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1.0 INTRODUCTION 

Environmental  protection  is  an  integral  part of all  phases 

of  the  Hat  Creek  thermal  powerplant  development.  Extensive  studies 
to define  and  document  environmental  conditions  in  the  region  and  to 
assess  mitigation  measures  have  been  carried  out  and  are  continuing.  It 
is  planned  that  an  environmental  group  would  be  established  at  the  Hat 
Creek  site  prior  to  the  start  of  construction  activities.  This  group 

would  plan  and  implement  the  environmental  protection  programmes  before 
and  during  construction,  throughout  the  operating  life  of  the  powerplant 
and  after  decommissioning.  The  site  environmental  group  would  function 
without  interruption  from  the  pre-construction  period to after  decomm- 

issioning  of  the  powerplant,  providing  continuity to the  environmental 
protection  activities. 

The  major  responsibilities  of  the  site  environmental  group 
would  include  monitoring  and  control  of  construction  activities to 
minimise  local  environmental  impact,  control of dust  and  noise  emissions, 
control  of  erosion  and  surface  drainage,  control of  air  emissions  and 

implementation  of  environmental  quality  monitoring  and  land  reclamation 
programmes.  These  environnental  programmes  and  the  manpower  and  organ- 

isation  of the  group  which  would  carry  them o u t  are  described  in  this 
document. 
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2 . 0  ENVIXONMENTAL PROTECTION 

2 . 1  Introduction 

The on-site environmental protection  programme  would commence 

with site construction activities five years before  the  in-service date. 

An envirom,ental group  would be established at site immediately  prior to 
the start of cons'truction activities. The size and diversity of this 
group  would increase as  the  project activities expand. This group  would 

remain through  the construction, operating and decommissioning phases to 

provide complete continuity  throughout  the life of  the  project. Assist- 

ance would be obtained  from B.C. Hydro's head office environmental group 

or from outside consultants to provide additional expertise in specialised 
areas. 

A major  initial  responsibility of the site environmental  group 
would  be  the maintenance a,nd protection of local environmental conditions 

during che construction phse. Comprehensive  environmental  protection 

plans  would be developed curing detailed design of  the site construction 

activities. Ac this  time  it  is  not possible to describe in detail  the 

organisation and  procedures  that  would be followed. Sowever, a general 

outline of the major  envir,onmental  protection  activities  during  construc- 
tion  has  been  prepared. 

2 . 2  Xajor Activitieri 

The environmental  protection  group  would  provide  for an environmental 

perspective during the development of  detailed  design.  They would 

develop  contingency plans designed to cope vith  accidental  hazards, such 
as spills of oil and  fuelri and coordinate  emeraency  procedures with the 

regulatory  authorities. 
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Xonicoring of the a i r ,   w a t e r  and  land  envirorrmants .muld b e  

c a r r i e d   o u t  p r i o r  t o  and   dur ing   cons t ruc t ion .  The environmental  pro- 
cect ion  group would continutil ly  compile  and  evaluate  cha  data Cram tha  

monitor ing programmes  and knplamenc any addi t iona l   ramedla l   measures  

necessary  t o  p r o t e c t  t h e  loca l   envi ronment .  

1 

* 

Q 

A partial  l i s t i n g  of e n v i r o n m e n t a l   p r o t e c t i o n   a c c i v i t i e s  t o  

I b e  c a r r i e d   o u t  by tha  on-site group would i nc lude   t he  follovlng: 

1 

ensure  the  implementaclon of d u s t   c o n t r o l  programmes; 

mon i to r   su r f ace  runoff and erosion; 

o p e r a t i o n  of  d ra inage ,  sedimentation lagoons;  

arrange f o r   i n s t a l l a t i o n  of a d d i t i o n a l   o r  temporary 
d r a i n a g e   c o n t r o l   f a c i l i t i e s   a s   r e q u i r e d   i n   a r e a s   w h i c h  

cannoc be serv ice ,d  by Che main  lagoons; 

e n s u r e   t h a t   d i s t u r b a n c e s  t o  l and   i nd   wa te rbod ies   a r e   min i s i zed  

and implement any immediate remedlal   measures  necessary; 

s u p e r v i s e   o p e r a t i o n  of t he  sewage treatment and d isposa l  

f a c i l f t i e s :  

ensure s a t i s f a c t o r y   d i s p o s a l  of  garbage and  construct ion 

d e b r i s ;  

a s s i s t  w i t h  che c o m l s s i o n i n g  of Yat Creek  and  ocher 

sur face   xa te r   d ix ,e rs ion   sys tems;  

carry ouc reclamsacion of dfscurbed areas; 

moni tor   no ise  emiss ions  and hplement   p rocedures  t o  

control unacceptab le   no ise ;  

coord ina te  s i t e  a c c i v i t i e s  f o r  the environmental  

monitor ing ?rogrzumnes; 

c o o r d i n a t e   s i t e   p r o g r a m e r   w i t h   r e q d a t o q   a u t h o r i : i e s  

and ocSer govemsreat agencies ;  

? r e p a r e   p e r i o d i c   r e p o r r s   d e s c r i b i n g  the on-s i t e  

e n v i r o n m e n c a l   p r o t e c t i o n   a c t i v i t i e s .  
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3.0 ENVIRONMENTAL HONITORING 

3 . 1  INTRODUCTION 

The impact   asses¶ent  of the  proposed Hat Creek  coal mine and 

thennal   powerplan tpredic t s  t h a t  a number of environmental  impacts  would 

occur  and  that  these would be mit iga t ed  t o  accep tab le  levels v i th   p rope r  

des ign  and ope ra t ion  of Che f a c i l i t i e s .  However, t h e   p r e d i c t i o n  of 

env i ronmen ta l   e f f ec t s  is nsat p r e c i s e  and t h e  responses  of natural systems 

t o   p o l l u t a n t s   a r e   p r e s e n t l y   n o t  completdy understood.  Thcrefore.  ex- 
tensive  environmental   monitor ing  Muld b e  c a f i f e d  ou t  i n  the  Hat Creek 

reg ion  t o  quan t i fy  and d o c m m t  -the a c t u a l   e f f e c t s  of t he  mine and 

pmerplant   development  on the environment.   Knwledge of t h e s e   e f f e c t s  

would provide   an   ear ly  w r a i n g  of s ign i f icant   envi ronmenta l   changes  and 
form t h e  basis f o r   t h e   e v a l u a t i o n  and mi t iga t ion  of  any  unacceptable 

h p a c  ts. 

The environmental  monitoring  program would be i n i t i a t e d   b e f o r e  

development  begins eo provide  adequate baseline i d o r m a t i o n   a g a i n s t  

which t h e   r e s u l t s  of fu ture   moni tor ing   could  be  compared.  During the 

s i t e  prepa ra t ion  and c o n s t r u c t i o n  phase, t h e   e f f e c t s  of cons t ruc t ion  

a c t i v i t i e s  would  be  documented t o  provide a b a s i s  f o r  e f f e c t i v e  miti- 

ga t ion  of impacts. H o d t o r i n g  du r ing   ope ra t ion  o f  t he  mine and power- 

p l a n t  would s e n e  two majot: pu rposes .   F i r s t l y ,  t he  data   obtained would 

provide a means of ensu r ing   t ha t   t he   p ro j ec t  is operated in compliance 
with p e r m i t s  and l icences.   Secondly,   the   effects  of che operat ion on 

t he   l oca l  and regional  environments would be documented  ana assessed by 

comparison w i t h  pre-0perat:Lon base l ine   condi t ions ,  and, i f   necessary ,  

appropriate  remedial  measu::es could  then be taken  based on the ex ten t  o f  

t hese   e f f ec t s .  

'The environmental  monitoring  program has been  designed t o  

document cond i t ions  in  r e p r e s e n t a t i v e   s e c t o r s  of the  a tmospheric ,   eer-  

r e s t r i a l  and aqua t i c   env i rxmen t s .  It  is not p r a c t i c a l  t o  monitor a l l  

aspects of the  r e c e i v i n g   e m i r o m e n t  in all a r e a s   t h a t  may b e  a f f e c t e d  
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by the  powerplant  development,given  the  practical   constraints of c o s t ,  

d a t a  management and s i t e   access ib i l i t y .   Represen ta t ive   pa rame te r s  and 

monitoring sites have  been  selected  for  study,  based on: 

- t h e   p o s s i b l e   e f f e c t s  of t he  development as predic ted   in  

the  environmental  impact  assessment  studies; 

- knowledge  of t h e  e x i s t i n g   l o c a l  and regional  enviromr-ents; 

- studies  conducted a t   s i m i l a r  developments in   the   Uni ted  

S t a t e s  and  Canada; 

- f ede ra l  and provinc ia l   po l lu t ion   cont ro l   gu ide l ines   for  

such   deve lopents .  

It is expected  that   the  monitoring  procedures and the   l oca t ions  of 

some sites would be   modi f ied   as   the   p ro jec t   p roceeds   to   re f lec t   the  

resu l t s   ob ta ined   dur ing   the   ear ly   s tages  of the  monitoring program and 

the  changes  in  the  development  during  detailed  design and operat ion.  

The monitoring  before and during  construct ion and during  the 

i n i t i a l  years  of plant   operat ion would be most ex tens ive   t o   c r ea t e  a 

f i rm  da ta   base .  A s  the  operation  proceeds and the  environmental   effects 

become known, it is expected that the   ex ten t  of monitoring would be 

decreased. However, add i t iona l   s tud ie s  would be  car r ied   ou t  if the 

moni tor ing   resu l t s   ind ica ted   these  were warranted  to more thoroughly 

document specif ic   environmental   effects .  
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3 . 2  ATMOSPRERIC RESOURCES 

Meteorological data has been recorded in the Hat Creek Valley 
since 1959. The volunteer climate station established by  the Amspheric 

Environmental Service has  provided  a daily record of temperature  extremes 

and  precipitation. 

I n  1974 B.C. Hydro  established  a network of meteorological 

stations to gather  data  for  the initial project design phase. The data 

provided  the information necessary to better define local meteorology.. 

Since 1977 various additional meteorological and air quality stations 

have been  established.  Many of  these stations and the parameters measured 

will continue to operate through the construction and operational phases 
of the  project. 

Extensions to the  air quality and meteorological monitoring 
programme will occur  as  a result of  increased project  activity. Additional 

uarciculate  monitoring will take  place  during  construction.  During  the 
operational phase continuous  nonitoring  of  powerplant  emissions will be  carried 
out to demonstrate  compliance with permit  requirements.  Also  an  expanding 

system of ambient air analysexs w i l l  continuously  record  concentrations  of 
sulphur  dioxide  and  other  con1:aminants in the  local  area. 

Xonitoring  programmes for air  quality  and mteorological parameters 
will also provide  data  for  correlating  project  emissions with terrestrial  and 

water  resource  impacts. The following sections will specify the 3arameters 
and implementation plan  for t h e  proposed  air quality and meteorological mon- 
itorine network. 
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3.2.1  Existing  Monitorinn Programmes 

Table   3 . la   depic t s   the   meteoro l  o g i c a l  a ind a i r  q u o l i r p  paramet ers 
that   have been co l l ec t ed   t hug   f a r .   F igu re  3.1  shows t h e   l o c a t i o n s  of sam- 
p l i n g   s i t e s   r e f e r r e d  t o  in Table 3 .  l a .  

The e igh t   s t a t ion   ne twork   e s t ab l i shed  in 1974 measures wind run ,  

wind d i r ec t ion ,   t empera tu re  and r e l a t ive   humid i ty .  In 1977 a d d i t i o n a l  

i n s t rumen ta t ion  was i n s t a l l e d  t o  m o n i t o r   a i r   q u a l i t y  and  meteorological  

parameters .  I n  1978  a 100 mater tower was e rec t ed   a t   t he   powerp lan t   s i t e .  

Air temperature ,  dew poin t   t empera ture ,  wind speed and d i r e c t i o n   a r e   b e i n g  

r eco rded   a t   bo th  t h e  10 meter and 100 meter   l eve ls .  A U-V-U anemometer was 

i n s t a l l e d   a t   t h e  100 meter   l eve l  in 1979 t o   c o l l e c t  d a t a  for   the   assessment  

of a n n o s p h e r i c   s t a b i l i t y .  

Approximately  three  years of continuous S02, X&, 03 and CO data 

have  been  collected.  These measurements w i l l  be d i s c o n t i n u e d   a t   s i t e s  112 

and  113 (F igure  3.1) until 1!)85, however. a l l  o t h e r  e x i s t i n g  s i tes  and para- 

meters  will remain  unchanged. 

3.2.2  Construction  Monitorinq 

In a d d i t i o n a l  t o  the  monitoring  network  presently in ope ra t ion  a 

number of pa r t i cu la t e   mon i to r s  will be added to  the  network in 1981 t o  
q u a n t i f y   f u g i t i v e   d u s t  emiss:.ons ( S i t e s  114 t o  1 1 6 ) .  Two years  of background 

p a r t i c u l a t e   d a t a  will be  gathered p r i o r  t o  t h e   s t a r t  of cons t ruc t ion  in 1983. 

Table 3 . l b  and  Figure 3.1 i n d i c a t e  the monitoring  proposed f o r  1981 t o  1985. 

3 . 2 . 3   O p e r a t i o n a l   H o n i t o l m  

Acceptable   ambient   a i r   qual i ty  will b e  maintained as a r e s u l t  

of reductions  in  powerplant  st tack  emissions.   Flue  gas  desulphurization units 
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i. 

and   h igh   e f f i c i ency   pa r t i cu la t e   co l l ec t ion   dev ices  wtll remove approximately 

50% of the   su lphur  and 99.8% of the   pa r t i cu la t e s   gene ra t ed  by the   coa l  

combustion  process. It is c l e a r l y   i m p r a c t i c a l  t o  i n s t a l l   m o n i t o r s   a t  

a l l   i n d i v i d u a l   l o c a t i o n s  in :he area.   Therefore,   mainly  those  areas 

p red ic t ed   t o   exh ib i t   t he   h ighes t   concen t r a t iond  of contaminants  were 

s e l e c t e d  as monitoring 1ocat:tons.  Provided a i r  qual i ty  a t  these l o c a t i o n s  

is maintained i t  fo l lows   tha t   the  a i r  q u a l i t y   a t   t h e  less a f f ec t ed   l oca t ions  

would be,  a t   l ea s t   equa l ly   we l l ,   ma in ta ined .  Control s t a t i o n s  would a l s o  

b e  operated in areas   predict , rd   to  b e  less a f f e c t e d  by the  powerplant 

emissions.  

3 . 2 . 3 . 1  Ambient Monitoring Programmes 

During 1985, t h e   m n i t o r i n g  network will be expanded  (Table 3 . 1 ~ )  

Two years  of p reopera t iona l   da ta  w i l l  be  ga thered   pr ior  t o  s t a r t  up of 

t h e   f i r s t   b o i l e r .   S u l p h u r   d i o x i d e ,   t h e  major a i r  contaminant  emitted 

from t h e  powerplant,  would  be  continuously  monitored a t   e i g h t   s t a t i o n s  

i n   t h e  Hat Creek v i c i n i t y .  These a r e  shown i n  Figure 3-1. The loca t ions  

o f   t hese   s t a t ions  were selected  with  empahsis  on those  areas  where i t  is 

p red ic t ed   t ha t  SO2 levels would  be g r e a t e s t  and on areas   near   populat ion 

cen t r e s .  A mobile monitoring s ta t ion capable of measuring SO2 and  wind 

parameters would be used to p r o v i d e  da ta   in te rmedia te  t o  t h e   f i x e d   s i t e s  

as  required.  Acoustic  radar  and  minisonde  equipment  would  supplement 

the U-V-W anemometer d i spers ion   da ta  f o r  an improved  understanding o f  l o c a l  

d i spe r s ion   po ten t i a l .  

SuLphur d ioxide   ccncent ra t ions  and corresponding wind da ta  

would be  t ransmit ted t o  t h e   p l a n t   s i t e  computer.  These  data and o ther  

con t inuous   a i r   qua l i t y   da t a  would  be  compiled  and s to red  in the  computer 

which   would   per form  da ta   ed i t ing ,   s ta t i s t ica l   eva lua t ions  and provide 

periodic  summaries f o r  use i,n :he other  monitoring programmes. 

j. 
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Continuous  measurements of o the r  less s ign i f i can t   con taminan t s ,  

n i t rogen  oxides, ozone and  carbon  monoxide,  would be made a t   t h e  Hat Creek 

Valley and Cornwall   Mountain  s ta t ions  (Si tes  106 and 112) .  This i n f o r s a t i o n ,  

i n  a d d i t i o n  t o  providing a cont inuous  recording of these  secondary  parameters,  

would provide more comprehecsive data f o r  c o r r e l a t i o n  and eva lua t ion  of t h e  

r e s u l t s  f rom the  o t h e r  monit,oring  programmes. V i s i b i l i t y  would  be  monitored 

a t   t h e  Hat Creek  Valley  and  Cornwall   Mountain  stations.  These measurements 
would provi.de  data on t h e   e f f e c t s  of t he  mine and  povcrplant   operat ions on 

l o c a l  and r eg iona l   v i s ib i1 i t : y .  

To ta l   suspended   pa r t i cu la t e   l eve l s ,  a  prdmary a i r   q u a l i t y  contam- 

inan t  of t h e   p r o j e c t ,  would b e  measured  using  hi-volume  samplers a t   t h e  

twelve   loca t ions  shown in Figure 3-1. Six of these  stations a r e   l o c a t e d  

in  t h e   v a l l e y  nea r  t o  the =.ne and  powerplan t   s i tes  t o  moni tor   loca l  con- 

dit ions.   Three  stations,   Cornwall   Mountain,   Chipuin  Mountain and Arrowstone 

Hills, a r e   i n   a r e a s  where pa r t i cu la t e   concen t r a t ion   due   t o  t h e  powerplant 

emis s ions   a r e   p red ic t ed  t o  Ire g r e a t e s t .  One s t a t i o n  is loca ted  13 !a nor th  

of t he  p l a n t  i n  a predominating downwind d i r e c t i o n .  The four  remaining 

s t a t i o n s   a r e  in Cache  Creek.,  Ashcroft,  ?Iarble Canyon  and northwest of C a r q u i l l e ,  

near   popula t ion   cen t res .  

I n i t i a l l y ,  24-hour  samples  would b e  co l lec ted   once   every   th i r teen  

days a t  each  location.  Twice pe r  yea r ,   a t   s e l ec t ed   suspended   pa r t i cu la t e  mon- 

i t o r i n g   s t a t i o n s ,   p a r t i c u l a , : e  s i z i n g  would be done  and the  size f r a c t i o n s  

analysed f o r  s e l e c t e d   t r a c e  elemeats inc luding  A s ,  Cd, Cr, Cur P, Pb, Hg, V 

and Zn2. These  analyses would b e  coordinated w i t h  t r ace   e l emen t   t e s t ing  of 

s tack  emissions.  

An extensive  moni:oring  network would b e  e s t ab l i shed  t o  measure 

d u s t f a l l ,   s u l p h a t i o n ,  corro'3ion and f l u o r i d a t i o n .  The major i ty  of sampling 
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would be i n  the  a r e a s  of grea tes t   impact  of t h e   a i r   e m i s s i o n s ,   a s   p r e d i c t e d  

by t h e   a i r  emission modell ing  s tudies ,   and near t o  popu la t ion   cen t r e s .  Some 

s c a t i o n s  would a l s o  b e  l o c a t e d   a t   d i s t a n c e s   g r e a t e r  than 25 'm from t h e  pover- 

p l a n t  s i t e  to   monitor  long range   t ranspor t  of emissions. A number of t h e  

mon i to r ing   s t a t ions  would  be l o c a t e d   a t   t h e  vegetation monitoring s i t e s  t o  

p r o v i d e   s i t e - s p e c i f i c  data f o r   c o r r e l a t i o n   w i t h   t h e   v e g e t a t i o n  assessments. 
The l o c a t i o n s  of t h e s e   s t a t i o n s   a r e  shown in Figure  2-1. Analysis of sul- 
p h a t i o n ,   d u s t f a l l  and f l u o r i d a t i o n  would be  carried  out  monthly.   Composite 

d u s t f a l l   s a m p l e s  f rom s e l e c t e d   s i t e s  would b e  ana lysed   qua r t e r ly  f o r  t r a c e  

elements.  The cor ros ion  samplers would be  analysed  annually.  

All monitoring would b e  c a r r i e d , o u t  using es t ab l i shed   s t anda rd  

procedures   comple te   v i th  an e x t e n s i v e   q u a l i t y   a s s u r a n c e   p r o g r a m e   t o   e s t a b l i s h  

and  maintain  the  precis ion and accuracy of t h e   a i r  quality d a t a .  

3 2 . 3 . 2  Powerplant E n i s s i o E  

Continuous  measurenent of the  gaseous  emissions  from  each  boiler 

would provide data f o r  t h e  eva lua t ion  o f  t h e  operational  performance of the 

AQCS. Pe r iod ic  measurement 3f gaseous  and  particulate  emissions would 

a l s o  be u t i l l s e d  t o  eva lua te  the func t ioning  of combustion and emission  control  

equipment and t o  monitor  compliance wi th  p o l l u t i o n   c o n t r o l  p e r m i t  requirements.  

Yonitor ing Programme 

Continuous  stack mmmitors would record   opac i ty  and t h e   l e v e l s  of 

su lphur   d ioxide  and n i t rogen   ox ides  in t he  emissions f r o m  each   bo i l e r .  .in 

ongo ing  qua l i t y   a s su rance  pr3gramme  would ensure  the  accuracy and p r e c i s i o n  

of the  cont inuous  source  moat tor ing  resul ts .   Addi t ional   per iodic   sampling 

would  be c a r r i e d  ou t  on each   bo i l e r   s t ack  t o  measure p a r t i c u l a t e ,  S02, so,7 - 
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NO,, and s o l i d  and  gaseous trace elements. A recognised  independent con- 

s u l t a n t  would be  contracted  to  perform  the  periodic  stack  sampling  for com- 

pliance  purposes.  

3. 2 . 3 . 3  Noise - 
Noise  levels would be  monitored  during  both  the  construction and 

operation  phases of the mine and  powerplant. 

Monitoring Programme 

Ambient levels of noise would be  recorded  using a mobile  unit .  

a t   f i v e  sites as shown i n  Figure3-1.   Three  noise  monitoring si tes would 

be  along Highway 12; a t   t he   j unc t ion   w i th  Hac Creek  road, a t  a point  about 

3 km northwest of t h e   j u n c t i m  and a t  another  point  about 10 km nor theas t  

of the   junc t ion .  The o the r  two moni tor ing   s i tes  would b e  near the   va l l ey  

meteoro logica l   s ta t ion  and c lose   to   the   water   in take   s t ruc ture  i n  t he  

Thompson River  near  Ashcroft.  These  monitoring sites were located  based on 

predicted  noise   impacts  and Jroximity  to   populated  areas  3 . Monitoring w a s  

ca r r i ed   ou t  a t  these s i t e s   d x i n g   t h e   e n v i r o w e n t a l  impact  assessment  studies. 

Noise  monitoring would commence one year be fo re   cons t ruc t ion   s t a r t s .  
Two measurements  over 24-hou:: periods would be  car r ied   ou t   a t   each  of t he   f i ve  

monitoring si tes during  each  quarter   to  document condi t ions  before   construct ion 

begins.  During  the  construc:ion  period,  measurements  vould  be made qua r t e r ly  

a t  each s i te  and a t   o the r   s i . r e s   a s   r equ i r ed .  During  operation o f  t he  mine 

and powerplant  noise  measurements would i n i t i a l l y  b e  made qua r t e r ly  and then 

annually.  
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A t  each  monitoring  si te,   day-night  average sound l e v e l s  (Ldn), 

equivalent  sound levels  (Leq),  peak sound l e v e l s  and s t a t i s t i c a l   i n d i c e s  

( L i ) ,  which r ep resen t   t he  sound l e v e l s  exceeded 1% of the  time would be 

ca lcu la ted .  Sound l e v e l  measurements would be  i n  ' A '  - weighted  decibels,  

t h e   u n i t  of sound comonly  used when dea l ing   w i th   t he   e f f ec t s  of no ise  on 

humans. 

Noise  emissions f r o m  major  equipment would be  monitored a s  a 

normal maintenance  procedure  during  the  construction and operat ion of t he  ' 
mine  and  powerplant  development. 
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3 . 3  TERRESTRIAL RESOUIKES - 

Vegetation is one of t he   bas i c  components  of t h e   t e r r e s t r i a l  

ecosystems  andthe  aesthet ic   values  of the  Hat  Creek  region  are  dependent 

upon the  maintenance of hea1::hy vegetation.  Adverse  impacts on t he  

vege ta t ion  would  have repercussions i n  o ther   b io logica l  and physical  

systems. 

The ob jec t ive  of t h i s  terrestrial resource  monitoring programme 

is to  provide  early  warning of any poten t ia l ly   s ign i f icant   envi ronmenta l  

degradation  due  to  emissions from the  powerplant.  This would b e  accomplished 

by documenting  changes,   both  quali tatively  and  quantitatively where  poss- 

i b l e ,  i n  t h e   r e l a t i v e  abundance,  productivity and vigour of s e l ec t ed   spec ie s  

and p l an t  communities growing; i n  the  Hat Creek  region. 

P l a n t s   a r e  che  primary  producers i n  an  ecosystem. The hea l th  

and compet i t ive   re la t ionship  of t he  members  of a p l a n t   c m u n i t y   a r e  good 

ind ica to r s  of the   condi t ion  clf t he  ecosystem.  Monitoring  of e n t i r e  eco- 

systems is too complex to   be  undertaken on a p r a c t i c a l  basis a t   t h e   p r e s e n t  

l e v e l  of environmental  unders,tanding.  Analysis of the   vege ta t ion  

success iona l   pa t t e rn ,   a s   an   i nd ica t ion  of the  condi t ion of the  ecosystem, 

i s  a more practical   approach.  This method,  which  has  been  extensively 

appl ied i n  f o r e s t r y  and range managemeng would b e  used in   th i s   moni tor ing  

programme. 

A i r  po l lu t ion   a f f ec t s   vege ta t ion  by a l t e r ing   t he   phys i ca l  

c h a r a c t e r i s t i c s  and physiological   funct ioning of the  plants .   Pol lut ion-induced 

vegeta t ion   in jury  i s  o f t e n   d i f f i c u l t  t o  recognise and quantify  because of t h e  i n t e r -  

r e l a t i o n  of t h e   p o l l u t a n t s  with environmental   factors  such  as  frost ,   drought,  

i n s e c t s  and plant  diseases.   Consequently,   this  monitoring programme u t i l i s e s  

a v a r i e t y  of techniques,   both  qual i ta t ive and q u a n t i t a t i v e   t o  document the 

e f f e c t s  of a i r   p o l l u t i o n  on t he   vege ta t ion   i n   t he  Hat  Creek region.  
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3.3.1 Native  Vegetation 

This phase  of the  overal l   monitor ing programme focuses on 

sampling  native  plants from xosys t ems   i n   t he   a r eas  of major  influence 

of the  development. Three smpl ing   f requencies  would b e  used. A per iodic  

sampling  interval  of f i v e  ye.ars would be  implemented to   moni tor   in  de ta i l  

t h e   s u c c e s s i o n a l   s t a t u s  of t:xe f o r e s t  and grassland  ecosystems.  Monitoring 

f o r   f o l i a r   t r a c e  element  concentrations would i n i t i a l l y   b e  conducted on 

s e l e c t e d   p l o t s  and spec ies  on an  annual  basis.  To provide  an early warning 

of any  possible   acute  damage to   t he   vege ta t ion ,  i t  i s  proposed  to  visually 

in spec t   t he  permanent  relev;  plots  used i n  the  above  5-year interval   pro-  

gramme twice a year.  

The 5-year  monitoring programme would commence six years before  

the   s ta r t -up  of t h e  f i r s t   b o i l e r   u n i t   t o   p r o v i d e  two pre-operational  surveys.  

The o the r   na t ive   vege ta t ion   non i to r ing  programmes  would commence three   years  

before   s ta r t -up  of t h e   f i r s t ,   b o i l e r .  

Se lec t ion  of P lan t  Groups t o  be  Monitored 

Four p l a n t  groups  have  been se l ec t ed  f o r  t h e  na t ive   vege ta t ion  

monitoring  based on t h e i r   l i f e  forms  and va lue   a s   i nd ica to r s  of a i r  

pol lut ion.  These include  t rees ,   understory  vegetat ion, l ichens and open 

range  vegetat ion.  

The sampling of tr 'ees  for  growth and productivity  changes is  a 

proven q u a n t i t a t i v e  method used t o  measure t h e   e f f e c t s  of chronic   injury 

due t o  a i r   po l lu t an t s .   T rees   gene ra l ly   a r e   t he  f i rs t  t o  receive  fumigations 

because of t he i r   he igh t  and l a rge   a r ea  of fo l i age .  Removal o f  a i r   contaminants  

by trees reduces  the  concentzation of pol lutants   reaching  the lower vege ta t ion  

s t r a t a .  

Understory  vegetation may be a l e s s   s e n s i t i v e   i n d i c a t o r  of 

changes  due to   a i r   emiss ions   s ince   the   concent ra t ions  of contaminants may 

be  reduced by the tree canopy. Methods u t i l i s e d  t o  examine understory 

vege ta t ion  would therefore   concentrate  on spec ie s   mor t a l i t y ,  changes i n  
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species  composition  and  gross  changes  in  the  cover of individual  species. 
These  parameters  also  reflect  general  successional  changes. 

Studies  have show that most  lichen  species  become  less 
abundant  or  die  out  when  exposed  to  relatively  low  levels  of  air  pollut- 
ants.  They  are  more  sensit::ve  to  air  pollution  damage  than  bryphytes. 

Lichens  grow on rock,  bark and  soil  surfaces. They  have  efficient  gas 
absorption  systems  which art! not  protected  by  a  cuticle  or  stomata.  They 

absorb  air  pollutants  at  any  time.  Lichens  absorb  sulphur  dioxide  either 
directly o r  dissolved  in ra:.n water as sulphurous  acid.  The  decline  in 

abundance  and  diversity  of  :.ichen  species has been  used  in  other  monitor- 
ing  programmes  as  indicators  of  air  pollution.  Their  monitoring  is  included 
in  the  five  year  interval  relev&  monitoring  plots  and  in  the  annual  trace 

element  analyses. 

1 

Open  range  vegetat:ion  has  been  classed  separately  because of its 
importance as cattle  range i n  the  Hat  Creek  region. It lacks  tree  cover 
and is  thus  more  exposed to air  pollutants. 

Selection  of  Sampling  Areas 

The  major  factors  considered  for  selection of  the  areas where 

sample  plots  would  be  established  were  the  ambient  air  quality  data  pre- 
dicted  by  the  modelling  studies,2 and the  sensitivity,  relative  important, 
type  and  abundance of native,  vegetation.3 To the  extent  practical,  sample 

areas  should  be  sufficiently  numerous  and  suitably  located to distinguish 
the  effects  of  air  pollutior  from  other  effects. 

It is  not  proposed to sample all of the  Hat  Creek  vegetation 
associations  because  of  the  diveristy  of  vegetation,  elevated  terrain  and 
attendant  inaccessibility  and  the  large  area of possible  influence. 
However, a  remote  sensing  monitoring  programme  using  low  level  colour 
infra-red  photography  would  be  used  to  obtain  data f o r  remote  areas. 
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Figure 3-2 shows the  average annual concent ra t ions  of SO2, 

pred ic t ed  by the  computer  model of t he  Hat Creek  region  which was developed 

by ERT a f t e r   f i e l d  experimenzs.   Select ion  of   the  areas  of nat ive  vegeta-  

c ion  to  be  sampled was based on t h e   r e s u l t s  from t h i s  model.  Annual average 

concent ra t ion   p red ic t ions  wert? supplemented w i t h  information on the  frequency 

of  1-hour  concentrations  greai:er  than 450 pg/m t o  s t r a t i f y   t h e   r e g i o n   i n t o  

two major   areas:   those  where  possible   injury was predic ted  t o  occur and those 

where no i n j u r y  was predicted, ,  The model a l s o  was used t o  p red ic t   s easona l  

and maximum episodal   concent ra t ions  of SO for   the   reg ion .  The h ighes t  

seasonal   and  episodal  SO2 levt?ls  were  predicted  to  occur in  p a t t e r n s   s i m i l a r  

to   the   annual   average   l eve ls .  Thus, p red ic ted   seasonal   and   ep isodal  SO2 

occurrences   as   wel l   as  the predicted  average  annual SO concentrations  were 

i n c o r p o r a t e d   i n t o   t h e   s e l e c t i o n  of sampling  areas.  

2 

3 

2 

2 

The s e l e c t i o n  of the 1-hour SO concentrations  above 450 pg/m a s  3 

one of the   c r i t e r i a   t o   s t r a t1 : :y   t he   r eg ion  was based on d a t a  presented by 

RunecklesLg. U t i l i z i n g  dose/::esponse r e l a t i o n s h i p s  and  predicted  areas  of 

possible   vegetat ion  injury,   th is   information  provided  the  best   indicat ion o f  

where  sampling  locations shou:td be   e s t ab l i shed .   Th i s   ana lys i s  showed t h a t  

the   e leva ted   a reas  west and south of t h e   p l a n t   s i t e   a r e  prime sampling  locat ions 

(Figure 3-2 ) .  Other  a reas  would b e  sampled, b u t  a t  a lover  frequency.  This 

would provide  the  necessary  sampling  dis t r ibut ion o f  a l l   v e g e t a t i o n  zones and 

p r o v i d e  da ta  i n  a reas   tha t   a r t?   p resent ly   p red ic ted  t o  have no vege ta t ion   i n ju ry .  

2 

Twenty v e g e t a t i o n   a s s o c i a t i o n s   w e r e   i d e n t i f i e d  by TERA 
Consul tants   Limited3 ia the   azea  within 25 km of the Hat Creek s i t e .  

during the envi rcwenta l   impact   assessment   s tud ies .   Honi tor ing  of a l l  

twenty   assoc ia t ions  would be d i f f i c u l t   b e c a u s e  of d i s t r i b u t i o n ,   s u c c e s s i o n a l  

s t a t u s ,   i n a c c e s s i b i l i t y ,  and t.he l a r g e  number  of a s s o c i a t i o n s .  The veget-  

a t ion   moni tor ing  prcgrrumne wa.si developed by s u c c e s s i v e   c l a s s i f i c a t i o n  of 

t h e  vege ta t ion  and r e l a t ed   da t a   a s   desc r ibed  below. 

The vegetat ion  assc 'c ia t ions  were first grouped i n t o  b iogeocl imat ic  

zones consider ing  species   comF'osi t ion,   soi ls  and nacroclimate.   Three  major 

b iogeocl imat ic  zones r e su l t ed :  :he EngeliPann spruce - subalpine f i r  zone; 

the  In t e r io r   Doug las - f i r  zone, and the  3onderosa ? ine - bunchgrass zone. 

Table 3 - -  shows how the   l a rge r  and  more impor t an t   vege ta t ion   a s soc ia t ions  

were  grouped i n t o  :he th ree   b iogeoc l ima t i c  zones. 

7 
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TABLE 3 . 2  

VEGETATION  ASSOCIATIONS  GROUPED INTO BIOGEOCLIMATIC  ZONES 

- AND SAMPLING  IMPORTANCE 

Biogeoclimatic  Zones  Sampling  Importance 

Engelmann  Spruce - Subalpine  Fir  Zone 
Engelmann  spruce - grouseberry low 
Engelmann  spruce - grouseberry - pinegrass low 

EngelxImM  spruce - grouseberry - white  rhododendron  low 
Engelmann  spruce - willow - red  heather  parkland  high 
EngehMM spruce - grouseberry - lupine  high 

Interior  Douglas-fir  Zone 
Douglas  fir - pinegrass 
Douglas  fir - bunchgrass 
Douglas fir - spirea - bearberry 
Douglas  fir - bunchgrass - pinegrass 

Pondecosa Pine - Bunchgrass a 
Ponderosa  pine - bunchgrass 

low 
high 
low 

low 

low 
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The second  step i n  de te rmining   the   vege ta t ion   assoc ia t ions   to  

b e  monitored,   consis ted of i den t i fy ing   a s soc ia t ions  in the   three  biogen-  

c l i m a t i c  zones t h a t  r a t ed   h igh ly  w i t h  r e spec t  t o  t h e  f o l l o w i n g   c r i t e r i a :  

importance  of   the  vegetat ion  associat ion in l i v e s t o c k  and w i l d l i f e ;  

number  of p l a n t   s p e c i e s  known t o  be  s e n s i t i v e   t o   a i r   p o l l u t i o n  i n  each 

a s s o c i a t i o n ;  and   the   ex ten t   c f   the   vege ta t ion   assoc ia t ion .   Vegeta t ion  

a s s o c i a t i o n s  that ra t ed   h igh ly   w i th   r e spec t   t o   t hese   c r i t e r i a   have   t he  

grea tes t   need   for   moni tor ing  and  were assigned a high  sampling  associat ion.  

Biogeoclimatic  zones  are shmn i n  Figure 3-2. 

Sampling  areas   were  determined  by  overlaying  the  a i r   qual i ty  

information  and  the  vegetat icn  information on a map and s e l e c t i n g   p o t e n t i a l  

mni tor lng   a reas   wi th in   each   b iogeocl imat ic  zone. Where poss ib l e ,  

vege ta t ion   a s soc ia t ions   w i th  a high  sampling  importance  were  selected 

for   monitor ing.  This procedc.re  produced  the  sampling  locations  listed 

i n  Table 3-3. The locations of   these   a reas   a re  shown i n   F i g u r e  3-2. A t  

each   a rea ,   th ree   rep l ica te   re . lev& p l o t s  would  be e s t a b l i s h e d   i n   f o r e s t  

vege ta t ion  and t h r e e  i n  grassland  vegetat ion.   That  is, a t  a sampling  area 

where  both  grassland and f o r e , s t  a r e   p r e s e n t   t h e r e  would  be s i x   r e l e v & .  

In add i t ion   t o  these sampling  areas,  a series of   sampling  plots  

would b e  e s t ab l i shed  on a trimsect  between McLean Lake  and  Cornwall Hills 

(Figure 3-2). The informaticln  derived from t h i s  sampling would be  use fu l  

t o  determine any d i f f e r e n t i a l ,  vegetation injury between areas of h igh  and 

low SO l e v e l s .  2 
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Table 3 . 3  

CLASSIFICATIOEI AND LOCATION OF SAMPLING AREAS 

Biogeoclimatic Zone 

Engelmann S p a c e  - 
Subalpine F i r  (ESSF) Zone 

I n t e r i o r  Douglas-Fir 
(IDF) Zone 

Ponderosa  Pine - Bunchgrass 
(PPBG) Zone 

Location 

Cornwall Hills 
Chipuis!, Mountain 
Cairnes/Blustry 

Marble Range 
M t .  Martley 

MOWtaiM 

Arrowstone Hills 

Red H i l l  

3 . 2 1  
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6 
6 

6 

3 
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6 

6 



'U 

I Five-Year Monitoring P r o g r a l s  

Trees and U n d e r s t z  

a)  Tree Canopy 

Open and closed c.mopy fores t   s tands   cover  more than 65 percent 

of t h e   a r e a   t h a t  may b e  a f fac ted  by the  thermal  powerplant  stack  emissions. 

In  these   a r eas ,   t he  upper  c,anopy will b e   t h e   f i r s t   l a y e r   t o   i n t e r c e p t   t h e  

emission plume, p a r t i c u l a t e   f a l l o u t ,  and  any ac id i c   r a in fa l l .   The re fo re ,  

i t  i s  necessary  to   both  monttor   this   layer   over   an  extensive area and t o  

sample it more in t ens ive ly   v i th   j ud ic ious ly   l oca t ed  ground p lo ts .  

To de tec t  and to   moni tor   the   e f fec ts  of the  stack  emissions,  

ch ie f ly   su lphur   d ioxide  and f luo r ide   gases ,  on the  vegetation  over  an 

ex tens ive   a rea ,  it is  propored to  use  the  remote  sensing  technique  that  

u t i l i s e s  low level  colour  i lfrared  photography.  Photographs would be 

t a k e n   i n   t h e   l a t e   s p r i n g  and l a t e r  i n  the  swmner along  pre-determined 

f l i g h t  l ines.  The photogra?hs,  which would be  taken  every  f ive  years ,  

would give a permanent record of the   condi t ion  of the local vegetat ion.  

De ta i l ed   i n t e rp re t a t ion  would b e  done, on selected  f rames  in   the strips 

of photographs,   to  determin,?  the  extent of in jury ,   i f   any ,  from a i r   emis s ions  

on t he  tree cover. Also inEormation on t he  tree crown c losure ,  number  of 

dead trees, snags,   and  severity of i n s e c t  and d i sease  damage would be  de te r -  

mined  from t h e  low level  phntography. The interpretat ion  techniques  have 
been  documented by M ~ r t h a . ~  The i n t e rp re t ed   da t a  would g i v e  an understand- 

ing of t he  dynamics of the  Eorest   stand  conditions.  It should  be  noted  that 

this technique of  low l e v e l   a e r i a l  photography  does  not  guarantee  that  exactly 

a l l  of t he  same t r e e s  would be  repeatedly  sampled;  but  the same f o r e s t   s t a n d s  

would b e  repeatedly and accarately  surveyed.  The ground p l o t s  would al low 

repet i t ive  sampling of ind iv idua l   t rees .  

b) Ground P lo t s  

Data  from  existin: B.C. Forest   Service  inventory  plots ,   any per- 

manent  growth and y i e l d   p l o t s ,  and  any research   p lo ts   tha t  have already  been 

e s t ab l i shed   i n   t he  Hat Creek area  would b e  examined. If f e a s i b l e  and 
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warranted,   these  plots  may Ire incorporated  into  the  monitoring programme. 

However, i t  is not   proposed  to   es tabl ish and maintain any new f o r e s t   p l o t s  

that would conform to  the  M:ais t ry  of Fores t s '   spec i f i ca t ion .   In s t ead ,  

about   for ty   vege ta t ion  plot:; would be  es tabl ished on a permanent bas i s .  

These p lo t s ,   i . e .   r e l eves ,  would be  set up i n  accordance  with  the  standard 

of the Vegetation  Data Bank  of the Terrestrial Studies  Branch of t he  Mini- 

s t r y  of the Environment. The genera l   p lo t   descr ip t ion   inc ludes   in format ion  

on slope,  topographic  posit : .on,   surface  configuration and aspec t .  A des- 

c r i p t i o n  of the area   sur rounding   the   re leve  would a l so   be  made. This 

descvipt ion would list any  addi t ional   species   not   present   in   the  sampling 

area.  Evidence of pas t   f i res ,   d i sease ,   e ros ion ,   an imal  usage,  and phenolog- 

ical  s t a t u s  of t h e   v e g e t a t i o n   a t   t h e  time of sampling would a l s o  be  recorded. 

A photographic  record of se lec ted   por t ions  of the  releve; would be  kept. 

I 

The optimum s i z e   f o r   t h e  ground plots  could  be  determined  using 

a n e s t e d   p l o t   t e ~ h n i q u e . ~  However, i t  has  been  found in   o ther   vege ta t ion  

s t u d i e s  of fores ted   a reas ,  that a p l o t   s i z e  of 10m by l O m ,  i . e .  100 m z ,  is 

s u f f i c i e n t   t o  sample a t  learit 90 percent  of the   spec ies   occur r ing   in   the  

a rea .  

The loca t ion  of the  sampling  areas i s  shown in   F igu re  3-2. The 

corners  of t h e   p l o t s  would be marked with permanent  markers and a d e t a i l e d  

access  map with photographs would be  prepared  to document the  exact  loca- 
tLon of each   p lo t ,  so that future   observat ions  can b e  done on prec i se ly   t he  

same p lo t   a r eas .  

The Ter re s t r i a l   S tud ie s  Branch s i t e  descr ipt ion,   vegetat ion  des-  

c r i p t i o n ,  and the i r   sho r t   so i l / vege ta t ion   desc r ip t ion  f o r m s  would be  used 

f o r   t h e   d a t a  from t h e  grounc! p lo t s .  These  forms would b e  completed  using 

the   in te rpre ta t ions   g iven   i r t the   Minis t ry  of  Environment  manual. This  pro- 

vides   explanat ions of t h e  terminology and gives   guidel ines   for   the  sampling 

procedures. Any modif icat ions of these forms  and  procedures would be  dis-  

cussed  with  the Head  of the  Vegetation  Section o f  t he   Te r re s t r i a l   S tud ie s  Branch. 
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It is presently  considered  t :hat  i t  is not   necessary ,   as   par t  of this   monitor-  

ing programme, to   comple t e   t he   de t a i l ed   so i l   desc r ip t ion  form  nor the  men- 

su ra t ion  page of the  mensurat ion/wildl i fe  form. The w i l d l i f e  page of t h i s  

form would be  completed. 

I n  addi t ion   to   co l lec t ing   the   de ta i led   re leve   da ta ,   increment  
/ 

cores  from two dominant t r e e s  of each  species   of   the   forested  re leves  

would be col lected  af ter   the   powerplant   has   been  in   operat ion  for  5 years.  

The cores  would be  analysed  using  standard  dendrochronological  procedures. 

These da ta  would document any  change i n  growth r a t e s .  

6,7,8. 

A c o l l e c t i o n  of  a herbarium s e t  of voucher  samples of each  plant 

spec ies  would be  made for   the  monitor ing programme. These  voucher  samples 

would be  kept a t  the  Hat Creek  environmental   monitoring  facil i t ies.  

Open  Range Vegetat ion 

I n  this   s tudy,   ran3e  vegetat ion i s  defined as open grasslands 

without trees. Open range  vsgetat ion  covers  a l a r g e   a r e a   i n   t h e  Hat Creek 

region and i s  important  to 1 ,xa l  c a t t l e  farming.3 

Sampling a r e a s  woutd not  be  fenced  to  prevent  disturbance from , 
the grazing cat t le .  Releve ?lots would be es tab l i shed  and sampled i n  the 

same manner as   descr ibed   for   the   fores t   unders tory   vege ta t ion .  S p e c i e s  

composition,  percent  cover and vigour   es t imates  would be  recorded.  General 

plot   information  including s:tope, aspect  and e leva t ion  would be  recorded. 

In add i t ion ,  a measure  of grassland  product ivi ty  would be  obtained by 

c o l l e c t i n g  biomass  samples. 

Annual  Monitoring Programme 

Trace Element Monitoring 

I n i t i a l l y ,   t r a c e  e3.ement ana lys i s  of samples from vegeta t ion  

growing i n   t h e  Hat Creek would be carried  out  annually.   These  data would 
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be  correlated  with  those of the so i l s   moni tor ing  programme, Sect ion 3 . 3 . 4 .  

Ten sampling  plots would b e  s e l ec t ed ,  from the  sampling  plots   in   the 

es tab l i shed  5-year  monitoring programme, based on the   spec ies   p resent  and 

predicted levels of a i r  contaminants.  Extensive  monitoring  has  been 

car r ied   ou t  in the  Hat  Creek region  to   determine background trace  element 

levels in  na t ive   vege ta t ion  and more d a t a   a r e   b e i n g   c o l l e c t e d .   S t a t i s t i c a l  

tests would be  used  as a b a s i s   t o   e s t a b l i s h   t h e  number of  samples  necessary 

to   achieve  reasonable  sampl:.ng prec is ion .  

The t r a c e  elements; t o  be  monitored,would  include: As, B ,  Cd, C r ,  

Cu, F,  Hg, Pb, N i ,  Sn, U, V and Zn. These  elements  were  selected  after 

detai led  assessment  of the   coa l   ana lyses  and predicted  emissions  from  the 

powerplant, '"O thorough relriew of the   l i t e r a tu re   conce rn ing   t ox ic i ty  and 

accumulation of trace  elements  in  the  environment, '   evaluation of monitor- 

i n g  programmes conducted a t  major  coal-fired  powerplants  in  North  America, 

and  review of background t r x e  e lement   l eve ls   in   the  Hat  Creek  region. 9 

Four types of receptors  were  chosen  to  monitor  these  elements; 

trees, shrubs,   grasses  and  1.ichens  and  mosses.  These  receptors  represent 

t h e  dominant o r   s ens i t i ve   vege ta t ion   t ypes   i n   t he  Hat  Creek region. 

From these  four  groups of p l an t s ,  a  number  of species  were 

se lec ted   for   ana lyses   based  on t h e i r   s e n s i t i v i t y  t o  var ious  t race  e lements  

and on their abundance, d i s t r i b u t i o n  and importance  in   the Hat  Creek region.  

One spec ies  i n  each  group wcmuld be  sampled a t  each s i te .  The spec ie s   t o  

b e  sampled would include  the,  following: 

Trees 

Ponderosa  pine 

Douglas-fir 

- Pinus  ponderosa 

- Pseudotsuga  menziesii 
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Shrubs 

Willow - - S a l i x  spp. * 
Western shadhush - Amelanchier a l n i f o l i a  

Grasses 

Pinegrass - Calamagrosit is   rubescens 

Bluebunch wheatgrass - Agropyron  spicatum 

Kentucky b luegrass  - Poa p ra t ens i s  
* Note: spec ie s   nc t   i den t i f i ed   he re   bu t   t he  same would be 

Lichens and Mosses. 

Le thar ia  V U ~ E ~  

Parmelia  spp. 

Pleurozium  schreberi 

sampled  each time. 

Standard  samuling  procedures would be  followed  to  minimise 

sample  contamination. About 200 g of f r e sh   ma te r i a l  would b e  co l l ec t ed  

and  placed in  labelled  bags  using acid-washed,sta.inless-steel s c i s s o r s  and 

p l a s t i c   g l o v e s .  The season of sampling,  plant  height,   exposure and veget- 

a t i o n   s p e c i e s  would be  kept   as   constant   as   possible  t o  minimise  sample 

var ia t ion .  In the   case of trees,   samples of the   cur ren t  and previous  year 's  
needles would be co l lec ted   separa te ly  for independent  analysis.  In a l l  o t h e r  

vegetat ion  species ,   current   growth would be  sampled.  Grass  species would 

be  clipped 3 cm above the  s o i l  surface  to  reduce  :soil   contamination. 

Detai led  notes  would bemadeduring  sample  collection  to  record  such  para- 

meters as   weather ,   dust  and moisture on p lan ts ,   condi t ion  of p lan ts  and 

o ther   per t inent   da ta .  

A t  least   three  samples  would b e  c o l l e c t e d   a t  each  sampling  plot. 

The trees and shrubs sampled would be se l ec t ed  randomly a t  each  plot  and 

permanently marked for  future  sampling. However, i n   t he   ca se  o f  l i chens  and 
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mosses, an  adequate  sample  weight may be d i f f i c u l t  t o  co l lec t   f rom'one   t ree  

because of t he   l imi t ed  amount of mater ia l   present .  As requi red ,   mater ia l  

from o t h e r   t r e e s  of the same spec ies  would be co l l ec t ed  and the  sample s i z e  

may be  reduced. 

Sampling  would be  carr ied  out   annual ly  i n  t h e   l a t e  summer a t   t h e  

same time a s   t h e  semi-annual p lo t   i n spec t ions .  The annual   vegetat ion 

trace  element  monitoring programme would commence  two years   before   the 

s tar t -up of t h e   f i r s t  power b o i l e r .  

The trace  element  analyses of the  vegetation  samples would  be 

conducted on dried,  pu1verist:d  material.  Concentrations would be  expressed 

on a dry  weight  basis. Wash:.ng f o r  removal  of  contamination  deposited on 

p l an t   fo l i age  would not  normally be done. 1 1  

Semi-Annual Monitoring Progrzme 

Visual   Plot  Inspec- 

The 5-year  monitoring  plots a t   t h e  12 sampling  locations would 

b e  invest igated  twice a year   for  signs of f o l i a r  symptoms character-  

i s t i c  of damage by a i r   p o l l u t a n t s .  I n  addi t ion ,  symptoms tha t   could  be  

a t t r i b u t e d   t o   i n s e c t s  o r  d i sease  would a l s o  be i d e n t i f i e d .  If required, 

samples would be co l l ec t ed  and taken t o  t h e  l abora to ry   fo r  more pos i t i ve  

ident i f icat ion.   This   monitor ing  approach is designed t o  observe  acute 

changes that could   be   a t t r ibu ted   to   a i r   po l lu t ion   in jury  or pathological  

problems.  This  provides  an  early  warning of i n ju ry  and a  means of e s t ab l i sh -  

ing  reasons  for  changes that night  occur  during  the  5-year  interval  between 

intensive  surveys.  The v i sua l   p lo t   i n spec t ions  would be conducted a t   t h e  

beginning and the  end of each  growing  season, commencing  two years   before  

the  operat ion of t h e   f i r s t   b o i l e r   u n i t .  
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3 . 3 . 2  Fie ld   Tes t   P lo ts  

The use of c u l t i v a t e d   f i e l d  test p l o t s  is an   e f f ec t ive  method 

of   determining  plant   injury dJe t o  a i r  po l lu t an t s .   I nd ica to r   p l an t s  which 

have known sensitivities and  qmptoms c h a r a c t e r i s t i c  of ind iv idua l   po l lu t -  

an t s   a r e   u sed  t o  e v a l u a t e   a i r   p o l l u t i o n   e f f e c t s .  Such p l an t s  grown i n  

managed f i e l d   p l o t s  have prawn v a l u a b l e   i n  many s tud ie s .  12,13,14,15. 

The s e l e c t i o n  of ind ica tor   spec ies  is important. The following 
I 

c h a r a c t e r i s t i c s   a r e   d e s i r a b l e  foic any spec ie s   s e l ec t ed   a s   an   i nd ica to r :  

1. It s h o u l d   b e   s e n s i r i v e   t o   a i r   p o l l u t a n t s   a t  a l e v e l  below the  

s e n s i t i v i t y  of   vegetat ion of  economic, b io log ica l   o r   ae s the t i c  

importance. 

2 .  The in ju ry  by the  air po l lu t an t  of in te res t   should   be   charac te r -  

i s t i c  and e a s i l y  otrserved. 

3 .  The species  should  be  present  throughout  the growing season. 

Based on t h e s e   c r i t e r i a ,  s ix  p lan t   spec ies  were chosen. Each is 

s e n s i t i v e   t o   a i r b o r n e   p o l l u t a n t s  and threshold  values are well documented. 
The plants and the   po l lu tan t  t:hey a re   s ens i t i ve   t o   a r e   a s   fo l lows :  

19 

Alfa l f a  (Medicago r m )  - Sulphur  dioxide 

Gladiolus  (Gladiolus  sp.)  - Fluorine 

Ponderosa  Dine (%.us ponderosa) - Fluorine,   sulphur   dioxide 

Tobacco (Nicotiana tabacum) - Ozone 

White Bean (Phaseolus  vulgaris)  - Ozone, sulphur   dioxide 

Kentucky b luegras s  (Poa p ra t ens i s )  - Sulphur  dioxide 

- 
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These spec ies  wou1.d be   p l an ted in  12  m x 12 m fenced  plots  

l o c a t e d   a t   f i v e   s i t e s   a s   s h o w   i n   F i g u r e  3-2.  The choice of these 

loca t ions  was made on the   bas i s   o f   the   p red ic ted  SO2 levels and l o c a l  

land  use.   Generally,   plots would be   loca ted   in   a reas  where SO2 l e v e l s  

are predicted t o  be t h e   g r e a t e s t ,   s i n c e   v e g e t a t i o n   i n   t h e s e   a r e a s  would 

be  the most l i k e l y   t o   i n d i c a t e   a i r   p o l l u t i o n  damage. F i e ld  test p l o t s  

l o c a t e d   i n   t h e  Semlin  Valley  and  near Upper Hat Creek would be c l o s e  t o  

populat ion  centres  and i n   a r e a s  where ag r i cu l tu ra l   c rops   a r e  grown. Air 

qual i ty   moni tor ing   s ta t ions  would be  located a t  o r   c l o s e   t o   e a c h   f i e l d  

test p lo t .  

To reduce   the   e f fec t  of va r i ab le   so i l   mo i s tu re  and n u t r i e n t  

supply  during  the  ear ly  stages of plant  development,  the plants would be 

prepared in greenhouses  under  uniform  growing  conditions. The seedl ings  

would be moved to   t he   p repa red   f i e ld   p lo t s  as soon as  the  weather permits 

in  the  spr ing .  Tree s e e d l i n g s   a t  least two years old would be t r ans fe r r ed  

t o   t h e   f i e l d   p l o t s  in  large pots.  

The seedl ings  would be   p l an ted   i n  one  metre  wide rows the   l eng th  

of the   p lo t .   Inspec t ion   for   Eol ia r   in jury  on t h e   s e n s i t i v e   i n d i c a t o r  

p l a n t s  would be   car r ied   ou t  0 1  a 7 t o  10 day interval   throughout   the growing 

season. A desc r ip t ion  of t he   t ypes   o f   fo l i a r   i n ju ry ,   i f   p re sen t ,  would be 

documented. A photographic   r 'xord would a l s o  be  kept. 

The cu l t i va t ed   f i e ld   t e s t   p lo t   mon i to r ing  programme would commence 

two years   p r ior   to   the   opera t . ion  of the f i r s t  b o i l e r   u n i t .  

3.3.3.  Crop Surveys 

Agricul tural   crops  such  as   a l fa l fa ,   hay and corn  are  important 

i n   t h e  Hat Creek  region. Crop surveys would be  c a r r i e d  out i n   t he  Hat Creek 

region on a bi-monthly basis during  the growing  season  to  identify  any 

impacts  due t o  a i r  pol lu t ion .  
t 

3 
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To document changes in the   condi t ion  of t he   l oca l   c rops ,   r egu la r  

inspec t ion  would be made a t  s i x  areas :  Upper Hat Creek;  Lillooet;  Semlin 

Valley;  Bonaparte  Valley and  Thompson Valley  near  Ashcroft  Manor; near  

Pavi l ion ,  and near  Glen  Fraser i n  the  Fraser  Valley.   These  locations were 

selected  based on the   p red ic ted  SO2 l e v e l s  and the  types of crops grown i n  

the  region.  

Visual   inspect ions would be made through  the growing  season 

commencing two years   before-s tar t -up of t h e  f i r s t   b o i l e r  unit. I f  some 

indicat ion  of   crop stress is observed, a quant i ta t ive   p rocedure   to  estimate 

t h e  amount of   injury would be carried  out.   This  procedure would a s ses s  

var iables   such as proport ion of plants a f f ec t ed  and ex ten t  of in jury   per  

p lan t .  Crop y i e lds   a r e   gene ra l lyno t   a f f ec t ed   un le s s  5% or  more of t he   l ea f   a r ea  

is necro t ic .16   I f   g rea te r   than  5% i n j u r y  is found f u r t h e r   s t u d i e s  would 

be  conducted to  determine  the  causes.  

3 . 3 . 4  S o i l s  

Emissions from the  powerplant would be  deposited on the   sur face  

- 

s o i l s   i n   t h e   r e g i o n .  These m i s s i o n s  would contain  trace  elements which 
could accumulate in the so i l s  and in vegetat ion growing on these soils. 

This  impact is not   predicted t o  be s ign i f i can t .  However, t he   ac tua l   pa t t e rns  

and r a t e s  of trace  element  de?osit ion and t r anspor t  mechanisms of the deposi t -  

ed t race   e lements   in the   t e r res t r ia l   ecosys tems  a re   no t  well es tab l i shed .  

Thus monitoring of t r ace   e l emsa t   l eve l s   i n   l oca l  and r eg iona l   su r f ace   so i l s  

would be  carried  out  to  documut  changes and to   p rovide   da ta   for   cor re l -  

ation  with  the  other  environmental   monitoring programmes. 
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Monitoring Programme 

Mineral s o i l s  samples would be col lected from the  top 3 cm a t  

t h e  same 10 sampling p lo ts  a:; used for  vegetation  trace  elemmt  monitoring 

These sites would b e  located i n  areas  of greatest   deposi t ion of a i r  emis- 

sions from the  powerplant,  based on model predictions made  by ERTz, 

i n   a r eas  judged to  be sensi t : ive  to   t race element  deposition  based on 

levels  determined  during  the  environmental  assessment  studies, and i n  some 

cases   the   s i tes   a re   loca ted   a t  or c lose   to   a i r   qua l i ty   moni tor ing   s i tes ,  

so that   c lose  correlat ion of r e s u l t s  would be  possible. 

A t  l e a s t   f i v e  soi::  samples would be c o l l e c t e d   a t  each  sampling 

p l o t  to  provide  adequate  data  for  statist ical   evaluation of the  analyt ical  

r e su l t s .  Samples would be collected  annually,   in  the  late summer, using 

standard  sampling  procedures.  Soil  samples would be  col lected from the 
t o p  3 cm of mineral   soils  with  plant  l i t ter   excluded. A t  se lected  plots  

s u r f a c e   l i t t e r  would be collected and analysed  separately. The samples 

would be  analysed  for  selected  trace  elements: A s ,  B, Cd, Cr, Cu, F,  Pb, 

Hg, N i ,  Sn, U, V and Zn. Other  significant  soil  parameters  such  as 

conductivity,  pH, nutr ients ,   sulphate  and cat ion exchange capacity would 

be determined  periodically. The s o i l  monitoring programme  would  commence 
two years before  the  start-up of t h e   f i r s t   b o i l e r .  
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3.3.5 Wild l i fe  

The emissions  from  the  powerplant would contain  t race  e lements  

which  would be  deposited i n  the  surrounding  region. The ac tua l   depos i t ion  

patterns of these  trace  elements and  pathways of trace  element  accumulation 

i n   t h e  environment  are  uncertain. The l e v e l s  of selected  t race  e lements  

would b e  monitored i n  two w i l d l i f e   s p e c i e s   t o  document ex i s t ing   l eve l s  

and  any  changes that   occur   during  operat ion of the  powerplant. 

( i )  Ruffed  Grouse 

Ruffed  grouse  has  been  selected  as  the  species  to  be  monitored 

because  they  are  abundant  in  the Hat Creek va l l ey ,   t hey   a r e   c l a s sed   a s  a game 

b i rd  in terms  of  hunting  regulations and they   a r e   ea s i ly   sho t  or co l l ec t ed .  

They feed on a v a r i e t y  of grasses, shrubs,   forbs  and i n s e c t s  and would 

thus  ingest   t race  e lements  from a number of possible  sources.  They a r e  

present   year-round  in   the  val ley,  and a r e   l o c a l i z e d   i n   d i s t r i b u t i o n .  

Monitoring Program 

Ruffed  grouse would b e   s h o t   i n   f a l l   d u r i n g   t h e  normal  open 

season a t   f i v e   l o c a t i o n s .  Areas p re fe r r ed   fo r  sampled b i rds  would be i n  
c lose  proximity  to  a sampling  point  for  vegetation and  wherever  possible, 

in   the   a reas   o fh ighes t   emiss ion   impact .  I ron  o r  p l a s t i c   s h o t  would b e  

used  to  prevent  lead  contan,ination of body t i s s u e s .  A t  l e a s t  10 b i rds  

would be sampled i n  t h e  f i r s t  year   to  es tab l i sh  l e v e l s  of v a r i a t i o n  and 
to   determine a s t a t i s t i ca l ly   adequa te   i n t ens i ty   fo r   fu tu re   s ampl ing .  

Shot b i rds  would be  autopsied  immediately and the  whole l i v e r ,  

kidneys and  femurs removed and  placed  in  separate  polyethylene  containers,  

l abe l l ed  and frozen. Samples  of pr imary  feather  would be taken  from  birds 

i n   t h e   f i r s t   y e a r ,   t o   e s t a t l i s h  t h e  usefulness  of further  sampling of  

these tissues as   t race   e len .en t   ind ica tors .  Sample organs would be  ana- 

l yzed   fo r   a r sen ic   ( l i ve r ) ,  cadmium ( l i v e r ) ,  chromium ( l i v e r ) ,  copper 

( l iver ) ,   f luor ine   (bone) ,   l ead   (k idney  and l i v e r ) ,  mercury ( l i v e r ) ,  vana- 

dium ( l ive r ) ,   z inc   C l ive r ) ,  uranium (bone), t i n  ( l i v e r )  and n i c k e l   ( l i v e r ) .  

The ruffed  grouse  monitoring  program would commence  two years  

pr ior   to   the   s ta r t -up  of t t . e   f i r s t   b o i l e r .  
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( i i )  Honeybees 

Honeybees a r e  know1 to   accumula t e   f l uo r ine   i n   t he i r  body tissues 

and they  have  been  used  successful ly   as   indicators  of f l u o r i n e   l e v e l s   i n  

t h e   e n ~ i r o n m e n t f ~ ~ ~ 8 L o c a l  honeybees would b e  monitored  to document the  

l e v e l s  of f luorine,   se lenium and possibly  other   t race  e lements .  

Monitoring  Program 

A hive  would be  e s t a b l i s h e d   n e a r   t h e   a l f a l f a   f i e l d s   i n   t h e  Hat 

Creek  Valley  south of the  powerplant  si te.  In t h e   l a t e  summer about 50 

honeybees would be   co l l ec t ed   fo r   ana lys i s .  The bees wouid b e  p laced   in  

an   en tomologica l   k i l l ing   j a r  and then   t ransfer red   to  a polyethylene con- 

t a i n e r  and frozen. In the   l abora tory ,   the  bees would be  pulverized,  lyo- 

ph i l i zed  and t h r e e  sub-samples  taken f o r   a n a l y s i s  of f l u o r i n e  and  selenium 

con ten t .   Fo r   t he   f i r s t   t h ree   yea r s  of the  monitoring program, analyses  

fo r   o the r   t r ace   e l emen t s   wodd  be  undertaken  to   es tabl ish t h e  usefulness  of 

bees as trace  element  indica:ors.  Monitoring would comence two years  

before   s ta r t -up  of t h e   f i r s t   b o i l e r .  

I 
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3.4 WATER RESOURCES 

3. 4.1 Groundwater Oual i tE 

The mine and powerplant  development would a l t e r   l o c a l  ground- 

water flows and charac te r i s t izs .   Moni tor ing  of local  groundwaters would 

be  conducted  to document any  :hanges quan t i t a t ive ly  and to   p rov ide   da t a  

f o r  the operat ion of discharge  control  systems and design of any remedial 

measures  needed. 

Monitoring Programme 

Eight  groundwater  .nonitoring wells would be  i n s t a l l e d   i n   t h e  

v i c i n i t y  of t he  mine  and  povecplant,  as shown i n  f i g u r e  3-3. Most  of 

these  wells would be  located ,downstream of  dump embankments and coa l  and 

waste s t o r a g e   f a c i l i t i e s   i n   t z e   d i r e c t i o n  of seepage  flows  to  the  ground- 

water   t ab le .   Moni tor ing   a t   t3ese   loca t ions  would document t h e   e f f e c t s  of 

t h e   p r o j e c t   f a c i l i t i e s  on the  local  groundwater.  Wells would b e  located 

f u r t h e r  away t o  document the   Zf fec ts  on the  Marble Canyon and Hat Creek 

aqu i f e r s .  

Three wells would >e l o c a t e d   a t   t h e  Houth Meadows  Dump; a t  

t he   t oe  of t he  main embankment and a t   t h e   t o e s  of the  northwest and 

nor theas t   saddle  embankments. A well would b e  located west of the   ash  
dump runoff  holding pond i n  t z e  Medicine  Creek  Valley. A s  t h i s   a r e a  

becomes a mine waste dump, a f te r   about   year  15, a fu r the r  well would be 

l o c a t e d   a t   t h e   t o e  of t he  waste dump embanlanent. A well would b e  located 

nor th  of the  coal   b lending ami s t o c k i n g   f a c i l i t y .  

A con t ro l  well would be  located in Marble Canyon to  monitor 

groundwater  conditions  upstreun o f  t he  Houth Meadows waste dump and a 
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well would be  placed a t  the: ea s t e rn  end of  the  Marble Canyon aqu i f e r .  

Xonitoring a t   t h e s e  two 1oc.ations would  document t h e   e f f e c t s  of t.he 

Houth Meadows  dump on the  Marble Canyon aqu i f e r .  A well  would a l s o  

b e  i n s t a l l e d  i n  the Hat Crclek a q u i f e r   t o  measure t h e   o v e r a l l   e f f e c t  of 

t he   p ro j ec t  on this  res0urc.e.  

Each wel l  would tNe equipped  with  one  or more piezometers and 

water  sampling  devices at   \ .arious  depths  depending upon the  well and 

groundwater  locations. 

Piezometer  reading and water  sampling  and  analyses would be 

done  every two months d u r i n g   t h e   f i r s t   y e a r  of  groundwater  monitoring t o  

assess   seasonal   var ia t ions.   Thereaf ter ,   monitor ing of t he  wells would 

be  done  about  every  four mclnths: i n   t he   w in te r ;   du r ing   t he   sp r ing  

f r e s h e t ,  and during low water   near   the end of summer. Monitoring would 

commence  two y e a r s   p r i o r   t o   t h e   s t a r t  of construct ion.  

The groundwater riamples would b e  analyzed  for  the  following 

paramters,  As, Cd, Ca, Cr, Cu, Fe, Pb, Mg, Kg, Na, U, V ,  Zn. Mn, C1, F,  

SO4,  t o t a l  PO4,  a l k a l i n i t y ,  NO2,  NO3, pH, c o n d u c t i v i t y ,   f i l t r a b l e   r e s i -  

due  and  non-fil trable  residue. These  parameters  have  been  selected on 

the   bas i s  of predicted levcds in   the   var ious   seepages ,  on known t o x i c i t y  

da ta  and parameters   s ign i f icant   to   uses  of these  waters ,   such  as  irri- 

gationand  domestic supply. 

3. 4 . 2  Surface Water Q u z u y  

Local  surface  wat.ers  are a mult iple   use  resource.  Air emissions 

from the  mine  and powerplant,  seepages and drainage f r o m  the  mine and 

waste   disposal   areas  and wzstewater   discharges  could  a l ter   exis t ing 

surface  water   qual i ty .   Al though  this  impact i s  predicted t o  be minor, 

monitoring would b e  conduct.ed t o  document the  effects   such  that   remedial  

measures  could  be  taken i f   r equ i r ed .  
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Monitoring  Program 

Seven  surface  water  quality  monitoring  stations  would  be 

located  as  shown  in  Figure 3.4. Three  stations  would  be  located on Hat 
Creek;  upstream  of  the  devt!lopment  area,  immediately  downstream  of  the 
coal  mine  area and 10 km downstream  of  the  mine  area.  Monitoring  at 
these  stations  would  document  water  quality  conditions  above  and  below 
the  mine  and  powerplant sitt! and  any  effects  of  the  operation on Hat 
Creek. 

Two stations  would  be  located  in  the  Bonaparte  River, i&di- 

ately  upstream  of  the  confluence  with  Hat  Creek  and 1 km downstream of 
the  confluence  to  document  any  changes  which  may  be  caused  by  changes  in 
the  water  quality  in Hat Creek. 

Monitoring  stations  would  be  located  in  Pavilion  Lake  where 
Pavilion  Creek  enters  the  lake  and  in  Cornwall  Creek  at  the  outflow  from 

McLean  Lake.  Pavilion  Lake is  an  important  nearby  recreational  area 
which  receives  drainage  fron  the  high  ground to  the  northwest.  McLean 

Lake,  a  large  lake  close to  the  powerplant site, is  not  predicted to be 
significantly  affected by  the development,  however,  monitoring  would 
document  any  unforeseen  changes. 

Surface  water  quality  monitoring  would  commence  two  years 
prior  to  the  start of const:ruction.  During  the  first  year Hat Creek 
would  be  monitored  every  two  months.  The  Bonaparte  River,and  Hat  Creek 
after  the  first year, would  be  monitored  three  times  per  year, in the 

winter,  during  the  spring f:reshet  and  during  the  late  summer  low  flow 
period. Pavilion  Lake and  Cornwall  Creek,  which  are n o t  readily  acces- 
sible  during  the  winter,  would  be  monitored  during  the  spring  freshet 
and  in  late  summer. 

The  three samplinl:  times  have  been  selected  based on natural 
flow  characteristics  and wa':er  quality  fluctuations  and  project  design 

parameters.  Background studies'  indicate  that  during  the  low  flow 

period  in  the  winter  and la.:e summer,  most of the flow into  the  rivers 
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is from  groundwater  discharge. It is  dur ing   these   per iods   tha t  any 

e f f e c t s  of   the  project  on the  local  groundwaters would be  most evident.  

During  the  spr ing  f reshet   discharges from the  sediment  lagoons would be 

g rea t e s t  and  monitoring would  document any e f f e c t s .  Water qua l i ty  

monitoring would be  undertaken a t   o t h e r  times as necessary  based on 
wastewater  discharges and t h e   r e s u l t s  of the  continuous Hat Creek water 

qua l i ty   moni tor ing  programme. 

The same parameters as measured i n   t h e  groundwater  quality 

programme would be  measured i n  the   sur face   water   qua l i ty  programme (see 

page 3-38). In addi t ion,   special   samples-  would be   co l lec ted   for   co l i form 

and BOD5 analyses .  A t  the  t h e  of sampling i n   s i t u  measurements of 

dissolved oxygen  and  temperature  would  be made. 

Flow  measurement s t a t i o n s  would  be i n s t a l l e d   i n  Hat Creek. 

One s t a t i o n  would be  located  upstream  of  the maximum level of the headworks 

dam and the   o ther  would  be damstream  of  the  development area immediately 

southwest of Indian Reserve N'a .  1. Flows  would be  continuously  recorded 

a t   t h e s e   s t a t i o n s .  

The water tempera ture   in  Hat Creek  would be  continuously 

recorded a t   t he   f l ow  mon i to r ing   s t a t ion   l oca t ions  above  and  below the  

development area  during  the summer months  and a t   t he   no r th   end  of the  open 

d ivers ion   cana l .  The envi ronznta l   assessment   s tud ies   p red ic t   tha t   there  

could be a s ign i f i can t   i nc rease  i n  temperature i n  Hat Creek divers ion  canal  

although  temperatures  below tne p ro jec t  would be  maintained a t  l e v e l s  

su i tab le   for   aqua t ic   o rganism by the  addi t ion  of   cool  water from  the power- 

plant  reservoir.  Continuous  monitoring  during  the summer months  would 

provide  accurate  documentatiol  of any increases   in   water   t empera tures  due 

t o  t h e  p ro jec t .  

A t  the  Hat  Creek  mmitoring  station  immediately  upstream of 

Indian Reserve No. 1, pH, conduct iv i ty ,   tu rb id i ty  and  sodium concentrat ions 

would  be cont inuous ly   mni tored  by an automated analytical   system.  These 

would  provide a de ta i led   record  of changes i n   w a t e r   q u a l i t y  due to   the  

p ro jec t  and enable   cor re la t ion   wi th   the  measured c h a r a c t e r i s t i c s  of 

wastewater  discharges.  
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3 . 4 . 3 .  Wastewater Dischare 

Water from project: sedimentation  ponds  would  be  discharged  into 

surface waters; the impact of  such  discharges  is  predicted to be minor. 
However, discharges would  be  monitored  to provide a  basis for any necessary 

remedial actions and for conpliance with Pollution Control Permit require- 

ments.  Wastewater discharge data  would  also be used in the  assessment of 
surface water quality data and  in other environmental studies. 

- Honitoring Programme 

The only discharges of wastewaters from  the development to surface 

waters  would  be  from  the north valley sedimentation lagoons and  the pit rim 
dam. The north  valley  sedimentation  lagoons  would  treat surface runoff and 

seepage from surficial materials. The pit rim dam would  collect  runoff from 

areas  downstream  of  the main diversion works and  the  sedimentation lagoons 
which treat surface runoff  from  Medicine  Creek mine waste disposal area 

(See Fig. 3 - 3 ) .  The flow of  discharges from the sedimentation lagoons and 
the  pit  rim reservoir  would be measured  and  recorded  continuously. Samples 

f o r  analyses would  be collected  periodically  based on discharge quantities. 
During construction, discharges  from  temporary lagoons and storage basins 

wuuld  be monitored as required. 

The parameters  measured would be the same as those measured in 

the groundwater  quality  monitoring  programme. 

3 . 4 . 4 .  Aquatic Biolou 

Construction of  the diversion canal, vastewater discharges, 
seepages and drainage from  the  mine  and  waste  Cisposal  areas  and  air 

emissions  from :he powerplant  could altetthe water quality, fisheries 

and  benthic habitats and  populations  in  the  Hat  Creek  system. 3enthic 
organisms are sensitive to changes in water  quality and reflect  periodic 

as well as chron ic  nodifications  which  may  not be  evident  from periodic 

water quality  monieoring. Fish are a significant resource in the Hat 
Creek-3onaparte River  system.  Aquatic  biological  studies  would 
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document  changes i n   f i s h e r i e s  and benthic   condi t ions  and  provide a basis 

f o r  any  remedial   actions  required t o  safeguard loca l  aquatic resources ,  

Monitoring  Program 

Fisher ies ,   habi ta t :   condi t ion  and  benthos sampling would be 

c a r r i e d   o u t   a t  two s t a t i o n s   i n  Hat Creek  and two s t a t i o n s   i n  t h e  Bona- 

p a r t e  River. These s t a t i o n s  and o t h e r s  were  monitqred  during  the  environ- 

mental  impact.  studies  conducted by Beak i n  1976 and 1977. These  were 

selected  for   cont inued  monitor ing  based on their l o c a t i o n s  in r ep resen ta t ive  

a reas  and on r e s u l t s   o f   t h e  1976 and 1977 s t u d i e s .  The l o c a t i o n s  of these  

f i v e   a q u a t i c   b i o l o g i c a l   m o x . t o r i n g   s t a t i o n s   a r e  shown i n   F i g u r e  3-4. 

2 

The condi t ion  of t h e   a q u a t i c   h a b i t a t  would b e  n o t e d   a t   t h e  time 

of t h e   f i s h  and ben thos   s tud ie s ,   pa r t i cu la r ly   w i th  respect to  bottom  sedi- 

ments  below t h e  mine si te.  Observations would  be made on s u b s t r a t e  

composi t ion,   bank  s tabi l i ty   and  vegetat ion,   s t ream  width,   depth,   veloci ty  

and p o o l - r i f f l e   r a t i o  a t  each   s ta t ion .  These observations,   plus  the  informa- 

t i o n  on wa te r   qua l i t y  will be monitored i n  the  assessment   of   the   qual i ty  of 

t h e   a q u a t i c   h a b i t a t .  

Benthic  invertebr;%te  samples would be obtained  using a Surber 

sampler.   Four  replicate  samples would be  c o l l e c t e d   a t   e a c h   s t a t i o n ,   ' E a c h  

sample  would be  washed on a No. 30 s i e v e  and retained  sample  preserved and 

s t a ined .   In  the l abora to ry   a l l   mac ro - inve r t eb ra t e s  would b e  sorted,  

enumerated  and  categorized  : into  es tabl ished  pol lut ion  tolerance  groupings.  

Selected  samples would  be f u r t h e r   i d e n t i f i e d  t o  genus  and  species,   as 

poss ib l e ,  t o  provide more d(2tai led  data .   Analysis  of  community s t m c t u r e  

and  condition would  be  done using a s e r i e s  of f i ve   s t anda rd   b io log ica l  

i n d i c e s   i n c l u d i n g   b i o t i c   i d e x ,  domimance, d i v e r s i t y ,   e q u i t a b i l i t y  and r ichness .  

F isher ies   surveys  would be car r ied   ou t   us ing  an electro-shocker  and 

appropr i a t e   ne t s   a t   t he   f i v s   mon t io r ing   s t a t ions .  An a r e a  large enough 

t o  character ize   species   composi t ion and  abundance  would be  sampled a t  

each   s t a t ion .  The  number of  each  species ,  length and wet weights would  be 

recorded;  sex,   presence of p a r s i t e s  and general   condi t ion of each  specimen 

would  be  noted.  Scale  samples would  be  taken from selected  samples  f o r  age 

and growth analyses .  
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C u r i n g   t h e   f i s h e r i e s  and   benthos   sampl ing ,   spec ia l   samples   o f  
m f i s h  and   poss ib ly   ben th ic   o rgan i sms  would b e  c o l l e c t e d   f o r   t z a c a   e l e m m t  

a n a l y s e s .  These samples would b e  analysed f o r   s e l e c t e d  trace e lemcnts  

I i nc lud ing :  As, 3, Cd, Cr, Cu, F, Pb, Xg, N i ,  Sn, 0,  Q and Zn. The number 

of  samples   col lected  and  aaa1,ysed  would  be  adequata   for  statistical eval- 
1 u a c i o n   a n d   i n t e r p r e t a t i o n  of the r e s u l t s .  

= The a q u a t i c   b i o l o g i c a l   s w a y s  of h a b i u t ,   f i s h e r i a s   a n d  

I would b e  done a n n u a l l y  in  the, l a t e r  a-er, commancing FJO y e a r s  b e f o r e  the 

benthos  in Rat Creek  and che 3 o a a p a r t e  River aad t h e  trace e l m o n c  a n a l y s a s  

start of c o n s t r u c t i o n .  

*r 
' . A d d i t i o l t a l   m o n i t o r i n s   f o r   f i s h   p r e s e n t  would b e  c a r r i e d   o u t  on t h e  

Thompson R ive r   nea r  and v i t h i n   t h e   p r o c e s s  water intake a t   A s h c r o f t .   D u r i n g  

cons t ruc t ion ,   f requent   inspec : ions   would  b e  made t o  e n s u r e   t h a t   a d v e r s e   e f f e c t s  

on t h e   f i s h  are minlmised.  Approved  construction  procedures  would b e  followed. 

Dur ing   the  in i t ia l  o p e r a t i o n ,   t h e   i n t a k e  system w u l d  b e  o b s a r v e d   f o r  any 

a d v e r s e   e f f e c t s  on f i s h ,   p a r t i c u l a r l y   d u r i n g  the spr ing   dovas tzaam  migra t ion  

of  young f i s h .  In  t h e   f i r s t  even-numbered year of full o p e r a t i o n ,   F n t e n s i v e  

moni:oring  would be c a r r i e d   o u t  in A p r i l  and Hay dur iag  che seaward sigration 

of pink  salmon. nese  f i s h   a r e  numerous  and small in s i z e  and   t hus   a r e  the 
m o s t   v u l n e r a b l e   s p e c i e s .   M o n i t o r i n g   a c t i v i t i e s  would b e  coord ina ted  with 

p r o v i n c i a l  and f e d e r a l   f i s h e r i e s   a u t h o r i t i e s .  

* 

L 

* 

m 

I 

r. 3 .  L . 5  Acid   P rec iu i t a t ion   SCud ies  

Gaseous  emissions f r o m  coa l -burnbg  pover ; r lan ts  have b e a n   i d e n t i f i r d  
I a s  a c o n t r i b u c o r  co a c i d   p r e c i p i t a t i o n .   D e t a i l e d   s t u d i e s  by 3T3 i n d i c a t e  

:hac :he Ut Creek  powerr,lant emissions would no t  :awe s i g n C i c a n t   a d v e r s e  
I. e n v i r o n m e n t a l   e f f e c t s   a t  local o r  long  range  due t o  a c i d   p r e c i p i t a t i o n .  These 

I t i o n  and i n   d e p o s i t i o n   e f f e c t s , .  Most water  bodies  within  the  area o f  g r e a t e s t  

s t u d i e s   p r e d i c t  t h a t  o n l y  smal:. i nc reases  would  occur i n   t h e   a c i d i t y  of p r e c i p i t a -  

predicted  impact from the   p ro j ec t   a r e  well buffered  and r e l a t i v e l y   i n s e n s i t i v e  

t o  ac id   p rec ip i t a t ion .   Fu r the r ,  soils found i n   t h e s e   a r e a s  have  moderate t o  I 
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h igh   ac id   bu f fe r ing   capac i t i e s .  However, s ince   the   p rocesses   involved  

i n  long-range t r anspor t  and ac id   depos i t ion   and   the   poss ib le   chronic  

envi ronmenta l   e f fec ts  of ac id   p rec ip i t a t ion  are no t  well understood, 

monitoring would  be c a r r i e d   o u t  t o  document condi t ions  before   and  during 

opera t ion  of the  powerplant.   This would inc lude   de ta i led   moni tor ing   of  

poss ib l e  low pH s u r g e s   i n   s t r e a d l a k e   w a t e r s   a s  a r e s u l t  of i n i t i a l  snowmelt 

events .  

The monitoring of a c i d   p r e c i p i t a t i o n  and i t s  e f f e c t s  is p resen t ly  

being  carr ied  out   throughout   North America b u t   p a r t i c u l a r l y   i n   t h e   e a s t e r n  

ha l f  of the   cont inent .  Methods for   measuring t h e  c h a r a c t e r i s t i c s  of 

prec ip i ta t ion   chemis t ry ,   the   magni tude  and na tu re  of dry  deposi t ion and 

the  e f f e c t s  of a c i d i c  material on the  environment   are   avai lable .  However 

improvements in  monitoring  equipment  are be ing  made and are   expected t o  

show subs tan t ia l   advances  i n  the  near   future .   Suggest ions f o r  the  monitoring 

of   ac id   p rec ip i ta t ion   e f fec ts   have   been  made by t h e  B r i t i s h  Columbia F i sh  

And Wi ld l i f e  Branch’. Discussions  have  been  held  with  representatives of 

the  Ontar io   Minls t ry  of Environment, The  Atmospheric  Environment  Service  and 

Consu l t an t s   ac t ive ly   engaged   i n   mon i to r ing   ac id   p rec ip i t a t ion  and i t s  e f f e c t s .  

All of  these  data  input  and  recommendations  have  been  considered  in  developing 

the  monitor ing  program  detai led below. However as  noted  above t h e  s u b j e c t  

and  methods of measuring i t s  e f f ec t s   a r e   deve lop ing   r ap id ly .  Changes i n   t h e  

proposed program would be made as  warrented by any  improvements i n  measurement 

technology  and/or  understanding of t h e  subjec t .  

Monitoring Programme 

The a c i d   p r e c i p i t 2 , t i o n   s t u d i e s  would include  the  fol lowing 

monitoring  programmes:  surface  water  quality; snow pack   qua l i ty ;   aqua t ic  

b io logy;   meteoro logy;   and   prac ip i ta t ion   qua l i ty .  mese programmes  would 

commence two years   before  thG: opera t ion  of the f irst  b o i l e r   u n i t .  

The sur face   water   qua l i ty  and aqua t i c  b i o l o g y  programmes would 

be conducted on s i x  r i v e r  sysitems surrounding t h e  Hat Creek  powerplant s i t e  

(Figure 3 - 5 ) .  These  would  include:  the Adam River  which i s  about 200 km 

nor theas t  of t he   s i t e ;   Hendr ix  Creek  about 150 !a t o  the   nor th ;   the  

Tranqui l le   River   about  70 km e a s t ;  Cayoosh  Creek  which is located  about 40 
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t o  70 km s o u t h e a s t ,   S c o t t i e  C,ceek  a t r i b u t a r y  of the  Bonaparte  River 

which is 20 t o  40 km northeas,: of the  powerplant   s i te   and Loon Creek  which 

is 35 t o  55 km nor theas t  of t ' x  p lan t .  

Se l ec t ion  of these  six water  systems and s e l e c t i o n  of s p e c i f i c  

m o n i t o r i n g   s i t e s  in each  systa 'm  took  into  consideration  the following: 

1. 

2 .  

3. 

4. 

5 .  

Predicted  rate  of  ,acid  deposit ion  from  the  powerplant  based 

on extensive  mathenatical   modelling3 ; 

Relative s e n s i t i v i t y  of the   sur face   waters  t o  ac id   depos i t ion  

based on in fo rma t i an   i n   o the r  ~ t u d i e s ~ ' ~  and a v a i l a b l e   s u r f a c e  

wa te r   qua l i t y  d a t a  fo r   t he   r eg ion ;  

Importance of r e c r e a t i o n a l  and c o m e r c i a 1   f i s h e r i e s ;  

Extent  and  type of dra inage   a rea ;  

Access ib i l i t y   fo r   f r equen t   mon i to r ing .  

The predicted  average n e t  annual hydrogen  ion  deposi t ion  ra tes  

due t o  Hat Creek  powerplant  emissions  are shown i n  Figure 3.5.  These 

i sople ths   were   ca lcu la ted  by ERT using  extensive  computer models. As 
may b e  seen from Figure  3 .5 ,   the   greatest   deposi t ion  occurs  to t h e  north- 

e a s t  of the  powerplant.  Consequently, the mon i to r ing   s i t e s   a r e   concen t r a t ed  

i n   t h i s   g e n e r a l   d i r e c t i o n   w i t , h i n  20 t o  125 km of  the  powerplant. 

3 

Result's from other   s tudies   have  indicated  that   the   lower t h e  pH 

and a l k a l i n i t y  of  na tu ra l   wa te r s ,   t he  more s e n s i t i v e   a r e  those  systems 

t o  t h e  e f f e c t s  of ac id   p rec ip i t a t ion .  It has  been  suggested  that   water 

bodies  with pH's o f  7 or   l e s s ;   and   a lka l in i t i e s  of  25 mg/l (as CaC03) o r   l e s s  

a r e  most l i k e l y  t o  be affectcid . Where possible,   systems w i t h  these 

c h a r a c t e r i s t i c s  were  selected.  

6 

Most of the  water   systems  in   the  region  support   important  

P r o v i n c i a l   r e c r e a t i o n a l   f i s h e r i e s  and many are   important  f o r  salmon  and 
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steelhead  t rout   spawning and juveni le   rear ing .  The m o n i t o r i n g   s i t e s  would 

be  located i n  waters  that a r e   i m p o r t a n t   t o   f i s h .  

Headwater a reas   a re   normal ly  less well buffered  and more sen- 
s i t i v e   t o   a c i d   p r e c i p i t a t i o n   t h a n   a r e a s   f u r t h e r   a l o n g   i n  a r i v e r  system. 

Other  studies  have  found that t h e   e f f e c t s  of a c i d   d e p o s i t i o n   a r e  most 

evident  i n  headwaters .   Accord ingly ,   moni tor ing   s i tes   were   se lec ted   in  

headwater   areas   wherever   possible ,   and  par t icular ly   in   headwater   areas   that  

contained small l akes   a s  well as  streams. 

Access ib i l i ty   o f   the   moni tor ing   s i tes ,   a l though  no t  as important 

a s   t h e   o t h e r   c r i t e r i a ,  is necessary  for  an  extensive  continuous  monitoring 

p r o g r a m .  Yea r - round   access ,   pa r t i cu la r ly   du r ing   c r i t i ca l   pe r iods   such   a s  

du r ing   t he   sp r ing   f r e she t ,  is r e q u i r e d   f o r   t h e   c o l l e c t i o n  of complete, 

contiguous  data  and f o r  p rope r   ca l ib ra t ion  and maintenance of monitoring 

instruments .  

The l o c a t i o n  of t he   wa te r   qua l i t y  and aquatic  biology  monitor- 

i n g   s i t e s   a r e  shown i n   F i g u r e  3-5. The c h a r a c t e r i s t i c s  of each s i t e   a r e  

presented   in   Table  3-4. Surface   waters   c loser   to   the   powerplan t   s i te  would 

be ex tens ive ly   moni tored   in  t h e  sur face   water   qua l i ty   moni tor ing  programme 

descr ibed   in   Sec t ion  3.4.2 and t h e  aquat ic   b io logy  prograunne Sect ion 3.4.4.  

These s i tes ,  which a re   desc r ibed   i n   Sec t ions  3.4.2 and 3.4.4,  a r e   n o t  

i d e n t i f i e d   a s   s i t e s   i n  the a ,c id   p rec ip i ta t ion   s tud ies ,   a l though  da ta  from 

t h e s e   s i t e s  would  be  used i n ,  the   eva lua t ion   of   the   e f fec ts  of ac id   depos i t ions .  

The s e l e c t i o n  of wa te r   qua l i t y   mon i to r ing   s i t e s  f o r  t h e  ac id  

p r e c i p i t a t i o n   s t u d i e s  has be,en  based on a l l   a v a i l a b l e   d a t a .  Water q u a l i t y  

data for   over  200 water   bodies   in  the  p r o j e c t   a r e a  were  reviewed. However, 

water   qua l i ty  and f i s h e r i e s   d a t a  w e r e   n o t   a v a i l a b l e   f o r   a l l  of the many 

small lakes  and  streams  in t h e  a rea .   Before   the   ac id   p rec ip i ta t ion   s tud ies  

a r e   i n i t i a t e d ,   f i e l d   s u r v e y s  would  be c a r r i e d   o u t  t o  o b t a i n   a d d i t i o n a l  

sur face   water   qua l i ty   da ta  t :o ensure that the  mOst a p p r o p r i a t e   s i t e s  would 

be  se l ec t ed  f o r  the monitor-f.ng  programmes.  The p r e s e n t l y   i d e n t i f i e d   s i t e s  

and locat ions  should  not   be  considered  f inal .  
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The Atmospheric  Environment  Services ( A E S )  of Canada maintains 

many meteorological   s ta t ions  throughout  B.C. Meteorological  parameters 

and p r e c i p i t a t i o n   q u a l i t y  would be  monitored a t  12 e x i s t i n g  AFS s t a t i o n s ,  

including:  Ashcroft ,  Kamloops, L i l looe t ,   Lyt ton ,  Chase, Blue  River, 

Darf ie ld ,  Merritt, 100 Mile Kouse, Boss Mountain, Vernon and Dog Creek. 

An a d d i t i o n a l   s t a t i o n  would b e  e s t ab l i shed  a t  t h e  water qual i ty   monitor ing 

s i te  nea r   Sco t t i e  Creek i n  the region  where  acid  deposit ion is predicted 

to   be  high.  The monitoring  stations,   which are p a r t  of t h e   a c i d   p r e c i p i t a t i o n  

s t u d i e s ,  are shown i n  Figure 3-5. These s t a t i o n s  were loca ted   to   p rovide  

d a t a  on t he  changes, i f  any, on t he   r eg iona l   p rec ip i t a t ion   qua l i t y  from areas 

surrounding  the Hat Creek s i t e   w i t h  emphasis in   the   nor theas t   quadrant ,  

and in   a r eas   nea r   su r f ace  water q u a l i t y  and aquatic  biology  monitoring 

sites. 

The sur face  water qual i ty   monitor ing would include a s p e c i f i c  

s tudy   fo r   t he   co l l ec t ion  of sur face  water samples i n   t h e   e a r l y   s p r i n g   d u r i n g  

e a r l y  snowmelt  and i n   t h e   l a t e  summer. Standard  sampling  and  analytical 

procedures would be  followed. The following water qual i ty   parameters  would 

be documented: pH, a lka l in i ty ,   conduct iv i ty ,   carbonate ,   b icarbonate ,   to ta l  

phosphorus, n i t ra te ,   su lpha te ,   ch lor ide ,   ca lc ium,  magnesium, to t a l   d i s so lved  

solids,   suspended  solids.   Trace  elements would be  determined on se l ec t ed  

samples. 

Snow pack  surveys would  be  conducted  twice  during  the  winter 
i n  the mountain  areas  drained by the Adams River and i n  the  Bonaparte River 

watershed area. In most cases ,  snow core  samples would be  col lected by 

he l i cop te r   i n   J anua ry  and i n   A p r i l .  The snow cores  would be  analysed  for  

the same parameters   as   the  acid  precipi ta t ion  water   qual i ty   samples   includ-  

ing  selected  t race  e lements .  

More extensive  monitoring would be  conducted i n   t h e  Adams River 

and S c o t t i e  Creek areas   dur ing   the   spr ing  snowmelt t o   b e t t e r  document 

e f fec ts   o f   the  snowmelt on sur face  water qua l i t y .  The chemical  character- 

i s t i c s  of accumulated snow p x k  i n  these  areas  would be  used  to  supplement 

these   s tud ies .  
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The aqua t i c   b io logy   mon i to r ing   wou ld   i nc lude   co l l ec t ion  of 

b io logica l   samples  in t h e  l a te  summer n e a r   s e l e c t e d   s u r f a c e   w a t e r   q u a l i t y  

monitoring s i t e s .  The type  and  re la t ive  abundance of  periphyton  would  be 

documented i n  rivers and  the types and  abundance  of  phytoplankton  would  be 

documented i n   l a k e s .   F i s h   p o p u l a t i o n s  would be  monitored i n  a q u a l i t a t i v e  

way, e s p e c i a l l y   t h e  young of   the year. The l a t t e r  would i n d i c a t e  spawning- 

ha tch ing   success .  The aquat:.c biology  monitor ing programme  would b e  

conducted  every t h i r d  yea r  commencing two years   before   the   opera t ion   of   the  

first b o i l e r  unit. 

Comprehensive  metciorological  and a i r   q u a l i t y   d a t a   f o r   t h e   r e g i o n  

c l o s e   t o   t h e   p o w e r p l a n t   s i t e  would b e  ob’tained in   t he   a tmosphe r i c   r e sources  

monitor ing programmes descr ibed  i n  Sec t ion  3.2 .  These data would be used 

in t h e   a c i d   p r e c i p i t a t i o n   s t u d i e s .  

Meteorological  &?a would   be   ob ta ined   f rom  the   s t a t ion   i n s t a l l ed  

i n  the  Scot t ie   Creek  area  and from the   twelve  government   monitor ing  s ta t ions 

in the   s tudy   r eg ion ,   a s  shown i n  Figure  3-5. A t  t hese   s t a t ions   mon th ly  

a v e r a g e   p r e c i p i t a t i o n  pH w0u.d be  monitored us ing  s p e c i a l   c o l l e c t o r s   t h a t  

remain  closed  except  during  periods of  p r e c i p i t a t i o n  t o  reduce  contamination 

of samples by dust.  In addi t ion,   samples  would a l s o  be col lec ted   per iod-  

i c a l l y   f o r   c h e m i c a l  analyses:, and a t   s e l e c t e d   s t a t i o n s   s a m p l e s  would be 
c o l l e c t e d  on an event  basis 1:o more c lose ly   a s ses s   t he  pH of p r e c i p i t a t i o n .  

These samples  would  be  analysed f o r  t he  same parameters as i n  t h e   s u r f a c e  

water monitoring.  Heasurements o f  d r y  depos i t i on  of a c i d i c   m a t e r i a l  would 

a l s o  be made. 
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4.0  RECLAMATION 

4.1 Introductior! 

A major  actjvity  of  the  site  environmental  group  would  be  the 
reclamation of land  areas  disturbed  by  the  project.  Reclamation  work 
has  already  been  carri.ed  out  at  the  site  following  exploration  drilling, 
excavation  of  a  bulk  coal  :;ample  and  construction of roadways.  Land  re- 
clamation  would  continue  through  the  construction,  operation  and  decomm- 
issioning  of  the  powerplanl:  development.  The  ultimate  objective  of  the 
programme  is  to  rehabi.litare  disturbed  lands  to  equivalent OK higher  land 
use  status  upon  completion  of  the  project.  Initial  objectives  are to  re- 
vegetate  the  land  to  reduce  erosion  and  to  enhance  aesthetics  of  the  area. 

Extensive  st.udie!;  have  been  carried  out  to  determine  the  suit- 
ability  of  waste  materials  and  various  vegetation  'species  for  reclamation 
at  Hat  Creek.  Many of the!;e studies  are  being  continued  to  evaluate  long 
term  considerations. 

This  section!  pre!;ents  a  description  of  the  reclamation  activities 
and  studies  completed  and  outlines  the  reclamation  programmes  to  be 
carried  out  by  the  site  environmental  group. 

4 . 2  On-Site  Reclamat:.on Studies 

Both  laboratory  and  on-site  testing  has  been  undertaken  to  deter- 
mine  the  properties  of  the  waste  materials  as  g.cowth  media  and  to  evaluate 
a  variety  of  grass  and  legume  species  for  revegetation  at  Hat  Creek.  Initial 
laboratory  (greenhouse)  studies  were  followed b:y detailed  on-site  reclamation 
testing,  making  use of materials  generated  during  the  1977 Bulk Sample  Pro- 
gram,  (Acres,1977 ) .  These  latter  tests  have  demonstrated  most  effectively 
that  the  revegetation of waste  materials  is  feasible  at  Hat  Creek  consist- 
ent  with  B.C.  Hydro  proposad  goals  for  reclamation,  which  are  as follows: 
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Short-term gs3als - Control  of wind  and waterborne   e ros ion ,  

- A e s t h e t i c s ,  

- S t a b i l i z a t i o n  of waste; 

Long-term goa l s  - Se l f - sus t a in ing   vege ta t ion ,  
- Sui tab le   end   use  - mixed a g r i c u l t u r e  

and w i l d l i f e .  

The on- s i t e  tests comprised two major  programmes,  one  to  examine 

t h e   r e v e g e t a t i o n   p o t e n t i a l   o f   s l o p e s   a t   d i f f e r e n t   a n g l e s   o f   r e p o s e ,   a n d  

t h e   o t h e r  t o  examine the   d : . f fe ren t   macer ia l s .and   de te rmine   the i r   charac te r -  

ist ics as growth  media. L.1 waste dumps a s s o c i a t e d   w i t h   t h e  1977 Bulk  Sample 

Program were a l s o   r e s e e d e d   a n d   p r o v i d e d   f a c i l i t i e s   f o r   f u r t h e r   t e s t i n g .  

De ta i l ed   desc r ip t ions   o f   t he   l and   r ec l ama t ion   s tud ie s   and   t he   r e su l t s   ob ta ined  

to   da t e   a r e   con ta ined   i n   t he   fo l lowing   r epor t s :   Acres   (1977) ,  Cominco Honenco 

(1978),  Integ  Ebasco (:L978), B .C .  Hydro (1979), B.C.  Fydro'(1980) and Xonenco 

(1980). 
Slope   P lo t s  

Sloped  revegetat ion test a r e a s  were c o n s t r u c t e d   a t   S o u t h  Xeadows 

and  Nedicine  Creek t o  exarmine t h e   r e v e g e t a t i o n   p o t e n t i a l  on t y p i c a l  embank- 

ment m a t e r i a l ,  gravel a t  Houth Meadows and t i l l  a t   Xedic ine   Creek ,  a t  slopes 
of 22 degrees, 26  degrees,   and 30 degrees .  Half of each plot a t  Houth Xeadows 

was covered  with a t h i n   l a y e r  of t o p   s o i l .  Aspect  and a l t i t u d e  were   se lec ted  

to   s imu la t e   a s   c lo se ly   a s   poss ib l e   c l ima t i c   cond ic ions  t o  be  encountered a t  

the  Xedicine  Creek  and Hou::h Meadows waste d i s p o s a l  embankments.  Both a r e a s  

were hydro-seeded w i t h  a s i n g l e  seed mix Fn t h e  Fall o f  1977  and subsequent ly  

f e r t i l i s e d   i n  t h e  Spring o:f 1979. 

Growth assessmerrrs were nade  during t h e  l a t t e r   p a r t  of  t h e  1 9 7 8 ,  

1979  and 1980 growing  season  and  the plots examined f o r   s i g n s  o f  waterborne 

e ros ion .   Xesul t s  of  these  examinations  have shown t h a t   t h e r e  is e s s e n t i a l l y  

no d i f f e r e n c e   i n   t h e   s u c c e s s  of e g e t a t i o n   e s t z b l i s h . e n t  on che a a t e r i a l s   w i t h -  

o u t   t o p s o i l   a t   t h e   t h r e e   s . l o p e   a n g l e s ;   i n  all cases  growth was s a t i s f a c t o r y  

w i t h  a good m i x  of g r a , s s  and  legume. Soil e rcs ion  due t o  r-noff was not 
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apparent  even  though  :several  thunderstorms  were  experienced  during  this 
period. On the  topsoil  treated  plots  at  Houth  Meadows,  growth  of  seeded 
species  was  severely  :inhibited  by  the  abundance  and  vigorous  growth  of 
weeds,  the  seeds of which were  transported  to  the  site  in  the  topsoil. 

From  the  results  of  these  studies  it  is  concluded  that  embank- 
ment  slopes  at  Houth  P4eadows  and  at  Medicine  Creek  could  be  constructed 
to  stable  and  reclaimable  slopes  at  least  up  to 300. 

Waste  Material  Plots I 

Seven  waste  materials  were  identified  during  the  excavations 
of the 1977 Bulk  Sample  Prsgram.  Samples  of  these  materials  and  of  fly- 
ash  from  the  Battle  River  Combustion  Tests  were  set  out  in 15 m  x 15 m  x 
1 m  plots  near  Aleece  Lake.  Half  of  each  plot  was  covered  with  a  thin 
cover of topsoil  and  seeded  in  the  Fall  of 1977 with  three  different 
seed  mixes of four  species  each.  The  soil  characteristics  of  the  mine 
waste  materials  suggest  that  they  fall  into  essentially  three  categories, 
namely  surficial  materials  such as colluvium (till), gravel,  and  baked 
clay;  non-seam  waste,,  gritstone  (sandstonelclaystone),  and  bentonitic 
clay;  seam  waste  such  as  (carbonaceous  shale  and  waste  coal.  Each  plot 
was  fercilised  during  the  Spring  of  both 1978 and 1979, based on recomm- 
endations  from  the B.C.  Ministry  of  Agriculture  following  soils  testing. 

Detailed  vegetation  monitoring  was  carried  out  after  one 
growing  season  to  determine  the  success  of  revegetation  based on seedling 
emergence  and  biomass  production.  A  less  comprehensive  evaluation  was 
conducted  during 1979 and 1980 (B.C.  Hydro (1980) and  Monenco (1980))  to 
further  monitor  the  progress  of  these  test  plots.  The  results of these 
studies  may  be  summarised as follows: 
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(1) Revegetation  of  surficial  materials  such  as  colluvium  (till), 
gravel,  and  bake,i  clay  can  be  readily  achieved.  Further, 
these  soils  are  suitable  for  reclamation  purposes  without  the 
addition  of  topsoil.  This  result  is  noteworthy:  in  the  case  of 
colluvium,  both .%omass production  and  seedling  emergence  were 
lower  on  the  top:joil-treated  part of the  plot. Plants  were 
healthy  and  showed few signs  of  ambient  deficiencies.  These 
results  indi.cate  that  the  materials  selected  for  stripping, 
stockpiling  and/or  use  as  surface  growth  media  may  comprise 
any of these  surface  materials,  gravel,  colluvium  (till),  baked 
clay  and  topsoil,,  either  separately  or  in  combination.  The 
implication  here  is  clearly  that  the  separate  stripping  of  top- 
soil  has  been  shown  to  be  unjustified  in  the  presence  of  suitable 
quantities  of  other  surficial  materials; 

( 2 )  Revegetation  of  rlon-seam mine  waste,  gritstone  (claystonel 
sandstone),  and  tlentonitic  clay  proved  to  be  more  difficult 
to  achieve  in  the  short  term. In addition to low emergence 
success,  the  biomass  production  of  vegetation  was  poor;  most 
plants  exhibited  signs  of  nutrient  deficiency.  The  physical 
and  chemical  properties of these  soils  contribute  to  poor  soil 
structure  under  extreme  conditions of moisture  and  nutrient 
imbalances. 

The  addition  of  topsoil  proved  beneficial  although  plants 
remained  somtewhat  stunted.  Subsequent: 1979 and 1980 observ- 
ation  showed  some  species  of  vegetat:ion  progressing  well on 

the  untreated  gritstone.  Nevertheless,  it  is  considered  that 
a  surface  capping  of  surficial  materia.1  would  be  required  to 
satisfactorily  revegetate  these  waste  materials; 

( 3 )  Seam  waste  was  the  most  difficult  of  all  materials  tested  to 
vegetate.  However,  the  chemical  characteristics of these 
materials  appear to be less of  a  deterrent  than  do  their 
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p h y s i c a l   p r o p e r t i e s ,   p a r t i c u l a r l y   t h e i r   d a r k   c o l o u r   r e s u l t i n g  

in   excess ive   su r f ace   t empera tu res   and   t he   hydrophob ic   na tu re  

of   the   carbonaceous  shale. A c a p p i n g   o f   s u r f i c i a l   m a t e r i a l  

w o u l d   b e   r e q u i r e d   f o r   s a t i s f a c t o r y   r e c l a m a t i o n .  

Tests on t h e   f l y   a s h  showed t h a t  a s u r f a c e   c a p p i n g   o f   s u r f i c i a l  

material w o u l d   b e   n e c e s s a r y   f o r s a t i s f a c t o r y   r e v e g e t a t i o n .  

Waste Dumps 

Waste material s tockp i l e s   f rom  Trenches  A and B were seeded   i n  

l a t e  1977. P i l e s  a t  Trencn C a n d   u n s a t i s f a c t o r y   p o r t i o n s  of the p i l e s   a t  

Trench A were seeded 1.n th,? Fa l l   o f   1978 .   Topso i l  (15 cm) was a p p l i e d  

t o   h a l f  of the  uppermost dump a t  Trench A a n d   t o   h a l f   o f   t h e  dumps a t  

Trench C.  I n  a d d i t i o n ,   w a t e r   r e t e n t i o n   f u r r o w s  were c o n s t r u c t e d   a c r o s s  

t h e  dump f a l l   l i n e   i n   a n  a:tempt t o   i m p r o v e   m o i s t u r e   r e t e n t i o n  on t h e  dump 

s u r f a c e .  

The r e s u l t s  on t h e s e  dumps c o n f i r m   t h e   r e s u l t s  a t  Aleece  Lake 

a n d   t h e   s l o p e   p l o t s .  Gravels and   baked   c l ay   a r e   r ead i ly   r evege ta t ed ,  

w h i l e   b e n t o n i t i c   c l a y   a n d   g r i t s t o n e  show less success .   Germina t ion   i n  

t o p s o i l  was s u b s t a n t i a l l y  :less s u c c e s s f u l   t h a n   g e r m i n a t i o n   i n   b a k e d   c l a y .  

F u r t h e r ,   t h e   d r a m a t i c  growrlh i n  the water r e t e n t i o n   f u r r o w s   c o n s t r u c t e d  

i n  bare c a r b o n a c e o u s   s h a l e   a n d   b e n t o n i t i c   c l a y   c l e a r l y   i d e n t i f i e s   t h e   l a k e  

of m o i s t u r e  as a m o s t   i m p o r t a n t   f a c t o r   i n   r e v e g e t a t i o n   a t  Hat  Creek.  where 

the a n n u a l   a v e r a g e   p r e c i p i t a t i o n   t o t a l s   o n l y  317 mm. 

Vegetation  Specit!s 

In  t o t a l  16 d i f f e r e n t   s p e c i e s  of grass  and  legume have been 

t e s t e d   i n   t h e s e   r e v e g e t a t i o n  tr ials.  The  speci12s  were s e l e c t e d  on t h e  

b a s i s   o f   t h e i r  known c h a r a c t e r i s t i c s   a n d   a d a p t a t i o n   t o   t h e   s o i l s  and 

c l i m a t i c   c o n d i t i o n s  a t  Hat  Creek. To e n s u r e   t h a t   t h e   s p e c i e s   w e r e   b o t h  

v iab le   and   ava i lab le ,   on ly   agronomic   spec ies  were considered.  Seed  mixes 

of f o u r   a n d   f i v e   s p e c i e s  were dev i sed ,   and ,   i n  :some i n s t a n c e s ,   s p e c i e s  

were used   i nd iv idua l ly .  
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R e s u l t s   o f   t h e s e   f i e l d  t es t s  have i d e n t i f i e d   s e v e r a l   s p e c i e s  

would could be  used   for   rec lamat ion   purposes   a t  Hat Creek. .bong t h e  

grass spec ies   the   fo l lowin:$  perennial grasses show excellent p o t e n t i a l :  

Crested  Wheatgrass  (Nordan),  Streambank  Wheatgrass  (Sodar),  Slender 

Wheatgrass, Ta l l  Wheatgrass   (Altar) ,   and Smooth  Bromegrass  (Manchar). 

F a l l  ryegrass  proved t o  be   an   exce l l en t   spec ie s   fo r   sho r t - t e rm (1 year )  

r evege ta t ion .  However i t  i s  an  annual,  and  because i t  is p a r t i c u l a r l y  

tall-growing  and  vigorous,  i t  is suspected of inh ib i t ing   the   g rowth   of  

o the r   pe renn ia l   spec ie s   w i th   wh ich  i t  was seeded. As a r e s u l t ,  i t s  use 

would  be r e s t r i c t e d  tcs those  occasions  where  short- term  revegetat ion 

f o r  example, f o r   d u s t   c o n t . r o l  is requi red .  

Several legumes nave been t e s t e d .  O f  t hese   A l fa l f a   (Dry lande r )  

and  Sainfoin  (Xelrose)  have proved most successful.   Double-cut  red 

c love r  and wh i t e   c love r ,  a b iannual ,  showed lesser success ,   bu t  may be 

u s e f u l  as minor   specias  i n  seed mixes. All legumes performed  bet ter  

when competit ion  from  other plants was absent. 

The s e l e c t i o n  of  s p e c i e s   f o r   r e v e g e t a t i o n  of waste dumps and 

r e l a t e d  areas a t  Hac Creek  would  be  largely  based on t h o s e   i d e n t i f i e d  

above. Xixes of apprc lx imate ly   f ive   spec ies ,  of  which t h r e e  would be  

g r a s s e s  would b e  selec.ted and seeded,  mostly by harrow-seeding  methods. 

Only i n   a r e a s  too scea!p for  harrow-seeding would hydro-seeding b e  used. 

Due t o   t h e  low prec ip i . ta t i sn ,   seeding  would be c a r r i e d   o u t   i n  la te  F a l l  

(September-November) or   ear ly   Spring  (Apri l -?fay) ,   the   former  per iod 

be ing   f avoured   i n   o rdm  tha t  naximum use  could b e  nade of mois ture  

accumulating  over  the  Winter  nonths.  Legumes may benef ic  f r o m  e a r l y  

Spring  seeding  to   reduce losses by Winter  kil l . .  

In  a d d i t i o n  t o  these agronomic  species,   native  shrubs  ana 

f s r b s   c o n s i d e r e d   e s s e n t i a l   i n   t h e   r e c l a m a t i o n   o f   v i l d l i f e   h a b i i a r s   v o u l d  

need t o  be  t ransplan ted   and/or   p ropagated  i n  a nursery which  would be 

e s t ab l i shed   nea r   t he  P i t  R i m  Reservoir.  
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4 . 3  Reclamation  Durir .g   Construct ion,   Ouerat ion  and  Decomissioning 

Waste Dumps and 1:mbankments 

Rapid  revegetaticmn  of  embankments  and  waste dumps would s t a b i l i s e  

exposed  surfaces   against   erosion.   Temporary  reclamation would be  c a r r i e d  

out  on a l l  a reas   o f  dump su , r faces  l e f t  i n a c t i v e   f o r  a number of yea r s .  

Reta in ing  embankments  rmuld be  c o n s t r u c t e d   i n   l i f t s  which  a l low  for  

long- te rm  rec lamat ion   concu , r ren t ly   wi th   cons t rx t ion .  Waste dump s u r f a c e s  

would  be  reclaimed  as !soon a s   t h e   f i n a l   s u r f a c e   e l e v a t i o n  is reached. 

Waste dumps would be   concurren t ly   revegeta ted   to  an end use 

comparable  with  adjacent  lands a t   s i m i l a r   e l e v a t i o n .  Topography  and 

d i v e r s i t y  of   nacive  species   s imilar   to   pre-mining  condi t ions cannot: be  

dupl icated,   but   reclamation  of   waste  dumps would b e  designed t o  provide 

a r e v e g e t a t e d ,   s e l f - s u s t a i n i n g ,   s t a b l e   s u r f a c e  composed  of m a t e r i a l s  

similar t o ,  o r  better than   t hose   o f   ad j acen t   l ands .   P re sen t ly ,   l and   i n  

t h e   a r e a  is used f o r  mixed w i l d l i f e  and agr icu l tura l   (mos t ly   ranching)  

purposes .  It is  proposed t o  r e v e g e t a t e  waste dump s u r f a c e s   t o  a similar 

land  use as now exists,. 

A s  a r e s u l t  of o n - s i t e   t e s t i n g  as d e s c r i b e d   i n  4 . 2 ,  if is pro -  

posed  to s t r i p  and t o  s t o c k p i l e   s u r f a c e   s o i l s  only from those   a r eas  

where  the  depth of t h e  s o i l  a l l ows   fo r  economic extract ion  methods.  

Allowance  has  been made t o   c o v e r   a l l  waste dumps comprised  of seam o r  non- 

seam m a t e r i a l  and  powerplant: was te   (ash /scrubber   s ludge)   wi th   approxhate ly  
1 m of s u r f i c i a l  material, t:hough the   p rec i se   dep th   r equ i r ed  would be  

es tab l i shed   th rough  fur ther   on-s i te   t es t ing .  Those areas exposed by 

s t r i p p i n g ,  and s t o c k p i l e s  o f  s u r f i c i a l  material, would be  temporarily 
revegetated  to  prevent  erosi .on  and  dusting. 

M a t e r i a l   S t o r a g e . r e a s   A f t e r  Abandonment 

The coal   s tockpi le :  and b lending   a rea  would be   l eve l l ed  and s loped 

t o  harmonise  with  the  surrounding  topography. The contoured  surfaces would 



then   be   covered   wi th  a b u f f e r i n g  medium of  non-sodic  overburden,  and 

seeded.  

The s u r f i c i a l   s c i l   s t o c k p i l e s  wou ld   dec rease   p rog res s ive ly  as 

t h e   s o i l  i s  spread  over   dis turbed  lands  throughout   the  mine s i t e .  The 

remains   would   be   l eve l led ,   s loped  t o  b l e n d   i n   w i t h  the surrounding  topo-  

graphy,  and  seeded. 

T r a n s p o r t a t i z o r r i d o r s  

These   t ake  up abou t  4% of   t he   d i s tu rbed   l and   w i th in   t he   mine  
I 

area. B e f o r e   c o n s t r u c t i o n ,   s u i t a b l e   s u r f a c e   s o i l s  would  be  removed  and 

s tockp i l ed .   Inac t ive   s ec t ions   wou ld   be   s eeded  as soon as p o s s i b l e  af ter  

cons t ruc t ion ,   t o   min imise   dus t ing   and   e ros ion .  Cut  and f i l l   s l o p e s  

would  be  graded  and  seeded. Trees and  brush would be removed  from 

r igh t s -o f -way   t o   r eduee   any   f i r e   haza rd .  

During  the :years immediately  fol lowing  shutdown  of   the  mine,  

c o n v e y o r s ,   t r a n s m i s s i o n   l i n e s ,   a n d   c u l v e r t s  would be  dismantled  and 

removed.  Wherever  poissible,   corridors  would  be  resloped  to  blend  in 

wi th   the   sur rounding   topography.  All roads  (except   main  access   roads)  

would  be  r ipped  to   re l ieve  compact ion,   and  seeded.  Water b a r s  would be 

c o n s t r u c t e d  on s l o p e s   w i t h  a p o t e n t i a l   f o r  r i l l  e r o s i o n .  

S u p p o r t   F a c i l i t i e s  

The p r e s e n t  s i t e  h a s  a p o o r   q u a l i t y   r a t i n g   i n  terms of   land 

use, and  the  reclamation  measures  would  be  desi .gned  to  enhance  the  value 

o f   t h e   d i s t u r b e d   l a n d .  

Dur ing   cons t ruc t ion ,   t he   bu i ld ings   wcu ld   be   s c reened   f rom  the  

main access roads  by a b e l t   o f  trees, not   mere ly   to   improve   the   appear -  

a n c e ,   b u t   t o   p r e v e n t   d u s t i n g .  No s ign i f i can t   r ec l ama t ion   wou ld   t ake  

p l a c e   u n t i l   a f t e r   t h e  mine c l o s e s .  
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Dur ing   t he   yea r s :   fo l lowing   c losu re ,   bu i ld ings   no t   r e t a ined  

f o r   a l t e r n a t i v e   u s e s  woulc: b e   d i s m a n t l e d ,   s o l d ,   a n d   l e v e l l e d   t o  their 

founda t ions .  Any areas 1 i . t t e r e d  would  be  c leared  during  the  mine  c lean-  

up o p e r a t i o n .  Most o f   t h e  Mine S e r v i c e s  Area would  then  be  r ipped t o  
relieve compact ion,   covered  with 15 t o  30 cm o f   so i l ,   and   s eeded .  Where 

p r a c t i c a l ,   s l o p e s  wou ld   be   r eg raded   t o   b l end   i n   w i th   t he   su r round ing   t op -  

ography. Where s u r f a c e   m a t e r i a l s  are unsu i t abLe   fo r   p l an t   g rowth ,  a 

s u i t a b l e   d e p t h   o f   o v e r b u r d e n   w o u l d   b e   p l a c e d   b e f o r e   s o i l   c o v e r a g e   a n d  

seed ing .  

The Open P i t   A f t e r  Abandonment 

Cons iderable   p lanning   has   gone   in to   measures   des igned   to   min imise  

t h e   p o t e n t i a l   h a z a r d   t o  human l i f e ,   l i v e s t o c k   a n d   w i l d l i f e ,   o f  a l a r g e  

v o i d   c o n s t r u c t e d   o f  weak material. A p r o p o s a l   t o   f l o o d   t h e   p i t   a n d   c o n v e r t  

i t  i n t o  a l a k e  was e x p l o r e d   b u t   r e j e c t e d  on t h e   g r o u n d s   o f   p o o r   s t a b i l i t y  

o f   t h e   s u r r o u n d i n g   g r o u n d ,   t h e   a n t i c i p a t e d   p o o r   q u a l i t y  of t h e   p i t  water, 

a n d   t h e   c o s t l y   a n d   p o s s i b l e   i r r e v o c a b l e   n a t u r e   o f  a d e c i s i o n   t h a t  would 

make it v i r t u a l l y   i m p o s s i b l e   t o   r e - o p e n   t h e   p i t  a t  some f u t u r e  time i n  

o r d e r   t o  extract  t h e   s u b s t a n t i a l   c o a l  reserves which  would  remain. 

The p l an   adop ted   p rov ides   fo r   r e s lop i .ng   t he   t op   t h ree   benches  

(about 115 ha)  from 4S0 t o  260 t o   p r o v i d e  a safer perimeter and   l e s sen  

t h e   v i s u a l   i m p a c t .  N o  res loping   would   be   done   be low  th i s   l eve l .  After 

r e s l o p i n g ,   f e r t i l i s e r  and  seed  would  be aer ia l ly  broadcast   on a l l  p i t  

benches.   Germination is e x p e c t e d   t o   t a k e   p l a c e   r e a d i l y  on t h o s e   p o r t i o n s  

w h i c h   c o n s i s t   o f   n o n - s o d i c   g l a c i o - f l u v i a l   a n d   g l a c i a l  t i l l  overburden, less 

r e a d i l y  on t h o s e  composed ,of s a l i n e   s l i d e   d e p o s i t s .   S o d i c   s i l t s t o n e s ,   c l a y -  

s t o n e s   a n d   c o a l .  In  time, r evege ta t ed   ove rburden   and   s l i de   a r eas  may be 

e x p e c t e d   t o   c r e e p   a n d   t o   s l u m p   i n t o   t h e   p i t .  

A p r o t e c t i v e   f e n c e   t o  restrict  access   would   sur round  the  p i t  p e r i -  

me te r   and   t hose   a r eas   t o   t he  South-West  which may b e   s u s c e p t i b l e   t o   f a i l u r e .  

Trees would  be  planted. a t   s e l e c t e d   p o i n t s  on t h e  perimeter t o   s c r e e n   t h e   p i t .  
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* 
4 . 4  Expec 

II 

:ted Re:* of  Reclamation  Programmes 

A maximum oE 2,506 ha would, at one  time  or  another,  have  been 

disturbed  by  Year 3 5 .  By  Year 4 5 ,  however  all  but 906 ha  would  have 
been  restored.  This  represented  less  than 1.5 percent of the  Hat  Creek 
Watershed.  Of  this, :396 ha  include  transportation  corridors,  airstrip, 
reservoirs,  lagoons,  and  remaining  facilities f o r  long-term  environ- 
mental  monitoring.  The  remaining  area  represents  the  lower  portions of 

the  pit  itself which would remain  as  is so as not  to  preclude  the  further 
economic  extraction of the  coal  resource.  Tab1.e 4 . 1  shows  the  details 
of areas  disturbed  and  those  reclaimed by Year 4 5 .  The  areas to be 
reclaimed  by  Year 45 are  also  shown  in  Figure 4 . 1 .  

The  only  resources  likely to  be  buried or otherwise  alienated 
by  the  mine  are  aggregate  (sand  and  gravel),  and  some  limestone  in areas 
immediately  adjacent. And much  of  the  aggregate  excavated  during  con- 
struction  would  be  stockpiled for future  use. 
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TABLE 4.1 - AREAS RECLAlMED BY YEAR 45  

POWER PLANT 

Fenced Power Plant  Siire 

60 kv Transmiss ion   l ines  M,ine to   P l an t   Subs ta t ion  

P . P .  Construct ion Camp, Housing & Parking 

P . P .  Construct ion Camp, Water  Supply P ipe l ine  

Ash Transport  Conveyor, 6C kv l i n e s ,  Access 
and  Conveyor Load Water Supply  Pipe 
i .e.  Common Corr idor   ( to   ash  works?)  

Ash Transport  Conveyor 

60 kv l i n e s  

Water supply p i p e  

Ash runoff Pond Water p i p e l i n e  

OFFSITES 

Potent ia l   Nursery 

Env. Services  Lab. 

Site  runoff  Holding Pond 

- overf low  to   Reservoir  

- S i t e  Drainage  Ditch 

make-up Water P ipe l ine  from Thompson River 

Offloading Area 

60 kv Transmission  Line t o  Booster S t .  1 

60 kv Transmission  Line  to  Booster S t .  2 
60 kv Subs ta t ions  

NINE 
SLIBTOTAL - 

- 

Construction Camp, Housing  and  Parking 

Construction Camp Water  Supply & Pipe l ine  

Xedicine  Creek Waste Dump (including  Powerplant  Waste) 

Houth Yeadows 

- ha ' 

99 

7 

11 

2 

10 
- 
2 
I 
2 

35 

3 

2 1  

9 

1 

231 
- 

5 
- 

427 

601 
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TABLE 4.1 (continued) 

Coal Blending  Area 

Maintenance  Buildings 

Minewaste  Conveyors 

Coal Conveyor 
60 kv lines, waste & mine 

Mine Road 

Drains  Lower SW 

SE 

Upper SW 

N. Perimeter 
W. Perimeter 
S. Run-off 
N. Run-off 

Mine Diversion 

N. Slide  Diversion 
S. Slide  Diversion 

Mine Pit - Upper 3 berms 

42 

25 
22 

7 

4 2  

37 

3 

1 
2 
n L 

7 

14 

a 
5 
3 
1 

115 

SUB TOTAL - MINE 1369 

POWER PLANT & OFFSITES 231 
- 

TOTAL  RECLAIMED - 1600 
- - 
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TABLE 4 . 1  (continued) 

AREAS NOT RECLAIMED: 

P lan t   S i te  Access and Conveyor Service Road 

Elake  up Reservoir 

Main Access Road 

Power P lan t   S i te  Acce,ss Road 

Rattlesnake  Substation 

P i t  R i m  Reservoir & Dam 

Pipel ine - P.R. Res. to Canal 

Pipel ine Res. to  Canal 

Relocated Hat Creek Road 

Meteorological Tower 

Finney Lake Diversion  Canal 

Hat Creek Diversion  Canal 

Headworks Dam 

A i r s t r i p  

A i r s t r i p  Access Road 

Pump House/Conveyor Road 

Mine Construction Access 

Leachate  Storage & Sedimentation Lagoons 

Mine P i t  

Low Grade Stock P i l e  

TOTAL NOT RECLAIMED : 

TOTAL DISTURBED: 

PERCENTAGE RECLAIMED: 

- ha 

6 

94 

117 

1 0  

3 

11  
- 

12  

7 

2 

8 

4 1  

6 

45 

6 

4 

1 

23 

470 

40 

- 
906 - - 

2506 

64% 
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5.0 MANPOWER ANI) 0RG.WISATION 

5.1 Introductiorl 

The  environmental  protection,  environmental  monitoring  and 
land  reclamation  programme,;  would  commence  early  in  the  mine  and  power- 
plant  project  development  .and  continue  to  after  the  plant is decommissioned. 
These  programmes  would  be  (carried  out  by  an  on-site  environmental  group 
throughout  all  phases  of t:le  project. 

The environn1enta.L  protection  programme  commences  with  site 
construction  activities  fkre  years  before  the  in-service  date.  During 
the  construction  phase thi.3  programme  involves  monitoring  and  control  of 
construction  activities  to  minimise  local  environmental  degradation  and 
during  operation it involvss  control of drainage,  control of dust  and 
noise  emissions,  control o:! atmospheric  emissions  from  the  powerplant 
and  overall  supervision  of  the  environmental  monitoring  and  land  reclam- 
ation  programmes. 

The environmenta:t  monitoring  programme  commences  two  years 
before  site  constructi.on  work. It includes  monitoring  of  atmospheric, 
terrestrial  and  water  resources  to  quantify  and  document  the  actual 
effects of construction  and  operation  of  the  mine,  powerplant  and 
offsite  facilities on the  environment. 

The  reclamation  programme  commences  when  construction  starts 
and  concinues  after decomm:.ssiong. It involves  effective  revegetation 
of disturbed  land  areas. 

The  organisation  and  estimated  manpower  to  carry  out  these 
programmes  are  outlined  in  this  section. 
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5 . 2  MANPOWER ACTIVITIES AND RESPONSIBIL1,TIES - 

The   ma jo r   ac t iv i t i e s   a s soc ia t ed   w izh   t he   env i ronmen ta l   p ro t ec t ion ,  

monitor ing  and  land reclanation programmes a r e  summarised i n   t h e   f o l l o w i n g  

t a b l e  commencing i n  t h e   y e a r  minus seven, s e v e n   y e a r s   b e f o r e   t h e   o p e r a t i o n  

of t h e   f i r s t  500 MW powerplant   uni t   and two y e a r s   b e f o r e   a n y  s i t e  cons t ruc -  

t i o n  work.  This summary  ‘af a c t i v i t i e s  is u s e d   i n   t h i s   r e p o r t   a s  a b a s i s  

f o r   t h e  manpower estf tmatej .  The p e r s o n n e l   t o   b e   h i r e d  by B . C .  Hydro f o r  

t h e  Hat Creek  project:   environmental   protection  programmes  and work t o   b e  

c a r r i e d   o u t  by o u t s i d e   c o n s u l t a n t s  are a l s o   l i s t e d   i n   T a b l e  5.1.  

TABLE 5.1 MAJOR ACTIVITIES AND PERSONNEL HIRED 

- YEAR MAJOR ACTIVITIES 
” - BY 

-7 1 - Ground Water Qual i ty   Moni tor ing   Consul tan t  
2 - S u r f a c e  Water Qua l i ty   Moni to r ing  I, 

3 - Aquat:ic  Biological  Survey 
4 - Air Qual i ty   Moni tor ing  
5 - Meteoro logica l   Moni tor ing  

Personnel   Hi red  : 

1 - P o l l u t i o n   C o n t r o l   O f f i c e r  - S i t e  

-6 1 t o  5 - as i n   y e a r  -7  
6 - Noise  Monitor ing 

-5 
7 
1 t o  6 - a s   i n   y e a r  -6 

- Vegecation  Monitoring 
5-year programme 

Personnel   Hired:  

2 - Supt .  Envi.ronment - S i t e  

BCH 

Consu l t an t  
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MAJOR ACTIVITIES - - BY 

-4 
7 
1 t o  6 - as  in year  -5 - I ? i l  
a - Ihst and drainage  control  BCH 

-3 1 t o  8 - As in year -4 
9 - 14CS programme and  computer 

10 
f a c i l i t i e s  BCH & Consultant - Sta r t   ope ra t ion  of environ- 
mental   protection complex 
and l abo ra to r i e s  

Monitoring programme BCH & Consultant 
11 - Set-up  Vegetation 

BCH 

12  - Fisher ies   observa t ions   dur ing  
cons t ruc t ion  of water   intake 

Personnel  Hired: 

-2 

4 & 5  
3 

6 
7 

9 
10 t o  12 - 
13 & 1 4  - 

- - - 
a 

- - - 

1 
2 
3 
5 
6 

8 
7 

9 
10 

Air Quali ty   Engineer  
Monitoring  Technicians ( 2 )  
Ilata  Reduction  Technician 

lleclamation  Technician 
!ir. Reclamation  Officer 

Chemist 
14onitoring & Laboratory 
Technicians (3)  
Secretary (2) 

S i t e  
S i t e  
S i t e  

S i t e  
S i t e  

S i t e  

S i t e  
S i t e  

Ground Water Quality  Monitoring BCH 

Aquatic  Biological  Survey 
Iiurface Water Quality  Monitoring BCH 

Consultant 
Meteorological  Monitoring BCH 
Noise  Monitoring BCH 
Nil 
Dust  and  Drainage  Control BCH 
ICs Programmes BCH 
Operation of Environmental 
Pro tec t ion  Complex BCH 
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- YEAR MAJOR ACTIVITIES - 

-2 11 
(cont) 1 2  

- Vege.:ation Monitoring - Fisheries   Observat ions 
a t  Intake 

13 - Wildlife  Monitoring 
1 4  - Reclamation 
15 - Acid P rec ip i t a t ion   S tud ie s  - 

Aquaicic 

Personnel  Hired: 

15 - Monixring  Technician 
16  - B o t a n i s t / T e r r e s t r i a l  

Ecologis t  
1 7  - Reclmation  Technician 

-1 1 to  15 - a s   i n   y e a r  -2 

+1 1 t o  6 - a s   i n   y e a r  -2 
7 - Vegetation Monitoring - 
8 
9 

- a s   i n   y e a r  -2 
- MCS ;!rograme - s t ack  

moni.:oring 
10 to 15 - as in year -2 

5 year  programme 

+2 1 to 8 - as   i n   yea r  -2 
9 - MCS programme - s tack  

10  t o  14 - a s   i n   y e a r  -2 
15 - Acid P rec ip i t a t ion   s tud ie s  

moni-roring (2 stacks)  

c3 1 t o  8 - a s   i n   y e a r  -2 
9 - MCS :?rogramme - s t ack  

10 t o  1 4  - a s  in year -2 
15 - Acid P r e c i p i t a t i o n   s t u d i e s  

moni.:oring ( 3  stacks)  
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- BY 

BCH 

BCH 
Consultant 

BCH 

BCB 6 Consultant 

S i t e  

S i t e  
S i t e  

BCX 6 Consultant 

Consultant 
Consul  tan t 

Consultant 

Consultant 



- YEAR MAJOR A C T I V I T I E S  

+4 
9 
1 t o  8 - a s  i n   yea r  -2 

- M.CS programme - stack 

10 t o  15 - a s  in   year  -2 
m.onitoring ( 4  stacks)  

+5 1 t o  8 - a s   i n   y e a r  -2 
9 - M%S programme - stack 

10 t o  14 - a s   i n   y e a r  -2 
15 - Acid Precipi ta t ion  Studies  

manitoring ( 4  stacks)  

+6 1 t o  6 - as   i n   yea r  +3 
7 - Vegetation  Monitoring 

8 - as   in   year  -2 
9 - MCS programme - stack 

10 t o  14 - as   i n   yea r  -2 
15 - Acid Frecipi ta t ion  Studies  

5-year programme 

monitcNring ( 4  stacks)  

- BY 

Consultant 

Consultant 

Consultant 

Consultant 

+7 
a f t e r  two years of f u l l  mine and powerplant  operation and 
Major evaluation of a l l  environmental  monitoring programmes 

revis ion of  monitcsring programmes based on assessment of a l l  
da ta   co l lec ted .  

The genera l   r , espons ib i l i t i es  of BCH personnel  concerned  with 

environmental  protection,  monitoring and land  reclamation a t  Hat Creek a r e  
given i n  Table 5.2.111 the   ear ly   years  t h e  major portion of the  monitoring 

programmes would be carr ied  out  by consul tants  w i t h  input from BCH Vancouver 

pro jec t  management personnel. I n  year minus 3 the  environmental  protection 

complex would be  comple.ted on-site and monitoring and l a b o r a t o r y   f a c i l i t i e s  

would be  available.  Personnel would be  hired  in  year minus 3 and minus 2 and 

commencing in  year  minus 3 m o s t  of the environmen.ta1 protection,  monitoring 

and reclamation work including  laboratory  analyses  would be carr ied  on-si te  by 

BCH personnel. Only special ised work, for  which the  scope of  work does  not 

requi re  full time technical  personnel, would be  carried  out by consul tants .  

Such programmes include  the  aquat ic   biology  surveys;   f isher ies   monitor ing  a t  

the  water  intakes;   f ive-year  vegetation  monitoring; and annual  stack  emission 

surveys. 
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TABLE 5.2 S E S P O N S I B I L I T I E S  OF BCH PERSONNEL 

YEAR NO. OF BCH PERSONNEL AND RESPONSIBILITIES 
PERSONNEL 

-7 

-5 

-3 

-2 

1 Po l lu t ion   Con t ro l   Of f i ce r  - S i t e  
Oversee f i e l d  work for   moni tor ing  
p r o g r a m s .  C a r r y   o u t   s p e c i a l   s t u d i e s  
and  coordinate   with  regulatory  auth-  
o r i t i e s  and  other BCH personnel.  

2 

14 

17 

Supt.  Environment - S i t e  
In charge  of  Hat  Creek  environmental 
protection,  monitoring  and  reclamation 
progrannnes. Manage s i t e   a c t i v i t i e s  
and h i r e  s t a f f .  

Personnel t o  e s t a b l i s h  and  operate 
l40nitoring Programs including: 

3 
495 
6 
7 

8 

9 

10- 
12 

13 9 

14 

15 
16 

17 

Air Qual i ty   Engineer  - S i t e  
Monitoring  Tech - S i t e  (2) 
Data Reduction  Tech - S i t e  
Senior  Reclamation  Officer - S i t e  
In charge of l and   r ec l ama t ion   ac t iv i t i e s  
inc luding  planning, conducting and 

Reclamation  and LYonitoring Tech - S i t e  
monitoring 

Carry out  and  monitor  land  reclamation 
programmes 

Chemist - S i t e  
In charge of a n a l y t i c a l   l a b o r a t o r y  

Monitoring h Laboratory Tech - S i t e  (3) 
Carry o u t  a i r ,   w a t e r  and  land  monitoring 
and labora tory   ana lyses  

Secre ta ry  - S i t e  (2) 

Maintenance  Tech - S i t e  (2 )  
Botan i s t /Te r re s t r i a l   Eco log i s t  - S i t e  

Reclamation  and  vegetation  monitoring 
programmes 

Reclamation  Tech - S i t e  
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5.3 MANPOWER ORGAN1 ” SATION 

An organisat ion  char t  of Hat  Creek s i te  personnel is shown 

in   F igure  5.1. The on-site  personnel  are grouped i n t o  three major 

ca tegor ies ,   a i r ,   water  and  land, which a re   descr ip t ive  of the   overa l l  

functions and r e spons ib i l i t i e s  of  each group. However, these  three 

groups  overlap  extensively and in   p rac t i ce   t he   func t ions  and res- 

p o n s i b i l i t i e s  would be extensively  integrated.  For  example, technicians,  

although shown in   spec i f i c   ca t egor i e s  in  the  organisat ion  char t ,  would 

carry  out  work i n   a l l   t h r e e   c a t e g o r i e s  depending upon spec ia l  work 

requirements and  ind:Lvidual capab i l i t i e s .  
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FIGURE 5-1 - OVERALL ORGANISATION CHART 

ENVIRONMENTAZ. PROTECTION, MONITORING AND RECLAMATION 

SIJPT. ENVIRONMENT 
I 

1 1 
I 

A I R  

PERSONNEL 

Air Quali ty   Engineer  
Maintenance Tech (3)  
Data Reduction  Technician 

- 

MAJOR RESPONSIBILITIES 
fi""+.. c .""4..+-,.. hi.. 
"yL.".LL. " LLYL.ICOI.. -LL 

Quality  Monitoring Network 
- Operate & maintain  other  Air 

Quali ty  & Meteorological 
Monitoring  Systems 

- D u s t  Control  Monitoring 
- Coordinates  Stack  Monitoring 
- Coordinates  Noise  Monitoring 
- Precipi ta t ion  Monitor ing  for  

- Data Ileduction and Analyses 
- Prepare  reports  

Acid  Rain Studies  

WATER 

PERSONNEL 

Pollut ion  Control   Engineer  
Chemist 
Monitoring & Laboratory Tech (3: 
Secretary 

MAJOR RESPONSIBILITIES 
- Grnu~&arer r?~zliry Mnni rorins  - Surface Water Quality  Monitor- 

- Coordinates  Aquatic Biology 
- Monitor  Wastewater  discharges 

- Coordinates  Fisheries Monitor- 

- Acid P rec ip i t a t ion   S tud ie s  
- Operate  On-site  Analytical 

- Seepage  and  Sediment  Control 
- Data  Reduction  and  Analyses - Prepare   repor t s  

- 

ing 

Surveys 

ing  

Laboratory 

LAND 
PERSONNEL 

Senior  Reclamation  Officer 
Botanist  
Reclamation & Monitoring  Tech (2)  
Secretary 

MAJOR RESPONSIBILITIES 

- Vegetation 6 Soils  Monitoring 

- Land Reclamation 
- Wildlife  monitoring 
- Data  Reduction  and  Analyses 
- Prepare   repor t s  

Programs 


