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*’ I n t r o d u c t i o n  

T h e   S i l b a k   P r e m i e r ~ p r o j e c t   i s   l o c a t e d   i n   t h e   S a l m o n   r i v e r  
d . ra inage  sys tem.  The m i n e   i s   l o c a t e d  on t h e   e a s t   s i d e   o f   t h e  
Cascade   Creek   va l l ey ,   abou t  1 km u p s t r e a m   o f   t h e   b o r d e r .   T h e  
B i g   M i s s o u r i   p r o j e c t   l o c a t e d   f u r t h e r   n o r t h ,  will be 
c o n n e c t e d   t o   t h e   S i l b a k   p r o j e c t   b y  a r o a d   c r o s s i n g   t h e  
Hov land  Creek   and  Les ley   Creek .  The mill s i t e  will be 
l o c a t e d   b e t w e e n   t h e s e   t w o   c r e e k s .  The S i l b a k   m i n e   s i t e   i s  
d r a i n e d   b y   C o o p e r   c r e e k   t o   t h e   n o r t h   a n d   t o   t h e   w e s t   a n d   b y  
W i l s o n   C r e e k   t o   t h e   s o u t h ,   B o t h   c r e e k s   j o i n   a b o v e   t h e  
G r a n d u c   r o a d   t o   f o r m   F l e t c h e r   C r e e k ,   w h i c h   f l o w s   i n t o  
C a s c a d e   C r e e k   i m m e d i a t e l y   b e l o w   t h e   f a l l s   ( F i g u r e  1). The 
f a l l s  on  Cascade  Creek  . is  an i m p a s s a b l e   b a r r i e r  t o  sa lmon 
m i g r a t i o n .   C a s c a d e   C r e e k   j o i n s   t h e   S a l m o n   R i v e r   a b o u t  1.5 
km downst ream.   Sa lmon  R iver   suppor ts  chum, p i n k   a n d   c o h o  
sa lmon ,   and   occas ionna l l y   sockeye   sa lmon .  

The  company i s   d e v e l o p i n g  an  open p i t   m i n e   u s i n g   c y a n i d e  t o  
e x t r a c t   g o l d   a n d   s i l v e r   i n   t h e   o r e .  The t a i l i n g s   p o n d  will 
b e   l o c a t e d   i n   t h e   C a s c a d e   C r e e k   v a l l e y   n e c e s s i t a t i n g   t h e  
d i v e r s i o n  o f  t h e   c r e e k .  The t a i l i n g s  will b e   d i s c h a r g e d  

:?l!zarge t o  Cascade   Creek   above   t he   f a l l s .  
t h e   s u b a e r i a l   t e c h n i q u e .  The s u p e r n a t a n t  will be 

S i t e   d e s c r i p t i o n  

S t a t i o n  L o c a t i o n  

1 H o v l a n d   c r e e k   u p s t r e a m  
o f  t h e  mill -\~, 

2 L e s l e y   C r e e k   u p s t r e a m  
o f  t h e  mill 

3 Cooper   c reek   ups t ream 
o f  t he   open  p i t  

4 Cascade  Creek  upstream 
o f  t h e   t a i l i n g s   p o n d  

5 Lesley  Creek  downs-tream 
o f  t h e  mill 

6 Hovland  Creek  downstream 
, o f   t h e  mil 1 

7 Cooper  Creek  downstream 
o f  the   open p i t  

8 F l e t c h e r   C r e e k   u p s t r e a m  
of  Cascade  Creek 
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9 Cascade  Creek  downstream 
o f  t h e   t a i l i n g s  pond 

Level #6 Mine p o r t a l   ( a b o v e   o l d   t a i l i n g s  ) 

Level #4  Mine p o r t a l  

M a t e r i a l  and  Methods 

The s i t e  was v i s i t e d  on A u g u s t  9 1987. Nine r e c e i v i n g   w a t e r  
s t a t i o n s   w e r e   s a m p l e d   f o r   . w a t e r   q u a l i t y   a n d   s e d i m e n t  
a n a l y s i s  and two  mine a d i t s   f o r   w a t e r   q u a l i t y   o n l y .  
T r i p l i c a t e   w a t e r   s a m p l e s   w e r e   c o l l e c t e d   a t   e a c h   s t a t i o n s ,  
a n d   s i n g l e   g r a b s   f o r   t h e  mine a d i t s .  The f o l l o w i n g   c h e m i c a l  
parameters   were   ana lyzed  : a l k a l i n i t y ,  pH,  c o n d u c t i v i t y ,  
t o t a l   r e s i d u e s ,  non f i l t e r a b l e   r e s i d u e s ,  ammonia, n i t r i t e ,  
n i t r a t e ,  and  sulphate .   Samples   were k e p t  cool  w i t h  i c e  
u n t i l  ana lyzed .   To ta l   cyan ide   and   t h iocyan ide   were  
p r e s e r v e d  w i t h  s o d i u m   h y d r o x i d e   t o   r a i s e   t h e  pH above 12.  
D i s s o l v e d   m e t a l s   w e r e   f i l t e r e d   t h e  same  day  through a 0.45 
m i c r o n   c e l l u l o s e   n i t r a t e  membrane f i l t e r .   T o t a l   a n d  
d i s s o l v e d   m e t a l s   w e r e   p r e s e r v e d  w i t h  n i t r i c   a c i d  ( 0 . 5  m1/100 
m l  o f  sample ) All s amples   were   co l l ec t ed  w i t h  c l e a n  
p o l y e t h e l e n e   b o t t l e s .  The b o t t l e s   f o r   m e t a l   a n a l y s i s  were 
p rev ious ly   ac id   washed .  The ha rdness  was de te rmined   f rom 
t h e  d i s so lved   me ta l   s ample .  . 

Induc t ive ly   Coup led  Argon Plasma ( I C A P )  was u s e d   f o r  t h e  
t o t a l  and   d i sso lved   meta l   ana lys i s   and   gave  a r e a d i n g   o f  
twenty  s i x  m e t a l s .   F o r   s i l v e r ,  cadmium,  copper ,and  lead t h e  
samples   were   reana lyzed ,  w i t h  t h e   g r a p h i t e   f u r n a c e  when t h e  
values   were  below two t i m e s   t h e   d e t e c t i o n  l i m i t  on t h e  ICAP 
procedure .   Tota l   mercury   samples   were   p reserved  w i t h  5 m l  
o f  a d i ch romate  (0 .05% W / V )  and n i t r i c   a c i d  (5% V / V )  
s o l u t i o n .   a n d   a n a l y z e d  w i t h  an o p e n   f l a m e l e s s  atomic 
a b s o r p t i o n   s p e c t r o p h o t o m e t e r .  

F o u r   r . e p l i c a t e   s a m p l e s   w e r e   c o l l e c t e d   f o r   s e d i m e n t  u s i n g  a 
p l a s t i c   c o r e r   a t   e a c h   s i t e .  The samples  were d r i e d  a t  103 C 
s e i v e d   a n d   t h e   f r a c t i o n   l e s s   t h a n  150 microns  was d i g e s t e d  
i n  a q u a   r e g i a .  The l e a c h a t e  was ana lyzed  w i t h  the  - 1 C P  
method,   and  reported on a dry w e i g h t   b a s i s .  

The compar i sons   fo r   g raph ica l   pu rposes   were   pe r fo rmed  b y  t h e  
one way A N O V A ,  and u s i n g  t h e   T u k e y ' s   h a r m o n i c   s i g n i f i c a ' n t  
d i f f e r e n c ' e   m u l t i p l e   c o m p a r i s o n   p l o t   p e r f o r m e d  on a Hewle t t  
Packer  model 9826. The s i g n i f i c a n t   l e v e l  was h t a b l i s h e d   a t  
a = 0.05 .  

R e s u l t s  
~~ ~ ~~~~ 

The r e c e i v i n g   w a t e r   m e t a l   r e s u l t s   c a n  be  found i n  Tab le  1, 
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while  the  other  water q u a l i t y  r e s u l t s   a r e  f o u n d  i n  Table 2.  
The mine a d i t  r e s u l t s  can be f o u n d  i n  Table 3 .  The sediments 
d a t a  are   reported i n  Table 4. 

A 1  1 w a t e r  samples h a d  a very l o w  non f i l t e r a b l e   r e s i d u e .  
Most o f  the  dissolved heavy metals   concentrat ions were near 
or below detect ion l i m i t ,  except f o r  the s t a t i o n s  7 a n d  8 ,  
where the  metals were always above the   de t ec t ion   l imi t .  This 
seems t o  ref1  ect   the  i n f l  uence of  the  mine a d i  t on 1 eve1 # 4 ,  
w h i c h  d ra ins  i n t o  the  lower p a r t  o f  Cooper Creek a n d  
Fletcher  Creek. Level #6 d r a i n s  i n t o  Cascade  Creek, which 
has g rea t e r  d i l u t i o n .  Mine ad i t   me ta l   con ten t   a t   l eve l  #6 
was generally  higher t h a n  a t  level # 4 .  The leve l  #6 metal 
content  was, on a t o t a l  basis ,  0.039 mg/l  Cd;  0.078 mg/l C u ;  
1.980 mg/ l  Fe; 0.0098 mg/l P b ;  3.670 m g / l  Z n .  

Sediments  concentrations were s t a t i s t i c a l l y  analysed a n d  
presented i n  f i g u r e  2 w i t h  t he   s t a t ion   s epa ra t ion   r e su l t s  i n  
t a b l e  5. 

The r e s u l t s  showed t h a t  the a m o u n t  of  a l u m i n u m ,  a n d  
calcium i n  the  sediments  depends  greatly on the p a r t i c u l a r  
creek  concerned. The a r sen ic   l eve l s   i nc rease  i n  H o v l a n d  
creek downstream b u t  the  cause o f  t h i s  increase  i s  u n k n o w n .  
The a m o u n t  o f  cadmium, copper,  mercury,  lead a n d  z i n c ,  were 
s i g n i f i c a n t l y   d i f f e r e n t  a t  s t a t i o n  7 ,  downstream of  the mine 
a d i t  level # 4 ,  where orange s t a i n i n g  was ev iden t .  The 
downstream  metal content a t  s t a t ions  8 a n d  9 were n o t  
s i g n i f i c a n t l y   d i f f e r e n t  t h a n  t he   o the r   s t a t ions  b u t  the  
means were usually  higher.  These two s t a t i o n s  have l a r g e r  
flows a n d  few sediment a c c u m u l a t i o n  s i t e s .  The streambed 
sediment  transport  may be s i g n i f i c a n t  a n d  m i g h t  have a 
s i g n i f i c a n t   e f f e c t  on the  water q u a l i t y  d u r i n g  f r e s h e t .  
Baseline  water q u a l i t y  s h o u l d  take i n t o  cons idera t ion   the  
e f f e c t  t h a t  mine a d i t s  m i g h t  have downstream. 
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