
FISHERIES AND ENVIRONMENT CANADA 

EWV IRONMENTAL  PROTECT ION SERVICE 
YUKON  BRANCH 

PACIFIC  REGION 

ASSESSMENT OF THE WATER QUALITY AND 
BIOLOGICAL  CONDITIONS IN WATERSHEDS 

SURROUNDING THE  UNITED KENO HILL MINE, 

ELSA, YUKON, DURING  THE SUMMERS OF 
1974 AND 1975 

R e g i o n a l   P r o g r a m   R e p o r t :  78-14 

by: 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 ,  

Yukon B r a n c h  



I 

L 

I 

P 

Errata  t o  be i n s e r t e d   i n   f r o n t  of Regional  Program  Report  
No. 76-14 e n t i t l e d   U n i t e d  Keno H i l l  Mines  Report which 

r e c e i v e d  l i m i t e d  d i s t r i b u t i o n  a s  a form of manuscr ip t  
r e p o r t   i n  1 9 7 9  by t h e  Env i ronmen ta l   P ro tec t ion   Se rv ice ,  
P a c i f i c   a n d  Yukon Region of Environment  Canada. 



- 13 - 

ERRATA 

TABLE 2 UATER CHEMISTRY 

Field  Laboratory 
Conduc- Di s- Colour 

Stat ion  Date  Temp. t iv i ty   so lved   To ta l  Pt-Co Turbidity  Total  
“ C  u h  moslcm Oxygen pH pH NFR Alkal in i ty   Uni t s  FTU JTU Hardness 

1 July174  87 .0 5  58.0  820 

2 July/74 14.5 31 u 9.9 6.5 L2.5 45  3.2  240 
June175 9.5  153 10.2  8.3 
July175 15.0 325 8.85 8.05, 8.0 8.0  117.8  44  .03  220 

3 July174 17.0 175 10.7 8.1 7.0 10 0.5 110 
June175 9.0 95 9.5  8.1 
July175 18.2  170 7.95  8.1  8.0  23.0  78.2 26  L.01 11u 

4 July174 18.0  153 10.9  7.8 L2.5  20 0.7 100 
June/75 9.8  1 00 10.1 1.9 
July175 20.5 165 8.9  8.0  8.0  10.0 73.3 24  L.O1 100 

5 July174 10.5 21 0 10.4 7.4  L2.5 10 0.4  ‘190 
June175 6.0  135 11.8  8.5 
July175 11.3  284 8.2  8.1  8.1 5.0 10.4  12 L0.1  21 u 

6 July174 3.5 165 4.4 7.4 4.0 20 0.2  130 
June/75 3.5  125 12.2 8.8 
July175 3.8 160 10.3  1.9 7.7 8.0  57.4 15 LO.l 180 

7 July174 17.U 242 8.4 7.7 6.0 20 0.9  160 
June/75 7.0 97 10.4 8.8 
July175 11.5 420 8.6 7.9 7.7 11.0 79.2 17  0.1  260 

8 July174 6.7 47 11.3 7.2 17.0 10 2.9 23 
June175 2.0  30 12.3  9.2 
July /75  8 .3  54 11.4 7.7  7.5 12.0  23.8 7 0.2  36 

”””””””””“”””””””””””””””””””””””“”””””“”””””””””“””””” 

....................................................... 

....................................................... 

....................................................... 

”””””””””””””””””””””“””””””””””””””””””””””””””””””””” 

_”_”“”””””””””””””””””””””””””””””””””””””””””””””””“””” 

....................................................... 

“””“”””””””””””””””“””””””“””””””””“”””””””””””””“””“”” 

9 July174 5.2 46 13.1  7.3 L2.5 5 0.2 
June175 2.0  30 12.5 8.7 
July/75 8.3 43 11.6 7.9  7.7 13.0  22.8  6  0.1 35 

10  July174 10.5 226 7.9 1.5 L2.5 40  7.4  290 
June175 9.0 150 10.0 8.7 
July175 15.2 23U - 8.1 ‘8.1 8.0  86.1 29 0.2  120 

11 Julv/74 17.0 380 7.8 7.1 8.0 55 12.0 44u 

....................................................... 

”””””””””””””””””””””””””””””””””””””””””””””””””””“””“ 

J u 6 / 7 5  10.8  360 0.0 7.7 
July175 26.0 950 1.5  9.0 9.0  16.0  80.2  17 0.3 440 

I L = less than 
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TABLE 3 EXTRACTABLE E T A L S  (ppm) 
m 

Sta t ion   Date  Sb Cd Cu Fe Pb Ba Rn no Ca Mg Ni Ag Zn Hg m 

1 

I 

II 

i 

n 

a 

rn 

m 

I 

1 

~~~~ ~ ~ 

15/07/74 LO.01  LO.01  1.5 (1) 6.1 LO.l 320.0 57.5 1.5 
_”“”””””””””””””””””””””””””””””””””””””””””””””””“” 

2 15/07/74 LO.01 L0.02  L0.02 ( 1 )  2.3 LO.l 66.0 17.89 0.73 
06/06/75 L0.3  0.01  0.20  0.24 0.7  L0.3 LO.l LO.01 0.77 
09/07/75 L0.3 L0.01 LO.01 0.34 0.06 ( 1 )  L0.3  60.0 16.00 LO.l  L0.03  0.60  L0.4 

3 15/07/74 LO.O1  LO.O1  LO.02 (1 )  0.05 LO.l 27.0 9.10 0.02 
06/(16/75 
09/U6/75 L0.3 LO.10  LO.01  0.34  0.03 (1 )  L0.3  30.0  8.10  LO.01 L0.03 0.07 L0.4 

”””””””””””””””””””””“””“””””””””””””””””””“”””””””- 

4 15/07/74 LO.01  LO.01 L0.02 ( 1 )  0.03  LO.l  26.0  9.17  0.01 
06/06/75 
09/07/75 L0.3  LO.10  LO.01 0.18 L0.02 ( 1 )  L0.3 28.0 8.00 LO.l L0.03 0.01 L0.4 

06/06/75 
0.1 

09/07/75 L0.3 LO.O1  LO.01 0.13 L0.02 ( 1 )  L0.3  62.0 15.00 LO.l  L0.03 0.16 L0.4 

6 15/07/74 L0.3 LO.O1  LO.01 L0.02 ( 1 )  0.05  L0.1 48.0 2.90  0.36  0.4 
06/06/75 L0.3 LO.O1 10.01 L0.02 0.08 L0.03 LO.l LO.O1 0.61 
09/07/75 LO.O1  LO.O1 0.03 LO.02 ( 1 )  L0.3  52.0  11.00  LO.l  L0.03 0.15 L0.4 

””””””””””””””””””””””””””””””””””””””””””””””“””””- 

5 15/07/74 LO.O1  LO.01 L0.02 ( 1 )  0.04 LO.l 54.0 13.16 

”””-”””””””””””””“”””””””””””””””””””””””””””””””””” 

“”””“”””””””””””””””””“””””””””””””””””””””””“””””-” 

7 15/07/74 LO.01  LO.01  L0.02 ( 1 )  0.19  LO.l 60.0 3.20  0.17 
06/06/75 L0.3 LO.10  LO.01 L0.02 0.18 L0.3 LO.l LO.01 0.28 
09/07/75 L0.3  LO.01 L0.01 0.39  LO.02 ( 1 )  L0.3 78.0 16.00 LO.l L0.03 0.22  L0.4 

”””””””””””””””””“”””“”“”“”“””””””””””“””””””””””””- 

8 15/07/74 LO.O1  LO.01 L0.02 ( 1 )  0.09  LO.l  5.6  2.26 0.02 
06/06/75 
09/07/75 L0.3  LO.01  LO.O1 L0.02 ( 1 )  L0.3  11.0  2.00  LO.1 L0.03 0.02 L0.4 

”””””””””””“”””“””””””””””“””””””“”””””””””””””””””- 

9 15/07/74 LO.01 L0.01 L0.02 ( 1 )  L0.03 LO.l  8.6  2.01 
06 /06 /75  
09/07/75 L0.3 LO.01 LO.01 0.10 L0.02 ( 1 )  L0.3 11.0 1.90 LO.l  L0.03 0.02 L0.4 

.................................................... 

10 15/07/74 LO.01  LO.O1 L0.02 ( 1 )  1.7 LO.l  59.0 35.00 0.59 
06/06/75 L0.3  LO.10  LO.10  LO.02  9.01 L0.3 LO.l LO.O1 0.74 
09/07/75 L0.3  LO.01  LO.01  0.21  LO.O1 ( 1 )  L0.3 32.0  9.00  LO.l L0.03 0.09 

”””“””“””””“”””””“”””“””””””””””””””””“”””””””””””“- 

11  15/07/74 0.06 0.60  L0.02 ( 1 )  16.0 LO.l 130.0 28.09 2.00 
06/06/75 L0.3  0.03  0.19  0.84  0.2 , L0.3 LO.1  LO.01 1.90 
09/07/75 L0.3  0.05 0.22 0.57  0.14 ( 1 )  L0.3 130.0 27.0 LO.l  LU.03 1.60 L0.4 

m 
~ ” ~~~ ~ ~~~ ~ ~ ~ 

( 1  ) Ca I n t e r f e r e n c e  for a l l  samples 
L = l ess   t han  

P 



ABSTRACT 

Surveys  were  conducted  dur ing  the  ear ly summer o f  1974  and  1975 

a t   U n i t e d  Keno Hill Mines i n   t h e  Yukon T e r r i t o r y .  The parameters  examined 

inc luded   wa te r   chemis t r y ,   t r ace   me ta l s ,   ben th i c   spec ies   d i ve rs i t y ,   f i sh  

concent ra t ions ,  and t o x i c i t y   t e s t i n g .  The r e s u l t s   i n d i c a t e d   t h a t   z i n c  

concen t ra t i ons  as h igh  as 2.0  ppm were present i n   t h e   w a t e r s   o f   F l a t  Creek 

b e l o w   t h e   t a i l i n g s  pond  decant,  which was  we1 1 above the  Water Use Licence 

limit o f  0.5  ppm. Copper, cadmium, and lead   concen t ra t i ons  were  found t o  

be  above t h e   l i m i t s   o f   t h e   l i c e n c e ,   i n t e r m i t t e n t l y .   B e n t h i c   s p e c i e s  

d i v e r s i t y  and f i s h   d e n s i t y  were  reduced i n   F l a t  Creek  below  the t a i  1 i ngs 

pond  decant.  Bioassay  samples c o l l e c t e d   f r o m   t h e   t a i l i n g s  pond  decant were 

f o u n d   t o  be t o x i c  on 2 occasions  out o f  12  sampling  times. 



On  a 6tudi6 les  mines  de  United  Keno  Hill,  dans 
les  Territoires  du  Nord-Ouest, au debut  des  6t6s  de 1974 
et 1975. Les  param&tres  examines  comprenaient  la  chimie 
de  l'eau,  les  616ments  oligom6talliques,  la  diversite  de  la 
faune  benthique,  la  presence  de  Poisson et la toxicite.  Les 
resultats  ont  indiqug  que  les  eaux  de  Flat  Creek  contenaient 
jusqu'a 2,O ppm  de  zinc  en  aval  de  l'6tang  de  dgcantation 
des  stEriles,  soit  beaucoup  plus  que  ne  le  permet  la  limite 
de 0,s ppm  qu'etablit  le  Permis  d'utilisation  des  eaux.  Les 
concentrations  de  cuivre,  de  cadmium et de  plomb  ne  depassaient 
les  limites  permises  par  le  permis  qu'occasionnellement. La 

diversit6  des  espsces  benthiques et les  populations  de  poissons 
se  trouvaient  rgduites  en  aval  de  l'6tang  de  decantation.  Les 
echantillons  pr6levg.s du bassin  de  dgcantation  des  steriles 
pour  les  bio-essais  se  sont  rev6lEs toxiques,au cours  de  deux 
pBriodes  d'analyse  sur 12. 

Y 

Y 

Y 

u 

Y 

Y 



ABSTRACT 

RESUME 

TABLE OF CONTENTS 

L i s t  of Figures  

L i s t  of Tables 
SUMMARY 

1 INTRODUCTION 

1 .1  Background 

1.2 Study  Area 

2 METHODS  AND MATERIALS 

2.1 Water  Qual i ty 

2.2 Benthic Fauna 

2.3 F i s h  

2.4 Bioassays 

3 RESULTS AND DISCUSSION 

3.1 Water  Qual i ty 

3.2 Benth ic  Fauna 
3 . 3  F i s h  

3.4 Bioassays 

REFERENCES 

ACKNOWLEDGEMENTS 

- i j i  - 

TABLE OF CONTENTS 

Page 
i 

ii 
iii 

i v  

i v  

V 

7 
7 
9 

10 

10 

12 

12 

17 
22 

24 

25 

26 



- i v  - 

L I S T  OF FIGURES 

F igures  
1 Locat ion Map 

2 S t u d y   A r e a  and S a m p l e   S t a t i o n s  

T a b 1  es 
1 
2 
3 
4 

5 
6 
7 

8 
9 
IC) 

Page 

5 

6 

L I S T  OF TABLES 

SAMPLING  STATIONS,  UNITED KENO HILL  MINES LTD. 

WATER CHEMISTRY 
EXTRACTABLE  METALS 
CONDITIONS OF YUKON TERRITORY WATERBOARD WATER LICENCE 

SPECIES COLLECTED I N   1 9 7 4  SAMPLING 

SPECIES COLLECTED I N   1 9 7 5  SAMPLING 
DIVERSITY AND EVENNESS: 1 9 7 4  SAMPLE SERIES 

DIVERSITY AND EVENNESS: 1 9 7 5  SAMPLE SERIES ' 

ELECTRO-FISHING  RESULTS 

SUMMARY OF BIOASSAY  RESULTS 

Page 
8 

13 
14 

15 

18 
19 

20 

21 

23 
24 



- v -  

SUMMARY 

1 . L e v e l s   o f   z i n c  were  found t o  be e l e v a t e d   i n   a s s o c i a t i o n   w i t h   t h e  

t a i l i n g s  pond   d i scha rge   i n to   F la t  Creek. The levels  ranged  from 1.6 - 
2.0 ppm i n   t h e  decant  water t o  0.74 ppm i n  the  water  of   the  South 

McQuesten  River  below i t s  c o n f l u e n c e   w i t h   F l a t  Creek. 

2. Concentrat ions  o f  cadmium, copper, and lead  were  found t o  range   i n te r -  

m i t t e n t l y  above the   a l lowab le   concent ra t ions   p rescr ibed  in   the  Water 

Board  Licence. Cadmium and copper  were  found i n   c o n c e n t r a t i o n s   o f  0.06 

and 0.6  ppm, r e s p e c t i v e l y ,   a t   t h e   t a i l i n g s  pond decant on J u l y  7, 1974, 

w h i l e   l e a d  was found a t  a concen t ra t i on   o f  0.84  ppm a t   t h e   t a i l i n g s  pond 

decant on June  6, 1975. 

3.  A s i g n i f i c a n t   r e d u c t i o n   i n   b e n t h i c   s p e c i e s   d i v e r s i t y ,  as sampled w i t h  

a r t i f i c i a l   s u b s t r a t e  samplers, was observed t o   e x t e n d  down  F1 a t  Creek as 
f a r  as the  South  McQuesten  River. 

4. Only one p i k e  (Esox l u c i u s )  was c a u g h t   d u r i n g   t h e   e l e c t r o - f i s h i n g   i n  

F l a t  Creek. Th is  was a s i g n i f i c a n t   r e d u c t i o n   i n   f i s h i n g  success as 

compared to   the   o ther   s i tes   f i shed.   A l though  the   concent ra t ions   o f  

t r a c e   m e t a l s   i n   F l a t  Creek  were n o t   t o x i c ,   t h e   l a c k   o f   f i s h i n g  may have 

been a t t r i b u t a b l e   t o   a v o i d a n c e   r e a c t i o n s   o r  a decrease i n   b e n t h i c   f o o d  
’ organi sms. 

5. Bioassay  samples  from  the t a i  1 i n g s  pond  decant  were  found t o  be t o x i c   t o  

f i s h  on two  occasions. On J u l y  15,  1974, the 96 hour LC50 was 42.5% 

w h i l e  on June  6, 1975, the  96  hour LC50 was found  to  be 91%. 
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1 INTRODUCTION 
Surveys were conducted d u r i n g  the  early summer of 1974 and 1975 

a t  United Keno Hill Mines i n  the Yukon Territory. The purpose of the  sur- 
veys was t o  establish a baseline of information prior t o  the  issuance o f  a 
Water  Use Licence under the Northern I n l a n d  Waters Act i n  order t o  monitor 
changes i n  environmental conditions  reflected i n  the  routine sampling  under 
the terms of the 1 icence. 

1.1 Background (from Si ncl a i  r " e t  a1 , 1976) 
"The properties  situated mainly on Keno Hi1 1 and Galena Hi1 1 ,  

are  readily  accessible by an a1 1 -weather road  from Mayo, 32 miles 
t o  the  south. Ore concentrates  are trucked 277 miles t o  
Whitehorse, then transferred t o  the White Pass and Yukon Route 
and shipped by rail  t o  Skagway. 

Silver-bearing galena was f i r s t  discovered on Galena  Creek i n  
1906 and small tonnages of high-grade ore were shipped from 191 3 
t o  191 9. Fol lowing the  discovery of the No. 9 vein by Louis 
Beauvette i n  191 9,  which resulted i n  'a stampede, numerous impor- 
t a n t  prospects were located. Since then there has  been almost 
continuous  production from veins i n  the area,  except for  the 
period 1942 t o  1946. 

The area i s  underlain by graphitic and sericit ic  schist ,  
phyll i t e  and quartzite w h i c h  have  been divided i n t o  three  units: 
a lower schist, a central  quartzite, and an upper schist  (Units 
1 , 2 and 3 ,  Boyle, 1965). Formerly considered t o  be part of the 
Precambrian Yukon Group metasediments, the lower schist and 
central  quartzite  are now considered t o  be Jurassic and Lower 
Cretaceous respectively, based on stratigraphic  correlations 
(Tempelman-Kluit, 1970). The age of the upper schist   is  
uncertain. Metadiori t e  and metagabbro, locally  referred t o  as 
"greenstone",  occurs  as conformable lenses and s i l l s  i n  the lower 
schist  and central  quartzite.  Granite  stocks of Cretaceous age 
outcrop northwest and southeast of Galena and Keno Hills and 

re1 ated  quartz-fel dspar porphyry dikes  are  present  local l y  
th roughout  the  area. 
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The metasediments  form  the  southern  l imb  of a la rge ,  open 

a n t i c l i n e  and dip  gently  to  the  southeast.  There  are  two  systems 

o f   s teep ly -d ipp ing   fau l ts ,  one t rend ing   nor theas t  and the   o the r  

northwest.  
The o r e   d e p o s i t s   c o n s i s t   o f   v e i n s   d e v e l o p e d   i n   d i l a t a n t  zones 

i n   n o r t h e a s t - t r e n d i n g   f a u l t s   c u t t i n g   t h i c k - b e d d e d   q u a r t z i t e  and 

greenstone. The pr inc ipa l   o re   minera ls   a re   ga lena,   spha ler i te ,  
f r e i   b e r g i   t e  and cha lcopyr i te .  Gangue m i n e r a l s   i n c l u d e   s i d e r i t e  

and p y r i t e .  

I n  1975, Un i ted  Keno Hill Mines  L imi ted   opera ted   s ix   m ines   in  

t h e  Keno-Galena H i  11 s area  wi th  a t o t a l   p r o d u c t i o n   o f  90 860 tons 

of   ore  averaging 35.0 ounces  per   ton  s i lver ,  4.0 per   cen t   lead  

and 1.2 per   cent   z inc.   Product ion was mainly  f rom  the Husky 

Mine,  fol lowed by the No Cash and Keno Mines. The E l  sa, Townsite 
and D i x i e  Mines  produced  lesser amounts o f  ore.  Development  work 

a t   t h e  Husky inc luded 511 f e e t  o f  d r i f t i n g  on t h e   t h i r d   l e v e l ,   o f  

which  160  feet  was i n  ore. I n   a d d i t i o n ,  356 f e e t   o f   c r o s s -  

c u t t i n g  were  completed on t h e   t h i r d   l e v e l   t o   p r o v i d e  diamond 

d r i l l   s t a t i o n s   f o r   e x p l o r a t i o n  be low  the   th i rd   leve l .   Three  

minor  ore zones  were found  beneath  the  bot tom  of   the  shaf t  and 

s tud ies  were  underway a t   t h e  end o f   the   year   to   de termine   the  

f e a s i b i l i t y   o f   m i n i n g   t h e s e  zones. A t  the No Cash Mine,  develop- 

ment  work  consisted  of 181 f e e t   o f   c r o s s - c u t t i n g  and  1386 f e e t  o f  
d r i f t i n g  and sub-dr i f t ing  which  developed  48  feet   of   ore.  

Underground  development a t   t h e  Keno Mine, i n c l u d i n g   t h e  Shamrock 

P r o j e c t ,   c o n s i s t e d   o f   1 8 4   f e e t   o f   c r o s s - c u t t i n g  and  662 f e e t   o f  

d r i f t i n g ,   o f   w h i c h  271 f e e t  were i n  ore.  Several  favourable 
s t r u c t u r e s  were i n d i c a t e d  by overburden d r i l l   i n g   b u t   t h e   t a r g e t s  

a re   too  deep t o  be explored  f rom  sur face  and  underground  dr i f t ing 

i s   r e q u i r e d   t o   d e l  i neate  the  targets .  A t  the  E l  sa Mine,  develop- 

ment  work cons is ted   o f  364 f e e t   o f   s u b d r i f t i n g  on the 500 l e v e l ,  

143  feet  of  which  developed  ore. A t  the   end  o f   the   year ,   ra is ing  

was underway t o   t e s t  a h igh-grade  in tersect ion  found above the 

200- foo t   leve l  by  overburden d r i l l   i n g .  A1 though some244 fee t  of 
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c r o s s - c u t t i n g  and 206 f e e t   o f   d r i f t i n g  were  completed a t   t h e  

Towns i te ,   th is  mine was c l o s e d   i n  1975  because of   the  low  grade 

of  the  ore. A t  t h e   D i x i e  Mine,  development  work t o t a l  1 ed  190 

f e e t   o f   c r o s s - c u t t i n g  and  432 f e e t  o f  d r i f t i n g .   A l t h o u g h  no ore 
was devel oped, the  mine i s  cons ide red   t o  have p o t e n t i a l .  

Un i ted  Keno c o n t i n u e d   i t s  program o f  overburden d r i l l i n g  on 
Galena, Keno  and Sourdough  Hi1 1 s. I n   a d d i t i o n   t o   t h e   s m a l l   o r e  

zone i n   t h e  E l  sa  200 area ,   the   d r i  11 ing  out1  ined  four   areas  which 
w a r r a n t   f u r t h e r  work. Sur face   exp lo ra t ion  was a l s o   c a r r i e d   o u t  

on the  KPO-LEO c la ims  opt ioned  f rom Cinla Resources  Limited. 
The f o l l o w i n g  summary o f   o p e r a t i o n s   i n  1973, 1974  and  1975 i s  

taken  f rom  annual   repor ts   o f   the company: 

1975  1974  1973 

Tons M i  11 ed 
Dai l y  Average ( t o n s )  

M i  11 Heads : 

S i  1 ver   (oz/ ton 1 
Lead (%)  

Zinc (%)  

Metal   Product ion:  

S i  1 ver   (oz/ ton 1 
Lead ( l b )  

Zinc  ( l b )  
Cadmi um ( 1 b 1 

Metal  Sales 

Ore  Reserves  (tons) 

S i  1 ver   (oz/ tons)  

Lead ( % )  

Zinc ( % )  

90 860 

249 

34.96 

4.03 

1.15 

2 91 7 920 
6 407 368 

62U 763 

' 8 758 

$1 5 696 435 

121 737 

39.3 

4.7 

1.1 

93 232 

255.4 

37.93 

4.22 

1.15 

3 237  205 
6 737  719 

545 357 

7 330 

$1 7 480 540 

lU5 632 

44.0 

4.9 

1.2 

94  819 

259.8 

34.99 

4  .u4 

0.92 

3 134 828 
7 262 4uu 

1 345 062 
1 7  944 

$11 614 473 

84 500 

47.4 

5.8 

1.5 
I I  



- 4 -  

1.2 Study  Area 
The study  area  for   th is  program was i n   t h e   v i c i n i t y   o f   E l s a ,  Y.T. 

( p o p u l a t i o n  250) which i s   t h e   c e n t e r   f o r   U n i t e d  Keno Hill M i n e s '   a c t i v i t i e s .  

E l s a   i s   l o c a t e d   a t  63'55' N by 135'29' W ( F i g u r e  1). The o n l y   o t h e r   s e t t l e -  

ment i n   t h e   s t u d y   a r e a   i s  Keno City which i s   p r a c t i c a l l y   d e s e r t e d ,   h a v i n g  

only  approxirnately 10 f u l l - t i m e   r e s i d e n t s .  

Two d i s t i nc t   wa te rsheds  were i nco rpo ra ted   i n to   t he   s tudy   (F igu re  

2) .  The main  watershed  under  consideration was associated  wi th   the  south 

McQuesten  River and rece ived   t he   decan t   wa te r   f rom  the   t a i l i ngs  pond  below 

t h e  m i  ne' s m i  11 i ng  operation. The other  watershed  which was examined 

b r i e f l y  was the  Lightning  Creek/Thunder  t iu lch  watershed where  a  small  placer 

go ld   m in ing   ope ra t i on  was located. 

W l  

I 
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I 

ex t rac tab le   me ta l s :  

June,  1974 

Cadmi um (Cd ) 

Calcium  (Ca) 

Copper  (Cu) 

Magnesium  (Mg) 
Manganese  (Mn) 
Molybdenum (Mo 

Lead  (Pb) 

Zinc  (Zn) 

2 METHODS AND MATERIALS 
Surveys  were  conducted i n   t h e   s t u d y   a r e a  on three  occasions: July 

8-16,  1974;  June 5-6, 1975;  and J u l y  7-9,  1975. Dur ing  the 1974 surveys,  the 

11 s t a t i o n s   i n d i c a t e d   i n   F i g u r e  2 were  sampled; w h i l e   i n  1975, S t a t i o n  1 was 

e l im ina ted   f rom  the  program. The s t a t i o n s  sampled are  descr ibed i n  Table 1. 

2.1 Water  Qual i ty 
Water  samples fo r   chemica l   ana lys is  were c o l l e c t e d   a t   a l l   o f   t h e  

s t a t i o n s   i n d i c a t e d   i n   T a b l e  1. I n   a l l  cases  temperature,   conduct iv i ty,  and 

pH were  measured i n   t h e   f i e l d   u s i n g  a standard  centigrade  thermometer, a 

"Ye1 low   Sp r ings   I ns t rumen t "   d i rec t   read ing   sa l i n i t y  - c o n d u c t i v i t y  - 
temperature  meter  (C9089-1) , and a Model 296 "Radiometer" pH meter,  respec- 
ti vely .  Samples f o r   d i s s o l v e d  oxygen  were f i xed   immedia te ly   w i th  manganous 

su lphate  and  axide,  and l a t e r   a c i d i f i e d   w i t h   s u l f u r i c   a c i d  and t i t r a t e d   w i t h  

sod i  um t h i o s u l   p h a t e   w i t h i n  one  week , a c c o r d i n g   t o   t h e   a x i d e   m o d i f i c a t i o n   o f  

the  Winkler  method (APHA, 1971 ). Samples  were a1 so o b t a i n e d   f o r   a n a l y s i s   f o r  

non-f  i 1 t e r a b l  e residues , t u r b i   d i  t y  , co lou r  , hardness , and t h e   f o l  1 owing 

June , 1 Y75* July,  1975 

Antimony ( Sb) Antimony ( Sb ) 

Ba r i  urn (Ba) Bar i  um (Ba) 

Cadmi um (Cd) Cadmi um (Cd ) 
Calcium  (Ca) 

Copper  (Cu 

(Mol I ron   (Fe)  

Lead  (Pb) 

Magnes i um (Mg ) 

Mercury  (Hg ) 

Mol bydenum (Mol 
N icke l  ( N i  ) 

S i  1 ver  (Ag) 

Zinc  (Zn) 

Copper  (Cu ) 

Lead (Pb) 

1 Molybdenum 
Nicke l  ( N i  ) 

S i  1 ve r  (Ag ) 

Zinc  (Zn) 

* A t  S t a t i o n s  2, 6, 7,  10,  and 11 



- 8 -  

TABLE 1 SAMPLING STATIONS, UNITED KEPlO HILL MINES LTD. 

S t a t i o n  Loca t i on 

1 

2 

3 
4 

8 
9 

10 

11 

(1974  only)  Drainage  from  the Husky  Mine. 

On F l a t  Creek, 500 metres above the  conf luence  o f   the  South 

McQuesten  River  and F l a t  Creek. 

On South  McQuesten  River, above i t s  c o n f l u e n c e   w i t h   F l a t  Creek. 

On South  Mcuuesten  River, 1 km above i t s  con f luence  w i th  

C h r i s t a l  Creek. 

On C h r i s t a l  Creek, a t   t h e   b r i d g e  on the  Hanson Lake  road. 

On Sandy Creek, a t   r o a d   c u l v e r t  3 km NE o f   t owns i te .  

On C h r i s t a l  Creek,  1 km NW o f  Keno on road  between E l  sa and 

Keno. 
On Lightning  Creek,  below unnamed creek  used fo r   p lacer   m in ing .  

On L i g h t n i n g  Creek,  above unnamed creek  used fo r   p lace r   m in ing .  
On South  McQuesten  River,  below i t s  c o n f l u e n c e   w i t h   F l a t  Creek. 

On decant  from mil 1 t a i  1 i ngs  pond. 
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a 

Y 

I 

I 

I 

m 

These  samples  were c o l l e c t e d   i n  acid-washed, p o l y e t h y l e n e   1 - l i t r e  

b o t t l e s  and  preserved  according t o  the  methods o u t l i n e d   i n   E n v i r o n m e n t  

Canada (1972). They were  subsequent ly  t ransported  to  the West Vancouver 

l a b o r a t o r y  of the   Env i ronmenta l   Pro tec t ion   Serv ice   fo r   ana lys is .  

2.2 Benthic Fauna 
The benth ic   fauna  o f   the   s t reams  in   the   s tudy   a rea  was sampled i n  

bo th   t he  1974  and  1975  surveys. I n   t h e  1974  survey, a  one square f o o t  

(366 cm ) c i r c u l a r  sample was employed t o  sample t h e   b i o t a .   T r i p l i c a t e  

samples  were ob ta ined   us ing   t h i s   appara tus   a t  each o f   S t a t i o n s  3, 4, 5, 7, 
8 ,  9,  and 10.  The fauna  contained i n   t h e   t r i p l i c a t e  samples was combined 

i n t o  one composite  sample f o r  enumeration. 

I n   t h e  1975  survey, a r t i f i c i a l   s u b s t r a t e   s a m p l e r s  were  used i n  an 

a t t e m p t   t o   o b t a i n  a more rep resen ta t i ve  sample than   t he   c i r cu la r   samp le r  

cou ld   p rov ide .  The a r t i f i c i a l   subs t ra te   samp le rs   cons i s ted   o f   ch rome-p la ted  

barbeque  chicken  baskets ( 1  7 cm diameter x 25 cm l o n g )   f i l l e d   w i t h   r o c k s   o f  

a un i form  s ize,   obta ined  f rom  the  creek bed or   nearby   f loodp la in  and  wiped 

c lean   be fo re  use. The approximate  surface  area  contained i n  each basket was 

6000 - + 1000 cm2. These  samplers  were  submerged a t  each o f   S t a t i o n s  2, 

3, 4, 5, 7, 8, 9, and  10 f o r  a p e r i o d   o f  one month, being  secured  to  the 

bank  by means o f  a rope. S t a t i o n  6 was a l so  sampled b u t   w i t h  a surber 

sampler   ra ther   than an a r t i f i c i a l   s u b s t r a t e  sampler. 
Upon c o l l   e c t i o n   o f   t h e   i n v e r t e b r a t e s  , they were preserved i n  7uX 

methanol f o r   f u t u r e   s o r t i n g  and c u r s o r y   i d e n t i f i c a t i o n   a t   t h e   l a b o r a t o r y   i n  

W h i t e h o r s e .   F i n a l   i d e n t i f i c a t i o n  and  enumeration  of  the  1974  samples was 

completed i n  Whitehorse,  whi le  the 1975  samples  were i d e n t i f i e d  by the  

personnel a t  Env i rocon  L td .   o f  Vancouver, B.C. 

S p e c i e s   d i v e r s i t y  and  evenness i n d i c e s  were c a l c u l a t e d   f o r  each 
s ta t i on   us ing   t he   f o l l ow ing   f o rmu lae   (P ie lou ,   1967) :  
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Spec ies   D ive rs i t y  ( H '  ) = C P i  l o g  P i  

where P i =  n i / N  
n i =   t h e  number o f   i n d i v i d u a l s   i n   t h e  i t h   s p e c i e s  

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

Evenness ( J  = P i  l o g  P i  

l o g  s 

Y 

where s = t h e   t o t a l  number of  species  samples and Jmax = 1 

Pielou  (1966,  1967). 

2.3 - F i s h  
T e s t   f i s h i n g   w i t h   e l e c t r o - f i s h i n g   g e a r  was conducted i n  1974  and 

1975 a t   S t a t i o n s  2, 3 ,  4, 5, 8 ,  9, and 10 ( S t a t i o n  7 was f i s h e d   i n  1975 

o n l y ) .   T e s t   f i s h i n g  was conducted u t i l i z i n g  a Smith-Root Type VI11 E l e c t r o  
F i she r  and b a r r i e r   n e t s .  The b a r r i e r   n e t s  were placed  downstream  of  the 

e l e c t r o - f i s h i n g   a p p a r a t u s  and approximately 30 metres  of   stream were f i s h e d  

be fore   inspec t ing   the   ne ts .  

The t o t a l   l e n g t h   o f   t i m e   d u r i n g   w h i c h   t h e   e l e c t r o - f i s h i n g   g e a r  was 
tu rned  on was reco rded   fo r  each s ta t i on .  The f i s h   i n   t h e   b a r r i e r   n e t s  were 

c o l l e c t e d  and i d e n t i f i e d ,   t h e  numbers f o r  each  sample s i te   be ing  recorded.  

Samples of f i s h   t i s s u e  and l i v e r  were o b t a i n e d   f o r   a n a l y s i s   t o  

determine  concentrat ions  of   copper,   z inc,  and lead. The ana lys i s   f o r   t hese  

parameters was completed by the  Environmental   Protect ion  Service  Chemistry 

L a b o r a t o r y   i n  West Vancouver. 

2.4 Bioassays 
Bioassay samples  were c o l l e c t e d  on nine  occasions as i n d i c a t e d  

b e l  ow : 
J u l y  15, 1974 S t a t i o n  11 

J u l y  15, 1974 S t a t i o n  1 
J u l y  15,  1974 S t a t i o n  2 
June 6 ,  1975 S t a t i o n  11 
J u l y  9,  1975 S t a t i o n  11 

Y 
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August 22, 1975 S t a t i o n  11 Ta i l i ngs   Decan t  
S e t t l  i ng  Decant 

September 22, 1975 S t a t i o n  11 
May 25, 1976 S t a t i o n  11 

J u l y  5, 1976 S t a t i o n  11 

August 25, 1976 S t a t i o n  11 

October 29,1976 S t a t i o n  11 

The samples  were c o l l e c t e d   i n   c l e a n   5 - g a l l o n   p l a s t i c   j e r r y  cans 

and  sh ipped  to   the   Env i ronmenta l   Pro tec t ion   Serv ice   B ioassay   Labora tory   in  

West  Vancouver. The bioassays were done us ing  coho  salmon fry (Oncorhynchus 
k i s u t c h )  and  ra inbow  t rout  (Salmo g a i r d n e r i )  i n  a 96 hour   s ta t ic   b ioassay.  
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3 RESULTS AND DISCUSSION 

3.1 Water  Qual i ty 

The resu l ts   ob ta ined  f rom  the   water   qua l i t y   sampl ing   a re   con ta ined 

i n  Tables 2 and 3 .  
C o n d u c t i v i t y   a s s o c i a t e d   w i t h   t h e   t a i  1 i ngs  pond  discharge was 

s l i g h t l y   e l e v a t e d   ( S t a t i o n  11 - up t o  950 uh mos/cm); however, t h i s   d i d   n o t  

c o n t i n u e   s i g n i f i c a n t l y  beyond S t a t i o n  2 so t h a t  it appears as i f  most o f   t h e  

sa l t s   assoc ia ted   w i th   t he   d i scha rge  had p r e c i p i t a t e d   b e f o r e   e x t e n d i n g   t o o  

fa r ,   spa t ia l l y .   D isso lved  oxygen  concent ra t ions  were h igh  throughout   the 

s tudy   a rea   w i th   the   except ion   o f   S ta t ion  6 i n   J u l y ,  1974 (4.4  mg/l),   which 

was probably  an e r r o r   i n  methodology. The pH values  obta ined were s l   i g h t l y  

a l k a l i n e   w h i c h   i s   t y p i c a l   o f   t h e  area. The pH va lues   ob ta ined   a t   t he  

t a i  1 i ngs  pond decant  ranged  from 7.1 t o  7.8; however, pH va lues  o f  
approximately 9.0 would have e f f e c t e d  a more comp le te   p rec ip i t a t i on  of 
m e t a l l i c   s a l t s .   T o t a l   a l k a l i n i t y ,   c o l o u r ,  and t u r b i d i t y   d i d   n o t  appear t o  
be a problem i n   t h i s  study.  Total  hardness  displayed an increased  va lue o f  
820 a t   S t a t i o n  1 ad jacen t   t o  Husky  Mine,  and 440 a t   S t a t i o n  11, t h e   t a i  1 i ngs 

pond  decant. 

E levated  meta l   concentrat ions were  general l y  found i n   a s s o c i a t i o n  

w i t h   t h e   t a i  1 i ngs  pond  decant and runo f f   f r om  the  Husky  Mine. It i s  

u s e f u l   t o  compare the  values  oDtained i n  sampl ing  wi th   the  prescr ibed 1 imi t s  

f o r  me ta l   concen t ra t i ons   i n   t he  Water L i c e n c e   f o r   U n i t e d  Keno Hill Mines 

i ssued  by  the Yukon T e r r i t o r y  Water  Board. These l i m i t s   a r e   o u t 1   i n e d   i n  

Table 4. 

Z inc  concentrat ions  appeared  to  be the  biggest  problem  associated 

w i t h   t h e   t a i l i n g s  pond  discharge.  Concentrat ions  of 1.6 - 2.0 ppm were 

obta ined  in   the  decant   water   which  are  wel l  above the  upper limit o f  0.5 

mg/l as p r e s c r i b e d   i n   t h e  Water  Licence.  High  concentrat ions  of  zinc (1.5 
ppm) were a1 so obta ined  in   the  dra inage  water   f rom  the Husky  Mine. Zinc was 

s t i l l  found in   concen t ra t i ons   rang ing   f rom 0.6 - 0.77  ppm i n   t h e   w a t e r s  of 
F l a t  Creek a t   S t a t i o n  2, approximately 5 m i l e s  downstream  from  the t a i l i n g s  
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TAULE 2 WATER CHEMISTRY 

" p 
Conduc- U i  s- Colour 

Station  Date Temp. t i v i   t y   so lved   To ta l  vt-Co Turbidity  Total 
O C  u h  mos/cm Oxygen pH pti NFR Alka l in i ty  Units FTU JTU Hardness 

1  July/74 d7.U 5 58.U 82U 

2 July/74  14.5 3lU Y.Y 6.5 2.5 45 3.2 24u 
""""""""""""""""""""""""""""""""""""""""""""""""-"--"------- 

June/7S Y.5 153 lU.2 8.3 
J u l y / 7 S  15.U 325 8.85 8.U5 8.u 8.u 117.6  44 . u3 2 2u """"""""""""""""""""""""""""""""""""""""""-"""---"-------------- 

3  July/74 17.u 175 lU.7 8.1 7.u lU u.5 1lU 
June/75 9.U 95 Y.5 8.1 
Ju ly /7S 18.2  17u 7.95 8.1 8 . U  23.u 76.2 26 . Ul 1 1 U  

4  July/74 18.U 153 1U.Y 7.8 2.5 ZU u.7 1 uu 
June/75 Y.d 1 uu lu . l  7 . Y  
Ju ly /75  zu.5  165 8.9 8.U 8 . U  lU.U 73.3 24 .ul 1 uu 

5 July/74 ld.5 21 u lU.4 7.4 2.5 lU  u.4 1 YU 
June/75 b.U 135 11.8 8.5 
July175 11.3 284 8.2 8.1  8.1  5.u 10.4 12 u.1 Z l U  

b July/74 3.5 165 4.4  7.4  4.u 2U U.2 1 3u 
June/75 3.5 125 12.2 8.8 
Ju ly /75  3.8 1 bU lu.3 7 . Y  7.7 8 . U  57.4 1 5  u.1 1 au 

7 July/74 17.u 242 8.4 7 .7  6.U 20 U . 9  1 bU 
June/7S 7 .u 97 lu.4 6.8 
Ju ly /75  11.5 42u 8.b 7.9 7.7 l l . u  lY.2 17 u.1 LbJ 

8 July/74 b.7 47 11.3 7.2 17.u l u  2.Y L3 
J u n e / 7 b  2.U 3U 12.3 Y.2 
Ju ly /75  8.3 54 , 11.4 7.7 7.5 12.u 23.8 7 U. 2 j b  

"~"""""""""""""""""""""""""""""""""""""""""""""""""""---" 

....................................................... 

....................................................... 

....................................................... 

....................................................... 

....................................................... 

Y Ju ly /74  5.2 46  13.1 7.3 2.5 5 
June/75 2.L) 3u 12.5 8.7 
Ju ly /75  6 . 3  43 11.6  7.9 7.7 13.u  22.8 b U.1 35 

lu   Ju ly /74  1u.s 22b 7.9 7.5 2.5 4U 7.4 2YU 
June/75 Y .u 15u 1u.u 8.7 
Ju ly /75  15.2 23U - 8.1  8.1 8 . U  86.1 ZY U.2 1 LU 

1 1  July/74 17.0 38U 7.6 7.1 8 . U  55  12.u 441, 
June/75 1 U.8  3bU u.u 7.7 
Ju ly /75  2b.U Y 5u 7.5 9.u 9.U  16.U 8u.2 1 7  u.3 44u 

iJ.z 

""""""""""""""""""-""""""""""""""""""""""""""""""""""""- 

""""""""""""""""""""""""""""~""""""""""""""""""""""""""- 
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TABLE 3 EXTRACTA~LE METALS (ppm) 

Station  Date St, Cd Cu Fe Pb Ba  Mn Mo Ca Mg ' Ni Ay 2n Hg 
- 

1 1 ti /u7/74 U.Ul  U.Ul 1.5 ( 1 )  6.1 U.1 32U.U 57.5 1.5 

i! 1 5/u7/74 U.Ul U.U2 U.UE ( 1  ) 2.3  U.1 66.U 17.69 u. 73 
.................................................... 

Ub/Ub/75 U.3 U.U1  U.2U u.24 u.7  u.3  u.1 U.Ul u.77 
UY/U7/75  u.3 u.01 U.Ul u.34 U.U6 ( 1  U.3 6u.u 16.uU U.l u.u3 u.6u u.4 

.................................................... 

3 15/u7/74 U.Ul u.01 u.u2 ( 1 )  0 . ~ 5  u.1 27.u 9. lu u.uz 
u6/u6/75 
UY/Ub/7ti U.3  U.1U  U.U1  U.34  U.U3 ( 1 )  u.3 3u.u 8. lU U.Ul u.03 u.u7  u.4 

.................................................... 

4 1 v u 7 1 7 4  U.Ul U.Ul 0 . ~ 2  ( 1 1  u.03 u.1 26.u 9.17 U.Ul 
Ub/Ub/7S 
u r /u7 /75  u . 3  U.lU u.u1 U.18 u.u2 ( 1 )  u.3  28.U &.0U u.1 u.03 u.ul u.4 

5 15/u7/74 U.Ul U.Ul u.02 ( 1 )  u.u4 u.1 54.0 13.16 u. 1 
ub/u6/75 
u r / u 7 / 7 5  u.3  U.u1 0 . ~ 1  11.13 u.U2 ( 1 1  u.3 62.u  15.uu u.l u.u3 u.ls u.4 

""_""""""""""""""""""""""""""""""""""""""""""""""""" 
.................................................... 

tJ 15/u7/74 u.3 U.Ul U.Ul U.U2 ( 1 )  u.u5 u.1 48.U 2.ru U.36  U.4 

09/u7/75 U.Ul u.u1 u.u3 u.02 ( 1  1 u.3 5z.u  1l.UU u.1 u.u3 u.15  u.4 
U6/Ub/75 U.3 U.Ul U.Ul 0.02 U.U8 u.u3 U.1 U.Ul d.61 

"""-"""""""""""""""""""""""""""""""""""""""""""""""" 
7 15/u7/74 u.ul u.u1 U.U2 ( 1 )  u.19 u.1 6u.u 3 . 2 ~  U.17 

Ub/U6/75 U.3 i l . lU U.Ul U.UZ U.18 U. 3  u.1 u.ul U.28 
u r / u 7 / 7 5  u.3 U.Ul U.Ul u.39 U.UE ( 1 )  U.3  78.U 1b.UU U.1 U.U3 U.22 U.4 """""""""""""""""""""""""""""""""""""""""""""""""""- 

8 15/U7/74 U.Ul U.Ul U.UZ ( 1 )  U.U9 U.1 5.b 2.26 u.uz 
Ub/Ub/75 
iJr/u7/75 u.3 U.Ul u.u1 u.02 ( 1 )  u.3 1 l . u  2.uu u.1 u.u3 u.u2 0.4 """""""""""""""""""""""""""""""""""""""""""""""""""- 

9 15/07/74 U.Ul U.Ul  u.UZ ( 1 )  U.U3 U.1 8.b 2.Ul 
U6/U6/75 
u r /u7 /75  u.3 u.u1 u.01 0.10 u.u2 ( 1  1 u.3 1l.u 1.ru u.1 u.u3 u.u2  u.4 """"""_""""""""""""""""""""""""""""""""""""""""""""" 

l U  15/u7/74 U.Ul u.01 u.02 ( 1  1.7 u.1 5Y.u 35.uu U.5Y 

u9/u7 /7s  u.3 u.u1 u.u1  0.21 u.u1 ( 1 )  u.3 32.u 9.uu 0.1 u.03 u.uY 

11 1 5/u7/74 U.u6  U.6U  0.U2 ( 1 )  16.U U.1 13U.u  28.U9 2 .uu 

U6/U6/75 U.3  U.1U U.lU  u.u2 9.u1  0.3 u.1 u.ul u.74 

"""""""""""""""""""""""""""""""""""-"""""""""""""""" 
U6/Ub/75 U.3  U.U3 U.19  U.84 u.2 0.3 u.l U.Ul 1.9u 
uY/u7/75 u.3  U.u5 u.22 u.57 U.14 ( 1 )  U.3  13U.U  27.U  U.1  U.U3 1.bU U.4 

( 1  1 Ca Inter ference  for  a l l  samples 
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TABLE 4 CONDITIONS OF YUKON TERRITORY WATERBOARD WATER LICENCE 

Suspended Solids................not greater  than 25 rng/l 

pH .............................. not   less   than 6.5 pH u n i t s  

Colour..........................not greater   than 20 Pt-Co u n i t s  

T u r b i d i t y  ....................... no t   g rea te r   t han  15 Jackson T u r b i d i t y   U n i t s  

A n t i  mony 

Arsenic 

B a r i  urn 
Cadmi urn 

Copper 

Cyani de 

Lead 

Mercury 

Molybdenum 

Nicke l  
Sel   eni  urn 
S i  1 ve r  

Zinc 

e x t r a c t a b l e  

d i   s s o l  ved 

e x t r a c t a b l e  
e x t r a c t a b l e  

e x t r a c t a b l e  

t o t a l  

e x t r a c t a b l e  

e x t r a c t a b l e  

e x t r a c t a b l e  

e x t r a c t a b l e  
e x t r a c t a b l e  

e x t r a c t a b l e  

e x t r a c t a b l e  

mg/l 
0.1 

0.05 

1 .0 
0.05 

0.3 

u.05 

0.2 

0. u05 

u.5 

0.5 
0.05 

0.1 

0.5 
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pond  discharge. A t  S t a t i o n  10  on the  South  McQuesten  River,   e levated  levels 

o f  up t o  0.74 ppm z i n c  were s t i  11 apparent .   That   the   z inc   o r ig ina ted   w i th  

t h e   t a i  1 i ngs  pond d i s c h a r g e   i n t o   F l a t  Creek was ev iden t   f rom  the   f ac t   t ha t  

values i n   t h e  South  McQuesten  River a t   S t a t i o n  3 above i t s  con f luence  w i th  

F l a t  Creek  ranged  from 0.02 - 0.07 mg/l , s ign i f i can t l y   l ower   t han   t hose  

va lues   ob ta ined  be low  the   con f luence.   S l igh t ly   e leva ted   leve ls   o f   z inc  

(0.1 5 - U.61 ppm) were a1 so found a t   S t a t i o n  6 i n   t h e   w a t e r s   o f  Sandy Creek , 
the  drainage  system  from  the  Townsite  Mine, and a t   S t a t i o n  7 (0.17 - 0.28 

PPm) 
Some problems  were  apparent i n   t h e   c o n c e n t r a t i o n s  of the   o ther  

metals;  however, none were p r o b l e m a t i c   t o   t h e  same e x t e n t  as z inc.   Dur ing 

t h e  1974  survey, cadmium was measured in   t he   decan t   wa te r   a t  a l e v e l   o f  0.06 

ppm which i s  0.01  ppm over   the  a l lowable limit as o u t l i n e d   i n   t h e  Water 

Board   L icence.   Th is   e leva ted   concent ra t ion   leve l   d id   no t ,  however, p e r s i s t  
f o r  any d is tance downstream from  the  decant. Copper was  a1 so observed t o  be 

a t  a c o n c e n t r a t i o n   o f  0.6 ppm d u r i n g   t h e  1974 survey  which i s  0.3  ppm over 

t h e   a l l o w a b l e  limit. This   d id   no t ,  however, p e r s i s t  do 

On two  occas ions   a t   two  d i f fe ren t   s ta t ions ,  h 

l e a d  were  revealed. A t  S t a t i o n  1 on t h e   d r a i  naage from 

a l ead   concen t ra t i on   o f  1.5  ppm  was obtained. I n  1975, 

the  decant   water   f rom  the  ta i  1 i n g s  pond a t  U.84  ppm and 

t h e   w a t e r   r e s u l t i n g   i n  a concen t ra t i on   o f  0.24 ppm a t  S 

W 

i 

t 

nst ream  e i ther .  

gh concen t ra t i ons   o f  

Husky  Mine i n  1974, 

l ead  was found i n  

t h i s   p e r s i s t e d   i n  

.a t i on  2, f i v e   m i l e s  
downstream. It may be seen  from  Table 4 t h a t   t h e  a1 lowable  d ischarge 1 imi t 
f o r   l e a d   i s  0.2 mgl l .  

It should be noted  that   ant imony and mercury  could  not  be measured 

t o   t h e   l e v e l   r e q u i r e d  by the Water  Board  Licence and, t he re fo re ,  it i s  

d i f f i c u l t   t o  make any in ferences  wi th   respect   to   these  two  parameters.  

It may be seen f rom  the   p rev ious   d iscuss ion   tha t  a1 though  there 

were  iso la ted  cases  o f   increased  meta l   concentrat ions,   the  on ly   meta l   which 

was cons is ten t l y   h igh ,  such t h a t   t h e  passage o f   the   meta l   cou ld  be t raced  

through  the  watershed, was zinc.  The i so la ted   i nc reases   i n   me ta l   concen t ra -  
t i o n s   s h o u l d  be monitored  reasonably  c losely.  However, it would seem t h a t  

z i n c   i s  a perpetuat ing  problem  which  should be corrected. 

)mH 

W 
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'I 

I n   t h e   L i g h t n i n g  Creek - Thunder tiulch  watershed, no c o r r e l a t i o n s  

between  water q u a l i t y  and the  presence  o f   the  p lacer   min ing  operat ion on 
Thunder  t iulch  could be made f rom  the  data  co l lected.  

3.2 Benthic Fauna 
The r e s u l t s  of the  benthic  sampling  programs  for  1974  and 1975 a re  

d e p i c t e d   i n   T a b l e s  5 and 6. It may  be seen f rom  examinat ion  o f   these  tab les 

t h a t   t h e  1974 sampl ing  us ing  the  c i rcu lar   sampler   y ie lded  fewer   organi  sms 

t h a n   t h e   a r t i f i c i a l   s u b s t r a t e  samplers  used  the  fol lowing  year. The 

dominant  faunal  forms  obtained i n   t h e  1974  sampling  were  Dipterans , being 

main ly   b lack  f l y  l a rvae   (S imu l idae ) .  The d i v e r s i t y   i n d i c e s  were genera l l y  

h i  gh w i th   t he   excep t ion  o f  S ta t i ons  5 and 7 (Table 7 ) .  However , due t o   t h e  
low numbers o f  animal s co l   lec ted ,  it was n o t   p o s s i b l e   t o  draw any concrete 

conclusions  f rom  these  data.   Stat ion 7 had an e x c e p t i o n a l l y   l o w   d i v e r s i t y  
index;  however,   th is  value was p r o b a b l y   d i s t o r t e d  by the  h igh number (462) 

o f  b lack  f l y  ( S i m u l i d a e )   l a r v a e   i n   t h e  sample. 
The l Y 7 S  samp l ing   us ing   a r t i f i c i a l   subs t ra te   samp le rs  was  much 

more success fu l   w i th   respec t   t o  number or  organisms  obtained,  thereby  making 

the   da ta  more rep resen ta t i ve  o f  the community s t ruc tu re .   Tab le  8 con ta ins  

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

grouped  for   each  s ta t ion.  

From  Table 6, it i s  apparent   tha t   S ta t ion  2 had  fewer  species  than 
s t a t i o n s  on the  South  Mcquesten  River  and  that i f  the Simul i ds  were  excluded 

f rom  cons ide ra t i on ,   S ta t i on  111 downstream o f   t he   con f luence   o f   F la t  Creek 

and  the  South  Mcquesten  River  had  fewer  species  than  Stations 3 and 4. When 

c o n s i d e r i n g   t h e   d i v e r s i t y   i n d i c e s ,  one can be m is led  by t h e   h i g h   d i v e r s i t y  

a t   S t a t i o n  2 because  even  though  these  are few species,  they have a f a i r l y  

even d i s t r i b u t i o n   r e s u l t i n g   i n  a d i v e r s i t y   o f  U.5775.  The impact of F l a t  

Creek on the  South  Mcquesten  River  can a1 so be seen by the  very  sparce 

Ephemeropteran  and  Plecopteran  populat ions  at   Stat ion l o  as compared t o  

S t a t i o n  3. 

r 
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TABLE 5 SPECIES COLLECTED I N  1974 SAI\lPLIN(; 

S t a t i o n s  
Taxon 

3 4 5 7 8 9 1 0  

P1 ecoptera - Hastaperl a  sp 
Acroneuri a  sp 
I s o p e r l  a sp 
Paraper l  a sp 
Nemoura (Zapada)  sp 

Ephemeroptera - Ephemerel 1 a  sp 
Cen t rop t i  1 um sp 
Pseudocl  eon sp 
Ci nygmul a  sp 

Hemorodromi a  sp 
Pentaneura sp 
Spani  otoma sp 
Corynoneura sp 
Tendipedini  (pupae) 
Ch i ronomidae  (un ident i f ied)  
Chinomini  (pupae) 
U n i d e n t i f i e d   D i p t e r a  

Coleoptera - Hydrolnetri dae 
Curcu l   i on i  dae 
Uni   dent i  f i ed   Co leop te ra  

Neoranopsis sp 
Wett ina sp 
Mediopsi s sp 
Sperchonopsis sp 
Teutoni a  sp 
Un iden t i f i ed   Hydraca r ina  A 
Uni   dent i  f i ed   Hydraca r i  na B 

D i p t e r a  - Simul  idae 

Hydracar i  na - L e b e r t i a  sp 

Unknown I n s e c t  
01 i gochaeta 
C o t t i  dae (Juveni  1 e 

- 
" - - 1 1 3  

1 6  
9 -  

11 1 2 462 - 5 19 
2 " " -  1 
5 2 3 2 1 l Y  6 
4 10 23 11  13 32 4 - 11 - - 2 5 -  
" 2 . -  - - - 

2 "  
4 -  

- "  - 1 1 -  

- - " 
" " -  

- " -  
- " "  

"" 1 "  
1 - - 1 " "  

" "  

3 " " -  - 
5 1 " -  - 
- 3 " "  - 

1 -  
3 

3 1 - 2 - - 1  
- 1 " " -  

" " -  
" "" 

I -  
4 2 -  - 8 5 2  - 

1 

" "  - 
- " " -  

I 

Y 

W 

m 

Y 
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..__ . . ..". . . . ~ .. - " " _  

iy 

b11ze ( u n i a r n t l t i e d l  
de te rscope   sep ten t r i ond l i s  

h d  Sp 
# % f d ' ~ p  

;;;;rww;l:ps~ 
P 

Mqe:: :?ne P. t r u n t a l  IS 

P teronarce l ld   sp  
Per   od ldde  (Adul ts)  

Pteronarcys (IOrSdta 
Taeniopteryx  sp 
Nemourd sp 

Acroneur ia  sp 
Nenoura (Zapaaa) sp 

Per les ta  placiaa 
Uiura sp 
U n i a e n t i t i e d   r l e c o o t e r a  
__ 
unl   uen t l  t rea  Adult  Plecoptera 
Cinyymula sp 

cdbor lus 51, 

Zlr runoaimlaae  lun iae 
Tendipeainae 

B r l l 1 l a  sp 
Cd*l l ioclaalus  sp 
Cr icotopus sp 
Pentdneura 
r i n d ,  peas, I pupa) 

n " s p  
AntVChd Sp 

&phil ia sp 
Simulium sp 
Simulium sp (pupa) A 

Limnophora sp 
5 .  occ iden ta le  

Roederodes  sp 
D i t i s c i a a e  

t 

U n l d e n t r t l r a   A d u l t   I n s e c t s  

Uni den t i  t i e d  01 i goclraetes 
Slav ind  appendicu lata 

Sphaerium sp 

" _  " _  " _  
- I -  " _  " _  " _  

.. . 
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TABLE 7 D I V E R S I T Y  AND EVENNESS: 1974 SAMPLE SERIES 

S t a t i o n   D i v e r s i t y  Evenness 

3 

4 

5 

7 

8 

9 

l U  

0.9737 u. 935u 

U.8992 0 .833iI 

U.396U 0.5666 

U.tl719 U.1181 

0.7135 u.7477 
U.9Yld 0 .a433 

0.8443 0.7824 

Y 

Y 

I 
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II T A B L E  8 DIVERSITY AND EVENNESS: 1975 SAMPLE SERIES 

S t a t i o n  Grouped  Grouped 
No. Samp 1 e Di versi ty  Diversity Evenness  Evenness 

2 A 
B 
C 

- 
0.5775 

- 
0.8262 

3 A 
B 
C 

u. 2255 
0.6246 
U.1165 

0.1968 
u. 5834 
0.1497 

- 
0.4471 - 

- 
0.3382 - 

4 A 
B 
C 

0.81  35 
0.  4689 
0.3885 

0.7538 
0.51 92 
0 .  3885 

- 
U. 6381 - 

- 
U .4623 - m 

I 

I 

I 

a 

5 A 
B 

U. 5879 
0.4969 

0.5879 
0.5207 

- 
U.6277 

- 
U. 521 3 ,. 

6 (Surber) A - - 
B 0.2578 - 

- - 
0. 33U9 - 

7 A u. 3067 - 0.4338 - 
B U.77U6 U. 5225 0.8076 u. 4443 
C U. 354u - 0.334U - 

8 A 0.6146 - 0.5518 
B 1 . U368 0.6446 0.8426 u .4303 
C 0.241 2 - 0.2165 - 

- 

9 A 0.82U2 - 0.7876 
B 0.95711 U. 9358 0.8868 U. 6694 
C U. 6821 - 0.5544 - 

- 

rl) 

10 A 0.0759 - 0.0795 - 
B 0.1 697 U. 2002 0.1726 U. 1747 
C 0.1376 - 0.1524 - 
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The low numbers o f   i n d i v i d u a l s   a t   S t a t i o n s  6 and 7 may  a1 so be 

r e l a t e a   t o   t h e   m i n i n g   a c t i v i t y  as the  stream a t   S t a t i o n  b rece ives  mi ne 

drainage  f rom an  abandoned  mine  ana t h e   s t r e a m   a t   S t a t i o n  7 rece ives  

drainage  f rom an  abandoned t a i  1 ings  d isposal   area. 

The d i f f e r e n c e   i n   d i v e r s i t y   a t   S t a t i o n s  8 and 9 t e n d   t o   i n d i c a t e  

t h a t   t h e   p l a c e r   o p e r a t i o n   a t  Thunder  tiulch  has an impact on L i g h t n i n g  Creek; 

however,  the  species  represented a t   bo th   s ta t i ons   a re   ve ry   s im i l a r .  

3.3 F i  st1 - 
A summary o f  t h e   r e s u l t s  o f  t i l e   e l e c t r o - f i s h i n g   p r o g r a m   i s   i n c l u d e d  

i n  Table 9 .  It may be seen from  examinat ion o f  t h i s   t a b l e   t h a t   t i l e   s t a t i o n s  

wnere the  most   successfu l   f ish ing was obtained  were  along  the  South  Mcuuesten 

River   ( i . ,e . ,   Stat ions 3, 4, and  1U).  Very l i t t l e  success was achieved i n  

t h e   f i s h i n g   a t   S t a t i o n  2, t he   l ow   f i sh   popu la t i ons   p robab ly   be ing   a t t r i bu -  
t a b l e   t o   t h e   t a i  1 i n g s  pond  decant  further  upstream i n   F l a t  Creek. A1 thougn 
the  b ioassay sample a t   S t a t i o n  2 was n o n - t o x i c ,   t h e   l a c k   o f   f i s h   i n   F l a t  

Creek cou ld   poss ib l y  be r e l a t e a   t o   t h e   h i g h   c o n c e n t r a t i o n s  o f  z i n c  and 

copper i n   t h e  water .   Avoidance  react ions  to   concentrat ions  o f  u.bl mg/l o f  

z i n c  have  been observed i n  ra inbow  t rou t  and to   concen t ra t i ons  o f  0.W4 mg/l 

o f  copper i n   A t l a n t i c  sallrlon  (Sprague,  19b4  and  1968). The l a c k  o f  f i s h   a t  

S t a t i o n  2 may a l s o  be  a f u n c t i o n  o f  the  low numbers o f  ben th i c   f ood   i nve r te -  

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

assumed t o  be  a f u n c t i o n  o f  the  increased  rneta l   concentrat ions  resul t ing  f rom 

t h e   t a i l   i n y s  pond  decant. 

The l a c k  o f  f i s n   a t   S t a t i o n s  S ana 7 cou ld   p robab ly  be a t t r i b u t e d  

more t o   t h e   f a c t   t h a t   t h e s e   c r e e k s  were smal 1 w i t h  a r e l a t i v e l y   s t e e p  

g rad ien t   ra the r   t han  a d i r e c t   e f f e c t   f r o m   t h e  mine. 

A t  S t a t i o n s  8 and 9 ,  r e l a t i n g  t o  the   p lace r   m in ing   ope ra t i on  on 

Thunder  Lulcti,  only one g r a y l i n g   ( T h y m a l l u s   a r c t i c u s )  was c a u g h t   a t   S t a t i o n  9 

downstream o f  t h e   p l a c e r   o p e r a t i o n .   T h i s   i s   n o t  en,ouyh i n f o r m a t i o n  on which 

t o  draw any c o n c l u s i o n s   r e l a t i v e   t o   t h e   e f f e c t s  o f  t h i s   o p e r a t i o n  on the  
l o c a l   f i s h   p o p u l a t i o n s .  

m 

Ir 

W 
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3.4 Bioassays 
The r e s u l t s   o f   t h e   b i o a s s a y s   a r e   c o n t a i n e d   i n   T a b l e  10. It may be 

seen   f rom  examina t ion   o f   t h i s   t ab le   t ha t  on two  occasions  the  samples 

obtained  f rom  the  ta i l ings  decant  for   b ioassay  purposes  were  found  to be 

t o x i c .  On J u l y  15, 1974, the  96 h r  LC50 was  42.5% w h i l e  on June  6,  1975, 

t h e  96 h r  LC5u was  91%.  The r e s t   o f   t h e  samples  obtained  were  found t o  

be  non-toxic. These r e s u l t s   i l l u s t r a t e d   t h e  need t o   t i g h t e n   c o n t r o l   o v e r  

f l uc tua t i on   i n   t he   concen t ra t i ons   o f   t ox i c   me ta l s   be ing   d i scha rged   f rom  the  

t a i l i n g s  pond. 

TABLE l U  SUMMARY OF BIOASSAY RESULTS 

Col 1 e c t i o n   D a t e   S t a t i o n   T o x i c i t y  

J u l y  15, 1974 

July 15, 1Y74 

J u l y  15, 1974 

June b, 1975 

J u l y  9 ,  1Y75 

August  22,  1975 

August 22, 1975 

September 22,  1975 

Clay 25, 1976 

J u l y  5, 1976 

August 25, 1976 

October 29, 1976 

S t a t i o n  11 - Ta i l ings   Decant  

S t a t i o n  1 

S t a t i o n  2 

S t a t i o n  11 - Ta i l ings   Decant  

S t a t i o n  11 - Ta i l ings   Decant  

S t a t i o n  11 - Ta i l ings   Decant  

S e t t l  i ng  Decant 

S t a t i o n  11 - Tai  1 i ngs  Decant 

S t a t i o n  11 - Tai  1 i ngs  Decant 
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