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Mr.  R .  W h a t e l y
R e g i o n a l  F i s h e r i e s  B i o l o g i s t
S m i t h e r s ,  B r i t i s h  C o l u m b i a

Dear M r .  W h a t e l y :

Re: U p p e r  B u l k l e y  R i v e r  s t e e l h e a d  m o n i t o r i n g  -  1 9 8 2 .

Enc losed  a r e  3  c o p i e s  o f  " t i p p e r  B u l k l e y  R i v e r  S t e e l h e a d  P o p u l a t i o n
M o n i t o r i n g " ,  p r e p a r e d  b y  t h e  F i s h  H a b i t a t  Imp rovemen t  S e c t i o n .  T h i s  i s
a v e r y  s h o r t  r e p o r t ,  b a s i c a l l y  p r e s e n t i n g  t h e  1 9 8 2  d a t a  a n d  a  f e w  compar -
i sons  w i t h  1 9 8 1  d a t a .  A p p l i c a t i o n  o f  t h e  r e s u l t s  t o  a c t u a l  s t e e l h e a d
p o p u l a t i o n  m o n i t o r i n g  was n o t  i n c l u d e d  d u e  t o  l a c k  o f  know ledge  o f  a d u l t
s t e e l h e a d  s t o c k  s t a t u s .  T h e  l a t t e r  i s  t h e  m a j o r  d e f i c i e n c y  i n  o u r  know-
ledge o f  Uppe r  B u l k l e y  s t e e l h e a d .

Reference i s  made t o  t h e  a c i d  m i n e  d r a i n a g e  p r o b l e m  a s s o c i a t e d  w i t h
E q u i t y  S i l v e r  M i n e s  L t d .  T h i s  h a s  t h e  p o t e n t i a l  t o  s e r i o u s l y  damage t h e
j u v e n i l e  f i s h  p o p u l a t i o n  o f  Buck  C r e e k ,  t h e  s u s p e c t e d  m a j o r  " p r o d u c t i o n
c e n t e r "  f o r  U p p e r  B u l k l e y  s t e e l h e a d .  A  recommendat ion  t o  e s t a b l i s h  a
" p r o p e r "  i m p a c t  m o n i t o r i n g  p r o g r a m l ,  i n  c o n j u n c t i o n  w i t h  Was te  Management
Branch,  i s  made.  I n d e x  s a m p l i n g ,  a s  p r e s e n t l y  c o n d u c t e d  f o r  p o p u l a t i o n
m o n i t o r i n g  p u r p o s e s ,  i s  n o t  d e t a i l e d  enough  t o  d e t e c t  d e l e t e r i o u s  e f f e c t s .

The i m p l i c a t i o n  o f  t h i s  m o n i t o r i n g  r e p o r t  s h o u l d  b e  b r o u g h t  t o  t h e
a t t e n t i o n  o f  r e g i o n a l  p r o t e c t i o n  s t a f f  a n d  y o u r  Manager.

Yours  t r u l y

C.D. T r e d g e r  G . D .  T a y l o r
B i o l o g i s t  B i o l o g i s t  i / c
F i s h  H a b i t a t  Improvemen t  F i s h  H a b i t a t  Improvemen t  S e c t i o n

1 S t a n d a r d  b i o a s s a y s ;  i n s t r e a m  l i v e  c a g i n g  e t c .

CDT/GDT/bc

cc :  A .  Ta u t z
D. N a r v e r
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1 .0  INTRODUCTION

The U p p e r  B u l k l e y  R i v e r ,  u p s t r e a m  o f  t h e  B u l k l e y - M o r i c e  c o n f l u e n c e

nea r  H o u s t o n ,  B . C .  ( F i g . l )  w a s  f i r s t  a s s e s s e d  b y  t h e  F i s h  H a b i t a t

Improvement  S e c t i o n  i n  1 9 8 1  ( T r e d g e r ,  1 9 8 2 ) .  T h e  m a j o r  recommendat ion

f rom t h e  assessmen t  was t o  d e t e r m i n e  p r e s e n t  s t a t u s  o f  t h e  s t e e l h e a d

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

t h e  r e l a t i o n s h i p  b e t w e e n  r e s i d e n t  a n d  anadromous r a i n b o w  t r o u t  i n  t h e

wa te rshed .  A n  a d u l t  s t e e l h e a d  t a g g i n g  p r o g r a m  i n  t h e  B u l k l e y  R i v e r  was

i n i t i a t e d  i n  t h e  f a l l  o f  1 9 8 2  b y  R e g i o n  6  F i s h e r i e s  Management,  w h i c h  w i l l

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

On A u g u s t  2 4  a n d  2 5 ,  1 9 8 2  s e v e r a l  i n d e x  s i t e s  i n  t h e  U p p e r  B u l k l e y

wa te rshed  w e r e  s a m p l e d  b y  F . H . I . S .  a n d  R e g i o n  6  s t a f f .  T h i s  p r o j e c t  was

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

a n n u a l l y  b y  R e g i o n  6  F i s h e r i e s  Management A s  t h e  r a c i a l  c h a r a c t e r i s t i c s

o f  Upper  B u l k l e y  r a i n b o w  t r o u t  s t o c k s  a r e  unknown a t  t h i s  t i m e  ( r e s i d e n t

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

be a t t e m p t e d .

2 .0  METHODS

A t o t a l  o f  7  i n d e x  s i t e s  w e r e  s a m p l e d  o n  A u g u s t  2 4  a n d  2 5 ,  1 9 8 2 .

S i t e s  w e r e  c h o s e n  a s  t h o s e  l i k e l y  t o  h a v e  some y e t  t o  b e  d e t e r m i n e d

impo r tance  r e g a r d i n g  s t e e l h e a d  r e c r u i t m e n t  m o n i t o r i n g ,  a n d  i n c l u d e d .  Buck,

McQuarr ie  a n d  R i c h f i e l d  C r e e k s  a n d  t h e  m a i n s t e m  Uppe r  B u l k l e y  R i v e r

( F i g . 2 ) .  A l l  s a m p l i n g  was c o n d u c t e d  b y  s t a n d a r d  F. H . I . S .  m e t h o d o l o g y  o f

f i s h  p o p u l a t i o n  e s t i m a t e s  ( e l e c t r o f i s h i n g )  a n d  h a b i t a t  s a m p l i n g  ( d e  Leeuw,

1981) .

3 .0  RESULTS

3 .1  P h y s i c a l  H a b i t a t

P h y s i c a l  h a b i t a t  c h a r a c t e r i s t i c s  o f  t h e  U p p e r  B u l k l e y  R i v e r  s y s t e m

are  p r e s e n t e d  a n d  d i s c u s s e d  i n  T r e d g e r  ( 1 9 8 2 ) .  A  summary o f  r e a c h

c h a r a c t e r i s t i c s  i s  i n c l u d e d  i n  A p p e n d i x  1 .  I n  t h i s  r e p o r t  o n l y  m a j o r

h a b i t a t  changes  a s  m o n i t o r e d  a t  s a m p l e  s i t e s  w i l l  b e  d i s c u s s e d .
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FIGURE 1.  T h e  Bulkley River watershed upstream o f  Smithers, B.  C. S c a l e  1:600,000.
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FIGURE 2.  T h e  Upper Bulkley River system, ind ica t ing  reach
breaks (R1) and sample s i t es  (S1) .  The N e i
index si+es a r e  c. i rc. led(  ) .
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Stream d i s c h a r g e

Stream d i s c h a r g e ,  a s  e s t i m a t e d  a t  t h e  7  i n d e x  s i t e s ,  i s  summar i zed

i n  Ta b l e  1 .  D i s c h a r g e  was  v e r y  s i m i l a r  i n  t h e  B u l k l e y  R i v e r  a t  H o u s t o n

Ta b l e  1 .  E s t i m a t e d  s t r e a m  d i s c h a r g e  a t  U p p e r  B u l k l e y  R i v e r  i n d e x  s i t e s ,
1981 a n d  1 9 8 2 .

Stream E s t i m a t e d  D i s c h a r g e / m 3 / s  ( c . f . s . )
Sep t .  1 ,  1 9 8 1  A u g .  2 5 ,  1 9 8 2

B u l k l e y  R i v e r  a t  H o u s t o n  1 . 6 0  ( 5 7  c f s )  1 . 6 0  ( 5 7  c f s )

Buck C r e e k  l o w e r  ( S 1 , 3 )  0 . 4 6  ( 1 6  c f s )  0 . 4 0  ( 1 4  c f s )

upper  ( S 5 )  0 . 2 5  (  9  c f s )  0 . 3 0  ( 1 0  c f s )

McQuarr ie  C r e e k  l o w e r  0 . 0 7 5 (  2 . 7  c f s )  0 . 2 0  (  7 . 1  c f s )

R i c h f i e l d  C r e e k  l o w e r  0 . 2 0  (  7 . 1  c f s )  0 . 3 5  ( 1 2 . 4  c f s )

and l o w e r  B u c k  C r e e k  i n  b o t h  y e a r s .  U p p e r  B u c k  C r e e k ,  M c Q u a r r i e  C r e e k  a n d

R i c h f i e l d  C r e e k  h a d  somewhat  h i g h e r  f l o w s  i n  1 9 8 2 .

H a b i t a t  s a m p l i n g

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

h a b i t a t  c h a r a c t e r i s t i c s  s h o u l d  b e  s i m i l a r  i n  1 9 8 1  a n d  1 9 8 2 .  A  b r i e f

summary o f  " i n d e x  r e a c h "  h a b i t a t  i s  g i v e n  i n  Ta b l e  2 ,  w i t h  c o m p l e t e '

samp l i ng  d a t a  i n c l u d e d  i n  A p p e n d i x  2 .  V a l u e s  p r e s e n t e d  i n  Ta b l e  2  a r e  n o t

d i r e c t l y  c o m p a r a b l e ,  a s  i n  m o s t  c a s e s  t h e  1 9 8 1  r e s u l t s  r e p r e s e n t  a n  a v e r a g e

o f  many s i t e s  p e r  r e a c h ,  w h i l e  t h e  1 9 8 2  r e s u l t s  r e p r e s e n t  i n d e x  s i t e s

o n l y .  F o r  t h i s  r e a s o n  d e t a i l e d  c o m p a r i s o n s  w i l l  n o t  b e  made a t  t h i s  t i m e .

3 .2  F i s h  P o p u l a t i o n  E s t i m a t e s

F i s h  p o p u l a t i o n  e s t i m a t e  r e s u l t s  a t  7  i n d e x  s i t e s  i n  t h e  U p p e r

B u l k l e y  w a t e r s h e d  a r e  i n c l u d e d  i n  A p p e n d i x  3 .  A n a l y s i s  i n  t h i s  r e p o r t

w i l l  b e  r e s t r i c t e d  t o  j u v e n i l e  r a i n b o w  t r o u t .

Rainbow t r o u t  d e n s i t i e s

A summary o f  j u v e n i l e  r a i n b o w  t r o u t  d e n s i t i e s  a t  7  i n d e x  s i t e s  i n

t h e  U p p e r  B u l k l e y  w a t e r s h e d  i s  g i v e n  i n  Ta b l e  3 .  M e a n  f r y  d e n s i t y  was

0 .25  f r y / m 2  l e s s  i n  1982  t h a n  i n  1 9 8 1 .  T h i s  mean d i f f e r e n c e  was  n o t
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Ta b l e  2 .  S u m m a r y  o f  U p p e r  B u l k l e y  " i n d e x  s t r e a m "  h a b i t a t
c h a r a c t e r i s t i c s  i n  1 9 8 1  a n d  1 9 8 2 .

Stream a n d  Reach
Ye a r D ischa rge

(m3/s)
Wet ted
Wid th

(m)

P o o l / R i f f l e / G l i d e
R a t i o

Mean
Depth

Upper B u l k l e y  Reach 1 1981 1.60 16 3 5 /  9 / 5 6 62

1982 1 .60 12.8 6 /  3 / 9 1 67

Buck C r e e k  R e a c h  2 1981 0 .46 10 .8 2 1 /  0 / 7 9 28

1982 0.40 14.5 1 6 / 7 6 /  8 41

Buck C r e e k  R e a c h  5 1981 0.25 9 .4 15 /18 /67 37

1982 0 .30 6 . 7 5 / 5 3 / 4 1 23

McQuarr ie  C r .  R e a c h  2 1981 0.075 2 .3 1 8 / 3 4 / 4 8 12

1982 0 .20 6 . 2 1 8 / 5 7 / 2 5 14

R i c h f i e l d  C r .  R e a c h  1 1981 0 .20 6 .5 9 / 6 0 / 3 1 31

1982 0 .35 5 . 1 5 / 6 2 / 3 3 21

Ta b l e  3 .  J u v e n i l e  r a i n b o w  t r o u t  d e n s i t y  ( n o . / m 2 )  a t  7  i n d e x  s a m p l e
s i t e s  i n  t h e  U p p e r  B u l k l e y  R i v e r ,  1 9 8 1  a n d  1 9 8 2 .

Sample S i t e 0+ 1+ >2+
1981 1982 1981 1982 1981 1982

Upper B u l k l e y  2 0 0 .08 0 .16 0.13 0 .01 0.04

Buck C r e e k 1 0.13 0.17 0.06 0.07 0 .01 0.02

3 0 .63 0 .14 0.03 0.05 0 .01 0 . 0 1

4 0 .18 0 .18 0 .41 0 .09 0 .14 0 .16

5 0.09 0 . 1 8 0.25 0 . 11 0 . 11 0

McQuarr ie  C r . 1 1 .89 0.89' 0 .54 0 .26 0 .06 0 .06

R i c h f i e l d  C r . 1 0 .96 0.47 0.19 0 .14 0.05 0 .06

Mean D i f f e r e n c e
1981-1982
( p a i r e d  t  -  t e s t ,
tiv =  . 0 5 ,  6  D . F.
= 2 . 4 5 )

- 0 . 2 5 - 0 . 11 - 0 . 0 1

t = 1 . 6 0 ( 6  D . F. )  t = 2 . 1 6 ( 6  D . F. )  t = 0 . 3 2 ( 6  D . F. )
NS NS N S



s i g n i f i c a n t  s t a t i s t i c a l l y .  T h e  m a j o r  d e c r e a s e s  o c c u r r e d  i n  R i c h f i e l d

and M c Q u a r r i e  C r e e k s ,  w h e r e  d e n s i t i e s  w e r e  r o u g h l y  h a l v e d .  I n  B u c k  C r e e k

s l i g h t  i n c r e a s e s  i n  f r y  d e n s i t y  o c c u r r e d  a t  S i t e s  1  a n d  5 ,  w h i l e  a  m a j o r

decrease o c c u r r e d  a t  S i t e  3 .  F r y  w e r e  p r e s e n t  i n  t h e  U p p e r  B u l k l e y  ( b e l o w

Buck C reek )  i n  1 9 8 2 ,  w h e r e  t h e y  w e r e  n o t  f o u n d  i n  1 9 8 1 .

Ye a r l i n g  ( 1 + )  d e n s i t y  was  0 . 1 1  f i s h / m 2  l e s s  i n  1 9 8 2  t h a n  i n  1 9 8 1 ,  b u t

aga in  t h e  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  A t  m o s t  s i t e s  y e a r l i n g  d e n s i t y

was r o u g h l y  e q u a l ,  w i t h  r e l a t i v e l y  l a r g e  d e c r e a s e s  o c c u r r i n g  i n  u p p e r

Buck C r e e k  ( S i t e s  4  a n d  5 )  a n d  M c Q u a r r i e  C r e e k .  T h e  t w o  y e a r  o l d  ( 2 + )

p a r r  d e n s i t y  was r o u g h l y  e q u a l  i n  1 9 8 1  a n d  1 9 8 2 .  O n e  r e l a t i v e l y  l a r g e

decrease was  n o t e d  a t  S i t e  5  i n  B u c k  C r e e k .

Age G r o u p Year N
Fork  L e n g t h (mm)

Mean Range

0+ 1981 505 46 .4 2 8 -  6 9

1982 167 43.5 3 0 -  5 7

1+ 1981 242 85.3 6 6 - 1 1 2

1982 73 83.2 6 1 - 1 0 3

2+ 1981 59 121.4 1 0 4 - 1 5 7

1982 26 11 3 .9 9 7 - 1 2 8

3+ 1981 7 148 1 3 4 -  165

1982 1 169

Rainbow t r o u t  s i z e

Cumu la t i ve  l e n g t h - f r e q u e n c y  a n d  l e n g t h - w e i g h t  d a t a  i s  i n c l u d e d  i n

Append ix  4 .  A  summary o f  1 9 8 1  a n d  1982  j u v e n i l e  r a i n b o w  t r o u t  s i z e  ( f o r k

l e n g t h )  i s  g i v e n  i n  Ta b l e  4 .

Ta b l e  4 .  S u m m a r y  o f  j u v e n i l e  r a i n b o w  t r o u t  f o r k  l e n g t h  (mean
and r a n g e )  s a m p l e d  i n  t h e  U p p e r  B u l k l e y  R i v e r  w a t e r s h e d ,
1981 a n d  1982 .

On ly  m i n o r  d i f f e r e n c e s  i n  f o r k  l e n g t h  w e r e  a p p a r e n t  be tween  1 9 8 1  a n d  1982

i n  t h e  0 +  a n d  1 +  a g e  g r o u p s .  T h e  1 9 8 2  mean 2 +  s i z e  was 7 . 5  mm (6%)

s m a l l e r  t h a n  1 9 8 1 .
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A c o n d i t i o n  f a c t o r  o f  8 . 3 8  x  1 0 - 6  w a s  c a l c u l a t e d  f r o m  l e n g t h - w e i g h t

d a t a  c o l l e c t e d  a t  B u c k  a n d  M c Q u a r r i e  C r e e k s  i n  1 9 8 2 .  N o  c o m p a r a b l e

w e i g h t  d a t a  was c o l l e c t e d  i n  1 9 8 1 .

4 . 0  DISCUSSION

Rainbow f r y  p o p u l a t i o n  m o n i t o r i n g

Rainbow t r o u t  f r y  d e n s i t i e s  w e r e  g e n e r a l l y  l o w e r  i n  1982  compared  t o

1981. R e l a t i v e l y  m a j o r  d e n s i t y  d e c r e a s e  o c c u r r e d  a t  3  o f  7  s i t e s  o n l y

(McQuar r ie ,  R i c h f i e l d  a n d  u p p e r  B u c k  C r e e k s ) .  O t h e r  s i t e s  w e r e  r o u g h l y

e q u a l  i n  b o t h  y e a r s .

As s t e e l h e a d  r e c r u i t m e n t  s i t e s  a r e  unknown i n  t h e  U p p e r  B u l k l e y

system, f r y  d e n s i t i e s  c a n n o t  b e  r e l a t e d  t o  s t e e l h e a d  escapement .  T h i s

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

knowledge o f  t h e  a d u l t  s t e e l h e a d  p o p u l a t i o n  i s  g a i n e d .

E f f e c t s  o f  a n  a c i d  s p i l l  a t  E q u i t y  M i n e s  L t d .

A m a j o r  a c i d  s p i l l  o c c u r r e d  a t  E q u i t y  S i l v e r  M i n e s  L t d . ,  l o c a t e d  i n

t h e  h e a d w a t e r s  o f  B u c k  C r e e k ,  i n  November o f  1981  ( 1 0 8  m e t r i c  t o n s

(11 ,000  g a l l o n s )  o f  s u l p h u r i c  a c i d ) .  T h i s  was  a  m a j o r  " e v e n t "  i n  a

c o n t i n u i n g  p r o b l e m  o f  a c i d  m i n e  d r a i n a g e .  R e g i o n a l  Was te  Management

Branch i s  m o n i t o r i n g  t h e  s i t u a t i o n  ( A p p e n d i x  5 ) .  O f  m a j o r  c o n c e r n  i s  t h e

e f f e c t s  ( l e t h a l  a n d  s u b - l e t h a l )  o f  a c i d  m i n e  d r a i n a g e  o n  t h e  f i s h

p o p u l a t i o n  o f  B u c k  C r e e k .  S a m p l i n g  c o n d u c t e d  b y  t h i s  p r o j e c t  was n o t

i n  g r e a t  enough  d e t a i l  t o  d e t e c t  a n y  e f f e c t s  ( o r  l a c k  o f  e f f e c t s )  o f  t h e

s p i l l .  F i s h  d e n s i t i e s  w e r e  g e n e r a l l y  l o w e r  t h r o u g h o u t  B u c k  C r e e k  i n  1 9 8 2 .

The u p p e r m o s t  s i t e  i n  1982  h a d  h i g h e r  f r y  p o p u l a t i o n  d e n s i t y ,  l o w e r  1 +

d e n s i t y  a n d  was d e v o i d  o f  2 +  p a r r .  T h e s e  r e s u l t s  a r e  v i e w e d  a s  n a t u r a l

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

t h e  i m p a c t s  o f  E q u i t y  M i n e s  o n  t h e  B u c k  C r e e k  f i s h  p o p u l a t i o n  c o u l d  o n l y

be d e t e c t e d  w i t h  a  d e t a i l e d  a n d  d e s i g n e d  m o n i t o r i n g  p r o g r a m .

5 . 0  RECOMMENDATIONS

As was  t h e  c a s e  w i t h  t h e  1 9 8 1  a s s e s s m e n t ,  n o  r e s o l u t i o n  o f  s t e e l h e a d

s t o c k  s t a t u s  i n  t h e  U p p e r  B u l k l e y  R i v e r  s y s t e m  c a n  b e  made a t  t h i s  t i m e .

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

i n  t h e  U p p e r  B u l k l e y  s y s t e m .  W h a t  we m u s t  know i s  numbers  o f  a d u l t



_g_

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

used,  a n d  w h a t  i s  t h e  r e s i d e n t  t r o u t :  s t e e l h e a d  s p l i t  i n  r e a r i n g

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

p a r t i c u l a r l y  B u c k  a n d  M c Q u a r r i e  C r e e k s  ( a n d  o t h e r  a r e a s )  t o  b e  u n d e r s t o o d ,

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

The E q u i t y  S i l v e r  M i n e s  L t d .  a c i d  d r a i n a g e  p r o b l e m  m u s t  b e  a d d r e s s e d

i n  t e r m s  o f  e f f e c t s  o n  t h e  B u c k  C r e e k  f i s h  p o p u l a t i o n .  A  " p r o p e r "  i m p a c t

m o n i t o r i n g  p r o g r a m  s h o u l d  b e  e s t a b l i s h e d  i n  c o n j u n c t i o n  w i t h  Waste

Management B r a n c h .
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APPENDIX 1 .  S u m m a r y  o f  r e a c h  h a b i t a t  c h a r a c t e r i s t i c s
o f  t h e  U p p e r  B u l k l e y  R i v e r  s y s t e m  ( f r o m
Tr e d g e r  1 9 8 2 ) .



TABLE 2 . - -Summary  o f  r e a c h  h a b i t a t  c h a r a c t e r i s t i c s  o f  t h e  U p p e r  B u l k l e y  R i v e r  s y s t e m .

STREAM
GRADIENT M E A N

REACH L E N G T H  ( m )  ( % )  A R E A  ( m 2 )  W I D T H  ( m ) GENERAL P/R/G RATIO C O V E R  TYPE ( 2 ) MAJOR SUBSTRATES

B u l k l e y  R .

Buck C r .

Dungace C r .

McQuar r ie  C r .

Hyman C r .

R i c h f i e l d  C r .

Crow C r .

Maxan C r .

1 8 , 9 0 0

2 2 3 , 0 0 0

3 8 , 0 0 0

4 2 5 , 2 0 0

5 5 , 2 0 0

1 2 , 5 0 0

2 2 , 2 0 0

3 3 , 8 0 0

4 2 , 0 0 0

5 3 8 , 5 0 0

1 2 , 1 0 0

1 1 , 6 0 0

2 6 , 6 0 0

3 6 , 0 0 0

1 5 , 6 0 0

2 1 0 , 3 0 0

2,300

2 6 , 3 0 0

1 1 4 , 5 0 0

1 1 2 , 5 0 0

0 . 5  1 4 3 , 9 0 0  1 6

0 . 1  3 4 7 , 7 0 0  1 5

0 . 4  7 5 , 7 0 0  9 . 5

0 . 2 5  1 7 4 , 1 0 6  7

0 . 1  3 4 , 2 0 0  6 . 5

0 . 6  2 3 , 6 0 0  9 . 5

0 .7  2 3 , 8 0 0  1 0 . 8

1 .6  3 5 , 9 0 0  9 . 5

1 . 5  2 1 , 6 0 0  1 0 . 8

0 . 2  3 6 2 , 7 0 0  9 . 4

i r r e g u l a r  meander,  m o d e r a t e
g r a d i e n t

meander ing ,  w i t h  o x b o w s ,  6 4 /  6 / 3 0
ve ry  l o w  g r a d i e n t

i r r e g u l a r ,  m o d e r a t e  g r a d i e n t  1 5 / 3 2 / 5 3

meander ing ,  w i t h  o x b o w s ,  3 7 /  1 / 6 2
ve ry  l o w  g r a d i e n t

meander ing ,  v e r y  l o w  g r a d i e n t ,  2 2 /
o r i g i n a t e s  f r o m  B u l k l e y  L k .

35 /  9 / 5 6  B ,  L ,  OV ( 0 . 7 )  F ,  S C ,  L C  ( C ,  B )

L,  O V,  C ,  B ,  ( 1 . 0 )  F ,  S G ,  LG
IV

L,  C ,  OV ( 1 . 0 )  F ,  SG ,  L C  ( C )

OV, L ,  C  ( 3 . 5 )  F ,  SG ,  L C

8 /70  L  ,  C ,  OV ( 7 . 1 )  F ,  S G ,  L C

uncon f i ned  w i t h  w i d e  g r a v e l  n o t  s a m p l e d ,  s i m i l a r  t o  Buck  C r e e k  Reach 3
channe l

c o n f i n e d  c a n y o n

uncon f i ned  w i t h  w i d e  g r a v e l
channe l

c o n f i n e d  c a n y o n

u n c o n f i n e d ,  i r r e g u l a r  meander

5 . 1  7 , 6 0 0  3 . 6  h i g h  g r a d i e n t ,  e n t r e n c h e d ,
p r o b a b l e  f a l l s

4 . 7  3 , 6 0 0  2 . 2  m o d e r a t e  g r a d i e n t ,  c h a n n e l i z e d

2 .5  1 5 , 0 0 0  2 . 3  e n t r e n c h e d  i n  s t e e p  v a l l e y ,
some c a n y o n  a r e a s

3 . 0  1 3 , 6 0 0  2 . 3  h e a d e d  b y  M c Q u a r r i e  L a k e

2 . 7  1 6 , 8 0 0  3  c h a n n e l i z e d  a t  l o w e r  e n d

2 . 8  3 0 , 9 0 0  3  s m a l l  s t r e a m ,  l a k e  headed

2 . 0  1 4 , 9 0 0  6 . 5  m e a n d e r i n g  t h r o u g h  v a l l e y
bot tom

2 . 7  2 7 , 6 0 0  4 . 4  e n t r e n c h e d  i n  deep  c a n y o n ,
h igh  f a l l s  a t  t o p  o f  r e a c h

2 . 0  4 1 , 4 0 0  2 . 9  s m a l l  s t r e a m  t h r o u g h  f o r e s t

0 . 5  1 4 6 , 7 0 0  1 1 . 7  l a k e  headed (Maxan  L a k e )

21 /  0 / 7 9  B ,  O V,  C  ( 1 . 7 )  C ,  L C ,  B

0 / 4 5 / 5 5  B  O V )  ( 2 . 0 )  F ,  C ,  L C

no t  s a m p l e d ,  s i m i l a r  t o  Buck  C r e e k  Reach 2

15 /18 /67  B ,  D V,  L  ( 3 . 2 )  L G ,  S C ,  F

0 / 8 3 / 1 7  B ,  OV ( 3 0 . 7 )  S G ,  L C ,  C ,  B

n o t  samp led

18 /34 /48  O V ,  L ,  C  ( 1 5 . 2 )  1 G ,  S G ,  C

n o t  samp led

0 / 4 9 / 5 1

no t  s a m p l e d

8 / 1 2 / 8 0

9 / 6 0 / 3 1

4 5 / 2 5 / 3 0

9 /18 /74

OV, B  ( 7 . 8 )  C ,  B ,  L C  '

OV, B ,  C  ( 8 . 6 )  C ,  L G ,  F

B, O V,  L  ( 6 . 2 )  L G ,  C ,  SG

L,  OV ( 2 1 . 3 )  S C ,  F ,  C

L,  OV ( 6 )  L G ,  S C ,  F ,  C
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APPENDIX 2 .  H a b i t a t  s a m p l i n g  d a t a  f r o m  U p p e r  B u l k l e y
R i v e r  i n d e x  s i t e s ,  1 9 8 2 .



Q7:- .3 5 X315 1 2 . 4  ccs

U w e - -  3 tk i l<_,1 R i o t . ,  t >
Average f o r  Reach

R I c H F I E L P  C f t  0 4 -  R V  j  It $4 V - 6  - l 4 g 2
POOLS GLIDES RIFFLESt

12,GA,C-N 1 -
ii % X % i

Habitat Class G* R G - P K G - K 6. P G R
Length q.413.S ,0 (;. 5 15 8 12 6 g.-ifsr.AVti.t 37..1_
Wetted width 7.8 8.O 1 1 3 ( g 6 1- 5.6 .6t.6
Channel w id th 10 tO 1a la lo q lo ' i o lq lb.?) [0.)2
Area 73. ,70-i_ VD ,Vr 75 90 61 'Ai 11 ,34I1Ca i're.-133.3
Mean depth .a .) .1 .3 .6 4 i .25 .3 0.;‘, 0 4
velocity •S 4 ,3 '1,0 1 .zt I A.-0 6:;"1 1.0
Log cover • 5 0 g 5 0 9. .3 71 -576

. 3
27.i

Boulder cover .5 .5 ,5 0 ,1 .), ,1 , o .1.' 7
.23

Instream veg. O o 0 0 0 o O e 0 0
Overstream veg. 7 a 3 0 .3 I o 0 72-S 3:3

5-(1.1
Cutbanks 0 0 LI) I '9,- 0 o 3 1 14.,3X. k1 W I
Total cover 13 g.5 . L. .6 3.2 1.13.k, G As-12,5-'.4'6.9fTc4.55,q.7
Turb id i t y Cle d r Gtr citci
Gradient / i t <I ) rvo J'-'0 (9 41 a no At) N.5- Q _

Fines 3 0 _ 1 I. o I0 4o 10 ao (20 ,g7.s 104
Small g rave l .R0 12

__,Go
ao ao 3b ),0 [0 3r, go a:73 NA'

Large gravel RO 42 t o 10 30 go 35 2o lo O S
Cobble 9,04, 50 10 as 15 iss /0 10 1M 8-2
Boulder 1 0 10 0 _ 5 5 10 10 0 8.(0 8_2..
Bedrock 0 b 0 0 0 O 0 0 0 0 0
Compaction laid > IOW frn,) low



3-(Qc\-/Pri1,3 K g c f s

U F e r , u / k J k v , „ . ,  4 ' , Average f o r  Reach

Buck C.rkEK 1:12,q, 2.4 i  9'22_ POOLS GLIDES RIFFLES

Ric_J-t Z
- I x % i % i %

Habitat C l a s s ' R a R P P CT R
Length I I  -5 27 200 10 /6 50 5-0 )3:2Ws-

q-5
V.71Ri.i7775

14-9Wetted wid th 13 10 15 ? 15 16 /5-
Channel w id th % J? /1) 1'r 16? 16. 141 1.
Area 122.62.70.000 $ox6" io 76O)44M- .7- 85.)70;c;7.3.
Mean depth -21536 .2.5-3545 /1., /.2 .35- 0.21
Veloci ty .9t. .2t — i — — r `t Z

Log cover 0 0 Q 0 6 3- 6-- 6 0
Boulder cover Q 3 j_00 10 0  0 ,E5-

-,-472.5"
Et530
Iiicto

Instream veg. 0 0 0 0 o o o 0 C)
Overstream veg. 1 1 <200 0 0 0 0 Et7.;,-- eaorx-c.7
Cutbanks 0 .6 0 0 0 0 0 .25- 0
Total cover 24 171.51700 12 5 .O7.i- VI 41. 577 ,.7
Turb id i ty r air c/('

,lo
d r d r e_ir Cllr clr CIS

Gradient - - 1-6 - - ' - - — :`1.6-

Fines 17 . 5 P i6 g13- 35. 3azi 17.3
Small grave l 17 Jo 17 15 1L 5 5 11.1 1.q
Large gravel /7 .26./7 lo 16? 5 5 G21.4, j.c?
Cobble X 2 2 )0. 26) 10 10 17-7 (223
Boulder  7 )0 27 _10 5 5 /0 0%.4..
Bedrock 0 0 0 40

.21
j ) lo #o 94 0

Compaction i •  W e e d  -Lear--fridbid.".4ed Jet& 1.64-41 .01144,



,401ft (57  47,)

Uppe e 1 _ , _ 4 ; Average for Reach
A l ' , u L K  14 V2- POOLSGLIDESRIFFLES

EACH ••-- X % x % i
Habitat Class R G R G P G - ID G R
Length IS 1 a 3 o o 30 _3D Soto M 90 4Z----i2c3
Wetted width 9 /5- 12 12 /2 /3 12 i 3 iT3
Channel width 5o „2,0X i 35 35' 35 30 <2c1
Area /5nO21-f,YzOo‘o

ipi0
?AZ 4,65.4,65eg`ii-'4'Ac1Mean depth .g .4- .3 .(,, 9. I 42 OGt, 0.3

Velocity ) . .4 .1 ,0 6 -41 _6$ 4.4 .9
Log cover 0 0 0 e2 2 5 A .73 0
Boulder cover jk 0 Alt-0 0 0 xs28:7

.2
7  1Instream veg. 0 0 0 0 0 O 0 0 0

Overstream veg. C) 0 0 0 0 0 0 0 0
Cutbanks 0 0 0 0 0 0 0 0 0
Total cover 2 'if- 0 L .5- a .. gf- • '  '-c--'1I. i
Turbidity cif dr elr c)f'(Ir. Qir (qr c(r cif-
Gradient / J.5 ) :3- .6" -5- .23 .,1.8

Fines 6—40 /t V) 90 44 .:5.24, 5---,4,
Small gravel '0 0/0 30 30 X 5 x l A.24.. <0.3
Large gravel .epoazolo ts- ez 5 ex 15 -90
Cobble $ /6-4Z 3 0 O 0 577 ...293
Boulder 5 . 5 0 t• 0 0 o ,g..5 4.'it ,
Bedrock
Compaction .204).p.„‘,),Gra_4xd_dlbw,



S 7 . / d s

U p . -  f p  i k  - 0  •  6 / Average f o r  Reach

r  ‹),-)A Ri?4E C R E E K  O u  2 _ 4  A g a POOLS GLIDES RIFFLES
3 i

Habitat Class P R G- F & LP
,

P G R
Length 16-49 '4 g7 5 "1 ,-9..13 .,,;;I:5-3.349 51-7
Wetted wid th  - 7 75- 4.-5 5 r75" 7%Z •41.6- (;..()
Channel w id th I- 5 - , X - c i ) 3 3 1)_5 15' 8 12.1c;
Area 0 530. . 61785- 16- W.6- -:117.9 Kill ,25.2'-.'2..'..0- 9
Mean depth .25- .1 .14.1 .12 .? '71 •iz/L - )
Veloci ty — 4 .6- .5 IT :p
Log cover . 0 0 () O )

1.3
45- 0 0

Boulder cover  / 1 . 4 c2 1.4 .1 ' 2 .. s 5
' 1

N
.5-.5
.• 3

Instream veg. 0 0 0 O 0 0 0 0 C)
Overstream veg. 1 0 .3 0 0 3 34

)41, 4 5  .3 0
Cutbanks ,3 o 0 .4 o o . 34 - 0 l i
Total cover . ? ..5-..3 /-2 .1 1.2 ps..53.2t.-rl l-1 3:2 /.3
Turb id i ty Vr ci( cfr- /r d r ci,- 1c4r q r clr
Gradient

Fines 0 5 - ) 0 I 35" 7 )6.4
Small gravel _ 5 - 10 ,25-15 -in 5 - ( d li
Large gravel IC) 3 0 0 X ) I
Cobble 10 / 0 P 5 J O ( ) r i i i 3
Boulder - 5— ) 5 1 0 • / 0 5 8 . 3 1 0 g y
Bedrock 0 0 O 0 0 D 0 0
Compaction /& I. /....u.11.—ud... .



U er Bulklej e;.07, 6 _10C
Buck CeEEe iiii •  2_,Tt M 2 -
kE_Acit 5-

Habitat Class G- R CT R G- R C.,- P., G G-- R G- R_a- k R G- CI-
Length (0:3 a l 10 2 5 35 is 4 52 2.9 12,_5- $3 ioo ,,O io 3 61
Wetted w id th "./.s .1 6 In 6 5 5  1575-2i.S6 9 6 9 lo 1 1 6 1
Channel w id th ) ) 1 10 12- // 1) 12 •18 12 IP iq a I2 6 Pc 15 15 ; 6
Area 91.61.9zi ° X ) 610 '9-0 , Z)-(2 13,-If 7C. I t ` - g 1 0 ?CO „ Z o 40 i;_ --ii 2D
Mean depth .1 .1 .1 ) .3 .1 .;5 .1 .2 .45-. 6 ,g .IS ., .2. .)5 .5
Veloci ty •I - - - -- '6 1' ,2 .3 / 7 i 5- 1.6",5 - ...IS"
Log cover 0 0 0 . 5 ' 5 - 0 . 1 0 0 2 0 0 - 1 1 0 0 0 .
Boulder cover 0 0 0 6 - -6- 0 • 1 . / 0 0 . 5 . - / 1 / 0 0 U 0
Instream veg. 0 0 0 o o 0 D 0 . 0 0 0 0 0 ( ) 0 0 , 0 . 2 - -

0 COverstream veg. 0 Q / 1-5 I -5" n 0 0 0 0 0 3 1. D O
Cutbanks 0 0 0 0 0 0 0 0 1 0 0 0 . 2 0 .1 • I 0
Total cover 0 0 / P,••. a .6- .2 -I 1 as .5 -1 1.16.3„ci 4 .1 .1
Turb id i ty l r c k c i r 4,- Cjr Clr cir cit.- c qr ck 4 - fir cir cif,cfr rfr- r
Gradient / I 1.6 I /.- - -- - - -
Fines g 5 JO )Q )9 5 IS z 2,6 10 30 cz to Jo 10 10 .10

10 15
,#030Small g rave l '10 X - 30 ;5--5-- .3--30 20 o ,20 eZ, -20 Z 10 070

Large gravel 36-35 ilo Ifs- 0 .30 30 3o p20 .30 24) X 1 0
ao

go
Z 4,q0

3g sn
A)

.5-6-Cobble 0 ,ao 15 /0 6 '402o./O30 _go _3f)25'
Boulder

_‘,15
o 5 0 5 5 0

_5
S 3 0 0 / 0  1 0 P-s C ; 0 16 0 5 - A

Bedrock 0 ( ) 0 0   0 0 0 0 O . D
2 c 4 d

0 0
.P.4,a),..teod e t t A

0
445eAUfA6Jeredifra)..660-lovi

O 0 0 0 0
Compaction JA4A) bow)JA) AMDieraq-bedAW „goad
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U p p e r  B u l k l e  e , , , „ ( ,  6  P o 3 e . a c E . Average f o r  Reach

& l c -K. CRFE.F., A p p  . .2 i t P?2;-• POOLS GLIDES RIFFLES

FEAX44 5- % i % i %
Habitat Class IR - - A G P p G-- r?
Length 3--- i 9 J6

-
12 1? '1.4 -g4%,.-77)-2-41251

Wetted wid th  1 - ( # g 9 2 5? I 7.2
Channel w id th 420 690 9 ) 9 ) 5 / . 5 .3- 10
Area a s 1,g) :>"•/ g 0 / 4 1 4 4 ..5'3 -g i l l

.Z-
‘ 7 1 - g b l a i l

.13
.3

Mean depth .)0 .3 .35 1 I
Veloci ty

_./0
- - i n -92-

Log cover . 2 0 1 . / 1.5i
37

.e0
-,:.0(..,

Boulder cover 0 / 0 .2 .1 .1 g
TS/

Instream veg. O 0 ', 0 .21..
,_.2

.7
.cm ...:...x-.02,

Overstram veg. D 0 0 • ,,2. 11.1...q3 --5-'-
Cutbanks 0 0 0 ,2_1.5' • /.1-

v.15
,c.c=1

Total cover 0 .3 ,', 3.0 .V./ 1,( /..5"▶'231.5 ,-.1',/O
Turb id i ty Clr Cl( Or eIr c/r Or Cdr C-1 r
Gradient . I 1 6,

Fines ---.:,?-5.-5—)5 /5 16 g 1010
Small grave l 3 0 30 9b 30 .x) 9-6) - 5 ;8.3
Large gravel 5-6, -410 () A - ._5* 5:3 .R.4
Cobble j 3 0 30 42 at?
Boulder 0

. / 6 1 . 5
0 o

.13
aiilo 0 ,k7q 16-4

Bedrock 6 0 0 0 o _. o 0 0
Compaction S i o t d i f A N - d - P - 6 4 ' ) ae-`),-4) .V_A>ct) f -e,01 i b u )



APPENDIX 3 .  F i s h  p o p u l a t i o n  e s t i m a t e  r e s u l t s  a t
U p p e r  B u l k l e y  R i v e r  i n d e x  s i t e s ,  1 9 8 2 .



r U L : t 0 , 2 - 4  (  4 ° 1 4 5 1 " )

i *DES AGE It-RANGE fl Vlits M E A N C , I; 'il EJCVAS g - '  41Y 3 1 1 = W NO I ',41;

R I t 0+ 363:4 Tim Q.90 iA P.90j3.33 AP. 03. 0.o? 0,07
0.71
0 .__691/4.,

0.7g
J,/7
40-7
.DS"

+ .17-/Q2 ''ZII 17.0 5- ' '9 oqo ol.li P1-35 0.13
Iikva ALI/ )5.05 OflO 417 J00,51 0 . 0 i

P.i ,U, 0.9,5- 1.48
0 01- o./Cohn Of Wf-lt>5-,64,o 3.,,oqto?oqo ,-2,2P, 7.1L, 0 01

oqa 11._1_.•_..?_5_10.15 O. big- t• g2i)in 4 6'4-6 0 - K 7A45 -1467,9g
137 cl_r,,q0 igto.D 0) 15 11 0,0 (0 0.70

1.3 it
O -3'6
),9

t-i, gc/ -1cRIt0:56
1716 Q.9- 1

7g-;0235•10-U187;41 0,70 C".(-1 11.6.q 0-0‘i- 3.39 0 . v

bgtcA5p.3-418,58. am (0A0-90 6S .r 09M 45- 0.}3 )..9 •F3

DATE AREA ) 6 ) ,  , m 7
LENGTH  1 'PI  IA

SITE 2

HABITAT DESCRIPTION: i t
6 c _ . f s  G r a d i e n tD ischarge

Temperature  V C )  1 g  e  T u r b i d i t y  0 e 4 o  r

H y d r a u l i c  Type  P o o l  G l i d e R i f f l e

area 100
mean w i d t h

mean d e p t h

X c o v e r

(1.0
O.3

c o v e r t  e l

s u b s t r a t e 2 F51,5e-Poji,c3-40
C._3o 8 5-

CO:VENTS: C/N/1,10k 111203 L / I  6 - 1 - 0 1 4 - 1

L l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV overs t re run  v o i l e t a t i o n ,  C  c u t b a j t s

r o b b l e s j i i  b o u l d e r s ,  B r  b e d r o c k2 f  Ines S C  s m i l l  r r avo l _ ,  l a r z e  p



PlboJer ine--

a'CiES ACE t p - R A N G [ T vAr'''Iri'i C, Ti - 1 - - * BTSVS. 5 gct'ISI‘ilY BIOMASSi1s 11,4 i ',',;(x
._._
Rbt c * `1;54,2 C17$ <901-0.-2031.15‘...2_4.040.170.0

0.34
c2.17
0.7490.30

34,,,

.5(0-5-4
H- 11--.% g5:72 5-53 " 019 P.M ts.6-30..07

,52-4-- 101 , l i )12-3311.q.11 5 Q.10 1-21 457 .12 0,-6a O .7-7
0 Jzis .75 ,,p.9,,p 0 .7 1

Caboaf 15 ?3•006..Sqo I 0:70 143 9.80 0.01 D . 0 5 Q•10

CH( 0+ (77.- 82, 77-175./1 to 4a7 p5?.5-41-0-(/0.o5 0 3 0•_
MLA),8 C;7--J3A/3_67 5:54 5 0.70 1.g9 ,;/3 63 0.0_2 0.13 a 0

4<.e i._ a3-7/ a441,10gi 0.70...e:o3. Ole, 0  6.5- V.07

DA7 E AREA 1gS51  m2 . 1
LENGTH 143- M

HABITAT DESCRIPTION: R.P- f ie_

D ischarge rrWS )3.2 e-Cs Gradient  rt... 5 -
Temperature  ( ° C )

H y d r a u l i c  Type Pool G l i de R i f f l e

X a r e a
 , . . . . . . r = w e l • • • • • • • • • • • • • • • • • • • • • • • • •

mean w i d t h

mean d e p t h

X c o v e r

) 0 0

11.1
cover  t y p e l

s u b s t r a t e 2

co>casTs:
rr

. . r.e . . . . .1 .110/ .11.0••• • • • •msegnmagya.mmoybol l iam.meneemea.ar. • • • • • • N l i n g r a m • n e w , r •

F 11,s617)1G 17
cat .1

I L  l o g ,  B  b o u l d e r ,  I V  i m A r e a m  v e g e t a t i o n ,  OV ove rs t r enm  veze ta t fo ru_g_cu tba_nks

2 F  f i n e s ,  S C  s m a l l  P r a v o l ,   1.0 1 ,1r  e  p r a v o l ,  c  c o h h 1 m ,  B  b o u l d e r s ,  B r  b e d r o c k



DATE

tic._ q t 12Z4z1 BIOMASS s'.i
PECIES AGE H-RANC,E n

M N
Venr i l l C,

M I
----F"----nr poisify

M U M
BDPNASAW NI.3 /  !!Nne%

t 0÷ 44-55 I  a 1 0  g 1 P, orri a o.  f  T 0  , '

-; I! 23 ,1 0.2'3 a  po
Ak 109 09 0 1 5 0 1 5 , 9 5 - 1 1 . E 0•Q1 •IP,. G105—

II 1.2
P I A - 1 • .43 b- Km 8 0. 2-al

11111111111111
1 1 1 1 1 1 11111111111111111

—  1 1 1 1 1 1 1 1 1 1 1 1 1 1 = I
ewe habrixf11111111111111111111111111111

11ABITAT DESCRIPTION:

siico  3 ,AREA - C
rNGTH

Discharge  (.02=-.. . 0 3  n i l

Temperature V C )

H y d r a u l i c  Type

Z a r e a

Pool

-66 es

132(2A.11_11A111b
mean d e p t h

X c o v e r

Grad ient  D u r k

T u r b i d i t y  O f t a r

G l i de

5

R i f f l e

• 1
cover  t y p e

s u b s t r a t e 2 FA5-3G-10 1-&-35

ENTS:

• • = . 1 • 1 • 1 1 1 , . /

• • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . 1 . 1 1 . 1 1 • • • • • • • • • • • • . • • .

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV ove rs t r eam  v e g p t a t i o n ,  c _ c u t h W i n

2 F  f i n e s  S O  m a l l  r r a v o l  1 . 0  l a r i z  p r o v r t ,  r o b b l s ,   B b o u l d e r s ,  B r  b p d r o r k



Cre tX

!.'!11-'i--__L--14L-rs
1CIES

iiackpr
AGE H-RANGL

-,- 'El
MEAN

C, I; n
—TOTAL
BIOMASS

No /ma
DENSITY

BIOMASS
DENSITY

1
I N 0 /

, line,
mete,,NYEIGHT

4 — - , - . •],0 1 ,00 1 0 0/C.1 II -Jt 1 / - 0 (2  _ o . i g013.p.o.03 0.1g0.3 9 aaci3
0 46_ 0 ÷

1+ 73-----ab1,P0 LO7 5 a 0 5!_56,
,F • Fl.,-f. 11.5-0P../5 g D. 10199 0.11 1_.-74 0.70.0-.93-11{

1,61 10.15"i CIO t4/ Iii,li_ 22102,0.724)1241.0 f l i . i 0,43 5. 12,
0, so

_a,vg
,0.0226 73-7k, 7447,5;0. .3 010 3-33 12:75- 00s-

ge4sp .it,9(c. P.II 1,5--)a l 01D 39.00 137-600-12. c" a.) „rp.2)

A

DATE AREA _ ' .  ( 4 0  . 1 !
LENGTHM

HABITAT DESCRIPTION: ( ) A 21e /side_ I I . . . . O . . . . *  • • • • • • • • • • • • • • . • • • •

D i scha rge  61(1.- .1- l0ry3is 1 4 . 1  c -r-3

Temperature ( ° C )  ) 1 6

H y d r a u l i c  Type P o o l

Grad ient  ' - 1 . S

T u r b i d i t

G l i de

X a r e a  5 3 1

mean w i d t h

mean d e p t h

cover

cove r  t ype1

s u b s t r a t e 2

CO:hafENTS:

1.78)

FL‘iSerc2i, LL 3o
C6/5)133

R i f  f l e

)
6 5
0.10

. . .1•••••

ra5isebloit-030,
C.Q0i135-

. . . . . 1 1 1 . 1 1 0 1 “ 1 1 . 0 . m

L l o g ,  K  b o u l d e r ,  I V  l u s t r e =  v e g e t a t i o n ,  CV cvo r s t r e a m  v m e t a t i o n  C  cu tban t i s

f i n e s ,  S C  s n a i l  r r a v e l  1 , G  l a r z e  C  c o b b l e s ,   R b o u l d e r s "  l i r  b e d r o c k



1*  c r - e e k
-A-t- r i &  bra)

i•EOES ACE 11-RANGE
T.

il
—MEAN
WEIGHT C,

—
-11-

•
Ti

TOrAi
BIOMASS

t•la A i l
DENSITY

BIOMASS
(DENSITY I lInec

No i  mete
.— —

kbt of 7 11- log 0,57 2 as,5-_94 5.33 0,12 a j  Q 0.77
C4 _ _if yi--- 5:co c5;5o 5 0:25 ,522 .31,P0 0.11 059

3 6 :.5"- 3 p -P o.. ,q 1„p5-7-
15--bte., ._ c1927211,--,1(2NI 15 015 ii.65-__.z)o-i5.0- 0_3$1,

..,

.., t

AREA / A 2  S I T E
LENGTH ja2. . . /A

ILABIT-AT DESCRIPTION:

D ischarge

Temperature ( ° C )  t 5  °C

l l y d r a u l i c  Type

area

Pool

mean w i d t h

mean d e p t h

X c o v e r

Grad ien t

T u r b i d i t

G l i de

1.0
R i f f l e

3o.1

az
OAT

cover  t y p e l

s u b s  t r a  te2

C
, m e r i m a , m i m e w a r m r. s m a .

F41025G 16; L6 30 - - -  F.?, SG 410, L6-38
C 10 B5-

CO>NENTS :

4 . • • • • • • • • •

L l o g ,  15 b o u l d e r ,  1 V  i n s t r e a m  v e g e t a t i o n ,  CV ovo rs t r enm  v e . z e t a t f o n  C  c u t b a n ; 5
. •

2 I' 1  inns S C  s n a i l  c r a w l  I L  l a  r i s  p r A v a l ,  s  c o b b l e s  T i  b o u l d e r s  R r  b e d r o c k



( L a i r (  €  C c  e e l c ,

'ZCIES AGE 11- RANG1 ii '14VG&INTITCI P T  i i E. TOTALIC 5 gl'ISTY BEfEVSIV /  in.nett;

Rh- Of 3c),-Z 0,51 19 Q&) G 0.00 39.1.5- 0- c6ct CAS
( . LI

5 -Ai _
5 8 _

Q_Lzi-7..3 3
) -F

p.M.a
li-q.6-

A-79.Aqx,3611_0.
3

?2,0_
Q.130

I7•50 76,L5 04?
' , .18 0.0G_arog-

x.•29
04 ta

3.75\ 14624-joB-10,1oci.67
.149,q6 l i g  i 0.7c11Ice_v_.,57-g9....7(,(63,6f0 7 0,80815 32,05-0.-12

I

DATE liggyzeckAREA 7-q- m2
LENGTH IL

situ

HABITAT DESCRIPTION:

D ischarge -29 d  R . 1 - 7  cr.s-
Temperature  ( 0 C )  I  r

Grad ient  N /

T u r b i d i t y  C  i e o r

H y d r a u l i c  Type  P o o l G l i de R i f f l e

X a r e a 30,7 0.3
mean y i d t

mean d e p t h

X c o v e r

5 .8 (G,3
a i l 010

6.7
cove r  t y p e l B iov

s u b s t r a t e 2 Fla 156.0z51I-G3o F  5610 L.43(),
C25,$to C  -qo i 5

CO:Co/NTS:

1 . 0 w

L l o g ,  b  b o u l d e r ,  I V   i n A r e a m  v e g e t a t i o n ,  OV o v o r s t r e n m  v u j . t a t i o n ,  C  c u t b . a t i n

2 F  f i n e s ,  S C  r i l l  p r a v o l  L C  l a w  p_ravpd, c  cobb len  b o u l d o r a l   R t .  b e d r o c k



Discharge Q' . -  fn3A 17,6cfs

i'EC_IES AGE f l -RANGE —II
MEAN

WEIGHT
11111111111111

BIOMASS gcX117Y BgYIS,TS' I No /  !e%

a l a i I ? ?  5
EMI . -  6

6 I f f i l l 0," 0 6 1 , : .  5- N M  0  (Aci 1 4 3
.,,qt

_
• - o 0 . ; y o I  : 1.9,3

M I I I M f f i l l 105;6 * Al E M I 0 , 0 0.59
91,57 • 4 7

0,01
1.91

_0.03
6,65

i I I I I I 0, 0 11111 O. 0.08
1111 1111111

14, ,  s 1§11 i y ; .,y , Coo  I .  o  1

i i i i

14M11 . „  a  5 -  F a M I I 1 0 . 5 1

1 1 1 1 1 M M I l l
1111111101111111111

111  I I I I I I I I I I I
M i l l

1 1

I
..._

HABITAT D E S C R l j 7 y R t C T b l d e L R ; E f _ _ _ _

Temperature C C )  1 1  0 C ,

H y d r a u l i c  Type P o o l

Grad ient  cr‘..

T u r b i d i t C ea r
G l i de R i f f l e

X a r e a

mean u�rlth

mean d e p t h

X c o v e r

7.S
0.1

cove r  t y p e l L i a av B i o v

s u b s t r a t e 2 F30, SG Po 1-6ao F10,6,10,1646)
goi i o  C . . 3  0 J P

CO:VENTS: Green  A U f a  d y e  p re ie4  - Ihrothoui  cucteL

L l o g ,  B  bou lder,  I V  fust ream vegetat ion,  OV ovorstrenm v u p t a t i o n  C  eutban%5

2 F  f i n e s  S C  s n a p  e r a v o l  L G  ' ta rn ! ,  p r n v q l .  c o b b l e s i _ R  h o u l d e r n ,  B r  b e d r o c k
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APPENDIX 4 .  L e n g t h - f r e q u e n c y  a n a l y s i s  a n d  l e n g t h -
w e i g h t  r e l a t i o n s h i p s  f r o m  t h e  U p p e r
B u l k l e y  R i v e r  s y s t e m ,  1 9 8 2 .
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Cumulati
Location

Date:

R -E.i

- -r3=-F-11 t  ,--,,..,,.,„,.....isur":--==,-,--,. ...,..IN[-I-I!!1, , i
Tn !i7i
i Mil 111. • ,. i, : .— 1 a,

, ",
. .:_i±!,

! , ,! 1 1 i -
(__it- 11 = cF,, II—

Hli-17

. , cif
iil 11! i ,

l e r

1
f

7----
I
I

ei-lu
?A

RiM

n
I ' <

rrW

1 1  E M I I I 1 1 1

I I 1 - '

' '  ' ' " 4 ' ' ' 1-------BEEMEMBIEENIE-4--- 111 -1111- i511
1
1 1 1 1 1

1 /

1

1 0

0-

0 1
274._...0111111111111111111111

1 1 1 1 1 1 d 1 I N E M I N E

101111111111111111MEER I 110I  1,
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Cumu la t i ve  L e n g t h - f r e c u e n c y
Location: Upper e a t s t i e s l _

Data

Coko Ckk
Date: A u g i t i L a t h Av g l g t ' C l e i g .

ctalo tlw i  Scd in 115-mry
__23 Ac) 4,______I JAQ

2 22 2
)1 4

5 5 4
5 1

7 ____7 ___7___
9

'''
9 19 n 1g 0

2 I 2
- - 2 - - 34 4

2_ 5E
7 ___472 a

LI 9 e
9

4 0 _ I 2 0 avo1 1_ _ L . 11 • 111111111 a 3 2 1
I ,____2_.

5 5 5- - - 6 67 7- - - A 5
9 a

.T 1 IT 13_9 PI______J r I
Z._3 1 • 3
4

5

= I
I A _ __7____2_,

.________c_, e 8
9. . 2 F9 zI i i i  Ni I / I

_ _. _
1M I M I  2

M M .  I P M 3I{ 4
5 I 1 5 56 /

ia IIII 11119 e
_ 9

____L i 12 M E M I l I 2 • 2
3 1 1. _3
1

E
4 1 . _5 5 f j_ -__ ---__:6 i 6 6

7 78 a —73
9 tl 9 9

- - - - - - 1 6 _ 9 _ R40. I 1
___ 7 7111111MI 3 1

A 4
5 I I r 5 5

• 4 o_ - - A . -
7— L .

8 a
I

— 9 7 : _ i l  0 oI I r I
2 2 aa a4 A+

I 7



L e n g t h / We i g h t  R e l a t i o n s h i p s

1. McQuarr ie  C r e e k r2  = 0 .95
a = 1.01
b = 8 .26  x 10-6

2. Upper B u c k  C r e e k r2  = 0.97
2nd B r i d g e  C r o s s i n g a = 2 .78

b = 8.04 x 10-6

3. Combined d a t a r2 = 0 .97
a = 1 .56
b = 8 .38  x 10-6

E m p i r i c a l  f o r m u l a wt  = 8 .38  x 10-6 Z3

Rainbow t r o u t 8 .38  x 10-6 2,3

Coho 1 .2 x 10-5 0

Chinook 1 . 1 x 10-5 t 3

Mounta in  w h i t e f i s h 1 .35 x 10-5 t3

S c u l p i n 1 .0 x 10-5 t 3

Dace 1.15 x 10-5 t3

K- v a l u e s  u s e d  f o r  U p p e r  B u l k l e y  1982  p o p u l a t i o n  e s t i m a t e s
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APPENDIX 5 .  S o m e  c o r r e s p o n d e n c e  r e g a r d i n g  a c i d
d r a i n a g e  p r o b l e m s  f r o m  E q u i t y  S i l v e r
Mines L t d .  ( f r o m  H a b i t a t  Management
f i l e s ) .
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To:
Dave Reynolds
Regional Manager

Date:
May 11,  1982.
F i le :  0161
xr 0261 Equity

Re: A c i d  drainage, Equi ty  Mines

Gordon and I  accompanied Brian Wilkes, George Derkson (E .P.S . ) ,  and
Margaret Ross (E .P.S . )  t o  the  Equi ty  Mine s i t e  on May 4 ,  1982. T h e  t r i p
was an eye opener. We  have a  ser ious ac id  drainage problem already and t he .
mine has on ly  been operating f o r  two years. T h e  s i t ua t i on  i s  out l ined i n
the attached memo wr i t t en  by Br ian Wilkes.

This i s  simply t o  in form you t h a t  I  agree w i th  Br ian 's  judgement
that the  s i t ua t i on  i s  ser ious.  I  suspect t h a t  present output o f  ac id and
metals i s  j u s t  the  beginning. T h e  long term outlook f o r  upper Buck Creek
is i n  my opinion gr im,  and the out look f u r t he r  downstream i s  no t  good. T h e
worst current  problem seems t o  stem from about h a l f  a  mi le  o f  road t h a t  was
ballasted wi th  ac id  generating  waste rock.  I t  must be rea l ized  t h a t  many
thousands o f  t imes as much rock i s  planned f o r  d i o s a l   i n  the  waste TOC7
dump, and a l l  o f  i t  w i l l  presumably undergo ac id generation and leaching
processes s i m i l a r  t o  those now wel l  underway i n  the  road mater ia l .  M y
point i s  t h a t  present problems are  j u s t  the beginning.

Perhaps now i t  may be apparent why I  assign such very high p r i o r i t y
to the  Consolidated Cinola proposal. A t  l e a s t  wi th  Equity we have many
miles o f  r e l a t i v e l y  l i m i t e d  value aquatic hab i ta t  between the  mine and the
high value Bulk ley River.  I n  the  Consolidated Cinola issue we w i l l  have no
such b u f f e r.  T h e  mine, t he  m i l l i n g  complex, t he  t a i l i n g s  ponds, and the
waste rock dump would a l l  be  i n  the  immediate v i c i n i t y  o f  the Yakoun River.

Just f o r  perspective, t h e  copper leve ls  measured i n  t he  Equity
leachate are about one thousand t imes those necessary t o  k i l l  t r o u t .

Cheer

- 7
A l a n  Edie

c.c.  D. Smuin
Keith Moore
Gordon Mackinnon
Mike l ihately
Jim Walker
Brian Wilkes

AE:sb
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To: T .  Robe r t s  D a t e ,  M a y  4 ,  1982

V A

1912-3-5
1912-1-17
1912-4-28

1.

F i l e :  P E -4475

Re: E q u i t y  Mine Update t o  May 3 ,  1982

D

Mine personne l  have i n s t a l l e d  t h e  g r a v i t y  f e e d  system t o  t h e  sump
f o r  c o l l e c t i n g  waste r o c k  a c i d  w a t e r  and pumping t o  t h e  t a i l i n g s
pond. T h i s  s h o u l d  have t h e o r e t i c a l l y  caused a n  e l e v a t i o n  i n  pH i n
the w a t e r  o v e r  t h e  s i l t  check  dams a t  Bessemer and be low t h e  waste
rock dump. H o w e v e r ,  pH a t  t h e s e  s t a t i o n s  remains  i n  t h e  3 . 5  range
as o f  A p r i l  2 8 t h .

2. C l e a r l y ,  f u r t h e r  a c t i o n  i s  necessary  t o  e l e v a t e  t h e  pH o f  waters
f l ow ing  i n t o  t h e  Bessemer c r e e k  d r a i n a g e .  ' I  am adv ised  t o d a y  t h a t
o the r  sources  o f  a c i d  w a t e r  have been d i s c o v e r e d ,  f o r  example, t h e
crushed o r e  b i n  d ra inage  w a t e r .  C o n s e q u e n t l y,  M r .  P a t t e r s o n  a d -
v i sed  me t o d a y  t h a t  t h e  e n t i r e  m i l l  y a r d  i s  t o  be  d i t c h e d  and t h e
water  c o l l e c t e d  w i l l  be  f e d  t o  t h e  main  sump.

3. C h a r a c t e r i s t i c s  o f  t h e  w a t e r  sampled be low  t h e  crushed c u l v e r t
(now c o l l e c t e d  b y  t h e  sump) a r e  a l a r m i n g .  T h e  t a b l e  be low g i v e s
recent  d a t a  ( s t a t i o n  0700092) :

Cu
PH D i s s o l v e d

3.0
2.8
2.7

I c i e r / 1  Maximum
311owai‘le (mg /1 )

67.0

1.0
To t a l  Cu

As
Disso lved

4.34
9.9

0.05
To t a l  As

Mg/L
Zn

Dissolved
41.0
46.7

5.0
To t a l  Zn

Fe
Dissolved

570
813

Pb
Dissolved

.02

.3 0 . 0 5
To t a l  Fe T o t a l  Pb

•

There i s  no  d o u b t  t h a t  w a t e r  o f  t h i s  c h a r a c t e r  would be  t o x i c  t o  f i s h
.and o t h e r  a q u a t i c  o rgan isms.  I t  must  be  enphasized t h a t  m e t a l  l e v e l s
i n  t h e  w a t e r  f l o w i n g  i n t o  Bessemer c r e e k  a r e  s t i l l  l o w.  H o w e v e r ,  t h e
susta ined l o w  pH o f  w a t e r s  f l o w i n g  i n t o  Bessemer, and  thence  i n t o  Buck
creek,  s i g n a l s  t h e  p o t e n t i a l  t o  c a r r y  d i s s o l v e d  m e t a l s .

I f  me ta l s  e l e v a t e  i n  Bessemer c r e e k  t o  l e v e l s  s i m i l a r  t o  wa te rs  f r o m
the c rushed c u l v e r t ,  we  w i l l  have  a n  emergency s i t u a t i o n  on  o u r  hands.
The w o r s t  case  s c e n a r i o  i s  t h e  b i o l o g i c a l  d e a t h  o f  t h e  upper  B u l k l e y
r i v e r ,  a l o n g  w i t h  t h e  p u b l i c  h e a l t h  i s s u e  a t t e n d a n t  t o  t o x i c  me ta l s
l e v e l s .
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Present m e t a l s  r e a d i n g s  i n  Bessemer c r e e k  w a t e r  a r e  a s  f o l l o w s
(S ta t i on  0400762) t o  March 5 ,  1 9 8 2 :

1982-2-25 4.3 1.93 .005 2.23 2.65 .001
1982-3-5 4.4 1.63 .005 2.01 2.57 .005

Cu A s  Z n  F e  P b
pH D i s s .  D i s s . . '  D i s s .  D i s s .  D i s s .

The concern  i s  t h a t  t h e  pH has dropped o v e r  t h e  p a s t  8  weeks f r o m
the 4 . 5  a r e a  t o  t h e  3 . 5  a r e a .  D u r i n g  t h i s  p e r i o d ,  n o  new me ta l s
ana lys is  have  been ob ta i ned  due t o  t h e  b a c k l o g  o f  work  a t  t h e  l a b .
The l a b  must  c o - o p e r a t e  i n  t r e a t i n g  t h e s e  samples o n  a  p r i o r i t y
basis  because me ta l s  l e v e l s  c o u l d  have sky rocke ted  i n  t h e  p a s t  8
weeks and we s i m p l y  w o u l d n ' t  know i t .  W e  must  have p r i o r i t y  a n a l y s i s
so we know where we s t a n d  w i t h  t h e  p a s t  samples.

I t  i s  suggested t h a t  a s  pH decreases,  t h e  d i f f e r e n c e  between t o t a l
and d i s s o l v e d  l e v e l s  w i l l  be  n e g l i g i b l e .  T h e r e f o r e ,  i f  t h e  company
could use  i t s  a t o m i c  a b s o r p t i o n  spec t rome te r  t o  p r o v i d e  f r e q u e n t ,
up - to -da te  t o t a l  m e t a l s  c o u n t s  a t  t h e  s i l t  check  dams, we wou ld  have
an up t o  d a t e  b u t  r o u g h  p i c t u r e  o f  t h e  s i t u a t i o n .  T h e ' c o m p a n y  has
been concerned t h a t  samples hand led  i n  i t s  assay  l a b  would  be  s u b j e c t
to con tam ina t i on .  T h i s  p rob lem would  have t o  be  s o l v e d .

4. T h e  company has t a k e n  o v e r  t h e  b i o m o n i t o r i n g  program. W e  s t i l l  do
d isso lved me ta l s  because t h e  company has  n o  f i e l d  f i l t e r i n g  a p p a r a t u s .
However, a s  soon  a s  t h i s  i s  o b t a i n e d ,  a l l  t h e  c h e m i s t r y  & a q u a t i c
work w i l l  b e  c a r r i e d  o u t  b y  t h e  company under  my s u p e r v i s i o n .  S p l i t
sampling w i l l  o c c u r  r e g u l a r l y  t o  check  company d a t a .  I t  i s  i n t ended
to r e v i e w  and a d j u s t  t h e  b i o m o n i t o r i n g  program i n  t h e  f a l l .

5. I t  i s  appa ren t  t o  me t h a t  t h e r e  i s  a  g r e a t  p o t e n t i a l  f o r  s e r i o u s
envi ronmenta l  and p u b l i c  h e a l t h  consequences'as a  r e s u l t  o f  t h e  a c i d

.water p rob lem.  I  recommend t h e  f o l l o w i n g :

A. B r i e f  s e n i o r  m i n i s t r y  e x e c u t i v e  o n  t h e  se r iousness  o f  t h i s
bus iness.  I f  a n  emergency s i t u a t i o n  deve lops ,  o r  i f  EMA i s  t o
be used ,  t h e y  s h o u l d  be  a d v i s e d  now t h a t  t h e  p o s s i b i l i t y  e x i s t s .

B. B e  p repa red  t o  o r d e r  E q u i t y  Mines t o  d i v e r t  a l l  w a t e r  f r o m  t h e
s i l t  check  dams i n t o  t h e  t a i l i n g s  pond .  I f  me ta l s  l e v e l s  exceed
d r i n k i n g  w a t e r  maximums i n  Goos ly  l a k e  o r  Buck c r e e k ,  t h e r e  i s
no s o l u t i o n  o t h e r  t h a n  a  s i m p l e  p r o h i b i t i o n  o f  a l l  d i s c h a r g e .

C. O r d e r  t h e  company t o  i n s t a l l  s tandp ipes  i n  v a r i o u s  l o c a t i o n s
below t h e  w a t e r  c o l l e c t i o n  d i t c h e s  f o r  p e r i o d i c  samp l i ng .  A n
h y d r o l o g i s t  must  b e  c o n s u l t e d  f o r  l o c a t i o n s  and methods. T h e
o b j e c t i v e  i s  t o  d i s c o v e r  i f  a c i d  i s  i n  ground w a t e r  n o t  i n t e r -
cepted b y  t h e  d i t c h e s .
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D. O r d e r  t h e  company t o  i n s t a l l  a  w a t e r  r e c o r d e r  o r  s t a f f
guage i n  Buck Creek.  T h i s  i s  r e q u i r e d  t o  c o n s t r u c t  a
stage-d i scha rge  cu rve  &  o b t a i n  t o t a l  d i scha rge  f i g u r e s .
I f  t h e  s t a t i o n  i s  p laced  be low  Coos ly  l a k e ,  t h e  f l u s h i n g
ra te  o f  t h e  l a k e  can  be a c c u r a t e l y  c a l c u l a t e d .  T h i s  i n -
f o rma t i on ,  coup led  w i t h  a l k a l i n i t y  measurement, c a n  g i v e
us i n f e r e n c e s  o n  a c i d  t o l e r a n c e  i n  t h e  l a k e .

E. O r d e r  t h e  company t o  under take  s e v e r a l  a c i d  g e n e r a t i o n
s tud ies  i n  t h e  ma in  zone o r e  b o d y.  T h e  main  zone c o n t a i n s
both p y r i t e  and p y r r h o t i t e .  A c c o r d i n g  t o  Hawley,  1972
(The Prob lem o f  A c i d  Mine Dra inage i n  t h e  P rov ince  o f
On ta r io ,  O n t .  MOB) p y r r h o t i t e  i s  up  t o  80  t i m e s  a s  r e a c t i v e
as p y r i t e .  C o n s e q u e n t l y,  t h e  a c i d  g e n e r a t i o n  p o t e n t i a l  o f
the ma in  zone may be  g r e a t e r  t h a n  t h e  s o u t h  zone.  T h i s
must b e  p roved  i n  a  q u a n t i t a t i v e  manner one way o r  a n o t h e r.

F.  T h e  company and o u r s e l v e s  s h o u l d  i n v e s t i g a t e  methods used b y
o the r  companies i n  p r e v e n t i n g  t h e  escape o f  a c i d  t o  t h e  e n -
v i ronment .  I  unders tand  t h e  S u l l i v a n  mine and Western mines
have a c i d  g e n e r a t i o n  problems and we shou ld  be  l o o k i n g  f o r  a
c r e a t i v e  s o l u t i o n  t o  t h e  e q u i t y  s i t u a t i o n .  T h e  d i t c h  system
i s  acknowledged t o  be  a  s h o r t  t e r m  s t o p - g a p '  measure.  S o  f a r ,
i t  l o o k s  l i k e  t h e  use  o f  a n i o n i c  o r  c a t i o n i c  s u r f a c t a n t s  a s
b a c t e r i c i d e s  i s  n o t  a  good i d e a ,  due  t o  c o n f l i c t i n g  r e p o r t s  o f
the p e r s i s t a n c e  &  t o x i c i t y  o f  t hese  subs tances ,  p l u s  t h e  need
f o r  con t i nuous  dosage.

F i n a l l y ,  i t ' s  t i m e  t o  f r a n k l y  r a i s e  t h e  s p e c t r e  o f  p r e v e n t i n g
the Ma in  o r e  body f r o m  be ing  mined u n t i l  t h e  a p p r o p r i a t e  works
are i n  p l a c e  f o r  a c i d  w a t e r  t r e a t m e n t .  I f  such t echno logy
f a i l s  t o  b e  f o u n d ,  a  p o l i t i c a l  c h o i c e  has  t o  be  made o n  whether
the mine  i s  w o r t h  t h e  p o t e n t i a l  env i ronmen ta l  c o s t s .

B.D. W i l k e s
Head, Env i ronmenta l  S e c t i o n

EDW/md

c .c ;  D .  Smuin
A. E d i e ,
M. Wha te l y
R. McGinn,  M ines  M i n i s t r y



To: R .  H .  Ferguson,  D i r e c t o r
Waste Management Branch

fAINiSlia OF ENVIRONMENT

JUL 9  1982
‘ " ' / A 2 , 5

VSTE M? tNAGIOAENT BRANCH,

RE; EQUITY SILVER MINES LTD. -  PE 4475

Attached i s  a  f i l e  r e c o r d
Management s t a f f  i n  a c i d  s p i l l
Equi ty  Mines n e a r  Houston.  I t
and more c u r r e n t l y  i d e n t i f i e s
are p l a y i n g  i n  connec t ion  w i t h

Date: J u l y  6 ,  1982

F i l e  #50.21
PE 4475

of  t h e  invo lvement  o f  Skeena Waste
and a c i d  g e n e r a t i o n  prob lem a t
accura te ly  documents b o t h  c o n d i t i o n s ,

the r o l e  t h a t  r e g i o n a l  S t a f f  have ,  and
Permit  4475.

This i s  somewhat d i f f e r e n t  t h a n  t h e  e v a l u a t i o n  by  A s s i s t a n t
D i r e c t o r  Klassen o f  t h e  m a t t e r  i n  h i s  memo t o  you  o f  June 2 1 ,  1982 .

D.E. Smuin
Regional D i r e c t o r
Skeena Region

DES/`cm

cc: T .  Rober t s



To: F I L E

SUBJECT: E Q U I T Y S ILVER ' -  RECORD OF EVENTS

November 1 8 ,  1981

November 2 0 ,  1981

November

Date: J u n e  2 1 ,  1 9 8 2

F i l e :  P E -4475

-  B o l d i n g  t a n k  c o r r o d e d  t h r o u g h  r e s u l t i n g  i n  t h e  s p i l l  o f
11,000 g a l l o n s  o f  c o n c e n t r a t e d  H2SO4 i n t o  t h e  Bessemer
dra inage .  O u r  o f f i c e  w a s  n o t i f i e d  November 1 9 t h .

-  Karen  D i e m e r t ,  e n g i n e e r i n g  a i d ,  was  o n  t h e  scene t o  t a k e
samples and  c h e c k  pH and c o n d u c t i v i t y  o f  d r a i n a g e s  i n  t h e
area. I n  t h e  d a y s  f o l l o w i n g  t h e  a c i d  s p i l l ,  t h e r e  was a n
e s s e n t i a l l y  c o n t i n u o u s  d i a l o g u e  between o u r  o f f i c e  a n d
Equ i t y  p e r s o n n e l  c o n c e r n i n g  c l e a n  up  p r o c e d u r e s ,  m o n i t o r -
i ng  r e q u i r e m e n t s ,  a n d  m o n i t o r i n g  r e s u l t s  o b t a i n e d  b y  E q u i t y .
A l though u n a b l e  t o  b e  o n  s i t e  a l l  t h e  t i m e ,  K a r e n  r e c e i v e d
ve ry  r e g u l a r  p r o g r e s s  r e p o r t s .  O n  November 2 0 t h ,  9 : 3 0  A . M . ;
Karen met  w i t h  F i s h  and  W i l d l i f e  and  Wa t e r  Resources p e o p l e
to  s e t  u p  a  r e g u l a r  m o n i t o r i n g  p rog ram.

25;  1981 -  Karen  D i e m e r t ,  a n d  r e g i o n a l  b i o l o g i s t ,  B r i a n  W i l k e s ,  w e r e
a t  t h e  s i t e  t o  m o n i t o r  mine  d r a i n a g e s  a s  w e l l  a s  down-
stream r e c e i v i n g  w a t e r s .  T h e  above a l s o  me t  w i t h  E q u i t y
personne l  t o  d i s c u s s  p r o g r e s s  a s  w e l l  a s  a  p lanned  c o u r s e
o f  a c t i o n .

November 2 7 ,  1981

December 7 ,  1981

December

-  Te r r y  R o b e r t s  a n d  Karen  D iemer t  conduc ted  t h e  m o n i t o r i n g  o f
7 sample  s i t e s  i n  t h e  E q u i t y  S i l v e r  a r e a .

-  I n  a  t e l e p h o n e  c o n v e r s a t i o n  w i t h  Ka ren  D i e m e r t ,  m i l l  s u p e r -
i n t e n d e n t ,  G a r y  Hawthorne,  p rom ised  t h a t  a  f u l l  pH p r o f i l e
would b e  done  o n  t h e  Bessemer sys tem t o  t r y  t o  d e t e r m i n e
the c o n t i n u e d  s o u r c e  o f  a c i d i t y .  A t  t h i s  p o i n t ,  t h e  was te
rock  dump was suspec ted  o f  a c i d  g e n e r a t i o n .

10, 1981  -  P u b l i c  h e a r i n g  i n  Houston a t  t h e  s u g g e s t i o n  o f  m ine  manager,
John Shaw. T i l l  t h i s  p o i n t ,  E q u i t y  p e r s o n n e l  had been
c a r r y i n g  o u t ' a  d a i l y  m o n i t o r i n g  p rogram and  r e p o r t i n g
r e s u l t s  b a c k  t o  o u r  o f f i c e  i n  S m i t h e r s .

F o l l q w i n g  i s  t h e  week ly  m o n i t o r i n g  program c a r r i e d  o u t  b y
Karen D i e m e r t  ( w e a t h e r  p e r m i t t i n g )  t i l l  Feb rua ry  1 2 t h ,  h e r
f i n a l  o f f i c i a l  w o r k i n g  d a y.  A v e r a g e  number o f  sample  s i t e s
v i s i t e d  p e r  week was a round  7 .

December 1 0 ,  1981
December 1 7 ,  1981
December 3 1 ,  1981
January  1 8 ,  1982
January 2 6 ,  1982
February  4 ,  1982
February  1 2 ,  1982

Samples were  o b t a i n e d  f o r
genera l  i o n s ,  a s  w e l l  a s
t o t a l  and  d i s s o l v e d  me ta l s ; •
analyses were  done b y  t h e
env i ronmenta l  l a b  i n  Vancouver.



.uary 5 ,  1982

February 9 ,  1 9 8 2

February 2 2 ,  1982

February 2 5 ,  1982

February 2 5 ,  1982

February 2 5 ,  1982

March 3 ,  1982

March 5 ,  1982

March 9 ,  1982

-  A l e t t e r  addressed  t o  E q u i t y  S i l v e r ,  f r o m  Te r r y  R o b e r t s ,
o u t l i n e s  t h e  r e q u i r e m e n t  f o r  p l a n s  f o r  s p i l l  c o n t r o l
f a c i l i t i e s  a s  w e l l  a s  a n  o u t l i n e . f o r  a  g e n e r a l  s p i l l  c o n -
t r o l  scheme f o r  t h e  e n t i r e  p l a n t  s i t e  d r a i n a g e  a r e a .  A l s o '
i n  t h i s  l e t t e r ,  w a s  d i s c u s s e d  t h e  a p p a r e n t  n a t u r a l  a c i d
genera t ion  p rob lem o c c u r r i n g  a t  E q u i t y  S i l v e r .

-  A t  t h i s  t i m e ,  c o n s t r u c t i o n  o f  c o l l e c t i o n  d i t c h e s  and a
pumping s t a t i o n  b e l o w  t h e  H a u l  Road was underway w i t h  t h e
i n t e n t i o n  o f  c o l l e c t i n g  t h e  n a t u r a l l y  g e n e r a t e d  a c i d  s e e p -
age f r o m  t h e  ( w a s t e  r o c k )  r o a d  base  and  pumping i t  u p  t o
the t a i l i n g s  p o n d ,  a s  a  t empora ry  measure .  A  c o n c r e t e  c o n -
ta inment  was u n d e r  c o n s t r u c t i o n  f o r  t h e  s u l p h u r i c  a c i d
tank and c o n t a i n m e n t  p l a n s  were  b e i n g  d rawn up  f o r  t h e
two c a u s t i c  t a n k s .

-  The c o l l e c t i o n  and  pumping sys tem b e l o w  t h e  Hau l  Road was
put  i n t o  s e r v i c e ,  pumping  a c i d  w a t e r  u p  i n t o  t a n k e r s  w h i c h
were empt ied  i n t o  t h e  t a i l i n g s  pond .  T h i s  r e s u l t e d  i n  a
r i s e  i n  t h e  pH o f  Bessemer Creek  f r o m  l e s s  t h a n  4 .  t o
around 4 . 5 .

-  Waste Management and  E . P. S .  m e t  w i t h  E q u i t y  S i l v e r  t o
d iscuss t h e  a c i d  m ine  d r a i n a g e  p r o b l e m .

-  Bruce  Maclean and F r a n k  Rhebergen,  Wa s t e  Management p e r s o n n e l ,
ob ta ined w a t e r  samples  a t  8  m o n i t o r i n g  s i t e s .

-  Second p u b l i c  h e a r i n g  h e l d  i n  Hous ton .
-  Reg iona l  B i o l o g i s t ,  B r i a n  W i l k e s ,  h a d  comp le ted  a  d r a f t

proposa l  f o r  a  comprehensive e n v i r o n m e n t a l  m o n i t o r i n g
program f o r  E q u i t y  S i l v e r .  A  f i n a l i z e d  v e r s i o n  o f  t h i s
mon i t o r i ng  programme was p r e s e n t e d  t o  t h e  Company o n
A p r i l  1 4 t h  a t  t h e  m ine  s i t e .

-  B ruce  and F r a n k  a g a i n  o b t a i n e d . 8  s e t s  o f  samp les .

-  Te r r y  R o b e r t s ,  R e g i o n a l  Manager,  a n d  F r a n k  Rhebergen,
Waste Management o f f i c e r ,  m e t  w i t h  Ga ry  Hawthorne,  Doug
Fraser  and John  Shaw o f  E q u i t y  S i l v e r  t o  d i s c u s s  t h e
c u r r e n t  s i t u a t i o n ,  a l t e r n a t i v e  c o u r s e s  o f  a c t i o n ,  c l e a n  u p ,
c o n s t r u c t i o n ,  a n d  r e p o r t i n g  r e q u i r e m e n t s ,  e t c . ,  a s  w e l l  as
l i k e l y  b i o l o g i c a l  m o n i t o r i n g  r e q u i r e m e n t s  i n  t h e  n e a r
f u t u r e .  D o u g  F r a s e r ,  M i n e  S u p e r i n t e n d e n t ,  l e d  a  t o u r  o f
the mine  s i t e  t o  show Waste Management t h e  c o n s t r u c t i o n
o f  d i v e r s i o n  and c o l l e c t i o n  d i t c h e s ,  pump ing  s t a t i o n s ,
e t c .

March 11 ,  1982 -  F rank  Rhebergen o f  Waste Management conduc ted  t h e  m o n i t o r -
i n g  o f  8  sample  s i t e s  i n  t h e  E q u i t y  a r e a .

March 1 7 ,  1982 -  F rank  Rhebergen a g a i n  o b t a i n e d  samples  f r o m  8  m o n i t o r i n g
s i t e s .

March 2 4 ,  1982  .  -  F rank  and B ruce  o b t a i n e d  w a t e r  samples f r o m  9  l o c a t i o n s
as w e l l  a s  snow samples f r o m  2  s i t e s  n e a r  . the p l a n t  a r e a .
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A p r i l  1 ;  1982 -  F rank  Rhebergen o b t a i n e d  w a t e r  samples  f r o m  8  m o n i t o r i n g

s i t e s .  I n  a l l  t h e s e  c a s e s ,  p11 and c o n d u c t i v i t y  t e s t s
were per fo rmed i n  t h e  Waste Management l a b  i n  Smi the rs
upon r e t u r n  f r o m  t h e  f i e l d .

A p r i l  5 ;  1982 -  Meet ing  h e l d  i n  S m i t h e r s  o f f i c e ;  p r e s e n t  were  Te r r y  R o b e r t s
(WMB), B r i a n  W i l k e s  (WMB), F r a n k  Rhebergen (WMB), Andy
Ackerman (COS),  a n d  Te r r y  T u r n b u l l  o f  F e d e r a l  F i s h e r i e s .
B r i an  p re6en ted  t h e  m o n i t o r i n g  p rogram w h i c h  E q u i t y  S i l v e r
would be  asked  t o  u n d e r t a k e  s h o r t l y .  ' C u r r e n t  s t a t u s  a t
E q u i t y,  a n d  p o s s i b l e  f u t u r e  deve lopments  we re  d i scussed .
Enforcement s t r a t e g y ,  med ia  i n v o l v e m e n t ,  g roundwa te r
s t u d i e s ,  p o s s i b l e  l e g a l  a c t i o n ,  a n d  s u r v e i l l a n c e  commi t tee
were a l s o  s u b j e c t s  o f  d i s c u s s i o n .

A p r i l  7 ,  1982  -  F rank  Rhebergen o b t a i n e d  w a t e r  samples  a t  1 0  m o n i t o r i n g
l o c a t i o n s .  E a c h  week a l o n g  w i t h  r o u t i n e  m o n i t o r i n g ,
a d d i t i o n a l  g r a b  'samples were  t a k e n  f r o m  v a r i o u s  l o c a t i o n s
i n  an  a t t e m p t  t o  d e t e r m i n e  t h e  s o u r c e s  o f  a c i d  d r a i n a g e . '
Cons t ruc t i on  p r o g r e s s  was a l s o  i n s p e c t e d  o n  a  week ly  b a s i s .

A p r i l  1 4 ;  1982 -  Mee t i ng  was h e l d  a t  E q u i t y  S i l v e r  between Waste Management
s t a f f  and  E q u i t y  r e p r e s e n t a t i v e s .  S t a t u s  r e p o r t  was
g iven  by  E q u i t y  a s  w e l l  a s  a n  o u t l i n e  o f  f u t u r e  p l a n s .
B r i a n  W i l k e s  p r e s e n t e d  t h e  e n v i r o n m e n t a l  m o n i t o r i n g
program. T e r r y  R o b e r t s  a g a i n  p roposed t h e  i n i t i a t i o n  o f
a S u r v e i l l a n c e  Commi t tee .  A  t o u r  o f  t h e  mine  s i t e  was
g iven  and c o n s t r u c t i o n  p r o g r e s s  was i n s p e c t e d .

New sources  o f  a c i d  w a t e r  were  d i s c o v e r e d  i n  t h e  d i v e r s i o n
d i t c h e s  a l o n g  t h e  ups t ream s i d e  o f  t h e  H a u l  R o a d ; . t h i s
was b r o u g h t  t o  t h e  a t t e n t i o n  o f  Bob P a t t e r o n  w h o ' k o m i s e d
to  d o  someth ing  t o  e l i m i n a t e  t h e  p rob lem.  A  sample O f
ac id  seepage f r o m  b e l o w ' t h e  b a u l  Road was o b t a i n e d  f o r ' .
b a c t e r i a l  a n a l y s i s  b y . t h e ' E . P. S :  l a b . '

Three w a t e r. s a m p l e s ' w e r e  o b t a i n e d .

A p r i l  1 5 ;  1982 -  Wate r  samples w e r e  o b t a i n e d  a t  10  m o n i t o r i n g  s i t e s , .  and a
f l o w  measurement was o b t a i n e d  a t  t h e  s i l t  c h e c k  dam.

A p r i l  20 , . 1982  -  S imu l taneous  m o n i t o r i n g  o f  11  s i t e s  was c a r r i e d  o u t  b y
• Waste Management and  E q u i t y  S i l v e r .  P e r m a n e n t  m o n i t o r i n g

l o c a t i o n s  were  e s t a b l i s h e d  and  marked f o r  t h e  new m o n i t o r -
i n g  program.

A p r i l  2 2 ,  1982 -  F r a n k  Rhebergen t a l k e d  t o  t h e  E n v i r o n m e n t a l  l a b  a b o u t
Equ i t y  S i l v e r ' s  w a t e r  samp l i ng  t e c h n i q u e  and t h e  l i k e l y
i n t r o d u c t i o n  o f  e r r o r  i n  t h e i r  a n a l y s e s .  G u i d e l i n e s  were
g iven  b y  t h e  E n v i r o n m e n t a l  l a b  and  wou ld  b e  passed o n  t o
E q u i t y.

A p r i l  2 2 ,  1982  -  An  improved a c i d  w a t e r  c o l l e c t i o n  sys tem came i n t o  s e r v i c e .
The sys tem c o n s i s t e d  o f  6 "  and  8 "  g r a v i t y  f e d  l i n e s  d r a i n -
i ng  c o l l e c t i o n  d i t c h e s  b e l o w  t h e  H a u l  Road and w a s t e  r o c k
dump, r e s p e c t i v e l y ,  i n t o  a  ma in  sump equ ipped w i t h  a
pumping s t a t i o n  w h i c h  d i r e c t e d  t h e  a c i d  w a t e r  t o  t h e  t a i l i n g s
pond v i a  a  1 0 "  l i n e .
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A p r i l  2 8 ,  1982

May 4 ,  1982

May 5 ,  1982

May 11 ,  1982

May 1 2 ,  1982
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-  B r i a n  W i l k e s  me t  w i t h  E q u i t y  p e r s o n n e l  t o  d i s c u s s  mon-
i t o r i n g  programme d e t a i l s  a s  w e l l  a s  t h e  r e q u i r e m e n t  f o r
improved l a b  t e c h n i q u e .

-  F rank  Rhebergen o b t a i n e d  w a t e r  samples  f r o m  14  s i t e s ;
s imul taneous samples  were  o b t a i n e d  b y  E q u i t y  s t a f f .
D i tches  and  sumps were  i n s p e c t e d  f o r  c a v e - i n s  and  s l u m p i n g
tendenc ies ;  t h i s  was done o n  a  w e e k l y  b a s i s .  A l s o ,  w i t h
the i c e  b e i n g  gone now,  f l o w  e s t i m a t e s  w e r e  b e i n g  o b t a i n e d
on a  w e e k l y  b a s i s .  W i t h  t h e  c o l l e c t i o n  sys tem i n  o p e r a t i o n
f o r  one week ,  n o  r i s e  i n  pH was e v i d e n t  y e t  o n  Bessemer
Creek. O n  t h i s  d a t e ,  pH  a t  t h e  s i l t  c h e c k  dam was 3 . 3
w i t h  a n  app rox ima te  f l o w  r a t e  o f  700  g a l / m i n .  W e e k l y  g r a b
samples c o n t i n u e d  t o  i n d i c a t e  t h e  ma in  s o u r c e  o f  a c i d
wate r  b e i n g  f e d  i n t o  Bessemer Creek  f r o m  t h e  d i v e r s i o n
d i t c h e s  a l o n g  t h e  ups t ream s i d e  o f  t h e  H a u l  Road.

-  F rank  Rhebergen o b t a i n e d  w a t e r  samples f r o m  12 s i t e s  and
made a  g e n e r a l  i n s p e c t i o n  o f  t h e  a r e a .  S u m p s  and c o l l e c t i o n
l i n e s  h a d  been c o n s t r u c t e d  above t h e  H a u l  Road i n  o r d e r  t o
i s o l a t e  f r o m  Bessemer Creek  t h e  a c i d  w a t e r  c o l l e c t i n g  i n
the d i v e r s i o n  d i t c h e s .  T h e  r e s u l t a n t  r i s e  i n  pH a t  t h e
s i l t  c h e c k  dam was m i n i m a l .

-  B r i a n  W i l k e s  and  E . P. S .  b i o l o g i s t s  t o u r e d  t h e  E q u i t y  S i l v e r
•area and met  w i t h  E q u i t y  p e r s o n n e l  a t  t h e  s i t e .  •

-  F r a n k  Rhebergen o b t a i n e d  1 9  w a t e r  samples a t  E q u i t y  S i l v e r .
Flow bad i n c r e a s e d  a b o u t  6  f o l d  i n  Bessemer Creek  and pH
had r i s e n  t o  4 . 4  f r o m  t h e  3 . 4  r e c o r d e d  o n e  week e a r l i e r .

-  M e e t i n g  w i t h  E q u i t y  Mines w i t h  r e p r e s e n t a t i v e s . f r o u i  E . P. S .
and W.M.B. p r e s e n t ;  s u b j e c t s  o f  d i s c u s s i o n  were :

-  S p i l l  Con t ingency  P l a n
-  con ta inmen t  f a c i l i t i e s  f o r  a c i d  and  c a u s t i c  s t o r a g e

tanks
-  I . E . C .  r e p o r t  o n  a c i d  m ine  d r a i n a g e
-  s u r v e i l l a n c e  commi t tee
-  c u r r e n t  s t a t u s  o f  E q u i t y ' s  a c i d  g e n e r a t i o n  p rob lem
-  t h e  r e q u i r e m e n t  f o r  h y d r o l o g y  s t u d i e s
-  t h e  need f o r  improved m o n i t o r i n g  w i t h  f a s t e r  t u r n -

around o n  samples
-  Rec lamat ion  p l a n
-  c o l l e c t i o n  o f  l e g a l  samples b y  E . P. S .

-  F rank  Rhebergen o b t a i n e d  2 2  samples f r o m  t h e  a r e a  s u r r o u n d -
i n g  E q u i t y  S i l v e r  M ines .  A d d i t i o n a l  d i t c h i n g  had been c o n -
s t r u c t e d  a round  t h e  p l a n t  s i t e  a r e a  f o r  t h e  c o l l e c t i o n  o f
a c i d  ,water.  A  pond o f  a c i d  w a t e r  above t h e  H a u l  Road had
been pumped d r y  t h u s  l o w e r i n g  t h e  w a t e r  t a b l e  i n  t h e  a r e a
and e l i m i n a t i n g  t h e  s p r i n g s  o f  a c i d  w a t e r  i n  t h e  r o a d  base
which had  been t h e  ma in  sou rce  o f  c o n t a m i n a t i o n  o f  Bessemer
Creek. A l t h o u g h  t h e  f l o w  i n  t h e  c r e e k  had dropped t o  a p p r o x -
i m a t e l y  1 / 7  o f  t h e  p r e v i o u s  w e e k ' s  f l o w ,  t h e  pH r o s e  f r o m
4.4 t o  5 . 9 ,  t h e  h i g h e s t  i t  had been  i n  many months .
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-  B r i a n  W i l k e s  a n d  . F r a n k  K n e b e r g e n  c o n d u c t e d  w a t e r  q u a l i t y
s tudy o n  Goos l y  L a k e ,  o b t a i n i n g  t e m p e r a t u r e ,  p H ,  a n d  -
d i sso l ved  oxygen p r o f i l e s  f o r  3  d i f f e r e n t  s i t e s  o n  t h e
l a k e .  p H  o f  Bessemer Creek  a t  t h e  m ine  was a l s o  checked a n d
found t o  have  improved  a g a i n  f r o m  5 . 9  o n e  week e a r l i e r  t o
6 .8 .  S p e c i f i c  c o n d u c t a n c e  was down t o  180.pMHO/CM w h i l e
e a r l i e r  t y p i c a l  v a l u e s  were  o f  t h e  o r d e r  o f  2500pMHO/CM.

•-  F rank  Rhebergen o b t a i n e d  2 4  w a t e r  samples  and  made g e n e r a l
i n s p e c t i o n  o f  t h e  a r e a .  O n  t h e  w h o l e , ,  the s i t u a t i o n  appeared
to  be  u n d e r  c o n t r o l  w i t h  a  f e w  m i n o r  c o n c e r n s  r e q u i r i n g
some a t t e n t i o n .  T h e  pH o f  Bessemer Creek  was s t i l l  up  a t
6.8 w h i l e  t h e  c o l l e c t e d  a c i d  w a t e r  i n  t h e  ma in  sump had a  pH
o f  3 . 0 .  I n  c o n c l u s i o n ,  t h e  sys tem o f  c o l l e c t i o n  and
d i v e r s i o n  d i t c h e s ,  g r a v i t y  f e d  l i n e s ,  sumps and pumps
appear t o  have  i s o l a t e d  t h e  a c i d  w a t e r  f r o m  t h e  n a t u r a l
dra inages f o r  t h e  s h o r t  t e r m ,  anyhow.  A t  t h i s  t i m e ,  i t
i s  n o t  y e t  known wha t  t h e  l o n g  t e r m  approach  w i l l  b e  t o  t h e
ac id  g e n e r a t i o n  p rob lem.

Frank Rhebergen,  P.  Eng.-
Waste Management O f f i c e r


