from minor failures of drainage and erosicn control
measurey during the first few years of cperation, before revegetation of the right-of-way would have
besn established. These features would cause some erosion damage, which would have %o be repaired.
A major pipeline rupture would be highly unlikely. It would releass ‘a large flow of short duration,
which would cause sfgnificant erosion damage, depanding on the Tocation of the rupture. The capacity
of the pipeiine drain to ths Bonaparts River would de too small to introduce significant flows in
that stream.

Craek Diversions

(1) Water Quality

The diversion of Hat Creek would rafse water tamperatures becauss the surfaca
area exposed to solar radifation would Iincrease significantly. Estimates were made of the
maximum watsr tesperatures that could De expectad at the downstream snd af the diversion
canal for the base diversion scheme and powarplant water supply alternative.

For ths base case, Hat Creek's 2-year return flow, 0.12 n’/s. was usad and the
water tempgrature at the end of the diversion channel was calculated to be approximataly
40°C, almast independent of the water tsmperature it the beginning of the channel, For
the watar supply aIurnat‘!vq. the water temperaturs at the end of the diversion channel
could be as high as 35 C. Sased on the minimum flow of this alterﬂatfvc. 0.23 m /s and a
temperature of 20°¢ at the beginning of the ¢hannel.

Temperatures in Hat Cresk below the diversion would likely be less than the
predicted values beczusa of plunge poal dasign, tributary additions and increased downstraam
evaporative caoling. It is difficult, howevar, to quantify these effects so it was assumed,
as a worse casa, that water temparatures of 30°%¢ or 35°C could persist in Hat Creek down
to the confluence with the Bonaparte River. This would only increass the tamperature in
the Honaparte River by a.s“c, at Jow flow conditions. Predicted Hat Creek mid-summer
water temperatures would be well in axcass of the 15%¢ maximum temperaturs raccrmended for
drinking water supp]ios.s Further study would be warranted to improve the relfability of
the temperature pradictions and to investigate methods to minimiza water CSesperature
increasas in lower Hat Creek.

Nitrogen suparsaturation could also result in the downstream waters of Hat Creek
from both temperature {nacresses In the diversion canal and the discharge of divertad
waters from the conduit fnto a plunge pool. [f water saturated with nitrogen at 15°C was
heatad to 40°C, with no release of nitrogen gas, nitrogen concentrations of 140 parcent of
saturation woulg result, Similarly, when water {s discharged into a plunge pool, there is
considerable turbulence. As a result, air {s entrained in the water and the increased

4 - 9 Part Four




4.3

OFFSITE FACILITIES ~ (Cont'd}

(i)

pressure‘ forces mere nitrogen into solution than would be the case at the water surface.
When the water returns to a point closer to the surface, the nitrogen concentrations in
the water could again be as much as 140 percent of those corresponding to saturation at
the water surface.

Hydroiogy

Significant interactions with the groundwater regime would not be expected from
the creek diversions. The total seepage over the entire Hat Creek canal length would be
approximately 637 m3/d. Most of the seepage would, however, be cpilected in the pit
dewatering wells with 2 small amount of recharge entering the buried channel aguifer.
From a groundwater quaiity position Hat Creek water is of higher quality than the
groundwaters of the area and thus the impact from seepage would be rated beneficial although
insignificant. The headworks resarvoir dam would lower the groundwater table in the
alluvial aquifer downstream of the dam to prevent water from flowing fnto the pit. There
would, howaver, be a corresponding rise of between 20 and 35 m in the groundwater tables
along each side of the valley south of the embankment. The overall impact on the alluvial
aguifer would be ambivalent and would not result in any effects outside the valley, The
alternative reservoir scheme would result in the same ambivalent impacts, but each with a
larger magnitude. '

From a surface water hydroiogy point of view, the diversion of Hat Creek would
represent a significant project action in that approximately 9 km of the natural Hat Creek
channel would be replaced by 500 m of reservoir, 6.4 km of open canal and 1.9 km of buried
conduit. The headworks reservoir would be toc small to modify Hat {reek discharges
significantly. It would, however, decrease the mean annual suspended sediment load of Hat
Creek which would lead to some morphological adjustments. They would be minor because Hat
Creek s a degrading stream fn its natural state, with the bed becoming active only during
infrequent major floods. The sirsam would gradually develop the appearance of a lake-
outlet channel with a better defined channel than at present. The ghange would probably
not ba noticeable except through careful before and after surveys and it would not extend
more than 1-2 km beyond the diversion. Water levels and the extent of flooding would
decline slightly, but this also wouid be too small and too slow a change to be noticeable.

The effects of the alternative diversion scheme, finvelving significant upstream
storage, would be much more noticeable and would extend to the Bonaparte River, as this
scheme would effectively regulate Hat Creek, Over a period of a few years, Hat Cresk
would develop 2 smaller and better defined channel downstream of the diversion and most of
the floodplain would not be flooded again except under conditions approaching the maximum
probable flood. Being smaller and more regulated, Hat Creek could become more attractive
to beavers and this could tend to countaract the above tendencies. The overall effect of
the diversion on Hat Creek flows ingluding changes evaporation rates, seepage and the

inflow of mine dewatering would be smail, probably too small to be detectabie.
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Aquatic Ecale

The effects of aperation of the creek diversion would he primarily thosa
associatad with changes in the hydrology and tamperature of Hat Creek downstreaa of the
diversion. The {mpact from habitat loss suffearsd that would be dus to the diversidgn of
Hat Creek around the mine arsa has Deen described under the saction dealing with tha
operation of the mine. .

Hat Creek downstream of tha aine would consist primarily of watar from the
diversion impouncment and an unknown gGuantity from the mine treatment lagoons. The
tamparaturs of the watear discharged from the divarsion would possibly reach 20 during
the summer. Flows would be low or non-existant during the winter. In additien, nitrogen
concentrations as great as 140 percent saturation are predicteq,

Upper lethal tamperature limits reportad for rainbow trout are 27°C for short
periods of time and 23-24%¢ for longer exposuns.7 Growth of rainbow trout caases at
watsr tawperitures above lSc’C.8 This would indicate that few, if any, rainbow trout would
occur in Hat Creesk dirsctly downstream of the diversion discharge during the summertime.
No fish kills, however, would ba expectad unless the dajly temperature variaticns are
large. As water tesperatures approach critical levels, fish inhabiting the creek would
move downstreas intc the cogler waters of the Sonaparte l!iwﬂ-.9

The extant and saverity- of ths downstream tesperaturs increasas i3 difficult to
predict at this time. Some cooling would expected to occur, but for purposes of this
astassment, ft has been assumed that Hat Creek temperaturss would exceed the lethal (27°C)
liait dewnstream to 1ts confluence with the Benaprata River. Should this prove to be the
case, no rainbow trout would be axpected to reside in Hat Creek on a permanent Rasis,
although the cresek would likaly still support ths species in an indirect mamnner, For
example, should available food resocurces Timit the numbers of rainbow trout in the Sonaparte
River, it would be possible that increased food rasourcas available in lowsr Hat Cresk
could facreasa the rainbew trout carrying capacity of the Bonaparts River. Warmer
temperatyures could also 4llow eariier spawning. Increasing the time period for spawning
can decrsasa the chance of a catastrophic event harming a single year class, Teading to
more consistant year class succass and a mors stable populatien.

It shoyld be possible to modify the design of the divarsion canal in a manner ts
apeliorata the temperiturs impacis associated with the pressnt design. Thase possible
modifications ara discussad Tn Part Five, Mitigation Measyres. Mitigatien which would

" allow trout populations ta remain in Hat Creek woyld require regulation of the hydrolegic

regioe in order ts provide adequate instream flow to maintain aguatic productivity. A
recommended flow regise Tor Hat Creek was provided in Table 3.3-3. Flows of this magnftude
would allow sufficient watar %o provide for benthic production, the spawning requirements
for trout and Tlushing of accumulated sediments. Coupled with adequata watar treatment of
mine wastas, this would permit continued usa of lower Hat Creek as trout habitat,
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Land

The possibility for cther adverse effects, such as gas bubble disease due to
nitrogen supersaturation and potential damage to bank and stream bed due to wash and sgour
py water discharged from the chute Dack into the stream bed would also exist. Amelioration
of this impact is discussed above and in the mitigation section. Again, this affect would
be moot unless measures ware taken to reduce the increase in stream temperatures caused by
the diversion discharges.

Airport and Eouipment Offloading Facilities

Normal operation of these facitities would not cause any affect on the water resources of
the area. Design specifications for the disposal of sewage and refuse and for the control! of runoff
should ensure compliance with all regulatory guidelines.10
measure plan should be developed for the handling of all hazardous materials.

A spill prevention control and countar=

Rasources

(a)

(b)

Physical Environment

The operation of the offsite facilities would have a minimal effect on the soils’ component
of the physical environment. Soils in the vicinity of the intake and associated structures, along
the makeup water pipeline right-of-way (ROW) and along the main access road ROW could be subject to
dusting and erosion problems. Thess problems would be manifest should slope and soil stabilization
programmes not be initiated immediately upon completion of construction activities or should these
programmes ¥ail to be maintained or continued throughout the 1ife of the project. These potential
impacts are considered to be insignificant due te the small areas invalved and the inclusion of soil
and siope stability programmes within the development plans for the project.

There could alsoc be an occcasional rock or mud slide along the access road ROW in areas
where deep cuts would be required for construction, These slides would be unavoidable and would
have negligible impact to the local Tandforms.

Natural Vegetation

Operation of the offsite facilities would have no direct impacts on the vegetation in the
immediate vicinity of the facility components. The vegetation would be indirectly affected by
fugitive dust emissions from access roads along the makeup water pipeline, to pumping stations and
to substations, The accumulation of dust on folisge could cause overheating and increase the
susceptibility to disease and insect infestation. The impacts due to dusting would be locatized
along the access routes and should be minor. Another indirect impact could occur on the natural
vegetation due to competition from plant species used in revegetation or slope stability pilans.
This impact could be significant should the revegetation species invade areas of existing natural
vegetation and cause a change in the natural successional patierns of the area.
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(d)

(e}

n

{g)

Wildlife

The operaticn of the offsita facilitias would have na direct affect on the wildiife ressurce.
The minor disturbance to the vegetation notad previously as well as that resulting from ROW
maintenancs would not affect wildlife habitats or existing wildlife. There wauld de some potantiai
for cailision between access road traffic and wildiifa. The impact of this affact should ba minimal
it appropriate fancing and signs are used to warn motorists of wildiife crossing arsas.

Forestry

The operation of the offsfte facilities would not have any major affects on the forestry
resourca. Fugitive dust emissfon from all access roads and areas where sails have not been stabilized
csuld accumulate on tree foliage. These dust accumulations coyld cause gverheating and increasa the
susceptibility to diseasa and insect infestations. The impacts dus to dust emissions would be
negliigible, since the dusting problems wouid be Jocalized in areas whers forast productivity is poor
o Tow.

Agriculture

The effects dus to operation of offsits facilities would e aminimal. The potential
exists Tor conflicts hetwesn traffic on the main access road and cattle movement betwean the grazing
areas in the valley, The significance of this {mpact on the grazing resource would be ainimal since
fencing and cattle quards, where approgriats, would be eaplayed.

Cultural Herd tage Resourcas

Thers would be no direct jmpact from the operation of the offsita facilities. Any
sncroachment upen previously undisturbed ground during maintenance has the potential to adversaly
impact cultural herftage resources sitas. HNHew arsas to be dJdisturbed shouid be examined by
professfonal cultural resources specfalists prior %o any disturbances, so that relocation of the
proposed area of disturbance or mitigation of adversa impact on affectad cultural heritage rescurces
sitas could be performed.

To the extsnt that these facilities would permit the penetration of adjacent areas by

© amataur archaeologists or curfosity seekers, cultural heritage resources sitas adfacent to thase

areas would be placad in danger of vandalization. The magnitude of this indirect impact cannot be
estimated,

Gaclogy

Operation of the water makeup pipeline would restrict access to the aggregata deposits at
Boston Flats, However, abundant aggragate {is found throughout the project area, and thus, this
impact would be ainor.
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Socio-economics

Cffsite facility related impacts on labour force, pcpulation, income, tand use, housing,
services, infrastructure, government, social environment and native Indians have been discussed with the
powerplant construction jimpacts. Therefore the reader is referred to the appropriate topical coverage in
Sections 3.5.1 through 3.5.8. Impacts on recreation resources as a result of offsite faciiity operation
are treated with mine and powerplant operation impacts in Section 4.1.4 to which the reader is referred
for detafls. Aesthetics impacts are discussed below.

(a) Intake Structure

The intake structure would be located in the Thompson River just above the mouth of the
Bonaparte River. This structure {s about 34 m long, § m wide and 9 m above high water. Associated
with the intake structure would be the clarifier (30 m in diameter), the 6 m diameter clearwell and
the high pressure pumping station. The station would be 60 m Jong, 13 m wide and 13 m high. These
three structures would be located just south of the mouth of the Bonaparte River. Foreground and
middleground views from the Thompson River would be impacted by the impositiocn of the storage and
pumping facilities,

Table 4.3-1 1ists the numerical ranking of the visual impacts imposed upon the defined
visual units by the project elements., Table 4.3-2 presents an average ranking of visual impacts,
along with the number of visual units that would be affected and a descriptive word denoting the
Tevel of impact.

(b) Access Road

The access road would provide entry to the plant site and mine facilities from Highway
Noe. 1. It would follow an existing trail from the highway up Cornwall (reek, past Cattle and Medicine
Creek valleys to the plant site. It would then proceed westward through the blending facilities and
thenca to Highway No. 12. The total road length would be 31 km. Maximum gradient would be 8 percent
and maximum design speed would be 80 kph. The total right-of-way required for the road would be
between 100 and 122 ha of land and it would be 25 wide as 100 m in places.

The following areas would be impacted by the road placement: Marble Canyon, upper Hat
Creek Valley, Medicine {reek Valley, Cattle Valley, Highway MNo. 12, Highway No. 1 and Cornwall
Lockout. Refer to Tables 4.3-1 and 4.3-2 for the numerical ranking and average ranking of these
visual impacts.

{c) Wwater Line
The water pipeline would link the Thompson River pumping station tc the water reservoir,
The pipetine would be an 800 mm diameter steel pipe, buried in the ground. Along its corridor there

would be four surge tanks and a booster pumping station with a clearwell. There would also be a
service road located within the pipeline corridor.
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The following arsas would be impactad visually by this corridor: Medicine Cragk Vallay,
Cattle Valley, Thompson River, Highway Ne. 1 and Trachyte Hiils. Refer to Tables 4.3-1 and 4.3-2
for the numerical ranking and averags ranking of these visual impacts.

(d) Transmission Line

Two 500 XV transaission lines would be located in the transmission corridor that links
Kelly Lake to the Nfcola Substation. The existing right-9f-way passes near Cattle Valley. A link
from this corridor would ba made to the Hat Creek powsrplant.

Areas which would be impacted by the 500 XV transmission corridor include: Medicine Creek
Valley, Cattle Valley, Highway No. 12, Cache Creak, Highway No. 1, Cornwall Lookout and Trachyte
H11s., Refer to Tables 4.3-1 and 4.3-2 for the numerical ranking and avarage ranking of these
visual impacts.

{#) Cresk Civersion

The Hat Creek diversion would entad) a 7 k» canal, a 2.2 xm discharge conduit, a canal
sarvice road and the access road %o the upper Hat Creek Yalley. The main canal and road right=of-
way would vary in width from 37 to 62 m and require 30 ha of land, There would also de watar
resarvoirs in  connection with this diversion and they would vary from 7.3 to over 80 ha
(alternative).

Impacted areas would include upper Hat Creek Valley, Medicine Creek Valley and Trachyts
Hi11s. Refer to Tables 4.3-1 and 4.3-2 for the numerical ranking and average ranking of these
visual fmpacts.

(f) Airstrip

A 1500 & runway would be located adout 1.5 km west of MHighway No. 1 and 1.0 km south of
the new access road to the plant site. This paved rurway would be suftable for smail aircraft
Tandings and takeaffs, including executive-typa jet afrcraft,

Thare would oa a distant view of the runway esbankment Trom Highway No. 1 and a miner
impact associatsd with this view. Refer to Tables 4.3-1 and 4.3-2 for the aumerical ranking and
average ranking of these visual impacts.

4.1.5 |Noisa
(a) Accass Road
Peak accass roead traffic nofse levels would not occur during Mine Stage 5 but rather

during the peak construction years in the early 1380s. Consequently, 1983 has been selacted as the
year to predict the impact of access road traffic naise.
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(b}

(c)

As can be seen from Fig. 3.5-11 (Chapter 3.0), the road access traffic YONL would not
exceed 55 dB(A) on the MclLean Lake Reserve and therefore cattle grazing areas would remain
compatipie. In the Cornwall Hills and other range country through which the access road would pass,
the width of the strip aleng each side of the road incompatible with grazing (exceeding YDNL 65)
would vary from 9-6 m depending upon road gradient.

The natural background noise level of the Mclean Lake Reserve would be between
30-40 dB(A). Peak noise levels from trucks on the actess road would vary between 53-70 dB(A) from
the nortnern to the southern edges of the reserve. Peak intrusions of truck noise could cause
annoyance to people involved in recreational activities on the Reserve. However, some of the
annoyance factor could be offsat by the benefit of improved access to the Reserve,

Makeup Water Line

The only potential sources of neoise impact during the operation of the makeup cooling
water supply system would be the two booster pumping stations.

Booster pumping station No. 1 would be located about %0 m from the nearest residence in
the small community at the Bonaparte-Thempson confluence as shown in Fig. 3.5-8 (see Chapter 3.0).
Because the ventilation fans in each pumphouse would be silenced, the noise levels produced in the
aforementioned community are expected to range between YONL 36 and 46 dB(A). By appiying the
sensitivity corrections shown in Table 3.5+4 (see Chapter 3.0), it is seen that the normalized YNDLs
Tevels would range from 46-56 d8(A) and the community reaction would rapge from "mo reaction”" to
“sporadic complaints”, It should be noted that most of the residential area of the above community
has existing train-dominated noise levels which are dincompatible with residential land use
(YONL 58-62), as shown in Fig. 3.5-8 (Chapter 3.0). At the booster pumping station No. 2 fan noise
control would be incorporated such that the area incompatible with grazing (YONL greater than
65 dB(A}) wouid be restricted to within 15 m of the pumphouse walls.

Transmission Lines

The only significant sources of noise associated with the operation of the 6% k¥ trans-
mission lines would be the varicus substation transformers. For the Rattlesnake Substation, two
possible sites have peen selected on the hillside located northeast of Cache Creek. The noise
levels that would be produced by the two transformers in the nearest residential area sbout 1.5 km
from those sites would be YDNL of 40 dB(A). Thus, because the ambient noise levels in the area were
measured (in 1975 as part of another study) to be Ldn 65-60 dB(A), transformer nopise would not
produce a significant impact. When a community sensitivity correction of +10 dB{A} is applied
{+5 dB(A) for no prior exposure and +& dB(A) for pure tone character) and added to the YDNL of the
transformer, the normalized YNDL become 50 dB(A). Fig. 3.5-2 (Chapter 3.0) reveals than that "no
community reaction" would be anticipated. Because accoustical treatment would be implemented for
the reduction of the ncise from the mine substation transformers, no significant noise impact would
be expected at Bonaparte Indian Reserve 1. The plant construction substation transformers would
neither produce a significant impact at Bonaparte Indian Reserve 1, nor disturb sleeping at the
plant construction camp.
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(e}

(1

Creek Qiversions

The operating noise af the creek diversion facilities would be limitsd to that creatad by
3 pumphouse it the pit rim ressrvoir to de located about 300 m downstream of the confluence of the
Medicine and Hat creeks. Because the pit rim resarvoir would displace the two nearsst presently
cccupied residencas, leaving mors than 3.2 ka distance to the next nearsast ranch houss, no significant
{impact would be expected.

Afroart

Aircraft noise levels are based on a total of four take-offs and four landings per day,
a1l during daytime. At Site “A®  the YONLs of aircraft nofse levals that would aqual or exceed the
existing ambient levels (about Ldn 35) would not reach any populated areas. The compatible noise
1imits for grazing (YONL 65) and agriculture (ch-(z4)70) would not De axceeded beyond the cleared
area of the airstrip ftsalf. At Sita “C", Highway 1 trarfic nofse leveis in the year 2013 (during
Mire Stage 8} would vary from YONL 53-62 dB(A) over an area occupied by the group af bufldiangs adout
300 a wast of the afirstrip, as shown in Fig. 4.3=1. .

Basad on eight aircraft sovements per day (see Fig. 4.3-2), the combined nofse levels of
the road traffic and aircrafl operations would range from YONL 5362 in the rusidential area west af
the airstrip as shown in Fig. 4,33, Given the locations of buildings shown fn Fig, 4.3-1, no
previously cospatible location {i.e. YONL $55) would be made incompatible by airstrip operation. If
however, buildings new exist at locatlons not shown in Fig. 4.3=1, 1t would ke possible for
residential incompatibility to develop, although the actual increase in the YONL would be less than
1 48(A). Applying the sensitivity correction from Tabie 3.5-4 (see Chapter 3.0) to the airstrip
YONLs shown on Fig. 4.3-3, the normalizad sound levals west of the airstrip weuld range from
YONL 40-50 ¢B(A). Therefore, based on Fig, 3.5-2 {(Chapter 3.0), “no advarse reaction” would be
anticipated from the rasidents in the group of buildings west of the airstrip. The airgraft noise
evants, aithough few, would, however, be very noticsable and thersfore the actual reaction will
depend on individual cases.

Equipment 0ff1gading Facilities

The noisa impact due to operation of the affleading facilities at tha Ashcreft sita would
be primarily due ta the daytime movements of trucks through the adjacent community. The fimitial
trucking routa would likely be along the o014 highway (now a2 side street) past residential areas,
parks and a school, as shown in Fig. 4.3_'-4. The nofse entering the recsptor areas, dus ta the truck
movements, would vary from YONL of 51-55 dB(A), depending on road grade. The existing {and futurs)
ambient noise levels along the trucking routa are estimated to be from YONL 54-53 d8(A), hence,
houses bordering dfﬁct1y on the o6ld highwdy could ba saxposed %o incompatible levels of noise
(exceeding YONL of 55 dB(A). .

By applying the sensitivity correction from Table 3.5-4 (Chapter 3.0), 1t can be sesn that
the normalized project YONL along the trucking route would vary frem 51-60 dB(A). Thus basad on
Fig. 3.5-2 {(Chapter 3.0) tha community reaction fs expected to vary widely from “no reaction" %o
"widespread complaints”,
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It is possible, that in the future am alternate trucking route would be designated to run
parallel to the CNR line from the industrial zone to the Ashcroft-Cache Creek highway, as shown in
Fig. 4.3-4. This route would be shorter and over a more level grade, therefore the impact of trucking
would be Tess.

The precise locatfons of the offloading sites at Kelly Lake and Spences Bridge are not
known, but the potential noise impact at these two sites would probably be less than at the Ashcroft
offloading site. Kelly Lake is already exposed to existing traffic noise produced by ore trucks,
whereas Spences Bridge is aiready impacted by both traffic noise from Highway 1 and the nearby
railroad movements noise from Canadian Pacific (CPR) and Canadian National (CNR) mainlines.

4 -~ 103 Part Four



5.1

5.2

5.2.1

CHAPTER 5.0 = ENVIRONMENTAL IMPACTS OF DECOMMISSIONING

In this chapter it is assumed that at the end of the planned 35-year life of the project all
project structures would be dismantled and removed or otherwise permanently disposed of and that the mine
and all solid waste facilities (e.g. ash and mine wastes) would be graded and revegetated, or otherwise
acceptably treated for permanent abandonment. This chaptar discusses the impacts of such actions.

It is recognized that decommissioning of some or most of the facilities may not occur, At this
point there are no actual plans by B.C. Hydro regarding ultimate disposition of the facilities. Further-
more, it cannot be known whether the actual project Tife will be 35 years or some other, likely longer,
period of time.

However, it {5 known that at some point in time the mine pit would have to be decommissioned
and that many other facilities would ultimately become too uneconomical to continue using. If these are
remaoved or otharwise decommissioned, for whatever reason, including replacement, there would be environ~-
mental impacts that would have resulted from the project, hence the inclusien of this chapter in the
EIAR.

AIR QUALITY AND METEQROLOGY

It is assumed that the plant and offsite facilities would be removed and their areas restored
to near-natural conditions and that the final mine surfaces would be graded for reclamation., Significant
quantities of fugitive dust emissions would be generated during demolition and dispesal of the powerplant
and offsite facilities as well as during reclamatfon of che mine. This dust would produce elevated
localized suspended particulate concentrations, although appropriate dust ceontrol, measures would be
implemented. Vehicular emissions would also produce locaily elevated gaseous contaminant concentrations.
The mine site and waste disposal areas would be revegetated. This would permanently eliminate dust
problems that wouid cccur because of wind erasion of open ground.

WATER RESDURCES
Powerplant

(a) water Quality

&) Groundwater

Reclamation of the plant site and all associated disposal areas and facilities
would have a beneficial impact on groundwater gquality in that the gquantity of precipitation
infiltrating and percolating through disturbed areas would be reduced. Because of the
permeability of fly ash, however, many years would pass before leachates would cease to
emanate from the upper Medicine Creek ash pond even after reclamation. After topsoil
addition and revegetation, fertilization and possibly irrigation would possibly be used to
expedite the process. Some residual nutrients would inevitably migrate into the surficial
groundwater system and then eventually inte the surface water regime. The impact of this
activity would not be significant.
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(%)

(¢}

(4)

Reclamation of the altarnative dry ash disposal systam dumps would procaed
throughout the "oparation® phase and would be aimost fully complatad by the plant decom=
missioning stage. The fly ash disposal area would continue o produce seepage aftar
raclanation, however, bacause the permeability of the ash dictates a very slow desaturation
procass. Bottom ash on the other hand would Decome unsaturatad fn a relatively shert
period of time and once revegetated should effectively become "inactive” relative o inner
drainags.

(i) Surface Water

Minor impacts relating to sediment Tess frem short-tarm area disturbances during
removal of plant infrastructure would be expectsd ta occur. It is assumed that the watar
supply reservoir would be Teft intact and no intaractions would be visualized if this is
done. Continued existence of drainage facilities would be a beneficial impact as thesa
facilities would protect the integrity of wasta disposal areas and control runeff erosicn.
Any demands on the buffer capacity of the water resources thai would have resyltad frem
gaseous plant emissions would be eliminated.

Hydroleay

The cessation of ash transport watar discharge and the planting of vegetation on disposal
area surfaces would reduce groundwatar recharge. Howsver, the rate of recharge would still be
2lightly greater than the precanstruction ratas. The net result weuld e 2 minor Deneficial impact
in that tha groundwatar table would remain siigntly elevatad.

The main iopact on surface watar hydrology due to plant deccmmissioming would be the
permanent diversion of Medicine Creek. The side hi1l1 canal would require gontinuing maintenance,
because any blockage (e.g. dedbris jams, beaver dams, ica or slides) could lead to overtopping of the
banks, diverting the flow to the ashi pond., The ash pond wouid then have to contain a spillway %o
ensure structural intagrity.

Water {/sa

The impacts of decommissioning on water usa cannot adequately de subdivided among project
facilities. Since mest activities arfecting water use would be related to the valiey area, this
topic 1s discussed in datail in Section §.2.2.

Acuatic Ecology

Sincs the precise effects of the plants gaseous emissicns have not been determined, the
impacts of decommissiong can not be accurately preadicted. Impacts which do rasult from decommis-
sioning, however, are expected %o b beneficial in nature,
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Mine

{a)

WATER RESOURCES - (Cont'd)

Water Quality

(1)

(i)

Groundwater

The total area that would be reclaimed in the decommissioning phase of the mine
fs 2035 ha. Reclamation would have a beneficial impact on groundwater quality in that
precipitation infiltrating and percolating through disturbed areas would be lessenad.
Cover material would also prevent further oxidation and weathering of waste materials.
Filooding of the pit would not cause any significant groundwater quality impairment because
groundwaters would be emanating into the pit lake rather than out from the lake. There
would be a recharge inte the valley alluvium and buried bedrock channel aguifers of approxi-
mately 500-700 m3/d. The quality of the water in the channel agquifer is presently unknown
and the quality of the lake water requires further study. The projected fimpact af this
recharge is thus indeterminate at this stage.

Surface Water

Impacts on surface water quality during decommissioning would resyit from
increased nutrient loads to Hat Creek due to fertilization of reclaimed disturbed areas.
The contribution frem fertilizer to the nitrcgen and phosphorous levels in Hat Creek was
calcutated to be 0.63 mg/L as N and 0.004 mg/L as P from a single fertilization event and
0.063 mg/L as N and 0.039 mg/L as P from amnual ferti[izatfcn. These increases could
foster biomass production in the creek to its eventual detriment. Extreme care in farti-
tizer application would therefore be warranted. With respect to the Boniparte River,
nutrient increases from a singte fertilizer addition would be 3.9 percent for nitrogen and
1.7 percent for phosphorous. These should not exert any noticeable effect on biomass
levels. In the case of annual addition, howevar, the {ncrease would bhe 29 percent for
nitrogen and 17 percent for phosphorous. The resultant concentratfons could be deirimental
and preventative measures would have to be implemented.

Creation of a take by flocoding the mine pit would 1ikely have a positive effect
on the suspended solids level of Hat Creek in that the creek's entire sediment load would
be deposited im the lake at all times of the year. This I{mpoundment would, however,
increase water temperatures above normal temperatures in Hat Creek. The temperature of
water leaving the flooded pit could be as high as 25°C. The chemical effect on water
quality is difficult to predict and it is recommended that this aspect be studied further
when more details are known of the probable top dressing materials. Water column studies
should be undertaken to help predict the dissolved solids leaching rates from the proposed
lake bottom sediments. Since the lake wouid be of substantial size and depth (335 ha and
120 m deep), it could be subject to thermal stratification and semi-annual turnovar.
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(b} Hydralogy
(i) Groundwatar i

(&

In the pit area the groundwatar tabis would return %o its present aelevation.
Basad on present geotechnical data this could cause significant pit siope instabiliity and
vary savere downhfll slope movement. This sovement would make ths task of maintaining the
diversion canal very difficult and sxtremely expensive, Groungwatar rscharge to the
alluvial and buried bedrock valley aquifers would be restored to sligntly more than precon-
struction flows,

The canal would continua to recharge groundwatar to local agquifers resulting in
2 minor beneficial impact om groundwatar resgurces. Some groundwater could 21so be used
to ierigats the revegetatad dispasal areas. The recharge to groundwatar would be nagligiblas
and consideradly less than during the operating stages. The ovarall impact on groundwater
would, therefare, be ambivalent.

(i1} Surface Watar

Reclamation would return disturbed areas to reasonably natural water balancas,

The main permanent impact on surface watar hydrology would rasult from filling of the mine
pit and its conversion to a lake. Downstream of the Take, Hat Creek would be significantly

- depleted during the 25-year filiing pariod and then highly regulated, As {n the case of
the alternate diversfon scheme, 1t would eventually develop 2 much smallar, But better
defined stream channel. The entire presant floodplain would be converted to low tarracas.

Extansive beaver activity could, however, change %this and could result in extensive
flooding. A simpie, gated control structura at the lake outlet could give almost complata

control over flows in lTower Hat Creek. Oepending on develcpments in the lower Hat Cresek
vziley at this r.'lme.- requlation could constitute a very beneficial impact. The relatively
deep lake amight not frseze during winter or it might only freeze lata in winter. The
large open watsr surface will have scme climatic effects, particularly during cold spells,
when open water tands %9 generate foq.

Watar lse

Oscommissioning of the project would be associatad with major potential Denefits to irriga-
tion through the use of project resarveirs for water storage. Over 1000 x 104 m3 af watar of the
Hat Creek drainage basin could be made available for {irrigatisn in this way. This is roughly one
and one-half times the current use of water for irrigatien fn the Hat Creek VYallay. This assumes
that potantial water use Tacilities would be maintained (e.g. maintenance of flew {n the canal
and/qor maintenanca of cresk diversions). Table 5.2-1 summariZes the project activities, causes and
water gquantities assocfated with the benefits of decommissioning.

Regarding industrial watar use, mine and plant water requirsments would return %o Zzero.

Comestic surface water usage would reduce a5 pecple move away frem the surrounding area. However,
some water demand in excass of the "without project" usage would remain as a percentage of the
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(a)

people who worked on the project would stay to retire or wait unti? other work would become
available.

Aquatic Ecology

The cessation of the mines' aqueous discharges to Hat Creek would have Tittle immediate
effect because continued operation of the diversion canal would cause continued high summer water
temperature and thus, continue to prevent resident fish populations from becoming established. The
reduction in nutrients which would result from the Jessened discharge would cause a reduction in
periphyton productivity and biomass. The reduction of flow in the lower portion of Hat Creek from
discharge reductions and other causes would restrict transitory fish population. After the mine pit
lake is fiiled, the discharge canal decommissioned, normal flow in the lower portion of Hat Craek
resumed and aqueous discharges lessened, resigdent fish populations should become established.

5.2.3 Offsite Facilities

{a)

(b

(e

{d)

(e)

Intake Structure

Decommissioning of the intake structure would have minor beneficial impliications on water
quality, Phase out would mean no further discharges of grit and silt from the water clarification
tank to the Thompson River. Cessatfon of intake operation would also eliminate any potential for
impingement of the anadromous salmenids of the Thompson River.

Access Road

This facility should remain intact and therafore the discussion presanted in Section 4.3.2
would apply to this preoject phase. ’

Makeyp Water Line

This action would have minor benaficial implications on water quality. The need for
emergency drainages from the pipeline to both the Cormwall Creek and Bonaparte River would cease to
exist, It is, however, assumed that the pipeline ftself would be Taft in place.

Transmission Line

This action should not impact on the water rescurces of the area.
Creek Diversion

Decommissionfng of the Hat (Creek diversion in association with creation of a lake in the
pit would offer both beneficial and negative impacts. Physical water quality in terms of temperature
should improve. Tha newly created lake would also reduce sediment loads. The chemical impacts on
water quality would be negative. This would be due toc the potential degragation of the Hat Creek
water quality in passing through the lake.‘ The continued existence of the reservoirs associated
with the diversion (in upper Hat Creek) would be an ambfivalent impact. The reservoirs would reduce
sadimant levels in Hat Creek, but they would also continue to cause increased water temperatures.
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(n

(3)

The ecoiogy of the mine pit lake s difffcult to predict, aspecially when water quality
predictions are unavailable. Lake depth would incresase at & rats of approximately 8 m/yr for
26 years unti] it {s filled. This would inhibit the deveiopmant of a Tittoral 2cne and fts associated
macrophyts and benthic communities. Fish, which often use Take margins for spawning, would have
difficulty in estahl{shing saif sustaining populations.z Laka productivity would be largely dependent
on plankton communities which would develop to the axtent that nutrients would be avaflable. )

Aftar the lake level stahilizas, petantial for a well developed littoral zone wauld De
high. It should be ﬁcssible to maintain a watar laval such that the upper mina bench would be
ipproximately 1 @ under water. This would creata a2 littoral 2zone extending at least 20 m from
shore. This 1littoral zone, combined with upper portions of Hat Creek, should provide adequate
habitat faor fish spawning.

Praductivity In the stabilized Take would not 1ikely be high. If phosphoreus concentrations
found in Hat Creek are assumed to approximata total phosphorous concentrations in the lake, no more
than 2 ng/m3 chicrophy!l would be predictad in the mine pit 1aka.3'4 Two mg/m3 chlorophyll fis
regarded as the maximum avaraga concentratiocn which should be maintained "whare it is desirable to
saintain hypelimretic concentrations of oxygen in excasss of 5 mg/L to praserve cold wateér fisheries.
The lake wuld_ be very dnproductiva".‘ Using concentratifens of total dissalved solids fougd in
upper Hat Creek, the marphoedaphic iﬂde.us suggests that the lake would be oligetrophic, but would be
mors productive than Lake Tahoe, Lake Superior, Buttle Lake, Great Bear Lake or Rainbow Laka and
tess productive than Lake Hurgn, Lake Athalbaska or Slave Laka,

Other lakes in British Coljumbia, represanting a w{da variation 1n morphometry, contain
significant salmonid populations., Between 20 and 49 percent of tha fish communities in Osoyoos,
Vaseux, S5kaha, Okanagan, Xalamaika and Wood Takes are salmnn‘ids.s Cultus, Chilke, Shuswap and
Fraser lakes alsc contain large populaticns of sailmonids. The only cbvious relatianship explaining
the relative success of salmonids in these lakes, {s that salmonids appear to be more succassful in
oligatrephic lakes. On this basis, a signficant salmonid population would be expected to develop in
the mine pit Taka.

Afrport

—————

This facility should remain intact and therefore the discussion presented in Sestfon 5.3.6
would apply to this project phasa.

.

fquipmant Offloading Facilitias

This action should not fmpact on the water resources of the area.

LAND RESOURCES

Introduction

The potantial impacts frem the decommissianing of tha plant, mine and offsite facilities associ-

atad with the Hat Cresk project would be genericaily siaflar, with the only notable diffarences being the
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LAND RESQURCES - (Cont'd)

total areas affected in each casa. The impacts to the land resource components as described in the
foilowing secticns are general enough to be applicable to the plant, mine and offsite faciiities and,
therefore, all are presented under the heading of the plant, It should, therefore, be noted that the
fallowing discussions will not be reiterated for the mine and offsite facilities.

Physical Environment

The decommissioning phase of the project would not have an impact on climate. Any impacts to
land forms would be a function of the degree of land restoration. Land restoration would invelve the
recontouring of land, which generally resylts in changes to existing siopes and drainage patterns. No
adverse impacts would occur on the geology of the area from the decommissioning phase. A complete
discussion of the effects on gealogy is presented in the Minerals and Petroleum Repor-t.1

The impacts of the decommissioning phase on the soils would be minimal and would only oceur
over a short-time period when restoration activi;ies would be in progress. Some of the impacts anticipated
could occur from dusting, erosion and alkalinity-salinity problems. However, these affacts could be
moderated during the restoration by revegetating as quickly as possible, maintaining minimum slopes
specifically on those areas with erosfon potential and the use of dust control measures. In this manner,
the restoration programme could have a beneficial effect on the so0ils by providing the means for reduction
of adverse soil conditions.

Natural Vegetation

There would be ne direct impacts predicted to cccur on vegetation from decommissioning of the
project faciTities. An indirect impact to the vegetation could develop at some time interval after the
decommissioning phase due to revegetation of ash disposal areas., These impacts could result when trace
elements fn the ash and waste disposal areas either migrate to the soil subsurface and become available
to vegetation or are absorbed by rosts. The piants affected would be those used in the revegetation of
these areas and those commonly categorized as pioneers, which are typically shaliow rooted.

There are a large number of environmental factors which define the availability of the elements,
uptake rate by plants, etc. Due to the lack of deffnftive data, however, predictions of the effects are
difficult. ‘

In general, the impact of the decommissicning phase would be beneficial since disturbed areas
would be restored during this phase. The revegetation could praovide stabilization to the exposed areas
and create new habitats for the invasion of native plant species. The waste disposal areas could provide
an unwanted source of seed for noxious range and forest weeds which could result in a further degradation
of the range areas. In addition, certain revegetation species could have an adverse impact on native
vegetation by competing for available space. This competition could result in changes to the species
composition of an area, which in turn would affect natural successional patterns. This impact could be
minimized through careful selection of revegetation species.

Wildlife

Powerplant site reclamation plans have not yet been developed in sufficient detail to aliow for
an adequate evaluation. The waste disposal areas, topsoil stockpiles and coal storage and blending areas
combined comprise nearly all of the total habitat losses. The reclamation of these areas would play a
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major role in determining the uitimats profect impact upon the wildlife resource in the local study
area.

The revegstation programme is designed ts restors land to biolegical produyctivity. The type of
vagetation re-estabiished on disturbed areas would detarmine, to a large extant, the types and numbers of
wildlife that would utilize thosa areas. Oetailed plans of tha revegetation programmes have not been
finaiized but gesnaral characteristics of the process can be presantad.

The initial flora would be estabiished by saeding. One primary cbjective of revegatation is
slope stabilization and pravention of erosion. This objective would %e met by using grassas and legumes
which wouid estaplish gquickly, as pioneer species, under Hat Creek climatie conditions. Succassional
progression from the expected orfginal grass-lequme community would be very slow, Succassion an the

-reclaimed areas would approach primary succession which would require the weatharing of soils, the

establishment of soil biota and the incorporation of organic material within the sofls before many other

" types of plant species would invade. Accordingly wildlife occupation of the reclaimed areas would succaed

with plant comsunity development.

The vegetation that would grew in the revegetated wasts disposal areas would be rooted {n sofl
which may have relatively large amounts of trace elements. The possibility would exist that this vegeta-
tion ¢ould contain quantities of trace eiements toxic to wildlife.

In most sofls, the trace elements are fargely unavailabis to plants because the slements are
bound (absorbed) to the surface of organic or fnorganic sofl particles. The lack of aorganic material in
the revegetated soils could mean that soma elements would be mare available in recent overburden than
thay would be in mature sails.

Aftar years of aining another 25 years would be ragquired to {11 the pit with watar. Hat Creek
would then again flow fin 1its natyral channel. At that time, the riparian habitat would begin te
re-establish. Other presently existing habitats in the upper Hat Creek Vallay would be replaced by
grassland similar ts the current low and mid elevation grasslands, but without swales, aspen clumps or
other edapnic variabiiity.

The overall effect of project decommissioning on wildlife species would be directly related %o
the final land reclamation polfcies. Regardless of what 3.C. Hydro does %o the disturted areas, these
areas would probably support some wildlife. However, if.a serious atlempt is geing to be made to accommo-
date local wildlife species, an effort shouid be made to incorporate species habftat raquirements fnts
the early planning stagas of the decommissioning programme.

The only game species that might utilize the reclaimed areas are mourning doves and blue
grouse. Howaver, mourning doves ara relatively uncommon in the Hat Creek Valley ind because blue grouse
utilize maialy the grassland-forest edge, they would rarely usa the central portions of the reclaimed
area, Thus oane would expect little benefit to wupland gamebird popylations as a resylt of land
reclamation.

Amang tha non-game birds, only a few species were ragularly encountarad in the semi-arid grass-
lands of the Hat Cresk Valley and many of the charactaristic species of open range ware noted to be
atiracted to saline depressions or to micro-riparian habitats. Consaguently, few species would gain
habitat with dacommissiening.
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Based on the current distribution of small mammals, deer mice would be expected to predominate
in the reclaimed ecosystem and voies, chipmunks and marmots would occur speradically or in very low
densities.

Reclaimed land would be of l1ittie value to most furbearers except for the coyote. The eventual
reconnection of the upper and Tower reaches of Hat Creek via the pit lake could have a positive effect
upon some aquatic or semi-aquatic furbearers, such as river otter and mink. These animals would again
have access between the upper and lower reaches of Hat Creek.

Riparian vegetation is an important part of habitat requirements of moose, black bear and deer
in the upper Hat {reek valley. The opportunities for development of this kind of habitat under the
proposed decommissioning plans appear minimal. Mule deer would also benefit from the development of
riparian habitat, however, final landscaping and the choice of plant species used in the revegetation
programme would also play a Targe part in determining the eventual use of the area by deer.

The raclaimed land may prodive habitat attractive to grassland rare and endangersed species,
The prairie falcon and turkey vulture would be the most Tikely species to utilize the reclaimed lands.
The reclaimed land would be peripheral to the range of these species and would not add significantly to
their regional numbers or population stability.

The formation of a pit lake could provide a more direct benefit to some rare or endangered
species. The pit lake could provide new habitat for comnon loons, ospreys, bald eagles or trumpeter
swans. The lake would be stocked with fish and, as such, would provide a new foraging and/or breeding
area for loons, ospreys and eagles. Trumpeter swans could find the large lake suftabie as a stop-over
site.

Upland mine areas would respond to decommissioning as described above for the plant area.

Field wildlife data do not allow a breakdown by offsite facility components of wildlife decom-

missioning effects. In general, however, these effects would parallel those described for the plant and
mine.

Forestry

No impacts to the merchantable timber stands would occur during the decommissioning phase.

Agriculture

Decommissioning effects on agricultural resources would be of a beneficial nature. Portions of
the area alienated for project construction and operation would be reclaimed and returmed to agricultural
production. The potential would exist for utilizing project water supplies for crop irrigation. Assuming
an irrigation demand of 0.76 m to 0.91 m, water from project reservoirs could support 1126 to 1349 ha of
irrigated land, while continued pumping of water from the Thompson River through the project pipeline
could theoretically irrigate an additional 700 to 1100 ha,
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LAND RESGURCES - (Cant'd}

Cultural Heritage Resourcas

There should, in gensral, be no adverse impagt on the cyltural heritage resources due to tha
decommissioning of the plant, mine and offsitss. Adverse {mpacts could result. from the decommissioning
of the Hat (reek diversion reservoir, canal and conduit to the extent that 2 new watar course would be
created that cuts through praviously undisturbed ground. To the extent that salvage of matarfals or
sCrap recovery would be attempted from the plant, mina and offsite arsas, there would ha tha possibility
of encroachment upon praviously undisturted arsas with the potantial for adversae Impact on tha rescurces.
Oecommissioning would curtail access ta the plant, mine and offista arsas thereby decrsasing adversa
indireet impacts such as vandalisa of the cultural neritage resources sites.

Geolagy

Althcugh the process of decommissioning the wasta disposal areas would begin as soon as the
final suyrface contours have been developed, the aopen pit mine would not ba deccamissioned until aftar the
gine is abandoned. If the mine 1s to be abandoned immediataly after tha coal required for the project
has baen recovered, then ra-establishment of the flow of Hat Creek through tha pit areas, allowing it to
become a lake, would effactively starilize ihe 347 Mt of thermal coal in the Na. 1 deposit and 445 Mt of
aggreqate fn the upper Hat Crsek quarry. The proportion of the remaining ¢ocal within the No. 1 deposit
made {naccessible to further exploitation fs 12.2 percent of the ramaining coal reserves within the upper
Hat Creek Vallay. The large reserves of coal and aggragate {n the area tend tg mitigate any adverse
impact mine decommissioning would have on the future availability of thesq two resources. Decommissioning
of the wasta disposal areas would not further arffect geelagic resgurces of the valley.

SOCIQ-ECONOMICS

Querall Consideratians

{a) Introduction

A1l operating and other project-related aemployment would terminata after the I§eyear
operating lifs of the proposed powerplant. The social and economic consequences of such a closure
would depend upon the tachnology, social, political and economic conditions prevailing at furture
points in time, The following discussion, racognizing the difficulty in projecting future conditions,
makes assumptions about alternative future “statas* and identifies potential impacts for each altarna-
tive scenaria.

(B) Scenarig-expanded and Diversifiad Economic Base

In th'['s scanario, other large scale davelopments such as_ an 2luminum smelter operation,
usfng Hat Creek cpal! and provincial energy supplies, and a cocal gasification plant are assumed to
occur prier to closure of the proposed Hat Creek Projact. If this scenario was corrsct, the workforce
displaced frem tha powerplant would be absorbed by the new labour requirements of cther projects,
The population size, income level, housing requirement and service demands would not be significantly
changed. The communities would probably realize some land usa and physical structurs changes.
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(¢) Sceparjo-alternative Developments

In this scenario, it is anticipated that other development projects such as copper aining
would not be able to absorb all the employees displaced from the powerplant closure. The subsequent
loss in population, other conditions held constant, would probably result in business failture,
excess capacity in social infrastructure, a loss in community cohesion, loss in property and higher
tax burden. The future economic state of the communities might be strong however and the communities
would be able to provide employment and fincome opportunities thus absorbing dispiaced workers and
their families,

(¢} Scerario-limited Emplovment Opportunities

The closure of the pawerpiant at a time when there fs no alternative developments to
provide employment would obviously be disruptive to the communities. In the local private and
pubtic sectors, the full in demand for goods and service would result in a decline in income, employ-
ment and probably prices. Excess c¢apacity in housing and social infrastructure would lYikely occur
with the associated economic consequences. Social adjustment problems would be expected as well.

Aesthetic Considerations

The various elements of the powerplant and its appurtenant installations have been divided into
two general groups depending on their visual presence. The first group consists of elements which would
be structures and have a considerable height or width or length. Included are the plant - ingluding the
turbine enclosures, stack, administratfon building, etec. - and the intake structure, transmission lines,
airport structures and other above-ground improvements.

The second general group consists of installations which would be either on or in the ground.
This would include the mine, roads, water line and the creek diversion installation.

Basic assumptions have been made regarding the intant of the tarm “decommissioning”. The
groups of elements outlined above were considered from the standpoint "moth ballimg" - that is, taking

the plant structures out of service and protecting them by covering them with long-lasting materials,
sealing windows and doors, boarding up openings, putting protective lubricant coating on machinery, etc.
In other words, the plant would cease to operate but would not be dismantled or, perhaps, partially
dismantled {if certain equipment were to be used elsewhere. The second standpoint is based on the cption
of removing a1 equipment for disposal and/or use elsewhere and dismantling and razing the buildings.

In the event that the decision s made to “moth ball" the ‘structures, there is no way to “moth
bai1" roads and mines, the visual intrusions would remain the same as they were while the plant was
operational., The transient observer may be puzzled by the looks of the structures but the resident
chserver would probably become adapted to the presence of the decommissioned, closed plant buildings.

In the event that the buildings would be razed, however, it seems probable that the areas
involved would return te their natural appearance, if left alone; or to farming or grazing pursuits, if
cultivated. Determinations wouid have to be made in the future as to the uses desired for the decommis-
sioned lands. If the area occtupied by the pilant were to be considered for revegetation for grazing
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pyrposas or far agricyltural cropland, the foundations of the builidings would hava to be removed %o an
2ppropriata depth and the preparad areas woyld have tQ be filled in with topsoil and planted for the
Tntended use. This assumed procadure would, obviously, completaly remove any envirgnmental impact oggur—
ring frem the plant and would restors the area to its preconstruction aspect.

In~ground or subtarranean units of the plant would present different options and treatment
procadures. [t {s assumed, for example, that the watar Tine piping would simply be cut off and Teft in
the ground, since it would be costly ta sxcavate and remove it. The pumphouses associated with the line
would be razed and the areds formerly occupied by them would ba seeded or planted. Tha resarvoir would
presymably be drained, filled in and planted. The access road could either be removed {and the area it
formerly ocsupied sasded); or it could be cut off and abandoned. The Hat Creek diversion canai, conduits,
and associated resarvoirs and roads cauld be abandoned and, in the case of the reserveirs and canal,
drained and f{17eqd in.

In these instances of major in-ground Installations, such as the Hat Creek diversion, the water
resarvoir and the access road (and their appurtanant structures), it ssems reasonable o assume that the
provincial governmant wouid be interestad in obtainfng some or all elements as major improvements to the
area. Arrangements could De made to deed them over to the Crown, if further use could be made of tha

_instailations for agricultural irrigation and transportation needs.

The largest single in-ground installation is the mina and it is also the one which would ocgasion
the greatest amount of affort in the event af decommissioning, At this time it is net known whether the
decomnissioning of the plant would De coincident with the decommissioning of the mine. It is possible
for the plant to shut down permanently and ¢gal from the mine o be marketed elsawhere.

With tha cessation of mine productfon and its shutdown, enormous amounts of materiai would be
required to #1117 fa the excivated area. Consideration could be given ta F1171 in the minea with materfal
from the waste disposal areas with a final covering of about 5 m of soil and grass/shrub/tres planting.
This may Re a suitable approach, sinca the vast quantities of soil regquired for a ccaplete 7i11-in would
ba of prohibitive expense, aven {f 1t were passible to obtain the necessary matarial.

Recreation

Quantifying racreational activity days in the praject area for the post-cperational stage is
not deesed feasible because of the extremely long time horizons involved. Post operational impacts would
therafore be related to the physical caonditions that could prevail beyond 2020, The majer changes at
that time would de the removal of tha pnysical facilities fncluging the plant, conveyor, transmission
structures and other featurss directly related to the function of eleciric power generation and ceal
handling. Major infrastructure itams such as access roads and watar line would or could remajin, The
landscape would have been changed by the creation of ash disposal arsas (which it s assumed would have
been covered and revagetatad) and the open pit mine. Assuming the mioe could be filled with water by
natyral drainage over a few years, and further assuming the watar is of adequate guality to support
agquatic life, a recreational asset would have been created, 1t is quita conceivable, assuming steadily
incrsasing demands, that pecpie would be attracted to what could de known as “Hat Lagke" and gither a
public camping site or a private resort development couid conceivably be developed. The adjacent ash
dispasal areas and plant sita would have been covered, sasced and allowed to ragrow to as natural a
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condition as feasible thus attracting game species and allowing for increased ievels of hunting, backread
travel and other outdoor pursuits that may be popular at the time. Angling would increase and boating
would be possible due to the presence of the water-filled mine. In addition, angling would continue on
Hat Creek itself. In summary, from the perspective of outdoor recreation cpportunities, positive advan-
tages could accrue in the post-operational phasa.

NOISE
Plant

At the time of this writing there is not enough information avaiiable about the procedures and
equipment that would be required for plant decommissioning to allow a quantitative analysis of the
resulting noise impact.

Mine

By comparing the total voiume of material to be moved per year during mine production with that
to be moved during pit reclamation, it would appear that the tevel of activity during reclamation would
be about 2 to 4 percent of that during mining. This would correspond to about 14 to 17 dB(A) reduction
in pit generated noise assuming similar equipment is used. Alsg, there would be little activity at
ground level to correspond to the removal of superficials during mining and both blasting and coal prepara-
tion noise would be absent. Combining this with the much shorter duration of the reclamation activity
ES years versus 35 years for mining)} it is concluded that the overall noise impact of pit reclamation
would be much lower than the preceeding mining activities.

The reclamation of waste disposal areas be complete by the time mining activity ends, Hence,
this reclamation activity noise would be masked by the noise produced by the mine operation.

Offsite Facilities

As with the §1ant, ne detailed plans have been made yet regarding the decommissioning of the
offsite facilities. However, on a qualitative basis, the noise impact of offsites decommissioning would
be less than that of their construction.
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1.1

1.2

CHAPTER 1.0 - RECCMMEMDED MITIGATION MEASURES

Part Five of this EJAR addresses mitigation and compensation measures which would protect the
environment and minimize disturbances to humans should the Hat Creek Project proceed. Mitigation refers
to siting and design features which would aveid or minimize adverse impacts. Mitigation measures jnclude:
(1) siting, (2) design features incorporated during conceptual and prelimimary project design, (3} planming
for construction and operation activities and (4) standard B.C. Hydro environmental requirements for
construction contracts. Compensatioﬁ, in contrast, refers to payments for resource impacts which cannot
be mitigated.

Mitigation measures incorporated during preliminary design were developed in the following
manner. Each major project component as well as its location was evaluated during the preliminary engi-
neering phase. Proposed systems were then selected from the alternatives by comparing the technical
engineering, engineering-economic and environmental benefits associated with each system alternative.

Mitigation measures developed from the preliminary design phase are based upon the impacts
presented in Part Four of the EIAR and the concerns of the various envirommental rescurce specialists.
Data on costs, effects an system reliability and the environmental consequences of substantial cross-
discipline tradeoffs have not been included in this discussion. Thus, proposals te mitigate project
impacts are based upon partial information and shoyld be treatad as preliminary in nature.

Formal aevaluationh of the proposed mitigation and compensation programmes would be undertaken in
the benefit-cost analysis and the results presentad in the Environmental Impact Statement. These data
would serve as the basis for the ultimate mitigation programme which would be developed through the
licensing process should the project proceed.

Chapter 1.0 is developed topically on the project time horizon according to preconstruction,
construction, operation, decommissioning and reclamation activities. Mitigation is developed by resource
area. Design features presently incorporated, and actions planned for construction and operation are
discussed.

PRECONSTRUCTTON MITIGATION PROGRAMMES

Preconstruction site activities for the powerplant, mine and offsite facilities were compara~
tively minor events associated with geotechnicai exploration, the bulk sample programme and surveying.
Specific site activities included:

Construction and operation of the drill camp.

fo

2. Construction of temporary access roads.

3. Installation of temporary power lines.

4. Exploratory drilling.
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1.2

L.2.1

l.2.2

1.2.3

1.3

PRECONSTRUCTION MITIGATION PROGRAMMES - {Cont'd)

8.  Surveying.

6. A Bulk Sample Programme,

7. Land acquisition.

8. Envircrmental sampiing.

9. Archaeolagical explaraticn.

Mitigation measures were developed for the Bulk Sample, Environmental Sampling and Orill Pregrammes.

Bulk Sample Programme

Bulk Sample Programme mitigation measures {ncluded the designation of a buffer z&ne running
parailel to Hat Crsek in which no activity %o0ok place. The‘design of the waste reck and overburden dump,
and its lecation protacted Hat Creek from increased suspended solids and mine Teachatas caused by excava-
tion. The design of the lower face of the main dump required that coarsa matariai provide a rip-rap
¢over. To ensure that runaff from the coal, coal waste storage piles and work areas would not drain into
any apen watar courses, areas were ditched and small dams constructad for runoff impoundment. Selection
of the coal truck haul routes and the scheduling mfnimized conflict with logal traffic and the public
walil-deing.

Environmental Sampling Programme

The Envircnmental Sampling Programme regquired that ail intrusions by project personnel in Hat
Creek Valley be carefully scheduled with the onsite c<cordinator to minimize disturbance of area
residents.

Geqlogical Orilling Programme

The Geological Orilling Programme required that geotechnical exploration be preceeded by archaec-
logists who axamined each drillsite and site access road prior to disturbancs Dy the drill crews and
heavy machinery operators. Preliminary sita activity mitigation measures benefitted the programme of
archaeological exploration in the valiey because it fncreased surficial caverage of ‘cultural heritage
resources. In adg¢ition ta the measurss 3lready implementad, a cocmmitment has besn made that 211 preczn~
structfon faciiities, aczess roads and structurss would be ramoved and the sitea reclaimed should the
project not proceed.

CONSTRUCTTION MITIGATION PROGRAMMES

Proposad construction mitigation measures include both typfcal 8.C. Hydro centractual require-
ments to protect the environment and minimize disturbance to others during construction, and spegific
technical recocmmendations ta protect air quality, water resources, land resgurces, social considerations,
archaectogical and historic sites.
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1.3.1

CONSTRUCTION MITIGATION PROGRAMMES - (Lant'd}

g8.C. Hvdro Contractual Requirements which would Mitigate Construction Impacts

Typical mitigation measures specified in B.C. Hydro contracts are designed to protect environ-
mantal quality. The following 1ist highlights the standard contract terms of reference:

1. Preservation of Flora and Fauna

B.C. Hydro would refrain from destroying, removing or clearing trees, timber apd shrubs to
an axtent greater than is necessary for project construction. Such measuyres also include sanctions
against employees 7illegally hunting, disturbing, capturing or destroying animals and birds, or
i1tegally taking fish from any waters.

2. Fossils

All fossils, articles of value or antiquity and structures, and other remains or things of
geoltogical or archaecliogical interest discoverad on the site would be the absolute property of
B.C. Hydro. A1l reasonable precautions would be taken to prevent workmen or any other persons from
removing or damaging articles of historic or archaeological importance,

3. Erosion Control Seeding

Erosion control seeding would be appiied to soil slopes where required to protect the
sof]l. Seeding, fertilizing, mulching and watering would be performed to minimize erosion. All
slepes would be erosion-control seeded and the seed mixture would be developed in concert with
B.C. Hydro specialists.

4. Soil Testing

Soil io be seeded would be tested to determine the requirements for water, fertilizer,
mulch and seed species.

5. Soil Preparation

8.C. Hydro would repair all erosion and other damage tg slopes prier to the appiication of
fertilizer and seed.

8. Seeding

Sead, fertilizer and mulch would be appiied evenly in one operation with a hydro-seeding
machine using water as a carrier, or in a manner approved by B.C. Hydro specialists.

7. Convenience to Others

Te aveid inconvenience to local residents, B.L. Hydro wouid give notice 14 days in advance =

of starting any wark which might inconvenience or endanger traffic. Notice of road closures and
provision for detours would also be standard protocol. Al]l work would be conducted in such a manner
as to ensure the least interference with other traffic.
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1.3

CONSTRUCTION MITIGATION PROGRAMMES - {Cont'd)

8.

9,

10.

11.

13.

14,

Availability and Use of the Site

8.C. Hydro would comaly with the Highway Act, observe lcad Timitations and clearancas
which were in forcs for governing and regulation of traffic on any public roads cver which it was
necassary to transport materials. Temporary roads would be built if .necessary to maintain access on
public and privata roads.

Prevantion af Watar Peiiution

B.C. Hydro would easure that salid matter, debris and sther contaminants and wastas wouid
not enter streams, flowing ar dry watercoursas, lakes or underground water scurces.

Dust Adatament

Guring construction B.C. Hydro would provide all egquipment and matarials to minimiza
dust.

Water Supply
B.L. Hydro would operats and maintain supplies of water required for the construction
work. This would 1include provision of storage, pumps, piping and ancillary equipment reguired to

satisfy water needs.

fewatering and Orainage

Design, construction and operation of a1l diversiens and dewatering drainage systems
necessary for construction would be the responsibility of B.C. Hydro. :

Sewaqe Disposal and Wastewater

8.C. Hydro would provide and maintain facilities for the disposal of sewage and waste-
water, On no acecount would B8.C. Hydro discharge raw sewage or polluted watar ints natural
watarcoursas, 1akes or ponds, or near reservair sites, camps, worksites or puiidings.

Refuse Discosal

B.C. Hydro would collect and dispose of refuse frem the preject premisas. The refuss
woyld be deposited in metal, covered, flyproof cans set in approved Tocatiens. Garbage would De
removed at least twics per week. i

Borrow Areas

Only designated or approved borrow areas would be develeped by 28.C. Hydro.
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1.3.2

CONSTRUCTION MITIGATION PROGRAMMES - {Cont'd)

16. Sooil Disposal Areas

Surplus materials wouid be removed to spoil disposal areas. Each spoil fill would be
develcped in an orderly manner and in such a way that it would not interfere with the ratural drainage
in the area. The amount of materials placed in any spoil disposal area, and the height and slopes
would be controlled. Spoil fills would be stable within themselves and would not cause instability
of adjacent natural slopes.

These 16 generic constructien mitigation measures would be evaluated on a site specific basis priaor to
impiementation. They could be superseded or modified by site environmental personnel or by measures

identified in the Detailed Envirenmental Studies.

Recommendations to Mitigate Pewerplant Construction Impacts

The specific technical recommendations summarized in this section are based upon the results of
the Detailed Environmental Studies Programme for mitigation of construction imbacts. fnly major preject
actions which would require mitigation measures are addressed. The general environmental mitigation
measures dascribed in the foregoing would apply to each project component.

{a) Meteorslogy - Air Quality

During the construction of the powerplant, the main air quality concern would bs fugitive
dust emissions. Activities which produce fugitive dust incTude road construction, grading and
excavation, erection of buildings and facilities, and concrete batching. Gaseous vehicular emissions
would 2also be produced, but their air quality impact is expected ta be negligible. Steps which are
suggested to reduce the air quality impact of plant construction activities are therefore directed
at reducing fugitive dust emissions. These measures include watering of roadways and other construc-
tion areas, revegetation of construction areas as soon as possible after construction activitfes
have ceased, and covering of vehicles in motion when transporting materials which are likely to
become airborne.

(b) Water Resources

(i} Surface and Groundwater

The foilowing mitigation measures should be examined during the detaited design
phase. These steps would ameliorate potential construction impacts.

1. Ponds or lagoons which receive contaminated water should be constructed to minimize
groundwater contamination. Areas to be utilized for coal storage should alse be
prepared to minimize seepage.

2. After definitive geotechnical results are avaiiable, a final determination on whethar
te tine ash ponds should be made. Although the area is ¢haracterized by relatively
low soil permeabilities, the potential to mitigate any groundwater contamination from
heavy metal leachates by 1lining ponds with highly sorptive and Jow permeability
materiats, such as bentcnite, should be studied pripor to construction.

1-5§ Part Five



1.3

CONSTRUCTTON MITIGATIOM PROGRAMMES - (Cont'd)

(11)

3. Raclamation should proczed as soon as possible en all disturbed areas. This would
include short-term rectamation measures on all areas temporarily inactive.

4. VYagatated filter strips should be utilized whers possible between all disturbed areas
and surface drajnages ditches, creeks and streams to <ontrol and minimize sadiment
loss.

5. Stripping of vegetation and %opsail from sites designated for developmant of project
facilities should be 1imited to only areas needed for construction,

B. No significant terrain disturbances should be uncertaken Sefore the relevant drainage
and erosion cantrol measuras were fnstalled,

7. Consfderation should also be given to utilizing “dedfcateq” sedimentation lagoens %o
minimize the inclusion of runeff from undisturbad areas.

8. Discharge of sanitary wastes to Harry Creek should be avoided. Cansideraticn should
be given to the dasign of a single sanitary waste treatment system to sarve both camp
and construction facilities. Sadimentation lagoons discharging to Harry Creek should
be designed to ensure that the combination of lagoon releases and natural flow do not
exceed the c¢reek's natural capacity. If coagulant use is deemed necessary for storm
water c]ar{fication. potential watsr quality effects shouid be assessed in conjunction
with coagulant choice.

Fisheries and Banthas

It {is recommended that mitigation of powerplant canstructio‘n impacts include
adequate ergsion contral to prevent siltatfon of Hat Creek. This could take the principal
form of settling basins constructed aleng Medicine Creek, sincea this creek valley would
ultimataly be usad for ash and mine waste permanent starage. Runoff from the plant sita
could be divertad %o this drainage basin. Revegetation of all disturbed areas should De
completed as soon as practicable in order to minimize siltation to water sources. The
timing of major construction activities which could introduce suspended solids into Hat
Creek should aveid trout spawning and rearing periods {{.e. Tate May %o August).

Increased fishing prassures frcm the work forcz could be Timited by pronibiting
fishing, although this course of action is probably naeither practicai nor enforcaable. It
is ex;ected that ouch of the fncreased fishing pressure due %0 the prasancs af the censtruce
tion forcs would be exertad on the Thompson River and other more attractive fishing areas
outside of Hat Creek Valley. This should be requlated or might be compensated Dy stocking
and management measures on those water bodies capable of sustaining increased fishing
prassurss,
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CONSTRUCTION MITIGATION PROGRAMMES - (Cont'd)

(¢) Land Resources

(1)

(i)

Physical Enviranment

Soils have been jdentified as the principal component of the physical envireonment
which would be affected by powerplant construction. In general, the potential impact to
the soils in the vicinity of the powerplant and associated facilities is considered to be
minimal. However, there are several soil units which have the potential for dusting,
alkalinity-salinity and earosion problems, These units are found in the vicinity of the
propesed Medicine Creek ash disposal area. These soil units are potential problems which
should be mitigated during construction.

Minimizing the erosion of these soil uniis in particular, and others affected by
plant construction, would reduce the impacts. It is recommended that the seil units
susceptible to erosfon be aveided during construction. In the event that they must be
disturbed, stabilizing techniques such as contour slopes and revegetation should be imple-
mented immediately after disturbance. Vehicular and construction traffic should be
restricted to specially constructed access roads to minimize disturbance to soil retaining
vegetation. Where such vegetation must be disturbed, chemical and water sprays should be
used to stabilize slopes while the revegetation progammes are conducted.

Natural Vegetation

Engeimann Spruce - Grouseberry - Pinegrass, Douglas-fir - Pinegrass and Kentucky

Bluegrass would be the largest natural vegetation associations disturbed by plant

construction,

Each of these associations, with the exception of the Kentucky Bluegrass Associa-
tion, have been ratad as low in overall sensitivity. The resultant impacts are considered

to be minimal. One other association, Willow-Sedge Bog, is rated high sensitivity. This
association occurs in the Medicine Creek ash disposal area.

The primary means to mitigate the Toss of sensitive vegetation is %o relocate
the facilities. However, due to the small area of sensitive vegetation involved and the
importance of optimizing facility Tocations for economic and operational efficiency reasons,
alternate measures should be the primary consideration. Construction activities should be
planned to disturb as 1ittle vegetation as possible. Vegetation associations with charac-
teristically unstable slopes should be aveided. Access by construgction machimery and
personnel beyond & predefined work area for each facility should be restricted. Traffic
should be confined %o access roads and passage through undisturbed areas prevented.
Vegetation losses can be minimized by designing minimal width rights of way.

Revegetation programmes could minimize the impact of vegetation losses. Thesa
programmes should be initiated after construction a¢tivities stop. Plant species used to
revegetate land should be carefully selected to minimize the effects on established
vegetative associations caused by rapid changes in species composition due to competition
from exotic species.
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(1)

(iv)

CONSTRUCTION MITIGATION PROGRAMMES « (Cont'd)

Effects due to dusting could be minimized by following the mitigative measures
for soiis as cescribed in the precading subsection, Physical Enviranment, Mitigaticn of
indirect @ffects, such as finterception of near-surfaca ssepage watar could be achieved
through identification of very shallew groundwater areas and aveidance. Thesa areas are
partfcularly susgeptible %o effects from facilitifes which require exteansive foundations
and supporting structures.

wildlife

Most irraversible anvironmental impacts of plant construction on wildlife are
associated with habitat ramoval. The habitats most sensitive to disturbance in the Hat
Creek Valley are the wetlands, the riparian, and the sagebrush wildlife habitats. The
impact of habitat losses in these areas could be reduced by:

1. Measures o minimize loss of sagebrush habitat whersver pessible (e.g. relocation of
' temporary topsoil stockpiles woyld reduca sagebrush habitat Joss by 8§56 ha).

2. Careful Jocation of construction facilities, which would avoid the destructicn of the
watland and riparian habitats.

Human population influx assaciated with the construction of the Hat Ereek facility
would Tncrease Tocal hunt{ng pressure, Measures are recommended o distribute this hunting
prassure over a large area by discouraging hunting in Hat Creek Vallay and along the
accass corridors of Medicine Creek and Cornwall Creek. This hunting restriction should
includa waterfowl, upiand game birds, furbearsrs and big game. The B.L. Fish and wildlife
Branch should be consulted cancerning regulation of hunting activities in the valTey.

In addition to hunting oressure, uncontrolled access would disturb wildlife due
ta fncreased recraation in the remaining natural areas of the Hat (reek Valley. Should
recreational facilities such as dfrt bike trails and cross-country ski trails be developed,
they shauld be located to avoid important wildlife habitat, In particular, prime watarfowl
habitat, such as wetland, should be protected from uncontrolled acgess.

The demestic garbage associated with the construction camp sheuld be disposed of
in such a manner that it s unatiractive (burned) and unavafiable (fenced and buried) to
black and grizzly bears. A1l barbed=wire fenceas esrected to exclude livestock should be
constructied so as not to Dlock or obstruct deer movements.

Revegetation programmes associated with construction activities should take Jjnte

consideration the forage species favoured by ‘the local big game. An effort shoyld be made
to establish thess species on exposed or disturbed areas.

Farsstry

A large percentage of the land disturbed by construction of tha plant is consi=
dersd to be productive forest land., This forested land comprises 9.42 percent af the
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CONSTRUCTION MITIGATION PROGRAMMES ~ (Cont'd)

{v)

(vi)

total forested land within 25 km of the plant site. The majority of the productive land
rated as “good site class" is found in the area of the proposed Medicine Creek ash disposal
site. Mitigation of the impact to forestry could be approached in twe different ways, by
forest resourcaes apd by forest industry. To mitigate effects on forsst resources, project
facilities should not he located on good or medium rated forest tand. Rather, &reas rated
as either poor or low site class, or those which have been logged within the preceeding
5 years, and are not in regenerative growth stages, should be used for facility siting
To mitigate effects on the forest industry, clearing and grubbing should be coordinated
with logging operations. In this manner, little or no timber of commercial value would be
lost.

Added traffic during constructicn could also affect logging traffic in the
valley. This effect can be mitigated through the develepment of multiple use roads. New
roads could be sited to minimize conflicts with long-term legging operations and recrea-
tional traffic on Highway 12. Multiple use of construction access roads could alsc be
accomplished by radio controlied traffic.

Agriculture

Construction impacts associated with the plant, mine and offsite facilities on
agricultural activities could be ameliorated by the following measures.

1. Activities which preduce dust should be contrelled by watering and revegetation.
{Such control is now planned by B.C. Hydra,)

2. Loss of drrigated crop land should be reduced by the relocation of drainage ditches
away from prasently irrigated fields.

Cultural Heritage Resources

An agreement to mitigate adverse impacts from construction of the plant should
be reached between B.C. Hydro and the Office of the Provincial Archaeologist in accordance
with the Heritage Conservation Act of 1977.1 Options to be considered range from preserva-
tion by avoidance, to complete or partial excavation of all, or a selected sample, of the
cultural heritage resources sites prior te construction. The presence of cultural heritage
resource specialists in the field during construction would provide for timely attention
to sites enccuntered unexpectedly by that activity.

(d) Socio-economics

(i)

Overall Considarations

The mitigative measures outlined in Section 1.3.2(e), MNoise, would minimize the
impact of noise on residential areas near the project during plant construction. The
recommendations in Section 1.3.2(a}, Metearology - Air Quality, would reduce fugitive dust
emissions which would affect visibility and the aesthetic quality of the land resources.
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It is recommended that 3.C. Hydro provige syfficient lead time between the
announcement of a decision te proceed with the project and the start of construction %o
ansure both the timely availabtlity of saveral lots for immigrant residents and the time
needed for expansion and structural changes in the local govarnment administrations.

In order tg reduce pressure upon community recrsation facilities, it {s recom
mended that 5.C. Hydro provide a basfc quality playing field as a part of the construciion
camp facilities. It is 2lso recommendad that 8.C. Hydro coatract a scheduled hus sarvica
for evening recreation %o and from the construction camp and tha villages of Ashcreft and
Cache Creek. This sarvicz would minimize parking pressure in thea communities and minimize
traffic related proolams. ’

Racreation

In general, mitigation of recreational impacts can be accompiished either by
shifting the location of the project or by medifying operational modes. Shifting the
tocation of the project to a site outside the valley 1s not a viable opticn, but changing
the location of project components could possibly reduce impacts. Changes in operational
mode could also affect regreation by possibly decreasing impacts on natural resources.
Changes in project component locations or operational mode would make only small changes
in recreation impagt, but those options which clyster facilities are betfer thap those in
which facilities are dispersed, and thosa aperational modes that achieve highar levels of
water and air quaiity with least disturbance of natural rescurces would be desirable.

Specific mitigation suggestions include the following:
1. Precautions to Iimit dust emissions, noise, erosfon, vegetation damage and Jfstursance
af wildl{fe.

2. To the extent feasibie, schedule constructian agtivities to coincide with periods of
low recreaticn demand.

Aesthetics

Construction activities would c¢reate noise, dust and debris in the area. For
tunately, the assthetic impact of thesa operations gn residences would be mfnimal, However
certain mitigation measures are suggestad.

Contractars should be required to establish <leaning procedures on local roads,
s0 that debris, mud and dust would not be "iracked" from the canstructisn site tfato lecal
commercial and residential areas. Onsita cdust control measures, including water sprinkling
and/or chemical treatment of roads and construction arsas, should be undertaken to ksep
dust to a minimum. In addition, steps should be taken to assure an orderly develcoment of
the powerplant complex with a minimum of disruption to the site. All areas which would
not be occupied by project facilities sheould be left in their pative, undisturbed states.
It necessary, fencing, flagging, or othar means of {dentifigatien should be empioyed to
prevent unauthorized persons or equipment frem entaring undisturbed areas.
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(&) Noige

During plant comstruction, it s recommended that the foilowing acoustical measures be
implemented te minimize noise lavels,

1. Sitencing equipment on all vehicles should be maintained in good working condition.

2. Blasting activities should be scheduled during the normal working hours.

3.  Plant construction activities shouild be conducted during a single 8-hour day shift.

4,  Pubiic address system noise should be controlled.

5. Steam line outlets could be fitted with sileacers to reduce the noisa levels produced during
steam Dlowout pricr to startup of each generating unit. (This non-efficiency measure would be

costly, however, and would be an extreme measuyre to control noise during a single short c¢lean-
out period for each unit.)

1.3.3 Recommendations to Mitigate Mine Preproduction Phase Impacts

(a) Meteorology - Air Quality

Preproduction development of the mine would consist of typical mining activities. These
include removal of surficial material and overburden, conveying and dumping. Such activities, as
weil as windblown dust from exposed areas, would produce elevated suspended particulate ceoncentra-
tions in the immediate mine wvicinity out to a few kilometres from the excavation. Suspended

_particulate concentrations would have some impact on visibflity in the adjacent surrounding area,
It could produce some slight decrease in temperature in the immediate vicinity of the mine.

Various mitigation measures to keep the expected air quality and climatic effects of mine
construction activities at minimal Jevels should be implementad. These incliude freguent watering of
haul roads and exposed surfaces, a speed limit for haul-road traffic, revegetation of disturbed
areas soon after activities have ceased, and enclosure of the conveyors and transfer points.

(b} Water Resources

() Surface Watar and Groundwater ¢

The following measures are recommended efther for implementation or evaluation.
The cost effectiveness of each recommendation should be considered prisr to incorporation
in the project design or preproduction plan. It is recommended that:

—_ 1. Areas to be utilized for storage of coal and low grade waste be prepared in a manner
to minimize seepage and groundwater contaminatien.

2. In addition to the proposed main sediment control lagoons, temporary drainage ditches
ang settling basins be constructed as required to minimize sediment in runoff.
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3. The Houth Meadows and Medicine Creek waste dispesal cantainments (ambankments) ne
designed to¢ minimize sespage through the structures in order to reduce the quaatity
ef contaminated wataer to De treated and dfscharged ta Hat Craek.

4, Access by livestock to coal stockpile drainage waters, and perhaps mine seepage, be
prevented because of the potentially poor quality aof these waters.

5. Consideration bte given to implementing for tha mine those mitigation measures per—
tatning ta revegetation, and sadiment and ercsicn control previcusly discussad under
powerplant canstruction (Sectian 1.3.2¢b)J.

The following measures are recommended for further cansideration:

1. Finney Laka s judged tc have some aesthetic and recreatfenal vafue. Consideratien
should be given to maintaining the Jlake, provided it is shown not to contributae ts
groundwater recharge and sltope in;stabi]ity in the area. If the existing discharge
controt structure at the lake outlet were lowared to 2 laevel 1 m below ths presant
iverage summer lavels, natural seepage could be nagligible and Targe porticns of the
laka would remain. This would also prevent a potent{al impact on livestock water

supply,

2, If Finney and Aleece lakes were drained, the procedure shouid be conducted during
high flew in Hat Craek. In addition, the quality of the bottom water sheuld be
assessed prior to draining in order to allow better prediciicn of any impact on Hat
Creek water quality.

Fisharies and Senthos

The primary impact to aguatic biclogy aof the constructien of ithe mine is the
loss of approximately 7 kam of the natural stream habitat. Socme af the l¢st production
could be offset to 2 degree by the additional resarveir habitat constructed at the head of
the creek diversion. Proper management and stocking of this small lake coyld result in
the establishment of a rainbew traut population. Bacausa the rainbow trout populatiocn of
Hat Creek represents a healthy and stable, SHut not unique, rescurce, and because the
in¢reased population due to the work force could be expecied to increase the fishing
pressure in the immediats project envirans, mitigation could include both stocking and
hahitat senhancement measures. Any planned eanhancament programme should be coordinated

with B.C. Fish and Wildlife 8ranch.

(¢} Land Resourcas

(i

Physical Environment

Several soil unmits have the notentfal for dusting, alkalinity-salinity and
erasion problems. Thesa units have been rated as high in overall sansitivity. Five of
thess ars found in the area of the proposed aine, ane in the Madicine Creek wasta cump,
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five in the Houth Meadows waste dump and one in the topsoil storage area. Ergsion and
dust control should receive particular attention in these soil areas.

Natural Yegetation

Among the vegetation associations for which impacts have been predicted in the
mina area, the Sagebrush - Rluebunch Wheatgrass Association is the only one which would be
significantly affected by mine construction activities.

To mitigate this impact, construction activities should be planned to disturb as
1ittle of the native vegetation as possible, Access by construction machinery and personnel
beyond a predefined work area should be controlled, and traffic should be restricted to
access roads and passage through undisturbed areas prohibited.

Unavoidable loss or disturbance of vegetation should be mitigated by revegetation
programmes which shouid be initiated immediately upon comp!etian of construction. Plant
species used in these programmes should be carefully selected to aveid additional siress
on existing vegetation through competition. Impacts due to dusting would be minimized by
effective dust control measures.

Forestgx‘

A large percentage of the land disturbed by construction of the mine and
associated facilities is productiva forest land. However, approximatsly 95 percent of
this forest land is rated as "poor site class". Mitigative measures applicable to the
forest resources could invelve relocation of waste disposal boundaries to minimize timber
losses of commercial value. However, implementation of these measures would not have
great economic benefit because of the poor fcrestry'conditions.

Mit{igation measures specific to the forest industry should include the coordina-
tion of clearing operations with logging activities. The development of multiple use
roadways would alse reduce potential conflicts. Radio controlled traffic could accompiish
this objective.

Potential problems from fugitive dust could be reduced by effective dust’
control. Periodic spraying of forest species with water in conjunction with the spraying
of roads would reduce dust accumulations.

{d) Socio-economics

The mitigation measures suggested for the preproduction phase of mining are essentially

the same as those for construction of the powerpiant. These are discussed in Section 1.3.2(d).
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Noise

Mitigation measures to reduce noisa effects during the preproduction phase af the mine are
simflar to those for the powerplant construction (sae Secticn 1.3.2(e)).

Recommendations o Mitigate Offsita Facilities Construction Impacts

(a) Matsoroiogy =~ Air Quality

(v)

Ccnstruction af the offsita facilities would not produce air csntaminant emissions of any
consequence ather than fugitive dust. Mitigation should attampt to reduce dust emissions Dy wataring
of roacways and other construction areas, revegetation as soon as pessible after constructiion has
ceased, and covering of vehicles in motion when transporting materials which are likely to produca

dust.

Water Rasources

(i) Surfacs and Groundwatar

1.

The following measures are recommended to mitigate potential mpacts.

The Jandfill arez for the intake-structure excavation spail should be chosen to
ainimize sediments entering the Thompson River.

In tha casea of the alternate schemes for supplying plant water from Hat Creek and/om
Medicine Crsek, adequate base flows n Hat Creek should be ansured in order to protect
current frrigatien [fcenses, espegfally thosa lecatsd fmmediataly downstream of the
project reservoirs,

In addition, consideration should be given ts mitigation By revegetation and by
sediment and erosfon control previocusly discussed wader plant construction
(Sectien 1.3.2(b)).

Measures which should be evaluated furthar include the following:

Qewatering of the intake structure construction area should be performed at a con-
troiled rate to minimize sediment concentration increasas in the watar discharged o
the Thempson River,

s
For the Hat Creek divarsion canal the feasibility af other canal gross sactions
should be examined in order ts reduce surface area and avoid water temperature
increases, Other mitigative measures, Including artificial cooling, the uss of a
rock=1ined creek bed far discharge (rathar than the proposed sieel discharge conduit)
and the use of shade trees along the canal route, should also De consigered.
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3. The feasibility aof alternate discharge conduit and plunge pool designs should be
investigated to aveid effects on fish from dissolved gas supersaturation in lower Hat
Creek.

4. Blockage of the present irrigation systems by the Finney Creek and Hat (reek diversion
channels might be mitigated by providing water control outlets on thesea channels to
allow continued use of the present ditch systems. Alternatively, new routes or water
supply systems could mitigate the impact an present conveyance systems.

Fisheries and Senthos

Two crossings of the Bonaparte River, the access road and the water pipeline,
are needed for the project. The overall impact of the access road bridge construction on
the Bonaparte River is expected to be beneficial because it would result in the removal of
an older wooden structure which now disrupts flow. It weuld also be possible to mitigate
the impact of the pipeline crossing of the Bonaparte River. Spawning habitat disruption
from burial of this water line could be repaired utilizing correctly sized gravels and
maintaining a proper flow contour. If these factors are considered, it would be possible
to upgrade and even expand spawning habitat fn the Bonaparte River, thus creating a bene-
ficial impact.

{¢) Land Resources

(i

(it)

Phvsical Enviromment *

Construction of the access road and pipeline appear to -affect soil units rated
as High in overall sensitivity. These units are subfect to erosion and dusting probiems.
The mitigative measures which should be employed include the use of water or chemical
sprays for dust control, disturbing as little of the soil stabilizing vegetation as
possible, and the immediate revegetation of disturbed areas upon completion of comstruction
activities.

Natural Vegetatioen

The Saline Depression Vegetation Association would be dusturbed by the airstrip,
the Riparidn Association by the pit rim reserveir, and the Cultivated Fields and the
Bunchgrass - Kentucky Bluegrass/Saline Depression Complex by the site two storage reser-
vair., Construction activities shouid be designed to disturdb as Tittle vegetation as
possible. X Within the access corridors, associations which characteristicaily stabitize
soils should be avoided. Access by construction machinery and personnel beyond pre-
determined work areas for each facility should be restricted. Revegetation programmes at
the conclusion of construction would minimize adverse effects. Species which would nmot
disrupt the composition of existing communities should be chosen for revegetation work.
Effects due to fugitive dust should be minimized by dust control procedures.
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{114} Forsstry

Tha area of forast land disturbed by coastruchion of offsita facilities is small
in comparison to the areas required for piant and mine construction, and approximately
70 percent of this forasted land is rated as poor site class. The minimal impact predicted
for the forest resqurces could be redyced. further Hy limiting the removal of the productive
forest species. Access route rights of way for both construction and gperational phases
should be designed to minimum widths to 1imit disturbance to vegetation.

Mitigation of the impact to the forest industry could include coardinatien of
the land clearing operations with local Tegging activities. Potential problems resulting
from fugitive dust would be reducad by dust control. Periodic spraying of forest species
with water, in cgordination with construction dust centrol procedures, wguld minimize dust
accumulations on fotiage in the vicinity of the construgtion activities.

(d) Socigrsconomics

The measures suggesied to mitigate the effects of the offsite facilities are the same as
those suggested for powerplant construction (Section 1.3.2(d))}.

(e} Naoise
Mitigation measurss to rsducs the effacts of noise from construction of the offsite facili-

ties are similar to those specified for powerplant construction (Section 1.3.2{(e)).

QPERATIONAL MITIGATION PROGRAMMES

This section presents both non-efficiency engfneering design features evaluated during prelimi-
nary project design and suggested operational constraints to mitigate environmenta) impacts.

Conceptual and Preliminarv Design Featyres Evaluated to Mitigate Operational Impacts

Jesign Yeatures evaluated during conceptual and preliminary engineering design are summarized
in Part Two, Project Description. Nonefficiency measures include any aitigaticn measures or design
featurses aevajuated far purely anvironmental reasans. The base plant includes features which wouid mitigats
anticipated impacts during operation. Mitigative measurss consist of:

1.  Faciifty site selection.
2. Stack and coaling tower emission controls,

3. Lliquid effluent reuse and control,

4, Aczess corridor consalidation.
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Water supply pipeline emergency discharge limitatians.

Fagility Site Selection

One of the most significant mitigation measures {ncorporated in the project design involves
the plant location itself. Site selection was an iterative reffnement of the site evaluation study
prepared by Int.eg-Ebascn.1 Pricer to the Detajled Environmental Stuydies, gas tracer studies ware
conducted by MNorth American Weather Consu1tants2 to investigate the meteorological dispersion poten—
tial of two prospective plant sites. The first site was in Hat Creek Valley near the proposed mine
at an elevation of approximately 950 m. The second site was east of the upper Hat Creek Valley in
the Trachyte hitls at an elevation of about 1350 m. The results of these dispersion studies revealed
that adverse ambient air guality effects would be significantly less for the second, higher site
than for the valley location. The site now proposed fer the plant s very close to the Trachyte
hills location except that it was moved top the top of 2 smail hill to take fyll advantage of the
ingcreased dispersion potential. The elevation of the smoke stack base s now planned to be
1418 m.

Stack and Cooling Tower Emission Controls

Stack and cooling tower emission comtrol concerns cantered om the nead to (1) protect
ambient air quality from excessive concentrations of flue gas contaminants, and (2) reject waste
heat in an environmentally acceptable manner.

The ajr quality control systems represant a major effort to minimize air contaminant
emissions. Although the design criteria and the type of alectrostatic precipitators have not yet
been selected, coid side -electrostatic precipitators located after the air preheaters are proposed
at this time.3 It is estimated that a collection efficiency of 89.52 percent is necessary to meet
the emission objectives recommended by BlC. Hydro4 for particulates (229 mg/m3) using the worst
acceptable coal and assuming that 80 percent of the ash is fly ash. Use of these high-efficiency
electrostatic precipitators would, to a ‘large extent, mitfgate the effects of particulate
emissions,

The Hat Creek boilers, would be designed to meet tha provincial objectives recommended by
B.C. Hydro4 for NO, emissions (1146 mg/m3). Although the boiler design has not yet been selected,
it is anticipated that the design specification would include both low excess air and Tow flame
temperature te minimize NOx fcrmation.3 Emisstons for actual operating conditions with 30 percent

excess air should be well below the emission objective.

The control system for sulphur dioxide has not yet been selected. Partial flue gas'
desulphurization (FGO} and meteorological control svstems (MCS) with two possible stack heights (244
and 366 m) are under consideration. Wnichever system were to be salected it would be designed to
mitigate potential adverse effects of ambient sulphur dioxide concentrations by maintaining concentra-
tions at Jevels at or below the ambient guideline values (see Part Four, Section 4.1.1{a){if}). The
partial FGD system studied would consist of two scrubbers (plus one back up) for each unit. Approxi-
mately 60 percent of the flue gas would enter the wet scrubbers; the remainder would bypass these
absorbers and be used to provide reheat for the gas from the scrubber. The system would-be designed
to achieve 54 parcent removal of sulphur dioxide on a continuous basis.
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The MCS systam, on the other hand, would provide a systematic plan for reducing sulphur
dioxide emissions only in response to predicted or observed high ambient concentrations. For the
analysas in this report, it has DbDeen assumed that Tow sulphur ¢oal would hHe stockpiled for yse
during pericds of adversa dispersion potential during the winter months. Ouring the remainder af
the year, uniform load reduction of all units was assumed to Bbe the preferred control measurs. The
results of the MCS analyses suggest that control actions would need to be taken dut a few timas per
year v;tn a 366 m stack, or for about 280 hr/yr (abeut 3 percent of the time) when used with a 244 a
stack,

Although the stack height has not yet been determined, canstruction of either a 244 or
36e m stack represents an important feature to mitigate patential air quality effects at ground
lavel, The single tail stack (containfng four flues) would Be designed to 1ift the air contaminants
to sufficient altitudes that upon dispersal to ground level, their concentrations would be reduced
to values delow the assumed ambient quidelines aven at points of elevated terrain. A single, multi-

flued stack performs better in this regard than separata stacks of equivalent height because plume
risa is ennanced. The use of a tall stack \mﬁld alse alTow the plume to remain above the influences
of most local mountain-valley circulations and surface based inversions. These have the potantial
to causa high graund Teve! concentrations when plumes come under their influence.

A systam of two natural draft cooling towers has been salected from four aiternatives
{four rectangular mechanical draft, four round mechanical draft, two natural draft and four nmaturai
draft) for use on the Hat Creek Project.3 The selected cooling tower system is the most desirable
from the standpoint of air quality and climatic effects. Gperation of two natural daraft towers
would resyit in high plume rise, a minimum of fogging and icing, and the smallest maximum drift
depasition rata of the altarnatives studied. The Tocatfon and ariantation of the tower systam would
alse minimize the interaction of the cooling tower piumes with the stack piume.

Liguid Effluent Reuse and Cantrel

Liguid effluent reuse and control systams were saiscted o minimize consumptive water use
and to avaid blowdown of plant-contaminatad waters. Salected systems inciude the natural draft
cooling towers, plant water treatment systems, wet ash dispesal and reuse of wastawater %o control
aine fugitive dust emissions,

Aczess Corridor Cansalidation
a ¢ -
Altarnative access corridors were evaluated with the objective of minimizing land use
impacts from linear developments. Mitigation proposals incluce consaiication of the project access

road and water suppiy pipeline routes whera possible.

Water Supoly Pipeline Emercency Qischarge Limitation

Provisions for water supply pipelineTmergency discharges include seiection of discharge
areas and drainages, as well as resirictions on the allowable volume and rate of discharge. Mitiga-
tive measyrss are proposad to prevent disorientation sf fish and habitat destructicn in the Sonaparte
River and Thompsan RAiver.
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Recommendations to Mitigate Powerplant (perational Impacts

Specific recommendations to mitigate ogperational impacts of the Hat Creek thermal generating

facility are developed below. These recommendaticns represent current understanding of the Provincial

Guidelines and Objectives governing ambient air quality, water resources, fisheries protection, effects

on human resources and archaeciogical and historic site preservation.

(a)

(k)

Meteorology - Air Quality

A1l measures currently recommended to mitigate potential meteorological or air quality
impacts have been incorporated into the preliminary design (or alternatives in cases where the
design has not yet been decided upon). Should the monitering programme described in Chapter 3.0
indicate that additional measures are reguired to mitigate impacts, additional operatiemal comstraints
would need to be considered,

Water Resources

(i) surface and Groundwater

The following measures are recommended to mitigatas powerplant operaticnal
impacts. Each measure should be evaluated im detail prior to implementation at the
site.

1. Fertilization during reclamation should be minimized to reduce nitrogen and phosphorous
additions to nearby streams. .

2.  Seepage through the upper Medicine Creek ash disposal retaining embankment should be
collected and returned to the ash pond. Because the permeability of fly ash is
considerably ‘lower than bottom ash, the advantages of piacing the fly ash in the
westerly end of the pond should be considered as 2 means of reducing seepage through
the embankment.

3. If subsurface seepage were to occur in the vicinity of the channel of Harry Creek, a
well or series of wells could be installed along the toe of the waste embankments to

collect the seepage and pump the water to the siuice water pond.

(i) Fisheries and Benthos

The operation of the plant should have no major direct adverse aquatic impacts;
therefore, no mitigation measures are recommended. Should the results of the monitoring
pragramme {described in Chapter 3.0) detect acidification of Tocal water bodies as a
result of stack contaminant emissions fin critical salmonid habitats, then mitigative
measures would be required.
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(e} Land

Rasourcas

These recommendations are based solaly upon critaria that Tand-resgurcs impacis be ainimized

or reduced to zarec. The recommendation does not considar cosis associated with the FGO systam nor
the substantial environmental effects of increased land use for sludge disposal, consumptive water
usa or limestone mining and handiing.

(i) Physical Environment

(i)

The aperation of the proposed powernlant could arffect soils through the direct deposi-
tion of trace element partfculates and through acig¢ rain, Reduyctions in sgil pH dus %o 2cid
rain have been identified as a potential affect resuliting from plant operation. In addition,
the potential exists for trace element accumuiations to reach toxic Tevels in soils, aithough
the predicted trace element emission ratas from the stack are minimal.

Measures to mitigate each of these effects would invoive c¢hanges in the emission
control systems and/or the stack height. The use of flue gas desulphurization (FGO) would
reduce SOZ emigsions which in turn govern the potential for acid precipitation. The guantitative
effect of FGD on trace elements is not known, but it is possible that these emissions might be

reduced to some sxient.

A tall stack would tend ta disperse the contaminants, allowing for the present land
yse patiterns to contfnue within the vicinity of the plant. There is a tendency for acid rain
t0 occur some distance from the powerplant when tall stacks are emplayed., The preférencs,
based solely on mitigation of soil effects, would be for 3 366 m stack with FGO.

Natural Vegetation

A. Primary Contaminants

The effects of 502 on vegetation are well documented in the Ttitarature,
The sensitivity of tha various existing vegetation associations to 502/N02 injury,
and the areas occupied by these assocfations, were Both considered in predicting
{mpacts from eagh of the three AQCS/stack height ganfigurations.

For the FGD system with 386 m stack the total area in which injury to any
association would be expected is approximataly 23 @S,  Within this area highly
sensitive associations occupy 1.4 knz. The remainder is vegetated by associations of
moderate to Tow sensitivity. An FGD with 369 a stack would provide greater vegetation
protection than either of the MCS altarnatives discussed belaw. This sytem is pre-

dicted to result in minimal effects an vegetation,

For the MCS with 366 m stack the total area in which injury to any associa-
tion would be expected is about 238 kmz. Within this area associations having high
sensitivity occupy 27 knz and associatiens having modarate sansitivity cccupy 37 kmz.
The remainder f{s vegetated by associations having efther low sansitivity or, in small
areas, associations that were not classified for sensitivity.
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For the MCS with 244 m stack the total area in whigh injury to any associa-
tion would be expected is 324 kmz. Highly sensitive associations occupy 33 kmz and
moderately sensitive associations occupy 48 kmz.

In any condition where the hourly concentration of SO2 exceeds 1000 pg/m3
the probability of adverse impacts to vegetation would increase. This condition at
high terrain elevations would be more likely with the MCS altarnatives than with
FGD.

B. Trace Etements

Trace element effects on vegetation could result from soil enrichment.
However, the predicted trace element deposition rates from the stack are minimal.
The effectiveness of FGD in reducing trace element emissions is not known, but it is
possibie that these emissions might be reduced to some extent.

C. Salt Deposition

The effects due to salt deposition from the cooling towers should only
occur when toxic concentrations accumulate in the absence of rainfall. These potantial
effects are considered to be negligible, because low deposition rates are predicted.
Any effects on vegetation found at the point of maximum deposition near the towers
could be mitigated by washing off salt accumulations with periodic water sprays
during the summer months when rain periods are infraguent.

Wildlife

Most of the impacts of powerpiant operation on wildlife are associated with
direct habitat removal. As indicated under powerplant construction (Section 1.3.2), the
habitats most sensitive to disturbance in the Hat Creek Valley are the wetlands, riparian
and sagebrush wildlife habitats. Impacts on these habitats should be mitigated as much as
possibie through avoidance. As in the c¢ase for construction, human peopulation influx
associated with facility operation would tend to increase local hunting pressure and
intrude in natural resource areas for recreation purposes.

The lighting on the stack and c¢ooling towers should consist of dim red flashing
lights or of a strobessystem of red lights for aircraft warning. This would minimize
patential nocturnal bird strikes. Ouring April, May, September and Qctober, which are the
migration periods of birds, it is recommended that spotiights not be used on stack, cooling
towers or any other building prominence. It is recognized that a)1 illumination schemes
would require approval by the Ministry of Transport.

Revegetation programmes associated with the powarplant operation phase shoula

take into consideration the forage species favoured by the local big game. Also, an
effort should be made to establish these spacies in disturbad areas.
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{iv)

{v)

Farestrv

The potential wood production lost each vear due to ground level SC)2 concentra-
tions from the proposed powerplant empioying the alternative 386 m stack with FGD, the
365 @ stack with MCS or the 244 m stack with MCS s approximataly 13 347 and 3508 m3.
respectively. Thess annual losses transiate into $70, $2000 and $280Q based on $5.50 per
rn3. The lasses from clearing forsstad areas for project facilities are predictad to te
418,100 on an annual basis, In comparison, the predictad Tosses from afr gantaminants for
the 366 m FGD, 366 m and 244 o MCS are 0.4, 10 and 13.4 percent of tha respective total
losses from development of the project.

The predicted annual Tossas from ground level fluoride cancentrations for the
conservative case are $129,636 for each of the air quality contrel stratagies (AQCS).
Combining the losses due %o fluoride with SDZ and construction losses results in totals of
$143,856, 5145,786 and $146,586 for 366 m/FGD, 366 m/MCS and 244 a/MCS, respectively.
These numbers are based on the assumption that fluoride emissions would not be affected by
the FGD system. Extrapolation of theses losses over the 3S5-vear 1i{fe of tha plant using a
discount of 3 percent yields a total of $3.3 million for 366 m/FGD, $3.45 million fer
3566 m/MCS and $3.36 million for 244 m/MCS. The predicted forestry losses do nat support
the prefersnca of an FGD system over an MCS. This is due fn part to the assumption that
HF emfssicns are not affected by FGD. However, on the basis of prsdicted losses from
increased 502 ¢oncentrations, the impact from the 366 m/MC3 would be 20 times that from
366 m/FGO. As a result, an FGD system {s tha praferrad alternative from the perspective
of minimizing operating impacts on forestry.

The devaiopment of an intensive management programme of forested land within
25 km of the project could serve to mitigate the effect that the presence of dead trees
would have on aesthetics and public opinfon. It s recommended that all crown lands
within 25 km of the project be designated a special unit where intensive local forest
management cauld be practiced., There would be 11ttle effact on the allewanle annual cqut
in the Botanic Public Sustained Yield Unit (PSYU) due to the f{ormation of this management
unit, because the AAC has alrsady been adjusted to compensate for development of ithe mine.
The intarmittant lass of forest trees due %0 flooding or deposition of soil arsund roots,
which could occur in the areas adjacant to reserveirs, wasts and ash dfspesal areas, could
be avoided by clearing a buffer zone around 2ach of these facilities,

Agriculture

Project impacts on agricultural activities due to facility operation should be
apeliorated as economically as possible through implementation of the following measures.
It is recommended that:

1. 3.C. Hydre provide fanca gates and fencing of project components to perait use of
agricultural lands adjacent to the sita.
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2. Access for farm/range purposes be provided through comstruction of pecessary roads.

3. B.C. Hydro maintain the remaining segments of irrigation systems fntercepted by
facility components and servicing lands not disturbed by construction.

Mitigation of farm land and range tost to preduction could invelve the use of powerplant
waste heat to extend the growing season ar increase productivity.

Dispersal of cooling tower water heat could theoretically serve a variety of
agricultural purposes, although to date few cooling towers are coupled to agricultural
operations. Potential uses of this heat are greenhouse operation, thermai regulation of
animal enclosures, jrrigation-promoted prolongation of crop growing season, agquaculture
and promotion of animal waste treatment processes.s

{vi) Cultural Heritage Resources

-

An agreement as to the survey attention to be directed to new areas of groumd
disturbance during maintenance or facility expansion should be reached between 8.C. Hydro
and the {ffice of the Pravincial Archaeclegist.

{d} Socio-economics

(1) Overall Considerations

The mitigation measures discussed in Section 1.3.2(d)(i) apply to the operation
phase as well as the construction phase of the powerplant. Therefors the reader {s referred
to this section for pertinent measures.

(i1} Recreation

The mitigation measures discussed in Section 1.3.2(d)(iii) cover the construction
and operation phases together, The reader should consuit this section for relevant
discussion.

(iif) Aesthetics

It is recommended that the following concepts be evaluated to mitigate aesthetic
impacts from the operation of the Hat Creek generating statien:

Foreground Views: A system of structures and form could be dJdeveloped that provide
architectural design continuity among all powerplant elements. Landscaped terraces
for various powerplant elements would add finterest, varjety and scaie to the site.
Landscaping around the powerplant site and grouping smaller, functiomally related
buildings would provide a scale to which users and visitors could relate., Well
defined circulation patterns for ctear visuval definition and for orientation within
this high technology environment would be established.
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{e) Moisga

Middlaground Views: Strong architectural forms fgr the canveyor, the itransmission
take=off and the ash transport systam could be develcped in order to compiement the
scale of the powerplant slements.

Background Yfews: The distant view of the powerpiant esiements would ba 2 strong
unified unit §f foreground mitigation measurss are implemented. Form and texture
could be used ta indicatas ths presence of 2 high tachnglogy anvirgnment, BSecause of
its high visibility, tha stack would be treated as a saparata entity. wWith its
proposed hsight of 244 or 3686 m, offorts %0 mitigata its visual affect are limiteq fg
attampts to integrate its design with othar powerplant elements by consideration of
using alternative shapes, textures and calours,

Mitigation measures suggested for further consideration at the Medicine (reek

dump are:

Foreground: Contour and Tandscape the face, crest and toe of the retzining embankment
to blend fnto existing tarrain. A sequential dumping - reclamation method far revege-
tation would minimiza visual impact of spoil arsas.

Middleground and Background: Progressive clearing programmes would ainimize the need
to clear the uitimatas spoil area. Contours and revegetation would £t the spofl area
ints the existing landscape. If possible, dump relocatien ts Houth Meadows would
maintain the existing Tandscape.

The suggastad mitigative measures for ash dump are as follows:

Foreground: Contouring and landscaping of the embankment face and top would fit ft
ints the existing terrain pattern. [Qesign berms would screen views of the ash

dump.

Middleground: A landscape programme that would compensata for growth of the ash dump
area and provide screening from future viewable areas could be devysloped. Alternative
access road lgcations ta minimize the number of views of the ash dump frem this road
could also be explorad as could the potential of using other sites for an ash dumo.

Background: Existing vegetation %5 screen and %o ainimiza the amount of clearing
during coastruction could be retained.

Ouring powerplant cperation the following acoustical measures are recommended in order to

assure that the noise levels presented in this report would not be exceeded:

1. A judicious selection of the Induced Draft Fans should be made, taking into account the maximum

aperational noise levels of this squipment and the carresponding scund levels shown in "Axial
Flow Fan Sunmary” of Harford, Xemnedy and Wakef{eld.’
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2. A juditious selection of Forced-Oraft and Primary-Air Fans should be made, taking into account
the maximum operational noise Tevels of this equipment and the corresponding sound levels shaown
in "Axial Flow Fan Summary" of Harford, Kennedy and Wakefie1d.7

3.  The 200 MVA transformers should be purchased with noise levels not to exceed the values pre-
sented in Table B8~6 of Harfurd, Kennedy and Wakefield.’

4. The discharge pipes of the boilar electromatic relief valves should be fitted with silencers,
to reduce the noise produced by the escaping steam flow.

8. Prior to station operatiom, the orientation and the power input to the outdoor loudspeakers
should be adjusted as much as possible, to reduce the noise impact.

6. Unattenuated sound Tevels would be obtained for the 500 kV air blast circuit breakers and
attenuation measures would be praovided, if required.

1.4.3 Recommendations to Mitigate Mine Production Phase Impacts

(a)

(b)

Metagrology = Air Quality

The primary air gquality and climatic effects eaxpected as 2 result of mine operation are
caused by activities which produce fugitive dusit. These activities include those already discussed
under mine consiruction (Section 1.3.3(a)) except that they will occur on a larger scale when the
mine is #n cperation. Included are surficial matarial removal, overbyrden removal, coal remaval,
haul road traffic and repair, and coal stockpiling. Wind erosion of exposed surfaces and storage
areas s also an important source of fugitive dust., The elevated suspended particulate concentra-
tions expected to result from these sources are anticipated to occur in the immediate mine vicinity
and out to a few kilometres from the mine area in the valleys.

The mitigation measures which are suggested to keep these effects to a minimum are the
same 35 those already discussed under mine construction. They include frequent watering of haul
roads and exposed surfaces, a speed limit on haul road traffic, revegetation of disturbed areas as
saon as possible after activitias have ceased and enclosure of the conveyor system,

Water Rasources

(i) Surface and Groundwater

[

The following measures shouid be evaluated in the detailed design and operation
phase to ameliorate impacts:

1.  Overburden anpd stockpiled materials should not be placed over deep snow in order to
minimize leachate drainage from the materials.

2. On terraced embankments, reverse slopes should be utilized to minimize runoff
concentration.
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(i)

3,  Surface runeff and leachate from the c2al pile and low grade wasta storage areas
should de contained and not discharged to Hat Creek uniess furthar studies establiish
that treatment for organics, calour and %4raca metals can Se achieved to aggeptable
levelis.

4. Consideration should be given %o placing a settling basin on lower Harry Creek to
control sadiment losses from fugitive dust from the coal stocckpile, coal blending and
coal preparation aperaticns.

5. If sespage through and around the Houth Meadows waste dispasai area decame significant
ar if groundwater quality became unacceptable, this water could be collected by
instaliing shallow wells and could be returned o a temporary storage pond for possible
reuse. Consideration should 3lso he given to ensuring that the waste rock {s ade-
quataly ccmpacted.

Fisharies and Janthas

Mitigation of aquatic impacts due to the mine production phasa are chiafly
assocfatad with changes in water gquality treatment and discharge. Siltation and sedimenta-
tion ‘should be mitigatad through construction of settling lageons. Care should be taken
to assure that mine dewatering and wasie dump runof? discharges are not toxic in order o
protect the trout population af Tower Hat Craek,

{g) Land Resgurces

H

(11)

{ii{)

Physical Environment

Dusting and erosion problems sre the only sffects predicted to occur an tha
physical environment due to mine operation. Mitigation of these effects would invelve
periodic spraying with water and other sgil stahilizing chemicals, the fmpasing of speed
Timit restrictions an all haul and actess roads, camplete enclosure of conveyor systams,
and {mmediate revegetation of disturbed areas and recontoured siopes.

Natural Vegetation

Qust emissfons from the cperation of the mine could affect the vegetation in the
immediate viginity of the pit, This effect should e mitigated by dust contrgl neasures.

Forestry
No effects were predicted to the forestry resource due o mine operation. The
spray pregrammes proposed fn the natural vegetation section gould be axtanded to forest

species if the proposed dust control strategies prove inadequate zng potentially injurious
levels accumulate on foliage.
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(d)

(iv) Geology

The temporary unavailability of aggregate from the Hat Creek Valley couid be
mitigated by stockpiling the appreximately 200 Mt of this resource as a by-product of the
mining operations. This aggregate weuld be available for use throughout the area, and
should be adequate to meet demand during the 1ife of the project.

Additionally, excavation by-products of bentonitic and kaolinitic claystone and
siltstone, coaly waste and baked claystone could be stored and made available as raw
materials for possible commercial recovery.

Socin-economics

(1) Overall Considerations

The mitigétion measures suggested for the construction phase of the powerplant
apply equally to the mine preproduction phase. Therefore, the reader is referred to
Section 1.3.2(d)(i).

(i) Recreation

Mitigation measures to reduce impacts on recreation resources are discussed in
Section 1.3.2(d){it).

i) Aesthatics

Suggested mitigation measures for the conveyor during the operational period
could inciude:

Foreground: Conveyor systems could be designed as a strong architectural design
element that emphasized the 1ink between the blending facilities and the powerplant.
Structural elements should be designed to complement the other powerplant
structures.

Middleground and Background: Alignment of the conveyor could be made as direct as
possible between powerplant and blending area to visually strengthen the linkage
between the two. The design of the convevor could express the high tachnology require-
ments of the project to provide a contrast to the existing Jandscape.

Mitigation measures suggested for the open pit mine are:

Foreground: Strong edge definition using drainage ditches and the perimeter road
where required should be developed.

Middleground and Background: Depending on the mining technique, B.C. Hydra could
define the ultimate perimeter at each stage to provide a strong identifiable edge te
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the open pit. Public accass %o pit area should be direqtad to viewnoints that provide
opportunities to display the orderly appearance of the mining aperation, Haphazard
erection of maintanance and storage facilities in the open pit mine area should be
minimized.

Mitigation measures for the blending facilities and stockpiles should includs:

Fereground: An altarpate access around the pit facilities could be developed to
eliminate conflicts batween the public and operation of facilities and %o ainimize
foreground views through this area. Site plans should maximize the separation from
the entrance to Marble Canyon and Hignway 12.

Middleground: The use of man-made landscape elements such as exteasions to Houth
Meadows spai]l dam and a lake to separate pit facilities from the entrance ta Marble
Canyon should he explored.

'
Background: Elements should ba organized intd an orderly design by grouping related
facilities and keeping stockpiles confined in a2 well~defined area.

{a) Noise

During mine operation the following acoustical measures woyld be implemented to assure

that the noise Tevels presentad {n this report would not be exceeded:

1.

Extarior noise levels would be obtained for all mobile equipment to be used for the operation
of the mine and compared with the lavels presented in Table 8-2 of Harford, Kennedy and
Hakef1e1d.7 These noise ievels should not exceed thcsa given in the referenca.

A1l mobile squipment would be maintained with silencing equipment, such as exhaust aufflers, in
geod working condition.

Blasting activities would be scheduled during the daytime haurs and blasting noise levels would
be monitored.

Prior to mine operation, the orientation of the Toudspeakers and the power input to the mine
public address system would De adjusted as much as possibie, to reduca the noise impact. Also
the use of partapie two-way radig system to complement the P/A sysitem would be fnvestigated.

Recommandations to M{tigate Offsite Facilities Guerational Impacts

(a) Meteorslogy = Air Quality

During the operational phase of the project use of the access road, airport and equipment

afflogding facilities are not expected to result fn air contaminant emissions of any significance.
Air quality and ¢limatic effects resulting from these emissiocns are predicted to be nagiigible., The
only mitigative measure suggested is to coatrol fugitive cust from the eguipment offloading facilities
dy wataring as necassary.
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¢-D)]

{c)

Water Resources

(i)

(ii)

Syrface and Groundwater

The following measures should be evaluated to mitigate impacts from offsite
facitities operation:

1. Discharges to Cornwall Creek and the Bonaparte River from the makeup water line
should be performed at a Tow, controlled flow rate to minimize channel disruption.

2. De-icing compounds utilized during access road maintenance should be avoided im areas
where they can enter surface drainages.

3. Consideration should be given to dispesing intake structure clarifier wastes and
screen washings in a Tandfill operation, thus negating any potential water gquality
impacts.

4.  Ground movements on the mine slopes could damage the natural and artificial lining
materials of the Hat Creek diversion canal. This could result in increased seepage
losses which would, in turn, cause more slope instability. Ouring mine operation,
the dewatering wells would help to contral the instability. ODuring decommissioning,
however, when mine activity and dewatering cease, severe slope instapility could
result and thus the canal may be very difficult to maintain. Consideration should be
given to driving a Jow-level tunnei further to the east of the pit. This diversion
tunne! could be constructed either at the start of the project or to replace a tem-
porary diversion canal before the end of mining.

5, Spill control measures should be developed for the equipment offlpading facility and
the airport to control accidental releases of hazardeous materials.

Fisheries and Benthos

Should fish impingement at the intake occur, mitigation is available diractiy
threugh the imposition of operatiomal constraints. Present plant design provides & large
makeup water reservoir at the plant site. This reservoir is presently sized to allow as
much as 70 consecutive days drawdown without affecting powerplant operation. This flexi-
bility could allow c¢losing or decreasing the use of the intake during the passage of
downstream migrant salmenid fry. An additional alternative would be %o pump just during
the day, or night, should significant diurnal variations occur in the downstream movement
of fish.

Land Resourcss

(i)

Physical Environment -

The cperation of the offsite facitities was predicted Lo have minimal effects on
soits. The effects predicted result from the susceptibility of the soils in the immediate
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(i)

(iii)

vicinity of the offsite fagilities to duysting and erosica problems. The dusting and
erosion effacts could be mitigated by the maintanance of the revagstatian and dust controi
programmes injtiated during the construction phase. Dusting problems along the pipeline
and transmission line accass roads can be minimized by paving these roads and maintaining
a vegetation cover on either sice of the right-af-way. Should paving not be practicai,
the road surface should be covered with crushed rock, oiled, or sprayed perfcdically with
a sofl stabilizing solution. It s recommended ithat the roads should not be allowed to
remain as dirt surfacs roads,

Natural Vegetation

Operation of offsita faciiities should only have indirect e7fects on vegetatign.
One indirect effect could result from dust accumulations due s fugitive dust emissions
from access road traffic. However, if the measures suggested for mitigating the effects
on soils are followed, then Jittle or no effacts should occur on vegetation and no mitiga-
tive measures are necassary.

There is sti11 the 1ikelfhcod that dust can accumulate on vegetation, especiaily
during dry pericds when dusting problems are prevaient and accumulations are not removed
by rainfall, It {is suggested that a contingency plan be developed whereby the vegetation
would be sprayed, when necessary, to remove potentially injurious dust accumylations.

Another {ndirect effect may result from competition batween revegetaticn and
native species. This effect could be mitigated by carefully choosing revegetation species
having the same tolerance range te environmental Tactors as existing native species.
Ancther means of reducing this effect would involve revegetating with native species,
Sufficient suﬁblies of -native spacies seed could be cbtained froem onsite nursaries, which
should be started prior to construction activities.

Forest

The accumylation of dust gn foliage of forest species was identified as i poten-
tial affect resulting from operation of offsite facilities. Presumably, fmplementaticn of
the mitigative measurss identified for reducing the effects on sofls should result in
1ittle or no dust emissions. However, some dust emissions are fnevitable and plans to
remove opotentially injurfous dust accumulations should be devised. The basic aﬂoroacn
would involve spraying the affeciad tress with water during sxceptionally dry periods,
when rainfall is insufficient for dust removal.

(d) Socgic~economics

)

Qverall Considerations

The No. 1 tooster pumping station for the water intake system, located near the
mouth of the BZonaparte River, would generate nofse levels Iincompatibia with residential
land uyse for 15 to 20 residents locatad in its immediate vicinity. The mitigation measures
recommended in the noise sectfon belaw are reiterated assuming they are cost effactive and
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(i)

{ii1)

more efficient than possible compensatory measures in correcting “economic welfare"
losses.

Recreation

Mitigation measures to  reduce racreation  impacts are discussed in
Section 1.3.2(d)}(ii) to which the reader is refarred.

hesthetics

Suggestad enhancement and mitigative measures for the intake structure and
related facilities ara:

1. Develop the 1intake structure as an architectural element that relates the form,
colour, texture and line of the existing landscape components.

2. The gesign and implementation of landscape planting would provide a transition between
the structures and the existing landscape, thereby minimizing the visual impact of
the structure.

Mitigation measures for the access road couid include:

Foreground: Relocation of the road near the ash dump to maximize natural screening
and to minimize this dump's visual impact should be considered. Reiocation of the
road to an alignment east of the plant should also be considered. Public access
through the blending area shouid be avoided.

Foreground, Middleground and Béckgrnund: The road alignment design should take
advantage of opening new vistas of the natural and man-made elements.

Mitigation measures for the water pipeline corridor should be:

Foreground, Middleground and Background: {learing should be modulated through heavily
treed areas to resemble the existing pattern of vegetation. Access roads at various
points could minimize visual impact of a c¢ontinuous service road which emphasizes
tinearity of the corrider. Surge tank design, booster pumping stations, and clearwell
could compiement colour, texture and form of the natural landscape.

Mitigation measures for the iransmission line could consist of:

Foreground, Middleground and Background: A corridor clearing plan should be developed
that modulates edges to reflect the existing open and treed areas. Alignments that
utilize natural contours to minimize linearity, and avoid ridgelines and steep side
slopes would minimize transmission 1ine exposure. (fesign of linkages from plant
switchyard to transmission corridor could reiate the high technology environment at
the plant site to the simpler structures of the towers.
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Mitigation measures that should be considersd for the creek diversion are:

Foreground: The road could meet access and sarvica requirements to minimize the
right=gf-wiay required., Landscaping could blend in with the existing pattara of
vegetation. Opportunitiss to c¢reats natural regarveirs at canal fintersacts on the
creeks flowing intc the upper Hat Cresek Valley could be examined.

Middleground: Shoreiine of resarveirs could be developed ta reflect existing lakes
in the vallay. Cuts and fi1ls should be blended to minimize their visual impact.

Background: Edges of canais should be developed to saften visual impacts by bliending
into the axisting landscapes.

(@) Offsite Facilities

&)

(i1)

(1i1)

{iv)

Intake Structure

Bacause the fintaka structure is not expected to be a signiffcant operational
noise source, no special mitigatien measures area being cahtemplatgd at this time, At
booster pumping station Mo. 1, ventilation fan mitigation measures wauld be implementad by
a judiciqus fan selection and/or fan intake and exhaust silencars. Alsa, transformer
noise would be reduced by fmproving its fnternal cesign or by installing a shielding wall
around the transfarmer. At booster pumping station No. 2, fan noisa control would be
{ncorporated similar to the ane contemplated for the booster pumping station No. 1.

Access Road

The supply trucks that would be using the access road during the canstruction
years would be fitted with standard exhaust silencers, and thess silencars would be checked
periodfcatly for signs of deterioration.

Watar Line

1f major maintenance wouid be required during the operation of tha pipelins, the
repair crews would take precautionary measurss near inhabitea areas, such as scheduling
daytime working hours and maintaining silencing equipment in good working conditions.

Transmission Line

To reduce the mine substation transformer noise levels {particuariy curing the
nighttime), acoustical treatment would be implemented. This treatment would be either in
the form of internal trapnsformer accustical design or an accustical barrier arocund the
equipment,
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(v Creek Diversjons
Because the operation of the creek diversion facilities is not expected to be a
significant source of naise, no special mitigation measures are being contamplated at this
time.

{vi) Airport
At airstrip site "{Y mitigation measures such as using glide slopes steeper than
3 percent on aircraft approach to the airstrip, and/or relocating the airstrip, would be

investigated. At airstrip site "A" no special mitigation measures would be required,

(vii) Eguipment O0ffloading Facilities

1. Both the highway trucks and the equipment offloading equipment such as forklifts and
cranes would be equipped and maintained with exhaust mufflers in good working
conditions.

2. Highway trucks noise levels would not exceed the values shown in Table 3-3 of Harford,
Kennedy and Wakefield.7

DECOMMISSIONING MITIGATION PROGRAMMES

Water Resources

The following measures are recommended to mitigate potential impacts on water resources:

The use of fertilizer during reclamation should be minimized and fts appitcation carefully contrelled
to prevent an increase in the nitrogen and phosphorous levels of Hat Creek.

As previously discussed in Section 1.4.4(k), alternate Hat {reek diversion canal designs should be
considered to ensure the stability of this facility during mine pit filling.

The creation of the mine pit lake reguires further study to ensure that Hat Creek water quality will
not deteriorate.

Consideration shouid be given to placing 2 simple, gated contrel structure at the mine pit lake
cutlet, This would allow almost complete control of the flows in lower Hat Lreek whicn depending on
the developments in the vailey at this time could constitute a very beneficial impact.

Secio-economics

B.C. Hydro could undertake a number of steps to offset a general socio-economic decline should

no alternative developments arise in the area. The steps might include prolonging the economic 1ife of
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the thermal powarplant with the additional coal suppiias in the Hat Creek Yalley, ar invaestigating ather
potantial usas Tor the coai deposits.

RECLAMATION

Cbjactives of Reclamation

In devising the reclamstion programme B.C. Hydro has considersd both long and short-tarm cbjece
tives. The rapid astablishment of vegatation ¢n the disturbed area {s the srimary short-tarm goal. This
is required to improve surface stabflity, dy preventing wind or water-barne srosion and to enhance the
aesthetics of the waste piles. In the long-term, vegetation should be seif-sustaining and net require
sontinued additions of fertilizer or water (frrigation).

An essential aspe¢t of reglamation planning is the determinatica of the ultimate land usg of
the disturbed areas following reclamation. In ganeral tarms, the poténtial land use shouid not te less
than that prior to disturbance. The present land use fn the Hat Creek Valley is primarily directed
towards cattle ranching. There are 13 dependent ranching operatians in the valley of which six would be
directly affected. In total, approximately 3300 ha would be disturBed by the mine and associated waste
dumps of which the vast majority is presently unimproved range land.

Long~term use or exploitation of the revegetated wasta dumps has also been examined. Several
altarnatives nhave been considared, for example, wildlife habitat, recreation, agriculture (ranching) and
forestry. At present B.C. Hydro favours a mixeq agriculture (ranching) and wilalife habitat aiternative
since these activities constitute the primary land use in the area of develupment.l

Studias to Evaluatz Feclamation Altarnatives

As paFt of the reclamatfon planning for the Hat Creek project studies have been undertaken to
exagine the site-specific factors likely to influence the future revegetation of waste piles. Test plots
have peen constructad using a variety of discrete waste matertials excavated during a bulk coal sample
excavation pragramme undertaken during the summer of 1977. In addition, plets to test rsvedetation at
various slopes have been daveloped. A wide variety of revegatation species, suitabis for establisnment
of vegetation fn ihe dry climate at Hat Cresk were examined and 12 were salacted for testing. Threes sied
mixes of four species gach were prapared. Each matarial was testad far nutrients and apprepriate .ferti-
1{zer adced during sesding, Material test plots were hand seeded with the three different see¢ mixes
while plots to test revegetation at different siopes were hydroseeded using only one ssed aix, a muleh
and binder. A monitoring programme woyld be undertaken to detarmine emergence success and productivity
of species under each field test cnndition.1

Proposed Reglamation Alternatives

The mine would be an cpen pit design extending dawn, in benches, 215 m below the vallsy fleer,
with an approximate diametsr at the surface of 3.0 km, A total loose dumping volume af 783 Nm3 aof waslas
would be required during the 1ife of the aine. Two major types of waste are expectad.

1. Surfigial glacial deposits of ti11, sand and gravel.
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g. Pit waste, comprised of very weak rocks ranging from c¢layey siltstene to congiomerate as well as
weak waste material segregated from coal interbeds.

Present plans indicate that much of the surficial glacial materials would be utilized in the
construction af compacted dump retaining embankments to be logcated at the entrance to two natural contain-
ment areas, Houth Meadows and Medicine Creek. The other waste materials would be placed in behind these
empankments. The dump surfaces would ultimateily be broad expanses gently sloped at between 20:1 (30) anhd
10:1 (6%).

The ultimate fate of the pit is presently being evaiuated. Preliminary results of these evalua-
tions were used to suggest that the pit would be ailowed to fill with water. Both natural drainage and
diversion of the spring freshet were considered to achieve this goal. However, if it is finally determined
that the pit should not be allowed ta fill with water, pit slopes would be graced and revegetated to
stabilize them and the area fencad to preclude access.

With an assumed in service date for the first powerplant unit of 1988, the mining operation
wouid commence approximately 4 years earlier with the stripping of surficial materials. Revegetation
would commence as soon as possible on waste embankments, areas disturbed during construction and other
possible retaining structures asscciated with the development as a whole.l

Additional Studies Required

Pending the success of the studies described under Section 1.6.2, B8.(. Hydro would undertake
stugies to cdetermine the compatibility of the proposed reclamation scheme and the proposed ultimate land
uses {i.e. wildlife habitat, recreation, agriculture {ranching) and forestry).

The anaiysis of leachates from mine rock, Gverbu;den and ‘waste coal presented in -the Se¢lid
wWastes Disposal-Coal Storage-Land Reciamation Repurtz indicates the potential release of heavy and trace
metals from these mine wastes. The potential for uptake of these heavy metals by vegetation was proposed
in the Physical Habitat and Range Vegetation Report.3 Additional studies would be required to monitor
and evaluate the extent of metals uptake by the vegetation. These results would be extrapoiated to
project the potential impact of bic-accumulation of these metals up the food chain.

ENHANCEMENT

Recommendations for Affirmative Action

The Hat Creek Project would generate a large number of employment opportunities in the study
region through the creation of direct, indirect and induced jobs., It might be desirable to enhance thase
employment cppertunities for the Jocal labour farce through priority programmes.

However, there are no B.C. Hydro plans at the present time to encourage specific groups 1in
their hiring programmes and to do so would reguire the agreement of the unions with whnich B.C. Hydro is
involved. There is no clear government ampioyment policy guiding employers in terms of establishing
priorities among regional residents, other provincial residents and other Camadian residents.
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ENHANCEMENT - (Cant'd)

Same initiatives ia the VYukon and tha proposed northeast <oal develegments, however, have
recantly been taken by specific federal and provincial departments to promots affirmative action programmes

on large-scale resourca projects for regfonal or social development purposas.

On tha basis of these precadents, i+t ig recommended that B.C. Hydro fnitiate disqussions immedi-
ately with the Ministry of Ladbour, the Ministry of Economic Develepment and other institutions, as
appropriate, with a view to establishing empigoyment priorities fa a manner which would orfent the potenzial
benefits from increased employment accruing from this project fn the desired manner. Any programmes
implemented should be tailored to the specific needs of the specific target group.

Recommendstions for Enhancing Seanafits far the Town af {lintan

Clinton has recently experiencsd a number of sawmill clesures that have reduced tha community's
aconomic base and resuited in & gradual decline In population. Through this pericd they have received
some government indications of future economic growth potential, but nothing has yet materiaiized and the
gutlagk is not epcouraging. Shauld (lintan receive 3 greater share of the projected in-migrant population,
than that which is expected, this growth wouid 1ikely be considared benefigial,

The existing project description proposes the constructiion of a new aczess road rather than
using Highway Mo. 12 which would tend to favour settlement in Ashcroft and Cache Creek at the expenge of
Clinton. Also, the construction of this road would cost considerably mora than upgrading Hignway Mo, 12.
However, the increased use of Mighway No. 12 would have potentfal negative nofse and sarety effects an
the Indfan pepulation on the Bonaparte Reserve adjacent to the highway wnich have not been fully
evalyated. [t f{s, thersfore, recommended that 8.C. Hydro discuss with the Sonaparte Indians, the possi-
biTity of utilizing Highway No. 12 as the sole projact access road.
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CHAPTER 2.0 - RECOMMENDED COMPENSATION

INTROCUCTICN

This chapter presents suggested compensation measures which would be evaluated should the
project proceed. Compensation refers to substitution, replacement or payment for resource impacts which
cannot be mitigated. Suggestions presented are those proposed by the various subconsultants invelved in
the Detailed Environmental Studies and are listed by resaurce.

WATER RESOURCES

The major water resources impact of the project which could involve compensation is the loss of
the fisheries and benthic resource in the 7000 m saction of Hat Creek diverted Dy the mine. A range of
compensation options would be considered; examples inciude the establishment or enhancement of an existing
fishery resource in the local area or the provision of increasad access to existing but poorly accessible
fisheries.

Adverse impacts which result in a loss to the salmon fishery could be compensated by the provi-
sion for increased production through the restoration of spawning areas in the Bonaparte River. Removal
of the barrier at Bonaparte Falls would provide access to the spawning habitat available above the falls.
This measure would be a preferrable alternative to other forms of compensation such as payment for indivi-
dual fish losses.

LAND RESOURCES
Ranch ownars could be compensated for project impacts through:
1. Purchase of ranches in portion or entirety.
2. Exchange of lands or Tacilities for comparable ones affected by the project.
3. Improvement {such as irrigatien} of ranch lands to offset project impacts.

Adeption of any one or all of these approaches would be predicated on the final project design
canfiguration, the location of offsite facility companents and om the availability of peoject lands far
agricultural usae.

SQCI0~ECONOMICS

Cverall Considerations

1. The alternative to mitigation would be to compensate affected individuals for the losses in resi-
dential satisfaction incyrred as a result of the increased noise and dust levels. The most approp-
riate course of action, if compensation were the preferred aiternative, would be for B.C. Hydro %o
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SOCI0-ECONOMICS - {Cant'd)

negotiata the purchase of the affectad residential rights. The approoriate value of thesa rights
would be that which made residents equally well off by foragoing their residentfal rights as retaining
them. The compensation option should be compared to the overall costs of noise and dust mitigatien,
rather than to each fndividually.

The location of the project and {its nature in relation to the formar nature of vailey land usa;
nolse, dust and general activity lavels during project caonstrugtion and operation; aitarations in
valley aesthetics; alterations in fishery populations and wildlife habitat; and other rascurca
changes, when %taken in concert, might reduce the residential amenitiaes of aother existing residents at
their settlement locatigns in the upper Hat Creek Valiey and Sonaparte Reserve Mo, 1. Given that
mitigative measyres, such as altaring the location of project, could not be effected, the most
appropriate compensation would likely be in the form of an offer %0 purchasa the praperty of affectad
residents. [f possible, however, a land trade could be effected with the [ndian people. In other
cases whera property rights are not at i{ssue, compensation could simpiy te ia the form af payments
for relocation costs.

Ir the lead time necassary for expanding local government administrations (Sectien 1.3.2(d)(1)) fis
nrot adequate, initial community design studfes c¢suld be undertaken pricr to a decision to proceed
with the project. This would remave some of the risks %o the municipalities near the project.

The- Hat Creek Project would invelve the rapid growth of both the industrialized scomomy and the non~
Indian population arsund the local ladian communities. This would ¢reats pressures and impacts that
would lead %o an increased erosion of local Indian cultural, {fdentity and potential for Indians to
pursue their traditional economy and lifastyle. It is reascnable, therafore, that 3.(. Hydro might
take some compensatary action to help local Indian pesple cope with the potential adverse eflects of
the project en thefr socfal and cuftural development. One way in which this could be done would be
to participate with local Indian representatives and appropriate government agenciss in the creation
of an organization that would work to advance the socio-scomcmic and cuitural development of local
Indian pecple. The econemic cpportunities that the Hat Creek Project could offer mignt be a signifi-
cant factor in the success of such an organization. The axac: nature of B.C. Hydro involvement in
the funding of such a davelopment, would have to be determined by discussicn with the appropriate
government agencies.

1f mitigation measures related to extending the economic life of the project beyond 25 ysars that are
idantified in Seczion 1.5(b) are not efficient, then a saries of studies on providing compensation
should ba conducted every 10 years during the aperating period of the Hat Creex Project. Thesa
studiss would detarmine the expeciad economic lifaspan of the plant, the expactad changes in emplay=
nent levels fn the plant, new technelagical changes spossibly affecting tha operating life and the
potential activities which may absorb employment in or adjacent to the Hat Creek regicn. Thesas
studfes would keep B.C. Hydro, their employees and the residents of the communities awa;fe af the
ongoing economis development potential of the area. If it appears that major employment and pepula-
tion losses would be {nevitable as a result of changes in the Hat Creek operations, sufficfent advance
warning would be provided to discourage comaunity investments that would prove non-viable. For
individuals lesing their employment positions, B.C. Hydro should attempt %o place as many as possible
fn alternative employment positicns with the company.
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SOCIO-ELONOMICS - (Cont'd)
Recreation

Game and fish are natural resources which would be affected by increased recreationa) activities
resulting from the praject. The Fish and Wildlife Branch {s empowered to manage these natural resources.
In Hat Creek Vailey their objectives are to manage the wildlife populations and maintain these resources
at healthy levels, Increased impacts attributable to the Hat Creek Project could be compensated for
either by payments to aid the management of %the resources or in payment t0 increase the number of game
species available. Other possibie compensation options are presentad below,

Limitations on hunting and fishing would likely be required within the valley. Active farming
could be maintaimed to the greatest practical extent in keeping with the orderly development of the
project. Such a course of action would tend to retain seme of the existing land use patterns and scenic
values. Lands could be purchased, set aside and developed at Pavilion, Langley and Blue Earth lakes
(with appropriate restrictions) to provide opportunities for pienicing, fishing and swimming. Improved
access to the Thompson River could be provided as partial compensation for the loss of Hat Creek
fisheries. In addition te the provision of indoor and outdoor recreational facilities at and near the
Hat Creek Valley camps, with an appropriate recreational director in charge, similar facilities couid be
provided in the communities of Cache (reek, Ashcroft and Clinton to offset the increased recreational
demand that resident miners would have on those communities.

NOISE

Twe types of compensatisn for project noise fmpacts would be possible:
1. Compensation through benefits that accrue as a direct result of project actiens.
2. Compensation in the foerm of a cash settlement or replacement in kind.

The inherent project benefits which could be considered to directly offset noise impact would
be limited to:

1. Improved accessibility to the McClean Lake Reserve by pative peoples would likely offset some of the
annoyance to be caused by the access road construction and traffic.

2. The improve airstrip facility would offset the impact of its construction and operation noise only
if the affected residents at {ts west end would make use of it.
P
Economic benefits such as employment and increased commerce would act to offset all types of
project impacts. However, if such benefits are attained by the residents of areas in which noise would
be a major project {mpact, then the benefits could ba consigered to compensata primarily for noise
impact. This situaticn could arise to some degree at the following locations:

1. Bonaparte Indian Reserve 1: Noise impact significance would be "moderate” during both project

construction and operation. Some residents may find employment during project comstruction and/or
operation.
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2. North Ashcroft Residential Areas: Nofse impact significanca for various project activities would
vary from "low! te “hign" ("low to moderate” if noise mitigation carried out). Residents in this
area could benefit both from project empleyment and commercial growth.

In terms of cash. sattlements or raplacement in kind, it {s unlikely that monetary compensation
would be sought by those residents who are exposed only ty temperary noise impact, especially if ganuine
noise mitigatfon measures are taken. Therefore, the arsas in wnich direct monetary setilement or replace-
ment fnm kind would be appropriata are limited %o the Hat Creek Valley itself and possibly Benaparte
indian Reserve 1,
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CHAPTER 3.0 = ENVIRONMENTAL MONITORING PROGRAMMES

INTRODUCTICN

8.C. Hydro recognizes the need to assess project effects over the life span of the development.
To accomplish this cbjective B.C. Hydro would develop a detailed monitoring programme in concert with
appropriate representatives of the Provincia! Government. The approach and philosophy proposed by B.C.
Hydro to guide monitoring at Hat Creek and to satisfy the Provincial guidelines is described below.

A detailed monitoring plan would be developed to assess changes in the environmental, sccial
and eccnomic conditions from construction, operation and decommissioning of the Hat Creek development.
In concept, the programme would satisfy the general environmental monitoring objectives of the Coal
Development Gu'ideHnes.1 Specific purposes of the programme would pe:

[t

To monitor construction activities to insure that guidelines to mitigate construction impacts are
anforced and effective. v

2. To monitor operational activities tc insure that guidelines to mitigate operational impacts are
anforced and effective.

3. To menitor decommissioning activities te insure that decommissioning impacts are mitigated.
To ensure consistancy with the Coal Oevelnpm?nt Guidelines B.C. Hydro would:

1, Perform campliance monitoring of mitigation systems.

2. Develop an experimental system to detect physical and biclogical project impacts.

3, Impiement programmes to obtain socio-economic information for community planning.

Implementation of such programmes would focus upon the sensitive receptors identified during
the Detailed Environmental Studies and the field performance of the mitigation measures incorporated in
the final design. Monitering of sensitive receptors would begin prior te operation and would establish
their pre-project status. An experimental system consisting of statistical models and sampling methods
would be designed for testing hypotheses made about impacts of project actions. Cause and effect relation-
ships would be estimated as well as pertinent confidence intervals. This information would be used to
verify impact estimates, to establish damage functions and to guantify impacts predicted in the EIAR,

Compliance monitoring would determine the efficacy of the installed mitigation features.
Deviations in compliance with relevant Provincial Guidelines and Objectives ar design performance specifi-
cations would be detected and used to initiate corrective action.

During the conduct of the monitoring studies all programmes would be subject to modification as
the analysis and interpretation of data reveazled unanticipated impacts, additional receptors or defi-
ciencies in the mitigation measures implemented. Thus, oojectives, allocation of manpower and scope of
work would be keyed to the actual environmental needs of the project. Programmes would be reviewed
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INTROOUCTTION ~ (Cont‘a)

frequently ana recommendations made to continue, modify ar cease workX Dased upcn tha resyits of studies
completed.

Table 3.1-1 deoicts the receptors and resources which could be affected Dy the project., The
table and the specific proposals that foliow summarize the potantial rescurga effects whicn would requirs
detailed monitoring. Recommended studies which would satisfy either the neads for complianca monitaring,
detect physic-chemical and biolegical impacts, or provide data for community planning are described by
resource area. Thase proposals would serve as the basis for the joint develcpment of the actual monftoring
programme should the project progeed.

COMPLIANCE MONITQRING PROGRAMME

Meteorglogy = Air Quality

The full-scale pre-cperational metearological and air guality monitoring programme previously
described in Part Three, Methedelogy, was desfgned % provide appropriate basaline data for environmental
impact assessment and detailed plant design. It §s anticipated that portions of this programme would
carry over intc the operational phase to assess the air quality and climatic affects. Specific design
aspects of the cperational monitoring programme wouid be deferred until just before plant aperation so
that advances in monftoring technoleogy could be fncorporated and the specific raceptar locations identi-
fied. The number and type of metsorajogical/air quality monitoring stations would be determined in
cooperation with the appropriata government agencies,

If a meteorplogical comtrol systam is chosen to control sulphur dioxfde, an extensive meteorg-
logical/air quality manitoring programme suitabie to support a real-time air quality prediction system
would be Jnstifuted. Design of such 2 nonitoring network would be based on data obtained from the full-
scale pre-operational monitoring programme, the results of air gquality dispersion studies, and specific
needs identified by 8.C. Hydro and the appropriate gavernment agencies. '

Water Resourcas
{a) ‘Water Quality
{1} Groundwater
Domestic wells should continue %ta Be monitared with regard to the parameters
measured fn the Detailed Environmental Studies. Manganese and nfckel should be added t3
" the 1ist of parameters. For sach waste disposal area, test wells should be developed in
strategic grouncwater flow locations. Monitoring should continue om a quartarly basis and
should be evaluated yearly to incorparate or deiels specific parametars,
{i1) Surface Watsp
Monitoring sheuld bDe carried oqut at sample stations established during the CES

on Hat Creek and the Z2onaparte River. Monitoring shouid 5e perfarmed quarterly for all
baseline parametars. Manganess and nickel should be addad to the Tist of parameters
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COMPLIANCE MONITORING PROGRAMME - (Cont'd)

{b) Hydrology

(i)

(ii)

{c) watsr Use

(H

sampled. In addition to existing stations, it is recommended that sample stations be
established on MclLaren Creek and Cornwall Creek to detect any effects from the ash pond
and the access road. All parameters monitored at other surface water sample points should
be included at these sites as well. Monitoring of all point source discharges to receiving
waters should be performed to ensure that Pollution Control Board Guideiines are met.

To predict the effects of acid rain, & complete materials balance should be
performed an & watershed judged to be sensitive to the effects of acidification. The
baiance should include snowpack and rainfall {direct and indirect) quantity and guality,
predominant so0il types and their chemical composition and watershed inflow and outflow
quality and quantity. If the watershed contains a lake, chemical profiles should also be
obtained.

Groundgwater

Groundgwater leval piezometers should be installed in borehales located argund
the ash and waste disposal areas. These piezometers would supplement the three existing
piezometer stations in the valley. At Teast three piezometers should be 7installed at
different depths in each borehole. Water levels should be monitored on 2 monthly basis.
One borehole with three piezometers would be installed adjacent to Finney Lake and along
Highway No. 12 just west of Indian Reserve No. 4 in Marble Canyon. Each station should
moniter the effects of lake discharge and rechargs and/or withdrawals from the Marble
Canyon aquifer.

Surface Water

Stream gauging stations on Hat Creek and its tributaries shouid be monitored
until they must be abandoned because of the proposed project deveiopmants. The gauging
station on upper Hat Creek should be moved further upstream and a new station established
Just below the develepment. Each gauging station on Medicine Creek should be reviewed for
possible relocatien once the facility design is firmly established. Gauging Cornwall
Creek may be necessary if this stream is diverted im the final design. Discharges from
the sadimentation lagoons should be gauged. Sediment accumulation in the Hat Creek diver-
sicn headworks reserveir should also be monitored.

Surface Water

The discharge of project wastewaters should be monitored and controlied to
ensure acceptable water guality for irrigaticn and other agricultural uses,
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COMPLIANCE MONITORING PROGRAMME - (Cant'd) -

Cultyral Heritage Aesqurcas

Quring each of tha deveiopment phases, a qualified archaeclogist shouid be presant to meniter

land aitaration activities where guitural heritage ressurces are expected ta occur. An in-field igentifi-
cation and assassment would De made and mitigative actions proposed when resources are encountared.

Noisa

Noisa and vibration levels caused by project facilitias and Bblasting would ba monitored to

assyrs compiiance with the guidelinas.

EXPERIMENTAL MONITORING PROGRAMMES

Land Resqurces

(a)

4)]

Stack Emissions

Yegetation

The approach propased %o monitor the effects of stack emissions on vegetation
{natural, forest and agricultural) wauld {nvelve iwo phases, pre-operational and opera~
tional. The objective of the pre-operatfonal phase s the acguisftion of {aformatioen
pertaining to the sensitivities of the vegetation %ypes found within the area of the
propesaed devalopmant to various combinations of pollutants at various dosages. The identi-
fication of pollutant combinations and dosages causing acute injury under matural field
conditions would be the oniy feasibla objective due ta the length of time reguired far
plants ta exhibit chronic fnjury symptoms. Chrenic injury experimentation would nat De
faasible unless conducted during the gperatianal phasa.

The objectivas of the operational phase monitoring would be to identify the
correct causal agent (insects, disaase or piant emissicns) of vegetaticn injury symptoms
within 25 km of the plant; determine a tolerance range for the vegetation in aress of
potentially injurious emission Tevels, as well as saiecting those individuals which appear
ta be resistant; and study tha sffacts of long~term low eaissiaon leveis.

A, Pra~gperational Phase

Twa types of pre-aperatiomal monitaring should be considersd: dose response
studies on selected species and field fumigation within the project locale (25 km
radius}. The dosa response studies would be designed to estabish SOZ/HOZ threshold
concentrations for thase species found in the project locale which have not pean
included in any sansitivity Tists or have not heen assigned a threshoid concentration

in the scieatific literature. These studies would be primarily laboratory orientad.

Plants stiouid be seiectad from tha fiald, trapspldntad to 3 greenhouse and maintained
in a manner closely approximating actual field conditions. The lypes of plants useda
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EXPERIMENTAL MONITORING PROGRAMMES - (Cont'd)

spould in¢lude herbaceous, shrubs and canopy trees. However, in the case of shrubs
and trees, seedlings should be selected due to size restrictions. A total of 38 planis
have been identified as important enough for study. These plants have been ranked
ints seven categories on the basis of their importance to the local vegetation associa-~
tions, wiidlife or Iivestock.l

The experimental procedure proposed is identical to that used by Larsen and
Heck2 in which & dose response.function is derived for each species from observations
of acute injury symptoms induced in 2 number of specimens. This method is of some
advantage over other types of approaches since a model is developed from which injury
levels from other dosage levels may be predicted within broad confidence 1imits,

The field fumigation study proposed is similar to the programme currently
in progress at Colstrip, Montana. In the Colstrip programme, termed Zonal Air
Pellution System (ZAPS), field plots representing the common vegetation associations
are fdentified and fumigated with a continuous predetermined average 502 Tevel
throughout a growing season.3

Three fumigations and three control plots within the project locaie are
proposed for study. Plot number one should be located in the Clear Range approximately
20 xm to the 55W of the stack location. The site selected should be at the transition
of the Alpine Sedge-Grassland associationsg, preferrably in the Engelmann Spruce -
Grouseberry Association. Plot number two should be approximately 15 km ENE of the
stack location in the Arrowstone hills. This plot should be located at the transition
of the Douglas~-fir - Bunchgrass - Pinegrass and Big Sage - Bunchgrass associations.
Piot number three sheuld be Jocated in the Cornwall hills approxiﬁateiy 12 km to the
SSE of the stack. This site should be at the transition of the Engeimann Spruce -
Grouseberry Pinegrass and Engeimann Spruce - Willow - Red Heather associations. A
plot size of 20 m x 20 m is considered appropriate. The concentration of 502 used
to fumigate the plots should be identical to that predicted by ERT to occur from the
powerplant operation. The duration of exposure is suggested to be no less than
1 month and should be initiated fn early summer., Contrel plots should be similar in
vegetation composition and be oriented approximataly 50 m from the fumigation plots
in a position that the prevailing winds would not carry 502 to the control plots.

Observations should be made at each plot over the course of a monthly
fumigation period and should focus upon herbaceous tevel vegetation. Detailed informa-
tion on the distribution and cover of sach species should be collacied at the end of
monthly fumigation periods. The above-ground biomass from a number of 1 rn2 guadrats,
which inciude a representative sampie of spacies present, should be harvested from
control and fumigation plots at the compietion of monthly fumigations. Comparison of
the results from fumigated versus the control should give some indicaticn as to the
effect of 502 on vegetative growth. '
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Operational Phasa

Tha proposad operation phase menitoring programme is basically a field-
oriented programme designed to identify and catalogue any pgtential changes in vegeta-
tion associations due to stack emissions. It fs suggested that & number of vegetaticna
plots bte monitorsd in the vegetation associations found {n areas whers the predictad
righ 502 emissions may occur. The number of vegetation associations, which should be
sampied, varies according to the air qualfty control strateqy salected. Contrel
plats should be established autside %the area where predicted ambient ground level
changes may oczur., These plots should be in vegetation assaciations which ars
identical or similar in composition %o the monitor plots, Monthly cbservations and
floristic analysas are recommended for each plot (Control and monitar) with emphasis
on the detection of symptoms resuiting from air emissions. Codlour infrared imagery
may prove useful in such investigations. Annuai colour infrared aerial photography
can also be a usaful teel to document changes or rapidly idemtify large fnjured areas
with minimal effort. Those plots located in the areas whers 502 concentrations are
predictad to exceed background levels should ba utilized for the collection of detailed
vegetation finformation such as: biomass, mechanical vegetation cover estimates,
insect and disease damage, growth and productivity measurements. Thesa measurements
should be compared with contral plots to determina if the ocbserved offects are due to
natural varfability or air emissisas. The vegetation plots should be locatad adjacent
ta or in the vicinity of the air pollution monitors so that the effaects obsarved on
the vegetation can bhe correlated with actual ambient levels collected an a reai~time
basis. The ambient ground level concentrations would be aessential gata for the
programme.

The accumulation of trace alaments releasad from the stack is an important
soil parameter to monitor. It i3 recommended that the soil sampling plots and control
plots be contained within the vegetation sampling plots. In this manner, the axtent
of potential accumulation as well as any potential effects on the vegetation ccould be
simultanecusly determined. It s racommended that seoil and vegetation samplas De
analyzed for arsenic, salenfum, cadmium, chromfum and fluorine because thesa siements
have been identified with potential problems. The recommended sampiing interval {s
seasonal, with the numbars of samples per soil plot determined frem a statistical
test for sample sizes. The sampling should be initiated at Teast 1 year prior ta
initial operation of the plant, and should be continued throughout the aoeratianal
phase. The number of samples and sampling intarval couid be adjusted once tne results
from the initial sampling pericd are anaiyzed. ¢

(ii) Wildlife

Trace Elements
Wildlife receive trace elements from a variety of sources 3and may Ze sub*

Jected to big-accumylation or bio-magnirication of trace elements, an event which ne
amount of trace slement measurement in abiotic receptors could raveal. A large
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numper of wiidlife sampling sftes fis unnecessary due to high wildlife mobility,
Sampiing plots should be located in Cornwall hills and Trachyte hills, the northern
portion of the Hat Creek Valley and in the vicinity of the pit and waste dumps and
other potantially toxic waste materfals. A partial control should be Jocated in the
southern half of the Hat Creek Valley and full ceontre!l outside the valley, perhaps in
the Venables Valley.

Sampling should be conducted or & seasonal basis. Birds are the recommended
indicator mammal because small mammals are considared to be unrelighle indicaters of
environmental pollution. Gamebirds taken inside and outside of the Hat Creek Valiey
should also be monitored for trace element accumulations. This could be accomplished
by taking tissue samples from game reported at the Cache Creek Check Station. Tissue
samples should be analyzed for arsenic, c¢admium, copper, fluerine, lead, mercury,
vanadium, zing, boron, selenium, tin and thallfum.

An effective means of monitoring environmental fluorine is through the use
of honeybees. Pollinators have been shown to have the highest body burden of fluorine
in ecosystems which have been contaminated by axposure to atmospheric flucrides.
Hives could be established in several locaticns within and around the Hat Creek
Valley. Elevated levels of fiuorine in these bees would indicate problems of fluorine
accumuiation before the effects were noticeable in ungulates or gamebirds.

Major Air Emissions

The direct impact of air poliutants on most wildlife {s expected to be
minar. Birds may be an exception to this rule. [t is recommended that birds be
periodically collected (once or twice a year) and autopsied to determine what acute
injury may have occurred to their respiratory system. Chickadees would make 2 suitable
subject for these investigations because they are permanent residents and are rela-
tively common throughout most of the local study area.

Ecosvstem Responsas to Chronic Stress

It #s recommended that wildlife be monitored by the use of a roadside
breeding bird survey similar to that used in the inventory saction of this report.
Theoretica! considerations and limited gata from the U.S. IBP (International Bioiogical
Programme) Grassland 8iome Programme findicate that grassland bird species diversity,
equitability and species richness are apparentiy buffered from response to normally
encountered environmental variations, but may respond to ecosystem changes brought
about by chronic air pollution. The reiatively cost effective roadside bird census
may be ideal for ¢ollecting sample data which would be responsive to other extraneous
variables.

Monitoring should consist of an investigator travelling a specified route,

making stops at specified locales, and recording the birds observed within a cefined
time and space. This need only be done cnce or twice per year fn the spring.
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EXPERIMENTAL WONITORING PROGRAMMES - (Cant'd)

The roadside Sird census would Se valuable 3s an index of change for all
wildlife. However, changes in tha distribution and abundance of 2ig game are suffi-
ciently controversial that an additional monitoring programme for big game 73
warranted. This monitoring should be done using pellet group transects. Aerial
surveys of game animals are costly, can constituyte harassment of the animals and do
not provide an adequate picturs of the year-round animal habitat relationships. The
number and logatiens of peilat group transects should be relatad to stack emissions
and to habitat (vegetation}. [t {3 recommended that pellet group transects bde esta~
bifshed 1n conjunction with vegetation monitoring plots.

{B) Cosling Tower Emissions

n

{11}

Yegetation

A number qf vegetation plets, in addition to those proposad for monitoring the
effects of stack emissions, should be Jocated in the areas where maxinum tooling tower
drift deposition are predicted, Contral plots shauld likewise be lgcated in areas where
arift deposition fs not predicied. Fewer plots are required {contrel and monitaring) than
these for stack emissions pecause the cooling tower drift doss not affect as large an
area,  Both wvisual observations ang detafled information should be collectad at each of
the plots, One ar more plots should be lgcatad fn eagh vegetation assaciation subjected
to salt cencentrations thst are predicted o exceed background levels. The frequency of
sazpling should be monthiy prior %o and during the first year of cperation. The fregquency
can be agdjusted as neaded, once these 2 years of data are analyzed. The programme proposad
should 5e closely related to the menitaring salt degasitica on sgils.

Sails.

The deposition of cooling tower drifi on sails would affect soil moisture and
salt Tevels, which may in turn have an effect on vegetation. The soil menitoring plots
should be established within the vegetation plets. <Controi piots should also be situated
within the vegetation plots designed as controls. Precipitation samplers should be set up
on both the monitoring and control plots to collect samoies of rainfall and cooling tower
drift. Samplas of Thompson Rivar watar should be analyzed for the varfous safts as well
as far the predominant trace elements (arsenic: selanium, cadmium, chremiuvam and f‘luor-ine)'.
The soil horizens within sach soil plot should be fdentified as well as the soil moisturs,
pH and conductivity. Soil samples from the top thr=e horizons should De analyzed for the
same salts and trace elements as the precipitation samples. The cooling water makaup
should also be anlayzed for the same parameters as the precipitation and soi) samples.

{¢) Ash and Mine Waste Disposal

The waste dumps and ash disposal areas may contain large amounts af potentiaily toxic

trace elements. It fs highly unlikely that thesa alements would e released to the environment
because the disposal areas would be enginesred to minimize such occur»ences. A monitaring programme
is prooosed to snsyrs that vegetatian and soils in the vicinity of thesa areas ara not affected 3y
trace element reieases.
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3.3

3.3.2

3.4

3.4.1

EXPERIMENTAL MONITORING PROGRAMMES - (Cent'd)

{d)

The suggested approach is to sample leaves, stems and rocots of trees, grasses, shrubs and
herbaceous species growing in the vicinity of these areas, Repiicate samples of each tissue from
each species sampied shoyld be collected seascrally. Sampling should start 1 year prior te initiation
of disposal activities and continue throyghout the period of dispasal o¢perations. 50i1 and seepage
water sampies shculd be collected at the same time, at the same fraguency and over the same time
pericd as the vegetation samples. Vegetation and soil samples should be analyzed for the trace
elements of congern as identified by ERT.4

Dust

The accumulation of dust on foliage can potentially cause a reduction in productivity. A
programme to monitor the effects on vegetation due to fugitive dust emissions from operation of the
mine is recommended. The proposed approach would utilize six vegetation plots lecated at different
distances form the mine and at various eievations te acgaunt for terrain effacts. Six control plots
would also be located in close proximity but in an area unaffected by dust emissions. Visual observa-
tions of teaf condition and presence of insects or diseases should be made on 2 monthly basis at
each ptot. These observations should be conducted prior to and during operation of the mine.
Growth measurements of trees, shrubs and herbaceous species should be taken on a seasonal basis.
The visual observations and growth measurement should be correlated with climatic data as well as
data from high volume sampliers situated at/or near sach vegetation plot. The dust samples should be
analyzed for particle size and chemical composition {including the trace elements ¢f concern).

Water Resources

(2}

Fisheries and Benthos

-

Fish tagging studies should be initiated in Hat Creek prior to spawning, with recapture
during June, July and early September supplemented by additional marking. Selected stations would
be sampled in June and early September to document fish and invertebrate populations and conditions.
Efforts should also be directed at documenting aguatic habitat conditions, particuarly with respect
te possible sediment buildup in Hat Craek below the mine site. The programmé shouid be conducted
annually during the comnstruction and startup phases, and decreased in frequency and scope after the
system has achieved relative stability,

The intake on the Thompson River shouid be monitored during downstream salmon fry migration
periods to determime if loss of juveniles occurs. Similarly, monitoring during upsiream spawning
migrations should be ungertaken to assure that disorientation of adult spawners does not occur,
Sampling to determine downstream spatial-temporat distributions of migrant juvenile salmenids could
be undertaken if impingement proves to be significant during cperation.

SOCI0~ECONGMICS

Planning Information Relevant to Community Service

Rapid population growth in the Tocal stiudy area would likely result in short-term reductions in

the quality of 7ife for area residents 3s a result of temporary lags in public services during the process
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.32

SQCI0-ECONOMICS - (Cont®d)

of staff and facility expansion. These Tags wouid affact a fairly broad sector of the Asheroft, Cache
Creek and surrounding populations which are reliant on village-tocated services. The effects would
include:

1. Perfods of overcrowding and consequent declins in the quality of service delivery in most existing
social and community services.

2. A perfod when existing service deficiencies, particularly dental and mental health servicas, would
become more acuta,

The saeverity of thass impacts and their specific duration cannot be predicted, as they depend
on the timeliness of publfc sector responses in relation to grawing demand. However, the general govern-
ment practice of servica delivery in response o demonstrated cemand, rather than in anticipation of
demand, would suggest their likaly ocgurrenca. Given these uncertainties, a cash compensation payment s
not considered a reascnable approach.

Because one of the critical determinants of the extent to which impacts aight occur is the
timely availability of service demand informatfon, B.C. Hydro could assist the service delivery process
by providing this information. I% is recommended, therefore, that B8.C. Hydro fund a monitoring programme
oriented towards the provision of on-going planning information %o assist in the timely provisien of
community and saocial services. Ofscussions should be held with the Thompson MNicola Regianal District,
provincial agencies and the jocal communities o determine the approprizte sponsoring and cantrolling

agency.

Planning [nformation Relfevant to Social Problems and Adequata Comgensation

Small rural communities undergoing rapid expansion due ta the constructfon of large-scale

industrial projects may experience 2 variety of community social problems related o the development.

Increased transiency, personal canflicts and adjustment raguirements can result ia an increased fncidencs
of petty crime, juvenile dalin::uency. aleohol abuse, family proolems and other social problems. The
extent to which the Tocal study area communities would experienca some or all of these Droblems cannot be
predicted. "However, they have occurred in similar development situations and their occurrence in the
local area couid be expected to reduce the quality of Tife {n thase communities.

It is recommended that B.C. Hydro 2150 fund an expanded monitoring study, in additicn to over
that {dentiffed above, %0 provide suyfficient information on which to detarmina whether further compensation
should be provided. The reguirsments for the natures and vaiue of potantial compensation can only be
detarmined from actual information as the project avalves.
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