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SUMMARY 

PART I - PROJECT  BACKGROUND 

In t roduct ion 

In   o rde r   t o   he lp  meet Br i t i sh  (Columbia's electr ic i ty  demands,  B.C.  Hydro plans 
t o  apply to  the  government  aut:hori t ies  for  the  necessary  permits  and  l icences  to 
develop a 2000 MW coal- f i red  e lectr ic i ty  generat ing  p lant  in  the  Hat  Creek 
val ley. 

Detai led  government  and  publ ic  examination  of  the  proposed  project 
wi l l   precede  project  construction  authorization.  Permits  and  l icences  wi l l   set  out 

the  construction  and  operation  of  the  project. 
environmental,  health  and  socioeconomic  conditions  to  be  met by B.C.   Hydro   in  

This  Environmental  Impact  Statement  (EIS) i s  based  on  the findings of 
extensive  technical,   environmental  and socioeconomic  studies  and  has  been 
prepared by B.C.   Hydro to  provide  informat ion  about  the  proposed  Hat  Creek 
project .  

The  information  contained  here,  and  the  f indings  of  the  support ing 
studies,  are  for  use by the   pub l i c  and by licensing  agencies  in  determining 
whether  the  project   should  be  author ized. 

references a t  the  back  o f   th is  EIS i s  available a t  major  publ ic  l ibraries,  or  can 
A f u l l  .library of   suppor t ing  repor ts  as detai led  in  the  l is t   of  

be  viewed by contact ing  B.C.  Hydro's  Hat  Creek  Informat ion  Off icer a t  Box 
12121 - 555 West Hastings  Street,  Vancouver, B.C. ,  V6B 4T6, o r  1390 Quartz 
Road, Box 760, Cache  Creek, 13.C., VOK 1HO. 

Commitment to   Hat   Creek 

B.C.   Hydro  has the  responsib i l i ty  of meet ing  the  e lectr ic i ty  demands  of   Br i t ish 
Columbians.  To  do so, i t   must   p lan f a r  in  advance,  identi fying  generating 
potential and tak ing steps to  have  that  potential developed  in  t ime  to meet 
demand. 

min ing  and  burn ing  Hat   Creek coal for  thermal  generation  of e1ec;tricity. The 
Since 1957, the  corporat ion has actively  considered  the  potential of 

decision  to  seek  approval  to  develop  this  potential has come now  because: 

1. The  project 's  power is  !needed to meet Br i t i sh  Columbia's,  demand f o r  
electr ici ty,  which  grows as population  and economic activi ty  increase. 

power  from  the  Hat  Creek  Project  wi l l  be needed in   the  prov ince  before  the 
Electricity  load  forecasts at the  end  of 1980 ind icated  c lear ly   that   the  f i rs t  

end o f  '1'988. 
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2. The  f indings  of   extensive  research  have  demonstrated  that   the  Hat  Creek 
Project  can  proceed  without  adversely  affect ing  human  health  and  with 
relat ively  minor  environmental  impacts. 

Study Background 

B.C.  Hydro's  act ive  considerat ion  of   the  Hat  Creek  coal   deposi ts  for   thermal 
electr ic i ty  generat ion  led  to a prel iminary  environmental   impact  study  being 
commissioned i n  1974. This  was submitted in August  1975 and made p u b l i c .   I t  
recommended  that  more  detailed  studies and evaluations  of  impacts  be  carr ied 
out .  

This  detai led  work  began  in 1976 and has  cont inued  through  to 
completion  of  this  Environmental  Impact  Statement.  The  studies  upon  which  the 
EIS is  based  have made the  data  o f   the  1975 prel iminary  environmental  impact 
study  obsolete. 

The  studies  commissioned  for  this  project  are  among  the  most 
extensive  environmental  investigations  ever  carr ied  out  in  advance  of a project  
such as that  proposed a t  Hat  Creek.  They  have  led  to  design  decisions  which 

wi th  the  Pol lut ion  Control   Board  (PCB)  Object ives  and  wi th in  standards  that  
support   the  conclusion that the  pro ject   can  be  bu i l t   and  operated in compliance 

safeguard t h e  environment and  human  health. 

Various highly quali f ied  and  international ly  recognized  consult ing 
f i rms,   under   the  d i rect ion  o f  a co-ordinating  consultant,  have  conducted  the 
studies.   The  f i rms  involved  are  ident i f ied  in  th is EIS. The  resu l ts   o f   the  
studies  and  of  subsequent  "bridging"  documents  are  summarized  in  this 
statement. 

Over   the  same per iod   o f  time, B.C. Hydro  has  carr ied  out  informat ion 
programs aimed a t  acquaint ing  the  people  o f   the  reg ion  wi th   the  nature  o f   what  
was being  done and a t  o f fer ing  oppor tun i t ies  for   publ ic   par t ic ipat ion  in   the 
planning  process.  The  public  release  of  this  EIS  is an  extension  of  those 

wi l l   a lso  br ing additional oppor tun i t ies  for  d i rect   publ ic  part ic ipat ion.  
information  programs. They  wi l l   cont inue t h r o u g h   t h e  l icensing  process  which 

Included  in  the  Hat  Creek  region  are  the  communit ies  of   Ashcrof t ,  
Cache  Creek,  Clinton,  Lillooet and Lyt ton  which  l ie  in the  area  surrounding  the 
valley,  Kamloops 90  km to  the  east  of   the  val ley,   and  several   Nat ive  Indian 
reserves.  About  ten  famil ies  l ive  on  ranches  in  the  val ley  i tself   and  two  Native 
Indian  bands  have  reserves  near  the  val ley's  north  end.  Two  other  reserves 
are a short   d istance  to  the  east.  

The  Hat  Creek  val ley is  a broad grass land f lanked by subdued 
mountains  with  sparse  forests.  The  predominant  land  uses  have  been  agricul- 
ture,   forest ry   and  wi ld l i fe   habi ta t .   There is  l i t t le  evidence  of  resource 
development a p a r t  f rom coal explorat ion  act iv i ty ,   the  e f fects   o f   which  have 
largely  been  offset by reclamation. 

Two  major  coal  deposits  are  found  there.  Deposit No. 1, development 
of  which i s  proposed  in   th is   pro ject ,  is  near  the  north  end,  whi le  the  larger No. 
2 deposit is  to   the  south.   The  deposi ts  vary in   qual i ty   but   on  average  rank 
between  sub-bituminous  and  l ignite  type  coals.  The  coal i s  re lat ively  low  in 

'is 

" 

Y 

Summary viii w 



heating  value,  high  in ash, h igh  in  moisture  content  and  relat ively low in  
sulphur  (compared  to  eastern  North  American  coal). 

The  total   resource  in  both  deposi ts  could  reach 15 bi l l ion  tonnes  (Gt), 
making  th is   one  o f   the  wor ld 's   largest   known  deposi ts   occurr ing  in   such a small 
area. 

PART I1 - PROJECT  DESCRIPlION 

m 

I 

L 

Project  Components 

The  proposed  Hat  Creek  project  has three  basic  components: a mine  and a 

and, associated  with  these,  offsite  facil i t ies  which  include a water  supply 
powerplant,   to  be  located  in. the  area a t  the  north  end  of   the  Hat  Creek  val ley;  

system, a pipeline, a reservoir,  access  roads  and  creek  diversions. 

ensure  meeting  the  schedule  for f i r s t  power  production  in  late 19813. Coal would 
B.C.   Hydro  proposes  that   const ruct ion  be  s tar ted in e a r l y  1983, to  

be  mined  in a large  open pit, blended  near  the pit and  then  t ransported by a 

the  mine.  The  powerplant  would  burn  the coal to  produce steam to  power 
conveyor  system  to  the  powerplant  s i te some 4 km  northeast  of  and 500 m above 

turb ine  generators   to   prodl lce  e lect r ic i ty ,  a proven  thermal  generating 
operation. 

The   f ou r  500 MW uni ts  in the  powerp lant   ( to  be phased  in a t  approxi-  
mately 1 year  intervals)  would  represent  electr ical  capacity  of 2000 MW (net) ,  an 
amount  roughly  equal  to  the  present  demand of the  Bri t ish  Columbia  lower 
mainland. 

alternatives  were studied.  They include  al ternat ive powerplant  sites,  air 
Dur ing  the  pre l iminary design  phase  of  the project,  many  project 

quality  control  systems  and  ash  disposal  methods.  Details of these  and  other 
alternative  systems  are  presented.  All  components  of  the  proposed  project 
include design and operational measures to  mitigate  environmental  impacts and 
the   f lex ib i l i t y  to  incorporate al ternat ive systems and  technology as conditions 
requi re.  

For  the  purpose  of planning, the  pro ject  has  been  given a nominal 
operat ing l i fe   o f  35 years. By  the  end  of   that   per iod,  B.C. Hydro  would  have 
determined  whether  electrical  generation was s t i l l  a suitable use o f   t he  coal 
resource  and,  following  government  approval,  acted  accordingly t o  extend  the 
l i fe  of   the  project   or   develop  al ternat ive  uses. 

reclamation  and  revegetation  program,  which  would s t a r t  ea r l y  i n   t he  
Regardless  of  such  future  options,  the  plan  includes a 'comprehensive 

construction  phase,  continue  throughout  the  operational  phase  and  end  ten 

the  land  used  in  the  project  to  i ts  former  uses. 
years.  after  powerplant  decommissioning. It would  restore  about 64 percent  of 
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The  Mine 

The  proposed  mining  operations  would  include  f ive  basic  components,  the  most 

benches and would  extend  approximately 3  km across  and 230  m deep  after 35 
signi f icant  being  the  open pit mine.  This  would  be  developed  in a series  of 

years  of   product ion.   The  mine  would  produce  about 340 mill ion  tonnes  (Mt)  of 
blended  coal  and 430 million  cubic  metres  of  waste. 

Other  components  of  the  mine  complex  include:  the  waste  disposal 

and  handl ing  fac i l i ty  a t  t h e   n o r t h   e n d   o f   t h e   k i n e  pit; the  conveyor  system;  and 
areas,  located a t  Houth Meadows and  Medicine  Creek;  the  coal  blending,  storage 

the  administrat ion  and  maintenance  centre. 

complex  design - one  to  maintain  downstream  water  qual i ty and the   o ther  to 
Two  major  environmental  control  systems  are  included  in  the  mine 

control  dust. 

The  Powerplant 

The  powerplant  complex  would  be  located  on a broad  h i l l top,   near   Harry  Lake, 
500 m above and 4  km northeast of the  mine  area.  This  h igh  s i te has been 
selected  to  provide  better  d ispersion  of   f lue gases f rom t h e  366 m h igh  
mul t i - f lue  s tack.  

powerplant's  basic  components.  These  include the  coal  handling system, 
Environmental  protection  systems  are an  integral  part o f   t he  

boi lers,   turbine  generators,   condensers  to  recover  water  f rom  the  spent steam, 
feed  water  systems,  cooling  towers,  stack,  ash-handling  and  disposal  systems 
and an a i r  quality control  system (AQCS). 

The  lat ter   is   designed  to  maintain  regional  a i r  qua l i t y   t h rough   the  use 
of  electrostat ic  precipitators, a high  stack  and  part iaI. f lue  gas  desulphurization 
(FGD). The  powerplant  design  has  bui l t - in  f lexibi l i ty ,   to accomodate any 
condi t ions  determined  through  the  l icensing  process  and  at tached  to  Pol lut ion 
Control   permits.   Modif icat ions  to  the  proposed  powerplant  could  a lso  be made t o  
take  advantage  of  technological  advances made dur ing   cons t ruc t ion   and 
operation and to  respond  to  needs  ident i f ied by operating  experience. 

and  control  system,  which  would  reuse a l l  process  water  (zero-discharge 
Environmental  protection  measures  also  include a water  management 

system),  and a solid-ash  and FGD sludge  disposal  system. 

Offsite  Faci l i t ies 

Offsite  faci l i t ies  are  project  components  located  outside  the  actual  mine  and 
powerplant  complexes.  Major  offsite  facilities  include  access  roads,  the 

the  Thompson  River),  transmission  l ines, an airstrip, an equipment  unloading 
powerplant  reservoir  and  water  supply  system  (which  includes a pipel ine  f rom 

fac i l i t y  a t  a rai l   location,  creek  diversions  and  temporary  construction camps. 
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Proposed  Project  Costs 

Y 

ri 

The  proposed  project  is estimated  to  require a capi ta l   expendi ture  of   about $5 
256 mi l l ion  when  inf lat ion,   interest   dur ing  construct ion  and  corporate  overhead 
are  included.  In 1980 dol lars,  this  capital  cost  would  total  about Si. 294 mill ion. 

Field  Act iv i t ies 

The  project  f ield  act ivi t ies  can  be  divided  into  three  phases:  construction, 
operation  and  reclamation. 

workers  and  last  from 1983 to  1992. 
Construction  would  involve a peak  labour  force  of  approximately 2800 

and  invo lve a peak  labour  force  of  about 1200 workers  in  the  mine  and 
The  scheduled 35 years  of  commercial  operation  would  begin  in 1988 

powerplant. 

Final  reclamation  would s t a r t  in   the   year  2023 and  would  continue  to 
the   year  2033, and  would  involve 13 workers  in  revegetating  the  project  areas. 

Land  Requirements 

The  mine, powerplant,  and  offsi te facil i t ies would  cover a total  of  approximately 
2500 ha  (6200 acres). This is  less than  four   percent   o f   the  66 600 ha area  of 
t h e  H a t  Creek  watershed.  At  the  end of 45 years,  about 64 percent   o f   the 
disturbed  lands,  would  be  reclaimed and restored  to  product ion.   The  remainder 
would  include  the  open  pi t  Imine which  would  not  be  reclaimed a t  that   t ime 
because  more  than  half  the  mineable  coal  would  remain. 

PART I I I - IMPACT  ASSESSMENT 

In t roduct ion 

Extensive  studies of environmental,  health and socioeconomic impacts o f  t he  
proposed  project  have been  completed. In  addi t ion  to  producing  needed 
electr ic i ty  for   Br i t ish  Columbia as a whole,  the  project  would  provide economic 

of  goods  and services for   both  the  construct ion  and  the  operat ional  phases,  with 
st imulat ion  to the  local and  regional economies through  employment and  purchase 

relat ively  minor  environmental  damage.  Trade-offs  are-involved  in  achieving 
these benefits and they  are  identi f ied  in  detai l   in  the  various  sections  of  this 
EIS. 

P r imary  sources  of  information  for  the EIS  were  the  consultants' 
detai led  environmental   studies.   In  turn,  da ta  sources  for   the  consul tants ' .  
reports  included  l i terature  reviews,  monitoring  programs,  f ield  work, an 
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extens ive   tes t   burn   o f   Hat   Creek  coal i n  an operating  powerplant,  simulation 
modeling  studies  for  certain  aspects,  and  interviews  with  members  of  the  public 
and special  interest  groups. 

Air Qual i ty  

In  assessing  the  project 's  potent ia l   impact  on  the  environment  and  heal th,   the 
effects  on a i r  qual i ty  are  important  factors.   These  ef fects,   pr incipal ly  f rom 
powerplant  emissions,  determine  impacts  on  human  health,  wildlife and other  
resources. 

The  f indings  are  based  on  conservative  (pessimist ic)  assumptions  and 
they  indicate  that   environment  and  heal th  safeguards  would  be  met  even  wi th 
these  pessimistic  assumptions. 

The  impacts  were  assessed  on a local  and a regional basis; "local" 
being  defined  general ly as that area  within a 25 km rad ius   cen t red   on   the  
powerplant, and "regional" as that area  within a 100 km radius  centred  on  the 
powerplant. 

Mathematical  simulation  models  were the  major  tool   used  to  predict   the 
ground  level  concentrat ions of powerplant  emissions ~ and  the  resul t ing 
predict ions a r e  based on  conservative  assumptions.  For  example, f o r  these 
studies, it was  assumed that the  powerplant  would  operate a t  fu l l   load 100 
percent   o f   the  t ime.   In   fact ,   the  powerp lant   would come on  stream  in  stages 
and over  i t s  35 year  operat ing  l i fe  would  operate  on  average a t  65 percent   o f  
capacity. 

The  predic ted ground level   concentrat ions  of   sulphur  d ioxide (SOa), 
nit rogen  oxides (NOX), total  suspended  particulates  (TSP),  trace  elements,  and 
other  contaminants  are  set  out in tables  in  th is  report .   The  predicted  ambient 
a i r  qual i ty  and  stack  emission  levels  wi l l   fal l   within  the  ranges  specif ied by t h e  
Pol lut ion  Control   Board  (PCB)  for  coal f i red  powerboi lers.   Adverse  environ- 
mental  impacts  are  not  predicted  to  occur  beyond  the  immediate  vicinity  of  the 
mine and powerplant. 

non  were  undertaken by one  of   the  leading  consul tants  in  th is  f ie ld.   Model l ing 
Exhaustive  and  detai led  studies  of  the  "acid  precipitat ion"  phenome- 

s tud ies  ind icated  that   the  ac id   (pH)  ra t ings  o f   prec ip i ta t ion  in  areas up to  50 km 
downwind  of   the  powerplant  could  change  f rom an estimated  level  of  approxi- 

the  long-range  area 50 to  200 km downwind,  pH  levels  of  precipitat ion  would  be 
mately 5.65 down  to  a level  of  about 5.06, ind icat ing an increase  in  acidi ty.   In 

area  contains  soils  and  water  with  neutralization  capacities,  deposition  of 
less  affected.  These  studies  concluded  that,  because  much  of  the  surrounding 

airborne  mater ia ls  emit ted  f rom  the  proposed  project   would  produce no signif- 
icant  d i rect   or   indirect   environmental   ef fects  in  the  aquat ic  systems  and  their  
biological  communities. 

Water  Quality 

The  e f fects   o f   the  pro ject   upon  water   qual i ty  and hydrology  would  be  re lat ively 
small, and would  be  insignificant  beyond  the  local  area.  Comprehensive 
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water-borne  pol lutants.   Thus a l l  process  water  unsui table  for   return  to  Hat 
drainage  and  water  management  systems  have  been  designed  to  collect 

Creek  would  be  disposed  of by reuse  or  evaporation. 

u 

YI 

Alterat ions  in  groundwater  resources  would  be  minor.  Although  the 
Hat  Creek  val ley  aqui fer   (groundwater  f low)  would  be  cut  by the  mine pit and 
diversion  system, it would  be  re-establ ished  to  essential ly  i ts  present  f low a 

qua l i t y   o f   th is  aquifer  would show a total  increase  in dissolved  solids of  less 
short  distance downstream  of t he  nor thern  perimeter of   the  mine pit. Water 

than 22 percent as a result  of  the  increased  fract ion  of  Marble  Canyon  aquifer 
f low  and seepage from  the  Houth Meadows waste  disposal  area.  This  water 
would  remain  acceptable  for  human  and  l ivestock  consumption  or  for  i rr igation 
purposes . 

The  effects  upon  surface  water  resources  would  primari ly  occur  from 
the  diversion  of  stream  channels  in  the  Hat  Creek  and  Medicine  Creek 
watersheds.  Minor  f low  modifications  would  occur  in  Hat  Creek  because  of  the 
retention  of  essential ly a l l  of  the  Medicine  Creek  f low by an ex is t ing  i r r igat ion 
diversion  system,  and  of  the  remainder by the  downstream  powerplant  water 
supply  reservoir.   Medicine  Creek  f lows  would  however  be  released  to  Hat  Creek 

occur ing   dur ing   tha t   per iod  and to  maintain  sui table  water  temperatures  for  
d u r i n g   t h e  summer  months (Ju ly  - August)   to  increase  the  normal ly low  flows 

resident  f ish.  

fa l l  wi th in  the  range  present ly  exper ienced.  This  water  would rernain  satisfac- 
Predicted  changes  in  Hat  Creek  water  qual i ty  are  minor  and  general ly 

t o r y  as a potable  supply ,   for   i r r igat ion and l ivestock use. Effects  of  changes  in 
f low  or  water  qual i ty  on  systems  downstream  of H a t  Creek  would  be  negligible. 

Vegetation 

The  ef fects  of   the  project   on  vegetat ion  are  expected  to  be  low  in  the  local  and 
regional areas. Dust  emissiorls and leachates  from coal, mine  waste  and  ash 

minimal  effects  on  the  environment.  Sulphur  dioxide emission!; could  cause 
piles  would  be  contained  within  the  local  project  area  and  are  expected  to  have 

local ized  injury tQ certain vegetation species in a few  isolated  high  terrain  areas 
(Cornwall   Hi l ls and Clear  Range). 

Agr icu l ture  and  Forest ry  

Agr icul ture  and  forestry  would  be  pr imari ly  af fected by the   d i rec t  loss o f  land 
needed f o r   t h e  mine,  powerplarlt  and  offsite  facil i t ies. 

Wildlife and Fisheries 

'The  direct  loss of  areas  of  habitat  to  project  installations  would  be  the  main 
effect  on  wi ldl i fe  resources. A decl ine  in  the  val ley's  deer  populat ion and 
waterfowl  product ion  could occ:ur if no specific  management  measures  are  taken.. 
Signif icant  increases  in  hunting  demand  are  expected  to occLlr due  to   the 
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increase  in  workforce.  No  adverse  effects  upon  wildlife  from  toxic  materials  are 
anticipated. 

would  be  affected by the  diversion  of   Hat  Creek  around  the  open pit mine. 
I n   t h e  immediate  v ic in i ty  of   the  project ,   f isher ies  and  aquat ic  l i fe 

Increases  in s i l t  loads  would  be  minimized,  .and  are  not  expected  to  cause  signif- 

occur,  and,  without  proper  management,  reduce  local fish populations.  Based 
icant  impacts.  Increased  pressure  from  greater  numbers  of  people  f ishing  could 

on  modeling  studies,  local  and  regional  effects  on  fisheries  due  to  acid  precipi- 
tat ion  and  trace  element  deposit ion  are  predicted to  be  insigni f icant.  

Noise 

Noise  f rom  the  project  during construction  and  operation  would  create  adverse 
impacts  on a few  nearby  residences  in  the  immediate  vicinity  of  the  mine. A 
small area  of   land  would  be  rendered  unsui table  for   grazing.  Dur ing 
construct ion  of  some offsi te  faci l i t ies,  adjacent  residents  would  also  experience 
some annoyance  due  to a temporary  increase  of  noise  levels. 

Recreation 

The  main  effect  on  recreational  act ivi t ies in t h e  local  area  would  be  alienation  of 

fishing opportuni t ies.   The  v isual  quality of  sightseeing  could  .be  impaired by 
land  in  the  val ley by project  components,  along  with  reductions in hunt ing   and 

the  visibility of  project  components.  However,  the  project  could  also  be an 
attraction  and  may  well  cause a net  increase in local  sightseeing as a resul t .  
Regional  recreation  impacts  would  l ikely  be  minor,  based  on  the  prediction  that 
regional   f isher ies  would  not   be  percept ib ly  af fected by stack  emissions.  The 

associated  population growth .  
project  would  create a major  increase in regional   recreat ion  act iv i ty,  due t o   t h e  

Other  Resources 

Other  factors  such as effects  on  archaeology,  aesthetics  and  mineral  resources 
are  summarized  in  the  text .  Economic  evaluations  of  resource  impacts  are  also 
presented. 

Socioeconomic  Factors 

The  impacts  of  the  project  upon socioeconomic  conditions  and  community 
resources  were  examined.  Major  considerations  are  the  effects  of  the  project's 

services  in  nearby  communities.  The  effects  of  the  project's  emissions  upon 
labour  force  upon  regional  income  and  employment,  and  social and physical  

regional  health  are  also  discussed. 
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employment as a resul t   o f   the  pro ject .  While  union  and skill requirements  would 
A major  factor  in  generat ing socioeconomic  impacts  would  be  growth  in 

place  constraints  on  d i rect  c!mployment of  local  and  regional  residents,  for 

occur.  Based  on  estimates  of  regional  labour  availabil ity  and  the  extent  of  these 
project   construct ion  and  project   operat ion  s igni f icant  job  opportuni t ies  would 

constraints,  estimates  of  direct  local  and  regional  employment  upon  the  project 
are  contained  in  the  text.  Direct  employment of regional  residents  is  estimated 
to  peak a t  about 1450 jobs  in 1987. D u r i n g   t h e  35 year  operating  phase it is 
est imated  that a t  least 300 jobs  wil l  be  taken by regional   residents.   Indirect  
and  induced  employment  due  to  project  purchases  and  worker  spending  in  local 
communities i s  estimated a t  a maximum  of 700 jobs.  These  est imates  indicate  that 
significant  long  term  employmtmt  benefits  would  occur  in  the  regional economy 
due  to   the  Hat   Creek  pro ject .  

Project  effects on. the  regional  populat ion  would  be  determined by the  
number  of  in-migrants  attracted  to  the  local  area.  Alternative  populat ion 
forecasts  have  been  prepared  under  two  scenarios  of  settlement  patterns, as 
shown  in  the  text .   Demographic  character ist ics  of   in-migrants  dur ing  the 
operation  phase  would  be  similar  to  those  of  the  labour  forces  of Gother regional 
mining  operations. 

The  ef fects on regional  income  are  expected  to  be  substantial,  due  to 

of  it in   t he  local  economy.  Income  distribution  would  shift  upward  in  the  local 
direct  income  received by the  pro ject   workforce  and  to   the i r   spending  o f   much 

area,  revenues  would  increase  in  local  businesses,  and some local prices  would 
increase. 

Indian  people  cannot  be  accurately  predicted.  Init iatives  would  have  to  be 
The  effects  of  the  project  upon  the socioeconomic  conditions  of  Native 

under taken  for  an aff irmative  act ion  employment  program  to  bring  about  signif- 
icant  Native  Indian  participation  in  direct  project  employment.  B.C.  Hydro  wil l 
make  every  effort  in  association  with  Native  Indian  organizations;,  government 
agencies  and  the  construction  and  operating  unions,  to  maximize  Native  Indian 
part icipation  in  the  project.  Opportunit ies  for  wage  employment  in  local 
communities  would  be  expanded.  Native  Indian  populations  may  increase if 

urban  areas. 
regional  employment  opportunit ies  are  attract ive  enough  to  reduce  migration  to 

Three residences in the  Hat  Creek  val ley  would  have to relocate as a 
d i rect   resul t  of land  requirements  for  the  mine  and'noise  impacts. Several  
others  including  residences on the  Bonaparte  Indian  Reserve  No. 1 would  be 
affected by noise.  The  Hat  Creek  valley  population  would  experience a 
d isrupt ion  o f   the i r   t rad i t ional   l i fes ty le .  

The  project 's work: force  would  create an ident i f iable  need  for  
expansion  in  community  social  services,  commercial  goods and services,  and 
housing. It is  possible  that   th is rapid growth  could  lead  to a period  of  excess 
demand  causing  disruption and overloading  of  services.  This  is a potential 
problem  part icular ly  wi th  regard  to  housing  where  i t  i s  l i ke ly  that there  could 
be a temporary  shortage  of  housing  in  the  ini t ial   project  years. 

environment  due,  in pa r t ,  to  adjustments  necessary to  accommodate the  
The  project  would  also  create  changes in the  local  area's  social 

increases  in  local  population. 
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Human  Health it 

The  effects  on  human  health  (epidemiology)  were  thoroughly  studied.  The 
study  considered  both  primary  contaminants  such as sulphur  d ioxide,  n i t rogen 
oxides,  and  particulate  matter;  and  secondary  contaminants  such as sulphates, 
n i t rates  and ozone, produced by atmospheric  chemical  reactions  with  the 
primary  contaminants.  Also  considered  were a large  number  of  trace  elements 

emissions are  not   predicted  to  have adverse  ef fects on  human  health. 
inc lud ing radioactive  elements.  In a l l  cases t h e  study  concludes that pro ject  

PART IV -, MANAGEMENT OF IMPACTS 

B.C.  Hydro  plans  to  manage  the  impacts  of  this  project in three  d i f ferent   ways.  

1 .  B y  selected  design  and  operational  mitigation  measures  to  reduce  the 
adverse  impacts  of  the  project. 

2.  B y  a compensation  pol icy  for  impacts  which  cannot  be  mit igated. 

3. By monitor ing  of   impacts  to  ensure  that   the  project 's  ef fects  do  not  exceed 
the  levels  predicted in th is   ana lys is   o r  deemed acceptable by the  l icens ing 
agencies. 

The  major  mit igation  measures  considered  for th is project   included 
al ternat ive  powerplant  locat ions,   a l ternat ive  designs fo r  t h e  mine,  powerplant 
and offs i te  faci l i t ies,   a l ternat ive a i r  qual i ty  control  systems  (AQCS),  alternative 
t ranspor tat ion  corr idors,   and  a l ternat ive socioeconomic  management  plans. 
Information i s  p resented   in   the   tex t   regard ing   the   env i ronmenta l  and economic 
impl icat ions  of . these  al ternat ives,  and t h e  basis for   B.C.   Hydro 's   choice  o f   the 
proposed  systems  is  explained. A benef i t /cost   analysis  of   the  proposed AQCS is 
presented. 

Monitor ing  would  be  undertaken  to  quant i fy  the  actual   impacts  of   the 

Monitoring  would  begin  well   before  development  act ivi t ies s t a r t  at   Hat  Creek. 
pro ject ,   to   prov ide a bas is  f o r  mit igation  of  unacceptable  impacts  i f   any. 

Natu'ral  systems  to  be  monitored  include  atmospheric,  terrestr ial  and  water 
resources.  Noise  and  socioeconomic  effects  would a l s o  be  monitored. 

CONCLUSIONS 

The  environmental  studies  involved  in  B.C.  Hydro's  assessment  of  the  proposed 
H a t  Creek  thermal  project  are  among  the  most  exhaustive  and  detailed  ever 
under taken  in   suppor t   o f  a thermal  electr ic  generating  project. 

constructed and operated  in  compliance  with  al l  PCB  Objectives,  within  limits 
These  s tud ies  ind icate  that   the "Proposed Project"  could  be 

which  safeguard  human  health,  and  with  relatively  minor  environmental  impacts. 

On  this  basis,  B.C.  Hydro seeks approval   to  proceed  wi th  the 
proposed  project   in order to   increase i t s  e lectr ic i ty-generat ing  capaci ty in 
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keeping  with  i ts  legislated  responsibi l i ty to prov ide for Briti:sh  Columbia's 
electr ici ty  requirements. 
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SECTION 1. THE  PLANNING PROCESS 

1.1 INTRODUCTION  TO  THE  ENVIRONMENTAL  IMPACT STATEME!NT (E1.S) 

This EIS has  been  prepared by B.C.   Hydro   to   p resent  a summary  of  technical, 
environmental  and economic  in.formation  about the  proposed  Hat  C,reek  develop- 
ment.  In  keeping  with  the  Energy  Review  Process  of  the  Util i t ies Commission 
Act  - Bi l l  52-1980 ( l ) ’ ,  th is  report   is   intended  to  fu l f i l l   the  technical   informa- 
t ion  requirements  for   project  approval. That is,  the  report  presents: 

1 .  

2. 

3. 

4. 

5 .  

6. 

7. 

Details  of  the  project  and  development  program. 

Details  of  available  project  component  alternatives. 

Analyses  of  impacts  of  the mine, powerplant  and  of fs i te  faci l i t ies  on  the 
environment. 

Analyses  of  proposals  for  mit igating  identi f ied  impacts  on  the,environment. 

Analyses  of  impacts  on  regional  and  community  social  and economic 
conditions. 

Ident i f icat ion  of  means of  meeting  community  and  social  requirements. 

Statements  out l in ing  the  preferred  approach  for  each aspect  of  the  develop- 
ment. 

d i f fe ren t  groups. F i rs t ly ,  it is designed to meet the  needs of t he  general publ ic  
The  Hat  Creek EIS  has  been wr i t ten  to   prov ide  in for rnat ion  for   two 

by descr ib ing  the  project  ancl explai.ning  the  advantages  and  disadvantages of 
the  proposal .   In  th is  regard  the EIS can  serve as a reference  document  to 
prov ide a bas is  for  discussion  between  B.C.  Hydro  and  those  individuals  and 

f o r   t h e  communities to  express  the i r  perceptions of   the  requirements and  these 
groups affected by or   in terested  in  the  pro ject .  Opportuni t ies  wi l l   be prov ided 

wil l   be  recorded  and  presented  in a separate  document.  Secondly,  the EIS 
provides  information  to  support  appl icat ions  for  l icences  in  the  publ ic  hearing 
and  approval  process.  Technical  information  about  the  project  and i t s  environ- 
mental  impacts  will  be  reviewe.d by the  licensing  agencies,  who  will assess and 
evaluate B.C.  Hydro’s  approaches  to  the  control of impacts. 

’ Numbers  in  brackets  refer  to  Reference  Section - page 27-1. 
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Review  Process,  which was established in   the   Ut i l i t i es  Commission Ac t   o f  1980. 
The  Hat  Creek  project  fa l l s  under   the   ju r i sd ic t ion   o f   the  new  Energy 

The  process is  shown  schematical ly  in  Figure 1-1. Under  this  process  an 
appl icat ion  for  an Energy  Project   Cert i f icate i s  submi t ted  to   the  Min is ter   o f  
Energy,  Mines  and  Petroleum  Resources who, together   wi th   the  Min is ter   o f   the 

establ ish  terms  of  reference  for a publ ic  hear ing  review.*  Publ ic  hear ings  would 
Environment,  would  conduct an init ial   appraisal  of  the  appl icat ion  and  joint ly 

be  conducted by the  Br i t ish  Columbia  Ut i l i t ies  Commission. 

Fol lowing  the  hearing and consideration  of  evidence,  the  appointed 
commissioners  report  their  f indings  and  recommendations  to  the 

issuance  of  the  Energy  Project  Cert i f icate,  and  other  l icences  or  permits, if 
Lieutenant-Governor  in  counci l .   Under  the  Act,   Cabinet makes a decision  on  the 

applicable,  together  with  terms  and  condit ions  to  be  appl ied.  The  ult imate 
form,  t iming  and  extent  of   the  proposed  project   may  be  al tered as a resul t   o f  
these  approval  procedures. 

(b lo rgan iza t ion  

Th is   repor t   cons is ts   o f   four   Par ts :  

P a r t  I provides  background  informat ion to  establ ish the  con k e x t   o f   t h e  

while  Section 2.0 discusses  the  Hat  Creek  val ley  and  i ts  resources. P a r t  II 
EIS.  Section 1.0 out l ines  theplanning  process  for   the  proposed  development,  

gives a technical   descr ipt ion  of   the  proposed  project   and  br ief ly  descr ibes 
possible project component al ternat ives.  In P a r t  I l l ,  t h e  impact assessments  are 
detai led.  For  clari ty,  the  assessments  are  grouped so that   environmental  
resource  impacts  are  found  in P a r t  I l l - A ,  whi le socioeconomic and  community 
resource  impacts  are  considered in P a r t  111-8. Finally, P a r t  IV presents 
evalu.ations of environmental   impact  control   a l ternat ives,  and presents B. C .  
Hydro's  proposals  for   mit igat ion and compensation  of  impacts. 

(c)The  Proposed  Project 

Af ter  extensive  research, B.C.  Hydro  has  selected  and  ref ined i t s  p re fe r red  

descr ibed  in  P a r t  I1 of this report ,  and the  impact  assessment  has  been 
pro ject   des ign  for   the Hat  Creek  proposal.  This  "Proposed  Project"  is 

conducted  on  the  assumption  that  a pro ject   o f   th is   nature  would  be  const ructed 
and  operated a t  the  selected  si te. Of  course,  various  alternative  components 
would  have  ef fects  on  predicted  environmental   impacts.  O f  par t icu lar  

emissions.  The  provincial  review  of  the  Hat Creek  proposal  may  require  that 
importance  are  the  choices  between  alternative systems  for  control  of  powerplant 

changes  are made in the  pro ject   des ign  before necessary  permits  are  issued. 
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* The  ministers  can  jo int ly  decide  to  exempt a pro ject   f rom  the  publ ic   hear ing 
requirement  af ter  an init ial  appraisal.  This  may  occur  in cases where  the 
project  was considered  to  have  relat ively  minor  environmental  or  social.  
impact  and was clear ly  just i f ied  on  energy  grounds. 
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1.2  NEED  FOR THE PROJECT 
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(a)  Introduct ion 

schedul ing  the  addi t ion  of  new generating  resources.  The  September 1980 load 
B.C.  Hydro's  forecast  of  electrical  energy  demand  provides  the basis f o r  

forecast  indicates a probable  average  annual  growth  rate  for  the  total  power 
system  of   6.1  percent  per  year  for   the  per iod 1979/80 to  1990/91. This  includes 
meeting  projected  future  deficiencies  in  the West Kootenay  Power  and  Light 
system.  Projects  already  committed  to  construction  will  only  meet  forecast  needs 
up   t o  1985/86. 

B.C.  Hydro's  current  plans  for  power  system  development  to meet 

service  in 1987, and  the  f i rs t   un i t   o f   the  Hat   Creek  thermal   power  pro ject   in  
load  growth  after 1985/86 re1.y on  construction  of  the Peace Site C pro jec t   fo r  

August 1988. These  are  the  estimated  earliest  feasible  in-service  dates  for 
these  projects.   Even  wi th  the  construct ion of both  projects a t  the  ear l iest  
practical  t ime,  B.C.  Hydro  system  capabil ity  wil l  not  meet  the  projected  load 
requirements  and  i t   is  l ikely  that  signif icant  amounts of energy  wi l lLhave  to  be 
purchased  from  sources  outside  the  B.C.  Hydro  system  start ing  in 1986/87. 

(b)Energy  and  Electrical  Power  Supply 

( i )Energy Use in  Br i t ish  Columbia 

Electr ic i ty,   natural  gas,  petroleum  fuels,  wood  and  coal a l l  cont r ibute 
towards  the supply of energy  in  Bri t ish  Columbia.  The  share  of  total 
primary  energy  consumption  of  these  energy  sources  in  Bri t ish  Columbia in 
1978  has been  estimated as shown  below: 

Oil   products 4 4 %  
Natural Gas 18% 
Coal 
Wood wastes 21% 

1% 

Electr ic i ty 1 6% 

Brit ish  Columbia  must  import  about 77 percent  of  i t s  oi l   require- 
ments, but i s  present ly sel f -suf f ic ient  in i t s  o ther  energy consumption. 

The  share  of   e lectr ic i ty as a preferred  energy  source has  been 
growing  steadi ly  over  the p a s t  decades, due  to i t s  convenience  and  versati l- 
ity. Consequently,  the  rate  of  growth  of  demand fo r  e lect r ic i ty  has  been 
more rapid than  the  growth of demand f o r  most other  energy  sources. 

demand for   to ta l   energy  in   Br i t ish  Columbia  dur ing  the  per iod 1953 to  1973 
The  B.C.   Hydro Task Force  Report  of 19753  showed tha t   the  

grew a t  an average  rate  of 5 .6 percent  annually,  which was almost t he  same 
as the  prov inc ia l  economic growth  rate  of  5.9 percent  annually.  However, 
the  total   provincial   demand  for   e lectr ic i ty  over  the same per iod  grew a t  8.1 
percent  annually,  and  the  demand on the  B.C.  Hydro  system  grew a t  11 
percent  annually.  Studies  of  historic  United  States  energy  demands  also 
showed  that  total  energy  demand  grew a t  approximately the! same rate as 

Brit ish  Columbia  Hydro  and  Power  Authority - Alternatives, 1975-1990 - 
ments - 1975.. 
Report   of   the Task  Force  on  Future  Generation  and  Transmission  Require- 
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total  economic growth,   but   to ta l   e lect r ic i ty   demand  grew a t  approximately 
1.7  t imes  this  rate. 

Future  growth  rates  for   total   energy  demand  relat ive  to economic 
g rowth  may  decl ine  due  to  increased  energy  costs and increased  conserva- 
t ion  ef for ts.   However,   the  demand  for   e lectr ic i ty  is  s t i l l  expected  to  grow 
more rapidly than total  energy  demand,  due  to i t s  convenience  and  versati l- 
ity, and  due  to  the  increasing  rel iance in the   f u tu re   on   e lec t r i c i t y ,  coal  and 
renewable  energy  resources, as oi l  and natural  gas  supplies  are  reduced. 

( i i )Electr ical  Power  Supply  in  Bri t ish  Columbia 

I n  1978, electr ic i ty  suppl ied  approximately 16.3 percent   o f   the  
province's  total  energy  requirements.  About 90 percent   o f   th is   e lect r ic i ty  
was generated by hydro  power  and  the  remainder  was generated by natura l  
gas, o i l   and  hog  fuel .  

Electr ical  energy is  generated  in   the  prov ince by B.C.  Hydro, by 
a number  of  industr ies  including  Alcan  and  Cominco  for  their  own use, by 
the  c i ty  of   Nelson, and by t h e  West Kootenay  Power  and  Light  Company, a 
pr ivate  u t i l i ty   owned by Cominco.  The  generation  installed by Alcan, 
Cominco, the West Kootenay  Power  and Light company  and  the  c i ty  o f  Nelson 
is  a l l  hydroelectr ic.   The  generat ion  instal led by industr ies  other  than 
Alcan  and  Cominco  is  predominantly  thermal-electric.  Most  of  this  other 
generat ion  is   instal led  in  the pulp and  paper   indust ry   in   conjunct ion  wi th  
process heat  facil i t ies and is  fuel led by waste wood, oil and  natural  gas. 

I n  1978, total   e lectr ic i ty  generat ion  for   domest ic  consumption in 
Brit ish  Columbia  was'40 010 GW.h.  Of  this total, B.C.   Hydro  generated 28 
530 GW.h, or about 71 percent,   and  the  remaining 29 percent was generated 
by pr iva te   indus t ry   and  o ther   u t i l i t i es .  

B.C.  Hydro  present ly  provides  resident ia l   e lectr ic  power  service 
t o  92 percent  of   the  populat ion  in  Br i t ish  Columbia.   Almost al l  o f   t h e   f u t u r e  
load  growth  in  Br i t ish  Columbia  wi l l   be  served by B.C.   Hydro.   The  on ly  
prospects   for  a fu ture  increase  in   pr ivate  power  generat ion  are  the  poss ib le  
expansion  of  Alcan's  Kemano  hydro  project, small additions  to  Cominco's 
generat ing  faci l i t ies  on  the  Kootenay  and  Pend-d'Orei l le  r ivers,  and some 
limited  development  of  additional  self-generation  facil i t ies by t h e   f o r e s t r y  
i ndus t r y .  

the  Revelstoke h y d r o  project, and when i t  i s  completed by 1984, the   to ta l  
B.C.  H y d r o  now  has one major power  pro ject   under   const ruct ion,  

energy  capabi l i ty   of   the  B.C.  Hydro  power  system  wi l l   be as itemized  in 
Table  1-1.   In 1984,  88 percent  of B.C.  Hydro's  generat ing  capaci ty  wi l l   be 
hydroelectric,  and  almost a l l  o f   the  energy  generat ion  wi l l   be  hydroelect r ic .  
The  f i rm  energy  that   B.C.   Hydro 's   power  system  can  generate  dur ing a low 
streamflow  period  wi l l  be 45  700 GW.h/annum by 1984, and  average  hydro 
generation a t  that   t ime  wi l l   be  about 46 510 GW.h/annum, as shown  in 
Table  1-1. 

( i i i1B.C.  Hydro's Role in  Meeting  Provincial  Power  Needs 

bv 

doubled  in   the l a s t  ten  years.   The  demand  for   e lectr ic i ty  is   increasing 
Electr ic  power  loads  on  the  B.C.  Hydro  system  have  more  than 

continuously  with  the  growth  of  the  economy,  and  the  power  demands  on 
most  electric  uti l i t ies  in  North  America  have  doubled  almost  every  ten  years 
a t  h istor ic  rates  of   growth.   This  growth  has  led  to a s ign i f icant   r isk   o f  - 

Lu 
.~ 
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TABLE 1-1 
B.C.  HYDRO  INTEGRATED POWER SYSTEM  CAPABILITY .. 1984 

Dependable 
Capal:ityl 

Project (MW) 

HYDRO 
Ex is t ing  

G.M.  Shrum  (Peace) 
Mica 

O the r   Hyd ro  
Kootenay  Canal 

Peace Canyon 
Seven  Mile 

Under  Construct ion 
Subtotal 

Revelstoke 
(4 uni ts)  (1983) 

THERMAL 
Tota l   Hydro 

Bur rard '  
Gas Turb ines 

Total  Thermal 

2 680 
1 600 

529 
1 594 

700 
529 

7  632 
" 

1 800 

9  432 
" 

0 
33 1 

33 1 

Nameplate Average F i rm 
Capacity Energy Energy 
(MW) (GW. h/annum) " (GW. h/annum) 

2 416.0 
1 736.0 

529.2 
.1 513.0 

700.0 
607.5 

7 501.7 

1 843.0 

9 344.7 

912.5 
332.4 

1 244.9 

13  180  13 420 
7  640 6 760 
3 150 2 160 
8 170 7  160 
3 340 
3 140 

3  510 
2  640 

38 620 35 650 
.- 

7 890 , 6 880 

46 510  42  530 

variable 3 170 
0 

3 170 

TOTAL  SYSTEM 9  763 45  700 
""" 
""" 

1. All capabil i t ies shown 
and  include losses due to  
conditions. 

a r e  dependable winter peak capabi l i t ies 
reservoir   drawdown under cr i t ica l   water  

2. Bur rard   f i rm  energy   capab i l i t y   i s   based  on  use of  summer 

Bur rard   i s   no t   assured  and  there fore  the Bur ra rd   genera t i ng  
"val ley" gas only. I n  the winter  months, a gas supply f o r  

capacity  is  not  considered  dependable. 

future  power  shortages in the  next  decade  for   many  electr ic  ut i l i t ies in 
North  America  due both to the rapid growth  of  power  demands and  also t h e  
increas ing  d i f f icu l ty   and  de lays in l icensing  and building new  powerplants. 

Many  people  are  concerned  about  the  scale  and  rate of f u t u r e  
economic g rowth  and its  accompanying  consumption  of  l imited  natural 
resources  and  effects  on  the  environment.  Opposit ion  to the! expansion  of 
e lectr ic  energy  supply as a n  inevitable  consequence  of  econcmic  growth  is 
just   one  aspect   o f   that   concern.   I t   is   c lear   that   unconst ra ined  exponent ia l  
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growth   o f   the  economy  and i t s  power  demands  cannot  continue  forever a t  

cont inue  in   the  near   fu ture?"   and,   "At   what   ra te?" .  
historic  rates;  the.  questions  of  more  immediate  concern  are, "Will growth  

B.C.   Hydro  has  the  responsib i l i ty   o f   serv ing  the  publ ic  by 
supply ing  future  power  demands a t  the  minimum  cost  consistent  wi th  the 
rel iabi l i ty ,   safety  and public acceptabi l i ty  of  new  sources  of  power  supply. 
B.C.   Hydro  can  and does  promote  electr ici ty  conservation,  but  such 
conservation i s  ent i re ly   vo luntary .   Current   expectat ions  are that the  
growth  rates  of   future  power  demands  wi l l   be  s igni f icant ly  lower  than 
histor ic  growth  rates;   th is  is   ref lected in B.C.  Hydro's  forecast.  

(c)  Forecasting  the  Requirements  for  Electr ical  Energy 

(i)Load  Forecast  Procedure 

accordance  wi th  convent ional   ut i l i ty   forecast ing  techniques. It is  based  on 
B.C.  Hydro's  forecast of future  energy  requirements  has  been  der ived  in 

an  extrapolat ion  of  past  trends  of  demand,  modif ied as considered  appropri- 
ate by known  or  expected  developments  in  patterns  of  energy  use. 

B.C.  Hydro  annual ly  prepares  est imates  of   e lectr ical   energy 
sales, transmission  losses,  gross  energy  requirements  and  peak  demands  for 

forecasts  are made f i r s t  and  peak  demand  estimates  are  then  established by 
a 10-year  budget  period  and a fu r ther   10-year   p lann ing   per iod .   Energy  

demand  estimates  are  based  on  normal  weather, and  these  normal  winter 
apply ing appropr iate load factors to  fo recas t  energy  demands.  The peak 

peak  demands  may  be  exceeded by as much as 6 percent if colder  weather 
occurs  wi th  a probabi l i ty   o f   about   one  year   out   o f   ten.   For   the 10 t o  
20-year  p lanning  per iod,  a general  extension  of  total  load  project ions i s  
made consistent  with  populat ion  est imates  and  related economic indicators.  

Projections become progressively  more  uncertain as they   a re  
ex tended  in to   the   fu tu re .   They   a re   no t   ta rge ts ,   bu t   ra ther  a considered 
expectation  of  .what  may  reasonably  occur  under  given  sets o f  condit ions. 
They   p rov ide  a rat ional bas is  for   spec i f ic   shor t - range  p lanning  and  genera l  
p lanning  for   the  longer  term.  In  order  that   forecasts  may  reasonably 
ref lect  changing  condit ions,  they  are  reviewed  and  updated  annually. 

( i i1B.C.   Hydro  Load Forecast, 1980 t o  2000 

Hydro  system is shown  in  Table  1-2.  This  forecast  shows  the  expected 
B.C.  Hydro's  most  recent  forecast  of   future  loads  on  the  B.C. 

electric  loads  on  the  total  B.C.  Hydro  system,  including  all  transmission 

West Kootenay  Power  and  Light  Company.  The  expected  average  annual 
and  d is t r ibut ion losses, and  inc lud ing a l l  fu ture  def ic i ts   expected by the  

5 . 2  percent  f rom 1980 to  2000, as shown  in  Table  1-2. 
rate  of  load  growth  for  energy  is  6.1  percent  from 1980 t o  1990, and  about 

The  forecast  rate  of  growth  of  peak  power  demands  is  sl ightly 

fu tu re   peak  loads  wi l l   have  no  effect  in  determining  the  scheduling  of  new 
higher  than  for   average  energy  demands, as shown in Table 1-2. However, 

generation  projects  in  the  forecast  period,  because new generation  projects 
wi l l  be requi red  to   prov ide  f i rm  energy  generat ion  ra ther   than  for   the i r  
peaking  capaci ty.   The  actual   peaking  capaci ty  provided is  determined by 
the  plant  capaci ty  required  to  opt imize  energy  product ion  f rom  the  avai lable 
water.  
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B.C.  HYDRO 1980 PROBABLE  FORECAST 
TABLE 1-2 

ELECTRIC GROSS LOAD  REQUIREMENTS' 

Tota l   B.C.   Hydro 
Peak Energy 
(MW)  (GW. h) Fiscal  Year 

1979/80 (Actual)  5 23'1  29  913 

1980/81 
1981  /82 
1982/83 
1983/84 
1984/85 
1985/86 

1986/87 

1988/89 
1987/88 

1989/90 
1990/91 

5 540 31  450 
6 040 34  160 
6 600 37  340 
7 150 40  510 
7 680 43  690 
8 090 46 010 

8 560 48 250 
9 020 51 130 ~ 

9 410 53 150 
9 830 55 170 

~ ". 

10 300  57  580 

11-Year  Av.   Growth 
1979/80:  1990/91 

6.4%  6.1% 

1991  /92 
1992/93 
1993/94 
1994/95 
1995/96 

1996/97 
1997/98 
1998/99 
1999/00 
2000/01 

10 800 60 500 
11 300 63 100 ~ ~~~ 

11 800 65 800 
12  300 68 400 
12 800 71 200 

~~ . "  

13  300 74 100 
13  900 77 200 
14 500 80 300 
15 100 83  400 
15 700 86 500 

21-Year  Av.  Growth 
1979/80:2000/01 

5 .4%  5.2% 

Prepared  September 1980 

i 

L1 

d 

Integrated  System 
Peak Energy 
(MW)  (Gh'.h) 

5 198  29  '762 

5 500 31  285 
6 000 33  985 
6 560 37  'I55 
7 100  40  315 

8 040 
7 630  43  485 

45  '790 

8 500 
8 960 

48 015 

9 340 
50 ;380 

9 760 
52 , ;385 
54 ;390 

10  230 57 280 

6.39,  6.1% 

10  730 60 ,200 
11 230 62 ,500 
11 730  65 500 
12 230  68  100 

.~ ". ~- ~.~ 

12 730  70 900 

13  220 73 700 
13  820 76 BOO 
14 420 
15 020 83 000 

79 900 

15 620 86  100 

5.4%  5.2% 

1. Forecast  includes  West  Kootenay  Power E. L igh t  Co. Ltd. and 
Cominco  requirements  and all losses  except  thermal  station 

Vancouver  Island by 1985/86. 
service a t  major  thermal  plants  and assumes natura l  gas on 
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The  forecast  of   future  resident ia l   e lectr ical   power  demands  takes 
into  account an increasing  trend  towards  use  of  electr ici ty  for  space 
heating.  However, it also  recognizes  several  factors  which  are  expected  to 
moderate  future  growth  in  resident ia l   use:  increased  conservat ion  ef for ts,  
increased  eff iciency  in new appliances, some supplemental  solar  heating, 
expected  legislation  concerning  insulation  in  new  dwell ings,  and  the 
expected  fu ture supply of   natura l  gas to  Vancouver  Is land. 

The  electr ic  forecast  of  6.1  percent  is  in  effect  Hydro's  "best 

anticipated economic  conditions and developments  and  such  factors as the  
informed  estimate" as to   how  fu tu re  loads  wil l  develop,  taking  into  account 

relat ive  costs  of  various  forms  of  energy  and  growing  publ ic  awareness  of 
energy  conservation.  B.C.  Hydro  also  prepares a low  and a high  forecast 
of  growth  in  electr ic  loads as the  minimum  and  the  maximum  reasonable 
estimates  of  future  load  growth.  B.C.  Hydro's  low  forecast  shows an 
average  annual  growth  rate o f  a t  least 4.5  percent   f rom 1980 t o  1990, and 
the  high  forecast  shows an average  annual   growth  rate  of  a t  most 8 . 2  
percent   f rom 1980 t o  1990. 

( i i i )The  Consequences  of   Over-   or   Under-planning 

recent ly  prepared  forecasts  of   future  provincial  economic g rowth ,   fu tu re  
The  Ministry  of  Energy,  Mines  and  Petroleum  Resources  has  also 

energy  demands  and  future  e lectr ic i ty  demands  in  Br i t ish  Columbia.   The 
Ministry 's  forecasts  have  di f fered  s igni f icant ly  f rom  B.C.  Hydro's  forecast 
of fu ture electr ici ty  demand. In view of these  dif ferences, it i s  worth 
consider ing  the  problem  of   uncer ta in ty  in load forecasting, and the  
consequences of over-  or under-p lanning t o  meet future  power  demands. 

wi l l   happen  in   the  fu ture.   B.C.   Hydro 's   probable  load  forecast   represents  
No  single  load  forecast  can  be a perfect  est imate  of  exactly  what 

what we consider  the  most  probable  development  of  future  loads, but the  

and a low  load  forecast. 
uncertainty  of   th is  load  forecast i s  recognized by bracket ing it w i th  a h igh  

In the  face  o f   such  uncer ta in ty   regard ing  fu ture load growth,  
which  forecast  would  be  most  appropr iate  for   p lanning  purposes? When 
there  is   doubt as to   the   fu tu re   leve l   o f   energy   consumpt ion ,   i t  i s  considered 
more  prudent   to   p lan  to  meet a h igher  forecast  than a lower  one. I f  
projects  are  begun  too soon, i t  is usually  possible  to  delay  completion  to 
coincide  with a subsequently  reduced  load  forecast. Some additional  costs 
might be  incurred if schedules  have  to  be  delayed  once  started,  but   the 
costs  would  be  much  less  than  the  alternative if the  load  requirements  are 

accelerated  using  crash construct ion schedules  with  premium  construction 
suddenly  recognized as having  been underestimated  and  projects  have  to  be 

pay. 

a l l  the  surp lus  e lect r ic i ty   generat ion  f rom  any  new  pro jects   that   are 
If fu tu re   load   g rowth  i s  over-estimated, it is also  very   l ike ly  that 

completed  before  they a r e  absolutely  required  in  Br i t ish  Columbia  could  be 
exported  to  the  Uni ted  States  on a short- term  basis a t  a pr ice  that   would 
more  than  cover  their   annual   costs,   thus  ef fect ively  reducing  future  rates 
for  B.C.  customers. 

If, on  the  other  hand,  future  load  growth is  under-estimated, 
there  is no assurance  that  construction  and  manufacturing  schedules  could 
be  accelerated  sufficiently  to  meet  such  incre,ased  loads,  and if they  could,. 
such an accelerated  construction  program  would  certainly  result  in a large 
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increase  in  costs. If a new  project  cannot  be  completed by the  t ime it is 
required,  then a t  best  B.C.  Hydro  would  be  faced  with  heavier  rel iance on 
cost ly   thermal   generat ion  f rom  the  gas- f i red  Burrard  powerp lant .   At  
worst, if gas  supplies  and  options  for  power  purchases  are  l imited,  B.C. 
Hydro  and i t s  customers  would  face a shortage  of  electr ici ty  with a l l  i t s  
consequences for  expanding  industry  and  jobs.  

We would  conclude t h a t  B.C.  Hydro's  probable  load  forecast 
should  be  used  for   p lanning  future  power  suppl ies.   This  forecast  provides 
an adequate  assurance  of  being  able  to meet uncertain  future  power 
demands in  a rel iable  and economic manner,  and does not impose undue 
economic  penalties.  To  plan  for  any  forecast  that i s  s igni f icant ly less than 
this  would  involve a h igh  r isk   o f   fu ture  power  shor tages  and  the  prospect  
of  increased  costs  for new electr ic  generation. 

revises  and  updates i t s  load  forecast  annually  in  l ight  of  the  most  recent 
I n  this context  it i s  important  to  appreciate  that   B.C.  Hydro 

experience of the  actual  load  on  the  system,  and if f u t u r e  load  forecasts  are 
reduced  before  major  project commitments are made, then  those  fu ture 
projects  wi l l   be  rescheduled  and  deferred as necessary. 

(d )Cr i te r ia   fo r  Planning t o  Meet  Forecast  Loads 

( i ) ln t roduc t ion  

Having  est imated  the  future  demand  for   e lectr ic i ty  f rom  tho  B.C.  Hydro 

t ion  of  new  generating plants and  the  in-service  schedule  for. each project. 
system, it is  necessary  to  establish  both  the  optimum  sequence  of  installa- 

First   of   a l l  a n  inventory  of   potent ia l   projects is  compiled, together  wi th 
preliminary  estimates  of  their  costs,  including  cost  estimates .For the  associ- 
ated  transmission  additions  expected  to  be  required  to  meet  the  increasing 
load  on  the  system. 

By  consider ing  these  projects in relat ion  to  the  technical   and 
economic cr i ter ia  developed  for   p lanning,  and  taking  into  considerat ion a l l  
environmental  and  socioeconomic  implications  of  development  which  are 

power  developments i s  selected.  This  generation  program,  extending some 
known a t  this  stage  of  the  planning  process, an optimum  sequence  of  new 

15 years  into the  future, provides  the  basis f o r  recommending the nex t  
project   or   projects  for   development in the  B.C.  Hydro  power  system. 

( i i )Environmental  and Socioeconomic Considerations 

social and economic implications for the   pub l i c  a t  large,  and  are  therefore o f  
The  environmental  effects  of  energy  resource  development  have 

concern  to  government.  The  formal  interest  of  the  government  in  these 
matters is embodied in  var ious  statutes of the  provincial   and federal 
governments,  the  provisions  of  which  must  be  adhered to  by B.C.  Hydro 
before  faci l i t ies  can  be  constructed. 

The  planning  of  new  generation  facil i t ies,  including  related 
studies  and  investigations,  must be init iated  several  years  klefore  applica- 
t ion i s  made under  relevant  legislat ion to  allow  construction 'to begin.  Not 

The  p lanning process i s  progressive,   wi th the  projects which .are apparent ly 
a l l  potential projects in  the  inventory  can be  studied in   depth a t  one  time. 

more economic and less d is turb ing  to   the  env i ronment   receiv ing  ear l iest  
study  attention.  Projects  which  have been included  for  cons,truct ion  in  the 
early  years  of  the  generation  program  wil l   have  received  extensive  study, 
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whereas  those in later  years  may  only  have  been  studied in a prel iminary 
manner. 

The  length  o f   t ime  requi red  for   env i ronmenta l   and  engineer ing 
planning  studies  and  l icensing  of   new  projects  of ten  const i tutes an 
important  constraint  on  the  est imated  earl iest  feasible  in-service  dates  of 
those  projects, and consequent ly  may  govern  whether  or   not   those  projects 
are  real ly  feasible  alternatives  for  early  development. 

( i i i1TechnicaI  Planning  Criteria 

Given a forecast o f  demand  for   e lectr ic i ty,   the  schedul ing  of  
generation  projects is  determined  pr imari ly by the  planning  requirements  of  
supplying  the  forecast  peak  load  and  energy  demands  in a rel iable  and 
economic  manner. 

A.Energy  Requirements 

Addi t ions  of   generat ing  p lant  are  scheduled so t h a t   t h e   f i r m  
energy  capabi l i ty   of   the  system  wi l l   be  equal   to  or   greater  than  the 
forecast  e lectr ic  energy  demand  including  t ransmission  and  distr ibut ion 
losses. 

The  f i rm  energy  capabi l i ty   o f   the  hydro-e lect r ic   generat ion 
on  the  system is  established by the  average  energy  avai lable during t h e  
wo.rst   drought in the  histor ic  streamflow  record.  This drought ,  
re fe r red   t o  as the  cr i t ica l   per iod,   occurred  f rom 1942 t o  1946 and 
resul ted in an  average  energy  capabi l i ty   for   those  years  of   approximate- 
ly eight  percent  less than the  average  capabi l i ty   over   the  longer   per iod 
of   record  f rom 1940 t o  1975. 

B. Peak Load  Requirements 

B.C.  Hydro  power  system  must  be  able  to  meet the peak  power  loads 
In  addi t ion  to  supply ing  the  average  energy  demand,  the 

each winter,   and it must  also  have a minimum  margin  of  reserve  generat- 

forecast peak to  al low  for  scheduled  and  unscheduled  outages  of 
ing  capaci ty  (usual ly 12 t o  15 percent  of  peak  load)  over  and  above  the 

equipment.  The  exact  amount  of  capacity  reserve  required  is  based on 
a stat ist ical analys is  o f   the  probabi l i ty   o f   outages  on each u n i t   i n   t h e  
system. 

The  B.C.  Hydro  system  current ly  has a high  level   of   total  
generat ing  capaci ty  re lat ive  to i t s  f i rm  energy   capab i l i t y .  Hence, the  
need  for  new  generation p lan ts  i s  determined by the  need  for   addi t ional  
f i rm  energy  ra ther   than  peak  generat ing  capaci ty .  

( iv)Economic  Planning  Criteria 

In  schedul ing  new  plant  addi t ions,   the  capi ta l   costs  and  annual  
costs  ( including  fuel)  of  alternative  projects  and  sequences  of  power  system 
development  are  evaluated  using a discounted  cash  f low  analysis  to  establ ish 
the  most economic sequence  and  t iming  of  new  generation  projects.  Comput- 

the  sequence  under  consideration. This  is   to  conf i rm  the  capabi l i ty   of   the 
e r  models are  used to  simulate  the system  operation  for  projected  loads  with 

determine  the  quant i ty   o f   natura l  gas which  might  have  to  be  burned a t  
proposed  system  to  meet  energy and  capacity  requirements,  and  also  to. 
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Burrard  Thermal  Plant,  near  Vancouver,  to  make  up  the  dif ference  between 
the  forecast  energy  demand  and  the  supply  from  hydroelectr ic  sources, 
which  depends  upon  streamiflow  and  future  weather. 

(e )The Need for  the  Hat  Creek  Project 

( i )Requi red  In-serv ice  Date  for   Next   Pro ject  

The  need  for  a new project   is   i l lustrated  graphical ly by the  load/resources 
balance  in  Figure  1-2  which  shows  the  committed  system  capabil ity  compared 
to  forecast  loads.  This  load  resources  balance assumes tha t   t he  Peace Site 
C project   wi l l   be  approved  and  constructed  for  a 1987 in-service  date. 
Three  load  forecasts  are :shown, high,  probable  and low, together   wi th   the 
committed  system  capabil i ty  under  long-term  average  water  condit ions,  and 
cri t ical  water  condit ions  corresponding  to  the  period  from  September 1942 
th rough  Apr i l  1946. The  high-cost  thermal  energy  which  may  be  avai lable 
from  the  Burrard  Thermal  Plant  is  shown  with  cross-hatching a t  the  top of 
the  b lue  and  red  bars,   indicat ing  that  it i s  generated  only  when  absolutely 
essent ia l   due  to  the  h igh  operat ing  cost   of   the  p lant.   Moreover,   the 
avai labi l i ty  of natural   gas  to  operate  the  p lant  cannot  be assured.  

From  Figure  1-2 it is   ev ident  that additional  generating  capacity 
wi l l   be  required  to meet the  forecast  probable  load  growth as soon as 
possible  af ter   the Peace Site C project  is commissioned in .   October  1987. 
Even  with a 1987 in-service  date  for  Peace Site C, Figure  1-2  shows that 

This  r isk could  be  reduced if: 1)  future  load  demands  are  less  than  the 
B.C.   wou ld   run  a r isk  of s ign i f icant   f i rm  energy  def ic i ts   a f ter  1985/86. 

occur   in  1986 t o  1988; or  3)   f i rm  energy  imports  and  purchases  are  feasible 
current  probable  forecast;  o r  2) average o r  above  average  weter  conditions 

i n  1986 to  1988. 

Hydro  must  plan  to  have  avai lable additional generating  capacity as soon as 
Due  to   the  uncer ta in ty   o f   fu ture  f i rm  energy  purchases,   B.C.  

possible  after  commissioning  the Peace Site C pro ject   in  1987. The  al terna- 
t ive  projects  avai lable  for   th is  addi t ional   power supply are  descr ibed  in   the 
following  section. 

( i i )Alternative  Projects  Avai lable 

l imi ted.  Al though  there  are  many  potent ia l   future  hydro  and  thermal  power 
The  number of feasible a l te rna t ives  to  the H a t  Creek  project  is  

projects  in  Brit ish  Columbia,  most of them a r e  not  suf f ic ient ly  advanced  that  
they  can  be  considered as practical  and feasible a l ternat ives  to   the  Hat  
Creek  project .   The  ear l iest   feasible  in-service  dates of  rlew generation 
projects that B .C.   Hydro  has under  study for  future  construct ion  fo l lowing 
Peace Site C are  summarized in  Table  1-3. 

projects  shown  in  Table  1-3  are  summarized  in  Figure  1-3.  The  average 
The  f i rm  energy  capabi l i t ies  and  the  average  energy  costs  of   the 

energy  costs  shown  in  Figure  1-3,  which a r e  relative  to  the  Revelstoke 
hydro  project ,  a re  all a t  equivalent  price  levels,  and  include  the  costs  of 

transmission  system, as well as the  effect  of  transmission  losses.  Although 
major  project  transmission  l ines  required  to  del iver  power  to  the  integrated 

B.C.   Hydro has no  specific  plans  for a fu ture  nuc lear   powerp lant   in   Br i t ish 
Columbia,  nuclear  power  is  included  in  Figure  1-3  for  purposes  of  compar- 
ison  with  other  potential  power  sources. 
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POSSIBLE NEW GENERATION  PROJECTS  FOLLOWING  PEACE  SITE C 
TABLE 1-3 

Project 

H y d r o  

Kootenay  Diversion 

Murphy  Creek 

lsku t   s i tes  

St ik ine  s i tes 

Liard  s i tes 

Thermal 

Hat  Creek 

East  Kootenay 

Nuclear 

Earl iest 
In-service  Date 

March 1987 

October 1989 

October 1990 

October 1992 

October 1993 

August  1988 

October 1989 

J u l y  1996 

Nominal 
Generation  Firm 
Capaci ty  Energy 
(MW) (GW. h/a) 

0 .  790 

400 1  780 

935 4 050 

1 830 8  970 

4 760 23 900 

2 000 13 140 

600 3 940 

1 260 8 600 

With  the  exception  of  nuclear  power,  ini t ial   overview  studies  have 
been  completed  on a l l  o f   the  pro jects   l is ted  in   Table 1-3, which  show that 
the  development  of  these  projects  should  be  feasible.  Although  there  are 
many other   potent ia l   fu ture  hydro  and  thermal   power  pro jects   in   Br i t ish 
Columbia,  the  studies  for  these  other  alternatives  are  not  suff iciently 
advanced so that   they  could  def in i te ly   be  cons idered as feasible  alternatives 
a t  th is  t ime.  These  other  hydro  and  thermal  a l ternat ives  have  therefore 
been  omitted  from  the  fol lowing  discussion  of  feasible  alternatives  to meet 
load  growth  in   the  near   fu ture.  

For   the  same reason,  non-conventional  power  sources  such as 
solar  power,  wind  power and tidal power  have  also  been  excluded. 
Ut i l i ty-scale  versions of these  non-conventional  sources  are  st i l l   in  the 
research  and  development  stage.  Furthermore,  prel iminary  cost  est imates 
ind icate  that   wi th   current   technology,   these  a l ternat ives  would be much 
more  expensive  than  conventional  power  sources.  Unless  these  costs  can  be 
reduced  through  fur ther  research  and  development,  and unt i l   the  technica l  
feasibi l i ty  and  rel iable  operation  of  these  alternatives  is  demonstrated  with 
large  scale  commercial  demonstration  projects,  B.C.  Hydro  must  concentrate 
i ts  studies  of   future  power  sources  on  more  cost-ef fect ive  convent ional  
a l ternat ives.  B.C. H y d r o  is  currently  conducting  studies  on  geothermal 
power  generation,  but  the  technical  feasibi l i ty  and  costs  have  not  yet  been 
establ ished  to  the  point   where it can  be  considered as a realistic  major  new 
energy  source  wi th in  the  next  decade. 
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(iii)Reasons  for  Recommending  Hat  Creek 

F igure 1-3 shows that, in  general,  the  estimated  average  energy 
costs  of  future  hydro  developments  under  consideration  would  be  signif- 
icant ly less than  the  costs  of  energy  from  coal-fired  thermal  (developments. 
B.C.  Hydro's  plans  for  future  power  system  expansion  wi l l   , therefore  rely 

develop  enough  low cost hydroelectr ic  power  in  t ime t o  meet a l l  of   the  load 
pr imari ly  on new h y d r o  developments.  However, i t  i s  not feasible  to 

growth  predic ted  for   the  la te  1980s by the  current  probable  load  forecast, 
due to the  long  lead  t ime  required  for   the  p lanning,  l icensing  and 
construction  of new hydro  developments. 

by the  la te  1980s would  be  the  Kootenay  diversion  in 1987, the  Hat  Creek 
The  only  feasible  powerplants  which  could be brought   in to   serv ice 

pro ject   in  1988, the  East  Kootenay  project  in 1989 and  the  Murphy  Creek 
pro ject   in  1989. 

Among  these  alternatives,  the  Kootenay  diversion has the  lowest 
average  energy  cost,  but: it is  re lat ively small and  could  provide  only a 
small p a r t  of   the  future  energy  requirements.  

The   no r the rn  hydro developments  of   the  St ik ine- lskut  r ivers  and 
the   L ia rd   R iver   bo th   o f fe r   la rge   b locks   o f   energy  a t  re lat ively low  cost, b u t  
these  projects  could  not I x  developed soon enough  for  a 1988 in-service 
date  wi th  the  current  schedules  for   cont inuing  engineer ing  and  environ- 
mental  feasibil i ty  studie,s,  project  l icensing  procedures  and  project 
construction. 

Besides  Hat  Creek,  the  only  sizeable  alternative  power  projects 
avai lable  for an ear ly  in-service  date  would  be  the 600 MW East  Kootenay 
thermal  powerplant  in 1989 and  the 400 MW Murphy  Creek  hydroelectr ic 

energy  cost   than  Hat  Creek,  but  it is  not  large  enough  to  serve a l l  o f   the  
project   in 1989. The  Murphy  Creek  project   would  have a lower  average 

anticipated  load  growth  in  the  late 1980s. Addit ional  energy  supply  wi l l   be 

energy  supply  wi l l   have  to  be  increased by about 4500 GW.h/annum to  meet 
requi red as well .   Figure  1-2  indicates  that by fiscal  year 1989/90 to ta l   f i rm 

the  probable load forecast ( i .e .  by 1989/90, the  forecast  probable  load  wi l l  
be  about 4500 GW.h/annurn  higher  than  the  f i rm  energy  capabil i ty  of  the 
committed power system ~ I I J S  Peace Site C).  

The  600 MW East  Kootenay  project  could  supply some of   th is  
addit ional  power,  but it could  not  be  developed soon enough  to meet  all  of 
the  probable  load  forecast  in  the  late 1980s. The  already  ser ious  f i rm 
energy  defici ts  anticipated in  the  mid and late 1980s would  be  increased 
even  fur ther   i f   the  Hat  C.reek  development  in 1988 were  replaced  with  the 
Eas t  Kootenay  and  Murphy  projects  in 1989. 

Even  i f   fu tu re  load  forecasts  are  reduced  sl ightly  and  the  East 

less at t ract ive  pro ject   than  Hat   Creek  for  a number  of 1-easons. The  
Kootenay  project becomes a feasible  alternative  to  Hat  Creek, it would  be a 

average  energy  costs  for  East  Kootenay  are  slightly  higher  t:han  those for  
Hat  Creek, as shown  in  Figure  1-3.  Furthermore  the coal supply   for   the 
East  Kootenay  project  is  not  assured,  since  the  project  would  rely  on  refuse 
coal which  is now a waste  by-product  of   the  B.C. Coal Company's 
metallurgical  ,coal.mining  oper.ations a t  Sparwood. A uni form  qual i ty  and a 
continuing  rel iable supply of th is  re fuse  coal throughout   the  35-year   pro ject  
l i fetime  cannot  be  guaranteed. D u e  t o   t he  low qual i ty  of  IEast Kootenay 
coal, a benef ic iat ion  p lant  for   washing  the coal  would  probably  be  required 
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and  th is  has  been  included  in  the  project   costs.   Separately  mined  good 
quali ty  thermal  coal  could  be  used as a back-up  coal  supply  in case of a 
shortage  of   future  refuse  coal   suppl ies,   but   th is  would  ra ise  the  average 
fue l   costs   for   the Eas t  Kootenay  project. 

could  also  be  considered,  such as the  Kootenay  Diversion,  the  purchase  of  
Other   a l ternat ive  sources  o f   power  supply   wi thout   Hat   Creek 

surplus  power  from  Alcan's  proposed Kemano  completion  project,  the 
possible  purchase  of   surplus  power  f rom  Alberta,   or   an  increase  in  f i rm 
power  supply   f rom  the  Burrard  powerp lant   wi th  a f i rm  gas  s l lpp ly   cont ract  
fo r   the   w in te r   months .  

have  not as yet   been  establ ished  to  the  level   of   conf idence  required  to 
However,   the  feasibi l i ty   and  the  costs  of   these  other  a l ternat ives 

consider  them as real ist ic and feasible  a l ternat ives  to  Hat  Creek.  In  the 
fu ture,  as these  al ternat ives  are  bet ter  def ined,  and as the  load  forecast i s  
revised,  these  al ternat ives  wi l l   be  reviewed.  At   th is  t ime  however,   the  Hat 

which i s  large enough and which  can  be  constructed soon enough  to  supply 
Creek  project  remains  the only  reasonably  assured  source  of  power  supply 

a la rge   par t   o f  the  forecast  probable  load  growth  af ter  1987. 

B.C.  Hydro's  current  system  development  p ian,  shown in 
Figure  1-4,  therefore  proposes  to  develop  the  Hat  Creek  project as the   nex t  
major  project   af ter  Peace Site C a t  i ts   ear l iest   in-serv ice  date,   wi th   the  f i rs t  

2000 MW development be l icensed w i th   the  four units fol lowing a t  one year 
commercial  energy  being  generated  in  August 1988. It is  proposed  that   the 

po ten t ia l   oppor tun i ty   fo r   the   Murphy   Creek  and St ik ine  projects,   f lexible 
intervals.  However,  because of the  uncertaint ies  of   load fo recas t  and the 

in-serv ice  dates  for   Uni ts  3 and 4 may  be  required. 

1.3 STUDY PROGRAM 

(a)  Relevant  Studies 

generation was renewed  in 1972. Monenco was commissioned by the   B r i t i sh  
B.C.   Hydro 's   in terest   in   Hat   Creek coal as a potent ia l   fue l   for   e lect r ic   energy 

Columbia  Energy  Board to  study and  recommend  the  most  attractive  sequence  of 
e lect r ica l   p lant   const ruct ion  up  to  1990. Monenco's 1972 report&  recommended a 

thermal  generat ion  to  ut i l ize coals f rom  ei ther  the  East  Kootenay  or  Hat  Creek 
program  of  combined  hydroelectric  and  thermal  power  development,  with  the 

areas. A subsequent  inventory  of   provincial  coal  resources by Dolmage, 
Campbell  and  Associates  (1975)'  indicated  that  the  Hat  Creek  deposit  has 
suff ic ient   proven  reserves  to  supply a 2000 MW coal - f i red  e lect r ic   p lant   for  a t  
least 35 years. 

T a s k  Force  on fu ture  generat ion  pro jects .   In  i t s  May 1975 repor t   the  Task 
The  next  impetus  for   Hat  Creek  development came f rom  B.C.   Hydro 's  

' Monenco  Consultants  Pacific Ltd. - Report  on  Electrical  Energy  Resources 
and  Future  Power Supply, Brit ish  Columbia 1972-1990 - B.C.   Energy  Board 
- 1972. 
Dolmage,  Campbell and  Associates Ltd. - Coal Resources  of  Brit ish  Columbia 
- 1975. 
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Force  concluded  that, a t  the  t ime,  coal-fired  thermal  power a t  Hat  Creek was 
the  most economic  way  of  meeting  load  growth  in  the  province  from 1983 to  1990. 

began  to  invest igate  the  possibi l i ty   of  a thermal  electr ic  generating  plant a t  Hat 
On the  s t rength  o f   the Task Force  recommendations,  B.C.  Hydro 

Creek   more   fu l l y .   I t  was recognized  that   the f i r s t  major  coal-f ired  thermal  plant 

To  determine  these  effects,  El.C.  Hydro  commissioned a prel iminary  environ- 
in  the  province  would  require  close  attention  to i t s  effects  on  the  environment. 

mental  impact  study  joint ly  authored by B.C.  Research and Dolm.age, Campbell 
and  Associates.  The  preliminary  impact  report,  completed  in  August 1975,6 
assessed the  environmental   impacts  of   the  mine  and a powerplant  located a t  
var ious  s i tes  in   the  v ic in i ty   o f   the  Hat   Creek  deposi t .   At   that :   t ime  severa l  
dif ferent  si tes  were  under  consideration.  The  report  identi f ied  environmental 
impacts  for each of   the  var ious  s i tes,   but  made no  site  selection recommen- 
dations. 

suff iciently  feasible to  meri t   detai led  invest igat ion.  A detailed  site evaluation 
Following the  prel iminary  environmental   study,  the  project  appeared 

study was undertaken by Integ-Ebasco(30)  in  order  to c.hoose the  best  
powerplant  location  to meet both  engineering  and  environmental  cr i ter ia. 
Detailed  environmental  studies  were  assigned  to  several  consulting  f irms  in 

mental  Consultants  (ESCLEC), was selected  to  direct  the  detai led  studies  and 
1976.  A co-ordinating  consultant, Ebasco  Services of Canada  Ltd.,  Environ- 

provide  schedul ing  and  report ing  funct ions  for   B.C.  Hydro.  

The  detai led  environmental  studies  were  divided  into  f ive  major 
subgroups:  land  resources,  water  resources, socioeconomics, a i r  qual i ty  and 
general  aspects.  Table 1-4 shows the  consul t ing  groups  responsible  for .each 
component  of  the  detailed  environmental  studies.  In  late 1978 ESCLEC produced 
the i r  draft of  the  "Hat  Creek  Environmental  Impact  Assessment  Report"(EIAR) 

that   po int .  
(31), which  summarized  the  environmental  work  that  had  been  undertaken up to  

the  course  of  the  detai led  environmental  studies. When the  detai led  studies 
It should  be  noted  that   the  project   design  cont inued  to  evolve  dur ing 

began  in  the fa l l  of  1976, the  consul tants  were  instructed  to assess the  impacts 
of   the  pro ject  as it was tentat ively  def ined a t  that  time.  Recommendations by 
engineering  and  environmental  consultants  were  subsequently  incorporated  into 
the  project design, sometimes result ing in major changes. Consequently, t h e  
detailed environmental studies did not in a l l  cases address the  f ina l ly  selected 
project  design  upon  which  this  report is  based. To update  the  original  impact 
studies, a number  of  smaller  Ibridging  documents  have  been  prepared  and  these 
as well as other  recent  information  have  been  included. 

The  f inal  step  in  the  sequence  of  studies  is  B.C.  Hydro's  production 
of t h i s  E IS  repor t .   Th is   repor t  is  based  upon  information  contained  in  the 
voluminous  detailed  environmental  studies and the  br idging  documents.  It 
summarizes  all  previous  reports  and  outlines  B.C.  Hydro's  selected  project 
design.  Background  documelits,  including  relevant  engineering  reports  and 
detailed  environmental  studies,  are  referenced  in  this  document.  All  this 
material  is  avai lable  for  puhl ic  review  through  B.C.  Hydro  or  major  publ ic 
l ibrar ies  throughout  the  province. 

' British  Columbia  Research, Dolmage  Campbell  and  Associates Ltd. - Prelimi- 
nary  Environmental  Impact  Study of the  Proposed  Hat  Creek  Development - 
1975. 

SECTION 1. THE  PLANNING PROCESS 1-15 



TABLE 1-4 

CONSULTING  GROUPS  RESPONSIBLE FOR DETAILED  ENVIRONMENTAL  STUDIES 

- Land  Resources 
2 Subgroup 

. .  

-4 
I 
m 

Water  Resources 
Subgroup 

Socio-Economic 
Subgroup 

Physical  Habitat and Range  Vegetation The Tera  Environmental  Resource  Analyst Ltd. and 
Canadian  Bio-Resources  Consultants Ltd. 

Assessment of Impacts o f  Airborne  Emissions 
on  Vegetation 

V.C. Runeckles 

Wildlife- The Tera  Environmental  Resource  Analyst  Ltd. 

Forests  Reid,  Collins and Associates Ltd. 

Agriculture  Canadian  Bio-Resources  Consultants Ltd. 

Recreation Ebasco  Services of Canada Ltd.: Environmental 
Consultants;  Bruce  Howlett Inc. Consultant 

Solid  Waste  Disposal, Coal Storage  and  Land  Acres  Consulting  Services  Ltd 
Reclamation 

Hydrology,  Drainage,  Water  Quality  and  Use  Beak  Consultants Ltd. and  Kellerhals  Engineering 
Services  Ltd.  and  Golder,  Brawner & Associates  Ltd. 

Fisheries  and  Benthic  Fauna  Beak  Consultants  Ltd. 

Water  Intake 

Impacts  on  Human  Society ) 
) 

Impacts on Community  Services  and ) 
Infrastructure ) 

Ebasco  Services o f  Canada  Ltd.:  Environmental 
Consultants 

Strong,  Hall  and  Associates  Ltd.,  Cornerstone 
Planning Group Ltd.,  and  Urban  Systems  Ltd. 

Indian  Socio-Economic  Characteristics  Strong, Hall and  Associates  Ltd.,  and  Bob  Ward 
Management  Services 

Resource  Evaluation 

Archaeological  and  Historic  Sites 

Strong,  Hall  and  Associates  Ltd. 

Dept. o f  Anthropology  and  Sociology,  University 
of'British Columbia 
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TABLE 1-4 - (Cont'd) 

A i r  Qua l i t y   Fug i t i ve   Dus t   Eva lua t ion  
Subgroup 

Air Q u a l i t y  and Cl imat ic  Ef fects 

- Summary 

- Meteorological and A i r  Qua l i t y   Data  

- Modeling  Methodology 

- A l te rna te  Methods o f  Ambient SO2 Control 

- Assessment. of At-mnspheric Effects  and 
D r i f t  Deposi t ion Due t o   A l t e r n a t e  
Cooling Tower Designs 

- C l imat ic  Assessment 

- The I n f l u e n c e   o f   t h e   P r o j e c t  on Trace 
Elements i n   t h e  Ecosystem 

- Epidemiology  (Health) 

- Aerometric  Monitoring 

- Long RangeTransport and Imp l ica t ions  
o f   A c i d   P r e c i p i t a t i o n  

Inven to ry   o f  Sources and Emissions 

Plume Simulation Gas Tracer  Studies 

Cominco-Monenco Joint   Venture 

Environmental  Research  and  Technology,  Inc. 

Environmental  Research  and  Technology,  Inc. 

Environmental  Research  and  Technology,  Inc. 

Environmental  Research  and  Technology,  Inc. 

Environmental  Research  and Technolngy, Inc ,  

Environmental  Research  and  Technology,  Inc. 

Environmental  Research  and  Technology,  Inc. 

by:  Western  Research and Development  Ltd. and 
Environmental  Research  and  Technology,  Inc.,  prepared 

Greenfield,  Attaway and Tyler,   Inc.   (Flow Resources) 

by:  Western  Research  and  Development  Ltd. 
Environmental  Research  and  Technology,  Inc.,  prepared 

Environmental  Research  and  Technology,  Inc. 

B.H. Levelton and Associates  Ltd. 

Nor th American  Weather Consultants 



TABLE 1-4 - (Cont'd) 

General  Subgroup  Noise 

Minerals  and  Petroleum 

Trace  Elements 

Aesthetics 

Harford,  Kennedy,  Wakefield  Ltd.,  Acoustical 
Consultants 

McCullough, P.T., System  Engineering  Division, 
B.C. Hydro  and  Power  Authority 

(1) Environmental  Research  and  Technology,  Inc. 

(2) B.C. Hydro  and  Power  Authority  and  James F.  
McLaren Ltd. 

Toby,  Russell,  Buckwell  and  Partners,  Architects 

General  Summary  Environmental  Impact  Assessment  Report  Ebasco  Services o f  Canada Ltd.: Environmental 
Consultants 



d 

(b1Community  Relations 

When engineering  and  environmental  studies  for  the  Hat  Creek  project  were 
in i t iated in 1974, communication was establ ished  between  B.C.  Hydro  and  people 
resident  in  the  region.  This  program  had  two  main  object ives:  to prov ide 
t imely  informat ion  about  the  project   to  interested  groups  or  indiv iduals,   and  to 
prov ide a forum  through  which  publ ic  concerns  could  be  voiced  dur ing  the 
project  planning'  stage. 

d is t r ibu t ion   o f  background  reports,   and numerous  meetings  wi.th concerned 
The program  included  provis ion of   publ ic  informat ion bul let ins, 

g roups   in   the  area.  Five  information  bul let ins  were  released  through  the  course 
of   the  program  to  provide  informat ion  about  the  environmental   studies  and  about 
project  features.  Background  reports,  including  the  now  superceded  "Prel imi- 

to  the  general  publ ic.  Contact was init iated  with  local  groups,  including 
nary  Environmental  Impact  Study"  were  distr ibuted  to  government  agencies  and 

residents of the  Hat  Creek  valley,  local  Native  Indian  bands,  municipal  officials, 

ty relat ions  program  continued  through 1977, a t  which  t ime  the  project   t iming 
environmental  groups  and  provincial  government  regional  off ices. The communi- 

became uncertain. 

Continued  l iaison  wi l i   be  maintained  during  the  forthcoming  review  of 
th is  report   and  the  per iod  of   l icence  appl icat ion.   Further  informat, ion  about  the 
proposed  Hat  Creek  development  can  be  obtained  from  B.C.  Hydro's  Hat  Creek 

V6B  4T6,   or   by  v is i t ing  B.C.   Hydro 's   Hat   Creek  in format ion  o f f ice  in   Cache 
Informat ion  Off icer a t  Box 12121 - 555 West Hastings  Street,  Vancouver,  B.C. 

C-reek. 
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SECTION 2. H A T  CREEK RESOlJRCES 

il 

2.1 THE  HAT CREEK  VALLEY 

(a)Descr ipt ion 

The  Hat  Creek  val ley  forms  part  of  the  Thompson  'Plateau  of  Bri t ish  Columbia's 
central  interior.  This  broad  region  between  the  Clear  Range  and  the  Shuswap 
Highlands  consists  of   ro l l ing  uplands  wi th a few  deep  valleys.  Two  major 
rivers,  the  Thompson  and  Fraser,  and  many  smaller  streams,  have  eroded  the 
plateau  and  formed  these  valleys. 

Hat  Creek  r ises  in  the  mountains  within  the "V" formed by   t he   con f lu -  
ence o f  the  Thompson  and  Fraser  r ivers,  north  of  Lytton  (see  Figure  2-11. 
The  creek  t raverses a broad,  north  t rending  grassland  about 28 km in   length.  
I t  i s  located  about 200 km nort:heast  of  Vancouver  and 90 km  west  of  Karnloops. 
The  Hat  Creek  val ley  varies  in  elevation  from  about 1675  m above mean sea level 
a t  i ts   'source  to   about  490 m a t  i ts   nor thern  end  where  Hat   Creek  jo ins  the 
Bonaparte  River,   which  in  turn  f lows  into  the  Thompson  River  just   north  of  
Ashcrof t .   Hat  Creek  is  f lanked by mountains  that  gradually  r ise  to  elevations 
of  about 2300 m, 7.5  km to  the  west,  and  about 2070 m, 10.5  km  to  the  east. 
The  uplands  are  covered  with  open  forests  and meadows, while  the  val ley  bottom 
consists of sparsely  treed  open  ranges  of  grass and sage. 

(b lEx is t ing   Ac t iv i t ies  

forest ry   and wi ld l i fe  habi tat .  V i r tua l ly   a l l  the  val ley bottom has been included 
Predominant land uses o f   the  Hat  Creek valley  are, a t  present, agr icul ture,  

in   the  prov inc ia l   Agr icu l tura l  L.and Reserve.  About 880 ha of   i r r igated  hay land 
i s  found  wi th in   the  upper   Hat   Creek  watershed,   but   the  pr imary  agr icu l tura l  
use  is  grazing  of  beef  cattle.  Privately  owned  lands,  which  cover  major 
port ions of the  valley  bottom,  are  supplemented by Crown  grazing leases 
extending  over  both  open  ranges  and forests. .  Some par ts  of the  val ley  have 

out   the  watershed,   par t icu lar ly  along  the creek  bottoms  and  near  various small 
been  logged  and  fur ther  t imber harvest ing i s  planned.  Wildlife occ;urs through-  

lakes.  Al though  the  val ley is  p icturesque and o f fe rs  good potent ia l   for   outdoor 
recreation, it i s  little used by non-residents.  Recent coal explorat ion  act ivi t ies 
and a gravel  pit   represent  the  only  evidence  of  non-renewable  resource 
development. 

The 30 to  40 permanent  residents  constitute  about  ten  family  groups. 
These  famil ies  are  distr ibuted  on  ranches  throughout  the  val ley,  and  are  nearly 
all  active in  agr icu l ture.  

Two  Native  Indian  bands  have  reserves near the   nor th  end o f   the  
valley,  namely  the  Bonaparte and Pavil ion  Bands.  The  Oregon  Jack  and 
Ashcroft  Bands  have  reserves  nearby  to  the east .  The  Nat ive  Indian bands 
part ic ipate  in  the  agr icul tural   and  related  act iv i t ies  of   the  area. 

between  Carquile  and  Lil looet.  The  towns  of  Ashcroft  and  Cache  Creek,  which 
Access to   the   va l ley  is  easiest  along  Highway No. 12, which  runs 

are  both on Highway No. 1, a r e  the  regional  service  centres  nearest  to  the 
proposed  Hat  Creek  project  si te. 
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2.2 THE COAL RESOURCE(20) 

(a1Background 

The  Hat  Creek  val ley  contains  two  major  deposits  of  low  grade  coal. Coal 
outcrops  were  of f ic ia l ly   recorded  in 1877 by G.M.  Dawson  of t h e  Geological 
Survey  of  Canada.  Attention  centred  on  the  creek  banks  where  erosion  had 
exposed  coal  in  what  is  now  called  the No.  1 deposit. A l imited  amount  of 
explorat ion  and  dr i l l ing  had  occurred by 1925, b u t  commercial  exploitation  of  the 
deposit did not   begin  unt i l  1933. Between 1933 and 1942 a small amount  of  coal 
was mined  for  sale  to  local  communities.  Production  ceased in 1942, a n d   f u r t h e r  
s ign i f icant   act iv i ty  did not   occur   unt i l  1957, when a subsidiary  of  B.C.  Electr ic 
Company Ltd. purchased an opt ion  on  the  proper ty .  

deposit No. 1 were  t ransferred  to   B.C.   Hydro  when  the  Crown  corporat ion was 
Ownership  of   the  explored  Crown  grant  and  two coal  licences  on 

formed  in 1962.  No fu r ther   exp lo ra t ion   occur red   un t i l  1974, when  B.C.   Hydro 
began  prel iminary  dr i l l ing  of   the  known  deposi t .   Later  in 1974 and  in 1975 B . C .  
Hydro   ob ta ined  fu r ther  coal  licences f o r  most  of   the  upper  Hat  Creek  val ley.  
Subsequent  explorat ion  confirmed  two  deposits,  the f i r s t  a t  the  nor thern  end  o f  
the  val ley and the  second  fur ther  south  in  the  upper  val ley.   Detai led  geological  
work   on   the  No. 1 deposi t   cont inued  into 1979, i n  an ef for t   to   increase  and 
ref ine  B.C.  Hydro's  knowledge  of this major  energy  resource. 

(b)Hat  Creek  Geology 

The  upper  Hat  Creek  val ley  is   f lanked by the  Clear  Range  on  the  west,  and by 
the  Trachyte  and  Cornwal l   Hi l ls   on  the  east.   Surface  mater ia ls  in  the  val ley 
consist  mainly  of  hummocky  areas  of till which  were  deposited by glaciers,  and 

th ick   in   the   va l ley ,   bu t  i s  reduced  to  a th in   veneer  on hi l l   tops  and  steep 
sand  and  gravel  that  were  deposited by streams.  The  blanket of till tends  to   be 

slopes.  The  bedrock.consists  of a wide  var ie ty   o f   rock  un i ts  as i l lus t ra ted  in  
Figure  2-2. 

The  upper   Hat   Creek  va l ley  is   bordered by older  rocks o f  va ry ing  
geologic  age  from  approximately 265 mil l ion  to  about 50 million  years  ago. Some 
40 mill ion  years ago, towards  the  middle  of  the  Eocene  Epoch, a luxur ious  
growth of subtropical   forest   f lour ished  in  the  general   area of Hat  Creek  val ley. 
Slow  subsidence  of  this  broad  north-trending  swamp-marsh  complex  resulted  in 
a continuous  inflow  of  vegetation  material  leading  to  the  thickest  known 
low-grade coal  deposit  in  the  world. 

The  Hat  Creek coal  formation  which  contains  the  coal  deposit  attained 
a thickness of about 500 m in   the  No.  1 deposi t .   The  di f ferent ia l   rate  of   s inking 
of the  val ley floor and  change  in  the  inf low  of  vegetation  material  resulted  in  the 
development  of  two  major  waste  zones. 

The  Medicine  Creek  formation  which  overlies  the  Hat  Creek  coal 
formation,  consists  of an  immense thickness of bentoni t ic   c laystone  and  s i l ts tone 
material. 

are  characterized by ash  beds  found  between  the  coal  beds  which  are  used as 
Volcanic  act iv i t ies  cont inued  dur ing  the  whole  deposi t ion  cycle  and 

marker  beds  for   strat igraphical   correlat ion.   These  act iv i t ies  were  more 
pronounced  during  the  Miocene  Epoch,  about 13 million  years  ago. 
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(c)Deposit  Descript ion 

The  smaller  No. 1 deposit,  development o f  which is  proposed by B .C .   Hyd ro  
fo r   p r imar i l y  economic  reasons, i s  located near  the nor th   end  o f   the  va l ley,  and 

south  of  Anderson  Creek,  is  also  i l lustrated.  Total  resources in .the  val ley  are 
i s  shown  in  the  next  sect ion  on  Fig.   3.2.   The  larger  deposi t  hlo. 2, located 

estimated a t  10 t o  15 Gt  based  on drilling and  geophysics,  making  this  one  of 
the  wor ld 's   largest   known coal  resources in such a small  area. By  way  o f  
comparison,  the  province's  total  indicated  reserves  of  the  higher  qual i ty 
metallurgical  coals  were  estimated  at  about 8 G t  in 1976.' 

(d)Coal  Quality(34) 

The  Hat  Creek  No. 1 deposit  contains  thermal  coal  of  varying quality. On  the  
scale  of  coal  classification  shown  in Table 2-1, Hat  Creek coal ranks on t h e  
borderl ine  between  sub-bituminous and l ign i te .  

Because  the  Hat  Creek  deposits vary considerably  in  qual i ty,  i t  i s  
necessary  to  d iscuss  the  average  character ist ics  of  the  samples of  coals  which 

moisture  content and relat ively  low  in  sulphur  (compared  to  Eastern  North 
have  been  tested.  The  coal i s  low in  heating  value, high in  ash, f a i r l y   h igh   i n  

American  coals).  The  presence  of  signif icant  amounts  of  clay in t h e  coal  affects 
its  physical  characteristics,  especially  when  wet.  With a cut-of f   level   of   9.3 
MJ/kg (dry coal  basis, see Section  3.2)  coals  from  the  various  mine  zones  would 
be  produced  and  blended,  on a pre-planned  program,  to  produce a un i form 
powerplant  fuel   having  character ist ics as shown  in  Table  2-2.  However, the  
powerplant  has  the  capabi l i ty   to  receive and uti l ize  even  lower  sulphur  coal if 
required.  (Table  2-3) 

(e)Alternative  Uses 

With the rapid increase in world  oi l   pr ices  there  has  been  renewed  interest in 
synthet ic  fuels  based  on  Hat  Creek  Coal .   B.C.  Hydro commissioned  an update 
of   the  Stone and Webster  report   (Al ternat ive Uses of   Hat  C.reeE: Coal(33))  in 
August  1980, and  the  Province  of  Bri t ish  Columbia  commissioned  Fluor Canada 

These and other  studies wil l   be  f inal ized by la te  Spr ing 1981. 
Ltd. to  under take  an engineer ing  pre-feasibi l i ty   study  of   coal   l iquefact ion.  

Pre l im inary  r e s u l t s  indicate the technical feas ib i l i t y  of l iquefaction 
using a Lurgi/Fischer  'Tropsch  process.  However  there  is a degree  of 
uncer ta in ty  as t o   t h e  economic viability of   the  l iquefact ion  project   due  to  the 
unpredictable  nature  of   both  wor ld  o i l   pr ices and plant costs .   In  any case, t h e  
development  of a l iquefaction plant i s  compatible  with  the  paral lel  use of Hat 
Creek  coal  for  thermal  generation. 

' Brit ish  Columbia Coal Task  Force - Coal in B r i t i sh  Columbia - A Technical. 
Appraisal - February 1976. 
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TABLE 2-1 
CLASSIFICATION AND CHARACTERISTICS OF H A T  CREEK  COAL  (34) 

vleta-anthra 
Anthrac i te  

Heating  Value’ 
(MJ/kg)  Remarks 

c i t e  

Semi-anthracite 

Bituminous  Iv 
Bituminous  mv 

Bituminous h v  A a t  least  32.56 
Bituminous h v  B 30.24  to  32.56 
Bituminous h v  C 24.42 to  30.24 

Subbituminous 24.42 t o  26.75 

Subbituminous B 22.10 to  24.42 
Subbituminous C ‘19.31 to  22.10 

Hat  Creek Coal  17.0  to  19.0  “Performance  Coal” 

L ign i te  A 
Ligni te  B 

Peat 

~~ ~~ ~ 

14.65  to 19.31 
Less than  14.65 

Approximately  9.30 ~ 

~~ ~ 

1 .  Moist,   mineral-matter-free bas is  (equi l ibrated a t  3OoC and 97 
percent   re la t ive  humid i ty) .  
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TABLE  2-2 
PERFORMANCE COAL  (34) 

Average  Blended Coal Delivered  to  Powerplant 

Total  Moisture 
Volat i le  Matter 
Fixed  Carbon 
Ash 

Carbon 
Hydrogen 
Nitrogen 
Chlorine 
Sulphur  
Oxygen ( B y  D i f f )  

H.H.V.  MJ/kg 
(B tu / lb )  

& 

Y 

a 

r% 

m 

u 

rsl 

Isl 

a 

d 

irl 

Y 

31 

I 

.Ir 

m! 

rei 
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% 
9 

% 
% 
% 
% 
% 
% .  

Hardgrove  Grindabi l i ty   Index 

Sulphur  Forms - Pyr i t i c  
Organic 
Sulphate 

Total 

25.2 
25.7 
25.6 

35.3 
2.8 
0.7 
0.02 

11.69 
0.39 

13.85 
(5 955) 

45 

0.10% 
0.28% 
0.01% 

0.39% "_" ""_ 

32.9 
33.6 
33.5 

46.1 
3.7 
0.92 
0.03 

15.30 
0.51 

18.1 
(7 784) 

Notes:  Normal  Variations f rom "performance"  characterist ics  in 
the   p roduc t  of the  b lending  operat ion  are  predicted  to  be:  

High  Heat  Value 1 MJ/kg  (d .c .b . )  
i .e.  range 17 to  19 MJ/kg  (d .c .b .1 

Sulphur  0.05%  (d.c.b.1  (Sulphur  in  Coal) 
i .e.  range  0.46%  to 0.56% S (d . c .b .1  
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LOW SULPHUR  COAL  (34) 
TABLE  2-3 

As  Received  Basis ( a . r . 1  D r y  Coal  Basis (d.c.b.1 

Volat i le  Matter 
Total   Moisture %(by weight)  24.5 

% 28.1  37.2 
Fixed  Carbon % 28.9  38.3 
Ash % 18.5  24.5 

- 

Carbon % 41 .O 
Hydrogen - %  3.0 
Ni t roaen % 0.6 
Chlor ine % 
Sulphur 
Oxygen(By D i f f )  % 

0 6 

High  Heat  Value  MJ/kg 
(B tu / lb )  

0.02 
~ ~- 
0.23 

12.15 

(6  915) 
16.08 

Hardgrove  Gr indab i l i t y   Index  38 

Sulphur  Forms ~ Py r i t i c  0.03% 
Organic 0.18% 
Sulphate 0.02% 

Total 0.23% ""_ ""_ 

54.3 
3.97 
0.8 
0.03 

16.1 
0.3 

(9 159) 
21.3 
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SECTION  3.  PROJECT  FEATURES 

3.1  GENERAL  DESCRIPTION 

The  proposed  Hat  Creek  thermal  generat ion  project   would  have  three  basic 
components, a mine  and a powerplant,  both  located  in  the  upper  Hat  Creek 
area,  and  various  offsi te  faci l i t ies  in  the  surrounding  region.  The  project 
would  involve:  mining coal  from a large  open  pit   in  the  No. 1 coal deposit; 
b lending  the coal t o  an average  qual i ty  (performance coa1)(34); conveying it t o  
the  powerplant  located  on  high  ground  about 4  km northeast  of  the mine; 
b u r n i n g   t h e  coal to  produce steam; and  using  the steam to   tu rn   tu rb ines   wh ich  
power  generators   producing  e lect r ic i ty   for   the  prov inc ia l   power  gr id .  
Figure  3-1  presents an art ist: 's  rendit ion  of  the  project  in  place,  showing  the 
whole  Hat  Creek  area  complex.  Figure  3-2  shows  all  major  project  features  on a 
project  complex  map including  the  of fs i te  faci l i t ies.   Figure  3-3  is  a detailed  site 
layout map. 

The  powerplant  would  have a capacity  of  about 2000 MW (net) of 
electrical  power, an  amount  roughly  equal  to  the  present  demand  of  the  B.C. 
lower  mainland.  At  ful l   load  about 40,500 tonnes  ( t )   o f  coal would  be  burned 
each day, and  over  its  planned  35-year  l i fe,  the  powerplant  would  consume 
about 336 mill ion  tonnes  or  about  one  half  of  the  known  coal  reserves  in  the  No. 

approximately 3  km. Mine  waste  and powerplant  ash  would  be deposited  in 
1 deposit.  (43) The proposed  diameter of  the  completed  open pit would be 

disposal  si tes  located  in  the  adjacent  side  val leys.  Both  the  powerplant  and  the 
mine  are  designed  with  pollution  control  systems  to  reduce  adverse  impacts  on 
a i r ,  water  and  land. Total land requi rements for   project   faci l i t ies  are  shown  in 
Table  3-1.(35)  The  alienation  of  land a t  the  end  of   the  project  is discussed  in 
Section  4.3. 

through  the  Kel ly  Lake-Nicola 500 kV transmission  l ine,  which  wil l  be  routed 
The  project   would  be  l inked  to  the  provincial   power  system  gr id 

wi th in  2 km o f ' t he  H a t  Creek  project.  This  transmission  l ine i s  planned  regard- 
less of  the  Hat  Creek  Project,  and  is  ful ly  discussed  in  other  engineering 

th i s  report .  
repor ts  and environmental  studies. I t s  impact is therefore  not   considered  in 

Project  construction  activit ies  are  proposed  to  begin  in  early 1983, 
wi th  f i r s t  commercial energy  product ion  scheduled  for   August 1988. As  present- 
l y  conceived,  the project  has a nominal  life o f  35 yea rs ,  but tha t  does not 
necessarily mean i t   would  be  shut  down a t  the  end  of   that   per iod.   Af ter  35 
yea rs  of operation  major  powerplant  components  could  be  worn  and  in  need  of 
ref i t t ing.   B.C.  Hydro  would  then  re-evaluate  the  project  t o  determine  its 

the  p lant,   to expand  i t ,   or  t o  decommission i t  ent i re ly .  Al l  cu r ren t  s tud ies are 
economic and social v iab i l i ty .  A decision  would then be made on  whether to  re f i t  

concerned  only  with a 35-year  operation  period  followed by decommissioning and 
reclamation  of  disturbed  areas.  However it should  be  noted  that  in  locating  the 
waste  disposal areas care was taken  to  ensure  that   they  were  p laced so as not  to 
prec lude  fur ther   min ing o f  t he  coal  deposit. 

The  remainder  of  this P a r t  presents  descript ions of the  project 's 
components.  Because  these  descriptions  are  to be used by  provincial  agencies 

3.2,  3.3  and  3.4  describe  the  proposed  project's  major  features,  which  include 
for  review  in  the  l icensing  process  they are ,  of  necessity,  complex.  Sections 

the mine, the  powerplant  and  the  offsi te  faci l i t ies  respectively.  Section  3.3(c) 
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TOTAL  LAND REQUIREMENTS  FOR  PROJECT FACILITIES 
(DISTURBED  AREAS) 

TABLE 3-1 

Powerplant 

Powerplant  site 
Water  supply  reservoir  and  dam 

Serv ice  roads  and  u t i l i ty   corr idors 
Powerplant  construction  camp 

Area 
- (ha) 

99 
94 

43 
11 

247 

Mine 

Mine pit (af ter   35  years) 585 
Waste disposal  areas  (after  35  years) 1 028 
Mine  maintenance  complex 25 
Coal  blending  area 42 
Lagoons 23 
Diversion d r a i n s  46 
Mine  construction  camp 5 
Service  roads and uti l i ty cor r idors  149 1 903 

- 

- 

Offsite  Faci l i t ies 

Main  access  road 

Headworks  reservoir  and dam 
P i t  r im  reservo i r  and dam 

Creek  diversion  canals 
Water  supply  pipel ine 
A i r s t r i p  
Of f   loading  fac i l i ty  
Service  roads  and utility cor r idors  

T O T A L  

117 
1 1  
6 

49 
35 
45 

90 
3 

356 
- - 

discusses  the  a l ternat ive a i r  qual i ty  control  systems  (AQCS)  which  were  consid- 
ered in arriving a t  the  proposed  project.  Sections  4.1,  4.2  and 4.3 d iscuss  the 
pro ject 's   three phases: construction,  operation,  and  decommissioning  includ- 
ing reclamation. 

SECTION 3. PROJECT  FEATURES 
- ~ 

3-2 

LI 









(a)Overview 

As  shown  on  Figure 3-3 the  proposed  mining  complex  would  inclLlde  f ive  basic 
components. 

( i)Mine 

which  at   the  end  of   35  year 's  product ion  would  extend  approximately 230 m 
An  open pit mine  would  be  developed in  a series  of  benches, 

below  the  average  val ley  f loor. 

(ii)Waste  Disposal  Areas 

Medicine  Creek and l inked  to   the   mine  by overland  conveyors. 

( i i i )CoaI  Handling 

Waste disposal  a reas  would be located a t  Houth Meadows and 

constructed  north  of  the  mine  and  close  to  the pit  rim. 

( iv)Coal   Del ivery 

A coal   crushing,  stockpi l ing  and  blending  faci l i ty   would  be 

A 4 km long s ing le  over land  conveyor   would  carry  coal f rom  the  
mine  to  the  powerplant.  

(VIAdmin is t ra t ion 

of the  mine. 
An  administration and maintenance  complex  would  be  located  north 

defined as follows: 
For  purposes of mine planning, the  various  qualit ies o f  coal  are 

Heating  VaIues(34,43) 
Mater ia l  S t a n d a r d s  - (Dry  Basis)  

Coal over   9 .3  MJ/kg 
Low  grade coal 7.0 to  9.3  MJ/kg 
Waste material less than 7.0 MJ/kg 

Details  of  coal quality which  would  be  del ivered t o  the  powerplant 

mined  over  the  project   l i fe  can  be  found in Table  4-2  of  Section  4.2. 
a r e  given  on  Table  2-2  of  Section  2.0.  Quantit ies of coal and waste to  be  

(b)Mine  Operating  System(43) 

( i)Mining  System 

For  excavation  in  the  mine a shovel and truck  system  :simultaneously 
working  several  15 m high  benches  would  be  employed  (see  Figure 3-4 and 

be mined  over  the  project 's l i fe  while providing continuous ac:cess to  be t te r  
Figure  3-5).  This  approach  al lows an average  grade and volume  of  coal  to 

qua l i t y  coals if requ i red   fo r   b lend ing  and " low  sulphur"  fuel   supply  (see 
Tables  2-2 & 2-3).  A l imited  amount  of  the  material  would  be  dri l led  and 
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blasted.  Trucks  would  feed  mined  material  into  primary  crushing  stat ions 
located  adjacent to  the  central   conveyor  system. 

than 200 mm size  and  loaded  onto  one  of  the  four  conveyor  systems. Waste, 
A t   the   cen t ra l   conveyor   ramp a l l  mater ia l   would  be  crushed  to  less 

low grade coal and powerplant coal would be transported  v ia  separate 
conveyors out of  the.'mine  area, using a nor thern  ex i t .   Th is   system  is  
shown  schematically in F igure  3 - 6 .  

( i i )Waste  Handling 

Waste material,   which  would  be  composed  of  granular surficials, 
waste  rock  and  waste coal, would  be  t ranspor ted by conveyors  to  two 
different  waste  disposal  areas;  either  Houth  Meadows  or  Medicine  Creek. 

sequence.  Total  land surface to be  covered  would  be  about 600 ha a t  Houth 
Each  conveyor  would feed a stacker  to  p lace  mater ia l  in a predetermined 

Meadows and 428 ha a t  Medicine  Creek. 

( i i i )CoaI  Handling 

var iabi l i ty   of   the  mined  coal   must  be  reduced. This  would  be  accomplished 
I n   o r d e r   t o   p r o v i d e  a consistent.  powerplant  fuel ,   the  natural  

by selecting  which level o f  coal  quality  should be  mined a t  a given  t ime,  and 
then  mix ing  d i f ferent   qual i ty  coals to   p rov ide  a consistent  ble.nd. 

50 mm size and conveyed  to   the  b lending yard, where a pile containing a 
Blending  would occur a f t e r  t h e  coal had been  crushed  to less than 

1-week  powerplant supply would  be  const ructed in layers.  When t h e   p i l e   i s  
completed i t  would be reclaimed by a bucket  wheel  reclaimer and loaded  onto 
the  over land  conveyor  for de l i ve ry   t o  the  powerplant.   This  b lending 
procedure  would  ef fect ively  reduce  f luctuat ions  in  coal   qual i ty  that   would 
occur  over  that   week.  Two  blending  pi les  would  be  used;  one  would  be 
built whi le   the  o ther   is   be ing  used to feed  the  powerp lant .  

(c)Water  Systems 

(i)Water Supply and Sewage 

The  total  est imated  water supply requi rements  o f   the  mine  are  not   large,  
since  no  signif icant  consumption  is  involved in the  mining  processes. 
Potable  water,   f i re  protect ion,   i r r igat ion  and  dust  control   are  the  main 
requirements.  Estimated  daily  demands a t  ful l  production  levels  are  shown 
in Table 3-2, along  wi th  sources  of   supply.  
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TABLE  3 -2  
MINE WATER  SUPPLY(43) 

Daily 
Demand  Requirement  (m'/d) - Source 

Potable  water 235 
and f i r e  
protection 

I r r iga t ion  620 

Dust   Contro l  2 000 

Of fs i te   const ruct ion 
supply well 

P i t  r im  reservo i r   on 
Hat  Creek , 

Mine  area  drainage and  

waste  water 
dewatering,  recycled 

" T O T A L  2 855 m 3 / d  (33 L/s) - 

control  use  on  haul  roads and coal  stockpiles. (6) 

( i i )Mine  Drainage(6) 

Sanitary sewage! would  be  pret reated  and  recyc led  for   dust  

Because  the  mine  would be a deep  hole in the  valley bottom, it 
would  have to  be  drained  to  prevent  water  accumulation.  Potential  sources 
of   mine  drainage  f low  include  direct   precipi tat ion  and  runoff ,   creek  inf low, 
standing  surface  water  f rom  nearby lakes, underground f lows and  waste 
water.  The  drainage  system  shown  on  Figure 3-7  has  been  designed  to 
divert floods,  maintain  conditions dry enough for   min ing,  improve slope 
stability and  protect   the  environment.  

1. 

2. 

3. 

Included in t h e  d r a i n a g e  system a r e  the following features:  

valley,  Houth Meadows and Medicine  Creek  would  be c:ollected by a 
Diversion  Drains - Runoff   enter ing  the  mine  area  f rom  upper  Hat  Creek 

the  mine. 
system  of canals and dams for  d ischarge into Hat  Creek  ,downstream  of 

west pit  slopes  include  perimeter drains a t  t he  back of   the  s l ide area, 
Slide  Area  Drainage - Measures t o  improve  the stability of  the south and 

drainage o f  62 small lakes and ponds  wi th in  the  area,  improvement,of  
natural  waterways and instal lat ion  of 20  wells to  drain and  improve  slope 
stability in cri t ical  areas. 

discussed  subsequently  under Environmental  Control Systems. 
Pit   Drainage and Wastewater Treatment  Systems - These  aspects a r e  

(d)EnvironmentaI  Control  Systems 

Two  major  environmental  control  systems  are  included  in  the  mine  complex 
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design;  one  to  maintain  downstream  water  qual i ty and another  to  minimize  dust.  
Revegetation and reclamation  of  disturbed  areas  would  also  be  undertaken  to 
restore  environmental   qual i ty  of  land areas.  Revegetation  would  occur during 
both  the  operation  and  reclamation  phases,  and  is  discussed  in  Section  4.3. 

( i)Water  QuaIi ty(6) 

the  diversion  system,  the  sediment  control  system and the  zero  d ischarge 
The  water  quality  control  system  would  comprise  three  systems; 

system  for   water   conta in ing  h igh  leve ls   o f   d isso lved  so l ids.   The  water  
qual i ty  control  system  would  deal with diversion of natura l   c reeks  and  wi th  
drainage and seepage  from  the  mine,  the  coal  storage  piles and the  mine 
waste  piles. 

Leachates  would  be  handled  through a "zero-discharge' '   drainage 
system.  Drainage  from  the  coal and bedrock  in   the  lower  pit, a long  wi th 
seepage  from  the  waste  disposal  areas and coal  stockpiles  would be collected 
and pumped  to  leachate holding lagoons.  This  eff luent  would  be  recycled 
by spray ing  it on  roads and coal stockpi les fo r  dust control,   and  the  excess 
disposed  of by s p r a y  evaporation  on  waste disposal areas  (see  Figure  3-7 
and Figure  3-8) 

Water from  surf icial  materials  has a qual i ty s imi lar   to that  o f   Hat  
Creek during t h e  summer  low  flow  period  when  most  of i t s  flow  emanates 
from ground water  d ischarge.  Water  seeping  into  the  upper levels o f   t he  
mine drainage system through overburden would  therefore have a qual i ty  
sui table  for   d ischarge.  However th is seepage and runoff f rom  d is tu rbed 
land  and  the  mine  service  area  could  contain high levels  of  suspended 
sediment  which  would  be  reduced  to  comply  wi th PCB Objectives ( 5 0 )  before 
,discharge.  As  shown in F igure  3-8, th is  water  would be collected in dra ins 
and pumped  to  sedimentation  lagoons.  After  sediment  concentrations  have 
been  reduced,  the  water  would  be  d ischarged  into  Hat  Creek.  Al l   lagoons 
would be lined with  impervious  material t o  guard against seepage.. 

( i i )Dust(36) 

Studies  ind icate  that   dust   would  occur  during both t h e  
construct ion and operat ion  phases  of   the  project .   Dur ing  the  construct ion 
phase,  earth-moving  act iv i t ies  would  be  the  major cause, whi le during t h e  
production  phase, both t h e  coal  stockpiIe/bIending  processes  and  vehicle 
movements  would  be  chief  contr ibutory  factors.  Dust  control  measures  for 
the mine  include  the  following  components: 

1 .  The  b lending  area  would  be  excavated into the  adjacent hill, a protec- 
t i v e  embankment 20 m high would  be  const ructed along the  southwest  
edge  of  the  area, and t h e  coal p i les  would  be  sui tably  contoured to 
reduce  erosion  (Figure  3.3).   An  ef fect ive  water s p r a y  system  would be 
instal led. 

2 .  The  area  str ipped  of   surface soi ls would a t  a l l  t imes be  minimized  to 
reduce  erosion  potent ia l .   In  addi t ion  str ipping  would  be  cont inued  unt i l  
non-fr iable  ( i .e. ,   low  dust  potent ia l )   mater ia l  was reached, if possible. 

3. Binding  agents  would  be  used to  control  erosion  where  appropriate. 

4. Areas  that   would  remain  str ipped  of   surface  mater ia l  for extended 
per iods  of   t ime  would  be  revegetated. 
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3.3  THE POWERPLANT 
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(a)Overview 

The locat ion  of   the  powerplant  would  be  on'a  broad  hi l l top  over looking  the  Hat 
Creek  val ley  near  Harry  Lake,  about 4 km  northeast  of  the  mine  si te.  This  si te 

t h e  f lue gases than s i tes in  the  valley  bottom  (see  Sections 6 . 0  and  24.0).   The 
has been  selected  because i t s  h igh  e levat ion  would  provide  better  d ispersion  of  

elevation a t  the  proposed  s i te i s  about 1410 m above sea level,  whi le  exist ing 
ground level a t  the  mine  s i te  is approximately 910 m. 

F igure  3-9 i s  a n  ar t is t 's   rendi t ion of the  powerplant.  Figure  3-10  is 
a si te  plan  of  the  powerplant  layout,  showing  the  location  of  major  components. 
Detai ls  of   the  powerplant features,  inc lud ing the  proposed environmental  control 
systems  and  alternatives  are  discussed  in  subsequent  sections. 

Basic  components  of  the  powerplant  include  the  fol lowing  i tems. 

(i)Coal  Handling  System 

The  system  would  be composed o f  conveyors   to   car ry  coal from 
the   t rans fer   house a t  t he   end  of the  over land  conveyor  f rom  the  mine. 
These  conveyors  would  carry  coal   e i ther  to  the  powerplant coal  storage  area 
o r  to   the  bo i lerhouse  bunkers.   The  bunkers  would  have  s torage  capaci ty  
f o r  eight hours of operation a t  ful l  load. 

( i i )Boi Iers 

Four  boilers,  each about 90 m h igh   and 18 m square ,  wou ld   burn  
t h e  coal.  Essentially a boi ler  i s  a huge  water-cooled  furnace  in  which  water 
i s  conver ted  to  steam. A t  full load  each  boiler  would  consume  approximately 
422 t of  "performance  coal"  per  hour. 

( i i i )Turb ine-Generators  

turb ines,   which  would  in   turn each drive electr ic  generators. Each  genera- 
H igh   p ressure  steam f rom  the  four   bo i lers   would  dr ive  four  

to r   wou ld   de l i ver  a t  ful l  load approximately 500 MW of power a f t e r  t h e  
powerplant 's own requirements and those of t he  mine and  wa te r  supp ly  
system  have been met. 

( iv)Condensers 

water   a f ter   i ts   usefu l  energy had  been  expended.  This  wator  would then 
A condenser  at teach turbine exhaust  would  condense  the steam t o  

quant i t ies  of   cold  water  f lowing  through  them  to  condense  the  exhaust 
re tu rn   to   the   bo i le rs  f o r  reconversion  into  steam.  Condensers  require  large 

steam. I n   t h i s  process the  cool ing  water i t se l f  i s  warmed. 

(v)Cooling  Towers 

dissipated  in  two  large  hyl2erbol ic  natural   draf t   cool ing  towers,  each  about 
Heat  absorbed by the  cool ing  water  in  the  condensers  would  be 

135 m h igh .  Largely through  evaporation,  heat  would be t rans fer red   to  a 
na tu ra l  upward  stream  of aiir f lowing  through  drops  of   cool ing  water a s  t hey  
rain  down  inside the towers.  The  cooled  water  would  then be collected in a. 
pond below  each  cooling  tower and recycled  to  the  condensers.  Some o f  t he  
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cooling  water  would  evaporate  from the  towers  to  the  atmosphere (see 
Figure  3-11).  No water  would  be  released  to  natural  streams  or  to 
groundwater  systems.(56)  I t   would  be  necessary  to  cont inual ly  add some 

obta ined  f rom  the  nearby  water   supply   reservo i r ,   which  would  be  fed by 
"make-up"  water  to  replace  evaporation losses. This  water  would  be 

water  pumped  f rom  the  Thompson  River.   This i s  described in Section 
3.4(c)  fol lowing. 

(v i )Exhaust  Stack 

Combustion  gases  from  the  four  boi lers  would  be  passed  through 
eight  electrostat ic  precipitators  (ESPs),  two  for  each  boi ler,  which  would 

would  be  passed  through  the f lue  gas  desulphurization  (FGD)  system  where 
remove f ly ash  from  the  exhaust  gas.  Approximately 60% of  the exhaust  gas 

85% of the  sulphur  d ioxide  would  be  removed.  This  gas  would  then be 
recombined  with the remaining gas (which  bypassed  the FGD system).   The 

stack  366 m in  height,   wi th  separate  f lues f o r  each  boiler,  would  discharge 
recombined  gas  would  then  t ravel   through  ducts  to  the  stack.  A s ingle 

t h e  gases t o  the atmosphere.  The  stack  height  may  be less than 366 m 
dependent  on  cont inuing  fur ther  f lue  gas  dispersion/ambient a i r  quality 
analyses. 

(vi i)Ash  Handling  System(38) 

F ly  ash collected in the ESPs and bottom ash col lected  at   the 
bottom of the boi lers  would  be t ranspor ted in a mois t  state by conveyors, to  
the mid-Medicine  Creek dry ash  disposal s i te .  This  system  is  described in 
detai l  in Section  3.3(d). 

(b)Ai r   Qual i ty   Contro l   System 

T h e  a i r  quality control  system  (AQCS)  is  the  powerplant  system  selected to 
reduce  ambient  (ground  level) a i r  qual i ty  problems  that  could  be  caused by t h e  
powerplant 's  f lue gases, and to  comply  wi th   the B . C .  Pollut ion  Control 

the  e lectrostat ic precipitators  (ESPs) and p a r t i a l  f lue  gas desulphur izat ion 
Object ives(50)  for  both  emission and ambient  levels. Primary components  are 

(FGD)  system  described  below.  Figure 3-11 is  a basic  f low  diagram  of  the  major 
powerplant  emissions to the atmosphere  when four furnaces are us ing  per form- 
ance  coal a t  f u l l  load. 

( i)Electrostat ic  Precipitators  (ESPs) 

ESPs located  between the   bo i l e rs   and   t he  stack would  remove ash 

99.8  percent, so t ha t   on l y  0.2 percent   o f  the  fly ash  would  remain  in  the 
par t ic les  f rom  the  gases.   They  would  have a removal  efficiency  of  about 

gas  when i t  is  discharged  to  the  atmosphere.  Each  precipitator  would 
reduce  the  par t icu la te  loading  o f   the  emi t ted  f lue  gas  be low 0.03 mg/kJ 
under  a l l  load condit ions and burning any of the  expected  qual i t ies  of  coal. 
(PCB  Objective  range = 0.01 t o  0.04 mg/kJ) .  

ESPs remove  part ic les  before  they ge t  to   the  s tack by t ransmi t -  
t i n g  an electr ic  charge to the  suspended  part icles  which  then  migrate  to 
col lect ing  plates. The collected fly ash  is  shaken of f  these  plates  into 
hoppers.  
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( i i )Part iaI  "Wet" Flue Gas Desulphurization  (FGD) (Scrubbing) 129) 

In   the   wet   sc rubb ing  systems, f lue  gas  would  leave  the ESPs, 
pass   th rough  the  FGD  absorber  modules  for SO2 removal,  and  be 
subsequent ly  d ischarged  to  the  stack.  

Limestone  reagent  would  be  del ivered  to  the FGD  modules  in 
s lur ry   form  af ter   preparat ion  in  a sub-system  consist ing  primari ly  of dry  
storage  silos,  wet  ball mills;, s lur ry   s torage  tanks  and  t ransfer   pumps.   The 
used  s lur ry   conta in ing  the  absorbed SO2 would  be  dewatered  in gravity 
thickeners, and then  b lended  wi th  f ly ash, resu l t ing  in an e.ssentially dry 
product  which  would  be  handled by the  dry ash  conveying  system  incorpo- 

the  FGD  modules is  avai lable  in  suf f ic ient   quant i t ies  f rom  deposi ts  in the Hat 
rated in the  proposed  ash  handling  system(29,38).  Limestone  reagent  for 

Creek  area (333 t /day a t  100% load). 

section  3.3(e) and in  references  38  and 56 is  pr imar i ly   concerned  wi th  the  
The  water  management  zero  discharge  system as descr ibed  in 

worst  case  meteorological  control  system  (MCS)  (see  Section  3.3(c)) 
condit ions.  The  water  balances  are  presently being modified 'IO inc lude  the  
FGD  system. 

gas  would  pass  through  the  FGD  absorber  modules  (two  operating plus one 
For  part ia l   wet  scrubbing  approximately 60 percent   o f   the  f lue 

spare)  having a n  85 percent SO2 removal   ef f ic iency.   The  resul t ing SO2 
emissions  would  not  exceed 0.27 mg/kJ  (PCB  Objective  range = 0.09  to 0.34 
mg/kJ(50)) .   Approximately 40% of   the t o t a l  gas  f low  would  bypass  the FGD 
modules a t  a l l  t imes  and  recombine  with  the  treated  f lue  gas a t  t h e  
down-stream  mixing  chamber.  Supplementary  reheating  of the f lue  gas i s  
not  envisaged. 

( i i i )Control  of  Other  Emissions 

Some of t he   n i t rogen   i n   t he  coal and in   the   a i r   wou ld   conver t   to  
oxides  of  nitrogen  (NOx)  during  combustion..  Factors  control l ing  NOx 

and turbulence in the  furnace.  Design  of   the steam generator  components 
product ion  in   the  bo i lers  a r e  flame  temperature, percentage o f  excess a i r  

would  limit  NOx  emissions. 

Carbon  monoxide  and  hydrocarbons  emissions a r e  p r imar i l y  
determined by boiler  design.  These  emissions  would  also  be  l imited by 
appropr iate design. 

(c1Alternative  Air  Quali ty  Control  Systems  (AQCS)  Considered (14,29,37,44) 

( i ) ln t roduc t ion  

The  prev ious ly   descr ibed ESPs and FGD  systems a r e  the  two  major 
components of the  selected a i r  qual i ty  control  system. A number of al terna- 
t i ve  components to  control  air impacts  were  also  considered and evaluated 
by B.C.   Hydro.   These  a l ternat ives  could be subst i tuted  for   components 
w i th in   t he  AQCS, to   p rov ide  di f ferent levels of environmen-tal  control, a t  
di f ferent  costs.  The  major  alternatives  include: 

1 .  Meteorological  Control System  (MCS) - which  would  invo lve  the  use o f  
low  sulphur coal o r  load reductions  to  reduce  emissions  when i t  i s  
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2. 

3. 

4. 

5. 

predicted  that   ground  level   (ambient)  a i r  qual i ty may  otherwise  be 
impaired. 

Coal  Beneficiation - which  would  invo lve  washing  the coal to  remove 
some of i t s  impur i t ies   before  burn ing.  

Fabr ic  Fi l ters - which  resemble  extremely la rge  vacuum  cleaners, could 
poss ib ly   be  subst i tu ted  for   the  proposed ESPs to   cont ro l   par t icu la tes.  

Ful l  "Wet"  Flue Gas Desulphurization  (FGD) - which  would  involve 
removal   o f   up  to  85% o f   t he  SO2 from  the  stack  gases. 

"Dry" Flue Gas Desulphurization  (FGD) - which  would  involve  removal 
of  up t o  85% of   the  SO2 from  the  stack  gases. 

(i i)Meteorological  Control  System  (MCS) (14,371 

A MCS is a set   of   operat ional   procedures  for   the  powerplant  which 
could  reduce  emissions  below  normal  operating levels. Occasionally  adverse 
atmospheric  conditions  such as atmospher ic  inversions  occur in t h e  area, 
which  could  inh ib i t   the  usual   d ispers ion of f lue  gases.  At  these  t imes 
remedial  measures  indicated by the  cont inuously   funct ion ing MCS could  be 
employed. 

A MCS consists  of  the  fol lowing  components: 

1. A meteorological and ambient a i r  qual i ty  instantaneous  monitor ing 
network.  

2. A computer-based  model  to  predict  local  meteorological  conditions  and 
resu l t ing  air quality a t  g round  leve l .  

3. F lex ib i l i ty   in   p lant   operat ions to  al low  both  reduction in the  powerp lant  
o u t p u t  and/or sw i tch ing   to   low  su lphur  coal  when  conditions  dictate. 

When the   mon i to r ing  and predict ion  models  indicate  that   an 
ambient a i r  qual i ty  problem  may soon occur ,   the  powerp lant   could  e i ther  
reduce  generat ion  output  ( load  reduct ion)  or   switch  to  low  sulphur  coal  
( fue l   sw i tch ing) .  Seasonal load demands and the  degree  of  emission  control 
requi red determine  which  procedure  is  used. Low su lphu r  coal, w i th  an 
average  su lphur   content   o f  less than 0.23  percent ,   could  be  burnt   dur ing 
periods  of  potential  poor  meteorological  dispersion.  Fuel  switching  would  be 
used  pr imari ly  in  winter  months due to  h igh  load demand.  Dur ing  other 
seasons, reduction in load  would  of ten  be  the  preferred  measure.  

ra ther   than  the   p roposed FGD system, load reduct ion  would be used for 85 
I t  i s  estimated that  if t h e  MCS were  adopted  wi th a 244 m stack, 

h/annum and fuel sw i tch ing   fo r  195  h/annum. 

(i i i)CoaI  Beneficiation 

Coal  beneficiation  is a broad  term  which  includes  any  process that  
improves  the.qual i ty  of   coal .   In  deal ing  wi th  boi ler   fuels,   th is  general ly 
implies raising the  heat ing  va lue  and  reducing  the  ash content o f   t he  coal. 

The  major i ty  of   the  proven  benef ic iat ion  processes  in  use a r e  wet, 
Beneficiation,  however,  can  also  be  used to  reduce  the  su lphur   content .  

gravi ty-separat ion  processes. Dry processes  have  been  used  in  the  past 
and  new dry  processes a r e  under  development. 
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Several  alternative  beneficiat ion schemes were  examined  but,  for 
the  purposes o f  evaluation,  two  wet  gravity-separation schemes were 
studied.  and  their  costs  were  compared  with  the  benefi ts  which  would  accrue 
if e i ther  one was adopted.  One scheme (part ial   washing)  involves  process- 
ing  on ly   the  larger   s ize  f ract ions  (par t ic les  larger   than 13 mm) in a heavy 
medium bath whi le   the  o ther  scheme (ful l '   washing)  involves,  similarly, 
process ing  the larger  size  fract ions in a heavy  medium  bath, but also 
includes  washing  the  smaller s i ze  fract ions  (part icles  smaller  than 13 rnm) in  
a water  only  cyclone. 

The  cost  est imates  result ing  from  this  evaluation  are  shown on 
Table 24-4 in Section  24.3.  Besides  these  costs,  other  conclusions  from 
these  evaluations  are a s  follows: 

1 .  Hat  Creek  coal  can  be  beneficiated to  produce a fue l   averaging 21.0 
MJ/kg,  compared to  18.0 MJ/kg  for  "performance  coal".  

2.  Sulphur  dioxide  emissions  could  be  reduced by the  fo l lowing  percent-  
ages, using  beneficiated  fuel:  

Approximate  Percent  Reduction  In 
Emissions  of  Sulphur  Dioxide 

d 

I 

3 

Proposed  Project 

P a r t i a l  FGD 
Inc lud ing  

50 

P a r t i a l  washing 9 

Ful l   washing 20 t o  35 

3. The  disposal of clay  tail ings  remains a major  technical and economic 
problem,  with  potential ly  severe  environmental  impacts. 

4. Coal resource  ut i l izat ion  would  be  reduced by 5 t o  8 p e r c m t  because  of 
coal  losses to   ta i l ings .   Th is  loss i s  par t ia l ly   o f fset  by improved  boi ler 
e f f ic iency  resul t ing  f rom the h igher  grade coal feed, b u t  the  remaining 
losses must be made u p  by mining additional tonnages of coa l .  

( iv )   Fabr ic   F i l ters   (Bag Houses) 

Fabr ic   f i l ters  a r e  l a r g e  box-like  installations  which  remove 

th rough  the   fabr ic   f i l te rs  ( b a g s )  and the  f ly a s h  part ic les a r e  collected  on 
par t ic les  before  they  get   to   the  s tack.  The  f ly-ash-laden  f lue  gas i s  passed 

one  side of the  f i l ter .   The  col lected f ly ash  is shaken of f   these f i l ters in to  
hoppers.  However i t  should be pointed  out  that  a commitment to   f ab r i c  
f i l te rs   in  1981 i s  considered by B .C .   Hyd ro  to  involve  too  great a r i sk  w i th  
Hat  Creek coal and 500 MW un i ts .  

The  arrangement  of   the plant elements  would  be  similar  to  that f o r  
the  ESPs of   the  proposed  project   except  that   fabr ic  f i l ters  replace  the ESPs. 
Due t o  the  ,high  inlet f ly ash loading, i t  i s  provisional ly  considered that 
mechanical  dust  collectors  would  be  required  in  order  to  pre-clean  the  gas 
and  reduce  the  in let   dust   loading  to the fabr ic   f i l te rs .  
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The  above comments  also apply if t he   f ab r i c   f i l t e r   pa r t i cu la te  
system i s  combined  wi th  one  of   the  FGD  (scrubbing)  processes.  However,  
. in   the  case of the   fabr ic   f i l te r   in   combina t ion   w i th   the   spray  dryer  system 
(dry  FGD) the  mechanical  collector  would be located  upstream  and  the  fabr ic 
f i l ters   downstream  of   the spray d r y e r s .  

( v )F lue  Gas Desulphurization  (FGD) 

A .  Ful l  "Wet"  FGD (Scrubbing) 

This   system  is   s imi lar   to   the  proposed  par t ia l   "wet"  FGD 
system  described  in  section  3.3(b) ( i i ) .  

In t h e  ful l  wet   sc rubb ing  case however, a l l  t h e   f l u e  gas  
passes  through  the  FGD  absorber  modules  ( three  operat ing  p lus  one 

would  equal 0.09 mg/kJ ( i . e .  PCB  Lower  Emission  Objective)(50).  Hot 
spare)  to  remove 85 percent   o f   the S02. The   resu l t i ng  SO2 emissions 

to   ra ise   the   mixed gas  temperature  above  the  dewpoint   thus  prevent ing 
a i r  is   in jected  in to   the  t reated  f lue g a s  in  a downstream  mixing  chamber 

water fa l l -out  w i th in  plant equipment. 

6. "Dry" FGD 

T h e  dry scrubber  system  is  located  upstream  of  the 

s p r a y  dryer vessels  would be located between the  mechanical collectors 
par t icu la te  cont ro l  device.   For  combinat ion  wi th  fabr ic  f i l ters,   the 

and f i l t e r s .  The mechanical  collectors  remove a n  estimated 85 percent 
o f   the  par t icu la tes.   The  l ime slurry in jected  in   the  spray  dryers  reacts  
w i th  the  SO2 to  produce  calcium  sulphite  and sulphate in a dry powder 
form;  the  react ion  is   considered  to  occur during o r   s h o r t l y   a f t e r  
evaporat ion  of   the  in jected  s lurry  water.  The fabr ic   f i l ters   receive  the 
f l ue  g a s  leaving the  s p r a y  dryers  to   remove  the  ca lc ium sa l ts  and 
f u r t h e r  fly ash  quant i t ies .   The  waste  mater ia l   f rom  fabr ic   f i l ter  
hoppers i s  in  dry fo rm and can  be  pneumatical ly  conveyed  to a cent ra l  
location for  disposal v i a  bel t   conveyors,   which is  cons is ten t  w i t h   t h e  

of  mechanical dust collectors, spray d rye rs   and   f ab r i c   f i l t e rs  is  
proposed  powerplant 's dry  ash disposal  scheme.  The  combined  system 

substant ia l ly   larger  than the  proposed  powerp lant   systems,   requi r ing 
relocation of t h e  chimney  fur ther  away  f rom-the  powerplant.  

I n   t h e   p a r t i a l  dry sc rubb ing  case, approximately 50 percent 
o f   the  f lue  gas  must   be  t reated t o  achieve the  upper  PCB  Emission 
Objective for SO2 of  0.34  .mg/kJ.  The  remaining 50 percent i s  bypassed 
and remixed  wi th   the s p r a y  d r y e r   e x i t  gas p r i o r   t o   t h e  fabric f i l t e r s .  

I n   t h e   f u l l  dry sc rubb ing  case, a l l  f lue  gas  must  be  t reated in 
order  to  achieve  the  lower  PCB  Emission  Objective  for SO2 o f  0.09 
mg/ kJ (50) . . 

C. Reagents 

FGD  systems  consume  either  l imestone  or  l ime as reagents  in 
t h e  process of removing S 0 2 .  Depending  on  the  part icular  process, 
these  reagents  chemical ly  combine  with SO2 and emerge as e i ther  a dry 
or   wet   waste  product .   Fur ther   t reatment   o f   the  wet   FGD  scrubber  
waste  product  (sludge)  makes i t  su i tab le   fo r  dry disposal,  using  the 
dry ash  disposal  system  of  the  proposed  project. 
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Limestone  for   the  wet FGD  system  and  l ime  for   the dry FGD 
system  are  avai lable  in  suf f ic ient   quant i t ies  f rom  the  local   area. 

D.Stack  Design  Considerations 

The  stack  design  for   the  proposed  powerplant  incorporates a 
s ingle  concrete  shel l   wi th  four  independent  l iners.   Mi ld  steel   l iners  are 
considered  to   be  sat is factory   for   a l l   but   the  wet   scrubber   cases.   Mi ld  
steel  l iners  are common wi th in   the  indust ry   and  prov ide  adequate 
protection a g a i n s t  acicl corrosion  when  the  f lue  gas i's above, o r   n o t  
substantially  below, the acid  dewpoint.  These  conditions  normally  exist 
wi th  dry part iculate  col lect ion and also w i th  dry FGD  processes.  For 
the  proposed p a r t i a l  FGD  system and the   f u l l   we t  FGD  case  however, 
the  stack  l iners  would  be  constructed o f  acid-  resistant  ma.terial. 

(v)Component  Selection 

B.C.  Hydro's  and  the  consul tants '   evaluat ions  of   these  al ternat ive 
AQCS  components, and the  rat ionale for selection o f  the  proposed  AQCS 
system  with ESPs and par t ia l  FGD, are  presented in Section  24.3. 

(d)Ash  Handling  Systems(38) 

The  ash  handl ing  system  would  be  required  for  disposal of bottom ash, which 
would be removed  from  the  furnaces, fly ash, which  would be collected by the  
prec ip i ta tors ,   and  s ludge  f rom  the FGD  system.  Total daily ash  product ion a t  
ful l  load  operation  would be about 10 350 t (dry weight)   of   which  about 20 
percent i s  expected to  be bottom  ash, and the  remainder f ly ash.  FGD  waste 
production  would  be  about 483 t/day (d ry   we igh t ) ,  a t  full load. Total  l i fetime 
ash and FGD waste  product ion  for   the  four   un i ts   is   est imated a s  follows: 

F ly  & Bottom  Ash - 86 Mt 

FGD Waste  - 4 Mt 

conveyors,  while f ly a s h  would  be  removed  from  the ESPs dry, us ing a pressure 
Bottom  ash  would  be  removed  from  the  furnaces  using drag b a r  

(pneumatic) s y s t e m .  F G D  s l u r r y  would, be dewatered t o  fo rm a s ludge  a n d  then 

would  then  be  moved  wi th  bot tom  ash by two  belt   conveyors  to  the  Medicine 
blended  wi th f ly ash to   fo rm a n  essentially dry  produc t .  This stable  mixture 

Creek  disposal  site.  Conveyors and transfer  points  would  operate so tha t  
normally  damp  bottom a s h  would  cover  the  damp fly ash and  FSD sludge t o  
fur ther   suppress  dust ing.  

start ing  downstream  of  the planned  water  supply  reservoir  dam  (see 
The  Medicine  Creek  ash  disposal  area  would  be  developed  in  stages, 

F igure 3-3). After   prepar ing  the  d isposal   s i te  by removing  all  vegetation and 
stor ing  surface soil, t h e   m i x t u r e  of fly ash,  bottom  ash  and  FGD  sludge  would 
be   d is t r ibu ted  by means of  movable  conveyors,  mobile  stackers  and  large 
bul ldozers.   Natura l   runof f   f rom areas  above the  d isposal  s i t e  would be 
intercepted by cana ls  and  channel led  into  the  water  supply  reservoir .  

A f t e r  3 yea rs  of  ash disposal t he  f i r s t  section  of  the  ash  dump  would 
have  reached i t s  planned  height.  Surface  material  str ipped  earl ier  from  the 
a rea  would  be  used f o r  reclamation, and the  area  would  be  seeded to  p reven t  
erosion.  The  depth  of   surface  mater ia l   required  would  be  establ ished  through an. 
on  si te  test  program.  Further  surface  materials if required  would  be  avai lable 

SECTION 3. PROJECT  FEATURES 3-13 



from  the  mine  operation.  This  ash  pi le  reclamation  process  would  continue  over 
the  l i fe   o f   the  powerp lant .  

(e lwater  Systems(56,38) 

The  powerplant  water  system  has  four  main  components:  the  water supply 
system,  the  circulat ing  water  system,  the  waste  water  system  and  the  water 
treatment  system.  Because  the  water supply system i s  located  outside  the 
immediate  Hat  Creek area, it is  descr ibed  under  Offs i te  Faci l i t ies in Section 3.4. 
The  c i rcu la t ing  water   system and the  cool ing  towers  are  descr ibed  later  in th is 
section  under  "Heat  Dissipation  System". 

The  powerplant 's  water  demands  (or  "make-up"  water  requirements) 
would  equal  water  lost  to  both  evaporation  and  waste  water  use.  Al l   waste 
water   would  be  reused.   Thus  the  powerp lant   would  be  des igned  to   operate  on a 
"zero-discharge"  basis, t h a t  i s ,  with  no  re lease  of  liquid e f f luen t .  (38,561 

(i)Waste  Water  Systems 

be  Slowdown  from  boi lers and cooling towers, runoff   drainage,  sani tary 
Major  sources  of waste water f rom  the  powerplant  complex  would 

waste  water  and  f loor  drainage.  Blowdown  from  the  boi lers  would  be  added 
to  the  cool ing  water  system.  Cooling  tower  blowdown  would  be  consumed 
main ly   in   the FGD system and ash  handling  system  to  condit ion  (moisten) 
t h e  dry fly ash.  Rainfal l   runoff   f rom  the  powerplant  s i te  and  nearby  coal  

pond  near  the  ash  disposal  area,  stored and used  for   ash  condi t ioning  and 
storage  area  would  be  collected in drainage  di tches,  carr ied  to a ho ld ing 

dust  suppression.  Runoff  and  seepage  from  the  ash  pi le  would  be  col lected 

would  be  pumped  to   the same hold ing  pond  and  a lso  used  for   dust  
behind  an  embankment  downstream  of  the  ash  pile  toe.  This  waste  water 

f rom  the  est imated  largest  24-hour rainfall occurrence  f rom a l l  t h ree  areas, 
suppression.  The  holding  pond i s  large  enough  to  accommodate t h e   r u n o f f  

occurr ing  once  in  10 years  on  average.  Runoff  exceeding  this  volume  would 
be  channel led  to   the  water   reservo i r .  

Sani tary   waste  water   f rom  the  potable  water   system  would  be 
t reated by an  aeration  treatment  plant and then  reused  fo r  a s h  condit ioning 
and dust  control .   Floor  drainage  f rom  the  powerplant  would  be  col lected  in 
a separate  drainage  system,  treated in a n  oi l /water  separator  faci l i ty   and 
also  reused  in  the  ash  disposal  system. 

(i i)Water  Treatment  System 

This  system  would  receive  water  f rom  the  water  supply  reservoir  

demineralize it to   p roduce high purity water   to  supply the  powerp lant  steam 
(see  Section 3.4, o f fs i te   fac i l i t ies)  and purify i t  fo r   use  as potable  water  or  

cycle. A side-stream  water  treatment  plant  would  be  used  to  maintain 
cool ing  tower  water quality and the  "zero-discharge' '   condit ion. 

(f)Heat  Dissipation  System 

would  be  t ransferred  to  the  condenser  cool ing  water.   The  condensed steam 
Steam would  be  exhausted  f rom  the  turb ines to the  condensers,   where  i ts  heat 

would  then  re turn  to   the  bo i lers ,   whi le   the  cool ing  water   would  proceed  to   the 
cooling  towers.  Normally  each  tower  would  serve  two  turbine  units,  Condenser 

evaporate  to cool the   remainder .   A t  ful l  load  and  given  the  cool ing  tower  design 
cool ing  water  would  ra in  down  inside  the  towers  where a por t ion  of i t  would 

condit ions,  evaporation  from  the  two  towers  is  est imated a t  approximately 1156 
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L/s (see  Figure  3-11). This volume  of  water  would  be  discharged to t h e  

form  from  the  cool ing  towers  are  est imated  to  be  about 3.0 L/s under  those 
atmosphere in vapour  form.  Spray ( "dr i f t " )  emissions  of  water in liquid droplet  

condit ions. (56,381 

(g)Sound  Attenuating  System 

The  Hat  Creek  powerplant  would  be  designed  to  meet  specif ic  in-plant  sound 
level  requirements  for  protection  of  personnel  and  also  to  minimize  the  sound 
impact  in  nearby  areas.  Primary  emphasis  would  be  on  noise  c:ontrol a t  t he  
source by using  reducing  devices  such as acoustic  enclosures,  silencers and 
sound  insulat ion.  

3.4 OFFSITE FACILITIES 

(a)Overview 

Offsite  faci l i t ies  are  project  components  located  outside  the immediate Hat  Creek 

Major  of fs i te  faci l i t ies  include access  roads, the  powerplant  water supply system 
va l ley ,   o r   no t   par t  of the  scope  of   the  proposed  mine and powerplant  complexes. 

the  equipment  unloading  faci l i ty ,   the  creek  diversions and the  const ruct ion 
inc lud ing   the   reservo i r ,   the  500 kV and 69 kV transmission  l ines, an a i rs t r ip ,  

camps. 

(b)Access  Road(9) 

Pr incipal  access to  the  Hat  Creek  project   would  be  provided by :I 31 km  paved 
two-lane  road  which  would commence a t  Highway  No. 1 near  the  Ashcrof t   Manor,  
and  proceed  up  Cornwall   and  MacLaren  Creeks, rising about 900 m before 

would  then continue down p a s t  t he  mine  mouth  area  and join  Highway  No. 12 a t  
descending along  the nor th   s ide  o f  Medicine  Creek  past the   powerp lan t   s i te .   I t  

the  nor th   end  o f   the  upper   Hat   Creek  va l ley.   The  proposed  route  o f   the access 
road  is  shown  in ful l  on  F igure 3-2 and in more  detai l   on  Figure 3-3 and 
Figure  3-12. 

A section o f  road approximately 1 .5 km  long  would  connect the 

valley  road  would  be  relocated  around  the  east  side  of  Open P i t  No.  1. This 
powerplant  si te  and  the  new access road.  About 9 km of   the  ex is t ing  Hat   Creek 

relocated  road  would  be  adjacent  to and fol low  the  Hat  Creek  diversion  canal .   I t  
would  join  the new pro ject  access road  near  the  mine  maintenance  complex. 

using  culverts  through  the  road  embankments.  Precautions  would  be  taken 
The  main  access  road  alignment  would  require  nine  creek  crossings 

dur ing  cu lver t   ins ta l la t ion  to   min imize  d is turbance  to   the  creek  beds,   to  
maintain  creek  flows,  and  to avoid si l tat ion  and  obstruct ion  to  aquat ic 
organisms.  Since it would  l ink  two  provincial  highways,  the  road  would  l ikely 
become part of   the  provincial   h ighway  system  af ter   the  construct ion  phase. 

(c)Powerplant  Water  Supply  System(8) 

The  water  required  for   powerplant  operat ion  would be,  obtained  from  the 
Thompson  River,  upstream  of  Ashcroft,   and  pumped  through a bur ied  p ipe l ine 
t o  a reservoir  in  the  upper  Medicine  Creek  val ley.  Thompsoll   River  water 
qua l i t y  i s  such  that  no  chemical  treatment  would  be  required  before  the  water is. 
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received a t  the  powerplant.  Major  components  of  the  water supply system 
include: 

1. A p ier - type  in take  s t ructure  and  pumphouse  in   the  Thompson  River   just  
nor th   o f   Ashcrof t   (see  F igure  3 .12) .  

2. A degr i t ter-c lar i f ier   located  between  the  intake  and  the No. 1 booster 
station and adjacent  to No. 1 booster  station. 

3 .  Two  booster  stat ions  containing  high-pressure  pumps,  one (No. 1) near   the 
in take  and a second (No. 2) west of the  Trans-Canada  Highway. 

4. A pipel ine  and  related  equipment  l inking  the  intake,  booster  stat ions  and 
reservo i r .  

5. The  reservoir   in  upper  Medicine  Creek  val ley  adjacent  to  the  powerplant.  

The  water   supply   system was determined  from  evaluation  of  alterna- 
t ive  p lans  on  the  basis  of   environmental ,  economic and  engineer ing  consider-  
a t ions.   Sui tab i l i ty   o f   the  in take  type and location  were  cr i t ical  factors in 
developing  the  selected  system.  Figure 3-2 shows the  water   supply   system 
layout in general   and  Figure  3-3  and  Figure  3-12  present  more  detai l .   The 
system's  basic  parameters  are  presented in Table  3-3. 

( i )Water  Intake 

The  locat ion  o f   the  in take  s t ructure  would  be  ad jacent   to   the  west  
bank  of  the  Thompson  River,  350 m upstream  f rom  the  mouth  of   the 

River  has a large  f low  compared  with  the  proposed  maximum  water  supply 
Bonapar te  River ,   near   the  town  o f   Ashcrof t .   At   th is   po int   the  Thompson 

the  Thompson  River's  lowest  f low and less than one  half   of 1 percent   o f   the 
system  demand.  Maximum  project  requirements  are  less  than 2 percent   o f  

average  f low a t  th is   po in t .  

wa te r   f rom  the   r i ve r .  Each  cel l   would  be  protected  from  small   debris by 
A p ie r - t ype   i n take   s t ruc tu re  composed of   s ix  cel ls  would  wi thdraw 

ver t ica l   t rave l l ing  screens and the  ent i re   ce l l   area  would  be  protected  f rom 

para l le l   to   the  r iver   f low and hence  would  use  the  sweeping  act ion  of  the 
la rger   debr is  by a sys tem  o f   t rashracks .   The  in take   wou ld   be   o r ien ted  

bypass  channel   located  between  the  t rashracks and t ravel l ing  screens,   to  
r i ve r   cu r ren t   t o   ca r ry   away   deb r i s .   The   i n take   wou ld   be   equ ipped   w i th  a 

al low  r iver  water  to  f low  along  the  face  of   the  t ravel l ing  screens.  This 
b y p a s s  arrangement  would  minimize  entrapment  of f i sh .  Figure  3-13  shows 
a perspec t ive   d rawing   o f   th is   s t ruc tu re .  

the  screens a t  minimum r i v e r  water  depth  would  not  exceed  0.12 m/s.  This 
T h e  component  of the  water  intake  approach  veloci ty normal  to 

low  veloci ty  component  together  wi th  the  more rapid bypass  f low  (0.21  m/s 
minimum)  would  minimize  the  possibi l i ty  of  impingement  of salmon f ry on  the 
screens. 

The  water   in take  pumps  and  p ipe l ine  would  de l iver   water   to   the 
degr i t ter-c lar i f ier   located  adjacent  to  the  No. 1 booster  station.  Solids 
suspended in the  water   would be removed  and  returned to the  Thompson 

water f rom  the  c lar i f ier   to   No.  2 booster  station. 
R ive r  a t  mean concentrations of  50 mg/L.  Booster No. 1 pumps  would  pump 
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WATER  SUPPLY  SYSTEM 
BASIC  PARAMETERS(8) 

TABLE 3-3 

Maximum  flow r a t e  1580 L/s 

Stat ic   l i f t  ' 1013 m 

Pipeline  length  (along  slope) 21.4 km 

Pipe  diameter 800 mm and 900 mm 

Number  of  intake  pumps 5 

Intake  pump  motor  rat ing  (each) 190 kW. 

Number  of  booster  pumping  stations 2' 

Number  of  booster  pumps  in each booster  station 4 

Booster  pump  motor  power  (each) 3600 kW 

(i i)Booster  Stat ions 

mainly  pumps  and  motors.  Since  the  pumping  head  and  discharge  would  be 
The  two  booster  stations  would  house  major  mechanical  equipment, 

equal  for each stat ion,  the layout and equipment  for  the  stat icms  are  identi-  
cal.  Booster  pump  motors  would  be  water  cooled  (rather  than air cooled)  to 
assist in maintaining  low  ambient  sound  levels.  Materials  used  for  the 
booster  stat ions'   roof   and  wal l   construct ion  would  fur ther  reduce  the  sound 
level. Figure  3-13  shows i3 perspect ive  drawing  of   these  structures.  

( i i i )Pipel ine 

cross a variety  of  terrain:  agricultural  land  including  Boston  Flats;  the 
The 21 km rou te 'o f  the  pipeline,  shown on Figure 3-2, would 

westward t o  the  powerp lant   reservo i r .   At  present, the   suburb   nor th   o f  
rock-dominated  slopes  of  the  Trachyte  Hi l ls;  and  the  forests  sloping  gently 

Ashcrof t  is the  only  inhabi ted  area  near  the  route.   The  current  extent  of  
development  there l ies, a t  i t s  closest  point,  about 110 m to  the  south  o f   the 
route. 

The pipeline r ight -of -way  would be about 18 m wide. I t  would 
contain a loose-surface access road, the  bur ied  p ipel ine,   and a bur ied  

would  require  l ight  clearing  over  most  of  i ts  length, so that   the  to ta l  
ductbank  carrying  the  control  cables  and  power  cables.  The  r ight-of-way 

would  be  graded  and  revegetated,  except  for  sections o f  the  road  which 
cleared  area  would be about 35  ha.  Fol lowing  instal lat ion,  the  r ight-of-way 

would  be  retained  for  maintenance  access. 

continuously  and  consist of  permanent  acoustic sensors at tached  to  the 
The  proposed pipeline  leak  detection system would  function 

pipel ine a t  intervals  of  300  m. These  sensors would detect  unusual 
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vibrations  caused by even a small  leak, and  provide  an  alarm  to  the  system 
operators.  Valves  could  be  closed  to  isolate  the.  reservoir  and  surge  tanks 
f rom  the  p ipe l ine so t ha t   t he  maximum loss of  water  could  be  restr icted  to 
the  amount  in  the  p ipel ine.  

The  des ign  o f   the  p ipe l ine  r ight -of -way  would  inc lude  t renches,  
dykes  and  l ine  drainage  faci l i t ies  to  channel   any  leaking  water  toward 
natural  watercourses  to  avoid  erosion. 

The  dykes,  trenches  and  associated  works  would  be  inconspicuous as they  
would  be  earth  structures,  small i n  scale, and  planted  wi th  grass,   brush 
and  trees  to  minimize  erosion  and  visual  impact. 

( iv)Water  Supply  Reservoir(39) 

Creek  (see  Figure  3.3)  would  have a normal  l ive  storage  capacity  of 6.7 x 
The  powerplant  water  supply  reservoir   located  in  upper  Medicine 

l o6  m3.  An  addit ional  “ free-board’ ‘   storage  capacity of 15 x lo6 m3  would 

would  be  d ischarged  in a control led  manner  through  the  out let   works.   The 
be  provided,  adequate  to  deal  with  the  Probable  Maximum  Flood,  which 

ou t le t   works   fo r  f lood protection  would  consist  of 5.7 km  of   bur ied  p ipe 
discharging  into  the  downstream  end  of   the H a t  Creek  diversion  canal .   The 
reservoir  would  be  operated so as to  col lect  the  normal  Medicine  Creek  f low 
occur ing  dur ing  the  spr ing  f reshet .   Th is   vo lume  of   water   would  be 
released as required to  the  downstream end of the  Hat  Creek diversion canal 

th is  relat ively cool   water  to  the Hat  Creek  diversion canal  would reduce  the 
(v ia   the   ou t le t  condu i t )   dur ing  t h e  low  flow  summer months.   The release  of 

otherwise  high  temperature of the  water  in the  canal .   The  reservoir   would 
be  created by a 55 m h igh  ear th f i l l  dam.  Water for   the  powerp lant   would  be 
pumped  f rom  the  reservoir   to  the  cool ing  tower  basins  v ia an intake, 
pumphouse  ( located  within  the  reservoir)  and  steel  pipel ine. 

days  of powerplant  maximum  water  consumption.  Thus,  although  the  intake 
The  reservoir   is   designed  wi th a storage  capacity  equal  to 70 

systems  have  been  designed  to  avoid damage to   migrat ing salmon, the  water  
supply   system  could  be  shut   down  dur ing  the 14 to  21-day  per iods  of   the 
Thompson R ive r  salmon runs .  
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(d)Transmission  Systems 

( i )69 kV Transmission  Syst:em(l l)  

the  water  supply  system by 69 kV  transmission  l ines  carr ied on single 
Electric  power  would  be  supplied  to  the mine, powerplant  construction,  and 

wooden  poles from  various  points  in  the  existing  local  B.C.  Hydro  system. 

Two  connecting 69 kV lines  would  be  required,  one  to  supply  the 
mine and powerplant  construct ion  and a second to  supply  the  water  supply 
pumping  stat ions.  Routes  for  the  latter  l ines  are  shown  on  Figure  3-14. 
Power to   the  mine substai:ion  would  be  taken  from an ex is t ing 69 kV   l i ne  
near  Highway  No. 12. Power for  powerplant  construction  would  be  carr ied 
b y  a permanent 69 kV  l ine  between  the  powerplant  and  the  mine. 

Power for   the  water  supply  pumping  stat ions  would  be  carr ied 
from  the  proposed new  230/69 kV Rattlesnake  Substation.  T5is  substation 
would  be  located  about  1.5 km from a residential  subdivi::ion  of  Cache 
Creek.  From  this  substation,  the 69 kV line  would  cross  Highway  No.1 

to   t he  No. 1 booster  station  pumphouse  adjacent  to the  Thompson  River. 
close to  the  town  of  Cache  Creek,  and  follow  the  route shown  on  Figure  3-14 

The No.  2 booster  pumping  station  would  be  supplied by tapping in to  th is  
l ine.  Along  the  section  from  the t a p  t o   t h e  No. 2 booster  pumping  station, 
the  l ine  would  be  visible  from  Highway No. 1 and  f rom  the  road  l inking 
Highway No. 1 and  Ashcroft.   I t   would  also pass in   the  v ic in i ty   o f   severa l  
houses near  Boston  Flats. 

(i i)500  kV  Transmission  System 

The 500 kV  t ran: jmission l ine would  run  nor th   f rom  the  swi tchyard 
(see Figure  3-2)  about 2  km to  jo in   the  then  ex is t ing  Kel ly  ILake to  Nicola 
transmission  l ine. 

( e ) A i r s t r i p O  

An.a i rs t r ip   su i tab le   fo r  small jet   a i rcraf t   would  be  needed  near  the  project   area. 
Based  on  Transport  Canada's  reconnaissance of potential site:;, a probable 

s ide  of Highway No. 1, between  Ashcroft a n d  Cache Creek, as shown on 
locat ion  for   the  a i rs t r ip  has  been  chosen w i th in   the  Cameron  Ranch,  on  the  west 

Figure 3-12. The a i r s t r i p  would  l ie  about 9  km f rom Ashcrof t ,  14 km from 
Cache  Creek  and 30 km from the  mine,  and  would  be  available  for  use by local 
residents. 

( f ) E q u i p m e n t   U n l o a d i n g   F a c i l i t y m  

During  the  construct ion phase,  most mater ia ls  and  equipment  for  the  project 
would  be  shipped  from  suppliers by rai l .   Because  distance  and  terrain  make  i t  
uneconomic to   const ruct  a s p u r  l ine into the  project  si te,  al l   rai l  sinipments  must 
be trucked by road  from a convenient  unloading point on  the  railway.  Possible 
sites  on  BCR,  and CNR are  under  consideration;  however,  no  f inal  site has 

transfer  materials  from  rai lcar::   onto  trucks.  The  unloading fac i l i ty  would  also 
been  chosen. A trans-shipping  terminal  would be requi red a t  that   po int  to  

be  used as an interim  storage yard. 

(g)Creek  .Diversions(39,41) 

Because  the  open  pit  and  the  waste  disposal  areas  would  be  located  in  valley 
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bottoms, a number  of  streams  would  require  diversion  around  them.  Streams  to 
be  d iver ted  inc lude H a t  Creek,  Medicine  Creek,  the  stream  in  Houth Meadows, 
Finney  Creek,  and  those  in  the  area  adjacent  to  Aleece  Lake.  Figure  3-7 
shows the  locations  of  these  diversions. 

( i )Hat  Creek(41) 

Hat  Creek  would  be  the  most  signif icant  of  the  diversions,  having 

would  comprise a 16  m high  earthf i l l   headworks dam  on Hat  Creek  immediate- 
a drainage  area  of  about 360  km'. The  proposed  diversion  canal scheme 

the  val ley  and a 2060 m long  bur ied  d ischarge  condui t   to   re turn  the  f low  to  
ly downstream  of  Anderson  Creek, a 6475  m lined  canal  on  the  east  side  of 

Hat  Creek  downstream  of   the pit. Inflows  downstream  of  the  canal 
headworks  would  be  intercepted by a 13 m h igh  ear th f i l l  dam near  the pit 
r im  and  would  be  pumped  up  to  the  d iversion  canal .  

contour  in  order  to  avoid  the  steep  bluf fs  east   of   the pit and  to  minimize 
The  diversion  canal  would  be  located  general ly  along  the 975 m 

infr ingement of t he  pit perimeter.  The  canal  would be sealed w i th  
impervious  materials.  The  design  capacity  would be 18 000 L/s, wi th  a 
maximum  capacity  of 27 000 L/s,  which  represent  the  expected  f loods  with 
annual  probabil i t ies  of 1 : lo0   and 1 : lo00  respect ively.  

diversion cana l  wou ld   vary  from about 36 t o  60 m .  With  development of 
Inc lud ing  serv ice and access  roads, the  overa l l   w idth  o f   the 

Open P i t  No. 1 beyond  the  12-year  stage,  pit   infr ingement  would  require 
realignment  of a por t ion   o f   the  canal, or   part ia l   replacement by a tunnel  
some 1700  m in   leng th .  

From  the  end  of   the  d iversion  canal ,   which  would  be  expanded 
and  deepened  s l ight ly  to  provide a sedimentation  basin,  the  diversion  f lows 

then  discharge  into  energy-dissipat ing  out let   works  and  f low  v ia a shor t  
would pass  through  the  condui t   in take  s t ructure and the  bur ied  condui t ,  

length  of  excavated  open  channel back to  H a t  Creek .   The  overa l l   d rop   f rom 
the  canal   to  Hat  Creek  would  be about 155 m. 

( i i )Medicine  Creek(39) 

A port ion  of   Medicine  Creek  runoff   would  f low  direct ly  into  the 
upper  Medicine  Creek  water  reservoir.   This  volume  of  water  would  be 

to  reduce  the  otherwise  high  temperature  of   Hat  Creek  water  dur ing  the  low 
released as required  to  the  downstream  end  of   the  Hat  Creek  diversion  canal  

f low  summer  months.  The  quantity  would  depend  on  the use of an ex is t ing 
irr igation  diversion  system.  Runoff  downstream  of  the  reservoir  would 
requi re  cont ro l .   To  ensure  the  secur i ty   o f   the  ash  and  mine  d isposal   areas 
in m id  and lower  Medicine  Creek,  runoff  canals  designed  to  handle  the 
Probable  Maximum  Flood  would  be  provided  on  both  sides  of  the  disposal 
area.  Both  the  north and south  side  runoff  canals  would  f low  in an easterly 
direct ion,   d ischarging  into  the  water supply reservo i r .  

( i i i )Finney  Creek  and  Aleece  Lake  Diversions(41) 

Runoff   f rom  the  Finney  Creek  drainage  area  of   about 13 km' 
would  be diverted by a canal  into  the  Hat  Creek  headworks  reservoir.   Most 
o f   the   runof f   in   the  area to  the  west  of   the  mine  and  in  the  v ic in i ty  of  

the  south  edge of   the  Houth Meadows waste  disposal  area  and  discharged 
Aleece  Lake, (a  drainage  area  of  about 31  km'),  would  be  diverted  around 

into  Hat  Creek. To  avoid  concentrat ing the  f low  in  this area,  the  northern 
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port ions  of   the  Houth Meadows waste  disposal  area  perimeter  would  be 
dra ined  to   the   nor th .  

(h)Construction  Camps(42) 

Dur ing  the  construct ion  phase  of   the  project ,  camps would  be  provided by B.C.  
Hydro  for   the  const ruct ion  work  force  needed a t  the  mine  and  the  powerplant. 
Because  of  dif ferent  labour  jur isdict ions  and  travel  distances,  separate camps 
would  be  required  for   the  mine  and  the  powerplant.   The camp:;,  as located, 
(see  Figure 3-31, offer  the  optimum  combination  of  economical  water  supply, 
convenience  of access and  residential  suitabi l i ty. 

The  mine camp would  be  located  northeast  of  the  mine. A p ine  forest  
would  screen i t   f r om  the   p ro jec t  access  road, the  transmission  l ine  and  the 
conveyor.  This  faci l i ty  would  provide  single s ta tus  accommodation f o r   u p   t o  500 
persons.  The  powerplant  construct ion camp would  be  located on sloping  ground 
on  the  west  of the  construction  site, so t ha t  it would  be  within  walking  distance 
of  work  areas.  The camp would  prov ide  fac i l i t ies   for   up  to  1820 single  persons. 

would  be  obtained  from  wells  in  the  Hat  Creek  valley  and  pumped  to  storage 
Water supply f o r   t h e  camps (and  the  powerplant  construction  needs) 

near  the  camps. 

Sani tary  ef f luent  f rom  both  construct ion camps would  be  t reated  in an 
aerated  lagoon and disposed  of   to  the  ground by rapid in f i l t ra t ion .  (62) 

3.5 PROPOSED  PROJECT  COSTS 

The  proposed  project include:; the mine, of fs i te  faci l i t ies and the  powerplant 
(2000 MW net)   wi th a 366 m high  mult i- f lue  stack,  electrostat ic  precipitators and 
a f lue  gas  desulphurization  system. 

Direct  capital  costs  ,for  the  proposed  project a r e  given  below in 1980 
dol lars  and also in   in f la ted dollars, based  on a f i r s t  un i t   in-serv ice da te  of 1988 
and  the  o ther   un i ts  a t  12-month  intervals. 

1980' Inflated' 
M$ M$ - 

Powerplant' 1 821 
Mine 454 
Transmission, 

Substations  etc. 19 

4 199 
1 010 

47 

TOTAL  DIRECT COST 2 294 ""_ ""_ 5 256 ""_ ""_ 
1.  Mil l ions  of  dol lars,  not  including  interest  during  construction 

and  corporate  overhead. 

2.  Mil l ions  of  dollars,  inflated  to  the  year of expenditure  and 
inc lud ing  in terest   dur ing  const ruct ion  and  corporate  overhead.  

3.   Costs  for   of fs i te  faci l i t ies  have been divided  between  the 
powerplant  and  mine  accounts. 

SECTION 3. PROJECT  FEATURES 3-21 



md 

L 

I 

U 

kd 

SECTION 4. PROJECT  PHASES 

Fol lowing  the  l icensing  phase  of   the  project ,   for   which  th is E IS  i s  t h e  main 
supporting document,   and  on  the  assumption  that   the  project  i s  approved by t h e  
government  and  people of Bri t ish  Columbia,  project  act ivi t ies in the  Hat  Creek 
val ley  and  adjoining project areas  would b e  divided into  three  phases: 
construction/mine  development,  operation, and decommissioning/rec:lamation. 

4.1 CONSTRUCTION/MINE  DEVELOPMENT  PHASE 

Construct ion  of   the  project   would s t a r t  immediately  after  project  authorization 
and  would  include  the  fol lowing  act ivi t ies: 

1. 

2 .  

3. 

4 .  

5. 

6. 

7 .  

8. 

9. 

10 

Lett ing  of  major  contracts. 

Sett ing  up  environmental  monitoring  faci l i t ies. 

Providing construction-labour camps and  related  services. 

lay-down  areas  for  material  stockpi les. 
Providing  power,  water,  sewage  facilities,  construction  access roads  and 

Constructing  permanent  roads and rai lroad  off- loading  faci l i t ies. 

Excavat ing  foundat ions  for  .all s t ruc tu res .  

diversions. 
Construct ing  bui ld ings,   structures,  dams, dykes,  drainage  ditches and 

Removing  ini t ial   mine  overburden and coal stockpi l ing.  

Installation  of  all  machinery,  acceptance  testing  and  commissioning. 

Final  clean-up, grading a n d  revegetation. 

Because the  powerplant  would  consist  of  four  units,  which  would  be 
constructed  sequential ly  to  enter  commercial  service a t  1 year  intervals,   the 
construction  and  operating  phases  would  overlap.  This  overlap  affects  many 

faci l i t ies  peripheral  to  the  powerplant  must  be  operational  on  or  before  the  date 
aspects  of the project  and  requires  detai led  scheduling.  For  the  most p a r t ,  

when the f i r s t  u n i t  s t a r t s  up.   Subsequent  to  the f i r s t  u n i t  start-up most 
construction  act ivi t ies  would be a t  the  powerplant.  

(a lSchedule( l2)  

Construction  act ivi t ies  would  start  approximately 6 years  before  commercial 
operation  of  the  f i rst  powerplant  unit .   The  local access roads,  construction 
electr ical supply and a construction camp  would be the   f i r s t   fac i l i t i es   ins ta l led .  

work  fol lowing  completion  of  the  fourth  powerplant  unit .  
Construction  act ivi t ies  would end with  the  c lean-up,  grading  and  revegetat ion 

Figure  4-1.   I t   should  be pointed out  that  the  schedule  presented  anticipates 
Details  of the proposed schedule for  a l l  major  items  are  given on. 

SECTION  4.  PROJECT  PHASES  4-1 



the  completion  of  powerplant  units 1 to  4 in  four  consecut ive  years,   for  
construction  and  commissioning  optimization. If load  growth  or   o ther   factors  
requi re   i t ,   the  t iming  o f   un i ts  2, 3 and 4 could  be  changed  to  suit  any  reason- 
able  development  schedule. 

(b)Labour   Force( l3)  

Creek  project  are  shown  in  Figure 4-2. 
Predicted  direct  employment  requirements  for  the  construction  phase  of  the  Hat 

Construct ion  act iv i t ies  are  ant ic ipated  to  involve  one  shi f t   working 8 
hours/day, 5 days a week.  The  early  powerplant  construction  years  would 

electr ical  workers,  whi le  the  peak  and  wind-down  periods  would  emphasize  the 
require  primari ly  general  labourers,  operating  engineers,  carpenters  and 

boi lermakers.  The  major  trades  required  for  mine  development  would  be 
inputs  of   p lumbers,   p ipef i t ters,   i ron  workers,   e lectr ical   workers,   insulators  and 

equipment  operators,  machinists/mil lwrights,  miners  and  general  labourers. 
Sk i l ls   requi red  for   o f fs i te   const ruct ion  inc lude  genera l   ear th   moving  and  l ight  
construct ion  ski l ls ,   wi th  the  except ion  of   the  main  water  supply  p ipel ine  and 
pumping  stat ions  which  would  require  more  special ized  ski l ls. 

(c)Construct ion Camps 

The f i r s t  stage  of   the  powerplant camp would  be  completed by, March 1984 t o  
provide l i v i ng  accommodation fo r  the  powerp lant  contractor 's workers.  

The  in i t ia l   mine camp would  be  completed by December 1985 to   prov ide 
accommodation for  the  workers  assembl ing  the  mine  equipment.   Both camps 

ments. Use o f   t he  camps would  be  on a vo lun tary  bas is .  
would  later  be  expanded to  accommodate the  construct ion  labour  force  require- 

It is  ant ic ipated  that  a t  the height  of the  construct ion  phase,  the 
(single  person)  capacit ies o f  t he  camps would be as follows: 

Mine Camp 500 
Powerplant Camp 1820 

(d)EnvironmentaI  Protection(27) 

An  environmental  group  would  be  establ ished a t  si te  immediately  prior  to  the 
s t a r t  of   construct ion  act iv i t ies.   The  s ize  and  discipl inary  d iversi ty of th is  
group  would  grow as project   act iv i t ies  expand  (Table 4-1). 

remain a t  s i te  through  the  construct ion  per iod  into  the  operat ing  phase.  Thus 
The  site  environmental  group  has  been  designed a t  the  outset   to  

there  would be no  in ter rupt ion of these  programs.  Al though  th is  group  would 
cover a wide  range  of  disciplines,  special  assistance  would be obtained  from 
B.C.  Hydro's  head  of f ice  and/or  consul tants as required.  Environmental 
protect ion p lans would  be  developed  during  detai led  design  of  si te  construction 
act iv i t ies   to   protect   water   and a i r  (dust)   qual i ty;   cont ingency  plans  would  be 
developed  to  cope  with  accidental  hazards.  At a l l  stages,  attempts  would  be 
made to  minimize  disturbances  to  land and water  bodies.  The  si te  environmental 
group  would  "operate"  these  environmental  protection  programs. 

A comprehensive  monitoring  program has  been  developed  for  this 

develop  th is  program  and  implement  procedures  for   ongoing  monitor ing.  
project  as described  in  Section 26.0.  The  site  environmental  group  would 

Y 
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tation  of  those  areas  disturbed by the   p ro jec t .  This i s  designed as an  ongoing 
A major activity of   the  s i te   env i ronmenta l   group  would  be  the  revege-  

ac t i v i t y  commencing a s  soon as is  pract ical  in the  construct ion  phase  and 

already  been  made  in  determining  the  suitabi l i ty  of  materials and vegetation 
proceeding  through  operation  to  decommissioning. A substantial  effort,   has 

species for  reclamation a t  Hat  Creek.  These  studies and the  proposals  for  
reclamation o f  a l l  disturbed  areas  are  summarized  below. 

Land Reclamation(27) 

On-site  Reclamation  Testinla 

determine  t t ie  propert ies  of  the  waste  materials a s  g rowth  media and   t o  
Both  laboratory  and  on-si te  test ing have been undertaken to  

evaluate a var ie ty   o f  g r a s s  and legume  species for   revegetat ion a t  M a t  
Creek.  These  studies  have  been  under  way  since 1977. 

Init ial   laboratory  (greenhouse)  studies  were  fol lowed by 
detailed  on-site  reclamation  testing,  making  use  of  materials 
generated  dur ing  the 1977 Bu lk  Sample  Program, to  examine  methods 
and  materials  to  achieve  B.C.  Hydro's goals for  reclamation  at  Hat 
Creek,  namely: 

Short-term  goals - Control  of  wind-  and  water-borne  erosion 
- Aesthetics 
- Stabil ization  of  waste 

- Suitable end use - combined  agriculture  and 
Long-term  goals - Self-sustaining  vegetation 

wi ld l i fe  

The  f ield  tests  comprised  two  major  programs,  one to  examine  the 
revegetation  potential  of  slopes  at  dif ferent  angles  of repose, and the   o the r  
t o  examine the  di f ferent  mater ia ls  and  determine  their   character ist ics as 
growth  media.  Al l  waste. dumps  associated  with  the 1977 B u l k  Sample 
Program  were  also  reseeded  and  used as fac i l i t i es   fo r   fu r ther   tes t ing .  

The  resul ts   f rom  the  s lope  test  p lo t s  indicate  that  embankments  at 
Houth Meadows and  Medicine  Creek  could  be  constructed  with  stable and 
reclaimable slopes a t  least  u p  t o  3OP. 

Results  from  other  test  areas  indicate that the  mine  waste  material 
may be divided into  three  categories,  namely:  surf icial  materials  such as 
colluvium, till, gravels,  baked  clay and topsoil;  non-seam  wastes  such as 
sandstone  (siltstone,  claystone)  and  bentonitic  clay; and seam wastes  such 
as  carbonaceous  shale and other  very  low  grade  coaly  waste. 

readily achieved,  and  also  that  these  soils a r e  sui table for reclamation 
The  tests  indicate  that   revegetat ion o f  surf icial  materials  can  be 

purposes  wi thout  the  addi t ion  of   topsoi l .   This  resul t  i s  noteworthy and 
indicates  that   the  mater ia l   selected  for   str ipping and s tockp i l i ng   f o r  
subsequent  use as sur face  growth media  may  comprise  surface  materials 
such as gravel,  colluvium, till, baked  clay, and topsoi l ,   e i ther  separately  or  
in  combination. The implication i s  tha t   the   separa te   s t r ipp ing  of topsoil  has 
been  shown  to  be  unjust i f ied  in  the  presence of sui table  quant i t ies of o t h e r  
surficial  materials. 

81 SECTION 4. PROJECT  PHASES 4-3 



TABLE 4-1 

DIRECT EMPLOYMENT BY SITE  ENVIRONMENTAL  PROTECTION GROUP 
H A T  CREEK  PROJECT 

CONSTRUCTION-OPERATING  AND  RECLAMATION PHASES (13,271 

Year  No.  of  Workers 

1983 1 

1984 2 

1985 2 

1986 14 

1987  17 

1988  17 

1989  17 

1990 

1991 

1992 

1993 

1994-2023 17 

2024-2033 13 

difficult to achieve. A surface  capping  of  surf ic ia l   mater ia l   would  be 
Revegetation of seam and  non-seam mine  waste  would  be  more 

required  to  sat isfactor i ly   revegetate  these  waste materials. 

A wide  variety  of  species  of  grass and legumes  has  been  tested 
and several  have  been  shown  to  be  suitable  for  reclamation a t  Hat  Creek. 
In  addit ion  to  agronomic  species,  native  shrubs  and  forbs  considered 
essential in the  reclamation  of  wi ldl i fe  habitats  would  be  transplanted  and/or 
propagated in a n u r s e r y   t o  be developed  near  the pit r im  reservo i r .  

Revegetation of Disturbed  Areas 

Disturbed  areas a t  Hat  Creek  would be progressively  revegetated 
as and  when  available.  Temporary  reciamation  would  be  carried  out  on 
areas  str ipped of vegetation,  waste  dump  surfaces,  or  material  stockpiles 

const ructed in l i f t s  which  allow for long-term  reclamation  concurrent  with 
le f t   inac t ive   fo r  several  years.  Retaining  embankments  would  be 

construct ion.  Waste dump  surfaces  would  be  reclaimed as soon as the   f ina l  
surface  elevation i s  reached.  Other  areas  disturbed during construction, 
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such as construct ion  mater ia l   borrow pits, t ranspor tat ion  corr idors,   e tc . ,  
would  be  revegetated as soon as possible  following  disturbance. 

Waste dumps  would  be  revegetated  to an end use  comparable  with 

material  with  approximately 1  m of  surficial  material, though  the  prec ise 
adjacent  lands a t  similar  elevation.  Allowance  has  been made t o  cover  waste 

depth  requi red  would  be  estab l ished  through  fur ther   on-s i te   test ing.  
Details o f  the  revegetat ion o f  the  ash/FGD  sludge  waste  dump i s  g iven   in  
Section 3.3(d). Stockpiles  of  surficial  material  would  be  developed as 
necessary and temporari ly  revegetated.  The  topography and d ivers i ty   o f  
native  species  similar  to  pre-mining  condit ions  cannot  be  dupl icated,  but 
reclamation  of  waste  dumps  wil l   be  designed  to  provide a revegetated, 

than,  those  of  adjacent  lands.  Presently, land in  t h e  area  is  used for  mixed 
self-sustaining,  stable  surface composed of materials  similar  to, o r  be t te r  

wi ld l i fe  and agricultural  (mostly  ranching)  purposes. It i s  proposed  to 
revegetate  waste  dump  surfaces t o  su i t  similar  uses. 

4.2 OPERATION  PHASE 

(a)Schedule 

Operat ion  of   the  mine  is  p lanned  to  begin in late 1987 and operat ion  of   the 
powerplant in ear ly  1988 with  the  commissioning  phase. This would  be  fol lowed 
by commercial  operation  of  the  f i rst 500 MW u n i t  in August  1988. Commercial 
operat ion  of   the  powerplant  ' is   p lanned  for  35 years (1988 t o  2023). 

(b)Labour  Force( l3)  

Total   d i rect   employment  requirements  for   the  project 's  operat ional   phase  are 
shown in F igure  4-2, superimposed  on the const ruct ion  phase  to   g ive  the total 
direct  project  employment  requirements. 

( c lope ra t i ng  Regime(65) 

The  powerp lant   and the mine  would  operate 24 hours a day, 365 days a year .  
T o  achieve th i s  schedule, 21 s h i f t s  of 8 hours each would be required per week. 
The powerplant  would operate! a t  a maximum  annual a v e r a g e  capacity factor  of 
approximately 75 percent,  with a l i fet ime  capacity  factor  of 65 percent .  
Shutdown of sections of   the  powerplant  would  be required for  maintenance and 

system  demand. It i s  expected that by 1991 t o  1992 the  Hat  Creek  powerplant 
repairs.  Generation  reductions  would  also be necessary  dur ing  per iods  of   low 

would supply approximately 17 percent  of  the  B.C.  Hydro  sy: j tem's  energy 
requirements. 

(d)MateriaIs  to  be  Handled 

Coal would be mined,  crushed  and  blended  to supply the   powerp lan t   w i th   the  
qua l i t y  and quantity o f  coal requi red  for   operat ion,   v ia   the overland conveyor 
system.  Because  coal  stockpiles  would  exist a t  both  the  powerp lant   and  the 
mine, their  operation  need  not  be  synchronized. 

The  mining and b u r n i n g  of  coal  produces a number  of  waste  products. 
From  an  operational  point  of  view  mine  waste  material  would  be  transported  to 
waste  disposal  areas  (see Sec:tion 3 . 2 ) .  Fly ash,  bottom  ash  and  FGD sludge 
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produced by b u r n i n g  coal in  the  powerplant  would  'be.col lected  and  disposed  of  
i n   t he  "dry" land  f i l l   disposal  si te  in  mid  Medicine  Creek (see Section  3.3). 

shown in  Table  4-2. 
Details of coal a n d  mine  waste  excavation  and  ash  production  are 

(e)EnvironmentaI  Protection(27) 

As  described  in  Section  4. l(d),  the  environmentaI  group  developed a t  s i te 

of   the  project .  As before,   th is  group  would  provide  for   ongoing  environmental  
dur ing  the  construct ion  phase  would  remain a t  s i te   dur ing  the  operat ing  phase 

monitor ing (see Section  26.0)  and  would  carry  out  the  rehabil itation  of 
protection,  e.g.  the  operation  of  the  sedimentation  and  leachate  lagoons,  and 

d is turbed areas  and  waste  disposal  areas. 

kw 

ir 

4.3  DECOMMISSIONING  AND  RECLAMATION  PHASE 

c 
At  present   the  pro ject   p lan  ca l ls   for   the  powerp lant   and  mine to  operate  over  a 
35 year  period.  However,  this  plan  could  be  modif ied  (with  government 
approval )   dur ing  the  l i fe   o f   the  pro ject ,   depending  on  energy  requi rements  and 
t h e  economic v iab i l i t y   o f   t he  coal f i red  thermal   generat ing system., 

of  operation  be  dismantled  and removed  or  otherwise  permanent ly  d isposed  of ,  
Assuming a 35 year l i fe  span,  a l l   project   structures  would a t  t he  end 

with  the  except ion of desirable features  such as the  water   supply   reservo i r .  

Reclamation p lans f o r   t h e  decornmissioning/reclamation phase 
are  discussed  below.  This  work  would  be  carr ied  out by the  s i te  environmental  
group during years 35 to  45  (2023 to  2033).  Those  areas  which  would be 
reclaimed by Year 45 a r e  shown  on  Figure  4-3. 

(a)  Reclamation  (27) 

(i)Waste  Disposal  Areas and Embankments 

All  embankments and most  of  the  surface  area  of  waste  dumps  would  have 
been  revegetated by Year  35  (2023).  The  remaining  areas  would  be 
contoured,  surfaced  with  suitable  material  and  seeded as soon as possible 
a f t e r  operations cease. In  the  fot lowing  'years,  maintenance  of  al l   waste 
dump  areas  would  be  continued in order  to  ensure  that   the  vegetat ion  cover 
would  be  self-sustaining a f t e r  Year 45 (2033). 

( i i )Material  Storage  Areas  after  Abandonment 

The  coal  stockpiles  and  blending area would  be  levelled  and 
sloped  to  harmonize  wi th  the  surrounding  topography.  The  contoured 

overburden and seeded. 
surfaces  would  then  be  covered  with a buffering  medium  of  non-sodic 

soil i s  spread  over  d isturbed lands throughout  the  var ious  s i tes.   The 
The  surf icial  soi l   stockpi les  would  decrease  progressively as the  
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APPROXIMATE f’RODUCTION STATISTICS (34,43) 
TABLE  4-2 

Coal 

Total  mined  over  project  life 33 6 
Peak annual  production 12 

million  tonnes  (hlt) 
Mt 

Mine Waste 

Total  over  project  l i fe 
Peak annual  quanti ty 

430 x 10‘ m’ 
20 x 106 m’ 

Ash E. F G D  Sludge 

Total  production  over  project  l i fe 90 Mt 
Peak annual  production 3 Mt 

remains  would  be  levelled,  sloped to  blend  in  with  the  surrounding  topogra- 
phy  and seeded. 

( i i i )Transportat ion  Corr idors 

In   t he  decommissioning/reclamation phase, conveyors, 
transmission  lines,  and  culverts  would  be  dismantled  and  removed.  Wherev- 

topography.  All  roads  (except main access roads)  would  be  ripped  to 
er  possible,  corridors  would  be  resloped  to  blend  in  with  the  surrounding 

slopes wi th  a potential  for  erosion. 
relieve  compaction  and  seeded.  Water  barriers  would  be  constructed on 

( iv)Uuildings 

During  the  years  fol lowing  project decommissioning, bui ldings  not 

their  foundations.  Any ai-eas l ittered  would  be  cleared  during  the  clean-up 
retained  for  alternative uses would  be  dismantled,  sold,  and  levelled  to 

operation.  Most of the  service a reas  would  then  be ripped to  relieve 
compaction,  covered  with 150 to  300 mm of soi l  and seeded.  Where 
practical, slopes would  be  regraded  to  blend  in  with  the  surrounding 
topography.  where  surface  materials  are  unsuitable  for  plant  growth, a 
suitable  depth  of  overburden  would  be  placed  before  soil  coverage and 
seeding. 

( v )The  Open P i t  Mine after  Abandonment 

A proposal to  f lood the  pit and  convert i t  into a lake was explored 

the  anticipated  poor qual i ty of  the pit water,  and  the  costly  and possibly 
but  rejected  on  the grounds of  poor stability of  the  surrounding ground, 

irrevocable  nature  of  the  decision.  Flooding  the pit would  make i t  v i r tua l ly  
impossible  to  reopen  the pit a t  some future  t ime  in  order tc, ext ract   the 
substantial coal reserves  which  would  remain. 

The  plan  adopted  provides  for  resloping  the  top  three  benches 

No resloping  would  be  done  below  this  level.  After  resloping,  fertilizer and 
(about 115 ha) to  provide a safer  perimeter  and lessen the  visual impact: 
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seed would  be  aerially  broadcast  on a l l  pit benches.  Germination i s  
expected  to  take  place  readily  on  those  portions  which  consist  of  non-sodic 
glacio-fluvial and glacial till overburden,  less  readily  on  those composed of  
saline  land  slide  deposits,  sodic  siltstones,  claystones  and  coal.  In time, 
revegetated  overburden and slide areas would  be  expected  to  creep  and  to 
slump  into  the pit. 

A protect ive  fence  to  restr ict  access would  surround  the pit 
perimeter  and  those  areas  to  the  southwest  which may be  susceptible  to 
failure.  Trees  would  be  planted a t  selected  points  on  the  perimeter  to 
screen  the pit. 

(vi)Drainage  and  Diversion  Systems 

The  water  supply  reservoir  in  upper  Medicine  Creek and i t s  
overf low  conduit  would  continue  to  intercept  runoff  and  route i t  t o   t h e  
downstream  end  of  the  Hat  Creek  diversion  system. I t  would  have a s igni f -  
icant  positive  impact  on  the  area  since i t  could.  be  used  for  i rr igation  and 
recreational  purposes. 

The  Hat  Creek  and  associated  diversion  works  would  be 

water  releases  and  to  prevent  the  mine pit from  fi l l ing.  The  sedimentation 
maintained  after  the  end of the  life of  the  project, to continue  downstream 

lagoons  would  continue to operate  for  a few  years,  unti l  revegetation  is 
complete and runoff  water quality i s  sat isfactory  for   d i rect   re lease  to  Hat 
Creek.  The  leachate  lagoons  would  continue t o  collect  the small  quant i ty  of 
seepage expected  from  the  waste  disposal  areas.  Evaporation  from  the 
lagoon  surfaces  is  expected  to  be  sufficient  to  dispose  of a l l  leachate 
inflows.  However,  overflow  systems  would  be  maintained  and  would  route 
any  excess  water  to  the  mine pit where i t  would  evaporate. 

(b1Disturbances and Possible  Resource  Losses 

I t  .should  be  stressed  that  in  relation  to  the  Hat  Creek  watershed as a whole 

maximum of 2506 ha  would, a t  one  t ime  or  another,  have  been  disturbed by Year 
(about 66 600 ha),  the  total  mine  area  comprises  only  about 1 percent. A 

35 (see Table 3-1). B y  Year 45 however,  approximately 64 percent (1600 ha) 
would  have  been  restored.  Unreclaimed  areas  include  the  open p.it, access 
road,  creek  diversions,  sedimentation lagoons, reservoirs, and remaining  facili- 
t ies  for  long-term  environmental  monitoring. 

SECTION  4.  PROJECT PHASES 4-8 



SECTION 5. IMPACT ASSESSMENT INTRODUCTION 

Detailed  environmental  studies  of  the  Hat  Creek  project  covering a l l  major 

the  most  detailed  and  exhaustive  ever  undertaken  in  support  of  the  development 
resource  systems  were  undertaken  from 1976 to 1978. These  studies  are some of 

of  a thermal  power  generating  project.  The  purpose  of  this  Section  of  the EIS 
is  to  summarize the  results  of .these  studies. 

When the  detailed  environmental  studies  were  initiated,  the  project 
was s t i l l  in  the  preliminary  design  stage  and  only a tentat ive projec:t  description 
was available.  To  provide a bas is  for  the  required  impact assessment, the  
consultants  were  asked  to  consider  the  potential  impacts  of  alternative  designs 
which  included: 

1 .  244 metre  stack  and  meteorological  control  (244/MCS). 

2. 366 metre  stack  and  meteorological  control  (3WMCS). 

3. 366 metre  stack  and  approximately 50% SO2 removal 
(366/FGD). 

was refined on the  bas is  of engineering,  environmental  and economic cr i ter ia.  
Following  completion of  these detailed  environmental  studies, the  project  design 

As a result,  this  section  of  the  €IS  differs  from  the  detailed  environmental 
studies  in  that  the  environmental  impacts  related  to  the  "Proposed  Project" 
(366/FGD, see section  3.0)  are  emphasized.  However  for  purposes  of  describ- 

244 metre  stack with  meteorological control i s  also provided. 
i ng  a range  of impacts  associated wi th   the alternatives,  an assessment o f   the  

Primary sources  of  information  for  this EIS are  the  impact assessment 

documents"  (see Section  1.3).  In  turn, da ta  sources  for  the  consultants' 
sections  of  the detailed  environmental  studies, as  well as the  "br idg ing 

reports  generally  consisted o f  reviews  of  available  literature,  fieid  monitoring 
programs,  field  work,  modeling  studies  of  various  technical  aspects,  and 
interviews.  Terms  of  reference  and  impact assessment procedures  for  these 
studies  were  designed  to meet requirements  of  provincial  agencies. 

I t  should be noted that  a bas ic  assumption of the  detailed  environ- 
mental  studies was that  the  powerplant  would  operate  continuously a t  100 
percent  of i t s  designed  capacity  for 35 years.  Since  the  powerplant  is  only 
planned  for  operation a t  65 percent  of  capacity on average  over  the  l i fe  of  the 
project,  predicted  long  term  impacts  would  likely  be  less  than  described. 

assessment format.  For each resource,  the  existing conditions  and outlook 
The  following sections are  structured  along the  l ines of the  impact 

without  the  project  are  discussed f i r s t .  Then  the  impacts  of  the  project  upon 
that  resource  are  considered  from  local  and  regional  perspectives. P a r t  I l l -A   i s  
concerned  with  biophysical  resources,  while part  111-8 i s  concerned  with 
socio-economic and  community  resources. 
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SECTION 6.  AIR  QUALITY  AND  CLIMATE 

6.1  EXISTING  SITUATION(14,15,24,47) 

The  c l imate  of   the  Hat  Creek  region  is  great ly  inf luenced by i ts  topographic 
sett ing.  Mountain  ranges  to  the  west  shelter  the  area  from  marine a i r  flows, 
causing a "continental"  climatic  regime. 

Environment  Service  (AES) clirnatological station a t  Hat  Creek (Table & l a )  show 
Temperature  and precipi tat ion data, a s  recorded a t  the Atmospheric 

that ,  in general,  the  climate is relat ively dry and that the  temperature  range  is 
fairly large.  Total  mean annual  precipitat ion  is 317 mm, whi le  mean winter   and 
summer  temperatures  are  -8.3'C  and  13.9'C  respectively. 

Since 1974, B .C .   Hyd ro  has maintained a network  of  meteorological 

meteorological  f ield  programs  have  also  been  conducted  on a sea:sonal basis  to 
s ta t ions  in  the  immediate  v ic in i ty of the  Hat  Creek  Project  site.  On-site 

determine  the  temperature  and  wind  character ist ics  above  the  Hat  Creek  val ley 
a rea. 

orientation.  As  shown in table  6- lb,   winds  blow mainly  f rom  the  south,   wi th a 
Surface  winds in   the  Hat   Creek  va l ley are  dominated by the   va l ley 's  

secondary  f requency  o f   nor th   winds.  The short- term  record  (Table  6- lc)   f rom 
the  100 m level of the  meteorological  station  near the proposed  powerplant  is  in 
fairly good  agreement  with  the  long-term  record  from  the AES station a t  
Vernon,  B.C.  (Table  6-ld).  These  show  that  winds  over  south  central B.C.  
blow  mainly  from a sector  south  through  west. 

I n  the  Hat  Creek  valley,  ground-based a i r  temperature  inversions a r e  
qu i te   f requent  during t h e   n i g h t  and in t h e  e a r l y  morning,  while  inversions  aloft  
a re  fairly in f requent .  

to   p rov ide   background a i r  qual i ty  data.   Al though no  histor ical   records  of  
B.C.   Hydro 's  a i r  quality monitoring  network began  operating in 1977 

measured a i r  qual i ty   ind icators  a r e  available, recent  resul ts  f rom the a i r  
monitoring  network  show  that no signif icant levels o f  contaminant:; ex is t   in   the  
atmosphere  other than naturisl ly-occurring ozone, which  averaged  95  pg/m3 
during 1978 and 1979. Ex is t ing  levels of suspended  part icles (dust) in the Ha t  
Creek  val ley  were  measured  to be approximately 10 pg/m3,  typical   of  a rural  

depending  on  proximity  to  industr ia l   a i r   pol lutant  emission  sources  in Kamloops 
unindustr ial ized  area.  Exist ing  regional  ambient a i r  qual i ty  d i f fers  widely,  

and  other  areas. 
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TABLE 6-la 

HAT CREEK  CLIMATOLOGICAL DATA (LEHMAN  RANCH) 

In 
rn 
0 

Mean  Daily  Maximum 
i Temperature ("C) 

0 

m Temperature ("C) 

fi - Extreme  Maximum 

0 
P Temperature ("C) 

C 
P 
I" - Temperature ("C) 
i 
-< Mean  Rainfall (mm) 
P 

0 
z Mean  Snowfall (cm) 
0 
r- Mean  Total 

Precipitation (mm) 
P 
-4 
rn Greatest  Rainfall in 

24 hours (mm) 

Greatest  Snowfall  in 
24 hours (cm) 

Greatest  Precipitation 
in 24 hours (mm) 

Measurable  Rainfall 
Number of Days  with 

- 
z Mean  Daily  Minimum 

Extreme  Minimum 

- 

Jan 

-5.1 

Feb - 

1.0 

Mar - 

4.6 

JunJul 4 9 - Oct Nov D e c '  - 
10.6  16.9  20.1 23.9  22.9 18.9  10.7  1.9  -2.9 

Year 

10.3 

-16.9 -12.4 -8.2 -3.2  1.2  4.6  6.1  5.4  2.1  -2.5  -8.7  -13.6 -3.8 

21.1  27.8 33.9 34.4  34.4  31.1 23.3  12.2  10.0 34.4 11.7  13.3 17.2 

-40.6 

2.5 

36.8 

-25.0 

2.8 

15.7 

-27.8 

5.3 

10.2 

-11.1 -7.8  -3.3  -0.6  -2.2  -7.2  -12.2 -30.0 -42.8 

8.1  17.8  35.1  29.0  31.8  20.1  21.3  6.6 3.6 

8 . 1  3.8 0 0 0 0.5 3.8  23.1  31.0 

-42.8 

184.0 

133.0 

39.4 18.5 15.5 16.3  21.6  35.1  29.0  31.8 20.6 25.1  29.7  34.5 317.1 

10.2 5 .1  3.0 8.1 16.5  22.6  38.9  30.0  26.7  17.5  5.3  7.6 38.9 

42.4 11.9  9.4 0 0 0 T 8.6  19.1  22.1 42.4 8.4 9 .1  

42.4 10.2 9 . 1  15.7  16.5  22.6  38.9  30.0  26.7  17.5  19.1  22.1 42.4 

1 2 2 4 6 7 8 7 6  5  2 1 51 

Number of Days  with 
Measurable  Snowfall 10 5  5 3 1 0 0 0 0 1 7 10 42 

Number of Days  with 
Measurable  Precipitation 10 6  6 5 7  7 8 7  6  6 9 11 88 

m 
13 

Source:  Canadian  Normals 1941-1970, Environment Canada, Vol .  1 and 2. 



TABLE 6- lb  
HAT CREEK  VALLEY  METEOROLOGICAL  STATION - PERCENTAGE  FREQUENCY 

WIND  DIRECTION  AND  MEAN  WIND SPEED BY  MONTHS 

Direction  Jan "" Feb  Mar  Apr  Jun Jul & % Oct Nov . Dec "- 
N 1 11 13 ,o 14 14 1 1  1 1  11 14 17 17 14 11 - 

NE ! 5 3 5 8 11 1 2 / 4 7 "  6 8 6 
i " 

2 2 4 4 5 6 5 4 3 4 4 

SE 

S 

sw 
W 

1 4  2 4 4 5 4 3 3 3 

36 35 39 37 36 @- 
40- 

21 "23 23 23 

7 ll/ 5 4 4 3 
- 

4 4 4 5 5 .  5 5 4 

Ca Im 9 5 6 1 1 0 0 1 2 2 3 3 

Wind 
Speed 
(km/h) 5.5   8 .9   8 .8  8 . 4  13.1 11.2 8 .9   9 .3   9 .1  8.2 7 .9   8 .0  

Source: B . C .  Hydro  Climatological  Records, Jan. 1975 to  Dec. 1979. 
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POWERPLANT SITE  METEOROLOGICAL  STATION' - PERCENTAGE  FREQUENCY 
TABLE 6-lc 

WIND  DIRECTION  AND  MEAN  WIND SPEED BY  MONTHS 

Direction  Jan -" Feb  Mar & Mav J u n  Jul & Nov Dee 
" 

6 

3 6 2 

E 6 5  7  5 6 4 7 3 1  

SE 7 6 3  7 7 

S 

sw 
W 

NW 

17 12 

11 

1 7 6 7 
10 

24 G3'2 24 

21  25 

Calm 20 9 8 1 2 1 1 6 11 13  8  5 br 

Wind 
Speed 
(km/h)  8.5  15.8  13.6  12.8 16.2 16.2  14.6  13.0  15.0  11.7  11.8  18.2 k 

1 .  Meteorological  Station - Located a t  ground  elevat ion 1453 m AMSL 
near  proposed  powerplant  si te.  Data  from 100 m level. 

Source:  B.C.  Hydro  Meteorological  Records,  Aug. 1978 to Dec.  1979. 
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TABLE '6-ld 
VERNON,  B.C.'  - PERCENTAGE  FREQUENCY  WIND  DIRECTION 

AND  MEAN  WIND SPEED BY MONTHS A T  4811' AMSL 

3 Direction Jan Feb Mar A 4  & Jun Jul & % "- Oct Nov Dec 

N 

eri 4 3 4  3  4 

E  4 3 4 5 2 3 

SE 7 3 5 6 
d 

10 

at S 
30 

m i  W 15 11 
10 

NW 
mu 

rsrl Calm 1 1 1 1 2  2  2 2 4 1 1 1 

Wind 
Speed 

d (km/h)  23.7  21.4 20.0 17.6  16.2  16.2  14.7  13.9  15.4  22.6  21.1  21.8 

@I 
1. Source:  Atmospheric  Environment  Service  Radiosonde  Profi les, 

El. 1466  m AMSL, October 1971 to  November 1976. 

ips 
" 
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6.2 ASSESSMENT APPROACH 

The  Hat  Creek  air   qual i ty  assessment w a s  conducted by Environmental  Research 
and  Technology  Inc.   (ERT)  wi th  part ic ipat ion by Western  Research and 
Development Ltd. and  other  consultants.  These  independent  environmental 
consul tants  have  proven  expert ise  in  the  evaluat ion of impacts  from  large 
coal-f ired  projects.  Primary  objectives  were  to  predict  and  evaluate  the 
distr ibut ion  of   contaminants  f rom the proposed  mine and powerplant.  Also 
analysed  were  the  potential  for  production  of  contaminants by chemical  reactions 
in the  atmosphere  and  the  potential  changes  in  weather  patterns  due  to  the 
project .  

Powerplant 

The  ef fects  of   emissions  were  studied  for   three  air   qual i ty  control  

meteorological  control  system  (244/MCS), a 366 m stack  wi th MCS 
systems  (AQCS).  The  scenerios studied included a 244  m stack w i th  a 

(366/MCS),  and a 366 m stack  wi th  f lue-gas  desulphur izat ion ( 3 W F G D ) .  

f lue-gas  desulphur izat ion  uni ts  that   wi l l   ' remove  approximately 50% of t h e  
B.C.   Hydro   i s   p ropos ing   to   cons t ruc t   the   Hat   Creek   powerp lan t   w i th  

su lphur   d iox ide (SO21 and  99.8% of  the  part iculates  generated by t h e  coal 
combustion  process.  This  section  describes  predicted  impact  levels  from 
both the proposed project and a project w i th  244/MCS.  Impacts f r o m  a 
power plant w i th  a 366 m stack and MCS would f a l l  between the two 
scenerios  described. 

Mathematical  modeling  techniques  were  used  to  predict the ef fect  
of   the  powerplant  emissions  on a i r  q u a l i t y   f o r  a 1 year period.  Concen- 
t rat ions  of   contaminants  were  calculated  for  each hour   o f  1975 w i th in  25 km 
of  the  powerplant  assuming four-unit ful l  load  operat ion.   Credibi l i ty   of  
these  techniques was considerably  enhanced by incorporat ing d a t a  f rom 
on-site  plume  simulat ion  studies  which  were  used  to  cal ibrate the computer 
model and by a'comparat ive review of  meteorological d a t a  f rom  subsequent 
years.  The .  cal ibrated  model  enabled  the  consultant  to  calculate  ambient 
concentrat ions  for  various meteorological and powerplant  operat ing 
condit ions. 

A regional  evaluation for the  area 25 km  to 100 km  f rom  the  
powerplant was a lso  carr ied  out  by computer  modeling.  Impacts  of SO2 and 
sulphates  were  init ially  evaluated.  However,  increasing  concern  over  acid 
precipi tat ion  resul ted  in a more  detailed  evaluation o f  sulphate  and  ni t rate 
deposition as f a r  as 200 km  downwind  of   the  powerplant.  

p lume  and  the  ef fects of "drift" f rom  the   p roposed  na tura l   d ra f t  cooling 
Computer  modeling was used to evaluate  the  extent  of the  v is ib le  

towers.  

Mine 

A i r   qua l i t y   e f fec ts   o f   fug i t i ve   dus t  emissions  resulting  from 
mining  act ivi t ies  were  ini t ial ly  assessed by us ing a mult iple  source  computer 
model.  Results  from  the  modeling study prompted a review and re-estimate 
of  fugitive dust  impacts  based  on  exist ing coal mining  operat ions  in  the 
nor thwest   Uni ted S ta tes  and  Canada,  following  which,  methods  .of dust 
control were  proposed. 
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The  mine  impacts  studied  also  included  an  evaluation  of  trace 
elements  which  are  natural  components  of  fugit ive  dust.  Both  ambient 
concentrations  and  depositions of trace  elements  were  determined  for 
powerplant  and  mining  operations. 

6.3 PROJECT  ACTIONS 

The  greatest  impact on a i r  qual i ty  f rom  the  project   would  resul t   f rom  the  re lease 
of   products  of   coal   combust ion  through  the  powerplant  stack.   As  shown in F ig.  
3.11 a s h  part ic les,   sulphur  d ioxide (SOZ), nitrogen  oxides  (NOx),  elements  in 
trace  quanti t ies,  moisture,  and  other gases would  be  re leased  into  the 
atmosphere. 

ef fects  of   these emissions include  the  e levated  s i te  of   the  powerplant,  
For  the  proposed  project,  design  features  to  control  the  adverse 

electrostat ic  precipitators  for  part iculate  removal,  f lue  gas  desulphurization 
(FGD)  units  for  removing  approximately 50% of   the  su lphur   d iox ide,  and a 366 m 
mul t i f lue   s tack .   By   con t ras t   the  244/MCS scenerio  incorporated 244 m stack 
and less  eff icient  electrostat ic  precipitators,  and  replaced  the FG13 un i ts   w i th  a 
meteorological  control  system  (MCS)  described  in  Section  3.3. 

Other  emissions  associated  with  the  routine  operation  of  the 
powerplant  include  water  vapour  from the  natura l  draf t  cooling  .towers,  water 
vapour  f rom  the  water  reservoir ,   and  dust  f rom  the  ash  disposal   s i te.  

resul t   pr imar i ly   f rom  fug i t ive  dust .   Operat ional   procedures  d iscussed  in  
Impacts  from  construction,  mining and coal-handling  operations  would 

Section  6.5(d)  would  localize  fugitive  dust  impacts. 

6.4 POLLUTION  CONTROL  ORJECTIVES 

Historically,  in  Brit ish  Columbia a i r  pol lut ion  control  regulat ions have been 
applied to  emiss ions a t  their   source as well as  to the  result ing contaminant 
concentration  measured a t  g round  level (ambient  concentrations). These 
regulat ions  are  important  factors  in  determining  the  design  and  feasibi l i ty o f  
thermal  powerplants. 

completed did the  Pol lut ion  Control  Board  (PCB)  issue  specif ic a i r  pol lut ion 
Not   unt i l   a f ter   the  Hat   Creek  pre l iminary  des ign  phase  had  been 

control  Objectives for  la rge  coal-f ired  powerboi lers (50).  Consequent ly,   for  
prel iminary  design,  the a i r  qua l i t y   c r i te r ia  for  o ther   indust r ies in B r i t i sh  
Columbia  were  reviewed by B.C.   Hydro  and compared  with  objectives and 

and  Montana, as well as those  of  the  Canadian and U . S .  Federal  agencies. 
regulat ions  in ef fect  in  Alberta, Ontario and t h e  states of Washington,  Idaho 

Based  on  these  reviews,  B.C.  Hydro  assumed  the  following  primary 
ambient a i r  quality  objectives:  an  average  ambient SO2 concentration a t  g round  

concentration  of  no  more  than 260 ug/m3  for   any  24-hour  per iod.   The  just i f ica- 
level  of no more  than 665 vg/rn3 for  any 3-hour  per iod,   and a maximum  average 

tion for  these  ambient  levels  was  presented by B .C .   Hyd ro   i n  a br ief   submit ted 
to   the  publ ic   inqui ry   set   up  to   rev iew  Pol lu t ion  Contro l   Object ives  for  the 
mining,  mine-mil l ing  and  smelt ing  industr ies  of  Bri t ish  Columbia  in  January 
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1978.  (49) Subsequent ly  in 1979 the  Pol lut ion  Control   Board  publ ished  ambient 
a i r  quality and  emission  Objectives(50)  for  coal-fired  powerplants. 

B.C.  Hydro's  proposed  project   incorporates  design  features  that   wi l l  
enable  the  powerp lant   to  meet t h e  1979 PCB  objectives for emissions  and  ambient 
a i r  qual i ty.  

6.5  EFFECTS  OF  THE  PROJECT 

( a )  Powerplant 

Stack  Emissions: 

6-2, based  upon  the  use  of performance  coal  (Table  2-2). A conservat ive 
Estimated  average  emissions f rom  the  powerp lant   s tack  are shown  in  Table 

data  base  was  used in the  model ing,   e.g.  100 percent  capacity  factor  on a l l  
four units,  with  resultant  emissions  assumed to  apply 24 hours/day  and 365 
days/annum.  During  actual  operation of the powerplant, the  capaci ty  factor 

65 percent  over   the   35-year   l i fe   o f  the   p ro jec t .  
is  expected to   average 75 percent  over   any  1 year  period  and  would  average 

Ambient  Concentrat ions of SO2 and  Other  Major  Contaminants f rom t h e  
Proposed  Project (366 m Stack  w i th  F G D )  

expected  to maintain ambient  levels  wi th in  the  range  of   the 1979 PCB 
Mathematical  modeling  studies  indicate  that  this  proposal  is 

ambient  objectives.  Table  6-3  shows the maximum  predicted  ambient 
contaminant  concentrations tha t  could  occur   on  the  h igh  ter ra in   o f   the 
C lear~Range and Cornwall   Hi l ls. 

Figure  6-1  shows  the  predicted annual average  pattern  of  
ambient  contaminant  concentrat ions  within 25 km o f  the  powerp lant   over  
a typ ica l   year  for sulphur  d ioxide,  n i t rogen  dioxide,  total   suspended 
part iculate, and f luor ine.  

The monitoring program  descr ibed in Section  26.2  wi l l   provide 
for  continuous  measurement  of  emissions  and  ambient a i r  qual i ty .  

Trace  Elements( l5)  

parts  per  mi l l ion)  in  Hat  Creek  coals  were  the  subject  of a detailed  impact 
Emissions  of  elements  exist ing  in  trace  quanti t ies  ( less  than 1000 

evaluat ion.   Studies  were  carr ied out to identify quant i t ies of trace  elements 

quant i t ies   to  be released  from  powerplant  and  mining  operations and t h e  
normal ly  occurr ing  in  the  local   ecosystem,  quant i t ies  present  in  the coal, 

contamination and deposition of these elements to local and regional  areas. 

Table  6-2.  These  rates  were  determined by measurements  taken during two 
Powerplant  emission  rates  for  the  trace  elements  considered  are  shown in 

tes t  burns of Hat  Creek  coal and supplemented by knowledge  of  specific 
element  behaviour. With the exception  of  fluorine,  trace  element  emission 

electrostat ic  precipi tators  ( i .e.  244/MCS scenerio). No c red i t  has  been 
r a t e s  have  been  predicted on the  bas is   o f  a powerplant  equipped  wi th  only 

taken for  reducing  part iculate  emission  levels  from 0.06 mg/KJ t o  0.03 
mg/KJ  o r   fo r   par t ia l   wet  scrubbing. The  impacts  associated  with  the 
consultants'   assessment  for  the  unscrubbed  case  were  considered so low 
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t h a t  a reanalys is   for   the 366  m stack  with .FGD  was  considered  unnecessary. 
Fluor ine i s  known  to  be  efferct ively  removed  by  the  scrubbing  process. It is  
est imated  that  the  proposed  project  wi l l   retain 68 percent   o f   the   f luor ine  
en ter ing   the   p lan t   in   p rec ip i ta to r  ash and FGD  waste. 

Dispersion  modeling  techniques  were  used  to  estimate  trace 
element  concentrat ions  result ing’  from  continuous  ful l   load  operation.  Table 
6-4  indicates  the  maximum  ambient  concentrations  of  significant  trace 
elements.  Also  shown  are  the PCB Objectives  for  ambient  t:race  element 
concentrations.  Maximum  projected  ambient  concentrations o f  trace  elements 
f o r   t h e  local  area  are  below  those  of  the  PCB  Objective value!! for   24-hour  
and  annual  averages.  Most  trace  elements  are  more  than an order  of  
magnitude  below any PCE; Object ive  level .   For  the  proposed  project   the 
maximum  24-hour  average  for  f luorine  of 1 .6  pg/m’  is 20 percent  below  the 
PCB Objective  level  of  2.0 11g/m’. 

There  would  be  Ininor  increases  of  trace  elements  in  the  local  and 
regional  soils  due  to  powerplant  and  cooling  tower  emissions  and  sub.sequent 
deposit ion.  Figure 6-2  shows the  zones of  projected  annual  trace  element 
deposition’s  from  powerplant  stack  emissions  over  the  local  and  regional 
areas, and  Table  6-5  provides  the  predicted  trace  element  accumulation  in 
soil  within  these zones a t  the  end  of  the  35-year  l i fet ime  of  the  powerplant. 

The  deposit ion  of  trace elements  onto  soils  from  (cooling  tower 
drift has  also  been  estimated  and  would  follow  the s a l t  deposition  zones.  All 
of  these zones were  found  to  be  located  within  the B zone  of  trace  element 
deposi,tion as shown  on  Figure 6 - 2 .  Consequently,  trace  element  contr ib- 
ut ions f rom cooling  tower drift have  been  added  to  those  in  the B zone t o  
provide  the  total   t race  element soil accumulation  given  in.  table 6 - 6 .  
General ly,  predicted  trace element  increases in local  and  regional soils 
represent less than  one  percent of background  trace  element  levels  after  the 
35-year  l i fet ime  of  the  powerplant. 

The  maximum  24-hour  and  annual  average  trace  element  ambient 
concentrations  have  been  estimated,  Contributions  via  deposition  to  soils 
are  considered  minimal as there  i s  no real  difference  between  .trace  element 
concentrat ions  in  coal-dust  part icles  and  those  in  soi ls  near  the  mine. 
Table 6-7 provides  the  ambient  trace element  concentrations  resulting  from 
mine dus t  emissions near  the  mine. It would appear  there would be insignif- 

ambient  concentrations,  for  both  the  24-hour  and  annual  averages,  are  well 
icant  impacts on the  environment  due t o  mine dus t  emissiclns since  the 

below  the  Objective  levels  given in Table 6-4. 
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TABLE 6-2 

POWERPLANT  STACK  EMISSION RATES AT FULL LOAD' (47, 50) 

Contaminant  Units  PCB  Objective  with  244/MCS with 366/FGD 
Powerplant  Proposed  Project 

Sulphur  dioxide2 mg/kJ  fuel 0.09 to 0.34 0.57 0.27 
Nitrogen  oxides  as NO, mg/kJ  fuel 0.15 to 0.3 0.3 0.3 

Total  particulates3 mg/kJ  fuel 0.01 to 0.04 0.06 0.03 
4 opacity 10 to 40 44 25 

Trace  Elements  Both  Options 

Antimony  Sb mg/mo 1 
Arsenic As mg/mo 1 
Beryl 1 i um Be mg/mol 
Boron B 
Cadmi  um 

mg/mo 1 
Cd 

Chromium  Cr 
mg/mol 

Cobalt 
mg/mol 

Copper 
co 
cu 

mg/mo 1 
mg/mo 1 

Fluorides HF 
Lead 

mg/mol 
Pb 

Manganese Mn 
mg/mo 1 

Mercury  Hg 
mg/mo 1 
mg/rno 1 

Molybdenum  Mo 
Nickel Ni 

mg/mol 

Selenium Se 
mg/rnol' 

Silver 
mg/mo 1 

Ag  mg/mo 1 
Thal 1 i um T1 
Thori um Th 

mg/mol 

Tin Sn 
mg/mol 

Tungsten W 
mg/mol 

Uranium U 
mg/mo 1 
mg/mol 

Vanadium V 
Zinc 

mg/mol 
Zn mg/mol 

Using  Performance Coal  and 

0.16 to 0.27 
0.16 to 0.27 

4 

4 

0.05 to 0.27 
4 

4 

0.16 to 0.27 
0.02 to 0.20 0.26 
0.16 to 0.27 

0.03 to 0.27 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

0.16 to 0.27 

100 percent  Capacity  Factor. 

0.000016 
0.0018 
0.000032 
0.0030 
0.000023 
0.0036 
0.000058 
0.0028 

0.00056 
0.0078 
0.00044 
0.00038 
0.0008 
0.00064 
0.0000027 
0.0000017 
0.000021 
0.000014 
0.. 0000033 
0.000074 
0.0011 
0.0018 

0.13 

2 Assuming all sulphur in coal  goes  to SO, for 244/MCS  and  approximately 
50 percent SO, removal  for 366/FGD. 

Opacity  of  one  flue  at full  load. 

Emission  level  not  defDned in PCB  Objectives. 

244/MCS - 63 percent  of  fluorine  entering  the  powerplant  is  emitted  from  the 
powerplant  stack. 

366/FGD - 32 percent o f  fluorine  entering  the  powerplant is emitted  from  the 
powerplant  stack. 
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MAXIMUM  AMBIENT  CONCENTRATIONS DUE TO 
TABLE 6-3 

POWERPLANT  EMISSIONS’  (47,501 

Proposed 

Brit ish  Columbia  with 
Powerplant  Project 

w i th  
Contaminant “ Unit  PCB Objective 244/MCS 366/FGD - 

Sulphur  Dioxide (SO21 
annual-average u9/m’ 25 to  75 9 . 3  4.5 
24-hour  maximum pg/m’ 160 to  260 260 208 
3-hour  maximum ug/m’ 375 to  665 648 366 
1 hour  maximum ug/m3 450 to  900 1730 825 

Suspended  Particulates  (TSP) 
annual-average u9/m3 60 t o  70 1 .o 0.5 
24-hour  maximum ug/m’ 150 t o  200 28  23 

Nitrogen  Dioxide  (N02) 2 3  

annual-average d m ’  2.4  2.5 
24-hour  maximum d m :  67 116 
1 hour  maximum ug/m 446 460 

Carbon  Monoxide 
annual-average 
24-hour  maximum 
8-hour  maximum 
1 hour  maximum u d m 3  

u d m ’  
u d m 3  
d m 3  

2 

0.5 0.5 
14  25 
19 
96 

31 
99 

Radon  Daughter‘ WL less than  0.02  0.0007  0.0007 

Dustfal l   mg/dm2/d  1.7  to 2.9  0.024  0.020 

1. 100% Capacity  Factor. 

2.  Ambient  level  not  defined  in  PCB  Objectives. 

3.  Federal NO2 ambient  guidelines  for 1 hour,  24-hour and 
annual  averages a r e  400, 200 and 100 ug/m’ 
respectively. 

4.  Total  project  estimate, see Section  22.0 
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TABLE 6-4 

AMBIENT CONCENTRATIONS OF TRACE ELEMENTS 
DUE TO POWERPLANT STACK EMISSIONS1 (15,  50) 

Element 

Antimony 
Arsenic 
Bery l  1 ium 
Boron 

Chromi um 
Cadmi um 

Cobalt 
Copper 
F luor ine  
Lead 
Manganese 
Mercury 
Molybdenum 
Nicke l  
Selenium 
S i l v e r  
Thal 1 i um 
Thorium 
T i n  
Tungsten 
Urani um 
Vanadium 
Zinc 

Sb 
As 
Be 
B 
Cd 

co 
C r  

cu 
F 
Pb 
Mn 

Mo 
N i  
Se 
Ag 
T1 
Th 

W 
Sn 

U 
v 
Zn 

Hg 

Powerplant  with 244/MCS Proposed Pro jec t  wi th  366/FGO 

24-hour 
Annual 

(crs/m3 ) 
Average 
(pg/m3 1 

0.00012 
0.014 
0.00023 
0.022 
0.00017 
0.0026 
0.00042 
0.021 

0.0041 
1.8 

0.056 
0.0032 
0.0028 
0.0058 
0.0047 
0.000016 
0.000016 
0.00015 
0.0001 
0.000024 
0.00054 
0.0079 
0.013 

0.0000043 
0.00049 
0.000008 
0.00077 
0.000006 
0.000092 
0.0000015 
0.00075 
0.066 
0.00015 
0.002 
0.00012 
0.0001 

0.00017 
0.00021 

0.00000057 
0.00000057 

0.000005 
0.0000037 
0.00000086 
0.000019 
0.00028 
0.00046 

24-hour 
Annual 

(r-ls/m3 1 
Average 
(vg/m3) 

0.00021 
0.024 
0.00042 
0.039 
0.00029 
0.0046 
0.00075 
0.036 
1.6 
0.0072 
0.10 
0.0055 
0.0048 
0.010 
0.0082 
0.000028 
0.000028 
0.00026 
0.00018 
0.000042 
0.00094 
0.014 
0.022 

0.0000045 
0.00051 
0.0000090 

0.0000063 
0.00084 

0.000099 
0.000016 
0.00078 
0.035 
0.00016 
0.0022 
0.00012 
0.00011 
0.00022 
0.00018 

0.00000060 
0.00000060 

0.0000057 
0.0000039 
0.00000090 
0.000020 
0.00030 
0.00048 

PCB Objectives2 
(pg/m3) 

0 .1  - 0.5 

0.005 - 0.1 
0 . 1  - 1.0 

0.05 - 0.3 
0.05 - 0 . 1  

0.25 - 2.5 
0 .1  - 2.0 
1.0 - 2.5 

0 .1  - 1.0 
0 .1  - 2.5 

0.01 - 0 .1  
0.1 - 0.5 

3 

3 

3 

3 

3 

? 

3 

3 

. 0 .01  - 6.0 
0.05 - 1 .0  

1.0 - 2.5 

100% Capacity  Factor. 

Sampling will be i n  a form  and manner over  per iods  of  t i m e  spec i f i ed  by the   D i rec to r  o f  

Ambient l eve l   no t   de f i ned  i n  PCB Objectives. 

P o l l u t i o n  Control.(SO) 



TABLE 6-5 
TRACE  ELEMENT  SOIL  ACCUMULATIONS 

AFTER 35 YEARS  OPERATION  DUE  TO  STACK  EMISSION' 
FROM THE PROPOSED POWERPLANT 

Concentration 
( w / k g ) '  

Zones' 
ri 

Element A 
- 

B - 

0.18 
22 

C 
- 

0.14 
14 

D - 

0.07 
7.3 

Antimony 
Arsenic 
Beryl l ium 

Cadmium 
Boron 

Chromium 
Cobalt 
Copper 
Fluorine' 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Si lver 

Sb 
As 
Be. 
8 
Cd 
C r  
c o  

0.23 
29 
0.52 
44 
0.32 
5.3 
0.91 

0.39 
33 
0.25 

0.25 
22 
0.16 

0.01 
11 
0.07 

4 
0.68 
29 
1500(3000) 
6.6 
87 

2.1 
0.20 
1.3 

9.6 
500 ( 1000) 
2.2 
29 
1.6 
1.4 

0.46 
20 
1000(20001 

cu 
F 

38 ~ 

2000(4000) 
8.7 Pb 

Mn 
Hg 6.8 
Mo 6.1 
Ni 12 
Se 
,453 
TI 
Th 
Sn 
W 

V 
U 

Zn 

4.3 
61 120 

5.2 
4.3 
9.1 

3.4 
3.0 
6.1 3.2 

2, . 5 
0.034 
10 7.3 

0.025 
0.025 

0.16 
0.21 

0.04 

5.2 
0.015 
0.015 
0.15 
0.11 
0.02 
0.61 
8.2 
14 

~~ 

0.009 
0.009 
0.07 

Thall ium 
Thor ium 
T i n  

0.034 
0.3 
0.21 0.06 

Tungsten 
Uranium 

0.05 0.01 
0.32 
4.2 

1.2 
16 
27 

0.91 

22 
13 Vanadium 

Zinc 7.3 

1. 65% Capaci ty  Factor  for  35 years. 

2. Assumes tha t  a l l  deposited  elements  will  remain  in  residence,  in  top 30 mm of 

drainages  wi l l   occur. Assumes  a  soil bulk densi ty of 7.75 g/cnr'. 
soil and  that   nei ther  uptake by vegetation nor erosion of soil to  watershed 

3. For  trace  element zones see F igure 6-2. 

4. Bracketed  numbers  are  for  the  "Powerplant  with MCS" scenario. 

Y 
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TABLE 6-6 
TOTAL  TRACE  ELEMENT  ACCUMULATION IN SOIL 

AFTER  35  YEARS  OPERATION FROM STACK  EMISSIONS 
FROM THE PROPOSED POWERPLANT  AND  COOLING 

TOWER DRIFT’  

Concentrat ions2 
( m g l k g )  

Zone  Boundary  Numbers3 

Element 4700‘ 2240 560 112 - - - - 

Arsenic (As)  0.96 0.47 0.13 0.044 

Cadmium (Cd) 0.0092 0.0045 0.0013 0.0004 

Chromium ( C r )  0.041 0.021 0.0083 0.0048 

Copper (Cu)  0.26 0.12 0.051 0.033 

Fluorine’ (F)  3.4(4.9) 2.4(3.9) 1.8(3.3) 1.6(3.1) 

Lead (Pb) 0.95 0.45 0.12 0.029 

Mercury (Hg) 0.19 0.014 0.0072 0.0056 

Vanadium (V )  0.12 0.066 0.026 0.015 

Zinc (Zn)  0.59 0.31 0.09 0.035 

1 .  65% Capaci ty  Factor  for  35 y e a r s .  

2. Assumes tha t  a l l  deposited  elements  wil l  remain  in  residence  in  top  30 mm of 
soil and that nei ther  uptake by vegetation  nor  erosion of soil to  watershed 
drainages  wil l  occur.  Assumes a soil bu l k   dens i t y  of 1.75  g/cm3. 

3.  Zone  boundaries  shown  on  Figure  6-4.  Zone  boundary  numbers  are s a l t  
deposition  quantit ies  from  cooling  towers  (kg/km2/a). 

4. Point of maximum  calculated  deposition. 

5. Bracketed  numbers a r e  for   the  “Powerplant  wi th MCS“  scenario. 
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Element 

Antimony 
Arsenic 
Beryl l ium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Fluorine 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Si lver 
Thall ium 
Thor ium 
T i n  
Tungsten 
Uranium 
Vanadium 
Zinc 

AMBIENT  TRACE  ELEMENT  CONCENTRATIONS 
TABLE 6-7 

RESULTING FROM MINE  DUST  EMISSIONS 
(vg/m3) 

Maximum 24-hour Annual  Average' - 
Sb 0.000057 
As 0.00097 
Be 
B 
C d  

0.000073 
0.0021 
0.000038 

C r  0.0081 

c u  0.0048 
F 
Pb 

0.013 
0.00064 

Mn 0.024 
Hg 0.00001 5 
Mo 0.00026 
Ni 0.0027 
Se 0.000088 

c o  0 .,00066 

Ag 
TI 
Th 

0.000046 
0.000057 
0.00065 

~ ~~~~~ 

Sn 
W 

0.000095 
0.00011 

U 
V 

0.00025 
0.012 

Zn 0.004 

0.000023 
0.00039 
0.000029 
0.00082 
0.00001 5 
0.0032 
0.00026 
0.0019 
0.0054 
0.00026 
0.0097 
0.0000059 
0.00001 0 
0.0011 
0.000035 
0.00001 8 
0.000023 
0.00026 
0.000038 
0.000046 
0.0001 
0.005 
0.0016 

s3 
1. Annual  averages  are  arithmetic  averages. 

Y 

(b)Local  Effects  of  Cooling  Tower  Emissions 

pr Mathematical  modeling  techniques  were  employed to  estimate  the seasonal  and 
annual  effects  of  emissions  from  the  natural draft cooling  towers.  Since  these 
emissions  would  be  primarily  in  the  form  of  water  vapour,  the  studies  were 
concerned  with  the  potential  for  fog  and  ice  formation,  plume  visibi l i ty  and 
deposition of "d r i f t "   (water   d rop le ts ) .   The study assumed  continuous  full  load 
operation  of  the  powerplant. 

Waste heat  and  moisture  from  the  two  cooling  towers a r e  expected  to 
produce  slight  increases  in  precipitation  which  may  be  beneficial,  but  no  more 
than 1 percent  yearly.  Increased  precipitat ion  would  primari ly  occur  in  the 
v ic in i ty  of the  powerplant  s i te  but   could  potent ia l ly   extend  to a distance  of 50 

centimetres,  and  local  cloud  formation  may  occur  during days  wi th  natural  
km.  On ra re  occasions,  localized  snowfall  may  be  increased by a few 

upward a i r  f low. 
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than 15  km from  the  powerplant, as shown  on  Figure  6-3.  Shadows  from  the 
Visible  plumes  from  the  cool ing  towers  would  occasional ly  extend  more 

plumes  are  not  expected  to  occur a t  any  one  location  for  more  than 20 

percept ib le  change  in  ground  level   solar  radiat ion.  
hou rdannum  beyond  2 km from  the  powerplant.   Therefore,   there  would  be  no 

No ground  level  ice  or  fog  formation i s  predicted to  occur   due  to   the 

would,   typical ly,   increase  the  ground  level   humidi ty  in  their   v ic in i ty  by less 
plume  exi t   height  of   over 130 m and  the  natura l   upward draft.  The  towers 

than  one  percent,   a l though  dur ing  part icular ly  adverse  meteorological   condi t ions 
th is  increase  could  be 10 to  15 percent   for   shor t   per iods.  

occur a t  a maximum  rate  of 4700 kg/kmz/annum. The  major  port ion  of   the sa l t s  
“Dr i f t ”   and  resul t ing  deposi t ion  o f  s a l t s  from  the  cool ing  towers  would 

would  be  deposi ted  wi th in 2  km of  the  powerplant s i te  (Figure 6-4).  

(c)Local  Effects  of  the  Powerplant  Water  Supply  Reservoir 

Evaporation  from  the  water  supply  reservoir  would  increase  the  relat ive  humidi-.  
ty within  the  v ic in i ty  of   the  reservoir .   Increased  moisture  would  occasional ly 
produce fog a t  the  reservoir   surface  which  could  persist  f o r  a few d a y s  d u r i n g  
the   la te  fall, w inter   and  ear ly   spr ing.  

(d)Local   Ef fects of Fugitive  Emissions  from  Construction,  Mining,  Ash  and Waste 
Disposal, and Coal-handl ing  Act iv i t ies( l5.36) 

powerplant,  coal  mine  and  offsi te  faci l i t ies.  Vehicular  traff ic  would  emit 
Fugi t ive dust emissions  would  result  from  activi t ies  during  construction  of  the 

hydrocarbons,  sulphur  oxides,  nitrogen  oxides,  carbon  monoxide  and 
part iculate  matter.  Information  regarding  specif ic  aspects  of  construction 
processes  that  would  affect a i r  quality  has  not  been  developed.  However, i t  is  
expected  that gaseous  and  particulate  emissions  would  not  produce  excessive 
ambient  concentrat ions.  High  local ized  part iculate  concentrat ions  may  occur as 
a resul t   o f  dust from  construction.  However,  dust  suppression  techniques 
would  be  implemented  to  minimize  the  effects.  Since  construction  activit ies  are 
short-term  and  l imited  in area,  no  significant  adverse a i r  quality  impacts  are 
expected  beyond  the  immediate  construction  si te. 

Mining,  coal-handling  and coal s torage  act iv i t ies   dur ing  the 

the  immediate  v ic in i ty  of   the  act iv i ty  s i tes.   Speci f ic   control   measures  would  be 
product ion  phase  of   the  project   would  produce  high  concentrat ions  of   dust   in 

employed  to  minimize  the.  emission  of  fugitive  dust.  Trees  would  be  left  where 
possible  to  act  as wind  breaks.  Minimum  advanced  clearing and str ipping  would 
reduce  exposure to  eroding  winds.  Spraying  techniques  would be used  on 

taken  in  locat ing  the  coal-blending  area  and coal  stockpiles  to  minimize  the 
roads,  coal  piles  and  other  areas  subject  to dust emissions.  Care  has  been 

eroding  inf luences  of  prevai l ing  winds  (Section  3.2d).  These  measures  are 
predicted  to  reduce  ambient dust concentrat ions a t  distances  greater  than  half a 

f o r  annual  concentrations  and 150 pg/m3  for  24-hour  concentrat ions).  Dustfal l  
k i lometre  f rom  these  act iv i ty s i tes to  below  the PCB Objective  levels (60 pg/m3 

levels  are  predicted  to  be  less  than  1.3  mg/dm2/d a t  distances  greater  than  half 
a ki lometre  from  the  operations  (PCB  Objective  range  1.7  to 2.9 mg/dmz/d). 

may  occur  d i rect ly a t  the  mine  due  to  scatter ing  of   sunl ight  by a i rborne  dust  
A slight,  and  very  localized,  average  annual  temperature  decrease 

w i th in   t he   p i t .  Model  simulation  of  atmospheric  processes  supports  this 
indicat ion.   Any  ef fect   of   th is  k ind  would  certainly  be  smal ler   in  magnitude  than 
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the  natural   year- to-year  var iabi l i ty   of   annual   average  temperature and would 
have  no  signif icant  impact on agr icul tural   act iv i t ies.  

(e)Regional  Effects(24) 

Concentrations 

stack emissions.  These  emissions  would  be  released into the  atmosphere 
Impacts  on a i r  quality  outside  the  local  area  would  result  from  powerplant 

where  prevai l ing  winds  would  d isperse them, general ly toward   the   nor th  
and  east. 

A regional  computer  simulation  model was used to  assess the  

annual average  concentrat:ions in the  regional  area (25 km t o  100 km 
impacts of powerplant stack emissions  on  ambient a i r  qua l i t y .  Maximum 

radius), are shown in Table 6-8. The  resul ts  of the regional  modeling 

that  the  Hat  Creek  stack  emissions  would  produce  low  ambient  concen- 
analysis,  based on a 366 m stack  wi th  uncontrol led SO2 emissions,  indicate 

t rat ions a t  distances  beyond 25 km  from the powerplant.  The  proposed 

case, would  be  expected  to   resul t  in ambient  concentrat ions  substantial ly 
project ,   wi th SO2 emissions  approximately  half  those of the  uncontro l led 

less than  those  shown in Table 6-8. 

sulphate  and  particulates  is  estimated  to  be 6 percent  on  an  annual  basis 
Potential for degradation  of  regional visibility as a resul t  of 

( i .e .   the  ex is t ing  v is ib le   range  over   which  deta i ls   are  d iscern ib le   wi l l   be 
reduced by 6%). 
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TABLE 6-8 
REGIONAL'  MAXIMUM  ANNUAL  AVERAGE  AMBIENT  CONCENTRATION 

DUE  TO  POWERPLANT  EMISSIONS' 
(pg/m3) (24,501 

Brit ish  Columbia  Ambient 
Contaminant  PCB  Objective  Concentration 

Sulphur  Dioxide (SO21 25 t o  7 5  1.7 

Sulphate (SO41 0.1 

Total  Suspended  Particulates (TSP)  60 to  70 0.2 

Nitrogen  Dioxide  (NO21 1 .o 

3 

3 

1 .  Results'  of  regional  modeling  in  range 25 t o  100 km from  powerplant  with 
uncontrolled  emissions  from a 366  m  stack. 

2. 100% Capacity  Factor. 

3.   Ambient  level   not   def ined  in PCB Objective. 

Deposition - Acid  Precipitat ion 

Long-range  t ransportat ion  of   502, NO2  and  other  oxides is  of  
concern  since  these  compounds  form  acids in the  atmosphere  which 
subsequently  reach  the  earth. Some background  informat ion is  usefu l   to  
understand  th is  potent ia l   impact.   Acidi ty  of   precipi tat ion  over  certain 
regions  of   the  wor ld is  current ly  receiv ing  considerable  at tent ion.   Reports 
by various committees and agencies  have  presented  investigations of 
changes  in  the  pH  level   of   precipi tat ion  throughout  the  wor ld.  On the   pH 
scale, a f i gu re   o f  7.0 is  neutral,  while  measurements  below 7.0 grow 

more  alkaline. 
progressively  more  acidic,  and  measurements  above 7.0 are  progressively 

The "acid rain"  phenomenon  is  most  often  related  to  large 

atmosphere,  these  oxides  can  undergo  chemical  transformations  leading  to 
industr ial  emissions  of  sulphur and nitrogen  oxides.  Once  released  to  the 

the  production  of  acidic  compounds  which  return  to  earth  in  various  forms 
of   precipi tat ion as well as by dry deposit ion.  Acid  deposit ions  can  have 
ecological  effects  on  the  natural  environment,  part icularly  lakes, r ivers ,  
f isheries  and  man-made  structures.  The  magnitude  of  these  environmental 
effects  is  related to  the  interact ion  of   numerous  factors,   including  total  
emissions  of  sulphur  and  nitrogen  oxides,  atmospheric  dif fusion  character- 
istics,  atmospheric  chemistry,  topog.raphy  and  climatology as well as certain 
soil,  water  chemistry and biological  characterist ics. 
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since 1950 and has  been  related  to  increased  emission  of  sulphur  and 
Increasing  acidity of precipi tat ion has  been observed  in  Europe 

ni t rogen  oxides.  By  the '1960s, investigations by Scandinavian  scientists 
indicated  that  streams  and  lakes  in Sweden and  Norway  were  mperiencing a 
trend  towards  increasing  acidity.  The  signif icance  of  similar  occurrences  in 
Eastern  North  America  began  to  receive  publ ici ty  in  the 1970s. Invest i -  
gators  reported  detrimental  effects  to  ecosystems  in  the  Adirondack 
Mountains  in  upstate New York  and  in  Ontar io  that   could  be Irelated to the  
occurrence  of  increased  acid  precipitat ion.  More  recently,  acidic  precipi- 
tat ion has  been  pointed  to as a major  environmental  problem  in  eastern 
Canada.  However,  in  Western  Canada,  concentrations  of  acidic  compounds 

gas processing faci l i t ies  in  Alberta.  (24) 
in  precipi tat ion are  low,  except  downwind  from  Vancouver  and  from  natural 

i t   could  af fect   ' the  acidi ty of precipitat ion  in  the  region, as well as how  this 
The  Hat  Creek  project was extensively  studied  to  determine  how 

increased  acidity  could  affect  the  natural  environment.  Major  factors affect; 
ing these  impacts  include  the  region's  topography,  the  natural ly  occurring 
pH  levels,  the  "buffering"  abi l i ty  ( the  abi l i ty  to  neutral ize  acid  deposit ions) 
of  the  receiving  soils  and  water  bodies, and the   quant i t y  of powerplant 
emissions. 

Results  of  the study (24)  indicate  that  deposit ion  of  airborne 
materials  from  the  Hat  Creek  project  would  produce  no  significant  direct  or 
indirect  environmental  effects  in  the  aquatic  systems  and  their  biological 
communities as a result  of  project  emissions. 

This  study (24)  represents  the f i r s t  publ ished  at tempt  to  develop 
quantitative  estimates  of  pH  reduction  in  lakes and streams  due  to  emissions 
from a proposed  source.  In  the  absence  of  any  verif ied  methodology  and in 
view o f  the  importance o f  Br i t ish  Columbia's  waterways  in  the economic and 
recreat ional   l i fe  of   the  province,  i t   has been  necessary  to  adopt  procedures 
that  are:  1 )  based  on  established  physical  principles  and  2)  designed  and 

the  di rect ion  of   over-est imat ing  the  ef fects  of   the  project   on  water  chemis- 
implemented  in a manner which  ensures  that  error  in  the  analysis  wi l l   be  in 

the  formulation  of  the  simulation  procedures  themselves, as well as in the  
try in   the   sur round ing  a rea .  This  conservatism has  been  incorporated  in 

selection  of  input da ta  for   the  var ious phases  of  the  analysis,  to  compensate 
for  the  substantial uncertaint ies inherent  in  the  appl icat ion  of  new technolo- 
gies. 

Detailed  studies(24)  included  preparation  of  mathematical  models 
to  simulate  the  dispersion,  chemical  changes, and deposition of acid-forming 
pol lutants  from  the  project.  The  studies  also  est imated  the  natural ability 
of  the  area's  ecosystem  to  neutralize  these  compounds. 'The research 
indicates  that   the  long-range  t ransportat ion  of   acid-forming  pol lutants 
would  primari ly  occur to the  northeast of the  project,  with  the  heaviest 
annual   deposi t ion  l ikely  to  occur  wi th in 50 km. Although  long-range  deposi- 
t ion  could  extend  beyond 200 km, i t   would  be  of  small magnitude. 
Figure 6-5 and  Figure 6-6  show the  maximum  projected  deposition  of  acids 
( in  hydrogen  ion  form) p e r  24-hour  period,  and  the  average  annual  deposi- 
t ion,  respectively (100% Capacity  Factor). 

The  topography of the  short-range  area less than 50 km 
downwind  from  the  powe.rplant  is  generally  similar  to  that  of  the  Hat  Creek 
area, with  gradual  mountains  and  rol l ing  hi l ls. No sharp increases in 
elevation  which  would  markedly  increase  precipitation  are  found.  The  soils 
within  this  area  have been  shown to  be relat ively  a lkal ine.   Thus  they  have 
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high  "buffer ing"  capaci t ies.   Simi lar ly  the  r ivers  and  lakes  in  the 

ac id   deposi t ion  due  to   the i r   re la t ive ly   h igh  a lka l ine  content .  
short-range  area  have  ei ther  moderate  or   h igh  buffer ing  capaci t ies  against  

Condi t ions  change  in  the  long-range area, 50 t o  200  km distant.  
This  region  ' includes  mountainous  terrain  which  causes an  increase  in 
precipi tat ion and consequently  receives an abundant  snowpack.  Accumu- 
lat ion  of   acidic  compounds  in  th is  snowpack  occurr ing  dur ing  the  winter,  
would mean a subsequent  more  concentrated  release  into  river  systems 
dur ing  the  spr ing  snowmelt .   Soi ls  and  water  in  these  mountainous  regions, 

and hence less capaci ty  to b u f f e r  against acid  precipi tat ion.  
part icular ly  those  located 150 to  200  km downwind,  have  lower  alkalinit ies 

around  Hat  Creek, 43 water  systems  were  identif ied as being  potent ia l ly  
Based  on  water quality data  for  205 water  systems  in  the  region 

vulnerable  to  acidif icat ion.  ERT  selected  f ive  of  the 43 water  systems  for 
detai led  evaluation.  These  part icular systems were  chosen  because o f  t he i r  
economic  and  recreational  importance,  location  relative  to  the  powerplant 

were studied by ERT, namely  Loon  Lake and Deadman River .  Even though 
and relat ively l imited buffer ing  capaci t ies.  Two  addit ional water systems 

these  two  systems  are  well   buffered  (pH  8.7  and  8.2)  they  are  located  in 
areas  where it i s  estimated  that  deposition  from  powerplant  emissions  would 
be greatest (see Figure  6-5  and  Figure  6-6). 

precipi tat ion  downwind  of   the  powerplant  would be reduced to  about 5.58 
Model  calculations indicate tha t  f o r  the  proposed project the   pH o f  

for the  long-range  t ransport   area and to  about 5.06 fo r   the   shor t - range 
area.   I t   is   est imated  that   prec ip i ta t ion  wi th   these  pH  leve ls   would  have no 
signif icant  effect  on  biophysical  systems,  including  aquatic  l i fe.  These 
predictions  were  based on a present  precipi tat ion  pH  of  5.65,  determined b y  
assuming  the  precipi tat ion  to  be in equi l ibr ium  wi th  atmospher ic  carbon 
dioxide. The projected  pH  levels for  prec ip i ta t ion  in   the  shor t - range  and 

over  the  earth 's  surface. 
long-range  areas a r e  wi th in   the  l imi ts  reported f o r  prec ip i ta t ion  occurr ing 

Table 6-9  shows  projected  changes  in  pH  levels,  after  35  years of 

the   sc rubbed and unscrubbed  scenerios.  The  techniques  used  to  predict 
project  operation, of water  bodies  selected  for   detai led  analysis,   for   both 

. overestimate  such  effects.  However,  after  and as a resul t   of   the  expected 
cumulative  effects  of  the  proposed  project  emissions  on  water  qual i ty  tend to  

35-year   l i fe t ime  o f   th is   pro ject ,   i t  i s  ca lcu lated  that   the  pH  o f  a l l  water 
bodies  would  remain in  the  range  requi red  for   v iab le  aquat ic   populat ions.  

A thorough  monitor ing  program  cover ing a var iety  of   sensi t ive 
s i tes  would  be  used  to  ident i fy  s igni f icant  t rends  in  regional   environmental  
ac id i ty  (see Section  26.0). 
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ESTIMATED  LONG-TERM  CHANGES IN  ACIDITY  OF  WATER  BODIES’ 
TABLE 6-9 

(After  35  Years  of  Project  Operation) (24) 

Exist ing  Calculated  Final  Long-term 
Location  Average  pH - Change o f  p H  Average-& 

Proposed Powerplant Proposed Powerplant 
Project w i th  Project w i th  
366/FGD - 244/MCS 366/FGD - 2.44/MCS 

Clearwater  River  7.56  -0.02 -0.02 7.54  7.54 
Pennask Lake 7.6  -0.07  -0.10  7.53  7.50 
Loon  Lake a. 7 -1.38 -1.53 7.32  7.17 
Boss Creek  7.1  -0.02  -0.02  7.08  7.08 
Adam  River  7.6  -0.13  -0.15  7.47 7.45 

~ ~ ~. ~~ ~~~ ~~ 

Deadman R iver  8.2 -0.56 -0.70 7.64 7.50 
Thompson  River 7.56 -0.02 -0.03 7.54 7.53 

1.  Powerplant  assumed to   opera te  a t  full load (100% Capacity  Factor) for 35 
years . 

( f )Addi t ive  Ef fects  

Little interaction  between  emissions  from  the  cooling  towers,  powerplant  stack 
and mine  is  expected  primarily  because of their   d i f ferent  e levat ions.   The  base 
level  of  the  powerplant  complex  would  be  approximately 500  m h igher  than the  
surface  level a t  the  mine, ZInd the   top   o f   the   s tack  i s  approximately 250 m 
h igher  than t h e   t o p  o f  the  cool ing  towers.  Occasional  mingl ing  of  the  plumes 
from  the  cool ing  tower  and  stack  would  occur.   Natural  draf t  cool ing  tower 
plumes have a relat ively low initial vert ical  velocity, but, by v i r tue of their 
density, a very  large  buoyanc:y.   The  stack  p lume  has a h igh   ex i t   ve loc i ty  but 
i ts  buoyancy  excess  is  more quickly dissipated  than  that  of  cool ing  tower 
plumes.  As a resul t ,  under  infrequent  meteorological  conditions,  both  plumes 
could tend to  level   of f  a t  about: the same height. 

The oxidat ion  rate of atmospheric SO2 to  fo rm sulphate is  bel ieved  to 

more.  Thus,  when  the  two  plumes  mix, SO2 in the  stack  emissions  could 
proceed  more rapidly in a moist  environment, perhaps by a factor   o f  two o r  

produce  sulphates a t  a n  accelerated  rate. 
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and these  emissions  are  esti,mated by t h e  Waste  Management  Branch  to  be 
Exist ing  sources of SO2 are  pr imari ly  located in t h e  Kamloops  area 

approximately 6.8 tons/day. 

Current ly,   there  is   l i t t le.   chance for interact ion o f  the  Hat   Creek 
plume  with  the  exist ing  sources.  The  annual-average  predict ions  for SO2 
concentrat ions  in  Kamloops  result ing  from th.e proposed  project  are  less  than 1 .O 
wg/m’. Th is   predic t ion was  made  assuming  Kamloops t o   b e  a t  t h e  same elevation 

powerp lant   s i te   e levat ion.   I t  i s ,  there fore ,   very   un l i ke ly   tha t   the   Hat   Creek  
as the  stack  base(48).  In  actual i ty, Kamloops i s   rough ly  1000 m lower  than  the 

plume would  have any signif icant  impact on the  Kamloops  area,  which i s  approx-  
imately 90 km  away  from  the  plant. 

The  a i r  quality assessment  studies did not  include  speculat ion  on  what 
fu tu re   indus t r ies   may  be   d rawn  to   the   Hat   Creek  area, nor  how they may 
con t r i bu te   t o  a i r  qual i ty  impacts. 
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d SECTION 7. VEGETATION (15,16,35,47) 

7.1 EXISTING  SITUATION 

Climate,  soils, topography  (descr ibed in Section 2.0), f i re   h is tory ,   and  land 
use  determine  the  pattern  of   exist ing  vegetat ion  of   the  Hat  Creek  val ley.   The 
vegetation  cover is  composed  primari ly  of a mosaic of  open  forests and 
grasslands.  Forest  and  grassland  associations  occurring  within  the  local  area 
are  shown  on  Figure  7-1  and  Figure  7-2(16)  and  l isted  in  detail in Table 7-1. 

Primary uses of   vegetat ion  in  the  Hat  Creek  area  are  forestry,  
agr icu l tura l   graz ing  and  wi ld l i fe  habitat. Domestic  livestock  have made 
extensive  use  of  range  areas  in  the immediate v ic in i ty  of   the  proposed  project .  
Grazing has  been  heaviest in ,, the  open  range  areas  in  the  Hat  Creek  val ley, 

alpine areas.  Areas  used  for both  forest   and grazing  act iv i t ies have not  been 
upper  Medicine  Creek,  lower Cornwall  Creek, Thompson  River val ley and  the 

as severely  d isturbed as the  open  range,  wi th  the  except ion  of   the  rangelands 
in the  Cornwall  Mountain  area  which  have  been  depleted  of  most  palatable  forage 
vegetation  species,  primarily by cattle.  Sections 8.0 (Forestry) ,  !3.0 (Agr icu l -  
tu re)  and 10.0 (Wildlife)  describe  these uses and related  project   impacts  in  more 
detai l .  

within  areas  which  would  be  direct ly  impacted by the  proposed  development. 
No plant species  considered as rare  or  endangered  have  been  found 

7.2 PROJECT  ACTIONS 

Project  act ions  that  could  direc.t ly  or  indirect ly  affect  the  vegetation  within  the 
Hat  Creek  val ley  and  surrounding  regions  are  land  al ienation,  dust,  leaching 
and seepage of  water, and powerplant  stack  and  cooling  tower  emissions. 

7.3 EFFECTS  OF  THE PROJEC'T 

(a )Land Alienation 

Construction  act ivi t ies  would  be  restr icted  to  the  immediate  vicinity  of  the 
various project  faci l i t ies. A b u f f e r  zone  around each faci l i ty  has  been  included 
in  computations  of  land  al ienated  during  construction  and  operation.  Al l   land  to 
be  occupied by a project  component has  been  assumed as alienated.  Table  7-2 
summarizes the  areas of each  vegetation  type  expected  to  be  al ienated by t h e  
project .  (35) Vegetation losses generally  amount  to a few  percent of the  var ious 
vegetat ion  types  occurr ing  wi th in a 25 km radius  of  the  proposed  project. A 
notable  exception is the  sagebrush-bluebunch  wheatgrass  vegetation  type,  of 
which  more  than  half  would  be  removed by mine pit development.  The 

wildl i fe  habitat.   With  the  exception  of  the  sagebrush-bluebunch  wheatgrass 
sagebrush-bluebunch  wheatgrass  vegetation  type i s  local ly  unique and important 

t y p e  a l l  of  the  vegetation  associations  affected  are common th roughou t   t he  
subalpine  forest  regions  of  interior  Bri t ish  Columbia. 
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VEGETATION  ASSOCIATIONS 
TABLE 7-1 

OCCURRING  IN  THE  HAT  CREEK  LOCAL  STUDY  AREA1 (16) 

Type  Vegetation  Associat ion - 

Forest  Engelmann  Spruce - 
Grouseberry  
Grouseberry  - Pinegrass 
Grouseberry  
- White  Rhododendron 
Willow - Red  Heather  Barkland 

Douglas fir - 
Grouseberry  - Lupine 

Pinegrass 

Spirea - Bearber ry  
Bunchgrass 

Bunchgrass - Pinegrass 
Ponderosa  Pine - 

Bunchgrass 

Engelmann Spruce - Horsetail 
Riparian 

Willow - Sedge  Bog 

Area of  Total 
( km2) Area 

Percentage 

198 12.5 
183 11.5 

58 
11 

3.6 
0.7 

30  1.9 

479 30.1 
33 2.1 

1  0.1 
1 43 9.0 

14 0.9. 
10 0.6 
6 0.3 
7 

1  173  73.7 
0.4 - 

Grassland  Highland 9 0.6 
Kentucky  Bluegrass 47 3.0 
Bunchgrass - Kentucky  Bluegrass 26 1.6 
Sagebrush - Bluebunch  Wheatgrass 7  0.4 
Saline  Depressions <1 <o. 1 
Big  Sagebrush - Bunchgrass - 200 

289 
12.6 
18.2 
- 

Complexes  Bunchgrass - Kentucky 
Bluegrass - Saline  Depressions 22 1.4 

Rock - Douglas fir - Spirea 
Bearber ry  - Pinegrass 31  2.0 

Mountain  Avens - Sedge - 
Highland  Grassland 23 1.4 

Kentucky  Bluegrass - Riparian 8 
84 

0.5 
5.3 
- 

Other  
Water 
Cult ivated  Fields 

Rock 

30 
8 

1.8 
0.5 

7  0.5 
4'; 2.8 
- 

1. T h e  local  study  area  for  vegetation is  a rectangular  shape 
approximately 1600 km2  in  area. 
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BY HAT CREEK MINE, POWERPLANT AND OFFSITE FACILITIES (35) 
VEGETATION ASSOCIATIONS EXPECTED TO  BE ALIENATED 

(ha) 

4 Medicine  Houth 

< Mine Creek Meadows Coal 
rn 
0 

Open Waste Waste Handling  Maintenance  Powerplant  Off-site 

rn Type - Vegetation  Associat ion P i t 1  D isposa l   D isposa l   Fac i l i t ies  Lagoons Bu i ld ings   S i te*  
--I 

F a c i l i t i e s 3  

D 
- Engelmann Spruce - Grouseberry - 
0 
4 

Forest 
- - 

;L 
‘. Douglas- f i r  - 
‘ Pinegrass 26  71  372 - - - 95 125 

Bunchgrass 
Bunchgrass - Pinegrass 115  214 

13 
52  3  25  5  148 

Ripar ian 9 - - - - <1 - 1 

Wil low - Sedge  Bog - - - - - - - 

50 - 14 5  3 - - 
- 

- 

Grassland 
Kentucky  Bluegrass - 133 116 17 8 - 10  59 
Bunchgrass - Kentucky  Bluegrass 16 1 - 3  5 - - 28 
Sagebrush - Bluebunch  Wheatgrass 358 - 8 5 - - - 16 
Saline  Depressions - - - - - - 
B i g  Sagebrush - Bunchgrass 

- 3 
103 - - - - - - - 

Complexes 
Bunchgrass - Kentucky 

BluegrasdSaline  Depressions 16 - - - - - - a 

Pinegrass - - 90 - - - - 2 
fiiQ - - ~eai-.bei-.i.y,J 

Kentucky  BluegrasdRiparian - - - - 2 - - - 

Includes mine const ruct ion camp and parking. 
4 2 Inc ludes   p lan t   s i te ,   cons t ruc t ion  camp, housing and parking. 

L 3  Includes  al l   roads,  canals,   d i tches,  t ransmission  l ines,   p ipel ines,   etc,  



TABLE 7-2 - (Cont'd) 

Type - Vegetation  Association 
Forest 
Engelmann  Spruce - Grouseberry 

Douglas-fir - 
Pinegrass 
Bunchgrass 
Bunchgrass - Pinegrass 
Riparian 

Willow - Sedge Bog 
-4 

I 

w 
w Grassland 

Kentucky  Bluegrass 
Bunchgrass - Kentucky  Bluegrass 
Sagebrush - Bluebunch  Wheatgrass 
Saline Depressions 
Big  Sagebrush - Bunchgrass 
Complexes 
Bunchgrass - Kentucky 

Douglas fir - Spirea - Bearberry/ 
Kentucky BluegrasdRiparian 

Bluegrass/Saline  Depressions 

Pinegrass 

Percentage o f  

Total 
Association 
A1 ienated 

Area  Within 
Reservoirs  Alienated 25 km Radius 

- 10 <1 

11 700 - 85 
- 562 

2 

4 
3 

4 14 1 

5 5 1 

78  421 
11 64 - 387 

3 
- 103 
- 

9 
3 
58 
10 
<1 

2 26 1 

92 15 
2 <1 

Sensitivity of 
Disturbance 

Low 

Moderate 
Low 

Moderate 

High 

High 

Low 
Low 
High 

Moderate 
Low 

Moderate 

High 
Moderate 



d 

(b)Dust  

vegetat ion  dur ing dry periods.  The  accumulation  of  dust  on  vegetation,  part ic- 
Dust  emissions  from  construction  act ivi t ies  could  have an adverse  ef fect   on  the 

in   photosynthet ic   act iv i ty  and productivi ty,  and  could  increase  the  frequency o f  
ular ly  on  those  var iet ies  wi th  pubescent leaves, could  lead  to  s l ight   reduct ions 

insect  infestat ions and diseases. 

No  quanti tat ive  est imate  of  the  extent  of  this  impact can be made. 
Dust  control  measures  would  be  employed  to  l imit  the  spread of dus t  so ' t ha t  
accumulation  causing  adverse  effects  to  vegetation  would  be  l imited  to  the 
immediate  vicinity  of  construction  or  mining  act ivi t ies. 

(c)Leaching  and Seepage 

Pumping  of  groundwater  from  the s t r a t a  around  the  mine pit would  reduce  the 
total  water  table  of  the  surrounding  area.  Although  water  tables  are  general ly 
well   below  the  ground  surface  (approx. 20 m), this  reduction  may  lead  to some 
measurable  alterat ion  in  the  composit ion  of  the  wi l low-sedge  bog and saline 
depression  communities in t h e  immediate v ic in i ty  of   the  mine pit. 

Leaching  of  trace  elements  would  occur  from  piles  of  overburden and 
waste  coal.  Migration  of  water  soluble  elements  out  of  waste a n d  ash  disposal 
areas  would  be  controlled by proper  design  and  containment,  of  runoff  and 
seepage (see Section 11 .O). 'The quality of   the  groundwater  is  not  expected to 

trace  element  uptake by natural  vegetation outside t h e  mine  area  complex is t o  
decrease  appreciably (see Sec:tion 11 . O ) ,  and  hence  no  signif icant  increase  in 

be expected. 

(d)Stack Emissions 

The  environmental  contaminants  contained  in  the  powerplant  stack  emissions 
would  include  sulphur  dioxide,  nitrogen  oxides,  part iculate  matter  and  trace 
elements.  As.  detailed  below,  sulphur  dioxide  would  be  the  major  contaminant 
emitted  and  could  cause  vegetation  injury  under  specif ic  condit ions. 

B y  way of def in i t ion  and  wi th  part icular  reference  to  sulphur  d ioxide 
and  ni t rogen  oxide emissions, in jury  to  vegetat ion  f rom  exposure to  a i r  contam- 
inants  can be either acute or  chronic. Acute injury usual ly occurs as t he  result 
of   short- term  exposures to high  concentrat ions.  Chronic injury on the   o ther  
hand  results  from  exposure to low  concentrations  over  long  periods  of  t ime. 
The  term  " in jury"  is  generally  used to  describe a l l  plant  responses to  a i r  
contaminant  exposures.  These  would  include  reversible  effects  on metabolism, 

modifications.  Thus,  the te rm "% injury" refers  to  t h e  degree of response by a 
physiological  processes,  necrosis,  senescence and growth  and  development 

p lant   to  a i r  contaminant  exposures  where 0 percent  in jury  represents a nu l l  

fo l iar   in jury,   reduced  photosynthesis or  reduced  growth. ."Dannage", on  the 
response. The response  could  be  measured,  for example, i n  te rms of induced 

other  hand, is  used  to  define  those  injurious  effects.  which wouild reduce  the 
va lue  o f   the  p lant   for  i t s  intended economic o r  ecological  use. Damage would  not 
necessarily  follow a  case of   vegetat ion  in jury.   Due to the  lack  of  specif ic 

contaminants,  the  impacts  of the  pro ject   were assessed pr imar i ly  in terms of 
information  on  the  responses of  vegetation  species  in  the  Hat  Creek  area  to a i r  

potent ia l   in jury .   The resu l ts  of  ambient a i r  quality  modeling  (Section 6.0) were 
used as a basis  for  assessing potential  stack  emission  impacts. 
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( i )Sulphur  Dioxide (SO21 

Impacts  were  assessed  on  the  basis  of  publ ished  data  on 
vegetation  responses  to S02, NO2 and  other  emissions  (51).  Subjective 
weight ing  factors  were  appl ied  to  a l low  for   increased  impacts  due  to SO2 and 
NO2 possibly acting together  (synergist ic  ef fect) ,  high emission  levels 
dur ing  ear ly  dayl ight   hours,   sequent ia l   exposures  and  winter  deposi t ion 
(51). Impact  weight ing  factors  were  s imi lar ly  appl ied to account for benefi- 
c ia l   ef fects  of   e levated  C02  levels and protect ion  of   lower  vegetat ion by t ree  
and shrub overstoreys,   and  to   a l low  for   the  fact  that higher  levels  of  
emissions  are  required  to  produce  responses in natural   vegetat ion  than in 
similar  vegetation  under  laboratory  condit ions  (whence  most  response  data 
are  obtained)(51).  The  net  impact  assessment  probably  tends  to  overesti-  
mate  the  impacts. 

locations in t h e  local  area  over a typ ica l   year   and  the  threshold  va lues 
Detai led  data  on  hourly  average  concentrat ions  occurring a t  128 

maximum injury to   the   vegeta t ion   due  to  SO2 and NO2 together .   Two a i r  
p resented   in   the   l i te ra tu re   were   used as the  basis  to  assess  the  potent ia l  

quality control  cases are  presented: 244 m  stack  wi th MCS and t h e  
proposed  project (366 m  stack  wi th  FGD).  The  resul ts  show that f o r   t h e  
244/MCS case  (Table 7-31, 132.7  kmz  would  be  af fected  whi le ’ for   the 
proposed  project 10.6 kmz  would  be  af fected  (Table  7-4).   The  most 
prevalent   range  o f  injury is  0-5% in both cases. I t  is  ev iden t   t ha t   t he  

the proposed project. 
amount  of   area  af fected  and  percent  in jury  range i s  substant ia l ly   lower  for  

The probabi l i ty   o f   vegetat ion injury actual ly   occurr ing  would 
remain low as long as the hour ly  average  ambient SO2 concentrations(51) 
remain  below  approximately 900 pg/m’, a condi t ion  achieved  under   the 
366/FGD  option, the  proposed  pro ject .   The  probabi l i ty  of more  severe 
impacts  to  vegetation  found a t  the higher  elevations  would  increase if peak 
hourly  average  ambient SO2 concentrat ions  were to  exceed 1000  pg/m’. T h e  
maximum  worst  case  ground  level  concentrat ions  of SO2 pred ic ted   to   occur  . 
from  the  proposed  powerplant  emissions  are  shown  in  Table 6-3. 

.For both cases, the  areas in which  in jury   would  most   l ike ly   occur  

would  general ly  be  h ighest (See F igure  6-1). Infrequent  coincidence  of  
correspond  to  the  higher  elevation  areas  where  ambient SO2 concentrat ions 

vegetation in such  areas,  which  generally  l ie  southwest  and  northeast  of  the 
stack  emissions and cooling  tower  plumes  might  enhance SO2 uptake by 

power  plant  si te. 

vegetation  species  to  ambient  concentrations  of  contaminants, it is   not  
In  the  absence  of   speci f ic   informat ion  on  the  responses  of   local  

t ree   and  shrub  species in the areas  of   h ighest SO2 concentrat ions (see 
possib le   to   accurate ly   predic t   long- term  ef fects .  Some measurable  in jury   to  

F igure  6-1) would  probably   occur .   For   the 244/MCS case cumula t ive   in ju ry  
to  sensit ive  species  such as wil low (m spp.)   would  probably  lead  to 
changes in vegetation  species  composition  and  plant  cover in the   a f fec ted  
areas.  Visible  effects  would  most  l ikely  be  observed in willow, moss 
(Pleurozium sp.), Kentucky  bluegrass  and  trembling  aspen.  The 366 m FGD 
case  would  cause  much  less  measurable  injury  to  vegetation  species. It is 
doubtful   that   v is ib le  in jury  symptoms  would  be  not iceable or dist inguishable 
from  insect  and/or  .other damage. Such  changes  would  be  closely  monitored 
during t h e  l i fe o f   the   p ro jec t  (see Section  26.0). 
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PREDICTED  ANNUAL  AREA  IMPACTED AS A  FUNCTION OF THE  PERCENT 
TABLE 7-3 

INJURY OF PLANT SPECIES AS A  RESULT OF EMISSIONS 
OF NO2 AND SO2 FROM THE  POWERPLANT 

244 M STACK  WITH MCS (16) 

Plant Sp- 

Alpine fir 
(Abies  lasiocarpa) 
Englemann  spruce 

Lodgepole  pine 
(Picea  engelmannii) 

(Pinus  contorta) 
Ponderosa  pine 
(Pinus  ponderosa) 
Douglas fir 

Total 
Vegetative 

Affected 
Cover 

(km2)'  
" 

1.6 

15.6 

16.9 

1.8 

(Psgudotsuga  menziesii) 16.7 
Trembling  aspen 
(Populus  tremuloides) 
Black  Cottonwood 

Serv iceberry  
(Populus  tr ichocarpa) 

(Amelanchier  alnifolia) 

Willow  (Salix spp.)  
Kentucky  b luegrass 
(Poa pratensis)  

Pleurozium  schreberi 

Alectoria jubata 

0.5 

0.2  

1.7 

34.4 

2.2 

38.4 

2 . 7  

132.7 
" 

Predicted  Percent  In juryZ 

0-5  >5-10  >10-15  >15-20  >20-25  >25-40 

1.4 

15.6 

16.9 

1.8 

16.7 

0.2 

0.2 

1.7 

20.9 

1.7 

38.4 

2.7 

118.2 
- 

0.2 

0.1 

7.8 

0.2 

8.3 

0.2 

3.2 0.2 

0.3 

- 
3.7 0.2 

- 

0.5 1.8' 

" - 
0.5 1.8 

1.Vegetative  cover  is  the  area  of  the  ground  surface  under  the  l ive 
aerial p a r t s  of  plants  and is  commonly  used as a measure  of  foliage 
abundance. 

2.Response  of a p lant   to  a i r  pol lut ion  exposures  including  reversible 
effects  on metabolism, effects  on  physiological  processes,  necrosis, 

3 .For   the 1.8 kmz  impacted a t  >25 percent   in jury ,   the  area 
senescence  and  modifications  of  growth and development. 

d is t r ibu t ion  is:  
>25-30 percent - 1.5 kmz 
>30-35 petrcent - 0.2 km2 
>35-40 percent - 0.1 km2 
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PREDICTED  ANNUAL  AREA  IMPACTED AS  A FUNCTION OF THE  PERCENT 
TABLE 7-4 

INJURY  OF  PLANT  SPECIES  AS A RESULT OF EMISSIONS 
OF NO2  AND SO2 FROM THE  POWERPLANT 

366 M STACK  WITH  FGD (16) 

Tota I 
Vegetat ive 

Affected 
Cover  Predicted  Percent Injury2 

Plant  Species (km2)' 0-5 >5-10 >10-15 >15-20 >20-25 >25-40 

Alpine fir 
(Abies  lasiocarpa) 

1 Englemann  spruce 
(Picea  engelmannii) 

Lodgepole  pine 
(Pinus  contorta) 

Ponderosa  pine 
(Pinus  ponderosa) 

Douglas fir 
(Pseudotsuga  menziesii) 

Trembling  aspen 
(Populus  tremuloides) 

Black  Cottonwood 
(Populus  tr ichocarpa) 

Serv iceberry  
(Amelanchier  alnifolia) 

Willow  (Salix spp.)  1 .o 0.9 0.1 

Kentucky  b luegrass 
(Poa pratensis)  0.2 0.2 

Pleurozium  schreberi 9.4 9.4 

Alectoria  jubata 

1. 
, 
2. 

- " - - - _. 

10.6 10.5 0.1 

Vegetative  cover i s  the  area  o f   the  ground  sur face  under   the 
l ive  aer ia l   par ts   o f   p lants  and is  commonly  used as  a measure 
of  foliage  abundance. 
Response  of a p lan t   t o  a i r  pol lut ion  exposures  including 
reversible  ef fects  on metabolism, effects  on  physiological 
processes,  necrosis,  senescence and modif icat ions  of  growth 
and development. 

b 

ii 

1 3  
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( i i )Ni t r ic   Oxide  and  Ni t rogen  Dioxide 

The  concentrat ions  of   n i t r ic   oxide  (NO)  and  ni t rogen  dioxide 
(N02)  known to  produce  v is ib le   in jury   to   vegetat ion  are  much  h igher  than 
the  ground  level   concentrat ions  predicted  to  occur  f rom  the  powerplant 
emissions.  No  impacts to  vegetation  from NO o r  NO2 alone  are  therefore 
anticipated.(51)  The  effects  of low concentrat ions  of NO2 iwteract ing  wi th 
SO2 were  discussed  in  Section (i) above. 

(iii)OPher Gaseous  Emissions 

The  concentrations  of  other  gaseous  contaminants  such as carbon 
monoxide (CO) emit ted  f rom  the  powerplant  would  be  wel l   below  those  known 
to  cause  vegetation  injury. 

( iv)Part iculates 

full load  is 0.19 kg/s. On t h e  basis of the  avai lable  data  in  the  l i terature,  
The   ra te  of part iculate  emissions  predicted  f rom  the  powerplant a t  

there  is   no  evidence  that   resul tant   ground  level   concentrat ions  would  cause 
any  impacts  to  occur  to  vegetation. 

(v)Trace  Elements 

A large  number  of  trace  elements  occur  in coal and a small 
propor t ion  o f  each  would  be  emitted  from  the  Hat  Creek  povverplant  stack 
(Table 6-2). Fluorine  and  mercury  may  be  released in a gaseous form 
whereas  most  of  the  others  emitted  from  the  stack  would  be  in  the  form  of 
part iculate  matter.   Trace  elements  would  a lso  be  deposi ted  v ia  the  dr i f t ing 
plumes  of  water  droplets (drift) f rom  the  cool ing  towers  (Table 6-6). The  
concentrations  of  trace  elements in soil,  grasses and shrub:s in t h e  local 

project  emissions  are discussed in Section 6.0. With perhaps t h e  exception 
area,  and  predicted increases in  trace  element occurrences as a resu l t  of 

of  f luorine,  these  predicted  levels  of  trace  element  increase  are  several 
orders  of   magnitude  lower than existing  background  trace  element  concen- 
t rat ions.  it is  unlikely  .that  any  measurable  effects  on  vegetation  would 
occur.   The  ef fects  of   f luor ine  are  d iscussed  in  later  sect ions.  

(v i )Ac id  Precipitation 

Oxidation of SO2 and NO2 in  the  powerplant  emissions  would  lead 
to  t h e  formation of   acid  precipi tat ion (See Section 6.5). Li t t le   or   no  e f fect  
of th is  would  occur  on  local   or   regional   vegetat ion  s ince  rainfal l   acidi ty 
would  remain  well  below  that  known  to  cause damage to sensit ive 
species. (1 6 )  

(e)Cooling  Tower  Emissions 

The  extent  and  amount  of  sa l ts  deposited  from  cooling  tower  water  vapour 
emissions  are indicated in   F igure 6-4. Such  deposition is  expected  to  have 
minimal adverse effect  on  vegetation. 
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SECTION 8 .  FORESTRY(17,35) 

8.1 EXISTING  SITUATION 

shown in Figure  8-1.  This region encompasses approximately 23 358 km2 of 
Forest ry  i s  the  predominant land  use and  indust ry   in   the  reg ional  study area, 

which  about 74 percent  i s  forest  land. It contains a total  volume of about 135.6 
mill ion m3 of  mature standing t imber ,   or   about  1.1 percent  of   the  provincial  
timber  resource.  Principal  commercial  species  are  lodgepole  pine,  Douglas-fir, 
spruce,  alpine fir and  ponderosa  pine. 

plywood  plants  and  one pulp mil l  in 1976. Average  employment in these 
The  reg ional   forest   indust ry  was comprised  of 12 sawmills, th ree  

operations was estimated a t  about 2400 people.   The  level   of   forest   act iv i ty  is  
governed by the  Annual   Al lowable  Cut  (AAC)  in  the  region’s  Publ ic  Sustained 
Yield  Units’  (PSYU).  Most of the  present   AAC  of  1,875,500 m3 is fully allocated 
to   f o res t  companies, and current  commitments do not  represent  an  overcutt ing 
s i tuat ion.   Without  the  Hat  Creek  project   the  forest   industry  of   the  region  is 
expected  to  remain  stable,   wi th  l i t t le  growth  or  contract ion.  

The  local s tudy  area,  also  shown  in  Figure  8-1,  is  defined as a circle, 
25 km in radius,  centred  on  .the  proposed  powerplant  site. This area  covers 
about 1964 km2, of   which  about 75 percent  i s  forest   land.  The  mature  standing 
timber  volume in this  area i s  approximately 10 472 500 m3 w i th  a mean annual 
increment  of 182 736 m’ and an estimated  AAC  of 146 189 m3.  

8.2 PROJECT  ACTIONS 

The  proposed  project   could  af fect   the  area’s  forest   act iv i ty in two  pr inc ipa l  
ways.  First,  land  requirements  of  project  components  would  alienate some 
forest   land  and  wi thdraw it from  product ion.  Second,  emissions  from  the 
powerplant  stack  could  have  the  potential  to  reduce  growth  rates  of  nearby 
fo res ts .  

8.3 EFFECTS OF THE  PROJECT 

The  pro ject   s i tes  for   the mine, powerplant  and  of fs i te  faci l i t ies encompass about 
2833 ha  and  contain an estimated 93 000 m’ of   mature  standing  t imber.   This 
area  includes 2506 ha  of  disturbed  areas  (see  Table  3-1) plus 327  ha which 
represent a 20 m b u f f e r  str ip around  al l   faci l i t ies.  Al l   merchantable  t imber 
would  be  cleared  and  salvaged  during  construction  act ivi t ies. 

In   ca lcu lat ing  the  AAC  of  the region’s PSYU, the  B.C.  IForest Service 
has  anticipated  the  proposed  development.  An  allowance has been  made for 
withdrawal  of   forest   land as a resul t   of   the  project .   Consequent ly  there  exists 
suf f ic ient   t imber  in  the  area to maintain  the  current  al located  AAC  when  the 
construction  phase of the  project  is  completed.  Thus  the  Iproject ’s  land 
requirements  would  have  no  ef fect   on  the  forest   industry ’s  suotainable wood. 
supply .  
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Under   the  proposed  pro ject  (366m/FGD  case) no  forestry  loss  should 
.occur   due  to  SO2 emissions.  With  the 244  m/MCS option, some in ju ry   f rom 
powerplant  stack  emissions  would  be  expected in t h e  local  and  regional  areas. 
The  impact   o f  SO2 emissions  would  be  low-grade  chronic  injury,  which  would 
s l ight ly  s low  forest   growth.  Some weaker  individual  trees  may  die  outr ight; 
other  more  resistant  ones  would  show  no  visible  symptoms  although  they  may 
su f fe r  some growth  reduct ion  due  to  minor  losses  of   photosynthet ic  product ion.  
It is   est imated  that   the  total   reduct ion  of   forest   growth  in  the  local   area  would 
be  about 132 m3 of  wood  yearly,  or 0.07 percent   o f   the  mean annual  volume 

trees  may also  make  them  more  susceptible  to  insect  attacks.  This t ype   o f  
g rowth  of t rees  in  the  local   area.  Air   pol lut ion  which  may  weaken o r   i n ju re  

in teract ive ef fect   cannot  be  quant i f ied and no  attempt  has  been made t o  do so. 

study  areas.  Impacts  would  be  dependent  upon  the  level  of  f luorine  in  the  coal 
Fluorine  emissions  could  affect  forest  fol iage  in  the  local  and  regional 

burned,  and  the  percentage  emit ted as hydrogen  f luor ide  vapour.   The  impacts 

f o r   t h e  244 m/MCS and 32 percent  for   the  proposed  project   (Sect ion 6.0). The  
due  to  f luorine  emissions  were  based  on  levels  of  f luorine  emitted  of 63 percent 

244 m/MCS option  has a much  greater  impact  on  the  forest  resources.  Estimates 
ind icate  that  53 100 m3  annual ly   o f   potent ia l   growth  could  be  lost   or  29 percent 
o f   t he  mean annual   increment  of   the  local   study  area.  The  value  for   the 
proposed  project   considers a to ta l   o f  68 percent  f luor ine  removal   f rom  the  f lue 
gases.  For  the  proposed  project,  the  impact  of  f luorine  emissions  could  amount 
t o  a loss of  approximately 1  800  m3 annual ly  of   potent ia l   growth,or  one  percent 
o f   t he  mean annual  increment  of  the  local  study  area.  An economic  evaluation  of 
t h e  project's impact on forestry resources on t h e  above two cases i s  prov ided in 
Section 18.1. 
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SECTION 9. AGRICULTURE (18,19,35,52,53) 

9.1 EXISTING  SITUATION 

A t  p resmt ,   agr icu l tu re   in   the   reg iona l  area (F igure  9-1) i s  devoted  pr imar i ly   to  
a cow/cal f   type  of   beef  enterpr ise.   In 1976, about 5476 kmz  or  'I5 percent  of 
the  reg ion was in  use as farmland,  which  represents  about 23 percent   o f   the 
total   farmland  of   the  province.  Twenty-f ive  percent  of   the  region is. in   Agr icu l -  
tural  Land  Reserves  (ALRs),  which  represents 20 percent   o f  a l l  A1.R land o f   the  
province.  With  regard  to  the  Canada  Land  Inventory  (CLI)  clas!;ifications, 30 
percent  of   the  provincial   total   of   c lass 1 lands i s  contained  in  the  region. 
Twelve  percent  of   the  region i s  of h igh  agr icu l tura l   capabi l i ty   (CLI  classes 

percent i s  of  l imited o r   n o  agr icu l tura l  value.  The h igh  capabi l i ty  lands, w i th  
1-41, 43 percent  of  grazing capabi l i ty  (CLI classes 5-61, and  the  remaining 45 

the  most  favourable  climates,  are distributed mainly in the  lower  e levat ion 
val leys and on  the benche!; o f   the  Fraser  and Thompson rivers. These 
benches  are  also  found  in  the  Nicola  Lake  and Kamloops Lake  areas.  High 

the  region. The  region i s  ideally su i ted  to  beef  catt le  production  because  there 
agr icu l tura l  capabil ity  lands  also occur  on the  plateaus  of   the  northern p a r t  of  

is, mainly a t  the  higher  elevations, a large quantity of   graz ing  land (16 000 
km") in c lose  proximity  to  these  high  capabi l i ty   lands.  In 1976, the  estimated 
number  of beef cat t le in the  region was about 23 percent   o f   the  prov inc ia l   to ta l .  

and  local  study  areas  (Figure  9-1),  are  low ra in fa l l ,  especially a t  the  lower 
The  ch ief   const ra in ts   to   agr icu l tura l   product ion,  in both  the  regional  

elevations,  and  the  short  growing season, especially a t  the  hightsr  elevations. 
Irrigation is  practical  on an extensive scale, par t icu lar ly   in   the  Thompson  River  
valley.  However,  available  water  in  the  Hat  Creek  valley  is  presently,  in  the 
absence  of  large  storage  facil i t ies,  almost  fully  committed  to  existing 
permit-holders. 

Data on  crop  production  were  derived  from  the  Thompson-Nicola 
census  division.  Although  the  boundaries  of  this  census  division do not  exact ly 
coincide  with  the  regional area, the  data  are  general ly  representat ive  of   the 
area.  Hay is  the  pr inc ipa l   forage  crop  wi th   y ie lds  o f   11.2  to   13.5 FAg/ha. Other 
forage crops such as silage! corn and crested wheatgrass are of minor 
importance.  Cereal grains, seed crops,  potatoes,  vegetables, t ree f ru i ts ,  small 
f ruits and some other  f ie ld  crops  are  a lso  ra ised  in  the area, but   do  not   form 
any  significant p a r t  of the  province's  total   product ion.  

The  exist ing  si tuation  of  the  local  area  is similar to tha t  of t h e  
regional area.  However,  because  the  Hat  Creek  valley is  a t  a s l igh t ly   h igher  

favourable  c l imate  for   agr icul tural   product ion.   The areas,  and  percentages,  of 
a l t i tude  than most  of the  other  major  val leys  in  the  region, it has .a s l igh t ly  less 

t h e  local  area  with  capabil i t ies  for  i rr igated  agriculture  and  for  grazing  are 
shown  in  Table 9-1. Data are  also  shown  in  this  table  for  the  Hat  Creek  basin 
which,   for   the  agr icu l tura l   s tudy,  was defined as tha t   por t ion   o f  .the  Hat  Creek 
watershed  within  the  local  study  area.  In  the  Hat  Creek  basin, 7.8 percent of 
the  land  is   o f   h igh  agr icu l tura l   capabi l i ty   (CLI  classes 1-4). l h e  remaining 
92.2  percent  possesses  grazing capability. Twenty-seven  percent  of  the  local 
area  a.nd:23  percent  of  the  Hat  Creek  basin  are  under  ALR  status.  Agriculture 
land use is  shown  on  Table  9-2.  Only  2.3  percent  of  the  local  area and 1.7 
percent  of the  Hat   Creek  bash  are  present ly   in   use fo r  cu l t ivated  crop land  or  
i r r igated  pasture.   The  rest  i s  almost entirely  rangeland. 
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LAND  CAPABILITY FOR AGRICULTURE 
TABLE 9-1 

LOCAL  STUDY  AREA  AND  HAT  CREEK  BASIN 

Local Study Area Hat  Creek  Basin' 

k 

U 

L., 

Capabil ity  Class 

Capab i l i t y   fo r   I r r iga ted  
Agr icu l tu re :  

CLI  Ag. Capabi l i ty  2 
CLI Ag. Capabi l i ty  1 

CLI  Ag. Capabi l i ty  3 
CLI  Ag. Capabi l i ty  4 
CLI Ag. Capabi l i ty  5 

SUBTOTAL 

Capabi l i ty   for   Graz ing:  

Grazing  Capabi l i ty  1 
Grazing  Capabi l i ty  2 
Grazing  Capabi l i ty  3 
Grazing  Capabi l i ty  4 
Grazing  Capabi l i ty  5 

SUBTOTAL 

T O T A L  AREA 

Area2 - (km') Percent 

37 1.9 

Area2 - ( km2) Percent 

0 0 
0 0 

71 
19 1 .o 

3.6 14 2.2 
85 4.3 . 36  5.6 

18 2.8 48 2.4 

260 13.2 
- - 

12 0.6 

302 
593 30.2 

465 23.7 
15.4 

33 1 16.9 

1703 86.8 

1963 100.0 

- - 

- - 
68 10.6 

4 0.6 
232 
85 

36.2 
13.3 

124 19.3 
128 20.0 

573 89.4 

641 100.0 

- - 

1 .  That  port ion  of   the  Hat  Creek  watershed  wi th in  the  local  study 
area. 

2. Includes  areas of water  bodies,  estimated  to  be 10 km2 f o r   t h e  
local study  area and 1 km2  for   Hat  Creek  basin.  

t h e  local  area. A l fa l fa   is  a valuable plant species t o  the  agr icu l ture  o f   the  area.  
T h e  crop  types and the i r   p roduc t iv i t ies  are  shown in Table 9-3 f o r  

It i s  grown by i t se l f ,   o r   i n  conjunct ion  wi th a grass as a hay crop: 

Twelve  farm  uni ts  are  present,  to some extent, in the  s i te-speci f ic  
study  area  which  is  that  port ion  of  the  local  study  area  where  the  proposed 
mine, powerplant and offs i te  faci l i t ies  are  to  be  constructed.  Eleven  of   these 
uni ts  are  cat t le  ranching  operat ions,   and  one  is a commercial hay farm.   Thei r  
present  development  is  constrained by existing  soils,  cl imate  and availability o f  
i r r igat ion  water .   There  are  two  agr icu l tura l   research  p lo ts   wi th in  the 
site-specif ic study area. 
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PRESENT AGRICULTURE  LAND USE 
TABLE 9-2 

LOCAL  STUDY  AREA  AND  HAT  CREEK  BASIN 

L.ocal Study  Area Hat  Creek  Basin 

Cul t ivated  Cropland  and 
Irr igated  Pasture:  

Pr ivate  and Leased 
Indian  Reserve 

SUBTOTAL 

Rangeland: 

Private  and  Leased 

Grazing  Permits 
Indian  Reserve 

Non-agr icul tural  

SUBTOTAL 

T O T A L  

Low  Use  Grazing  Land 
(included  in  Rangeland 
categories) 

43 
2 

2.2 
0.1 

45 2.3 
- - 

592 30.2 
77 3.9 

121 1 61.7 
38 1.9 

1918 97.7 

1963 100.0 

" - 

415 21.1 

A rea 
(km2) " Percent 

9.5 1.7 
1.3  0.2 

10.8 'I .7 
- " 

168.0  ,26.2 
28.0 

434.0 
4.4 

67.7 - - 
- 
630.0 98.3 

640.8 100.0 

127  19.8 

1 .  That portion  of  Hat  Creek  watershed  within  the  local study 
area. 

9.2 PROJECT  ACTIONS 

The  five project  actions that could  a f fect   the  agr icu l ture of the  Hat  Creek  val ley 

quality  changes,  noise  and  dust.  The  regional and local  effects of these  actions 
and  the  surrounding  region  are:  land  al ienation,  powerplant emissions, water 

are  d iscussed  in  the  next  sect ions.  
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TABLE 9-3 

PRESENT FORAGE AND FIELD CROPS - LOCAL  STUDY AREA (52) 

Crop  Type 

Legumes 
A l f a l f a  (Medicago sa t i va )  
- v a r i e t i e s  Rambler, Vernal 

A l s i ke   C love r   (T r i f o l i um hybridum) 
- var ie t ies  Aurora,   Tet ra 

White  Clover  (Tr i fo l ium  repens) 
- var iety  White  Dutch 

A g r i c u l t u r a l  1 

Importance P r o d u c t i v i t y  

Grasses 
Bromegrass (Eromus, arvensis, Eromus inermis) 
- va r ie t i es   Car l t on ,  Magna Low 

High 
6.7 - 15.7 Mg/ha 
(hay) 

Medi um 
4.5 - 11.2 Mg/ha 
(grass  hay  mix) 

6.7 - 9.0  Mg/ha 
Low (hay-meadow grass  mix) 

Crested Wheatgrass (Agropyron  cristatum) 
- v a r i e t i e s  Summit, Nordan 

Orchardgrass  (Dactylis  glomerata  L.) 
- v a r i e t y   S t e r l i n g  

Perennial  Ryegrass  (lolium) 
- va r ie t i es   Nor lea  and Tetrap lo id   types 

Medi urn 

4.5 - 9.0 Mg/ha 
(hay-legume mix) 

0.2 - 0.4 ha/AUM 
(pasture) 

High 
6.7 - 11.2 Mg/ha 
(hay-legume mix) 

Low 
0.4 ha/AUM 
(wetland  pasture) 

Reed Canary  Grass (Phlar is  arurdinacea  L.)  
- var ie t ies   Fron t ie r ,   Cas tor  

6.7 - 11.2 Mg/ha 
Medi um (hay) 

Timothy (Phleum pratens is   L . )  
- var ie t ies  Cl imax,  Champ 

Annuals 
Corn (Zea mays  L. 1 
- h y b r i d   v a r i e t y  

6.7 Mg/ha 
Medi um (hay) 

45 .Mg/ha 
Medi um (s i l age )  

Potatoes (Solanum tuberosum) Low 27 Mg/ha 

Refers to   t he   re la t i ve   ag r i cu l tu ra l   impor tance   o f   t he   c rop  i n  the  local   study  area. 



9.3 EFFE.CTS OF  THE PROJECT 

L 

(a) Regional  Effects 

The  establ ishment  of  the  proposed coal  mine, powerplant  and  of fs i te  faci l i t ies is  
expected  to  have  l i t t le  impact  on  the  regional   agr icul ture  industry.   Land 
al ienation  in  the  si te-specif ic iarea, which  would  cause a reduction  in  rangeland 
and  land  for   i r r igated  forage  crops, i s  expected  to  have  l i t t le  impact  on  the 

potent ia l ly   af fect   lands outside  the  local  area,  specifically  in a north  easter ly 
regional   beef  industry.  However,  powerplant  stack  emissions of f luor ide  could 

direct ion  towards  the  Arrowstone  Hi l ls  and  the  Tranquil le  Plateau. (18) Beef .  
cat t le  are a sensit ive species and f luor ide  levels  in  their   feed  should  be  kept 
below 40 ppm  to  ensure  their  health.  Conservative  est imates  of  the  f luorine  that 
would  be  emitted  from  the  stack  are  shown  on  Table 6-2. Analyses  for   the 244 
m/MCS option  indicate that no  s igni f icant  impacts  on  agr icul ture  f rom  the  Hat 

the  proposed  project  (366 m/FGD).  Nevertheless,  since  environmental  f luorine 
Creek  fluoride  emissions  are  expected.  Fluoride  emissions  will  be (even lower   for  

accumulation i s  d i f f icu l t   to   predic t ,   f luor ine  wi l l   be  moni tored  in   a f fected 
ecosystems as the  project   proceeds. 

(b )  Local  Effects 

The  local s tudy  area,  which  includes  the  Hat  Creek basin, i s  shown  in 

vegetat ion  due  to SO2 and NO2 together was assessed.  Under  the 244 m/MCS 
Figure  9-1.  As  discussed  in  Section 7.3, the  potent ia l   maximum  in jury  to 

option,  Kentucky  bluegrass  would  be  affected  over an  area of  2.2  km2,  while 
the  in jury  range  would  be  between 1 and 14 percent  (Table  7-,3).  With  the 

to  Kentucky  Bluegrass  of  less  th,an 5 percent  over an  area of 0.2  km2  (see  Table 
proposed  project,  the  powerplant  emissions are  expected  to  cause an in jury   leve l  

7-4). The  exact  effects  of  the  emissions on a l l  rangeland vegetation  cannot  be 

g r a s s  species  are  now  only  available  for  Kentucky  Bluegrass.  However,  other 
predicted  in  detai l  a t  th is  t ime since data  indicating  the  response  of  rangeland 

quant i ta t ive  in jury   predic t ions,   for  a few of the  woody  plant  species  important  to 
l ivestock  indicate  impacts  of  lesser  magnitude.  The  total  effect  of  the 

of  information fo r  any other  range  species. 
powerplant  emissions  on  the  range  resources  cannot be predicted clue to   the   lack  

Ambient  ground  level  concentrat ions of f luorine a r e  shown  in Table 
6-4. As  in  the  regional  study area  the  cumulative  patterns of f luor ine  are 
d i f f icu l t   to   predic t   and  the  re l iance  on a monitor ing  program is  mandatory. 
Table  6-4  indicates that ambient  concentrations of f luor ine  are  reduced  for   the 
proposed  project  (366  m/FGD) as opposed  to  the.244 m/MCS option. 

a f fect   the  crops  grown  on  the  present  and probable  CLI  i r r igahle  land  in  the 
For  the 244 m/MCS option,  powerplant  emissions a r e  a lso expected  to 

upper  Hat  Creek  val ley.   The, levels of ambient a i r  concentrations  are  shown  on 
Table 6-3  and  Table  6-8.  Increased  concentrations  tend  to  be  present a t  h igher 

areas  affected  and  their c1as:;ification are  given  in  Table  9-4.  The  impact  on 
elevations and not   in   the  valley where i r r igated agriculture is  piractised.  The 

t h e  229 ha affected is  postu la ted  to   s l ight ly   reduce  product iv i t ies .   A l fa l fa   is  
one  of   the more sensit ive  crops  grown  in  the  local  area.  The  average  injury 
level  would  be  about  3.4  percent  with a maximum injury  level   of  10 percent.(51) 

Wi th  the proposed project  (366/FGD)  there  wil l  be  no  adverse  effect on crops 
Some areas  might  receive a possible  beneficial  effect  on  alfalfa  growth  from  S02. 

grown  on  the  present  and  probable  CLI  i r r igable  land  in  the  upper  Hat  Creek 
Valley. 
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Land  alienation by the  proposed  pro ject   would  be  o f   two  types.   An 

to   pro ject   features,   such as transmission  l ines and bur ied  p ipe l ines.  A "closed" 
open"  a l ienat ion  would  occur  where  agr icul tural   use i s  par t ia l l y   res t r i c ted   due 

al ienation  would  occur  where  agricultural  use  is  completely  el iminated,  such as 
l a n d   f o r   t h e  mine, powerplant and of fs i te   bu i ld ings.   The  amounts  o f   land 
involved  are 123 ha for  "open"  al ienation  and 2771 ha for  "closed"  alienation. 
T h e  2771 ha of  "closed"  alienation  include  approximately 2500 ha o f  land d i rec t l y  
alienated  (see  Table 3-1) and  also  land  indirectly  alienated  (i.e.  small  areas  of 
land  isolated  between  project  faci l i t ies  such as conveyors  and  roads). 

For   the  366  m/FGD case, the  combined  impacts  of a i r  emissions and 
"closed"  land  alienation; a total   of  234.8 ha of   probable  (predicted  future  uses 
wi thout   the  pro ject )   i r r igated  lands  wi l l   be  a f fected  in   the  upper   Hat   Creek 
val ley.   This  represents  about 15 percent   o f   the  to ta l   probable  i r r igated  lands 
in  the  area  for   the  wi thout  the  project   project ions.   The  combined  impact  on 
rangeland,  occurr ing  only  wi th in  the  upper  Hat  Creek  val ley,   af fects 2251.3 ha. 
This  represents  about  four  percent  of   the  rangeland  in  the  Hat  Creek  basin.  
Fo r   t he  244 m/MCS option,  combined  impacts  on  probable  irr igated  lands  is 
increased  to  250.4  hectares.   The  impact  on  rangeland  remains  the same 
(2251.3). 

th ree  cases; "wi thout"   the  pro ject  and "wi th"   the  two  pro ject   opt ions.   The 
An  ana lys is   o f   the   Hat   Creek   bas in   beef   indus t ry  was p repared   f o r  

comparat ive  resul ts  are  summarized  in  Table  9-5  for   feed  product ion.   The 

to feed production, the reduction of 580 animal units in the spring season, for 
projected  development  of   the  beef  industry  is   shown in Table  9-6.  With  regards 

t h e  244 m/MCS opt ion  is  the  greatest   d i f ference  between  the  "wi th"  and 
"wi thout"   project  cases. This   represents  a reduct ion of 12.3 percent   in  
probable  herd  s ize.   The  impacts  for  the win ter  and summer  seasons are  less 
than 4 percent o f   p robab le   herd  sizes. With regard  to   the  probable  development  
of   the  Hat  Creek  basin  beef  industry,   the da ta  (Table  9-6  and  Table  9-7) 
ind icate  that   the  impact   is   not   o f   great   magni tude  for   e i ther   the  proposed 
p ro jec t   o r   t he  244/MCS opt ion.   Tables  9-6  and  9-7  indicate  that   l i t t le  change  to 
the  beef   indust ry   is   expected  between  the  proposed  pro ject   and  the 244 m/MCS 
opt ion.   Th is   resul ts   f rom  the  impor tance of land  al ienat ion  rather  than  air  
emissions  in  determining  the  impact  on  agriculture.  An economic evaluation  of 
beef  production  impacts  is  discussed  in  Section 18.2. 

Four  ranches in the  Hat   Creek  va l ley  are  expected  to   be  a f fected by 
noise  from  the  various  project  construction  act ivi t ies.  However,  since  the 
resultant  noise  levels  at  these  ranches  are  not  expected  to  exceed  the  YDNL 65 
dB(A)  level, a l l  of   the  Hat  Creek  val ley  ranches  would  remain  compat ib le  for  

catt le  grazing  would  only  be  exceeded  within 210  m of   the  powerp lant   fence  and 
residential land use during the  const ruct ion  per iod.   The  no ise  cr i ter ion  l imi t ing 

near  No. 2 booster   pumping  s ta t ion  dur ing  the  const ruct ion  phase.  

Al though  soi ls  wi th in  the  s i te-speci f ic   study  area  are  moderately  to 
highly suscept ib le  to  forming  dust,  it is   an t ic ipa ted   tha t   the   dus t   wou ld   be  

agr icul ture  would  consequent ly  be  insigni f icant.  
reduced  to  acceptable  levels by suppression  techniques.  The  impact  of  dust  on 
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SO2 AND NO2 EMISSIONS:  PRESENT  AND  PROBABLE  CLI' 
TABLE 9-4 

IRRIGABLE  LAND  AFFECTED  IN  THE  LOCAL  STUDY  AREA (52) 

244 M STACK  WITH MCS' 
(ha) 

Hat  Creek  Pavil ion 
Valley 

Arrowstone  Cornwall  
Area  Hil ls  Hil ls  Total - 
- 

CLI 1 
Present  I r r igated 11.1 - - 
CLI 2 
CLI 3 

~ 

CLI  4  34.2 
CLI 5 

0.9 
53.5 - - - 

T O T A L  103.8  0.9 ""_ ""_ "- "- 

3.3 
5.6 - 

1.4 
54.4 

7.5 

33.3 
14.8 
4.3 

98.0  26.6 

- 
- - 

- - 

"" 
"" 

"" 
"" 

16.7 
3.3 

13.9 
104.3 
91.1 

229.3 

- 

- 
""_ ""_ 

1. Canada  Land  Inventory. 

2. For   the  366 m stack,  with FGD, impacts  would be a t  the  threshold 
level  and may be beneficial. 
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TABLE  9-5 km 

H A T  CREEK  BASIN'  INDUSTRY:  PROBABLE  FEED  PRODUCTION (52,35) 
"WITHOUT"  AND  "WITH"  THE  PROJECT 

SEASONAL  RESOURCE  SUMMARY 

Maximum  ProbableZ w 

(Animal  Unit  Months) 
Feed  Production2 

(Animal Uni ts)  
Herd Size 

km 

Season Without With Without  With 

244m/MCS 366m/FGD 244m/MCS 366m/FGD 
b 

Winter  (7  months)  24 332 23 520 23 796 3 476 3 360 . 3 399 

Spring (2  months)  9 465 8  306 8 323 4 733 4 153 4 162 

Summer  (3  months)  9 081 8 820 8 820 3 027 2 940 2 940 I 

cr 

1. That portion of the Hat   Creek  watershed  wi th in   the 
local study area. 

2.  Assuming  no  limitations o r  assistance  from  resources 
associated  with  other  seasons. 
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TABLE 9-6 

Y 

Y 

H A T  CREEK  BASIN'  BEEF  INDUSTRY:  PROBABLE DEVELOPMENT 
"WITHOUT"  AND  "WITH"  THE  PROJECT' (52,351 

366 M STACK  WITH FGD 

1. Cows - f rom 
model analysis 

2. Calves  produced 
85% of  Item 1 above 

3. Steer  calves  sold 
50% of I tem 2 above 

4. Cow mortal i ty 
2% of  I tem 1 above 

5. Cul l  cows sold 
12% of  Item 1 above 

6. Heifer  calves for 
replacement 
(Items 4 and 5 above) 

7. Heifer  calves  sold 
(50% Items 2 - 6 above) 

1980 - 

2038 
(2038) 

(1 732) 
1732 

1990 - 
3005 

(2900) 

(2465) 
2554 

(1233) 
1277 

2000 - 

(3122) 
3200 

(2654) 
2720 

(1327) 
1360 

64 
(62) 

(375) 
384 

448 

(437) 

(890) 
912 

2020 

(32!25) 
3300 

2805 
(2741) 

1. That  port ion  of  the  Hat  Creek  watershed  within  the  local  study 
a rea. 

2. Figures in parentheses  are  for   the  "wi th"  project  case: 
366 m/FGD. 
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H A T  CREEK  BASIN1  BEEF  INDUSTRY:  PROBABLE  DEVELOPMENT 
TABLE 9-7 

"WITHOUT"  AND  "WITH"  THE  PROJECTZ (52,35) 
244 M STACK  WITH MCS 

1977  1980  1990 2000 2020 - - - - - 
1. Cows - f rom 2000  2038 3005 3200 3300 

model  analysis (2000)  (2038)  (2881)  (3081)  (3184) 

2.  Calves  produced 1700  1732  2554  2720 2805 
85% of   I tem 1 above (1700)  (1732)  (2449)  (2619)  (2706) 

3. Steer  calves  sold 850 866  1277 1360 1403 
50% of  I tem 2 above (850)  (866)  (1224)  (1309)  (1353) 

4. Cow  mortal i ty 40 41  60 64 66 
2% of Item 1 above (40)  (41)  (58)  (62) (64) 

5. Cull  cows  sold 240 245 361 384  396 
12% of  I tem 1 above (240)  (245)  (346)  (370)  (382) 

6. Heifer  calves for  280  286  42 1 448 462 
replacement 
(Items 4 and 5 above) (280)  (286)  (403)  (431)  (446) 

7. Heifer  calves  sold 570  58 1 856 91 2 941 
(50% Items 2 - 6 above) (570)  (581)  (821)  (878)  (907) 

1 .  . That  port ion  of   the  Hat  Creek  watershed  wi th in  the  local  
s tudt   area.  

2. Figures in parentheses  are  for   the  "wi th"   pro ject  case: 
244 m/MCS. 
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SECTION 10. WlLDLIFE(18,35) 

a 

10.1 EXISTING  SITUATION 

(a)Deer  and Moose 

About 13 percent   o f   the  watershed i s  ra ted as Class 3 deer and moose habitat, 
Habi tat   in  the  Hat  Creek  val ley i s  moderately  wel l   sui ted  to  deer  and moose. 

remainder i s  rated as Class 4 habitat  (moderate  l imitat ions  to  production).  Poor 
(sl ight  l imitat ions  to  production,  Canada  Land  Inventory  rat ing),  whi le  the 

exposure  are  the  chief   l imi tat ions  on  habi tats in the  area.  About 11 percent  of  
soil  moisture,  inadequate  soil  depth,  excessive  snow  depth  and  adverse 

the  area is  deer  winter  range. 

habitats  and  also  make some winter   use  o f   the  forest -grass land a!;sociations on 
Mule  deer  make  extensive  use  of  the  avai lable  low-elevation  sagebrush 

south-facing  slopes.  Deer  are  widely  dispersed  in  summer.and f a l l  b u t   t e n d   t o  
congregate  in  winter.  Moose occur   in  small numbers in the  subalpine  and  lower 
elevation  wetlands  dispersed in the  southern  and  western  por t ions of the   Hat  
Creek  val ley.   Figure 10-1  shows the  vegetation  types  used as wi ld l i fe  habi tat  
in  the  Hat  Creek  val ley.  Cattle!  make use of  most  wi ldl i fe  habitats  within  the  Hat 
Creek  val ley. 

The  d is t r ibut ion  o f   wet land  habi ta ts  in Hat  Creek  val ley  is   indicated  in 
F igure 10-2.  Limitations  to  waterfowl  nesting  in  these  wetlands  are  primarily 
the  general  lack of marsh  vegetation  and  the  narrow  marsh  edges.  Heavy  catt le 
graz ing in the  val ley  has  disturbed  the  shal low  port ions  of   wet lands,  apparent ly 
preventing  the  establ ishment  of  emergent  and  marsh  edge  vegetation.  The 
waterfowl  breeding  population  has  been  estimated a t  approximately 260 pai rs  
which  produce an estimated 600 duckl ings  yearly.  Mallards,  teal  and  goldeneye 

fa l l  and spr ing  and several  hundred birds are  usual ly  present a t  such  times. 
a re   the  most common species.  Migrating waterfowl  use  the  Hat Creek  val ley  in 

S ix ty -e igh t  different species of birds were recorded on breeding 
surveys  conducted  in   f ive  habi ta ts   in   the  Hat   Creek valley. Highest  numbers  of 
individuals  are  found  in  the  forested  areas,  while  fewest  are  found  in  open 
ranges. Species d ivers i ty   is   h ighest  in the  r i p a r i a n  and aspen associations. 

making use of  the  r ipar ian  and  the  forest  and grassland  associations.  Mourning 
Ruffed  grouse  and  blue  grouse  are common in the  upper   Hat  ICreek valley, 

doves, spruce  grouse,  chukar partridge and blue grouse ex is t  in various p a r t s  
of  the  val ley  and  surrounding  areas. 

(c)Small Mammals 

The  deer  mouse is  t he  most  commonly  encountered small  mammal. Microt ine 

cycles  and  their  abundance is  therefore  highly  variable.  Red  squirrels  occupy 
rodents  have  not  been  found to be abundant, but  they  are  subject  t o  population 

a l l  forested zones and chipmunks  make  use of most habitats.  Riparian  associ- 
at ions  contain  the greatest diversity of  small mammal species. 

Al though  the  area  potent ia l ly  affected by the  project 's  physical  
disturbances has no  registered  trapl ines, the  upper  Hat  Creek  val ley  has  an 
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abundance  of   furbearers.   Beavers  are  found  along  .Hat  Creek and most  of   i ts  
t r ibu tar ies .  

(d)Wildl i fe  Use 

The   p r imary  use of   wi ld l i fe  in the  regional   study  area (see Figure  8-1)  is 
hunt ing .   The  ma jor i t y   o f   the   deer   and moose hunters   us ing  the  reg ion  res ide in 
t h e  Kamloops  area, wi th   the  second  largest   number  res id ing in the  lower  
mainland.  The  regional  area was a small p a r t  o f   the  former Game Management 
Areas 4, 14, and 15. Game Management  areas  were  superceded by the  much 
smaller  Management  Units in 1976, and  the  Hat  Creek  watershed  const i tutes 
approximately 60 percent  of  Management  Unit  3-17.  Table 10-1 summarizes t h e  
1976 t o  1979 wi ld l i fe   harvest  d a t a  f o r  Management  Unit  3-17.  The  Hat  Creek 
watershed  provides an  average  of 28 percent  of   the  deer,  34 percent   o f   the  
moose and 13 percent   o f   the  b lack  bear   annual   harvest  in Management Unit 3-17. 

and this is   un l ike ly  to change in the  fu ture.   Wi ld l i fe   v iewing  is   present ly  
Trapping  is   present ly   not  a major  wi ldl i fe use in  the  Hat  Creek  area 

l imited by lack  of  access within  the  Hat  Creek  val ley.  

10.2 PROJECT  ACTIONS 

The proposed project and related act iv i t ies could af fect  wi ldl i fe  resources in 
three  principal  ways:  habitat  al ienation,  disturbance  and  harassment,  and 
toxic i ty  f rom  emissions and waste  materials.  The  term  "habitat  al ienation"  is 

can  no  longer use it as before. Disturbance  involves  the  ef fect   of   man's 
used  here  to  denote alterat ion of a n  ex is t ing habitat so that indigenous  species 

activit ies  (noise,  machinery  operation and  hunt ing)  on  wi ld l i fe  resources. 

10.3 EFFECTS OF THE  PROJECT 

(a)Habitat  Al ienation 

The  areas of habitat  that  would  be  al ienated by the  pro ject   are  deta i led in 
Table  10-2 and Table  10-3.  Wildlife  most  affected by habi tat  loss would  be 
mule  deer and waterfowl.  More  than 60 percent  of  the  avai lable  local  sagebrush 

would  be alienated as t h e  pro ject  develops.  The  effects  of t h i s  habitat loss on 
habitat, which  present ly prov ides most  of   the  deer  winter range i n   t h e  valley, 

the   deer  population would  depend on management  measures and the  e f fects   o f  
other  factors,  part icularly  hunting.  In  the  absence  of  any  specif ic  management 
measures, a populat ion  decl ine  in  the  val ley  could  be  ant ic ipated. Some o f   the  
wetlands  alienated by the  mine pit construct ion  provide  better  qual i ty  waterfowl 

mean  a decline in waterfowl  product ion in the  val ley  bot tom. 
habi tat  than elsewhere  in  the  val ley.   This  decl ine in wetlands  would  probably 

(b)Disturbance  and  Harassment 

The  noise  and  presence  of  operating  machinery  and  vehicles  would  be  relat ively 
cons tan t   dur ing   the   l i fe   o f   the  mine.  Most  animals  would  probably  adapt  to 
these  changed  conditions in areas  of   preferred  habi tat   near  mine  operat ions.  
Al terat ion  of   movement  pat terns  rather  than  in jury  would  be  the  pr imary  impact.  
The  powerplant  stack  and  transmission  l ines  would  be  located  away  from  the 
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IAtlLE lU-1 

WILDLIFE HARVESTED IN MANGEMENT UNIT 3-17l 
IN 1976 TO 1979  (54) - 

0 
Z 
4 
0 

5 
I" 
U 
r 
n Species 
rn 1976  1977  1978  1979  1976  1977  1978  1979  1976  1977  1978  1979  1976  1977  1978  1979 

Hunter Days 
Estimated  Harvest2  Estimated  Hunters  Estimated  Hunter Days pe r  Animal  Harvested 

Deer 124 110  157  176 949  692  1010 922  4872  2251  3993  3783 39  20  25  21 

Moose 20 13 - 19 0 86  85  99 111  511  361  530  55 26  28 28 

Black Bear 6 27  34  28 29  75  73 77  150  237  215  440 25 9 6 16 

Mountain Sheep 3 2 6 0 18  24  36 30  62  110  87  138 21  55 15 - 
Ducks 195 19 154  78 69  19  52 195 - - - - - - 

B1 ue Grouse 1504 596  1313  1268 430  206  348 365 - - - - - - - - 

Ruffed Grouse 1151 524  862  1549 425  176  270 404 - - - - - - - - 

Spruce  Grouse 676 413  826  882 362  112  239 276 - - - - - - - - 

Chukar Par t r i dge  168 232  414  706 73  93  58 130 - - - - - - - - 

- 

- - 

1 The Hat Creek v a l l e y  comprises  about 60 percent  of Management Un i t  3-17. 

2 Estimates made by B.C. F i sh  and W i l d l i f e  Branch  from  mail  questionnaires. 



TABLE 10-2 

WILDLIFE HABITATS EXPECTED TO BE ALIENATED rn v) 

0 
-I BY HAT CREEK MINE, POWERPLANT AND OFFSITE FACILITIES1 (18,  35) 
0 (ha) 
- 
z 
0 
d 

s Medicine  Houth 
Mine  Creek Meadows Coal 
Open Waste Waste Handling  Maintenance  Powerplant  Off-site r 

U 
r 
n 
rn Aspen and a s p e d c o n i f e r  - 
- Habi ta t  - P i t '  D isposa l   D isposa l   Fac i l i t ies  Lagoons B u i l d i n g s   S i t e   F a c i l i t i e s  

17  22 <1 - - 69  10 

Douglas f i r /p inegrass  45  153  335  11  1  17  28  191 

Ponderosa pine/douglas 
fir/bunchgrass 

po le   p ine  
Englemann spruce/lodge- 

141  198  103  45 <1 8 - 79 

Ripar ian 26 - - 4 8 - - 1 

Mid-elevat ion  grassland - 59 136 - <1 - 12  73 

Low-elevation  grassland 1 - - 17 1 - - 36 

Sagebrush/bluebunch 
wheatgrass 377 - 3 5 11 <1 - 20 

4 e 
P 

Areas l i s t e d   i n c l u d e   c o n s t r u c t i o n  camps, parking  areas,  housing, and r i g h t - o f - w a y s   f o r   o f f - s i t e   f a c i l i t i e s  
such as roads,  canals,   t ransmission  l ines and p ipe l ines.  



Habitat 

Aspen and aspedconifer 

Douglas fir/pinegrass 

Ponderosa pine/douglas 
f i r/bunchgrass 

Englemann spruce/lodge- 
I- 
0 pole  pine 

P Riparian 
0 

w 
Mid-elevation grassland 

Low-elevation  grassland 

Sagebrush/bluebunch 
wheatgrass 

Big sage grassland 

Ercsh 

Bog 

Reservoirs 

- 

10 

- 

1 

80 

- 

Total 
Area 

A1 ienated 

118 

791 

574 

9 

40 

360 

55 

417 

98 

9 

3 

Percentage  of 
Association 
A1 ienated 

Within 
25 km Radius 

4 

1 

4 

(1 

4 

7 

1 



TABLE 10-3 
ESTIMATED WETLAND ALIENATION AS A RESULT OF OPERATION 

~~ ~ 

AND  CONSTRUCTION  OF  PROJECT  FACILITIES (18,351 

Wetland  Type 
Number  of Area 
Wetlands (ha) 

Temporary  and  ephemeral 10 6.8 

Semi-permanent 20 3.6 

Permanent  with  edge  vegetation 9  2.8 

Permanent  without  edge  vegetation 17 16.0 

Saline 2 0.1 

Bog 

T O T A L  

VALLEY  TOTALS 
PERCENTAGE OF H A T  CREEK 

1 0.6 

59 29.9 
- - 
" "" 
" "" 

13.9 14.5 

Edge 
(km) 

3.4 

3.1 

2.3 

7.2 

0.2 

0.3 

16.5 
"" 
"" 

14.8 

val ley  f loor  (Figure 3-21, and  numbers of waterfowl  and  other birds s t r i k i n g  
these  s t ructures  are  not   expected  to   be  s ign i f icant .  

(c)Toxic  Materials 

Major  sources  of   mater ia ls  potent ia l ly   toxic  to  wi ld l i fe  would  include  leachates 
and  run-of f   f rom  the  ash  disposal   area  and  mine  waste  p i les,   the  leachate 
storage  lagoons, and emissions  from  the  powerplant  stack.  Trace  elements 
would  be  the  most  important  toxic  substances  from  these  sources.  Str ict  control 
of   run-of f   and  leachates  is  a basic  component  of  the  project 's  environmental 
protection  plan  (see  Section 11 .O). Fencing  and  other  controls  to  keep 
ungulates,   b i rds and small mammals out  of  storage  lagoons  would  be  necessary. 

Tables  6-4  to  6-6  indicate  the  expected  levels  of  trace  element  ambient 
concentrations  and  cumulative  depositions  resulting  from  stack  emissions and 
cool ing  tower  p lumes  for   the  proposed  project  (366  m/FGD) and t h e  244 m/MCS 
a i r  quality  option.  Ambient  concentrations  of  trace  elements  would  be  within  the 
PCB  object ives  for   both cases (Table  6-4). 

increase in the  so i ls   wi th in   the zones of  highest  impact  would  be a few  percent 
With respect  to  f luor ine  deposi t ion  in  the  regional  study area, t h e  

ove r   t he  35 year  powerplant  l i fe,  and  hence  the  amounts  absorbed by vegetation 
and  ingested by herbivores  are  a lso  expected  to  be  wel l   below  toxic  levels.  
Fluor ine  wi l l   probably  accumulate  in  browse  vegetat ion  in  proport ion  to  the 
ambient a i r  concentrat ion  but  much  of  this  element  wi l l   be  absorbed by soil  and 
water.  The  projected  low  concentrat ions  in  plants  grown  within  the  greatest 
depositional  zones  should  not  cause  f luorine  toxicosis  in  animals. 
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inf luence (25 km  f rom  the  p lant)   are  indicated  on  Figure 6-1. The  e f fect   o f  
Expected  levels  of  ambient  f luorine  concentrat ions  in the  local  area  of 

these  ambient  concentrations  on  browse  species  is  diff icult  to  predict.  The 
phenology  of  the  various  plant  species  and  the  leaching  effect of precipi tat ion 
play an important  ro le  in  determining  the  amount  of   f luor ine that is  accumulated 

f luor ine  are  s ign i f icant ly   reduced  for   the  proposed  pro ject  (3156 m/FGD) i n  
i n   t he  plant t issue.  The  areas  affected by high  ambient  concentrations  of 

26.0) would  be  designed  to  identi fy  f luorine  accumulation  patterns  and  locate 
comparison  to  the 244 m/MCS option.  The  proposed  monitoring  program  (Section 

problem  areas. 

be  well   below  levels  known  to d i rect ly   a f fect   wi ld l i fe .  Any  effects  of  such 
Ambient  levels  of S02, NOx  and  other gaseous stack  emissions  would 

emissions  on  wildlife  would  be by indirect   long  term  ef fects on  habitats. 

10.4 EFFECTS ON WILDLIFE lJSE 

Table 10-4 presents  est imates  of  exist ing  and  future  hunter  use  both  with  and 
w i thout   the   p ro jec t   in   the  loc.al study area.  These  f igures  represent  hunter 
demand, based  on  assumptions  that  the  present  rate  of  increase  in  the  number 
of  hunters,  hunting  preferences  and  areas  of  origin  remain  constant.  In  most 
cases, the  added  increase  in  regional  demand  brought  about by the  proposed 
p'roject  over and above  that d,ue to  normal  populat ion  growth  would  be  approxi- 
mately 2 t o  4 percent.  Local  hunter  demand  in  the  Hat  Creek  val ley  would 
increase  more rapidly and  may  exceed  supportive  capacity  of game populations 
i n  some locales; the  project 's  existence  would  contr ibute  most  highly  to game 
bird hunting  demand. 

Impacts  of  these  increases in hunting demand  on  wi ldl i fe  populat ions 
and  harvests  depend  to a large  extent  on  how  the  wi ldl i fe  resources  are 
managed in the  future  and  what  other  demands  are  placed  upon  them.  Local 
deer  harvests  would  decline,  due  to a drop  in  populat ion  fo l lowing  winter  range 

mine and powerplant. Local waterfowl  harvests would decline due to  a loss of 
alienation by the  mine and  the  maintenance  of a no-shooting zone around  the 

wetland  habitats  and  increasing  hunting  pressure. Local moose harvests  are 
present ly  small and  would  probably  remain so. Local game bird harvests  would 
decline due mainly  to  increased  hunt ing  pressure  unless  protect ive  hunt ing 

measureahly  affected. 
restrictions  are  applied.  Regional  wildlife  harvests  would  probably  not  be 
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ESTIMATED  INCREASE  IN  HUNTER USE OF H A T  CREEK  AREA 
TABLE 10-4 

AND  IMMEDIATE  SURROUNDINGS  DURING  POWERPLANT 
AND  MINE  CONSTRUCTION  AND  OPERATION (18) 

(Number  of  Hunters) 

Exist ing  Si tuat ion 

1976 hunters  

1988 

Hunters  wi thout   pro ject  

Hunters .   w i th   p ro jec t  
(Construct ion) 

due   t o   p ro jec t  
Percentage  increase 

- 

e 
Hunters  wi thout   pro ject  

Hunters   wi th   pro ject  
(Operation) 

due   t o   p ro jec t  
Percentage  increase 

Deer - 

949 

1 146 

1 266 

13 

1 445 

1 544 

10 

86 

106 

120 

16 

133 

1 4 4  

13 

Waterfowl 

69 

89 

129 

58 

108 

1 4 4  

52 

Game B i rds  

1 389 

1 725 

1 978 

18 

2 245 

2 458 

15 
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SECTION 11. WATER QUALITY  AND  HYDROLOGY (6,15,19,35) 

11.1 EXISTING  SITUATION (19) 

Water  resources  in  the  Hat  Creek  val ley  include  both  surface  water  found  in 
lakes and streams  and  groundwater  f lowing  in  aquifers.  Hat  Creek  is  the main 
source  of   surface  water  in  the  area. A number  of  small  lakes  are  located  around 
the  va l ley.  

Average  f low in Hat  Creek  f rom  late  summer  through  to  spr ing  is less than 1 
Surface  runof f   in   the  Hat   Creek  area  is   low  dur ing  most   o f   the  year .  

m'/s.  On  occasion  the  creek  has  been  known  to go dry. The  annual  peak  f lows 
are  general ly  due  to  snowmelt a t  the  higher  levels  and  reach 3 t o  10 m3/s  a t  t h e  
mine  site. A snowmelt  flood o f  18 m'/s  has  been  estimated to  occur  once  in a 
hundred  years,  on  average.  Hat  Creek  water  is  hard,  with  relatively high 
levels  of  calcium  and  magnesium;  this  indicates an appreciable  groundwater 
component in the  f low. Water  temperatures a t  the  mouth  o f   Hat   Creek  dur ing 
t h e  summer  months  are  relatively  high,  making  the  stream  only  marginal as a 
habi ta t   for   co ld   water  game f ish.   Other  streams  in  the  area  have  s imi lar   f low 
patterns  and  characterist ics. 

Due  to   the  low  permeabil ity  of  the  area's  bedrock  material, 
groundwater   f lows  are  pr imar i ly   found in surface  sediments.  Generally  the 
groundwater  aqui fers  are small and cover  only  l imited  areas.  Recharge  of 
groundwater  aqui fers  occurs in the  surrounding  h i l ls  a t  high  elevations  where 
precipi tat ion i s  h igher  than  in  the  val ley  bot tom.  Three  major  aqui fers  have 
been  identi f ied:  the  val ley alluvial aqui fer  adjacent to  Hat  Creek  i tsel f ,   the 
bur ied  bedrock  aqui fer   to   tha  nor theast   o f   upper   Hat   Creek  va l ley,   and  the 
Marble  Canyon  aquifer. 

The  qual i ty   o f   groundwater   var ies  wide ly  in the  va l ley area,  depend- 

f rom  sur f ic ia l   mater ia ls   were  su i tab le  for   dr ink ing  purposes.   Water   f rom 
ing on  the  rock  chemistry  of  the  source.  However,  nearly a l l  samples taken 

bedrock  material  characteristic:aIly  displays  high  levels  of  total  dissolved  salts, 
alkalinity,  sodium  and  sulphate. 

area. Small quanti t ies  of  water  are  also  used  for  l ivestock  and  domestic 
I r r igat ion  o f   forage  crops  is   the major consumptive  use of water   in   the  

adjacent to the   c reek  display high  levels  of   col i forms,  indicat ing  the  need fo r  
purposes.  Both  Hat  Creek  surface  water  and  groundwater  col lected  in  wells 

chlorination of potable  supplies;. 

No major  changes  in  either  the  surface o r  groundwater  hydrology  of  
the  area  are  expected  withou-t  the  project.  However, if i r r igat ion  use in the 
val ley  expands  to i t s  estimated  potential, it would  extend  the  durat ion  of  

be required.  Water  qual i ty  wwld  be  expected  to  remain  much  the same except 
summer  low  flows. To ful f i l l   th is  potent ia l ,   storage  and  diversion  works  would 

for  possible  increased  nutr ient  levels,  due  to  greater agricultural land use and 
the  at tendant  increases  in  fer t i l izer  appl icat ion.  
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11.2 ASSESSMENT  APPROACH (19) 13 

The  consul tant  team conducted  an  intensive  evaluation  of  groundwater  resources 
to  determine  the  locations,  magnitude and water   qual i ty   o f   major 'aqui fers   in   the 
area.  Geohydraul ic  examinations  were  also  carr ied  out in the  mine  and  waste 
dump  areas  to  determine  the  effect  of  these  developments  on  groundwater 
levels,  material  permeabil i ty  and  water  qual i ty. 

Simi lar ly,   runoff   pat terns  and  water  qual i ty  of   surface  streams in t h e  
Hat  Creek  watershed  were  examined in deta i l .   Extens ive  data  on  the  runof f  

avai lable  for  i t s  tr ibutaries.  Based  on  comparisons  with  other  drainage  basins 
regime  of  Hat  Creek  were  available  and  analysed.  However,  no  data  were 

in the  southern  in ter ior   o f   Br i t ish  Columbia and on  short-term  data  col lected 
specif ical ly  for  the  environmental  studies,  est imates  were  made  of  the  f low 
regime  of   several   Hat  Creek  t r ibutar ies  in  the  general   project   area.  Water 
quality  data  were  collected in a program  designed  speci f ical ly  for   these  environ- 
mental  studies. 

11.3 EFFECTS  OF  THE  PROJECT (19) 

(a) Project  Actions 

Excavation  of the mine, and development  of  the  mine  waste  disposal  areas and 
powerplant  waste  disposal  area  would  result  in  major  alterat ions  to  the  drainage 
patterns  of  the  Hat  Creek  val ley  adjacent  to  these  developments.  Creeks  would 

altered.(6) A comprehensive  draina.ge scheme fo r   these project  features  has 
require  d iversion, small lakes  would be  drained,  and aqui fers  would  be 

been  developed, as described  in  Sections 3.2, 3.3  and 3.4. This system  has 
been  designed  to  col lect   a l l   water  unsui table  for   return  to  Hat  Creek  and 
dispose  of it by reuse  or  evaporat ion.   Diversions  required  for   Hat  Creek  and 
i ts   t r ibutar ies  are  descr ibed in Section  3.4. The powerplant  has  been  designed 
to   operate  wi th   no liquid (zero)  discharge, so that  waste-water  from  processes 
such as the  cool ing  towers  and  boi ler  cycles  would  be  reused  in  the  ash  disposal 
area, as described in Section 3.3. 

(b) Local  Effects  on  Groundwater  Resources  (19) 

Major  concerns regarding impact  on  local  groundwater  resources  are  excavation 
of   the  open pit or  other  act iv i t ies  such as the  development  of  waste  dumps  which 
would  reduce  the  volume  of  f lows,  and  seepage  from  certain  areas  which  could 
al ter   water  qual i ty.   These  points  are  d iscussed  below. 

(i) Mine  Area 

To  provide  safe  working  condi t ions,  it would  be  necessary  to 
rest r ic t   the  in f low  o f   groundwater   in to   the  open pit, as detailed in Section 
3.2.   Excavat ion  o f   the  Hat   Creek  mine  would  cut   the  south  f lowing  va l ley 
al luvial   aqui fer  a t  the  headworks  dam. This aqui fer   would  be  re-establ ished 
to  essent ia l ly   i ts   present  f low  (on  average 2300 m'/day) a short   d istance 
downstream  of  the  project.  Negligible  change  would  occur  in i t s  

o f   t h e  pit would  resul t   in  a minor  impact  on  the pit area  groundwater  f low. 
groundwater  level.   Drainage  of  lakes and ponds  to   the  south  and  southwest  

sur f ic ia l  and bedrock  strata.   These  drainage schemes would  not  affect 
Pumped  wells  around  the pit perimeter  would  also  extract  water  from  the 
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groundwater  levels  more  than  approximately 1 km  f rom  the pit. perimeter  in 
the  more  pervious  surf ic ia l   mater ia ls.  In the  very   low-permeabi l i ty  
bedrock,   groundwater  ef fects  would  not   extend  more  than a few  hundred 
metres  f rom  the pit perimeter a t  any  stage.  Groundwater  tables  are  already 
wel l   below  the  ground  surface  over  the  major i ty  of  this area.  Hence t h e  
overal l   impact  on  groundwater a t  a distance  greater than 2.5 km f rom  the  
centre  o f   the pit would  be  minor.  Figure  11-1  shows  the  areas  of  potential 
change  in  groundwater  f lows  due  to  the  project .  

Changes  in  groundwater  qual i ty  due  to  altered  groundwater 
drainage  patterns  in  the  mine  area  would  be  minor. 

(ii) Waste Disposal  Areas 

Houth Meadows 

exist ing  groundwater  f low  patterns  would  be  a l tered. Placement o f   the  
As a resu l t  of placing  mine  waste  in  the  Houth Meadows area, 

low-permeabil i ty  waste  would  restr ict  natural  groundwater  discharge  in 
the   nor thern   par t   o f   the   va l ley   and  hence  g roundwater   tab les   in   the  
adjacent  l imestone  bedrock  would  rise a t  about  the same rate as t h e  
dump  surface.  Once t h e  groundwater  d iv ide (high po in t  in bedrock) 
was crested,  seepage  would  f low  north  into  the  Marble  Canyon  aquifer. 

embankment  would  be  collected as indicated  in  Section  3.2 (see 
Seepage  coming  through  the  waste  pile's  main  eastern 

F igure 3-81. This  system  would  carry  the seepage to   the  leachate 

embankment  would be i3bout 50 m'/day  of  which 75 percen.t  would  reach 
'storage  lagoons  for  recycling.  Maximum  seepage  under  this  eastern 

the  val ley  a l luvial   aqui fer   and 25 percent  would  enter  the  mine  area 
drainage  system. If i.t is  assumed  that a l l  seepage  flowing  northward 
th rough and around  the  saddle  embankments  reaches  the  Nlarble  Canyon 
aquifer,  the  total  increase  in  groundwater  f low  in  this  aquifer  would 
amount  to 60 m3/day, an increase  of  approximately 3 percent  over 
present  f lows. 

Estimates of the  water  qual i ty  of  this  seepage  have  been made 
on  the  basis  of  laboratory  extract ion  studies. When these  data  are 
considered in relat ion to  the   qua l i t y  of exist ing  groundwater  in t h a t  
area, a total increase of  less than 22 percent in the  level  of total  
dissolved  solids is pro jected  to   occur   in   the  Hat   Creek  a l luv ia l  
groundwater  system  downstream  of  the  project. A considerable  port ion 
of the  change  would be due  to  the  Hat  Creek  al luvial   aqui fer   conveying 
a greater   propor t ion  o f   water  f rom the  Marble  Canyon area, which 
according  to  avai lable d a t a  has a somewhat  higher  dissolved  solids  level. 

downstream  of the development  would  remain  acceptable  for  human 
From  this assessment, the  groundwater   in   the a l luv ia l  aqui fer  

consumption and agricultural  use. 

Medicine  Creek 

The  Medicine  Creek  val ley  would  be  intensively  used  for  this 

disposal  area  would  be  located in the  eastern  port ion  of   the  val ley,  and 
project .   In i t ia l ly   the  powerplant  water  reservoir   and  power  p lant  waste 

af ter   about 15 years  Medicine  Creek  mine  waste  disposal  would  begin 
(Section 3.0). 

SECTION  11.  WATER  QUALITY  AND  HYDROLOGY 11-3 



Ash wetted  with  powerplant  wastewater  combined  with  partial- 
ly dewatered  scrubber  sludge  would  be  placed  immediately  downstream 
of  the  water  reservoir   embankment in the  ash  disposal  area.(38) 
Maximum  init ial  seepage  flows  from  the  water  reservoir  into  the 
ash/sludge  dump  are  estimated a t  432  m'/day.  Seepage  and  runoff  from 
this  storage  area  would  be  intercepted by a collection  embankment  and 
re tu rned   t o  a holding  pond  for   d isposal  by spray  evaporation and ash 
pi le  dust  control.   Beyond  this  col lect ion  system,  which  would  normally 
be  pumped  out,  seepage  down  the  valley is  expected  to  be  minimal. 

A f t e r  15 years  of  production,  mine  waste  would  be  stored  in 
the  western  end  of   the  Medicine  Creek  val ley,   wi th  the  powerplant  and 
mine  waste  disposal  areas  ult imately  merging  towards  the  end  of  the 
project  l i fe.  The  mine  waste  material  would  be  essential ly  of  the same 

the  containment  embankment  would  collect  leachate  and  direct it t o  a 
composition as that deposited a t  Houth  Meadows.  Drains  in  the  toe of 

col lect ion  system  for  on-site  disposal by evaporation  or  reuse in dust 
control.  (6) 

Maximum  seepage  under  the  Medicine  Creek  mine  waste 
embankment  which  would  elude  the  collection  system  and  enter  the 
groundwater i s  estimated  at 17 m3/day   a t   the   end  o f   the   35   year   p ro jec t  
l i fe. 

At   present,   f lows of groundwater  down  Medicine  Creek 

the  mine and powerplant  waste  in  place  would  be  markedly  reduced  to 
amount  to 350 m3/day .   Thus   the   to ta l  estimated groundwater   f lows  wi th  

about  one  twentieth of the   ex is t ing   f low.   The  qua l i t y   o f   th is   water  
would  also  be  reduced,  since it would  contain  leached  solids. 

The  ul t imate  dest inat ion  of  this seepage  would  be  divided 
between  the pit r im dam and the  open pit  dewatering  system.  Estimates 
of   the  net   e f fect   o f  this leachate  on  the  qual i ty  of  surface  water  are  not 
easy  to make; the  substant ia l  t r a v e l  distance  through  clayey  material 
would  be  expected  to  modify  ( i .e.   improve)  the  water  qual i ty  of   the 
seepage.  Nevertheless a "worst  case"  assessment in   which a l l  
17 m'/day of seepage  from  the  Medicine  Creek  dump  enters  the pit r im  

of less than 15 percent   in  the  total   d issolved  sol ids content   o f   the 
reservo i r   together  wi th   o ther  normal  seepage  indicates that  an  increase 

reservoir   would  occur.  A worst  case  assessment  of  the  effect  of  this 
change  in pit r im  reservoir   water  qual i ty  indicates  that   the total 
dissolved  solids  concentration  of  Hat  Creek  would  increase by less than 
2 percent .   In   addi t ion  to   moni tor ing  the  qual i ty   o f   water   f rom pit  
dewatering  wells in t h e  area, 'groundwater  monitoring  wells  would  be 

from  these  wells could  be  disposed  of v ia  the  leachate control  system. 
installed  below the  Medicine  Creek embankment. If necessary,  water 

( i i i )   Other  Areas 

den  s t r ipp ing  and camp sewage  disposal  are  not  expected  to  have a major 
The  effects of construct ion  act iv i t ies  such as c lear ing,   overbur-  

impact  on  groundwater  systems.  The  withdrawal  of  groundwater  for  potable 
and  industr ia l   use during the  construct ion  per iod  would  amount  to  approxi-  
mately 1846 m3/day.  This  amount  would  be  withdrawn  from  the  Marble 
Canyon,  Hat  Creek,  and  buried  bedrock  aquifers.  These  withdrawals 
represent  about 39 percent  of  those  combined  groundwater  resources 
considered  to  be  avai lable  for   use and would  create a moderate  but  
temporary  impact. 
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Coal stockpi le  areas  would  be  l ined  with low permeabil i ty  material 
and drains  would  be  instal led  to  col lect  leachate  and  runoff  (see 

ble.  No  effect  would  result  from  the  diversion  ditches  surrounding  the 
Figure  3-8).   Impacts  on  groundwater  are  therefore  expected .to be  negl ig i -  

waste  stockpiles. 

(c)  Local  Effects  on  Surface  Water (19) 

A comprehensive  surface  water  management  system  has  been  developed  for  the 
Hat  Creek  valley  and  adjacent  hil ls. This system was devised  wi th a v iew  to  
preserving  exist ing  surface  water  qual i ty  and  quant i ty  downstream  of   the 
project .  (6,381 

(i) Powerplant 

the  Thompson R iver   to  a s to rage  reservo i r   in   the  upper  Medicine  Creek 
Water requi red for  powerplant  operat ion would be  pumped  from 

valley, as described  in  Section  3.4.  Both  the  runoff  canals and the  water  
reservoir   have  been  designed  to accommodate the  area's  Probable  Maximum 
Flood.(39)  An  overf low  system  at  the  reservoir  dam  would  provide  for  the 
safe  discharge  of  f lood  water  into  Hat  Creek a t  the  end  of  the  open  canal 
por t ion of the  d iversion  system.  The  exist ing  upper  Medicine  Creek 
i r r igat ion  d ivers ion  d i tch i s  upstream  of  the  project  and  hence  would  be 
unaffected by project  act ions.  This  diversion a t  present   d i rects   water   to  
McLean  Lake  and  Cornwal l   Creek.  Thus  there  would  be  no  interrupt ion  of  
th is   i r r igat ion  water   supply   to   the  Ashcrof t  Meadows area.  The  retention  of 
a l l  normal  Medicine  Creek  f lows  downstream of the   ex i s t i ng   i r r i ga t i on  
d ivers ion  for   powerp lant   use  would  reduce  peak  f lood  f lows  in   Hat   Creek by 
an estimated  maximum  of 10 percent.  As  described in Section  3.4 it is 
proposed to  release this col lected  water  during  the  summer  months 
(July/August)  and  thus  increase  the low f lows  which  normally  occur  in  Hat 
Creek  dur ing  th is   per iod.   Thus  whi le   the  to ta l   annual   runof f   o f   Medic ine 
Creek  into  Hat  Creek  would  remain  essential ly  unaltered,  the  f lows  would  be 
regulated. 

adjacent  powerplant  waste  dump  would  be  collected  behind an embankment 
Seepage  from the  reservoir   and  seepage  and  runoff   f rom  the 

constructed  of  impervious  material  in  Medicine  Creek  val ley.(38)  After a 
number of yea rs  of powerplant operation this  would be covered by t h e  
eastward  advancing  mine  waste dump. Suitable  small  collection  ponds  would 
then  be  constructed  on  the  r ising  waste  dump to  col lect  surface  runoff  from 
the  ash. These  collection  ponds  would  be  designed  to  contain  the  heaviest 
24-hour  rainfal l   est imated  to  occur  once  every 10 years  on  average.  These 
collection  ponds  would  normally  be  pumped out t o  a s i te  holding  pond, 
where  seepage  would be minor. 

storage and powerplant yard drains. It would  be  constructed  immediately 
The s i t e  holding  pond  would also co l lect   runof f   f rom  the coal 

nor thwest   o f   the  water   supply   reservo i r ,  as shown  on  Figure  3-7.  Water 
col lect ing  in  the  holding  pond  would  be  d isposed  of   dur ing  the  summer 
months by sp ray  evaporat:ion  on the  powerplant  waste  dump.  The  holding 
pond  would  be  large enolJgh to contain a l l  inf lows  including  the  10-year 
heaviest  24-hour  rainstorms.  Should  inflows  exceed  this  level,  the  overflow 

where, as a resul t   of   the  large  di lut ion  avai lable,   water  qual i ty  ef fects 
system  would  route  the  excess runoff to  the  Medicine  Creek  water  reservoir  

would  be  negligible.  (38) 
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Wastewater  from  the  powerplant 's  operating  systems  would  be 
recycled  for  use  in  the  ash/sludge  disposal  systems  and  dust  control.   The 
rate  o f   product ion of wastewater  has  been  balanced  with  its  rate  of  use so 
that   the  powerp lant   would  have  no liquid discharges. (38,561 

As a resul t   o f   the  conta inment   o f  a l l  potentially  contaminated 
water,  surface  water  qual i ty  impacts  from  powerplant  systems  would  be 
negligible. 

(ii) Mine (6) 

da ta  fo r   bo th   sur face  and groundwater  systems,  and  upon  geotechnical 
The  mine  area  water  management  system  has  been  based  upon  f low 

information.  Faci l i t ies  involved  in  this  scheme  are  outl ined  in  the  mine 
descript ion,  Section  3.2.  The  three  types  of  water  system  comprised  in  this 
scheme  are  discussed  below,  along  with  the  resultant  impacts  on  water 
qual i ty .  

Flows  Discharged  Direct ly 

Most  surface  streams  would  be  simply  redirected  around  the 
mine  faci l i t ies  and  returned  unaffected to existing  downstream  channels. 
Most  notable  in  th is  category  would  be  the  d iversion  of   Hat  Creek, 
required  because  the  exist ing  creek  bed  l ies  d i rect ly,   over  the  coal  
deposit. Detai ls  of  this  diversion  scheme  are  given in Section 3.4./ 

changes  in  exist ing  downstream  f low  patterns  would  not  occur.  The 
Flow  regulat ion  would  not  be  provided and therefore  major 

canal  system  is  designed  to  accept  the  heaviest  f lood  predicted  with an 
annual   probabi l i ty   o f  1:lOOO i.e. 27 m3/s  (1000-year  f lood).  Floods in 
excess  of  this  level  would  be  safely  spi l led  to  the  open pit. 
Consequent ly  the  Hat  Creek  diversion  would  provide a degree  of  f lood 
protection,  since  f looding  downstream  above  the 1 : lOOO flood  level  would 
be  prevented. 

Construct ion  of   the  d iversion  canal   and  headworks  faci l i t ies 
would  occur  over  two  summers  wi th  commissioning  dur ing  the  fa l l  
months  (see  Figure  4-1).  The  canal  would  be sealed a t  each end  and 
f i l led  wi th  water  f rom  Medicine and Ambusten  Creeks.  Dur ing  th is 
period  normal  f lows  in  Hat  Creek  would be maintained  past  the 

f i l led  with  water  the  headworks  dam  would  be  sealed  and  f low in Hat 
headworks  dam  through  the  construct ion  bypass. When the  canal  has 

canal  while  the  headworks dam f i l led  wi th  water  f rom  Hat  Creek.  The 
Creek  would  be  maintained by slowly  re leasing  stored  water  f rom  the 

volume  of   water  in  the  canal   and  the  rate a t  which it i s  released  would 
be  control led so that   there  would  be  no  in ter rupt ion  to   the  f low  o f   Hat  
Creek. 

of   water  down  the dry canal.  During  normal  operation  the  low  gradient 
This  method  of  commissioning  would  also  avoid a rapid release 

of   the  canal   wi th  resul t ing  low  water  veloci t ies ( <1 m/s) and the  design 
of   the  bur ied  condui t   intake  would  essent ia l ly   e l iminate  the  generat ion 
and transport  of  entrained  suspended  material  from  the  canal  bed. 
Adverse  impacts  from  downstream  si l tat ion  would  thus  be  avoided. 

As a resul t   of   the  canal 's  conf igurat ion and exposure,  solar 

diverted  water.  The  maximum  predicted  water  temperature a t  t he   end  
heat ing   dur ing  low  f low  periods  would  increase  the  temperature  of  the 
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of   the   d ivers ion  canal is  31*C,  which  would  make it unsui tab le  for  
aquatic  organisms.  However  the  addition  of  cool  water  released  from 
the  powerplant  reservoir,   ie.  stored  Medicine  Creek  water,  to  the  end 
of   the  open  canal   por t ion  o f   the  d ivers ion  would  re turn  the  water  
temperature  wel l   into  the  range  sui table  for   resident  f ish.  

addit ion  of cool water  and  careful   design  of   the  energy  d issipat ing 
Nitrogen  supersaturation  would  l ikewise  be  avoided by the  

system a t  the  canal/  conduit  outfal l .   Drainage  of  lakes and ponds 
southwest  of   the  proposed  mine  would  be  undertaken  dur ing  the  f reshet 
period  to  minimize  the  Ienrichment  of  Hat  Creek by the  lake  water,   which 
may be  high in   nu t r ien ts . (6 )  

The  diversion  system,  canal and headworks  1-eservoir  and 
.powerplant  reservoir  would  not  be  decommissioned.  Regular  mainte- 
nance  on  an  ongoing  basis  would  be  required. 

Flow  Discharged  Following  Sediment  Control 

In  addi t ion  to  the  draining  of   surface  lakes  and  ponds, a 

f u r the r   l im i t  seepage into  the  open pit. This  water,   . together  wi th 
network  of  wel ls woulcl be  instal led  to  drain  the  surf ic ia l   mater ia ls and 

runoff  from  disturbed  areas  adjacent  to  the pit and  runof f   and seepage 
through  surf ic ia l   mater ia ls  into  the pit, would be directed  to 
sedimentation  lagoons.  Runoff  from  waste  disposal  areas  during  the 
in i t ia l   c lear ing and f inal  contouring  stages  would  also b e  collected  in 
these  lagoons.  Runoff  from  active  dumps  would  not  occur  due  to  the 
hummocky  nature  of  the  surface. (6) 

valley  lagoons  would  collect  runoff  and  seepage  from  the pit surf ic ia ls 
Two  sedimentation  lagoon  systems  are  planned.  The  north 

and  dewatering  f lows,  local  service  roads  and  disturbed  land.  During 
the  l a t e r  stages  of   the  project ,   runoff   f rom the reclaimed  land,  notably 
the  Houth Meadows waste  disposal  area,  would  also  be  collected in the  

the  disposal  area  surface.  After  retention, water  f rom the  Medicine 
nor th  lagoons. The  Medicine  Creek  lagoons would  collect runof f   f rom 

Creek  lagoon  would  be  released  into  the pit r im  reservo i r  and 
subsequently  f low  into  Hat  Creek via the  diversion  canal .   The  north 
val ley lagoons would  diischarge to  Hat  Creek  downstream 04 t h e  project. 

Treatment  in  these  ponds  would  be  sediment  control by e i ther  

to  indicate  lagoon  inf lows  during  the  est imated  10-year,  24-hour  rainfal l  
natural   or   coagulant-aided  set t l ing.   Hydrographs  have  been  prepared 

over f low  ve loc i ty   dur ing  such a f lood  should  be  suf f ic ient ly  low  to  keep 
event. A basic design cri terion for the  lagoon system has been that  t h e  

floods  the  sedimentation  process.  would  be less efficient.  However, 
sediment  concentrat ions  in  the  outf low  below 50 mg/L.   Dur ing  larger  

careful   design  of  t:he in let   manifold  to  prevent  :scour ing  and 

flow  attenuation  of the ponds  would  result  in a reduct ion  in  the  level   of  
re-entrainment  of  previously  settled  solids,  the la rge  surface  area  and 

suspended  solids  although it may  not  be  reduced  below 50 mg/L.  The 
sediment  load  on  Hat  Creek  itself  would  be  elevated  following  the 
10-year,  24-hour  rainfall  event  and  therefore  the  net  effect  would  be 

Objectives. (50) 
low. This  s i tuat ion is  expl ic i t ly   a l lowed  for   in  the  PCB 1979 

Based  on  the  present  water  quality  of  inflowing  streams, and. 
the  projected quality of  effluent  streams  (Table 11-11, the   resu l t ing  
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quality of  Hat  Creek  has  been  estimated  (Table 11-2). The  tables  show 
projected  water quality f o r   t h r e e  cases,  namely, t h e  dry weather 
condi t ion,   spr ing  runof f   and  fo l lowing a summer  rainstorm.  Predicted 
changes  in  Hat  Creek  water  qual i ty  are  minor and genera l ly   fa l l   w i th in  
the  range  present ly   exper ienced.  

operation during t h e   l i f e  of the  mine  to  achieve  the  required  discharge 
The  sedimentation  lagoon  system  would  receive  careful 

w~ater  qual i ty.   Frequent  sampl ing and chemical  analysis  of  inflow and 
outf low  would  be  undertaken to determine  the  rate  of   coagulant  feed 
required.  Daily  checks  on  lagoon  inlet  and  outlet  would  be  undertaken 
dur ing   per iods   o f   h igh   f low  o r   a t   t imes  when  b roken  i ce   i s   on   the  
ponds.  Annual  inspection  and  maintenance  would  be  carried  out  on 
dykes,  inlets and outlets, and emergency  spil lways  and  sediment 
bui ld-up  would  be  monitored.  Al though  measures  would  be  undertaken 
to  prevent  o i l   enter ing  inf lowing  streams,  o i l   col lect ion booms would  be 
provided  on  sedimentation  lagoon  surfaces. 

Dur ing  the  const ruct ion  per iod,   and  when  the  rout ing  o f  

by suitably located  temporary  lagoons  designed  to  contain  the  runoff 
runo f f  to t h e  lagoons i s  impractical,   sediment  control  would  be  provided 

from  the  est imated  10-year  24-hour  rainfal l   event  from  the  area in 
question. 

In the  project's  decommissioning  and  reclamation  phase,  the 

t h e  valley has  reduced  to  acceptable  levels the sediment  concentrations 
lagoon systems  would  remain  in operation until land reclamation  work  in 

in runof f   f rom  d is tu rbed  a reas .   Dur ing   th is   per iod   the  lagoon  systems 
would  be  maintained by reclamation  staff. (6) 

Flows  not  Discharged 

drainage,  lower  mine pit seepage  through  bedrock,  seepage  from  waste 
Al l   leachate  f lows  of  unsuitable quality such as f rom coal p i le  

dumps,  wastewater  from  mine  services  areas and treated  sewage  eff luent 
would  be  col lected  in a "zero-discharge''  lagoon  system.  These  waters 
would  be  used  dur ing  the  summer  months  for   dust   cont ro l   operat ions  on 
coal  stockpiles and on pit roads.  Any  surplus  would  be  d isposed  of  by 
s p r a y  evaporation  on  the  waste  dumps  during  summer  months.  The 
majori ty  of  leachate  storage  would  be  provided a t  the   nor th   va l ley  
location  while  the  remainder  would  be  located a t  the  toe  of   the  Medicine 
Creek  dump. 

the  lagoon  sizes  would  be  increased  progressively.  In  the  event  that 
As a resul t   of   the  increasing  f lows  over  the  mining  per iod,  

forward.  If the  reverse  occurs  then  fur ther   expansion  could  be 
higher  f lows  than  ant ic ipated  occur,   lagoon  expansion  could  be  brought 

deferred. 

inf low made up of  the  maximum pro jected  groundwater   f low  p lus  twice 
Zero-discharge  lagoons are  des igned  to   conta in   the  ext reme 

the  expected mean in f low  f rom  sur face  runof f .   The  probabi l i ty   o f  
having  insuff icient  storage  is  est imated  between 1/100 and 2/100 p e r  
annum.(6)  However,   there  are  fur ther  safety  factors  which  reduce 
even  this  nominal  r isk.  The bulk of  the  leachate  lagoon  inflow  would  be 
pumped  from  the  open pit, hence  pumping  ra tes  are  under   the  cont ro l  
of   operat ing s t a f f .  Should  an  extreme  inflow  occur,  leachate  could  be 
stored in a sump  in   the pit bottom  unt i l   capaci ty i s  avai lable  in  the 
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TABLE 11-1 

PROJECTED  QUALITY  IN mg/L OF DISCHARGES  FROM  SEDIMENTATION  LAGOONS (19) 

Dry  Weather 
Condition 

Spring  Run-off 
Condition 

Summer  Rainstorm 
Condition 

North North  Medicine  Creek  North  Medicine  Creek  Range 
Lagoon  Lagoon  Lagoon  Lagoon  Lagoon 

PCB  Objectives (50) 

pH  (Units) 
Filterable  Residue 

Total  Organic  Carbon 
Non-filterable  Residue 

Total  Hardness (as  CaCO,) 
Alkalinity (as  CaCO,) 
Chloride 

Total  Nitrogen (N) 
Fluoride 

Phosphorus (P) 
Sulphate 
Arsenic  (Total) 
Boron 

Calcium (as CaCO,) 
Cadmi um 

Chromium 
Copper 
Iron 

Magnesium (as  CaCO,) 
Lead 

!.!e!.LV!.y 

Sodi um 
Vanadium 
Zinc 

.”^ .^ -. . 

7.9 
368 
150 
22 
217 
277 
4 
0.2 
(0.56 
<O. 03 
60 
<O. 005 
<o. 10 
<O. 005 
149 
(0.01 
(0.005 
(0.03 
<o. 01 
67 
<G. GOO3 
38 
<O. 006 
<O. 04 

8.3 
371 
S O  
13 
222 
232 
2.3 
0.17 
<o. 5 
<O. 05 
59 
<O. 007 
<o. 10 
<O. 005 
144 
<O. 013 
<O. 04 
<O. 06 
<o. 01 
76 
1O.OOO4 
27 
<O. 005 
<O. 018 

8.2 
468 
S O  
25 
215 
202 
5 
0.11 
1.0 
0.06 
54 
(0.017 
<o. 09 
10.005 
124 
<O. 03 
<O. 26 
<O. 23 
<o. 012 
90 
<e. (ji.07 
21 
<O .006 
(0.035 

8.4 
386 
S O  
11 
223 
223 
2.3 
0.16 
<O. 43 
<O. 05 
61 
<O. 008 
<o. 10 
<O. 005 
141 
<O. 015 
<O. 07 

<o. 01 
<O. 08 

78 
<g. goo4 
23 
(0.005 
<O. 014 

8.2 
600 
150 
29 
215 
188 
8.3 
0.10 
1.5 
0.10 
78 
<O. 03 
<o. 09 

120 
<O. 004 

<O. 05 
<O. 03l 
<O. 04 
<O. 014 
94 

28 
<O. 007 
(0.052 

<O. goo8 

6.5-8.5 
2500 
25 - 
- 
- 
- 
2.5 
10 
2 

0.10 

0.01 

0.05 
0.05 

0.05 
0.3 

% i 

- 
- 

- 

- 

- 
- 
0.2 

6.5-10 
5000 
75 
- 
- 
- 
- 

15 
10 x 

10 

1.0 

0.10 

0.30 
0.3 

0.2 
1.0 

U.(j((Lj 

- 
- 
- 

- 
- 
- 
1.0 

d 
-.a 

& Consultants  predicted a value of <0.44 rng/L. Monitoring  would  be  carried out and  if  required  ponds  would  be 
treated to maintain  copper  concentrations  in  the  outflow <0.3 as indicated. 



HAT CREEK  WATER QUALITY  PROJECTIONS 
TABLE  11-2 

IN  mg/L  (19) 

D r y  Weather Spring Runoff Summer  Rainstorm 
Condition  Condition  Condition 

Projected  Projected 
Average  Average  Hat  Hat 
Exist ing  Projected  Exist ing  Creek 

Hat 
Exist ing  Creek 

Hat   Hat   Af ter   Hat   Af ter  
Creek C ree  k  Creek  Mixing  Creek  Mixing 

pH  (Uni ts)  
Fi l terable 

Residue 
Non-f i l terable 
Residue 

Total Organic 
Carbon 

Total Hardness 
(as CaC03) 

A lka l in i ty  
(as  CaC03) 

Chlor ide 
Fluor ide 
Total   Ni t rogen 

Phosphorus (P) 

Arsenic 
Sulphate 

Cadmium 
Boron 

Calcium 

Chromium 
Copper 
I ron  
Lead 
Magnesium 

Mercury 

Vanadium 
Sodium 

Zinc 

(N) 

(as  CaC03) 

(as CaC03) 

8.4 
342 

6 

9 

224 

226 

0.16 
1.1 

0.24 

0.043 
54 
<O .005 
<0.10 
<O .005 
1 43 

<o. 01 
<O .005 
<O .026 
<0.01 

77 

<o .0004 

<O .005 
<O .007 

20 

8.3 
345 

12 

11 

223 

233 

1.6 

<O .26 
0.17 

<0.04 
55 

<O .005 
<o. 10 
<O .005 

144 

<o. 01 
<O .005 
<O .028 
<o. 01 

76 

<o .0004 
23 

<O .006 
<0.01 

8.4 
342 

12 

9 

224 

226 

0.16 
1 . 1  

0.24 

0.043 
54 

<O. 005 
<0.10 
<O .005 

143 

<0.01 
<O .005 
<O .026 
<0.01 
77 

<o .0004 

<O .005 
<O .007 

20 

8.4 
355 

51 8 

10 

223 

226 

1.4 

<0.30 
0.16 

10.044 
55 

<O .006 
10.10 
<O .005 

1 43 

<0.011 
<0.016 
<O .035 
10.01 

77 

<o .0004 

<O .006 
<o .009 

21 

8.4 
342 

95 

9 

224 

226 

1.1 

0.24 
0.16 

<Of 043 
54 

<O .005 
<o. 10 
<O .005 

1 43 

<0.010 
<O .005 
<Of 026 
<o. 01 

77 

<o .0004 

<O .005 
<O .007 

20 

8.4 
362 

79 

10 

223 

224 

1.7 

<O .33 
0.16 

<0.05 
57 

<O .007 
<o. 10 
<O .005 

142 

<0.013 
<O .036 
<O .05 
<0.012 

78 

<O .0005 
21 

<O. 006 
<o. 01 
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lagoons.  Final ly,  in  the  event  that  this  lagoon did overf low as a resul t  
of  f lows  from  elsewhere it would  do so via gravity dra ins   back   in to   the  
pit. Hence  there  would  not  be  any  discharge  from  the  leachate  lagoon 
to  surface  waters.  Seepage  into  groundwater  from  the  leachate 
collection  lagoons  would  be  prevented by impervious till and  plast ic 
l in ings.  

Once in operation,  the  zero-discharge  system  would  require 
minimum  maintenance.  Seasonal  inspection  of  the  pond  l ining  would  be 
carr ied  out  in  late  autumn  when  pond  levels  would  be a t  their   lowest.  

In  the  decommissioning and reclamation  phase  of  the  project 

470 000 m 3  to  25 000 m 3  as pumping  f rom  the pit would  have  been 
t h e  mean annual  north  valley  lagoon  inflow  would  decrease  from 

discontinued,  the  coal  blending  area  reclaimed and the  mine  service 
facil i t ies  removed.  The  Medicine  Creek  system  would  remain  in 
operation  with  leachattt  being  disposed  of by natural   evaporat ion.   In 
the  north  val ley,  natural  evaporation  from  the  leachate  pond  would  be 
suff icient  to  dispose  of  the  residual  leachate  from  the  Houth Meadows 
disposal  area.  In  both cases overflow  systems  would  sti l l   discharge  to 
the  pit. 

(d l  Water  Use  (35) 

A simpli f ied  water use balance  for   the  Hat  Creek  project   is   shown  in  Table 11-3. 
Of   the 2100 ha.m/annum  of  water  presently  potential ly  avai lable  in  the  region  of 
the  mine  site, a net  total   of  1056 ha.m/annum  would  be  available  downstream  of 
the  project .   This  a l lows  for   downstream  f isher ies  requirements  and  includes 

t o  McLean  Lake.  The  projected  increase  in  irr igation  would,  without  the 
allowances for  the  use  of   Medicine  Creek  water by the  ex is t ing  i r r igat ion  system 

actions  would  preclude  the  development  of  part  of  this  land  and  result  in a 
project,  result  in  the  use  of an  addit ional 227 ha.m/annum  of  water.  Project 

reduct ion  in  the  projected  increase  of   water use of 130 ha.m/  annum.  This 
water  would,  however,  remain  available  for  assignment  elsewhere. 

Hi 11.4 REGIONAL  EFFECTS 

9( (a) Mine and Powerplant - Development 

Regional  effects  from  changes in bo th   g round and surface  water  c:haracteristics 
would be negligible. In part icular,   the  expected  increase  in  d issolved  sol ids  in 
Hat  Creek  would  have no signif icant  effect  upon  the  Bonaparte  and  Thompson 

signif icant  effect  upon  groundwater  resources  outside  the valley area. 
r ivers .  Similarly, changes in the  Hat  Creek  al luvial   aqui fer   would  have  no 

(b)   Trace Elements (15) 

m# A major  source  of  trace  element  addit ions  to  the  aquatic  environment i s  f rom  the  
deposit ion  of  those  elements  emitted  from  the  stack.  Twenty-three  elements 
were  selected  for  environmental  study  based  on the fol lowing  characterist ics: . 

1. Implicated as being  potent ia l ly   toxic  to  the  environment a s  specif ical ly 
related  to  coal-f ired  powerplants. 

Lad 2. Essential  to  the  physiological and biochemical  processes  of  plants  or  animals. 
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TABLE 11-3 

SIMPLIFIED  WATER  BALANCE FOR THE HAT CREEK PROJECT  BASED  ON  WATER  USE (35) 
(ha.  m/annum) 

Without  the Project With  the Project 

Location  Probable Use' Impact2 
Case - Projected  Net  (Loss of Consumptive3  Net 

Present Fisheries4 Use for Future Available Irrigated Use by the Available 
Run-off Requirements Development Downstream Land) Project Downstream 

Upper  Hat  Creek 2100 911 227 
(above  gauging 
St. 08LF061) 

Hat Creek at  Carquille 2500 911 304 
(above gauging 
St.  08LF015) 

962 130 36 1056 

1285 130 36 1379 

Value  includes  additional water necessary for development of spring  pasture  and corn land.  Present  irrigation 
uses  are  not  included  in this figure since the present  measured  run-off  reflects  existing uses.(l9, 52) 

Value  represents water use  alienated by project  facilities. This water would  not be lost  since it is 
available for  reassignment.(35) 

Losses  due to.evaporation from  ponds,  sedimentation  lagoons, etc.(l9) 

Information  from BEAK, Investory Report.(l9) 



3. Potent ia l   toxic i ty  to  b iot ic  receptors.  

4. Volat i l ized  dur ing coal  combustion. 

In  order  to  obtain  an  ini t ial   est imate  of  the  impact  of  trace  elements 
from  stack  emissions  on  the  aquatic  system a "worst  case"  analysis was 

detailed  below. 
undertaken.  The  conservative  assumptions made to  simpli fy  the  calculat ions  are 

1. Al l   of   the  t race  elements  that  fa l l  on  the  Bonaparte  River  watershed  make 
their   way  into  the  aquat ic  system  ( for   deposi t ion  pattern,  see Figure  6-2). 

2. All  trace  elements  that  enter  the  water  dissolve  completely. 

Further  detailed  examinations  were  then made of those  elements 
which, as a resul t   of   the  in i t ia l   overview,  gave  r ise  to  environmental   concern.  
Trace  element  depositions obtained from a i r  quality  studies  are  shown  in 
Figure  6-2.  The  total  deposit ions  over 1 year  were  then  div ided by the  to ta l  
amount of surface  water  runoff  in the  Bonaparte  River  watershed .to prov ide an 
est imate  of   concentrat ions  for   any  g iven  t ime  dur ing  the  powerplant 's  operat ion,  
consider ing  that   there  is   no  accumulat ion.   These  concentrat io l ls   were  then 
added  onto  those  observed  for   the  Bonaparte  River  to  obtain  total   projected 
water  concentrat ions  of  the 23 trace  elements  during  powerplant  operation. 

discussed  above, a l l  concentrat ions  except  that  of  mercury  (Hg)  were  calculated 
Using  the  "worst  case"  approach  and  the  conservative  assumptions 

to  be  below  guidel ine  cr i ter ia  expressed by a number  of  regulatory  agencies. 

Table  11-4.  Further  examination  of  the  fate  of  mercury  indicated  that  only a 
Predicted trace  element  concentrat ions  in  the  Bonaparte  River  are  shown  in 

small f ract ion  of   the  total   emit ted  would  be  present as dissolved  mercury in the  
Bonaparte  River. It is  predicted  that   the  projected  concentrat ion  for   mercury 
wi l l   not   harm  f ish  or   aquat ic  l i fe  s ince  the  increase  f rom  exist ing  background 
levels is  re lat ively  minor  (4.2  percent) .  

It must be  appreciated  that  studies to  precisely  determine  the  fate  of 
trace  element  emissions  are  neither  numerous  nor  complete.  The  monitoring 
program  described in Section  26.0  would  provide data on  actual  impacts. 
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TABLE 11-4 
PREDICTED  TRACE  ELEMENT  CONCENTRATIONS (15) 

Trace  element  concentrat ions  observed  in  the  Bonaparte 
River   re la t ive  to   the  pro jected  water   concentrat ions 

dur ing  operat ion of the  Hat   Creek  powerp lant  

Projected 
Water  Concentrations  Projected  Water  Concen- 

Addi t ions  the  Bonaparte 
Element (vg/L) Trace  Element  t rat ions  in 

Bonaparte  River’  (ug/L) River  (pg/L) 

hr 

w 

Antimony Sb 
Arsenic  As 
Bery l l ium 

B 
Be 

Cadmium 
Boron 

C d  
Chromium C r  
Cobalt co 
Copper cu 
Fluorine  F 
Lead Pb 
Manganese  Mn 
Mercury  
Molybdenum  Mb 

Hg  

Nickel Ni 
Selenium 
S i lver  

Se 
A g  

Thal l ium TI 
T h o r i u m   T h  
T in   Sn 
Tungsten W 
Uranium  U 
Vanadium V 
Zinc  Zn 

(<2.2) 
<5.0 

(3.10) 
(0.90) 

<5.0 
4 0 . 0  

<5.0 
(4.0) 

(133.5) 
-40.0 
(0.012) 
<O .05 
<20.0 
(9.2) 
<3.0 
(0.001 ) 
(<1.1) 
(0.007) 
( 4 1 . 6 )  
(0.001) 
(0.006) 
<5.0 
<23.0 

0.013 
1.426 
0.025 
2.15 
0.016 
0.263 
0.043 

97.73 
1.89 

0.437 
6.16 
0.0021 
0.437 
0.51 
0.489 
0.002 
0.002 
0.025 
0.04 
0.002 
0.059 
0.702 
1.412 

<2.213 
<6.426 
0.925 
5.25 

<5.016 
<10.263 

<6.89 
4.043 

231.23 
<10.437 

<O .0521 
6.172 

<20,437 
9.71 

<3.489 
0.003 

<l . lo2 
0.032 

C62.0 
0.003 

<S .702 
0.065 

<24.412 

hm 

b 

1. Where  data  on  trace  element  concentrat ions  in  the  Bonaparte 
River  were  not  avai lable,   values  for   Hat  Creek  were  subst i tuted 
as  an approximation  and  are  shown  in  parentheses. 
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12.1 EXISTING  SITUATION 

(a) RegionaJ 

Detai led  f ie ld  surveys  and a l i terature  rev iew  resul ted in the  ident i f icat ion  of  25 
species of f ish  resident  wi th in  the  regional   study  area (see Figure  8-1).  

are  the  pr inc ipa l   spor t  fish sought by anglers.  Dol ly  Varden  are  not as 
Rainbow  trout,  steelhead,  (the  anadromous  form  of  rainbow  trout),.  and  kokanee 

popular.   Brook  t rout   and  kokanee  are  not   widely  d istr ibuted  wi th in  the  region. 
No rare  or   endangered species  were  encountered. 

In addit ion  to  the  resident  f ish,  f ive  species  of  anadromous fish 

are  sockeye,  pink,  coho  and  chinook salmon and  steelhead  trout. 
spawn and spend  their  early  l i fe  stages  within  the  regional  study  area.  These 

A large  port ion  of  Canada's and the  United  States'  commercial salmon 
f ishing  is  dependent  upon  the  spawning and nursery   g rounds  p rov ided by the 
Fraser  River/Thompson  River  system.  Approximately 33 percent   o f   the  to ta l  
salmon taken  in  Brit ish  Columbia  originates  in  this  system; 23, percent  being 
at t r ibuted  to   the  Fraser   River   bas in and 10 percent   be ing  a t t r ibuted  to   the 
Thompson  River  basin.  The  regional study area  includes a port ion  of   the  south 
Thompson  River  between Kamloops Lake and the  Fraser  River.   This  port ion 
supports a major run of pink salmon which  represents 17 percent  o i  salmon of  al l  
species  spawning  in  the  entire  Thompson  River  system. 

Fish  caught in the  region's  sport   f ishery  are  most ly salmonids, 
although some burbot   a re  also  taken.  Pearse  Bowden (1971) repor ted  that  
rainbow  trout,  char  (brook and  lake  trout),   kokanee and steelhead  accounted 
f o r  548 000, 57 000, 19 000 and 2000 respectively,  of the 653 000 f i sh  taken 
from 1969 t o  1970 in   t he  Kamloops area.  The Kamloops  area  catch  represented 
7.6 percent o f   the  to ta l  sport   f ish  catch in Br i t ish  Columbia  in  that   per iod.  
Within  the  region, 726 378 angler-days  were  expended  f ishing 2.28 lakes  from 
1969 t o  1970. 

In, a number of water  bodies 
stocking.  In  past  years,  rainbow  trout, 
been  stocked  in  the  region.  Many  lakes 
sustaining  increased  angl ing  pressure. 

(b)Thompson  River 

the   spor t   f i shery  i s  enhanced by 
At lant ic salmon and  lake  t rout   have 
in  the  region  have  the  capabi l i ty   of  

The Thompson  River i s  probably  best   known  for  i t s  quality steelhead  f ishing 
and i s  considered  one  of  the  f inest  trophy  producing  r ivers  in  Bri t ish  Columbia. 
An  estimated 732 s tee lhead  were  taken  f rom  the  r iver   dur ing  the 1976/77  season 
a t  an  average  success  rate  of 0.122 f ish/angler/day.  Steelhead  f ishing  in  the 
r iver   accounts  for  an  estimated 84 percent of the  e f for t   expended  in   the  reg ional  
study  area. 

The  Thompson  River  in  the  immediate  v ic in i ty  of   the  proposed  water 
supply  intake i s  characterized by a relatively  deep  channel,  slow  currents and 
boulders.   There is  no  evidence  that   p ink salmon spawn  in  this  area.  The  main 
pink  spawning  area  is  located  upstream  from  the  proposed  intake. ( 8 )  
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(c)Bonaparte  River 

Seven  species  of  resident fish have  been  identi f ied in the   Bonapar te   R iver .   The 
dominant  species  are  longnose dace, br idgel ip   sucker  and leopard dace. 
Rainbow  t rout ,   mountain  whi tef ish,   brook  t rout  and redside  shiners  are  present 
in  smaller  numbers. 

There  appears  to  be  adequate  ra inbow  t rout   spawning  habi tat  in t h e  
Bonaparte  River  and some rainbow  t rout   possibly  move  up  into  the  lower  reaches 
of   Hat  Creek  to  spawn.  The  lower  sect ion  of   the  Bonaparte  River  a lso  provides 
spawning  habi ta t   for  a small run o f  pink salmon, estimated a t  611 f i sh  in 1977. 
It is   l i ke ly   tha t  some chinook  and  steelhead  trout  also  ut i l ize  the  avai lable 
habitat in  the  lower  sect ion of the  r iver.   The  upper  sect ion  of   the  Bonaparte 

phys ica l   bar r ie r   o f   the   Bonapar te  Falls. 
River  is   present ly  unavai lable for   spawning by anadromous fish d u e   t o   t h e  

(d)Hat  Creek 

Hat  Creek  contains a var iety  of   aquat ic  habi tats.   Upper  Hat  Creek,  which  is 
def ined as that  port ion  of   Hat  Creek  upstream  f rom  the  junct ion  of   Highway 12 
and  the  Hat  Creek  Road  (above  km 22.4) is  characterized  general ly by water 
f lowing  s lowly   through a series  of  large  pools and r i f f les .   Beaver   ac t i v i t y   i s  
extens ive  in  some areas  of   the  upper  sect ion of the  creek.  Lower  Hat  Creek 
(below  km  22.4)  exhibits a steeper  gradient,   wi th a greater   propor t ion  o f   r i f f les  
and swi f ter   current   compared  to  upper Hat  Creek.  The  lower 8 km  of   Hat 

There  a r e  numerous  beaver dams and man-made dams which a r e  likely ba r r i e rs  
Creek, above  the  confluence w i th  the Bonaparte River, run t h r o u g h  a canyon. 

to   f i sh   w i th in  this canyon  area.  Rainbow  trout  are  the  dominant  f ish  species 
but mountain  whitef ish  are  also  distr ibuted  in  smaller  numbers  throughout  most 
of  Hat  Creek.  The  other  three  species of f ish  col lected  dur ing  f isher ies 
surveys  were bridgelip sucker,  longnose  and  leopard dace, but these  were 
present  in low  numbers,  and  only  in  the  lowermost  section  of  Hat  Creek. 
Bottom  organisms in Hat  Creek  are  typical   of   those  in  c lean  water  environments.  

imately 18 000 t o  23 000 f ish.  From 35 to  45 percent  of  the  total  nu.mber  of 
Populat ion  est imates  of  rainbow  trout in Hat  Creek  range  f rom  approx- 

ra inbow.   t rout   occurred  in   Lower  Hat   Creek (60 percent of the   l eng th   o f   t he  
ent i re  stream).  Est imates  of   numbers  of   mature  ra inbow  t rout   above 150 mm 
total   length  ranged  f rom 3500 t o  5000. The  ages o f   the   f i sh   ranged  f rom  the  
young   o f   t he   yea r   t o  6 years.   There  appears  to   be  su i tab le  ra inbow  t rout  
spawning  habi tat   throughout  the  length  of   the  stream. 

Tr ibu tar ies  to Hat  Creek  provide  negl ig ib le  f ish  habi tat   compared  to 
that in   the   c reek .  No f i sh   were   observed  in  Goose, Fish  Hook  or  Finney  lakes 
and none  were  reported  from  Aleece  Lake. 

12.2 PROJECT  ACTIONS 

Project  act ions  on  the  f isheries  and  aquatic  resources  within  the  local  study  area 

runof f   f rom  d is tu rbed areas,  potential  water  quality  changes  associated  with 
(see Figure  8-1)  include  al ienation and  loss of physical  habitat,   si l tat ion  due  to 

materials),  and  waste  disposal,  coal  stockpile  and  mine  pit  operations 
lake  dewater ing  and land reclamation  (nutrients),  materials  storage  (toxic 

( leachates)  and  increased  angl ing  pressure by the project 's  work  force. .  
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'Regionally,  powerplant  stack  emissions  and  water  withdrawal  from  the  Thompson 
River  could  affect  the  f isheries  and  aquatic  resources. 

12.3 EFFECTS  OF  THE  PROJECT 

(a)Local  Effects 

( i)Habitat  Al ienation 

The  primary  impact  of  the  development  on  the  local  aquatic  resources  would 
be  associated  with  the  diversion  of  Hat  Creek  around  the  mine pit. Seven 
ki lometres  of  the  natural t i a t  Creek  channel  would  be  replaced by 500 m of 
reservoir,  6.5 km  of  open  canal  and 2.1 km  of  buried  conduit.   The  section 
of   Hat  Creek  that   would  be  lost   represents  approximately 17 percent of t h e  
avai lable  natural  creek  habitat.   Within  the  section  of  the  creek  that  would 
be  bypassed,  approximately 3000 t o  5000 rainbow  trout  would  be  lost;  of 
these, 1700 t o  3300 would  be  one  year  or  older  and  larger  than 100 mm total  
length.  

Hat  Creek  downstream  of  the  diversion  works  would  not  be  signif- 
icantly  affected. Water in  the  d iversion  canal   could  reach  temperatures as 
h igh  as 3loC d u r i n g   t h e  summer  months as a result  of  solar  heating. 
However,  regulated  f lows  from  the  Medicine  Creek Water Reservoir as 
described  in  Sections 3.4 and 11.3 would  s igni f icant ly  reduce  high  temper- 
a tu res   du r ing  low f low  periods  (July/August). It i s  projected  that  waters 

fo r   ra inbow  t rou t .  
below  the  Hat  Creek  diversion  canal  would  be  below  the  lethal  temperature 

The  reservoir   to  be  constructed  near  Anderson  Creek as p a r t  o f  
the  d ivers ion scheme may  be  suitable for t rout   rear ing  and  overwinter ing.  
Al though some stream  spawning  habitat  would  be  lost  within  the  reservoir 
area,  spawning  and  nursery  habitat  would  continue  to  be  avai lable  in 
upstream  sections  of  Hat  Creek  and in Anderson  Creek. 'The reservo i r  

that   sect ion  of   Hat  Creek  to  be  inundated by the  reservcbir.  Mountain 
should  support  a t  least as many  t rou t  as the  number that present ly   occur   in  

whi tef ish may also find su i tab le  habi tat   wi th in the reservoir, and possibly 
be  better adapted than  rainbow t rou t  t o  a reservoir  hab i ta t .  

a permanent loss of benthic  and  potent ia l   f ish habitat. Aleece  Lake  has 
The  dewatering  of  Aleece  and  other  smaller  lakes  would  result  in 

supported  f ish  populat ions  in  the  past.  Clearing  of  Medicine  Creek  and  the 

also resu l t  in loss of   aquat ic   habi ta t   for   benth ic   forms.   At   present   f ish 
surrounding  va l ley  for  use as a reservo i r  and a waste  disposal  area  would 

l ikely  cannot  ascend  beyond  the  lower 10 m because  of a 2 m fa l l s .  

( i i )Si l tat ion 

Dur ing  the  const ruct ion phase, suitably  located  sedimentation 
basins  would  be  bui l t   to  l imi t   s i l tat ion.   Rainbow  t rout   spawning  and  egg 
incubation  act ivi t ies take  place  in  al l  pa r t s  o f   the  creek  wi th in   the  per iod 
mid-June  through  late  August  or   ear ly  September.   Monitor ing  of   project  
operations  would be conducted  to   ensure that sedimentation  facil i t ies 
perform  satisfactori ly.  Sedimentation  faci l i t ies a r e  discussed in Section 
11.3. These  sedimentatiorl  basins  would  minimize  any  increase  in  sediment 
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enter ing  the  streams  and  are  expected  to  have  only a minor  impact  on  the 
f isher ies  and  benth ic   communi t ies  in   Hat   Creek  or   the  Bonapar te  River .  

aquatic  biota in the  project   area.  Only  designated  or  approved  borrow 
Gravel  removal i s  not  expected  to  have  any  serious  impacts  on  the 

areas  would  be  used as a source  of  gravel.  No  gravel  would  be  taken  from 
within  an  act ive  stream  channel.  Sett l ing  basins  would  be  used,  where 
necessary, to  intercept  any  sediment- laden  runoff   f rom  borrow  areas. 

Construct ion  adjacent  to,   or   crossing of, the  Bonapar te  River  
would  be  scheduled  to  avoid  the  per iod of major  f ish  spawning  act iv i t ies.  

( i i i )Nutr ients  

The  release  of   nutr ient   enr iched  water  into  Hat  Creek  f rom  Aleece 
and  other  smaller  lakes  would  be  undertaken  during  freshet  to  minimize  any 
short- term  increase in attached  algae  growth.  Progressive  reclamation 
techniques  and  the  minimizat ion  of   fer t i l izer  usage  would  l imi t   the  amount  of  
nut r ients   reaching  the  creeks  or   s t reams  in   the  pro ject   area.  (19) 

( iv)Toxic  Mater ia ls 

products  and  the  locat ion  of   waste  dumps  for   these  mater ia ls  would  be 
The  location  of  storage  areas  for  toxic  materials  such as petroleum 

str ict ly  regulated  to  prevent  the  accidental   re lease  of   these  mater ia ls  into 
watercourses . 
(v) Leachate 

stockpi les  and  the  mine pit would  not  be  chemical ly fit to   be   d ischarged  to  
Leachate f rom waste  dumps, and leachate and runo f f  f rom coal 

surface  waters. Such waters  would  be  col lected by means o f  sub-soil 
dra ins,   d ivers ion  d i tches  or   dewater ing wells,  and  would  be  stored  in 
impervious  leachate  ponds.  Surface  drainage  from  other  areas, and seepage 
from  surf ic ia ls  wi th in  the  mine pit would  be  treated  in  sedimentation  lagoons 
p r io r   t o   d i scha rge  to Hat  Creek  downstream  of  the  mine  (see  Section  11.3). 

would  meet  the  B.C.  Pol lut ion  Control  Branch  Objectives (50) fo r   a l l  
Effluents  from  the  sedimentation  lagoons  discharged  to  receiving  water 

parameters. 

Although  concentrat ions  of a number of water quality chemical 
parameters  are  expected  to  increase  s l ight ly  above  exist ing  natural   levels 
(Table 11-21, no signi f icant  impact  is   expected  on  the  aquat ic biota in 
downstream  areas  due  to  these  changes. 

(v i )Angl ing  Pressure 

There  i s  a h igh  potent ia l   for   impact   upon  the  f isher ies  resources 

construct ion and operat ional   work  forces.  If restr ict ions  are  not   p laced  on 
in t h e  local  project  area  due  to  increased  angl ing  pressure by t h e  

angl ing  dur ing  const ruct ion,   the  f isher ies  resource  in   Hat   Creek  and 
adjacent  lakes  would likely be  greatly decreased.  B.C.  Hydro  would 
consider  creation  of  other  recreational  faci l i t ies o r  ac t i v i t i es   f o r   t he  
workforce as a means of   reducing  the  angl ing  pressure  wi th in   the  pro ject  
area.  The  workforce  could  be  encouraged  to  ut i l ize  other  f ishing  opportu- 

specially  stocked  lakes. 
ni t ies  which  wi l l   bet ter   support   the  increased  angl ing  pressure,   such as 
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(b)Regional  Effects 

( i )Acidi f icat ion 

The  recent  evidence  in  Scandinavia and  Eastern North  America  on  the  long 

possibi l i ty  of  regional  deposit ion of   the  Hat  Creek  project  emissions. 
range  (meteorological)  transport  of a i r  emissions alerted  B.C.  Hydro  to  the 

Scandinavian  biologists  have  emphasized  that  acidif ication  tends  to  have  its 
greatest  impact on aquatic  environments.  This  phenomenon i:s discussed  in 
Section 6.5. The  results  of a s tudy  by ERT(24)  indicate  that  deposit ion  of 
a i rborne  mater ia ls  f rom  the  Hat  Creek  project   wi l l   produce no signi f icant 
direct   or   indirect   environmental   ef fects  in  the  aquat ic  systems  and  their  
biological  communities as a resul t   of   the  project   emissions.  B.C.  Hydro 
recognizes  that   the ability to   p red ic t   long   range  t ranspor t   o r   ac id ic  
occurrences as a resul t  of meteorological  conditions  is an imprecise  science 
a t  this  t ime.  Because  of  this  imprecision  B.C.  Hydro  intends .to moni tor   for  
"acid  precipitat ion"  effects (see  Section  26.0) t o  assess potential  problems 
in  the  aquatic  systems. 

( i i )Trace Elements 

Based  on  information  presently  avai lable,  the  expected  increase  of 
trace  elements  in  the  water  environment (see Section  11.4(b)) as a resul t   o f  

aquatic  biota,  on  the  wi ldl i fe  and  l ivestock  that  ingest  the  water,  or  on 
stack  emissions  are  not  expected  to  cause  any  significant  irnpacts  on  the 

conditions,  the  actual  distribution,  mobil ity  and  bioaccumulation  of  many 
i r r igated  plants.   (15) Due to  interact ing  and  changing  environmental  

of   these  t race elements  have,  however,  been  addressed  in a separate  trace 
elements  'cannot be clearly  defined.  The  possible  movements  and  behaviour 

element  report.  (15) 

to  and  dur ing  powerplant  operat ion  to assess any  potent ia l   problems  in  the 
Monitoring  for  selected  trace  elements  would  be  conducted  prior 

aquat ic  systems. 

(i i i)Salmon  Entrapment 

small percentage of the Thompson River f low  which  would be extracted,   the 
As a result  of  intake  design  (see  Section  3.4)  and  the  relatively 

expected  impact  of  the  entrapment of juvenile pink salmon would be v e r y  
small. The economic value  of this impact is  discussed  in  Section  18.3. 

( iv)Si l tat ion 

A water  clari f icat ion p lant  is proposed  to  remove s i l t  and debr is  
f rom  the  water  taken  f rom  the  Thompson  River.   The  return  d ischarge  f rom 
this  c lar i f icat ion  p lant  back  into  the  Thompson  River is  expected  to  have 
only a minor  impact  on  water  quality  in  the  immediate  vicinity  of  the 

would meet the B.C.  Pollution  Control Branch  Objectives. 
discharge  due t o  i t s  small volume  of the  d ischarge.  This  return  d ischarge 
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SECTION 13. MINERALS  AND  PETROLEUM(20) 

13.1 EXISTING  SITUATION 

Inventories  were  compiled  and  impacts  assessed  for  aggregate,  limestone, 
claystone,  baked  claystone  and  potential  by-product  coaly  waste  (see 
Figure  13-1).  No  deposits of petroleum,  natural gas,  salts,  base  metals, 

coal  were  found in the  inventory   process.  
precious metals, potential  by-product  trace  elements  or  previously  unmapped 

Five  act ive  aggregate  quarries  are  located in the  Hat  Creek  area. 
Two  o f   these  quarr ies  have  been  used  for   severa l   years  on a regular basis; 
approximately 15 000 t /annum  are  excavated.  Al l   are  used  for   road  construct ion 
and  maintenance.  Extensive  additional  deposits  of  aggregate  occur  among  the 
f l uv ia l  and al luvial  fan  deposits of the  Thompson  and  upper  Hat  Creek  val leys.  
Without the  proposed  project:,  the  amount  of  aggregate  exca.vated  should 
decrease  from  present  levels  due  to  completion  of  improvements  to  t:he  upper  Hat 
Creek  val ley  road.  Repairs  to  Highway No. 12, near   the  upper   Hat   Creek 
val ley  road,  would  result in continued  use of t h e  upper Hat  Creek quarry .  The 
sand  quarry   in   the  Thompson  va l ley  would  l ike ly  be used a t  t h e  sarne ra te  in t h e  
f u t u r e   a n d  the g rave l   qua r ry  ;at Boston  Flats  would  be  used  at a n  undetermined 

for  gravel   f rom  Boston  Flats.  
rate.  Potential  projects other than  the  proposed  project  could increase  demand 

valley.  Steel  Brothers  Canada  Limited  operates a q u a r r y  in Marble  Canyon, 
Large  deposits of limestone a r e  located  near  the  upper  Hat  Creek 

nor thwest   o f   the  upper Hat  Creek  val ley;   the  rated  capaci ty of that  plant i s  320 
t /day.  The lime i s  used principally as a neutral iz ing  agent by nearby mine  mills 
and pulp mills.  Other  l imestone  resources  are  exposed  over an area of 165 km2 

and  l ime  is low, t h e  demand f o r  limestone  could  increase signi f icant ly if new 
in the vicinity of the  Hat  Creek  val ley.   Al though  present demand for  l imestone 

mines  and a smelter  were  constructed  in  the  Highland  val ley or   near   Cl in ton.  

o f  the  Medicine  Creek and Hat  Creek  coal  formations in t h e  upper Hat  Creek 
Unl i th i f ied  c laystone and siltstone  comprise a n  appreciable  thickness 

va l ley.  Only the kaolinitic clay of the  Hat Creek coal formation appears to  be 
potentially useful, bu t  there  i s  insuff ic ient  information to  estimate the 
quant i t ies .   The  nor theast  and nor th   cent ra l   par ts  of t h e  No. 1 d.eposit and an 

material  consists of red, orange and yellow, brick-like baked  claystone and 
undetermined p a r t  of the  No. 2 deposit a r e  overlain by baked claystone. This 

conservatively a t  16  Mt.  The baking is  the resul t   o f  a natural   coal   f i re  which 
isolated  pockets of g rey   c l inker .   The quantity of baked  claystone  is  estimated 

produced  the  baked  c laystone  f rom  part ings  and  inherent ash  associated  with - 
t h e  coal. 

Coaly  waste occurs th roughou t   t he  four zones of t h e  No. 1 deposit 
which  have  been  designated  zones A,  B, C and D. Assuming  that  material 

wi th in  the  proposed  35-year mine pit, A zone  consists of approximately 13.3 Mt 
between 58 and 75 percent  ash, (on a dry basis) i s  classed as coaly waste, then 

of coaly waste, B zone  0.7  Mt, C zone  6.4  Mt and D zone  no  appreciable  coaly 
waste. 
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TABLE 13-1 
LEGEND FOR FIGURE 13-1 

No. 

1 

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

8 -  

9 -  

10 - 
71 

12 - 
13 - 
14 - 
15 - 

16 - 
17 - 
18 - 
19 - 
20 - 
21 - 
22 - 

- 
- 

- 

Name - Product 

Hat  Creek  No. 1 Deposit  (coal) 

Hat  Creek No. 2 Deposit  (coal) 

Steel  Brothers  Canada  Limited  Quarry  (l imestone) 

Upper  Hat  Creek  Quarry  (gravel)  

Pavilion Lake  Quarry   (gravel )  

Lower  Hat  Creek  Quarry  (gravel)  

Cornwall  (chromium) 

Cache  Creek  (chromium) 

AV (gold) 

Red  Hil l   (copper,  si lver) 

Basque 7 (epsomite) 

Basque 2 (epsomite) 

Basque 3 (epsornite) 

Basque 4 (epsomite) 

Maggie  Mine  (copper,  molybdenum,  silver) 

Midas  (chromium) 

McLean  (unknown) 

Joe (unknown) 

Mi lk  (unknown) 

R (unknown) 

Boston  Flats  No. 1 (gravel)  

Boston  Flats No. 2 (sand) 
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13.2 PROJECT  ACTIONS 
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Project  act ions  that  would  affect the  mineral  resources  are  mining  and  stockpi l-  

pi les and construction  material  extract ion. 
ing, alienation by project  facil i t ies,  alienation by formation  of  waste  storage 

13.3 EFFECTS OF THE  PROJECT 

Economic  evaluations  of  resource  impacts  are  discussed in Section  18.0. 

Of  the  320  mill ion  bank  m3  of  ungraded  aggregate  in  the  bench 
northeast  of   the  No. 1 deposit,  about 183 mill ion bank m3  would be mined. Mine 
p lans  ca l l   for   the  separat ion  o f   aggregate  for   use in pervious  embankments to 
support   mine  waste.   Aggregate  under ly ing  mining  instal lat ions could not   be 

accessible  reserves  should  easily  be able t o  meet fu ture  consumpt ion.  of 
recovered unti l mining  and  processing  ceased  at tha t  locatioll.  However, 

aggregate if the  project  proceeds. 

Waste disposal in Houth Meadows would  make  approximately 280 Mt   o f  

a higher  e levat ion than the  proposed  waste  dump. This wedge  contains  approx- 
limestone  inaccessible. A wedge  of  l imestone  l ies  north of Houth Meadows and a t  

mined  from a deposi t   c lose  to  the  powerplant.   Over  the  35-year  l i fe  of   the 
imately 230 Mt  of  l imestone.  For  the  powerplant  scrubbers,  l imestone  would be 

of  the  large  area  of  l imestone  outcrops in the  region,  the  ef fect   of  .the project  on 
powerplant,  l imestone  requirements  would to ta l  approximately 2.9 Mt.  Because 

development of limestone  resoul-ces  would  not  be  significant. 

Clay  has  not  previously  been  mined a t  Hat   Creek.   Clayburn 

t h e  bak.ed clay fo r  use  in   br icks if the  project  proceeds. Plan:; call for t h e  
Industr ies  Limited  has  expressed  interest in purchasing  the  kaol in i t ic   c lay  and 

30th  year  of   powerplant  operat ions.   Most  of  the  baked  claystone  would  be  mined 
mining of baked claystone  from 1 year  before  powerplant s t a r t u p  t h r o u g h   t o  the 

in the  ea r l y  years  of   operat ions.   Current  p lans  cal l  for  stockpi l ing  the  mater ia l  
until requi red for  road  maintenance  or  br ick  manufacture.  
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SECTION 14. NOISE(53) 

14.1 EXISTING  SITUATION 

Based  on a sound  level   inventory  taken  dur ing 1976, present  background  noise 
levels  in .the Hat  Creek  val ley vary on  average  from a Year ly  Day  Night  Average 
Noise  Level  (YDNL)  of  about 32 t o  41 dBA  in   the  areas  away  from  Highway No. 
12. Adjacent   to   th is   h ighway .the  noise  levels  range  from  YDNL 44 t o  51 dBA. 

water  supply  booster  pumping  station,  are  dominated by t ra in   no ise  f rom  the 
Noise  levels  in  the  north  Ashcroft area, in   the  reg ion of the  proposed 

CN/CP  mainlines.  Consequently  the  present  levels  which  are  about  YDNL 56 
dBA,  are  relat ively  high  compared  to  other  rural  areas.  At  the  proposed 
a i r s t r i p  si te on t h e  Cameron  Ranch,  south  of  Cache  Creek,  present  noise  levels 
are  est imated  to   be  in   the  range  o f   YDNL 35 t o  45 dBA. 

14.2 PROJECT  ACTIONS 

Noise  sources  from  the  project  can  be  conveniently  divided  between  the 
construction  phase  and  operat:ion  phase,  and  would  occur  in  both  the  local  area 
(25 km  radius) and the  regional  area (100 km  radius). 

(a)  Local  Area 

( i )Construct ion Phase 

Activi t ies  producing  noise  in  the  local  area  would  include  construction  of 

the   p ro jec t  access  road  and  project-related  traffic  on  Highway No. 12. 
both  mine  and  powerplant  facil i t ies  and  their  associated camps, the  a i r s t r i p ,  

Noise  from  these  activit ies,  which  would  be  principally  due  to  the  movement 
of  heavy  equipment,  would  combine  to  produce varying degrees  of  impact 
throughout  the  Hat  Creek  val ley.   In  addi t ion,   act iv i ty  near  the  conf luence 
of the Bonaparte and Thompson r ivers  which  would include r i v e r  bottom 
preparat ion  and  the  construct ion  of   the  water supply intake,  pumping 
stat ion  and  pipel ine  would  result  in  increased  noise  levels  in  the  Ashcroft 
area. 

( i i )Operation Phase 

Once the   p ro jec t  becomes operational,  noise  from  the  powerplant, 
mine  and  offsi te  faci l i t ies  such as the  water  supply system would  be  of an 
essentially  constant  and  continuous  nature. 

(b)Regional  Effects 

In  the  regional   area  beyond 25 km the  only  noise  would  be that associated  with 
the  construction  and  operation  of  the  equipment  unloading  faci l i ty,  in  part icular 
t r u c k   t r a f f i c .  
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14.3 EFFECTS  OF  THE  PROJECT 

(a)Local  Effects 

( i )Construct ion Phase 

The  Bonaparte  Indian  Reserve  No. 1 would  experience  average  construction 
noise  levels  ranging  from  YDNL 62 dBA in i ts   southwest   corner   to   YDNL 35 
dBA  i n  i t s  nor theast   corner .   The 62 dBA  leve l   would  be  very   annoying if 
any residents  were  located in this  area.  However,   the  predicted  level  a t  t h e  
closest  residence i,s approximately  YDNL  56  dBA  which  would  be  moderately 
annoying.  The 35 dBA  leve l   would  be  ins ign i f icant .   Increased  t ra f f ic   a long 

YDNL 27 m from  the  h ighway by about  1.5  dBA.  However,  since  there  are 
Highway  No. 12 between  Carqui le and the  project   s i te  would  increase  the 

no dwell ings  this  close to the  highway,  th is  increase  would be ins igni f icant.  

Sound  levels a t  two  Hat  Creek  val ley  ranches  are  expected  to  be  affected by 
construction  act ivi ty  noise.  Levels a t  the  nearest  ranch  (E.  Lehman)  would 
increase  f rom  the  present  YDNL of between  35 and 40 dBA  to   about   YDNL 60 
dBA  and  wou ld   be   very   annoy ing .   A t   the   nex t   neares t   ranch (1.  
Lehman/Saulte)  noise  levels  would  reach  YDNL 50 dBA  which  would  be 
moderately  annoying.  Other  ranches  located  fur ther  f rom  the  construct ion 
act iv i ty  are  not   expected  to  exper ience  any  s igni f icant  increase in noise 
levels. 

Within 210 m of  the  powerplant  fence,  construct ion  act iv i ty  noise 
i s  expected  to  make  the  land  unsui table  for   cat t le  grazing.  However,   about 
90 percent   o f   the  land i s  ra ted as low quality fo r   f o rage  use, so catt le 
grazing  patterns  would  be  unl ikely  to  be  ser iously  a l tered by construct ion 
noise. Steam l ine  b low-outs  could  start le  cat t le  grazing  wi th in 900 m of t he  
fence. 

The  small residential  community  near  the  confluence  of  the 

ent,  and a t  t imes  concurrent,  construction  act ivi t ies,  namely  the  prepara- 
Bonaparte and Thompson  r ivers  would  experience  noise  from  several  dif fer- 

t ion  o f   the  r iver   bot tom and subsequent   const ruct ion  o f   the  water  supply 
intake,  the  construction  of  the  No. 1 booster  pumping  stat ion,  construction 
of   the  water   supply   p ipe l ine  i tse l f ,  and replacement   o f   the  ex is t ing  br idge 
over  the  Bonaparte  River.   The  ef fect  of r iver  bot tom  preparat ion  would,  
depending  on  receiver  location,  increase  present  noise  levels  of  YDNL 55 t o  
62 dBA by a maximum of 1 dBA.  Although  noticeable a t  t imes  this slight 
increase  would  not  be  signicant.  The  construction  of  the  water  intake  would 
resu l t  in an  increase  of 3 t o  5 dBA  f rom  present   no ise levels whi le   the 
construction  of  booster pumping station  No. 1 i s  expected to  ra ise   the   YDNL 
levels by about 1 t o  4 dBA.  Noise  levels  in  this  area  are  already  high and 
therefore  these  fur ther   increases  would  be  s l ight ly   to   very   annoying 
depending  upon  the  prox imi ty   o f   any  par t icu lar   res idence  to   the 
construct ion  act iv i ty.   Noise  f rom  the  construct ion  of   the  water  supply 
pipel ine  would  not   resul t  in any increase to the  ex is t ing  YDNL but f o r  a 
per iod o f  a few days  the  noise levels could  r ise as h igh  as 75 dBA.  Similar- 
ly, replacement  of   the  exist ing  br idge  across  the  Bonaparte  River  would  not  
increase  existing  YDNL'S and no  signif icant  annoyance  would  result.  

Noise  f rom  the  construct ion  of   booster  pumping  stat ion  No. 2 
would  make a small  area of   land (0.3 km2)  incompat ib le  wi th  grazing  for  
about 5 months. 
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In   the  nor th   Ashcrof t   area  const ruct ion  o f   the  p ipe l ine  would 

average  noise  level  (YDNL)  would  increase by a t  most 2 dBA and would  only 
increase  noise  levels by 20 dBA  fo r  a few days.  However,  the  yearly 

be  s l ight ly   annoying  to   the  loca l   res idents .  

Construct ion  o f   the access  road i s  expected  to  increase  average 
noise  levels a t  the  southern  edge  of  the  McLean  Lake  Indian  Reserve  from a 
present  estimated  value  of  about  average day night  level   (Ldn) 35 dBA  to  
between  Ldn 47 and 65 dBA  over  a period  of  approximately 50 work ing 
days.  This could  result: in some annoyance  to  recreationist:s  part icularly if 
th is  construct ion  occurs  dur ing  the  summer  months.  

t ra f f i c   pas t   t he  McLean  Lake  Indian  Reserve  would  result  in some annoyance 
Upon  completion  of  the  project access  road, cons t ruc t ion   t ruck  

to  recreat ionists.   The  peak  noise  level  as a t r u c k  passes by i s  expected  to 
be  as high as 70   d0A a t  the  southern  edge  o f   the  reserve  and 53 d 0 A   a t   t h e  
northern  edge.  Yearly  average day night  noise level:; would  remain 

and  the access  road  where  levels  would  reach  YDNL 46 dBA. 
unchanged  (or   35  dBA)  except   for  a small area  between  McLean  Lake  itself 

(i i lOperation  Phase 

Noise  from  the  mining  operation  would  result  pr incipal ly  from  the 
movement of heavy  equipment  within and around  the  open pit operation  and 
f rom  the coal  stacker-reclaimer,  conveyors  and  crushers.  Intermittently, 
impulsive  noise  from  blast ing  and  noise  from  the  mine  publ ic  address  system 
would  momentarily  increase  noise  levels. 

The  southwest:ern  port ion  of  the  Bonaparte  Indian  Reserve No. 1 
would  be  affected  primari ly by noise  from  mining  access  road  traffic  and 

dBA  which  would  be  very   annoying if any  residents  were  s i tuated  at   th is 
coal preparation. This area  would  receive  noise  levels as h igh  as YDNL 62 

approximately 57 dBA  which  would  be  moderately  annoying.  Project-related 
noisiest  location.  However,  the  predicted  YDNL a t  the  clorest  residence i s  

traff ic  noise  which  would  occur  without  the  project. 
traff ic  noise  on  Highway No. 12 is  not  expected  to add signi f icant ly to 

The  two  ranches  nearest   to  the  open pit, E. Lehman and I. 

and YDNL 63 dBA  respectively,  which  would  be  extremely  annoying; indeed 
Lehman/Saulte, would perceive mining noise levels  of about YDNL 70 dBA 

these  houses  are  expected  to  be  displaced by the  mining  operat ion.   The 

ence  noise levels of  YDNL 45 t o  49 dBA,  which  woulcl  be  moderately 
next  two  ranches  (A.  Parke  and D. Ridlar/BaIdwinl   are expmected to   exper i -  

annoying  to  the  residents.   The  next  two  ranches  to  the  south  (A.  Pocock 
and G.  Parke) are expected  to  experience  plant  noise  of  YDNL 41 to  42 
dBA;  however,  since  the  present  average  level i s  YDNL  35 to 40 dBA, it i s  
expected  that  the  increase  would  be  insignif icant.  Intermittent  blast ing 

atmospheric  conditions  and  background  noise  levels.  Residents  on  the 
noise  could  be  start l ing  up  to a distance of about 8 knl  depending  on 

Bonaparte  Indian  Reserve No. 1 and  Hat  Creek  residences as f a r  south as 
Ridlar/Baldwin  could  be  affected. 

In the  region  of   the  powerplant,   noise  would  be  generated  f rom 
the  bo i lerhouse  and  turb ine  bu i ld ing,  fans, t ransformers and the   two  

na ture   w i th  occasional  intermittent  noise  from steam vents   and  c i rcu i t  
natural  draft cooling  towers.  These  noises  would  tend  to be of a continuous 

the  val ley as discussed  above. A  small  area of   land  in   the  Trachyte  Hi l ls  (4 , 

breakers.  These  sources  make a minor  contr ibut ion  to  the  overal l   levels  in 
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ty o f  this land (90%) has  low grazing  potent ia l   and  therefore  the  useful  
km2)  would  be  made  incompatible  with  cattle  grazing.  However,  the  majori- 

graz ing land lost  would  be  minimal. 

The  noise  f rom  the  operat ion  of   booster  pumping  stat ion  No. 1 is  
expected  to  have  minimal  effect  on  the  nearby  residences  since  low-noise 
water-cooled  pumps  would  be  used.  Residences  would  be  shielded  from 
transformer  noise by the  pumping  stat ion  bui lding.  Similar  noise  levels  are 
predicted  f rom  booster  pumping  stat ion  No. 2; no  impact  is  predicted  on  the 
adjacent  grazing land. 

Once  the  stat ion  is  in ful l   operat ion  t raf f ic   noise  past  the  Mclean 
Lake  Indian  Reserve  could  resul t  in some annoyance  to  recreationists. Peak 

o f   the   reserve   and 53 dBA  at   the  northern  edge.  However,   the  YDNL  would 
noise  levels as a t r u c k  passes by could  reach 70 dBA a t  the  southern  edge 

the  access road  where  the  level  would  read  YDNL 42 dBA.  
remain  unchanged  except  for a small  area  between  McLean  Lake  itself  and 

of  Cache  Creek  are  expected  to  produce  about 40 dBA  in   the   res ident ia l  
Ratt lesnake  Substat ion  transformers  located  on  the  hi l ls ide  north 

community  1.5  km  away.  Since  noise  levels  in this community  are  presently 
YDNL 55 t o  60 dBA,  the  transformer  noise  would  be  inaudible. 

T h e   a i r s t r i p  i s  now  expected  to  be  located  on a ranch  southwest 
o f   Ashcrof t .   A l though  the  no ise  f rom  a i rs t r ip   operat ions  would  extend 
th rough   g raz ing  and agr icul tural  land, it would not reach populated areas. 
An  insigni f icant  impact  on  land  use  is  predicted. 

(b)Regional  Effects 

T h e  final s i te   for   the  equipment   un loading  fac i l i ty   has  not   yet   been  dec ided.  

areas  and  thereby  minimize  impacts. 
However,  where  possible,  truck  routes  would  be  selected to bypass  residential 
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SECTION 15. RECREATlON(21) 

areas as shown on  Figure 15-’I. Area A includes the  powerplant,  mine  si te  and 
Effects o f   t he  project  upon  outdoor recreation were  analyzed by geographic 

the  immediate project  area.  Area B  encompasses the  Hat  Creek  val ley  and 
surrounding  ranges and hil ls,  where  the  greatest  impacts  ,could  occur  from  the 
powerplant a i r  emissions.  Area C includes  major  highways  and  human  settle- 
ments  near  the  project.  Area D extends  beyond  Area C t o  a raclius  of 100 km 
around  the  project   s i te  ant i   contains  the  areas  l ikely to be  affected by 

opportunit ies  and  faci l i t ies, some of  which  would  be  ut i l ized by workers 
powerplant a i r  emissions.  This l a s t  area  includes a variety  of  recreational 

employed a t  the  Hat  Creek  pro)ect. 

15.1 EXISTING  SITUATION 

(a)  Recreational  Assets 

Within  areas A and B, a variety  of  natural  features  can  be  found  which a r e  
useful  for  recreational  act ivi ty.  Major  recreational  assets  in  , the  Hat  Creek 
valley  and  adjacent  areas  are  shown  in  Figure  15-2.  In  contrast  to  portions  of 
the  surrounding area, the  Hat  Creek  val ley  is   not   normal ly a dest inat ion  for  
sightseers  although  i ts  pastoral  charm  provides a pleasant  diversion. 
Pictographs  found  in  Marble  Canyon  and  along  Oregon  Jack  Creek  provide 

the  Hat  Creek  val ley possesses ident i f ied  s i tes  for  agate, amber and  opalite. 
v is ib le evidence  of  man’s  presence  in  prehistoric  t imes.  For  the gem hunter,  

Many  of  the  lakes and streams  in  this  area  support  f ish  and  provide a n  
important  recreational  resource  for  anglers.  The f l a t  to   ro l l ing  . ter ra in   o f   the 
area is  conducive  to  various  recreational  act ivi t ies  including  backroad  travel, 
snowmobiling and cross  country  ski ing.   At   the  h igher  e levat ions in the  Pavi l ion 
and  Cleal-  ranges,  hiking  is  possible  with  established  trails  available  in some 
locations. A variety  of  animal  l i fe  of  interest  to  hunters is  suppor ted  wi th in   the 
various  vegetated  zones. 

streams and lakes.  For  the  passive  recreationist,  the  scenic  beauty of t h e  
For   the  active recreationist t h e  principal assets of Area C a r e  i t s  

Thompson and Fraser  River  Canyons  are  important  features.  Important  assets 
include  the  Clear  Range  wi th  at t ract ions  for   h ikers,   Botanie  Mountain  for  
natural ists  and  viewers,  the  Cameisfoot  Range  for  hunters  and  -the  Thompson 
River  f o r  fishing,  canoeing, rafting and viewing.  The  Thompson  Canyon, a r i d  
with  semi-desert  vegetation,  contrasts  with  the  r ichness  of  the  Fraser’s 

offers  much less topographic  re l ief   but  adds interest   wi th a series  of  lakes 
coniferous  forested  slopes.  The  Bonaparte  Canyon,  minor by comparison, 

scattered  in  the  val ley  f loor.  

In  Area D, active  recreation i s  dominated by the  numerous  lakes  used 
by anglers  such as Kamloops Lake  on  the  east  and  Seton  Lake on the  west.  

terrain  and  topography.  Scenic  values  are  signif icant  in some areas  with  the 
Hunt ing  is  important  throughout  the  area  and  the species sought  are  related to 

dominant  snow-capped  peaks  of  the  Coastal  Range  creating an exci t ing  v isual  
experience. 
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(b)Fa.cilities 

Recreational  faci l i t ies  within  Hat  Creek  val ley  and  nearby  areas  are  shown  in 
F igure 75-3. The  on ly   p r iva te   fac i l i t y  in the  v ic in i ty  is   located  on  Pavi l ion 
Lake.  Closer  to  the  project   s i te  the  Parks  Branch  maintains  Marble  Canyon 

Marble  Canyon and Pavil ion Lake. 
Park.  Physical  constraints have  l imited  development  of  new  facil i t ies a t  both 

Creek,  Ashcroft,   Cl inton and Li l looet.  Resort  and  ranch  faci l i t ies  can  be  found 
In Area C motel-hotel  and  camping  faci l i t ies  are  avai lable in Cache 

in   the  v ic in i ty   o f   Ashcrof t ,   nor th   o f   Cache  Creek and south  of  Li l looet. Day 

and Kersey  Lake pa rks .  The  Forest  Service  has  campsites  at  Barnes and 
use and  overnight  faci l i t ies  exist  a t  Parks  Branch  si tes  at  Cayoosh,  Kel ly  Lake 

Willard lakes  southeast  of  Ashcroft.  A number  of  recreational  reserves  have 
been  establ ished  throughout  Area  C.  Excel lent access in  Area C is  prov ided by 
highways 1, 97 and 12. 

Area D is  the  dominant  source  of  recreational  faci l i t ies  within  the 

dation and many  of   the  lakes  north  and  south  of   th is  c i ty  contain  hunt ing  and 
study region. Kamloops is   the   most   impor tan t   s ing le   s i te   fo r   tour is t  accommo- 

f ishing  resorts.   The  Parks  Branch  maintains  several   major  faci l i t ies  in  Area D 
including  Loon Lake,  Lac  Le  Jeune,  Savona  and  Big  Bar  Lake  parks. 

(c)  Recreational  Activi t ies 

a r e  few  recreational  attract ions,  current  recreational  act ivi ty in Area A ( the 
Because the resident population in Hat  Creek val ley is small and because  there 

immediate  project  area)  is  est imated  to  be  low.  Beyond  the  project area, Area B 
supports  signif icant  outdoor  recreational  act ivi t ies,  which  are  primari ly  pursued 
by non-residents.   This  area  includes  the  popular  Pavi l ion  Lake  and  Marble 
Canyon  sites. 

hunt ing  and  backroad  t ravel ,   which  account   for   about  25 percent  and  35  percent 
Dominant  act ivi t ies in the  Hat  Creek  val ley  and  adjacent  areas  are 

o f  a l l  est imated  act ivi ty  days  respectively.  Hunting  takes  place  throughout  the 

take  p lace  throughout   the  Hat   Creek  va l ley  proper   between  the  farms  and  the 
area  with  location  dependent  on  species  sought.  Backroad  travel  is  believed  to 

adjoining  hi l ls  and mountains.  Angling  accounts  for  about 20 percent   o f  a l l  
ac t iv i ty   days,   occurr ing  predominant ly  a t  Pavil ion  Lake and Marble  Canyon 
Park. Less  than  one-f i f th  of   f ishing  act iv i ty  occurs  a long  Hat  Creek  and 

than 20 percent   o f  a l l  activity days and  occur p r imar i l y  a t  Pavil ion  Lake and 
nearby small  lakes. Other   act iv i t ies  (excluding sightseeing) account   for  less 

Marble  Canyon P a r k  where  developed recreational faci l i t ies  are found. 

Area C i s  est imated  to  support   about 40 percent  of  al l   local  residents'  

Area C is  angl ing,  est imated  at  about  35  percent  of a l l  act iv i ty,   fo l lowed by 
recreational  act ivi ty.  The  most  popular  local  resident  recreational  act ivi ty  in 

backroad  t ravel   which  accounts  for   about  30  percent.   Hunt ing  is  the  least  

the  to ta l .  
important  local   resident  act iv i ty  in  Area C, accounting  for  less  than 3 percent   o f  

Although  recreational da ta  fo r   Area  D are  not  avai lable, a home 

Clinton,  Cache  Creek  and  Ashcroft use Area D fo r   the i r   recrea t iona l   pursu i ts .  
in te rv iew  survey   ind ica ted   tha t   about  45 percent  of al l   local  residents in 

Local  anglers  appear  to  favour Loon, Green,  Kelly and Big  Bar  Lakes and local 
hunters  use t h e  Loon  Lake  area as well as sites  near  Machete and Bonaparte 

t ravel   is   scattered  widely  wi th  the  Cl inton-Loon  Lake,  Fraser-Li l looet and 
Lakes.  Green  Lake i s  a favour i te   for   " lake and shore"  activit ies.  Backroad. 
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Guichon-Highland  valley  areas  most  favoured.  "Other"  activit ies  are  concen- 
t ra ted  a t  Loon  Lake,  Deadman River  and  the  north  Thompson-Karnloops  area. 

(d1Changes  in  Recreation  without  the  Project 

Without  the  project, it can  be  assumed  that  recreational  act ivi ty  in  these  areas 
would  expand,  with  non-residents  playing a progressively  larger  role. 
Recreational  act ivi ty  growth  would  be  mainly  due  to  populat ion  increases  and 
more  leisure  time. 

15.2 PROJECT  ACTIONS 

Project  actions  which  would  cause  impacts  upon  local  recreation  can  be  divided 
into  construction  and  operation  phase  act ivi t ies.  During  construction,  land 
surface  disturbance  would  affect  local  recreational  patterns  in  the  Hat  Creek 
area.  Increased  recreation  demand by the  construct ion  labour  force  would  a lso 
affect  recreational  patterns,  since  workers  would  ut i l ize  resources  and  faci l i t ies 
i n   t h e  local  area,  creating  much  greater  pressure  than  exists a t  present. 
Operation  phase  impacts  could  potentially  occur in t h e  local  area as a resul t   of  
the  project 's a i r  and water   miss ions,  as well as land  use  changes.  Increased 

create  recreational impacts  in  al l   four  areas. 
recreation  demand due  to  the  presence of the  project  labour  fprce  would  also 

15.3 PROJECTED  RECREAT'ION  CHANGES  WITH  THE  PROJECT 
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Economic evaluations  of  resource  impacts  are  discussed  in  Section 18.4. 

(a1Construction-related  Impacts 

Areas A, 8-3  and  C-3.  The mine, powerplant and some offsi te  faci l i t ies  are 
Construction-related  impacts  upon  recreation  would  occur  predominantly in 

located  in  Areas A and B while  the  balance of the  o f fs i te   fac i l i t ies   are  found 
predominantly in Area C - 3 .  

There  are  no  specif ic  recreational  faci l i t ies  that  would  be  affected by 

activi t ies  which  presently  occur  in  disturbed  si te  areas  could  be  expected  to 
project  construction.  Hunting,  f ishing,  backroad  travel  and  sightseeing 

move to  other  locations.  However, gem hunting  along  Medicine  Creek  (which is  
an act iv i ty  included as backroad  travel)  would  be  substantial ly  reduced  or 
eliminated. 

disturbed  area  cannot  be  ac.curately  measured, it can  be  assulned  that a net 
Although  the  amount  and  type of game animals affected by the  

reduct ion  in game populat ion  would  occur  due  to  habitat loss. I t   is   poss ib le  that 
ex is t ing game may  disperse  to  other  areas as a resul t   of   project   act iv i t ies.  
Impacts  on  wildlife  are  discussed  in  Section 10.0. 

Fish  resources  in t i a t  Creek  would  be  disturbed  over  the  approximate- 

en t i re  loss of  f ish  in  th is  sect ion.   Angl ing  that   formerly  occurred  in  th is 
ly 8 km  section  of  creek  to  be  diverted.  Diversion  probably  would  result in t h e  

section  would  be  eliminated. 
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Backroad  t ravel   probably   occurs  in   the  area  to   be  d is turbed by t h e  
project ,   part icular ly  in  the  Trachyte  Hi l ls   which  are  somewhat  more  open  than 
other  nearby  terrain.   This  act iv i ty  would  be  constrained  or  e l iminated. 

Sightseeing  of   the  natural   environment in the  project   area  would  a lso 
be  altered.  The  project  would  be  most  visib'le  in  the  Medicine  Creek  valley  and 

and  Highway 12. It should  be  noted  that   s ightseeing  would  not   necessar i ly   be 
upper  Hat  Creek  val ley,   wi th some project  elements  visible  from  Marble  Canyon 

adversely  affected by the  pro ject .   Dur ing  the  pro ject   const ruct ion  phase it can 
be  reasonably  expected  that  both  local  residents  and  tourists  would  make  special 
trips to  v iew  the  act iv i t ies  taking  place. It is  possible  that   substant ia l  
increases  in  the  amount  of  sightseeing  could  occur. 

Table 15-1 presents  estimates  of  the  number  of  annual  recreational 
act iv i ty  days  d isplaced by the  pro ject   dur ing  the  const ruct ion  phase.   The 

the  l i fe   o f   the  pro ject .   The  est imates  in   Table 15-1 do  not  take  into  account 
displacement  would  occur in the   f i r s t   year   o f   cons t ruc t ion  and c a r r y   t h r o u g h  

potent ia l   subst i tut ion  ef fects,  as these  are very d i f f icu l t   to   measure.   The 
numbers  in  the  table  ref lect  a 1988 in-serv ice  date  and  thus  are  larger ,   due  to  
populat ion and par t ic ipat ion  growth,   than  those  in   the  recreat ion  repor t   which 
assumed a 1984 in-service  date.  Annual losses would  increase  at  the  assumed 
growth  ra tes  throughout   the  l i fe   o f   the  Pro ject .   At   the  beginn ing  o f   the 
construct ion  per iod,   d isplaced  recreat ional   act iv i ty  would  amount  to  about 6 
percent   o f   the  to ta l   act iv i ty   in   the  Hat   Creek  va l ley  and  env i rons.  

(b)Operation Related  Impacts 

Operation  act ivi t ies  affect ing  recreational  act ivi t ies  would  include:  gradual 
f i l l ing  of   the  ash  and  mine  waste  d isposal  area;  impacts t o   t h e   s u r r o u n d i n g  
vegetation  caused by* reduct ion in a i r  quality; and dust, stack  emissions  and 
cool ing  tower  plumes  affect ing  scenic  values  beyond  the  physical  presence  of  the 
project   i tsel f .  

backroad  t ravel   recreat ion in Area  A. It is  expected that backroad  t ravel   could 
Gradual  f i l l ing  of  ash  disposal  areas  would  predominantly  affect 

continue in the  unf i l led  por t ions  o f   pro ject   d isposal   areas.   Other   act iv i t ies .  

due  to   the  u t i l izat ion  o f   land  dur ing  the  operat ion  phase.  In total   these 
inc lud ing  nature study, plant  col lect ing  and  walk ing  would  be  s l ight ly  af fected 

precluded  recreational  act ivi t ies  are  expected  to  amount  to  less  than 100 days 
year ly .  

C l a r i t y   o f   t h e  a i r  would  be  s l ight ly   reduced  due  to   dust   creat ion  and  to  
Project   faci l i t ies  would  adversely  af fect   natural   scenic  v iewing. 

part iculate  emissions. Visibility of   the  powerp lant  stack plume  and  cooling 
tower  plumes  could  also  affect  scenic  values.  Nevertheless  the  physical 

the  net   impact   o f   the  pro ject   would  be  to   increase  s ightseeing  act iv i ty .  
presence  of   the  project   should  at t ract   s ightseers.  It i s  therefore  expected that 

demonstrate or  quanti fy.  Stack  emissions  could  have  adverse  effects  upon some 
The  impact  of   powerplant  stack  emissions on recreat ion  is   d i f f icu l t   to  

vegetation a t  h igher  e levat ions in the  val ley,  as discussed in Section 7.0. 

vegetation,  are  considered to be small. It i s  expected  that  stack  emissions 
However,  potential  visual  impacts,  result ing  from  the  minor  growth  reduction  of 

would  not   d i rect ly   reduce  v is i ta t ion  ra tes  or   act iv i t ies  in the  upper  reaches  of  
the   h i l l s   sur round ing   the   va l ley .  

It is  expected  that   hunt ing  act iv i ty  would  be  completely  prohibi ted in. 
Area A and reduced  in  Area B, due  to  implementation  of a "No  Shooting"  zone. 
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Y TABLE '15-1 
ESTIMATED  ANNUAL  RECREATIONAL  ACTIVITY  DAYS  DISPLACED 

BY  THE PROPOSED  PROJECT  (21) 

d 

d 

sal 

I 

I 

hi 

J 

mi 

Construction  Phase 
Areas A and B 

Operation Phase 
Area A 

Affected 
Ac t i v i t y  

Amount  Quali ty  Signif icance  Amount  Quali ty  Signif icance 
Impact  Impact 

Hunt ing  1060 Undetermined - 130 Undetermined  Low 

Fishing 1870 undetermined High - . Undetermined - 
Backroad 

Trave l  190 Fair Moderate  320  Fair Low 

Other  60 Undetermined - 130 - - 

Sightseeing NA' Good - NA1 Good 

1. Sightseeing i s  expected  to  increase  because  of  the  project. 

operation  phase.  Fishing  would be lost  along  the  length of the  Hat  Creek 
Adverse  impacts  on  f isheries  in  Hat  Creek  would  continue  in  the 

diversion. 

create changes  in  the 1ocat:ion of   future  recreat ional  .activity rather  than an 
It is possible t h a t  t h e  impacts described in th i s  section would simply 

absolute loss. However   the  extent   to   which this substi tut ion  would  occur has 

anticipated  with  the  development  of  the  headworks dam. To  avoid  underestimat- 
not  been  predicted  although some increase  to  the  Hat  Creek  f ishery  is  

project's  operational  phase  are assumed to  be  net losses, wi th  no  subst i tut ion 
ing  recreational impacts, t he  recreational  act ivi t ies  displaced  due  to  the 

occurring.  These  estimates  of  displaced  annual  recreational  activity  are  shown 
in the 1-ight-hand  side  of  Table  15-1.  They  also  have  been  modified  from the 
recreat ion  report   to  ref lect  a 1988 in-service  date. 

(c)  Impacts  of  Project-related  Recreation  Demand 

Increased  recreational  activit ies with and  wi thout  the  project   are  shown  in 
Table 15-2.  Without  the  project,  recreational demand in  the  area  would  be 
expected  to  increase  due  to  natural   populat ion  growth  and  increased  le isure  t ime 
(shown as Local  Population  (non-project)  on  Table  15-2). 
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TABLE 15-2 

PROJECT  INDUCED  INCREASES I N  RECREATIONAL ACTIVITY 
(Recreat ion Days) 

v) 
rn 
0 
-I - 
0 
Z 

vl 
d 

- 
0 z 

A c t i v i t y  Source1 - 1980  1982  1984  1986  1988 1990 - - - - 
Project   Populat ion - 22  060 81 000 63  040 19  800 1 320 

Hat  Creek Camps - 21  820 64 240 87 000 87 580 101  600 

C1 i n t o n  - 2 600 7 560 10  230 10  240 12 000 

Other  Areas - 1 300 3 740 5 120 5 040 6 030 

47  780  156  540  165  390  122  660  120  950 - 

Local  Population 
(Non-project) 125  200  135  630  146  060  156  500  166  950  177  400 

TOTAL 125  200  183  410  302 600 321  890  289  610  298  350. 

Based  on popula t ion   fo recasts   p resented   in   S t rong   Ha l l  and Associates Ltd.(23) r e p o r t .  

- 1992 

1 400 

109  260 

12  950 

6 410 

130  020 

187  850 

317  870 



3 

3 

With the  project,  recreational  demand  in  the  area  wotr ld  be  expected 
to   increase  fur ther   due  to   the  presence  o f   the  const ruct ion  and  operat ions  work 
force  and  attendant  populat ion  increase. 

Table 15-2 shows that the  total   amount  of   recreat ional   act iv i ty  would 
be  between 1.5 and 2 time:; higher  in  the  early-1990s  with  the  project  than 
wi thout  it. This  may have! a larger  impact  on  the  quant i ty  and  qual i ty  of  

was  made to  evaluate the  impact quant i tat ively.  
regional recreational resources than  any  d i rect   pro ject   act ions,   but   no  a t tempt  
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SECTION 16. AESTHETICS(221 

Consideration  of  aesthetic  or  visual  effects is  a relatively  new  aspect  of  project 
impact  assessment.  While  there i s  an accepted  methodology  for  classifying  the 
v isual   qual i ty of the  exist ing  natural   environment,   there i s  less  agreement  on 
how t o  measure  the  impacts  of  man-made  changes  in  landscapes. 

of  methods  accepted by the  Resource  Analysis  Branch  of the  Prov inc ia l  M in is t ry  
For  this  project, an analys is  of  visual  impacts was  made on the  basis 

of   the  Environment.   The  methodology  involved  three  steps.  First ,   the  exist ing 
visual qual i t ies and sensi t iv i ty  to  change  of   the  study  area (see Figure 16-1) 
were  assessed. Second, the  potent ia l  causes o f  visual impact  wi th in  the  project  
were  described and evaluated  on  the basis of  projected  effects !upon viewers. 
Third,   the  importance  of   the  impact was judged  subjectively by consider ing  the 
quality  and  magnitude  of  changes  in  the  study area 's  visual  environment. 
Measures  were  then  recommended  to  minimize,  enhance  or  mitigate  the  visual 
impact  of  the  elements  upon  the  existing  landscape. 

16.1 EXISTING  ENVIRONMEN'T 

An  inventory  of  visual  resources  now  exist ing  within  the  st:udy  area was 
accomplished by dividing the  area  into  "v isual   uni ts" .  A v isual   un i t  was defined 
as an area  "having a continuous  sense  of  enclosure and containing  scenic 
elements  which  provide  uni fy ing  or  d ist inct ive  qual i t ies  to  the  landscape".  
Visual  units.  have  boundaries, pa r t i a l  or  complete, such as r idgel ines,   d ist inct  
s lope  changes  or  val ley  forms.  Af ter   the  v isual   uni ts  were  ident i f ied  they  were 
ranked  in  a qual i tat ive  way so that   their   re lat ive  importance  could  be  judged. 

based  on  the  opinion that  viewers a r e  stimulated by variety, vividness  and 
Evaluat ion  or   rank ing  o f   the  ex is t ing  v isual   qual i ty   wi th in   the  s tudy  area was 

u n i t y   i n   t h e  scenes viewed.  Further,  the  components  of  those  factors  are 

water  presence and land use pat tern.  
boundary  definit ion,  general Form, terrain  pattern,  visual  features,  vegetation, 

th rough  the  use of aerial photographs, maps, field work a n d  s i t e  photographs. 
Based on these c r i te r ia ,  v isual  uni ts were  defined  and evaluated 

Ten  visual  units  were  del ineated, as shown  on  Figure 16-1, which  include 
Marble  Canyon,  upper  Hat  Creek  valley,  Medicine  Creek  valley,  Cattle  valley, 

and  Langley.  Two  special  features  were  also  identif ied:  Cornwall  Lookout and 
Highway No. 12, Cache  Creek,  Thompson  River,  Highway No. 1, Oregon  Jack 

the  Trachyte  Hi l ls .   These  v isual   uni ts  were  d iv ided  into four categories 
ranging  f rom  "outstanding"  to " f a i r  to   poor"  based on  the  qual i ty  of   the  v isual  
landscape. 

Table 16-1 shows the   rank ing   fo r  each o f   the  10 def ined  v isual   uni ts.  
Two  special  features  of  the  visual  environment,  Cornwall   Lookout  and  the 
Trachyte  Hil ls,  received  separate  qualitative  descriptions,  since  the  general 
criteria  for  landscape  components  are  not  applicable  to  either  of  these  elements. 

The  Corn,wall Lookout  provides a special  and  unique  experience  to  the 
s t u d y  area.  Located  on a h igh   po in t   w i th in   the  study area, it produces a 
majestic  panoramic  view,  extending  from  the  snowcapped  Coast  Range  on  the 
west  and  southwest,  to  the  Highland  Val ley and the  Thompson  River  Val ley t o  
t h e  east  and  northeast.  Visual  quality:  outstanding. 
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VISUAL  UNITS IN THE  HAT  CREEK  AREA (22) 
,TABLE 16-1 

Normalized  Ranking  of  Visual  Units1 
(by  Assessors) 

Visual 
V isual   Uni t   Qual i ty  

Level  of 
Visual 

Uni ty   Var ie ty   V iv idness  Numer ica l   Qual i ty  

A B C   A B C   A B C  
Ran k2 

Marble  Canyon 7 6 7 7 5 5   7 6 7  
Langley 6 6 7   7 7 6   6 7 5  
Oregon  Jack 6 4 7   6 7 6   6 5 5  
Upper  Hat 

Creek Valley 5 7 6   6 5 7   4 5 3  
Thompson  River 3 2 6 4 4 7   3 6 5  
Catt le  Val ley 5 2 3   5 6 2  5 3  1 
Medicine  Creek 
Val ley 3 6 1   2 7 2   2 5 2  

Highway 12 4 1 3   3 4 4  3 1 3 4  
Cache  Creek 2 1 2   2 2 3   1 2 3  
Highway 1 1 4 1   1 2 1   1 4 1  

57 Outstanding 
57 Outstanding 
52 Outstanding 

48 Outstanding 
40 High 
32 High 

30 
27 

High 

18 Fair  to  Poor 
16 Fair  to  Poor 

Average 

1 .  A h igh   rank ing  i s  considered  "visual ly"  good. 

2. Represents  the  sum of normalized  'scores fo r   un i ty ,   var ie ty ,   and 
viv idness. 

The  Trachyte  Hi l ls   are  s ign i f icant   because  they  conta in   the 
powerplant  s i te.   From  var ious  points  around  the  proposed  powerplant  s i te,  
v istas  of   Highway 12, Marble  Canyon,  upper  Hat  Creek  valley  and  Medicine 
Creek  val ley  can  be seen. Visual   qual i ty:   h igh.  

v isua l  aspects  of the Hat  Creek  val ley  and  environs  would  change  l i t t le  f rom 
If the  proposed  project  does not  proceed, it i s  expected  that   the 

their  present  state.  There  may  be  further  agricultural  development,  but it is 

to  affect  the  aesthetic  qual i t ies  of  the  area. 
un l ike ly   that   indust r ia l   development   wi l l   occur   that   is   o f   suf f ic ient   s ign i f icance 

16.2 PROJECT ACTIONS 

Both  the  construction  phase  act ivi t ies  and  operation  phase  project  components 
would  alter  the  aesthetic  environment.  However,  the  primary  concern  is  with 
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the   la t te r  phase, since during construction  stages  the  visual  impact  would  be 
too  dynamic  to  propose  meaningful  mit igation o r  enhancement  procedures. 
Dur ing  operat ion  of   the  project ,   the  out l ine  of   powerplant  faci l i t ies  on  the 

number  of  locations. 
horizon  would  create  a. long-term  change  in  the  visual  environment  from a l imited 

16.3 PROJECT  EFFECTS 

(a)Construction Phase 

Construction  act ivi t ies  would  create  short-term  changes  in  the  aesthetic 
qual i t ies of the  project  si te  and  environs.  Heavy  equipment, a la rge  work  force 
and  the  areas  of   land  disturbance  would mean that   the  ex is t ing  qu iet   scene 
would  be  turned  into  one  of   extensive  act iv i ty.  Noise, dust, and  debr is   in   and 
around  the  construction  areas  would  affect  aesthetic  qual i t ies. 

although  they  would  not  extend  beyond  the  local  area.  Residences in t h e  
The  magnitude  of  these  impacts  cannot  be  accurately  measured, 

closest  settlements  (Pavilion and Carquile)  would  receive  minimal  impact  since 
they  are  about 18 km away  from  the  si te.  Since  the  construction  act ivi ty  would 
at t ract   v iewers  to   the area, :some people  would  l ikely  regard  the  construct ion 

these  alterat ions a short- term  negat ive impact. 
ac t i v i t y  as a posi t ive  change  in   the visual  environment.  Others  would  f ind 

(b)Operation Phase 

When the  project  faci l i t ies  are  completed a number  of i t s  components  would  have 
a s igni f icant  ef fect  on the  v isual   environment of the  va l ley and surrounding 
area.  Major  components of the  pro ject   which  would  have a visual  impact  are as 
fol lows:  the  powerplant and related  faci l i t ies,.   including  the  stack,  boi ler 
house, turbine  house and cooling  towers;  the  open-pit   mine  and  related 
faci l i t ies,  including coal  storage  areas  and  ash  and  waste  disposal  areas; 

facil i t ies,  booster pumping  skt ions  and  water  supply  p ipel ine.  
l inkages,  such as conveyor  systems  and roads; and the  water   supply   in take 

areas  and  the  project  elements t h a t  cause  that  impact. 
The impact cause mat r i x  in Table 16-2 identifies t h e  v isual ly impacted 

associated  with  the  open-pit   mine  and  the  blending  faci l i t ies. 'These pro ject  
The  most signif icant  visual  impacts  would  be  caused by t h e  elements 

elements  would  affect  the  visual ly  sensit ive  junction  of  the.Marble  Canyon, 
upper  Hat  Creek and Highway 12 visual   uni ts.  

associated  with  the  powerplant:.  These  elements  would  dominate the sur round ing  
The  next  most  signif icant  impacts  would  be  caused  by  the  elements 

landscape  which  includes  the  Trachyte  Hi l ls,  Cornwall   Lookout  and  the  Medicine 
Creek  val ley v isual  uni ts.  

Figure  3-9  presents a v iew  o f   the  powerp lant   f rom  the  west  and 
Figure 3-1 shows a project  overview  from  the  southeast. A sketch  o f   the 
expe,cted  .view  of  the  powerplant  from  the  eastern  entrance  to  Marble  Canyon  is 
shown  on  Figure 16-2, whi le  the  v iew  f rom  Highway 12 is  shown  in  Figure  16-3. 
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TABLE 16-2 
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I EXISTING VIEW 4 

HATCREEKPROJECT 
- 

FIGURE 16.2 
POWERPLANT  VIEW  FROM  MARBLE  CANYON 



VIEW AFTER CONSTRUCTION 

EXISTING VIEW . d 

HAT CREEK PROJECT 

FIGURE 16.3 

POWERPLANT  VIEW FROM 
SOURCE Toby, Russell, Buckwell and Parlners Archl lmls  (22) 



16.4 MITIGATION  AND  ENHANCEMENT 

Alternat ives  and/or  mit igat ion  measures  were  proposed  for  each impacted  area 
taking  into  considerat ion  foreground,  middleground and background  v iews. 
These  measures  include  suggested  alternatives  for  the  disposit ion  of  plant 
elements,  approach  roads,  etc.,  the  use  of  retaining  embankments,  terracing, 
berming  and  screening  designed  to  relate  the  plant  elements  to  the  site, and 
the  use  of   form,  colour  and  texture  in  the case of  the  plant  elements 
themselves. 

Subsequent  to  the  complet ion  of   the  report   on  Aesthet ic  Consider-  
ations(22)  and as a resul t  of  recommendations  in  that and other  environmental 
and  engineering  reports, a number  of  changes  were made which  resul ted in t h e  
"Proposed  Project".  The  project  modifications  which  affected  the  aesthetic 
impacts as out l ined  in  the  aesthet ic  report(22)  are as follows: 

1. Mine  and  Related  Facil it ies  (see  Figure 3-3) 

a. T h e  coal blending  area was relocated  fur ther  south,   away  f rom  the 
junct ion  of   Highway 12 and  the  Hat  Creek  road.  This  modif icat ion 
increased  the  separation  between the coal  blending  area  and  the 
entrance  to  Marble  Canyon and Highway 12. 

b. A program  of  progressive  revegetation  of  disturbed  areas was developed 
to  include  berms  and  retaining  embankments.  These  proposals  are 
detailed  in  Section 4.3. 

c.   The  project  access  road was rerouted  north  of   the  coal   b lending  faci l i -  
t ies and mine  maintenance  complex. This modification  has  the  effect  of 
eliminating  potential  confl icts  between  public  and  service  vehicles. 

d. ' The  mine  administration  offices  and  maintenance  buildings  were 
relocated  between  the  coal  blending  facil i t ies and t h e  access road.   In  
addition t h e  access road requires a major embankment between H a r r y  
Creek and  Highway 1%. This  revegetated  embankment  would provide a 
part ial   screen  between  the  mine  faci l i t ies  and  Highway 12. 

e. The  open-pi t   mine'   would  include a strong  identi f iable  edge  with a 
perimeter  service  road  and  drainage  ditch. 

2. Powerplant  and  Related  Facil it ies  (see  Figure 3-3) 

a. l h e  init ial ly  proposed  wet  ash  lagoon  in  upper  Medicine  Creek (370 ha) 
was replaced by a dry ash  disposal  land fill site  in  mid  Medicine  Creek 
(approximately 100 ha)  which  would  be  revegetated  progressively 
dur ing  the  operat ing  phase  o f   the  pro ject .  

b. The  water   supply   reservo i r  was relocated  from a small val ley  near  the 
powerplant  .to.th.e  upper  Medicin.e  Creek  valley,  hence  creating a v isual-  
ly at t ract ive man  made lake. 

c. l h e  proposed  project access road  would  be  routed  between  the 
powerplant  and  the  water  supply  reservoir ,   a l lowing  easy access to and 
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visual   contrast   between  the  h igh  technology  environment of t h e  
powerplant  and  the  sereni ty of the  man  made lake. 

3. Linkages (see Figure 3-2) 

a. The  Kel ly Lake  to  Nicola 500 kV transmission  corr idor was relocated 
no r th  of project   faci l i t ies  and is  not   inc luded  wi th   the  Hat   Creek 
Pro ject .   The  shor t   length (2 km) of 500 kV transmission  l ine  connect- 
ing  the  powerplant  wi th  the  main  B.C.  Hydro grid would be integrated 
w i th   the   ex is t ing   pa t te rn  of open  and  treed  areas. 

b. The  proposed  pro ject  access road  would  minimize  cut   and fill and  would 
take  advantage of new  vistas of natura l  and man  made  elements. 
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SECTION 17. ARCHAEOLOGY(60) 

17.1  EXISTING  SITUATION 

Prehistor ic and historic  cult t tral  heri tage  resources  have been  analyzed  within a 
localized  study  area  (117 kn12) in   the  upper   Hat   Creek  va l ley.  Less detailed 
studies  have  been  undertaken  for  offsi te  faci l i t ies  such as . the  pipel ine, 
transmission  l ine,  or access road.  In  general  the  studies  indicate  that  the 
prehistoric  and  historic  cultural  heri tage  resources  of  the  val ley  have  been  l i t t le 
disturbed  in  the  past  because  of   the  lack  of   industr ia l   or   resident ia l   develop- 
ment. 

Pol len  cores  indicate  that  the  upper  Hat  Creek  val ley became ice-free 
between 13 000 and 10 000 B.P.  (Before  Present).  Studies  in  the  region 

occupation:  Lochnore  complex (? t o  7000 B. P.  1, Early  Nesikep  period (7000 
surrounding  Hat  Creek  have  establ ished  the  fol lowing  chronology  of  prehistoric 

B.P. - 2800 B.P.)  and Late  Nesikep  period  (2800  B.P.  to  historic  period). No 
si tes  in  the  study  area  are  re l iably  dated  to  the  Lochnore  complex.   On  the 
basis of artifact  similarit ies,  many (20-25%) recorded  s i tes  date  to  Ear ly  Nesikep 
period. A number  of  sites (10%) have  art i facts dating the i r   occupat ion  to   the 
Late  Nesikep  period.  The  f ive  cultural  depressions  which  were,test  excavated 

well.  Dates  obtained  range  from 2245 plus or   minus 50 years  B. P to  140 plus o r  
have  been  dated  through  radiocarbon  analysis  to  the  Late Nes,ikep per iod as 

minus 50 years  B. P. 

Most  recorded  archaeological  sites  in  the  Hat  Creek  study  area  are 

depressions  with  or  without  surface  l i thic  art i facts.  Lithic  debitage i s  the  most 
l i thic  scatters  without  cultural  depressions. Less f requent   are  cu l tura l  

common ar t i fact   type  but   many  s i tes  have  in tent ional ly   modi f ied  s tone  too ls .  
Site  elevations  range  from 868  m t o  1341 m ASL.  Most  sites  are  located  on 
grassland-parkland  and  on  plains  or  geri t le  slopes.  Sites  located in the  
northern  upper  Hat  Creek  bottomlands  tend  to  be  large  and  have  high  art i fact  
densit ies  compared  to  other  si tes  in  the  val ley.  Sites  in  the  Medicine  and  Harry 
Creek  drainage  areas  tend  to  be small w i th  low art i fact   densi t ies.  

Test  excavations indicate tha t  most of the cultural depressions appear 
to   have been earth  ovens, a feature  which  d ist inguishes  Hat  Creek  f rom  the 
Thompson  and  Fraser  valleys.  Earth  ovens  are  not  unique  to  Hat  Creek,  but 
nowhere  else  in  the  southern  interior of B.C.  have  they  been  systematically 

Highway 12 junction,  were  used as pithouses. 
recorded and  studied. Some of  the  depressions,  especial ly  those  near  the 

Nineteen  historical  si tes  were  located  in  the  upper  Hat  Creek  val ley, 
including  cabins,  i rr igation  systems and depressions.  Occupations  span  the 
period  between 1880 and 1930. 

17.2 EFFECTS OF THE  PROJECT 

The  Hat  Creek  studies  used a random  sampling  method  to  determine  the  numbers 
and types  of   s i tes  in  the valley and in specific  proposed  project  development 
zones.  The  studies  also  identif ied 29 archaeological  zones  on  the  basis  of 
environmental  characterist ics and  the  nature  o f   cu l tura l   her i tage  resources.   On.  
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the  bas is   o f   the sample  (7.8  percent and greater  in some zones)  approximately 
1000 si tes  were  predicted  to  exist   in  the  Hat  Creek  val ley.   Of  these, a t  least 
198 may suffer  direct  adverse  effects  from  the  proposed  development  and  about 
300 si tes  in  the  val ley  may  suf fer   indirect   adverse  ef fects  f rom  the  proposed 
development.  An  undetermined  number  of  potential  impacts,  that i s  those 
ef fects  on  subsurface  cul tural   her i tage  resources  which  cannot  be  present ly 
observed  or  predicted,  can  be  expected  whenever a proposed  pro ject   act iv i ty  
exposes  buried  archaeological  sites. 

In  addi t ion  to  the  studies  of   the  Hat  Creek  and  Medicine  Creek  areas, 
a reconnaissance  survey  of  selected  offsi te  faci l i t ies was conducted in late 1978. 
Results  indicate th,at a t  least 11 s i tes   l ie   on   o r   near  a proposed access  road  in 
the  upper  Hat  Creek  val ley.  Few sites  were  observed  near  the  pipel ine  route, 
except   in   the   v ic in i ty   o f   Ashcro f t .   Other   o f fs i te   fac i l i t i es   may  cause some d i rec t  
adverse  effects in 12 archaeological  zones  outside  the  valley. 

Within the  upper   Hat   Creek  va l ley  i tse l f   there  is   var ia t ion  between  the 
sites in the  northern  section,  where  most  direct  impacts  would  occur, and those 
in the  southern  sect ion.   Two-thirds  of   the  est imated  total   number  of   s i tes  in 
the  val ley  would  most  l ikely  be  unaffected.  However,  the  impact  would  be 
proport ional ly  greater  because  more  complex and diverse  types  of   s i tes  are 
located in the  nor thern  sect ion in direct  impact  areas. 

Most  previous  archaeological  studies  in the  region  have  been 
concerned  wi th  the  construct ion  of   prehistor ic  cul tural  chronologies.   They  were 

mult i-component  si tes  si tuated in ma jo r   r i ve r  valleys. No substant ia l   research 
also basical ly rest r ic ted to those activi t ies which had occurred in large 

has  been  done  in  the  uplands,  even  though  such  areas  had  also  l ikely  been 
occupied.  The  study  of   Hat  Creek  cul tural   her i tage  resources i s  therefore 
s igni f icant  in  that   such  research  has  the  potent ia l  to c o n t r i b u t e   t o   t h e  
knowledge  of   prehistor ic  adaptat ions  to  upland  areas  of   the  Southern  Inter ior  
Plateau. 

the  region. Other  val ley  systems  wi th environmental   contexts  s imi lar   to  Hat 
The  upper  Hat  Creek  val ley i s  one  of a number  of  upland  val leys  in 

Creek  include  the  Botanie,   upper  Bonaparte and Nicola  valleys.  However,  the 
cul tural   her i tage  resource  base  of   these  lat ter   val leys  is   not  as in tact  as i s  t he  
case in  Hat  Creek.  Al l   have  undergone  modif icat ion  in the lower  slopes  and 
bottomlands  resul t ing . in considerable  d isturbance  of   cul tural   her i tage 
resources.  No  archaeological  studies  of  similar  areas  have  been  published. 
Therefore,   the  d ist inct iveness  of   the  Hat  Creek  cul tural   her i tage  resources is  
not  known. 

In the  study  area  the  direct  impacts  of  specif ic  project  components  on 
the  cul tural   her i tage  resources, as measured by a number  of   scient i f ic  and other  
cri ter ia,  range  from  low  to  high.  While  two-thirds  of  the  total  number  of 
archaeological  si tes  in  the  val ley  would  most likely be  unaffected by the  pro ject ,  

. to   d i rect   impacts   o f   the  pro ject .   In  a regional   context ,   the  cul tural   her i tage 
these  s i tes  do  not  dupl icate  the  cul tural   her i tage  values  which  would  be  lost   due 

present.   Thus,  the  overal l   impact  of   the  project  i s  judged  to  be  moderate. 
resources  of  Hat  Creek  are  signif icant  in  the  relat ively  high  degree  of  integri ty 
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SECTION 18. ECONOMIC  EVALUATION  OF RESOURCE  IMPACTS(64) 

The  proposed  project   would  af fect  some natural  resource  act ivi t ies  in  the  Hat 
Creek  valley,  such as forestry,   agr icul ture  and  recreat ion.   The  foregone 
opportunity  cost  of  these  resources,  that is, the  value  they  would  generate’ in 
the  best   a l ternat ive use, must  be  included as an ident i f iable  cost   incurred by 
the   p ro jec t .  When evaluating a potential  power  development, it is  necessary  to 
consider  all  costs,  including  the  value  of  lost  resources,  to  ensure  that  the 
project  i s  a wor thwhi le   under tak ing  for   the  prov ince.   Thus an economic 
evaluation  of  the  resource  values  with  and  without  the  project was undertaken 
to  quant i fy  the  extent  of   these  resource  costs.  

The  fol lowing  sections  are  based  on  the  resource  evaluation,  undertak- 
en by Strong  Hall  and  Associates as p a r t  of  the  impact assessment,(64) b u t  
rev ised  for  a 1988 in-servic:e  date  for   Uni t  No. 1’. Al l   present  worth  values 
shown  in   the  text   are  in  19110 dollars,  using a 6 percent  discount  rate.  (Sensi- 
tivity to   the   d iscount   ra te  is shown  in  Table 18-1 and Table 18-2.) A 35-year 
pro ject   l i fe  was  assumed. 

18.1 ‘FORESTRY 

The  proposed  project   would  have  an  impact  on  the  forestry  resource  through 
the  permanent  removal  of  lands  used  for  the mine, powerplant and offs i te  faci l i -  
t ies,  and by the  reduction  of  forest  growth  due  to  stack  emissions. It is 

would be about 3 600 m 3  of  t i le  annual   forest   harvest  under  the  proposed  project  
estimated by the  forestry  consul tants  that   the  maximum  potent ia l   forestry losses 

and 55 000 m’ under   the  244 m/MCS option. 

The  economic evaluat ion  of   forestry losses  has  been  based  on t h e  
potent ia l   reduct ion  in  both  the  net  and  gross  annual   a l lowable  cut   (AAC)  for   the 
Public  Sustained  Yield  Unit  (PSYU)  in  which  the  project  is  located. 

The  loss of   forest ry   product iv i ty   due  to   the  proposed  pro ject   would 
reduce the  phys ica l  amount of t imber on which t h e  gross AAC is calculated. 
The maximum value of this loss  would  be  about $23 40,O/annum wi th  a present 
worth  of  0.3 M$ (Table 18-1). For  the 244 m/MCS option, losses would  approx- 
imate $357 500/annum  with a present  worth  of  3.5 M$ (Table 18-2). 

Alternat ively,  in calculat ing  the  net  AAC  wi th in  the  Botanie PSYU, 
t h e  B.C. Forest  Service has. made a specific  deduction  of 21 520 m3/annum  for  
open-pi t   mining  and  other dewelopments within  the  Hat  Creek  drainage,  of  which 
2205 m’/annum  is  al located  to  the proposed pro ject .   The  change  in   resource 

o f   the  PSYU)  would  therefore  be based  on  the  amount by which the  impacts  of 
a l locat ion  ( that   is   the  reduct ion  in t imber  that   could  be harvested in other  areas 

the  project   exceed  the  Hat  Creek  deduct ion.   This  interpretat ion  would  y ie ld a 
maximum  social  cost  of  approximately $343  200/annum; the   p resent   wor th  of 
f o res t r y  losses in terms  of  net  AAC  would  then  be  3.3 M$, under   the  244 m/MCS 

* Uni.t  values  such as value  in  dol lars  per  recreat ion day are   p resented   in   the  
same case as in  the  Resource  Evaluation  report(64).  Adjustments  to  ref lect 
changes  in  price  levels to 1980 and  changes  in  real  value  over  t ime  are made 
in  the  present  worth  calculat ions.  
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TABLE 18-1 

ECONOMIC EVALUATION SUMMARY 
NET  PRESENT  WORTH OF  RESOURCE IMPACTS 

(k$ 1980) 
366 M STACK  WITH MCS 

rn 
0 
0 z 
z 0 Discount  Rate 
- 
0 Resource 3%  6% 10% 

? 
D 
C 

Without  With  Without  With  Without  With 
c Project  Project Net  Project Project Net Project  Project Net 
D 

0 z 
0 

-I - Fishing 

Hunting 
n - 

P 
rn 
w 
0 
C 

0 
rn 

General Recreation 

Commercial Fishery1 

;D Forestry 

- Agriculture 

;sl TOTAL 
0 

14 000 12  040 

35  900 34  780 

23  870 23  640 

6 520 6 372 

-I 
w 

Value o f  losses to B.C. only. 

1 960 5 300 

1 120 13  590 

230 9 040 

66 

581 

148 3 350 

4 105 - - 

4 590 710 2 470 2 170 300 

13  140 450 6 330 6 110 220 

8 950 90 4 210 4 170 40 

34  14 

296  164 

3 274 76 2 020 1 974  46 

1 656  784 - ~ - - 



TABLE 18-2 

ECONOMIC EVALUATION SUMMARY 
NET  PRESENT  WORTH  OF  RESOURCE  IMPACTS 

(k$ 1980) 
244 M STACK WITH MCS 

Discount  Rate 

0 

0 
n 

P 
0 rn 

Resource 3% 6%  10% - 

Without With Without With Without With 
P r o j e c t  P r o j e c t  N e t   P r o j e c t  P r o j e c t  Net   Pro jec t  P r o j e c t  Net  

F ish ing  14 000 12  040  1  960 

Hunting 35  900  34  780  1  120 

General  Recreation 23 870 23 640  230 

Commercial Fishery1 

Forest ry  

66 

6 446 

A g r i c u l t u r e  6  520  6  280  159 

TOTAL 10  062 

5  300 4 590  710 

13  590  13  140  450 

9  040  8  950 90 

34 

3 531 

3  350 3 240 ___ 110 

4 925 

2  470 2  170 300 

6 330 6  110 220 

4 210 4  170 40 

14 

1  825 

2  020  1  960 60 

2  459 ___ - 

1 Value of losses   to  B .C .  only. 



option.  Annual losses with  the  proposed  pro ject   would  be $9 000 y ie ld ing a 
discounted  present  value  of  $87 000. 

18.2 AGRICULTURE 

Produc t iv i t y   o f   the   agr icu l tu ra l  land w i th in   t he  local  area  (Figure  9-1)  would 

mine  and  of fs i te  faci l i t ies,   and  through  the  potent ia l ly   detr imental   ef fects  of  
be  af fected by the   p ro jec t   th rough  d i rec t   land   a l iena t ion  by the  powerplant,  

stack  emissions.  Current  and  potential use of the  a f fected land i s   p r imar i l y   f o r  
beef  product ion;   consequent ly  the  evaluat ion  of   the  opportuni ty  costs  of   the 
project   is   based  on  the  net economic  value  of  beef  cattle  production. 

It has  been  est imated  that  the  land  within  the  Hat  Creek  val ley  could 

Wi th   the   p ro jec t ,   the   reduced  p roduc t iv i t y   o f   the  land wou ld   resu l t   in  a lower 
suppor t  a herd  o f  3300 catt le by the   year  2020 in   the  absence  o f   the  pro ject .  

potential  herd  size  of 3225  animals by the   yea r  2020 (i.e. 75 animal loss),  f o r  
the  proposed  project.  Maximum  herd  size i s  p ro jec ted   to  be 3184  animals i n  2020 
f o r   t h e  244 m/MCS option. 

T h e  social  cost  of  this  annual loss in   beef   product ion was calculated 
using  estimated  economic  values  based  on  average  cost and revenue  f igures.  

levels), t h e  present  value of losses over  a 100-year period would be about $76 
Based  on  an  estimated  annual  net  benefit  per  animal of $51.50 (a t  1977 pr ice  

000 ( a t  1980 pr ice  levels) f o r  the proposed  project .   The  present value of  losses 
i s  est imated  at $110 000 f o r   t h e  244 m/MCS option. 

18.3 COMMERCIAL  FISHERY 

The  water  supply reservoir   is   designed  wi th a 70-day  storage  capacity for 

days,  the  water supply system  would  be  shut  down if the  f ish  protect ion  dev ices 
powerplant  maximum  water  consumption,  and  since  salmon  runs  last  for 14 t o  21 

did not   per form as intended. 

protect ion  features  that   have  been  incorporated  into  the  water  intake  design  are 
However,   under  the  "worst  case"  scenario,  one  in  which  the  f ish 

not  effect ive,  and  assuming  that  pumping  continued,  the  major  impact  of  the  Hat 
Creek  Project   on  the  f ishery  resource  would  be  through  the  impingement  of  
juven i le   p ink  salmon on  the  intake  screens  and  entrainment in the  in take  f low.  
B y  assessing  the  "worst case" juveni le   f ish losses, and  the  subsequent loss of 

cia1 catch could  be about 5000 p inks   in   every  odd-numbered year.  
r e t u r n i n g  adults, it has been estimated  that t h e  maximum reduct ion in commer- 

t h e  1978 uni t   landed  value  of   the  commercial   p ink  catch  ($2.12/f ish).  It was 
The  economic value  of   these pink salmon losses was estimated  using 

also  assumed  that  the  real  price  of  landed  f ish  would  escalate  at 1 
percent/annum  (net  of  inf lat ion)  over  the  35-year  period.  The  maximum  total 
potential loss to  the  commercial   f ishery  would  therefore  be $68 000 ( a t  1980 pr ice  
levels). 

the  U.S. and Canada, t h e  maximum  possible  total  35-year  provincial losses 
Since  the  Fraser  River  commercial   p ink salmon catch  is  spl i t   between 

would  actual ly  be  about $34 000 in  present  worth  terms. bm 
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18.4 GENERAL  RECREATION,  FISHING  AND  HUNTING 

It is  expected  that  the  impact  on  general  recreation,  sport  f ishing  and  hunting 
(with  the  Hat  Creek  Project)  would  occur  primari ly  through  direct  displacement 
of  land  and  water  resources.  While it i s  l i ke ly  that total  recreational activity i n  
the  area  would  increase as a result  of  the  project-related  popula%ion  increases, 
the  analysis has  been  based on an  expected  net  decrease  in  act ivi ty  from a 
provincial   perspect ive,   due  to  the  fo l lowing  "worst  case" key  assumptions. 

1. The  increase  in  recreat ior la l   act iv i ty  in  the  Hat  Creek  area would be  of fset  

the  work  force  would come firom Brit ish  Columbia. 
by decreases  in  activity  elsewhere  in  the  province,  assuming  .the  majority  of 

2.  T.he loss of  land  and  water  resources  would  result  in  an  absolute  reduction 

to  replace  displaced  areas.  Thus  the assessment of  recreational  impacts  has 
in  recreational  activity,  i.e.  re'creationists  would  not  substitute new areas 

been  based  on a project ion  of   net  losses in   act iv i ty   days  over   the  forecast  
period. 

values  for  each part icular  act iv i ty.   These  values  ($9.00/day  for   f ishing, 
Recreational losses were  evaluated  using  standard  recreation day 

$22.50/day f o r  hunt ing  and  $7.00/day  for   general   recreat ion  a l l  a t  1978 pr ice  

were  intended  to  approximate  the  user 's  wi l l ingness  to pay to   par t ic ipate  in  each 
levels)  were  drawn  from  other  studies  on  recreation  use  within  the  province  and 

on  the  assumption that the  af fected  resources  would  not   return to the i r   fo rmer  
act iv i ty.   The  values  of   recreat ion losses were  calculated  over a 100-year  period 

state  upon  decommissioning  of  the  plant  and  mine. 

to   be  $710 000 for  angling, $450 000 fo r   hunt ing   and $90 000 for   genera l  
The present  worth  of   these  "worst  case"  recreation losses is  estimated 

recreation. 

18.5 MINERALS  AND  WATER  RESOURCES 

i 

The  Hat  Creek project would a f fec t  several mineral resources in t h e  area 
through p a r t i a l  isolation o r  ut i l izat ion. However,  the economic significance  of 
these  impacts i s  expected  to  be minimal as the  supply  of   the  af fected  resources 

the  ut i l izat ion  of  l imestone  (under  the 366/FGD option)  and  gravel  deposits 
i n   t he  area  exceeds the  foreseeable  demand. In fact  the  project  would  increase 

(under  either  option)  compared  to  use  without  the  project.  However,  the 

these  mineral  resources has not  been  evaluated, as it is  not  expected  to  be 
potential  increase  in  net economic values  resulting  from  increased  uti l ization  of 

large. 

In  addit ion  to  the  water  resource  impacts  covered  under  the  agricul- 
ture  and  recreation  sections,  the  project  would  have a minor  impact  on  domestic 
groundwater use in   the  area.  No separate economic evaluation ol: this  resource 
use was  made since it was asziumed that  the  value  of   groundwater  use  would  be 
ref lected  in  the  market  value  of   the  indiv idual   propert ies  af fected..   The  negot i -  
a ted  pr ice  for   the  proper ty   r ights   would  therefore  inc lude  adequate 
compensation  for  domestic  weter  values  affected by the  project ,  so t h a t   t h e  
value  of  precluded  ground-wat:er  use  need  not  be  calculated  separately. 
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PART II I B  - SOCIOECONOMIC: AND  COMMUNITY  RESOURCES 

INTRODUCTION 

In  th is  second  hal f   of  P a r t  II I, the  focus  is  upon  impacts  of  the  project  upon 

si tuat ion  is   presented f i r s t .  The effects  of  the  project 's  Construction  and 
regional economics, communities  and inhabitants. A descr ip t ion  o f   the  ex is t ing 

operation  phases  upon  regional  employment,  income  and  population  are  then 
discussed.  Next,  the  effects  upon  social  and  physical  services  of  nearby 
communities  are  considered.  Effects  upon  the  social  environment  are  then 
discussed  followed by a summary  of  the  socioeconomic  impacts.  Finally  .the 
human  health  effects  (or  epidemiological  aspects)  of  the  project's  emissions  are 
discussed. 

The  detailed  studies  on  which  Sections 19.0, 20.0 and  21.0  are  based 
used 1977 data  and  the  sulxequent  modif icat ions  discussed  below  were made 
between 1979 and 1981 to  ref lect   changing  powerplant  in-service  dates  and 

occur red   in  t h e  socioeconomic  environment, and  that  da ta  should be  as 
modifications to   the  base  pro ject  scheme. Recogniz ing. t ha t  changes have 

up-to-date as possible  when  considering  impact  management  systems,  B.C. 
Hydro  has  decided  to  update  the socioeconomic s tud ies  pr ior  1:o any  l icensing 
hearing  on  the  project.  Since  our  data  base i s  f o r  1977, t h e  ma.terial  presented 
in Sections 19.0, 20.0 and  21.0  of  this EIS should,  therefore,  be  taken as 
indicat ive of socioeconomic  impacts ra ther   than  def in i t ive.  

Forecasts  presented  in  the  detai led  study  were  der ived by the  
consultants on the  assumption  that  project  construction  would  begin in 1978 f o r  
a f i r s t  powerp lant   un i t  (500 iMW) in-service  date  of  1984. Subsequently  changes 
to the  project  design  .were made and  the  project   schedule was rev ised  wi th   the 
construct ion  start-up  now planned f o r  1983 and a f i rs t   un i t   in -serv ice   da te   o f  

the  revised  data  are  used  in  the  mater ia l   presented .in Sections 19.0, 20.0 and 
1988. The  original  employment data were  modif ied  to  ref lect  these  changes  and 

21 .o. 



SECTION 19. SOCIOECONOMIC  CONDITIONS (61,631 

d 
19.1  EXISTING  SITUATION 

For  purposes  of  the socioeconomic study,  the  Hat  Creek  "regional"  and  "local" 
areas  are  shown  on  Figure  19-1.  The  details  of  the  "existing  situation"  given 
he re   re fe r   t o  a l l  o f   the  socioeconomic  aspects as presented in Sections 19.0, 20.0 
and 21 .O. 

The  regional  and  local economies are  based  pr imari ly  on  forestry,  

the  post -war   per iod,   but  is  now  moderate.  Incomes  are  slightly  below  the 
copper  mining,  ranching  and  tourism. Economic growth was relat ively  rapid in 

provincial  average  with a few a t  the  lowest  levels. 

With  regard  to  the  qual i ty  of   l i fe,   the  character ist ics  of   the  natural  
environment  (climate,  topography  and  recreational  amenities)  are  perceived as 
important  elements  of a general ly  sat isfy ing  l i festy le.  

1. 

2. 

3. 

4. 

Settlgmeqts in t h e  local  study  area  include  the  fol lowing: 

of  30 t o  40 persons,  with some famil ies  dating  from  the  original  sett lement  of 
The  Hat  Creek  val ley  contains a small, socially  cohesive  ranching  community 

the  1860s. Most  residents  are  freehold  ranchers  with  Crown leases t o  
supplement  their  operation,  while  others  are  employed as ranch  hands. 

employment in nearby  communities.  Approximately  30  to 40 houses are 
Some incomes are  supplemented  with  local  construction  work  or  service 

located a t  Pavilion Lake, the  major i ty  of   which  are  used as summer 
recreational homes. About a dozen homes are  inhabi ted by ret ired  people. 

The  v i l lage  o f   Ashcrof t  (1976 population 2030) is a serv ice  cent re  for   the 
rai lways  and  agr icul tural   h inter land, a local  centre  for  government 

mines.  Mining  employment  has  generated  the  highest  local  area  incomes  and 
services,  local  shopping  area,  and  "bedroom"  community for   nearby  copper  

caused  substantial  migration.  The  municipal  assessment  base  is  'relatively 
low, the  mil l   rate  high, and municipal  f inances  are  strained by excess 
capaci ty  in the  new  sewer system and  arena.  

The  economy of Cache  Creek (1976 population 1050) i s  based  on  highway 
traff ic  service,  along  with  goods and serv ices  for   the ;area's indust r ia l  
act iv i t ies.  A considerable  percentage  of  employment i s  e i ther seasonal o r  
part-t ime,  and income:; are  below  the  provincial  average. Social and 

f inances  are  strong.  The  sewer  system and roads are  adequate  but  the 
community  services  are  typical  for a community  of this size  and  municipal 

water  system  is  deficient.  Community  identity and sol idar i ty   are  s t rong 
wi th  an energetic  growth  orientat ion. Social  problems  related  to  transiency 
and  alcoholism  are a concern. 

Cl inton (1976 population 810).  Unemployment and government t rans fer  
Forestry,   agr icul ture and highway  service  consti tute t h e  economic base  of 

payments a r e  high  due  to  recent  reductions  in  sawmil l  jobs. Incomes are 
the  lowest   in   the  s tudy area, and  out-migrat ion  f rom  the  labour  force  has 
occurred.  Taxes  are  low  but  municipal  f inancial  capacity is  limited.  Sewers 
are  adequate  but  the  water  system  requires  upgrading. A st rong  growth 
orientation  exists  because  of  the  depressed  economy  and  the  desire  to 
expand  and  diversify  needed  community  services. 

SECTION 19. SOClOECONOMlC  CONDITIONS  19-1 



5.  Four  Native  Indian  bands,  the  Ashcroft,   Bonaparte,  Oregon  Jack  Creek and 
Pavil ion  Bands,  comprising 23 reserves  wi th  approximately 620 members  (354 
l iving  on  the  reserves),  are  located  in  the  local  project  area.  One  reserve 
of  the  Bonaparte  Band,  accommodating  approximately 35 residents, is  
s i tuated  wi th in  a few  hundred  'metres  of   the  proposed access  road i n   t h e  
valley and  about a ki lometre  from  the  proposed  mine pit. An  addi t ional  11 
bands  wi th 2548 people (1655 on  reserve)  are  found  wi th in a 50 km  radius  of 
the  pro ject   s i te .  

The  1971 Census  stat ist ics  indicate tha t  income  levels f o r   t h e  

for   the  genera l   populat ion  o f   the  s tudy area, but that  Bonaparte and 
Ashcroft  and  Oregon  Jack  Creek  Native  Indian  Bands  were  above  average 

Pavil ion  Band  members  had  income  levels  significantly  below  that  of  the 
average  for   the  area.  

Although  employment  among  local  Native  Indians was h igh   in  1971 
it is  l ikely  that   in  recent  years  both  employment  rates  and  income  levels 
have  decreased.  Unemployment  could  now  exceed 50 percent   wi thout  
government   funded  temporary  work  pro jects .  Salmon f i sh ing  is  probably  
s igni f icant  both  for   food  supply  and  income  equivalent.  

Reserve  housing  appears  inadequate,  but  social  indicators, such 
as crime  rates and rates  of  chi ldren  taken  into  care, s'how conditions  similar 
to  non-native  communit ies. 

Wi thout   the  pro ject   the  growth  potent ia l  of the  area  would  be 
dependent  on  expansions  in  the  agr icul ture,   mining and forest   indust r ies,  
and  highway  t raf f ic .   The  major  st imulus  would  be  mining  in  the  Highland 
val ley.   Long-term  populat ion  growth of about 2 percent  annual ly in the  
study  area  could  be  expected.  The  populat ion  in  the  Hat  Creek  val ley 
would  l ikely  remain  the same. Ranching  may  expand  marginal ly  through 
intensified  management.  Growth in Ashcrof t   would  depend  upon  Highland 
valley  mining  developments.  Cache  Creek  expansion  would  also  depend 
upon  mining  development.  Dependence  on  highway  traffic  would  decrease 
and local  populat ion  oriented  businesses  would  expand.  Lit t le  growth  could 
be  expected in Cl in ton  wi thout   the  pro ject .  

19.2 PROJECT ACTIONS 

The  major  factor  determining socioeconomic  impacts  would  be  the  employment  of 
local  residents  and  immigrants.  The  project 's  labour  force  requirements  in 

operat ing  schedule  (Figure 4-2) was  also  presented,  indicating  construction 
terms  of  jobs  and skil ls have  been  discussed  in  Section 4.0. A construct ion and 

commencement in 1983, with  peak  requirements  in 1988. 

Operat ion  of   the  p lant  is   scheduled  to  begin in late 1988. T h e  
35-year  operation  phase  would  involve a much  more  stable  labour  force  than 
would  construct ion,   requir ing  between 1000 and 1200 workers  annual ly  af ter  
1990. 
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19.3  EFFECTS  ON  REGIONAL  AND  LOCAL  EMPLOYMENT 

(a)Direct  Employment 

The  powerplant,  mine  and  other  project  f ield  construction  would  be  carr ied  out 

ence  relatively  high  levels  of  unemployment  in  the  future,  job  openings  for  local 
by union  labour.  Because  the  Bri t ish  Columbia  construction  unions may exper i -  

residents  who  are  not  union  members  may  be  l imited.  The  numbers  of  regional 
union  members  are, i n  most  trade  categories,  insufficient  to  meet  the  project's 

would  be  required.  The  ef fect ive  regional   supply  of   construct ion  workers  in 
labour  requirements  and  hence  union  workers  from  elsewhere  in  the  province 

1977 is  shown  in  Table 19-1. Construct ion  supervisory  and  engineer ing 
personnel  would  most  l ikely  be  obtained  from  outside  the  region. 

Job  security,  location, wages, f r inge  benef i ts  and  the  uniqueness  of  
the  project  would  attract  regional  residents  for  potential  employment  during  the 
operation  phase  of  the  powerplant.  However a shortage of qual i f ied  ski l led 
workers  would limit regional   labour  force  part ic ipat ion  in  the  operat ion  phase 
unless  extensive  job  retraining  occurred. Also, it i s  l i ke ly   tha t  some qual i f ied 
regional  residents  would  not  obtain  employment  because  of  the  hiring  require- 
ments  of  several  collective  union  agreements  to  which  B.C.  Hydro i s  a party. 

Regional  labour  force  participation  in  mine  operation  would  also  be 
l imited by ski l l   shortages and by  competit ion  from  experienced,  unionized, 
non-regional  workers. 

constraints,  Table 19-2 provides an estimate  of  direct  local  and  regional  part ic- 
Based  upon  analysis  of  regional  labour availability and union  h i r ing 

ipat ion  for   the  to ta l  project. A t   t h e  peak of   the  construct ion  per iod,   about 

project  while  about 150 local  residents  are  expected  to  obtain  work.  In  the 
1 450 regional  residents  are  expected  to  obtain  employment  direct ly  on  the 

operation  phase,  regional  participation  is  expected  to  reach  about  300  jobs 
annually,  with  local  residents  l ikely  to  obtain  about 150 jobs. 

could  be  most  easily  obtained  in  the  clerical,  general  tradesmarl  and  operating 
It is  expected  that.  access  to  union  membership by regional  residents 

and maintenance helpers' unions. These positions would account for about a 
quar ter   o f   the 340  jobs  in  the  powerplant. 

( b l l n d i r e c t  and Induced Employment 

supplied f rom  wi th in   the region.  These  expenditures  would include 
Ind i rec t  employment  would  stem from  project  expenditures  on  goods  and services 

earth-moving  equipment,  trucks, small tools  and camp cater ing  suppl ies.   The 
local s tudy  area  would  not  provide a s igni f icant amount of  these  requirements; 
Kamloops is  the  only  community in the  region  capable of meeting  these  needs. 
Limited  regional  purchases  outside Kamloops might  include  lumb~er  from  Clinton 
o r  Savona  and  bulk fuels f rom  Ashcrof t .  

Communities  in  the  local  area as well as the  regional   centre o f  
Kamloops  should  also  benefit  from  induced  employment.  Induced  employment has 

construction  and  permanent  operation  phase  workers  and by project-related 
been  defined by the  consultants as employment  stemming  from  spending by 

ind i rec t  employees. In  other  words,  it refers  to  increased  employment in local 
service  sectors. 
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TABLE 19-1 
ESTIMATED  EFFECTIVE  REGIONAL  SUPPLY 

OF  UNIONIZED  CONSTRUCTION WORKERS (61) 

Union' 

General  Labourers 

Operating  Engineers 

Teamsters 

Cul inary  Workers 

Off ice  and  Technical Employees 

Carpenters 

Plumbers  and  Pipefi t ters 

Electrical  Workers  (wiremen) 

I ron  Workers 

Machin is tdMi I Iwr ights  

Boilermakers 

Sheet  Metal  Workers 

Others2 

TOTAL  REGIONAL  SUPPLY 

Regional  Supply 

450 

500 

30 

30 

75 

245 

200 

175 

50 

25 

15 

20 

60 

Estimated 

- 
1 a75 _"" _"" 

1 .  As  o f   Spr ing 1977, e f fec t i ve   reg iona l   supp ly   re fe rs   to   those 
union  members  who  tradit ional ly  work  in  heavy  industr ial 
const ruct ion  throughout   the  prov ince.  

2. "Others"  include  Heat  and  Frost  Workers,  Bricklayers,  Cement 
Masons and  Finishers,  and  Painters. 

\.I 
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TABLE 19-2 
DIRECT  LOCAL & REGIONAL EMPLOYMENT  ON THE  HAT CREEK  PROJECT 

(Jobs) 

Construction and Operation 

Year  Local  Total * Total 
A.rea Region Project 

Residents Residents Work Force 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

2004 

201 4 

50  150  250 

100 400 500 

100 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

550 

950 

1 450 

1 450 

1 150 

900 

700 

600 

400 

400 

400 

300 

1. Local and regional  areas  defined  on  Table 19-1. 

2. Includes local area residents. 

Al l   data  are  rounded to nearest 50. 

1 000 

2 450, 

3 150 

3 150 

2 650 

2 050 

1 400 

1 200 

1 200 

1 200 

1 150 

1 100 
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It i s  est imated  that a t  maximum some 700 jobs  would  be  created 

w i th in   the   s tudy   reg ion .  People would  be  a t t racted  to   the  reg ion  in   order   to  fill 
through  ind i rect   and  induced act iv i ty   assoc iated  wi th   the  proposed  pro ject  

these  indirect  jobs  since  not a l l  of  this  employment  would  accrue  to  people  now 
res ident   in   the  reg ion.   More  than  one  th i rd   o f   the  ind i rect   and  induced  jobs 
would  probably  go to  regional  residents. 

(c)Labour  Supply  for   Other  Regional   Industr ies 

Employment  opportunities  created by the  proposed  project   would  resul t   in some 

employers  would  most  l ikely  experience  personnel  losses in the  mining, 
reg ional   res idents   leav ing  the i r   jobs  to   take up project  employment.  Regional 

t ransportat ion,   forestry,   local   construct ion  and  pulp  mi l l   sectors.   Major 
problems  would  arise if extensive  switching  occurs  in  the  heavy  mechanical ,  
electr ical,   machining  and  stat ion  operating  engineering  trades.  Higher  turnover 

t ravel   d is tance  on  super ior   road  condi t ions  for   res idents   o f   Ashcrof t   and  Cache 
rates  for  Bethlehem  Copper  might  occur  because  of  the  advantage  of  shorter 

Creek. 

(d)Effects  on  Indian  Employment  Opportunit ies (63) 

Al though  the  proposed  project   would  expand  the  total   amount of employment 

f i l l ed  by Native  Indians  would  be  signif icant.  This  view  is  based  upon  the 
avai lable  in  the  region, it is   un l i ke ly   tha t   the   number   o f  direct project  jobs 

current   h igh  leve ls   o f   Nat ive Indian unemployment,  indicating a low  level  of  job 
ski l ls, and t h e  general  obstacles to union  membership  out l ined  previously.  It 
appears  that  unless  special steps, such as an  employment  training  program for 
Native  Indians,  are  taken  to  resolve  their  specif ic  employment  problems,  direct 
employment  of  the  local  Native  Indian  people  would  be low, par t i cu la r ly  in t h e  
short   term. 

The  project  would  create  indirect  wage  employment  and  business 
oppor tun i t ies  in   the local economy, p rov id ing   po ten t ia l   fo r   ind i rec t   Ind ian  
employment  benefits.  On  the  other  hand  there  might  be some small loss of 
employment  in  the  agr icul ture  sector as a resul t   o f   the  pro ject .  A lack of 
reliable  data  precludes an  accurate  predict ion  of   indirect   employment  changes 
for   Nat ive  Ind ians.  

19.4 EFFECTS ON POPULATION 

(a)Populat ion  Growth 

T h e  size  of  regional  population  increases  associated  with  the  project  would  be 

their  dependents.  The  expected  in-migrant  populat ion  associated  with  direct, 
determined by the  number  of   in-migrat ing  employees,  their   mari ta l   status and 

indirect  and  induced  employment is  shown by area  of  domicile in Table 19-3. 

(b)Settlement  Patterns 

d i rec t  employees would  occupy  s ingle status  construct ion  camps  proposed  for  
Dur ing  the  construct ion  phase,  more than th ree-quar te rs   o f   the   in -migran t  

the  Hat  Creek  val ley.  The  remainder  would  reside  in  the  nearby  communit ies as 
well as in the  rural areas. It is  expected  that   most   o f   the  superv isory and 
engineering s t a f f  would  reside  in  the  communit ies,  seeking  family 

SECTION 19. SOCIOECONOMIC  CONDITIONS 19-6 



d 

9 

accommodation. Operat ing employees would  be  expected  to  reside in nearby 
communities  and rural areas. 

Ashcroft,  Cache  Creek,  Clinton,  Lil looet,  and  rural  areas.  The  actual distrib- 
Alternative  places  of  residence  within  the  local  study  area  include 

ution  of  in-migrants  to  these  areas  would be inf luenced by: commuting  time and  
expense;  housing  costs  and  availabil ity by type;   proper ty   tax  leve ls   and  u t i l i ty  
rates;  natural  features  of  the  community;  and  l i festyle  preference.  For  the 
purposes  of  project ing  populat ion  increases,  i t  i s  estimated  that 80 percent  of  
new  residents  would  settle  in  Ashcroft  and  Cache  Creek, 15 percent  in  Cl inton, 
and 5 percent  in  Li l looet  and rural areas. 

scenarios  have  been  constructed  for  Ashcroft  and  Cache  Creek.  Scenario 1 
I n   o r d e r   t o  asses:; the  effects  of  populat ion  changes,  two  sett lement 

assumes tha t  70 percent of the  designated  Ashcroft/Cache  Creek  populat ion 
would  sett le in Ashcrof t   and 30 percent  in  Cache  Creek.  Scenario 2 reverses 
this  distr ibution.  These  are  shown  in  Table 19-3. 

(c)Demographic  Characteristics 

Based upon experience a t  other  B.C.  Hydro  construct ion  projects,  it is 
expected that the  labour  force a t  Hat  Creek  would  be  older  than  provincial 
averages,  with an estimated  35  percent age 45 o r   o l d e r .   I t  i s  anticipated  that 
three-quar ters   o f   the  const ruct ion  workers  would be married,  most  of  whom 
would  l ive  in   the  const ruct ion camp, choosing  to  leave  their  families a t  home. 
Of  the  married  workers  who  chose  to  l ive  in  nearby  communities  or  rural  areas it 
i s  assumed they  would  have  an  average  of 1.4 chi ldren. 

Direct   operat ing employees  moving  to  the  communities and ru ra l  areas 
would  be  about 25 percent  s ingle and 75 percent  married,  the  latter  family  size 
assumed t o  be about  3.8 persons. This group  would  be  re lat ively  young  wi th 
near ly  one-third  in  the  pr ime  employment  years,  ages 25 t o  44. The  remainder 
would  be  chi ldren,  young  adults,  and a small port ion  of   persons  over 45 years 
o f  age. Ind i rec t  and induced  employment  migrants  would  be  expected to have 
marital  and  demographic  characteristics  similar  to  the  direct  operating 
employees. 

19.5 EFFECTS ON INCOME 

Al l   f igures   re fe r r ing   to  income in  this  sub-section  are  expressed  in 
undiscounted 1980 dollar  terms. 

(a)Direct,  Indirect  and  Induced  Regional  Income 

"Direct  income" is  defined as  wages and  salaries paid directly to   the   p ro jec t  
work  force.   Annual   d i rect  income  estimates  were  derived  from  union  wage  rates 
updated  to  1980 calculated  over a 37.5-hour  work  week  for 52 weeks p e r  year. 
Total  direct  net  income  gains a r e  estimated a t  about $340 mi l l ion  throughout   the 
construction  phase.  About 80 percent  of  this  total  would  accrue  to  local 
residents. 

$1.3 b i l l i on   dur ing   the   35-year   l i fe   o f   the   p ro jec t .  
The  study  region  would  receive an estimated  direct  income  gain  of 
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TABLE 19-3 

PROJECTED POPULATION OF NEARBY COMMUNITIES WITH THE HAT CREEK PROJECT (61) 

d 

(D 

v) 

0 
0 - 
0 C 1  in ton   Ashcro f t  Cache Creek 
rn 

0 Without With Without  With  Project With Project   Without  With  Project  
0 

z 
0 z 

Year Pro ject   Pro ject   Pro ject   Scenar io  No. 1 Scenario No. 2 Project  Scenario No. 1 Scenario No. 2 
With  Pro ject  

~ - 
0 
0 
0 

1983  1150 
1984  1150 

.Z 
0 1985  1150 

-4 1986  1150 - 1987  1150 
0 
v) 1989 1150 

1990 1150 
1991 1200 
1992 1200 
1993 1250 
1994 1250 
1995 1250 

- 

z 1988  1150 

1200 
1200 
1250 

1600 
1300 

1650 
1700 
1700 
1700 
1800 
1800 
1800 
1850 

2450 
2700 
2700 

2850 
2850 

2850 
3050 
3100 
3150 
3200 
3200 
3300 
3300 

2500, 
2800 
3000 

4800 
3350 

4800 
5250 
5000 
5100 
5350 
5350 
5450 
5500 

2450 
2700 
2800 

3550 
3050 

3700 
4000 
3900 
3950 
4100 
4100 
4200 
4250 

1200  1200 
1350  1400 
1350  1400 
1500 1700 
1500 
1500 

2200 
2300 

1600 
1600  2500 

2500 

1650  2500 
1650  2600 
1700 
1700 

2600 
2650 

1750  2700 

Notes:  Scenario No. 1 - S p l i t   o f  Ashcroft/Cache Creek incremental  populat ion - 
70% Ashcrof t ,  30% Cache Creek. 

Scenario No. 2 - S p l i t  o f  Ashcrof tKache Creek  incremental  population - 
30% Ashcrof t ,  70% Cache Creek. 

Data  are  rounded to   the   neares t  50. 

1200 
1450 
1650 
1950 
3100 
3400 
3800 
3550 
3600 

3800 
3800 

3900 
3900 



In   to ta l ,   the  proposed  pro ject   would  s ign i f icant ly   s t imulate  the 
expansion  of  income  throughout  the  study  region  and  the  local  area.  The 
project   would  contr ibute  in  the  range  of  $2 bi l l ion  to  the  region  and  $1.5  bi l l ion 
t o   t h e  local s tudy  area  throuy'h  direct,  indirect  and  induced income  gains  over 
the  construction  and  operation  phases. 

(b)Regional  and  Local  Income  I l istr ibution 

The  western p a r t  of  the  region,  including  Ashcroft  and  Cache  Creek,  would 
expand i t s  re lat ive  contr ibut ion  to  overal l   regional  income  levels  and  growth. 
Ashcroft  and  Cache  Creek  would  be  expected  to  obtain  the  largest  share  of  total 
income  benefits  within  the  local  area.  Construction-related activi t ies would 
resu l t   i n  an increase in the  income of  the  region's  construct ion  work  force,   both 

ventures.  Local  landowners  would  benefi t   from  capital  gains,  (expected  to  be 
union  and  non-union,  and  provide  increased  revenues  for  owners of commercial 

moderate)  realized  on  the  sale of the i r   land .  

I t  can be expected  that   the  d istr ibut ion  of   personal  income  would  shift 

spread  rather  than  narrow as a resul t   of   the  proposed  project .  
upwards  in  the  local  area.  Also,  the  range  of  personal  income  would  probably 

Al though  pr ice  increases  would  occur  for  rural and municipal land, 
the  increases  would  probably be moderate.  The  greatest  land  price  increases 
might  occur  in  lakeshore  propert ies,   such as a t  Pavilion  and 1.oon lakes, i n  
short supply   in   the  v ic in i ty   o f   the  pro ject .   Pr ice  increases a r e  l i ke ly   to   take  

that  consumer  pr ices i n   t he  area  would  increase  only  moderately. 
p lace  in  temporary accommodations  and  restaurants.  However, i t  i s  expected 
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SECTION 20. COMMUNITY RESOURCES(23,61) 

In  this  section,  the  impacts of project-related  in-migration  upon  the  resources 
of  local  communities  are  described.  On  the basis of  project  populat ion 
forecasts,  the  changes  which  would  be  required  in  housing, social  services, 
commercial  facil i t ies,  infrastructures  and  governments  are  considered. 

20.1 HOUSING 

Workers  choosing  to  l ive  in  the  nearby  communities  would  obt,ain  their  own 

would  be  provided  aside  from  the  two  construction camps. Two  projections  have 
accommodation  based  on their  own  preferences. No B.C.  Hydro-owned  housing 

been  made to  indicate  potential  housing  demand  in  Ashcroft  and  Cache  Creek, 
corresponding  to  the  two  populat ion  scenarios  of  Table  19-3. As shown  in 
Table 20-1 Ashcrof t  and Cache  Creek  would  require 625 and 275 new housing 
units  respectively  under  Scenario 1, and  about  the  reverse  under  Scenario 2. 
About 150 units  would  be  required  in  Cl inton.  General ly,  housing  demand 
would  be  greatest   in  the  ear ly  years  of   construct ion  and  would  peak  about  the 
fou r th  o r  f i f t h  year. Project ions  of  the  mix  of new housing  types  requi red  for  
project-related  migration  are  also  shown  in  Table 20-1. 

Under  both  scenar ios  i t   is   possible  for   the  ent i re  housing  supply 
process  to  be  carr ied  out  in  such a manner  that  supply  shortages  could  be 
avoided.  However,  given  the  complexity  of  the  process, it is  l ikely  that  some 
delays  might  result  in a temporary  shortage  of  housing in the  in i t ia l   project  
years.  In  addit ion,  the  matching  of  avai lable  housing  mix  with  the  dwell ing 
types  demanded i s  l ike ly   to   be  fa i r ly   imprec ise  dur ing  th is   per iod.  

20.2 SOCIAL AND  COMMUNITY  SERVICES 

(a1Education 

per iod 1983 to  1989, wi th  and  wi thout  the  project ,  a r e  shown  in  Figure 20-1. 
Forecasts  of  elementary  school  enrollments  in  nearby  communities  over  the 

The  additional  complement  of  teachers  required  to  meet  the  predicted  enrollment 
increases  is  shown  in  Table 20,-2. 

With  the  Hat  Creek  Project,  the  secondary  education  enrollment  in  the 

s imi lar   to  that   of   the  e lementary  enrol lment.   I t  is  estimated  that  the  secondary 
local study a r e a  (defined in Section 19.0)  is  expected  to  increase a t  a ra te 

school in  Ashcroft  would  have  about a 70 percent  increase  in  errrollment  from 

io 1 and Scenario 2. About 15 additional  classrooms  and 20 teachers  would  be 
1983 to  1989. The  projections  for  this  school  would be the  same fol- both  Scenar- 

expect  about a 30 percent  increase  in  students f rom 1983 t o  1989 with  the 
required  for   the  project   populat ion.   Cl inton's  junior  secondary school  could 

project.  About  f ive  addit ional  teachers  would  be  needed  for  the  project but, 
-since'the  school  would  not  reach i t s  designed  capacity, no additional  classrooms 
would  be  required. 
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TABLE 20-1 

N 
0 

PROJECTED  DISTRIBUTION OF NEW  HOUSING TYPES REQUIRED 
BY PROJECT-RELATED  POPULATION  INCREASES (61) 

(1983-  1989) 

-1 < 
- 

Village of Ashcroft  Village of Cache  Creek  Village of Clinton 

v) 

0 Hous i ng Type No. of 
C Percentage 

No. o f  No. of 
Units  Units  Percentage  Units  Units 

No. o f  

P Distribution  Scenario l1 Scenario 2 Distribution  Scenario 1 Scenario 2 Distribution  Units 
Percentage No. o f  

rn 
0 

v) 

Single  and  two 
family 57%  350  150  57%  150  350 70% 100 

Townhouses, 
Rowhouses 5 25  25 5 25  25 - - 

Apartments 15 100 50  15  50  100 5 0 

Mobile  Homes 23  150 50 

TOTAL 100% 625  275  100%  275  625 100% 150 

- - 50  23 - 50 - - 150  25 - - - 

= - - - - 
_. - - - __ - - __ - - 

Scenario 1 and 2 defined in Section 19.0. 

Data  are  rounded to nearest 25. 
? 
N 





J 

u 

Kil 

TABLE 20-2 
ADDITIONAL  TEACHERS  REQUIRED  WITH  THE  HAT  CREEK  PROJECT  (61) 

Ashcrof t  Cache  Creek Cl inton 

Scenario 1' Scenario 2 

Elementary 15 5 

Secondary 20 

Scenario 1 Scenario 2 

10 20 

0 

5 

5 

1 .  Scenario 1 and 2 def ined in Section  19.0. 

Data  are  rounded  to  nearest 5. 

(b)Health  Facil it ies 

The  Ashcrof t   hospi ta l   is   expected  to   be  ab le  to   serve  the  increased populatipn 
w i th   the   p ro jec t   to  1989. However,  during  the  peak  years  of  populat ion 

capacity. S t a f f  addit ions  would  be  necessary  to  handle  increases' in hospital 
increase  from 1987 to 1989, the  hospi ta l   may  be  operat ing a t  close t o   i t s  

admissions. 

Based  on  experiences  with  other  similar  projects in B.C.,  it is   un l ike-  
ly that   the  const ruct ion  work  force  assoc iated  wi th   the  pro ject   would  have a 

would  take  place a t  the mine  $;ite o r  the  p lant   would  be  t reated by f i r s t  a i d   o r  
s igni f icant  impact  on  the  hospi ta l   occupancy  rate up t o  1989. Most  in jur ies  that  

by t h e  employee's  own doctor. 

Estimates  of the various  increases in health  care  capabil i ty  needed  to 
serve  the  added  local  populat ion  include  four  doctors,  two  dentists,  one public 
health nurse, one  mental health worker,  and  two  ambulances. 

(c)  Recreation 

improvements  and additions to  community  recreation  services  would be in order .  
I n   o r d e r   t o  meet t h e  needs of the  populat ion  growth  induced by the  project, 

Init ial ly,  community  hal ls in Ashcroft,   Cache  Creek  and  Cl inton  would  require 
upgrad ing  and, possibly,  enlarging.  More  open  space  in  the  form o f  parks  
would be needed  in  Ashcroft  and  Cache  Creek  under  both  scenarios.  Additional 
recreational  facil i t ies  such as  a cur l ing  rink, bowling  alley,  indoor  swimming 
pool, o r  mult i -purpose  faci l i ty  might be  required  in  Ashcrof t ,   Cache  Creek  or 
C l in ton   w i th   o r   w i thout   the   p ro jec t .  

(d)Other  Services 

The  l ist  of  estimates  of  other  increases  in  social  services  to meet, t h e  needs  of 
project-related  populat ion  growth  includes: 

1 : Two  social  service  workers. 

2.  Added day care  faci l i t ies. 
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3. Addi t ional   l ibrary  space  and s t a f f .  

4. One  probation  off icer. 

5. Minimum  of  seven RCMP of f icers   in   Ashcrof t .  

6 .  Two RCMP of f icers   in   Cl in ton.  

7. One f i r e  chief   in  Ashcrof t .  

w 

20.3 COMMERCIAL  AND  INDUSTRIAL FACILITIES 

(a)CommerciaI  Services 

B y  1995 the  combined  populat ion  of  Ashcroft  and  Cache  Creek  would  be 
expected  to  reach  about 8000 as a resul t   of   the  project .   In  response  to  th is 

expand and  that  new  businesses  would  be  establ ished.  I t   is  probable  that a 
increase  in  t rading  populat ion,  it i s  probable  that   exist ing  businesses  would 

broader  range  of  commercial  services  and  products  would  become  available. 
Also, a trend  toward  increased  involvement  in  the  commercial  sector by regional 
or  national  chains  would  l ikely  arise,  in  the  form of new  out lets  and  the 
purchase of exist ing  ones. New commercial  space  likely t o  be const ructed  in  

7000 m'. 
response to population  increases  has been estimated to be between 5000 and 

(b)   Indus t r ia l   and Commercial Service 

It i s  anticipated  that  in  Ashcroft  and  Cache  Creek  there  would  be an expansion 
not  only  in  the  number  of  l ight  industr ial  and  commercial  service  establ ishments, 
b u t  a broadening  in  the  scope  and  range  of   services  avai lable as we l l .   In   the  
two  communities,  an  estimated  total  of 10 to 20 ha of   land  would  be  requi red  to  
adequately accommodate the  demand. No const ra in ts   or   rest r ic t ions  on the  
supply  of  land  are  anticipated  in  either  community. 

20.4 COMMUNITY  AND  REGIONAL  INFRASTRUCTURE 

(a)Communi ty   In f rast ructure 

meet populat ion  growth  created by the  pro ject  a r e  summarized.' A lead  time  of 1 
In   Table 20-3 improvements  required  to  upgrade  community  infrastructures  to 

to  1.5 years  before  the s t a r t  of  construction  would  be  needed  to  avoid delays i n  
the   de l i very  of new  services. 

(b)Regional   in f rast ructure 

Each of   the utility companies (B.C.  Hydro,   B.C.  Telephone  and  In land  Natural  
Gas)  indicates  that  no  problems  are  anticipated  in  providing  addit ional  services 
in.   Ashcrof t ,   Cache  Creek  and  Cl inton. A similar  lead  t ime  to  that  mentioned 
above  would  be  needed. .. . 

..:. .. " ., . 
The  project  woula  necessitate an increase  in  both  vehicular  and  t ruck.  

t ra f f i c   t h rough   the  local  6ommcnities as well as on the  regional  highway  system. 
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TABLE 20-3 

PROJECT-RELATED  POPULATION GROWTH 
COMMUNITY  INFRASTRUCTURE  IMPROVEMENTS NEEDED TO SERVE 

Service  Community 

Water  Systems  Ashcroft 

Cache  Creek 

Cl inton 

Sani tary Sewerage 
Systems Ashcrof t  

Roads 

Cache  Creek 

Cl inton 

Ashcrof t  

Cache  Creel: 

Cl inton 

Solid Waste 
Disposal  All  communi.ties 

Storm 
Drainage  All  communi.ties 

Details 

Upgrade  supply  main and booster  stations 
and expand  reservo i r   to   serve Mesa Vista 
bench. 

New water  intake and new  reservoir 

to  serve  future  development  areas  south 
in  east  sector;  new  main  and  reservoir 

o f   the  v i l lage.  

Main  extension and expanded  storage. 

Upgrade lift stat ion  and  forcemain  North 
Ashcroft;  construct  second  outfall  main 
Mesa Vista  bench. 

development  area  south  of  the  vil lage. 
New t runk main t o   s e r v e   f u t u r e  

Extend t runk mains to  new  development 
a reas. 

Upgrade  Thompson  River  br idge and access 
road  to  Mesa Vis ta.  

Upgrade  main  access  route  to  east 
sector;  extend  new  south  access  road; 
extend  Old  Stage  Road  to  Cariboo  Highway 

New  access  road to  development  area. 

None 

None 

A t  p resent ,  Highway  No. 12 prov ides   the   on ly  access between  the  project,  the 
main  regional  highways  (No. 1 and  No. 97) and nearby  comnlunities.  The 
proposed  project  access  road  would  follow  the  Medicine  and  Cornwall  creeks  and 
intersect  Highway  No. 1 near  the  south  end  of   Ashcrof t ,  as shown  on 

on  Bonaparte Reserves Nos. 1 and 2. 
F igure 3-2. This  new route would  minimize  potential  noise  and  safety  hazards 

The   p robab le   key   t ra f f i c  poinlts  would'sbe a t   the   junc t ion   o f   the   p ro jec t  
access road  with  Highway No. 1 and the  junct ion  o f   H ighway  No.  12 wi th  
Highway  No. 97. The  volume  of   t raf f ic  at;these junct ions  would  produce 
congestion  and  pose some safety  hazards,  parti.c.u,larly .. . dur ing  per iods  of   peak 
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summer  highway  traff ic.  Truck  movements,  chief ly  from  the  unloading  faci l i ty 
to  the  si te,  would  be  expected  to  reach 50 vehicles  per day d u r i n g   t h e  
construction  phase. 

u 

20.5 LOCAL  AND  REGIONAL  GOVERNMENT 

(a)  Local  Government  Administration 

T h e  rapid growth  rates  projected  for  the  communit ies,  in  part icular  Cache  Creek 
and  Ashcroft,  would  necessitate a greater  level  of  planning  and  administrat ive 
ac t iv i t y .  Some time lags in   the  prov is ion  o f   serv ices  and  process ing  o f   develop-  
ment  appl icat ions  would  probably  occur  in  the  ini t ial   years  of  community  growth. 
A lead  t ime  of 1 to   1 .5  years  before  the  s tar t   o f   const ruct ion  would  be  requi red 
to  enable  the  municipal i t ies  to  adequately  prepare  for  the  management  of 
project-related  expansion,  even  with a community  plan  and  bylaws  for i t s  
implementation  in  force. 

(bIMunicipa1  Finance  and  Budgeting 

A comparative  evaluation  of  projected  expenditures,  revenues,  assessments  and 
tax  ra tes  for  each municipal i ty  indicates  that  over  the  long  term, each o f   the  
municipal i t ies  would  be  f inancial ly  capable  of   carry ing  out i t s  responsibi l i ty  
without  imposing  undue  tax  burdens  on  taxpayers. Temporary f iscal  difficulties 
in   Ashcrof t   and  Cache  Creek  might ' resul t  in excessive  increases in general 
taxa t ion   leve l   dur ing   the   f i r s t   few  years   a f te r   p ro jec t  commencement. The  
probable  ef fects  of   the  project   on  municipal   taxes  are  out l ined  below. 

per iod a f t e r  project  commencement.  Tax  rates  are  then  expected to  gradual ly  
Tax  rates a t  Ashcrof t   are  pro jected  to   r ise  rap id ly   in   the  in i t ia l  

decline,  reaching a level  comparable  with  rates  projected  without  the  project. A 
signif icant  increase  in  tax  rates  would  occur  when  the  populat ion  reaches 5000 
and  pol ic ing becomes a local  responsibil i ty. 

I t  is   predicted  that   tax  rates a t  Cache  Creek  would  jump  sharply  in 

the  local  government  structure  required  to  adequately  handle  the  increased  level 
t he  f i r s t  year  fo l lowing  project  commencement, re f lec t ing   the  rapid expansion of 

of development  act ivi t ies  in  the  community.  Under  Scenario 1, i t  is  projected 
tha t   w i th in  3 o r  4 years  fo l lowing  project  commencement, tax  rates  wi th  the 

would  jump  sharply  when  the  populat ion  reaches 2500 and  the  wel fare  funct ion 
pro ject   would  be  roughly   equiva lent   to   tax  ra tes  wi thout   the  pro ject .   Taxes 

would  exceed  rates  without  the  project by an average  of  approximately 30 
becomes a local  responsibil i ty.  Under  Scenario 2 ,  it ' is projected that tax  rates 

percent .  

than 1 mi l l )   w i th   the  pro ject   than  wi thout  it. 
Tax rates for   Cl in ton a r e  projected  to  be  only  s l ight ly  h igher  ( less 

(c) Regional   Distr ict  

The  ro le   o f   the  reg ional   d is t r ic t   in   th is   context   would  be  p lanning  for  new 

Thompson-Nicola  Regional  Distr ict  has  recently  embarked  on a p lanning  program 
development  in  the  unorganized rural p a r t s  of the study  areas.  The 

which  should  culminate  in  the  adopt ion  of  an of f ic ia l   regional   p lan.   The  regional  
plan  wi l l   establ ish  pol icies  and  guidel ines  for  coordinating new development  in. 
these  unorganized  areas.  The  regional   d istr ict   might  part ic ipate  wi th  the 
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member  municipal i t ies  in  the study areas to   f inance  jo in t   programs  for   cer ta in  
services  such as recreation  anti   cultural  services. 

(d1B.C.  Hydro's  Contr ibutions;  to  Local  Taxes 

B.C.  Hydro,  with  two  exceptions,  pays  school  taxes  on  the same basis as a l l  
other  taxpayers  in  the  province.  The  except ions  are  generat ion  and  storage 
developments on the  Peace and  Columbia  River  systems.  B.C.  Hydro  has  been 
exempted by statute  f rom a l l  o ther   proper ty   tax  lev ies.  

B .C.   Hydro  i s  autk lor ized  to  pay annual g ran ts  in l ieu of general, 
local  improvement  and  regional  district  tax  levies.  These  grants  are  calculated 
on a bas is   s imi lar   to   the  taxes  lev ied  on  pr ivate ly   owned  u t i l i t ies  in municipal 
areas.  These  computations  include  amounts  equivalent  to  general,  local 
improvement  and  regional district taxes  lev ied  in   the  pr ior   year   on  land  and 
bui ldings  (generation and transmission  bui ldings  excluded)  plus 1 percent   o f  
e lectr ic and gas  revenues  from  sales  within  each  taxing  jur isdict ion. 

If construct ion  of   the  Hat  Creek  project   proceeds,  B.C.  Hydro 
expects,  on  the  basis  of  current  authorizations,  to  pay  school  tax  levies  on 
temporary  faci l i t ies  such as camps, field  offices,  warehouses,  shops and batch 
p lants  during the   cons t ruc t ion   per iod   and  on   the   powerp lan t  a n d  transmission 
l ines  when  they  are comp1et:ed. Annual  grants  equivalent  to  general,   local 
improvements  and  regional district levies in the   p r i o r   yea r   w i l l  aiso be  paid  on 
land and const ruct ion  bu i ld ings  requi red for the  project ,  but B.C.   Hydro i s  not  
author ized  to  include  generat ing  faci l i t ies in  the  grant  calculat ions  for   any  area 
or  locat ion.  
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SECTION 21. SOCIAL ENVIROWMENT(23,61) 

d 
The  proposed  project   would  af fect   the  social   environment  through  changes in 
the  natural  environment;  changes in economic structure;  changes  in  populat ions 
and community  expansion; and adjustment  problems  associated  with  rapid  change 

probable  alterat ions in quali ty  of  l i fe.  These  changes  would  primari ly  occur  in 
the  local  study  area  (see  Figure 19-11, part icularly  in  Ashcroft,   Cache  Creek, 
the  Hat   Creek  va l ley and the! Indian  reserves  adjacent  to  the  val ley.   Minimal 
effects  would  occur  among  the  populat ion  of  the  broader  region. 

kd and development.  Social  impacts  of this project   are  v iewed  therefore  in  terms  of  

pll 

4 Since  the  completion  of  the  consultants'   report,  a mine  camp  has  been 
added  to   the   p ro jec t  scheme. The  social  impacts  of  the camp are not considered 
here but wil l  be  taken  into  account  in  the  socioeconomic  update  study  mentioned 
in Section  19-1. w 

s3 21.1  IMPACTS  RESULTING FROM  CHANGES IN  THE  NATURAL  ENVIRONMENT 

rl The  Hat  Creek  area i s  considered by residents,  part icularly  ranchers, rural 

minimal a i r   and  water  pol lut ion  and  accessibi l i ty  to a variety  of  recreational 
residents  and  farmers,   to  be a favourable  place  to  l ive  because  of  the  climate, 

the  natural   environment.  
resources.  The  Native  lndiarl   people  have a her i tage that is   in tegra l ly   t ied  to  ad 

w 
Changes in the  natura l   env i ronment   ar is ing f rom project  components 

in the  Hat  Creek  val ley  would  include:  reduct ion in the   quant i t y   and quality of  
agricultural,   recreational and forest  land; reduc t ion   in   the   quant i t y   and  qua l i t y  
of   wi ld l i fe habitat; changes  in  the  f low  character ist ics and qual i ty   o f   sur face 

noise  levels  and  alterat ions  in  noise  characterist ics and reduct ion  in  the  qual i ty 
of  the  ambient a i r .  (Health  effects  are  discussed in Section  22.0.) 

mi and groundwater  supplies;  reduction  in  Hat  Creek  f ish  population;  increase in 

3 The  indiv iduals  af fected  include  val ley  residents  and  other  users  of  
t h e  val ley. Th ree  residences would have to  relocate as  a direct r e s u l t  of land  
alienation and noise  impacts. The relocation of individuals  can  be  expected to 

sense of loss would be fe l t  by relat ively few  people, it mus t  be  considered very 
important to those  involved.  Furthermore,  since val ley residents  and  Native 

environs, land  ownership  status and restr ict ions on this  mobil ity  because of the  
project  could  be  viewed as an important  loss. ' 

UH produce a sense  of loss in  those  who  leave  and  those  who  remain.  While  this 

Y Indians  are  used  to   re la t ive ly   unrest r ic ted  mobi l i ty   throughout   the  va l ley 

3 Surface  waters,  considered  l ikely t o  be used  for   i r r igat ion i n  the  
val ley  in the fu tu re   w i thout   the   p ro jec t ,   wou ld   be  disturbed and their   avai labi l i -  
ty reduced  in a number of locations.  These  losses  would  reduce  the  viabi l i ty  of 

additional-ranches in t h e  area  (see  Section  11.0). 
ranches  already af fected by land al ienat ion,   but   would  not   l ikely  af fect   any II 

!a 
would  .be  ,altered as d.escribed in  Section q1.0. These  changes  are  not  great; 

Water qual i ty and quantity in Hat  Creek,  downstream of the  open pit, 

in ter rupt ions  to   domest ic   or   agr icu l tura l   suppl ies  are  therefore  not   expected.  
A s  noted  in  Section 11.0, chlorination  of  domestic supplies should be  pract ised. 
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Noise  and  air  qual i ty  impacts  are  discussed  more  ful ly  in  Sections 14.0 
and '6.0 respectively.  No  adverse  impacts  on  human  health  are  predicted 
(Section 22.0). Increased  noise  levels  would  affect some residents and 
increased  dust  levels  might  reduce  residential  amenit ies  north  of  Finney  Creek 
and  on  the  No. 1 Bonaparte  Reserve. 

The  proposed access  road, pipel ine  and  t ransmission  l ine  corr idor 
would  alienate some of  the  forest ,   agr icul tural   and  recreat ional   lands as well as 
causing some stream  and  f ishery  disruptions  (see  Section 8.0, 9.0, 12.0, 14.0 
and 15.0). The  social  consequences  of  these  changes  are  considered  minimal. 
Simi lar ly,   the  proposed  airstr ip i s  unl ikely  to  generate  s igni f icant  negat ive 
social  impacts.  Residents  of a l l  study  area  communities  generally  favoured a 
proposed  airstr ip;   the  benef i ts  would  be  der ived by both  commercial  and 
non-commercial  users  of  the  facil i t ies. 

af fect   residents  in  the  v ic in i ty  of   the  proposed  unloading  faci l i ty .   These 
Increased  t ruck  movements  dur ing  the  construct ion  per iod  would 

individuals  would  experience  disruptions  and  noise  associated  with  addit ional 
t raf f ic   and  loading  act iv i ty  in  the  area. 

21.2 IMPACTS  RESULTING  FROM  CHANGES IN ECONOMIC  STRUCTURE  AND 
OPBORTUN I T Y  

The  proposed  project   would  create a large  number  of   short  and long-term 
employment  opportunities,  lower  unemployment  rates  in  the  short  run,  create 
employment  opportunit ies  for  individuals  wanting to enter   the  local  labour  force 
and  generate  oppor tun i t ies  for   ind iv iduals  to  improve  their  employment  posit ions 
in   the   reg ion .  

The  project  would  also  raise  the income and employment  expectations 
of   many  residents  in  the  study  areas.  However,   the  h i r ing  pract ices  of  B . C .  
H y d r o  as set out  in  the  labour  management  contracts  and laws related to  discr im- 
ination  in  hiring  would  inhibit  maximizing  local  employment,  although  every 
ef for t   would  be made to  work  wi th  the  unions  to  improve  th is  s i tuat ion.  

21.3 IMPACTS  RESULTING FROM POPULATION  CHANGES  AND  COMMUNITY 
EXPANSION 

The  project   would  resul t   in a large and rapid populat ion  increase  in  the  local 
area.  These  population  changes  would  require a number  of  personal  adjust- 

ty social  services,  commercial goods and  services, and housing and community 
ments  on  the p a r t  o f  exist ing  residents and would  induce  expansion  in  communi- 

t h e   s t u d y  area  residents  might  also  experience  changes  in  the  availabil ity  and 
in f ras t ruc tu re .   I f   t h i s  rapid growth  leads  to a period  of  excess  demand,  then 

cost  of  housing,  the  ,cost,  level  and quality of  services  and  the  physical 
s t ruc tu re  o f  the  communit ies.  These  changes  may  in  turn  lead  to 
over-crowding,  feel ings of loss or   anx iety ,   increased  turnover   ra tes  and a 
var iety  of   other  social   or   personal   problems  related  to  changing  community 
characterist ics. 
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Excess  demand for  services  and  housing  in particular could resu l t  in 
overcrowding  and  disrupt ion in services and create  pressures  on  indiv iduals 
involved  in  administrat ion  and  del ivery  of   services.  

The  existence  of  a large  single-status  construction  populat ion  would 
c rea te   the   po ten t ia l   fo r  social  confl ict  with  valley  and  Indian  Reserve  residents 
during the  construct ion  per iod.   The  movement  of   heavy  machinery  and  other 
vehicles  and  increased  recreational use of  the  val ley  might  cause  disrupt ions.  
In   addi t ion to  increases  in  safety  hazards,  the  incidences  of  trespassing and 
p roper t y  damage  might  increase. 

Over  the  longer  run,  personal  adjustments  would  occur and new  social 
patterns  would  emerge. If t h e  demand for  community and social  services  is  met, 
expanded  services  would  provide  benef i ts  to  the  local   people  through  greater 
choice  than  that   l ike ly   to   occur   dur ing  the same t ime  per iod  wi thout  the  project .  
For  many  residents  of the s tudy  areas,  changes in the  phys ica l   character   o f   the 

transformation in community l i fe  and quality might  represent a decline in t h e  
settlement  communities  would  enhance  the  quality  of  l i fe.  For  othe'rs  the 

qual i ty of l i fe. 

21.4 SOCIAL  AND  COMMUNITY  ADJUSTMENT PROBLEMS 

Adjustment  problems  might  occur as a result  of  changes in social  behaviour, 
community stabi l i ty, and community social s t ra t i f icat ion  and  s t ructure.  
Inferences  about  potential  social  problems  at  Hat  Creek  were  drawn  from  adjust- 
ment  problems  experienced  on  comparable  projects. 

changes  such as increases in petty  cr imes,  might  be  expected. Also, the  
From  the  experience  of  other  communities, some social  problems 

increased  flow  of  unemployed  job  seekers  would  tend  to  increase  transiency 
levels in t h e  study 'area  communities.  Alcohol  consumption  would tend to  

,problems. Some increase in juvenile  delinquency,  venereal  disease  and  other 
increase  among  certain  groups  in  the  communities, as would  alcohol-related 

social  problems  could  also be expected. 

established  residents,  possibly  creating concerns in t h e  community  through the  
New res idents  might question the values and behaviour of the 

adjustment  period.  On  the  other hand, the  project   might  reduce  out-migrat ion 
f rom t h e  study a reas  and increase employment  opportunit ies.  In part icular more 
local  young  people  might  remain  in  the  communities  with  the  project  than  without 
it, thus  cont r ibut ing  to   fami ly   s tab i l i ty .  

Some social  stratif ication  could  occur if new  housing  developments 
bu i l t  in response to populat ion  increases  primari ly  attract  project  employees. 
The major  ef fect   of   th is  strat i f icat ion  would be to retard  integrat ion  between 
newcomers  and  existing  residents.  Changes in local  polit ics  in  terms  of  key 
indiv iduals  and  the  re lat ive  strengths of vested  interest   groups  would l ikely 
occur.  New  organizations  would probably be  formed to  meet the  needs  of 
community  residents. New events and act iv i t ies  might  increase  the  qual i ty  of  
l i f e   f o r  some residents  in  the  communities and ass is t   the  in tegrat ion  o f   d i f ferent  

and r u r a l  people who  value  their  t radi t ional   l i festy le.  
resident groups.  However,  the project   would  negat ively  af fect   those  ranchers 
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21.5 IMPACTS  ON  NATIVE  INDIANS u 

The  in f lux   o f  a large  number  of  non-Native  Indian  people  into  the  area  would 
accentuate  the  ethnic  minor i ty  status of t he  local  Native  Indian  people.  The 
increased  pressure  of a non-Nat ive  Indian  cul ture  and  l i festy le  would  suggest a 

can  not  be  determined. 
negative  impact  on  Native  Indian  people,  although  the  extent o f  these  impacts 
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d SECTION 22. EPIDEMIOLOGY  (HUMAN HEALTH)(58,7,14,47,36,66) 

22.1 INTRODUCTION 

B.C.  Hydro  recognizes  that a variety  of  materials  would  be  emitted  from  the 
powerplant  and  mining  operat ions  and it was apprec iated  that   there  would  be 

the  epidemiological  evidence  was  undertaken  to  address  these  concerns  and  to 
publ ic  concern as to   the i r   e f fec ts  on human  health.  Accordingly, a review  of 

recommend  ambient  air  quality  objectives for the  pro ject   which  would  protect  
health. 

guidel ines,  standards,  cr i ter ia,  regulat ions)  for  Bri t ish  Columbia,  Alberta, 
The  epidemiology  study  reviewed  ambient a i r  objectives  (also  called 

Ontario,  the  states  of  Washington, Idaho and Montana and both the  Canadian 

air  objectives  have  been  developed by these  governments  to  protect  health, 
and  United  States  federal  govemments.  Both  short-term  and  long-term  ambient 

vegetat ion,   property and other  factors.   The  epidemiology  study for th is   pro ject  
reviewed  these  objectives in conjunction  with  the  exist ing  epidemiological  data 
base in o r d e r   t o  recommend  ambient air   qual i ty  guidel ines  for   the  p,roposed 
project  based  on  human  health  considerations. 

Histor ical ly,   at tempts  to  ident i fy  speci f ic   levels  of   ind' iv idual   contam- 
inants  which  cause  health  problems, in order  to  establ ish  guidel ines,  have  been 
f rus t ra t i ng .  Seldom do  contaminants  occur in isolation;  effects  may  therefore  be 
due   t o  a combination  of  contaminants as opposed  to a specific  one.  In  addition, 
at   lower  concentrat ions  the ability to  clearly  establ ish  cause-effect:  relat ionships 
between  contaminants  and  resulting  health  impairment becomes extremely 
tenuous.  As a result,  this  examination  of  epidemiology  identif ied a range  of 
indiv idual   concentrat ions  which  would be protect ive  of   human  heal th,   rather 
than a single  value,  which  wolJld  have  required a subjective  weighting  of da ta .  
The  development of an objective  level  range is appropr ia te   to  human  responses 

v i r tue   o f   the i r   age  (very   young  o r   very   o ld ) ,   d ie t ,   nu t r i t i ve  o r  genetic  makeup, 
in general   where  the  lower  end  of   the  range  would apply to  persons who, by 

may be  more  sensitive  to  exposure  to  atmospheric  contaminants  than  the 
populat ion a t  large. 

The epidemiological s tud ies considered both p r i m a r y  contaminants, 
such as sulphur  dioxide,  suspended  part iculate  matter,  carbon  monoxide  and 
nitrogen  oxides,  and  secondary  contaminants  such as sulphates,  nitrates  and 
ozone, which  may  be  produced  due  to  atmospheric  chemical  reactions  of  primary 
emissions.  Also  considered  were  trace  element  emissions of arsenic,  beryllium, 
cadmium,  chromium,  copper,  fluorine,  lead,  manganese,  mercury,  nickel, 
selenium,  uranium,  zinc,  vanadium,  polycyclic  organic  matter  and  nitrosamines. 

contaminants  was  undertaken. ( 7 )  
In addition, a separate  investigation  of the health  effects  of  radioactive  trace 

objectives to protect   heal th  are  br ief ly  examined.  I t  i s  recognized  that, 
In   the  fo l lowing  subsect ions  the  resul ts   o f   th is   overv iew  of  a i r  qual i ty  

although t h e  most  up-to-date and complete  information has been Llsed in these 
assessments, in many  instances  the  epidemiological and toxicity  data  base  is 
limited.  The  compliance  of  t.he  proposed  project i . e .  with  the  inclusion  of 
part ia l   f lue  gas  desulphur izat ion,   wi th  these  object ives  is   d iscussed  based  on 
the   p red ic ted  a i r  contaminant  concentrations. Also discussed  are  recent  data 
f rom  other  areas  which  consider  the  heal th  ef fects of pol lutants, and are 
therefore  re levant   to   the  proposed  pro ject .  
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22.2 SULPHUR  DIOXIDE 

Following a review  of  available  epidemiological data,  a 24-hour  average  ambient 
SO2 concentrat ion  of  300 to  400  pg/m’  and an annual  average  ambient.concen- 
t ra t ion  o f  90 to  100 pg/m’  were  recommended as ambient  level  concentrations 
which  would  not  impair  human  health.  Ambient  concentration  limits  for  periods 
less than 24 hours  were  not  established  because it was not  possible  to  establ ish 
any  scient i f ical ly  proven  relat ionship  between  concentrat ions  for   shorter  per iods 
and  result ing  health  impairment. 

More  recent ly  the U.S. National  Academy  of  Sciences  attempted  to 

that   the  present   24-hour   U.S.   pr imary  s tandard  for   su lphur   d iox ide  o f  365 
update  their   evaluat ion  of  a i r  pol lut ion  f rom  sulphur  oxides3.  They  concluded 

pg/m’ was suf f ic ient   to   protect   heal th ,   to   the  extent   that   the  e f fect   o f   su lphur  
dioxide  could  be  separated  from  the  effects  of  part iculates. 

The  Environmental  Research F, Technology  (ERT)  report(14,47) 
concerned  with a i r  qual i ty  and  cl imatic  effects  of  the  proposed  project  predicted 
maximum SO2 concentrations as a resul t   of   cont inuous  operat ion  of   the  proposed 
powerplant, as discussed  in  Section 6.0. The  maximum  ground- level   sulphur 

24-hour averaging  t ime, and an annual concentrat ion of  4.5 ~ g / m ’  (see table 
dioxide concentrations f rom the  pro ject  are  predic ted to  be 208 p9/m3 f o r  a 

6 - 3 ) .  Both  predicted  maximum  concentrations  are less than  the  recommended 
guidelines.  Consequently,  sulphur  dioxide  emissions  from  the  proposed  project 
a r e  not predic ted to  adversely affect publ ic  heal th.  

22.3 SUSPENDED PARTICULATE  MATTER 

Suspended  particulates a r e  the  most  complex  of a l l  atmospheric  pollutants. 
Biological  responses t o  part iculates  are  determined  not  only by chemical  composi- 
t i o n   b u t  also by part icle  size  and  si te  of  deposit ion. Some industr ies  which 

may  exceed  the  guidelines  pro’posed  to  protect  public  health  on  occasion. 
produce  high  concentrat ions  of   fugi t ive  dust,   such as construction  and  mining, 

t ion  reveals  that  many of the  par t ic les  produced by these  industr ial  sources  are 
However, an examination  of  chemical  species,  particle  size,  and  site  of  deposi- 

e i ther   too  large  to   be  inhaled  or   for   o ther   reasons a r e  not  retained  in  the upper 
regions  of   the  respiratory  t ract .   This  d ist inct ion has led  regulatory  agencies  to 
recognize  differences  between  inhalable  and  non-inhalable  particulates. 

moving  toward  establ ishment of a standard  for   inhalable  part iculates“,   which 
The  U.S. Environmental  Protection  Agency  (EPA)  is  currently 

are  def ined as part icles less than 15 pm aerodynamic mean diameter.  TRe 
process  for   set t ing  th is  standard has not  been  completed.  Therefore,  ambient 
part iculate  guidel ines  for  the  proposed  project  were  recommended  in  terms  of 
total  suspended  part iculates,  rather  than  on  the  basis  of  part icle  size.  On  the 
bas is  of  existing  epidemiological data, guidel ines of 150 to  300 p9/m3  fo r   the  

NAS. 1978. Sulphur  Oxides - National  Academy of Sciences,  Washington, 
D.C. 
EPA. 1978. Health  Effects  Considerations  for  Establ ishing a Standard f o r  
lnhalable  Particulate. U.S. Environmental  Protection  Agency.  Research. 
Tr iangle  Park.   North  Carol ina.  
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24-hour  average  ambient  level,  and 60 t o  100 ug/m'  on the  annual  average 
ambient  level  were  identi f ied as levels  which  would  not  impair  human  health. 

part iculates,  both f rom coal combustion and  min ing .   The maxilnum  predicted 
Operation o f   the  proposed project  would  produce  atmospheric 

ground-level  total  suspended  part iculate  concentrat ions  from  continuous 
operat ion  of   the  powerplant  stack  are  predicted by ERT(14,47) as 23 pg/m3, 
averaged  over a 24-hour  period, and 0.5 ug/m'  averaged  over a 1-year  per iod 
(see  table 6-3). No  concentrat ions  approaching  the  24-hour  and  annual 
g,uideline  values  are  expected:  Thus,  the  operation of this powerplant  is  not 
expected  to  produce  concentrat ions  of  part iculates  which  would  impair  human 
health. 

Specif ic  dust  control  measures  have  been  developed  for  the  mining 
operations a t  Hat Creek. (36)  Based  on  these, it is  ERT's  best   judgment  that  
part ic le  concentrat ions  outs ide  the pit, a t  distances  greater than half a 
k i lometre  f rom  the  dust   producing  operat ion,   should  fa l l   be low  the  gu ide l ine 
values  of 60 p9/m3  for  annual  concentrat ions  and 150 ug/m' for   24-hour  
maximum  concentrations.  These  values  are  protective  of  human  health  and 
operation  of  the  mine  should  not  produce  concentrat ions  which  would  adversely 
affect  human  health. 

22.4  NITROGEN  OXIDES (AS N02) 

The  relationship  between  ambient  concentrations  of  nitrogen  dioxide  and'  adverse 
health  effects  is  not  suff iciently  defined  to  al low  recommendation  of  ambient 
guidel ines  for  short-term  exposures (1 to 2 hours) .   Ex is t ing d a t a  suggest a 
guidel ine  range  of  900 t o  1000 pg/m' for   shor t   per iods.   A l though  data  for  the 
establ ishment  of  longer  term  guidel ines a r e  l ikewise  lacking,  consultants  consid- 

200  pg/m' on the  24-hour  average  and 100 ug/m' for   the  annual   average  ambient 
er  that  compliance  with  Environment  Canada(66)  "maximum  acceptable"  levels  of 

concentrations  would be suf f ic ient   to   protect  public health. 

cont inuous  operat ion  of   the  powerplant  have  been  est imated as 460  pg/m', f o r  a 
Maximum predicted  ground- level   n i t rogen  dioxide  concentrat ions  f rom 

1-hour averaging time, 116 ~ 9 / m '  ove r  24 hours and  2 .5  ug/m' for  a n  annual  
average [see tab le  6-3). Froln  these  values it is  apparent   that  NO2 concen- 
t rat ions  resul t ing  f rom  powerplant  operat ion  are  expected  to  be  very low, and 
therefore,  would  have  no  adverse  effect  on  human  health. 

22.5 CARBON  MONOXIDE (CO) 

On the basis  of  existing  epidemiological  data,  health  protection  guidelines  for 

and 15 t o  20 mg/m' for  the  8-hour  average  concentrat ion  were  recommended. 
carbon  monoxide of 40 to  60 mg/m3 for  the  1-hour  average  ambient  concentrat ion 

the  populat ion, it was recommended that   an  e f for t   should  be made to  achieve 
Since  carbon  monoxide  has  dif luse  physiological  effects  in  sensitiv.l  segments  of 

concentrations a t  the  lower  end  of  the  range.  Compliance  with  Canadian 
Federal  "maximum  acceptable"  guidelines (66) of  35  mg/m'  for 1 hour   and 
15 ,mg/m3 f o r  8 hours  would be more  than  suf f ic ient   to  protect   publ ic  heal th.  
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maximum  ground-level  carbon  monoxide  concentrations  of  0.099  mg/m’  for a 
Continuous  operation  of  the  proposed  project is  predic ted  to   produce 

1-hour  averaging  t ime,  and  0.031  mg/m’  for an 8-hour  averaging  t ime.  In 
comparison  with  the  proposed  guidel ines,  the  predicted  concentrat ion  levels  are 
insignif icant,  and  would  not  cause an adverse  impact  on  publ ic  health. 

22.6 OXIDANTS  (AS 03) 

oxidants was  150 t o  300 pg/m’ fo r   shor t - te rm  (1 /2   to   2 -hour )   exposure .   I t  was 
Based  on a review  of  existing  health  data,  the  guideline  recommended  for 

f u r t h e r  recommended tha t  an effort  should  be  made  to  maintain  the  lowest 

the i r   p r imary   s tandard   f rom 150  pg/m’ t o  235 pg/m’.  Insuff icient da ta  ex is t   to  
pract icable  concentrat ion  in this range.   The U.S.  EPA has  recently  raised 

quant i fy  the  adverse  ef fects  of   oxidant  exposures  for   the  24-hour  and  annual  
t ime  duration; it was therefore  impossible to recommend  guidelines  for  these 

guidel ine(66) o f  50 pg/m3  over 24 hours i s  expected  to  be  suf f ic ient   to  protect  
periods.  However,  compliance  with  the  Canadian  Federal  “maximum  acceptable” 

publ ic  health. 

Ozone  is  not a pr imary  product   o f   powerp lant   operat ion  but   ra ther  a 

the  Canadian  maximum  acceptable  level  of 160  pg/m’ over  1-hour  for  ozone i s  
secondary  product  formed by solar  photochemical  or  other  reactions.  Although 

exceeded natural ly on occasion a t  Hat  Creek,  the  powerplant i s  not  expected to  

oxidants  associated with the  proposed  project   are  not   predicted  to  adversely 
increase  the  ambient  ozone  concentrations.  Thus,  the  concentrations of 

impact  publ ic  health. 

22.7 POLLUTANTS  IN  COMBINATION 

Recently  attention  has  focused  on  the  interaction  of  various  pol lutants,  which  in 
combination  may  cause  effects  which  are  different  from  when  they  are  present 

wil l  emit  several  different  contaminants.  Further,  much  of  the  epidemiological 
individual ly.  This  concern  has  arisen  because  often a single  pol lut ion  source 

data  available  are  based  on  this  more  realistic  situation.  Two  combinations o f  
pol lutants  have  part icular  relevance to this  proposed  project ,   namely  sulphur 
dioxide and particulates,  and  ozone and sulphur  d ioxide. 

(a)Sulphur  Dioxide/Part icuIates 

addressed  the  effects  of su lphur  dioxide and part iculates  in combination. 
Both  Environment  Canada and  the U.S.  Environmental  Protection Agency  have 

Environment  Canada(66)  has  proposed a maximum  tolerable  level  of 125 000 
( ~ g / m ’ ) ~ ,  calculated as the  mathematical   product  of   mult ip ly ing  sulphur  d ioxide 
concentrat ions by part iculate  concentrat ions a t  the same location  over a 24-hour 

Canada  Gazette. 1976. Department  of  the  Environment.  Canada  Gazette. 
P a r t  1. 7 August  1976. 
€PA. 1976. Project   Plan:  Air   Qual i ty  Cr i ter ia  for   Part iculate  Matter and 
for   Sulphur   Oxides.  U.S.  Environmental  Protection  Agency.  Research. 
Tr iangle Park. North  Carol ina.  

SECTION 22.  EPIDEMIOLOGY  (HUMAN  HEALTH) 22-4 



per iod’ l .   The  Uni ted  States  Environmental   Protect ion  Agency  has  recent ly 
begun  to  develop a s ingle  cr i ter ia  document  for   the  two  pol lutantsi2.  

average SO2 and  part iculate  concentrat ions  over 24 hours  y ie ld  a p roduc t   o f  4992 
When multiplied  together,  the  proposed  project’s  predicted  maximum 

tolerable  level  proposed by Environment  Canada.  Therefore  these  pollutants in 
( ~ g / m ’ ) ~  which  is  more  than  an  order  of  magnitude  less  than  the  maximum 

combinat ion  are  not   predicted  to  present  heal th  problems. 

(b)Ozone/Sulphur  Dioxide 

The  scienti f ic  community  has  been  concerned  for some t ime  about  the  health 
effects  caused by an  interact ion  of   sulphur  d ioxide and ozone. In   t he   s tud ies  
by Bates et  aI . l3  involv ing  the  administrat ion  of   sulphur  d ioxide  and ozone, 
separately  and in combination  to.a  small  group  of  healthy  subjects, a s igni f icant 
and exaggerated  impairment  of  breathing was repor ted  when  the  two gases were 
combined. A collaborative study was undertaken  at  Rancho  Los  Amigos  hospital 
in Los  Angeles by Bell  e t  I n  this study, using Los Angele:; residents as 
well as the  original subjects (of Bates’  study,  the  results  were less conclusive 
than  those  repor ted  or ig ina l ly .   The  synerg is t ic   e f fects   observed  in   Montrea l  
were  not  observed  in  Los  Angeles.  The  alterat ions in vent i latory  performance 
were  due  ent i re ly   to  ozone, wi th  no  changes  due  to  sulphur  d ioxide.  Recent ly a 
g roup   i n   Ca l i f~ rn ia ’~   i nves t i ga ted   t he   e f fec ts   o f   su lphu r   d iox ide  in combination 
with  ozone.  The  observed  effect was so weak that the  existence  of  any  
interaction  could  not  be  determined.  These  data  indicate  that  sulphur  dioxide 
and  ozone  do  not-produce a synergist ic  effect  on  pulmonary  function  in  humans. 

22.8 T R A C E   E L E M E N T S  

In  addit ion  to  major  contaminants  emitted f rom the Hat  Creek  powsrplant  stack, 
su lphu r  and nitrogen  oxides  and  part iculates,  there  would  be a var ie ty   o f  
materials  emitted in v e r y  small quant i t ies - so called  trace  elements.  From 
analyses of Hat  Creek coal, monitor ing  dur ing  combust ion  tests  and  l i terature 
surveys,  est imates  of  the  quanti t ies  of  trace  contaminants  emitted  have  been 
made.  Consideration was given  to  sulphates  and  ni t rates  formed by secondary 
atmospheric reactions of sulphur and nitrogen oxides and  possible emission of 
polycyclic organic ma t te r  and nitrosamines. 

I 3  

10  

1 5  

t h e  Human Lung. pp. 507-540. In  National Academy of  Sciences, National 
Bates, D.V. and M.  Hazucha. 1973. The Short- term Effect!;  of Ozone  on 

Research  Council,  Assembly  of L i fe  Sciences.  Proceedings o f  the  Confer-  
ence  on  Health  Effects o f  Air  Pol lutants.  Washington,  D.C.  3-5  October 
1973. A repor t   prepared fo r  the  Committee on Public  Works,  United  States 
Senate, S .  Res.  135.  Seri;al  No.  93-15. Washington,  D.C. 

Hazucha,  M. and D.V. Bates. 1975. Combined  Effect  of  Ozone and Su lphur  
Dioxide  on Human Pulmonary Function.  Nature. Vol. 257 . pp. 50-51. 
Bell,  K.A.,  W.S.  Linn,  M.  Hazucha,  J.D.  Hackney and D.V.  Bates.  1977. 
Respiratory  Ef fects of Exposure  to Ozone plus Sul fur   Dioxide  in  Southern 
Californians  and  Eastern  Canadians.  American  Ind.  Hyg.  Association 
Journal. Vol. 38. DO. G9Ei-706. .~ ~~ 

IES.  1977.  Interactions o f  Two  Air   Pol lutants,  Sul fur  Dioxide  and  Ozone 
on Lung  Funct ions.  Work performed a t  the  Inst i tute  of  IEnvironmentaI 

, ,  ~~~ ~~~ 

Stress.  Santa  Barbara,  California 
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trat ions  of  trace  contaminants  are  shown  in  Section 6.0, together  with  ambient 
The  emission  rates  and  maximum  predicted  24-hour  average  concen- 

concentrat ions  f rom  the PCB  Objectives.  Based  upon an analysis  of   the 

effects  associated  with  these  pollutants,  no  adverse  health risk i s  foreseen  from 
predicted  values  for   t race  elements  and  the  avai lable  informat ion  on  the  heal th 

the  proposed  project .  

The  trace  elements  emitted  from  the  powerplant  stack  include  the 
radioact ive  e lements  uranium  and  thor ium  and  their   daughter  radionucl ides.  A 
member  of  the  public  could  receive a radiation  dose as a resul t   of   inhal ing 
radioactive gas  and  part iculate  matter,  and as a resul t   of   ingest ing  radioact ive 
mater ia ls  that   f ind  their   way  into  the  food  chain.   Calculat ions  of   the  inhalat ion 
dose  were  based  on  predicted  maximum  ground  level  ambient  concentrations. , 
Calculations of the  ingestion  dose  were made f o r  a person  l iv ing  cont inuously  in 
the  area  having  the  h ighest  concentrat ions  of   radioact iv i ty  in  the  soi l   and 
depending  entirely  on  food  grown a t  that   locat ion.   The  radiat ion dose from  these 
two  exposure  pathways i s  estimated  to be 0 .2   mredannum.  (7) 

most  highly  exposed  individual, in th i s  case a worker  employed  fu l l   t ime  on  the 
An  additional  estimate has  been  made of   the  rad iat ion  received  by  the 

ash  pile.  His  maximum  dose was calculated  to  be 1.7 mredannum  and   i s   due  
pr incipal ly  to  inhalat ion  of   radon  that  is  g iven  o f f  by the  ash. . This too  is a 
worst  case  analysis  and i s  unl ikely  to  be  achieved  in  pract ice.  

These  dose  levels may be  compared  to  higher doses of  about 
130 mrem/annum  received f rom na tu ra l  sources by a person living a t  t he  same 
elevation as the  powerp lant .   Fur ther ,   the  In ternat ional  Commission on 
Radiological  Protection  (ICRP)  recommends a radiat ion  dose  l imit o f  500 
mredannum  fo r   t he   p ro tec t i on   o f   t he   pub l i c .   As   may   be  seen from  predicted 
values,  the  radiological  health  impact  of  the  Hat  Creek  Project i s  expected  to  be 
insigni f icant.  
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SECTION 23. MANAGEMENT OF IMPACTS  INTRODUCTION 

srl 

L. 

Many  alternatives  were  evaluated in planning  the  proposed  thsrmal-electr ic 
generating  development.  Choices  were  made as t o  component  location,  design, 

factors.   Many  of   these choices; have a bear ing  on  the  cost   and  on  the  env i ron-  
u n i t  size,  types  of  components,  environmental  control  technology  and  other 

mental   ef fects  of   the  project .   The  pr imary  purpose  of   Part  IV i s  to   present   an 
evaluat ion  of   the  major  opt ions  for   mit igat ing  the  impacts  of  the proposed 
project .   Informat ion  is  provided  about  the  re lat ive  costs  and  l ikely  benef i ts  of  
var ious  project   a l ternat ives.   The  pr inciples  of   benef i t -cost   analysis  suggest 
t ha t  i t  i s  no t   e f f i c ien t   to  minirnize  environmental  impacts a t  a par t icu lar   s i te  if 
costs of contro l   far   outweigh ,the value  of  foregone  resources,  although  where 
environmental  resource  values  are  very  high,  special  efforts  for  (environmental 
protection  would  be  expected.  Under.  provincial  guidel ines,  developers  are 
expected  to  provide  cost  est imates  of  alternative  proposals  for  reducing 
environmental  impacts so that a satisfactory  level  of  mit igation  can lbe selected. 

A second  objective o f  P a r t  IV i s  to  explain  B.C.  Hydro's  proposals for 
monitoring  project  impacts, and to  discuss  compensation  for  project-related 
impacts  which  cannot  be  mit igated.  The  f i rst   step  is  to  explain  what i s  meant 
by mitigation and compensation. 

Mitigation  measures  are  design  alternatives that may  be  selected t o  
reduce the adverse  impacts  of a project.  In  principle,  mitigat:ion  measures 
should  br ing  about  a reduction in resource  impact  costs a t  least a s  valuable as 
the  cost  o f  t h e  measures  themselves. In  practice,  resource  impacts  associated 
with  thermal  powerplants  are  of ten  d i f f icul t   to  e i ther  predict   or   measure  in 
dol lar terms.  Thus, i t  i s  o f ten   d i f f i cu l t   t o  make  explicit  comparisons  between 
resource losses prevented and the  costs   o f   prevent ion.   For  example, a decision 
t o  locate a powerplant  at  a si te  which  is  more  costly than others, but also  more 
desirable  because  of  smaller or  fewer  environmental  impacts,  may  be  viewed as 
an  eff icient  mit igation  measure,  even  though  the  benefi ts  are  not  completely 
quant i f iable.  

Compensat ion  refers  to  payments  or   programs to  reimburse  losses 
which  cannot  be  prevented by mitigation  measures.  The  general  question  of 
whether  compensation  should be pa id  by developers fo r  losses to  publicly owned 

established by B.C.   Hydro   on   th ree   o f   i t s   recent   hydroe lec t r i c   p ro jec ts  
resources i s  under  discussion by provincial agencies, but  precedents  have  been 

(Revelstoke,  Seven  Mile  and Peace Canyon).  In  general  terms,  compensation 
can  be  discussed  on  the  grounds  of  either economic e f f i c iency   o r   equ i ty .  

Economic ef f ic iency  is a measure of t he   re tu rn  tha t  resources earn  in  
different  uses.  Generally  speaking,  resources a r e  used  in  the  most  eff icient or 
social ly  desirable  manner  when  they  generate  the  highest  return  and  thus 
produce  the  maximum  benef i ts  to  society.   For  resources  to  earn  their  full social 

f o r  a l l  resources  used  even i i  th is  i s  not  t he  usual pract ice  in  normal market 
value, and for  developments to   re f lect  full social cost, payments should be  made 

transactions. The efficiency  rl2quirement  for  compensation  suggests that  public- 
ly-owned  resources  should  be  paid  for   or   replaced if adversely  affected by a 
development. 

Equliy  factors  are  important  :because-  resource  development  projects 
af fect   cer ta in  groups wi th in   soc iety   to   vary ing degrees. For  example, some 

while  others  may  be  disadvantaged by adverse  environmental   ef fects.   The 
people  l iv ing  near a thermal  project  may  benefit  from  employment  opportunities,. 
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implications  of  resource  developments  upon  social  equity  form  one  basis  for 
decisions by governments about compensation.  Thus,  compensation  payments  on 
equi ty  grounds  would  be  made  for   programs  which  are  d i rected  to  people  who 
are  negat ively  af fected. 

analyze  the  des i rab i l i ty   o f   investment   in   pro jects   f rom a "social"   or   "publ ic"  
The  project's  benefit/cost  framework  uses  economic  principles to 

standpoint.  Social  benefit/cost  analysis i s  a method  for  comparing  costs  and 
re tu rns  of developments  f rom  di f ferent  v iewpoints.  

Benefi t /cost  analysis  dif fers  from  corporate  f inancial  analysis,  or  the 
"pr ivate"  v iewpoint ,   both in t h e   t y p e s  of costs   and 'benef i ts   cons idered  and  the 
ways in which  costs  and  benefi ts  are  treated  when  market  prices  do  not fully 
ref lect   social   value.  The  Provincial   Guidel ines  for   Benef i t /Cost  Analysis (59) 

income  (efficiency),  regional  income  (equity) and the  env i ronmenta l   account .   In  
recommends that results  be  displayed  on  three  separate  accounts:  provincial 

costs  of a project   regardless  of   to  whom  they  accrue  wi th in  the  province.  The 
briefest  terms,  the  provincial  income  account  adds  up  the  social  benefi ts and 

regional  income  account  considers  equity  effects by speci fy ing  who  gains and 
who loses. The  environmental  account  is a descr ipt ion  of   environmental  and 
socio-economic  effects  which  can  not  be  evaluated in income  terms. 

from  the  Hat  Creek  project.  Section  24.0  discusses  the  mit igation  measures 
Par t  IV discusses  B.C.  Hydro's  approach  to  management  of  impacts 

incorporated into the  pro ject  components. The main focus of this section is an 
assessment of t h e  benef i t s  and  costs  of   a l ternat ive  a i r   qual i ty  control   systems. 
Section  25.0  discusses B.C.  Hydro's  approach  to  compensation,  whi ' le  Section 
26.0 outl ines B . C .  Hydro 's  proposals for   monitor ing  of   impacts.  
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SECTION 24. MITIGATION  ALTERNATIVES 

d 
59 1 
(References: 14, 16, 17, 24, 215, 29,  30, 32, 36,  37,  38,  43, 44, 50, 51, 52 , I  55 

In  this  section, some of  the  major  mit igation  alternatives  avai lable  to 
B.C.  Hydro  are  considered.  'There  are a large  number  of  decisions  required 

kd 
when  designing a rr iajor  power  faci l i ty  which  involve  choices  that  could  reduce 
impacts a t  a certain  cost.  The  major  alternatives  discussed  here  include  si te 
selection,  design,  powerplant a i r  quality control  system  and socio-economic 
mitigation  measures. A benefi t /cost  analysis  of  mit igation  alternatives  is 

these  decisions  were  assessed by comparing economic,  environmental  and  social 
benef i ts  to  their   dol lar   costs,   fo l lowing  the  conceptual   f ramework of benefi t /cost 
analysis. 

#Id included  for   the  powerplant  a i r   qual i ty  control   systems  (AQCS).  However,   a l l  

kd 
'The fol lowing  analysis  presents  capital and operating  costs  of  the 

ia 
various  systems in discountgd  present  value  terms, a t  uninf lated 1980 pr ice  

No. 1 of  a 2000 MW (net)  development.  Present  worth  totals  are  shown  at 3, 6 
leve ls .   The  re ference  po int   for   d iscount ing  is  a 1988 in-serv ice  date  for   Uni t  

and 10 percent  discount  rates,,  These  discount  rates  are  net  of  inf lat ion and 

estimate  of  the  social  opportunity  cost  of  capital  used  in  i ts  projects  (6 
percent)  and the   ra te  recommended in  the  Provincial  Guidel ines(59)  (10 
percent) .  

4 d  correspond  to  B.C.  Hydro's  real   cost   of   capi ta l  (3 percent ) ,   B .C.   Hydro 's  

19 

nrl 24.1 SITE  SELECTION 

A si te  evaluat ion  study was undertaken by Integ-Ebasco(30)  for  B.C..  Hydro  to 
determine  the  best  location  for a powerp lant   fac i l i ty   which  would  burn  Hat   Creek 
coal. Eight  si tes  were  considered in the  detailed  evaluation;  of  these,  three 
were in proximity  to  the  load  centre  of  the  Lower  Mainland  (Dunsmuir,  Bri tannia 

mouth, H a r r y  Lake and Ashcrof t )  and two s i t e s  were in relat ively undeveloped 
Beach and Stave  Lake),  three  were in p rox im i t y   t o   t he  coal deposit  (mine 

areas (B ig   Ba r   C reek  and Soda Creek) .  

These s i tes were  assessed by compar ing  the i r   re la t ive ranking f rom 
three  d i f ferent   cr i ter ia ,   or   "amounts" :  the environmental suitability account, 
the  engineer ing economic  account, and the  engineering  confidence  account. In 
the  environmental sui tabi l i ty  account, an index was developed  to  indicate 
qual i tat ively  the  potential  effects  of  the  development a t  the  var ious  s i tes  upon 
a i r  qual i ty,  water  resources,  terrestr ial and aquatic  ecology, land use, aesthet- 
ics  and  socioeconomics. The engineer ing economic  account was based  upon an 
analysis  of  the  comparative  costs of the  development  at  the  various  si tes.  The 
account  analyzed  both  capital  and  operating  costs of components  which  would 
di f fer   f rom  s i te  to  s i te,   including  powerplant  water  'systems, coal t ransportat ion 
costs,  powerplant  access  facilities,  waste  disposal  areas  and  transmission  lines. 
The  engineering  confidence  account  presented a qualitative  assessment  of  the 
engineering  characterist ics  of  the  various  si tes,  including  f lexibi l i ty, ease of  
construction,  avai labi l i ty of borrow  areas,  geotechnical stability, soil 
permeabil i ty and other  factors.  
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Each account  provided an independent  ranking  of   the  a l ternat ive 
sites, as shown  in  Table  24-1.  The  environmental suitability account  favored 
three  s i tes:   Harry  Lake,  Big  Bar  Creek  and Soda Creek.  Powerplants a t  
these  locations  would  have  lower  ratings  on  the  environmental  impact  index  of 
Table 24-1, indicating  better  environmental  compatibi l i ty  than  other  si tes. 

In   the   eng ineer ing  economics  account,  sites  exhibit ing  relatively  lower 
costs  were  the  mine  mouth,  Harry  Lake  and  Ashcroft.   The  mine  mouth  si te, 
with  obvious  advantages in terms  of  transport  costs, was considered  the  "base 
cost"  location.  Both  the  mine  mouth  and  Ashcroft  sites  rated  poorly  in  the 
environmental  suitabi l i ty  account,  due  primari ly  to  air  qual i ty  considerations. 

environmental ly  preferred  s i tes  rated  highly.   Because  Harry  Lake i s  adjacent 
Final ly,  in  the  engineering  confidence  account, each o f   the   th ree  

to  the  mine  development, it af fords  the  greatest   f lex ib i l i ty   and  fewest   cr i t ica l  
problems  for  rel iable  operation. 

From a l l  three  v iewpoints,   the  Harry  Lake  s i te was highly  rated.  Big 

burdened  with  higher  costs.  The  lowest  cost  si te, a t  the  mine  mouth, was 
Bar  Creek  and Soda Creek  were  cons idered  a t t ract ive  a l ternat ives,   but   were 

rejected  due  to  environmental   factors.   In  select ing  the  Harry  Lake  s i te,   the 
present  worth  of  capital  and  operating  costs  were  increased by 56.9 M5 (us ing a 
6 percent  discount  rate)(55)  in  order  to  reduce  the  air  qual i ty  impacts  of  the 
project  (see Table  24-2). 

24.2  DESIGN  ALTERNATIVES 

The  two  major  areas  of  project  design,  other  than  powerplant AQCS, which  have 
alternatives  affect ing  environmental  impacts  are  ash  disposal  and  dust  control.  

(a)  Ash  Disposal (32,381 

Three  d i f fe ren t  schemes f o r  disposal of powerplant ash were  evaluated  in  detail, 
two  involved  "wet"  disposal  of ash, o r  ash  mixed  with  water, and one scheme 
involved "dry" disposal.  The  choice  of an ash  disposal  system  is an important 
component,  of  project  planning,  since  ash  leachates  could  adversely  affect  the 
local  environment  if  the  ash i s  not   d isposed  of   in an acceptable  manner. 

Table 24-3  shows the  present   wor th  o f   d i f ferent ia l   costs   o f  "dry" v s  
"wet"  disposal schemes. A l l   th ree  schemes would  produce  approximately  the 
same benef i ts  in  terms  of   powerplant  operat ion.   Dry  ash  disposal  i s  s igni f icant-  
l y  less costly  than  wet (38); it is  therefore  the  preferred  system  in  terms  of  
engineer ing  costs.   Dry ash disposal  would  also be the  prefer red  system  f rom 
most  aspects  of  environmental  impacts  (32). I t  has advantages  over  wet 
disposal  systems  in  terms  of  effects  on  water  quality  and  land  resources, a 
signif icant  advantage  in  terms  of  visual  impact, and shows  good  potential  for 
reclamation. 

D r y  ash disposal i s  therefore  the  prefer red  system  f rom  both an 
economic  and  environmental  standpoint.  This  approach has been  incorporated 
into  the  proposed  Project  design. 

(b)  Dust  Control  (14,361 

Two  alternative  designs  were  considered  in  successive  stages of project  
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ENVIRONMENTAL  RANKING OF ALTERNATIVE  SITES (30)  
TABLE 24-1 

Sites 

Britannia  Beach 

Stave  Lake 

Dunsmuir  

Mine  Mouth 

Ashcro f t  

Soda Creek 

B ig   -Bar   Creek  

Har ry   Lake2  

Environmental  Ranking 
Impact I ndex 

100.0 

88.9 

65.8 

47.6 

37.8 

29.9 

27.9 

26.2 

1. Low  values  indicate  environmental  site  compatibil i ty. 

2.  The  proposed  site. 

p lanning  for   the  mine  complex.   These  al ternat ives  have  di f ferent  impl icat ions 
f o r  dust contro l .   In  an early  stage of evaluat ion,   the  layout  of   the  mine 
complex  was  organized  such  that  there  could  have  been  potentially  significant 
impacts  from dust (14).   Af ter   prel iminary  studies,   B.C.  Hydro  had  i ts  consul t -  
a n t s  p repare  a plan for   reducing  dust   f rom  the  mine  area  (36) .   The  p lan 

exposure  of  erosion  surfaces,  and  water  spraying  on  roads  (see  Section  3.2d). 
includes  lneasures  for   dust   control   such as use  of  windbreaks,  minimum 

The  addit ional  costs  for  these  dust  control  measures  are  est imated  at  between 2 
MS and 3 MS. 

24.3 BENEFIT/COST  ANALYSIS  OF  AIR  QUALITY  CONTROL SYSTEMS 
(25,29,37,50) 

3 

L 

( a )  In t roduct ion 

Throughout  the  impact  assessment  (Part I l l ) ,  the  discussion of a i r  quality 
effects of the   p ro jec t  has beer1 mainly based on the  proposed  air   qual i ty  control  
systems  (AQCS),  which  consist  of  electrostatic  precipitators ;and f lue  gas  
desulphurization  (FGD).  Other  pol lut ion  control  technologies  were a l so  consid- 
e red   fo r   th is   p ro jec t ,  (14,291 which  would  involve  alternative  costs and d i f fe ren t  

and  environmental  consideration.  The  engineering  aspects  are  presented  in 
levels  of reliability and  protection.  These  systems  received  botn  engineering 

this  sect ion.   Al though  B.C.  Hydro has  made a recommendation,  (the  "Proposed 
Section  3.3(c)  while  the  costs and environmental  considerations arc!  presented in 

Project")  having  considered a l l  aspects, the  f inal  decision  remains  with  the 
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TABLE  24-2 
PRESENT  WORTH  OF  DIFFERENTIAL  COSTS  OF  HARRY  LAKE 

VS MINE  MOUTH  SITE (55) 
(M$ 1980) 

Discount  Rate 
(%/annum)  Extra  Cost  of  Harry  Lake  Site 

3 7 7 . 6  

6 56 .9  

10 42.1 

government  through  the  l icensing  process.  The  quest ion  addressed in th is  

other  possibi l i t ies.  
section i s  how the  proposed  combination  of  control  systems was selected  over 

Decisions on expendi tures  for   the  cont ro l   o f   a i r   po l lu tants   have  to   be 
made f i r s t  on  the  basis  of  protecting  human  health  and  then  on a comparison  of 
benef i ts  der ived  f rom  pol lut ion  control   wi th  the  costs  of   that   control .   Benef i ts 
of  pollution  control  can  be  generally  defined as avoidance  of economic  damage to  
na tu ra l  resources, f u r t h e r  protection of public health and reduction in r i s k  of 

expendi tures that  would  be borne by electr ici ty  consumers. 
environmental degradation. The  costs  would  be t h e  extra  capital  and  operating 

Figure  24-1. Costs of  environmental  control,  shown  on  l ine A, increase as the  
The  t a s k  faced by project  planners i s  shown  schematically  on 

the  benefi ts  of  pol lut ion  control  increase) as pol lutants  are  reduced, as shown 
level  of  pollutant  emissions is  reduced;  costs  of  environmental  damage fa l l  ( i.e. 

on  l ine  E.   At  some point,  shown  schematically a s  the  "Optimum  Level",   the sum 
of the  costs  of  environmental  control plus the  cost  of  environmental damage 
gives  the  lowest  "Total  Cost  to  Society"  shown on l ine C. Fur ther   cont ro l  
expendi tures  would  not   be  economical ly  just i f ied  s ince  the  addi t ional   cost   would 
exceed  addit ional  benefi ts.  The  best  control  system  is  therefore  one that 
involves  minimum  total  costs  to  society. 

The  concept  of  select ing  pol lut ion  control  systems  on  the  basis of 
costs  and  resul t ing  benef i ts i s  expl ic i t ly   supported  in  the  provincial   Pol lut ion 

the  environment's  assimilat ive  capacity  within  l imits  that do not lead t o  
Control  Board  Objectives (50).  The  ob ject ives  prov ide,   f i rs t ly ,   for   the  use  o f  

unacceptable  conditions,  and  secondly,  for  adopting  pollution  control  strategies 
in  which  the  expected  benef i ts  just i fy  the  costs.  

(b)  Measuring  Benefi ts  and  Costs 

While  pollution  control  costs  are  relatively  easily  estimated,  benefits  of  pollution 

the  levels  of   pol lut ion  that   begin  to  cause  environmental  damage, and  then  to 
control  a r e  not. To determine  benefi ts  from  control,  it i s  necessary  to  establ ish 

damage  can be  measured in  dollar  terms,  such as the economic value  of  reduced 
measure  the  costs  created by tha t  damage.  Certain  kinds  of  environmental 

fo res t   g rowth   due  to  a i r  emissions.  But  other  kinds  of  pol lut ion  costs,  such as 
effects on overal l   environmental   integr i ty,   cannot  be  fu l ly   measured  on an 
economic bas is .  Moreover,  there is  always a degree  o f   uncer ta in ty ,   or   r isk ,  
attached  to  projections  of  impacts  and  costs  of  pollution. 
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TABLE 24-3 
PRESENT  WORTH OF DIFFERENTIAL 

COSTS  -OF ASH DISPOSAL ALTERNATIVES 
DRY  vs WET (32,381 

(MS 1980) 

Discount  Rate  Present  Worth  of  Extra  Capital  and 
(%/annum)  Operating  Costs  of Wet Ash  Disposal 

3 55.0 

6  35.6 

10 22.9 

be  rel iably  developed,  the best approach  is to   use   ind i rec t  measures. A i r  
Since a complete  measure of   the  cost  of  environmental damage cannot 

pollution  concentrations  which  cause  environmental  damage  are  the  basis  upon 
which  regulatory  agencies  set  ambient a i r  qual i ty  standards.   Ambient,pol Iutant 
concentrat ions  or   quant i t ies in t h e   a i r  a t  ground  leve l   are a more  direct  indica- 
tor   of   environmental   impact  than  emission  levels  or   quant i t ies  leaving  the 
powerplant  stack.  For example, a given quan t i t y   o f  SO2 emission in a val ley 
bottom  creates  greater  risk  of  environmental  damage  than  the same emission  on a 
hi l l top,  because  higher  ambient  concentrat ions  would  result  from  releases in t h e  
valley  where  much  less  dispersion  would  occur.  The  evaluation  yardstick 
adopted in th is  analysis  is   whether  suf f ic ient   control  i s  p rov ided  to   p ro tec t  
human  health  and  to  minimize  r isks  to  environmental  qual i ty.  The  specif ic 
control   levels  which  provide t h i s  measure  of  protection  have  been  established in 
the  scient i f ic   l i terature.   They  were  reviewed by B.C.   Hydro   and  i t s   env i ron-  
mental   consul tants  for   the  Hat  Creek  Project  as well as by ,':he prov inc ia l  
Pol lut ion  Control  Board  (PCB) (50) .  The  PCB's  ambient  objectives  specify 
levels of pollutant concentrat ions  which  they  consider  acceptable in that  human 
health  is  protected and hazards  to  environmental quality are  minimized.  The 

assumed t o   b e  a t  least as g rea t  as the  costs.   Control   of   pol lutants  to a more 
benefi ts  of  keeping  ambient  concentrat ions  within  the  specif ied  ranges  are 

s t r ingent   degree  must   be  evaluated  in   terms  o f   fur ther   reduct ion in the   r i sk   o f  
environmental damage. 

I n   o r d e r  to faci l i tate  comparisons  of air qual i ty  strategies,  consultants 
have  examined the environmental impacts of employing  meteorological  control 
systems  with 244 m and 366 m high stacks,  and  of  f lue  gas  desulphurization. 
The  impacts  from  the  proposed  project as they   re la te   to  a i r  qualit,y (366 m h igh  
stack with  FGD) a re  presented in  Sections 6.0 th rough  10.0 and 22.0. In  
addi t ion  to  these  descr ipt ions  the  impl icat ions  of   a l ternat ive a i r  quality strate- 
gies  are  described  in  environmental  terms,  and  comparative  costs are provided. 

Control  of  these  pol lutants  is  analyzed  because  they  are  l ikely  to  be  the  most 
This section  focuses  on  control  of sulphur dioxide  and  part iculates.  

significant  gaseous  emissions  from  the  Hat  Creek  Project.  An  important  reason 
for   present ing  th is   analys is   is   that   whi le   the  proposed  pro ject   prov ides  for  a 
high level  of  environmental  protection by meeting  provincial  Objectives (501, 
o t h e r   a i r  quality control  strategies  could  reasonably  be  considered a t  lesser 
costs   that   would  resul t  in greater  impacts but which  could  st i l l   be  v iewed as 
acceptable. 
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Creek,  ut i l iz ing  pol lut ion  control  measures  which  would  be  adopted as standard 
The  analysis  begins  wi th a basic  powerplant  (or  base case) a t  Hat 

powerplant  practice  in  Canada.  Then  progressively  more  str ingent  and  more 

weighing  the i r   addi t ions  to   pro ject   costs   in   re la t ion  to   the  va lue  o f   fur ther  
costly  environmental  mitigation  measures  are  evaluated  for  the  project by 

pol lu t ion  cont ro l .   Three  a l ternat ives  for  SO2 contro l   and  three  a l ternat ives  for  
control  of  part iculates  were  considered.  These  alternatives  are  evaluated  in  the 
following  subsections. 

(c )   The Base  Case 

Adopt ion  of   typical   coal- f i red  powerplant  design  would  lead  to a "base  case" 
powerplant  for   the  Hat  Creek  project   wi th  the  fo l lowing  speci f icat ions.  I t s  
location  would  be a t  the  mine  mouth,   i .e.   in  the  val ley  bot tom.  To  control  
particulate  emissions, it would use electrostat ic  precipi tators.   For  sulphur 
dioxide  control,  a high  mult i- f lue  stack  would  be  used  to  disperse  the  emissions. 

Such a powerplant was considered  in  the  si te  select ion  studies,  and 
the  mine  mouth  si te was shown  to  be  the  least  costly  location  from an engineer- 
ing  v iewpoint .   But ,   on  the bas is  of  meteorological  records  and gas t racer  
studies, it was judged  that  powerplant  emissions  would  tend  to  be  trapped  in 
the  val ley  causing a h igher  risk of  environmental  damage.  The  costs  of  such 

with  avai lable  f lue gas desulphurization  equipment,  to  just i fy  relocating  the 
damage were  not  calculated but were  considered  to  be  significant  enough,  even 

addit ional  cost  that  would be i ncu r red  a t  t he   Har ry   Lake  si te.  
powerplant on h igher  ground a t  t h e  H a r r y  Lake si te.  Table  24-2  shows  the 

The  next   s tep was to  determine  whether  th is  "base case" powerplant, 
located 500 m higher  in  e levat ion a t  the   Har ry   Lake site,  should  incorporate 
fur ther  mit igat ion  measures  to  control  a i r  po l lu t ion.   A i r   qual i ty   model ing 
studies  undertaken by Environmental  Research & Technology  Inc.  (14)  indicated 
that   the  powerp lant  a t  the   Har ry   Lake  s i te   burn ing   per fo rmance coal and  operat-  
i n g  a t  full  load  would, on occasion,  when  unusual  atmospheric  conditions  occur, 
produce  ambient  concentrations of  SO2 and part iculates  which  would  exceed  the 
PCB  Objectives  and  would  therefore  be  considered  unsatisfactory.  These 

damage would resul t .  A l though  there i s  no  way to  measure  ful ly  the  costs 
potential  exceedances  of  acceptable  ambient  levels  indicate  that  environmental 

associated  with  this damage, the  benef i t   cr i ter ion  out l ined  above  indicates  that  
fu r ther   expend i tu res   fo r   m i t iga t ion   a re   war ran ted .  

(d)  Sulphur  Dioxide  Control 

Three dif ferent  technologies may be  considered  to  mit igate a i r  impacts by 
reduc ing   the  quant i ty  of  contaminants  released f rom the  powerplant  stack. 
Ei ther coal  beneficiation  or a meteorological  control  system  (MCS)  or  both,  could 
be  expected  to  meet most of the a i r  qual i ty  Object ives but no t   t he  emission 
objectives. A thi rd  a l ternat ive,   f lue  gas  desulphur izat ion  (FGD),  would  provide 
greater  control  of  pollutants  and  allow  compliance  with  all PCB Objectives. 

measures was that,  as wi th  a l l  other  aspects  of  the project,  there  should  be  no 
A fundamental  cr i ter ion  for  the  evaluation of   su lphur   d iox ide  cont ro l  

adverse  effect  on  health.  Al l  cases considered  below would meet th is   c r i te r ion .  

( i )  Coal Beneficiation 

some of i t s  impurit ies.  Beneficiat ion  would  increase  the heating  value and 
Beneficiat ion  improves  the  qual i ty  of coal by washing  to  reduce 

reduce  the ash, su lphur  and trace  element  content of  the coal, and 
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consequently  would  reduct?  the  total  amount  of  pol lutants  released  into  the 
atmosphere. 

It should  be  pointed out here that the re   a re  a number  of  serious 
technical  problems  associated  with  beneficiation  of  Hat  Creek  coal. (43) As a 
result,  specialist  consultants came to  the  fo l lowing  conclusion: 

"The  principal  conclusion i s  that a l l  Hat  Creek samples  show d i f f i cu l t  
beneficiat ion  characterist ics and thus  there  is  no  beneficiat ion  process 
p lan t  scheme which  can  be  recommended for   inc lus ion in the   Hat  
Creek  Project a t  this  stage."16 

However,  further  consideration  of  beneficiat ion  would  be  pursued 
as operational  experience i s  gained  wi th  respect  to  select ive  mining and 
actual  production  of  low  grade  coals. ' The  estimated  costs  and  benefits  of 
partial and ful l  beneficiat ion  of coal are  presented  below  to  provide a 
measure of the  potent ia l   of   th is  method  for   the  control   of   emissions. 

A.  Costs  of  Beneficiation 

the  beneficiat ion  plant:  are  shown in Table  24-4  for   both  fu l l   washing 
The  est imated  present  value  of   capi ta l   and  operat ing  costs  for  

and part ia l   washing.  In  addi t ion  to  these  direct   costs,   there  are  a lso 

ef f luents  which  would  require  handl ing,   t reatment  and  disposal   to avoid 
related  indirect  cost:;. The processes  would  produce ta i l ings  and 

adverse  effects  on  water  resources.  Overal l   ut i l izat ion  of  the coal could 
decrease  with  washing as  a port ion  would  be  lost  in the  ta i l ings.  
Greater  quant i t ies  of  coal could  therefore be requi red  to   o f fset   these 
process  losses. 

B.  Benefits  of  Coal  Beneficiation 

a.nd operating  costs of t h e  powerplant and reduction in t h e  emission  of 
Benefits  of  coal beneficiation include  reduct ion  in the  capi ta l  

some contaminants. By  a l lowing the powerplant to  operate  more 
ef f ic ient ly ,   the  to ta l  capi ta l   and  operat ing  costs  wi th in  the  powerplant 
would be reduced. Ash  handl ing and  disposal  quanti'ties  would  be 

benefi ts a r e  shown in Table 24-4. 
lessened, a n d  the phys ica l  size of the  boilers may  be reduced. These 

der ived  f rom  the  reduct ion in r isk  of   environmental  damage  and  costs, 
Environmental benefi ts f rom coal beneficiation would be 

due  to  reduced  pol lutant  emissions.  Limited  laboratory and pilot scale 
studies indicate tha t  sulphur dioxide  emissions  could  be  reduced by 
approximately 9 percent   wi th  part ial  washing  and by 20 t o  the  theore- 
t ical  maximum of  35  percent  wi th ful l  washing,  providing a continuous 
reduction o f  a i r  pol lutant emissions.  However  even  with full 
beneficiat ion  and  sulphur  removal  to the maximum  theoretical  l imit  the 

f o r  high  ambient  conc:entrations  would be  reduced  wi th  beneficiation, 
PCB emission Objectives  would not be met  (Table  24-4). The  potent ia l  

but   not   to   the  leve l   cons idered fully acceptable in terms o f  PCB  ambient 
Objectives  without  addit ional  control.   No  detai led  evaiuation  of  the 
environmental  benefi ts  of  beneficiat ion  has  been  undertaken as has  been 

l 6  Cominco - Moneco Jo int   Venture - Hat  Creek  Project - Mining  Feasibi l i ty  
Report - Ju l y  1978 Volume  VII I   Appendix  B.  
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PRESENT  WORTH  COSTS  OF  COAL  BENEFICIATION (25,441 
TABLE 24-4 

(MS 1980) 

Partial 
Direct  costs 

Less  powerplant  benefi ts 

Net  costs 

Ful l  
Direct  costs 

Less powerplant  benef i ts 

Net  costs 

3 

128 

-48 - 
80 

317 

-117 

200 
- 

Discount  Rate 
(%/annum) 

6 10 

74  41 

-32 - 22 

42 19 
- - 

179  96 

- 78 -51 

101 45 
- - 

REMOVAL  OF  SULPHUR DUE TO  COAL  BENEFICIATION 

Partial  Full  Unwashed PCB  Emission 
Units  Washing Washing Coal  Objectives - - 

Emissions a t  Stack 
Out le t  

Sulphur   d iox ide  mg/kJ 0.52  0.45-0.37 0.57 0.09-0.34 

Removal  Efficiencies 

Sulphur   d iox ide 
removal  efficiency 
(approx.  1 % 9  20-35 N/A  N/A 

done  fo r   the  MCS cases and  f lue  gas  desulphurization.  However, 
qual i ta t ive ly   the  reduct ion in SO2 emissions f o r  ful l  beneficiation and a 
244 rn stack and MCS would  produce  benefits  intermediate  between  those 
f o r  the 244 m stack  wi th  MCS case and t h e  52 percent  FGD (SO2 
removal)  case  (see  Sections 24.3 (ii) and ( i i i ) ) .  

(ii) Meteorological  Control  Systems (37) 

A meteorological  control  system  (MCS)  is a set of procedures  to  
reduce  the  project 's  a i r   pol lutant  emissions  when  atmospher ic  condi t ions  are 
predicted  to  cause  unacceptable  ambient  concentrat ions  of S02. The  MCS 
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would  use  either a switch  to  low  sulphur coal or  powerplant  load  reductions 
to   cut   back on  emissi.ons. A t   o the r  times,  emissions  from  the h4CS control led 
powerplant  are  the same as. those  shown  on  table 6-2. 

' Closely  related  to  the  selection  of  the MCS is  the  choice  of 
powerplant  stack  height. A higher  stack  would  bet ter  d isperse  the 
powerplant's  emissions  over a wider  area  and  fur ther  reduce  average 
ambient  concentrations,  hence  the MCS procedures  would  have  to  be 
invoked less often.  Two  alternative  stack  heights  were  considered, 244  m 
and 366 m. 

A.  Costs  of MCS 

There  are  two  components  to  costs  of  the MCS alternatives: 
the  capi ta l  and operating  costs,  and  the  costs  of  replacement  power. 

the  project,  that  power  must  be  replaced by other  sources.  General ly 
Since  the MCS may involve  occasional  reduction  in  power  output  from 

this  power  replacemerlt  would come from  stored  water  which  could  be 
released  through a hydroelectr ic  powerhouse.  The  replacement  of  Hat 
Creek  power  with  short-term  hydroelectr ic  power  involves an oppor tu-  
nity  cost,  since  the  released  water  would  no  longer  be  avai lable  to 
produce  power  when  needed  in  the  future.  The  value of the   oppor tu -  
nity cost  could  range  from  zero  ( i f   the  water  would  not  be  required  for 
power   in   the   fu tu re)   to  25 mil ls/kW.h.  The  costs  of  the MCS system 
with  alternative  stack  heights  are  shown  in Table 24-5, with  the  power 
replacement  costs  valued a t  25 mi1WkW.h.  In  winter  months  the MCS 
system  would  normally  employ  low  sulphur coal to  reduce  ambient 
concentrations,  rather  than  load  reduction.  The  cost  of  power  replace- 
ment  in  th is case would  be  zero. 

The  operational success  of  such a system  depends  on  the 
forecasters '   abi l i ty   to  predict   correct ly  the  occurrenc,e  of   adverse 
meteorological  condit ions.  The  staging  of  unit   addit ions (500 MW added 
each year from 1988 t o  1991) would  provide  several  years  when  the 
powerplant  would  be  operating a t  a reduced  emission  rate,  presenting a 
much  smaller risk to  the  environment  f rom  predict ion  inacwracies,   whi le 

tune  the  mathematical model used  for  predict ing  ground  level  concen- 
a t  the same time  developing a n  extensive da ta  base  wi th  which  to  f ine 

t r a t i o n s .  
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TABLE  24-5 
PRESENT  WORTH  COSTS  OF  METEOROLOGICAL  CONTROL  SYSTEMS (44) 

(MS 1980) 

Discount  Rate 
(%/annum) 

244  m Stack 

Capital  and  operating  (MCS) 

25 mills/kW. h 
Power  replacement a t  

T O T A L  

366 m Stack 

Capital  and  operating  (MCS) 

incremental cost of h igher  s tack  

T O T A L  

3 

25 

18 

43 
- 

25 

12 

37 
- 

6 10 

15 9 

10  5 

25 14 
- - 

15 9 

9 5 

24  14 
- - 

1. For 366 m stack,  no  load  reductions  are  predicted  to  be 
necessary. 

B.  Benefi ts  of MCS 

Benef i ts  of   the MCS with  e i ther  stack  height  would  be a 

to   the  uncontro l led case. 
reduct ion  in  risk of  environmental damage from  air  pol lutants  compared 

ambient  concentrat ions  which  would  otherwise  occur  during  periods 
The  meteorological  control  system  would  reduce  the  peak 

when  adverse  atmospheric  conditions  do  not  allow  sufficient  dispersion 
of  emissions.  With  this  system  and  either a 244 m o r  366 m stack,  the 
project  i s  predicted  to  operate  within  the  PCB  Ambient  Objective  levels, 
wi th  the  except ion  of   the 1 hour  peak SO2 concentrat ion  (Table  24-6). 
This Objective  level  would be exceeded  for  short  periods each year  on 
l imi ted  areas  of   h igh  ground  (Table  24-7).   The  ef fect   of  a h igher  stack 
would  be  to  reduce  the  peak 1 hour  sulphur  d ioxide  concentrat ion 

t ra t ions exceeding  the PCB 1 hour  Ambient Objective. 
s l igh t ly  (Table  24-6) and reduce t h e  area of  land  subjected  to  concen- 

The  vegetation  species  affected by the,  proposed  project  
emissions  are  summarized  in  Table  24-8.  Details  of  the  distribution  of 
i n j u r y  by area f o r   t h e  244 m MCS case are  given  in  Table  7-3.  The 
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MAXIMUM  PREDICTED  AMBIENT  CONCENTRATIONS 

TABLE  24-6 

DUE TO POWERPLANT STACK EMISSIONS  (47,501 
( d m 3 )  

PCB 
Contaminant  Objectives(50) 

Stack 

Sulphur '   Dioxide (SO21 

annual  average 25 t o  75 
24-hour maximum 160 t o  260 
3-hour  maximum 375 t o  665 
1 hour  maximum 450 t o  900 

Nitrogen  Dioxide  (NO21 3 

annual  average 
24-hour maximum 
1 hour  maximum 

Carbon  Monoxide  (CO) 

annual average 
24-hour maximum 
1 hour  maximum 

3 

MCS' 
wi th  
244 m 
Stack - 

9.3 
260 

1730 
648 

2.4 
67 

446 

0.5 
14 
96 

MCS' 
wi th  
366 m 
Stack - 

7.0 
260 

1 644 
647 

1.8 

424 
67 

0.4 

91 
14 

"Proposed 
Project" 
FGD' 

366 m 
with 

Stack 

4.5 

366 
208 

825 

2.5 
116 
460 

0.5 
25 
99 

1. Meteorological Control System. 

2 .  Flue Gas Desulphurization - 52 percent SO2 Removal. 

3.  Ambient  level not defined in PCB  Objective. 

areal  extent  over  which  injury  levels  above 5 percent  occur i s  estimated 
to   be  re la t ive ly  small. A similar  distr ibution  heavi ly  weighted  towards 
t h e  < 5% injury level  appl ies  to  the 366 m MCS case. For the 244 m MCS 
case, the  total  area  of  vegetation  affected  is 133 km2, whi le   wi th   the 366 
m MCS case th is  i s  reduced  to 101 kmz  The  level  of in jury  i s  a lso 

in jury   leve ls  greater  than 5 percent.  
reduced  with the  h igher stack part icularly in those  species  displaying 

The  e f fect   o f   the  two MCS cases on  forest ry  i s  shown on 
Table 24-9.  With t h e  ta l ler   s tack  the loss in mean annual  increment 
(MAI)   due  to  SO2 is  about  half of tha t   w i th   the   shor te r  stack: 
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TABLE  24-7 
LAND  AREAS EXPOSED AND  DURATION OF EXPOSURE 

TO 1 HOUR  AVERAGE  AMBIENT  CONCENTRATIONS OF SO2 
GREATER  THAN 900 pg/m' (14,501 

(Upper  PCB  Objective) 

Land  Areas  Exposed 
( km2) 

244  m 366 m 
Stack  Stack 366 m Stack 1 Hour  Concentrations  Percent 

Project"  Exposure  to  Ambient 

+ MCSl  + MCS + FGD' Greater  than 900 pg/m'  of  Time 

"Proposed  Hours  per  Annum 

400 300 0 1-9 less  than 0.1 

300 200 0 9-45 0.1-0.5 

100 40 0 45-88 0.5-1.0 

1. Meteorological  Control  System. 

2 .  Flue Gas Desulphurization - 52 percent  SO2 Removal. 

owed by the  e f fect  of f luoride  emissions. 
However, in   both cases,  losses due  to  these  contaminants  are  overshad- 

agr icu l tura l   capabi l i ty  classes 1 to  5 would  be  affected i s  shown  in 
The  degree to  which present ly   i r r igated  land and land in  

Table 24-10. The  expected  level   of   in jury  is   general ly  less  than 5 
percent  except  for   one  s i te  where an i n j u r y  of 10 percent  is  predicted; 
i t   should  be  noted  that   in  some cases powerplant  emissions  are  predicted 
to   have a beneficial  effect (511, since  they  would  be a source  of 
su lphur .   In   p rogress ing   f rom  the  244  m + MCS, t o   t h e  366 m + MCS 
cases,  less land  in  agr icul tural   capabi l i ty   c lasses 1 to  5 is  affected 
whereas  only a relat ively small benef i t   is   obtained in terms  of   present ly 
i r r iga ted  land. 

b y  the   d i f fe ren t  a i r  qual i ty  control   strategies.   For  both MCS cases t h e  
The  e f fect   o f   the  pro ject   on  wi ld l i fe   is   not   great ly   in f luenced 

ambient  levels of emissions  would  be  well  below  those  known  to  affect 
wi ld l i fe.  

stack  wi th MCS o r   t h e  366 m stack  wi th MCS would  be  approximately 
The  potent ia l   for   acid  precipi tat ion  f rom  ei ther  the 244  m 

equal  and  is  predicted  to  cause a drop  in   the  pH  o f   prec ip i ta t ion  and 
changes in  pH of selected  water  bodies as shown  in  Table  24-11.  None 
of these  changes  would  result in environmental damage and  all 
waterbodies  are  expected  to  remain  alkaline  (24). 
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EFFECT OF AIR  QUALITY  CONTROL SYSTEMS 

TABLE 24-8 

ON  VEGETATION  SPECIES  AFFECTED'(16) 

244 m/MCSZ  366 m/MCS 366  m/FGD' 
"Proposed  Project" 

Plant  Species  (km2/year) 
Af fected 

Area  Percent  Area  Percent  Area  Percent 

Range  (kmZ/year)  Range  (kmZ/year)  Range 
In ju ry   A f fec ted  Injury Af fec ted   In ju ry  

A lp ine   F i r  

Engelmann  Spruce 

Lodgepole  Pine 

Ponderosa  Pine 

Douglas  Fir 

Trembling  Aspen 

Black  Cottonwood 

Service B e r r y  

Wi I low 

1.6 

15.6 

16.9 

1.8 

16.7 

0.5 

0.2 

1.7 

34.4 

Kentucky  Bluegrass  2.2 

Pleurozium (Moss) 38.4 

Alectoria (Lichen) 2 . 7  - 
TOTAL 132.7 

Percent of Total 
Area  Affected 7 

1.1-6.4 

1-2.2 

1-2.2 

1-1.6 

1-3.2 

2-12 

1-2 

1-3.2 

1-40 

1-14.4 

1-6.4 

1 - 
1-40 

1.2 

14.2 

13.8 

0.3 

8.1 

0.1 

- 

0.7 

26.7 

1.7 

32.0 

2.7 - 
101.4 

5 

- 

1-4 

1-2 

1-2 

1 

1-2 

4 

- 
-2 

-28 

-7 

-3 1 

1 - 
1-28 

1 .  Table  intended  for   comparat ive  purposes  only - see Section  7.0 
for   deta i led  in terpretat ion.  

2.  Meteorological  Control  System. 

3.   Flue Gas Desulphurization - 52 percent removal  of  S02. 
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TABLE  24-9 
EFFECT  OF  AIR  QUALITY  CONTROL  SYSTEMS' 

ON FORESTRY - MEAN  ANNUAL  INCREMENT(17) 
(m') 

"Proposed 
Air   Qual i ty  Project"  

Environmental  Control 244 m  366 m 366 m 
Parameter System  Stack  Stack 

+ MCS' + MCS 
Stack 
+ FGD3 

Mean Annual  Increment(m') 
- loss due  to  SO2 132 77 0 

- loss due  to   f luor ide  53 100 22 900 1 800 

TOTAL(m'1 53 232 22 977 1 800 
""" - _" " - - " "_ - 
""" - -" - " - """ 

Resource  Loss - Present  Worth 
(6% discount  rate) ($1980)  3.3M  1.4M  0.113M 

1. Table  intended  for  comparative  purposes  only - see Section  8.0 
for   deta i led  in terpretat ion.  

2. Meteorological  Control  System. 

3.  Flue Gas Desulphurization - 52 percent SO2 Removal. 

power  replacement  valued a t  25 mil ls/kW.h,  i t   would b,e f inancial ly 
Table  24-5  shows  that  under  "worst  case"  conditions  with 

advantageous  to  bui ld a higher  stack. 

( i i i )F lue Gas Desulphurization(29.44) 

Flue  gas  desulphurization  (FGD)  or  "scrubbing",  provides a 
continuous  reduction  of  powerplant SO2 emissions.  The  most  accepted FGD 
system  is  the  non-regenerative  "wet"  type,  which uses  lime o r  limestone as 

3 . 3 ( c ) ) .  A number  of  the  wet type  systems a r e  in  operation. 
a reagent to   ex t rac t  SO2 and sometimes  ash f rom  the   f lue  gases  (see  Section 

In   recent   years  the "dry" FGD system  has  been  in  the 
experimental  stage.  The  results on a pilot  scale  have  been  encouraging. 
To  date  no  commercial  scale  systems  are  in  operation  although some dry FGD 
systems  are  under  construct ion  for   p lants  in  the  U.S.A.  Indicat ions  are 
tha t  dry FGD would  be  less  expensive  and  more  environmentally  acceptable 
than  the  wet  system fo r  relat ively low su lphur  coals l ike  Hat  Creek  coal. 

The  Br i t ish  Columbia Pollution  Control  Board  has  promulgated 
emission  objectives  for  sulphur dioxide  in  the  range  0.09  mg/kJ to  0.35 

SECTION 24. MITIGATION  ALTERNATIVES 24-14 

m 

iu 



m 

u) 

TABLE 24-10 
AREAS  AFFECTED  BY  THREE  AIR  QUALITY  CONTROL' SYSTEMS ON 

LAND  PRESENTLY  IRRIGATED  AND  AGRICULTURAL  LAND 
CAPABILITY  CLASSES 1 T O  5 (51,521 

A i r   Qua l i t y  
Environmental  Control 244 m 366 m 366 m 

Parameter  System Stack Stack Stack 

"Proposed 
Project" 

+MCS2 + MCS + F:GD' 

Presently  i rr igated  area  affected (ha) 17 9 2 

Canada  land  inventory  classes 1 to 5 (ha) 213 39 14 

Percent  injury  range' 1-10  1-10 threshold 

1. Table  intended  for   comparat ive  purposes  only - see Section  9.0 
for   deta i led  in terpretat ion.  

2. Meteorological  Control  System. 

3. Flue Gas Desulphurization - 52 percent SO2 Removal. 

4.  Several  receptor  si tes  are  predicted to have a beneficial  effect. 

mg/kJ.  These  emission  objectives  correspond to  the  removal  of 86% and 46% 
respect ive ly   o f   the  su lphur  in coal entering  the  powerplant.  Potential 

addit ion a n  intermediate case of 52% removal ( the proposed project) i s  
impacts  due  to  acid  precipitat ion  are  presented  for  both  these  cases. In 

presented  wi th i t s  associated  comparative environmental implications. 

A.Cost   o f  FGD 

The costs of SO2 removal using wet FGD a r e  shown  on  Table 
24-12 f o r  removal  efficiencies  of 52%, the proposed project   which f a l l s  
w i th in   the   upper   end  o f   the  PCB Objectives  range,  and 86% which  is 
equivalent  to  the  bottom of the  range. 

dry FGD. The removal  efficency  of 46% is  that  which  would  comply  with 
Table 24-13  shows  estimated  costs fo r   two  remov;3l  cases us ing 

t h e  upper end  of  the  PCB  Objective  range, and 86% i s  that   which  would 
comply  wi th   the  bot tom  of   the  range.   Dry FGD a t  52% removal  was  not 
evaluated  and  thus  the  comparison  wi th  wet FGD for  the  part ia l   removal  
case is not  exact. 
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TABLE 24-11 
EFFECT  OF  DIFFERENT  AIR  QUALITY  CONTROL  SYSTEMS ON ACIDITY  OF 

PRECIPITATION  AND ON THE  pH OF SELECTED  WATERBODIES 
AFTER 35 YEARS  OF  OPERATION  (pH) (24) 

"Proposed 
366 m Project" 366 m 

A i r   Q u a l i t y  Stack + 366 m Stack + 

Contro l  244 m Partial  Stack + Ful l  
Parameter  Strategy  or 366m FGD' FG D  FG  D 

Stack 46% SO2' 52% S02' 86% S02' 
+ MCS'  Removal  Removal  Removal 

Precipitat ion 
Approx.   Shor t   Range  pH 4.97 5.05 5.06 

(50 km  radius) 

(200 km  radius) 
(Ex is t ing   pH  approx .  5.6516 

Approx.   Long  Range  pH 5.55  5.58  5.58 

Selected Waterbodies 
Exis t ing and Final   pH  of  

a f te r  35 years  of   Operat ion 

(Ex is t ing   approx .  7 . 6 1  
Adams River  7.45  7.47  7.47 

Boss Creek 

Pennask  Lake 

Loon  Lake 

Thompson  River 

Clearwater  River 

Deadman River  

(Ex is t ing   approx .  

(Ex is t ing  approx.  

(Ex is t ing  approx.  

(Ex is t ing   approx .  

(Ex is t ing   approx .  

(Ex is t ing  approx.  

7.1)  
7.08  7.08  7.08 

7.50  7.53  7.53 

7.56) 

7.56) 

8 . 2 )  

7.54 7.54  7.54 

7.50 7.64  7.66 

1 .  Meteorological  Control  System. 

2. Flue Gas Desulphur izat ion 

3. 46 percent  SO2 Removal - Emission  of 0.34 mg/kJ - 
Upper  PCB  Object ive Level. 

4.  52 percent  SO2 Removal - Emission  of 0.27 mg/kJ. 

5.  86 percent  SO2 Removal - Emission o f  0.09 mg/kJ - 
Lower PCB Objective  Level. 

6. From  calculations  based  on distilled water in equi l ibr ium 
with  atmospheric  carbon  dioxide. 

5.13 

5.60 

7.49 

7.08 

7.55 

7.45 

7.54 

7.54 

7.76 
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B.  Benef i ts  of  FGD 

Table  24-6  shows  the  expected  ambient  concentrations  with 52 
percent SO2 removal  and  how  these  compare  with  the  PCB  Objectives. 
The  continuous  reduction  of SO2 emissions  would mean t h a t   b o t h   t h e  
average and peak  ambient  concentrations  of SO2 would  be  reduced. 

o f   su lphur   d iox ide are! great ly   reduced  wi th  FGD, those .For the   o ther  
However, it should  also  be  noted that while  the  ambient  c,oncentrations 

contaminants  increase  sl ightly.  This  occurs  because  the  cooler,  wetter 

The  area  af fected by exposure to concentrat ions of SO2 in excess  of  the 
plume  f rom  the SO2 removal  system  would  not  disperse as ef fect ively.  

PCB  Upper  Objective O F  900 ug/m'  is  reduced  to  zero  (Table  24-7). 

vegetation,  forestry and  agr icu l ture are  shown in  Table 24-8, 
The  e f fects  of   these  reduct ions in  ambient concentrat ions  on 

Table 24-9 and Table  24-10.  In  each  case  impacts  are  reduced.  For 
vegetation  only  three  species  would be af fected  to a l imited  degree 
whereas  the  degree  o f   in jury   to   agr icu l ture  would be d i f f i cu l t   t o   de tec t  
and may  even  be  evident as  a benef i t  via sulphur fert i l izat ion.  

e f fect   o f   f luor ides  great ly   reduced.   As  noted  under   the MCS cases t h e  
Reduct ion  in  forest   growth  due to SO2 would  be  el iminated  and  the 

ef fect   on  wi ld l i fe  is  not a factor  and essent ia l ly   the same conclusions 
would apply f o r   t h i s  a i r  qual i ty   cont ro l   s t ra tegy.  

The  effect  of  reduced  emissions  of su lphur   d iox ide  on  the 

assessed. The  ef fect   of   46  percent,  52 percent  o r  86 percent  removal  of 
potent ia l   for   long  range  t ranspor t   and  ac id  precipitat1ion  has  been 

SO2 on the  pH  o f   prec ip i ta t ion  and  the  water  quality of  selected  water 
bodies  is  presented in Table 24-11. As  indicated in t h e  t:able, su lphur  
dioxide  removal  would  have  only a small effect  on  these  parameters. 

( iv)Comparison  of SO2 Control  Systems 

The  use of  benef ic iat ion as a method  of SO2 control   would  be 
rest r ic ted by the  inorganic  sulphur  content  of   the coal and  the   degree  to  
which  this  could  be  washed  from the coal. The  maximum  theoretical  removal 
would  be 35%. Emissions and ambient  levels of SO2 would  remain in excess 
of  PCB  objectives and environmental  impacts  would  be  approximately 
intermediate between the p a r t i a l  FGD and MCS cases. However, a n  extrapo- 
lation of the  costs  (Tables 24-4, 24-12 and 24-13)  indicates  that i t  would  be 
more  expensive  to install full benef ic iat ion  than  to  employ a 35'% FGD system. 
As a resu l t ,  beneficiation was rejected as a means of a i r  qual i ty cont ro l   fo r  
s02 .  

A meteorological  control sys tem wi th   e i ther  244 m o r  366 m h igh  
stack  would  be  the  least   cost ly  method  for   the a i r  quality  management  of 

would  be  exceeded  at a l l  times, wh'ile the  1 hour  average  ambient a i r  qual i ty  
sulphur  dioxide  emissions.  Using MCS, t h e  PCB  emission  objective  for SO2 

objective  would  be  exceeded  for < 1% of  the time a t  any location.  Environ- 
mental  impacts  would  be  greater  than for  any  of  the  candidate FGD  cases 
c i ted in th is   sect ion  though  the  h igher   s tack  would  prov ide a s igni f icant 
ameliorating  effect.  Evalu,ation of the  environmental  effects a:; descr ibed  in 
this Section  indicates  thijt  this  method  of  control  could  be  considered a 
viable option when  compared  with  the  high  cost  of  f lue g a s  desulphurization 
equipment  and  operation. 
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PRESENT  WORTH  COSTS  OF WET FLUE  GAS  DESULPHURIZATION(44) 
TABLE 24-12 

(M$ 1980) 

Capital  cost 

Operat ing  cost  

T O T A L  

Full '  

Capital  cost 

Operat ing cost 

T O T A L  

Discount  Rate 
(%/annum) 

3  6 10 

214  171  129 

1 57 84 41 

371 255 170 
- - - 

267  214  161 

232 124 61 

499 338 222 
- - - 

1. 52 percent  SO2 Removal = Emission  of 0.27 mg/kJ - 
Fal ls  wi th in  upper  PC6  Object ive  level .  

2. 86 percent  SO2 Removal = Emission of 0.09 mg/kJ - 
Lower  PCB  Objective  Level. 

compliance  with a l l  PCB  objectives and would  resul t  in the  v i r tua l   e l iminat ion 
Flue  gas  desulphur izat ion  at   the 52% removal  level  would  allow 

of   adverse  environmental   impacts  even  though  the  costs  of  FGD are   judged 
t o  be  substant ia l ly   greater  than the  result ing  monetised  social  benefi ts 
achieved.  On  th is  basis  therefore  the  proposed  project   includes  equipment 
to  remove 52% of the   inpu t   su lphur .   More   p ro tec t ion  ( i . e .  greater  removal 

of t he   h igh  cos t   o f   fu r ther   con t ro l ,  , in comparison  wi th  the  d iminishing  value 
o f   su lphur  dioxide)  would  be  inef f ic ient  in social  benefit/cost  terms  because 

o f   t h e   e x t r a  protect ion  obtained. 

(e)ParticuIate  Control(29,44) 

"Particulates"  are  small fly ash  grains  formed by coal  combustion in t h e  

the  part iculate  control   system  before  the gases enter  the  stack.   Fly  ash 
powerplant  boi lers.   Part iculates  are  carr ied  wi th  the  f lue  gas and collected in 

contains  trace  elements;  thus  the  degree and t y p e  of part iculate  control   mainly 
determines  the  rate of release  of  certain  trace  elements in a i r  emissions. 
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TABLE 24-13 
PRESENT  WORTH  COSTS  OF  DRY  FLUE  GAS  DESULPHURIZA'TION(44) 

(MS 1980) 

Discount  Rate 
(%/annum) 

Partial ' 

Capital  cost 

Operating  cost 

T O T A L  

Ful lz  

Capital  cost 

Operating  cost 

T O T A L  

3 

131 

85 

216 
- 

199 

1  56 

355 
- 

6 

105 

45 

1  50 
- 

1  60 

83 

243 
- 

1. 46 percent  SO2 Removal = Emission o f  0.34 mg/kJ - 
Upper  PCB  Objective  Level. 

2 .  86 percent  SO2 Removal = Emission of 0.09 mg/kJ - 
Lower  PCB  Objective  Level. 

10 

79 

22 

101 
- 

1 20 

41 

161 
- 

only  electrostat ic  precipi tators (ESPs) o r   fabr ic   f i l te rs   (FFs)   a re   e f f i c ien t  
Even  though there a r e  a number of methods for  part iculate  control,  

enough to  be considered fo r  the  Hat  Creek  Project. ESPs a r e  the  convent ional  
method of fly ash  removal in coal- f i red  powerplants.   There  are a number  of 
installations  which  have  successfully  operated a t  high  col lect ion  eff iciencies  for 
many years .  

ment.  They  have  certain  potemtial  advantages,  such as an insens i t i v i t y   to   the  
Fabr ic  f i l ters,  o r  baghouses,  are a more  recent  technological  develop- 

physical  and  chemical  propert ies  of  the ash, b u t   t h e   p o r o u s   f a b r k s  of the  bags 

a l l  operating conditions f o r  long  periods. There could  be  technical  problems 
have  not  been  conclusively  demonstrated  on  large  coal-f ired  ut i l i ty  boi lers  over 

associated  wi th  using  fabr ic  f i l ters  wi th  Hat  Creek  coal  and 500 MW uni ts .   Thus 
the   re l iab i l i t y  and operating  costs  cannot  be  estimated  with  the same confidence 
as f o r  ESPs. If and when f a b r i c  f i l te r   re l iab i l i t y  i s  conclusively  demonstrated 
on large  coal- f i red  ut i l i ty   boi lers,   they  would  be  considered  in  p lace  of  
e lectrostat ic  precipi tators.  
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environmental  damage f rom  par t icu la te  and  t race element  'emissions with  increas- 
Benefi ts of par t i cu la te   con t ro l   a re   the  increasing  reduct ion in r i s k   o f  

ing  particulate  removal  efficiencies.  Table  24-14  indicates  incremental  costs of 
the  a l ternat ive  systems  a t   the  var ious  leve ls   o f   cont ro l .   These  data  show  the 
estimated  cost  of  FFs to be  lower   than ESPs.  However,  as  discussed  before 
there  are  signif icant  r isks  associated  with  select ion  of FFs and with t h e  FF cost 
estimates.  Until FFs are   shown  to   be   sa t is fac to ry   fo r   la rge   coa l - f i red  

on  the  Hat   Creek  pro ject .  
powerplant  appl icat ion, ESPs are  the only proven  system  for   par t icu la te  cont ro l  

The  proposed  project   wi l l   include  electrostat ic  precipi tators  that   wi l l  
remove 99.8% of  the  part iculate  leaving  the  boi lers.   Emissions of par t icu la te  wi l l  
be  0.03 mg/kJ  which  is  below  the  upper  l imit  of  the  PCB  emission  objectives  for 
coal-fired  (see  Table  6-2).  Compliance  with  these  objectives  using  proven 
equipment was the  pr imary  reason  for   choosing  the  selected  part iculate  control  
strategy.  Ambient  concentrat ions  of  total  suspended  part iculates and t race  
elements  will  also  be less t h a n   o r   w i t h i n   t h e  PCB Objective  range, as repor ted in 
Table  6-3  and  Table  6-4. 

(f)Conclusions 

B .C .   Hyd ro  has  selected  an Air   Qual i ty  Control   System  (AQCS) of par t ia l   f lue  
gas  scrubbing  and  electrostat ic  precipi tators  that   could  ensure  that   the 
proposed  project   is  in compliance  with  the  PCB  Objectives.  However  to  achieve 
these  levels  of  contaminants  requires the addi t ions  of   re lat ively  large pieces o f  
equipment. Dur ing   i t s   rev iew   B .C .   Hyd ro  has  examined var ious a l te rna t ive   a i r  
quality control   systems  that   range  f rom a meteorological  control  system  (not in 
compliance  with a l l  PCB  levels)  to  systems  that  would  meet  the  lower  end of t h e  
range  of  the  PCB  Objectives.  Table  24-15  summarizes  the  total  cost  estimates 
for   these  var ious  conf igurat ions.   As a s tar t ing  po int ,   the  Table  shows  the 
overal l  cost of t h e  MCS opt ion.  Then the  costs of two  combinations  of  systems 
which  achieve  al l   of  the  upper  levels  of  the  PCB  Emission  Ojectives  are 
presented. . I t  can  be  seen tha t  an  AQCS  based  on  partial dry FGD would  be 

6 percent.  F ina l ly   the  tab le compares the  costs  of  combinations  to achieve  most 
less  costly than  one  based  on par t ia l   wet  FGD, by rough ly  132 MS, calculated a t  

of   the  lower  levels of the  PCB  Emission  Objectives.  Again,  an  AQCS  based  on 
f u l l  dry FGD i s  less cost ly   than  fu l l   wet   FGD.  In  this instance,  the  d i f ference 
is  219 MS, calculated  at  6 percent  d iscount  rate.  

Y 
24.4 SOCIOECONOMIC FACTORS 

Mit igat ion  Al ternat ives 

socioeconomic  studies(61)  completed in 1978. B.C.   Hydro  responses  to   these 
Recommendations for mitigation and  compensation  were  proposed in t h e  

mental  studies and wi l l   be   pub l i shed  in  a separate  document. 
proposals  wil l  be  collated  with  recommendations  from  the  other  detailed  environ- 

However,  two  of  the  important  recommendations  relate to 
socioeconomic  monitoring and  munic ipa l   tax  shor t fa l ls .   I t   is   B.C.   Hydro 's  
in tent ion  to   cont inue  the  pract ice  estab l ished  on  o ther   pro jects .  A 
socioeconomic  monitoring  program  wil l  be  funded  and an appropriate  implementa- 
t ion plan wi l l  be, determined  through  discussions  with  the  Thompson-Nicola 
regional  distr ict,   provincial  agencies and local  communities. 

- .. 

a 
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INCREMENTAL  COSTS  AND  BENEFITS  OF  PARTICULATE 
TABLE 24-14 

CONTROL  SYSTEMS(29,44) 
(MS 1980) 

System  Present  Worth  Costs  Benefits 

Discount  Rate 
(%/annum) 

3 6 10 

Electrostat ic  Precipitators 

99.5  Percent  Removal 
Capital 
Operat ing 
Total  

99.8  Percent  Removal 
Capital 
Operat ing 

Total 

99.95  Percent  Removal 

Operat ing 
Capital 

Total 

Base  Case 
Complies  with  PCB(50) 
Ambient  Objectives 
b u t   n o t  Emission 
Objectives 

17 
PROPOSE,D PROJECT 

14 10 Complies w i th   upper  
3 2 1 level  of IPCB Emission 

Objectives & Ambient - - 
20 16 11 , Objectives 

- 

38 
7 

30 
4 

23 Complies with  lower 
2 level  of IPCB Emission 

45 34 25 Objectives 
- - - Objectives & Ambient 

Fabric  Fi l ters 

99.9'7 Percent Removal 
Capital  -12 -10 -7 Prov ides  fur ther  
Operat ing - 

(Pwrplnt   benef t )  36  19  9 

24 9  2 

control  

Net costs 
- - - 
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B.C. Hydro  wil l  provide  f inancial  compensation  to  local  governments if 
it can  be  demonstrated  that   the  costs  incurred,  in  providing  services  to  the 
project- induced  in-migrant  populat ion,  exceed  the  revenues  del ivered  in  the 
forms  of  taxes,  levies  and  fees. 

I t   is   expected  that   fur ther  recommendat ions  for   mit igat ion  and 
compensation  will  be  forthcoming  from  the  socioeconomic  update  study  mentioned 
in  Section 19-1. 

These  recommendations  wi l l   form  the bas is  for   d iscussions  wi th 
t h e  local,  regional  and  provincial  governments. 

M 

b 

L 
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TABLE 24-15 

CONFIGURATIONS OF AIR  QUALITY  CONTROL SYSTEMS(:!9,44) 
PRESENT WORTH T O T A L  COSTS FOR ALTERNATIVE 

( M I  1980 - P a r t  1 o f  3) 

Discount  Rate 
(%/annum) 

3 6 10 

1 .O Meteorological  Control  System'  (MCS) 

MCS and 244 m Stack 

Capital  Costs 

Powerplant 1227 
MCS 

1009 
2 2 

Operating  costs 

Powerplant 1958  1048 
MCS(inc1  monitoring) 41 23 

T O T A L  3228 2082 
- - 
"" "" "" "" 

2.0 Partial '  Flue Gas Desulphurization  (FGD) 

2.1 Partial Wet  FGD and a 366m stack - Proposed AQCS 

Capital  costs 

Powerplant 
ESP 

1236 
17 

1016 
14 

Wet FGD 214 171 
Monitoring 2 1 

Operating  costs 

ESP 
Powerplant 1963 

3 
1050 

2 
Wet FGD 1 57 84 
Monitor ing 8  5 

TOTAL 3600  2343 
- - 
"" 
"" 

"" 
"" 

788 
2 

51  4 
12 

1316 
"" 
"" 

794 

129 
10 

1 

51  5 
1 

41 
3 

1494 
"" 
"" 
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TABLE 24-15 6m 

TOTAL  COSTS FOR ALTERNATIVE  AIR  QUALITY  CONTROL  CONFIGURATIONS . .  

(CONTINUED - Par t  2 of 3) 
u 

Discount  Rate 
(%/annum) 

2.2 Par t ia l   Dry  FGD and a 366 m Stack 

Capital  Costs 

Powerplant 
Fabr ic  Fi l ters 
D r y  FGD 
Monitor ing 

Operating  costs 

Powerplant 
Fabr ic  Fi l ters 
D r y  FGD 
Monitor ing 

T O T A L  

J 6  10 

1236 1015 793 
-12 -10 -7 
131 

2 
105 79 

1 1 
k! 

b 

1963  1050 
36 

51  5 
19  9 " 

85 45 22 
a 5 3 

3449 2230 1415 
- - - 
"" "" 
"" "" "" 

"" 

3.0 Full '   Flue Gas Desulphurization  (FGD) 

3.1 Ful l  Wet FGD and a 366 rn Stack 

Capital  costs 

Powerplant 
ESP 
Wet FGD 
Monitor ing 

Operating  Costs 

Powerplant 
ESP 
Wet FGD 
Moni tor ing 

T O T A L  

1236 1016  794 ~~ ~ 

38 
267 

30 
214 

23 
161 

~~ 

2 1  1 

1963  1050 
7 

51  5 
4  2 

232 
8 

124 61 
5  3 

3753 2444 1560 
- - - 
"" 
"" 

"" 
"" 

"" 
"" 
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I d  

TOTAL  COSTS FOR ALTERNATIVE  AIR  QUALITY  CONTROL  CONFIGURATIONS 
TABLE 24-15 

(CONTINUED - Par t  3 of 3) 

3 .2 Ful l  Dry FGD and a 366 m Stack 

Capital  Costs 

PowerDlant 
Fabr ic  Fi l ters 
D r y  FGD 
Monitor ing 

Operating  Costs 

Powerplant 
Fabr ic  Fi l ters 
D r y  FGD 
Monitor ing 

TOTAL 

Discount  Rate 
(%/annum) 

3  6  10 

1236 101 6 
-12 -10 
199 ' 160 

2  1 

1963 1050 
36 19 

156 83 
8 5 

3588 2324 
- - 
"" "" 
"" "" 

1. Estimated  emission  levels  and  ambient  concentrations 
are  g iven  in  tables 6-2 and 6-3. 

2. Overall  removal o f  52% o f  sulphur d iox ide  enter ing the 
powerplant.  

3. Overall  removal of 86% o f  sulphur   d iox ide  enter ing 
the  powerplant (SO2 emission = 0.09 mg/KJ). 

794 
-7 

120 
1 

51 5 
9 

41 
3 

'I 476 
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SECTION 25.. COMPENSATION 

The  major  mitigation  measures  evaluated in the  previous  sect ion  would  not  
eliminate a l l  project  impacts. Land alienation,  creek  diversions, and t h e  
potent ia l   for  slight long-term  ef fects of a i r  emissions  on  forest  growth  are a l l  
examples  of  impacts  which  would  remain,  even  with  the  selection o.F a 366 metre 
stack  and  part ia l  SO2 removal.  The  question  addressed in th is  clection is   the  
extent  to  which  unmit igated  impacts  should  be  compensated for e i ther   th rough 
cash  payments o r  funding of  enhancement  programs. 

25.1 B.C.  HYDRO’S  COMPENSATION  POLICY 

presented in the   con tex t  of social benefi t /cost analysis. The  p r inc ip le   under ly -  
In   the   in t roduc t ion   to  P a r t  IV the  concepts  of mit igation and  compensation  were 

ing  mit igat ion  expendi tures  is   , that   mit igat ion  should  be  undertaken  to  the  point  
where  the  reduction  in  resource  losses a t  least  equals  the  cost  of ,the mit igation 
measure. 

mitigation  measures  have  been  included, it is  necessary  to  demonstrate  that   the 
I f  a resource  development  has  negative  impacts  after a l l  ef f ic ient  

cost  of  those  impacts,  in  addition  to  project  capital  and  operating  costs,  do  not 
outweigh  benefi ts;  this  is  the  , function  of a benefi t /cost  analysis. The case f o r  
actual ly  making  payments  to  compensate  for  resource losses  has to  be  examined 
separately. 

Revelstoke  Canyon)  whereby  payments  are  made f o r  specif ic  programs that 
B .C.   Hydro  has  adopted  an  approach  for  its  recent  projects  (e.g. 

enhance  resources  similar to those  lost   in  the  af fected  region. ‘The pr inc ip le  
that has  been  established f o r  s;uch payments  is that these  payments  should  not 
exceed the  value  of   the  resources  lost .   Thus, a t  Revelstoke,  fisheries 
enhancement  projects  are  being  funded  which  produce  sport  f ishing  benefi ts 

that  regional  sports  f ishermen  would  have  real ized if the  pro ject   had  not   been 
comparable to   those lost, and a t  a cost  which i s  roughly   equal   to   the  benef i ts  

built. 

resource losses to   the  Hat   Creek  Pro ject .   Thus,   not  a l l  resource  losses  would 
B.C.   Hydro  proposes  to  apply the  same principles  of  compensation  for 

be  compensated.  Where  compensation  appears  appropriate  the  payments  would 

with  environmental  and  socioeconomic  impacts  of  the  proposed  project  are 
be  t ied  to   programs  or   pro jects  in the  region.  Compensation  issues  associated 

outl ined  below. This discussion  should  be  viewed as the  f i r s t  step  in a process 
of discussions  with  appropriate  government  agencies  which  would  ult imately  lead 
to  the  development  of a compen!;ation package  for   the  project .  

25.2 COMPENSATION  ISSUES  FOR T H E   H A T  CREEK  PROJECT 

(a)EnvironmentaI  Resource  Impacts - 
Section 18.0 presented  the  resul ts of t h e  evaluation of   environmental  resource 
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impacts  of  the  project.  Potential  compensation  is  discussed  under each resource 
heading. All the  values  given  below  are  present  worths a t  1980 price  levels 
using a 6 percent  d iscount  rate.  

( i )   Fores t ry  

Powerplant a i r  emissions  and land  al ienation  could  result  in  the 

al lowable  annual  cut  (AAC). Losses from  land  alienation  have  been 
loss of economic va lue  in   the  Hat   Creek region  of  S296 000 due  to   the loss i n  

anticipated by' the   fo res t   serv ice   in  i t s  harvest  al locations  and  thus  there 
would  be  no  impact  on  regional  forest  operations  or  employment.  Pol lutant 
emissions  could,  however, retard growth  in   the  area  suf f ic ient ly   to   reduce 
AAC  in  excess  of   the  a l lowance  that   has  been made fo r   the   p roposed 
project .  

I f   the  moni tor ing  o f   vegetat ion  impacts   dur ing  the  pro ject 's  
operation  confirms  these  predicted  impacts  i t   may  be  necessary  to  compen- 

cut t ing  r ights .   Because  o f   the  uncer ta in ty   o f   the  extent   o f   potent ia l  
sate  operators  who  would  be  required  to  rel inquish a small port ion  of   their  

monitoring. 
impact,  compensation  payments  should  be  consistent  with  the  results  of 

( i i )Ag r i cu l tu re  

About 2770 ha o f  agr icul tural   land  in  the  Hat  Creek area would  be 

on  exist ing  operat ions  but  rather  over  the  l i fe  of   the  project   in  terms  of  a 
affected by the  project .   The  pr imary  impact  would  not   be  fe l t   immediately 

constraint  on the  potent ia l   s ize  o f   the  beef   cat t le   indust ry .  This is 
predic ted  to   resul t   in  a total economic loss o f  $76 000. 

A number  of  options  exist  to  enhance  regional  agriculture, 

these  losses.  However,  there does not  appear  to  be a s t rong case f o r  
pr imar i ly   through  i r r igat ion  o f   nearby  land,   which  would  more  than  o f fset  

pursuing  these  opt ions.   The  acquis i t ion  of   pr ivate  land  holdings  provides 
compensation  to  the  owners.  Whether  there  are  addit ional  social  values 
which  ought   to   be  a t t r ibuted to  this  land,  would  depend  on  the  provincial 
government's  view of Hat  Creek  agriclutural  values  in  relat ion  to  total 

compensation  over  and  above  the  purchase  of  private land. 
provincial   agr icul tural   resources.  There is  no  economic  argument  for 

( i i i )Fish,  Wildl i fe  and  Outdoor  Recreation 

the  larger   reg ion around Hat  Creek are  d iverse  and  abundant.   Creek 
Fishing, hunt ing  and  general outdoor  recreation  opportunit ies  in 

diversions and land  alienation as a resul t   of   the  project   would  remove  f ish 
and wildl i fe  habitat  (see  Sections 12.0 and  15.0)  and  affect an  area cu r ren t -  
ly   used  for   backroad  t ravel   and  s ightseeing  (see  Sect ion  15.0).   The 
economic va lue  o f   the  act iv i t ies   current ly   suppor ted by these  resources has 
been  estimated a t  $1.25  mil l ion.  The  opportunit ies  recreationists  would  have 
fo r   subs t i tu t ing   o ther  nearby s i tes  for   any  act iv i ty   they  might   o therwise 
have  enjoyed  in  the  project  area,  have not been  taken  into  account. 

these  losses.  Recreational  activity  in  the  region  would  actually  increase 
There  would  appear 'to be  on ly  a s l ight  case f o r  compensation f o r  

with  the  project  because o f  the  increased  populat ion.   The case f o r  compen- 

based  on a long-term  view  of the  regional supply and  demand  of  recreational 
sation th rough  f i sh  and wildlife  enhancement  programs  would  have  to  be 

resources.  The  argument  that   lost   resources  ought  to  be  replaced  through 
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enhancement  is  not a suff icient  case in i tse l f   w i thout  taking in1:o account  the 
va lue  o f   the  d isp laced  act iv i ty .  

opt ions  for  full development  later if regional  demands  begin  to  exert  too 
Small   scale  enhancement  may  be  warranted  to  preserve  future 

much  pressure  on  avai lable  resources.  Such small  scale  preservation  or 

wi ldl i fe  and  outdoor  recreational  compensation.  The  project 'would become a 
enhancement  programs  should  be  the  l imit  of  the  project 's  l iat l i l i ty  for  f ish, 

cent ra l   feature  o f   the economic and  social  development  of  the  immediate 

the  long- term  be  the  normal   responsib i l i ty   o f   government .  
region and the  prov is ion o f  services,  including  outdoor  recreation,  would  in 

(iv)CommerciaI  Fishery 

The  water   supply   in take  for   wi thdrawal   o f   water   f rom  the 
Thompson  River  has  been  carefully  designed  to  avoid impact:s  on valuable 
commercial  salmon  species that  use  the  r iver   for   spawning  and  migrat ion.  

of  estimate  of the  numbers of   f ish  and thus   the  estimate of  potential econom- 
The  estimate of the  losses repor ted in Section 18.3 i s  well w i - th in   the   e r ro r  

ic loss  of S34 000 can be  considered  insignif icant if not  unmeasurable.  On 
the  bas is  of these  estimates, no compensation  would  be  due.  However, 
should  unpredicted impact!; occur  such as the  impingement  of  unacceptably 
large  numbers  of fry on the  intake  screens it would  be  necessary  to  revise 
both the  est imate  of the loss and the va l id i ty  of compensation. 

(b1Socio-economic  Resources 

The  discussion  provided  under  Section  24.4  appl ies to  this  section as well. 
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SECTION 26.  ENVIRONMENTAL. MONITORING  PROGRAMS(27) 

26.1 INTRODUCTION 

Measures  to  minimize  adverse  environmental  impacts  have  been  incorporated  into 
the  designs of t h e  mine,  powerplant and offsi te  developments.  Consultants  have 
evaluated  the  predicted  environmental  impacts  of  the  project  with  these 
measures  incorporated.  However,  because  of  uncertainties  in  predicting  and 
evaluating  impacts,  extensive  monitoring  would  be  carried  out  in  the  Hat  Creek 
region  to  quanti fy  and  document  the  actual  impacts  of  the  project.  Knowledge 
of   the  actual   ef fects  on  the  environment  would  provide a bas i s   f o r   f u r the r  
mitigation. 

Moni tor ing to establ ish  exist ing  condit ions  would  be commenced before 
development  act ivi t ies  start a t  Hat   Creek .   Dur ing   the   s i te   p repara t ion  and 
construction phases,  emphasis  would be placed  on  measuring  the  effects  of  these 
act iv i t ies to  enable  their  immediate  mitigation if requ i red .   Mon i to r ing   dur ing   the  
operational  phase  of  the  powerplant  development  would  provide a bas is   for  
accurate  assessment of specific:  changes in environmental  conditions, by compar- 
ison  with  condit ions  in  the  preoperational  period. 

ic  informat ion  to  quant i fy  the  ef fects of   the  project   on  the  atmospher ic,  te r res-  
Overall,  the  environmental monitor ing  program  would  provide scient i f -  

tr ial   and  aquatic  resources of the  Hat   Creek  reg ion.   I t   is   expected  that   the 
monitoring  procedures  would be modified, as the  project   proceeds,  to  ref lect   the 
resul ts  and  exper ience  obtained  dur ing  the  ear ly  stages of the  program. 

26.2 ATMOSPHERIC RESOURCES 

Potentially  the  most  significant  impacts  of  the  project  are  associated  with  the 
discharge  of  contaminants  to  the  atmosphere.  Monitoring  the  effects  of  these 
emissions  would  involve  collection  of  data in three  areas:  meteorology;  ambient 
a i r  qual i ty; and powerplant emissions. 

Four  permanent  meteorological  stat ions  have  been  in  operation  for 
several  years collecting a var ie ty  of meteorological  information.  One  of  these 
sites  located  near  the  proposed  powerplant  site  has  been in operation since 
1978. The si te  is   equipped  wi th a 100 metre  tower  instrumented a t  t h e  10 metre 
and 100 metre  levels  to  measure  temperature,  dewpoint  temperature,  wind  speed 
and  wind  direct ion.   Atmospher ic  turbulence i s  also  monitored a t  t he  100 metre 
level   to  provide  data  for   est imat ing  p lume  dispersion  potent ia l .   Evaporat ion,  
and barometric  pressure  are a l so  presently  monitored a t  this s i t e  and in f u t u r e  
additional  upper  level  wind  and  temperature  measurements  wil l  be  carried  out  on 
a routine  basis.  The  remaining  three  meteorological  stations,  located  at  Cache 
Creek,  Hat  Creek Val ley and Pavi l ion  Mountain,  wi l l   continue  to ciollect  temper- 
ature  precipi tat ion,   and  wind  informat ion.  

wi l l   be  establ ished in 1986, 2 years  before the f i r s t  powerp lant   un i t  goes in to  
A  network  of   e ight   cont inuous  ambient  sulphur  d ioxide (SO21 monitors 

operation.  Two of these  stations  would  be  located a t  the population  centers  of 
Ashcro f t  and Cache  Creek.  T'hree stat ions wil l  be  located in areas  of  predicted 
maximum  concentrations  on  Cornwall  Mountain,  the  Clear  Range and in t h e  
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Arrowstone  Hi l ls .   Stat ions  located  in  the  Upper  Hat  Creek  and Semlin  Valleys 

wil l   be  located  approximately 15 km north-northeast  of   the  powerplant  in  the 
wil l  monitor  impacts  in  important  agricultural  areas  and  the  remaining  station 

predominant  downwind  direct ion.   Sulphur  d ioxide  and  wind  informat ion  f rom 
these  s i tes  wi l l   be  t ransmit ted  to  the  powerplant on a continuous  basis.  These 
data  wil l  be  compiled by computer  for  the  demonstrat ion  of  compliance  with a i r  
qual i ty  objectives. 

Ambient  concentrat ions  of  nitrogen  oxides,  ozone  and  carbon 
monoxide  would  a lso  be  monitored  cont inuously  but   on a more  limited  scale. 
Total  suspended  part iculate  levels  would  be  measured a t  12 sites  using a 

determined  and  the  size  fract ions  analyzed  for  selected  trace  elements.  These 
network  of  high-volume  samplers.  Periodical ly  part iculate  sizing  would  be 

analyses  would  be  co-ordinated  with  similar  sampling  of  stack  emissions. 

dustfal l ,   sulphation,  f luoridation  and  corrosion.  Sampling  would  be  carr ied  out 
An  extensive  monitoring  network  would be established  to  measure 

in   the  areas o f  greatest  impact, as predic ted by the  a i r  emission  modeling 
studies  and  in  those  areas  close  to  populat ion  centres. 

The  continuous  ambient a i r  qual i ty,  dustfal l ,   sulphation,  f luoridation 
and  corrosion  monitoring  programs  would commence 2 years   p r i o r   t o   t he   s ta r t -up  
of   the  f i rs t   bo i ler .   The  suspended  par t icu la te  moni tor ing  would commence 2 
years  before construct ion s t a r t s .  Dustfall  would  also  be  measured a t  selected 
sites to  monitor  more  closely  the  effect  of  construction  act ivi t ies. 

Continuous  stack  monitors  would  record levels  of S02, NOx  and 

out  on each boi ler  stack  to  measure  part iculates, SO2, NOx  .and  sol id  and 
opacity  of  the  emissions  from  each  boiler.  Periodic sampl ing  would  be  carr ied 

gaseous trace  elements as required  for   compl iance  wi th  the  pol lut ion  control  
permi t  and to   p rov ide  da ta  for   correlat ion  wi th  other  environmental   monitor ing 
programs. 

Ambient  noise  levels  would  be  recorded a t  sites  selected on the  bas is  
of  predicted  noise  impacts and the i r   prox imi ty   to   populated  areas.  A mobile 
monitor ing  uni t   would be employed fo r  th is   work.   Before  const ruct ion  begins 

wi th  the  basel ine data  in  the+detai led environmental  studies. D u r i n g   t h e  
(19831, background measurements  would be  made a t  various  si tes and  compared 

construction  period  measurements  would  be made quar te r l y  a t  each site  and a t  
other  si tes as required.  Dur ing  operat ion  of   the  mine  and  powerplant,   noise 
measurements  would  init ially  be  made  quarterly  and  then  annually.  Noise 
emissions  from  major  equipment  would  be  monitored as a normal  maintenance 
procedure  dur ing  the  const ruct ion  and  operat ion  o f   the  mine  and  powerp lant  
development.  At each monitor ing  s i te  day-night  average  sound  levels,  
equivalent  sound  levels,  peak  sound  levels  and  statistical  indices  would  be 
calculated.  Measurements  would  be  in  "A"  weighted  decibels,  the  unit of sound 
commonly  used  when  dealing  with  the  effect  of  noise  on  humans. 

-26.3 TERRESTRIAL  RESOURCES 

Four  major  terrestr ia l   resource components  would  be  monitored  to  document 
effects  of  air  contaminants  from the  mine and powerplant  operations.  These 

SECTION 26. ENVIRONMENTAL  MONITORING PROGRAMS 26-2 



would  include  selected  species  of natural vegetation,  agricultural  crops,  soi ls 
and  wi ld l i fe.  In each  case the  programs  would  include a suitable  collection  of 
data to  character ize  exist ing  condi t ions.  

Native  vegetation,  trees,  understory  species,  l ichens  and  grasslands 
would  be  subjected  to  detai led  assessment  at  regular  intervals  (approximately 5 
years)  to  determine  such  factors as productivity,  cover,  relative  alsundance and 
condit ion. In addit ion  semi-annual  or  more  frequent  inspections  would  be made 
to  document any visual   in jury  symptoms  or  other  changes  to  p lants.  Samples 
for  trace  element  analyses  would  be  col lected  on  an  annual  basis. 

Sampling  and  monitoring  areas  would  be  selected  based  on  predicted 
contaminant  concentrations  and  general  vegetation  types.  Sensitive  and 
important  species  would  be  included  where  possible  and  sites  woll ld  be  located 
where  relat ively high, medium and low  predicted  ambient  contaminant  concen- 
t rat ions  would  occur.  

crops,  with  particular  emphasis  on  important  f ield  crops  such as alfalfa and 
Monitor ing  of   agr icul tural   crops  would  include  inspect ions  of   local  

corn, and establ ishment  of  ienced  cult ivated garden plots  of  a i r  pol lut ion 

cu l t ivated plots would  be  tended  regular ly  and  monitored  throughout  the 
sensitive  species  such as beans,  gladiolus,  tobacco  and  bluegrass.  The 

growing season f o r  signs o f  a i r  pol lut ion  related injury. Evidence  of   in jury 
would  be  fur ther   invest igated.  

would  be  col lected  annually  and  analyzed for selected  trace  elements  to  document 
A surface  soi ls  monitoring  network  would  be  establ ished. Samples 

any changes  and  to  provide  data fo r  correlat ion  wi th  the  vegetat ion and a i r  

would  be  located  near  the  meteorological  and a i r  qual i ty  monitoring  stat ions, 
quality monitor ing  programs.  Many  of   the  vegetat ion and soils  monitoring  sites 

enabling  close  correlat ion  with  other  monitoring  programs. 

The  wi ld l i fe   moni tor ing  program  would  inc lude  annual   co l lect ion o f  

common game b i r d s  in the  area.  Since  they  consume  both  vegetation  and 
ruffed  grouse  and  honeybees  for  trace  element  analyses.  Ruffed  grouse  are 

would  be  collected in the   la te  summer and fal l   throughout  the  region. 
insects,  they  would  be a good  indicator  of  trace  element  accumulation.  Grouse 

environment: A beehive  would be established near  a l f a l f a  f ie lds in the H a t  
Honeybees  are  known  to  be  good  indicators of f luor ide  levels in t h e  

Creek  valley  south of the  powerplant  s i te.  

26.4 WATER  RESOURCES 

Water  resources  monitoring  would  include  three  programs:  the quality and  f lows 
o f  ground  and  surface  waters  and  wastewater  discharges, aquat ic  biology and 
acid  rain  studies.  These  programs  would  document  the  effects.  of  the  mine 
development  on  local  surface  and  groundwaters, as well as t h e  ef fects   o f  
powerplant  air  emissions  on  local  and  regional  surface  waters. 

Groundwater  wells vvould be  instal led a t  selected  locations  to  detect 
changes in local  groundwater quality and to  monitor  ef fects on downstream 
groundwater  f lows.  Surface  water quality monitoring  stations  would  be  located 
on  Hat  Creek  and  other  selected  water  bodies.  Samples  would  be  analyzed  for a 

commence 2 years prior to   the  start   of   construct ion.   Water level  readings  and 
large  number  of   water quality parameters and trace  elements. Monitor ing  would 

SECTION 26. ENVIRONMENTAL  MONITORING PROGRAMS 26-3 



water  sampling  and  analyses  would  be  done  every 2 months  dur ing  the f i r s t  year 
t o  assess  seasonal var iat ion.   Thereafter  monitor ing  would  be  done  three  t imes a 
year ,   in   the  winter ,   dur ing  the  spr ing  f reshet ,   and  dur ing  low  water   f low  near  
the  end  of  summer. 

During  construction,  temporary  sedimentation  lagoon  effluent  would 

the  southwest  sl ide a r e a  would  be  careful ly  monitored  to  avoid  the  enr ichment  of  
be  monitored  to  ensure  ef fect ive  control   of   suspended  sol ids.   The draining of 

natural   creeks. 

Flow  measurement  and  recording  stations  would  be  installed  in  Hat 
Creek,  upstream  of  the  maximum  level  of  the  headworks  dam  and  downstream  of 
the  development  area.  Flows  would  be  continuously  recorded a t  these  stat ions. 
The  water  temperature  in H a t  Creek  would be recorded a t  the  f low  moni tor ing 
stations  above and below  the  development  area.  At  the  downstream  location, 
pH,  conduct iv i ty,   turbidi ty  and  sodium  concentrat ions  would be continuously 
monitored by an automated analy t ica l  system. 

The  only  discharge  of  wastewater  from  the  development  to  surface 
waters  would  be  from  the  North and Medicine  Creek  sedimentation  lagoons and 
the  pit r im  reservoir .   The  f low  of   these  discharges  would  be  measured  and 
recorded  continuously. Samples f o r  analyses  would  be  collected  periodically 
based  on  discharge  quantit ies. 

on  Hat  Creek  and  the  Bonaparte  River.  Part icular  attention  would be paid to  
Fisheries,  habitat  condition  and  benthos  surveys  would  be  carried  out 

the  condi t ion of bottom  sediments.  Special  samples  of  f ish  and  benthic 
organisms  would  be  taken  for  the  analysis  of  trace  element  concentrat ions. 
These  aquatic  biological  surveys  would  be  done  annually  in  the  late  summer 
commencing 2 years  before  the s t a r t  of   construct ion.   Monitor ing  of   f isher ies 
would  also  be  done on the  Thompson  River a t  the  s i te   o f   the  water   supply   in take 
near  Ashcrof t .   Dur ing  construct ion,   f requent  inspect ions  would  be made t o  
ensure  that   approved  construct ion  procedures  are  fo l lowed and adverse  effects 
on  f isher ies  are  minimized.  Dur ing  the initial year  of operat ion  the  intake  would 
be studied to  evaluate  the  effect iveness  of  the  f ish  protection  systems.  This 
would  be  carr ied  out  dur ing  the  spr ing.   downstream  migrat ion  of   young  f ish.  

f isher ies  author i t ies.  A routine  maintenance  program for the  in take  would 
Fish  monitoring a t  the  intake  would  be  co-ordinated  wi th  provincial   and  federal  

ensure  that  the  faci l i t ies  remain  within  design  specif icat ions  over  the  l i fe of t he  
project  . 

Although  the  impact  of  acid  precipitat ion  caused by the  powerp lant  
development i s  predicted  to  be  minor,   condi t ions  of   the  aquat ic  environments  in 
areas  l ikely  to  be  af fected by powerplant  emissions  would  be  monitored. 
Monitoring  would  be  conducted  in  selected  watersheds  including  such  potential ly 
sensitive  areas as Adams River, and Hendrix  Creek.  Addit ional  si tes  would  be 
selected  following a regional   survey. A wide  range of water quality parameters 
and trace  elements  would  be  determined  in  addition  to  aquatic  biological  informa- 
t ion  on  the  type  and  abundance  of   phytoplankton  and  per iphyton.  Areas  nearer 
to  the  powerplant s i te  would  be  monitored  in  the  surface  water  qual i ty  and 
aquatic  biological  monitoring  programs.  Meteorological  and  air  quality d a t a  
would  be  obtained  from  exist ing  government  stat ions  in  the  region, as well as 
from  the  monitoring  stat ions  included  in  these  environmental  monitoring 
programs. A network  to  monitor  both  wet  and  dry  deposi t ion  of   acidic  mater ia l  
would  be  established. 

Collect ion  of  surface-water  qual i ty samples  would  be car r ied   ou t   in  
the  ear ly  spr ing  dur ing  ear ly  snowmelt   and  in  the  late  summer.  The  col lect ion 
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of biological samples would  be  carr ied  out  in  the  late summer a t  selected  water' 
quality  monitoring  s' ites. Samples of  accumulated  snow  would be collected  to 

monthly  throughout  the  year.  
supplement  the  snowmelt  studies.  Precipitation samples would  be  collected 

The  acid  precipitat:ion  studies,  would commence 2 years   p r io r   , to  
s t a r t - u p  of t he  f i r s t  boi ler   to  obtain an inventory  of   exist ing  condi t ions.  

26.5 ENVIRONMENTAL  CONTROLS 

B .C .  Hydro  proposes  to  establ ish a ful l- t ime  environmental  protection  group as 
soon as construct ion  author izat ion  for   the  project  i s  obtained  (Section 4.0). 

monitor ing and would  devise  and  implement  field  environmental  protection 
This  group,  located a t  t he  site, would assume the  lead  role  for a l l  environmental 

measures dur ing  the  const ruct : ion  act iv i t ies .   I t  is proposed  that  personnel  with 
experience  in  the  environmental  protection  of  terrestr ial,   aquatic and atmospher- 
ic  resources  be  included  in  the  si te  environmental  group.  However, it is  
recognized  that it would  be  impractical  to  provide  suitable  expert ise  in a l l  
discipl ines  and  therefore use would  also be made of other  personnel f rom B . C .  
Hydro  and/or  consul tants as required.  The  si te  environmental  protection  group 
would  be  designed f rom the  outset  to  remain a t  s i te  in a s imi lar   ro le  to  that   held 
dur ing   cons t ruc t ion  once the  development  is  fully  operational  (see  Section 4.0). 
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APPENDIX B. GLOSSARY OF TERMS AND  ABBREVIATIONS 

G 

ha 

ha.m 

J 

k 

kg 

km 

L 

d 
> 

ur 

Giga: 1 000 000 000 = I O 9  

Hectare 

Hectare.mett-e: 10 000 m 3  

Joule 

Ki lo: 1000 = 10’ 

Kilogram 

Kilometre 

L i t r e  

Metre 

Mega: 1 000 000 = lo6 

Cubic  metre 

Mill igram: 1/1000 g = lo-’ gram 

Megagram 

Mil l imetre 

Tonne (1000 kg) 

Micro: 1/1 000 000 = lo-‘ 

Micrograms  per  cubic  metre 

Volt 

Watt 

Less Than 

Greater  Than 
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Acidic Pertaining  to an ac id   o r   t o  i t s  propert ies.  Forming an 
ac id   dur ing  a chemical  process.  Having a pH less than 
7.  

Act iv i ty  Day  (Recreat ion) 

Defined as one person  par tak ing  o f  a recreational 
ac t i v i t y   f o r  a major p a r t  of one day. 

Acute Injury o r  Damage 

A rapid response to a tox ic  agent. 

Aerodynamic Mean Diameter 

Alkal ine 

The  parameter  most  commonly  used  to  describe  particle- 

of part ic les  that   have a diameter  of a sphere  o f   un i t  
size in  aerosol  research. It is   the mean of  a populat ion 

densi ty   that   has  the same set t l ing  ve loc i ty   in  a i r  as t h e  
par t ic le  of in terest .  

Having  proper t ies  o f  an alkali. Having a pH  g rea ter  
than 7. 

Al lowable  Annual   Cut  (AAC) 

Al luv ium 

A lo f t  

Ambient 

AMSL 

Anadromous 

Andesite 

Angler-day 

AQCS 

The  ra te  of t imber  harvest ing  speci f ied fo r  an  area  of 
land. 

Clay, s i l t ,  sand,  gravel   or   s imi lar   detr i ta l   mater ia l  
deposited by running  water .  

I n   t h e  a i r ,  no t  a t  ground  level .  

environment  about a body, as in  ambient a i r  or   ambient  
Surrounding;  especial ly of or   pe r ta in ing   t o   t he  

temperature. 

Above mean sea level. 

Animals  (mainly  f ish)  that   feed  act ively as adu l t s   i n   t he  

they  spawn.  Contrast   wi th  catadromous,  the  reverse, 
sea but  migrate  into  and  up  f reshwater  streams  where 

where  f ish,   l ike eels, feed  act ively as adul ts   in  
f reshwater,   then  migrate  downstream  to  the ocean 
where  they  spawn. 

A  common volcanic  rock  which  forms  part   of  a series 
ranging  f rom  rhyol i te   through  dac i te  and andesi te  to 
basalt.   The  series  represents a chemical  change  which 
is  commonly  indicated by a v is ib le  change  f rom  l ight   to 
dark colours. 

Any   por t ion   o f  a day spent   f ish ing by an indiv idual .  

Air Quali ty  Control  System. 

ci 

w 

hi 
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Aqui fe r  

Atmospheric  Inversion 

Attenuat ion 

AUM 

Average  Energy 

Bank  m3 

Basalt 

Bench 

Beneficiation 

Benthos 

Bentonit ic  Claystone 

Biophysics 

Biota 

A water-bearing  formation o f  permeable  rock,  sand  or 
gravel .  

Climatic  condition  which  tends to  t r a p  pol lutant 
emissions in  val leys.  

Gradual   reduct ion  in  the  intensi ty  (concentrat ion).  

Animal  Unit  Month. 

The  average  electr ic  energy  generated by a powerplant 
or  system  over a period  of  many  years.  For  B.C. 
Hydro,  average energy is  computed by simulating 
project  and  power  system  operation  with 1940-1975 
streamflow  records. 

Cubic  metres  in  place,  before  excavation;  after 
excavation  volume  would  be  greater. 

See andesite. 

proceeds  downwards  from  the  surface  in a series  of 
Pertaining  to  open-pi t   mining  where  the  mining 

benches or   s teps.  

Using  the  chemical  or  physical  propert ies  of a mineral 
to  separate  waste  from  the  valuable  mineral.  

Bottom-dwelling  forms of marine  l i fe.  Also  known as 
bottom  fauna  (benthic  organisms). 

A fine-grained  sedimentary  rock  cont.aining  bentonite, 
which is  a clay  derived  from  decomposition  of  volcanic 
ash. 

T h e   h y b r i d  science involv ing  the  appl icat ion  of   physical  
principles  and  methods to  the   s tudy   o f   s t ruc tu res   o f  
l iv ing  organisms  and  the  mechanics of l i fe  processes. 
Biophysical (ad j .  1. 

Animal  and plant l i fe  character iz ing a given  region. 
Flora  and  fauna,  collectively. 

Biot i te  Hornblende  Granodiori te 

A coarser-grained  equivalent  of a dacite,  which  cooled 
f rom molten rock  beneath  the  surface of the   ear th .  

Blowdown  Water  rejected  from  boilers,  turbines  and  cooling 
towers,  etc., in order  to  maintain  water  qual i ty.  

Borrow  Area  (Pi t )   An  excavat ion  dug  to  provide  mater ia l   for  fill used 
elsewhere. 

Bottom  Organisms  Animals  of  many  kinds  that  l ive  on  or  in  the  bottom 
materials  of a r i ver   o r   o ther   body   o f   water .  

BP Before  the  present.  
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Buf fe r i ng  

Buoyancy 

Calibrate 

The  process  of   neutral iz ing  both  acids  and bases, 
thereby  mainta in ing  the  or ig ina l   ac id i ty   or   bas ic i ty   o f  a 
solution. 

The  vert ical   mot ion  of  a p lume  due  to  i ts   lower  densi ty 
compared  wi th  the  surrounding a i r .  

To  standardize by determining.  the  deviat ion  f rom a 
standard so as to   ascer ta in   the  proper   correct ion 
factor .  

Capacity  Factor The r a t i o  of the energy del ivered by a generat ing 

energy  which  could  be  del ivered if the  source  is 
source over a certain  period  of  t ime  to  the  maximum 

operated  continuously a t  Maximum  Continuous Rat ing.  

Cenozoic  An E r a  o f   ear th   h is to ry .  

CF  Capacity  factor. 

Chlor inat ion Addi t ion of chlorine  or  chlorine  compounds to  wa te r   f o r  
the purposes  of   d is infect ion.  

C h r o n i c   I n j u r y   o r  Damage 

Chronology 

Clar i f icat ion 

Clastic 

Ci rcu i t   Breaker  

Climatological  Station 

Coagulant 

Coli form  Bacteria 

Colluvium 

A response over  a n  extended period of t ime to  repeated 
exposures to  concentrat ions of pol lutants  which  in 
single  exposures  are  insuff icient  to  cause  acute 
symptoms. 

An  order ing  o f   ar t i facts   and/or   cu l tura l   features 

o f ten   d iv ided  in to  named periods. 
analogous to   t he i r   i n fe r red   occu r rence   t h rough  time; 

The  process  of  removing  suspended  matter  from a 
liquid. 

The  te rm  re fe rs   to  a rock   t ha t  is  composed  of  broken 
and worn  fragmen.ts  of  pre-exist ing  minerals,  rock 
part ic les  or   shel ls.  

Electr ical  switch. 

A station,  normally  operated  on a voluntary  basis by 
p r i va te  individuals, using  of f ic ia l   instrumentat ion  to 
record  observations of temperature  and  precipi tat ion.  

A material  which  assists  or  promotes  the  agglomeration 
o f  small par t ic les  thus  increas ing  the i r   ra te  o f   set t l ing.  

Colon bacilli, or   forms  which  resemble  or   are  re la ted  to  
them.  The  type  species  of  the genus, occu r r i ng  as 
par t   o f   the  normal   in test ina l   f lora  in  man o r  animals. 

Angular   f ragments  o f   rock  vary ing  in  size f rom  f ines 
up to  gravel-cobbles (64-256 mm) formed  on  slopes  due 
to erosion. 
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Conduct iv i ty  

Conformably 

The  ra t io   o f   the  e lect r ic   current   densi ty   to   the  e lect r ic  
f ie ld   in  a material. 

The  term  refers  to  one  rock  being  overlain by another 
wi thout  having  an  intervening  per iod  of   erosion. 

Conglomerate  Gravel made in to a rock by cementing o r  compressing 
the  part icles  together  (compaction). 

Cretaceous A span o f  geologic  time and p a r t  o f   the Mesozoic E r a .  

Dacite  Refer  to  andesite. 

Day-Night  Average  Sound  Level   (Ldn) 

The  24-hour  average  sound  level,  in  A-weighted 
decibels,  obtained a f t e r  addit ion of ten  decibels t o  
sound  levels in the   n igh t   f rom 1O:OO p.m. to  7:OO a.m. 

Daughter  Radionuclides 

Members  of a radioactive  decay  series  headed by the  
parent radionuclide  and  ended by a stablie nuclide. 

Damage 

d 0 A  

Effects  which  clearly  reduce  the  intended  value  or  use 
of  i3 plant,   whether  the  reduct ion  be  in economic, 
ecologic  or.aesthetic  terms. 

(A-weighted  decibel)  Decibels  on  the  "A"  scale - a 
measure  of  sound  pressure  that  approximates  the 
frequency  response  (sensit ivi ty)  of  the  human  ear. 

Debitage  The  residual  pieces  of  stone  produced  in  stone  tool 
manufacture,  use and maintenance,  which  are  not 
subsequently  used. 

Decommission To  take  out  of   service.  

Demographic 
especially w i th  regard to  density a r ld  capacity f o r  
Relat ing  to  the  dynamic  balance o f  a population 

exp,ansion or  decl ine.  

Dependable  Capacity  The  load  carrying ability of a station c)r system  under 
adverse  condi t ions  for   the  t ime  interval   and  per iod 
specified. 

Deposition The processes by which  pollutants  are  removed  from 
the  atmosphere and deposited  on  land  surfaces.  These 

t ion   o f  gases and  removal by precipitat ion. 
processes  include  fallout  of dry particulates,  absorp- 

Dewatering Removal of  water  from  sol id  material.  

Diffuse The  exchange of gaseous and/or  solid  parcels  between 
regions  in  space by small-scale  random  motion. 

Direct  Al ienation  Total  replacement by man-made  facilities. 
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Dispersion 

D r i f t  

Ecological 

Economic Eff ic iency 

Ecosystem 

Entomology 

Eocene Epoch 

Ephemeral  Plant 

Epidemiology 

Equi ty  Factors 

Equivalents/m2/sec 

ESP 

FGD 

F i rm  Energy  

Fluvial  

Forage  Crops 

Freshet 

Fugi t ive  Dust  

The  natura l   process  o f   d i lu t ing an  emission t h r o u g h  
d i f fus ion.  

The  water  lost   in a cool ing  tower as mis t   or   droplets  
entrained by the  c i rcu la t ing a i r ,  not   inc lud ing the  
evaporative loss. 

and  their   environment.  
Pertaining  to  the  re lat ionship  between  l iv ing  organisms 

Carefu l   and  prudent  use of resources. 

A functional  system  .which  includes  the  organisms  of a 
natural   community  together  wi th  their   environment.  
Derived  from  ecological  system. 

A branch  of  the  biological  sciences  that  deals  with  the 
s tudy  of insects. 

A geological  t ime  scale  in  the  Tert iary  Period. 

An  annual   p lant   that   completes  i ts   l i fe  cycle  in  one 
short   moist  season; desert  plants  are  examples. 

The study of diseases as they  affect  human  health. 

The  d is t r ibu t ion   o f   benef i t s  and costs,  i.e.  which  social 
groups  gain  and  which ones  lose. 

The  deposi t ion  rate of hydrogen  ions - a measure  of   the 
deposition  of  acidic  material. 

device  that   removes  part iculate  matter by fo rc ing   t he  
Electrostat ic  Precipi tator.   An a i r  polluton  abatement 

gas stream  through  an  electr ical   f ie ld  which  charges 
the  par t ic les so t ha t   t hey  a r e  collected  on an electrode. 

process  that  removes  sulphur  dioxide (SO21 f rom 
Flue Gas Desulphurization i s  an a i r  pol lut ion  control  

combustion gases, after  the  combustion  process, by 
contact ing  them  wi th a sorbent   to   react   wi th  S02. 

A supply of   e lect r ic   energy tha t  is  avai lable  on  an 
assured  basis.   Firm  hydro  energy i s  the   leve l   o f   hydro  
energy  that   can  be  generated  throughout  the  worst  
h istor ic  drought  f rom  September 1942 t o   A p r i l  1946. 

Features  or  deposits  of  sediments  due  to  the  act ion  of 
streams. 

Crops  used as food  fo r  animals  especially  cattle. 

The  annual  spring rise  of  streams  in  cold  cl imates as a 
resul t   of   melt ing  snow. 

Dust  released  into  the  atmosphere  at  ground  level in an 
unconf ined  manner  ( i .e.   not   through a d u c t   o r  stack). 
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Y 

Full   Load 

Fumigation 

Powerplant  operation  such  that 2000 MW of  power  are 
being  produced  using  performance  coal. 

An e f fec t  that   occurs  when  the low  level  unstable lapse 
rate  reaches  the  plume  and  the  eff luent is  suddenly 
sent:  downward  toward  the  ground. 

Game Management  Areas 

Regional  subdivisions  of  the  province  formerly  used as 
basis  for  setting  hunting  regulations  (see  Management 
Unit:). 

Genetic  Makeup  The  biochemical bas is  of   heredi ty  and  var iat ion among 
individual  members of a part icular str,ain o r  group  o f  
indiv iduals.  

Geohydraul ic 

Geotechnical 

Glaciofluvial 

Greenstone 

Groundwater 

Hard  Water 

Hummocky 

Hydrocarbon 

Hydrog raphy  

Hydro logy 

Incubation 

Dealing  with  the  character,  source  and mode of  
occurrence  of   underground  water.  

Relating  to  the  application  of  the  methods  of  engineer- 

excavation in  soil  and rock. 
ing and  science  to  the  design  of  structures  and 

Pertaining  to  streams  fed by melt ing  g laciers,   or   to  the 
deposits  and  landforms  produced by suc,h streams. 

A green  rock  that  resu l ts  from  low  grade  metamorphism 
(changes  result ing  from  heat and/or pressure) and the  
development  of  three  minerals:  epidote,  chlorite  and 
actinol i te. 

All subsurface  water,  especial ly  that part t ha t  is i n   t h e  
zone of   saturat ion  ( i .e.   aqui fer) .  

Water  which  contains  relatively  high  concentrations  of 
salt:s, mostly  calcium and magnesium. Water  in  which it 
is d i f f i cu l t   to   la ther  soap. 

Descript ion of a surface  comprised  of small ridges o r  
hi l locks. 

An  organic  compound  containing  only  carbon  and 
hydrogen. 

Science  which deals with  the  measurement  and 
descript ion of the  physical   features of t he  oceans, 

par t icu lar   re ference  to   the i r   cont ro l  and uti l izat ion. 
lakes,  rivers,  and  their  adjoining  coastal  areas,  with 

Science  deal ing  with  the  propert ies,  distr ibution  and 
circulat ion  of  water. 

Maintenance  of  chemical  mixtures a t  specified  temper- 
a tu res   fo r  varying t ime  periods  to study chemical 
reactions.  The  act  or  process  of  brooding  or  incubat- 
i ng .  
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Indigenous 

In f ras t ruc tu re  

Ingest 

I n j u r y  

Inver tebrate 

Ionizing  Radiation 

Isopleth 

isotropic 

Lacustr ine 

Lahar 

"Lay-down''  Area 

Leachate 

Li th ic  Scatter 

L i t h i f i ed  

Load  Factor 

Management  Unit 

Mat r i x  

MCS 

Per ta in ing   to  animal o r   p l a n t  species  which  are  native 
t o  a given  area by natural  occurrence. 

The  under ly ing   foundat ion   o r  basic framework (as  of  a 
system o r  organization). 

To eat. 

All plant responses  to a i r  pol lut ion  exposures,  includ- 
ing  reversible  effects  on  metabolism,  effects  on  physio- 
logical  processes, 
modifications of growth  and  development. 

neurosis,  senescence  and 

An  animal  lacking a backbone  and  internal  skeleton. 

Part ic les  or   photons  that   have  suf f ic ient   energy  to 
produce  ion izat ion  d i rect ly   in   the i r   passage  through 
matter. 

A l ine  drawn  through  po ints   on a p lo t  a t  which a g iven 

t h e  same frequency) as a funct ion  of   the  two  coordinate 
quant i ty   has  the same numerical  value  (or  occurs  with 

variables. 

Uni form propert ies in al l   d i rect ions.  

That   wh ich  is  derived  from  processes  operating  in a 
lake. 

A mudflow  containing  volcanic  rock  and  associated  with 
volcanic  eruptions. 

Area  adjacent  to  project   faci l i t ies  sui table  for   laying 
down  equipment and dismantled  sections of the   f ac i l i t y .  

A solut ion  or   product  obtained by the   ac t ion   o f  a 
percolat ing liquid dissolving  out  soluble  components  of 
a solid material. 

An  archaeological  site  which  consists  of  stone  tools and 
debi tage  s t rewn  on  the  land  sur face.  

The  process  of   being made in to  a rock by cementation 
o r  compaction. 

calculated  over a given  per iod.  
The  ra t io   o f   average  e lect r ic   load  to   peak load, usual ly 

present ly  used as a bas is   for   set t ing hunting 
Section  of a regional  subdivision of the   p rov ince  

regulations  (see Game Management  Area). 

A rectangular a r r a y  of  numbers  or  elements  containing 
rows and columns  of  numbers. 

Meteorological  Control  System. 

Mean Annual  Increment  Annual  value  growth of harvestable  trees. 
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Metabolism 

Meteorological  Station 

Metavolcanic 

Microt ine 

Mil l  

Miocene  Epoch 

Mit igation 

Monitor ing 

Necrosis 

Neurosis 

NO 

N 0 2  

Biochemical  process  in  l iving  organisms  whereby  energy 
is  provided  for   v i ta l   processes. 

Any  s i te  where an observer  or  automatic  instrument  is 
located  and  from  which  weather  observations a r e  made. 

I t  implies  that  the  pre-exist ing  volcanic  rock was 
metamorphosed  (changed by heat  and/or  pressure). 

Subfamily  Microtinae. Small burrowing  rodents   wi th  
short  legs  and  stout  claws,  such as lemming and  voles. 

A money of account equal  to  1/10 cent. 

A geological  time  scale  in  the  Tertiary  P'2riod. 

Measures taken in  the  planning,  design,  operation  and 
decommissioning  phases  of  projects  to  prevent  adverse 
impacts  on  resources. 

The  use  of  approved  instrumentation  and/or  techniques 
t o  measure the presence  or ef fect  of a contarninent. 

Localized  death  of  l iving  t issues  such as ,leaves. 

A category  of  emotional  maladjustments  characterized 
by some impairment  of  thinking  and  judgment,  with 
anxiety as the  chief  symptom. 

Ni t r ic   Oxide. 

Nitrogen  Dioxide. 

Nitrogen  Supersaturation 

Concentrat ion  of  nitrogen  in  water  greater  than  i ts 
value a t  equi l ibr ium  at   the same temperature  and 
pressure. 

Nonconformity  Refer  to  conformably. 

Nonfr iable 
crumbled, pu lver ized  or   reduced to powder. 
Referr ing to   t he   p roper t y   o f  a substance. Not easily 

Non-sodic  Without  sodium. 

NSR 

Nuclide 

Not  Satisfactori ly  Restocked.  Denuded  areas  that  do 
not meet  minimum  stocking  requirements  of  approximate- 
ly 750 healthy,  well-distr ibuted  seedlings  or  juveni le 
stems per  hectare. 

A species of atom characterized by .the number  of 
protons,  number of neutrons,  and  energy  content  in 
the  nucleus,  or   a l ternat ively by the  atomic  number, 
mass number,  and  atomic mass. 

Nutr ient   Providing  nour ishment.  
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Nutr i t ive  Makeup 

Oppor tun i t y   Cos t  

Out fa l l  

Overbu rden  

O v e r s t o r y  

Paleozoic 

Part iculate 

Part ings 

Peak  Capabil ity 

Performance  Coal 

Per iphyton 

Permeabil i ty 

Permian 

p H  

Phenology 

Photochemical  Reaction 

The  composition  of an ind iv idual   or   organism as 
determined by t h e  sum of  the  processes by which 
subject   takes  in and uti l izes  food  substances.  Dietary 

the  body  composition,  physiologic  and  biochemical 
factors  can  inf luence  toxicity by producing  changes  in 

funct ions  and  nutr i t ional   status  of   an  indiv idual .  

The  va lue of a factor  of   product ion (capital, labour o r  
natural  resource) in i t s  best  alternative  employment, 
i .e .  the  amount  that  a factor  of   product ion  would  have 
earned  i f   not   u t i l ized by the  Hat  Creek  development. 

The  po in t  a t  which a sewer  discharge  empties  into a 
receiv ing  water  body. 

Mater ia l   over ly ing a mineral  deposit  or coal seam. 

Upper  or   uppermost  port ion  of  t ree  foliage. 

Refer  to  Cenozoic. 

Solid o r   l i qu id   mat te r   in   f ine   par t i c les :  soot, dust ,  
aerosols,  fumes  and  mists. 

o r   beds .  
Beds or banks of waste mater ia l  d iv id ing  mineral  veins 

T h e  maximum  power  output  that   can  be  suppl ied by a 
generat ing  uni t   stat ion,   or   system  in a stated time 
per iod.  

Defines  the  predicted  average  qual i ty  of  blended coal 
which  the  mine  would  supply  to  the  powerplant  over 35 
years . 
Organisms  (as some algae) that l ive  a t tached  to  
underwater  surfaces. 

The  capaci ty   o f  a porous  rock,   soi l   or   sediment  for  
t ransmi t t ing a fluid without  damage to the   s t ruc tu re   o f  
t h e  medium. 

A period  of  geologic  t ime in t h e  Paleozoic Era. 

A term  used to  descr ibe  the  hydrogen  ion  act iv i ty  of  a 
system.  Indicative  of  the  acidity  ( less  than  pH 7) o r  
bas ic i ty   (greater   than  pH 7) o f  a solution. 

A branch  of   science  deal ing  wi th  the  re lat ions  between 
climate  and  periodic  biological  phenomena  such as bird 
migrat ion  or   p lant   f lower ing.  

A chemical  reaction  influenced  or  init iated by l ight ,  
par t i cu la r ly   u l t rav io le t   l i gh t .  

Photosynthet ic  Act iv i ty  Process  whereby  green . plants  manufacture 
carbohydrates  f rom  carbon  dioxide  and  water  in the 
presence  of light energy.  
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Physiological  Process 

Phytoplankton 

Piezometer 

Plateau  Basalts 

Plume Simulation 

Potable 

Probable  Maximum  Flood 

Biological  process.  Characterist ic  of  or  appropriate  to 
an organism's  healthy  or  normal  functioning. 

Planktonic  (passively  f loating o r  weakly  mobile)  aquatic 
plant l i fe.  

An  instrument  for   measur ing  pressure  or  
compressibi l i ty. 

Extensive  f lat- ly ing  basal ts  that   resul t   f rom  f issure 
( f racture)  erupt ions  rather  than  more  fami l iar  
erupt ions.  

A simulation,  usually  mathematical,  of  the  transport, 
spread  and  concentration  of  plume  elements  in  f inite 
time increments. 

(Water)  suitable  for  drinking  purposes. 

The  theoret ical ly  greatest   f lood  that  is  phys ica l ly  
possible  over a part icular  drainage  area. 

Pubescent  Leaves  Leaves  covered  with  f ine soft short  hair. '  

Publ ic  Sustained  Yield  Unit  (PSYU) 

Pulmonary  Function 

Pyroclastic 

Radiatian Dose 

Radionuclide 

Radiosonde 

Radiosonde  Profi le 

Radon  Daughters 

Reagent 

Crown  land  designated as a Public  Sustained  Yield  Unit 
under  Section 6 of  the  Forest   Act   of  1978. 

The  performance  carr ied  out by the  lungs measured by 
such  tests as forced  vi tal  capacity,  functional  residual 
capacity  and  expiratory  reserve  volume. 

that   fe l l   through  the  a i r   under   the  in f luence  o f  
Rocks that or ig inate as fragmental  volcanic  material 

gravity. 

The  amount of energy imparted by ionizing particles to 
a unit mass of   i r radiated  mater ia l  at  the   po in t  of 
interest .  

A nucl ide  that   exh ib i ts   rad ioact iv i ty .  

measurement  and  transmission of meteorological  data. 
A balloon-borne  instrument  for  the  simultaneous 

Recording of temperature,  humidity,  pressure and wind 
measurements a t  vert ical  increments  using a bal loon  to 
ca.rr.y the  instrument  package. 

The  four  radioact ive,   short- l ived  decay  products  of  

polonium-214. 
radon:  polonium-218, lead-214, bismuth-214,  and 

A chemical  substance  with  which  another  material 
reac:ts. 

Appendix  B.  Glossary  of  Terms and  abbreviations 28-1 1 



Recharge  (of  Groundwater) 

Area  where  groundwater  resources  receive  enhancement 
from  surface  supplies  (water  bodies o r  prec ip i ta t ion) .  

Regenerative  State  of  renewal  or  restorat ion. 

rem 

Rhyol i te 

R i f f le  

The  unit   of  biological  dose  given by the  product  of t he  
absorbed  dose  in r a d s  and  the  relat ive  biological 
ef f ic iency o f  the  radiat ion  (Roentgen  Equivalent  Man). 

Refer  to  andesite. 

A shallows  across a s t ream bed  over  which  water  f lows 
swi f t ly   and i s  broken  into  waves by submerged 
obstruct ions.  

Ripar ian  L iv ing  or   located  on a r i verbank .  

Runof f  Surface-f lowing  water  or ig inat ing  f rom  precipi tat ion 
( ra in   o r   snow) .  

Sal ine  Consist ing  of  or  containing  salt .  

Saline  Depression  Communities 

Sediment 

Senescence 

Sequential 

Si l tstone 

so2 

Plant  assemblages  found  growing in the  s a l t y  soils of 
areas with rest r ic ted  dra inage.  

A  mass of   organic   or   inorganic   so l id   f ragmented  mater i -  

weather ing o f  rock  and is  car r ied  by, suspended in, o r  
ai, o r   the   so l id   f ragment   i t se l f ,   tha t  comes f rom 

dropped by air,   water,  or ice; o r  a mass tha t  is  
accumulated by any  other  natural   agent  that   forms  in 

silt,  mud, fill o r  loess. 
layers  on  the  ear th 's   sur face  such as sand,  gravel, 

The  study of  the  biological  changes  related  to  aging, 
with  special  emphasis  on  plant,  animal  and  clinical 
observations  which  may apply t o  man. T h e  p a r t  o f   t h e  
erosion  cycle a t  which  the  stage  of   o ld  age  begins.  

Repeti t ive;  occurring  again and again. 

A sedimentary  rock  intermediate  between  shale  and 

0.01 mm. 
sandstone  conforming in grain  s ize  to  s i l t ,   v iz.  0.1 t o  

Sulphur  Dioxide. 

iun 

Lrt 

. .. 

b. 

" . 

*r 

hl 
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Stacker-reclaimer 

Steam Line  Blow-outs 

Stock 

Strat i f icat ion 

A coal-handling  machine  that moves along a conveyor 
and  performs a t  d i f fe ren t  t imes  two  functions: 

1. Takes coal f rom  the  conveyor and places it in  a 
stockpi le  (stacker) .  

2. Retrieves  coal  from a stockpile  and  places  it  on 
conveyor ( reclaimer). 

The  cleaning  of  boi ler  tubes  and main and  reheat steam 
lines by high  pressure steam releases. 

A body  of  rock  that  cooled  from  molten  material  below 
the  surface and tha t  has cu r ren t l y  an area of less than 
102 km2  exposed a t  the surface of the   ear th .  

An  arrangement  or  deposit ion  of  sedimentary  material  in 
layers,  or  of  sedimentary  rock  in s t r a t a .  

Subalpine  Forest  Region 

Typical   forested  region  of   inter ior   Br i t ish Columbia; 
general ly  occurring  below 2300  m elevation. 

Synergism  (Synergist ic) 

The  cooperative  action  of  discrete  agencies such that 
the  total  effect  is  greater  than  the sum of  the  ef fects 
taken  independently. 

Terrest r ia l   Of  or per ta in ing  to   the  ear th .  

Threshold  Value  The  minimum  concentrat ion  of a substance  (e.g. SO21 
necessary  to  produce an ef fect   (e.g.   on  l iv ing  p lants).  

Toxic 

Topography 

Relat ing  to a harmful  effect by a poisonous  substance 
on  l iv ing  organisms by physical  contact,  ingestion  or 
inhalation. 

The  a r t  or   pract ice  of   graphic  del ineat ion  in  detai l  

features of a place  or  region  especially in a way  to 
usually  on maps or   char ts  of natural  and  man-made 

show their   re lat ive  posi t ions and elevations. 

Trace  Element  An  element  found  in small quantit ies  [ less  than 1000 
parts  per  mi l l ion by we igh t )   in  a mineral. 

T r u n k  Main A large  pipe in a water  distr ibution  system. 

Turbidi ty  Any  condi t ion  of   the  atmosphere  which  reduces  i ts 
transparency  to  radiat ion,  especial ly  to  visible 
radiat ion. 

Unconformity  Refer  to  conformably. 

Understory   Any  under ly ing  layer   o f  low  vegetation. 
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Vesicular 

Unl i th i f ied  Unconsol idated  sediment  not   changed  to  stone  or 
pe t r i f ied .  

Venti latory  Performance 

The  execution  of  the  exchange  of  air  in  the  lungs  with 
atmospheric  air  which  has a higher  oxygen  and  lower 
carbon  dioxide  content. 

That   p roper ty   o f  a volcanic rock which  involves  having 

that  were  preserved  when  the  lava  sol idif ied  on 
holes that   were gas bubbles  in  the  molten s ta te  and 

cooling. 

Watershed  The  total  land area' which  contr ibutes  water t o  the  flow 
of  a stream or  r iver   (see  Runof f ) .  

Year ly  Day  Night  Average  Noise  Level   (YDNL) 

The  logar i thmic  average  of   the  day-night  average 
sound levels  (Ldn)  over a ful l  year .  

Zero-Discharge A discharge  system  in  which  there i s  no  formal  l iquid 
discharge  of  process  waste  waters  to a water  course. 
The  waste  water i s  disposed of onsite by other  means. 

Appendix B. Glossary  of  Terms  and  abbreviat ions 28-14 

h u  

b 

k 

W 



INDEX 

access  roads  (see  offsite  facilities) 

6-19, 7-8', 26-3,  26-4,  26-5 
acid  (ph) precipitation 6-6, 6-18, 

monitoring 12-5 
regional  effects 6-20 
studies 6-19 

Adjustment  Problems,  Social & Community 
(21.4) 

AESTHETICS (16.0) 

aesthetics, 
assessment  of  impact 16-1 
resources 16-1 

aggvegate, 
quarries 13-1, 13-3 

AGRICULTURE (9.0) 

agriculture, 
crops 9-1. 
irrigation 9-1 
land use 9-1 

Agricultural  Land  Reserve  (ALR) 9-1 

air  quality, 
ambient 6-8, 9-5 

monitoring  network 6-1 
assessment 6-6 

objectives 6-7,  22-1 

AIR QUALITY AND CLIMATE (6.0) 

Air  Quality  Control  System (AQCS), 3-2, 
3-8. 3-9. 3-10 , ~ ~, ~ 

alternative  designs 23-2 
benefit/cost  analysis of 24-3 
conclusions 24-20 

Air  Quality  Objectives (6.4) 

air  strip  (see  offsit,e  facilities) 

1-14, 
alternative  power  projects 1-12, 1-13, 

AQCS  (see  air  quality  control  system) 

AQUATIC  LIFE,  F1SHERI:ES  AND (12.0) 

aquifers 11-1 

archaeological, 
artifacts 17-1 
bake  ovens 17-1. 
resources 17-1 
sites 17-1, 17-2 
studies 17-1, 1.7-2 
zones 17-2 

ARCHAEOLOGY (17.0) 

ash, 
disposal  system 3-13, 24-2 
hand1 i ng systems 3-13 

atmospheric, 

monitoring 26-2 
impacts 26-1 

resources 26-1 

Atmospheric  Resources (26.2) 

"B" 

B.C. Hydro & Power  Authority 
system  capability 1-3 

beef cattle 9-1, 9-6, 18-4 

Benefit/Cost  Analysis, (1.3) 
measurement 24-4 
social 23-2 
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booster   s ta t ion ,  3-17 

Burrard Thermal  Powerplant, 1-9,  1-11 

business  expansion  20-4 
i ndus t r i  a1 and commerci a1 20-4 

Canada Land Inventory  9-1, 9-5 

Capi ta l  , 
cost  24-1 

carbon  monoxide,  (22.5) 7-8, 22-4 
guide l ines 22-3 

C1a:ystone 13-1 
f o r   b r i c k  manufacture 13-3 

c l imate,  6 - 1  

p r e c i p i t a t i o n  (see p r e c i p i t a t i o n )  
"cont inenta l "  6 -1  

CLIIYATE, A I R  QUALITY AND (6.0) 

c l ima to log i ca l   t es t i ng   s ta t i on  6-:L 

coal ,  
a l t e r n a t i v e  uses 2-3 
b e n e f i c i a t i o n  3-10,  24-6,  24-7 
deposits 1-14, 2-2,  2-3, 3 -1  
l i q u e f a c t i o n  2-3 
resource 1-4 

Coal  Resource, The (2.2) 

coaly  waste  13-1 

community, 
i n f r a s t r u c t u r e  20-4 

Community Rela-Lions 1-17 

COMIWNITY  RESOURCES (20.0) 

COMPENSATION (25.0) 

compensation, 23-1, 24-22 
proposals 24-20, 25-1 
for  resources  25-1 

const ruct ion,  
a c t i v i t i e s  3-1, 4-1, 4-2 
camps (see o f f s i t e   f a c i l i t i e s )  
schedule  4-1 

Construction Phase (4.1) 

cool ing  tower,  

plume  6-21, 7-5 
emissions  (see  emissions) 

waste  heat and lnoisture 6-15 

cooling  water  (see  water) 

c r e e k   d i v e r s i o n s   ( s e e   o f f s i t e   f a c i l i t i e s )  

cu l tura l   her i tage  re : jources  17-1 

"D" 

Dawson, G.M. (Geological  Survey o f  
Canada 1877) 2-2 

Decommissioning and Reclamation Phase 
(4.3) 

Design  Alternatives  (24.2) 24-2 

design  select ion  24-1 

Detailed  Environmental  Studies (DES) 
subgroups, 

a i r  q u a l i t y  1-X.1 
general  aspects  1-16.2 
land  resources 1-16 
socio-economics 1-16 
water  resources 1-16 

d ivers ion  systems, 
Aleece Lake 3-20 
Finney  Creek  3-20 
Hat  Creek 3-18:, 3-20, 11-6 
Houth Meadows 3-20 
Medicine  Creek 3-20 

dust, 
con t ro l  3-6, 6-16, 7-4, 11-6, 
22-3, 24-2, 24-3 
emissions  7-4, 9-6 
f u g i t i v e   d u s t  6-15, 6-16 
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economic  efficiency 23-1 

ECONOMIC  EVALUATION OF RESOURCE  IMPACTS 
(18.0) 

economic  evaluation  of resources, 18-1 
agriculture 18-4 
commerical  fishery 18-4 
fishing 18-5 
hunting 18-5 
minerals 18-5 
recreation  18-5. 
water 18-5 

economic impacts, 25-1, 25-2,  25-3 

economy, 
local 19-1 
regional 19-1 

education, 
elementary school  enrollments 20-1 
projected  enrollment  increases  20-1 

teacher  requirements 20-1 
secondary 20-1 

effects o f  construction on, 
visual  resources 16-3 

effects  of  emissions on, 
human  health 22-1, 22-2, 22-3 
recreation 15-4 

effects of noise on, 
Indian  Reserves 14-2, 14-3, 1,4-4 
cattle  grazing 14-2, 14-4 
ranches 14-3 

effects  of  project on, 
aesthetics 16-2, 16-3 
agriculture 9-3,  9-5, 21-1,  25-2 
air quality 21-1 
archaeological  resources 17-2 

25-2, 25-3 
fisheries 12-2, 12-4, 15-5, 21-1, 

health 22-1, 22-6, 24-4 
forestry 8-1, 8-2, 18-1, 21-1, 25-2 

income 19-7, 19-9 
mineral  resources 13-3 
Native  Indians 21-4 

effects  of  project on, - (Cont'd) 
social environment 21-1, 21-3, 25-3 
regional  economic:s Part IIIB, 19-2 

vegetation 7-1, 7-4 
water  resources 11-2,  11-3, 11-11, 
11-13 
water quality 21-1 
wildlife 10-2, 1.0-6, 21-1, 25-2 

electrostatic  precipiLators (see 
precipitators) 

emissions, 6-16 

monoxide") 
carbon  monoxide  (see "carbon 

control  of 3-9 
cooling  tower 6-15, 6-16, 7-8 
dust  (see "dust"] 
fluorine (see"f1uorine") 
NOx  (see  "nitrogen  oxide") 
powerplant  stack (see  "Powerplant") 
regional 6-22 
stack (see powerplant  stack above) 
SO, (see "sulphur  dioxide") 

employment, 

induced 19-3 
indirect 19-3 

Native  Indian 19-2, 19-6 
opportunities 19-6, 21-2,  21-3 
regional 19-3 
requirements  19.-3 

energy, 
average c o s t s  1-11 
capability 1-10 
demand 1-3 
requirements 1-10 
resources 1-3 

energy  demand  forecast, 1-3, 1-6, 1-7, 
1-8 

Energy  Project  Certificate 1-2 

Energy  Review  Process 1-1, 1-2 

environment  Canada 22-5 

ENVIRONMENT, SOCIAL (21.0) 
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environmental, 
control  systems 3-5 
impacts 21-1, 24-5 
monitoring 26-1 
studies 1-9, 1-15, 5-1 

Environmental  Controls (26.5) 

Environmental  Impact  Statement (E.I.S.), 
objectives 1-1 
background information 1-15 

ENVIRONMENTAL  MONITORING  PROGRAMS (26.0) 

environmental  protection  group,  BCH 4-2, 
4-6, 26-5 

environmental  resource  impacts 25-1, 
25-2, 25-3 

epidemiological  study 22-1 

EPIOEMIOLOGY (22.0) 

epidemiology 22-1 

equipment  unloading  facilities  (see 
offsite  facilities) 

equity  factors 23-1,  23-2 

fabric  filters (baghouses) 3-11 

FGO  (see flue  gas  desulphurization) 

fish, 
entrapment 12-5 
habitat 12-2,  12-3 
population 12-2 
regional  species 12-1 
salmon  spawning 12-1, 18-4 

fisheries, 
compensation 25-1 

sport 12-1 
resources 15-3 

FISHERIES AND AQUATIC LIFE (12.0) 12-1 

fishing,  commercial, 
in British  Columbia 12-1 

fishing  resorts 15-2 

flood, 
probable  maximum 3-20 
protection 3-20,  11-6 

5-1, 24-3,  24-5, 24-14, 24-15, 24-17 
flue  gas  desulphurization 3-9, 3-12, 

fluorine 6-9, 8-2, 9-5, 10-5, 10-6 

"fly"  ash (see  ash) 

FORESTRY (8.0) 

forestry, 
Annual  Allowable  Cut  (AAC) 8-1, 18-1 
employment 8-1 
Public  Sustained  Yield  Units 8-1 

fugitive dust (see "dust") 

game (see  "wildlife") 

Generation  Planning 1-9 

geology 2-2 

Geological  Survey  of  Canada (G.M.  Oawson) 
2-2 

Government,  local, 

municipal  finance & budgeting 20-6 
administration 20-6 

Government,  Provincial, 
Pollution  Control  Board  objectives 
3-6, 6-7 
regional 20-6 

gravel, 
quarries 13-1 

grazing  (see  "livestock") 

groundwater (see "water  resources") 
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' Hat Creek Valley, 2-1 
diversion (see "diversion  systems") 
land  use 2-1 

water shed  (see water shed) 
Val  ley  (2.1) 

mi resources 2-1 

id 
HAT  CREEK  RESOURCES  (2.0) 

Heaclworks facility (see  water) 

health, 
d 

.d 
facilities 20-3 

"hea.t dissipation  system" 3-14 

s3 holcling  pond  (see  water) 

housing 20-1, 21-3 
* local & regional  requirements 20-1 

21-3 

H0ut.h Meadows, 
sl waste  disposal  area (see waste 

disposal  areas) 

Yit hunting, 
demand 10-6 
use 10-6 
resorts 15-2 w 

hydroelectric  energy  generation 1-4 

u HYDROLOGY, WATER  QUALITY AND (11.0) 

m# 
Impact  Assessment 5-1 

impacts of project on, 
air  quality 6-7, 6-17 

21-3, 25-2 
water quality 11-6 

Impacts, Management o f  (23.0) 

td recreation 15-1, 15-3, 15-4, 21-1, 

d 

Impacts  Resulting  from  Changes in 
Economic  Structure & Opportunity (21.2) 

Impacts  Resulting  from  Changes in the 
Natural Environment (21.1) 

& Community  Expansion  (21.3) 
Impacts  Resulting  from  Population  Changes 

Implication/see  "Impacts" 

Indian  Bands  (see  Nat,ive  Indians) 

in-migrants 19-7 

in-migration, 
project  related 19-6 
impacts 20-1 

intake  (see  water) 

INTRODUCTION (5.0) 

irrigation  (see  "water") 

labour force, 4-2, 4-5 
recreation 15-3 
requirements 19-2, 19-3 

1 and, 
alienation 7-1, 8-1, 9-5, 9-6 
reclamation (see  "reclamation") 
uses 2-1, 7-1 

leachates  (see  "trace  elements") 

Licensing, 
project 4-1, 24-4 

life o f  project 3-1 

limestone, 
deposits 13-1,  13-3,  18-5 
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d 

ui 

w 

livestock, 7-1 
grazing 7-1 

"M" 

materials  handTing 4-5 

MCS  see  Meteorological  Control  System 

Medicine  Creek, 
dry  ash  disposal  site  (see  ash 
disposal) 

meteorological, 
monitoring  network 26-1,  26-2 

Meteorological  Control  System (MCS), 
3-51, 3-10, 5-1, 24-5,  24-8,  24-9,  24-10, 
24-11, 24-12 

mi ne, 
drainage 3-5 
facilities 3-3, 3-4 
fugitive  dust  (see  "dust") 
operating  system 3-3 

mineral  resources 13-1 

MINERALS AND PETROLEUM (13.0) 

MITIGATION  ALTERNATIVES (24.0) 

mit,igation, 
alternative  proposals 23-1, 24-1, 
24-20 
benefit/cost  analysis 24-1 
proposals 16-5, 23-1 

MONITORING  PROGRAMS,  ENVIRONMENTAL (26.0) 

d 

Native  Indians, 
Bands 2-1, 19-2 
Reserves 2-1 

nitrogen  dioxide 7-8 

nitrogen  oxides 3-9, 7-8 
ground  level  concentrations 22-3 
guidelines 22-3 

nitrosamines 22-5 

NO, (see  nitrogen  dioxide) 

NOx (see  nitrogen  oxide) 

NOISE (14.0) 

noise, 
construction  phase 14-1, 14-2 

exi  sti  ng 1 eve1 s 14-1 
control 3-15 

mining 14-3 
operating  phase 14-1 
sound  level  inventory 14-1 

Offsite  Facilities ( 3 A )  

offsite  facilities, 
access  road 3-15, 3-17, 4-1, 4-7 
4-8 
airstrip 3-19 
airstrip  location  (Cameron  Ranch) 3-19 
creek  diversions 3-19,  3-20 

equipment  unloading facility 3-19 
construction camp 3-21, 4-2 

pipelines 3-17 
powerplant  water  :Supply  system  (see 
powerpl  ant) 

operating , 
costs 24-1 
regime 4-5 

operation  phase 4-2 

Oxidants, (22.6) 
guidelines 22-4 

ozone 22-4,  22-5 

w 
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p r e c i p i t a t i o n  6-15 

prec ip i t a to rs  3-8, 24-3 

p ro jec t  (Hat  Creek), 
cost  3-21 
descr ipt ion 3 - 1  
in-service  date 1-11, 1-14 
land  requirements 3 - 1  
l icens ing 1-1 
water use 11-11 

PROJECT FEATURES (3.0)  

PROJECT PHASES (4.0) 

proposed p ro jec t  1-2 

publ ic,  
hearing 1-2 
involvement 1-1 
pro ject   in format ion 1-15, 1-17 

J 

,uJ 

pa r t i cu la te ,  7-8, 22-2, 22-3,  22-4 
contro l  24-5, 24-18,  24-19,  24-20 
guidel ines ( U . S . )  22-2, 22-3 

non-inhalable 22-2 
i nhal ab1 e  22-2 

Peace S i t e  C 1-11 

PETROLEUM,  MINERALS  AN0 (13.0) 

ph (see acid) 

pic:tographs 15-1 

p ipe l i ne  (see o f f s i t e   f a c i l i t i e s )  

PLWNNING PROCESS, THE (1.0) 

po l lu tants ,  
i n  combination 22-4 

Pol lutants i n  Combination (22.7) 

Pol lu t ion  Contro l  Board  (see government) 

polycycl ic  organic  matter 22-5 

population, 
demographic character is t ics  19-7 
growth  19-7, 21-2 

Population Changes and Community Expansion, 
Impacts from (21.3) 

power, 
shortages 1-5 

powerpl  ant, 
base case 24-6 
basic components  3-7 
commissioning 4-6 
descr ipt ion  3-1 
drainage  system  (see  water) 
emissions 6-6, 6-8, 6-17, 7-4, 7-5 
locat ion 3-7 
operation 4-5 

,water  supply  reservoir  evaporation 6-16 
water  system  (see  water) 

"Q" 

ranches 9-2, 9-6 

reclamation, 
bui ld ings 4-7 
drainage and diversion systems .4-8 
material  storage .areas 4-6 
mine 4-7 
t e s t i n g  4-3 
t ransportat ion  corr idors 4-7 
waste disposal  areas 4-6 

Reclamation Phase  (4.3:) 

RECREATION (15.0) 

recreation, 
a c t i v i t i e s  15-1, 15-2 
ac t iv i t y   d isp laced by p r o j e c t  15-4 
ac t iv i t y   d isp laced by  operation 15-4, 
15-5 
a d d i t i a n a l   f a c i l i t i e s  20-3 
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d 

msi 

J 

recreation - (Cont'd) 

camping  facilities 15-2 
assets 15-1 

motel-hotel  facilities 15-2 
faci 1 i ties 15-2 

without  the  project 15-3, 15-5 
with  the  project 15-3,  15-5, 15-7 

refuse coal  (see  "coal") 

resional  infrastructure 20-4, 20-5 

reserves  (see  Indian  Band) 

reservoir  (see  water) 

RESOURCE  IMPACTS,  ECONOMIC  EVALUATION OF 
(18.0) 

RESOURCES,  HAT  CREEK (2.0) 

resource  evaluation 18-1, 18-2, 18-3, 
18-4, 18-5 

revegetation o f  disturbed  areas 4-3, 4-4 
testing 4-4 
of waste  dumps 4-5 

Scandinavian  investigations 6-18 

scrubbing  (see  flue  gas  desulphurization) 

sediment  (see  siltation) 

sedimentation  lagoons, 
control 11-7, 11-8 

sewage  system 3-4, 3-5 

siltation, 
control 12-3,  12-4,  12-5 

site  evaluation  study 1-15 

Site  Selection (24.1) 24-1 

site  selection  criteria, 
engineering  confidence 24-1,  24-2 
engineering  economic 24-1,  24-2 
environmental  suitability 24-1,  24-2 

social  adjustment  problems 21-3 

Social & Community  Services (20.2) 

Social & Community  Adjustment  Problems (21.4) 

SOCIAL  ENVIRONMENT (21.0) 

social  services, 
increased  requirements 20-3, 20-4 

SOCIO-ECONOMIC & COMMUNITY  RESOURCES  IIIB 

SOCIO-ECONOMIC  CONDITIONS (19.0) 

socio-economic, 
impacts 19-2 
local  areas 19-1 
monitoring '24-20 
study  Part IIIB 

Sparwood 1-23, 1-24 

spawning  (see f i sh )  

stack  emissions  (see  emissions) 

SO,, (see  sulphur  dioxide) 

sulphur  dioxide (SO,)*, 
control  systems 24-5, 24-6,  24-17, . 
24-18 
environmental  benefits o f  24-12 
emissions 22-2,  22-4,  22-5 
impact 7-5 

sulphur  oxide  SOX 22-2 

taxes, 
0.C. Hydro  contributions to 20-7 

temperatures  (see  climate) 

J 
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terrestrial resource, 
monitoring 26-2, 26-3 

Terrestrial  Resources  (26.3) 

Thor'ium 22-6 

trac:e elements, 7-8 
ambient  concentrations 6-7, 6-8 
evaluation 6-8 ,  6 -9  
in aquatic  systems 11-11, 11-13, 
12-5 
leachates 3-6,  10-5,  11-5, 11-11 
leachate  control 11-8, 12-4 
leaching 7-4, 10-6 
monitoring 10-6, 22-5 

transmission lines, 
Kelly  Lake-Nicola 3-1, 3-19 
system 69kV 3-19 

"U" 

unreclaimed  areas 4-8 

unloading  facility (see offsite facilities) 

uranium 22-6 

Utilities  Commission Act 1-1 

"V"  

VEGETATION, (7.0) 

visual  impacts, 16-3 
mitigation  measures 16-5, 16-6 

visual  resources, 

units 16-1 
inventory  of 16-1 

"w" 

waste, 
ash  (see  "ash  disposal") 
disposal  areas 3-1, 11-4, 11-5 

Houth  Meadows 11-3, 13-3 
Medicine  Creek 11-3, 11-4 

handling 3-4 

waste water, 
system 3-14, 11.-6 

water, 
drainage 3-6 
for  powerplant use 11-5 

holding  pond 11.-5 
headwork  dam  11.-2, 11-6 

intake  3-16 
irrigation 11-1, 11-5 
management  systems 11-5, 11-6 
monitoring 26-3, 26-4, 26-5 
powerplant  reservoir (see  powerplant) 
quality 11-1, 11-7 
water  quality  control  system 3-6 
reservoir 12-3 
resources 11-1 

seepage  pit 11-5, 11-7 
supply  reservoir 3-18 
supply  system 3-4, 3-15 
systems 3-14 

assessment 11-2 

components 3-14 
commissioning 11-6 
decommissioning 11-11 

temperature 11-,6  11-7, 12-3 
reclamation 11-11 

"zero  discharge" 3-14, 11-2, 11-8, 
11-11 

WATER QUALITY AND HYDROLOGY (11.0) 

Water  Resources (26.4) 

WILDLIFE (10.0) 

wildlife, 10-1 
birds 10-1 
deer 10-1 
habitat 10-1, 1.5-3 
habitat  alienatian 10-2 
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9 
w i l c ' l i f e  - (Cont'd) 

moose 10-1, 10-9 

waterfowl 10-1  
use 10-2 

d m a l  1 mammals 10-1 

ul 
"Z" 

mi 
"zero  discharge"  (see  "water")  

md 

d 

kid 

d 

d 
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