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1 Province of 
British Columbia 

Ministry of 
Energy, Mines and 
Petroleum Resources MEMORANDUM 

To: P a r t i c i p a n t s 7 A p r i l 1987 
Mine Development Review Process 
(see a t t a c h e d D i s t r i b u t i o n L i s t ) 

Re: Mount Klappan C o a l P r o j e c t -
Formal Stage II Submission ( A p r i l , 1987) 

Fo l l o w i n g a sc r e e n i n g , the MDSC has accepted a 5-volume Stage II 
submission from G u l i Canada Corp. f o r formal d e t a i l e d review. 
The volumes are as f o l l o w s : 

I - Summary 
II - Development Pl a n 
I I I - Environmental Assessment 
IV - Socio-Economic 
V - Community P r o f i l e s 

The submission addresses the mine, o p t i o n a l o n - s i t e power p l a n t 
and s e t t l e m e n t / t r a n s p o r t a t i o n / w o r k e r r o t a t i o n s t r a t e g y , and 
review i s being c o o r d i n a t e d by the MDSC. The goal i s to seek 
one o v e r a l l p r o j e c t a p p r o v a l - i n - p r i n c i p l e d e c i s i o n from the 
Cabinet ELUC. However, the Environmental Working Group of the 
Northwest Task Force, not the MDSC, i s h a n d l i n g the e n v i r o n 
mental review of o f f - s i t e p r o j e c t components. The EWG has 
al r e a d y reached the p o i n t where i t i s prepared to support 
a p p r o v a l - i n - p r i n c i p l e f o r the o p t i o n a l t r a n s m i s s i o n l i n e hookup 
to the i n t e g r a t e d g r i d at Aiyansh. It i s now about to review 
major e n g i n e e r i n g and environmental submissions f o r the proposed 
road access through the Bell-Irving/Sweeny c o r r i d o r . To date, 
i t i s not c l e a r when and i n what form a p r o p o s a l f o r a c o a l 
s h i p p i n g f a c i l i t y i n Stewart would be presented, but i t would 
l i k e l y be handled by the EWG. 

Bearing i n mind the umbrella d e c i s i o n which i s u l t i m a t e l y 
intended, you are asked t o review the enclosed Stage II 
submission, and to convey review comments to me by no l a t e r than  
1987-06-16. S p e c i f i c a l l y with r e s p e c t to the p r o j e c t components 
addressed i n the submission, p l e a s e respond to the f o l l o w i n g 
q u e s t i o n s : 

1. Does you agency support Stage II a p p r o v a l - i n - p r i n c i p l e ? I f 
not, p l e a s e e x p l a i n i n d e t a i l the i s s u e s and i n f o r m a t i o n 
gaps which are the b a s i s f o r w i t h h o l d i n g support. Issues 
should be those which c a s t doubt on the o v e r a l l t e c h n i c a l 
a c c e p t a b i l i t y of the p r o j e c t . Other i s s u e s can be addressed 
at Stage I I I . 
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2. Does your agency have any o u t s t a n d i n g p e r m i t t i n g or non-
r e g u l a t o r y concerns which should be addressed at Stage I I I ? 
P e r m i t t i n g agencies should i n d i c a t e t h e i r p e r m i t t i n g 
requirements. Stage I I I concerns, whether p e r m i t t i n g or 
non-regulatory, are those which do not c a s t doubt on the 
o v e r a l l a c c e p t a b i l i t y of the mining p r o j e c t , but which 
r e q u i r e r e s o l u t i o n before p r o j e c t c o n s t r u c t i o n . 

P lease c o n s u l t your Stage I review comments, copied to you under 
cover of my 1985-11-20 l e t t e r t o Gulf, i n conducting your 
Stage II review. 

Raymond L. Crook 
Chairman 
Mine Development S t e e r i n g Committee 
c/o M i n e r a l P o l i c y and E v a l u a t i o n 

Attachment: S e l e c t e d volumes, Stage II 
submission (see D i s t r i b u t i o n ) 

c c s : L. S i v e r t s o n 
B. McRae 
E. P i e t r a s z e k 
T. S c h r o e t e r 
R. Smyth 
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ENVIRONMENTAL ASSESSMENT - EXECUTIVE SUMMARY 

F o l l o w i n g G u l f ' s s u b m i s s i o n o f t h e Stage I Assessment i n 1985, a number o f 
a d d i t i o n a l e n v i r o n m e n t a l s t u d i e s were con d u c t e d i n 1985 and 1986. These 
s t u d i e s have expanded the b a s e l i n e i n f o r m a t i o n a v a i l a b l e on t h e n a t u r a l 
environment o f t h e Mount Klappan a r e a w h i l e a t t h e same time a d d r e s s i n g a 
number o f p a r t i c u l a r c o n c e r n s r a i s e d f o l l o w i n g t h e Stage I s u b m i s s i o n . 

T h i s volume p r o v i d e s t h e d a t a , a n a l y s i s and impact assessment f i n d i n g s 
r e s u l t i n g from t h e s e s t u d i e s . The volume has been s e g r e g a t e d i n t o s i x 
p a r t s . P a r t One p r o v i d e s i n t r o d u c t o r y comments, P a r t Two - A t m o s p h e r i c 
Environment p r e s e n t s a d d i t i o n a l c l i m a t e d a t a and an assessment o f the 
p o t e n t i a l impacts o f a i r e m i s s i o n s from an o n - s i t e thermal g e n e r a t i n g power 
p l a n t . P a r t Three - A q u a t i c Environment c o n t a i n s t h e assessment o f water 
q u a l i t y impacts a s s o c i a t e d w i t h t h e p r o j e c t . In P a r t Four, i m p l i c a t i o n s o f 
t h e P r o j e c t on t h e s o i l s , v e g e t a t i o n and w i l d l i f e a s p e c t s o f t h e T e r r e s t r i 
a l Environment a r e a s s e s s e d . H e r i t a g e Resources a r e a d d r e s s e d i n P a r t 
F i v e . F i n a l l y , a summary o f impacts and proposed m i t i g a t i o n measures i s 
p r e s e n t e d i n P a r t S i x . 

The f o l l o w i n g s u b - s e c t i o n s r e v i e w t h e p r i n c i p a l c o n c l u s i o n s o f t h e e n v i r o n 
mental assessment program. 

ATMOSPHERIC ENVIRONMENT 

The c l i m a t e i n t h e Mount Klappan a r e a i s i n many ways i d e a l f o r m i n i n g . 
R a i n f a l l and s n o w f a l l a r e modest, t e m p e r a t u r e s a r e c o o l a n d winds are 
l i g h t . Extreme c o n d i t i o n s a r e r e l a t i v e l y r a r e and a r e not e x p e c t e d to 
cause any o p e r a t i o n a l problems. 

The p r i n c i p a l s o u r c e o f p o t e n t i a l impact on t h e a t m o s p h e r i c environment 
a s s o c i a t e d w i t h t h e Mount Klappan p r o j e c t would be power p l a n t s t a c k 
e m i s s i o n s . S u l p h u r d i o x i d e i s t h e e m i s s i o n o f g r e a t e s t c o n c e r n . However, 
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the c o m b i n a t i o n o f low s u l p h u r f u e l , s u l p h u r c a p t u r e by c a l c i u m d u r i n g 
combustion and t h e s m a l l s c a l e o f t h e p l a n t w i l l r e s u l t i n o n l y about 0.6 
tonnes o f s u l p h u r d i o x i d e r e l e a s e p e r day. N i t r o g e n o x i d e s e m i s s i o n s , 
which a r e a se c o n d a r y c o n c e r n , would be even l e s s . These low d i s c h a r g e 
l e v e l s a r e f a r below many common i n d u s t r i a l p r o c e s s f a c i l i t i e s o p e r a t i n g i n 
B r i t i s h Columbia w i t h d i s c h a r g e s r a n g i n g from 7 t o 65 tonnes o f s u l p h u r 
d i o x i d e p e r day. 

The ambient annual average c o n c e n t r a t i o n s o f s u l p h u r d i o x i d e w i l l f o r the 
most p a r t be o n l y a smal l f r a c t i o n o f B r i t i s h Columbia's s t r i c t e s t a i r 
q u a l i t y o b j e c t i v e s and w i l l p r o b a b l y be u n d e t e c t a b l e i n most a r e a s . Even 
i n t h e r e s t r i c t e d zone where t h e maximum annual c o n c e n t r a t i o n i s p r e d i c t e d , 
t h e s u l p h u r d i o x i d e l e v e l s w i l l o n l y be about 30 p e r c e n t o f t h e B.C. 
P o l l u t i o n C o n t r o l O b j e c t i v e o f 0.01 ppm. C o n c e n t r a t i o n s i n t h e S p a t s i z i 
P l a t e a u W i l d e r n e s s Park w i l l be about 3 p e r c e n t o r l e s s o f t h e o b j e c t i v e . 

Worst c a s e 1-hour c o n c e n t r a t i o n s o f s u l p h u r d i o x i d e were a l s o s t u d i e d . 
T h i s would o c c u r when a v e r y s t r o n g i n v e r s i o n and v e r y l i g h t winds p e r s i s t 
such t h a t t h e power p l a n t plume s p r e a d s t o f i l l t h e v a l l e y i n a t h i n , 
c o n c e n t r a t e d band. The peak c o n c e n t r a t i o n s would o c c u r where t h i s band 
comes i n t o c o n t a c t w i t h t h e v a l l e y w a l l s . A n a l y s i s o f t h e m e t e o r o l o g i c a l 
d a t a i n d i c a t e s t h a t t h e f r e q u e n c y o f e v e n t s when a l l t h e n e c e s s a r y 
c o n d i t i o n s a r e met f o r s u f f i c i e n t time t o a l l o w t h e plume t o f i l l t h e 
v a l l e y i s e x c e e d i n g l y r a r e . N e v e r t h e l e s s , i f t h e phenomenon s h o u l d o c c u r , 
t h e c o n c e n t r a t i o n i s s t i l l p r e d i c t e d t o be l e s s than o n e - f i f t h o f t h e most 
s t r i n g e n t 1-hour maximum p o l l u t i o n c o n t r o l o b j e c t i v e . The ambient annual 
average and 1-hour c o n c e n t r a t i o n s f o r s u l p h u r d i o x i d e , n i t r o g e n o x i d e s and 
car b o n monoxide a r e summarized below. 
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Maximum Ambient C o n c e n t r a t i o n s - Power P l a n t E m i s s i o n s 

Parameter 

S u l p h u r D i o x i d e 
Annual Average 
1 h r . Maximum 

U n i t * 

ppmv 
ppmv 

B.C. P o l l u t i o n 
C o n t r o l O b j e c t i v e 

0.01 
0.17 

0.03 
0.34 

Mount Klappan 
Maximum Ambient 
C o n c e n t r a t i o n 

0.003 
0.032 

N i t r o g e n Oxide 
Annual Average 
1 h r . Maximum 

ppmv 
ppmv 

0.04** 
0.16 - 0.4 

0.005 
0.055 

Carbon Monoxide 
Annual Average 
1 h r . Maximum 

ppmv 
ppmv 5.7 - 11.2 

0.002 
0.033 

* P a r t s p e r m i l l i o n v o l u m e t r i c 
** F e d e r a l S t a n d a r d - Maximum D e s i r a b l e 

The o v e r a l l s m a l l s c a l e o f t h e p l a n t , a l o n g w i t h t h e a i r q u a l i t y c o n t r o l 
f e a t u r e s i n h e r e n t i n t h e power p l a n t d e s i g n and o p e r a t i n g p r o c e d u r e s w i l l 
r e s u l t i n n e g l i g i b l e e f f e c t s on a i r q u a l i t y i n t h e Mount Klappan a r e a . 

S u l p h u r d e p o s i t i o n on s o i l and s u r f a c e waters was a l s o m o d e l l e d . Due t o 
the v e r y s m a l l amount o f s u l p h u r r e l e a s e d from t h e power p l a n t , d e p o s i t i o n 
r a t e s were a l s o found t o be v e r y low. T r a c e metal e m i s s i o n s were found t o 
be o r d e r s o f magnitude below c o n t r o l o b j e c t i v e s . The impact on s o i l s , 
w ater c h e m i s t r y and v e g e t a t i o n i n t h e a r e a w i l l be n e g l i g i b l e . 

AQUATIC ENVIRONMENT 

Water q u a l i t y i n t h e Mount Klappan a r e a i s good. D i s c h a r g e s t o t h e L i t t l e 
Klappan R i v e r and Fox Creek from t h e p r o j e c t a r e a a r e not e x p e c t e d t o 

x v i i i 



EXECUTIVE SUMMARY 

change t h i s s i t u a t i o n . An e x t e n s i v e system o f d r a i n a g e d i v e r s i o n c h a n n e l s 
and sediment ponds w i l l reduce suspended s o l i d s c o n c e n t r a t i o n s t o t h e B.C. 
P o l l u t i o n C o n t r o l O b j e c t i v e o f 50 mg/1. These s u r f a c e water management 
f a c i l i t i e s w i l l r e s u l t i n n e g l i g i b l e impacts on stream b i o t a i n s i t e water
c o u r s e s . 

In a d d i t i o n t o t h e s u r f a c e r u n o f f , a l l o t h e r e f f l u e n t s from t h e p r o j e c t 
would be passed through t h e sediment and t r e a t m e n t ponds, o r i n t h e ca s e o f 
mine o f f i c e / d r y complex sewage, a t i l e f i e l d . These e f f l u e n t s i n c l u d e 
t a i l i n g s , sewage, water d r a i n e d from t h e p l a n t o r maintenance a r e a s , p i t 
water and d r a i n a g e from t h e waste r o c k d i s p o s a l a r e a . 

A n a l y s i s o f t h e waste r o c k m a t e r i a l s has shown t h a t t h e y c o n t a i n an 
abundance o f acid - c o n s u m i n g r o c k and a c c o r d i n g l y , a c i d mine d r a i n a g e i s not 
e x p e c t e d . T r a c e c o n c e n t r a t i o n s o f n i t r o g e n w i l l be added t o t h e L i t t l e 
K lappan R i v e r due t o s o l u b l e , unconsumed r e s i d u a l s from e x p l o s i v e s i n the 
waste r o c k . I t i s ex p e c t e d however t h a t t h e l e v e l s w i l l not exceed water 
q u a l i t y c r i t e r i a and may i n f a c t be b e n e f i c i a l t o t h e n u t r i e n t d e f i c i e n t 
system. A l l d i s c h a r g e s w i l l meet f i n a l e f f l u e n t o b j e c t i v e s and t h e e f f e c t s 
on water q u a l i t y a r e e x p e c t e d t o be n e g l i g i b l e . 

W hile d r a i n a g e p a t t e r n s i n t h e a r e a w i l l be a l t e r e d somewhat t o d i v e r t and 
c o l l e c t r u n o f f , t h e h y d r o l o g y o f streams downstream o f t h e immediate 
p r o j e c t would remain e s s e n t i a l l y u n a l t e r e d . F i s h p o p u l a t i o n s and f i s h 
h a b i t a t i n a r e a streams a r e l i m i t e d o r n o n - e x i s t e n t . Water q u a l i t y w i l l 
not be s i g n i f i c a n t l y a f f e c t e d and as a r e s u l t , f i s h e r i e s impacts a re 
e x p e c t e d t o be n e g l i g i b l e . 

TERRESTRIAL ENVIRONMENT 

E f f e c t s on v e g e t a t i o n and w i l d l i f e i n t h e p r o j e c t a r e a w i l l be l o c a l i z e d 
and minimal a p a r t from t h e d i r e c t l o s s o f t h e l a n d used by t h e p r o j e c t . A 
s u r v e y was co n d u c t e d t o i d e n t i f y r a r e p l a n t s p e c i e s which would be 
a f f e c t e d . F o u r t e e n s p e c i e s c l a s s i f i e d as r a r e were i d e n t i f i e d i n the 
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p r o j e c t a r e a but i t was a l s o d e t e r m i n e d t h a t t h e s e p l a n t s a r e not r a r e i n 
t h e r e g i o n . The impact o f the L o s t - F o x Mine w i l l be l i m i t e d t o t h e l o s s o f 
a few i n d i v i d u a l s . No p o p u l a t i o n s o f r a r e p l a n t s w i l l be l o s t as t h e s e 
s p e c i e s o c c u r i n o t h e r l o c a t i o n s u n a f f e c t e d by t h e development. 

Impacts on v e g e t a t i o n due t o power p l a n t s t a c k e m i s s i o n s i n t h e form o f 
s u l p h u r d i o x i d e (SO^) c o n c e n t r a t i o n s o r s u l p h u r d e p o s i t i o n a r e p r e d i c t e d t o 
be n e g l i g i b l e . A t Mount Klappan, th e w o rst c a s e maximum 1-hour 
c o n c e n t r a t i o n , which would r a r e l y o c c u r , i s p r e d i c t e d t o be about 0.03 ppm. 
T h i s i s l e s s than 10 p e r c e n t o f t h e c o n c e n t r a t i o n (0.4-0.5 ppm) where 
damage c o u l d be o b s e r v e d i n t h e most s e n s i t i v e s p e c i e s . 

S t u d i e s o f l o n g - t e r m exposure o f l i c h e n s t o SOg, l i c h e n s b e i n g t h e most 
s e n s i t i v e p l a n t s p e c i e s , i n d i c a t e t h a t r e l a t i v e l y low annual c o n c e n t r a t i o n s 
may a f f e c t l i c h e n h e a l t h . A l l a r e a s i n t h e Mount Klappan r e g i o n w i l l be 
exposed t o l e v e l s t h a t are f a r below l e v e l s where o b s e r v a b l e i n f l u e n c e s on 
l i c h e n would be d e t e c t e d . 

The p r e d i c t e d maximum s u l p h u r d e p o s i t i o n r a t e o f 5.5 kg/ha a n n u a l l y i s a l s o 
f a r below l e v e l s where s i g n i f i c a n t change i n s o i l c h e m i s t r y o r p l a n t 
v i t a l i t y would o c c u r . No a s p e c t o f power p l a n t s t a c k e m i s s i o n s has been 
d i s c o v e r e d which would have o t h e r than n e g l i g i b l e impacts on v e g e t a t i o n . 

C a r i b o u and g r i z z l y bear a r e the w i l d l i f e s p e c i e s i n t h e r e g i o n p o t e n t i a l l y 
most s e n s i t i v e t o mine development. E x t e n s i v e s i t e i n v e s t i g a t i o n s and 
r a d i o - c o l l a r t r a c k i n g s t u d i e s have shown t h a t c a r i b o u do not u t i l i z e the 
p r o j e c t a r e a d u r i n g any o f t h e s e n s i t i v e s t a g e s o f t h e i r s e a s o n a l 
a c t i v i t i e s . T h e r e * r e no r u t t i n g a r e a s , b i r t h i n g s i t e s o r w i n t e r range 
a c t i v i t i e s i n t h e Mount Klappan a r e a . There i s some m i g r a t i o n t h r o u g h the 
a r e a i n t h e s p r i n g and l a t e summer but no i n t e n s e use o f t h e p r o j e c t a r e a 
and no c o n c e n t r a t i o n s o f a n i m a l s d u r i n g t h i s p e r i o d . I t i s e x p e c t e d t h a t 
c a r i b o u w i l l p r o b a b l y s i m p l y s k i r t a r e a s o f m i n i n g a c t i v i t y d u r i n g t h e i r 
movements th r o u g h t h e r e g i o n and o v e r a l l impacts on t h e S p a t s i z i a r e a 
c a r i b o u w i l l be m i n i m a l . 
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EXECUTIVE SUMMARY 

G r i z z l y bear hunt and f o r a g e o v e r e x t e n s i v e t e r r i t o r i e s and have been 
o b s e r v e d i n t h e Mount Klappan a r e a on o c c a s i o n . The g r i z z l i e s a r e most 
s e n s i t i v e t o d i s t u r b a n c e d u r i n g t h e w i n t e r and s p r i n g when t h e y a r e i n 
t h e i r dens o r have new-born cubs. No denning by g r i z z l i e s has been 
d i s c o v e r e d i n t h e p r o j e c t a r e a . G r i z z l y bear w i l l g e n e r a l l y a v o i d the 
p r o j e c t a r e a and l a r g e l y be u n a f f e c t e d by t h e development. 

The b a s i c impact on c a r i b o u , g r i z z l y bear and o t h e r w i l d l i f e s p e c i e s i n the 
p r o j e c t a r e a w i l l be t h e temporary l o s s o f use o f t h e l a n d t h a t t h e p r o j e c t 
o c c u p i e s . These l a n d s however p r e s e n t l y r e p r e s e n t zones o f o n l y modest 
w i l d l i f e u t i l i z a t i o n . They do not encompass any u n i q u e l y v a l u a b l e h a b i t a t 
and no i n t e n s e o r c r i t i c a l use by any s p e c i e s has been i d e n t i f i e d . 
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PART ONE - INTRODUCTION 

1.0 BACKGROUND  

The Stage II e n v i r o n m e n t a l assessment f o r t h e Mount Klappan A n t h r a c i t e 
P r o j e c t i s f o c u s s e d on the i s s u e s r a i s e d by t h e mine Development S t e e r i n g 
Committee f o l l o w i n g t h e r e v i e w o f t h e Stage I s u b m i s s i o n . The s p e c i f i c 
i s s u e s a r e i d e n t i f i e d i n t h e i r r e v i e w document d a t e d June, 1986. 

T h i s s u b m i s s i o n does not i n c o r p o r a t e t h e Stage I document but uses the 
e n v i r o n m e n t a l i n f o r m a t i o n c o n t a i n e d t h e r e i n , a l o n g w i t h new i n f o r m a t i o n 
o b t a i n e d from a d d i t i o n a l f i e l d s t u d i e s and a n a l y s i s f o r t h e assessment o f 
impact. The r e a d e r i s d i r e c t e d t o t h a t document f o r a d d i t i o n a l d a t a on 
b a s e l i n e c o n d i t i o n s i n t h e n a t u r a l environment and impact a n a l y s i s f o r 
a r e a s not c o v e r e d i n t h i s volume. 

The p r o j e c t development p l a n d e s c r i b e d i n Volume I I , which i s based on an 
e x t e n s i v e e n g i n e e r i n g f e a s i b i l i t y s t u d y , a l l o w s a more s p e c i f i c assessment 
o f impact than was p o s s i b l e based on t h e c o n c e p t u a l d e s i g n i n Stage I. The 
assessment i n c l u d e s an e v a l u a t i o n o f a l t e r n a t i v e s where a p p r o p r i a t e . 

The p r o j e c t development p l a n d e s c r i b e d i n Volume II o f t h i s s u b m i s s i o n 
p r o v i d e s e s s e n t i a l background f o r p l a c i n g t h e e n v i r o n m e n t a l e v a l u a t i o n s 
c o n t a i n e d i n t h i s volume i n t o c o n t e x t . In p a r t i c u l a r , P a r t S i x o f Volume 
II - E n v i r o n m e n t a l Management, d e s c r i b e s many o f t h e e n v i r o n m e n t a l impact 
m i t i g a t i v e f e a t u r e s i n c o r p o r a t e d i n t h e assessment a n a l y s e s d e s c r i b e d i n 
t h i s volume. 

T h i s e n v i r o n m e n t a l assessment volume i s s t r u c t u r e d as a s e t o f r e l a t i v e l y 
i ndependent r e p o r t s each a d d r e s s i n g p a r t i c u l a r a s p e c t s o f t h e environment. 
The assessment i s s t r u c t u r e d as f o l l o w s : 

P a r t Two - A t m o s p h e r i c Environment 
P a r t T h r e e - A q u a t i c Environment 
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P a r t Four - T e r r e s t r i a l Environment 
P a r t F i v e - H e r i t a g e Resources 
P a r t S i x - Summary - Impacts and M i t i g a t i o n 

The T e r r e s t r i a l Environment i n c l u d e s a d i s c u s s i o n o f w i l d l i f e and 
v e g e t a t i o n i m p a c t s . 

G u l f has been a s s i s t e d i n t h e Stage II program by a number o f c o n s u l t i n g 
o r g a n i z a t i o n s who have c o n t r i b u t e d t o s t u d i e s completed i n 1985 and 1986. 
While G u l f has drawn e x t e n s i v e l y from t h e work o f t h e s e c o n s u l t a n t s , G u l f 
i s s o l e l y r e s p o n s i b l e f o r t h e p r e p a r a t i o n o f t h i s Stage II assessment. 
Those o r g a n i z a t i o n s t h a t have had p r i m a r y r e s p o n s i b i l i t y f o r g a t h e r i n g and 
a n a l y z i n g t h e d a t a a r e noted below: 

A t m o s p h e r i c , Water Q u a l i t y 
and W i l d l i f e Assessment 

V e g e t a t i o n and S o i l s 

R e c l a m a t i o n P l a n n i n g 
A n t h r a c i t e Burn T e s t 
Water Management 
Env i r o n m e n t a l Management P l a n n i n g 
H e r i t a g e Resources Assessment 
Report P r e p a r a t i o n and 
C o o r d i n a t i o n 

E n v i r o n m e n t a l Management A s s o c i a t e s 
N o r e c o l E n v i r o n m e n t a l C o n s u l t a n t s 
L t d . 

Hardy BBT L i m i t e d . 
P o l s t e r E n v i r o n m e n t a l S e r v i c e s 
Pyropower C o r p o r a t i o n 
Ker, P r i e s t m a n and A s s o c i a t e s L t d . 
Rescan Env i r o n m e n t a l S e r v i c e s L t d . 
A r e s c o L t d . 

Rescan Env i r o n m e n t a l S e r v i c e s L t d . 

G u l f Canada C o r p o r a t i o n has been working w i t h t h e Northwest Economic 
Development Task F o r c e t o e v a l u a t e o p t i o n s and a s s e s s impacts o f the 
o f f - s i t e components o f t h i s p r o j e c t : t h e mine a c c e s s r o a d , p o r t f a c i l i t i e s 
and a p o s s i b l e e l e c t r i c t r a n s m i s s i o n l i n e . Work on t h e s e items has been 
conducted i n p a r a l l e l w i t h t h e Stage II work. The government r e v i e w and 
a p p r o v a l p r o c e s s f o r t h e s e items w i l l be d i r e c t e d by t h e Task f o r c e and 
w i l l not be t h e r e s p o n s i b i l i t y o f t h e Mine Development S t e e r i n g Committee. 
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2.0 PROJECT SETTING AND SUMMARY OF DEVELOPMENT PLAN  

2.1 LOCATION AND SETTING 

G u l f Canada C o r p o r a t i o n ' s Mount Klappan A n t h r a c i t e P r o p e r t y c o v e r s a t o t a l 
o f 51 693 h e c t a r e s i n t h e northwest r e g i o n o f B r i t i s h Columbia. The 
p r o p e r t y i s comprised o f mountainous t e r r a i n a t t h e n o r t h e r n e x t r e m i t y o f 
th e Skeena Mountain Range about 150 km northwest o f Stewart and 530 km 
nort h w e s t o f P r i n c e George. F i g u r e 1-1 p r o v i d e s a l o c a t i o n map f o r the 
Mount Klappan P r o p e r t y . 

The p r o p e r t y i s immediately southwest o f t h e S p a t s i z i P l a t e a u W i l d e r n e s s 
Park. T o p o g r a p h i c a l l y , t h e a r e a i s c h a r a c t e r i z e d by s e v e r a l broad v a l l e y s 
o f about 1000 metre e l e v a t i o n w i t h s u r r o u n d i n g r i d g e t o p s r i s i n g t o over 
2200 me t r e s . 

The a r e a i s w i t h i n t h e n o r t h e r n p o r t i o n o f t h e Skeena Mountains 
p h y s i o g r a p h i c r e g i o n which i s c h a r a c t e r i z e d by mountainous t e r r a i n w i t h 
r i d g e s t r e n d i n g northwest t o s o u t h e a s t s e p a r a t e d by t h e v a l l e y s and 
p l a t e a u s . D i f f e r e n t p o r t i o n s o f t h e p r o p e r t y a re d r a i n e d by t h e L i t t l e 
K l a ppan, Klappan, Nass, Skeena and S p a t i s i z i r i v e r systems. The t r e e l i n e 
i n t h e a r e a i s a t a p p r o x i m a t e l y 1500 metres e l e v a t i o n . V a l l e y bottoms tend 
t o be c o v e r e d w i t h s c a t t e r e d s t a n d s o f c o n i f e r o u s t r e e s , g r a s s e s , bogs, 
shrubs and meadow. H i g h e r e l e v a t i o n s a r e c h a r a c t e r i z e d by a l p i n e 
v e g e t a t i o n such as l i c h e n , mosses and s p a r s e g r a s s e s o r exposed, b a r r e n 
r o c k . 

The p a r t i a l l y completed B r i t i s h Columbia Railway l i n e between P r i n c e George 
and Dease Lake runs through t h e p r o p e r t y and t h e r a i l subgrade p r e s e n t l y 
p r o v i d e s road a c c e s s t o the s i t e from Highway 37 near I s k u t . 

2.2 PROJECT DEVELOPMENT PLAN 

S i x y e a r s o f e x p l o r a t i o n work by G u l f Canada a t Mount Klappan have i d e n 
t i f i e d a p o t e n t i a l l y economic mine r e s e r v e i n t h e L o s t - F o x A r e a near the 
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INTRODUCTION 

c e n t r e o f t h e p r o p e r t y . G u l f proposes t o d e v e l o p t h e s o - c a l l e d L o s t - F o x 
Mine a t t h i s s i t e t o e x t r a c t and p r o c e s s a n t h r a c i t e p r o d u c t s . 

Mine f a c i l i t i e s p l a n n i n g has been p r e d i c a t e d on a s h i p p i n g r a t e o f 1.5 
m i l l i o n tonnes o f a n t h r a c i t e p r o d u c t p e r y e a r o v e r t h e pl a n n e d 20 y e a r l i f e 
o f t h e mine f o r a t o t a l o f 30.0 m i l l i o n t o n n e s . A p p r o x i m a t e l y 315 m i l l i o n 
c u b i c metres o f m a t e r i a l w i l l be e x c a v a t e d from t h e mine. 

M i n i n g o f t h i s r e s o u r c e w i l l r e q u i r e development o f an open p i t w i t h 
r e l a t e d f a c i l i t i e s , a waste r o c k d i s p o s a l a r e a , a haul r o a d from t h e mine 
t o t h e p l a n t a r e a , an a n t h r a c i t e p r e p a r a t i o n p l a n t and s i t e i n f r a 
s t r u c t u r e f a c i l i t i e s . O f f - s i t e developments i n c l u d e a new a c c e s s r o a d from 
t h e p r o j e c t s i t e t o Highway 37, a new o r improved s h i p l o a d i n g t e r m i n a l i n 
Ste w a r t and p o s s i b l y a new e l e c t r i c t r a n s m i s s i o n l i n e from New A i y a n s h 
n o r t h o f T e r r a c e . 

The mine a r e a w i l l encompass much o f t h e e a s t e r n p o r t i o n o f L o s t Ridge, a 
prominent t o p o g r a p h i c a l f e a t u r e i n t h e a r e a . Waste r o c k w i l l be d i s p o s e d 
o f i n an a r e a immediately northwest o f t h e mine c o v e r i n g t h e northwest 
f l a n k o f L o s t Ridge. T o t a l d i s t u r b e d a r e a i n t h e mine w i l l be about 400 
h e c t a r e s and t h e waste r o c k d i s p o s a l a r e a w i l l u l t i m a t e l y c o v e r a n o t h e r 365 
h e c t a r e s . The t o t a l a r e a d i s t u r b e d w i l l be about 1 000 h e c t a r e s . 

The a n t h r a c i t e haul r o a d w i l l e x i t t h e p i t a r e a towards t h e south down the 
g e n t l e r s l o p i n g s i d e o f L o s t Ridge b e f o r e t u r n i n g n o r t h towards t h e 
p r e p a r a t i o n p l a n t a r e a . F i g u r e 1-2 i l l u s t r a t e s t h e g e n e r a l l a y o u t o f 
p r o j e c t s i t e f a c i l i t i e s . 

The a n t h r a c i t e p r e p a r a t i o n p l a n t w i l l be l o c a t e d n o r t h o f t h e mine a r e a . 
T r u c k s w i l l p l a c e r u n - o f mine a n t h r a c i t e i n a r e c e i v i n g hopper which f e e d s 
a n t h r a c i t e washing and b e n e f i c i a t i o o c i r c u i t s i n t h e p l a n t . Coarse r e f u s e 
from t h e p r o c e s s i n g p l a n t w i l l be dewatered and t r u c k e d t o t h e c o a r s e 
r e f u s e d i s p o s a l a r e a n o r t h o f t h e p l a n t s i t e o r t o t h e t a i l i n g s dam f o r use 
as a d d i t i o n a l f i l l m a t e r i a l . 
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INTRODUCTION 

Pr o c e s s water c o n t a i n i n g f i n e a n t h r a c i t e and m i n e r a l p a r t i c l e s w i l l be 
d i s c h a r g e d v i a p i p e l i n e t o a t a i l i n g s pond immediately west o f t h e c o a r s e 
r e f u s e d i s p o s a l a r e a . Water w i l l be r e c l a i m e d from th e pond and r e c y c l e d 
f o r use i n t h e p l a n t . 

Two a l t e r n a t i v e power s o u r c e s a r e c u r r e n t l y under c o n s i d e r a t i o n f o r t h e 
Mount Klappan p r o j e c t . One o p t i o n would e n t a i l c o n s t r u c t i o n o f a 280 
k i l o m e t r e 138 kV overhead t r a n s m i s s i o n l i n e from a c o n n e c t i o n w i t h the B.C. 
Hydro g r i d a t New A i y a n s h n o r t h o f T e r r a c e . The o t h e r a l t e r n a t i v e i s an 
o n - s i t e 15 MW thermal g e n e r a t i n g p l a n t . The b o i l e r f o r t h i s p l a n t would be 
t h e b e s t a v a i l a b l e t e c h n o l o g y f o r s u l p h u r and n i t r o g e n e m i s s i o n c o n t r o l . 
I t would be o f t h e c i r c u l a t i n g f l u i d i z e d bed combustion d e s i g n and would 
burn, h i g h ash r e j e c t a n t h r a c i t e from th e p r o c e s s p l a n t . Power from e i t h e r 
s o u r c e w i l l be s t e p p e d down a t an o n - s i t e s u b s t a t i o n and d i s t r i b u t e d t o the 
p i t a r e a and a l l o t h e r s i t e f a c i l i t i e s r e q u i r i n g power. 

A mine o f f i c e and d r y f a c i l i t y w i l l be l o c a t e d a d j a c e n t t o t h e haul road 
and n o r t h e a s t o f t h e p i t a r e a . A mine s e r v i c e complex w i l l be l o c a t e d at 
t h e p l a n t s i t e and w i l l i n c l u d e f a c i l i t i e s f o r heavy equipment r e p a i r , work 
shops, maintenance and a d m i n i s t r a t i v e o f f i c e s , d r y f a c i l i t i e s f o r main
ten a n c e crews, warehouse and l a b o r a t o r y . The gatehouse complex w i l l house 
s e c u r i t y and f i r s t - a i d p e r s o n n e l as w e l l as t h e f i r e t r u c k and ambulance. 

The mine w o r k f o r c e w i l l be r e c r u i t e d from o r w i l l s e t t l e i n e x i s t i n g 
communities i n n o r t h w e s t e r n B r i t i s h Columbia. Bus t r a n s p o r t a t i o n t o the 
mine s i t e w i l l be p r o v i d e d f o r work crews which w i l l be s c h e d u l e d on a 
12-hour s h i f t , 7 days on, 7 days o f f b a s i s . A 442 man camp w i t h c a t e r i n g , 
r e c r e a t i o n and e n t e r t a i n m e n t f a c i l i t i e s w i l l accommodate t h e two s h i f t s 
t h a t w i l l be a t t h e s i t e . 

Two o p t i o n s a r e under c o n s i d e r a t i o n f o r t h e s u p p l y o f p r o c e s s , f i r e and 
p o t a b l e water. The f i r s t would i n v o l v e c o n s t r u c t i o n o f a s m a l l dam on the 
L i t t l e Klappan R i v e r t o form a r e s e r v o i r about 1.5 k i l o m e t r e s west o f the 
p l a n t complex. The second o p t i o n would be an i n f i l t r a t i o n g a l l e r y i n t a k e 
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which would a l s o be s u p p l i e d by t h e L i t t l e Klappan R i v e r . 

Some o f t h e e x i s t i n g roads and t h e a i r s t r i p w i l l be upgraded d u r i n g the 
c o n s t r u c t i o n phase o f t h e work. Oth e r roads w i l l be c o n s t r u c t e d around the 
mine s i t e a r e a t o p r o v i d e a c c e s s t o t h e v a r i o u s f a c i l i t i e s . 

E s t i m a t e d t o t a l o p e r a t i o n s w o r k f o r c e w i l l be about 680. Of t h e s e , 235 w i l l 
be engaged i n t h e t r u c k haul o p e r a t i o n s between th e mine s i t e and Stewart 
and p o r t o p e r a t i o n s i n S t e w a r t . P i t o p e r a t i o n s w i l l r e q u i r e 70 workers per 
s h i f t and a n o t h e r 30 per s h i f t w i l l work a t t h e p l a n t complex, maintenance 
f a c i l i t i e s and camp. Two s h i f t s w i l l be on s i t e a t a l l t i m e s such t h a t the 
normal complement a t t h e mine s i t e d u r i n g o p e r a t i o n w i l l be up t o about 240 
i n c l u d i n g management and s t a f f p e r s o n n e l . 

Assuming r e c e i p t o f a p p r o v a l - i n - p r i n c i p i e f o r t h i s p r o j e c t i n t h e S p r i n g o f 
1987, t h e c o n c l u s i o n o f l o n g term c o n t r a c t s , and a d e c i s i o n t o p r o c e e d by 
G u l f ' s Board, t h e p r o j e c t c o u l d be i n f u l l o p e r a t i o n by t h e b e g i n n i n g o f 
1989. The c o n s t r u c t i o n p e r i o d w i l l span about 18 months. 
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PART TWO - ATMOSPHERIC ENVIRONMENT 

1.0 INTRODUCTION 

C I i m a t o l o g i c a l d a t a i s a v a i l a b l e f o r t h e mine development a r e a b e g i n n i n g i n 
1979. A m e t e o r o l o g i c a l s t a t i o n was e s t a b l i s h e d a t Didene Creek i n t h a t 
y e a r by t h e M i n i s t r y o f Environment and was o p e r a t e d by B.C. Hydro u n t i l 
O c t o b e r , 1984. T h i s d a t a i s summarized i n t h e Stage I s u b m i s s i o n . 

P r e l i m i n a r y a i r q u a l i t y d a t a was c o l l e c t e d by G u l f i n 1984. T h i s d a t a 
i n d i c a t e d t h a t t h e a i r shed o f the a r e a i s o f g e n e r a l l y p r i s t i n e q u a l i t y . 

The a t m o s p h e r i c program was c o n t i n u e d i n 1985 and 1986 t o answer, i n p a r t , 
r e q u i r e m e n t s i d e n t i f i e d by t h e Mine Development S t e e r i n g Committee i n the 
Stage I r e v i e w comments. The program was d e s i g n e d t o c o n t i n u e 
c h a r a c t e r i z a t i o n o f the p r e - o p e r a t i o n a l q u a l i t y o f t h e a i r shed and t o 
p r e d i c t a i r q u a l i t y impacts as a r e s u l t o f p r o j e c t developments. 

The Didene weather s t a t i o n was r e a c t i v a t e d i n 1985. In a d d i t i o n t o 
te m p e r a t u r e , p r e c i p i t a t i o n , snow pack, and wind speed and d i r e c t i o n d a t a , 
m e t e o r o l o g i c a l d a t a r e q u i r e d f o r d i s p e r s i o n m o d e l l i n g was c o l l e c t e d . A 
d u s t f a l l m o n i t o r i n g network was a l s o e s t a b l i s h e d . 
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2.0 CLIMATE 

2.1 METEOROLOGICAL PROGRAM 

The e x i s t i n g Didene m e t e o r o l o g i c a l s t a t i o n owned by t h e M i n i s t r y o f 
Environment was r e a c t i v a t e d i n June, 1985. I n s t r u m e n t a t i o n was s u p p l i e d 
and i n s t a l l e d by t h e M i n i s t r y o f Environment f o r measuring temperature, 
t o t a l p r e c i p i t a t i o n , wind speed and d i r e c t i o n , and snowpack. G u l f p r o v i d e d 
the s e r v i c i n g and c h a r t changing . f o r t h i s s t a t i o n w i t h c h a r t s changed 
monthly. 

I n s t r u m e n t a t i o n r e q u i r e d t o c o l l e c t m e t e o r o l o g i c a l d a t a f o r d i s p e r s i o n 
m o d e l l i n g was i n s t a l l e d i n June 1985 on t h e same tower as t h e M i n i s t r y o f 
Environment's m e t e o r o l o g i c a l equipment. The equipment i n s t a l l e d c o n s i s t e d 
o f an anemometer and vane f o r r e c o r d i n g h o r i z o n t a l winds a t 10 m above 
ground; a p r o p e l l e r anemometer f o r r e c o r d i n g v e r t i c a l winds a t 10 m above 
ground; a m i c r o l o g g e r f o r d a t a p r o c e s s i n g and s t o r a g e ; and a s o l a r panel 
f o r t h e power s o u r c e . 

An expanded snowpack m o n i t o r i n g network was e s t a b l i s h e d f o r the w i n t e r o f 
1985-1986. 

2.2 TEMPERATURE 

Temperature d a t a a r e p r e s e n t e d f o r t h e 15 months commencing June 1, 1985 
( T a b l e 2-1). These o b s e r v a t i o n s supplement t h e d a t a p r e s e n t e d i n t h e Stage 
I s u b m i s s i o n . 

Mean d a i l y t e m p e r a t u r e s d u r i n g 1985 were c o o l e r i n t h e summer months and 
warmer i n t h e w i n t e r months when compared t o t h e p r e v i o u s d a t a . The 
n o t a b l e e x c e p t i o n was November 1985. The mean d a i l y t e m p e r a t u r e s f o r t h i s 
month r e p r e s e n t t h e c o l d e s t monthly average t e m p e r a t u r e r e p o r t e d a t the 
Didene weather s t a t i o n s i n c e d a t a c o l l e c t i o n commenced. November 1985, i n 
Western Canada was an e x t r e m e l y c o l d month w i t h many s t a t i o n s r e p o r t i n g 
r e c o r d o r near r e c o r d low t e m p e r a t u r e s . The November d a t a can be i n t e r -
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T a b l e 2-1 

METEOROLOGICAL DATA 
TEMPERATURE AND PRECIPITATION 

Mean D a i l y Temperature Extreme T o t a l 
(°C) (°C) (mm) 

Year/Month Max Mean Min Max Min P r e c i p i t a t i o n 

1985 
06 (26 d) 10.5 5.3 0.0 19.8 -5.8 16.0 
07 15.1 8.2 1.3 24.1 -3.0 68.0 
08 12.5 6.6 0.7 19.6 -4.5 27.5 
09 8.7 3.6 -1.5 17.2 -11.0 50.5 
10 a a a a a 37.0 
11 (22 d) -16.3 -20.9 -25.6 -2.0 -40.7 7.5 
12 -4.5 -8.1 -11.6 4.0 -29.5 16.0 

1986 
01 -5.8 -9.5 -13.3 1.6 -22.2 8.5 
02 -9.3 -14.9 -20.4 2.0 -44.7 5.5 
03 (12 d) -1.3 -4.5 -7.6 2.7 -12.0 17.0 (31 d) 
04 a a a a a 19.0 (31 d) 
05 a a a a a 28.5 (31 d) 
06 (15 d) 12.9 7.1 1.2 19.8 -3.5 13.5 (31 d) 
07 (16 d) 14.3 8.4 2.6 21.1 -1.6 41.5 (31 d) 
08 (16 d) a a a a a 15.5 

Data m i s s i n g 

(15d) Number o f days f o r which r e c o r d s were a v a i l a b l e when the number 
o f days was l e s s than a l l days i n t h e month. 

Data a n a l y z e d by M i n i s t r y o f Environment 

2-3 



ATMOSPHERIC ENVIRONMENT 

p r e t e d as near t h e extreme low monthly mean temperature t h a t can be 
e x p e c t e d f o r t h e a r e a . A r e c o r d d a i l y low o f -44.7°C was r e c o r d e d i n 
F e b r u a r y , 1986. T h i s i s 3.7 C e l s i u s degrees c o l d e r than t h e p r e v i o u s 
r e c o r d e d low. 

In g e n e r a l , t h e 15 months o f a d d i t i o n a l t emperature d a t a r e i n f o r c e the 
p a t t e r n o b s e r v e d i n t h e Stage I d a t a . T h i s p a t t e r n i n d i c a t e s a temperature 
regime which i s c o o l y e a r round w i t h t h e i n f l u e n c e o f t h e P a c i f i c a i r mass 
s e r v i n g t o moderate t h e extremes o f t e m p e r a t u r e o b s e r v e d f u r t h e r i n l a n d . 
As a r e s u l t , t h e summers a r e not as hot and t h e i n v e r s i o n s o f c o l d , d r y a i r 
from t h e A r c t i c a r e l e s s f r e q u e n t . Mean temp e r a t u r e s d u r i n g t h e summer are 
e x p e c t e d t o be between 6° and 10°C and w i n t e r d a i l y means w i l l g e n e r a l l y be 
i n t h e -5° t o -20°C range. Such a temperature regime i s v e r y s u i t a b l e f o r 
m i n i n g o p e r a t i o n s . 

2.3 PRECIPITATION 

Monthly p r e c i p i t a t i o n d a t a a r e a l s o p r e s e n t e d i n T a b l e 2-1. Comparing the 
r e s u l t s t o p r e v i o u s y e a r s i n d i c a t e s t h a t t h e June t h r o u g h O c t o b e r t o t a l 
p r e c i p i t a t i o n v a l u e s a r e s i m i l a r t o t h e h i s t o r i c a l d a t a . The November 
thro u g h March d a t a i n d i c a t e a lower than average t o t a l p r e c i p i t a t i o n . T h i s 
r e s u l t i s c o n f i r m e d by t h e snowpack v a l u e o f o n l y 99 cm o b t a i n e d i n March 
1986 a t t h e Didene weather s t a t i o n . T o t a l p r e c i p i t a t i o n f o r t h e y e a r June 
1985 t o May 1986 was o n l y 301 mm which i s below t h e range e s t a b l i s h e d f o r 
t h e p r e c e d i n g f i v e y e a r s o f between about 350 mm t o 500 mm. Normal 
p r e c i p i t a t i o n p a t t e r n s would g e n e r a l l y r e s u l t i n a t o t a l o f about 400 mm 
per y e a r w i t h o v e r h a l f o f t h i s amount f a l l i n g as r a i n i n t h e summer and 
e a r l y f a l l . The remainder i s i n t h e form o f snow and peak snowpack 
a c c u m u l a t i o n s a c h i e v e d by about March would be about 1.5 metres. 

The r e c o r d s i n d i c a t e t h a t p r e c i p i t a t i o n i n t h e a r e a i s r e l a t i v e l y modest 
and t h a t much o f t h e m o i s t u r e i n t h e P a c i f i c a i r i s removed i n t h e c o s t a l 
ranges west o f Mount Klappan. The moderate r a i n f a l l and r e l a t i v e l y small 
snow a c c u m u l a t i o n s w i l l s e r v e t o make mi n i n g o p e r a t i o n s i n t h i s a r e a 
r e l a t i v e l y easy. 
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Snowpack d a t a f o r f o u r a d d i t i o n a l s i t e s i n t h e a r e a a r e p r o v i d e d i n T a b l e 
2-2. These v a l u e s r e p r e s e n t t h e f i r s t d a t a on t h e o v e r a l l s n o w f a l l regimes 
f o r t h e Klappan l e a s e . The v a l l e y l o c a t i o n s , as e x p e c t e d , had g e n e r a l l y 
h i g h e r snowpack l e v e l s . The d a t a c o n f i r m t h e i n f o r m a t i o n p r e s e n t e d i n 
Stage I. 

2.4 WIND SPEED AND DIRECTION 

A d d i t i o n a l wind speed and d i r e c t i o n d a t a were c o l l e c t e d f o r 14 months 
between J u l y , 1985 and August, 1986. T h i s a d d i t i o n a l program expanded the 
e x i s t i n g 38 month d a t a base c o n s i d e r a b l y . T a b l e 2-3 p r o v i d e s a r e v i s e d 
monthly breakdown o f wind f r e q u e n c i e s t h a t i n c l u d e s a l l o f t h e d a t a 
c o l l e c t e d a t Didene. The new d a t a does not a p p r e c i a b l y change t h e i n i t i a l 
wind r o s e p a t t e r n s . On a y e a r l y base, 50 p e r c e n t o f t h e winds a r e from the 
e a s t - s o u t h e a s t and 30 p e r c e n t from t h e west-southwest. Average wind speeds 
a r e v e r y s i m i l a r but a new peak h o u r l y wind o f 51.6 km/h was o b s e r v e d i n 
August 1986. T h i s peak h o u r l y v a l u e i s 10.0 km/h g r e a t e r than t h e p r e v i o u s 
peak. 
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T a b l e 2-2 

SNOW PACK 

Snow Depth (cm) 
1985 1986 

Sep 9 Oct 22 . Nov 28 Dec 18 Jan 14 Feb 10 Mar 11 

Klappan Camp a 0 40 55 55 88 92 116 

L i t t l e Klappan 
R i v e r a 0 28 38 40 40 50 56 

L o s t Fox 
R i d g e a 0 24 31 29 44 52 74 

Upper S p a t s i z i 3 0 40 48 53 66 76 93 

Didene Weather 
S t a t i o n ^ - 32 38 47 62 78 99 

a Snow depth i s t h e average o f two snow s t a k e s . 

Snow depth i s t h e average o f f i v e swow s t a k e s . 
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T a b l e 2-3 

% WIND FREQUENCY AND NEAN MONTHLY SPEED 
JULY 1, 1979 - AUGUST 31, 1982 AND JUNE 1, 1986 - AUGUST 16, 1986 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

N 1.2 1.8 2.2 2.1 3.0 3.2 2.8 2.7 4.6 2.4 3.2 2.1 2.6 
NE 5.4 9.3 7.4 7.1 10.5 10.2 6.7 8.7 6.1 4.1 7.3 5.4 7.4 
E 45.8 42.8 39.4 38.6 29.9 21.4 11.9 18.3 33.0 43.9 49.8 38.9 34.5 
SE 26.6 22.9 19.2 16.2 10.6 6.2 4.9 6.5 12.2 16.0 19.8 29.0 15.8 
S 1.3 3.3 3.2 4.5 3.9 4.4 2.7 2.2 2.8 3.0 2.2 2.1 3.0 
SW 7.4 4.6 10.0 13.0 16.3 23.1 25.2 19.9 15.3 13.7 4.7 7.8 13.4 
W 6.6 8.0 15.0 14.4 21.5 22.4 30.0 26.1 16.0 12.1 8.6 7.4 15.7 
NW 5.3 7.2 3.6 4.0 4.5 9.0 15.8 15.6 10.0 4.8 4.3 7.0 7.5 
Calm .6 .1 0 0 0 0 0 0 0.1 0 0.3 0.1 0.1 

MEAN WIND SPEED IN KILOMETRES/HOUR 

ALL 12.6 11.7 11.0 12.1 9.4 10.8 11.2 10.0 10.2 10.4 11.9 10.5 11.0 
DIRECTIONS 

MAXIMUM 40.8 37.8 40.5 a 38.0 33.8 32.0 a 33.O a 51.6 a 37.5 36.3 3 9 . 5 a 3 8 . 3 a 51.6 a 

HOURLY E SW W W W W W W W SW NE SE W 
SPEED 

Maximum o c c u r r e d i n 1985-1986 program. 
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2.5 DIFFUSION PARAMETERS 

The c o l l e c t i o n o f s p e c i f i c m e t e o r o l o g i c a l d a t a f o r use i n the m o d e l l i n g o f 
t h e d i s p e r s i o n o f e m i s s i o n s commenced i n June, 1985. The d a t a c o l l e c t e d 
i n c l u d e d wind speed ( i n both t h e h o r i z o n t a l and v e r t i c a l p l a n e s ) , wind 
d i r e c t i o n and t u r b u l e n c e . Data was c o l l e c t e d from June, 1985 u n t i l 
September, 1985 and F e b r u a r y , 1986 t o September, 1986. Problems w i t h the 
d a t a l o g g e r e l e c t r o n i c s r e s u l t e d i n u n r e l i a b l e o r no d a t a d u r i n g October 
t h r o u g h F e b r u a r y . 

T u r b u l e n c e i s a c t u a l l y a d e r i v e d measurement s i n c e i t i s c a l c u l a t e d as the 
s t a n d a r d d e v i a t i o n o f the v e r t i c a l wind v e l o c i t y d i v i d e d by the s t a n d a r d 
d e v i a t i o n o f t h e h o r i z o n t a l wind v e l o c i t y . Under t h i s c o n s t r u c t , as the 
v a r i a b i l i t y o f v e r t i c a l speed i n c r e a s e s f o r a g i v e n h o r i z o n t a l wind speed, 
i t can be s a i d t h a t t u r b u l e n c e a l s o i n c r e a s e s . A t m o s p h e r i c t u r b u l e n c e i s 
an i m p o r t a n t f a c t o r i n d e t e r m i n i n g how r a p i d l y p o l l u t a n t e m i s s i o n s are 
d i s p e r s e d . 

Based on t h e i n f l u e n c e o f v e r t i c a l wind speed v e l o c i t i e s , a s e a s o n a l 
d i s t r i b u t i o n o f s t a b i l i t y c l a s s e s was c a l c u l a t e d as p r o v i d e d i n T a b l e 2-4. 
T h i s a n a l y s i s i n d i c a t e s t h a t t h e r e i s a h i g h f r e q u e n c y ( a p p r o x i m a t e l y 60 
p e r c e n t ) o f C l a s s e s D and E y e a r round s u g g e s t i n g o n l y s l i g h t i n s t a b i l i t y 
d u r i n g t h e s e p e r i o d s . D u r i n g the w i n t e r and s p r i n g seasons, a high 
f r e q u e n c y ( a p p r o x i m a t e l y 26 p e r c e n t ) o f S t a b i l i t y C l a s s F was o b s e r v e d . 
T h i s f a c t p r o b a b l y s u g g e s t s t h a t temperature i n v e r s i o n s a r e r e d u c i n g 
v e r t i c a l wind c o n d i t i o n s a t t h i s time o f y e a r . However, i t s h o u l d be noted 
t h a t average h o r i z o n t a l wind v e l o c i t i e s d u r i n g the w i n t e r and s p r i n g 
g e n e r a l l y exceed t h e annual average wind v e l o c i t y . D u r i n g the summer and 
f a l l , a h i g h f r e q u e n c y (31 t o 39%) o f C l a s s e s A, B and C r e p r e s e n t i n g 
g e n e r a l l y u n s t a b l e c o n d i t i o n s was o b s e r v e d . 

These s t a b i l i t y c l a s s i f i c a t i o n s and f r e q u e n c i e s are u t i l i z e d i n the a i r 
e m i s s i o n d i s p e r s i o n models d i s c u s s e d i n S e c t i o n 3.2 i n o r d e r t o p r e d i c t 
ambient l e v e l s o f S 0 2 and N0 X e m i s s i o n s i n the v i c i n i t y o f t h e Mount 
Klappan p r o j e c t . 

2-8 



TABLE 2-4 
SEASONAL DISTRIBUTION OF 

STABILITY CLASSES 
( P e r c e n t o f O b s e r v a t i o n s i n Each C l a s s ) 

S t a b i l i t y C l a s s 

Season 

A 
E x t r e m e l y 
U n s t a b l e 
>0.12* 

B 

0.12-0.09* 

C 

0.09-0.07* 

D 

0.07-0.04* 

E 

0.04-0.03* 

F 
S t a b l e 
<0.03* 

June-August 1985 19 8 12 34 21 6 
September 1985 10 7 14 32 31 6 
F e b r u a r y 1986 1 3 9 26 37 24 
March-May 1986 4 5 10 25 28 28 

Data: Promet M e t e o r o l o g i c a l Instruments i n s t a l l e d a t t h e Didene weather 
s t a t i o n . 

*Note: S t a b i l i t y c l a s s e s a re d e f i n e d by the q u o t i e n t o f s t a n d a r d d e v i a 
t i o n o f v e r t i c a l speed o v e r h o r i z o n t a l speed. 
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3.0 AIR QUALITY  

3.1 DUSTFALL 

3.1.1 D u s t f a l l M o n i t o r i n g Network 

A d u s t f a l l m o n i t o r i n g network c o n s i s t i n g o f f i v e s t a t i o n s was e s t a b l i s h e d 
i n June, 1985. I t r e p l a c e d t he f o u r s t a t i o n 1984 network i n o r d e r t h a t the 
m o n i t o r i n g b e t t e r r e f l e c t t h e p o t e n t i a l a r e a s o f development. The L i t t l e 
Klappan s t a t i o n was r e l o c a t e d a t a p o i n t a p p r o x i m a t e l y two k i l o m e t r e s 
n o r t h w e s t o f t h e proposed p l a n t s i t e . The Upper S p a t s i z i s t a t i o n i s 
l o c a t e d near t h e Ho b b i t P i t a r e a and r e p r e s e n t s t h e east e r n m o s t s t a t i o n . A 
s t a t i o n was e s t a b l i s h e d south o f L o s t Ridge near t h e m i n i n g a r e a . A d d i 
t i o n a l s t a t i o n s were m a i n t a i n e d a t t h e G u l f Klappan Camp and a t t h e Didene 
Weather s t a t i o n . The d u s t f a l l s t a t i o n s were changed p e r i o d i c a l l y t h r o u g h 
out 1985 and 1986. R e s u l t s were a d j u s t e d t o p r o v i d e d a i l y d u s t f a l l l e v e l s . 

The r e s u l t s ( T a b l e 2-5) i n d i c a t e low t o t a l d u s t f a l l v a l u e s f o r most o f the 
m o n i t o r i n g a r e a . Readings a t L o s t Ridge and Upper S p a t s i z i i n d i c a t e v e r y 
l i t t l e d u s t f a l l and are i n d i c a t i v e o f a p r i s t i n e environment. Readings at 
the t h r e e r e m a i n i n g s t a t i o n s a r e g e n e r a l l y a l s o low w i t h o n l y t h e o c c a s i o n 
a l h i g h v a l u e s . One r e a d i n g c o l l e c t e d a t t h e Didene Weather s t a t i o n r e p r e 
s e n t i n g a p p r o x i m a t e l y 50 days i n t h e summer o f 1986 was equal t o the B.C. 

2 
P o l l u t i o n C o n t r o l O b j e c t i v e o f 1.7 mg/dm .d. T h i s r e a d i n g was s u r p r i s i n g 
because t h e r e was no i n t e n s e a c t i v i t y near t h e s t a t i o n d u r i n g t h i s p e r i o d . 
The f o l l o w i n g p e r i o d , August 4 - September 24, encompassed much more 
a c t i v i t y s i n c e t h e t r i a l c a r g o and a s s o c i a t e d t r u c k movements were 
o c c u r r i n g a t t h i s t i m e . Yet, t h e d u s t f a l l r e a d i n g s a r e s u b s t a n t i a l l y 
lower. The ex p e c t e d s e a s o n a l t r e n d was e v i d e n t from t he d a t a w i t h t he June 
th r o u g h O c t o b e r time p e r i o d h a v i n g t h e h i g h e r v a l u e s . O v e r a l l background 

2 
l e v e l s a r e i n the 0.01 t o 0.3 mg/dm .d range i n the w i n t e r and 0.1 t o 1.0 2 
mg/dm .d range i n t h e summer. 
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T a b l e 2-5 
TOTAL DUSTFALL (mg/dm 2.d)* 

MOUNT KLAPPAN BASELINE MONITORING, JUNE 1, 1985 - SEPTEMBER 24, 1986 

Jun 1-
J u l 4 

J u l 4-
Aug 1 

Aug 1-
Sep 15 

Sep 15-
Oct 23 

Oct 23-
Nov 27 

Nov 27-
Dec 17 

Jan 16-
Feb 12 

Feb 12-
Mar 12 

Jun 16-
Aug 6 

Aug 4-
Sep 24 

Klappan Camp 1.32 0.58 1.37 0.28 0.24 0.07 0.18 0.24 0.18 1.15 
L i t t l e Klappan 
R i v e r 0.65 0.55 0.80 0.27 ND 0.01 0.34 0.33 0.13 1.30 
L o s t Fox Ridge 0.02 0.08 0.05 ND 0.04 0.02 0.21 0.20 0.03 0.09 
Upper S p a t s i z i 0.09 0.04 0.06 ND ND ND 0.04 0.05 0.13 0.12 
Didene Weather 
S t a t i o n 

0.06 0.28 0.16 ND ND ND 0.38 0.40 1.70 0.24 

ND - Not D e t e c t a b l e 
* - m i l l i g r a m s per square d e c i m e t e r per day 
O b j e c t i v e : 1.7 mg/dm .d ( P o l l u t i o n C o n t r o l Board 1979). 



ATMOSPHERIC ENVIRONMENT 

3.1.2 F u g i t i v e Dust 

F u g i t i v e d u s t e m i s s i o n s w i l l r e s u l t from both c o n s t r u c t i o n and o p e r a t i o n a l 
a c t i v i t i e s . D u r i n g c o n s t r u c t i o n , both earthmoving a c t i v i t i e s and v e h i c l e 
movement, can r e s u l t i n h i g h l o c a l i z e d c o n c e n t r a t i o n s and o f p a r t i c u l a t e s . 
C o n t r o l measures, such as water s p r a y i n g , and t h e s h o r t term n a t u r e o f the 
c o n s t r u c t i o n a c t i v i t y w i l l l i m i t t h e impact on t h e a t m o s p h e r i c environment. 

Dust s o u r c e s d u r i n g t h e o p e r a t i o n a l phase w i l l be from d r i l l i n g , b l a s t i n g , 
m a t e r i a l movement, and v e h i c l e movement d u r i n g m i n i n g ; from v e h i c l e 
movement on t h e r o a d s ; from t h e h a n d l i n g o f a n t h r a c i t e a t t h e a n t h r a c i t e 
p r e p a r a t i o n p l a n t and t h e power p l a n t ; and from t h e h a n d l i n g o f c o a r s e 
r e j e c t a n t h r a c i t e and powerplant ash. These a c t i v i t i e s c o u l d produce high 
p a r t i c u l a t e c o n c e n t r a t i o n s i n t h e immediate v i c i n i t y o f t h e p l a n t . 

S p e c i f i c measures t o c o n t r o l f u g i t i v e d u s t a r e a d d r e s s e d i n Volume I I , P a r t 
VI, E n v i r o n m e n t a l Management. These measures i n c l u d e water s p r a y s , v e h i c l e 
c o v e r s , e n c l o s e d c o n v e y o r s and baghouses. These measures a r e e x p e c t e d t o 
reduce t h e ambient a i r c o n c e n t r a t i o n o f p a r t i c u l a t e s t o below t h e B.C. 

2 
P o l l u t i o n C o n t r o l O b j e c t i v e o f 1.7 mg/dm .d w i t h i n a v e r y s h o r t d i s t a n c e 
from t h e a c t i v i t y s i t e . A n a l y s i s c o m p i l e d f o r t h e Hat Creek P r o j e c t (B.C. 
Hydro, 1981) p r e d i c t s t h a t d u s t f a l l l e v e l s from t h a t p r o j e c t ' s a c t i v i t i e s , 
which i n c l u d e d c o a l b l e n d i n g , would f a l l below t h e o b j e c t i v e w i t h i n 500 
metres o f t h e d u s t s o u r c e . 
The s c a l e o f o p e r a t i o n proposed f o r Mount Klappan s h o u l d r e s u l t i n impacts 
on t h e ambient a i r q u a l i t y from d u s t f a l l t h a t would be much low e r . 

3.2 AIR EMISSIONS 

3.2.1 I n t r o d u c t i o n 

In t h e Stage I s u b m i s s i o n r e f e r e n c e was made t o t h e p o t e n t i a l use o f on-
s i t e g e n e r a t i o n o f e l e c t r i c i t y t o meet t h e power r e q u i r e m e n t s o f t h e mining 
development. I t was proposed t h a t a thermal g e n e r a t i n g p l a n t , b u r n i n g 
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r e j e c t a n t h r a c i t e i n a c i r c u l a t i n g f l u i d i z e d bed b u r n e r , would p r o v i d e the 
r e q u i r e d e l e c t r i c i t y , w h i l e meeting the B.C. P o l l u t i o n C o n t r o l O b j e c t i v e s 
f o r a t m o s p h e r i c e m i s s i o n s . 

In t h e Stage I r e v i e w comments, p r e p a r e d by t h e Mine Development S t e e r i n g 
Committee, t h e n a t u r e and impacts o f e m i s s i o n s from t h e proposed power 
p l a n t were i d e n t i f i e d as a c o n c e r n . In p a r t i c u l a r , t h e p o s s i b i l i t y o f 
u s i n g h i g h ash r e j e c t a n t h r a c i t e as a f u e l i n a c i r c u l a t i n g f l u i d i z e d bed 
b u r n e r , t h e q u a n t i t y and q u a l i t y o f t h e a n t i c i p a t e d e m i s s i o n s , and the 
d i s p e r s i o n o f t h e s e e m i s s i o n s r e q u i r e d assessment. 

The f e a s i b i l i t y o f u s i n g t h e h i g h ash r e j e c t a n t h r a c i t e i s a d d r e s s e d i n 
Volume I I , P a r t V, I n f r a s t r u c t u r e ; t h e q u a n t i t y and q u a l i t y o f the a i r 
e m i s s i o n s from t h e powerplant and the impacts on the at m o s p h e r i c 
environment a r e a d d r e s s e d below. 

The assessment approach was t o p r e d i c t s t a c k e m i s s i o n s from the power p l a n t 
on t h e b a s i s o f a t r i a l burn o f c o a r s e r e j e c t a n t h r a c i t e i n a f l u i d i z e d 
b u r n e r t e s t f a c i l i t y , t o use mathematical models t o e s t i m a t e the d i s p e r s i o n 
o f t h e e m i s s i o n s and t h e e f f e c t s on t h e ambient a i r q u a l i t y , and t o compare 
t h e s e e f f e c t s w i t h t h e B.C. P o l l u t i o n C o n t r o l O b j e c t i v e s . 

3.2.2 T e s t Burn R e s u l t s 

The p r i n c i p a l components o f t h e s t a c k e m i s s i o n s which a re o f c o n c e r n from 
an e n v i r o n m e n t a l impact s t a n d p o i n t a r e s u l p h u r d i o x i d e , n i t r o g e n o x i d e s and 
p a r t i c u l a t e s . As was noted i n t h e d e s c r i p t i o n o f t h e c i r c u l a t i n g f l u i d i z e d 
bed combustion t e s t program found i n Volume I I , P a r t F i v e , a key o b j e c t i v e 
o f t h e experiment i n v o l v e d i d e n t i f i c a t i o n o f o p e r a t i n g parameters which 
would h e l p c o n t r o l a i r e m i s s i o n s and o b t a i n e m p i r i c a l d a t a on the 
c h a r a c t e r i s t i c s o f t h e e m i s s i o n s . 

As was e x p e c t e d , a key f i n d i n g o f the t e s t program was t h a t the proposed 
power p l a n t d e s i g n and o p e r a t i n g parameters i n h e r e n t l y produce much lower 
l e v e l s o f a i r e m i s s i o n s than would be e x p e c t e d i n a c o n v e n t i o n a l power 

2-13 



ATMOSPHERIC ENVIRONMENT 

p l a n t . The p r i n c i p a l f a c t o r s c o n t r i b u t i n g t o t h i s e f f e c t a r e as f o l l o w s : 

. S t a b l e combustion i s a c h i e v e d a t about 850°C which r e t a r d s N0 x 

f o r m a t i o n when compared w i t h c o n v e n t i o n a l b o i l e r s o p e r a t i n g a t ov e r 
1600°C. 

. C a l c i u m i n h e r e n t t o t h e ash c o n t e n t o f t h e f u e l a l o n g w i t h 
supplemental l i m e s t o n e e f f e c t i v e l y c a p t u r e s 75% o f t h e s u l p h u r i n 
t h e f u e l . The s u l p h u r i s then removed as CaS w i t h t h e ash. 

. Hot c y c l o n e s remove much o f t h e c o a r s e r p a r t i c u l a t e m a t t e r 
e n t r a i n e d i n t h e combustion gases and baghouses c a p t u r e most o f the 
f i n e p a r t i c u l a t e m a t t e r exhausted w i t h t h e f l u e g a s e s . 

The s t a c k e m i s s i o n s r e s u l t i n g from t h e t e s t burn program a r e summarized i n 
T a b l e 2-6. These e m i s s i o n l e v e l s a r e compared w i t h t h e B r i t i s h Columbia 
P o l l u t i o n C o n t r o l O b j e c t i v e s and t h e b u r n e r m a n u f a c t u r e r ' s g u a r a n t e e d 
performance s p e c i f i c a t i o n . 

I t was d e t e r m i n e d t h a t a c a l c i u m : s u l p h u r r a t i o o f about 75 p e r c e n t was 
r e q u i r e d t o meet t h e o b j e c t i v e and t h e c a l c i u m i n t h e ash and l i m e s t o n e was 
v e r y e f f e c t i v e i n r e d u c i n g s u l p h u r e m i s s i o n s . N i t r o g e n o x i d e e m i s s i o n s 
were c o n s i s t e n t l y l e s s than 20 p e r c e n t o f t h e most s t r i n g e n t o b j e c t i v e . 
P a r t i c u l a t e e m i s s i o n s a r e p r e d i c t e d t o be l e s s than t h e o b j e c t i v e on the 
b a s i s o f t h e baghouse s p e c i f i c a t i o n s mass b a l a n c e c a l c u l a t i o n s from the 
t e s t program and t h e m a n u f a c t u r e r ' s e x p e r i e n c e w i t h o p e r a t i o n a l b o i l e r s . 

The t o t a l volumes o f p o l l u t a n t s a s s o c i a t e d w i t h t h e power p l a n t s t a c k 
e m i s s i o n s a r e e x c e e d i n g l y s m a l l . SO2 e m i s s i o n s a r e e x p e c t e d t o be l e s s 
than 0.6 tonnes p e r day which i s e q u i v a l e n t t o 0.3 tonnes o f s u l p h u r per 
day. T e s t burn r e s u l t s i n d i c a t e t h a t N0 X volumes a r e even l e s s a t about 
.35 tonnes p e r day. A l t h o u g h p a r t i c u l a t e volumes were not measured i n the 
t e s t program, performance o f o t h e r s i m i l a r f a c i l i t i e s i n d i c a t e s t h a t t h e s e 
l e v e l s w i l l c e r t a i n l y be below t h e p r o v i n c i a l o b j e c t i v e . Even i f 
p a r t i c u l a t e s equal t h e o b j e c t i v e , t h e t o t a l volume would be o n l y about 75 

2-14 



T a b l e 2-6 
POWER PLANT STACK EMISSIONS 

Component 
B.C. P o l l u t i o n 

C o n t r o l O b j e c t i v e 
(mg/kJ) 

Mount 
Klappan 

T e s t Burn 
Mount Klappan ~ 

Performance S p e c i f i c a t i o n 

Component 
B.C. P o l l u t i o n 

C o n t r o l O b j e c t i v e 
(mg/kJ) 

R e s u l t s 
(mg/kJ) (mg/kJ) tfcg/h) 

s o 2 0 . 0 9 - 0 . 3 4 0 . 0 7 3 - 0 . 0 8 6 1 0 .09 25 . 7 

NO x 0 . 3 5 - 0 . 7 0 0 . 0 3 8 - 0 . 0 5 7 0 .35 51 .4 

P a r t i c u l a t e s 0 . 0 1 - 0 . 0 4 
2 

0 .01 3.1 

Notes: 
1. Limestone added t o bed m a t e r i a l t o a c h i e v e s u l p h u r c a p t u r e r a t e o f 

75-80 p e r c e n t . 
2. P a r t i c u l a t e c o n c e n t r a t i o n s were not d i r e c t l y r e c o r d e d i n t h e t e s t 

program. 
3 . Pyropower C o r p o r a t i o n w a r r a n t s t h a t i t s commercial s c a l e b o i l e r s w i l l 

meet o r exceed t h e s e performance s p e c i f i c a t i o n s . 
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kg p e r day. Because t h e s c a l e o f the proposed p l a n t i s so s m a l l , the t o t a l 
e m i s s i o n volumes a r e a l s o q u i t e s m a l l . As such, the components such as CO, 
f l u o r i d e s , t r a c e m e t a l s and hydrocarbons a re a l s o e x p e c t e d t o be q u i t e 
minor. 

To p l a c e t h e s e p o l l u t a n t q u a n t i t i e s i n c o n t e x t , i t s h o u l d be noted t h a t 
many i n d u s t r i a l b o i l e r i n s t a l l a t i o n s common i n B.C. and Western Canada 
g e n e r a t e volumes measured i n terms many times t h o s e p r e d i c t e d f o r the Mount 
Klappan power p l a n t . For example, t h e o i l r e f i n e r i e s i n the Lower M a i n l a n d 
produce about 2.5 tonnes o f s u l p h u r d a i l y . P r i n c e George p u l p m i l l s 
r e l e a s e about 3.5 tonnes p e r day. M i l l s a t Powell R i v e r and P o r t A l i c e 
average o v e r 10 tonnes p e r day. The s m e l t e r a t T r a i l i s the l a r g e s t s o u r c e 
o f s u l p h u r e m i s s i o n s i n B.C. a t 32.5 to n n e s . 

The thermal power p l a n t proposed by B.C. Hydro a t Hat Creek was p r e d i c t e d 
t o have s u l p h u r e m i s s i o n s o f about 75 tonnes p e r day. Sour gas t r e a t m e n t 
p l a n t s produce l a r g e volumes o f s u l p h u r as w e l l . In F o r t N e l s o n , the p l a n t 
r e l e a s e s about 15 tonnes o f s u l p h u r per day w h i l e some o f t h e l a r g e r p l a n t s 
i n A l b e r t a produce o v e r 70 tonnes p e r day. The o i l sands t r e a t m e n t p l a n t s 
a t F o r t McMurray, A l b e r t a , g e n e r a t e o v e r 400 tonnes p e r day. 

Compared w i t h any o f t h e s e o p e r a t i o n s , t h e proposed power p l a n t a t Mount 
Klappan r e p r e s e n t s a v e r y minor e m i s s i o n s o u r c e and i f i t were not f o r the 
p r o x i m i t y o f t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park, f u r t h e r i n v e s t i g a t i o n 
and m o d e l l i n g o f a i r e m i s s i o n s impacts would not have been w a r r a n t e d . 

3.2.3 A i r E m i s s i o n s D i s p e r s i o n M o d e l l i n g 

D e s p i t e t h e v e r y low e m i s s i o n volumes i n d i c a t e d by t h e burn t e s t s , a 
c o m p u t e r - a s s i s t e d plume d i s p e r s i o n model was employed t o p r e d i c t p o s s i b l e 
e n v i r o n m e n t a l impacts on a i r q u a l i t y i n the Lo s t - F o x b a s i n from power p l a n t 
s t a c k e m i s s i o n s . The model u t i l i z e s t h e d a t a on f l u e gas c o m p o s i t i o n as 
d e v e l o p e d from the t e s t burn a c t i v i t i e s p r e v i o u s l y d e s c r i b e d . I t then 
i n c o r p o r a t e s m e t e o r o l o g i c a l d a t a and t o p o g r a p h i c parameters t o p r e d i c t the 
c o n c e n t r a t i o n o f p o l l u t a n t s a t ground l e v e l where t h e s e a r e s i g n i f i c a n t . 
F o r t h i s s t u d y the p r i m a r y p o l l u t a n t s o f co n c e r n were S 0 2 and N0 X-
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The power p l a n t would be s i t e d between the a n t h r a c i t e p r e p a r a t i o n p l a n t and 
t h e t a i l i n g s pond, a d j a c e n t t o the BCR grade. The s i t e l i e s i n t h e v a l l e y 
o f t h e L i t t l e Klappan R i v e r . Ridges r i s e 500 t o 600 metres above th e s i t e 
e l e v a t i o n a t 3 km t o t h e s o u t h e a s t and 4 km t o the n o r t h w e s t . The v a l l e y 
r i s e s t o t h e southwest, and descends t o t h e n o r t h e a s t , t u r n i n g t o the 
northwest about 1 km from the p l a n t . There i s a pass l e a d i n g i n t o the 
eastward f l o w i n g Didene Creek v a l l e y about 3 km t o t h e e a s t - n o r t h e a s t o f 
t h e p l a n t . T h i s t e r r a i n f e a t u r e i s o n l y about 50 m above p l a n t e l e v a t i o n . 
The s t e e p e s t s l o p e s i n t h e a r e a a r e about 25 degrees on L o s t Ridge, 3 km 
s o u t h o f t h e p l a n t . The t e r r a i n beyond th e immediate v a l l e y i s rugged. 
The l a r g e s c a l e topography i s mountainous i n a l l d i r e c t i o n s , so c o n s i d e r 
a b l e m e c h a n i c a l t u r b u l e n c e o c c u r s when i t i s windy. T h i s t u r b u l e n c e 
enhances th e d i s p e r s i o n as compared t o a smoother a r e a . 

B e s i d e s topography, t h e r e are a number o f c l i m a t e and m e t e o r o l o g i c a l 
f a c t o r s t h a t w i l l i n f l u e n c e a i r e m i s s i o n d i s p e r s i o n a t t h e p r o j e c t s i t e . 
The most noteworthy weather f e a t u r e o f t h i s a r e a i s t h e o c c u r r e n c e o f l i g h t 
winds. Shaw e t a l (1972) found t h a t p e r s i s t e n t l i g h t winds i n Canada o c c u r 
most f r e q u e n t l y i n n o r t h e r n B r i t i s h Columbia. 

L o c a l wind f l o w s are a s s o c i a t e d w i t h the d a i l y c y c l e o f h e a t i n g and c o o l i n g 
o f t h e ground. At n i g h t under c l e a r s k i e s , the ground r a d i a t e s heat. The 
a i r n e a r t h e ground c o o l s , becomes de n s e r and thus tends t o f l o w down h i l l . 
S t r o n g d r a i n a g e winds have been o b s e r v e d on s e v e r a l o c c a s i o n s a t the Didene 
weather s t a t i o n . A r e t u r n , c r o s s - v a l l e y f l o w o f a i r o c c u r s a t h i g h e r 
e l e v a t i o n s t o r e p l a c e t h e a i r f l o w i n g down the s l o p e . P o l l u t a n t s e m i t t e d 
at t h i s h e i g h t may impinge on the s l o p e s i n a narrow band. T h i s phenomenon 
was f i r s t r e p o r t e d by Dean and Swain i n 1944 based on s t u d i e s o f the 
s m e l t e r e m i s s i o n s a t T r a i l and i s e v i d e n t from t h e p a t t e r n o f v e g e t a t i o n i n 
t h a t a r e a . 

In w i n t e r , temperature i n v e r s i o n l a y e r s o f t e n o c c u r s e v e r a l hundred metres 
above t h e v a l l e y f l o o r . T h i s happens when m i l d P a c i f i c a i r o v e r r u n s c o l d e r 
a i r i n t h e v a l l e y . The i n v e r s i o n s can t r a p p o l l u t a n t s which are e m i t t e d 
i n t o t h e c o l d s u r f a c e l a y e r o f a i r . 
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Me c h a n i c a l t u r b u l e n c e i s caused by the a i r moving o v e r t h e t e r r a i n 
f e a t u r e s . T h i s t u r b u l e n c e i s c h a r a c t e r i z e d by l a r g e r u n s t e a d i n e s s o f the 
wind than would o c c u r i n the absence o f the rough t e r r a i n . Hanna e t a l 
(1982) d e s c r i b e o b s e r v a t i o n s o f 60 t o 160 p e r c e n t i n c r e a s e s i n h o r i z o n t a l 
wind f l u c t u a t i o n s due t o t h e s e e f f e c t s . Because o f t h i s g r e a t e r v a r i a b i 
l i t y o f t h e wind, e f f l u e n t s e m i t t e d i n t o t h e a i r w i l l d i s p e r s e f a s t e r . 

A n o t h e r phenomenon i s a s s o c i a t e d w i t h t h e t u r b u l e n t component a l o n g the 
mean wind d i r e c t i o n . The along-wind t u r b u l e n c e i s much g r e a t e r than o v e r 
f l a t t e r r a i n . T h i s can cause the i n i t i a l plume r i s e from the s t a c k to 
p u l s a t e as l u l l s i n t h e wind are f o l l o w e d by s t r o n g e d d i e s . The v a r i a t i o n 
i n plume r i s e c a u s e s t h e plume t o be d i s p e r s e d t h r o u g h a deeper l a y e r . 

A second f a c t o r which enhances d i s p e r s i o n i s wind d i r e c t i o n / s h e a r , t h a t i s 
t h e change o f wind d i r e c t i o n w i t h h e i g h t . There a r e o f t e n l a r g e changes o f 
d i r e c t i o n i n t h e v e r t i c a l as t h e a l o n g - v a l l e y wind a d j u s t s t o t h e winds 
above t h e t e r r a i n . T h i s e f f e c t causes an e m i s s i o n plume t o t u r n as i t 
r i s e s from t h e chimney and t o s p r e a d out more i n t h e h o r i z o n t a l than i t 
would w i t h o u t wind s h e a r . 

The t r a j e c t o r y o f a plume can be a f f e c t e d by t h e a i r f l o w o v e r s t e e p 
t o p o g r a p h i c f e a t u r e s r e s u l t i n g i n a phenomenon known as t o p o g r a p h i c 
downwash. The e m i s s i o n s can be t r a p p e d i n an eddy t o the l e e o f the s t e e p 
s l o p e , o r brought t o t h e ground i n t h e d e s c e n d i n g a i r f l o w . The t e r r a i n i s 
g e n t l y s l o p i n g w i t h i n 3 km (100 s t a c k h e i g h t s ) o f t h e p l a n t s i t e w i t h a 
t y p i c a l s l o p e o f o n l y 4 ° . As such, a l e e eddy problem i s not p o s s i b l e . 

S t r o n g downward a i r motions have been o b s e r v e d a few times a t the s i t e . 
F or example, on t h e n i g h t o f 3-4 June 1986, v e r t i c a l v e l o c i t i e s o f up t o 
-0.5 m/s were r e c o r d e d . Winds o f t h i s magnitude c o u l d have a s i g n i f i c a n t 
e f f e c t on plume e l e v a t i o n i f t h e y o c c u r a l o f t and p e r s i s t f a r enough 
downwind. 

D r a i n a g e winds are downslope f l o w s o f c o l d e r , d e n s e r a i r . They u s u a l l y are 
i n i t i a t e d by d i f f e r e n t i a l s i n r a d i a t i o n a l c o o l i n g r a t e s o v e r l a r g e snow o r 
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i c e f i e l d s as compared t o t h e v a l l e y t e r r a i n . Depth o f t h e d r a i n a g e wind 
would t y p i c a l l y be about 20 m based upon the f o r m u l a g i v e n by B r i g g s 
(1979). T h i s c a l c u l a t i o n method agrees w i t h i n 25 p e r c e n t w i t h o b s e r v a t i o n s 
made a t Woodfibre, B r i t i s h Columbia (Murray 1976). T h i s depth i s not 
s u f f i c i e n t t o cause a downward motion o f the plume. However, th e d r a i n a g e 
wind has an i n f l u e n c e on d i s p e r s i o n , i n t h a t i t causes a m i x i n g o f the 
v a l l e y a i r and consequent weakening o f t h e n o c t u r n a l i n v e r s i o n s (Munn 
1964). 

The plume c o u l d be t r a p p e d i n an eddy t o t h e l e e o f the p l a n t b u i l d i n g . I f 
t h e s o u r c e i s h i g h enough above t h e b u i l d i n g however, t h e e f f l u e n t s w i l l 
c o m p l e t e l y escape t h e b u i l d i n g wake. The 60 m proposed s t a c k h e i g h t w i l l 
be s u f f i c i e n t t o a v o i d b u i l d i n g e f f e c t s . 

The wind speed and s t a b i l i t y o f t h e atmosphere d e t e r m i n e i f t h e a i r f l o w 
goes around h i l l s , o r o v e r them. Under s t a b l e , l i g h t wind c o n d i t i o n s , a 
plume f o l l o w s a h o r i z o n t a l t r a j e c t o r y , and tends t o go around t h e t e r r a i n . 
When t h e a i r i s u n s t a b l e , o r i f winds a r e s t r o n g , t h e a i r f l o w tends t o move 
o v e r , and may impinge upon the t e r r a i n . 

H o r i z o n t a l plume s p r e a d can be r e s t r i c t e d due t o the v a l l e y w a l l s i n a 
deep, narrow v a l l e y . T h i s e f f e c t can be m o d e l l e d i n t h e same way t h a t the 
v e r t i c a l r e s t r i c t i o n o f d i s p e r s i o n by temperature i n v e r s i o n s i s m o d e l l e d by 
t h e eddy r e f l e c t i o n method (Harvey and Hamawl, 1986). 

3.2.3.1 D e s c r i p t i o n o f Models 

Given t h e wide range o f phenomena t h a t can i n f l u e n c e plume d i s p e r s i o n , 
p r e d i c t i o n o f c o n c e n t r a t i o n s o f a i r p o l l u t a n t s a t v a r i o u s p o i n t s i n the 
a r e a o f a p o l l u t a n t s o u r c e can be an e x c e e d i n g l y complex u n d e r t a k i n g . In 
g e n e r a l , t h e approach has been t o use mathematical models which h o l d 
c o n s t a n t o r make no a l l o w a n c e f o r s e v e r a l o f the phenomena known t o a s s i s t 
i n d i s p e r s i o n . F a c t o r s such as along-wind t u r b u l e n c e , mechanical 
t u r b u l e n c e o r wind s h e a r a r e g e n e r a l l y not g i v e n any weight i n o r d e r t o 
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s i m p l i f y t h e m o d e l l i n g t a s k . T h i s a l s o r e s u l t s i n more c o n s e r v a t i v e 
p r e d i c t i o n s o f d i s p e r s i o n . 

V a r i o u s m o d i f i c a t i o n s o f t h e G a u s s i a n model have been a c c e p t e d as b e i n g the 
most a p p r o p r i a t e t o o l s f o r d e t e r m i n i n g t h e l o n g term e f f e c t s o f a i r 
e m i s s i o n s . A f t e r a r e v i e w o f t h e models a v a i l a b l e and d i s c u s s i o n s w i t h 
M i n i s t r y o f Environment s t a f f , two models were s e l e c t e d f o r t h e Mount 
Klappan P r o j e c t - t h e Promet Environmental Group L t d . G a u s s i a n "SSAQ" 
model and t h e U.S. Environmental P r o t e c t i o n Agency " V a l l e y " model. Each i s 
d i s c u s s e d below: 

V a l l e v Model 

VALLEY i s one o f t h e U.S. Environmental P r o t e c t i o n Agency U s e r ' s Network 
f o r A p p l i e d M o d e l l i n g o f A i r P o l l u t i o n (UNAMAP-5) s e r i e s o f d i s p e r s i o n 
models. I t was o r i g i n a l l y d e v e l o p e d t o a s s e s s the e f f e c t s o f e m i s s i o n s 
from l a r g e c o p p e r s m e l t e r s i n complex t e r r a i n i n t h e U.S. southwest. I t 
was d e s i g n e d t o g i v e r e p r e s e n t a t i v e c a l c u l a t i o n s o f t h e e f f e c t o f the emis
s i o n s o f an e l e v a t e d t e r r a i n f e a t u r e under s t a b l e , l i g h t wind c o n d i t i o n s . 

T h i s s c e n a r i o was judged t o be t h e most i m p o r t a n t f a c t o r i n d e t e r m i n i n g the 
l o n g term a i r q u a l i t y . 

VALLEY i s a s t e a d y s t a t e G a u s s i a n model which c a l c u l a t e s p o l l u t a n t 
c o n c e n t r a t i o n s from the e m i s s i o n c h a r a c t e r i s t i c s o f the s o u r c e ( s ) , and the 
f r e q u e n c i e s o f o c c u r r e n c e o f m e t e o r o l o g i c a l c o n d i t i o n s . The l a t t e r are 
d e s c r i b e d as an a r r a y o f s i x s t a b i l i t y c l a s s e s , 16 wind d i r e c t i o n s , and s i x 
wind speeds. R e s u l t s are produced a t 112 r e c e p t o r s i t e s , t h a t i s a t seven 
d i s t a n c e s from t h e o r i g i n a t each o f the 16 compass p o i n t s . The P a s q u i l l i -
G i f f o r d v e r t i c a l d i s p e r s i o n c o e f f i c i e n t s and B r i g g s (1975) plume r i s e equa
t i o n s a r e used. Plume h e i g h t i s a d j u s t e d based upon r e c e p t o r e l e v a t i o n . A 
t e c h n i c a l d e s c r i p t i o n o f t h e model i s g i v e n i n the V a l l e y Model User's 
Guide ( B u r t 1977). 
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SSAQ Model 

The SSAQ model i s a l s o a m o d i f i e d G a u s s i a n model which uses t h e f r e q u e n c y 
o f m e t e o r o l o g i c a l c l a s s e s , t o p o g r a p h i c h e i g h t s , and e m i s s i o n c o n d i t i o n s as 
i n p u t s . The c o n c e n t r a t i o n s are c a l c u l a t e d on a r a d i a l g r i d a t 16 
d i r e c t i o n s and a t d i s t a n c e s s p e c i f i e d by t h e u s e r . The Smith (1972) 
v e r t i c a l d i s p e r s i o n c o e f f i c i e n t s and B r i g g ' s (1975) plume r i s e e q u a t i o n s 
a r e used. The Egan (1975) " h a l f h e i g h t " method i s used t o a d j u s t plume 
h e i g h t f o r t o p o g r a p h i c a l v a r i a t i o n s . Ground l e v e l c o n c e n t r a t i o n s were 
c a l c u l a t e d u s i n g t h e a p p r o x i m a t i o n t e c h n i q u e o f Y a r m a r t i n o (1977) f o r each 
d i s p e r s i o n c l a s s and g r i d p o i n t . Seasonal averages then were found by 
w e i g h t i n g t h e c l a s s c o n c e n t r a t i o n s by t h e number o f hours o f o c c u r r e n c e 
s i m i l a r t o t h e way T u r n e r (1969) c a l c u l a t e s l o n g term c o n c e n t r a t i o n s . 
Annual v a l u e s a r e c a l c u l a t e d by a v e r a g i n g t h e f o u r s e a s o n a l v a l u e s . 

3.2.3.2 C a p a b i l i t y o f Models 

N e i t h e r o f t h e s e models a l l o w s f o r i n c r e a s e d d i s p e r s i o n due t o along-wind 
t u r b u l e n c e , c h a n n e l l i n g , t e r r a i n downwash, o r wind d i r e c t i o n s h e a r e f f e c t s . 
SSAQ t r e a t s f u m i g a t i o n s t o t h e e x t e n t t h a t the d i u r n a l v a r i a t i o n o f m i x i n g 
h e i g h t i s i n c o r p o r a t e d i n t h e s y n t h e s i s o f m i x i n g h e i g h t s t a t i s t i c s . 
T e r r a i n downwash may not be o f c o n c e r n as t h e depth o f t h e d r a i n a g e f l o w 
would appear t o be below th e p h y s i c a l s t a c k h e i g h t . The enhanced d i s p e r 
s i o n due t o mechanical t u r b u l e n c e would be accounted f o r i n both models by 
u s i n g t h e o n - s i t e t u r b u l e n c e d a t a t o s e l e c t t h e d i s p e r s i o n c l a s s e s . Both 
models t r e a t plume impingement. The VALLEY Model l i m i t s how c l o s e the 
plume c e n t e r l i n e can approach t h e t e r r a i n t o 10 metres f o r s t a b l e 
a t m o s p h e r i c c o n d i t i o n s , whereas w i t h the Egan method used by SSAQ i t can 
n e v e r g e t c l o s e r than h a l f the d i f f e r e n c e i n e l e v a t i o n between th e s t a c k 
base and t h e r e c e p t o r p o i n t . 

A l l mathematical models must i n c o r p o r a t e c e r t a i n s i m p l i f i c a t i o n s i n o r d e r 
t o d e s c r i b e complex phenomena and t h e a i r d i s p e r s i o n models d i s c u s s e d here 
are no d i f f e r e n t . C e r t a i n f a c t o r s must be h e l d c o n s t a n t , o r i g n o r e d , i n 
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o r d e r t o i s o l a t e and p r e d i c t the i n f l u e n c e o f more i m p o r t a n t v a r i a b l e s o f 
i n t e r e s t t o t h e problem. 

The r e s u l t i s t h a t no model can p e r f e c t l y p r e d i c t t h e e x a c t a i r q u a l i t y 
p arameters r e s u l t i n g from a p o i n t s o u r c e i n complex t e r r a i n . There w i l l be 
s o u r c e s o f o v e r - e s t i m a t i o n and u n d e r - e s t i m a t i o n o f p o l l u t a n t l e v e l s . On 
b a l a n c e , t h e model i s d e s i g n e d t o o v e r - e s t i m a t e a i r e m i s s i o n c o n c e n t r a t i o n s 
but t h i s r e s u l t cannot be g u a r a n t e e d . 

VALLEY and SSAQ have s i m i l a r l i m i t a t i o n s i n d e s c r i b i n g d i s p e r s i o n from a 
p o i n t s o u r c e o v e r complex t e r r a i n . Both are m o d i f i e d G a u s s i o n models 
d e v e l o p e d f o r r e l a t i v e l y f l a t v a l l e y s a t l i m i t e d d i s t a n c e s from t h e s o u r c e . 
N e i t h e r model makes a l l o w a n c e s f o r p o t e n t i a l i n c r e a s e d d i s p e r s i o n 
mechanisms such as along-wind t u r b u l e n c e o r wind d i r e c t i o n s h e a r a t h e i g h t . 
Near s u r f a c e weather d a t a may not be r e p r e s e n t a t i v e o f c o n d i t i o n s a t and 
above s t a c k h e i g h t . Wind v e l o c i t i e s would n o r m a l l y be g r e a t e r a t a l t i t u d e 
and t h e s p a t i a l d i s t r i b u t i o n o f ground l e v e l c o n c e n t r a t i o n s c o u l d be q u i t e 
d i f f e r e n t due t o v a r i a t i o n o f wind d i r e c t i o n w i t h h e i g h t . 

The e f f e c t o f v e r t i c a l wind v e l o c i t i e s on plume r i s e a r e a l s o not t r e a t e d . 
C o n c e n t r a t i o n s may be u n d e r - e s t i m a t e d o r o v e r - e s t i m a t e d depending on the 
l o c a l c o n d i t i o n s . 

S t r a i g h t l i n e plume t r a j e c t o r i e s a re used. The tendency o f the plume t o 
f o l l o w t h e v a l l e y and c u r v e d t r a j e c t o r i e s r e s u l t i n g from changes i n wind 
d i r e c t i o n between the s o u r c e and t h e r e c e p t o r p o i n t a r e not m o d e l l e d . The 
r e s u l t i s t h a t c o n c e n t r a t i o n s g r e a t e r than would be l i k e l y a r e p r e d i c t e d 
f o r t h e v a l l e y s l o p e s . 

When t h e models p r e d i c t t h a t the plume c e n t r e l i n e i s above the m i x i n g 
h e i g h t a t some d i s t a n c e from the s o u r c e , then ground l e v e l c o n c e n t r a t i o n s 
are assumed t o be z e r o beyond t h a t p o i n t . T h i s i s a s i m p l i f i c a t i o n which 
i s not n e c e s s a r i l y p h y s i c a l l y a c c u r a t e s i n c e i t i s p o s s i b l e t h a t some o f 
the plume i s below t h e m i x i n g h e i g h t such t h a t t h e r e c o u l d be an i n f l u e n c e 
on ground l e v e l c o n c e n t r a t i o n s . 

2-22 



ATMOSPHERIC ENVIRONMENT 

The VALLEY model l i m i t s t he d i s p e r s i o n c o e f f i c i e n t s a r b i t r a r i l y a f t e r a 
c e r t a i n downwind d i s t a n c e . N e i t h e r model s p e c i f i c a l l y i n c o r p o r a t e s a 
h o r i z o n t a l l i m i t a t i o n o f d i s p e r s i o n by t h e v a l l e y w a l l s a l t h o u g h t h e VALLEY 
model does i n c l u d e m i x i n g i n t h e c r o s s - v a l l e y d i r e c t i o n by a v e r a g i n g o v e r a 
22.5° s e c t o r . 

T r a p p i n g o f p o l l u t a n t s by i n v e r s i o n s i s d e a l t w i t h i n the models by 
imposing m i x i n g h e i g h t l i m i t s d e r i v e d from P o r t e l l i ' s (1979) mapping f o r 
n o r t h e r n B r i t i s h Columbia. The se a s o n a l m i x i n g h e i g h t s p r o v i d e d on th e s e 
s m a l l s c a l e maps however do not account f o r l o c a l t o p o g r a p h i c e f f e c t s . 
D i u r n a l v a r i a t i o n o f c o n v e c t i v e m i x i n g h e i g h t i s s i m p l i f i e d t o two s t a t e s -
z e r o a t r i g h t and t h e s e a s o n a l average f o r daytime. T h i s may r e s u l t i n 
some u n d e r - e s t i m a t i o n o f c o n c e n t r a t i o n s i n t h e e a r l y morning and e v e n i n g , 
when t h e m i x i n g h e i g h t i s a c t u a l l y between t h e s e l e v e l s . O v e r - e s t i m a t i o n 
o f c o n c e n t r a t i o n s would o c c u r when t h e plume h e i g h t i s a c t u a l l y above the 
m i x i n g h e i g h t . 

M i x i n g h e i g h t s have an e f f e c t on maximum ground l e v e l c o n c e n t r a t i o n s o n l y 
f o r a l i m i t e d range o f plume h e i g h t (Csanady 1973). I f t h e plume h e i g h t i s 
l e s s t h a n h a l f t h e m i x i n g h e i g h t , t h e ground l e v e l c o n c e n t r a t i o n s w i l l not 
be a f f e c t e d by a c e i l i n g on v e r t i c a l d i s p e r s i o n . I f t h e plume i s above the 
m i x i n g h e i g h t c e i l i n g , ground l e v e l c o n c e n t r a t i o n s below the c e i l i n g w i l l 
be z e r o . Heins and P e t e r s (1973) have e s t i m a t e d t h a t t h e worst case e f f e c t 
o f an i n v e r s i o n c e i l i n g i s a d o u b l i n g o f c o n c e n t r a t i o n s p r e d i c t e d f o r the 
no i n v e r s i o n c a s e . 

These c h a r a c t e r i s t i c s o f the models cause both p o s i t i v e and n e g a t i v e e r r o r s 
i n t h e c a l c u l a t e d c o n c e n t r a t i o n s . E m p i r i c a l d a t a on t h e a c c u r a c y o f the 
VALLEY model i n d i c a t e s t h a t model p r e d i c t i o n agreement w i t h a c t u a l 
o b s e r v a t i o n s v a r i e s from low by a f a c t o r o f about two t o h i g h by a f a c t o r 
o f s i x . R a t i o s o f c a l c u l a t e d t o obser v e d c o n c e n t r a t i o n s was r e p o r t e d t o 
v a r y from 0.44 t o 6.1 by Bu r t and S l a t e r (1977). A s i m i l a r l e v e l o f 
a c c u r a c y has been found t o a p p l y t o SSAQ. A s t a n d a r d e r r o r o f 50 p e r c e n t 
o f t h e mean and c o r r e l a t i o n c o e f f i c i e n t o f 0.7 was found between SSAQ 
p r e d i c t e d v a l u e s o f annual averages and a i r m o n i t o r i n g r e s u l t s a t s i x 
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t r a i l e r s i n t h e Ram R i v e r a r e a on t h e e a s t s l o p e o f t h e Rocky Mountains 
o v e r a 10 y e a r p e r i o d . 

3.2.3.3 Input Data 

T e r r a i n C h a r a c t e r i s t i c s 

The same i n p u t d a t a were used w i t h each model. R e c e p t o r s i t e s were 
s p e c i f i e d a t 1 t o 7 km from t h e s o u r c e a t 1 km i n t e r v a l s , i n each o f 16 
d i r e c t i o n s . E l e v a t i o n s o f t h e 112 r e c e p t o r p o i n t s a r e g i v e n i n T a b l e 2-7. 
These r e c e p t o r p o i n t s and the a s s i g n e d e l e v a t i o n s p r o v i d e a t o p o g r a p h i c 
g r i d which w i l l i d e n t i f y f o r t h e model where t h e plume w i l l impinge on the 
ground. 

S t a b i l i t y C l a s s e s 

S t a b i l i t y c l a s s e s , which have a s i g n i f i c a n t e f f e c t on plume d i s p e r s i o n i n 
th e models, were c a l c u l a t e d from wind d a t a r e t r i e v e d from t h e 10 metre 
tower near t h e proposed p l a n t s i t e . S t a b i l i t y c l a s s c a l c u l a t i o n s were 
based on 360 samples o f wind speed and d i r e c t i o n each hour. 

Two methods were u t i l i z e d t o d e s c r i b e t h e f r e q u e n c i e s o f s t a b i l i t y c l a s s e s . 

1. Azimuth v a r i a b i l i t y method o f M i t c h e l l and Timbre (1979). 
2. V e r t i c a l v e l o c i t y v a r i a b i l i t y method. 

The f i r s t methodology c l a s s i f i e s s t a b i l i t y a c c o r d i n g t o t h e s t a n d a r d 
d e v i a t i o n o f azimuth a n g l e ( d i r e c t i o n ) . I f t h e r e a r e f r e q u e n t , l a r g e 
changes i n wind d i r e c t i o n , t h i s method would c l a s s i f y t h e c o n d i t i o n s as 
r e l a t i v e l y u n s t a b l e . A t n i g h t , an e m p i r i c a l adjustment i s a p p l i e d t o t h i s 
method t h a t l i m i t s t h e f r e q u e n c y o f u n s t a b l e c o n d i t i o n s by assuming t h a t 
much o f t h e azimuth change i s a s s o c i a t e d w i t h n o c t u r n a l meandering o f the 
wind r a t h e r than t u r b u l e n t , u n s t a b l e c o n d i t i o n s . As a r e s u l t o f t h i s 
assumption, a l l n i g h t time o b s e r v a t i o n s a r e p l a c e d i n t h e more s t a b l e 
c l a s s e s o f D, E and F. 
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The v e r t i c a l v e l o c i t y method c l a s s i f i e s s t a b i l i t y i n terms o f s t a n d a r d 
d e v i a t i o n o f v e r t i c a l v e l o c i t i e s r e l a t i v e t o wind speeds. As changes i n 
v e r t i c a l v e l o c i t i e s i n c r e a s e f o r a g i v e n wind speed, t h i s method would 
d e s c r i b e t h e c o n d i t i o n as i n c r e a s i n g l y u n s t a b l e . T h i s method uses a 
measure o f a t m o s p h e r i c t u r b u l e n c e which i s d i r e c t l y r e l a t e d t o t h e v e r t i c a l 
d i s p e r s i o n o f e f f l u e n t s e m i t t e d t o t h e atmosphere. 

S t a b i l i t y c l a s s e s a r e used t o c a l c u l a t e t h e t h i c k n e s s and b r e a d t h o f the 
plume a t s p e c i f i e d d i s t a n c e s downwind o f t h e power s t a t i o n . In s t a b l e 
a t m o s p h e r i c c o n d i t i o n s , t h e plume i s t h i n n e r and narrower and hence more 
c o n c e n t r a t e d . C o n s e q u e n t l y , h i g h e r ambient ground l e v e l c o n c e n t r a t i o n s 
w i l l be r e a l i z e d where such a plume comes i n t o c o n t a c t w i t h t h e ground. 
Fo r r e l a t i v e l y u n s t a b l e c o n d i t i o n s , t h e plume i s t h i c k e r and more s p r e a d 
out and t h e r e f o r e c o n c e n t r a t i o n s a r e reduced a t t h e p o i n t o f ground 
c o n t a c t . I n c r e a s e d c o n c e n t r a t i o n s w i l l o c c u r i n a l a r g e r a r e a however, 
because t h e plume i s s p a t i a l l y more e x t e n s i v e . 

These methods appear t o p r o v i d e r e l a t i v e l y c o n s e r v a t i v e e s t i m a t e s o f 
s t a b i l i t y which a r e somewhat a t odds w i t h t h e rough t e r r a i n and c o n s t a n t 
winds o b s e r v e d i n t h e a r e a . The f i r s t method assumes v e r y l i t t l e 
t u r b u l e n c e a t n i g h t w h i l e t h e second method tends t o d e s c r i b e h i g h wind 
c o n d i t i o n s as s t a b l e s i n c e t h e s t a n d a r d d e v i a t i o n o f v e r t i c a l v e l o c i t y i s 
d i v i d e d by t h e h o r i z o n t a l v e l o c i t y such t h a t t h e q u o t i e n t becomes a s m a l l e r 
number as wind speed i n c r e a s e s . 

Both d i s p e r s i o n models use G i f f o r d ' s method t o c a l c u l a t e l o n g term 
c o n c e n t r a t i o n s (see T u r n e r 1969). In t h i s method t h e l o n g term o r seas o n a l 
c o n c e n t r a t i o n depends o n l y on t h e v e r t i c a l d i s p e r s i o n c o e f f i c i e n t , and not 
at a l l on t h e h o r i z o n t a l one. Co n s e q u e n t l y , t h e s e l e c t i o n o f c l a s s e s based 
on v e r t i c a l v e l o c i t y r a t h e r than azimuth i s l i k e l y t h e b e t t e r o f t h e two. 

No adjustment was made f o r t h e v a r i a t i o n o f s t a b i l i t y c l a s s w i t h h e i g h t . 
T h i s c o u l d be done i f i n f o r m a t i o n were a v a i l a b l e about s u r f a c e heat f l u x e s . 

2-25 



T a b l e 2-7 
MODEL RECEPTOR SITES 

( E l e v a t i o n s i n F e e t Above Sea L e v e l ) 

D i s t a n c e from Source (km) 

S i t e D i s t a n c e From S o u r c e (km) 

D i r e c t i o n 1 2 3 4 5 6 7 

N 4232 4183 4183 4232 4364 5282 5676 
NNE 4199 4199 4364 4790 5052 5052 5052 
NE 4216 4331 4462 4757 4757 4757 4757 
ENE 4314 4396 4413 4462 4495 4528 4724 
E 4429 4495 4495 4495 4478 4396 4364 
ESE 4478 4626 4757 4757 4839 4938 4938 
SE 4495 4741 4970 4954 5003 5495 6266 
SSE 4495 4856 5479 5545 5331 5692 6299 
S 4511 4790 5479 5807 5495 5463 5266 
SSW 4462 4590 4839 5020 4938 4905 4872 
SW 4347 4593 4511 4495 4708 4774 4905 
WSW 4380 4429 4774 4954 5036 5118 5184 
W 4396 4495 4856 5217 5889 6496 6496 
WNW 4429 4642 5167 5676 5840 5938 5938 
NW 4462 4724 5167 5248 5348 5643 5299 
NNW 4446 4495 4577 4429 4232 4035 4035 
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Ambient Temperature and P r e s s u r e 

Seasonal average t e m p e r a t u r e s o f -16.7, 1.1, 9.3 and 5.5°C o b s e r v e d a t the 
weather s t a t i o n were used f o r w i n t e r , s p r i n g , summer and f a l l , 
r e s p e c t i v e l y . A " s t a n d a r d atmosphere" p r e s s u r e o f 92.3 kP f o r t h e p l a n t 
e l e v a t i o n o f 1295 m was used r e g a r d l e s s o f seas o n . The use o f se a s o n a l 
average and s t a n d a r d v a l u e s has a n e g l i g i b l e e f f e c t on t h e r e s u l t s as the 
models a r e r e l a t i v e l y i n s e n s i t i v e t o t h e s e p a r a m e t e r s . 

M i x i n g H e i g h t s 

Seasonal mean maximum d a i l y m i x i n g h e i g h t s were a b s t r a c t e d from P o r t e l l i ' s 
(1979) mappings. V a l u e s o f 300, 1500, 1800 and 700 m were used f o r the 
w i n t e r t h r o u g h f a l l s easons, f o r s t a b i l i t y c l a s s e s A thr o u g h C. In the 
SSAQ model, a " m e c h a n i c a l " m i x i n g h e i g h t was c a l c u l a t e d f o r each d i s p e r s i o n 
c l a s s as w e l l . M e c h a n i c a l m i x i n g r e s u l t s from a i r movement o v e r a rough 
s u r f a c e and i s a f u n c t i o n o f wind speed and roughness o f the s u r f a c e . 

In SSAQ, f o r t h e u n s t a b l e c l a s s e s , t h e g r e a t e r o f t h e mechanical and 
s e a s o n a l average v a l u e s was used f o r t h e c a l c u l a t i o n o f c o n c e n t r a t i o n s i n a 
p a r t i c u l a r d i s p e r s i o n c l a s s . The mechanical m i x i n g h e i g h t was used f o r the 
n e u t r a l and s t a b l e c a s e s (D through F ) . Ground l e v e l c o n c e n t r a t i o n s were 
c a l c u l a t e d u s i n g t h e a p p r o x i m a t i o n t e c h n i q u e o f Yamartino (1977). VALLEY 
uses t h e s e a s o n a l m i x i n g h e i g h t s f o r t h e u n s t a b l e c a t e g o r i e s , but does not 
i n c o r p o r a t e m e chanical m i x i n g h e i g h t s . 

A l t h o u g h g r e a t l y s i m p l i f i e d , t h i s t r e a t m e n t o f t h e m i x i n g h e i g h t , t o g e t h e r 
w i t h t h e use o f o b s e r v e d d i s p e r s i o n s t a t i s t i c s a l l o w s f o r a s i m u l a t i o n o f 
the e f f e c t o f t h e p e r s i s t e n t w i n t e r time i n v e r s i o n s which t r a p c o l d a i r i n 
the v a l l e y . 

E m i s s i o n Data 

S t a c k e m i s s i o n c h a r a c t e r i s t i c s were d e v e l o p e d from t e s t burns o f Mount 
Klappan r e f u s e a n t h r a c i t e conducted on a p i l o t s c a l e c i r c u l a t i n g f l u i d i z e d 
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bed combustion f a c i l i t y i n San Diego, C a l i f o r n i a . The t e s t program was 
d e s i g n e d t o demonstrate t h e f e a s i b i l i t y o f p r o d u c i n g e l e c t r i c power from 
t h e h i g h ash r e j e c t a n t h r a c i t e u s i n g t h i s t e c h n o l o g y . The t e s t s were a l s o 
c o n d u c t e d t o o b t a i n key en v i r o n m e n t a l d a t a such as ash and a i r e m i s s i o n 
c h a r a c t e r i s t i c s . D e t a i l s o f t h i s t e s t program a r e p r o v i d e d i n P a r t F i v e o f 
Volume II on I n f r a s t r u c t u r e . 

The e m i s s i o n d a t a used i n t h e a i r d i s p e r s i o n c a l c u l a t i o n s a r e p r o v i d e d i n 
T a b l e 2-8. The o p e r a t i n g parameters a s s o c i a t e d w i t h t h e p o i n t s o u r c e d a t a 
i n d i c a t e d i n t h e t a b l e i n c l u d e t h e use o f l i m e s t o n e t o c o n t r o l S 0 2 

e m i s s i o n s . 

The e m i s s i o n r a t e s shown f o r s u l p h u r d i o x i d e and n i t r o g e n o x i d e s a r e t h e 
e q u i v a l e n t o f t h e maximum o u t p u t g u a r a n t e e d by t h e m a n u f a c t u r e r o f the 
c i r c u l a t i n g f l u i d i z e d bed b o i l e r . These l e v e l s c o r r e s p o n d t o t h e lower 
l i m i t o f t h e B.C. P o l l u t i o n C o n t r o l O b j e c t i v e s . A c t u a l t e s t burn r e s u l t s 
i n d i c a t e t h a t S 0 2 e m i s s i o n s would be l e s s than t h e l e v e l s shown here and 
used i n t h e d i s p e r s i o n m o d e l l i n g . T e s t burn N0 X l e v e l s were l e s s than 20 
p e r c e n t o f t h e c o n c e n t r a t i o n shown i n T a b l e 2-9 and used i n t h e d i s p e r s i o n 
models. Not o n l y do t h e e m i s s i o n l e v e l s used i n t h e d i s p e r s i o n model 
exceed t h o s e i n d i c a t e d by t h e t e s t t u r n , but t h e y a l s o r e p r e s e n t the 
ex p e c t e d peak e m i s s i o n s when t h e p l a n t i s o p e r a t i n g a t f u l l power. In 
a c t u a l p r a c t i c e , t h e e m i s s i o n s w i l l be l e s s because t h e b o i l e r s w i l l not 
r o u t i n e l y and c o n t i n u o u s l y be o p e r a t e d a t peak o u t p u t . Furthermore, i t has 
been assumed i n t h e d i s p e r s i o n m o d e l l i n g t h a t t h e peak l o a d e m i s s i o n r a t e 
shown i n T a b l e 2-8 i s c o n s t a n t . T h i s r e p r e s e n t s a worst c a s e s c e n a r i o f o r 
the s i m u l a t i o n o f ambient p o l l u t a n t c o n c e n t r a t i o n s s i n c e i t i s assumed t h a t 
t h e maximum p o l l u t a n t l o a d i s d i s c h a r g e d from t h e s t a c k on a c o n t i n u o u s 
b a s i s . 

3.2.3.4 Model R e s u l t s 

The r e s u l t s o f t h e d i s p e r s i o n c a l c u l a t i o n s a r e summarized i n T a b l e 2-9 f o r 
S 0 2 and T a b l e 2-10 f o r N 0 X < VALLEY g i v e s a maximum annual average s u l p h u r 
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T a b l e 2-8 
DISPERSION MODEL 

EMISSION SPECIFICATIONS 

E m i s s i o n Rate S 0 2 7.1 g/s 
E m i s s i o n Rate NO 14.3 g/s 
P h y s i c a l H e i g h t o f S t a c k 60.0 m 
E f f l u e n t Temperature 138.0 °C 
E f f l u e n t V e l o c i t y 30.0 m/s 
S t a c k Diameter 1.346 m 
V o l u m e t r i c Flow Rate 42.7 m 3/s 
Ground E l e v a t i o n o f Source 1295 m 
T r e e D i s t a n c e 500 m 
T r e e H e i g h t 10 m 

Base d a t a p r o v i d e d by Pyropower C o r p o r a t i o n . 
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d i o x i d e c o n c e n t r a t i o n o f 0.0026 t o 0.003 p a r t s per m i l l i o n v o l u m e t r i c 
(ppmv) on t h e s l o p e 2 km west-northwest o f t h e p l a n t . The r e s u l t from the 
SSAQ model i s v e r y s i m i l a r - 0.0029 ppmv a t 3 km i n t h e same d i r e c t i o n . 
S i m i l a r comparisons can be made f o r N0 X- The method f o r c a l c u l a t i n g 
s t a b i l i t y c l a s s e s had o n l y a minor e f f e c t on t h e r e s u l t s . 

The s p a t i a l v a r i a t i o n o f annual average S 0 2 c o n c e n t r a t i o n c a l c u l a t e d by 
VALLEY ( M i t c h e l l s t a b i l i t y ) , VALLEY ( s t a b i l i t y from v e r t i c a l v e l o c i t y ) and 
SSAQ ( s t a b i l i t y from v e r t i c a l v e l o c i t y ) a r e shown i n F i g u r e s 2-1 through 
2-3 and f o r N0 X i n F i g u r e 2-4. C o n c e n t r a t i o n s o f S 0 2 a t t h e boundary o f 
t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park were c a l c u l a t e d t o be 0.0003 ppmv by 
t h e VALLEY Model and 0.0004 ppmv by SSAQ. These l e v e l s a t t h e park 
boundary r e p r e s e n t l e s s than 5 p e r c e n t o f t h e B r i t i s h Columbia L e v e l A 
ambient a i r q u a l i t y g u i d e l i n e o f 0.01 ppm as an annual average f o r s u l p h u r 
d i o x i d e . Furthermore, even t h e maximum annual average c o n c e n t r a t i o n s 
p r e d i c t e d t o o c c u r t o t h e west-northwest o f t h e power p l a n t a r e o n l y about 
30 p e r c e n t o f B r i t i s h Columbia's s t r i c t e s t ambient a i r q u a l i t y s t a n d a r d and 
t h e s e peak l e v e l s o n l y a f f e c t an a r e a o f about 1 square k i l o m e t r e . A l l 
o t h e r a r e a s i n t h e b a s i n would have annual c o n c e n t r a t i o n s t h a t a r e even 
lower. 

3.2.3.5 Short-Term C o n c e n t r a t i o n C a l c u l a t i o n s 

The VALLEY and SSAQ models c a l c u l a t e annual average c o n c e n t r a t i o n s but do 
not d e a l w i t h s h o r t term e v e n t s which can r e s u l t i n much h i g h e r 
c o n c e n t r a t i o n s . Worst c a s e s h o r t term c o n c e n t r a t i o n s o f S 0 2 have been 
c a l c u l a t e d u s i n g t h e approach su g g e s t e d by Hanna e t a l (1982). 

The h i g h e s t h o u r l y c o n c e n t r a t i o n would r e q u i r e e x t r e m e l y s t a b l e and 
p e r s i s t e n t a t m o s p h e r i c c o n d i t i o n s such as would o c c u r w i t h l i g h t winds and 
a s t r o n g w i n t e r i n v e r s i o n c e i l i n g which would l i m i t v e r t i c a l d i s p e r s i o n . 
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T a b l e 2-9 
SUMMARY OF DISPERSION MODEL RESULTS 

FOR ANNUAL AVERAGE S 0 2 CONCENTRATIONS 

VALLEY Model 
M i t c h e l l Method 

VALLEY Model 
wl Method 

SSAQ Model 
wl Method 

Maximum c o n c e n t r a t i o n (ppmv) 0.003 0.0026 0.0029 
S e c t o r w i t h maximum WNW WNW WNW 
D i s t a n c e t o maximum (km) 2 2 3 
A l t i t u d e o f maximum (m ASL) 1460 1460 1575 
O t h e r s e c t o r s w i t h 
c o n c e n t r a t i o n g r e a t e r than 
0.001 ppmv 

SE 

Maximum c o n c e n t r a t i o n a t 
Park Boundary (ppmv) 

0.0003 <0.0003 0.0004 

M i t c h e l l (1979) method o f s t a b i l i t y c l a s s i f i c a t i o n i s based upon t h e s t a n d a r d d e v i a t i o n 
o f azimuth a n g l e o f t h e wind. At n i g h t , an adjustment i s made t o the c l a s s based upon 
wind speed. 
The w* method s o r t s a c c o r d i n g t o the q u o t i e n t o f t h e s t a n d a r d d e v i a t i o n o f v e r t i c a l 
v e l o c i t y (m/s) and t h e h o r i z o n t a l wind speed (m/s). B o u n d a r i e s between c l a s s e s are as 
f o l l o w s : 

A - B 0.12 
B - C 0.09 
C - D 0.07 
D - E 0.04 
E - F 0.03 
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T a b l e 2-10 
SUMMARY OF DISPERSION MODEL RESULTS 

FOR ANNUAL AVERAGE N 0 X CONCENTRATIONS 

VALLEY Model 
M i t c h e l l Method 

VALLEY Model 
wl Method 

SSAQ Model 
wl Method 

Maximum c o n c e n t r a t i o n (ppmv) 0.0059 0.0052 0.0057 

S e c t o r w i t h maximum WNW WNW WNW 
D i s t a n c e t o maximum (km) 2 2 3 
A l t i t u d e o f maximum (m ASL) 1460 1460 1575 

Ot h e r s e c t o r s w i t h 
c o n c e n t r a t i o n g r e a t e r than 
0.001 ppmv 

SE, SSE SE 

Maximum c o n c e n t r a t i o n a t 
Park Boundary (ppmv) 

<0.001 <0.001 <0.001 

M i t c h e l l (1979) method o f s t a b i l i t y c l a s s i f i c a t i o n i s based upon t h e s t a n d a r d d e v i a t i o n 
o f azimuth a n g l e o f t h e wind. A t n i g h t , an adjustment i s made t o t h e c l a s s based upon 
wind speed. 
The w* method s o r t s a c c o r d i n g t o t h e q u o t i e n t o f t h e s t a n d a r d d e v i a t i o n o f v e r t i c a l 
v e l o c i t y (m/s) and the h o r i z o n t a l wind speed (m/s). B o u n d a r i e s between c l a s s e s are as 
f o l l o w s : 

A - B 0.12 
B - C 0.09 
C - D 0.07 
D - E 0.04 
E - F 0.03 
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FIGURE 2-1 

NOTE: 
STABILITY CLASSES WERE 
DETERMINED BY MITCHELL 
(1979) METHOD. 

MOUNT KLAPPAN ANTHRACITE PROJECT 
ANNUAL AVERAGE GROUND LEVEL 

CONCENTRATIONS OF SULPHUR DIOXIDE 
(ppmv) VALLEY MODEL. 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
23/12/86 
KLAP:[205057]86060 1038.LOC 

2-33 



f A P P R O X . B O U N D A R Y OF 

i SPATSIZI PLATEAU PARK 

. 0 0 0 3 
i k.— s 

. 0 0 0 3 

.0003 
/ 

* 0 0 0 3 

3 KM 
_i 

NOTE: 
STABILITY CLASSES WERE DETERMINED 
FROM THE STANDARD DEVIATION 
OF VERTICAL VELOCITY. 

FIGURE 2-2 

MOUNT KLAPPAN ANTHRACITE PROJECT 

ANNUAL AVERAGE GROUND LEVEL 
CONCENTRATIONS OF SULPHUR DIOXIDE 

(ppmv) VALLEY MODEL 
ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
86/12/23 
KLAP:[205057]860601039.LOC 

2-34 



f A P P R O X . BOUNDARY OF 

SPATSIZI P L A T E A U PARK 

0 1 2 3KM 
i i i i 

NOTE: 
STABILITY CLASSES WERE DETERMINED 
FROM THE STANDARD DEVIATION 
OF VERTICAL VELOCITY. 

FIGURE 2-3 

MOUNT KLAPPAN ANTHRACITE PROJECT 

ANNUAL AVERAGE GROUND LEVEL 
CONCENTRATIONS OF SULPHUR DIOXIDE 

(ppmv) SSAQ MODEL 
ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
23/I 2/86 
KLAP:[205057]86060 1040.LOC 
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NOTE: 
STABILITY CLASSES WERE DETERMINED 
FROM THE STANDARD DEVIATION 
OF VERTICAL VELOCITY. 

FIGURE 2-4 

MOUNT KLAPPAN ANTHRACITE PROJECT 
ANNUAL AVERAGE GROUND LEVEL 

CONCENTRATIONS OF NITROGEN OXIDES 
(ppmv) SSAQ MODEL 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
23/12/86 
KLAP j[205057]860601041.LOC 
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The plume i s t r a p p e d below t h e i n v e r s i o n boundary i n a v e r y t h i n zone t h a t 
s p r e a d s t o f i l l t h e v a l l e y h o r i z o n t a l l y . Under v e r y l i g h t wind c o n d i t i o n s 
w i t h h o r i z o n t a l d i s p e r s i o n enhanced by "meander" ( M i t c h e l l 1982), th e plume 
c o u l d c o n t a c t v a l l e y w a l l s i n a t h i n c o n c e n t r a t e d band. The P a s q u i l l 
s t a b i l i t y c l a s s e s f o r t h i s s i t u a t i o n would be A f o r h o r i z o n t a l d i s p e r s i o n 
and F f o r v e r t i c a l d i s p e r s i o n . 

The h i g h e s t c o n c e n t r a t i o n s would o c c u r where the v a l l e y w i d t h i s narrow 
enough such t h a t t h e plume a c t u a l l y c o n t a c t s t h e v a l l e y w a l l s . The most 
l i k e l y s c e n a r i o f o r a l l t h e n e c e s s a r y c o n d i t i o n s would i n v o l v e l i g h t o r 
calm winds c a r r y i n g t h e plume down the L i t t l e Klappan R i v e r v a l l e y . The 
plume would d r i f t , g e n e r a l l y f o l l o w i n g t h e r i v e r , and s p r e a d i n g 
h o r i z o n t a l l y . A f t e r a downwind t r a v e l d i s t a n c e o f about 9500 metres, the 
plume w i l l have d i s p e r s e d h o r i z o n t a l l y s u f f i c i e n t l y t o impinge on the 
v a l l e y w a l l s . T h i s would o c c u r a t t h e n a r r o w e s t p o i n t i n t h e v a l l e y about 
2000 metres s o u t h e a s t o f where Conglomerate Creek f l o w s i n t o t h e L i t t l e 
K lappan R i v e r . The v a l l e y w a l l s r i s e s t e e p l y on both s i d e s o f t h e r i v e r a t 
t h i s p o i n t . The h i g h ground between Conglomerate Creek and B u t l e r Creek 
i n s i d e t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park i s t h e n o r t h e a s t e r n w a l l o f t h e 
v a l l e y a t t h i s p o i n t . 

Hanna e t a l (1982) g i v e a f o r m u l a t o c a l c u l a t e t h e c o n c e n t r a t i o n (C) on the 
v a l l e y s i d e s a t t h i s p o i n t : 

C » ( 2Ar ) 1 / 2 (Q/ 8 zuW) 

where: Q i s t h e p o l l u t a n t s o u r c e s t r e n g t h , 
8 i z i s t h e v e r t i c a l d i s p e r s i o n c o e f f i c i e n t , 
u i s t h e wind speed, 
W i s t h e v a l l e y w i d t h . 

P o l l u t a n t s o u r c e s t r e n g t h i s d e r i v e d from t h e e m i s s i o n d a t a s p e c i f i c a t i o n 
3 

o f 7.1 g/s c o n v e r t e d t o a volume o f 0.0028 m / s . V e r t i c a l d i s p e r s i o n i s a 
f u n c t i o n o f s t a b i l i t y c l a s s and t r a v e l d i s t a n c e . F o r s t a b i l i t y c l a s s F and 
a t r a v e l d i s t a n c e o f 9500 metres, the §_ would be about 45 metres ( G i f f o r d 
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1976). Calm winds are d e f i n e d a t 0.5 m/s based on t h e e x p e r i e n c e o f Hanna 
e t a l (1982). B r i g g s plume r i s e f o r m u l a t i o n s s u g g e s t t h a t t h e plume 
e l e v a t i o n would be about 140 metres above s t a c k base which i s assumed t o be 
below t h e m i x i n g h e i g h t c e i l i n g . The v a l l e y w i d t h a t t h i s e l e v a t i o n i s 
about 3000 metres. 

Maximum v a l l e y w a l l c o n c e n t r a t i o n s under t h e s e c i r c u m s t a n c e s a r e c a l c u l a t e d 
t o be 0.032 ppmv. T h i s v a l u e i s l e s s than o n e - f i f t h o f t h e B r i t i s h 
Columbia L e v e l A P o l l u t i o n C o n t r o l O b j e c t i v e f o r 1 hour c o n c e n t r a t i o n s o f 
0.17 ppmv. 

The o t h e r c i r c u m s t a n c e t h a t would r e s u l t i n i n c r e a s e d ground l e v e l 
c o n c e n t r a t i o n s i s t h e s o - c a l l e d "morning f u m i g a t i o n " a s s o c i a t e d w i t h the 
break-up o f t h e n o c t u r n a l i n v e r s i o n t h a t has t r a p p e d p o l l u t a n t s d u r i n g the 
n i g h t . The t h i n c o n c e n t r a t e d l a y e r a n a l y z e d above w i l l break up as ground 
h e a t i n g b e g i n s t o cause v e r t i c a l m i x i n g i n t h e s t a b l e a i r . B a s i c a l l y , the 
plume s t a r t s t o mix w i t h t h e a i r below such t h a t the c o n c e n t r a t i o n s noted 
i n t h e c a l c u l a t i o n o f v a l l e y w a l l impingement w i l l d e c r e a s e but 
c o n c e n t r a t i o n s w i l l i n c r e a s e i n t h e s u r r o u n d i n g a i r . N a t u r a l l y , t h i s 
maximum c o n c e n t r a t i o n would be l e s s than t h e impingement c o n c e n t r a t i o n . 

The f o r m u l a f o r c a l c u l a t i n g t h e maximum ground l e v e l c o n c e n t r a t i o n f o r t h i s 
morning f u m i g a t i o n event i s g i v e n a s : 

C = Q/uhW 

A l l terms a r e t h e same as i n p r e c e d i n g f o r m u l a e x c e p t h which i s d e f i n e d as 
the plume h e i g h t . T h i s f o r m u l a t i o n p r e d i c t s a peak ground l e v e l 
c o n c e n t r a t i o n o f 0.013 ppmv which i s about 2.5 times lower than t h e v a l l e y 
w a l l impingement c o n c e n t r a t i o n and f a r below t h e B.C. P o l l u t i o n C o n t r o l 
O b j e c t i v e s . 

Not o n l y a r e t h e s e 1 hour p r e d i c t e d c o n c e n t r a t i o n s v e r y low, but the 
f r e q u e n c y o f e v e n t s which would cause t h e s e peak c o n c e n t r a t i o n s i s a l s o 
e x c e e d i n g l y low. Calm winds o v e r extended p e r i o d s o f time a r e a c r i t i c a l 
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p r e r e q u i s i t e o f t h e s e s c e n a r i o s . Assuming w i n t e r n i g h t s a r e 16 hours l o n g , 
t h e e x i s t i n g wind v e l o c i t y d a t a f o r the p r o j e c t s i t e were r e v i e w e d . In the 
11 months i n 1985 and 1986 o f G u l f d a t a , t h e r e a r e z e r o o c c u r r e n c e s o f 16 
hour calm wind runs ( i . e . c o n t i n u o u s l y calm n i g h t s ) . T h e r e were 10 
o c c u r r e n c e s o f 12 hour calm r u n s . Calm winds were d e f i n e d as equal t o o r 
l e s s than 1 km/h. In a d d i t i o n , winds a t 2 km/h t h a t were preceded and 
f o l l o w e d by calms were c o n s i d e r e d t o be calm. 

F i f t y - o n e months o f wind d a t a from t h e B.C. Government Didene S t a t i o n were 
a l s o r e v i e w e d . T h i s d a t a i n d i c a t e d v e r y few o b s e r v a t i o n s o f "calm", t h a t 
i s , winds o f l e s s than 1 km/h. The d e f i n i t i o n o f calm was th u s expanded t o 
i n c l u d e winds equal t o o r l e s s than 2 km/h. Furthermore, i n t h e i n t e r e s t s 
o f i n s u r i n g a c o n s e r v a t i v e a n a l y s i s , winds up t o 3 km/h t h a t o c c u r r e d i n 
c o n j u n c t i o n w i t h s i g n i f i c a n t p e r i o d s o f 2 km/h o r l e s s winds were a l s o 
c l a s s i f i e d as calm p e r i o d s . These d a t a suggest t h a t between z e r o and t h r e e 
16-hour o r g r e a t e r e p i s o d e s o f "calm" winds would o c c u r each w i n t e r . The 
f r e q u e n c y o f 12-hour calm runs was s i m i l a r a t between one and t h r e e e v e n t s 
each y e a r . 

T h i s wind d a t a s u g g e s t s t h a t v e r y few i n c i d e n t s o f impingement o r 
f u m i g a t i o n c o n c e n t r a t i o n s as h i g h as t h o s e c a l c u l a t e d above can o c c u r . In 
o r d e r f o r such an i n c i d e n t t o o c c u r , t h e r e q u i r e d h o r i z o n t a l and v e r t i c a l 
s t a b i l i t i e s , w o r st c a s e o p e r a t i n g c o n d i t i o n s and an extended p e r i o d o f calm 
wind must a l l o c c u r s i m u l t a n e o u s l y . The need f o r a l l t h e s e r e q u i r e m e n t s t o 
o b t a i n t h e c o n c e n t r a t i o n s c a l c u l a t e d s u g g e s t s t h a t t h e model maximum i s 
c o n s e r v a t i v e . 

These r e s u l t s , summarized i n T a b l e 2-11, i n d i c a t e t h a t t h e e f f e c t o f N0 x 

and S 0 2 e m i s s i o n s on t h e ambient a i r q u a l i t y o f t h e L o s t - F o x b a s i n w i l l be 
n e g l i g i b l e i n a few i s o l a t e d l o c a t i o n s and p r a c t i c a l l y u n d e t e c t a b l e i n most 
o f t h e a r e a . Land i n s i d e t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park would be i n 
the l a t t e r c a t e g o r y . 
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T a b l e 2-11 
MAXIMUM AMBIENT CONCENTRATIONS - POWER PLANT EMISSIONS 

Parameter U n i t B.C. P o l l u t i o n 
C o n t r o l O b j e c t i v e 

Maximum Ambient 
C o n c e n t r a t i o n 

S ulDhur D i o x i d e 
Annual Average ppmv 0.01 - 0.03 0.003 

1 h r . Maximum ppmv 0.17 - 0.34 0.032 
N i t r o o e n Oxide 

Annual Average ppmv 0.04* 0.005 

1 h r . Maximum ppmv 0.16 - 0.4 0.055 
Carbon Monoxide 

Annual Average ppmv - 0.002 
1 h r . Maximum ppmv 5.7 - 11.2 0.033 

* F e d e r a l S t a n d a r d - Maximum D e s i r a b l e . 
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3.2.4 A i r E m i s s i o n s D e p o s i t i o n M o d e l l i n g 

3.2.4.1 D e s c r i p t i o n o f Models 

The d e p o s i t i o n o f a t m o s p h e r i c e m i s s i o n s from t h e power p l a n t i s a l s o o f 
c o n c e r n i n t h e assessment o f p o t e n t i a l e n v i r o n m e n t a l i m p a c t s . In 
p a r t i c u l a r s u l p h u r d e p o s i t i o n i s o f i n t e r e s t because o f t h e p o t e n t i a l 
e f f e c t s on v e g e t a t i o n and s o i l pH. 

S u l p h u r d e p o s i t i o n was c a l c u l a t e d u s i n g a v e r s i o n o f t h e Promet SSAQ model, 
c a l l e d MSAQ. Dry d e p o s i t i o n , D i s e s t i m a t e d u s i n g t h e d e p o s i t i o n v e l o c i t y 
c o n c e p t , when: 

D = V G * C 

where Vg i s t h e d e p o s i t i o n v e l o c i t y and C i s t h e ambient c o n c e n t r a t i o n . 
D e p o s i t i o n v e l o c i t y i s r e l a t e d t o s t a b i l i t y c l a s s i n o r d e r t o mimic the 
ob s e r v e d v a r i a t i o n o f Vg from day t o n i g h t , and summer t o w i n t e r . 

Wet d e p o s i t i o n i s e s t i m a t e d by t h e e q u i l i b r i u m s c a v e n g i n g method. I t i s 
assumed t h a t wet d e p o s i t i o n o c c u r s under n e u t r a l (D) a t m o s p h e r i c s t a b i l i t y 
c o n d i t i o n s . 

D e p o s i t i o n v a l u e s a r e c a l c u l a t e d a t each s p a t i a l g r i d p o i n t f o r each 
d i s p e r s i o n c l a s s (wind speed, s t a b i l i t y ) . Then t h e s e v a l u e s a r e weighted 
by t h e hours o f o c c u r r e n c e o f each d i s p e r s i o n c l a s s t o d e t e r m i n e d e p o s i t i o n 
o v e r a one y e a r p e r i o d . T o t a l d e p o s i t i o n i s t h e sum o f t h e c a l c u l a t e d wet 
and d r y d e p o s i t i o n . 

3.2.4.2 Model R e s u l t s 

The r e s u l t s show maxima o f t o t a l s u l p h u r d e p o s i t i o n o f 5.5 kg/ha t o the 
n o r t h e a s t o f t h e s o u r c e , 3.8 t o t h e west-northwest, 2.9 t o the 
e a s t - s o u t h e a s t . The c a l c u l a t e d v a l u e a t t h e S p a t s i z i P l a t e a u Park boundary 
i s 1.6 kg/ha. The d i s t r i b u t i o n o f p r e d i c t e d s u l p h u r d e p o s i t i o n i s 
i l l u s t r a t e d i n F i g u r e 2-5. 
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The maxima on t h e r i d g e s a r e somewhat l e s s pronounced than i n t h e s p a t i a l 
d i s t r i b u t i o n o f annual c o n c e n t r a t i o n because h i g h c o n c e n t r a t i o n s on the 
r i d g e s were a s s o c i a t e d w i t h s t a b l e c o n d i t i o n s w i t h low d e p o s i t i o n 
v e l o c i t i e s . C o n v e r s e l y t h e p a t t e r n i s more pronounced t o t h e n o r t h because 
r e l a t i v e l y h i g h d e p o s i t i o n v e l o c i t i e s were a s s o c i a t e d w i t h d o w n v a l l e y 
winds. 

The i m p l i c a t i o n s o f t h e s e l e v e l s o f s u l p h u r d e p o s i t i o n are d i s c u s s e d i n 
d e t a i l i n Volume I I I , P a r t Four, T e r r e s t r i a l Environment. The d e p o s i t i o n 
q u a n t i t i e s a r e c o n s i d e r e d t o o s m a l l t o r e s u l t i n any s i g n i f i c a n t changes i n 
s o i l c h e m i s t r y o r impacts on v e g e t a t i o n . N a t u r a l w e a t h e r i n g and l e a c h i n g 
w i l l u l t i m a t e l y remove much o f t h e s u l p h u r t h a t i s d e p o s i t e d . 

3.2.5 T r a c e Element E m i s s i o n s 

The Stage I r e v i e w comments r e q u e s t e d i n f o r m a t i o n on t h e q u a n t i t y and 
q u a l i t y o f t h e a n t i c i p a t e d t r a c e element e m i s s i o n s , i n p a r t i c u l a r f l u o r i d e 
and mercury, from th e proposed power p l a n t . These e m i s s i o n s were not 
measured d i r e c t l y d u r i n g t h e t e s t burn as t h e Pyropower t e s t f a c i l i t y i s 
not e q u i p ped t o make such measurements. A l t e r n a t i v e approaches, based on 
c h e m i c a l a n a l y s e s o f a n t h r a c i t e , f l y ash and bed ash, were used i n s t e a d t o 
e s t i m a t e t h e t r a c e element e m i s s i o n s . 

Mercury and f l u o r i d e s a r e r e l e a s e d t o atmosphere d u r i n g t h e burn c y c l e 
m a i n l y as v o l a t i l e s though some w i l l be r e l e a s e d w i t h t h e p a r t i c u l a t e s . 
The e s t i m a t i o n o f t h e q u a n t i t y r e l e a s e d i s based on a s i m p l e mass b a l a n c e 
c a l c u l a t i o n , i . e . t h e d i f f e r e n c e between t h e q u a n t i t y o f mercury and 
f l u o r i d e i n t h e f e e d a n t h r a c i t e and t h e q u a n t i t y r e m a i n i n g i n t h e bed and 
f l y ash r e p r e s e n t s t h e mercury and f l u o r i d e r e l e a s e d t o t h e atmosphere. 

O t h e r t r a c e elements were c o n s i d e r e d t o be n o n - v o l a t i l e and t o be r e l e a s e d 
t o t h e atmosphere adsorbed on t h e s u r f a c e o f o r c o n t a i n e d w i t h i n f l y ash 
p a r t i c l e s . The c h e m i c a l a n a l y s i s o f c o l l e c t e d f l y ash samples s h o u l d 
t h e r e f o r e be r e p r e s e n t a t i v e o f t h e f l y ash t h a t escapes from th e s t a c k . 
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A n t h r a c i t e , bed, and f l y ash samples were a n a l y z e d f o r mercury and 
f l u o r i d e s ; f l y ash was a n a l y z e d f o r antimony, a r s e n i c , cadmium, copper, 
l e a d and z i n c . The r e s u l t s o f t h e s e a n a l y s e s a r e summarized below: 

Chemical A n a l y z e s , A n t h r a c i t e , Bed Ash and F l y Ash 

T r a c e Metal A n t h r a c i t e (ug/gm) Bed Ash (ug/gm) F l y Ash (ug/gm) 

Mercury 0.24 ± 0.04 0.02 ± 0.004 0.27 ± 0.02 
F l u o r i d e 288.0 ± 3.0 270.0 ± 9.0 1223.0 ± 63.0 

Antimony -0.1 
A r s e n i c 3.6 ± 0.1 
Cadmium -0.1 
Copper 43.0 + 3.4 
Lead 15.0 ± 2.0 
Z i n c 50.0 + 6.0 

Performance c r i t e r i a f o r the f u l l s c a l e c i r c u l a t i n g f l u i d i z e d bed combustor 
r e l e v a n t t o t h e e s t i m a t i o n o f t h e t r a c e element e m i s s i o n s a r e : 

Fuel Feed Rate 
Bed Ash 
F l y Ash 
P a r t i c u l a t e E m i s s i o n s 
F l u e Gas Rate 

19 036 Kg/hr 
2 602 Kg/hr 
5 466 Kg/hr 

4.3 Kg/hr 
153 838 Kg/hr 

The c o n t r o l o b j e c t i v e s f o r gaseous and p a r t i c u l a t e e m i s s i o n s a r e e x p r e s s e d 
i n mg/mol ( B r i t i s h Columbia P o l l u t i o n C o n t r o l O b j e c t i v e s , 1979, T a b l e I I ) . 
T h i s r e q u i r e s t h a t t h e f l u e gas r a t e be e x p r e s s e d i n m o l s / h r . For the 
purpose o f t h e s e c a l c u l a t i o n s t h e f l u e gas c o m p o s i t i o n was assumed t o be 
e q u i v a l e n t t o ambient a i r a t normal temperature and p r e s s u r e . The r e s u l t s 
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o f t h e t r a c e element e m i s s i o n c a l c u l a t i o n s and t h e r e l e v a n t P o l l u t i o n 
C o n t r o l O b j e c t i v e a r e summarized below: 

C i r c u l a t i n g F l u i d i z e d Bed Combustor, T r a c e Metal E m i s s i o n Rates 

T r a c e Metal U n i t s P o l l u t i o n C o n t r o l O b j e c t i v e E m i s s i o n Rate 

Antimony mg/mol 0.16 - 0.27 <0.0000001 
A r s e n i c mg/mol 0.16 - 0.27 0.0000029 
Cadmium mg/mol 0.05 - 0.27 <0.0000001 
Copper mg/mol 0.16 - 0.27 0.000035 
F l u o r i d e mg/mol 0.02 - 0.20 * 
Lead mg/mol 0.16 - 0.27 0.000012 
Mercury mg/mol 0.03 - 0.27 0.00057 
Z i n c mg/mol 0.16 - 0.27 0.00004 

* The mass b a l a n c e c a l c u l a t i o n r e s u l t s i n a f l u o r i d e c o n t e n t o f t h e bed and 
f l y ash g r e a t e r than i n t h e f e e d a n t h r a c i t e . The s o u r c e o f t h i s 
anomalous r e s u l t i s unknown as i t does not l i e i n t h e c h e m i c a l a n a l y s e s 
o f t h e samples. The most l i k e l y s o u r c e o f t h e f l u o r i d e i s from bed 
m a t e r i a l , o t h e r than a n t h r a c i t e , which i s i n t r o d u c e d t o t h e f l u i d i z e d bed 
at t h e i n i t i a t i o n o f t h e burn c y c l e . Samples o f t h i s m a t e r i a l were not 
a v a i l a b l e f o r a n a l y s i s . The r e s u l t s o f t h e a n a l y s i s do su g g e s t t h a t 
f l u o r i d e e m i s s i o n s w i l l be v e r y low. 

These r e s u l t s i n d i c a t e t h a t a l l t r a c e element e m i s s i o n s a r e s i g n i f i c a n t l y 
l e s s than t h e most s t r i n g e n t B.C. P o l l u t i o n C o n t r o l O b j e c t i v e . The 
p o t e n t i a l impact on ambient a i r q u a l i t y i s n e g l i g i b l e . S i m i l a r l y the 
impact from t h e s e t r a c e element e m i s s i o n s on water q u a l i t y , s o i l s and 
v e g e t a t i o n w i l l be n e g l i g i b l e . 
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4.0 IMPACT ASSESSMENT  

With t h e a i r q u a l i t y c o n t r o l f e a t u r e s i n h e r e n t i n t h e power p l a n t d e s i g n 
and o p e r a t i n g p r o c e d u r e s (See Volume II - P a r t S i x , E n v i r o n m e n t a l 
Management) and t h e s m a l l s c a l e o f t h e f a c i l i t y , t h e o v e r a l l impact on the 
a t m o s p h e r i c environment w i l l be so minimal t h a t i t w i l l even be d i f f i c u l t 
t o d e t e c t t h e changes i n ambient c o n d i t i o n s . 

A i r q u a l i t y m o n i t o r i n g equipment t y p i c a l l y would o n l y r e c o r d l e v e l s 
e x c e e d i n g 0.010 ppmv SOg, t h e lower l i m i t o f t h e B.C. P o l l u t i o n C o n t r o l 
O b j e c t i v e s . The a n a l y s i s p r e s e n t e d here i n d i c a t e s t h a t t h e maximum annual 
average ground l e v e l c o n c e n t r a t i o n would o n l y be about 0.003 ppmv and t h i s 
c o n c e n t r a t i o n would be e x p e r i e n c e d i n o n l y a s m a l l zone o f about 1 square 
k i l o m e t r e . A l l o t h e r a r e a s o f t h e L o s t - F o x b a s i n would have annual 
c o n c e n t r a t i o n s w e l l below even t h i s l e v e l . The maximum annual average SO2 
l e v e l s i n t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park a r e p r e d i c t e d t o be l e s s 
than 0.0005 ppmv which i s f a r below c o n c e n t r a t i o n s where any impacts would 
be a n t i c i p a t e d . 

S u l p h u r d e p o s i t i o n v a l u e s a r e a l s o v e r y low, a g a i n due t o t h e minor amount 
o f s u l p h u r r e l e a s e d from th e power p l a n t . In P a r t Four o f t h i s volume 
( T e r r e s t r i a l E n v i r o n m e n t ) , i t i s shown t h a t t h e r e w i l l be no a p p r e c i a b l e 
impact from s u l p h u r d e p o s i t i o n . 

With SO2 e m i s s i o n s p r e d i c t e d t o have n e g l i g i b l e impact on a i r q u a l i t y , the 
p o t e n t i a l impact o f a l l o t h e r components o f t h e s t a c k e m i s s i o n s i s e x p e c t e d 
t o be even l e s s because th e volumes a r e l e s s and/or th e t o x i c i t y o f the 
m a t e r i a l s i s l e s s . As a r e s u l t , no i d e n t i f i a b l e e f f e c t s a r e e x p e c t e d w i t h 
r e s p e c t t o N0 X, CO, p a r t i c u l a t e s , f l u o r i d e s o r t r a c e e l e m e n t s . 
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PART THREE - AQUATIC ENVIRONMENT 

1.0 INTRODUCTION 

The a q u a t i c s t u d i e s are i n t e n d e d t o p r o v i d e s u f f i c i e n t b a s e l i n e i n f o r m a t i o n 
t o a l l o w predevelopment documentation o f t h e a q u a t i c environment o f t h e 
Mount Klappan a n t h r a c i t e p r o p e r t y f o r : s u r f a c e water q u a l i t y ( S e c t i o n 
2.0); s u r f a c e water h y d r o l o g y ( S e c t i o n 3.0); and groundwater ( S e c t i o n 4.0). 
Impacts and m i t i g a t i o n s a r e a d d r e s s e d i n S e c t i o n 5.0. Emphasis has been 
g i v e n t o a r e a s which may be a f f e c t e d by the proposed mine development. 
Some o f t h e s e s t u d i e s a r e s t i l l i n p r o g r e s s and some w i l l c o n t i n u e w e l l 
i n t o the development phase o f the mine. 

These b a s e l i n e d a t a w i l l be used t o p r e d i c t t h e p o t e n t i a l impacts o f the 
mine development and o p e r a t i o n on t h e a q u a t i c environment o f t h e a r e a and 
t o d e v e l o p m i t i g a t i o n s which w i l l l e s s e n o r e l i m i n a t e such i m p a c t s . The 
d a t a w i l l a l s o be used i n the i n t e r p r e t a t i o n o f r e l a t e d s t u d i e s : s u r f i c i a l 
g e o l o g y and s o i l s , v e g e t a t i o n and f o r e s t r y and w i l d l i f e . F i n a l l y the 
a q u a t i c s t u d i e s w i l l be used i n t h e d e s i g n p l a n n i n g o f t h e mine e s p e c i a l l y 
r e g a r d i n g p r o c e s s water r e q u i r e m e n t s and water management. 

The Mount Klappan l i c e n c e a r e a i s d r a i n e d by t h e S t i k i n e , Nass and Skeena 
R i v e r systems a l t h o u g h t h e proposed mine development w i l l o c c u r l a r g e l y i n 
t h e upper d r a i n a g e o f t h e L i t t l e Klappan R i v e r which i s t r i b u t a r y , v i a the 
Klappan R i v e r , t o t h e S t i k i n e R i v e r . The water q u a l i t y o f t h e Mount 
Klappan l i c e n c e a r e a i s c a t e g o r i z e d as good. S u r f a c e waters a r e s l i g h t l y 
a l k a l i n e and t y p i c a l l y s o f t t o m o d e r a t e l y hard w i t h low n u t r i e n t l e v e l s . 
These c o l d , s t e e p g r a d i e n t streams show th e t y p i c a l low b i o l o g i c a l 
p r o d u c t i v i t y and depauperate b i o t a o f n o r t h c o a s t a l r i v e r system head
w a t e r s . 
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2.0 SURFACE WATER QUALITY 

2.1 STUDY OBJECTIVES 

AQUATIC ENVIRONMENT 

The o b j e c t i v e s o f t h e s u r f a c e water q u a l i t y s t u d y were t o p r o v i d e b a s e l i n e 
d a t a f o r t h e Mount Klappan l i c e n c e a r e a t o e n a b l e : 

- predevelopment documentation o f t h e water q u a l i t y ; 
- p r e d i c t i o n o f p o t e n t i a l i m p t a c t s o f t h e proposed development; 
- development o f s a t i s f a c t o r y m i t i g a t i o n s o f t h e s e p o t e n t i a l i m p a c t s . 

2.2 SCOPE OF THE STUDY 

The 1985 s u r f a c e water program was d e v e l o p e d from t h e r e s u l t s o f t h e 1984 
Stage I s u r f a c e water i n v e s t i g a t i o n , and Stage II government r e q u i r e m e n t s . 

S u r f a c e water q u a l i t y and q u a n t i t y w i t h i n and a d j a c e n t t o G u l f ' s Mount 
Klappan l i c e n c e a r e a were examined on f o u r o c c a s i o n s ( w i n t e r , s p r i n g , 
summer and f a l l ) i n 1984, and s e v e r a l sampling l o c a t i o n s (upper and lower 
L i t t l e Klappan R i v e r , S p a t s i z i R i v e r , Klappan R i v e r , Nass R i v e r , Skeena 
R i v e r , Didene C r e e k ) . The 1985 program was m o d i f i e d t o i n c r e a s e the 
s a m p l i n g f r e q u e n c e y a t t h e w a t e r c o u r s e s which may be a f f e c t e d by mine 
development. The r e v i s e d sampling program i s shown i n F i g u r e 3-1. In 
g e n e r a l , t r a c e m e t a l s which were p r e s e n t i n v e r y low c o n c e n t r a t i o n s d u r i n g 
t h e i n t i t i a l (1984) i n v e s t i g a t i o n were e x c l u d e d from t h e 1985 program. 
Emphasis was p l a c e d on r o u t i n e water q u a l i t y c h a r a c t e r i s t i c s and parameters 
o f p o t e n t i a l c o n c e r n ( t r a c e m e t a l s and n u t r i e n t s ) d u r i n g t h e 1985 
i n v e s t i g a t i o n . 

Sampling commenced i n A p r i l , 1985, and c o n t i n u e d t h r o u g h t o t h e c o m p l e t i o n 
o f t h i s program i n November 1985. An a d d i t i o n a l s t a t i o n was added i n 
August 1985, a t t h e r e q u e s t o f t h e M i n i s t r y o f Environment t o sample the 
ponded waters i n t h e H o b b i t - B r o a t c h t e s t p i t . A wash p l a n t was c o n s t r u c t e d 
f o r t h e p r e p a r a t i o n o f t r i a l c a r g o c o a l which was s h i p p e d d u r i n g t h e w i n t e r 
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3 FOX OR. 
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FIGURE 3-I 

MOUNT KLAPPAN ANTHRACITE PROJECT 

SURFACE WATER SAMPLING LOCATIONS 
1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
30/12/86 
KLAP:[205057]860601044.LOC 
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o f 1985/86. An a d d i t i o n a l s ampling program was i n i t i a t e d i n September 
1985, t o sample s u p e r n a t a n t water i n the t a i l i n g s and s e t t l i n g ponds o f the 
f a c i l i t y . T h i s sampling was conducted as a c o n d i t i o n o f M i n i s t r y o f 
Environment A p p r o v a l Number NE-0205 f o r t h e o p e r a t i o n o f t h e wash p l a n t 
f a c i l i t y . The l o c a t i o n s o f t h e s e a d d i t i o n a l s ampling s i t e s a r e shown i n 
F i g u r e 3-1. 

The s u r f a c e water program c a r r i e d out i n l a t e 1985 and 1986 r e s u l t e d from 
t h e r e v i e w o f the Stage I s u b m i s s i o n r e g a r d i n g development o f t h e G u l f 
Mount Klappan l i c e n c e a r e a , and d i s c u s s i o n s w i t h t h e M i n i s t r y o f 
Environment. The monthly sampling s c h e d u l e was extended from November 1985 
t h r o u g h t o March o f 1986, t o p r o v i d e b a s e l i n e d a t a on a monthly b a s i s f o r 
12 c o n s e c u t i v e months. S u b s e q u e n t l y , t h i s program was c o n t i n u e d on a 
r e d u c e d f r e q u e n c y , w i t h sampling d u r i n g t h e f r e s h e t (June 1986), mid-summer 
(August 1986) and f a l l (September 1986). 

The s a m p l i n g s t a t i o n s e s t a b l i s h e d i n 1985 were r e t a i n e d d u r i n g t h e 1986 
s t u d y and were l o c a t e d a t p o i n t s a p p r o p r i a t e f o r m o n i t o r i n g p o t e n t i a l 
e f f e c t s o f mine development. Two s t a t i o n s were r e t a i n e d on t h e S p a t s i z i 
R i v e r d u r i n g t h e 1985 and 1986 programs; t h e s e were t h e c o n t r o l s t a t i o n 
upstream o f t h e Didene Creek c o n f l u e n c e and t h e s t a t i o n downstream o f the 
c o n f l u e n c e . 

S t a t i o n s on t h e L i t t l e Klappan R i v e r and Fox Creek remained unchanged. The 
two s t a t i o n s on H o b b i t Creek were m o n i t o r e d d u r i n g t h e 1986 sampling 
program, as was t h e s t a t i o n on the H o b b i t - B r o a t c h T e s t P i t . M o n i t o r i n g was 
a l s o c o n t i n u e d a t t h e t a i l i n g s and s e t t l i n g ponds l o c a t e d a t t h e wash 
p l a n t , a l t h o u g h t n t e f a c i l i t y was not o p e r a t i v e d u r i n g t h e 1986 sampling 
p e r i o d . Samples were a l s o withdrawn f o r water q u a l i t y a n a l y s e s a t the 
s t a t i o n e s t a b l i s h e d on t h e o u t f l o w o f the s e t t l i n g pond i n O c t o b e r , 1985 
when t h i s d r a i n a g e was a c t i v e . 

2.3 METHODS 

The assessment o f water q u a l i t y was e x t e n s i v e and i n c l u d e d f i e l d and 
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l a b o r a t o r y d e t e r m i n a t i o n o f water q u a l i t y parameters ( T a b l e s 3-1 and 3-2) 
and n i t r o g e n phosphorous r a t i o s and c h l o r o p h y l l a c o n t e n t o f a t t a c h e d 
a l g a e . 

The i n v e s t i g a t i o n o f n i t r o g e n / p h o s p h o r o u s r a t i o s (N:P) i n a t t a c h e d a l g a e 
was c a r r i e d out t o a s s i s t i n d e t e r m i n i n g whether n i t r o g e n o r phosphorous 
was l i m i t i n g a l g a l growth i n t h e s e d r a i n a g e s . In a d d i t i o n t h e c h l o r o p h y l l 
a c o n t e n t i n a t t a c h e d a l g a e was d e t e r m i n e d d u r i n g t h e 1986 program. 
C h l o r o p h y l l a may be used as an i n d i c a t i o n o f a l g a l d e n s i t y and biomass at 
s a m p l i n g s t a t i o n s . 

The a l g a l samples were c o l l e c t e d o p p o r t u n i s t i c a l l y from n a t u r a l s u b s t r a t e s 
i n 1985 and 1986. In a d d i t i o n a r t i f i c i a l s u b s t r a t e s ( s t y r o f o a m b l o c k s ) 
were i n s t a l l e d a t t h e water sampling s t a t i o n s i n August, 1986. Samples 
were c o l l e c t e d from t h e s e b l o c k s i n September 1986 f o l l o w i n g t h e t e c h n i q u e 
d e s c r i b e d by B o t h w e l l and J a s p e r (1983). The samples were f r o z e n , s t o r e d 
i n t h e d a r k and a n a l y z e d f o r c h l o r o p h y l l a w i t h i n 7 days ( T a b l e 3-2). 

The N:P r a t i o i n a t t a c h e d a l g a e was d e t e r m i n e d t h r o u g h n i t r o g e n and 
phosphorous a n a l y s i s o f homogenized a l g a l samples ( T a b l e 3-2). T o t a l 
n i t r o g e n was d e t e r m i n e d i n i t i a l l y by d i g e s t i n g t h e samples w i t h s u l p h u r i c 
a c i d and s e l e n i u m . Subsequent t o d i g e s t i o n , c o p p e r s u l p h a t e was added and 
t h e s o l u t i o n was a n a l y z e d i n an a u t o - a n a l y s e r . The d e t e c t i o n l i m i t f o r the 
a n a l y s i s was 0.02 mg/1. 

A s i n g l e s e t o f samples was c o l l e c t e d from each s t a t i o n d u r i n g each 
sampling p e r i o d , w i t h t h e e x c e p t i o n o f t h e c h l o r o p h y l l a samples c o l l e c t e d 
i n September. D u r i n g 1985, t r i p l i c a t e samples were c o l l e c t e d from each 
s a m p l i n g s t a t i o n . T h i s p r o c e d u r e s e r v e d t o p r o v i d e c o n f i d e n c e l i m i t s f o r 
t h e i n t e r p r e t a t i o n o f r e s u l t s , as i t h i g h l i g h t e d t h e v a r i a t i o n s i n r e s u l t s 
which may be e x p e c t e d when examining d a t a from a s i n g l e sample s e t . V a r i a 
t i o n s i n r e s u l t s may a r i s e from t r u e v a r i a t i o n s i n water c h e m i s t r y a t the 
time o f sample c o l l e c t i o n , and sample c o l l e c t i o n , p r e s e r v a t i o n and a n a l y t i 
c a l t e c h n i q u e s . Q u a l i t y c o n t r o l was a l s o e v a l u a t e d t h r o u g h a s p l i t sample 
p r o c e d u r e , i n c o o p e r a t i o n w i t h Waste Management Branch. S p l i t samples were 
c o l l e c t e d d u r i n g August o f 1984, and June o f 1985 and 1986. The s p l i t 
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TABLE 3-1 

WATER QUALITY PARAMETERS MEASURED IN THE FIELD, 
TECHNIQUES EMPLOYED AND DETECTION LIMITS, 

MOUNT KLAPPAN LICENSE AREA, 
SURFACE WATER QUALITY PROGRAM 

Parameters T e c h n i q u e D e t e c t i o n L i m i t 

T o t a l a l k a l i n i t y P o t e n t i o m e t r i c t i t r a t i o n + 0 . 5 mg/1 

S p e c i f i c c o nductance C o n d u c t i v i t y metre + 2% o f r e a d i n g 

pH 
u n i t s 

pH metre ± 0.05 pH 

Water t e m p e r a t u r e Mercury thermometer + 0.5°C 

D i s s o l v e d oxygen W i n k l e r t i t r a t i o n 
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TABLE 3-2 

PARAMETERS MEASURED IN THE LABORATORY, ANALYTICAL TECHNIQUES EMPLOYED AND 
DETECTION LIMITS, MOUNT KLAPPAN LICENCE AREA SURFACE WATER QUALITY PROGRAM 

Parameter A n a l y t i c a l Method 

C a l c i u m 
Magnesium 
S u l p h a t e 
(Naquadat code 16309) 

T o t a l Hardness 
(Naquadat code 10602) 

T o t a l Suspended S o l i d s 
(Naquadat code 10405) 

N i t r i t e N i t r o g e n 
(Naquadat code 07206) 

N i t r a t e N i t r o g e n 
(Naquadat code 07111) 

Ammonia N i t r o g e n 
(Naquadat code 07) 

D i s s o l v e d Phosphorus 
(Naquadat code 15103) 

Ortho Phosphorus 
(Naquadat code 15256) 

T o t a l O r g a n i c Carbon 
(Naquadat code 06005) 

T o t a l I n o r g a n i c Carbon 
(Naquadat code 06052) 

I n d u c t i v e l y c o u p l e d plasma. 
I n d u c t i v e l y c o u p l e d plasma. 
Ion chromatography. 

C a l c u l a t e d from c a l c i u m and magnesium 
v a l u e s Ca x 2.497 + Mg x 4.117 
G r a v i m e t r i c method w i t h Whatman GF/C 
f i l t e r s . Sample i s f i l t e r e d , d r i e d @ H O C 
and r e s i d u e weighed. 
C o l o r i m e t r y on an a u t o - a n a l y z e r u s i n g NEDS 
re a g e n t @ 550 nm. 
D i f f e r e n c e o f (N03+N02)-N02 by u s i n g 
c o l o r i m e t r y on an a u t o - a n a l y z e r w i t h NEDS 
re a g e n t and cadmium r e d u c t i o n @ 550 nm. 
C o l o r i m e t r y on an a u t o - a n a l y z e r u s i n g t h e 
B e r t h e l o t r e a c t i o n @ 600 nm. 
C o l o r i m e t r y on an a u t o - a n a l y z e r ( a f t e r 
f i l t r a t i o n through 0.45 m i c r o n f i l t e r ) 
u s i n g ammonium molybdate, p o t a s s i u m 
antimony t a r t r a t e and a s c o r b i c a c i d 
( a f t e r a u t o c l a v i n g w i t h K2S208 and H2S04) 
measured @ 880 nm. 
As d i s s o l v e d above w i t h o u t t h e d i g e s t i o n 
s t e p . 
I n f r a r e d a n a l y s i s u s i n g an a u t o - a n a l y z e r 
system. The sampler i s f i r s t a c i d i f i e d 
t o remove C03 and then passed o v e r a uv 
lamp. The r e s u l t a n t C02 i s measured. 
I n f r a r e d a n a l y s i s u s i n g an a u t o - a n a l y z e r 
system. The sample i s a c i d i f i e d and t h e 
C02 i s s e p a r a t e d i n a s t r i p p e r and measured. 

D e t e c t i o n L i m i t 
(mg/1) 

0.01 

0.01 

0.1 

0.2 

0.4 

0.003 

0.003 

0.01 

0.003 

0.003 

0.2 

0.5 

C o n t i n u e d . . . 
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TABLE 3-2 (Cont'd) 

Parameter A n a l y t i c a l Method 

T u r b i d i t y 

I r o n , Chromium, 
Manganese, Barium 

Copper 
(Naquadat 

Z i n c 
(Naquadat 

Lead 
(Naquadat 

N i c k e l 
(Naquadat 

Cadmium 
(Naquadat 

Aluminum 
(Naquadat 

Mercury 
(Naquadat 

code 29305) 

code 30305) 

code 82302) 

code 28302) 

code 48003) 

code 13003) 

code 80011) 

C h l o r o p h y l l a 
(Naquadat code 06716) 

Phosphorus - T o t a l 
(Naquadat code 15501L) 

N i t r o g e n - T o t a l 
(Naquadat code 07009L) 

Hach Model 2100 A T u r b i d i m e t e r 

I n d u c t i v e l y c o u p l e d plasma, 

Atomic a b s o r p t i o n and s o l v e n t e x t r a c t i o n 
u s i n g APDC and MiBK. 
Atomic a b s o r p t i o n and s o l v e n t e x t r a c t i o n 
u s i n g APDC and MiBK. 
Atomic a b s o r p t i o n and s o l v e n t e x t r a c t i o n 
u s i n g APDC and MiBK. 
Atomic a b s o r p t i o n and s o l v e n t e x t r a c t i o n 
u s i n g APDC and MiBK. 
Atomic a b s o r p t i o n u s i n g a g r a p h i t e tube 
f u r n a c e . 
Atomic a b s o r p t i o n w i t h s o l v e n t e x t r a c t i o n 
u s i n g 8 - h y d r o x y - q u i n o l i n e and MiBK. 
F l a m e l e s s atomic a b s o r p t i o n on an auto-
a n a l y z e r the sample i s mixed w i t h KMn04, 
K2S208 and H2S04 and d i g e s t e d 9 105°C, 
then mixed w i t h h y d r o x l y amine hydro
c h l o r i d e , then SnC12. T h i s s o l u t i o n i s 
then purged w i t h a i r and t h e vapor measured 
@ 253.7 nm. 
Spec t r o p h o t o m e t r y a f t e r acetone e x t r a c t i o n 
from f i l t e r paper. 
P e r s u l p h a t e d i g e s t i o n and c o l o r i m e t r y on an 
a u t o - a n a l y z e r (as f o r d i s s o l v e d p h o s p h o r u s ) . 
C o l o r i m e t r y on an a u t o - a n a l y z e r u s i n g t h e 
B e r t h e l o t r e a c t i o n @ 600 nm ( f o l l o w i n g K j e l d a h l 
d i g e s t i o n t o ammonia) 

D e t e c t i o n L i m i t 
(mg/1) 

±2% o f f u l l 
s c a l e 
Fe 0.01 
Cr 0.001 
Mn 0.004 
Ba 0.01 

0.001 

0.001 

0.002 

0.001 

0.0002 

0.01 

0.00005 

0.001 

0.003 

0.05 
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AQUATIC ENVIRONMENT 

samples were a n a l y z e d i n d e p e n d e n t l y by two l a b o r a t o r i e s and t h e r e s u l t s 
compared f o r c o n s i s t e n c y . 

2.4 DATA PRESENTATION 

The r e s u l t s o f t h e 1984, 1985 and 1986 s u r f a c e water q u a l i t y program are 
summarized i n t h e appendix t o t h i s s e c t i o n o f t h e r e p o r t (Appendix A ) . The 
r e s u l t s a r e summarized on t h e b a s i s o f t h e f o l l o w i n g s a mpling s i t e s : 
Upstream S t a t i o n , L i t t l e Klappan R i v e r ; Downstream S t a t i o n , L i t t l e Klappan 
R i v e r ; Fox Creek; Didene Creek; Upstream S t a t i o n , S p a t s i z i R i v e r ; and 
Downstream S t a t i o n , S p a t s i z i R i v e r . 

T u r b i d i t y and t o t a l suspended s o l i d s (TSS) v a l u e s were d e t e r m i n e d weekly 
d u r i n g f r e s h e t , 1985, and are summarized i n T a b l e 3-3. The N:P r a t i o s 
d e t e r m i n e d from a t t a c h e d a l g a e samples a r e p r e s e n t e d i n T a b l e 3-4 w h i l e the 
r e s u l t s o f c h l o r o p h y l l a are shown i n T a b l e 3-5. The r e s u l t s o f s p l i t 
sample a n a l y s i s c a r r i e d out i n c o n j u n c t i o n w i t h t h e Waste Management Branch 
i n 1984 and 1985 a r e summarized i n T a b l e s 3-6 and 3-7 r e s p e c t i v e l y . 

Water q u a l i t y r e s u l t s from m o n i t o r i n g a t H o b b i t - B r o a t c h T e s t P i t and H o b b i t 
Creek a r e p r e s e n t e d i n S e c t i o n 5.2.2.1. M o n i t o r i n g r e s u l t s from t h e wash 
p l a n t f a c i l i t y a r e c o n s i d e r e d i n S e c t i o n 5.2.2.2. 

2.5 DISCUSSION 

The Mount Klappan water q u a l i t y i n v e s t i g a t i o n s c o n d u c t e d between 1984 and 
1986 document t h e n a t u r e o f t h e s u r f a c e waters w i t h i n t h e development a r e a . 
Low c o n c e n t r a t i o n s o f most parameters were r e c o r d e d , w i t h many o c c u r r i n g a t 
o r below t h e a n a l y t i c a l d e t e c t i o n l i m i t s . 

A number o f t r e n d s which a r e i n d i c a t i v e o f normal c y c l e s i n water q u a l i t y 
c h a r a c t e r i s t i c s a r e apparent a t t h e Mount Klappan l i c e n c e a r e a . Parameters 
such as t u r b i d i t y , t o t a l suspended s o l i d s ( T S S ) , t o t a l o r g a n i c carbon 
(TOC), phosphorus, t o t a l m e t a l s ( n o t a b l y i r o n , chromium, manganese and 
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TABLE 3-3 

TOTAL SUSPENDED SOLIDS AND TURBIDITY RESULTS, 
MOUNT KLAPPAN LICENCE AREA, JUNE 11-25, 1985 

June 11 June 18 June 25 

TSS (mg/1) T u r b i d i t y (NTU) TSS (mg/1) T u r b i d i t y (NTU) TSS (mg/1) T u r b i d i t y (NTU) 

S p a t s i z i R i v e r 22.4 38.0 528.0 73.0 39.2 38.0 
upstream s t a t i o n 

S p a t s i z i R i v e r 18.3 5.3 38.4 18.0 22.6 6.2 
downstream s t a t i o n 

H o b b i t Creek 57.2 8.6 382.0 50.0 15.4 9.3 
upstream s t a t i o n 

H o b b i t Creek 88.8 18.0 626.0 56.0 13.6 9.5 
downstream s t a t i o n 

Fox Creek 53.6 6.1 361.0 63.0 4.0 21.0 
Didene Creek 9.6 3.6 15.2 9.3 9.2 13.0 
L i t t l e Klappan R i v e r 46.8 3.0 47.6 5.7 3.2 5.6 
upstream s t a t i o n 

L i t t l e Klappan R i v e r 23.6 1.6 60.4 18.0 10.8 5.1 
downstream s t a t i o n 



TABLE 3-4 
NITROGEN:PHOSPHORUS RATIOS IN ALGAE COLLECTED AT THE 

MOUNT KLAPPAN LICENCE AREA, 1984-1986 a 

Aug 1984 Aug 1985 Sep 1985 Aug 1986 

S p a t s i z i R i v e r TN 430.0 38.40 123.00 3.16 
upstream s t a t i o n TP 72.0 10.00 11.10 0.91 upstream s t a t i o n 

N:P 5.97 3.8 11.1 4.1 
S p a t s i z i R i v e r TN 3.60 1325.00 9.20 
downstream s t a t i o n TP 1.64 326.00 5.50 

N:P 2.2 4.1 1.7 
H o b b i t Creek TN 5.04 1041.00 10.90 
upstream s t a t i o n TP 0.84 96.90 2.00 

N:P 6.00 10.7 5.5 
H o b b i t Creek TN 8.00 41.87 8.40 
downstream s t a t i o n TP 3.80 12.30 3.40 

N:P 2.11 3.4 2.5 
Fox Creek* 5 TN 7.20 885.00 

TP 0.80 138.00 
N:P 9.00 6.4 

Didene Creek TN 13.2 5.12 194.00 7.50 
TP 3.25 2.50 19.30 1.70 
N:P 4.06 2.05 10.1 4.4 

L i t t l e Klappan R i v e r TN 105.0 80.00 551.00 45.00 
upstream s t a t i o n TP 6.8 3.60 64.80 3.10 upstream s t a t i o n 

N:P 15.4 22.2 8.5 14.5 
L i t t l e Klappan R i v e r TN 46.00 396.00 83.80 
downstream s t a t i o n TP 12.30 50.20 12.60 

N:P 3.74 7.9 6.7 

N:P R a t i o s based on T o t a l N i t r o g e n (TN): T o t a l Phosphorus (TP) concent 
t i o n s (mg/1) i n a l g a e sample. 
Sample c o n t a i n e r broken d u r i n g t r a n s p o r t . 
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TABLE 3-5 

ALGAL STANDING CROP AS CHLOROPHYLL a FROM PERIPHYTON SAMPLES, 
MOUNT KLAPPAN LICENCE AREA, AUGUST 1986 

C h l o r o p h y l l a (ug/cm ( 

L o c a t i o n August 

S p a t s i z i R i v e r upstream s t a t i o n 0 .16 

S p a t s i z i R i v e r downstream s t a t i o n 0 16 

Fox Creek 0 90 

Didene Creek 0. 16 

L i t t l e Klappan R i v e r upstream s t a t i o n 3. 70 

L i t t l e Klappan R i v e r downstream s t a t i o n 0. 79 

H o b b i t Creek upstream s t a t i o n 0. 69 

H o b b i t Creek downstream s t a t i o n 0 53 
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TABLE 3-6 
INTER-LABORATORY COMPARISON (AUGUST, 1984) 

LOCATION A l As Cr Cd Cu Ba Fe Pb Mn 

S p a t s i z i R i v e r 
downstream s t a t i o n 

CHEMEX 
MOE 

0.08 
0.03 

0.004 
<0.002 

1.08 
1.11 

<0.0005 
<0.0002 

<0.001 
<0.001 

0.03 
0.05 

0.044 
<0.01 

<0.001 
<0.001 

<0 
<0 

.01 

.004 

Didene Creek CHEMEX 
MOE 

0.08 
0.03 

0.003 
<0.0002 

0.97 
1.031 

<0.0005 
<0.0002 

<0.001 
<0.001 

0.03 
0.05 

0.064 
<0.03 

<0.001 
<0.001 

<0 
<0 

.01 

.004 

L i t t l e Klappan R i v e r 
downstream s t a t i o n 

CHEMEX 
MOE 

0.06 
0.02 

<0.001 
<0.002 

0.065 
0.63 

<0.0005 
<0.0002 

<0.001 
<0.001 

0.04 
0.09 

<0.001 
0.002 

<0.001 
0.002 

<0 
<0 

.01 

.004 

Ni Zn Ca B Mo Mg Co V 

S p a t s i z i R i v e r 
downstream s t a t i o n 

CHEMEX 
MOE 

<0.01 
0.001 

<0.005 
0.001 

10.0 <0.01 0.01 5.48 <0.1 <0.1 

Didene Creek CHEMEX 
MOE 

<0.01 
0.003 

<0.005 
<0.001 

7.97 <0.01 0.01 7.23 <0.1 <0.1 

L i t t l e Klappan R i v e r 
downstream s t a t i o n 

CHEMEX 
MOE 

<0.01 
<0.001 

<0.005 
<0.001 

10.4 <0.01 <0.01 5.83 <0.1 <0.1 

A l l c o n c e n t r a t i o n s are f o r d i s s o l v e d elements o n l y . U n i t s are mg/1. 



TABLE 3-7 
INTER-LABORATORY COMPARISON (JUNE, 1985) 

Total pH sp. cond. Temp. 
Date Location Hardness ( u n i t s ) umho/cm ( C) Al As B Ba Cd 

85/06/04 Upper Hobbit Creek CHEMEX 
MOE 

29.4 7.1 
7.1 

35 
35 

1.0 
1.0 

0.03 
0.007 <0.001 <0.01 

0.02 
0.01 

<0.0002 
<0.0005 

85/06/04 Lower Hobbit Creek CHEMEX 
MOE 

30.8 7.0 
7.0 

41 
41 

1.0 
1.0 

0.03 
0.08 <0.001 <0.01 

0.02 
0.01 

<0.0002 
<0.0005 

85/06/04 Didene Creek CHEMEX 
MOE 

19.2 7.2 
7.2 

34 
34 

3.0 
3.0 

0.04 
0.11 <0.001 <0.01 

0.01 
<0.01 

<0.0002 
<0.0005 

85/06/05 Fox Creek CHEMEX 
MOE 

39.4 7.6 
7.6 

46 
46 

1.0 
1.0 

0.Q3 
0.15 <0.001 <0.01 

0.02 
0.01 

<0.0002 
<0.0005 

85/06/05 L i t t l e Klappan R. 
upstream s t a t i o n 

CHEMEX 
MOE 

22.3 6.8 
6.8 

33 
33 

0.0 
0.0 

0.02 
0.06 <0.001 <0.01 

0.01 
<0.01 

<0.0002 
<0.0005 

85/06/04 L i t t l e Klappan R. 
downstream s t a t i o n 

CHEMEX 
MOE 

23.2 7.1 
7.1 

40 
40 

1.0 
1.0 

0.04 
0.07 <0.001 <0.01 

0.01 
<0.01 

<0.0002 
<0.0005 

85/06/04 L i t t l e Klappan R. 
MOE sampling and 
a n a l y s i s 

MOE 7.3 41 1.0 0.07 <0.001 <0.01 <0.01 <0.0005 

C o n c e n t r a t i o n s are f o r d i s s o l v e d elements o n l y . U n i t s are mg/1 u n l e s s i n d i c a t e d o t h e r w i s e . 
Cont'd... 



TABLE 3-7 (Cont'd) 

Date L o c a t i o n Co Cr Cu Fe Mn Mo Mi Pb Zn 

85/06/04 Upper Hobbit Creek CHEMEX 
MOE <0.1 

<0.001 
<0.005 

0.001 
0.001 

0.099 
0.11 

0.004 
0.003 <0.01 

<0.001 
<0.01 

0.002 
0.001 

0.011 
0.013 

85/06/04 Lower Hobbit C r e e t CHEMEX 
MOE <0.1 

0.001 
<0.005 

0.001 
0.001 

0.124 
0.14 

0.005 
0.005 <0.01 

0.001 
<0.01 

0.001 
<0.001 

0.005 
<0.005 

85/06/04 Didene Creek CHEMEX 
MOE <0.1 

<0.001 
<0.005 

0.001 
0.001 

0.163 
0.17 

0.009 
0.005 <0.001 

0.001 
<0.01 

<0.001 
0.001 

0.004 
<0.005 

85/06/05 Fox Creek CHEMEX 
MOE <0.1 

<0.001 
<0.005 

0.001 
0.004 

0.122 
0.17 

0.008 
0.007 <0.01 

0.001 
<0.01 

<0.001 
0.002 

0.004 
<0.005 

85/06/05 L i t t l e Klappan R. 
upstream s t a t i o n 

CHEMEX 
MOE <0.1 

<0.001 
<0.005 

0.001 
<0.001 

0.049 
0.05 

0.003 
0.001 <0.01 

0.001 
<0.01 

<0.001 
<0.001 

0.005 
<0.005 

85/06/04 L i t t l e Klappan R. 
downstream s t a t i o n 

CHEMEX 
MOE <0.1 

0.001 
<0.005 

0.002 
0.001 

0.094 
0.10 

0.004 
0.007 <0.01 

0.001 
<0.01 

<0.001 
<0.001 

0.004 
<0.005 

85/06/04 L i t t l e Klappan R. 
MOE sampling and 
a n a l y s i s 

MOE <0.1 <0.005 0.003 0.12 0.005 <0.01 <0.01 <0.001 <0.005 

C o n c e n t r a t i o n s are f o r d i s s o l v e d elements o n l y . U n i t s a r e mg/1 u n l e s s i n d i c a t e d o t h e r w i s e . 
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aluminum), and d i s s o l v e d m e t a l s ( n o t a b l y i r o n and aluminum) i n c r e a s e d i n 
c o n c e n t r a t i o n w i t h f l o w r a t e . The i n c r e a s e i n m e t a l s , TOC and phosphorus 
c o n c e n t r a t i o n s i s l i k e l y due t o t h e i n c r e a s e i n TSS, as t h e s e s u b s t a n c e s 
a r e o f t e n adsorbed on s o i l p a r t i c l e s ( C a h i l l 1977; F o r s t n e r 1977). 

S e v e r a l o t h e r parameters d e c r e a s e d i n c o n c e n t r a t i o n d u r i n g t h e f r e s h e t , as 
a r e s u l t o f a h i g h e r p r o p o r t i o n o f s u r f a c e t o groundwater. These i n c l u d e 
s p e c i f i c c o n d u c t a n c e , t o t a l a l k a l i n i t y , c a l c i u m , magnesium, t o t a l i n o r g a n i c 
c a r b o n ( T I C ) , n i t r a t e s and d i s s o l v e d barium c o n c e n t r a t i o n s . These compo
nen t s a r e g e n e r a l l y a s s o c i a t e d w i t h ground water and n a t u r a l w e a t h e r i n g 
p r o d u c t s ( H a c k b a r t h 1981). 

The t o t a l and d i s s o l v e d c o n c e n t r a t i o n s o f l e a d , which were a t o r below t h e 
d e t e c t i o n l i m i t , were g e n e r a l l y u n a f f e c t e d by d i s c h a r g e r a t e o f t h e water
c o u r s e s . S i m i l a r l y , d i s s o l v e d chromium, cop p e r and n i c k e l c o n c e n t r a t i o n s 
were u n a f f e c t e d by t h e f l o w r a t e o f t h e w a t e r c o u r s e . T o t a l and d i s s o l v e d 
cadmium c o n c e n t r a t i o n s were found t o be below t h e d e t e c t i o n l i m i t o f 0.0002 
mg/1. 

T o t a l mercury c o n c e n t r a t i o n s i n 1985 and 1986, w i t h two e x c e p t i o n s , were 
below t h e d e t e c t i o n l i m i t (0.00005 mg/1). In September, 1986, 0.00007 mg/1 
o f mercury was measured a t the lower s t a t i o n on t h e S p a t s i z i R i v e r and i n 
A p r i l , 1985, 0.00010 mg/1 was measured. In 1984, t o t a l mercury c o n c e n t r a 
t i o n s were found t o range from 0.00023 t o 0.00063 mg/1 on e i g h t o c c a s i o n s , 
f o u r each d u r i n g t h e summer and f a l l s a m pling p e r i o d s . The s t a t i o n s 
i n v o l v e d were t h e upper and lower S p a t s i z i R i v e r , Didene Creek and the 
lower L i t t l e Klappan R i v e r . 

The Waste Management Branch o f t h e B.C. M i n i s t r y o f Environment p r e p a r e d a 
l i s t o f water q u a l i t y c r i t e r i a and recommended minimum d e t e c t a b l e concen
t r a t i o n s as one component o f t h e Stage I r e q u i r e m e n t s f o r t h e Mount Klappan 
P r o j e c t . These c r i t e r i a , which are p r e s e n t e d i n T a b l e 3-8, a r e based on the 
most s e n s i t i v e use ( i . e . , p r o t e c t i o n o f a q u a t i c l i f e , d r i n k i n g water 
s t a n d a r d s , i r r i g a t i o n use, e t c . ) o f t h e p u b l i s h e d water q u a l i t y c r i t e r i a . 
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TABLE 3-8 

WATER QUALITY CRITERIA EMPLOYED IN CATEGORIZING THE SURFACE WATER 
AT THE MOUNT KLAPPAN LICENCE AREA a 

Recommended Minimum 
Parameter 

Water Q u a l i t y C r i t e r i o n 
(mg/1) 

D e t e c t a b l e C o n c e n t r a t i o n 
(mg/i) 

Aluminium 0.050 - 0.100 0.010 
Antimony 0.050 0.005 
A r s e n i c 0.050 0.005 
Barium 1.000 0.100 
B e r y l 1 i urn 0.011 0.003 
Bismuth 0.100 <0.100 
Boron 0.750 0.100 
Cadmium 0.0002 0.0005 ( o r lower) 
Chromium 0.020 0.005 
C o b a l t <0.050 0.005 
Copper 0.002 0.001 
F l u o r i d e 1.000 0.100 
Iron 0.300 0.030 
Lead 0.005 - 0.030 0.001 
Manganese 0.050 0.020 
Mercury 0.0001 - 0.0002 0.00005 
N i c k e l 0.025 0.010 
N i t r o g e n , Ammonia 0.007 - 0.016 ( u n - i o n i z e d ) 0 . 0 1 0 ( T o t a l ) (as N) 
N i t r a t e 0.300 0.020 (as N) 
N i t r i t e 0.020 0.005 (as N) 
Phenol 0.001 0.001 
Phosphorus ( a l l forms) Any amount can c o n t r i b u t e 0.003 (as P) ( o r lower) 

t o a l g a l growth. 
S e l e n i u m 0.010 0.001 
S i l v e r 0.0001 0.005 ( o r lower) 
T i n None found. -
T i t a n i u m 0.100 0.010 
Vanadium 0.100 0.010 
Z i n c 0.050 - 0.300 0.005 

a T h i s t a b l e i s taken from t h e Stage I r e q u i r e m e n t s f o r the Mount Klappan 
P r o j e c t . 
0.1 o f t h e p u b l i s h e d water q u a l i t y c r i t e r i a f o r the most s e n s i t i v e water 
use ( i . e . , a q u a t i c l i f e , d r i n k i n g water, i r r i g a t i o n , e t c . ) , o r t h e 
l o w e s t c o n c e n t r a t i o n r o u t i n e l y d e t e c t a b l e by the Envi r o n m e n t a l L a b o r a t o 
r y o f t h e M i n i s t r y o f Environment. 
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These c r i t e r i a f o r e v a l u a t i n g the water q u a l i t y a t t h e Mount Klappan 
l i c e n c e a r e a , a r e t h e r e f o r e among the most s t r i n g e n t a v a i l a b l e . 

2.5.1 Water Q u a l i t y C h a r a c t e r i s t i c s 

Twenty t h r e e m e t a l s were a n a l y z e d d u r i n g t h e t h r e e y e a r s water sampling 
p e r i o d . The r e s u l t s o f t h i s a n a l y s i s , which i s a d e s c r i p t i o n o f the 
pre-development s u r f a c e water c h a r a c t e r i s t i c s , show t h a t 9 o f t h e m e t a l s 
were found, on o c c a s i o n , t o o c c u r n a t u r a l l y a t c o n c e n t r a t i o n s g r e a t e r than 
the c r i t e r i a l i s t e d i n T a b l e 3-8. These m e t a l s i n c l u d e aluminum, copper, 
i r o n , l e a d , manganese, mercury, n i c k e l , s i l v e r and z i n c . 

Aluminum, i r o n and manganese c o n c e n t r a t i o n s exceeded t h e water q u a l i t y 
c r i t e r i a e s t a b l i s h e d by t h e M i n i s t r y o f Environment ( T a b l e 3-8) r e l a t i v e l y 
f r e q u e n t l y and g e n e r a l l y d u r i n g s p r i n g f r e s h e t and always d u r i n g t h e open 
water season. As noted p r e v i o u s l y , t h i s i n c r e a s e i s l i k e l y due t o the 
i n c r e a s e i n t o t a l suspended s o l i d s . These m e t a l s a r e o f t e n adsorbed on the 
s u r f a c e o f s o i l p a r t i c l e s ( C a h i l l , 1977; F o r s t n e r , 1977). 

No g u i d e l i n e e x i s t s f o r aluminum c o n c e n t r a t i o n s i n d r i n k i n g water, as 
aluminum has not been shown t o be harmful t o human h e a l t h (McNeely e t a l , 
1979), nor does t h e r e e x i s t a Canadian g u i d e l i n e f o r t h e p r o t e c t i o n o f 
a q u a t i c b i o t a . 

The I n t e r n a t i o n a l J o i n t Commission (1977) has s u g g e s t e d a t e n t a t i v e l i m i t 
o f 0.1 mg/1. The c r i t e r i o n s u g g e s t e d by t h e M i n i s t r y o f Environment i s 
0.05 t o 0.1 mg/1 ( T a b l e 3-8). Aluminum does not, however, have much 
p r a c t i c a l e f f e c t on water use o t h e r than t o l i m i t some i n d u s t r i a l 
a p p l i c a t i o n s . 

The water q u a l i t y c r i t e r i o n s u g g e s t e d by M i n i s t r y o f Environment ( T a b l e 
3-8) f o r t o t a l i r o n i s 0.30 mg/1. T h i s i s t h e same c r i t e r i o n as proposed 
by t h e G r e a t Lakes Water Q u a l i t y Board (1976) f o r t h e p r o t e c t i o n o f the 
a q u a t i c environment. The e l e v a t e d t o t a l i r o n c o n c e n t r a t i o n s o c c u r r i n g 
n a t u r a l l y d u r i n g f r e s h e t are not l i k e l y a d v e r s e l y a f f e c t i n g t h e a q u a t i c 
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ecosystems o f t h e Mount Klappan L i c e n c e A r e a . D r i n k i n g water s t a n d a r d s f o r 
i r o n (0.05 mg/1) a r e more r i g o r o u s because o f t h e h i g h l y o b j e c t i o n a l t a s t e 
t h a t i r o n g i v e s t o water i n h i g h c o n c e n t r a t i o n s (Department o f N a t i o n a l 
H e a l t h and W e l f a r e , 1 9 6 9 ) . 

The c r i t e r i o n f o r manganese i n s u r f a c e waters s u g g e s t e d by t h e M i n i s t r y o f 
Environment i s 0.05 mg/1 ( T a b l e 3-8). T h i s i s t h e same as t h e B r i t i s h 
Columbia water q u a l i t y s t a n d a r d f o r d r i n k i n g water ( C l a r k , 1980). The 
d r i n k i n g water s t a n d a r d i s e s t a b l i s h e d on t h e b a s i s o f t a s t e , c o n c e n t r a 
t i o n s o f manganese i n e x c e s s o f 0.2 mg/1 make t h e water d i s t a s t e f u l . The 
o n l y o b j e c t i v e s which p r e s e n t l y e x i s t f o r t h e p r o t e c t i o n o f f r e s h water 
ecosystems come from Dawson (1974) and D a v i e s and G o e t t l (1977) who 
recommended c r i t e r i a o f 0.1 and 1.0 mg/1 r e s p e c t i v e l y . The n a t u r a l s u r f a c e 
water c o n c e n t r a t i o n s o f manganese a t t h e Mount Klappan R i v e r A r e a a r e f a r 
below t h e most c o n s e r v a t i v e o f t h e s e c r i t e r i a , and t h e r e f o r e pose no t h r e a t 
t o t h e a q u a t i c ecosystems. 

The c o n c e n t r a t i o n o f copper i n t h e s u r f a c e waters examined d u r i n g t h e study 
p e r i o d was f r e q u e n t l y h i g h e r than t h e c r i t e r i o n o f 0.002 mg/1 p r o v i d e d by 
t h e M i n i s t r y o f Environment ( T a b l e 3-8). The maximum t o t a l c o p p e r concen
t r a t i o n d e t e c t e d d u r i n g t h e s t u d y was 0.022 mg/1, a t t h e upper s t a t i o n on 
the S p a t s i z i R i v e r (June, 1986). C o n c e n t r a t i o n s o f t o t a l c o pper exceeded 
0.002 mg/1 i n 54 samples t a k e n d u r i n g t h e s t u d y . High c o n c e n t r a t i o n s o f 
copper (1-5 mg/1) makes water d i s t a s t e f u l t o d r i n k , w h i l e l a r g e doses may 
cause l i v e r damage. As a r e s u l t , t h e d r i n k i n g water c r i t e r i o n f o r copper 
i s 1.0 mg/1 (Department o f N a t i o n a l H e a l t h and W e l f a r e 1979). The t o x i c i t y 
o f c o p p e r t o a q u a t i c organisms v a r i e s w i t h t h e c h e m i c a l s p e c i a t i o n o f 
copper, as w e l l as a number o f p h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s ( e . g . , 
t e m p e r a t u r e , h a r d n e s s , t u r b i d i t y ) o f t h e water. The G r e a t Lakes Water 
Q u a l i t y Board (1976) recommended a maximum a c c e p t a b l e c o n c e n t r a t i o n o f 
0.005 mg/1 f o r t h e p r o t e c t i o n o f a q u a t i c f r e s h w a t e r s p e c i e s . O t h e r a u t h o r s 
recommend c r i t e r i a i n t h e range o f 0.005 t o 0.15 mg/1 f o r t h e p r o t e c t i o n o f 
e n t i r e f r e s h w a t e r ecosystems (Windom e t a l 1979). Whereas t h e background 
copper c o n c e n t r a t i o n s a t t h e Mount Klappan l i c e n c e a r e a do not pose any 
c o n c e r n s i n r e l a t i o n t o human consumption, t h e y appear t o be c l o s e t o 
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l e v e l s where t h e y may b e g i n t o i n h i b i t growth i n a q u a t i c systems. 

The water q u a l i t y c r i t e r i a s u g g e s t e d by t h e M i n i s t r y o f Environment f o r 
l e a d was a range from 0.005 t o 0.030 mg/1 ( T a b l e 3-8). T o t a l l e a d concen
t r a t i o n s were found t o exceed t h e 0.005 mg/1 c r i t e r i o n on a t o t a l o f seven 
o c c a s i o n s between 1984 and 1986. In g e n e r a l , both t o t a l and d i s s o l v e d l e a d 
c o n c e n t r a t i o n s may be c a t e g o r i z e d as f a l l i n g n e a r o r below t h e lower range 
o f t h e M i n i s t r y o f Environment c r i t e r i o n . Lead i s a t o x i c element which 
t y p i c a l l y accumulates i n t h e s k e l e t a l elements o f man and a n i m a l s , and 
r e s u l t s from l o n g - t e r m i n g e s t i o n . D r i n k i n g water s t a n d a r d s have been 
e s t a b l i s h e d t o a v o i d l o n g - t e r m a c c u m u l a t i o n o f l e a d (McNeely e t a l 1979). 
The maximum a l l o w a b l e c o n c e n t r a t i o n o f l e a d i n d r i n k i n g water i s 0.05 mg/1 
(Department o f N a t i o n a l H e a l t h and W e l f a r e 1979). The t o x i c e f f e c t s o f l e a d 
on f i s h e s d e c r e a s e w i t h i n c r e a s i n g water hardness and d i s s o l v e d oxygen 
c o n t e n t . A proposed g u i d e l i n e o f 0.003 mg/1 has been d e v e l o p e d t o p r o t e c t 
f r e s h w a t e r l i f e ( E n v i r o n m e n t a l S t u d i e s Board 1973). I t i s a p p a r e n t t h a t t h e 
t r a c e q u a n t i t i e s o f l e a d i n t h e s u r f a c e waters a t t h e Mount Klappan l i c e n c e 
a r e a do not approach t h e maximum a c c e p t a b l e c r i t e r i o n f o r d r i n k i n g water. 
The c o n c e n t r a t i o n s o f l e a d which o c c a s i o n a l l y exceed t h e 0.003 mg/1 
c r i t e r i o n f o r p r o t e c t i o n o f a q u a t i c l i f e do not appear t o o c c u r f r e q u e n t l y 
enough t o pose a t h r e a t t o t h i s r e s o u r c e . 

As d i s c u s s e d p r e v i o u s l y , t o t a l mercury c o n c e n t r a t i o n s as h i g h as 0.00063 
mg/1 were d e t e c t e d i n s u r f a c e waters on t h e l i c e n c e a r e a d u r i n g June and 
August o f 1984. However, subsequent comprehensive s a m p l i n g has not r e s u l t e d 
i n t h e d e t e c t i o n o f mercury above t h e d e t e c t i o n l i m i t employed. T h i s 
d e t e c t i o n l i m i t was lowered from 0.00010 t o 0.00005 mg/1 i n J u l y o f 1985. 
As p r e v i o u s l y i n d i c a t e d , t h e s a m p l i n g r e s u l t s from 1985 and 1986 a r e 
c o n s i d e r e d t o be t h e b e s t d a t a s e t a v a i l a b l e from t h e l i c e n c e a r e a , i n d i c a 
t i n g background mercury l e v e l s below t h e 0.00005 mg/1 l e v e l . 

The water q u a l i t y c r i t e r i o n f o r n i c k e l e s t a b l i s h e d by t h e M i n i s t r y o f 
Environment i s 0.025 mg/1 ( T a b l e 3-8). T h i s i s t h e same o b j e c t i v e as 
recommended by Environment Canada (1979) f o r t h e p r o t e c t i o n o f a q u a t i c 
l i f e . T h i s o b j e c t i v e was exceeded on two o c c a s i o n s o n l y , i n both i n s t a n c e s 
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at t h e upper s t a t i o n on t h e S p a t s i z i R i v e r . The background l e v e l s o f 
n i c k e l i n t h e s u r f a c e water o f t h e l i c e n c e a r e a a r e low. 

The M i n i s t r y o f Environment water q u a l i t y c r i t e r i o n f o r s i l v e r i s 0.0001 
mg/1 ( T a b l e 3-8). On o n l y one o c c a s i o n was t h e s i l v e r c o n c e n t r a t i o n i n 
e x c e s s o f t h e d e t e c t i o n l i m i t o f 0.001 mg/1 (downstream s t a t i o n , S p a t i s i z i 
R i v e r , June, 1984). The d o m e s t i c and d r i n k i n g water s t a n d a r d f o r t h i s 
element i s 0.05 mg/1. F r e s h w a t e r c o n c e n t r a t i o n s o f s i l v e r u s u a l l y range 
from 0.002 t o 0.039 mg/1 (McNeely e t a l 1979). S i l v e r c o n c e n t r a t i o n s a t 
th e l i c e n c e a r e a may t h e r e f o r e be c o n s i d e r e d r e l a t i v e l y low. 

The o n l y r e m a i n i n g metal m o n i t o r e d d u r i n g t h e s t u d y which was found i n con
c e n t r a t i o n s g r e a t e r than t h e water q u a l i t y c r i t e r i a s u g g e s t e d by t h e 
M i n i s t r y o f Environment was z i n c . The c r i t e r i a f o r t h i s element was 0.050 
t o 0.300 mg/1 ( T a b l e 3-8). T o t a l z i n c v a l u e s exceeded t h e l o w e r c r i t e r i o n 
a t t h r e e s t a t i o n s d u r i n g t h e m o n i t o r i n g program: a t t h e upper s t a t i o n on 
t h e L i t t l e Klappan R i v e r ; a t Didene Creek; and, a t t h e downstream s t a t i o n 
on t h e S p a t s i z i R i v e r . With t h e e x c e p t i o n o f t h e p r e v i o u s l y d e s c r i b e d 
samples, t o t a l z i n c c o n c e n t r a t i o n s were low i n t h e s u r f a c e w a ters o f the 
l i c e n c e a r e a . T h i s element i s r e l a t i v e l y n o n - t o x i c t o man, and c o n c e n t r a 
t i o n s o f up t o 25 mg/1 have shown few a d v e r s e e f f e c t s (McNeely e t a l , 
1979). Z i n c c o n c e n t r a t i o n s s h o u l d not exceed 5.0 mg/1 i n raw and p u b l i c 
d r i n k i n g water s u p p l i e s (Department o f N a t i o n a l H e a l t h and W e l f a r e 1969). 
However, z i n c i s t o x i c t o a q u a t i c organisms w i t h t h e t o x i c i t y dependent on 
a number o f f a c t o r s ( h a r d n e s s , t e m p e r a t u r e , oxygen). F o r p r o t e c t i o n o f t h e 
a q u a t i c r e s o u r c e G r e a t Lakes Water Q u a l i t y Board (1976) s p e c i f i e s t o t a l 
z i n c c o n c e n t r a t i o n s s h o u l d not exceed 0.03 mg/1. Z i n c c o n c e n t r a t i o n s 
g e n e r a l l y f a l l w i t h i n t h i s g u i d e l i n e on t h e Mount Klappan l i c e n c e a r e a . 

The M i n i s t r y o f Environment ( T a b l e 3-8) a l s o p r o v i d e d water q u a l i t y c r i t e 
r i a f o r ammonia-nitrogen ( u n - i o n i z e d ) (0.007 t o 0.016 mg/1), n i t r a t e (0.300 
mg/1) and n i t r i t e (0.020 mg/1). These n i t r o g e n compounds were found t o be 
p r e s e n t i n c o n c e n t r a t i o n s which were c o n s i s t e n t l y l o w e r than t h e i r r e s p e c 
t i v e c r i t e r i a . 
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The o t h e r n u t r i e n t examined was d i s s o l v e d phosphorus, w i t h both t o t a l and 
t h e o r t h o phosphorus components b e i n g e v a l u a t e d . The t o t a l phosphorus 
c o n c e n t r a t i o n s were t y p i c a l l y i n t h e range o f l e s s than 0.003 mg/1 t o 0.025 
mg/1, w i t h a maximum v a l u e o f 0.092 mg/1 r e c o r d e d a t t h e l o w e r L i t t l e 
K lappan s t a t i o n . D i s s o l v e d o r t h o phosphorus was found a t l o w e r c o n c e n t r a 
t i o n s , r a n g i n g from a low o f l e s s than 0.003 mg/1 t o 0.012 mg/1, w i t h a 
maximum o f 0.020 mg/1 r e c o r d e d a t t h e Fox Creek s t a t i o n . Any a d d i t i o n o f 
phosphorus t o a w a t e r c o u r s e i s c o n s i d e r e d u n d e s i r a b l e , as t h i s element 
o f t e n c o n t r o l s a l g a l p r o d u c t i v i t y i n t h e w a t e r c o u r s e . 

P h e n o l i c compounds were examined s e a s o n a l l y d u r i n g t h e 1984 program, and 
a g a i n i n August, 1986. Phenol c o n c e n t r a t i o n s were t y p i c a l l y i n t h e range o f 
l e s s than 0.001 mg/1 t o 0.004 mg/1. The h i g h e s t c o n c e n t r a t i o n r e c o r d e d was 
0.031 mg/1 a t t h e upper s t a t i o n on t h e S p a t s i z i R i v e r . The water q u a l i t y 
c r i t e r i o n quoted by t h e M i n i s t r y o f Environment ( T a b l e 3-8) i n the p r o j e c t 
g u i d e l i n e s i s 0.001 mg/1. I t i s a p p a r e n t t h a t t h e background l e v e l s o f 
p h e n o l i c compounds exceed t h i s c r i t e r i o n on o c c a s i o n . Phenols a r e produced 
n a t u r a l l y , by t h e r e l e a s e from a q u a t i c p l a n t s and d e c a y i n g v e g e t a t i o n . They 
a r e a l s o r e l e a s e d by i n d u s t r i a l and a g r i c u l t u r a l a c t i v i t i e s such as t h e 
d i s t i l l a t i o n o f c o a l and wood, o i l r e f i n i n g , c h e m i c a l p l a n t s , animal and 
human waste, and from p h e n o l i c p e s t i c i d e s (McNeely e t a l 1979). Because the 
p r i m a r y c o n c e r n i n d o m e s t i c water s u p p l i e s i s t h e f o r m a t i o n o f c h l o r o -
p h e n o l s d u r i n g t h e p r o c e s s o f c h l o r i n a t i o n and t h e a s s o c i a t e d bad t a s t e and 
odour which th e water assumes, th e g u i d e l i n e o f 0.001 mg/1 has been 
d e v e l o p e d f o r p u b l i c water s u p p l i e s . However, p h e n o l i c compounds ar e t o x i c 
t o f i s h and b e n t h i c i n v e r t e b r a t e s and may produce an u n d e s i r a b l e odour i n 
f i s h f l e s h . They a l s o have a h i g h oxygen demand which may r e s u l t i n oxygen 
d e p r i v a t i o n i n r e c e i v i n g w a t e r s . McKee and Wolf (1963) s u g g e s t 0.2 mg/1 
p h e n o l i c s would not i n t e r f e r e w i t h f i s h and a q u a t i c l i f e . However, the 
g u i d e l i n e f o r t h e p r o t e c t i o n o f t h i s r e s o u r c e has been s e t a t 0.001 mg/1, 
t o a v o i d f i s h - f l e s h t a i n t i n g ( U n i t e d S t a t e s E n v i r o n m e n t a l P r o t e c t i o n Agency 
1976). A l t h o u g h t h e background l e v e l s o f p h e n o l s a r e somewhat h i g h , such 
l e v e l s do not appear t o pose any problems f o r d o m e s t i c consumption o f the 
water, o r f o r t h e w e l l - b e i n g o f t h e a q u a t i c r e s o u r c e o f t h e l i c e n c e a r e a . 
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With minor e x c e p t i o n s , i t i s apparent from t h e s e r e s u l t s t h a t t h e q u a l i t y 
o f t h e s u r f a c e waters a t t h e Mount Klappan l i c e n c e a r e a may be c a t e g o r i z e d 
as good. 

S i n c e t h e water w i t h t h e g r e a t e s t p o t e n t i a l t o be a f f e c t e d by mine d e v e l o p 
ment i s t h e L i t t l e Klappan R i v e r , graphs o f s e v e r a l parameters f o r t h i s 
s tream have been p r e p a r e d t o i l l u s t r a t e s e a s o n a l v a r i a t i o n s i n t h e s e 
p a r a m e t e r s . F i g u r e 3-2 i l l u s t r a t e s t h e r e l a t i o n s h i p between d i s c h a r g e r a t e , 
t u r b i d i t y and TSS d u r i n g a 12 month p e r i o d from A p r i l , 1985,to March, 1986. 
The r e l a t i o n s h i p s between c o n d u c t i v i t y and t o t a l a l k a l i n i t y ( F i g u r e 3-3), 
and t h e major i o n s ( F i g u r e 3-4) d u r i n g t h i s p e r i o d i l l u s t r a t e t h e i n f l u e n c e 
o f groundwater on s u r f a c e water q u a l i t y . T o t a l c o n c e n t r a t i o n s o f i r o n , 
aluminum and barium r e f l e c t t h e i n f l u e n c e o f f r e s h e t on t h e s e c h a r a c t e r i s 
t i c s ( F i g u r e 3-5). D i s s o l v e d metal c o n c e n t r a t i o n s t e n d t o be more e r r a t i c 
than t h o s e o f t h e t o t a l v a l u e s , p a r t i c u l a r l y i n t h e headwaters where 
l i m i t e d d i l u t i o n by groundwater o c c u r s ( F i g u r e 3-6). V a r i a t i o n i n TOC 
c o n c e n t r a t i o n i s c o n s i d e r a b l e but shows no r e l a t i o n s h i p w i t h season w h i l e 
t h e i n f l u e n c e on t h e f l o w r a t e on t h e much h i g h e r TIC c o n c e n t r a t i o n s i s 
pronounced ( F i g u r e 3-7). Phosphorus c o n c e n t r a t i o n s d u r i n g t h e 12 month 
p e r i o d a r e i l l u s t r a t e d i n F i g u r e 3-8. The p a t t e r n a t o t h e r sampling 
s t a t i o n s which d i s p l a y i n c r e a s i n g c o n c e n t r a t i o n s d u r i n g f r e s h e t and 
d e c r e a s i n g c o n c e n t r a t i o n s t h e r e s t o f t h e y e a r , i s not r e f l e c t e d a t t h e 
L i t t l e Klappan R i v e r s t a t i o n s . N i t r a t e showed a t y p i c a l i n c r e a s e d u r i n g 
t h e w i n t e r months and a d e c r e a s e d u r i n g f r e s h e t ( F i g u r e 3-9). Ammonia 
d i s p l a y e d t h e o p p o s i t e b e h a v i o u r , p e a k i n g d u r i n g t h e summer months, 
presumably as a r e s u l t o f b i o l o g i c a l a c t i v i t y . 

D i s s o l v e d oxygen measurements were conducted from December, 1985 through t o 
September 1986 a t a l l sampling s i t e s . R e s u l t s show s u f f i c i e n t l e v e l s o f 
d i s s o l v e d oxygen f o r p r o t e c t i o n o f f r e s h w a t e r a q u a t i c l i f e (4.0 mg/1) i n 
a l l samples (Appendix A) (McNeely e t a l 1979). 

The i n t e r - l a b o r a t o r y comparison o f a n a l y t i c a l r e s u l t s between G u l f ' s 
c o n s u l t a n t s and the M i n i s t r y o f Environment showed good agreement ( T a b l e s 
3-6 and 3-7). The P r o v i n c i a l L a b o r a t o r y and Chemex r e s u l t s show e x c e l l e n t 
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c o r r e l a t i o n e x c e p t f o r d i s s o l v e d aluminum. Reasons f o r t h e d i s c r e p a n c y i n 
t h e s e r e s u l t s may be due t o t h e d i f f e r e n t a n a l y t i c a l methods used by the 
two l a b o r a t o r i e s . A p a r t from t h e d i s c r e p a n c y w i t h aluminum, t h e i n t e r -
l a b o r a t o r y comparison l e n d s c o n f i d e n c e w i t h r e s p e c t t o q u a l i t y c o n t r o l . 

The TSS and t u r b i d i t y s u r v e y was conducted d u r i n g f r e s h e t a t a l l sampling 
s i t e s on a weekly b a s i s between June 4 and J u l y 4, 1985 t o g i v e background 
i n f o r m a t i o n on t h e s e parameters p r i o r t o mine development. The r e s u l t s o f 
samples t a k e n a t t h e b e g i n n i n g o f June and J u l y a r e i n c l u d e d i n Appendix A 
w h i l e t h e weekly sampling r e s u l t s f o r t h e i n t e r v e n i n g p e r i o d a r e summarized 
i n T a b l e 3-3. Peak TSS c o n c e n t r a t i o n s were g e n e r a l l y found t o o c c u r on 
June 18, a t which time v a l u e s ranged from a low o f 15.2 mg/1 a t Didene 
Creek t o a h i g h o f 626 mg/1 a t lower H o b b i t Creek. T h r e e o t h e r s i t e s had 
h i g h TSS v a l u e s on June 18, Upper H o b b i t Creek (382 mg/1), Upper S p a t s i z i 
R i v e r (528 mg/1) and Fox Creek (361 mg/1). The peak TSS c o n c e n t r a t i o n i n 
Didene Creek d i d not o c c u r u n t i l J u l y 3, a t which time the maximum v a l u e o f 
24.0 mg/1 was r e c o r d e d . T u r b i d i t y f o l l o w e d a s i m i l a r t r e n d , as 
a n t i c i p a t e d . 

2.5.2 S u r f a c e Water N i t r o g e n / P h o s p h o r o u s R a t i o s 

An a d d i t i o n a l a s p e c t o f t h e Mount Klappan s u r f a c e water q u a l i t y s t u d y was 
an i n v e s t i g a t i o n o f N:P r a t i o s i n a t t a c h e d a l g a e a t t h e w a t e r c o u r s e s under 
o b s e r v a t i o n . The r a t i o s which r e s u l t from comparing t h e t o t a l n i t r o g e n (TN) 
t o t o t a l phosphorus (TP) c o n t e n t o f a t t a c h e d a l g a e can be used t o i n d i c a t e 
whether t h e a q u a t i c system i s n i t r o g e n o r phosphorus l i m i t e d , o r i f t h e 
system i s c o - l i m i t e d . S i n c e n i t r o g e n - b a s e d e x p l o s i v e s w i l l be used a t t h e 
mine, p o t e n t i a l e f f e c t s o f n i t r a t e a d d i t i o n t o t h e streams under s t u d y a r e 
im p o r t a n t from a p l a n n i n g p e r s p e c t i v e . The a d d i t i o n o f a l i m i t i n g n u t r i e n t 
t o an a q u a t i c system can cause an i n c r e a s e i n a l g a e p r o d u c t i v i t y a l o n g w i t h 
a s s o c i a t e d changes i n water q u a l i t y . Important water uses which may be 
a f f e c t e d by i n c r e a s e d n i t r o g e n c o n c e n t r a t i o n i n c l u d e d r i n k i n g water use, 
f i s h e r i e s , r e c r e a t i o n / a e s t h e t i c s and i n d u s t r i a l water use (Pommen 1983). 
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The range o f n o r m a l l y e n c o u n t e r e d N:P r a t i o s f o r a l g a l t i s s u e s from 
f r e s h w a t e r i s 5:1 t o 10:1 ( N o r d i n 1982). R a t i o s below t h i s range are 
c h a r a c t e r i s t i c o f n i t r o g e n l i m i t a t i o n w h i l e t h o s e above t h i s range i n d i c a t e 
phosphorus l i m i t a t i o n . Only two o f t h e N:P r a t i o s from t h e August, 1986 
s u r v e y were w i t h i n t h e "normal" range (upper H o b b i t Creek and l o w e r L i t t l e 
K lappan) ( T a b l e 3-4). The upper L i t t l e Klappan s t a t i o n e x h i b i t e d a 
phosphorus l i m i t a t i o n (14.5:1), w h i l e t h e r e m a i n i n g f o u r s t a t i o n s a l l 
e x h i b i t e d n i t r o g e n l i m i t a t i o n . 

O n l y two N:P r a t i o s from t h e August, 1985 s u r v e y f e l l i n t o t h e "normal" 
range (upper H o b b i t Creek and Fox Creek) ( T a b l e 3.4). The upper L i t t l e 
K lappan R i v e r s i t e showed a phosphorus l i m i t a t i o n ( 2 2.2:1). The r e m a i n i n g 
f i v e s i t e s e x h i b i t e d N:P r a t i o s between 2.05:1 and 3.8:1, i n d i c a t i n g 
n i t r o g e n l i m i t a t i o n . D u r i n g t h e September, 1985 s u r v e y , p o s s i b l e n i t r o g e n 
l i m i t a t i o n was i n d i c a t e d a t two sampling s t a t i o n s ( l o w e r S p a t s i z i R i v e r and 
l o w e r H o b b i t Creek; N:P o f 3.4:1 and 4.1:1 r e s p e c t i v e l y ( T a b l e 3-4). The 
upper H o b b i t Creek and upper S p a t s i z i R i v e r s i t e s s u g g e s t p o s s i b l e phospho
ru s l i m i t a t i o n (N:P o f 10.7:1 and 11.1:1, r e s p e c t i v e l y ) . The N:P r a t i o s o f 
a t t a c h e d a l g a e a t t h e f o u r r e m a i n i n g s i t e s (upper and lower L i t t l e Klappan 
R i v e r , Fox Creek and Didene Creek) d u r i n g September f e l l i n t o t h e "normal" 
range. 

Three o f t h e p r e s e n t sampling l o c a t i o n s were a l s o sampled i n August 1984 
f o r a l g a l t i s s u e N:P c o n t e n t ( T a b l e 3-4). The upper S p a t s i z i R i v e r sample 
f e l l i n t o t h e "normal" range (5.97:1), w h i l e t h e sample from Didene Creek 
was below t h e "normal" range (4.06:1) and t h e r a t i o from t h e upper L i t t l e 
Klappan R i v e r s i t e was above the "normal" range (15.4:1). 

The i n t e r p r e t a t i o n o f N:P r a t i o a n a l y s e s i n a t t a c h e d a l g a e samples a t t h e 
Mount Klappan l i c e n c e a r e a i s f a r from d e f i n i t i v e ( T a b l e 3-9). Whereas some 
sa m p l i n g s t a t i o n s e x h i b i t e d c o n s i s t e n c y between s a m p l i n g p e r i o d s ( e . g . t h e 
lower S p a t s i z i R i v e r and lower H o b b i t Creek s t a t i o n s i n d i c a t e d n i t r o g e n 
l i m i t a t i o n i n August 1985 and 1986 and September 1985) s h i f t s between 
l i m i t i n g f a c t o r s a r e a l s o a pparent between sampling p e r i o d s ( e . g . lower 
L i t t l e Klappan R i v e r s t a t i o n was n i t r o g e n l i m i t i n g i n August, 1985 and co-
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TABLE 3-9 
SUMMARY OF TRENDS IN ATTACHED ALGAL NUTRIENT LIMITATIONS, 

MOUNT KLAPPAN LICENCE AREA, 1984, 1985 AND 1986 

Nitrogen L i m i t a t i o n 
(N:P < 5:1) 

C o - l i m i t a t i o n 
(N:P 5-10:1) 

Phosphorus L i m i t a t i o n 
(N:P > 10:1) 

Lower L i t t l e Klappan R i v e r 
Aug/85 

Didene Creek 
Aug/84/85/86 
Upper S p a t s i z i R i v e r 
Aug/85, Aug/86 
Lower S p a t s i z i R i v e r 
Aug & Sep/85, Aug/86 

Upper L i t t l e Klappan R i v e r 
Sep/85 
Lower L i t t l e Klappan R i v e r 
Sep/85, Aug/86 
Fox Creek 
Aug & Sep/85 
Didene Creek 
Sep/85 
Upper S p a t s i z i R i v e r 
Aug/84 

Upper L i t t l e Klappan R i v e r 
Aug/84/85/86 

Upper S p a t s i z i R i v e r 
Sep/85 

Upper Hobbit Creek 
Aug/85, Aug/86 

Upper Hobbit Creek 
Sep/85 

Lower Hobbit Creek 
Aug & Sep/85, Aug/86 
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l i m i t i n g i n September 1985, and August, 1986; t h e Upper S p a t s i z i R i v e r was 
n i t r o g e n l i m i t i n g i n August 1985 and 1986, c o - l i m i t i n g i n August 1984, and 
phosphorus l i m i t i n g i n September 1985). In t h e L i t t l e Klappan R i v e r 
d r a i n a g e , t h e headwaters appears t o be c o - l i m i t i n g o r phosphorus l i m i t i n g , 
w h i l e t h e downstream s t a t i o n appears t o be n i t r o g e n l i m i t i n g o r c o - l i m i 
t i n g . In t h e Didene Creek d r a i n a g e , t h e headwater r e g i o n ( i . e . Fox Creek) 
appears t o be both n i t r o g e n and phosphorus l i m i t i n g w h i l e a t t h e c r e e k 
mouth, t h e t r e n d i s from n i t r o g e n l i m i t a t i o n i n August t o a c o - l i m i t i n g 
system i n September. 

I t i s s u s p e c t e d t h a t s e v e r a l o t h e r f a c t o r s a l s o p l a y i m p o r t a n t r o l e s i n 
d e t e r m i n i n g a l g a l p r o d u c t i v i t y a t t h e l i c e n c e a r e a , n o t a b l y t h e s h o r t 
growing season ( m i d - J u l y through September) and t h e r e l a t i v e l y c o l d water 
t e m p e r a t u r e s ( t h e maximum water t e m p e r a t u r e r e c o r d e d i n r u n n i n g waters a t 
th e l i c e n c e a r e a from 1984 t o 1986 was 13°C, a t Fox Creek on August 6, 
1985). T h i s r e l a t i v e l y poor environment f o r a l g a l growth was e v i d e n t d u r i n g 
1984, 1985 and 1986 i n v e s t i g a t i o n s , as a t t a c h e d a l g a e were e x t r e m e l y d i f f i 
c u l t t o l o c a t e , and a l g a l samples which were c o l l e c t e d o f t e n c o n t a i n e d 
s u b s t a n t i a l q u a n t i t i e s o f sediment which had s e t t l e d on t h e a l g a e . A d d i 
t i o n a l l y , t h i s t e c h n i q u e does not account f o r s p e c i e s s p e c i f i c d i f f e r e n c e s 
i n n i t r o g e n and phosphorus r a t i o s w i t h i n a t t a c h e d a l g a e . Thus comparisons 
between s t a t i o n s where d i f f e r e n t s p e c i e s may be growing, o r between 
s a m p l i n g d a t e s where t h e s p e c i e s c o m p o s i t i o n o r r e l a t i v e abundance w i t h i n 
t h e community may have changed c o u l d l e a d t o i n a p p r o p r i a t e c o n c l u s i o n s . 

A g u i d e l i n e t o p r e v e n t e u t r o p h i c a t i o n has been d e v e l o p e d by t h e U n i t e d 
S t a t e s E n v i r o n m e n t a l P r o t e c t i o n Agency (1973). T h i s c r i t e r i o n s u g g e s t s t h a t 
t o c o n t r o l e u t r o p h i c a t i o n , l e v e l s o f i n o r g a n i c n i t r o g e n ( n i t r a t e - n i t r o g e n 
p l u s n i t r i t e - n i t r o g e n p l u s ammonia-nitrogen) s h o u l d not exceed 1.0 mg/1 i n 
f r e e - f l o w i n g waters a t t h e b e g i n n i n g o f t h e growing s e a s o n . L e v e l s o f 
i n o r g a n i c n i t r o g e n a t t h e downstream s t a t i o n on t h e L i t t l e Klappan R i v e r i n 
mid-June, 1986 and e a r l y J u l y , 1985 were i n t h e range o f 0.04 mg/1; t h o s e 
i n Fox Creek were i n t h e range o f 0.036 mg/1 i n mid-June, 1986, and 0.054 
mg/1 i n e a r l y J u l y , 1985; and, i n Didene Creek i n o r g a n i c n i t r o g e n concen
t r a t i o n s were i n t h e range o f 0.013 mg/1 i n mid-June, 1986 and 0.04 mg/1 i n 
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e a r l y J u l y , 1985. C l e a r l y , t h e streams o f t h e Mount Klappan l i c e n c e a r e a 
a r e w e l l below t h e EPA c r i t e r i o n o f 1.0 mg/1. 

A n o t h e r means o f e v a l u a t i n g p o s s i b l e n i t r o g e n o r phosphorus l i m i t a t i o n i n 
an a q u a t i c system i s t o c o n s i d e r t h e r a t i o s o f t h e s e elements i n c r e e k 
w a t e r s . N o r d i n (1982) c o n c l u d e s t h a t when s u p p l y r a t i o s o f N:P ( n i t r a t e 
p l u s ammonia: t o t a l d i s s o l v e d phosphorus) a r e i n t h e 8-10:1 range both 
n i t r o g e n and phosphorus a r e l i m i t i n g , w h i l e r a t i o s o f l e s s than 5-6:1 
i n d i c a t e n i t r o g e n l i m i t a t i o n , and r a t i o s o f g r e a t e r than 12:1 i n d i c a t e 
phosphorus l i m i t a t i o n . The 1985 and 1986 water q u a l i t y i n f o r m a t i o n i n d i c a t e 
t h e N:P s u p p l y r a t i o s f a l l w e l l below a r a t i o o f 5:1, s u g g e s t i n g n i t r o g e n 
l i m i t a t i o n a t a l l s i t e s d u r i n g growing seasons ( T a b l e 3-10). 

A l g a l growth, o r c h l o r o p h y l l a v a l u e s , may be used t o m o n i t o r changes i n 
n i t r o g e n o r phosphorus a v a i l a b i l i t y i n streams ( N o r d i n 1982). R e s u l t s from 
samples c o l l e c t e d i n August, 1986 i n d i c a t e v e r y low s t a n d i n g c r o p s o f a l g a e 
a t a l l s t a t i o n s ( T a b l e 3-5) when compared t o the r e s u l t s o f s t u d i e s from a 
v a r i e t y o f h a b i t a t s ( S t o c k n e r and S h o r t r e e d 1976). C o n t i n u e d m o n i t o r i n g o f 
c h l o r o p h y l l a may be u s e f u l i n d e t e c t i n g changes i n phosphorus and 
e s p e c i a l l y n i t r o g e n a v a i l a b i l i t y s i n c e t h e water w i t h i n t h e Mount Klappan 
l i c e n c e a r e a appears t o be l a r g e l y n i t r o g e n l i m i t i n g t o a l g a l growth. 

2.6 CONCLUSIONS 

The 1985 and 1986 Mount Klappan water q u a l i t y s t u d i e s p r o v i d e p r e - d e v e l o p -
ment b a s e l i n e d a t a r e g a r d i n g s e a s o n a l t r e n d s i n t h e water c h e m i s t r y o f t h e 
l i c e n c e a r e a . The water q u a l i t y was found t o be good, and no l i m i t a t i o n s t o 
mine development were a p p a r e n t . Nine m e t a l s were found, on o c c a s i o n , t o 
n a t u r a l l y exceed t h e c r i t e r i a e s t a b l i s h e d by t h e M i n i s t r y o f Environment. 
A v a i l a b l e i n f o r m a t i o n s u g g e s t s t h a t a l g a l growth i n t h e L i t t l e Klappan 
R i v e r may be n i t r o g e n - l i m i t e d d u r i n g a t l e a s t p a r t o f t h e growing season. 
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TABLE 3-10 
NITROGEN: PHOSPHORUS RATIOS 3 IN WATER SAMPLES COLLECTED 

AT THE MOUNT KLAPPAN LICENCE AREA, AUGUST-SEPTEMBER, 1985-1986 

August, 1985 September, 1985 August, 1986 

N0 3/NH 3 TDP N:p b N0 3/NH 3 TDP Li -b N:p N0 3/NH 3 TDP N:p b 

S p a t s i z i R i v e r 
upstream s t a t i o n 

0.005/<0.01 0.008 1.9 <0.003/<0.01 0.020 0. 65 <0.003/<0.01 0.015 0. 87 

S p a t s i z i R i v e r 
downstream s t a t i o n 

0.003/<0.01 0.005 2.6 <0.003/<0.01 0.004 3. .3 <0.003/<0.01 0.011 1. 18 

H o b b i t Creek 
upstream s t a t i o n 

0.003/<0.01 0.010 1.3 <0.003/<0.01 <0.003 <4, .3 <0.003/<0.01 0.014 0. 93 

H o b b i t Creek 
downstream s t a t i o n 

<0.003/<0.01 0.003 4.3 <0.003/<0.01 0.005 2, .6 0.012/<0.01 0.014 1. 57 

Fox Creek <0.003/<0.01 0.004 3.3 <0.003/<0.01 0.009 1 .4 <0.003/<0.01 0.014 0. 93 
Didene Creek <0.003/<0.01 0.003 4.3 <0.003/<0.01 0.005 2 .6 <0.003/<0.01 0.004 3. 25 
L i t t l e Klappan R i v e r 
upstream s t a t i o n 

0.003/<0.01 0.006 2.2 0.011/<0.01 0.007 3 .0 <0.003/<0.01 0.022 0. 59 

L i t t l e Klappan R i v e r 
downstream s t a t i o n 

<0.003/ 0.02 0.005 4.6 <0.003/<0.01 0.006 2 .2 <0.003/<0.01 0.021 P. 62 

a N i t r a t e (N0 3) and Ammonia (N H 3 ) : T o t a l D i s s o l v e d Phosphorus (TDP). 
R a t i o s taken as worst c a s e , i . e . , l e s s than v a l u e s taken as a c o n c e n t r a t i o n a t the d e t e c t i o n l i m i t . A c t u a l N:P 
r a t i o s w i l l be lower than those i n d i c a t e d . 



3.0 SURFACE WATER HYDROLOGY 

AQUATIC ENVIRONMENT 

3.1 STUDY OBJECTIVES 

The o b j e c t i v e s o f t h e s u r f a c e water h y d r o l o g y s t u d y were t o : 

p r o v i d e b a s e l i n e d a t a r e g a r d i n g h y d r o l o g i c c o n d i t i o n s and f l o w ; 
p e r m i t p r e d i c t i o n o f h y d r o l o g i c impacts o f t h e proposed 
development; 
p e r m i t development o f m i t i g a t i o n s f o r such i m p a c t s . 

3.2 METHODS 

D u r i n g c o n d u c t o f t h e s u r f a c e water q u a l i t y i n v e s t i g a t i o n i n 1984, 1985 and 
1986, w a t e r c o u r s e d i s c h a r g e s were d e t e r m i n e d a t a l l s a m p l i n g s t a t i o n s on 
c r e e k s and r i v e r s . S t a f f gauges were i n s t a l l e d from June t o November o f 
1985 a t a l l s i t e s , w i t h subsequent s u r v e y t o bench marks d u r i n g t h e August 
f i e l d work. S t a f f gauge i n s t a l l a t i o n was done a c c o r d i n g t o t h e approach 
s u g g e s t e d by t h e I n l a n d Waters D i r e c t o r a t e o f Environment Canada (1976). 
L o c a t i o n s o f s t a f f gauges a r e i l l u s t r a t e d i n F i g u r e 3-1. S t a f f gauge 
r e a d i n g s were t a k e n d u r i n g water q u a l i t y s u r v e y s , a t which t i m e s d i s c h a r g e s 
were measured, as w e l l as on an o p p o r t u n i s t i c b a s i s d u r i n g t h e conduct o f 
o t h e r e n v i r o n m e n t a l s t u d i e s a t t h e l i c e n c e a r e a . Almost d a i l y r e a d i n g s 
were t a k e n between e a r l y June and e a r l y August a t t h e lower L i t t l e Klappan 
R i v e r , Fox Creek, and both upper and lower H o b b i t Creek s t a t i o n s . 

S u r f a c e water d i s c h a r g e s were de t e r m i n e d u s i n g t h e methods o u t l i n e d by the 
I n l a n d Water D i r e c t o r a t e (1981). A Marsh-McBirney Model 201 E l e c t r o m a g n e t i c 
water v e l o c i t y meter was used f o r v e l o c i t y d e t e r m i n a t i o n s a t a p p r o x i m a t e l y 
25 v e r t i c a l s on a t r a n s e c t a c r o s s t h e r i v e r o r c r e e k . A t each measurement 
p o i n t , v e l o c i t y was d e t e r m i n e d a t 0.2 and 0.8 m o f depth when i c e c o v e r was 
p r e s e n t o r i f open-water depth exceeded 0.75 m. Averages o f t h e two 
r e a d i n g s were used as t h e v e l o c i t y f o r t h a t v e r t i c a l . For open water s i t e s 
where depth was l e s s than 0.75 m, t h e v e l o c i t y r e a d i n g was t a k e n a t 0.6 o f 
d e p t h . 
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In 1986, a c o n t i n u o u s w a t e r - l e v e l r e c o r d e r and gauge ( L e u p o l d and Stevens 
Type A, model 71 w i t h f l o a t and beaded c h a i n w i t h i n a p r e s s u r e t r e a t e d 
plywood s t i l l i n g w e l l ) were i n s t a l l e d on t h e L i t t l e Klappan R i v e r . The 
r e c o r d e r , l o c a t e d on t h e l e f t downstream bank a d j a c e n t t o t h e Mount Klappan 
a i r s t r i p ( F i g u r e 3-10), was i n o p e r a t i o n from June 15 t o September 26, 
1986. 

3.3 DATA PRESENTATION 

S t a f f gauge r e a d i n g s and d i s c h a r g e measurements t a k e n d u r i n g 1985 and 1986 
a r e summarized i n T a b l e 3-11 and 3-12. Mean d a i l y d i s c h a r g e s f o r the 
L i t t l e Klappan R i v e r d e r i v e d from t h e c o n t i n u o u s water l e v e l r e c o r d e r are 
shown i n T a b l e 3-13. R e p r e s e n t a t i v e hydrographs, from t h e upper S p a t s i z i 
R i v e r and t h e lower L i t t l e Klappan R i v e r s t a t i o n s a r e shown i n F i g u r e s 3-11 
and 3-12. 

3.4 DISCUSSION 

3.4.1 Mount Klappan L i c e n c e A r e a 

W i t h i n t h e Mount Klappan l i c e n c e a r e a , minimum f l o w s d u r i n g 1985 and 1986 
were measured d u r i n g l a t e w i n t e r ( F e b r u a r y t o A p r i l ) a t a l l sampling 
s t a t i o n s ( T a b l e 3-11 and 3-12). Maximum r e c o r d e d f l o w s i n 1986 o c c u r r e d i n 
June a t a l l s t a t i o n s . Maximum f l o w s i n 1985, as d e t e r m i n e d from s t a f f gauge 
r e a d i n g s , o c c u r r e d s l i g h t l y e a r l i e r . Maximum f l o w s i n t h e s m a l l e r t r i b u t a 
r i e s ( e . g . , H o b b i t Creek, June 18) o c c u r r e d e a r l i e r t h a n t h e major water
c o u r s e s . 

3 Low f l o w s a t t h e v a r i o u s s t a t i o n s ranged from 0.0008 m / s ( F e b r u a r y , 1986) 3 at upper H o b b i t Creek t o 0.514 m / s (March, 1986) a t t h e downstream 
S p a t s i z i R i v e r s t a t i o n w h i l e h i g h f l o w s ( a t t h e same s t a t i o n s ) were 0.955 

3 3 m / s (June, 1986) and 28.963 m / s (September, 1986) r e s p e c t i v e l y . 

3-39 



LITTLE 
KLAPPAN 

RIVER 

GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-10 

LOCATION MAP 
WATER LEVEL RECORDING GAUGE 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

3-40 



GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-11 

SPATSIZI RIVER HYDROGRAPH 
APRIL TO NOVEMBER, 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 



25 

April May June July August September October November December 

GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-12 

HYDROGRAPH OF THE LITTLE KLAPPAN 
RIVER, LOWER STATION, APRIL -

NOVEMBER, 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 



T*>LE 3-11 

STAFF (MICE READINGS AND ASSOCIATED SURFACE WATER DISCHARGES FROM THE MOUNT KLAPPAN LICENCE AREA, 1985-1986 

1985 

Apr Hay 3un Jul Aug Sap Oct Nov D»e 

SC* 0* SC Q SG 0 SG Q SC Q SC Q SG 0 SC 0 « 

L i t t l e Klappan River 
upatreaa station 

N/A 0.029 H/A 0.023 - 2.50 0.46 3.878 0.38 1.736 0.20 0.403 (0.24>« 0.167 0.09 0.036 0.061 

L i t t l e Klappan River 
ooenstreaa station 

N/A 0.112 N/A 0.19) 0.78 20.423 0.70 16.633 0.42 3.753 0.25 1.223 0.21 0.890 0.10 0.168 0.163 

Fox Creek N/A 0.057 H/A 0.031 0.39 4.264 0.36 2.380 0.23 0.565 0.14 0.117 0.12 0.135 0.01 0.033 0.027 

Oldens Creek N/A 0.020 H/A 0.110 0.5* 13.571 0.47 9.417 0.18 1.222 0.10 0.479 0.11 0.459 0.01 0.059 0.062 

Spatslxl River 
upstreaa station 

N/A 0.252 H/A 0.129 0.** 14.930 0.57 21.108 0.29 5.805 0.15 2.236 0.11 1.204 0.01 0.272 0.367 

Spatslxl River 
doenstreaa station 

N/A 0.644 H/A 1.305 1.04 90.604 0.94 66.591 0.52 17.660 0.29 6.603 0.22 3.881 0.01 0.813 1.197 

Hobbit Creek 
upatraaa station 

N/A 0.007 H/A 0.010 0.4% 1.060 0.35 0.822 0.12 0.116 0.04 0.043 0.03 0.010 0.01 0.009 0.006 

Hobbit Creek 
doenstreaa station 

H/A O.OOS H/A 0.129 0.35 0.976 0.29 0.643 0.17 0.117 0.07 0.042 0.07 0.032 (0.18)« 0.042 0.003 

continued . . . 



Table 3-1) (continued) 
1986 

3an Feb Mar 3un Aug Sep 

0 0 Q Q Q 0 

L i t t l e Klappan River 
upstreaa station 

0.061 0.01* 0.00) 2.2*7 1.)6 1.707 

L i t t l e Klappan River 
doenstreaa station 

0.006 0.057 0.089 15.2* ).98) ).818 

Fox Creek 0.0*7 0.021 0.00* 2.7*2 0.*)1 0.5)2 

Didene Creek 0 . 0 * 0.010 0.022 8.299 0.967 *.068 

Spatslxl River 
upstreaa station 

0.267 0.18* 0.2)2 15.578 7.202 *.89* 

Spatslxl River 
doenstreaa station 

0.711 0.572 0.51* 68.52 16.6*1 28.96) 

Hobbit Creek 
upstreaa tat Ion 

0.005 0.0008 0.002 0.955 0.120 0.165 

Hobbit Creek 
doenstreaa station 

0.009 0.0015 .0 1.002 0.1)* 0.152 

• SC - staff gauge reading (a)| staff gauges Installed froa Dune to Nov caber, 1985 only. 
b Q - discharge (a*/s). 
c staff gauge reading Inaccurate or unavailable due to doenstreaa lce-Jaa creating abnoraally high eater level reading, 



TABLE 3-12 

STAFF GAUGE READINGS AND FLOWS FROM THE STAGE-DISCHARGE CURVES, 
MOUNT KLAPPAN LICENCE AREA, DUNE 8 - AUGUST 11, 1985 

Upper L i t t l e Lower L i t t l e Fox Didene Upper Lower Upper Lower 

Klappan River Klappan River Creek Creek Spatsizi River Spatsizi River Hobbit Creek Hobbit Creek 

SG a Ob SG Q SG Q SG 0 SG Q SG Q SG 0 SG 0 

Dune 8 0.58 9.50 0.33 1.85 0.29 0.54 0.225 0.22 

Dune 9 - - 0.55 8.50 0.30 1.34 - - - 0.26 0.47 0.21 0.18 

Dune 10 - - 0.53 7.75 0.30 1.34 - - - 0.25 0.44 0.20 0.17 

Dune 11 - - 0.65 12.70 0.35 2.30 0.46 9.50 0.385 11.00 0.91 67.50 0.35 0.75 0.32 0.73 

dune 12 - - 0.63 11.80 0.33 1.85 - - - 0.29 0.54 0.23 0.24 

Dune 13 - - 0.55 8.50 0.275 1.00 - - - 0.27 0.49 0.20 0.17 

Dune 14 - - 0.51 7.20 0.25 0.75 - - - 0.24 0.42 0.18 0.13 

June 15 - - 0.48 6.20 0.26 0.84 - - - 0.23 0.40 0.17 0.12 

Dune 16 - - 0.46 5.60 0.25 0.75 - - - 0.24 0.42 0.17 0.12 

Dune 17 - - 0.48 6.70 0.26 0.84 - - 0.29 0.54 0.23 0.23 

Dune 18 - - 0.72 16.50 0.41 5.05 0.47 9.90 0.435 14.00 1.01 80.25 0.46 1.23 0.46 _c 

Dune 19 - - 0.75 18.50 0.405 4.80 - - - 0.36 0.81 0.36 _c 

Dune 20 - - 0.70 15.40 0.38 3.25 - - - 0.35 0.75 0.355 _c 

Dune 21 - - 0.68 14.25 0.36 2.55 - - - 0.30 0.57 0.27 0.37 

Dune 22 - - 0.61 10.75 0.32 1.65 - - - 0.27 0.49 0.23 0.24 

Dune 23 - - 0.59 10.10 0.31 1.48 - - - 0.27 0.49 0.23 0.24 

Dune 2* - - 0.63 11.80 0.35 2.30 - - - 0.29 0.54 0.26 0.34 

Dune 25 - - 0.67 13.75 0.36 2.55 0.44 8.70 0.45 15.00 0.96 73.75 0.31 0.60 0.28 0.42 

Dune 26 - - 0.65 12.70 0.37 2.90 - - - 0.31 0.60 0.28 0.42 
Dune 27 - - 0.60 10.40 0.33 1.85 - - - 0.27 0.49 0.24 0.26 

Dune 28 - - 0.57 13.75 0.30 1.34 - - - 0.24 0.42 0.20 0.17 

Dune 29 - - 0.61 10.75 0.36 2.55 - - - 0.28 0.52 0.24 0.26 

Dune 30 - - 0.78 21.00 0.44 _c - - - 0.41 1.02 0.42 _c 

Duly 1 - - 0.80 23.50 0.39 3.70 - > - 0.40 0.97 0.42 _c 

Duly 2 - - 0.70 15.40 0.35 2.30 - - - 0.28 0.52 0.29 0.47 
Duly 3 - - 0.70 15.40 - - 0.47 9.90 0.57 22.25 0.94 71.25 - - - -
Duly 4 0.46 3.65 - - 0.36 2.55 - - - 0.37 0.84 - -

continued • . • 



Table 3-12 ( c o n t i n u e d ) 

Upper L i t t l e Lower L i t t l e Fox Didene Upper Lower Upper Lower 

Klappan River Klappan River Creek Creek Spatsizi River Spatsizi River Hobbit Creek Hobbit Creek 

SC 0 SC 0 SC Q SC 0 SG 0 SG 0 SG 0 

3uly 7 0.80 23.50 0.39 3.70 0.31 0.60 0.39 _c 

Duly 8 - 0.69 14.75 0.38 3.25 - - - 0.29 0.54 0.35 1.18 

Duly 9 - 0.68 14.25 0.35 2.30 - - - 0.28 0.52 0.34 1.04 

Duly 10 - 0.76 18.75 0.39 3.70 - - - 0.35 0.75 0.43 _c 

Duly 11 - 0.73 17.25 0.35 2.30 - - - 0.28 0.52 0.37 _c 

Duly 16 - - - 0.27 0.95 - 0.385 11.00 - - - - -
Duly 19 - 0.60 10.40 0.32 1.65 - - - 0.34 0.71 0.42 

Duly 20 - 0.61 10.75 0.28 1.05 - - - 0.24 0.42 0.31 0.62 

Duly 21 - 0.65 12.70 0.35 2.30 - - - 0.255 0.44 0.33 0.69 

Duly 22 • 0.59 14.75 0.26 0.84 - - - 0.20 0.33 0.25 0.29 

Duly 23 - 0.58 9.50 0.34 2.05 - - - 0.225 0.37 0.33 0.89 

Duly 24 - 0.56 8.80 0.29 1.20 - - - 0.19 0.30 0.24 0.26 

Duly 25 - 0.505 7.0 0.265 0.88 - - - 0.17 0.26 0.22 0.22 

Duly 26 - 0.455 5.35 0.24 0.66 - - - 0.145 0.20 0.20 0.17 

Duly 27 - 0.45 5.25 0.23 0.51 - - - 0.15 0.21 0.19 0.15 

Duly 28 - 0.46 5.60 0.24 0.66 - - - 0.145 0.20 0.20 0.17 

Duly 29 - 0.50 6.80 0.25 0.75 - - - 0.155 0.21 0.21 0.18 

Duly 30 - 0.53 7.75 0.27 0.95 - - - 0.17 0.26 0.23 0.24 

Duly 31 - 0.55 6.50 0.27 0.95 - - - 0.18 0.28 0.24 0.26 

Aug 1 - 0.53 7.75 0.26 0.84 - - - 0.16 0.24 0.22 0.22 

Aug 2 - 0.56 8.80 0.27 0.95 - - - 0.175 0.26 0.24 0.26 

Aug 3 - 0.52 7.40 0.26 0.84 - - - 0.17 0.26 0.23 0.24 

Aug 4 - 0.47 6.00 0.24 0.66 - - - 0.145 0.20 0.21 0.18 

Aug 5 - 0.44 5.0 0.23 0.51 - - - 0.13 0.17 0.17 0.12 

Aug 6 0.375 1.73 - - 0.23 0.51 0.18 1.30 0.29 6.75 0.515 d 20.00 - - - -
Aug 7 0.355 1.51 0.42 4.50 0.225 0.48 0.20 0.31 0.31 7.40 0.535 22.00 0.12 0.15 0.195 0.16 

Aug 8 - 0.46 5.60 0.235 0.54 - - - 0.11 0.13 0.185 0.14 

Aug 9 - 0.43 4.80 0.24 0.66 - - - 0.12 0.15 0.215 0.20 

Aug 10 - 0.41 4.20 0.23 0.51 - - - 0.11 0.13 0.19 0.15 

Aug 11 - 0.41 4.20 0.22 0.45 - - - 0.10 0.11 0.18 0.13 

aSG - Staff Gauge readings (m). 

- Flow taken from stage-discharge curve ( n?/s). 
c S t a f f Gauge reading too far off stage-discharge curve to give an accurate flow. 

°Staff Gauge reset. 



TABLE 3 - 1 3 

L I T T L E KLAPPAN RIVER NEAR MINE SITE 

1986 

MEAN DAILY DISCHARGE 

( m 3 / s ) 

Day Oune Du ly Augus t September 

1 12.568 4 .031 1 .949 
2 10 .915 4 . 6 1 9 1.643 1.631 
3 7 .386 4 . 3 7 8 0 . 9 3 4 0 . 7 5 0 
4 6 .789 4 . 3 0 0 0 . 7 5 4 0 . 5 1 0 

5 8 .156 2 .798 0 .721 0 .468 
6 9 .115 3.702 0 . 6 6 8 0 . 3 9 8 
7 9 . 5 1 8 3 .260 0 .631 0 . 3 4 9 

8 9 .030 2 .397 0 . 5 8 3 0 . 2 8 8 
9 8 .789 2 .212 0 .981 0 . 8 1 3 

10 8 .550 2 .513 1.359 1.304 

11 7.922 3 .016 1.061 0 .921 
12 7 .614 2 .396 0 . 8 2 6 0 . 6 0 6 
13 7 .084 3 .597 0 . 6 2 0 0 . 3 3 6 
14 11 .600 11 .600 1.999 2 . 0 0 4 3 0 . 5 4 9 0 . 2 4 5 
15 16 .785 12 .400 1.051 0 . 9 0 7 0 . 5 0 4 0 . 1 8 9 
16 15 .109 9.601 0 . 9 3 4 0 . 7 5 0 0 . 4 7 0 0 . 1 4 9 
17 12 .968 7 .999 1.207 1.113 0 . 4 4 6 0 .121 
18 11 .398 7 .386 0 .952 0 .775 0 . 4 2 8 0 . 1 0 3 
19 10 .915 7.461 0 . 7 0 9 0.451 0 . 4 2 8 0 .103 
20 10.1076 7.461 0 .636 0 . 3 5 6 0 . 4 2 5 0 . 1 0 0 
21 9 . 0 3 0 6 .789 0.601 0 .311 0 . 4 2 0 0 .095 
22 9 .354 7.085 0 .606 0 .306 2 . 6 5 3 2 .652 
23 9 . 9 3 6 5.655 1.072 0 . 9 3 5 6 . 6 0 6 
24 7 .386 4 .378 1.643 1.631 4 .681 
25 5 .453 3 .810 1.372 1.320 3 .546 
26 6.211 3.756 1.160 1.052 
27 9 . 1 1 4 4 . 9 9 5 1.372 1.320 
28 11 .105 3 .756 1.412 1.369 
29 11.202 3 .597 1.736 1.731 
30 11 .600 3 .864 1.219 1.129 
31 3 .702 1.093 0 . 9 6 4 

a Lower s t a g e / d i s c h a r g e c u r v e . 
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3.4.2 L i t t l e K lappan R i v e r Watershed 

3.4.2.1 I n t r o d u c t i o n 

The watershed o f t h e Klappan R i v e r i s l o c a t e d i n a c l i m a t o l o g i c t r a n s i t i o n 
from m a r i t i m e P a c i f i c t o d r y i n t e r i o r c o n t i n e n t a l . The i s o h y e t map p r e p a r e d 
by B.C. Hydro and Power A u t h o r i t y (B.C. Hydro 1981) i n d i c a t e s t h a t the 
average annual p r e c i p i t a t i o n o v e r t h e Klappan B a s i n i s a p p r o x i m a t e l y 550 mm 
and o v e r t h e upper L i t t l e Klappan a p p r o x i m a t e l y 650 mm. A p r e v i o u s r e p o r t 
s u g g e s t e d t h e r a i n e q u i v a l e n t t o t a l p r e c i p i t a t i o n s h o u l d range between 300 
and 500 mm based on t h e Didene m e t e o r o l o g i c s t a t i o n r e c o r d s . The mean 
annual r u n o f f o f t h e Klappan R i v e r near t h e c o n f l u e n c e w i t h t h e S t i k i n e 
R i v e r (WSC gauge 08CC001) i s 634 mm, measured o v e r 20 y e a r s . The upper 
Klappan and L i t t l e Klappan watersheds i n c l u d e a p r o l i f e r a t i o n o f i c e f i e l d s 
which c o n t r i b u t e t o r u n o f f o v e r and above t h e c o n t r i b u t i o n o f annual p r e c i 
p i t a t i o n . In r e c e n t y e a r s t h e c o n t r i b u t i o n s o f i c e f i e l d m e l t may have been 
r e d u c e d i n t h e upper L i t t l e Klappan where an i c e f i e l d n o t e d i n t h e maps 
d a t e d 1967 has almost d i s a p p e a r e d . 

The L i t t l e Klappan R i v e r watershed ( F i g u r e 3-1), d i s c h a r g e s t o t h e Klappan 
R i v e r and then u l t i m a t e l y t o t h e S t i k i n e R i v e r . The d r a i n a g e a r e a o f t h e 
watershed o f t h e upper L i t t l e Klappan R i v e r downstream t o t h e approximate 
l o c a t i o n o f t h e t a i l i n g s pond ( F i g u r e 3-13) and t h e approximate l o c a t i o n o f 

2 
the c o n t i n u o u s f l o w r e c o r d e r ( F i g u r e 3-10) i s 103 km , r a n g i n g from an 
e l e v a t i o n o f 1270 m t o 2070 m. The mean e l e v a t i o n i s 1600 m. There i s t h e 
v e s t i g e o f a s m a l l i c e f i e l d a t t h e head o f t h e L i t t l e Klappan R i v e r . The 
l e n g t h and s l o p e o f t h e b a s i n a re shown i n F i g u r e 3-14. 
3.4.2.2 H y d r o l o g i c and M e t e o r o l o g i c Data 

The most u s e f u l and s i g n i f i c a n t h y d r o l o g i c d a t a used f o r t h i s s t u d y was 
t h a t a v a i l a b l e from t h e WSC gauge 08CC001, Klappan R i v e r a t t h e S t i k i n e 
R i v e r . The r e c o r d i s complete f o r ov e r 20 y e a r s and t h e f l o w s c o n t a i n the 
t r i b u t a r y i n f l o w s o f t h e L i t t l e Klappan R i v e r . O t h e r r e g i o n a l gauges such 
as t h e S p a t s i z i R i v e r near the mouth (WSC gauge 08CA001) and t h e upper 

3-48 



GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-13 

LITTLE KLAPPAN RIVER 
DRAINAGE BASIN 

S C A L E 1 :75 ,000 

ENVIRONMENTAL MANAGEMENT ASSOCIATES ~" 

3-49 



CO 

< 

< > 
UJ 
_ l 
UJ 

2000 

1900 

1800 

1700 

1600 

1500 

1400 

1300 

1200 

8 12 

D I S T A N C E F R O M TAILINGS P O N D (km) 

16 

GULF CANADA CORPORATION 

MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-14 

LONGITUDINAL PROFILE, 
LITTLE KLAPPAN RIVER 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 



AQUATIC ENVIRONMENT 

S t i k i n e R i v e r below S p a t s i z i R i v e r (WSC gauge 08CA002) have o n l y 4 complete 
y e a r s o f r e c o r d and t h e i r d r a i n a g e a r e a s a r e s l i g h t l y l e s s and g r e a t e r 
r e s p e c t i v e l y than t h e Klappan gauge. The f l o w d a t a c o l l e c t e d f o r t h e i r 
s t u d y i n 1984 and 1985 was u s e f u l f o r comparison w i t h r e g i o n a l e s t i m a t e s . 

The p r e c i p i t a t i o n d a t a base f o r t h e upper L i t t l e Klappan watershed i s s h o r t 
and a t a p p a r e n t v a r i a n c e w i t h t h a t p r e d i c t e d by B.C. Hydro and t h e u n i t 
r u n o f f o v e r t h e Klappan B a s i n . However, t h e Didene s t a t i o n l o c a t e d on the 
v a l l e y f l o o r w i l l produce v a l u e s f a r below t h e p r e c i p i t a t i o n o c c u r r i n g a t 
h i g h e r e l e v a t i o n s . A rough e s t i m a t e o f p r e c i p i t a t i o n a t v a r i o u s e l e v a t i o n s 
can be made by assuming a l i n e a r i n c r e a s e w i t h i n c r e a s e d e l e v a t i o n . B.C. 
Hydro (1981) used an i n c r e a s e o f 25 mm p e r 100 m o f e l e v a t i o n above 850 m. 
U s i n g an average annual p r e c i p i t a t i o n (based on 3.5 y e a r s o f d a t a ) o f 343 
mm a t t h e Didene s t a t i o n (MOE 1984), t h e average annual p r e c i p i t a t i o n o f 
t h e upper L i t t l e Klappan o c c u r s a t h i g h e r e l e v a t i o n s and i s e s t i m a t e d a t 
430 mm. 

The upper S t i k i n e s t a t i o n has a mean annual p r e c i p i t a t i o n o f 552 mm (MOE 
1984) which would produce an e s t i m a t e d c o r r e s p o n d i n g v a l u e o f 590 mm f o r 
t h e s u b j e c t b a s i n . When e v a p o r a t i o n and t r a n s p i r a t i o n a r e c o n s i d e r e d , 
r u n o f f based on e i t h e r v a l u e would produce u n i t r u n o f f s w e l l below the 
b a s i n a v e r a g e . T h i s a n a l y s i s s u g g e s t s p r e c i p i t a t i o n on t h e Klappan above 
t h e c o n f l u e n c e w i t h t h e L i t t l e Klappan b a s i n i s c o n s i d e r a b l y h i g h e r than 
t h e e x i s t i n g d a t a s u p p o r t , o r a l t e r n a t i v e l y t h e 3.5 y e a r s o f d a t a a r e not 
r e p r e s e n t a t i v e o f t h e l o n g term mean annual p r e c i p i t a t i o n . 

3.4.2.3 Mean Annual Runoff 

The mean annual r u n o f f o f t h e L i t t l e Klappan R i v e r b a s i n can be e x p e c t e d t o 
range from 600 t o 700 mm. In 1985 t h e r u n o f f on t h i s b a s i n between A p r i l 
and November ( 9 5 % o f annual r u n o f f ) i s e s t i m a t e d a t 580 mm, and t h e r e f o r e 
1985 appeared t o be a below average y e a r . However, based on t h e June and 
J u l y f l o w s a t t h e Klappan WSC gauge, 1985 was 14 p e r c e n t above av e r a g e . 
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The S p a t s i z i R i v e r near t h e mouth (WSC gauge 08CA001) had a mean annual 
r u n o f f o f 540 mm o v e r t h e p e r i o d o f 1981 t o 1984. The mean annual r u n o f f o f 
the Klappan o v e r t h e c o r r e s p o n d i n g p e r i o d was 642 mm. S i n c e t h e e s t i m a t e d 
mean annual p r e c i p i t a t i o n i s equal on both b a s i n s i t i s r e a s o n a b l e t o 
s u g g e s t t h a t 100 mm o f r u n o f f o r 15 p e r c e n t o f t h e t o t a l r u n o f f on t h e 
Klappan i s i c e f i e l d m e l t . The S p a t s i z i R i v e r has few i c e f i e l d s . 

Mean annual r u n o f f based on 530 mm o f p r e c i p i t a t i o n r u n o f f o f t h e Klappan 
R i v e r would produce a c o r r e s p o n d i n g v a l u e o f 630 mm o f r u n o f f on t h e upper 
L i t t l e K l a p pan. I c e f i e l d m e l t w i l l add l i t t l e r u n o f f o v e r t h e s u b j e c t 
watershed and r e s u l t i n an average annual r u n o f f o f 650 mm. T h i s would 

3 
c o r r e s p o n d t o an average annual f l o w o f 2.1 m / s a t a p o i n t i n the 
watershed a d j a c e n t t o t h e plan n e d l o c a t i o n o f t h e t a i l i n g s pond. 
3.4.2.4 Maximum and Minimum Annual R u n o f f 

Based on t h e r e l a t i v e l y l o n g - t e r m r e c o r d o f t h e Klappan R i v e r near i t s 
c o n f l u e n c e w i t h t h e S t i k i n e R i v e r , t h e annual r u n o f f can be e x p e c t e d t o 
v a r y from 81 p e r c e n t t o 123 p e r c e n t o f t h e mean. The maximum and minimum 
annual r u n o f f f o r t h e much s m a l l e r and t h e r e f o r e more v a r i a b l e f l o w 
watershed a t t h e mine s i t e would be a p p r o x i m a t e l y 70 p e r c e n t and 130 
p e r c e n t r e s p e c t i v e l y . 

3.4.2.5 Mean Monthly Flow D i s t r i b u t i o n 

The d i s t r i b u t i o n o f t h e f l o w between t h e months w i l l c o r r e s p o n d somewhat t o 
the d i s t r i b u t i o n d i s p l a y e d by t h e f l o w s o f t h e Klappan R i v e r near the 
S t i k i n e R i v e r . W i n t e r f l o w s would t e n d t o be r e l a t i v e l y lower because o f 
the h i g h e r e l e v a t i o n o f the watershed a t t h e mine s i t e and summer f l o w s 
would be m a r g i n a l l y h i g h e r due t o i n c r e a s e d u n i t r u n o f f . The approximate 
d i s t r i b u t i o n o f mean monthly f l o w s a t t h e mine s i t e would t h e r e f o r e be: 
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Month 
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P e r c e n t o f Annual Flow 

J a n u a r y 
F e b r u a r y 
March 
A p r i 1 
May 
June 
J u l y 
August 
September 
O c t o b e r 
November 
December 

<1.0 
<1.0 
<1.0 
<1.0 

<1.0 

32 
31 
16 

3 
9 

2 

4 

3.4.2.6 F l o o d Flows 

A r e g i o n a l f l o o d s t u d y was completed t o d e t e r m i n e d e s i g n f l o o d f l o w f o r t h e 
p r o j e c t a r e a . The st u d y u t i l i z e d Water Survey o f Canada (WSC) gauge d a t a 
from t h e s u r r o u n d i n g r e g i o n a l s t a t i o n s p l u s s e a s o n a l gauge d a t a c o l l e c t e d 
by G u l f Canada c o n s u l t a n t s . Data from t h e f o l l o w i n g WSC s t a t i o n s was 
i n c l u d e d i n t h e a n a l y s i s . 
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S t a t i o n 
Number S t a t i o n Name 

Dra i n a g e 
A r e a (km2) 

Mean 
Annual 
R u n o f f 
(mm) 

Mean 
Annual 
D a i l y 
F l o o d 

(L/s/km2) 

Years o f 
Data 
For F l o o d 

C a l c u l a t i o n 

08CE001 S t i k i n e R. a t T e l e g r a p h 
Creek 29,300 430 81 32 

08CB001 S t i k i n e R. above Grand 
Canyon 18,800 490 91 27 

08CC001 Klappan R. above 
c o n f l u e n c e w i t h S t i k i n e 
R i v e r 

3,550 630 113 24 

08EE008 Goathorn R. near Telkwa 132 420 112 25 
08EE012 Simpson Ck. a t t h e mouth 13.2 610 179 16 
08CA001 S p a t s i z i R. near t h e 

mouth 3,400 540 115 5 
08CA002 S t i k i n e R. below 

S p a t s i z i R. 7,690 520 112 5 
08CB002 T a n z i l l a R. near 

T e l e g r a p h Creek 1,600 350 78 8 
86CG003 I s k u t R. a t o u t l e t o f 

Kin a s k a n L. 1,250 420 52 21 
08CG004 I s k u t R. above S n i p p a k e r 

Creek 7,230 1,200 192 18 
08CG005 More Ck. near t h e mouth 844 1,800 320 12 
08CG006 F o r r e s t K e r r above 460m 

c o n t o u r 311 2,700 510 14 

A l t h o u g h 12 r e g i o n a l s t a t i o n s a r e l i s t e d i n t h e above t a b l e , o n l y 5 were 
u l t i m a t e l y u s e f u l i n d e v e l o p i n g d e s i g n f l o o d i n f o r m a t i o n f o r t h e p r o j e c t 
a r e a . The d r a i n a g e catchments o f t h e f i r s t t h r e e s t a t i o n s l i s t e d i n c l u d e 
the p r o j e c t a r e a d r a i n a g e s but a l l t h r e e have d r a i n a g e a r e a s i n e x c e s s o f 3 
000 km . These s t a t i o n s a l o n e may t h e r e f o r e not p r o v i d e s u i t a b l e i n f o r m a -
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t i o n about f l o o d f l o w s i n the s m a l l (1-100 km ) catchments which are 
t y p i c a l i n t h e p r o j e c t a r e a . 

The n e a r e s t s u i t a b l e gauged sma l l catchments were d e t e r m i n e d t o be t h o s e o f 
Goathorn R i v e r near Telkwa and Simpson Creek a t t h e mouth ( S m i t h e r s ) . 
A l t h o u g h t h e s e catchments are n e a r l y 300 km s o u t h e a s t o f t h e p r o j e c t s i t e 
t h e y were j u d g e d t o be h y d r o l o g i c a l l y s i m i l a r t o t h o s e a t t h e s i t e . They 
a r e l o c a t e d a p p r o x i m a t e l y t h e same d i s t a n c e from t h e P a c i f i c marine 
i n f l u e n c e as t h e p r o j e c t s t u d y a r e a and t h e y a l s o c o v e r s i m i l a r e l e v a t i o n 
r a n g e s . As w e l l , t h e mean annual r u n o f f and mean annual d a i l y f l o o d r a t e s 
compare f a v o u r a b l y w i t h t h e r e c o r d e d v a l u e s a t t h e S t i k i n e and Klappan 
gauge s i t e s . 

The r e m a i n i n g seven s t a t i o n s were s e l e c t e d f o r i n c l u s i o n i n t h e t a b l e on 
t h e b a s i s o f g e o g r a p h i c p r o x i m i t y t o t h e p r o j e c t , however, e x a m i n a t i o n o f 
t h e catchment p h y s i o g r a p h y and r e c o r d e d d a t a i n d i c a t e s t h a t t h e s e s t a t i o n s 
e i t h e r p r o v i d e no a d d i t i o n a l i n f o r m a t i o n , o r p r o v i d e d a t a which i s not 
r e p r e s e n t a t i v e o f t h e s i t e . 

Log normal and Gumbel (Chow, 1964) e x t r a p o l a t i o n s o f t h e peak i n s t a n t a n e o u s 
and peak d a i l y u n i t f l o w s f o r the u s e f u l s t a t i o n s were then performed i n 
o r d e r t o p r e d i c t 10-year and 200-year r e t u r n p e r i o d f l o o d f l o w s . Good 
agreement between th e two methods was a c h i e v e d . The e x t r a p o l a t e d u n i t 
f l o w s were p l o t t e d a g a i n s t d r a i n a g e a r e a on l o g a r i t h m i c paper. However, 
b e f o r e drawing d e s i g n c u r v e s on t h e b a s i s o f t h i s i n f o r m a t i o n , the 
h y d r o m e t r i c d a t a from t h e s i t e was a l s o a n a l y z e d and p l o t t e d w i t h the 
r e g i o n a l d a t a . 

The r e c o r d e d peak f l o w s f o r t h e s i t e d a t a a r e t a b u l a t e d below t o g e t h e r w i t h 
t h e c o r r e s p o n d i n g f l o w f o r Klappan R i v e r near t h e S t i k i n e . 
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S t a t i o n Name 
Dra i n a g e 

A r e a (km2) 

Recorded 
Peak U n i t 

Flow 
(L/s/km2) Date 

Upper H o b b i t Creek 5.7 216 June 18, 1985 
Fox Creek 26 194 June 18, 1985 
Lower L i t t l e Klappan R i v e r 146 162 J u l y 1 & 7, 1985 
Klappan R. above c o n f l u e n c e 
w i t h S t i k i n e 

3550 137 J u l y 6, 1985 

Based on t h e r e g i o n a l f r e q u e n c y a n a l y s i s t h e 1985 peak f l o w s have r e t u r n 
p e r i o d s between 2 and 5 y e a r s . 

The r e t u r n p e r i o d f o r t h e Klappan R i v e r peak d a i l y f l o w d u r i n g 1985 was 
a p p r o x i m a t e l y 9 y e a r s . T h e r e f o r e , assuming a s i m i l a r f l o o d magnitude a t 
both t h e Klappan and p r o j e c t c r e e k s , t h e d e s i g n c u r v e s g e n e r a t e d by t h e WSC 
d a t a appear t o be c o n s e r v a t i v e . The above s i t e d a t a i s , however, o n l y 
c o r r o b o r a t i v e a t b e s t and i t w i l l o n l y become c o n f i r m a t o r y when s e v e r a l 
more y e a r s o f peak d a t a a r e a v a i l a b l e . 

The d e s i g n c u r v e s f i n a l l y s e l e c t e d f o r peak i n s t a n t a n e o u s and peak d a i l y 
r u n o f f a r e shown i n F i g u r e s 3-15 and 3-16. The c u r v e s i n d i c a t e f l o o d f l o w s 
from u n d i s t u r b e d l a n d s . They must be a d j u s t e d t o r e p r e s e n t f l o w s from 
s u r f a c e d a r e a s , r o c k d i s p o s a l a r e a s and p i t s by u s i n g t h e d e s i g n f a c t o r s 
i n d i c a t e d on t h e f i g u r e s . These f a c t o r s have been s e l e c t e d through 
e n g i n e e r i n g judgement based on e x p e r i e n c e w i t h s i m i l a r c o a l m i n i n g d e v e l o p 
ments i n B.C. 

3.4.2.7 Low Flows 

The low f l o w regime was d e t e r m i n e d p r i n c i p a l l y from t h e f l o w d a t a o f the 
Klappan R i v e r near t h e S t i k i n e . D r a i n a g e a r e a o f t h e Klappan R i v e r was 
t r a n s p o s e d t o t h e L i t t l e Klappan d r a i n a g e a t t h e mine s i t e u s i n g an a r e a 
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r a t i o t o t h e 1.25 power. The v a r i a b i l i t y o f f l o w s about t h e mean (5, 10 
and 20-year r e t u r n p e r i o d s ) was c a l c u l a t e d u s i n g a v a r i a b i l i t y index 
s u g g e s t e d by Lane and L e i (1949). The v a r i a b i l i t y v a l u e s were a l s o checked 
a g a i n s t t h e u n i t hydrograph approach d e v e l o p e d by Snyder (Chow 1964) and 
the s p o t measurements made i n 1984 and 1985 a t t h e m i n e s i t e and were found 
t o be c o n s i s t e n t . The r e s u l t s o f t h e s e a n a l y s e s a r e p r e s e n t e d below: 

Return P e r i o d ( y e a r s ) 

Mean 5 10 20 

Annual Minimum D a i l y 
D i s c h a r g e (L/s/km2) 0.84 0.61 0.50 0.42 
Annual Minimum 7-Day 
D i s c h a r g e (L/s/km2) 0.97 0.63 0.51 0.43 
Annual Minimum Monthly 
D i s c h a r g e (L/s/km2) 1.03 0.70 0.58 0.45 

3.4.2.8 Gauge Flows a t t h e Mine S i t e , Summer 1986 

The mean d a i l y d i s c h a r g e s o f t h e L i t t l e Klappan R i v e r a t t h e proposed 
l o c a t i o n o f t h e t a i l i n g s pond ( F i g u r e 3-13) from June 15 t o September 25 
were d e t e r m i n e d from t h e c h a r t r e c o r d p r o v i d e d by t h e c o n t i n u o u s water 
l e v e l r e c o r d e r ( F i g u r e 3-10). 

The mean d a i l y f l o w s and hydrograph f o r t h e summer o f 1986 r e s u l t i n g from 
t h e r e c o r d e d s t a g e and s t a g e - d i s c h a r g e r e l a t i o n s h i p a r e p r o v i d e d on T a b l e 
3-13 and F i g u r e 3-17 r e s p e c t i v e l y . The two l i n e s on t h e hydrograph a t low 
f l o w s a r e t h e e n v e l o p e o f p r o b a b l e d i s c h a r g e s . 

3.4.2.9 C h a r a c t e r i z a t i o n o f 1986 Summer Flows 

The r e c o r d e d f l o w s o f t h e Klappan R i v e r near t h e S t i k i n e were used t o 
e s t i m a t e f l o w s a t t h e mine s i t e and p r e l i m i n a r y mean d a i l y f l o w s , from June 
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AQUATIC ENVIRONMENT 

15 t o J u l y 15, 1986, were o b t a i n e d from Water Survey o f Canada ( T a b l e 
3-14). The f l o w s from J u l y 15 t o September 25 were not a v a i l a b l e a t the 
time o f w r i t i n g t h i s r e p o r t . 

C h a r a c t e r i z a t i o n o f t h e f l o w s a t t h e mine s i t e can be made on t h e b a s i s o f : 
mean low f o r t h e p e r i o d (June 15 t o J u l y 14); and peak f l o w d u r i n g the 
p e r i o d . 

The peak f l o w d u r i n g t h i s p e r i o d u s u a l l y i s t h e maximum annual d a i l y 
d i s c h a r g e and i s based on t h e o b s e r v e r ' s r e c o l l e c t i o n t h a t t h e f l o w a t the 
mine s i t e on June 15 was t h e peak f l o w i n 1986, t o t h e end o f September. 
The r e c o r d e d peak f l o w s and t h e e s t i m a t e d peak a t t h e mine s i t e based on 
the t e c h n i q u e s e x p l a i n e d p r e v i o u s l y a r e : 

Peak Flows (m / s ) 

L i t t l e Klappan R i v e r a t 
Mine S i t e 

Klappan R i v e r near 
t h e S t i k i n e R i v e r Measured E s t i m a t e d 

318 16.8 18.7 

The s i m i l a r i t y o f t h e e s t i m a t e d and r e c o r d e d f l o w s o f t h e L i t t l e Klappan 
R i v e r c o n f i r m s t h e t e c h n i q u e and s u g g e s t s t h a t the peak f l o w e s t i m a t e s i n 
the s e c t i o n on annual maximum d a i l y d i s c h a r g e a re r e a s o n a b l e . 

The mean annual f l o w o f t h e Klappan R i v e r near t h e S t i k i n e R i v e r d u r i n g the 3 p e r i o d June 15 t o J u l y 14 i s a p p r o x i m a t e l y 240 m / s . The mean f l o w f o r t h i s 3 p e r i o d , i n 1986, was 230.6 m / s ( T a b l e 3-14) o r 96 p e r c e n t o f normal. The 
f l o w i n t h e L i t t l e Klappan R i v e r f o r t h e c o r r e s p o n d i n g p e r i o d was 3 
9.75 m / s . The e s t i m a t e d r u n o f f f o r t h i s p e r i o d , based on June and J u l y 
r e p r e s e n t i n g 31 and 32 p e r c e n t r e s p e c t i v e l y o f t h e mean annual f l o w , i s 
7.1 m / s . The r e c o r d e d v a l u e i s 37 p e r c e n t g r e a t e r than e s t i m a t e d but the 

3-61 



TABLE 3-14 

FLOW RATES 
KLAPPAN RIVER NEAR STIKINE RIVER 

(STATION 08CC001) 

Date m 3/s Date m 3/s 

June 15 225 J u l y 1 300 
June 16 255 J u l y 2 318 amax 
June 17 243 J u l y 3 252 
June 18 224 J u l y 4 198 
June 19 219 J u l y 5 211 
June 20 200 J u l y 6 254 
June 21 191 J u l y 7 277 
June 22 181 J u l y 8 282 
June 23 199 J u l y 9 260 
June 24 180 J u l y 10 267 
June 25 147 J u l y 11 258 
June 26 130 J u l y 12 250 
June 27 161 J u l y 13 227 
June 28 225 J u l y 14 221 
June 29 276 — 

June 30 286 Mean 230.6 

a Flow measured a t 75.3m / s - 28 August 
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comparison method i s tenuous. The b e s t s t a tement t h a t can be made 
3 

r e g a r d i n g t h e r e c o r d e d mean f l o w o f 9.75 m / s i s t h a t i t r e p r e s e n t s c l o s e 
t o a median o r e x p e c t e d mean v a l u e f o r t h a t p e r i o d . 
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4.0 GROUNDWATER  

4.1 STUDY OBJECTIVES 

The o b j e c t i v e s o f the groundwater s t u d y were t o p r o v i d e b a s e l i n e 
groundwater d a t a f o r t h e mine development a r e a t o : 

- a l l o w s a t i s f a c t o r y pre-development documentation o f groundwater 
q u a l i t y and h y d r o l o g y ; 

- p e r m i t t h e p r e d i c t i o n o f impacts, o f t h e proposed development; 
- f a c i l i t a t e e n g i n e e r i n g d e s i g n t o overcome t h e s e i m p a c t s . 

4.2 METHODS 

In l a t e 1986 a g e o t e c h n i c a l program was undertaken t o t e s t t h e b u i l d i n g 
f o u n d a t i o n a r e a s , waste d i s p o s a l a r e a and the.mine a r e a . F o r t y s t a n d p i p e s 
and p i e z o m e t e r s were i n s t a l l e d i n t h e mine i n f r a s t r u c t u r e a r e a and 14 
s t a n d p i p e s and p i e z o m e t e r i n s t a l l a t i o n s were made i n t h e mine a r e a . 

The p i e z o m e t e r s were used t o measure groundwater p r e s s u r e c o n d i t i o n s 
e x i s t i n g i n t h e b o r e h o l e s . The p i e z o m e t e r s i n s t a l l e d by v a r i o u s workers 
d u r i n g t h e 1984, 1985 and 1986 f i e l d seasons a r e m o n i t o r e d p e r i o d i c a l l y . 
The most r e c e n t s e t o f r e a d i n g s was taken i n September, 1986. 

I n f i l t r a t i o n t e s t s were conducted on 11 p i e z o m e t e r s a c r o s s t h e mine a r e a t o 
e v a l u a t e ground p e r m e a b i l i t y . In a d d i t i o n , water samples were o b t a i n e d 
from t h e d r i l l h o l e s , f o l l o w i n g the g e n e r a l p r o c e d u r e o u t l i n e d i n S e c t i o n 
2.1. Two t h e r m i s t e r s t r i n g s were a l s o i n s t a l l e d t o supplement the t h r e e 
t h e r m i s t e r s t r i n g s i n s t a l l e d i n p r e v i o u s programs (1984 and 1985). 

4.3 RESULTS AND DISCUSSION 

4.3.1 Water Q u a l i t y 

Three groundwater samples, from DDH 86008, 86018 AND 86019, were o b t a i n e d 
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from t h e proposed p i t a r e a i n September 1986. Samples showed h i g h pH, 
s p e c i f i c c o n d u c t a n c e , a l k a l i n i t y , and anomalous c o n c e n t r a t i o n s o f d i s s o l v e d 
aluminum, as w e l l as s l i g h t l y e l e v a t e d d i s s o l v e d c o p p e r and o t h e r m e t a l s 
( T a b l e 3-15). I t i s s u s p e c t e d t h a t t h e samples may have been c o n t a m i n a t e d 
by d r i l l i n g mud. Because o f t h e l a t e n e s s o f t h e season, i t was not 
p o s s i b l e t o o b t a i n new samples. However, G u l f i s committed t o a s e a s o n a l 
sampling o f t h e groundwaters o f t h e proposed mine and i n f r a s t r u c t u r e a r e a s . 

4.3.2 H y d r o l o g y 

A summary o f t h e groundwater h y d r o l o g y i s p r e s e n t e d here under t h e headings 
o f t h e mine and v a r i o u s i n f r a s t r u c t u r e a r e a s . F o r a more complete 
t r e a t m e n t o f t h e groundwater h y d r o l o g y o f t h e s e a r e a s , see Volume I I , P a r t s 
I I I and V. 

4.3.2.1 P i t A r e a 

P i e z o m e t r i c l e v e l s v a r y from depths o f -15 t o -60 m near t h e c r e s t o f L o s t 
Ridge t o a r t e s i a n c o n d i t i o n s i n t h e s o u t h e a s t a r e a o f t h e p r o p o s e d p i t . 
P e r m e a b i l i t y appears t o be g r e a t e r p a r a l l e l t o bedding than a c r o s s bedding. 

-3 -6 
Average p e r m e a b i l i t i e s range from 10" t o 10" cm/sec. F a u l t s and f o l d s 
t end t o ' c o m p a r t m e n t a l i z e ' groundwater c o n d i t i o n s . In g e n e r a l , t h e s t r u c 
t u r a l c h a r a c t e r o f t h e p i t a r e a tends t o a c t l i k e a d i s h - s h a p e d c o n f i g u r a 
t i o n which c o n t a i n s groundwater. 
4.3.2.2 Waste D i s p o s a l A r e a 

P i e z o m e t e r s (both s t a n d p i p e and pneumatic) have been i n s t a l l e d i n f i v e 1985 
h o l e s and two 1986 h o l e s . A t o t a l o f 10 i n s t r u m e n t s have been i n s t a l l e d . 

The 1986 r e s u l t s s u g g e s t near s u r f a c e p i e z o m e t r i c e l e v a t i o n s f o r a v a r i e t y 
o f l o c a t i o n s and a t d i f f e r e n t d e p t h s . The 1985 h o l e s show d e c r e a s e d 
p r e s s u r e s , p o s s i b l y due t o d i f f e r e n t c l i m a t i c c o n d i t i o n s t h i s y e a r compared 
t o l a s t y e a r . 
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TABLE 3-15 
GROUNDWATER MONITORING RESULT 

(SEPTEMBER 1986) 

DDH 86018 DDH 86019 DDH 86008 

C a l c i u m (mg/L) 9.6 12.8 43.8 
Magnesium (mg/L) 6.0 7.6 0.6 
Sodium (mg/L) 253. 80. 252. 
P o t a s s i u m (mg/L) 1.52 21. 3.87 
C h l o r i d e (mg/L) 0.6 1.8 -0.1 
S u l p h a t e (mg/L) 12.8 61.5 2.0 
PP A l k a l i n i t y as Caco3 (mg/L) 43.0 -0.5 694. 
T o t a l A k a l i n i t y as Caco3 (mg/L) 623. 194. 809. 
pH ( u n i t s ) 8.88 8.03 12.4 
Carbonate (mg/L) 51.6 -0.5 136. 
H y d r o x i d e (mg/L) 655. 237. 197. 
T o t a l Hardness as Caco3 (mg/L) 48.7 63.3 111.8 
F l u o r i d e (mg/L) 0.44 0.22 0.19 
S p e c i f i c c o n d u c t a n c e (umhos/cm) 1,140. 486. 2,780. 
T o t a l I n o r g a n i c Carbon (mg/L) 89.0 37.0 10.0 
T o t a l O r g a n i c Carbon (mg/L) 4.5 9.6 7.8 
T o t a l Ammonia N i t r o g e n (mg/L) 0.60 0.44 9.80 
T o t a l K j e l d a h l N i t r o g e n (mg/L) 1.60 1.86 12.0 
N i t r i t e N i t r o g e n as N (mg/L) 0.004 0.013 0.009 
N i t r a t e N i t r o g e n as N (mg/L) 0.061 0.45 0.159 
Ortho Phosphorous as P (mg/L) 0.012 0.010 0.010 
T o t a l Phosphorous as P (mg/L) 0.098 0.047 0.020 
T o t a l F i l t r a b l e R esidue (mg/L) 670. 290. 600. 
Non F i l t r a b l e R esidue (mg/L) 10,300. 348. 868. 
Alurninurn (mg/L) 0.43 3.10 93.5 
Barium (mg/L) 0.11 0.03 0.08 
Cadmium (mg/L) -0.0002 0.0006 -0.0002 
Chromium (mg/L) 0.001 0.002 0.007 
Copper (mg/L) 0.003 0.038 0.010 
I r o n (mg/L) 0.12 0.006 0.08 
Lead (mg/L) -0.002 0.004 0.016 
Manganese (mg/L) 0.036 0.020 -0.004 
Mercury (mg/L) -0.00005 -0.00005 0.00010 
N i c k e l (mg/L) 0.001 0.002 0.007 
Sel e n i u m (mg/L) 0.0006 0.0002 0.0003 
S i l v e r (mg/L) -0.001 -0.001 *-0.001 
Z i n c (mg/L) 0.009 0.011 0.009 

Note - m e t a l s a r e d i s s o l v e d 
- minus (-) s i g n denotes " l e s s t h a n " 
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In g e n e r a l , t h e upper p a r t o f t h e waste d i s p o s a l a r e a i s l o c a t e d w i t h i n a 
r e c h a r g e a r e a , w h i l e t h e lower p a r t o f t h e waste d i s p o s a l a r e a i s i n a 
d i s c h a r g e a r e a . In some a r e a s , low p e r m e a b i l i t y g l a c i a l t i l l c o n f i n e s 
water i n bedrock, a t l e a s t f o r t h o s e y e a r s o f h i g h groundwater c o n d i t i o n s . 
In o t h e r a r e a s o f r o c k o u t c r o p s , p o o r l y d e f i n e d seepage may o c c u r . At 
h i g h e r e l e v a t i o n s on L o s t Ridge, s u r f i c i a l groundwater t a b l e s w i t h i n 
c o l l u v i a l m a t e r i a l s may be perched on bedrock, w h i l e t h e bedrock ground
water c o n d i t i o n s may be s i m i l a r t o t h o s e i n t h e mine. 

4.3.2.3 P l a n t A r e a 

The depths t o water i n d i c a t e d i n p i e z o m e t e r s v a r i e s w i d e l y from about 7.8 m 
below ground s u r f a c e t o about 3.6 m above ground s u r f a c e ( a r t e s i a n ) . Only 
two 1986 t e s t h o l e s e n c o u n t e r e d water d u r i n g t h e d r i l l i n g p r o c e s s o f which 
one c o n t i n u e d t o y i e l d water a f t e r c o m p l e t i o n o f t h e b o r e h o l e . The o t h e r 
e l e v e n t e s t h o l e s d r i l l e d i n t h e v i c i n i t y o f t h e propos e d p l a n t i n 1986 
e n c o u n t e r e d no groundwater i n f l o w s . 

In g e n e r a l , groundwater seepage o c c u r s i n t h e near s u r f a c e s o f t e n e d s o i l s 
and o r g a n i c s o i l s . Most o f t h e seepage appears t o be w i t h i n t h e upper 
p o r t i o n o f t h e t i l l u n i t i n m a t e r i a l s d i s t u r b e d by f r o s t a c t i o n and w i t h i n 
s u r f i c i a l o r g a n i c m a t e r i a l s . In g e n e r a l , f o r p i e z o m e t e r s l o c a t e d a t depth 
i n t h e g l a c i a l t i l l , h i g h e r groundwater p r e s s u r e s seem t o c o r r e l a t e w i t h 
p r o x i m i t y o f t h e p i e z o m e t e r t o t h e bedrock s u r f a c e . 

4.3.2.4 Mine O f f i c e and Dry A r e a 

T e s t h o l e d r i l l i n g e n c o u n t e r e d groundwater seepage a t 1.5 t o 1.8 m depth 
e x c e p t i n t h e t e s t h o l e l o c a t e d on the bog which e n c o u n t e r e d groundwater at 
the ground s u r f a c e . 

4.3.2.5 T a i l i n g s and Coarse Refuse A r e a 

P i e z o m e t r i c l e v e l s range from about 1.5 m below ground s u r f a c e t o 4.5 m 
above ground s u r f a c e ( a r t e s i a n ) i n t h e v i c i n i t y o f t h e proposed t a i l i n g s 
dam. 

3-67 



AQUATIC ENVIRONMENT 

In g e n e r a l , h i g h e r p i e z o m e t r i c water p r e s s u r e s e x i s t i n t h e t i l l s o i l s i n 
the v i c i n i t y o f t h e proposed t a i l i n g s dam as compared t o i n t h e v i c i n i t y o f 
t h e c o a r s e r e f u s e a r e a . High p i e z o m e t r i c p r e s s u r e i s c o n s i s t e n t w i t h water 
r e c h a r g e i n t o i n t e r l a y e r e d g r a n u l a r m a t e r i a l s w i t h i n t h e t i l l a t h i g h e r 
l e v e l s i n t h e b a s i n . 

In g e n e r a l , s h a l l o w depths t o groundwater a r e i n d i c a t e d a c r o s s t h e a r e a . 
P r e v i o u s sandy zones i n t h e t i l l a t t h e proposed t a i l i n g s dam a r e a produced 
some water d u r i n g t h e d r i l l i n g o f some t e s t h o l e s . The p r e s e n c e o f 
a r t e s i a n water i n t h e d r i l l h o l e s i s c o n s i s t e n t w i t h a f a i r l y p e r v i o u s 
s t r a t u m l o c a t e d a t depth c o n n e c t e d t o a r e c h a r g e s o u r c e a t h i g h e r 
e l e v a t i o n . 

The groundwater l e v e l s i n t h e v i c i n i t y o f t h e c o a r s e r e f u s e a r e a v a r y from 
about 0.8 t o 6.5 m below ground s u r f a c e . In g e n e r a l , t h e groundwater 
l e v e l s i n t h e s u r f i c i a l s o i l s a r e about 1 o r 2 m below ground s u r f a c e . 
P i e z o m e t e r s l o c a t e d i n g l a c i a l t i l l s i n d i c a t e water p r e s s u r e s w e l l below 
ground s u r f a c e . 

4.3.2.6 Fre s h w a t e r Dam 

D r i l l h o l e s l o c a t e d on t h e f l o o d p l a i n b e s i d e t h e L i t t l e Klappan R i v e r 
g e n e r a l l y e n c o u n t e r e d groundwater i n f l o w a t about 1 m d e p t h . 

However, i n a l l c a s e s but one, a s o l i d auger d r i l l i n g method was used t o 
advance t h e h o l e t o r e f u s a l . The t e s t h o l e which p e n e t r a t e d t h e de e p e s t 
sands and g r a v e l s was advanced w i t h a s o l i d auger d r i l l i n g method. 
A l t h o u g h t h e r e was some water i n t h e h o l e d u r i n g d r i l l i n g , t h e h o l e s t o o d 
s a t i s f a c t o r i l y t o a l l o w sampling a t a 6.5 m d e p t h . 

Advancing an open h o l e below t h e water t a b l e i n sands and g r a v e l s s u g g e s t s 
t h a t t h e g r a v e l s would y i e l d nominal amounts o f water i n pumping t e s t s . 
F u r t hermore, t h e r e i s no c l e a r e v i d e n c e i n t h e f i e l d i n v e s t i g a t i o n s t o date 
t h a t s i g n i f i c a n t open worked g r a v e l s e x i s t w i t h i n t h e sands and g r a v e l s o f 
t h e L i t t l e Klappan R i v e r . 
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D r i l l i n g on t h e abutments o f t h e proposed dam was c a r r i e d out u s i n g a s o l i d 
auger d r i l l i n g method. No groundwater i n f l o w s were e n c o u n t e r e d . 
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5.0 IMPACTS AND MITIGATION 

AQUATIC ENVIRONMENT 

5.1 OBJECTIVES 

The o b j e c t i v e s o f t h i s s e c t i o n a r e t o : 

i d e n t i f y and/or p r e d i c t t h e p o t e n t i a l impacts o f t h e proposed 
mine development on t h e a q u a t i c environment; 
q u a n t i f y t h e s e impacts, where p o s s i b l e ; 
a s s e s s t h e r a m i f i c a t i o n s and s i g n i f i c a n c e o f t h e s e impacts as 
t h e y may a f f e c t the environment and/or t h e development; 
d e v e l o p and p r e s e n t d e s i g n o r o p e r a t i n g m i t i g a t i o n s f o r the 
propose d development which may reduce o r e l i m i n a t e t h e n e g a t i v e 
i m p a c t s . 

Many o f t h e a q u a t i c impacts and m i t i g a t i o n s a r e d e a l t w i t h i n terms o f 
d e s i g n i m p l i c a t i o n s i n Volume I I . Where p o s s i b l e , r e f e r e n c e w i l l be made 
t o t h e a p p r o p r i a t e s e c t i o n s r a t h e r than r e p e a t i n g t h e i n f o r m a t i o n h e r e . 

5.2 SURFACE WATER QUALITY IMPACTS AND MITIGATION 

The c r i t e r i a e s t a b l i s h e d f o r t h e p r o j e c t by t h e Waste Management Branch o f 
th e B.C. M i n i s t r y o f t h e Environment ( T a b l e 3-8) meet t h e most s e n s i t i v e 
use r e q u i r e m e n t s f o r p u b l i s h e d water q u a l i t y c r i t e r i a ( i . e . , p r o t e c t i o n o f 
a q u a t i c l i f e , d r i n k i n g water s t a n d a r d s , i r r i g a t i o n use, e t c . ) . 

The e x i s t i n g water q u a l i t y o f t h e upper L i t t l e Klappan R i v e r , and indeed 
t h e l i c e n c e a r e a g e n e r a l l y may be c a t e g o r i z e d as good. S u r f a c e waters are 
s l i g h t l y a l k a l i n e and t y p i c a l l y s o f t t o m o d e r a t e l y h a r d . N u t r i e n t l e v e l s 
a r e r e l a t i v e l y low as a r e t h e g e n e r a l l e v e l s o f t o t a l and d i s s o l v e d metals 
a l t h o u g h t h r e e - i r o n , aluminum and copper- were p r e s e n t i n r e l a t i v e l y h i g h 
background c o n c e n t r a t i o n s , p a r t i c u l a r l y i r o n and aluminum d u r i n g f r e s h e t . 
Of t h e s e , o n l y copper was p r e s e n t a t l e v e l s near t h e c r i t e r i o n e s t a b l i s h e d 
by t h e M i n i s t r y o f Environment. No component i n t h e s u r f a c e water q u a l i t y 
was i d e n t i f i e d which would h i n d e r development o f an a n t h r a c i t e mine on the 

3-70 



Mount Klappan l i c e n c e a r e a . 

AQUATIC ENVIRONMENT 

G e n e r a l l y , impacts on water q u a l i t y by t h e proposed mine development c o u l d 
o c c u r t h r o u g h t h e i n t r o d u c t i o n o f suspended s o l i d s and/or changes i n water 
c h e m i s t r y . These changes c o u l d i n t u r n e i t h e r p o s i t i v e l y o r n e g a t i v e l y 
a f f e c t p r o d u c t i v i t y , stream b i o t a , o r t h e a c c e p t a b i l i t y o f t h e water f o r 
human consumption. Impacts r e s u l t i n g from t h e i n t r o d u c t i o n o f suspended 
sediments w i l l be l i m i t e d by t h e i m p l e m e n t a t i o n o f t h e s u r f a c e water 
management p l a n d i s c u s s e d i n Volume I I , P a r t 6. Impacts r e s u l t i n g from 
changes i n water c h e m i s t r y w i l l be l i m i t e d by (a) t h e M i n i s t r y o f 
Environment o b j e c t i v e s f o r e f f l u e n t d i s c h a r g e and (b) l i m i t e d c h e mical 
a l t e r a t i o n o f water r e s u l t i n g from a n t h r a c i t e p r o c e s s i n g . 

I t i s a n t i c i p a t e d t h a t t h e r e s h o u l d be no d i f f i c u l t y i n meeting the 
e f f l u e n t g u i d e l i n e s o f t h e M i n i s t r y o f Environment. The H o b b i t - B r o a t c h 
T e s t P i t and Wash P l a n t S e t t l i n g Pond and T a i l i n g s water c h e m i s t r y r e s u l t s , 
d i s c u s s e d i n more d e t a i l below, s u p p o r t t h i s c o n t e n t i o n . 

5.2.1 Suspended S o l i d s 

A l l e f f l u e n t , i n c l u d i n g s u r f a c e d r a i n a g e from t h e development a r e a w i l l be 
passed t h r o u g h s e t t l i n g ponds t o reduce suspended s o l i d s t o t h e P o l l u t i o n 
C o n t r o l o b j e c t i v e o f 25-75 mg/1. The water management f a c i l i t i e s f o r 
a t t a i n i n g t h i s g o a l are f u l l y d e s c r i b e d i n Volume I I , P a r t S i x . Any 
d e l e t e r i o u s e f f e c t s o f i n c r e a s e s i n suspended s o l i d s on stream b i o t a i n the 
L i t t l e Klappan R i v e r and downstream systems w i l l t h u s be m i n i m i z e d and 
n e g l i g i b l e . 

5.2.2 Water C h e m i s t r y 

D u r i n g pre-mine development, two o p p o r t u n i t i e s o c c u r r e d t o e x p e r i m e n t a l l y 
m o n i t o r changes i n water q u a l i t y which might o c c u r as a r e s u l t o f mine 
development; t h e H o b b i t - B r o a t c h t e s t p i t ( w i t h t h e nearby H o b b i t C r e e k ) ; 
and t h e p i l o t p l a n t s e t t l i n g and t a i l i n g s ponds. 
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5.2.2.1 Water Q u a l i t y I n v e s t i g a t i o n s o f H o b b i t - B r o a t c h T e s t P i t and Hobbit 
Creek 1985-1986 

I n t r o d u c t i o n 

The H o b b i t B r o a t c h T e s t P i t l o c a t e d on t h e u p s l o p e s i d e o f t h e B.C. R a i l 
g r a d e , i n c l o s e p r o x i m i t y t o H o b b i t Creek ( F i g u r e 3-1) was formed when a 
t r i a l c a r g o o f a n t h r a c i t e was removed from t h e s i t e d u r i n g t h e w i n t e r o f 
1984/ 85. A pond formed i n t h e p i t d u r i n g f r e s h e t i n 1985, f e d p a r t l y by a 
s m a l l s p r i n g l o c a t e d i n t h e southwest c o r n e r . Water q u a l i t y was m o n i t o r e d 
t o e n s u r e t h a t no d i s c h a r g e s from t h e p i t would o c c u r t h a t would exceed 
M i n i s t r y o f Environment e f f l u e n t o b j e c t i v e s . 

Methods 

To m o n i t o r H o b b i t Creek t o d e t e r m i n e i f t h i s t e s t p i t was a f f e c t i n g the 
q u a l i t y o f t h e c r e e k water, two s t a t i o n s were e s t a b l i s h e d on t h e c r e e k , one 
upstream and one downstream o f t h e p i t . The s t a t i o n s were sampled monthly 
from t h e i n i t i a t i o n o f t h e water q u a l i t y sampling program i n A p r i l 1985 t o 
March 1986 and i n June, August and September o f 1986. Sampling i n H o b b i t -
B r o a t c h P i t commenced i n August, 1985 and a l s o c o n t i n u e d t o September, 
1986. The parameters examined, and t h e methods employed f o r sampling and 
a n a l y s e s a r e i d e n t i c a l t o t h o s e d e s c r i b e d i n S e c t i o n 2.3, P a r t I I I o f t h i s 
volume. 

Data P r e s e n t a t i o n 

The water q u a l i t y d a t a a t t h e upstream c o n t r o l and t h e downstream s t a t i o n 
on H o b b i t Creek and o f t h e ponded water i n t h e H o b b i t - B r o a t c h T e s t P i t i s 
summarized i n Appendix B. 

D i s c u s s i o n 

T here were no unexpected d i f f e r e n c e s i n t h e water q u a l i t y o f t h e upstream 
and downstream s t a t i o n s a t H o b b i t Creek d u r i n g t h e m o n i t o r i n g programs 
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con d u c t e d i n 1985 and 1986. In g e n e r a l , t h e r e was a s l i g h t i n c r e a s e i n most 
parameters such as c o n d u c t i v i t y , t o t a l a l k a l i n i t y , a n i o n and c a t i o n concen
t r a t i o n s , TSS and t u r b i d i t y a t t h e lower s t a t i o n as would be e x p e c t e d w i t h 
t h e i n c r e a s e i n d r a i n a g e a r e a a t t h e downstream s t a t i o n d u r i n g f r e s h e t . 

D i s s o l v e d metal c o n c e n t r a t i o n s and n u t r i e n t s were g e n e r a l l y comparable a t 
t h e two s t a t i o n s . In summary, t h e r e was no d e t e c t e d change i n water q u a l i t y 
i n H o b b i t Creek as a' r e s u l t o f the t e s t p i t a d j a c e n t t o t h e c r e e k . T h i s 
r e s u l t i s not unexpected, however, as t h e r e i s no d i r e c t d r a i n a g e from the 
p i t a r e a t o H o b b i t Creek. 

I n i t i a l samples o f t h e ponded water i n H o b b i t - B r o a t c h P i t had e l e v a t e d con
c e n t r a t i o n s o f most parameters examined, as would be a n t i c i p a t e d w i t h a 
r e c e n t l y d i s t u r b e d a r e a . As t h e seasons p r o g r e s s e d , c o n c e n t r a t i o n s 
d e c l i n e d . The pH o f p i t waters appears t o have d e c r e a s e d s l i g h t l y from 1985 
t o 1986, but a l l v a l u e s c o n t i n u e d t o be b a s i c . S u l p h a t e v a l u e s were 
s l i g h t l y h i g h e r than t h o s e o f r u n n i n g waters a d j a c e n t t o t h e p i t ( i . e . , 
H o b b i t Creek s t a t i o n s ) , u n t i l t h e summer o f 1986 a t which t i m e p i t waters 
had s u l p h a t e c o n c e n t r a t i o n s which were s i g n i f i c a n t l y h i g h e r than the 
a d j a c e n t c r e e k . These e l e v a t e d s u l p h a t e v a l u e s a r e l i k e l y t h e r e s u l t o f 
m i n e r a l o x i d a t i o n from t h e exposed a n t h r a c i t e and waste r o c k . The s u l p h a t e 
i o n i s r e a d i l y s o l u b l e and as water i n t h e p i t i s ponded, one would expect 
an i n c r e a s e i n t h i s parameter. The n i t r a t e / n i t r i t e c o n c e n t r a t i o n s i n p i t 
water e x h i b i t e d a t r e n d c o n s i s t e n t w i t h t h e comparable parameters i n H o b b i t 
Creek. I n i t i a l phosphorus v a l u e s were g e n e r a l l y h i g h e r than t h o s e o f H o b b i t 
Creek, but t h e s e v a l u e s d e c r e a s e d o v e r t h e sampling p e r i o d , and d e c l i n e d t o 
c o n c e n t r a t i o n s near t h o s e o f a d j a c e n t r u n n i n g w a t e r s . I n o r g a n i c carbon 
c o n c e n t r a t i o n s were a p p r o x i m a t e l y t h e same as t h o s e o f H o b b i t Creek except 
d u r i n g f r e s h e t when TIC v a l u e s d e c l i n e d due t o t h e d i l u t i o n f a c t o r i n the 
c r e e k ; however, as a n t i c i p a t e d , o r g a n i c carbon v a l u e s were h i g h e r i n the 
p i t than i n c r e e k w a t e r s . 

A t r e n d t o d e c r e a s e d c o n c e n t r a t i o n s o v e r time was a l s o g e n e r a l l y o b s e r v e d 
w i t h t h e d i s s o l v e d m e t a l s . The two e x c e p t i o n s a r e manganese and barium, 
which had v a l u e s i n t h e range o f <0.004 t o 0.049 mg/1 and 0.012 t o 0.20 
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mg/l> r e s p e c t i v e l y . These metal c o n c e n t r a t i o n s may be a s s o c i a t e d w i t h the 
s p r i n g water which e n t e r s t h e pond from t h e southwest c o r n e r o f t h e p i t . 

A l l c h a r a c t e r i s t i c s o f t h e H o b b i t - B r o a t c h T e s t P i t waters were w e l l w i t h i n 
th e o b j e c t i v e s f o r f i n a l e f f l u e n t which would be d i s c h a r g e d t o f r e s h waters 
(MOE 1979). 

5.2.2.2 Wash P l a n t S e t t l i n g and T a i l i n g s Pond Water Q u a l i t y 

A temporary wash p l a n t was c o n s t r u c t e d a t t h e G u l f Mount Klappan l i c e n c e 
a r e a d u r i n g t h e l a t e summer o f 1985. The p l a n t was d e s i g n e d t o u t i l i z e 
r e c y c l e d t a i l i n g s pond s u p e r n a t a n t t o m i n i m i z e water r e q u i r e m e n t s f o r the 
washing p r o c e s s . A s e t t l i n g pond was a l s o c o n s t r u c t e d a d j a c e n t t o t h e wash 
p l a n t s i t e , t o c o l l e c t s u r f a c e r u n o f f from t h e p l a n t f a c i l i t y . As a c o n d i 
t i o n o f A p p r o v a l Number NE-0205 f o r o p e r a t i o n o f t h e f a c i l i t y , a sampling 
and m o n i t o r i n g program was s p e c i f i e d by t h e Waste Management Branch o f the 
M i n i s t r y o f Environment. 

Four sample l o c a t i o n s were s p e c i f i e d f o r t h e program; t h e upper and lower 
s t a t i o n s on t h e L i t t l e Klappan R i v e r ( i . e . , t h e s t a t i o n s used f o r the 
c o l l e c t i o n o f b a s e l i n e d a t a f o r t h e Mount Klappan l i c e n c e a r e a ) ; the 
t a i l i n g s pond s u p e r n a t a n t ; and, t h e s e t t l i n g pond s u p e r n a t a n t . Sampling o f 
the t a i l i n g s and s e t t l i n g ponds was t o be c o n d u c t e d monthly, presumably 
w h i l e t h e p l a n t was i n o p e r a t i o n . The parameters t o be measured as a 
c o n d i t i o n o f t h e p e r m i t were: TSS, pH, n i t r a t e / n i t r i t e as n i t r o g e n and the 
d i s s o l v e d forms o f t h e m e t a l s aluminum, c o p p e r , cadmium, chromium, i r o n , 
l e a d and z i n c . P r i o r t o any r e l e a s e from t h e ponds and a f t e r shutdown o f 
th e wash p l a n t , t o x i c i t y o f t h e s u p e r n a t a n t i n t h e ponds was t o be 
d e t e r m i n e d by an LT50 b i o a s s a y . The p e r m i t f u r t h e r s t i p u l a t e d t h a t t h e 
upper and lower s t a t i o n s on the L i t t l e Klappan R i v e r s h o u l d be sampled when 
the s u p e r n a t a n t from t h e t a i l i n g s pond was r e l e a s e d t o t h e i n t e r m i t t e n t 
c r e e k and u l t i m a t e l y t o t h e L i t t l e Klappan R i v e r . 
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Methods 

The s e t t l i n g and t a i l i n g s ponds were sampled from September, 1985 thro u g h 
t o September o f 1986. Wash p l a n t o p e r a t i o n s c e a s e d on December 13, 1985. 
However, sa m p l i n g was c o n t i n u e d on a monthly b a s i s t h r o u g h t o March, 1986, 
as w e l l as i n June, August and September o f 1986. 

The i n i t i a l d e s i g n f o r t h e s e t t l i n g pond s p e c i f i e d p i p i n g o f s e t t l i n g pond 
s u p e r n a t a n t from t h e t a i l i n g s pond f o r r e c y c l i n g w i t h i n t h e wash p l a n t . 
T e c h n i c a l problems p r e v e n t e d t h i s d i s p o s a l method f o r s e t t l i n g pond 
s u p e r n a t a n t . A channel was t h e r e f o r e c o n s t r u c t e d from t h e s e t t l i n g pond t o 
th e a d j a c e n t i n t e r m i t t e n t c r e e k . One a d d i t i o n a l s a m p l i n g s t a t i o n was added 
d u r i n g June 1985 a t t h e p o i n t where t h i s d i s c h a r g e was e n t e r i n g t h e 
a d j a c e n t muskeg d r a i n a g e . 

The methods employed d u r i n g t h i s a s p e c t o f t h e s u r f a c e water i n v e s t i g a t i o n s 
a t t h e Mount Klappan l i c e n c e a r e a i n 1985 a r e i d e n t i c a l t o t h o s e p r e v i o u s l y 
d e s c r i b e d i n S e c t i o n 2.3, o f t h i s P a r t , w i t h t h e f o l l o w i n g e x c e p t i o n s . LT50 
b i o a s s a y s were conducted from December/85 thr o u g h September/86 on both 
t a i l i n g s pond and s e t t l i n g pond s u p e r n a t a n t s a c c o r d i n g t o t h e g u i d e l i n e s 
s p e c i f i e d i n " L a b o r a t o r y P r o c e d u r e s f o r Measuring A c u t e L e t h a l T o x i c i t y o f 
L i q u i d E f f l u e n t s t o F i s h , " Waste Management Branch, November, 1982. 

As t h e program p r o g r e s s e d i t appeared t h a t t h e s e s u p e r n a t a n t s were becoming 
more t o x i c t o f i s h but t h e re a s o n c o u l d not be d e t e r m i n e d on t h e b a s i s o f 
the a n a l y t i c a l d a t a . In August 1986 t h e a n a l y t i c a l program s p e c i f i e d i n 
the p e r m i t was expanded t o i n c l u d e t h e f u l l l i s t o f parameters a n a l y z e d a t 
o t h e r l o c a t i o n s on t h e l i c e n c e a r e a . In a d d i t i o n , t h e c o n c e n t r a t i o n o f 
p h e n o l i c compounds was det e r m i n e d a t t h e s e s t a t i o n s (as w e l l as a l l o t h e r 
m o n i t o r i n g s t a t i o n s on t h e l i c e n c e a r e a ) , and a hy d r o c a r b o n scan was 
c a r r i e d o ut on samples from t h e t h r e e s t a t i o n s a t t h e wash p l a n t s i t e . The 
hydro c a r b o n scan employs gas chromatography f o l l o w e d by ca r b o n c o n c e n t r a 
t i o n s o f i n d i v i d u a l carbon s p e c i e s w i t h i n t h e sample. The d e t e c t i o n l i m i t 
f o r t h i s a n a l y s i s i s 0.01 mg/1 per s p e c i e s . 
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Data P r e s e n t a t i o n 

The r e s u l t s o f water q u a l i t y a n a l y s e s a t t h e t a i l i n g s pond, s e t t l i n g pond 
and s e t t l i n g pond d r a i n a g e d i t c h a r e summarized i n Appendix B. The LT50 
b i o a s s a y r e s u l t s a r e p r e s e n t e d i n T a b l e 3-16 w h i l e t h e r e s u l t s o f t h e 
h y d r o c a r b o n scan a r e summarized i n T a b l e 3-17. 

D i s c u s s i o n o f T a i l i n g s Pond Data 

Sampling o v e r t h e 12 month p e r i o d i n d i c a t e d an i n i t i a l s l i g h t d e c l i n e i n pH 
t o v a l u e s s t i l l w i t h i n t h e " n e u t r a l " range ( i . e . , from 7.5 t o 6.5). The pH 
r e c o v e r e d t o i t s o r i g i n a l v a l u e a p p r o x i m a t e l y e i g h t months a f t e r t h e c e s s a 
t i o n o f wash-plant o p e r a t i o n . The d e c r e a s e i n pH i s l i k e l y due t o 
a b s o r p t i o n o f c a r b o n d i o x i d e from t h e a i r , o x i d a t i o n o f s u l p h i d e m i n e r a l s 
and h y d r o l y s i s o f t h e f e r r i c ( F e + + + ) i o n . T h i s pH change i s c o n s i d e r e d t o 
be i n c o n s e q u e n t i a l . 

N i t r a t e / n i t r i t e c o n c e n t r a t i o n s ranged from 0.018 t o l e s s than 0.003 mg/1. 
The n i t r a t e / n i t r i t e c o n c e n t r a t i o n s i n t h e lower L i t t l e Klappan R i v e r were 
l e s s t h a n t h o s e o f t h e t a i l i n g s pond s u p e r n a t a n t i n September (<0.003 mg/ 
1 ) , but much h i g h e r t h r o u g h o u t t h e remainder o f t h e m o n i t o r i n g p e r i o d . 
Concern r e g a r d i n g i n o r g a n i c n i t r o g e n i n t h e t a i l i n g s pond r e l a t e s t o use o f 
n i t r o g e n - b a s e d e x p l o s i v e s d u r i n g m i n i n g , which g e n e r a l l y d i d not o c c u r 
d u r i n g t h e t r i a l c a r g o o p e r a t i o n s . The measured c o n c e n t r a t i o n s were 
c o n s i d e r a b l y l o w e r than t h e e f f l u e n t o b j e c t i v e o f 10 mg/1. 

Of t h e d i s s o l v e d m e t a l s examined d u r i n g t h e m o n i t o r i n g program, cadmium 
was below t h e d e t e c t i o n l e v e l . V ery low c o n c e n t r a t i o n s o f l e a d ( g e n e r a l l y 
<0.002 mg/1), c o p p e r (<0.001 mg/1 t o 0.004 mg/1), chromium (<0.001 t o 0.004 
mg/1) and aluminum (<0.01 t o 0.04 mg/1) were found d u r i n g t h e m o n i t o r i n g 
program. These v a l u e s a r e comparable t o t h e L i t t l e Klappan R i v e r background 
c o n d i t i o n s . D i s s o l v e d z i n c v a l u e s were e r r a t i c i n t h e t a i l i n g s pond d u r i n g 
t h e 12-month p e r i o d , and were s l i g h t l y h i g h e r than t h e c o n c e n t r a t i o n s o f 
t h e s e parameters i n t h e L i t t l e Klappan R i v e r d u r i n g t h e comparable time 
p e r i o d , but were always l e s s than t h e e f f l u e n t o b j e c t i v e o f 0.2 mg/1. 
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TABLE 3-16 

LTSO BIOASSAY RESULTS3 

December, 1985 January 1986 February, 1986 March, 1986 June, 1986 August 1986 

Sample % % % % % % 
Location pH DO Survival pH DO Survival pH DO Survival pH DO Survival pH DO Survival pH DO Survival 

Tailings 6.56 9.0 100 7.41 8.2 70 7.33 10.0 60 7.02 9.3 100 50 7.77 7.8 100 
Pond 

Settling 7.38 9.1 90 8.01 8.4 100 7.68 9.8 100 7.54 9.2 90 60 7.87 7.9 100 
Pond 

100% concentration, 96-hour test, N=10 f i s h (Salmo gairdneri). 
Bioassays conducted in duplicate. 



TABLE 3-17 

RESULTS OF HYDROCARBON SCAN, TAILINGS AND 
SETTLING POND SAMPLES, AUGUST, 1986 a 

Carbon S p e c i e s Component 

10 
'11 
'12 
'13 
1 4 
'15 
'16 
'17 
U8 
;i9 
'20 
;2i 
;22 
;23 
'24 
'25 

Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes 
Undecanes 
Dodecanes 
T r i d e c a n e s 
T e t r a d e c a n e s 
Pentadecanes 
Hexadecanes 
Heptadecanes 
Octadecanes 
Nonadecanes 
E i c o s a n e s 
Heneicosanes 
Docosanes 
T r i c o s a n e s 
T e t r a c o s a n e s 
Pentacosanes 

S e t t l i n g Pond T a i l i n g s Pond 

-b 
T r a c e c 

0.02 
0.05 
0.04 

0.02 
0.04 
0.07 

T r a c e 0.02 
0.01 

0.02 
0.09 
0.07 
0.07 

a R e s u l t s p r e s e n t e d as mg/1. 
k - denotes c o n c e n t r a t i o n s l e s s than 0.01 mg/1. 
c T r a c e denotes c o n c e n t r a t i o n s a t d e t e c t i o n l i m i t (0.01 mg/1) 
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D i s s o l v e d i r o n e x h i b i t e d a h i g h i n i t i a l v a l u e (0.38 mg/1), but subsequent
l y s u b s i d e d t o c o n c e n t r a t i o n s which approximate background l e v e l s i n t h e 
r i v e r . In a l l i n s t a n c e s , d i s s o l v e d metal c o n c e n t r a t i o n s were a f r a c t i o n o f 
t h e o b j e c t i v e s f o r f i n a l e f f l u e n t d i s c h a r g e s . The o n l y metal which may be 
l e a c h i n g from c o a l p a r t i c l e s i n t h e t a i l i n g s pond i s z i n c ; t h e maximum 
c o n c e n t r a t i o n r e c o r d e d was 0.022 mg/1 on August 6, 1986, which does not 
p r e s e n t any c o n c e r n s f o r a t a i l i n g s f a c i l i t y as t h e most r i g o r o u s e f f l u e n t 
o b j e c t i v e f o r d i s s o l v e d z i n c i s 0.2 mg/1. 

D i s c u s s i o n o f S e t t l i n g Pond Data 

Samples from t h e wash p l a n t s e t t l i n g pond and t h e p o n d / s i t e d r a i n a g e d i t c h 
r e v e a l e d some i n t e r e s t i n g r e s u l t s . The pH o f t h e s e waters approximated 
t h o s e o f t h e L i t t l e Klappan R i v e r , when t h e d r a i n a g e was a c t i v e . D u r i n g the 
w i n t e r months (December through March) t h e r e was no d i s c h a r g e from the 
s e t t l i n g pond. With no i n f l o w , t h e q u a n t i t y o f water i n t h e pond was v e r y 
s m a l l . In l a t e w i n t e r , o n l y a few c e n t i m e t e r s o f water c o u l d be l o c a t e d i n 
t h e pond, under a p p r o x i m a t e l y one metre o f i c e . Under t h e s e c o n d i t i o n s , t h e 
pH o f t h e pond waters d i d d e c l i n e s l i g h t l y t o 6.90 i n March . However, th e 
pH q u i c k l y r e t u r n e d t o 7.4-7.5 once th e water began t o f l o w . No p a r t i c u l a r 
s i g n i f i c a n c e i s a t t a c h e d t o t h i s minor pH change. The TSS c o n c e n t r a t i o n s 
exceeded e f f l u e n t o b j e c t i v e s i n September, O c t o b e r and November, due t o 
t r a f f i c a t t h e wash-plant s i t e d u r i n g t h i s time p e r i o d . P r o p e r d e s i g n o f 
sediment b a s i n s i n t h e f u l l - s c a l e o p e r a t i o n w i l l e l i m i n a t e c o n c e r n o v e r the 
q u a l i t y o f t h e e f f l u e n t s . 

N i t r a t e / n i t r i t e v a l u e s were i n i t i a l l y h i g h e r i n t h e s e t t l i n g pond d r a i n a g e 
(0.021 t o 0.32 mg/1 range i n O c t o b e r and November) than i n t h e t a i l i n g s 
pond (0.004 and 0.009 mg/1, r e s p e c t i v e l y ) , but were w i t h i n t h e range noted 
f o r t h e L i t t l e Klappan R i v e r d u r i n g t h i s time p e r i o d . The c o n c e n t r a t i o n o f 
t h e s e n u t r i e n t s had dropped t o v e r y low l e v e l s by F e b r u a r y . D i s s o l v e d 
cadmium, copper, chromium, l e a d , and aluminum c o n c e n t r a t i o n s were a l l low 
and g e n e r a l l y comparable t o t h o s e o f the t a i l i n g s pond and w e l l w i t h i n the 
L i c e n c e r e q u i r e m e n t s . 
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S e v e r a l elements d i d e x h i b i t abnormal c o n c e n t r a t i o n s i n t h e s e t t l i n g pond 
o r s e t t l i n g pond d r a i n a g e . The c o n c e n t r a t i o n o f d i s s o l v e d i r o n was 
u n c h a r a c t e r i s t i c a l l y h i g h i n t h e s e t t l i n g pond i n August, 1986, a t which 
time a c o n c e n t r a t i o n o f 0.25 mg/1 was n o t e d . However, t h i s does not exceed 
t h e most r i g o r o u s MOE o b j e c t i v e f o r e f f l u e n t s , which i s 0.3 mg/1. An 
e l e v a t e d d i s s o l v e d i r o n c o n c e n t r a t i o n was noted i n t h e s e t t l i n g pond 
d r a i n a g e i n June, 1986, when a v a l u e o f 0.51 mg/1 was r e c o r d e d . The 
d i s s o l v e d i r o n i n t h e s e t t l i n g pond was low on t h a t d a t e (0.03 mg/1); 
t h e r e f o r e , t h e s o u r c e o f t h i s i r o n must have been d r a i n a g e a l o n g t h e d i t c h 
from t h e wash p l a n t , o r t h e u p s l o p e a r e a which d r a i n s a l o n g t h e road 
m argin. 

D i s s o l v e d z i n c c o n c e n t r a t i o n s were i n i t i a l l y h i g h w i t h i n t h e s e t t l i n g pond 
(0.47 mg/1), but s u b s e q u e n t l y dropped t o v a l u e s much c l o s e r t o t h o s e 
r e c o r d e d f o r t h e t a i l i n g s pond e f f l u e n t . D i s s o l v e d z i n c v a l u e s i n c r e a s e d i n 
June and August a t t h e s e t t l i n g pond (0.16 and 0.12 mg/1, r e s p e c t i v e l y ) , as 
w e l l as i n t h e s e t t l i n g pond o u t f l o w i n August (0.11 mg/1). I t appears t h a t 
d i s s o l v e d z i n c c o n c e n t r a t i o n s i n c r e a s e d i n the v i c i n i t y o f t h e wash p l a n t , 
p r o b a b l y i n r e s p o n s e t o t h e s t o c k p i l i n g and h a n d l i n g o f c r u s h e d c o a l , i n a 
manner s i m i l a r t o t h a t o f t h e t a i l i n g s pond e f f l u e n t . The d i s s o l v e d z i n c 
v a l u e s were, however, a p p r o x i m a t e l y o n e - h a l f o f t h e most r i g o r o u s o b j e c t i v e 
f o r t h e m i n i n g i n d u s t r y (0.2 mg/1) i n B r i t i s h Columbia (MOE 1979). 

D i s s o l v e d manganese c o n c e n t r a t i o n s , measured as a p a r t o f t h e expanded 
August 1986 a n a l y t i c a l program, i n t h e s e t t l i n g pond s u p e r n a t a n t measured 
0.16 mg/1. T h i s exceeds t h e M i n i s t r y o f Environment e f f l u e n t o b j e c t i v e o f 
0.1 mg/1. These c o n c e n t r a t i o n s would not pose a t h r e a t t o t h e a q u a t i c 
r e s o u r c e s o f t h e Mount Klappan a r e . The o b j e c t i v e i s e s t a b l i s h e d on the 
b a s i s o f d r i n k i n g water s t a n d a r d s . 

The second c o n s t i t u e n t o f t h e s e t t l i n g pond e f f l u e n t which was found at 
l e v e l s h i g h e r than a n t i c i p a t e d was phenol which was p r e s e n t a t a concen
t r a t i o n o f 0.007 mg/1. As p r e v i o u s l y d i s c u s s e d , t h i s c o n c e n t r a t i o n i s w e l l 
below th e g u i d e l i n e f o r t h e p r o t e c t i o n o f t h e a q u a t i c r e s o u r c e (0.2 mg/1). 
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S i m i l a r l y t h e hydrocarbon scan ( T a b l e 3-17) d i d not r e s u l t i n t h e i d e n t i 
f i c a t i o n o f any p o t e n t i a l l y t o x i c m a t e r i a l s i n t h e e f f l u e n t . 

The expanded a n a l y s i s i d e n t i f i e d no component t h a t e i t h e r exceeded e f f l u e n t 
o b j e c t i v e s o r was t h e r e i n h i g h enough c o n c e n t r a t i o n s t o a c c o u n t f o r t h e 
m o r t a l i t y . No f i s h d i e d i n t h e August b i o a s s a y , c o n f i r m i n g t h e r e l a t i v e l y 
good q u a l i t y o f both t h e s e t t l i n g and t a i l i n g s pond s u p e r n a t a n t s . 

E f f o r t s were a l s o d i r e c t e d t o c h e c k i n g t h e a n a l y t i c a l component o f t h e 
b i o a s s a y . No c o n t r o l s were run f o r any o f t h e b i o a s s a y s o t h e r than f o r 
August 1986 when d u p l i c a t e samples were t e s t e d . No comment can be made on 
a n a l y t i c a l p r o c e d u r e s and t h e h e a l t h and v i t a l i t y o f f i s h s t o c k s . The 
cause o f t h e m o r t a l i t y i n t h e b i o a s s a y e x p e r i m e n t s remains unknown but does 
not appear t o be r e l a t e d t o s e t t l i n g and t a i l i n g s pond water q u a l i t y . 

LT 50 B i o a s s a y 

In l i g h t o f t h e a n a l y t i c a l r e s u l t s , no m o r t a l i t y would be e x p e c t e d i n a 
b i o a s s a y t e s t o f t a i l i n g s and s e t t l i n g pond s u p e r n a t a n t . M o r t a l i t y d i d 
o c c u r but i n a h i g h l y v a r i a b l e and u n p r e d i c t a b l e manner. The LT 50 
b i o a s s a y r e s u l t s a r e summarized i n T a b l e 3-16. Comparisons w i t h the 
a n a l y t i c a l d a t a can suggest no c a u s a l r e l a t i o n s h i p between m o r t a l i t y and 
any s p e c i f i c parameter. 

A d d i t i o n a l s t e p s were taken t o attempt t o i d e n t i f y t h e cause o f the 
m o r t a l i t y i n t h e LT 50 b i o a s s a y s . 

1. S u l p h a t e c o n c e n t r a t i o n s were a n a l y z e d b e g i n n i n g F e b r u a r y 1986. 

2. A n a l y t i c a l program expanded i n August 1986 t o be e q u i v a l e n t t o t h a t f o r 
o t h e r s t a t i o n s i n t h e s u r f a c e water q u a l i t y program. 

3. The c o n c e n t r a t i o n o f p h e n o l i c compounds was measured i n August 1986. 
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4. A hydro c a r b o n scan was conducted i n August 1986 on both s e t t l i n g and 
t a i l i n g s pond s u p e r n a t a n t s . 

The purpose o f t h e l a t t e r t e s t was t o check f o r t h e p r e s e n c e o f any t o x i c 
h y d r o c a r b o n - b a s e d m a t e r i a l s . 

5.2.2.3 A c i d G e n e r a t i o n 

The p o t e n t i a l f o r a c i d g e n e r a t i o n by the a n t h r a c i t e and waste r o c k has been 
d i s c u s s e d i n Volume II P a r t S i x . The d a t a shows t h a t t h e r e i s an abundance 
o f a c i d n e u t r a l i z i n g r o c k s i n t h e m i n i n g waste. Only 8 o f 104 samples 
showed a p o s i t i v e a c i d p r o d u c t i o n p o t e n t i a l . These p o t e n t i a l l y a c i d -
p r o d u c i n g s t r a t a o c c u r i n f r e q u e n t l y w i t h i n t h e m i n i n g sequence and are 
p r i m a r i l y s i l t s t o n e s and c l a y s t o n e s . 

C o n s e q u e n t l y , because a c i d g e n e r a t i o n appears t o be e x t r e m e l y u n l i k e l y t o 
o c c u r , t h e water q u a l i t y impacts w i l l be n e g l i g i b l e . Minor o x i d a t i o n o f 
s u l p h a t e w i l l o c c u r , however, and r e s u l t i n s l i g h t l y e l e v a t e d s u l p h a t e , 
t o t a l d i s s o l v e d s o l i d s and c o n d u c t i v i t y o f p i t and r u n o f f w a t e r s . These 
i n c r e a s e s cannot e a s i l y be q u a n t i f i e d , but a r e e x p e c t e d t o be s m a l l and a r e 
not a s s o c i a t e d w i t h a q u a t i c t o x i c i t y . 

5.2.2.4 N i t r o g e n C o n t a m i n a t i o n from E x p l o s i v e s 

The background l e v e l s o f i n o r g a n i c n i t r o g e n ( n i t r a t e / n i t r i t e p l u s ammonia) 
i n t h e upper L i t t l e Klappan R i v e r ( T a b l e 3-18), a r e lowe r than t h e water 
q u a l i t y c r i t e r i a s e t by t h e MOE f o r the Mount Klappan L i c e n c e a r e a . 

However, n i t r o g e n w i l l be added t o t h e e f f l u e n t w a ters o f t h e mine from the 
r e s i d u e o f e x p l o s i v e s . The ex p e c t e d l e v e l s o f e x p l o s i v e s - N i n the L i t t l e 
K lappan R i v e r a r e shown i n T a b l e 3-18. When e x p l o s i v e s - N and background-N 
are summed, t h e i n o r g a n i c n i t r o g e n l e v e l s w i l l not l i k e l y exceed t h e MOE 
water q u a l i t y c r i t e r i a ( T a b l e 3-8). For t h e purpose o f t h e s e c a l c u l a t i o n s , 
i t has been assumed t h a t t h e n i t r o g e n i s p r e s e n t as n i t r a t e ( 9 4 % ) , n i t r i t e 
(1%) and ammonia ( 5 % ) . 
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TABLE 3-18 
EXPECTED NITROGEN CONCENTRATIONS IN 

THE LITTLE KLAPPAN RIVER 

E x i s t i n g (mg/1)* 
Expected I n c r e a s e 

(mg/1) 2 

Water Q u a l i t y 
C r i t e r i a , 

(mg/1) 3 

N0 3 - N <0.003 - 0.138 0.14 0.30 
N0 2 - N <0.003 - 0.009 0.002 0.02 
NH 3 - N <0.01 - 0.40 5 0.008 5 0.016 4 

1. See T a b l e s 3-2 and 3-3. 
2. See T a b l e 6-6 o f Volume I I , P a r t VI; assumed s p l i t 94% NO- - N, 

1% N0 2 - N, 5% NH 3 -N. * 
3. From T a b l e 3-13. 
4. U n - i o n i z e d (max). 
5. Less than 2% o f t h i s NH--N w i l l be u n - i o n i z e d a t t h e p r e v a i l i n g pH and 

te m p e r a t u r e . 
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The a d d i t i o n o f i n o r g a n i c n i t r o g e n t o t h e upper L i t t l e Klappan R i v e r may 
i n c r e a s e i t s p r o d u c t i v i t y a l t h o u g h t h e r e i s some s u g g e s t i o n (Appendix A) 
t h a t a t l e a s t i n late-summer (1985) the upper L i t t l e Klappan i s phosphorus 
o r p h o s p h o r u s - n i t r o g e n c o - l i m i t e d . However, the r e s u l t i n g i n o r g a n i c 
n i t r o g e n l e v e l s o f the L i t t l e Klappan R i v e r and downstream waters would 
s t i l l be f a r below th e 1.0 mg/1 s u g g e s t e d f o r t h e b e g i n n i n g o f t h e growing 
season by t h e U n i t e d S t a t e s Environmental P r o t e c t i o n Agency (1973) t o 
c o n t r o l e u t r o p h i c a t i o n . 

5.2.2.5 C o n c l u s i o n s 

The r e s u l t s o f t h e e x p e r i m e n t a l m o n i t o r i n g program on the H o b b i t - B r o a t c h 
t e s t p i t and H o b b i t Creek and t h e wash p l a n t s e t t l i n g and t a i l i n g s ponds, 
t h e a c i d g e n e r a t i o n s t u d i e s , and t h e d i s c u s s i o n o f n i t r o g e n c o n t a m i n a t i o n 
from e x p l o s i v e s , i n d i c a t e t h a t few problems a r e a n t i c i p a t e d i n m eeting the 
f i n a l e f f l u e n t o b j e c t i v e s . 

5.3 SURFACE WATER HYDROLOGY IMPACTS AND MITIGATION 

The c l e a r i n g o f v e g e t a t i o n and removal o f s o i l s on t h e s i t e w i l l d e c r e a s e 
t h e water h o l d i n g a b i l i t y o f t h e s i t e , i n c r e a s e t h e r a t e o f r u n o f f and 
i n t e n s i f y storm peaks. Such r u n o f f w i l l be c a p a b l e o f c a r r y i n g sediments 
and c a u s i n g e r o s i o n . Key s o u r c e s o f p o t e n t i a l impacts i n c l u d e t h e i s s u e s 
d i s c u s s e d below. 
5.3.1 E r o s i o n and S i l t a t i o n 

An i n c r e a s e i n s i l t l o a d s i s t h e most o b v i o u s and, p o t e n t i a l l y , one o f the 
more a d v e r s e e f f e c t s o f mine development. I n c r e a s e d s i l t a t i o n may e n t e r 
w a t e r c o u r s e s as a r e s u l t o f : 

- open p i t mine o p e r a t i o n s 
- c l e a r i n g and g r u b b i n g 
- c u t and f i l l o p e r a t i o n s f o r r o a d c o n s t r u c t i o n 
- g r a d i n g and d i t c h i n g a c t i v i t i e s 
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The s e v e r i t y o f t h e e f f e c t s on a q u a t i c l i f e caused by t h e i n t r o d u c t i o n o f 
s i l t t o t h e w a t e r c o u r s e w i l l v a r y c o n s i d e r a b l y w i t h t h e t i m i n g , l o c a t i o n 
and q u a n t i t y o f s i l t r e l e a s e d . 

5.3.2 Groundwater Removal 

Based on p i e z o m e t r i c d a t a , l i m i t e d pumping w i l l be r e q u i r e d i n t h e p i t s 
e a r l y i n t h e p r o j e c t and t h e s e waters w i l l a l s o be d i v e r t e d t h r o u g h t h e 
s e t t l i n g pond system. D r a i n s and r e l i e f w e l l s may be i n s t a l l e d t o m a i n t a i n 
d i s p o s a l a r e a and h i g h w a l l s t a b i l i t y . Groundwater which seeps i n t o 
d i s t u r b e d a r e a s such as t h e p i t may be co n t a m i n a t e d by suspended s o l i d s 
which w i l l r e q u i r e removal p r i o r t o d i s c h a r g e . A l l mine s u r f a c e d r a i n a g e 
goes t o s e d i m e n t a t i o n t r a p s i f n e c e s s a r y . 

5.3.3 M i t i g a t i o n Methods 

Sediment C o n t r o l D u r i n g O p e r a t i o n 

I n c r e a s e s i n suspended sediment c o n c e n t r a t i o n s i n mine r u n o f f w i l l be con
t r o l l e d by c o l l e c t i o n o f r u n o f f by d i t c h i n g t o sediment ponds. In most 
c a s e s t h e s e c o u l d c o n s i s t o f two ponds, a s m a l l e r pond f o r t r a p p i n g c o a r s e r 
sediment and a l a r g e r pond f o r s e t t l i n g t h e m a j o r i t y o f t h e f i n e m a t e r i a l . 
The o u t f l o w from t h e f i n a l ponds c o u l d be d i s c h a r g e d t o e i t h e r t h e L i t t l e 
K lappan R i v e r o r Fox Creek. The ponds w i l l be m o n i t o r e d and s h o u l d the 
e f f l u e n t f a i l t o meet o b j e c t i v e s , t h e systems would be upgraded t o improve 
t h e e f f l u e n t q u a l i t y . 

The l o n g - t e r m sediment c o n t r o l measures a r e d e s c r i b e d i n d e t a i l i n P a r t S i x 
o f Volume I I , which c o n t a i n s t h e Water Management P l a n f o r t h e Lo s t - F o x 
Mine. 

P r o t e c t i o n o f A d j a c e n t A r e a s 

Waterbodies and ar e a s a d j a c e n t t o a c o n s t r u c t i o n s i t e w i l l be p r o t e c t e d 
from sediment d e p o s i t i o n . T h i s w i l l be a c c o m p l i s h e d by p r e s e r v i n g a w e l l -
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v e g e t a t e d b u f f e r s t r i p around t h e lower p e r i m e t e r o f t h e l a n d d i s t u r b a n c e , 
o r sediment b a s i n s , o r by a c o m b i n a t i o n o f such measures. 

V e g e t a t e d b u f f e r s t r i p s w i l l be used a l o n e o n l y where r u n o f f i n s h e e t f l o w 
i s e x p e c t e d . B u f f e r s t r i p s w i l l be a t l e a s t 30 m i n w i d t h , where 
p r a c t i c a l . 

S t a b i l i z a t i o n o f D i s t u r b e d Areas 

S o i l s t a b i l i z a t i o n r e f e r s t o measures which p r o t e c t s o i l from t h e e r o s i v e 
f o r c e s o f r a i n d r o p impact and f l o w i n g water. A p p l i c a b l e p r a c t i c e s i n c l u d e 
v e g e t a t i v e e s t a b l i s h m e n t , and t h e e a r l y a p p l i c a t i o n o f g r a v e l base. 
S e l e c t e d s o i l s t a b i l i z a t i o n measures w i l l be a p p r o p r i a t e f o r t h e time o f 
y e a r , s i t e c o n d i t i o n s and e s t i m a t e d d u r a t i o n o f use. 

Cut and F i l l S l o p e s 

Cut and f i l l s l o p e s w i l l be d e s i g n e d and c o n s t r u c t e d i n a manner which w i l l 
m i n i m i z e e r o s i o n . C o n s i d e r a t i o n w i l l be g i v e n t o t h e l e n g t h and s t e e p n e s s 
o f t h e s l o p e , t h e s o i l t y p e , u p s l o p e d r a i n a g e a r e a , groundwater c o n d i t i o n s 
and o t h e r a p p l i c a b l e f a c t o r s . S l o p e s which a r e found t o be e r o d i n g 
e x c e s s i v e l y w i t h i n 1 y e a r o f c o n s t r u c t i o n w i l l be p r o v i d e d w i t h a d d i t i o n a l 
s l o p e s t a b i l i z i n g measures where p r a c t i c a l 

The f o l l o w i n g g u i d e l i n e s w i l l a i d i n d e v e l o p i n g an adequate d e s i g n : 

- Roughened s o i l s u r f a c e s a r e g e n e r a l l y p r e f e r r e d t o smooth s u r f a c e s 
on s l o p e s . 

- D i v e r s i o n s w i l l be c o n s t r u c t e d a t the t o p o f l o n g s t e e p s l o p e s 
which have s i g n i f i c a n t d r a i n a g e a r e a s above t h e s l o p e . 

- Wherever a s l o p e f a c e c r o s s e s a water seepage p l a n e which endangers 
t h e s t a b i l i t y o f t h e s l o p e , adequate d r a i n a g e o r o t h e r p r o t e c t i o n 
w i l l be p r o v i d e d , where p r a c t i c a l . 
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S t a b i l i z a t i o n o f Waterways and O u t l e t s 

A l l c h a n n e l s w i l l be d e s i g n e d and c o n s t r u c t e d t o w i t h s t a n d t h e e x p e c t e d 
v e l o c i t y o f f l o w from t h e d e s i g n r u n o f f w i t h o u t e r o s i o n . S t a b i l i z a t i o n 
adequate t o p r e v e n t e r o s i o n w i l l a l s o be p r o v i d e d a t t h e o u t l e t s o f a l l 
p i p e s and paved c h a n n e l s . 

D r a i n a g e 

C u l v e r t s w i l l be p r o v i d e d a t w a t e r c o u r s e s and n a t u r a l draws and t o convey 
l a t e r a l d r a i n a g e a t i n t e r v a l s from t h e u p h i l l s i d e o f t h e ro a d t o t h e 
d o w n h i l l s i d e , on l o n g u n i f o r m g r a d e s . The i n t e r v a l w i l l n ot be g r e a t e r 
than 300 m. Minimum 800 mm d i a m e t e r c u l v e r t s w i l l be used and t h e y w i l l 
e x t e n d beyond t h e t o e o f t h e f i l l s l o p e . A t y p i c a l c u l v e r t i n s t a l l a t i o n i s 
shown i n F i g u r e 3-18. 

S u f f i c i e n t c a p a c i t y t o a l l o w f o r b l o c k a g e , f r e e z i n g , ease o f c l e a n i n g and 
f l o o d f l o w s w i l l be a c h i e v e d by m a i n t a i n i n g t h e 800 mm minimum d i a m e t e r 
r e q u i r e m e n t and by s i z i n g l a r g e r c u l v e r t s a c c o r d i n g t o t h e d e s i g n f l o o d 
c u r v e s c r i t e r i a c o v e r e d i n S e c t i o n 3.4.2.6. 

N o r m a l l y c u l v e r t s w i l l be s i z e d t o accommodate t h e 10-year peak 
i n s t a n t a n e o u s f l o o d when f l o w i n g j u s t f u l l . As w e l l , t h e maximum c u l v e r t 
headwater depth d u r i n g t h e 200-year f l o o d w i l l not exceed t h e t o p o f the 
embankment. 

Stream C r o s s i n g s 

C o n s t r u c t i o n v e h i c l e s w i l l not e n t e r w a t e r c o u r s e s u n l e s s i t i s u n a v o i d a b l e . 
Where i n - c h a n n e l work i s n e c e s s a r y , p r e c a u t i o n s w i l l be take n t o s t a b i l i z e 
t h e work a r e a d u r i n g c o n s t r u c t i o n t o m i n i m i z e e r o s i o n . The channel ( i n c l u 
d i n g bed and banks) w i l l always be r e s t a b i l i z e d i m m e d i a t e l y a f t e r i n -
channel work i s completed. 
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H E A D W A T E R D E P T H FOR 2 0 0 
Y E A R R E T U R N PER IOD FLOW 

(NOT TO E X C E E D TOP OF E M B A N K M E N T ) 

H E A D W A T E R D E P T H FOR 10 
Y E A R R E T U R N PER IOD FLOW 

<7 

ROAD 

C U L V E R T TO E X T E N D 
B E Y O N D TOE OF 
F I L L S L O P E 

P I P E I N V E R T S E T S L I G H T L Y 
BELOW N A T U R A L C H A N N E L B O T T O M 

S T A B I L I Z E D O U T L E T 

N O T E S 

1) T H I S C U L V E R T I N S T A L L A T I O N D E T A I L IS A P P L I C A B L E AT L O C A T I O N S WHERE 
F I S H P A S S A G E IS NOT R E Q U I R E D . 
I N S T A L L A T I O N S OF C U L V E R T S REQU IR ING F I S H P A S S A G E W I LL BE IN 
A C C O R D A N C E WITH F I S H AND W I L D L I F E B R A N C H R E Q U I R E M E N T S . 

2) M IN IMUM C U L V E R T D I A M E T E R = 8 0 0 m m . 

FIGURE 3-18 

MOUNT KLAPPAN ANTHRACITE PROJECT 

TYPICAL CULVERT INSTALLATION 
PROFILE 

KER, PRIESTMAN & ASSOCIATES LTD. 

GULF CANADA CORPORATION ( B ^ i J l 
06/01/87 ^•MfiS' 
KLAP:[205057]860601051.LOC V — / 
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Where a w a t e r c o u r s e must be c r o s s e d by c o n s t r u c t i o n v e h i c l e s r e g u l a r l y 
d u r i n g c o n s t r u c t i o n , a stream c r o s s i n g w i l l be p r o v i d e d . 

Borrow P i t s 

Borrow p i t s w i l l be l o c a t e d such t h a t t h e y do not a d v e r s e l y a f f e c t nearby 
w a t e r c o u r s e s . Borrow m a t e r i a l w i l l be o b t a i n e d from u p l a n d s i t e s which are 
no c l o s e r than 30 m from any a c t i v e r i v e r channel u n l e s s t h e r e i s no a l t e r 
n a t i v e t o t h e use o f streambed o r f l o o d p l a i n m a t e r i a l . 

I f a stream does not s u p p o r t o r have th e p o t e n t i a l t o s u p p o r t f i s h p o p u l a 
t i o n s , then p e r m i s s i o n may be r e q u e s t e d from t h e M i n i s t r y o f Environment t o 
e x c a v a t e streambed o r f l o o d p l a i n m a t e r i a l . 

In a r e a s where waste o r s o i l w i l l be s t o c k p i l e d , t h e same 30 m s e t b a c k w i l l 
a p p l y . Waste p i l e s w i l l be as deep and compact as p o s s i b l e t o m i n i m i z e 
exposed s u r f a c e . Waste a r e a s w i l l be s t a b i l i z e d t o p r e v e n t wind and water 
e r o s i o n as and when p r a c t i c a l d u r i n g t h e l i f e o f t h e o p e r a t i o n . 

R e v e o e t a t i o n 

T h i s s e c t i o n r e f e r s t o r e v e g e t a t i o n o f a r e a s which a r e d i s t u r b e d d u r i n g 
c o n s t r u c t i o n , such as c u t and f i l l s l o p e s , and does not c o v e r g e n e r a l 
r e c l a m a t i o n r e s u l t i n g from p i t o p e r a t i o n s . 

A permanent v e g e t a t i v e c o v e r w i l l be e s t a b l i s h e d on denuded a r e a s not 
o t h e r w i s e permanently s t a b i l i z e d by o t h e r methods such as a ggregate 
t o p p i n g . Permanent v e g e t a t i o n w i l l not be c o n s i d e r e d e s t a b l i s h e d u n t i l a 
ground c o v e r i s a c h i e v e d which i s mature enough t o c o n t r o l s o i l e r o s i o n 
s a t i s f a c t o r i l y and t o s u r v i v e s e v e r e weather c o n d i t i o n s . 

The need f o r e r o s i o n c o n t r o l s t r u c t u r e s and a t t e n d a n t maintenance w i l l be 
reduced by e r o s i o n p r e v e n t i o n through r e v e g e t a t i o n . In a d d i t i o n t o i t s 
s o i l s t a b i l i z a t i o n e f f e c t s , r e v e g e t a t i o n a l s o i n c r e a s e s t h e a e s t h e t i c 
q u a l i t y o f t h e s i t e c o n s i d e r a b l y . 
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5.3.4 C o n c l u s i o n s 

The s u r f a c e water h y d r o l o g y s t u d i e s p r o v i d e b a s e l i n e d a t a f o r t h e d e v e l o p 
ment a r e a and t h e l i c e n c e a r e a i n g e n e r a l . These d a t a have been u t i l i z e d 
i n p r o j e c t d e s i g n , p a r t i c u l a r l y w i t h r e s p e c t t o t h e s u r f a c e water manage
ment p l a n . No f a c t o r i n s u r f a c e water h y d r o l o g y has been i d e n t i f i e d which 
would p r e c l u d e development o f an a n t h r a c i t e mine on t h e Mount Klappan 
l i c e n c e a r e a o r which would c r e a t e unmanageable i m p a c t s . 

The water management and r e c l a m a t i o n p l a n s o u t l i n e d i n P a r t S i x o f Volume 
II w i l l c o n t r o l suspended s o l i d s i n a r e a water c o u r s e s such t h a t the 
P o l l u t i o n C o n t r o l o b j e c t i v e o f 25-75 mg/1 w i l l be met. 

V a r i o u s s u g g e s t e d m i t i g a t i v e measures a r e i n c l u d e d t h r o u g h o u t t h i s 
document. However, i t s h o u l d be noted t h a t m i t i g a t i v e measures w i l l be 
based on o b s e r v a t i o n , e x p e r i e n c e and common sense. F o r example, i f the 
c o n t r o l d i t c h e s d i s c u s s e d w i l l d i s t u r b more ground and cause more e r o s i o n 
than i s happening i n i t i a l l y then i t i s not a good d e c i s i o n t o make the 
d i t c h e s . G e n e r a l l y t h e u n d i s t u r b e d ground c o v e r i s t h e most e f f e c t i v e 
e r o s i o n c o n t r o l . 

5.4 FISHERIES IMPACTS AND MITIGATIONS 

5.4.1 I n t r o d u c t i o n 

The f i s h e r i e s r e s o u r c e s o f t h e p r o j e c t a r e a were i d e n t i f i e d and a d e q u a t e l y 
d e s c r i b e d i n t h e Stage I s u b m i s s i o n . No f u r t h e r i n v e n t o r y was r e q u i r e d as 
t h e d a t a were s u f f i c i e n t f o r t h e assessment o f impacts i n t h e Stage II 
s u b m i s s i o n . 

The Stage 1 r e v i e w comments f o c u s s e d on t h e assessment o f t h e p o t e n t i a l 
impacts on t h e f i s h r e s o u r c e s from s e d i m e n t a t i o n , a c i d g e n e r a t i o n , 
i n t e r r u p t e d f i s h passage and i n c r e a s e d s p o r t f i s h i n g . 
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The L i t t l e Klappan R i v e r , Fox Creek, Didene Creek, and t h e S p a t s i z i R i v e r 
a r e t h e water c o u r s e s w i t h t h e p o t e n t i a l t o be impacted as a r e s u l t o f 
c o n s t r u c t i o n and/or o p e r a t i o n a l a c t i v i t i e s . Didene Creek and Fox Creek 
have no i d e n t i f i e d f i s h r e s o u r c e s i n t h e r e a c h e s a d j a c e n t t o t h e p r o j e c t . 
A f i v e t o t e n metre h i g h w a t e r f a l l one k i l o m e t r e upstream o f where th e 
Didene j o i n s t h e S p a t s i z i R i v e r l i m i t s upstream f i s h d i s t r i b u t i o n . A r c t i c 
g r a y l i n g , D o l l y Varden, bur b o t and Longnose s u c k e r have been sampled i n the 
upper S p a t s i z i R i v e r but t h e i r numbers were found t o be s m a l l . 

The L i t t l e Klappan R i v e r c o n t a i n s D o l l y Varden and mountain w h i t e f i s h , but 
a p p a r e n t l y i n l i m i t e d numbers. The r e a c h o f t h e r i v e r upstream o f t h e B.C. 
R a i l w a y Grade c r o s s i n g , w i t h i t s f a s t runs and r a p i d s , i s c h a r a c t e r i z e d as 
m a r g i n a l h a b i t a t f o r o v e r w i n t e r i n g , spawning and f e e d i n g . The lower 
a d j a c e n t r e a c h e s o f t h e L i t t l e Klappan R i v e r are c h a r a c t e r i z e d as good f i s h 
h a b i t a t but f a s t runs here p r o b a b l y a l s o l i m i t p o p u l a t i o n s . 

5.4.2 Impact Assessment 

S e d i m e n t a t i o n 

Instream a c t i v i t i e s and c o n s t r u c t i o n and m i n i n g a c t i v i t i e s w i l l c o n t r i b u t e 
t o t h e s e d i m e n t a t i o n o f water c o u r s e s . In most streams, i n c l u d i n g t h o s e 
a d j a c e n t t o t h e m i n i n g development, s e d i m e n t a t i o n i s a n a t u r a l phenomenon, 
and, depending on t i m i n g , c o n c e n t r a t i o n and d u r a t i o n , sediment i n t r o d u c t 
i o n s may have few d e t r i m e n t a l e f f e c t s . Most a q u a t i c organisms have the 
a b i l i t y t o t o l e r a t e l o n g term s i l t a t i o n when c o n c e n t r a t i o n s a r e low and t o 
t o l e r a t e s h o r t term exposure t o h i g h sediment l o a d s . P e r i o d s o f h i g h 
r a i n f a l l and s p r i n g r u n o f f a r e c h a r a c t e r i z e d by h i g h sediment l o a d s . 

S e d i m e n t a t i o n o f Didene Creek, t h e S p a t s i z i R i v e r and t h e L i t t l e Klappan 
R i v e r may r e s u l t .from s u r f a c e d i s t u r b a n c e d u r i n g c o n s t r u c t i o n and m i n i n g 
o p e r a t i o n s . S e d i m e n t a t i o n w i l l be l i m i t e d by t h e development, e a r l y i n t h e 
c o n s t r u c t i o n phase and p r i o r t o s u r f a c e s t r i p p i n g , o f a s e r i e s o f c o l l e c t o r 
and d r a i n a g e d i t c h e s and s e d i m e n t a t i o n ponds. The sediment ponds p r o v i d e 
f o r c o n t r o l l e d d e c a n t o f s e d i m e n t - f r e e s u r f a c e water. The water management 
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f a c i l i t i e s a r e d e s c r i b e d i n d e t a i l i n Volume I I , P a r t S i x . 

Some sediment w i l l be r e l e a s e d t o Didene Creek and t h e L i t t l e Klappan 
R i v e r 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 s u r f a c e d r a i n a g e system. The impact 
on t h e f i s h r e s o u r c e s w i l l be n e g l i g i b l e and s h o r t term, even i n t h e 
S p a t s i z i R i v e r which c o u l d r e c e i v e some s e d i m e n t a t i o n from t h e i n f l o w o f 
Didene Creek. The S p a t s i z i R i v e r i s n o r m a l l y a t u r b i d r i v e r d u r i n g t h e 
open water se a s o n . 

S e d i m e n t a t i o n w i l l r e s u l t a l s o from i n s t r e a m c o n s t r u c t i o n a c t i v i t i e s on the 
L i t t l e Klappan R i v e r . The c o n s t r u c t i o n o f t h e water r e s e r v o i r dam o r t h e 
i n f i l t r a t i o n w ater g a l l e r i e s w i l l r e s u l t i n t h e r e l e a s e o f sediments i n t o 
t h e L i t t l e K l a p p a n . These sediment r e l e a s e s , w h i l e p o t e n t i a l l y o f h i g h 
c o n c e n t r a t i o n , w i l l be s h o r t term and l i m i t e d t o t h e c o n s t r u c t i o n p e r i o d . 
Because o f t h e s e l f - s c o u r i n g a c t i o n o f t h i s g e n e r a l l y h i g h energy system, 
and t h e a b i l i t y o f a q u a t i c organisms t o r e c o v e r r a p i d l y from t h e e f f e c t s o f 
sediment i n t r o d u c t i o n s , no l o n g term e f f e c t s from s e d i m e n t a t i o n a re 
a n t i c i p a t e d . The impact on t h e f i s h e r i e s r e s o u r c e o f t h e L i t t l e Klappan 
R i v e r w i l l be n e g l i g i b l e . 

A c i d Mine D r a i n a g e 

The i s s u e o f a c i d mine d r a i n a g e i s d i s c u s s e d i n Volume II - P a r t S i x . The 
c o n c l u s i o n o f t h a t d i s c u s s i o n i s t h a t t h e r e w i l l be no a c i d mine d r a i n a g e 
from e i t h e r t h e waste d i s p o s a l a r e a o r t h e c o a r s e r e f u s e a r e a . There w i l l 
be no impacts on f i s h r e s o u r c e s from a c i d mine d r a i n a g e . 

I n t e r r u p t e d F i s h Passage 

The o n l y i n t e r r u p t i o n o f f i s h passage w i l l o c c u r on t h e L i t t l e Klappan 
R i v e r from t h e c o n s t r u c t i o n o f t h e water r e s e r v o i r dam. 

The upper r e a c h o f t h e L i t t l e Klappan R i v e r , which would be i s o l a t e d from 
t h e r e m a i n d e r o f t h e r i v e r by t h e c o n s t r u c t i o n o f t h e dam, p r o v i d e s o n l y 
m a r g i n a l h a b i t a t f o r o v e r w i n t e r i n g , spawning and f e e d i n g . The l o s s o f t h i s 
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s e c t i o n o f t h e r i v e r i s not e x p e c t e d t o impact s i g n i f i c a n t l y t h e f i s h 
r e s o u r c e s i n t h e remainder o f t h e L i t t l e Klappan R i v e r where h a b i t a t i s 
c o n s i d e r e d t o be from good t o v e r y good. The impact on t h e f i s h r e s o u r c e s 
o f t h e L i t t l e Klappan R i v e r from t h e dam a r e e x p e c t e d t o be n e g l i g i b l e . 

I n c r e a s e d S p o r t F i s h i n g 

The f i s h r e s o u r c e s o f both t h e S p a t s i z i and L i t t l e Klappan R i v e r s have t h e 
p o t e n t i a l t o be impacted by i n c r e a s e d s p o r t f i s h i n g a c t i v i t i e s . The 
upgraded a c c e s s t o t h e a r e a and t h e i n c r e a s e d number o f p e o p l e i n t h e a r e a 
a r e both f a c t o r s . 

The impact w i l l be l i m i t e d somewhat by t h e a c c e s s i b i l i t y o f f i s h a b l e 
r i v e r s . The m a j o r i t y o f o n - s i t e workers w i l l not have v e h i c l e s o n - s i t e 
because o f t h e i r dependence on t h e bus commute system. However, management 
o f impacts on f i s h from s p o r t s f i s h i n g can o n l y be o b t a i n e d t h r o u g h 
e f f e c t i v e r e g u l a t o r y c o n t r o l . 

3-93 



AQUATIC ENVIRONMENT 

REFERENCES 

B o t h w e l l , M.L. and S. J a s p e r . 1983. A l i g h t and d a r k t r o u g h methodology 
f o r measuring r a t e s o f l o t i c p e r i p h y t o n s e t t l e m e n t and net growth. 
C h a p t e r 31. IN: W e t z e l , R.G. ( e d . ) , P e r i p h y t o n o f Freshwater 
Ecosystems. Dr. W. Junk P u b l i s h e r s , The Hague. 

B r i t i s h Columbia Hydro and Power A u t h o r i t y . 1981. S t i k i n e - I s k u t f e a s i b i 
l i t y s t u d y ; h y d r o l o g y , r i v e r regime and morphology. 

C a h i l l , T. 1977. Forms and sediment a s s o c i a t i o n o f n u t r i e n t s , p e s t i c i d e s 
and m e t a l s . N u t r i e n t s - P. IN: P r o c e e d i n g s o f a workshop on the 
f l u v i a l t r a n s p o r t o f s e d i m e n t - a s s o c i a t e d n u t r i e n t s and contami
n a n t s . H. Shear and A.E.P. Watson, eds. p. 163-180. 

Chow, Ven t e ( E d ) . 1964. Handbook o f a p p l i e d h y d r o l o g y . McGraw-Hill Inc. 

C l a r k , M.J.R. 1980. A c o m p i l a t i o n o f water q u a l i t y c r i t e r i a . P r o v i n c e o f 
B r i t i s h Columbia. M i n i s t r y o f Environment. Waste Management Branch. 
Report No. 80-9. 298 pp. 

D a v i e s , P.H. and J.P. G o e t t l , J r . 1977. A q u a t i c l i f e - water q u a l i t y 
recommendations f o r heavy m e t a l s and o t h e r i n o r g a n i c t o x i c a n t s i n 
f r e s h w a t e r s . Pages 8-36. IN: Water p o l l u t i o n s t u d i e s . Job Prog. 
Rep., Fed. A i d P r o j . F-33-R-12, C o l o r a d o D i v i s i o n o f W i l d l i f e , 
F o r t C o l l i n s , CO. 68 pp. 

Dawson, G.W. 1974. The ch e m i c a l t o x i c i t y o f el e m e n t s . BNWL-1815. B a t t e l l e 
Northwest L a b o r a t o r y , R i c h l a n d , WA. 25 pp. 

Department o f N a t i o n a l H e a l t h and W e l f a r e . 1969. Canadian d r i n k i n g water 
s t a n d a r d s and o b j e c t i v e s 1968. 

3-94 



AQUATIC ENVIRONMENT 

Department o f N a t i o n a l H e a l t h and W e l f a r e . 1979. G u i d e l i n e s f o r Canadian 
d r i n k i n g water q u a l i t y 1978. F e d e r a l - P r o v i n c i a l Working Group on 
D r i n k i n g Water. 

Environment Canada. 1979. G u i d e l i n e s f o r s u r f a c e water q u a l i t y . V o l . 1. 
I n o r g a n i c c h e m i c a l s u b s t a n c e s . I n l a n d Waters D i r e c t o r a t e . Water 
Q u a l i t y Branch. Ottawa. 

E n v i r o n m e n t a l S t u d i e s Board. 1973. Water q u a l i t y c r i t e r i a 1972. Committee 
o f Water Q u a l i t y C r i t e r i a . E n v i r o n m e n t a l P r o t e c t i o n Agency, 
Washington, D.C. EPA-R3-73-033. 

F o r s t n e r , U. 1977. Forms and sediment a s s o c i a t i o n s o f n u t r i e n t s , p e s t i 
c i d e s and m e t a l s . IN: P r o c e e d i n g s o f a workshop on t h e f l u v i a l 
t r a n s p o r t o f s e d i m e n t - a s s o c i a t e d n u t r i e n t s and c o n t a m i n a n t s . H. 
Shear and A.E.P. Watson, eds. pp. 219-233. 

G r e a t Lakes Water Q u a l i t y Board. 1976. Gr e a t Lakes water q u a l i t y 1975. 
Appendix A - Annual r e p o r t o f t h e water q u a l i t y o b j e c t i v e s sub
committee. F o u r t h annual r e p o r t . 

H a c k b a r t h , D. 1981. The e f f e c t s o f s u r f a c e m i n i n g o f c o a l on water 
c h e m i s t r y n e ar Grande Cache, A l b e r t a . A l b e r t a Research C o u n c i l 
B u l l e t i n No. 40. Edmonton. 64 pp. 

I n l a n d Waters D i r e c t o r a t e . 1976. H y d r o m e t r i c f i e l d manual - measurement o f 
s t a g e . Environment Canada, Water Resources Branch, Ottawa. 47 pp. 

I n l a n d Waters D i r e c t o r a t e . 1981. H y d r o m e t r i c f i e l d manual-measurement o f 
st r e a m f l o w . Environment Canada, Water Resources Branch, Ottawa. 
37 pp. 

I n t e r n a t i o n a l J o i n t Commission. 1977. New and r e v i s e d s p e c i f i c water 
q u a l i t y o b j e c t i v e s . V o l . I I . G r e a t Lakes Water Q u a l i t y Board 
R e p o r t . 

3-95 



AQUATIC ENVIRONMENT 

Lane, E.W. and Kar L e i . 1949. Stream f l o w v a r i a b i l i t y . ASCE P r o c e e d i n g s . 

McKee, J . E . and H.W. Wolf. 1963. Water q u a l i t y c r i t e r i a . S t a t e Water 
Q u a l i t y C o n t r o l Board, Sacramento, C a l i f . P u b l i c a t i o n 3-A. 

McNeely, R.N., V.P. Neimanis and L. Dwyer. 1979. Water q u a l i t y s o u r c e 
book, a g u i d e t o water q u a l i t y p a r a m e t e r s . I n l a n d Waters D i r e c t o 
r a t e , Water Q u a l i t y Branch, Ottawa. 88 pp. 

M i n i s t r y o f Environment. 1979. P o l l u t i o n c o n t r o l o b j e c t i v e s f o r t h e 
m i n i n g , s m e l t i n g , and r e l a t e d i n d u s t r i e s o f B r i t i s h Columbia. 
P o l l u t i o n C o n t r o l Board, V i c t o r i a , B.C. 16 pp. 

M i n i s t r y o f Environment. 1984. Memorandum on c l i m a t o l o g i c a l d a t a f o r t h e 
S t i k i n e R i v e r B a s i n . Waste Management Branch. 

N o r d i n , R.N. 1982. The e f f e c t on water q u a l i t y o f e x p l o s i v e s use i n 
s u r f a c e m i n i n g . Vol 2: The e f f e c t s on a l g a e growth. MOE Tech. 
Rept. 4. V i c t o r i a , B.C. 34 pp. 

Pommen, L.W. 1983. The e f f e c t on water q u a l i t y o f e x p l o s i v e s use i n 
s u r f a c e m i n i n g . V o l . 1: N i t r o g e n s o u r c e s , water q u a l i t y , and 
p r e d i c t i o n and management o f impacts. MOE Tech Rept. 4. V i c t o r i a , 
B.C. 149 pp. 

S t o c k n e r , J.G. and K.R.S. S h o r t r e e d . 1976. A u t o t r o p h i c p r o d u c t i o n i n 
C a r n a t i o n Creek, a c o a s t a l r a i n f o r e s t stream on Vancouver I s l a n d , 
B r i t i s h Columbia. J . F i s h . Res. Board Canada. 33:1553-1563. 

U n i t e d S t a t e s E n v i r o n m e n t a l P r o t e c t i o n Agency. 1973. Hazardous m a t e r i a l 
a d v i s o r y committee: N i t r o g e n o u s compounds i n t h e environment. EPA-
SAB- 73-001. Washington, D.C. 20460. 

U n i t e d S t a t e s E n v i r o n m e n t a l P r o t e c t i o n Agency. 1976. Q u a l i t y c r i t e r i a f o r 
water. EPA-440/9-76-023. 

3-96 



AQUATIC ENVIRONMENT 

Windom, H.L., C. Chakoumakos, P.V. Hodson, R.E. N a k a t a n i , D.J. R e i s h , W.G. 
Sunda, and D.L. Swanson. 1979. Copper. Pages 95-105. IN: A 
r e v i e w o f t h e EPA Red Book: Q u a l i t y c r i t e r i a f o r water. R.V. 
T h u r s t o n , R.C. Russo, C M . F e t t e r o l f , J r . , T.A. E d s a l l , and Y.M. 
B a r b e r , J r . ( e d s . ) . Water Q u a l i t y S e c t i o n , American F i s h e r i e s 
S o c i e t y , Bethesda, MD. 

3-97 



AQUATIC ENVIRONMENT 

APPENDIX A 

SURFACE WATER QUALITY ANALYSIS 

MOUNT KLAPPAN LICENCE AREA 



Appendix A 

AQUATIC ENVIRONMENT 

Page 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A - l 
L i c e n c e A r e a , Upstream S t a t i o n , L i t t l e Klappan R i v e r . 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A-4 
L i c e n c e A r e a , Downstream S t a t i o n , L i t t l e Klappan R i v e r . 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A-7 
L i c e n c e A r e a , Fox Creek. 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A-9 
L i c e n c e A r e a , Didene Creek. 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A-12 
L i c e n c e A r e a , Upstream S t a t i o n , S p a t s i z i R i v e r . 

R e s u l t s o f S u r f a c e Water Q u a l i t y A n a l y s e s , Mount Klappan A-15 
L i c e n c e A r e a , Downstream S t a t i o n , S p a t s i z i R i v e r . 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, LITTLE KLAPPAN RIVER 

1984 
Winter Spring Summer Fall 

Parameter Apr. June August October 

Discharge (m3/s) 2.9 1.6 0.4 
Temperature (*C) - 1.0 11.0 0.0 
Dissolved Oxygen - - • - -
ph (units) - 7.4 7.8 7.* 
Conductivity (umhos/cm) - 50 121 147 
Total Alkalinity - 47.5 53.0 64.0 
Calcium - Total - - - -
Magnesium - Total - - - -
Sulphate - Total - 2.2 5.8 7.1 
Fluoride - Total - - - -
Total Hardness - 21.2 50.0 58.0 
TSS - 131.0 5.2 0.4 
TDS - - - -
Turbidity (NTU) - 3.0 6.2 0.6 
Nitrate as N - 0.041 0.010 0.008 
Nit r i t e as N - 0.003 0.004 <0.003 
NH3 - N - <0.Q1 <0.01 <0.Ol 
Total Dissolved Phosphorus - 0.018 0.010 0.004 
Dissolved Ortho Phosphorus - 0.12 <0.003 0.003 
Total Organic Carbon - - - 1.1 
Total Inorganic Carbon - - - 16.5 
Cadmium - Total - <0.0002 <0.0002. <0.0002 
Cadmium - Dissolved - <0.0002 <0.0002 <0.0002 
Copper - Total - 0.014 0.001 0.U01 
Copper - Dissolved - <0.O01 <O.OUl <0.001 
Iron - Total - 5.22 0.04 0.05 
Iron - 01ssolved - 0.07 0.03 0.03 
Chromium - Total - 0.014 2.23b 0.004 
Chromium - Dissolved - <0.001 0.63b 0.001 
Manganese - Total - 0.279 0.006 <0.004 
Manganese - Dissolved - 0.013 <0.004 <0.004 
Zinc - Total - 0.024 0.061 0.003 
Zinc - Dissolved - 0.002 <0.00l 0.003 
Aluminium - Total - 2.50 0.11 0.04 
Aluminium - Dissolved - 0.02 0.02 O .ul 
Lead - Total - 0.002 0.005 <0.001 
Lead - Dissolved - <0.001 0.002 <0.001 
Barium - Total - 0.10 0.10 0.03 
Barium - Dissolved - 0.03 0.09 0.03 
Nickel - Total - 0.019 0.005 0.001 
Nickel - Dissolved - 0.02 <0.001 <0.001 
Mercury - Total - <0.00010 <0.00010 <0.0001 
Phenols - - 0.002 0.002 

aValues in mg/1 unless otherwise indicated. 
^Sample contamination suspected. 



RESULTS OF SURFACE WATER QUALITY ANALYSES. MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, LITTLE KLAPPAN RIVER 

i ^ 1985 
June 5 

a 
Parameter Apr. 9 May 8 Rep 1 Rep 2 Rep 3 July 4 Aug. 6 Sept. 10 Oct. 23 Nov. 27 Dec. 17 

Discharge (m3/s) 0.029 0.023 2.50 3.878 1.736 0.403 0.167 0.036 0.61 
Temperature (°C) 0 0.5 0 1.0 8 8.5 0 0 0.0 
Dissolved Oxygen 13.0 
ph (units) 7.85 7.9 6.8 7.7 8.2 8.45 8.5 8.3 7.76 
Conductivity (umhos/cm) 141 260 33 27 70 160 175 210 250 
Total Alkalinity 129 139 14.9 24.9 40 77.5 92.8 110.0 123.0 
Calcium - Total 22.5 22.0 3.9 4.0 4.0 3.1 6.2 13.6 17.0 17.2 24.2 
Magnesium - Total 14.2 14.0 3.0 3.0 3.0 1.7 3.3 7.5 10.2 12.2 16.7 
Sulphate - Total 13.0 12.5 3.6 3.2 3.4 1.0 2.7 6.6 8.9 10.8 13.8 
Fluoride 
Total Hardness 115 113 22.1 22.3 22.3 14.7 29.1 64.8 64.4 93.2 129.7 
TSS 
TDS 
Turbidity (NTU) 

2.4 2.0 22.0 19.0 26.0 8.8 5.2 2.9 1.0 12.0 1.3 TSS 
TDS 
Turbidity (NTU) 0.80 0.6 16.0 13.0 11.5 7.3 9.6 1.6 2.6 3.9 0.32 
Nitrate as N 0.100 0.76 <0.003 <0.003 <0.003 <0.003 0.003 0.11 0.041 0.123 0.138 
Nitrite as N 0.004 <0.003 0.006 0.004 0.004 <0.003 <0.003 <0.003 <0.003 0.003 0.007 
NH3 - N 0.08 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 0.01 <0.01 
Total Dissolved Phosphorus 0.025 0.007 0.010 0.010 0.010 0.006 0.006 0.007 0.004 0.013 0.005 
Dissolved Ortho Phosphorus 0.003 <0.003 0.005 0.003 0.003 0.004 0.004 . <0.003 <0.0O3 0.003 <0.003 
Total Organic Carbon 0.04 0.6 1.3 1.2 1.3 1.0 <0.2 <0.2 0.8 1.1 4.4 
Total Inorganic Carbon 27.0 30.0 3.5 3.5 3.5 1.5 4.5 13.5 14.0 21.5 23.6 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.OOO2 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.001 <0.001 0.003 0.003 0.005 0.002 <0.001 0.002 <0.001 0.006 0.001 
Copper - Dissolved 0.001 0.001 0.001 0.001 0.001 <0.001 <0.001 0.002 <0.001 0.002 0.001 
Iron - Total 0.10 0.03 1.68 1.08 3.21 0.48 0.02 0.11 0.02 0.10 0.01 
Iron - Dissolved <0.01 0.03 0.051 0.054 0.049 0.03 0.02 <0.01 <0.01 <0.01 <0.01 
Chromium - Total <0.001 <0.001 0.001 0.004 0.003 0.003 <0.001 <0.001 <0.001 0.003 0.002 
Chromium - Dissolved 0.17 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00l o.oul <0.00l 
Manganese - Total 0.046 0.008 0.046 0.042 0.85 0.14 <0.004 <0.004 <0.004 0.004 <0.004 
Manganese - Dissolved 0.008 <0.004 0.002 0.003 0.003 <0.004 <0.004 <0.0O4 <0.004 <0.004 <0.004 
Zinc - Total 0.005 0.005 0.007 0.018 0.008 0.004 0.007 0.005 0.001 0.057 0.006 
Zinc - Dissolved 0.005 0.004 0.005 0.008 0.005 0.003 0.005 0.004 <0.001 0.028 0.006 
Aluminium - Total 0.01 0.02 0.90 0.52 1.45 0.32 0.01 0.03 0.03 0.05 0.01 
Aluminium - Dissolved <0.01 <0.01 0.30 0.03 0.02 0.03 0.01 <0.01 0.02 <0.01 0.01 
Lead - Total <0.001 0.002 0.002 0.002 <0.001 0.003 <0.002 0.003 <0.002 <0.002 0.002 
Lead - Dissolved <0.001 0.001 <0.001 <0.001 <0.001 0.002 <0.002 <0.002 <0.002 <0.002 <0.OO2 
Barium - Total 0.09 0.07 0.02 0.02 0.03 0.02 0.03 0.11 0.07 0.08 0.07 
Barium - Dissolved 0.07 0.07 0.01 0.01 0.01 0.01 0.03 0.10 0.07 0.08 0.07 
Nickel - Total <0.001 0.001 0.006 0.11 0.012 0.006 0.004 <0.001 <0.001 0.006 0.002 
Nickel - Dissolved <0.001 0.001 0.001 0.001 0.001 0.001 0.002 <0/00l <0.001 <0.001 0.002 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 > 0.00005 <0.00005 
Phenols 

aValues In mg/1 unless Indicated otherwise. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, LITTLE KLAPPAN RIVER 

1986 
Parameter Jan 15 Feb 10 Mar 10 Jun 17 Aug 5 Sep 23 

Discharge (m3/s) 0.061 0.014 0.003 2.247 1.362 1.707 
Temperature (°C) 0.0 0.0 0.05 2.0 11.0 4.5 
Dissolved Oxygen 8.1 8.0 22.3 8.8 6.4 6.6 
ph (units) 8.3 7.9 7.90 7.9 7.85 7.2 
Conductivity (umhos/cm) 257 249 270 42 72 109 
Total Alkalinity 128.4 126.4 129.9 17.5 32.6 51.8 
Calcium - Total 23.7 24.1 24.8 3.40 6.8 
Magnesium - Total 17.6 14.3 15.1 2.05 4.0 
Sulphate - Total 14.5 12.1 11.9 1.3 2.7 
Fluoride 
Total Hardness 131.6 119.1 124.0 16.9 33.4 
TSS 1.3 1.6 <0.4 23 7.5 
TDS 
Turbidity (NTU) 0.3 0.3 0.28 18 12.0 
Nitrate as N 0.084 0.084 0.077 0.074 <0.O03 
Nitrite as N <0.003 <0.003 0.007 <0.003 <0.003 
NH3 - N <0.01 <0.01 <0.01 0.04 <0.01 
Total Dissolved Phosphorus 0.003 0.006 0.003 0.022 0.022 
Dissolved Ortho Phosphorus <0.003 0.004 <0.003 0.004 0.003 
Total Organic Carbon 0.8 <0.2 1.2 1.2 <0.2 
Total Inorganic Carbon 30.0 27.0 26.0 3.5 8.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.003 0.007 0.005 0.003 0.003 
Copper - Dissolved 0.002 0.003 0.004 0.001 <0.001 
Iron - Total 0.03 0.08 0.01 1.04 1.12 
Iron - Dissolved <0.01 <0.01 <0.01 0.04 0.02 
Chromium - Total <0.001 0.003 0.003 0.004 0.002 
Chromium - Dissolved <0.001 <0.001 0.002 <0.001 <0.001 
Manganese - Total <0.004 <0.004 <0.004 0.032 0.024 
Manganese - Dissolved <0.004 <0.004 <0.004 <0.004 0.004 
Zinc - Total 0.010 0.014 0.005 <0.001 0.011 
Zinc - Dissolved 0.006 0.005 0.005 <0.001 0.006 
Aluminium - Total 0.02 0.02 <0.01 0.52 0.71 
Aluminium - Dissolved 0.01 <0.011 <0.01 0.02 <0.01 
Lead - Total 0.003 0.003 <0.002 <0.002 0.005 
Lead - Dissolved <0.002 0.003 <0.002 <0.0O2 0.002 
Barium - Total 0.08 0.09 0.09 0.04 0.12 
Barium - Dissolved 0.05 0.09 0.09 0.03 0.03 
Nickel - Total 0.001 0.001 0.003 0.002 0.004 
Nickel - Dissolved 0.001 <0.001 <0.001 0.01 <0.00l 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aVa1ues in mg/1 unless otherwise indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, LITTLE KLAPPAN RIVER 

1964 
Winter Spring Sumner Fall 

Parameter Apr. June August October 

Discharge (m3/s) 0.7 36.3 16.0 8.1 
Temperature (°C) 1.0 7.5 10.0 2.0 
Dissolved Oxygen 
ph (units) 7.2 7.4 7.3 7.7 
Conductivity (umhos/cm) 315 92 140 167 
Total Alkalinity 166 38.0 - 65.0 
Calcium - Total 
Magnesium - Total 
Sulphate - Total 44.2 10.0 20.8 23.5 
Fluoride - Total 0.07 - - -
Total Hardness 156 36 76 70 
TSS 3.2 38.0 9.2 1.6 
TDS 205 - - -
Turbidity (NTU) 0.6 14.0 5.4 1.2 
Nitrate as N 0.037 0.0.26 0.009 0.005 
Nitrite as N 0.009 0.004 0.0u4 0.005 
NH3 - N 0.01 <0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.006 0.018 0.092 0.004 
Dissolved Ortho Phosphorus <0.003 0.007 <0.003 0.004 
Total Organic Carbon - 2.1 - 3.9 
Total Inorganic Carbon - 6.5 - 14.0 
Cadmium - Total <0.0005 <0.O0O2 <U.0OO2 <0.uOO2 
Cadmium - Dissolved - <0.0002 <0.0002- <0.0002 
Copper - Total <0.001 0.0U3 0.001 0.002 
Copper - Dissolved - <0.001 <0.001 0.002 
Iron - Total 0.12 0.77 0.06 0.11 
Iron - Dissolved 0.03 0.11 0.02 0.07 
Chromium - Total <0.001 0.013 0.075 0.003 
Chromium - Dissolved - 0.001 0.062 0.002 
Manganese - Total 0.009 0.040 0.0U4 0.006 
Manganese - Dissolved - 0.013 <0.004 <0.004 
Zinc - Total 0.001 0.016 0.U03 0.002 
Zinc - Dissolved - 0.003 0.003 0.002 
Aluminium - Total 0.02 0.90 1.08 0.06 
Aluminium - Dissolved - 0.04 0.04 0.02 
Lead - Total <0.001 0.004 0.002 0.002 
Lead - Dissolved - <0.001 <0.O01 <0.001 
Barium - Total 0.04 0.04 0.05 0.02 
Barium - Dissolved - 0.02 0.05 0.02 
Nickel - Total <0.001 0.005 0.005 0.001 
Nickel - Dissolved - 0.003 0.002 0.001 
Mercury - Total <0.00005 0.00064 0.00023 <0.00010 
Phenols 0.16 - 0.001 0.002 

aValues in mg/1 unless otherwise indicated. 
DSample contamination suspected. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, LITTLE KLAPPAN RIVER 

l_ 1985 
June 4 ~ 

Parameter* Apr. 10 May 7 Rep 1 Rep 2 Rep 3 July 3 Aug. 5 Sept. 10 Oct. 23 Nov. 27 Dec. 18 

0.112 0.193 20.423 16.633 3.753c 1.223 0.890 0.168 0.163 
1.0 1.0 1.0 8.0 7.0 9.0 0.0 0.0 0.0 1.0 1.0 

13.2 
7.19 7.7 7.1 7.6 7.95 8.3 8.0 8.3 7.40 

267 215 40 55 96 158 151 230 226 
109 87.7 14.5 20.6 35 64.0 60.0 63.3 67.0 
24.4 17.2 4.1 4.0 4.0 4.8 7.0 14.0 12.8 19.6 21.3 
15.5 11.9 3.2 3.2 3.2 2.9 4.8 9.4 9.0 13.1 13.5 
31.0 24.0 3.2 3.2 3.1 6.0 11.5 16.7 17.0 26.1 28.6 

125 92 23.4 23.2 23.2 23.9 37.3 73.7 69.0 102.9 106.8 
<0.4 3.6 8.0 11.0 13.0 14.0 1.2 0.5 1.0 1.0 1.3 

Discharge (m3/s) 
Temperature (°C) 
Dissolved Oxygen 
ph (units) 
Conductivity (umhos/cm) 
Total Alkalinity 
Calcium - Total 
Magnesium - Total 
Sulphate - Total 
Fluoride 
Total Hardness 
TSS 
TDS 
Turbidity (NTU) 0.53 2.3 26.5 25.0 27.0 17.0 3.75 3.7 2.3 1.1 0.66 
Nitrate as N 0.078 0.042 0.005 0.004 0.004 <0.003 <0.003 <0.003 0.016 0.058 0.035 
Nitrite as N 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 0.005 0.004 
NH3 - N <0.01 <0.01 <0.01 <0.01 <0.0l 0.04 0.02 <0.01 0.01 <0.01 <0.01 

^ Total Dissolved Phosphorus 0.003 0.009 0.012 0.012 0.013 0.016 0.005 0.006 0.036 0.003 0.004 
• Dissolved Ortho Phosphorus 0.003 <0.003 0.006 0.005 0.007 0.005 0.004 <0.003 <0.003 0.003 0.003 

0 1 Total Organic Carbon 1.0 0.8 3.6 3.8 3.6 2.0 <0.2 <0.2 2.6 0.4 0.8 
Total Inorganic Carbon 25.0 15.5 3.5 4.5 3.5 2.5 6.0 13.5 10.0 17.0 19.1 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.OO02 <0.00O2 <0.OO02 <0.0002 <0.0OO2 
Copper - Total 0.001 0.001 0.006 0.006 ' 0.006 0.003 0.001 0.003 0.001 0.002 0.003 
Copper - Dissolved 0.001 <0.001 0.001 0.003 0.002 <0.001 <0.001 0.002 0.001 0.002 0.003 
Iron - Total 0.02 0.26 3.03 2.98 3.14 0.76 0.16 0.15 0.04 0.03 0.03 
Iron - Dissolved 0.01 0.22 0.099 0.093 0.094 0.08 0.02 0.03 0.03 0.01 0.01 
Chromium - Total <0.001 <0.001 0.004 0.003 0.003 0.003 <0.001 <0.001 0.002 0.001 <0.001 
Chromium - Dissolved <0.001 <0.001 <0.001 0.003 0.001 <0.0ol <0.O01 <0.001 0.001 0.001 <0.001 
Manganese - Total <u.004 0.011 0.061 0.063 0.65 0.017 <0.004 .006 0.004 0.009 0.010 
Manganese - Dissolved <0.004 0.005 0.004 0.004 0.004 <0.004 <0.004 <0.004 <0.004 0.009 0.010 
Zinc - Total 0.005 0.004 0.005 0.008 0.039 0.003 0.005 0.010 0.002 0.003 0.006 
Zinc - Dissolved 0.005 0.003 0.005 0.108 0.004 0.002 0.001 0.010 0.001 0.003 0.007 
Aluminium - Total <0.01 0.04 1.32 1.33 1.67 0.41 0.07 0.u4 0.04 <0.ul 0.02 
Aluminium - Dissolved <0.01 0.03 0.04 0.04 0.04 0.04 0.02 0.01 0.02 <0.0l 0.01 
Lead - Total <0.001 0.003 0.002 0.002 0.003 0.002 <0.002 0.007 <0.002 <0.0O2 <0.002 
Lead - Dissolved <0.001 0.001 <0.001 0.002 <0.001 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Barium - Total 0.06 0.05 0.02 0.03 0.03 0.02 0.03 0.08 0.04 0.05 0.04 
Barium - Dissolved 0.05 0.04 0.01 0.01 0.01 0.02 0.02 0.02 0.04 0.05 0.05 
Nickel - Total <0.001 0.001 0.009 0.15 0.011 0.003 0.005 <0.001 <0.001 0.006 <0.001 
Nickel - Dissolved <0.001 0.001 0.001 0.002 0.001 <0.001 0.005 <0/001 <0.001 <0.001 <0.001 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.0000b 0.00005 <0.00005 
Phenols 

aValues in mg/1 unless indicated otherwise. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, LITTLE KLAPPAN RIVER 

1986 
Parameter Jan 18 Feb 11 Mar 10 Jun 15 Aug 5 Sep 24 

Discharge (n3/s) 0.086 0.057 0.089 15.24 3.983 3.818 
Temperature (°C) 0.0 0.0 0.05 5.0 9.0 7.0 
Dissolved Oxygen 11.1 10.4 11.3 10.3 7.2 7.8 
ph (units) 8.15 8.0 7.10 6.8 7.4 7.9 
Conductivity (umhos/cm) 265 240 260 42 80 105 
Total Alkalinity 100.1 95.6 97.0 16.6 31.0 40.4 
Calcium - Total 23.1 24.2 23.4 3.40 7.6 
Magnesium - Total 15.5 15.9 16.9 2.05 5.1 
Sulphate - Total 30.5 32.2 31.0 1.3 8.6 
Fluoride 
Total Hardness 121.5 125.9 128 16.9 40.0 
TSS 0.6 <0.4 1.3 23 3.0 
TDS 
Turbidity (NTU) 0.4 1.2 0.34 18 6.0 
Nitrate as N 0.073 0.068 0.076 0.074 <0.003 
Nitrite as N 0.006 0.008 <0.003 <0.003 <0.003 
NH3 - N <0.01 <0.01 0.01 0.04 <0.01 
Total Dissolved Phosphorus 0.006 0.005 0.005 0.022 0.021 
Dissolved Ortho Phosphorus 0.005 0.005 0.003 0.004 0.003 
Total Organic Carbon 1.2 0.3 4.0 1.2 <0.2 
Total Inorganic Carbon 20.0 20.0 22.5 3.5 6.5 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.003 0.006 0.005 0.003 0.002 
Copper - Dissolved 0.003 0.004 0.004 0.001 <0.001 
Iron - Total 0.03 0.09 0.03 1.04 0.32 
Iron - Dissolved 0.01 0.02 0.02 0.04 0.01 
Chromium - Total <0.001 0.004 0.004 0.004 0.004 
Chromium - Dissolved <0.001 0.003 0.002 <0.001 <0.001 
Manganese - Total 0.004 0.005 0.007 0.032 0.009 
Manganese - Dissolved 0.004 0.004 <0.004 0.004 <0.0O4 
Zinc - Total 0.004 0.007 0.005 <0.001 0.010 
Zinc - Dissolved 0.004 0.006 0.005 <0.001 0.007 
Aluminium - Total 0.01 0.02 0.02 0.52 0.23 
Aluminium - Dissolved 0.01 <0.01 0.01 0.02 0.01 
Lead - Total 0.005 0.003 0.002 <0.002 0.004 
Lead - Dissolved <0.002 0.003 <0.002 <0.002 0.002 
Barium - Total 0.03 0.06 0.06 0.04 0.11 
Barium - Dissolved 0.02 0.05 0.06 0.03 0.02 
Nickel - Total 0.010 <0.001 0.002 0.002 0.002 
Nickel - Dissolved 0.005 <0.001 <0.001 0.001 <0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aValues In mg/1 unless otherwise indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES. MOUNT KLAPPAN LICENCE AREA 
FOX CREEK 

_̂  ^ 1985 
June 5 ~ 

a 
Parameter Apr 10 May 7 Rep 1 Rep 2 Rep 3 July 4 Aug. 6 Sept. 10 Oct. 23 Nov. 29 Dec. 19 

Discharge (m3/s) 
Temperature (°C) 

0.056 0.031 4.264 2.380 0.565 0.117 0.135 0.033 0.027 Discharge (m3/s) 
Temperature (°C) 0 0 1 1.5 13 6 0 0 0.0 
Dissolved Oxygen 11.7 
ph (units) 7.61 8.1 7.6 7.6 8.2 8.45 8.6 8.3 8.10 
Conductivity (umhos/cm) 398 330 46 54 210 294 290 350 368 
Total Alkalinity 196 166 19.2 34.3 95 132.1 133.9 2U2.9 184.0 
Calcium - Total 27.1 22.0 7.3 7.3 7.2 5.0 12.7 20.6 19.2 18.1 27.0 
Magnesium - Total 29.2 22.8 5.2 5.1 5.2 4.8 13.1 21.2 20.6 23.3 25.8 
Sulphate - Total 25.8 20.4 2.5 2.5 3.0 3.6 11.0 17.9 16.7 21.1 23.0 
Fluoride 
Total Hardness 188 149 39.7 39.2 39.4 32.3 85.7 138.7 132.8 141.1 173.6 
TSS 
TOS 
Turbidity (NTU) 

6.4 2.4 96.0 94.0 101.0 50.8 <1.0 4.4 1.0 14.0 <0.4 TSS 
TOS 
Turbidity (NTU) 8.33 1.2 58.0 60.0 63.0 36.0 5.8 1.4 1.3 0.73 0.2 
Nitrate as N 0.087 0.052 0.014 0.013 0.010 0.004 <0.003 <0.003 0.030 0.047 0.066 
Nitrite as N <0.003 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 0.003 0.008 0.006 
NH3 - N <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 <0.01 0.04 
Total Dissolved Phosphorus 0.005 0.007 0.023 0.021 0.022 0.022 0.004 0.009 0.013 0.006 0.007 
Dissolved Ortho Phosphorus 0.003 <0.003 0.008 0.007 0.010 0.020 0.003 <0.003 <0.003 <0.003 <0.003 
Total Organic Carbon 1.3 1.0 2.6 2.9 2.6 1.4 1.0 1.7 2.0 0.4 0.6 
Total Inorganic Carbon 48.0 34.5 10.0 10.0 9.0 6.5 18.0 29.0 27.0 42.0 43.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.001 0.001 0.010 0.010 0.010 0.002 <0.001 0.002 0.001 0.003 0.003 
Copper - Dissolved 0.001 0.001 0.001 0.002 0.001 0.001 <0.O01 <0.001 0.001 0.002 0.001 
Iron - Total 0.05 0.21 5.89 5.61 6.66 2.03 0.06 0.06 0.01 0.07 0.02 
Iron - Dissolved 0.02 0.12 0.179 0.137 0.122 0.05 <0.01 <0.03 0.01 <0.01 <0.01 
Chromium - Total <0.001 <0.001 0.003 0.003 0.006 0.003 <0.001 <0.001 <0.001 0.002 0.001 
Chromium - Dissolved <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.00l 0.002 <0.001 
Manganese - Total 0.012 0.078 0.137 0.153 0.155 0.63 0.007 <0.OO4 <0.004 0.004 <0.OO4 
Manganese - Dissolved 0.046 0.078 0.011 0.007 0.008 <0.004 0.006 <0.004 <0.004 <0.004 <0.004 
Zinc - Total 0.12 0.004 0.013 0.005 0.020 0.0O4 0.010 0.008 0.001 0.006 0.047 
Z1nc - Dissolved 0.009 0.004 0.005 0.005 0.004 0.003 0.005 0.003 0.001 0.002 0.031 
Aluminium - Total 0.01 0.01 1.28 1.43 1.28 0.58 0.05 0.04 0.03 0.01 0.02 
Aluminium - Dissolved <0.012 <0.01 0.04 0.03 0.03 0.02 0.01 <0.01 0.02 0.01 <0.01 
Lead - Total 0.002 <0.001 0.003 0.004 0.002 0.003 <0.002 0.003 <0.002 <0.002 <0.002 
Lead - Dissolved 0.002 <0.001 0.001 <0.001 <0.001 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 
Barium - Total 0.008 0.07 0.05 0.06 0.05 0.04 0.06 0.11 0.07 0.08 0.08 
Barium - Dissolved 0.07 0.06 0.01 0.02 0.02 0.02 0.06 0.11 0.07 0.08 0.08 
Nickel - Total <0.001 0.002 0.014 0.014 0.014 0.005 0.016 <0.001 <0.001 0.007 o.ool 
Nickel - Dissolved <0.001 <0.001 0.002 0.002 0.001 0.001 0.003 <0.001 <0.001 <0.001 <0.001 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols 

aValues in mg/1 unless indicated otherwise. 



RESULTS OF SURF AXE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
FOX CREEK 

1986 

3> 
i 

00 

Parameter Jan 15 Feb 12 Mar 12 Jun 16 Aug 5 Sep 25 

Discharge (m3/s) 0.047 0.021 0.004 2.742 0.431 0.532 
Temperature (°C) 0.0 0.0 0.5 5.0 14.5 3.0 
Dissolved Oxygen 9.8 10.4 11.4 10.0 7.6 9.0 
ph (units) 8.6 8.3 7.70 7.3 8.2 7.3 
Conductivity (umhos/cm) 249 370.0 458 47 198 190 
Total Alkalinity 190.5 200.1 229.5 23.8 92.4 84.0 
Calcium - Total 26.0 29.8 28.4 3.54 14.0 
Magnesium - Total 26.2 28.5 29.7 23.62 14.6 
Sulphate - Total 22.6 23.6 22.8 2.9 10.5 
Fluoride 
Total Hardness 172.8 191.7 193 23.7 95.1 
TSS <0.4 0.7 <0.4 74 2.5 
TDS 
Turbidity (NTU) 0.3 0.3 0.33 80 2.7 
Nitrate as N 0.071 0.073 0.081 0.036 <0.003 
Nitrite as N 0.005 0.007 0.004 <0.003 <0.003 
NH3 - N <0.01 <0.01 0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.008 0.008 0.012 0.021 0.014 
Dissolved Ortho Phosphorus <0.006 0.005 0.003 0.010 <0.003 
Total Organic Carbon 1.8 0.8 2.6 2.2 <0.2 
Total Inorganic Carbon 46.5 47.0 48.0 5.5 21.0 
Cadmium - Total <0.0002 <0.0002 <0.00O2 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.OOO2 <0.0002 
Copper - Total 0.005 0.005 0.004 0.007 0.001 
Copper - Dissolved 0.004 0.003 0.004 0.002 0.001 
Iron - Total 0.02 0.13 0.01 1.91 1.14 
Iron - Dissolved 0.01 <0.01 0.01 0.09 <0.01 
Chromium - Total <0.001 <0.001 0.001 0.002 0.004 
Chromium - Dissolved <0.001 <0.001 0.001 0.002 0.002 
Manganese - Total <0.004 <0.004 <0.004 0.067 0.005 
Manganese - Dissolved <0.004 <0.004 <0.004 0.004 <0.004 
Zinc - Total 0.015 0.008 0.003 0.012 0.008 
Zinc - Dissolved 0.010 0.005 0.002 <0.001 0.006 
Aluminium - Total 0.02 0.02 0.02 0.67 0.03 
Aluminium - Dissolved 0.01 <0.01 <0.01 0.04 0.01 
Lead - Total 0.005 0.005 0.002 0.024 0.003 
Lead - Dissolved 0.002 0.002 <0.002 <0.002 0.002 
Barium - Total 0.05 0.15 0.09 0.08 0.15 
Barium - Dissolved 0.05 0.10 0.09 0.01 0.06 
Nickel - Total 0.002 <0.001 <0.001 0.010 0.002 
Nickel - Dissolved 0.001 <0.001 <0.001 <0.001 <0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.002 

aVa1ues in mg/1 unless otherwise indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DIDENE CREEK 

i 

1984  
Winter Spring Summer Fall 

Parameter Apr. June August October 

Discharge (m3/s) 
Temperature (°C) 

0.1 4.9 5.5 3.1 Discharge (m3/s) 
Temperature (°C) 1.0 6.0 6.0 2.5 
Dissolved Oxygen 
ph (units) 7.7 7.2 7.2 7.1 
Conductivity (umhos/cm) 260 47 - 88 
Total Alkalinity 108.0 19.0 70.0 37.0 
Calcium - Total 
Magnesium - Total 
Sulphate - Total 21.8 3.9 4.6 6.6 
Fluoride - Total 0.11 - - -
Total Hardness 117.0 21.6 51.0 33.0 
TSS 0.8 28.4 4.8 2.8 
TUS 155 - - -
Turbidity (NTU) 0.4 14.0 4.6 2.2 
Nitrate as N 0.52 0.009 0.006 0.004 
Nitrite as N 0.11 0.003 0.005 0.003 
NH3 - N <0.01 <0.01 <0.01 0.01 
Total Dissolved Phosphorus 0.004 0.020 0.UO8 0.O07 
Dissolved Ortho Phosphorus <0.003 0.018 0.003 0.006 
Total Organic Carbon - - - 7.4 
Total Inorganic Carbon - - - 8.5 
Cadmium - Total <0.0005 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved - <0.0O02 <0.0002 <0.0002 
Copper - Total <0.001 0.003 0-007 0.002 
Copper - Dissolved - 0.001 • <0.001 0.002 
Iron - Total 0.04 0.91 0.04 0.21 
Iron - Dissolved 0.02 0.14 0.03 0.09 
Chromium - Total <0.001 0.008 0.041 0.002 
Chromium - Dissolved - 0.005. 0.031 0.001 
Manganese - Total <0.004 0.040 0.005 <0.004 
Manganese - Dissolved - 0.016 <0.004 <0.004 
Zinc - Total <0.001 0.015 0.009 0.001 
Zinc - Dissolved - 0.115 <0.001 <0.001 
Aluminium - Total 0.01 0.53 0.19 0.10 
Aluminium - Dissolved - 0.04 0.05 0.04 
Lead - Total <0.001 0.002 0.002 <0.001 
Lead - Dissolved - <0.001 <0.001 <0.001 
Barium - Total 0.04 0.03 0.05 0.02 
Barium - Dissolved - 0.02 0.05 0.01 
Nickel - Total <0.001 0.009 0.006 0.006 
Nickel - Dissolved - 0.003 0.003 0.005 
Mercury - Total <0.00005 0.00063 0.00051 <0.00010 
Phenols 0.004 - 0.001 0.002 

aValues In mg/1 unless otherwise Indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DIDENE CREEK 

1985 
June S 

a 
Parameter Apr. 10 May 7 Rep 1 Rep 2 Rep 3 July 3 Aug. 6 Sept. 10 Oct. 23 Nov. 27 Dec. 18 

> 
i t—« o 

Discharge (m3/s) 0.019 0.010 13.571 9.417 1.222 0.479 0.439 0.059 
Temperature (°C) 0 0 3 1.05 9 6 0 0 
Dissolved Oxygen 
ph (units) 7.52 8.1 7.2 7.8 8.2 8.25 7.8 8.1 
Conductivity (umhos/cm) 273 190 34 57 138 170 60 210 
Total Alkalinity 124 78.5 16.1 31.4 40 74.3 69 102.8 
Calcium - Total 20.7 11.7 3.9 3.9 3.9 4.6 8.8 13.1 12.2 14.2 
Magnesium - Total 16.7 10.5 2.3 2.3 2.3 3.4 8.2 11.4 10.3 14.0 
Sulphate - Total 23.0 10.4 1.5 1.3 1.3 4.1 11.0 13.6 13.0 16.9 
Fluoride 
Total Hardness 121 72.5 19.2 19.2 19.2 25.5 55.8 79.6 72.9 93.1 
TSS 
TDS 
Turbidity (NTU) 

<0.0004 2.8 17.0 14.0 15.0 24.0 1.2 1.2 1.0 7.6 TSS 
TDS 
Turbidity (NTU) 0.44 3.1 36.0 38.0 40.5 20.0 1.85 1.6 1.3 4.7 
Nitrate as N 0.080 0.028 0.007 0.007 0.007 <0.003 <0.003 <0.003 0.010 0.055 
Nitrite as N <0.003 <0.003 0.008 0.009 0.010 <0.003 <0.003 <0.003 0.004 0.011 
NH3 - N <0.01 <0.01 0.01 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.003 0.014 0.008 0.010 0.006 0.015 0.003 0.005 0.010 0.006 
Dissolved Ortho Phosphorus 0.003 <0.003 0.005 0.005 0.005 0.007 0.003 <0.003 <0.003 <0.003 
Total Organic Carbon 0.80 2.2 4.3 4.6 4.2 2.8 0.9 1.6 3.0 0.8 
Total Inorganic Carbon 27.5 28.0 4.0 3.5 3.5 4.0 11.0 14.0 12.5 20.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.OO02 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.002 0.001 0.006 0.007 0.006 0.003 <0.001 0.003 0.001 0.004 
Copper - Dissolved 0.002 0.001 0.001 0.001 0.001 0.002 <0.001 <0.001 0.001 0.002 
Iron - Total 0.01 0.25 3.62 4.00 3.93 0.86 0.12 0.13 0.03 0.07 
Iron - Dissolved 0.01 0.24 0.145 0.143 0.163 0.07 0.01 0.05 0.01 0.01 
Chromium - Total <0.001 <0.001 0.004 0.006 0.005 0.002 <0.001 <0.001 0.003 0.001 
Chromium - Dissolved <0.001 <0.001 0.001 <0.001 <0.001 <0.O01 <0.001 <0.001 <0.00l <0.OOl 
Manganese - Total <0.004 0.007 0.088 0.093 0.091 0.026 0.006 <0.004 <0.004 <0.004 
Manganese - Dissolved <0.004 <0.004 0.006 0.007 0.009 <0.004 <0.004 <0.004 <0.004 <0.004 
Zinc - Total 0.009 0.004 0.011 0.009 0.007 0.011 0.012 0.012 0.001 0.008 
Zinc - Dissolved 0.009 0.004 0.005 0.004 0.004 0.006 0.006 0.008 0.001 0.005 
Aluminium - Total 0.02 0.02 1.08 1.14 1.12 0.37 0.02 0.07 0.01 <0.01 
Aluminium - Dissolved 0.01 0.02 0.03 0.03 0.04 0.04 <0.01 <0.01 0.01 <0.01 
Lead - Total 0.002 <0.001 0.003 0.002 0.002 0.003 <0.002 0.004 <0.002 <0.002 
Lead - Dissolved 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002 <0.002 <0.002 <0.002 
Barium - Total 0.05 0.04 0.04 0.04 0.03 0.03 0.04 0.07 0.03 0.05 
Barium - Dissolved 0.05 0.04 0.01 0.01 0.01 0.02 0.04 0.06 0.03 0.05 
Nickel - Total <0.001 0.002 0.009 0.10 0.009 0.005 0.006 0.002 <0.001 0.006 
Nickel - Dissolved <0.001 0.002 0.002 0.001 0.001 0.001 0.003 0.001 <0.001 0.002 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 0.00005 

0.062 
0.0 
14.0 
7.56 

219 
107.0 
19.8 
16.0 
23.7 

115.3 
1.3 

0.6 
0.026 
0.006 
<0.01 
0.008 
<0.003 
1.1 

22.7 
<0.0002 
<0.0002 
0.002 
0.001 
0.02 
<0.01 
<0.001 
<0.O01 
<0.004 
0.24 
0.010 
0.005 
0.04 
0.01 
0.002 
0.002 
0.04 
0.02 
0.002 
0.001 
<0.00005 

Phenols 

aValues in mg/1 unless Indicated otherwise. 



RESULTS OF SURFACE HATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DIDENE CREEK 

1986 
Parameter Jan 16 Feb 10 Mar 10 Jun 18 Aug 5 Sep 23 

Discharge (m3/s) 0.044 0.010 0.022 8.299 0.967 4.068 
Temperature (°C) 0.0 0.0 0.05 6.0 13.0 6.0 
Dissolved Oxygen 9.4 10.2 11.9 9.1 7.2 7.0 
ph (units) 8.35 8.0 7.95 7.1 8.1 7.2 
Conductivity (umhos/cm) 254 183 248 44 136 102 
Total Alkalinity 102.9 108.5 110.6 20.9 58.6 39.8 
Calcium - Total 19.3 23.1 19.2 3.85 11.1 
Magnesium - Total 16.8 18.9 16.2 3.06 9.7 
Sulphate - Total 23.2 23.4 23.0 3.3 9.6 
Fluoride 
Total Hardness 117.4 135.5 115 22.2 67.7 
TSS 1.3 0.8 2.2 8.6 0.5 
TDS 
Turbidity (NTU) 0.3 0.8 0.3 8.2 1.8 
Nitrate as N 0.065 0.066 0.066 0.013 <0.003 
Nit r i t e as N 0.005 0.008 0.009 <0.003 <0.003 
NH3 - N <0.01 <0.01 0.04 <0.01 <0.01 
Total Dissolved Phosphorus 0.006 0.006 0.015 0.008 0.004 
Dissolved Ortho Phosphorus 0.005 0.004 0.003 0.007 <0.003 
Total Organic Carbon 1.2 1.0 3.6 4.3 0.5 
Total Inorganic Carbon 23.0 22.5 24.5 3.5 13.5 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.004 0.005 0.005 0.007 0.002 
Copper - Dissolved 0.003 0.004 0.004 0.004 0.001 
Iron - Total 0.04 0.04 0.01 0.55 0.08 
Iron - Dissolved <0.01 <0.01 <0.01 0.07 0.01 
Chromium - Total <0.001 <0.001 <0.001 0.002 0.003 
Chromium - Dissolved <0.001 <0.001 <0.001 <0.001 0.001 
Manganese - Total <0.004 <0.004 <0.004 <0.004 <0.004 
Manganese - Dissolved <0.004 <0.004 <0.004 <0.004 <0.004 
Zinc - Total 0.011 0.012 0.004 0.007 0.098 
Zinc - Dissolved 0.009 0.008 0.003 0.005 0.052 
Aluminium - Total 0.02 0.03 0.02 0.21 0.02 
Aluminium - Dissolved 0.01 0.01 0.01 0.03 0.01 
Lead - Total 0.004 0.004 <0.002 <0.002 0.002 
Lead - Dissolved <0.002 0.002 <0.002 <0.002 0.002 
Barium - Total 0.03 0.13 0.05 0.10 0.12 
Barium - Dissolved 0.03 0.06 0.05 0.10 0.03 
Nickel - Total 0.001 <0.001 0.001 0.005 0.002 
Nickel - Dissolved 0.001 <0.001 0.001 0.002 <0.OOl 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.0005 
Phenols <0.002 

aVa1ues 1n mg/1 unless otherwise indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, SPATSIZI RIVER 

1984  
a Winter Spring Summer Fall 

Parameter Apr. June August October 

Discharge (m3/s) 0.3 14.1 10.4 5.5 
Temperature (*C) 1.0 6.0 9.0 2.0 
Dissolved Oxygen - - - -
ph (units) 8.3 7.4 7.6 7.5 
Conductivity (umhos/cm) 204 76 97 118 
Total Alkalinity 96.0 19.0 50.0 53.0 
Calcium - Total - - - -Magnesium - Total - - - -
Sulphate - Total 7.8 3.7 5.3 5.3 
Fluoride - Total 0.09 - - -Total Hardness 91.8 29.1 45.0 45.0 
TSS 1.2 64.4 65.0 5.2 
TDS 130 - - -
Turbidity (NTU) 1.0 22.0 28.0 3.4 
Nitrate as N 0.064 0.017 0.006 0.005 
Nitrite as N 0.010 0.003 0.006 0.005 
NH3 - N <0.01 <0.Ol <0.01 <0.01 
Total Dissolved Phosphorus 0.005 0.018 0.008 0.008 
Dissolved Ortho Phosphorus <0.003 0.012 0.0U4 0.006 
Total Organic Carbon - - - 2.8 
Total Inorganic Carbon - - - 13.5 
Cadmium - Total <0.0005 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved 11 - <0.0002 <0.0002 <0.0002 
Copper - Total <0.001 0.005 0.005 0.002 
Copper - Dissolved - 0.001 <0.001 0.001 
Iron - Total 0.21 1.31 0.05 0.40 
Iron - Dissolved 0.03 0.12 0.05 0.05 
Chromium - Total <0.001 0.013 0.52b 0.003 
Chromium - Dissolved - <0.001 0.33b 0.002 
Manganese - Total 0.026 0.074 0.030 <0.004 
Manganese - Dissolved - 0.018 <0.004 <0.004 
Zinc - Total 0.001 0.018 0.005 0.003 
Zinc - Dissolved - <0.0ul <0.00l 0.003 
Aluminium - Total 0.01 1.68 0.27 0.22 
Aluminium - Dissolved - 0.05 0.06 0.02 
Lead - Total <0.001 0.002 0.003 <0.001 
Lead - Dissolved - 0.002 <0.001 <0.00l 
Barium - Total 0.07 0.07 0.11 0.03 
Barium - Dissolved - 0.04 0.07 0.03 
Nickel - Total <0.001 0.006 0.010 0.003 
Nickel - Dissolved - 0.0U2 0.001 0.003 
Mercury - Total <0.0005 0.00036 0.00044 <0.00010 
Phenols 0.031 - 0.001 0.002 

aVa1ues In mg/1 unless otherwise indicated. 
DSamp1e contamination suspected. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, SPATSIZI RIVER 

1985 
j u n e 5 

a 
Parameter Apr. 10 May 8 Rep 1 Rep 2 Rep 3 July 3 Aug. 6 Sept. 9 Oct. 22 Nov. 28 Dec. 17 

t—• 

Discharge (m3/s) 
Temperature (°C) 
Dissolved Oxygen 
ph (units) 
Conductivity (umhos/cm) 
Total Alkalinity 
Calcium - Total 
Magnesium - Total 
Sulphate - Total 
Fluoride 
Total Hardness 
TSS 
TDS 
Turbidity (NTU) 
Nitrate as N 
Nitrite as N 
NH3 - N 
Total Dissolved Phosphorus 
Dissolved Ortho Phosphorus 
Total Organic Carbon 
Total Inorganic Carbon 
Cadmium - Total 
Cadmium - Dissolved 
Copper - Total 
Copper - Dissolved 
Iron - Total 
Iron - Dissolved 
Chromium - Total 
Chromium - Dissolved 
Manganese - Total 
Manganese - Dissolved 
Z1nc - Total 
Zinc - Dissolved 
Aluminium - Total 
Aluminium - Dissolved 
Lead - Total 
Lead - Dissolved 
Barium - Total 
Barium - Dissolved 
Nickel - Total 
Nickel - Dissolved 
Mercury - Total 
Phenols 

0.252b 
0 

7.35 
208 
104 
19.02 
10.7 
7.6 

92.0 
<0.4 

1.08 
0.069 
<0.003 
<0.01 
<0.003 
<0.003 
1.1 

23.5 
<0.0002 
<0.0002 
0.001 
0.001 
0.12 
0.05 
<0.001 
<0.001 
0.022 
0.018 
0.011 
0.011 
0.01 
0.01 
0.013 
0.006 
0.07 
0.07 
<0.001 
<0.001 
<0.00010 

0.429 
1 

8.1 
145 
101 
16.7 
9.9 
6.6 

82.5 
3.2 

3.1 
0.049 
<0.003 
<0.01 
0.006 
<0.O03 
1.2 

20.5 
<0.0002 
<0.0002 
0.001 
<0.001 
0.37 
0.25 
0.001 
<0.001 
0.039 
0.014 
0.035 
0.003 
0.04 
0.02 
0.002 
0.001 
0.07 
0.06 
<0.001 
<0.001 
<0.00010 

14.93b 
1 

7.2 
72 
32.1 
4.7 
4.8 
3.9 

31.5 
16.0 

32.5 
0.008 
<0.003 
<0.01 
0.011 
0.005 
2.9 
7.0 
<0.0002 
<0.0002 
0.011 
0.001 
5.29 
0.173 
0.005 
0.001 
0.131 
0.017 
0.012 
0.004 
1.97 
0.07 
0.002 
<0.001 
0.07 
0.03 
0.014 
0.001 
<0.00010 

4.8 
4.8 
3.8 

31.8 
10.0 

31.5 
0.009 
0.005 
0.01 
0.011 ' 
0.006 
2.8 
7.0 
<0.0002 
<0.0002 
0.011 
0.001 
5.39 
0.145 
0.007 
<0.001 
0.135 
0.014 
0.013 
0.005 
1.91 
0.05 
0.002 
<0.001 
0.09 
0.03 
0.28 
0.001 
<0.00010 

4.8 
4.8 
3.4 

31.8 
14.0 

35.0 
0.009 
0.005 
<0.01 
0.013 
0.007 
2.9 
7.0 
<0.0002 
<0.0002 
0.011 
0.001 
4.97 
0.095 
0.005 
<0.001 
0.122 
0.013 
0.022 
0.004 
4.50 
0.03 
0.003 
<0.001 
0.09 
0.03 
0.015 
0.001 
<0.00010 

21.108 

8.0 
74 
35.4 
6.5 
4.1 
2.9 

33.1 
65.2 

38.0 
0.006 
<0.003 
0.03 
0.028 
0.005 
1.0 
5.0 
<0.0002 
<0.0002 
0.004 
<0.001 
2.33 
0.05 
0.005 
<0.001 
0.07 
0.006 
0.005 
0.004 
0.90 
0.03 
0.003 
0.003 
0.07 
0.03 
0.006 
0.002 
<0.00005 

5.805 

8.25 
84 
40 
7.3 
3.9 
3.4 

34.3 
6.4 

9.9 
0.005 
<0.003 
<0.01 
0.008 
0.003 
<0.2 
6.5 
<0.0002 
<0.0002 
0.001 
0.001 
0.78 
0.03 
<0.001 
<0.001 
0.018 
0.005 
0.004 
0.003 
0.38 
0.01 
<0.002 
<0.002 
0.06 
0.04 
0.010 
0.002 
<0.00005 

2.236 
8 

8.2 
105 
49.9 
10.6 
5.6 
4.6 

1.204 0.272 

49.5 
3.5 

5.8 
<0.003 
<0.003 
<0.01 
0.020 
<0.003 
<0.2 
10.0 
<0.0002 
<0.0002 
0.002 
0.002 
0.05 
0.02 
0.013 
<0.001 
0.013 
0.010 
0.017 
0.005 
0.21 
0.01 
0.007 
<0.002 
0.14 
0.12 
0.003 
0.001 
<0.00005 

8.6 
134 
65.3 
12.8 
7.3 
5.7 

62.0 
16.0 

3.1 
0.038 
0.003 
<0.01 
0.006 
<0.003 
1.0 

13.0 
<0.0002 
<0.0002 
0.001 
0.001 
0.02 
0.01 
0.001 
<0.001 
0.009 
0.005 
<0.001 
<0.001 
0.05 
0.03 
<0.002 
<0.002 
0.05 
0.05 
<0.001 
<0.001 
<0.00005 

8.5 
180 
109.1 
17.3 
9.8 
5.4 

83.5 
5.0 

0.97 
0.064 
0.005 
<0.01 
0.026 
<0.003 
0.2 
18.0 
<0.0002 
<0.0002 
0.004 
0.003 
0.13 
0.03 
0.003 
0.003 
0.012 
0.011 
0.007 
0.002 
0.02 
0.01 
<0.002 
<0.002 
0.07 
0.05 
0.007 
<0.001 
0.00005 

0.367 
0.0 
12.0 
7.24 

178 
83.4 
16.2 
9.2 
6.9 

78.3 
3.5 

1.8 
0.046 
<0.003 
0.01 
0.007 
0.003 
0.4 
19.1 
<0.0002 
<0.0002 
0.004 
0.004 
0.09 
0.04 
0.002 
0.002 
0.009 
0.008 
0.015 
0.012 
0.08 
0.04 
0.003 
<0.002 
0.04 
0.O4 
0.001 
0.001 
<0.00005 

aVa1ues in mg/1 unless indicated otherwise. 



RESULTS OF SURFACE HATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
UPSTREAM STATION, SPATSIZI RIVER 

1986 
Parameter Jan 16 Feb 10 Mar 10 Jun 17 Aug 5 Sep 24 

Discharge (m3/s) 0.267 0.184 0.232 15.578 7.202 4.894 
Temperature (°C) 0.0 0.0 0.5 5.0 10.0 5.0 
"Dissolved Oxygen 9.2 9.8 12.4 8.1 8.2 8.8 
ph (units) 7.90 7.9 7.70 7.5 8.0 7.4 
Conductivity (umhos/cm) 208 143 140 73 65 98 
Total Alkalinity 94.1 109.4 95.4 36.6 43.6 46.4 
Calcium - Total 19.5 21.9 17.7 6.49 7.9 
Magnesium - Total 10.7 11.7 10.1 4.81 4.1 
Sulphate - Total 8.0 8.5 7.6 2.9 3.1 
Fluoride 
Total Hardness 93.2 102.9 85.8 36.0 36.6 
TSS <0.4 0.9 2.0 52 8.0 
TDS 
Turbidity (NTU) 1.2 1.2 1.84 50 14.0 
Nitrate as N 0.075 0.074 0.073 0.015 <0.003 
Nitrite as N 0.007 0.006 0.009 0.003 <0.003 
NH3 - N <0.01 <0.01 0.02 0.01 <0.01 
Total Dissolved Phosphorus 0.005 0.007 0.007 0.026 0.015 
Dissolved Ortho Phosphorus 0.005 0.004 0.003 0.004 0.003 
Total Organic Carbon 0.8 0.6 1.0 2.7 <0.2 
Total Inorganic Carbon 20.0 21.0 19.5 6.5 7.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.012 0.007 0.005 0.022 0.002 
Copper - Dissolved 0.004 0.005 0.004 0.004 0.001 
Iron - Total 0.13 0.22 0.24 2.41 0.065 
Iron - Dissolved 0.04 0.05 0.06 0.07 0.03 
Chromium - Total <0.001 0.003 0.004 0.003 0.003 
Chromium - Dissolved <0.001 0.001 0.003 0.003 <0.001 
Manganese - Total 0.019 0.032 0.040 0.063 0.014 
Manganese - Dissolved 0.009 0.029 <0.004 0.007 <0.004 
Zinc - Total 0.072 0.008 0.005 <0.001 0.005 
Zinc - Dissolved 0.010 0.006 0.005 <0.001 0.003 
Aluminium - Total 0.08 0.04 0.03 0.33 0.45 
Aluminium - Dissolved <0.01 <0.01 0.01 0.03 <0.01 
Lead - Total <0.002 <0.002 <0.002 0.009 0.005 
Lead - Dissolved <0.002 <0.002 <0.002 <0.002 0.002 
Barium - Total 0.08 0.08 0.08 0.14 0.10 
Barium - Dissolved 0.06 0.08 0.08 0.07 0.03 
Nickel - Total <0.001 <0.001 <0.001 0.029 0.003 
Nickel - Dissolved <0.001 <0.001 <0.001 0.001 <0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aValues in mg/1 unless otherwise indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, SPATSIZI RIVER 

1984  
Winter Spring Summer Fal l 

Parameter Apr. June August October 

Discharge (m3/s) 0.06 61.9 26.4 21.1 
Temperature (°C) 1.0 9.0 12.0 2.0 
Dissolved Oxygen 
ph (units) 8.0 7.2 7.7 7.1 
Conductivity (umhos/cm) 195 59 101 102 
Total Alkalinity 92.0 28.5 98.0 49.0 
Calcium - Total 
Magnesium - Total 
Sulphate - Total 14.1 4.4 7.2 6.6 
Fluoride - Total 0.18 - - -
Total Hardness 96.2 26.1 50.0 37.5 
TSS 4.4 54.0 7.2 4.0 
TDS 13b - - -
Turbidity (NTU) 0.8 24.0 6.4 3.2 
Nitrate as N 0.047 0.017 0.007 0.004 
Nitrite as N 0.010 0.003 0.004 0.004 
NH3 - N 0.02 <0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.004 0.017 0.009 0.006 
Dissolved Ortho Phosphorus <0.003 0.012 0.003 0.004 
Total Organic Carbon - 2.5 - 4.5 
Total Inorganic Carbon - 4.5 - 10.5 
Cadmium - Total <0.0005 0.001 <0.0002 <0.OUO2 
Cadmium - Dissolved - 0.0008 <0.00O2 <0.0002 
Copper - Total <0.001 0.006 0.002 0.002 
Copper - Dissolved - <0.001 <U.001 0.001 
Iron - Total 0.08 1.42 0.05 0.29 
Iron - Dissolved 0.06 0.16 <0.01 0.07 
Chromium - Total <0.001 0.015 4.82b 0.003 
Chromium - Dissolved - <0.001 1.11b 0.002 
Manganese - Total 0.009 0.062 0.009 0.009 
Manganese - Dissolved - 0.020 <0.0b4 <0.004 
Zinc - Total 0.013 0.013 0.010 0.00c. 
Zinc - Dissolved - 0.003 0.001 <0.001 
Aluminium - Total 0.02 1.34 0.03 0.16 
Aluminium - Dissolved - 0.06 0.03 0.03 
Lead - Total <0.002 0.002 <0.001 <0.002 
Lead - Dissolved - 0.002 <0.001 <o.oul 
Barium - Total 0.03 0.05 0.05 0.02 
Barium - Dissolved - 0.02 0.05 0.02 
Nickel - Total <0.001 0.006 0.006 0.002 
Nickel - Dissolved - 0.002 0.001 0.001 
Mercury - Total <0.00005 0.U0048 0.00018 <0.00ul0 
Phenols <0.001 - 0.001 0.002 

aValues In mg/1 unless otherwise Indicated, 
ample contamination suspected. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, SPATSIZI RIVER 

1985 
J u n e 3 

a 
Parameter Apr. 11 May 8 Rep 1 Rep 2 Rep 3 July 3 Aug. 6 Sept. 10 Oct. 23 Nov. 28 Dec. 16 

Discharge (m3/s) 0.644 1.305 90.604 66.591 17.660c 6.603 3.881 0.813 1.197 
Temperature (°C) 0.5 0 4.5 6.0 6.0 6 0 0 0.0 
Dissolved Oxygen 13.1 
ph (units) 7.12 7.7 7.6 7.8 8.0 8.1 7.7 8.0 7.32 
Conductivity (umhos/cm) 212 145 45 60 95 133 66 190 188 
Total Alkalinity 102 92.6 20.6 35.5 40 59.4 65.3 92.6 82.0 
Calcium - Total 23.4 18.3 5.9 6.0 5.9 6.9 9.4 13.1 14.2 20.4 22.3 
Magnesium - Total 10.1 8.6 2.6 2.5 2.6 2.5 4.0 5.7 7.2 9.3 9.2 
Sulphate - Total 13.1 9.6 3.3 3.2 3.3 3.8 6.5 10.5 10.0 6.7 13.5 
Fluoride 
Total Hardness 100 81 25.5 25.3 25.5 27.5 40.0 56.2 65.1 89.2 93.6 
TSS 
TDS 
Turbidity (NTU) 

<0.4 0.4 22.0 24.0 19.0 14.4 2.0 1.2 2.0 3.6 <0.4 TSS 
TDS 
Turbidity (NTU) 0.76 1.9 33.0 31.5 34.0 21.0 4.6 4.1 1.1 4.07 0.56 
Nitrate as N 0.069 0.031 0.006 0.006 0.006 0.004 0.003 <0.003 0.017 0.067 0.048 
Nitrite as N <0.003 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 0.004 0.008 0.003 
NH3 - N <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 <0.01 <0.01 0.02 
Total Dissolved Phosphorus <0.003 0.006 0.012 0.011 0.013 0.020 0.005 0.004 0.006 0.003 0.016 
Dissolved Ortho Phosphorus <0.003 <0.003 0.007 0.006 0.006 0.005 0.003 <0.003 <0.003 <0.003 0.004 
Total Organic Carbon 1.2 1.2 5.0 5.0 5.0 2.2 1.0 1.4 2.0 0.5 0.8 
Total Inorganic Carbon 22.0 18.5 35.0 5.0 5.0 4.0 8.0 12.5 12.0 18.5 18.1 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0O02 <0.0002 <0.o002 
Copper - Total 0.001 0.002 0.007 0.009 0.009 0.003 0.002 0.002 0.001 0.003 0.004 
Copper - Dissolved 0.001 0.001 0.004 0.002 0.003 <0.001 <0.001 0.001 0.001 0.001 0.003 
Iron - Total 0.19 0.25 4.13 5.56 5.88 1.99 0.38 0.33 0.02 0.06 0.11 
Iron - Dissolved 0.03 0.019 0.119 0.130 0.120 0.07 0.02 0.07 <0.01 0.01 <0.01 
Chromium - Total <0.001 0.015 0.032 0.004 0.009 0.003 <0.001 0.002 0.003 0.005 0.002 
Chromium - Dissolved <0.001 <0.001 <0.001 0.001 <0.001 0.UO1 <0.001 0.001 <0.00l 0.003 <0.00l 
Manganese - Total 0.019 0.016 0.096 0.134 1.39 0.056 0.015 0.034 <0.O04 0.006 0.010 
Manganese - Dissolved 0.016 <0.004 0.010 0.011 0.010 0.004 0.006 0.011 <0.004 <0.004 0.009 
Zinc - Total 0.006 0.006 0.013 0.033 0.020 0.008 0.132 0.006 <0.001 0.004 0.018 
Zinc - Dissolved 0.005 0.001 0.013 0.005 0.006 0.007 0.107 0.006 <0.001 0.002 0.012 
Aluminium - Total 0.01 0.04 1.63 5.30 2.50 1.00 0.16 0.08 0.01 0.01 0.06 
Aluminium - Dissolved 0.01 0.02 0.05 0.06 0.05 0.04 0.01 0.01 0.01 <0.01 0.02 
Lead - Total 0.002 0.003 0.008 0.008 0.005 0.003 <0.002 0.007 <0.002 <0.002 <0.002 
Lead - Dissolved <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Barium - Total 0.05 0.05 0.03 0.03 0.04 0.03 0.03 0.06 0.04 0.05 0.03 
Barium - Dissolved 0.05 0.05 0.02 0.02 0.02 0.02 0.03 0.06 0.04 0.05 0.03 
Nickel - Total <0.001 0.005 0.011 0.10 0.013 0.006 0.005 <0.001 <0.00l 0.004 <0.001 
Nickel - Dissolved <0.001 0.001 0.001 0.001 0.001 0.002 0.003 <0.001 <0.001 <0.001 <0.001 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 0.00005 <0.00005 
Phenols 

aVa1ues in mg/1 unless indicated otherwise. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MOUNT KLAPPAN LICENCE AREA 
DOWNSTREAM STATION, SPATSIZI RIVER 

1986 
Parameter Jan 16 Feb 11 Mar 11 Jun 18 Aug 5 Sep 24 

Discharge (m3/s) 0.711 0.572 0.514 68.52 16.643 28.96 
Temperature (°C) 0.0 0.0 0.5 5.0 9.0 5.0 
Dissolved Oxygen 11.2 11.4 13.5 8.2 8.6 8.8 
ph (units) 7.85 7.7 7.40 7.3 7.7 7.4 
Conductivity (umhos/cm) 200 185 205 48 88 96 
Total Alkalinity 
Calcium - Total 

84.1 88.5 89.0 21.9 38.0 46.3 Total Alkalinity 
Calcium - Total 21.8 23.5 22.2 6.05 10.2 
Magnesium - Total 9.78 9.9 10.1 2.50 5.0 
Sulphate - Total 13.9 13.4 13.5 3.4 5.5 
Fluoride 
Total Hardness 94.7 99.4 97.0 25.4 46.1 
TSS 1.3 1.1 <0.4 14 4.5 
TDS 
Turbidity (NTU) 0.43 1.2 0.46 16 4.2 
Nitrate as N 0.065 0.061 0.062 0.102 <0.003 
Nitrite as N 0.005 0.005 0.010 <0.003 <0.003 
NH3 - N <0.01 <0.01 0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.005 0.004 0.005 0.015 0.011 
Dissolved Ortho Phosphorus 0.005 0.003 0.003 0.006 0.003 
Total Organic Carbon 0.8 0.3 2.5 3.2 <0.2 
Total Inorganic Carbon 19.0 20.0 19 3.5 9.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Olssolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.004 0.006 0.005 0.003 0.001 
Copper - Dissolved 0.002 0.004 0.003 0.003 0.001 
Iron - Total 0.06 0.13 0.09 1.06 0.02 
Iron - Dissolved 0.02 0.02 0.03 0.06 0.01 
Chromium - Total <0.001 0.002 0.004 0.004 0.001 
Chromium - Dissolved <0.001 0.002 0.003 <0.001 <0.001 
Manganese - Total 0.015 0.029 0.027 0.024 0.005 
Manganese - Dissolved 0.012 0.026 <0.004 0.004 0.005 
Z1nc - Total 0.008 0.011 0.006 <0.001 0.004 
Zinc - Dissolved 0.006 0.005 0.004 <0.001 0.004 
Aluminium - Total 0.04 0.03 0.01 0.54 0.03 
Aluminium - Dissolved 0.01 <0.01 0.01 0.03 0.03 
Lead - Total <0.002 <0.002 <0.002 <0.002 0.004 
Lead - Dissolved <0.002 <0.002 <0.002 <0.0O2 0.003 
Barium - Total 0.05 0.11 0.06 0.11 0.11 
Barium - Dissolved 0.04 0.06 0.05 0.10 0.03 
Nickel - Total 0.001 <0.001 <0.001 0.004 <0.001 
Nickel - Dissolved 0.001 <0.001 <0.001 0.003 <0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aValues in mg/1 unless otherwise indicated. 
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RESULTS OF SURFACE HATER QUALITY ANALYSES 
UPSTREAM STATION, HOBBIT CREEK 

j ^ 1985 
j u n e 4 

a 
Parameter Apr. 11 May 6 Rep 1 Rep 2 Rep 3 July 2 Aug. 5 Sept. 9 Oct. 22 Nov. 26 Dec. 16 

Discharge (m3/s) 0.007 0.010 1.06 0.822 0.183 0.043 0.010 0.009 0.006 
Temperature (°C) 0 1 1 8 6 6 0 0 0.0 
Dissolved Oxygen 11.1 
ph (units) 7.75 7.7 7.1 7.7 8.4 8.6 8.3 8.4 8.02 
Conductivity (umhos/cm) 400 250 35 63 168 240 241 290 322 
Total Alkalinity 214 171 14.9 30.6 70 116.3 135.0 154.0 172 
Calcium - Total 26.0 18.6 4.3 4.3 4.5 4.5 10.2 17.2 16.2 16.5 23.7 
Magnesium - Total 28.6 16.7 4.3 4.5 4.4 4.1 10.9 18.7 17.9 21.4 24.8 
Sulphate - Total 14.4 11.1 2.3 2.3 2.1 2.4 6.0 11.8 9.6 11.5 13.4 
Total Hardness 183 115 28.4 28.4 29.4 28.1 70.4 119.9 114.1 129.3 161.3 
TSS 0.8 0.8 4.0 7.0 8.0 20.0 2.4 0.4 3.0 9.0 0.6 
Turbidity (NTU) 1.50 1.9 26.0 21.0 23.0 14.0 2.2 0.6 1.7 16.7 0.48 
Nitrate as N 0.108 0.096 0.005 0.005 0.006 <0.003 <0.003 <0.003 0.033 0.073 0.040 
Nitrite as N <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 0.006 0.005 
NH3 - N <0.01 <0.01 <0.01 0.03 <0.01 0.05 <0.01 <0.01 0.03 <0.01 <0.01 
Total Dissolved Phosphorus 0.004 0.007 0.008 0.008 0.007 0.010 0.010 <0.003 0.004 0.006 0.006 
Dissolved Ortho Phosphorus 0.003 <0.003 0.007 0.008 0.007 0.006 0.003 <0.003 <0.003 <0.003 0.003 
Total Organic Carbon 1.5 1.4 4.9 4.6 5.0 2.2 1.0 0.2 2.0 0.4 0.6 
Total Inorganic Carbon 48.5 37.5 6.5 6.5 6.0 5.0 15.0 25.0 24.0 39.0 38.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0O02 <0.0002 <0.0002 -
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <o.oo0i 
Copper - Total 0.001 0.001 0.005 0.005 0.005 0.002 <0.001 0.003 <0.001 0.004 -
Copper - Dissolved 0.001 0.001 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 0.002 0.003 
Iron - Total 0.06 0.07 2.53 2.43 2.52 0.91 0.17 0.04 0.14 0.09 -
Iron - Dissolved 0.01 0.07 0.096 0.108 0.099 0.07 <0.01 0.03 0.10 <0.01 <0.01 
Chromium - Total 0.003 0.003 0.004 0.002 0.003 <o.ooi <0.001 0.006 0.003 0.004 -
Chromium - Dissolved <0.00l <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.O01 <0.001 
Manganese - Total 0.005 <0.004 0.057 0.058 0.59 0.028 0.005 <0.004 <0.004 <0.004 -
Manganese - Dissolved <0.004 <0.004 <0.004 0.004 0.004 <0.004 <0.004 <0.004 <0.004 <0.0O4 0.012 
Zinc - Total 0.004 0.007 0.007 0.011 0.011 0.009 0.017 0.012 0.001 0.006 -
Zinc - Dissolved 0.004 0.003 0.012 0.008 . 0.011 0.OO1 0.007 0.005 <0.001 0.002 0.009 
Aluminium - Total 0.02 0.02 0.69 0.67 0.63 0.32 0.04 <0.01 0.01 0.02 -
Aluminium - Dissolved 0.01 0.01 0.03 0.03 0.03 0.03 0.01 <0.U1 0.01 0.01 0.01 
Lead - Total <0.001 <0.001 0.003 0.003 0.002 0.003 <0.002 0.003 <0.002 <0.002 -
Lead - Dissolved <0.001 <0.001 0.002 0.002 0.002 0.001 <0.002 <0.002 <0.002 <0.002 0.002 
Barium - Total 0.09 0.07 0.04 0.03 0.03 0.03 0.06 0.13 0.07 0.12 - •' 
Barium - Dissolved 0.09 0.07 0.02 0.02 0.02 0.02 0.05 0.13 0.07 0.08 0.05 
Nickel - Total <0.001 <0.001 0.008 0.007 0.008 0.005 0.007 <0.001 <0.001 0.008 -
Nickel - Dissolved <0.001 <0.001 <0.001 <0.001 <0.0ul 0.002 0.004 <0.001 <0.001 <0.001 <0.001 
Mercury - Total 0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 0.00005 <0.00005 
Phenols 

aVa1ues in mg/1 unless indicated otherwise. 



RESULTS OF SURFACE HATER QUALITY ANALYSES 
UPSTREAM STATION, HOBBIT CREEK 

1986 

CO 

Parameter Jan 15 Feb 10 Mar 10 Jun 17 Aug 5 Sep 24 

Discharge (m3/s) 0.005 0.008 0.002 0.955 0.120 0.165 
Temperature (°C) 0.0 0.0 0.5 2.5 5.0 5.5 
Dissolved Oxygen 10.9 10.4 12.0 10.1 9.6 7.9 
ph (units) 8.20 8.0 8.15 8.1 7.6 7.9 
Conductivity (umhos/cm) 390 349.5 380 40 129 155 
Total Alkalinity 169.1 181.1 191.4 20.0 79.4 74.5 
Calcium - Total 21.8 23.3 23.8 3.16 11.1 
Magnesium - Total 24.7 26.2 26.2 3.11 12.1 
Sulphate - Total 13.1 12.9 12.8 2.4 5.9 
Total Hardness 156.1 166.0 167.0 20.7 77.5 
TSS <0.4 0.7 <0.4 15 2.5 
Turbidity (NTU) 0.4 1.2 0.32 18 1.6 
Nitrate as N 0.077 0.081 0.079 0.148 <0.003 
Nitrite as N 0.006 0.004 0.012 <0.003 <0.003 
NH3 - N <0.01 <0.01 0.01 <0.01 <0.01 
Total Dissolved Phosphorus 0.016 0.009 0.006 0.020 0.014 
Dissolved Ortho Phosphorus 0.006 0.005 0.003 0.007 0.003 
Total Organic Carbon 1.5 0.2 2.5 3.5 <0.2 
Total Inorganic Carbon 41.5 42.0 40.0 4.0 17.5 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.003 0.006 0.005 0.003 0.002 
Copper - Dissolved 0.003 0.004 0.003 0.002 <0.001 
Iron - Total 0.02 0.16 0.01 0.72 0.12 
Iron - Dissolved <0.01 <0.01 <0.01 0.06 <0.01 
Chromium - Total 0.001 0.003 0.006 0.002 <0.001 
Chromium - Dissolved 0.001 <0.00l 0.005 0.002 <0.001 
Manganese - Total <0.004 <0.004 <0.004 0.029 0.009 
Manganese - Dissolved <0.004 <0.004 <0.004 <0.0O4 <0.004 
Zinc - Total 0.012 0.006 0.005 <0.001 0.009 
Zinc - Dissolved 0.010 0.004 0.004 <0.001 0.006 
Aluminium - Total 0.02 0.05 <0.01 0.27 0.04 
Aluminium - Dissolved 0.01 <0.01 <0.01 0.02 <0.01 
Lead - Total 0.003 0.002 <0.002 0.005 0.005 
Lead - Dissolved 0.003 <0.002 <0.002 <0.002 0.002 
Barium - Total 0.05 0.15 0.10 0.10 0.16 
Barium - Dissolved 0.05 0.10 0.010 0.08 0.05 
Nickel - Total 0.002 <0.001 <0.001 0.003 0.002 
Nickel - Dissolved 0.002 <0.001 <0.001 0.002 0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aVa1ues in mg/1 unless otherwise indicated-. 



RESULTS OF SURFACE HATER QUALITY ANALYSES, 
DOWNSTREAM STATION, HOBBIT CREEK 

^ j 1985 
J u n e ̂  

a 
Parameter Apr. 12 May 8 Rep 1 Rep 2 Rep 3 July 2 Aug. 5 Sept. 9 Oct. 22 Nov. 26 Dec. 17 

i 

u> 

Discharge (n3/s) 0.008 0.129 0.976 0.643 0.154c 0.042 0.032 0.042 
Temperature (°C) 0 0 1 9 7 7 0 0 
Dissolved Oxygen 
ph (units) 7.83 8.1 7.0 8.0 8.4 8.4 8.65 8.4 
Conductivity (umhos/cm) 410 360 41 67 169 242 258 310 
Total Alkalinity 215 187 18.2 34.6 70 119.3 127.9 163.6 
Calcium - Total 26.4 22.4 4.4 4.7 4.6 4.9 10.7 17.2 16.9 17.7 
Magnesium - Total 30.0 25.0 4.7 4.8 4.7 4.5 10.8 20.7 18.8 23.0 
Sulphate - Total 23.0 20.8 2.3 2.4 2.5 2.4 6.7 9.4 11.6 12.7 
Total Hardness 190 159 30.3 31.5 30.8 30.8 71.2 126. 119.6 138.9 
TSS 1.0 4.0 24.0 25.0 33.0 33.6 <1.0 1.8 1.0 9.3 
Turbidity (NTU) 1.40 7.9 41.5 43.0 42.0 12.0 1.65 0.6 0.6 0.97 
Nitrate as N 0.095 0.091 0.007 0.006 0.006 <0.003 <0.003 <0.003 0.028 0.059 
Nitrite as N <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.0O3 0.006 
NH3 - N <0.01 <0.01 <0.01 0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.01 
Total Dissolved Phosphorus <0.003 0.005 0.009 0.010 0.010 0.011 0.003 0.005 0.004 0.005 
Dissolved Ortho Phosphorus <0.003 <0.003 0.007 0.007 0.008 0.007 <0.003 <0.003 <0.003 <0.003 
Total Organic Carbon 10.0 1.0 5.1 3.7 4.3 2.0 0.8 <0.2 2.0 0.6 
Total Inorganic Carbon 54.0 39.0 7.0 7.0 7.0 5.0 16.0 21.0 24.5 37.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.001 0.001 0.009 0.009 0.008 0.003 <0.001 0.002 0.001 0.004 
Copper - Dissolved 0.001 0.001 0.001 0.001 0.001 <0.001 <0.001 0.002 <0.001 0.002 
Iron - Total 0.03 0.17 5.25 4.56 5.18 0.95 0.01 0.22 0.01 0.06 
Iron - Dissolved <0.01 0.03 0.125 0.125 0.124 0.08 0.01 0.03 <0.01 <0.01 
Chromium - Total 0.006 <0.001 0.004 0.002 0.004 0.001 <0.001 0.004 <0.001 0.004 
Chromium - Dissolved 0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Manganese - Total 0.004 <0.004 0.120 0.114 0.128 0.023 <0.004 0.012 0.004 0.004 
Manganese - Dissolved <0.004 <0.004 0.006 0.006 0.005 <0.004 <0.0O4 0.005 <0.0O4 <0.004 
Z1nc - Total 0.007 0.009 0.035 0.012 0.027 0.004 0.017 0.017 <0.001 0.008 
Zinc - Dissolved 0.007 0.008 0.007 0.007 0.005 0.002 0.005 0.003 <0.001 0.005 
Aluminium - Total 0.01 0.03 1.20 0.94 1.42 0.21 0.01 0.04 0.02 0.01 
Aluminium - Dissolved 0.01 0.01 0.03 0.03 0.03 0.03 <0.01 0.01 0.02 <0.0l 
Lead - Total <0.001 0.002 0.004 0.004 0.004 0.002 <0.002 0.004 <0.002 0.002 
Lead - Dissolved <0.001 0.001 0.002 0.001 0.001 0.001 <0.002 <0.002 <0.002 0.002 
Barium - Total 0.07 0.08 0.05 0.05 0.06 0.03 0.06 0.14 0.07 0.08 
Barium - Dissolved 0.07 0.08 0.02 0.02 0.02 0.03 0.06 0.13 0.07 0.07 
Nickel - Total <0.001 0.002 0.010 0.1012 0.015 0.005 0.007 <0.001 <0.001 0.007 
Nickel - Dissolved <0.001 0.001 <0.001 0.001 0.001 <0.001 0.007 <0.001 <0.001 0.001 
Mercury - Total <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00005 <0.00005 <0.00005 <0.00005 0.00005 
Phenols 

0.003 
0.0 
12.6 
8.04 

260 
178.0 
25.1 
26.4 
17.7 

171.4 
0.7 
0.36 
0.035 
0.004 
<0.01 
0.005 
0.003 
1.9 

39.0 
<0.0002 
<0.0002 
0.004 
0.004 
0.01 
0.01 
<0.O01 
<0.001 
<0.004 
<0.004 
0.011 
0.008 
0.02 
0.02 
0.002 
<0.002 
0.08 
0.08 
0.001 
0.001 
<0.00005 

aValues in mg/1 unless Indicated otherwise. 



RESULTS OF SURFACE HATER QUALITY ANALYSES 
DOWNSTREAM STATION. HOBBIT CREEK 

1986 
Parameter Jan 15 Feb 10 Mar 10 Jun 78 Aug 5 Sep 24 

Discharge (m3/s) 0.009 0.0015 0.002 1.002 0.134 0.152 
Temperature (°C) 0.0 0.0 0.5 3.0 7.0 5.0 
Dissolved Oxygen 10.9 10.6 11.2 7.1 9.2 7.2 
ph (units) 8.15 7.9 8.0 7.9 7.8 7.9 
Conductivity (umhos/cm) 371 402 425 44 135 153 
Total Alkalinity 179.4 190.4 208.4 21.9 80.0 74.4 
Calcium - Total 24.3 28.8 27.1 3.35 11.8 
Magnesium - Total 27.1 32.7 32.6 3.39 12.3 
Sulphate - Total 18.5 29.5 25.5 1.7 6.1 
Total Hardness 172.2 206.5 202 22.3 80.1 
TSS 0.6 <0.4 <0.4 29 1.5 
Turbidity (NTU) 0.24 0.3 0.28 28 2.3 
Nitrate as N 0.080 0.114 0.100 0.034 0.U12 
Nitrite as N 0.003 0.004 0.010 <0.003 <0.003 
NH3 - N <0.01 0.01 0.01 <0.Ol <0.01 
Total Dissolved Phosphorus 0.018 0.008 0.005 0.018 0.014 
Dissolved Ortho Phosphorus 0.005 0.003 0.003 0.007 <0.003 
Total Organic Carbon 1.4 1.0 1.4 11.6 <0.2 
Total Inorganic Carbon 43.0 45.0 45.0 4.0 18.5 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0OO2 
Copper - Total 0.003 0.007 0.005 0.006 0.001 
Copper - Dissolved 0.003 0.004 0.001 0.002 <0.001 
Iron - Total <0.03 0.07 0.02 1.20 0.02 
Iron - Dissolved <0.01 <0.01 <0.01 0.07 <0.01 
Chromium - Total <0.001 <0.001 0.004 0.004 0.002 
Chromium - Dissolved <0.001 <0.001 0.002 <0.001 <0.001 
Manganese - Total <0.004 <0.004 <0.004 0.044 0.005 
Manganese - Dissolved <0.004 <0.004 <0.004 0.006 <0.004 
Zinc - Total 0.010 0.008 0.006 0.016 0.006 
Z1nc - Dissolved 0.006 0.008 0.006 0.004 0.004 
Aluminium - Total 0.01 0.03 0.01 0.28 0.05 
Aluminium - Dissolved 0.01 <0.01 0.01 0.02 <0.0l 
Lead - Total 0.002 <0.002 0.002 <0.002 0.003 
Lead - Dissolved 0.002 <0.002 0.002 <0.002 0.003 
Barium - Total 0.05 0.10 0.10 0.06 0.14 
Barium - Dissolved 0.05 0.10 0.10 0.06 0.05 
Nickel - Total 0.001 0.002 0.002 0.004 0.002 
Nickel - Dissolved 0.001 0.001 0.002 <0.001 0.001 
Mercury - Total <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 
Phenols <0.001 

aValues 1n mg/1 unless otherwise Indicated. 



RESULTS OF SURFACE WATER QUALITY ANALYSES 
HOBBIT BROATCH PIT 

0 0 

1985 1986 
a 

Parameter Aug. 5 Sept. 10 Oct. 22 Nov. 27 Dec. 16 Jan.15 Feb. 10 Mar. 10 June 17 Aug. 4 Sept. 24 

8.0 
7.6 
8.15 

380 
111.8 

Temperature (°C) 14 9 0 0 0.0 0.0 0.0 0.5 11.0 14.5 
Dissolved Oxygen 10.2 10.2 7.8 5.5 7.6 7.6 
ph (units) 8.7 8.45 8.9 8.5 7.85 7.85 7.75 7.98 8.2 7.6 
Conductivity (umhos/cm) 270 251 290 280 310 310 300 310 328 385 
Total Alkalinity 110 107.4 141.5 131.5 144 144 153.7 141.8 80.6 135.8 
Calcium - Total 17.0 17.9 19.9 16.5 23.4 23.4 22.3 21.9 25.7 27.3 
Magnesium - Total 13.4 14.5 17.5 17.0 18.5 18.5 18.4 18.5 22.7 23.4 
Sulphate - Total 23.6 22.0 22.0 21.6 28.4 28.4 28.4 27.8 78.5 60.0 
Total Hardness 97.7 104.4 121.7 111.2 134.6 134.6 131.4 131.0 157.6 164.5 
TSS 72.0 26.0 21.0 5.3 12.0 12.0 0.8 5.5 48 3.0 
Turbidity (NTU) 95.06 146.3 26.0 46.7 34.0 34.0 0.6 8.2 60 7.4 
Nitrate as N 0.009 <0.003 0.016 0.040 0.003 0.003 0.030 0.073 0.040 <0.003 
Nitrite as N <0.003 0.004 0.008 0.007 <0.003 <0.003 0.008 0.008 0.005 <0.003 
NH3 - N 0.040 .01 0.12 <0.01 0.06 0.06 0.U4 0.05 0.02 <0.ul 
Total Dissolved Phosphorus 0.048 0.030 0.008 0.007 0.023 0.023 0.008 0.015 0.035 0.013 
Dissolved Ortho Phosphorus 0.028 0.026 0.004 0.004 0.015 0.015 0.007 0.006 0.019 0.004 
Total Organic Carbon 4.7 3.5 3.8 5.0 4.9 4.9 4.2 5.8 4.0 2.0 
Total Inorganic Carbon 21.5 21.5 32.5 32.0 29.6 29.6 29.0 31.0 17.0 21.0 
Cadmium - Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Cadmium - Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Copper - Total 0.009 0.019 0.002 0.006 0.005 0.005 0.008 0.006 <0.012 0.003 
Copper - Dissolved 0.005 0.004 0.002 0.001 0.005 0.005 0.004 0.002 0.010 0.002 
Iron - Total 4.79 8.40 0.01 2.26 1.41 1.41 0.027 0.22 3.07 0.21 
Iron - Dissolved 0.18 0.032 <0.01 0.04 0.07 0.07 0.02 0.01 0.03 <0.01 
Chromium - Total <0.001 0.025 <0.001 0.007 0.002 0.002 0.001 0.003 0.003 <0.001 
Chromium - Dissolved <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 o.oul 0.001 <0.001 
Manganese - Total 0.090 0.101 0.019 0.044 0.032 0.015 0.019 0.017 0.094 0.012 
Manganese - Dissolved 0.037 0.014 0.017 0.035 0.017 0.0125 0.014 <0.0O4 0.049 0.007 
Z1nc - Total 0.020 0.034 0.002 0.017 0.024 0.012 0.013 0.024 0.016 0.006 
Zinc - Dissolved 0.018 0.008 0.002 0.008 0.016 0.009 0.010 0.023 <0.001 0.006 
Aluminium - Total 1.44 7.9 0.18 0.84 0.35 0.11 0.08 0.02 0.83 0.06 
Aluminium - Dissolved 0.02 0.13 0.02 <0.01 0.02 0.02 <0.01 <0.01 0.01 <0.01 
Lead - Total <0.002 0.010 <0.002 0.003 0.006 0.004 <0.002 0.002 <0.002 0.004 
Lead - Dissolved <0.002 <0.002 <0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 0.003 
Barium - Total 0.22 0.84 0.23 0.21 0.21 0.12 0.21 0.20 <0.002 0.016 
Barium - Dissolved 0.18 0.02 0.19 0.18 0.19 0.12 0.20 0.20 0.20 0.12 
Nickel - Total 0.020 0.065 0.002 0.009 0.007 0.003 0.006 0.008 0.018 0.007 
Nickel - Dissolved 0.019 0.003 0.002 0.003 0.005 0.003 0.003 <0.003 0.019 <0.O06 
Mercury - Total 0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.00005 
Phenols 0.001 

aValues In mg/1 unless indicated otherwise. 



RESULTS OF SURFACE WATER QUALITY ANALYSES, MT. KLAPPAN PROPERTY, TAILINGS POND, 1985-04 
1HS 1984 

Parameter* 
Effluent 

Sep 10 Oct 22 Nov 2* Dee 17 3an IS Feb 12 Nir 12 1 m 17 Aug 4 Sep 2% Objectives* 

i 

Temperature (*C) 5 0 0 0 0 0 0 w.o 0.0 
pN (units) 7.7 4.% 4.5 4.84 7.0 4.7 4.5 7.) 7.0 4.3-0, 
Conductivity (umhos/cm) MO MO 
Total Alkalinity 35.8 39.0 
Calcium - Total 13.0 
Magnesium - Total H.O 
Sulphate - Total 201 310 12) 1%% 
Total Hardness 172.% 
TSS 1200.0 20.0 H.O 1.3 <0.% <o.% 1.) 4.0 7.0 23 
Turbidity (NTU) 9.0 
Nltrato at N 0.011 
Nitrite as N <0.00) 
Nltrato/Nltrlto at N O.OOS 0.00% 0.009 0.01S 0.007 <0.003 <0.00) 0.000 10.0 
NMj-N 0.0% 1.0 
Total Dissolved Phosphorus 0.020 
Dissolved Ortho Phosphorus 0.00% 2.0 
Total Organic Carbon <0.2 
Total Inorganic Carbon 0.0 
Cadnlus - Total <0.0002 
Cadmium - Olssolvod <0.001 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.01 
Copper - Total 0.001 
Copper - Olssolvod 0.001 0.001 0.001 0.003 0.00) 0.00) 0.00% 0.002 <0.001 0.05 
Iron - Total 0.)) 
Iron - Olssolvod O . M <0.01 0.07 <0.01 <0.01 <0.01 <0.01 0.0) '0.01 0.3 
Chromium - Total 0.00) 
Chromium- Olssolvod <0.001 0.001 <0.001 <0.001 0.00% 0.001 0.00) <0.001 0.002 0.05 
Manganese • Total 0.07S 
Manganese - Olssolvod 0.077 0.1 
Zinc - Total 0.022 
Zinc • Olssolvod 0.012 0.002 0.004 0.006 0.010 0.010 0.009 0.009 0.022 0.2 
Aluminum - Total 0.10 
Aluminum - Dissolved 0.0% 0.02 0.01 <0.01 <0.01 0.01 0.0) <0.01 <0.01 0.5 
Lead - Total 0.00) 
Lead - Dissolved <0.002 <0.002 <0.002 <0.002 0.002 0.00) <0.002 <0.002 <0.002 0.05 
Barium - Total 0.1) 
Barium • Dissolved 0.0) 
Nickel - Total 0.002 
Nickel - Dissolved <0.001 
Mercury - Total <0.00005 Nil 
Phenols 0.001 
* Values In mg/1 unless Indicated otherwise. 
0 Most rigorous objectives for the discharge of final effluents to fresh eaters (MOE 1979). 



RESULTS OF SURFACE WATER QUALITY ANALYSES, NT. KLAPPAN PROPERTY, SETTLING POND, 1905-04 
IfOS 1964 

» •• Effluent 
Parameter* Sep 10 Oct 22 Nov 29 Deo 1t 3an 1$ Feb 12 Mar 12 Dun 17 Aug 4 Sep 2% Objectives* 
Temperature C O 3 0 0 0 0 0 oTs 53 6~0 
pH (units) 7.5 7.) 7.9 7.47 7.0 4.95 4.90 7.4 7.46 4.5-0.5 
Conductivity (umhos/cm) 7)0 570 
Total Alkalinity 1)0.4 07.9 
Calcium - Total 20.4 
Magnesium - Total **.0 
Sulphate • Total 170 100 1*4 155 
Total Hardness 252.4 
TSS 205.0 40.0 173.0 14.0 2.4 2.0 11.0 7.7 ).5 25 
Turbidity (NTU) 0.0 
Nitrate as N <0.00) 
Nitrite as N <0.00) 
Nltrate/Nltrite as N 0.000 0.025 0.021 0.042 0.015 <0.00) <0.00) 0.004 10.0 
NH3-M 0.02 1.0 
Total Olssolvod Phosphorus 0.03) 
Olssolvod Ortho Phosphorus 0.011 2.0 
Total Organic Carbon 12.5 
Total Inorganic Carbon 21.0 
Cadmium - Total <0.0002 
Cadmium - Dissolved <0.001 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.01 
Copper - Total 0.004 
Copper - Olssolvod 0.001 0.001 0.002 0.00) 0.000 0.00) 0.005 0.004 0.002 0.05 
Iron - Total 0.50 
Iron - Dissolved 0.10 0.04 0.04 <0.01 0.02 <0.01 0.01 0.0) 0 25 0.) 
Chromium - Total 0.004 
Chromium- Olssolvod 0.001 0.001 0.005 <0.001 0.004 0.001 <0.001 <0.001 <0.001 0.05 
Manganese • Total 0.14 
Manganese - Olssolvod 0.14 0.1 
Zinc - Total 0.12 
Zinc - Dissolved 0.47 0.002 0.000 0.019 0.017 0.044 0.052 0.14 0.12 0.2 
Aluminum - Total 0.10 
Aluminum • Dissolved 0.04 0.01 <0.01 0.02 0.09 <0.01 0.01 0.01 0.04 0.5 
Lead - Total 0.002 
Lead - Dissolved <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 0.05 
Barium - Total 0.14 
Barium - Dissolved 0.05 
Nickel - Total 0.009 
Nickel - Olssolvod 0.004 
Mercury - Total <0.00005 Nil 
Phenols 0.007 
* Values In mg/1 unless lndloeted otherwise. 
* Most rigorous objectives for the discharge of find effluents to fresh eaters (HOE 1979). 



RESULTS Of SURFACE WATER QUALITY ANALYSES, NT. KLAPPAN PROPERTY, SETTLING POND OUTFLOW, 1965-64 
1*85 1964 

Parameter* Oct 22 Nov 27 Deo 19* 9cn IS* Feb 12* Nar 12b 3un 17 Aug 4 See 24 
14.0 7.0 
7.4 7.6 

500 500 
92.5 44.4 
H.1 
59.0 

A5.5 209.0 
528.1 

20.0 0.5 
0.7 
<0.003 
<0.00) 

0.009 
<0.01 
0.021 
0.005 
1.7 
25.0 
<0.0002 

<0.0002 <0.0002 
0.002 

0.004 <0.001 
0.07 

0.51 <0.f1 
0.001 

<0.001 <0.001 
0.15 
o.u 0.11 

0.064 0.11 
0.01 

0.04 0.01 
0.002 

<0.002 0.002 
0.12 
0.05 
0.00% 
0.002 
<0.00005 
0.002 

Effluent 
Objectives* 

Teaperature (*C) 
pH (units) 
Conductivity (uehos/oa) 
Total Alkalinity 
Calclua - Total 
Megneslua - Total 
Sulphate - Total 
Total Hardness 
TSS 
Turbidity (NTU) 
Nitrate as N 
Nitrite as N 
Nltrate/Nltrlte as N 
NH)-N 
Total Olssolvod Phosphorus 
Olssolvod Ortho Phosphorus 
Total Organic Carbon 
Total Inorganic Carbon 
Cadelua - Total 
Cednlue • Dissolved 
Copper • Total 
Copper - Dissolved 
Iron - Total 
Iron - Dissolved 
Chroalua - Total 
Chroalua- Olssolvod 
Manganese - Total 
Manganese - Dissolved 
Zinc - Total 
Zinc - Dissolved 
Aluslnue - Total 
Alualnua * Dissolved 
Lead - Total 
Lead - Dissolved 
Barlua - Total 
Barlua • Dissolved 
Nickel - Total 
Nickel - Dissolved 
Mercury - Total 
Phenols 

0 0 
6.0 7.6 

493.0 110.0 

0.020 0.0)2 

<0.0002 <0.0002 
0.002 0.001 
0.014 0.05 
0.002 0.005 

0.002 0.015 
0.0) 0.02 
<0.002 <0.002 

4.5-6.5 

25 

10.0 
1.0 
2.0 

0.01 
0.05 
0.) 
0.05 
0.1 
0.2 
0.5 
0.05 

Nil 

* Values In ag/1 unless Indicated otherwise. 
* No water In drainage. 
c Host rigorous objectives for the discharge of final effluents to fresh waters (HOE 1979). 
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PART FOUR - TERRESTRIAL ENVIRONMENT 

1.0 SURFICIAL GEOLOGY AND SOILS  

1.1 INTRODUCTION 

In t h e Stage I s t u d i e s f o r t h e Mount Klappan Coal P r o j e c t , 42 s o i l p r o f i l e 
d e s c r i p t i o n s were r e c o r d e d and i n f o r m a t i o n on the a r e a s o i l s , s u r f i c i a l 
m a t e r i a l s and v e g e t a t i o n was p r e s e n t e d . In r e s p o n s e t o government rev i e w 
comments on t h e Stage I s o i l s t u d i e s , f u r t h e r s u r v e y s were done and more 
s o i l p r o f i l e s were d e s c r i b e d d u r i n g t h e summer o f 1986. 

The main o b j e c t i v e s were t o p r o v i d e a s o i l map o f t h e m i n e s i t e a r e a , 
i n c l u d i n g t h e proposed p i t , waste dump, p l a n t , r e s e r v o i r , t a i l i n g s pond and 
camp a r e a s , and t o comment on t h e p o t e n t i a l use o f s o i l s i n r e c l a m a t i o n . 

I n v e s t i g a t i o n o f s u r f i c i a l g e o l o g y u n i t s and groundwater f l o w regimes was 
a l s o undertaken i n 1986 through a r o t a r y d r i l l i n g and backhoe t e s t p i t 
program. The o b j e c t i v e s o f t h i s s t u d y were t o e v a l u a t e f o u n d a t i o n 
c o n d i t i o n s and comment on t h e e x p e c t e d s t a b i l i t y o f v a r i o u s m i n e s i t e 
components. 

S o i l s t u d i e s commenced w i t h a r e v i e w o f e x i s t i n g i n f o r m a t i o n on t h e a r e a 
g e o l o g y , s o i l s and v e g e t a t i o n (Clement and V o i d 1985; P o j a r 1986; P o j a r 
e t a l . 1983; Young and A l l e y 1978). B l a c k and w h i t e , 1:30 000 s c a l e a e r i a l 
photographs were examined and p r e t y p e d . The s t u d y a r e a was t r a v e r s e d on 
f o o t and s o i l p r o f i l e s were examined. Seventeen new p r o f i l e d e s c r i p t i o n s 
were r e c o r d e d . F i e l d - t r u t h e d a e r i a l photos were used t o produce a 1:50 000 
s c a l e map from an NTS t o p o g r a p h i c base map. Some b u l k e d s o i l samples were 
c o l l e c t e d and a n a l y s e d i n the l a b o r a t o r y . 

S u r f i c i a l m a t e r i a l s were i n i t i a l l y i d e n t i f i e d t hrough a i r p h o t o i n t e r p r e t a 
t i o n . T h i s was f o l l o w e d by f i e l d r e c o n n a i s s a n c e work which i n c l u d e d s u r f a c e 
mapping, l o g g i n g o f r o t a r y (track-mounted, c e n t e r sample a i r r o t a r y d r i l l ) 
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d r i l l h o l e s and backhoe t e s t p i t s and subsequent l a b o r a t o r y a n a l y s i s o f 
d r i l l c o r e and s o i l samples from s h e l b y tube, s t a n d a r d p e n e t r a t i o n and grab 
samples. 

P e r m a f r o s t c o n d i t i o n s were e v a l u a t e d through i n s t a l l a t i o n and m o n i t o r i n g o f 
f i v e t h e r m i s t o r s t r i n g s and o b s e r v a t i o n s documented d u r i n g t h e T r i a l Cargo 
min i n g o p e r a t i o n . 

1.2 SURFICIAL GEOLOGY 

The major s u r f i c i a l g e o l o g y u n i t s i n t h e a r e a i n c l u d e s i l t and c l a y t i l l s , 
slopewash o r g l a c i a l outwash d e p o s i t s i n c l u d i n g s i l t y sands and some 
g r a v e l s , and f e n o r bog o r g a n i c - r i c h d e p o s i t s . 

The c l a y o r s i l t t i l l d e p o s i t i s t h e most wi d e s p r e a d s u r f i c i a l d e p o s i t i n 
the a r e a . A b u l k sample o f g l a c i a l t i l l u s u a l l y c o n t a i n s more c o a r s e g r a i n 
s i z e s than f i n e g r a i n s i z e s . C l a y o r s i l t u s u a l l y predominate i n t h e f i n e s 
f r a c t i o n o f t h e s o i l g r a i n s l e s s than #10 s i e v e s i z e ( l e s s than 2 mm) which 
d i s t i n g u i s h e s t h e c l a y and s i l t t i l l . The p l a s t i c i t y ranges from medium 
( c l a y t i l l ) t o low p l a s t i c . Some c o b b l e s and b o u l d e r s a r e a l s o p r e s e n t . 
The m a t e r i a l i s t y p i c a l l y s t i f f t o hard w i t h water c o n t e n t s o f 10% o r below 
e x c e p t i n the near s u r f a c e f r o s t zone where water c o n t e n t s up t o 15 t o 20% 
o c c u r . T i l l d e pths may exceed 15 metres i n t h e waste r o c k d i s p o s a l a r e a . 
T i l l d e pths range w i d e l y i n t h e p l a n t a r e a from a few metres t o g r e a t e r 
than 15 metres. In t h e t a i l i n g s a r e a , depths a r e t y p i c a l l y 10 t o 13 metres. 

Some t i l l - l i k e d e p o s i t s a r e p r e d o m i n a n t l y sandy. Most o f t h e s e d e p o s i t s 
were e n c o u n t e r e d i n t h e t a i l i n g s a r e a and may r e p r e s e n t , i n p a r t , slopewash 
o r water s o r t e d t i l l s . 

Outwash o r slopewash g r a n u l a r d e p o s i t s i n c l u d e s i l t y sand o r s i l t y sands 
and g r a v e l s and o c c u r s p o r a d i c a l l y a l o n g t h e n o r t h s i d e o f L o s t Ridge. 
A i r p h o t o a n a l y s i s s u g g e s t s t h a t a t t h e end o f g l a c i a t i o n t h e r e was abundant 
s u r f a c e r u n o f f down t h e n o r t h s i d e o f t h e r i d g e toward t h e L i t t l e Klappan 
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R i v e r , which l e f t b ehind s p o r a d i c and d i s c o n t i n u o u s d e p o s i t s . Some o f 
t h e s e d e p o s i t s may a l s o be minor m o r a i n a l d e p o s i t s which have s i n c e been 
erod e d . The d e p o s i t s t e n d t o be s h a l l o w , but have been found t o depths o f 
3-6 metres i n some t e s t p i t s and d r i l l h o l e s . 

C o l l u v i u m ( g r a v i t y t r a n s p o r t e d d e b r i s ) and c a l u s ( s c r e e ) a r e found on the 
upper r e a c h e s o f L o s t Ridge, p a r t i c u l a r l y on t h e n o r t h s i d e and, t o a 
l e s s e r degree, below some o f t h e hogbacks. These d e p o s i t s a r e formed by 
r o c k f a l l , c r e e k and slopewash. The d e p o s i t s may range from b o u l d e r y s c r e e 
t o s i l t y m a t e r i a l s c o n t a i n i n g some g r a v e l where weak bedrock has weathered 
and broken down. The d e p o s i t s a r e t y p i c a l l y not more than 5 t o 10 metres 
deep, and a r e f r e q u e n t l y much s h a l l o w e r . 

Fen and bog d e p o s i t s (muskeg) d i s c o n t i n u o u s l y o v e r l i e g l a c i a l t i l l i n many 
o f t h e lower a r e a s o f t h e r i d g e and i n t h e v a l l e y , i n c l u d i n g t h e p l a n t 
s i t e / t a i l i n g s pond a r e a . The d e p o s i t s a r e t y p i c a l l y s h a l l o w ( o f t e n l e s s 
than 0.5 t o 1.0 metres deep) but l o c a l p o c k e t s may r e a c h 4 metres deep. 
These d e p o s i t s a r e not c o n t i n u o u s , but t e n d t o form i n low, p o o r l y d r a i n e d 
p o c k e t s on t h e bedrock s u r f a c e o r i n t h e g l a c i a l t i l l . Peat e n c o u n t e r e d i n 
t h e s e d e p o s i t s ranges from amorphous t o f i b r o u s . 

In g e n e r a l , t h e g l a c i a l t i l l d e p o s i t s may be o v e r l a i n by f e n o r bog 
d e p o s i t s o r by t h e s l o p e w a s h / g l a c i a l outwash d e p o s i t s . The c o l l u v i a l 
d e p o s i t s a r e f r e q u e n t l y u n d e r l a i n by bedrock, a l t h o u g h t h e s e d e p o s i t s may 
o v e r r u n onto t h e g l a c i a l t i l l . O t h e r more r e c e n t stream g r a v e l s and sands 
o c c u r a l o n g t h e v a l l e y bottom o f t h e L i t t l e Klappan R i v e r as w e l l as a l o n g 
s m a l l s i d e streams d r a i n i n g t h e L o s t Ridge a r e a . 

Seasonal f r o s t may p e n e t r a t e up t o 3 metres i n t h e Klappan a r e a , and 
n o r m a l l y thaws each y e a r . A "warm" p e r m a f r o s t c o n d i t i o n (minimum 
tem p e r a t u r e s a r e -0.23°C) e x i s t s o n l y i n t h e c r e s t a r e a o f L o s t Ridge and 
extends t o a depth o f about 30-40 metres. 
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1.3 DESCRIPTION OF EXISTING SOILS 

The 1:50 000 s c a l e s o i l map i s shown i n F i g u r e 4-1 and t h e map l e g e n d i s 
g i v e n i n F i g u r e 4-1A. T e r m i n o l o g y and a b b r e v i a t i o n s used f o l l o w CSSC 
(1978) and K l i n k a e t a l (1981). However names a r e r e l a t e d t o l o c a l 
t o p o g r a p h i c f e a t u r e s . Some l a b o r a t o r y d a t a from b u l k e d s o i l samples are 
p r e s e n t e d i n T a b l e 4-1. 

E i g h t s o i l map u n i t s a r e d e f i n e d and shown i n F i g u r e 4-1. The map u n i t s 
r e p r e s e n t seven s o i l a s s o c i a t i o n s . The Klappan A s s o c i a t i o n i s shown i n two 
c l a s s i f i c a t i o n s ( r e p r e s e n t i n g p r e d o m i n a n t l y deeper and p r e d o m i n a n t l y 
s h a l l o w e r s u r f i c i a l m a t e r i a l s ) on t h e s o i l map. The "Steep-Rocky" Land map 
u n i t does n o t , s t r i c t l y s p e a k i n g , r e p r e s e n t a s o i l a s s o c i a t i o n so much as 
an a r e a c o n s i s t i n g l a r g e l y o f n o n - s o i l . 

R i d g e t o p s o i l s a r e m a i n l y w e l l d r a i n e d , c o a r s e t e x t u r e d , s h a l l o w Regosols 
and B r u n i s o l s o c c u r r i n g i n t h e A l p i n e Tundra zone. R e g o s o l s predominate i n 
a r e a s t h a t have been s u b j e c t t o more r e c e n t s o l i f l u c t i o n . G l e y e d subgroups 
o c c u r i n i m p e r f e c t l y d r a i n e d a r e a s . These s o i l s dominate a l o n g t h e c r e s t 
o f L o s t Ridge and a r e g e n e r a l l y l e s s than 1.0 metre i n d e p t h . 

L o s t Ridge s o i l s a r e d e r i v e d from p r e d o m i n a n t l y deep c o l l u v i u m . S o l i f l u c 
t i o n and m i x i n g ( " t u r b a t i o n " ) by a n i m a l s such as Hoary Marmots (Marmota 
c a l i g a t a ) a r e i m p o r t a n t i n i n f l u e n c i n g s o i l c h a r a c t e r i s t i c s , p a r t i c u l a r l y 
at h i g h e r e l e v a t i o n s . S o i l s here a r e R e g o s o l s and B r u n i s o l s as w e l l ; 
however, Clement and V o i d (1985) and V o i d (1986) note t h a t Humo-Ferric 
P o d z o l s may o c c u r e s p e c i a l l y i n t h e S u b a l p i n e S p r u c e - W i H o w - B i r c h zone. The 
few b u l k samples a n a l y z e d i n t h i s s t u d y do not meet t h e c h e m i c a l o r c o l o r 
c r i t e r i a ( see CSSC 1978) f o r a p o d z o l i c B. h o r i z o n . L o s t Ridge s o i l s are 
found m a i n l y on t h e g e n t l e r s l o p i n g south s i d e o f L o s t Ridge and can be 
more than 1.0 metre deep i n some a r e a s . 

Didene s o i l s c o n s i s t o f m a i n l y t h i n l a y e r s o f p r e d o m i n a n t l y mesic o r g a n i c 
m a t e r i a l s o v e r l y i n g medium t o f i n e t e x t u r e d m o r a i n a l o r , o c c a s i o n a l l y , 
g l a c i o f l u v i a l m a t e r i a l s i n t h e s u b a l p i n e (Spruce-Wi11ow-Birch z o n e ) . Common 
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L E G E N D ( S e e f i g u r e 4 - l a f o r d e t a i l s ) 
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MAP UNIT NAME GENET IC M A T E R I A L S 7. COURSE 
F R A G M E N T S 

T E X T U R E DRAINAGE MAIN SOIL SUBGROUPS MINOR SOIL SUBGROUPS COMMENTS 

RIDGETOP MORAINAL (INCLUDING 
SOLIFLUCTED MATERIALS) 

10 TO 50 SANDY LOAMY WELL ORTHIC REGOSOL 
ORTHIC HUMIC REGOSOL 
ORTHIC DYSTRIC BRUNISOL 
ORTHIC SOMBRIC BRUNISOL 

GLEYED SOMBRIC BRUNISOL 
GLEYED REGOSOL 

LITHIC PHASES COMMON. DEPTH 
OFTEN 0.3 TO 1 m. AREAS OF 
IMPERFECT DRAINAGE HAVE 
GLEYED SOIL SUBGROUPS. 
SLOPES GENERALLY 10 TO 307.. 

LOST RIDGE COLLUVIUM 20 TO 80 SANDY LOAMY 
TO LOAMY 

MODERATELY WELL 
TO POOR 

ORTHO SOMBRIC BRUNISOL 
QRTHO DYSTRIC BRUNISOL 
ORTHO REGOSOLS 
CUMULIC REGOSOLS 
GLEYED SOMBRIC BRUNISOL 

GLEYED HUMIC REGOSOL 
GLEYED REGOSOL 

TURBIC PHASES AND SOLIFLUCTED 
PHASES ARE COMMON. 
MATERIALS OFTEN > 1 m DEEP. 
SLOPES GENERALLY > 30'/.. 

STEEP-ROCKY 
LAND 

BEDROCK, TALUS 
AND COLLUVIUM 

80 TO 100 SANDY LOAMY VERY RAPID 
TO RAPID 

NON-SOIL ORTHIC REGOSOL 
(LITHIC PHASES) 

SLOPES GENERALLY > 60/.. 

DIDENE ORGANIC VENEERS 
OVERLYING MORAINAL 

0 CLAY LOAM POOR TO VERY 
POOR 

TERRIC MESISOL 
REGO GLEYSOL 

TYPIC MESISOL 

KLAPPAN MORAINAL 20 TO 60 SANDY LOAMY 
& LOAMY 

WELL TO 
MODERATELY WELL 

ORTHIC DYSTRIC BRUNISOL GLEYED REGOSOL 
REGO HUMIC GLEYSOL 
REGO GLEYSOL 
(PEATY PHASES) 
GLEYED ORTHIC REGOSOLS 

DEPTH OF MATERIALS VARIABLE; 
MAINLY < 1 m AT 
HIGHER ELEVATIONS AND > 
1 m AT LOWER ELEVATIONS. 

AIRSTRIP FLUVIAL 10 TO 50 SANDY LOAMY 
(SANDY, SILTY 
CLAY LOAM, 
LOAM) 

MODERATELY WELL ORTHIC SOMBRIC BRUNISOL 
ORTHIC DYSTRIC BRUNISOL 
ORTHIC REGOSOL 

GLEYED SOMBRIC BRUNISOL 
GLEYED DYSTRIC BRUNISOL 

BUTLER GLACIOFLUVIAL 40 TO 80 RAPID TO WELL ORTHO DYSTRIC BRUNISOL ORTHIC SOMBRIC BRUNISOLS ICE CONTACT DEPOSITS: OFTEN 
< 1 m DEEP AND OVERLYING 
MORAINAL MATERIAL. 

FIGURE 4-IA 

MOUNT KLAPPAN ANTHRACITE PROJECT 
SOILS MAP LEGEND 

MOUNT KLAPPAN MINE SITE 

GULF CANADA CORPORATION 

GULF CANADA CORPORATION 
08/12/86 
KLAP:[205057]86060 1026.LOC 
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TABLE 4-1 
ANALYSIS OF SOIL SAMPLES 

% % T o t a l 
A v a i l a b l e N u t r i e n t s 0 

Sample PH a Sand F i n e s 
N % b P K Ca Mg 

L o s t Ridge 
Ah 4.7 9.6 79.7 0.41 1 43 2150 900 
Bm 5.1 28.7 65.2 0.14 <1 17 700 250 
C 5.7 - - - - - - -

Waste 
D i s p o s a l 
A r e a 

7.4 63.0 2.8 0.30 4 58 550 850 

a. Determined i n c a l c i u m c h l o r i d e . 
b. N ( n i t r o g e n ) d e t e r m i n e d c o l o r i m e t r i c a l l y on s u l f u r i c a c i d d i g e s t u s i n g 

a m o d i f i e d m i c r o K j e d a h l p r o c e d u r e . 
c. P (phosphorus) by Bray e x t r a c t . 

K ( p o t a s s i u m ) , Ca ( c a l c i u m ) and Mg (magnesium) by ammonium a c e t a t e 
method a t PH « 7.0. 
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TERRESTRIAL ENVIRONMENT 

s o i l s subgroups a r e T e r i c M e s i s o l s and Rego G l e y s o l s ; s m a l l p o c k e t s o f 
d eeper o r g a n i c m a t e r i a l s a r e a s s o c i a t e d w i t h T y p i c M e s i s o l s . 

Klappan s o i l s i n c l u d e m a i n l y w e l l t o m o d e r a t e l y w e l l d r a i n e d , medium t o 
c o a r s e t e x t u r e d D y s t r i c B r u n i s o l s d e v e l o p e d from m o r a i n a l m a t e r i a l s ; 
g l e y s o l i c and g l e y e d r e g o s o l i c s o i l s o c c u r i n i m p e r f e c t l y d r a i n e d d e p r e s 
s i o n s . S u r f i c i a l m a t e r i a l s a r e g e n e r a l l y deep a t lower e l e v a t i o n s but are 
o f t e n l e s s than one metre deep at h i g h e r e l e v a t i o n s . The proposed p l a n t 
s i t e w i l l be i n an a r e a dominated by Klappan s o i l s . 

A i r s t r i p s o i l s a r e m a i n l y m o d e r a t e l y w e l l d r a i n e d , loamy t o c o a r s e loamy 
t e x t u r e d B r u n i s o l s and R e g o s o l s d e v e l o p e d from f l u v i a l p a r e n t m a t e r i a l s 
a l o n g c r e e k s and r i v e r s , such as t h e L i t t l e Klappan i n t h e s u b a l p i n e zone. 
B u t l e r s o i l s a r e m a i n l y r a p i d l y t o w e l l d r a i n e d B r u n i s o l s d e v e l o p e d from 
c o a r s e - l o a m y t e x t u r e d i c e - c o n t a c t ( g l a c i o f l u v i a l ) m a t e r i a l s . 

L a b o r a t o r y a n a l y s e s o f s u r f a c e s o i l h o r i z o n s on L o s t Ridge i n d i c a t e t h a t 
t h e y t e n d t o be s l i g h t l y a c i d i c and are sometimes h i g h i n o r g a n i c m a t t e r . 
N u t r i e n t v a l u e s a r e r e l a t i v e l y h i g h f o r c a l c i u m and magnesium but r a t h e r 
low f o r n i t r o g e n and phosphorus. Potassium v a l u e s a r e q u i t e l i m i t e d as 
w e l l . A b u l k sample o f s a n d i e r s o i l t a k e n from t h e waste r o c k d i s p o s a l 
a r e a was found t o be m i l d l y a l k a l i n e . N u t r i e n t l e v e l s were s i m i l a r t o the 
L o s t Ridge s o i l s e x c e p t c a l c i u m l e v e l s were lower. 

1.4 IMPACTS AND MITIGATION 

The c h e m i c a l p r o p e r t i e s o f the s o i l s i n t h e a l p i n e a r e a s where mine 
development w i l l cause t h e i r removal, s u g g e s t t h a t t h e y c o u l d be s u i t a b l e 
f o r s t o c k p i l i n g and l a t e r use i n r e c l a m a t i o n o f t h e a r e a . F e r t i l i z a t i o n 
would be r e q u i r e d because o f t h e low l e v e l s o f n i t r o g e n and phosphorus. 
The s h a l l o w n e s s o f most o f t h e Ridgetop and L o s t Ridge s o i l s however 
p r o b a b l y p r e c l u d e s the t e c h n i c a l f e a s i b i l i t y o f s t o c k p i l i n g . 

One o f t h e main b e n e f i t s o f c o n s e r v i n g and u s i n g t o p s o i l f o r r e c l a m a t i o n 
would be t o improve s u b s t r a t e p h y s i c a l p r o p e r t i e s such as water r e t e n t i o n . 
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Even so, loamy m a t e r i a l s would not be s t a b l e i n t h i s environment e x c e p t on 
the g e n t l e s t s l o p e s . In g e n e r a l , s t o c k p i l i n g does not appear j u s t i f i e d f o r 
mine s i t e r e c l a m a t i o n . 

S i m i l a r arguments a p p l y t o low e l e v a t i o n a r e a s i n t h e s t u d y a r e a . Some 
b e n e f i t s may be r e a l i z e d from s t o c k p i l i n g and r e s p r e a d i n g s u r f a c e o r g a n i c 
and m i n e r a l s o i l . However, f e r t i l i z a t i o n would s t i l l be r e q u i r e d t o 
e s t a b l i s h v e g e t a t i o n . Poor s u b s t r a t e p h y s i c a l p r o p e r t i e s , r e s u l t i n g from 
s u r f a c e c r u s t i n g and compaction o r because o f n a t u r a l l y h i g h d e n s i t y , 
t y p i c a l o f Klappan and Didene s u b s o i l s , can be l e s s e x p e n s i v e l y a m e l i o r a t e d 
by m e c h a n i c a l s i t e p r e p a r a t i o n . E x t e n s i v e h i g h c o s t m a t e r i a l s h a n d l i n g does 
not appear t o be j u s t i f i e d c o n s i d e r i n g t h e end l a n d use o f t h e a r e a as 
h a b i t a t f o r p r e y s p e c i e s such as marmots, ground s q u i r r e l s and pt a r m i g a n . 

E x p e r i e n c e has shown t h a t s u r f a c e p r e p a r a t i o n and r e - v e g e t a t i o n o f the 
waste d i s p o s a l a r e a w i l l r e s u l t i n h a b i t a t q u i t e s u i t a b l e f o r f e e d i n g and 
s h e l t e r o f t h e s e s p e c i e s . 
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TERRESTRIAL ENVIRONMENT 

2.0 VEGETATION  

2.1 COMMUNITY CLASSIFICATION 

The v e g e t a t i o n o f t h e mine development a r e a has been c l a s s i f i e d and 
d i s c u s s e d i n d e t a i l i n Volume I I I o f t h e Stage I a p p l i c a t i o n . The 
v e g e t a t i o n a s s o c i a t i o n s i d e n t i f i e d as o c c u r r i n g i n t h e mine a r e a a r e : 

C o w p a r s n i p - H o r s e t a i l Type 
H o r s e t a i l Type 
H o r s e t a i l - C i n q u e f o i l - F e s c u e Type 
S p r u c e - F e s c u e - J u n i p e r Type 
C i n q u e f o i l - F e s c u e Type 
Fescue Type 
C i n q u e f o i l - F e s c u e - D w a r f W i l l o w Type 
C i n q u e f o i l - F e s c u e - S a x i f r a g e Type 
F e s t u c a - J u n i p e r - S a x i f r a g e Type 
Aspen Type 
R i v e r b a r Type 

D e t a i l e d d i s t r i b u t i o n mapping o f t h e s e v e g e t a t i o n a s s o c i a t i o n s was a l s o 
p r o v i d e d i n t h e Stage I r e p o r t . 

Comments r e s u l t i n g from t h e Mine Development S t e e r i n g Committee r e v i e w o f 
th e Stage I su g g e s t e d t h a t s p e c i a l s u r v e y methods s h o u l d be employed t o 
i d e n t i f y any r a r e p l a n t s p e c i e s which a r e n a t i v e t o t h e p r o j e c t s i t e . Such 
a s u r v e y has been conducted and i s r e p o r t e d i n t h i s s e c t i o n . L o c a t i o n s o f 
r a r e p l a n t communities a re a l s o i d e n t i f i e d t o d e t e r m i n e whether th e y w i l l 
be a f f e c t e d by proposed p r o j e c t developments. 

In g e n e r a l , i t was found t h a t a number o f s p e c i e s c l a s s i f i e d as r a r e are 
found i n t h e Mount Klappan a r e a . I t was a l s o noted t h a t t h e s e s p e c i e s a re 
r e l a t i v e l y common i n t h e a r e a and ten d t o be c l a s s i f i e d as r a r e because the 
r e g i o n i s c o n s i d e r e d t o be near the l i m i t o f t h e g e o g r a p h i c a l d i s t r i b u t i o n 
o f t h e s e s p e c i e s . Based on t h e d i s p e r s i o n o f t h e s e p l a n t s t h r o u g h o u t the 
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a r e a , no r a r e s p e c i e s p o p u l a t i o n would be endangered by t h e p r o j e c t . 

I t was a l s o noted i n t h e Stage I r e v i e w comments t h a t impacts on v e g e t a t i o n 
from d u s t and power p l a n t a i r e m i s s i o n s s h o u l d be a d d r e s s e d . 

L i c h e n s p e c i e s t e n d t o be t h e p l a n t t y p e s most s e n s i t i v e t o a i r e m i s s i o n s , 
p a r t i c u l a r l y s u l p h u r d i o x i d e . The d e t a i l e d assessment o f ambient SO2 
l e v e l s and s u l p h u r d e p o s i t i o n r a t e s p r e s e n t e d i n P a r t Two o f t h i s volume i s 
used here t o show t h a t l i c h e n communities are u n l i k e l y t o be a f f e c t e d by 
the p r e d i c t e d power p l a n t e m i s s i o n s . D e t a i l s o f t h i s impact a n a l y s i s a re 
i n c o r p o r a t e d here as a r e t h e r e s u l t s o f r e - v e g e t a t i o n t r i a l s c o n d u c t e d as 
p a r t o f the r e c l a m a t i o n p l a n n i n g p r o c e s s . 

2.2 RARE VASCULAR PLANTS 

St a n d a r d methods f o r t h e assessment o f r a r e p l a n t s p e c i e s i n B r i t i s h 
Columbia have not been d e v e l o p e d . The methods employed i n t h i s r e p o r t were 
d e v e l o p e d f o l l o w i n g d i s c u s s i o n s w i t h p e r s o n n e l i n t h e M i n i s t r y o f 
Environment and a t t h e B r i t i s h Columbia P r o v i n c i a l Museum. F i e l d v i s i t s f o r 
the purposes o f f i n d i n g and documenting r a r e p l a n t s p e c i e s were undertaken 
i n m i d - J u l y and a t t h e end o f August 1986. The l a t e s p r i n g v i s i t f o c u s s e d 
on t h e assessment o f d r i e r s i t e s w h i l e t h e l a t e summer v i s i t c o n c e n t r a t e d 
on w e t t e r s i t e s . D u r i n g both v i s i t s r e p r e s e n t i t i v e t r a v e r s e s o f t h e are a s 
t o be impacted d u r i n g development o f t h e mine were c o n d u c t e d . Unique 
h a b i t a t s e n c o u n t e r e d a l o n g t h e t r a v e r s e s were s t u d i e d i n d e t a i l and p l a n t 
s p e c i e s which were o f l i m i t e d d i s t r i b u t i o n were c o l l e c t e d . T r a v e r s e s o f 
ar e a s o u t s i d e o f t h e a r e a s t o be impacted were a l s o made t o broaden the 
number o f unique h a b i t a t s v i s i t e d . C o l l e c t e d p l a n t s were p r e s s e d and d r i e d 
f o r p o s i t i v e i d e n t i f i c a t i o n . The p l a n t s c o l l e c t e d d u r i n g t h e c o u r s e o f t h i s 
s t u d y w i l l be donated t o t h e he r b a r i u m o f t h e B r i t i s h Columbia P r o v i n c i a l 
Museum. 

P l a n t specimens were i d e n t i f i e d u s i n g t h e keys p r o v i d e d i n H i t c h c o c k and 
C r o n q u i s t (1973), H u l t e n (1968) and Ceska (1976) f o r t h e sedges. Nomen
c l a t u r e f o l l o w s t h a t o f T a y l o r and MacBryde (1977). 
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P l a n t s p e c i e s o c c u r r i n g i n t h e Mount Klappan p r o j e c t a r e a a r e l i s t e d i n 
T a b l e 4-2. An i n d i c a t i o n o f t h e i r r a r e n e s s as d e f i n e d by S t r a l e y e t a l 
(1985) i s i n c l u d e d w i t h t h e l i s t . Rare p l a n t s a r e d e s c r i b e d by S t r a l e y e t 
a l (1985) as f a l l i n g i n t o one o f t h e f o l l o w i n g c l a s s e s : 

Rl - p l a n t t a x a t h a t a r e r e p r e s e n t e d by a s i n g l e o r few known p o p u l a t i o n s , 
u s u a l l y w i t h o n l y a few i n d i v i d u a l s i n t h e p o p u l a t i o n s . 

R2 - p l a n t t a x a t h a t have few t o s e v e r a l p o p u l a t i o n s but u s u a l l y w i t h a 
r e l a t i v e l y l a r g e number o f i n d i v i d u a l s i n each p o p u l a t i o n . 

R3 - p l a n t t a x a t h a t have no d i s t i n c t g e o g r a p h i c a l range o r d i s t r i b u t i o n , 
u s u a l l y s c a t t e r e d i n t h e p r o v i n c e , i n i s o l a t e d p o p u l a t i o n s c o n s i s t i n g 
o f s m a l l numbers o f p l a n t s . 

R4 - p l a n t t a x a t h a t a r e r e s t r i c t e d i n t h e i r g e n e r a l d i s t r i b u t i o n i n the 
p r o v i n c e and o f t e n r e p r e s e n t t h e n o r t h e r n o r s o u t h e r n l i m i t s o f more 
commonly d i s t r i b u t e d p l a n t s . The p o p u l a t i o n s o f t e n c o n s i s t o f numerous 
i n d i v i d u a l s but w i t h a narrow g e o g r a p h i c a l range. 
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T a b l e 4-2 
VASCULAR PLANTS OF THE 

MOUNT KLAPPAN PROJECT AREA 
ASPLENIACEAE 

Gvmnocarpium d r v o p t e r i s (L.) Newm. 
EQUISETACEAE 

Equisetum a r v e n s e L. 
s c i r o o i d e s Michx. 

L . s v l v a t i c u m L. 
E ^ v a r i e g a t u m S c h l e i c h . 

LYCOPODIACEAE 
H v p e r z i a s e l g o (L.) Bernh. ex Schrank & M a r t i us 
Lvcopodium alp i n u m L. 
U. annotinum L. 
Lj. c l a v a t u m L. 
Lj. complanatum L. 

SELAGINELLACEAE 
S e l a g i n e l l a s e l a g i n o i d e s (L.) L i n k 

CUPRESSACEAE 
J u n i p e r u s communis L. 

PINACEAE 
A b i e s l a s i o c a r p a (Hook.) N u t t . 
P i c e a e n o e l m a n n i i P a r r y ex Engelm. 
IL. o l a u c a (Moench) Voss 
Pinus c o n t o r t a Dougl. ex Loud. 

APIACEAE 
Heracleum spondvlium L. 
Osmorhiza p u r p u r e a ( C o u l t . & Rose) Suksd. 

ASTERACEAE 
A c h i l l e a mi 1 1 e f o l i u r n L. 
A g o s e r i s a u r a n t i a c a (Hook.) Greene 
/L o l a u c a (Pursh) Raf. 
A n t e n n a r i a a l p i n a (L.) G a e r t . 
/L m i c r o p h v l l a Rydb. 
A r n i c a c o r d i f o l i a Hook. 
/L m o l l i s Hook. 
A r t e m i s i a a r c t i c a L e s s . 
A^ c a m o e s t r i s L. s s p . b o r e a l i s ( P a l l . ) H a l l & Clements 
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A s t e r a l p i n u s L. s s p . V i e r h a p p e r i Onno 
/L c o n s o i c u u s L i n d l e y 
C r e p i s nana R i c h a r d s . 
E r i a e r o n a c r i s L. 
£s. h u m i l i s Graham 
Ls. o e r e q r i n u s (Pursh) Greene 
H i e r a c i u m g r a c i l e Hook. 
P e t a s i t e s f r i q i d u s (L.) Fr a n c h . 
S e n e c i o l u o e n s R i c h a r d s . 
L. o a u c i f l o r u s Pursh 
Sj. t r i a n g u l a r i s Hook. 
S o l i d a g o c a n a d e n s i s L. 

m u l t i r a d i a t a A i t . 
Taraxacum ceratoohorum (Ledeb.) DC. 
L. 1vratum (Ledeb.) DC. 

BETULACEAE 
B e t u l a g l a n d u l o s a Michx. 

BORAGINACEAE 
M e r t e n s i a p a n i c u l a t a ( A i t . ) G. Don 
M v o s o t i s a s i a t i c a ( V e s t e r g r e n ) S c h i s c h k i n & S e r g e v s k a j a ) 

BRASSICACEAE 
A r a b i s drummondi i Gray 
/L h o l b o e l l i i Hornem. 
Cardomine o l i g o s o e r m a N u t t . v a r . k a m t s c h a t i c a ( R e g e l ) D e t l . 
Draba cana Rydb. 

Rl D. l o n c h o c a r o a Rydb. v a r . thompsonii (C.L. H i t c h c . ) R o l l i n s 
R3 IL l o n o i p e s Raup 

IL n i v a l i s L i l j e b l . 
CAMPANULACEAE 

Campanula l a s i o c a r p a Cham. 
R4 Ĉ . u n i f l o r a L. 
CAPRIFOLIACEAE 

L i n n a e a b o r e a l i s L. 
Viburnum e d u l e Michx.) Raf. 
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CARYOPHYLLACEAE 
C e r a s t i u m a r v e n s e L. 
C i b e e r i n g i a n u m Cham. & S c h l e c h t . 
Melandrium apetalum (L.) F e n z l 
M i n u a r t i a r u b e l l a (Wahlenb.) H i e r n 
S a g i n a a a g i n o i d e s (L.) K a r s t . 
S i l e n e a c a u l i s (L.) J a c q . 
S t e l l a r i a c a l v c a n t h a (Ledeb.) DC. 
Sj. l o n o i p e s G o l d i e 

CORNACEAE 
Cornus c a n a d e n s i s L. 

CRASSULACEAE 
Sedum oreoanum N u t t . 

ELEAGNACEAE 
S h e p h e r d i a c a n a d e n s i s (L.) N u t t . 

EMPETRACEAE 
Emoetrum nigrum L. 

ERICACEAE 
A r c t o s t a o h v l o s a l o i n a (L.) Spreng. 
/L r u b r a (Rehder & W i l s o n ) F e r n . 
A. u v a - u r s i (L.) Spreng. 
C a s s i o o e m e r t e n s i a n a (Bong.) G. Don 
Ls. t e t r a g o n a (L.) D. Don 
Ka l m i a m i c r o p h v l l a (Hook.) H e l l e r 
P h v l l o d o c e e m o e t r i f o r m i s (Sm.) D. Don 
V a c c i n i u m membranaceum Dougl. ex Hook. 

ov a l i f o l i u r n Sm. i n Rees 
]L s c o o a r i u m L e i berg 
]L v i t i s - i d a e a L. 

FABACEAE 
R4 A s t r a g a l u s r o b b i n s i i (Oakes) Gray 

Lupinus a r c t i c u s Wats 
Rl O x v t r o p i s c a m p e s t r i s (L.) DC. v a r . j o r d a l i i ( P o r s . ) Walsh 
R4 0. n i g r e s c e n s ( P a l l . ) F i s c h . s s p . b r v o o h i l a (Greene) H u l t . 
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FUMARIACEAE 
C o r v d a l i s o a u c i f l o r a (Steph.) P e r s . 

GENTIANACEAE 
G e n t i a n a o l a u c a P a l l . 
G e n t i a n e l l a p r o p i n q u a ( R i c h a r d s . ) G i l l e t t 

GERAMIACEAE 
Geranium v i s c o s i s s i m u m F i s h e r & Meyer 

GROSSULARIACEAE 
Rib e s hudsonianum R i c h a r d s 
J L l a c u s t r e ( P e r s . ) P o i r . 

MENYANTHACEAE 
Menvanthes t r i f o l i a t a L. 

ONAGRACEAE 
E p i l o b i u m a l p i n u m L. v a r . alpinum 
E. a l o i n u m L. v a r . 1 a c t i r i o r u m (Hausskn.) H i t c h c 
£ t a n o u s t i f o l i u m L. 
£ i l a t i f o l i u m L. 

PAPAVERACEAE 
Rl Papaver macounii Greene 
PARNASSIACEAE 

P a r n a s s i a f i m b r i a t a Koenig 
JL. k o t z e b u e i Cham, i n s p r e n g . 
J \ o a l u s t r i s L. 

POLEMONIACEAE 
Polemonium caeruleum L. 

POLYGONACEAE 
B i s t o r t a v i v i o a r a (L.) Gray 
O x v r i a d i o v n a (L.) H i l l 
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Rumex a l p e s t r i s Michx. 

PORTULACACEAE 
C l a v t o n i a sarmentosa C A . Meyer 

PRIMULACEAE 
Androsace s e p t e n t r i o n a l i s L. 
T i r e n t a l i s eurooaea L. s s p . a r c t i c a ( F i s c h . ex Hook.) H u l t e n 

PYROLACEAE 
Moneses u n i f l o r a (L.) Gray 
O r t h i l i a secunda (L.) House 
P v r o l a a s a r i f o l i a Michx. 

RANUNCULACEAE 
Aeoniturn d e l o h i n i f o l i u m DC. 
A c t a e a r u b r a ( A i t . ) W i l l d 
Anemone m u l t i f i d a P o i r . i n Lam. 
/L p a r v i f l o r a Michx. 
A^ r i c h a r d s o n i i Hook. 
A o u i l e q i a formosa F i s c h . i n DC. 
C a l t h a l e o t o s e o a l a DC 
D e l p h i n i u m qlaucum Wats. 
Ranunculus e s c h o l t z i i S c h l e c h t . 
JL o c c i d e n t a l i s N u t t . i n T o r r . & Gray 

R3 JL. pygmaeus Wahlenb. 
T h a l i c t r u m a l p i n u m L. 
L. o c c i d e n t a l e Gray 

ROSACEAE 
Drvas i n t e o r i f o l i a Vahl 
F r a o a r i a v i r g i n i a n a Duchesne 
Luetkea p e c t i n a t a (Pursh) Kuntze 
P o t e n t i l l a d i v e r s i f o l i a Lehm. 
JL. f r u t i c o s a L. 

R3 J\ h v o a r c t i c a M a l t e 
JL. u n i f l o r a Ledeb. 
Rubus a c a u l i s Michx. 
JL. pedatus Sm. 
S a n q u i s o r b a s i t c h e n s i s C. A. Meyer 
S i b b a l d i a procumbens L. 
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RUBIACEAE 
Galium b o r e a l e L. 
(L. t r i f i d u m L. 

SALICACEAE 
Populus t r e m u l o i d e s Michx. 
S a l i x a l a x e n s i s (Andress.) Cov. 
^ a r c t i c a P a l l . 
^ b a r c l a v i A n d r e s s . 
Si b a r r a t i a n a Hook. 
Si commutata Bebb 
Si drummondiana B a r r a t t i n Hook. 

o l a u c a L. 
i i m v r t i H i f o l i a A n d r e s s . 
S i n i v a l i s L. 
Si p e d i c e l l a r i s Pursh 

Polaris Wahlenb. 
Si reticulata L. 
Si stolonifera Cov. 

SAXIFRAGACEAE 
L e p t a r r h e n a p v r o l i f o l i a (D. Don) DC. 
M i t e l l a nuda L. 
Mi p e n t a n d r a Hook. 
S a x i f r a o a adscendens L. 

c a e s o i t o s a L. 
Si c e r n u a L. 

R2 S i f l a o e l l a r i s S t e r n b . & W i l l d . i n S t e r n b . 
Si 1 v a l 1 i i E n g l . 
Sj. n i v a l i s L. 
Si o c c i d e n t a l i s Wats, 
i i p u n c t a t a L. 
S i t r i c u s p i d a t a R o t t b o l l 
T i a r e l l a u n i f o l i a t a Hook. 

SCROPHULARIACEAE 
R3 C a s t i l l e i a o c c i d e n t a l i s T o r r . 
R4 r a u p i i P e n n e l l 

L. u n a l a s c h e n s i s (Cham. & S c h l e c h t . ) M a l t e 
P e d i c u l a r i s l a b r a d o r i c a W i r s i n g 
L. s u d e t i c a W i l l d . 
Rhinanthus minor L. 
V e r o n i c a wormsk/ioldii Roemer & S c h u l t . 
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VALERIANACEAE 
V a l e r i a n a d i o i c a L. 

VIOLACEAE 
V i o l a adunca Sm. i n Rees 

CYPERACEAE 
Carex a l b o n i o r a Mack. 
L. a o u a t i l i s Wahlenb. 
C. atrosouama Mack. 
fti brunnescens ( P e r s . ) P o i r . 
C. d isperma Dewey 
L. o v n o c r a t e s Wormskj. 

R2 C. h e l e o n a s t e s L . f . 
C 1 a c h e n a l i i Schkuhr 
LL l e o t a l e a Wahlenb. 
C, m a c l o v i a n a D'Urv. 
C. macrochaeta C A . Meyer 
C. media R. Br. 
C m i c r o o t e r a Mack. 
L. n a r d i n a E. F r i e s 
C. n i g r i c a n s C A . Meyer 
C. p a u p e r c u l a Michx. 
C p h a e o c e o h a l a P i p e r 
C p h v s o c a r p a P r e s l 
C . p l u r i f l o r a H u l t . 
C. podocarpa R. Br. 
LL s c i r o o i d e a Michx. 
C s t e n o c h l a e n a (Holm) Mack. 

R4 C sjjpjna W i l l d . 
C . v a o i n a t a Tausch 
Erioohorum a n o u s t i f o l i u m Honck. 
L. vaginatum L. 
K o b r e s i a mvosuroides ( V i l l . ) F i o r i & P a o l e t t i 
S c i r p u s c e s o i t o s u s L. 

JUNCACEAE 
Juncus drummondii E. Meyer 
vh m e r t e n s i a n u s Bond. 
L u z u l a p a r v i f l o r a (Ehrh.) Desv. 
C. s o i c a t a (L.) DC. 
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LILIACEAE 
F r i t i l l a r i a c a m s c h a t c e n s i s (L.) Ker-Gawler 
S t r e p t o p u s a m p l e x i f o l i u s (L.) DC. 
Veratrum e s c h s c h o l t z i i Gray 

ORCHIDACEAE 
L i s t e r a c o r d a t a (L.) R.Br, i n A i t . 
P l a t a n t h e r a d i l a t a t a (Pursh) L i n d l . ex Beck 
Pi s a c c a t a (Greene) H u l t . 
S p i r a n t h e s r o m a n z o f f i a n a Cham. 

POACEAE 
A o r o s t i s a e a u i v a l v i s T r i n . 
As. s c a b r a W i l l d . 
Agroovron v i o l o a c e u m (Hornem.) Lange 
Bromus p u m p e l l i a n u s S c r i b n . 
JL. v u l g a r i s (Hook.) Shear 
C a l a m a o r o s t i s c a n a d e n s i s (Michx.) Beauv. 
Da n t h o n i a i n t e r m e d i a Vasey 
Elvmus g l a u c u s B u c k l . 
F e s t u c a a l t i a c a T r i n . 
L . b r a c h v o h v l l a S c h u l t . 
H i e r o c h l o e a l o i n a (Swartz) Roem. & S c h u l t . 
JL o d e r a t a (L.) Beauv. 
jPoa a r c t i c a R. Br. 
JL a l o i n a L. 
JL p r a t e n s i s L. 
T r i s e t u r n s p i c a t u m (L.) R i c h t e r 
Vahlodea a t r o o u r p u r e a (Wahlenb.) E. F r i e s ex Hartm. 
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Rare p l a n t s and t h e i r r a r i t y c l a s s i f i c a t i o n s found i n t h e Mount Klappan 
s t u d y a r e summarized below. A l l o f t h e s e s p e c i e s o c c u r i n l o c a t i o n s 
u n a f f e c t e d by p r o j e c t developments and t h e l o s s o f r a r e p o p u l a t i o n s w i l l 
not o c c u r . 

R4 A s t r a g a l u s r o b b i n s i i (Oakes) Gray 
R4 Campanula u n i f l o r a L. 
R2 Carex h e l e o n a s t e s L.F. 
R4 Carex s u p i n a W i l l d . 
R3 C a s t i l l e . i a o c c i d e n t a l i s T o r r . 
R4 Cj. r a u p i i P e n n e l l 
R l Draba l o n c h o c a r p a Rydb. v a r . thomo s o n i i (C.L. H i t c h c . ) R o l l i n s 
R3 Di l o n o i p e s Rapu 
Rl O x v t r o p i s c a m o e s t r i s (L.) DC. v a r . i o r d a l i i ( P o r s . ) Walsh 
R4 O x v t r o p i s n i o r e s c e n s ( P a l l . ) F i s c h . s s p . b r v o o h i l a (Greene) H u l t . 
Rl Papaver macounii Greene 
R3 P o t e n t i l l a h v p a r c t i c a M a l t e 
R3 Ranunculus pvomaeus Wahlenb. 
R2 S a x i f r a o a f l a o e l l a r i s S t e r n b . & W i l l d . i n S t e r n b . 

A s t r a g a l u s r o b b i n s i i i s g e n e r a l l y r e s t r i c t e d t o s o u t h e r n and western 
B r i t i s h Columbia. I t i s found i n t h e Mount Klappan a r e a on d r i e r s i t e s and 
t a l u s a t r e l a t i v e y low e l e v a t i o n . Campanula u n i f l o r a i s found a t h i g h 
e l e v a t i o n s i n t h e p r o j e c t a r e a . The normal range o f t h i s p l a n t i s 
c o n s i d e r a b l y f u r t h e r n o r t h . I t o c c u r s on most o f t h e a l p i n e r i d g e s i n the 
p r o j e c t a r e a , i n c l u d i n g L o s t Ridge where the mine w i l l be l o c a t e d . I t i s 
l i k e l y t h a t t h e i n c l u s i o n o f t h i s s p e c i e s i n t h e l i s t o f r a r e p l a n t s 
r e f l e c t s t h e l a c k o f e x t e n s i v e b o t a n i c a l i n v e s t i g a t i o n i n n o r t h e r n B r i t i s h 
Columbia. Carex h e l e o n a s t e s and Carex s u p i n a a re c i r c u m b o r e a l s p e c i e s which 
r e a c h t h e s o u t h e r n l i m i t o f t h e i r range i n n o r t h e r n B r i t i s h Colmbia. 
C a s t i l l e . i a o c c i d e n t a l i s i s g e n e r a l l y d i s t r i b u t e d i n t h e e a s t e r n p a r t o f the 
p r o v i n c e , i n t h e Rocky Mountains, w h i l e (L. r a u p i i i s g e n e r a l l y a more 
n o r t h e r n s p e c i e s . Both o f t h e s e s p e c i e s o c c u r i n h i g h s u b a l p i n e meadows i n 
the Mount Klappan a r e a . Draba l o n c h o c a r p a o c c u r s r a r e l y t h r o u g h o u t the 
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p r o v i n c e w h i l e IL l o n o i o e s i s g e n e r a l l y a more n o r t h e r n s p e c i e s . O x v t r o p i s  
c a m o e s t r i s i s a n o r t h e r n s p e c i e s which e n t e r s B r i t i s h Columbia i n the 
n o r t h w e s t e r n p a r t o f the p r o v i n c e . O x v t r o p i s n i o r e s c e n s o c c u r s s p o r a d i c a l l y 
t h r o u g h o u t t h e n o r t h e r n p a r t o f t h e p r o v i n c e . Paoaver macounii i s 
w i d e s p r e a d i n A l a s k a and o n l y r a r e l y comes i n t o t h e p r o v i n c e . I t i s found 
on t h e h i g h peaks o f t h e s t u d y a r e a w i t h some r e g u l a r i t y . P o t e n t i a l ! a  
h v o a r c t i c a i s a p l a n t o f n o r t h e r n d i s t r i b u t i o n , which i s found i n s c a t t e r e d 
l o c a t i o n s t h r o u g h o u t B r i t i s h Columbia. In t h e p r o j e c t a r e a i t i s found on 
d r i e r a l p i n e r i d g e s and s c r e e s . The s m a l l Ranunculus ovomaeus i s found 
s c a t t e r e d t h r o u g h o u t n o r t h e r n North America. S a x i f r a o a f l a o e l l a r i s o c c u r s 
a t h i g h e l e v a t i o n s on open r o c k y r i d g e s i n t h e p r o j e c t a r e a . I t o c c u r s i n 
n o r t h e r n B r i t i s h Columbia as p a r t o f t h e s o u t h e r n l i m i t s o f i t s circumbo-
r e a l d i s t r i b u t i o n . The l o c a t i o n s o f t h e s e s p e c i e s i n t h e p r o j e c t a r e a are 
g i v e n i n T a b l e 4-3. 

A l l o f t h e r a r e s p e c i e s found i n t h e Mount Klappan p r o j e c t a r e a , w i t h t h e 
e x c e p t i o n o f A s t r a g a l u s r o b b i n s i i . C a s t i l l e . i a o c c i d e n t a l i s . C a s t i l l e . i a  
r a u p i i and Carex e l e o n a s t e s a l s o o c c u r i n t h e G l a d y s Lake E c o l o g i c a l 
Reserve ( P o j a r 1986). Carex s u p i n a was found i n a s t u d y o f t h e v e g e t a t i o n 
o f t h e S t i k i n e and I s k u t d r a i n a g e s conducted f o r B.C. Hydro (Techman, 
1980). I t i s l i k e l y t h a t w i t h f u r t h e r b o t a n i c a l e x a m i n a t i o n o f t h e n o r t h e r n 
p a r t o f t h e p r o v i n c e , many o f t h e s p e c i e s l i s t e d as r a r e now would be 
e x c l u d e d from a r a r e s p e c i e s l i s t . 

The impact o f t h e m i n i n g o p e r a t i o n s on t h e r a r e s p e c i e s i d e n t i f i e d as 
o c c u r r i n g i n t h e a r e a w i l l be l i m i t e d t o t h e l o s s o f a few i n d i v i d u a l s . 
T here w i l l not be t h e l o s s o f a p o p u l a t i o n . There a r e o t h e r l o c a t i o n s where 
t h e s e s p e c i e s o c c u r , u n a f f e c t e d by the m i n i n g development. 

2.3 AIR EMISSION EFFECTS ON VEGETATION 

D e t a i l e d a n a l y s i s o f a i r e m i s s i o n s a s s o c i a t e d w i t h o p e r a t i o n o f a r e f u s e 
a n t h r a c i t e - f i r e d power p l a n t a t Mount Klappan i s p r e s e n t e d i n P a r t Two o f 
t h i s volume on A t m o s p h e r i c Environment. That s e c t i o n a l s o p r o v i d e s the 
r e s u l t s o f a i r e m i s s i o n d i s p e r s i o n m o d e l l i n g s t u d i e s used t o e s t i m a t e 
c o n c e n t r a t i o n s o f p o l l u t a n t s i n t h e a r e a s u r r o u n d i n g t h e power p l a n t . 
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TABLE 4-3 
LOCATIONS OF RARE PLANTS IN THE MOUNT KLAPPAN AREA 

S p e c i e s 

A s t r a g a l u s r o b b i n s i i 

Campanula u n i f l o r a 

Carex h e l e o n a s t e s  
Carex s u p i n a  
C a s t i l l e . i a o c c i d e n t a l i s  
C a s t i l l e . i a r a u p i i  
Draba l o n c h o c a r p a 

Draba l o n g i p e s  
O x v t r o p i s c a m p e s t r i s  
O x v t r o p i s n i o r e s c e n s  
Papaver macounii  
P o t e n t i l l a h v o a r c t i c a  
Ranunculus pygmaeus  
S a x i f r a g a f l a g e l l a r i s 

L o c a t i o n s ( s ) 

- 57 deg. 15 min. N 128 deg. 45 min. W 
- 57 deg. 13 min. N 128 deg. 51 min. W 
- 57 deg. 19 min. N 128 deg. 57 min. W 
- L o s t Fox Mine A r e a 
(57 deg. 14 min. N 128 deg. 54 min. W) 

- 57 deg. 07 min. N 128 deg. 38 min. W 
- L o s t Fox Mine A r e a 
- 57 deg. 19 min. N 128 deg. 57 min. W 
- L o s t Fox Mine A r e a 
- L o s t Fox Mine A r e a 
- Knooph H i l l 

(57 deg. 14 min. N 128 deg. 50 min. W) 
- L o s t Fox Mine A r e a 
- L o s t Fox Mine A r e a 
- Knooph H i l l 
- Knooph H i l l 
- L o s t Fox Mine A r e a 
- L o s t Fox Mine A r e a 
- Knooph H i l l 
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As no t e d i n t h e Stage I r e v i e w comments, one o f t h e q u e s t i o n s r e g a r d i n g a 
power p l a n t a t t h e s i t e i s t h e p o t e n t i a l f o r l o s s o f l i c h e n i n t h e a r e a 
s i n c e t h e s e p l a n t t y p e s a r e known t o be q u i t e s e n s i t i v e t o a i r p o l l u t i o n . 
I t has a l s o been suggested t h a t l i c h e n may form an i m p o r t a n t p a r t o f the 
w i n t e r range d i e t f o r c a r i b o u . Based on t h e d i s p e r s i o n m o d e l l i n g work 
d e s c r i b e d i n P a r t Two o f t h i s volume, i t i s p r e d i c t e d t h a t ambient a i r 
q u a l i t y c o n d i t i o n s w i l l be such t h a t t h e impact t o t h e l i c h e n v e g e t a t i o n 
from power p l a n t a i r e m i s s i o n s w i l l be n e g l i g i b l e . 

The p r i m a r y a i r e m i s s i o n c o n s t i t u e n t s o f co n c e r n w i t h r e s p e c t t o l i c h e n and 
o t h e r p l a n t s a r e n i t r o g e n o x i d e s and s u l p h u r d i o x i d e . Each i s d i s c u s s e d i n 
th e f o l l o w i n g s u b s e c t i o n s . 

2.3.1 E f f e c t s o f S u l p h u r E m i s s i o n s on V a s c u l a r P l a n t s 

S u l p h u r i s an e s s e n t i a l p l a n t n u t r i e n t which i s r e q u i r e d i n s u b s t a n t i a l 
amount f o r a v a r i e t y o f p l a n t s t r u c t u r e s and f u n c t i o n s (Loman e t a l , 1972). 
C o n s e q u e n t l y , a t v e r y low c o n c e n t r a t i o n s , f u m i g a t i o n s w i t h i n d u s t r i a l 
s u l p h u r d i o x i d e may have n e u t r a l o r even b e n e f i c i a l e f f e c t s on p l a n t s , 
e s p e c i a l l y t h o s e growing i n s u l p h u r d e f i c i e n t s o i l s . However, i f s u l p h u r 
d i o x i d e i s ta k e n up r a p i d l y a t r a t e s i n ex c e s s o f t h e p l a n t s r e q u i r e m e n t s , 
i t may cause i n j u r y t o a v a r i e t y o f m e t a b o l i c and s t r u c t u r a l components o f 
the c e l l ( D a i n e s 1968, Treshow 1970, M a l h o t r a 1976 and 1977). The degree 
o f i n j u r y depends upon t h e c o n c e n t r a t i o n and l e n g t h o f exposure o f the 
p l a n t t o s u l p h u r d i o x i d e , c l i m a t i c c o n d i t i o n s and t h e s e n s i t i v i t i e s o f 
exposed s p e c i e s . L e v e l s a f f e c t i n g s p e c i e s groups a r e shown i n T a b l e 4-4. 

V a s c u l a r p l a n t s a r e g e n e r a l l y l e s s s e n s i t i v e than l i c h e n s and mosses t o 
s u l p h u r d i o x i d e f u m i g a t i o n s . N a t i v e t r e e s p e c i e s a r e i n j u r e d by minimum 
average one hour c o n c e n t r a t i o n s r a n g i n g from a p p r o x i m a t e l y 0.41 ppm f o r 
l a r c h t o 0.87 ppm f o r w h i t e s p r u c e ( D r e i s i n g e r and McGovern, 1971). 

Minimum c o n c e n t r a t i o n s r a n g i n g from 0.13 ppm ( t r e m b l i n g aspen) t o 0.50 ppm 
(white s p r u c e ) a r e r e p o r t e d t o cause i n j u r y a f t e r e i g h t hours o f exposure. 
L i n z o n (1972) r a t e s t h e s e n s i t i v i t y o f o t h e r common s p e c i e s as i n t e r m e d i a t e 
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T a b l e 4-4 

THRESHOLD CONCENTRATIONS OF SULPHUR DIOXIDE (ppm) 
CAUSING INJURY TO VASCULAR PLANTS 
(DREISINGER AND MCGOVERN 1970) 

1 Hour 8 Hour 

TREES 
T r e m b l i n g Aspen .42 .13 
J a c k P i n e .52 .20 
White B i r c h .46 .21 
L a r c h .41 .26 
Balsam P o p l a r .82 .26 
White Spruce .87 .50 

SHRUBS AND HERBS 
Bracken Fern .45 .21 
W i l l o w .41 .30 
A l d e r .46 .21 
Timothy .66 .21 
B a r l e y .63 .12 
Red C l o v e r .70 .14 
Raspberry .74 .39 

Note: P r e d i c t e d maximum one-hour c o n c e n t r a t i o n r e s u l t i n g from Mount 
Klappan power p l a n t e m i s s i o n s i s 0.03 ppm. 
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f o r balsam f i r and Engelmann s p r u c e ; and t o l e r a n t f o r l o d g e p o l e p i n e ( s i m i 
l a r t o w h i t e s p r u c e ) . 

Few d a t a a r e a v a i l a b l e on c o n c e n t r a t i o n s and d u r a t i o n s o f exposure which 
w i l l i n j u r e n a t i v e shrubs and h e r b s . However, c o n c e n t r a t i o n s which w i l l 
cause i n j u r y t o a v a r i e t y o f a g r i c u l t u r a l and f o r e s t s p e c i e s range from 0.6 
t o 1.3 ppm when exposed f o r one hour and from 0.15 t o 0.40 ppm when exposed 
f o r e i g h t hours ( D r e i s i n g e r and McGovern, 1970). D r e i s i n g e r (1967) 
c o n c l u d e s t h a t s u l p h u r d i o x i d e c o n c e n t r a t i o n s o f 0.95, 0.55, 0.35 and 0.25 
ppm f o r one, two, f o u r and e i g h t hour d u r a t i o n r e s p e c t i v e l y may cause a c u t e 
i n j u r y t o a v a r i e t y o f v a s c u l a r p l a n t s . T a b l e 4-4 p r o v i d e s e s t i m a t e s o f 
i n j u r i o u s c o n c e n t r a t i o n s f o r a v a r i e t y o f v a s c u l a r p l a n t s . 

The l o n g - t e r m e f f e c t s o f low l e v e l s o f s u l p h u r d i o x i d e e m i s s i o n s on e a s t e r n 
w h i t e p i n e were not e d by L i n z o n (1971) i n t h e Sudbury a r e a . He found t r e e 
death and r e d u c t i o n s i n r a d i a l growth o v e r a 10-year p e r i o d where th e mean 
annual c o n c e n t r a t i o n o f s u l p h u r d i o x i d e was 0.017 ppm. N e g a t i v e e f f e c t s 
were s l i g h t f u r t h e r from t h e e m i s s i o n s o u r c e where mean annual 
c o n c e n t r a t i o n s o f s u l p h u r d i o x i d e averaged 0.008 ppm. 

Near W h i t e c o u r t , A l b e r t a , p r e l i m i n a r y s t u d i e s by Hocking (1975) found no 
e f f e c t s on t r e e growth from gas p l a n t s u l p h u r d i o x i d e e m i s s i o n s . However, 
Winner and Bewley (1978) i n d i c a t e d t h a t e m i s s i o n s o f 71 tonnes p e r day o f 
s u l p h u r d i o x i d e from two p l a n t s near Fox Creek A l b e r t a have red u c e d f o r e s t 
undergrowth v e g e t a t i o n w i t h i n t h r e e k i l o m e t r e s o r more o f t h e s o u r c e . For 
comparison, t h e Mount Klappan power p l a n t i s e x p e c t e d t o produce 0.6 tonnes 
per day o f s u l p h u r d i o x i d e . 

The e f f e c t s o f s u l p h u r d i o x i d e e m i s s i o n s from two l a r g e gas p r o c e s s i n g 
p l a n t s (Ram R i v e r and S t r a c h a n ) i n the f o o t h i l l s west o f Rocky Mountain 
House, A l b e r t a which t o g e t h e r emit a p p r o x i m a t e l y 140 tonnes p e r day o f 
s u l p h u r d i o x i d e , were s t u d i e d by A d d i s o n e t a l (1984) f o r a 10 y e a r p e r i o d 
and c o n c l u d e d t h a t gaseous e m i s s i o n s have had l i t t l e o r no measureable 
e f f e c t s on t r e e s i n t h e a r e a . A more r e c e n t s t u d y o f t h e S t r a c h a n p l a n t 
( I n t e r a E n v i r o n m e n t a l C o n s u l t a n t s L t d . , 1983) c o n f i r m e d t h a t t h e r e was no 
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o b s e r v a b l e e f f e c t on t r e e s due t o gaseous e m i s s i o n s . 

In t h e v i c i n i t y o f t h e two o i l sands p r o c e s s i n g p l a n t s n o r t h o f F o r t 
McMurray, A l b e r t a which t o g e t h e r emit a p p r o x i m a t e l y 485 tonnes per day o f 
s u l p h u r d i o x i d e , A d d i s o n (1982) r e p o r t e d t h a t l o n g - t e r m measurements r e p r e 
s e n t i n g a 14 y e a r p e r i o d o f v a s c u l a r p l a n t '-ommunity change, s o i l n u t r i e n t 
change, and t r e e growth c o u l d not be r e l a t e d t o p o l l u t i o n d e p o s i t i o n . Some 
p l a n t r e s p o n s e s such as g e r m i n a t i o n o f j a c k p i n e appeared t o be i n f l u e n c e d , 
but t h e magnitude o f r e s p o n s e was not g r e a t enough t o be s i g n i f i c a n t . 

2.3.2 E f f e c t s o f S u l p h u r E m i s s i o n s on L i c h e n s 

The a i r d i s p e r s i o n m o d e l l i n g f o r t h e Mount Klappan power p l a n t e m i s s i o n s 
has i n d i c a t e d t h a t maximum 1-hour ground l e v e l c o n c e n t r a t i o n s o f SOg w i l l 
be about 0.03 ppm and t h a t t h e a r e a a f f e c t e d by maximum annual average 
c o n c e n t r a t i o n s w i l l e x p e r i e n c e l e v e l s o f about 0.003 ppm. These v a l u e s are 
used t o e v a l u a t e t h e s u b s t a n t i a l volume o f l i t e r a t u r e which e x i s t s on the 
s u s c e p t i b i l i t y o f l i c h e n t o a i r p o l l u t i o n , s p e c i f i c a l l y t o SOg. 

L i c h e n s have been r e c o g n i z e d as i n d i c a t o r s o f a i r p o l l u t i o n i n t h e p a s t , 
but have o n l y become i m p o r t a n t i n b i o l o g i c a l m o n i t o r i n g d u r i n g t h e p a s t 
twenty y e a r s when t h e i r r o l e i n p r o g r e s s i v e l y more s o p h i s t i c a t e d e n v i r o n 
mental p r o t e c t i o n and management has been r e a l i s e d . Reviews o f t h e h i s t o r y 
o f l i c h e n s t u d i e s i n a i r p o l l u t i o n m o n i t o r i n g a r e c o n t a i n e d i n L e B l a n c and 
Rao (1950) F e r r y e t a l (1973) and Anderson and Treshow (1984). These t e x t s 
g i v e e x t e n s i v e documentation o f t h e n e g a t i v e e f f e c t s o f SOg on l i c h e n s . The 
n a t u r e o f impacts v a r y from ( i ) p r o g r e s s i v e and complete e l i m i n a t i o n o f 
l i c h e n s p e c i e s i n an a f f e c t e d a r e a ; ( i i ) reduced o v e r a l l d i s t r i b u t i o n o f 
l i c h e n s ; ( i i i ) r e duced r e p r o d u c t i v e c a p a b i l i t y ; ( i v ) m o r p h o l o g i c a l ( a n a t o 
m i c a l ) o r m e t a b o l i c damage. 

A l t h o u g h d i f f e r e n t l i c h e n s p e c i e s may have d i f f e r e n t s u s c e p t i b i l i t i e s t o 
SOg damage, SO2 i s g e n e r a l l y c o n s i d e r e d t o be t h e g r e a t e s t p o l l u t a n t t h r e a t 
t o l i c h e n s and i t has been the f o c u s o f s t u d i e s e v e r s i n c e t h e i n i t i a l work 
by Skye (1958), L e B l a n c and Rao (1966) and Schonbeck (1969). 
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As a group, l i c h e n s a r e more s u s c e p t i b l e t o s u l p h u r d i o x i d e i n j u r y than 
v a s c u l a r p l a n t s and t h e y g e n e r a l l y d i s a p p e a r from h i g h l y p o l l u t e d a r e a s . 
T h i s i s p a r t l y e x p l a i n e d by t h e f a c t t h a t l i c h e n s have no waxy c u t i c l e o r 
o u t e r l a y e r t o p r o t e c t them from e n v i r o n m e n t a l h a z a r d s o r re d u c e water 
l o s s , nor have t h e y any openings t h r o u g h which gases pass (Anderson and 
Treshow 1984). T h e i r e n t i r e s u r f a c e i s exposed t o d i f f u s i o n o f c h e m i c a l s 
i n t h e a i r o r i n t h e s u b s t r a t e . Such c h e m i c a l s may then accumulate i n the 
t i s s u e s , and any t o which t h e t i s s u e s a r e not adapted can prove harmful 
when c o n c e n t r a t i o n s r e a c h e x c e s s i v e l e v e l s . As w e l l , l i c h e n s have no 
de c i d u o u s p a r t s o r r o o t systems t h r o u g h which t o x i c s u b s t a n c e s can be shed 
o r removed. 

The l i t e r a t u r e i s not c l e a r on whether l i c h e n s a r e a f f e c t e d by c o n t i n u o u s 
ambient low l e v e l s o f SO2 i n t h e atmosphere o r i f t h e y a r e a f f e c t e d by t h e 
r e l a t i v e l y h i g h c o n c e n t r a t i o n s t h a t o c c u r i n p o l l u t e d a r e a s from time t o 
t i m e . (Anderson and Treshow 1984). Which e v e r i s t h e c a s e , l i c h e n s seem t o 
d i s a p p e a r from " p o l l u t e d " a r e a s . 

Those r e g i o n s w i t h h i g h h u m i d i t y and r a i n f a l l , which a f f o r d l u x u r i a n t 
l i c h e n growth a r e a l s o t h o s e which a r e most l i k e l y t o show e v i d e n c e o f SO^ 
e f f e c t s . (Hawksworth 1973; Sundstrom and H a l l g r e n 1973). The l o c a t i o n o f 
the l i c h e n s i n a m i c r o h a b i t a t sense i s a l s o i m p o r t a n t . L i c h e n s growing on 
t r e e s o r branches ( H a r r i s 1972; Le B l a n c e t a l 1972) may be more s u s c e p t i b l e 
than l i c h e n s growing on o t h e r s u b s t r a t e s o r on t h e ground. T h i s may be 
caused by s e v e r a l f a c t o r s such as t h e i r exposure t o t h e wind, t h e i n h e r e n t 
pH o f t h e bark which may have a lower b u f f e r i n g c a p a c i t y than o t h e r media. 
The t i m i n g o f t h e SO2 c o n c e n t r a t i o n i n r e l a t i o n t o t h e m e t a b o l i c and 
r e p r o d u c t i v e a c t i v i t y o f t h e l i c h e n may a l s o be s i g n i f i c a n t . ( G i l b e r t 1965, 
1970; R o b i t a l i l l e e t a l 1977; Laundon 1967; Brodo 1966). 

In s e l e c t i n g s p e c i e s f o r a s s e s s i n g the e f f e c t s o f SOg, f o u r u s e f u l e c o l o g i 
c a l d e s c r i p t i o n s t h e r e f o r e f r e q u e n t l y o c c u r i n t h e l i t e r a t u r e . These are 
as f o l l o w s : 
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" t e r r i c o l o u s " - growing on s o i l 
" s a x i c o l o u s " - growing on bare r o c k 
" c o r t i c o l o u s " - growing on t h e bark o f t r e e s 
" e p i p h y t i c " - growing on p l a n t s 

In l i t e r a t u r e d e s c r i b i n g t h e f o o d h a b i t a t s c f c a r i b o u , l i c h e n s a r e f r e q u e n 
t l y g i v e n o n l y two e c o l o g i c a l d e s c r i p t i o n s : a r b o r e a l o r t e r r e s t r i a l . In 
t h i s r e p o r t , " t e r r e s t r i a l " i s used as an e q u i v a l e n t t o " t e r r i c o l o u s " o r 
" s a x i c o l o u s " ; " a r b o r e a l " i s e q u i v a l e n t t o " c o r t i c o l o u s " o r " e p i p h y t i c " . I t 
i s c l e a r l y i m p o r t a n t t o a s s e s s such e c o l o g i c a l f a c t o r s i n d e t e r m i n i n g the 
r e l e v a n c e o f l i c h e n s as b i o - i n d i c a t o r s o f p o l l u t i o n , and may r e v e a l t h a t 
l i c h e n s a r e not t h e b e s t index (Nash 1976). 

L i n z o n (1978) d e s c r i b e s t h e growth forms o f l i c h e n s ( f r u t i c o s e p e n d u l o u s o r 
s t a l k e d ; f o l i o s e - l e a f - l i k e ; and c r u s t o s e - a d h e r i n g c l o s e l y t o the 
s u b s t r a t e ) and s u g g e s t s t h a t s e n s i t i v i t y t o SOg d e c l i n e s as t h e c r u s t o s e 
form i s approached, w h i l e c o r t i c o l o u s ( i n c l u d i n g p r i m a r i l y f r u t i c o s e and 
f o l i o s e s p e c i e s ) a r e more s e n s i t i v e t o SOg than t e r r i c o l o u s o r s a x i c o l o u s 
s p e c i e s . 

2.3.2.1. C r i t i c a l SO2 C o n c e n t r a t i o n s 

Hawksworth and Rose (1970) i n d i c a t e d t h a t a l l e p i p h y t i c l i c h e n s were absent 
a t mean annual SOg l e v e l s o f .068 ppm. When l e v e l s exceeded ,024ppm l i c h e n s 
were s e v e r e l y d e p l e t e d , and e f f e c t s i n terms o f abundance and v i g o u r were 
measurable a t c o n c e n t r a t i o n s as low as .012ppm. 

L i c h e n s s u f f e r i n c r e a s i n g i n j u r y as l o n g - t e r m average c o n c e n t r a t i o n s r i s e 
above 0.01 ppm and almost never grow where l o n g - t e r m average v a l u e s exceed 
0.21 ppm (Case, 1973). Le B l a n c and Rao (1973) c o n c l u d e d t h a t l o n g - t e r m 
average s u l p h u r d i o x i d e c o n c e n t r a t i o n s d u r i n g t h e growing season o f g r e a t e r 
than 0.03 ppm cause a c u t e i n j u r y t o l i c h e n s i n t h e Sudbury, O n t a r i o a r e a 
and f u r t h e r ( L e B l a n c and Rao, 1975) c o n c l u d e d t h a t mean annual c o n c e n t r a 
t i o n s o f s u l p h u r d i o x i d e as low as 0.01 ppm may i n j u r e s e n s i t i v e s p e c i e s 
o f such g e n e r a as Usnea, L o b a r i a . Ramalina and C l a d o n i a . Mosses may be 
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e q u a l l y s e n s i t i v e ( G i l b e r t , 1968; Loman e t a l 1972) a l t h o u g h fewer d a t a are 
a v a i l a b l e . T a b l e 4-5 summarizes th e SOg l e v e l s o b s e r v e d t o e f f e c t l i c h e n s . 

Because d a t a a r e p r e s e n t e d i n T a b l e 4-5 i n terms o f l o n g - t e r m a v e r a g e s , i t 
i s d i f f i c u l t t o a c c e s s t h e i n f l u e n c e o r impact o f s h o r t - t e r m h i g h 
c o n c e n t r a t i o n s o r f u m i g a t i o n s . Thus, t h e r e remains t h e q u e s t i o n o f whether 
o r not t h e l i c h e n s are r e s p o n d i n g t o l o n g - t e r m low l e v e l s o f s u l p h u r 
d i o x i d e o r t o r e l a t i v e l y i n f r e q u e n t h i g h c o n c e n t r a t i o n s which o c c u r d u r i n g 
f u m i g a t i o n s caused by a i r s t a g n a t i o n o r o t h e r a t m o s p h e r i c e f f e c t s . 

The r e s u l t s o f l a b o r a t o r y s t u d i e s u s i n g c o n t r o l l e d atmospheres c o n t a i n i n g 
known amounts o f s u l p h u r d i o x i d e have l e a d Nash (1973) t o s u g g e s t t h a t 
l i c h e n s appear t o be no more s e n s i t i v e t o d i r e c t s u l p h u r d i o x i d e 
f u m i g a t i o n s than h i g h e r p l a n t s . He found t h a t i n j u r y o c c u r s a f t e r a 12 
hour f u m i g a t i o n o f 0.5 ppm on average f o r 8 s p e c i e s t e s t e d . 

Most s t u d i e s o f l i c h e n s r e p o r t e d above have l a r g e l y been c o n d u c t e d i n zones 
more temperate than n o r t h w e s t e r n B r i t i s h Columbia. Indeed r e l a t i v e l y few 
s t u d i e s o f t h e e f f e c t s o f SO2 o r o t h e r p o l l u t a n t s on l i c h e n s have been 
cond u c t e d i n n o r t h e r n Canada o r e c o l o g i c a l l y - s i m i l a r r e g i o n s o f Europe o r 
the U.S.S.R. T h i s s e c t i o n w i l l p r o v i d e an o v e r v i e w o f s t u d i e s i n Canada 
undertaken i n t h e environments t h a t p r o v i d e c l i m a t i c a l l y and b o t a n i c a l l y 
comparable s i t u a t i o n s t o t h e S p a t s i z i a r e a . 

Most o f t h e Canadian s t u d i e s i n t h e b o r e a l f o r e s t o f s u b - a r t i c r e g i o n s have 
examined th e e f f e c t s o f SO2 on c o r t i c o l o u s ( e p i p h y t i c ) l i c h e n s . However, 
Tom a s s i n i e t a l . (1976) suggest t h a t s a x i o l o u s s p e c i e s ( e . g . , S t e r e o c a u l o n  
p a s c h a l e , U m b i l i c a r i a spp.) accumulate l a r g e r q u a n t i t i e s o f s u l p h u r than 
t e r r i c o l o u s s p e c i e s . They s t a t e t h a t t h e P e l t i g e r a c e a e show h i g h e r concen
t r a t i o n s o f elements, and may be b e t t e r a t a b s o r b i n g s u b s t r a t e elements. 
In p a r t i c u l a r ; s p e c i e s ( e . g . , C l a d i n a spp.) which show above average 
l e v e l s o f elements ( i n c l u d i n g s u l p h u r ) s h o u l d be more s e n s i t i v e m o n i t o r s o f 
change. 

In t h e v i c i n i t y o f t h e Ram R i v e r and S t r a c h a n gas p l a n t s where d a i l y 
s u l p h u r d i o x i d e e m i s s i o n s average about 140 tonnes, A d d i s o n e t a l (1984) 
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T a b l e 4-5 

NEAN ANNUAL CONCENTRATIONS OF SULPHUR DIOXIDE (ppm) 
CAUSING INJURY TO LICHENS 

I n j u r y L e B l a n c (1969) G i l b e r t (1970) Hawksworth & Rose 
(1970) 

None 0.01 0.015 0.01 
C h r o n i c (3-12 
s p e c i e s p r e s e n t ) 0.01 - 0.03 0.017 - 0.022 0.01 - 0.02 
A c u t e ( o n l y 2 
s p e c i e s p r e s e n t ) 0.03 0.047 0.02 - 0.06 
No L i c h e n s 0.03 0.65 0.06 

Note: P r e d i c t e d maximum mean annual c o n c e n t r a t i o n a t Mount Klappan i s 
0.003 ppm. 
B r i t i s h Columbia P o l l u t i o n C o n t r o l O b j e c t i v e f o r mean annual concen
t r a t i o n i s 0.01 ppm. 
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and Marsh (1982, 1984) found t h a t the d a t a c o v e r i n g a 10 y e a r p e r i o d o f 
o p e r a t i o n on l i c h e n community r e s p o n s e s t o s u l p h u r d i o x i d e was too 
i n c o n c l u s i v e t o make any d e f i n i t i v e s t a t e m e n t . F o r example, a r b o r e a l 
l i c h e n s p e c i e s B r v o r i a and C e t r a r i a d i d not show any d i f f e r e n c e s between 
s i t e s w i t h h i g h e r d e p o s i t i o n r a t e s o f s u l p h u r and t h o s e w i t h lower 
d e p o s i t i o n r a t e s . T h i s was unexpected, s i n c e B r v o r i a has been demonstrated 
t o be a s e n s i t i v e s p e c i e s (Skorepa and V i t t , 1976) and has been r e p o r t e d t o 
be more s e n s i t i v e t o s u l p h u r d i o x i d e than e i t h e r Hvpogvmnia o r C e t r a r i a 
(Hawksworth, 1973). 

In c o n t r a s t , a t h i g h e r l e v e l s o f s u l p h u r e m i s s i o n s (485 tonnes per day) 
near t h e o i l sand p l a n t s n o r t h o f F o r t McMurray o v e r a 14 y e a r p e r i o d , 
d e c l i n e s i n l i c h e n and moss communities have been r e p o r t e d by s e v e r a l 
a u t h o r s (Loman, 1978; A d d i s o n and P u c k e t t , 1980; Krouse and Case, 1981; and 
Case, 1982). The l e a s t l u x u r i e n t l i c h e n c o n d i t i o n was r e l a t e d t o a r e a s o f 
h i g h s u l p h u r d e p o s i t i o n , and e l e v a t e d l e v e l s o f s u l p h u r and o t h e r heavy 
m e t a l s i n t h e t i s s u e (Dabbs, 1985). A d d i s o n (1982) s t a t e d t h a t demonstra
t i o n o f p l a n t r e s p o n s e t o d e p o s i t e d p o l l u t a n t s was d i f f i c u l t . W hile he 
found t h a t some p l a n t r e s p o n s e s such as l i c h e n h e a l t h and v i g o r , p o l l u t a n t 
c o n t e n t i n t i s s u e s , and l i c h e n community c o m p o s i t i o n appeared t o be 
i n f l u e n c e d , t h e magnitude was v e r y s m a l l . 

2.3.2.2 P r e d i c t e d C o n c e n t r a t i o n s a t Mount Klappan 

A plume d i s p e r s i o n m o d e l l i n g s t u d y has been undertaken by G u l f i n o r d e r t o 
p r e d i c t t h e a r e a t h a t might be a f f e c t e d by e m i s s i o n s from t h e power p l a n t 
a t Mount K l a p p a n . (See P a r t Two - A t m o s p h e r i c E n v i r o n m e n t ) . The model 
used i s t h e "SSAQ-Turbulence Method." T h i s p r e d i c t s t h a t average annual 
ground l e v e l c o n c e n t r a t i o n s o f SO2 w i l l be g r e a t e s t w est-northwest o f 
t h e power p l a n t . Lower c o n c e n t r a t i o n s w i l l o c c u r t o t h e s o u t h e a s t , s o u t h 
west and n o r t h e a s t . 

T o t a l s u l p h u r d i o x i d e e m i s s i o n s from t h e power p l a n t a r e a n t i c i p a t e d t o be 
about 0.6 tonnes p e r day. Maximum ground l e v e l c o n c e n t r a t i o n s under worst 
c a s e c o n d i t i o n s a r e p r e d i c t e d t o be 0.03 ppm f o r 1 hour. The h i g h e s t 
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average annual c o n c e n t r a t i o n i s p r e d i c t e d t o be 0.003 ppm. Each o f t h e s e 
c o n c e n t r a t i o n s i s w e l l below t h e B r i t i s h Columbia L e v e l A Ambient A i r 
C o n t r o l O b j e c t i v e s o f 0.17 ppm (1 hour) and 0.01 ppm ( a n n u a l ) . D e t a i l s o f 
annual c o n c e n t r a t i o n s a r e shown i n T a b l e 4.6 i n o r d e r o f g r e a t e s t 
c o n c e n t r a t i o n . The a r e a o f h i g h e s t annual c o n c e n t r a t i o n a t 0.003 p a r t s per 
m i l l i o n i s about 3 km northwest o f t h e p l a n t i n s t e e p r o c k y t e r r a i n . 

In t h e t h r e e a r e a s o f lower c o n c e n t r a t i o n , o n l y one i n c o r p o r a t e s a small 
p o r t i o n o f t h e S p a t s i z i W i l d e r n e s s Park, and i s the lo w e s t a r e a o f concen
t r a t i o n c a l c u l a t e d . The 0.0004 ppm zone f o r average annual ground l e v e l S 0 2 

c o n c e n t r a t i o n extends a p p r o x i m a t e l y 3.0 km i n t o t h e Park, and i n c l u d e s an 
2 

a r e a o f a p p r o x i m a t e l y f i v e km w i t h i n i t s b o u n d a r i e s , between B u t l e r Creek 
i n t h e west and t h e S p a t s i z i R i v e r i n t h e e a s t . A l l a v a i l a b l e i n f o r m a t i o n 
i n d i c a t e s t h a t no e f f e c t on l i c h e n would be e x p e c t e d i n t h i s o r any a r e a o f 
the Park. 
The v e g e t a t i o n t y p e s t h a t o c c u r w i t h i n t h e plume a r e a s a r e p r e d o m i n a n t l y 
s p r u c e and f i r f o r e s t s w i t h a r b o r e a l l i c h e n s and a moss dominated 
u n d e r s t o r y . A t h i g h e r e l e v a t i o n s , a l p i n e t u n d r a v e g e t a t i o n i s g r a d u a l l y 
r e p l a c e d by r o c k o u t c r o p s . C h a r a c t e r i s t i c s p e c i e s i n c l u d e dwarf w i l l o w , 
h e r b s , g r a s s e s , mosses and l i c h e n s . The s h o r t and l o n g - t e r m e f f e c t o f 
s u l p h u r d i o x i d e on t h e v e g e t a t i o n o f t h e mine a r e a i s e x p e c t e d t o be 
n e g l i g i b l e based on t h e l i t e r a t u r e which s u g g e s t s t h a t e f f e c t s a r e not 
o b s e r v a b l e below annual c o n c e n t r a t i o n s o f about 0.01 ppm. The zone o f 
h i g h e s t annual c o n c e n t r a t i o n w i l l be w e l l below t h i s l e v e l a t 0.003 ppm and 
t h i s a r e a i s s t e e p and r o c k y w i t h l i t t l e v e g e t a t i o n . A l l o t h e r a r e a s w i l l 
have even lower s u l p h u r d i o x i d e c o n c e n t r a t i o n s and i n most c a s e s , a t o r 
below d e t e c t a b l e 1-imits. The low l e v e l o f e m i s s i o n s and d i s p e r s i o n 
p a t t e r n s s u g g e s t a l s o t h a t no impact on l i c h e n s o r v a s c u l a r p l a n t s w i l l 
o c c u r i n t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park e a s t o f t h e power p l a n t . 

2.3.3 E f f e c t s o f S u l p h u r E m i s s i o n s on S o i l C h e m i s t r y 

S u l p h u r d i o x i d e e m i s s i o n s can a l s o a f f e c t v e g e t a t i o n i n two ways through 
s o i l s : 1) t h e y can add n u t r i e n t s u l p h u r and 2) t h e y can c o n t r i b u t e t o s o i l 
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TABLE 4-6 

MAXIMUM AVERAGE ANNUAL SOg CONCENTRATIONS AT GROUND LEVEL 
AS PREDICTED 

FOR THE POWER PLANT PLUME BY THE SSAQ TURBULENCE METHOD MODEL 

D i r e c t i o n From A r e a D i s t a n c e From A l t i t u d e ( m ) 
Power P l a n t D e s c r i p t o r ppm Power P l a n t (km) ASL 

1. WNW North s i d e o f "Nass 0.0029 3.0 1575 
Pass", o u t s i d e and 
moving away from 
t h e Park 

2. SE E a s t e r n S l o p e s o f 0.0011 2.0 1445 
L o s t Ridge, o u t 
s i d e t h e Park 

3. SW L i t t l e Klappan R i v e r 0.0007 7.0 1495 
headwaters, o u t s i d e 
and moving away from 
t h e Park. 

4. NE No r t h s i d e o f Didene 0.0004 4.0 1450 
Creek v a l l e y , i n s i d e 
t h e Park 
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a c i d i t y . N u t r i e n t a d d i t i o n i s b e n e f i c i a l i n terms o f p l a n t growth p a r t i 
c u l a r l y i n f o r e s t e d a r e a s where s o i l s a r e commonly d e f i c i e n t i n p l a n t 
a v a i l a b l e s u l p h u r . The s t i m u l a t i o n i n p l a n t growth r e s u l t i n g from s u l p h u r 
a d d i t i o n can, however, reduce s e l e n i u m c o n c e n t r a t i o n i n f o r a g e p l a n t s . As 
w e l l , i n c r e a s e d s o i l a c i d i t y , can be b e n e f i c i a l o r d e t r i m e n t a l depending 
upon t h e i n i t i a l r e a c t i o n (pH) o f t h e s o i l . In t h e c a s e o f f o r e s t e d s o i l s , 
which a r e commonly a c i d i c i n t h e s u r f a c e l a y e r , a d d i t i o n o f s u f f i c i e n t 
s u l p h u r t o d e p r e s s s o i l pH c o u l d reduce a v a i l a b i l i t y o f n u t r i e n t s f o r p l a n t 
growth. 

S u l p h u r gas e m i s s i o n s can e n t e r t h e s o i l system by d i r e c t s o i l a b s o r p t i o n , 
i m p a c t i o n o f s u l p h u r p a r t i c l e s on v e g e t a t i o n and t h e ground s u r f a c e , and by 
p r e c i p i t a t i o n . Both d i r e c t s o i l a b s o r p t i o n and i m p a c t i o n o f s u l p h u r are 
termed " d r y d e p o s i t i o n " . T h i s i s d i s t i n g u i s h e d from p r e c i p i t a t i o n r e l a t e d 
d e p o s i t i o n which i s c a l l e d "wet d e p o s i t i o n " . C o n t r o v e r s y e x i s t s i n the 
l i t e r a t u r e o v e r which o f t h e s e s o i l s u l p h u r a d d i t i o n mechanisms i s most 
i m p o r t a n t , t h e i r r e l a t i v e importance o f t e n b e i n g s i t e s p e c i f i c . R e g a r d l e s s 
o f t h e mode o f d e p o s i t i o n , the most i m p o r t a n t c o n s i d e r a t i o n i s t h e e f f e c t 
( b e n e f i c i a l o r d e t r i m e n t a l ) o f t h e added s u l p h u r on t h e s o i l and p l a n t 
growth. P r e d i c t i o n o f t h i s e f f e c t i s p o s s i b l e t h r o u g h knowledge o f s o i l 
t y p e and ch e m i c a l p r o p e r t i e s o f t h e r e c e i v i n g s o i l . 

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 f o r t h e p r o j e c t a r e a d e a l i n g w i t h the 
ch e m i c a l p r o p e r t i e s o f s o i l s , p a r t i c u l a r l y w i t h r e s p e c t t o t h e i r 
s u s c e p t i b i l i t y t o a c i d i f i c a t i o n . However, based on t h e r e g i o n a l bedrock 
g e o l o g y ( H o l l a n d , 1976) and s o i l s u r v e y i n f o r m a t i o n o f t h e p r o j e c t a r e a 
i t i s p o s s i b l e t o a s s e s s r e l a t i v e s u s c e p t i b i l i t y o f t h e s u r f i c i a l s o i l s t o 
a c i d i f i c a t i o n . T h i s i n f o r m a t i o n c o u p l e d w i t h p r e d i c t e d s u l p h u r d e p o s i t i o n 
r a t e s i n t h e p r o j e c t a r e a a l l o w s some p r e l i m i n a r y c o n c l u s i o n t o be made 
r e g a r d i n g e f f e c t s o f s u l p h u r gas e m i s s i o n s on s o i l s i n t h e p r o j e c t a r e a . 

The m a j o r i t y o f s o i l s w i t h i n t h e a r e a o f h i g h e s t p r e d i c t e d s u l p h u r d e p o s i 
t i o n , t o t h e n o r t h e a s t o f t h e e m i s s i o n s o u r c e , a re sandy t e x t u r e d D y s t r i c 
B r u n i s o l s (Klappan and L o s t Ridge A s s o c i a t i o n ) and O r g a n i c M e s i s o l s (Didene 
A s s o c i a t i o n ) . D y s t r i c B r u n i s o l s g e n e r a l l y o c c u r on p a r e n t m a t e r i a l s o f low 
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base s t a t u s and t h e s u r f a c e h o r i z o n o f t h i s s o i l i s c h a r a c t e r i s t i c a l l y a c i d 
i n r e a c t i o n (pH l e s s than 5.5). Due t o t h i s r e l a t i v e l y low pH (low base 
s a t u r a t i o n ) and low c a t i o n exchange c a p a c i t y , caused by t h e m o d e r a t e l y 
c o a r s e t e x t u r e and h i g h c o a r s e fragments c o n t e n t , i t i s l i k e l y t h a t the 
b u f f e r i n g c a p a c i t y o f t h i s s o i l t y p e i s r e l a t i v e l y low. 

F l u v i a l s o i l s o f t h e A i r s t r i p A s s o c i a t i o n a l s o o c c u r w i t h i n and proxi m a t e 
t o t h e a r e a o f h i g h e s t p r e d i c t e d s u l p h u r d e p o s i t i o n . L i k e t h e Klappan 
A s s o c i a t i o n , t h e s e B r u n i s o l i c s o i l s have a sandy t e x t u r e and h i g h c o a r s e 
fragments c o n t e n t . Due t o t h e p r e s e n c e o f an o r g a n i c r i c h s u r f a c e h o r i z o n 
however, t h e y would t e n d t o have a h i g h e r c a t i o n exchange c a p a c i t y and 
b u f f e r i n g c a p a c i t y than t h e Klappan A s s o c i a t i o n . 

Penney (1977) and Beaton e t a l (1974) e s t i m a t e t h a t t h e a d d i t i o n o f between 
500 and 1400 kg/ha o f s u l p h u r w i l l l ower s o i l pH by about one u n i t on 
c u l t i v a t e d m i n e r a l s o i l . The p r e d i c t e d maximum s u l p h u r d e p o s i t i o n 
a s s o c i a t e d w i t h t h e Mount Klappan power p l a n t i s 5.5 kg/ha/per y e a r . T h i s 
maximum d e p o s i t i o n r a t e would o c c u r i n o n l y a v e r y l i m i t e d a r e a w i t h i n 
about 1000 metres o f t h e power p l a n t . Even o v e r t h e 20 y e a r p r o j e c t l i f e , 
t h e p o s s i b l e e f f e c t would be t o e v e n t u a l l y lower t h e pH by l e s s than two-
t e n t h s o f a u n i t i f a l l o f t h e s u l p h u r d e p o s i t e d o v e r t h e 20 y e a r s remains 
i n p l a c e and unchanged. However, through c h e m i c a l w e a t h e r i n g and p h y s i c a l 
l e a c h i n g , a s i g n i f i c a n t p o r t i o n o f t h e s u l p h a t e s r e s i d e n t i n t h e s o i l s can 
be e x p e c t e d t o c o n v e r t t o o r g a n i c forms and/or be washed out by p r e c i p i t a 
t i o n and d r a i n a g e . I t s h o u l d a l s o be noted t h a t f o r 7 t o 10 months each 
y e a r , t h e d e p o s i t i o n w i l l a c t u a l l y be on snow r a t h e r than d i r e c t l y on s o i l . 
I t s h o u l d be e x p e c t e d t h a t a s u b s t a n t i a l p o r t i o n o f t h i s d e p o s i t i o n would 
be c a r r i e d away w i t h t h e s p r i n g thaw r u n o f f . As such, t h e impact o f added 
s u l p h u r i n l o w e r i n g s o i l pH i s l i k e l y t o be v e r y minor where t h e maximum 
d e p o s i t i o n o c c u r s and n e g l i g i b l e where t h e d e p o s i t i o n r a t e s a re lower even 
i n t h e l o n g e r term. 

O r g a n i c s o i l s o f t h e Didene A s s o c i a t i o n a l s o o c c u r i n t h e a r e a o f h i g h e s t 
d e p o s i t i o n . These s o i l s have v e r y h i g h c a t i o n exchange c a p a c i t i e s and 
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would t h e r e f o r e be h i g h l y b u f f e r e d and r e s i s t a n t t o a c i d i f i c a t i o n by added 
s u l p h u r . These s o i l s have th e a b i l i t y t o r e d u c e added s u l p h u r t o 
u n a v a i l a b l e o r g a n i c forms and t o gaseous s u l p h u r which can be l o s t by 
v o l a t i l i z a t i o n . T h e r e f o r e , t h e o r g a n i c s o i l s may be c a p a b l e o f s t o r i n g o r 
t r a n s f o r m i n g added s u l p h u r w i t h o u t b e i n g s i g n i f i c a n t l y a c i d i f i e d . On t h e s e 
s o i l s , t h e e f f e c t on s o i l pH i s a n t i c i p a t e d t o be n e g l i g i b l e as w e l l . 

2.3.4 E f f e c t s o f N i t r o g e n Oxides on V e g e t a t i o n 

The r o l e o f n i t r o g e n o x i d e s ( m a i n l y n i t r o g e n o x i d e and n i t r o g e n d i o x i d e ) as 
p o t e n t i a l damaging agents t o p l a n t s has been d i s c u s s e d by Manning and Feder 
(1980) and L i n z o n (1985). They have i n d i c a t e d t h a t n i t r o g e n o x i d e s , 
a l t h o u g h p r e c u r s o r s t o a c i d r a i n and ozone, a r e not g e n e r a l l y c o n s i d e r e d t o 
cause i n j u r y t o p l a n t s o u t s i d e t h e l a b o r a t o r y . 

Long-term c o n t r o l l e d l a b o r a t o r y e x p e r i m e n t s have showed t h a t a v a r i e t y o f 
a g r i c u l t u r a l p l a n t s a r e i n j u r e d by l e v e l s o f n i t r o g e n d i o x i d e r a n g i n g from 
0.13 t o 0.6 ppm o v e r p e r i o d s from 10 t o 240 days ( T a y l o r and Eaton 1966, 
and Thompson e t a l 1970). In s h o r t - t e r m c o n t r o l l e d e x p e r i m e n t s Heck (1964) 
found t h a t n i t r o g e n d i o x i d e c o n c e n t r a t i o n as low as 1.0 ppm f o r s e v e r a l 
hours caused a c u t e i n j u r y t o s e n s i t i v e p l a n t s . 

E x p e r i m e n t a l l a b o r a t o r y work has shown t h a t low l e v e l s o f n i t r o g e n d i o x i d e 
(0.10 ppm) i n c o m b i n a t i o n w i t h s u l p h u r d i o x i d e (0.10 ppm) i n j u r e d f i v e 
a g r i c u l t u r e p l a n t s p e c i e s i n a 4 hour exposure p e r i o d ( T i n g e y e t a l 1971). 
These e f f e c t s were s y n e r g i s t i c i n t h a t n e i t h e r 2 ppm o f n i t r o g e n d i o x i d e o r 
0.5 ppm o f s u l p h u r d i o x i d e a l o n e i n j u r e d t h e same p l a n t s p e c i e s . 

Maximum annual ground l e v e l c o n c e n t r a t i o n s o f n i t r o g e n o x i d e s from t h e 
power p l a n t a r e p r e d i c t e d t o be 0.005 ppm which i s f a r below t h e B r i t i s h 
Columbia L e v e l A g u i d e l i n e o f 0.04 ppm. N i t r o g e n d i o x i d e c o n c e n t r a t i o n s 
w i l l f o l l o w t h e same d i s p e r s i o n p a t t e r n as p r e d i c t e d f o r s u l p h u r d i o x i d e i n 
t h a t t h e h i g h e s t annual c o n c e n t r a t i o n w i l l o c c u r some 3 km n o r t h w e s t o f the 
p l a n t on s t e e p r o c k y t e r r a i n . 
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The s h o r t - and l o n g - t e r m e f f e c t s o f n i t r o g e n o x i d e s a r e d i f f i c u l t t o r e l a t e 
w i t h e f f e c t s c i t e d i n l i t e r a t u r e due t o d i f f e r e n t s p e c i e s and d i f f e r e n t 
growing c o n d i t i o n s . However, s i n c e the l e v e l o f n i t r o g e n o x i d e s from the 
power p l a n t a r e c o n s i d e r a b l y lower than t h o s e shown t o cause i n j u r y i n 
l a b o r a t o r y e x p e r i m e n t s t h e r e i s not e x p e c t e d t o be any e f f e c t on the 
v e g e t a t i o n o f t h e S p a t s i z i a r e a . The impact w i l l be n e g l i g i b l e . 

The p o s s i b i l i t y o f t h e n i t r o g e n o x i d e e m i s s i o n s c o n t r i b u t i n g t o t h e l o c a l 
f o r m a t i o n o f ozone i s u n l i k e l y . T h i s i s not o n l y due t o t h e low amount o f 
n i t r o g e n o x i d e , but a l s o due t o t h e l a c k o f s u i t a b l e a t m o s p h e r i c c o n d i t i o n s 
f o r t h e f o r m a t i o n o f ozone ( i . e . warm tem p e r a t u r e , h i g h l i g h t , low 
h u m i d i t y , l i t t l e o r no p r e c i p i t a t i o n and low wind s p e e d s ) . 

While both n i t r o g e n o x i d e s and s u l p h u r d i o x i d e w i l l be p r e s e n t , t h e amounts 
w i l l be t o o low t o cause any s y n e r g i s t i c e f f e c t s on t h e v e g e t a t i o n . 

2.4 POTENTIAL IMPACTS 

The impact o f t h e p r o j e c t on t h e v e g e t a t i o n a l communities i n t h e a r e a o f 
the mine development w i l l be n e g l i g i b l e . The community a s s o c i a t i o n s 
a f f e c t e d o c c u r w i d e l y t h r o u g h o u t t h e a r e a and v e g e t a t i o n l o s t as t h e r e s u l t 
o f d i r e c t d i s t u r b a n c e o f t h e l a n d i s a v e r y s m a l l p r o p o r t i o n o f t h e t o t a l 
v e g e t a t i o n o f t h i s t y p e a v a i l a b l e i n t h e a r e a . R e c l a m a t i o n o f d i s t u r b e d 
a r e a s t h r o u g h r e v e g e t a t i o n , as d i s c u s s e d i n t h e next s e c t i o n , w i l l a s s i s t 
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 a l communities i n t h e l o n g - t e r m . 

There w i l l be no impact on t h e v e g e t a t i o n from c o a l d u s t . D u s t i n g o f 
v e g e t a t i o n , e i t h e r from c o a l m i n i n g and p r e p a r a t i o n a c t i v i t i e s o r from 
t r a f f i c a c t i v i t y a l o n g unpaved r o a d s , i s a w i d e l y o c c u r r i n g phenomenom. 
There i s no e v i d e n c e t h a t v e g e t a t i o n i s a f f e c t e d . 

The p o t e n t i a l n e g a t i v e impact o f a i r e m i s s i o n s from t h e thermal g e n e r a t i n g 
p l a n t on v e g e t a t i o n has been shown by m o d e l l i n g s t u d i e s t o be n e g l i g i b l e . 
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The SOg e m i s s i o n s , which cause t h e g r e a t e s t c o n c e r n , a r e e x p e c t e d t o be 
w e l l below l e v e l s c o n s i d e r e d t o x i c t o both v a s c u l a r and n o n - v a s c u l a r 
p l a n t s . S u l p h u r d e p o s i t i o n on s o i l s w i l l have n e g l i g i b l e e f f e c t s on s o i l 
a c i d i t y . 

2.5 RECLAMATION TRIALS 

R e v e g e t a t i o n o f t h e p r o j e c t a r e a w i l l be one o f t h e o b j e c t i v e s o f the 
r e c l a m a t i o n p l a n and w i l l c o n s t i t u t e t h e p r i n c i p a l form o f m i t i g a t i o n o f 
e f f e c t s on v e g e t a t i o n . S u c c e s s f u l t e s t p l o t r e c l a m a t i o n t r i a l s have been 
cond u c t e d a t t h e Mount Klappan p r o j e c t s i t e i n a n t i c i p a t i o n o f mine 
development. These t e s t p l o t s , which were i n i t i a t e d i n 1984 w i t h a s e r i e s 
o f s i n g l e s p e c i e s t r i a l s a t both h i g h and low e l e v a t i o n s i t e s , were 
c o n t i n u e d i n 1985 by t e s t i n g s p e c i e s mixes a t both h i g h and low e l e v a t i o n s . 

O p e r a t i o n a l r e c l a m a t i o n work was conducted i n t h e e a r l y f a l l o f 1985 w i t h 
mixed s e e d i n g on t h e p i l o t p l a n t t a i l i n g s dam. In l a t e summer o f 1986, a 
r e c l a m a t i o n program was c a r r i e d out a t t h e t e s t p i t i n t h e H o b b i t - B r o a t c h 
a r e a and i n t h e p i l o t p l a n t s i t e a r e a . The methods employed i n t h e e s t a 
b l i s h m e n t o f t h e t r i a l s and o p e r a t i o n a l r e c l a m a t i o n a r e o u t l i n e d i n more 
d e t a i l i n P a r t S i x o f Volume I I . R e s u l t s from t h e s e r e c l a m a t i o n e f f o r t s 
as w e l l as t h e t e s t p l o t s a r e p r e s e n t e d h e r e . 

I n f o r m a t i o n g a i n e d i n t h e p r e v i o u s and p r e s e n t r e c l a m a t i o n t r i a l s and 
o p e r a t i o n a l r e c l a m a t i o n work w i l l be u s e f u l i n t h e development o f sound 
r e c l a m a t i o n t e c h n i q u e s . A d v e r s e c l i m a t i c c o n d i t i o n s w i l l be t h e l i m i t i n g 
f a c t o r i n t h e r e c l a m a t i o n o f m i n i n g d i s t u r b a n c e s . Long w i n t e r s and 
g e n e r a l l y c o l d weather l i m i t s growth o f p l a n t s i n t h e a r e a , e s p e c i a l l y a t 
h i g h e r e l e v a t i o n s . The growth o f p l a n t s i s , however, enhanced by t h e l o n g 
d a y l i g h t hours i n summer a f f o r d e d by t h e n o r t h e r n l o c a t i o n . 

R e c l a m a t i o n a t t h e mine s i t e w i l l seek t o c o n t r o l e r o s i o n and d e v e l o p 
p r o d u c t i v e ecosystems f o r the l a n d s d i s t u r b e d by m i n i n g . P r e s e n t l a n d use 
i n t h e g e n e r a l a r e a i s as w i l d l i f e h a b i t a t . The f i r s t s t e p i n t h e r e c l a m a 
t i o n o f t h e s i t e w i l l be the e s t a b l i s h m e n t o f an e r o s i o n c o n t r o l l i n g c o v e r 
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o f g r a s s e s and legumes. R e c l a m a t i o n t r i a l s i n i t i a t e d i n 1984 were 
d e v e l o p e d t o d e t e r m i n e t h o s e p l a n t s p e c i e s which c o u l d p e r f o r m t h i s i n i t i a l 
f u n c t i o n . Subsequent t r i a l s have had t h e a d d i t i o n a l o b j e c t i v e o f r e v e g e t a -
t i n g d i s t u r b e d s i t e s . 

2.5.1 1984 S i n g l e S p e c i e s T r i a l s 

S i n g l e s p e c i e s t r i a l s were e s t a b l i s h e d a t hi g h and low e l e v a t i o n s on J u l y 
12th and 13th, 1984. Seven g r a s s e s and t h r e e legumes were seeded a t each 
s i t e . The p l o t s were t r e a t e d w i t h two d i f f e r e n t l e v e l s o f i n o r g a n i c f e r t i 
l i z e r . F u l l d e t a i l s o f t h e methods used i n e s t a b l i s h i n g t h e s i n g l e s p e c i e s 
t r i a l s and i n i t i a l r e s u l t s a r e g i v e n i n G u l f ' s Mount Klappan A n t h r a c i t e 
P r o j e c t Stage I S u b m i s s i o n , S e c t i o n 2.3 T e r r e s t r i a l Environment. 

A l l o f t h e s p e c i e s seeded a t both t h e h i g h and low e l e v a t i o n s i t e s had 
ge r m i n a t e d and showed s i g n s o f growth by August 15 1984. O v e r - w i n t e r i n g 
s u r v i v a l , e s p e c i a l l y a t t h e h i g h e l e v a t i o n s i t e , however, was p r e d i c t e d t o 
be c r i t i c a l t o t h e e f f e c t i v 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 . The p l o t s were 
v i s i t e d a g a i n on June 24th, 1985 and good growth was appa r e n t w i t h most o f 
the s p e c i e s a t t h e low e l e v a t i o n p l o t s . F i g u r e 4-2 i n d i c a t e s t h e e x p e r i 
mental d e s i g n and s u c c e s s r a t e s f o r the s p e c i e s t e s t e d . U n f o r t u n a t e l y , 
most o f t h e h i g h e l e v a t i o n p l o t s had been d e s t r o y e d by ro a d c o n s t r u c t i o n . 
Only one p o r t i o n o f t h e Climax Timothy p l o t remained. T h i s s p e c i e s had a 
t o t a l c o v e r o f 25 p e r c e n t on June 24th, 1985. 

The growth o f many o f t h e s i n g l e s p e c i e s was c o n s i d e r e d good by t h e end o f 
the 1985 growing season. There was some e v i d e n c e o f n u t r i e n t d e f i c i e n c y at 
t h a t t i m e . An a d d i t i o n o f 300 kg/ha o f 13-16-10 f e r t i l i z e r was made t o the 
low e l e v a t i o n p l o t on September 3 r d , 1985. Timothy had t h e b e s t c o v e r o f 
the seeded g r a s s e s , w h i l e a l s i k e c l o v e r was t h e b e s t legume. The b e n t g r a s s 
had good g e r m i n a t i o n and e a r l y growth, however s e v e r e w i n t e r k i l l was noted 
i n t he s p r i n g o f 1985. Snow c l e a r i n g o p e r a t i o n s d u r i n g t h e w i n t e r o f 1985/ 
86 d e s t r o y e d t h e s e p l o t s but s u f f i c i e n t i n f o r m a t i o n on the g e r m i n a t i o n and 
e a r l y growth o f t h e seeded s p e c i e s was g a i n e d so t h a t s p e c i e s mixes c o u l d 
be f o r m u l a t e d which had a r e a s o n a b l e chance o f s u c c e s s . 
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2.5.2 1985 S p e c i e s Mix T r i a l s 

S p e c i e s mix t r i a l s were e s t a b l i s h e d d u r i n g t h e week o f June 19 - 25, 1985. 
In a d d i t i o n t o t h e p r i m a r y o b j e c t i v e o f t e s t i n g t h e performance o f two mix
es o f g r a s s e s and legumes, t h e t r i a l s were e s t a b l i s h e d on s i t e s which had 
been d i s t u r b e d by e x p l o r a t i o n and a s s o c i a t e d a c t i v i t i e s t hus p e r f o r m i n g 
some u s e f u l r e c l a m a t i o n o f d i s t u r b e d s i t e s . The t e s t i n g o f s p e c i e s mixes at 
t h i s time was deemed prudent as mixes o f g r a s s e s and legumes w i l l be used 
i n the a c t u a l r e c l a m a t i o n o f t h e proposed mine r a t h e r than s i n g l e s p e c i e s . 

In many c a s e s , a p r o p e r l y d e s i g n e d and b a l a n c e d seed mix can r e s u l t i n 
b e t t e r c o v e r o f e s t a b l i s h e d v e g e t a t i o n than s i n g l e s p e c i e s . T h i s i s due i n 
p a r t t o t h e s y n e r g i s t i c e f f e c t s o f t h e g r a s s e s and legumes as w e l l as the 
a b i l i t y o f a mix o f s p e c i e s t o e s t a b l i s h more f u l l y on t h e range o f m i c r o -
h a b i t a t s n o r m a l l y e n c o u n t e r e d i n an a c t u a l r e c l a m a t i o n s i t u a t i o n . 

Two seed mixes were d e v e l o p e d f o r t h e mine s i t e a r e a . The mixes are 
d e s i g n a t e d as low and h i g h e l e v a t i o n t o c o r r e s p o n d w i t h t h e a n t i c i p a t e d 
a r e a s t o be d i s t u r b e d . T a b l e 4-7 g i v e s t h e s p e c i e s c o m p o s i t i o n o f the 
mixes. The mixes were d e v e l o p e d w i t h both bunch and sod f o r m i n g g r a s s e s t o 
f u l l y u t i l i z e t h e n i c h e s a v a i l a b l e i n t h e r e c l a m a t i o n environment. Both 
mixes c o n t a i n e d a t l e a s t 40 p e r c e n t legumes by s p e c i e s c o m p o s i t i o n . The 
h i g h legume c o n t e n t w i l l h e l p t o ensure t h a t t h e seeded s t a n d s a r e s e l f 
m a i n t a i n i n g r e l a t i v e t o n i t r o g e n . N i t r o g e n i s commonly th e l i m i t i n g 
n u t r i e n t i n r e c l a m a t i o n s i t u a t i o n s . The seed mixes were composed o f Canada 
Number 1 seed as t h e h i g h q u a l i t y seed was f e l t t o be c o s t - e f f e c t i v e i n the 
r e c l a m a t i o n c o n t e x t . The seed mixes were b a l a n c e d by t h e weight o f the 
seeds, t h e p u r i t y o f Number 1 seed and t h e g e r m i n a t i o n c a p a c i t y o f the 
seed. As a r e s u l t , t h e e s t a b l i s h e d s t a n d s h o u l d be b a l a n c e d w i t h r e g a r d t o 
s p e c i e s , and not dominated by s p e c i e s w i t h a lower seed w e i g h t . 

Three low e l e v a t i o n and t h r e e h i g h e l e v a t i o n s i t e s were s e l e c t e d f o r the 
t r i a l s . The s i t e s were s e l e c t e d t o r e p r e s e n t t h e range o f c o n d i t i o n s 
e x p e c t e d i n t h e m i n i n g o p e r a t i o n ; t h u s , t h e s i t e s d i f f e r e d w i t h r e s p e c t to 
m o i s t u r e regime and s u b s t r a t e c o m p o s i t i o n . T a b l e 4-8 p r e s e n t s t h e e d a p h i c 
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TABLE 4-7 

RECLAMATION TRIAL SPECIES MIXES 

P e r c e n t by P e r c e n t by 
S p e c i e s S p e c i e s C o m p o s i t i o n Weight 

Hiah E l e v a t i o n Mix 
Bo r e a l C r e e p i n g Red Fescue 20 23.4 
Durar Hard Fescue 20 24.7 
Meadow F o x t a i l 10 9.8 
Climax Timothy 10 5.6 
A u r o r a A l s i k e c l o v e r 25 23.9 
White C l o v e r 15 12.6 

Low E l e v a t i o n Mix 
B o r e a l C r e e p i n g Red Fescue 15 9.9 
Bromegrass 10 32.6 
Meadown F o x t a i l 10 5.5 
Climax Timothy 10 3.2 
Reubens Canada B l u e g r a s s 10 1.9 
A u r o r a A l s i k e c l o v e r 20 10.8 
White C l o v e r 5 2.4 
Rambler A l f a l f a 20 33.7 
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TABLE 4-8 

EDAPHIC FEATURES OF THE 1985 TEST SITES 

L o c a t i o n S u b s t r a t e M o i s t u r e Regime 

Low E l e v a t i o n S i t e s 
Camp D r a i n F i e l d 
Core S t o r a g e Road 
H o b b i t - B r o a t c h 

G l a c i a l t i l l 
G l a c i a l t i l l 
T i l l / c o a l y s h a l e 

M e s i c / m o i s t 
M e s i c 
M e s i c / d r y 

Hioh E l e v a t i o n S i t e s 
SW Ridge o f L o s t Fox 
L o s t Fox B a s i n 
L o s t Fox B a s i n 

Weathered r o c k 
Weathered r o c k / s o i l 
O r g a n i c / m i n e r a l s o i l 

Dry 
M e s i c / d r y 
M o i s t 
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f e a t u r e s o f t h e t r i a l s i t e s . 

The t r i a l s were e s t a b l i s h e d by d r y b r o a d c a s t i n g t h e seed and f e r t i l i z e r 
onto t h e s e l e c t e d s i t e s . No s i t e p r e p a r a t i o n was c o n d u c t e d p r i o r t o s e e d i n g 
as t h e s i t e s were s u f f i c i e n t l y rough t o c r e a t e m i c r o - s i t e s f o r seed germi
n a t i o n and s e e d i n g e s t a b l i s h m e n t . The seed was s p r e a d a t a r a t e o f 100 kg/ 
ha. A b a l a n c e d f e r t i l i z e r , 13-16-10 was a p p l i e d a t t h e time o f s e e d i n g a t a 
r a t e o f 300 kg/ha t o s u p p l y p l a n t n u t r i e n t s d u r i n g t h e e s t a b l i s h m e n t and 
e a r l y growth o f t h e s t a n d . No t e n d i n g o f t h e t r i a l s i t e s was conducted 
d u r i n g t h e growing season as i t i s e x p e c t e d t h a t t h e r e w i l l be no t e n d i n g 
d u r i n g a c t u a l r e c l a m a t i o n o f mine a r e a s . 

The t r i a l s i t e s were v i s i t e d on September 3 r d , 1985 t o a s s e s s t h e germina
t i o n and e a r l y growth o f t h e s t a n d s . Some growth was e v i d e n t a t a l l o f the 
s i t e s a l t h o u g h t h e s i t e s w i t h g r e a t e r m o i s t u r e a v a i l a b l e t o t h e young 
p l a n t s showed b e t t e r growth. T h i s was e x p e c t e d due t o t h e v e r y d r y summer. 
At t h e low e l e v a t i o n s i t e s , t h e r e was good growth a t both t h e Core S t o r a g e 
Road s i t e and t h e Camp D r a i n F i e l d s i t e . U n f a v o u r a b l e thermal regimes 
r e s u l t i n g from t h e d a r k c o l o u r o f t h e s u b s t r a t e i n t h e H o b b i t - B r o a t c h P i t 
s i t e i s thought t o be r e s p o n s i b l e f o r t h e r e l a t i v e l y poor growth a t t h i s 
s i t e . In g e n e r a l , on t h e more m o i s t s i t e s t h e r e was a good development o f 
the seeded legumes as w e l l as t h e g r a s s e s , w h i l e a t t h e d r i e r s i t e s , the 
legumes were v i r t u a l l y a b s e n t . 

Growth a t t h e 1985 h i g h and low e l e v a t i o n s i t e s showed t h e same g e n e r a l 
p a t t e r n . Those s i t e s w i t h t h e g r e a t e s t m o i s t u r e a v a i l a b i l i t y showed the 
g r e a t e s t growth. A l l o f t h e h i g h e l e v a t i o n s i t e s had been somewhat 
d i s t u r b e d by e x p l o r a t i o n a c t i v i t y s i n c e e s t a b l i s h m e n t . 

The mixed seed t r i a l s i t e s were v i s i t e d on J u l y 15, 1986 and good growth 
was a p p a r e n t a t a l l s i t e s . A g a i n , t h e d a r k c o l o u r o f t h e H o b b i t - B r o a t c h 
s i t e had l i m i t e d growth on t h e south f a c e . A t t h e h i g h e l e v a t i o n s i t e s , 
t he f e s c u e s , meadow f o x t a i l , and i n m o i s t e r l o c a t i o n s , t h e c l o v e r s showed 
good growth. None o f t h e p l a n t s a t h i g h e r e l e v a t i o n s were f l o w e r i n g e x c e p t 
a few t i m o t h y p l a n t s i n s h e l t e r e d l o c a t i o n s . T h i s i s p r o b a b l y due t o the 
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s h o r t e r , c o o l e r growing season a t h i g h e l e v a t i o n s . A t t h e lower e l e v a t i o n 
s i t e s , many o f t h e g r a s s e s were f l o w e r i n g as were t h e c l o v e r s . 

By September, 1986, growth o f the seeded s p e c i e s was d o i n g v e r y w e l l . At 
th e h i g h e l e v a t i o n s i t e s , p l a n t c o l o u r was good and t h e p l a n t s were w e l l 
e s t a b l i s h e d . Legume c o n t e n t a t t h e d r i e r h i g h e l e v a t i o n s i t e s was low. At 
the low e l e v a t i o n s i t e s , growth on t h e m o i s t and mesic s u b s t r a t e s was 
e x c e l l e n t w i t h a c o v e r o f about 60 p e r c e n t . Most o f t h e s p e c i e s were 
f l o w e r i n g . Growth on t h e da r k c o l o u r e d s u b s t r a t e a t t h e H o b b i t B r o a t c h 
s i t e was l i m i t e d . 

A l l o f t h e g r a s s e s and legumes used i n t h e t r i a l s a r e p e r e n n i a l s and the 
i n i t i a l y e a r o f growth i s p r i m a r i l y one o f e s t a b l i s h m e n t w h i l e t h e second 
and subsequent y e a r s growth a r e c h a r a c t e r i z e d by mature growth and f l o w e r 
i n g o f t h e p l a n t s . Some r e q u i r e m e n t s o f f u r t h e r f e r t i l i z e r a p p l i c a t i o n s a re 
a n t i c i p a t e d as t h e s u b s t r a t e s a r e c h a r a c t e r i s t i c a l l y low i n n u t r i e n t s . The 
a p p l i c a t i o n o f f e r t i l i z e r a t t h e time o f e s t a b l i s h m e n t was kept r e l a t i v e l y 
low as heavy a p p l i c a t i o n s o f f e r t i l i z e r d u r i n g t h e e a r l y growth o f g r a s s 
and legume s t a n d s t e n d s t o f o s t e r t h e growth o f t h e g r a s s e s a t t h e expense 
o f t h e legumes. C a r e f u l assessments o f t h e s t a n d v i g o r w i l l be r e q u i r e d t o 
de t e r m i n e t h e e x t e n t t o which f u r t h e r f e r t i l i z e r i s r e q u i r e d . 

2.5.3 O p e r a t i o n a l R e c l a m a t i o n Programs 

Development o f a l a r g e a n t h r a c i t e b u l k sampling program i n 1985 r e s u l t e d i n 
the need f o r a t a i l i n g s pond t o r e t a i n t h e f i n e a n t h r a c i t e and r e j e c t s 
from t h e washplant. A t a i l i n g s pond was c o n s t r u c t e d i n t h e summer o f 1985 
a d j a c e n t t o t h e wash p l a n t . The t a i l i n g s pond dykes a r e c o n s t r u c t e d o f 
compacted l o c a l t i l l . A l t h o u g h t h i s i s good e n g i n e e r i n g m a t e r i a l f o r such 
a f a c i l i t y t h e r e i s a p o t e n t i a l f o r s i g n i f i c a n t e r o s i o n on t h e downstream 
f a c e o f t h e dykes from heavy r a i n s and s p r i n g r u n - o f f . Concern o v e r 
p o t e n t i a l f o r such e r o s i o n l e d t o t h e development o f t h e 1985 o p e r a t i o n a l 
r e c l a m a t i o n program. 
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The 1985 o p e r a t i o n a l r e c l a m a t i o n program c o n s i s t e d o f s e e d i n g and f e r t i l i 
z i n g t h e downstream f a c e s o f t h e t a i l i n g s pond dykes. A t o t a l o f 2.5 ha o f 
d i s t u r b e d ground was seeded and f e r t i l i z e d d u r i n g the p e r i o d o f August 3 1 s t 
t o September 4 t h , 1985. In a d d i t i o n t o a c c o m p l i s h i n g r e c l a m a t i o n work, the 
program w i l l s e r v e as a t e s t o f t h e e f f e c t i v e n e s s o f f a l l s e e d i n g i n the 
Mount Klappan a r e a . The low e l e v a t i o n seed mix d e v e l o p e d f o r t h e s p r i n g 
t r i a l was used. Seed was s p r e a d a t a r a t e o f 100 kg/ha u s i n g hand-held 
c y c l o n e s e e d e r s . F e r t i l i z e r was s p r e a d a t a r a t e o f 300 kg/ha a t t h e time 
o f s e e d i n g . A g a i n , c y c l o n e s e e d e r s were used. No s i t e p r e p a r a t i o n was 
c o n d u c t e d as t h e c o n s t r u c t i o n o f t h e dykes had r e s u l t e d i n b u l l d o z e r c l e a t 
marks o v e r t h e e n t i r e f a c e o f t h e dykes. These a r e e x c e l l e n t s i t e s f o r seed 
g e r m i n a t i o n and p l a n t growth. The " c a t - t r a c k " phenomenon i s w e l l known i n 
r e c l a m a t i o n . 

By J u l y 1986, growth was b e g i n n i n g t o appear on t h e t a i l i n g s pond dyke. In 
September, growth a t t h e s i t e was c o n s i d e r e d r e a s o n a b l e but e x c e s s i v e 
compaction on p o r t i o n s o f t h e dyke appeared t o have r e s t r i c t e d growth 
a l t h o u g h t h e r e was good growth i n many o f t h e m i c r o s i t e s c r e a t e d by 
b u l l d o z e r c l e a t s . 

A l s o , i n September 1986, an o p e r a t i o n a l h y d r o s e e d i n g program was conducted 
on t h e r e g r a d e d H o b b i t - B r o a t c h t e s t p i t a r e a and t h e water l i n e a r e a . 
S l o p e s i n t h e p i t had been graded t o conform w i t h t h e l o c a l t opography and 
a d r a i n a g e channel was c r e a t e d t o d i r e c t r u n - o f f water t o t h e pond a r e a . 
The pond w i l l remain as a sediment t r a p t h r o u g h t h e i n i t i a l y e a r s o f 
v e g e t a t i o n e s t a b l i s h m e n t . 

An e f f o r t was made t o s p r e a d s o i l m a t e r i a l s o v e r as much o f t h e p i t a r e a as 
p o s s i b l e . The p i t and water l i n e a r e a s were seeded w i t h t h e l o w - e l e v a t i o n 
seed mix a t a r a t e o f 100 kg/ha. F e r t i l i z e r was a p p l i e d a t a r a t e o f 300 
kg/ha. Mulch was a p p l i e d w i t h t h e seed and f e r t i l i z e r a t an average r a t e 
o f 600 kg/ha i n t h e H o b b i t - B r o a t c h a r e a . Mulch was a p p l i e d a t a r a t e o f 
about 1200 kg/ha on t h e d a r k e r c o l o u r e d p o r t i o n s o f t h e a r e a i n an e f f o r t 
t o r e d u c e t h e heat g e n e r a t e d by t h e sun s t r i k i n g t h i s d a r k m a t e r i a l . I t i s 
e x p e c t e d t h a t once t h e v e g e t a t i o n becomes e s t a b l i s h e d , t h e d a r k c o l o u r w i l l 
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have l i t t l e e f f e c t on t h e p l a n t s . A t o t a l o f 12 h e c t a r e s was seeded i n the 
two a r e a s and assessments o f t h e p r o g r e s s o f t h e s e t e s t s w i l l be made i n 
1987. 

The degree o f s u c c e s s e x p e r i e n c e d t o d a t e w i t h t e s t p l o t s a s s u r e s t h e l o n g 
term r e c l a m a t i o n o f d i s t u r b e d a r e a s . 
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3.0 WILDLIFE  

3.1 WILDLIFE STUDY APPROACH 

In t h e B i o p h y s i c a l Environment r e p o r t , Volume I I I o f t h e Stage I submis
s i o n , G u l f r e v i e w e d t h e w i l d l i f e d a t a a v a i l a b l e f o r t h e a r e a and t h e 1984 
w i l d l i f e s t u d i e s on t h e p r o p e r t y were d e s c r i b e d . The a n a l y s i s c o n c l u d e d 
t h a t t h e e x p e c t e d impacts o f t h e Mount Klappan p r o j e c t would be m i n i m a l . 
The p r o j e c t s i t e was not found t o be an a r e a o f i n t e n s e use o r h a b i t a t i o n 
by any o f t h e s p e c i e s common t o t h e r e g i o n . However, because t h e m i g r a t i o n 
p a t t e r n s a s s o c i a t e d w i t h c a r i b o u and t h e extended range o f g r i z z l y bear, i t 
was noted t h a t t h e p r o j e c t c o u l d p o t e n t i a l l y a f f e c t t h e s e a n i m a l s d u r i n g 
p a r t i c u l a r t i m e s o f t h e i r l i f e c y c l e s . D e t a i l e d s t u d y o f t h e movements and 
a c t i v i t i e s o f t h e s e two s p e c i e s o v e r t h e p a s t two y e a r s however has 
r e v e a l e d t h a t t h e p r o j e c t r e p r e s e n t s no unique h a b i t a t t o e i t h e r and 
p r o j e c t developments are u n l i k e l y t o i n t e r f e r e w i t h them. 

In t h e Stage I s u b m i s s i o n , G u l f committed t o p r o v i d e a d e t a i l e d s t u d y o f 
t h e s e two s p e c i e s as p a r t o f t h e Stage II assessment o f t h e p r o j e c t . T h i s 
s t u d y would, as s t a t e d i n t h e Stage I s u b m i s s i o n , "Focus on m i g r a t i o n , 
c a l v i n g , and r u t t i n g a c t i v i t i e s o f c a r i b o u , and denning and f o r a g i n g a c t i 
v i t i e s o f g r i z z l y b e a r s . The s t u d y w i l l be o r g a n i z e d so t h a t i n f o r m a t i o n 
can be s i m u l t a n e o u s l y g a t h e r e d on o t h e r s e n s i t i v e s p e c i e s ( s p e c i f i c a l l y , 
mountain g o a t s , moose and Golden E a g l e s ) , and f u r t h e r o b s e r v a t i o n s o f o t h e r 
w i l d l i f e can be made. The purpose o f t h e s t u d y w i l l be t o g e n e r a t e an 
a c c u r a t e i n f o r m a t i o n base from which t o a s s e s s impacts o f t h e L o s t - F o x mine 
development, j u s t i f y any measures recommended t o m i t i g a t e impacts, and 
p r o v i d e t h e f o u n d a t i o n f o r t h e m o n i t o r i n g program." 

In i t s comments on t h e Stage I t h e government agreed t h a t c a r i b o u and 
g r i z z l y bear a r e t h e two s p e c i e s o f g r e a t e s t c o n c e r n . They encouraged 
c o n t i n u e d c l o s e l i a s o n between G u l f and t h e S p a t s i z i A s s o c i a t i o n f o r 
B i o l o g i c a l R e s e a r c h . The Government r e v i e w i n d i c a t e d t h a t t h e p o t e n t i a l 
impacts o f d i s t u r b a n c e on w i l d l i f e s h o u l d be a d d r e s s e d i n t h e Stage II 
r e p o r t and t h a t G u l f ' s proposed s t u d i e s o f h a b i t a t c o m p o s i t i o n and use i n 
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are a s o f d i s t u r b a n c e and n o n - d i s t u r b a n c e would be a " v i t a l component" o f 
th e s e e f f o r t s t o det e r m i n e impacts. 

The Stage II w i l d l i f e s u r v e y program commenced i n A p r i l , 1985 and c o n t i n u e d 
u n t i l O c t o b e r o f t h a t y e a r . The w i l d l i f e h a b i t a t i n v e s t i g a t i o n s were 
c a r r i e d out i n J u l y o f 1985. 

3.1.1 L o c a t i o n o f Study 

The f i e l d program i n c l u d e d a ground based s u r v e y w i t h i n t h e l i c e n c e a r e a 
and an a e r i a l s u r v e y which i n c l u d e d not o n l y the l i c e n c e a r e a but a l s o the 
imm e d i a t e l y a d j a c e n t peaks and d r a i n a g e s w i t h i n a 10-15 km r a d i u s o f the 
l i c e n c e a r e a ( F i g u r e 4-3). In a d d i t i o n , major v a l l e y s ( e . g . , Nass R i v e r and 
Skeena R i v e r ) l e a d i n g from t h e l i c e n c e a r e a were s u r v e y e d i n a l e s s 
r i g o r o u s f a s h i o n d u r i n g f l i g h t s t o and from t h e l i c e n c e a r e a . The K l u a y e t z 
C r e e k / F i r e F l a t s a r e a i s a r e c o g n i z e d a r e a o f c a r i b o u a c t i v i t y ( Bergerud 
and B u t l e r 1978; H a t l e r 1983); s u r v e y s o f t h i s a r e a were co n d u c t e d r e g u l a r 
l y i n o r d e r t h a t t h e r e s u l t s c o u l d g i v e p e r s p e c t i v e on t h e l i c e n c e a r e a . 

As t h e s t u d y p r o g r e s s e d , l i a i s o n w i t h t h e S p a t s i z i A s s o c i a t i o n f o r B i o l o g i 
c a l Research (SABR) was m a i n t a i n e d i n o r d e r t o o b t a i n r e l e v a n t i n f o r m a t i o n 
from ongoing r a d i o - t r a c k i n g s t u d i e s o f c a r i b o u . 

3.1.2 O b j e c t i v e s o f Study 

3.1.2.1 W i l d l i f e Surveys 

Because c a r i b o u and g r i z z l y bears were i d e n t i f i e d as the two c r i t i c a l 
s p e c i e s w i t h r e s p e c t t o mine development, t h e 1985 Stage II s t u d i e s were 
f o c u s s e d on t h e s e two s p e c i e s . A d d i t i o n a l i n f o r m a t i o n on o t h e r s p e c i e s was 
a l s o c o l l e c t e d whenever th e y were e n c o u n t e r e d and t h e i n f o r m a t i o n i s i n c l u 
ded i n t h i s r e p o r t . 

The i n f o r m a t i o n c o l l e c t e d f o r c a r i b o u f o c u s s e d on w i n t e r range, m i g r a t i o n , 
c a l v i n g , summer d i s t r i b u t i o n , and r u t t i n g . The stu d y f o c u s f o r g r i z z l y 
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bears was on denning and f o r a g i n g h a b i t s . 

3.1.2.2 H a b i t a t I n v e s t i g a t i o n s 

In a d d i t i o n t o t h e c o l l e c t i o n o f base l i n e d a t a , t h e h a b i t a t s t u d i e s 
i n c l u d e d a s i t e s p e c i f i c e x a m i n a t i o n o f t h o s e a r e a s , termed "development 
a r e a s " which would be a l i e n a t e d from w i l d l i f e use by t h e L o s t - F o x mine and 
i t s a s s o c i a t e d i n f r a s t r u c t u r e . 

To d e t e r m i n e whether o r not any o f t h e s e development a r e a s had a unique 
v a l u e t o w i l d l i f e t h e u t i l i z a t i o n o f each a r e a by w i l d l i f e was compared t o 
the u t i l i z a t i o n by w i l d l i f e o f a comparable h a b i t a t a r e a which would not be 
d i s t u r b e d by mine development. T h i s a r e a was d e s i g n a t e d t h e " c o n t r o l a r e a " . 
The method o f s e l e c t i o n i s d e s c r i b e d i n more d e t a i l i n S e c t i o n 3.3 H a b i t a t 
A n a l y s i s . 

G r e a t e r u t i l i z a t i o n by w i l d l i f e o f a development a r e a compared t o i t s 
c o n t r o l a r e a would imply unique c h a r a c t e r i s t i c s f o r t h e development a r e a ; 
equal u t i l i z a t i o n o f both a r e a s would i n d i c a t e t h e development a r e a was not 
unique whereas l e s s e r u t i l i z a t i o n o f t h e development a r e a would imply a 
l e s s e r v a l u e t o w i l d l i f e than t h a t o f t h e c o n t r o l a r e a . 

3.2 WILDLIFE SURVEYS 

3.2.1 Methods 

In 1984, a s e r i e s o f h e l i c o p t e r a e r i a l s u r v e y s was un d e r t a k e n , i n v o l v i n g 
v i s i t s t o t h e l i c e n c e a r e a a t c r i t i c a l t i m e s f o r w i l d l i f e . These s u r v e y s 
p r o v i d e d i n i t i a l b a s e l i n e d a t a w i t h which t o d e f i n e a p r e l i m i n a r y l i s t o f 
key i s s u e s . In o r d e r t o p r o v i d e more d e t a i l e d i n f o r m a t i o n on t h e s e 
items, t h e 1985 program i n v o l v e d more i n t e n s i v e a e r i a l surveys a t t h e same 
c r i t i c a l time p e r i o d s but e x c l u d i n g , t h e w i n t e r months, supplemented by 
a d d i t i o n a l ground and a e r i a l s u r v e y s as n e c e s s a r y t o c o n f i r m o r deny the 
e x i s t e n c e o f s i t e - s p e c i f i c c o n c e r n s r e l a t i n g t o t h e L o s t - F o x m i n e s i t e 
development a r e a s . 
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S i n c e w i l d l i f e movements i n t o o r through t h e pl a n n e d mine a c t i v i t y a r e a 
t a k e p l a c e e r r a t i c a l l y , t he pr e s e n c e o f a groundbased o b s e r v e r d u r i n g 
summer months f a c i l i t a t e d c o l l e c t i o n o f d a t a a t t h e d e t a i l e d l e v e l 
r e q u i r e d . T h i s was p a r t i c u l a r l y r e l e v a n t t o c a r i b o u . The o b s e r v e r a l s o 
c o l l e c t e d i n f o r m a t i o n on and i n v e s t i g a t e d s i g h t i n g s r e p o r t e d by o t h e r s a t 
the e x p l o r a t i o n camp. In a d d i t i o n t o t h e l i c e n c e a r e a , a e r i a l s u r v e y s 
c o n c e n t r a t e d on t h e K l u a y e t z Creek d r a i n a g e , which i s r e c o g n i z e d as a key 
w i l d l i f e a r e a (Bergerud and B u t l e r 1978). The o b j e c t i v e was t o o b t a i n 
c o m p a r a t i v e i n f o r m a t i o n which would g i v e p e r s p e c t i v e on t h e l i c e n c e a r e a . 

Surveys were undertaken as f o l l o w s : 

Dates Pr i m a r y Focus 

A p r i l 16 - 18 

A p r i l 29 - May 1 

May 27 - June 1 

June 8 - J u l y 9 
J u l y 10 - 20 
J u l y 21 - August 6 
August 7 - 1 1 

September 16 - 20 

Oc t o b e r 9 - 14 

G r i z z l y bear denning emergence a e r i a l 
s u r v e y . 
G r i z z l y bear denning emergence a e r i a l 
s u r v e y . 
S p r i n g c a r i b o u m i g r a t i o n and c a l v i n g 
a e r i a l s u r v e y . 
O n - s i t e o b s e r v e r . 
C a r i b o u p o s t - c a l v i n g a e r i a l s u r v e y . 
O n - s i t e o b s e r v e r . 
Summer g r i z z l y bear f o r a g i n g a r e a s a e r i a l 
s u r v e y . 
F a l l g r i z z l y bear f o r a g i n g a r e a s a e r i a l 
s u r v e y . 
C a r i b o u r u t ' a e r i a l s u r v e y . 

A mid-November a e r i a l s u r v e y f o r g r i z z l y bear denning was pl a n n e d but was 
not completed due t o bad weather. For a l l t h e a e r i a l surveys, a t l e a s t two 
b i o l o g i s t s were p r e s e n t . 

Data r e c o r d e d i n c l u d e d the f o l l o w i n g : s p e c i e s , numbers, group s i z e and 
c o m p o s i t i o n , sex and age c l a s s (where d i s t i n g u i s h a b l e ) , l o c a t i o n , h a b i t a t 
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o c c u p i e d , e l e v a t i o n above sea l e v e l u s i n g t h e h e l i c o p t e r ' s a l t i m e t e r , and 
g e n e r a l b e h a v i o u r . When p o s s i b l e , H a t l e r ' s (1983) approach t o c l a s s i f y i n g 
c a r i b o u i n t o age and sex c a t e g o r i e s was u t i l i z e d . The c a t e g o r y o f 
" s u b a d u l t " was added where c a r i b o u were o b s e r v e d w i t h body s i z e s i n d i c a t i n g 
e i t h e r y e a r l i n g s o r s m a l l a d u l t s c a r r y i n g a n t l e r s t h a t d i d not a i d i n 
c l a s s i f i c a t i o n . H a b i t a t t y p e s o c c u p i e d were a l s o r e c o r d e d . F o r t h e purposes 
o f d i s t r i b u t i o n a n a l y s i s , o b s e r v a t i o n s o f w i l d l i f e a r e mapped and t a b u l a t e d 
i n t h i s r e p o r t a c c o r d i n g t o l i c e n c e a r e a d i v i s i o n s e s t a b l i s h e d by G u l f 
d u r i n g e x p l o r a t i o n a c t i v i t i e s ( F i g u r e 4-3). 

Ground s u r v e y s were a c c o m p l i s h e d p r i m a r i l y by d r i v i n g a l o n g t h e B r i t i s h 
Columbia R a i l w a y (BCR) grade, and took p l a c e between June 4 and August 12, 
1985. Marker s t a k e s were p o s i t i o n e d a l o n g t h e grade a t o n e - k i l o m e t r e 
i n t e r v a l s between Conglomerate Creek ( t r i b u t a r y t o t h e L i t t l e Klappan 
R i v e r ) and H o b b i t Creek ( t r i b u t a r y t o t h e S p a t s i z i R i v e r ) and were 
c a l c u l a t e d from a t r u c k odometer a t o t h e r l o c a t i o n s . The markers were 
numbered t o c o i n c i d e w i t h d i s t a n c e s from Highway 37 a l o n g t h e BCR grade. 
Thus, Conglomerate Creek was near t h e km 100 marker and H o b b i t Creek near 
t h e km 127 marker. L o c a t i o n s o f w i l d l i f e o b s e r v e d r e l a t i v e t o t h e grade 
c o u l d thus be e s t a b l i s h e d . 

The BCR grade was d r i v e n d a i l y i n e a r l y morning and e v e n i n g when o b s e r v a 
t i o n s o f w i l d l i f e were most l i k e l y t o be made, and f r e q u e n t l y d u r i n g midday 
when human a c t i v i t i e s a l o n g t h e grade were more i n t e n s e . The s e c t i o n 
between Conglomerate Creek and H o b b i t Creek and t h e t r a i l l e a d i n g down the 
s o u t h bank o f H o b b i t Creek t o t h e S p a t s i z i R i v e r were always d r i v e n . When 
i t became p a s s a b l e t o v e h i c u l a r t r a f f i c , t h e grade beyond H o b b i t Creek was 
o c c a s i o n a l l y d r i v e n as f a r as t h e Garner Creek a i r s t r i p on t h e Skeena 
R i v e r . 

When w i l d l i f e was o b s e r v e d , time o f day, sex, age, and group s i z e o f t h e 
a n i m a l s were no t e d , as w e l l as t h e i r d i s t a n c e from t h e grade and b e h a v i o u r . 
B e h a v i o u r o f w i l d l i f e i n t h e p r e s e n c e o f t h e s u r v e y v e h i c l e and o t h e r 
d i s t u r b a n c e s was a l s o n o t e d . U n l e s s an animal remained s t a t i o n a r y ( i . e . 
bedded), i t was o b s e r v e d c o n t i n u o u s l y u n t i l out o f s i g h t . I f t r a c k s o f 

4-53 



FIGURE 4-3 
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u n g u l a t e s o r bears were e n c o u n t e r e d , d i r e c t i o n o f t r a v e l , t r a c k age, and 
e s t i m a t e d number o f animals were noted. Bear t r a c k s were measured i f c l e a r 
p r i n t s were a v a i l a b l e . A l l d a t a were s u b s e q u e n t l y p l o t t e d on 1:50 0 0 0 - s c a l e 
t o p o g r a p h i c maps. 

Pe r s o n n e l a t t h e e x p l o r a t i o n camp were aske^ t o r e p o r t any w i l d l i f e o b s e r 
v a t i o n s t o t h e w i l d l i f e s t u d y team. The w i l d l i f e s t u d y was a d v e r t i s e d i n 
the e x p l o r a t i o n camp, and r e p o r t s were s u b s e q u e n t l y r e c e i v e d from a v a r i e t y 
o f s o u r c e s r a n g i n g from h e l i c o p t e r p i l o t s t o f i e l d g e o l o g i s t s and heavy 
v e h i c l e o p e r a t o r s . 

3.2.2 C a r i b o u 

The r e s u l t s o f 1985 s u r v e y s a re g i v e n i n T a b l e s 4-9 t o 4-15 and t h e 
d i s t r i b u t i o n o f o b s e r v a t i o n s i s mapped i n F i g u r e s 4-4 t o 4-8. F i g u r e 4-8 
shows t h e r o u t e s a l o n g which c a r i b o u were t r a c k e d by h e l i c o p t e r , the 
l o c a t i o n s o f m i n e r a l l i c k s , and l o c a t i o n s o f t r a i l s which i n d i c a t e r e g u l a r , 
o r perhaps a n n u a l , use by c a r i b o u . F i g u r e 4-9 g i v e s f i n e d e t a i l on t h e 
d i s t r i b u t i o n o f c a r i b o u o b s e r v e d from t h e ground i n t h e v i c i n i t y o f t h e BCR 
gra d e . 

3.2.2.1 Seasonal D i s t r i b u t i o n 

The Stage I s u b m i s s i o n i n d i c a t e d t h a t t h e l i c e n c e a r e a has no c a p a b i l i t y 
f o r c a r i b o u w i n t e r range owing t o e x c e s s i v e snow d e p t h s . H a t l e r ' s (1985) 
f i n d i n g s s t r o n g l y s u p p o r t t h i s c o n t e n t i o n , as F i g u r e 4-10 (tak e n from 
H a t l e r 1985) shows. N e a r l y a l l o f the F e b r u a r y and March l o c a t i o n s o f 
r a d i o - c o l l a r e d c a r i b o u a r e a l o n g t h e S t i k i n e R i v e r v a l l e y o r t h e lower 
Klappan R i v e r a t l e a s t 60-70 km d i s t a n t from t h e proposed s i t e o f min i n g 
a c t i v i t i e s . No w i n t e r i n g c a r i b o u were o b s e r v e d on t h e l i c e n c e a r e a . 

On t h e A p r i l 16 and 29 s u r v e y s , no c a r i b o u were o b s e r v e d nor was e v i d e n c e 
( t r a c k s ) o f t h e i r p r e s e n c e o b s e r v e d on e i t h e r t h e l i c e n c e a r e a o r i n the 
K l u a y e t z C r e e k / S p a t s i z i R i v e r a r e a . 
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TABLE 4-9 

AERIAL SURVEYS FOR CARIBOU: RESULTS FROM THE SPRING MIGRATION AND CALVING PERIOD, MAY 20 - JUNE 15, 1985 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Location 

May 30 2M,1F 1189 Kluayetz Cr. 
IF 1189 Kluayetz Cr. 

May 31 2M,1F 1219 Kluayetz Cr. 
IF, 1Y 1250 Kluayetz Cr. 
2F 1798 Spatsizi R. trlb. 

June 1 IM 1280 Didene Cr. 
June 2 IF, 1 J 2042 Tahtsedle Cr. 

IF 1707 L. Klappan R. 
IF 1981 Above Spatsizi R. 

June 3 1F,1J* 2042 Tahtsedle Cr. 
1F,2Y 1189 Spatsizi R. 

June 4 1F,1J* 2042 Tahtsedle Cr. 
1F,1Y 2042 Above Spatsizi R. 
10F,1Y 1189 Kluayetz Cr. 
2F 1219 Kluayetz Cr. 
IM, IF 1219 Kluayetz Cr. 
2M,3F 1189 Kluayetz Cr. 
2M 1189 Kluayetz Cr. 

Didene Cr. 
Spatsizi R. 

June 5 1F,1J* 2042 Tahtsedle Cr. 
1Y 1219 Spatsizi R. 
1F1J 1753 Above Spatsizi R. 
IF, 1J 2012 Above Spatsizi R. 
2F 1250 Spatsizi R. 

June 6 1F,1J* 2042 Tahtsedle Cr. 
2F,1J 1707 Above Spatsizi R. 
1F,1J 1737 Above Spatsizi R. 
IF, 1J 2042 Above Spatsizi R. 

June 7 IF,1J* 2042 Tahtsedle Cr. 
June 11 2M 1341 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified; * - Repeat observation. 



TABLE 4-10 

AERIAL SURVEYS FOR CARIBOU: RESULTS FROM THE POST-CALVING PERIOD 
JUNE 16 - JULY 16, 1985 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Location 

June 18 
June 25 
July 3 

July 12 

July 15 

July 16 

k 1M,3A 1189 
IF 1433 

4M1F 
5M 

1555 
1555 

2F 1676 
IF 1615 
3M,5F,2S 1646 

1F,1J 
7F,2J 

1798 
1829 

2M 1859 2F 
2F 

1280 
1402 

1M,3A 
3F 
2M 
IM, IF 
2M 

1067 
1097 
1219 
1219 
2103 

1M,2F 1981 
2M,9F,3J 1951 

1768 
1737 

5F,5J 
5M 

1280 
1311 

14M 
59U,5.4, 
5J 
IM 
1F,1J 
1M,6F,4J 1829 
IF,1J 1707 

1280 
1890 

Spatsizi R. 
Spatsizi R. 
Spatsizi R. 
Spatsizi R. 
Above 
Conglomerate Cr. 
Above Spatsizi R. 
Above Spatsizi R. 
Above Spatsizi R. 
Above 
Buckinghorse L. 
Kluayetz Cr. 
Fire Flats 

Didene Cr. 
near Summit 
Klappan R. trib. 
L. Klappan R. 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 



TABLE 4-11 

AERIAL SURVEYS FOR CARIBOU: RESULTS FROM THE MID-SUMMER PERIOD, 
JULY 17-SEPTEMBER 18, 1985 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Location 

August 9 

cn CO September 18 2F,1J 1768 

2Y 1280 2M 1554 2F 1250 Kluayetz Cr. 
2Y 1219 3S 1402 4M 1219 Kluayetz Cr. 
IF, 1J 1311 IF 1219 Fire Flats 
2M,2F,4S 1311 3F,1J 1798 Above Spatsizi R. 
1Y 1311 1F,2S 1676 Didene Cr. trib. 
1M,4U 1311 2M,1F,1Y 1585 Tsetia Cr. 
4U 1341 2F,1J 1585 Conglomerate Cr. 

3F,2J 1615 Butler Cr. 
1M,11F, 1615 Klappan R. 
2J,2Y,2S L. Klappan R. 
1M,2J, 1707 L. Klappan R. trib. 
IS,9U 
6F,1J,1S 1707 above Buckinghorse 
IM 1859 above Buckinghorse 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 



TABLE 4-12 

AERIAL SURVEYS FOR CARIBOU: RESULTS FROM THE FALL DISTRIBUTION AND 
RUT PERIOD, SEPTEMBER 19 - OCTOBER 15, 1985 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Location 

October II 2M,1F,1Y 1829 8M,1J, 1768 Klappan R. 
5Y,19U L. Klappan R. 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); s - Subadult; a - Adult; 
U - unclassified. 



TABLE 4-13 

GROUND SURVEYS AND REPORTED OBSERVATIONS OF CARIBOU: RESULTS FROM THE SPRING 
MIGRATION AND CALVING PERIOD, MAY 20 - JUNE 15, 1985 

LICENCE AREA 

Date 

MT. KLAPPAN DlDENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

LOCATION Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

June 4* 2F 1341 km 112 
June 6* 1U 1341 km 118 
June 7* IM 1341 km 99 
June 9 IS 1280 km 125 
June 10* 2F,1Y 1280 km 117 
June 10* 2M 1341 km 123 

-l> June 11* IF 1250 km 114 Met. Stn. 
cn June 11* IM 1250 km 114 Met. Stn. 
o June 11 2M 1371 km 120 Slope N. 

of camp 
June 12 1M 1311 km 109 
June 12* 6A, IY 1341 Spatsizi R. 
June 12* 4A 1341 Spatsizi R. 
June 13 IF 1280 km 123.3 
June 14* 2Y 1280 km 124 on grade 
June 15 4M 1311 km 115.1 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 
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TABLE 4-14 

GROUND SURVEYS AND REPORTED OBSERVATIONS OF CARIBOU: RESULTS FROM THE POST-CALVING PERIOD, JUNE 16 - JULY 16,1985 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

June 16 1M,1S 1311 km 118.9 
June 16 IS 1341 km 124.8 
June 16 2M,1F,1S 1311 Off Hobbit Tr. 
June 17* IM,IF 1341 km 124 
June 18 2M 1250 km 106.5 
June 18 4M,1S 1341 km 125.6 
June 19* IM, IF 1250 km 102 Gravel 

Pit 
June 20* 2M,4U 1250 km 102 Gravel 

Pit 
June 20 IS 1250 km 125 
June 21 1M,2S 1250 km 107.5 
June 21 IS 1280 km 115 
June 21 2M 1311 km 120 
June 21 IF,1Y 1402 km 126 
June 21* 2M 1311 km 120 N. of 

camp 
June 22 2M,1F 1219 km 101 
June 22 3F,1Y 1341 km 114 Met. Stn. 
June 23 2M 1341 km 102 
June 23 IM 1341 km 120.5 
June 23 IM 1311 km 102.5 
June 23 IM,IF 1311 km 102.5 
June 23* 1U 1311 km 105 
June 23* 3F 1280 Tahtsed le Cr. 
June 23* 3F 1402 Spatsizi R. 
June 24* 1M,2Y 1250 km 124 
June 24 IF 1341 km 114 Met. Stn. 
June 24 2M 1371 km 102 
June 24 3M 1371 km 103 

Continued .... 



Table 4-14 
Continued 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

C n 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

June 25 2M 1311 km 106.5 
June 25 2F 1341 km 125.8 
June 26 2M 1219 km 125 Near 

Spatsizi R. 
June 26* 2M,1F 1250 km 110 
June 27* 2F 1219 km 128 
June 27 2M 1189 Off Hobbit Tr. 
June 28 IF 1371 km 115.3 
June 28 IF, 1Y 1371 km 114 Met. Stn. 
June 28 2M 1341 km 106 
June 28 1M,1F,2Y 1371 km 126 
June 28 2M 1189 km 126 Near 

Spatsizi R. 
June 28* 1M,2F 1493 Knooph Hill 
June 28* IF 1463 Knooph Hill 
June 28* 4Y 1250 km 107 
June 28* 5U 1341 km 115 
June 28* 2M,1F 1676 Lost Ridge 
June 29* IM 1341 km 114 Met. Stn. 
June 29* 1U 1371 Old BCR Camp 
June 29* IF 1219 km 103 on grade 
June 29 1M,2Y 1341 km 125.3 
June 29 2Y 1341 km 113.5 
June 29 1F,3Y 1250 km 110 
June 29 2F 1311 km 120.2 
June 29 IM 1280 km 106 
June 29 3M 1341 km 102 
June 30 2M,1F 1280 km 104 
June 30 4F 1341 km 116 
June 30 IF 1311 km 121 
June 30* 2Y 1524 Lost Fox Basin 

Cont i nued .... 



Table 4-14 
Cone I uded 

LICENCE AREA 

MT. KLAPPAN DIDENE--ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

July 1* 2M 1280 km 108 
July 2* 2U 1341 km 106 
July 2 2F 1341 km 121.7 
July 2 IM, IF 1341 km 118.7 
July 3* 5F 1341 km 118 
July 3* 2F,1Y 1341 km 118 
July 4* IM 1646 Mt. Klappan 
July 4* IF 1646 Mt. Klappan 
July 6* 9U 1311 km 114 Met. Stn. 
July 6 IM, IS 1280 km 107 
July 8 IS 1341 km 117.8 
July 8* IF 1341 km 114 Met. Stn. 
July 8* IF 1311 km 102 Near 

Gravel Pit 
July 8* 5U 1646 Mt. Klappan 
July 9* IM 1341 km 117 
July 9 2F,1J 1981 km 102 In Park 
July 10 IF 1371 km 116.4 
July 11* 11U,4J 1829 In Park 
July 12* 2M 1341 km 120.7 Crossed 

Grade 
July 12* 10U 1829 In Park 
July 12* 5U 1829 Near Butler Cr. 
July 12 3M,2F,2Y 1311 km 117.6 
July 12 IF,1J 1341 km 106.4 
July 13* 2U 1341 Near Summit 

Strip 
July 13* 3U 1341 Didene Cr. 

Valley 
July 16* 1Y 1341 km 114 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 



Date 

TABLE 4-15 

GROUND SURVEYS AND REPORTED OBSERVATIONS OF CARIBOU: RESULTS FROM PART OF THE MID-SUMMER PERIOD, JULY 17 - AUGUST 11, 1985 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

Ju y 19* IM 1341 km 111 
Ju y 19* 3M,2F,1J 1707 above Nass Pass 
Ju y 22 1A 1981 km 103 In Park 
Ju y 22 2U 1798 km 100 In Park 
Ju y 22 5J,11U 1829 km 101 In Park 
Ju y 23* 7U 1341 km 118 
Ju y 23* 1U 1676 Lost Fox 
Ju y 23* IM, IF 1493 Nass Pass 
Ju y 23-24 IM 1341 km 120.3 
Ju y 23-25 3M,3Y,1S 1341 km 116 
Ju y 25* IM 1250 km 140 
Ju y 26* 2M,1S 1676 Lost Ridge 
Ju y 26* 4M,1S 1493 Upper 

L. Klappan R. 
Ju y 26 * IS 1341 km 117.4 
Ju y 29 IM 1341 km 120.3 
Ju y 30* IM 1341 km 113 
Ju y 30 1F,1Y 1311 km 114 Met. Stn. 
Ju y 31 IM 1341 km 118 
Ju y 31 IF 1341 km 116.2 

c n 
-p . 

iugust 1 
August 1* 
iugust 2* 
iugust 2 
August 2 
August 2 

August 2 
August 2 

IF 
6U 

1707 
1676 

IM 
IM 
IS 
2M,2F 
1Y,2S 

1341 
1341 
1341 
1341 

1M,8F 
IM 

1676 
1676 

Lost Fox Access Rd. 
Mt. Klappan 
km 119 
km 120.8 
km 114.5 
km 116 

km 115 In Park 
km 118.5 In Park 

Continued .... 



Table 4-15 
Cone Iuded 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex E1ev(m) Age/Sex Elev(m) LOCATION 

August 3 IF,IS 1341 km 115 
August 3 3M 1341 km 116 
August 3 1F,1Y,1J 1676 km 102 In Park 
August 3 2M 1311 km 120 
August 3* IM, IF 1676 Mt. Klappan 
August 4* 1M,3F 1737 Mt. Klappan 
August 4* 5U 1676 Mt. Klappan 
August 5* 3M 1341 km 112 On grade 
August 5* 1M,3F 1646 Lost Fox Basin 
August 5 IM 1676 km 122 In Park 

-p. August 5 1M,3F, 1951 km 100 In Park 
1 

cn 1Y,3J 
cn August 6* 5U 1676 Mt. Klappan 

August 7* 6U 1707 Lost Ridge 
August 7* 5U 1676 Mt. Klappan 
August 8 1M,4F,1J 1554 km 116 In Park 
August 8 2M,9F,4J 1585 km 103 In Park 
August 8 1S,3F,2Y 1585 km 101 In Park 
August 8 1F,1J 1554 Mt. Klappan 
August 8 IM 1311 km 121.2 Didene 
August 9 IM 1311 km 114 
August 9 1M,13U, 1829 km 116 In Park 

2J 
August 11 2M,4F, 1646 km 116 In Park 

4J,3U 
August 11 1F,4S 1311 km 118 
August 11 IM 1311 km 125 
August 11 IM 1311 km 117.7 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 



FIGURE 4-4 

MOUNT KLAPPAN ANTHRACITE PROJECT 
0 2 4 6 km DISTRIBUTION OF CARIBOU OBSERVATIONS 

DURING THE SPRING MIGRATION AND 
CALVING PERIOD, MAY 20 - JUNE 15, 1985 

NUMBER OF ANIMALS S TED 
ENVIRONMENTAL MANAGEMENT ASSOCIATES 

3 NUMBER OF ANIMALS S TED 
. 

® BIRTHS TE WITH MULT PLE OBSERVATIONS GULF CANADA CORPORAT ION ! » • • • * 
0 8 / 1 2 / 8 6

 l » M i y 
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F I G U R E 4 - 5 

0 2 4 6 km 
MOUNT KLAPPAN ANTHRACITE PROJECT 

D I S T R I B U T I O N OF CARIBOU OBSERVATIONS 
DURING THE P O S T - C A L V I N G P E R I O D , 

JUNE 16 - JULY 17 , 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 
3 NUMBER OF ANIMALS SITED 

GULF CANADA CORPORATION 
08/12/86 « M S 5 ' 
KLAP:[2050571860601020.LOC V—S 
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6 km 

3 NUMBER OF ANIMALS SITED 

F I G U R E 4 - 6 

MOUNT KLAPPAN ANTHRACITE PROJECT 

D I S T R I B U T I O N OF CARIBOU OBSERVATIONS 
DURING THE MID-SUMMER P E R I O D , 

JULY 17 - S E P T . 18 , 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
08/12/86 
KLAP:[205057]860601021.LOC 
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F I G U R E 4 - 7 

6 km 

3 N U M B E R OF A N I M A L S S I T E D 

MOUNT KLAPPAN ANTHRACITE PROJECT 

D I S T R I B U T I O N OF CARIBOU OBSERVATIONS 
DURING THE F A L L AND RUT P E R I O D , 

S E P T . 1 9 - O C T . 1 5 , 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
08/12/86 
KLAP:[205057]86060101 9.LOC 
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L E G E N D 

R O U T E S OF W I L D L I F E T R A C K E D B Y H E L I C O P T E R 
OR O B S E R V E D FROM THE GROUND ( g ) 

C A R I B O U 

MOOSE 

G R I Z Z L Y B E A R 

M O U N T A I N GOAT 

M 

J 

J Y 

A 

S 

0 

M 2 9 

M A Y , 1 9 8 5 

J U N E 

J U L Y 

A U G U S T 

S E P T E M B E R 

O C T O B E R 

E X A M P L E S C A R I B O U R O U T E , 
MAY 23, ARROW I N D I C A T E S 
D I R E C T I O N OF T R A V E L 

L I C E N C E A R E A B O U N D A R Y 

B . C . R . G R A D E 

T R A I L S V I S I B L E ON A E R I A L 
P H O T O G R A P H S , I N D I C A T I N G 
R E G U L A R U S E BY C A R I B O U . 

G R I Z Z L Y B E A R D E N S I T E 

M I N E R A L L I C K U T I L I Z E D B Y : 
C C A R I B O U 
M MOOSE 
G M O U N T A I N GOAT 

6 km 

FIGURE 4 - 8 

MOUNT KLAPPAN ANTHRACITE PROJECT 

W I L D L I F E MOVEMENTS 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
22/12/86 
KLAP:[205057]86060 I 036.LOC 
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MOUNT KLAPPAN ANTHRACITE PROJECT 
OBSERVATIONS OF W I L D L I F E MADE FROM 
THE B . C . R . G R A D E IN THE V I C I N I T Y OF 

THE M I N E S I T E , JUNE 9 - AUGUST I I , 1985 

ENVIRONMENTAL MANAGEMENT ASSOCIATES 

GULF CANADA CORPORATION 
30/01/87 
KLAP:[205057]860601037.LOC 
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SCALE 

LEGEND 

20 

FEMALES 

1980 - 81 o 

1981 - 82 c 

1982 - 83 e 

1983 - 84 • 

40km 

MALES 
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t 

e 

4 

F I G U R E 4 - 1 0 

MOUNT KLAPPAN ANTHRACITE PROJECT 
F E B R U A R Y AND MARCH L O C A T I O N S 

OF R A D I O - C O L L A R E D C A R I B O U IN T H E 

S P A T S I Z I A R E A , B . C . , 1 9 8 0 - 1 9 8 4 

ENVIRONMENTAL MANAGEMENT A S S O C I A T E S 

GULF CANADA CORPORATION 
01/12/86 
KLAP: [205057]86062900 I.LOC 

4-7 



TERRESTRIAL ENVIRONMENT 

At t h e b e g i n n i n g o f t h e s p r i n g m i g r a t i o n and c a l v i n g p e r i o d (May 27), 
s y s t e m a t i c s e a r c h e s were made by h e l i c o p t e r o f a l l p a s s e s a n t i c i p a t e d t o be 
used by m i g r a t i n g c a r i b o u . The f i r s t t r a c k s o f c a r i b o u were found o f f the 
l i c e n c e a r e a on May 27 i n lower K l u a y e t z Creek. The f i r s t e v i d e n c e ( t r a c k s ) 
o f c a r i b o u on t h e l i c e n c e a r e a was found on May 31 when two a n i m a l s were 
t r a c k e d from t h e BCR grade between H o b b i t and B r o a t c h Creeks u p s l o p e t o the 
summit o f Knooph H i l l , a c r o s s t h e e a s t e r n p e r i m e t e r o f L o s t - F o x B a s i n and 
i n t o t h e G r i z z l e y Creek d r a i n a g e where th e y were l o s t . 

C a r i b o u were not o b s e r v e d on t h e l i c e n c e a r e a u n t i l June 11. T h i s was the 
o n l y o n - l i c e n c e o b s e r v a t i o n d u r i n g t h e s p r i n g m i g r a t i o n and c a l v i n g p e r i o d . 
Snow c o v e r on t h e l i c e n c e a r e a was e s s e n t i a l l y 100 p e r c e n t u n t i l June 10. 
Minor snow-free a r e a s e x i s t e d i n t h e lower o n - l i c e n c e r e a c h e s o f Didene 
Creek, and t h e S p a t s i z i and L i t t l e Klappan r i v e r s . 

As T a b l e 4-9 and F i g u r e 4-4 show, i n t h e p e r i o d May 30 - June 6, n e a r l y a l l 
o f t h e o b s e r v a t i o n s o f c a r i b o u were made i n t h e K l u a y e t z Creek - S p a t s i z i 
R i v e r a r e a . The f i r s t o b s e r v a t i o n o f a cow w i t h a newborn c a l f a t i t s 
b i r t h s i t e was made on June 2 south o f t h e l i c e n c e a r e a a t 2042 m above sea 
l e v e l n e a r t h e summit o f a peak i n t h e upper T a h t s e d l e Creek d r a i n a g e . No 
b i r t h s i t e s were d i s c o v e r e d on the l i c e n c e a r e a . S e v e r a l b i r t h s i t e s were 
d i s c o v e r e d i n t h e mountains e a s t o f t h e S p a t s i z i R i v e r and n o r t h o f 
K l u a y e t z Creek. 

D u r i n g t h e p o s t - c a l v i n g p e r i o d ( T a b l e 4-10, F i g u r e 4-5) o b s e r v a t i o n s o f 
c a r i b o u on t h e l i c e n c e a r e a were more numerous than d u r i n g t h e s p r i n g 
m i g r a t i o n and c a l v i n g p e r i o d . N e v e r t h e l e s s , many more o b s e r v a t i o n s o f 
c a r i b o u were made i n o f f - l i c e n c e a r e a s , p a r t i c u l a r l y t h e K l u a y e t z Creek/ 
S p a t s i z i R i v e r / F i r e F l a t s a r e a . No p o s t - c a l v i n g a g g r e g a t i o n s o f t h e s i z e 
r e p o r t e d by Bergerud and B u t l e r (1978) were o b s e r v e d on t h e l i c e n c e a r e a ; 
however, an a g g r e g a t i o n o f 69 c a r i b o u was ob s e r v e d on J u l y 15 a t F i r e F l a t s 
and on t h e same day s m a l l e r groups were s c a t t e r e d a l o n g t h e K l u a y e t z Creek 
meadows. S e v e r a l " n u r s e r y h e r d s " , c o n s i s t i n g p r i m a r i l y o f cows w i t h c a l v e s , 
were o b s e r v e d i n a l p i n e a r e a s both on- and o f f - l i c e n c e d u r i n g t h i s p e r i o d . 
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Small male-dominated herds were o b s e r v e d i n t h e a l p i n e meadows o f "Nass 
Pass" l e a d i n g from the L i t t l e Klappan d r a i n a g e o v e r t o t h e upper Nass and 
Klappan r i v e r s . While no e v i d e n c e o f movement from t h e L i t t l e Klappan R i v e r 
up t o t h e "Nass Pass" was d e t e c t e d i n s p r i n g , t h e i n c r e a s i n g numbers o f 
c a r i b o u i n t h i s c o r r i d o r a t h i g h e r e l e v a t i o n s , c o u p l e d w i t h t h e e v i d e n c e o f 
r e g u l a r l y - u s e d t r a i l s ( F i g u r e 4-8) s t r o n g l y s u g g e s t t h a t t h i s i s a w e l l -
used c o r r i d o r d u r i n g summer months. 

D u r i n g t h e mid-summer p e r i o d ( T a b l e 4-11, F i g u r e 4-6), c a r i b o u were 
ob s e r v e d as f r e q u e n t l y i n t h e v a l l e y bottom meadows o f t h e l i c e n c e a r e a as 
i n t h e e q u i v a l e n t o f f - l i c e n c e h a b i t a t s a l o n g K l u a y e t z Creek. In August, 
c a r i b o u were o b s e r v e d w i t h i n c r e a s i n g r e g u l a r i t y i n t h e a l p i n e a r e a s o f the 
L o s t - F o x b a s i n (Mount Klappan Area) i n t h e v i c i n i t y o f t h e p i t a c c e s s r o a d 
and t r i a l c a r g o p i t . A f t e r ground s u r v e y s c e a s e d i n mid August, few c a r i b o u 
were o b s e r v e d i n t h e l i c e n c e a r e a d u r i n g September and O c t o b e r a e r i a l 
s u r v e y s . A g g r e g a t i o n s were o b s e r v e d i n September on t h e a l p i n e p l a t e a u 
between t h e Klappan and L i t t l e Klappan R i v e r s i n t h e same l o c a t i o n where a 
r u t t i n g a g g r e g a t i o n was o b s e r v e d i n O c t o b e r ( T a b l e 4-12, F i g u r e 4-7). T h i s 
was t h e o n l y r u t t i n g a g g r e g a t i o n o b s e r v e d w i t h no r u t t i n g c a r i b o u b e i n g 
o b s e r v e d i n t h e l i c e n c e a r e a . The l o c a t i o n o f t h e r u t t i n g a g g r e g a t i o n 
o b s e r v a t i o n i s a p p r o x i m a t e l y 15 km northwest o f t h e l i c e n c e a r e a boundary. 

3.2.2.2 E v i d e n c e o f Movements 

F i g u r e 4-8 shows th e l o c a t i o n s o f r o u t e s t a k e n by c a r i b o u t h a t were t r a c k e d 
by h e l i c o p t e r . T r a c k i n g was o n l y p o s s i b l e when snow c o v e r was s u f f i c i e n t ; 
t h a t i s , i n l a t e M a y - e a r l y June, i n J u l y , August and September a t h i g h 
a l t i t u d e s , and i n O c t o b e r . T r a c k s may not have been v i s i b l e from t h e a i r i f 
c a r i b o u f o l l o w e d r o u t e s a c r o s s h a r d - c r u s t e d snow. A l i m i t e d number o f 
movements were o b s e r v e d from t h e ground d u r i n g t h e summer months. These a r e 
a l s o d e p i c t e d i n F i g u r e 4-8. 

Most i n f o r m a t i o n on movements was c o l l e c t e d i n l a t e M a y - e a r l y June. A t t h i s 
t i m e , n e a r l y a l l o f t h e r o u t e s t a k e n by c a r i b o u f o l l o w e d a g e n e r a l south o r 
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southwest d i r e c t i o n . In most c a s e s , e i t h e r i n d i v i d u a l a d u l t c a r i b o u o r 
groups o f two a d u l t c a r i b o u were t r a c k e d . S e v e r a l o f t h e t r a c k s were 
f o l l o w e d i n a l p i n e a r e a s o r a c r o s s permanent i c e f i e l d s . South o f the 
l i c e n c e a r e a , t h e y l e d t o passes between t h e h i g h mountain peaks and were 
u s u a l l y l o s t i n f o r e s t c o v e r a t lower e l e v a t i o n s . The s u g g e s t e d t r e n d o f 
movements i s one emanating from t h e S p a t s i z i R i v e r v a l l e y s o u t h w e s t e r l y 
a c r o s s t h e l i c e n c e a r e a t o t h e e a s t o f L o s t Ridge towards t h e Nass R i v e r 
d r a i n a g e . No t r a c k s o f t h i s k i n d were found t h r o u g h t h e L o s t Ridge a r e a . 
One s e t o f two a d u l t t r a c k s passed through t h e e a s t e r n L o s t - F o x B a s i n on 
May 31. S i m i l a r t r a c k s were not found i n t h e Nass o r Summit a r e a s o f the 
1 i c e n s e . 

The f a c t t h a t ( i ) t h e s e t r a c k s and o t h e r s were o f i n d i v i d u a l o r p a i r e d 
a d u l t c a r i b o u , ( i i ) f o l l o w i n g a s t r o n g d i r e c t i o n a l t r e n d o v e r s e v e r a l 
k i l o m e t r e s , ( i i i ) t h r o u g h i n h o s p i t a b l e t e r r a i n , and ( i v ) showing no s i g n o f 
f o r a g i n g s u g g e s t t h a t t h e y were made by a d u l t f e m a l e s en r o u t e t o the 
t r a d i t i o n a l s i t e s a t which t h e y would drop t h e i r c a l v e s . 

T r a c k i n g r o u t e s f o l l o w e d a t o t h e r seasons a r e i n s u f f i c i e n t i n number t o 
g e n e r a l i z e as t o t h e i r s i g n i f i c a n c e . I t i s c l e a r from g e n e r a l o b s e r v a t i o n s 
t h a t c a r i b o u i n summer f o l l o w e d and f o r a g e d i n t h e r i v e r f l a t s o f Didene 
Creek, L i t t l e Klappan R i v e r , S p a t s i z i R i v e r and t h e h i g h e r meadows o f the 
pass from t h e L i t t l e Klappan R i v e r o v e r t o t h e Nass/Upper Klappan d r a i n a g e . 
E v i d e n c e o f h i s t o r i c movements o f t h i s k i n d ( i . e . , when snow was e i t h e r 
minimal o r absent i n summer months) i n t h e s e a r e a s was o b t a i n e d by l o c a t i n g 
c a r i b o u t r a i l s on a e r i a l p hotographs. The l o c a t i o n s o f t h e s e t r a i l s a r e 
shown i n F i g u r e 4-8. 

3.2.2.3 O c c u r r e n c e i n t h e V i c i n i t y o f E x p l o r a t i o n A c t i v i t i e s 

D u r i n g t h e p e r i o d mid-May t o December, 1985, e x p l o r a t i o n a c t i v i t i e s were 
c o n s t a n t i n r e l a t i o n t o t h e L o s t - F o x mine w i t h t h e purpose o f f u r t h e r 
d e l i n e a t i n g t h e g e o l o g y o f the a n t h r a c i t e r e s o u r c e and e x t r a c t i n g a b u l k 
sample t o be used as a t r i a l c a r g o . C a r i b o u f r e q u e n t i n g t h e v i c i n i t y o f 
e x p l o r a t i o n a c t i v i t i e s were m o n i t o r e d . F i g u r e 4-9 shows t h e l o c a t i o n o f a l l 
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c a r i b o u o b s e r v e d i n t h e p e r i o d e a r l y June t o mid-August. T a b l e s 4-13 to 
4-15 g i v e d e t a i l s o f o b s e r v a t i o n s . 

The l a r g e m a j o r i t y o f o b s e r v a t i o n s were, as e x p e c t e d , made i n t h e open 
meadow and r i v e r f l a t a r e a s through which t h e BCR grade p a s s e s . C a r i b o u o f 
a l l age c l a s s e s and both sexes were o b s e r v e d . S e v e r a l m i n e r a l l i c k s were 
l o c a t e d i n t h e s e a r e a s ; t h e i r l o c a t i o n s a r e mapped i n F i g u r e 4-8. These 
l i c k s were o b s e r v e d t o be used r e g u l a r l y by c a r i b o u , and are one o f the 
h a b i t a t f e a t u r e s a t t r a c t i n g c a r i b o u t o t h i s h a b i t a t t y p e . 

A t o t a l o f 15 o b s e r v a t i o n s were made d u r i n g t h e s p r i n g m i g r a t i o n and 
c a l v i n g p e r i o d (May 20-June 15), 82 d u r i n g t h e p o s t - c a l v i n g p e r i o d (June 
1 6 - J u l y 16), and 54 d u r i n g p a r t o f t h e mid-summer p e r i o d ( J u l y 17-August 
11). Of t h e c a r i b o u t h a t c o u l d be c l a s s i f i e d as t o age and sex, 110 were 
a d u l t males, 97 were a d u l t f e m a l e s , 23 were s u b a d u l t s (body s i z e i n d i c a t i n g 
e i t h e r y e a r l i n g s o r small a d u l t s , w i t h sex un d e t e r m i n e d ) , 33 were y e a r l i n g s 
and 25 were c a l v e s . The r e m a i n i n g c a r i b o u (131 i n d i v i d u a l s ) c o u l d not be 
c l a s s i f i e d . Of t h e 25 c a l v e s o b s e r v e d , o n l y one was o b s e r v e d i n v a l l e y 
bottom h a b i t a t ; t h e remainder were ob s e r v e d by means o f t h e s p o t t i n g scope 
a t e l e v a t i o n s o f 1600 m o r o f t e n c o n s i d e r a b l y h i g h e r , u s u a l l y i n groups 
c o n s i s t i n g o f more than s i x c a r i b o u . 

As an a i d i n a s s e s s i n g t h e d i s t r i b u t i o n o f c a r i b o u i n r e l a t i o n t o p o t e n t i a l 
development a r e a s , t h e ground o b s e r v a t i o n d a t a were a n a l y z e d by l o c a t i o n i n 
r e l a t i o n t o t h e BCR grade ( T a b l e 4-16). The purpose o f t h i s a n a l y s i s was 
t o d e t e r m i n e whether, i n t h e p r e s e n c e o f e x p l o r a t i o n a c t i v i t i e s , any t r e n d s 
i n a r e a p r e f e r e n c e s c o u l d be d e t e c t e d . The BCR grade was d i v i d e d i n t o 
i n t e r v a l s r e f l e c t i n g e i t h e r zones o f p a r t i c u l a r e x p l o r a t i o n a c t i v i t y , o r 
zones o f e x p e c t e d e c o l o g i c a l importance t o c a r i b o u . Thus Km's 98-105 & 
121-134 c o u l d be e x p e c t e d t o be f r e q u e n t e d by c a r i b o u as summer range i s 
p r e s e n t i n t h e s e a r e a s and e x p l o r a t i o n a c t i v i t i e s were o f r e l a t i v e l y low 
i n t e n s i t y . By c o n t r a s t , Km's 105-115 and 115-121 c a r r i e d the most t r a f f i c 
i n r e l a t i o n t o e x p l o r a t i o n a c t i v i t i e s . 
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TABLE 4-16 

LOCATIONS OF CARIBOU IN RELATION TO BCR GRADE 

Km Marker 
I n t e r v a l 3 I n t e r v a l D e s c r i p t i o n 

No. o f C a r i b o u Observed 
On Road # Road 
S u r v e y s R e p o r t s T o t a l Surveys' 

98-105 BCR Grade on lower 
L i t t l e Klappan 

10 16 72 

105-115 Zone o f p o t e n t i a l major 
development 

10 25 35 76 

115-121 Didene Creek f l a t s t o 
E x p l o r a t i o n Camp 

50 23 73 78 

121-134 From E x p l o r a t i o n Camp 
a l o n g S p a t s i z i R i v e r 
V a l l e y 

27 14 41 91 

134-Garner Upper Skeena R i v e r 
Creek V a l l e y 

10 

See F i g u r e 4-9. 
Return t r i p s . 
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T a b l e 4-16 shows t h a t between Km 115-121 ( t h e Didene Creek f l a t s a r e a ) , 64 
p e r c e n t o f t h e road s u r v e y s r e s u l t e d i n an o b s e r v a t i o n o f c a r i b o u , w h i l e 
between Km 105-115 ( t h e zone where major development i s c u r r e n t l y planned) 
13 p e r c e n t o f t h e ro a d s u r v e y s r e s u l t e d i n an o b s e r v a t i o n o f c a r i b o u . The 
p e r c e n t a g e s f o r Km's 98-105 and 121-134, where summer range h a b i t a t e x i s t s 
but l i t t l e e x p l o r a t i o n was ongoing, were 8 p e r c e n t and 30 p e r c e n t r e s p e c t i 
v e l y . I t s h o u l d be noted t h a t t h e r e l a t i v e o b s e r v a b i l i t y o f c a r i b o u i n the 
Didene Creek f l a t s zone i s g r e a t e r due t o i t b e i n g w i d e r and f l a t t e r than 
any o f t h e o t h e r zones. 

D u r i n g ground o b s e r v a t i o n s , the b e h a v i o u r o f v a r i o u s group s i z e s o f c a r i b o u 
i n t h e p r e s e n c e o f a c t i v i t i e s c o n n e c t e d w i t h a n t h r a c i t e e x p l o r a t i o n were 
r e c o r d e d and a r e p r e s e n t e d i n T a b l e s 4-17 and 4-18. F o r t h e purposes o f 
a n a l y s i s , c a r i b o u were grouped a c c o r d i n g t o t h e n u m e r i c a l l y - d o m i n a n t sex 
( a d u l t male, a d u l t female) o r a g e - c l a s s ( s u b - a d u l t , y e a r l i n g ) where sex 
c o u l d not be d i s t i n g u i s h e d . Groups c o n t a i n i n g females w i t h c a l v e s were a l s o 
s e p a r a t e d owing t o the more nervous n a t u r e o f t h e i r r e p o r t e d b e h a v i o u r 
( B e r g e r u d and B u t l e r 1978). B e h a v i o u r was c l a s s i f i e d i n t o t h r e e c a t e g o r i e s 
as f o l l o w s : 

No O b s e r v a b l e R e a c t i o n : C a r i b o u c o n t i n u e d f e e d i n g , r e s t i n g and moving 
as t h e y had done p r i o r t o the d i s t u r b a n c e , o r d i d 
not appear alarmed by o r i n t e r e s t e d i n t h e d i s t u r 
bance. 

M i l d R e a c t i o n : C a r i b o u o r i e n t e d towards t h e d i s t u r b a n c e , e x h i 
b i t e d " t a i l - u p " p o s t u r e , o r s l o w l y moved away 
e i t h e r w a l k i n g o r slow t r o t t i n g . 

S t r o n g R e a c t i o n : C a r i b o u f l e d from t h e d i s t u r b a n c e a t a f a s t 
t r o t , c a n t e r o r g a l l o p , f r e q u e n t l y i n t o c o v e r . 

T a b l e 4-17 shows t h a t o f 85 groups o f c a r i b o u , 66 showed no o b s e r v a b l e 
r e a c t i o n , 8 showed a m i l d r e a c t i o n , and 11 showed a s t r o n g r e a c t i o n . Where 
a m i l d o r s t r o n g r e a c t i o n was r e c o r d e d , 15 o f t h e s e were w i t h i n 100 m o f 
the BCR gra d e , t h r e e were w i t h i n 100 t o 500 m o f t h e BCR grade, and one was 
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TABLE 4-17 
BEHAVIOR OF CARIBOU AT VARYING DISTANCES FROM HUMAN ACTIVITIES 

ON THE BCR GRADE 3 

Group S i z e 

1 2 3-6 >6 

R e a c t i o n N U M S N M S N M S ' N M S 

A. 0-100 m From 
Grade 
Male 1 2 1 1 1 2 2 1 
Female 1 2 1 2 1 
F e m a l e / C a l f 1 
S u b - a d / Y l g / U n c l . 2 1 1 
T o t a l 4 2 3 2 2 4 2 3 1 
100-500 m From 
Grade 
Male 7 2 1 1 
Female 1 1 1 1 
F e m a l e / C a l f 
S u b - a d / Y l g / U n c l . 3 2 1 2 
T o t a l 10 3 1 4 2 3 
>500 m From 
Grade 
Male 4 1 10 2 
Female 3 2 3 3 
F e m a l e / C a l f 1 1 
S u b - a d / Y l g / U n c l . 3 1 2 3 
T o t a l 10 1 14 8 6 
T o t a l O b s e r v a t i o n s 
Male 12 2 2 13 1 5 2 1 1 
Femal e 4 2 4 3 1 4 1 3 
F e m a l e / C a l f 1 1 1 
S u b - a d / Y l g / U n c l . 8 1 1 4 1 1 5 
T o t a l 24 2 4 19 3 4 14 3 3 9 

See a l s o T a b l e 4-18 f o r s p e c i f i c d i s t u r b a n c e s o u r c e s . 
N - No O b s e r v a b l e R e a c t i o n ; M - M i l d R e a c t i o n ; S - S t r o n g R e a c t i o n . 
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TABLE 4-18 
BEHAVIOR OF CARIBOU IN THE PRESENCE OF SPECIFIC DISTURBANCE 

SOURCES AS OBSERVED FROM THE GROUND 

Group S i z e  
1 2 3-6 >6 

R e a c t i o n N a M S N M S N M S N M S 

A. P i c k - u p T r u c k / C a r 
Male 9 2 2 
Female 4 2 
F e m a l e / C a l f 
S u b - a d / Y l g / U n c l . 8 
T o t a l 22 2 4 

14 1 5 2 1 1 
4 2 1 4 1 3 
1 1 
1 1 4 1 1 4 

19 2 3 14 3 3 8 
B. G r a v e l T r u c k 

Male 1 
Female 1 
F e m a l e / C a l f 1 
S u b - a d / Y l g / U n c l . 
T o t a l 1 1 1 

C. People 
Male 1 
Female 
F e m a l e / C a l f 
S u b - a d / Y l g / U n c l . 
T o t a l 1 

D. H e l i c o p t e r (206B) 
Male 1 
Female 
F e m a l e / C a l f 1 
S u b - a d / Y l g / U n c l . 
T o t a l 1 1 

E. Fixed-Wing A i r -
C r a f t 
Male 
Female 
F e m a l e / C a l f 1 
S u b - a d u l t / U n i d . 1 1 
T o t a l 1 1 

N - No O b s e r v a b l e R e a c t i o n ; M - M i l d R e a c t i o n ; S - S t r o n g R e a c t i o n . 
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more than 500 m from the BCR g r a d e . 

In terms o f group s i z e , s i x o f 30 s o l i t a r y c a r i b o u (20 p e r c e n t ) , seven o f 
26 groups o f two c a r i b o u (27 p e r c e n t ) , s i x o f 20 groups o f t h r e e - t o - s i x 
c a r i b o u (30 p e r c e n t ) , and z e r o o f n i n e groups o f more than s i x c a r i b o u 
showed an o b s e r v a b l e r e a c t i o n t o t h e d i s t u r b a n c e s . These d a t a s u g g e s t t h a t 
c a r i b o u i n groups o f from two t o s i x a n i m a l s a r e more l i k e l y t o r e a c t t o 
d i s t u r b a n c e than s o l i t a r y c a r i b o u o r c a r i b o u i n group s i z e s l a r g e r than 
s i x . 

In terms o f t h e d i f f e r e n t age/sex groups o f c a r i b o u , e i g h t o f 39 a d u l t male 
groups (20 p e r c e n t ) showed a r e a c t i o n , seven o f 22 a d u l t female groups (32 
p e r c e n t ) showed a r e a c t i o n , and t h r e e o f 21 s u b - a d u l t / y e a r l i n g / u n c l a s s i 
f i e d groups (14 p e r c e n t ) showed a r e a c t i o n . The b e h a v i o u r o f a d u l t females 
w i t h c a l v e s was c l a s s i f i e d t h r e e t i m e s , two o f which were more than 500 m 
from t h e BCR g r a d e . The one a d u l t female w i t h a c a l f r e c o r d e d w i t h i n 500 m 
o f t h e BCR grade r e a c t e d s t r o n g l y t o t h e d i s t u r b a n c e . These d a t a suggest 
t h a t a d u l t female-dominated groups are l i k e l y t o r e a c t more s t r o n g l y t o 
d i s t u r b a n c e s than o t h e r groups when en c o u n t e r e d w i t h i n 500 m o f t h e BCR 
g r a d e . 

T a b l e 4-18 a s s o c i a t e s r e a c t i o n s w i t h s p e c i f i c d i s t u r b a n c e s o u r c e s , and i s 
complementary t o T a b l e 4-17. The l a r g e m a j o r i t y o f d i s t u r b a n c e s o u r c e s 
r e c o r d e d were p i c k - u p t r u c k s and c a r s on t h e BCR g r a d e . O t h e r s o u r c e s o f 
d i s t u r b a n c e s a r e t o o l i m i t e d t o a l l o w comparison o f r e a c t i o n s between 
s o u r c e s . 

3.2.3 G r i z z l y Bears -

T a b l e 4-19 and F i g u r e 4-11 show t h e o b s e r v a t i o n s o f g r i z z l y bear d u r i n g 
1985. N e i t h e r g r i z z l y b e a r s nor t h e i r t r a c k s were o b s e r v e d d u r i n g a e r i a l 
s u r v e y s i n m i d - A p r i l and l a t e A p r i l / e a r l y May when emergence from dens was 
e x p e c t e d . One f r e s h l y - e x c a v a t e d den s i t e was d i s c o v e r e d i n J u l y a t t i m b e r -
l i n e i n the bed o f a c r e e k f l o w i n g i n t o t h e L i t t l e Klappan R i v e r downstream 
o f Conglomerate Creek which i s j u s t o f f t h e l i c e n s e a r e a . 
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TABLE 4-19 

OBSERVATIONS OF GRIZZLY BEARS DURING 1985 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

0 0 
ro 

May 28 
May 29 

May 31* 
June 10 
June II* 
June 12* 
June 14* 
June 16* 
June 17* 
June 17 
June 25* 
June 29* 
June 29* 
June 29* 
June 29 
June 30 
June 30* 
July 1 
July 8* 
July 10* 

July 12* 

July 19* 
July 21 
July 23* 
July 23* 
July 24* 

1U 1646 

1F,2Y 

1F,2S 
IM 
1F,2S 
IF,IS 
1F,2Y 
3A 

1A 
1F,2Y 
1F,2Y 

1A 
2U 

1F,2Y 
IS 

1A 

IS 

1F,2Y 

1U 

1676 
1676 

1280 

1341 
1280 
1341 
1311 
1280 
1311 

1311 
1280 
1341 

1311 
1341 

IS 1280 

1A 1189 
3U 1128 

2A 1128 

1U 1265 

1F,2J 1829 

1341 
1341 
1341 

1A 1250 

L. Klappan R. 
Above Didene Cr. 
& Spatsizi R. 
Lower Klappan R. 
km 125 
km 104 
km 125 
km 123 
km 127 
km 127 
km 125 
km 124 
km 102 
Skeena R. 
km 108 
km 123 
km 126 
Skeena R. 
km 125 
km 129 
km 144 Garner 
Cr. Strip 
km 100 near 
Conglomerate Cr. 
Fox Creek 
near BCR Camp 
km 125 
km 129 
km 144 Garner 
Cr. Strip 

Continued .... 



Table 4-19 
ConeIuded 

LICENCE AREA 

Date 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

Co 

July 25* 

July 25* 

July 25* 

July 25 

July 30* 
August 3* 
August 3 
August 4* 
August 5* 
August 6* 
August 6 
August 7* 
August 7* 
August 8* 
August 8* 
August 8 
August 9 
August 9 
September 18 
October 11 

1A 
1A 

1U 
1F,2Y 

1524 
1768 

1615 
1676 

1F,2Y 1493 
1A 1676 

1A 1311 

1A 

1U 

1524 

1676 

IM 

IS 

IS 

IS 

1A 

1F,2Y 
1Y 

1A 

1250 

1341 

1250 

1250 

1250 

1280 
1250 

1250 

1A 
2A 
1A 

1250 
1402 
1463 

km 144 Garner 
Cr. Strip 
km 133 Grade -
Spatsizi R. 
km 144 Garner 
Cr. Strip 
km 144 Garner 
Cr. Strip 
L. Klappan R. 
near Dr111Ing Rig 
km 142.6 
Lost Ridge 
Lost Ridge 
South of Camp 

km 123 On Grade 
km 145 On Grade 
North of Camp 
km 144 
"Nass Pass" 
Kluayetz Cr. 
McCumber Cr. 
L. Klappan R. trib. 
Upper L. Klappan R. 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 
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The f i r s t o b s e r v a t i o n o f a g r i z z l y bear was made on May 28 i n a snow-
c o v e r e d a l p i n e a r e a j u s t o f f t h e l i c e n c e a r e a on t h e L i t t l e Klappan R i v e r , 
and a sow w i t h two second-year cubs was o b s e r v e d on May 29 i n a snow-
c o v e r e d a l p i n e a r e a n o r t h o f t h e e x p l o r a t i o n camp. D u r i n g 1985, g r i z z l y 
bear were o b s e r v e d i n a l l p a r t s o f the l i c e n c e a r e a i n a wide v a r i e t y o f 
h a b i t a t s a t a l l e l e v a t i o n s . The m a j o r i t y o f o b s e r v a t i o n s were made from the 
ground i n t h e v i c i n i t y o f t h e BCR grade. Few o b s e r v a t i o n s o f g r i z z l i e s were 
made o r r e p o r t e d a f t e r t h e c o n t i n u o u s ground s u r v e y i n g p e r i o d ended i n 
mid-August. D u r i n g subsequent v i s i t s i n September and O c t o b e r , e x p l o r a t i o n 
camp p e r s o n n e l c o u l d not r e c a l l any o b s e r v a t i o n s o f g r i z z l i e s d u r i n g t h i s 
p e r i o d when ca n v a s s e d by study b i o l o g i s t s . R e p o r t e d o b s e r v a t i o n s o f 
g r i z z l i e s had formed a marked p r o p o r t i o n o f t o t a l o b s e r v a t i o n s i n p r e c e d i n g 
months ( T a b l e 4-19). T h i s s u g g e s t s t h a t g r i z z l i e s made l e s s use o f t h e 
v i c i n i t y o f e x p l o r a t i o n a c t i v i t i e s i n l a t e August, September and O c t o b e r 
than was t h e c a s e i n June and J u l y . One g r i z z l y was o b s e r v e d i n O c t o b e r i n 
t h e upper L i t t l e Klappan R i v e r a l p i n e a r e a d u r i n g a e r i a l s u r v e y s . 

D u r i n g June, J u l y and August, g r i z z l i e s were r e g u l a r l y o b s e r v e d i n t h e 
v i c i n i t y o f t h e BCR grade ( T a b l e 4-19); however, g r i z z l i e s were not 
o b s e r v e d a t t h e e x p l o r a t i o n camp. A l a r g e r p r o p o r t i o n o f t h e s e o b s e r v a t i o n s 
was made i n t h e S p a t s i z i R i v e r / H o b b i t C r e e k / B r o a t c h Creek a r e a , p a r t i c u l a r 
l y i n June. In J u l y , t h e headwaters o f t h e Skeena R i v e r was an a r e a where 
s e v e r a l o b s e r v a t i o n s were made. T h i s f o l l o w e d t h e time when a c c e s s was 
opened south a l o n g t h e BCR grade beyond H o b b i t Creek, t h e r e b y p e r m i t t i n g 
o b s e r v a t i o n s from t h e ground. 

In s p r i n g , when snow c o v e r f a c i l i t a t e d t r a c k i n g , g r i z z l y b e a r s were t r a c k e d 
by h e l i c o p t e r on s e v e r a l o c c a s i o n s (See F i g u r e 4-8). In a l l c a s e s , the 
t r a c k s appeared t o be a maximum o f 48 hours o l d . On May 28, t h r e e 
g r i z z l i e s , p r o b a b l y a sow w i t h two cubs, were t r a c k e d a c r o s s 95 p e r c e n t 
snow c o v e r f o r 16 km a l o n g t h e banks o f K l u a y e t z Creek, moving c o n s i s t e n t l y 
northwest (downstream). The t r a c k s were l o s t where snow c o v e r became more 
s p a r s e towards th e S p a t s i z i R i v e r c o n f l u e n c e . There were no o b v i o u s f o o d 
s o u r c e s ( e . g . , v e g e t a t i o n , s m a l l mammals) i n the t r a c k i n g a r e a and no s i g n 
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o f pauses d u r i n g movement. 

On May 29, a sow and two second-year cubs were t r a c k e d f o r a d i s t a n c e o f 
a p p r o x i m a t e l y 10 km i n 100 p e r c e n t snow-covered a l p i n e v a l l e y s and r i d g e s 
and o b s e r v e d i n an a r e a immediately n o r t h o f t h e e x p l o r a t i o n camp. 

These bears moved from one marmot c o l o n y t o t h e n e x t , and were t r a c k e d 
t o a s t e e p s o u t h - f a c i n g s l o p e j u s t below an a l p i n e r i d g e t o p , where th e y 
r e s t e d f o r a p p r o x i m a t e l y one hour i n some sm a l l snow-free p a t c h e s . The 
r o u t e f o l l o w e d by t h e s e bears was e r r a t i c , meandering a c r o s s s l o p e s and 
v a l l e y s . T r a c k s o f a s o l i t a r y a d u l t g r i z z l y i n t h e same a r e a were a l s o 
f o l l o w e d on May 29 f o r a d i s t a n c e o f 10 km; t h i s b e a r a l s o was moving a l o n g 
a meandering r o u t e . E v i d e n c e o f f e e d i n g on ptarmigan eggs was found, and o f 
f r e q u e n t c h e c k i n g o f marmot and ground s q u i r r e l h o l e s i n t h e snowpack. 

On June 5, a s o l i t a r y a d u l t g r i z z l y was f o l l o w e d f o r a d i s t a n c e o f 15 km 
from Lower T a h t s e d l e Creek upstream through f o r e s t e d a r e a s t o t h e h i g h 
a l p i n e a r e a s on the south s i d e o f Mount Klappan. T h i s bear f o l l o w e d a h i g h 
r i d g e and then e i t h e r jumped o v e r o r f e l l t h r o u g h a c o r n i c e a t 1920 m 
e l e v a t i o n i n t o t h e L o s t - F o x b a s i n , which i t c r o s s e d on t h e e a s t s i d e . I t 
passed t h r o u g h a s m a l l c i r q u e on the e a s t s i d e o f Knooph H i l l , and then 
descended i n t o t h e f o r e s t e d a r e a where i t s t r a c k s were l o s t n e a r t h e BCR 
grade. T h i s bear checked a few marmot h o l e s , but g e n e r a l l y d i d not pause 
d u r i n g t h i s movement. 

On May 29, an a d u l t g r i z z l y was t r a c k e d a l o n g t h e e a s t s i d e o f G arner Creek 
f o r a d i s t a n c e o f 15 km. T h i s bear f o l l o w e d a r o u t e m o s t l y a c r o s s h i g h 
a l p i n e meadows and s c r e e s l o p e s , through deep snow-covered a r e a s and bare 
p a t c h e s . I t a l s o descended through s u b a l p i n e f o r e s t t o c r o s s one v a l l e y , 
and e v e n t u a l l y t h e t r a c k s were l o s t a f t e r i t had descended through f o r e s t 
t o t h e G arner Creek meadows. T h i s bear d i d not appear t o pause and check 
marmot h o l e s , but c o n t i n u e d i n a g e n e r a l d i r e c t i o n a l t r e n d n o r t h towards 
K l u a y e t z Creek. 
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In t h e f a l l , on September 18 an a d u l t g r i z z l y ( p r o b a b l y a female) was 
t r a c k e d f o r a p p r o x i m a t e l y seven k i l o m e t r e s and o b s e r v e d i n t h e mountains 
between t h e L i t t l e Klappan and Klappan r i v e r s . T h i s bear f o l l o w e d a 
g e n e r a l e a s t - s o u t h e a s t d i r e c t i o n o v e r a snow-covered pass i n t h e h i g h 
a l p i n e zone down a v a l l e y t o f o r e s t e d a r e a s i n t h e v i c i n i t y o f a m i n e r a l 
l i c k r e g u l a r l y v i s i t e d by mountain g o a t s . No e v i d e n c e o f f o r a g i n g was 
ob s e r v e d ; however, t r a c k i n g c o n d i t i o n s were o n l y f a i r . 

3.2.4 Other Species 

O t h e r s p e c i e s o r s p e c i e s groups f o r which o b s e r v a t i o n s were r e c o r d e d 
i n c l u d e d moose, mountain go a t , b l a c k bear, f u r b e a r e r s and r a p t o r s . The 
o b s e r v a t i o n s a r e l i s t e d i n T a b l e s 4-20 t o 4-24 and mapped (moose, mountain 
goat and b l a c k bear) on F i g u r e s 4-12 t o 4-14. Some movements o f moose and 
mountain g o a t s a r e a l s o mapped on F i g u r e 4-8. 

Moose were not o b s e r v e d d u r i n g m i d - A p r i l and l a t e A p r i l / e a r l y May a e r i a l 
s u r v e y s ( T a b l e 4-20). D u r i n g a e r i a l s u r v e y s between May 27 and June 4, 
moose were not ob s e r v e d i n t h e l i c e n c e a r e a , but were commonly o b s e r v e d i n 
the K l u a y e t z C r e e k / S p a t s i z i R i v e r a r e a . A f t e r June 4, moose were ob s e r v e d 
r e g u l a r l y d u r i n g ground s u r v e y s i n t h e l i c e n c e a r e a . A cow w i t h a newborn 
c a l f was ob s e r v e d south and up s l o p e o f t h e e x p l o r a t i o n camp i n an ar e a 
s t i l l 95 p e r c e n t snow-covered on June 6. 

In g e n e r a l , moose were r e s t r i c t e d t o lower e l e v a t i o n s e c t i o n s o f t h e 
l i c e n c e a r e a . Moose were r a r e l y o b s e r v e d above t i m b e r l i n e i n t h e L o s t - Fox 
b a s i n o r Mount Klappan and mountain ranges o v e r l o o k i n g t h e Nass R i v e r 
v a l l e y . C a s t a n t l e r s were o c c a s i o n a l l y o b s e r v e d i n t h e L i t t l e Klappan R i v e r 
v a l l e y from Conglomerate Creek upstream; however, no o b s e r v a t i o n s were made 
of moose. From t h e number o f o b s e r v a t i o n s i n t h e D i d e n e - E l l i s A r e a , i t i s 
c l e a r t h a t moose a r e common i n t h a t a r e a i n s p r i n g , summer and f a l l , p a r t i 
c u l a r l y n e a r t he c o n f l u e n c e o f Didene Creek and t h e S p a t s i z i R i v e r . 

Some movements o f moose were r e c o r d e d by t r a c k i n g w i t h a h e l i c o p t e r . On 
May 27, an a d u l t male was t r a c k e d f o r 2 km moving upstream on t h e n o r t h 
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TABLE 4-20 

OBSERVATIONS OF MOOSE DURING 1985 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

May 27 IM 1371 Didene Cr.trlb. 
May 27 IF 1158 Spatsizi R. 
May 27 2F 1433 Bucking horse L. 
May 28 2M 1214 Kluayetz Cr. 
May 28* 2M Ealue Lake Rd. 
May 28* IM L. Klappan R. 
May 29 IM 1219 Skeena R. 
May 29 IF 1554 Garner Cr. Pass 
May 30 IF, 1Y 1219 Spatsizi R. 
May 30 IF, 1Y 1219 Kluayetz Cr. 
May 30 2M 1189 Kluayetz Cr. 
May 30 2M,3F,3Y 1189 Kluayetz Cr. 
May 30 1F,2Y 1280 Didene Cr. 
May 31 3U 1524 Kluayetz Cr. 
June 2 1Y 1524 Buckinghorse L. 
June 2 1F,1Y 1646 Taylor Peak 
June 3 IF 1524 Garner Cr. Pass 
June 4 6M,6F Didene Cr. -

Spatsizi R. -
Kluayetz Cr. 

June 5 IF 1250 
June 5 IF 1250 
June 5 IF 1067 Klappan R. 
June 6* 1F,1J 1433 
June 12* IF 1219 Hobbit Cr. 
June 12* 2M,1F 1219 edge of forest 
June 12* 1A 1219 hill break 

4* 
I 

0 0 CO 

Continued ... 
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Table 4-20 
Continued 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

June 12* 
June 12* 
June 12 
June 13 
June 15 
June 15* 
June 16 
June 17* 

June 18 
June 18 
June 19* 
June 22 
June 23 
June 23* 
June 24* 
June 25* 
June 25* 
June 25* 
June 25 
June 25 
June 25 
June 25 
June 27 
June 27 
June 27* 
June 30* 

IM 1311 

IF 125 

1F,1J 
2A 
IF 
2M 

IM 
IM, IF 
IF 

IM 
IM 

IM 
IF 

IF 
IF 
IM 
2M 
2M 

IM 
IM 
IM 
IM 
IF 
IF 

1219 
1219 
1341 
1219 

1341 
1311 
1341 

1219 
1280 

1311 
1371 

1311 
1311 
1280 
1280 
1280 

1189 
1219 
1280 
1280 
1280 
1250 

1F,1J 1493 

2Y 1280 

Grlzzley Cr. 
km 133 on grade 
km 122.8 
Off Hobbit Tr. 
Other - Park 
km 124 
Off Hobbit Tr. 
km 127 -
Hobbit Pit 

km 124.2 
km 102 Gravel Pit 
km 125 
km 122 
Grlzzley Cr. 
km 124 
km 118 
km 124 
km 123 
km 123.5 

km 108 
km 124.7 
km 123 
km 124 

ContInued ... 



Table 4 - 2 0 
Continued 

LICENCE AREA 

MT. KLAPPAN DIDENE--ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

July 1 * IF 1189 km 101 
July 4* 2Y 1128 km 102 Gravel Pit 
July 6 IM 1250 Off Hobbit Tr. 
July 7* 2U 1341 South of Camp 
July 9* 2M 1341 km 128 
July 9* 1F,2J 1341 km 129 
July 10* IF 1371 BCR Camp 
July 15* IM 1280 Kl uayetz Cr. 
July 16 2M 1311 
July 16 IM 1250 Skeena R. 
July 17* 1F,1J 1420 Fox Cr. 
July 17* 2F 1341 km 132 
July 17* 1F,1J 1219 Spatsizi R. 
July 19 IM 1524 km 134 In Park 
July 20* 1F,1J 1341 km 108 
July 23* 1F,1J 1371 BCR Camp 
July 23* IM 1311 Spatsizi R. 
July 25* 1F,1J 1371 BCR Camp 
July 26 IM 1250 Between Jack & 

Biume creeks 
July 26* IM 1341 km 127 
July 27 1A 1493 km 104 
July 28* 1F,1J 1341 km 119 
July 30* 1F,1J 1524 Knooph Hill 
July 30* IF 1524 Knooph Hill 
August 6* IF 1524 Knooph Hill 
August 6 IF 1097 Spatsizi R. 
August 7 IF 1219 
August 7 IM 1524 

Continued ... 



Table 4-20 
ConeIuded 

LICENCE AREA 

MT. KLAPPAN DIDENE--ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

August 7* IF 1524 Lost Fox 
August 9 IM 1250 
August 9 1F,1J 1250 
August 9 2M 1493 
August 9 IM 1341 
August 9 IF 1250 Kluayetz Cr. 
August 9 IF, IJ 1250 Kluayetz Cr. 
August 9 2F 1219 Kluayetz Cr. 
August 9 2M 1554 Mt. Thule 
August 10* 2Y 1371 BCR Camp 
September 16 IM 1280 
September 16 IM 1554 
September 16 IM,IF 1128 
September 16 IM,IF 1128 
September 18 IM, IF 1493 
October 13 1F, IJ 1585 
October 13 IM, IF 1615 
October 13 1M,2F,2J 1433 
October 13 IM 1189 Spatsizi R. 
October 13 IM, IF 1463 Mt. Thule 
October 13 IM 1371 Buckinghorse 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 



TABLE 4-21 

OBSERVATIONS OF MOUNTAIN GOATS DURING 1985 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

A p r l l 29 'A 1463 Klappan R. trib. 
M a y 27 1U 1768 Nass R. trib. 
May 27 
May 28 1A 1981 
May 28 

May 30 

une 2 2F,1J 1798 
une 2 

une 3 

111 1311 Klappan R. 

1A 1981 Klappan R. trib. 
M a y 28 2 A 1 7 3 7 L» Klappan R. trib. 
M a y 28 . 1A 1768 Conglomerate Cr. 

4A 1829 Mt. Gunanoot 
30 IF,1J,1A 1768 Bucklnghorse Cr, 

i trib. 
ro 3 , IM 1951 Mt. Gunanoot 

M a y 3 1 1F,1Y 1524 Mt. Gunanoot 

1A 1920 Tsetla Cr. trib. 
2U 1981 Taylor Peak une 2 

u n e 3 1F,1Y 1676 Garner Cr. trib. 
u n e 3 3M 1707 Mt. Gunanoot 

3A 1727 Mt. Gunanoot 
u n e 4 5U,1J 2103 Mt. Gunanoot 
u n e 25* 3F,3J 1524 East of Garner Cr. 

6A,1J 1829 above km 98.5 
3A 1829 above km 98.5 une 28 

une 29 
u n e 29* 3F,2J 1524 East of Garner Cr. 
uly 2 7A,1J 1829 above km 98.5 
U| y 6* 2F,2J 1829 near Repeater 

3A 2012 Other - Park uly 12* 
uly 12* 
uly 12 
u | y 1 5 4F,4J,1S 1402 L. Klappan R. trib. 

uly 12* 7A,2J 1829 near Repeater 
u l y j 2 1A 2103 Conglomerate Cr, 

Continued ... 



Table 4-21 
ConeIuded 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

July 15 
July 15 
July 15 
July 16 
August 9 
August 9 
September 18 
October 11 

IF,IS 1829 
4U 1829 
1F,2S 1981 
2F,2J,1S 1829 

8F,3J,2S 1707 
IM 
IM 
3U 

1707 
2195 
1829 

Klappan R. trib. 
Klappan R. trib. 
Conglomerate Cr. 
Skeena R. trib. 

Conglomerate Cr. 
Mt. Gunanoot 
Klappan R. trib. 

4* 

(2 Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observation 



TABLE 4-22 

OBSERVATIONS OF BLACK BEARS DURING 1985 

LICENCE AREA 

Date 

MT. KLAPPAN DIDENE--ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

LOCATION Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

May 28* 1U on km "76" 
grade L. Klappan R. 

May 29* 1A on km 72 Tsetla Cr. 
grade 

June 5* IS on near "76" 
grade 

June 9* 2U 1524 km 83 
June 11* 1U Ealue Lake Road 
June 13* 1A 1250 km 124 

1 June 14* 1U 1341 km 121 
-p» June 17 1A 1341 km 125 

June 18* IS on km 84 
grade L. Klappan R. 

June 21* IF, 1J 1341 km 123 
June 23* 1A 1250 Tahtsedle Cr.-

Spatsizl R. 
July 1* 2A 1371 Near Summit Strip 
Ju ly 3* IS on km 82 

grade 
July 8 1A 1493 km 105 
July 11* IS 1341 km 118 
July 12 1A 1402 Conglomerate Cr. 
July 17* 1U 1341 km 124 
July 20* 111 1341 km 110 Summit Strip 
July 20* 2U 1341 km 123 
July 20* 1U 1341 km 112 Prep. 

Plant Access 
July 24* 1A 1341 km 121 

Continued .... 



Table 4-22 
Cone I uded 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELLIS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

July 25-27 IF 1341 km 120 
July 27* 1A 1341 km 121 
July 31 1A 1341 km 121 
August 1 1A 1341 km 121 
August 1* 1A 1341 km 118 
August 2* 1A 1341 km 115 Didene Cr. 
August 3 1A 1250 km 123 
August 9 IF,IJ 1433 L. Klappan R. 
August 10 1A 1341 Old BCR Camp Tr. 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult; A - adult; 
U - unclassified. 

* reported observations 



TABLE 4-23 

OBSERVATIONS OF FURBEARERS DURING 1985 

Date 

LICENCE AREA 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

vo cn 

April 16 

April 16 

May 29 

May 30 
une 9* 
une 19* 

une 23* 
une 24* 

une 24 
une 29 
uly 3* 
uly 4 

uly 16 
uly 17* 

uly 18* 
uly 18* 
uly 19 

1A Fox 1829 

1A Wolf 1341 

Marten 1341 

July 20* 

1U Fox 1341 

Wolver- 1371 
ine 

Wolver- 1341 
ine 

Wolver- 1341 
Ine 
1A Wolf 1341 

Wolver- 1676 
ine 
Wo Iver- 1524 
ine 

Marten on 
grade 

111 Wolf on 
grade 

1U Fox 1280 

1A Wolf 1890 

Wolver- 1920 
ine 
1A Wolf 1341 

IJ Wolf 1524 

1A Wolf 1250 

Taylor Peak 

Fire Flats 
km 120 at camp 
km 105 

Lost Ridge 
km 92 

km 115 
km 99 
Lost Ridge Access Rd. 

km 123 

alpine 
km 150 
km 127.2 

North of Camp 

Cont i nued ••• 



Table 4-23 
Cone I uded 

LICENCE AREA 

Date 

MT. KLAPPAN DIDENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

August I 
August 8 
August 9* 

August 9 

August 9 
September 17 
September 17 
September 17 
October 11 

1U Fox 1524 

Wolver- 1402 
ine 

Beaver 
Beaver 

1158 
1189 

Wolverine 

Wolver- 1036 
ine 
2A Wolf 1676 

Beaver 1189 

Lost Ridge Access Rd. 
In Park 
Lost Ridge Access Rd. 

Spatsizi R. 

Above Didene Cr. 
Spatsizi R. 
Skeena R. 
Skeena R. 

1A Fox 1676 

Abbreviations: M - adult male; F - adult female; J - juvenile (<12 mos); Y - yearling (> 12 mos); S - subadult;,, A - adult; 
U - unclassified. 

* reported observation 



TABLE 4-24 

OBSERVATIONS OF RAPTORS DURING 1985 

LICENCE AREA 

Date 

MT. KLAPPAN DI DENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

10 00 

AprlI 29 
April 29 
May 27 
May 27 
May 27 
May 27 
May 27 
May 28 
May 28 

May 28 

May 28 
May 30 
May 30 
May 30 
May 30 
May 30 
May 31 
May 31 
June 1 
June 2 
June 2 
June 2 
June 2 
June 2 
June 2* 
June 3 
June 3 
June 4 

1GE 

1GE 

2GE 

1GE 
1GE 

1GE 

1890 

1737 

1707 

1737 
1798 

2012 

1GE 

1GE 

1951 

1GE 
2GE 

1341 

1676 
1676 

1GE 1219 

1GE 1615 

1GE 1615 

1GE 1615 

Inactive 
GE Nest 1951 

1GE 1402 
1GE 1829 

1GE 

1GE 

1676 

1433 

Inactive 
GE Nest 1768 
1GE 1707 

1GE 1646 
1BE 1280 

1GE 1524 

1GE 
1GE 

1GE 
'1GE 
2GE 

1981 
2042 

1524 
2134 
1219 

L. Kl appan R. 
trib. 

Buckinghorse L. 

L. Klappan R. 

Spatsizi R. trib. 

Klappan R. trib. 
Buckinghorse Cr. 

Didene Cr. trib. 

Mt. Gunanoot 
Mt. Gunanoot 
km 115 
Mt. Gunanoot 
L. Klappan R. trib. 
Kluayetz Cr. 

Continued ... 



Table 4-24 
Continued 

LICENCE AREA 

MT. KLAPPAN DIDENE-ELL IS SUMMIT NASS SKEENA OFF LICENCE AREA 

Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

June 5 1GE 1981 
June 5 2GE 1707 
June 5 1GE 1524 • 

June 5 1BE 1067 Klappan R. 
June 6 1GE 1859 Above Spatsiz 
June 12* 1GE 1676 Lost Ridge 
June 18 2GE 1341 km 114 Met. 
June 26* 1GE 1676 Lost Ridge 
June 27* 1GE 1493 Lost Ridge 
June 29 1GE 1371 
July 4 1GE 1676 Fox Cr. Basin 
July 4 1NH 1341 km 116 
July 4 1GE 1676 
July 4 1BE 1128 Spatsizi R. 
July 4 IF 1341 Spatsizi R. 
July 7* 1GE 1585 Lost Ridge 
July 8 1GE 1829 In Park 
July 8 1RT 1341 km 119 
July 16 1GE 1707 
July 23 1RT 1341 km 104.5 
July 23 1NH 1341 km 119 
July 24 1NH 1311 km 106.1 
August 1 3GE 1585 In Park 
August 1 1GE 1585 In Park 
August 2 1GE 1585 In Park 
August 3 3GE 1585 In Park 
August 5 1GE 1585 In Park 
August 6 1GE 1615 Above Upper-

L. Klappan R. 
August 8 2GE 1585 In Park 

Continued ... 



Table 4-24 
Cone I uded 

LICENCE AREA 

Date 

MT. KLAPPAN DlDENE-ELL IS SUMMIT NASS SKEENA OFF-LICENCE AREA 

LOCATION Date Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) Age/Sex Elev(m) LOCATION 

August 8 1SH 1341 km 120.8 
August 8 1BF 1585 In Park 
August 9 1SH 1311 km 117.7 
August 9 16E 1829 
September 16 1GE 1798 
September 16 1GE 1829 Didene Cr. trib. 
September 18 1GE 1890 
September 18 1GE 1981 
September 18 1GE 1737 L. Klappan R. trib. 

1—• September 18 1GE 1646 L. Klappan R. trib. 
o September 18 1GE 1829 Butler Cr. 

September 18 1GE 1981 Above Spatsizi R. 
September 18 1GE 1676 Kluayetz Cr. trib. 
September 18 1GE 1890 Kluakaz Cr. 
September 18 1GE 1951 Nass. R. trib. 
September 18 1GE 2073 Tahtsedle Cr. 
October 13 1BE 1219 Spatsizi R. 

Abbreviations: GE - Golden Eagle; BE - Bald Eagle; NH - Northern Harrier; RT - Red-tailed Hawk; SH - Swainson1 's Hawk; F - Unidentified Falcon 
* reported observations 
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s i d e o f Didene Creek. A n o t h e r unobserved moose was t r a c k e d f o r a s i m i l a r 
d i s t a n c e on May 29 i n t h e same l o c a t i o n . On May 30, f r e s h t r a c k s were 
f o l l o w e d upstream i n t o t h e f o r e s t e d a r e a on t h e south s i d e o f Didene Creek, 
south o f t h e e x p l o r a t i o n camp, f o r 1.5 km g e n e r a l l y f o l l o w i n g s h a l l o w 
r a v i n e s . On May 29, two movements from t h e S p a t s i z i R i v e r headwaters a r e a 
i n t o the Skeena R i v e r d r a i n a g e were r e c o r d e d . Both o f t h e s e were approxima
t e l y 6 km, and both i n v o l v e d w a l k i n g on t o p o f h e a v i l y - e n c r u s t e d snow, 
l e a v i n g v e r y l i t t l e i n d e n t a t i o n , and w a l k i n g on t h e BCR g r a d e . One o f 
t h e s e moose - a young male - was o b s e r v e d i n a s m a l l snow-free p a t c h o f 
w i l l o w on t h e banks o f t h e Skeena R i v e r . On May 30, two moose were t r a c k e d 
f o r 3 km, but not o b s e r v e d , moving upstream a l o n g t h e edge o f sedge meadows 
on the n o r t h bank o f t h e headwaters o f t h e Klappan R i v e r . 

The above movements su g g e s t s p r i n g movement upstream a l o n g r i v e r v a l l e y s 
towards t h e h i g h e r - e l e v a t i o n h a b i t a t s o f t h e l i c e n c e a r e a . The movements 
upstream a l o n g t h e S p a t s i z i R i v e r and Didene Creek a r e c o r r o b o r a t e d by the 
o b s e r v a t i o n s o f Ray and Reg C o l l i n g w o o d ( p e r s . comms.) f u r t h e r downstream 
on the S p a t s i z i R i v e r . In both 1984 and 1985, e x p l o r a t i o n p e r s o n n e l a t the 
Didene camp have r e p o r t e d sudden c o n c e n t r a t i o n s o f moose, numbering 10-20 
a n i m a l s , i n November i n t h e S p a t s i z i / H o b b i t / B r o a t c h a r e a s , d u r i n g o r j u s t 
p r i o r t o major s n o w f a l l s . T h i s i s s u g g e s t i v e o f a f a l l movement t o lower 
e l e v a t i o n s t o escape deep snow. 

Moose were r e g u l a r l y (but not commonly) o b s e r v e d i n summer i n t h e v i c i n i t y 
o f lower e l e v a t i o n e x p l o r a t i o n a c t i v i t i e s , u s u a l l y where a c t i v i t i e s were 
l e s s i n t e n s e ( e . g . , downstream on t h e L i t t l e Klappan R i v e r ; e a s t i n the 
S p a t s i z i R i v e r a r e a ) . 

O b s e r v a t i o n s o f mountain goat ( T a b l e 4-21, F i g u r e 4-13) d i d not r e v e a l new 
d i s t r i b u t i o n a l i n f o r m a t i o n beyond t h a t r e p o r t e d i n t h e Stage I S u b m i s s i o n . 
More g o a t s were ob s e r v e d i n t h e mountains south o f t h e l i c e n c e a r e a (Mount 
Gunanoot ar e a ) than i n 1984, and some movements were r e c o r d e d a l o n g r i d g e 
t o p s ( F i g u r e 4-8). The Summit A r e a remains th e most i m p o r t a n t goat range 
i n the l i c e n c e a r e a . 
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B l a c k b e a r s ( T a b l e 4-22, F i g u r e 4-14) were o b s e r v e d more f r e q u e n t l y i n 1985 
than i n 1984 owing t o t h e p r e s e n c e o f a ground s u r v e y b i o l o g i s t . Observa
t i o n s were more f r e q u e n t i n t h e L i t t l e Klappan R i v e r v a l l e y than i n the 
S p a t s i z i R i v e r / D i d e n e Creek v a l l e y s . B l a c k b e a r s were o b s e r v e d o c c a s i o n a l l y 
a t t h e e x p l o r a t i o n camp. 

F u r b e a r e r s ( T a b l e 4-23) were o b s e r v e d i n a wide v a r i e t y o f h a b i t a t s 
t h r o u g h o u t t h e l i c e n c e a r e a . Seven o b s e r v a t i o n s o f wolves, t o t a l l i n g e i g h t 
i n d i v i d u a l s , were made. In a l l but one i n s t a n c e , t h e wolves were s o l i t a r y . 
These s p r i n g , summer and f a l l o b s e r v a t i o n s may be i n c o n t r a s t t o the 
w i n t e r , when w o l f s o c i a l b e h a v i o u r may change, and packs a r e formed (D. 
H a t l e r , Ray and Reg C o l l i n g w o o d , p e r s . comms.). W o l v e r i n e s were ob s e r v e d 
n i n e t i m e s , u s u a l l y a t o r above t i m b e r l i n e . T h i s s p e c i e s and t h e r e d f o x 
( o b s e r v e d f i v e t i m e s ) appear t o be r e l a t i v e l y common i n t h e l i c e n c e a r e a . 

Golden e a g l e s ( T a b l e 4-23) were r e c o r d e d d u r i n g almost e v e r y a e r i a l s u r v e y , 
and a r e common and wide s p r e a d a t h i g h e r e l e v a t i o n s (above t i m b e r l i n e ) i n 
the l i c e n c e a r e a . No new n e s t s i t e s were d i s c o v e r e d . B a l d e a g l e s were 
r a r e l y o b s e r v e d . 

3.3 HABITAT ANALYSIS 

In o r d e r t o a s s e s s the r e l a t i v e importance o f a r e a s a l i e n a t e d from w i l d l i f e 
use by p r o j e c t development, a d e t a i l e d a n a l y s i s o f t h e w i l d l i f e h a b i t a t s 
a f f e c t e d by t h e p r o j e c t was co n d u c t e d . S i n c e many o f t h e development ar e a s 
have a l r e a d y been i n f l u e n c e d by human a c t i v i t i e s , i t was d e c i d e d t h a t a s e t 
o f c o m p a r a t i v e h a b i t a t s would a l s o be e v a l u a t e d , which have not been 
d i s t u r b e d by r e c e n t a c t i v i t y , and would s e r v e as s u r r o g a t e i n d i c a t o r s o f 
the importance o f t h e h a b i t a t t y p e t o w i l d l i f e . 

"Development" a r e a s a s s o c i a t e d w i t h t h e L o s t - F o x p r o j e c t a re t h e p i t a r e a , 
waste d i s p o s a l a r e a , water r e s e r v o i r , camp s i t e , a n t h r a c i t e p r e p a r a t i o n 
p l a n t s i t e , power p l a n t s i t e and t h e t a i l i n g s pond a r e a . For each d e v e l o p 
ment a r e a , a c o r r e s p o n d i n g " c o n t r o l " a r e a was s e l e c t e d t o d u p l i c a t e the 
p r i n c i p a l c h a r a c t e r i s t i c s o f t h e w i l d l i f e h a b i t a t s r e p r e s e n t e d i n d e v e l o 
pment a r e a s . C o n t r o l a r e a s e l e c t i o n s c o n s i d e r e d t h e f o l l o w i n g f a c t o r s : 
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1. I t emulates t h e degree o f h i s t o r i c o r human d i s t u r b a n c e o f the 
development a r e a . 

2. I t has an o v e r a l l r e l e v a n c e t o t h e s e n s i t i v e l i f e h i s t o r y s t a g e s o f 
th e w i l d l i f e s i m i l a r t o t h a t o f t h e development a r e a . 

3. I t i s t o p o g r a p h i c a l l y comparable t o t h e development a r e a i n p o s i t i o n , 
e l e v a t i o n above sea l e v e l , s l o p e a s p e c t and s l o p e a n g l e . 

4. The v e g e t a t i o n a s s o c i a t i o n i s comparable t o t h e development a r e a . 

The methods by which t h e c o m p a r a t i v e a r e a s were s e l e c t e d were as f o l l o w s . 

A e r i a l photographs a t two s c a l e s (1:8 000 and 1:30 000) were i n t e r p r e t e d 
f o r Land Type c o m p a r a b i l i t y . P l o t s f o r f i e l d e x a m i n a t i o n w i t h i n each o f the 
development a r e a s were l o c a t e d on t h e s e p h o t o g r a p h s . P o t e n t i a l c o n t r o l 
s i t e s comparable t o t h e mine development s i t e s were s i m i l a r l y s e l e c t e d . 
The i n t e n t here was t o match t h e b i o p h y s i c a l c h a r a c t e r i s t i c s and r e l e v a n c e 
t o w i l d l i f e o f t h e mine development s i t e s . F i g u r e 4-15 i n d i c a t e s t he 
l o c a t i o n s o f t h e sampled s i t e s . 

Twenty-one development and c o n t r o l s i t e s were sampled i n J u l y , 1985 u s i n g 
t r a n s e c t s u r v e y s . The c o n f i g u r a t i o n and d i r e c t i o n o f t h e s e t r a n s e c t s were 
d i c t a t e d by ( i ) l a n d t y p e b o u n d a r i e s ; ( i i ) c o n s i s t e n c y o f p a t t e r n ; and 
( i i i ) compass b e a r i n g s t o f a c i l i t a t e r e p l i c a b i l i t y . 

A l o n g each t r a n s e c t , d a t a on h a b i t a t c o m p o s i t i o n ( b i o p h y s i c a l s i t e c o n d i 
t i o n s and p l a n t s p e c i e s l i s t ) and w i l d l i f e s i g n were c o l l e c t e d . W i l d l i f e 
s i g n i n c l u d e d p e l l e t groups and t r a c k s o f u n g u l a t e s , d i g g i n g s o f b e a r s , 
t r a c k s , t r a i l s , burrows, s c a t s and c o l o n i e s o f smal l mammals, and s c a t s o f 
uplan d game b i r d s . G r a z i n g and browsing were a l s o a s s e s s e d u s i n g c i r c u l a r 
p l o t s a l o n g t h e t r a n s e c t . G r a z i n g and browsing use were r e l a t e d t o the 
e s t i m a t e d a v a i l a b l e c o v e r o f t h e f o r a g e s p e c i e s . 
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GUIDE TO DEVELOPMENT AND CONTROL 
SAMPLING SITE NUMBERS 

SAMPLING S I T E CONTROL SAMPLING 
NUMBER S I T E NUMBER 

PIT SITE 1 Ic 
PIT SITE 2 2c 
WASTE ROCK DISPOSAL 3 3c 
WASTE ROCK DISPOSAL 4 4c 
WASTE ROCK DISPOSAL 5 5c 
RESERVO1R 6 6c 
CAMP 7 10c 
PREPARATION PLANT 8 12c 
POWER PLANT 9 12c 
TAILINGS POND 10 10c 
TAILINGS POND 1 1 1 Ic 
TAILINGS POND 12 12c 

TOTAL SITES 12 9 

1 1 
1 | EXTENSION OF STUDY AREA 

6 km 

F I G U R E 4-15 
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iu l4 
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3.3.1 D e s c r i p t i o n o f Comparative S i t e s 

Mine S i t e s and C o n t r o l S i t e s 

Mine S i t e 1, a l p i n e t u n d r a i s a m o d e r a t e l y s l o p i n g , exposed s o u t h - f a c i n g 
r i d g e a t an e l e v a t i o n o f 1760 t o 1790 m. A t h i n mantle o f d i s c o n t i n u o u s 
c o l l u v i a l m a t e r i a l c o v e r s t h e u n d e r l y i n g bedrock r e s t r i c t i n g s o i l d e v e l o p 
ment t o O r t h i c R e g o s o l s . 

P e r i g l a c i a l and c o l l u v i a l p r o c e s s e s a re a c t i v e t h r o u g h o u t t h e y e a r , w i t h 
snowfree p e r i o d s l i m i t e d t o o n l y two o r t h r e e months a n n u a l l y . The v e g e t a 
t i o n c o n s i s t s o f a l p i n e f o r b s and g r a s s e s , c o m p r i s i n g a mosaic o f A l t a i 
f e s c u e bunches i n t e r s p e r s e d w i t h r e i n d e e r l i c h e n s , mosses and bare ground. 
Moss campion, a l p i n e f o r g e t - m e - n o t , s a x i f r a g e and mountain avens add 
d i v e r s i t y . 

Mine S i t e 2, s u b a l p i n e g r a s s l a n d / f o r b heath i s l o c a t e d a t an e l e v a t i o n o f 
1700 t o 1730 m. The topography c o n s i s t s o f a s e r i e s o f s h o r t , i n c i s e d 
s l o p e s below t h e upper r i d g e which a r e b l a n k e t e d i n a v a r i a b l e t h i c k n e s s o f 
c o l l u v i a l m a t e r i a l . The s o i l i s t y p i c a l l y a sombric Ferro-Humic Podzol 
c h a r a c t e r i z e d by a g r a v e l l y , s a n d y - c l a y t e x t u r e . Dwarf w i l l o w o c c u r w i t h i n 
t h e p l o t as shrub s p e c i e s become more abundant w i t h r e d u c e d e l e v a t i o n and 
exp o s u r e . The heath v e g e t a t i o n i s made up p r e d o m i n a n t l y o f A l t a i f e s c u e , 
c o t t o n g r a s s , sedge and c a s s i o p e . 

The c o n t r o l s i t e s were l o c a t e d on a s o u t h - f a c i n g r i d g e i n t h e Mount 
K l a p p a n - T a h t s e d l e Creek A r e a . T h i s r i d g e a f f o r d e d a s i m i l a r j u x t a p o s i t i o n 
o f l a n d t y p e s and c o n f o r m i t y t o t h e same b i o p h y s i c a l c h a r a c t e r i s t i c s o f the 
two mine s i t e s . The e s s e n t i a l c h a r a c t e r i s t i c s a r e t h o s e as d e s c r i b e d f o r 
the two mine s i t e s . M i nor d i f f e r e n c e s i n c l u d e a h i g h e r e l e v a t i o n f o r the 
a l p i n e t u n d r a s i t e and s l i g h t l y s t e e p e r , w e t t e r s l o p e s w i t h i n t h e s u b a l p i n e 
g r a s s l a n d / f o r b heath s i t e . 
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Waste Rock D i s p o s a l S i t e s and C o n t r o l S i t e s 

The waste r o c k d i s p o s a l s i t e development a r e a encompasses t h r e e dominant 
l a n d t y p e s on t h e w e s t - f a c i n g s l o p e s o f t h e L i t t l e Klappan v a l l e y . These 
i n c l u d e : a l p i n e t u n d r a , s u b a l p i n e f i r - E n g l e m a n n s p r u c e , and s u b a l p i n e f i r -
mixed c o n i f e r / shrub. T h i s r e p r e s e n t s t h e t y p i c a l t r a n s i t i o n i n v e g e t a t i o n 
zones found i n t h e mine development a r e a from t h e h i g h a l p i n e t o t h e upper 
v a l l e y s l o p e s . 

Waste r o c k d i s p o s a l S i t e 3, a l p i n e t u n d r a i s s i m i l a r t o t h a t d e s c r i b e d f o r 
Mine S i t e 1. I t i s l o c a t e d a t a comparable e l e v a t i o n on t h e w e s t - f a c i n g 
c r e s t o f L o s t Ridge. S l o p e s a r e i n c i s e d and t h e s u r f a c e e x p r e s s i o n i s 
g e n e r a l l y more complex a t t h i s s i t e , e n a b l i n g a range o f p l a n t s p e c i e s t o 
e s t a b l i s h on a v a r i e t y o f m i c r o - h a b i t a t s . Dwarf w i l l o w , sedge and moss 
s p e c i e s a r e found i n a s s o c i a t i o n w i t h ephemeral d r a i n a g e c h a n n e l s . A l t a i 
f e c u e and mountain heaths are p r e v a l e n t on i n t e r v e n i n g d r y s i t e s . Loose 
s c r e e and a v a l a n c h e s l o p e s a r e c h a r a c t e r i s t i c o f t h i s e l e v a t i o n w i t h i n the 
waste r o c k d i s p o s a l s i t e a r e a . 

Waste r o c k d i s p o s a l S i t e 4, s u b a l p i n e f i r - E n g l e m a n n s p r u c e i s c h a r a c t e r i z e d 
by Krumholz s u b a l p i n e f i r a t upper e l e v a t i o n s , g r a d i n g g r a d u a l l y i n t o 
Englemann s p r u c e a t lower e l e v a t i o n s . Numerous c r e e k s and seepage s i t e s 
d r a i n t h e hummocky m i d - s l o p e s p r o d u c i n g a complex t e r r a i n c h a r a c t e r i z e d by 
p a t c h e s o f s u b a l p i n e f i r and c r o w b e r r y on w e l l - d r a i n e d r i d g e s , i n t e r m i n g l e d 
w i t h w i l l o w , sedge and L a b r a d o r t e a a l o n g d r a i n a g e c o u r s e s . T h i s patchwork 
o f v e g e t a t i o n a s s o c i a t i o n s makes t h i s one o f t h e most d i s t i n c t i v e l a n d 
t y p e s i n t h e a r e a . 

Waste r o c k d i s p o s a l S i t e 5, s u b a l p i n e f i r - m i x e d c o n i f e r - s h r u b i s a t the 
lower e l e v a t i o n s o f t h e dump s i t e and i s found a t t h e break o f s l o p e above 
the immediate v a l l e y f l o o r . C o l l u v i a l m a t e r i a l d e r i v e d from t h e upper 
s l o p e s i s r e s p o n s i b l e f o r t h e development o f O r t h i c F e r r o and Humic 
P o d z o l s , which a r e f i n e t o medium-textured and g e n e r a l l y w e l l - d r a i n e d . 
S u b a l p i n e f i r forms t h e dominant canopy cover a g e i n t e r m i x e d w i t h minor 
amounts o f Englemann s p r u c e . The w e l l - d e v e l o p e d s h r u b c o v e r i s comprised 
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p r i m a r i l y o f w i l l o w s p e c i e s and a f f o r d s p l e n t i f u l browse and c o v e r 
o p p o r t u n i t i e s f o r w i d l i f e . 

The c o n t r o l s i t e s f o r t h e waste r o c k d i s p o s a l a r e a , 3C, 4C and 5C are 
l o c a t e d on t h e w e s t - f a c i n g s l o p e s o f Garner Creek. T h i s i s o u t s i d e t he 
l i c e n c e a r e a as no a d e q u a t e l y comparable s i t e s were found w i t h i n t he 
l i c e n c e a r e a . E l e v a t i o n s were comparable f o r each c o n t r o l s i t e , and the 
same t r a n s i t i o n o f l a n d t y p e s was e v i d e n t on t h e s l o p e . The m i d - s l o p e 
c o n t r o l s i t e (4C) l a c k e d Englemann s p r u c e c o v e r . However, t h e t y p i c a l 
s u b a l p i n e f i r mosaic was c l e a r l y e v i d e n t , and s a t i s f i e d t h e c r i t e r i a f o r 
s i t e s e l e c t i o n . 

R e s e r v o i r S i t e and C o n t r o l S i t e 

R e s e r v o i r S i t e 6 o c c u p i e s t he lower a l l u v i a l f l o o d p l a i n o f t h e L i t t l e 
K lappan R i v e r . The s i t e i s c h a r a c t e r i z e d by wandering meander l o o p s and 
l o w - r e l i e f f l u v i a l sands and g r a v e l s . S o i l development i s r e s t r i c t e d t o 
O r t h i c R e g o s o l s , supplemented by annual sediment d e r i v e d from s p r i n g 
f l o o d i n g . 

The v e g e t a t i o n i s dominated by s h o r t shrub w i l l o w s p e c i e s w i t h an under-
s t o r y o f sedge and moss c o v e r . Other common s p e c i e s i n c l u d e : c o l t ' s f o o t , 
marsh m a r i g o l d and h o r s e t a i l . Such a l l u v i a l v a l l e y s i t e s a r e t y p i c a l o f 
r i v e r s w i t h i n t h e s t u d y a r e a . 

The c o n t r o l s i t e ( 6 C ) , w i t h i n t h e S p a t s i z i R i v e r v a l l e y , was s e l e c t e d f o r 
i t s s i m i l a r a l i g n m e n t and m o r p h o l o g i c a l c h a r a c t e r i s t i c s . A t t h i s p o i n t t he 
v a l l e y i s r e s t r i c t e d by a s e r i e s o f a l l u v i a l t e r r a c e s composed o f sand and 
g r a v e l d e p o s i t s . The s i t e s p r o v i d e abundant browse s p e c i e s f o r u n g u l a t e s , 
but a r e s u b j e c t t o snow a c c u m u l a t i o n d u r i n g t h e w i n t e r months. At o t h e r 
times o f t h e y e a r , f l o o d p l a i n t e r r a c e s may be used as t r a v e l c o r r i d o r s 
w i t h i n t h e stu d y a r e a , p a r t i c u l a r l y by c a r i b o u . 
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Camp. P r e p a r a t i o n P l a n t and Power P l a n t S i t e s and C o n t r o l S i t e s 

The camp ( S i t e 7 ) , p r e p a r a t i o n p l a n t ( S i t e 8 ) , and power p l a n t ( S i t e 9) are 
l o c a t e d w i t h i n the w h i t e s p r u c e - w i l l o w l a n d t y p e on t h e lower, n o r t h - f a c i n g 
s l o p e s o f L o s t R i d g e . The camp and p r e p a r a t i o n p l a n t s i t e s o c c u r a t an 
e l e v a t i o n o f 1340-1370 m, a d j a c e n t t o t h e BCR g r a d e . S o i l s a r e t y p i c a l l y 
O r t h i c Humic and F e r r i c P o d z o l s , d e v e l o p e d on a b l a n k e t o f c o l l u v i a l 
m a t e r i a l which i n t u r n o v e r l i e s a deep t i l l d e p o s i t . 

Mature w h i t e s p r u c e dominates th e o v e r s t o r y v e g e t a t i o n , which i s r e l a t i v e l y 
open (35 p e r c e n t c o v e r ) and a f f o r d s a v a r i e t y o f s h o r t and t a l l shrub 
c o v e r . W i l l o w , bog b i r c h , crowberry, b e a r b e r r y and b l u e b e r r y a r e t y p i c a l 
components o f t h e u n d e r s t o r y , which i s o f t e n complemented w i t h d e a d f a l l t o 
p r o v i d e good thermal and h i d i n g c o v e r f o r w i l d l i f e . Open sedge meadows 
w i t h i n t h e f o r e s t canopy r e s u l t from seepage p o i n t s a t minor breaks i n 
s l o p e o r where i m p e r v i o u s c l a y s pond water near t h e s u r f a c e . E v i d e n c e o f 
s o l i f l u c t i o n i s r e v e a l e d i n t h e " r i b b e d " s u r f a c e e x p r e s s i o n o f many o f 
t h e s e wet meadows. A l t h o u g h not e x t e n s i v e i n s i z e , t h e s e wet meadows o c c u r 
t h r o u g h o u t t h i s l a n d t y p e , and o f t e n show s i g n s o f u t i l i z a t i o n by c a r i b o u 
o r moose where f o o d s p e c i e s such as marsh m a r i g o l d , sedge and dwarf w i l l o w 
are abundant. 

The power p l a n t would be l o c a t e d t o t h e n o r t h o f and downs!ope o f the 
p r e p a r a t i o n p l a n t . A l t h o u g h s i m i l a r t o S i t e 8 i n o v e r a l l h a b i t a t 
c h a r a c t e r i s t i c s , t h e lower e l e v a t i o n , reduced s l o p e a n g l e and p r o x i m i t y t o 
t h e L i t t l e Klappan R i v e r reduce e f f i c i e n c y i n s o i l d r a i n a g e and l e a d t o a 
more open canopy cover a g e where w i l l o w , bog b i r c h and moss s p e c i e s t y p i f y 
t h e v e g e t a t i o n a s s o c i a t i o n . Other common components o f t h e u n d e r s t o r y 
i n c l u d e c r o w b e r r y , b l u e b e r r y , f i r e w e e d , a r c t i c l u p i n e and b u n c h b e r r y . 

The canopy cover a g e i n c r e a s e s t o about 40 p e r c e n t a l o n g t h e s t e e p e r s l o p e s 
i m m e d i a t e l y below th e BCR grade where d r a i n a g e c o n d i t i o n s a r e l o c a l l y 
improved. At t h e break o f t h e s l o p e , however, t h e canopy cover a g e i s 
s p a r s e and a f f o r d s l i t t l e c o v e r f o r w i l d l i f e . A r b o r e a l l i c h e n i s p l e n t i f u l 
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th r o u g h o u t t h i s l a n d t y p e . 

The c o n t r o l s i t e (12C) f o r t h e camp, p r e p a r a t i o n and power p l a n t s i t e s i s 
l o c a t e d w i t h i n t h e same l a n d t y p e , a t t h e same e l e v a t i o n , on t h e n o r t h -
f a c i n g , lower c o l l u v i a l s l o p e b o r d e r i n g Didene Creek. The v e g e t a t i o n c o v e r 
i s v e r y s i m i l a r t o t h a t o f S i t e s 7, 8 and 9* and a t t e s t s t o t h e u n i f o r m i t y 
o f t h i s l a n d t y p e t h r o u g h o u t t h e study a r e a . 

T a i l i n g s Pond S i t e s and C o n t r o l S i t e s 

Three s i t e s were s e l e c t e d w i t h i n t h e a r e a t o be o c c u p i e d by t h e t a i l i n g s 
pond: one s i t e from the lower, s o u t h w e s t - f a c i n g s l o p e s o f t h e L i t t l e 
Klappan R i v e r t e r r a c e ( S i t e 10), one s i t e from t h e c e n t r a l s e d g e - w i l l o w 
a l l u v i a l f l o o d p l a i n ( S i t e 11) and one s i t e from t h e n o r t h - f a c i n g s l o p e s o f 
t h e L i t t l e Klappan R i v e r t e r r a c e ( S i t e 12). 

S i t e 10 was l o c a t e d a t an e l e v a t i o n o f 1305 t o 1340 m on a g e n t l e , 
m o r a i n e - c o v e r e d s l o p e o v e r l o o k i n g t h e a l l u v i a l f l o o d p l a i n . The o v e r s t o r y 
i s dominated by a canopy o f s u b a l p i n e f i r w i t h an u n d e r s t o r y o f w i l l o w 
s p e c i e s , f i r e w e e d , c l o u d b e r r y and g r a s s e s . White s p r u c e a r e common as 
s e e d l i n g s , and may succeed s u b a l p i n e f i r a t t h e s e e l e v a t i o n s . S o i l s a re 
t y p i c a l l y moderate t o c o a r s e g r a i n e d F e r r o Humic P o d z o l s , and a r e g e n e r a l l y 
w e l l d r a i n e d . 

S i t e 11 c o v e r s p a r t o f t h e a l l u v i a l v a l l e y o f t h e L i t t l e Klappan R i v e r , and 
r e p r e s e n t s t h e low e s t e l e v a t i o n o f a l l t h e s i t e s i n v e s t i g a t e d . A l t h o u g h 
g e n e r a l l y l e v e l , minor t o p o g r a p h i c r e l i e f i s a f f o r d e d by remnant b r a i d e d 
c h a n n e l s , t h e s l o p e s o f w h i c h - a r e w e l l d r a i n e d and g r a s s c o v e r e d . Vegeta
t i o n c o v e r i s dominated by w i l l o w and bog b i r c h w i t h a sedge u n d e r s t o r y . 
P e r i o d i c f l o o d i n g and a water t a b l e c h a r a c t e r i s t i c a l l y c l o s e t o t h e s u r f a c e 
l i m i t s t h e range o f u n d e r s t o r y s p e c i e s p r e s e n t w i t h i n d e p r e s s i o n s and 
channel bottoms. S o i l s a r e t y p i c a l l y O r t h i c R e g o s o l s o r T e r r i c M e s i s o l s . 

S i t e 12 o c c u p i e s t h e n o r t h - f a c i n g lower s l o p e o f t h e L i t t l e Klappan R i v e r 
t e r r a c e . I t i s c h a r a c t e r i z e d by a r e l a t i v e l y c l o s e d - c o v e r w h i t e s p r u c e 
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o v e r s t o r y , w i t h w i l l o w , f i r e w e e d , h o r s e t a i l and g r o u n d s e l common i n the 
u n d e r s t o r y . S i t e e l e v a t i o n i s s i m i l a r t o S i t e 10. Seepage s i t e s o c c u r 
a l o n g t h e break o f s l o p e a t t h e j u n c t i o n o f t h e lower c o l l u v i a l s l o p e s and 
the a l l u v i a l v a l l e y . W i llow, h o r s e t a i l and mosses t y p i f y such s i t e s . 
S o i l s a r e t y p i c a l l y sandy-loam F e r r i c Humic P o d z o l s , w i t h g r a i n s i z e 
i n c r e a s i n g w i t h depth and p r o x i m i t y o t t h e a l l u v i a l f l o o d p l a i n . 

Three comparable c o n t r o l s i t e s ( S i t e s 10C, 11C and 12C) were s e l e c t e d a l o n g 
Didene Creek where t h e g e n e r a l e l e v a t i o n , topography and j u x t a p o s i t i o n o f 
l a n d t y p e s a f f o r d e d a l o c a t i o n e s s e n t i a l l y s i m i l a r t o t h e t a i l i n g s pond 
s i t e s . Of p a r t i c u l a r importance t o t h e s e l e c t i o n o f t h e c o n t r o l s i t e s was 
s i m i l a r i t y o f d r a i n a g e c o n d i t i o n s and s l o p e a s p e c t . There i s an abundance 
o f browse s p e c i e s a v a i l a b l e i n t h e w i l l o w - s e d g e v a l l e y bottom as w e l l as 
good h i d i n g and thermal c o v e r i n a d j a c e n t f o r e s t e d l a n d t y p e s . 

3.3.2 H a b i t a t U t i l i z a t i o n o f Comparative A r e a s 

Mine S i t e s and C o n t r o l S i t e s 

The o c c u r e n c e o f w i l d l i f e a t Mine S i t e 1, c h a r a c t e r i z e d by exposed, a l p i n e 
t u n d r a s l o p e s which a r e o n l y p e r i o d i c a l l y f r e e o f snow, i s r e s t r i c t e d t o 
o c c a s i o n a l use by c a r i b o u and s m a l l mammals e s p e c i a l l y adapted t o t h e s e 
c o n d i t i o n s ( T a b l e 4-25). C a r i b o u p e l l e t d e n s i t y was 6.6/ha and a c a r i b o u 
t r a i l r a n thr o u g h the s i t e . G r a z i n g u t i l i z a t i o n was e x c l u s i v e l y l i m i t e d t o 
A l t a i f e s c u e bunch g r a s s which was cropped t h r o u g h o u t t h e p l o t . High use 
o f t h i s s i t e by s m a l l mammals was n o t e d . 

C o n t r o l S i t e IC showed l i t t l e w i l d l i f e use. Some g r a z i n g o f A l t a i f e s c u e 
bunches was e v i d e n t . Small mammal s i g n was p r e s e n t but r e f l e c t e d o n l y 
l i m i t e d use. 

Mine S i t e 2, s u b a l p i n e g r a s s l a n d / f o r b heath, showed e v i d e n c e o f use by 
u n g u l a t e s . C a r i b o u t r a c k s and browse u t i l i z a t i o n were noted ( T a b l e 4-26). 
No p e l l e t groups were r e c o r d e d . Small mammal s i g n was p a r t i c u l a r l y p r e 
v a l e n t , w i t h ground s q u i r r e l , marmot and ptarmigan c o m p r i s i n g t h e dominant 
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TABLE 4-25 
COMPARISON OF WILDLIFE SIGN IN PIT SITE* 1 AND CONTROL SITE IC 

P i t S i t e 1 C o n t r o l S i t e IC 

A, P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

T o t a l 
2 
0 
0 
2 

D e n s i t y / h a 
6.6 
0 
0 
6.6 

T o t a l 
0 
0 
0 
0 

D e n s i t v / h a 
0 
0 
0 
0 

B. Browse ( G r a z i n g ) T o t a l Stems % U t i l i z a t i o n T o t a l Stems % U t i l i z a t i o n 
( F e s t u c a a l t a i c a ) 
TOTAL 
L i c h e n s 
% c o v e r 

C. Ot h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
Unknown 
TOTAL 

D. Summary Index 

635 8.2 
635 8.2 

A r b o r e a l Ground 
0 18.0 

0 SIGN 
TL* TR SC DG BU CO TOTAL 
12 11 

1 1 
24 
5 
3 

4 
17 12 

4 
1 37 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

6.6 
8.2 

37 

581 
581 
A r b o r e a l 

0 

5.2 
5.2 
Ground 
7.2 
SIGN 

TL TR SC DG BU CO TOTAL 
1 
1 3 

1 2 
2 

2 1 7 16 

0.0 
5.2 

16 

For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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TABLE 4-26 
COMPARISON OF WILDLIFE SIGN IN PIT SITE* 2 AND CONTROL SITE 2C 

P i t S i t e 1 C o n t r o l S i t e IC 

A. P e l l e t Groups T o t a l D e n s i t v / h a T o t a l D e n s i t v / h a 
C a r i b o u 0 0 0 0 
Moose 0 0 0 0 
Goat 0 0 0 0 
TOTAL 0 0 0 0 

B. Browse ( G r a z i n g ) T o t a l Stems % U t i l i z a t i o n T o t a l Stems % U t i l i z a t i o n 
(Carex a q u a t i l i s ) 10.0 0 0 
( F e s t u c a a l t a i c a ) 142 9.9 608 2.8 
S a l i x a r c t i c a 81 0 0 0 
TOTAL 223 6.3 608 2.8 
L i c h e n s A r b o r e a l Ground A r b o r e a l Ground 
% c o v e r 0 14.0 0 5.5 

9 SIGN SIGN 
C. O t h e r S i a n TL* TR SC DG BU CO TOTAL TL TR SC DG BU CO TOTAL 
Gr. S q u i r r e l 4 1 2 14 1 22 3 3 12 18 
V o l e 1 1 1 7 8 
Marmot 7 1 16 5 2 31 3 2 17 1 23 
Ptarmigan 4 4 3 3 
Grouse 
G r i z z l y Bear 2 2 
C a r i b o u 12 12 6 6 
Moose 
Goat 
Unknown 1 1 1 3 9 9 
TOTAL 11 15 23 2 21 3 75 15 8 24 20 67 

D. Summary Index 
T o t a l P e l l e t Groups D e n s i t y / h a 0.0 0.0 
T o t a l Browse U t i l i z a t i o n (%) 6.3 2.8 
T o t a l O t h e r S i g n 75 67 

* For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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s p e c i e s . C o n t r o l S i t e 2C showed a comparable degree o f w i l d l i f e use w i t h 
c a r i b o u t r a c k s and browse u t i l i z a t i o n n o t e d . 

O v e r a l l , t h e use o f the mine s i t e s and t h e c o n t r o l s i t e s was g e n e r a l l y low 
and n o n - s p e c i f i c , r e f l e c t i n g p r i m a r i l y s p r i n g ( l a t e May), summer and e a r l y 
f a l l (September) u t i l i z a t i o n by w i l d l i f e . 

Waste Rock D i s p o s a l S i t e s and C o n t r o l S i t e s 

Waste Rock D i s p o s a l S i t e 3, a l p i n e t u n d r a , showed l i m i t e d use by c a r i b o u 
( T a b l e 4-27). T h i s s i t e i s s i m i l a r t o Mine S i t e 1 i n b i o p h y s i c a l 
c h a r a c t e r i s t i c s , and e x h i b i t s a s i m i l a r l e v e l o f w i l d l i f e use. Browse 
u t i l i z a t i o n was low d e s p i t e t h e p r e s e n c e o f dwarf w i l l o w . T h i s s i t e i s i n 
an a r e a o f low u t i l i z a t i o n by w i l d l i f e . 

C o n t r o l S i t e 3C, i n c o n t r a s t , e x h i b i t s v e r y h i g h u t i l i z a t i o n l e v e l s by both 
c a r i b o u and mountain g o a t s . C a r i b o u and goat t r a c k s were numerous. 
A l t h o u g h t h e o v e r a l l browse u t i l i z a t i o n was l e s s than t h a t a t Waste Rock 
D i s p o s a l S i t e 3, t h e p e r c e n t a g e browsed on a r c t i c w i l l o w was h i g h e r a t 50 
p e r c e n t . T h i s c o r r e s p o n d s t o t h e l e v e l o f use one might e x p e c t g i v e n the 
h i g h d e n s i t y o f u n g u l a t e s p e c i e s p r e s e n t . A l t h o u g h t h e r e a s o n s f o r such 
w i d e l y d i f f e r e n t l e v e l s o f use w i t h i n t h e same h a b i t a t t y p e a r e unknown, i n 
t h i s c a s e v a r i a t i o n s i n use by c a r i b o u may r e s u l t from t r a d i t i o n a l 
b e h a v i o u r . Some e v i d e n c e t o s u p p o r t t h i s was found d u r i n g t h e 1985 season. 
Groups o f female c a r i b o u were ob s e r v e d near C o n t r o l S i t e 3C i n J u l y i n 
" n u r s e r y g r o u p s " above t i m b e r l i n e . 

Small mammal use was a l s o g r e a t e r a t C o n t r o l S i t e 3C compared t o Waste Rock 
D i s p o s a l S i t e 3. N o t i c e a b l e w i t h i n t h e c o n t r o l s i t e was t h e p r e s e n c e o f 
two marmot and two ground s q u i r r e l c o l o n i e s which g r e a t l y c o n t r i b u t e t o the 
o v e r a l l abundance o f small mammal s i g n . 

Waste Rock D i s p o s a l S i t e 4, s u b a l p i n e f i r / E n g l e m a n n s p r u c e , e x h i b i t e d a 
s i m i l a r l e v e l o f use t o Waste Rock D i s p o s a l S i t e 3 ( T a b l e 4-28). C a r i b o u 
p e l l e t d e n s i t y was t h e same, and a s i m i l a r l e v e l o f browse u t i l i z a t i o n was 
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TABLE 4-27 
COMPARISON OF WILDLIFE SIGN IN WASTE ROCK DISPOSAL 

S I T E 1 3 AND CONTROL SITE 3C 

Waste Rock D i s p o s a l S i t e 3 C o n t r o l S i t e 3C 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

T o t a l 
1 
0 
0 
1 

D e n s i t v / h a 
3.3 
0 
0 
3.3 

T o t a l 
34 
0 
7 

41 

D e n s i t v / h a 
113.3 

0 
23.3 

136.6 
B. Browse ( G r a z i n g ) T o t a l Stems % U t i l i z a t i o n T o t a l Stems % U t i l i z a t i o n 
S a l i x a r c t i c a 
( F e s t u c a a l t a i c a ) 
A b i e s l a s i o c a r o a 
TOTAL 
L i c h e n s 
% c o v e r 

C. Ot h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
Unknown 
TOTAL 

D. Summary Index 

374 
109 

0 
483 

A r b o r e a l 
0 

3.7 
6.4 
0 
4.3 

Ground 
7.4 

, SIGN 
TL* TR SC DG BU CO TOTAL 
2 

10 11 
18 

15 
1 5 

22 
29 
18 

5 
17 1 34 1 20 2 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

5 
75 

3.3 
4.3 

75 

6 
448 
41 

495 
A r b o r e a l 

0 

50.0 
3.1 
0 
3.4 
Ground 
12.0 

SIGN 
TL TR SC DG BU CO TOTAL 
1 4 1 

1 
1 4 

12 

33 

21 

1 
32 2 
34 44 14 2 21 4 119 

29 
1 
7 

12 
2 

33 
1 

34 

136.6 
3.4 

119 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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TABLE 4-28 
COMPARISON OF WILDLIFE SIGN IN WASTE ROCK DISPOSAL 

S I T E 1 4 AND CONTROL SITE 4C 

Waste Rock D i s p o s a l S i t e 4 C o n t r o l S i t e 4C 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

T o t a l 
1 
0 
0 
1 

D e n s i t v / h a 
3.3 
0 
0 
3.3 

T o t a l 
13 
2 
2 

17 

D e n s i t v / h a 
43.3 
6.6 
6.6 

56.6 
B. Browse ( G r a z i n g ) T o t a l Stems % U t i l i z a t i o n T o t a l Stems % U t i l i z a t i o n 
S a l i x a r c t i c a 33 
A b i e s l a s i o c a r p a 170 
( F e s t u c a a l t a i c a ) 192 
TOTAL 395 
L i c h e n s A r b o r e a l 
% c o v e r 0 

C. O t h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 1 
W o l v e r i n e 
Ptarmigan 4 
Grouse 
G r i z z l y Bear 
C a r i b o u 4 
Moose 
Goat 
Unknown 
TOTAL 4 5 

D. Summary Index 
T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

6.1 
0 
3.1 
2.0 

Ground 
11.0 

0 SIGN 
TL* TR SC DG BU CO TOTAL 

12 

3.3 
2.0 

12 

148 
372 
173 
693 
A r b o r e a l 

0 

10.1 
0.8 
9.8 
5.0 
Ground 
4.5 

SIGN 
TL TR SC DG BU CO TOTAL 

3 10 7 3 1 24 

56.6 
5.0 

24 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colony. 
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TERRESTRIAL ENVIRONMENT 

found. Four c a r i b o u t r a i l s o c c u r r e d w i t h i n t h e s i t e . C o n t r o l s i t e 4C 
e x h i b i t e d a much h i g h e r l e v e l o f u t i l i z a t i o n and was s i m i l a r t o C o n t r o l 
S i t e 3C. Small mammal s i g n was reduced p r i m a r i l y because o f t r e e c o v e r and 
reduced d r a i n a g e e f f i c i e n c y . W o l v e r i n e and a g r i z z l y bear t r a c k were noted 
as w e l l as h i g h numbers o f ptarmigan s c a t s . 

Waste Rock D i s p o s a l S i t e 5 showed c a r i b o u p r e s e n c e , p e l l e t groups and 
t r a c k s , but l i m i t e d browse u t i l i z a t i o n ( T a b l e 4-29). C o n t r o l S i t e 5C 
showed a g r e a t e r d i v e r s i t y o f u n g u l a t e use w i t h moose and goat s i g n i n 
a d d i t i o n t o c a r i b o u s i g n . Browse u t i l i z a t i o n was a l s o g r e a t e r w i t h i n the 
C o n t r o l S i t e , p a r t i c u l a r l y o f such p r e f e r r e d s p e c i e s as a r c t i c w i l l o w . 

O v e r a l l t h e r e appears t o be a markedly lower l e v e l o f w i l d l i f e use o f the 
dump s i t e s as compared t o t h e c o n t r o l s i t e s . T h i s was app a r e n t not o n l y i n 
the r e l a t i v e d e n s i t y o f i n d i v i d u a l s p e c i e s s i g n , but a l s o i n t h e r e l a t i v e 
d i v e r s i t y o f w i l d l i f e s p e c i e s p r e s e n t t h r o u g h o u t each s i t e . 

R e s e r v o i r S i t e and C o n t r o l S i t e 

R e s e r v o i r S i t e 6 and C o n t r o l S i t e 6C, both shrub f e n , showed l i m i t e d use by 
u n g u l a t e s ( T a b l e 4-30). D e s p i t e an abundance o f browse s p e c i e s p r e f e r r e d 
by moose no p e l l e t s were o b s e r v e d on e i t h e r s i t e . Moose t r a c k s were noted 
at t h e c o n t r o l s i t e . N o t i c e a b l e w i t h i n t h e r e s e r v o i r s i t e was t h e p r e s e n c e 
o f numerous c a r i b o u t r a i l s . R e g u l a r l y - u s e d c a r i b o u t r a i l s a r e o b s e r v a b l e 
a l o n g t h e L i t t l e Klappan R i v e r v a l l e y , as e v i d e n c e d from l a r g e s c a l e a e r i a l 
p hotography. D i r e c t use o f t h e s e a r e a s f o r f e e d i n g appears t o be l i m i t e d 
based on t h e d a t a c o l l e c t e d t o d a t e . Small mammal, use o f both a r e a s was 
s e v e r e l y r e s t r i c t e d , p r o b a b l y due t o s p r i n g f l o o d i n g . 

Camp, P r e p a r a t i o n P l a n t and Power P l a n t S i t e s and C o n t r o l S i t e s 

Camp s i t e 7 showed e v i d e n c e o f moderate use by moose and c a r i b o u ( T a b l e 
4-31). C a r i b o u t r a c k s were p r e s e n t t h r o u g h o u t t h e s i t e , w h i l e s i x d i s t i n c t 
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TABLE 4-29 
COMPARISON OF WILDLIFE SIGN IN WASTE ROCK DISPOSAL 

S I T E 1 5 AND CONTROL SITE 5C 

Waste Rock D i s p o s a l S i t e 5 C o n t r o l S i t e 5C 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

B. Browse 
B e t u l a q l a n d u l o s a  
S a l i x o l a u c a  
S a l i x q l a n d u l o s a  
A b i e s l a s i o c a r o a 
TOTAL 
L i c h e n s 
% c o v e r 

T o t a l 
3 
0 
0 
3 

D e n s i t v / h a 
10.0 
0 
0 

10.0 
T o t a l Stems % U t i l i z a t i o n 

23 
380 
116 
162 
681 

A r b o r e a l 

0 
3.4 
1.7 
0 
2.2 

Ground 

T o t a l 
1 
5 
1 
7 

D e n s i t v / h a 
3.3 

16.6 
3.3 

23.3 
T o t a l Stems % U t i l i z a t i o n 

0 
187 
116 
181 
484 
A r b o r e a l 

0 

0 
16.6 
14.6 
0 
9.9 
Ground 
3.0 

C. O t h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
Un g u l a t e 
TOTAL 

D. Summary Index 

, SIGN 
TL* TR SC DG BU CO TOTAL 

SIGN 
TL TR SC DG BU CO TOTAL 

10 
3 

2 1 
2 14 1 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n 
T o t a l O t h e r S i g n 

10 
3 
3 
17 

10.0 
2.2 

17 

3 
2 24 

2 
1 

2 30 

3 
26 
2 
1 

34 

23.3 
9.9 

34 

* For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colony. 
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TABLE 4-30 
COMPARISON OF WILDLIFE SIGN IN RESERVOIR S I T E 1 6 AND CONTROL SITE 6C 

R e s e r v o i r S i t e 6 C o n t r o l S i t e 6C 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

B. Browse 
S a l i x o l a u c a  
S a l i x g l a u d u l o s a  
B e t u l a q l a n d u l o s a 
TOTAL 
L i c h e n s 
% c o v e r 

T o t a l 
1 
0 
0 
1 

D e n s i t v / h a 
3.3 
0 
0 
3.3 

T o t a l Stems % U t i l i z a t i o n 
539 
108 
44 

691 
A r b o r e a l 

2.0 
8.3 
0 
2.9 

Ground 

T o t a l 
1 
0 
0 
1 

D e n s i t v / h a 
3.3 
0 
0 
3.3 

T o t a l Stems % U t i l i z a t i o n 
411 
207 
13 

631 
A r b o r e a l 

0 

6.6 
3.4 
0 
5.4 
Ground 

C. O t h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
U n i d e n t . U n g u l a t e 
TOTAL 

D. Summary Index 

0 SIGN 
TL* TR SC DG BU CO TOTAL 

1 1 

6 35 

6 35 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

41 

1 42 

3.3 
2.9 

42 

SIGN 
TL TR SC DG BU CO TOTAL 

2 8 
7 

1 
4 15 

10 
7 
1 

19 

3.3 
5.4 

19 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colony. 
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TABLE 4-31 
COMPARISON OF WILDLIFE SIGN IN CAMP S I T E 1 7 AND CONTROL SITE IOC 

Camp S i t e 7 C o n t r o l S i t e IOC 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

B. Browse 
B e t u l a q l a n d u l o s a  
A b i e s l a s i o c a r o a  
S a l i x o l a u c a  
S a l i x q l a n d u l o s a 
TOTAL 
L i c h e n s 
% c o v e r 

T o t a l 
0 
2 
0 
2 

D e n s i t v / h a 
0 
6.6 
0 
6.6 

T o t a l Stems % U t i l i z a t i o n 
223 

0 
193 
183 
599 

A r b o r e a l 

0 
0 
0.5 
0 
0.2 

Ground 
4.0 

T o t a l 
1 
2 
0 
3 

D e n s i t v / h a 
3.3 
6.6 
0 

10.0 x 

T o t a l Stems % U t i l i z a t i o n 
0 

163 
475 
145 
783 
A r b o r e a l 

0 

0 
0 
1.7 
3.4 
1.7 
Ground 

2.2 

C. Oth e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
Un g u l a t e 
TOTAL 

D. Summary Index 

0 SIGN 
TL* TR SC DG BU CO TOTAL 

1 1 

6 10 
2 3 

8 13 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

1 1 

16 
5 

23 

6.6 
0.2 

23 

SIGN 
TL TR SC DG BU CO TOTAL 

13 

1 13 1 

13 
1 

15 

10.0 
1.7 

15 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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t r a i l s i n d i c a t e r e g u l a r use. Browse u t i l i z a t i o n was v e r y low. Moose 
pr e s e n c e was i n d i c a t e d by p e l l e t groups, two t r a i l s and t h r e e t r a c k s . Such 
e v i d e n c e appears t o be t y p i c a l o f r i v e r v a l l e y s i t e s such as t h e r e s e r v o i r 
s i t e , t a i l i n g s pond s i t e and C o n t r o l S i t e IOC. 

P r e p a r a t i o n P l a n t S i t e 8, w h i t e s p r u c e - w i l l o w , e x h i b i t e d m o d e r a t e l y low 
l e v e l s o f use by w i l d l i f e ( T a b l e 4-32). W i l d l i f e u t i l i z a t i o n was l i m i t e d 
t o c a r i b o u and moose t r a c k s . No p e l l e t s were found, and t o t a l browse 
u t i l i z a t i o n was l i m i t e d d e s p i t e an abundance o f p r e f e r r e d browse s p e c i e s . 

C o n t r o l S i t e 12C showed a s i m i l a r low l e v e l o f use by c a r i b o u though t h e r e 
was e v i d e n c e o f g r e a t e r use by moose. Moose appeared t o be making modera
t e l y h i g h use o f t h i s h a b i t a t t y p e compared t o o t h e r t y p e s i n t h e a r e a . 
Good i n t e r s p e r s i o n o f h a b i t a t a f f o r d e d by a mosaic o f sedge meadows and 
s e m i - c l o s e d w h i t e s p r u c e - s u b a l p i n e f i r f o r e s t may be t h e p r e f e r r e d h a b i t a t 
o f moose i n t h i s a r e a . Small mammal s i g n was almost c o m p l e t e l y absent from 
both a r e a s . 

Power P l a n t S i t e 9 i s l o c a t e d a s h o r t d i s t a n c e downslope o f t h e p r e p a r a t i o n 
p l a n t w i t h i n t h e same w h i t e s p r u c e - w i l l o w l a n d t y p e . C o n t r o l S i t e 12C was 
a l s o used f o r t h i s s i t e as both t y p e s are i n c l o s e p r o x i m i t y and w i t h i n 
the same l a n d t y p e . W i l d l i f e usage o f S i t e 9 was s i m i l a r t o t h e c o n t r o l 
( T a b l e 4-33). E v i d e n c e o f moose u t i l i z a t i o n was r e c o r d e d by t h e p r e s e n c e 
o f p e l l e t s . Browse u t i l i z a t i o n was low d e s p i t e an abundance o f p r e f e r r e d 
browse s p e c i e s . No s m a l l mammal s i g n was seen w i t h i n t h e s i t e . 

T a i l i n g s Pond S i t e s and C o n t r o l S i t e s 

W i l d l i f e u t i l i z a t i o n was e v a l u a t e d f o r t h r e e s i t e s w i t h i n t h e t a i l i n g s pond 
a r e a ( S i t e 10, 11 and 12). S i t e 10 showed s i g n s o f r e l a t i v e l y h i g h usage 
by u n g u l a t e s ( T a b l e 4-34). A w e l l used c a r i b o u t r a i l as w e l l as moose 
t r a c k s were o b s e r v e d . Browse u t i l i z a t i o n was h i g h f o r a l l major browse 
s p e c i e s p r e s e n t w i t h i n t h e s i t e . The w i l l o w s , S a l i x o l a u c a , Ŝ . commutata, 
and S^ g l a n d u l o s a , were most u t i l i z e d . A r b o r e a l l i c h e n were p r e s e n t on 
the lower branches o f s u b a l p i n e f i r and w h i t e s p r u c e w i t h i n t h e s i t e . 
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TABLE 4-32 
COMPARISON OF WILDLIFE SIGN IN PREPARATION PLANT 

S I T E 1 8 AND CONTROL SITE 12 C 

P r e p a r a t i o n P l a n t S i t e 8 C o n t r o l S i t e 12C 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

B. Browse 
S a l i x o l a u c a  
S a l i x o l a n i f o l i a  
A b i e s l a s i o c a r o a  
S a l i x q l a n d u l o s a 
TOTAL 
L i c h e n s 
% c o v e r 

C. O t h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
U n g u l a t e 
TOTAL 

D. Summary Index 

T o t a l 
0 
0 
0 
0 

De n s i t v / h ; 
0 
0 
0 
0 

T o t a l Stems % U t i l i z a t i o n 
373 
357 

0 
0 

730 
A r b o r e a l 

0 

0 
2.8 
0 
0 
1.4 

Ground 
0 

0 SIGN 
TL* TR SC DG BU CO TOTAL 

5 
11 

3 
3 16 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n 
T o t a l O t h e r S i g n 

5 
11 
3 

19 

0 
1.4 

19 

T o t a l 
0 
0 
0 
0 

D e n s i t v / h a 
0 
0 
0 
0 

T o t a l Stems % U t i l i z a t i o n 
334 

0 
274 
72 

680 
A r b o r e a l 

6.0 

7.2 
0 
0.0 
0 
3.5 
Ground 

3.0 
SIGN 

TL TR SC DG BU CO TOTAL 

16 
3 
4 16 

1 
16 
3 

21 

0 
3.5 

21 

For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colo n y . 
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TABLE 4-33 
COMPARISON OF WILDLIFE SIGN IN POWER PLANT 

S I T E 1 9 AND CONTROL SITE 12C 

Power P l a n t S i t e 9 C o n t r o l S i t e IOC 

A. P e l l e t Groups 
C a r i b o u 
Moose 
Goat 
TOTAL 

B. Browse 
Sal i x o l a n i f o l i a  
S a l i x b a r e ! a y i  
S a l i x o l a u c a  
S a l i x q l a n d u l o s a  
B e t u l a q l a n d u l o s a  
A b i e s l a s i o c a r o a 
TOTAL 
L i c h e n s 
% c o v e r 

C. Ot h e r S i g n 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
U n g u l a t e 
TOTAL 

D. Summary Index 

T o t a l 
0 
3 
0 
3 

D e n s i t v / h a 
0 

10.0 
0 

10.0 
T o t a l Stems % U t i l i z a t i o n 

389 
159 

0 
0 
8 
0 

556 
A r b o r e a l 

0.5 
0 
0 
0 
0 
0 
0.4 

Ground 

TL' 
SIGN 

TR SC DG BU CO TOTAL 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

3 
5 
3 

11 

10.0 
0.4 

11 

T o t a l 
0 
0 
0 
0 

D e n s i t v / h a 
0 
0 
0 
0 

T o t a l Stems % U t i l i z a t i o n 
0 
0 

334 
72 
0 

274 
680 
A r b o r e a l 

0 
0 
7.2 
0 
0 
0 
3.5 
Ground 

3.0 
SIGN 

TL TR SC DG BU CO TOTAL 

16 
3 
4 16 

1 
16 
3 

21 

0 
3.5 

21 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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TABLE 4-34 
COMPARISON OF WILDLIFE SIGN IN TAILINGS POND 

S I T E 1 10 AND CONTROL SITE IOC 

T a i l i n g s Pond S i t e 10 C o n t r o l S i t e IOC 

A. P e l l e t GrouDS T o t a l D e n s i t v / h a T o t a l Densitv / h a 

Caribou 3 10.0 1 3.3 
Moose 2 6.6 2 6.6 
Goat 0 0 0 0 
TOTAL 5 16.6 3 10.0 

B. Browse T o t a l Stems % U t i l i z a t i o n T o t a l Stems % Util i za t ion 

B e t u l a a l a n d u l o s a 125 8.8 0 0 
A b i e s l a s i o c a r p a 0 0 163 0 
S a l i x a l a u c a 213 13.1 475 1.7 
S a l i x commutata 153 11.1 0 0 
S a l i x a l a n d u l o s a 0 0 145 3.4 
TOTAL 491 11.4 783 1.7 
L i c h e n s A r b o r e a l Ground A r b o r e a l Ground 
% c o v e r 15.0 3.0 0 2.2 

SIGN SIGN 
C. Ot h e r S i q n TL* TR SC DG BU CO TOTAL TL TR SC DG BU CO TOTAL 
Gr. S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 1 1 
Grouse 
G r i z z l y Bear 
C a r i b o u 1 1 2 
Moose 2 2 13 13 
Goat 
U n g u l a t e 7 7 1 1 
TOTAL 1 10 11 1 13 1 15 

D. Summary Index 
T o t a l P e l l e t Groups D e n s i t y / h a 16.6 10.0 
T o t a l Browse U t i l i z a t i o n (%) 11.4 1.7 
T o t a l O t h e r S i g n 11 15 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 

A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 
CO - Colony . 
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C o n t r o l S i t e IOC had a lower l e v e l o f u t i l i z a t i o n by c a r i b o u but a s i m i l a r 
and perhaps h i g h e r u t i l i z a t i o n by moose. The r e l a t i v e l y h i g h e r use by 
moose may i n p a r t be due t o t h e g r e a t e r abundance o f p r e f e r r e d browse 
s p e c i e s w i t h i n t h e c o n t r o l s i t e . 

T a i l i n g s Pond S i t e 11, sedge f e n meadow, showed a r e l a t i v e l y low l e v e l o f 
use by u n g u l a t e s ( T a b l e 4-35). No e v i d e n c e o f use by c a r i b o u was p r e s e n t 
and use by moose was o n l y e v i d e n t by one p e l l e t group and moderate browse 
u t i l i z a t i o n . In c o n t r a s t C o n t r o l S i t e 1 IC showed a h i g h c a r i b o u p e l l e t 
d e n s i t y and numerous t r a c k s . Browse u t i l i z a t i o n w i t h i n t h e s i t e was low 
and a t t r i b u t a b l e t o c a r i b o u . I t appears t h a t t h e c a r i b o u a r e u s i n g the 
v a l l e y bottoms as movement c o r r i d o r s , o n l y o p p o r t u n i s t i c a l l y browsing on 
p r e f e r r e d s p e c i e s . No e v i d e n c e o f u t i l i z a t i o n by s m a l l mammals was 
r e c o r d e d f o r S i t e 11, a l t h o u g h C o n t r o l S i t e 11C showed e v i d e n c e o f ground 
s q u i r r e l , v o l e and p t a r m i g a n . 

T a i l i n g s Pond S i t e 12 was l o c a t e d on t h e lower, n o r t h - f a c i n g s l o p e o f the 
L i t t l e Klappan R i v e r v a l l e y i n c l o s e p r o x i m i t y t o P r e p a r a t i o n P l a n t S i t e 9. 
General use o f t h i s a r e a by u n g u l a t e s was l i g h t ( T a b l e 4-36). W i l l o w 
( S a l i x o l a u c a ) appeared t o be t h e p r e f e r r e d browse s p e c i e s . In a d d i t i o n t o 
t h e u n g u l a t e s i g n , one g r i z z l y b e a r s c a t was found w i t h i n t h e s i t e , p r o v i 
d i n g some e v i d e n c e o f p e r i o d i c use o f t h i s l o w l a n d h a b i t a t . C o n t r o l S i t e 
12C showed l i t t l e use by c a r i b o u but m o d e r a t e l y h i g h use by moose. Browse 
u t i l i z a t i o n was e v i d e n t i n t h e c o n t r o l s i t e . 

O v e r a l l , t h e t a i l i n g s pond a r e a appears t o be o f low t o moderate use f o r 
f o r a g i n g by u n g u l a t e s p e c i e s . Moose appear t o use t h e sedge f e n meadow 
h a b i t a t f o r browsing w h i l e c a r i b o u u t i l i z e t h e r i v e r banks as movement 
c o r r i d o r s . 

3.4 WILDLIFE UTILIZATION CONCLUSIONS 

3.4.1 C a r i b o u 

H a t l e r (1985) s t r e s s e s t h a t impact assessment s t u d i e s r e l a t i n g t o c a r i b o u 
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TABLE 4-35 
COMPARISON OF WILDLIFE SIGN IN TAILINGS POND 

S I T E 1 11 AND SITE 11C 

T a i l i n g Pond S i t e 11 C o n t r o l S i t e 11C 

L P e l l e t GrouDS T o t a l D e n s i t v / h a T o t a l D e n s i t v / h a 

C a r i b o u 0 0 6 20.0 
Moose 1 3.3 0 0 
Goat 0 0 0 0 
TOTAL 1 3.3 6 20.0 
J. Browse ( G r a z i n a ) T o t a l Stems % U t i l i z a t i o n T o t a l Stems % U t i l i z a t i o n 
S a l i x a l a u c a 224 8.9 474 3.4 
S a l i x a l a n d u l o s a 0 0.0 19 0 
S a l i x b a r c l a v i 88 15.9 0 0 
B e t u l a a l a n d u l o s a 201 3.5 55 1.8 
TOTAL 513 8.0 548 3.1 
L i c h e n s A r b o r e a l Ground A r b o r e a l Ground 
% c o v e r 0 1.8 0 3.0 

SIGN SIGN 
). O t h e r S i a n TL* TR SC DG BU CO TOTAL TL TR SC DG BU CO TOTAL 
Gr. S q u i r r e l 1 14 15 
V o l e 2 2 
Marmot 
Ptarmigan 6 6 
Grouse 
G r i z z l y Bear 
C a r i b o u 19 19 
Moose 
Goat 
Un g u l a t e 1 1 
TOTAL 1 1 1 19 6 16 42 
). Summary Index 
T o t a l P e l l e t Groups D e n s i t y / h a 3.3 20.0 
T o t a l Browse U t i l i z a t i o n (%) 8.0 3.1 
T o t a l O t h e r S i g n 1 42 

For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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TABLE 4-36 
COMPARISON OF WILDLIFE SIGN IN TAILINGS POND 

S I T E 1 12 AND CONTROL SITE 12C 

T a i l i n g Pond S i t e 12 C o n t r o l S i t e 12C 

A. P e l l e t Groups T o t a l D e n s i t v / h a T o t a l D e n s i t y / h a 

C a r i b o u 
Moose 
Goat 
TOTAL 

3.3 
3.3 
0 
6.6 

B. Browse ( G r a z i n g ) T o t a l Stems % U t i l i z a t i o n 
S a l i x g l a u c a  
S a l i x commutata  
S a l i x o l a n d u l o s a  
A b i e s l a s i o c a r o a  
B e t u l a q l a n d u l o s a 
TOTAL 
L i c h e n s 
% c o v e r 

C. Ot h e r S i g n 
Gr. S q u i r r e l 
S q u i r r e l 
V o l e 
Marmot 
Ptarmigan 
Grouse 
G r i z z l y Bear 
C a r i b o u 
Moose 
Goat 
U n g u l a t e 
TOTAL 

D. Summary Index 

463 
22 
0 
0 

98 
583 

A r b o r e a l 
3.2 

6.5 
0 
0 
0 
6.1 
6.2 

Ground 
3.0 

0 SIGN 
TL* TR SC DG BU CO TOTAL 

4 2 

T o t a l P e l l e t Groups D e n s i t y / h a 
T o t a l Browse U t i l i z a t i o n (%) 
T o t a l O t h e r S i g n 

1 
2 
2 
2 

10 

6.6 
6.2 

10 

T o t a l Stems % U t i l i z a t i o n 
334 

0 
72 

274 
0 

680 
A r b o r e a l 

6.0 

7.2 
0 
0 
0 
0 
0 
Ground 

2.0 
SIGN 

TL TR SC DG BU CO TOTAL 

16 
3 
4 16 

1 
16 
3 

21 

0 
3.5 

21 

1 For l o c a t i o n s o f s i t e s , see F i g u r e 4-15 
2 A b b r e v i a t i o n s : TL - T r a i l ; TR - T r a c k ; SC - S c a t ; DG - D i g ; BU - Burrow; 

CO - Colon y . 
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s h o u l d be based on d a t a r e s u l t i n g from more than s i m p l e v i s u a l c o n t a c t w i t h 
c a r i b o u , and t h a t t h e s t u d i e s must account f o r temporal as w e l l as s p a t i a l 
components i n t h e l i f e c y c l e . G u l f has s u p p o r t e d H a t l e r ' s r a d i o - c o l l a r i n g 
s t u d i e s o f c a r i b o u by means o f g r a n t s t o t h e S p a t s i z i A s s o c i a t i o n f o r 
B i o l o g i c a l R e s e a r c h . As a r e s u l t , G u l f ' s two y e a r s o f c o n s u l t a n t f i e l d 
s t u d i e s have r e c e i v e d s i g n i f i c a n t b e n e f i t from t h e r a d i o - c o l l a r i n g s t u d y i n 
i n t e r p r e t i n g t h e r e s u l t s o f v i s u a l - c o n t a c t ground and a e r i a l s u r v e y s . 

The two y e a r s o f c a r i b o u s t u d y on t h e p r o p e r t y combined w i t h i n f o r m a t i o n 
o b t a i n e d from f i v e y e a r s o f r a d i o t r a c k i n g by t h e S p a t s i z i A s s o c a t i o n f o r 
B i o l o g i c a l Research has p r o v i d e d i n f o r m a t i o n r e l a t i v e t o t h e b e h a v i o r o f 
c a r i b o u d u r i n g t h e s e n s i t i v e phases o f t h e i r l i f e h i s t o r y which a l l o w s 
an assessment o f t h e impact o f t h e L o s t - F o x mine development on t h i s 
s p e c i e s . These s e n s i t i v e l i f e h i s t o r y phases a r e d e s c r i b e d below. 

W i n t e r Range 

Impacts on c a r i b o u can be e x p e c t e d t o be more s i g n i f i c a n t i f a development 
impinges upon an a r e a o f s e a s o n a l c o n c e n t r a t i o n such as w i n t e r range, where 
t o l e r a n c e o f d i s t u r b a n c e i s low owing t o reduced f o o d energy budgets. G u l f ' s 
s t u d i e s have demonstrated t h a t c a r i b o u w i n t e r range i s not an i s s u e a t t h e Mount 
Klappan a n t h r a c i t e p r o p e r t y , and t h a t c o n t a c t w i t h c a r i b o u w i l l o c c u r p r i m a r i l y 
d u r i n g s p r i n g and summer. H a t l e r ' s (1985) f i n d i n g s s t r o n g l y s u p p o r t t h i s 
c o n t e n t i o n . N e a r l y a l l o f t h e F e b r u a r y and March l o c a t i o n s o f r a d i o - c o l l a r e d 
c a r i b o u a r e a l o n g t h e S t i k i n e R i v e r v a l l e y o r t h e lower Klappan R i v e r a t l e a s t 
60-70 km d i s t a n t from t h e proposed s i t e o f m i n i n g a c t i v i t i e s . 

H a t l e r s t a t e s "the Lower S t i k i n e w i n t e r range appears t o be t h e most 
im p o r t a n t s i n g l e a r e a used by t h e S p a t s i z i c a r i b o u " and i t i s h i s b e l i e f 
t h a t " c a r i b o u move t o up l a n d h a b i t a t s when t h e y have d i f f i c u l t y s u b s i s t i n g 
i n t h e f o r e s t . A t S p a t s i z i , w i n t e r o c c u r r e n c e o f c a r i b o u i n t h e a l p i n e zone 
r e p r e s e n t s a f o r c e d s i t u a t i o n , d u r i n g which a n i m a l s may be d y i n g . To 
c o n s i d e r t h e a l p i n e a r e a s as t h e c r i t i c a l range would be a s e r i o u s m i s i n 
t e r p r e t a t i o n . I f t h e o b j e c t i v e i s t o m a i n t a i n a l a r g e v i a b l e p o p u l a t i o n , 
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the l a r g e a r e a which n o r m a l l y s u p p o r t s l a r g e numbers o f a n i m a l s o v e r th e 
b u l k o f most w i n t e r s must be more c r i t i c a l o v e r t h e l o n g term than a r e a 
few l a s t d i t c h s u r v i v a l a r e a s . 

I f t h e r e a r e any r e l a t i v e l y s m a l l a r e a s t h a t can be p r o p e r l y c l a s s i f e d as 
c r i t i c a l t h e y would p r o b a b l y be some o f t h e low l a n d m i g r a t i o n c o r r i d o r s 
t h rough which a l a r g e p r o p o r t i o n o f t h e p o p u l a t i o n t r a v e l , e s p e c i a l l y i n 
s p r i n g " . 

H a t l e r has a l s o i n d i c a t e d t h a t t h e S p a t s i z i c a r i b o u f e e d p r i m a r i l y on 
t e r r e s t r i a l r a t h e r than a r b o r e a l l i c h e n and t h a t t h e t i m i n g o f major s p r i n g 
movements depends upon weather f a c t o r s i n c l u d i n g r e s i d u a l snowpack. These 
f a c t o r s l i m i t t h e p e r i o d o f p o t e n t i a l c a r i b o u c o n t a c t w i t h t h e mine 
development t o a p p r o x i m a t e l y 4.5 months p e r y e a r from l a t e May t o mid-
O c t o b e r . 

M i g r a t i o n Routes t o B i r t h S i t e s 

D u r i n g s p r i n g movements, some a d u l t f emales e v i d e n t l y t r a v e l c o n s i d e r a b l e 
d i s t a n c e s from t h e w i n t e r ranges so u t h t o c a l v i n g a r e a s near o r i n the 
l i c e n c e a r e a . H a t l e r (1985) has c o n f i r m e d t h a t mountains i n t h e Klappan and 
Nass r i v e r a r e a s a r e used by S p a t s i z i Park c a r i b o u . Data c o l l e c t e d s u g g e s t s 
t h a t m i g r a t i o n t h r o u g h th e l i c e n c e a r e a t o b i r t h s i t e s does t a k e p l a c e but 
t h e r e i s no e v i d e n c e t o i n d i c a t e t h a t t h e s e movements go t h r o u g h the 
proposed L o s t - F o x mine development a r e a a l t h o u g h some m i g r a t i o n r o u t e s are 
nearby. 

B i r t h S i t e s 

One, and perhaps two, b i r t h s i t e s have been l o c a t e d on t h e Klappan p r o p e r t y 
and t h a t was on t h e rugged r i d g e between the Klappan and L i t t l e Klappan 
R i v e r , n o r t h o f t h e mine s i t e . S e v e r a l b i r t h s i t e s have a l s o been l o c a t e d 
on h i g h ground t o t h e e a s t and south o f t h e l i c e n c e a r e a . 
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Bergerud e t a l (1984) emphasized t h e importance o f h a b i t a t s above t i m b e r 
l i n e on s o u t h f a c i n g s l o p e s i n rugged t e r r a i n as b i r t h s i t e s . L o s t Ridge, 
the h i g h e s t r i d g e i n t h e mine development a r e a , does not p o s s e s s the 
ruggedness and r e l a t i v e i n a c e s s i b i l i t y t o p r e d a t o r s t h a t c h a r a c t e r i z e s the 
r i d g e s t o t h e n o r t h o f t h e mine s i t e . The 1985 h a b i t a t u t i l i z a t i o n s t u d i e s 
o f t h e mine development a r e a d i s c o v e r e d none o f t h e p h y s i c a l e v i d e n c e 
a s s o c i a t e d w i t h b i r t h such as e i t h e r c a s t female a n t l e r s o r s p r i n g t y p e 
p e l l e t groups i n dense a g g r e g a t i o n s . Such e v i d e n c e would be more d i f f i c u l t 
t o o b s e r v e below t i m b e r l i n e i n t h e mine a r e a . 

G u l f ' s s t u d i e s and t h o s e o f H a t l e r (1985) c o n f i r m t h e p r e d i c t a b i l i t y o f 
l o n g d i s t a n c e movements o f f emales p r i o r t o c a l v i n g . T h i s p r e d i c t a b i l i t y 
a i d s i n a s s e s s i n g impacts o f the proposed development. H a t l e r (1985) has 
documented t h e o c c u r r e n c e o f b i r t h s i t e s below t i m b e r l i n e where v i s i b i l i t y 
o f c a r i b o u d u r i n g a e r i a l s u r v e y i s s i g n i f i c a n t l y r e d u c e d . The m a j o r i t y o f 
b i r t h s i t e s he found were i n a l p i n e s i t u a t i o n s , as d e s c r i b e d by Bergerud e t 
a l (1984). In t h e s e s i t u a t i o n s v i s i b i l i t y o f c a r i b o u d u r i n g a e r i a l s u r v e y 
i s good. Our s t u d i e s have emphasized th e e a r l y June c a l v i n g p e r i o d u s i n g 
a e r i a l s u r v e y s as t h e p r i n c i p a l t e c h n i q u e , and have found o n l y two b i r t h 
s i t e s on t h e l i c e n c e a r e a . None have been l o c a t e d i n t h e p r i n c i p a l mine 
development a r e a d e s p i t e i n t e n s i v e s u r v e y s . 

Post C a l v i n g P e r i o d 

D u r i n g t h e p o s t c a l v i n g p e r i o d c a r i b o u , i n c l u d i n g some fe m a l e s w i t h c a l v e s , 
were f r e q u e n t l y o b s e r v e d i n t h e v i c i n i t y o f t h e L o s t - F o x development a r e a . 
T h i s i s not a c r i t i c a l time f o r t h e s e f e m a l e s , nor does i t s u g g e s t t h e 
p r o x i m i t y o f b i r t h s i t e s . Females w i t h c a l v e s can t r a v e l c o n s i d e r a b l e 
d i s t a n c e s . F o r example, one r a d i o - c o l l a r e d female and c a l f o b s e r v e d by t h e 
S p a t s i z i A s s o c i a t i o n t r a v e l l e d from Gladzo Lake i n S p a t s i z i Park t o the 
Upper Skeena R i v e r , a s t r a i g h t l i n e d i s t a n c e o f 50 km between June 14 and 
J u l y 24. T h i s i s an average s t r a i g h t l i n e speed o f 1.2 km/day. 

C a r i b o u o f a l l ages and both sexes were o b s e r v e d r e g u l a r l y i n t h e v a l l e y 
bottom h a b i t a t s d u r i n g t h e p o s t - c a l v i n g p e r i o d , w i t h an i n c r e a s i n g number 
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o f o b s e r v a t i o n s a t o r above t i m b e r l i n e i n August. They a r e t h e c a r i b o u t h a t 
w i l l come i n t o r e g u l a r c o n t a c t w i t h a c t i v i t i e s i n t h e mine a r e a a l o n g the 
L i t t l e Klappan R i v e r . S e v e r a l m i n e r a l l i c k s used by c a r i b o u were l o c a t e d i n 
t h e v i c i n i t y and e v i d e n c e o f r e g u l a r c a r i b o u passage i s c l e a r l y v i s i b l e 
a l o n g w e l l - d e f i n e d t r a i l s i n v a l l e y bottoms. The f a c t t h a t t h e s e t r a i l s 
a r e so d i s t i n c t s u g g e s t s t h a t t h e y were made d u r i n g p e r i o d s o f l i t t l e o r no 
snow c o v e r , thus i n d i c a t i n g p r i m a r i l y summer use. 

D u r i n g t h e s p r i n g and summer the p o t e n t i a l f o r s i g n i f i c a n t impact i s 
r e d u c e d , as c a r i b o u do not c o n c e n t r a t e i n one a r e a , but a r e w i d e l y 
s c a t t e r e d . F o r example, r a d i o c o l l a r e d c a r i b o u , w i t h numerous u n c o i l a r e d 

2 
companions, o c c u p i e d an a r e a o f l e s s than 2 000 km and moved l i t t l e from 
about December t o e a r l y May. However, i n June t h e y d i s p e r s e d t o an immense 

2 
a r e a o f between 6 000 and 10 500 km ( H a t l e r 1985). Between l a t e May and 
mid-October, H a t l e r (1985) i s o f t h e o p i n i o n t h a t h a b i t a t s s e l e c t e d a r e t h e 
most v a r i a b l e and w i d e l y s c a t t e r e d i n t h e annual c y c l e , and an e x p r e s s i o n 
o f d i v e r g i n g i n d i v i d u a l t r a d i t i o n s when e n v i r o n m e n t a l l i m i t a t i o n s due t o 
such f a c t o r s as snow c o v e r and f o o d a v a i l a b i l i t y a r e f e w e s t . 
R u t t i n g A c t i v i t i e s 

H a t l e r (1985) has found t h a t r u t c o n c e n t r a t i o n a r e a s i d e n t i f i e d i n p r e v i o u s 
s t u d i e s were r e g u l a r l y and p r e d i c t a b l y o c c u p i e d by numbers o f c a r i b o u i n 
t h e f a l l , but t h a t many anim a l s d i d not a t t e n d t h o s e a r e a s a t t h a t t i m e . In 
two y e a r s o f s t u d y o f t h e l i c e n c e a r e a , one r u t a r e a o u t s i d e t h e l i c e n c e 
a r e a was found t o be o c c u p i e d i n both y e a r s , but no e v i d e n c e o f r u t t i n g was 
found i n o r near t h e p r i n c i p a l mine development a r e a . On t h e o t h e r hand, 
the n e a r e s t r u t t i n g a r e a t o t h e l i c e n c e a r e a (on a p l a t e a u between the 
Klappan and L i t t l e Klappan r i v e r s , t o t h e n o rthwest) was seen t o be used by 
r u t t i n g c a r i b o u i n both 1984 and 1985. T h i s i n f o r m a t i o n s u g g e s t s e i t h e r 
t h a t r u t t i n g f i d e l i t y t o ' t h e L o s t - F o x b a s i n i s weak, o r t h a t i t i s not a 
t r a d i t i o n a l r u t t i n g a r e a . The S p a t s i z i p o p u l a t i o n o f c a r i b o u i s g e n e r a l l y 
p e r c e i v e d by c a r i b o u b i o l o g i s t s t o be a t a h i s t o r i c "low" i n 1984 and 1985. 
From t h i s v i e w p o i n t , i t i s p o s s i b l e t h a t i n t h e p a s t , a t times o f 
p o p u l a t i o n " h i g h s " , c a r i b o u may have r u t t e d i n t h e L o s t - F o x b a s i n but a 
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p o p u l a t i o n i n c r e a s e would presumably have t o o c c u r , and f i d e l i t y t o the 
b a s i n be r e - e s t a b l i s h e d , f o r t h e a r e a t o be c o n s i s t e n t l y used i n the 
f u t u r e . 

R e a c t i o n t o D i s t u r b a n c e s 

G u l f ' s s t u d i e s have i n d i c a t e d t h a t l o w l a n d v a l l e y bottom h a b i t a t s a r e t h o s e 
most used by c a r i b o u f o r t r a v e l . H a t l e r (1985) i n d i c a t e s t h a t t h e h e a v i e s t 
use o f n o n - f o r e s t e d l o w l a n d h a b i t a t s t a k e s p l a c e i n A p r i l and May, when the 
an i m a l s a r e s e e k i n g new, green v e g e t a t i o n i n bogs, r i p a r i a n a r e a s , and open 
meadows, and when t h e y were m i g r a t i n g a l o n g r i v e r bottom c o r r i d o r s t o t h e i r 
summer l o c a t i o n s . 

C o n s e q u e n t l y , t h e v a s t m a j o r i t y o f c a r i b o u s i t i n g s on t h e p r o p e r t y d u r i n g 
the s p r i n g and summer o f 1985 were i n t h e v a l l e y bottom h a b i t a t s a l t h o u g h 
c a r i b o u were o b s e r v e d i n t h e f u l l range o f h a b i t a t s i n c l u d i n g a l p i n e 
t u n d r a . T h i s f i n d i n g i s p r o b a b l y l i n k e d t o h a b i t a t p r e f e r e n c e , but the 
d a t a a r e a f f e c t e d by t h e v i s i b i l i t y o f c a r i b o u i n t h i s h a b i t a t t y p e and 
the c o m p a r a t i v e f r e q u e n c y o f s u r v e y s i n a l l h a b i t a t t y p e s . The r e s u l t s o f 
m o n i t o r i n g r e a c t i o n s t o d i s t u r b a n c e suggest t h a t a d u l t f e m a l e s a r e most 
l i k e l y t o r e a c t o b s e r v a b l y t o d i s t u r b a n c e ; a l t h o u g h , t h e number r e a c t i n g i s 
s m a l l . A l s o , t h e c i r c u m s t a n c e s o f d i s t u r b a n c e may v a r y t o t h e p o i n t o f 
making o b s e r v a t i o n s i n c o m p a r a b l e . 

H a t l e r ( p e r s . comm.) r e c o r d e d an a d u l t female w i t h a c a l f and two u n c l a s s i 
f i e d a d u l t s on an a l p i n e snowbank on J u l y 26 w i t h i n one k i l o m e t r e o f the 
Lo s t - F o x t r i a l c a r g o p i t , where a c t i v i t i e s were c o n t i n u o u s . E x c e p t i n g 
a d u l t females w i t h c a l v e s , a l l ages and both sexes were r e c o r d e d c l o s e t o 
a c t i v i t i e s i n v a l l e y bottom h a b i t a t s . A l a r g e p r o p o r t i o n o f o b s e r v a t i o n s 
o f c a r i b o u and o t h e r w i l d l i f e was made a d j a c e n t t o and sometimes on t h e 
c u r r e n t a c c e s s road a l o n g t h e BCR grade. 

Development A r e a H a b i t a t U t i l i z a t i o n 

The d a t a c o l l e c t e d i n 1985 on h a b i t a t u t i l i z a t i o n by c a r i b o u i n d i c a t e 
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g e n e r a l c o m p a r a b i l i t y between development and c o n t r o l s i t e s . E v i d e n c e o f 
h a b i t a t u t i l i z a t i o n by c a r i b o u was almost u n i v e r s a l , w i t h o n l y two s i t e s , 
(IC and 11) f a i l i n g t o c o n t a i n e v i d e n c e . As a wide v a r i e t y o f Land Types 
were sampled, t h i s i s f u r t h e r e v i d e n c e o f t h e w i d e - r a n g i n g movements o f 
c a r i b o u . In t h e development a r e a , T a i l i n g s Pond S i t e 10 c l e a r l y c o n t a i n e d 
above average e v i d e n c e o f u t i l i z a t i o n . In t h e c o n t r o l s i t e s , a l l t h r e e o f 
t h e Waste Rock D i s p o s a l S i t e C o n t r o l s (3C, 4C, 5C) c o n t a i n e d e v i d e n c e o f 
above-average u t i l i z a t i o n . C o n t r o l s i t e 3C, i n p a r t i c u l a r , showed h i g h -
i n t e n s i t y u t i l i z a t i o n by c a r i b o u . T h i s s u g g e s t s t h a t t h e Waste Rock 
D i s p o s a l S i t e , a l t h o u g h p o s s e s s i n g s i m i l a r c h a r a c t e r i s t i c s t o t h e c o n t r o l 
a r e a on t h e e a s t s i d e o f Garner Creek, i s r e l a t i v e l y u n i mportant t o 
c a r i b o u . In g e n e r a l , t h e h a b i t a t u t i l i z a t i o n d a t a i n d i c a t e t h a t t h e 
development s i t e s r e c e i v e average amounts o f u t i l i z a t i o n , and a r e not 
u n i q u e . 

3.4.2 G r i z z l y Bear 

U n l i k e c a r i b o u , t h e o n - l i c e n c e s t u d i e s have p r o v i d e d t h e o n l y s o u r c e o f 
i n f o r m a t i o n on g r i z z l y b e ar. The n o r t h e r n i n t e r i o r g r i z z l y bear, ( t h e 
e c o t y p e i n h a b i t i n g t h e Mount Klappan p r o p e r t y ) l i v e s a t low p o p u l a t i o n 
d e n s i t i e s and has a low r e p r o d u c t i v e r a t e ( P e a r s o n , 1975). As a r e s u l t , i t 
i s not o f t e n o b s e r v e d , as i s e v i d e n c e d by t h e r e s u l t s o f t h e 1984 - 1985 
o n - l i c e n c e s t u d i e s . Because o f t h e e l u s i v e n e s s o f b e a r s , chance e n c o u n t e r s 
produced more i n f o r m a t i o n than the s y s t e m a t i c surveys c a r r i e d out by the 
b i o l o g i s t s . Of t h e 46 o b s e r v a t i o n s made i n t h e 1985 s t u d y o n l y 16 were 
r e p o r t e d by t h e b i o l o g i s t s . N e v e r t h e l e s s , t h e number o f o b s e r v a t i o n s o f 
g r i z z l y b e a r s i s s u f f i c i e n t e v i d e n c e t o c o n c l u d e t h a t t h e s p e c i e s i s 
r e l a t i v e l y abundant and w i d e s p r e a d t h r o u g h o u t t h e l i c e n c e a r e a . 

As a r e s u l t o f i t s normal low p o p u l a t i o n d e n s i t y , c o l l e c t i o n o f s u f f i c i e n t 
d a t a t o d e s c r i b e t h e s e a s o n a l h a b i t a t s o f g r i z z l y b e a r s t a k e s v e r y much 
l o n g e r than f o r more common s p e c i e s . The o b j e c t i v e o f s t u d i e s a t Mount 
Klappan has been t o document e v i d e n c e o f c r i t i c a l h a b i t a t use i n r e l a t i o n 
t o t h e proposed mine development, as t h i s was seen as more p r a c t i c a l i n 
terms o f t h e mine development s c h e d u l e . 
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Denning H a b i t a t In Development Areas 

The most c r i t i c a l use o f h a b i t a t by g r i z z l y bears i s d e n n i n g because the 
bears a r e h i g h l y v u l n e r a b l e i f d i s t u r b e d d u r i n g d e n n i n g . From t h e l a r g e 
number o f b e a r s o b s e r v e d , i t seems apparent t h a t t h e y must den on the 
l i c e n c e a r e a but t h e 1985 s u r v e y o f h a b i t a t s u i t a b l e f o r d e n n i n g f a i l e d t o 
f i n d any dens e x c e p t one d i s c o v e r e d near Conglomerate Creek. 

On t h e n o r t h f a c i n g s l o p e s o f L o s t Ridge a t t i m b e r l i n e a g r i z z l y denned i n 
t h e w i n t e r o f 1982-1983 ( K a r l O y s m u e l l e r , p e r s . comm.). T h i s den was not 
o b s e r v e d i n 1984 o r 1985 and has p r o b a b l y been abandoned. 

The l o n g d i s t a n c e movements o f g r i z z l i e s and t h e i r l a r g e home ranges has 
been d e s c r i b e d ( e . g . , Pearson 1975) a l t h o u g h t h e y do r e t u r n t o t h e same 
g e n e r a l a r e a t o den. The l o s s o f t h e L o s t Ridge h a b i t a t does not appear 
s i g n i f i c a n t i n t h i s c o n t e x t because t h e r e a r e s e v e r a l a r e a s w i t h t h e same 
c h a r a c t e r i s t i c s as L o s t Ridge w i t h i n 10 km o f t h e r i d g e . These o t h e r a r e a s 
a r e e a s i l y w i t h i n t h e average home range o f g r i z z l i e s . 

F o r a g i n g H a b i t a t In Development Areas 

The o b s e r v a t i o n d a t a f o r g r i z z l y bears do not a l l o w d i s c u s s i o n o f compara
t i v e h a b i t a t u t i l i z a t i o n p a t t e r n s . I t i s c l e a r t h a t e x t e n s i v e use o f v a l l e y 
bottom ar e a s i s made i n June and J u l y , and t h e r e i s a s u g g e s t e d t r e n d t o 
u t i l i z e h i g h e r e l e v a t i o n h a b i t a t s i n August, September and O c t o b e r . In 
terms o f h a b i t a t s e x e m p l i f i e d i n t h e development and c o n t r o l s i t e s , t h r e e 
o f 21 s i t e s sampled showed e v i d e n c e o f g r i z z l y b e a r s . These were Mine S i t e 
2, C o n t r o l S i t e 4C, and T a i l i n g s Pond S i t e 12, a l l t h r e e i n d i f f e r e n t 
h a b i t a t t y p e s . The d a t a c o l l e c t e d t h e r e f o r e l e a d s t o t h e c o n c l u s i o n t h a t 
s p e c i f i c f o r a g i n g h a b i t a t p r e f e r e n c e s i n the Mount Klappan a r e a cannot be 
i d e n t i f i e d . 

C o n f l i c t s w i t h People 

Given t h e r e s u l t s o f both 1984 and 1985 s t u d i e s , t h e r e i s no doubt t h a t 
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g r i z z l y b e a r s w i l l come i n t o c o n t a c t w i t h proposed mine development ar e a s 
i n a l p i n e , s u b a l p i n e f o r e s t and v a l l e y - b o t t o m meadow h a b i t a t s . The f a c t 
t h a t 30 o f 46 o b s e r v a t i o n s o f g r i z z l i e s i n 1985 were r e p o r t e d by e x p l o 
r a t i o n p e r s o n n e l i s e v i d e n c e o f t h i s . D u r i n g 1985 one c l o s e e n c o u n t e r 
o c c u r r e d between two g e o l o g i s t s and a sow w i t h two c u b s - o f - t h e - y e a r . Such 
e n c o u n t e r s a r e l i k e l y t o i n c r e a s e as number? o f p e o p l e i n t h e mine d e v e l o p 
ment a r e a i n c r e a s e . 

D u r i n g t h e f i v e y e a r s o f e x p l o r a t i o n a c t i v i t i e s no g a r b a g e - r e l a t e d problems 
w i t h g r i z z l y b e a r s have o c c u r r e d even though t h e w o r k f o r c e on s i t e was 
p e r i o d i c a l l y equal t o 50% o f t h e p r o j e c t e d mine o p e r a t i n g w o r k f o r c e . I f 
G u l f c o n t i n u e s w i t h t h e s e good p r a c t i c e s then t h e r e w i l l be no problem w i t h 
e i t h e r g r i z z l y o r b l a c k b e a r s r e l a t e d t o garbage d i s p o s a l . However, t h e r e 
have been i n s t a n c e s o f b l a c k b e a r s becoming a n u i s a n c e i n t h e camp a r e a and 
t h i s t y p e o f e n c o u n t e r i s l i k e l y t o c o n t i n u e and w i l l r e q u i r e removal o f 
b l a c k b e a r s . 

The r e s u l t s o f t h e 1985 st u d y f o r both g r i z z l y b e a r s and c a r i b o u do not 
change t h e c o n c l u s i o n o f t h e 1984 st u d y t h a t none o f t h e c o n c e r n s 
i d e n t i f i e d appear t o p r e c l u d e mine development g i v e n t h a t a w i l d l i f e 
p r o t e c t i o n and m o n i t o r i n g p l a n and impact m i t i g a t i o n measures a r e employed. 

3.5 ENVIRONMENTAL IMPACTS AND MITIGATION 

3.5.1 C a r i b o u 

C a r i b o u use t h e Mount Klappan p r o p e r t y as a m i g r a t i o n r o u t e and as an ar e a 
o f summer f o r a g e . The mine development a r e a does not p r o v i d e a unique 
h a b i t a t and u t i l i z a t i o n o f t h e mine a r e a by c a r i b o u i s r e l a t i v e l y low. The 
l o s s o f t h i s a r e a o f summer f o r a g e i s t h e r e f o r e not a c o n c e r n and t h e 
impact w i l l be n e g l i g i b l e . 

The development a r e a l i e s i n an a r e a through which c a r i b o u pass r e g u l a r l y . 
O l d c a r i b o u t r a i l s i n d i c a t e t h a t t h e Upper Didene C r e e k / L i t t l e Klappan 
R i v e r v a l l e y s a r e movement c o r r i d o r s . Data c o l l e c t e d d u r i n g t h e b a s e l i n e 
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f i e l d s t u d i e s i n d i c a t e t h a t c a r i b o u move thr o u g h o r n e a r t h e zone from l a t e 
M a y / e a r l y June th r o u g h t o O c t o b e r . In l a t e May and e a r l y June, t h e c a r i b o u 
i n v o l v e d a r e most l i k e l y a d u l t females moving so u t h on m i g r a t i o n t o c a l v i n g 
a r e a s i n t h e Nass R i v e r d r a i n a g e . In l a t e June, J u l y and August, males and 
non-parous fe m a l e s move i n t o and through t h e development zone en r o u t e t o 
summer f o r a g i n g h a b i t a t . Some females w i t h c a l v e s a l s o move th r o u g h the 
zone a t t h i s t i m e . In September and O c t o b e r a l l ages and both sexes o f 
c a r i b o u move through t h e development a r e a , most l i k e l y en r o u t e back t o 
r u t t i n g and w i n t e r ranges t o the n o r t h . The time p e r i o d and age/sex c l a s s 
o f c a r i b o u c o n s i d e r e d most s e n s i t i v e t o any o b s t r u c t i o n s o r d e f l e c t i o n s o f 
movements ar e t h e l a t e M a y / e a r l y June pregnant a d u l t f e m a l e s on m i g r a t i o n 
t o c a l v i n g a r e a s . 

Two q u e s t i o n s r e l a t i n g t o impacts o f t h e mine development on c a r i b o u 
movements a r e t h e r e f o r e p e r t i n e n t : 

( i ) To what degree w i l l t h e l o c a t i o n o f f a c i l i t i e s o b s t r u c t movements? 

( i i ) To what degree w i l l t h e p o s i t i o n i n g and a l i g n m e n t o f f a c i l i t i e s 
d e f l e c t movements? 

By y e a r 20 o f t h e mine development, th e p i t s i t e and waste r o c k d i s p o s a l 
s i t e w i l l p r e s e n t e a s i l y t h e l a r g e s t s u r f a c e d i s t u r b a n c e and p o t e n t i a l 
impediment t o movements. However, b e i n g l o c a t e d l a r g e l y i n a l p i n e and 
s u b a l p i n e h a b i t a t s , t h e y a r e u n l i k e l y t o o b s t r u c t movements s i g n i f i c a n t l y 
f o r t h e f o l l o w i n g r e a s o n s . F i r s t l y , d u r i n g s p r i n g c a l v i n g m i g r a t i o n , 
snow i s c r u s t e d a t t h i s a l t i t u d e and can c a r r y t h e weight o f c a r i b o u , 
p a r t i c u l a r l y a t n i g h t when tempe r a t u r e s drop w e l l below f r e e z i n g . C a r i b o u 
are t h e r e f o r e l i k e l y t o be a b l e t o move around t h e mine a r e a . S e c o n d l y , no 
e v i d e n c e has been c o l l e c t e d t o d a t e o f s p r i n g m i g r a t i o n movements p a s s i n g 
t h r o u g h t h e p r o j e c t e d p i t o r waste d i s p o s a l a r e a . T h i r d l y , t h e r e a r e no 
t o p o g r a p h i c f e a t u r e s (such as water c o u r s e s ) i n v o l v e d which might g u i d e o r 
c o n s t r a i n movements. D u r i n g summer and f a l l months, snow w i l l not 
c o n s t r a i n c a r i b o u movements, and c a r i b o u can a v o i d t h e mine a r e a . 
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For t h e f a c i l i t i e s l y i n g i n t h e L i t t l e Klappan R i v e r v a l l e y , s u r f a c e 
d i s t u r b a n c e and b u i l d i n g s w i l l occupy a r e a s s u b s t a n t i a l l y s m a l l e r than the 
p i t and waste r o c k d i s p o s a l s i t e s . They w i l l l i e i n a v a l l e y where c a r i b o u 
movements a r e f r e q u e n t , p r o b a b l y i n c l u d i n g s p r i n g c a l v i n g m i g r a t i o n 
movements. The f a c i l i t i e s i n c l u d e t h e a n t h r a c i t e p r e p a r a t i o n and power 
p l a n t s , camp, r e s e r v o i r , t a i l i n g s pond and c o a r s e r e f u s e p i l e . 

In s p r i n g , snow m e l t s p r o g r e s s i v e l y upstream a l o n g t h e banks o f r i v e r s i n 
t h e S p a t s i z i a r e a , p r o v i d i n g snow-free movement o p p o r t u n i t i e s a l o n g the 
r i v e r banks, and (compared t o h i g h e r e l e v a t i o n s ) , r e l a t i v e l y s o f t , 
sometimes deep snow a d j a c e n t t o t h e banks. The r i v e r c o u r s e s , i n c l u d i n g 
t h e L i t t l e Klappan R i v e r , may t h e r e f o r e encourage c a r i b o u t o f o l l o w them 
and hence e n c o u n t e r t h e mine f a c i l i t i e s . The BCR grade has a l s o been 
documented as p r o v i d i n g a r e l a t i v e l y snow-free t r a v e l r o u t e from t h e n o r t h 
and e a s t l e a d i n g t h r o u g h t h e development zone i n t o t h e "Nass Pass" a r e a . 
Some o f t h e f a c i l i t i e s ( t a i l i n g s pond, c o a r s e r e f u s e p i l e , r e s e r v o i r ) are 
u n l i k e l y t o be c r o s s e d by c a r i b o u , w h i l e t h e p r e p a r a t i o n p l a n t / p o w e r p l a n t / 
camp a r e a i s l i k e l y t o be a v o i d e d due t o ongoing mine a c t i v i t y . The degree 
o f movement o b s t r u c t i o n i n s p r i n g w i l l l i k e l y depend upon t h e snow c o n d i 
t i o n s i n r e l a t i o n t o t h e c o n c e n t r a t i o n o f a c t i v i t y . In summer, c a r i b o u are 
l i k e l y t o a v o i d t h e a r e a o f c o n c e n t r a t e d a c t i v i t y , and w i l l p r o b a b l y seek 
t r a v e l r o u t e s which s k i r t i t a t more than 100 m d i s t a n c e . 

The new p i t a c c e s s road and the 13.8 kv overhead power l i n e from t h e power 
p l a n t t o t h e p i t s i t e a r e not e x p e c t e d t o p r e s e n t an o b s t r u c t i o n t o c a r i b o u 
movements. Based on e x p e r i e n c e w i t h b a r r e n - g r o u n d c a r i b o u i n A l a s k a i n 
r e l a t i o n t o p i p e l i n e s ( E i d e e t a l 1986; C u r a t o l o and Murphy, 1986), c a r i b o u 
a t Mount Klappan are e x p e c t e d t o c r o s s o v e r t h e r o a d and under th e power-
l i n e . However, t h e i r c r o s s i n g f r e q u e n c y may be r e d u c e d by t r a f f i c on the 
r o a d . 

In summary, t h e f a c i l i t i e s a re not e x p e c t e d t o o b s t r u c t c a r i b o u movements 
but may d e f l e c t them s l i g h t l y , perhaps i n t o l e s s f a v o u r a b l e t r a v e l r o u t e s . 
Based on i n f o r m a t i o n c o l l e c t e d t o d a t e , t h e numbers o f c a r i b o u which might 
be a f f e c t e d a r e a t no time e x p e c t e d t o be l a r g e . Small groups o f from two 
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t o s i x a n i m a l s i n summer and f a l l months a r e l i k e l y t o be i n v o l v e d , w h i l e 
i n s p r i n g , t h e number o f pregnant females m i g r a t i n g are unknown, but w i l l 
p r o b a b l y c o n s i s t o f an o c c a s i o n a l , s o l i t a r y a n i m a l . 

Because c a r i b o u have been documented as u t i l i z i n g t h e BCR grade as a t r a v e l 
r o u t e i n s p r i n g i t seams h i g h l y l i k e l y t h a t t h e y w i l l adopt t h e new a c c e s s 
r o a d t o Highway 37 as a t r a v e l r o u t e a l s o , e s p e c i a l l y as i t f o l l o w s a 
d i r e c t i o n a l t r e n d s i m i l a r t o t h e g e n e r a l movement p a t t e r n o b s e r v e d i n 
s p r i n g d u r i n g c a l v i n g m i g r a t i o n . The snow may be p i l e d on e i t h e r s i d e o f 
the r o a d , and impede escape from t h e r i g h t - o f - w a y . T h i s c o u l d p r e s e n t a 
t r a f f i c h a z a r d and cause t h e death o f c a r i b o u t h r o u g h c o l l i s i o n s . 

D e s p i t e t h e low p r o b a b i l i t y o f t h i s b e i n g a problem, i t i s G u l f ' s i n t e n t i o n 
t o plough breaks i n t h e snow berm t o a l l o w escape by c a r i b o u , and t o 
m o n i t o r t h e use o f t h e b r e a k s . The breaks w i l l be p l a n n e d i n a c c o r d a n c e 
w i t h t h e r o a d d e s i g n and maintenance p r o c e d u r e s t o a l l o w r e g u l a r o p p o r t u n i 
t y f o r c a r i b o u t o l e a v e t h e r i g h t - o f - w a y . 

P o t e n t i a l f o r c o l l i s i o n s t o o c c u r between mine r e l a t e d v e h i c l e s and 
w i l d l i f e i s v e r y low due t o t h e slow speed o f t r a v e l by t h e s e v e h i c l e s . 

In summary, n o t h i n g has been found i n t h e s e s t u d i e s o f c a r i b o u i n t h e Mount 
Klappan r e g i o n t o i n d i c a t e t h a t t h e r e w i l l be any s i g n i f i c a n t impact on 
t h e s e a n i m a l s . No c r i t i c a l h a b i t a t s a r e i n v o l v e d , t h e a n i m a l s a r e not 
p r e s e n t i n t h e mine development a r e a d u r i n g c r i t i c a l p e r i o d s o f t h e i r 
l i f e - c y c l e s and t h e p r o j e c t w i l l not s e r i o u s l y impede t h e i r m i g r a t o r y 
movements. The o n l y a s p e c t where some m i t i g a t i o n i s i n d i c a t e d has t o do 
w i t h a t t e m p t i n g t o a v o i d c o l l i s i o n s between v e h i c l e s and c a r i b o u on r o a d s . 

3.5.2 Bears 

B a s e l i n e s t u d i e s have r e v e a l e d t h a t g r i z z l y and b l a c k bears a r e r e g u l a r l y 
e n c o u n t e r e d i n t h e l i c e n c e a r e a . D u r i n g c o n s t r u c t i o n and o p e r a t i o n o f the 
mine, t h e p r o b a b i l i t y o f e n c o u n t e r s between mine p e r s o n n e l and bears i s 
r e l a t i v e l y h i g h , and G u l f i n t e n d s t o i n i t i a t e a bear management p l a n i n 
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o r d e r t o ( i ) reduce t h e l i k e l i h o o d o f e n c o u n t e r s and ( i i ) reduce o r 
e l i m i n a t e t h e need t o d e s t r o y o r r e l o c a t e problem b e a r s . 

The management p l a n w i l l f o c u s on camp l a y o u t , garbage managment and 
e d u c a t i o n o f p e r s o n n e l . The f i r s t o b j e c t i v e w i l l be t o e l i m i n a t e wastes 
and waste odours t h a t would a t t r a c t bears i n t o l o c a t i o n s where t h e y are 
l i k e l y t o come i n t o c l o s e c o n t a c t w i t h p e r s o n n e l , and become accustomed t o 
human p r e s e n c e . A second o b j e c t i v e w i l l be t o i n s t r u c t p e r s o n n e l on 
c o r r e c t b e h a v i o u r i n t h e event o f e n c o u n t e r i n g a bear and p r o c e d u r e s f o r 
a v o i d i n g e n c o u n t e r s . The bear management p l a n w i l l expand upon t h e garbage 
d i s p o s a l and bear r e p o r t i n g approaches used d u r i n g t h e e x p l o r a t i o n program. 
I t w i l l be i n c o r p o r a t e d i n t o t h e o p e r a t i o n a l p l a n n i n g f o r t h e mine. 

D e s p i t e t h e s e e f f o r t s , some p o t e n t i a l l y dangerous e n c o u n t e r s c o u l d o c c u r . 
In t h e s e c i r c u m s t a n c e s , t h e e x a c t n a t u r e o f t h e problem w i l l have t o 
i n d i c a t e t h e a p p r o p r i a t e r e m e d i a l a c t i o n . No d e n n i n g a c t i v i t y o r o t h e r 
i m p o r t a n t h a b i t a t r e l a t i v e t o bears has been d i s c o v e r e d i n t h e mine 
development a r e a . Bears range o v e r v e r y l a r g e domains and t h e l o s s o f use 
o f t h e p r o j e c t a r e a w i l l have no s i g n i f i c a n t impact on them. 

3.5.3 Other Important W i l d l i f e S p e c i e s 

D u r i n g 1985, a second y e a r o f b a s e l i n e w i l d l i f e s t u d i e s was conducted, 
f o c u s s i n g on c a r i b o u and g r i z z l y bear, but a l l o w i n g f u r t h e r d a t a c o l l e c t i o n 
on moose, mountain g o a t , b l a c k bear, Stone's sheep, f u r b e a r e r s and r a p t o r s . 
The o b j e c t i v e o f t h e second y e a r o f s t u d y was t o r e f i n e i s s u e s r e l a t i n g t o 
the mine. The r e s u l t s o f t h e study have not changed t h e b a s i c c o n c l u s i o n s 
s t a t e d i n t h e Stage I s u b m i s s i o n ; namely, t h a t t h e mine p l a n s w i l l not 
a f f e c t Stone's sheep on t h e l i c e n c e a r e a , and w i l l have v e r y minor o r 
i n d i r e c t e f f e c t s on moose, mountain g o a t , f u r b e a r e r s and r a p t o r s . B l a c k 
b e a r s w i l l come i n t o c o n t a c t w i t h mine a c t i v i t i e s ; however, b l a c k b e a r s are 
not common on t h e l i c e n c e , and a r e abundant and w i d e s p r e a d i n o t h e r p a r t s 
o f the p r o v i n c e . B l a c k and g r i z z l y b e a r s w i l l be t h e f o c u s o f t h e impact-
mi t i g a t i v e bear management p l a n . 
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3.5.4 M o n i t o r i n g Program 

In t h e Stage I s u b m i s s i o n , G u l f committed t o an ongoing program o f e n v i r o n 
mental s u r v e i l l a n c e . T h i s w i l l i n v o l v e c o n t r a c t u r a l o b l i g a t i o n s by the 
prime c o n t r a c t o r t o meet en v i r o n m e n t a l s t a n d a r d s , and use o f p r e v i o u s G u l f 
p r a c t i c e s , such as assignment o f a f u l l - t i m e e n v i r o n m e n t a l c o o r d i n a t o r 
d u r i n g c o n s t r u c t i o n and s t a r t - u p and s u b s e q u e n t l y i f r e q u i r e d . . As p a r t o f 
t h i s e n v i r o n m e n t a l s u r v e i l l a n c e , a w i l d l i f e m o n i t o r i n g program w i l l be 
c a r r i e d o ut i n a s s o c i a t i o n w i t h s p e c i f i c a s p e c t s o f t h e mine. I t s 
o b j e c t i v e w i l l be det e r m i n e and m i t i g a t e any problem d i r e c t l y a s s o c i a t e d 
w i t h development and o p e r a t i o n o f t h e mine. 

In a d d i t i o n , G u l f w i l l c o n t i n u e i t s l i a i s o n w i t h t h e S p a t s i z i A s s o c i a t i o n 
f o r B i o l o g i c a l Research and i t s c a r i b o u r a d i o - c o l l a r i n g s t u d y . Informa
t i o n from t h i s s t u d y has p r o v i d e d i m p o r t a n t i n f o r m a t i o n i n terms o f t h e 
o v e r a l l impact assessment f o r t h e mine development, and w i l l c o n t i n u e t o be 
u s e f u l d u r i n g t h e m o n i t o r i n g program. 

3.5.5 Mine R e c l a m a t i o n Program 

A major o b j e c t i v e o f t h e mine r e c l a m a t i o n program i s t h e r e s t o r a t i o n o f 
w i l d l i f e h a b i t a t . C a r i b o u u t i l i z a t i o n o f t h e mine a r e a i s low, conse
q u e n t l y r e s t o r a t i o n o f t h e r e l a t i v e l y s m a l l a r e a o f t h e mine t o c a r i b o u 
h a b i t a t i s o f l i t t l e b e n e f i t . I t i s proposed t h a t t h e e c o l o g i c a l b e n e f i t s 
o f p r o v i d i n g h a b i t a t f o r prey s p e c i e s such as marmots, ground s q u i r r e l s , 
and ptarmigan i n an a r e a o f p r e d a t o r d i v e r s i t y such as g r i z z l y bear, f o x , 
w o l v e r i n e , wolves and g o l d e n e a g l e s , i s a more p r a c t i c a l approach. 

The r e c l a m a t i o n program d e s c r i b e d i n P a r t VI o f Volume II w i l l pursue t h i s 
o b j e c t i v e . 
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PART FIVE - HERITAGE RESOURCES 

1.0 INTRODUCTION  

G u l f ' s Stage I assessment o f t h e Mount Klappan A n t h r a c i t e P r o j e c t noted 
t h a t a h e r i t a g e r e s o u r c e assessment st u d y had been commissioned and an 
i n t e r i m r e p o r t r e s u l t i n g from t h i s s t u d y was s u b m i t t e d t o t h e H e r i t a g e 
C o n s e r v a t i o n Branch i n September, 1985. On t h e b a s i s o f t h e i n t e r i m 
r e p o r t , t h e Branch found t h a t t h e h e r i t a g e r e s o u r c e c o n c e r n s i n t h e p r o j e c t 
a r e a a r e r e s o l v a b l e . However, i t was noted t h a t two h e r i t a g e s i t e s l o c a t e d 
a t t h e m i n e s i t e r e q u i r e d f u r t h e r i n v e s t i g a t i o n and t h r e e o t h e r s needed t o 
be s t u d i e d f u r t h e r i f t h e p r o j e c t c o n f i g u r a t i o n a f f e c t e d them. The Branch 
a l s o r e q u e s t e d t h a t h e r i t a g e r e s o u r c e i s s u e s o u t s i d e t h e immediate mine 
a r e a a l s o be a d d r e s s e d through a "proposed s t r a t e g y " i f t h e r e was h i g h -
p r o b a b i l i t y t h e s e a r e a s s h o u l d be a f f e c t e d i n t h e f u t u r e . 

The f o l l o w i n g d i s c u s s i o n o f h e r i t a g e r e s o u r c e s i n c o r p o r a t e s t h e f i n d i n g s o f 
the p r e v i o u s i n t e r i m r e p o r t and a d d r e s s e s th e comments o f t h e H e r i t a g e 
C o n s e r v a t i o n Branch. 

H e r i t a g e r e s o u r c e s a r e non-renewable e v i d e n c e o f p r e h i s t o r i c , p r o t o h i s t o r i c 
o r h i s t o r i c human o c c u p a t i o n and/or u t i l i z a t i o n . These r e s o u r c e s are 
p r o t e c t e d i n B r i t i s h Columbia by t h e H e r i t a g e C o n s e r v a t i o n A c t . Under 
S e c t i o n 7 o f t h i s A c t , t h e M i n i s t e r o f P r o v i n c i a l S e c r e t a r y and Government 
S e r v i c e s i s empowered t o o r d e r a r c h a e o l o g i c a l i n v e s t i g a t i o n s p r i o r t o 
i m p l e m e n t a t i o n o f a major development program. 

The o b j e c t i v e s o f c o n d u c t i n g an impact assessment a r e o u t l i n e d i n the 
G u i d e l i n e s f o r H e r i t a g e Resource Impact Assessment i n B r i t i s h Columbia 
i s s u e d by t h e H e r i t a g e C o n s e r v a t i o n Branch (1982). F o l l o w i n g a r e t h e major 
o b j e c t i v e s o f t h e s t u d y c onducted w i t h i n t h e Mount Klappan A n t h r a c i t e 
P r o p e r t y : 

t o i d e n t i f y and e v a l u a t e h e r i t a g e r e s o u r c e s i n t h e p r o j e c t a r e a ; 
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t o i d e n t i f y and a s s e s s a l l impacts on h e r i t a g e r e s o u r c e s imposed 
by t h e development; and 

t o recommend v i a b l e a l t e r n a t i v e s o r o p t i o n s f o r managing o r 
m i t i g a t i n g a d v e r s e impacts, i n c l u d i n g p r e l i m i n a r y programs f o r 
r e s o u r c e management, s u r v e i l l a n c e o r m o n i t o r i n g where appro
p r i a t e . 

The s t u d y a r e a f o r t h e s e i n v e s t i g a t i o n s i n c o r p o r a t e d t h e r e g i o n around the 
Lo s t - F o x Mine a r e a e x t e n d i n g from t h e headwaters o f t h e L i t t l e Klappan 
R i v e r i n t h e southwest and eastward a c r o s s t h e west and n o r t h s i d e s o f 
Mount Klappan. The n o r t h e r n boundary o f t h e s t u d y a r e a was t h e l i m i t o f 
the Mount Klappan Coal L i c e n s e . F i g u r e 5-1 i n d i c a t e s t h e st u d y a r e a and 
the Mount Klappan P r o p e r t y L i m i t s . 

The s t u d y a r e a was a l s o extended t o t h e s o u t h e a s t o f t h e Lost-Fo x 
Development A r e a , a l o n g t h e BCR grade c o r r i d o r , as f a r as t h e s o u t h e a s t 
c o r n e r o f t h e c o a l l i c e n s e s on t h e Skeena R i v e r . T h i s a r e a , which 
i n c o r p o r a t e s t h e Didene Creek f l a t s , upper S p a t s i z i R i v e r and upper Skeena 
R i v e r v a l l e y s , were c o n s i d e r e d p o t e n t i a l l y i m p o r t a n t r e s o u r c e a r e a s . 
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2.0 PREHISTORIC AND ETHNOGRAPHIC BACKGROUND  

2.1 REGIONAL PREHISTORY 

P r e v i o u s r e s e a r c h w i t h i n t h e s t u d y a r e a has been n e g l i g i b l e . In 1974, a 
s u r v e y was c a r r i e d out a l o n g t h e B r i + i s h Columbia R a i l (B.C.R.) 
r i g h t - o f - w a y (Drew and S t o f f e l s , 1974). However, th e c e n t r a l s e c t i o n o f 
the r o u t e between th e L i t t l e Klappan R i v e r on t h e n o r t h and Chipmunk Camp 
on t h e s o u t h , was not s t u d i e d because i t was f e l t t h a t the a r e a h e l d l i t t l e 
p o t e n t i a l f o r i m p o r t a n t s i t e s . The Mount Klappan P r o p e r t y f a l l s i n t h i s 
zone. 

P r e h i s t o r i c p i c t o g r a p h s and c a i r n s a r e known i n t h e l o w e r S t i k i n e , I s k u t 
and Skeena v a l l e y s but not i n t h e h i g h l a n d , i n t e r i o r a r e a s o f t h e p r o j e c t . 
I n t e n s i v e s t u d i e s have been conducted i n t h e T e l e g r a p h Creek a r e a (Smith 
1969, 1970, 1971) which s u g g e s t s t h a t r e l a t i v e l y c o n t i n u o u s human a c t i v i t y 
has o c c u r r e d i n t h i s p o r t i o n o f t h e S t i k i n e V a l l e y f o r o v e r 10,000 y e a r s . 

S e v e r a l p r e h i s t o r i c o b s i d i a n q u a r r i e s and workshops have been i d e n t i f i e d i n 
Mount E d z i z a P r o v i n c i a l Park t o t h e west o f T e l e g r a p h Creek (Fladmark and 
N e l s o n , 1977). Other s t u d i e s have i d e n t i f i e d p r e h i s t o r i c s i t e s i n the 
upper S t i k i n e and S p a t i s i z i P l a t e a u n o r t h o f the p r o j e c t s i t e and s i g n s o f 
f i s h i n g a c t i v i t y on t h e Skeena R i v e r south o f Mount Klappan. However, the 
h u n t i n g and f i s h i n g 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 s e s i t e s a p p a r e n t l y do 
not extend i n t o t h e p r o j e c t a r e a . 

The e a r l i e s t a r t i f a c t s d i s c o v e r e d i n t h e r e g i o n suggest m i c r o b l a d e i n d u s t r y 
a c t i v i t y p o s s i b l y d a t i n g back t o 8000 y e a r s B e f o r e t h e P r e s e n t (8000 B.P.). 
Most d a t e d assemblages o f m i c r o b l a d e a r t i f a c t s a r e w i t h i n t h e 5000-4000 
B.P. time span. Between 4000 and 2800 B.P., n o n - m i c r o b l a d e assemblages 
o c c u r . These a r e c h a r a c t e r i z e d by medium-sized notched, stemmed and/or 
l a n c e o l a t e p o i n t s . 

P i t houses which were common i n s o u t h e r n B.C. i n t h i s p e r i o d have not been 
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r e c o r d e d i n n o r t h e r n B.C. but house p l a t f o r m s e x c a v a t e d i n stream 
embankments and s l o p i n g h i l l s i d e s have been found. O t h e r a r c h e o l o g i c a l 
f e a t u r e s o f t h e r e g i o n i n c l u d e r e c t a n g u l a r o r c i r c u l a r s t o r a g e p i t s , r o c k 
c a i r n s , meat caches and t r e e c a c h e s . 

2.2 ETHNOGRAPHY 

The s t u d y a r e a f a l l s w i t h i n t h e t e r r i t o r y t r a d i t i o n a l l y e x p l o i t e d by t h r e e 
Athapaskan groups, t h e T a h l t a n , T s e t s a u t and t h e Sekani (Emmons, 1911 and 
D u f f , 1 9 6 4 ) . The T a h l t a n were c e n t e r e d a t t h e c o n f l u e n c e o f t h e S t i k i n e and 
T a h l t a n R i v e r s but e x p l o i t e d a much l a r g e r a r e a . T h e i r t e r r i t o r y was 
bounded on t h e west by t h e Coast Range. They o c c u p i e d t h e headwaters o f 
the Nass, some o f t h e headwaters o f t h e Skeena and p a r t s o f t h e L i a r d and 
Dease R i v e r s . 

The T s e t s a u t o c c u p i e d t e r r i t o r y i mmediately south o f t h e T a h l t a n and i n l a n d 
from t h e T l i n g i t . H o s t i l i t i e s between a t l e a s t one o f t h e T a h l t a n T r i b e s 
and T s e t s a u t have been r e c o r d e d . 

A small group o f Bear Lake Sekani p r e s e n t l y r e s i d e i n t h e v i l l a g e o f I s k u t . 
They have o n l y r e c e n t l y e n t e r e d t h e a r e a . The Sasuchan and T s e l o n i , two 
bands o f t h e S e k a n i , o c c a s i o n a l l y hunted t h e p l a t e a u r e g i o n s o f t h e Upper 
S t i k i n e . Each group i s d i s c u s s e d s e p a r a t e l y below. 

2.2.1 T a h l t a n T r i b e 

Sources o f e t h n o g r p a h i c d a t a c o n c e r n i n g the T a h l t a n i n c l u d e Hodge(1912), 
Jenness (1927), M o r i c e (1893), Thorman ( n . d . ) , T e i t (1906, 1912, 1956) and 
White (1913). Emmons (1911) i s the most a u t h o r i t a t i v e a c c o u n t . R e c e n t l y , 
A l b r i g h t (1984) has r e c o r d e d T a h l t a n e t h n o g r a p h i c d a t a and cond u c t e d ethno-
a r c h a e o l o g i c a l i n v e s t i g a t i o n s . 

The T a h l t a n a r e a s m a l l group o f Athapaskan s p e a k e r s who occupy p a r t o f the 
Canadian S u b a r c t i c o r B o r e a l F o r e s t Region. The n u c l e a r f a m i l y i s t h e b a s i c 
u n i t o f t h e T a h l t a n s o c i a l o r g a n i z a t i o n . T h e i r s o c i e t y was d i v i d e d i n t o 
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f o u r " t r a d i t i o n a l " f a m i l i e s w i t h a m a t r i l i n i a l d e s c e n t system, and was 
f u r t h e r d i v i d e d i n t o two p r i m a r y c l a s s e s o r m o i e t i e s . The f o u r f a m i l i e s 
g e n e r a l l y o c c u p i e d d i f f e r e n t a r e a s w i t h i n T a h l t a n t e r r i t o r y . 

The T a h l t a n were semi-nomadic and t h e i r s u b s i s t e n c e a c t i v i t i e s c e n t e r e d 
around w i n t e r h u n t i n g and summer f i s h i n g . D u r i n g t h e summer, T a h l t a n 
f a m i l i e s met a t t r a d i t i o n a l f i s h i n g v i l l a g e s which were c e n t e r e d on the 
S t i k i n e between t h e T a h l t a n and Tuya R i v e r s but extended t o t h e s o u t h e r n 
branches o f the Taku. Large q u a n t i t i e s o f salmon were caught, d r i e d and 
s t o r e d . 

When t h e f i s h i n g season was o v e r i n l a t e August, t h e T a h l t a n d i s p e r s e d i n t o 
n u c l e a r f a m i l y u n i t s t o hunt marmots and ground s q u i r r e l s . Sheep, g o a t s , 
and bear were hunted a t h i g h e r e l e v a t i o n s and b e r r i e s were g a t h e r e d and 
p r e s e r v e d . Major f a l l and w i n t e r h u n t i n g camps were u t i l i z e d on a r e g u l a r 
b a s i s . In s p r i n g , f r e s h w a t e r f i s h , beaver, bear, g r o u s e , r a b b i t and 
p o r c u p i n e were e x p l o i t e d . 

2.2.2 T s e t s a u t T r i b e 

The T s e t s a u t t r i b e a r e an e x t i n c t group o f Athapaskan s p e a k e r s . They 
numbered about 500 p e o p l e a t the b e g i n n i n g o f t h e 19th c e n t u r y . When Boas 
e n c o u n t e r e d them i n 1895, t h e y had been a l l but e x t e r m i n a t e d by the 
T l i n g i t . The few r e m a i n i n g members were s l a v e s o f t h e N i s g a who, a l o n g w i t h 
the T a h l t a n , had t a k e n o v e r t h e T s e t s a u t t e r r i t o r y . 

The t e r r i t o r y o f the T s e t s a u t extended from n o r t h o f t h e Unuk R i v e r e a s t t o 
O b s e r v a t o r y I n l e t . They a r e re*puted t o have made e x c u r s i o n s t o t h e head
waters o f t h e S t i k i n e , Nass and Skeena R i v e r s . 

U n l i k e t h e T a h l t a n , t h e T s e t s a u t had no f i x e d v i l l a g e s . They r e l i e d on 
temporary s h e l t e r s and t h e y hunted bear, beaver, mountain g o a t , marmot, and 
p o r c u p i n e . D u r i n g t h e s p r i n g , t h e y g a t h e r e d a t t h e P o r t l a n d Canal t o c a t c h 
o o l a c h a n and i n summer, t h e y caught salmon. 
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2.2.3 Sekani T r i b e 

The Sekani a r e Athapaskan s p e a k e r s whose t r a d i t i o n a l t e r r i t o r y c e n t e r e d i n 
the v a l l e y s o f the upper Peace R i v e r and i t s t r i b u t a r i e s , on t h e western 
s l o p e s o f the Rocky Mountains. A l t h o u g h t h e i r t e r r i t o r y extended t o the 
e a s t e r n s l o p e s o f t h e R o c k i e s , t h e y were pushed west by t h e Cree d u r i n g the 
f u r t r a d e e r a . Jenness (1937) has conducted most o f t h e e t h o n o g r a p h i c 
r e s e a r c h on the S e k a n i . 

The Sekani c o n s i s t o f numerous bands which were n e i t h e r p o l i t i c a l l y nor 
s o c i a l l y c o h e s i v e . U n l i k e t h e T a h l t a n , t h e Sekani were o f p a t r i l i n e a l 
d e s c e n t . Sekani bands were h i g h l y nomadic, h u n t i n g moose, c a r i b o u , b i s o n , 
bear, l y n x , r a b b i t , marmot and beaver. The Sekani caught and d r i e d a 
v a r i e t y o f f r e s h w a t e r f i s h but t h e i r t e r r i t o r i e s l a c k e d t h e salmon runs 
t h a t T a h l t a n and T s e t s a u groups r e l i e d on. 

A group o f Bear Lake Sekani e n t e r e d t h e r e g i o n s e t t l i n g i n t h e Metsantan 
C a r i b o u Hide a r e a w i t h i n t h e l a s t c e n t u r y . They p r o b a b l y o r i g i n a t e d i n the 
F o r t Graham a r e a on t h e F i n l a y R i v e r . In 1948 t h e y moved t o I s k u t and on t o 
T e l e g r a p h Creek i n 1952, but t h e y moved back t o I s k u t i n 1962. The move t o 
I s k u t p r o b a b l y r e p r e s e n t s t h e c u l m i n a t i o n o f a westward m i g r a t i o n o f t h i s 
group o v e r t h e l a s t 150 y e a r s . 

2.2.4 Summary 

E t h n o g r a p h i c a c c o u n t s suggest t h a t a p a t t e r n o f s e a s o n a l movement between 
the mountain and lower e l e v a t i o n s o c c u r r e d f o r much o f t h e y e a r but l a r g e 
groups formed t o e x p l o i t s e a s o n a l l y abundant r e s o u r c e s such as salmon. 
S i n c e t h e s t u d y a r e a does not c o n t a i n runs o f salmon, t h e a n t i c i p a t e d s e t 
t l e m e n t p a t t e r n would f e a t u r e s h o r t term o c c u p a t i o n s by s m a l l groups (one 
o r two n u c l e a r f a m i l i e s ) . One p o s s i b l e e x c e p t i o n would be t h e e s t a b l i s h m e n t 
o f l a r g e r s e t t l e m e n t s a s s o c i a t e d w i t h t h e m i g r a t o r y c a r i b o u . In a d d i t i o n , 
the a r e a was p r o b a b l y i m p o r t a n t f o r marmot o r groundhog h u n t i n g . 

A r c h a e o l o g i s t s g e n e r a l l y attempt t o g a i n a b e t t e r u n d e r s t a n d i n g o f p r e h i s -
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t o r i c s i t e p o t e n t i a l from t h e broad g e o g r a p h i c a l and e n v i r o n m e n t a l c o n t e x t . 
S t u d i e s f o c u s on p o s s i b l e p a t t e r n s o f s e t t l e m e n t , r e s o u r c e e x p l o i t a t i o n , 
s e a s o n a l movements, t r a v e l r o u t e s , t r a d e and l e n g t h o f s i t e occupancy. 

E c o l o g i c a l c h a r a c t e r i s t i c s such as p h y s i o g r a p h y and c l i m a t e and t h e a v a i l a 
b i l i t y o f s p e c i f i c r e s o u r c e s such as f l o r a , f a u n a , l i t h i c m a t e r i a l s and 
water a r e i m p o r t a n t i n d i c a t o r s o f p r e v i o u s a c t i v i t i e s . . These e n v i r o n m e n t a l 
v a r i a b l e s may have i n f l u e n c e d c u l t u r a l a c t i v i t i e s a s s o c i a t e d w i t h s i t e 
s e l e c t i o n , t r a v e l w i t h i n and through t h e a r e a and r e s o u r c e e x p l o i t a t i o n . 
Much o f t h e i n f o r m a t i o n used f o r e s t a b l i s h i n g t h i s background has been 
taken from G u l f ' s s t u d i e s o f t h e B i o p h y s i c a l Environment. 
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3.0 STUDY METHODOLOGY 

3.1 SITE POTENTIAL INDICATORS 

The f i e l d program was o r g a n i z e d t o a d d r e s s t h r e e b a s i c o b j e c t i v e s . A prime 
goal was t o i n v e n t o r y and a s s e s s s i t e s w i t h i n t h e known impact zones. A 
second o b j e c t i v e was t o l o c a t e and a s s e s s t h o s e h e r i t a g e r e s o u r c e s which 
were o f c o n c e r n t o n a t i v e i n f o r m a n t s . A t h i r d and f i n a l o b j e c t i v e was t o 
s u r v e y as many ar e a s i d e n t i f i e d as b e i n g o f medium t o h i g h a r c h a e o l o g i c a l 
p o t e n t i a l as t i m e a l l o w e d . 

With th e e x c e p t i o n o f known s i t e s r e p o r t e d by n a t i v e i n f o r m a n t s o r by G u l f 
Canada C o r p o r a t i o n p e r s o n n e l , s u r v e y e d a r e a s were j u d g e m e n t a l l y s e l e c t e d . 
The c r i t i e r i a used t o i d e n t i f y a r e a s o f p o t e n t i a l i n c l u d e d t h e f o l l o w i n g : 

- E t h n o g r a p h i c o r h i s t o r i c e v i d e n c e o f l a n d usage: t h o s e a r e a s r e p o r t e d 
t o have been u t i l i z e d f o r v a r i o u s a c t i v i t i e s i n t h e p a s t . 

- P r o x i m i t y t o s o u r c e s o f water: t h i s i n c l u d e s t h e L i t t l e Klappan, 
Didene, S p a t s i z i and Skeena R i v e r s as w e l l as numerous c r e e k s . Bodies 
o f water such as t h e l a k e s a t t h e headwaters o f t h e S p a t s i z i and 
Skeena R i v e r s c o u l d a l s o have been a t t r a c t i v e l o c a t i o n s f o r c a m p s i t e s . 

- P r o x i m i t y t o f i r e w o o d : t h i s i s e s p e c i a l l y i m p o r t a n t i n a r e a s a t h i g h e r 
e l e v a t i o n s where f i r e w o o d i s s c a r c e . 

- Dry, l e v e l o r g e n t l y s l o p i n g l o c a l i t i e s : t h e s e were p r e f e r r e d campsite 
l o c a t i o n s and i n c l u d e r i v e r t e r r a c e s , l a k e s h o r e s , l e v e l h i l l t o p s such 
as k n o l l s a l o n g t h e Skeena and S p a t s i z i R i v e r s , and g e n t l y s l o p i n g 
t e r r a i n such as p a r t s o f L o s t Ridge. 

- Prominence: t h e s e may be good ca m p s i t e l o c a t i o n s as w e l l as p r o v i d i n g 
vantage p o i n t s f o r l o c a t i n g game o r i n t r u d e r s . K n o l l s a l o n g water 
c o u r s e s c o u l d c o n t a i n c a m p s i t e s o r t o o l m a n u f a c t u r i n g l o c a l i t i e s . 

5-9 



HERITAGE RESOURCES 

- L o c a l l y o r r e g i o n a l l y d i s t i n c t i v e p h y s i o g r a p h i c f e a t u r e s : t h e s e 
i n c l u d e p o t e n t i a l s i t e l o c a l e s which have a t t r a c t e d o c c u p a n t s on a 
" s e a s o n a l " b a s i s . Such l o c a l i t i e s i n c l u d e t h e headwaters o f the 
S p a t s i z i and Skeena R i v e r s , r i v e r - c r e e k t r i b u t a r y j u n c t i o n s and 
prominent l a n d f o r m s such as L o s t Ridge. 

- Ar e a s o f s e a s o n a l l y abundant fo o d s o u r c e s : such a r e a s a r e o b v i o u s i n 
t h e i r v a l u e but a r e o f t e n d i f f i c u l t t o i d e n t i f y . F o r example a l p i n e 
a r e a s f a v o u r e d by marmots would be imp o r t a n t i n t h e s t u d y a r e a . 

- T r a n s p o r t a t i o n r o u t e s : O v e r l a n d r o u t e s p o s s i b l y marked by t r a i l s o r 
b l a z e d t r e e s may be o f importance t o s i t e l o c a t i o n . 

3.2 FIELD SURVEY PROCEDURES 

The 1985 f i e l d program employed a crew o f two f o r a p e r i o d e q u i v a l e n t t o 
t h r e e work weeks. A c c e s s t o a p a r t i c u l a r a r e a was g e n e r a l l y on f o o t but 
o c c a s i o n a l l y h e l i c o p t e r s u p p o r t was n e c e s s a r y . A r e a s were v i s u a l l y examined 
and d u r i n g f o o t t r a v e r s e s , f o r t u i t o u s o r man-made exposures such as dead 
f a l l s , r o d e n t burrows, heavy equipment t r a c k s and blow o u t s were i n s p e c t e d . 
Shovel t e s t s measuring a p p r o x i m a t e l y 40 x 40 cm, were dug where a p p r o p r i 
a t e . These were e x c a v a t e d u n t i l s t e r i l e s o i l was r e a c h e d . 

A l l h e r i t a g e s i t e s were mapped, photographed and r e c o r d e d on B r i t i s h 
Columbia a r c h a e o l o g i c a l s i t e i n v e n t o r y forms. A s e r i e s o f s h o v e l t e s t s were 
e x c a v a t e d ( u s u a l l y 40 cm on a s i d e ) t o a s c e r t a i n h o r i z o n t a l and v e r t i c a l 
s i t e d i m e n s i o n s . As p a r t o f t h e assessment p r o c e d u r e , s o i l from s e v e r a l 
s i t e s was s c r e e n e d . T h i s p r o c e d u r e i s d e t a i l e d i n t h e s i t e d e s c r i p t i o n s 
below. 

3.3 LABORATORY PROCEDURES 

L i t h i c A n a l y s i s 

A l l a r t i f a c t s were washed and s o r t e d i n t o l i t h i c , f a u n a l o r h i s t o r i c c a t e -
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g o r i e s . The l i t h i c a n a l y s i s i s d e s c r i b e d i n d e t a i l below. The fauna! 
remains were i d e n t i f i e d by comparison w i t h specimens from the U n i v e r s i t y o f 
C a l g a r y . A l l a r t i f a c t s were c a t a l o g u e d a c c o r d i n g t o t h e s i t e Borden 
number. 

An i n i t i a l e x a m i n a t i o n o f a l l l i t h i c s was done t o s e p a r a t e out t h o s e which 
conformed t o r e c o g n i z e d t o o l t y p e s o r which showed some form o f m o d i f i c a 
t i o n o r use wear. Some o f the s t a n d a r d t o o l t y p e s r e c o g n i z e d i n c l u d e a 
b i f a c e , u n i f a c e s , m i c r o b l a d e s , and a b u r i n . 

F l a k e d e b i t a g e was s o r t e d i n t o c a t e g o r i e s a c c o r d i n g t o morphology and an 
i n f e r r e d c o r e r e d u c t i o n / f l a k e p r o d u c t i o n sequence. Core r e d u c t i o n f l a k e s 
a r e l a r g e f l a k e s (>10 mm) o f t e n w i t h some c o r t e x r e m a i n i n g on t h e i r d o r s a l 
s u r f a c e . These f l a k e s a re presumed t o have been removed i n an i n i t i a l s t a g e 
o f t h e p r e p a r a t i o n o f a c o r e o r t o o l . T h i n n i n g f l a k e s a r e l o n g t h i n f l a k e s , 
o f t e n e x h i b i t i n g p r e p a r e d s t r i k i n g p l a t f o r m s which a r e i n f e r r e d t o have 
been removed i n t h e p r o c e s s o f t h i n n i n g a c o r e o r p r e f o r m i n t o o l p r e p a r a 
t i o n . R e t o u c h i n g f l a k e s a r e small (<5 mm) and were removed i n t h e p r o c e s s 
o f f i n i s h i n g a t o o l edge o r i n r e s h a r p e n i n g a t o o l edge. They o f t e n e x h i b i t 
remnants o f t h e p r e v i o u s , d u l l e d , c u t t i n g edge o f a used t o o l . 

One f i n a l f l a k e c a t e g o r y i s t h a t o f f l a k e fragments o r s h a t t e r . Due t o i t s 
f r a g i l e n a t u r e , o b s i d i a n f l a k e s o f t e n break l e a v i n g numerous sma l l f r a g 
ments which e x h i b i t no s t r i k i n g p l a t f o r m o r o t h e r r e c o g n i z a b l e m o r p h o l o g i 
c a l f e a t u r e s . These f l a k e fragments can be produced i n any s t a g e o f c o r e 
r e d u c t i o n o r t o o l manufacture. 

S e v e r a l m i c r o b l a d e s were noted i n t h e c o l l e c t i o n as w e l l as one "pseudo" 
b l a d e which was removed much as a b u r i n s p a l l i s taken o f f l e a v i n g a 
remnant b i f a c i a l l y worked edge on t h e d o r s a l s u r f a c e . A l l the m i c r o b l a d e s 
are o b s i d i a n . These f l a k e s a re removed u s i n g a s p e c i a l i z e d t e c h n i q u e which 
r e s u l t s i n a l o n g , p a r a l l e l s i d e d f l a k e . 

F i n a l l y , a l l l i t h i c s were d e s c r i b e d , a c c o r d i n g t o i t s d e b i t a g e s t a g e , use 
wear a t t r i b u t e s and m a t e r i a l t y p e . M a t e r i a l s p r e s e n t i n c l u d e o b s i d i a n , 
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c h e r t , s h a l e , q u a r t z i t e , s i l t s t o n e , and c h a l c e d o n y . S e v e r a l t y p e s o f 
o b s i d i a n were o b s e r v e d i n c l u d i n g opaque, t r a n s l u c e n t and t r a n s p a r e n t , each 
i n a v a r i e t y o f c o l o u r s . A l l t o o l s , m o d i f i e d f l a k e s , and some u t i l i z e d 
f l a k e s were drawn t o s c a l e . 
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4.0 STUDY FINDINGS AND SITE DESCRIPTIONS  

H e r i t a g e s i t e s r e c o r d e d d u r i n g t h e p r o j e c t a r e p l o t t e d on F i g u r e 5.1. A 
t o t a l o f twenty-two s i t e s were r e c o r d e d and seven hundred and e i g h t p i e c e s 
o f c u l t u r a l m a t e r i a l were c o l l e c t e d . The s i t e s a r e d e t a i l e d i n T a b l e 5.1 
and the a r t i f a c t and m a t e r i a l t y p e s c o l l e c t e d from each s i t e and summarized 
i n T a b l e 5.2. S i t e l a b e l s have been d e s i g n a t e d n u m e r i c a l l y w i t h i n t h e map 
s e c t o r s shown on f i g u r e 5-1. 

HhTf-1 

T h i s s i t e i s l o c a t e d on t h e l a r g e n o r t h w e s t - s o u t h e a s t t r e n d i n g k n o l l which 
i s n o r t h e a s t o f t h e p r e s e n t a i r s t r i p , n o r thwest o f t h e m e t e o r o l o g i c a l 
s t a t i o n and 1 km e a s t o f t h e L i t t l e Klappan R i v e r . The s i t e c o n s i s t s o f an 
o v a l d e p r e s s i o n measuring a p p r o x i m a t e l y 1.5 m N-S x 2 m E-W and an a d j a c e n t 
l i n e a r mound o f e a r t h . Ten s h o v e l t e s t s e x c a v a t e d i n and around t h e mound 
and d e p r e s s i o n proved t o be n e g a t i v e . 

The f u n c t i o n o f t h i s s i t e i s d i f f i c u l t t o i n t e r p r e t . I t s l o c a t i o n i s sug
g e s t i v e o f a h u n t i n g l o o k o u t but f e a t u r e s p r e s e n t may r e p r e s e n t a b u r i a l . 
In e i t h e r c a s e , t h e s i t e s h o u l d be a v o i d e d . I t i s s i t u a t e d a p p r o x i m a t e l y 
125 m south o f t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park boundary and s i n c e G u l f 
Canada C o r p o r a t i o n does not p l a n any developments i n t h i s a r e a , adverse 
impacts a r e not a n t i c i p a t e d . 

HhTf-2 

T h i s s i t e i s l o c a t e d about 750 m e a s t o f the L i t t l e - K l a p p a n R i v e r towards 
the northwest end o f t h e k n o l l c o n t a i n i n g HhTf-1. The two s i t e s are 
a p p r o x i m a t e l y 400 m a p a r t . 

The s i t e r e p r e s e n t s an " I n d i a n G r a v e y a r d " r e f e r r e d t o i n W i l l i a m F l e e t 
R o b e r t s o n ' s 1912 Notes on a T r i p t o Pease Lake and t h e Groundhog C o a l f i e l d 
( R o b e r t s o n , 1913). Robertson s t a t e s t h e f o l l o w i n g : 
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TABLE 5-1 
SITE SUMMARY 

SITE 

HhTI-1 

HhTI-2 

HhTf-3 

HhTf-4 

HhTf-6 

HhTf-6 

HhTI-7 

HhTI-e 
i 

i — i 
-O 

HhTI-9 

HhTI-10 

HhTf-11 

HhTf-12 

HhTf-13 

HhTt-14 

HhTf-15 

HhT»-1 

HhT«-2 

HaTd-1 

HaTd-2 

HaTd-3 

H»T«-1 

HaT»-2 

SITE TYPE 

P088IBLE 
BURIAL 

BURIALS 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

HISTORIC 
C A M P 

HISTORIC 
CABIN 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

ISOLATED 
FIND 

GENERAL 
ACTIVITY 

I80LATE0 
FIND 

ISOLATED 
FIND 

I80LATED 
FIND 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

ISOLATED 
FIND 

GENERAL 
ACTIVITY 

GENERAL 
ACTIVITY 

ISOLATED 
FIND 

UTM 

9VWP066492 

9VWP063496 

9VWP063496 

9VWP063497 

9VWP068493 

9VWP066472 

9VWP041469 

9VWP067426 

9VWP072429 

9VWPOS9427 

9VWP022421 

9VWP076447 

9VWP076448 

9VWPO33420 

9VWP07143I 

9VWP154407 

9VWP126478 

9VWP244261 

9VWP237269 

9VWP222292 

9VWP193314 

9VWP174327 

WATER SOURCE LOCAL PHYSIOGRAPHY ELEVATION ARTIFACTS IMPACT 8TATUS RECOMMENDATION 

LITTLE KLAPPAN 
RIVER - 1 km 

LITTLE KLAPPAN 
RIVER - 400 m 

LITTLE KLAPPAN 
TRIBUTARY • 200 m 

LITTLE KLAPPAN 
TRIBUTARY - 200 m 

LITTLE KLAPPAN 
TRIBUTARY * 160 m 

LITTLE KLAPPAN 
TRIBUTARY • 6 m 

LITTLE KLAPPAN 
RIVER - 300 m 

SOUTH AND WEST 
FACING KNOLL 

WEST FACING KNOLL 

KNOLL TOP 

KNOLL TOP 

KNOLL TOP 

CREEK TERRACE 

KNOLL TOP 

FOX CREEK - 160 m ROCK OUTCROP 

FOX CREEK - 100 m BENCH 

FOX CREEK - 200 m LOW LYING TERRACE 

LITTLE KLAPPAN 
RIVER - 300 m 

POND - 60 m 

POND - 20 m 

UNNAMED CREEK 
-100 m . 

UNNAMED CREEK 
-60 m 

8PATSIZI RIVER 
•130 m 

DIDENE CREEK 
-40 m 

8KEENA RIVER 
-120 m 

SKEENA RIVER 
-50 m 

8KEENA RIVER 
-200 m 

SKEENA RIVER 
•60 m 

SPATSIZI RIVER 
•80 fit 

KNOLL TOP 

80UTH-FACINQ 8LOPE 

NORTH-FACING 8LOPE 

ROCKY PLATEAU 

ROCK OUTCROP 

TERRACE 

KNOLL TOP 

KNOLL TOP 

KNOLL TOP 

KNOLL TOP 

TERRACE 

KNOLL TOP 

340 m 

330 m 

340 m 

340 m 

360 m 

320 m 

360 m 

660 m 

640 m 

660 m 

462 m 

660 m 

660 m 

640 m 

660 m 

210 m 

320 m 

220 m 

220 m 

280 m 

280 m 

280 m 

NONE 

NONE 

HISTORIC DEBRIS 
OBSERVED, FLAKE AND 
BONE8 COLLECTED 

SQUARE NAIL8, 
ARTRIDGE8, BONE . 

FLAKE8 - 649 ITEM8 

HI8TORIC DEBRI8 
O B 8 E R V E D 

HISTORIC DEBRIS 
OBSERVED 

F L A K E 8 , BURIN 
8PALL, MICROBLAOE8 
71 ITEM8 COLLECTED 
CARTRIDGES O B 8 E R V E D 

FLAKE8 , 8HOTQUN 
8HELL, M ICROBLADES, 
37 ITEMS COLLECTED 

6 FLAKES 
COLLECTED 

MICROBLADE AND 
TWO BLADE-LIKE 
FLAKE8 COLLECTED 

1 FLAKE 
COLLECTED 

6 FLAKE8 ANO A 
C O R E COLLECTED 

1 FLAKE 
COLLECTED 

1 UTILIZED FLAKE 
COLLECTED 

1 8CRAPER 
COLLECTED 

6 FLAKES 
COLLECTED 

4 FLAKES 
COLLECTED 

4 FLAKES 
COLLECTED 

1 FLAKE 
COLLECTED 

1 BIFACE AND 
1 FLAKE COLLECTED 
2 SHATTER, 1 
FLAKE AND 1 
8CRAPER COLLECTED 

1 FLAKE 
COLLECTED 

NOT SCHEDULED 
FOR IMPACT 

IN 8PAT8IZI 
WILDERNE88 PARK 

IN SPAT8IZI 
WILDERNE88 PARK 

IN 8PAT8IZI 
WILDERNE88 PARK 

NOT SCHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

PO88IBLE IMPACT 
BY GULF C A M P 

NOT 8CHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT SCHEDULED 
FOR IMPACT 

WITHIN 60 m OF 
IMPACT BY ROAD 
CONSTRUCTION 

WITHIN 60 m OF 
IMPACT BY ROAD 

ALREADY 
IMPACTED 

NOT 8CHEDULED 
FOR IMPACT 

NOT SCHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT 8CHEDULED 
FOR IMPACT 

NOT SCHEDULED 
FOR IMPACT 

NOT SCHEDULED 
FOR IMPACT 

AVOID 

PROTECT/AVOID 

AVOID 

AVOID 

NO FURTHER WORK 

NO FURTHER WORK 

12 TO 20 
1 x 1 cn UNIT8 

16 1x1 m UNIT8 

FURTHER A S S E S S 
MENT IF IMPACTED 

NO FURTHER WORK 

NO FURTHER WORK 

NO FURTHER WORK 

NO FURTHER WORK 

ASSESSMENT 

A 8 8 E 8 S M E N T 

NO FURTHER WORK 

NO FURTHER WORK 

FURTHER A S S E S S 
MENT IF IMPACTED 

NO FURTHER WORK 

NO FURTHER WORK 

FURTHER A S S E S S 
MENT IF IMPACTED 

FURTHER A S S E S S 
MENT IF IMPACTED 
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TABLE 5-2 

BONE, ARTIFACT AND MATERIAL TYPES 

H
hT

f-
1 

H
hT

f-
2 

H
hT

f-
3 

H
hT

f-
4 

H
hT

f-
5 

H
hT

f-
6 

H
hT

f-
7 

H
hT

f-
8 

H
hT

f-
9 

H
hT

f-
 1

0 
H

hT
f-

11
 

H
hT

f-
12

 
H

hT
f-

13
 

H
hT

f-
14

 
H

hT
f -

 15
 

H
hT

e-
1 

H
hT

e-
2 

H
gT

d-
 1

 
H

gT
d-

2 
H

gT
d-

3 
H

gT
e-

l 
H

gT
e-

2 

TOTALS 
1 1 

1 1 2 
12 2 1 15 

2 2 
1 1 

2 1 3 

1 10 5 1 1 3 1 1 4 1 1 1 1 3! 
1 1 

33 20 20 1 2 2 2 2 82 
4 3 7 

1 1 
1 1 

3 3 
5 1 6 

227 227 

266 14 5 1 1 2 1 t 1 292 
9 2 1 1 

1 1 
2 1 3 
1 1 

3 3 
2 1 1 4 

8 2 10 
1 1 

0 0 9 549 0 0 71 37 6 3 2 7 1 I 1 6 4 4 1 2 4 1 709 

ARTIFACT AND 
MATERIAL TYPE 

BI FACE/OBSIDIAN 
UNI FACE/OBSIDIAN 
MICROBLADE/OBSIDI AN 
PSEUDO-BLADE/OBSIDI AN 
BURIN/OBSIDIAN 
CORE/OBSIDIAN 
CORE REDUCTION FLAKE 

OBSIDIAN 
CHERT 

THINNING FLAKE/OBSIDIAN 
CHALCEDONY 
SHALE 
QUARTZ ITE 
SILTSTONE 
CHERT 

RETOUCHING FLAKES/OBSIDIAN 
FLAKE/SHATTER FRAGMENTS 

OBSIDIAN 
CHERT 
SHALE 

UTILIZED FLAKE/OBSIDIAN 
RETOUCHED FLAKE/CHERT 
SQUARE NAIL 
CARTRIDGE 
BONE 
BURNED BONE  
TOTALS 

KLAPI[2050571870008009.LOC 16/01/87 JTH 
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" T h i s camping-ground i s a famous rendezvous f o r t h e I n d i a n s h u n t i n g i n 
the d i s t r i c t , and i s known as the " I n d i a n G r a v e y a r d " , from t h e f a c t t h a t 
a number o f I n d i a n s have been b u r i e d t h e r e ; t h e I n d i a n s keep a l o t o f 
whipsawed lumber here t o make c o f f i n s i n c a s e o f emergency. The 
f u g i t i v e I n d i a n Gun-a-noot uses t h i s as a h e a d q u a r t e r s , and b u r i e d one 
o f the women o f h i s f a m i l y here l a s t season". 

N a t i v e i n f o r m a n t s a r e aware o f t h i s g r a v e y a r d and r e p o r t e d i t s g e n e r a l 
l o c a t i o n . Two b u r i a l s were found. They are s i t u a t e d s i d e - b y - s i d e and 
c o n s i s t o f c o l l a p s e d wooden c r i b b i n g . O b s e r v a t i o n s o f t h e i r s i z e i n d i c a t e 
t h a t one i s an a d u l t b u r i a l and t h e o t h e r i s a c h i l d b u r i a l . A p p r o x i m a t e l y 
4.5 m n o r t h o f t h e s e b u r i a l s i s a r o c k - l i n e d f e a t u r e which may a l s o 
r e p r e s e n t a b u r i a l . Two o t h e r p o s s i b l e b u r i a l s were o b s e r v e d , one t o the 
n o r t h and t h e o t h e r t o t h e south o f t h e d e s c r i b e d b u r i a l s . The d e s c r i p t i o n 
by Robertson i m p l i e s t h a t t h e r e a r e numerous g r a v e s a t t h e s i t e . A l t h o u g h 
the s i t e a r e a has p r o b a b l y been c l e a r e d and a t p r e s e n t t h e r e i s minimal 
v e g e t a t i o n , n a t u r a l u n d u l a t i o n s o f t h e ground make i d e n t i f i c a t i o n o f 
a d d i t i o n a l b u r i a l s d i f f i c u l t . I f c r i b b i n g was a s s o c i a t e d w i t h t h e s e 
b u r i a l s , i t i s l i k e l y t h a t t h e y would be d e t e c t a b l e . 

These b u r i a l s l i e a p p r o x i m a t e l y 100 m n o r t h o f t h e s o u t h boundary o f the 
S p a t s i z i P l a t e a u W i l d e r n e s s Park and any impact on them i s l i k e l y t o be an 
i n d i r e c t r e s u l t o f development caused by t h e ease o f a c c e s s i n t o the 
g e n e r a l a r e a and t h e number o f p e o p l e working i n t h e a r e a . G u l f w i l l 
i n f o r m i t s f i e l d s t a f f about t h e need t o p r o t e c t t h e s e s i t e s and w i l l p o s t 
s i g n s o b t a i n e d from t h e H e r i t a g e Branch t o warn o t h e r s o f t h e p e n a l t i e s 
p r o v i d e d f o r c o n t r a v e n i n g t h e H e r i t a g e C o n s e r v a t i o n A c t . 

HhTf-3 

T h i s s i t e i s l o c a t e d n o r t h e a s t o f HhTf-2 i n an a r e a where i n f o r m a n t s from 
I s k u t r e p o r t e d t h a t t h e r e had been a v i l l a g e . Three t r a i l s a r e v i s i b l e i n 
the s i t e a r e a . One t r a i l l e a d s from HhTf-3 t o t h e b u r i a l grounds d e s c r i b e d 
above ( H h T f - 2 ) . B i t s o f c o a l , and h i s t o r i c d e b r i s such as t i n cans ( u n i d e n 
t i f i a b l e as t o c o n t e n t s ) and enamelware were found on one o f t h e t r a i l s . 
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Cut and b l a z e d t r e e s were a l s o e v i d e n t i n t h e s i t e a r e a . A t r e e cache i s 
l o c a t e d i n t h e t r e e d a r e a a t the s o u t h e a s t end o f t h e s i t e . 

Twelve s h o v e l t e s t s were e x c a v a t e d i n t h e s i t e a r e a measuring a p p r o x i m a t e l y 
80 m N-S x 100 m E-W. Three o f t h e t e s t s were p o s i t i v e . 

C o l l e c t i o n s i n c l u d e d a t o o t h , 7 bones o r bone fragments and an o b s i d i a n 
c o r e r e d u c t i o n f l a k e . In a d d i t i o n , a l a r g e u n i d e n t i f a b l e square t i n can 
was uncovered i n T e s t 6 and l e f t i n - s i t u . I d e n t i f i a b l e bone i n c l u d e s a 
c a r i b o u ( R a n o i f e r t a r a n d u s ) molar, an a n t l e r fragment, and d i s t a l metacar
pa l o r t a r s a l fragment. The r e m a i n i n g bone c o n s i s t e d o f u n i d e n t i f i a b l e 
l o n g bone fragments o f l a r g e l a n d mammals. Two bones have been c u t and 
ground t o a p o i n t and a r e h i g h l y p o l i s h e d i n d i c a t i n g t h a t t h e y were used as 
awls o r k n i v e s . 

T here i s no danger t o t h i s s i t e because i t i s w i t h i n t h e S p a t s i z i P l a t e a u 
W i l d e r n e s s Park. 

HhTf-4 

The s i t e i s l o c a t e d on the same n o r t h w e s t - s o u t h e a s t t r e n d i n g k n o l l as the 
s i t e s d i s c u s s e d above. I t i s l o c a t e d a t t h e northwest e x t r e m i t y o f the 
k n o l l , about 100 m n o r t h o f HhTf-3. T h i s s i t e i s d i s t i n g u i s h e d from HhTf-3 
on t h e b a s i s o f a r c h a e o l o g i c a l m a t e r i a l e n c o u n t e r e d , d i s t a n c e and change i n 
l a n d f o r m . 

The s i t e a r e a i s a p p r o x i m t e l y 80 m N-S x 160 m E-W. The s i t e i s s i t u a t e d 
on a k n o l l c o v e r e d w i t h a l p i n e f i r , s p r u c e and w i l l o w . S e v e r a l open areas 
o c c u r , c o v e r e d o n l y by mossess and l i c h e n s . A t r i b u t a r y o f t h e L i t t l e 
K lappan R i v e r l i e s a p p r o x i m a t e l y 200 m n o r t h o f t h e s i t e . 

In t h e c e n t r a l a r e a o f the k n o l l a c o n c e n t r a t i o n o f b u r i e d c u l t u r a l mate
r i a l was uncovered. A p p r o x i m a t e l y 20 axed t r e e s a r e l o c a t e d i n the v i c i n i 
t y . A t t h e e a s t e r n p e r i m e t e r o f t h e s i t e , near t h e edge o f t h e k n o l l , a 
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p i t has been e x c a v a t e d . I t measures a p p r o x i m a t e l y 2.2 m E-W x 2.6 m N-S x 
0.7 m deep. T e s t s p l a c e d i n t h i s f e a t u r e were n e g a t i v e . Near t h e western 
edge o f t h e k n o l l , b l a z e d t r e e s f l a n k e i t h e r s i d e o f t h e t r a i l l e a d i n g from 
the s i t e t o t h e L i t t l e Klappan R i v e r . 

A t o t a l o f 549 a r t i f a c t s were r e c o v e r e d f r c a t h e t e n s h o v e l t e s t s ( a l l s o i l 
was s c r e e n e d ) e x c a v a t e d a t t h e s i t e . These a r t i f a c t s c o n s i s t e d o f o b s i 
d i a n , c h a l c e d o n y and q u a r t z i t e f l a k e s as w e l l as u n i d e n t i f i a b l e bone and 
burned bone fragments, t h r e e square n a i l s and two 44 c a l i b r e c a r t r i d g e s . 
Many o f t h e f l a k e s (227) were r e t o u c h i n g f l a k e s which r e s u l t from t o o l 
f i n i s h i n g o r r e s h a r p e n i n g . O t h e r f l a k e s i n c l u d e t i n y f l a k e o r s h a t t e r 
fragments o f i n d e t e r m i n a n t o r i g i n (266), t h i n n i n g f l a k e s (38) o r c o r e 
r e d u c t i o n f l a k e s ( 1 0 ) . T o o l s were not found, nor d i d any o f t h e f l a k e s 
e x h i b i t r e t o u c h o r e v i d e n c e o f u t i l i z a t i o n . 

T e s t 1 a t HhTf-4 c o n t a i n e d more l i t h i c a r t i f a c t s than any o t h e r t e s t . 
A d d i t i o n a l t e s t s were e x c a v a t e d a d j a c e n t t o T e s t 1 i n an attempt t o r e c o v e r 
more o f t h e a r t i f a c t c o n c e n t r a t i o n . When o n l y minimal amounts o f m a t e r i a l 
were found i n a d d i t i o n a l t e s t s , i t became o b v i o u s t h a t t h e c o n c e n t r a t i o n 
was l o c a l i z e d , t h i s T e s t 1 was expanded t o a 1 x 1 m u n i t . In t o t a l , 534 
a r t i f a c t s were e x c a v a t e d from t h i s u n i t . Most o f t h e s e were uncovered 
between 3 and 6 cm below s u r f a c e . The assemblage c o n s i s t s o f o b s i d i a n , 
c h a l c e d o n y and q u a r t z i t e f l a k e s . Bone fragments, some o f which were b u r n t , 
were a l s o o b s e r v e d i n a s s o c i a t i o n . 

A s i g n i f i c a n t a t t r i b u t e o f t h e s i t e i s two 7.5 cm (3 i n c h ) square n a i l s 
found i n d i r e c t a s s o c i a t i o n w i t h an o b s i d i a n f l a k e a t 4-5 cm below s u r f a c e . 
These were c o l l e c t e d from a t e s t l o c a t e d a p p r o x i m a t e l y 1.5 metres n o r t h o f 
T e s t 1. The two n a i l s were encased i n wood which was p o o r l y p r e s e r v e d and 
t h e r e f o r e not c o l l e c t a b l e . A p o r t i o n o f a h e a r t h was e n c o u n t e r e d i n the 
same u n i t . The s i t e l i e s w i t h i n t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park and 
w i l l not be a f f e c t e d by p r o j e c t developments. 
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H f T f - 5 

T h i s i s an h i s t o r i c s i t e l o c a t e d near t h e s o u t h e a s t e r n e x t r e m i t y o f the 
k n o l l d i s c u s s e d above and j u s t n o r t h o f t h e t r a i l which extends e a s t a l o n g 
t h e t o p o f t h e k n o l l from t h e b u r i a l s ( H h T f - 2 ) . 

The s i t e c o n t a i n s a s t o v e , a wooden bench and t a b l e , p i l e s o f c u t wood, 
p o l e s f o r a t r e e cache and p o l e s j o i n e d w i t h w i r e n a i l s ( f u n c t i o n unknown). 
S c a t t e r e d around t h e a r e a , p a r t i c u l a r l y down t h e s t e e p s l o p e i n the 
n o r t h e r n p o r t i o n o f t h e s i t e , a r e s e v e r a l cans and b o t t l e s . O p p o s i t e t h i s 
a r e a , on t h e sou t h s i d e o f t h e t r a i l , i s a p o o r l y p r e s e r v e d wooden c r a d l e 
and a c a r i b o u r a c k . The p r e c i s e l o c a t i o n o r t y p e o f h a b i t a t i o n u t i l i z e d 
c o u l d not be d e t e r m i n e d . I t may have been l o c a t e d near t h e t a b l e , bench 
and s t o v e . The absence o f l o g s o r wood o t h e r than t h a t d e s c r i b e d i n d i c a t e s 
t h a t a t e n t r a t h e r than a c a b i n was used. On t h e b a s i s o f m a t e r i a l o b s e r 
ved, the s i t e does not appear t o be more than twenty o r t h i r t y y e a r s o l d . 

A l t h o u g h t h e s i t e i s w i t h i n t h e G u l f ' s c o a l l i c e n c e s a p p r o x i m a t e l y 100 m 
south o f t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park boundary, t h e s i t e w i l l not 
be impacted by proposed developments. The r e c o r d i n g o f t h i s s i t e c o n s t i t u 
t e s adequate i n v e s t i g a t i o n a t p r e s e n t but i t s h o u l d be p r e s e r v e d f o r f u t u r e 
r e s e a r c h e r s . 

H f T f - 6 

T h i s i s a h i s t o r i c s i t e l o c a t e d a d j a c e n t t o t h e BCR r a i l w a y grade, about 
1.2 m e a s t o f t h e L i t t l e Klappan R i v e r c r o s s i n g . The s i t e c o n s i s t s o f the 
remains o f a l o g c a b i n , p r e v i o u s l y owned by Mr. Ronald Woodcock o f H a z e l -
t o n . Attempts t o r e a c h Mr. Woodcock were u n s u c c e s s f u l . 

The s i t e has been s e v e r e l y d i s t u r b e d by t h e c o n s t r u c t i o n o f t h e r a i l w a y 
grade which i s w i t h i n 10 metres o f t h e c a b i n . F u r t h e r i n v e s t i g a t i o n at 
t h i s s i t e was not recommended by t h e c o n s u l t a n t . 
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HhTf-7 

T h i s i s a p r e h i s t o r i c c a m p s i t e l o c a t e d on a h i g h k n o l l south o f t h e a i r p o r t 
runway, west o f t h e L i t t l e Klappan R i v e r and south o f an unnamed c r e e k . 
The k n o l l a f f o r d s a good view, p a r t i c u l a r l y o f t h e L i t t l e Klappan R i v e r 
v a l l e y . The s i t e measures a p p r o x i m a t e l y 40 m N-S and 20 m E-W but i t 
p r o b a b l y extends i n t o t r e e d a r e a s a d j a c e n t t o t h e known s i t e a r e a , which i s 
f r e e o f t r e e c o v e r . 

An o b s i d i a n f l a k e and c a l c i n e d bone were exposed on t h e s u r f a c e and subse
quent s h o v e l t e s t i n g r e v e a l e d a b u r i e d component a t t h i s s i t e . S i x o f n i n e 
40 x 40 cm s h o v e l t e s t s e x c a v a t e d were p o s i t i v e . A l l s o i l was s c r e e n e d 
t h r o u g h 6 mm mesh. The m a j o r i t y o f a r t i f a c t s r e c o v e r e d were d i s t r i b u t e d 
between 2 - 6 cm below s u r f a c e , i n g r e y s i l t y loam. E v i d e n c e o f two sepa
r a t e components o c c u r s i n two o f t h e t e s t s as a r t i f a c t s a r e d i s t r i b u t e d 
o v e r a v e r t i c a l d i s t a n c e o f 8 cm and a r e c o n c e n t r a t e d a t two l e v e l s . The 
e v i d e n c e i s s u g g e s t i v e o f s e p a r a t e o c c u p a t i o n s . 

Seventy-one a r t i f a c t s were found i n c l u d i n g t w e l v e o b s i d i a n m i c r o b l a d e s , a 
b u r i n , and 57 f l a k e s . A l t h o u g h o b s i d i a n i s t h e predominant m a t e r i a l t y p e , 
s i l t s t o n e and c h e r t were a l s o found. S u r f a c e e v i d e n c e o f more r e c e n t s i t e 
use i n c l u d e s a p i l e o f c u t wood and s e v e r a l c a r t r i d g e s a s s o c i a t e d w i t h 
c a l c i n e d bone. 

T h i s s i t e i s s i t u a t e d on a h i g h k n o l l w i t h a good vantage o f prime l a r g e 
u n g u l a t e h a b i t a t . The s i t e has a s o u t h e r n a s p e c t , i s w e l l - d r a i n e d , and 
f i r e w o o d and water a r e r e a d i l y a c c e s s a b l e . The L i t t l e Klappan R i v e r i s 300 
m e a s t and a t r i b u t a r y i s s i t u a t e d 200 m n o r t h . The l o c a t i o n o f t h e s i t e 
p r o v i d e s a c c e s s t o both t h e L i t t l e Klappan and Didene v a l l e y system. 

HhT-f-7 l i e s w i t h i n an a r e a which may be d i s t u r b e d by t h e mine f a c i l i t i e s . 
I f t h e s i t e must be d i s t u r b e d G u l f w i l l u ndertake an e x c a v a t i o n o f the 
a r e a . 

5-20 



HhTf-12; I 

GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 5-2 

ARTIFACTS FROM HhTf-7 
and HhTf-12 

ARESCO LTD. SCALE 1:1 

5-21 



HERITAGE RESOURCES 

HhTf-8 

T h i s s i t e i s l o c a t e d on a bedrock o u t c r o p i n a v a l l e y o r pass between L o s t 
Ridge and Klappan mountain. The s i t e i s a c a m p s i t e w i t h both b u r i e d and 
s u r f a c e . components. S u r f a c e m a t e r i a l s were i n i t i a l l y n o t e d by G u l f 
g e o l o g i s t s working i n t h e a r e a . 

Tjie s i t e , measuring a p p r o x i m a t e l y 15 m N-S and 40 m E-W, i s l o c a t e d on an 
e a s t - w e s t t r e n d i n g o u t c r o p which r i s e s 20 m above t h e ground s u r f a c e . 
F i f t e e n a r t i f a c t s were c o l l e c t e d from t h e s u r f a c e and 22 were r e c o v e r e d 
from f i v e s h o v e l t e s t s . As a t o t h e r p r e h i s t o r i c s i t e s , most o f t h e s e 
a r t i f a c t s a r e t h i n n i n g f l a k e s . Two o f t h e f i f t e e n m i c r o b l a d e s c o l l e c t e d 
d u r i n g t h e p r o j e c t were found a t t h i s s i t e . A r t i f a c t s o f c h e r t , c h a l c e d o n y 
and s h a l e m a t e r i a l were found i n a d d i t i o n t o o b s i d i a n . The s i t e appears t o 
be s t r a t i f i e d w i t h s e p a r a t e components a t 2-7 cm below s u r f a c e and 11-15 cm 
below s u r f a c e . A p o s s i b l e h e a r t h was noted i n one o f t h e s h o v e l t e s t s . 
Much o f t h e s u r f a c e a r e a i s r o c k y and sediments a r e l i m i t e d t o g l a c i a l 
sands and g r a v e l s . T h i s o u t c r o p , and t h e a d j a c e n t one a r e t h e o n l y h i g h , 
d r y vantage p o i n t s a l o n g t h i s wet c o r r i d o r . A l t h o u g h t h e a d j a c e n t o u t c r o p 
i s not o f s u f f i c i e n t w i d t h t o s u p p o r t a c a m p s i t e , marmots, an i m p o r t a n t 
s u b s i s t e n c e r e s o u r c e , were ob s e r v e d h e r e . 

The p r e s e n c e o f m i c r o b l a d e s , a v a r i e t y o f l i t h i c m a t e r i a l t y p e s and h e a r t h 
d e p o s i t s which may be d a t a b l e a l l c o n t r i b u t e t o t h e s i g n i f i c a n c e o f t h i s 
s i t e . The s t a t u s o f t h i s s i t e i n terms o f p r o j e c t impact i s not c e r t a i n a t 
t h i s time but i t w i l l be e x c a v a t e d i f any d i s t u r b a n c e o f t h e s i t e by m i n i n g 
a c t i v i t y becomes n e c e s s a r y . 

HhTf-9 

T h i s s i t e i s l o c a t e d a p p r o x i m a t e l y 500 m s o u t h e a s t o f HhTf-8 near t h e base 
o f Klappan Mountain. The s i t e i s s i t u a t e d on a h i g h , broad bench a d j a c e n t 
t o a s m a l l pond. As w i t h o t h e r s i t e s i n t h e pass between L o s t Ridge and 
Klappan Mountain, v e g e t a t i o n c o n s i s t s o f moss, l i c h e n and w i l l o w . 

5-22 



HERITAGE RESOURCES 

A r t i f a c t s were l o c a t e d on t h e ground s u r f a c e o v e r an a r e a measuring 60 m 
N-S and 20 m E-W. Two u t i l i z e d f l a k e s (one was i n a sh o v e l t e s t ) and one 
r e t o u c h e d f l a k e were found ( F i g u r e 5.3). The r e m a i n i n g a r t i f a c t s a r e unmo
d i f i e d f l a k e s . A l l but one o f t h e a r t i f a c t s were l o c a t e d on t h e s u r f a c e . 
The u n i f a c i a l l y r e t o u c h e d f l a k e i s made o f c h e r t and t h e o t h e r a r t i f a c t s 
a r e o b s i d i a n . 

T h i s a r e a o f t h e p r o p e r t y i s not s c h e d u l e d t o be impacted but s h o u l d 
d i s t u r b a n c e be proposed t h e s i t e w i l l undergo f u r t h e r e x a m i n a t i o n . 

HhTf-10 

T h i s s i t e i s a l s o l o c a t e d i n t h e low l y i n g a r e a between L o s t Ridge and 
Klappan Mountain. I t i s a p p r o x i m a t e l y 200 m e a s t o f o f HhTf-8. 

The s i t e c o n s i s t s o f t h r e e s u r f a c e f i n d s . One i s an o b s i d i a n m i c r o b l a d e 
and t h e o t h e r two a r e o b s i d i a n "pseudoblades" o r attempts a t m i c r o b l a d e s . 
These f i n d s were d i s c o v e r e d w i t h i n an a r e a measuring 2 m x 2 m. No a d d i 
t i o n a l f i n d s were l o c a t e d on t h e s u r f a c e nor i n t h e e i g h t s h o v e l t e s t s . 

Due t o t h e l o c a t i o n o f t h i s s i t e and t h e p a u c i t y o f a r t i f a c t s , i t i s 
p r o b a b l y not a c a m p s i t e . The a r t i f a c t s o b s e r v e d c o u l d e i t h e r be d i s c a r d s 
produced d u r i n g manufacture o r a c c i d e n t a l l o s s . No f u r t h e r work i s recom
mended. 

HhTf-11 

T h i s s i t e i s l o c a t e d on a k n o l l o v e r l o o k i n g t h e L i t t l e Klappan R i v e r , 300 m 
t o t h e west. I t i s southwest o f L o s t Ridge and i s a t t h e base o f the 
western p o r t i o n o f t h e c o r r i d o r between L o s t Ridge and Klappan Mountain. 
A l t h o u g h t h e v e g e t a t i o n on t h e k n o l l i s p r i m a r i l y g r a s s e s , t h e s u r r o u n d i n g 
a r e a has a t h i c k c o v e r o f w i l l o w s . 

The s i t e c o n s i s t s o f an i s o l a t e d f i n d . One o b s i d i a n c o r e r e d u c t i o n f l a k e 
was found on t h e s u r f a c e . E x t e n s i v e s u r f a c e e x a m i n a t i o n and f o u r shovel 
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t e s t s were n e g a t i v e . Due t o t h e s c a r c i t y o f a r t i f a c t s , no f u r t h e r work i s 
recommended a t t h e s i t e . 

HhTf-12 

T h i s s i t e i s r e p r e s e n t e d by a l i t h i c s c a t t e r and i s l o c a t e d on t h e e a s t 
s i d e o f L o s t Ridge. S i t e m a t e r i a l s a r e exposed on t h e s u r f a c e o f s o u t h and 
s o u t h e a s t f a c i n g s i d e s l o p e s . The s i t e o v e r l o o k s a pond l o c a t e d about 50 m 
s o u t h . Seven a r t i f a c t s were r e c o v e r e d from an a r e a measuring a p p r o x i m a t e l y 
15 m N-S and 30 m E-W. 

The s i t e m a t r i x c o n s i s t s o f a n t h r a c i t e , s l a t e and pea g r a v e l o v e r l y i n g 
g l a c i a l t i l l . An a n t h r a c i t e t e s t t r e n c h , measuring a p p r o x i m t e l y 10 m x .75 
m, has been e x c a v a t e d i n t h e a r e a o f t h e h i g h e s t a r t i f a c t c o n c e n t r a t i o n . A 
r o a d and s t o r a g e a r e a have been b u i l t 40 m n o r t h o f t h e s i t e . 

F i n d s i n c l u d e an o b s i d i a n c o r e ( F i g u r e 5.2), c o r e r e d u c t i o n f l a k e s and 
t h i n n i n g f l a k e s . There i s minimal s o i l development t h r o u g h o u t most o f the 
s i t e . The f i v e s h o v e l t e s t s e x c a v a t e d i n a r e a s o f s o i l d e p o s i t i o n were 
n e g a t i v e . 

T h i s s i t e was impacted p r i o r t o t h e h e r i t a g e s t u d y by an a n t h r a c i t e t e s t 
t r e n c h . A l t h o u g h a d d i t i o n a l a r t i f a c t s may be p r e s e n t a t t h i s s i t e t h e s e 
a r e l i k e l y t o be l i m i t e d and no f u r t h e r t e s t i n g i s recommended h e r e . 

HhTf-13 

T h i s s i t e i s a l s o l o c a t e d on t h e e a s t s i d e o f L o s t Ridge, about 150 m n o r t h 
o f HhTf-12. I t c o n s i s t s o f an i s o l a t e d f i n d (a c o r e r e d u c t i o n f l a k e ) 
exposed on a n o r t h f a c i n g s l o p e , and a pond i s l o c a t e d about 20 m t o the 
west. 

T h i s s i t e has s i m i l a r p h y s i c a l c h a r a c t e r i s t i c s t o HhTf-12. The f i n d was 
l o c a t e d i n an u n v e g e t a t e d a r e a . S u r r o u n d i n g v e g e t a t i o n i n c l u d e s mosses, 
l i c h e n s and dwarf j u n i p e r . S e v e r a l good exposures here have been examined 
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and two s h o v e l t e s t s e x c a v a t e d i n a r e a s o f s o i l d e p o s i t i o n were n e g a t i v e . 

On t h e b a s i s o f e x t e n s i v e s u r f a c e e x a m i n a t i o n and two s h o v e l t e s t s , f u r t h e r 
i n v e s t i g a t i o n i s not recommended. 

HhTf-14 

T h i s s i t e was l o c a t e d i n August 1984 by a G u l f g e o l o g i s t . The s i t e , an 
i s o l a t e d f i n d , i s l o c a t e d a t t h e western e x t r e m i t y o f L o s t R i d g e . There i s 
an unnamed c r e e k 100 m t o t h e n o r t h and t h e L i t t l e Klappan R i v e r i s 1.7 km 
t o t h e west. 

The s i t e c o n s i s t s o f a l o n g (6 mm) o b s i d i a n f l a k e which has been u t i l i z e d 
on one end. T h i s f i n d was on t h e s u r f a c e and no o t h e r a r t i f i c t s were 
o b s e r v e d . The s i t e i s s i t u a t e d on f i n e s c r e e t h a t l a c k s v e g e t a t i o n . I f 
impacts on t h e s i t e are a n t i c i p a t e d , i t s h o u l d be a s s e s s e d by s u b s u r f a c e 
and s u r f a c e e x a m i n a t i o n . 

HhTf-15 

T h i s s i t e was a l s o found by a G u l f g e o l o g i s t . I t i s l o c a t e d on a r o c k o u t 
c r o p , i n t h e e a s t e r n p o r t i o n o f L o s t Ridge. 

The s i t e c o n s i s t s o f an o b s i d i a n f l a k e which has been u n i f a c i a l l y r e t o u c h e d 
and p r o b a b l y used as a s c r a p e r . In a d d i t i o n , t h e t i p may have been used as 
a b u r i n . T h i s a r t i f a c t was found on t h e s u r f a c e o f t h e o u t c r o p . 

T h i s p a r t i c u l a r a r e a o f L o s t Ridge was not c o n s i d e r e d t o have h i g h poten
t i a l f o r h e r i t a g e r e s o u r c e s because i t i s r e l a t i v e l y s t e e p . 

HhTe-1 

T h i s s i t e i s a s u r f a c e l i t h i c s c a t t e r l o c a t e d on the upper west t e r r a c e o f 
the S p a t s i z i R i v e r . The S p a t s i z i R i v e r i s a p p r o x i m a t e l y 130 m t o t h e e a s t 
and about 20 m below th e t e r r a c e edge on which th e s i t e i s l o c a t e d . G r i z z l y 
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Creek i s 630 m t o the n o r t h . 

The s i t e a r e a i s 11 m N-S and 2 m E-W. I t has been v i r t u a l l y d e s t r o y e d by 
a working road a s s o c i a t e d w i t h c o n s t r u c t i o n o f t h e BCR r a i l w a y g r a d e . I t 
i s p r o b a b l e t h a t t h e s i t e o r i g i n a l l y extended t o t h e edge o f t h e t e r r a c e 
and measured a p p r o x i m a t e l y 15 m N-S and 5 m t-W. 

A l l f i v e f l a k e s from t h i s s i t e were found on t h e s u r f a c e . One i s a l a r g e 
b i f a c i a l l y - w o r k e d s e c o n d a r y d e c o r t i c a t i o n f l a k e w i t h a d d i t i o n a l u n i f a c i a l 
r e t o u c h i n g and e v i d e n c e o f u t i l i z a t i o n . I t i s g r e y opaque o b s i d i a n . The 
s i t e i s l o c a t e d a t t h e edge o f t h e working r o a d and e x t e n s i v e t r o w e l l i n g 
produced n e g a t i v e r e s u l t s . T h i s s i t e w i l l not be impacted by G u l f d e v e l o p 
ments. F u r t h e r work i s not recommended s i n c e t h e s i t e i s h e a v i l y d i s t u r 
bed. 

HhTe-2 

T h i s s i t e i s l o c a t e d j u s t west o f t h e e x i s t i n g G u l f camp. I t i s 100 m 
n o r t h o f t h e BCR grade and 20 m n o r t h o f Didene Creek. I t i s s i t u a t e d on a 
h i g h , e l o n g a t e d (110 m l o n g ) , e a s t - w e s t t r e n d i n g k n o l l . The west end o f 
the k n o l l has been d i s t u r b e d by g r a v e l e x t r a c t i o n . Square and c i r c u l a r 
p i t s which p r o b a b l y r e l a t e t o r a i l r o a d c o n s t r u c t i o n a l s o o c c u r on the 
k n o l l . A dense dwarf j u n i p e r f o r e s t c o v e r s a l l but t h e w e stern p o r t i o n . 

Four f l a k e s were found i n t h r e e o f t h e e l e v e n s h o v e l t e s t s e x c a v a t e d . The 
s i t e appears t o be l i m i t e d t o t h e c l e a r e d a r e a a t t h e west end. T h i s a r e a 
i s so d i s t u r b e d by t h e r a i l w a y c o n s t r u c t i o n t e s t p i t s mentioned above t h a t 
f i n d i n g a s p o t t o shovel t e s t was d i f f i c u l t . 

T here are no p l a n s t o impact t h e s i t e but i t i s so d i s t u r b e d t h a t f u r t h e r 
i n v e s t i g a t i o n i s not recommended. 

HoTd-1 

T h i s i s t h e southernmost s i t e r e c o r d e d d u r i n g t h e h e r i t a g e r e s o u r c e s s t u d y . 
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I t i s a c t u a l l y o u t s i d e t h e p r o p e r t y boundary on a l a n d f o r m which was 
b r i e f l y examined because o f i t s o b v i o u s h i g h p o t e n t i a l . I t i s l o c a t e d on 
the e a s t s i d e o f t h e Skeena R i v e r near i t s c o n f l u e n c e w i t h Porky Creek. 
The s i t e i s l o c a t e d on a d r y , e l e v a t e d bench which i s t h e o n l y a c c e s s i b l e 
l a n d f o r m o f t h i s n a t u r e i n t h e a r e a . 

T h r e e f l a k e s and a p i e c e o f s h a t t e r were r e c o v e r e d from one s h o v e l t e s t . 
S i x t e s t s i n t h e immediate v i c i n i t y and f o u r t e s t s on a d j a c e n t l a n d f o r m s 
were n e g a t i v e . While much o f t h e l a n d f o r m on which t h e s i t e was l o c a t e d i s 
d e v o i d o f t r e e c o v e r , t h e one p o s i t i v e t e s t was p l a c e d a d j a c e n t t o a pat c h 
o f w h i t e s p r u c e and a l p i n e f i r . 

T h i s s i t e i s not w i t h i n t h e Mount Klappan A n t h r a c i t e P r o p e r t y and w i l l not 
be impacted. 

HoTd-2 

T h i s s i t e i s l o c a t e d 1 km n o r t h a l o n g t h e Skeena R i v e r from HgTd-1. T h i s 
s i t e i s a l s o l o c a t e d j u s t south o f t h e s t u d y a r e a and was found d u r i n g a 
q u i c k r e c o n n a i s s a n c e o f t h e l a n d f o r m because o f t h e o b v i o u s p o t e n t i a l . The 
s i t e i s s i t u a t e d on a l o n g n o r t h - s o u t h t r e n d i n g r i d g e t h a t i s o n l y 50 m 
west o f t h e Skeena. There a r e two p a r a l l e l r i d g e s o r k n o l l s a t t h i s l o c a 
t i o n . The v e g e t a t i o n c o n s i s t s o f moss and l i c h e n , and s m a l l p a t c h e s o f 
j u n i p e r , w i l l o w , b l a c k s p r u c e and f i r . The s i t e c o n s i s t s o f a s i n g l e 
o b s i d i a n f l a k e , l o c a t e d i n a s h o v e l t e s t . F o u r t e e n s h o v e l t e s t s were 
e x c a v a t e d , but o n l y one was p o s i t i v e . 

T h i s s i t e i s l o c a t e d o u t s i d e o f t h e p r o p e r t y c o n s e q u e n t l y no f u r t h e r i n v e s 
t i g a t i o n i s deemed n e c e s s a r y . 

HgTd-3 

T h i s s i t e i s l o c a t e d near t h e headwaters o f t h e Skeena R i v e r . The s i t e i s 
l o c a t e d on an i s o l a t e d k n o l l o v e r l o o k i n g the Skeena R i v e r 200 m t o the 
west. 
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An o b s i d i a n b i f a c e fragment and a f l a k e were exposed on t h e s u r f a c e o f the 
k n o l l . The b i f a c e r e p r e s e n t s t h e o n l y specimen found t o d a t e i n t h e study 
a r e a . I t i s i l l u s t r a t e d i n F i g u r e 5.4. The s u r f a c e o f t h e k n o l l has been 
h e a v i l y d i s t u r b e d by a c t i v i t y r e l a t e d t o t h e c o n s t r u c t i o n o f t h e BCR grade, 
t h e r e f o r e f u r t h e r e x a m i n a t i o n i s not recommended. 

HqTe-1 

T h i s s i t e i s a l s o l o c a t e d near t h e headwaters o f t h e Skeena R i v e r . I t i s 
l o c a t e d on a l a r g e bench on the e a s t s i d e o f t h e r i v e r and has been exposed 
by c o n s t r u c t i o n o f t h e BCR grade and an a s s o c i a t e d r o a d . 

The s i t e c o n s i s t s o f an o b s i d i a n u n i f a c e , two o b s i d i a n f l a k e s and a p i e c e 
o f s h a l e s h a t t e r . The u n i f a c e has been u t i l i z e d as a s c r a p e r ( F i g u r e 5.4). 
These a r t i f a c t s were found on t h e s u r f a c e w i t h i n an a r e a measuring a p p r o x i 
m a t e l y 30 m N-S and 20 m E-W. A l t h o u g h t h e bench i s d i s s e c t e d by a r o a d , 
d i s t u r b a n c e i n t h e a c t u a l s i t e a r e a i s l i m i t e d t o t r e e c l e a r a n c e and c a t 
t r a c k s . 

Shovel t e s t s were not e x c a v a t e d a t t h e s i t e and no impacts a r e a n t i c i p a t e d . 

HgTe-2 

T h i s s i t e i s l o c a t e d n e a r th e headwaters o f t h e S p a t s i z i R i v e r . The s i t e 
i s s i t u a t e d on one o f s e v e r a l k n o l l s which f l a n k an unnamed pond f o r a 
d i s t a n c e o f about 1 km. 

The s i t e c o n s i s t s o f a s i n g l e o b s i d i a n f l a k e , found on t h e s u r f a c e . Four 
s h o v e l t e s t s , i n t h e v i c i n i t y o f t h e f l a k e and f o u r on a d j a c e n t l a n d f o r m s , 
were n e g a t i v e . The e a s t e r n p o r t i o n o f t h e k n o l l has been d i s t u r b e d by the 
c o n s t r u c t i o n o f t h e BCR g r a d e . 

There a r e no immediate p l a n s t h a t would impact on t h i s s i t e and f u r t h e r 
i n v e s t i g a t i o n i s not recommended. 
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FIGURE 5-4 

ARTIFACTS FROM HhTe-1, HgTd-3, 
AND HgTe-1 
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5.0 SUMMARY AND IMPACT ASSESSMENT 

I n v e n t o r y o f t h e Mount Klappan A n t h r a c i t e P r o p e r t y r e s u l t e d i n d i s c o v e r y o f 
s e v e n t e e n h e r i t a g e s i t e s . Two s i t e s a r e a s s o c i a t e d w i t h h i s t o r i c a c t i v i 
t i e s , one i s a p o t e n t i a l b u r i a l o f unknown age and t h e r e m a i n d e r a r e p r e 
h i s t o r i c . Three a d d i t i o n a l s i t e s were r e c o r d e d a d j a c e n t t o t h e p r o p e r t y , 
i n t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park. These i n c l u d e a n a t i v e b u r i a l 
ground and two s i t e s c o n t a i n i n g both h i s t o r i c and p r e h i s t o r i c m a t e r i a l . 
Two p r e h i s t o r i c s i t e s were found t o the south o f t h e s t u d y a r e a . 

As a n t i c i p a t e d , f l a k e s a r e the dominant a r t i f a c t t y p e , c o m p r i s i n g 94 
p e r c e n t o f t h e 708 c o l l e c t e d a r t i f a c t s . However, 62 p e r c e n t (541 f l a k e s ) 
o c c u r a t a s i n g l e s i t e ( H h T f - 4 ) . A n a l y s i s i n d i c a t e s t h a t t h e m a j o r i t y o f 
f l a k e s were produced d u r i n g l i t h i c r e d u c t i o n and t o o l r e s h a r p e n i n g a c t i v i 
t i e s as o n l y t h r e e f l a k e s show e v i d e n c e o f u t i l i z a t i o n and o n l y one has 
been r e t o u c h e d . D i a g n o s t i c a r t i f a c t s o r t o o l s o f any d e s c r i p t i o n are 
s c a r c e . The most common t o o l s e n c o u n t e r e d were m i c r o b l a d e s . F i f t e e n mi
c r o b l a d e s , p l u s two b l a d e s t h a t p r o b a b l y r e p r e s e n t p o o r l y manufactured 
specimens, were r e c o v e r e d from t h r e e s i t e s (HhTf-8, 9 and 10). A c c o r d i n g 
t o Fladmark (1983), m i c r o b l a d e assemblages i n n o r t h e r n B r i t i s h Columbia 
p r o b a b l y p r e - d a t e 4000 B.P. and may o c c u r as e a r l y as 6000 o r 7000 B.P. 
O t h e r t o o l s r e c o v e r e d i n c l u d e a b i f a c e , two u n i f a c e s and a b u r i n . 

O b s i d i a n c o n s t i t u t e s t h e b u l k o f t h e l i t h i c m a t e r i a l r e c o v e r e d . O b s i d i a n 
was p r o b a b l y o b t a i n e d from q u a r r i e s on Mount E d z i z a , l o c a t e d a p p r o x i m a t e l y 
120 km northwest o f t h e s t u d y a r e a . S i m i l a r i t i e s i n c o l o u r a t i o n and 
t e x t u r e , and t h e r e l a t i v e p r o x i m i t y o f E d z i z a o b s i d i a n s o u r c e s , p r o v i d e the 
b a s i s f o r t h i s c o n t e n t i o n . O t h e r m a t e r i a l t y p e s , r e p r e s e n t d by 32 a r t i 
f a c t s , i n c l u d e c h e r t , c h a l c e d o n y , s i l t s t o n e , s h a l e and q u a r t z i t e . These 
raw m a t e r i a l s were p r o b a b l y o b t a i n e d l o c a l l y . 

E l e v e n bone fragments were c o l l e c t e d from s i t e s HhTf-3 and 4, both c o n t a i 
n i n g p r e h i s t o r i c and h i s t o r i c components. Three a r e i d e n t i f i e d as c a r i b o u 
bones but t h e remainder cannot be i d e n t i f i e d t o s p e c i e s l e v e l . Two bone 
fragments have been c u t o r ground and u t i l i z e d as t o o l s . 
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The b o u n d a r i e s o f t h e H e r i t a g e Resource s t u d y a r e a as i d e n t i f i e d r e p r e s e n t 
t h a t p o r t i o n o f t h e p r o p e r t y where developments a r e most l i k e l y t o o c c u r 
w i t h i n t h e f o r s e e a b l e f u t u r e a l t h o u g h a r e c o n n a i s s a n c e o f s e v e r a l h i g h 
p o t e n t i a l a r e a s was a l s o c o n d u c t e d . Should t h e y o c c u r , s i g n i f i c a n t changes 
t o t h e s i t i n g o f elements o f t h e mine development w i l l be r e v i e w e d by G u l f 
f o r p o t e n t i a l H e r i t a g e Resource impact. P a r t i c u l a r a t t e n t i o n w i l l be p a i d 
t o h i g h p r o b a b i l i t y a r e a s . 

None o f t h e s i t e s r e c o r d e d t o d a t e have been d i r e c t l y impacted but s h o u l d 
development p r o c e e d , two s i t e s , HhTf-7 and 8, may have t o be e x c a v a t e d . 

In a d d i t i o n , s h o u l d d i s t u r b a n c e s become n e c e s s a r y s i t e HhTf-14 l o c a t e d by 
G u l f p e r s o n n e l , s h o u l d be a s s e s s e d by s h o v e l t e s t i n g . A d d i t i o n a l a s s e s s 
ment o f s i t e HhTf-9, HgTd-1 and HgTe-2 w i l l a l s o be done i f impact i s 
imminent. A d d i t i o n a l i n v e s t i g a t i o n i s deemed u n n e c e s s a r y a t t h e r e m a i n i n g 
s i t e s . 

G u l f c o n s i d e r s t h a t e d u c a t i o n i s o f t e n t h e b e s t approach t o m i t i g a t i n g 
impacts and w i l l , by p o s t i n g t h e s i g n s d i s t r i b u t e d by t h e H e r i t a g e Conser
v a t i o n Branch and by i n s t r u c t i o n t o key p r o j e c t p e r s o n n e l , encourage an 
awareness o f t h e need t o p r o t e c t such s i t e s . 
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PART SIX - SUMMARY OF IMPACTS AND MITIGATION 

1.0 ENVIRONMENTAL MANAGEMENT 

The development p l a n f o r t h e Mount Klappan A n t h r a c i t e P r o j e c t i n c o r p o r a t e s 
a number o f f e a t u r e s and p r o c e d u r e s which have as t h e i r p r i m a r y o b j e c t i v e 
t h e c o n t r o l , e l i m i n a t i o n o r m i t i g a t i o n o f n e g a t i v e e n v i r o n m e n t a l impacts. 
P a r t S i x o f Volume II - Environmental Management, p r o v i d e s d e t a i l s o f many 
o f t h e s e f e a t u r e s o f t h e p r o j e c t . 

A v a r i e t y o f waste management programs a d d r e s s i n g e v e r y t h i n g from garbage 
t o t a i l i n g s have been d e v e l o p e d t o i n s u r e t h a t a l l wastes and d i s c h a r g e s 
a s s o c i a t e d w i t h t h e p r o j e c t a r e handled i n an e n v i r o n m e n t a l l y sound manner. 
A comprehensive water management scheme i s i n c o r p o r a t e d i n t h e p r o j e c t 
p l a n s t o c a p t u r e and t r e a t a l l d r a i n a g e water and o t h e r water d i s c h a r g e s 
i f t h e y a r e c o n t a m i n a t e d by sediment o r o t h e r e f f l u e n t s . A d e t a i l e d s p i l l 
c o n t i n g e n c y p l a n w i l l be d e v e l o p e d t o handle a c c i d e n t a l c h e m i c a l and 
p e t r o l e u m p r o d u c t r e l e a s e s a t t h e s i t e . 

I f an o n - s i t e power g e n e r a t i n g p l a n t i s c o n s t r u c t e d f o r t h e p r o j e c t , i t s 
d e s i g n and o p e r a t i n g parameters i n c l u d e a range o f p r o v i s i o n s f o r 
c o n t r o l l i n g s u l p h u r d i o x i d e and n i t r o g e n o x i d e e m i s s i o n s . 

R e v e g e t a t i o n w i l l be done as i t becomes p r a c t i c a l and r e a s o n a b l e t o do so 
i n c o n j u n c t i o n w i t h t h e mine p l a n s . 

I t i s r e c o g n i z e d t h a t some en v i r o n m e n t a l impact i s u n a v o i d a b l e w i t h a 
p r o j e c t such as t h e L o s t - F o x Mine. Some v e g e t a t i o n and w i l d l i f e h a b i t a t 
w i l l be t e m p o r a r i l y u n a v a i l a b l e d u r i n g o p e r a t i o n s . M i l l i o n s o f tonnes o f 
r o c k w i l l be moved and some o f the t e r r a i n w i l l be permanently a l t e r e d . 
Most impacts however w i l l be t r a n s i t o r y and t h e r e i s no r e a s o n t o b e l i e v e 
t h a t t h e e x i s t i n g n a t u r a l environment w i l l not be r e - e s t a b l i s h e d a s h o r t 
t i m e a f t e r m i n i n g c e a s e s . 
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A l p i n e and s u b - a l p i n e v e g e t a t i o n o f mosses, l i c h e n s , g r a s s e s and shrubs 
w i l l r e - c o l o n i z e t h e development a r e a and the w i l d l i f e uses now found i n 
the a r e a w i l l r e a p p e a r . Marmots and s q u i r r e l s and o t h e r s m a l l mammals w i l l 
r e a d i l y r e - e s t a b l i s h t h e i r burrows i n t h e s o f t m a t e r i a l s l e f t b e h i n d i n the 
waste r o c k and p i t a r e a s . C a r i b o u w i l l a g a i n g r a z e t h e g r a s s y a r e a s i n t h e 
summer and g r i z z l y bear w i l l f o r a g e f o r t h a smal l mammal p r e y s p e c i e s i n 
the a r e a . 

In t h e meantime however, t h e r e w i l l be e n v i r o n m e n t a l impacts and a l l 
r e a s o n a b l e e f f o r t s must be made t o moderate them. The f o l l o w i n g s e c t i o n s 
summarize t h e more s i g n i f i c a n t p o t e n t i a l impacts and t h e proposed methods 
f o r m i t i g a t i n g t h e s e e f f e c t s . 
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2.0 STAGE I ENVIRONMENTAL IMPACT FINDINGS  

A comprehensive s e t o f s t u d i e s t o e s t a b l i s h b a s e l i n e c o n d i t i o n s and 
i d e n t i f y p o t e n t i a l e n v i r o n m e n t a l impacts a s s o c i a t e d w i t h development o f the 
L o s t - F o x Mine were conducted on b e h a l f o f G u l f Canada C o r p o r a t i o n p r i m a r i l y 
i n 1984 and 1985. 

R e s u l t s o f t h e s e s t u d i e s were r e p o r t e d t o t h e B r i t i s h Columbia Mine 
Development S t e e r i n g Committee i n a Stage I Assessment s u b m i t t e d i n 1985. 
Volume I I I o f t h a t s u b m i s s i o n c o n t a i n e d t h e assessment o f t h e b i o p h y s i c a l 
e nvironment. R e f e r e n c e s h o u l d be made t o t h a t volume t o o b t a i n d e t a i l s o f 
th e assessment. 

The p r i n c i p a l impacts and proposed m i t i g a t i o n measures i d e n t i f i e d i n the 
Stage I Assessment a r e summarized i n t h e f o l l o w i n g p a r a g r a p h s . 

F i s h e r i e s 

Fox Creek and Didene Creek t o t h e e a s t o f t h e p r o j e c t a r e a do not c o n t a i n 
f i s h as t h e r e i s a b a r r i e r t o f i s h a c c e s s i n Didene Creek near t h e S p a t s i z i 
R i v e r . The upper p o r t i o n o f t h e L i t t l e Klappan R i v e r on t h e west s i d e o f 
the p r o j e c t a r e a has v e r y l i m i t e d f i s h p r e s e n c e and i s c o n s i d e r e d poor f i s h 
h a b i t a t . C o n s t r u c t i o n o f a water s u p p l y r e s e r v o i r i n t h i s a r e a w i l l have 
n e g l i g i b l e impact on f i s h . Waste water and d r a i n a g e e n t e r i n g t h e s e c r e e k s 
w i l l be t r e a t e d such t h a t harm t o f i s h p o p u l a t i o n s downstream o f the 
p r o p e r t y i n e i t h e r t h e S p a t s i z i R i v e r o r L i t t l e Klappan R i v e r w i l l be 
p r e v e n t e d . 

Water Q u a l i t y 

S u r f a c e and groundwater q u a l i t y i n t h e a r e a i s good. D r a i n a g e from 
d i s t u r b e d a r e a s and groundwater c o l l e c t e d from t h e mine p i t w i l l be c y c l e d 
t h r o u g h sediment ponds t o ensure t h a t d i s c h a r g e d water meets r e g u l a t o r y 
r e q u i r e m e n t s . The b u l k o f t h e r o c k and a n t h r a c i t e t o be e x c a v a t e d i n the 
mine i s a c i d - c o n s u m i n g and t h e p r o d u c t i o n o f a c i d i c r u n o f f water i s 
u n i i k e l y . 
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S o i l s 

S o i l s a r e g e n e r a l l y t h i n and a r e c h a r a c t e r i z e d as h a v i n g o n l y poor t o 
medium s u i t a b i l i t y f o r s t o c k p i l i n g and r e c l a m a t i o n use i n t h e mine a r e a . 
I n i t i a l r e v e g e t a t i o n t e s t s however i n d i c a t e good f i r s t - y e a r g e r m i n a t i o n on 
d i s t u r b e d s i t e s and i t i s e x p e c t e d t h a t r e c l a m a t i o n t e c h n i q u e s can be 
d e v e l o p e d t o r e v e g e t a t e s i t e s where s o i l s have been removed. 

V e g e t a t i o n 

S p e c i e s a r e t y p i c a l o f a l p i n e and s u b a l p i n e a r e a s a t t h i s l a t i t u d e and no 
unique a s s o c i a t i o n s were i d e n t i f i e d . Some r e l a t i v e l y r a r e s p e c i e s are 
known t o o c c u r i n t h e g e n e r a l r e g i o n but development o f t h e mine w i l l not 
r e s u l t i n t h e l o s s o f any r a r e p o p u l a t i o n s . 

W i l d l i f e 

The Mount Klappan p r o p e r t y does not p r o v i d e c r i t i c a l w i n t e r range f o r 
u n g u l a t e s such as moose and c a r i b o u , nor i s i t s i g n i f i c a n t i n t h e s e n s i t i v e 
c a l v i n g and r u t t i n g c y c l e s o f t h e s e a n i m a l s . The a r e a i s u t i l i z e d as 
summer range by a s m a l l p o p u l a t i o n o f u n g u l a t e s but c o n c e n t r a t i o n s a r e low. 
The range a r e a l o s t t o the mine development by t h e s e a n i m a l s i s m i n i m a l . 
G r i z z l y b e a r s a r e known t o use t h e a r e a as w e l l but t h e i r a c t i v i t i e s a re 
w i d e l y d i s p e r s e d and no i n d i c a t i o n o f i n t e n s e use o f t h e mine a r e a was 
f o u n d . 

In t h e c o u r s e o f t h e Stage I Environmental S t u d i e s , and as a r e s u l t o f the 
government's r e v i e w o f t h e Stage I, s e v e r a l r e q u i r e m e n t s f o r more d e t a i l e d 
o r a d d i t i o n a l e n v i r o n m e n t a l assessment work were i d e n t i f i e d . These 
a d d i t i o n a l e f f o r t s are r e p o r t e d p r i m a r i l y i n t h i s volume o f t h e Stage II 
E n v i r o n m e n t a l Assessment. The key f i n d i n g s o f t h e s e s t u d i e s are 
h i g h l i g h t e d i n t h e f o l l o w i n g s e c t i o n s . 
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3.0 ATMOSPHERIC ENVIRONMENT 

3.1 CLIMATE 

Two y e a r s o f a d d i t i o n a l d a t a c o l l e c t i o n a t t h e s i t e has c o n f i r m e d the 
g e n e r a l m e t e o r o l o g i c a l regime d e s c r i b e d i n t h e Stage I Assessment. The 
c l i m a t e i s i n many ways i d e a l f o r m i n i n g and extremes o f t e m p e r a t u r e , wind 
or p r e c i p i t a t i o n a r e not e x p e c t e d t o be o f such f r e q u e n c y o r magnitude as 
t o cause any s i g n i f i c a n t o p e r a t i o n a l problems. 

Data i n d i c a t i v e o f a t m o s p h e r i c t u r b u l e n c e , i n t h e form o f v e r t i c a l wind 
v e l o c i t i e s , were a l s o r e c o r d e d f o r a p e r i o d o f o n e - a n d - a - h a l f y e a r s . 
A n a l y s i s o f t h i s d a t a has a l l o w e d c l a s s i f i c a t i o n o f s e a s o n a l wind regimes 
i n t o a t m o s p h e r i c s t a b i l i t y c l a s s e s . S t a b i l i t y o f t h e a i r mass i s a 
s i g n i f i c a n t f a c t o r i n d e t e r m i n i n g t h e e x t e n t o f plume d i s p e r s i o n from an 
a i r e m i s s i o n s o u r c e such as t h e o p t i o n a l power p l a n t a t Mount Kl a p p a n . 

A n a l y s i s o f t h e wind v e l o c i t y d a t a r e v e a l e d a h i g h i n c i d e n c e (about 25%) o f 
v e r y s t a b l e a i r d u r i n g w i n t e r and s p r i n g months. The a i r mass was o n l y 
s l i g h t l y u n s t a b l e a n o t h e r 50 t o 60 p e r c e n t o f t h e t i m e . T h e r e f o r e , d u r i n g 
t h e w i n t e r and s p r i n g , i t i s e x p e c t e d t h a t a i r t u r b u l e n c e w i l l be 
r e l a t i v e l y i n f r e q u e n t and w i l l not be a major f a c t o r a s s i s t i n g i n the 
d i s p e r s i o n o f a i r e m i s s i o n s . The s i t u a t i o n changes d u r i n g t h e summer and 
f a l l months. Here, t h e i n c i d e n c e o f t h e t h r e e l e a s t s t a b l e c l a s s e s i s 
between 30 and 40 p e r c e n t . S t r o n g s t a b i l i t y o c c u r s o n l y 6 p e r c e n t o f the 
t i m e . A c c o r d i n g l y , i t i s e x p e c t e d t h a t plume d i s p e r s i o n by a t m o s p h e r i c 
t u r b u l e n c e w i l l be more pronounced i n t h e summer and f a l l . 

3.2 AIR QUALITY 

The most s i g n i f i c a n t e f f e c t o f the p r o j e c t on ambient a i r q u a l i t y w i l l 
r e s u l t from power p l a n t s t a c k e m i s s i o n s . An e x t e n s i v e program t o q u a n t i f y 
t h e l e v e l o f e m i s s i o n s , t h e i n f l u e n c e on ambient a i r q u a l i t y and t h e e x t e n t 
o f harm t o t h e n a t u r a l environment has been conducted by G u l f . 
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A t e s t burn program, u t i l i z i n g a c t u a l r e j e c t a n t h r a c i t e from Mount Klappan 
as f u e l i n a p i l o t p l a n t s c a l e c i r c u l a t i n g f l u i d i z e d bed b u r n e r , was 
commissioned i n p a r t t o a s c e r t a i n t h e c h a r a c t e r i s t i c s o f t h e f l u e gas 
e m i s s i o n s , s h o u l d a s i m i l a r p l a n t be i n s t a l l e d a t Mount Kl a p p a n . The t e s t 
burn r e v e a l e d t h a t t h e low o p e r a t i n g t e m p e r a t u r e c h a r a c t e r i s t i c o f the 
C.F.B.C. b o i l e r u s i n g h i g h ash, r e j e c t a n t h r a c i t e , i s e x t r e m e l y e f f e c t i v e 
i n r e t a r d i n g t h e f o r m a t i o n o f n i t r o g e n o x i d e s ( N 0 X ) . T e s t burn c o n c e n t r a 
t i o n s i n f l u e gases were c o n s i s t e n t l y l e s s t h a n 17 p e r c e n t o f B r i t i s h 
Columbia's s t r i c t e s t a i r e m i s s i o n s t a n d a r d f o r N 0 X . 

The o t h e r component o f s t a c k e m i s s i o n s c a u s i n g c o n c e r n i s s u l p h u r d i o x i d e 
( S 0 2 ) . The t e s t s showed t h a t t h e c o m b i n a t i o n o f c a l c i u m i n h e r e n t t o the 
ash c o n t e n t o f t h e f u e l and i n supplemental l i m e s t o n e added t o the 
combustion chamber r e a c t s w i t h s u l p h u r t o reduce SOg e m i s s i o n s . S u l p h u r 
c a p t u r e o f 75 p e r c e n t was a c h i e v e d i n t h e t e s t s and t h e r e s u l t i n g SOg 
e m i s s i o n s a r e l e s s than B r i t i s h Columbia's most s t r i n g e n t o b j e c t i v e o f 0.09 
mg S/kJ o f heat i n p u t . T o t a l s u l p h u r e m i s s i o n s a r e p r e d i c t e d t o be o n l y 
about 0 .3 tonnes p e r day o r l e s s f o r a commercial s c a l e p l a n t such as t h a t 
c o n t e m p l a t e d f o r t h e mine development. T h i s t o t a l volume i s q u i t e small 
when compared w i t h many o t h e r i n d u s t r i a l p l a n t s i n B r i t i s h Columbia and 
Canada such as p u l p and paper m i l l s , s m e l t e r s , gas p l a n t s o r u t i l i t y power 
p l a n t s which measure s u l p h u r e m i s s i o n s i n terms o f t e n s t o hundreds o f 
tonnes p e r day. 

Once t h e volumes o f p o l l u t a n t s were e s t a b l i s h e d by t h e t e s t burn program, 
the d a t a was used i n a d i s p e r s i o n m o d e l l i n g e x e r c i s e t o e s t i m a t e ambient 
a i r q u a l i t y i n t h e Mount Klappan a r e a r e s u l t i n g from t h e s e e m i s s i o n s . 
A c c e p t e d mathematical models were employed t o i d e n t i f y ground l e v e l 
c o n c e n t r a t i o n s o f SOg and N 0 X > These models r e l y on d a t a d e s c r i b i n g t he 
s u r r o u n d i n g t e r r a i n and t h e at m o s p h e r i c s t a b i l i t y f r e q u e n c i e s d i s c u s s e d 
above i n t h e plume d i s p e r s i o n c a l c u l a t i o n s . 

The models p r e d i c t t h a t maximum annual c o n c e n t r a t i o n s o f a i r p o l l u t a n t s 
w i l l o c c u r on t h e s t e e p s l o p e 2 t o 3 k i l o m e t r e s west-northwest o f the 
powerplant l o c a t i o n . The ex p e c t e d annual average c o n c e n t r a t i o n o f SO2 a t 
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t h i s l o c a t i o n i s about 0.003 p a r t s per m i l l i o n ( v o l u m e t r i c ) . Maximum 
c o n c e n t r a t i o n s a t t h e boundary o f t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park a r e 
e s t i m a t e d a t between 0.0003 and 0.0004 ppmv. A l l o f t h e v a l u e s a r e much 
lower than t h e B r i t i s h Columbia's most s t r i n g e n t ambient a i r q u a l i t y 
o b j e c t i v e o f 0.01 ppmv f o r r u r a l and p r i s t i n e e n v i r o n m e n t s . 

A worst c a s e s c e n a r i o was a l s o d e v e l o p e d t o e s t i m a t e t h e maximum s h o r t - t e r m 
SOg c o n c e n t r a t i o n a s s o c i a t e d w i t h v e r y s t a b l e c o n d i t i o n s . A one-hour peak 
c o n c e n t r a t i o n o f 0.03 ppmv was d e r i v e d f o r t h i s c a s e . T h i s l e v e l i s 
s i g n i f i c a n t l y l ower than t h e B.C. P o l l u t i o n C o n t r o l O b j e c t i v e o f 0.17 ppmv. 

The d i s p e r s i o n p a t t e r n f o r N0 X w i l l be t h e same as t h a t f o r SOg. N0 X i s 
l e s s damaging t o t h e environment and c o n s e q u e n t l y , p o l l u t i o n c o n t r o l 
o b j e c t i v e s a r e h i g h e r . S i n c e N0 X e m i s s i o n s were shown t o be even lower 
than. SO2 e m i s s i o n s i n t h e t e s t burn program, ambient c o n c e n t r a t i o n s are 
e s t i m a t e d t o be w e l l w i t h i n s a f e l e v e l s . 

A m o d i f i c a t i o n o f t h e d i s p e r s i o n model was a l s o used t o p r e d i c t s u l p h u r 
d e p o s i t i o n i n t h e p r o j e c t a r e a . Maximum d e p o s i t i o n l e v e l s were found t o be 
5.5 kg/ha/annum. A g a i n , t h i s v a l u e i s e x c e e d i n g l y low due t o t h e small 
amount o f s u l p h u r a c t u a l l y r e l e a s e d from t h e power p l a n t . 

I t s h o u l d be noted t h a t t h i s d i s c u s s i o n d w e l l s on t h e a r e a s o f maximum 
c o n c e n t r a t i o n s and i t i s p r e d i c t e d t h a t i n a l l c a s e s even t h e s e maxima are 
c o m f o r t a b l y w i t h i n t h e s t r i c t e s t p r o v i n c i a l s t a n d a r d s . The a r e a s o f 
maximum c o n c e n t r a t i o n s however, encompass o n l y v e r y s m a l l p o r t i o n s o f the 
L o s t - F o x B a s i n . A l l o t h e r a r e a s would have much low e r c o n c e n t r a t i o n s and 
i n many c a s e s , t h e i n c r e a s e d l e v e l s o f SOg and N0 X w i l l not even be 
d e t e c t a b l e . Taken as a whole, i t i s e x p e c t e d t h a t o p e r a t i o n o f a power 
p l a n t t o s e r v i c e t h e L o s t - F o x Mine w i l l have v e r y minimal impact on the 
q u a l i t y o f t h e L o s t - F o x a i r s h e d . 
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4.0 AQUATIC ENVIRONMENT  

4.1 SURFACE WATER QUALITY 

E x i s t i n g s u r f a c e water q u a l i t y i s good. L e v e l s o f n u t r i e n t s and heavy 
m e t a l s a r e low w i t h t h e e x c e p t i o n o f i r o n , aluminum and c o p p e r , which were 
p r e s e n t i n r e l a t i v e l y h i g h background c o n c e n t r a t i o n s . No s u r f a c e water 
q u a l i t y f a c t o r was i d e n t i f i e d which would h i n d e r p r o j e c t development. 

P o s s i b l e impacts a s s o c i a t e d w i t h t h e proposed development i n c l u d e i n c r e a s e d 
l e v e l s o f suspended s o l i d s and/or changes i n water c h e m i s t r y . These 
changes c o u l d i n d u c e e i t h e r p o s i t i v e o r n e g a t i v e e f f e c t s on stream b i o t a o r 
s u i t a b i l i t y o f t h e water f o r human consumption. 

A l l e f f l u e n t , i n c l u d i n g s u r f a c e d r a i n a g e from t h e development a r e a , w i l l be 
passed through sediment ponds i f r e q u i r e d t o reduce suspended s o l i d s t o the 
p o l l u t i o n c o n t r o l o b j e c t i v e o f 50 mg/1 i n t h e d i s c h a r g e s . With t h e low 
suspended s o l i d s c o n c e n t r a t i o n s a n t i c i p a t e d i n d i s c h a r g e s from t h e water 
management f a c i l i t i e s , impacts on stream b i o t a i n s i t e w a t e r c o u r s e s and 
downstream systems w i l l be n e g l i g i b l e . 

Assessments o f a n t i c i p a t e d changes i n water c h e m i s t r y were conducted 
t h r o u g h t h e m o n i t o r i n g program o f water d r a i n i n g t h e H o b b i t - B r o a t c h t e s t 
p i t a r e a and t h e s u p e r n a t a n t s c o l l e c t e d i n t h e t a i l i n g s and sediment ponds 
a t t h e p i l o t wash p l a n t o p e r a t e d a t t h e s i t e . T here was no d e t e c t e d change 
i n H o b b i t Creek water a d j a c e n t t o t h e t e s t p i t . Water ponded w i t h i n the 
p i t i t s e l f was found t o be w e l l w i t h i n f i n a l e f f l u e n t o b j e c t i v e s . 

A n a l y s i s o f t a i l i n g s pond e f f l u e n t showed no c h e m i c a l c h a r a c t e r i s t i c s which 
would be e x p e c t e d t o c r e a t e e n v i r o n m e n t a l problems and a l l parameters were 
w e l l w i t h i n p o l l u t i o n c o n t r o l o b j e c t i v e s . B i o a s s a y t e s t s o f t h e t a i l i n g s 
pond water r e s u l t e d i n h i g h f i s h m o r t a l i t y (30%, 40% and 50%) on t h r e e 
o c c a s i o n s . No m o r t a l i t y was o b s e r v e d on two o c c a s i o n s . E f f o r t s t o d i s c o v e r 
t o x i c c o n s t i t u e n t s which c o u l d e x p l a i n t h e s e r e s u l t s were u n s u c c e s s f u l . 
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E l e v a t e d l e v e l s o f i r o n and z i n c were i d e n t i f i e d i n s e t t l i n g pond water but 
t h e c o n c e n t r a t i o n were w i t h i n t h e most r i g o r o u s M i n i s t r y o f Environment 
o b j e c t i v e s f o r e f f l u e n t s . D i s s o l v e d manganese c o n c e n t r a t i o n s were found t o 
s l i g h t l y exceed t h e s t r i c t e s t e f f l u e n t s t a n d a r d s . The c o n c e n t r a t i o n s 
o b s e r v e d however would not pose a t h r e a t t o a q u a t i c l i f e . S i n c e the 
a n a l y s i s o f both t h e t a i l i n g s and s e t t l i n g pond remained c o n s i s t e n t l y good 
i t can o n l y be assumed t h a t t h e m o r t a l i t y was due t o o t h e r f a c t o r s 
p e r t a i n i n g t o t h e f i s h . 

A c i d g e n e r a t i o n by a n t h r a c i t e and waste r o c k appears t o be e x t r e m e l y 
u n l i k e l y and a c c o r d i n g l y , water q u a l i t y impacts a r e e x p e c t e d t o be 
n e g l i g i b l e . 

N i t r o g e n c o n t a m i n a t i o n o f t h e L i t t l e Klappan R i v e r from e x p l o s i v e s 
r e s i d u a l s w i l l o c c u r but i t i s e x p e c t e d t h a t i n o r g a n i c n i t r o g e n l e v e l s w i l l 
not exceed water q u a l i t y c r i t e r i a and may i n f a c t be b e n e f i c i a l . 

Taken t o g e t h e r , t h e s t u d i e s o f changes i n water c h e m i s t r y a s s o c i a t e d w i t h 
t a i l i n g s and sediment pond w a t e r s , a c i d g e n e r a t i o n and n i t r o g e n 
c o n t a m i n a t i o n i n d i c a t e t h a t t h e r e w i l l be no problems w i t h meeting f i n a l 
e f f l u e n t o b j e c t i v e s . 

4.2 HYDROLOGY 

C l e a r i n g o f v e g e t a t i o n and removal o f s o i l s i n a r e a s d i s t u r b e d by t h e mine 
development w i l l i n c r e a s e e r o s i o n and s i l t a t i o n and t h e e f f e c t s w i l l depend 
on t i m i n g , l o c a t i o n and q u a n t i t y . S i l t a t i o n would a l s o be a s s o c i a t e d w i t h 
g r a v e l removal from w a t e r c o u r s e s , c r e e k c r o s s i n g s and p i t d e w a t e r i n g . 

The sediment c o n t r o l measures i n c o r p o r a t e d i n t h e water management p l a n 
w i l l reduce suspended s o l i d s l o a d s i n r u n o f f t o a c c e p t a b l e l e v e l s . The 
lower p e r i m e t e r s o f a l l d i s t u r b e d l a n d s w i l l be p r o t e c t e d by w e l l - v e g e t a t e d 
b u f f e r s t r i p s , f i l t e r s , dykes o r sediment b a s i n s , o r a c o m b i n a t i o n o f such 
c o n t r o l measures as r e q u i r e d i f t h e a c t i o n s a r e w a r r a n t e d by f i e l d 
c o n d i t i o n s . 

6-9 



SUMMARY OF IMPACTS AND MITIGATIONS 

Cut and f i l l s l o p e s w i l l be d e s i g n e d and c o n s t r u c t e d t o m i n i m i z e e r o s i o n 
and a l l d i v e r s i o n and d r a i n a g e c h a n n e l s w i l l be d e s i g n e d t o accommodate 
e x p e c t e d r u n o f f f l o w v e l o c i t i e s w i t h o u t e r o s i o n . Stream c r o s s i n g s and 
borrow p i t s i n streambeds w i l l be m i n i m i z e d o r a v o i d e d t o t h e e x t e n t 
p o s s i b l e . 

No f a c t o r i n s u r f a c e water h y d r o l o g y has been i d e n t i f i e d which would 
p r e c l u d e development o f t h e L o s t - F o x Mine o r which would c r e a t e 
unmanageable impacts. 

4.3 FISHERIES 

F i s h e r i e s r e s o u r c e s i n t h e p r o j e c t a r e a range from n o n e x i s t e n t i n Fox Creek 
and Didene Creek t o v e r y l i m i t e d i n t h e upper L i t t l e Klappan R i v e r . 
Planned s e d i m e n t a t i o n c o n t r o l s w i l l r e s u l t i n minimal s i l t a t i o n i n t h e s e 
w a t e r c o u r s e s and t h e impacts on downstream f i s h e r i e s i s e x p e c t e d t o be 
n e g l i g i b l e . 

I n c r e a s e d s p o r t f i s h i n g i n t h e lower L i t t l e Klappan R i v e r and t h e upper 
S p a t s i z i R i v e r may have some impact but mine employee a c c e s s t o t h e s e 
a r e a s w i l l be l i m i t e d . 
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5.0 TERRESTRIAL ENVIRONMENT  

5.1 SOILS 

S o i l s i n t h e p r o j e c t a r e a a r e t y p i c a l l y t h i n and o f low n u t r i e n t v a l u e . 
T h i s i s p a r t i c u l a r l y t r u e a t h i g h e r e l e v a t i o n , w e l l - d r a i n e d s i t e s , such as 
much o f t h e p i t a r e a , where s o i l s a r e r e l a t i v e l y c o a r s e and l e s s than 1 
metre deep. S t o c k p i l i n g o f such s o i l s f o r l a t e r r e c l a m a t i o n use i s o f 
l i t t l e v a l u e . In a d d i t i o n , i t would be uneconomic t o s t r i p and s a l v a g e 
such a t h i n l a y e r . 

Some l o w - l y i n g a r e a s have peat and bog m a t e r i a l s o v e r l y i n g t i l l and 
bedrock. These o r g a n i c s o i l s w i l l be removed i n i s o l a t e d l o c a t i o n s where 
e x c a v a t i o n t o bedrock i s r e q u i r e d f o r b u i l d i n g f o u n d a t i o n s . S o i l s i n t h e 
a r e a do not p r e s e n t any unusual o r s i g n i f i c a n t c o n s t r u c t i o n problems. 

5.2 VEGETATION 

5.2.1 Rare S p e c i e s 

A d d i t i o n a l work has been completed t o i d e n t i f y t h e l o c a t i o n s o f any 
v e g e t a t i o n p o p u l a t i o n s which c o u l d be c o n s i d e r e d r a r e . A l l known 
v e g e t a t i o n s p e c i e s i n t h e s t u d y a r e a were c l a s s i f i e d a c c o r d i n g t o r a r i t y . 
Most s p e c i e s i d e n t i f i e d a r e q u i t e common and w i d e l y d i s t r i b u t e d around the 
r e g i o n . I n d i v i d u a l s i n t h i s group w i l l be d e s t r o y e d i n t h e c o u r s e o f 
p r o j e c t s i t e c l e a r i n g a c t i v i t i e s but no p o p u l a t i o n i s t h r e a t e n e d . 

F o u r t e e n s p e c i e s found i n t h e s t u d y a r e a were c l a s s i f i e d as r a r e p r i m a r i l y 
because t h e Mount Klappan a r e a i s near t h e s o u t h e r n g e o g r a p h i c a l l i m i t o f 
t h e i r d i s t r i b u t i o n . A l l a r e common th r o u g h o u t t h e r e g i o n however and w i t h 
t h e e x c e p t i o n o f f o u r s p e c i e s , a l s o o c c u r i n t h e G l a d y s Lake E c o l o g i c a l 
Reserve. I t i s l i k e l y t h a t f u r t h e r b o t a n i c a l s t u d y o f n o r t h e r n B.C. would 
r e v e a l t h a t many o f t h e s p e c i e s l i s t e d as r a r e would be d e l e t e d from the 
l i s t . 
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The impact o f t h e L o s t - F o x Mine on t h e r a r e s p e c i e s i d e n t i f i e d w i l l be 
l i m i t e d t o t h e l o s s o f a few i n d i v i d u a l s but no p o p u l a t i o n s . These s p e c i e s 
o c c u r i n o t h e r l o c a t i o n s u n a f f e c t e d by t h e development. 

5.2.2 A i r E m i s s i o n E f f e c t s on V e g e t a t i o n 

Review o f t h e s c i e n t i f i c l i t e r a t u r e on t h e s e n s i t i v i t y o f v e g e t a t i o n t o S0£ 
e m i s s i o n s i n d i c a t e s t h a t 1-hour c o n c e n t r a t i o n s o f between .41 and .87 ppm 
can cause i n j u r y t o v a s c u l a r p l a n t s o c c u r r i n g i n t h e a r e a . W i l l o w shrubs 
and l a r c h are t h e most s e n s i t i v e s p e c i e s . L i c h e n appear t o have r o u g h l y 
e q u i v a l e n t s e n s i t i v i t y on a s h o r t term b a s i s w i t h .5 ppm b e i n g noted as 
c a u s i n g i n j u r y . The peak 1-hour c o n c e n t r a t i o n p r e d i c t e d f o r t h e Mount 
Klappan a r e a under worst case c o n d i t i o n s i s 0.03 ppm. T h i s l e v e l i s 
s i g n i f i c a n t l y below t h e c o n c e n t r a t i o n s where o b s e r v a b l e damage would be 
e x p e c t e d . As such, impacts from s h o r t - t e r m , worst c a s e f u m i g a t i o n s are 
e x p e c t e d t o be u n d e t e c t a b l e . 

S e n s i t i v i t y o f p l a n t s exposed t o SO2 o v e r t h e l o n g e r term has a l s o been 
examined. S t u d i e s i n t h e v i c i n i t y o f A l b e r t a gas p l a n t s e m i t t i n g about 
140 tonnes p e r day o f S0^ have found l i t t l e o r no measurable e f f e c t s on 
t r e e s . One s t u d y found a s l i g h t r e d u c t i o n i n f o r e s t undergrowth however. 
The power p l a n t a t Mount Klappan i s e x p e c t e d t o produce about 0.6 tonnes 
per day o f SO2, l e s s than 1 p e r c e n t o f t h e o u t p u t o f t h e gas p l a n t s c i t e d 
above. 

S t u d i e s o f l i c h e n r e s p o n s e t o l o n g - t e r m S 0 2 exposure s u g g e s t mean annual 
c o n c e n t r a t i o n s as low as 0 .01 ppm may i n j u r e t h e more s e n s i t i v e s p e c i e s . 
S e v e r a l s t u d i e s o f A l b e r t a gas p l a n t l i c h e n r e s p o n s e have i n d i c a t e d however 
l i t t l e o r no i d e n t i f i a b l e i m p a c t s. L i c h e n and moss communities have 
d e c l i n e d i n t h e v i c i n i t y o f two o i l - s a n d s p l a n t s near F o r t McMurray, 
A l b e r t a , but t h e combined SOg o u t p u t o f t h e s e developments i s 485 tonnes 
per day, o r 800 times t h e e m i s s i o n s p r e d i c t e d a t Mount Klappan. 

Maximum mean annual c o n c e n t r a t i o n s o f SO2 p r e d i c t e d f o r t h e Mount Klappan 
a r e a a r e 0.003 ppm. T h i s maximum l e v e l o c c u r s i n an a r e a o f s p a r s e v e g e t a -
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t i o n on t h e r i d g e west-northwest o f t h e power p l a n t l o c a t i o n and i s q u i t e 
l i m i t e d i n a e r i a l e x t e n t . A l l o t h e r a r e a s i n t h e r e g i o n w i l l be exposed t o 
c o n c e n t r a t i o n s even lower than t h i s . The p r e d i c t e d c o n c e n t r a t i o n s a r e so 
low t h a t e x p e c t e d impacts on l i c h e n v e g e t a t i o n from ambient SO2 c o n c e n t r a 
t i o n s a r e n e g l i g i b l e . 

Maximum s u l p h u r d e p o s i t i o n i s p r e d i c t e d t o be 5.5 kg/ha/a. A g a i n , t h i s 
maximum l e v e l o c c u r s o n l y i n a v e r y l i m i t e d a r e a . A l l o t h e r a r e a s w i l l 
have l e s s d e p o s i t i o n . T h i s d e p o s i t i o n r a t e i s not e x p e c t e d t o a l t e r s o i l 
c h e m i s t r y t o a s u f f i c i e n t e x t e n t such t h a t v e g e t a t i o n w i l l be a f f e c t e d . 

P l a n t s a r e much l e s s s e n s i t i v e t o N0 X c o n c e n t r a t i o n s . S t u d i e s have 
i n d i c a t e d t h a t i n j u r y o c c u r s w i t h l o n g - t e r m exposures o f .13 t o .6 ppm. 
These v a l u e s a r e from 26 t o 120 times g r e a t e r than t h e maximum annual 
ground l e v e l c o n c e n t r a t i o n o f 0.005 ppm p r e d i c t e d f o r t h e Mount Klappan 
a r e a . As such, i t i s e x p e c t e d t h a t t h e impact o f N0 X e m i s s i o n s from the 
power p l a n t w i l l be n e g l i g i b l e . 

5.3 WILDLIFE 

5.3.1. C a r i b o u 

E x t e n s i v e i n v e s t i g a t i o n s o f c a r i b o u l i f e - c y c l e and m i g r a t i o n p a t t e r n s has 
e s t a b l i s h e d t h a t t h e a n i m a l s w i l l not be l i k e l y t o come i n t o c o n t a c t w i t h 
t h e L o s t - F o x Mine Development d u r i n g s e n s i t i v e s t a g e s o f t h e i r s e a s o n a l 
a c t i v i t i e s . C a r i b o u do not use t h e Mount Klappan a r e a f o r w i n t e r range as 
t h e y remain some 60 k i l o m e t r e s n o r t h i n t h e S t i k i n e R i v e r v a l l e y . 

I t i s e x p e c t e d t h a t i s o l a t e d i n d i v i d u a l s w i l l m i g r a t e t h r o u g h t h e p r o j e c t 
a r e a moving g e n e r a l l y southward toward t h e K l u a y e t z Creek F l a t s a r e a i n the 
s p r i n g , some o f t h e s e w i l l be pregnant females moving t o b i r t h i n g s i t e s . 
No b i r t h i n g s i t e s have been d i s c o v e r e d i n t h e mine development a r e a . 

D u r i n g summer months, th e c a r i b o u become w i d e l y d i s p e r s e d and some w i l l use 
t h e L o s t - F o x b a s i n a r e a as summer range. No c o n c e n t r a t i o n s o f a n i m a l s 
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o c c u r s a t t h i s time however. In the f a l l , many o f t h e c a r i b o u w i l l m i g r a t e 
n o r t h a g a i n t o r u t t i n g grounds near t h e L i t t l e Klappan R i v e r downstream 
from t h e p r o j e c t a r e a . No r u t t i n g a r e a s have been i d e n t i f i e d n e a r the 
p r o j e c t . 

I t i s not e x p e c t e d t h a t c a r i b o u w i l l be p a r t i c u l a r l y d i s t u r b e d by the 
p r o j e c t , p r o v i d e d t h e i r movement i s not impeded. In some c a s e s , the 
a n i m a l s may choose t o s k i r t t h e p r o j e c t a r e a but t h i s i s not e x p e c t e d t o 
have s i g n i f i c a n t impact on them. Some summer range w i l l be l o s t t o the 
mine development but t h e a b s o l u t e a r e a i n v o l v e d i s v e r y minor compared t o 
t h e t o t a l range used. T h e i r i s no i n t e n s i v e use o f t h e p r o j e c t a r e a by t h e 
c a r i b o u and t h e r e i s no e x p e c t a t i o n o f s e r i o u s impact on t h e S p a t s i z i a r e a 
c a r i b o u . 

One a r e a o f c o n c e r n r e g a r d i n g c a r i b o u and o t h e r u n g u l a t e s i s t h e p o t e n t i a l 
f o r c o l l i s i o n s on mine a r e a roads and t h e a c c e s s r o a d t o Highway 37. 
R e g u l a r gaps w i l l be c u t i n r o a d s i d e snowbanks d u r i n g t h e s p r i n g season t o 
g i v e t h e a n i m a l s an o p p o r t u n i t y t o g e t o f f t h e roadway when v e h i c l e s 
a pproach. The i n c i d e n c e o f animal c o l l i s i o n s w i l l be m o n i t o r e d and i f a 
s i g n i f i c a n t problem becomes apparent o t h e r a c t i o n may be r e q u i r e d . 

5.3.2 G r i z z l y Bear 

G r i z z l y b e a r s a r e known t o hunt and f o r a g e i n t h e v i c i n i t y o f t h e proposed 
mine but no denning s i t e s have been d i s c o v e r e d i n o r near t h e p r o j e c t deve
lopment a r e a . G r i z z l y roam o v e r a wide r e g i o n and do not c o n g r e g a t e i n 
l a r g e numbers . The l o s s o f t h e development a r e a t o t h e i r use i s not 
e x p e c t e d t o have any s i g n i f i c a n t impact on t h e s e a n i m a l s . 

G r i z z l i e s w i l l g e n e r a l l y keep t h e i r d i s t a n c e from a r e a s o f human a c t i v i t y 
and w i l l not approach t h e a r e a u n l e s s a t t r a c t e d , u s u a l l y by unattended 
garbage. S t r i c t garbage management p r a c t i c e s e n t a i l i n g d a i l y b u r i a l o f the 
m a t e r i a l i n t h e mine waste r o c k d i s p o s a l a r e a w i l l c o n t i n u e t o d e t e r both 
g r i z z l i e s and b l a c k b e a r s from e n t e r i n g t h e p r o j e c t a r e a . 
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S t i l l , p o t e n t i a l l y dangerous e n c o u n t e r s w i t h b e a r s c o u l d o c c u r and the 
w i l d l i f e m o n i t o r i n g program and employee t r a i n i n g w i l l be u t i l i z e d i n an 
e f f o r t t o m i n i m i z e t h e danger. 

5.3.3 W i l d l i f e H a b i t a t 

An e x t e n s i v e c o m p a r a t i v e a n a l y s i s o f w i l d l i f e h a b i t a t s which w i l l be l o s t 
as a r e s u l t o f mine development has i n d i c a t e d t h a t t h e development a r e a 
does not encompass any u n i q u e l y v a l u a b l e h a b i t a t s . In g e n e r a l , t h e mine 
and i n f r a s t r u c t u r e a r e a s r e p r e s e n t zones o f o n l y modest w i l d l i f e 
u t i l i z a t i o n . No i n t e n s e o r c r i t i c a l use by any s p e c i e s has been 
i d e n t i f i e d . 

The c h a r a c t e r i s t i c s o f h a b i t a t s l o s t a r e r e p l i c a t e d i n many s e t t i n g s 
t h r o u g h o u t t h e r e g i o n which w i l l be u n a f f e c t e d by development. The impacts 
from t h e l o s s o f h a b i t a t a r e e x p e c t e d t o be n e g l i g i b l e . 
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6.0 HERITAGE RESOURCES  

P r e h i s t o r i c a r t i f a c t s , p r i m a r i l y f l a k e s w i t h a few m i c r o b l a d e s , have been 
d i s c o v e r e d a t a number o f s i t e s i n t h e r e g i o n . The most s i g n i f i c a n t s i t e 
l i e s w i t h i n t h e S p a t s i z i P l a t e a u W i l d e r n e s s Park and appears t o c o n t a i n a 
p r e h i s t o r i c b u r i a l ground. One s i t e , where e v i d e n c e o f p r e h i s t o r i c t o o l s 
was found, i s near t h e proposed water r e s e r v o i r . T h i s s i t e w i l l be 
e x c a v a t e d and s t u d i e d f u r t h e r i f p r o j e c t a c t i v i t i e s w i l l d i s t u r b t h e s i t e . 
A n o t h e r s i t e n e a r Fox Creek t o the e a s t o f t h e proposed mine a r e a a l s o 
showed some a r t i f a c t s . T h i s a r e a i s not s c h e d u l e d f o r any d i s t u r b a n c e . I f 
any o t h e r s i t e s a r e t o be d i s r u p t e d , a d d i t i o n a l assessment work may be 
condu c t e d as a p p r o p r i a t e . 

S i g n s p r e p a r e d by t h e H e r i t a g e C o n s e r v a t i o n Branch w i l l be p o s t e d a t known 
h e r i t a g e s i t e s and p r o j e c t p e r s o n n e l w i l l be i n s t r u c t e d as t o t h e need t o 
p r o t e c t such s i t e s . 
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7.0 CONCLUSION 

A c e r t a i n l e v e l o f e n v i r o n m e n t a l impact i s a s s o c i a t e d w i t h any development 
o r u n d e r t a k i n g on the s c a l e o f t h e Mount Klappan A n t h r a c i t e P r o j e c t . Some 
impacts, such as t h e p h y s i c a l d i s t u r b a n c e o f l a n d , a t l e a s t temporary l o s s 
o f v e g e t a t i o n o r w i l d l i f e h a b i t a t , a l t e r a t i o n o f n a t u r a l d r a i n a g e p a t t e r n s 
and s i m i l a r impacts a r e l a r g e l y u n a v o i d a b l e . Based on G u l f ' s assessment o f 
t h e e n v i r o n m e n t a l i m p l i c a t i o n s o f t h e p r o j e c t , none o f t h e u n a v o i d a b l e 
impacts a r e s u f f i c i e n t l y s e r i o u s o r i r r e v e r s i b l e such t h a t p r o j e c t 
development i s i n a p p r o p r i a t e . Many o f t h e p o t e n t i a l impacts however a r e t o 
v a r y i n g d e g r e e s manageable and c o n t r o l l a b l e . 

G u l f has adopted a wide range o f e n v i r o n m e n t a l management p r a c t i c e s i n i t s 
p r o j e c t p l a n s . In d e v e l o p i n g e n v i r o n m e n t a l c o n t r o l s i t i s always d i f f i c u l t 
t o e s t a b l i s h what l e v e l s o f e n v i r o n m e n t a l impact a r e a c c e p t a b l e and what 
m i t i g a t i o n e f f o r t s are p r a c t i c a l and r e a s o n a b l e . G u l f has used a p p l i c a b l e 
r e g u l a t o r y g u i d e l i n e s i n many o f t h e s e c a s e s t o d e t e r m i n e what m i t i g a t i o n 
i s n e c e s s a r y . As a r e s u l t o f t h i s approach, i t i s e x p e c t e d t h a t t h e Mount 
Klappan A n t h r a c i t e P r o j e c t w i l l meet t h e most r i g o r o u s a p p l i c a b l e 
r e g u l a t o r y g u i d e l i n e s , o b j e c t i v e s o r s t a n d a r d s promulgated by t h e 
Government o f B r i t i s h Columbia r e l a t i n g t o e n v i r o n m e n t a l p r o t e c t i o n . 

Adherence t o t h e s e p r i n c i p l e s w i l l i n s u r e t h a t t h e o v e r a l l , l o n g - t e r m 
e n v i r o n m e n t a l impacts a s s o c i a t e d w i t h t h e L o s t - F o x Mine development w i l l be 
minimal and r e a s o n a b l e g i v e n t h e n a t u r e o f t h e p r o j e c t . 

I t i s r e c o g n i z e d t h a t t h e proposed L o s t - F o x mine development would 
i n t r o d u c e a s i g n i f i c a n t i n d u s t r i a l complex a d j a c e n t t o t h e S p a t s i z i P l a t e a u 
W i l d e r n e s s Park. T h i s a r e a has been s e t a s i d e and p r o t e c t e d by t h e 
Government o f B r i t i s h Columbia t o p r e s e r v e t h e w i l d e r n e s s r e c r e a t i o n v a l u e s 
i t o f f e r s . I t i s s u b m i t t e d t h a t t h e mine development w i l l have o n l y v e r y 
minor impacts on t h e park. A c c e s s t o t h e southwestern c o r n e r o f t h e park 
w i l l be improved but s i n c e no roads w i l l e n t e r t h e park, human i n c u r s i o n s 
w i l l be l i m i t e d . A p o r t i o n o f t h e mine development a r e a w i l l be v i s i b l e 
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from some i s o l a t e d a r e a s o f the park, and as a r e s u l t , a e s t h e t i c v a l u e s may 
be d i m i n i s h e d s l i g h t l y . N o t h i n g has been i d e n t i f i e d i n t h e assessment o f 
p r o j e c t impacts however, which would r e s u l t i n any s i g n i f i c a n t e f f e c t on 
n a t u r a l ecosystems w i t h i n t h e park. No element o f t h e p r o j e c t s u g g e s t s 
t h a t t h e w i l d e r n e s s c h a r a c t e r o f t h e park w i l l be t h r e a t e n e d . 
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