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Y 
ABSTRACT 

D u r i n g   t h e   p e r i o d   f r o r n   A u g u s t   5 - 7 ,  1980 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   S e r v i c e   c a r r i e d   o u t  a m o n i t o r i n g   s t u d y   o f   t h e   e f f l u e n t  

d ischarge  f rorn  Uni ted Keno Hill Mines  Ltd. The purpose o f   t h i s   s t u d y  was 

t o  de termine  the   s ta te   o f  cornpl i a n c e   o f   t h i s   m i n e   e f f l u e n t   d i s c h a r g e   w i t h  

r e s p e c t   t o   t h e   r e q u i r e m e n t s   o f   t h e   F e d e r a l   M e t a l   M i n i n g   L i q u i d   E f f l u e n t  

Guidel   ines.  

The a c t i v i t i e s   i n v o l v e d   i n   t h i s   s t u d y   i n c l u d e   t h e   f o l l o w i n g :  

1) c o l l e c t  and analyse  composite and grab sampl es a t  se lec ted  

1 o c a t i o n s   f o r   t h r e e   c o n s e c u t i v e  days ; 

2 )  per fo r r r l   s ta t i c   b ioassays   on   the   e f f l   uen t ;  

3 )  p e r f o n n   i n   s i t u   b i o a s s a y s   a t   s e l e c t e d   l o c a t i o n s .  

The mine i n  colnpl i a n c e   w i t h   r e s p e c t   t o   t h e   F e d e r a l   M e t a l   M i n i n g  

L i q u i d   E f f l u e n t   G u i d e l   i n e s   o n  a1 1 t h r e e  days o f   t h e   s t u d y .  

R i S U P f  

Du 5 au  7 a o i j t  1 9 8 0 ,  l e   S e r v i c e   d e  l a  p r o t e c t i o n   d e  

l 'environnarnent a men6 une  Gtude s u r   l e s   e f f l   u e n t s   r e j e t c s   p a r  l a  m ine  

"Un i ted  Keno Hill Ltd" .   Cet te   6 tude a e u   p o u r   o j e t   d e   d i i t e r m i n e r   d a n s  

que1 l e  mesure l e   r e j e t   d ' e f f l   u e n t s   p r o v e n a n t  de c e t t e   m i n e   i i t a i t   c o n f o r m e  
a u  l i g n e s   d i r e c t r i c e s   f g d i i r a l e s   s u r   l e s   e f f l u e n t s  1 i q u i d e s   d e s   m i n e s   d e  

mgtaux. 

L 'g tude  2 compor t5   les   op i i ra t ions   su ivantes :  

1)  p r 5 l G v e m e n t  2 d e s   e n d r o i t s   d g t e r m i n g s   e t   a n a l y s e  

d ' g c h a n t i l l o n s  lnoyens e t   i n s t a n t a n k   p e n d a n t   t r o i s   j o u r s  

c o n s k u t  i f s  ; 

2 )  b i o a n a l y s e s   s t a t i q u e s   e f f e c t u g e s   s u r   l e s   e f f l u e n t s ;  

3 )  b ioana lyses   e f fec tu i i es   su r   p lace ,  'a c h a c u n   d e s   p o i n t s   d e  

p r 6 l  Gvernent. 

P e n d a n t   l e s   t r o i s   j o u r s   q u ' a   d u r ' e   l ' i i t u d e ,   l e s   d o n n 6 e s  

r e c u e i l l i e s  sur l e  r e j e t  des e f f l uen ts   pa r  l a  mine  ont G t G  conformes  aux 

1 i g n e s   d i r e c t r i c e s   f ' e d i i r a l e s   s u r   l e s   e f f l u e n t  1 i q u i d e s   d e s   m i n e s   d e  

miitaux. 
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SUMMARY 

Based on the  data  obtained  f rom  August 5 t o  7, 1980, t h e  

tail ings  pond  supernatant a t  Un i ted  Keno Hi1 1 Mines compl i e d   w i t h  a1 1 

the   requ i remen ts   o f   t he   f ede ra l   gu ide l i nes .  The rece iv ing   wa te rs  o f  

b o t h  F1 a t  Creek  and the  South  McQuesten  River,   downstream  of   the 

c o n f l u e n c e   w i t h  F1 a t  Creek, e x h i b i t e d   z i n c   c o n c e n t r a t i o n s  above l e v e l s  
recommended t o   m a i n t a i n   a q u a t i c   l i f e .  
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1 I NTRODUCT I ON 

On February 25, 1977 the   Federa l   Meta l   M in ing   L iqu id   E f f luen t  

Regu la t i ons  and  Guidel  ines  were  promulgated.  These  documents  were 

deve loped  accord ing   to   Sec t ion  33 and 34 o f   t h e   F i s h e r i e s   A c t .  The 

requ i remen ts   de f i ned   i n   t hese  documents are  based on b e s t   p r a c t i c a b l e  

techno1 ogy  and app ly   un i   fo rmly  as n a t i o n a l  base1 i n e   r e q u i  rements. The 

Regu l   a t ions   app ly   to   every  new, expanded  and  reopened  base  metal, 
uranium and i r o n  ore mine,   wh i le   the   Gu ide l ines   app ly  t o  e x i s t i n g  base 
metal , uranium and i ron   o re   mines   (Depar tment   o f   F isher ies ,  1977). 

These control  requirements  were  developed  by a Task F o r c e   c o n s i s t i n g   o f  
r e p r e s e n t a t i v e s   o f   t h e   m i n i n g   i n d u s t r y  , p r o v i   n c i  a1 and federal   govern- 

ment regulatory   agencies.  The Env i ronmenta l   Pro tec t ion   Serv ice  (EPS) 

was r e s p o n s i b l e   f o r   t h e   o v e r a l l   c o o r d i n a t i o n   o f  a1 1 the  necessary 

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

I n   o r d e r   t o   c o m p l e t e  an assessment o f   t h e   s t a t e   o f   c o m p l i a n c e  

f o r   m i n i n g   o p e r a t i o n s   i n  Yukon, EPS c a r r i e d   o u t   e f f l u e n t   s u r v e i l l a n c e  

s t u d i e s   f o r   c o m p l i a n c e   v e r i f i c a t i o n  a t  m ines   wh ich   d ischarged  ta i l ings  

pond  supernatant t o  a r e c e i v i n g  body o f   wa te r .   Th i s   repo r t  i s  an 

account   o f   the  e f f luent   surve i l   lance  s tudy  conducted  f rom  August  5 t o  

7 ,  1980 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 f o l l o w i n g   r e p o r t   i n c l u d e s  a d e s c r i p t i o n   o f   t h e  mine, t h e  
procedures and  methods  used i n   t h i s   s t u d y ,   t h e   r e s u l t s   o b t a i n e d  and a 

d e t e r m i n a t i o n   o f   t h e   s t a t e   o f   c o m p l i a n c e   o f   t h i s   m i n e   w i t h   t h e   F e d e r a l  

Guidel   ines.  
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2 MINE DESCRIPTION 

2.1  General   Informat ion 

I n  1906, s i l v e r ,   l e a d  and z i n c   o r e  was d iscovered on  Galena 

H i  1 1   w h i c h   s t i m u l a t e d   i n t e r e s t   i n   t h e  Keno Hi1 1 area and i n  1919 r i c h  

v e i n s   o f  s i  1 ver  were  discovered.  Since  then,  there  has been  almost 

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

1942 t o  1946. 

I n  1946  Uni ted Keno Hill Mines   L td .   acqu i red   the   ho ld ings   o f  

Treadwel l  Yukon  and  began t h e   m i n i n g   o p e r a t i o n   w h i c h   i s   s t i l l  underway 

today. I n   t h e  30 y e a r   p e r i o d  up t o   t h e  end o f  1976, Un i ted  Keno Hi1 1 
Mines  has  produced  over 126 mil 1 i o n  ounces o f  s i 1   v e r y  437 mil 1 i o n  

pounds o f  1 ead , 329 mil 1 i o n  pounds o f   z i  nc and 4 m i  11 i o n  pounds o f  

c admi um. 

A t  t h e   t i m e   o f   t h i s   s t u d y ,   t h e  company produced  approximately 

100,000 t o n s   o f   o r e  a year   f rom  f ive  underground  mines:  Husky, No 

Cash, E l  sa,  Ruby and Keno 700. A p i 1   o t  , open p i t   o p e r a t i o n   i s  

p resen t l y   be ing   eva lua ted   bu t  i t  has  not   yet   produced a s i g n i f i c a n t  

amount o f  ore.   Figure 1 i s  a map o f  t h e  Yukon  showing t h e   l o c a t i o n   o f  

U n i t e d  Keno H i  11  Mines. The r e f e r e n c e   m i n e   p r o d u c t i o n   r a t e   f o r   t h i s  

mine was e s t a b l i s h e d  a t  approximately  120 000 t o n s   o f   o r e / y e a r  based on 

i n f o r m a t   i o n   s u p p l   i e d  by t h e  Company. 

2.2 Concentrator  Operat ion 

The o r e   i s   t r a n s p o r t e d   t o   t h e  mill by rail o r   t ruck   depend ing  

o n   t h e   l o c a t i o n   o f   t h e  mine. I n   t h e  mill , t h e   o r e   i s   c r u s h e d  and 

ground t o  a  mesh s i z e   o f  200. The ground  ore i s   t h e n   c l a s s i f i e d ,  and 

d i l u t e d   w i t h   w a t e r   t o   a c h i e v e  an semi-so l id   cons is tency.  The r e s u l t i n g  

s l u r r y   i s   r e f e r r e d   t o  as "pu l  pll. S m a l l  q u a n t i t i e s  o f  s u r f a c t a n t  
chemicals   are added t o   t h e   p u l p   t o   m o d i f y   t h e   s u r f a c e s  of t he   m ine ra l  

pa r t i c l es .   O the r   reagen ts ,   f o r  example, c a l c i u m   h y p o c h l o r i t e  (HTH), 

1 ime, c resy l i c   ac id ,   xan tha te   (Z -11 )  among o t h e r s ,   a r e   s p e c i f i c a l l y  

chosen  and  added w i t h   f r o t h i n g   a g e n t s   t o   r e c o v e r   m i n e r a l s .  The 

- 



c h e m i c a l l y   t r e a t e d  pu 

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

The f i r s t   c o n c e n t r a t e  

t r a t e   i s  skimmed o f f ,  

concent ra te  i s  remove 
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p i s   t h e n   a g i t a t e d  and aerated*which  causes  the 

t o   r i s e   t o   t h e   s u r f a c e  where i t  i s  skimmed o f f .  

t o  be  skimmed i s  l e a d .   A f t e r   t h e   l e a d  concen- 

the  remaining  pul  p i s  cond i t i oned  and the   z inc  

I. The c o n c e n t r a t e d   o r e   i s   t h i c k e n e d ,   f i l t e r e d  

and dr ied .  Some o f   t h e   t a i l i n g s   a r e   t h i c k e n e d  and recyc led   t h rough   the  

z i n c   c i r c u i t s .  The u n r e c y c l e d   t a i l i n g s   a r e  a l s o  th ickened and approx- 

i m a t e l y  8% o f   t h i s  i s  used f o r   b a c k f i l l   i n   t h e  mine. The remaining 

t a i l i n g s   a r e   d i s c h a r g e d   t o   t h e  impoundment. 
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3 WASTEWATER SOURCES 

The m ine /m i l l  complex  has th ree   p r inc ipa l   sources   o f   was te-  

water :  mill process  water,  mine  water and surface  drainage  water 

(F i   gure   2 ) .  

The water used f o r  mil 1 i n g   i s  s u p p l   i e d   e n t i r e l y   f r o m   t h e   E l s a  

mine  drainage  water. The volume var ies   f rom 108,000 t o  210,000 IGPD. 

An unknown volume o f  mil 1 water i s   r e c y c l e d   t h r o u g h   t h e   z i n c   c i r c u i t .  

A maximum o f  142,000 IGPD o f  mill t a i l i n g s   w a t e r  i s  d i scha rged   to   t he  

t a i l i n g s  impoundment. 

A t  t h e   t i m e   t h i s   s t u d y  was c a r r i e d   o u t ,   t h e r e  were f i v e  

opera t ing   mines   supp ly ing   o re   to   the  mill and four   o f   these  d ischarged 

drainage  water.  The d ischarge  po in ts   fo r   the   d ra inage  water   a re  as 

f 01 1 ows : 

Husky Ta i 1 i ngs  impoundment 

E l  sa Mill o r  tail ings  impoundment 

Keno 700 Crys ta l  Creek 

No Cash S t a r  Creek i n   w i n t e r ,  unnamed creek 

i n  summer 

Ruby Ta i 1 i ngs  impoundment 

The volumes o f   water   d ischarged  a re  unknown b u t  i t  i s  
e s t i m a t e d   t h a t  175 000 IGPD o f  m ine   d ra inage   wa te r   en te rs   t he   t a i l i ngs  

impoundment. 

I n   a d d i t i o n   t o   t h e   o p e r a t i n g   m i n e s ,   t h e r e   a r e   s e v e r a l  

abandoned  mine  adits  located  between  Elsa and  Keno, which  discharge 

unknown volumes o f   w a t e r   t o   v a r i o u s   c r e e k s  and  streams  which  eventually 

f l o w   i n t o   t h e  McQuesten   R iver .   In   o rder   to   de termine   the   d ischarge 

impac t   o f   t he  abandoned a d i t s  and p r e s e n t   t a i l i n g s  impoundment,  two 

1 ocations  were  chosen  downstream on the  McQuesten  River and  one down- 

stream on F l a t  Creek  which  drains  into  the  McQuesten  River.  

There  are a1 so numerous sur face  water   f lows  which  enter   the 
t a i l i n g s  impoundment bu t   t he  volume i s  unknown. It i s  assumed t h a t  

most o f   t h i s   r u n o f f   f l o w  would  occur   dur ing  spr ing  f reshet .  
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FRESH WATER 
1 

SURFACE M l A l  NAGE MINE  WATER 

"" 

--{-+HELD WITH TAILINGS - TAILINGS - 
=-POND - 

EVAPORATION 
" I=- ""7 -"" 

SUPERNATANT 

TO FLAT CREEK 

FIGURE 2 : WASTEWATER SOURCES 
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The t a i l i n g s  impoundment c o n s i s t s  o f  t h r e e   s e t t l i n g  ponds i n  

se r ies ,  as shown i n   F i g u r e  3. The over f low  f rom Pond #1 i s   t r e a t e d  

w i t h   l i m e  as i t  f l o w s   i n t o  Pond #2. The l ime   ma in ta ins  a h igh  pH 

which, i n   t u r n ,  p romotes   t he   p rec ip i t a t i on  and removal o f   meta ls .  The 
r e t e n t i o n   t i m e   f o r  Pond #2 was c a l c u l a t e d   t o  be  approx imate ly   four  

weeks. The supernatant  from Pond #2 t h e n   f l o w s   i n t o   t h e   f i n a l   s e t t l i n g  

pond o f   t h e   s e r i e s ,  Pond #3, which has a r e t e n t i o n   t i m e   o f  one week. 
Pond #3 f u n c t i o n s  as  a p o l i s h i n g  pond f o r   f i n a l   c l a r i f i c a t i o n   b e f o r e  

d i s c h a r g i n g   i n t o  F l a t  Creek, a t r i b u t a r y  o f  t h e  McQuesten  River,  at an 

e s t i m a t e d   r a t e   i n   e x c e s s   o f  800,000 IGPD. 
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4 

4.1 

4.2 

STUDY A C T I V I T I E S ,  SAMPLE  LOCATIONS AND PROGRAM 

S t u d y   A c t i v i t i e s  

The a c t i v i t i e s   i n v o l v e d   i n   t h i s   s t u d y   i n c l u d e d   t h e   f o l l o w i n g :  

1) c o l l e c t i n g   c o m p o s i t e  and grab  samples o f   t h e  

e f f l u e n t   d i s c h a r g e   o v e r  a p e r i o d   o f   t h r e e  consecu- 

t i v e  days; 
2 )  c o l l e c t i n g   g r a b  samples f o r   w a t e r   q u a l i t y   a n a l y s i s  

a t   t h r e e   l o c a t i o n s  downstream  of t h e   e f f l u e n t  
d ischarge  over  a per iod   o f   th ree   consecut ive   days ;  

3 )  ana lyz ing   t he   co l   l ec ted   samp les   f o r  a number of 

chemical and metal  parameters; 

4 )  car ry ing   ou t   labora tory   b ioassay   ana lyses   on   the  

samples  col 1 ec ted   f rom  e f f l   uen t   d ischarge;  

5 )  c a r r y i n g   o u t   i n   s i t u   b i o a s s a y   a n a l y s e s   a t   f o u r  

sampl ing  locat ions;  

6 )  c o l l e c t i n g   o t h e r   i n f o r m a t i o n  as necessary t o  a s s i s t  

i n   e v a l u a t i n g   t h e   s t a t e   o f   c o m p l i a n c e   o f   t h i s  mine. 

Samul e Locat  ions 

S t a t i o n  1 Ta i 1 i ngs  pond decant 
S t a t i o n  2 On F l a t  Creek, 500 meters above 

conf luence of South  McQuesten  River 

and F l a t  Creek. 

S t a t i o n  3 On South  McQuesten  River, 50 meters 

be low  con f luence   w i th   F la t  Creek. 
S t a t i o n  4 On South  McQuesten  River, 50 meters 

above  conf luence  w i th  F l a t  Creek. 

The s a m p l i n g   l o c a t i o n s   a r e   i l l u s t r a t e d   i n   F i g u r e  3. 
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4 . 3  Sampling Program 
Eight hour composite samples were collected once per day for 

three  consecutive days a t  the t a i l i n g s  pond decant. A1 iquots  for 
bioassay  analyses were collected  hourly and stored i n  two 5-gallon 
polyethylene  containers. A d d i t i o n a l  composite samples were collected 
each day a t  S t a t i o n  1 for water quality  analysis. Four sets  o f  grab 
samples for  water qual  i t y  analyses were a1 so col 1 ected once a day a t  
Stations 1, 2 ,  3 and 4 for  three  consecutive days. 

The samples for chemical and metal analyses were preserved 
according to   the  Environmental Protection  Service  Pacific Region 
Sampli ng Handbook (1979) , as i l l   us t ra ted i n  Appendix I .  A1 1 samples 
(including  laboratory  bioassays) were received by the Environmental 
Protection  Service  Laboratory  facilities i n  North and West Vancouver 
w i t h i n  s ix days of collection. 
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5 RESULTS AND DISCUSSION 

5.1  Water  Chemistry 

5.1.1 Composite Samples. The parameters 1 i s t e d   i n   t h e   F e d e r a l  

Gu ide l i nes  (DFO 1977)  have  been  compared w i t h  each da i l y   compos i te  

sample  (Table 1) co l lec ted   f rom  the   decant .   Tab le  1 and 2 1 i s t   t h e  

Federa l   Guidel   ine  meta ls  as t o t a l  and the  decant   meta ls  as ex t rac tab le .  

Ex t rac tab le   va lues  were  more use fu l  when making  comparisons t o  

p r e s c r i b e d   l i m i t s   ( e x t r a c t a b l e )   f o r   m e t a l   c o n c e n t r a t i o n s   i n   t h e   w a t e r  

1 i c e n c e   f o r   U n i t e d  Keno Hi1 1 Mines  issued  by  the Yukon T e r r i t o r y  Water 

Board. To ta l  and e x t r a c t a b l e   m e t a l s   a r e   t h e  same o r   s i m i l a r  where t h e  

NFR o r   n o n - f i l   t e r a b l  e r e s i d u e   i s   f o u n d   t o   b e   g e n e r a l  l y  less   than  10  

mg/l.  (Department  of  Environment,  1979). A f u l l  1 i s t i n g   o f   a l l   d a t a  

i s  p r o v i d e d   i n  Appendix 11. 

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

compl iance  w i th  all the  Federa l   Gu ide l   ines   requ i rements   on   a l l   th ree  

days o f   t h e   s t u d y .  

5.1.2 Grab  Samples. The d e c a n t   e f f l u e n t  was compared t o   t h e  

Federa l   Gu ide l   ines   fo r   g rab  samples  (Tab1 e 2). Grab  samples  from 

S t a t i o n s  2, 3 and 4 were  compared t o   l e v e l s  recommended t o   m a i n t a i n  
a q u a t i c  1 i f e .  A compl e t e  1 i s t i n g  o f  a1 1 parameters  analyzed i s  

p r o v i d e d   i n  Appendix 111. 

The decant  supernatant compl i e d   w i t h   t h e   g u i d e 1   i n e s   o n  a1 1 

t h r e e  days o f   t h e   s t u d y  . 
S t a t i o n s  2 and 3 have s i g n i f i c a n t l y   e l e v a t e d   l e v e l s   o f  

e x t r a c t a b l e   z i n c  when compared t o  l e v e l s  recommended f o r   a q u a t i c  1 i f e .  

S t a t i o n  4 ( c o n t r o l )  has z i n c   c o n c e n t r a t i o n s   s l i g h t l y  above t h e  
recommended l e v e l .  
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5.2 Bioassays 

5.2.1 Laboratory  Bioassays. The l a b o r a t o r y   s t a t i c   b i o a s s a y   t e s t s  

per formed  on  the  decant   e f f luent   (Stat ion 1) composite  samples  were 

non- tox i c  on a l l   t h r e e  days o f   t h e   s t u d y .   T h i s   i s   i n   c o m p l i a n c e   w i t h  

the  Federa l   Guide1  ines (DFO 1977). 

5.2.2 I n  S i tu   B ioassays .  Because EPS i n  Whitehorse i s   n o t   e q u i p p e d  

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

t e s t  has  been  regarded  as s c i e n t i f i c a l l y   i n v a l i d .  However, t h e  

p r a c t i c a l   a p p l i c a t i o n   o f   t h i s   t e s t  was t o  d e m o n s t r a t e   t h e   e f f e c t   o f  
t r e a t e d   m i n e   e f f l u e n t  on A r c t i c   g r a y l i n g .   A f t e r   e x p o s i n g   t h e   f i s h   t o  

t h e   e f f l u e n t  and rece iv ing   s t reams   fo r  96 hours and f i n d i n g  no 

f a t a l   i t i e s   ( T a b l e   6 ) ,  we c o n c l u d e   t h a t   t h e   e f f l u e n t  and r e c e i v i n g  

s t reams  exh ib i ted  no a c u t e   t o x i c i t y   d u r i n g   t h e   s t u d y .  
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TABLE 1 COMPARISON OF ANALYSIS OF THE  COMPOSITE  SAMPLES  WITH 

FEDERAL  GUIDELINES  AT  DECANT 

GUIDELINE 

PARAMETER REQUIREMENTV 1 DAY 1 DAY 2 DAY 3 

(T) ( E )   ( E )   ( E )  

PH 5.5 m i n i m u m  7.4 7.5 7.5 

As mg/l 0.75 0.0007 0.0008 0.0012 

Cu mg/l 0.45 0.047 0.047 0.047 
Pb mg/l 0.30 <O. 08 <O. 08 <O. 08 
N i  mg/l 0.75 <O. 08 <O. 08 <O. 08 
Z n  mg/l 0.75 0.365 0.339 0.323 
NFR mg/l 37.5 <5 9 7 
96 h LT50(%) non- tox ic  n o n - t o x i c  non- tox ic  non- tox ic  

TABLE 2 COMPARISON OF ANALYSIS OF THE GRAB SAMPLES  WITH  FEDERAL 

GUIDELINES  AT DECANT 

GUIDELINE 
PARAMETER REQUIREMENTW DAY 1 DAY 2 DAY 3 

( 0  ( E )  ( E )   ( E )  

PH 5.0 m i n i m u m  7.3 7.4 7.5 
A s  mg/l 1.0 <O. 000 5 0.0008 0.0007 
Cu mg/l 0.6 0.045 0.046 0.05 
Pb mg/l 0.4 <O. 08 <O. 08 <O. 08 
N i  mg/l 1.0 <O. 08 <O. 08 (0.08 
Z n  mg/l 1.0 0.389 0.325 0.332 
NFR mg/l 50 <5 6 <5 

( 2 )  D e p a r t m e n t  of F i s h e r i e s  (1977) 
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TABLE 3 COMPARISON OF ANALYSIS OF THE  GRAB SAMPLES  COLLECTED 

FROM STATION 2 (FLAT  CREEK)  WITH  LEVELS RECOMMENDED TO 

M A I N T A I N   A Q U A T I C   L I F E  

RECOMMENDED 

LEVEL FOR 

PARAMETER A Q U A T I C   L I F E  DAY 1 DAY 2 DAY 3 REFERENCE 

PH 6.5 - 9.0 7.7 7.9 7.9 7 

As  mg/l 0.05 - 0.1 0.0015 0.0018 0.0011 4, 6 
C u  mg/l 0.005 - 0.02 <0.01 <o. 01 <o. 01 6, 5 
Pb mg/l 0.005 - 0.1 <O. 08 <O. 08 <O. 08 5, 4 

N i  mg/l 0.025 - 0.25 <0.08 <O. 08 <O. 08 4 

Zn mg/l 0.030 0.39 0.309 0.293 6 

Cd mg/l 0.0002 <o. 01 <o. 01 <o. 01 4 

TABLE 4 COMPARISON OF ANALYSIS OF THE GRAB SAMPLES  COLLECTED FROM 

STATION 3 (DOWNSTREAM OF FLAT CREEK  AND MCQUESTEN RIVER 

CONFLUENCE)  WITH  LEVELS RECOMMENDED TO MAINTAIN  AQUATIC 

L I F E  

RECOMMENDED 

LEVEL FOR 

PARAMETER  AQUATIC L I F E  DAY 1 DAY 2 DAY 3 REFERENCE 

PH 6.5 - 9.0 7.7 7.7 8.0 7 

A s  mg/l 0.05 - 0.1 0.0012 0.0016 0.0021 4, 6 
Cu mg/l 0.005 - 0.02 <0.01 <o. 01 <o. 01 6, 5 
Pb mg/l 0.008 - 0.1 <O. 08 <O. 08 <O. 08 5, 4 
N i  mg/l 0.025 - 0.25 <0.08 (0.08 <O. 08 4 
Zn mg/l 0.030 0.223 0.216 0.293 6 
Cd mg/l 0.0002 <o. 01 <o. 01 <o. 01 4 
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TABLE 5 COMPARISON OF ANALYSIS OF THE GRAB SAMPLES  COLLECTED 

FROM STATION 4 (UPSTREAM F L A T  CREEK  AND MCQUESTEN  RIVER 

CONFLUENCE)  WITH  LEVELS RECOMMENDED TO MAINTAIN  AQUATIC 

L I F E  

RECOMMENDED 

LEVEL FOR 
PARAMETER  AQUATIC L I F E  DAY 1 DAY 2 DAY 3 REFERENCE 

PH 6.5 - 9.0 7.7 7.8 7.9 7 
A s  mg/l 0.05 - 0.1 0.0010 0.0006 0.0009 5, 6 

C u   m g / l  0.005 - 0.02 <0.01 <o. 01 <o. 01 6, 5 

P b   m g / l  0.005 - 0.1 <O. 08 <O. 08 <O. 08 5, 4 

N i   m g / l  0.025 - 0.25 <0.08 <O. 08 <O. 08 4 
Z n   m g / l  0.030 0.051 0.049 0.065 6 

C d   m g / l  0.0002 <o. 01 <o. 01 <o. 01 4 

4 - E n v i r o n m e n t   C a n a d a  (1979-1980) 
5 - M c K e e  (1963) 

6 - O n t a r i o   M i n i s t r y  o f  E n v i r o n m e n t  (1978) 
7 - T h u r s t o n ,  R.  V. (1979) 



TABLE 6 I N   S I T U  BIOASSAY  RESULTS, AUGUST 4-8, 1980 

(96 h r  L T 5 0  a t  100% c o n c e n t r a t i o n )  

START OF TEST NUMBER  OF SURVIVORS  AFTER: 

00 h 24 h 48 h 7 2  h 96 h 

STATION 1 
10 F I S H  10 10 10  10 

STATION 2 

10 F I S H  10 10 10 10 

STATION 3 

10 F I S H  10  10 10 10 

STATION 4 

10 F I S H  10 10 10 10 
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APPENDIX I 

WATER SAMPLE COLLECTION,  PRESERVATION 
AND  ANALYSIS,  BIOASSAY, IN SITU  BIOASSAY  METHODS 
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APPENDIX I I 

COMPOSITE  RESULTS I N  DECANT 



a - 31 - 

APPENDIX I I UNITED KENO H I L L   M I N E S  - COMPOSITE - STATION 1 
WATER QUALITY  DATA  (EXCLUDING  METALS) 

PARAMETER DAY 1 DAY 2 DAY 3 

TEMPERATURE - - - 
DISSOLVED OXYGEN 
I N   S I T U   p H  

- - - 
8.00 8.05  8.00 

LAB  pH 7.4 7.5 7.5 

LAB COND. (mhos/cm) 1410 1410 1380 

L A B   D I L .  COND. (rnhos/cm) 116 116 116 

COLOR ( c o l o r   u n i t s )  10 10 10 

T U R B I D I T Y   ( F T U )  
NF RESIDUE (mg/ l )  

3.4  4.4  3.9 

<5 9 7 

F  RESIDUE (rng/l ) 1168 1160 1162 

TOTAL  ALKALIN ITY (mg/l CaC03) 51.3 52.8 53.3 
TOTAL  HARDNESS (mg/l CaC03) 724.0 744.0 719.0 

TOC (mg/ l )  6.0 6.0 6.0 

T I C  (mg/ l )  12.0 12.0 12.0 

TOTAL  PO4-P (mg/ l )  0.0189 0.0223 0.0191 

0.074 0.076 0.075 

0.0683 0.0747 0.0725 

NH3-N ( m s / l )  1.22 1.22 1.17 

so4 (mg/ l )  666 66 7 6 74 

CN (mg/ l> <O. 03 <O. 03 <O. 03 

C1 (mg/ l )  34.7 32.7 32.2 

TOXICITY  DETERMINATION 

DAY 1 DAY 2 DAY 3 

96 h L T 5 0 ( 5 0 %  e f f l u e n t  
c o n c e n t r a t i o n )   n o n - t o x i c   n o n - t o x i c   n o n - t o x i c  
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APPENDIX I 1  UNITED KENO H I L L   M I N E S  - COMPOSITE - STATION 1 

METAL  ANALYSES ( A L L   U N I T S   I N  m g / l )  

PARAMETER DAY 1 DAY 2 DAY 3 

A1 

As  
B a  

Ca 
Cd 

co 
Cr 
cu 
Fe 
Hg 
K 
Mg 
Mn 

Mo 

Na 
N i  

Pb 

Sb 
Se 

S i  
Sn 

Sr 
T i  
V 

Zn 

0.139 

0.0007 
0.0254 

257.0 
<o. 01 
<O. 015 
<O. 01 5 

0.047 
0.58 

<o. 00020 

4.18 

19.9 
1.94 

<O. 15 

32.1 
<O. 08 

<O. 08 
<O. 0005 
<O. 0005 

1.36 
<o. 2 

0.446 

<O. 0085 

<O. 05 
0.365 

<o. 09 

0.0008 
0.0236 

264.0 
<o. 01 
<O. 015 

<O. 015 

0.047 
0.562 

<o. 00020 

4.21 

20.6 

1.94 

<O. 15 

32.1 
<O. 08 

<O. 08 
<O* 0005 
<O. 0005 

1.38 
<o. 2 

0.448 
<O. 0085 

<O. 05 
0.339 

<o. 09 

0.0012 
0.0224 

253.0 

<o. 01 
<O. 01 5 

<O. 015 

0.047 
0.449 

<o. 00020 
4.17 

21.1 

1.97 

<O. 15 

32.4 
<O. 08 

<O. 08 
<O. 0005 
<O. 0005 

1.37 
(0.2 

0.449 
<O. 0085 

<O. 05 

0.323 
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APPENDIX 111 

GRAB  RESULTS 
STATIONS 1 TO 4 INCLUSIVE 
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APPENDIX I I 1  TABLE 1 UNITED KENO H I L L   M I N E S  - GRAB - 
STATION 1 - WATER QUALITY  DATA 

(EXCLUDING  METALS) 

PARAMETER DAY 1 DAY 2 DAY 3 

TEMPERATURE 15 15 
DISSOLVED OXYGEN 8.78 8.80 

I N   S I T U   p H  7.65 7.90 

LAB  pH 7.3 7.4 

LAB COND. (rnhos/cm) 1410 1400 
LAB  D IL .  COND. (mhos/cm) 114 115 

COLOR ( c o l o r  units) 10 10 

T U R B I D I T Y   ( F T U )  3.9 3.7 

NF RESIDUE (mg/ l )  <5 <5 

F RESIDUE (mg/ l )  1160 1168 

TOTAL  ALKALIN ITY (rng/l CaC03)  51.3 52.3 
TOTAL  HARDNESS (mg/l CaC03)  739.0 750.0 

TOC (mg/ l )  7.0 7.0 

T I C  (mg/ l>  12.0 12.0 

TOTAL PO4-p (mg/ I )  0.01 71 0.0166 

NO2 -N (mg/1) 0.073 0 .073  

N03-N (mg/ l )  0.0672 0.0661 
NH3 -N ( m g l 1 )  1.67 1.19 

so4 (mg/ l )  675 64 8 
CN (mg/ l )  <O. 03 <O. 03 

c1 (mg/ l )  35.0 33.5 

15 
8.84 
7.75 

7.5 

1400 

116 

10 

4.4 

<5 

1160 

52.6 
727.0 

5.0 

12.0 

0.0165 
0.075 
0.0677 
1.49 

668 
(0.03 
32.4 
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APPENDIX I I I TABLE 1 UNITED KENO H I L L   M I N E S  - GRAB 

STATION 1 - EXTRACTABLE  METAL  ANALYSIS 

( A L L   U N I T S   I N  mg/l) 

PARAMETER DAY 1 DAY 2 DAY 3 

A1 
AS 

B a  

Ca 
Cd 
co 
Cr 
cu 
Fe 

Hg 

Mg 
Mn 
Mo 
Na 
N i  

P b  
Sb 

Se 
S i  

Sn 

Sr 
T i  
v 
Zn 

K 

<o. 09 <o. 09 
<O. 0005 0.0008 

0.0207 0.0208 
263.0 266.0 

<o. 01 <o. 01 
<O. 015 <O. 015 

<O. 015 <O. 015 

0.04 5 0.046 

0.412 0.437 

<o. 00020 <o. 00020 

4.23  4.13 
20.0  20.8 

1.93 1.95 
<O. 15 <O. 15 

32.5 32.3 
<O. 08 <O. 08 

<O. 08 <O. 08 
<O. 0005 <O. 0005 

<O. 0005 <O. 0005 
1.37 1.37 

<o. 2 <o. 2 
0.455  0.451 

<O. 0085 <O. 0085 
<O. 05 <O. 05 
0.389 0.325 

<O. 09 
0.0007 

0.0211 
256.0 

<o. 01 
<O. 015 

<O. 015 
0.05 

0.458 

<o. 00020 

4.20 
21.3 

2.0 
<O. 15 

31.4 
<O. 08 
<O. 08 
<O. 0005 

<O. 0005 
1.37 

<o. 2 
0.451 

<O. 0085 
<O. 05 
0.332 
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APPENDIX I 1 1  TABLE 2 UNITED KENO HILL MINES - GRAB - 
STATION 2 - WATER QUALITY DATA 

(EXCLUDING  METALS) 

PARAMETER DAY 1 DAY 2 DAY 3 

m 

1 

TEMPERATURE 
DISSOLVED OXYGEN 
I N  S I T U  pH 

LAB pH 
LAB COND. (mhos/cm) 

LAB DIL. COND. (mhos/cm) 
COLOR ( c o l o r  u n i t s )  
TURBIDITY (FTU) 

NF RESIDUE (mg/ l )  

F RESIDUE (mg/l ) 
TOTAL ALKALINITY (mg/l CaC03) 
TOTAL HARDNESS (rng/l CaC03) 

TOC (mg/l ) 

T I C  (mg/ l>  

N02-N (mg/ l )  

N03-N (mg/ l )  

NH3-N (mg/ l )  

so4 (mg/ l )  
CN (mg/l) 

c1 (mg/ l )  

TOTAL PO4-p (mg/I ) 

- 
10.0 

8.00 

7.7 
6  80 
104 

20 
3.9 

<5 
50 1 

128 
355.0 

5.0 

29.0 

0.0123 

0.023 

0.226 

1.23 

213 
<O. 03 

9.70 

- 
9.53 

8.20 

7.9 

6 50 

103 
25 

4.8 

6 
478 

129 
331.0 

5.0 

29.0 

0.0133 

0.026 

0.214 

0.0668 

198 
<O. 03 

8.96 

- 
10.01 

8.00 

7.9 

640 

102 
25 

3.7 

<5 
469 

134 
339.0 

5.0 

30.0 

0.0109 

0.025 

0.218 
0.0387 

190 
<O. 03 

8.18 
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APPENDIX I11 TABLE 2 UNITED KENO H I L L   M I N E S  - GRAB 

STATION 2 - EXTRACTABLE  METAL  ANALYSIS 
( A L L   U N I T S   I N   m g / l )  

PARAMETER DAY 1 DAY 2 DAY 3 

A1 
A s  

Ba 
Ca 

Cd 

co 

Cr 
cu 
Fe 
Hg 

Mg 

K 

Mn 

Mo 
Na 

N i  

Pb 
Sb 
Se 
S i  

Sn 

Sr 
T i  
V 

Zn 

<o. 09 
0.001 5 

0.0487 

113.0 

<o. 01 

<O. 015 

<O. 015 

<o. 01 
0.633 

<o. 00020 

1.17 

17.6 

1.31 

<O. 15 
9.0 

<O. 08 

<O. 08 
<O. 0005 

<O. 0005 
2.11 

<o. 2 

0.226 

<O. 0085 
<O. 05 

0.39 

<o. 09 (0.09 
0.0018 0.0011 

0.0434 0.0438 

105.0 107.0 

<o. 01 <o. 01 

<0.015 <O. 015 

<O. 015 <O. 015 

<o. 01 <o. 01 

0.513 0.486 

<o. 00020 <o. 00020 

1.05 0.988 

16.6  17.4 

0.936 0.847 

<O. 15 <O. 15 

8.14 7.9 
<O. 08 <O. 08 

<O. 08 <O. 08 
<O. 0005 <O. 0005 

<O. 0005 <O. 0005 
2.07 1.97 

<o. 2 <o. 2 

0.211 0.215 

<O. 0085 <O. 0085 

<O. 05 <O. 05 
0.309 0.293 
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APPENDIX I11 TABLE 3 UNITED KENO H I L L   M I N E S  - GRAB - 
STATION 3 - WATER QUALITY  DATA 

(EXCLUDING  METALS) 

PARAMETER DAY 1 DAY 2 DAY 3 

TEMPERATURE 

DISSOLVED OXYGEN 
I N   S I T U  pH 
LAB pH 

LAB COND. (mhos /cm)  

LAB  D IL .  COND. ( m h o s / c m )  

COLOR ( c o l o r  units)  
T U R B I D I T Y   ( F T U )  

NF R E S I D U E   ( m g / l )  

F  RESIDUE  (mg/ l  ) 
T O T A L   A L K A L I N I T Y   ( m g / l  CaC03) 
TOTAL  HARDNESS ( m g / l  CaC03) 

TOC ( m g / l )  

T I C   ( m g / l )  

N02-N ( m g / l )  

N03-N (mg/l) 
NH3-N ( m g / l )  

so4 ( m g / l )  
CN ( m g / l )  

c 1   ( m g / l )  

TOTAL PO4-P (rng/l)  

- - - 
9.50  9.77  9.50 

- - - 
7.7 7.7 8.0 

560  560  4 70 

105  103  104 

20  20 15 

3.5  3.0  2.6 

<5 <5 <5 

398 401 336 

118 122 115 
251.0 277.0 237.0 

4.0 5.0 5.0 

26.0 28.0 26.0 

0.0109 0.0098 0.0095 
0.019 0.020 0.014 

0.150 0.152 0.112 
0.0659 0.0506 0.0229 

162 151.3 123 
(0.03 (0.03 (0.03 

6.87 6.55 4.78 
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APPENDIX I I 1  TABLE 3 UNITED KENO H I L L   M I N E S  - GRAB 

STATION 3 - EXTRACTABLE  METAL  ANALYSIS 

( A L L   U N I T S   I N  mg/l) 

PARAMETER DAY 1 DAY 2 DAY 3 

A1 
A s  
B a  
Ca 

Cd 

co 
C r  
cu 

Fe 

Hg 
K 

Mg 
Mn 

Mo 
Na 
N i  
Pb 
Sb 
Se 
Si  
Sn 
S r  

T i  
V 
Zn 

<o. 09 
0.0012 

0.0508 
77.1 

<o. 01 

<O. 015 

<O. 015 
<o. 01 

0.369 
<o. 00020 

0.756 
14.2 

0.662 

<O. 15 

5.28 
<O. 08 
<O. 08 
<O. 0005 

<O. 0005 
2.01 

<o. 2 
0.179 

<O. 0085 

<O. 05 

0.223 

<o. 09 
0.0016 

0.0602 
86.0 

<o. 01 

<O. 01 5 

<O. 015 
<o. 01 
0.38 

<o. 00020 

0.850 
15.2 

0.635 

<O. 15  

6.02 
<O. 08 
<O. 08 
<O. 0005 

<O. 0005 
2.00 

<o. 2 
0.185 

<O. 0085 
<O. 05 

0.216 

<o. 09 
0.0021 

0.0499 
72.0 

<o. 0 1  

<O. 015 

<O. 015 

<o. 01 

0.486 
<o. 00020 

0.684 

17.4 

0.847 

<O. 15 

7.9 
<O. 08 
<O. 08 
<O. 0005 

<O. 0005 
1.85 

<o. 2 
0.215 

<O. 0085 
<O. 05 

0.293 
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APPENDIX I I 1  TABLE 4 UNITED KENO H I L L   M I N E S  - GRAB - 
STATION 4 - WATER QUALITY  DATA 

(EXCLUDING  METALS) 

PARAMETER 

TEMPERATURE 

DISSOLVED OXYGEN 
I N   S I T U   p H  
LAB  pH 

LAB COND. (mhos /cm)  

L A B   D I L .  COND. (mhos /cm)  

COLOR ( c o l o r  u n i t s )  

TURBIDITY  (FTU)  
NF R E S I D U E   ( m g / l )  

F R E S I D U E   ( m g / l )  

T O T A L   A L K A L I N I T Y   ( m g / l   C a C 0 3 )  
TOTAL  HARDNESS ( m g / l   C a C 0 3 )  

TOC ( m g / l )  

T I C   ( m g / l )  

NO2 -N (mg/ 1 1 
N 0 3 - N   ( m g / l )  
NH3-N ( m u )  

so4 ( m g / l )  
CN (mg/’i 

c1 ( m g / l )  

TOTAL PO4-P (mg/I ) 

- 
10.0 
8.10 

7.7 
245 
106 

20 
1.9 

<5 
169 

83.5 
128.0 

5.0 

19.0 

0.0087 

<O. 0050 

0.0192 

0.0075 

40.8 
<O. 03 

0.88 

- 
9.78 
8.00 

7.8 
248 
105 

15 
1.9 

<5 
150 

85.3 
124.0 

5.0 

18.0 

0.0088 

<O. 0050 

0.0187 

0.0069 

38.2 
<O. 03 

0.88 

- 
9.85 
8.20 

7.9 
2 50 

74.0 

15 

1.5 

<5 
166 

87.6 
127.0 

6 

19.0 

0.0090 

<O. 0050 

0.0152 

0.0064 

38.8 
<O. 03 

0.80 
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I 

I 

I 

APPENDIX I11  TABLE 4 UNITED KENO H I L L   M I N E S  - GRAB 
STATION 4 - EXTRACTABLE  METAL  ANALYSIS 

(ALL   UNITS I N  mg/l) 

PARAMETER DAY 1 DAY 2 DAY 3 

A1 

As 
Ba 

Ca 

Cd 
co 
Cr 
cu 

Fe 

Hg 

Mg 

K 

Mn 

Mo 
Na 
N i  

P b  

Sb 

Se 
S i  

Sn 
Sr 
T i  
V 
Zn 

<o. 09 

0.0010 
0.046 

35.5 

<o. 01 
<O. 015 

<O. 015 
<o. 01 

0.157 

<o. 00020 
0.278 
9.61 

0.0457 

<O. 15 

1.04 
<O. 08 

<O. 08 

<O. 0005 

<O. 0005 
1.44 

<o. 2 
0.124 

<O. 0085 
<O. 05 

0.051 

<o. 09 
0.0006 

0.0447 

34.5 

<o. 01 
<O. 015 

<O. 015 
<o. 01 

0.132 

<o. 0002 0 
0.284 
9.27 

0.037 

<O. 15 

0.966 
<O. 08 

<O. 08 

<O. 0005 

<O. 0005 
1.71 

<o. 2 
0.123 

<O. 0085 

<O. 05 

0.04 

<o. 09 

0.0009 
0.0465 

35.3 

<o. 01 
<O. 015 

<O. 01 5 
<o. 01 

0.136 

<o. 00020 
0.289 
9.52 

0.0366 

<O. 15 

0.991 
<O. 08 

<O. 08 

<O. 0005 

<O. 0005 
1.63 

<o. 2 
0.129 

<O. 0085 

<O. 05 

0.065 
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