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5.1 PHYSICAL HABITAT AND RESOURCE PROJECTION  WITHOUT THE PROJIICT 

( a )  Summary of  Anticipated Environmental Changes 

The physical  habitat  refers  to  the  climate, bedrock and su r f i c i a l  geology, 
r n d  sctils  of  the  regional,  local and s i te-specif ic   s tudy  areas .  These 
f'orm i;he physical environment which supports  the  flora and fauna. 
Generally,  the  forces  of  climate (wind,  water,  ice and temperature)  weather 
rocks  to form unconsolidated  surficial  materials. Then, in  combination w i t h  
climate,   the  f lora and fauna ac t   t o   a l t e r   t he   su r f i c i a l   ma te r i a l s  t o  form 
\.arioL!s soil   types.  This process  of  soil  genesis i s  measured in  "geologic 
1.in-e". Consequently, many decades a re  needed before  noticeable changes are 
Evident i n  the   s t ructure  an'd chemical composition  of  the  bedrock,  surficial 
materials and s o i l .  Overall cl imatic changes are  long-term, w i t h  minor 
short-term  climatic  fluctuations having a re la t ive ly  small influence on the 
overall  weathering and soil  genesis. 

Probably  of greater  influence, a t   l e a s t   i n   s o i l  development, are  land use 
practices such as   agr icul ture ,   grazing,   forestry and u t i l i t y  developments. 
These practices tend to  alter  the  vegetation and drainage  patterns  as well 
as d i s t u r b  the  surface  layers   (agr icul ture) .  The addi t ion  of   fer t i l izer  
would also  a l ter   the   nutr ient   balance and af fec t   the   so i l  micro organisms 
i n  the   soi l .  However, the  effect  of  these  land use p r a c t i c e s   i s   s t i l l  
mainly on the  surface  soi ls  and re la t ively  local ized.  

I n  summary, major  changes in  climate, bedrock and su r f i c i a l  geology, and 
s3i l   are  not  expected  over  the l i f e  of  the  project.  the  soil may undergo 
minor, localized changes due t o  land  use  practices, b u t  the  extent,  direction 
a i d  splzed of  these changes a r e   d i f f i c u l t   t o   a s s e s s .  

5-1 



( i )  Climate 

L No ma,jor climatic changes are  anticipated.  Minor climatic  fluctuations  in - tempe,rature and precipitation  are comnon and will  continue  to be S O .  

I - 
(i i ) Landforms 

m 
a 

Uo al terat ions  in  landforms. are  expected  because  of the time scale neces- 
sary to complete  such  changes.  Localized landslides and various  land use 

I Jractices may cause  small scale  changes on a s i te-specif ic   basis .  - 
I ( i i i )  Geology - 

Uo chdnges to geology are  expected. Local mining fo r  mineral  resources 
I lnay cwse  the only  changes. - 

" 

" 

II- 

( iv)   Soi l s  

- i t t l e ,   i f  any al terat ion i s  anticipated  in the soil   resource  for the case 
without  the  project.  This  conclusion i s  drawn  from the  fact  t h a t  in 
'general the soi l ' resource is  considered  a  reasonably  stable  parameter. 
1:hangt:s to  the  soil  resource,  apart from those  attributed  to  physical dis- 
turbances o r  induced th rough  severe  alteration  in the physical  environment, 
<ire extremely slow and occur over "geologic"  time  periods.  Physical  dis- 
turbances  anticipated i n  the case  without the project  are  considered 
rainor:, a t t r i b u t a b l e  mainly t o  extended  transportation  corridors,  cultiva- 
,:ion of farm lands, and  logging a c t i v i t i e s ,   a l l  o f  which are o f  limited 
significance i n  terms o f  large  scale   a l terat ions  to  the soil  resource  of the 
!itudy area.  Also, no major changes are   ant ic ipated i n  the physical  environ- 
rient of the region.  Therefore,  the net e f fec t   in  terms of   a l terat ions  to  
.:he soil  resource  for the case  without  the  project i s  considered  insignificant 
when \tiewed within  the time  frame for  which this assessment has been 
w a l  uated. 

I -  
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5.2 PHYSICAL HABITAT AN0 RESOURCE PROJECTION WITH THE PROJECl 

The most d i rec t   impac t   t he   p roposed   Ha t  Creek pro jec t   wou ld  have on the 
p h y s i c a l   h a b i t a t   i s   t h e  relnoval o f  h a b i t a t   ( d i r e c t   l o s s ) .   E x c e p t   f o r  

c l imate  which i s  a spec ia l  case,  landform,  geology and s o i l s  would a l l  be 

af fected  by  d i rect   removal .   C l imate,  on t h e   o t h e r  hand, would  not  be 

a l t e r e d  by  physical   removal   but  may be  a f fected  by  a i r   emiss ions  f rom 

the  operat ion o f   t h e   p l a n t .  No c o n s t r u c t i o n   e f f e c t s  on c l imate   a re   ex-  

pec ted .   Ind i rec t   sources   o f   impact  may be incur red   f rom changes i n   t h e  

dra inage  cond i t ions   o r   the   add i t ion   o f   tox ic   subs tances   to   the   phys ica l  
environment. 

The p r o j e c t   i t s e l f  has  been d i v i d e d   i n t o   f o u r   c a t e g o r i e s :   p r e l i m i n a r y   s i t e  

development, cons t ruc t i on ,   ope ra t i on  and  decomnissioning, i n  o r d e r   t o  assess 

the  impact on the   phys i ca l   hab i ta t .  

P r e l i , s i n a r y   s i t e  development  consists o f  t h o s e   f a c i l i t i e s  and , a c t i v i t i e s  
necessary t o   f o r m u l a t e   d e f i n i t i v e   p l a n s   f o r  development.  Most o f  these 

a c t i v i t i e s  have  been  completed. 

Const,ruct ion  begins  once  the  decision  to  proceed has  been made. Construc- 

t i o n  primarily i n v o l v e s   t h e   i n s t a l l a t i o n   o f   f a c i l i t i e s  necessa'ry t o  begin 

e l e c t , r i c a l  power generat ion.  The mine  must  be  excavated so t h a t  a r e l i a b l e  

supp1:y o f   c o a l  can  be  obtained, ane the  power p l a n t  and a l l   a n c i l l a r y   o f f s i t e  
transport  (of  coal,  waste,  people,  equipment,  water and e l e c t r i c a l   e n e r g y )  

m d  s t o r a g e   f a c i l i t i e s  must be completed. 

The mine  begins  with a small   excavation and i s  g radua l l y  enlar!ged u n t i l   t h e  
f i n a l   p i t   s p e c i f i c a t i o n s   a r e  met. I n   a d d i t i o n ,   l a r g e  waste dunips are  neces- 

sary 'to conta in   the  waste  rock and  overburden  generated  during  the  excava- 
t i o n  of the  p i t .   Consequent ly ,  no c l e a n   d i v i s i o n   i s   p r e s e n t  between  construc- 
t i o n  and operat ion phases.  Because o f  t h i s ,  we have a r b i t r a r i l y   i n c l u d e d  

'I5 percent o f  t h e   p i t ,   t h e   n o r t h   v a l l e y  waste dump, the  coal   b lending  area 
Inear the p i t  mouth,  the temporary t o p s o i l   s t o c k p i l e ,  and  the shop  and 
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maintenance b u i l d i n g s   i n   t h e  l ist  o f   f a c i l i t i e s   a s s o c i a t e d   w i t h   t h e   " c o n s t r u c -  

t i o n "   o f   t h e  mine. The o t h e r   m i n e   f a c i l i t i e s   a r e   a r b i t r a r i l y   c o n s i d e r e d   t o  

comprise  the  "operation" o f  the  mine. 

The operat ion phase c o n s t i t u t e s   t h e   a c t u a l   o p e r a t i o n  and  maintenance o f  
t h e   p r e v i o u s l y   i n s t a l l e d   f a c i l i t i e s .   T h i s   i n c l u d e s  mine a c t i v i t i e s ,   p l a n t  

ope ra t i on  and c r e a t i o n   o f  an  ash  disposal dump. 

DeccmIissioning i s  t h e   p r x e s s   o f   p h a s i n g  oi;t coal   product ion and 

e 1 e c : t r i c i t y   g e n e r a t i o n   t o   o t h e r   l a n d  uses. All reclamat ion and revegetat ion 

a r e   i n c l u d e d   i n   t h i s   c a t e g o r y .  

I n  clrder to   de termine   the   impact   o f   the  above th ree   ca tegor ies ,   t he   f ac i l i -  
t i e s  have been grouped i n t o  mine   cons t ruc t ion ,   p lan t   cons t ruc t ion  and o f f -  
s i t e  f a c i l i t i e s   ( a s s o c i a t e d   o n l y   w i t h   t h e   c o n s t r u c t i o n  phase)  and  mine,and 

p lan t   ope ra t i on   assoc ia ted   f ac i l i t i es   (Tab le   5 -1 ) .   Th i s  method o f   a n a l y s i s  
has n o t  been used f o r   t h e   p r e l i m i n a r y   s i t e  development a c t i v i t i e s  because 

o f   t h e   l a c k   o f   i n f o r m a t i o n   o r   e x i s t e n c e   o f   p r e v i o u s   r e p o r t s .  

O f f i c i a l   p r o j e c t   d e s c r i p t i o n s  22 have  been  used t o  produce a l i s t   o f  

p r o j e c t   f a c i l i t i e s   ( T a b l e   5 - 1 ) ,  and t o  produce a working map which shows the 

approx imate  s ize,   locat ion and c o n f i g u r a t i o n   o f  each f a c i l i t y  (Map 5-1). 

The a l ignment ,   p rec ise   loca t ion  and c o n f i g u r a t i o n   o f  all p r o j e c t   f a c i l i t i e s  
cu r ren t l y   canno t  be determined. However, i n  m o s t  instances, a d im inu t i ve  

change i n   l o c a t i o n   o r   a l i g n m e n t   o f  a f a c i l i t y  would  have a n e g l i g i b l e   e f f e c t  
on the  overa l l   impact   analys is .  

( a )   P r e l i m i n a r y   S i t e  Development 

(i ) Dri 11 i n g   P r o g r a m  

The impact o f   t h e   d r i l l i n g  programne i s   d i f f i c u l t   t o  assess  as very l i t t l e  
i n fo rma t ion  on the   ex ten t  and l o c a t i o n   o f   t h e s e   a c t i v i t i e s   i s   a v a i l a b l e .  
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TABLE 5- 1 

LIST OF PROJECT FACILITIES 

" 

a )  Mine   Cons t ruc t i on   Fac i l i  t.iS "- 
Mine  Construct ion Camp Housing  and  Parking 

Mine  Construction Camp San i ta ry   E f f luen t   T rea tment   P lan t  
Mine  Construct ion Camp Ef f luent   Treat lnent   Bas in 

Mine  Construction Camp Substat ion 

Mine  Construction Camp Water  Storage  Reservoir 

Mine  Construct ion Camp Water  Supply  Pipel ine 

Open P i t  # I ,  I n i t i a l  Stages (assumed 15 percent)  

Nor th   Va l l ey  Waste Dump 

Coal  Blending  Area 
Tempcrary  Topsoil  Stockpil l? 

Conveyors 
Shop and  Maintenance  Buildings 

b )  Plan t   Cons t ruc t i on  F a c i l i ~ s  

Dower P lan t   Const ruc t ion  Crimp Housing and Park ing 

3ower P lan t   Const ruc t ion  Camp S a n i t a r y   E f f l u e n t   T r e a t -  
lnent  IPlant 
I'ower P lan t   Const ruc t ion  Camp Ef f luent   T rea tment   P lan t  

Power P lan t   Const ruc t ion   Subs ta t ion  
Power P lan t   Const ruc t ion  Camp Water  Storage  Reservoir 

Power P lan t   Const ruc t ion  Camp Water  Supply  Pipel ine 
Power P lan t   S i te ,   en t i re   a rea   w i th in   f ence  

( : r a f t   P a r k i n g   L o t  
Csff ice  Parking  Lot 

Pake-up  Water Reservoi r  and Dams 

Water P ipe l i ne  between Reservoir  and Power P l a n t  

Faci 1 i t y  Code 

CM1 
CM2 

CM3 

CM4 

CM5 

CM6 

M I  
M3 

MI4 

M16 

M17 
M18 

CP1 

CP2 
CP3 

CP4 
CP5 
CP6 
P 1  
P2 

P3 

P4 

P5 
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C )   O f f s i t e   F a c i l i t i e s   ( a s s o c i a t e d   c o m p l e t e l y   w i t h   t h e  
__ cons t ruc t i on  phase) 

Headworks Reservoi r  and D i m  
Hat  Creek D ive rs ion  Canal 

H a t  Creek D ive rs ion  Canal Discharge  Conduit 

Pit R i m  Reservoi r  and Dam 

Pipel ine,  P i t  R i m  Reservo.ir t o   D i v e r s i o n  Canal 

S i t e  2 Storage  Reservoir  and Dam 

Poss ib le   P ipe l ine   f rom  D ivers ion  Canal t o  Make-up Reservoi r  

Finney  Creek  Diversion Canal 

Make-up  Water P ipe l i ne   f rom Thompson R i v e r  

Booster Pumping S t a t i o n  I 
Booster Pumping S t a t i o n  11: 
Water I n t a k e   S t a t i o n  

Summit Surge Tank 

One-way Surge Tank 

Dra i l lage  P ipe l ine 
69  kV Transmiss ion  L ine  to   Construct ion  Substat ion 

Twin 69 kV Transmission  Line  between  Construction  Substat ions 

and  I3ooster Pumping S t a t i o n  I1  
69 kV Transmission  Line between Ratt lesnake  Substat ion A 

69 kV Transmission  Line  between  Ratt lesnake  Substat ion A 
and Booster Pumping S t a t i o n  I 
69 k\r Transmission  Line  Tie- in 

Ratt1:esnake  Substation 
A i r s t r i p ,   S i t e  A 
A i r s t r i p ,   S i t e  C 
A i r s t r i p  Access Road, S i t e  A 
A i r s t r i p  Access Road, S i t e  C 
O f f l oad ing  Area 

Off lc lading  Rai l road  Spur 
O f f l o a d i n g  Access Road 

Main  Access Road 

0d1 
0d2 
0d3 
0d4 
0d5 
OD 7 
0d8 
0d9 
0w1 
0w2 
0w3 
0w4 
0w6 

0w7 
0w8 
OT 1 
0t2 

0t3 

0t4 
0t5 
0t7 
O A l  

0a3 
0a4 
0a6 
0f1 

0f2 
0f3 
0r1 
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c )  “ O f f s i t e   F a c i l i t i e s   ( C o n t i n u e d )  - 
Power P l a n t   S i t e  Access R,oad 

Water I n t a k e   S t a t i o n  Access Road 

Booster Pumping S t a t i o n  I Access Road 

Boos,ter Pumping S t a t i o n  I1 Access  Road 

Spoi 1 Areas 

Borrow P i t s  

d)  Mine O p e r a t i o n   F a c i l i t i e s  

Open Pit #l,’ t o  600 ft. E.wcavation 

Medicine  Creek Waste Dump 

Houth Meadow Waste Dump 

Lagoon 1 
Lagoon 2 
Lagoon 3 
Lagomon 4 
Lagoon 5 
Lagoon 6 
Topsoil   Stockpi le,  Mine  Entrance 
Topso i l   S tockp i le ,   Land ing   S t r ip  

Topsoil  Stockpile.  South  Medicine  Creek 
Low Grade  Coal Stocking  Area 
Drainage  Ditches 

e)  . P l a n l : 3 e r a t i o n   F a c i l i t i e s  (Ash  Disposal  Options) 

Wet Ash Disposal  Scheme Ash Pond and Dam 
Wet Ash Disposal  Scheme Ash Conveyance  System 
Wet  A,sh Disposal  Scheme A l te rna t ive   Bot tom Ash Dump 

Dry Ash Disposal  Scheme I. Ash Dumps 

Dry Ash Disposal  Scheme 11, Ash Dumps 

0r2 
0r3 
0r4 
0r5 
0r6 
0r7 

M 1  
M2 
M4 

M5 
M6 
M7 
M8 
M9 
m10 

m11 
M12 
m13 
M15 
m19 

P6 

P7 

P7.5 

P8, P9 

P10, P11, P12 
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Field  observations have been the  major  source o f  infcrmation used for   th i s  
3sses'jment. 

IJhile the actual d r i l l i n g  s i t e s  were small (10  to 15 m o r  33 ti3 50 f t . )   i n  
(diameter the degree of  dist:urbance  associated  with an individudl  si te was 
Found t o  be extremely  varialble. The major  contribution t o  dirturbance by 
this programme i s  associated  with s i t e  access and the construction of water 
holding ponds required  for the d r i l l i ng  programne. Where reclamation  pro- 
cedures  appeared to have been implemented, reestablishment  of .the previous 
natural  environment  appeared  satisfactory. In other  areas,   particularly  in 
.:he lower grasslands where reclamation  procedures  appeared  neglected,  there 
was l i t t l e  evidence  of the reestablishment  of  vegetation cover w i t h  the 
t*esull:ing hazard  of  soil loss due to  wind erosion. The extent of   the  dr i l l ing 
programne, and the overall  attention  paid  to  reestablishment o f  vegetation 
cover o f  the  disturbed  areas would largely determine the impact of this  
ec t iv i ty  on the soil  resource  and, thus, other  resource uses  based on the 
\,egeta,tive growth potential  of the so i l  media associated  with  these  areas. 
From t:he limited  field  information  gathered, i t  would seem that:  apart from 
t.hose areas i n  the   direct   v ic ini ty  o f  the prspored mining operation, where the 
c r i l l i n g  programme  was probably most extensive, the impacts from this ac- 
t i v i ty  would be minor and glwerally temporary in  nature. 

Besides the minor  impact on soils  described above, no impact i s  expected on 
climate, bedrock and sur f ic ia l  geology. 

( i i )  Bulk Sampling Programne 

The expected  impact  of the b u l k  sampling programe on the physi,cal habi ta t  
was previously submitted (June 27, 1977)23.  This  analysis  illustrated  that 
the s o i l s  would receive the greatest  impact,  although  relative1:y minor. 

S81il clmditions can vary from moderately  uniform to  highly  heterogeneous 
within  a  given  location. The topsoil ,   as  characterist ic  of a  majority  of 

.I- 
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1.he sclils, i s  mainly very shallow due i n  part  t o  the  often compact nature 
of t h e  parent  materials and also due to  a very  droughty  climati'c  condition 
which restricts chemical weathering w i t h i n  these soi l   mater ia ls .  In general, 
however, apar t  from areas  directly  alienated by the bulk  sampling p r o g r a m ,  
nlinimal impacts were perceived on the soil  resource and these would generally 
tte of a temporary nature  provided  reclamation  procedures were in i t ia ted .  

Areas of direct   a l ienat ion due to the bulk  sampling programme include: two 
excava,tion  trenches;  associated  waste  piles and topsoil  storage  areas;  coal 
waste areas;  revegetation  test  plots and road access corridors. The land 
1.hat had  been projected"  as being alienated  as a r e su l t  of  the programme 
consisted  of 38 ha (94 acre's)  lying  within the Agricultural Land Reserve 
and used primarily  for  1ive:jtock  grazing. Although all  alienated  land  areas 
have been mapped and described by the Modified Soil  Series mapping of the 
site-specific  study  area a precise  inventory  of the areal  extent  for the 
so i l  units affected by these a c t i v i t i e s  was unavailable due to  ,a lack  of 
information  outlining the exact  positioning  of  these  activities. 

During the bulk  sampling programne i t  was found that  many of the so i l s   d i s -  
turbed by t h i s   p r o g r a m  were subject  to  severe d u s t i n g  problems and re- 
quired  special  preventative  procedures  to  help minimize the undesirable 
effects  created  as a resu l t   o f   th i s  problem. Most of  the  areas  affected 
w'zre found to have extremely  shallow  topsoils  that would be considered im- 
practi1:al t o  s t r ip  and save f o r  reclamation. Also many of the s u b s o i l  
mterials  are  strongly  calcareous and exhibit   layers of free carbonate and 
s(31t accumulations  that,  unless  leached from the  root zone, are very re- 
s t r ic t ing   to   p lan t  growth. 

A!; the bulk  sampling p r o g r a m  was located  within  those  areas  directly  alien- 
a:;ed by  the mine construction  or  operation, their significance i n  terms of 
environmental  impact need only be evaluated  for the case  in which the 
project would not  proceed. 
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'The a c t u a l   i m p a c t   o f   t h e   p r o g r a m  has  been r e p o r t e d   i n  a p r e l i m i n a r y   r e p o r t  
by B.C. Hydro  and Power A u t h o r i t y  . T h i s   r e p o r t   i n d i c a t e s   t h a t   t h e   a c t u a l  

ef fects on the   phys ica l   hab i ta t   appears  t o  be conf ined t o  the  trench  areas 

irnd  no  changes i n  air (dus t i ng )  and w a t e r   q u a l i t y  have  been  noted t o  date. 
However, problems  such  as e ros ion  and  problems i n   r e e s t a b l i s h m n t   o f  vege- 

.:ation may s t i l l  occur. 

24 

' he  B. ,C .  Hydro  and Power Author i ty   repor tz4  sumnar izes the environmental 

' mpacts as fo l l ows :  

"Environmentally, resuZts  to  date have been consistent  in confirming 
that environmental  impacts have been restricted to the  hrediate  areas 
of the  trenches and related  (waste and coal  storage) areas.. There 
have been no project-reZated  alterations  to  air  or water  (Hat 
Creek) quality. Noise has i n  no way been a major issue  with  the 
Local residents almost waaware of the mining ac t iv i t ies .  Dusting 
f m m  the trench workings proved to be a local,  operational problem. 
Tnitiat   results would indicate no increase i n  ambient suspended par- 
ticulate which could be  at tr ibuted  to   this  program.  The transpor- 
tation phase proceeded almost  unnoticed  by  local  residents;  truck 
covers were e f fec t ive  in eliminating  dust problems." 

(b)  Construct ion 

(i ) Environmental (Changes 

The assessment o f  the  ef fec. ts o f   c o n s t r u c t i o n  on the   phys i ca l   hab i ta t  has 
teen  approached  two-fold:   qual i tat ively and q u a n t i t a t i v e l y .   b t h  approaches 

will he u t i l i z e d   f o r   t h e   s i t e - s p e c i f i c  s%udy  area.  Climate  has  not been 

cons idered  a f fec ted   dur ing   the   cons t ruc t ion  phase and, therefore,  has n o t  

teen  evaluated.  Landform  and  geology  have  not been d i r e c t l y   e v , i l u a t e d   s i n c e  

they  are  important components f r o m   w h i c h   t h e   s o i l   i s   d e r i v e d  an8d used  ex- 
t e n s i v e l y   t o   i d e n t i f y ,   d e s c r i b e  and map the  soi l   types.  Therefore,  the 
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j e ta i led   so i l  impact  assessment  presented below will  indirectly  assess  the 
impact on landform and  geology. In addition,  the  Minerals and Petroleum 
ieportl3 by Dr. P.T. McCullough of B.C.  Hydro  and  Power Authority  evaluated 
many of  the  geological  aspects  of  the Hat Creek project.  

A. Qualitative Assessment 

This assessment  includes an evaluation  of  certain  soil-related  parameters 
'LO gauge the  significance  of the e f f ec t s  of  construction  activit ies on the 
:;oil resource  and, thus, provide an indicat ion  of   the  sensi t ivi ty   of   soi ls  
t o  disturbance. The soil  parameters  addressed  in  this  evaluation  include: 
suscept ib i l i ty  t o  erosion;   suscept ibi l i ty  t o  d u s t i n g ;  su i tab i l i ty   for   topsoi l  
reclamation; and suscept ib i l i ty   to   a lka l in i ty-sa l in i ty  problems re la t ing  
t.0 reestablishment  of  vegetation. The base soils  information used fo r  this 
~ssessment   is   the   soi l   survey work carried o u t  and reported for the  Si te-  
specific  study  area. 

I n  assigning a qual i ta t ive  sensi t ivi ty   of   the   erosion  suscept ibi l i ty  
1.0 a par t icu lar   so i l  u n i t  i t  i s  necessary t o  evaluate such soil   character-  
is t ics   as   texture  and consistency  of  the  parent  soil  materials, depth and 
texturs? of  the  topsoil   or zone of   soi l  development, slopes,  and the  physio- 
graphiNc nature  of  the  soil u n i t  in  general. Each of  these  char83cterist ics 
b3ve  been weighted subjectively  as  to  their   influence on the  character is t ics  
t 3  soi'l erosion and  combined t o  es tab l i sh  an overall   rating of .the s e n s i t i v i t y  
t )  ero!jion fo r  a given so i l  u n i t .  Four sens i t iv i ty   ca tegor ies  have  been estab- 
l ished:  low, moderate, high; and  severe. For example, a si l ty  ' lacustrine 
m8*terii!l on a greater  than 15 percent  slope would  be classed  as having a 
swere  sensi t ivi ty   to   erosion,   while  a s imilar ly   textured  t i l l   deposi t  on 
e'len a greater  slope would  be classed as having  only a moderate sens i t i v i ty  
to eror>ion. 

In assigning a q u a l i t a t i v e   s e n s i t i v i t y  of the susceptibil i ty  to  dusting  of a 
par t icular   soi l  u n i t ,  so i l   charac te r i s t ics  such as texture and  depth of the 
topsoil  materials,  extent  of  free  carbonate  enrichment and s a l t  accumulation 
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w i t h i i n   t h e   p r o f i l e ,  and t e x t u r e  and cons is tency   o f   the   paren t   mater ia ls ,  

have  been evaluated. Each o f  t hese   cha rac te r i s t i cs  have  been weighted as t o  

t h e i r   i n f l u e n c e  on t h e   s u s c e p t i b i l i t y  t o  s o i l   d u s t i n g  and  comtlined to   es ta -  

b l i s h  an o v e r a l l   s e n s i t i v i t y   t o   d u s t i n g   f o r  a g i v e n   s o i l  unit. This sensi-  

t i v i t y  has a l s o  been e v a l u a t e d   i n  terms o f   f ou r   ca tegor ies ,   t hese   be ing  low, 

moderate,  high  or  severe.  For example, a f i n e - t e x t u r e d   s o i l   n l a t e r i a l   i n  a 

d r y   c l i m t i c  environment has  a h i g h   d u s t i n g   s e n s i t i v i t y .   T h i s  can be f u r t h e r  
accentuated  by  the  presence o f  excessive amounts o f   f ree   carbc 'na te   wh ich  

o f t e n   l e a v e   s o i l   p a r t i c l e s   i n  a d is tu rbed  ra ther   than  aggregated   s ta te  and 

thus m r e   s u s c e p t i b l e   t o   d u s t i n g   e f f e c t s .   G e n e r a l l y ,   t h e  deeper  less 

compacted m a t e r i a l s  such  as l a c u s t r i n e  and a l l u v i a l   c o l l u v i a l   d e p o s i t s   a r e  

most  suscept ib le  whi le till and w e l l  washed outwash m a t e r i a l s  have much 

lower. s u s c e p t i b i l i t y .  

I n   a s s i g n i n g  a q u a l i t a t i v e   s e n s i t i v i t y   o f   s o i l   s u s c e p t i b i l i t y   t o   a l k a l i n i t y -  

s a l i n i t y  problems r e l a t i n g   t o   t h e   r e e s t a b l i s h m e n t   o f   v e g e t a t i o n ,   t h e   f o l l o w -  
i n g   s o i l   c h a r a c t e r i s t i c s  h,ave  been considered:  the  depth a t  which  f ree  car-  

b o n a t e s   a r e   e v i d e n t   i n   t h e   s o i l   p r o f i l e ;   t h e   p r e s e n c e   o f   s a l t s   i n   t h e   s o i l  

p r o f i l e ;   t h e   e x i s t e n c e   o f  ipor drainage  condi t ions;  and t h e   e x t e n t  o f  the . 

zone i n  which  the  sa l ts   or   f ree  carbonates  ex is t .   Soi l   mater ia l   w i th   exces-  

s i v e  amounts o f  carbonates o r   s a l t s   s e r v e  as  poor   p lant   growth media  because 

o f   t h e i r   t o x i c i t y   t o   p l a n t   s p e c i e s .  Four s e n s i t i v i t y   c a t e g o r i e s  have  been 

e s t a b l i s h e d   t o   d e s c r i b e   t h i s   s o i l   c h a r a c t e r i s t i c :   l o w   ( l ) ,  moderate ( 2 ) ,  
h igh  ( 3 )  and  severe ( 4 ) .  

The f o u r   t y p e s   o f   s e n s i t i v i t y   c l a s s i f i c a t i o n s  have  been  combined t o   g i v e  
s e n s i t i v i t y   r a t i n g s   f o r  each so i l   t ype  mapped f o r   t h e   s i t e - s p e c i f i c   s t u d y  

area. 

I n   a s s i g n i n g  a q u a l i t a t i v e   r a t i n g   o f   t h e   s u i t a b i l i t y   o f  a s o i l   u n i t   f o r   t o p -  

s o i l   r e c l a m a t i o n ,   t h e   f o l l o w i n g   s o i l   c r i t e r i a  have  been evaluated:  depth 

3 f  t o p s o i l  above the zone o f   s a l t  and carbonate  enrichment,  extent o f   t h e  
zone #of s a l t  and carbonate  enrichment i n  t h e   s o i l   p r o f i l e ,   d e p t h   o f   w a t e r   t a b l e ,  

'degree o f  s ton iness .   depth   o f   so i l  above  bedrock,  and t e x t u r e   o f   t o p s o i l  
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materials.  Soilshave been classed  into the following  four  suitability  cate- 
gories:  good moderate, limited, and of no s u i t a b i l i t y  for reclamation. Nu- 
nleric:ally, a four ( 4 )  ra t ing has been applied t o  s o i l s  having good potential 
for  reclamation  ( least   sensit ive t o  disturbance),  while a one ( 1 )  rating has 
been applied t o  so i l s  with no reclamation  potential. 

Table 5-2 presents the results  of the qualitative  soil  assessment  in terms o f  
an  overall  sensitivity  to  potential  project  disturbance and individual  sen- 
s i t i v i t i e s   r e l a t ing   t o  the following  soil-related  parameters:  susceptibility 
to   erosion;   suscept ibi l i ty  t o  dusting;  suitability  for  topsoil  reclamation; 
and suscept ib i l i ty   to   a lka l in i ty-sa l in i ty  problems re la t ing  t o  reestablishment 
o f  vegetation.  Sensit ivit ies  are  reported  for each o f  the 86 individual  soil 
types mapped for  the site-specific  study  area.  Of these, 20 have been assessed 
to  have a h i g h  ( H )  overall   sensit ivity  to  disturbance. 

Soils t h a t  are  highly  susceptible t o  erosion Rave been ident i f ied i n  the upper 
Hat Creek lowlands and  adjircent  to the Thompson River  in  the  vicinity of 
Ashcroft. These soils  contain a high  percentage of s i l t s  in the upper hor- 
izons and in some instance!; a loess  capping i s  present. 

Near1,y a l l  of the soils within the site-specific  study  area  are moderately 
to  highly  susceptible  to  dusting.  Soils w i t h  a low suscept ib i l i ty   to  
dustilig  are  located  in the north end of the upper Hat Creek Valley adjacent 
t o  Hat Creek and a t  t h e  s o u t h  end o f  t h e  upper  Hat Creek Valley  near the 
zonfluence o f  Oregon Jack Creek and Hat Creek. Scattered  pockets of soil 
w i t h  low susceptibil i ty  to  dusting  are  also  located i n  the Med.icine  Creek 
water:jhed, on the upper Cornwall Creek watershed and adjacent .to the 
Thomp:jon River in  the  vicinity  of  Ashcroft. 

The so i l s ,  within the upper Hat Creek area,  are  generally  all  highly  suscep- 
t ib le   to   a lka l in i ty-sa l in i ty  problems while the s o i l s  w i t h i n  the Medicine 
Creek and Cornwall Creek watershed  generally have only low suscept ibi l i ty  
':o these problems. 
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TABLE 5-2 

SOIL SENSITIVITY 
SITE-SPECIFIC STUDY  AREA 

I 
2 
3 
4 

61 
5 

68 

8 
7 

9 
10 
11 
12 

14 
13 

15 
16 

18 
I7 

1P 

24 
25 
26 

28 
27 

29 
30 
31 
32 
33 
34 

2 

2 
2 

2 
2 
2 
2.5 

2 
1.5 

2 
2 

1.5 
1 
2 

1.5 
2 

1 .5  

2 
2 

2.5 
3 
3 
3 
4 
3 
2 
2 
2 

1.5 
2 
2 
2 

1.5 
2 

1.5 
2 

2.5 
1 

1 

3 
3 
3 
2 
3 
3 

2.5 
3 
2 
3 

3.5 
3 

4 

3 
3 
3 

3.5 
3 
3.5 
4 
3 
3.5 
2.5 
3 

3 
3 

3 

4 
3 

3 

3 
3 

4 
4 

4 

3 
3 

4 

8 
8 
8 

8 
7 

8 
9 
8 
6.5 

8 

6.5 
9 

9 
1 

9 
1.5 
7.5 
9 
7 

I 1  
9 

11 
11 
12 
11 
9 
9 

0.5 
7.5 
9 

8.5 
8 

8 

10 
9 

8.5 
1.5 

B 
8 

n 
n 
n 
n 
n 
n 
H 
n 
L 
n 
H 
L 
n 
H 
H 
n 

H 
H 
H 
H 
H 
H 

H 
H 

H 
H 
n 
H 

I 
I4 

n 

n 
n 

H 
H 
br 
n 
n 
w 

1 
4 
3 
3 

I- 

an 
5-14 



1 
Y 

I 
I 

I 
I 

II 
I 

- " 

TABLE 5-2 (Continued) 

15 

17 
x 
38 
39 

41 
40 

42 

44 
43 

95 
46 
47  48 

49 
50 
5 1  5 2  

53 
5 4  
55 
56 
57 58 

59 
60 
61  62 

63  
64 
AV 
85 
8 I  
8N 
cc 
CR 
CT 
JS 
ffl NE 

SV SE 

YS no 

TL 

lip. 
TN 

1.5 
1 .5  

2 
2 

2 
3 

2.5 
2 

2 
2 
2 
2 
2.5 
2.5 

2 

2 
1 

2 
2 
2 

2 
2 

2 
1 
1 
2 

2 
2 

2.5 
2 
1 

2 
1 

2 
1.5 

1 
3 

1.5 
2.5 
2.5 

2 
2 
3 
1 

1.5 
1.5 

1 

3 
3 

3 
3 

2.5 
3 

2.5 
3 

2.5 
2.5 
2.5 
2.5 

2 
2 
3 
3 

2.5 
3 

3.5 
3 

3.5 
3 

3.5 
3.5 

2.5 
3 

2.5 
3 

3 
3 
2 

1.5 

3.5 
3 

3 
3 

2.5 
2.5 

4 
3 

1.5  
3 

2.5 
I 

3.5 
3 

1 

3 
3 

7.5 
1.5 

2  7 
2 .  7 

2 
3 8.5 

3 
1 
8 

2 
1 

1 

1 
5.5 

2 
5.5 
6.5 

2 
2 6.5 

6.5 
2 
2 

6.5 

2 
7 
6 

3 
3 

8 
7.5 

2 
3 8.5 

4 
1 

3 
9.5 
8 

4 9.5 
3 
4 

7.5 

3 
B 

3 
1.5 
8 

3 
4 

7.5 

4 
9.5 

1 
9 

4 6.5 
4 

2 
3 8 

4 
1.5 
8.5 

2 
4 9.5 

6 

3 1 
2 
2 

8.5 

2 
7.5 
5.5 

3 
3 8.5 

8 

4 
2 

6 

3 
6.5 

1 
8 
3 

n 
M 
n 
n 
M 
n 
M 
n 
L 
L 
L 
L 
L 
L 
n 
L 
M 
n 
n 
H 
M 

n 
n 
n. 
n 
n 
n 
H 
L 
L. 
n 
n 
n 

H 
L 

n 
w 
II 
L 
n 
n 
L* 
L 

L 
n 

n 

n 

3 
3 
3 
3 
3 
4 
3 
2 
3 
3 
3 
3 
2 
2 
3 
3 
3 
2 
4 
1 

4 
3 

3 
1 
3 
3 
3 
3 
3 
3 
3 
2 
4 
1 

4 
3 

3 
3 

4 
4r 

3 
3 
3 
2 

4 
3 

1 
. .  "" 

O v e r a l l   S e n s i t i v i t y  Code: 3 - 6.5 Lm S e n s i t i v i t y ;  7.0 - 8.5 moderate S e n s i t i v i t y ;  9.0 .. 12 

Code for S u l t a b l l i t y  for ReClmatiOn: 4 ~ High S u i t a b i l i t y ;  2.0 - 3.0  moderate Sensitivity; 

High S e n s i t i v i t y  

1.0 L o r  smri t i r i ty  

* Referr t o  U l i t s  t h a t  h a w  moderate or la overall S l n r i t l v i t y   r a t i n g  
sensitire t o  I spec i f ic  sol1  parameter 

b u t   a r e  h i g h l y  
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S o i l s   w i t h   h i g h   s u i t a b i l i t y   f o r   t o p s o i l   r e c l a m a t i o n   a r e   l o c a t e d   m a i n l y   i n  

the  upper H a t  Creek lowlalnds w i t h  some areas a l s o  present  i n  the  lowlands 

o f  the  Medicine Creek watlvshed and i n   t h e   T r a c h y t e  H i l l s  near Harry Lake. 

There  are  also  areas  adjacent  to  Highway 1 t h a t   a r e   h i g h l y   s u i t a b l e   f o r  

topso i l   rec lamat ion .  

8 .  D i r e c t  Loss 

The , a l i e n a t i o n   ( d i r e c t   l o s s / d i  sturbance) o f  s o i l s   b y   p r o j e c t   ( c o n s t r u c t i o n  

a c t i , u i t i e s  has  been determined  by  superimposing a p l a n   o f   t h e s e   a c t i v i t i e s  ( a t  
an  approximate  scale' o f  1 :24,000) ove r   t he   so i l s  map f o r   t h e   s i t e - s p e c i f i c  

stud!, area. The alienatecl  areas  have been  measured  and r e p o r t e d   i n  terms o f  

s o i l   t y p e  and  whether  the a c t i v i t y  was associated with the mine, p l a n t   o r  

of fs1: tes.  A f u r t h e r  breakdown i s  supp l i ed  on the   bas i s   o f   t he   ma jo r   f a -  
c i l i t i e s   f o r  each o f  t h e s e   p r o j e c t   a c t i v i t i e s .  The a c t i v i t i e s   c o n s i d e r e d  

i n  the   cons t ruc t ion  phase are  g iven i n  Table  5-3. 

The d i r e c t   a l i e n a t i o n  o f  s o i l s  by p r o j e c t   c o n s t r u c t i o n  (base scheme) are 
repor ted i n  Table  5-3  and  by o f f s i t e   f a c i l i t i e s   ( a l t e r n a t e  schemes) i n  
Table  5-4. A t o t a l   o f  728 ha (1798  acres) o f   l a n d   w o u l d  be a l i ena ted   by   t he  
base scheme a c t i v i t i e s ,  20!j ha (506 a c r e s )   a t t r i b u t a b l e   t o  mine  construction, 

199  ha (492  acres)   to   p lan t   cons t ruc t ion ,  and 324 ha (800 a c r e s )   t o   o f f -  

s i t e   c o n s t r u c t i o n .  

- Mi ne 

The aireal e x t e n t   o f   t h e   s o i l   u n i t s   t h a t   w a u l d  be a l ienated  dur ing  the  const ruc-  

.:ion phase o f  mine  development  are shown i n  Table 5-3. Th is  tab le  inc ludes  the 
i t r e a l   e x t e n t   o f   t h e   s o i l s   t h a t   w o u l d  be a l i e n a t e d   f o r   t h e   i n i t i a l   s t a g e s  
o f  open p i t  #1 (Ml) and the  nor th   va l ley  waste dump (M3). The t o t a l   a r e a l  

e x t e n t  o f  s o i l s   a l i e n a t e d   b y   t h e s e   t w o   f a c i l i t y   a c t i v i t i e s   a r e  115 and 30 ha 
(284 and 74 acres) ,   respec t ive ly .  The s o i l   u n i t s   h i g h l y   a f f e c t e d   b y   t h e  open 

p i t  #1 (Ml) f a c i l i t y  would be nunbers  17  (19.8  ha or 49 acres   los t ) ,  19 
(15.1 ha o r  37 ac res   l os t ) ,  200  (10.2  ha o r  25 a c r e s   l o s t ) ,  and  62  (13.9  ha 

5-16 



TABLE 5-3 
DIRECT  ALIENATION FROM CONSTRUCTION - BASE SCHEME 

(AREAS I N  HECTARES) m 

3 

22.0 
5.6 

1 . 6  

2 6 . 9  - 
38.7 - 
6.1 ~ 

6 . 5  - 
11,5 
6.9 

4 . 8  
11 .5  

6 . 9  

8 . 0  

0.4 
8.5 

6.5 
5.7 

14.9 
9.5 

5.7 

I 
1. 4 5.9 

6 A  7.4 
6 8  6.1 
1 

15.4 
9.3 

4.9 

3.2 

8 . 5  
0 . 4  

0 , l  
6 , 5  
9 , 5  

I 2 , 5  

1 4  
1 5  1.3 
1 7  19.8 
1 3  8.9 
19 15.1 
21.4 1.2 
238 1.2 
21c  2.5 
230  10.2 
21c 3.5 
2 1  8.6 
22 ~ 

2 4  
25 - 
27 
29 - 
30 - 
31 
3 2  - 
3 4  - 
3 5  
3 5  - 

4 . 8  0 .8  1.3 - 
19.8 - 
25.4 - 
40.9 - 
1.2 - 
1.2 - 
10.2 - 2.5 - 

3 . 5  - 
8 . 6  - 

. 1 . 6  - 

0.8 0.  I 16.4 
25.8 

0.8 
2.4 
5.1 

0 . 4  

3 . 1  

0 . 8  

0.4 

22.6 
0.8 

11.0 

0.4 
1.2 

5.7 
2.0 
6.9 

0.8 
2.1 
0.8 

13.8 
16.2 

3 . 6  

0.4 
0.4 
2.4 

2.8 

6.2 

1 . 6  

0.2 
" 3.3 

4.1 

4.2 

10.1 
1.6 

0 .4  

2.0 
1.2 
0.4 
0.4 
10.1 

0.2 1.2 - 
0.4 - 
0 . 4  - 
10.7 - - 2.0 

1 0 . 4  

0.2 
1 . 2  1.2 

2.2 16.2 
5.7 

5.3 
1.2 

2 6 . 9  
7.3 

5.3 

0.4 
1.2 

2.8 
9.1 

18.6  
4.5 

1.2 
1.2 
4.9 
9.7 

8.9 
1.6 

5.7 
5.7 
0 .4  
0 .8  
0.4 
2.8 

5.7 5.2 - 8.9 
10.9 
8.9 2.8 

9.1 
4.5 

15.0 
1.2 - 1.2 

9.8 8.0  1 . 6  
- 7.7 

6 . 5  4 0 . 4  

1.2 6 6 . 1  0 . 3  

1 . 2  3 . 2  - 
1 3 . 9  - 

3 . 6  I1  

1.2 
7.7 

11.1 

1.2 
2.5 
2.4 

2.4 
1.3 
1.6 
2.4 
5.1 

4 . 0  1.5 

2.2 6 . 5  4 9 . 1  

1.2 

1.2 

2.2 

1.1 

6 8 . 6  
5.7 
0.4 

0.4 
0.8 

2.8 
4 . 3  

1 -  
8.5 
0.4 

- 0.!1 - 
3 . 6  - 

8 
51  
L 

Unll. 3 . 6  
0.9 

8 . 5  6 . 5  15.0 

29.7 90 .5  235.2 92.(1 67.1 9.4 168.7 120.0 45.3 4.5  154.'1 321.9 727.8 
d -  

a m  
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-m 
a 

i 

L 

I 
111 

S o i l  U n i t  

3 
1 4  
1 5  
1 8  

3 4  
37  
3 8  
51 
59 
R O  
C T  

TW 

T 'F 

" 

M T  

U n c l ' a s s i f i e d  

T,o t a  1 

TABLE 5-4 
DIRECT  ALIENATION FROM CONSTRUCTION 

OF  ALTERNATIVE  OFFSITE  FACILITIES 

OD7 

5 0 . 4  
1 4 . 1  
5 0 . 2  

" 

( H e c t a r e s )  
008 O A 3  - - 
- 
- 
- 
0.8 
0 . 4  
0.4 
2 . 0  
3 . 7  
0.4 

O A 6  - 

- - - - 
- - 21 .o  1 . 5  
- - 1 3 . 4  - 

5 .3  - - - 
1 2 0 . 0  7.7 3 4 . 4   1 . 5  

- 
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o r  34 ac res   l os t ) .  The s o i l   u n i t s   h i g h l y   a f f e c t e d  by   the   nor th   va l ley  

waste dump (M3) would  be number  4 (15.4 ha o r  38 acres) and 6A (9.3 ha 

o r  23 acres) .   Other   fac i l i t ies   connected  wi th   the  mine  development   would 

h i g h l y   a f f e c t   s o i l   u n i t s  6A (22.0  ha o r  54 acres),  18  (16.4  ha o r  41 acres), 

19 (25.8  ha o r  64 acres),  and 37 (10.7  ha o r  26 acres).  An examinat ion   o f  

t h e   l a n d   a r e a s   a l i e n a t e d   b y   t h e   m i n e   c o n s t r u c t i o n   f o r   a l l   f a c i l i t i e s  shows 

tha t   t he  soil u n i t s  most ,affected  would be numbers  4 (26.9 ha o r  66 acres), 6A 

(38.7 ha o r  96 acres),  17  (19.8 ha o r  49 acres),  18  (25.4  ha o r  63  acres), 

19 (40.9  ha o r  101  acres). 20D (10.2 ha o r  25 acres), 37 (10.7  ha o r  29 

acres) and 62 (1  3.9  ha o r  34 acres).  

P1 a n t  

The a r e a l   e x t e n t   o f   t h e   s o i l   u n i t s   t h a t   w o u l d   b e   a l i e n a t e d   d u r i n g   t h e   c o n s t r u c -  

t i o n  phase o f   t h e   p l a n t  development  are shown i n  Table 5-3. :Included i n   t h i s  
t a b k  are  separate measurements f o r   t h e  power p l a n t   s i t e  ( P l )  and t h e  

make-up wa te r   rese rvo i r  and dams (P4) f a c i l i t i e s .  The s o i l s  most h i g h l y  
a f fec ted   by   these  two  fac i l i t i es   wou ld  be: f o r  P1 s o i l   u n i t  58  (66.1  ha 

o r  163 acres) and f o r  P4 s o i l   u n i t  number  54 (40.4  ha o r  100 (dcres). The 
area’l e x t e n t   o f   s o i l s   a l i e n a t e d   b y   t h e   c o n s t r u c t i o n   o f   t h e   p l a n t   w o u l d  be 

199  ha (492  acres) o f  whic:h 92  and  67 ha (227  and  165 acres)  would be a t t r i -  
b u t a b l e   t o   f a c i l i t i e s  P1 and P4, r e s p e c t i v e l y .   I n   a d d i t i o n   t o   s o i l   u n i t s  

number 54 and 58, t h e   t o t a l   p l a n t   c o n s t r u c t i o n   w o u l d   a l s o   h i g h l y   a f f e c t   s o i l  

unit!; 41  (10.9  ha o r  27 acres) and 51 (11.1  ha o r  27 acres).  

O f f s i t e   F a c : i l i t i e s  

The c l f f s i t e   f a c i ’ l i t i e s   a s s o c i a t e d   w i t h   t h e   c o n s t r u c t i o n  phase o f  development 

inc lude a w ide   range  o f   ac t i v i t ies  such  as t ransmiss ion   l ines ,   p ipe l ines ,  
road!; and  an a i r p o r t .  The a rea l   ex ten t  of soi ls  tha t   wou ld   be   a l iena ted  

by  these a c t i v i t i e s  amount t o  324 ha (800 acres) and the  areas  of each s o i l  
u n i t   a r e  shown i n  Table  5-3. I n   a d d i t i o n   t o   t h e   t o t a l   a r e a   a l i e n a t e d ,   t h e  

i n d i v i d u a l   s o i l   u n i t   a r e a   a l i e n a t e d   b y   t h e   f o l l o w i n g   a c t i v i t i e s   t h a t   a r e  
p a r t   o f   t h e   o f f s i t e   f a c i l i t i e s ,   a r e   a l s o  shown: main  access  road ( O R l ) ,  
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a i r s t r i p   S i t e  A (OAl)  and a i r s t r i p  access  road, S i t e  A (OA4) 

m 
Y 

" 

m -  

il' 

I 
e 

The s o i l '   u n i t s   h i g h l y   a f f e c t e d  by  the  main  access  road (OR1) would be number 

38 (16.2 ha o r  40 acres)  and number  47 (15.0 ha o r  37 acres),, and by  the 

a i r s , t r i p   S i t e  A a re  number 25 (13.8 ha o r  34 acres)  and number 27 (16.2  ha 

o r  4.0 acres). The a i r s t r i p  access  road, S i t e  A does n o t   h i g h l y   a f f e c t  

any i n d i v i d u a l   s o i l   u n i t .  

Dur ing  th is   s tudy.  a S i t e  2 s to rage   rese rvo i r  and dam (OM), an a i r s t r i p  

S i t e  C (OA3),  an access  road  to   the  S i te  A a i r s   t r i p  (OA4),  and a S i t e  C a i r -  

s t r i p  access road (OA6) have  been i d e n t i f i e d  as  a l t e r n a t i v e s   t o   t h e   f a c i l i t i e s  

previously  d iscussed. The a r e a l   e x t e n t   o f   s o i l s   a f f e c t e d  by  these f a c i l i t i e s  

and  a poss ib le   p ipe l ine   f ' rom  d ivers ion   cana l   to  make-up r e s e r v o i r  (Om) are 

shown i n  Table  5-4. The !Site 2 s to rage  reservo i r  and dam (OM) would  af- 
f e c t   e n t i r e l y   t h e   f o l l o w i l l g   t h r e e   s o i l   u n i t s ,  3 (5014  ha o r  124 acres), 

14 (14.1 ha o r  35 acres),  and  15  (50.2 ha o r  124 acres) .  The a l t e r n a t e  
a i r p o r t   f a c i l i t y  (OA3) w o u l d   h i g h l y   a f f e c t   s o i l   u n i t s  TT (21.0  ha o r  52 

acres) and MT (13.4 ha o r  33 acres). 

I n   add i t i on   t o   t he   a reas  shown i n  Tables  5-3  and  5-4, t he re  a're a  number o f  
p r o j e c t   a c t i v i t i e s   t h a t  were undef ined i n  terms o f   s i z e  and l o c a t i o n  a t  the 

t ime o f   t h e i r   a n a l y s i s .  These are:  

OR5 
0 R6 
OR7 

OT3 

0010 

OF1 
0 F2 
OF3 

Pump S t a t i o n  I1 Access Road (3.2 km x 30 m) 

Spo i l  Area 
Borrow P i t s  

69 kV Transmission  Line  from  Ratt lesnake A t o  Pump S t a t i o n  
I 1  (6.1 km x 20 m) 
Medicine and  Ambusten Creeks  Canal  Crossings 

O f f - l oad ing  Area 
Rai 1 road  Spur 

Access Road 

I n   t o t a l  these a c t i v i t i e s   a c c o u n t   f o r  24.8  ha (61 acres) o f  s a i l s  that 
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II 
m woul'd  be a f f e c t e d  by the   p ro jec t .  

5 umna ry 

The c o n s t r u c t i o n   o f   t h e  mine, p l a n t  and o f f s i t e   f a c i l i t i e s  wou ld   a l iena te   o r  

d i s t u r b s  880  ha  (2174  acres) o f  s o i l s .  The p r o p o r t i o n a l   i m p a c t   o f   t h i s  

I 
I 

r 
I 

I -- 

c o n s t r u c t i o n   r e l a t i v e   t o   t h e   a r e a l   e x t e n t  of t h e   s o i l s   w i t h i n   t h e   s i t e -  

spec' i f ic   study  area  are shown i n  Table 5-5. Th is   t ab le  shows t h a t   t h e  

area!; t h a t  would be a l ienated   by  a h igh   pe rcen tage   a re   so i l   un i t  numbers 

4, 61\, 16,  18, 2DA, 208, 20E, 21, 27,  39, 58, 61 and 62. O f  t hese   so i l  

unit!;,  the first f o u r   ( u n i t s  4, 6A, 16  and  18) a r e   c l a s s i f i e d  as a g r i c u l -  

t u r a l l y   a r a b l e  o r  pa r t i a1 l . y   a rab le ,   un i t s  20A and 208 have  no a g r i c u l t u r a l  

s i g n i f i c a n c e  and the   remain ing   un i ts  have a g r i c u l t u r a l   g r a z i n g   s i g n i f i c a n c e  

The s o i l   u n i t s  encompass approximately  663  ha  (1638  acres) o f   t h e   t o t a l  

area o f   t h e   s i t e - s p e c i f i c   s t u d y   a r e a   o f   1 6 3  km2 o r  4 percent. 

c. Dust 

Dur ing   the   cons t ruc t ion   per iod ,   dus t ing   wou ld  be a problem on n e a r l y   a l l   o f  
t he   so i l   un i t s   d i s tu rbed .  Those a reas   t ha t   a re   d i s tu rbed ,   bu t   no t   a l i ena ted ,  
could  be  reduced i n  value i f  measures a r e   n o t   t a k e n   t o   e n s u r e   t h a t   d u s t i n g  

does no t   l ead   t o   l oss   o f   so i l   p roduc t i v i t y   t h rough   w ind   e ros ion .  The use 

o f  proper  dust  suppression  procedures  would  reduce  the  possibi ' l i ty o f  
f u r t h e r   s o i l   l o s s e s   d u r i n g   c o n s t r u c t i o n .  

D. Waste Disposal 

3ur in 'g  the  construct ion phase,  waste disposal  would be an i n s i g n i f i c a n t   i m p a c t  
on the s o i l .  The l a n d   a p p l i c a t i o n  o f  waste  waters   through  spray  i r r igat ion 
Iprogramnes should  take  in to   cons iderat ion  such  factors  as i n f i l t r a t i o n   r a t e s ,  

! ;o i l   moisture  holding  capaci ty.   s lope,  etc.   to  ensure  that   problems  such as 
! ;o i l   eros ion and slope  s loughing do not   occur .  
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TABLE 5-5 
SOIL UNIT  ALIENATION AND DISTURBANCE COMPARED 

TO SITE-SPECIFIC STUDY AREA 
CONSTRUCTION PHASE 

So11 Units S i t e  Specific Study Area 

SymbOl 

2 
1 

3 
1 
5 
6A 
68 
7 

M A P  
" 

a 
9 

10 
1 1  
12 
1 3  

I4 
15 

11 
1 6  

18 
19 

208 
Z O A  

20c 
200 
201 
21 
2 2  

23 
24 
25 

27 
26 

28 
29 
30 

3 
3 

2 
3 

12 2 
3 
1 
2 

2 
1 

1 
2 
5 

I O  
1 1  
12 

2 
1 

9 
1 
1 
1 
1 
1 
1 

1 
1 

I O  
8 
3 

9 
3 

5 
2 

T O t t l  
Area 

0.91 
1.11 
1.96 

0.14 
1.37 

2.69 
0.86 
0.54 

0.11 
1.25 

2.34 
1.62 
1.74 
5.25 
8.22 
1.22 
0.48 
3.23 
2.26 
5.24 
0.1s 

0.18 
0.07 

0 . 2 1  
1.10 

0.58 

0.19 
0.95 

1.52 
7.10 
1.22 

0.91 
1.15 

3.01 
0.22 

6.9 4 
38.1 28 

4 6 . 7  I7 
6.1 7 
6.9 1 3  

8.5 1 

1 . 0  15 
26.3 
35.7 
55.8 

a 
16 
1 1  

6.9 38 
1.2 11 
2.5 14 

10.2 8 

8.6 
3.5 I7 

0 . 4  

15 
0 . 4  

0.8 0.5 
22.6 3 

17.0 I5 

1 . 2  0.4 
0.1 2 
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TABLE 5-5 (Continued) 

w 
I 

I 
I 

"" 

Soil U n l t r  S l t e  S p e c l f l c  Study Area 

Symbol 

31 
32 
33 
34 
35 
36 
31 
38 
39 
40 

42 
41 

43 
44 
45 

4 6  
41 
48 
49 
50 
51 
52 
51 
54 
5 5  

51 
56 

58 
59 
60 
61 
62 
63 
64 

U l P  
" 

Tota l  

Separate 
no. d 

" 
Ail*. (  

13 
,3 

1 'S 
I 

'> 
'I 

1 I3 
li 

'I 

:I 
li 

i! 
i' 
:I 

1 
f 
1 

8 

19 

1 2  
3 

5 

4 

3 

6 

3 
3 
5 
1 
1 

2 
1 

T O t l l  

1 k.8' I 
Area 

1.68 
1.11 
0.61 

2.85 
7.15 

4.91 
15.90 
19.05 

0 . 2 1  
0.33 
3 . 3 0  
1.82 
1.04 
0.65 
0 . 1 3  

0 . 1 0  
3.13 
0.43 
0.91 
6 . 8 1  
1.67 
4.46 
0.70 
1 . 0 9  

0.95 
0.59 

2.46 
5.44 

0.51 
0.65 
0.05 
0.96 
0.93 
1.10 

168.68 

- 

- 

Are1 Impacted 
(Hectares)  

7.3 
2.0 

8.3 

10.8 
0.4 

19.2 
29.1 
5.3 
1.2 

11.3 
11.7 

9.1 
4 . 5  

18.6 
1.2 
2.4 

30.6 
12.6 

1.6 

5 8 . 0  

5.7 

1 0 . 2  
5.7 

0.6 
5.9 
2.8 

13.9 

- 
663.8 

Percentage o f  
U n l t  i n  
5 . S . S . L  

4 
2 

1 
0.1 
2 
1 

20 
2 

4 
3 
6 

13 
6 
6 
3 

2 
3 

1 
0.4 

8 

6 
1 

29 
2 

56 
9 

15 

- 
4 

1- 
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( i i )  Resource P r o j e c t i o n  - Impact o f   t h e   P r o j e c t  
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A. Climate 

The e f f e c t s   o f   t h e   c o n s t r u c t i o n  phase o f  the  Hat Creek p r o j e c t  on the 

c l i w t e   o f   t h e   r e g i o n a l ,   l o c a l  and s i te -spec i f i c   s tudy   a reas  has  been  done  by 

Envil-onmental  Research  and  Technology, k Z 5 .  The poss ib le   (e f fec ts  on the 

cl imate  discussed  below  are a summary o f   t h e i r   f i n d i n g s .  

Dus t   f rom  the   cons t ruc t ion   ac t i v i t ies   wou ld  be the  on ly   emiss ion  that  may e f f e c t  

the  c l imate,   main ly   caus ing a s l i g h t  decrease i n  t e m p e r a t u r e .   I t w o u l d   r e s u l t  

from a reduc t i on  o f  s o l a r   r a d i a t i o n   i n c i d e n t   a t   t h e  ground.  However, the 
decrease i n  temperature  would  be  s l ight  and o f  consequence i n   t h e  immediate 

v i c i n i t y   o f   t h e   c o n s t r u c t i o n   a c t i v i t i e s .  It would  not  approach  the  natural 

v a r i l l b i l i t y   p r e s e n t   i n   t h e  annual  average  temperatures. 

B. Landforms 

Impacts t o  be  discussed  under  Section D . ,  "Soi ls" ,  and Sect ion 5.5, 
"Biophysical  Impact  Analysis". 

C. Geology 

The possible  impacts  were  (discussed i n  the  Minerals and Petroleum  Report 
by Dr.  P.T. McCullough . A summary appears  below: 1 3  

"The impact on geological  resources  relates to s ter i l i za t ion  o f  the 
resources, so that thczy carmot be  exploited. As a resul t   the   e f fects  
(of the  project occur p " a r i 1 y  during the  operating phase of  the 
,project. Effects during  construction  consist  of  utilization o f  local 
aggregate resources for construction purposes, but  these  czffects  are 
not  regarded as s ign i fhan t  because of the  large  aggregate  resources 
:that are  believed t o  k)e amitable  in  the  region and within  the Upper 
llat Creek Valley in  porticular." 
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D. Soils 

The impact on the so i l  re'source by construct ion  act ivi t ies  has  been assessed by 
combining the sensit ivity  analysis  of each so i l  type  with t h e  extent of 
each so i l  type alienated by the construction phase. This provided a means 
by'which the impacts on soil  could be identified  in terms of the type of 
e f fec ts  produced by disturbance and the relative  extent  of these effects .  

Construction  activit ies (base scheme) would alienate  (each  alienation 
being  greater  than 10 ha)  four  soil  types which exhibi t  a high ( H )  sensi t iv-  
i ty   to   dis turbance.  The soil   unit ,   area  affected,   sensit ivit ,y  parameter(s),  
and the  major  construction  activity  responsible  are  listed below: 

Soil Unit  17 

Soil U n i t  200 

Soil U n i t  25 

Soil Unit 14 

26.3 ha  h i g h  suscept ib i l i ty   to  IPIl 

10.2 ha h i g h  suscept ib i l i ty  t o  M1 

22.7 ha high suscept ib i l i ty  t o  OAl 

14.1 ha high suscept ib i l i ty   to  OD7 

dusting 

a lka l in i ty-sa l in i ty  problems 

a lka l in i ty-sa l in i ty  problems 

a lka l in i ty-sa l in i ty  problems 

Construction  activities  associated w i t h  the base scheme t h a t  would alienate 
soil  types  with moderate sens i t iv i ty  and where the alienation was greater 
t h a n  20 hectares have been identified.  The soi l  unit  area affected,  sen- 
s i t ivi ty   parameter(s) .  and the  major  construction  activity  responsible  for 
the impact a re  shown below: 

Soil U n i t  4 38.4 ;ha suscept ib i l i ty   to   a lka l in i ty  P3 
- sa l in i ty  problems 

Soil Unit 6A 46.7 ha suscept ibi l i ty   to   dust ing Mining 
and a1 kal i n i  ty-sal   ini   ty 
problems 

Soil  Unit 17  26.3 ha suscept ib i l i ty  t o  a lka l in i ty  M1 
- sa l in i ty  problems 

Soil  Unit 18 35.7 ha suscept ib i l i ty  t o  dus t ing  Mining, Offsite 
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S o i l   U n i t  19 

S o i l   U n i t  25 

S o i l   U n i t  38 

S o i l   U n i t  51 

So i l   Un i t  58 

55.8 ha 

22.7 ha 

29.1 ha 

30.6 ha 

70.2  ha 

s u s c e p t i b i l i t y   t o   d u s t i n g  

problems 
and a l k a l i n i t y - s a l i n i t y  

s u s c e p t i b i l i t y   t o   d u s t i n g  

s u s c e p t i b i l i t y  tu d u s t i n g  

s u s c e p t i b i l i t y   t o   d u s t i n g  
and a l k a l i n i t y - s a l i n i t y  
problems 
s u s c e p t i b i l i t y   t o   d u s t i n g  
and  a1 k a l   i n i   t y - s a l   i n i   t y  
problems 

Mining 

DA1 
OR1 
:J1 a n t  

I' 1 

The (consequences o f   s o i l   s e n s i t i v i t y  such as s u s c e p t i b i l i t y   t o   d u s t i n g  and 

a l k a l i n i t y - s a l i n i t y  problems  are t o  a large  extent  dependent upon the  type 

o f   c o n s t r u c t i o n   a c t i v i t y .   I n   t h e  case o f   s u s c e p t i b i l i t y   t o   d u s t i n g ,   t h e  

use o f   s o i l s   w i t h   t h i s   s e n s i t i v i t y   f o r   r e c l a m a t i o n ,  roadway, o r   i n   s t o c k -  

p i l e ! ;   c o u l d   r e s u l t   i n  problems o f  excess ive  dust   enter ing  the  env i ronment  

and c rea t i ng   p rob lems   fo r   su r round ing   vege ta t i on ,   l i ves tock   o r   w i l d l i f e .  
Dust  control  measures  such  as water ing ,   cover ing   w i th   less   sens i t i ve  

m a t e r i a l   o r   r e v e g e t a t i n g   c o u l d   m i t i g a t e   t h i s  problem. S e n s i t i v i t y   t o  
a l k a l i n i t y - s a l i n i t y  probleins  could  resul t   in  problems i f  t h e s e   s o i l   u n i t s  

a r e   d i s t u r b e d   i n  such a malnner t h a t   t h e i r   l e s s   d e s i r a b l e   c o n s t i t u e n t s  (e.g. 

h i g h   c h l o r i d e s   o r   a l k a l i e s )   c o n t a m i n a t e   a d j o i n i n g   s o i l   u n i t s   b e i n g  used f o r  

v e g e t . a t i v e   p r o d u c t i o n   o r   s o i l   u n i t s   t o  be used fo r   revegeta t ion .  

S e n s i t i v i t y  t o  dus t i ng  would occur on n e a r l y  a l l  the s o i l  unit!: i d e n t i f i e d   i n  
t h e   s i t e - s p e c i f i c   s t u d y   a r e a   w i t h   t h e   e x c e p t i o n   o f  sow o f  the   un i ts   ad ja -  

cent   to   the  Hat  Creek  and ' i t s  ma jo r   t r i bu ta r ies .   I n   genera l  t l?rms, the 
s o i l   u n i t s   i n   t h e   u p p e r   e l e v a t i o n s   w o u l d  have l o w   s u s c e p t i b i l i t y   t o   a l k a l i n i t y -  
s a l i n i t y  problems  and  the  lowland so i l s   wou ld  have  moderate t o   l o w   s u s c e p t i b i l i t y  

t o  these  problems. 

I n   a d d i t i o n   t o   t h e   s o i l   s e n s i t i v i t y  impacts,  the  impact on l ands   su i tab le  

o r   n o t   s u i t a b l e   f o r   t o p s o i l   r e c l a m a t i o n  have a l s o  been i d e n t i f i e d .  These s o i l  
un i t s   a re  shown below: 
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Soil  units  affected  t,hat have exce l len t   su i tab i l i ty  f o r  -topsoil 
reclamation and  with  affected  areas  greater  than 10 hectares  are: 

Soil U n i t  6A 46.7 ha 
Soil  Unit  18 35.1 ha 
Soil U n i t  27 17.0 ha 

Soil units affected  that  have moderate 

Mi ne 
Mi ne 
OAl  

s u i t a b i l i t y   f o r  t lsoi 1 
reclamation and with  affected  areas  greater  than 20 hectares  are: 

Soil U n i t  4 38.4 ha Mi ne 
Soil U n i t  1:) 55.8 ha Mine 
Soil Unit 38 29.1 ha  Offsi   te 
Soil Unit 51 30.6 ha P1 an  t 

!$oil  units  affected t h a t  have poor su i t ab i l i t y  for topsoil 
Ireclamtion and w i t h  affected  areas  greater  than 20 hectares  are: 

Soil U n i t  54 58.0 ha P1 ant 
Soil Unit 58 70.2 ha P1 ant 
Soil U n i t  27  16.2 ha moderate to  h i g h  s ens i t i v i ty  

sa l in i ty  problems 
t o  dus t ing  and a lkal ini ty-  

t o  d u s t i n g  and  a lkal ini ty-  
s a l in i ty  problems 

Soil U n i t  32 2.0 ha mderate to   hish  sensi t ivi ty  

S o i l  units 6A and 18 are  particularly  important  since  they have excellent 
suitability  for  topsoil  reclamation and are  located near areas where re- 
clamation would occur. Soi1' u n i t  27,  although also high i n  su i t ab i l i t y ,  
is  les's  important  since i t  i s  located  outside  of  the Hat  Creek 'Jalley and 
away from areas where extens.ive  reclamation would occur. 

The so.i1 units  affected by al ternat ive  construct ion  faci l i t ies  tlave  been 
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examined i n  r e g a r d s   t o   t h e i r   s e n s i t i v i t y .  The s o i l   u n i t s ,   t h e i r   a r e a   a f f e c t e d  
and  1;heir s e n s i t i v i t y   f o r   a i r p o r t ,   S i t e  A, are shown below: 

Faci 1 i ty OAl : 
S o i l   U n i t  16 4.8  ha  moderate t o  h-igh  sensi- 

t i v i t y   t o   d u s t i n g  
and a1 k a l   i n i   t y - s a l   i n i   t y  
problems 

S o i l   U n i t  215 13.8  ha  moderate  sens'i ti v i  ty t o  
d u s t i n g ,   h i g h   s e n s i t i v i t y  
t o   a l k a l i n i t y - s a l i n i t y  
problems 

Faci 1 i ty  OA4: 

S o i l   U n i t  16 0.8 ha  moderate  sens-i ti v i  t y  t o  
dus t i ng  and a'l k a l i n i  ty- 
s a l i n i t y  prob'lems 

S o i l   U n i t  24 0.8 ha moderate s e n s i t i v i t y   t o  
dus t i ng  and a l k a l i n i t y -  
s a l   i n i  t y  prob'l ems 

s a l i n i t y  problems 
t o   d u s t i n g  and a l k a l ' i n i t y -  

dus t i ng  and a ' l k a l i n i t y  
problems 

S o i l   U n i t  215 2.1 ha  moderate t o  h,igh s e n s i t i v i t y  

S o i l   U n i t  ;!7 0.8  ha  moderate s e n s i t i v i t y   t o  

For the a i r p o r t  a l t e r n a t i v e  ( O A 3 ) ,  a d e t a i l e d   s e n s i t i v i t y  has n o t  been  done 
o n   t h e   s o i l   u n i t s   a f f e c t e d   s i n c e   t h e y   o c c u r   o u t s i d e   o f   t h e   s i t e - s p e c i f i c  

stud,y  area. However, an examination o f  t h e   c h a r a c t e r i s t i c s  0.F these so i l  
un i t s ,  as d e s c r i b e d   i n   t h e  B.C. Department o f   A g r i c u l t u r e  soi'l survey16 

i n d i c a t e s   t h a t   t h e   s o i l s   w o u l d  have a r o d e r a t e   t o   h i g h   s u s c e p . t i b i l i t y   t o  

dus t i ng  and  problems o f   a l k a l i n i t y - s a l i n i t y .  The so i l   un i t s   (a f fec ted   wou ld  
be : 

S o i l   U n i t  TT 21.0 ha OA3 

S o i l   U n i t  f4T 13.4  ha OA6 
no i n d i v i d u a l   s o i l   u n i t  OA6 
greater   than 2 hectares 
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The f i r s t   a l t e r n a t i v e   a i r s t r i p ,   S i t e  A, would a l iena te  4 5 . 3  ha (112  acres 
land  area  directly, plus 4 .5  ha (11 ac re s )   l o s t  due to  i t s  access  roads. 
The second a l t e rna t ive   a i r s t r ip ,   S i t e  C, would al ienate  3 4 . 4  h a  (85 acres 
plus 1.5 ha ( 4  acres)   for   i ts   access  road. 

The sensi t ivi ty   of  the soil   units  affected by the construction  activit ies 
is shown i n  Table 5-6. The construction would only  affect  a re la t ively small 
area  of  soils  with  high  selisitivity  with the majority o f  the ac t iv i ty  
occurring on soi l   uni ts  wi.th low sens i t i v i ty   o r  on areas below the pre- 
scribed  area  size used in .this analysis. In terms of  overall  impact, 
based on so i l   sens i t iv i ty  ,to dus t ing ,  erosion and a lka l in i ty-sa l in i ty  
problems, the plant,  mine and o f f s i t e   f a c i l i t i e s  can be ranked as  follows 
during the construction phase i n  decreasing  order  of impact as: mine, 
offs i te ,   p lant .  

(c)  Operation 

( i  ) Environmental Changes 

'This section  deals  with the  impact on the s o i l s  and climate  associated  with 
.:he operation  of the mine and  power plant. As indicated  earlier,   the mine 
,]as been arbitrari ly  divided  into  construction'  and operat ion  faci l i t ies .  
Fiftecrn percent has been al'located  to  construction and 85 percent  allocated  to 
the operation  phase. During the  operation  phase, the northern Hat Creek 
Valley would entai l  a considerable amount  o f  physical  disturbance. The 
p i t  would continue t o  expand, producing large amounts of  coal, overburden 
cnd waste rock.  This  material would be transported t o  the appropriate  coal 
storaqe  or  waste dumps located  in the northern  portion  of Hat  Creek Valley. 
P ,  ser ies  o f  catchment ditch1.s  would be required around the circumference 
o f  the mine and waste dumps t o  prevent surface and near-surface  seepage 
water from flowing in to  the p i t   o r  runoff from the waste dumps from contam- 
inating the groundwater  supply. An estimated six la~goons would be neces- 
sary t o  co l l ec t   t h i s  water. 

m -  
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S e n s i t i v i t y   P l a n t  

High - 

Med i u m  96.7 
I 

W 

Ul 

0 

TABLE 5-6 
AREA WITHIN EACH O V E R A L L  SOIL SENSITIVTTV C L A S S  AL!ENATED 
BY THE CONSTRUCTION OF PLANT, MINE AN0 OFFSITE FACILITIES 

(HECTARES 1 

Low o r  Non- 
C l a s s i f i e d *  

- Mine 

30.0 

108.6 

O f f s i t e   C o n s t r u c t i o n   T o t a l  

27 .9   57 .9  

62 .2   267.5  

554 .9  

M a j o r   S o i l   U n i t s  
A f f e c t e d  

1 4 ,  1 7 ,  200, 25 

4 ,   6 A ,   1 7 ,  1 8 ,  1 9 ,  
25,  38, 51.   50  

N ” - P ~ > - - ~ S < - A  
I.vII r , U a 3 1 1 1 S ~  , S I C I ~  i o  l a n d s  n o t   i n c i u a e a  because a l i e n a t i o n  was 
below t h e   p r e s c r i b e d   a r e a   s i z e   ( i . e . ,   l e s s   t h a n   1 0   h e c t a r e s   f o r   h i g h  
s e n s i t i v i t y ,   l e s s   t h a n  20 h e c t a r e s   f o r   m o d e r a t e   s e n s i t i v i t y ) .  



" 

The operat ion  o f   the  p lant :   would  a l ienate  lands  by  the  format- ion  o f  ash 

disposal  ponds. The l a r g e   q u a n t i t i e s   o f   f l y  and  bottom  ash  produced  by 

the power p lan t   wou ld  be disposed o f   i n   t h i s  manner. This  represents  the 

major. impact i n   t h e   o p e r a t i o n   o f   t h e  power p lan t   excep t   f o r   t he   poss ib le  

w i d e r a n g i n g   e f f e c t s   o f   t h e   a i r   e m i s s i o n s  produced  and t h e i r   e f f e c t s  on 

c l ima te .  

A. Q u a l i t a t i v e  Assessment 

The q u a l i t a t i v e  assessment f o r   t h e   o p e r a t i o n   o f   t h e   p l a n t   i s   t h e  same as 
o u t l i n e d   f o r   t h e   c o n s t r u c t i o n  phase, Sect ion  5 .4(b)( i )A.  

6. D i  rec t Loss 

The a l i e n a t i o n   ( d i r e c t   l o s s / d i s t u r b a n c e )   o f   s o i l s  by p r o j e c t   o : > e r a t i o n  
a c t i v i t i e s  has  been determined  by  superimposing a p l a n   o f   t h e s e   a c t i v i t i e s  

( a t  a l l  approximate  scale o f  1:24,DOO) over  the s o i l s  mapping f o r   t h e   s i t e -  

jpeci,Fic  study  area. The a l ienated   a reas  ;have  been measured  and r e p o r t e d   i n  

terms o f   s o i l   t y p e  and  whether  the a c t i v i t y   i s   a s s o c i a t e d   w i t h   t h e  mine, 
] p l a n t   o r   o f f s i t e s .  The a c t i v i t i e s   c o n s i d e r e d   i n   t h e   o p e r a t i o n  phase are 

g i ven   i n   Tab le  5-7.  

- M i  ne 

;he a r e a l   e x t e n t   o f   t h e   s o i l   u n i t s   t h a t   w o u l d  be a1 i ena ted  as the r e s u l t  of 

nlinincJ a c t i v i t i e s   d u r i n g   t h e   o p e r a t i o n  phase o f   t h e   p r o j e c t   a r e  shown i n  

Table 5-7. The p r i n c i p a l   m i n i n g   a c t i v i t i e s  (i .e.,  open p i t   # l ) ,  Medicine 
(:reek  waste dump (M2).  Houth Meadow waste dump (M), t o p s o i l   s t o c k p i l e   f r o m  
a i r s t r i p  (M12), t opso i l   s to ' ckp i l e   a t   sou th   Med ic ine  Creek (M13) and low 

grade  coal  stocking  area (M15) and t h e   s o i l   u n i t s   t h a t   t h e y   a f f e c t   a r e  
a l s o  shown i n   t h i s   t a b l e .  

The mine ( M l )  and the two  waste dumps (M2 and M4) would a f f e c t   t h e   l a r g e s t   l a n d  
areas and r e s p e c t i v e l y   a l i e n a t e  31, 23 and  29 percent o f  2100 hi1 (5187  acres) 

5-31 



TABLE 5-7 
DIRECT  ALIENATION FROM OPERATION - BASE SCHEME 

(AREAS I N  HECTARES) 

4 
6A 
68 
7 

10  

1 6  
15 

1 1  
18  

20A 
19 

20s 
2 O C  

2 O E  
200 

2 1  
2 8  

34 
11  

35 
36  
31  
3 8  
42  
4 5  
4 1  
5 1  
5 1  
5 ?  
5 1  

5 ' i  
5 1  

5ii 
5 1  

6 0  
5 '> 

6 
6 1  
6 11 
MI1 

unc: 1 . 

3 3 . 4  - 
4 1 . 6  - 6 4 . 7  - 1 . I  
3 4 . 4  . ~. 

~ 1 6 . 5  - 0.4 
1 . 6  

6 . 9  - 
6 . 9  - 

1 4 . 1  ~ 

5 7 . 9  - 1 1 . 8  - 
1 9 . 6  - 
4 8 . 8  - 

1 . 2  

- 6 0 . 7  2 5 . 0  - - 32.0 ~ 

- 5 9 . 1  . - 2 3 . 5  - 
4.0  - 

- 4 3 . 7  - 2 .0  - 

1 9 . 0  
7 1 . 3  

3 . 4  
2 . 9  

0 . 4  
0 . 4  
0.8 

1 . 6  - 0.4 - 58.1 - 
13 .0  3 8 . 8  2 . 0  - 7 3 . 1   5 0 . 6   5 . 1  

1 . 6  

0 .8  - 28 .1  - 
0 . 8  

5 . 7  - 
- 1 3 1 . 2   1 2 9 . 9  - - 2 3 . 9  - 

0.8 
1 . 6  

1 8 . 8  ~ 

- 7 . 3   1 . 6  - 
- 81 .0  - . 5 1 . 0  ~ - 9 1 . 9  - 

2 0 . 6  - 4 1 . 3  - 
0.4  
2 . 4  
4 .0  
5 . 9  . " - 

1 0 8 . 0  - 3 3 . 4  - 
3 4 . 4  - 
7 8 . 1  - 0 . 4  - 

0 .8  
1 . 6  1 2 . 5  

1 1 5 . 6  - 
5 0 . 6  - 

1 0 8 . 4  - 
6 . 9  - 

1 4 . 1  - 6 . 9  - 
7 6 . 9  - 
1 9 . 6  - 
48 .8  - 
12.0 - 

133.3 11.1 
1 0 8 . 1  - 

21.5  - 

. ... 

- 1 1 . 3  

4 . 4  - 
4 4 . 5  4.9  

2.4 1 4 6 . 1  - 1 1 . 8  
2 . 0  2 0 . 2  

2 0 1 . 2  8 9 . 0  
60.3 2 . 4  

28 .3  31.0 
0.8 1 2 0 . 2  

0 . 8  9 .3  
5 . 1  3 5 . 2  
0 .8  85.0 

2 6 8 . 7  8 . 6  
23 .9  - 
7 8 . 8  - 8 . 9  ~ 

8 3 . 4  - 
9 5 . 9  - 5 3 . 4  ~ 

6 1 . 8  6 0 . 1  

3 3 . 4  
1 0 8 . 0  

34.4 

1ol:aI 6 5 2 . 0 4 8 1 . 2  6 1 5 . 1   6 1 . 8   9 9 . 4   1 2 3 . 5   6 1 . 6   2 1 0 0 . 6  660 .1  12.9 6 7 3 . 6   2 7 7 4 . 2  
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.I 
I o f  Land a l i e n a t i o n   a t t r i b u t a b l e  t o  m i n i n g   a c t i v i t i e s .  

I- 

" 

w r .  

...I 

" 

1 -  

1 
I 

The ! ;o i l   un i ts  most a f f e c t e d  b y   t h e   m i n i n g   a c t i v i t i e s  would be: U n i t  6A 

(108 ha o r  266 acres),  Unit 10 (78.1 ha o r  193  acres), Unit 1'7 (175.6 
ha 01- 434 acres) ,   Uni t   18 (50.6  ha o r  125 acres) ,   Un i t  19  (108.4 ha o r  

268 acres) ,   Un i t  200 (76.91 ha o r  190  acres),   Uni t  34 (108.1  ha o r  267 
acre!;), U n i t  35 (133.3 ha o r  329 ac res ) ,   Un i t  50 (60.3 ha o r  '149 acres), 

U n i t  51  (203.2 ha or  502 acres) ,   Un i t  57  (268.7  ha o r  664 acres) ,   Uni t  

62 (78.8  ha o f  195 acres),   Uni t   63  (83.4  ha o r  206 acres) and U n i t  64 

(53.4  ha o r  132 acres).  

- P1 a n t  

The a r e a l   e x t e n t   o f   s o i l   u n i t s   t h a t   w o u l d  be a l i e n a t e d  due t o   p l a n t   a c t i v i -  
t i es   du r ing   t he   ope ra t i on  phase o f  t h e   p r o j e c t   a r e   a l s o  shown i n  Table  5-7. 

This   a l ienat ion  would be t h e   r e s u l t  o f  two a c t i v i t i e s   p r i m a r i l y ;  f i rst ly, 

the  wet  ash disposal  schem'e pond  and dam (P6) which  accounts  for  660.7 ha 
(1632 acres)   o r  98 percent o f  t h e   t o t a l   l a n d   a l i e n a t e d ,  and  secondly, 

the  wet  ash  disposal scheme ash  conveyance  system  (P7)  which  accounts  for 
12.9 ha  (32  acres) o f   t h e   t o t a l .  

The s o i l   u n i t s  mos t   a f fec ted   by   t he   p lan t   ope ra t i on   ac t i v i t i es   wou ld  be: U n i t  

38 (148.3 ha o r  366 acres) ,   Un i t  5 (96.7  ha o r  239 acres) ,   Uni t  52 (120.2 

h a   o r  297 acres) and U n i t  56 (85.0 ha o r  210 acres). 

The a l t e r n a t i v e  schemes f o r  ash d i sposa l   du r ing   t he   p lan t   opemt ion  phase 
are shown i n  Table  5-8. The wet  ash  disposal scheme a l te rna t i ve   bo t tom 
ash dump (P7.5)  would  al ienate  the same area as P6 p lus   t he   add i t i ona l  
180.6  ha (446  acres) shown i n   t h i s   t a b l e .  The d ry  ash  disposal scheme 

(P8  and P9) wou ld   a l iena te  303.6 ha (750 acres)   w i th   the   so i l   lun i ts   most  
i i g h l y   i m p a c t e d   b e i n g   U n i t  37 (63.5  ha o r  157  acres) an,d Unit 51 (174  ha 
lor 4311 acres). The d r y  ash. disposal  scheme I1 (P10 t o  P13) would  a l ienate 
!60;5 ha (643  acres)  and  would  impact most h i g h l y   S o i l  Unit 51 (135.9  ha 

or 3% acres). 
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"- S o i l  U n i t  

1 5  
1 6  
2 8  
3 5  
3 7  
38 
4 2  

45 
4 7  
50 

51 

52  
5 3  

54 
5 5  

56  
57 
58 
59 
15 0 

Unclass i f i ed  

TABLE 5-8 
DIRECT ALIENATION FROM  PLANT  OPERATION 

PIROPOSED ALTERNATIVES 
(AREA I N  HECTARES) 

l o  t a  1 

" 
P7.5 P8 & 9 P 1 0 - 1 3  

" 

.. - 2 . 0  
9!3.3 174 .1  1 3 5 . 9  

6 .5  13.8  2 .4 
24 .3   20 .2   24 .3  
1 9 . 8   1 5 . 0   2 5 . 1  

2.4 2 . 4   2 . 4  - 
1 8 0 . 6   3 0 3 . 6   2 6 0 . 5  

a- 
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a 
II Offs i te   Fac i l i t i es  

NO direct   loss  of  the  soil   units would be expected from the operation of 
1.he o f f s i t e   f a c i l i t i e s .  

r 
I 

" 

Sumnary 

l'he operation of the mine alld p lan t   fac i l i t i es   a l iena tes  or disturbs 2774 
ha  (6852 acres) of s o i l s .  The proportional impact of t h i s  operation rela- 
t ive to the  areal  extent o f  the soils within the si te-specific  study area 
are shown in Table  5-9.  This table  shows t h a t  areas t h a t  would be alienated 
t o  the  highest  percentage  are  soil  unit numbers 17 ,  208, 20C, 20D, 20E, 21, 
35,  51,  53,  55,  56,  57, 61 and 62. Of these,   soil   units 17 and 2 are 
c lassi f ied  as   agr icul tural ly   arable  or par t ia l ly   arable ,  Unit 238 has no 
agricultural  significance and the remaining units have agricultural  grazing 
significance. 

The soil   units  affected would encompass a b o u t  2774.2 ha (6852 ac:res)  of 
the  total  area o f  the s i te -spec i f ic  s tudy  area of 168 km2 or 16 percent. 

C. Dust 

The operation phase would have the same problems w i t h  d u s t  as  the  construc- 
t i o n  phase when disturbing  soil  units w i t h  suscept ib i l i ty  t o  dusting. 

D. Air Emission Effects on Climate 

The effects  of the operation o f  the Hat Creek project on the c l i m t e  o f  the 
rctgional,  local and si te-specific  study  areas has been  done by Environmental 
Research and Technology, k Z 5 .  The possible  effects on the  climate  dis- 
cussed below are a sumnary of their findings. 

Mi ne 

Tte mine operation would generate  fugitive d u s t  emissions from the movement 
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..) TABLE 5-9 
S O I L   U N I T   A L I E N A T I O N  AND DISTURBANCE COMPARED 

TO S I T E - S P E C I F I C  STUDY AREA 

" S o 1 1  U n l t r   : S i t e   S p e c i f i c  S t u d y  A r e a  

Y "  

5Y.bO1 
l ld p 
"" 

1 
2 

4 
3 

5 

6A 

6 0  
7 
8 
9 

1 0  
1 1  
1 2  
13 

1 5  
1 4  

1 6  
1 7  
1 0  

1 9  
Z O A  

2 0 0  
zac 

z a t  
200 

21 

23 
2 2  

2 4  

2 5  

27 
26  

2 9  
28 

30 
31 
32 

i e p a r c e  
NO.  0'' 

A l e d l  __- 
3 
3 
2 
3 

1 2  
2 

3 

2 
I 

1 
2 
I 
2 
5 

1 1  
10 

1 2  

2 
1 

9 
1 
1 
1 
1 
1 
I 
1 
1 

1 0  
8 

3 
3 

9 
5 

2 
8 

I O  

T D t l l  

l k m ' )  
A i r e l  

0 . 9 1  
1 . 1 1  
1 . 9 6  
I .37 
0 .14  
2.69 
0 .86  
0 . 5 4  
1 . 2 5  

0 . 1 7  
2.39 

1 . 7 4  
I .62  

5 . 2 5  

4 . 2 2  
0 . 2 2  

0.48 

2 . 2 6  
3 . 2 3  

0. I0 
5 . 2 4  

0.07 
0 .18  

0 .21  

1.30 

0 . 5 8  

0.95 
0.19 

- 

1 . 5 2  
7.10 

1 . 1 5  
1.22 

0.91 

0 . 2 2  
3.04 

1 . 6 0  
1 . 1 1  

A r e a  I m p a c t e d  
( H c c t a r r r l  

33.4 

1 0 8 . 0  
34.4 
0.4 

7 0 . 1  

0.0 
20 .1  

1 7 5 . 6  

108.4  
5 0 . 6  

6 .9  
6.9 

1 4 . 1  

7 6 . 9  
1 9 . 6  
48 .8  

1 1 . 3  

3 2 . 0  

P e r c e n t a q e  o f  
u n i t  I "  
S . 5 . S . A . -  

24  

40  

4 0  

0 . 7  

33 

0 . 2  
12 
5 <  

2 1  
2 2  

99 
30 

70 
59 
93 
8 4  

1 2  

1 9  

" 
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:'ABLE 5-9 (Continued)  

" 
s o i l   U n i t s   S i t e   S p e c i f i c   S t u d y  A r e a  

3 3  
34 

35 

36 

3 1  
38 

39 

4 1  

40 

4 2  
4 1  

45  

44 

46 

4 7  
4 8  

49 

50 
51 

53 

5 2  

54 
55 

56 

58 

57 

59 

60  
61  

6 2  

63 
64 
RO 

U n c l a l s i f i e d  

10 t d  I 

15 

1 

9 

4 

1 8  

6 

1 

I 
3 
6 

2 
2 
1 
I 
6 

1 
3 

1 9  
8 

12  3 

9 
5 

4 
6 

3 
3 

5 
1 
1 
1 

2 

T O  t a l  
Area 

Ikrnl) - 
0 . 6 1  

7.15 

4.97 

2 .85  

1 5 . 9 0  

1 9 . 0 5  

0 . 2 7  

0 . 3 3  

3 . 3 0  

1 . 8 2  

1 . 0 4  
0 . 6 5  

0 . 7 3  
0 . 7 0  

3 . 3 3  
0.43 
0.91  

6 . 8 7  
4.67 

4 .46  

0.10 

0.59 
1.09 

0 . 9 5  

5.44 
2.46 
0.51  

0 . 6 5  
0.05 

0 . 9 6  

0 . 9 3  

1 . 1 0  

- 
168.68 

Area I m p a c t e d  
( H e c t a r e s )  

1 0 8 . 1  

142.2 

23 .5  

1 5 0 . 1  

4 . 4  

49.4 

11.8 

2 2 . 2  

299.9 
6 2 . 7  

1 2 1 . 0  
62.3 

12.5 
40.9 

8 5 . 8  

277.3 

21.9 

9.3 

78.8 

83.4 

53.4 
9 5 . 9  

128.5 

2114.2 

~ 

p e r c e n t a g e  O f  
u n i t  i n  
S . S . S . A .  

1 s  

50 
5 
0.2 

8 

27 

16 

7 

9 
64 

27 

8 9  

6 g  

2 

90 
5 1  

47 

1 4  

8 2  

4 9  

9 0  

- 
1 6  



a ... of heavy equipment within the p i t  and  along the unpaved h a u l  rl~ads. Blast- 
' ing in the p i t  would also  generate  dust. Once areas  are c1earl.d of  vegeta- 
Lion, they are exposed t o  hfind erosion, which ERT25 has shown ,ds the most 
Ijignificant  generator of fugi t ive dust emissions. Wind erosioll may produce 
!)41,000 kglyr  (2,070,200 l W y r )  of  fugit ive dust,  while  overblrden haul 
roads may produce  381,000 kglyr  (8,383,000  lbs/yr) and overburden  removal, 
96,000 kglyr (431,000 l b s l y r ) .   I t   i s  expected t h a t  a to ta l  o f  2,288,800 

I:g/yr (5,035,360  lbslyr) would  be generated by a l l   a c t i v i t i e s .  These values 
~ISSUM!  the following  types  of d u s t  control  techniques  being employed: 

( 1 )  frequent  watering of  haul roads and  exposed surfaces,   result ing 
in a 50 percent  control  of d u s t ;  

( 2 )  a  speed l imi t  of 25 km/hr  (15 mph) would be used on 2111 haul roads 
t o  yield  a control  efficiency  of 80 percent; 

( 3 )  the l and  reclaimed from the  waste dumps midway in t h e  l i f e  of 
the mine (year 2005-2006) would  be the only  reclaimed  area by 
the model year 2017-2018; and  

(4)  the conveyor system would be completely  enclosed, resul t ing i n  
100 percent  control. 

towever, many mining activit ies  take  place below ground level a n d  the 
natural   cl imatic  variabil i ty may s ign i f icant ly  reduce these  estimated 
values. 

Consequently, even with the use o f  d u s t  suppression  techniques, a substan- 
t i a l  amount of d u s t  would bl? generated by mining ac t iv i t i e s .  However, the 
possible  effect  of th i s  amosmt of dust on climate would be localized  in 
the immediate vicinity  of the mine and waste dump areas  (si te-specific  study 
area) .  The possible  climat'ic  effect i s  a  temperature  decrease due t o  a 
reduction  of  solar  radiation incident a t  the ground. However, the degree 
of  cooling would be very small when compared t o  the natural   variabil i ty of 

the annual average  temperatures and  i s  not  expected t o  a l t e r  t h e  growing 
szason. 
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II. 

I 

P1 ant __ 

The operation  of  the p l a n t  would consist   of the generation  of  f?lectricity 
tly four nominal 500 W units exhausted by a single 4-flue chimrey of either 
366 m (1200 f t . )  or 244 m (800 ft.) stack. One of two types o f  emission con- 
t ro l   s t ra teg ies  may be used, e i t h e r  flue gas desulfurization o r  meteorolog- 
ical  control  systems. 

The waste  heat  generated by the plant would be discharged by mews of two 
evapomtive  natural  draft  cooling towers. 

The possible   effect  on the climate  of the local  study  area of the operation 
0.' the  plant would be: 

(1 1 precipi ta t ion enhancement, 
( 2 )  thermal a1 terat ions,  
( 3 )  snow cover,  persistence and depth, 
(4)  ground-level  fogging and ic ing.  

Re~ional ly ,  no climatic  al terations  are  expected. The enhancement o f  pre- 
ci11itat.ion may r e su l t  from the operation o f  the cooling  towers. A total  
of 5 x 'IO7 kg (58,000 tons)  of  evaporated  water and about 7 x l O I 3  ca lor ies  
( X  x 1010  Btu) would  be l iberated to the atmosphere each day of operationz6. 
This  moisture and heat may cause a small  increase i n  precipitation. LOW 

cumulus clouds may form  on da,ys characterized by natural convection insta- 
b i l i t y  i n  the vicinity  of the p l a n t   s i t e .  

The h o t  stack  gases,  cooling tower plums and reduction of solar  radiation 
incident a t  the ground by aerosols i n  the stack plume may cause  temperature 
changes. The e f f ec t  of the hclt  stack  gases and cooling tower  plurles i s  
expected t o  be small. The h o t  stack  gases would  be released a t  a su f f i c i en t  
a l t . t ude  t o  allow  dispersion and a thermal equilibrium w i t h  the  anbient a i r  
uporl reac:hing surface level.  The heat  contained i n  the cooling tower plume 
has been shown by ERT's cooling tower plume simulation model t o  be 

5-41 



I )  
II 

r 
I 

s- 

m -  

d i s s i p a t e d   w i t h i n  a downwind d i s t a n c e   o f  500 m. Stack plume aerosols   are 

not   expected  to   reduce  the amount o r   i n t e n s i t y   o f   s o l a r   r a d i a t i o n  a t  t he  

ground i n  any s i g n i f i c a n t  way. Consequently,  no  temperature damages are 

expec:ted due t o   t h e   p l a n t   o p e r a t i o n .  

A s l i g h t  enhancement o f  a few cen t ime t res   o f  snow per   year   i s   expec ted  

w i t h i n   t h e   i m m e d i a t e   v i c i n i t y   o f   t h e   p l a n t  as  a r e s u l t   o f   c o o l i n g   t o w e r  

d r i f t . .   T h i s  phenomenon can occur when: 

(1 )   the   ambien t   a i r   tempera ture   i s   be low -12OC; 

( 2 )  r e l a t i v e l y   s t a b l e   a t m s p h e r i c   c o n d i t i o n s   a r e   p r e s e n t .   a t  plume 

he igh t ;  and/or 

( 3 )  there  are  large  cool ing  tower  vapour  emissions. 

These c o n d i t i o n s   o c c u r   r e l a t i v e l y   f r e q u e n t l y   i n   w i n t e r   i n   t h e   H a t  Creek 

area. 

The i n c i d e n c e   o f   f o g g i n g  and i c i n g   i s   n o t  expected t o   i n c r e a s e  as a r e s u l t  

o f   c o o l i n g   t o w e r   o p e r a t i o n   w i t h   t h e  use o f  t he   na tu ra l   d ra f t   des ign .  

O f f s i t e   F a c i l i t i e s  

No impact on c l i m a t e   f r o m   t h e   o p e r a t i o n   o f   t h e   o f f s i t e   f a c i l i t i e s  i s  
expected. 

E .  Air Emissioi i   Ef fects on S o i l s  

The operation  of  the  propo!jed  Hat  Creek power p l a n t  and assoc i3 ted   coo l ing  
towers  would  release many (laseous  and p a r t i c u l a t e   c o n s t i t u e n t s   i n t o   t h e   s u r -  

rounding  atmosphere. The major  emission  from  the power p l a n t  would be s u l f u r  
d iox ide   a f te r   carbon  d iox ide  and water  vapour.  Other  emission's  would  include 

oxides of  nitrogen,  hydrocarbons,  carbon  monoxide, and a wide  range of 
t race   e lemen ts   l a rge l y   i n  .:he form o f   particulate^^^. In   addi . t ion,   the 

conversion o f   s u l f u r   d i o x i d e  and n i t r o g e n   d i o x i d e   t o   s u l f a t e s  ,tnd n i t r a t e s  

a- 

m I 
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(SO; and NO;) and c r e a t i o n   o f   " a c i d   r a i n "  would be o f  consequence e s p e c i a l l y   t o  

so i l   aspec ts .  The cool ing  towers  genera l ly  

heat  and water  vapour. 

L i t t l e   o r  no i n f o r m a t i o n  i s  a v a i l a b l e  as t o   t h e   i m p a c t   o f  air emissions on 

the  soi l   resourceZ7.  Most  sources  only  deal wi th v e g e t a t i o n   o r  wildlife. 
Except i n  the  case o f   "ac id   ra in " ,   coo l i ng   t ower   em iss ions  and p a r t i c u l a t e s ,  

most  impacts  would be  as  a r e s u l t   o f   a b s o r p t i o n  by   the   vegeta t ionof  gaseous 

emiss ions ,   t hen   depos i t i on   i n to   t he   su r face   so i l s   by   l i t t e r fa l l   o r   t h rough-  
f a l l   p r e c i p i t a t i o n .   I n   t h e  case o f   coo l ing   tower   emiss ions ,   par t i cu la tes  
and "ac id   ra in "   d i rec t   depos i t ion   cou ld   take   p lace .  

[ l i rect :   deposi t ion  would have the  most  impact on s o i l s .   I n d i r e c t  depo- 

s i t i o n   i n   t h e   f o r m   o f   l i t t e r f a l l  and throughfal l   probably  would  have  less 

{If an impact .   Th is   resul ts   f rom  vary ing  absorpt ion  ra tes between p l a n t  

!;pecit?s,  season  and d i u r n a l   v a r i a t i o n s   i n   a b s o r p t i o n ,  and l o c a r i o n   o f  

element  storage^ (e.g. ,   bark,   leaves  or  stems).   In any case,  gaseous  emis- 

s ions   o f   ox ides   o f   n i t rogen,   carbon monoxide  and  hydrocarbons  are  expected 

::o have  no impact on the   so i l s .  The s o i l  uptake o f   s u l f u r   f r o m   l i t t e r f a l l  
would  have a minor  impact, i f  any,  on s o i l s   t h a t   a r e   e i t h e r   s u l f u r - d e f i c i e n t  
o r   r i c :h .  The f i r s t  case  would  be b e n e f i c i a l ,  as s u l f u r   i s  an essent ia l   e lement 

t n d  used extens ive ly   by  su l i 'o fy ing  bacter ia ,  and t h e   l a t t e r w o u l d  have  no impact 

t n less   so i l   su l fu r   l eve l s   a re   ex t reme ly   h igh   o r   anaerob ic   cond i t i ons   ex i s t  
hhe re   su l fa tes   a re   read i l y  reduced t o   s u l f i d e s ,   i n c l u d i n g  hydrogen s u l f i d e ,  
lrhich i s  t o x i c ,  

The impact o f   " a c i d   p r e c i p i x a t i o n "  oould  possibly  reduce  the soi l  pH 
due t o   s u l f a t e s  and nitrate:;  being  scavenged  from  the  atmosphere and 

deposited i n  the  form o f   s u l f u r i c  and n i t r i c   a c i d  on the  sur face  so i lz8.  

Th is   ac id i fy ing   p rocess   cou ld   lead   to  a reduc t i on  i n  ca lc ium and o the r  
b3ses  ,md a reduced a c t i v i t y   o f   s o i l   m i c r o  organisms. p a r t i c u l a r l y   n i t r i f i e r s  

and n i . t rogen- f ixers .  However, i t  i s  expec ted   tha t   w i th in   the   loca l   s tudy  
a-ea,  because o f   t h e   h i g h   b u f f e r i n g   c a p a c i t y   o f   t h e  soils,  thew  wou ld  be 
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no ilnpact.  This i s  t rue even in  the  "worst  case"  with  precipitation having 
a pH of 3 . 7  as  presented  in  the  Report of the Acid Rain  Comnii:tee28. 

The ,regional  study  area has n o t  been investigated in enough detail  t o  make the 
same assumption. However,, since many of the so i l s   in  this rel~ion are 
deri,ted from limestone anti basal t ,  b o t h  of which are high in  (alkalies, 
most s o i l s  could be expected to  be unaffected. Only in areas derived from 
granitic  deposits with  podzolic s o i l s  could minor impacts be expected. 

The (cooling towers associated w i t h  the  proposed Hat Creek power plant would 
uti1,ize  water from the Thompson River. The evaporative  cooling  in such 
towers would resu l t  i n  the entrainment  of  water  droplets  containing 
dissolved  sol ids ,   par t icular ly   sal ts ,   in  the stream  of a i r  and water vapour 
they  emit. Condensation of this  water could resu l t  in visible plumes  whose 
chemical composition reflects  that  of  the  cooling  water. In ;:he case o f  
Thompson River water, i t  would be recycled 14  times  before  release, con- 
sequently, a concentration of the  dissolved  solids would take  place. 

ERT has provided an assessment  of the atmospheric  effects and deposition 
isop'leths  for  four  alternative  cooling tower designsz6. Of these four de- 
sign:;,  the two natural   draft  towers are  the  preferred  option. The projected 
maximum deposition  rates w o u l d  bez6: 

Four round mechanical d r a f t  towers 51,4CO kg/km2/year 
Four rectangular mechanical d r a f t  towers 24,150 kg/km2/year 
Two natural d r a f t  towers 4,717 kg/km2/year 
Four natural  draft towers 8,760  kg/km2/year 

In a l l  cases, the  deposition  rate would d rop  t o  560 kg/km2/year within 3 k m  of 
the towers. Maximum deposition  generallywould  occur  within one kilometer  of 
the cooling towers. 

The consequences  of these deposition  rates and dissolved  solids t o  the so i l  
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resources would be increased  moisture  regimes and sal t   contents  of .the s o i l .  
ERT'" has predicted  salt   deposit ion  rates due to  cooling tower d r i f t   f o r  
the four  cooling tower designs. The annual predicted  salt   deposit ion 
rates would be as fol  lows: 

Four round mechanical draf t  towers 242 kg/ha/yr (215 lblacrelyear) 
Four rectangular mechanical draf t  towers 513 kg/ha/yr  (458  lblacrelyear) 
Two n a t u r a l  d r a f t  towers 47 kg/ha/yr (42 lblacrelyear) 
Four natural d r a f t  towers 86 kg/ha/yr (78 lbldcre/year) 

Refewnce to  Table 5-2 and Map 4-4 shows t h a t  the majority of the s o i l s  w i t h -  
in thi? s i t e -spec i f ic  s tudy  area have a high a lka l in i ty  and sa l in i ty .  
Therefore,  addition o f  the s a l t s  Ca, Mg and Na could causeexcess ive   sa l t  
l.eveli in  soil   units with a h i g h  a lka l in i ty-sa l in i ty .  These h i g h  s a l t  
level:;  could  lead t o  secondary  impacts on vegetation,  livestock and wildl i fe .  
'legetation t h a t  is  not  tolerant  to such  high sa l t   l eve l s  may  be degraded, 
.:bus, affecting both wildl i fe  and l ivestock. In addition, the high s a l t  
'evelr;  could change the  nutrient  availability  within the surfac:e  soils. 

As a potential  benefit  to the a r i d   s o i l s  of  the  site-specific  study  area, 
t.he ccNo1 ing tower pl lrme could  provide  additional  moisture.  Moisture i s  un-  
toubtedly the most important  l imiting  factor  to p l a n t  growth i n  the local 
study  area.  Therefore, the addition  of  water  to the s o i l s  would benefit  the 
vegetat ion as well as  livestock and wildl i fe .  

Particulates and i n  particu7ar  their  associated  trace  element  ll?vels  are 
of  potential concern  because of the possible  secondary  impacts ,to livestock 
a i d  wildl i fe  t h a t  have constrmed vegetation growing i n  soils  possessing high 
trace Ielement concentrations,. High natural   soil   levels  in  the t o p  5 cm 
(:? in . )  of soi l  were reported by ERTZ9 for   arsenic ,  cadmium,  chromium, 
fluorine and selenium. Further additions of these trace  elements  could 
result i n  high soil   levels.  Of these arsenic.and  selenium  are of part icular  
concern  since  ingestion  of  vegetation  containing  high  levels o f  these 
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1?1emerlts could  injure  livestock and wildl i fe .  However, since lnuch of the 
avai labi l i ty   of  trace elements  contained  in the so i l  i s  a fundion  of so i l  
pH and nutrient and moisture   s ta tus ,   very  l i t t le  can  be said abou t  what 
the secondary  impacts might be. Fluorine  presents a fur ther  problem be- 
cause i t  is a cumulative  element and high levels  could  buildup. However, 
the  fact   that   f luorine  is   generally immobile in the soil  negates much of the 
problem of  plant  uptake from the so i l  30, 31, 32 

F. Waste Disposal 

lhe ash  disposal schemes fo r  the plant would require  drainage  ditches around 
the ash pond perimeter  to  catch  surface and near-surface  waters from the 
adjacent  highlands  before  they  reach  the ash ponds. The water i n  the wet 
ash  disposal scheme  would be disposed o f  by evaporation  as well as  recycled 
f3r th , ?  sluicing of ash. 

Tqe wa'ste disposal for the mine  would require  large  waste dump ,areas t o  
axommodate the  large  quaniti t ies o f  waste rock and overburden. These 
w83ste Idisposal p i les  would be d r a i n e d  i n  order to  prevent  contaminated sur- 
f(3ce runoff t o  flow onto t h e  surrounding  land.  Consequently, a system of 
d'-ainaqe  ditches would be located around the perimeter of the waste dumps 
and mine. These would drain  into lagoons which  would serve  as   set t l ing 
bitsins and retention dam. Some of t h i s  water would  be used for. industrial  
p\lrposcss while the remainder would be discharged i n t o  Hat Creek. Treat- 
m e n t  mzy be necessary. 

Tte plant would be operated in a "no liquid  discharge" mode. Water make-up 
wculd essentially  equal  consmption.  Since the plant  is   operated on a "no 
liquid  discharge" mode, no e f f e c t   i s  expected on the so i l .  The sewage 
disposal schemes fo r  b o t h  the  plant and  mine may have a minor beneficial 
e f fec t  because o f  a n  increase i n  nutr ient  and moisture t o  the   so i l ,  b u t  
th i s   e f fec t  would be extremely  localized. 
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The use of drainage  ditchel; around the ash and  mine waste disposal  areas i s  
important  because i t  protects  adjacent  soil  units from water  erosion from 
uncontrolled  runoff. In addition,  as  will  be discussed  in  Section  5.4(c)(i)E., 
numerous trace  elements  are  present  in  the  waste  water from these  areas. 
These could leach  into  the  adjacent  soil   areas and would  be a m i l a b l e   t o  
~ l a n t  uptake. 

( i i )  Resource Projection - Impact of the  Project 

A. Climate 

1:nvironmental Research and Technology, I ~ C . ' ~  has outlined  the  probable changes 
):hat nlay take  place  as a r e su l t  of the  operation  of  the mine  aEd plant. This 
would take  the form of  air   emissions from the power plant  stack,  cooling 
towers, and operation  of  the mine. This information i s  summarized below. 

Mi ne - 
h o  detailed  information i s  'available  concerning  the  levels of h,ydrocarbons, 
su l fur ,  carbon  yonoxide or   par t iculates  (dust) t ha t  would occur du r ing  the 
operation  of t h L  mine. However, i t  i s  expected  that   high,  localized  parti-  
culate  concentrations may occur  for  brief  periods. These  would  be  more  im- 
portant in the  construction phase. This would have no e f f ec t  on the  overall 
climati? of t h e  l oca l  o r  s i t e - spec i f i c  s t u d y  areas. 

Plant 

P-ovincially, no appreciable  effect  on the  temperature  structure of the 
atmosphere or i t s  energy  balance would  be anticipated. In addition,  emissions 
fl-om the p l a n t  would not   a l te r   the  chemical and  radiative  processes governing 
the  composition  of the  stratosphere.  

W i t h i n  the  local  study  area, b u t  primarily  in  the  site-specific  study  area, 
sl ight  increases  in  total   precipitation would  be expected  as a rllsult of  the 
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o p e r a t i o n   o f   t h e   c o o l i n g  l:owers. Occasional ly,   snowfal l  may be increased 

due 'to cool ing  tower  emiss. ions.   Local   cumulus  or   low  stratus  c loud  in i t ia-  

t i o n  may r e s u l t   d u r i n g  days   charac ter ized   by   na tura l   convec t ive   ins tab i l i t y .  

W i t h i n   t h e   v i c i n i t y  of t h e   p l a n t   s i t e ,  no ground- leve l   f ogg ing   o r   i c i ng  
would  be  expected  from  the  cooling  tower  emissions. 

I n  summary, the   opera t ion  o f  t h e   p l a n t  and  mine  appear t o  have l i t t l e   i n -  

f luence on the   c l imate  o f  the   reg iona l ,   loca l   o r   s i te -spec i f i c   s tudy   a reas .  
The a,reas i n  the  immediate v i c i n i t y   o f   t h e  mine may encounter   h igh   par t i cu-  

l a t e   l e v e l s   i n   t h e   a i r ,  depending on dust   suppress ion  e f fect iveness.   Minor  

enhancement o f   p r e c i p i t a t i o n   l e v e l s   w o u l d   u n d o u b t e d l y  have a b e n e f i c i a l  

e f fec t ,   s i nce   mo is tu re  i n  the  loca l   s tudy  area i s  one o f  t h e   r l a j o r   l i m i t i n g  

f a c t o r s   t o   p l a n t  growth. The occasional  minor  increase i n   s n o w f a l l   i s  be- 

l i e v e d   t o  have no impact. 

B. Landforms 

Any impacts  are  discussed  under  Section D, " S o i l s "  

C .  Geology 

Impacts  are  addressed i n  the  "Minerals  and  Petroleum  Report"  by P.T. 
McCul lough '? 

0. S o i l s  

1mpac.t on t he   so i l   r esou rce   by   ope ra t i on   ac t i v i t i es  has been assessed by com- 
Ihininq t h e   s e n s i t i v i t y   a n a l y s i s   o f  each s o i l   t y p e   w i t h   t h e   e x t e n t   o f  each 

! ;o i l   type  a l ienated  by  the  operat ion phase. This  provides a means by  which 

.:he impacts on s o i l  can  be i d e n t i f i e d   i n  terms o f   t h e   t y p e   o f   e f f e c t s  
produced  by  disturbance and t h e   r e l a t i v e   e x t e n t  o f  these  effect,s. 

O p e r a t i o n   a c t i v i t i e s  (base scheme) wou ld   a l iena te  (each a l i e n a t i o n   b e i n g  
qreater   than 10 ha) 14 so i l   t ypes   wh ich   exh ib i t  a h igh  (H) s e n s i t i v i t y   t o  

I' 
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disturbance. The so i l  u n i t ,  area  affected and sens i t iv i ty   paramter (s )  
a r e   l i s t e d  below: 

Soil U n i t  Area Affected Sens i t iv i ty  
(ha) ParameteP 

" 

68 34.4 2 
10 78.1 2 
17 175.6 1 
20c  14.1 2 
20 D 76.9 1,2,3 
20E 19.6 192 
21 48.8 1 
31  32 .O 2 
34 108.1 2 
55 40.9 2 
57  277.3 2 
59 23.9 2 
63 83.4 2 
64 53.4  2 

* Sens i t iv i ty  Parameters: 
1 Susceptible  to  dusting 
2 Suscept ible   to   a lka ' l ini ty-sal ini ty  problems 
3 Susceptible  to  eros-ion 

Operation  activit ies  associated w i t h  the  base scheme tha t  would a l iena te  
s J i l  types w i t h  muderate sens i t i v i ty  and where the a l ienat ion WijS greater 
tllan 211 ha (49  acres) were also ident i f ied.  The soi l  u n i t  area  affected 
and the  sensit ivity  parameter(s)  are shown below: 

Soil U n i t  Area Affected 
(ha) 

Sensi t ivi ty  
Parameter* 

4 33 .O 
6A 108.0 

m r  
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S o i l   U n i t  Area A f f e c t e d   S e n s i t i v i t y  
Parameter* (ha) 

16 

18 

19 

35 

36 
38 

50 

51 

52 

5 3  
56 

62 

20.1 

50.6 

108.4 

142.2 

23.5 

150.7 

62.7 

299.9 
121 .o 
62.3 
85.8 

78.8 

* S e n s i t i v i t y  Parameter: 

1 Suscept ib le   to   dus t ing  
;? S u s c e p t i b l e   t o   a l k a l i n i t y - s a l i n i t y  problems 

.3 Suscep t ib le   t o   e ros ion  

I n   a d d i t i o n   t o   t h e   o p e r a t i o n   a c t i v i t i e s   a s s o c i a t e d   w i t h   t h e  base, scheme, 

.:he s o i l   u n i t s   a l i e n a t e d  by t h e   a l t e r n a t i v e   o p e r a t i o n   f a c i l i t i e s ,   t h e  

cxtenl: o f   t h e   a r e a   a f f e c t e d ,  and the   sens i t i v i t y   parameter (s )   assoc ia ted  
with these  a l te rna t ives  have  been i d e n t i f i e d  and a r e  shown below: 

h c t i v i t y :  Wet  Ash Disposal Scheme A l te rna t ive   Bot tom Ash Dump (P7.5) 

S o i l   U n i t  Area A f f e c t e d   S e n s i t i v i t y  
(ha)  Parameter* 

37 
51 
54 
58 

26.3 

99.3 
2.0 
6.5 
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S o i l   U n i t  Area A f f e c t e d  
(ha) 

Sensi ti v i  t j  
Parameter* 

35 
37 
38 
51 
54 
58 
59 
60 

A c t i v i t y :  Dry Ash Disp 

35 
37 
38 
50 
51 
54 
58 
59 
60 

59  24.3 
60 19.8 

k t i v . i t y :  Dry Ash Disposal Scheme I (P8  and P9) 

6.9 
63.5 
0.8 

174.1 
6.9 
13.8 
24.3 
15.0 

leme 11 (P10, PI1 

2.0 
40.5 
5.7 
2.0 

135.9 
20.2 
2.4 
24.3 
25.1 

'OS  a1 Sct 

* S e n s i t i v i t y  Parameter: 

1 Suscept ib le   to   dus t ing  
2 Suscep t ib le   t o   a l ka ' l i n i t y - sa l i n i t y   p rob lems  

T i e   s o i l   u n i t s   t h a t   w o u l d  be a l i ena ted   du r ing   ope ra t i on  and the i ' r   po ten t i a l  
f,,r to ,po i l   r ec lamat ion   a re  shown below: 
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S o i l   U n i t  Area A f fec ted  
(ha) 

Operation 
A c t i v i t y  

Exce l len t   Po ten t ia l   (g rea ter   than 10 ha):  
6A 108.0 

53  62.3 
56 85.8 

Good Po ten t i a l   (g rea te r   t han  20  ha): 
4 33.4 

10 78.1 
16 20.1 
18 50.6 
19 108.4 
20D 76.9 
20E 19.6 
21 48.8 
35 142.2 
36 23.5 

42 49.4 
50 62.7 
51 299.1 
55 40.9 

57  277.2 
58 23.9 
62 78.8 
63  83.4 
64  53.4 

Poor   Potent ia l   (greater   than ii0 ha):  
34 
54 

Rock Outcrop 

Mi ne 
Mi ne, P1 an t  

P1 a n t  

Mine 
Mine 

P1 an t 
Mi ne 
M i  ne 
Mine 
Mine 
M i  ne 

Mi ne 
Mi ne 
Mi ne 
Mi ne 

Mine, P l a n t  
P l a n t  
M i  ne 
M i  ne 

Mine 
Mine 
Mi ne 

Mi ne 
P1 an t 
Mi ne 
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TABLE 5-10 

BY THE  OPERATION OF PLANT AND MINE FACILITIES 
AREA WITHIN EACH SENSITIVITY ALIENATED 

(HECTARES) 

S e n s i t i v i t y  
" Opera:tion T o t a l  

H i g h   1 0 6 6 . 4  

Med i  uln 1347.4  

LOW 01' Non- 
C l a s s i f i e d *   3 6 0 . 4  

M a j o r   S o i l   U n i t s   A f f e c t e d * *  

10, 17 ,  20D. 34, 57, 6 3 ,   6 4  

6A.  18,  19, 35, 38, 50. 51, 5 
53,  56,   62 

* N o n - c l a s s i f i e d   r e f e r : ;   t o   l a n d s   n o t   i n c l u d e d   b e c a u s e   a l i e n a t i o n  
was b e l o w   t h e   p r e s c r i b e d   a r e a   s i z e   ( i . e . ,   l e s s   t h a n   1 0   h e c t a r e s  
f o r   h i g h   s e n s i t i v i t y ,   l e s s   t h a n  20 h e c t a r e s   f o r   m o d e r a t e  
s e n s i  ti v i  t y ) .  

* *  M a j o r   s o i l  u n i t  r e f e r s  t o  a n   a r e a   g r e a t e r   t h a n  5 0  h e c t a r e s .  
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mine and p l a n t  would cease  operation  unless  designed  to  operate an a l te rna te  
function such as the make-up water  pipeline from the Thompson River  remain- 
ing  operational  to  provide  irrigation  water  or supplement the flow of Hat 
Creek. 

41tholJgh land  reclamation  (recontouring and revegetation) would  be a con- 
tinuing  process  throughout  the l i f e  of the mine waste dumps, the  fly  ash 
,>nd bottom ash  disposal  areas would be reclaimed d u r i n g  the decomissioning 
Iperi od. 

-;he land  reclamation  plan  proposed by Acres33 would i n i t i a t e  the revegetation 
of the mine waste dumps as  early  as  possible  during the mine operation,  pro- 
vided the  centreline method of embankment construction i s  used. In this way, 
the embankments could be revegetated dur ing  the  early  years  of the mine 
cperation. The waste dump :surface then could be progressively  revegetated 
during the la ter   years  o f  operation.  Suitable  topsoil  materials would  be 
identified  in  disturbed  areas, such as p i t  and waste dump areas and  would  be 
stored  for  future  application  to the waste dump areas  to  aid  in the vegeta- 
tion  process. The waste  disposal and ash  disposal  areas would  be progres- 
sively  stripped  of  vegetation and suitable  topsoil  material  in  order  to 
minimize erosion. A l l  recontouring o f  the waste p i les  would be done to  a 
21j0 final  slope a n g l e  to enhance the reclamation work. 

111 genera l ,  the f i n a l  topography of the waste dump and ash  dispclsal areas 
would consist  o f  relatively  steep benches (overall  slope 26') with  large, 
f ' a t  upper levels .  Very  few micro topographical  changes would occur. The 
uriderlying  materials and topography would  be constructed so as t o  promote 
good surface  drainage. This  general  uniform  topography would provide few 
w 6 , t  micro habitats.  

Impacts on the soil  resource due to   project  decomnissioning are lperceived 
as being minimal. There wou'ld be the potent ia l ,  however, fo r  d u s t i n g ,  

1- 
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erosion, and  a lka l in i ty-sa l in i ty  problems occurring  during  the  dismantling 
and reclamation procedures for   the  var ious  project   faci l i t ies .  

Soil units tha t  have been identified  as be ing  susceptible  to lwosion s h o u l d  
be k e p t  under vegetative <:over wherever  possible and  i f  exposed they  should 
be .revegetated as quickly  as  possible. Any recontouring of  landforms  should 
take into  consideration the suscept ibi l i ty   of  the soil   unit   for  erosion. 
Slopes on these  recontourcd  surfaces  should be kept to a minirnum to  reduce 
the potential   for  erosion.  Similarly,   soils with  high suscept ibi l i ty  t o  
dust.ing should be handled  in a manner to  control  dusting.  Procedures such 
as witter sprays and inmediate  revegetation  of  disturbed  areas  are  important 
t o  prevent  this problem. 

Soi l   uni ts   that   are   suscept ible   to   a lkal ini ty-sal ini ty  problems s h o u l d  be 
handled in such a manner thay  they do not  "contaminate"  the root zone of 
adjacent  or  revegetated  soil  areas. 

Table 5-2 ident i f ies   the  soi l   uni ts  most su i tab le   for  use as  topsoil 
material and Map 4-4 shows their   locat ion.  Wherever possible,  the  soil 
units  possessing  the highelst rating  should be ut i l ized.  Use of  these 
units would avoid or lessen  the above mentioned  problems. 

( i i )  Resource Projection - Impact of  the  Project 

A.  Climate 

The decomnissioning  phase is  expected t o  have no impact on climate. 

B. Landforms 

Any impacts t h a t  may r e su l t ,  would be a function  of the degree of recon- 
.:ourirlg of  the  land,  thus,  changing  slopes and drainage  patterns. 

m -  

a =  
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C. Geology 

Impacts t o  the geology from the decommissioning  phase are  discussed  in 
"Minerals and Petroleum  Report" by Dr. P.T. McC~llough'~.  Generally, no 
inpacts are expected. 
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0. So i l s  

In genl?ral, the impact  of  decomnissioning  should have a posi t ive  effect  on 
the s o i l s .  Through revegetation of waste dumps and f a c i l i t y   s i t e s ,  problems 
o f  erosion and  dusting would be reduced and the recontouring  of  land could 
rzduce erosion  or   a lkal ini ty-sal ini ty  problems on adjacent  lands. 

5.3 VIEGETATION RESOURCE PROJECTION  WITHOUT THE PROJECT 

( i l )  Sumnary of  Anticipated  Environmental Changes 

B,sica ' l ly,  the development of  vegetation i s  a function  of s o i l ,  parent 
m,3terial,  fauna and climate. I t  can be assumed tha t  the environmental 
change of soil,   parent  material and faunal  aspects  will remain relat ively 
111w. A1 though macroclimate will be unchanged, short-term  climatic  fluctu- 
a t i o n s  can occur a t   i r r egu la r   i n t e rva l s .  These variations  will   necessarily 
bc ref::ected  in changes in  t.ree growth and speed  of  successional trends. 
I I I  some years,  the encroachment of  the  forest  onto  grassland  areas  will be 
pi-omoted, while in others the reverse w i l l  occur. These changer;, however, 
ciin be considered  minuscule compared to  the changes b rough t  abou t  by 
vilrious  land  use  practices such as forest   harvesting,  agriculture and 
grazinq.  All  of  these  practices can a l t e r  the vegetation  pattern  and, 
therefore ,   affect  the microclimate and so i l  fauna and f lora   to  the extent 
t h a t  changes i n  the so i l  and vegetation  types may take place.  Forest 
harvesting has already had a profound e f f ec t  on the vegetation  in  that 
much o f  the local s tudy  area has had  an extensive  logging  history  or has 
bc,en subjected t o  ma.ior fores t   f i res .  However, present  information from 
tte  Forestry Report4' indicates  that  75 percent  of the Annual Allowable C u t  
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within  the  regional  study  area has already been allocated and l i t t l e  poten- 
t . ial   exists  for  forest   industry expansion. Major fo re s t   f i r e s ,  on the 
cther hand,  will always be a factor  i n  the interior  forests,   al though 
nodern control methods l i m i t   t h e i r  number and s ize .  

Grazing to  date has been ve'ry  heavy with many open range areas  depleted i n  
terms  of forage  value. However, fores t  ranges have suffered  less  overgrazing 
than open ranges.  This  overgrazing has  caused an a l te ra t ion  i n  the species 
cmposition towards  range species  that  can withstand  grazing  pressure, many 
of whi8:h are  relatively  unpalatable  to  livestock.  Information .from the 
Agriculture Report5' indical:es that   future  g r a z i n g  could e i ther  remain s t a t i c  
o r  beg.in to  increase  sl ightly  as major reseeding programmes beccm estab- 
lished in the overgrazed open range lands and bet ter  management of the  forest  
r,mges  occurs. 

(tb) Resource Projection 

( i )  Forest  Vegetation 

Tte  forest  vegetation  throughout  the  regional  study  area and especially the 
lccal and si te-specific  study  areas i s  largely  in a successional  state be- 
cause of  previous  forest fir1.s and logging  activit ies.   If   the  forests  are 
allowed t o  continue  without  further  disturbances, a "climax" s ta te   wi l l  
eventual ly  be reached. The vegetation pattern i n  the  climax  sta'te w i l l  

change considerably. The forest  canopy will be dominated by cl imx  species  
such as Engelmann spruce,  Douglas-fir  or  western hemlock, depend3ng i n  
which biogeoclimatic zone t h e  climax s t a t e   i s  reached. The understory  will 
undoubtedly lose the shade-intolerant  pioneer  species such as fireweed 
(I~, , iZubim a n g u s t i f o l i m ) ,  while  the most noticeable change will be an 
inl:reast? i n  the shade-tolerant  species. In other words,  understctry  succes- 
sional trends will  experience a quantitative change in  cover  with l i t t l e  
chilnge i n  species  composition between the successional  stages and f inal  
c l .  max. 
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However, because forest   harvesting,  natural   f ires and continued g r a z i n g  
pressure i n  the future  are  not  l ikely  to  decrease  in any appreciable  degree, 
the sJccessional trend toward climax i s   f u r t h e r  delayed. In t e r m  of fores t  
1arve:jting and f o r e s t   f i r e s ,  the pattern  generally  will remain consistent 
with  that of the  past ,  and the vegetation pattern wil l ,   therefore ,  remain 
'jimildr. Some forest  stands  will  continue toward climax, whillo others  will 
be se.t back  by logging  or  fires.  This i s  true for   the  regional ,   local ,  
\dnd s.ite-specific  study  areas.  Grazing, on the other hand, ha:; a more 
'variable  effect  because t h e  study  areas have been subjected  to  different  in- 
-;ensil:ies  of g r a z i n g  pressure. Within the local and site-spec,ific  study 
itreas!,  grazing has been very intensive,  while the regional  study  area has 
i~ relatively  variable  grazing  history. In forest  ranges  suffering from 
severc! overgrazing,  the dominant alterations  occur i n  the grass and  shrub 
:ayer:, of the understory. Tree species  are  relatively  unaffected,  although 
r.ome inhibit ing o f  the tree  regeneration by trampling may occur. These 
changes are i n  the form of a reduction  in the overall  grass  coverage and 
i.n inc,rease  in weed and unpalatable  plant  species. 

F'robably future  trends  indicate  that   these  forest  range areas  will remain 
consistent  in  species  composition and cover  with  present  values. With 
better management, such as reduced livestock numbers  and a shorter  grazing 
period,  the  severely  overgrazed  areas  will respond by increasing the overall 
cover  of the grass layer.   "kcreaser"  species  will  begin to   increase  i f  
a seed source i s   s t i l l  available,  a t  the expense of t h e  weed invaders. 
W i t h  improved herding  practices,  areas t h a t  a t  this time are   l igh t ly  grazed 
should  receive moderate gra;!ing pressure, generally  enhancing  their produc- 
t i v i t y  . 51 

( i i )  Range Vegetation 

Tile native  rangelands  for most o f  the regional,  local and site-specific  study 
areas lhave been subjected  to  varying  degrees o f  grazing  pressure w i t h  the 
local and site-specific  stuck  areas  receiving  continued heavy grazing  pres- 
sure. Many of the open ranges are now severely  overgrazed. The grasslands 
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t h a t  have  had  heavy grazing  pressure  have  formed a zoot ic  c l i lnax and s tud ies  

show t h a t  20 t o  40 years  nay  be  necessary f o r   t h e   c l i m a t i c   c l i m a x  community 

t o  e! ; tabl ish  an  excel lent   range  condi t ion . Consequently,  even w i t h   r e -  

ducel i   grazing  pressure,  these  rangeland  areas  are  going  to  relnain i n   t h e i r  

p resen t   cond i t i on   f o r  many years.  Improvement o f  pas tu res   w i , t h   i r r i ga t i on  

and  'range  reseeding  programnes will a c t   t o  change the   vegeta t ion   pa t te rn   by  

a d d i . t i o n   o f  new species. However, these changes a r e   l i k e l y   t o  be o f   o n l y  
loca' l   s igni f icance,  depending  on  the  s ize o f  the  improvement  project. 

21 

5.4 VEGETATION RESOURCE PROJECTION WITH THE  PROJECT 

The most d i rect   impact   the  proposed  Hat   Creek  pro ject   would have on vegeta- 

t i on   wou ld   i nvo l ve  removal o f   v e g e t a t i o n   ( d i r e c t   l o s s ) .  The rnost probable 

i n d i r e c t   s o u r c e   i n   a l t e r i n g   v e g e t a t i o n   p a t t e r n s   c o u l d  be changes i n  hydro- 

l og i c   cond i t i ons ,   espec ia l l y   d ra inage   cha rac te r i s t i cs .  The a d d i t i o n   o f  

tox ic   substances  to   the  env i ronment  i s  another example o f  an i n d i r e c t  
source   tha t  has an important  bearing  on  the  problem o f   v e g e t a t i o n  management 

i n   t h e   v i c i n i t y   o f   t h e   p l a n t  and  mine  operations.  Probably  the most wide- 

r a n g i n g   e f f e c t   c o u l d  be tha t   de r i ved   f rom  the   t he rma l   p lan t  a i r  emissions 

emisr,ions  because o f   t h e   p o t e n t i a l   a r e a   t h a t   c o u l d  be a f fec ted .  

The p r o j e c t   i t s e l f  has  been d i v i d e d   i n t o   f o u r   c a t e g o r i e s :   p r e l i m i n a r y   s i t e  

development,  construction,  operation  and  decommissioning, i n  order  t o  assess 
the  impact on vegetat ion.  

P r e l i m i n a r y   s i t e  development   cons is ts   o f   those  fac i l i t ies  and a c t i v i t i e s  

necessa ry   t o   f o rmu la te   de f i n i t i ve   p lans   f o r  development. Most o f  these 
a c t i v i t i e s  have  already be,en completed. 

Const,ruct ion  could  begin once the  dec is ion  to   proceed has  been made.  Con- 

s t ruc t i on   wou ld   i nvo l ve  thlz i n s t a l l a t i o n   o f   f a c i l i t i e s  necessary  to  begin 
power  generation. Mine  exscavation  would  begin so t h a t  a r e l i a b l e   s u p p l y   o f  

coa l   cou ld  be  obtained,  the power p l a n t  must be completed, and a l l   a n c i l l a r y  

* -  
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offsite  transport  (of  coal,  waste,  people, equipment,  water and e lec t r ica l  
energy) and s to rage   f ac i l i t i e s  would be completed. 

'The m.ine  would begin  with a. small  excavation and  would gradually be enlarged 
m t i l  the f ina l   p i t  dimensions are reached. Large waste dumps would  be 
lneces'sary to  contain the waste rock and overburden  generated dur ing  the 
-.xcavm3tion  of the p i t .  Consequently, a clean  division present between con- 
struction and operation  phases would be difficult .   Therefore,  we have 
arbitrari ly  included 15 percent of the p i t ,  the north  valley  waste dump, the 
coal  blending  area  near t h e  p i t  m o u t h ,  the temporary topsoil  stockpile, and 
the shop and maintenance buildings  in the l i s t  of faci l i t ies   a ,ssociated 
with  the  "construction"  of  the mine. The other mine f ac i l i t i e s   a r e   a rb i t r a r -  
i l y  considered  to comprise the "operation"  of the mine. The operation phase 
includes mining, plant  ope,ration and the dumping of wastes. 

Ceconmissioning concerns the process of changing from coal mining and 
elect.ricity  generation  to  other  land uses. All reclamation and revegetation 
are included  in  this  category. 

I n  order t o  determine the impact  of the above three categories, the f a c i l i t i e s  
have  been grouped into min'?, plant and  o f f s i t e   f a c i l i t i e s  of construction, 
as wEl1 as mine, p l a n t ,  a n d  associated  facil i t ies  for  operation (Table 5 -1 ) .  
This method of  analysis has n o t  been used for  the  preliminary  si te develop- 
ment ac t iv i t i e s  because of  t he i r  low  number and intensity.and the lack of 
information  available. 

Official  project  descriptions 52, 53J 54, 55 have  been used t o  produce a l i s t  of 
project  facil i t ies  (Table 5-1),  and a layout map which  shows the approximate 
size,   location and configuration of each f a c i l i t y  (Map 5-1). The alignment, 
precise  location and configuration  of  al l   project   facil i t ies  currently can- 
not lbe determined. However, in most instances, a diminutive c:hange in 10- 
catilm  or  alignment of a f a c i l i t y  would have a negligible  effect  on the 
overall  environmental  impact and their   analysis.  
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\:a) P r e l i m i n a r y   S i t e  Development 
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(i ) Dri 11 i ng  Programne 

'The d r i l l i n g   p r o g r a m e  began be fore   the   vegeta t ion   sampl ing   p rogram com- 

menced. Moreover,  very l i t , t l e   i n f o r m a t i o n  was disseminated i n  o r d e r   t o  

evaluate i t s  impact on vegetat ion.  However, f r o m   t h e   d r i l l i n g   w h i c h  was 

observed i n  the  Hat Creek Va l l ey   du r ing   t he   f i e ld   s tud ies ,   m ino r   e f fec ts  

could be expected. Each hole was general ly  surrounded  by a 
I 3 3  t o  50 ft.) area o f   d i s t u r b e d   l a n d   d e v o i d   o f   v e g e t a t i o n .  

;I 5 m (16 ft.) wide  access  road was necessa ry   t o   ge t   t he   d r i  

t o  the   s i t e .  

10 t o  15 m 
I n   a d d i t i o n ,  

' l l i n g  equipment 

"he e f ' f e c t   o f   t h i s  development i s   m a i n l y   i n   t h e   f o r m   o f   d i r e c t  loss o f  the 
vegeta. t ion  associat ions  af fected. It i s  n o t  known whether  any  sensi t ive 

vegetat ion  associat ions  would be a f f e c t e d .   I n d i r e c t  changes due t o   i n t e r -  
r u p t i o n   o f  seepage water a r e  thought   to  be minimal  because o f   t h e   s h a l l o w  

rature o f  t h e  access  road. The most  notable change may be the   poss ib le  

invas ion   o f   these  d is tu rbed  s i tes   by   nox ious  weed vegetat ion  unless  they 
are  i r lmediately  revegetated. 

(ii) Bulk  Sampling Programme 

lhe  expected  impact  of   the  bulk  sampl ing programme  on the   vegeta t ion  com- 
ponent was previously  submi.t ted  (June 27, 1977)56. This   ana lys is  showed 

tha t   the   vegeta t ion  my be i l f f e c t e d  by d i r e c t  loss, poss ib le   reduc t i on   i n   t he  
p r o d u c t i v i t y  due t o   t h e   i n t w - c e p t i o n   o f   l a t e r a l  seepage water b,y drainage 

d i tches  or   roads,   f looding due to   these same f a c i l i t i e s ,  and tox ic   leachates  
f r o m   c o l l e c t i n g  ponds. Frorn a vegetation  standpoint,  Trench A was thought 

t o  show more environmental damage because o f  i t s  s i z e  and number o f   a s s o c i -  

a ted access  roads. The areii  around  Trench B was a l ready   d is tu r l led  and was 
s m a l l e r   i n   e x t e n t .  

Tle  actual   impact o f  t h e   p r o g r a m  has  been descr ibed i n  a p r e l i m i n a r y   r e p o r t  
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3y 6. C. Hydro  and Power A u t h o r i t y  . From 

wvir lsnmental  impact on vegetation  appears 

57 t h i s  in format ion,   the  actua l  

t o  be main ly  i n  the   fo rm  o f  

, d i r e c t  loss. No ev idence   o f   t ox i c   l eacha tes   f rom  the   co l l ec t i 'm   a reas  has 

been found.  With  respect t o  l o s s e s   i n   p h o t o s y n t h e t i c   e f f i c i e n ' c y   o f  

p r o d u ' c t i v i t y ,   v e r y   l i m i t e d   i n f o r m a t i o n   i s   a v a i l a b l e  because o f  the  long- 

te rm  na ture   o f   these changes  and spec ia l   s tud ies   necessary   to  ,assess these 

:hangcs. Consequently,  the  impact i s   d i f f i c u l t   t o  determine. 

The B.C. Hydro  and Power Author i ty  report57  sumnarizes  the  environmental  

impact as  f o l l ows :  

"Environmentatty, results  to  date have been consistent  in  confinning 
that  environmentat Gnpacts  have been restricted to the immediate areas 

( o f  the  trenches and related  (waste and coat  storage)  areas. There  have 
,been no project  related  alterations  to  air or  water (Hat (Creek) quatity. 
>Voise has i n  no way been a major issue  with  the  locat  residents  ahost 
;mauare of the mining ac t iv i t ies .  Dusting from the  trench workings 
proved t o  a  local,  operational probtem. In i t ia t   resu t t s  1JouZd indi- 
,-ate no increase i n  antbient suspended p r t i c u l a t e  which coutd be 
at tr ibuted  to   this  program.  The transportation phase proceeded almost 
mnoticed by local  residents;  truck covers were e f fec t ive  in eliminating 
dust problems." 

( b )  Construct ion 

( i )  Environmental Changes 

The p!poblem o f  t h e   a s s e s s w n t   o f   t h e   e f f e c t s   o f   c o n s t r u c t i o n  OII the  vegeta- 
t i o n  lvas handled i n  two manners, q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  

I n  t h e   q u a l i t a t i v e  sense,  t.he vegetat ion was considered as an  !independent 

e n t i t y ,  and  by ra t i ng   t he   va r ious   vege ta t i on   assoc ia t i ons   acco rd ing   t o   t he i r  
. i n t r i n s i c   p r o p e r t i e s   o r   q u a l i t i e s .  
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I n   t h e   q u a n t i t a t i v e  sense, the  exactual  loss o f   t h e   v e g e t a t i o n  due t o  

const , ruct ion,   operat ion and  decomnissioning was assessed  by  determining 

the number o f   h e c t a r e s   o f  each  vegeta t ion   assoc ia t ion   los t   by   the   var ious  

developmental f a c i l i t i e s  and a c t i v i t i e s .   T h i s  method e s s e n t i a , l l y  assesses 

the   d i rec t   impact   o f   the   thermal   p lan t   deve lopment   (d i rec t   ren lova l ) .  The 

q u a n t i t a t i v e   a n a l y s i s   c o n b i n e d   w i t h   t h e   q u a l i t a t i v e  assessment provides a 

means of   assess ing  the  impor tance  o f   the  vegetat ion  assoc iat ivns  that   would 
be lc ls t  as  w e l l  as the  amount. This  combined  analysis will be discussed i n  

the  subsequent  section,  "Resource  Projection". 

A. Q u a l i t a t i v e  Assessment 

The q u a l i t a t i v e  assessment  has been c a r r i e d   o u t   f o r  all vegetat ion  assoc iat ions 

del iceated i n  the  loca l   s tudy  area,  and i s  presented i n  Table 5-11. Each 
assoc:iat ion has  been  scored f o r   s i x   q u a l i t i e s ;   t h e   h i g h e r   t h e  number, the 

more valuable  the  vegetation  type.  Occurrence o f   t he   vege ta t i on   assoc ia t i on  

wi th in   the  loca l   s tudy  area i s  easy to   eva lua te .   For  example, the  Douglas- 

fir - Pinegrass and  Engelm'ann Spruce - Grouseberry  associat ions  are common 
types  and  cover  large  areas,  while  the  Mountain Avens - Sedge and Sagebrush 

- Bl~lebunch  Wheatgrass a s s ' x i a t i o n s   a r e   r e l a t i v e l y  uncomnon and o f  small  

e x t e n t .   F l o r i s t i c   d i v e r s i t y  i s  an e s t i m a t e   o f   t h e   r i c h n e s s  o f  t h e   f l o r a  and 
t h e   e q u i t a b i l i t y   w i t h   w h i c h   t h e   i n d i v i d u a l   p l a n t s   i n  an assoc ia t ion   a re  

d i s t r i b u t e d   i n t o   d i f f e r e n t   s p e c i e s   d e r i v e d   f r o m   t h e   f i e l d   s t u d i e s .  The 
v e g e t a t i o n  associat ions  a l : jo  d i f f e r  i n  t h e i r   s t r u c t u r a l   c o m p l e x i t y  and d i -  
v e r s i t y   w i t h i n  themselves. The Grassland  Associations  have a s imple  pat -  

t e r n  compared t o   t h e   m r e  'complex  Engelmann Spruce - Grouseberry - Red Heather 
Association.. P roduc t i v i t y   es t ima tes   a re   qua l i t a t i ve  assessments o f   t he   b io -  
mass p r o d u c t i o n   o f  an associat ion.  For example, t h e   p r o d u c t i v i t y   o f   t h e  

Willcw - Sedge'Bog  Association i s  high; o f  Mountain Avens - Sedge Associat ion,  
extremely  low. The forest   associat ions,   though  they may have a h igh biomass, 
genera l l y  have a l ow   p roduc t i v i t y .  The occurrence o f   r a r e   o r  uncomnon p l a n t  

spec ies   re l ies  on t h e   f i e l d   s t u d i e s ,   t h e   i n v e s t i g a t o r ' s  knowledge  of  the 
f l o r a   o r   t h e   s t u d y  area,  and  discussions  with  people  knowledgeable  with  the 
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TABLE 5-11 

VEGETATION  SENSITIVITY  ANALYSIS 
IFOR THE  VEGETATION  ASSOCIATIONS FOUND I N  THE  LOCAL STUDY AREA 

occvrrencc 
Vegetational 
Oirerrit" 

Occurrence Tolerance t o  
O f  Rare Dtre1aonent 

Vosslble 

" 

rlr 

I- 

" 

1- 

w i t h i n  the Flor . is t lc  w i t h i n  i h e  
Study Area D i v e r s i t y  Map U n i t   V r o d w t l v i t y  Specie5 

1 - 4  
Disturbance TOTAL 

1 - 4  1 - 3  1 - 4  1 - 4  1 - 4  6 - 23 

~~ ~ .. ~ . 
or Unc& Caused by 

2 4 

2 3 

1 1 

3 I 

2 2 

4 2 

3 1 

3 

3 3 

3 3 

2 2 

2 2 

2 2 

4 I 

1 2 
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2 
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3 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

4 

3 

4 

2 

2 

2 

1 

3 

1 

3 4 17 

2 3 13 

1 1 B 

2 4 13 

2' 4 13 

3 4 16 

2 3 12 

3 3 19 

2 3 16 

3 4 20 

3 2 12 

2 2 11 

2 2 11 

2 .  4 13 

2 4 15 

2 2 9 

*- 
.. 
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vege ta t i on   o f   t he   a rea   t o   es t ima te   t he   vege ta t i on   assoc ia t i on   t ha t  i s  most 

l i k e l y   t o   c o n t a i n   r a r e   o r  uncomnon species.  The d i rec t   impact   o f   deve lop-  
ment  would be i n d i s c r i m i n a t e   i n   t h e   e f f e c t  on the  vegetat ion.   Cer ta in  

secondary  disturbances, sulch as road  bu i ld ing ,   coa l   dus t ,  waste  disposal 

and i n t e r c e p t i o n   o r  impedance o f   d r a i n a g e   w o u l d   a f f e c t  some vegetat ion 
types more than  others  ( i .e.   to lerance  to  development caused by  disturbance). 

S e n s i t i v i t y  

The r e s u l t s   o f   t h i s   a n a l y s i s   c a n  be sumnarized i n  t h r e e   s e n s i t i v i t y   c l a s s e s :  

Class 1 - High  Sensit- 

Mountain Avens - Sedge Assoc ia t ion  
Engelmann Spruce - Wi l low - Red Heather  Parkland  Associat:ion 

R ipar ian   Assoc ia t ion  

Wi l low - Sedge Bog Assoc ia t ion  

Sagebrush - Bluebunch  Wheatgrass  Association 

Class 2 - Moderate S e n s i t i v i t y  

Engelmann Spruce - Grouseberry - White Rhododendron Associat ion 

Engelmann Spruce - Grouseberry - Lupines  Associat ion 

Doug las- f i r  - Bunchgrass  Associat ion 

Doug las- f i r  - Pinegrass - Bunchgrass  Association 
Douglas- f i r  - Spi rea - Bearbsrry   Associat ion 

Ponderosa  Pine - Bunchgrass  Associat ion 
Engelmann Spruce - Horse ta i l   Assoc ia t ion  

Highland  Grassland  Associat ion 
Sal ine  Depression  Associat ion 

Class 3 - Low S e n s i t i v i t y  
Engelmann Spruce - Grouseberry  Associat ion 
Engelmann Spruce - Grouseberry - ? inegrass  Associat ion 

Doug las- f i r  - P!negra:;s Assoc ia t ion  
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Kentucky Bluegrass  Association 
Bunchgrass - Kentucky Bluegrass  Association 
Big Sagebrush - Bunchgrass Association 

8.  Direct Loss; 

This sect ion  ident i f ies  and quant i f ies  impacts t h a t  resu l t  from the construc- 
tion of the f a c i l i t i e s   f o r  the proposed Hat Creek project  (Tahle 5-1). The 
areas of each vegetation  association  affected by the  individual  facil i t ies 
has been calculated  using  planimetry. For l inear  corridors such as  roads, 
pipelines,  transmission  lines and conveyors, a l inear  measurement has been 
used.  Table 5-12 gives the total  number of  hectares  of each vegetation  asso- 
ciation  potentially  affected by construction and the proportion  of  the  total 
amourit fouhd in the local  study area. The percentage of  logged  area i s   a l so  
presented,  since  these  areas  tend  to be less   sensi t ive because o f  previous 
disturbances  or  alterations. 

Mi ne 
~ 

The wgetat ion  that  would be alienated d u r i n g  the construction phase  of the 
nine development i s   c l a s s i f i e d  by vegetation  association  againljt  facility i n  
rable 5-12. This t ab le   l i s t s   a l l   f ac i l i t i e s   a s soc ia t ed  w i t h  the construc- 
tion 11hase. Table 5-12 shuws that  the  total   area of land  alienated would 
Ibe 23!j.2 ha (581 acres) or 0.1  percent  of the local  study  area.. Most o f  
the m-ine ac t iv i ty  would be located i n  the  valley bottom  of the  northern 
{upper Hat Creek Valley. 

"he vegetation  associations  highly  affected  (direct loss) by the mine  would 
he t h e '  Sagebrush - Bluebunch Wheatgrass Association w i t h  61.03 ha (151 acres) 
l o s t ,  the  Douglas-fir - Bunchgrass Association  with 53.65 ha (133  acres)  lost ,  
t.he Dauglas-fir - Bunchgrass - Pinegrass  Association  with 45.91 ha (113 acres) 
l o s t ,  and the Kentucky Bluegrass  Association w i t h  31.92 ha (70 acres) a f -  
fected  (Table 5-12).  O f  this land  area,  9.7  percent has been  1Dgged. 
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TABLE 5-12 
AREA EVALUATION OF THE VEGETATION  ASSOCIATIONS  AFFECTED BY THE  CONSTRUCTION 

OF THE PLANT,  MINE, AND O F F S I T E   F A C I L I T I E S  
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The l a n d  area  (vegetation  associations)  that would be alienated by the mine 
f a c i l i t i e s  would be completely  devoid  of  natural  vegetation  because  of ex- 
cavation  of the p i t ,  waste dumps,  and associated  anci l lary  faci l i t ies .  Re- 
clamation  plans  should be drafted  to return the disturbed areas such as the 
waste dumps in to  a productive  state. However, these reclamtion  plans 
woulcl deal  mainly  with  the use  of grass  or  grass-legume mixtures rather 
than native  species. The (effect  o f  this reclamation  plan on the  natural 
vegetation  associations  will be discussed  in  Section  5.4(d), "Decommissioning". 

P1 ant 

The p l an t   f ac i l i t i e s  would  be located  in the Trachyte  Hills  in  the  vicinity 
of  Harry Lake. The plant would consist  of  construction camps, a make-up 
vJater reservoir,  a pipeline between the reservoir and  power plant, and the 
power p lan t   i t se l f .  Except for  the reservoir and pipeline,   al l   the remain- 
ing f a c i l i t i e s  would  be located  within the confines  of a fence'd s i t e  o f  
32 ha (227 acres) .  The area  within the fenced power p l a n t   s i t e  was consid- 
#?red completely  alienated  although some areas  of  native  grassldnd may s t i l l  
!~e r s i ! ; t .  

'The greatest   re la t ive impact in terms of   direct   loss  would be :he removal of 
-:he Douglas-fir - Pinegrass  Association  of 78.8 ha (194 acres)  as shown in 
Table  5-12. The Engelmann Spruce - Grouseberry - Pinegrass  Association of 
which  57.88 ha (143  acres) would be l o s t ,  and t h e  Kentucky Bluegrass  Asso- 

ciation w i t h  30.76 ha (76 acres)  affected would a l so  be s ignif icant ly   a l ien-  
ated by the  plant  construction  facil i t ies.  The total  amount of' land l o s t  by 
the plant   construct ion  faci l i t ies  would be 168.7 ha (417  acres) or 0.1 percent 
of the  local  study  area. 

The make-up reservoir would mainly a f f ec t  the Engelmann Spruce - Grouseberry 
- Pinegrass  Association,  while the Douglas-fir - Pinegrass  Association would 
mostly be l o s t   t o  the fenced power p l a n t   s i t e .   I t  was found t h a t  7.0 percent 
o f  the  total  land  area  alienated by the plant   construct ion  faci l i t ies  (168.7 
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Offsi   te Faci 1 i t i e s  

The o f f s i t e   f a c i l i t i e s   c o n s t i t u t e   a l l   t h e   a n c i l l a r y   f a c i l i t i e s  ne-cessary for  
the  operation of the mine and power p lan t ,  such as  transmission  lines,  pipe- 
l ines  and roads. These f a c i l i t i e s  would  be distributed  over a wide area 
from Hat Creek Valley t o  thl? Thompson Valley,  concentrating i n  the  valley 
bot tom. Table 5-12 l i s t s  the vegetat ion  associat ions  lost  by the  construc- 
t ion   o f   the   o f fs i te   fac i l i t i es .  

Vost of the   o f fs i te   fac i l i t . i es  would consist   of broad corridors running be- 
tween the Thompson Valley and the  plant  and mine. These would contain  roads, 
pipelines and transmission  'lines  of  varying  right-of-way  widths. The 
storage of water and the  Hat  Creek diversion  canal  are  also  considered  to be 
p a r t  o f   t he   o f f s i t e   f ac i l i t i e s .  

A diversi ty  of environmental  changes  could follow  the  construction of the 
l i n e a r   o f f s i t e   f a c i l i t i e s  because  of  the  large number of vegetation  associa- 
tions t h a t  could be affected.  Transmission  lines (69 kV) which supply power 
t l  the mine  and plant d u r i n g  construction and operation and t o  the make-up 
w3ter Ipumping s ta t ions ,  would have a minor e f f e c t  on the  native  vegetation. 
Tlle rights-of-way would  be c l ea red   o f   a l l   t a l l ,  woody vegetation. Much of 
the 69 kV transmission system would pass  through open range i n  which t rees  
a"e absent and shrubs a re   su f f i c i en t ly  low so t h a t  no clearing would  be 
necessary. Except for  the small amount of  land  lost when the power l i ne  
poles a re  p u t  in  place and small access  roads, very l i t t l e  vegetation would 
be disturbed. In forested  areas,  trees  within  the  right-of-way would  be cut 
down and  removed. Because r o s t  of the forest   land  affected by the Hat  Creek 
611 kV l ines   is   sparsely  t reed and contains a grass  understory,  the impact 
would  he insignif icant .  

Other l i n e a r   f a c i l i t i e s  would have more s ign i f i can t  impact upon the  f lora.  
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Water pipelines would be buried below the f ros t   l ine .  The right-of-way 
woulcl be excavated, the pipeline  laid and covered, and then the right-of- 
way reseeded to  grass  or grass-legume mixtures. As a resul t ,   the  r i g h t -  
of-way  would be substant ia l ly   a l tered from i t s  or iginal   natural   f lor is t ic  
condition. The introduced  species may invade the surrounding natural  
communities, which may haw a beneficial   or  negative  effect  on the native 
comnun i ties . 

The paved portion  of the a.irstrip and road would permanently be l o s t  i n  terms 
of vegetation.  Substations, pumping stations,  surge  tanks and the railway 
3fflo43ding  area would a lso  i r revers ibly remove land from biological pro- 
lucti,wity. 

The graded portion  of the  roadway and a i r s t r i p  would be disturbed and often 
would  be fur ther  modified by cut-and-fill  slope and reseeding  Iprogrames. 
Borrow p i t s  and so i l  storacle areas could  also  result   in a permanent vegeta- 
.;ion 'loss. The interception of near-surface  seepage water by the road could 
'ead i;o dehydration of the vegetation  associations below the road. 

At present, two locations are being  considered  for  the  airstrip. The pre- 
f'errecl s i t e   ( S i t e  A) would be located just west of Highway 1 and just south 
c f  Cornwall Creek in the Big Sage - Bunchgrass Association. The al ternat ive 
s i t e   ( S i t e  C )  would be i n  a cul t ivated  f ie ld  i n  the Semlin Valley. The 
airs t r ip   configurat ions would be similar  i n  total  areas  alienated for the 
preferred s i te  and the a l t e rna t ive   s i t e .  

The presence  of the mine pi t   in  the valley  f loor would require  diversion of 
H a t  Creek around the mine. Two environmental mdi f ica t ions  would resu l t  
from t,he Hat Creek diversion.  First, Hat Creek and Finney Creek  would  be 
c,lannelized. The old  creek bed below the point o f  diversion would dry up 
and much of the Riparian  Association would be destroyed. The H i l t  Creek 
d.ivers-ion  canal would traverse the p i t  and then  descend t o  the original 
creek hed enclosed  in a culvert.  Secondly, the diversion o f  Hal:  Creek would 
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necess i ta te   the   cons t ruc t ion   o f  two or three  water   s torage  reservo i rs  up- 

s t r e a m   o f   t h e   d i v e r s i o n   i n   o r d e r   t o   r e g u l a t e   t h e   f l o w   o f   w a t e r   i n   t h e  Hat 

Creek d ivers ion   cana l .  These s torage  reservo i rs   would fill w i t h   w a t e r   i n   t h e  

s p r i n g  and  empty throughout sumner, f a l l  and w in te r .  These storage  reser-  

vo i rs   wou ld   a l iena te   ma in ly   the   R ipar ian   Assoc ia t ion  and  Bunchgrass - 
Kentucky  Bluegrass/Saline  Depression Complex. In   add i t ion ,   leakage  f rom 

these  reservo i rs   o r   d ivers i ;on   cana ls   cou ld   a l te r   the   hydro log ic   cond i t ions  

s i g n i f i c a n t l y   t o  change the   vege ta t i on   pa t te rn   nea r   t hese   f ac i l i t i es .  

The o f f s i t e   f a c i l i t i e s   w o u l d   a f f e c t  476.4 ha  (1177  acres) o r   0 . 3   p e r c e n t  

J f  the  local  study  area  (Ta.ble  5-12).  Logging  has  disturbed 1?.3 percent 
3 f  t h e   t o t a l   a r e a   a f f e c t e d   b y   t h e   o f f s i t e   c o n s t r u c t i o n   f a c i l i t i e s .  The 

l a r g e s t  amount o f   l a n d   l o s t ,   w o u l d  be i n   t h e   B i g  Sage - Bunchgrass Associat ion,  
(of wh.ich  123.11 ha  (304  acres)  would  be  alienated. The Bunchgrass - Kentucky 

Il luegrass/Saline  Depression Complex wou ld   su f fe r  a l o s s   o f  79.75 ha (197 
dcres) ;   the  Douglas- f i r  - Bunchgrass - Pinegrass  Associat ion, ZI l o s s   o f  

68.58  ha (169  acres) ;   the  Douglas- f i r  - Pinegrass  Associat ion, a l o s s   o f  

64.31  ha (159 acres); and Cu l t i va ted   F ie lds ,  a l o s s   o f  59.01  he  (146 acres). 

Al though  the  Ripar ian  Associat ion  would  lose a r e l a t i v e l y   s m a l l  amount (17.37 

ha o r  43 acres) ,   th is   represents  a s i g n i f i c a n t  amount o f   i t s   t c t a l   e x t e n t  
i'ound i n   t h e   l o c a l   s t u d y  area. 

S umma ry 

I n   t o t , a l ,   t h e   c o n s t r u c t i o n  nf the  mine, p l a n t  and o f f s i t e   f a c i l i t i e s  would 

permanent ly   a l ienate  or   d is turb  approx imate ly  880 ha  (2174  acres)  or 0.5 
percent   o f   the  loca l   s tudy  drea  (Table 5-12).  The propor t ional   impact ,   re-  

l a t i v e   t o   t h e   g e o g r a p h i c   e x t e n t   f o u n d   i n   t h e   l o c a l   s t u d y   a r e a  i s  expressed 
as a percentage. These percentages o f   a r e a   l o s t   e x p r e s s  an absolute  impact 
because  they re la te   t he  amount o f  each  vegetat ion  associat ion  impacted t o  the 
r e l a t i v e   i m p o r t a n c e   ( d i r e c t  loss) o f   t h a t   v e g e t a t i o n   a s s o c i a t i o n   i n   t h e  

loca l   s tudy  area.  
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Table 5-12 shows that  the  impacts  are  spread  unevenly among the  vegetat ion 

associat ions with o n l y  15 o u t   o f  29 vegeta t ion   assoc ia t ions  and  complexes 

being  a f fected.  The most  s ign i f i can t   impact   wou ld   occur  on the  Sal ine 

Deprl?ssion Assoc ia t i on  (10.8 percent   a f fected) ,   and  the Sagebrush - Bluebunch 

Wheatgrass Assoc ia t ion ,   w i th  9.1 pe rcen t   o f   t he   assoc ia t i on   a f fec ted .  O f  
lesser   s ign i f i cance  wou ld   be   the  Bunchgrass - Kentucky  Bluegrass/Saline 

Depression Complex  (3.7 percent ) ,   R ipar ian   Assoc ia t ion  (2.2 percent) ,  

Kentucky  Bluegrass  Association (2.1 pe rcen t ) ,   Cu l t i va ted   F ie lds  (1.9 
percent ) ,   Doug las- f i r  - Bunchgrass  Associat ion  (1.7  percent), and Kentucky 

Bluegrass/Riparian Complex (1.4 percent) .  

c. Dust 

Dur ing   t he   cons t ruc t i on   ac t i v i t i es ,   dus t   em iss ions  may be a problem i n  the 

d ry  sumner months.  Dust w ' w l d  be  generated  from a  number o f   a c t i v i t i e s  
d u r i n g   t h e   c o n s t r u c t i o n   o f   t h e  power p l a n t ,   m i n e   a n d   o f f s i t e   f a c i l i t i e s .  

The use o f   water   spray   t rucks  and some o i l i n g  where  streams  would  not  be 

a f f e c t e d  i s  p lanned  to   con- t ro l   the  dust ,   but   the  e f fect iveness  o f   these 
measures i s   n o t  known. 

Dust  ,acts on the  vegetat ion  by  coat ing  the  photosynthet ic   sur faces  ( leaves) ,  
reducing  the amount o f   l i g h t   a v a i l a b l e   f o r   p h o t o s y n t h e ~ i s ~ ~ a  '". Darley59 

3lso noted a reduc t i on  i n  carbon  dioxide exchange r a t e s  on dusted  versus 

ion-dlJsted  leaves. He u t i l i z e d   l e v e l s   o f  3.8 g/m3 f o r  8- t o  10-hour 
/per iods  for  two t o   t h r e e  days. This  produced a 30 percent   reduct ion i n  CO, 

c?xchange. He concluded t h a t  the t o x i c i t y  o f  dust  depends on i t s  chemical 
compos i t i on ,   pa r t i c l e   s i ze  and depos i t i on   ra te .   P lan ts  with a pubescent 

surface  are  most l i k e l y   t o   c a t c h   d u s t  and cou ld  be  expected t o  be the  most 
r,ensit: ive. However, dust  may a l s o   i n f l u e n c e   t h e   e f f e c t   o f   o t h e r  a i r  p o l l u t a n t s  

on veqeta t ion .   Vas i lo f f  and Drumnond" found   tha t   road   dus t   pa r t i a l l y   p ro -  
f.ectecl  buckwheat (Fagopyron escutentum) f r o m   s u l f u r   d i o x i d e   i n j d r y .  

P d d i t i o n a l l y ,  EdmundsG1 repor ted   inc reased  popu la t ions   o f   b lack   p ine lea f  
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scale ( ~ u m Z a s p i s  catiforni.ca) where d u s t i n g  was present. A p i s i t i v e   c o r -  
r e l a t i o n  between sca le - i nsec t   dens i t y  and d u s t f a l l  was demonst,rated. The 

increase in   t he   sca le - i nsec : t   dens i t i es  was r e l a t e d   t o   t h e   h i g h   m o r t a l i t y  

o f  ProspaZteZZa paras i to ids  due t o   d u s t f a l l ,   n o t   t h e ' d e a t h   o f  .the scale- 

.insects  themselves.  Death o f   t h e  ProspaZteZZa p a r a s i t o i d s  was due t o  

dess i ca t i on .   Ba r t l e t t62   a l so   demons t ra ted   t ha t   dus ts  were l e t h a l   t o   p a r a s i t i c  

l'ymenc~ptera, some m ine ra l   dus ts   o f  smal l  s i z e   k i l l i n g   i n  t imes  ranging  from 

(1.6 tcl 1.7  hours, 50 percent o f  Aphy tus  and Metaphycus c o n f i n e d   i n  cages 

l a v i n g  200 p g / c d   o f   d u s t .  

I n  the   con tex t   o f   Ha t  Creek,  no known i n f e s t a t i o n  o f  the   b lack   p ine lea f  

sca le  are  present .  However,  Reid, C o l l i n s  and Associates  L td.49  repor t  

known in fes ta t i ons   a round   Ly t ton  and i n  the  Botanie  Val ley on ponderosa 

p ine (Pinus ponderosa). The c lose   p rox imi ty   o f   these  a reas   to   ,qa t  Creek 
could  lead  to   outbreaks i n  ;:he Hat  Creek  Valley. 

T ie   ex ,3c t   quant i t ies   o f   dus t   p roduced  dur ing   the   cons t ruc t ion  phase i s  n o t  

kiiown, b u t  i t  i s  expected  that   h igh,   loca l ized  dust   emiss ion  concentrat ions 

m y  occur  a long unpaved  roads,  scraping  and  str ipping o f f   v e g e t a t i o n  on 
pro jec t   a reas  such as t h e   p l a n t   s i t e ,   c e r t a i n   o f f s i t e   f a c i l i t i e s   t h a t   r e -  

q u i r e   s i t e   c l e a r i n g  and mine s i t e   p r e p a r a t i o n .  

It:  i s  d i f f i c u l t  t o  assess  the  impact  dusting may have  on  the  vegetation, 
s ince  t,he ac tua l  adequacy o f  the  dust  suppression  techniques  proposed i s  
n o t  knc'wn.  However, the  temporary,   local ized  nature o f  many o f  the construc- 

t i o n   a c t i v i t i e s  and  use o f   w a t e r  and o i l  on h e a v i l y   t r a v e l l e d  improved  roads 
should  preclude any s i g n i f i c a n t   i m p a c t  on vegetation. The operat ion phase 

would  undoubtedly  have a gredter  impact  which will be  discussed i n   S e c t i o n  
5.2(c) ( i )C.  

B e s i d e s   t h e   r e s t r i c t i o n   o f   t h e   p h o t o s y n t h e t i c   e f f i c i e n c y  and CO, exchange, 

du j t   pa , r t i c l es   con ta in   t race   e lemen ts   t ha t  may be  absorbed  by  the p l a n t  
th-ough  the  stomata i n  a water  soluble  form. The su r face   so i l s   genera l l y  
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contain a lower content o f  potent ia l ly  mobile trace  elements  than the 
overburden and waste rock because  of a longer weathering period. Once the 
overburden and waste rock are exposed by the mining operation and dusting 
occur's, mobile water  soluble  trace  elements  my be released and taken up 
by the  plants  in  sufficient  quantities  to  cause  injury. However, the 
localized  distribution o f  dust and the  proper use of dust supFlression 
techfiliques may preclude a s ignif icant  impact on the vegetation by trace 
elements. 

D. Waste  Dispo!;al 

Waste disposal  during the construction phase would be insignif icant  because 
only  small  volums  of the north  valley  waste dump and the sewage water 
from the construction camps of the mine  and plant would be in  loperation a t  
this  stage.  Wastes  would become  more s igni f icant  when larger volumes  would 
be created  during the operation  phase. 

The sewage disposal  for the plant and mine construction camps would be 
treated. A t  the   p lan t   s i te ,  the t rea ted   e f f luent  would be pumped in to  a 
(deep well impoundment basin near Harry Lake. With respect  to the mine, 
deep well disposal  together  with  spray  irrigation would probably be chosen. 
A landfil l   in  the  vicinity of  the mine  would be used to  dispose o f  sol id  
waster;. 

L desc:ription of the waste dump disposal methods and their   possible impacts 
will  be discussed under "Op~?ration",  Section ( c ) .  

l'he irrlpact o f  the sewage di:;posal from the mine and p lan t   i s  t h o u g h t  t o  be 
insignificant.  In the dry belt, a beneficial   effect  could resu l t  because 
of a n  increase in  water and nutrient status  in  the  soils.  

The l a n d f i l l ,  on the other hand,  could present problems from toxic  leachates 
i f  not  stored  properly. These toxic  leachates may destroy  neighbouring 
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3,egetiltion. The location of the l andf i l l  should be s i tuated such tha t  
.:he seepage and runoff  water can be contained.  Lining  with  impervious 
mine waste t o  prevent  seepage water from entering  the groundwater  could be 
i ln al ternat ive.  

E. Indirect  Changes 

-he major indirect  change tha t  may af fec t  the vegetation  pattern d u r i n g  the 
construction phase could be interception  or  interference w i t h  the near- 
r,urfac:e  seepage  water. Man,y of the vegetation  associations found i n  the 
local  study  area are dependent on this seepage  water for their   nutr ient  
t n d  water  supply.  Critically  dependent  are the Saline Depression and 
Willow - Sedge Bog associations.  Other  associations may not be as dependent 
cln seepage water, b u t  would  show a  decrease i n  productivity  if  disturbed. 

l'he  major ac t iv i t i e s   t ha t  may in te r fe re  w i t h  the near-surface seepage water 
regime d u r i n g  the construction phase  could be the main access  road, Hat 
Creek diversion  canal, Finney Creek diversion  canal, power plant  si te  access 
road and the  conveyors. The ex ten t   these   ac t iv i t ies  may af fec t  the vegeta- 
tion i s  di f f icu l t   to   assess   un t i l  the exact nature and location of seepage 
areas  are known.  However, 'in the  relatively  dry  climate  of the Hat Creek 
area, the seepage  areas  are  thought  to be small and localized. In addition, 
the loss in  productivity would be d i f f i c u l t  t o  
studies.  

Tie above-mentioned f a c i l i t i e s   a r e   a l l   r e l a t e d  
W i t h  respect  to the mine and p l an t   f ac i l i t i e s ,  
w,3ter .is expected to  be minimal because of the 

assess  without  long-term 

t o   o f f s i t e  developments. 
the interference  with seepage 
location and s ize  of these 

f . i c i l i t i e s .  For example, the majority o f  the plant and mine f a c i l i t i e s  
a '-e  large,   si te-specific  features  rather  than  l inear and occur  mainly i n  
the  valley bottoms o r   a t  the  top  of the ridges. Therefore, the chance of  
crossirlg  potential  seepage  areas would be minimized. 
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( i i )  Resource Projection - Impact  of Project 

The construction phase  of the Hat  Creek project would be expected t o  alien- 
ate 880.3 ha (2175 acres) or 0.5 percent of the various  vegetation  associa- 
tions found in the local s tudy  area.  This i s  approximately  one-quarter of 
the area tha t  would be alienated d u r i n g  the operation phase. The majority 
of  the  alienation during the construction phase would be a r e su l t  of the 
developnlent of  the o f f s i t e   f a c i l i t i e s  (476.4 ha o r  1180 acres) .  

The gloeatest  impact in the construction phase would be the  resul t  of the 
direct loss  of  important  vegetation  associations.  Indirect changes in  
vegetation may be at t r ibuted  to   l inear   corr idors  such as  roads,  pipelines 
e n d  drainage  canals due t o  interception  of  seepage  water. However, t h i s  
impact i s   d i f f i cu l t   t o   a s ses s  u n t i  
i s  present. 

O u s t i n g  from a l l  construction act i  

1 i t  is  known i f  and where seepage  water 

vities would appear t o  have a minor e f fec t  
011 the  vegetation  associations i f  design c r i t e r i a  and control measures are 
eFfect'ive. In any case, t h e  effects  of these would  be very  localized. 

A:, discussed  earlier,  sewage disposal  for the mine and plant would be done 
by deep well disposal and possibly a minor portion would be disposed  of by 
spray  irrigation. Sewage wolJld be o f  minimal significance i n  determining 
the impact on vegetation. The spray  irrigation method would probably be 
beneficial because o f  the  addition of water and nutrients t o  the so i l .  

As:;essnent  of the  impact  of  t,he  construction  phase was done by comparing the 
amoun t  lost  (Table 5-12) and i ts   locat ion (Map 5-1) t o  the vegetation 
association's  relative  sensit ivity  (Table 5-11).  This was completed 
separately  for  plant, mine and o f f s i t e   r e l a t ed   f ac i l i t i e s .  

A. Plant 

The plant  associated  construction  facil i t ies t h a t  would have the rlost 
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s igni f icant  impact on the  vegetation  associations  are  the power p l an t   s i t e  
(P l )  and the make-up water  reservoir (P4) .  These two f ac i l i t , i e s  would 
alienate  portions  of the Engelmann Spruce - Grouseberry - Pinegrass, Douglas- 
f i r  .. Pinegrass, and  Kentucky Bluegrass  associations. All of  these vege- 
tation  associations have been rated  as  having a low sensi t ivi%y t o  disturb- 
ance.  Therefore,  the  impact on the  vegetation  resource would be minimal. 
Only the power plant  construction camp water  supply  pipeline (CP6) would 
affecrt a small  portion (1 .26  ha or 3 acres)  of  the  Douglas-fir. - Bunchgrass 
Association t h a t  has been rated as moderately  sensitive. I t  should be noted 
that  a total  of  eight  percant  of the forested  associations has been pre- 
viously  disturbed by logging. 

B.  Mine 

The construction  of the mine  would a f f e c t  a fa r   g rea te r  number of  vegetation 
associations than  the plant,  including  several  rated  as h i g h l y  sensi t ive.  
Significant impact would accrue t o  the  Sagebrush - Bluebunch Mheatgrass 
4ssociation,  while  the remalining highly  sensit ive  associations would have 
mly  (I small amount alienated. Open p i t  #1, north  valley waste dump, coal 
Iblend.ing areas,  and the  coal  conveyors by the i r   s i ze  and f a c t  t h a t  they 
would a f f ec t  a h i g h  proportion  of  both  moderate and highly  sensitive vege- 
.:ation associations have the  greatest  impact. The following  highly  sen- 
si t ive  vegetation  associations would be affected:  Riparian, Willow - 
Sedge Bog, Sagebrush - Bluebunch Wheatgrass associations,  and  t:he Kentucky 
Rluegrass/Riparian Complex.  In addition,  the  Douglas-fir - Bunchgrass and 
Ilouglas-fir - Bunchgrass - Pinegrass  associations,  rated  as  moderately 
sensit . ive,  would  be affectem$. 

lhe high sensitivity  ratings  assigned  to  the  Riparian and Millo# - Sedge Bog 
associations  result  from a h i g h  r a t i n g  in a l l  six categories  assessed  (Table 
5-11),  espec ia l ly   f lo r i s t ic   d ivers i ty  and productivity. The Sa'gebrush - 
Bluebunch Mheatgrass Association was given a h i g h  sensi t ivi ty   r i f t ing mainly 
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because o f  i t s  r e l a t i v e   s c a r c i t y   i n   t h e   l o c a l   s t u d y  area. The! Doug las - f i r  

- Bunchgrass  and Doug las - f i r  - Bunchgrass - Pinegrass  associat.ions  carry 

moderate s e n s i t i v i t y   r a t i n g s  because o f  t h e i r   p o o r   r e c l a i m a b i l i t y ,   e s p e c i a l l y  

where they  occur on steep  slopes. 

The greatest   impact   dur ing  mine  const ruct ion  would be  due to   the  excavat ion 

o f  open p i t  #1 i n  which  58.31  ha  (144  acres) o f   t h e  Sagebrush - Bluebunch 

Wheatgrass Associat ion i s   l o s t ,  as w e l l  as 0.89  ha (2 acres) c f  the  Ripar ian 

Associat ion and  0.33 ha (.E2  acres) o f  the  Wi l low - Sedge  Bog Associat ion.  

Th is   l oss   t o   t he  Sagebrush - Bluebunch  Wheatgrass  Association  represents 

8.7 percent o f   t h e   t o t a l   f ' w n d   i n   t h e   l o c a l   s t u d y  area. The n o r t h   v a l l e y  
dump would  a l ienate a t o t a l  o f  48.0 ha  (118  acres)  of  which 15.98  ha (38 

acres)   o f   the   Doug las- f i r  - Bunchgrass, 2.41 ha  (6  acres) o f   the   R ipar ian ,  

3.72 ha  (9.2  acres) o f   t h e  Sagebrush - Bluebunch  Wheatgrass  associations  are 
af fected.  The coal   b lending  area  would  a l ienate 22.4  ha (55 acres) o f   t h e  
Doug las - f i r  - Bunchgrass - Pinegrass  Associat ion  (moderate  sensi t iv i ty)   but  

o n l y  1.49  ha (3.7  acres) o:f the   h igh ly   sens i t i ve   R ipar ian   Assoc ia t ion   wou ld  

be af fected.  

Other  mine  associated f a c i l i t i e s   w o u l d   a f f e c t   l o w   s e n s i t i v i t y   v e g e t a t i o n  

3ssoc ia t i ons   o r   ve ry   sma l l   quan t i t i es   o f   mdera te l y   sens i t i ve   a reas .  

C. O f f s i t e   F a c i l i t i e s  

The o , f f s i t e   f a c i l i t i e s  comprise many types  and  sizes o f  f a c i l i t i e s   f o r   b o t h  

.:he cons t ruc t i on  and opera,t ion of  the  mine  and  plant. The t o t , 3 l   o f f s i t e  

. 'aci l . i ty  area i s  476.4  ha (1177  acres). The o f f s i t e   f a c i l i t i e s   e x t e n d  

.'ram the Thompson Val ley  to   Hat  Creek Va l l ey  and would a f f e c t  a v a r i e t y   o f  
d i f fe ren t   vegeta t ion   assoc ia t ions .  Most o f f s i t e   f a c i l i t i e s   a r e   q u i t e   s m a l l  

m d  would  a l ienate a s m a l l   p o r t i o n   o f  each  vegetation  associat ion. However, 

s e v e r a l   l i n e a r   f a c i l i t i e s  such as the  main  road ( O R l ) ,  H a t  Creek d i v e r s i o n  
<:anal (OR), and make-up wa te r   p ipe l i ne   f rom Thompson River  (Owl), are 
preser l t   tha t   wou ld   a l iena te   bo th  a s u b s t a n t i a l  amount of   the  vegetat ion 

I 
I 
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assoc:iati,ons  and a l a r g e  number o f  them. 

The n l a j o r i t y   o f   t h e   i m p a c t   f r o m   t h e   o f f s  i t e   f a c i  i l i t i e s  would  appear t o  be 

on  the  Douglas-f ir  - Pinegrass,  Kentucky  Bluegrass,  and  Big Sage - Bunchgrass 
assoc ia t ions ,   a l l   ra ted   as   hav ing  a l o w   s e n s i t i v i t y .   I n   a d d i t i o n ,   m a j o r  

impacts  could  occur on the   Doug las- f i r  - Bunchgrass - Pinegrass  Associat ion 

and Cu l t i va ted   F ie lds ,   hav ing  a moderate  and h i g h   s e n s i t i v i t y ,   r e s p e c t i v e l y .  

The only   o ther   vegetat ion  assoc iat ion  possess ing a h i g h   s e n s i t i v i t y   t h a t  

could be i m p a c t e d   b y   t h e   o f f s i t e   f a c i l i t i e s  i s  the  Ripar ian  Associat ion.  

The h i g h   s e n s i t i v i t y   o f   t h e   C u l t i v a t e d   F i e l d s   w h i c h  i s  n o t   r a t e d  on Table 

5-11 ' i s  d e r i v e d   f r o m   i t s   h i g h   p r o d u c t i v i t y  and  impor tance  to   agr icu l ture 

(dnd l l ves tock .  

'The Sfite 2 s to rage  reservo i r  and dam (OD7) appears t o  have  the  greatest  
.:mpact on h igh   sens i t i v i t y   vege ta t i on   assoc ia t i ons ,   ma in l y   t he   Cu l t i va ted  

Vield:;  (47.81 ha o r  119 acres) and Ripar ian  Associat ion  (4.84 ha or 12 
i lcres).  The p i t  rim r e s e r v o i r  and dam (OM) a l s o   a f f e c t s  10.4 ha (26 acres) 

of the  Ripar ian  Associat ion.  

The remaining  major  impacts  would  be  to  the  Douglas-f ir  - Bunchgrass - 
Finegrass  Associat ion  (moderate  sens i t iv i ty )   f rom  the  const ruct ion  o f   the 

Hat Creek d ivers ion  canal  ('19.11  ha o r  47 acres) and  main  access  road (33.74 
ha o r  83 acres).  However, w i t h   b o t h   o f   t h e s e   f a c i l i t i e s ,  a s i g n i f i c a n t  pro- 
p 3 r t i o n  has  been p rev ious l y   d i s tu rbed   by   l ogg ing .   Th i r t y -e igh t   pe rcen t  and 

4 2  percent   o f   the  Hat  Creek d ivers ion   cana l  and  main  access  road  respectively 
h3ve  been previously  logged.  This  general ly  reduces  the  impact because the 

nt3tura' l   vegetation has already been a1 tered, and many non-representat ive 
p l a n t  and so i l   d is tu rbances   a re   p resent .  Much o f  t h e   r o d e r a t e   s e n s i t i v i t y  

f rom  th is   assoc ia t ion   wou ld  be a r e s u l t  o f  i t s   d i f f i c u l t   r e c l a i m a b i l i t y  once 
d.  sturtled. 

T te   ren la in ing   impacts   f rom  t l ie   o ther   o f fs i te   fac i l i t i es   wou ld  be e i t h e r  on 
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vege1:ation associat ions  regarded as having a low  s e n s i t i v i t y   o r   v e r y   m i n o r  

impacts i n  terms o f  area on  moderate o r   h i g h   s e n s i t i v i t y   v e g e t a t i o n   a s s o c i -  

a ti o m .  

I n  terms o f   d i r e c t   l o w ,   a l l   t h e   o f f s i t e   f a c i l i t i e s   w o u l d  remclve po r t i ons  

o f   the   na tura l   vegeta t ion   assoc ia t ions ,  some f a c i l i t i e s  such a.s the 69 kV 
t ransmiss ion   l ines  (OT1 t o  OT5) and make-up wa te r   p ipe l i ne   f rom Thompson 

River '   (Owl)   could  be  revegetated  wi th   e i ther   natura l   p lant   spec ies  or  com- 

mercial  grass-legume  mixtures.  Consequently, some type o f  vegetat ion com- 

munity i s   e s t a b l i s h e d   t h a t  i s  a v a i l a b l e   f o r   n a t u r a l   p l a n t   i n v a s i o n .   I n   t h e  

case o f  the 69 kV t ransmiss ion   l ines  where they  cross open range  vegetation 

associat ion,   no  c lear ing  or   d is turbance  to   the  natura l   vegetat ion  should be 

necessary. 

D. A i r p o r t  A1 te rna t i ves  

Two a l t e r n a t i v e   a i r p o r t   l o c a t i o n s  have  been suggested  and  are  under  consider- 

a t i on :   S i te  A, which i s  t h e   p r e f e r r e d   s i t e   w o u l d  be l oca ted  i,? the Thompson 
Va1le.y near  Cornwall  Creek., o r   S i t e  C, which  would be located  in   the  Seml in  

Va l l ey .   S i te  A wou ld   a l iena te  45.3 ha  (111.9  acres),  while the S i t e  C 

a i rpo r t   wou ld   a l i ena te  37.0  ha (90.0 acres).  The access  road  . for   Si te A 
would a l i e n a t e  4 .5  ha (11.1  acres).  While  no  information i s   a v a i l a b l e  on 
the  access  road i n t o   t h e   S i t e  C a i r p o r t ,  i t s  c l o s e   p r o x i m i t y   t o  Highway 97 
i nd i ca tes   t ha t  i t  would  be much sho r te r   t han   t he   S i te  A access  road. 

:Site A p lus  access  road  would  af fect  46.57  ha  (115 acres) o f  t he   B ig  Sage 

.. Bunchgrass A s s o c i a t i o n   ( l o w   s e n s i t i v i t y )  and  3.23 ha (8 acres.) o f   t h e  
l ia l int !   Depression  Associat ion  which i s   r a t e d  as nloderately  sensi t ive  (Tables 

!i-ll m d  5-12). The S i t e  C a i r p o r t   w o u l d   a f f e c t  37.0  ha (90 acres) all 
br i th i r l   h igh l y   sens i t i ve   Cu l t i va ted   F ie lds .  

A l tho t lgh   S i te  A wou ld   a l iena te  a l a r g e r  area, i t s   o v e r a l l   s e n s i t i v i t y   w o u l d  

be low. S i t e  C wou ld   a f fec t   h igh l y   p roduc t i ve  and s e n s i t i v e   C u l t i v a t e d  
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Fields.  Consequently, S i t e  A is would be the preferred  s i te  from a vege- 
tation  standpoint. 

E.  Summary 

Table  5-13 sumnarizes  the  impacts  of the construction o f  the p ' l a n t ,  mine and 
I f f s i t e   f a c i l i t i e s  by sens i t iv i ty   c lass .  This table  indicates major impacts 
Ion hi~gh and moderately  senljitive  vegetation  associations from the  develop- 
m n t  of the   o f fs i te  and  mine f a c i l i t i e s .  The construction  of %he plant 
,lppears to have very l i t t l e   e f f e c t  on high or moderately sensitive  veaetation 
dssociations. The plant,  mine  and o f f s i t e   f a c i l i t i e s  can be ranked as 
.'ollorrs in terms of  overall impact d u r i n g  the  construction phase i n  decreas- 
' n g  order  of  impact:  offsite, mine and plant. 

Overall, the greatest  impact would result from open p i t  #1 (Ml), north 
\.alley  waste dump (M3), p i t  rim reservoir and dam (OM),  and Site 2 storage 
r.eservoir and dam (OD7) .  Tliese f ac i l i t i e s   a f f ec t   t he  Sagebrush - Bluebunch 
kheatgrass  Association and Cultivated  Fields t o  the  greatest  extent. The 
Sagebrush - Bluebunch Wheatgrass Association i s   ra ted   as  having a high  sen- 
s i t i v i t y  mainly on the bas is   o f   i t s   re la t ive  scarcity within  the  local  study 
area. As f a r  as the other scoring  parameters  are  concerned,  th.is  associa- 
t ion  mtes  quite low.  However, i t s   s e n s i t i v i t y   t o  development i s  rated 
h i g h  b,?cause the soils are  erosion-prone and have poor reclaimability. The 
e x a c t  #ecological status of th i s  association i n  a regional context  is  d i f -  
f i c u l t  to  assess  since  very few detailed  ecological  studies haw: been carried 
o l t .  'The only  other  study  of  this  association  is by t4cLeano7 i n  the 
Similkdmeen Valley.  Consequently, the exact   di rect  loss of  this  association i s  
d.ifficult   to  evaluate  without  further  studies  into  i ts  importance and dis- 
tributiion  in the Interior  Douglas-fir Zone. 

The Cultivated  Fields repres'ent a vegetation  type  that is  highly  productive 
a r d  gerlerally  has been al tered by the use of  irr igation  to  increase  the pro- 
dLctivity. The vegetation can be crop  species, such as  timothy ,and a l f a l f a ,  
or native range. However, because  of l imitations such as topography and 
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T A B L E  5-13 

AREA wiTHiM EACH SENSiTivllY CLASS ALIENATED BY THE CONSTRUCTION 
OF THE PLANT, MINE, AND OFFSITE FACILITIES ( H A )  

Construction 
Sens i t iv i ty  P1 an t Mi ne Offsite Total Major Vegetation  Associations  Affected 

High  - 73.58 80.84 154.42 Sagebrush - Bluebunch Wheatgrass Association 
Cultivated  Fields 
Riparian  Association 

Moderate 1.26 98.39 154.78 254,43 Dlu;!as-fjr ~ Esnchg:asi - :<neg,-asj  Associa- 
t ion 
Douglas-fir - Bunchgrass Association 
Bunchgrass - Kentucky Bluegrass/Saline 
Depression Complex 

Low 167.34 60.90  240.71  468.95 Douglas-fir - Pinegrass  Association 
Engelmann Spruce - Grouseberry - Pinegrass 
Association 
Kentucky Bluegrass  Association 
Big Sage - Bunchgrass Association 
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so i l s ,   t he   i r r i gab le   ac rezges   a rc   re la t i ve l y   sma l l   and   l oca ted   i n   t he   bo t tom 

land!; o f   t h e   v a l l e y s .  It was f e l t   t h a t ,   f r o m  a vegetat ion  standpoint ,   these 

area!; should be r a t e d   h i g h l y   s e n s i t i v e .  A f u r t h e r   a n a l y s i s  o f  c u l t i v a t e d  

land:; can  be  found i n   t h e   A g r i c u l t u r e  Report5'. 

The Ripar ian  Associat ion would a lso  be s i g n i f i c a n t l y   a f . f e c t e d   w i t h  2.2 

pe rcen t   a l i ena ted   du r ing   t he   cons t ruc t i on  phase (Table  5-12).  This  associ- 

a t i o r l   i s  one of  t h e   m o s t   f l o r i s t i c a l l y   d i v e r s e  and  has  the  highest  produc- 

t i v i t y   o f  any o f  the   vegeta t ion   assoc ia t ions   found  in   the   loca l   s tudy   a rea .  

I t  bcrders  stream  courses and i s  impor tan t  i n  t h e   p r e v e n t i o n   o f  streambank 

eros ion  and sedimentation. 

Impacts o f   t h e  above ment i imed  vegetat ion  associat ions  would be t o t a l  (non- 

m i t i g a b l e )   s i n c e   t h e   r e a s o n s   f o r   t h e   h i g h   s e n s i t i v i t i e s   r e s u l t   f r o m  i n t r i n -  

s i c   vege ta t i on   p roper t i es .   I n   t e rms   o f   t he   Doug las - f i r  - Bunchgrass  and 
Douglas- f i r  - Bunchgrass - P inegrass   assoc ia t ions   (modera te   sens i t i v i t ies ) ,  

t h e   s e n s i t i v i t y   r a t i n g   e v o l v e s   f r o m   t h e   e r o s i o n   p o t e n t i a l   o f   t h e i r  so i l s  
on  steep  slopes ( >  30 percent)  and poor   rec la i r rab i l i t y .   Bo th  these  problems 

can be cont ro l led   w i th   p roper   cons t ruc t ion   techn iques  and some r e l o c a t i o n  

around  the  steeper  slopes. 

\lo r a r e   o r  endangered p l a n t s  have  been  encountered  during  the  f ield  surveys. 

Jossi l l le  impact  would be t o  showy spr ing   f lowers ,  such as s h o o t i n g   s t a r  
:norlocathon p a u c i f l o r z m ) ,  s p r i n g  beauty (CZaytonia Zanceotata) and  ye l low 
Ibel ls (F?itiZZuria p u d i c a )  t h a t   a r e  common throughout  the open  range  areas 

of Ha-t Creek Val ley.  

I 'urther  analysis o f   t h e   v e g e t a t i o n  will be  done i n  t h e   c o n t e x t   o f   t h e   b i o -  

phys ica l   impact   analys is  where t h e   r e l a t i o n s h i p   o f   s o i l s ,   v e g e t a t i o n  and 
!;lope  can  be  analyzed i n  horogeneous u n i t s .  

" 
(c)  Operat ion 
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( i )  Environmental Changes 

Th is   sec t ion   dea ls   w i th  t k  d i r e c t   l o s s   o f  each vegetat ion  assoc iat ion  asso-  

c ia ted   w i th   t he   ope ra t i on  0.f t h e  mine  and  power p lan t .  As i n d i c a t e d   e a r l i e r ,  

t h e   m i n e ' s   e x t e n t   i s   a r b i t . r a r i l y   d i v i d e d   i n t o   c o n s t r u c t i o n  anti opera t ion  
f a c i i   i t i e s .   F i f t e e n   p e r c e n t  has  been a l l o c a t e d   t o   c o n s t r u c t i o n  and 85 per- 

cen t   a l l oca ted   t o   t he   ope ra t i on  phase. Dur ing  the  operat ion plhase, the   nor -  

therr l   Hat Creek Val ley  would  exper ience a considerable amount o f   p h y s i c a l  
disturbance. The p i t  wou ld   con t i nue   t o  expand, p roduc ing   l a rse  amounts o f  

coal,  overburden  and  waste  rock.  This  material  would be t r a n s p o r t e d   t o   t h e  

appropr ia te  coal   s torage  or   waste dumps l o c a t e d   i n   t h e   n o r t h e r n   p o r t i o n  o f  
the  Hat Creek Va l ley .  A ser ies   o f   ca tchment   d i tches   wou ld  be requ i red  

around  the  circumference o f  the  mine and  waste dumps to   p reven t   su r face  and 

near-surface seepage w a t e r   f r o m   f l o w i n g   i n t o   t h e   p i t   o r   r u n o f f   f r o m   t h e  

waste dumps from  contaminat ing  the  groundwater  supply.  An e s t i m a t e d   s i x  
lagoons  would  be  necessary t o   c o l l e c t   t h i s   w a t e r .  

The opera t i on   o f   t he   p lan t   wou ld   a l i ena te   l ands   by   d i sposa l  o f  ash. The 

l a r g e   q u a n t i t i e s  o f  f l y  and bottom  ash  produced  by  the  power  plant  would  be 
lispo!;ed o f   i n  ponds.  This  represents  the  major  impact i n   t h e   o p e r a t i o n   o f  

the power p l a n t   e x c e p t   f o r   t h e   p o s s i b l e   w i d e - r a n g i n g   e f f e c t s  o f  t h e   a i r  emis- 
';ions  produced. 

A. Q u a l i t a t i v e  Assessment 

"he q u a l i t a t i v e  assessment f o r  the opera t ion  o f  t h e   p l a n t   i s  the same as 

c t u t l i r e d   f o r   t h e   c o n s t r u c t i m  phase, Sect ion  5 .4(b)( i )A.  

8 .  D i r e c t  Loss 

Mi ne __ 

The impact o f   t h e  mine f a c i l i t i e s   w o u l d   b e   r e l a t i v e l y   s e v e r e  because o f   t h e  

amunt   o f   the   na tura l   vegeta t ion   assoc ia t ions   los t .   Tab le   5 -14   ind ica tes  

1- 

* -  
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TABLE 5-14 

AREA EVALUATION OF THE VEGETATION  ASSOCIATIONS  AFFECTED  BY  THE  OPERATION 
OF THE  MINE AND P L A N T   F A C I L I T I E S  

" 7- 
I 

.. 
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t h a t  ,3 t o t a l   o f  2100.6  ha (5188  acres)  would be d is tu rbed  by   t , ie   m in ing  

,peration  over i t s  35-year l i f e .  Most o f   t h i s   a c t i v i t y  wou ld   resu l t  i n  
, I  permanent loss o f   t he   na tu ra l   vege ta t i on .  The reclamation  plans  would 

-evegl?tate  the  waste dump :.reas, b u t   t h i s  may s i g n i f i c a n t l y   a l t e r   t h e   p r e -  

sent  'vegetat ion  pattern.  

The vege ta t i on   assoc ia t i on   w i th   t he   g rea tes t   l and   a rea   l os t   wou ld  be the 

k u g l a s - f i r  - Pinegrass  Associat ion w i th  674.98  ha  (1667  acres). The 

)oug l ; i s - f i r  - Bunchgrass - P inegrass   Assoc ia t ion   wou ld   fo l low  w i th  385.4 

ha (9!2  acres) ,   the  Kentucky  B luegrass  Associat ion  wi th  379.08 ha (936 

,?cres:l,  and  the  Sagebrush - Bluebunch  Wheatgrass Assoc ia t ion  w.ith  363.23  ha 

:897  iscres) i n  a rea   l os t .  

" 
Plant  

Four  basic schemes have  been  advanced f o r   d i s p o s i n g   o f  ash . The base 

!;theme o f  one wet  ash pond f o r   b o t h  f l y  and bottom  ash,  an a1 t e r n a t i v e  

us ing   the  same wet  ash pond f o r  f l y  ash  and  adding a bottom  astl dump, and 

::wo c o n f i g u r a t i o n s   o f   s e p a r a t e   d r y  f l y  and  bottom  ash dumps.  The lands 

under  eash  proposed  ash  disposal s i t e  would  be  temporar i ly   lost :  and, a f t e r  
reclamation,  would  be  permanently a1 tered. 

53 

"able 5-15  compares the  vegetat ion  assoc iat ions  that   would be a l i ena ted   by  
the fclur  ash  disposal schemes, i n c l u d i n g   t h e   p r o v i s i o n  f o r  l ano   a l i ena ted  
t,y the  ash  t ranspor tat ion s,ystem. I n  t o t a l ,   t h e  base scheme wou ld   a l iena te  

673.6 ha (1664  acres) ,   ma in ly   w i th in   the   Doug las- f i r  - Pinegrass and 
k:entucky  Bluegrass  associations. The we t   p lus   d ry   d i sposa l   a l t e rna t i ve  
kou ld   a l i ena te   t he  same are3  plus an a d d i t i o n a l  180.6 ha  (446  acres) i n   t h e  

crasslands  (Kentucky  Bluegr,3ss  Association)  southwest o f   t h e  power p l a n t   f o r  

a t o t a l   o f  854.2 ha (2111  atzres). The dry  ash schemes wou ld   a l iena te  sub- 
s t a n t i a l l y   l e s s   l a n d   t h a n   t h e  two  wet  ash  disposal schemes. The dry  ash 

scheme #1 would  a l ienate 303.6 ha  (750  acres) i n  the  Kentucky  Bluegrass, 
Coug las- f i r  - Pinegrass,  anti  Douglas-fir - Bunchgrass - Pinegrass  associat ions.  
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CCHPARATIVE  ANALYSiS OF THE BASE ASH  DISPOSAL SCHEME* 
, . , ,TU +uc 7,:nrr n ,  T r n . l n r r * l . -  ..--.,--- 

n L 1 ~ K l ~ ~ l ~ ~ t  IWIHUIJ> 0F ASH UISPUSAL 

Ash Disposal Schemes Total Faci 1 i t i e s  
Area (ha)  

Base Scheme 673.6  30.96 327.87 8.06 306.71 

m 
33 Wet A1 t e rna t ive  Ash Pond 854.2 37.48 359.71 8.48 8.06 440.47 

f o r  Fly Ash; Dry Dump for 
Bottom Ash 
Difference  from Base +180.6 t 6.52 + 31.84 + 8.48 0 t133.76 
Scheme 
Dry Ash Scheme #1 303.6 59.84 24.25  219.51 
Difference from  Base -370.0 -30.96 -268.03  t24.25 -8.06 - 87.2 
Scheme 
Dry Ash Scheme tY2 260.5 45.79  22.13  192.58 
Difference  from  Base 
Scheme 

Ln 
h 

-41 3.1  -30.96 -282.88 t22.13 -8.06 -114.13 

* wet  ash disposal  scheme 
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Dry ash scheme #2 would create  a loss of 250.5 ha (647 acres)  in the same 
area  as  dry  ash scheme #1,  and a f f e c t  approximately  the same proportion o f  

the  'vegetation  associations. 

" 
Offsi   te   Faci l i t ies  

No d.irect  loss  of t.he vegetation  associations would  be expected from the 
operiition o f  t h e   o f f s i t e   f a c i l i t i e s .  

S u m m x  
" 

The total  amount of the  vegetation  associations  that  would  be affected by 
the  clperational  aspects  of  the Hat Creek project i s  given i n  Table 5-14 f o r  
the  base  plan. The greatest  proportional  impacts compared to the local 
study  area would be upon the Sagebrush - Bluebunch Wheatgrass Association 
(54.2 percent  of the local  study  area), Kentucky Bluegrass  Association 
( 1 4 . i  percent),  Douglas-fir - Spirea - Bearberryloouglas-fir - Bunchgrass 
- Pinegrass Complex (8.1  percent),  Douglas-fir - Bunchgrass Association 
(4.0  percent), and Douglas-fir - Bunchgrass - Pinegrass  Association ( 2 . 7  
percent). O f  the  operational  tota1, '19.3  percent has been logged. 

Table 5-16 summarizes the  -total impact  of both construction am3 operation 
of the mine, plant and o f f s i t e   f a c i l i t i e s  on the  vegetation  associations. 
This table   c lear ly  shows that   the  Sagebrush - Bluebunch  Wheatg,pass Associa- 
t i o n  would suffer the  greatest   loss  w i t h  424.25 ha (1048 acres)   or  63.3 
pcrcelit  of t h a t  found i n  the local  study  area  affected. This  ctould be a 
sever(: depletion  of this vegetation  association. The Kentucky Bluegrass 
9ssociation would also  suffer  considerable  depletion w i t h  16.8 percent o f  
that Found i n  the  local stLldy area  affected. In addition, the Saline 
%pression  Association  (10.8  percent),  Douglas-fir - Spirea - E;earberry/ 
Iougliis-fir - Pinegrass - Bunchgrass Complex (8.1 percent) and Douglas-fir 
- Bunchgrass Association  (5.4  percent) would substant ia l ly  be impacted. 

The total   project  impact would  be 3654.5 ha (9027 acres ) ,  which represents 

* -  
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TABLE 5-16 

SUMMARY OF THE  CONSTRUCTION AND OPERATION  FACIL IT IES 
ASSOCIATED 'XITH TOTAL  HAT  CREEK  PROJECT 

I 

7 . 2 1  

99. 14 

,112.54 

100.90 

499.09 

0.54 

21.22 

10.29 

101.41 

23.48 

474.26 

3.23 

123.11 

59.01 

118.9 

115.12 

11.09 

700.0 

18,340.0 

41.a60.0 

3.340.0 

14.100.0 

1.390.0 

1.010.0 

550.0 

4.660.0 

2.560.0 

670.0 

30.0 

19,990.0 

3,030.0 

2.110.0 

1,470.0 

830.0 

0. YZ 

0.5: 

7.V" 

5.4: 

3,s: 

0.037 

2.7: 

l .6Z  

16.8: 

0.91 

51.3: 

10.8: 

0.6: 

1.9: 

5.5: 

8.1% 

1.4: 
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'1.5 p1:rcent of  the  local  swdy  area. Of this  pro,ject   total ,  17.5  percent 
;have ,dlready been disturbed by logging. 

c. oust 

lust would  be  a major opere:tional problem during  the open p i t  mine operation. 
'lery ' l i t t l e  d u s t i n g  would cccur from plant and offsite  operation,  except 
brhere  unpaved access  roads  are  present.  Sources  of dust emissions  during 
.:he mine operation would include: overburden  removal,  coal  resloval,  haul 
road vehicular movements  and wind  erosion.  Scraping,  blasting,  loading, 
tlaulirlg and shovel  operations  are the a c t i v i t i e s  most l ike ly  tc l  c reate  dust 
miss ions .  The conveyors carrying 'coal and  mine wastes would t'e covered 
a d ,  therefore,  would show l i t t l e   dus t ing   po ten t i a l .  Environmental Research 
t.nd Technoloqy, Inc.", w i t h  the use of computer modelling,  estimate a total  
cmf 2,288,800 kglyr  (5,045,890  lbslyr)  of dust emissions based on the maxi- 
nlum level  of  activity  for  the  year 2017-2018. The major  source  of dust 
emissions  appears  to be w i n d  erosion from exposed soil   surfaces (941,000 
kglyr  or 2,074,529 lbs ly r ) .  The overburden  haul  road  follows w i t h  381,000 
kg/yr  (838,200  lbslyr)  of d ' J s t  generated. These values assume the following 
dust suppression  techniques: 

frequent  watering  of haul  roads and exposed surfaces would reduce 
d u s t  emissions by 50 percent; 
a speed l imi t  o f  24 k m / h r  (15 mph)  on a1 1 haul  roads to give a 
control  efficiency  of 80 percent; 
land  reclaimed frtrm the waste dumps midway i n  the l i f e  of the 
mine (year 2005-2006) was assumed t o  be the  only reclaimed area 
by the model year 2017-2018;  and 
the conveyor  system would be completely  enclosed  resulting i n  
100 percent  control. 

However, Environmental  Research and Technology, Inc.63 s t a t e  t h 2 . t  many 
In-ning act ivi t ies   occur  below the ground leve l ,  which should  exert a 
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considerable  influence on reducing  the  resul.ting amounts o f  sllspended 
par t iculates .  

The highest concentrations would be found closest   to  the m i n i n g  areas. 
Annu,jl average  concentrations  exceeding background levels  by :30 pg/m3 

or g'peater would extend  approximately  foirr km ( 2 . 5  m i . )  from .:he mine. 
Annui l l  average  concentrations o f  10 pg/m3 above background would occur 
u p  to  10 k m  ( 6  mi.) from the mine. The worst  case 24-hour d u s t  emission 
rang-ing from greater  than 700 pg/m3, very close  to the mine, 1;o 300 ug/m3, 
beyorld approximately 7 k m  ( 4  m i . )  could  occur  with  meteorological  conditions 
of  very low  wind speeds and  a s table  atmosphere. The meteorological con- 
di t ions assumed i n  the worst case 24-hour  modelling rarely O C C : U P ~ ~ .  

The model for  predicting  the above values assumes that   a l l   dust   emit ted 
remains  suspended and the land  contains no terrain  features63. 

The fac t   tha t   the  mine occurs  in Hat  Creek Valley means tha t  dust emitted 
a t  this source would probably impinge on the adjacent  benchlands and side- 
slopes  rather  than move out  of  the  valley, thus, localizing  the dust emis- 
sions t o  some extent withi , i  Hat  Creek Valley. 

As  outlined i n  Section  5.2(b)(i)C. on the  effects  of  construction-oriented 
dust problems,  vegetation  has been shown t o  be affected by dust i n  a reduc- 
tion  of  photosynthesis,  reciuction  of C02 exchange, and an incrzase i n  
insect-scale  densit ies  as il r e su l t  of a reduction i n  paras i t ic   insec t  popu-  
la t ions.  Li t t le  information  exists on the  exact  levels  causing damage. 
D a r l e , ~ ~ ~  reports  levels of 28,000 pg/m3 for 8- t o  10-hour periods  for two 
to  three days reduce CO2 exchange 30 percent  while  Bartlett" .cound 0.6 to  
1 .7  h3ur  exposures  of 200 11g/cm2 o f  dust ,   k i l led 50 percent of Aphytus and 
rleLap!hycus insects .  These levels   are  well above the  worst cast?  24-hour 
level  expected a t  Hat Creek:.  However, consistent exposure t o  'low levels  o f  
lust without any precipi ta t ion,   as  might  occur d u r i n g  the dry surmner months, 
lnay c I w e  a b u i l d u p  of a dust layer on the leaf  surfaces, thus!, increasing 
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tne chances o f   v e g e t a t i o n  dimage f rom  dust ing.  

D. Air Emission:; 

T le   f o l l ow ing   d i scuss ions   a re  a synopsis o f   t h e   p o s s i b l e   i m p a c t s   o f   s u l f u r  

dioxidl?,  oxides of   n i t rogen,,   c i rbon  monoxide,  hydrocarbons, ozolie, f l u o r i d e ,  

a c i d   p r e c i p i t a t i o n  and cool ing  tower  emissions  f rom  the proposead Hat Creek 

p,wer ]p lant  on  the  vegetation o f   t h e   l o c a l  and regional  study  a-eas. The 

d3 ta   p resented   fo r   su l fu r   d iox ide  and s u l f u r   d i o x i d e / n i t r o g e n   d i o x i d e   i n t e r -  

a c t i o n  was has  been taken  from  Appendix F o f   t h i s   r e p o r t ,   b y  Or. V.C. Runeckles, 

0,:partlnent o f   P l a n t   S c i e n c e :   U n i v e r s i t y   o f   B r i t i s h  Columbia. Tlie impacts 

o f  f l u o r i d e s  have  been  compiled  by D r .  H. Bunce o f  Reid,  Coll in!; and 
Associates  Ltd.49. 
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Tie Ha.t Creek coal   deposi t ,   which i s   t o  be  mined t o   p r o v i d e   t h e   f u e l   f o r  

L ie  proposed 2000 Mw thermal   genera t ing   s ta t ion ,   con ta ins  an apprec iab le 
ainount o f   s u l f u r .  The su l fu r   d iox ide   f o rmed   du r ing   i t s   conbus t ion   wou ld   rep re -  

writs .the major  emission  into  the  atmosphere,  af ter   carbon  diox. ide and water 

vm3pour.  Other  emissions t o   t h e  atmosphere  would  include  oxides o f   n i t r o g e n ,  

c' j rbon  monoxide,  hydrocarbons  and  f luorides, as w e l l  as  a wide  range o f  
P a c e   e l e m e n t s   l a r g e l y   i n   t h e   f o r m   o f   p a r t i c u l a t e s " .   S i n c e  SO:! would  be 
the  major  emission  into  the  atmosphere i n  terms o f   p o s s i b l e   v e g e t a t i o n  

i n j u r y   a t   t h e   p r e d i c t e d   l e v e l s ,   m a j o r  emphasis has  been p laced on t h i s  
e r l i s s i o n ,  e s p e c i a l l y  i t s  i n t e r a c t i c n  w i t h  NOx emissions.  Consequently, 
a nlajol- p o r t i o n  o f  the  subsequent  assessment i s  based  on   the   e f fec ts   o f  

SI),/NO,, emissions  on  vegetation. 

For  assessment  purposes,  the  area  surrounding  the  proposed  Hat  (:reek  opera- 

t.ions : s  d i v i d e d   i n t o  a l o c a l  zone o f   i n f l u e n c e   o f  25 km radius  centered on 
t he  proposed  thermal  generating  sta.t ion, and a reg ional  zone o f   i n f l u e n c e  
covered  by a 100 km radius.  Environmental and  Research  Technolc'gy, Inc .  
has developed  models o f   p r o j e c t e d   l e v e l s   o f  SO2 t h roughou t   t he   yea r   f o r  
b o t h   l o c a l  and reg iona l  zones63.  These p ro jec t i ons  have  formed  the  basis 
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f o r   t he   p resen t   assess ren ts   o f   i n ju ry   t o   vege ta t i on   caused   by  SO2, oxides 

c f  n i t r o g e n   ( p a r t i c u l a r l y   n i t r o g e n   d i o x i d e ,  NO,), carbon  monoxide,  hydro- 

carbons,  and f l u o r i d e s   ( a s  hydrogen f l u o r i d e ,  H F ) .  S i m i l a r   m o d e l l i n g   b y  

ERT"'has pe rm i t ted  assessm4:nt o f   t h e   e f f e c t s   o f   c o o l i n g   t o w e r   e m i s s i o n s .  

P l t e r n a t i v e   s t r a t e g i e s   e x i s t   f o r   t h e   o p e r a t i o n  o f  the  thermal power gen- 
e r a t i n g   s t a t i o n ,  and  the  design o f   t h e   s t a t i o n  and i t s  components65. For 

the  present  report,   assessments o f   t h e  impacts o f  emissions  from an un- 

c o n t r o l l e d  366 m (1200 ft.) stack  under  base  load  condit ions  (2000 h) 
have been developed f i r s t ,  <dnd t h e  assessment  methodology  has  then  been 

a p p l i e d   t o   t h r e e   a l t e r n a t i v e  systems: 

3156 m (1200 f t . )   s t a c k   w i t h   p a r t i a l   f l u e  gas d e s u l f u r i z a t i $ m  (FGD), 

3156 m (1200 f t . )   s t a c k   w i t h   m e t e o r o l o g i c a l   c o n t r o l  (MCS), 

2,14 m (800 ft.) s tack   w i th   me teo ro log i ca l   con t ro l  (MCS). 

T i e  366 m s tack FGD systems  proposed  involve  the  diversion o f   p i i r t   o f   t h e  

f l ue   g<s   t h rough   we t   sc rubbers ,   l ead ing   t o  an approximate  halv ing o f  the 
e n i s s i o n s   o f  SO,. However, wh i le   the   sys tem  reduces   so lub le   cons t i tuents  
o f  t he   f l ue  gas, i t  i n e v i t a b l y   r e s u l t s   i n   t h e   i n c r e a s e d   d i s c h a r g e   o f   w a t e r  
v,dpour. The present  assessnlent o f  impact on vegetat ion i s  based  upon an 

K O  system i n  con junc t i on  wi th  a  366 m (1200 f t . )   s t a c k .  

The remaining two s t ra teg ies   i nvo l ve   me teo ro log i ca l   con t ro l  systems (MCS). 

An MCS i s  a systemat ic sequence of   def ined  procedures  des igned t o  r e s u l t  i n  
a r e d u c t i o n   i n  the r a t e   o f   e m i s s i o n   o f   a i r b o r n e   p o l l u t a n t s  whenever  meteor- 
o . 'og ica l   fo recas ts   ind ica te   tha t   h igh   g round- leve l   concent ra t iocs  may occur. 

1 1 1  the case o f   t h e   H a t  Creek project,  evidence  has been presented   fo r   two 
procedures  by  which MCS could  operate:  by load  reduct ion,  or  by  swi tch ing 

t o  a low-su l fu r   fue l .  The two MCS s t ra teg ies  for   which assessments a r e  
present:ed  are f o r   t h e  two  stack  heights: 366 m (1200 ft.) and 244 m (800 ft.). 

For   each  cont ro l   s t ra tegy,  a l o c a l  zone o f   i n f l u e n c e   m o d e l l i n g  wi th in a 25 
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k m  radius of the  stack has 3een conducted by ERT as  described 66. 

l'he ERT projections have been developed on a base  of  meteorological  data from 
lrithin  the  study  area  over d 12-month period, i n  conjunction  with knowledge 
o f  the local topography. The Hat Creek model, a point-source Gaussian 
diffusion model,  has been used to  predict  hourly  ground-level  concentrations o f  
SO, throughout  the  year a t  each of 128 receptor sites arranged i n  rows of 
eight,   radiating from the  stack  in  each  of  the 16 points of the compass. 

T w  hollrly projections  for  the  uncontrolled  situation have been used as 
t ie  baljis for  preparing  compilations of 3-hour,  8-hour,  24-hour,  seasonal 
(3-month) and annual average SO, concentrations,   After  selecting  appropriate 
threshold  concentrations  for each averaging per iod,  the number of SO2 ex- 
cl~rsions above threshold have been  computed for  each s i t e  and plotted  as 
fl-equency isopleths.  Such procedures, accompanied by information as  to  the 
m<iximun concentrations  reached a t  each  receptor   s i te  d u r i n g  the year,  pro- 
v .  de art i n i t i a l  overview  of the probable  magnitudes  of  ground-level fumiga- 
t -  ons. 

I r ,  order  to  obtain  projections  for  the  three  control  strategies,   the  base 
data far the uncontrolled  situations have been modified as follows.  for MCS, 
aFpropriate  action  (whether load reduction  or fuel switching) was presumed 
t c  be e f fec t ive  i n  meeting spec i f ied   c r i te r ia .  The 3-hour and 21-hour 
ccncentrat ion  cr i ter ia  used ,ire: 

- Averaging Time %Concentration (ug/m3) - Basis 

3-hour 655 Afton Smelter Permi t 
24-hour 260 B . C .  PCB Leve:i B 

Th,? same c r i t e r i a  have been  used i n  the FGD case, b u t  no intermittent  action 
wa'j invoked, the  system  simply  being  allowed t o  function w i t h  its,  scrubbers 
as:;umed to  be continuously  achieving 54 percent removal of SO2 from the 
f lue gas. The frequency  isopleths ( a t  a scale of 1:250,000) fo r  the various 
averaging times for  each strategy  are  reported  elsewhere,  together w i t h  the 
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maximum predicted  ground-level  concentrations  for each averaging time w i t h i n  
.:he ycar . 63 

Chile such a form o f  presentation  of  the  data  provides a genera.1 overview 
of  the  area  within  the  local zone of influence which may receive  concentra- 
t ions of SO2 above a g iven  threshold,  the  assessment  of  vegetat,ional  injury 
requires a  more detailed  analysis  of  the  projected  concentrations, hour-by- 
Pour, and receptor  si te-by-receptor  si te.  Recourse has been made t o  PEAK 
Frogrammes prepared by ERT67, w h i c h  provided a detailed  print-out  of  1-hour, 
:,-hour  and 24-hour average  'concentrations for each  of the three  control 
s t ra tegy  s i tuat ions.  For tllese PEAK prograrrunes67, the  threshold  selected 
for  each  averaging time has been a t   o r  below the mst  s t r ingent  B . C .  
Pollution  Control Board standard. Thus, the threshold for 1-hour averages 
i s  255 pg/m3, for 3-hour  averages i s  300 ug/m3, and for 24-hour averages 
i s  160 ug/m3. The selection  of the ultra-low  1-hour  threshold ias been made i n  

order  to  obtain  information  about  the hour-by-hour concentration changes 
p r io r   t o  and after  the  pred-icted  occurrence of hourly peaks of s ign i f icant  
magnitude, a n d  i n  order  to determine the temporal relationships  of such peaks, 
b s t h  o f  which have an important  bearing on injury  to  vegetation. 

111 order  to  provide  quantiktive  assessments  of  injury  to  vegetation, re- 
course must be  made to  the  published or available  data on the  response  of 
individual  species  to specific po l lu t an t s   a t  dosages  comparable t o  those 
pl-edic.:ed. A par t icu lar  prcblem i s  that   the  majority of such reports concern 
experirlental  data  collected under "ar t i f ic ia l"   condi t ions.  Hence, extrapo- 
l i l t ion  to  f ield  conditions i s  fraught w i t h  difficulty.   Nevertheless,   for 
most species, such data  are  the  only  data which are  available  and, hence, 
hdve  had to  be used i n  the present  injury  assessments. Mention should a l so  
be  made of the f ac t   t ha t ,  almost  without  exception,  the  published  data 
cc'ncerr,  "acute" injury  ra ther  t h a n  "chronic"  injury  and, hence, suf fe r  
fur ther  i n  their broad appli 'cabil i ty  to  f ield  si tuations.  A multitude  of 
environmental factors can influence the dose-response  of any species  of a 
given pollutant,  further  complicating any attempt  to  quantify splxif ic  data 
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under   vary ing  condi t ions.  Some o f  these  environmental   var iables  include 

!;eason o f   y e a r ,   t i m e   o f  day, g e n e t i c   v a r i a b i l i t y ,   e d a p h i c   f a c t o r s  and a 

n i x e d   v e g e t a t i o n   p a t t e r n  (P.ppendix F o f   t h i s   r e p o r t ) .  Many of these  are  en- 

v i ronnenta l   fac to rs   wh ich  niay o r  may n o t  be c o n t r o l l e d   o r  even d e f i n e d   i n  

rlany of the   pub l i shed  repor ts .  

: t shc~uld be  emphasized t h a t   t h e  assessments o f  impact  on  veget.at ion  reported 

tlereirl  are  based upon in jury ,   whether   expressed  through  v isual  symptoms o r  

th rough  mod i f i ca t ions   to   p lan t   g rowth .  I n  addi t ion,   the  data  presented  are 
assessments  and n o t  measurements, s ince  few o f   t he   p lan t   spec ies   i nd igenous  

t.0 the  Hat  Creek  region  have been s t u d i e d   i n   t h e   c o n t e x t   o f   a i r   p o l l u t i o n  

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

l i t e r a t u r e ,   i n  most   cases  t i lese  repor ts   conta in   no  quant i ta t ive  in format ion 
abou t   seve r i t y   o r   magn i tude   o f   impac t .  I n  t h e  few  cases  where q u a n t i t a t i v e  

cata  exists,   these i n   t u r n  : -equ i re   cau t ious   ex t rapo la t ion   to   the   cond i t ions  

o f  Hat Creek. 

Methodology .For Determing  the E f fec ts  o f  SOZ/N02 on 
Vegetation - 

The l o c a l  and reg iona l   impacts   o f   a i rborne   emiss ions   f rom  the   genera t ing  
s t a t i o n  have  been  assessed f o r   t h e   t h r e e   s t r a t e g i e s :  366 rn s tack  wi th  FGD, 

3856 m ,;tack w i th  MCS, and 244 m s t a c k   w i t h  MCS (Appendix F o f   t h i s   r e p o r t ) .  

F>r each  case, p r o j e c t e d   l e v e l s  and f r e q u e n c i e s   o f  SO, concentrat ions,  
clmputed by ERT 63, 66 form t:he prime  data  base. The magnitudes o f   t h e  

ilnpact:; o f  these  p ro jec ted  Z402 concentrat ions  have  been  derived i n  t h e   l i g h t  
o f  t h e   e f f e c t s  o f  t he   va r ioa   f ac to rs ,   env i ronmen ta l  and tempor?~l ,   d iscussed 

ill Appt'ndix F, Sec t ion  4.0. Emphasis  has  been p laced upon the   impac t   o f  SO2, 
the  predominant gaseous emission, a1 though  assessments o f   f l u o r i d e s ,   p a r -  
t.'culai:es,  carbon  monoxide,  oxides of   n i t rogen,   hydrocarbons,  ozone  and 

cc~olin(l   tower  emissions  have been undertaken. 

a- 

m". 
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I (1)  Local  Impact 

The l o c a l   i m p a c t   o f   t h e   g e n e r a t i n g   s t a t i o n   e m i s s i o n s   c o v e r s   t t l e   c i r c u l a r  

area o f  25 km rad ius   cen tered  on the   s tack ,   c lose   t o   Har ry  Lak.e.  The ERT 
pro jec t i ons   a re   p resen ted   as   t hey   re la te   t o  128 receptor   s i tes   a r ranged 

r a d i a l l y  i n  rows o f   e i g h t   a l o n g  axes a t  22.5' i n t e r v a l s  arounc  the  stack. 

The i n d i v i d u a l   s i t e s   a r e   l o c a t e d  4 km f rom  the  s tack and  subsequently a t  
3 km i n t e r v a l s   o u t   t o  25 kln.  The s i t e s   a r e  numbered  outwards  from  the 

stack  comnencing  with  the (axis facing  south,  and  thence i n  sequence i n  a 

c l o c k d i s e   d i r e c t i o n .  The . f a c t o r s   r e l a t e d   t o   t h e   l o c a t i o n s   o f   t h e   i n d i v i d u a l  
r e c e p t o r   s i t e s ,   t o   t h e   e x t e n t  and na tu re   o f   t he   vege ta t i ona l   cove r   p resen t  

3rounmi each s i t e ,  and t o   t h e   v e g e t a t i o n a l   r e s p o n s e   i t s e l f   a r e   i n c l u d e d   i n  

the a:ssessment procedure.  For  purposes o f  assessing  impact, e x h   r e c e p t o r  

s i t e  lhas been assumed t o  be l o c a t e d   a t   t h e   c e n t r e   o f  an  annula'f  region 

I?xtending  1.5 km a l o n g   t h e   r a d i a l   a x i s  i n  e i t h e r   d i r e c t i o n ,  and  occupying 

i12.5' o f   a r c .  The areas o f  t he   annu la r   sec to rs   and   t he   d i s tances   o f   t he i r  
cen t ra l   recep to r   s i t es   f rom  the   s tack  were  computed. 

" 

" 

" 

I- 
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I l i t h i r t  each  annual s e c t o r ,   t h e   e x t e n t   o f   i n d i v i d u a l   v e g e t a t i o n   a s s o c i a t i o n s  

has been es t imated us ing  the 1:50,000 vegetat ion  cover  maps o f   t h e   l o c a l  
study  area  and  Figure F2-1 o f  Appendix F o f  t h i s   r e p o r t .  From these  data, 

the e:,tirnates o f   t h e   v e g e t a t i o n   a s s o c i a t i o n s   p r e s e n t  i n  the  annular  sectors,  
f u r t h e r   e s t i m a t e s   o f   t h e   c o v e r   c o n t r i b u t e d  by ind i v idua l   spec ies  have  been 

(lade, using  the  p lant  species  cover  data,   based upon vege ta t i on   p lo t s  i n  
the a r e a  (see Appendix C, Environment  and  Vegetation  Tables, o f   t h i s   r e p o r t )  

cover for each  species f o r  which  the mean cover   per   assoc ia t ion  exceeded 

one percent  has been c a l c u l a t e d   f o r  each assoc ia t ion   p resent  wi-thin an annular  
sector ,  and summed t o   g i v e  ?;he to ta l   cover   p rov ided  by   these  spec ies   w i th in  
the  sector.  

I n  a d d i t i o n   t o   f a c t o r s  re1a::ed t o   r e c e p t o r   s i t e s  and the i r   assoc ia ted   veqeta-  
t ion,   the numerous fac to rs   wh ich   in f luence  p lan t   response,   descr ibed  in  

AJpendix F, Sec t ion  4.0, have  been inco rpo ra ted   i n to   t he   ove ra l ' !  assessment 

o f  impact. The va r ious   we igh t i ng   f ac to rs   used  i n  th i s   i nco rpo ra t i on   a re :  

*' 

a -  
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( L )  where t r e e  and  shrub  layers  are  dominant  wi th in an associat ion,  

the  impact on the  lower   vegetat ion i s  reduced  because o f   t h e  

l i k e l i h o o d   o f   t h e i r   e x p o s u r e   t o   c o n c e n t r a t i o n s  less than  those 

p r e d i c t e d  as a consequence o f   d e p o s i t i o n   i n   t h e   u p p e r   s t o r i e s  68, 69. 

( 2 )  enchanced  impact  has  been a t t r i b u t e d   t o   e x p o s u r e s   o c c b r i n g   d u r i n g   t h e  . 

ear ly   hours  o f  d a y l i g h t ;  

( 3 )  enhanced  impact on exposed  species  has been assumed r e l a t i v e   t o   d a t a  

generated i n  l a b o r a t o r y   o r  chamber experiments in which  low wind 
v e l o c i t i e s   a r e  employed7', except  where  the  species  are  protected 

by   upper   s to r ies  of vegetat ion;  

( 4 )  i n  general,  species  have  been assumed t o  be less s e n s i t i v e  when grown 
under   na tura l   cond i t ions  i n  t h e   f i e l d   t h a n  when grown i n  chambers 

and  greenhouses ; 7 1  

( 5 )  i n c r e a s e d   i n j u r y  has  been  assessed  where sequential  exposures  were 

p red ic ted   t o   occu r ,   o r  where several   peaks  occur  wi th in a 

s ing le   day l i gh t   pe r iod ,   rega rd less  o f  whether  they  are  consecu- 
t i v e   o r   i n t e r m i t t e n t ;  and 

( 6 )  impact o f  SO2 has  been considered  enhanced 50 percent  and thresh- 

o l d s  have  been considered  reduced 25 percent  by the   s inu l taneous 

fumigat ion  wi th NO2 a t  SO2/N02 r a t i o s   e x p e c t e d   f o r   t h e   H a t  Creek 
genera t ing   s ta t ion   emiss ions  (see Appendix F, Sect ion  4 . 5 ( f ) ) .  

( 7 )  impact o f  SOz has  been considered t o  be  reduced  by  the  concomitant 

presence o f   e l e v a t e d   l e v e l s   o f  CO,. S ince  there  appears  to  be  no 

i n fo rma t ion   ava i l ab le   as   t o   t he  combined e f f e c t s  of SO2 and CO2 
on t r e e  and shrub  species, and i n   t h e   l i g h t   o f   t h e   r e l a " i v e 1 y  

low levels o f  C02 enr ichment   l i ke ly   to   occur   (Append ix  f:, Sect ion F4.4). 
a 25% reduc t i on   o f   impac t  has  been  used f o r  such  specie:;. On the 

o the r  hand a 50% reduc t ion  has  been a p p l i e d   t o  assessments o f  impact 
on  graminaceous  and  herbaceous  species. 

(8)  impact on t r e e  and  shrub  species has  been assumed t o  be increased 
25% because o f  t h e   l i k e l i h o o d   o f   i n j u r y   r e s u l t i n g   f r o m   t h e   d e p o s i t i o n  

o f  SO2 du r ing   t he   w i l i t e r  months (outside  the  growing  season). I n  

t h e   t a b l e   o f   i m p a c t  dssessment  presented l a t e r  i n  t h i s   r e p o r t ,   t h e  

g rea tes t  emphasis ha!; been p laced on exposures Apri l  1 - October 31 
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growing  season  (the  period  over  which  the mean monthly  temperature 

i n  Hat  Creek i s  above OC. However, t h e   l i m i t e d   d a t a   a v a i l a b l e  

requ i re   tha t   an   ad jus tment  be made f o r   w i n t e r   d e p o s i t i o n .  

#)ne 0.f these  modify ing  factors  (SOZ/NO2interact ion)  has been i n c o r p o r a t e d   d i r e c t l y  

i n t o   t h e   t a b l e s   o f   s e n s i t i v i t i e s  of ind iv idua l   spec ies   to   a i rborne   emiss ions  

x-esented i n  Appendix F, Sect ion 5.3. Two o the rs  (C02 and  win.ter  deposit ion) 

lave Ibeen i n c o r p o r a t e d   d i r e c t l y   i n t o   t h e   c u m u l a t i v e  dose-response  curves  used 

to es t imate   in ju ry ,   p resented   in   Append ix  F, Sect ion F5.4. 

I k n s i t i v i t y   t a b l e s   f o r  S02/N02 have  been c o n s t r u c t e d   f o r   a l l   p l a n t   s p e c i e s  
encountered  wi th in  the  local   study  area  (Appendix F, Sect ion 5.3) .  These 

table:; t ake   i n to   cons ide ra t i on   t he   responses   o f   t he   i nd i v idua l   spec ies   t o  

l:he d i f f e r e n t  components o f   the   emiss ions ,  i n  t h e   l i g h t  of the var ious 

factors  which  modify  response and  have  been weighted  accordingly.  However, 

c,xhaustive l i t e r a t u r e  searches f a i l e d   t o   r e v e a l  dose-response  data f o r   t h e  
n l a j o r i t y   o f   t h e   p l a n t   s p e c i e s   p r e s e n t .  O f  special   concern i s   t h e   f a c t   t h a t  
2 severe   lack   o f   in fo rmat ion   concern ing   impor tan t   p lan t   spec ies   to   l i ves tock  

and w i l d l i f e  use such a bluebunch  wheatgrass (Agropyron spicutun), pine- 

grass (CaZumagrostis mbescm6)  and grouseberry (Vuccinim s c o p ~ i u m )  ex is t s .  
Th i s   g rea t l y   reduces   t he   s ign i f i cance  o f  t h e  assessment  where  these  species 

dominate. 

Once a l l   t h e  base  assessment  data for   the  annual   sectors   vegetat ion  assoc-  
i a t i ons   w i th in   annua l   sec to rs  has  been ca l cu la ted ,   t he  assessment o f   t h e  

i l d i v i ' d u a l   a i r   q u a l i t y   s t r a h g i e s  can  be  completed. 

I h p s  have  been o v e r l a i d  o f  t h e  peak concentrat ion  and  f requency  isopleths 
f o r  a g iven  t ime  o f   excurs icn  (Appendix  F, Sect ion 6.0). Th is  makes 
i.: poss ib le   t o   de te rm ine   p rec i se l y   t hose   recep to r   s i t es   wh ich   t t l e  ERT 

I l lodel l- ing  predicts  would be exposed to   e leva ted   concen t ra t i ons  and the  
number o f  such   even ts   l i ke l y   t o   occu r   du r ing   t he  season o f   v e g e t a t i o n a l  

growth. 
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l-ables( were drawn u p  l i s t ing   the  1-hour, 3-hour a n d  24-hour peaks projected 
t o  occ:ur t h r o u g h o u t  the year  for each receptor   s i te  around which i t  was 
considered  likely  that impact would  be discernible.  The assemb,led d a t a  
were then subdivided  into a )  those  pertaining t o  the  April-October growing 
season, and b )  those  relating t o  daylight hours. For each s i t e ,  the maximum 
Fredicted  concentration occsm-ing during  the  daylight hours of the growing 
season was noted (Cmax)  and the   to ta l  number of peaks within  the  daylight 
tours of the growing season which  were 80% or more of t h i s  maximum  was 
calculated ( n ) .  The selection  of 80% of the maximum peak concentration  per 
s i t e  as the lower l imit   i s   admit tedly  arbi t rary.  I n  terms of the  complete 
P E A K  Programme d a t a  for  each control  strategy, however, the range 80-100% 
included  approximately one half of the peaks above the thresholsi selected  for 
the  particular PEAK Programrle o u t p u t ,  in  the  case of the  highest peak values 
(1500 - 1800 p g / m 3 ) ,  and an  increasing  proportion  as  the  value  for  the 
highest peak value  decreased. 

Where  Ipeaks occurred  within 3 hours of daybreak, t he i r  impact WiIS weighted 
b,y mu1 t iplying  their  number  by 1.5,  t o  account for their  greater'   potential 
f l r  injury. The products o f  Cmax and  the weighted number o f  peak occurrences 
jlist described (ns for   the Srowing season) ,   i .e .  Cmax.n were used a s  an 
initia'l  approximation  of  cunlulative growing season  dose fo r  each s i t e .  These 
dose  viilues were then  interpretated  as  injury by reference  to  cumulative 
dosc-response  curves for   the  different   species  (Appendix F, Sect:ion 5.4). 

S 

The cumulative  seasonal  doses  for  the  receptor  sectors of in te res t  were used 
tcr estimate cumulative injury or beneficial   effect  by reference t o  the dose- 
responw  curves. These preliminary  estimates were then further  refined  in 
the  l ight  of the  other   s i te-specif ic  modifying factors  described above 
i r l  Appendix F, Section F4.1, i . e .  p l a n t  cover  distribution,  al t i tudinal  range, 
mixing depth,  etc. 

5-101 



rnP  

w -  

I- 

" 

Assessment of  the Three Air  Quality Control Strategies 
for  SO?/NO:, 

I n  order  to  assess  the impact of S02/N02 on the vegetation of the  local 
study  area, two approaches have been taken. F i r s t ly ,  the poten t ia l  injury 
cf  ve~etation  cover  in km2 and  estimated  percent  injury  in  Tables F6-1 t o  
16- o f  Appendix F of  this  report have been  compared for each receptor 
s i t e .  Secondly, a more detailed approach has been taken t o  obtain an  es t i -  
mate of the impact t h a t  each air   qual i ty   control   s t ra tegy might have on the  
individual  vegetation  associations. This  approach evaluates  the  total amount 
of  vegetation  area  that wou'ld  be affected  in each vegetation  association 
w i t h i n  the receptor sites shown in Appendix F of this   report .  This has been 
done f w  each air   qual i ty   control   s t ra tegy.  

I t  sho.Jld be pointed  out  that the information presented only p w t a i n s  t o  
p l a n t  :species  studied by other investigators t h a t  have shown in.jury to  
c2rtain  concentrations. Alnlost no d a t a  ex is t s  on important  plant  species 
and dominant plant  species c f  the study  area. For example, no 'information 
e t i s t s  on b l  uebunch wheatgrass (Agropyron sp icn tm) ,  pinegrass ('CulmngMstis 
r;hescms) or grouseberry (Yhccinium scopariwn), probably the three most 
ahundarrt understory  species  in the local s t u d y  area. In addition, no in- 
formation i s   ava i lab le   for  any of  the  herbaceous  species.  consequently, 
the  data  presented  in this   report  on plant  injury  is   soft .   Possibly,  more 
injury may occur t h a n  i s  rec3rded because of the lack of information on the 
dclminart p l a n t  species o r  sp8?cies important t o  wildl i fe  and livestock  graz- 
irg. l h u s ,  no accurate  determination  of  ecological changes i s  possible. 
Tbe percent  injury  values gi,den w i t h  the areas they  impact are n o t  localized 
t c  one spot  within  those  areds, b u t  generally  occur th roughou t  tile whole area. 
In general,  the  larger the area  affected  the more diluted  the  injury  value 
would  be within  that  area. Most of these injury  values  represent  chronic 
injury which  would lack  visual symptoms and is  usually  expressed  as a loss  
in  productivity. 
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(1) Local Inlpact of the 366 m Stack w i t h  F1 ue Gas 
Desulfurization 

Appendix F of this report  shows t h a t  receptor   s i tes  28, 35,  36, and 124 may 
show possible  vegetational  injury due mainly t o  the occurrence of 1-hour peaks, 
Map 5-2 shows the  distribution o f  these  receptor   s i tes .  Table 5-17 i l l u s t r a t e s  
the  predicted annual area  affected and percent  injury  for each receptor   s i te  
by plant  species.  This  information  clearly shows t h a t  receptor   s i te  36 would be 
affected the the  greatest  (5.5  km2/yr),  with  receptor  site 28 following  with  3.0 
km /yr of  impacted area. On receptor   s i te  124 ,  the injury would  be generally 
low (1 t o  5 percent) excep.t for willow (SaZiz spp. ) and  Kentucky bluegrass 
(Poa ,pratensis) which show injury  values of 25  and 11 percent,  respectively. 
The areas  affected on receptor   s i te  36 .are derived from the  5.0 kmZ/yr of 
PZemvziwn  schreberi impacted,  although the percent  injury wou'ld be only 
one p'ercent. The remaining 0.5 km2/yr i s  a resu l t  of a three  percent injury 
t o  wi'llow (saZi+ s p p .  ) . Rqceptor s i t e  36 corresponds t o  the Mt. Martley  area 
In  tel-ms of the p l a n t  species, PZeuroziwn  schreberi and SaZiz s p p .  would be 
,dffected the most w i t h  area  values of 9.4 and 1.0 km2/yr, respectively. 
IJith respect t o  percent  injury, willow (Sutiz s p p . )  would vary between 1 and 
I 1  percent compared t o  Kentucky bluegrass (Poa pratensis) where a two percent 
.njury could  occur. The remaining  receptor s i t e s  develop the i r  t o t a l  injury 
figures from only  willow ( S z Z k  spp.)  and PZeuroz im schreberi. The to ta l  
erea t , h a t  would be affected from th i s   a i r   qua l i t y   s t r a t egy   i s   e s t ima ted   a t  
10.6 km2/yr with between 1 'and 8 percent  injury  possibly  occurring. 

Table 5-18 compares the number of km2 affected per year   for  each vegetation 
association  within  the  receptor  sites  predicted t o  have vegetation  injury 
(Map 5-2). The  Engelmann Sl)ruce - Grouseberry and  Engelmann  Spl-uce - 
Grouseberry - Pinegrass  associations  appear t o  have the  greates?  area 
affect,?d  with  values of 7.40 and 1.85 km2/yr impacted, respectively. 

In  add.ition, the. willow-Sedge Bog association i s  signif icant ly   affected due 
to the high  cover of  willow (SaZiz spp. ). In the Engelmann Spruce - Grouseberry - 

I- 
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T A B L E  5-17 

F-OR THE 366m/FGO AIR QUALITY MODEL FOR SDz/Nb FOR THEz PLANT SPECIES 
WITH DAMAGE INFORMATION BY RECEPTOR SITE ( k m  / y r )  

PREDICTED ANNUAL AREA IMPACTED AND PERCENT INJURY 

ANNUAL SECTOR NUMBER Tot(3l 

PLANT SPECIES 
(km'iyr 1 Area  A.Ffected 

- % Injury Range 
28 35 36 124 

Pca pratensis 

" 0.3* 0.1 0.5 0.1 
1 1 3 8 

- - - 

0.2 
2 
- 

PZrurcziwn schreberi " 2 . 7  - 0.8 5.0 0.9 - - 
I. 1 2 1 

1.0 
1-8 

0.2 
7- 
9.4 
1-2 

" 

" 

Total Area Impacted 3.0 0.9 5.5 1 .2  
41 Injury Range 

". "_ __ " - 
1 1 2-3 1-8 

- - 

* Area Affected  (krn2/yr) 
% Injury 

10.6 
1-8 
I_ 



TABLE  F5-18 

MAXIMUM  PREDICTED  ANNUAL  AREA  AFFECTED 
FOR THE RECEPTOR S I T E S  :SHOWING VEGETATION  INJURY FOR THE 

366 m/FGO A I R  QUALITY MODEL BY VEGETATION  ASSOCIATION 

VEGETATION  ASSOCIATION 

T o t a l  

~ 

Injury Range 1-8 2 1-2 

Er:gIemnmn Spruce - Grouseberry 
- Lupines Association 

A:,oociation 
Ikgelmunn Sprwce - Gr0useber.t.y 

EfigeZrnann Spruce - GrouseberIry 
- Pinegrass Association 

Douglas-fir - Pinegrass 
A:::;ociation 

hug1a.s- f i r  - Pinegrass 
i k w h p z s s  Association 

h x g l a s - f i r  - Pinegrass/ 
nmglas- f i r  - Finegrass 
nuwhgrass Complex 

KexLucky BZuegrass AssociaticNn 

Mi?low - Sedge Bog Associatkn 

0.6 

0 . 2 0   7 . 2 0  

0.13 1 .72  

0.26 

0.13 

0.04 

0.28 

0 . 9 5  

0.06 

7.40 

1.85 

13.26 

I). 13 

11.04 

0 . 2 8  

0.95 



Pinegrass  Associat ion., Pieuro;:ium schreberi i s   t h e  most   impor tant   cont r i -  

bu to r   t o   t he   ove ra l l   a reas   a f fec ted ,   a l t hough   the   i n ju ry   wou ld  be low (1 t o  

2 pt,rcent). 

(2)  Regional  Impact o f   t h e  366 m Stack FGD Air Q u a l i t y  
S t ra tegy  

The ERT regional   proJect ions  for   the  uncontro l led  emiss ions  f rom a 366 m 

s tack63  a re  such tha t   t he   p red ic ted   annua l   ave rage   concen t ra t i ons   o f  SD,/ND, 
would  be we l l  below  the  thresholds o f   i n j u r y   f o r   v e g e t a t i o n .  The ERT model- 

l i n c ,  however,  does n o t   p r o v i d s   i n f o r m a t i o n  as to   the   occur rence o f  i n d i -  

v idLa l  peak concentrat ions beyond the  25 km l o c a l  zone o f  impact.  Never- 

t h e l e s s ,   i n   t h e  366 m s tack FGII a i r   q u a l i t y  model, the   I -hour  peaks g rea te r  

than 450 pg/m3 SO, appear t o  be c o n f i n e d   t o   t h e '   l o c a l  zone o f  impact, 

a l t h o u g h   t h e r e   i s   u n c e r t a i n t y  i l S  t o  whether  such  peaks  would  occur i n  the  
SSW d i rec t i on ,   i . e .  beyond r e c e p t o r   s i t e  16 (Map 5 - 2 ) .  It appears,  therefore, 

t h a t  no p o t e n t i a l l y   i n j u r i o u s  psak   concent ra t ions   wou ld   l i ke ly  occln- ou ts ide  

t h e   l o c a l  zone o f  impact. As i~ consequence, the  impact o f  t h e  366 m stack 

FGD system  on  the  regional zone o f  impact  would  probably be minima'l, and may 

l a r g p l y  be r e l a t e d   t o   t h e   m a r g i n a l ,  i f  measurable,  increases i n  growth. 

(3)  Local  Impact o f   t h e  366 m Stack  wi th   Meteoro log ica l  
Contro l  System 

Appendix F o f   t h i s   r e p o r t   i n d i c a t e s   t h h t   r e c e p t o r   s i t e s  8, 13, 14, 15, 16, 

20, 21, 22, 23, 27, 2 8 ,  2 9 ,  30,  35,  36,  37,  43,  44, 51, 52, 5 3 ,  54,  63, 123, 
124 i\nd 125 may  show poss ib le   vegeta t ion  in ju ry .  Map 5-3 shows the d i s t r i b u t i o n  

o f  these  receptor   s i tes .  

Tablc: 5-19 i l l us t ra tes   the   p red ic ted   annua l   a rea   impacted  i n  km*/yr f o r  each 

recep to r   s i t e   by   p lan t   spec ies .   Recep to r   s i t es  13, 14, 15, 21, 19 and 124 
apper.r t o   e x h i b i t   t h e   g r e a t e s t   p o t e n t i a l   a r e a s  o f  impact. These recep to r  

s i t es   genera l l y   co r respond   to  the h igher  peaks: B lus t ry   and  Ca i rn 's  peaks, 
ChipLin  Mountain and M t .  Mar t ley .  Engelmann spruce (P.:cea e n g e h m i i ) ,  
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TABLE 5-19 
PREDICTED  ANNUAL  AREA  IMPACTED  AND PERCENT INJURY 

THE  PLANT  SPECIES  WITH DAMAGE INFORMATION BY RECEPTOR S I T E  
FOR THE 366 M/MCS A I R   Q U A L I T Y  MODEL FOR S02/N02 FOR 



FOR THE RECEPTOR S I T E S  SHOWING VEGETATION  INJURY FOR THE 
MAXIMUM PREDICTED ANNUAL AREA AFFECTED 

366 M/MCS A I R   Q U A L I T Y  MODEL BY VEGETATION  ASSOCIATION 

I In jury Range 1-4 1-2 1-2 1 1-2 4 1-2 2-24 2-24 1-20 1-? 1-3 I 

9.01 10.14 21.60 

0.27  0.92  0.49 0.12 11.35 

I. I 1  m a 4  0 .73  30.28 

0.09 0.26 0.35 
OougI41-fir ~ Plnegrds~ 
Asroclatian .62  0.70 0.04 5.92 0.33 1.74 0.25 0.16 9.04 

0.03 

0.34 1.10 0.35 

0.21 

0.91 

0.40 0.01 2.80 

0. IO 0.10 

0.13 
0.10 

0.36 
0. IO 

0.76 
0.94 
0.76 

0.93 0.93 

1.35 
0.02 
1.35 



lodgepole  pine (Pinus contorta)  and Pleuroziwn sckreberi would contribute 
the greatest areas b u t  have low injury  values of between 1 and 3 percent. 
On receptor   s i tes  13, 14, 15, ? I ,  and  24, between approximately 1 and  48 
percmt of the total   area  affected  is  made up of  willow (SaZiz  s p p ; )  which 
w o u l j  have a high injury  of frclm 2 t o  28 percent.  Receptor s i t e  2!3 would 
show the  greatest impact on willow (SaZ i t  s p p )  with 2 t o  24 percent  injury. 
Willow (SaZiz s p p . )  comprises 83 percent  of  the t o t a l  area affected on re- 
ceDtor s i t e  29. 

Receptor s i te  29 i s  expected t o  show the greatest  vegetation  injury because 
of the high  willow (SaZiz  spp.) component which shows a potential for high 
inju7.y. Willow (saZiz spp.  ) and Kentucky bluegrass (Poa p r a t a s i s )  would show 
the  greatest maximum injury  vahes of 28 and 7 percent,  respectively. The 
t o t a l  area  that would  be affected  for   this   a i r   qual i ty   control   s t ra tegy i s  
101.4 km2/yr. 

Withil  the  local  study  area  the  receptor s i t e s  t h a t  may show vegetation 
injur,y In order of significance  are,  the Engelmann Spruce - Grouseberry, 
Engelmann Spruce -Uillow - Red Heather Parkland  associations and  Engelmann 
Spruce - Grouseberry - Pinegrass,  (Table 5-18). However, i t   i s  expected 
tha t  the Engelmann Spruce - Willow - Red Heather  Parkland  Associaticln would 
be heavily  affected because of the high  willow (SaZiz s p p . )  cover  in t h i s  
association. Willow (SaZiz  s p p . )  could show  an injury  value of 24  percent 
for   t f l is   associat ion.  The  same i s   t r u e  in  the Willow - Sedge Bog Association 
w h i c h  would have a 4.34 km2/yr area  affected, w i t h  percent  injuries  ranging 
up  t o  28 percent, With respect ,to the other associations mentioned, Engelmann 
spruce (Picea e n g e h a n n i i ) ,  lodgttpole pine (Pinus contorta) and PZewoziwn 
::c?m;beri contribute  substantially t o  the overall  areas t h a t  could be affected. 
The injury  f igures  for  these  species would be generally less t h a n  3 percent. 

( 4 )  Regional Impact of the 366 m Stack MCS Air Quali1:y 
Strategy 

As in the case  of the 366 m stack FGD s t ra tegy,  the regional impact of the 
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pr,edicted S02/N02 emissions from the 366 stack MCS system would  be unlikely 
t c  involve  measurable  injury to  vegetation. The only uncertaint ies  concern 
the  regions immediately  surraunding the  local zone of impact t o  the south, 
southwest and northwest. In par t icular .  a pattern  of  increasing 1-hour peak 
concentrations and increasing numbers of  excursions  is seen  in  the  southerly 
direct ion,  t h r o u g h  s i t e s  6 ,  7 and 8 (Map 5-3). Similarly,  h i g h  peak  con- 
centrations and frequencies iippear possible  in  the SSW direct ion beyond s i t e  
16. Although peak concentrations  are somewhat less  to  the  northwest,   there  is  
unzertainty  as  to  the  ground-,level  concentrations beyond s i t e s  56 and 64, although 
i n  these  directions  the number of 1-hour peaks appears t o  be dirwinishing 
(Appendix F ,  Section 6.0).  Thus, on the  basis of the  uncontrolled 366 m stack 
emissions63 and the  detailed  projections  for  the  local zone of impact there 
a g i l i n  appears t o  be no  reason t o  suspect  adverse  effects o f  the  emissions under 
t h t t  366 m stack MCS strategy  within  the extended regional zone. Such e f f ec t s  
o f  SO2 and NO2 as  occur would probably be marginally  beneficial  in  nature. 
T h i s  may a lso be t rue of the impact, i f  any,  immediately beyond receptor   s i tes  
8, 16, 56 and 64, as  noted abwe. 

(5)  Local Impact of the 244 m Stack w i t h  Meteorological 
Control Strategy 

Appendix F of this report  ind.icates  that  receptor  sites 6, 7 ,  8, 13,  14, 15, 
16, 20, 21, 22, 23, 24, 27,  28, 29, 30,  35,  36,  37, 38, 43, 44,  4!j, 46, 51, 
52, 53,  54, 55, 63, 64, 70, 86,  93, 94, 123,  124, 1 2 5 ,  126, 127 and 128 would 
she# possible  vegetation  injury. Map 5-4 shows the  dis t r ibut ion of these 
recr:ptar s i t e s .  

Tab'le 5-21 depicts  the  predicted annual area  that  could be affected i n  km2/yr 
for  each receptor   s i te  by plant  species.  This  analysis  indicates t h a t  
receptor   s i tes  13,  14, 15, 16, 21,  29,  94 and 124 would  have the  greatest  
arect affected.  These receptor  sites  correspond t o  the higher  elevations 
of Ellustry Mountain, Cairn's Peak, Chipuin Mountain, and the Arrowstone Hills .  
Witt the exception o f  receptor   s i te  94, potent ia l ly  impacted s i tes   a re   ident ica l  
t o  those t h a t  would be affected by the 366 m MCS a i r   qua l i ty   s t ra t4?gy .  The 
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Map 5-4 
LOCATION OF THE RECEPTOR  SITES  SHOWING 

VEGETATION INJURY FROM S02’/NO2 
FOR- THE 244 m- MCS AVERAGE  CASE 
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24,1 m MCS could a f f ec t  the same receptor  si tes  as  the 366 m MCS as well, 
as 14 others. Although the areas  that  would be affected by both the  366 m 
MC!; and 244 m MCS s t ra tegies   are  the same, the  percent  injury  values  for the 
244 m MCS would  be greater. For example, receptor   s i te  14 which  would have' 
t h f ?  greatest   area  affected (18.2 k d / y r )  has a percent  injury range o f  between 
1 ilnd 28 for  the 366 m MCS and between 1.2 and 30.8 for  the 244 n l  MCS case. 
plcurozium schreberi, lodgepole  pine (Pinus contorta), Douglas-fir (Pseudotsuga 
merziesii) and Engelmann spruce (Piceu engelmannii) would  have the largest 
a reas  affected  with  38.4,  16.9,  16.7 and 15.6 krn /yr,  respectively. How- 
ever, except fo r  PZeurozium sdweberi on receptor   s i te  124 where an injury 
of 6.4 percent could be encountered, all  injury  values would be l e s s  t h a n  
3 percent. Of greater  concern,  are the areas dominated by willow (SaZix 
s p p . ,  Sa2ix caseadensis, and :iulix n iva l i s )  where the  total  area  ,affected 
for  these species could be 8.9,  13.1, and 12 .4  km2/yr, respective'ly,  since 
a maximum percent  injury of 40 may occur. The total   area  that  cou'ld be affected 
fo r   t h i s   s t r a t egy   i s  132.7 kn?/yr. 

Within a l l  the receptor  si tes in the  local  study  area t h a t  may  show vegeta- 
tiou  injury ( Table 5-22),  the Engelmann Spruce - Grouseberry, Enselmann 
Spruce - Grouseberry - Pinegrass, Engelmann Spruce - Willow - Red Heather 
Park.land,  Douglas-fir - Pinegrass and  Engelmann Spruce - Grouseberry - 
Lupines associations would be the most affected,  w i t h  area values of 34.33 
27.20, 24.15, 16.15, and  11.68  km2/yr, respectively. However, i t   i s  expected 
that the Engelmann Spruce - Willow - Red Heather  Parkland  Association would 
be heavily  affected because of the high  density of  willow (SaZiz spp.)  i n  
th is   associat ion.  Willow (SaZ<z spp.) could show a possible injur:,  value 
of  26 .4  percent  for this association. The  same  would  be true in the willow 
- Sedge Bog Association which would only have a 4 .69  km2/yr area  affected 
b u t  '3  percent  injury of u p  t o  40.0 percent. Engelmann spruce (Pica 
engetmannii), lodgepole  pine (Pinus contorta) and PZeuroziwn schretleri would 
contribute  substantially t o  the  overall  areas  affected. The injury  figures 
f o r  these  species  are  generally  less  than 5 percent. With the exception o f  the 
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TABLE 5-22 

MAXIMUM Pl iEDICTED ANNUAL AREA AFFECTED 
FOR THE RECEPTOR :SITES SHOWING VEGETATION FOR THE 

244 M/MCS AIR  QIJALITY MODEL BY VEGETATION  ASSOCIATION 
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Douglas-fir - Pinegrass  Association, these associations occu:' a t   e levat ions 
above 1525 m (5000 ft.  ). 

( 6 )  Regional Impact of the 244 m Stack MCS A.ir Quality 
Strategy 

From the ERT  projection^^^ for   regional   a i r   qual i ty  from the 244 m stack 
MCS system there   i s  no reason t o  expect significant  injury to vegetation 
within the outer  parts of the regional zone of impact. However, as was 
noted  in the case of the  366 m stack MCS si tuat ion,   uncer taint ies   exis t  
around the local zone of  impact. In the present  case, there i s   s t i l l  more 
reason for  uncertainty because of the patterns  of peak concentration pre- 
dicted  for  the  local zone as one progresses outwards along  several  axes. 
For example, inspection o f  Figure  17, Appendix F, clear ly  shows t h a t  
peak I-hour SO, concentrations  greater t h a n  600 ,,g/m3 may occur SSE, S,  SSW, 

NW and  NNW of the  stack (beyond receptor   s i te  128, 8, 24 ,  56 and 64 respec- 
tively)  while  in  the SSW direct ion,  peaks u p  t o  1200 g/m may occur beyond 
receptor 16. Because of .the discontinuity between the local a n d  regional 
modelling, i t   i s  impossible t o  make any definitive  statements  as t o  the 
magnitude o f  the impact o f  gaseous  emissions  immediately  outside the  local 
zone  of impact in the directions  noted. A l l  t h a t  can be said  is  t h a t  f o r  the 
more d i s t an t   s i t e s  i n  the  regional zone of  impact, the e f f ec t s ,   i f  any, 
of the generating  station  emissions are l i ke ly   t o  be marginally  beneficial. 

(7) Summary o f  the Loca l  and Regional Impacts Caused by 
S W N 0 2  

The ef fec ts  of the proposed power plant  emissions on the  veget.ation o f  the 
local  study  area have been evaluated  for the three  a i r   qual i ty  models. I t  
i s  clear from the previous  discussions  that the three  air   quali ty  control 
options can be ranked in the  following  order: 

366 m FGD < 366 m MCS < 244 m MCS 

Table  5-23 summarizes some of the more important  criteria  for  separating 
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T A B L E  5-23 

SUMPURY EVALUATION FOR THE THREE 

AIR QUALITY STRATEGIES FOR SG,INOz EMISSIONS 

366mIFGD i 366m/MCS 

Number o f  Receptor 
Si tes  Impacted 4 21 

Number o f  Vegetation 
Associations Impacted 8 17 

I I 

Total Area Impacted 
(km2/yr) 10.6 101.4 

Major Receptor 
S i t e  Impacted 36 14 

Association Impacted 
llajor  Vegetation Engelmann Spruce - 

Association 
Grouseberry 

Engelmann Spruce - 
Association 
Grouseberry 

244mIMCS 

41 

2.1 

132.7 

14 

Engelmann Spruce - 

Association 
Grouseberry 
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the  three  options. In a l l  categories,  the 244 m MCS would hijve the highest 
adverse  impact. The reason fo r   t h i s  would  be the lower stack  height which 
could r e su l t  in  higher  phytotoxic  ground-level  concentrations of SQ/N@ 
over a wider  area and a t  lower elevations.  The areas t h a t  wcluld show vege- 
ta t ion damage for   a l l   three  opt ions  are   the upper elevations  of  the  Clear 
Range, Cornwall Peak  and Pavillion Range. Some vegetation  injury would be 
evident i n  the Arrowstone Hil ls   for   the 244111 MCS option  only. THe la rges t  
area  affected  could be associated  with  elevations above 1525 m (5000 f t . ) .  

For a l l   three  a i r   qual i ty   control   opt ions,   the  Engelmann Spruce - Grouse- 
berry  Association was found t o  be affected  the most with  area  values o f  

7 . 4  km2/yr for   the 366 m FGD,  30.3 km2/yr for   the  366 m MCS and 34.3 
km2/yr for   the  244 m MCS. Although receptor s i t e  14 for   the  :366 m MCS and 
244 m MCS s t ra teg ies  has the  highest  area  affected  (18.2 km2/yr) i t   i s  expected 
t h a t  receptor   s i te  29 may also be heavily  affected because of i t s  high 
content o f  willow.  Receptor 29 i s  mainly composed  of the Engc!lmann Spruce - 
Willow - Red Heather Parkland Association.  This  association  is  the most 
important because of i t s  high vegetation  diversity and  possible  occur- 
rence of many  showy alpine  flowers. However, with respect t o  productivity, 
the Engelmann Spruce - Grouseberry Association i s  of more importance, 
especially in fores t  produ1:tivity. 

The  366 m FGD would follow a s l igh t ly   d i f fe ren t   pa t te rn .   I t   awld   a f fec t  
a smaller  area compared t o  the other two options  (Table  5-23), w i t h  receptor 
s i t e  36 the most affected with a value o f  5.5 km2/yr. This  receptor  si te 
i s  in the v ic in i ty  of Cornwall Peak. 

-or a l l   th ree   a i r   qua l i ty   cont ro l   s t ra teg ies ,  the tree  species are generally 
injured less t h a n  5 percent. Willow (SaZiz s p p . )  and PZeurozium schreberi 
(ire the  most consistently  injured  species by a l l   th ree   a i r   qua l i ty   cont ro l  
options. Willow (SaZir s p p . )  i s  the most injured  species with maximum injury 
\,slues of 8, 28  and 40.0 percent from the 366 m FGD, 366 m MCS a n d  244 m MCS 
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options,  respectively,  while PZeurozim schreberi has maximum injury values 
of 2 ,  3 and 6.4  percent,  respectively. All maximum values  are  associated 
with  receptor  sites 14, 15 and 124, although the areas  affected  are low in 
comparison t o  the  other  receptor  sites. 

I n  general,  the primary  reason for  the greater  impact o f  the two options  in- 
volving MCS would be a resu l t  of the large numbers o f  signif icant ly   injur ious 
1-hour concentrations of S02/N02 permitted by MCS based upon the 3-hour 
655 pg/m3 SO2 standard. As well,  in the case of the 244 m stack, the lower 
release  height of emissims  is  important  as  stated above. The type o f  
injury t h a t  could be expected is   largely  chronic  in nature,   result ing from 
repeated  fumigations witil SO2 and NO2 . The acute  injury  threshold  for 
sensit ive p l a n t  species would be exceeded more frequently under the MCS 
options,  especially the ;!44 m stack  option. 

Particulates and Trace Elements 

Particulates  are  predicted t o  be emitted from the stack a t  a rate of 
approximately 40,000 kg  (88,000 lbs . )  per day. 

Based  upon the ERT projec:tions  for annual  average SO2 concentrations 
the proposed  0.12 r a t io  of particulate/S02  emissions and a deposition  velocity 
o f  O.l/cm/sec,  the  greatest  predicted annual deposition  fluxes  for 
par t iculates  would be: 

366 m stack FGD 17.0 ug/m2/year 
366 m sta'ck MCS 26.5 pg/m2/year 
244 m s tack  MCS 35.2  pg/mz/year 

There i s  no evidence t o  suggest t h a t  vegetation would be affe'cted by par- 
ticulates  deposited a t  such rates  or by the specific  trace  ellments  present 
within them72. Of a l l  the  trace  elements  investigated vanadium shows the 
highest  depositional  flux o f  only 34.36 u g / ~ $ / y e a r ~ ~ .  
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Oxides of  Nitrogen 

Nitrogen i s  emitted from the  stack  of  coal-fired  burners  in the form of 
n i t r i c  oxide ( N O ) .  However, once  exposed to   the atmosphere, NO begins  to 
oxidize  to form appreciable  quantities  of  nitrogen  dioxide ( N U * ) .  The 
speed  of this  reaction depends upon atmospheric  conditions and the  presence 
of other  reactive  airborne  contaminants . For the Hat Creek case, ERT63 
has assumed NO and NO2 t o  occur i n  equal  molar amounts in  the  local  study 
area and t o  be 80 percent 1V02 and 20 percent NO in the  regional stud,y area. 

73 

In general,  the  concentrations o f  nitrogen  oxides  necessary  to  cause  visible 
i n j u r y  to  vegetation  are h.igher than  those  normally  associated w i t h  coal-fired 
power plants.  Concentrations  of 3760 ug/m3to  18,000 ug/m3 are  liecessary 
to  produce acute  injury i n  sensit ive  plants 74, 75 

Zhronic injury may  be caused by lower concentrations of nitrogen  oxides. 
'Concentrations  as low as 1128 ug/m3 o f  NOx were found to  
i n  oats and a l f a l f a  . Depressed growth ra tes   a l so  have 
[plants exposed t o  940 ug/m" NOx for  extended periods . 
noted that  a continuous  exposure o f  282 t o  489 pg/m3 NO 
caused  chronic  injury and growth reductions i n  sensi t ive 

X 

l . i n g e ~ ~ ~  found t h a t  NO2 caused increased damage a t  lower 
the dark  than  in the l ight .  

76 
inhibi t  COz uptake 
been observed  in 
Thompson et  a'l 77 

for  2 t o  4 weeks 
plants. In addition, 
concentrations i n  

No visible  symptoms of  leaf  injury from n i t r i c  oxide ( N O )  have been re- 
ported . However, growth reductions may take  place a t  concentrations  of 
3800 to  7500 pg/m373. 

79 

Table 5-24 shows the maximum ground-level  concentrations  predicted for NO2 
by ERT63 fo r   a l l   th ree   a i r   qua l i ty   s t ra teg ies .  Data from this table  i n -  
d icate  t h a t  al l   concentration  levels would be well below those shown t o  
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TABLE 5-24 
MAXIMAL GROUND-LEVEL CONCENTRATIONS PREDICTED  FOR 

NO, WITHIN THE  LOCAL STUDY AREA* 

Maximum Concentrat ion 
( ~ g / m ~ )  

r\veraging Time 
366 III FGD** 366 m MCS*** 244 m MCS*** 

1 -hour 
3-hour 

24-hour 
Zeasonal: 

w i n t e r  

s p r i n g  
summer 
fa1 1 

Annual 

284 

143 
81 

1.4 
2.7 
2,o 
2., 8 
1 .,8 

641 
252 
101 

2.3 

5.1 
3.9 
2.9 

2.7 

675 
243 

101 

2.3 

6.7 
4.3 
3.6 
3.6 

" 

* Data  from ERTC3. 
* *  Values  probably  too  low  because FGO wou ld   p robab ly   a l t e r  SO;!/NO;! 

r a t i o   i n  a manner which  has  not  been  adjusted  for i n  ERT corlcen- 
t r a t i o n   e s t i m a t e s .  

*'r* Values p robab ly   marg ina l l y   l ow  because use o f  coa l - sw i t ch ing   op t i on  
would  lower  emissions of SO2 b u t   n o t   o f  NO,. These values a.re 
based on an  assumed cons tan t  SOz/N02 r a t i o .  
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II 
I cause  acute or chronic  injury.  Consequently, no damage  from N O X  should be 

expected. 

The major e f f ec t  of oxides  of  nitrogen, mainly NO2 on vegetatim would be 
their   synergistic  action w i t h  sulfur  dioxide  to produce vegetation  injury 
3 t  lower concentration  levels t h a n  normally  encountered. This factor has 
Seen taken in to  account i n  the assessment of impacts of sulfur  dioxide. 

Hydrocarbons, 

iydrocarbons are known t o  c:ause injury and  growth reduction  to  plant  species, 
\primarily due to  the  presence  of  ethylene . Other saturated and unsatura- 
ted hydrocarbons generally have l i t t l e   e f f e c t  on vegetation . 

80 
81 

lithylene can reduce  apical growth, cause  epinasty,  chlorosis,  leaf and bud 
abscission and necrosis  in  angiosperms,  while i n  conifers  effects  are mainly 
premature  needle and cone abscission,  reatrded  elongation of new needles, 
iInd poor cone  development . 74 

IIthylene concentrations  as low as 55 u g h 3  for 16 hours can cause  epinasty 
. n  sensitive  agricultural  species  (tomatoes,  potatoes and buckwheat). In 
less  sensitive  plant  species,  ethylene  exposure  (55 vg/m3) for  a period  of 
:;everal weeks was necessary t o  cause growth reductions . 74 

Based on the predicted 0.017 r a t io  of total  hydrocarbons/SOz etnissions 
the maximum predicted 1-hour ground-level  hydrocarbon  concentration  for  the 
366 m stack MCS i s  28 g/m3, the 366 m stack FGD i s  12 pg/m , and for  the 
244 m stack i s  29 pg/m 63.  All other average time periods would  be well ' 
telow the  1-hour  predicted  values. 

3 

3 

These values  are low i n  comparison w i t h  those found to  cause  in,jury. In 
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I add i t i on ,   t he  above pred ic ted   va lues   inc lude  a l l   fo rms  o f   hydrocarbons ,  

- predicted  hydrocarbons i s   e i t h e r  equal t o  the t o t a l  amount o f  hydrocarbons 

not   on ly   e thy lene.   Consequent ly ,   the  propor t ion  o f   e thy lene t o  t o t a l  
.I 

present  or   lower.  The composit ion o f   the   hydrocarbon  s tack   emiss ions   i s  

" not known. Therefore,  no  iimpact on vegetation  from  hydrocarbons  would be 
expected. 

'I 
Ozone 

llzone (0,) i s  a h igh ly   reac : t i ve  compound which i s  formed  by  photochemical 

v a c t i o n s   i n v o l v i n g   i t s  conlponents, moelcular and  atomic oxygen (0, and 0, 
- e s p e ~ t i v e l y ) ~ ~ .  Ozone format ion i s   d i r e c t l y   r e l a t e d   t o   t h e  NO /NO r a t i o  

,dnd incoming  so la r   rad ia t ion .   ERF3pred ic ts   the  NO,/NO r a t i o  t o  be low, as 

wel l  as hydrocarbon  emissions,  which  af fect   the  react ion  to some extent .  

Consequently,  the ozone leve ls   wou ld   no t  be expected  to  be  above ambient 

' levels and vegetat ion  would  not  be impacted. 

Carbon M o n o s  

The I - h o u r   l e v e l s  o f  carbon  monoxide (CO) p r e d i c t e d   f o r   t h e  366 m stack FGD, 
366 m MCS, and 244 m MCS a i r   q u a l i t y   s t r a t e g i e s   w o u l d  be 41  us/$, 92 pg/m 

a d  96  ug/m3, respect ively.   Very l i t t l e   i n f o r m a t i o n   e x i s t s  on the   l eve l s  

of CO t h a t  may cause vege ta t i on   i n ju ry .  However, t he   l ow   l eve l s   p red ic ted  

above would  not  be expected t o  cause vegetat ion damage as  they  would be 
cu i ck l y  d i lu ted  and/or   conver ted t o  carbon  d iox ide (C02). 

3 

A c i d   P r e c i p i t a t i o n  

The problem o f   a c i d   p r e c i p i t a t i o n  as  a resu l t   o f   t he   p roposed  H(3 t  Creek 
power p l a n t  has  been i n v e s t i g a t e d   i n  two  repor ts  63, 82 

A c i d   p r e c i p i t a t i o n   r e s u l t s   p r i m a r i l y  from t h e   o x i d a t i o n   o f  SO, %o form SO, 

a' 

1- 

a- 
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and eventually SO; ( su l f a t e ) .  Nitorgen  oxides  also may undergo a similar 
oxidation  process  with the resultant  formation of NO; ( n i t r a t e ) .  In the 
presence of water, these ulidergo hydrolysis t o  form sulfuric  acid (H2S04) 
and n i t r ic   ac id  (H,NO,) ,  respectively. The rate of the above chemical re- 
action depends on  many factors.  The presence of  hydrocarbons and certain 
trace  metals may act   as   ca . ta lysts .  Other emissions such as f1.y ash  will 
neutralize  acid,   to the degree i t  contains  elements  associated w i t h  car- 
bonate  including Ca, A l ,  S.i and others82. 

Two types of deposition  are  possible:  dry and wet. Dry deposition i s  a 
continual  process and i s  dominated by the sulfur  compound SO,. Wet deposi- 
t i o n  resul ts  from precipitation scavenging  the  airborne  sulfur i n  the form 
of  sulfate  (SO;) which readily combines with  water t o  form sulfur ic   acid,  
thereby  creating  "acid  precipitation". Much the same process  occurs w i t h  
n i t ra tes .  Greeley e t  a183 generalized  that 20 percent of the sulfates   are  
deposited by dry  deposition,  while 80 percent  are removed  by wet deposition. 

In jury  t o  vegetation i s  caused by wet deposition of sulfuric  acid on the 
J l a n t  surfaces. Dry deposition if i t  remains in  the  dry  state upon contact 
with the plant surfaces would have l i t t l e  effect". However, i f  i t  encounters 
wet foliage  conditions,  effects  similar  to wet deposition would occur. 
jome of the more important  effects  of  acid  precipitation  are  cuticular 
(erosion and decreasing  populations of nitrogen-fixing  lichens a n d  micro 
. f lo ra  and fauna". 

In the Hat Creek con tex t ,   l i t t l e   o r  no e f f ec t  from acid  precipitation would 
occur  in the local  study  area or regional  study  area.  Calculated  rainfall 
i icidit ies ranging from pH 3.7 t o  5.5, depending upon the specif ic  assump- 
1:ions  made with  regard  to b uffering  capacity or neutralization by NH have 
heen mades2. A pH of 3.7 represents an extreme  "worst  case" s i tuat ion where 

" 
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no i n t e r a c t i o n   o r   b u f f e r i n g   w i t h   o t h e r  compounds e x i s t s  and  a h igh  SO2 

concentrat ion i s  present (30 pg/m3).  For  the  most  part, ERT model l ing  pro-  

duced values o f  0.5 t o  2.0 ug/m3 o f  SO2 f rom  the   uncont ro l led  366 m stack . 63 

Consequently, pH values  of 3.7 would be ex t remely   un l i ke ly .  

I n  any  case,  such  values  are a t   o r  above t h e   t h r e s h o l d   f o r   d i r e c t :   i n j u r y   t o  

mr.t vegetation,  even  the  most  susceptible  pinessg, and are  great.er  than 
those  which s i g n i f i c a n t l y   m o d i f y   p l a n t   h o s t - p a r a s i t e   r e l a t i o n  . Hence, i t  

app'ears t h a t  no d i r e c t l y   i n j u r i o u s   e f f e c t s  on vegetation  would  occur. 

85 

Cool ing Tower Emissions 

The coo l i ng   t owers   assoc ia ted   w i th   t he   genera t i ng   s ta t i on   wou ld   u t i l i ze  

water  from  the Thompson River .   Evaporat ive  cool ing i n  such  towers  inev i tab ly  

r e s u l t s   i n   t h e   e n t r a i n m e n t   o f   d r o p l e t s   o f   c o o l i n g   w a t e r   c o n t a i n i n , g   d i s s o l v e d  

s o l i d s ,   p a r t i c u l a r l y   s a l t s ,  i n  t h e   s t r e a m   o f   a i r  and water  vapour  which  they 

emit.  Condensation o f   t h i s   w a t e r   r e s u l t s  i n  v i s i b l e  plumes, con ta in ing  

sa l ine   aeroso ls  whose chemica l   compos i t i on   re f l ec ts   t ha t   o f   t he   coo l i ng  
wat l? r  used  and whose depos i t i on   occu rs   a round   the   s i t e   o f   t he  coo:iing  towers. 

ERTli4 has prov ided an  assessment o f  the  a tmospher ic   e f fects  and depos i t i on  

isop le ths   fo r   four   a l te rna t ive   coo l ing   tower   des igns64.  The p ro jec ted  max- 

imum depos i t i on   ra tes   a re  : 64 

Four  round  mechanical d r a f t  towers 51,400 kg/km2/year 
Four  rectangular  mechanical   draf t   towers 24,150 kg/km2/year 

Two n a t u r a l   d r a f t   t o w e r s  
Four n a t u r a l   d r a f t   t o w e r s  

4,717 kg/km2/year 
8,760 kg/km2/,year 

I n  all cases  the  deposi t ion  ra. te  drops  to 560 kg/km2/year w i t h i n  3 km o f  
the  towers. The p r e f e r r e d   a l t e r n a t i v e  i s  two n a t u r a l   d r a f t   t o w e r s .  

McCuie e t   a i 8 6  have  studied the! e f f e c t s   o f   s a l i n e   a e r o s o l s  on a range o f  

p lant  species.  The aerosols  which  they used consis ted 47.9 p e r c e n t   o f  

chlol- ide  ion, i n  comparison  wit,h  the 6 pe rcen t   ch lo r i de   con ten t   o f   t he  
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'hompson River  water.  This wide discrepancy makes precise  assessment im- 
possible,  since  there i s  no information  offered as to  the particular  sensi-  
t . iv i t ies  o f  the   species   tes ted  to   specif ic  ions within the aerosol. However, 
1.he range of  susceptibil i t ies  includes  "sensit ive"  species such as hemlock 
(injured by 6-hour  treatment w i t h  a deposit ion  rate  equivalent t o  636 kg/km2/ 
year) and  "resistant"  speci'es such as  witchazel  (injured by 6-hour  treatment 
lr'ith a deposition rate equivalent  to 46,500 kg/kmz/year).  Runeckles, in 
Pppendix F of this   report ,   ' s ta tes :  

"This range of responstr t o  such short  term  exposures makes i t  
highly  probable that some species of vegetation i n  Hat  Creek even 
'more distant than 3 km from the  cooling towers will be adv,ersely 
affected by aerosol  deposition  occurring  throughout  the ye,=, 
regardless of the  choice of coozing tmers .  Furthemore,  within 
a distance  of  approximutely 1 km from the towers, some i n j i * q  t o  
most species i s  l i ke l y   t o  occur as a consequence of continued 
deposition. However, the  quantitative assessment of  such :Injury 
i s  not  possible i n  the absence of specific  information as t o  the 
e f f ec t s  of the  particuZar  mixture of saZts  typical  of Thompson 
River  vater,  applied t o  vegetation i n  aerosoZ form. Indeed,  the 
presence of sul fate  and calcium  as tu0 of the nnjor ions m!y be 
of  some nutritionaz  benefit."'? 

11: should also be noted  that, because o f  the water vapour content of the 
plumes from the cooling towers, impact on elevated  terrain such as Cornwall 
P e a k  would resu l t  i n  conditions o f  local h i g h  humidity  (approximately  five 
times a year)63.  If the impingement o f  the cooling tower plume coincides 
w i t h  tha t  of  the  generating  !;tation  stack, the local ly  high  humidity would 
increase the probable  impact o f  SOz/NOz in  the  lat ter 's   emissions,  through 
the effect   of  humidity on stomatal  apertureB8. 

I n  addition,  the  heat and moisture  contained i n  the cooling towel- plumes 
could create micro climate changes especial ly  i n  the a r id  Hat Creek climate. 
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rhese  changes may lead  to   a l terat ions  in  the vegetation  patterns  within  the 
circumference of the 3 km area  affected by the cooling tower eriissions. 
Possible  successional changes toward mre moisture-loving p l a n t  species may 
::ake place. However, the  extent and t i m  period  necessary  for  these changes 
':o occur  are  difficult   to  ascertain.  

"race elements are  also  contained i n  the cooling tower emissions. This my 
provide an extremely  localized  source  of  trace  elements. However, E d 3  
projects  that  no measurable increase of trace  elements would occur even i f  
bioaccumulation  occurs. 

F1 uoride 

I'he fluorine compounds, especially hydrogen fluoride (HF)  would  be emitted 
from the stack, both  in a gaseous and  a particulate  state.   Studies  indicate 
t h a t  approximately 10 percent would be emitted as  particulate matter, while 
the remaining 90 percent would be i n  the gaseous s t a t e  . The gaseous s t a t e  
would by f a r  be the most  darnaging to  vegetation because  of i t s  absorption 
through the leaf  stomata. 

72 

As with most a i r   po l lu tan ts ,  the impact  of f luorine on vegetation i s  dependent 
01 a number of parameters, the most c r i t i c a l  of which are pollutant  concentra- 
t ion,  exposure  duration,  genetic  differences  within  plant  species, and en- 
wironmental conditions. Houever, u n l i k e  other a i r  p o l l u t a n t s ,  f l uo r ine  is  
a cumulative  toxicant.  Fluorine  has the ab i l i t y   t o  accumulate i n  the plant 
tissues  (mainly  leaf  margins).  Consequently,  vegetation  injury may occur 
after repeated  low-level  fumigations  (below  threshold). Some st,udies  indi- 
m t e   t h a t  the effects  of  intermittent  fumigations have revealed t h a t  post- 
fllrnigation fluoride  loss can occur from leaves 

101 
99s loo. ,,Elimination  of  fluoride 

absorbed by spruce has been reported . 
The fluoride accumulation  in  vegetation i s  influenced by a number of environ- 
ntntal   factors such as  temperature,  moisture, and re la t ive  humidity.  Tissue 
age and time of day of  exposure are  also  important  factors. In general, 

I' 
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higher  temperatures and re la t ive  humidities increase  fluoride-induced i n j u r y  
in vegetation,  while a water  deficit  decreases  vegetation  injury. 

The accumulation of fluoride  in  leaf  t issues can cause a variety o f  chronic 
effects.  Generally, carbon  dioxide  assimulation is  decreased, a reduction i n  
the foliar  chlorophyll  content  occurs and  an  a1 teration  in  carbohydrate 
metabolism and an increased oxygen uptake are found. 

The impact of gaseous fluoride  emissions on vegetation i s  based on a 8.92 
x lo"+ r a t i o  of  gaseous f luoride  to  SO2 emissions7'.  Table 5-25 indicates 
the maximal ground-level  concentrations  predicted  for  fluoride w i t h i n  the 
local  study  area  for the three a i r   qua l i t y   s t r a t eg ie s .  

Exposures to  levels  of 0.4 and 1.5 pg/m3 HF for  over 65 days are  necessary 
for  injury  to  occur on ponderosa pine (Pinus ponderosa)*" and Douglas-fir 
(Pseudotsugu m e n ~ i e s i i ) ~ ~ ~ ,  respectively,  while 16 days of exposure t o  0.6 
pg/m3 HF were required t o  injure the sensi t ive  tul ip   cul t ivar ,   Par is  . 104 

No short-term  dosages  of  this magnitude are  predicted  for  the annual or 
seasonal  values  (Table 5-2'5).  

However, s ince   f luor ide   i s  a cumulative  toxicant,  chronic  fluoride  injury 
may occur on sensi t ive Vegetation a t   s i t e s   sub jec t ed   t o  repeat,ed  fumigation. 
Ponderosa pine (Pinus pondwosa) has been reported by Gordon"' t o  be injured 
by exposures t o  average  concentrations  as low as 0.06 pg/m3 for  119 days w i t h  

maxima ranging between 0.06 pg/rn3 and 0.25 pg/m3. In addition,  Weinsteinlo' 
found t h a t  ponderosa pine '[Pinus ponderosa), Douglas-fir (Pseu<lotsuga 
m n z i e s i i )  and  lodgepole p.ine (Pinus c a t o r t a )  are  all  highly  :sensitive  to 
HF during the period of  needle  elongation.  Consequently,  chronic  impact on 
these  tree  species may occur. Reid, Collins and Associates L t d . 4 9 ,  u s ing  
'the uncontrolled  stack HF emissions,  estimates  that 459.8 m3/yc?ar of the mean 
annual increment  could be 'lost i n  the  probable  case. Informat.ion on the 
e f f ec t  of fluoride  emissions on understory shrubs, herbs and grasses is  
generally  lacking  for the vegetation  species found i n  the Hat  Creek local 
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TABLE 5-25 

MAXIKAL GROUND-LEVEL  CONCENTRATIONS 

PREDICTED FOR F: WITHIN THE LOCAL  STUDY AREA * 

AVERAGING 366m/FGD  366m/MCS  244m,"CS 
TIME d m 3  d m 3  vgim3 

1 -hour 

3-hour 

24-hour 

Annual 

Seasonal 

Winter 

Spr ing  

Summer 

Fa1 1 

0.65 

0.33 

0.19 

0.004 

.003 

.006 

.005 

.006 

1.46 

0.58 

0.23 

0.006 

.005 

0.12 

.009 

.007 

1 .54 

0.55 

0.23 

0. 008 

. C05 

.a15 

.010 

.008 

I- * Data  from ERT63 

I- 

, 

.I - 
I- 

" 
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studj,  area.  Consequently,  the  effect of HF emissions on these   spec ies   i s  
d i f f i c u l t  t o  assess ,   requi r ing   fur ther   s tud ies  i n  order t o  evaluate any 
impacts. The present   re la t ively h i g h  l eve l s  of  f luorine i n  the  shrub and 
g ra ses ,   r epor t ed  by ERT7', fur ther   s t ress   the  importance of monitor ing 
fluoride  emissions and their   levels  in  various  plant  species.  

E. Waste Disposal 

The iksh disposal schemes fo r  t.he p l a n t  described i n  Section 5 . 4 ( b ) ( i )  
would require  drainage  ditches around the ash pond perimeter t o  catch  surface 
and near-surface  waters from the adjacent  highlands  before  they  reach  the 
ash ponds. The water i n  the wet ash disposal scheme would be disposed of 
by evaporation as well as recycl ing  for   the  s luicing  of   ash.  

The Ivaste disposal   for   the mine would require  large  waste dump areas t o  
accomodate   the  large  quant i t ies  of waste  rock and overburden. These waste 
disposal  piles would  be drained i n  order t o  prevent  contaminated  surface 
runoff t o  flow on to  the  surrounding  land.  Consequently,  a  system of  drain- 
age 'ditches would be located  around  the  perimeter  of  the  waste clumps and 
mine. These would d r a i n  i n t o  lagoons which would serve as se t t l ing   bas ins  
and  retention dams. Some o f  this  water would be used for indus t r ia l  pur- 
pose;  while  the  remainder wou'ld be discharged i n t o  Hat Creek.  Treatment may 
be n x e s s a r y .  

The daste  disposal  areas would undergo par t ia l -   reclamation and revegetation 
mainly o f  the  sloping portion d u r i n g  the  operation  phase . The remainder 
would be reclaimed  during  the  decomnissioning  period. The plan;: ash disposal 
areas would be reclaimed  in  the  decommissioning period. All aspects o f  the 
reclamation and revegetation  processes will be discussed  under  Section 5 . 4 ( d ) ,  
"Deconmissioning". 

- 

a9 

The p l a n t  would be operated in a "no  l i q u i d  discharge" mode. Water make-up 
would e s sen t i a l ly  equal  consumption. Cooling tower blowdown and water from 
soot-blowing  act ivi t ies  may b8? the major  functions t h a t  produce  waste  water. 
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Waste water  transported t o  the ash disposal ponds would be di!;posed  of by 
evaporation.  If  a dry ash (disposal scheme i s  chosen, then th . i s  waste water 
would be t r ea t ed  t o  produce a water q u a l i t y   s u i t a b l e   f o r  reus(? i n  the primary 
water use systems of  the p h n t .  

The yard  and p l a n t  f l oo r  dr’ains would be kept separa te  t o  e l iminate   the po- 
tential   for  storm  water  contamination by plant  process  pollut ,ants.  The yard 
drainage would n o t  be considered a waste and, therefore ,  would n o t  be t r ea t ed .  
All waste  water  from the plant   drainage  system would be c o l l x t e d   i n  a deep 
retent ion pond and evaporated. 

I f  an emergency coal pi le  i s  necessary a t  the p l a n t  s i t e ,  drainage from this 
wculd be t r e a t e d  and discharged t o  receiving  waters o r  reused  in  the power 
plant.  

Since  the  plant  is,  operated on a ”no l iquid  discharge mode”, no e f f e c t  is 
expected on the  vegetation. The sewage disposal schemes f o r  b o t h  the  plant  
and  mine may have a minor beneficial  effect  because o f  an increase  in n u -  
t r i e n t   s t a t u s ,  b u t  this e f f e c t  would be extremely  localized. 

F e  s torage o f  overburden,  waste . .. rock,  coal and ash  in dumps and ponds may 
present problems  concerning  the  buildup of trace  element  concentrations 
a r d  t h e i r   e f f e c t s  on vegetation.  Trace  elements  naturally  occurring i n  coa l ,  
overburden and  waste rock would be l i b e r a t e d   i n t o  the ecosystem d u r i n g  the 
mine and plant   operat ions.  

- 

Uti l iz ing  the Environmental  Research and  Technology,  Inc. (ERT) document on 
trace  elements  in the ecosystem7’, 21 t r ace   e l emnt s   i nves t i s a t ed   i n   de t a i l  
were characterized  as  having a h i g h ,  moderate or low po ten t i a l   t ox ic i ty  t o  
vegetation.  This  information  is  provided  in  Table 5-26. Arsenic,  beryllium, 
cobal t  and t i n  were ra ted  a s  high,  while  lithium,  boron, cadmium, chromium, 
lead, vanadium, zinc and arttimony  were classed  as  moderately  toxic. ,   I t  
should be emphasized t h a t  this is  only a r e l a t i v e   t o x i c i t y  r a t i n g  s ince  
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TABLE 5-26 
RELAYIVE TOXICITY TO  PLANTS 

OF THE TRACE  ELEMENTS FOUND IN THE  HAT  CREEK  ECOSYSTEM 

nigh 

High 

High 

nigh 

nodcrate t o  n i g h  

noderate 

Moderate 

M d C r a t e  

modcrate 

M d c r a t c  

Mderats 

Moderate 

LOW 

LO% 

LOW 

L o 1  

LO* 

LOW 

L O W  

LOW 

LO" 

Plants  general ly  accumulate As i n  tlie root t i p s ;  

e f f e c t  at  seedl In9 stage.  
t o a i c i t y  depends MI s o l u b i l i t y ;  gre,Icest t o x i c  

L i t t l e   i n f o m t i o n  on t o x i c i t y   l e v e l s .  

Ilorc t o x i c  i n  acid  s o i l s  and tends t o  a c c w l a t e  
i n  root t i s s u e .  

T o x i c i t y  depends on s o l u b i l i t y ;  a a s o v t l o n  ay p l m t s  

c l a y  lodm soils. 
i s   h i g h e s t  i n  randy  loan and loamy % o i l s  and n o t  ~n 

Absorbed  f rom  soi l  and leaf   surfaces through stomcl; 
n a t w d l  l e v e l s  in  the s o i l  a t  n d t  Creek are d a w e  
l i t e r a t u r e - d e r i v e d  concentnt lons.  

ng i n   s o i l  t o  produce t ox i c   e f fec ts .  
Cr may i n t e r a c t   s y n e r g i s t i c a l l y  with N i .  LO, and 

P lan ts  trnd t o  4 c c v w l a t l  Pb i n  the root t l p s .  

NO t o x i c i t y  reported t o  p l a n t s   i n   l i e l d   c o n d i t t o n s .  

ACcumYl l t ion  greater  i n  m o t s ;  tO1f t r a n s l a t e d  KO 
leaves i s  i n  an i nso lub le  form. - 
Trms loca ted   f rom roocs t o  leaves 

Governed by s o i l  pH; the  h igher   th#> pn. the rare 
t o x i c .  

Hg i s  n o t   m c e n t r a t e d  t o  a great ~ ! x t e n t  i n  p l a n t  
t i S S Y I I .  

nany  p lants  accurulatc l a r g e   q u a n t i t i e s   i n  the 
stem and 1erves ; ' p ian ts  show 1 g r # ! r t   v a r i a b i l i t y  
t o  >e t o x i c i t y .  
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many environmental   factors   affect  a t r a c e   e l e m e n t ' s   a v a i l a b i l i t y  and  mobili- 
ty.  Factors such as   so i l  pH,, syne rg i s t i c   r eac t ions  w i t h  other   t race  e lements ,  
wattir a v a i l a b i l i t y ,   t r a c e   e l w e n t   s o l u b i l i t y ,  and cation  exchange  capacity 
(CEI:) control  whether  or  not a t race  e lement  would be ava i lab le  for p l an t  
uptake.  Plants  also  vary w i t h  season and growth s t age  i n  t he i r .   s ens i t i v i ty  
t o  ' t race  element  toxicity.  ::n add i t ion ,  many plant   species  or trace  elements 
have not been s tudied  i n  enough detail   to  determine  whether or not  a p a r t i -  
culiir  trace  element i s  tox ic   o r  a p lan t   spec ies  would be injured.  Most i n -  
formation is published on crop   spec ies   ra ther  than on native  indigenous 
spe.3  es .  

Mi ne 

Coal,  topsoil,  overburden, wiiste  rock and poss ib ly   benef ic ia t ion   p lan t   t a i l -  
i n g s  would be s tockpi led   as   ! s ta ted   ear l ie r .  Much of this material  would be 
exp~sed   t o   t he   d i r ec t   e f f ec t : ;   o f   wea the r ing   fo r   t he  f i r s t  time for  varying 
periods  of time. unt i l   they would be reclaimd.  This  weathering  process  could 
convert   soluble   t race  e lemerts  i n t o  mobile  forms a t  varying  rates.  Topsoil 
gensral ly  would  have a much 'lower content  o f  mobile trace  elements,  while  the 
1ow.r s t r a t a  o f  overburden,  waste  rock  and  coal would have a h i g h  content 
because, they have not  been s,dbjected  to  direct   weathering. 

These toxic  trace  elements  c'suld  reach  the  plants i n  two ways: direct   uptake 
and leaching.  Because  the mwe toxic  trace  elements  in  materials,   such  as 
f l y  ash, would be covered w i t h  approximately 2 m (6  f t . )  o f  material  t h a t  
provides a super ior  growth ml?diurn, i . e .   t opso i l  and g lac ia l  t i l l ,  they would 
be l e s s   ava i l ab le .  However, since  evaporation and t ranspi ra t i lm i n  the Hat 
Creek area  exceeds  the  precipi ta t ion d u r i n g  the s u m r  months, the  potent ia l  
e x i s t s  for the  water-soluble   t race  e lements   to 'be drawn t o  the   so i l   sur face  
anc accumulated,   thereby,  being  directly  available t o  the  plants.   Secondly,  
dounward leaching  through  the  waste dumps may create   highly  toxic   leachates .  
These leachates  may con ta in   apprec i ab le   quan t i t i e s   o f   t r ace   e lmen t s ,   a s  
well  as  sodium,  calcium and magnesium. Both the mine and plant  designs 
inc i ca t e   t ha t   t he  runoff and leachates  would be caught and contained i n  a 
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ser ies   o f   d i tches  and lagoon!;. However, leakage  from  these  sotrrces  could 
havs a d e l e t e r i o u s   e f f e c t  on the  nearby  vegetation. Beakg8 es t imate   tha t  
400 m3/d and 40 m3/d of  seepiige  water would reach the  groundwater  from 
the Houth Meadows and b d i c i n e  Creek waste dumps, respec t ive ly .  The accumu- 
la t ion   o f   t race   e lements   a t  .the surface due t o  evaporation is of  more concern 
i n  the  decommissioning  phase,. 

To 2stimate the poten t ia l  amounts of water   soluble   t race  e lements   that  m i g h t  
be leached from the  waste dumps, coal s torage   a reas  and beneficiat ion  plant  
ta i l ing   a reas ,   l eacha te   t es t : ;  were preformed . These leachates  were  then 
comared  to  the  water  ambiert  levels  provided by Environmental  Research and 
Tecmology, ' I ~ c . ~ ~ .  The re su l t s   o f  this comparison  are  presented  in  Table 
5-27 .  These resul ts   represent   the  concentrat ion i n  ppm of  solution and 
genzrally show the maximum leachate  t o  be expected  for  each  trace  element of 
confern t o  vegetation.  Concentrations  of chromium and lead seam h i g h  i n  a l l  
waste,  while boron  would be h i g h  mainly i n  the  waste  rock.  Arsenic  could be 
h i g l  i n  a l l   mater ia l s   except  coal  and beneficiat ion  plant   ta i l . ings ,   whi le  
z i n r  could be h i g h  i n  the  low-grade  coal  waste. I t  should be pointed  out   that  
ber,yllium,  cobalt and t i n ,  a ' l l   ra ted  as   highly  toxic   to   plants .   lack  leachate  
tes t   information on the   l eacha te   l eve l s   t o  be expected  from  the  various mined 
matzr ia ls .  

89 

. ~. 

Of the above trace  elements,   arsenic and  chromiim would probably be the mst 
mobile due t o  the h i g h  a lka1 , in i ty   cha rac t e r i s t i c s  of the Hat Creek waste 
materials.  Beakg8, using ra te   o f   re lease   t es t s ,   es t imate   tha t   e leva ted  
leve ls   o f   a rsen ic ,  chromium, copper and iron i n  the  seepage  water i s  expected 
t o  emanate from the Houth Mei2dows waste dump. Lead  would  be r e l a t i v e l y  im- 
mobile and would p r e s e n t   l e s s  o f  a leachate  problem. Although zinc 7s gen- 
e r a l l y  immobile i n  a lka l ine   : ; o i l s ,   t he   l eacha te   t e s t s   i nd ica t e  h i g h  mob i l i t y  
for  zine. 

P1 a n t  - 
The base  ash  disposal scheme would ca l l   f o r   t he   s lu i c ing   o f  bo.:h f l y  ash and 
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TABLE 5-27 
COMPARISON OF THE  LEACHATE TEST  RESULTS TO 

AMBIENT WATER CONCENTRATION FOR 11 RELATED  TRACE  ELEMENTS 

Lrrenlc ( A S )  High 0.1 - 0 . 3  0 . 2  ! 0 . 2  0.04 0.08 - . I 6  0.86 0.62 0 . W 2 1  

BWIIIW (ne) nigh 0.0011 

Cobalt ICo) Hfgh O.WI2 

rtn ( s o )  High 3.0011 

0.05 

l l thiwn (L ! )  
Hodera te 
10 High 0.06 0.06 0.12 0 .01  - . I  .06 - 1.2 0.06 0.06 0.0016 

Boron (0)  HadWlta 0 . 2  0 . 4  0 . 2   0 . 2  - 0.24 0.2 1 .3  0. I4 0.0045 

Cadmium (Cd) HOderlle 0.02 0.02 0.02 .w4 - .ow -016 0.W4 0.012 O.WI1 0,005 

Chromim ( C r )  noderate 0.2 - 0.1 . 2  .z 0 . 2  - 0 . 3  0.2 0 .2  0 . 2  0.0131 0 . w 2  

lead (Pbl  Modem te  0 . 6  0 . 6  0 .6  0.6 0 . 6  0.6. 0.6 0.05 0.05 

Vanadium (VI  noderate 0.04 0.04 0.06 .on - . I  0.04 0.3  0 . 1 6  0.0018 0.Wl  

I 

Z!"C 12") Haderate 1.4 - 2.2 1.8 3.0 0 .2  - 0.1 1 . 4  - 3.0 8 .0  16.0 0.0223 0.05 

I I I 
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bot tom  ash   in to  a major impoundment i n  the  Medicine  Creek  Valley.  Three 
o the r  schemes loca te   the  ash  disposal  areas  near  Harry Lake. All would be 

ru r rounded  by   d ra inage  d i tches   tha t   d ra in   in to  a catchment  basin. The es- 

t imated seepage i n t o   t h e  groundwater  system i s  20 m3/d f o r   t h e  base  ash 

disposal  scheme . 98 

Table 5-27 i l l u s t r a t e s   t h e   c o n c e n t r a t i o n   o f   t h e   w a t e r   s o l u b l e   p o r t i o n s   o f  

trace  elements o f  concern t o  p l a n t s   f o r  f l y  ash  and  bottom ash. The t a b l e  

i nd i ca tes   t ha t   a rsen ic ,  zinle, vanadium,  chromium, l e a d  and  boron  would be 

?ssoc ia ted   w i th   t he  ash. Arsenic,  vanadium  and  zinc  appear t o  be the m s t  
impor tant .   Arsenic   could bl? leached  f rom  both f l y  and bottom  ash i n   r e l a -  

t . ively  h igh  concentrat ions,   whi le  vanadium  and zinc would be h igh ly   leach-  
able  mainly  from  the  bottom ash. No d a t a   e x i s t   f o r   b e r y l l i u m ,   c o b a l t   o r   t i n .  

F s  wi th   a rsen ic  and zinc, vanadium  would  be  extremely  mobile i n  an a l k a l i n e  

environment.  Theis e t   a l l o 7   i n  a study  on a f l y  ash  disposal   s i te  found 

tha t   t race   me ta l s  were re leased  to   the   g roundwater   a t   genera l l y   low  leve ls .  

l l e t a l s  were found t o  accumulate i n  the   so i l s   beneath  and  around  the pond. 

S u m r y  

Within  the  mine  waste dumps, coa l   s tockp i le ,  and poss ib l y   t he   bene f i c ia t i on  

p l a n t   t a i l i n g s  area,  arsenic,  zinc, chromium, l e a d  and  boron  would be 

h igh ly   leachab le .  The f ly  ash  and bottom  ash  from  the  plant  would  appear t o  
concentrate l a r g e  quan t i t i es   o f   l eachab le   t race   e lemen ts .  Arsenic,  vanadium 
and zinc  would be the   most   s ign i f i can t .  

I n   b o t h   t h e  mine and p l a n t  waste  disposal  systems,  arsenic wouls1 be the  most 

s ign i f i can t   t race   e lemen t  because o f   i t s   h i g h   t o x i c i t y   t o   p l a n t ’ s  and r e l a -  
t i ve l y   h igh   concen t ra t i ons   t ha t  can  be  leached  from  the  waste  materials 

”. Consequently,  mine  waste dumps, coa l   s tockp i l es ,   bene f i c ia t i on   p lan t  
t a i l i n g s  and  ash  disposal  areas  should  be  properly  designed  and  maintained t o  
p revent   poss ib le   tox ic   leachates   f rom  reach ing   the  seepage or  groundwater 

areas  and  becoming ava i lab le   to   the   vegeta t ion .  

72, 89, 
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Whether or not  the  actual  runoff  waters would attain  similar  or  higher  levels 
of dissolved  trace  elements .is undertermined. However,  ponds such as the 
ash pond and  retention ponds in which evaporation i s  the sole or major means 
o f  water loss,  could becom? extremly  toxic.   Similarly,  the sediments  in 
the bottom of  the s e t t l i n g  lijgoons could have extremely  high  concentrations 
o f  heavy metals. All runoff  water and groundwater  should be monitored. 

F. Indirect  Changes 

Th? major indirect  change tha t  may affect  the  vegetation  pattern i n  the op- 
eration phase is   interception  or  interference  with the near-surf,lce  seepage 
water. Many of the vegetation  associations found i n  the local s.tudy area 
would be dependent on t h i s  seepage  water fo r  their continued  existence. 
Thsse include  the  Saline Depression and  Willow - Sedge Bog associations. 
Other associations may not  exhibit  external signs of the benefic.ia1  effects 
of seepage water, b u t  would show  an increase i n  the  productivity  of the 
s i t e .  

Honlever, except  for the depressional  vegetation  associations,  the  exact 
nature and  location  of  seepage  areas i s   n o t  known. The relatively  dry macro 
climate o f  Hat Creek greatly  decreases the chances of seepage  areas  being 
very extensive and  probably  prevalent  only dur ing  spring runoff. As a gen- 
em1  rule,  wherever pure trenlbling  aspen (Populus tremuZoides) sxands  occur 
i n  depressions, seepage  water is present. However, these areas  are generally 
sm8.rll and  occur  sporadically  throughout the local  study  area. 

plant and mine operat ior)   faci l i t ies  would be large  s i te-specif ic   faci-  
l i   t ies   located  in  the valley bottoms (mine) or upland plateaus  (plant) and, 
therefore, would not  cross  extensive  sloping  areas where seepage  water may 
be flowing. 

( i i )  Resource Projection - Impact o f  the Project 

Tht? opera t ion  phase of  the Hat Creek p ro jec t   i s  expected to   a l ienate  a total  
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o f  2774.2 ha (6852 acres) o f  land  or 1 . 7  percent of the local  study  area. 
The development  of open p i t  #1 and waste  disposal dumps for  the mine  would 
account  for 64 percent of this   total   a l ienat ion.  This would represent a 
tlree-fold  increase over t h e  land  alienated by the construction phase. Most 
O F  the land  alienation would occur  in the northern  part  of upper Hat Creek 
V3lley, Medicine Creek, and the area  surrounding  Harry Lake. None would 
o':cur in the Thompson o r  Borlaparte valleys. 

Tie  impact of  dust on vegetation is   d i f f icul t   to   ascer ta in   s ince  actual  quan- 
titative  levels  causing  vegetation damage are  sparse and highly dependent on 
t i e  type of  dust ,   particle size,  chemical  composition and how e.Ffective  the 
bJildup  of d u s t  par t ic les  on the  leaves would be during  the  dry summer mnths. 
A similar  conclusion was arr ived  a t   in  "Environmental  Impacts o f  the Gen- 
epation  of  Electricity  in  the  Pacific Northwest, Volum IIItg0 where they 
s t a t e  the  following:  "Insufficient  data on the e f f ec t  on vegetation  of  the 
ll)w-level t o  moderate concentrations  of  particulates  are  available t o  pre- 
dict   actual impact  of TSP". In  any case, i t  appears  that the impact i f  any 
0!1 vegetation would be confined  mainly to  the n o r t h  end of Hat Creek Valley 
wilere the mining operation would create  a significant  portion o f  the d u s t  
e:nissions. In addition,  the topography would confine the dust miss ions  
even further  within  .the Hat Creek Valley. Road dus t ing  impacts  should be 
insignificant and well controlled by the use of  watering  trucks. 

Lmchates from t h e  mine wast.e and  p l a n t  ash disposal  areas may tre o f  concern 
i F seepage  occurs from the drainage  ditches  or  lagoons. A continuous mni- 
toring programne should be developed t o  test  leachate  waters  for  unacceptable 
levels  of  trace  elements. I n  case  of  seepage  or  runoff,  toxic  quantities 
O F  trace  elements such as  arsenic  or chromium may buildup and cause damage 
to  adjacent  vegetation. 

Section  5.4(c)(i)D.  adequately  assesses the individual  impacts  of the various 
a,ir emission  constituents  th.at  are  of importance to  vegetation. This analysis 
shows t h a t  SO2 i s  probably t.he most important  emission.  Consequently, most 
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i l t t e n t i o n  has  been p a i d   t o  it. The on ly   o ther   cons t i tuent   wh ich  may cause 

' i n j u r y   t o   v e g e t a t i o n  i s  f l u o r i d e .  However, the  expected  concentrat ions  o f  

qaseous and p a r t i c u l a t e   f l u o r i d e s   a r e  such t h a t  n o   a c u t e   i n j u r y   i s   a n t i -  

c ipated.  On the   o ther  hand, s ince   f l uo r ides   a re   cumu la t i ve   t ox i can ts ,  

c h r o n i c   i n j u r y  may occur i n  some spec ies ,   par t i cu la r ly   perenn ia ls ,   over  

time.  Other  emissions,  such as hydrocarbons,  carbon  monoxide and o x i d e s   o f  

n i t rogen  a re   no t   expec ted   to  cause i n j u r y .  The same i s   t r u e   f o r   a c i d   p r e -  

c i p i t a t i o n .   I n   t h e  case of   cool ing  tower   emiss ions,   fur ther   s tudy may be 

rleeded t o  assess   t he   poss ib le   l eve l   o f  damage because o f   t h e   l e c k   o f   i n f o r m a -  

t ion  concerning  cool ing  tower  emissions o f  s i m i l a r   s a l t   c o n t e n t s .  However, 

any v e g e t a t i o n   i n j u r y  can be expected t o  be v e r y   l o c a l i z e d   ( w i t h i n  3 km). 

The increased  heat   and  mois ture  conta ined  in   the  cool ing  tower  plumes may 

i l l so   c rea te   m ic ro   c l ima t i c  changes, t hus   poss ib l y   a l t e r i ng   vege ta t i on   pa t -  

terns  over a l ong   pe r iod   o f   t ime .  

The a n a l y s i s   o f  S0,/N02 a i r  emiss ions  (Sect ion  5 .4(c) ( i )O.)   ind icates  that  

the 244 m MCS would  have  the  most  vegetat ion  in jury  whi le  the 366 m FGD would 

have the   leas t .  The t o t a l   r e s u l t a n t   a r e a   a f f e c t e d   f o r   t h e  366 m FGD, 366 m 

FlCS and  244 m MCS cou ld  be 10.6, 101.4, and 132.7 km l y r ,  respec t ive ly .  The 

thgelmann  Spruce - Grouseberry, Engelman Spruce - Grouseberry - Pinegrass, 
hgelmann  Spruce - Grouseberry - Lupines,  Douglas-f i r  - Pinegrass  and 

E:ngelmann Spruce - Wil low - Red Heather  Parkland  associat ions  would be 

Ef fec ted   the  most f o r   a l l   t h r e e   a i r   q u a l i t y   o p t i o n s ,   e x c e p t   t h e  366 m FGD 

which has on ly  a minor  impact on any of the  above  associat ions. All except 
t.he Doug las- f i r  - Pinegrass  associat ion  occur above 1525 m (5000 ft.) i n  

€, levat ion.  The Engelmann  Spruce - Wi l low - Red Heather  Parkland  Associat ion 
i s  genera l ly   the  msot   a f fected  assoc iaton as  compared to   the   o thers   ment ioned 

zbove. T h i s   i s  due t o   i t s   h i g h   w i l l o w  (Suticc s p p . )  component,  ,rJhich  appears 
f'rom the air emiss ions   ana lys is   to  be the   vegeta t ion   spec ies   a f fec ted   the  
nlost  by SO,/NO, emissions. I n   o rde r   t o   c lea r l y   eva lua te   t hese   va lues ,  a 

number of  assumptions  and  points must be emphasized t h a t  may o t l ie rw ise   lead  
t o  m is in te rp re ta t i on   o f   t he   p resen ted   da ta .  These assumptions ,nppear below: 

2 
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the ERT modelling i s  based on 100 percent  for 100 percent of 
t he   p l an t   l i f e  and, therefore,   this  analysis  is   as  well .  This i s  
an extremely  unlikely  situation, due t o  decreased  load demand 
during  certain months and  necessary  machinery repairs;  
benefits  may accrue from  low fumigations; and  
no "recovery  rate" has been assumed. This i s  a very  important 
point,  since undoubtedly vegetation  recovery from a.ir  emission 
injury would occur, both from acute and chronic  injury types over 
the  year.  This  is  especially true of  deciduous  species which 
lose  their  leaves  or  die-back  every  year.  Consequently,  the  pre- 
dicted  injury  values may be high,  especially  if  considered cumu- 
la t ive .  

The data i s  d i f f ic ien t   for  the plant  species  that   occur  in t h e  local  study 
area  concerning  threshold  response  data  to SO,/NO, affects .  The previous 
analysis  only  relates  to those plant  species where data  exist!;. 

As far  as  ecological changes from a i r  emissions  to  plant communities i s  
concerned, i t  i s  d i f f i cu l t  t o  assess what may happen, b u t  generally  pollutants 
tend t o  simplify p l a n t  cormunities by causing  the  progressive loss of species. 
Species  favoured  tend  to be those  that   are hardy,  broadly  adapted and  have 
a high reproductive  potent,ialgl. These species  types may  be sensi t ive  to  
the  particular  pollutant,  b u t  t he i r  numbers, reproductive  capacity, dissem- 
ination characteristics and adaptabili ty t o  varied  habitats compensate for  
this. 

The assessment of  the. physical impact of the operation phase of the plant 
and mine  was  done by compa,ring the amount  of  each vegetation  association 
l o s t  (Table 5-14) and i t s   loca t ion  (Map 5-1) t o  the sens i t iv i ty   ra t ing  
established  for each vegetation  association (Table  5-11). In addition, 
the a s h  disposal  alternatives were evaluated t o  indicate which caused the 
l eas t  impact. 
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A. Plant 

The operation  associated  facil i t ies  for  the  plant would be limited  to  the 
base  plan wet ash  disposal pond and dam (P6) and i t s  conveyance  system (P7). 
All  o the r   f ac i l i t i e s  would be completed d u r i n g  the  construction phase. 
Tle analysis  of the a l te rna t ive  ash  disposal schemes will   also '>e dis- 
cussed. 
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T1e base p l a n  wet ash  disposal pond and dam (P6)  would.impact 316.75 ha 
(782 acres) o f  Douglas-fir -. Pinegrass  Association and  305.41 ha (755 acres) 
of  the Kentucky Bluegrass  Association. Both were rated as having a low 
s l m i t i v i t y .  A minor portion  of  the Engelmann Spruce - Grouseberry - Pine- 
grass  Association  (30.48 ha or 75 acres) h a v i n g  a low sens i t iv i ty  would  be 
affected. In addition, 49 percent of the forested  associations have already 
blzen disturbed by logging. The Willow - Sedge Bog Association would be the 
only  highly  sensitive  association  affected, b u t  would be of minor extent 
(i3.06 ha or 20 acres) .  

111 comparison with the base ash disposal scheme, the combined w e t  f ly  ash/ 
dry bottom ash al ternat ive would a l iena te  180.6 ha (446 acres) more land, 
while the dry ash disposal schemes #1 and #2 a f fec t  370  ha (914 acres) and 
4'13.1 ha (1020 acres)  less  land,  respectively than the base  ash  disposal 
scheme (Table  5-6). In general, the same vegetation  associations would be 
a-'fected,  although the amount  changes. The wet fly  ash/dry bot1.om ash 
a'  ternative would a f f ec t  more o f  the Engelmann Spruce - Grousebwry - Pine- 
grass, Douglas-fir - Pinegrass, and Kentucky Bluegrass  associations as 
w t ? l l  as an  additional  8.48 ha (21 acres)  of  the  Douglas-fir - Bunchgrass - 
P'negrass  Association. The dry  ash schemes #1 and #2, on the ot.her hand, 
w o u l d  alienate  less  of the Douglas-fir - Pinegrass, Kentucky Bluegrass, 
and Willow - Sedge Bog associations,  b u t  would have an increased  impact on 
the  Douglas-fir - Bunchgrass - Pinegrass  Association  of 24.25 ha (60  acres) 
arid 22.12 ha (55 acres),   respectively,  by each scheme. 
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From the above analysis,   the two dry ash disposal schemes appear  to have 
the  least  impact  because  they are  the  smallest and do not  affect   the 
highly  sensit ive Willow - Sedge Bog Association. However, they would 
al ienate  a minor portion  of  the  moderately  sensitive  Douglas-fir - Bunch- 
grass - Pinegrass  Association, b u t  t h i s   i s   f e l t   t o  be an  insignif icant  
impact compared to  the  overall  reduction  in  land  alienation o f  low sensi- 
t ivity  vegetation  associations.  The base  ash  disposal scheme wcluld fol-  
lc lw the wet f l y  ash - dry  bottom ash disposal scheme as the  highest  in 
vc,getation  impact. 

Tcmxic leachates have  been discussed i n  Sect ion  5 .4(c)( i )E.   I t   hai  been 
stown t h a t  t he   f l y  ash generally  contained  greater  concentrations o f  t race 
elements  than  the mine wastes.  Arsenic, vanadium  and zine  appear t o  be 
t t e   m s t  concentrated and possibly  injurious  to  vegetation7" 89. A t  pre- 
sent,  control measures a re  planned t o   c o l l e c t   a l l  seepage and runoff  waters 
from the ash disposal  areas  in  lagoons. The water would  be decanted from 
the  lagoons i f   i t  meets acceptable  guidelines. Consequently, there should 
n c t  be  any impact on vegetation i f  the  leachates  are  successfully  contained. 
Pcssible problems may a r i s e  where leakage would occur  into  the  surrounding 
seepage and groundwater. 

Absorption by the  adjacent  vegetation  of  trace  elements  as well  as  high 
concentrations of s a l t s ,  such as sodium, calcium and  magnesium,  ,nay lead 
t o  loss o f  vegetation. However, t h e  resu l tan t  impact on vegetation due 
t o  possible  leakage would  be localized t o  the immediate area surrounding 
the ash disposal  areas. The secondary impact t o  wildl i fe  and livestock 
feeding o f f  the  contaminated  vegetation may  be potent ia l ly  great1.r. 

. 
Indirect   effects  as a result  of  the  operation o f  the   p lan t   ( i . e . ,  ash 
disposal  areas) would  be related  to   possible   intercept ion  of   la teral  
se2page waters. Because the base  plan  ash disposal scheme (P6) 'is located 
in  the  valley formed by Medicine Creek, very l i t t l e  impact on la te ra l  
swpage would  be expected. However, i f  one of  the  other ash disposal 
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schemes i s  chosen, their   locat ion on the sloping uplands near Harry Lake 
may intercept seepage  water moving downslope, thus, possibly  degrading the 
vegetation  association below. The existence  of  lateral  seepage  in  this 
area  is   not known and could  not be determined  without  extensive  field  in- 
vestigation b u t  the types of: vegetation  associations below, dry  mcro 
c'limate and exposure,  indicate t h a t  l a t e ra l  seepage i s  probably  absent 
e,(cept  for a short  period  during  spring  runoff. * 

B. Mine 

The operation of the mine assoc ia ted   fac i l i t i es  would al ienate  the greatest 
1,md  area (2100.6 ha o r  519Cl acres).  Alienation from the open pit #l (Ml), 
N?dicine Creek waste dump ( h ! 2 ) ,  Houth Meadows waste dump (M4). low grade 
coal stocking  area (M15)  ancl the topsoil  stockpile,  south Medicine Creek 
(413) would have the greatest  impact (Table  5-14). The m j o r i t y  of the 
impact would be on the Douglas-fir - Pinegrass,  Douglas-fir - Bunchgrass - 
Pinegrass, Kentucky Bluegrass, and Sagebrush - Bluebunch Wheatgrass associ- 
ations. Table 5-11 indicates  that  the Douglas-fir - Pinegrass. dnd Kentucky 
Bluegrass associations have been rated  as  having a low sens i t iv i ty ,  the 
D~uglas-fir  - Bunchgrass - Finegrass  Association  as  moderately  sensitive, 
aid the Sagebrush - B1uebunc:h Wheatgrass  Association as highly  sensitive. 

Tie Douglas-fir - Pinegrass  Association would  be affected the most by mine 
owrat ion (674.98 ha o r  166E; acres) .  However, i t s  low sens i t iv i ty  and the 
f3ct  that  only 0.1 percent  of  the  association  in the local  study  area would 
b'? affected, would r e su l t  i n  a minor overall impact. The same  would be true 
f3r the Kentucky Bluegrass  Association,  although the total  amount affected 
wJuld represent  7.0  percent o f  the  association  in the local study area. I t  
i s  believed  that  while 7.0 percent  of the local  area would be affected w i t h -  
in  the  regional  study  area,  this would be of minor consequence :,ince  the 
Interior  Douglas-fir Zone i s  comnon. 

The Sagebrush - Bluebunch Wheatgrass Association would be affected by 

a ._ 
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open p i t  #1 and a minor amount by the topsoil  stockpile and landing  strip 
(V12). These impacts would represent 54.2 percent o f  the  total found in 
the  local study area. The consequence  of this loss  was discussed under 
the impact  of the  operation  of the plant.  

Only minor impacts t o  the highly  sensitive,  Riparian and  Willow - Sedge Bog 
associations by open p i t  #1 of 5.06 ha (12  acres) and 1.9 ha (4.7  acres), 
respectively, would occur. 

The Douglas-fir - Bunchgrass and Douglas-fir - Bunchgrass - Pinegrass  asso- 
ciations would be a f fec ted   min ly  by the open p i t  #l and Medicine Creek 
waste dump ( E ) .  Major concern ex i s t s  where these associations  occur on 
steep  slopes (30 percent) and where the erosion  potential would be high. 
Where these  associations occlJr on lesser   s lopes,  the impact o f  the i r   d i s -  
tLrbance would  be less. 

The  Houth Meadows waste dump (M4)'would  impact  111.5 ha (276 acres) of the 
Dcuglas-fir - Spirea - Bearberry/Douglas-fir - Bunchgrass Complex. This 
ccmplex has been rated  as having a moderate sens i t i v i ty  based  mainly on i t s  
occurrence on steep  slopes and i t s  re la t ive   scarc i ty   in  the local  study 
ar'ea. I t  also  contains many  uncomnon plant  species.  The 111.5 ha (276 
acres)  represents 8.1 percent of t ha t  found in the local  study  area. 

Tte possibi l i ty  of toxic  leachates  affecting  vegetation was discussed i n  
SEction 5 .4(c) ( i )E . ,  and the impacts f o r  the plant  operation were outlined 
ir  the  previous  section. The operation  of the mine  would have the  saw 
bz.sic problems since the design of the waste  disposal  areas a re  similar  for 
both  the mine and plant. Po!;sibly the impacts  of the mine operation  are 
less because the  concentrations of the trace  elements would be generally 
lower for  the mine waste  disposal  areas. 

Irldirect changes such as deg:radation o f  vegetation due t o  interception of 
lc te ra l  seepage  should n o t  be  a problem during mine operation,  since the 
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mine operat ion  faci l i t ies   are   minly  located i n  the  north end of the Hat 
Creek Valley, i n  the  valley bottom and on the lower slopes.  Consequently, 
direct   loss would be the mst important  impact. 

C. Sumnary 

T,ible 5-28 sumrizes  the impacts o f  the operation  of the mine ,rind plant by 
s l m i t i v i t y   c l a s s .  The table  indicates  that  the mine operation would have 
the  greatest  impact on vegetation. The plant  operation would have a lesser  
impact  both i n  total  land  area and h i g h  sensitivity  vegetation  iissociations 
affected. Except for  8.06 ha (20 acres),   the remaining 665.54 ha (1644 
acres) would a f f ec t  the low sensitivity  vegetation  associations,  Douglas-fir 
- Pinegrass and  Kentucky Bluegrass  associations. 

The greatest  impacts would r e su l t  from open p i t  #l (Ml),  topsoil  stockpile, 
mine entrance ( M l Z ) ,  Houth  Fkadows waste dump (M), and k d i c i n e  Creek 
wilste dump (E) in t h a t  order, based on the amount o f  high and nloderately 
sensi  tive  vegetation  associations  affected. 

The only  vegetation  association ranked as  highly  sensitive t h a t  would have 
a major impact i s  the Sagebrush - Bluebunch Wheatgrass Association. The 
Riparian and  Willow - Sedge Bog associations would only have mirior impacts. 
Comparison w i t h  the local  study  area shows tha t  54.2  percent  of  the Sage- 
b r u s h  - Bluebunch Wheatgrass Association would be affected d u r i n g  the mine 
operation. This would be a highly  significant  proportion. However, as 
wi:s stated i n  the summry section  of the construction phase ( S e c t i o n  5 . 4  

( t l ) ( i i ) ,  the  exact consequence o f  t h i s   l o s s   i s   d i f f i c u l t  t o  evaluate based 
on the  local  study  area  field  survey. 

Tlie vegetation  association which  would be affected the greatest  i n  terms o f  

ar’ea l o s t   i s  the Douglas-fir - Pinegrass  Association (1002.85 ha or 2478 
acres). 
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TABLE 5-28 

AREA WITHIN EACH SENSITIVITY CLASS ALIENATED BY THE OPERATION OF  THE  PLANT AND MINE FACILITIES 

S e n s i t i v i t y  P1 ant  Mi ne Tota l   Major   Vegetat ion  Associat ions  Af fected 
Operat ion 

High 8.06 370.19 378.25 Sagebrush - Bluebunch  Wheatgrass  Association 
R ipar ian  Assoc ia t ion  
willnw - Sedge Eng Assoc ia t ion  

Moderate - 662.05 662.05 Doug las - f i r  - Bunchgrass  Associat ion 
Doug las - f i r  - Bunchgrass - Pinegrass  Associat ion 

in Doug las - f i r  - Spi rea - Bearberry /Douglas- f i r  - 

Low 665.54 1067.24 1732.78 Doug las - f i r  - Pinegrass  Associat ion 

I 
c 
W 
.e Bunchgrass - Pinegrass Complex 

Kentucky  Bluegrass  Associat ion 
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Hcwever, i t s  low sens i t i v i ty  combined with i t s  known province-wide d i s t r i -  
blltion  in the Interior  Douglas-fir Zone would lessen the impact. On the 
ot.her hand, the low sens i t i v i ty  Kentucky Bluegrass  Association would lose 
6E5.79 ha (1695 acres)  or 14.7 percent o f  t h a t  found i n  the local  study 
ar'ea  with  the  operation  of  the mine  and plant.  Its  probable wide dis t r ibu-  
tion  outside the local  study  area  could  negate the s ignif icance  of   i ts  14.7 
percent  loss. 

Lessening of the impacts t o  the above mntioned  vegetation  associations 
w c u l d  entail   relocation  of  the  facil i t ies  causing the impact,  since  the 
reasons  for the h i g h  s e n s i t i v i t i e s   r e s u l t  from intrinsic  vegetation  proper- 
t i es .  In terms o f  the Douglas-fir - Bunchgrass and Douglas-fir - Bunchgrass 
- Pinegrass  associations  (moderate sensit ivit ies),  the  sensit ivity  rating 
eb,olves  primarily from the  erosion  potential of t h e i r   s o i l s  on steep 
slopes ( >  30 percent) and poor reclaimabili ty.  Both these problems could 
be controlled  with proper co:nstruction  techniques and som relocation around 
tbe  steeper  slopes. 

Nc rare or endangered plants have  been found d u r i n g  the  field  surveys. The 
only  possible impact would  be t o  showy spring flowers, such as  shooting  star 
(Lloclocathon p a u c i f t o r m ) ,  spring  beauty (CZaytonia ZanceoZata) and yellow 
be l l s .  (FritiZZaria pudica) t h a t   a r e   c o m n  t h r o u g h o u t  the open range areas 
of  the Hat Creek Valley. 

FLrther  analysis of  the vegetation  will be done i n  the  context o f  the bio- 
physical impact analysis whe're the relationship o f  so i l s ,  vegetation and 
slope can be analyzed i n  homogeneous units. 

( d )  Decommissioning 

Deconunissioning would occur when the l i f e  expectancy of the mine  and plant i s  
completed. A t  th i s  stage, the final  revegetation  of the f l y  ash ponds and 
mine waste dumps would take place. Mine buildings would  be dismantled and 
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concrete  floors broken up and buried.  All f a c i l i t i e s  of the mine and 
plant would cease  operation  unless  designed  to  operate an alternate  function 
such as the make-up water  pipeline from the Thompson River remaining  oper- 
ational t o  provide  irrigation  water or supplement the flow  of Hat Creek. 

Although land  reclamation  (recontouring and revegetation) would be a contin- 
)ling  process  throughout the l i f e  of the mine waste dumps, the  f ly ash and 
oottom ash disposal  areas would be reclaimed during the decomnissioning 
period. 

The land  reclamation  plan proposed by Acres89 would i n i t i a t e  the revegetation 
of the mine waste dumps a s  ear ly  as possible  during the mine operation, pro- 
vided the centrel ine methlod of embankment construction i s  used. In this way, 
the embankments could be revegetated d u r i n g  the early  years o f  the mine 
operation. The waste dump surface then could be progressively  revegetated 
during the la te r   years  of operation.  Suitable  topsoil  matwials would be 
identified  in  disturbed  areas such as   p i t  and  waste dump areas and  would be 
stored  for  future  application t o  the waste dump areas  to aid. i n  t h e i r  vegeta- 
tion Drocess. 

Selective placement  of mine s p o i l s   a t  the waste dump surfaces would be desi- 
rable since the mined waste  materials possess varying growth mediums for  
plant  growth;  the  topsoil and glacial  t i l l  materials be ing  superior  to  other 
mater ia ls   l is ted,  This selective  surfacing  should  place  approximately 2 m 
(6 ft.)  of  material  over the waste dumps. An additional  layer of 1 . 4  cm 
(0.6 in . )  o f  topsoil  should  then be placed on t o p  of this,,  t o  ensure  adequate 
growth and  germination. Th i s  i s  especially true of the f ly  ash disposal  areas 
where the  f ly  ash is   nutrient-poor and may have very  high levels of trace 
elements. These trace  elements  could  restrict growth of the species used 
in  the  revegetation programme, as well as  invading  native  species. 

The exact  species t o  be used i n  the revegetation programme have not been 
determined t o  date. The data from the  f ie ld   tes t  plots a re  expected a t  the 
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end o f   t h e  1978 growing season, a t  wh ich   t ime  in fo rmat ion  on poss ib le  
s1)ecies t o  use  and a p re l im ina ry   revege ta t i on   p lan   wou ld  be  developed. It 

should be emphasized t h a t   t h i s   w o u l d  be an ongoing  developmental  programne. 

Eilrly ind icat ions  suggest   that   crested  wheatgrass,   Russ ian  wi ld   rye and 

ltgumes,  such as  d r y l a n d e r   a l f a l f a  and  melrose  sainfoin,  may prove  qu i te  

u!.eful. 

Hydroseeding,  broadcast  seeding  and d r i l l  seeding  would be employed f o r   t h e  

d i s t r i b u t i o n   o f  seeds, f e r t i l i z e r  and  mulch  dur ing  the  revegetat ion  pro- 

gr'ammes. I r r i g a t i o n   o f  newly-seeded  areas may be d e s i r a b l e   t o  promote 
e t . r l y  seed germination  and i n i t i a l  growth. It i s  suggested  that :   possible 
development o f  a seed  nurser,y t o  grow na t i ve   spec ies   t ha t  f it t h e   s i t e -  

s l ' e c i f i c   c o n d i t i o n s  may be advantageous fo r   revege ta t i on  purposes. 

H igh   leve ls   o f   t race   e lements   in   the   was te  dumps, f l y  ash,  and bottom ash 

produced  by  Hat  Creek  coal  are o f   po ten t ia l   concern   to   the   fu tu re   revegeta-  

t ion  o f   these  mater ia lsbg.   In   addi t ion,   the  overburden,   waste  rock,   low 

grade  coal  waste and b e n e f i c i a t i o n   p l a n t   t a i l i n g s  show h i g h   l e v e l s   o f   t r a c e  

elements. Some o f  these  t race  elements may be t o x i c   t o   t h e   p l a n t s  used i n  
the revegetat ion programme, B S  w e l l  as invading  nat ive  species  (Table  5-26).  

P o s s i b l e   t o x i c i t y   t o   p l a n t s   c o u l d  come f rom  the  accumulat ion  o f   t race  e lements 

a t  the  surface due t o  a p rec ip i t a t i on -evapora t i on   de f i c iency   i n   t he   summr  
Illonths.  This may draw  up trace  elements  f rom  the  lower  strata o f  waste  rock, 
low  grade  coal  waste,  and  ash i n t o   t h e   t o p s o i l  where they   a re   ava i lab le  t o  
p l a n t  uptake. I n   a d d i t i o n ,   s u f f i c i e n t   q u a n t i t i e s  may be a v a i l a b l e   i n   f r e s h l y  
exposed t o p s o i l  and  overburdt?n. The t o x i c i t y  may occur as  a reduced  growth 

r a t e   o r   d i r e c t   k i l l i n g   o f   t h e   p l a n t .  

The trace  elements shown t o  be t o x i c   t o   p l a n t s   o r   t o  cause  growth  reduction 

a r e  given i n  Table 5-26. To es t imate   the  amount o f  these  trace  elements 
a v a i l a b l e  t o  plants,   Table  5-29 has  been  developed,  comparing  the to ta l   ex -  

t r 3 c t a b l e   p o r t i o n   o f   t h e   t r a c e   e l e m e n t s   o f   c o n c e r n   f o r  each type  o f   was te  
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TABLE 5-29 
TOTAL  EXTRACTABLE  SALTS 

TOTAL SURFACE SOIL  AMBIENT  LEVELS 
AND 
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material generated by the mine  and plant  t o  the  total  ambient soi l   levels .  
I t  i s  emphasized that  the  soil   levels  are  total   values,   not th '?  water ex- 
tractable  amunts.  The l a t t e r  values  are  not  available. 

( i  ) Environmental Change 

A. Mine 

The reclamation  period  for the waste dumps would be long.  Therefore, the re- 
vegetation  should  begin  as  early as possible  during the mine crperation. The 

embankments  would  be revegetated f i r s t ,  while the waste dump ciurface would 
be progressively  revegetated i n  the la ter   years   of  the mining and decom- 
missioning  period.  Topsoil  followed by an approximately 2 m (,'6 f t . )   l a y e r  
of  glacial t i l l  or  overburden  material would be placed  over the waste rock 
and low grade  coal  waste. The placement o f  g l a c i a l   t i l l  or overburden 
which generally  consists of a mixture  of  glacial t i l l ,   g l ac i a l - f luv ia l  or 
alluvial  deposits  (unconsolidated  material)  over the waste rock would be 
preferable because i t  would provide a superior growth medium89. 

Table 5-29 indicates   that   arsenic ,  boron, chromium, lead and zinc  could be 
leached from the  overburden,  waste  rock and low grade coal waste in quan- 
t i t ies  greater  than 1 mg/kg. Of these,   arsenic,  chromium and zine  appear 
t o  be the  potentially m s  t toxic because  of the already  high  levels  present 
i n  the so i l s .  Vanadium also  appears t o  be h i g h l y  concentrated i n  t h e  

s o i l .  In addition t o  the toxic  trace  elements,  the salts sod.ium, calcium 
and  magnesium exis t   in   the waste rock and low grade coal wast.e i n  re la t ive ly  
large  quantities  (Table  5-29). These could  reach  toxic  levels  for some 
p l a n t  species and cause the establishment  of a d i f fe ren t   p la r t  community such 
as t h a t  found in  saline  depressions. 

B.  P l a n t  

The reclamation o f  the ash  disposal  areas would occur d u r i n g  the decomnis- 
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s ion ing   pe r iod  and   shou ld   p roceed   s im i la r l y   t o   t he  mine revege ta t i on  
programme.  The a d d i t i o n  01' t o p s o i l  and g l a c i a l  till over  the f l y  ash 
and bottom ash would  develop  the new growth medium. 

The g rea tes t  amounts of   t race  e lements  would be contained i n  the f l y  ash 

and bottom  ash  (Table 5-29:). Arsenic,  boron,  lead,  vanadium  and  zinc  are 

o f  most  concern  because o f   t he i r   h igh   wa te r   so lub le   concen t ra t i ons ,   h igh  

m o b i l i t y  and genera l l y   h igh   amb ien t   so i l   l eve l s .   Ca lc ium  a l so   exh ib i t s  

ex t reme ly   h igh   l eve l s   t ha t  may a f f e c t   a v a i l a b i l i t y   o f   o t h e r   n u t r i e n t s  as 

wel l  as t race  elements.  The e f f e c t   o f  these  h igh   concent ra t ions   o f   t race  
elements i n   t h e  f l y  ash  and bottom  ash  would be  one o f   i n c r e a s i n g   t h e   a l -  
r e a d y   r e l a t i v e l y   h i g h   l e v e ' l s   o f   a r s e n i c ,  vanadium  and z i n c   i n   t h e   s o i l  and 

overburden.  This  combined w i th   so i l   en r i chmen t  due to   evapora t ion  and  sub- 
sequent p lant   uptake may r e s u l t   i n   t o x i c   l e v e l s .  

C. Sumnary 

Arsenic,  vanadium  and z i n c  have  been i d e n t i f i e d   t o  be o f  primary  concern i n  

the  mine and plant  disposa'l  systems. Chromium and  boron may be o f  secondary 
impor tance  to   p lant   estab l ishment  and  growth.  High s a l i n i t y  and a l k a l i n i t y  

may r e s t r i c t  some plant  species  on  the  mine  waste dumps and p l a n t  ash d i s -  

posal   areas.   Sal t - to lerant   spec ies and p lant   spec ies  ab le  to   wi thstand  h igh 

a l k a l i n i t y   s h o u l d  be  a na tu ra l   cho ice   f o r   revege ta t i on  work.  Invading 
nat ive  spec ies  would  genera l ly  be o f   t h i s   c h a r a c t e r ,  i f  the   so i l s   a re   a l ready  
q u i t e   a l k a l i n e  and s a l i n e .   I n c r e a s e   i n   t h e s e   s a l t s   w i t h  tim may e l i m i n a t e  
the less to le ran t   spec ies .  

If the  hypothes is   that   evaporat ion will b r i n g   i n c r e a s e d   l e v e l s   o f   t r a c e  
elements t o   t h e   s o i l   s u r f a c e   i s   c o r r e c t ,  i t  i s  d i f f i c u l t   t o   p r e d i c t   t h e  
u l t i m t e   v e g e t a t i o n  damage or   spec ies   compos i t ion   a l te ra t ion .  As s t a t e d  

under  waste  disposal,  Sect.ion  5.4(f), many f a c t o r s   a f f e c t  a t race  e lement 's  

a v a i l a b i l i t y   t o   p l a n t s ,  as  w e l l  as  a p l a n t ' s   s e n s i t i v i t y   t o   c e r t a i n   t r a c e  

element  concentrations. I t  i s  n o t  known i n  what  t ime  per iod tm3xiC t race  
element l e v e l s  will be reached. 

t 
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However, i f  the  hypothesis i s   t r u e ,  i t  i s  expected  that  plant  species 
p'lanted during  the  reclamation would  grow until   their   tolerance  l imits  are 
e:tceeded and then would die. This a lso is  true  for  invading  species. The 
spaces  that would  be l e f t  by unsuccessful  plants would  be invaded by  more 
tolerant  types.  Plant  species  that would be able   to  grow on these  disposal 
a:*eas generally  are  accumulators  of  trace  elements. This fac tor  would  have 
all adverse  effect on l ivestock and wildl i fe   that   u t i l ize   these  plants   for  
forage and some control measures may  be necessary  to  prevent  grazing i n  
these  areas. 

111 order  to  establish what the  effect  of  these  trace  element  concentrations 
would have on plants ,  a long-term  study would  be necessary. This  study 
should be designed t o  monitor changes in both so i l  and vegetation  trace 
element concentrations.  Different  plant  species  including  invading  native 
species  should be monitored. In this way, res i s tan t   p lan t  spec-ies  could 
be chosen and the  trace elements. of concern  could be ident i f ied.  

I f  the problem with  high tralce  element  concentration  or high levels  o f  
sodium, calcium  or magnesium could be controlled,  revegetation would 
e:;tablish a seeded plant  cover of grasses and legumes to  control  erosion 
and runoff. 

Because the  recontouring  of  the topography of  the  waste dumps and ash 
disposal  areas would consis t   of   re la t ively  s teep benches (overall   slope 
26') with  large,   f la t  upper levels ,  very few micro topographical changes 
would resu l t .  The underlying  materials and topography would  be constructed 
SI)  as to  promote good surface  drainage. This uniform topography would 
h c k  micro habi ta t s   for  a diverse  vegetational environment. 

Ollce the  area has been seeded,  successional change would be slow. The 
sJccessiona1  trend would definitely  follow  that  of a primary succession 
since  the  invading  plant  species would  be invading an essent ia l ly  unweather- 
e41 parent  material. However, the  existence  of a cover of seeded plant 
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s x c i e s  may a l t e r   f ac to r s  such as   soi l   n i t rogen,   soi l  moisture, organic mt-  
t2r content  of the s o i l ,  and soi l   b iota .  These factors  could  increase  the 
speed of  succession. The genesis  of the plant  comnunities formed in  the 
process  of  primary  succession  basically  consists  of  imnigration,  establish- 
m e n t ,  and  multiplication. With each successive  stage  or sere, the habi ta t  
would  be ameliorated and edaphic  conditions improved and the dominance 
shifted from small plants low in the phytogenetic  scale  to  1arSe p l a n t s  
(shrubs and t r ees ) .  

Competition plays a very  important ro l e  i n  the succession  process,  exerting 
autogenic  influences  in the form o f  competition  for  light,  moisture and the 
Fossibility  of the productimw of toxins   that   inhibi t  the growth of  other 
Flants. This factor  may play a very  important  role i n  the  context  of the 
revegetation programme because  of the existence  of a seeded pla.nt  cover  that 
nay r e s t r i c t  the inf lux o f  native  plant  species. 

Generally, i t  i s  expected t h a t  the waste dumps and ash  disposal  areas would 
remain as seeded with a slow influx  of  native  grass  species. The greatest  
- n f l u x  of native  species would come from invading weed species ,  such as 
sweet-clover (MeZiZotus spp.  ),  knapweed (Centaurea diffusa). and yarrow 
1:AchiZZea mitZefoZim).  Range invaders  such  as compound fleabane (Erigeron 
w r p x i t u s )  , pra i r ie  smoke avens (Gem tri f lorm) , dandelion (!?uramcwn 
of f ie inate)  and pussytoes (Antennaria spp.) may be pioneer  invaders  in the 
waste areas. Because o f  the well dra ined ,  exposed nature o f  the waste 
dumps and ash  disposal  areas,  moisture would probably be the control  ling 
factor  in  the  types o f  spec:ies t ha t  would invade and establ ish themselves on 
the  waste s i te .   I f   these  r i i tes  were i r r iga ted ,  an influx  of more mis tu re -  
l o v i n g  species m i g h t  be expected. 

Further  invasion o f  the  waste dumps and ash  disposal  areas would probably be 
SY nearby  range grass spec'ies  such as Kentucky bluegrass (Poa ;?ratensis),  
junegrass (Koeter ia  cr i s ta ta ) ,  western  needlegrass ( S t i p a  occi,&ntaZis) and 
needle-and-thread  grass (flordeum jubatwn). The invasion o f  these sites by 
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jhrub  species  would be sporadic; l i t t l e   w i l d   r o s e  (Rosa gymnocarpa), j un ipe rs  

(Juniperus spp.) and probably  sagebrush (Artemisia spp.) may invade  the 

s i t e s   i n   v e r y   l o w  numbers.  Tree  species,  on  the  other hand, would be 

doubt fu l   cand ida tes   fo r   invas ion   un t i l   the   very   la te   s tages   o f   success ion .  

Competition  from  herbaceous  species, as w e l l  as the dense t u r f   l i k e l y   t o  

form, may r e s t r i c t   s e e d l i n g   g e r m i n a t i o n  and  establ ishment.  Unfavourable 

mois ture  condi t ions  would ~s lso  be a c o n t r i b u t i n g   f a c t o r   t o   t h e   p o s s i b l e  

problems w i th   t ree   encroac lment  on the  waste dumps and ash disposal  areas. 

I n  summary, t h e   e x p e c t e d   r e s u l t   o f   t h e   r e v e g e t a t i o n  programme  and subsequent 

successional  trends  would ‘be toward a grass-herb  dominated  conrnunity  with 

few shrubs o r   t r e e s   u n t i l   t h e   l a t t e r   s t a g e s   o f   s u c c e s s i o n  (20 t o  40 years).  

( i i )  Resource P r o j e c t i o n  - Impact o f   t h e   P r o j e c t  

In  general ,   the  impact  of   the  decommissioning phase would  be a b e n e f i c i a l  
one, s ince   bo th   p lan t  and  mine  waste  disposal  areas  would be revegetated. 

T h i s   c o u l d   p r o v i d e   s t a b i l i z a t i o n   t o   t h e  exposed  areas  and  create new h a b i t a t s  
fo r   the   invas ion   o f   na t ive   p lan t   spec ies .   In   te rms  o f   negat ive   impacts ,   the  

waste  disposal  areas may provide  unwanted  seed  sources for  noxious  range 
and f o r e s t  weeds, causing a f u r t h e r   d e g r a d a t i o n   o f   t h e  ranges.. The expected 

successional   vegetat ional   t rends  would  lead  towards a grass-herb  dominated 

c o m u n i t y   w i t h  few shrubs o r  t rees.  Compet i t ion from p lanted  grass and 
legume species may r e s t r i c t  i nvas ion  o f  nat ive  spec ies.  

Problems with h i g h   l e v e l s   o f   t r a c e   e l e m e n t s  and sal ts,   such a:; sodium, mag- 
nesium  and  calcium,  are d i f f i c u l t   t o  assess   s ince   the   exac t   quant i t ies   o f  

t race  e lements,   sens i t ive  p lant   spec ies,  and r o l e   o f   e v a p o t r a n s p i r a t i o n  i n  
concentrat ing  the  t race  elements is  n o t  known.  However, t h e   p o s s i b i l i t y  

does e x i . s t   f o r   t h e i r   i n c r e a s e   i n   t h e   s u r f a c e   s o i l s  because o f   h i g h   n a t u r a l  

leve ls   o f   a rsen ic ,  chromium,  vanadium  and z i n c  as  w e l l  as t h e   s a l t s  sodium, 
magnesium and ca lc ium i n   t h e  weathered  so i l .   Th is  combined w l t h   t h e   a d d i t i o n  

o f  huge q u a n t i t i e s   o f  f l y  ash,  unweathered  overburden  and  waste  rock, a l l  
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h i g h  in  trace  elements and s a l t s ,  may create  toxic  surface  soil  concentra- 
tions  to  plant  species. However, secondary  impacts to   wildl i fe  and  livestock 
m,iy be potentially  greater when plants  containing  high  levels o f  trace 
elements are  grazed upon. This may require  fencing  of  all  waste  disposal 
areas.  

5.5 BIOPHYSICAL IMPACT ANALYSIS 

l a n d ,  the complex of many il i terrelated and integrated  parts,  performs as 
2 combined en t i ty   no t   separa te ly   as   so i l ,  topography, climate  or  vegetation. 
However, throughout the principles of biophysical  classification,  land 
var iabi l i ty  can be expressed i n  terms of  those  combinations  of  features 
.:hat are   s ignif icant   to  meet the spec i f ic  purpose o f  i t s  use. The chosen 
[physical and biological  characterist ics provide a basis  for a s.ystematic 
,jnalysis  of the land  for  agriculture,  grazing,  forestry and wildl i fe  uses 
3s was presented i n  Section  4.2(d). This  has been presented in the form o f  
l a n d  capabi l i t ies  for each  land use. 

The previous  Sections 5.2 and 5.4 have deal t  w i t h  the impacts of the Hat 
Creek project on the indiv.idua1  resources,  climate,  landform,  geology,  soil 
and  vegetation. These have been analyzed  individually  without  assessing 
the  possible  interrelationship or interactions  that   occur between those 
resources  or  their  ability  to  support  various  land  uses. The biophysical 
impact analysis  completes this function. 

For the  purposes  of the biophysical  impact  analysis,  environmental  sensiti- 
v i t ies  were developed for each  biophysical  subunit  affected by one of  the 
pro jec t   fac i   l i   t i es .  Environmental s ens i t i v i t i e s  have been devel oped fo r  
those  biophysical  subunits  affected,  not  for the en t i re  254 subunits ident i -  
fied  during  the  inventory phase. The biophysical  subunit has been used fo r  the 
impact analysis  because i t   i s  the detailed mapping u n i t  and possesses  site- 
specific  features  important  to the development of  limitations and mitigation 
guidelines. This  procedure is outlined  in  Section  3.2(e). 
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Thl? biophysical  impact  has been analyzed using both a d i r ec t  1OS! j  and 
qu,3li tative  sensit ivity  analysis.  The direct   loss   analysis   ident i f ies  the 
bi,)physical  subunits  affected by the var ious  project   faci l i t ies  #and quan- 
t i f i e s  the amount lost or disturbed. The qual i ta t ive  sensi t ivi ty   analysis  
raiiks each biophysical  subunit  as  having a h i g h ,  moderate or  low sens i t i -  
v i  ty to  the development a c t i v i t i e s  of the Hat Creek project b a d  on i t s  
ph,{sical and biological  charaxterist ics and capability  of  suppor.ting a g r i -  
culture,  grazing,  forestry  and/or  wildlife. Both of these analy!;is tech- 
nilques have been u t i l i zed   to  produce  biophysical  limitations  to  disturbance. 

( a )  Analysis  of  Direct Loss 

This section  quantifies the impacts resul t ing from the construction and 
opl?ration  of  the  facilities  for the proposed Hat Creek project ('Table 5-1). 
The areas  of each biophysical  subunit  affected by mine, plant and o f f s i t e  
f a c i l i t i e s  have been grouped by construction and operation  as shown  on Table 
5-30. The individual   faci l i ty   totals  have not been calculated;  only  the 
to ta l s   for  each major development  have been calculated,   i .e . ,  mine, plant 
amJ offsite.  Planimetry  has been used to   calculate   s i te-specif ic   faci l -  
i t i e s ,  while l inear   corr idors  such as  pipelines,  roads,  transmission  lines 
an'J conveyors have been measured i n  a l inear  fashion. 

( i )  Construction 

A .;otal  of 64 biophysical subunits would  be affected by the construction 
of the mine, plant and o f f s i t e   f ac i l i t i e s   (Tab le  5-30). The o f f s i t e  f a -  
c i ' l i t i e s  would a f fec t  the greatest  number (46 ) ,  while  the  plant  the  least 
(71 .  The  mine would fa l l   in  between w i t h  a total  of 20 biophysical subunits 
a f k c t e d .  The total  impact due to  construction would be 880.3 ha (2174 
a c e s ) .  



TABLE 5-30 

AREA EVALUATION OF THE  CONSTRUCTION AND OPERATION 1MPACT:S 
OF THE HAT CREEK PROJECT ON THE BIOPHYSICAL SUBUNITS 

(Hectares) 
" 

1iophysical  
Subuni t  

l / \B.   21 
lADB. 27 

M E .  8 
M E .  10 
M E .  19 
lIIGS1+3.21 

111GSlt3.28 
lt1RL1+3.10 
lIlRL1+3.13 
ltlRL1+3.21 
llIRL1+3.29 
llIB.21 
ltIB1.31 
11El. 17 

2hB 1. 31 
2hBL. 17 
2ABL1.17 
2hE. 7 
2CB. 3 1  
2CB1.31 
2CE. 7 
2CE1.7 
2CE. 2 1 

2E B1.31 

"" 

T Cons t ruc t i on  

Mi ne 

2.97 
15.86 
13.72 
15.85 

22.96 

6.99 

14.62 

P1 a n t  

" 

0 
- 

" 

- 

I f f s i t ,  

7.14 

0.90 
1.87 

1.94 
0.42 

59.09 

6.95 
1.47 
3.79 
8.23 

- 

- 
11.13 

0.92 

2.46 
4.99 

9.33 
18.60 

5.55 
5.85 

1.47 
15.22 

Cons t ruc t i on  
To ta l  

7.14 
3.87 

17.73 
15.66 
16.27 
59.09 

6.95 
1.47 

26.75 

8.23 
6.99 

11.13 
0.92 

14.62 
2.46 
4.99 
0 

9.33 
18.60 
5.55 
5.85 
0 

1.47 
15.22 
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Operat ion 

Mi ne 
- 

0.50 

50.69 
86.01 

2.29 

39.63 

15.66 

2.57 

39.65 

166.0 

P l a n t  

1.52. 
10.29 

-. 

Operation 
To ta l  

0 

0.50 

0 
50.69 
86.01 

0 

0 

0 

2.29 

0 
39.63 

0 
0 

15.66 
0 

1.53 
212.86 

39.65 
0 

0 
0 

266.0 
0 

0 



TPBLE 5-30 (Continued) 

" 

l i o p h y s i c a l  
Subuni t  

- -~ 

iTB.31 

iT81.31 
2TBL1.7 
2TBL. 17 

2TBL1.17 
2TBL2.17 
2TDB1.8 
2TDB1.18 
2TOB1.19 
2TDB1.23 
2TE. 3 
2TE. 7 
2TE1.7 
2TE. 10. 

2TEl. 10 
2TE. 18 

2TE1.19 
2TG. 7 
2TG. 17 

2TGL. 3 
2TGL. 7 
ZTGL. 10 

3AE2.24 
3C81.31 
3CB2.31 
3CE1.10 
3CGlt2.24 
3EB1.21 

1 Cons t ruc t i on  

Mi ne - 

3.64 

15.49 

16.98 

20.63 

21.90 

21.64 
0.96 
0.84 

16.91 

3.48 

5.26 

- 
P l a n t  - 

19.1 
7.01 

0.71 

56.8; 

56.8: 
9.8; 

- 
I f f s i t  

1.48 
32.19 

7.57 
24.79 

0.68 
29.12 
8.29 

12.95 

0.74 

22.32 
13.34 

1.45 
5.86 

4.32 
38.94 

1.55 

3.49 
6.13 

1.03 

- 

T 
Cons t ruc t i on  

T o t a l  

1.48 
32.19 

3.64 
7.57 

59.38 
7.06 

17.66 
29.12 
28.92 
12.95 

0 

22.64 
0 

44;  7 
14.3 
0.84 

16.91 

58.32 
5.86 

61.15 
52.29 
1.55 
5.26 
3.49 
6.13 
0 
0 

1.03 

F 
" 

2 

1 

I 

1: 

- 

5-,156 

Operat ion 1 - 

Mine 

21.09 

80.39 

75.38 

33.06 
33.17 

1.07 
82.61 
13.06 
41.21 
25.64 
5.72 

95.82 

1.45 
53.30 

12.93 

11.18 
71.52 

" 

P1 an i rl 

3.6! 

21. 2.f 

4.28 

87.94 

0 
0 

21.09 

0 
80.39 

3.65 
75.38 

0 
233.06 

33.17 
22.42 

182.61 
13.06 
41.21 
25.64 

5.72 
95.82 

0 
0 

5.73 
451.24 

0 
12.93 

0 
0 

111.18 

71.52 
0 

Operat ion 
T o t a l  - 

- 



Tattle 5-30 (Continued) 
"_ 

Biophysical 
Subunit 

. . - "" 

3t:Bl. 31 
3:'Bl.  31 
3:'BLl. 1 7  
3"OB. 1 7 
3-.DB. 2 3 
3.E. 7 
3TE1.7 
3"E. 1 0 
3"El .10 
3-.E 1 . 1 7 
3'.GL. 7 
3'.GL. 1 7  
W 

R 
.. . ~ -" - _ _  

Total 

t -  
Construction - 

Mine 
- 

13.77 

0.73 

- 
35.2 ___ 

Plant  

18.29 

168.76 

- 
I f f s i t1  

10.34 
13.65 

32.22 

3.97 
13.84 

0 
0 

8.43 
3.55 

176.7 - 

:onstructior 
Total 

10.34 
13.65 

0 
0 

32.22 
0 

3.97 
27.61 

26.72 
3.55 
0.73 
0 

880.3 
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Operation 

Mine 

149.37 
75.32 

0.91 

17.74 
171.18 
103.57 

0.84 

4.11 
5.96 

2100.6 

" 

Plant 

34. ti0 

9.06 

673.6 
" 

Operation 
Total 

0 
0 

149.37 
75.32 

0 
0.91 
0 

17.74 
171.18 
103.57 
35.34 

0 
13.17 
5.96 

2774.2 



A .  Mine 

F t~ur   b iophys ica l   subun i ts   wou ld   a f fec ted ,   los ing  more than 20 h's (49.4 

a,:res). Subuni t  lBRL1+3.13 would  lose 22.96 ha (56.7  acres),  Subunit 

2TE.7, 21.90 ha  (54.1  acres),  Subunit 2TE.10, 21.64  ha  (53.4  acres), and 

SJbun i t  2TDB1.19, 20.63  ha  [53.4  acres). The m a j o r i t y   o f   t h e   r e m a i n i n g  
biophysical  subunits  would  have  impacts  ranging  from a low  0.84 ha (2.07 

a x e s )   t o  a h i g h   o f  16.98 ha (41.9  acres). 
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B. P lan t  

Sj:ven b iophys ica l   subuni ts   would  be  a f fected  by  the  p lant .   Submi ts  2TG.7 

a,ld 2TGt.3 are  the  on ly  ones which.  would  be subs tan t i a l l y   a f fec . ted   w i th  

515.87 ha (140.5  acres)  and  56.83  ha  (140.4  acres)  affected,  respectively. 

Of the   remain ing   f i ve   subun i ts ,   Subun i t  2TBL1.17 would  be  affec.ted  by 19.1 ha 

(,37.2 acres)  and  Subunit 3TGL.7 would  be  affected  by  18.29 ha (45.2 acres). 

C. O f f s i   t e   F a c i l i t i e s  

The o f f s i t e   f a c i l i t i e s  wou ld   d is tu rb   the   g rea tes t  number o f   b i o p h y s i c a l  
s lbun i ts   (46)  as w e l l  as t h e   l a r g e s t   a r e a   i n   t h e   c o n s t r u c t i o n  phase (476.7 
h83 o r  1177.3  acres). 

Although a l a r g e  number o f   t l i ophys ica l   subun i ts   wou ld  be a f fec ted   by   the  

cons t ruc t i on  o f  t h e   o f f s i t e   f a c i l i t i e s ,   t h e   i m p a c t  on any one b iophys ica l  
subuni t   would  be  smal l .   Sutuni t  lBGS1+3.21 would have the  greatest   impact 

(!59.09 ha o r  145.9 acres) ,  whi le  Subunit  2TGL.7 (38.94 ha o r  96,,2 ac res ) ,  
S i b u n i t  2TBL.31 (32.19  ha or 79.5 acres),   Subuni t  3TDB.23  (32.2;? ha o r  79.6 

al:res), Subunit 2TDB1.18 (29.12 ha o r  71.9 acres),  and Subuni t  ;!TE.10 
(;!2.32 ha o r  55.1 acres)   fo l low.  The remaining  biophysical   subuni ts  would 
be a f f e c t e d   t o   v a r y i n g   d e g r e e s ,   b u t   a l l  less than 20 ha (49.4 acres). 

( i i )   O p e r a t i o n  

The o p e r a t i o n   o f   t h e   p l a n t  and mine a f f e c t s  a t o t a l   o f  34 b iophys ica l   subuni ts  
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:Table  5-29). Many o f   the   b iophys ica l   subun i ts   wou ld  be s i g n i f i c a n t l y  
(3ffected i n   c o n t r a s t   t o   t h o s e   i n   t h e   c o n s t r u c t i o n  phase ( >  100 ha). The 

opera t i on   o f   t he   m ine   a f fec ts  33 b iophys i ca l   subun i t s ,   wh i l e   t he   p lan t  

lopera t ion   a f fec ts   on ly  seven. The to ta l   area  impact  o f  the  opt!ration  phase 

would be  2774.2  ha  (6851.7 acres). 

A. Mine 

Seven o f   t h e  33 b iophys i ca l   subun i t s   t ha t  may be a f fec ted   by   the  mine opera t i on  

Nould  have  area  impacts  exceeding  100  ha  (247  acres).  Subunit!; 2CE1.7 

and 2TDB1.19  show the   g rea tes t   impacts   w i th  266.0  ha (657.0  acres) and 
233.06 ha  (575.6 ac res )   l os t ,   respec t i ve l y .  The f o l l o w i n g   b i o p h y s i c a l  sub- 

un i ts   would be a f fec ted   by  more than 100 ha (247  acres) i n  o r d e r   o f   s i g n i -  

f icance, 2TE.7 (182.61  ha o r  451.0 acres),  3TE1.17 (178.89  ha o r  441.8 

acres), 3TE1.10 (171.18  ha o r  422.8 acres), 3TBL1.17 (149.37 ha o r  368.9 

acres) and 3CE1.10 (111.18  ha o r  274.6 acres). 

B .  P lan t  

Wi th in   the   p lan t   opera t ion , ,  seven b iophys ica l   subuni ts   would be a f fec ted .  

However, on l y  two o f  these  seven  would  be  s igni f icant ly  a l ienated.  Subuni ts 
2TGL.7 and 2ABL1.17 would be a f f e c t e d  387.94 ha  (958.1 acres) (and 210.29 
ha (519.4  acres),  respectively. 

(iii) Summary o f  .the Construct ion and Operat ion  Quant . i ta t ive 
Impacts on  'the Biophysical   Subuni ts 

S ix ty- four   b iophys ica l   sublmi ts   would be d is tu rbed  by   the   cons t ruc t ion  and 

operat ion  o f   the  mine and p lant .   Subuni t  2TGL.7 would  be  affe,:ted  the 
g r e a t e s t   i n  comparison to   o ther   subun i ts   by  a two-fold  margin  (503.53  ha 
o r  1243.6 acres).  Subunit!; 2TE1.7 (266.0 ha o r  657.0 acres) and 2TDB1.19 

(261.98 ha o r  647 acres)   fo l low  w i th   the   opera t ion  phase causi l ig  the 
g rea tes t   po ten t i a l   a l i ena t ion .  The fo l lowing  subuni ts   would be a l l   a f -  

fected  by  greater   than 100 ha (247  acres): 2ABL1.17 (212  ha o r  525.7 acres), 
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i T E . 7  (205.25 ha or 506.9 acres) ,  3TE1.17 (178.89 ha o r  441.8 acres) ,  
:ITE1.10 (171.18 ha or  422.8 acres ) ,  3TBL1.17 (149.37 ha or  368.9 acres ) ,  
i:TBL1.17 (139.77 ha or  345.2 acres ) ,  2TE1.19 (112.73 ha or  278..4 acres) ,  
3CE1.10 (111.18 ha o r  274.6 acres) ,  and 1AE.19 (102.28 ha or  252.6 acres).  

[n addition  to the 64 biophysical  subunits, the Wetland Unit (14) and Rock 
Outcrop  Unit would be affec:ted t o  a minor extent, primarily dulcing the 
operation phase. The Wetland U n i t  would be affected by 0.73 ha  (1.8 acres) 
,during the construction phase and 13.17 ha (32.5  acres) d u r i n g  the op- 
eration phase. 

A1 though the construction phase may a f f ec t  a greater number of  subunits 
(54) mainly due to  the construction  of the o f f s i t e   f a c i l i t i e s ,  the re la t ive  
a f fec t  on each  biophysical  subunit i s  l e s s  than  the operation phase. The 
operation phase  tends to  affect  several  biophysical  subunits  highly, w i t h  
moderate  impacts on the re’minder. The operation  of the mine would have 
the greatest   total  impact  in terms  of area  alienated. The operation phase 
would a l iena te  mre land  area (2774.2 ha o r  6851.7 acres) than  the  construc- 
tion phase  (880.3 ha o r  2174.2 acres).  

(b)  Sensitivity  Analysis  for  Biophysical  Subunits 

For each  biophysical  subunit  in the s i te -spec i f ic  s tudy area t h a t  has been found 
t o  be affected by developnent i n  the direct   loss   analysis ,  a h i g h ,  moderate 
or low sens i t i v i ty  has been attached  (Table  5-31).  This has been  done u t i l i z ing  
physical and biological  da.ta, and the resource  capabilities developed 
during the inventory  stage. A separate   sensi t ivi ty   ra t ing has been derived for  
both the physical and biological  data and the resource  capabi.iities. The 
physical and  biological   sensi t ivi ty  h a s  been developed from the sen- 
s i t ivi ty   ra t ings  ass igned  for   soi ls  and vegetation  (Tables 5-2‘ and 5-11, 
respectively).  Slope has been assigned h i g h ,  moderate or low sens i t iv i ty  based 
on the following  criteria::  zero  to  nine  percent  (low); 10 t o  29 percent 
(moderate); 30 percent  pius  (high). 
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In order   to   es tabl ish a sensi t ivi ty   ra t ing  for   the  resource  capabi l i t ies ,  
a two-step  approach has betin used. Utilizing  the approach used by Jurdant 
in the James Bay area,  each resource,   i .e. ,   agriculture,   grazing,  forestry 
and wi ld l i fe  has been assigned a numerical score  based on the  resource capa- 
bil i t ies  outl ined  in  the  inventory  section. The resource  capabili t ies pro- 
duced d u r i n g  the  inventory have been ranked on a scale  of  zero  to  ten  in 
terms of the quant i ta t ive  difference i n  resource  capability i n  relation  to 
the others.  Table 5-32 i l l u s t r a t e s  the relationship  of the within  class 
rank scores  to  the  capabil ' ity  classes  for each discipl ine.  A brief 
methodology for  the  derivation o f  the  within class rank scores  for each 
discipline  follows and i s   bas i ca l ly  a synopsis  of  that  already  presented 
in  the  inventory methodology (Section  3.2(e)). 

92 

Forestry 

The forestry  within  class Iranking has been completed by Reid, Collins and 
Associates Ltd.  using  the  relative  productivity  for  the predominate for- 
e s t  growth type  in  the loci31 study  area. This has yielded  the  rankings 
shown i n  Table 5-32 for   forestry.  

Agri cul ture 

The agriculture  values have been based on the  ratings  applied  to  the  various 
soil  units by Canadian Bio Resources Consultants Ltd. which r e f l e c t   t h e i r  
capabili ty and  productivity. Each o f  these r a t i n g s  have  been given a nu-  
merical score and a weight as expressed i n  Table 5-32. The weight i l l u s -  
t ra tes   the  re la t ionship  of  the applied  agriculture  ratings  to 'each other,  
yielding  the  within  class )rank score. 

Grazing 

The grazing  values have been based on the Canada  Land 1nventor.y c lass i f ica t ion  
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TABLE 5-32 
RELATIONSHIP OF  THE  RESOURCE CAPABILITIES 

TO THE WITHIN CLASS RANK SCORES 

~ ~ 

A g r i c u l t u r e  

Capabi 1 i ty 

Low 

Medium-Hish 
Medi urn 

- 
High I 

F o r e s t r y  

P r o d u c t i v i t y  I 
Nil 
Low 
Poor 
Medi urn 
Good 

~. 

~ ".. 

~ 

Waterfowl 

C a p a b i l i t y  
. ~ . ~ " 

N i  1 

Medi urn 
Low 

Medi urn-Hi gh 
High 

2 .o 
10.0 

~. ~ . " ". .. ~" 

Grazing 

C a p a b i l i t y  Class Rank 

Medi urn 2.8 

H igh  
Medium-High 

10.0 

Ceer & Moose 

I C a p a b i l i t y  1 Class Rank 
W i t h i n  

10.0 
6.0 

Other 

I C a p a b i l i t y  1 Class Rank I W i th in  

Medi urn 
Medi urn-Hi gh 
High 10.0 

5 .O 
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ratings.  Each  Canada  Land Inventory  class has been given a within  class 
r a n k  as shown in Table  5-32. 

." CJi 1 d l  i fe 

Llithin each wildlife  category  (deer, moose, waterfowl and  other) each 
t~iophysical  unit has been ranked from zero to  four based on it!; estimated 
capabi l i ty   for  the  resource:  class  four  corresponds  to  the  highest  resource 
capabi l i ty ,  one the  lowest  resource  capability, and zero  corresponds t o  bio- 
physical  units with no resa'urce  value. 

The deer and mose  rankings have been assessed  in  order  to  estimate  relative 
'Jngulate  densities  derived from  Canada  Land Inventory (CLI) c lass i f ica t ions .  
7esource capabi l i ty  Class 4, fo r  deer and moose corresponds  approximately  to 
CLI Class 3 which  can theoretically  support  an average of 50 white-tailed 
jeer  units  per  square  mile  (2.6 km2)93. Resource capabi l i ty  C'lass 3 cor- 
responds to CLI Class 4 which can support an average of 30 white-tailed 
leer  units;  resource  capability  Class 2 corresponds t o  CLI Cla!;s 5, or an 
3verage of 15 white-tailed  deer  units, and resource  capability  Class 1 
corresponds t o  CLI Class 6!, or an average  supportive  capability o f  5 white- 
tailed  deer  units.  Therefore,  the  values  for  the r a n k i n g  shou'ld have the 
following  interrelationships: 10:6:3:1 : O  (Table  5-32). 

Quantifiable  resource  capabilities are unavailable  for waterfowl o r  other 
wildlife.  Relative  values have  been assigned based on professional judgment 
tempered by field  experience gained d u r i n g  the  wildlife  invent,wy. Water- 
fowl a re  much  more res t r ic ted  by habi ta t  than are  ungulates a n d  tend to  be 
more concentrated i n  the  better  areas than are  ungulates,   i .e. ,   the  dif-  
ference i n  h a b i t a t  capabil.ity between the ranks i s   g rea te r .  The values  for 
the waterfowl rankings  are  estimated  to  relate  to each other  as  follows: 10.0 
:2.0:0.5:0.1:0 (Table  5-32).  Other  wildlife  habitat shows re la t ive ly   l ess  
variation  in  resource  capability, b u t  the very best   habi ta t  does contain 
measurably greater numbers  and d ivers i ty  of animals t h a n  the  average  habitats. 
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Tlie values  for the "other"  wildlife  rankings are estimated t o  re la te   to  each 
other  as  follows:  10.0:5.0:3.0:2.0:0  (Table  5-32). No biophysical  units 
w i t h  zero  value fo r  "deer" or   for   "o ther   wi ld l i fe"   ex is t   in  the local  study 
a rea. 

Secondly, the resources  are ranked between each other based on their impor- 
tmce  within the local  study  area  (importance  value). This has been done 
in  comnittee by a l l   spec ia l i s t s  involved  with  agriculture,  grazing,  -forestry 
aild wildlife  within the Land Resources Subgroup. In this manner, som form 
o f  object ivi ty  has been achieved, w i t h  what i s  necessarily a subjective ap- 
proach. I n  order   to   a t ta in  an importance  value for each resource, a common 
s , ? l ec t ion   c r i t e r i a   i s  needed. The common se l ec t ion   c r i t e r i a  allows  the com- 
mit tee   to   act  on a c o m n   b a s i s  when establishing the importance  value fo r  
elch  resource. The se lec t ion   c r i te r ia  used in  this  evaluation , is the  in- 
t?nsi ty   of  use and do l la r  value per u n i t  area of land  obtained  within the 
b c a l  study  area of  each res,ource,  i.e.,  agriculture,  grazing,  .Forestry and 
wildl i fe .  The importance  values have been graded on a one to  10 scale with 
111 indicating the most interse  type  of use. Table  5-33  indicates  the impor- 
t m c e  values  assigned t o  eac:h resource. 

Wildlife has required an additional  importance  ranking  since i t  is  composed 
o f  four  separate  categories:  deer, moose, waterfowl and  other. These have 
d i f fe ren t  importance  values  concerning intensity  of use w i t h i n  the local 
study area t h a t  must  be evaluated. 

A l l  comparisons have been dcne on a re la t ive  basis .  For wildli.'e, comparisons 
almng rmose, deer, waterfowl and other   wildl i fe   are  based on the  recorded 
o p  estimated number of user days plus an assessment  of  relative value per 
user day based on Pearse Bow'den . The value  of moose hunting has been 
j J d g e d  t o  be worth approximately  one-fifth, the value  of  waterfowl h u n t i n g  
a~proximately  one-tenth, and the value  of  other  (including non-consumptive 
u'je, grouse h u n t i n g ,  trapping,  bear and small game hunting)  sl ightly more 
t h a n  one-half  that of deer h u n t i n g .  The sum of the four .wildl i fe   values   is  
constrained  to equal 2 (the value  of  "wildlife" compared t o  the other  resources), 

94 
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TABLE 5-33 

RESOURCE IMPORTANCE VALUES 

Resource 

A g r i c u l t u r e  

Grazing 

Fo res t r y  

W i l d l i f e  

Importance  Value I 
10.0 

3.0 

7.0 

2.0 I 
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therefore, the following  constants  are designated: deer, 1 .1 ;  moose; 0.2;  
haterfowl,  0.1; and other   wildl i fe ,  0.6.  

Once a l l  the individual phylsical and biological   sensi t ivi t ies  and ranked 
resource  capabili t ies have lbeen calculated, a composite can be derived 
f o r  the physical and biological  characterist ics,  and the resource  capabil- 
i t i e s  (Table 5-30). The composite  physical and biological  sensit ivity  for 
each biophysical s u b u n i t  i s  determined by rating  all  the  biophysical sub- 
units  as  high, moderate o r  'low sens i t i v i ty  based on the sum of  their  individual 
s ens i t i v i t i e s .  These have been given an equal  value  of 1.0. I n  some 
cases, i t  has been found tha t  one physical  or  biological  characteristic has 
an overriding  effect  on the f ina l   sens i t iv i ty ,  requiring a h igher  sens i t iv i ty  
than i t  would normally  carry. These biophysical  subunits  are  indicated by 
an asterisk on Table 5-31 and furtiler  assessed. 

Wi th  .respect  to the resource  capabili t ies,  an integrated  resource  capability 
hds  been derived by multiplying the importance value of  each re:;ource .by i t s  
within  class rank fo r  each  biophysical  subunit and sunning their  values, 
to obtain a final  integrated  resource  capability  for each  biophysical sub- 
unit. In general, this value  indicates the importance o f  each biophysical 
unit  for a number of resource uses.  Consequently, the higher the integrated 
resource  sensit ivity,  the greater  the number of  resource  uses  possible and 
cilpability  to  support  these uses. However, i n  some cases, one resource use 
hiis both a h i g h  importance  value and capability,  while o the r  resource uses 
hdve nil   or low rankings.  This  situation  yields a low integrated  resource 
citpability, where i t   i s  f e l t  t ha t  a higher  rating  should be applied. This 
occurrence is   indicated by a two aster isk on Table 5-31 and a further 
analysis o f  t h a t  particular  biophysical s u b u n i t  conducted. 

Ttle physical and biological   sensi t ivi ty  and integrated  resource  capability 
ar'e rated  as  high, medium and low  on Table 5-31, based on the following 
cr , i ter ia :  

" 
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Physical and  Biological Integrated Reso'arce 
Capabi 1 i t y  - Sens i t iv i ty  

High 7 - 9  > 77 
Medi um 5 - 6  46 - 77 
Low 3 - 4  13.1 - 45 

Each biophysical  subunit  r,ated h i g h  has been assessed  again i n  comnittee 
in  order  to  outline  the  environmental  limitations. This  information i s  
presented i n  a tabular  format  along w i t h  a br ief   descr ipt ion.  

In a d d i t i o n  to   the  sensi t i ,v i ty  and capability  ratings,  the  level  of  resource 
integration i s  determined (and the  potential  principal and secondary 
ut i l izat ions  indicated.  The level o f  resource  integration  implies what 
the  potential  best use or  lmes are  of each particular  biophysical s u b u n i t .  
The following  levels of resource  integration have  been applied: 

Class I: Low Level o f  Resource Integration. This class  implies 
exclusive use or management for  the  potential  principal 
u t i l i za t ion  shown by the  resource  capabili t ies  in Table 
5-31. 

Class 11: Medium Level of Resource Integration. This c h s s  implies 
dominant use w i t h  possible  secondary  uses of s l i gh t ly  
lower capabi l i ty .   Pr ior i ty  management should bl? for   the 
potent ia l   pr incipal   u t i l izat ion,  a1 though other  factors 
my cause  secondary u t i l i za t ions  t o  becom more favourable. 

Class 111: High  Level o f  Resource Integration. This class  implies 
no one princ:ipal  use, b u t  a l l  uses  carrying equal  weight. 
Management for  any of  the  resources  could  yield  similar 
resu l t s .  

Yaps have been prepared (Maps 5-5a and 5-5b) that  depict  biophysical  subunit 
3reas  of h i g h  s ens i t i v i ty  clr capabi l i ty  w i t h i n  the   s i te-specifc   s tudy 
3rea (a :24,000). These maps used i n  conjunction w i t h  the sens',: t i v i  t y  
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t ,3bles,  provide a s i te -spec i f i c   eva lua t i on   o f   t he   p rob lem  a reas  and t h e i r  

l i m i t a t i o n s   t o  development f o r   t h e  mine, p l a n t  and o f f s i t e  deve'topments. 

( c )  Summary 

111 t o t a l  46 biophysical   subuni ts  have been  found t o  possess a h igh  phys ica l  

and b i o l o g i c a l   s e n s i t i v i t y ,   i n t e g r a t e d   r e s o u r c e   c a p a b i l i t y ,   o r   b o t h   ( T a b l e  

5. -31) .   Severa l   t rends  are  ev ident .   F i rs t ly ,   most   h igh  in tegrated  resource 

c a p a b i l i t i e s   a r e   a s s o c i a t e d   w i t h   b i o p h y s i c a l   s u b u n i t s  on s lopes   o f  0 t o  9 

percent as a r e s u l t   o f   t h e   h i g h   a g r i c u l t u r a l   c a p a b i l i t y  and  importance  value 
at tached  to   these  b iophys ica l   subuni ts .   Wherever   agr icu l ture hits  been r a t e d  

a:; having a h i g h   c a p a b i l i t y ,  i t  genera l l y   ove r r i des   t he   o the r   poss ib le  
r l?source  uses,  thus,  yielding a l ow- leve l  of  resource  in tegrat ion.   B iophys i -  

c(t1  subunits 1AB.21 through 1TE1.17 e x h i b i t   t h i s   t r e n d .   P h y s i c a l  and b i o -  

l o g i c a l   s e n s i t i v i t i e s   f o r   t h e s e   s u b u n i t s   a r e  medium w i t h  a  number o f  subuni ts 

possessing  problems i n  terms o f   h i g h   a l k a l i n i t y  and s a l i n i t y .   B i o p h y s i c a l  
s ' lbun i ts  1BRL1+3.13 and  1BRLlc3.29 w i t h i n   t h e  above  group  were  the  only  two 

subuni ts   ra ted as having a  medium l e v e l  o f  resource   in tegra t ion  because o f  
t h e i r   h i g h   w i l d l i f e   c a p a b i l i t y .  

Blophysical   subuni ts 2AB1.31 through 2TGL.10 beg in   t o  show a  more d iverse 

t rend  in   poss ib le   resource  uses. A g r i c u l t u r e   g e n e r a l l y   i s   t h e   p r i m a r y  use, 

w- i th   fo res t ry  and grazing  beginning  to  appear as pr imary uses i n   o n e - h a l f   o f  
the  above b iophys ica l   subuni ts .   Th is   resul ts   f rom many o f  these  biophysical  
subun i t s   hav ing   t opograph ic   l im i ta t i ons   t o   ag r i cu l tu re .  Where a g r i c u l t u r e  

i!; absent ,   the   in tegra ted   resource   capab i l i t y  is  genera l l y  low. I n  terms o f  
phys ica l  and b i o l o g i c a l   s e n s i t i v i t y ,   b i o p h y s i c a l   s u b u n i t s  2CE.21,  2TDB1.8, 

2TDB1.19,  2TDB1.23,  2TE1.10 and 2TE1.19 have  been r a t e d  as h i g h l y   s e n s i t i v e .  

B.ophysica1  subunits 3AE2.24 through 3TGL.17 pose t h e   g r e a t e s t   l i m i t a t i o n s   t o  
development. O f  the above 17  b iophys ica l   subuni ts ,   10  have  h igh  sens i t iv i t ies  
w h i l e   f o u r   m r e  have a t   l e a s t  one o v e r r i d i n g   p h y s i c a l   o r   b i o l o g i c a l   c h a r a c -  

t e r i s t i c   c a u s i n g  a h i g h e r   r a t i n g   t o  be  assessed. However, i n  terms o f  the 

in tegra ted   resource   capab i l i t y ,  most were r a t e d  as  low. I n   a d d i t i o n ,   t h e  
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level  of  resource  integration shows a medium o r  high level o f  integration 
irdicating  that  these  subunits  are  important  to  several  uses.  f:orestry, 
grazing and in some instances  wildlife form the dominant resource uses on 
the above biophysical subunits. 

The Wetland biophysical s u b u n i t  ( W )  has a h i g h  physical and bioi:ogical 
s ens i t i v i ty ,  b u t  a low integrated  resource  capabili ty w i t h  wild'life  the 
probably  principal use. 

The following  biophysical subuni t  t ab les   ac t   as  a sumnary of al'l the physical 
and biological  features  studied  in  the  local'   study  area  as well  as t he i r  
l - i m i  tat ions  to  various developmental objectives.  Only those  biophysical 
subunits shown t o  have a high physical and biological   sensi t ivi ty   or  high 
integrated  resource  capability on Table 5-31 were fur ther  analyzed. Two 
types  of  limitations  are  presented,  those o f  a resource  capability  nature 
alid those  related  to  constraints o f  the  physical  (slope, landform and s o i l )  
and biological  (vegetation) environment. 

To a large  extent  the physic:al and biological  l imitations can be mitigated 
in some  way depending on the  l imitations and the i r   sever i ty .  I t  should be 
r ,xognized  that   in many cases,   the  application o f  a physical and biological 
s m s i t i v i t y ,  and associated  l imitations  are  not  appropriate beciiuse of the 
type o f  projec t   fac i l i ty .  For example, open p i t  #1 (Ml) total1:y al ienates  
a large  portion  of h i g h l y  sensitive  landscape, however, only t h e  p i t  rim 

would  be subject  t o  l imitations  since  the  remaining  portion  is  ia large 
excavation. The  same i s   t r u e  for the mine waste and ash  disposiil dump which 
covers a large  surface  area. On the other hand, offsite  faci1il ; ies such 
as  pipelines and transmission  lines  only  temporarily d i s t u r b  su,rface  soil 
conditions and may cause grea te r   a lka l in i ty  and erosion problem!;. With 
respect  to  the  resource  capabili ty  l imitations,  no mitigation i!j possible. 
The only  mitigation  that may be applicable i s  a relocation o f  the project 
f ac i l i t y .  However, the  constraints imposed by the  topography alld coal de- 
posi t  l imit  many relocat ion  possibi l i t ies .  
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C'mversely, many o f  the physical and biological  limitations are mitigable 
and will be discussed under Section 6 . 3 .  
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Physical and Biological 
liledi um* High _- 

Amomt Affected ( h a )  Phase(s) Causing Alienation 
7.'14 
" 

Limitations 
Hi8~h a lka l in i ty  and  s a l in i ty  of the soils  present 
Hiagh agricultural   capabili ty 
His~h vegetation  productivity 

. . . .. . - - - - 
Summary of  Physical and Biological  Characteristics "_ . ". - 

8io1,Jeoclirnatic Zone 
In t razonal  

.~ ~ 

Vegetation  Association 
C u ;  t ivated  Fields 

. . . "" __ 
P a r e n t  Material 
Gl;~cio-fluvial 

. . . .. - - 
Soi .i 

- 
Brown Chernozems 

. " ." 
Landform 

Bottomland - f l a t  
0 . 9% 

Texture 
. . . . .- " - __. 

Grzvelly sandy loam 

Relative Depth o f  Solum 
. . . . . " . - - 
30 - 61 CM 

. . . . " . . . .- 

This  subunit  occurs  in the 
Thompson River  Valley and  i s  
dominantly  affected by the 
main access road ( G R 1 ) .  
However, the impact i s  small 
(7.14  ha). 
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Phlysical and  Biological  Sens!itivity Integrated Resource Capability 
Medium High 

~ ~~~ 

Amount  Affected  (ha) 
4 .37 

~ ~~ ~~~ 

Phase(s) Causing Alienation 
Construction and' operation 

~~ ~ 

Lir,litations 

. d. versity  present 
Vegetation  association w i t h  high  productivity and ecological 

Medium-high agricultural   capabili ty ! 

Summary o f  Physical and Biological  Characteristics 
~ 

Bicgeoclimatic Zone 

Vegetation  Association 
Kentucky Bluegrass/Riparian 
Complex 

Parent  Material 
Glac ia l  outwash 

Soi 1 
Drthic Dark Brown 
. Chernozems .. . -. . . , Irterior  Douglas-fir Zone 
. . . . . . .. " 

.. . . . 

This subunit  occurs a t  the 
north end of Hat Creek Valley 
along Highway 12. I t   i s  
affected mainly  by'the n o r t h  
valley dump (M3).  However, 
the impact i s  small (4.87 ha). 

Landform 
Bottomland - f l a t  
D - 9% 

~ . . - - . ". . 1 

Texture 
S i l t y  loam 

. . ~~~ "" - 
Rel(1tive Depth of Solum 

76  cm 
- 
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BIOPHYSICAL SUBUNIT  1AE.8 

" 

.. I 

Ph:ysical  and B i o l o g i c a l  

Mt?di um High** 
." 
Amount Affected  (ha) 

11.73 
" 

L i m i t a t i o n s  
MI?dium-high a g r i c u l t u r a l   c a p a b i l i t y  

1 

Summary o f   P h y s i c a l  and   B io log i ca l   Charac te r i s t i cs  

Biogeocl imat ic  Zone 

I n t e r i o r   D o u g l a s - f i r  Zone 

Vegetat ion  Associat ion 
Doug las- f i r  - Bunchgrass 
Associat ion 

Parent  Mater ia l  
G l a c i o - f l u v i a l  

Soi 1 
Dc,graded E u t r i c   B r u n i s o l / O r t h i c  
D z r k  Brown Chernozem 

Lan'dform 
Bcttomland - f l a t  
0 - 9% 

. . . - - " -_ 
Tex,:ure 

S i l ty  loam - s i l t y   c l a y  

Relat ive  Depth o f  Solum 
. . .. . . - .. - " - 

36 - 46 cm 

Th is   subun i t   occu rs   a t   t he   no r th  
end o f  Hat  Creek  Valley. It 
i s   a f f e c t e d   m a i n l y   b y   t h e   n o r t h  
v a l l e y  dump (M3) and coa.1 
blending  area (M14), a1 t.hough 
the  impact i s  o n l y  17.7:; ha. 

m a j o r   l i m i t a t i o n s .  
I n   a d d i t i o n ,  i t  possesses  no 

5-175 
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Ph ,ys ica l   and  B io log ica l  

Medium* High** 

Am'lunt A f fec ted   (ha)  
66.35 Construct ion and operat ion 

L i m i t a t i o n s  
H i g h   s o i l   s u s c e p t i b i l i t y  t o  dus t i ng  

M.dium-high a g r i c u l t u r a l   c a p a b i l i t y  

Sununary o f  Phys i ca l   and   B io log i ca l   Charac te r i s t i cs  
.- " . . - 
Bicgeocl imat ic  Zone 

I r ' t e r i o r   D o u g l a s - f i r  Zone 
". . ~" 

Vegetat ion  Associat ion 
Ocug las - f i r  - Pinegrass - 
Bunchgrass Associat ion 

..... ___ 
P a r w t  M a t e r i a l  

Glacio-f luvial  
...... . " .. 

Soi I 
Degraded E u t r i c   B r u n i s o l / O r t h i c  
Dark  Brown  Chernozem 

... "_ 

Th is   subun i t   occurs   a t   the  
n o r t h  end of Hat Creek Val ley.  

s t r u c t i o n  and  operation  by 
It i s  a f f e c t e d  by  both  con- 

t h e   t o p s o i l   s t o c k p i l e ,  mine 
entrance (Mll), open p i t  #1 
(Ml), and the  main  access 
road ( O R 1 ) .  The major limi- 

p o t e n t i a l  o f   t h e   s o i l s .  
t a t i o n  i s  the   h igh   dus t ing  

Landform 
Bottomland - f l a t  
0 - 9% 

. ~. . __ 
Texture 
S i " ty  loam - s i l t y  c l a y  

. - ........... - 
R e l a t i v e  Depth o f  Solum 

36 - 46 cm 
-~ . "~ . "" " 
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Ph,ysical  and B i o l o g i c a l   S e n s . i t i v i t y   I n t e g r a t e d  Resource  Capabi l i ty  

M.?dium* High** 

Amount A f fec ted   (ha)  
132.28 

Phase(s)  Causing  Al ienat ion 
Construction  and  operat. ion 

L i m i t a t i o n s  
H i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  
H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( d e e r )  

Medium-high a g r i c u l t u r a l   c a p a b i l i t y  

Summary o f  Physical  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
" 

Biogeocl imat ic  Zone 

I n t e r i o r   D o u g l a s - f i r  Zone 
. . 

Vegetat ion  Associat ion 
Sdgebrush - Bluebunch  Wheatgrass 
Associat ion 
- ....... . 

Parent   Mater ia l  

G' a c i o - f l u v i a l  
....... - - __ - 
Soi 1 

Dcgraded E u t r i c   B r u n i s o l / O r t h i c  
Odrk Brown Chernozem 

~~ .~ . " " 

Landform 
Bottomland - f l a t  
0 - 9% 

Ter t u r e  
. . . . .  "_ 
Si l ty loam - s i l t y   c l a y  

. . .  

Re la t i ve  Depth o f  Solum 
3 0  - 46 Cffl 

" _" 

This  subuni t   occurs  a t   the 
n o r t h  end o f  H a t  Creek Va l l ey  
and i s  ma in ly   a f fec ted   by   the  
open p i t  #1 (Ml). ' A  major 
p o r t i o n   o f   t h i s   h i g h l y  sen- 
s i t i v e   s u b u n i t   i s   i m p a c t e d  

much o f   t he   impac t   resu l t s  
(1 02.28 ha). However,  because 

phys i ca l  and b io log ica l   impacts  
f r o m   t o t a l   a l i e n a t i o n ,  t.he 

will o n l y  be important an 
exposed  areas,  devoid o f  
vegetat ion.  The loss o f  the 

a l s o   i m p o r t a n t   t o   w i l d l i f e  
vege ta t i on   assoc ia t i on   i s  

and i s  scarce   w i th in   the   loca l  
study  area. 
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Ph,ysical and Biological 
MI:di um 
" 

Amount Affected  (ha)  Phase(s)  Causing  Alienation 
513.09 Construction - o f f s i t e  

Limitations 
. High  vegetation  productivity 

~ ~~~~ 

Medium-high agricultural   capabili ty 
Location  along  stream  could be flooded 

Summary of  Physic,al and Biological  Characteristics 
- - ." 
Biogeoclimatic Zone 

Interior  Douglas-fir Zone 

Vegetation  Association 

Cultivated  Fields 
~" - 
Parent  Material 

A' 1 u v i  um 
. . -. - " 

Soi 1 
Carbonated  Gleysol 

. .. -. " - - 
Landform 

Bottomland - f l a t  
0 - 5% 

. __ 
Texture 

Loam 
" . . - __ ". 
Relative Depth of Solum 

15, cm 

This  subunit  occurs  along the 
middle  reaches  of upper Hat 
Creek Valley. The s i t e  2 
storage  reservoir and dim 
(OD7) impacts  59.09 ha of 
this   subuni t .   I ts  major. 
l imi ta t ion   i s   i t s   agr icu l tura l  
use. 
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BIOPHYSICAL  SUBUNIT 1BGS1+3.28 

II 

1 r Physical  and B i o l o g i c a l   S e n s i t i v i t y  In tegra ted   Resource   Capab i l i t y  
~~~~ ~ ~ ~ ~~~ ~~~ 

Medium High .. 
a 

II 
m 

" 

I lr  

Amount A f fec ted   (ha)  

6.95 

Phase(s)  Causing  Al ienat ion 
Construct ion - o f f s i t e  

L i m i t a t i o n s  
H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( o t h e r )  

Medium-high a g r i c u l t u r a l   c a p a b i l i t y  
Locat ion,   a long  stream  could be f looded 

Sumnary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
.. " 

Bio'geocl imat ic Zone I 
I n t e r i o r   D o u g l a s - f i r  Zone 

Vegl?tat ion  Associat ion 
Buichgrass - Kentucky  Bluegrass/ 
Ri 3arian Complex 

- "" 

Parent   Mater ia l  

A 1  I u v i  urn 

I Caebonated Gleysol 
. ~. 

Landform 
Bottomland - f l a t  
0 '- 5% 

Texture 

Loiirn 

, " 

~~ . ~~ . 

Relat ive  Depth o f  Solum 

~ - . . . . - " 

This  subuni t   occurs  a long  the 
middle  reaches o f  upper  Hat 
Creek  and on ly  has  a minor 
impact o f  6.95 ha: The major 

works r e s e r v o i r  and dam 1:001). 
impact comes from  the head- 

I t s  h i g h   c a p a b i l i t y   f o r   w i l d l i f e  
i s  t h e   m a j o r   l i m i t a t i o n .  

a -  



BIOPHYSICAL SUBUNIT lBRLlt3.10 

~~~~~~~ 

P t y s i c a l  and B i o l o g i c a l   S e n s i t i v i t y  
fiedium 

I n t e g r a t e d  Resource C a p a b i l i t y  
~~ 

High 
” ~~ 

Anount A f fec ted   (ha)  
1.47 

Phase(s)  Causing  Al ienation 
~~~ 

Const ruct ion - o f f s i t e  

L i m i t a t i o n s  
Medium-high a g r i c u l t u r a l   c a p a b i l i t y  

Location  along  stream  could be f looded 

Summary o f  Phys ica l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
” 

B i  Dgeocl i m a t i c  Zone 
I n t e r i o r   D o u g l a s - f i r  Zone 

Vegetat ion  Associat ion 
0,uglas-f ir  - Bunchgrass - 
Pinegrass  Associat ion 
” 

Pa-ent   Mater ia l  
A l luv ium 

. ~- 

So‘i 1 
0: - th ic  Regosol 

Landform 
Rottornland - f l a t  
0 - 9% 

Texture 
S ’ i l  ty loam - g r a v e l l y  sandy 
1 oam 

- 
..~ . - 
Rela t i ve  Depth o f  Solum 

15 - 25 cm 

5-180 

This  subuni t   occurs  a long 
Ambusten Creek. The impact 
i s   o n l y  1.47 ha and i s  caused 
by  the  upper  Hat  Creek  diver- 
s ion  canal  (ODZ).  



BIOPhlYSICAL  SUBUNIT 1BRL1+3.13 

r 
II 

c 
I 

e 
I 

m 
I 

U I  

- 
Physical and Biological 

ME di um 

Amount  Affected (ha) Phase(s)  Causing  Alienation 
25.04 Construction and operation 

Limitations 
High vegetation  diversity and  productivity 
High wildlife  capabili ty 
Medium-high agricultural   capabili ty 
Location  along  stream  could ,be flooded 

Summary of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

- 
Vegetation  Association 

Riparian  Association 
- 
P a r w t  Material 

A 1  I u v i u m  
._ " " - 
Soi 1 

Or thic Regosol 
- " - "" 
Landform 

BoXomland - f l a t  
0 '. 9% 

Texture 
" -. . "" - - 

Loam - si1 ty  loam 
.. - - - .- 
Relative Depth of Solum 

15 - 76 cm 

This  subunit  occurs  along Hat 
Creek in the north end of 
the valley.  Construction 
and operation impact 29.134  ha 
of  this  subunit. The ma.jor 
project  facil i ty  causing the 

dump (M3). Because of  the 
impact i s  the  north valley 

h i g h  species  diversity and 
productivity  of the vege.tation, 
and high wildl i fe   capabi l i ty ,  

served  as much as  possib'le. 
t h i s  s u b u n i t  should be  pl-e- 

" -. " . " I 
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BIOPHYSICAL  SUBUNIT lBRL1+3.21 1;; 1 High 
Physical and Biological  Sensitivity  Integrated  Resource  Capability 

Amount Affected  (ha)  Phase(s)  Causing  Alienation 
Construction - o f f s i t e  

" 

Limitations 

. High vegetation  productivity 
I Medium-high agricultural   capabili ty 

Summary o f  Physical and Biological  Characteristics 
.- . " "_ 

Bio~eocl imat ic  Zone 
Intrazonal 

"" . 

Vegl?tation  Association 
Cultivated  Fields 

t 
~- 

Parent  Material 
A 1  1 u v i u m  1 

1 soi't 
Orthic Reqosol w i t h  some inclusions I of  Eutric-Brunisols 

. - " . " - " 
Landform 

Bottomland - f l a t  
0 - 9% 

Texture 
" 

Loam - s i l t y  loam 
- . . . . "" 

Relative Depth o f  Solum 
15 - 76 cm 

-" " -. - - 

This s u b u n i t  occurs  along the , 
middle and lower reaches of 
upper Hat  Creek. The impact 

by the p i t  rim reservoir (OD4) 
i s  minor with 8.23. ha  a1 ienated 

and pipelines (OD5) .  T h e  major 
l imi ta t ion   i s   i t s   agr icu l ture  
use. 
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" 

Ilr 

" 

Physical and Biological 
Medium  High 

__ 
AmoJnt Affected. ( h a )  Phase(s) Causing Alienation 

46.62 Construction and operation 
" 

Limitations 
High vegetation  productivity and divers i ty  
High capabi l i ty   for   wildl i fe  (deer and other)  
Medium-high agricultural   capabili ty 
Lo:ation along  stream  could be flooded 

~~ ~ ~ ~~~ 

Summary of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
1n:erior  Douglas-fir Zone 

Vegetation  Association 
Sagebrush - Bluebunch Wheatgrass/ 
Riparian Complex 

. ". 

P a r e n t  Material 
A1 ' 1  u v i u m  

~~ 

So i  1 
Orthic Regosol 

Landform 
Bottomland - f l a t  
0 .' 9% 

-. . 

This s u b u n i t  occurs along the 
lower reaches of upper Hiit 

open p i t  #1 (ML) w i t h  46..62 ha 
Creek and i s  impacted by the 

affected.   I ts  importance t o  
wildl i fe  and possible  agricul- 
tural   capabili ty are the major 
l imitations.  

Texture 
L o m  - s i l t y  loam 

Relative Depth of Solum 
15 - 76 cm 

. "" 
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BIOPHYSICAL  SUBUNIT 1EB.21 

" 

Physical and Biological 
hedi um 
" 

Ariount Affected  (ha)  Phase(s) Causing Alienation 
11.13  Construction - o f f s i t e  - 

L'mitations 
. t'igh  vegetation  pr0ductivit.y 

t igh  soil   susceptibil i ty  for  dusting 
Medium-high agricultural  caipability 

! 

" 

Summary of Physical and Biological  Characteristics 
" - 
Biogeoclimatic Zone 

Intrazonal 
"- 
Vegetation  Association 

C u l t i v a t e d  Fields 
~- 

Parent  Material 
Aeolian/Glacial outwash 

Soi 1 
Brown Chernozems 

Landform 
63ttomland - f l a t  
0 - 9% 
" - 

This s u b u n i t  occurs  in the 
Thompson Valley and i s  impacted 
by the   o f f s i t e   f ac i l i t i e s ,  
make-up water  pipeline (Owl), 
drainage  pipeline (OW8), 69 kV 
transmission l ine to pulnp 
s ta t ion  I 1  (OT3), pump s t a t i o n  
I access road (OR4) and booster 
s ta t ion  I (OWZ). Howewr, the 

major l imitations  are the agri-  
impact i s  only 11.13 ha. The 

cul tural  use and potential  dust 

disturbed. 
problem once the so i l s  iare 

Tecture 
Fine sandy loam - gravelly sandy 
1 loam 
.- - 

Relative Depth of Solum 
415 - 91  cm 

- "-  1 
5-134 
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~~~ ~~ ~ ~~ 

Phy:;ical and  Biological  Sensit ivity Integrated Resource Capability 
Medi um High 

~ 

Amount Affected ( h a )  
0.92 

Phase(s) Causing Alienation 
~ ~ ~~~ ~~~ 

Construction - o'ffsi te 

Limitations 
. High agricultural  capabil.ity 

High soi l   a lkal ini ty  and s a l i n i t y  

Summary of  Physical and Biological  Characteristics 

Biopeoclimatic Zone 
Porderosa  Pine - Bunchgrass 
Zqr e 

."  .- - - 
Vegetation  Association 

Bis' Sagebrush - Bunchgrass 
Association 

P a r e n t  Material 
Aeolian/Glacial outwash 

. " " . ._ 
Soi 1 

Brcwn Chernozems 
." 

Landform 
Bottomland - f l a t  
0 - 9% 

Texture 
. . . .. . . - . . . 

Gravelly sandy loam 

Relative Depth of Solum 
30 - 61 cm 

..  ." . . . " 

This  subunit  occurs  in the 
Thompson Valley and i s  only 
impacted by 0.92 ha  by the 
construction  of the make-up 
water  pipeline (Owl). 
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BIOPHYSICAL SUBUNIT 1TE1.17 

Ph,ysical and Biological  Sensit ivity 
Medi um* 

Integrated Resource Capatril i t y  
High 

A m l u n t  Affected  (ha) 
30.28 

Phase(s) Causing Alienation 
Construction and operation 

Limitations 
. High soi l   a lkal ini ty  and s a l i n i t y  

M?dium-high agricultural   capabili ty 

Sumary  of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Iliterior  Douglas-fir Zone 

- - . .. .. .. . " 

Vegetation  Association 
K,?ntucky Bluegrass  Association 

Parent  Material 
Glac ia l  t i l l  

. "_ 
Soi 1 

h t r i c  Brunisol w i t h  minor inclu- 
sions of Dark  Gray Chernozems 

Lar dform 
Bottomland - f l a t  
0 - 9% 

Texture 
. .. ~ 

Loam - si1 t y  loam 

Relative Depth of Solum 
46 cm 

. . - . . . " 

This  subunit  occurs i n  the 

Valley and i s  impacted by 
north end o f  upper Hat Creek 

the north  valley dump (143) 
and Houth  Meadows dump l(M4). 
The total   a l ienat ion  is  30.28 
ha. The ma.jor l imitat ions  are  
the h i g h  so i l   a lka l in i ty  and 
s a l i n i t y .  result ing i n  1-ecla- 
mation problems and the  agri- 
cultural  potential  of  this 
subunit. 
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e- 

- 
Physical and Biological 
Medium* - 

Amclunt Affected ( h a )  Phase(s) Causing Alienation 
2.46 Construction - o f f s i t e  - 

Limitations 
. H i g h  so i l   a lka l in i ty  and s a l i n i t y  

ME,dium-high agricul tural   capabi l i ty  
Medium-high so i l   suscept ib i l i ty   for  d u s t i n g  

Summary of Physical and Biological  Characteristics 

Biogeocl imatic Zone 
Pcnderosa Pine - Bunchgrass 
Zc ne 

Vegetation  Association 

Association 
Big Sagebrush - Bunchgrass 

Parznt Material 
G l a c i a l f l u v i a l  

"" 

Soi 1 
Brown Chernozems 

~ 

Lan'jform 
Bottomland - dissected 
l a  - 29% 

- . .- . - .. . "_ 
Tex,!ure 

Fine  sandy loam - s i l t y  
loam 

. . . . - . - . " 
Reliltive Depth of Solum 

15 - 46 cm 

This  subunit  occurs  in  the 
Thompson River  Valley and i s  
affected by the main access 

2.46 ha i s  alienated. High 
road (OR1 ). However, only 

so i l   a lka l in i ty ,   s a l in i ty  and 
dusting  potential  are the 
major l imitat ions t h a t  ray 
cause problems wi th  restora- 

problems before paving. 
t i o n  of the  cutbanks and dust 

. . . . . . - - " 

5- 187 



BIOPHYSICAL SUBUNIT 2ABL1.17 

I 

L 

m 
(II 

I - " 

Physical and Biological  Sensit ivity Integrated Resource Capability 
Medium* 
" 

Amount Affected ( h a )  Phase(s) Causing Alienation 
212.86 Operation - mine  and plant 

. . . - - "" 
Limitations 
High so i l   a lka l in i ty  and sa l in i ty  
High so i l   suscept ib i l i ty  t o  dusting 
Medium-high grazing  capability 

Summary o f  Physical and Biological  Characteristics 
" " ~ ~" 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

. ~ . ~ .  " ~ _"" 
Veyn?tation Association 

Kentucky Bluegrass  Association 
" - ~  .- 

Par8?nt  Material 
Glacio-fluvial 

Soi 1 Black Chernozems with 
inclusions o f  Dark Brown Chernozem 
a n d  Grey Luvisol 

I.an8jform 
. . ~  . . . .~ . - 

Bottomland - rol l  ing 
10 - 29% 

This  subunit  occurs  in  the 

mainly  impacted by the wet 
Medicine Creek Valley and i s  

ash  disposal pond (P6)  with 
lesser  impacts from the lnain 
access road ( O R 1  ), wet a s h  
slurry  pipelines (P7) an'd 
drainage  ditches (M19). This 
subunit  occurs has . l imitations 
because  of  high soil   alk,3linity 
and sal ini ty ,   resul t ing i n  

high soil   dusting  potential ,  
reclamation  problems, and a 

possibly  causing  operational 
problems. 

Texture 
Loam - s i l t y  loam 

~ . - - 
Reldtive Depth o f  Solum 

25 - 35 cm 
.~ ~. - ~ "" 
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BIOPHYSICAL  SUBUNIT 2CB. 31 

.. 
I 

m 
(.. 

II 
I 

- 'I - " 

Pt,ysical and  Biological 
kedium High 

Anlount Affected ( h a )  
18.6 "_ 

Limitations 
Medium-high agricultural   capabili ty 

- 

Summary o f  Physical and Biological  Characteristics 

Bi Jgeocl imatic Zone 

Z )ne 
Pmderosa  Pine - Bunchgrass 
. "_ 

Vesgetation Association 

A;sociation 
B i g  Sagebrush - Bunchgrass 

. . .. . - " 

Pa:.ent  Material 
Co11 u v i  um 

This subunit occurs i n  ,the 
Thompson River  Valley. The 
a i r s t r i p ,   s i t e  A (OAl) <dnd 
a i rs t r ip   access  road (0144) 
impact  18.6 ha. The only 
l imi ta t ion   i s  the possible 
agricultural  use o f  t h i s  
s u b u n i t .  

so': 1 
01-thic Brown Chernozems 

. - 

Landform 
S"opiog Lands 
11) - 29% 

~ .". ~ 

Te):ture 
F'ne sandy loam - s i l t y  
1 clam 

.. - . ~- 
Relative Depth o f  Solum 

15, - 46 cm 
" .~ "_ L 
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BIOPHYSICAL SUBUNIT 2CB1.31 

Physica l  and B i o l o g i c a l   S e n s i t i v i t y  

kledi um* 

In tegrated  Resource  Capabi l i ty  
High 

1 Anount  Af fected  (ha) Phase(s)  Causing  Al ienat, ion 
5.55 Construct ion - o f f s i t e  - 

L.,mi t a t i o n s  
t l i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

Fledium-high a g r i c u l t u r a l   c a p a b i l i t y  

Medium-high s o i l   e r o s i o n   p o t e n t i a l  

L o c a l i z e d   s o i l s   h a v i n g  a h i g h   d u s t i n g   p o t e n t i a l  

I 

I Summary o f  Phys ' ica l   and  B io log ica l   Character is t ics  

" 

B. ogeocl   imat ic  Zone 
Ponderosa  Pine - Bunchgrass 
i:one 

. . - 
h g e t a t i o n   A s s o c i a t i o n  

Associat ion 
D i g  Sagebrush - Bunchgrass 

". ." 

Pd ren t   Ma te r ia l  
Colluvium 

"~ 

Sei 1 
IRego Brown  Chernozems 

. . - " . . -. " 
Landform 

!;loping  Lands 
'10 - 29% 

. . . . . " - 
Texture 

1;ravelly silt loam 
. . . . - . "" 
Rcolative  Depth o f  Solum 
30 - 46 CB 

Th is   subun i t   occurs   in   the  
Thompson R ive r   Va l l ey  and i s  
a f f e c t e d  by the make-up water 
p i p e l i n e  (Owl). A m m b e r   o f  
l i m i t a t i o n s   e x i s t   c a u s i n g  
poss ib le   problems  wi th   re-  
c lamat ion and operat ional  
problems  wi th  erosion and 
dust ing.  
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BIOPHYSICAL SUBUNIT 2CE1.7 

e 
I 

Physical and Biological  Sensitivity 
Medi um hedi um* 

Integrated Resource Capability 

Arlount' Affected ( h a )  
266.0 

Phase(s) Causing Alienation 
Operation - mine 

Limitations 
. t igh  soi l   a lkal ini ty  and s a l i n i t y  

Medium-high suscept ibi l i ty  .to dusting 
Fledium-high grazing  capability 
low soi l   sui tabi l i ty   for   reclamation purposes 

Summary of  Physical and Biological  Characterist ics 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

Vegetation  Association 

Pssociation 
Couglas-fir - Pinegrass 

- ~ ___ 
Parent  Material 
Colluvium 

Soi 1 
Cegraded Eutric  Brunisols w . i t h  in- 
clusions  of Dark Brown Chernozems 

Landform 
Sloping Lands 
10 - 29% 

. -. - 
Texture 

S i l ty  loam - s i l t y   c l ay  

Relative Depth of Solum 
15 - 45 cm 

This s u b u n i t  occurs  in the 
north end of upper Hat Creek 
Valley and i s  impacted by the 
Houth Meadows waste dump (M4) 
with a l e s se r  impact from the 
mine  and waste  drainage  ditches 
(M19) fo r  a total  o f  266.0 ha. 
Major l imitat ions  resul t  from 
h i g h  so i l   a lka l in i ty  and sa- 

s u i t a b i l i t y   f o r  reclamation 
l ini ty ,   dust ing and poor so i l  

purposes. These can l e a d  to 

t ional problems and increased 
reclamation  problems,  opera- 

environmental hazards .  

- I 
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BIOPHYSICAL SUBUNIT  2CE.21 

U 

I 

c 
U 

I 

.I 

m 
II 

___ 
Physical  and B i o l o g i c a l  

H.igh ___ 
Amtrunt Affected  (ha)  Phase(s)  Causing  Al ienat ion 

1 .47   Const ruc t ion  - o f f s i t e  

L i r l i t a t i o n s  
H igh   vege ta t i on   p roduc t i v i t y  

Mf?dium-high a g r i c u l t u r a l   c a p a b i l i t y  
! 

Summary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
. ~" . " 

Bic'geocl i rnat ic Zone 1 I r l t razonal  

Vesetat ion  Associat ion 

Cu l t i va ted   F ie lds  
. - .. ~~ -~ ~" 

Parent   Mater ia l  
Colluvium 

Soi 1 
Degraded Eu t r i c   Bun iso l  
. "" ~ 

Landform 

1 10  - 29% 

Texture 

Sloping  Land - lower  s lope 
~ . ~- . .~ 

Lclam - s i 1  ty loam 
" ~ 

Re l3 t i ve  Depth o f  Solum 4 
61 - 91 cm i 

i 

This   subuni t   occurs  a t   t ,he 
conf luence o f  Medicine a.nd 
Hat  creeks. The Hat  Creek 
d ivers ion  canal  (002) a l i ena tes  
1.47  ha. The m a j o r   l i m i t a t i o n  
i s  t h e   a g r i c u l t u r a l  use. 



BIOPHYSICAL SUBUNIT  2EB1.31 

.- 
I 

- 
Physical and Biological 
iledium* 

.- - 
Amount Affected ( h a )  Phase(s) Causing Alienation 

15 .22  Construction - o f f s i t e  
. I 

L.mitations 
. High so i l   a lka l in i ty  and s a l i n i t y  

Cledium-high agricultural   capabili ty 

Summary of  Physical and Biological  Characterist ics 
" . . . " . - 
Biogeoclimatic Zone 

F'onderosa Pine - Bunchgrass 
i:one 

- -. . 

Vegetation  Association 
Eiig Sagebrush - Bunchgrass 
F#ssociation 

-. . . . . . . - 
Parent  Material 

:;hallow Aeolian/Glacial t i l l  
. . . - - - ." 

Scil  
f!ego  Brown Chernozems 

~- . . . " - 

Landform 
[;ottomland - hummocky and ridged 
10 - 29% I 

Texture 
(h-avellv sandy loam - qravelly I 
Vine sandy l o a m  

:IO - 46 cm -1 - - 
Relative Depth of Solum 

This subunit  occurs  in  the 
Thompson River  Valley and i s  
affected by the make-up water 
pipeline ( O w l ) ,  69,kV trans- 
mission l i ne  t o  pump st.ation I 
(OT4)  and the 69 kV transmission 

The major l imitation  is ,   the 
l i n e  t o  pump s ta t ion  I1 (OT3). 

h i g h  soil a lka l in i ty  and sal in-  

t ion problems. 
i t y   t h a t  may create  reclama- 
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BIOPHYSICAL SUBUNIT  2TB.31 

= 
LI 

I 
1. 

Physical and Biological  Sensit ivity 
Pedium 

Integrated Resource  Capability 
High 

Amount Affected  (ha) Phase(s)  Causing  Alienat,ion 
1.48 Construction - o f f s i t e  

Lini ta t ions 
Medium-high agricul tural   capabi l i ty  

"_ 
Summary of  Physical and Biological  Characterist ics 

Biogeoclimatic Zone 
Ponderosa Pine - Bunchgrass 
Zone 

Vegetation  Association 

Association 
Big Sagebrush - Bunchgrass 

Parent  Material 
. - - . . " . 

Glacial t i l l  and Glacial outwash 

Soi 1 
Orthic and  Rego Brown 
Cnernozems 

Lar.dform 
Blttomland - drumlinized 
11 - 29% 

This subunit  occurs in the 

only has a minor impact of 
Thompson River  Valley and 

t i on   i s   i t s   ag r i cu l tu ra l  
1.48  ha. The major l imita- 

mission l i n e   t o  pump s ta t ion  
capabi l i ty .  The 69 kV trans- 

I1 (OT3) i s  the  only  fascility 
impacting this subunit. 

Ter tur 
Gpaveyly sandy loam - f ine  sandy 
1 loam 

" . . ~~ 

Relative Depth of Solum 
31) - 76 em 

. -. - " - L 
5-194 



m 
I 

I 
Y 

__. ." 

Phys ica l  and B i o l o g i c a l   S e n s i t i v i t y   I n t e g r a t e d  Resource  Capabi l i ty  

Med i um* High 

Amount Af fected  (ha)  Phase(s)  Causing  Al ienat ion 

32.19 Const ruc t ion  - o f f s i t e  
. - "" 

L i m i t a t i o n s  

. H i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

Me i i um-h igh   ag r i cu l tu ra l   capab i l i t y  
L o c a l i z e d   s o i l s   h a v i n g  a h i g h   d u s t i n g   p o t e n t i a l  

Summary o f   Phys i c i l l   and   B io log i ca l   Charac te r i s t i cs  

B iogeoc l imat ic  Zone 
Ponderosa  Pine - Bunchgrass 
Zone 

." . - 

Vegeta t ion   Assoc ia t ion  
B i g  Sagebrush - Bunchgrass 
A s o c i a t i o n  

. . . . . . 

P a r e n t  Ma te r ia l  
G1 ; )c ia1 ti 11 

Th is   subun i t   occu rs   i n   t he  
Thompson R iver   Va l ley .  A 
t o t a l   o f  32.19 ha i s   a l i e n a t e d  

The h i g h   s o i l   a l k a l i n i t y  and 
b y   t h e   a i r s t r i p ,   s i t e  A (OAl). 

s a l i n i t y ,  and l o c a l i z e d   d u s t  
problems  are  the  major  Vimi- 
t a t i o n s .  

Soi 1 
O r t h i c  and Rego Browr 
Chernozems 

. "  

Lanciform 
Bottomland - druml in ized  
10 - 29% 

- . ..~ ~ ~ 

Texture 
S i 1  t y  loam - f i n e  sandy 
1 o m  

~ 

Relat ive  Depth o f  Solum 
- 

15 - 46 cm 
- I 
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BIOPHYSICAL  SUBUNIT  2TDB1.8 

- ". - ." 
Phys ica l   and   B io log i ca l   Sens i t i v i t y   I n teg ra ted   Resource   Capab i l i t y  

Hi 3h Medi um** 

Amount A f fec ted   (ha)  
Construct ion and operat ion 93.04 

. Phase(s)  Causing  Al ienation 

_" ." - 
L i m i t a t i o n s  
Him~h s o i l   a l k a l i n i t y  and s a l i n i t y  
H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

." -~ " 

Summary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
. ~ 

B i o ~ e o c l i m a t i c  Zone 

I n t e r i o r   D o u g l a s - f i r  Zone 

Veq! ta t ion  Associat ion 
D o l g l a s - f i r  - Bunchgrass 
A s j o c i a t i o n  
. . . . . . -.  .- -. - - 
Parent   Mater ia l  

G l 3 c i a l  till 

Soi 'I 
E u t r i c   B r u n i s o l s   w i t h   i n c l u s i o n s  of 
Dark  Brown Chernozems 
.~ 

Landform 
Bottomland - hummocky 
10 - 29% 
~~. ". 

Tex::ure 
S i l t y  loam 

Re la t i ve   Dep th   o f  Solum 
~~ ~ ~ . 

20 - 46 cm 

Th is   subun i t   occurs   in   the  

A t o t a l  o f  93.04 ha i s  a l iena ted  
n o r t h  end o f  upper  Hat CI-eek. 

canal (ODZ), n o r t h   v a l l e y  dump 
by open p i t  #1 (Mlj. d i ve rs ion  

(M3) and mine and waste 
dra inage  d i tches (M19). En- 
vironmental  problems  are  as- 
soc ia ted  w i t h  the h igh   dus t ing  
and a1 k a l   i n i  ty p roper t i es  o f  
t he  s o i l s .  
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BIOPHYSICAL  SUBUNIT -2TDB1 .I9 

" 

Physical and  Biological Sensi t i v i t y  

High 

Integrated Resource Capability 
Medium 

A m o u n t  Affected ( h a )  
261 .98 

Phase(s) Causing Alienation 
Construction and operation "_ 

Limitations 
.High capabi l i ty   for   wildl i fe  (deer) 

High so i l   a lka l in i ty  and s a l i n i t y  
H i g h  so i l   suscept ib i l i ty  t o  dus t ing  
Mrmdium-high erosion  susceptibil i ty 
Low soi l   sui tabi l i ty   for   reclamation purposes 

~ ~ ~~~~~~ 

Summary of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Irterior  Douglas-fir Zone 

. -  "" 

Veqetation  Association 

Association 
Szgebrush - Bluebunch Wheatgrass 

Parent  Material 
Glacial t i l l  
(C;lacial  lacustrine) 

. . - .. . .. - .- " 

Soi 1 
Dark  Brown Chernozems and Orthic 
ELtric  Brunisols 

. . ~  

Lar dform 
S l o p i n g  Land - dissected and 
rcll ing 10 - 29% 

~" . . . . . __ 
Ter ture 
Si l ty  loam - s i l t y   c l ay  

. ~. . ~- 
Relative Depth o f  Solum 
10 - 46 cm 

This subunit  occurs  in the 
north end of upper Hat Creek 
and possesses the most limi- 
tations  of any of the bio- 

A to ta l  of 261.98 ha are 
physical subunits surveyed. 

alienated by open p i t  #1 (Ml), 
Houth Meadows waste dump (M4), 
p i t  rim reservoir and dam (OD4) 
and topsoil  stockpile,  landing 
strip (M12). Major limita- 

a lka l in i ty  to  high wildl i fe  
t ions range from h i g h  so i l  

capabili ty for  deer. 



BIOPHYSICAL  SUBUNIT  2TDB1.23 

Pbysical and Biological  Sensit ivity  Integrated Resource Capability 
t:igh High 

Amount Affected ( h a )  
46.12 

Phase(s) Causing Alienation 
Construction and operation 

" 

Limitations 
tligh capabili ty  for  wildlife  (waterfowl) 
tligh so i l   suscept ib i l i ty  t o  dusting 
tligh soi l   a lkal ini ty  and sa l in i ty  
Fledium-high agricultural   capabili ty 
h i t  contains a s ignif icant  amount of  highly  productive and speciesdiverse,  
raline  depression  vegetatioin  association 

Summary o f  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

. - . - 
Vegetation  Association 

Eunchgrass - Kentucky Bluegrass/ 
5aline  Depressional Complex 

Parent Material 
C,lacial t i l l  

Soi 1 
Crthic Dark Brown Chernozem I 

This s u b u n i t  occurs along 

Anderson Creek. The topsoil 
Hat Creek j u s t  north o f  

stockpi le ,   landing-str ip  (MlZ), 
Finney Creek diversion  canal 
(DD7),  mine and waste  drainage 
di tches  (M19) al ienate  46.12 

waterfowl capabili ty and high 
ha of the s u b u n i t .  I t s  high 

dusting  potential  are the 
major l imitations.  

Landform 
5looina Land - dissected and I 

Texture 
Lcam - s i l t y  loam - s i l t y  
c l a y  

Relative Depth of Solum 
. - . - .. "_ 

C - 45 cm 
. . . . . ._ " 
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BIOPHYSICAL SUBUNIT 2TE1.10 . 

M?dium* 

Amount Af fected  (ha)   Phase(s)   Causing  A l ienat ion 

Construct ion  and  operat ion 

m -  

L i rn i   ta t ions  

. H i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

M2dium-high g r a z i n g   c a p a b i l i t y  

L ~ W  s o i l   s u i t a b i l i t y   f o r   r e c l a m a t i o n  purposes 

Summary o f  Phys ica l   and   B io log i ca l   Charac te r i s t i cs  
- . "- - 
B iogeoc l imat ic '  Zone 

h t e r i o r   D o u g l a s - f i r  Zone 

Vegetat ion  Associat ion 
Doug las- f i r  - Bunchgrass - 
Pinegrass  Associat ion 
~. . . . .. . _" 

Parent   Mater ia l  
G lac ia l  till mixed w i t h   C o l l u v i a l  
m d t e r i a l  

. . - .. - " 
so; 1 

L i t h i c   E u t r i c   B r u n i s o l s  
~- . __ .. . ". 

Larldform 

dl-umlinized 10 - 29% 
Sloping Land - hummocky and 

. . ~  

T o . t u r e  
Grave l l y  sandy loam - g r a v e l l y  
loam 

Relat ive  Depth o f  Solum 
10 - 15 cm 

This  subuni t   occurs  a long 
Medicine  Creek  within  the 
Hat Creek Val ley.  The p r o j e c t  
f a c i l i t i e s ,   M e d i c i n e  Creek 
dump (MZ), mine  and  waste 
p i l e  drainage  ditches  (bl lg), 
lagoon 5 (M9). conveyor!; (M17) 
and  power p lan t   cons t ruc t i on  
camp wa te r   supp ly   l i ne  (:CP6) 
a l i e n a t e  39.94 ha o f   t h i s  
subuni t .  
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BIOPH'YSICAL  SUBUNIT 2TE.18 

" 

Phy8;ical and Biological 
Medium* Medium 

Amomt Affected  (ha) Phase(s) Causing Alienation 
6.56 Construction and operation 

. " - - " 
Limitations 
. High soil  suscept ibi l i ty   for   dust ing 

. . .. - . . ". . 

Summary of  Physical and Biological  Characteristics 

Biogeocl imatic Zone 
~ ". "_ 

Interior  Douglas-fir Zone 

VegcBtation Association 

Association 
Bunchgrass - Kentucky Bluegrass 

Parent  Material 
G h c i a l  t i l l  

. ~~ - . ." 

. . - -. . "_ 
Soi 1 

D q r a d e d  Eutric  Brunisols/Ort,hic 
Da -k Brown Chernozems 

.~ 

Lanc  form 
Sloping Land - hummocky and 
drumlinized 10 - 29% 

Texture 
-. ~~~ .. . "" - 

Si'lty loam - s i l t y   c l ay  
. . .- - " 

Relative Depth of Solum 
0 .. 46 cm 

This  subunit  occurs  to the 
southeast o f  Finney  Lake. I t  
i s  impacted  mainly by open  p i t  
#1 (Ml) although  the amount 
a1 ienated  only  represents 
6.56 ha. High so i l  dust . ing 
potential i s  the major l.imita- 
t i on .  

. . . .. . . . . 
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BIOPHYSICAL  SUBUNIT 2TG.7 

= 
mm 

I 
II 

m -  

Physical and Biological  Sensitivity 
Meld i um* 

Amount Affected  (ha) 
5ti. 32 

Integrated Resource  Capatlil i t y  
Medi um 

Phase(s) Causing Alienation 
Construction - piant anti o f f s i t e  

Lirrlitations 
H i g h  so i l   suscept ib i l i ty   to  d u s t i n g  
Medium-high grazing  capability 
LCIW so i l   su i t ab i l i t y   fo r  reclamation purposes 

". . 

. , Summary of Physic:al and Biological  Characteristics 
" . -._ " - 

Biogeoclimatic Zone 
Irterior  Douglas-fir Zone 

. - . - . . . - 

Vegetation  Association 

Alsociation 
Dcuglas-fir - Pinegrass 
~- 

Parent  Material 
Glacial t i l l  

This  subunit  occurs i n  t.he 
v ic in i ty  of  Harry Lake. The 
p l an t   s i t e   (P l )  impacts the 

u n i t .  Dusting and low soil  
greatest  portion o f  th i s  sub- 

su i t ab i l i t y   fo r  reclamation 
purposes  are the major limi- 
ta t ions.  

Soi 1 
Lithic Dark  Gray  Chernozems 

Lar,dform 
S l o p i n g  Lands - hummocky 
1C - 29% 

Ter ture 
S i l t y  loam - s i l t y   c l a y  

Relative Depth of Solum 
. .~ ~ - ~ .  " 

3 - 5 c m  
. . . 
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BIOPHYSICAL  SUBUNIT 2TE1.19 

Physical and Biological 
High 
" " 

Anount Affected  (ha) 
' 1 9 . 2 9  

L.mitations 
High so i l   suscept ib i l i ty  t o  dusting 
High so i l   a lka l in i ty  and s a l in i ty  
Eledium-high agricultural   capabili ty 
Medium-high erosion  potential 
1.0w so i l   su i tab i l i ty  f o r  reclamation purposes 

Summary of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 
_" 

Vegetation  Association 
!,agebrush - Bluebunch Wheatgrass 
Fssociation 

Parent  Material 
C,lacial t i l l  with some inclusions 
c ' f  Glacial outwash 

~ ~~ ~ 

Sail 
[begraded Eutric  Brunisols 

Landform 
'.loping Land - hummocky and 
crumlinized 10 - 29% 

. . 

Texture 
S i l ty  loam - s i l t y   c l ay  

. . - . .- - 
Relative Depth o f  Solum 

13 - 41 cm 
. . "_____ 

This  subunit  occurs on the 
steep  bluffs a l o n g  the lower 
reaches of  upper Hat Creek. 
A to ta l  o f  119.29 ha a re  
alienated by open p i t  #1 (Ml). 
This  subunit  possesses a 
large number l imitations and 

subunits investigated. 
i s  one of the most sensi t ive 
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BIOPHYSICAL  SUBUNIT  2TG.17 

P h y s i c a l   a n d   B i o l o g i c a l   S e n s i t i v i t y  

k d i  um* 

Integrated  Resource Capa.bi1 i t y  
Low 

Amount Affected  (ha)  Phase(s)  Causing  Al ienat, ion 
!i. 86 C o n s t r u c t i o n   o f f s i t e  

-" 
L-imi t a t i o n s  
Medium-high g r a z i n g   c a p a b i l i t y  

I.ow s o i l   s u i t a b i l i t y   f o r   r e c l a m a t i o n  purposes 

Summary of Phys ica l   and   B io log i ca l   Charac te r i s t i cs  

B. ogeocl   imat ic Zone 

: :n te r i o r   Doug las - f i r  Zone 
" . "_ _. 

Vegetat ion  Associat ion 

Kentucky  Bluegrass  Association 

Pt i ren t   Mater ia l  
G lac ia l  t i l l  

. 

Soi 1 
Keg0 Dark  Gray Chernozems 

.~ ____ 
Lindform 

!;loping Lands - hummocky 
' 0  - 29% 

Tcmxture 
Grave l l y  s i l t y  loam - s i l t y  

oam 
~ - . - - - " 
Relat ive   Depth   o f  Solum 

5 - 20 cm 
. -~ I 

This   subun i t   occurs   in   the  
v i c i n i t y   o f  Harry Lake  and i s  
a l iena ted   by   the   tw in  69 kV 
t ransmiss ion   l ine   to   m ine   f rom 
p lan t   subs ta t i on  (OT2)  and 
main  access  road (OR1 ) ,  However, 
the amount o f   t h i s   s u b u n i t  
a l i e n a t e d  i s  o n l y  5.86  ha. 
The only l i m i t a t i o n  i s  i t s  

mation  purposes. 
l o w   s o i l   s u i t a b i l i t y  fclr r e c l a -  
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II 

II 

- 
Physical and Biological  Sensitivity  Integrated Resource Capability 
High 

". 

Amount Affected ( h a )  Phase(s) Causing Alienation 
18.19 Construction and  operation 

.- 

Limitations 
Localized  erosion  potential on steep  glacialfluvial   bluffs 

Summary of  Physical and Biological  Characteristics 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

Vegetation  Association 
Douglas-fir - Spirea - Bearberry/ 
Douglas-fir - Bunchgrass Complex 

. 

Parent  Material 
Glacialfluvial I 

Soi 1 
~-~ ~~ 

Dzgraded Eutric  Brunisols 

I.a,ldform 
.. .~ "" 

Steepland - terraced; many slopes 
< 5% 30%+ 

Te<ture 
. . . - "_ 

Si l ty  'loam - s i l t y   c l a y  
. . ~ 

Relative Depth of Solum 
313 - 46 cm 
. .. . . ___ 

I 

I 

L 

This subunit occurs  in  the 

Valley. The p ro jec t   f ac i l i t i e s ,  
north end of upper Hat Creek 

Houth  Meadows waste dump (M4) 
and north valley  waste dump 
(M3) al ienate  18.19 ha  3f t h i s  
subunit. The only  limitation 

steep glacio-fluvial bluffs. 
is  possible  erosion on the 
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BIOPHYSICAL SUBUNIT 3CB1.31 

" 

Ph:ysical and  Biological  Senritivity  Integrated Resource Capability 

High High 
.. 

Amount  Affected  (ha) Phase(s) Causing Alienation 
3.49 Construction - o f f s i t e  
". 

Limitations 
. High so i l   a lka l in i ty  and s a l in i ty  

Ml?dium-high agricultural   capabili ty 

Summary of Physic:al and Biological  Characteristics 
"_ . - 
Biogeoclimatic Zone 

Ponderosa Pine - Bunchgrass 
Zone ~- _ ~ " "  

Vegetation  Association 
B . g  Sagebrush - Bunchgrass 
Association 
" - 

Parent  Material 
C o l l u v i u m  w i t h  eroding  glacio- 
f: uvial  terraces  present 

~. . - "_ 
Soi 1 

exposed bluffs 
Rego Brown Chernozems with many 

~ . .. - . - .. 
Landform 

Steepland - fans 
30%+ 

Ten ture 
Gr,avel ly  sandy loam 

Thompson River Valley. The 
This  subunit  occurs i n  the 

p ro jec t   f ac i l i t i e s ,  69 kV 
transmission  line from 
Rattlesnake A t o  pump sub- 
s ta t ion  I1 (OT3). 69 kV trans- 

A t o  pump substation I (OT4) 
mission  line from Rattlesnake 

and  make-up water  pipeline 

o f  t h i s  s u b u n i t .  High  so i l  
( O w l )  alienate  only 4.39 ha 

a lka l in i ty  and sa l in i ty  are 
the only  major l imitations.  

~ .. . . . . - - 
Relative Depth of Solum 

Variable - 0 - 76 cm 

- 

.- . . . - . "" 
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Physical and Biological  Sensit ivity Integrated Resource Capability 

High  Low 

4mount Affected  (ha) Phase(s) Causing Alienation 
6.13 Construction - o f f s i t e  
"~ 

#-imitations 
. High erosion  potential 

High soi l   a lkal ini ty  and s .a l ini ty  

Summary of  Physical and Biological  Characteristics 
"" 

Biogeoclimatic Zone 
Ponderosa Pine - Bunchgras:s 
Zone 

. -~ 
Vegetation  Association 

Big Sagebrush - Bunchgrass 
Association 

P3rent Material 
- 

C o l l u v i u m  w i t h  eroding glac io-  
fluvial  terraces  present 

~ . . ~ 

Soi 1 
?ego Brown Chernozems 

Landform 
!Steepland - fans and bluff  areas 

This s u b u n i t  occurs  in the 
Thompson River  Valley and 
i s  impacted by the 69 kV 

Rattlesnake A t o  pump sub- 
transmission  line from 

s ta t ion  (OT4) and water  intake 
road (OR3).  However, 'only 
6.13 ha are  alienated. T h i s  
s u b u n i t  has a h i g h  erosion and 
a lkal ini ty   potent ia l .  

30%+. 

Texture 
. .~ ""_"___I_ 

( ; ravel ly   s i l ty  loam - gravelly 
i'ine sandy loam 

~ - . . - . - "_ - - 
Relative Depth of Solum 

20 - 46 cm 
~ ... """I___ I 
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BIOPHYSICAL SUBUNIT 3CGlt2.24 

- 
Plysical and Biological  Sensitivity 

High 

Integrated  Resource  Capability 
Low 

Amount Affected ( h a )  Phase(s)  Causing  Alienation 
;'1.. 52 Operation - mine 

Limitations 
. High erosion  potential 

High so i l   a lka l in i ty  and sa l in i ty  
1.0w so i l   su i t ab i l i t y   fo r  reclamation  purposes 

Summary of Phys.ica1 and Biological  Characteristics 

8. ogeocl  imatic Zone 
Interior  Douglas-fir Zone 

- -. . .. " -. - 
Vegetation.  Association 
Couglas-f!r - Spirea - Bearberry/ 
C,ouglas-flr - Bunchgrass - 
" Finegrass Complex 
Pilrent Material 
Colluviurn/Rock 

Soi 1 
Cark  Gray  Chernozems 

~. 

Ltndform 
Steepland - simple 
: O%+ 

Texture 
~ . - ." - 

Sandy loam - laom 
" . - - - . - ." 
Relative Depth of Solum 
Variable; < 1 metre 

T h i s  subunit  occurs i n  the 
north end of  upper Hat Creek 
on 'the steeper slopes above 
Houth Meadows. The Houth 
Meadows waste dump (M4) 
a l ienates  the major  portion 
o f  this subunit. A high 
erosion  potential ,  high so i l  
a lka l in i ty  a n d . s a l i n i t y .  and 

reclamation purposes are the 
low s o i l   s u i t a b i l i t y   f a r  

major l imitations.  
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BIOPHYSICAL SUBUNIT 3CE1.10 

I 

I 

c 
I 

I 
1 

" 

- 
Physical and Biological  Sensitivity  Integrated  Resource  CapalJility 

High low 

Amount Affected ( h a )  
111.18 

Phase(s)  Causing  Alienation 
Operation - mine 

Limitations 
t igh  soi l   a lkal ini ty  and s a l in i ty  
Medium-high soil   susceptibil i ty  to  dusting 

Summary of  Physical and Biological  Characteristics 
" 

Biogeoclimatic Zone 
Interior  Douglas-fir Zone 

. - . . . . " 
Vegetation  Association 

[louglas-fir - Bunchgrass - 
F'inegrass  Association 

-. ."___ 
Parent  Material 

Co l luv ium 
.~ 

Soi 1 
[legraded Eutric  Brunisols/Orthic 
[)ark Brown Chernozems - "" 

Landform 
!;teepiand - fan  deposits 
30%+ 

Texture 
~- 

Si l ty  loam - grave l ly   s i l ty  loam 
. . ". " 

Relative Depth of Solum 
15 - 20 cm 

This subunit  occurs  along  the 
steep  slope  of lower Medicine 

Creek waste dump (M2) and  mine 
Creek Valley. The Medicine 

and waste  drainage  ditc:hes (M19) 

this   subuni t ,  whose tot.al 
al ienates  the major p o r t i o n  of 

a l iena t ion   i s  111.18 ha. High 
so i l   a lka l in i ty  and d u s > t i n g  
potential may cause  reclamation 
and operational problenls. 
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BIOPHYSICAL  SUBUNIT  3EB1.21 

I 
I 

Biological  Sensit ivity Integrated  Resource  Capability 

High High 

Affected  (ha)  Phase(s)  Causing  Alienation 
Construction - o f f s i t e  I 

I 
.L 

C I  

" 

a -  

Limitations 
High so i l   a lka l in i ty  and s a l i n i t y  
High vegetation  productivity 
M?dium-high agricul tural   capabi l i ty  

Summary of Physical and Biological  Characterist ics 
. " - - . . " 

Biogeoclimatic Zone 
Intrazonal 

. . - ." " 
This s u b u n i t  occurs i n  the 
Thompson River  Valley  near 

Vegetation  Association Cache Creek. The 69 kV 
transmission  line  loop-in 

Cultivated  Fields (OT5) a f f ec t s  1 .03 ha o f  
". - - th i s   subuni t . ,   I t   agr icu l ture  

Pal-ent Material use and h i g h  so i l   a lka l in i ty  
and sa l in i ty   a re   the  major 
l imitat ions.  However,  t:he 

the major  impacts. 

Al?olian (overlying  either  glacial  
t.i11 o r  glacio-fluvial  materials) 

~.. - ". - - small amount affected  lessens 
s0.i 1 
Rego  Brown Chernozems 

Landform 
Bottomland - sloping and somewhat 
hummocky 30%+ 

t-" - __1 

f ine sandy loam 
. . . . . . . . " - 

Relative Depth of Solum 
3C' - 46 cm 

-. .. . - 
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BIOPHYSICAL SUBUNIT  3EB1.31 

Ptysical and Biological  Sensitivity  Integrated Resource Capability 
High  High 

Anlount Affected  (ha)  Phase(s) Causing  Alienat,ion 
10.34  Construction - o f f s i t e  

"" 

Limitations 
High agricultural   capabili ty 
High soi l   a lkal ini ty   and 'sal ini ty  
High erosion  potential on  s1:eep slopes 

Sumnary of  Physical and Biological  Characteristics 
"" 

Bi 3geocl imatic Zone 
Iltrazonal 

. . . . . . . 

Ve~~etation  Association 
Big  Sagebrush - Bunchgrass 
ksoc ia t ion  

~- - "_ . " 

Pa:-ent Material 

t i l l  o r  
~. . - . ~.___ 

S0.i 1 
Rego Brown Chernozems 

This  subunit  occurs  in .the 
Thompson River  Valley. The 
69.kV transmission  line from 
Rattlesnake A t o  pump sub- 
station  I1 (OT3), 69 kV trans- 

A t o  pump substation I 'r:OT4), 
mission  line from Rattlesnake 

and the 69 kV transmission 
l i ne  loop-in (LT5) a l l  'impact 
this  subunit .  However, the 
total   a l ienat ion i s  only  10.34 
ha. 

Landform 
Bottomland with many steep  bluffs I 
30%+ I 

Texture 
F.ine sandy loam - gravelly 
1 oam 

- . . ." ." . 
Relative Depth of Solum 

0 - 61  cm 
.- "" 
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BIOPIiYSICAL SUBUNIT 3TB1.31 

" 

Phys ica l   and  B io log ica l  
High 
- 
Amount Affected  (ha)  Phase(s)  Causing  Al ienat ion 

1 3.. 65 Construct ion - o f f s i t e  

L i a i t a t i o n s  
H i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

H igh   e ros ion   po ten t i a l  on st,eeper  slopes 

Summary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  

Bi8,geocl ima t i c  Zone 
Ponderosa Pine - Bunchgrass 

.Zone 

Vei le ta t ion  Associat ion 

A!;sociation 
B.;g Sagebrush - Bunchgrass 

Pa;-ent  Mater ia l  
G ' a c i a l  till 

. - - . " .- 
S0.i 1 
R q o  Brown Chernozems 

. .. ~" - I 
Landform 

Steep1 and - d issec ted  
30%+ 

Texture 
Grave l l y  s i l t y  loam - g r a v e l l y  . 
f i n e  sandy loam 

Re la t i ve   Dep th   o f  Solum 
. . ~ 

3(1 - 46 cm 

This   subuni t   occurs i n  the 
Thompson R iver   Va l ley .  The 
69 'kV  t ransmiss ion   l ine   f rom 
Ratt lesnake A t o  pump sub- 
s t a t i o n  I1 (OT3) and mak.e-up 
wa te r   p ipe l i ne  (Owl) a l l  impact 
t h i s   subun i t .  A t o t a l  .$If 13.65 

a l k a l i n i t y  and s a l i n i t y ,  and 
ha are  impacted.  High  soi l  

a re   t he   ma jo r   l im i ta t i ons .  
l o c a l i z e d   e r o s i o n   p o t e n t i a l  
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BIOPHYSICAL SUBUNIT 3TBL1.17 

m 
L 

Physical  and B i o l o g i c a l   S e n s i t i v i t y  

Low Eledi um* 

I n t e g r a t e d  Resource C a p a b i l i t y  

I 

I 

a 
I 

II 
I 

1 
I 

* 
I 

Y 
I 

" 

Arlount Affected  (ha)  Phase(s)  Causing  Al ienat ion 

149.37 Operation - mine 
." - 

L i m i t a t i o n s  
. b i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

Fledium-high g r a z i n g   c a p a b i l i t y  

I 

Summary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  
. " 

Biogeocl imat ic  Zone 
I n t e r i o r   D o u a l a s - f i r  Zone This  subuni t   occurs i n  the  lower 

" " . Medicine Creek V a l l e y  i s  a f -  
Vegetat ion  Associat ion waste dump (M2) and  min'e  and 

fec ted   by   the   Med ic ine  ,Creek 

Kentucky  Bluegrass  Association 
A h i g h   s o i l   a l k a l i n i t y  #and 
waste  drainage  ditches (M19). 

s a l i n i t y   a r e   t h e   o n l y   m j o r  
l i m i t a t i o n s .  

. . . - . 
Par.!nt Ma te r ia l  

G lac ia l  till (minor   inc lus ions  o f  
a1 luv ia l   fans)  

Soi 1 
Calcareous  Black Chernozems 

I Steepland - hummocky and chznnel led 
Landform I 
31%+. complex s lope<  present 

. __. 

Te.cture 
LNIam - s i l t y  loam 

.. - - -. "" 

Re'lative  Depth o f  Solum 
5 - 15 cm (45 cm) 
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Physical  and B i o l o g i c a l   S e n ! ; i t i v i t y  
t l igh 

I n t e g r a t e d  Resource  Capabi l i ty  
Low 

Amount A f fec ted   (ha)  
i'5; 32 

Phase(s)  Causing  Al ienat ion 
Operat ion - mine 

L i m i t a t i o n s  
t i i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

Medium-high s o i l   s u s c e p t i b i l i t y  t o  d u s t i n g  

- 

Summary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  

Biogeocl imat ic  Zone 
I n t e r i o r   D o u g l a s - f i r  Zone 

. "" 

Vegetat ion  Associat ion 
Kentucky  Bluegrass  Association 

Parent   Mater ia l  

n a t e r i a l  present 
G lac ia l  till w i t h   c o l l u v i a l  

S c i l  

E u t r i c   B r u n i s o l s  
Dark Brown  Chernozems/Degraded 

Landform 
Bottomland - hummocky 
50% w i t h  many slopes <lo% 
" " 

Texture 
Si l ty loam - g r a v e l l y   s i l t y  loam 
" " 

Qelative  Depth o f  Solum 
15  - 20 cm L 

This   subun i t   occurs   in   the  

Creek  Valley. The Medicine 
lower  reaches  'of  the  Medicine 

Creek  waste dump (M2) i s  
t h e   o n l y   p r o j e c t   f a c i l i t y  

However, t he  75.32  ha a l i e n -  
t o  impact   th is   subuni t .  

a t e d   r e p r e s e n t s   a l l   o f   t h i s  
subun i t . f ound  i n  the l o c a l  
study  area. 
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BIOPHYSICAL SUBUNIT 3TDB.23 .. 
h 

m 
m 

.- 
.I 

Physical  and B i o l o g i c a l   S e n s i t i v i t y  

High 

I n t e g r a t e d  Resource  Capab.il i ty 
High 

Amount Af fected  (ha)  
32.22 

Phase(s)  Causing A l i e n a t i o n  
Construct ion - o f f s i t e  

L i m i t a t i o n s  
. H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( w a t e r f o w l )  

Me i i um-h igh   ag r i cu l tu ra l   capab i l i t y  
Un i t   con ta ins  a s i g n i f i c a n t  amount o f   t h e   h i g h l y   p r o d u c t i v e  and 
spN?cies diverse,  Sal ine  Depression  Vegetation  Associat ion 

_. - 

Summary o f  Phys ica l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  

B i o , ~ e o c l i m a t i c  Zone 
In . :e r io r   Doug las- f i r  Zone 

Vegc?tation  Associat ion 
Bullcllgrass - Kentucky  Bluegrass/ 
Sa'line  Depression Complex 

Parent   Mater ia l  
G l d c i a l  ti 11 

- _" . -. ." - - 
Soi: 
0rl:hic  Dark Brown  Chernozems 

. . - . . .. - "_ 
Landform 

Bo1:tomland - hummocky 
30:3 complex  slopes  present 

. . - - -. - - 
Texture 

Loem - s i l t y  loam 
- . " 

R e l a t i v e  Depth o f  Solum 
46 cm 

This   subuni t   occurs  in   upper  
Hat  Creek  between  McDonald 
and  Anderson  creeks. The 

dam (007) and headworks r e -  
s i t e  2 s to rage  reservo i r  and 

o n l y   p r o j e c t   f a c i l i t y   t 0   i m p a c t  
s e r v o i r  and dam (001)  are  the 

th is   subun i t .   Th is   subun i t  has 

which  represents i t s  major 
a very   h igh   water fowl   capab i l i t y  

l i m i t a t i o n .  

.. .. . " I I 

5-214 



* 
i BIOPHYSICAL SUBUNIT 3TE1.7 

I 

I 

I ... 

Phrs i ca l  and B i o l o g i c a l   S e n s i t i v i t y   I n t e g r a t e d  Resource C a p a b i l i t y  

Medium* Low 

Amcunt A f fec ted   (ha)  Phase(s)  Causing  Al ienat ion 
3.97 Construct ion - o f f s i t e  

." 

L i n i t a t i o n s  
H i g h   a l k a l i n i t y  and s a l i n i t y  

Low s o i l   s u i t a b i l i t y   f o r   r e c l a m a t i o n   p u r p o s e s  

" - .- __ 

Sunnnary of Phys ica l   and   B io log i ca l   Charac te r i s t i cs  
- 
Biogeocl imat ic  Zone 

I n t e r i o r   D o u g l a s - f i r  Zone 
- . . ." 
Vegzta t ion   Assoc ia t ion  

- 

Doug las - f i r  - Pinegrass 
Associat ion 

. - . - -. -. - 
P a r ? n t   M a t e r i a l  

- 

Glac ia l  till - some c o l l u v i a l  
ma te r ia l  i s  u s u a l l y  present 

Soi 1 
L i t h i c   E u t r i c   B r u n i s o l s  

This  subuni t   occurs i n  the 
extreme  northeast end o f  upper 
Hat  Creek  Valley. The m i n  
access  road ( O R 1 )  and tw in  69 
kV t ransmiss ion   l ine   f rom  mine  

a l i e n a t e  3.97  ha o f   t h i s  
t o   p l a n t   s u b s t a t i o n  (OT2) 

subuni t .  

.~ 

ILandform 
St Iep land - dissected and  sometimes 
huilunocky 30% 

..~ .. . - "" 
- 7 

Tex.:ure 
G m v e l l y  sandy  loam - g r a v e l l y  
1 o,m 

Re l i i t i ve  Depth o f  Solum 
.~ 

10 - 15 cm 
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BIOPHYSICAL SUBUNIT 3TE.10 

a 
.I 

c .., 

1 

n 

. -. . - " 
Physica l  and B i o l o g i c a l  

H igh 

Amwnt   Af fected  (ha)   Phase(s)   Causing  A l ienat ion 
4!i: 35 Construct ion and operat ion 

"" 

." "_ 
L i   n i   t a t i o n s  
H.igh s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

" . . 

Sumnary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  

B iogeoc l ima t i c  Zone 
I r  t e r i o r   D o u g l a s - f i r  Zone 

Vegeta t ion   Assoc ia t ion  
Ocug las - f i r  - Bunchgrass - 
Pinegrass  Associat ion 

. 

Parent   Mater ia l  
G l a c i a l  till - w i t h  some areas o f  
g l a c i a l  outwash  present 

Soi 1 
- " - - .. 

D a r k  Brown  Chernozems 
Degraded E u t r i c   B r u n i s o l s / O r t h i c  

~~ "" ~ 

Landform 
Steepland - dissected and sometimes 
hummocky 30%+ 

Texture 
S i l t y  loam 

Re la t i ve   Dep th   o f  Solum 
30 - 46 cm 

Th is   subun i t   occu rs   i n   t he  
n o r t h  end o f  Hat  Creek  Val ley 
and i s  impacted  by a l a r g e  
number o f  p r o j e c t   f a c i l i t i e s ,  
a l though  the  impacted  area i s  
o n l y  45.35 ha. The 69 kV 
t r a n s m i s s i o n   l i n e   t o  mine 
cons t ruc t ion   subs ta t ion   (OTl ) ,  
t h e   t w i n  69 kV t ransmission 
l i n e   f r o m  mine t o   p l a n t  sub- 
s t a t i o n  (OTZ), main access 

condu i t  (OD3),  open p i t  #1 
road (OR1 1, canal  discharge 

(Ml), n o r t h   v a l l e y  dump (M3), 
t o p s o i l   s t o c k p i l e ,  mine  entrance 

impac t   t h i s   un i t .  
( M l l ) ,  and  conveyores (M17) a l l  
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BIOPHYSICAL  SUBUNIT  3TE1.10 

Physical and  Biological  Sensitivity  Integrated Resource Capability 

High Low 

Amount Affected  (ha) 
1 i'.l . 18 

Phase(s)  Causing  Alienation 
Operation - mine 

Limitations 
H i g h  soil  a lka l in i ty  and  s a l in i ty  
Medium-high grazing  capability 
Medium high soi l  suscep t ib i l i t y   t o  d u s t i n g  

Summary of  Physical and Biological  Characteristics 
" ~...~ " 

Bicgeoclimatic Zone 
Interior  Douglas-fir Zone 

Vegetation  Association 
Douglas-fir - Bunchgrass - 
Pinegrass  Association 

Glacial t i l l  - some colluvia'l 
material  i s  usual ly  present 

Eutric  Brunisols/Orthic Gray 
Luvisols : .. . . . . . . "" 

Parent  Material 

. . . . - " - 
Soi 1 

This  subunit  occurs  southeast 
of the confluence  of Medicine 
and  Hat creeks. I t  i s  mainly 
impacted by the Medicine Creek 
waste dump ( M Z ) ,  mine and waste 
piles  drainage  ditches (M19), 
lagoon 4 (Ma) and topsoil 
stockpile,  south Medicine Creek 

are  impacted. 
(M13). . A  t o t a l  o f  171.18 ha 

Landform 
Steepland - dissected and sometimes I 
hummocky 30%+ 

." .- I 
Texture 

Gravel ly  sandy loam - f ine  sandy I 
loam - s i l t y  loam 

.~ 

Zelative Depth of Solum 
"" 

10 - 36 cm 
" i 
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BIOPHYSICAL SUBUNIT 3TE1.17 

Physical  and B i o l o g i c a l  

H i  lqh 
"- 

Amomt  Affected  (ha)  Phase(s)  Causing  Al ienation 
1W.57  Operation - mine 

L i m i t a t i o n s  
H i l j h   s o i l   a l k a l i n i t y  and s a l i n i t y  
Meliium-high a g r i c u l t u r a l   c a p a b i l i t y  

Sununary o f   P h y s i c a l  and B i o l o g i c a l   C h a r a c t e r i s t i c s  

B i o t ~ e o c l i m a t i c  Zone 

In . :er ior   Douglas- f i r  Zone 
- 

Vegetat ion  Associat ion 

Kentucky  Bluegrass  Association 
." .- 

Parl:nt M a t e r i a l  
Ghcial till 

.~ 
S o i  I 

Oemjraded E u t r i c   B r u n i s o l s  
. . . . .  ." 

Lan' j form 
- 

Bottomlands - hummocky and dissectec 
by  streams 30%+ w i t h  many  <54; 

.......... - .. 
Texture 

Lo,m - s i l t y  loam 
............ 

R e l d t i v e  Depth o f  Solum 
- - 

46 cm 

Th is   subun i t   occurs   in   the  
Houth Meadows area  and i!; 

waste dump (M4). A t o t a l  
impacted by the  Houth Meadows 

a l i e n a t i o n  o f  103.57 ha 
occurs,  which  represents a l l  
o f   t h i s   s u b u n i t   f o u n d   i n   t h e  
local   study  area. A h igh  
soil a l k a l i n i t y  and s a l i n i t y  
and  medium-high a g r i c u l t u r a l  
c a p a b i l i t y   a r e   t h e  major 
l i m i t a t i o n s .  
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BIOPHYSICAL SUBUNIT w 

r 
.- 

Physical  and B i o l o g i c a l   S e n s i t i v i t y   I n t e g r a t e d  Resource C a p a b i l i t y  

Amount Affected  (ha)  Phase(s)  Causing  Al ienat ion 
1 3.. 9 Construct ion and operat ion 

L i m i t a t i o n s  
" . ." - 

H i q h   c a p a b i l i t y   f o r   w i l d l i f e  (moose) 

H igh   water   tab le  
P o o r   f o u n d a t i o n   c h a r a c t e r i s t i c s   o f   t h e   s o i l  

Vegetat ion  assoc iat ion dependent on the   ex is tence o f  the   h igh  
water   tab le  

Summary o f  Phys i ca l   and   B io log i ca l   Charac te r i s t i cs  
-. . . - - .- -. - 

Bio1)eocl imatic Zone 

In t razona l  
". ~" 

Vegcltat ion  Associat ion 
Wi l low - Sedge  Bog Associat ion 

Parent   Mater ia l  
Orqanic depos i t s  

Soi ' 
Organic t o   g l e y s o l i c  

Landform 
Bottomlands - f l a t  
0 - 9% 

.. . ..~ ." . "" 

Texture 
- 

.. . - . - " 

Relat ive  Depth o f  Solum 
Var iab le - less   than 1 metre  to  
greater   than 2 metres - . . ~. 

This   subun i t  is  found  scat tered 

Creek v a l l e y s   i n   p o o r l y   d r a i n e d  
throughout  Medicine and  Hat 

depressions. The wet  ash 
d isposal  pond  (P6)  and open 
p i t  #1 (Ml )   impact   th is  sub- 
u n i t .   M o s t , l i m i t a t i o n s   a r e  
associated  wi th   the  h igh  water  
t a b l e  and h i g h   c a p a b i l i t y   f o r  
moose. 
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6.0 MI'TIGATION AND RECOMMENDATIONS 

f i . 1  SOILS 

"he m i t i g a t i o n  measures  and recommndat ions  presented  below  fa; i l   into two 
ca tegor ies ,   m i t i ga t i on  measures to  minimize  adverse  impacts and recommenda- 

t i o n   f o r   f u r t h e r   s t u d i e s   t o  be  conducted i n   o r d e r   t o   c o m p l e t e   i n f o r m a t i o n  

gaps i n  t h e   s o i l s   p r o g r a m .  

E,ecause o f   t h e   n a t u r e   o f   t h e   H a t  Creek p r o j e c t  many o f   t h e   p r o j e c t   f a c i l i t i e s  

? re   non -m i t i gab le .   I n   o the r  words, f a c i l i t i e s  such  as open p i t ,  #1, mine 

waste dumps, and  ash d ispos 'a l   a reas   a re   cons t ra ined  to   cer ta in   loca t ions  

because o f  t opography   o r   i n   t he  case o f  open p i t  #1, the  coal   deposi t  

i t s e l  f. 

(a)   Spec i f i c   Gu ide l ines  

The f o l l o w i n g   s p e c i f i c   g u i d e l i n e s  were  developed t o  handle  the  impacts on 
s e n s i t i v e   s o i l s   o u t l i n e d   i n   t h e   p r e v i o u s   s e c t i o n s .  

( i )   E r o s i o n  Hazards 

S J i l s  suscept ib le  t o  erosiorl   should,  where  possible, be avoided. The 
a f fec ted  Soil Un i t s  ZOD, CT and TL possess  erosion  hazards. Soi l  
h i t s  CT and TL would  be  af fected by o f f s i t e  f a c i l i t i e s ,  while !;oil Unit  
2110 would  be a f fec ted   by  open p i t  #l. If  these  un i ts   cannot  be  avoided,  the 
f o l l o w i n g   m i t i g a t i o n  measures should  apply: 

(1) s lope   s tab i l i za t i on   t echn iques ,   i nc lud ing   con tou r ing   imd   re -  
establ ishment o f  vegetat ion,   should be employed  as soon a f t e r  

disturbance  as  possible; 

( 2 )  drainage  design  should be g iven  care fu l   cons idera t ion   wh ich ,   in  
areas o f  h i g h   e r o s i o n   s u s c e p t i b i l i t y ,  may i n c l u d e   d i t c h   l i n i n g s ;  
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(3)  the construction o f  the p ro jec t   f ac i l i t i e s  should dis turb as 
l i t t l e   so i l   a s   poss ib l e .  Unnecessary disturbances  could  lead 
to  further  erosion; and 

( 4 )  a l l  road t r a f f i c  should be kept t o  a predetermined road alignment 
t o  prevent  disturbance  of  sod-forming  vegetation. 

( i i )  Ousting  Hazards 

so i l s  of the site-specific  study  area  could  possess some d u s t i n g  
problems because  of their fine texture. However, cer ta in  soils are  of more 
concern  than others. Those s o i l s  having a high dusting  potential which 
would be impacted are 20A, 208, 20C, 20D, 20E, 17, 19, 53,  55, 57, 58 and 
EN. The following measurles should be applied i n  these areas: 

(1 )  preserve as muc.h of the existing vegetative  cover <IS possible; 
( 2 )  do a s   l i t t l e  di,sturbance  as  necessary  to complete .the project 

f a c i l i t i e s ;  
(3)  the use of water  and/or chemical spraying  should be undertaken; 

and 
( 4 )  imnediate  revegetation  of disturbed areas. 

( i i i )   Alka l in i ty-Sa l in i ty  Hazards 

A large number of so i l  units w i t h i n  the s i te -spec i f ic  s t u d y  area  possess 
h i g h  a lka l in i ty  and/or sa l in i ty   l eve ls .  Those so i l  units having the highest 
levels   are  20A, 208, ZCIC, 20D, 20E, 68, 10, 14 ,  21, 25, 31, 34, 35, 57, 59, 
63, 64, CT and TN. Where these soi l  units would be impacted, the following 
mi t igat ion measures should  apply: 

(1) avoid where possible; 
( 2 )  areas impacted should be reclaimd  using topsoi'l tha t   i s   no t  

contaminated w i t h  a lka l in i ty-sa l in i ty  componentj; 
(3)   soi ls   wi th   a lkal ini ty-sal ini ty  problems i f  piled  should be 

placed a t  the bottom of f i l l s  and measures  taken t o  ensure tha t  
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excessive  leaching does not  occur; 
in some instances,  i t  may be possible  to  leach  out  undesirable 
components i n  disturbed soils before  reseeding; and 
where disturbance  occurs,  reseeding w i t h  sal   t- tolerant  vegetation 
may be necessary. 

Recornended Further  Studies 

There is  limited  information  available on the  trace  element  levels 
and avai labi l i ty   that   are   contained i n  the  various  soil units 
identified  within  the  local  study  area. These data  are  necessary 
to   ful ly   assess   the  effect   that   t race  e lements  from air  emissions 
would  have on the  soi l   uni ts ,   as  well  as  the  secondary  impacts t o  
vegetation,  livestock and wi ld l i fe .  This study would involve  the 
determination  of  trace  element  levels  for  the  various  soil units 
before and during  plant  operation. 
The cooling tower emissions would undoubtedly have sow impact on 
the soils. However, the  exact  nature  of  this impact 'is uncertain. 
Consequently, a soil  monitoring and lysimeter  study  should be 
inst igated  to  stud:y soil-water  relations,  high nut r ien t   ava i lab i l i ty  
and changes i n  sa l t   levels   within  the  area  affected by the  cooling 
tower pl urn. 

6.2 VEGETATION 

Mitigation measures, s t r ic t ly   interpreted  implies  an e f f o r t   t o  minimize o r  
render  less  harsh  the  adverse  effects  of  the  project on vegetati1on. Miti- 
g(3tion of   direct  impacts may be achieved  through  relocation and avoidance 
O F  specific  areas.  Mitigation measures per ta ining  to   indirect   effects   are  
more d i f f icu l t   to   def ine .  

The mitigation measures and recommendations presented below f a l l   i n t o  two 
categories:  mitigation measures t o  minimize adverse impacts and  recornmenda- 
t 'on  for  further  studies t o  be conducted i n  order  to  evaluate  ir lformtion 

6-3 



gaps in  the  vegetation programne. 
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Because of  the  nature  of the Hat Creek project ,  many of the p ro jec t   f ac i l i t i e s  
are  non-mitigable. In other  words, f a c i l i t i e s  such as open p i t  #1, mine 
waste dumps and  ash disposal  areas  are  constrained  to  certain  locations be- 
cause  of  topography,  or  in  the  case  of open p i t  #1, the  coal  deposit   i tself .  
In  addition,  the  vegetation  associations  as  defined  include no rare   or  en- 
dangered plant  species and ,are commn throughout  iljterior British Columbia, 
thus, lessening  the  necessity  for major faci l i ty   re locat ions.  

lhe  following  general measures would mitigate any of  the  adverse  impacts i n  
the  vegetation  associations impacted by the p ro jec t   f ac i l i t i e s :  

(1 )  construct ion  of   the  project   faci l i t ies   should disturb a s   l i t t l e  
vegetation  as  possible. Unnecessary disturbances  outside con- 
s t ruct ion  s i tes   should be avoided; 

(2 )  road t r a f f i c  should be kept  to  predetermined road a l ignmnts  and 
not  allowed t o  drive over  undisturbed open range  vegetation; 

( 3 )  all  rights-of-way widths  and p ro jec t   f ac i l i t i e s  should be kept 
t o  the minimum size  necessary  to  reduce  the  loss o f  native 
vegetation; 

( 4 )  revegetation  of  disturbed  areas  should  take  place  immediately, 
otherwise  rapid  invasion  of  the  disturbed  areas would take  place 
by noxious weed species. This i s  especially  true i n  the  Bonaparte- 
Thompson r iver   val leys  where knapweed (Centaurea d i f ; % m )  and 
stickseed (Lappuih echimta) are  serious  invaders  of  disturbed 
areas and control, measures a re   d i f f i cu l t .  Consequently, the 
development of an early  revegetation programme is mandatory to  
control noxious weed growth  and prevent  degradation  of  the  adjacent 
native  vegetation  associations due t o  the deve1opmn.t of a weed 
seed  source. 
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( i )  Riparian  Association 

lhe  Riparian  Association  sh’mld be avoided i f  possible. This association i s  
one of  the most productive (and ecologically diverse w i t h i n  the local  study 
area. While reference  to Tq3ble 5-16 indicates  that  only 2 . 7  percent o f  the 
Eiparian  Association would Ibe affected by construction and operation,  this 
i s  important  in the context  of the Riparian  Association’s h i g h  ecological 
divers i ty .  Steps should be taken to  prevent any unnecessary  disturbance t o  
areas  adjacent  to proposed project   faci l i t ies .   I f   d is turbance is  necessary 
t o  the  streambank  vegetation,  restoration and replanting  should be imple- 
Rented in  order  to minimize s i l t a t i o n  and reduce erosion. 

( i i )  Douglas-fir - Bunchgrass and  Douglas-fir - Bunchgrass - 
Pinegrass  Associations 

These associations  generally  occur on steep (30 percent +), south-facing 
slopes  or on well drained  g’laciofluvial  deposits. Where they  a:te found on 
steep  slopes, the vegetation  tends  to  act  as a so i l   s t ab i l i ze r  i3nd control 
erosion.  Consequently,  disturbance o f  these  associations may lead  to 
erosion problems and an increased  disturbance t o  the  native  vegetation. 
Rzvegetation shou ld  occur  irmediately once al l   construct ion  act ivi t ies  
are completed. 

( b )  Recommended Further Studies 

( 1 )  The present  vegetation  surveys were conducted i n  the  early spring 
and l a t e   f a l l ,  thus, missing many plant  species  that  could exist 
in the local  study  area,  including  possible  rare  or endangered 
plants.  Consequently, i t  i s  recommended that  further  botanical 
surveys be carried  out  within the local  study  area, w i t h  special 
emphasis on the site-specific  study  area,   alpine  areas and areas 
predicted  to be impacted by a i r  emissions. 
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Timing is  c r i t i c a l  i n  such a programme, with a 4-season botanical 
survey  being  the most precise means of  sampling all   plant  species 
because of  phenology and elevational  differences  in  Ilowering 
periods. Such a program  could   cons is t  o f  the  following sampl- 
ing  periods: 

( a )   ea r ly  spring (May 15 - May 31) 
( b )  early  season  flowering  (June  15 - June 30) 
( c )   l a t e  season flowering  (July  15 - July 31) 
( d )  sumner growth and maturity (August - September) 

This  type  of p r o g r a m  could form basel ine  data   for   la ter  mn- 
i tor ing  programmes. 

( 2 )  The construction and operation o f  the mine would effect ively 
remove 63.3  percent o f  the  Sagebrush - Bluebunch Whea.tgrass 
Association found in  the  local  study  area. Within the  local 
study  area  this i s  a s ignif icant   ecological   loss .  Hc'wever, the 
significance  of  this loss in a regional  or  provincial  context 
i s  not known and should be established so that   the   er ,act  con- 
sequences  of  the loss to  the  local  study  area can be assessed. 

Such a study would entail   discussions w i t h  local  experts,   re- 
connaissance  field  studies, and photo interpretat ion o f  small- 
sca le   aer ia l  photographs. 

(3) Monitoring should be conducted w i t h  groundwater and vegetation 
samples  taken around the ash disposal pond and  mine hsaste d is -  
posal areas once operation  begins  to  establish whether toxic 
leachates  are  entering  the  groundwater  system where they  my be 
available  for  plant uptake. 

( 4 )  The high suscept ib i l i ty  o f  the   so i l s  i n  the  si te-specific  study 
area  to  dusting and nature of the  project   indicates  that  d u s t  may 
cause localized  vegetation damage.  However, because o f  the 
limited  available  information on the levels  causing  injury  to 
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vegetation, a monitoring p r o g r a m  should be inst i tu ' ted  to  moni- 
tor   large-scale  c.hanges in  productivity and species  composition, 
as well as   leaf  nlorphology changes. 

(5) Because of  the  possible  large-scale impacts of  air   emissions and 
cooling tower emissions on the vegetation  of  the loci31 study.area, 
a monitoring programme should  be undertaken to  estab' l ish  baseline 
vegetation  data  before  operation  begins and should  continue  through- 
out   the   l i fe  of the  plant  (see  Section 7.Q). 

( 6 )  The present  vegetation mapping should be expanded into  those 
areas  indicated i n  the a i r  emission  analysis (Appendix F) as 
possible zones o f  vegetation  injury  outside  the  present  vegetation 
mapping area. These areas  include  receptor  si tes  8,  16,  24 and 
128. Receptor s'ites 56 and 64 are  of  secondary  importance be- 
cause  they show less  of an increase  in  air  emission  levels. 

6 . 3  BIOPHYSICAL  MITIGATION GUIDELINES 

The biophysical  mitigation  guidelines have been developed as a r e su l t  of  the 
information  derived  in  the  soils and vegetation  inventory and assessment. 
Many of  the  mitigation  guidelines  suggested  for  soils and vegetation apply 
to  the  biophysical  subunit!;. However, because a s e t  of  environmental limi- 
ta t ions have been derived .for  each biophysical  subunit based on soi l ,   s lope,  
vegetation and resource  capability  information,  the proposed mitigation 
guidel ines   resul t  i n  a s i te-specif ic ,   in tegrated sumnary o f  a l l  mitigation 
guidelines. 

The following  mitigation  guidelines  apply  only  to  reversible  environmntal 
impacts. These adverse  impacts do not  usually mean total   a l ienat ion,  b u t  
rather a temporary disturbance  of the landscape.   Project   faci l i t ies ,  such 
as transmission  lines,  pipelines, roads and conveyors frequently  offer  the 
opportunity to  mitigate  reversible impacts. I r revers ible  impacts resu l t  
from land  areas  that   are  totally  displaced by p ro jec t   f ac i l i t i e s  and only 
relocation o f  a f a c i l i t y  would avoid this type of impact. Open p i t  #1, mine 
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waste dumps and the plant s-ite are examples  of project  facil i t ies  causing 
i r reversible  impacts. 

This  section  describes the types o f  alienation,  describes their environ- 
mental l imitat ions,  and f ina l ly  recommends mitigation  guidelines. I t  
should be emphasized that  mitigation  guidelines have been developed for  
only  those  biophysical  subunits which are  affected and show a high  physical 
and  biological  sensitivity  and/or  resource  capability. For brevity, these 
biophysical s u b u n i t s  have been grouped by the type  of  environmental  limi- 
tations  they impose, and therefore,  mitigation  guidelines have :been developed 
f o r  these  groups. These are  presented below: 

. Biophysical ~. Subunits 3AE2.24 and 3CG1+2.24 

Type of  al ienation  Irreversible 
Facilities  causing  alienation M3, M4 
Limitations High erosion  potential 

High so i l   a lka l in i ty  and  s a l in i ty  
(3CG1+2.24 only) 
Low so i l   su i t ab i l i t y   fo r  rc?clamation 
purposes (3CG1+2.24 only) 

Rzcommended mitigation  guidelines The high erosion  potential and a lka l in i ty-  
s a l in i ty  of the so i l s ,   espec ia l ly  on 
steep slopes,  normally  require  special 
precautionary measures. However, the 
direct  alienation of this ! ;ubun i t  negates 
many of the adverse impact!;. 

". Bighysical S u b u n i t s  1TEl.17, 2TE1.10, ZTE1.17, 3TE1.7  and  3TBL1.17 

T,{pe o f  alienation  Reversible and i r reversible  
F,lcilities  causing  alienation CP6, M2, M3, M4, "3. M17, M19,  OR1 and 

mitigable) 
OT2 (CP6, M17,  M19,  OR1 and OT2 are 

Limitations High so i l   a lka l in i ty  and sa l in i ty  
Medium-high g r a z i n g  capabili ty (2TE1.10 
and 3TBL1.17 only) 

6-8 



a 
.- 

.I 

.I 

U 
I 

1 
II 

I .- 

Low so i l   su i t ab i l i t y   fo r  reclamation 
purposes (2TE1.10  and 3TE1 .7  only) 
Medium-high agricultural   capabili ty 
(1TE1.17  and  2TE1.17 only) 

ted w i t h  conveyors (M17), drainage 
ditches  (Mlg), camp water supply l i ne  

mission l i n e  (On), which cross  over 
(CP6), main access road (OR1) and trans- 

s o i l s  having a h i g h  a lka l in i ty  and 
s a l in i ty ,  sometimes possessing poor 
characteristics  for  reclanlation. 

1 Where possible  all  existing  vegetation 
should be retained. 

2 Where reclamation i s  necessary  (banks 
of drainage  ditches, water  supply l i ne ,  
cutbank of road and transmission tower 
sites) revegetation  should be prompt. 
The use of uncontaminated topsoil   or 
salt- tolerant  plant  species may be 
necessary. 

range  areas. One preferred  access 
point  should be established. 

Itecomnended mitigation  guidelines All reversible impacts would be associa- 

3 Do not  allow  vehicles  to use open 

. Biophysical -~ S u b u n i t  2TB1.31 

Type of  al ienation 
Facilities  causing  alienation 
Limitations 

Reversible 
OAl, OR1 and OW1 
High so i l   a lka l in i ty  and s a l i n i t y  
Medium-high agricultural   capabili ty 
Some localized  areas  of hilgh dusting 
potential 

Recomnended mitigation  guidelines 1 The construction o f  the a h t r i p  (OAl) 

as  should the main access Ivoad  (OR1 ) and 
should be the minimum size  necessary 

make-up water  pipeline (OW’ I ) .  Where 
perpherial  areas  are  disturbed,  they 

after  construction. Revegetation  with 
should be reclaimed a s  soon as  possible 

salt- tolerant  vegetation 01- the use of 

necessary. 
uncontaminated topsoil  material may be 
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2 Dusting is  a localized problem and 
watering o f  the main access road may be 
necessary 

.- Eiophysi cal Subuni ts 3CB2.3'1,  3EB1.31  and  3TB1.31 

lype of alienation  Reversible 
Facil i t ies  causing  alienation OT3, OT4, OT5, OR3 and OW1 
L.imi ta t ions High so i l   a lka l in i ty  and s a l i n i t y  

High erosion  potential on steeper 
slopes 
High agr icul tural   capabi l i ty  (3EB1.31 
only) 

Kecommended mitigation  guidelines 1 Where erosion  potential i s  h i g h  (3CB2.31), 
areas  should be avoided whiere possible. 
Transmission  tower footings  should  not 
be located on erosion-proce  slopes. 
Where they must be crossed,  slope  sta- 
bil ization  including contcluring and re- 
establishment  of  vegetation  should be 
employed a s '  soon af ter   d is turbance  as  
possible. The design o f  drainage must 
be given careful  consideration which, 

may include  ditch  linings. 
i n  areas o f  h i g h  erosion  susceptibiTity, 

alignment and not allowed t o  wander over 
open range areas. 

d ia te ly  around transmission tower f o o t -  
ings and along  pipeline  rights-of-way. 
Revegetation w i t h  sa l   t - to le ran t  vege- 

may be necessary. 
ta t ion o r  use of uncontaminated topsoil 

4 Road access (OR3) w i d t h  should be kept 
to  the minimum necessary, and cutbanks 
revegetated i m d i a t e l y   a f t e r   c o n s t r u c -  
tion. 

2 Road t r a f f i c  should be kept t o  one 

3 Revegetation s h o u l d  take  place imme- 

Biophysical . .~ S u b u n i t  1EB.21 

Type o f  al ienat ion Reversible 

6-10 



1 
I 

c 
1) 

c 
111 

1 
I 

" 

F 3 c i l i   t i e s   c a u s i n g   a l i e n a t i o n  OW1 , OW2, OW8, OT3 and OT4 

L i m i t a t i o n s  H igh   vegeta t ion   p roduc t iv i . t y  
H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

Medium-high a g r i c u l t u r a l   c a p a b i l i t y  

m i t i g a b l e   l i m i t a t i o n  

1 When cons t ruc t i ng   t he   p ipe l i nes  and 
t ransmiss ion   l i nes   d i s tu rb  as l i t t l e   o f  
t he   ex i s t i ng   vege ta t i on  as possible.  

t o w e r   f o o t i n g s   i m m d i a t e l y   a f t e r  con- 

ous weeds and dust ing.  
s t r u c t i o n   t o   p r e v e n t   t h e   s p r e a d   o f   n o x i -  

3 All access  roads  should  be  kept  watered 
and  cutbanks  revegetated a!; soon  as 
poss ib le   a f te r   cons t ruc t i on .  

R x o m n d e d   m i t i g a t i o n   g u i d e l i n e s  The h i g h   d u s t i n g   p o t e n t i a l  i s  the  major 

2 Revegetate  the  p ipel ine and around 

- Biophysical   Subuni t  2TDB1.23 

Type o f  a l i e n a t i o n  
F x i l i   t i e s  causing a1 i e n a t i o n  

L'imi t a t i o n s  

I r r e v e r s i b l e  and. r e v e r s i b l e  

M12,  M19 and OD7 
H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( w a t e r f o w l )  

H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

H i g h   s o i l   a l k a l i n i t y  and s a . l i n i t y  
Medium-high a g r i c u l t u r a l   c a p a b i l i t y  

Unit contains a s i g n i f i c a n t ,  amount o f  
the highly productive diverse  species 

Associat ion 
of   the  Sal ine  Depress ion  Vegetat ion 

Recornended m i t i g a t i o n   g u i d e l i n e s  1 B o t h   t h e   h i g h   s o i l   s u s c e p t i b i l i t y   t o  
dust ing,  and a l k a l i n i t y  and s a l i n i t y  
problems  require  that  as l i t t l e  o f  the 
ex i s t i ng   vege ta t i on  be d i s tu rbed  as 
poss ib le ,   espec ia l l y   ou ts ide   t he   p ro jec t  
f a c i l i t y  areas.  Revegetation  should 

ances take  place. 
take  place  immediately  wherever  disturb- 

2 Areas t o  be reclaimed  should use top- 

a l k a l i n i t y - s a l i n i t y  components. 
s o i l   t h a t   i s   n o t   c o n t a m i n a t e d   w i t h  

a -  
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Biophysical   Subuni t  3TD5.22. 

'Type o f   a l i e n a t i o n  
! F a c i l i t i e s   c a u s i n g   a l i e n a t i o n  

L i m i t a t i o n s  

llecomnended m i t i g a t i o n   g u i d e l i n e s  

3 Watering may be  necessary t o   c o n t r o l  
d u s t i n g   i n   d i s t u r b e d  areas, e s p e c i a l l y  
along  access  points. 

4 The h i g h   c a p a b i l i t y   o f   t h i s   s u b u n i t   f o r  
waterfowl is  o f  importance  and  steps 
should be taken  to   ensure   tha t  as few 

press ional  areas be disturbed. The 
as poss ib le  o f   t h e  w a t e r - f i l l e d  de- 

edge vegeta t ion   a lso  is  e c o l o g i c a l l y  
d i ve rse  and should be re ta ined  where 
poss ib le .  

I r r e v e r s i b l e  

OD1 and OD7 
H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( w a t e r f o w l )  

k d i u m - h i g h   a g r i c u l t u r a l   c : a p a b i l i t y  

Un i t   con ta ins  a s i g n i f i c a n t  amount o f  
t he   h igh l y   p roduc t i ve  and  species  diverse, 
Sal ine  Depression  Vegetat ion  Associat ion 
Both OD1 and OD7 cause d i r e c t   a l i e n a -  

be  taken t o  ensure  that  as l i t t l e  as 
t i o n  and l o s s   o f   h a b i t a t .  Steps  should 

possible  of   the  depressional   areas  con- 
t a i n i n g   w a t e r  be d i s tu rbed  because o f  
t h e i r   h i g h   c a p a b i l i t y   f o r   s u p p o r t i n g  
waterfowl and ecolog ica l  d,i ve rs i  ty o f  
the edge vegetat ion.  

" [I iophysical   Subuni ts 1AE.19,  2TDB1.19 and 2TE1.19 

"ype o f   a l i e n a t i o n   I r r e v e r s i b l e  
F a c i l i t i e s   c a u s i n g   a l i e n a t i o n  M1, M4, M12 and 004 
L i m i t a t i o n s   H i g h   c a p a b i l i t y   f o r   w i l d l i f e   ( d e e r )  

H i g h   s o i l   a l k a l i n i t y  and s a l i n i t y  

H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

Medium-high e r o s i o n   s u s c e p t i b i l i t y  
(2TDB1.19 and 2TE1.19 only)  

Low s o i l   s u i t a b i l i t y   f o r   r e c l a m a t i o n  
purposes (2TDB1.19 and 2TE1.19 on ly )  
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f!ecomnended m i t i ga t i on   gu ide l i nes  All f a c i l i t i e s  cause d i r e c t   a l i e n a t i o n  
and are  non-mit igable.  However, steps 
should be  taken t o  make su,re on ly   the  
minimum  amount o f  disturbance  neces- 
s a r y   t o   c o n s t r u c t   t h e   p r o j e c t   f a c i l i t i e s  
is  done, cons ider ing   the   h igh   capab i l i -  
t i e s  and s e n s i t i v i t i e s   a s s o c i a t e d   w i t h  
th is   subun i t .  

Eiiophysical  Subunits lAE.lO, 2TE.18 and 3TE.10 

II 

I 

II 
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Type o f   a l i e n a t i o n  Reversible and i r r e v e r s i b l e  

f : a c i l i t i e s   c a u s i n g   a l i e n a t i o n  M1,  M3,  M11,  M17, 003, OR1,  OT1 and O T 2  
(M17, 003, OR1,  OT1 and 012 a re  
m i t i g a b l e )  

L i m i t a t i o n s   H i g h   s o i l   s u s c e p t i b i l i t y  t o  dus t i ng  
Medium-high a g r i c u l t u r a l   c a p a b i l i t y  
(IAE . l o  on ly )  

t a t i o n   c o v e r  as possible.  

c o m p l e t i o n   o f   t h e   f a c i l i t y .  

f!ecommended m i t i ga t i on   gu ide l i nes  1 Preserve as much o f  t h e   e x i s t i n g  vege- 

2 Revegetat ion  should  fo l low  prompt ly  the 

3 Use water   spray ing  to   suppress  dust .  

- Eiophysical   Subuni t  2TG.7 slid 2TG.16 

l y p e   o f   a l i e n a t i o n  Revers ib le   and  i r revers ib le  

F a c i l i t i e s   c a u s i n g   a l i e n a t i o n  OR1, OT2 and P1 
L i m i t a t i o n s  H i g h   s o i l   s u s c e p t i b i l i t y   t o   d u s t i n g  

(2TG. 7 only) 
Medium-high g r a z i n g   c a p a b i l i t y  

Low s o i l   s u i t a b i l i t y   f o r   r e c l a m a t i o n  
purposes 

p l a n t   s i t e  ( P l ) .  Because s f   t h e   h i g h  
d u s t i n g   p o t e n t i a l  o f  th is   subun i t ,  
special   care  should be exerc ised  no t  
to   unnecessar i l y   d is tu rb   a reas   ou ts ide  
those  designated f o r  t h e   p r o j e c t  
f a c i l i t i e s .  Water should lbe used t o  
contro l  any dust   problems  wi th in  P1. 

kcommended m i t i g a t i o n   g u i d e l i n e s  1 Subuni t  2TG.7 would  be  affected  by  the 
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2 Both subunits have very  shallow s o i l s  
( less  than 20 cm), which negate their 
use for  reclamation and cause  revege- 
ta t ion  problems i f  the   so i l  i s  removed 
and bedrock i s  exposed. 

Biophysical .- Subunits 1AE.8, 2CB.31, 2CE.21 and 2TB.31 

Type of a l ienat ion Reversible and i r reversib’ le  
Facilities  causing  alienat.ion M3, M14, OAl , OA4, OD2 and OT3 (OAl, 

Limitations Medi  um-hi gh agri cul tural  capabi 1 i t y  

Recommended mitigation  guidelines The areas  of medium-high agricul tural  

OA4,  OD2 and OT3 are  mitigable) 

’ capabi l i ty  would  be direc.tly  destroyed 
and  would require a fac i l i ty   re loca t ion  
in  order  to  mitigate any adverse impacts. 

Biophysical  Subunits  lBGSlt3.28, lBRL1+3.13  and 1BRLlt3.29 

Type o f  al ienat ion I r revers ib le  
Facilities  causing  aliena.tion M1, M3 and OD1 
Limitations High vegetation  productivity and 

divers i ty  
High capabi 1 i ty   for   wildl i fe   (deer  and 
other)  
Medium-high agricultura6  capability 
F1 ooding potent i  a1  a1 ong s t r e a m  

sen t   i r r eve r s ib l e   a l i emt ion ,  the im- 
portance of this  subunit  cannot be over- 
emphasized.  This subunit  should be 
avoided i f   poss ib le   because- i t  i s  one 
of the most productive and ecologically 
diverse w i t h i n  the  local  study  area. 
Steps  should be taken t o  prevent any 
unnecessary  disturbance  to  areas  adja- 
cent  to proposed p ro jec t   f ac i l i t i e s .  
I f  disturbance is  necerisary to  the 
streambank vegetation,  imediate  restor- 
ation  and/or  revegetat.ion  should be 
implemented i n  order tl> minimize s i l t a -  
t i o n  and  reduce  erosion. 

Recommended mitigation  guidelines Although the above fac i l i t i es   repre-  
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- Biophysical  Subunits 1BGSlt3.21, 1BRLlt3.10 and 1BRLlt3.21 

TJrpe of  alienation Reversible and i r revers ible  
F,xi l i t ies   causing  a l ienat ion Om, OM, OD5 and OD7 (002 and OD5 

l imitations High vegetation  productivity 

are  mitigable) 

Medium-hi gh agricul tural capabili ty 
Recommended mitigation  guidelines Both types  of  limitations  are due to  

higher capabi l i t i es  and are  irrever- 
s ibly  affected,  and only  mitigable i f  
re loca t ion   of   fac i l i t i es   i s   feas ib le .  

Biophysical  Subunit 1AB.il7 - 
Type o f  alienation Irreversible  
Facilities  causing  alienation M3 
Limitations Vegetation as 

t i v i t y  and ec 
,sociation r r i  t h  high produc- 
:ological  d.iversity  present 

Medium-high agricultural   capabili ty 

any mitigation opportunities. 
Recommended mitigation  guidelines Complete alienation  of s u b u n i t  precludes 

Biophysical  Subunits 2ABL1.17,  ZCE1.7,  2TDB1.8,  3CE1.10,  3TDB.17 and 
3TE1.10 

Type o f  alienation  Reversible and i r reversible  
Fac i l i t i es  causing alienation MI. M2. M3, M4, M8, M13, M19, OD2. O N ,  

P6 and P7 (M19, 002, OR1 and P7 a re  
mitigable) 

Limitations High so i l   a lka l in i ty  and sa l in i ty  
High t o  medium-high !;oil suscept ibi l i ty  
to  dusting 
Medium-high grazing  capability (2ABL1.17, 
2CE1.7 and 3TE1.10 only) 
Low s o i l   s u i t a b i l i t y   f o r  reclamation 
purposes (ZCE1.7 only) 

Recommnded mi t iga t ion  guidelines 1 Hhen constructing  the  facil i t ies,  ad- 
jacent vegetation  should be disturbed 
as l i t t l e  as  possihle because of the 
h igh  dus t ing  and a',kalinity soil con- 
s t r a in t s .  

6-15 



I 

L 

I 

c 

I 

c 

2 Water should be used on disturbed  soils 

3 The use of   topsoi l   conta in ing   l i t t l e  
to  prevent d u s t i n g .  

a lkal ine-sal ine components may  be ad- 
vantageous. 

take  place  immediately. 
4 Revegetation o f  dis turbed  'areas  should 

- Biophysical  Subunits 1AB.21, lEB1.31, 2EB1.21,  2EB1.31  and  3CB1.31 - 
lype  of  alienation 
f 'acili  ties  causing  alienation 
Limitations 

?ecommended mitigation  guidelines 1 .. 
L. 

I 
c - Biophysical  Subunit W 

Type of  al ienation 
Facil i t ies  causing  alienation 
Limitations 

2 

3 

Reversible 
OT3, OT4, OT5 and OW1 
H i g h  so i l   a lka l in i ty  and s a l i n i t y  
High t o  mdium-high agricul tural  
capabi 1 i t y  

take  place  immediately,  o.therwise 
Revegetation o f  disturbed  areas  should 

by noxious weed species may occur. 
rapid  invasion  of the disturbed  areas 

In som depressional  locations  the use 
of   sal t - tolerant   plant   species  may  be 
necessary. 
When constructing  the  transmission  lines 
and pipeline,  the  native  vegetation 
should  be d is turbed   as   l i t t l e  as 
possible. 

I r revers ib le  
M1 and P6 
High capabi l i ty  for wi ld l i fe  (moose) 
High water  table 
Poor foundation  characterist ics o f  the 
soi 1 

existence o f  the h i g h  water  table 
Vegetation  association dependent on the 

Recomnended mitigation  guidelines Complete a l ienat ion .by the above f a c i l i -  
t ies  precludes any mitigation  opportunities. 
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The following  recomnendations for a Hat Creek monitoring programne are 
ltirgely  those  prepared by Or. V.C.  Runeckles, Department of P1ae.t Science, 
Uriversity  of  British Columbia for  The TERA Environmental  Resource Analyst 
Limited. Some additional recomnendations were completed by The TERA Environ- 
mmtal Resource Analyst  Limited  concerning so i l  monitoring and ecological 
approaches. 

Tke basis  of the monitoring  proposals  presented  herein i s  the ERT modelling 
predictions  with  regard  to  air  emission  concentrations  at ground level and 
t t e  assessment  of  the  vegetation  impacts  contained i n  Appendix F.  The 
pr.oposals are  in no  way absolute, b u t  should be considered  as recomnendations 
tcwards the  types  of  data  ne'cessary to  evaluate the possible complex a i r  
enlission  impacts. 

7.1 BASIS FOR MONITORING 

The determination  of the actual impact of the emissions  of  gases and par t i -  
culates from sources such as the proposed Hat Creek power generating  station 
and i ts   associated  cooling towers requires  that  observations be made over 
b o t h  short  and long term periods. The frequency of such observations,  their 
types and the s i t e s   a t  which they  are made const i tute  a monitoring p r o g r a m .  
Such monitoring  serves  several  purposes. For example, i t  provides "ground 
t r u t h "  t o  substant ia te   or  refute predictive modelling of the  dispersion  of 
missions and the assessment  of  probable  impact  obtained by extr3polation 
from other  data  sources, and i t  provides direct  information on tile  magnitude 
of  bo th  injury and economic damage which may occur  as a result O F  a i r  emis- 
sions,  both o f  which are  important  for the resolution  of prob1em:j  which may 
involve  l i t igation. 

I t  has been pointed  out  elsewhere (Appendix F) tha t  the prior  assessment of 

I- 
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the  vegetational impact o f  the a i r  emissions from the proposed Hat Creek 
project   i s   f raught  with d i f f icu l ty .  There i s  a serious  lack  of  information, 
both  as to the sens i t i v i t i e s  of most of the dominant or important  plant  species 
present, and as t o  the roles of the spec i f ic  environmental  conditions which 
occur  in the Hat Creek region i n  influencing the sensitivities of  those 
species,   for which data  exists i n  the l i t e r a t u r e ,   t o  the d i f f e r e n t   a i r  
emissions, e.g., sulfur  dioxide,  nitrogen  dioxide, hydrogen fluoride,   etc.  
In addition, no data  exists  concerning  soils .and  the  types of  impacts t o  be 
expected. 

Because of the major causes of uncertainty i n  predicting irnpac:t, i t  is  
appropriate  to t h i n k  i n  terms of a programm  of investigations which would 
encompass observations bo th  before and a f t e r  the s t a r t  of  operations  of 
the generating s t a t i o n ,  i . ,e.,  a continuum of  studies,   init ially  involving 
the  establishment of "base l ine"  conditions,  and including  simulated fumi-  
gations, and  leading  into Iongoing field  observations  of the changes which 
may occur  in  field  plots  located at   s t ra tegical ly   important  or highly 
vulnerable  sites. Because of   this   interrelat ionship,  the following  pro- 
posals  are  addressed t o  both pre and post  startup  studies,   including  mnitor- 
i n g  per  se. In each case, a general  rationale i s  presented   f i r s t ,  followed 
by specific  proposals. 

7.2 PRE-STARTUP MONITORING AND RELATED STUDIES 

The lack of an adequate  data  base upon which to   p red ic t  impact  of t h e  Hat 
Creek a i r  emissions on vegetation has been stressed  repeatedly  in the impact 
assessment  report (Appendix F ) ,  together w i t h  the reasons  for  ,uncertainty i n  
extrapolating from those  data which exist in the l i t e r a tu re .  Furthermore, i n  
Appendix F i t  was pointed  out  that such dose-response  modelling a s  has been 
undertaken is   largely  suspect ,  and has almost  exclusively been related  to  
thresholds  of  acute  injury;,  rarely has the magnitude of such injury been 
incorporated  into the mathmatical models as a variable. 

I f  the  anticipated  air  emissions from the Hat Creek project were such t h a t  
I 
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no ground-1,evel fumigations w i t h  concentrations  of  the major pol lutants ,  
SO2 and NO2,  in  excess  of  the minimum threshold were l i ke ly  t o  occur,  a 
monitoring programme could be modest in  scale and complexity, and  would 
:&erve mainly as an assurance t h a t  no s ignif icant   adverse  effects  were 
occurring, and t o  provide  evidence  for any beneficial   effects  which m i g h t  
occur. 

However, the  impacts of the  three  control  strategies (366 m stack w i t h  f lue 
gas desulfurization (FGD) or  meteorological  control (MCS), o r  ;!44 m stack 
with MCS) reported  elsewhere,  all  anticipate  plant  injury  to  varying 
extents,  although i t  i s  conceded that  these  impacts  are based on judgment  
ra ther  than data, and largely  involve  chronic  rather  than  acute  injury. 
Indeed, the  dearth o f  information  specific t o  the Hat  Creek region and i t s  
,vegetation  requires  that  serious  consideration be given to  undertaking  the 
studies  necessary  to  determine  the  likely  effect  of  emissions such as SO2 
ilnd NOz on the  species  of  particular  importance  to the region.  Furthermore, 
!;uch studies must be undert.aken  under environmental  conditions which 
approximate'as  closely as possible  those  experienced w i t h i n  the region. 

j 
I 

ldhile some useful  studies of these  types  could be undertaken  under controlled 
(?nvironmental conditions in the  laboratory,  the  best approach t o  obtaining 
,data of  direct   relevance  to Hat  Creek i s  field  experimentation  involving 
the application  of  simulated  fumigations. The system  of  choice  for such 
,;tudies i s  the Zonal Air Pchlution System (ZAPS)95 o r  an adaptation  thereof 
for example t o  fumigate forest   t reesg6,   in  which pollutants  are  released  over 
$in area of te r ra in  from a  manifold o f  perforated  tubing. The conditions o f  
soncentration of pol lutant  and duration of exposures would be varied  to 
,simulate  anticipated  funiga,tion  patterns such as  those  predicted by ERT 
mdel l i n g  . 6 3  

Ihch experimentation  necessitates  the  selection o f  control  areas  of  similar 
topography. so i l  type,  aspect,  slope,  vegetation,  etc. Many of these  areas 
would then serve  a double  purpose,  as  a  bridge between pre and post  startup 
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investigations, b u t  p r o v i d h g  base l ine information  as  well  as  serving  as 
fumigation  controls. 

. 
l'hus, the objectives of pre-startup  are numerous, and include: 

acquisition  of  relevant  data on the  effects  over time  of known 
fumigation regimes on natural  vegetation i n  s i t u ;  
determination  of the s e n s i t i v i t i e s  of  natural  vegetat,ion t o  
individual  pollutants and mixtures  of  interest; 
ident i f icat ion of tolerant  individuals and selection  of  tolerant 
s t r a ins  which m y  be multiplied  for use i n  revegetation; 
measurement of  dose-response  functions, both i n  terms of  injury 
and economic damage or  loss  of  important  species  of higher plants;  
determination  of  impact on important  species of lichens and mosses; 
determination  of the natural  vegetation, and i t s  natural  succes- 
sional changes pr ior   to  the advent  of a i r  emission  fumigations; 
determination  of the e f f ec t s  of S02/N02 combinations on present  or 
potential crops of  agricultural  importance; 
determination  of the existence and magnitude of any posit ive 
effects  of SOz/N02 fumigations  with low concentrations. 

Two types of  pre-startup studies a re  proposed: 

(1)  dose-response studies on selected  species, and 
( 2 )  f i e l d  fumigation studies i n  the  Hat Creek area. 

( a )  Dose-Response Studies on Selected  Species 

'The detailed  vegetation  analysis  presented i n  Appendix C shows that  in,  addi -  
,tion  to  the  tree  species,  there  are  several major shrub, herb and grass 
!;pecies which provide  extensive  cover i n  the Hat  Creek local st.udy area. 
Ihrthermore, Appendix F indicates   that  for the majority no (or  limited) 
.information i s   ava i lab le   as   to  their sens i t i v i t i e s   t o  S02/N02 c:ombinations. 
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The dose-response  monitoring studies  should be based on these  species. 
A ;  well, many of these species  are  important t o  livestock and wildl i fe .  
Where feasible,  plants  for  these  studies  should be collected from a range 
O F  representative  locations i n  the Hat Creek region,  preferably from s i t e s  
a t  which S02/N02 fumigations:  of  significance are expected t o  ocour. In the 
c,jse  of t r ee  and shrub  species,  the  collections would have t o  b c  confined 
to  seedlings. In a l l   cases ,  the plants  should be collected  with  intact  
root masses, and be accompanied by additional  soil samples t o  permit esta-  
blishment  of the transplants.  For each species,  a minimum of 21) specimns 
would  be required, and these would be maintained  under  greenhouse conditions 
w . i t h  a watering regime approximately t h a t  o f  the natural   habitat   as  far  as 
possible. 

111 terms o f  pr ior i ty ,  38 plant  species have been ident i f ied  as  being impor- 
t d n t  cover components of the vegetation  associations  likely  to be impacted, 

0 1 -  important  to  livestock arid wildl i fe .  These 38 p l a n t  species can be 
ranked as  follows,  in terms of  sampling pr ior i ty :  

Group 1: 

Group 2 :  

Group 3 :  

Group 4:  

Group 5: 

Group 6: 

Salix  caseadensis,  Salix  nivalis, Shepherdia  canadensis, 
Vaccinim scoparim, Agropyron spicatwn and Calarwzgrostis 
rubescens; 
Amelmchier alni fol ia ,  Cornus canadensis, Dryas octopetala, 
Fragaria glama, Linnaea borealis and Lupinus lepidus; 
Arctostuphylcs  uva-ursi,  Jmiperus c o m i s ,  J u n i p e ~ ~ ~  
scopulom,  Rosa  gymnocarpa, Pedicularis  bracteosa and 
Phyltodoce en.petriformis; 
Carex albo-nigm,  Poa grayana, Achillea milZefo2.iwn; 
Balsamorhiza sagittata, Pyrola secunda and T h a l i c t m  
occidentalis; 
Abies laaiocaTa, Picea e n g e l m n i i ,  Pinus contozata, Pinus 
ponderosa and Pse-uciotsuga menziesii (as  seedlings. and  young 
t rees)  ; 
Alectoria  fremntii,  Alectoria  jubata,  AZectoria sarmentosa, 
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Letharia vutpina,  Pettigera phthosa, Drepanocladus uncimtus 
and Pteuroziwn schreberi. (These  species  could  probably be 

i n c l u d e d   w i t h   e a r l i e r  groups i n  terms o f  acute  fumigations, 

but   would h,ave t o  be dea l t   w i th   separa te l y ,  as  a  group, f o r  

c h r o n i c   i n j u r y  assessment.) 

The type  o f   exper imentat io ,n   proposed  for   the above species  fo l lows  the 

general  form o f   t h a t  used lby Larsen and  HeckB7, i n  which a dose-response 

f u n c t i o n   f o r   a c u t e   i n j u r y   f o r  each  species is  der ived   f rom  observa t ions   o f  

such i n j u r y   i n d u c e d  i n  i n d i v i d u a l   s p e c i m n s   b y  a range o f  dosages. This 

par t i cu la r   methodo logy  has  the  advantage o f   p r o v i d i n g  a  model f o r  each 

species from which in jury ' leve ls  f o r  o t h e r  dosages may be   p red ic ted  with 
some measure o f   p r e c i s i o n ,   t a k i n g   i n t o   a c c o u n t   t h e   n o n - l i n e a r i t y   o f   t y p i c a l  

dose-response  curves. I n   . i t s   p r e s e n t  form,  however, it is  l i m i t e d   t o  
acu te   in ju ry ,   a l though  there   appears   to  be  no a p r i o r i  reason as t o  why 
i t  c o u l d   n o t   a l s o  be a p p l i e d   t o   c h r o n i c   i n j u r y ,   a l t h o u g h   t h i s ,   b y   d e f i n i t i o n ,  
would r e q u i r e   l o n g e r   e x p e r . i m e n t a t i o n .   S i n c e   t h i s   l a t t e r   e x t e n s i o n   i s   c u r -  

ren t ly   un t r ied ,   chron ic   in . ju ry   eva lua t ions   wou ld   p robab ly  be best  undertaken 

v i a   f i e l d   f u m i g a t i o n s .  

S imi la r   exper imenta t ion   shou ld   a lso  be  conducted on a g r i c u l t u r a l l y   i m p o r t a n t  

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

a l s i k e  and white  c lovers,   In-omgrass,  crested  wheatgrass,   orchardgrass,  
perennial   ryegrass,  reed canarygrass, t imothy,  oats. rye, faba bean, po ta to  
and tomato l i s t e d   ( f r o m  Canadian B i o  Resources Consul tants  Ltd.   informat ion) 

i n  Appendix F. Since  these  are a l l  grown (o r   cou ld  be grown) (at e leva t ions  
,elow those  w i th   the   g rea tes t  1 i ke l   i hood   o f   impac t ,   t hey   cou ld  be re legated 
t o  a  Group 7 i n  terms o f   o v e r a l l   p r i o r i t y .  

(b)   F ie ld   Fumigat ion  Studies i n  the  Hat Creek Region 

The type o f   f i e l d   f u m i g a t i o n   s u g g e s t e d   i s   t h a t  based  on the ZAPS approach . 
The r e l a t i v e   i n a c c e s s i b i l i t y   o f   f i e l d   p l o t s   r e p r e s e n t a t i v e  o f  the  vegetat ion 
m s t  vulnerable t o  a i r  emissions makes such  experimentation  exlxemely 

95 
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d, i f f icu l t  and cost ly .  However, three such plots  could be established 
w.ithin the Hat Creek region,  together w i t h  adjacent  control  plots. The 
three locations s h o u l d  be: 

(1 )  in  the  Clear Range, to  the SSW of the stack,  in the vicini ty  o f  
ERT receptor   s i tes  14 and 15; the s i te  selected  should be a t . a  
t ransi t ion of the  Alpine Sedge/ Grassland  associations and 
be Engelmann - Grouseberry  Association i f  possible; 

( 2 )  in the Arrowstone Hil ls ,  t o  the ENE of the stack, i n  the v ic in i ty  
of ERT receptor   s i tes  93 and 94; the site  selected  should be a t  
a t ransi t ion Of the  Douglas-fir - Bunchgrass - Pinegra.ss and Big 
Sage - Bunchgrass associat ions,   i f   possible;  and 

( 3 )  in the Cornwall Hills, t o  the SSE of the stack, i n  the  vicinity  of 
ERT receptor sites 123 and 124; the s i te  selected should be a t  a 
t ransi t ion of the Engelmann Spruce - Grouseberry - Pinegrass and 
Engelmann Spruce - Willow - Red Heather  associations, i f   possible .  

These three locations  are proposed since they would provide information  about 
the impact of SO2 on the major vegetation  associations a t   s i t e s  which a re  
l ikely  to show adverse  effects o f  a i r  emissions from  one o r  more of the 
generating  station/control  strategy  options. 

Establishment  of ZAPS plo ts   a t   these   loca t ions  would provide d i r ec t  inform- 
t i o n  on the magnitude o f  t h e  response t o  be expected from vegetation i n  s i tu,  
by programming the releases clf SO2 according t o  the patterns  of  concentrations 
pedic ted  by ERT modelling. The size of the plots could be reduced appreci- 
ably from the 0.6 ha size  of  those  plots  currently i n  use by the U.S. 
Environmental Protection Agency a t   Cols t r ip ,  Montana . A single  plot  per 
s i t e ,  20 x 20 m. would suffice.  Unlike the Cols t r ip   p rogram and design, 
with ports a t  3 m intervals ,  which lead  to  considerable  local  differences i n  
coilcentration,  ports a t  1 m intervals  s h o u l d  be used to  provide a mre uniform 
fumigation.  Furthermore, and again  unlike the Colstrip  plots which seek t o  
provide a continuous,  predetermined,  average SO2 level over each plot  through- 
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o u t  the growing season, t h e  pattern  of  fumigations used in the three Hat 
Creek plots should be based on selected  modelling, which mre   t ru ly   re la te  
to the types of fumigations t o  be expected from a distant  point  source. 

While i t  would be des~irablt! to  carry  out such fumigations  over  several 
growing seasons,  extremely  valuable  information  could be obtained from 
fumigations  carried  out over  periods  as  short  as one month,  preferably  in 
ear ly  sumner. 

The s i tes   selected  for  ZAPS plots provide for  the establishment  of  control 
plots  with  essentially the same vegetation and soi l   character is t ics .  These 
should be located  about 50 m dis tan t  i n  the direction  of the prevailing 
wind, to minimize the risk  of  drift   causing unwanted fumigations. While 
for  control purposes such plots  should  ideally be subjected t o  exposure t o  
compressed a i r  th rough  comparable manifolds, i t  appears t o  be unnecessary t o  
impose such a "treatment". Such control  plots would then  serve the dual 
purpose of  acting  as  controls  for the ZAPS plots ,  and as  baseline  plots  for 
future monitoring. 

The observations  to be made on the  vegetation  within the ZAPS and control 
plots  should  focus  initially on non-destructive  observations c'n the ground 
layer  vegetation,  over a period  of a month's  fumigations. A single  harvest 
of   aer ia l  biomass from selected m2 quadrats  at the s t a r t  and end o f  the 
fumigation  period would indicate  the  effects  of  treatment on the growth o f  

individual species. Detailed  information on the distribution and cover of 
each species  present  should be collected,   since i t  may be appropriate  to 
select  quadrats  deliberately  rather  than randomly in  order t o  reduce  varia- 
b i l i t y  and thereby  reduce the amount of replication needed. I n  se lect ing 
suitable  quadrat  locations, emphasis should be placed on the inclusion  of as 
many of  the  important  species  listed i n  the previous  section AS possible. 
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(c)  Baseline  Studies 

Other t h a n  the  three  control  plots  associated with the ZAPS plots  already 
described,  other  baseline  plots  are  desirable  in  order  to  provide  reference 
(data for  the  monitoring  program, and t o  reveal  the  succession changes 
which occur  independently  of a i r  emission  stress. However, these  are  best 
described i n  conjunction w i t h  the  post-startup  proposals, which are  pre- 
sented  in  Section 7.3. 

r 

I 
I 

7.3 POST-STARTUP  MONITORING 

Following the s tar t   of   operat ions  of   the  generat ing  s ta t ion,   there   wil l  
he  an ongoing need for  observations on both natural and agricul tural  
vegetation,  since  regardless of the  stack  height and control  st,rategy 
:.elected,  there is expected  to be measurable injury  to  vegetation i n  
certain  vulnerable  locations.  Equally  certain  is  the  likelihoa'd  that i n  
!.OM locations  nutritional  advantages  to  vegetation may accrue from fumi- 
(lations  with SO2 or NO2 or 130th a t  low concentrations. The impacts  of  the 
1.hree s t ra teg ies   a re ,  i n  or ' jer  o f  increasing  estimated  severity (Appendix 
1') : 

366 m stack FGD 
3$9 m stack MCS 
244 m stack MCS 

/L. 

l h e  estimated magnitudes o f  t h e  impacts  of  the  three  strategies  are, however, 
s ignif icant ly   different ,  so as  to make no s ingle  proposal for  vegetation 
oanitoring meaningful i n  terms of  sampling  intensity. While there  are a 
few particularly  vulnerable  locations which a re   l ike ly   to  be ad'versely 
affected by a l l   s t ra teg ies ,   the  number of  affected  locations  inlzreases 
dramatically as one progresses from the 366 m FGD t o  the 244 m MCS options. 

The objectives  of  post-startup  monitoring  are  clearly: 

(1.) t o  determine  the  accurrence and the  magnitude of  any short-term 
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effects  of  air   emissions on the local  vegetation; 
t o  determine the range of  response among individuals  within each 
species of importance,  in  order t o  identify  potentia'l  sources of 
germplasm which may possess  tolerance  to the a i r  emissions, and 
which hence may be of  great  value i n  terms of revegetation, where 
needed; and 
to measure the longer term effects,   particularly  ecological 
e f f ec t s ,   e i t he r  harmful or  beneficial ,   of  air   emissions on plant 
growth, species  composition and certain  soil  parameters. 

i n  each case, the objectives  include the desirabil i ty  of  acquiring  data 
.'ram which realist ic  estimates  of economic loss   o r   benef i t  may be prepared. 
Furthermore, i t  s h o u l d  be s t ressed  that ,   in   es tabl ishing the sites of 
rwnitoring  plots,   at tention must a l so  be paid  not  only t o  those  locations 
i l t  which adverse (or  beneficial)   effects  are  almost  certain  to  occur,  i n  
!;pite  of  the  satisfactory performance  of a particular  control  strategy, b u t  
also t o  locations  in which adverse  effects may occur as a result of unex- 
pected and unforeseen  circumstance, e.g., unusually  meteorological  conditions, 
malfunction or  breakdown of equipment in  the.generating  station!, human 
error ,   e tc .  These la t te r   loca t ions  need not be numerous, b u t  are l ike ly   to  
be those which generate  data  of  particular  importance i n  the event  of 
l i t i ga t ion .  While the ERT Imdelling  of the ground-level  concentrations of 
502 from the uncontrolled 3156 m stack,  operating under base load,  is   of use 
i n  assisting the  selection (of such si tes,  no comparable data are available 
t o  the wr i te r   for  the uncontrolled 244 m stack. In any event, even modelling 
i s  of limited value  in such s i te   se lec t ion   s ince  the s i tes   a re   essent ia l ly  
anticipatory and have large'ly t o  be selected by intui t ion.  

( a )  Vegetation  Monitoring 

( i )  Stack Emission!; 

Given that  the prime objective  of  biological  monitoring i s   t o  determine 
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cnanges which are  unequivocably a t t r ibu tab le  t o  the  operation  of  the Hat 
Creek project,  any mni tor ing  proposal must seek the  ideal compromise be- 
tdeen providing  too l i t t l e  information and too much. Essent ia l ly ,   th is  
mans  avoiding both  the  waste  of time and nmey  involved  in  acquiring 
inadequate  data and the  wastage of time and money th rough  "overkill". 

ERT mdel l ing  has  provided  (useful  data s e t s   f o r  each operating/control 
option, which indicate  those  locations which a re  most l ikely  to  receive 
impact.  Furthermore,  altho'ugh  there  are 20 vegetation  associations  in  the 
Hat  Creek region,  there  are many species commn to  several  associations. 
In addition,  those  associations which occur  at  the  higher  elevations,at 
which the  greatest  impact i:; likely,.nurber  approximately 10. On the  other 
hand, i t  would  be unwise to  confine  monitoring  sites t o  only  those  locations 
suggested  directly by ERT m~delling,  as  pointed  out above, par t icular ly  
because o f  uncertainties  inlierent  in  the  modelling  itself, because i t  is  '2 
based on a single  year's  meteorological  data. 

The matter  is  further  complicated by the  different   scale  o f  monitoring 
required  for each generating  station/control  strategy  option. In order  to 
be comprehensive, the  following  tabulations  of  suggested  monitoring  sites 
i s  arranged so that   those  s i tes   appropriate   to   the 366 m stack FGD option 
are   presented  f i rs t ,  followl?d in turn by those  additional  si tes recomnended 
fo r  the MCS strategy  with a 366 m stack and a 244 m stack  respectively. For 
ease of ident i f ica t ion ,  the  proposed locations  are i d e n t i f i e d  i n  relation 
t o  numbered ERT receptor   s i tes  or sectors .  . ,  , i  

- 266 m Stack FGD Strategy 

Plots  to be Located 
Receptor  Sector Within Association 

Sites  associated  with  elevated S02/N02 levels :  

0 -  

" 

14 
20 
35 
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Plots t o  be Located 
Receptor  Sector W i t h i n  Association 

36 
51 
52 

116 
123 
124 

Sites  selected  in  order t o  provide  information on other  associations 
i n  locations  in which exceptional  fumigations  are  likely t o  occur: 

12  
22 
34 
50 
93 

I n  the above l i s t i ng ,   t he   i n t en t   i s   t ha t  monitoring sites be established 
within  vegetation  representative  of the associations  indicated, be repre- 
sentative  of a range  of  fumigation  levels, and that  the s i t e s  be as  close 
as  possible  to  the ERT r e c e p t o r   s i t e   l i s t e d ,   a t   l e a s t  w i t h i n  the  relevant 
receptor  sector. I t  may  be that  some o f  the  existing  vegetation  plots  will 
meet these  guidelines and contain  important  baseline  data. These should be 
intensively  investigated. A total  of 38 plots  are  suggested. 

366 m Stack MCS Strategy 

” Receptor Sector 

13 
15 
21 
29 
44 

I -  
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P l o t s   t o  be  Located 
Receptor  Sector  Within  Associat ion 

63 
125 

Again,  the i n t e n t  i s  t h a t  these a d d i t i o n a l  19 p l o t s  be l o c a t e d   w i t h i n  

representat ive examples o f  t h e   a s s o c i a t i o n s   l i s t e d .   I n   t h i s  case, all the 

a d d i t i o n a l   s i t e s   r e l a t e   t o   a n t i c i p a t e d   i m p a c t .  No a d d i t i o n a l   s i t e s   t o  

p r o v i d e   i n f o r m a t i o n   i n   t h e   e v e n t   o f  unexpected  fumigations  appear t o  be 

necessary. A t o t a l   o f  57 p lo t s   a re   sugges ted   f o r   t h i s   op t i on .  

244 m Stack MCS S t r a t e g y  

The f o l l o w i n g   s i t e s   a r e   p r o p o s e d   i n   a d d i t i o n   t o   t h o s e   f o r   t h e  366 m s tack 

opt ions:  

Receptor  Sector 
P l o t s   t o  be Located 
Wi th in   Assoc ia t ion  

Si tes  assoc iated  wi th   e levated S02/N02 l e v e l s :  

6 

a 
16 
61 

70 
94 

107 
122 

! ; i tes  selected i n  o rder   to   p rov ide   in fo rmat ion  on t h e   e f f e c t s  a f  except ional  
"umi gat i ons : 

2 
11 

19 

42 

90 

" 
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The additional 32 plots  suggested above br ings the  total  number of s i t e s   f o r  
th i s   s t ra tegy  t o  89. However, th i s   s t ra tegy   a l so  requires that  several 
additional  plots be established beyond the 25 km l imit   of the local zone 
o f  impact, t o  the S ,  SSW and NNW, i .e .  beyond ERT receptor sites 8, 16 
and 64. This i s  because the ERT modelling indicates  that  the trends i n  
expected peak SO, concentrations  are either s t i l l  rising as one moves 
outward from the  stack anti reaches the o u t e m s t   s i t e ,   o r  have merely 
levelled  off .  Hence, impact may well be anticipated beyond these si tes,  
and i t   i s  suggested  that a t   l e a s t  one s i t e  be established  approximately 3 km 
beyond the  outermost  receptor s i te  on each axis. The precise number of such 
s i t e s  cannot be suggested a t  this time, since  the  locations in question  are 
beyond the limits  of  the  detailed  vegetational mapping. 

I n  addition t o  the above recommended plots ,  a representative  control  si te 
should be established  outside the local zone of  impact for each vegetation 
association shown to  be impacted by a i r  emissions. These control  si tes 
should be close  as  possible,  representative  of the climate,  vegetation, 
elevation,  soil  and stand  characteristics  of  those found i n  the Hat Creek 
area. The selection  of  these  control  si tes  is  undoubtedly t h e  most d i f f i c u l t  
task. 

Since the value  of a monitoring p r o g r a m  hinges on i t s   a b i l i t y  t o  demon- 
s t r a t e  change,  not a l l   s i t e s  need to  be the focus of detailed  study. 
I n i t i a l l y ,  i t  i s  suggested t h a t  a de ta i led   f lo r i s t ic   ana lys i s  be made o f  

each site,   including a photographic  record when startup  occurs. Semi- 
annual o r  annual plot  inspections would be adequate  thereafter. 
In these  inspections, emphasis would be placed on observing symptoms which 
may occur and be at t r ibutable   to   a i r   emissions.  The use o f  law-level  aerial 
colour  infrared photography would be invaluable i n  detecting ear ly  changes 
in  vegetation, such as s t r e s s  and t i s sue  damage. This type o f  imagery could 
be ut i l ized  e i ther   as  a photographic  record fo r  each plot  or pre-determined 
transects  could be flown a t   s e t   i n t e rva l s .  Annual flights  during  the growing 
season would probably be adequate  in  order t o  record  natural  vegetation 
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While the majority  of the plots would be utilized  as  visual  inspection  plots 
for  symptom a t t r ibu tab le  t o  a i r  emissions, some plots  should be designed 
to   co l l ec t  very detailed  vegetation and soils  information. These detailed 
mnitor ing  plots  should b e  located  in  particularly  vulnerable  locations, 
where adverse  effects   to   a l l   levels  o f  vegetation  are  likely  to  occur. In 
addition, one or  two plots should be located i n  areas predicted to  receive 
low-levels  of air  pollutants.  Information  to be collected on these  plots 
would  be detailed and time-consuming. Detailed  biomass, mechanical vegeta- 
tion  cover  estimates,  insect and disease  populations, and growth and pro- 
ductivity measurements should be undertaken a t  each p lo t  on a regular  basis 
before  startup and a f t e r ,   t o   t ry   t o   e s t ab l i sh  the natural   variabil i ty  as 
well  as  impact  caused by a.ir   pollutants I 

No attempt has been made t o  determine the ecological methods or  plot  types 
 to be used i n  the  monitoring programme. Before this can be attempted, the 
exact  objectives, monies a,vailable, and intensity  of the study must be 
determined. Many methods are   avai lable  and vary i n  accuracy and time . 

factors.  These should be chosen t o  suit the study  objectives,. The use of 
already  established  vegetation  plots  could  reduce  costs, b u t  'it should be 
emphasized that  the  ecolosical methods necessary  to  properly  analyze changes 
due to   a i r   po l lu tan ts  must, be  more detailed.  However, the  present  vegeta- 
t i o n  d a t a  does p r o v i d e  baseline  data, i n  order  to  help  select  future moni- 
toring  plots and provides  that many could be used for  the less  extensive 
monitoring  plots  or the detailed  plots i f  more information is   col lected.  

Furthermore,  very l i t t l e  has been said on what emissions  to  monitor. 
Naturally, the best   s i tuat ion would be t o  monitor a l l  types o f  emissions 
emanating from the stack. However, as the previous a i r  emission impact 
analysis  indicates,  many of the emissions would probably have no impact 
(ozone,  carbon monoxide, hydrocarbons and oxides o f  nitrogen),  while  other 
emissions may have a minor impact (par t iculates ,  trace elements and .fluorides). 
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Undoubtedly, the greatest impact would be a r e su l t  of combined SO,/NOx 
fumigations.  Consequently, the order  of  priority  should be: S802/NOx, 

. ' luorides,  particulates anci trace  elements, and other  emissions (ozone, 
carbon monoxide and  hydrocarbons). 

( i i )  Cooling Tower Emissions 

I n  addition  to  the  monitoring  sites  listed above, several p l o t  s i t e s  should 
tle located t o  observe the effects  of the cooling tower emissions. A lack 
of  information is   present  because of the type  of  cooling  water used 
(non-brine). A similar programne could be developed as was suggested 
for  stack  emissions  (Section  7.3(a)),  although much less  intensive because 
of the size  of the area  affected by cooling tower emissions. Both visual 
imd detailed  plots  could be established  along the various  deposition zones 
indicated by ERTC3 and in  the  different  vegetation  associations. Because 
the  major two emissions t h a t  may affect  vegetation  are  moisture and  the 
sal t   content  o f  this  moisture,  these  monitoring  plots  should  coincide  with 
those  suggested for the  soi ls .  Any change in  the  soil  moisture regime or  
increase i n  the  salinity-alkalinity  of the surface  soils  could  alter the 
rpecies  composition and growth patterns  of  the  vegetation. 

( i i i )  Ash and Mine  Waste Disposal  Monitoring 

The waste dumps and especially the ash  disposal  area have been shown to  con- 
t.ain  relatively h i g h  amounts o f  toxic  trace  elements. Most studies  indicate 
tha t  no leaching from these  areas would occur 89, ". However, because the 
F'otential  does e x i s t  f o r  these tox ic  trace  elements  to  get i n t o  the eco- 
system, monitor ing should  take  place. Both vegetation and so i l s   mni tor ing  
(which will be discussed  in  Section 7 . 3 ( b )  should be conducted); 

l'he vegetation  mnitoring programme  would, include  tissue  sampling  of the 
begetation. All vegetation  parts i .e. ,  leaves,  stems,  roots,  should be 
sampled, as well as  trees,  ,shrubs, grasses and herb species  in order to  
e s t ab l i sh   i f  any changes an?  occurring  in  trace element concentrations 
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alove the baseline  levels  established  before the operation  of  tliese  waste 
disposal  areas begin.  

( i v )  Dust Monitoring 

Dust has been indicated i n  Sect ion  5 .4(c)( i )C.   to  be a potential problem during 
tile operation  phase, depend'ing on the r e l i a b i l i t y  of the dust suppression 
techniques  proposed. Dust could  reduce  the  productivity and cause m r t a l i t y  
in   suff ic ient   quant i t ies  and  chemical compositions. However, l i t t l e   i n -  
formation ex i s t s  on what levels  are  necessary  to  cause  injury. 

I n  order  to  determine i f  du!;t i s  going t o  cause  significant  injury,  vegeta- 
tion  plots  should be established  to  monitor any changes in  leaf  condition, 
insect  and disease  occurrences,  or changes in tree growth. High  volume 
samplers  should be associated w i t h  each  plot. Analyses  should be conducted 
on the  dust ,   particles  collected  for  particle  size  distribution,  trace 
element  content, and chemical composition  of  the  dust. The leaf  condition 
o f  trees  (conifers and deciduous),  broad-leaved  herbs, and grasses  should 
be visually  inspected,  increases  in the occurrence  of  insects and disease 
should be noted, and growth measurements should be taken on selected  coni- 
ferous and deciduous trees.  Climatic  data  should be kept,  especially the 
cccurrence,  intensity, and 'length of the wetting  periods  of  rainfall events. 
lhe number of these plots need not  exceed six, b u t  should be located a t  
different  distances from  the mine and occupy various  topographic  locations, 
so  terrain  influences  are  alxounted for. 

( b )  Soil Monitoring 

( i )  Stack Emission:j 

!tack  emissions are thought t o  have r e l a t i v e l y   l i t t l e  impact on the  soil 
r'esource. Acid precipitation may be important  in  areas  in the regional 
study  area  having a granitic  parent  material. However, E R f 3  predictions 
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.indicate  only small changes, in  percipitation pH may occur,  negating any 
major  impact.  Probably of  greatest  importance i n  a soil  monitoring scheme 
' is trace  elements.  Early  baseline  inventories by ERF4 indicate   that  
!;everal trace  elements,  i.e.  arsenic,  selenium, cadmium,  chromium  and 
.'luorine, were present a t   l eve ls   h igher  than would be expected,. The  mon- 
. i tor ing of  these  elements i s  important  because  of  the impact they may have 
on livestock and wi ld l i fe   i f   they   a re  accumulated i n  the  vegetation which 
.:he animals  eat. 

II " 
'This type  of  soil  monitoring  program  should  coincide w i t h  t ha t  of the 
,legetation  monitoring programne. Fewer soil   plots  are  necessary,   since i t  
, is  only  necessary  to sample in  areas  predicted  to  receive  relatively high 
'levels  of air   pollutants.   If   significant  accumulation i s  occurring on these 
:sites,  further  expansion of: the programme may be necessary.  Control s i t e s  
:;hould be located  outside  t.he zone of  influence. Both so i l  samples and 
'legetation samples should be taken to   es tabl ish whether certain  trace 
elements  are  accumulating  in  the  soil  as well a s   i f  they  are mobile and 
being  absorbed by the  vegetation. 

Iiix-month sampling  periods  are  probably  sufficient  to  detect  significant 
changes in  trace  element  levels. These should begin before  operational 
! ; t a r t u p  and continue  throughout  the  operation  period  or u n t i l  i t  i s  es ta-  
blished  whether or not  accumulation i s  occurring. 

( i i )  Cooling Tower Emissions 

As indicated  earlier  (Section  5.2(c)(i)E.) ,   the  addition  of  moisture and 
! ;a l ts  from the  operation o f  the  cooling towers my  lead  to  increased  soil  
lnoisture and  s a l t   l eve l s  i n  t he   so i l ,  thus, having a potentially  beneficial  
or negative impact on the  vegetation. Monitoring  of the so i l  nloisture,  soil 
p H ,  electrical   conductivity,  and  ava i l ab i l i t y  of  the  macro-nutrients would 
be the minimal programne necessary  to document so i l  changes. Baseline 
.inventories  should be  done beginning a t   l e a s t  two years  before  operation w i t h  
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sampling to  occur a t  monthly intervals  after  operation begins. Observations 
of any vegetation changes  such as  leaf  condition, changes or  mortality 
!;hould be documented. Soil  plots  designed  to  note changes due to  cooling 
.:ewer operation should be located a t  radial   in tervals  from the cooling 
::owers, in  the various zones  of deposition  predicted by ERF4, t o  establish 
where changes  in the soi l  character is t ics  begin t o  exhibi t  differences from 
.:he baseline  data. 

The soi l   p lots  should consist  of soil   horizon  identification w i t h  sampling 
of  soil   moisture,   soil  pH, electrical   conductivity,  and analys'is for macro- 
nutr ients  done on a horizon  basis. Undoubtedly, the upper hor'izons would 
exhib i t   the   ear l ies t  and most def in i t ive  changes. 

( i i i )  Ash and Mine Waste Monitoring 

::t was established  in  Section  5.2(c)(i)F.  that  providing the technical 
-nformation was accurate, no impact from trace  elements  escaping from the 
nine and plant  waste dump would occur. However, the high levels  of mobile 
ilnd toxic  trace  elements  present i n  the waste  disposal  areas  especially the 
ilsh disposal  area,  necessit.ate a closer  investigation of these  areas. 
Although any impact would  be localized, the secondary  impact on livestock 
and wi ld l i fe  consuming contaminated  vegetation  could be much greater. 

Such a programme t o  monitor the possible  seepage  of  trace  elements from the 
waste  areas  could  include  the use o f  lysimeters  to  collect  the seepage 
th rough  the so i l  and determination o f  the constituents removed. As well, 
actual  soil  samples should be taken  throughout the soi l   prof i le  and vegeta- 
t ion samples taken to   es tabl ish whether the so i l  or vegetation is  absorbing 
trace  elements. The location  of the sample plots would be governed by those 
areas where seepage may occur and travel a distance from the waste  disposal 
; \rea,  and areas  that  slope away from the waste  disposal  areas. 

a -  
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