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I ABSTRACT 

Thi s r e p o r t  summari  zes  avai 1 ab1 e i n f o r m a t i  on  on s e l   e c t e d  

chemical and phys ica l   parameters  o f   Babine  Lake.  

The i n f o r m a t i o n   h a s  been  reviewed i n   o r d e r   t o   u n d e r s t a n d   l o n g  

t e r m   e f f e c t s  of a poss ib le   permanent   copper   m ine   ta i  1 i n g s  pond supernatan t  

d i s c h a r g e   i n t o  Hagan A r m  of   Babine  Lake.  For th is   reason,   emphas is  was 

g i v e n   t o  Hagan A r m  and the   immed ia te   e f f l uen t   d i scha rge   a rea .  

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

I 
h e a v y   m e t a l s   a n d   s a l t s ,   e f f e c t s   o f   c h e l a t i n g   c o m p l e x e s   w i t h i n   t h e  1 ake  and 

t h e   m o n i t o r i n g   p r o g r a m  o f  t he   superna tan t   d i scha rge   by  Bell m i n e   i n t o  Hagan 

Arm. Water   chemis t ry   parameters   f rom  bo th   Be l l   m ine   and EPS a re   ana lyzed 

and eva l   ua ted .  1y 

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

I i n t e n s i t y  a n d   s e c c h i   d e p t h   c h a r a c t e r ;   s t i c s   a r e   c o n s i d e r e d   w i t h i n   t h e  

c o n t e x t  o f  1 ake c i r c u l a t i o n  and m i x i n g   o f   t h e   l a k e   w a t e r s .  

S tud ies   on   sed iment   ana lys is  and a c i d   l e a c h i n g   c a p a b i l i t y   o f  

m i n e r a l i z e d   r o c k s   a r e  summerized i n  v i e w   o f   t h e   p o t e n t i a l   e n v i r o n m e n t a l  

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

a c t i v i t i e s   i n   t h e   B a b i n e   L a k e   w a t e r s h e d .  



Io 

f 

Ce rapport riisume 1 ' information  disponibl e sur une sglection de 
paramgtres chimiques e t  physiques du 1 ac Babine. 

L '  information a 6 t 6  pasee en revue de facon 2 comprendre les 
effets i 1 ong terme d'un Gventuel  d6versement  permanent de 1 iquide 
surnageant provenant d'un e t a n g  de ta i l  ings  d'une mine  de cuivre; ce 
deversement se  ferai t dans 1 e bras Hagan du 1 ac Babine. Pour cette  rai son, 
1 'emphase a e t6  mise sur 1 e bras Hagan e t  sur 1 a zone  immediate de 
diiversement de 1 ' e f f l  uent. 

La section  sur 1 a chimie de 1 ' eau t ra i  t e  des n i  veaux  de b r u i t  de 
fond  pour les  m6taux 1 ourds e t  1 es  sel s ,  des effets  des complexes 
chilatants i 1 'intiirieur du 1 ac e t  du programme  de surveillance du 

deversement dans l e  bras Hagan de 1 iquide  surnageant provenant de 1 a mine 
Bel 1 .  Les paramgtres chimiques de 1 'eau  obtenus de la mine  Bel 1 e t  du SPE 

sont analysiis e t  6values. 
Les paramgtres physiques tel sque 1 es  caract6ri  sti ques de 

s t ra t i f icat ion de tempGrature, d'intensi t 6  1 umineuse e t  de profondeur de 
Secchi sont  examink dans 1 e contexte de 1 a circulation du 1 ac e t  du  

melange des eaux du lac.  
Des Gtudes sur 1 'analyse de sediments e t  sur  le pouvoir 

aci di f ian t  de 1 essivage des rockes mi n6ral i sees  sont r6sum6es par rapport  
au changement  envi  ronemental potentiel  resultant des augmentations 
anticipiies dans les  activit6s  d'exploitation miniere et  forestigre dans l e  
bassin hydrographique du lac Babine. 
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S IJMM AR Y 

The ex i s t i ng   Bab i   ne   Lake   da ta  on se lec ted   chemica l  and p h y s i c a l  

parameters  have  been  reviewed i n   o r d e r   t o  a s s e s s   t h e   e f f e c t s   o f  a 

permanent   d ischarge  f rom  the  Bel  1 m i n e   i n t o   t h e  Hagan A r m  of   Babine  Lake. 

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

chemical   surveys  of   Babine  Lake  conducted  on  September  1971  and  July  1972 

by Beak C o n s u l t a n t s   f o r   B e l l   M i n e .  The d a t a   f r o m   t h e s e   s t u d i e s   i n d i c a t e  

h igh   d i sso l ved   oxygen   concen t ra t i on ,   neu t ra l  pH and low  suspended  so l ids,  

h a r d n e s s ,   t u r b i d i t y ,  COD, BOD and TOC va lues.  The c o n c e n t r d t i o n   o f  

se lec ted   heavy   meta ls  was a l s o   v e r y  low. The m i n e   s t a r t e d   o p e r a t i n g   i n  

October   1972.   Resul ts   are  presented  f rom a resource   impact   s tudy   by  EPS i n  

1974  and  f rom  moni tor ing  programs  by  the  Babine  Lake  Watershed Change 

S t e e r i n g   C o m m i t t e e   d u r i n g   t h e   s p r i n g   a n d   f a l l   o f  1973  through t o  1976. No 

s i g n i f i c a n t  changes  were  observed i n   e i t h e r   n u t r i e n t ,   m a j o r   i o n  o r  most 

heavy   me ta l   concen t ra t i ons   du r ing   t he   t h ree   yea r   s tudy .  However, mean 

c o p p e r   c o n c e n t r a t i o n s   o n   s e l e c t e d   d a t e s   i n  1974  and  1975  had  increased i n  

t h e   n o r t h e r n   b a s i n   c l o s e r   t o   t h e  open p i t  copper   mine  operat ions as 

compared . t o   s o u t h   b a s i n   s t a t i o n s .  A water  sampl ing  program was conducted 

by  Bel 1 mine i n  1983 i n   o r d e r   t o   d e t e r m i n e   t h e   e f f e c t   o f   e f f l u e n t  i n  t h e  

r e c e i v i n g   a r e a .   I n  some s t a t i o n s ,   c o n d u c t i v i t y  and su lpha te   va lue  

i n c r e a s e d   w i t h   d e p t h .   T h i s   t r e n d  was n o t   o b s e r v e d   a t   a l l   s t a t i o n s   b e c a u s e  
t h e   d a t a  was no t   ava i l ab le   f rom  deeper   wa te r   (be low 50 m). D i s s o l v e d  

, copper   va lues   d id   no t   a lways   i nc rease   w i th   dep th .  

C o n d u c t i v i t y   p r o f i l e s   r e c o r d e d   w i t h  a Hydro  Lab  instrument  by 

t h e  Waste Management Branch i n  January  1983 showed t h a t   t h e   c o n d u c t i v i t y  

v a l u e s   o f   e f f l u e n t  was 1600 umho/cm and t h e   a v e r a g e   c o n d u c t i v i t y   o f   t h e  

r e c e i v i n g   w a t e r  was on ly   94  umho/cm i n d i c a t i n g  much d i l u t i o n   o f   t h e  

e f f l u e n t   t o o k   p l a c e .   S t u d i e s   o n  compl e x i   n g   c a p a c i t y   i n d i c a t e   t h a t   B a b i  ne 

Lake  water i s  h i g h   i n   d i s s o l v e d   o r g a n i c   m a t t e r   w h i c h   c o m p l e x e s   w i t h   i o n i c  

copper  o r  o t h e r   h e a v y   m e t a l s   t o   a m e l i o r a t e   t o x i c i t y  (Chau, e t   a l ,   1 9 7 4 ) .  
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Phys ica l   parameters  show tha t   Bab ine   Lake i s  a d i m i c t i c   l a k e  and 

c h a r a c t e r i s t i c a l l y   i c e - c o v e r e d   f o r   f o u r  months i n   t h e   w i n t e r .  The annual 

mean r e s i d e n c e   t i m e   o f   t h i s   l a k e   i s   a p p r o x i m a t e l y   t w e n t y   y e a r s  and a lmost  

no i n f l o w   t a k e s   p l a c e   d u r i n g   t h e   w i n t e r  (Carmack  and  Farmer,  1982). 

Temperature i n  Babine  Lake  decreases  rap id ly  i n  mid-August .   I so thermal  

c o n d i t i o n s   o c c u r   i n   e a r l y  November. By t h e  end o f  December, t h e   m i x e d  

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

unchanged u n t i l   e a r l y   A p r i l  when t h e   s o l a r   r a d i a t i o n  warms the   wa te r  

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

(Farmer and  Carmack,  1981). 

The v e r t i c a l  and h o r i z o n t a l   t h e r m a l   s t r u c t u r e  was measured i n  

1972  and  1973 us ing   ba thy thermograph  (Farmer ,   e t  a1 , 1976) .   Data  f rom 

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

hypo l imn ion   depth ,  mean tempera ture  and  volumes o f   t h e s e   l a y e r s ;   n a t u r e   o f  

convect ing  warming i n   d i f f e r e n t   p a r t s  o f  t h e  1 ake  and  reg ions  o f  

upwel l  i ng. 

Temperature  depth  prof i les   for   the  1974-1975  season  f rom  the 

Babine  Lake  Watershed Change Steer ing   Commi t tee   mon i to r ing   p rogram showed  a 

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

1 a k e ,   s p r i n y   o v e r t u r n   w i t h   c o m p l e t e   m i x i n g   t o o k   p l a c e   i n   J u l y .   I n  1973, 

the  Babine  Lake  Watershed Change S t e e r i n g   C o m m i t t e e   r e p o r t e d   t h a t   d u e   t o  

g r e a t e r   w i n d   p r o t e c t i o n ,  a s t a b l e   s t r a t i f i c a t i o n  and g rea t l y   reduced   m ixed  

l a y e r  was observed i n   t h e  Hagan A r m  r e g i o n .   L i g h t   i n t e n s i t y  and  secchi 

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

e x t i n t i o n - c o e f f i c i e n t   f r o m   n o r t h   t o   s o u t h   o f   t h e   l a k e  and secchi   depths i n  

t h e  Hayan A r m  r e g i o n   w e r e   f a i r l y   c o n s t a n t   t h r o u g h o u t   t h e  open  water 

p e r i o d .  

Babine  Lake  sediments  were  analyzed  for   se lected  chemical  

components i n  v i e w   o f   p o t e n t i a l   e n v i o r n m e n t a l   c h a n g e   r e s u l t i n g   f r o m   l o g g i n g  

watershed.   Average  concentrat ion 

bot tom  sediments  except   z inc  were 

( n o r t h   o f   F u l t o n   R i v e r ) .   H i g h e s t  

dnd m i n i n g   a c t i v i t i e s   i n  

o f  a1 1 measured  chemical 

h i g h e s t   i n   t h e   n o r t h   r e g  

the  Babine  Lake 

c o n s t i t u e n t s   o f  

i o n   o f   t h e  1 ake 
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va lues   o f   t o ta l   phosphorous   and   o rgan ic   ca rbon   were   obse rved   i n   su r face  

sediments (0-4.5 cm). P a r t i c u l a r l y   h i g h   c o p p e r   c o n c e n t r a t i o n s   w e r e  

observed i n   s u r f a c e   l a y e r  o f  Hagan Arm area  where   there   were   two  ac t i ve  

copper   m ine   s i t es .  

M i n e r a l i z e d   r o c k s   s u r r o u n d i n g   B a b i n e   L a k e   w e r e   s t u d i e d   f o r   t h e i r  

a c i d  1 e a c h i   n g   p o t e n t i a l  . R e s u l t s  o f  t h e   s t u d y   i n d i c a t e   t h a t   t h e s e   r o c k s  

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

obv ious 1 eachi   ng  hazard.  
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I 1. INTRODUCTION 

When Be l l   m ine  i s   o p e r a t i n g ,   d i s c h a r g e s   t o   t h e   t a i l i n g s  pond a r e  

recyc led  and  reused i n   t h e  m i  11 so t h e r e  i s  no  need f o r  a d i r e c t   d i s c h a r g e  

t o   t h e   e n v i   r o n m e n t .  'However, d u r i n g  a shutdown,   water   leve ls  i n   t h e  

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

T h e r e f o r e ,   d u r i n g  a pe r iod   o f   t empora ry   shu tdown ,  a 1 imi t e d   a p p r o v a l  was 

g r a n t e d   t o   M a c l e a r n   F o r e s t   P r o d u c t s  - Bel 1 Mine t o   d i   s c h a r g e   a p p r o x i m a t e l y  

1,000,000 m3 o f   t a i  1 i ngs  pond  supernatant t o  Hagan Arm. i n  Babi  ne  Lake  from 

October 18, 1982 t o   A p r i  1 30, 1Y83. Tht? mine was y r a n t e d   o n l y  a 1 i w i  t e d  

a p p r o v a l   r a t h e r   t h a n  a p e r m i t   f o r  a permanent  d ischarge  because  the 

shutdown was o n l y   e x p e c t e d   t o  be temporary  and  Babine  Lake i s  an i m p o r t a n t  

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

were  unknown. 

I n   o r d e r   t o   a s s e s s   t h e   e f f e c t s   o f  a permanent   d ischarge  f rom  the  

Bel 1 M i  ne  on  Babine  Lake, a waste manayement p l a n  and  an env i ronmenta l  

assessment   repor t  was submi t ted   by  Mac1 earen  Forest   Product   Inc. ,   Babine 

M i n i n g   D i v i s i o n   B e l  1 Mi ne t o   t h e  Waste Management Branch  on  August, 1983. 

The purpose of t h i s   r e p o r t  was t o  summarize e x i s t i n g   l a k e   d a t a ,   a l o n g  w i t h  

those  submi t ted   by   Be l  1 M i  ne, i n   o r d e r   t o   u n d e r s t a n d   l o n g   t e r m   e f f e c t s   o f  a 

permanent   d ischarge  o f   Be l  I M i n e   s u p e r n a t a n t   i n t o  Hagan A r m  o f  Bahine 

Lake. 
I n f o r m a t i o n  on  Water  Chemistry,  Physical  Parameters,  Sediment 

A n a l y s i s  and a c i d   i e a c h i   n g   p o t e n t i a l   o f   m i n e r a l i z e d   r o c k s   i s   p r e s e n t e d   f o r  

Babine  Lake  wi th  emphasis on Hagan A r m  and t h e   i m m e d i a t e   e f f l u e n t  

d ischarge  area.  
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WATER CHEMISTRY 

The s e c t i o n  on   wa te r   chemis t r y   i nc ludes  a l i t e r a t u r e   r e v i e w  and 

summary o f   t h e   e x i s t i n g   l a k e   d a t a   w i t h   e m p h a s i s   o n :  

1. Background   l eve l s   o f   heavy   me ta l s  and s a l t s '   i n   B a b i n e   L a k e .  

2. Q u a l i t y   o f   t a i l i n g s   s u p e r n a t a n t   d i s c h a r g e   b y   B e l l   M i n e   i n t o   t h e  Hagan 

Arm of  Babi  ne  Lake. 

3. E f f e c t s   o f   c h e l a t i n g   c o m p l e x e s   w i t h i n   t h e   l a k e .  

2.1 Background  Chemical  Data 

Noranda Ini ne  (Bel 1 Copper D i v i s i o n )  began   cons t ruc t i on  on s i t e  

i n  1970 and t h e   f i r s t   o r e  was e x t r a c t e d   i n   O c t o b e r  1972. The o r e  was 

f i r s t   c o n c e n t r a t e d   i n  a mill on s i t e  and  then  the  copper  was e x t r a c t e d   b y  

a f l o t a t i o n   p r o c e s s  t h a t  used  sodium  cyanide as  an i r o n   d i s p e r s a n t   ( S m i t h ,  

1972) .  

The t a i  I i ngs  from  Bel 1 M i  ne  were  deposi ted i n  Workburn  Lake 

area.  There was no d i r e c t   d i s c h a r g e   i n t o   B a b i n e   L a k e ;   t h e r e f o r e ,   n o  

con tamina t ion   o f   Bab ine   Lake   f rom an e f f l u e n t   d i s c h a r g e  was expected. 

W a t e r   f r o m   t h e   t a i l i n g s  impoundment was r e c i r c u l a t e d  and  used i n   t h e  

m i  11 i ng  process. 

Noranda  Mine   L imi ted   re ta ined Beak C o n s u l t a n t   L i m i t e d   t o   c o n d u c t  

p re -opera t i ona l   chemica l   su rveys   i n   Sep tember  1971 and J u l y  1972  (F igure  

1) .  F o l l o w i n g   i s  a  summary o f   w a t e r   q u a l i t y   d a t a   f o r   B a b i n e   L a k e   f r o m  

t h i s   s t u d y   ( T a b l e s  2, 3 ) .  Disso lved   oxyyen   conen t ra t i ons   were   h igh ,   t h ree  

o f  t h e   o i  1 and grease  samples i n  September  were h i  yh, pH  was n e u t r a l  ; 

suspended s o l i d s ,   t u r b i d i t y  and  hardness  values  were a l l  low. I n   a d d i t i o n ,  

COD, BOD and TOC va lues   were   genera l l y   low.  The c o n c e n t r a t i o n s  o f  s e l e c t e d  

meta ls   except   i ron ,   were   very   low.   I ron   has  a v e r y   l o w   t o x i c i t y   ( B e a k  

Consultants,  1972)  and i s  expected t o  be   p resent  i n   e a s i l y   d e t e c t a b l e  

quan t i t i es .   The re  was one  copper   concent ra t ion   recorded i n  September,  1971 

a t  S t a t i o n  11, e a s t   o f  Newrnan P e n i n s u l a   t h a t  was h i g h .  
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T W E  1 S M Y  OF WATER QWITY UATA FOR B N I N  LAKE FHavl BEAK CONSKTANE PRE-OPEKATIW SlRMYS IN 
SEPTEWEK 1971 AM JLLY 197P 

STATION WEST OF M 4  PENINSKA EAST OF "PN PENINSUA 
No. 1 2 3 8 10 11 

Tenperature 
( " C )  

Ui ssol ved Oxygen 
(mJ11) 

PH 
(log units) 

Total Hardness 
( P P  as Lac$) 

Turbidity 
( J W  

C W  
( P P )  

Tota I S o l  ids 
( P P )  

Total  Oryani c Carbon 
(Plm) 

Cyanide 
( PPn) 

Oi 1 and Grease 
( Ppm) 

Su 1 fate 
(Pcm) 

Sulfide 
( P i )  

Sept.171 
July I72 

Sept .I71 
,July 172 

Sept.171 
July I72 

Sept ./I1 
July I72 

sept.171 
July 17'2 

s e p t  .I71 
July I72 

Sept .I71 
July I72 

Sept.171 
July I72 

Sept  .I71 
July 172 

sept.171 
July I72 

Sept  .I 71 
July I72 

s e p t  .I71 
July I72 

12.2 
14.2 

9.4 
9.3 

7.5 
7.4 

35 
33 

0.7 
0.7 

10 
2a 

73 
51 

a 
12 

< 0.w5 
< 0.005 

5.8 
1.3 

3.5 
2 .O 

0.06 
0.05 

12.2 
13.5 

9.4 
9.2 

7.5 
7.9 

36 
35 

0.8 
0.9 

14 
19 

63 
47 

7 
10 

< 0.f305 
< 0.005 

4.3 
< 1.0 

3.7 
4.0 

0.05 
0.05 

12.2 
13.8 

9.4 
9.3 

7.4 
7.9 

36 
35 

0.7 
0.7 

12 
20 

63 
51 

9 
10 

< 0.005 
< 0.005 

20.3 
1.8 

4.8 
2.3 

0.05 
0.05 

12.2 
15.1 

9.4 
8.9 

7.6 
7.5 

36 
33 

0.6 
0.5 

17 
21 

58 
37 

8 
9 

< 0.005 
< 0.005 

7.8 
1.8 

4.1 
3.7 

0.05 
0.05 

12.2 
12.7 

9.5 
9.3 

7.6 
7.5 

36 
35 

0.4 
0.6 

24 
20 

65 
47 

9 
20 

< 0.005 
< 0.005 

25.5 
1.7 

4.5 
3.3 

0.06 
O.% 

12.2 
12.1 

9.6 
9.5 

7.6 
7.8 

36 
32 

0.7 
0.8 

42 
21 

61 
44 

8 
9 

< 0.005 
< 0.005 

22.1 
2.3 

4.4 
2.5 

0.05 
0.05 
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TPBLE 2 S M Y  OF CEMICPL MYSES FO3 SELECTED METALS  IN BBIN L N  FKCM BEAK CONSUTANTS 
WE-OPERATIONAL SLRMYS DLRING SEPTEMER 14-16,  1971 ANI JlLY  13-14, 197P 

STATION  WEST OF EWTWI PENINSUA EAST OF NwMlrN PENINSUA 
No. 1 2 3 8 10 11 

Arsenic Sept./71 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 
( PPn) July./72 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.w2 

C a h i  UTI Sept./71 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 
( P P I  JulyJ72 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 

Copper Sept./71 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 0.13 
(PPI July./72 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

IrOn Sept ./71 0.2 0.3 0.4 0.4 0.4 0.4 
( P P I  July./72 0.19 0.04 0.03 0. (13 0.03 0.18 

Lead Sept./71 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 
( P P I  July./72 < 0.025 < 0.025 < 0.025 < 0.025 < 0.025 < 0.025 

Mercury  Sept.171 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 
(PN) July./72 < 0.25 < 0.25 < 0.25 < 0.25 < 0.25 < 0.25 

Molybdenun Sept./71 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 
(PW) July./72 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Nickel Sept.171 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 
( PWI July./72 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

. .  

Zinc Sept./71 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 
( P P I  July./72 < 0.m < 0.0005 < 0.005 < 0.005 < 0.005 < 0.W5 

S i  1 ver *t./71 - - < 0.05 - - - 
(PPI July /72 < 0.005 < 0.005 < 0.005 - < 0.005 - 

%PCH V p L l E  KEPRESENTS TH AVERPGE OF ll-E TOT& C W E N l R A l " 4  FO? M SlRFPCE, MID ANI BoIlCPl WAlER AT EACH 
STATION 
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I n  1972, EPS r e p o r t e d   o n   t h e   w a t e r   q u a l i t y   o f  some s i t e s   i n  

B a b i n e   L a k e   a d j a c e n t   t o   t h e   m i n e   s i t e   ( K u s s a t ,   e t  a1 , 1972) .   S ta t i on  N2 

was l o c a t e d   i n   t h e   g e n e r a l   a r e a   o f   t h e   p r e s e n t   d i s c h a r g e   s i t e   ( F i g u r e   2 ) .  

The C o n c e n t r a t i o n s   o f   d i s s o v l e d   m e t a l   o b t a i n e d   a t   S t a t i o n  N 1  and N2 (Tab le  

3 )  r e f l e c t   l a k e   c o n d i t i o n s   b e f o r e   a n y   e f f l u e n t  was d i s c h a r g e d   i n t o   B a b i n e  

Lake from Bel I Mi ne  and  can  serve  as  base1  ine  data f o r  f u t u r e   s u r v e y s .  

Hal 1 am (1975)  i n  an EPS r e s o u r c e   i m p a c t   s t u d y   r e p o r t e d   t h a t  a1 1 

water   chemist ry   parameters  were  cons idered t o  be i n   t h e  normal  range i n   t h e  

v i c i n i t y   o f  Noranda  Be l l   M ine .   Sample   s ta t ions   a re   dep ic ted  i n   F i g u r e  3 

and w a t e r   c h e m i s t r y   p a r a m e t e r s   a r e   l i s t e d   i n   T a b l e s  4 and 5. 

As p d r t  o f  the  Babine  Lake  watershed  change  program,  Stockner 

and Shor t reed (MS 1974)  conducted a 1 i m n o g i   c a l   s t u d y   o f   B a b i n e   L a k e   i n  

1973  (F igure 4). Chemical  parameters  (Tab1 e 6 )  f o r  t h i s   s t u d y   i n d i c a t e  

t h a t   t h e r e   i s   l i t t l e   s p a t i a l  o r  t e m p o r a l   v a r i a t i o n   i n   p h o s p h a t e  and 

n i t r a t e   c o n c e n t r a t i o n s .   S i l i c a t e   c o n c e n t r a t i o n s   w e r e   l o w e s t   i n   J u n e   i n   a l l  

zones  compared t o   J u l y  and  September.  Total a1 k a l  i n i  t y  showed 1 i t t l e  

v a r i a t i o n   i n  1973;  however,  zone 2 v a l u e s   w e r e   l o w e r   t h a n   t h e   r e s t   o f   t h e  

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

The Babine  Lake  Watershed  Change  Steering  Committee  sampled 

d u r i n g   t h e   s p r i n g  and f a l l   o f  1974 t h r o u g h   t o  1976 (Stockner   and 

Shortreed,  1976, 1978) ( F i g u r e s  5 and 6 ) .  No s i g n i f i c a n t  changes  were 

observed i n   n u t r i e n t ,   m a j o r   i o n  o r  most   heavy   meta l   concent ra t ions   dur ing  

t h e   t h r e e   y e d r   s t u d y   ( T a b l e s  7 - 2 2 ) .  However  copper  concentrat ions  had 

i n c r e a s e d   i n  1975 a t  some s t a t i o n s .  
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6 A  

L 

FIGURE 2 BELL  COPPER  MINE S I T E  AND EPS SAMPLING 
LOCATIONS ( I  972  ) 
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T M E  3 KESUTS OF MAY 21 fW AGUST 23,  1972 WATER M Y S E S ,  NOHWA BELL 

Y 

w 

MAY 21/72 

N1 Surface 

Centre 

Bot tm 

N2 Surface 

Centre 

Bottan 

AGUST 23/72 

N1 Surface 

Cent re 

Uottm 

N2 Surface 

Cent re 
Bot tm 

0 

1.5 
3 

I) 

2.5 
5 

0 

0 

14 (Bottom) 8.0  72.8 < 0.01 < 0.05 < 0.01 

8.0 81.6 < 0.01 < 0.05 < 0.01 
8.1 75.9 < 0.01 < 0.05 < 0.01 

19 (Botta) 7.9  74.1 < 0.01 < 0.05 < 0.01 
7.9  64.4 < 0.01 < 0.05 < 0.01 

8.0  79.0 < 0.01  0.39 < 0.01 

6.8  51 < 0.01 < 0.03 < 0.01 
6.8 2 

6.8  19 < 0.01 < 0.03 < 0.01 

7.1 1% 

1.5 

1 .0 

1.5 

< 1.0 

1.5 
3.5 

0.45 

0.63 

0.6 

1.7 
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FIGURE 3 E P S  MINE  MONITORING  STATIONS (1974) 



- 10 - 
em 

TABLE 4 A YEARLY SUMMARY OF NORANDA BELL  MONITORING  RESULTS FOR TOTAL  METAL, PH, AND SO4 

S T A T I O N  DEPTH Cd c u  Fe Pb Zn so4 PH 
- +I) .01 +o .Ol +0.03 +0 .02 +o . O 1  +5 +.l 

ppm P Pm P Pm p prn p pm p pm p pn! 
- - - - - - 

MAY 29/1974 
N 1  To c, < 0.01 0.01 0.11 < 0.02 0.04 

Bot tom < 0.01 0.02 0.38 < 0.02 0.06 

N2 TOP < 0.01 < 0.01 0.33 < 0.02 0.08 
Bottom < 0.01 < 0.01 0.63 < 0.02 0.07 

N3 TOP < 0.01 < 0.01 0.20 < 0.02 0.06 
Bottom < 0.01 < 0.01 0.52 < 0.02 0.07 

7 .O 
6.9 

7.1 
7 .0 

7.1 
7.1 

N4 l o p  < 0.01 0.01 0.32 < 0.02 0.06 7.0 
Mid < 0.01 0.01 0.49 < 0.02 0.07 7 .0 
Bot tom < 0.01 < 0.01 1.2 < 0.02 . 0.05 7.9 

"""""""""""""""""""""""""""""""""""""""""""~""" 

JULY 20/1974 
N 1  TOP < .01 < 0.01 .20 < 0.02 . 113 < 5  7 .0 

Mid < .01 0.02 .20 < 0.02 .04 < 5  
Bot tom < .{:I1 0.01 .I1 < 0.02 .02 < 5  7 .O 

N2 To P < .O1  0.01 .13 < 0.02 .04 < 5  7.5 
Mid < . 9 l  0.02 .22 < 0.02 .04 
Bot  tom < .01 0.01 .14 < 0.02 .04 < 5  7 .O 

N3 TOP < .01 0.02 .05 < 0.02 .02 < ?  7.0 
Mid < .O1  0.9 .30 < 0.02 .02 < 5  7.0 
Bot tom < .01 0.01 .13 < 0.02 .02 < 5  7 . (I 

N4 To P < .01 0 0 1 .33 < 0.02 .02 11 7 .(I 
Mi d < .01 0. U% .30 < 0.02 .02 < 5  1.5 
t3o t t om < .u1 0.01 .1)8 < 0.02 .O1 < 5  7.5 

OCTOBER 19/1974 
N 1  T o  P < .03 .02 .10 < .02 < .01 5 6.9 

Bot tom < .03 .02 .08 < .02 < .O1 5 7 .O 

L 

m 

w 

IC 

N2 To P < .03 . u 2  .10 < .02 < .01 6 5.9 
Bot tom < .03 .02 .08 < .02 < .01 6 6.9 m 

N3 To P < .03 .Ol .15 < .02 < .01 < 5  7 .o 
Bottom < .03 .01 .10 < .02 < .01 < 5  6.9 

N4 TOP < .03 .01 .11 < .02 .02 7 6.8 
Bot tom < .03 .02 .08 < .(I2 < .01 6 6.8 

- 
D 



rl 

- 11 - 

I' 
TABLE 5 A YEARLY SUMMARY OF NORANDA BELL M O N I T O R I N G  RESULTS FOR RESIDUES,  T U R B I D I T Y  AND 

CONDUCTIVITY 

I 

T u r b .  Cond. Totd  I Res. F i I t .  Res.  Nun. F i  It.  Res. 
STAT I ON DEPTH  FTU' s u m k o / c m  - t2.5 my/l - +2.5 m y / l  - t2.5 my/l 

I 

MAY 29/1974 

m N 1  TOP 1.8 100 56 
Bottom 1.5 94  59 

51 
59 

5.0 
< 2.5 

4 N2  TOP 2.0 94 55 
Bot tom 2.1 92  62 

50 
58 

5.0 
4.0 

N3 To P 2.0 89 58 
1 Bottom 2.0 89 52  

53 
44 

5.0 
8.0 

N4 To P 1.5 90 51 
Mid 1.8 89  54 
Bottom 1.9 91 67 

47 
48 
67 

4.0 
6 .0 

< 2.5 """_"""""""""""""""""""""""""""""""""""""""""""" 
JULY 2011974 

N 1  To P 0.8 94  68 
Bottom 1.3 93 7 1  

68 
71 

< 2.5 
< 2.5 

N2 

N3 

T O P  
Bot tom 

1.2 
1.3 

94 
94 

69 
72 

69 
72 

< 2.5 
< 2.5 

"0 P 
Mid  
Bot tom 

1.3 
1.6 
0.8 

90 
90 
90 

67 

75 
- 

64 

72 
- 3.1 

3.5 
- 

Top' 
M i  d 
Bot tom 

1.4 
1.2 
1.3 

89 
90 
90 

64 
68 
72 

61  
65 
70 

N4 3.2 
2.9 
2.7 _""""""""""""""""""""""""""""""""""""""""""""""" 

OCTOBER 19/1974 

N 1  To P 0.6 68 70 
Bottom 0.6 66  69 

10 
69 

< 3  
< 3  

N2  To P 0.6 67  72 
Bottom 0.6 67 69 

72 
69 

< 3  
< 3  

N3 TOP 0.6 64  65 
Bot tom 0.6 64  68 

65 
68 

< 3  
< 3  

N4  TOP 0.6 64 65  65 < 3  
Bot tom 0.6 64 68  68 < 3  
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FIGURE 4 SAMPLING LOCATIONS FOR BABINE LAKE 
WATERSHED CHANGE PROGRAM (1973) 
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FIGURE 5 SAMPLING STATIONS FOR BABINE LAKE WATERSHED 
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NORANDA 
PLANT SIT 

F IGURE 6 MINE  MONITORING  STATIONS FOR B A B I N E   L A K E  
WATERSHED  CHANGE  PROGRAM (1974-  1976) 
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TABLE I CHEMICAL UATA FOR THE LAKE STATIONS FROM THE t3At3INE LAKE WATERSHED CHANtiE 
M O N I T O R I N G  PROt iRAM - J u l y  20 t o  23, 1974 

P AK AME TER Sf STATIONS 

N u t r i e n t s  (my. 1 -1 )  
To ta l  Ory. C 
D i s s .  P 
To ta l  P 
lli ss.  N( N03fN02) 
T o t a l   K j e l d a h l  N 
To ta l  N 
React. S i  02 
Diss .  Na 
Uiss. K 
t l i s s .  CI 
Uiss. SO4 
To ta l  Kes. (105C) 
F i  I t .  Kes.’ (105C) 
Spect. Cond. ( umho.cnr2) 
T u r b i d i t y  (F.T.U.) 
Co I o u r  

Heavy Metd l  sa(mg. 1-1 
Cd 
cu 
FP 

Pb 

Mo 
Zn 

Mg 
Ca 

7.6 
35 .6 

6.5 
< 0.003 

0.004 
0.07 
0.20 
0.27 
4.3 
1.9 
0.6 
0.5 

< 5.0 
63 
61 
76 
0.8 

28 

< 0.0005 
0. (103 
0.1 
0.001 
0.0005 
0.006 
2.2 

10.4 

7.7 
36.6 

6.0 
< 0.003 

0.005 
0.07 
0.15 
0.22 
4.2 
2.0 
0.6 
0.6 

< 5.0 
64  
62 
I8  
0.7 

23 

< 0.0005 
0.003 
0.1 
0.001 
0 A 0 0 5  
0.006 
2.3 

10.8 

7.7 
36.4 

4.3 
< 0.003 

0.006 
0.08 
0.19 
u.21 
4.2 
1.8 
0.6 
0.6 

< 5.0 
65  
62 
76 
0 . ti 

25 

< 0.0005 
0 .002 
0.1 
0.001 
0.0005 
0.009 
2.5 

10.4 

7.7 
37 .o 

3.0 
< 0.003 

0.006 
0.09 
0.22 
0.30 
4.4 
1.9 
0.6 
0.6 

< 5.0 
65 
63 
79 
0.5 

23 

< 0.0005 
0.003 
0.1 
0.001 
0.0005 
0.005 
2.5 

10.4 

7.6 
36.3 

5.3 
< 0.003 

0.008 
0.09 
0 .17  
0.25 
4.5 
1.9 
0.6 
0.6 

< 5.0 
64 
62 
79 

(J . 5 
2 3  

< 0.0005 
o.ou2 
i) . 1 
u . Wl 
0 .0005 
0,005 
2.4 

10.2 
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TABLE 8 CHEMICAL DATA FOR THE LAKE STATIONS FROM THE BABINE LAKE WATERSHED CHANGE 
MONITORING PROGRAM - October  19 t o  21,  1974 

PARAME TEKS* STATIONS 
1 2 3 4 5 

P H  7.7 7.6 7.7 7.7 7.7 
Total  Alkal  .CaC03(rnc~.l ‘~) 36.8 37 .O 37 .u 37.2 37.5 

N u t r i e n t s  (mg.1-1) 
T o t a l  Org. C 
Uiss. P 

U i  ss .  N( N03tNOi) 
T o t a l   K j e l d a h l  N 
T o t a l  N 
React . S i  02 
Uiss. Na 
O i s s .  K 
U iss .  C 1  
Diss. SO4 
T o t a l  Res. (105C) 
F i  I t .  Res. (105C) 
Spect. Cond. ( urnho.crn-2) 
T u r b i d i t y  (F.T.U.) 
Col ou r  

To td l  P 

Heavy Metalsa(my.1-1) 
Cd 
cu 
Fe 
Pb 
Mo 
Zn 

MiJ 
Ca 

9.5 
0.003 
0.011 
u .08 
0.39 
0.47 
4.4 
2.0 
0.6 
0.5 
5.0 

65 
61 
7 7  

1.6 
13  

0 ..0005 
0.002 
0.1 
0.001 
0.0005 
0.005 
2.8 

10.4 

13.0 
0.003 
0.006 
0.09 
0.26 
0.34 
4.5 
2.0 
0.6 
0.5 
5.0 

65 
63 
76 

0.3 
13 

0.0005 
0.002 
0.1 
0.001 
0.0005 
0.005 
2.8 

10.5 

10.5 
0 .0U3 
0.006 
0.09 
0.16 
0.25 
4.4 
1.9 
0.6 
0.5 
5 .O 

6 1  
59 
78 

0.4 
15 

0 A 0 0 5  
0.002 
0.1 
0.001 
0.0005 
0.005 
2.7 

10.4 

9.0 
0.003 
0.006 
0.09 
0.15 
0.24 
4.5 
1.9 
0.6 
0.5 
5.0 

63 
60 
78 
0.4 

15 

0.0005 
0.002 
0.1 
0.001 
0.0005 
0.005 
2.6 

10.3 

9.0 
0.0u3 
0.006 
0.09 
0.14 
0.23 
4.8 
2.0 
0.6 
0.5 
5.0 

63 
60 
80 

0.4 
10 

0.0005 
0.002 
0.1 
0.002 
0. 0005 
0.005 
2.7 

10.44 

*Mean r e s u l t  o f  s u r f a c e  and bottom  samples. ” 

a u n f i  1 te red   samples  
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TABLE 9 CHEMICAL DATA FOR THE LAKE STATIONS FROM THE BABINE LAKE  WATERSHED CHANGE 
MONITUKING PROGRAM - May 24,  1975 

PAKAMETEKS* STATIONS 

pH 
Total   Alkal   .CaC03(mg. l - l )  

Nu t r i en ts   (mg .1 - I )  
To ta l  Ory.  C 
Diss. P 
T o t a l  P 
U i  ss .  N (  N03+NO2) 
Tota l   KJe ldah l  N 
T o t a l  N 
React. S i  02 
D i  ss.  Na 
u i s s .  K 
Diss .  C 1  
Diss. SO4 
To ta l  Res. (105C) 
Fi It. Res. (105C) 
Spect . Cond. ( umho .cm-2) 
T u r b i d i t y  (F.T.U.) 
Col o u r  

Heavy Metal   sa (my. I -I) 
Cd 
cu  
Fe 
Pb 
Mo 
Zn 
MY 
Cd 

7.4 
35 .O 

8.5 
< 0.003 

0.007 
0.07 
0.17 
0.24 
4.4 
1.9 
0.6 
0.5 

< 5.0 
66 
63 
76 
1.1 

20 

< 0.0005 
0.006 
0.1 

< 0.001 
< 0.0005 

0.013 
2.6 

10 . 0 

7.4 
36.8 

7 .O 
< 0.003 

0.003 
0.09 
0.10 
u. 19 
4.4 
1.9 
0.6 

< 0.5 
< 5.0 

64 
62 
80 

0.2 
13 

< 0.0005 
0.006 
0.1 

< 0.001 
< 0.0005 

0.008 
2.7 

IO .(I 

7.4 
36.8 

7.5 
< 0.003 

0.004 
0.09 
0.14 
0.23 
4.5 
1.9 
0.6 

< 0.5 
< 5.0 

67 
65 
8 1  

0.4 
10 

< 0.0005 
0.007 
0.1 

< 0.001 
< 0.0005 

0.018 
2.6 

lu.s 

7.4 
36.7 

7.5 
< 0.003 

0.007 
0.11 
0.23 
0.34 
4.5 
1.9 
0.6 

< 0.5 
< 5.0 

64 
62 
80 

0.3 
15 

< 0.0005 
0.003 
0.1 

< 0.001 
< 0.0005 
< 0.005 

2.7 
10.5 

7.4 
36.9 

7.0 
< 0.003 

0 .OO4 
0.10 
0.17 
0.27 
4.8 
1.9 
0.6 

< 0.5 
< 5.0 

66 
64 
81  

0.3 
10 

< 0.0005 
0.002 
0.1 

< 0.001 
< 0.0005 
< 0.005 

2.7 
1u.5 

*Mean resu' l  t o f   s u r f a c e  and bottom samples. 
"unfi I t e r e d  samples 
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TABLE 10 CHEMICAL DATA FOR THE LAKE STATIONS FHOM THE UABINE LAKE WATEHSHEU CHANGE 
M O N I T O R I N G  PROGRAM - J u l y  19,  1973 

PARAMETERS* STATIONS 
1 2 3  4 5 

pH 
Total   Alkal   .CaC03(mg. l - l )  

Nut r ien ts   (my.1- l )  
To ta l  Org. C 
Diss. P 
T o t a l  P 
Di s s .  N(  N03+N02) 
Tota l   KJeldahl  N 
T o t a l  N 
f ieact .  S i  02 
U i  s s .  Na 
Diss.  K 
D iss .  C 1  
D i ss .  SO4 
To ta i  Res. (105C) 
F i  It. Res. (105C) 
Spect . Cond. ( m h o  
T u r b i d i t y  (F.T.U.) 
Co lou r  

Heavy Me ta l sa (my . l - l )  
Cd 
c u  
Fe 

rd 0 
Zn 
M i l  
Ca 

Pb 

7.4 
36 .0 

8.3 
< 0.003 

0.006 
0.06 
0.21 
0.27 
4.5 
1.9 
0.5 
0.5 

< 5.0 
62 
60 
7 7  
0.4 

19 

< 0.0005 
0 .005 

< 0.1 
< 0.001 
< 0.0005 
< 0.005 

2.6 
10.2 

7.5 
36.7 

7.0 
< 0.003 

0.006 
0.07 
0.21 
0.28 
4.5 
1.9 
0.5 
0.5 

< 5.0 
63 
61 
78 
0.3 

18 

0.0005 
0.006 

< 0.1 
0.002 

< 0.0005 
0.006 
2.6 

10.5 

7.5 
37.2 

7 .0 
< 0.003 

0.005 
0.08 
0.15 
0.23 
4.5 
1.9 
0.5 
0.5 

< 5.0 
58 
56 
79 

0.3 
16 

<’  0 .0005 
0 .OO5 

< 0.1 
0.001 

< 0.0005 
< 0.005 

2.6 
10.3 

7.4 
37.3 

7.5 
< 0.003 

0.006 
0.08 
0.19 
0.26 
4.6 
1.9 
0.6 

< 0.5 
< 5.0 
60 
58 
79 
0.3 

16 

< 0.000s 
0 .005 
0.1 
0.001 
0.0006 
0.006 
2.6 

10.5 

7.5 
37.3 

6.8 
< 0.003 

0.007 
0.13 
0.22 
0.35 
4.7 
1.9 
0.6 

< 0.5 
< 5.0 
65 
63 
80 

0.3 
16 

O.OOO1 
0.006 
0.3 
0.002 

< 0.0005 
0.008 
2.6 

10.7 

*Mean r e s u l t  o f  sur fdce ,   above  thermoc l ine ,   be low  ther l r loc l ine  and bottom  samples.  ’ 

dunf  i I tered  samples 
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TABLE 11 CHEMICAL DATA FOR  THE LAKE STATIONS FROM  THE BABINE LAKE  WATERSHEU CHANGE 
MONITOKINC;  PROGRAM - October 18, 1975 

PAg AME TERS* STATIONS 
1 2  3 4 5 

pH 
To ta l  A.1 ka 

N u t r i e n t s  
Tota I Ory. 
Uiss. P 
T o t a l  P 

1 .CaC03 

(my.1-1 
C 

D i  ss .  N( N03+N02) 
T o t a l   K j e l d a h l  N 
To ta l  N 
React. S i  02 
Diss. Na 
D i s s .  K 
U i s s .  C 1  
Uiss. SO4 
To ta l  Res. (105C) 
F i l t .  Res. (105C) 
Spect . Cond.  (umho .cm-*) 
T u r b i d i t y  (F.T.U.) 
Co I o u r  

Heavy Me ta l sa (mg. l - l )  
Cd 
CU 

Fe 
Pb 

Mo 
Zn 
My 
Ca 

6.5 
0.01 

< 0.01 
0.05 
- 
- 

1.9 
1.9 
0.53 
- 

< 5.0 
- 

38 
79 

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
10.5 

6.0 
< 0.01 
< 0.01 

0.08 
- 
- 

1.9 
1.9 
0.53 
- 

< 5.0 
- 

38 
78 

- 
18 

- 
< 0.01 

0.03 
- 

- 
2.5 

10.5 

6.5 
< 0.01 
< 0.01 

0.05 
- 
- 

1.9 
1.9 
0.53 
- 

< 5.0 
- 

33 
7 7  

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
10.5 

6.0 
< 0.01 
< 0.01 

0.07 
- 
- 

1.9 
1.9 
0.52 
- 

< 5.0 
- 

65 
78 

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
10.0 

6.0 
< 0.01 
< 0.01 

0.06 
- 
- 

1.9 
1.9 
0.54 

< 5.0 
- 

60 
78 

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
11 .o 

*Mean r e s u l t  o f  sur face   and bottom samples. 
a u n f  i 1 tered  samples 
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TABLE 12 CHEMICAL DATA FOR THE M I N E  M O N I T O R I N G  STATIONS FROM .THE BABINE 

d LAKE WATERSHED CHANGE M O N I T O R I N G  PROGRAM - J u l y  20, 1974 

I PARAMETERS* STATIONS 
Noranda  Grani s.1 e A t i r a n i s l e  B 

pH 7.8 
Total   Alkal   .CaC03(my. l - l )  36.8 

N u t r i e n t s  (mg.1-1) 
To ta l  Org. C 
D iss .  P 
To ta l  P 
D i  s s .  N( N03+N02) 
Tota.1 K j e l d a h l  N 
To ta l  N 
React. Si 02 
D i  s s .  Na 
Diss .  K 
I l i ss .  C 1  
U iss .  SO4 
Tota l  Res.  (105C) 
F i  It. Res.  (1O5C) 
Spect . Cond. (umho .cm-2) 
T u r b i d i t y  (F.T.U.) 
Co 1 o u r  

Heavy Me ta l sa (mg. l - l )  
Cd 
cu  
Fe 
Pb 
Mo 
Zn 

My 
Ca 

6.5 
0 .003 
0 .OO5 
0.06 
0.21 
0.27 
4.2 
1.9 
0.6 
0 .6 

< 5.0 
63 
6 1  
79 
0.8 

25 

< 0.0005 
0.004 

< 0.1 
< 0.001 
< 0.0005 
< 0.005 

2.4 
9.9 

7.7 
37.3 

8.0 
0 .OO3 
0.007 
0.07 
0.17 
0.24 
4.1 
2.0 
0.6 
0.6 
5 .o 

64 
62 
81 

0.5 
20 

< 0.0005 
0.006 

< 0.1 
< 0 . 0 1  

0.0008 
< 0.005 

2.5 
10.6 

7.8 
37.5 

8.5 
0.003 
0.005 
0.07 
0.23 
0.30 
2.1 
1.9 
0.6 
0.6 
5.0 

63 
61  
80 

0.6 
25 

< 0.0005 
0.005 

< 0.1 
< 0.001 

0.0006 
< 0.005 

2.5 
1U.5 

*Mean r e s u l t   f o r   s u r f a c e  and bottom  samples. ' 

a u n f i  1 te red   samples  a 
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TABLE 13 CHEMICAL UATA FOR THE MINE MONITOKING STATIONS FROM  THE BABINE 
LAKE WATEKSHED CHANGE M O N I T O R I N G  PROGKAM - October 2 1 ,  1974 

PAKAMETEHS* STATIONS 
Noranda  Gran is le  A G r a n i s l e  B 

pH 
To ta l  A I  ka I .C'aCi)3(my. 1-l) 

N u t r i e n t s  (my. 1 - I )  
To ta l  Org. C 
U i s s .  P 
To ta l  P 
Di ss. N( N03tN02) 
T o t a l   K j e l d a h l  N 
To ta l  N 
React. S i  02 
Diss.  Na 
Uiss.  K 
Oiss .  C 1  
u i  ss. SO4 
To ta l  Res. (105C) 
F i  I t .  Res. (105C) 
Spect . Cond. (umho. 
T u r b i d i t y  (F.T.U.) 
Co I o u r  

Heavy M e t a l s a ( m y . l - l )  
Cd 
c u  
Fe 
Pb 

Mo 
z I1 

M Y  
Ca 

7 . 7  
36 .SI 

10.0 
< 0.003 

0 .005 
0.07 
0.23 
0.30 
4.3 
2 .o 
0.6 

< 0.5 
< 5.0 
64 
61 
76 
0.4 

10 

< 0.0005 
0.002 

< 0.1 
< 0.u01 

0 .000 7 
< 0.005 

2.8 
10.7 

7.8 
37.9 

10.0 
< 0.003 

0.007 
0.09 
0.17 
0.25 
4.2 
2.3 
0.7 
0.5 
5.0 

66 
66 
84 

0.5 
10 

< 0.0005 
0.004 

< 0.1 
< 0.001 

0  .0007 
< 0.005 

2.7 
10.9 

7 .t3 
37.3 

9.0 
< 0.003 

0 .OO6 
0.07 
0.09 
0.16 
4 . 3  
2 .o 
0.6 

< 0.5 
< 5.0 
bl 
61 
80 

0.9 
10 

< 0.0005 
0.004 

< 0.1 
0.001 
0.0007 

< 0.005 
2.6 

10.8 

*Mean r e s u l t  f o r  s u r f a c e  and bottom  samples. i. 

dunf i 1 t e r e d  samp I es  
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TABLE 14 CHEMICAL DATA FOR THE MINE MONITOKING STATIONS FKOM THE IiAIiINE 
m LAKE WATEHSHEU CHANGE MONl T O H I N G  PHOGHAM - May 24, 1975 

PARAMETERS* STATIONS 
Noranda  Granis le  A G r a n i s l e  B 

pH 7.5 
To ta l   A l ka l  .CaC03(mg.l’l) 36.8 

N u t r i e n t s  (mg.1-1) 
T o t a l  Org. C 
D i s s .  P 
To ta l  P 
Di s s .  N( N03+NO2) 
T o t a l   K j e l d a h l  N 

React. S i  02 
Diss.  Na 
D iss .  K 
Diss. C 1  

Totdl N 

D iss .  SO4 
Tota l  Res. (105C) 
Fi It. Res. (105C) 
Spect . Cond. ( umho 
T u r b i d i t y  (F.T.U.) 
co 1o.ur 

Heavy Metalsa(my.1-1) 
Cd 
cu 
Fe 
Pb 
Mo 
Zn 

My 
Ca 

6.5 
< 0.003 

0.003 
0 .09 
0.13 
0.22 
4.4 
2.0 
0.6 
0.5 
5.0 
61 
59 
80 

0.3 

< 0.0005 
0.005 
0.2 
0.001 
0 .0005 
0.006 
2.6 

10.6 

8.0 
37.2 

8.0 
< 0.003 
0.003 
0.10 
0.15 
0.25 
4.4 
2.2 
0.6 
0.5 
5  .0 

72 
70 
85 

0.3 

< 0.000s 
0 .OO4 

< 0.1 
< u.001 

0.0005 
< 0.005 

2.7 
11.0 

7.5 
36.6 

7.5 
< 0.003 

0.004 
0.08 
0.12 
0.20 
4.4 
2.1 
0.6 
0.5 
5.0 

70 
68 
82 
0.6 

< 0.0005 
0.005 
0.1 

< 0.0u1 
0.0005 

< 0.005 
2.7 

10.7 

*Mean r e s u l t   o f   s u r f a c e  and bottom  samples. 
aunf  i 1 t e r e d  sampl es 

/; 
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TABLE 15 CHEMICAL DATA FOR THE MINE MONITOKING STATIONS FROM  THE BABINE 
LAKE  WATEHSHEII CHANGE MONITORING PROGRAM - J u l y  20, 1975 

PARAMETERS* STATIONS 
Noranda  Granis le  A G r a n i   s l e  B 

P H  
Tota l  A I  k a l  .CaC03 

Nut r ien ts   (mg.1- I )  
To ta l  Ory. C 8.0 
Uiss. P < 0.003 
Tota l  P 0.006 
U i  ss. N( N03+N02) u .05 
To ta l   K je ldah l  N 0.26 

React. S i  02 . 4.3 
Oiss.  Na 1.9 
Diss .  K 0.5 
D i s s .  C 1  0.5 
Diss.  SO4 < 5.0 
Tota l  Res. (105C) 60 
F i  1 t. Res. (105C) 58 
Spect . Cond. ( umho.cm'2)  79 
T u r b i d i t y  (F.T.U.) 0.5 
Col  our 20 

T o t d l  N 0.31 

Heavy M e t a l s a ( m g . l - l )  
Cd < 0.0005 

7.8 
37.4 

8.0 
< 0.003 

0 .005 
0.05 
0.34 
0.39 
4.2 
1.9 
0.5 
0.5 
7.5 

62 
60 
81 

0.5 
15 

< 0.0005 

7.7 
37.4 

9 .0 
< 0.003 

0.005 
0.06 
0.20 
0.26 
4.2 
1.9 
0.5 
0.5 

< 5.0 
68 
66 
81 

0.3 
15 

< 0.0005 
cu 0 .O04 0.004 0 .0U4 
Fe 
Pb 
Mo 
Zn 

M Y  
Ca 

< 0.1 < 0.1 < 0.1 
0.002 < 0.001 < 0.001 

< 0.0005 < 0.0005 < 0.0005 
< 0.005 < 0.005 < 0.005 

2.6  2.6 2.6 
10.2 1u .2 10.5 

*Resul t  o f  s i n g l e   s a m p l e   a t   e a c h   s t a t i o n .  ' 
aunf  i 1 t e r e d  samples 
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TABLE 16 CHEMICAL DATA FOR THE M I N E  MONITOdINti STATIONS FROM THE BABINE 
LAKE WATERSHED CHANGE MONITORING  PROGRAM - October 18, 1975 

PAHAMETERS* STATIONS 
Noranda  Granis le  A G r a n i s l e  B 

pH 
Tota l  A1 k a l  .CaC03(r11g.l-~) 

N u t r i e n t s  (mg.1-1) 
To ta l  Ory. C 
Uiss.  P 
To ta l  P 
U i  ss. N( NOpN02) 
To ta l   K je ldah l  N 
To ta l  N 
React. S i  02 
Uiss.  Na 
D i s s .  K 
Diss.  C 1  
U i s s .  SO4 
T o t a l  Res.  (105C) 
F i  It. Res. (105C) 
Spect. Cond. ( umho.cm-2) 
T u r b i d i t y  (F.T.U.) 
Col o u r  

Heavy Metalsa(mg.1-1) 
Cd 
c u  
FU 

Pb 

Mo 
Zn 
Mi4 
Ca 

- 
35.5 

6.5 
< 0.01 
< 0.01 

0.04 
- 
- 

1.8 
1.9 
0.53 
5.0 

< 5.0 
- 

45 
79 

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
10.5 

- 
35.1 

6.0 
< 0.01 
< 0.01 

0.05 
- 
- 

1.8 
1.9 
0.57 
5.5 
5.5 
- 

55 
84 

- 
18 

- 
< 0.01 
< 0.03 

- 

- 
2.6 

10.5 

- 
35.5 

6.0 
< 0.01 
< 0.01 

0.05 
- 
- 

1.8 
1.9 
0.53 
5 .O 
5.0 
- 

65 
81 

- 
18 

- 
< 0.01 
< 0.03 

- 
- 
- 

2.5 
10.5 

*Mean r e s u l t  o f  surface  and  bottom  samples. 1 
dunf  i I t e r e d  sampl es 
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1AHI.E 1 I COI’PER C O N C E N T R A T I O N S  ( m y / l )  I N  I3ABINE LAKE AND TRIBUTARY R I V E R S  

ON SELECTEO D A T E S  I N  1974 ANU 1975 

STATION DATE 

J u l y 1 7 4   O c t l 7 4  May1 7 5 J u l y 1 7 5   O c t l 7 5  X 

0.003 0 .003 0.006 0.005 < 0.01 0 .004 

0 .OU3 0.003 0.006 0.006 < 0.01 0.005 

0.002 0.002 0 .OU7 0.005 < 0.01 0.004 

0 .003 0 .002 0 .003 0.005 < 0.01 0 .003 
0.002 0.002 0.002 0.006 < 0.01 0.003 

0.003 0.002 0.005 0 .005 < 0.01 0 .0U4 

Noranda 0.004 0.002 0.005 0.004 0.01 0.004 

G r a n i s l e  A 0.006 0 A 0 4  0 .OU4 0.004 0.01 0.005 

G r a n i s l e  B 0.005 0.004 0.005 0 .U04 < 0.01 0.005 

X 0.005 0 .003 0.005 0 .004 < 0.01 O .0U4 
- 

Babine K .  0.001 0.003 0 .002 0.003 0.01 0.002 

P i n k u t  K.  0 .ou1 0.001 0.004 0.001 0.01 0 .002 
F u l t o n  K. 0.001 < 0.001 0.001 0.001 0.01 0.002 

M o r r i  son K. < 0.001 0 .002 0.002 0.002 < 0.01 0.002 

X 0.001 Il.002 0.002 0.002 u.01 0.002 
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TABLE 18 CHEMICAL DATA FOR  THE LAKE STATIONS FROM THE BABINE LAKE MONITORING PROGRAM 
I - May 15 t o  16, 1976 

1 
TYPE OF ANALYSIS* STATION 

1 2 3 4 5 

I 

PH 7.2 7.3 7.5 7.3  7.2 

I T u r b i d i t y  (F.T.U.) 0.8 0.2 0.4  0.3  0.8 
Spect. Cond.  (umho.cm-2) 76 .O 79.0 80 .O 80.0 81 .0 

Col our  20.0  10.0 10.0 10 .o 15 .O 

Nut r ien ts   (mg.L- l )  
To ta l  Ory. C 
D iss .  P 
To ta l  P 
D i  s s .  N( NO3+N02) 
T o t a l   K j e l d a h l  N 
To ta l  N 
React. S i  02 
D iss .  Na 
D iss .  K 
D i s s .  C 1  
Diss. SO4 
To ta l  Res. (105C) 
Filt. Res.  (105C) 
To ta l  Alka l  .CaC03(rng.L-1) 

9.0 
< 0.003 

0,005 
0.09 
0.17 
0.26 
4.4 
2 .o 
0.5 
0.6 

< 5.0 
64 .O 
60.0 
33.6 

8.0 
< 0.003 

0 .004 
0.10 
0.15 
0.25 
4.4 
2.0 
0.5 
0.5 

< 5.0 
66 .O 
64.0 
35.5 

10.0 
< 0.003 

0.006 
0.10 
0.18 
0.28 
4.4 
2.0 
0.6 
0.5 

< 5.0 
62 .O 
60 .0 
36.5 

7 .O 
< 0.003 

0.004 
0.10 
0.16 
0.26 
4.5 
2.0 
0.6 
0.7 

< 5.0 
64 .0 
62 .O 
35.5 

7 .O 
< 0.003 

0.006 
0.11 
0.44 
0.55 
4.8 
2.2 
0.7 

< 0.5 
< 5.0 

70.0 
66 .0 
36 .O 

Heavy Metal   sa(my.L- l )  
Cd 
c u  
Fe 
Pb 
Mo 
Zn 

Mg 
Ca 

< 0.0005 
0.002 

.2 
< 0.001 
< 0.0005 
< 0.005 

2.3 
10.4 

< 0.0005 
0.004 

< 0.1 
< 0.001 
< 0.0005 
< 0.005 

2.5 
10.8 

< 0.0005 
0 .OU3 

< 0.1 
< 0.001 
< 0.0005 
< 0.005 

2.4 
10.6 

< 0.0005 
0.003 
0.1 

< 0.001 
< 0.0005 
< 0.005 

1.9 
10.6 

0.0039 
0.023 
0.1 
0.01 

< 0.0005 
0.05 
2.6 

11.1 

aunf  i 1 t e r e d  samp I es 
rl 
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TAHLE 19 CHEMICAL DATA FOR THE LAKE STATIONS FROM THE BABINE LAKE MONITORING PHOGRAM 
- J u l y  18 t o  20, 1976* 

I 

TYPE OF ANALYSIS* STATION 
1 2 3 4 5 

p H  7.8 7 .a 7.9 7.9  7.8 
Spect. Cond. ( urnho.cnr2) 74.0 7 7  .O 76.0 7 7  .O 7'1  .0 
T u r b i d i t y  (F.T.U.) 8.0 0.5 0.5 0.5 0.4 
Col our 25.0  20.0 20.0 20.0 20.0 

N u t r i e n t s  (my.L'l) 
Total  Org. C 
U iss .  P 
To ta l  P 
1)i ss .  N( N03tN02) 
To ta l   K je ldah l  N 
To ta l  N 
React. S i  02 
D iss .  Na 
D i s s .  K 
D iss .  C 1  
U i  ss. SO4 
To ta l  Res.  (105C) 
F i  I t .  Res. (105C) 
Tota I AI kal .CaC03(mg.L-l) 

8.0 
< 0.003 

0.005 
0.07 
0.20 
0.27 
4.2 
2.1 
0.6 
0.5 

< 5.0 
6 1  .O 
58 .0 
35.8 

8.0 
< 0.003 

0.006 
0.07 
0.18 
0.25 
4.2 
2.1 
0.6 

< 0.5 
< 5.0 

64 .O 
62 .0 
36.7 

7 .O 
< 0.003 

0.006 
0.07 
0.21 
0.28 
4.3 
2 .o 
0.6 
0.5 

< 5.0 
63 .O 
61 .O 
36.4 

8.0 
0.004 
0 .007 
0.08 
0.19 
0.27 
4.5 
2.1 
0.6 
0.5 

< 5.0 
62 .O 
60.0 
37 .0 

7.0 
< 0.003 

0 .0O7 
0.06 
0.18 
0.23 
4.7 
2.0 
0.6 

< 0.5 
5.0 

64.0 
62 .O 
37.4 

Heavy Metal  sa(mg.L-l) 
Cd 
cu  
Fe 
Pb 
Mo 
Zn 
MY 
Ca 

< 0.0005 < 0.0005 
0.007 0.006 

.01 0.1 
0.002 < 0.001 

< 0.0005 < 0.0005 
0.011 < 0.005 
2.5 2.5 

10.3 10.5 

< 0.0005 
0.006 

< 0.1 
0.002 

< 0.0005 
0.007 
2.6 

10.6 

< 0.0005 
0.005 
0.1 
0.002 

< 0.0005 
0.006 

2.6 
10.5 

< 0.0005 
0 .  005 
0.1 

< 0.001 
< 0.0005 

0.006 
2.7 

10.5 

I 

IIL 

li 

I 

D 

li 

m 

R 

*From Stockner  and  Shortreed,  1978 
a u n f i   l t e r e d  samples II, 
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TABLE 20 CHEMICAL DATA FOR THE LAKE STATIONS FROM THE BABINE LAKE M O N I T O R I N G  PROGRAM 
I - October 3 t o  4 ,  1976 

I TYPE OF ANALYSIS* STATION 

I 
PH 7.9  7.8 7.7 7 .a 7.9 
Spect. Cond. ( umho.cm'2) 78.0 78 .O 7 7  .o 78.0 78.0 
Turbi   d i ,  t y  ( F. T. U. ) 0.4 0.4 0.4  0.4 0.5 
Col  our 15 20 15  15 20 

4 

*. 

Nut r i en ts   (my .L - l )  
T o t a l  Org. C 

rl Diss .  P 
T o t a l  P 
Di ss. N( N03tN02) 

T o t a l  N 
React. S i  02 
Di ss. Na 
Diss .  K 
Diss. CI 
D i s s .  SO4 
T o t a l  Res. (105C) 

Total  A1 k a l  .CaCOS(my.L-l) 

a T o t a l   K j e l d a h l  N 

.II 

4 

a F i  It. Res. (105C) 

7 .Q 
< 0.003 

0.005 
0.05 
0.19 
0.24 
4.0 
1.9 
0.5 

< 0.5 
< 5.0 

64 
62 
36 .5  

7.0 
< 0.003 

0.004 
0.06 
0.17 
0.23 
4.1 
2.0 
0.6 

< 0.5 
< 5.0 
66 
64 
36.2 

8.0 
< 0.003 

0.004 
0.06 
0.13 
0.19 
4.1 
2 .o 
0.6 

< 0.5 
< 5.0 

62 
60 
36 - 4  

6.0 
< 0.003 

0.005 
0.06 
0.14 
0.20 
4.2 
2.0 
0.6 

< 0.5 
< 5.0 

62 
60 
36 .O 

6.0 
< 0.003 

0.006 
0.06 
0.17 
0.23 
4.4 
2.0 
0.6 

< 0.5 
< 5.0 

64 
62 
37.5 

Heavy Metal  sa(mg.L-l) 
Cd 
c u  
Fe 

Mo 
Zn 

a Mg 
Ca 

I 

Pb 
1 

< 0.0005 
0.002 

< .01 
0.002 

< 0.0005 
< 0.005 

2.6 
10.1 

< 0.0005 
0.002 
0.1 

< 0.001 
< 0.0005 
< 0.005 

2.6 
9.8 

< 0.0005 
0 .ou2 

< 0.1 
0.005 
0.0005 
0.020 
2.6 
9.8 

0.0007 
0.003 
0.1 

< 0.001 
0 .0006 
0.008 

2.6 
9.6 

< 0.0005 
< 0.001 
< 0.1 
< 0.001 

0.0005 
< 0.005 

2.7 
9.9 

I 
*From Stockner  and  Shortreed,  1978 
aunf  i 1 tered  samples 

I 
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TABLE 2 1  CHEMICAL DATA FOR THE MINE  MONITORING STATIONS FROM THE BABINE 
LAKE MONITORING PROGRAM - May 15 t o  16,  1976 

TYPE OF ANALYSIS* S TAT1 ON 
Noranda  Granis le  A G r a n i s l e  B 

PH 7.5 7.5  7.4 
Spect. Cond.  (umho.cm-2) 80  85  82 
T u r b i d i t y  (F.T.U.) 0.3 0.3 0.6 
Col o u r  - - 

Nu t r i en ts   (my .L - l )  
To ta l  Org. C 
U i s s .  P 
Tota l  P 
D i  ss. N( N03+N02) 
T o t a l   K j e l d a h l  N 
T o t a l  N 
React. S i  02 
Diss.  Na 
D iss .  K 
D i s s .  C 1  
D i s s .  SO4 
To ta l  Res. (105C) 
F i  It. Res. (105C) 
Total  Alkal  .CaC03(mg.L-l) 

6.5 
< 0.003 

0.003 
0.09 
0.13 
0.22 
4.4 
2 .o 
0.6 
0.5 
5.0 

61 
59 
36.8 

8.0 
< 0.003 

0.003 
0.10 
0.15 
0.25 
4.4 
2.2 
0.6 
0.5 
5.0 
72 
70 
37.2 

7.5 
c 0.003 

0.004 
0.08 
0.12 
0.20 
4.4  
2.1 
0.6 
0.5 
5.0 

70 
68 
36.6 

Heavy Meta lsa(mg.L- l )  
Cd 
cu 
Fe 
Pb 
Mo 
Zn 

M9 
Ca 

< 0.0005 
0.005 
0.2 

< 0.001 
0.OU05 
0. 006 
2.6 

10.6 

< 0.0005 
0.004 

< 0.1 
< 0.001 

0.0005 
< 0.005 

2.7 
11.0 

< 0.0005 
0.005 
0.1 

< 0.001 
0.0005 

< 0.005 
2.7 

10.7 

*From Stockner  and  Shortreed, 1978 
a u n f i  1 t e r e d  samples 
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TABLE 22 CHEMICAL DATA FOR THE MINE MONITORING STATIONS FROM THE BABINE 
LAKE MONITORING PROGRAM - J u l y  18 t o  20, 1976 

a 

1 

TYPE OF ANALYSIS*  STATION 
Noranda  Granis le  A G r a n i s l e  B 

PH 7.7 7.8 
Spect . Cond.  (umho  .cm-2) 76 84 
T u r b i d i t y  (F.T.U.) 0.4 0.5 
Co 1 ou r  10  10 

7.8 
80 

0.9 
10 

Nu t r i en ts   (mg .L - l )  
T o t a l  Ory. C 
D i s s .  P 
Tota l  P 
D i  ss. N( NOpN02) 
T o t a l   U e l d a h l  N 
T o t a l  N 
React. Si 02 
Diss.  Na 
Diss.  K 
D i s s .  C1 
Diss.  SO4 
T o t a l  Res. (105C) 
Filt. Res. (105C) 
To ta l   A l ka l  .CaC03(mg.L-l) 

10.0 
< 0.003 

0.005 
0.07 
0.23 
0.30 
4.3 
2.0 
0.6 

< 0.5 
< 5.0 

64 
61  
36.9 

10.0 
< 0.003 

0.007 
0.09 
0.17 
0.25 
4.2 
2.3 
0.7 

< 0.5 
5.0 

66 
66 
37.9 

9.0 
< 0.003 

0.006 
0.07 
0.09 
0.16 
4.3 
2.0 
0.6 

< 0.5 
< 5.0 
61  
61  
37.3 

Heavy Metal  sa(mg.L-l) 
Cd 
c U' 

Fe 
Pb 
Mo 
Zn 
Mg 
Ca 

< 0.0005 
0.002 

< 0.1 
< 0.001 

0.0007 
< 0.005 

2.8 
10.7 

< 0.0005 
0.004 

< 0.1 
< 0.001 

0.0007 
< 0.005 

2.7 
10.9 

< 0.0005 
0.004 

< 0.1 
< 0.001 

0.0007 
< 0.005 

2.6 
10.8 

*From Stockner  and  Shortreed,  1978 
aunf  i 1 te red   samples  
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2.2 Mon i to r ing   Program  o f   Supernatan t   D ischarge by Bel 1 M i  ne i n t o  

t h e  Hagan A r m  

Bel  1 M i  ne r e c e i v e d   a p p r o v a l   t o   d i s c h a r g e   s u p e r n a t a n t   f r o m   t h e  

t a i l i n g s  impoundment o f   B e l l   M i n e   i n t o   t h e  Hagan A r m  o f   Bab ine   Lake  on  

October  18,  1983.  Various  sampling  surveys  were  conducted i n   o r d e r   t o  

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

d i s c h a r g e   r e p o r t s  by P. Kennedy from  February  1983  to  August  1983  are 

summarized i n   t h e   f o l  1 ow ing   paragraphs   and  tab les .  

2.2.1 C h a r a c t e r i s t i c s   o f   t h e   E f f l u e n t  and the   Rece iv ing   Wate r   Da ta  

Conducted by Bel 1 M i  ne. D u r i n g   t h e   p e r i o d   o f   O c t o b e r   1 9 8 2   t o  

February  1983 a t o t a l   o f  729,108 c u b i c   m e t r e s   o f   e f f l u e n t   w i t h  an average 

d i sso l ved   copper   con ten t  0.032 ppm was d i s c h a r g e d   i n t o  Hagan Arm. Average 

s u l p h a t e  and s p e c i f i c   c o n d u c t i v i t y   v a l u e s   w e r e  1500 ppm and 263 umhos/cm 

r e s p e c t i v e l y .  The l o w  1 eve1 o f   c o n c e n t r a t i o n s   o f   h e a v y   m e t a l  s i n   t h e  

d i   s c h a r g e   w a t e r   a n d   t h e   c o n s i d e r a b l e   d i  1 u t i o n   f a c t o r   o f   t h e  1 ake  water 

p resent  a problem i f  m e t a l s   a r e   t o  be se lec ted   as  p'l ume i n d i c a t o r s .   F o r  

t h i s   r e a s o n   B e l  1 M i  ne  (Kennedy,  1983)  used c o n d u c t i v i t y  and su l   phates   wh ich  

were i n   h i g h e r   c o n c e n t r a t i o n s   i n  an a t t e m p t   t o   t r a c e  an e f f l u e n t  plume. 

Be l l   M ine   conducted  a water   sampl ing  proyram i n   t h e   l a s t   t w o  

weeks of   January  1983 i n   t h e  Rum Bay area  of  Hagan Arm t o   d e t e r m i n e   t h e  

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

o f   d i scha rge ,   two  more sampl iny  surveys  were  conducted i n   t h e  second week 

of February and i n   t h e  second week o f  May. S a m p l i n g   s i t e s   f o r   t h e s e  

surveys   a re  shown i n   F i g u r e  7. D i sso l ved   copper ,   conduc t i v i t y   and  

su lpha te   va . l ues   a re   p lo t ted   aga ins t   dep th ,   and   t he   resu l t s   a re  shown i n  

F i g u r e s  8 t h r o u g h  12. 
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FIGURE 7 SAMPLING  SITES FOR WATER  MONITORING  PROGRAM 
CONDUCTED B Y  BELL MINE AND WASTE MANAGEMENT 
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STATION 18 

DISSOLVED COPPER(ppm1 0 ,002 ,004 .006.008.010 ,012 ,014 

CONDUCTIVITY  &mhos) 
I I I I I I I  

S U L P H A T E   ( p p m )  0 2 4 6 8 I 0 1 2 1 4  
0 

I 

Sal_ 
STATION 19 

DISSOLVED COPPER(ppm1 

CONDUCTIVITY  (JLmhos) 

4 6 8 I O  I? 14 16 SULPHATE (PPm) 
00 

S T A T I O N  22 

! '1 

\ '  

I \ 
I \ ,  

\ I 
I 

\ 1 
'L 1 

\ 

L E G E N  D 

"- Dissolved Copper 

- Conductivity 
-. - Sulphate 

(Discharge On) 

( Discharge O f f  1 

( Discharge O f f )  

A - fhlrd week of January, 1983 

B - Second week of  February, 1983 

D - Second week of May, 1983 

FIGURE l l  BELL  MINE  DISSOLVED  COPPER,  CONDUCTIVITY  AND 
SULPHATE  SURVEY RESULTS FROM STATIONS 18,19 AND 
22 IN RUM  BAY  NORTHEAST OF RUM I S L A N D  
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L 

r l '  

r 2.2.2 I n t e r p r e t a t i o n   o f   B e l l   M i n e  Da ta .  Da ta   co l   l ec ted   by   Be l  1 

M i  ne d u r i n g   t h e i  r water  sampl i n g   s u r v e y s   i n d i c a t e d   t h a t   a t   S t a t i o n s   1 2 ,  14, 

15, 16 and 1 7  t h e r e  was an i n c r e a s e   i n   c o n d u c t i v i t y  and s u l p h a t e   c o n t e n t  

nea r   t he   l ake   bo t tom.   Un fo r tuna te l y   S ta t i ons  18, 19,  20,  21  and  22,  were 

not  sampled  below 50 m e t e r s   t o   t h e   l a k e   b o t t o m  so w h e t h e r   c o n d u c t i v i t y  and 

s u l p h a t e   c o n c e n t r a t i o n s   i n c r e a s e d   n e a r   t h e   l a k e   b o t t o m  i s  unknown. 

D isso lved   copper   va lues   d id   no t   a lways   i nc rease   w i th   dep th .  

F e b r u a r y   1 9 8 3   ( d i s c h a r y e   o f f )   d a t a  show t h a t   i n   t h e   u p p e r  

zone ( t o p  15 m ) ,  c o n d u c t i v i t y   v a l u e s   a t   S t a t i o n   1 4  had i n c r e a s e d   s l i g h t l y  

and d i sso l ved   copper   con ten t  a t  S t a t i o n  22 had i nreased   cons ide rab ly  

compared t o   J a n u a r y  1983  data. May 1 9 8 3   ( d i s c h a r y e   o f f )   s u r v e y s   i n d i c a t e  

an i n c r e a s e   i n   s u l p h a t e   c o n c e n t r a t i o n s   a t   S t a t i o n  15 compared t o   t h e   d a t a  

f rom  January  1983  (d ischarge  on) .  These f i n d i  ngs   do   no t   ind ica te   compl   e te  

m i  x i   ng  and d i  1 u t i o n   o f   e f f  1 u e n t   d u r i n y   t h e   s h u t d o w n   p e r i o d   a t   t h e  

above-ment i   oned  s i tes.  

2.2.3 Hydro lab   Survey   Resu l ts   o f   Waste  Management Branch. The 

Waste  Management Branch  (Smi thers , B.C.) conducted a water sampl i n g  and 

c o n d u c t i v i t y   s u r v e y   i n   t h e   l a s t   t w o  weeks of   January  1983 i n   c o n j u n c t i o n  

w i t h   B e l l   M i n e  Company. V e r t i c a l   c o n d u c t i v i t y   p r o f i l e s  were r e c o r d e d   w i t h  

a Hydrolab  8000  system a t  S t a t i o n s  1 th rough 12.  From t h e   r e s u l t s   o f   t h i s  

su rvey   (F igu res   13   t h rough  15) t h e  Waste  Management Branch  suggested 

t h a t  a lens  o f  d i l u t e   e f f l u e n t  h a d   s p r e a d   h o r i z o n t z a l l y  a t  a d e p t h  o f  

between 5 and 10 m e t r e s   u n d e r   t h e   i c e  and  had a  maximum c o n c e n t r a t i o n  a t  

6 t o  8 m e t e r s   i n   d e p t h .   C o n d u c t i v i t y   o f   t h e   e f f l u e n t  was 1600  umhos/cm a t  

1.8"C (2342 umhos/cm a t  25°C) . The Hydro lab  data  qave  cons is tent  

backyround  readings o f  83 umhos/cm a t   a p p r o x i m a t e l y  4°C (118  umhos/cm a t  

25°C) i n   t h e   l a k e .  The maximum e l e v a t i o n  of  c o n d u c t i v i t y  was o n l y   a b o u t  11 

umhos/cm above the  background. The c o n d u c t i v i t y   r e a d i n g s  o f  t h e   S t a t i o n s  

1, 7 and 8 which  were 33 metres away f rom  the   d i scha rge   po in t   were   s im i  1 a r  

t o   S t a t i o n s  11 and  12  which  were  located 0.3 and 0.5 krn away f r o m   t h e  

d i   s c h a r y e   s i t e .  As t h e   c o n d u c t i v i t y  o f  t h e   e f f l u e n t  a t  t h i s   s u r v e y  was 

1600 umhos/cm, c l e a r l y  some d i l u t i o n   o f   t h e   e f f l u e n t   t o o k   p l a c e .  
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3. COMPLEXING CAPACITY OF BABINE LAKE WATER 

r) A study  by Chau and Wony (1975)  suggests  that  compared t o   t h e  

Great  Lakes,  Babi ne Lake  has  normal pH b u t   l o w   c o n d u c t i v i t y   ( F i g u r e  16, 

Table  23) .  The l o w   c o n d u c t i v i t y   i m p l i e s   l o w   h a r d n e s s ,   w h i c h   i n   t u r n  

i n d i c a t e s   t h a t   t h e   l a k e   w a t e r   i s   q u i t e   s e n s i t i v e   t o   t o x i c   e f f e c t  o f  heavy 

meta l  s. However,  due t o   h i g h   d i   s s o l  ved o r y a n i  c m a t t e r   i n d i c a t e d   b y  

d i s s o l v e d   o r g a n i c   c a r b o n   a n d   n i t r o g e n  ( Table 2 3 ) ,  Babine  Lake  has a h i g h  

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

has amp1 e c a p a c i t y   t o   c o m p l e x   i o n i c   c o p p e r  o r  o t h e r   h e a v y   m e t a l s   t o  

overcome t o x i c i t y  (Chau  and Wong, 1975). The d i s s o l v e d   o r g a n i c   c a r b o n  

c o n c e n t r a t i o n  was q u i t e   u n i f o r m  a t  t h e   s i  x sampl ing   s ta t ions ,   whereas  

d i   s s o l   v e d   o r g a n i c   n i   t r o y e n   v a r i e d   c o n s i d e r a b l y  ( Tab1 e 23) .  

C o n c e n t r a t i o n  o f  t race   me ta l s   (Zn ,  Cd, Pb and  Cu)  were n o t  

exceed ing ly   h igh .  Zn  was present  i n  1 ab i  1 e s t a t e ,  whereas Pb and Cu were 

c o m p l e t e l y   i n  bound  fo rm,   ind ica t ing   water   had a r e a s o n a b l e   c a p a c i t y   t o  

complex   ion ic   copper  and other   heavy  meta ls .   Copper   complex ing  capaci ty  o f  

Babine  Lake i s  1.64 m o l e   c u / L  (Chau  and Wong, 1975)  (Table  24).   This 

i m p l i e s   t h a t  one l i t r e  of   Babine  Lake  water  should be a b l e   t o   c o m p l e x  

s l i g h t l y   i n   e x c e s s  o f  100 my cut'.  The d i s s o l v e d   o r y a n i  c m a t t e r  and 

copper compl e x i   n g   c a p a c i t y   i n c r e a s e s   d u r i n y  the summer months when o r g a n i c  

d e g r a d a t i o n   r a t e s   a r e   h i   g h e r  (Chau  and Wong, 1975).  
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T A B L E  2 4  C O M P L E X I N G   C A P A C I T Y  AND H E A V Y   M E T A L S  O F  B A B I N E  

L A K E   W A T E R  B Y  C H A U   A N D  WONC;, 1 9 7 5  

M e t a l s :   l a b i l e   a n d   t o t a l  ( i n  b r a c k e t s )  u g / l  

S T A T I O N S   C O M P L E X I N G  

Zn C d  P b  c u  C A P A C  I TY 

u m / l  C u  

1 2 1 . 2  ( 2 6 . 0 )  0 ( 0 )  0 ( 1 0 . 6 )  0 ( 4 3 . 8 )  1 .78  

2 2 1 . 8   ( 2 1 . 0 )  u ( 0 )  0 ( 1 5 . 3 )  0 ( 3 7 . 4 )   1 . 6 2  

4 1 2 . 0   ( 2 0 . 0 )  0 ( 0 )  0 ( 5 . 8 )  0 ( 2 6 . 8 )   1 . 9 3  

5 3 . 9   ( 2 1 . 6 )  0 ( 0 )  0 ( 4 . 5 )  0 ( 1 6 . 6 )   1 . 3 4  

6 5 . 7   ( 1 9 . 4 )  0 ( 0 )  0 ( 4 . 6 )  0 ( 1 6 . 4 )   1 . 5 4  
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4. PHYSICAL PARAMETERS 

The f o l l  ow ing   phys ica l   parameters   a re   cons idered  impor tan t  i n  

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

4.1 G e n e r a l   C h a r a c t e r i   s i   t i c s  
Babine  Lake i s  150 km long,  4 km wide and  230 m a t  i t s  deepest,  

and  has  an  annual mean r e s i d e n c e   t i m e   o f  20 years.  The 1 ake i s 

c h a r a c t e r i s t i c a l l y   i c e   c o v e r e d   f o r   f o u r  months  and t h e r e   i s   g e n e r a l l y  no 

w i n t e r   t h r o u g h - f l o w  (Carmack  and  Farmer, 1982). Babine  Lake i s  cons idered 

a t e m p e r a t e   d i m i c t i c   l a k e ,  as i t s  wa te r   passes   t h rough   the   t empera tu re   o f  

maximum d e n s i t y   t w i c e   y e a r l y ,   i n  autumn  and i n   s p r i n g .  The temperature  o f  

maximum d e n s i t y   a t   a t m o s p h e r i c   p r e s s u r e  and s a l i n i t y  o f  65 my kg-1, 

a p p l i c a b l e   t o   B a b i n e   L a k e ,   i s  3.97"C (Farmer  and  Carmack, 1981). 

4.2 T e m p e r a t u r e   S t r a t i f i c a t i o n  

The e f f e c t   o f   d e c r e a s i n g   t e m p e r a t u r e   i n   B a b i n e   L a k e   b e g i n s   i n  

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

occur  i n   e a r l y  November. By December 30, t h e   m i x e d   l a y e r   r e t r e a t s   t o  

t h e   s u r f a c e   o f   t h e   l a k e  and the   thermal   s t ruc tu re   remains   unchanged 

u n t i l   e a r l y   A p r i l  when t h e   s o l a r   r a d i a t i o n  warms the   water   beneath   the  

i c e ,   c a u s i n g  a c o n v e c t i n g   m i x i n g  1 a y e r   t h a t   p r o g r e s s i v e l y   d e e p e n s  

(Farmer  and  Carmack,  1981). 

I n  summer, as the   t empera tu re  o f  t h e   s u r f a c e   w a t e r   i n c r e a s e s ,   t h e  

d e n s i t y   d i f f e r e n c e   b e t w e e n   t h e   s u r f a c e  and t h e   d e e p e r   l a y e r  becomes 

g rea te r .   S ince   t he   t he rma l   dens i t y   g rad ien t   opposes   t he   ene rgy ,   o f   t he  

wind, it becomes more d i f f i c u l t   f o r   t h e   w a t e r   t o  m i  x. As a r e s u l t  , a 

m i x i n g   b a r r i e r   i s   e s t a b l i s h e d .  The  warm f r e e l y   c i r c u l a t i n g   s u r f a c e   w a t e r  

w i t h   s m a l l   b u t   v a r i a b l e   t e m p e r a t u r e   y r a d i e n t   i s   t h e   e p i l i m n i o n .   B e l o w   t h i s  

i s   t h e   w a l l   o f   m e t a l   i m n i o n ,  a zone c h a r a c t e r i z e d   b y  a very  s teep  and  rap id 

d e c l i n e   i n   t e m p e r a t u r e .   W i t h i n   t h e   m e t a l i m n i o n   i s   t h e   t h e r m o c l i n e ,   t h e  



- 48 - 

Y 

Y 

m 

p l a n e   a t   w h i c h   t h e   t e m p e r a t u r e   d r o p s   m o s t   r a p i d l y :  1 ° C  f o r  each   me t re   o f  

depth.   Below  these i s   t h e   h y p o l i m n i o n ,  a deep, c o l d   l a y e r ,   i n   w h i c h   t h e  

tempera ture   d rop  i s   g e n t l e   ( S m i t h ,   1 9 6 6 ) .  The grea tes t   thermal   gap i s   i n  

t h e   t r a n s i t i o n   f r o m   s p r i n g   t u r n o v e r   t o  summer s t r a t i f i c a t i o n   w h i c h   b e g i n s  

deep, o f t e n   a t   t h e  1 a k e   b o t t o m ,   a n d   p r o g r e s s i v e l y   r i s e s   t o   t h e   l e v e l   a t  

which i t  e v e n t u a l l y   s t a b i l i z e s   ( W e t z e l ,   1 9 7 5 ) .  

Farmer  and  Spear ing  conducted a s e r i e s   o f   t e m p e r a t u r e  

measurements i n  B a b i n e   L a k e   d u r i n g   t h e   i c e - f r e e   p e r i o d   o f  1972  and  1973 

( F i g u r e  1 7 ) .  The n o r t h e r n  arm became i c e   c o v e r e d   i n  December about  3-4 

weeks e a r l i e r   t h a n   t h e   m a i n  1 ake  and  remained  warmer  dur ing  the  winter .   In  

t h e   s o u t h   e n d   w a t e r   i m m e d i a t e l y   u n d e r   t h e   r e l a t i v e l y   t h i n   i c e  was warmed by 

s o l a r   r a d i a t i o n  and some v e r t i c a l   c i r c u l a t i o n  began p r i o r  t o  i ce   b reak -up .  

This  can  be  observed i n  t h e   t e m p e r a t u r e   p r o f i l e s   a t   S t a t i o n  64 taken  on 

March 7 and  Apri 1 15, 1973 ( F i g u r e  18). The bathy thermograph  run  o f  May 

24, 1973  shows ( F i g u r e  19)  a p e r i o d   o f   s p r i n g   c o n v e c t i o n   f o l l o w i n g   t h e   i c e  

b r e a k - u p   a n d   s u b s e q u e n t   f o r m a t i o n   o f   t h e r m a l   s t r a t i f i c a t i o n .  
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FIGURE 17 STATION LOCATIONS OF TEMPERATURE  PROFILES IN 
BABINE  LAKE B Y  FARMER AND SPEARING (1972-1973) 
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S e v e r a l   v e r t i c a l   i s o t h e r m   p l o t s   i n   e a r l y   1 9 7 3   i n d i c a t e d   t h a t  

c o n v e c t i o n  warmi ng  proceeds i n  B a b i n e   L a k e   a t   t h i s   t i m e  had  reached  d i f fe r -  

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

d u r i n g   r u n  156  (Main  Lake, May 13,  1973)  which showed convec t ion   had  no t  

y e t   p e n e t r a t e d   t o   t h e   l a k e   b e d   ( F i g u r e   2 0 ) .  On t h e   o t h e r  hand,  on May 21, 

1973, a l t h o u g h   c o n v e c t i o n   c o n t i n u e d ,   t h e r e  was no l o n g e r  any t r a c e   o f  

w i n t e r   s t r a t i f i c a t i o n   ( F i g u r e   2 1 ) .  

Tempera ture   depth   p ro f i les   fo r   the   1974-75  season  (S tockner  and 

S h o r t r e e d ,   1 9 7 6 )   a r e   s i m i l a r   t o   p h y s i c a l   d a t a   r e p o r t e d   b y  Farmer  and 

Spear ing (MS, 1975). A s t a b l e   t h e r m o c l i n e  was observed i n   t h e   n o r t h e r n  

b a s i n   a t   S t a t i o n  1 ( F i g u r e   2 2 )   i n   J u l y  1974,  whereas i n   t h e  main 1 ake 

( S t a t i o n s  2, 3, 4, 5 )  s p r i n g   o v e r t u r n   w i t h   c o m p l e t e   m i x i n g   t o o k   p l a c e .  

Autumn 1974 da ta  showed  a s i m i   l a r   c o n d i t i o n  as   1973   w i th   t he   t he rmoc l i ne  

g r e a t e r   t h a n  30 m deep  and a sma l l   t empera tu re   g rad ien t   be tween   the  

e p i l i m n i o n  and hypo l imn ion   wa te r  masses ( F i g u r e   2 3 ) .  

4.2.1 Regions o f  Upwell  i ng. Sur round ing   mounta ins   near   Bab ine   Lake 

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

l o c a l   a r e a s  of u p w e l l   i n y  and  downwell ing  (Farmer  and  Spear ing,   1975) .  

Examples o f   u p w e l l i n g   i n   t h e   n o r t h e r n   b a s i n   c a n  be  seen i n  bathythermograph 

runs  7 and 8 (June 1972) ( F i y u r e s  24, 25) .  S i m i l a r l y   i n   t h e   s o u t h e r n   b a s i n  

upwe l l i ng   can  be  seen i n  runs  1 7  and 20 t a k e n   i n   J u l y  1972   (F igu res  26, 

27). These d i s t o r t i o n s  o f  t h e r m o c l i n e   a r e   o f t e n   a s s o c i a t e d   w i t h   g e n e r a t i o n  

o f   i n t e r n a l  waves. 

4.2.2 M i x i n g .   I n   B a b i n e   L a k e   t h e   d e p t h  o f  t h e   m i x e d   l a y e r   v a r i e d  

t h r o u g h o u t   t h e  season. S t r a t i f i c a t i o n   d e v e l o p e d   i n   m i d - J u n e  and  remained 

u n s t a b l e   d u r i n g  summer months. I n   t h e   n o r t h ,   i n  Hagan and M o r r i s o n  Arm, 
due t o   g r e a t e r   w i n d   p r o t e c t i o n ,  a s t a b l e   s t r a t i f i c a t i o n  and g r e a t l y   r e d u c e d  

m i  xed 1 ayer   (1   ess   than 6 m) was observed i n  1973,  whi 1  e f rom Topley  Landing 

s o u t h w a r d   g r e a t e r   e x p o s u r e   t o   s t r o n g  summer w inds   c rea ted  a l e s s   s t a b l e  

s t r a t i f i c a t i o n  and g r e a t l y   i n c r e a s e d   m i x e d   l a y e r   ( g r e a t e r   t h a n   1 5 - 2 0  m) 

(S tockner  and Shortreed, 1974) .  
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FIGURE 26 EXAMPLE OF UPWELLING  IN  SOUTHERN  BASIN ON JULY 15-1 
1972 ( FARMER 8 SPEARING,  1975 1 

FIGURE 27 EXAMPLE OF UPWELLING IN  SOUTHERN B A S I N  ON JULY 1 8 -  rg, 
1972 (FARM€R 8 S P E A R I N G ,  1975) 
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4.2.3 Fac to rs   I n f l uenc ing   Tempera tu re   Va r ia t i ons .  The rma 1 

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

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

One o f   t h e   i m p o r t a n t   f a c t o r s   w h i c h   e n h a n c e s   v e r t i c a l  m i  x i  ng o f  

t h e   t h e r m o c l i n e  i s  1 arge amp1 i t u d e   i n t e r n a l   s e i c h e s .  The i n t e r n a l   s e i c h e s  

a r e   c a u s e d   b y   t h e   a c t i o n   o f   t h e   w i n d  on su r face   wa te r  and b y   t h e   d e n s i t y  

c i   r c u  

t h e  m 

( l e s s  

d i f fe rence  be tween warm and co ld  water   (Smi th,   1966) .  

A n o t h e r   f a c t o r   w h i c h   i n f l u e n c e s   s p r i n g   o v e r t u r n   i s   t h e r m a l  

l a t i o n   i n   t r i b u t a r y  bays.   Th is   convect ive phenomenon i s   d r i v e n  

' i x i  n g   t o g e t h e r   o f  warm ( g r e a t e r   t h a n  "OC) i nsho re   wa te r   w i th  co 

than  4 O C )  o f f s h o r e   w a t e r   t o   f o r m  a common dense  water mass. 

O t h e r   f a c t o r s   w h i c h   a f f e c t   c h a r a c t e r i s t i c s  o f  t h e r m o c l i n e  

s t r u c t u r e   a r e   w i n d  m i  Xing,  non-1 i n e a r i t y   i n   t h e   p r e s s u r e - v o l u m e -  

b a r  

by 
I d  

t e m p e r a t u r e   p r o p e r t i e s   o f   w a t e r ,   s u r f a c e   b u o y a n c y   f l u x ,   e f f e c t  o f  r i v e r i n e  

upwel I i n g  on m i  xed 1 ayer   deepen i   ng ,   thermal   bar   c i rcu la t ion  due t o   r i v e r  

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

(Carrnack  and  Farmer,  1982  and  Farmer  and  Carmack,  1981). 

4.3 L i g h t   I n t e n s i t y  and  Sechi  Depth 

As Secch i   d isk   t ransparency  i s   i n f l u e n c e d  by 1 i g h t   a b s o r p t i o n  

c h a r a c t e r i s t i c s   o f   w a t e r  and i t s   d i s s o l v e d   p a r t i c u l a t e   m a t t e r   ( W e t z e l ,  

1975) b o t h   e x t i n c t i o n   c o - e f f i c i e n t   o f   l i g h t  and  Secchi  depth  are  considered 

as impor tan t   phys i ca l   pa ramete rs   i n   t he   Bab ine   Lake   s tudy .  

I n  1974  Stockner and Shor t reed   repo r ted  mean e x t i n c t i o n  

c o - e f f i c i e n t   o f   l i g h t  and  Secch i   depth   o f   d i f fe ren t   zones   in   Bab ine   Lake.  

A Montedoro-Whi  tney i 11 uminace  meter  (Model LMT-8B) was used t o  measure 

l i g h t   e x t i n c t i o n  as a func t i on   o f   dep th .  These d a t a   w e r e   p l o t t e d  on a 

H e w l e t t - P a c k a r d   c a l c u l a t o r - p l o t t e r  as t h e   n a t u r a l   l o g  o f  i n t e n s i t y  - vs 

depth. A l i n e  was r e g r e s s e d   t h r o u g h   t h e   p o i n t  and i t s   s l o p e  gave a mean 

e x t i n c t i o n   c o - e f f i c i e n t .   T y p i c a l   l i g h t   p l o t   i n  September  from  extreme 

n o r t h  and sou th   ends   o f   t he   l ake   a re  shown i n   F i g u r e s  28  and 29. 
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Mean e x t i n c t i o n   c o - e f f i c i e n t   f o r   t h e  fall pe r iod   ranged   f rom 0.538 t o  

0.821. A g r a d u a l   i n c r e a s e   o f   e x t i n c t i o n   c o - e f f i c i e n t  was found   f rom  no r th  

t o   s o u t h   i n   B a b i n e   L a k e   ( T a b l e  25 ) .  

I n  1973  Secchi  depths i n  zones 1 and 2 were 2.5 m i n  May and 

increased  s lowly   th rough  the   season,   reach ing   va lues  o f  6.0 - 6.5 m by 

ea r l y   Oc tober   (F igu re   30 ) .   I n   zone  4 values  ranged  f rom 5.0 m i n   l a t e  June 

and e a r l y   J u l y ,   r e a c h i n g  6.0 - 6.5 m i n  October.   Secchi   depths i n  Hagan 

A r m  (zone 3 )  were f a i r l y   c o n s t a n t  (5.0 - 6.0 m) th roughou t   t he  open water  

per iod .   Secch i   depths  i n  zones 5 and 6 and i n   t h e   s o u t h   b a s i n   d e c r e a s e d  

f rom 7 m i n  May t o  4.0 - 4.5 m i n   l a t e  June,   increased  through  Ju ly   and 

August t o  5.5 - 6.0 m and decreased  again i n  September  and e a r l y   O c t o b e r   t o  

4.5 - 5.0 m ( F i g u r e  3 1 ) .  
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TABLE 25 MEAN EXTINCTION  COEFFIC IENTS FOR BABINE  LAKE  DURING  'THE 

SEPTEMBER AND OCTOBER, 1973  (Stockner and Shortreed,  1974) 

a 
ZONE* MEAN EXTINCTION  COEFFIC IENTS # o f  OBS. 

L 1 .577 2 

I 2 .669 3 

6 

,593 

.593 

.598 

.771 

*Zones as  i n d i c a t e d  i n  F i g u r e  4 
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5. SEDIMENT ANALYSIS 
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5.1 Selected  Chemical   Parameters  of   Babine  Lake  Sediments 

I n   v i e w   o f   t h e   p o t e n t i a l   e n v i r o n m e n t a l   c h a n g e   r e s u l t i n g   f r o m  

a n t i c i p a t e d   i n c r e a s e s   i n   l o g g i n g  and m i n i n g   a c t i v i t i e s   i n   t h e   B a b i n e   L a k e  

watershed,  Stockner and Smi th   (1974)   repor ted   se lec ted   chemica l   ana lyses   o f  

Babine  Lake  sediments. The s a m p l i n g   l o c a t i o n s   r e f e r r e d   t o   h e r e   a r e  shown 

i n   F i g u r e  32. Ten Phleger   cores  were  obta ined  f rom  the  deep  water   reg ions 

o f   Bab ine   Lake.  A g e n e r a l   d e s c r i p t i o n   o f   t h e   s u r f a c e   s e d i m e n t  

c h a r a c t e r i s t i c s   f r o m   e a c h   c o r e   l o c a t i o n   i s   g i v e n   i n   T a b l e  26. 

Sediments  were  general ly  dark  brown.  However,   the  top one 

c e n t i m e t e r   o f   t h e   c o r e   t a k e n   f r o m  Hagan Arm, 300 m f rom  McDonald  Is land 

was white  and  had a detectable  odour .   There was  some i n d i c a t i o n   o f   a n n u a l  

l a y e r i n g   i n   c o r e s  87 and  B8 ( S t a t i o n s  7 and 8 ) .  The l a t t e r  showed 20 dark  

evenly   spaced  hor izonta l   bands  between 20  and  24 cm. Supposing  these  were 

annua l   depos i ts ,  a d e p o s i t i o n   r a t e   o f  2 mmlyr was approximated i n   t h e  

s o u t h e r l y   p a r t  o f  t h e  1 ake i n   t h e   c o r r e s p o n d i n g   p e r i o d  o f  i t s  sediment 

h i   s t o r y .  

Table 27 shows t h a t   a v e r a g e   c o n c e n t r a t i o n s  o f  a1 1 measured 

c o n s t i t u e n t s   o f   b o t t o m   s e d i m e n t s   e x c e p t   z i n c   w e r e   h i g h e s t   i n   t h e   n o r t h  

r e g i o n  o f  t he   l ake   ( samp les  B-B5, n o r t h  of F u l   t o n   R i v e r )  . 
Sample va lues   f o r   o rgan ic   ca rbon ,   t o ta l   phosphorous ,   copper  and 

z i n c   a r e   p l o t t e d   a g a i n s t   d e p t h s   i n   s e d i m e n t s   ( F i y u r e   3 3 ) .   H i g h e s t   v a l u e s  

o f   t o t a l   p h o s p h o r o u s  and o r g a n i c   c a r b o n   o c c u r r e d   i n   s u r f a c e   s e d i m e n t s  ( 0  - 
4.5 cm) ( T a b l e   2 8 ) .   P a r t i c u l a r l y   h i g h   c o p p e r   c o n c e n t r a t i o n s   i n   t h e   s u r f a c e  

1 a y e r   a t   S t a t i o n  85 i n  Hagan A r m  (Tab le   29)  a few  hundred  met res   eas t   o f  

Grani  s l e  were  observed  and  are  cons idered  s ign i f icant   because  there  were 

t w o   a c t i v e   c o p p e r   m i n e   s i t e s   i n   t h i s  zone. 
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TABLE 26 CORE LOCATIONS, WATER DEPTHS AND GENERAL SEDIMENT CHARACTERISTICS IN 1972 
(S tockner  and Smith, 1974) 

LENGTH OF 
CORE LOCATION WATER COKE UNCONSOLIDATED  GENERAL 
NO. DEPTH LENGTH MATERIALS CHARACTERISTICS 

(m)  (cm)  (cm) 

01 

t32 

83 

B4 

B5 

B6 

I37 

08 

B9 

B10 

N o r t h  Arm, 42 
Nor1  akes, 
m i  d-1  ake 

M o r r i s o n  Arm, 28 
m i  d-1  ake 

Main 1 ake, 1 km 120 
S. o f   O l d   F o r t  
m i  d-1  ake 

R a b b i t  Is., 110 
mid- 1 ake 

Hagan Arm, 300 rn 55 
from  McDonald Is. 

F u l   t o n  R., 1 km 90 
N.E. o f  mouth 

Twin Cr., 110 
m i  d-1  ake 

Bo1 i n g s  P t . ,  180 
mid- 1 ake 

P i n k u t  Cr., 1 km 120 
N. o f  mouth 

P o r t   A r t h u r ,  28 
m i  d-harbour 

50 1.5 

43  4.5 

37 3.0 

35 

42 

34 

44 

41 

33 

44 

3.0 

2.5 

3.0 

2 .o 

2.0 

2 .o 

2.0 

dark   b rown;   so f t ;   band ing   ev ident  

dark  green-brown;  soft;   no  banding 
t o p  5-6 cm 

d a r k   b r o w n ;   s o f t ;   d i s t i n c t   b a n d i n g  

dark  brown;   sof t ;  some banding 

t o p  1 cm w h i t e ;   d e t e c t a b l e   o d o u r ;  
no  banding  top 6 cm 

brown; g r i t t y ;  sand,  bark  and 
o t h e r   p a r t i   c u  I a t e s  

d a r k   b r o w n ;   s o f t ;   t h i n   b a n d s   l e s s  
d i s t i n c t   t h a n   e l  sewhere 

dark   b rown  chang ing   to   g ray  a t  
2 cm; banding  as i n  B7 

brown, g r i t t y ;   b a r k ,   g r a s s  and o t h e r  
p a r t i c u l a t e s ;  no  banding  top 15 cln 

dark  brown  top 11 cm; g r i t t y  and 
more c l a y  11-20 cm; dense  c lay  
20-44 cm 
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TABLE 27  AMOUNTS OF TOTAL PHOSPHOROUS, ORGANIC CARBON, Z I N C  AND COPPER 

I N  NORTH AND SOUTH  REGION  SEDIMENTS I N  1972 

( S t o c k n e r  and Smith, 1974) 

CORE NO TOTAL P ORGANIC C cu Z n  

( m g / g )  ( % )  (u !3 /9 )  ( W g  1 

NORTH REGION 

B1 1.78 2.40 65 122 

82 2.84 6.25 68 156 

B3 2.51 4.28 60  109 

84 2.89 3.79 50 155 
B5 2.35 4.71 86  152 

- 
X 2.47  4.29 66  139 

SOUTH  REGION 

86 

B7 

B8 
69 

2.23 

2.62 

2.28 

2.48 

3.42 no sampl e no sample 
3.25 43 173 

2.79 27 145 

2.45 31 106 

- 
X 2.40 2.98 34 141 

ALL  REGIONS 

2.43 3.63 50 140 
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a 

1 

Depth ( o m )  D e p t h  ( c m )  

F I G U R E  33 D I S T R I B U T I O N  OF S E L E C T E D   E L E M E N T S   W I T H  
D E P T H   I N   B A B I N E  L A K E  S E D I M E N T S  
(STOCKNER 8 SMITH, 1974) 
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TABLE 28 AVEKAtiE AMOUNTS OF  TOTAL  PHOSPHOKOUS AND ORGANIC  CARBON I N  SURFACE 

(0-4.5 cm) AND DEEPER (5.0-bottom) SEDIMENTS I N  1972 

(S tockner  and Smith,  1974) 

COR E TOTAL  P (mg/y) ORGANIC C ( % )  

NO. n 0-4.5 n 5.0-bottom n 0-4.5 n 5.0-bottom 

B 1  

62 

B3 

84 

t35 

66 

B7 

68 

89 

B10 

10 2.43 

10 3.40 

10 2.76 

9 2.90 

10 2.67 

10 2.39 

10 3.30 

10 3.01 

10 3.02 

10 4.64 

16 

12 

10 

11 

12 

12 

13 

13 

11 

13 

1.38 

2.46 

2.28 

2.88 

2.11) 

2.10 

2.10 

1.66 

1.98 

1.27 

10 

10 

10 

6 

10 

9 

9 

9 

10 

1.0 

2.71 

7.51 

5.01 

4.12 

5.04 

3.60 

3.83 

3.51 

2.82 

4.61 

16 2.22 

12  5.61 

10 3.63 

11 3.61 

12 4.44 

12 2.99 

13 2.84 

13 2.23 

11 2.33 

13 2.23 

- 
X 3.05 2.02 4.28  3.21 

m 

I 

L 

It 

# 
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TAHLE 29 KESULTS OF COKE SAMPLE NO. ti5 FROM HAGAN ARM 

(S tockner  and Smith, 1974) 

~~ 

SAMPLE UEPTH TOTAL P ORGANIC C c u  Zn 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

0.0-0.5 
0.5-1.0 
1 .0-1.5 
1.5-2.u 
2.0-2.5 
2.5-3.0 
3.0-3.5 
3.5-4.0 
4.0-4.5 
4.5-5.0 

5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 

1.60 
2.10 
4.10 
3.85 
2.15 
3.30 
1.95 
3.20 
2.40 
2.00 
2.55 
1.50 
2.70 
2 .oo 
2.45 

5.86 
5.98 
5.29 
5.34 
5.36 
5.51 
4.84 
4.47 
3.78 
3.99 
3.86 
4.39 
5.05 
5.20 
4.95 

90 
60 
230 
70 
70 
so 
120 
120 
65 
65 
60 
65 
60 
80 
90 

120 
100 
110 
150 
165 
165 
140 
120 
115 
110 
160 
190 
210 
149 
290 

1.95 4.55 110 175 

1.60 4.45 90 155 
2.60 3.95 70  120 
2.40 3.97 58 155 
1.2s 3.91 70 135 
2.65 4.57 85 155 
1.50 4.37 80  165 

ME AN 2.35 4.71  86 152 
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prograln i n i t i a t e d  by   F isher ies   and  Mar ine   Serv ice  ( F M S ) ,  S t r a s d i n e  

K a z z e l l  (MS,  1974) t e s t e d  a t o t a l   o f  249 m i n e r a l  i zed  rock samp 

sarnpl es  were  taken  f rom  near   the  shore1  ine on t h e   p e r i p h e r y   o f  

a n d   a n a l y z e d   f o r   t o t a l   s u l f u r  a n d   a c i d - c o n s u m i n g   c a p a b i l i t y .  

was undertaken  because  the  chemical  o r  b i o l o y i   c a l   o x i d a t i o n   o f  

6. A C I D  LEACHING POTENTIAL OF MINERALIZED ROCKS 

As p a r t   o f   t h e   B a b i n e   W a t e r s h e d  Change Steer ing   Commi t tee  

and 

These 

i n e   L a k e  

s tudy  

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

so-l u b i  1 i z a t i o n  o f  m i n e r a l i z e d   d e p o s i t s .   I n d u s t r i  a1 processes such as 

m i n i n g  and l o g g i n g   i n c r e a s e   t h e   e x p o s e d   s u r f a c e s   o f   m i n e r a l i z e d   d e p o s i t s  

and  promote  leaching.  Since many m e t a l s   a r e   h i g h l y   t o x i c   t o   a q u a t i c   l i f e ,  

damage occurs  when t h e  s o l  u b i  1 i z e d   m i n e r a l   d e p o s i t s   f i n d   t h e i r  way i n t o   t h e  

lake   water  o r  ground  water  systems. 

The leach ing   o f   me ta l  s f rom  rocks  proceeds t o  a 1 a r g e r   e x t e n t   b y  

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

r e d c t i  on p r o c e s s   t o   p r o c e e d   c e r t a i n   c o n d i t i o n s   m u s t   f i r s t  be  met: 

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

sampl e. 

2. The ore  must  be  exposed t o   t h e   a i r .  

3. The a l k a l i n i t y   o f   t h e  sample  must  be  such t h a t   s u f f i c i e n t   a c i d   c a n   b e  

g e n e r a t e d   t o   l o w e r   t h e  pH t o  about 2.5 ( t h e  pH a t   w h i c h   t h e   b a c t e r i a  

a r e   m o s t   a c t i v e )  . Samp les   wh ich   a re   re1   a t i ve l y   h igh l y  a1 kal i n e  

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

p rogress .  

Babine  Lake was d i v i d e d   i n t o  16 zones  (A t o  P ) ,  ( F i g u r e  34)  

a c c o r d i n y   t o   t h e   a l k a l i n i t y   o f   t h e   m i n e r a l i z e d   r o c k s .   L o c a t i o n s   o f  

samples i n  zone L n e a r   t h e  Hayan Arm a r e  shown i n   F i g u r e  35. To assess 

t h e   p o s s i   b i  I i t y  f o r  1 eachi   ng,   the  acid-consurni   ng  abi  I i t y  o f   t he   samp le  was 

d e t e r m i n e d   b y   t i t r a t i o n   w i t h   s u l f u r i c   d C i d .  The volume i s  expressed as 

l e s .  

Ba b 

Thi s 

E 

IL 

rn 

L 

t 

L; 

c 

Ir 

II 
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FIGURE 34  BABINE  LAKE D I V I D E D  INTO ZONES ACCORDING 
TO ALKALINITY OF MINERALIZED ROCKS 
(STRASDINE 8 R A Z Z E L L ,  1974) 



- 74 - 

7 3 2  

FIGURE 35 LOCATION OF SAMPLES  IN  ZONE L NEAR 
HAGAN  ARM  (STRASDINE 8 R A Z Z E L L ,  1974) 

.I 
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U TABLE 30 A C I D   C O N S U M P T I O N  OF S A M P L E S  FROM ZONES L AND M 
( S t r a s d i n e  and Razzel 1 , 1974) 

SAMPLE AC I U CONSUMP T 1  ON SAMPLE A O I O  C O N S U M P T I O N  

( 1 b / t o n )  ( 1 b / t o n )  

rl 

1 

dl 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

61 

62 

63 

64 

31 
112 
63 
55 

92 
133 

63 
38 
20 
62 

133 
21  

114 

12 
36 

65 
66 

67 
7 1  

72 
73 
74 
75 

76 
7 7  

78 
79 

80 
81 
82 

130 

24 
72 

90 
22 

a 
22  

201 

332 
263 

118 
52 
75 

69 

39 

I . 
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m 

a 

I 

a 

I 

I 

pounds o f   s u l f u r i c   a c i d  consumed p e r   t o n   o f  sample. The t h e o r e t i c a l   a c i d -  

p roduc i   ny   capab i  1 i t y  was determined on a se lec ted   g roup   o f   rock  sampl  es 

o b t a i n e d   f r o m   e x i s t i n g   m i n e   s i t e s .  Where sampl i n g  was c o n c e n t r a t e d   i n   t w o  

o r  more s p e c i f i c   a r e a s   w i t h i n  a zone, the  areas  have  been  designated  by a 

s u b s c r i p t   t o   t h a t  zone, e.g. AI, A2, e t c .  

The ac id   consumpt ion   va lues   fo r   rock   samples   co l   lec ted   f rom  the  

Hagan Arm area  (zones L and M) a r e   y i  ven i n  Table 30. The d a t a  f o r  t h e  

e n t i   r e   l a k e   a r e  summari zed i n  Table 31, a l o n g   w i t h   d i s t r i b u t i o n  o f  samples 

w i t h i n  a p a r t i c u l a r  zone  consuming  more  than  61  lb. o f  ac id / ton,   31-61 

l b . / t o n  and less   t han   31   l b . / t on .  These v a l u e s   c o r r e s p o n d   t o   t h e   t h e o r e t -  

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

l e s s ,  s u l f i d e - s u l f u r   c o n t e n t  o f  1% o r  g r e a t e r ,  0.5% t o  1%, and 0.5% o r  

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

Twelve  mined  rock  samples  were  obtained  f rom  the  Grani  

o f  McDonald I s l a n d   ( l o c a t i o n   # 1 )  and 9 samples  from  Noranda  Mine 

( l o c a t i o n  #2 )  on t h e  Newman P e n i n s u l a .   H o t h   s u l f u r  and ac id   con  

capabi  I i t y  were  determined  on a1 1 mined  samples.  These  data  are 

1 se p r o p e r t y  

p r o p e r t y  

sumi  ny 

p resented  

i n  Table 32. One t a i  i i ng  sample  (225)  and  three  waste  rock  samples (229,  

231,  232)  were t h e o r e t i c a l l y   c a p a b l e   o f   p r o d u c i n g  more s u l f u r i c   a c i d   t h a n  

t h e  a1 k a l   i n i  t y  o f  these  samples   can   neut ra l i ze   (Co lumns  (a )   and  (c )   o f  

Table  32).  

D e s p i t e   t h e   o v e r a l  I moderate t o   h i g h  a1 k a l   i n i t y   i n d e x   o f   t h e  

Babine area,  a number o f  spots seem prone t o  a c i d  l each ing .  These zones a r e  

E, F and AI, where  more  than 50% o f   t h e   s a m p l e  consumed l e s s   t h a n  30 l b .  o f  

a c i d / t o n .  The da ta   f rom zone L i nd i ca te   t ha t   g rab - t ype   rock   samp les   and  

mined  samples d i f f e r   i n   t h e i r   a c i d  consuming   capab i l i t y .  O f  t h e  30 

grab-type  rock  samples,  57% consumed  more t h a n   6 1   l b .   o f   a c i d / t o n ,   i n d i c a -  

t i n g  a zone o f   h i g h  a1 k a l   i n i  ty. Mined  samples,  on t h e   o t h e r  hand, taken  

f r o m   t h e  same zone d i s p l a y e d  a n a r r o w   r a n g e   o f   a l k a l i n i t y ,   o n l y  33% o f   t h e  

sdmple  consumed 61 l b .  o f  a c i d / t o n .  Based  on  mined  samples, t h e   a l k a l i n i t y  

i n d e x   f o r   t h e  zone L (Hagan Arm area )   wou ld   ra te   as   modera te   t o   l ow .  

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

Bab i   ne   Lake  reg ion   do   no t   p resent   an   obv ious   leach ing   hazard   (S t rasd i   ne  and 

Hazzel  I ,  1974). 
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