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ABSTRACT 

A base1 ine   s tudy  was undertaken  by  the  Environmental  

P ro tec t i on   Se rv i ce   o f   t he   wa te rshed   nea r  Venus mine ( s i t e   o f  a former 

min ing  and m i l l i n g   o p e r a t i o n )   i n   t h e  Yukon, and Venus mill i n   B r i t i s h  

Columbia i n  1980 before  the i r   p lanned  development  and s t a r t   o f  

o p e r a t i o n   i n  June 1981. Water qual i ty   parameters,   bot tom  fauna 

c h a r a c t e r i s t i c s  and sediment  qual i ty  were  documented and eva lua ted   a t  

twenty - th ree  sampl i n g   s t a t i o n s .  

The environmental  qual i t y  o f   t h e  una1 t e r e d   p a r t   o f   t h e   w a t e r -  

shed was s i m i l  i a r  t o   o t h e r   u n a l t e r e d   l a k e s  and creeks i n   t h e  Yukon 

River   Basin.  

The environmental  qual i t y  near   the  abandoned t a i l   i n g s  pond 

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

c a n t l y   h i g h e r   c o n c e n t r a t i o n s   o f  cadmium, l e a d  and z i n c  were  found i n  

sediment  samples i n   t h e   l a k e   n e a r   t h e  abandoned t a i l i n g s  pond than i n  

sediment  samples  f rom  unal tered  parts  of   the  watershed.  Arsenic 

c o n c e n t r a t i o n s   i n  abandoned t a i l i n g s  pond dra inage and mine  water w r e  

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

watershed. 



RESUME 

En 1980, l e  Service  de l a  p ro tec t ion   de   l ' env i ronnement  a f a i t  

une  i i tude  por tant   sur  1 es   sec teurs   du   bass in   hydrograph ique  avo is inant  

1 a mine  "V6nus" s i t u 6 e  dans 1 e Yukon, 'a 1 'ernpl  acement d '  une ancienne 

mine  e t   d '   une  anc ienne  us ine  de  t ra i tement   du  rn inera i  , e t  de 1 ' usine  de 

t ra i t emen t   du   m ine ra i   "V6nus"   s i t uge  en Colombie-Br i tannique,  avant que 

ces  deux  ensembles  ne  soient am6nagGs e t   m i s  en  expl o i   t a t i o n ,  en j u i n  

1981. On a c h o i s i   v i n g t - t r o i s   p o i n t s   d ' k h a n t i l l o n n a g e   a f i n   d ' i i t a b l i r  

e t  d' 6val   uer  1 es  paramGtres  de  qual i t 6  de 1 ' eau, 1 es c a r a c t & - i s t i q u e s  

de 1 a faune  aquat i  que des   p ro fondeurs   e t  1 a qual i t 6  des  sgdiments. 

On a c o n s t a t 6  que 1 a qual i t 6  'ecol   ogique  des  secteurs  du  bassin 

hydrographique  non  encore  touch'es  par 1 ' h o m e  6 t a i t  s i m i l   a i r e  2 c e l l  e 
d ' a u t r e s   l a c s  e t  r i v i k e s  encore v i e r g e s  du b a s s i n  f l u v i a l  du Yukon. 

Le b a s s i n  o'u se   d6ve rsa ien t   l es  k i d u s   i n d u s t r i e l s  de 

1 ' a n c i e n n e   e x p l o i t a t i o n   c o n t i n u e  S a f f e c t e r   l e  mil i e u   n a t u r e 1  

a v o i s i n a n t .  En a n a l y s a n t   d i f f 6 r e n t s   i i c h a n t i l l o n s  de  sGdirnents,  on a 
c o n s t a t 6  que l e s   t a u x  de concen t ra t i on   du  cadmium, du   p l  omb e t   d u   z i n c  

'e ta ien t   ne t tement   p l  us i i l ev i i s  dans l e s  s6diments  du 1 ac s i tu 'e  prGs  de 

1 ' anc ien   bass in   de   dhe rsemen t  que dans 1 es  secteurs  du  bassin 

hydrographique  non  encore  touch6s  par 1 ' homlne. On a c o n s t a t 6  que l e s  

taux  de c o n c e n t r a t i o n  en a r s e n i c  des e f f l uen ts   p rovenan t   du   bass in  

abandonn6 e t  de 1 a m ine   6 ta ien t   p l  us 'elev'es  que  ceux  de 1 'eau  provenant 

des  secteurs  du  bassin  hydrographique  non  encore  touch6s  p'ar  l 'homme. 
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A b a s e l i n e   s t u d y  w a s  u n d e r t a k e n   b y   t h e   E n v i r o n m e n t a l  

P ro tec t i on   Se rv i ce   o f   t he   wa te rshed   nea r  Venus m i n e   ( s i t e   o f  a f o r m e r  

m in ing  and mil 1 i n g   o p e r a t i o n )   i n   t h e  Yukon, and  Venus mil 1 i n   B r i t i s h  

Co lumbia  i n  1 9 8 0   b e f o r e   t h e i r   p l a n n e d   d e v e l o p m e n t   a n d   s t a r t   o f  

o p e r a t i o n   i n   J u n e  1981.  Water q u a l i t y   p a r a m e t e r s ,   b o t t o m   f a u n a  

c h a r a c t e r i s t i c s  and c o n c e n t r a t i o n s   o f   c y a n i d e   a n d   m e t a l s   i n   s e d i m e n t  

were  evaluated.  Sample  stat ions  included  streams and the   l ake   ad jacen t  

t o  an abandoned t a i l i n g s  pond. f r o m   w h i c h   V e n u s   p l a n s   t o   r e c o v e r   t h e  

t a i l i n g s ,   m i n e   w a t e r ,  a c r e e k   i n t o   w h i c h  mill t a i l i n g s  ponds will 
discharge,  a con t ro l   c reek  and the   sou the rn   end   o f   W indy  A r m  ( T a g i s h  

Lake) i n t o   w h i c h   t h e   c r e e k   r e c e i v i n g   t a i l i n g s  pond d ischarge  f lows.  

The e n v i r o n m e n t a l   c h a r a c t e r i s t i c s   o f   t h e   p r e d e v e l o p m e n t   p a r t  

o f   t h e   w a t e r s h e d  were  found t o  be s i m i l  i a r  t o   o t h e r   u n p o l l u t e d   l a k e s  

and  creeks i n   t h e  Yukon R i v e r   d r a i n a g e   b a s i n .  The s o f t n e s s   o f   t h e  

wa te r   and  i t s  l o w   m i n e r a l   c o n t e n t   m a k e   t h e   a q u a t i c   e n v i r o n m e n t  

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

H i g h   a r s e n i c   c o n c e n t r a t i o n s   w e r e   f o u n d   i n   m i n e   w a t e r   a n d  

abandoned t a i l i n g s  pond drainage.  Arsenic  removal   f rom  mine  water may 
b e   r e q u i r e d   i n   t h e   w a t e r  1 i cence  f rom  the  Yukon T e r r i t o r i a l  Water  Board 

and i s  p lanned  by  the company. Arsenic   removal  rnay a1 so  be r e q u i r e d  

under   t he   t e rms   o f   t he   wa te r  1 i c e n c e   i n   t a i l i n g s  pond w a t e r   d u r i n g   r e -  

c o v e r y   o f   t h e  tail i n g s   f o r   r e p r o c e s s i n g   a t   t h e  Venus mill. 
The c o n t i n u i n g   e f f e c t s  o f  t h e   f o r m e r   m i l l i n g   o p e r a t i o n   w e r e  

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

z i n c   i n  sediment sarrrpl es t a k e n   i n   t h e   l a k e   o f f s h o r e   f r o m   t h e   a b a n d o n e d  

t a i l i n g s  pond than  found  in   sed iment   samples   f rom  the   una l te red   par t   o f  

the  watershed. 

Fu tu re   mon i to r i ng   o f   wa te r   qua l i t y ,   bo t tom  fauna  and sediment 

c h a r a c t e r i s t i c s  o f  t h i s  w a t e r s h e d   d u r i n g   t h e   o p e r a t i o n   o f  Venus  mine 

and mill c a n   b e   c o m p a r e d   t o   v a l u e s   d o c u m e n t e d   b y   t h i s   s t u d y .  
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1 INTRODUCTION 

Early i n  1980 U n i t e d  Keno Hill M i n e s   L t d .   a n n o u n c e d   t h e i r  

p l a n   t o   r e o p e n  Venus Mine  by  June  1981  and  submitted  appl icat ions t o   t h e  

B r i t i s h  Columbia Waste Management Branch f o r   c o n s t r u c t i o n  and o p e r a t i o n  

o f  a mill i n  B r i t i s h  Columbia and t o   t h e  Yukon T e r r i t o r i a l   W a t e r   B o a r d  

f o r  a wa te r   use   l i cence   a t   t he   m ine   s i t e  i n  t h e  Yukon. The water  bodies 

a f f e c t e d   b y   t h e   m i n e   a n d  mill a c t i v i t y   a r e   p a r t   o f   t h e  Yukon   R ive r  

s y s t e m   u p s t r e a m   o f   t h e   c o m m u n i t i e s   o f   T a g i s h   a n d   W h i t e h o r s e .   T h e  

1 o c a t i o n  o f  t h e   s t u d y   a r e a   i s  shown i n   F i g u r e  1. Windy A r m  ( e l e v a t i o n  

656 m) i s   n o t   c l a s s e d  as a c o m m e r c i a l   f i s h i n g   l a k e   a n d   i n   1 9 8 0   t h e r e  

were no d o m e s t i c   f i s h i n g   l i c e n c e s   i s s u e d .  However,  Windy A r m  i s  used  as 

a r e c r e a t i o n a l   f i s h i n g   l a k e .  The E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  

undertook a base l i ne   s tudy   o f   t he   wa te rshed  

and l i l i l l .  T h i s  base1 i n e   s t u d y  documents e x i  

water  and sedirnent and g ives  a q u a n t i t a t i v e  

the   ex is t ing   bo t tom  fauna  communi t ies .  

M i n i n g   f i r s t   s t a r t e d   i n   t h i s   a r e a  

i n   t h e   v i c i n i t y   o f   t h e   m i n e  

s t ing  chemical   parameters i n  

and q u a l i t a t i v e   a n a l y s i s   o f  

d u r i n g   t h e  second  decade o f  

t h i s   c e n t u r y .   M o r e   r e c e n t   a c t i v i t y   b e g a n   i n   t h e   m i d   s i x t i e s  a n d  
c u l m i n a t e d   i n   t h e   c o n s t r u c t i o n  o f  a 272 tonne  (300  ton)   per   day  capaci ty  

mill which  operated  f rom  September  1970  unt i l   June 1971.  The t a i l i n g s  

f rom t h i s   o p e r a t i o n  will be r e m i l   l e d   b y  Venus  Mines  Ltd.  The  46,000 
t o n n e  (50,000 t o n )   o f   t a i l i n g s   c o n t a i n  2.80 gm/ t   go ld ,   40 .74   gm/ t  

s i l v e r ,  0.37% z i n c  (UKHM L td .   1980) .  The  Venus  Mine p r o p e r t y  was 

re-examined i n  1979 and e a r l i e r   o r e   e s t   i l n a t e s   w e r e   c o n f i r m e d .  It was 

d e c i d e d   i n   A p r i l   1 9 8 0   t o   b r i n g   t h e  Venus Mine  back i n t o   p r o d u c t i o n .  Ore 

r e s e r v e s   h a v e   b e e n   c a l c u l a t e d  a t  1 0 9 , 0 0 0   t o n n e s   ( 1 2 0 , 0 0 0   t o n s )  

con ta in ing   8 .84   gm/ t   (0 .22   oz / ton )   go ld ,   205 .3   gm/ t   (6 .60   oz / ton )  

s i l v e r ,  1.89% lead,  and  1.37% z inc .  The o r e   i s   a s s o c i a t e d   w i t h   8 %   i r o n  

p y r i t e ,  10% a r s e n o p y r i t e  and quar tz .  

The c o u n t r y   r o c k   i n   t h e   m i n e   w o r k i n g s   c o n s i s t s   p r i m a r i l y   o f  

p a l e   g r e e n   t o   g r e e n ,   c o m p e t e n t ,   c h e r t y   a n d e s i t e   b r e c c i a ,  a1 t e r n a t i n g  

w i t h   d a r k   g r e e n   a n d e s i t e   f l o w s   a n d   p o s s i b l y   m i n o r   t u f f  (UKHM L t d .  

1980). 

The  Venus  mine s i t e   i s   l o c a t e d   i n   t h e   Y u k o n   2 4  km f r o m  
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Carcross  on  the Skagway road  (96 km f r o m   W h i t e h o r s e ) .   A p p r o x i m a t e l y  

1,800 l i t r e s   p e r   m i n u t e   ( 4 0 0  IGPM) o f   w a t e r   i s   g e n e r a t e d   i n   t h e   m i n e  

f r o m   u n d e r g r o u n d   o u t f l  ow and will b e   d i s c h a r g e d   t o   W i n d y  A r m  a f t e r  

t r e a t m e n t   o f   t h e   c o n t a m i n a t e d   p o r t i o n   e s t i m a t e d   t o   b e   a b o u t   9 0 0   l i t r e s  

per   m inu te  (200 IGPM). The s u r f a c e   f a c i l i t i e s   f o r   t h e   m i n e  will be  on 

t h e   e a s t e r n   s i d e   o f   t h e  Skagway r o a d   b e l o w   t h e   m i n e  a t  P o o l y   P o i n t .  

Water  from  Pooly  Creek i s  used i n   t h e   s u r f a c e   f a c i l i t i e s .  It i s   t r e a t e d  

i n  a sept ic   tank  system. The mine will be operated 1 s h i f t   p e r   d a y ,  5 

days  per week and will produce 127 tonne  (140  ton)per  day. Two y e a r s   o f  

ore  reserves  have  been  fu l  l y  developed. It i s  e x p e c t e d   t h a t   a d d i t i o n a l  

reserves  will be  developed  dur ing  mine  operat ion.  

The abandoned t a i l i n g s ,  22.4 km f rom  Carcross   on   the   Skagway 

r o a d ,  will b e   d e w a t e r e d   a n d   t r u c k e d   t o   t h e  mill i n   t h e  summer f o r  

reprocess ing.  A t  p r e s e n t   t h e r e   i s  a d i scha rge   t o   W indy  A r m  f r o m   t h e s e  

t a i l i n g s   t h r o u g h   a n   a s b e s t o s   c u l v e r t .  The d i s t u r b a n c e   o f   t h e   t a i l i n g s  

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

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

The  Venus mill s i t e   i s   i n   B r i t i s h   C o l u m b i a ,  33.6 km f r o m  

C a r c r o s s   o n   t h e   S k a g w a y   r o a d   w h i c h   c o n n e c t s   C a r c r o s s ,   Y u k o n   w i t h  

Skagway, Alaska.  The mill s i t e   i s  a t  59 '57 'N  l a t i t u d e  and  134'40'W 

l o n g i t u d e .   T h i s   i s  105.6 km from  Whitehorse, Yukon. The t a i l i n g s  ponds 

will d r a i n   i n t o   t h e   s o u t h e r n  end o f  Windy Arm. It i s   e s t i m a t e d   t h a t  273 
l i t r e s   p e r   m i n u t e  ( G O  IGPM) o f  water will be d i s c h a r g e d   f r o m   t h e  mil 1 , 
24 hours  per  day, 7 days  per week. The mill will process   91   tonne  (100 

t o n )   o f   o r e   p e r  day. 
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2.1 S a m p l i n g   S t a t i o n   L o c a t i o n  and D e s c r i p t i o n  

Sample s t a t i o n   l o c a t i o n s   a r e  shown i n   F i g u r e s  2 and 3. A 

d e s c r i p t i o n   o f   e a c h   l o c a t i o n   i s   g i v e n   i n   T a b l e  1. 

2.2 Water  Qual i ty  

T h e   w a t e r   q u a l i t y  sampl i n g   s c h e d u l e   i s   g i v e n   i n  Tab1 e 2. 

Table 1, Appendix I l i s t s   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 s i s   m e t h o d s  

f o r  a1 1 water  qual i t y  paralneters. 

Temperature, pH, depth and c o n d u c t i v i t y   w e r e   m e a s u r e d   i n   t h e  

f i e l d .   D i s s o l v e d  oxygen was rneasured i n   t h e   E n v i r o n m e n t a l   P r o t e c t i o n  

Serv ice  Whi tehorse  laboratory .  A1 1 o t h e r   w a t e r   q u a l  i t y  a n a l y s e s   w e r e  

done  b y   L a b o r a t o r y   S e r v i c 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   S e r v i c e ,  4195 
Mar ine  Dr ive,  West Vancouver, 'Br i t ish  Columbia.  

W a t e r   s a m p l e s   w e r e   a n a l y z e d   f o r   c o l o r ,   t u r b i d i t y ,  

n o n - f i l t e r a b l e   r e s i d u e ,   f i l t e r a b l e   r e s i d u e ,   t o t a l  a1 k a l   i n i t y ,   t o t a l  

h a r d n e s s ,   t o t a l   p h o s p h a t e ,   n i t r i t e ,   n i t r a t e ,   s u l   f a t e ,   c h l   o r i n e   a n d  

s i l i c a .   S e p a r a t e   w a t e r   s a m p l e s   w e r e   t a k e n   a n d   a n a l y z e d   f o r   t o t a l  

o rgan ic   carbon/ to ta l   inorgan ic   carbon,   to ta l   mercury  and  cyanide. 

W a t e r   s a m p l e s   w e r e   a n a l y z e d   f o r   t h e   f o l l o w i n g   e x t r a c t a b l e  

metal  s : 
S i  1 ver   (Ag)  Manganese  (Mn) 

A1 m i n u n  (A1 ) Mol ybdenum (Mo) 

Arsenic   (As)  Sod i urn (Na ) 
Barium  (Ba) N icke l   (N i )  
Cal c i  um (Ca) Lead (Pb) 

Cadmi um (Cd) Antimony  (Sb) 

Cobal t (Co) Sel en i um (se)  

Chromi urn (Cr )  T in   (Sn)  

Copper  (Cu) S t ron t i um  (S r )  

I r o n   ( F e )  T i  t a n i  urn ( T i  ) 
Vanadium (V) Zinc  (Zn) 

cc 
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( S e e  F i g u r e  3 for  d e t a i l )  
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FIGURE 3 D E T A I L   S K E T C H  OF ABANDONED  TAILINGS 
POND  SHOWING  LOCATIONS OF STATIONS 
18 TO 23 ( Not to S c a l e )  
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TABLE 1 STATION LOCATION AND DESCRIPTION 

STAT I ON 

NUMBER STATION LOCATION AND DESCRIPTION 

I 

2 

3 

4 
Y 

I 

5 

cc 

6-15 
Q 

I 

I 

Samples were  taken  from a creek  draining  Lake A. The 

sampl ing  locat ion was upstream  of   the new proposed mi  11 
s i t e  a t  the  downstream  side  of  the Skagway road  crossing. 

The  company proposed t o   o b t a i n   a l l   o r  a p o r t i o n   o f   i t s  

273 1 it res  per m i  nute  (60 IGPM) requ i  rement f o r   t h e  m i  1 1 

from  Lake A. 

S t a t i o n  2 was loca ted  on the   c reek   d ra in ing  Lake A, 
downstream o f   S t a t i o n  1 and upstream  of  the  proposed 

second dam s i te .  Downstream, beyond the  mill s i t e ,   t h i s  

creek  empt ies  into a 1 a r g e r   c r e e k   p r i o r   t o   d r a i n i n g   i n t o  
Windy Arm a t  S t a t i o n  3. 

S t a t i o n  3 was loca ted  downstream o f   t he  mill s i t e  a t  t h e  

mouth of   the  creek  enter ing  the  east   s ide  o f   the  south 

end o f  Windy Arm. Stream  drainage  from  the mill s i t e  and 
ef f luent   f rom  the  t reatment  ponds will e n t e r   t h i s  creek. 

S t a t i o n  4 was loca ted   a t  a creek  crossing  the Skagway 

road  approximately 1 km -nor th   o f   the  mill s i t e .  The 
creek was chosen as a c o n t r o l   s i t e  and will be unaf fec ted  
by the mil 1 operat ions.  
S ta t i on  5 was loca ted  downstream o f   S t a t i o n  4 a t  t h e  

mouth o f  the  creek  enter ing  the west s ide  of   the  south 

end o f  Windy Arm near  the Skagway road. 
The next   ser ies  o f   s ta t ions,   6-15  inc lus ive,   are  located 

i n   t h e   s o u t h  end o f  Windy Arm o f   Tag ish  Lake. Three 
transects  running  east  to  west were  chosen on t h i s  arm, 

w i t h  3 s t a t i o n s  on each t ransec t .  See F igure  2 f o r   t h e s e  
s t a t i o n   l o c a t i o n s .  The water i n  Windy Arm f lows  f rom 

south   to   nor th .  
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TABLE 1 STATION  LOCATION AND DESCRIPTION (cont inued)  

STAT1 ON 
NUMBER LOCATION AND DESCRIPTION 

17  

18 

19 

20 

16 S t a t i o n  16 was a t  t he  792 m a d i t  o f  Venus mine  which i s  

l oca ted  9.6 km nor th  of the  new mill s i t e .  The sampling 

l o c a t i o n  was a t  a s i t e  where adi t   water   f lowed down 

beneath  mining  waste  rock and surfaced.  This was 

approximately 30 rn below  the  main  adit   water  pipe and 120 

rn above the  Skagway road. 

S t a t i o n  17 was l o c a t e d   i n  Windy A r m  approximately 20 m 

of fshore  f rom  the Venus mine  si te. 

S t a t i o n  18 was loca ted  on a creek  that   d ischarges from a 
meta l   cu lver t .  The c u l v e r t   i s   s i t u a t e d   b e s i d e   t h e  

abandoned Venus Mine t a i  1 ings pond. S t a t i o n  18 was a t  

the  d ischarge end o f   t h e   c u l v e r t  and b e f o r e   t h e   t a i l i n g s  

dra inage  jo ined up wi th   the  creek.  

S ta t ion   19  was loca ted  a t  the  d ischarge end o f  an 

asbes tos   cu l ve r t   d ra in ing   t he   t a i l i ngs  pond. This 

c u l v e r t  i s  about 6 m be low  the   t a i l i ngs  pond ( v e r t i c a l  

measure) and approximately  40 m away (ho r i zon ta l  

measure). 

S t a t i o n  20 was loca ted  a t  the base o f  a rock   kno l l  (5-7 m 

high),  which  borders a corner of the abandoned Venus Mine 

t a i l i n g s  pond. Seepage i s  i nd i ca ted  by d i ,sco lo ra t ion   o f  

the  rock  face and surroundi  ng ground. The 1 ake s u r f  ace 

i s  2-3 rn (ho r i zon ta l  measure) away. 

21-23 Sta t ions  21, 22, and 23 were l o c a t e d   i n  an arc  20-30 m 

o f f sho re  from the  abandoned Venus Mi ne tail ings  pond. 

See F igure  3 f o r   e x a c t   l o c a t i o n s .  
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TABLE 2 SAMPLING  SCHEDULE  FOR  WATER QUALITY, BOTTOM  FAUNA AND 
SEDIMENT 

DATE TYPE  OF  SAMPLE STATIONS 

June 26/80 Surface  water 1, 2,  3, 4, 5, 6A, 7A, 8A, 9A, 

10A, 11A,  12A, 13A, 14A, 15A, 
16, 17A, 18, 19, 20, 21A, 22A, 

23A 

July 3/80 Water - 2 m above bot tom 6B,  78, 86, 9B, 10B, 11B, 12B , 
13B, 14B, 15B, 17B, Z l B ,  22B, 

23B 

June 26/80 Bot tom fauna 1, 2,  4, 5, 16,  18,  21, 22,  23 

July 3/80 Bottom fauna 7, 8, 9, 10,  13,  15 

July 3/80 Sediment 1, 2,  3, 5, 6, 7, 8, 9,  10, 

13, 14, 15, 18,  19,  21,  22,  23 
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The p e r c e n t   d i s s o l v e d   o x y g e n   s a t u r a t i o n  was c a l c u l a t e d   b y  

f i r s t   d e t e r m i n i n g   t h e   d i s s o l v e d   o x y g e n   s a t u r a t i o n   c o n c e n t r a t i o n   f r o m   t h e  
f ormul a : 

S '  = S (APHA e t  a1 1975) 
760 

where: S '  = D i s s o l v e d  Oxygen (D. 0. ) s a t u r a t i o n   c o n c e n t r a t i o n   a t   t h e  

i n   s i t u   t e m p e r a t u r e  and atmospher ic  pressure 

S = D.O. s a t u r a t i o n   c o n c e n t r a t i o n  a t  s e a   l e v e l   f o r   i n   s i t u  

temperature 

P = Atmospher ic  pressure i n  rim o f   mercu ry  a t  s i t e   e l e v a t i o n  

Then t h e   r a t i o   o f  D.O. measured / S I ,  t imes 100 was c a l c u l a t e d  

t o   o b t a i n   p e r c e n t   d i s s o l v e d  oxygen  saturat ion.  

2.3 Bottom  Fauna 

The  bottom  fauna  sampling  schedule i s   g i v e n   i n   T a b l e  2. The 

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

g i v e n   i n  Appendix I ,  Table 2. The d a t e   o f   c o l l e c t i o n ,   t y p e   o f   s a m p l e r ,  
number o f  sampl es and t o t a l   a r e a  sampl ed i s g i v e n   i n  Tab1 e 3. B o t t o m  

fauna  samples a t   S t a t i o n s  11, 12, and 1 7  w e r e   n o t   o b t a i n e d   b e c a u s e   t h e  

lake   bo t tom a t  t h e s e   s t a t i o n s  was composed o f   r o c k .   B o t t o m   f a u n a   d a t a  

f r o m   S t a t i o n s  3, 6, 14, 19, and 20   a lso  were not   obta ined.  

2.4 Sediment 
The  sampl i n g   s c h e d u l e   f o r   s e d i m e n t   i s   g i v e n   i n   T a b l e  2. 

Sediment  samples a t  S t a t i o n s  4, 11, 12, 1 6 ,   a n d   1 7   w e r e   n o t   c o l l e c t e d  

because t h e   l a k e   o r   c r e e k   b o t t o m  was r o c k y .  No sed imen t   samp le   f rom 

S t a t i o n  20 was co l l ec ted .   Th ree   sed imen t   samp les   were   t aken  a t  each 
s ta t i on   excep t   S ta t i ons   15  and 2 3  where  wind  problems  resul ted i n  1 and 

2 samples, r e s p e c t i v e l y ,   b e i n g   c o l l e c t e d .  

Sediment  samples  were  shipped t o  V a n c o u v e r   f o r   a n a l y s i s   a t  

L a b o r a t o r y   S e r v i c 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   S e r v i c e ,   4 1 9 5   M a r i n e  

D r i v e ,  West Vancouver. 

A d e s c r i p t i o n  o f  s e d i m e n t   c o l l e c t i o n ,   p r e p a r a t i o n   a n d  

analys is   methods i s   g i v e n   i n  Appendix I ,  Table 3. 
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(I 
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Samples 18, 19, 21, 22 ,  a n d  23  were analyzed  for  cyanide. 
A1 1 sampl es were analyzed for:  

A1 umi num (A1 ) Sod i urn (Na) 
Barium (Ba)  Nickel (Ni) 
Cal c i  um ( c a )  Phosphorus ( P )  
Cadrni um (Cd) Lead ( P b )  
Chromi um (Cr) S i  1 icon (S i  ) 

Copper ( C u )  Tin (Sn) 
Iron ( Fe) Stronti urn (Sr) 
Mercury (Hg) Titanium (Ti  ) 
Magnesi um (Mg) Vanadium ( V )  
Manganese (Mn) Zinc ( z n )  
Molybdenum (Mo) 

All  sediment  samples  are  being  retained for  ana lyses  o f  
a r sen ic  a t  a l a t e r   d a t e  pending the   re f inement   o f   the   ana ly t ica l  
rnethodol  ogy now ernpl  oyed by the West Vancouver laboratory. 

All samples were analyzed for  particle  size  distribution. 
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3 RESULTS AND DISCUSSION 

3.1 Water  Qual  i t l  

The w a t e r   q u a l i t y   r e s u l t s   a r e   g i v e n   i n   A p p e n d i x  I ,  Tabl  es 1, 

2, 3. 

The r e s u l t s   o f   t h e   w a t e r   q u a l  i t y  a n a l y s e s   a r e   c o m p a r e d   w i t h  

a c c e p t a b l e   c o n c e n t r a t i o n   l i m i t s   f o r  r a w  d r i n k i n g   w a t e r   s u p p l y   a n d  
c o n c e n t r a t i o n  1 i m i t s   f o r   h e a l t h y   a q u a t i c   l i f e .   T a b l  e 4 i n  A p p e n d i x   I 1  

1 i s t s   t h e s e   w a t e r   q u a l  i t y  c r i t e r i a  and t h e i r   r e f e r e n c e s .  The u p p e r  

c o n c e n t r a t i o n  1 i m i t s   f o r   h e a l   t h y   a q u a t i c  1 i f e   a r e   u s u a l l y   l o w e r   t h a n  r a w  
d r i n k i n g   w a t e r   c o n c e n t r a t i o n   l i m i t s   b e c a u s e   a q u a t i c   l i f e  may be  more 

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

3.1.1 Water Qua l i t y   Pa ramete rs   Exc lud ing   Me ta l s  

3.1.1.1 P r e d e v e l o p m e n t   c r e e k s   s t a t i o n s :  1 t o  5. All measurements 

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

Burns  (1980). A1 1 measurements  met t h e   a c c e p t a b l e   c o n c e n t r a t i o n  1 i m i t s  

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

a q u a t i c   l i f e   f o r   t h e   p a r a m e t e r s   d i s c u s s e d   i n   t h i s   s e c t i o n .   C o n d u c t i v i t y  
and f i l t e r a b l e   r e s i d u e   l e v e l  s w e r e   l o w  a1 t h o u g h   t h e y   w e r e   w i t h i n   t h e  

r a n g e   f o r   h e a l t h y   a q u a t i c   l i ' f e .   T o t a l   h a r d n e s s   a t   t h e   c r e e k   s t a t i o n s  

was an  average o f  112  mg/l as CaC03 which i s   r e l a t i v e l y   s o f t .  Some 

meta ls   such  as  lead and n i c k e l   a r e  more t o x i c   t o   a q u a t i c   l i f e   i n   s o f t  
water  (Appendix 11, Table 4 ) .  

H i g h e r   v a l u e s   f o r   c o n d u c t i v i t y ,   f i l t e r a b l e   r e s i d u e ,   t o t a l  

a l k a l i n i t y ,   t o t a l   h a r d n e s s ,   t o t a l   i n o r g a n i c   c a r b o n   a n d   s u l f a t e   w e r e  

measured a t  t h e   c r e e k   s t a t i o n s   t h a n  were  measured a t   t h e   l a k e   s t a t i o n s .  

F low   f rom  these   c reeks   mus t   be   d i l u ted   by   t he   rece iv ing   l ake   wh ich  a1 s o  

r e c e i v e s   g l a c i a l   m e l t   w h i c h   h a s   v e r y   l o w   c o n c e n t r a t i o n s   o f   s a l t s .  

3.1.1.2 P r e d e v e l o p m e n t   l a k e   s t a t i o n s :  6 t o  15.   Depths f o r   t h e  

m i d p o i n t s   o f   t h e   t r a n s e c t s   o f   t h e   s o u t h e r n   p a r t   o f  Windy A r m  were 3 2  t o  
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46m. Since  the  depth a t  t he  neck, S t a t i o n  15, was 38 m, t h e   s o u t h e r n  
end o f  Windy A r m  and the   neck  i t  d i s c h a r g e s   t h r o u g h   a r e   o f   u n i f o r m  

depth. It i s   n o t  known whether t h i s   s o u t h e r n   p a r t   o f  Windy A r m  will a c t  

as a s ink   fo r   meta ls   d ischarged  by   the  Venus mill. 

A1 1 measurements  were s i m i l a r   t o   t h o s e   f o u n d   i n   W i n d y  A r m  b y  
Robson e t  a1 ( 1 9 7 8 )   a n d   i n   T a g i s h   L a k e   b y   B a k e r   ( 1 9 7 9 a ) .  All 
measurements met t h e   a c c e p t a b l e   c o n c e n t r a t i o n   l i m i t s   f o r   r a w   d r i n k i n g  
w a t e r   s u p p l y   f o r   t h e   p a r a m e t e r s   d i s c u s s e d   i n   t h i s   s e c t i o n .   B o t h  

c o n d u c t i v i t y  and f i l t e r a b l e   r e s i d u e   l e v e l s   w e r e   l o w e r   t h a n   t h e   l o w e r  
1 imit for   hea l thy   aqua t i c   l i f e .   To ta l   ha rdness   measuremen ts   i nd i ca ted  

tha t   t he   l ake   wa te r  was s o f t .  
T h e   l o w   c o n c e n t r a t i o n   o f   s a l t s   a s   i n d i c a t e d   b y   t h e   l o w  

c o n d u c t i v i t y  and l o w   f i l t e r a b l e   r e s i d u e   l e v e l s   a r e   c h a r a c t e r i s t i c   o f  a 
l o w   p r o d u c t i v i t y   o r   o l   i g o t r o p h i c   l a k e .  

3.1.1.3 S ta t ions   a f fec ted   by   pas t   m in ing  and mil 1 i ng  ope ra t i ons :   16  

t o  23. W i t h   t h e   e x c e p t i o n   o f   d i s s o l v e d   o x y g e n ,   a l l  

measurements  met the   acceptab le   concent ra t ion  limits f o r   r a w   d r i n k i n g  

water and c o n c e n t r a t i o n   l i m i t s   f o r   h e a l t h y   a q u a t i c   l i f e   d i s c u s s e d   i n  

t h i s   s e c t i o n .   S t a t i o n  16, mine  water, d i d   n o t  m e e t   t h e   d r i n k i n g   w a t e r  

s tandard   o f  100% o f   d i s s o l v e d   o x y g e n   c o n c e n t r a t i o n   b u t   m e t   t h e   l o w e r  

limit f o r   h e a l t h y   a q u a t i c   l i f e   o f  1 5 4 % .  S t a t i o n  20, t a i l i n g s  pond 
seepage,  had a c o n c e n t r a t i o n   o f  47% of d i s s o l v e d   o x y g e n   c o n c e n t r a t i o n  
wh ich   d id   no t  meet e i t h e r   c r i t e r i a .  The m ine   wa te r  may not   have  had 

t i m e   t o  become sa tu ra ted   w i th  oxygen. 
The temperature a t  S ta t ion   18  was  much l o w e r   t h a n   t h e   o t h e r  

s t a t i o n s  and t h i s   i n d i c a t e s  i t  was ground  water. 
The l e v e l s   o f   p a r a m e t e r s   d i s c u s s e d   i n   t h i s   s e c t i o n   a t   S t a t i o n  

19, abandoned t a i l i n g s  pond d r a i n a g e ,   a r e   s i m i l i a r   t o   t h o s e   r e p o r t e d   f o r  

t h i s   s t a t i o n   i n  1975 and 1976  by Robson e t  a1 (1978)  except f o r  cyanide. 

A cyan ide   concent ra t ion   o f  0.94 mg/l CN was measured i n  1975 b u t   d u r i n g  

th i s   s tudy   t he   cyan ide   concen t ra t i on  was b e l o w   t h e   d e t e c t i o n  1 imit of 

0.03  mg/l CN. T h i s  may i n d i c a t e   t h a t   o v e r a l l   c y a n i d e   l e v e l s   h a v e  

decreased  since 1975. 
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H i g h e r   v a l u e s   f o r   c o n d u c t i v i t y ,   f i l t e r a b l e   r e s i d u e ,   t o t a l  

a1 k a l i n i t y ,   t o t a l  hardness, t o t a l   i n o r g a n i c   c a r b o n ,   t o t a l   p h o s p h a t e ,  
n i t r a t e  and s u l f a t e  were f o u n d   a t   S t a t i o n s  16,  18,  19  and  20 t h a n   i n  

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

caused  by  the  h igher  d issolved  sal ts i n   t h e   m i n e   w a t e r   a t   S t a t i o n  16, 

t h e  ground  water a t  S t a t i o n  18 and the  abandoned t a i l i n g s  pond d r a i n a g e  
a n d   s e e p a g e   a t   S t a t i o n s   1 9   a n d  2 0  r e s p e c t i v e l y .   T h e   h i g h e r  

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

presence o f  8% i r o n   p y r i t e  and 1 0 %   a r s e n o p y r i t e   i n   t h e  Venus ore  body. 

The concentrat ions  of   these  parameters were n o t   e l e v a t e d   a t   S t a t  i on 17, 
o f f sho re   f rom  the   m ine ,   o r   S ta t i ons  21, 22 a n d   2 3   o f f s h o r e   f r o m   t h e  

abandoned t a i l   i n g s  pond. In   respec t   t o   t hese   pa ramete rs ,   samp l   i ng   d id  

no t  show a i n f l u e n c e   o f   t h e   m i n e   o r   a b a n d o n e d  tail i 'ngs  pond  on  the 
1 ake. 

3.1.1.4 General comments. Lab pH l e v e l s  were c o n s i s t e n t l y   l o w e r  and 

l a b   c o n d u c t i v i t y  measurements  were cons is ten t ly   h igher   than  those  taken 

i n   s i t u .   T h i s  was t h e   r e s u l t   o f  changes w h i c h   o c c u r r e d   i n   t h e   s a m p l e  

between c o l l e c t i o n  and lab   ana lys i s  and f o r   c o n d u c t i v i t y  was a l s o   t h e  

r e s u l t   o f   t h e  change i n  temperature  between i n  s i t u  and l a b  measurement. 

3.1.2 Water Q u a l i t y  Parameters - Metals.  This was a base1 i ne s t u d y  

and the   concen t ra t i ons   o f   me ta l s  were low  a t   the   c reek  and lake   s ta t i ons  

w h i c h   w e r e   u n a f f e c t e d   b y   p a s t   a c t i v i t i e s   b u t   t h e y   w e r e   h i g h e r  a t  
s ta t ions   a f fec ted   by   pas t   m in ing  and m i l l i n g   a c t i v i t i e s .  

3 . 1 . 2 . 1   P r e d e v e l o p m e n t   c r e e k   s t a t i o n s :  1 t o  5 .  All m e t a l  

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

1 i m i t s   f o r   h e a l t h y   a q u a t i c  1 i f e   w i t h   t h e   e x c e p t i o n   o f   i r o n   a n d .   m e r c u r y  

(N.B. See s e c t i o n  3.1.2.4).  The d r i n k i n g   w a t e r  limit f o r   i r o n  was 

exceeded s l i g h t l y   a t   s t a t i o n  5. The m e r c u r y   c o n c e n t r a t i o n s   f o r  a1 1 

s t a t i o n s  were higher  than  the  upper limit f o r   h e a l t h y   a q u a t i c  1 i f e   o f  

0.0001 m g / l .   M e r c u r y   c o n c e n t r a t i o n s   a t   c r e e k   s t a t i o n s   r a n g e d   f r o m  
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0.00020 t o  0.00032 mg/l Hg. M e r c u r y   c o n c e n t r a t i o n s  will be  d iscussed 

more f u l l y  under  sect ion 3.1.2.2 on l ake   s ta t i ons .  The s o u r c e   o f   i r o n  

i n   t h e   c r e e k s   i s   l i k e l y   i r o n   p y r i t e   s i n c e  i t  i s   p r e s e n t   i n  Venus mine 

o r e  and l i k e l y  occurs i n   o t h e r   m i n e r a l   o u t c r o p p i n g s   i n   t h e   w a t e r s h e d  

drained  by  the  creeks. 
The c o n c e n t r a t i o n s   o f   b a r i u m ,   c a l c i u m ,   m a g n e s i u m ,   s o d i u m ,  

s i l i c a ,   s t r o n t i u m  and z inc  were h i g h e r   i n   t h e   c r e e k  samples t h a n   i n   t h e  
l a k e  samples. T h i s   i s   c o n s i s t e n t   w i t h   t h e   h i g h e r   c o n d u c t i v i t y ,   f i l t e r -  

ab le   res idue  and t o t a l   h a r d n e s s   f o u n d   i n   u n a f f e c t e d   c r e e k   s a m p l e s   a s  
compared t o   l a k e  samples. 

3.1.2.2 Predevelopment  lake  stat ions:  6 t o  15. Me ta l   concen t ra t i ons  

i n   u n a f f e c t e d   l a k e   s t a t i o n  s a m p l   e s   m e t   t h e   a c c e p t a b l e   c o n c e n t r a t i o n  
l i m i t s   f o r  raw  dr ink ing  water   supply  and h e a l t h y   a q u a t i c   l i f e   w i t h   t h e  

e x c e p t i o n   o f   i r o n ,  manganese and mercu ry  (N.B. See s e c t i o n  3.1.2.4). 

The c o n c e n t r a t i o n   o f   i r o n   ( F e )  was h ighe r   t han   t he   d r i nk ing   wa te r  limit 
o f  0.3 mg/ l   but   lower   than  the  aquat ic  1 i f e  1 imit o f  1.0  mg/l i n  one 
sample  taken 2m o f f   t h e   b o t t o m .  A1 1 o t h e r   s a m p l e s   t a k e n  2 m o f f   t h e  

1 ake bottom and a1 1 the   lake   sur face   water  sampl   es   had  concent ra t ions  
below 0.3 mg/l. One lake  surface  water  sampl e was s l   i g h t l y  a b o v e   t h e  

upper   dr ink ing  water  limit o f  0.05 mg/l  manganese  (Mn)  but was w e l l  
be low  the   hea l thy   aquat ic  lirnit o f  1.0 mg/l Mn. 

The c o n c e n t r a t i o n s   o f   m e r c u r y   ( H g )  a t  a l l   u n a f f e c t e d   l a k e  

s t a t i o n s  were i n   t h e   r a n g e  0.0020 t o  0.0064 mg/l Hg. Th is   concent ra t ion  

i s  we1 1 be low  the   d r ink ing   water  1 imit o f  0.002 mg/ l  Hg b u t ,   i s   h i g h e r  
than  the  0.0001 mg/l Hg recommended t o   p r o t e c t   c o n s u m e r s   o f  f i  sh grown 

i n   t h e s e   w a t e r s .   M e r c u r y   i s   b i o r n a g n i f i e d   i n   t h e   f o o d   c h a i n   a n d  

accumulates i n   f i s h  and man. P a s t   d a t a   o n   m e r c u r y   c o n c e n t r a t i o n s   i n  

Windy A r m  and Tagish Lake was s t u d i e d .   R o b s o n   e t  a1 ( 1 9 7 8 )   r e p o r t e d  

t h a t  1975 Windy Arm l ake  samples  had less  than  0.00018  mg/ l  Hg a t  l a k e  

s t a t i o n s   u n a f f e c t e d  by  past  mining  operat ions and  Baker  (1979a)  reported 
t h a t  1977 Tagish  lake  samples  had  0.00020  mg/l Hg. It a p p e a r s   t h a t  

mercury  concentrat ions  have  increased i n   t h i s   l a k e .  To check   whether  

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

mercury  concentrat ions  from  samples  taken i n  1976  (Robson e t  a1 1978)  
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were  compared t o  1 ake t r o u t   s a m p l e s   t a k e n   i n   1 9 8 0  (UKHM 1981 ). The 

a v e r a g e   c o n c e n t r a t i o n   i n   s i x   l a k e   t r o u t   i n   1 9 7 6  was  0.11 my/kg Hg wet 

weight and t h e   a v e r a g e   c o n c e n t r a t i o n   i n   t w o   l a k e   t r o u t   i n  1980  was 0.27 

mg/kg Hg wet weight.   This  data  suggests  mercury  concentrat ions i n   l a k e  

t r o u t  have a1 so increased  but  more data  on f i s h   s h o u l d   b e   o b t a i n e d   t o  

c o n f i r m   t h i s .   A l t h o u g h   a l l   c o n c e n t r a t i o n s  were b e l o w   t h e  0.5 mg/kg Hg 

wet  weight  guide1  ine o f   H e a l t h  and Welfare Canada, i f  the   concent ra t ions  

o f  mercury i n   f i s h   a r e   r i s i n g ,   t h e   g u i d e l i n e  may be  exceeded w i t h i n   t h e  

next  few  years. 

3.1.2.3 Stat ions  a f f ,ected  by  past   min ing and m i l l i n g   o p e r a t i o n s :  16 - 
- 23. The mine  water   (Stat ion  16) ,   the abandoned t a i l i n g s  pond 

dra inage  (S ta t ion   19)  and the  abandoned t a i l i n g s  pond  seepage ( S t a t i o n  
20) had h i g h e r   c o n c e n t r a t i o n s   o f  some m e t a l s   t h a n   t h e   c r e e k   a n d   l a k e  

s t a t i o n s   t h a t   w e r e   n o t   a f f e c t e d   b y   p a s t   m i n i n g   a c t i v i t i e s .  

Concentrat ions  o f   arsenic   (As) ,   ca lc ium  (Ca) ,   i ron  (Fe) ,  magnesium (Mg), 
sodium  (Na), s i l i c o n   ( S i ) ,   s t r o n t i u m   ( S r )  and z i n c   ( Z n )   w e r e   h i g h e r .  

On ly   the   concent ra t ion   o f   bar ium  (Ba)  was 1 o w r  than  a t   unaf fec ted   c reek  
and lake   s ta t i ons .   On ly   i r on   concen t ra t i ons  were h igher   than  unaf fected 

l a k e   s t a t i o n s   i n   t h e   l a k e   s t a t i o n s   o f f s h o r e   f r o m   t h e   a b a n d o n e d   t a i l   i n g  

pond. It i s   p o s s i b l e   t h a t   a r s e n i c ,   l e a d   a n d   z i n c   w e r e   h i g h e r   t o o   b u t  

t h e   d e t e c t i o n   l i m i t s   o f   t h e   a n a l y t i c a l   m e t h o d s   u s e d   f o r   t h e s e   m e t a l s  
were no t   low enough t o  show t h i s  (N.B. See sec t i on  3.1.2.4). 

Arsen ic   concent ra t ions  exceeded the  upper ‘limit f o r   d r i n k i n g  

water and t h e  limit f o r   h e a l t h y   a q u a t i c   l i f e   i n   t h e   m i n e w a t e r   ( S t a t i o n  

IS), t h e  abandoned t a i l i n g s  pond dra inage  (S ta t ion   19)  and the  abandoned 
t a i l i n g s   p o n d   s e e p a g e   ( S t a t i o n  20 ) .  T h e   s o u r c e   o f   t h i s   i s   t h e  10% 

a r s e n o p y r i t e   i n  Venus Mine  ore and the  prev ious ly   processed  arsenopyr i te  
i n   t h e  abandoned t a i l i n g s .  

The i r o n   c o n c e n t r a t i o n  exceeded the  upper   dr ink ing  water  limit 

o f  0.3 mg/l Fe bu t  was less   t han   t he  limit f o r   h e a l   t h y   a q u a t i c  1 i f e   o f  

1.0 mg/l Fe i n   t h e  abandoned t a i l i n g s  pond d r a i n a g e   ( S t a t i o n   1 9 ) .  The 

s o u r c e   o f   t h i s   i r o n   i s   b e l i e v e d   t o  be i r o n   p y r i t e   i n  Venus Mine  ore  and 

i n   t h e  abandoned tail ings. 

The manganese concent ra t ion  was s l i g h t l y   h i g h e r   t h a n   t h e  upper 
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d r i n k i n g   w a t e r  limit o f  0.05 mg/ l  Mn b u t   l o w e r   t h a n   t h e  limit f o r  

h e a l t h y   a q u a t i c   l i f e   o f  1.0 mg/l Mn i n   t h e   d r a i n a g e   f r o m   t h e   a b a n d o n e d  

t a i l i n g s  pond (S ta t i on   19 ) .  

The l e a d   c o n c e n t r a t i o n  was t h r e e   t i m e s   t h e   u p p e r   d r i n k i n g  

water  limit o f  0.05 rng/l  Pb and f i f t e e n   t i m e s   t h e  1 imit f o r   h e a l t h y  
a q u a t i c   l i f e   o f  0.030  mg/ l  Zn i n   t h e   d r a i n a g e   f r o m   t h e   a b a n d o n e d  

t a i l i n g s  pond ( S t a t i o n   1 9 ) .  

The rnercury  concentrat ion  exceeded  the  upper limit f o r   h e a l t h y  

a q u a t i c   l i f e   o f  0.0001 mg/l Hg a t  a l l  s t a t i o n s   a f f e c t e d  by p a s t   m i n i n g  

o p e r a t i o n s   b u t   o n l y   t o   t h e  same e x t e n t  as o t h e r   s a m p l e s   t a k e n   f r o m   t h e  
unaf fec ted   c reeks  and l a k e   i n   t h i s  study. 

A l t h o u g h   b o t h   s i l v e r  and  cadmium concentrat ions  were  under   the 

upper limit f o r   d r i n k i n g   w a t e r   f o r   t h e s e   s t a t i o n s   a f f e c t e d   b y   p a s t  

m i n i n g   o p e r a t i o n s ,   t h e   d e t e c t i o n  limit o f   t h e   a n a l y t i c a l   m e t h o d s   u s e d  

were  not   low  enough  to  show i f  t h e i r   c o n c e n t r a t i o n s   e x c e e d e d   t h e   u p p e r  

1 i m i t s   f o r   h e a l t h y   a q u a t i c   l i f e .   B o t h   m e t a l s   a r e   p r e s e n t   i n   t h e   a b a n -  
doned t a i l i n g s .   S i l v e r   i s  a m a j o r   c o n s t i t u e n t   o f   t h e   o r e   a n d   c a d m i u m  

o c c u r s   a s  a t r a c e   e l e m e n t   w i t h   i t s   c o n c e n t r a t i o n   l i n k e d   t o   t h e  

c o n c e n t r a t i o n   o f   z i n c   w h i c h   i s   a l s o  a m a j o r   c o n s t i t u e n t   o f   t h e   o r e .  

Bo th   me ta l s   a re   cons ide red   t o  be v e r y   t o x i c   t o   a q u a t i c   l i f e  and an upper 

1 imi t o f  0.001 mg/l Ag and 0.0002 mg/l Cd have  been recommended. 

The dra inage  f rom  the  abandoned t a i l i n g s  pond ( S t a t i o n   1 9 )  was 
compared t o   t h e  1975 m e t a l s   d a t a   f o r   t h i s   s t a t i o n  as r e p o r t e d   i n  Robson 

e t  a1 (1978). The c o n c e n t r a t i o n s   o f   a r s e n i c ,   c a d m i u m ,   i r o n ,   l e a d   a n d  

z inc  have  s tayed  approx imate ly   the same. The c o n c e n t r a t i o n   o f   b a r i u m  
a p p e a r s   t o   h a v e   d e c r e a s e d   b y  a f a c t o r   o f   t e n   a n d   t h e   m e r c u r y  

c o n c e n t r a t i o n   a p p e a r s   t o   h a v e   i n c r e a s e d   b y  a f a c t o r   o f   t e n .   E v e n  

a l l o w i n g   f o r   l i k e l y   d i f f e r e n c e s   i n   a n a l y t i c a l   t e c h n i q u e s   t h e   d r a i n a g e  

f r o m   t h e   a b a n d o n e d   t a i l i n g s   p o n d   h a s   m a i n t a i n e d   s i m i l a r   m e t a l  
c o n c e n t r a t i o n s   f o r   f i v e   y e a r s  and  been a c o n t i n u i n g   s o u r c e   o f   m e t a l s   t o  

Wi ndy Arm. 

3.1.2.4 General comments. The d e t e c t i o n   l i m i t s   o f   t h e   a n a l y s e s   u s e d  

were  not  low  enough t o   d e t e r m i n e   w h e t h e r   a r s e n i c ,   l e a d   a n d   s e l   e n i u m  

concentrat ions  exceeded  the r a w  d r i n k i n g   w a t e r   c r i t e r i a   o r  i f  a r s e n i c ,  
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cadmium, l e a d ,   n i c k e l ,   s e l e n i u m ,   a n d   s i l v e r   c o n c e n t r a t i o n s   e x c e e d e d  

h e a l t h y   a q u a t i c  1 i f e  1 i m i t s .  For e x a m p l e   t h e   d e t e c t i o n   l i m i t s   f o r  

a r s e n i c ,   l e a d  and  selenium  were  0.15 mg/ A s ,  0.080 mg/ Pb,  and 0.080 

mg/l Se and t h e   d r i n k i n g   w a t e r   l i m i t s   w e r e   0 . 0 5   m g / l  As, 0.05 mg/ l  Pb 

a n d   0 . 0 1   m g / l  Se. All l a k e   a n d   u n a f f e c t e d   c r e e k   s a m p l e s   h a d  

c o n c e n t r a t i o n s  be1,ow d e t e c t i o n  limit f o r   t h e s e   m e t a l s .   I n   a d d i t i o n   t h e  

a n a l y s e s   d e t e c t i o n   l i m i t s   f o r  cadmium, n i c k e l  and s i l v e r  were 0.010 mg/l 

Cd, 0.080 mg/l N i  and 0.030 mg/l Ag and t h e   h e a l t h y   a q u a t i c   l i f e   u p p e r  
c o n c e n t r a t i o n s   o f   a r s e n i c ,  cadmium, s i l v e r ,   n i c k e l ,   s e l e n i u m   a n d   s i l v e r  

were 0.05 mg/l As, 0.0002 mg/l Cd, 0.005 mg/l  Pb,  0.025  mg/l N i ,  0.01 

mg/l Se and 0.0001 mg/l Ag. S i n c e   c o n c e n t r a t i o n s   o f   a r s e n i c ,   l e a d   a n d  

selenium i n   t h e   u n a f f e c t e d   w a t e r s h e d   w e r e   l o w ,   t h e s e   m e t a l s   a r e   n o t  a 
heal th  problem. However s i n c e   t h i s  was a base l i ne   s tudy ,   documen ta t i on  
o f  a rsen ic ,  cadmium, l e a d ,   n i c k e l ,   s e l e n i u m   a n d   s i l v e r   c o n c e n t r a t i o n s  

would  have  aided i n   t h e   e v a l u a t i o n   o f   t h i s   w a t e r s h e d  and p r o v i d e d   b e t t e r  

base1 i n e   i n f o r m a t i o n   f o r   t h e   p u r p o s e   o f   i d e n t i f y i n g   f u t u r e   c h a n g e s   i n  
concent ra t ions .  

3.2 Bottom  Fauna 

A 1 i s t   o f   b o t t o m   f a u n a   t a x a n o m i c   g r o u p s   f o u n d   i n   t h i s   s t u d y   i s  

g i v e n   i n   T a b l e  1, Appendix 111. A l i s t   o f   i d e n t i f i e d   b o t t o m   f a u n a   a n d  

t h e  numbers o f   i n d i v i d u a l s   i n  each  taxanomic  group a t  e a c h   s t a t i o n   i s  

g i v e n   i n   T a b l e  2, Appendix 111. 
A d i v e r s i t y   i n d e x  based on c l a s s i f i c a t - i o n   t o   t h e   g e n u s   l e v e l  

was c a l   c u l   a t e d   f o r   t h e   b o t t o m   f a u n a   c o l l e c t e d ,   u s i n g   t h e   f o l l   o w i n g  

formula:  

9 
D i v e r s i t y   ( H ' )  = - C P i  l o g l o  P i  

i =1 

where P i  = n i /N 

n i  = t h e   t o t a l  number o f   i n d i v i d u a l s   i n   t h e  ith genus 

N = t h e   t o t a l  number o f   i n d i v i d u a l  s i d e n t i f i e d   t o  

gen us 1 ev e l  

g = t h e   t o t a l  number o f  genera  sampled 
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T h i s   f o r m u l a   i s  a m o d i f i c a t i o n   t o   u s i n g   i n d i v i d u a l s   i d e n t i f i e d  

t o   t h e  genus l e v e l   o f   P i e l o u ' s   ( 1 9 7 5 )   f o r m u l a   f o r   i n d i v i d u a l s   i d e n t i f i e d  

t o   t h e   s p e c i e s   l e v e l .  As shown i n  H u g h e s   ( 1 9 7 8 ) ,   t h i s   r e s u l t s   i n  a 

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

i d e n t i f i e d   a t   t h e   s p e c i e s   l e v e l .  Most   bo t tom  fauna  were   iden t i f ied   on ly  

t o   t h e  genus l e v e l   i n   t h i s   s t u d y  so t h i s   m o d i f i c a t i o n  was necessary. 

The d i v e r s i t y   i n d e x   v a l u e   i n c r e a s e s   w i t h  more  genera  and w i t h  
more  evenness o f   d i s t r i b u t i o n   o f   i n d i v i d u a l s  among genera .   The   l owes t  

d i v e r s i t y   i n d e x   v a l u e   p o s s i b l e   i s  0 when t h e r e   i s   o n l y  one  genus  present 

because  log101 = 0. The d i v e r s i t y   i n d i c e s  were c a l c u l a t e d   f o r  each 

o f   t h e  two o r   t h r e e  samples  taken  a t  a s t a t i o n   a n d   f o r   t h e  sum o f   t h e  
samples  taken  a t  a s t a t i o n .   B o t h   d i v e r s i t i e s   a r e   g i v e n   i n   T a b l e  2, 

Appendix 111. The d i v e r s i t y   i n d i c e s   f o r   t h e  surn o f   t h e  samples  taken a t  

a s t a t i o n   a r e   g i v e n   i n   T a b l e  3. Table 3 a1 so shows t h e   a r e a   s a m p l e d ,  

number o f  samples,  sampling  method,  date and whether i t  was a c r e e k   o r  

1 ake sarnpl e. 

3.2.1 Predeveloprnent  Creek  Stat ions: 1 t o  15 .  Numbers o f   b o t t o m  

f a u n a   a t   u n a f f e c t e d   c r e e k   s t a t i o n s  were s i m i l a r   t o   t h o s e   f o u n d   J u l y  18, 
1980 a t   c o n t r o l   s t a t i o n s  on  seven  placer  mining  streams i n   t h e  Yukon  as 

repo r ted   by   Bu rns   (1980) .   D i ve rs i t y   i nd i ces  were lower   than  those  found 

by  Burns  (1980).  The t o t a l  numbers o f   i n d i v i d u a l s  a t  t h e   c r e e k   s t a t i o n s  
1 and 4 w e r e   h i g h e r   t h a n  a t  t h e   d o w n s t r e a m   s t r e a m   s t a t i o n s   o f   t h e s e  

creeks a t  S t a t i o n  2 a n d   S t a t i o n  5 r e s p e c t i v e l y .   T h e   l o w   n u m b e r   o f  

i n d i v i d u a l s   a t   S t a t i o n s  2 and 5 w e r e   p r o b a b l y   d u e   t o   a n   u n f a v o r a b l e  
phys i ca l   env i ronmen t   s ince   wa te r   qua l i t y  was s i m i l a r   t o   t h a t   o f  upstream 

s t a t i o n  samples. S t a t i o n  1 h a d   t h e   l a r g e s t  number o f   S i m u l   i d a e   l a r v a e  
( b l a c k f l y   l a r v a e ) .   S t a t i o n  4 had  the   h ighes t  number o f  Ephemeroptera. 

3.2.2 P r e d e v e l o p m e n t   L a k e   S t a t i o n s :  6 t o  1 5 .  Numbers  o f  

i n d i v i d u a l s  and d i v e r s i t y   i n d i c e s  were s i m i l a r   i n   t h i s   s t u d y   t o   t h o s e  
r e p o r t e d   b y  Robson e t  a1 ( 1 9 7 8 )   f o r  Windy Arm l a k e   s a m p l   e s .   D i v e r s i t y  

i n d i c e s  a t  u n a f f e c t e d   l a k e   s t a t i o n s  were a l s o   s i m i l a r  t o  t h o s e   r e p o r t e d  

f o r   T a g i s h   l a k e  samples  by  Baker  (1979a).   Since  bottom  fauna  numbers 

and  spec ies   compos i t ion   change  over   the   season  (Hughes  1978) ,   on ly  a 
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ve ry   genera l   conc lus ion  o f  s i m i l a r i t y   o f   d a t a   c a n   b e   d r a w n   f o r   t h i s  

s tudy  compared t o   t h o s e   o f  Robson e t  a1 (1978) and Baker   (1979a) .  The 

bo t tom  fauna  sampl ing   fo r   th is   s tudy  was done  June 26 and J u l y   3 r d  1980. 

The sampl i 'ng was done  on  September 4, 1975  and August 4, 1976 i n  Robson 

e t  a1 (1978) and on August 11 and  September 12, 1977 i n  Baker   (1979a) .  

Th is  i s  a s i g n i f i c a n t   d i f f e r e n c e   i n   t i m e   o f   y e a r .  

Lake  s ta t ions  7, 10, 13 and  15  were  taken  at   depths  of  48,  32, 
38 and 38  meters  respect ively.  The low  number o f   i n d i v i d u a l s   a n d   l o w e r  

d i v e r s i t y   i n d i c e s   a t ,   t h e s e   s t a t i o n s   i n   c o m p a r i s o n   t o   t h e   o t h e r   s h a l l o w e r  

l a k e   s t a t i o n s  may be a r e s u l t   o f   f e w e r   b o t t o m   f a u n a   b e i n g   a d a p t e d   t o  

1 i ve   a t   these  depths .  

3.2.3 S ta t ions   A f fec ted   by   Pas t   M in ing  and M i l l i n g   O p e r a t i o n s :   1 6  
t o  23. The numbers o f  bottom  fauna i n  mine  water  (Stat ion  16) 

and i n   t h e  sample  from a s t ream  dra in ing  the  area  bes ide  the  abandoned 
t a i l i n g s  pond (S ta t i on   18 )  were  low.  Mine  water c o n t a i n e d  0.3  mg/l As 

which  exceeds  the  upper 1 i r n i t  f o r  heal   thy  aquat ic  1 i f e  and t h i s   p r o b a b l y  
caused t h e   l o w  number o f   b o t t o m   f a u n a .  The d a t a  was n o t   c o n c l u s i v e  

however   because  lower   numbers  o f   b o t t o m   f a u n a   w e r e   f o u n d   i n   a n  

u n a f f e c t e . d   c r e e k   ( S t a t i o n   2 ) .  The low  numbers o f   b o t t o m   f a u n a  a t  

Stat ion  18  were  probably   caused  by  h igh  concentrat ions  o f  cadmium, lead,  

and z inc  and the  presence o f   c y a n i d e   i n   t h e   s e d i m e n t  a t .  t h i s   s t a t i o n .  
T h e   l o w e s t   d i v e r s i t y   i n d e x  was a l s o  found a t   S t a t i o n  18. T h i s   r e f 1   e c t s  

t h e   f a c t   t h a t   t h e r e  were a l a rge   p ropor t i on   o f   t he   Psec t roc lad ius   genus  

o f   f a m i l y  Chironomidae a t  S t a t i o n  18. 
The l a k e   s t a t i o n s   o f f s h o r e   f r o m   t h e   a b a n d o n e d   t a i l i n g s   p o n d  

( S t a t i o n s  21,  22, 23) were a t  5 meters  depth and t h e   d i v e r s i t y   i n d i c e s  
a t  s t a t i o n s  22 and 23 were much lower  than  those  found  by  Baker  (1979a) 

a t   s i m i l a r   d e p t h s   i n   T a g i s h   L a k e .   T h i s   i s   p r o b a b l y   t h e   r e s u l t   o f  
p r o x i m i t y   t o   t h e  abandoned t a i l i n g s  pond and t h e   h i g h   c o n c e n t r a t i o n s   o f  

cadmium, l e a d  and z inc   i n   t he   sed imen ts   a t   t hese   s ta t i ons .  
In   conc l   us ion ,   the   bo t tom  fauna  da ta  show some e f f e c t s   o f   t h e  

w a t e r   q u a l i t y   i n   m i n e   w a t e r  and i n   w a t e r   d r a i n i n g   t h e   a r e a  o f  t h e  

abandoned t a i l i n g s  pond. As w e l l ,   t h e   b o t t o m   f a u n a   a t   l a k e   s t a t i o n s  

o f fshore   f rom  the  abandoned t a i l i n g s  pond show t h e   e f f e c t s   o f   t h e   h i g h  

metal   content i n   t h e  sediment. 
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3.3 Sediment 

3.3.1 Sediment  Metal  Concentrations. The c o n c e n t r a t i o n s   o f   m e t a l  s 

analyzed i n   t h e   p o r t i o n   o f   t h e   s e d i m e n t s   t h a t  was s m a l l e r   t h a n  150 um 
a r e   g i v e n   i n   A p p e n d i x  IV, T a b l e  1 f o r   a l l   s t a t i o n s   s a m p l e d .  

Concentrat ions  are  for   dry   weight   (d /w)   except   for   cyanide.  

The c o n c e n t r a t i o n s   o f   c y a n i d e  (CN') were 4.72, 1.58,  13.0, 

53.2, and 7.02 m g / k g   w e t   w e i g h t   f o r   S t a t i o n s  18, 19, 21, 22, and 2 3  
respec t i ve l y .  The c o n c e n t r a t i o n   o f   c y a n i d e  was h i g h e s t   o f f s h o r e   f r o m  

t h e  abandoned t a i l i n g s  pond. The c o n c e n t r a t i o n s   a t   S t a t i o n  19, dra inage 
f rom  the  abandoned t a i l i n g s  pond, was the   lowest .   S ince   S ta t ion  18 a l so  

had  cyanide  present i t  m u s t   b e   i n f l u e n c e d   b y   t h e   a b a n d o n e d   t a i l i n g s  
pond. It is   su rp r i s ing   t ha t   t hese   cyan ides   have   no t  been o x i d i z e d   i n t o  
o t h e r  compounds i n   t h e  9 y e a r s   s i n c e   t h e  mill and t a i l i n g s  pond was 

used. A pe rs i s ten t   s low   l each ing   o f   cyan ide   i n to   t he   wa te r   cou ld  have a 

con t inuous   de le te r i ous   e f fec t   on   f i sh .  

The concent ra t ions  o f  cadmium, l e a d  and z i n c   w e r e   h i g h e r   a t  

s ta t i ons   nea r   t he  abandoned t a i l i n g s  pond and a t   l a k e   s t a t i o n s   j u s t   o f f  
s h o r e   f r o m  i t  t h a n   t h e y   w e r e   i n   e i t h e r   u n a f f e c t e d   c r e e k   o r   l a k e  

s t a t i o n s .   C o n c e n t r a t i o n s   o f   i r o n  were s i m i l a r   a t   m o s t   s t a t i o n s   e x c e p t  

f o r  a much h ighe r   va lue   i n   t he   d ra inage   f rom  the  abandoned t a i l i n g s  pond 

( S t a t i o n   1 9 ) .  V e n u s   m i n e   o r e   c o n t a i n e d   i r o n ,   l e a d ,   z i n c  and t r a c e  

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

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

o ther   unaf fec ted   par ts   o f   the   watershed.  

The c o n c e n t r a t i o n s   o f   l e a d  and z i n c   f o u n d   i n   s e d i m e n t s   n e a r  
t h e  abandoned t a i l i n g s  p o n d   c o n f i r m   t h o s e   f o u n d   i n   1 9 7 5   a n d   1 9 7 6   b y  

Robson e t  a1 (1978). 

Sediment i n   t h e   d r a i n a g e   f r o m   t h e   a b a n d o n e d   t a i l i n g s   p o n d  

(S ta t i on   19 ) ,  had t h e   h i g h e s t   c o n c e n t r a t i o n s   o f   i r o n ,   m e r c u r y   a n d   l e a d  

i n  sed iment   bu t  i t  a l s o  had t h e   l o w e s t   c o n c e n t r a t i o n s   o f   a l u m i n u m ,  

barium,  chromium, magnesium, manganese,   sod ium,   phosphorus ,   s i l i con ,  

s t r o n t i u m ,   t i t a n i u m  and vanadium. 

3.3.2 Sediment P a r t i c l e   S i z e   A n a l y s i s .  The r e s u l t s   o f   t h e   s e d i m e n t  

p a r t i c l e   s i z e   a n a l y s i s   a r e   g i v e n   i n   T a b l e  2 o f  Appendix IV. 

M 

w 

UI e 

w 



- 23 - 

The port ion  smaller  t h a n  6 3  urn would b e  i nc luded  i n  the  
sediments metal analysis which i s  done on a1 1 particles  smaller t h a n  150 
urn. By correlating the concentration  of  metal and  the portion  of the 
sediment i t  approximately  represents ,  i t  can be seen t h a t  a h igh 
concentration and a large  portion  smaller t h a n  63 urn would have a l a r g e  
e f fec t  on the  aquatic  environment. Lead and  z inc  concentrat ions  are  
high a t  Station 22 and the  portion  smaller t h a n  6 3  um i s  35.1% so t h i s  
sediment would have a l a r g e   e f f e c t  on the  aquatic  environment. The 
cyanide  concentration, wet w e i g h t  - to ta l   sample ,   i s  a1 so highest  a t  
t h i s   s t a t ion  which i s  offshore from the abandoned t a i l i ngs  pond. 
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4 CONCLUSIONS AND RECOMMENDATIONS 

4.1 Base l i ne   Env i ronmen ta l   Charac te r i s t i cs   o f   P redeve lopmen t  

Creek  and  Lake  Stat ions 

The water  qual  i ty ,  bo t tom  fauna ,   and   sed imen t   da ta   f rom  the  

southern end o f  Windy Arrrl ( T a g i s h   L a k e )   a n d   t h e   t w o   c r e e k s   t h a t   d r a i n  

i n t o  i t  were s i m i l a r   t o   o t h e r   u n a l t e r e d   l a k e s  and c r e e k s   i n   t h e  Yukon. 

It was n o t e d   t h a t   c r e e k   s a m p l e s   c o n t i n e d   m o r e   d i s s o l v e d   s a l t s   a n d   h a d  

h i g h e r   t o t a l   h a r d n e s s   t h a n   t h e   l a k e   s a m p l e s .   T h e   l o w   d i s s o l v e d   s a l t s  

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

o l i g o t r o p h i c   l a k e .   S i n c e  some meta ls   such  as   lead ,   n icke l   and  z inc   a re  

more t o x i c   t o   a q u a t i c   l i f e   i n   s o f t   w a t e r   t h e   l a k e   w o u l d  be p a r t i c u l a r l y  

s e n s i t i v e   t o   t h e   a d d i t i o n   o f   m e t a l s   t o  an e x t e n t   w h i c h   w o u l d   i n c r e a s e  
the present   concent ra t ions .  

There  were  only  two  areas o f  concern: 

- There  were  two i r o n   c o n c e n t r a t i o n s   s l   i g h t l y   e l e v a t e d  

o v e r   d r i n k i n g   w a t e r   c r i t e r i a .  These a r e   n o t   o f   s e r i o u s  

concern and serve as b a s e l i n e   i n f o r m a t i o n .  

- The m e r c u r y   c o n c e n t r a t i o n s   i n   w a t e r   w e r e   a l l   h i g h e r  

than  the   upper  1 irnit o f  0.0001 rng/l Hg recommended t o  

p r o t e c t  consumers o f   f i s h  and m e r c u r y   c o n c e n t r a t i o n s   i n  

bo th   water  and f i s h  appear t o  have r i s e n   s i n c e  1975  and 

1976 r e s p e c t i v e l y .  

4.2 E n v i r o n m e n t a l   C h a r a c t e r i s t i c s   o f   S t a t i o n s   A f f e c t e d   b y   P a s t  

M i n i n g  and M i l l i n g   O p e r a t i o n s  

The c o n t i n u i n g   e f f e c t s   o f   p a s t   m i n i n g   a n d   m i l l i n g   o p e r a t i o n s  

were shown i n  water   qua l i t y ,   bo t ton l   fauna and sediment  data o f   s t a t i o n s  

c l o s e   t o   t h e s e   l o c a t i o n s .  The arsen ic  and i r o n   c o n c e n t r a t i o n s   i n   w a t e r  
were  e levated i n   t h e   m i n e   w a t e r   ( S t a t i o n  16 )  and a rsen ic ,   i r on ,   and   l ead  

c o n c e n t r a t i o n s   i n   w a t e r   w e r e   e l e v a t e d   i n   t h e   a b a n d o n e d   t a i l i n g s   p o n d  

d r a i n a g e   ( S t a t i o n   1 9 ) .   C o m p a r e d   t o   o t h e r  1 ake   and  s t ream  sed iment ,  

s i g n i f i c a n t l y   h i g h e r  cadmium, l e a d  and z i n c   c o n c e n t r a t i o n s   o c c u r r e d   i n  

t h e  s t r e a m b e d   n e a r   t h e   a b a n d o n e d   t a i l i n g s   p o n d   ( S t a t i o n  18) ,  i n   t h e  

sediment o f   t h e   d r a i n a g e   f r o m   t h e  abandoned t a i l i n g s  pond ( S t a t i o n  1 9 ) ,  

w 

Y 
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and i n   l a k e   s e d i m e n t s   a t   t w o   s t a t i o n s   o f f s h o r e   f r o m   t h e   a b a n d o n e d  

t a i l i n g s  p o n d   ( S t a t i o n s  22 a n d   2 3 ) .   S i g n i f i c a n t   c o n c e n t r a t i o n s   o f  

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

abandoned t a i l   i n g s  pond ( S t a t i o n  18), i n   t h e   s e d i m e n t   o f   t h e   d r a i n a g e  

f rom  the  abandoned t a i l i n g s  pond (S ta t i on   19 ) ,  and i n   l a k e  sediment  from 

the   t h ree   s ta t i ons   o f f sho re   f rom  the  abandoned t a i l i n g s  p o n d   ( S t a t i o n s  

21, 22, 23). The bottom  fauna  from  mine  water  (Stat ion  16)  were  low i n  

number, p r o b a b l y   b e c a u s e   o f   t h e   h i g h   c o n c e n t r a t i o n   o f   a r s e n i c   i n   t h e  

wa te r .   However   t he   da ta   were   no t   conc l   us i ve   because   l ow   numbers   o f  
bottom  fauna  were  also  found i n  an u n a f f e c t e d   c r e e k   ( S t a t i o n   2 ) .  The 

bottom  fauna i n   t h e   s t r e a m   o r i g i n a t i n g   n e a r   t h e   a b a n d o n e d   t a i l   i n g   p o n d  

(S ta t i on   18 )  had a l o w   d i v e r s i t y   i n d e x   p r o b a b l y  because o f   t h e   p r e s e n c e  

o f   c y a n i d e  and the   h igh   concen t ra t i ons   o f  cadmium, mercury,  lead and z inc  
i n   t h e  sediment a t   t h i s   s t a t i o n .   T h e r e  were  two  main  areas o f  concern: 

- Arsen ic   concent ra t ions  were e l e v a t e d   i n   t h e  mine  water ( S t a t i o n  

16)  and the   d ra inage and seepage f rom  the abandoned t a i l i n g s  pond 
(S ta t ions   19  and 2 0   r e s p e c t i v e l y ) .   T r e a t m e n t   o f   m i n e   w a t e r   t o  

remove a r s e n i c   d u r i n g   o p e r a t i o n   i s   p l a n n e d   b y   t h e  company  when 

t h e   m i n e   r e - o p e n s .  The  company  a1 s o  p l a n s   t o   r e c o v e r   t h e  

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

t h e i r  new mill si te .   S ince  the  arsenic   concentrat ion was h i g h e r  
i n   t h e  abandoned t a i l i n g s  pond dra inage  than i t  was i n  t h e   m i n e  

water and t h e   t a i l i n g s   a r e   s a t u r a t e d   w i t h   w a t e r  i t  may a l s o   b e  

necessary t o   t r e a t   t a i l i n g s   w a t e r   t o  remove arsenic.  
- Cyanide was found i n   t h e  sediments o f   t h e   s t r e a m   o r i g i n a t i n g   n e a r  

t h e  abandoned t a i l i n g s  pond ( S t a t i o n   1 8 ) ,   t h e   d r a i n a g e   f r o m   t h e  
abandoned t a i l i n g s  pond ( S t a t i o n  1 9 )  and t h e   l a k e   s t a t i o n s  

o f fshore   f rom  the  abandoned t a i l i n g s  pond (S ta t i ons  21, 22, 23). 
It i s   l i k e l y   t h a t   c y a n i d e   i s   s t i l l   p r e s e n t   i n   t h e   t a i l i n g s   e v e n  

t h o u g h   d r a i n a g e   f r o m   t h e   a b a n d o n e d   t a i l i n g s   ( S t a t i o n   1 9 )  
conta ined no detectable  cyanide.  Considerat ion  must  be  g iven i n  

remov ing   t a i l i ngs  so tha t   cyan ide  does not  become r e s o l u b i l   i z e d  
i n to   t he   wa te r   f rom  the   t a i l   i ngs .  
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4.3 Rec0mmendat.i ons 

1. That  water  qual i ty,  bottom  fauna and t h e   c o n c e n t r a t i o n   o f  

cyanide and meta ls  i n  sed iment   be   inon i to red   fo r   changes 

d u r i n g  and a f t e r  Venus mill a n d   m i n e   o p e r a t i o n   i n   t h e  

watershed  they  af fected, 

2. That  water samples a t  S t a t i o n s  1 and 1 5  b e   c o l l e c t e d   i n  

1981  and  analyzed  by  methods  having  detection l i m i t s   a t   . o r  

be l  ow 0.01 mg/l f o r   a r s e n i c ,  0.05 my/l f o r  manganese, 0.05 

mg/l f o r   l ead  and 0.01 nlg/l f o r   s e l e n i u m   s i n c e   t h e s e   a r e  

t h e  recommended u p p e r   l i m i t s   f o r   d r i n k i n g   w a t e r  (Anon. 

1977). If poss ib le ,   these  water   samples  should a1 so be 

analyzed  by  methods  having  detect ion 1 i m i t s   a t   o r   b e l o w  

0.0001 mg/l f o r   s i l v e r ,  0.0002 mg/l  f o r  cadmium,  0.0001 
mg/l f o r  mercury and 0.005 mg/l f o r   l e a d   s i n c e   t h e s e   a r e  

recornnlended upper l i m i t s   f o r  heal   thy  aquat ic l i f e   ( T a y l o r  

1980,  Reeder  1979a, 1979b, Demayo 1980). 

3. T h a t   c o n c e n t r a t i o n s  o f  m e r c u r y   i n   f i s h   b e   r o u t i n e l y  

monitored i n  Windy Arm s ince   mercu ry   concen t ra t i ons   have  

poss ib ly   increased  over   those  found  in  1976 (Robson  1978) 

and i f  these  increases show a c o n t i n u i n g   t r e n d   t h e y  may 

exceed the   Hea l th  and Welfare recommended guide1  ine  o f  0.5 

mg/kg Hg w t  weight. 
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APPENDIX I11 TABLE 1 BOTTOM FAUNA TAXANOMIC GROUPS FOUND I N  THE 

VENUS MINES WATERSHED 

1 

2 

3 

4 
5 
6 

7 

8 

9 
10 

Phyl um : 

Phyl urn: 

C1 ass : 

Order: 

Fami l y  : 

Family: 

Fami l y  : 

Phy 1 urn : 

C1 ass : 

Order : 

Family: 

C1 ass: 

Order: 

Order: 

Class: 

Order: 

Nematoda 

Anne1 i da 

01 i gochaeta 

P1 esi  opora 

Naididae 

- Nais communis o r   v a r i a b i l i s  

Enchytraeidae 

Tub i f i c i dae  

Tubi fex sp. 

L i  mnodri 1 us sp . 
Telrnatodr i l  us sp. 

Rhyacodri 1 us cocc i  neus 

Arthropoda 

Crustacea 

C1 adocera 

Chydori dae 

Eurycercus 1 amell   atus 

Arachnoidea 

Arachnida  ( ter r . )  

Acari  undet. 

Insec t  a 
P1 ecoptera 
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V 

I) 

I 

APPENDIX I 11 TABLE 1 BOTTOM  FAUNA  TAXANOMIC GROUPS FOUND I N  THE 
VENUS MINES WATERSHED (cont  i nued) 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

23 
24 

Fami ly :  

Family:  

Family:  

Order : 

Fami 1 y : 

Fami l y  : 

Order:  

Order: 

Fami 1 y : 

Nemouridae 
Nemoura Zapada) SP 

P r o s t o i a  sp. 

Chl o r o p e r l  i nae 

A1 1 o p e r l  a sp. 

Per1  odi  dae 

Cu l tus  sp. 

Ephemeroptera 

Baet i dae 

Amel etus sp. 

B a e t i s  sp. 

Ephemerel la  doddsi 

Heptageni i dae 
C i  nygmul a sp. 

Epeorus sp. 

Rithrogena sp. 

Hemip tera   ( te r r . )  

T r i c h o p t e r a  
Rhyacophi  1 i dae 

Agapetus sp. 
Rhyacophi l  a t u c u l  a 
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APPENDIX 111 TABLE 1 BOTTOM FAUNA  TAXAMOMIC  GROUPS FOUND I N  THE 
VENUS MINES WATERSHED (cont inued)  

25 

Fami l y  : L i  mnephi 1 i dae 
Drus i  nus sp. 

Family: 

26 

27 

28 

29 

30 

31 

32 

33 

34 
35 

36 

37 

38 

39 
40 

41 
42 
43 

Order: 

Order: 

Order : 

Fami l y  : 

Family : 

Fami l y  : 

Hydropsychidae 

Cheumatopsyche sp. 

Lep idoptera   ( te r r .   la rvae)  

Coleoptera,  adult 

D ip te ra ,   adu l t  

T i  pu l   idae 

T i  pu la sp. 

Pedic ia  sp. 

Simul  idae, 1 arvae 

Chi  ronomi dae, pupa 

Cardi oc l   ad i  us sp. 

Chi ronomus sp. 

Cricotopus sp. 
Cryptochironomus sp. 
Endochironomus sp. 

E u k i e f f e r i e l l a  sp. 

Glyptotendipes sp. 
Heterot r i   ssoc l   ad ius sp 

M i  cropsect r a  sp. 

Procl   adi  us sp. 
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cp 
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w 
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1) 

APPENDIX I11 TABLE 1 BOTTOM FAUNA TAXANOMIC GROUPS FOUND I N  THE 

VENUS MINES WATERSHED (cont inued)  

44 
45 

46 
47 

48 

Psect roc lad ius  sp. 

Tr i choc lad ius  sp. 

Fami l y  : Empididae 

Chel i f e r a  sp . 
C1 i nocera sp. 

Hemerodromia  sp. 

49 Order:  Hymenoptera, a d u l t   ( t e r r .  ) 

Phyl urn: Mol lusca 

Class:  Gastropoda 

Order:  Cytenobranchiata 
Fami 1 y : Va l  v a t  idae  

50 Val  vata  sincera 

Fami l y  : Lymnaeidae 

51  Lymnaea sp. 

Class : Pel  ecypoda 

Fami l y  : Sphaeri i dae 
5 2  P is id ium sp. 
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APPENDIX IV TABLE 2 SEDIMENT  PARTICLE  SIZE  ANALYSIS 

% COMPOS1 T I  ON 

STAT I ON 
NUMBER >500 urn 250-500 UKI 63-250 urn <63 urn 

Y 

1 

2 

3 

5 
6 

7 

8 

9 

10 

13 

14 

15 
1 8  

19 

2 1  

22 
23 

24.4 

5.5 

16.4 

62.3 

23.4 

33.9 
61.7 

18.3 

37.1 

12.0 

24.2 

4.6 
21.5 

23.2 

90.7 

0.90 

73.7 

27.5 

13.6 

18.4 
6.8 

26.9 

25.7 

13.2 

37.6 

22.7 

17.3 

35.7 

9.0 
26.1 

14.0 

4.9 

3.3 
12.6 

40.0 
65.4 

75.2 

22.7 

36.3 
28.3 

19.2 

39.0 

27.9 
65.1 

39.6 

65.1 
44.8 

58.8 

3.8 

60.7 

8.8 

8.1 
15.5 

24.5 
8.2 

13.4 
14.2 

5.8 

5.2 
12.3 

5.7 

0.40 

21.3 
7.6 

4.1 

0.70 

35.1 
5.0 
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