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INTRODUCTION

Water q u a l i t y  o b j e c t i v e s  a r e  p r e p a r e d  f o r  s p e c i f i c  s u r f a c e  w a t e r s

o f  t h e  p r o v i n c e ,  a s  p a r t  o f  t h e  M i n i s t r y  o f  E n v i r o n m e n t ' s  m a n d a t e  t o

manage w a t e r  q u a l i t y .  T h e y  a r e  p r e p a r e d  f o r  w a t e r b o d i e s  a n d  w a t e r

q u a l i t y  c h a r a c t e r i s t i c s  w h i c h  may  b e  a f f e c t e d  b y  m a n ' s  a c t i v i t i e s ,  n o w

or  i n  t h e  f o r e s e e a b l e  f u t u r e .  A  w a t e r  q u a l i t y  assessmen t  a n d  w a t e r

q u a l i t y  o b j e c t i v e s  w e r e  p r e p a r e d  f o r  t h e  B u l k l e y  R i v e r  b a s i n  because  t h e

area  w o u l d  b e  a f f e c t e d  d i r e c t l y  b y  t h e  Kemano-Comp le t i on  P r o j e c t .  A

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

by t h e  p r o j e c t ,  i s  b e i n g  p r e p a r e d .  B o t h  r i v e r  s y s t e m s  a r e  i m p o r t a n t

salmon m i g r a t i o n  r o u t e s  a n d  s a l m o n  r e a r i n g  a r e a s .

T h i s  r e p o r t  i n c l u d e s :  ( i )  a n  a s s e s s m e n t  o f  p r e s e n t  w a t e r  q u a l i t y

u s i n g  a v a i l a b l e  i n f o r m a t i o n  ( u p  t o  A p r i l ,  1 9 8 4 )  o n  w a s t e  d i s c h a r g e s ,

w a t e r  q u a l i t y ,  s t r e a m f l o w s ,  a n d  w a t e r  u s e s ;  ( i i )  a  p r e d i c t i o n  o f  f u t u r e

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

the  Kemano-Comple t ion  P r o j e c t  o n  f l o w s  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s ;

( i i i )  recommended w a t e r  u s e s  t h a t  s h o u l d  b e  p r o t e c t e d ,  a n d  recommended

p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s ,  w h e r e  a p p l i c a b l e ,  t o  p r o t e c t  t h o s e

uses;  a n d  ( i v )  recommended m o n i t o r i n g  t o  c h e c k  w h e t h e r  t h o s e  o b j e c t i v e s

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

append ix  was p r e p a r e d  a n d  f o r m s  t h e  b a s i s  f o r  t h e  c o n c l u s i o n s  p r e s e n t e d

i n  t h i s  r e p o r t .

The K e m a n o - C o m p l e t i o n  P r o j e c t  h a s  b e e n  i n d e f i n i t e l y  p o s t p o n e d  b y

A l c a n ,  w h i c h  i s  n o t  p r o c e e d i n g  w i t h  i t s  a p p l i c a t i o n  u n d e r  t h e  gove rnmen t

r e v i e w  p r o c e s s  a t  t h i s  t i m e .  H o w e v e r ,  t h e  p r o v i n c i a l  g o v e r n m e n t  i s

c o m p l e t i n g  i t s  r e v i e w  o f  A l c a n ' s  p r o p o s a l .

HYDROLOGY

The B u l k l e y  R i v e r  i s  a  m a j o r  t r i b u t a r y  t o  t h e  Skeena  R i v e r .  T h e

B u l k l e y  R i v e r  f l o w s  w e s t  f r o m  B u l k l e y  L a k e  p a s t  P e r o w,  a n d  i s  j o i n e d
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near  H o u s t o n  b y  t h e  M o r i c e  R i v e r ,  i t s  m a j o r  t r i b u t a r y .  T h e  B u l k l e y  t h e n

f l o w s  n o r t h  p a s t  Q u i c k ,  Te l k w a  a n d  S m i t h e r s ,  b e f o r e  e n t e r i n g  t h e  Skeena

R i v e r  n e a r  H a z e l t o n  ( s e e  a t t a c h e d  m a p ) .

One- i n - t e n - y e a r ,  7 - d a y  a v e r a g e  l o w - f l o w  e s t i m a t e s  f o r  t h e  B u l k l e y

R i v e r  a r e  0 . 1  m 3 / s  n e a r  H o u s t o n ,  1 3 . 7  m 3 / s  a t  Q u i c k ,  a n d  1 5  m 3 / s  a t

S m i t h e r s .  T h e  maximum d a i l y  d i s c h a r g e  f o r  t h e  B u l k l e y  R i v e r  a t  Q u i c k  i s

957 m 3 / s .  T h e  M o r i c e  R i v e r  s u p p l i e s  o v e r  9 0  p e r c e n t  o f  t h e  B u l k l e y

R i v e r  w a t e r .  T h e  p r o p o s e d  K e m a n o - C o m p l e t i o n  P r o j e c t  w i l l  g e n e r a l l y

reduce  f l o w s  i n  t h e  M o r i c e  R i v e r ,  b u t  i s  p r e d i c t e d  t o  i n c r e a s e  w i n t e r

low f l o w s  s l i g h t l y  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s .  T h e s e  a r e  A l c a n ' s

p r o j e c t i o n s ,  b u t  i t  i s  n o t  y e t  c e r t a i n  w h e t h e r  A l c a n  c a n  o r  w i l l  p r o v i d e

e x t r a  w a t e r  d u r i n g  d r y  y e a r s .  A l c a n  may  b e  o p t i m i s t i c  i n  t h e i r  r e s e r -

v o i r  i n f l o w  p r o j e c t i o n s ,  h a v i n g  u s e d  d a t a  c o l l e c t e d  o n l y  s i n c e  1 9 5 0  ( a

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

p r o j e c t i o n s  o f  u s i n g  t h e  l o n g e r  p e r i o d  o f  r e c o r d  a v a i l a b l e  ( 1 9 3 0 - 1 9 8 3 )

i s  n o t  y e t  known .

WATER USES

L icenses  f o r  d r i n k i n g  w a t e r  a r e  l o c a t e d  i n  t h e  h e a d w a t e r s  n e a r

B u l k l e y  L a k e  a n d  t h a t  r e a c h  o f  t h e  B u l k l e y  R i v e r  b e t w e e n  Te l k w a  a n d

S m i t h e r s .  T e n i e r s  E n t e r p r i s e s  ( i n d u s t r i a l  l i c e n s e  C L -55785)  h a s  a

commerc ia l  w a t e r  h a u l i n g  o p e r a t i o n  w i t h  w a t e r  u s e d  f o r  a  v a r i e t y  o f

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

on t h e  B u l k l e y  R i v e r  i n  a d d i t i o n  t o  t h e i r  l i c e n s e d  p o i n t s  ( n e a r  H o u s t o n

and Te l k w a ) .  U n l i c e n s e d  w a t e r  h a u l e r s  a l s o  w i t h d r a w  w a t e r  f r o m  t h e

B u l k l e y  R i v e r .  T h e  B u l k l e y  R i v e r  i s  t h e  d r i n k i n g  w a t e r  s o u r c e  f o r  t h e

V i l l a g e  o f  Te l k w a ,  a n d  i n d i r e c t l y  f o r  t h e  To w n  o f  S m i t h e r s  a n d  t h e

D i s t r i c t  o f  H o u s t o n  t h r o u g h  w a t e r  w e l l s .  A g r i c u l t u r a l  c a p a b i l i t y  o n  t h e

B u l k l e y  R i v e r  f l o o d p l a i n  i s  t h e  h i g h e s t  w i t h i n  t h e  Skeena - " l ass  a r e a .

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

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

l i c e n s e s  b e t w e e n  t h e  M o r i c e  R i v e r  a n d  S m i t h e r s .  A n  u n d e t e r m i n e d  number
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o f  i r r i g a t i o n  a n d  d o m e s t i c  l i c e n s e s  o n  t h e  B u l k l e y  R i v e r  a r e  a l s o  u s e d

f o r  l i v e s t o c k  w a t e r i n g .  T h e r e  i s  n o  l i c e n s e d  u s e  o f  t h e  B u l k l e y  R i v e r

between S m i t h e r s  a n d  H a z e l t o n ,  a l t h o u g h  t h e r e  i s  l i k e l y  some u n l i c e n s e d

use f o r  d o m e s t i c  p u r p o s e s  o n  I n d i a n  r e s e r v e s .

There  i s  y e a r - r o u n d  f i s h e r i e s  u s e  i n  t h e  B u l k l e y  R i v e r .  I t  i s  u s e d

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

There i s  a d u l t  h o l d i n g  t h r o u g h o u t  t h e  w i n t e r .  A l t h o u g h  some s p a w n i n g  i s

known t o  o c c u r  i n  t h e  B u l k l e y  R i v e r  b y  p i n k  a n d  c h i n o o k ,  i t  i s  m o r e

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

B u l k l e y  R i v e r  a n d  i t s  t r i b u t a r i e s ,  b u t  m o s t  p r o d u c t i o n  o f  j u v e n i l e

s t e e l h e a d  f r y  i s  a t t r i b u t e d  t o  t h e  M o r i c e  R i v e r  w i t h  r e a r i n g  a n d  o v e r -

w i n t e r i n g  p r i m a r i l y  i n  t h e  B u l k l e y  R i v e r  b e l o w  H o u s t o n .  T h e  B u l k l e y

R i v e r  a l s o  s u p p o r t s  r e s i d e n t  c u t t h r o a t  t r o u t ,  D o l l y  Va r d e n ,  a n d  r a i n b o w

t r o u t .  T h e r e  i s  a  n a t i v e  f o o d  f i s h e r y  f o r  t h e  M o r i c e t o w n  I n d i a n  B a n d

downstream f r o m  S m i t h e r s .

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

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

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

and h o t e l s  c a t e r i n g  t o  f i s h e r m e n .  T w o  a r e a s  f o r  r e c r e a t i o n  a r e  l o c a t e d

between S m i t h e r s  a n d  H a z e l t o n ,  i n c l u d i n g  t h e  T r o u t  C r e e k  Emporium ( c a m p -

ground a n d  t a c k l e  s h o p ) ,  a n d  a  t o u r i s t  o p e r a t i o n  o f  t h e  M o r i c e t o w n

I n d i a n  B a n d  w h i c h  c e n t e r s  o n  t h e  s p o r t  a n d  n a t i v e  f o o d - f i s h i n g

a t t r a c t i o n .

WASTE DISCHARGES

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

t h e  E q u i t y  S i l v e r  M i n e  ( P E  4 4 7 5 )  i n  t h e  h e a d w a t e r s ,  t h e  sewage- t r e a t m e n t

p l a n t s  a t  H o u s t o n  ( P E  2 8 7 )  a n d  S m i t h e r s  ( P E  3 7 3 ) ,  a n d  t h e  r e f u s e  s i t e s

a t  Perow ( P R  3 7 8 2 ) ,  H o u s t o n  ( P R  2 6 8 7 ) ,  a n d  Te l k w a  ( P R  2 2 7 0 ) .

Waste Management P e r m i t  P E  4 4 7 5  i s  f o r  d i s c h a r g e s  f r o m  a  c o p p e r -

s i l v e r  m i n e  ( E q u i t y )  a b o u t  3 2  km s o u t h e a s t  o f  H o u s t o n .  T h e s e  d i s c h a r g e s
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f l o w  f r o m  F o x y  C r e e k  i n t o  Maxan C r e e k ,  w h i c h  f l o w s  i n t o  B u l k l e y  L a k e ,

and f r o m  Bessemer  C r e e k  i n t o  B u c k  C r e e k ,  w h i c h  f l o w s  i n t o  t h e  B u l k l e y

R i v e r  b e f o r e  i t s  c o n f l u e n c e  w i t h  t h e  M o r i c e  R i v e r .  A  d r y  c o n c e n t r a t e  o f

copper a n d  s i l v e r  i s  p r o d u c e d  i n  a n  a c i d - l e a c h  p r o c e s s .  T h e r e  a r e  c o n -

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

d i s c h a r g e s  f r o m  t a i l i n g  impoundmen ts ,  a n d  h e a v y  m e t a l s  ( e . g . ,  a r s e n i c ,

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

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

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

a b l e .  T h i s  assessment  w i l l  b e  i m p o r t a n t  i n  i n d i c a t i n g  t h e  l i k e l i h o o d  o f
m a i n t a i n i n g  t h e  e x i s t i n g  w a t e r  u s e s  i n  B u c k  a n d  Maxan  C r e e k s  i n  t h e

f u t u r e .  T h e r e  h a s  b e e n  n o  d i r e c t  i n d i c a t i o n  s o  f a r  o f  d e t e r i o r a t i o n  i n

t h e  f i s h e r i e s  o f  B u c k  a n d  Maxan C r e e k s  a n d  t h e i r  t r i b u t a r i e s ,  a n d  hence

o f  t h e  B u l k l e y  R i v e r .

P e r m i t  PE 2 8 7  a l l o w s  t h e  D i s t r i c t  o f  H o u s t o n  t o  d i s c h a r g e  a n  a v e r -

age o f  1  5 5 0  m 3 / d  o f  c h l o r i n a t e d  t r e a t e d  e f f l u e n t  t o  t h e  B u l k l e y  R i v e r

j u s t  downs t ream f r o m  i t s  c o n f l u e n c e  w i t h  B u c k  C r e e k .  E f f l u e n t  f l o w  i s

no t  t o  e x c e e d  10% o f  t h e  B u l k l e y  R i v e r  f l o w  a t  a n y  t i m e .  I t  i s  p r e -

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

r e q u i r e d  i n f r e q u e n t l y ,  o r  n o t  a t  a l l ,  i f  maximum e f f l u e n t  f l o w s  a n d

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

t h e o r e t i c a l l y  c a u s e  t o t a l  r e s i d u a l  c h l o r i n e  l e v e l s  i n  t h e  B u l k l e y  R i v e r

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

D e c h l o r i n a t i o n  t h e r e f o r e  may  b e  n e c e s s a r y  t o  p r o t e c t  t h e  f i s h e r y .  U n -

i o n i z e d  a m m o n i a  a n d  n i t r i t e - n i t r o g e n  c o u l d  a l s o  t h e o r e t i c a l l y  e x c e e d

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

f l o w s .  T h e  r e l a t i v e l y  s p a r s e  d a t a  c o l l e c t e d  downs t ream  f r o m  t h e  d i s -

charge i n d i c a t e d  t h a t  t h e  a m m o n i a  a n d  n i t r i t e  c r i t e r i a  w e r e  n o t

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

a c h l o r i n a t e d  e f f l u e n t  ( m a x i m u m  o f  9 2  0 0 0  MPN/100 m L ) ,  a n d  c o u l d  h a v e

caused p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i a  t o  b e  e x c e e d e d  i n  t h e  r i v e r

(200-400 MPN/100 mL)  d u r i n g  t h e  summer r e c r e a t i o n  p e r i o d .  F u t u r e  d a t a

w i l l  s h o w  w h e t h e r  t h e  n e w  c h l o r i n a t i o n  c h a m b e r  i n s t a l l e d  i n  1 9 8 4  ( t o



r e p l a c e  t h e  o r i g i n a l  u n i t  b u i l t  i n  1 9 7 0 )  w i l l  r e d u c e  f e c a l  c o l i f o r m s .

As f u t u r e  w a s t e  l o a d s  f r o m  t h e  H o u s t o n  sewage t r e a t m e n t  p l a n t  i n c r e a s e ,

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

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

e f f l u e n t  f l o w  i n c r e a s e s  t o  m a i n t a i n  t h e  m in imum 1 0 : 1  d i l u t i o n  i n  t h e

B u l k l e y  R i v e r .

Pe rm i t  P E  3 7 3  a l l o w s  t h e  To w n  o f  S m i t h e r s  t o  d i s c h a r g e  a n  a v e r a g e

o f  4  2 0 0  m 3 / d  a n d  a  maximum o f  1 0  8 0 0  m ' / d  o f  u n c h l o r i n a t e d  t r e a t e d

sewage t o  t h e  B u l k l e y  R i v e r ,  a b o u t  9 0  k m  u p s t r e a m  f r o m  i t s  c o n f l u e n c e

w i t h  t h e  S k e e n a  R i v e r .  T h e  n e w  a e r a t e d - l a g o o n  sewage t r e a t m e n t  p l a n t

began o p e r a t i o n  i n  Sep tember  o f  1 9 8 3 .  T h e  f e w  a v a i l a b l e  d a t a  s u g g e s t

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

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

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

h i g h  d i l u t i o n  ( a t  l e a s t  1 2 0 : 1 ) .  F e c a l  c o l i f o r m  l e v e l s  f o l l o w i n g  c o m -

p l e t e  m i x i n g  w i t h  t h e  B u l k l e y  R i v e r  s h o u l d  b e  w i t h i n  c r i t e r i a  f o r  p r i -

mary- c o n t a c t  r e c r e a t i o n  ( 2 0 0 - 4 0 0  MPN/100 m L ) .  T h e  f u t u r e  c o n c e n t r a t i o n s

i n  t h e  B u l k l e y  R i v e r  ( p o s t  Kemano-Comple t ion )  o f  c h a r a c t e r i s t i c s  s p e c i -

f i e d  b y  p e r m i t  (BOD5,  suspended  s o l i d s )  a r e  p r e d i c t e d  t o  b e  w i t h i n  w a t e r

q u a l i t y  c r i t e r i a .  N o  p r o b l e m s  a r e  e x p e c t e d ,  p r i m a r i l y  b e c a u s e  t h e

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

The f e w  d a t a  a v a i l a b l e  f o r  t h e  r e f u s e  s i t e s  a t  P e r o w  ( P R  3782 )  a n d

Hous ton  ( P R  2 6 8 7 )  s u g g e s t  n o  e f f e c t  o n  t h e  B u l k l e y  R i v e r .  T h e r e  a r e  n o

da ta  t o  a s s e s s  t h e  e f f e c t  o f  t h e  r e f u s e  s i t e  a t  Te l k w a  ( P R  2 2 7 0 )  o n

B u l k l e y  R i v e r  w a t e r  q u a l i t y .

The p r o p o s e d  Te l k w a  C o a l  P r o j e c t  i n  t h e  G o a t h o r n  C r e e k  d r a i n a g e  o f

t he  Te l k w a  R i v e r  i s  c u r r e n t l y  i n  S t a g e  I I  o f  t h e  M i n e  Deve lopment  R e v i e w

Process .  T h e  Te l k w a  R i v e r  i s  a  w e s t e r n  t r i b u t a r y  t o  t h e  B u l k l e y  R i v e r .

C o n s t r u c t i o n  i s  c u r r e n t l y  p l a n n e d  f o r  t h e  l a t e  1 9 8 0 ' s  o r  e a r l y  1 9 9 0 ' s .

The p o t e n t i a l  e f f e c t s  o f  t h e  Te l k w a  C o a l  P r o j e c t  o n  downs t ream w a t e r
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q u a l i t y  a r e  e x p e c t e d  t o  b e  m i n i m a l  f o r  t h e  Te l k w a  a n d  B u l k l e y  R i v e r s .

P o t e n t i a l  w a t e r  q u a l i t y  p r o b l e m s  f r o m  s u r f a c e  c o a l  m i n i n g  i n c l u d e :

1) s u s p e n d e d  s o l i d s ,  t u r b i d i t y ,  a n d  s e d i m e n t a t i o n  d u e  t o  l a n d  d i s t u r -

bances; 2 )  n i t r a t e ,  n i t r i t e ,  a m m o n i a ,  a n d  a l g a l  g r o w t h  d u e  t o  u s e  o f

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

m i n o r ) ;  3 )  a c i d  m i n e  d r a i n a g e ;  a n d  14) a b n o r m a l  g r o u n d w a t e r  q u a l i t y .

A l t hough  t h e s e  e f f e c t s  a r e  e x p e c t e d  t o  b e  m i n o r ,  a  c o m p l e t e  assessmen t

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

r e p o r t ,  w h e n  t h e  r e q u i r e d  d a t a  a r e  a v a i l a b l e .

WATER QUALITY

I n  g e n e r a l ,  w a t e r  i n  t h e  B u l k l e y  a n d  M o r i c e  R i v e r s  w a s  shown  t o  b e

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

exceed ing  d r i n k i n g  w a t e r  s t a n d a r d s  d u r i n g  f r e s h e t .  S e v e r a l  m e t a l s

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

( A p r i l  t o  J u l y )  w h e n  t h e  m a j o r i t y  o f  m e t a l  w o u l d  b e  b o u n d  t o  suspended

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

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

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

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

be l i m i t e d  d u r i n g  f r e s h e t .

The p r o p o s e d  Kemano-Comp le t ion  P r o j e c t  i n v o l v e s ,  i n  p a r t ,  damming

t h e  N a n i k a  R i v e r  a t  t h e  o u t l e t  o f  K i d p r i c e  L a k e .  T h e  N a n i k a  R i v e r  f e e d s

M o r i c e  L a k e ,  t h e  s o u r c e  o f  t h e  M o r i c e  R i v e r ,  w h i c h  p r o v i d e s  m o s t  o f  t h e

wa te r  t o  t h e  B u l k l e y  R i v e r ,  d o w n s t r e a m  f r o m  H o u s t o n .  T h e  c o n s e q u e n t

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

q u a l i t y  i n  t h e  B u l k l e y  R i v e r .  M o s t  o f  t h e  w a t e r  s t o r e d  b e h i n d  t h e

Nanika d a m  w o u l d  b e  s u b t r a c t e d  f r o m  p e a k  N a n i k a  R i v e r  f l o w  i n  l a t e

s p r i n g  a n d  e a r l y  summer.  R e m a i n i n g  f l o w s  a n d  s u b s e q u e n t  d i l u t i o n  o f

downstream e f f l u e n t s  a t  t h a t  t i m e  o f  y e a r  w i l l  s t i l l  b e  h i g h .  T h e  m a i n

impac t  o f  e f f l u e n t s  o n  w a t e r  q u a l i t y  i s  u s u a l l y  e x p e c t e d  a t  l o w  r i v e r

f l o w s  w h e n  t h e  r e s u l t i n g  d i l u t i o n  i s  l o w e s t .  T h e  min imum m o n t h l y  p o s t -
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Kemano-Complet ion f l o w  d a t a  f r o m  A l c a n  p r e d i c t  t h a t  t h e  q u a n t i t y  o f

wa te r  r e l e a s e d  a t  t h e  N a n i k a  dam w i l l  b e  s l i g h t l y  h i g h e r  t h a n  n o r m a l

d u r i n g  t h e  p e r i o d  o f  l o w  f l o w  ( F e b r u a r y  t o  A p r i l ) .  T h i s  w o u l d  r e s u l t  i n

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

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

sewage f r o m  t h e  p l a n t  a t  S m i t h e r s ,  u s i n g  t h e  p r e d i c t e d  m in imum mean

m o n t h l y  pos t -Kemano -Comp le t i on  f l o w  i n  t h e  B u l k l e y  R i v e r  ( 1 3 . 9  m 3 / s ) ,  i s

between 111 : 1  a n d  2 8 6 : 1  ( d e p e n d i n g  o n  t h e  v o l u m e  o f  t r e a t e d  sewage d i s -

c h a r g e d ) .  T h e  n a t u r a l  min imum mean m o n t h l y  l o w  f l o w  i s  1 2 . 1  m 3 / s ,  w h i c h

r e s u l t s  i n  a  l e s s e r  d i l u t i o n  o f  b e t w e e n  9 7 : 1  a n d  2 4 9 : 1 ,  u n d e r  t h e  same

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

Reduced p e a k  f l o w s  ( l a t e  s p r i n g  t o  e a r l y  s u m m e r )  i n  t h e  M o r i c e

R i v e r  a r e  n o t  e x p e c t e d  t o  a f f e c t  w a t e r  q u a l i t y  i n  t h e  B u l k l e y  R i v e r

downstream, w i t h  t h e  e x c e p t i o n  o f  e l e v a t i n g  t h e  c o n c e n t r a t i o n  o f  m e t a l s ,

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

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

c o p p e r,  i r o n ,  manganese ,  n i c k e l ,  l e a d  a n d  z i n c .  T h e  h i g h  c o n c e n t r a t i o n

o f  t h e s e  m e t a l s  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r  i s  a t t r i b u t e d  t o  t h e

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

Lake .  R e d u c e d  f l o w s  f r o m  M o r i c e  L a k e  w i t h  Kemano-Comple t ion  w i l l  r e d u c e

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

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

exceed w a t e r  q u a l i t y  c r i t e r i a .

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

R i v e r s  w i t h  t h e  f o r m a t i o n  o f  t h e  n e w  N a n i k a - K i d p r i c e  R e s e r v o i r  i n  t h e

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

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

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

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

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

f i s h  i n  t h e  d o w n s t r e a m  M o r i c e  a n d  B u l k l e y  R i v e r s  i s  n o t  known ;  n o r  i s

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



i n  r e s e r v o i r  p h o s p h o r u s  a n d  p h y t o p l a n k t o n .  D i l u t i o n  o f  r e s e r v o i r

d i s c h a r g e - w a t e r  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s  w i l l  r e d u c e  t h e  i m p a c t

o f  b o t h  m e r c u r y  and  p h o s p h o r u s .

PROVISIONAL WATER QUALITY-OBJECTIVES

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

R i v e r s  i n c l u d e  a q u a t i c  l i f e  ( f i s h e r i e s )  a n d  w i l d l i f e ,  i r r i g a t i o n ,

l i v e s t o c k  w a t e r i n g ,  i n d u s t r i a l  u s e ,  a n d  p r i m a r y - c o n t a c t  r e c r e a t i o n

t h r o u g h o u t  t h e  r i v e r ,  f r o m  t h e  h e a d w a t e r s  a t  B u l k l e y  L a k e  t o  t h e

j u n c t i o n  w i t h  t h e  Skeena R i v e r  a t  H a z e l t o n .

I r r i g a t i o n  i s  p r o p o s e d  a s  a  d e s i g n a t e d  u s e  t h r o u g h o u t  t h e  B u l k l e y

and M o r i c e  R i v e r s  t o  p r o t e c t  f u t u r e  o p t i o n s .  A l t h o u g h  t h e r e  a r e  n o

i r r i g a t i o n  l i c e n s e s  a b o v e  t h e  c o n f l u e n c e  w i t h  t h e  M o r i c e  R i v e r  t o

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

i n c r e a s e  h a y  p r o d u c t i o n .  N e i t h e r  a r e  t h e r e  i r r i g a t i o n  l i c e n s e s  d o w n -

s t ream f r o m  S m i t h e r s ,  a s  l i c e n s e d  u s e  o f  i n f l o w i n g  c r e e k s  i s  m o r e

p r a c t i c a l  t h a n  pumping  w a t e r  u p h i l l  f r o m  t h e  B u l k l e y  R i v e r .

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

B u l k l e y  a n d  M o r i c e  r i v e r s  i n c l u d i n g :  ( 1 )  f r o m  t h e  c o n f l u e n c e  w i t h  B u c k

Creek u p s t r e a m  t o  B u l k l e y  L a k e ;  a n d  ( 2 )  f r o m  t h e  o u t l e t  o f  M o r i c e  L a k e ,

p a s t  t h e  j u n c t i o n  w i t h  t h e  U p p e r  B u l k l e y  R i v e r ,  downs t ream t o  S m i t h e r s .

Exc luded a r e  t w o  r e a c h e s  o f  t h e  B u l k l e y  R i v e r ,  w h i c h  a r e :  ( 1 )  downs t ream

from B u c k  C r e e k  a n d  t h e  H o u s t o n  sewage d i s c h a r g e  t o  t h e  m o u t h  o f  t h e

M o r i c e  R i v e r :  a l t h o u g h  t h e r e  a r e  n o  d o m e s t i c  ( d r i n k i n g )  w a t e r  l i c e n s e s

on t h i s  r e a c h ,  i n d u s t r i a l  l i c e n s e  CL55785 p e r m i t s  t h e  h a u l i n g  o f  w a t e r

t o  d o m e s t i c - u s e  c u s t o m e r s ;  ( 2 )  downs t ream  f r o m  t h e  S m i t h e r s  sewage d i s -

charge t o  t h e  Skeena  R i v e r .  T h e r e  i s  p r o b a b l y  some u n l i c e n s e d  d r i n k i n g

wate r  u s e  i n  t h i s  a r e a  b y  t h e  I n d i a n s  o n  t h e  r e s e r v e s  a t  M o r i c e t o w n .

P r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s  p r o p o s e d  f o r  t h e  M o r i c e  a n d

B u l k l e y  R i v e r s  a r e  summar i zed  i n  Ta b l e  1 .  T h e  o b j e c t i v e s  a r e  b a s e d  o n
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approved M i n i s t r y  c r i t e r i a  a s  w e l l  a s  p r e l i m i n a r y  w o r k i n g  c r i t e r i a  f o r

wa te r  q u a l i t y  a n d  o n  a v a i l a b l e  d a t a  o n  a m b i e n t  w a t e r  q u a l i t y ,  w a s t e

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

p r o v i s i o n a l  u n t i l  r e c e i v i n g  w a t e r  m o n i t o r i n g  p r o g r a m s  p r o v i d e  a d e q u a t e

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

f o r  a l l  t h e  c h a r a c t e r i s t i c s  o f  c o n c e r n .

The o b j e c t i v e s  c a n  b e  c o n s i d e r e d  a s  p o l i c y  g u i d e l i n e s  f o r  r e s o u r c e

managers t o  p r o t e c t  w a t e r  u s e s  i n  t h e  s p e c i f i e d  w a t e r  b o d i e s .  F o r

example,  t h e y  c a n  b e  u s e d  t o  d r a w  u p  w a s t e  management p e r m i t s  a n d  p l a n s ,

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

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

wa te r  b o d y  c a n  b e  c h e c k e d .

Water q u a l i t y  o b j e c t i v e s  h a v e  n o  l e g a l  s t a n d i n g  a n d  t h e i r  d i r e c t

en fo rcement  w o u l d  n o t  b e  p r a c t i c a l .  T h i s  w o u l d  b e  d u e  t o  t h e  d i f f i c u l t y

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

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

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

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

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

c o n d i t i o n s  i n  a  w a s t e  management p e r m i t .

Un less  i n d i c a t e d  o t h e r w i s e ,  t h e  o b j e c t i v e s  s u m m a r i z e d  i n  Ta b l e  1

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

reaches  o f  t h e  B u l k l e y  o r  M o r i c e  R i v e r s ,  e x c e p t  w i t h i n  i n i t i a l  d i l u t i o n

zones o f  e f f l u e n t s .  T h e s e  i n i t i a l  d i l u t i o n  z o n e s  e x t e n d  u p  t o  1 0 0  m

downstream f r o m  t h e  e f f l u e n t - d i s c h a r g e  p o i n t s ,  b u t  a r e  n o t  t o  e x c e e d

more t h a n  25% o f  t h e  w i d t h  o f  t h e  r i v e r .

Depending o n  t h e  c i r c u m s t a n c e s ,  w a t e r  q u a l i t y  o b j e c t i v e s  m a y

a l r e a d y  b e  m e t  i n  a  w a t e r  b o d y,  o r  may d e s c r i b e  w a t e r  q u a l i t y  c o n d i t i o n s

which c a n  b e  m e t  i n  t h e  f u t u r e .  T o  l i m i t  t h e  s c o p e  o f  t h e  w o r k ,

o b j e c t i v e s  a r e  o n l y  b e i n g  p r e p a r e d  f o r  w a t e r b o d i e s  a n d  f o r  w a t e r  q u a l i t y
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c h a r a c t e r i s t i c s  w h i c h  may b e  a f f e c t e d  b y  m a n ' s  a c t i v i t y ,  now  a n d  i n  t h e

f o r e s e e a b l e  f u t u r e .

No w a t e r  q u a l i t y  o b j e c t i v e  i s  p r o p o s e d  f o r  m e r c u r y  because  e l e v a t e d

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

s o i l s )  i f  Kemano-Comple t ion  p r o c e e d s .  I t  i s  recommended t h a t  t h e  g u i d e -

l i n e s  r e p o r t e d  b y  E n v i r o n m e n t  C a n a d a  b e  u s e d  a s  a l e r t  l e v e l s  f o r

p o s s i b l e  w a t e r  u s e  r e s t r i c t i o n s  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s .  T h e s e

l e v e l s  f o r  t o t a l  m e r c u r y  a r e  max ima  o f :  0 . 5  u g / g  w e t  w e i g h t  i n  f i s h

t i s s u e  a n d  0 .0001  m g / L  i n  w a t e r  t o  p r o t e c t  consumers  o f  f i s h ;  0 . 0 0 1  m g / L

f o r  d r i n k i n g  w a t e r  a n d  r e c r e a t i o n ;  a n d  0 . 0 0 3  m g / L  t o  p r o t e c t  l i v e s t o c k

and w i l d l i f e .

S i t e  s p e c i f i c  w a t e r  q u a l i t y  o b j e c t i v e s  may  b e  d e v e l o p e d  f o r  s u r f a c e

w a t e r s  a d j a c e n t  t o  t h e  p l a n n e d  Te l k w a  C o a l  M i n e ,  b a s e d  o n  r e s u l t s  o f

t he  b a s e l i n e  m o n i t o r i n g  p r o g r a m  s u b m i t t e d  w i t h  t h e  S t a g e  I I  r e p o r t .

O b j e c t i v e s  w o u l d  b e  i n c l u d e d  l a t e  i n  S t a g e  I I  o r  i n  S t a g e  I I I  o f  t h e

Mine Deve lopmen t  R e v i e w  P r o c e s s  when more  i n f o r m a t i o n  a b o u t  t h e  p r o j e c t

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

use.  A  s e p a r a t e  r e p o r t ,  t o  b e  w r i t t e n  when  d a t a  a r e  a v a i l a b l e ,  w i l l

a l s o  p r e s e n t  w a t e r  q u a l i t y  o b j e c t i v e s  f o r  s t r e a m s  a f f e c t e d  b y  t h e  E q u i t y

Mine i n  t h e  h e a d w a t e r s .

MONITORING RECOMMENDATIONS

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

B u l k l e y  R i v e r  i s  o u t l i n e d  i n  Ta b l e  2 .  R e c o m m e n d a t i o n s  a r e  made f r o m  a

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

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

T h i s  m o n i t o r i n g  i s  recommended p r i m a r i l y  t o  s u p p o r t  t h e  p r o v i s i o n a l

o b j e c t i v e s  a n d  t o  d e t e r m i n e  w h e t h e r  o b j e c t i v e s  a r e  b e i n g  a t t a i n e d  a t

m o n i t o r e d  s i t e s  i n  t h e  B u l k l e y  R i v e r .  T h e  recommended m o n i t o r i n g  p r o -

gram w i l l  a l s o  p r o v i d e  d a t a  t o  s e t  f u t u r e  o b j e c t i v e s  f o r  m e t a l s .
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Coo rd i na ted  s a m p l i n g  o f  w a s t e  d i s c h a r g e s  a n d  t h e  r e c e i v i n g  e n v i r o n -

ment i s . c u r r e n t l y  c a r r i e d  o u t  b y  Wa s t e  Management B r a n c h .  I t  i s  r e c o m -

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

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

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

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

da ta  b a s e  f o r  s e t t i n g  f u t u r e  w a t e r  q u a l i t y  o b j e c t i v e s  f o r  m e t a l s .

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

have b e e n  n o t e d  i n  t h e  d a t a .

Shou ld  A l c a n  a g a i n  p r o c e e d  w i t h  K e m a n o - C o m p l e t i o n ,  a  d e t a i l e d

e v a l u a t i o n  o f  m e r c u r y  i n  t h e  M o r i c e - B u l k l e y  s y s t e m  s h o u l d  b e  c o n s i d e r e d

as t h e r e  a r e  n o  b a c k g r o u n d  d a t a .  T h i s  s t u d y  s h o u l d  i n c l u d e  a n  e v a l u -

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

m o b i l i z a t i o n  o f  m e r c u r y  f r o m  t h e  s o i l s  t o  b e  f l o o d e d  i n  t h e  N a n i k a -

K i d p r i c e  R e s e r v o i r .  T h e s e  d a t a  w o u l d  c o n t r i b u t e  t o  t h e  e v a l u a t i o n  o f

pos t -Kemano-Comple t ion  m e r c u r y  l e v e l s .
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T r o u t

To Haze l t0

0400436

0400435

45km

RE373 -  Town o f  Smithers

0400434 —

SMITHERS

0400204

PR2270(to ground)

0400 187 (Tel Ma Rive r )

08EE008

To :  kwa

08E020

M O R I c e

WIE0002
MORICE L A I C E

Telkwa

0920088

LEGEND

ID W a t e r  Qual i ty  S i te

A  Environment Canada
Water Quantity S i te

A P e r m i t t e d  Ef f luen t  Discharge

I  To w n  o r  Vi l lage

O P o s t  Off ice o r  Railway Stat ion

08E6004

Quick

TELO4A COAL PROJECT(proposed)

PR3782(to ground)

0400593(H- c u l v e r t )

0400594(S-cul ver t )
P e r ( )

B.C. Min is t ry  o f  Environment

PE287 -  D i s t r i c t  o f  Housto

Barrett
08E6003

0400203(14:A10E)

t i

Scaie o f  Kilornetre•

C

0400201

0400297
0400295

1,22687(to ground)

dr.

C r e e k

I t i  C S c l i E r r o t t

L a k e s

0400807(8YMAR CREEK)
0400595(refuse s i t e  south)

Goon 2y
C.

0400200
t k l e y
L .

n

O

F o = 8

46----PE4475 EQUITY
p e r  C,.

P e r m i t t e d  W a s t e  D i s c h a r g e s  a n d  M o n i t o r i n g  S i t e s  i n  t h e  B u l k l e y  R i v e r  B a s i n .



TABLE 1

Water Bodies Morioe R i v e r
BULKLEY RIVER

Bu lk ley  L .  t o  Houston Houston t o  Mor i ce  R . Mor ice R .  t o  Smi thers Smithers t o  Skeena R .

Designated Water Uses D r i n k i n g  w a t e r,  a q u a t i c
l i f e ,  w i l d l i f e ,  r e c r e -
a t i o n ,  l i v e s t o c k ,
i r r i g a t i o n ,  i n d u s t r i a l
use

Dr i nk i ng  w a t e r ,  a q u a t i c
l i f e ,  w i l d l i f e ,  r e c r e -
a t i o n ,  l i v e s t o c k ,
i r r i g a t i o n ,  i n d u s t r i a l
use

Aquat ic  l i f e ,  w i l d l i f e ,
r e c r e a t i o n ,  l i v e s t o c k ,
i r r i g a t i o n ,  i n d u s t r i a l
use

D r i n k i n g  w a t e r ,  a q u a t i c
l i f e ,  w i l d l i f e ,  r e c r e -
a t i o n ,  l i v e s t o c k ,
i r r i g a t i o n ,  i n d u s t r i a l
u s e

Aquat ic  l i f e ,  w i l d l i f e ,
r e c r e a t i o n ,  l i v e s t o c k ,
i r r i g a t i o n ,  i n d u s t r i a l
use

Fecal C o l i f o r m s ' 510 MPN/100 mL 9 0 t h
p e r c e n t i l e

510 MPN/100 mL 9 0 t h
p e r c e n t i l e

5200 MPN/100 mL g e o m e t r i c
mean

5400 MPN/100 mL 9 0 t h
p e r c e n t i l e

510 MPN/100 mL 9 0 t h
p e r c e n t i l e

5200 MPH/100. mL g e o m e t r i c
mean
5400 MPN/100 mL 9 0 t h
p e r c e n t i l e

T u r b i d i t y '
Suspended S o l i d s '
To t a l  C h l o r i n e  R e s i d u a l '
Per iphyton S tand ing  Crops
Un- ion ized  Ammonia-Ns
N i t r i t e - N '
Disso lved Oxygen

5 NTU maximum i n c r e a s e  (ups t ream 450 NTU), 10% maximum i n c r e a s e  (ups t ream >50 NTU)
10 mg/L maximum i n c r e a s e  (ups t ream 5100 mg /L ) ,  10% maximum i n c r e a s e  (ups t ream ) 1 0 0  mg/L)

0.002 mg/L maximum
<50 mg/m2 c h l o r o p h y l l  a
50.007 mg/L ave rage ,  0 . 0 3 0  mg/L maximum
50.020 mg/L ave rage ,  0 . 0 6 0  mg/L.  maximum

7.8 mg/L minimum
•

PROVISIONAL WATER QUALITY OBJECTIVES FOR THE BULKLEY AND MORICE RIVERS

Note: t h e  o b j e c t i v e s  a p p l y  t o  d i s c r e t e  samples f r o m  a l l  p a r t s  o f  t h e  w a t e r  b o d y  e x c e p t  f r o m  i n i t i a l  d i l u t i o n  zones o f  e f f l u e n t s .  T h e s e  e x c l u d e d  d i l u t i o n
zones a r e  d e f i n e d  a s  e x t e n d i n g  u p  t o  1 0 0  m downstream f r o m  t h e  d i s c h a r g e  p o i n t  and  n o  more t h a n  2 5  p e r c e n t  a c r o s s  t h e  w i d t h  o f  t h e  s t r e a m ,  f r o m  t h e
sur face  t o  t h e  b o t t o m .  T h e  r o u t i n e  samp l ing  as  recommended i n  Ta b l e  2  may need t o  b e  i n c r e a s e d  t o  check  o b j e c t i v e s ,  depend ing  on c i r cums tances .

' t h e  g e o m e t r i c  mean and  9 0 t h  p e r c e n t i l e  a r e  c a l c u l a t e d  f r o m  a t  l e a s t  1  s a m p l e  p e r  week f o r  5  weeks i n  a  p e r i o d  no  l o n g e r  t h a n  3 0  days .  T h e  d r i n k i n g  w a t e r
o b j e c t i v e  ( 1 0 / 1 0 0  mL) a p p l i e s  y e a r - r o u n d  and t h e  r e c r e a t i o n  o b j e c t i v e  (200 -400 /100  mL) a p p l i e s  d u r i n g  t h e  r e c r e a t i o n  season.

' t h e  I n c r e a s e  ( i n  NTU, % o r  mg /L )  i s  o v e r  l e v e l s  measured a t  a  s i t e  upst ream f r o m  a  d i scha rge  o r  a  s e r i e s  o f  d i s c h a r g e s  and  a s  c l o s e  t o  them a s  p o s s i b l e ,
and a p p l i e s  t o  downstream l e v e l s .

' s i n c e  t h e  o b j e c t i v e  i s  l e s s  t h a n  t h e  minimum d e t e c t a b l e  c o n c e n t r a t i o n ,  i t  w i l l  b e  necessary  t o  e s t i m a t e  t h e  r e c e i v i n g  w a t e r  c o n c e n t r a t i o n  u s i n g  e f f l u e n t
l o a d i n g  and s t r e a m f l o w.  T h e  o b j e c t i v e  a p p l i e s  o n l y  i f  sewage e f f l u e n t  i s  c h l o r i n a t e d .

4 s t a n d i n g  c r o p  f r om n a t u r a l  s u b s t r a t e .  A v e r a g e  o f  a t  l e a s t  10 'samp les  c o l l e c t e d  a t  random f rom t h e  streambed o n  one d a y.
s t h e  average i s  c a l c u l a t e d  f r o m  a t  l e a s t  1 samp le  p e r  week f o r  5  weeks i n  a  p e r i o d  no  l o n g e r  t h a n  3 0  d a y s .



TABLE 2

RECOMMENDED EFFLUENT AND WATER QUALITY MONITORING FOR THE BULKLEY RIVER

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

SITE

U/S
0400297

Houston
PE 287

STP
D/S

0400295
D/S

0400296

Mor i ce
R i v e r

0400203
Quick

0920088

. Te l k w a
R i v e r

0400187

Smi the rs
U/S

0400434

S
PE 373

-P
D/S

0400435

Fecal  C o n f o r m s " 5(30) 5(30) 5(30) - - - - 5(30) 5(30) 5 (30)
P e r i p h y t o n  S t a n d i n g  C r o p LF(1 ) - LF(1) - - - LF(1) - LF (1 )
Suspended S o l i d s LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
T u r b i d i t y LF(2) LF(2 ) LF(2) M M M M LF(2) LF(2 ) LF(2 )
Oxygen, D i s s o l v e d LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

N: Ammonia,  T o t a l  D i s s . LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
N i t r i t e LF(2) LF(2 ) LF(2 ) - - - - LF(2) LF(2 ) LF (2 )
N i t r a t e / N i t r i t e LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
K j e l d a h l ,  T o t a l LF(2) LF(2) LF(2 ) - - - - LF(2) LF (2 ) LF(2)
To t a l  ( c a l c u l a t e d ) LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

P: O r t h o ,  D i s s o l v e d LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
To t a l ,  D i s s o l v e d LF(2 ) L F ( 2 ) LF(2 ) - - - - LF(2) LF(2 ) LF(2 )
To t a l LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

Tempera tu re LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
pH LF(2) LF(2 ) LF(2) M M M M LF(2 ) LF(2) LF (2 )
Hardness LF(2) - LF(2) M M M M LF(2) - LF(2)
S p e c i f i c  C o n d u c t i v i t y LF(2 ) - LF(2 ) M M M M LF(2 ) - LF (2 )
M e t a l s  ( To t a l  a n d  D i s s ) :

A l ,  C o ,  C d ,  C r ,  C u ,
Fe, M n ,  N i ,  P b ,  Z n - - - M M M M - - -

,_

'1 s a m p l e  p e r  week  f o r  5  weeks i n  a  p e r i o d  n o  l o n g e r  t h a n  3 0  d a y s ,  d u r i n g  l a t e  summer ( A u g u s t  t o  Sep tember )  when
wate r  u s e d  f o r  b o t h  r e c r e a t i o n  a n d  d r i n k i n g .
U/S -  u p s t r e a m  f r o m
D/S -  downst ream f r o m

-  m o n t h l y
L F ( 1 ) - a t  l o w  f l o w ,  o n c e  p e r  y e a r
L F ( 2 ) - a t  l o w  f l o w ,  t w i c e  p e r  y e a r

Note: s a m p l i n g  may n e e d  t o  b e  i n c r e a s e d  o r  d e c r e a s e d  t o  c h e c k  o b j e c t i v e s ,  d e p e n d i n g  o n  c i r c u m s t a n c e s .
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1. INTRODUCTION

The B u l k l e y  R i v e r  b a s i n  i s  i n  c e n t r a l  B r i t i s h  C o l u m b i a ,  e a s t  o f

P r i n c e  R u p e r t  ( s e e  F i g u r e  1 ) .  T h e  B u l k l e y  R i v e r  i s  a  m a j o r  t r i b u t a r y  o f

the  S k e e n a  R i v e r .  I t  f l o w s  n o r t h w e s t  f r o m  t h e  h e a d w a t e r s  a t  B u l k l e y

Lake,  t h r o u g h  t h e  i n t e r i o r  p l a t e a u ,  t o  e n t e r  t h e  S k e e n a  R i v e r  n e a r

H a z e l t o n .  T h e  d r a i n a g e  a r e a  o f  t h e  B u l k l e y  R i v e r  w a t e r s h e d  i s  a b o u t

12 3 0 0  km2,  w i t h  t h e  i n t e r i o r  p l a t e a u  c o n t r i b u t i n g  85% o f  t h e  w a t e r s h e d

a r e a ,  a n d  t h e  N a n i k a / M o r i c e  R i v e r  w a t e r s h e d s  c o n t r i b u t i n g  a b o u t  1 5 % .

The m e a n  a n n u a l  B u l k l e y  R i v e r  f l o w  a t  H a z e l t o n  i s  a b o u t

201 m 3 / 8 ( 6 ) .

The p u r p o s e s  o f  t h i s  r e p o r t  a r e :

( i )  t o  a s s e s s  p r e s e n t  w a t e r  q u a l i t y  o f  t h e  ma ins tem B u l k l e y  a n d  M o r i c e

R i v e r s  u s i n g  a v a i l a b l e  i n f o r m a t i o n  ( u p  t o  A p r i l ,  1 9 8 4 )  o n  w a s t e

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

( i i )  t o  p r e d i c t  f u t u r e  w a t e r  q u a l i t y ,  c o n s i d e r i n g  f u t u r e  w a s t e  d i s -

charges a n d  t h e  e f f e c t s  o f  t h e  Kemano-Comple t ion  P r o j e c t  o n  B u l k l e y  a n d

M o r i c e  R i v e r  f l o w s ;  a n d

( i i i )  t o  recommend w a t e r  u s e s  t h a t  s h o u l d  b e  p r o t e c t e d  i n  t h e  B u l k l e y

and M o r i c e  R i v e r s ,  a n d  t o  recommend p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s

t o  p r o t e c t  t h o s e  u s e s .

The Kemano -Comp le t i on  P r o j e c t  h a s  b e e n  i n d e f i n i t e l y  p o s t p o n e d  b y

A l c a n ,  w h i c h  i s  n o t  p r o c e e d i n g  w i t h  i t s  a p p l i c a t i o n  u n d e r  t h e  government

r e v i e w  p r o c e s s  a t  t h i s  t i m e .  H o w e v e r ,  t h e  p r o v i n c i a l  g o v e r n m e n t  i s

c o m p l e t i n g  i t s  r e v i e w  o f  A l c a n ' s  p r o p o s a l .

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

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

i m p o r t a n t . s a l m o n  m i g r a t i o n  r o u t e s  a n d  s a l m o n  r e a r i n g  a r e a s .
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2. HYDROLOGY

Low- f l o w  e s t i m a t e s  (November  t o  A p r i l  m in imum s e v e n - d a y  a v e r a g e s )

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

presen ted  i n  Ta b l e  1 .  T h e  M o r i c e  R i v e r  c o n s t i t u t e s  99% o f  Lower  B u l k l e y

R i ve r  f l o w s  a t  c e r t a i n  t i m e s  u n d e r  n a t u r a l  l o w  f l o w  c o n d i t i o n s  ( w i t h o u t

f l o w  r e g u l a t i o n ) .

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

R i ve r  ( Ta b l e  1 )  w i t h  l i c e n s e d  w a t e r  w i t h d r a w a l s  ( Ta b l e s  2 , 3 )  shows  t h a t

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

requ i r emen ts  a r e  a c t u a l l y  l e s s  d u r i n g  t h e  w i n t e r  when t h e r e  a r e  n o  i r r i -

g a t i o n  w i t h d r a w a l s .

Flow e n v e l o p e s  f o r  t h e  M o r i c e  R i v e r  a t  t h e  M o r i c e  L a k e  o u t l e t  a n d

a t  Peacock  C r e e k  ( n e a r  t h e  c o n f l u e n c e  w i t h  t h e  B u l k l e y  R i v e r ) ,  a s  w e l l

as t h e  B u l k l e y  R i v e r  a t  Q u i c k  a n d  S m i t h e r s  a r e  shown i n  F i g u r e s  2  t o  5 .

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

f o l l o w i n g  t h e  p r o p o s e d  Kemano-Comple t ion  P r o j e c t .  T h e  p r o j e c t  i s  p r e -

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

R i v e r s ( 2 ) .  T h e s e  a r e  A l c a n ' s  p r o j e c t i o n ,  h o w e v e r ,  a n d  i t  i s  n o t

ye t  c e r t a i n  w h e t h e r  A l c a n  c a n  o r  w i l l  p r o v i d e  t h i s  w a t e r  d u r i n g  d r y

yea rs .  R e k s t e n ( 6 5 )  h a s  s u g g e s t e d  t h a t  A l c a n  h a s  b e e n  o p t i m i s t i c  i n

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

1950. H e  h a s  s u g g e s t e d  t h a t  t h e  r u n o f f  e s t i m a t e s  a v a i l a b l e  f o r  t h e

p e r i o d  1930-1949  s h o u l d  a l s o  b e  u s e d  i n  A l c a n ' s  a n a l y s i s .  T h e s e  y e a r s

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

p r o j e c t i o n s  o f  u s i n g  t h e  l o n g e r  p e r i o d  o f  r e c o r d  ( 1 9 3 0 - 1 9 8 3 )  i s  n o t  y e t

known.
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3.  WATER USE

3.1 WAT E R  LICENSES

The w a t e r  l i c e n s e s  a n d  l i c e n s e  a p p l i c a t i o n s  o n  t h e  B u l k l e y  R i v e r

a re  g i v e n  i n  Ta b l e  4 ,  w i t h  a  l i c e n s e  summary b y  r e a c h  i n  Ta b l e  5 .  T h e

l o c a t i o n s  o f  a l l  t h e  l i c e n s e s  a r e  shown i n  F i g u r e  6 .

L icenses  f o r  d r i n k i n g  w a t e r  a r e  r e s t r i c t e d  t o  t h e  h e a d w a t e r s  n e a r

B u l k l e y  L a k e  ( t h r e e  l i c e n s e s )  a n d  t h a t  r e a c h  o f  t h e  B u l k l e y  R i v e r

between Te l k w a  a n d  S m i t h e r s  ( s i x  l i c e n s e s ) .  I n d u s t r i a l  l i c e n s e  C L -

55785 ( Te n i e r s  E n t e r p r i s e s )  i s  f o r  a  commerc i a l  w a t e r  h a u l i n g  o p e r a t i o n

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

Te n i e r s  t a k e s  w a t e r  f r o m  l o c a t i o n s  o n  t h e  B u l k l e y  R i v e r  i n  a d d i t i o n  t o

t h e i r  f o u r  l i c e n s e d  p o i n t s  ( n e a r  H o u s t o n  a n d  downs t ream f r o m  Te l k w a ) .

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

R i v e r ( 6 0 ) .  T h e  B u l k l e y  R i v e r  i s  a l s o  t h e  d r i n k i n g  w a t e r  s o u r c e  f o r

t h e  V i l l a g e  o f  Te l k w a ,  a n d  i n d i r e c t l y  f o r  t h e  To w n  o f  S m i t h e r s  a n d  t h e

D i s t r i c t  o f  H o u s t o n ,  t h r o u g h  w a t e r  w e l l s .  T h e  l a r g e s t  a n d  c o n t i n u o u s l y

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

the B u l k l e y  R i v e r .  T h e  q u i c k  r e c h a r g e  r a t e  o f  t h e s e  t w o  w e l l s  t o g e t h e r

w i t h  t h e i r  p r o x i m i t y  t o  t h e  B u l k l e y  R i v e r  s u g g e s t  t h a t  t h e  B u l k l e y  R i v e r

i s  t h e  s o u r c e  o f  w a t e r  t h r o u g h  a l l u v i a l  g r a v e l s .

The h i g h e s t  a g r i c u l t u r a l  c a p a b i l i t y  i n  t h e  Skeena -Nass  p l a n n i n g

u n i t  o c c u r s  o n  t h e  B u l k l e y  R i v e r  f l o o d p l a i n ( 5 3 ) .  I t  i s  p r i m a r i l y

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

i m p o r t a n c e .  W h i l e  t h e  t o t a l  v e g e t a b l e  c r o p  a r e a  i s  s m a l l  i n  c o m p a r i s o n

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

s i m i l a r ( 3 ) .  T h e r e  a r e  a l s o  b e e f  a n d  d a i r y  c a t t l e .  T h e  B u l k l e y

R i v e r  i s  u s e d  f o r  i r r i g a t i o n  w a t e r ,  w i t h  i n c r e a s e d  demands p r e d i c t e d  f o r

t h e  f u t u r e ,  i n  p a r t i c u l a r  f o r  h a y  p r o d u c t i o n  above Hous ton (54 )

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

B u l k l e y  R i v e r  a r e  a l s o  u s e d  f o r  l i v e s t o c k  w a t e r i n g .
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As i n d i c a t e d  i n  Ta b l e  5 ,  t h e r e  i s  n o  l i c e n s e d  w a t e r  u s e  b e t w e e n

Smi thers  a n d  H a z e l t o n .  T h e r e  a r e  s e v e r a l  l i c e n s e s  o n  t r i b u t a r i e s  t o  t h e

B u l k l e y  R i v e r  b e t w e e n  S m i t h e r s  a n d  H a z e l t o n ,  s o m e  o f  w h i c h  s e r v i c e  t h e

I n d i a n  r e s e r v e s  a l o n g  t h a t  c o r r i d o r .  T h e r e  i s  l i k e l y  t o  b e  some u n l i c -

ensed w a t e r  u s e  o n  t h i s  r e a c h  o f  t h e  B u l k l e y  R i v e r  f o r  d o m e s t i c  p u r -

poses.

3.2 F I S H E R I E S

There i s  y e a r - r o u n d  f i s h e r i e s  u s e  i n  t h e  B u l k l e y  R i v e r .  I t  i s  u s e d

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

Between 1970  a n d  1 9 8 0 ,  t h e  B u l k l e y  R i v e r  s u p p o r t e d  a n  a n n u a l  escapement

o f  u p  t o  9 3 0  c h i n o o k ,  2  5 0 0  c o h o ,  3 0 0  s o c k e y e ,  a n d  2  5 0 0  p i n k

salmon(52)  T h e r e  i s  a d u l t  h o l d i n g  t h r o u g h o u t  t h e  w i n t e r .  A l -

though some s p a w n i n g  i s  known t o  o c c u r  i n  t h e  B u l k l e y  R i v e r  b y  p i n k  a n d

ch inook ,  i t  i s  m o r e  i m p o r t a n t  a s  a  j u v e n i l e  r e a r i n g  a r e a .  T h e  B u l k l e y

R i ve r  a l s o  s u p p o r t s  r e s i d e n t  c u t t h r o a t  t r o u t ,  D o l l y  Va r d e n ,  a n d  r a i n b o w

t r o u t ,  a l t h o u g h  m a i n s t e m  s p a w n i n g  b y  t h e s e  s p e c i e s  i s
unl  i k e l  y(51 ) .

To t a l  s t e e l h e a d  p r o d u c t i o n  f o r  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s  i s

between 6  0 0 0  a n d  9  0 0 0  a d u l t  f i s h  w i t h  a n  a n n u a l  escapement  o f  2  0 0 0 -

3 0 0 0  f o l l o w i n g  c o m m e r c i a l ,  n a t i v e ,  a n d  s p o r t  f i s h e r i e s .  A d u l t  s t e e l -

head e n t e r  t h e  B u l k l e y  R i v e r  f r o m  t h e  Skeena R i v e r  i n  m i d -Augus t  t h r o u g h

the  f a l l ,  a n d  t h e n  o v e r w i n t e r .  S p a w n i n g  o c c u r s  i n  May a n d  J u n e  i n  t h e

B u l k l e y  R i v e r  a n d  i t s  t r i b u t a r i e s ;  h o w e v e r ,  m o s t  p r o d u c t i o n  o f  j u v e n i l e

s t e e l h e a d  f r y  i s  a t t r i b u t e d  t o  t r i b u t a r y  a n d  ma ins tem h a b i t a t s  o f  t h e

Mor ice  R i v e r  ( b e t w e e n  G o s n e l l  a n d  Lamprey  C r e e k s ) .  P a r r  t e n d  t o  l e a v e

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

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

B u l k l e y  R i v e r  b e l o w  H o u s t o n ( 1 , 4 ' 5 ) ,  p r i o r  t o  s m o l t i n g .

There i s  a  n a t i v e  f o o d  f i s h e r y  f o r  t h e  M o r i c e t o w n  I n d i a n  B a n d ,

l o c a t e d  downstream f r o m  S m i t h e r s .  T h e  I n d i a n s  s p e a r  f i s h  f r o m  t h e  r o c k s

on t h e  banks  o f  t h e  B u l k l e y  R i v e r .
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3.3 WILDLIFE(53)

The B u l k l e y  R i v e r  V a l l e y  i s  a  m a j o r  w i n t e r i n g  a r e a  f o r  moose.  M u l e

deer u s e  t h e  a r e a  t h r o u g h o u t  t h e  y e a r .  B e a v e r ,  m u s k r a t ,  r i v e r  o t t e r  a n d

mink have  b e e n  o b s e r v e d  o n  t h e  B u l k l e y  R i v e r ,  a s  w e l l  a s  b i r d s  i n c l u d i n g

mergansers ,  b e l t e d  k i n g f i s h e r s ,  b a l d  e a g l e s ,  a n d  Canada g e e s e .

3 .4  RECREATION(53)

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

Varden)  o f  t h e  B u l k l e y  R i v e r  i s  v e r y  h i g h ,  e s p e c i a l l y  b e l o w  t h e  M o r i c e

R i v e r .  T h e r e  i s  a  s a l m o n  c l o s u r e  o n  t h e  Upper  B u l k l e y  ( above  t h e  M o r i c e

R i v e r )  J u l y  1 5  t o  O c t o b e r  3 1 ,  a n d  a  g e n e r a l  a n g l i n g  c l o s u r e  December 1

t o  J u n e  3 0  o n  t h e  M o r i c e  R i v e r  t o  B a r r e t t  o n  t h e  B u l k l e y  R i v e r ,  a n d

f u r t h e r  downst ream f r o m  t h e  Suskwa R i v e r  t o  B u l k l e y  Canyon S t a t i o n  a b o u t

10 km e a s t  o f  H a z e l t o n .

There a r e  f i v e  l i c e n s e d  a n g l i n g  g u i d e s  w h o  w o r k  t h e  B u l k l e y  R i v e r

between t h e  M o r i c e  R i v e r  a n d  M o r i c e t o w n ,  t h e  l a t t e r  l o c a t e d  a b o u t  3 0  km

downstream f r o m  S m i t h e r s .  T w o  h o t e l s ,  i n c l u d i n g  t h e  B u l k l e y  Lodge  a n d

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

The T r o u t  C r e e k  Empor ium,  downs t ream  f r o m  S m i t h e r S ,  i s  a  p r i v a t e  camp-

ground w i t h  a  t a c k l e  s h o p  a n d  s t o r e  t h a t  a l s o  c a t e r s  t o  f i s h e r m e n .  T h e

Mor i ce town  I n d i a n  Band  h a s  a  t o u r i s t  o p e r a t i o n  w h i c h  i s  c e n t e r e d  o n  t h e

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

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

canoes,  k a y a k s ,  r a f t i n g  a n d  r i v e r  b o a t s .  C o m m e r c i a l  r i v e r  r a f t  t r i p s

used t o  o p e r a t e  f r o m  M o r i c e t o w n  C a n y o n ,  b u t  a r e  p r e s e n t l y  i n a c t i v e .

B o a t i n g  d i f f i c u l t y  i s  l o w  b e t w e e n  H o u s t o n  a n d  S m i t h e r s ,  m o d e r a t e l y  h i g h

between S m i t h e r s  a n d  T r o u t  C r e e k ,  a n d  v e r y  h i g h  be tween  T r o u t  C r e e k  a n d

H a z e l t o n .
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Swimming u s u a l l y  o c c u r s  o n l y  o n  t h e  u p p e r  B u l k l e y  R i v e r  a b o v e  t h e

con f luence  w i t h  t h e  M o r i c e  R i v e r  b e c a u s e  o f  t h e  s t r o n g  c u r r e n t

downstream.

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

p i c n i c / c a m p s i t e s  l o c a t e d  a t  H o u s t o n ,  Te l k w a ,  S m i t h e r s ,  t h e  m o u t h  o f

Tr o u t  C r e e k  ( p r i v a t e ) ,  a n d  a t  M o r i c e t o w n  ( o p e r a t e d  b y  t h e  M o r i c e t o w n

I n d i a n  B a n d ) .  O t h e r  u s e s  o f  t h e  B u l k l e y  R i v e r  V a l l e y  d u r i n g  t h e  summer

i n c l u d e  h i k i n g ,  n a t u r e  s t u d y ,  a n d  p h o t o g r a p h y.
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4. WASTE DISCHARGES

The f o l l o w i n g  w a s t e  d i s c h a r g e s  a r e  summar ized i n  Ta b l e  6 ,  a n d  t h e i r

l o c a t i o n s  a r e  d e n o t e d  o n  F i g u r e  6  b y  t h e i r  name a n d  p e r m i t  n u m b e r.

4.1 E Q U I T Y  SILVER MINE ( P E  4 4 7 5 )

a)  D e s c r i p t i o n  o f  t h e  D i s c h a r g e s

Pe rm i t  PE  4 4 7 5  i s  f o r  e f f l u e n t s  f r o m  a  c o p p e r - s i l v e r  m i n e  l o c a t e d

about  3 2  km s o u t h e a s t  o f  H o u s t o n ,  a n d  a t  a b o u t  1  2 0 0  m e l e v a t i o n .  I t  i s

l o c a t e d  a t  t h e  h e a d w a t e r s  o f  Bessemer  a n d  F o x y  C r e e k s .  B e s s e m e r  C r e e k

f l o w s  s o u t h w a r d  i n t o  B u c k  C r e e k ,  w h i l e  F o x y  C r e e k  f l o w s  n o r t h w a r d  i n t o

Maxan C r e e k ,  b o t h  o f  w h i c h  a r e  m a j o r  t r i b u t a r i e s  o f  t h e  U p p e r  B u l k l e y

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

l e a c h  p r o c e s s .  F u t u r e  p l a n s  a r e  t o  e x t r a c t  g o l d  u s i n g  c y a n i d e ,  b u t  t h i s

would r e q u i r e  a  p e r m i t  amendment .  T h e  m i l l  e f f l u e n t  i s  a  s l u r r y  o f

crushed r o c k  a n d  p r o c e s s  w a t e r  w h i c h  i s  d i s c h a r g e d  a t  a  max imum

p e r m i t t e d  r a t e  o f  1 9  5 0 0  m 3 / d  t o  t h e  t a i l i n g s  p o n d  o n  t h e  F o x y  C r e e k

s i d e  o f  t h e  w a t e r s h e d  ( F i g u r e  7 ) .  T h e r e  i s  a  seepage  r e c o v e r y  p o n d

below t h e  t a i l i n g s  dam l o c a t e d  a b o u t  5 0  m  f r o m  F o x y  C r e e k ,  w i t h  seepage

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

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

Creek.

S ince 1 9 8 0  a  m a j o r  s y s t e m  o f  p e r i m e t e r  d i t c h e s  h a s  b e e n  b u i l t  t o

c o l l e c t  a c i d  d r a i n a g e  b e f o r e  i t  f l o w e d  i n t o  Bessemer C r e e k .  T h e  d r a i n -

age i s  t r e a t e d  w i t h  l i m e  t o  pH 1 0  i n  a  sump t o  n e u t r a l i z e  t h e  a c i d s  a n d

remove m e t a l s .  T h i s  t r e a t e d  d r a i n a g e  i s  s t o r e d  n e a r  t h e  m a i n  t a i l i n g s

pond a n d  r e l e a s e d  t o  F o x y  C r e e k  a t  a  maximum r a t e  o f  6  0 0 0  m 3 / d  when i t

reaches t h e  e f f l u e n t  q u a l i t y  r e q u i r e d  b y  P e r m i t  P E  4 4 7 5 .  A  new  s i l t -

check dam a n d  s e t t l i n g  p o n d  h a s  b e e n  b u i l t  l o w e r  down o n  Bessemer C r e e k

t o  remove s e d i m e n t  a n d  i m p r o v e  w a t e r  q u a l i t y .  O v e r f l o w s  f r o m  t h i s  p o n d

c o n s t i t u t e  a  new d i s c h a r g e  a n d  a  new p e r m i t  c o m p l i a n c e  p o i n t .
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A l l  o f  t h e  a b o v e  c h a n g e s  a r e  b e i n g  ama lgamated  i n  a n  amendment  t o

PE 4475.  P r e s e n t  p e r m i t  c o n d i t i o n s  a r e  g i v e n  i n  Ta b l e  8 .

b) P r e s e n t  a n d  F u t u r e  Waste  Loads

Perm i t t ed  w a s t e  l o a d i n g s  a r e  g i v e n  i n  Ta b l e  8 ,  a n d  a r e  c a l c u l a t e d  f r o m

the p e r m i t t e d  c o n c e n t r a t i o n  o f  v a r i a b l e s  a n d  p e r m i t t e d  e f f l u e n t  f l o w  r a t e s .

Loadings a r e  e x p e c t e d  t o  r e m a i n  t h e  s a m e  i n  t h e  f u t u r e  u n l e s s  E q u i t y

i n s t a l l s  a  c y a n i d e  c i r c u i t  t o  e x t r a c t  g o l d ;  t h i s  w o u l d  r e q u i r e  a  p e r m i t

amendment.

c) I m p a c t  o f  t h e  M i n e  o n  S u r f a c e  Wa t e r

Concerns h a v e  b e e n  r a i s e d  o v e r  t h e  i m p a c t  o f  t h e  E q u i t y  M i n e  o n  w a t e r

q u a l i t y  o f  t h e  Bessemer C r e e k -Buck C r e e k  s y s t e m  i n  t h e  s o u t h e r n  m i n e  d r a i n -

age, a n d  F o x y  C r e e k  i n  t h e  n o r t h e r n  d r a i n a g e .  T h e s e  c o n c e r n s  i n c l u d e :

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

dams a n d  r o a d s  n e a r  t h e  m i n e  s i t e ,  a n d  2 )  h e a v y  m e t a l s  ( e . g .  a r s e n i c ,

se len ium,  c o p p e r ,  l e a d ,  z i n c )  a s s o c i a t e d  w i t h  t h e  m i n e  p r o c e s s  d i s c h a r g e

w a t e r.  A  d e t a i l e d  assessmen t  o f  r e c e i v i n g  w a t e r  d a t a  f o r  t h e  E q u i t y  m i n e

w i l l  b e  made i n  a  s e p a r a t e  r e p o r t ,  when  d a t a  now b e i n g  c o l l e c t e d  a r e  a v a i l -

a b l e .  T h i s  assessmen t  w i l l  b e  i m p o r t a n t  i n  i n d i c a t i n g  t h e  l i k e l i h o o d  o f

m a i n t a i n i n g  t h e  e x i s t i n g  w a t e r  u s e s  i n  Buck  a n d  Maxan C r e e k s  i n  t h e  f u t u r e .

There h a s  been  some i n d i c a t i o n  o f  d e t e r i o r a t i o n  i n  w a t e r  q u a l i t y  i n  Bessemer

Creek; h o w e v e r ,  n o  d i r e c t  i m p a c t  o n  f i s h e r i e s  h a s  b e e n  o b s e r v e d  i n  e i t h e r

Bessemer o r  F o x y  C r e e k s .

4.2 HOUSTON SEWAGE TREATMENT PLANT ( P E  2 8 7 )

a)  D e s c r i p t i o n  o f  t h e  D i s c h a r g e

The D i s t r i c t  o f  H o u s t o n  h a d  a  p o p u l a t i o n  o f  3  921 i n  1981 .  P o p u l a t i o n

p r o j e c t i o n s  f o r  1 9 9 3  r a n g e  f r o m  n o  g r o w t h  t o  5  3 4 7  ( g r o w t h  r a t e  o f  2 .5% p e r

y e a r ) .  P e r m i t  P E  2 8 7  w a s  i s s u e d  t o  t h e  D i s t r i c t  o f  H o u s t o n  o n  J u l y  3 0 ,

1969, a n d  was  l a s t  amended March  7 ,  1 9 7 3 .  T h e  p e r m i t  i s  f o r  t h e  d i s c h a r g e
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o f  t r e a t e d  d o m e s t i c  sewage  t o  t h e  B u l k l e y  R i v e r ,  a b o u t  1 . 2  k m  downs t ream

f rom t h e  m o u t h  o f  B u c k  C r e e k ,  b u t  a b o u t  5  km  u p s t r e a m  f r o m  t h e  c o n f l u e n c e

w i t h  t h e  M o r i c e  R i v e r .  S e w a g e  i s  t r e a t e d  i n  a n  a e r a t e d  l a g o o n ,  c h l o r i n a t e d ,

and s t o r e d  when  n e c e s s a r y  i n  a  p o n d  w i t h  2 0 -day  c a p a c i t y  s o  t h a t  t h e  d i s -

charge d o e s  n o t  e x c e e d  10% o f  t h e  B u l k l e y  R i v e r  f l o w  a t  a n y  t i m e .  T h i s

minimum d i l u t i o n  o f  a b o u t  1 0 : 1  i s  l e s s  t h a n  t h e  u s u a l  a c c e p t a b l e  min imum

s t a n d a r d  o f  2 0 : 1  f o r  m u n i c i p a l  e f f l u e n t s ( 7 5 ) .  T r e a t e d  e f f l u e n t  i s

d i scha rged  t o  t h e  B u l k l e y  R i v e r  a b o u t  4  m f r o m  t h e  b a n k ,  t h r o u g h  a n  o u t f a l l

p ipe  ( n o  d i f f u s e r )  l y i n g  o n  t h e  r i v e r  b o t t o m ( 5 6 ) .  T h e  p e r m i t t e d  d i s -

charge r a t e  i s  a n  a v e r a g e  o f  1  5 5 0  m 3 / d .

The p e r m i t  l i m i t s  f o r  t h e  e f f l u e n t  a r e  BOD5 o f  1 4 5  m g / L ,  s u s p e n d e d

s o l i d s  o f  1 4 0  m g / L ,  t o t a l  c o l i f o r m  b a c t e r i a  < 4 0  0 0 0 / 1 0 0  mL,  a n d  a  c h l o r i n e

r e s i d u a l  o f  b e t w e e n  0 . 1  a n d  1 . 0  m g / L ,  b u t  n o t  t o  e x c e e d  0 . 2  m g / L i n  t h e

B u l k l e y  R i v e r .  T h e  m o n i t o r i n g  r e q u i r e d  o f  t h e  p e r m i t t e e  b y  Was te  Management

Branch i n c l u d e s  a  m o n t h l y  g r a b  s a m p l e  a n a l y s e d  f o r  BOD5,  t o t a l  s u s p e n d e d

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

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

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

b) P r e s e n t  Was te  Loads

The t r e a t e d  e f f l u e n t  f l o w  h a s  e x c e e d e d  t h e  1  5 5 0  m3 /d  p e r m i t  l i m i t

f o r  o n l y  2.6% o r  5 4  o f  2  0 6 6  measurements t a k e n  o v e r  1 0  y e a r s  ( s e e  Ta b l e  9 ) .

The 1 0 : 1  r e q u i r e d  d i l u t i o n  c a n n o t  b e  c h e c k e d  a s  t h e r e  a r e  n o  d a i l y

r i v e r - f l o w  r e c o r d s  m a i n t a i n e d  b y  t h e  p e r m i t t e e .  T h e  min imum B u l k l e y  R i v e r

f l o w  y i e l d i n g  t h e  min imum p e r m i t t e d  1 0 : 1  d i l u t i o n  w i t h  t h e  maximum r e c o r d e d

e f f l u e n t  d i s c h a r g e  ( 1  8 5 9  m 3 / d )  w o u l d  b e  a b o u t  0 . 2  m 3 / s .  A l t h o u g h  t h e r e  a r e

no f l o w  r e c o r d s  f o r  t h e  U p p e r  B u l k l e y  R i v e r ,  i t  h a s  b e e n  p r e d i c t e d  t h a t  t h e

mean a n d  t h e  1  i n  1 0  y e a r  7 - d a y  a v e r a g e  l o w  f l o w s  a r e  0 . 5  a n d  0 . 1  m 3 / s ,

r e s p e c t i v e l y  ( Ta b l e  1 ) .  C o n s e q u e n t l y ,  0 . 2  m 3 / s  m a y  o c c u r  o n c e  e v e r y  f o u r

y e a r s ( 7 ) .  T h e  s t o r a g e  l a g o o n  w o u l d  t h u s  b e  r e q u i r e d  i n f r e q u e n t l y ,  o r

no t  a t  a l l  i f  max imum e f f l u e n t  f l o w s  a n d  m i n i m u m  r i v e r  f l o w s  d o  n o t

c o i n c i d e .
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Suspended s o l i d s  e x c e e d e d  t h e  p e r m i t  l i m i t  ( 4 0  m g / L )  i n  1 1  o f  7 1

samples, o r  i n  15% o f  t h e  s a m p l e s  b e t w e e n  1 9 7 2  a n d  1 9 8 3 .  N o n - c o m p l i a n t

l e v e l s  o c c u r r e d  d u r i n g  f r e s h e t  o n  a b o u t  5 0 %  o f  t h e s e  o c c a s i o n s ,

sugges t i ng  i n f i l t r a t i o n  i n t o  t h e  sewage c o l l e c t i o n  sys tem a s  t h e  c a u s e .

Res idua l  c h l o r i n e  l e v e l s  w e r e  l e s s  t h a n  t h e  m i n i m u m  p e r m i t t e d

(0.1 m g / L )  i n  3  o f  2  0 8 5  s a m p l e s  ( 1 . 4 % )  a n d  g r e a t e r  t h a n  t h e  maximum

p e r m i t t e d  ( 1 . 0  m g / L )  i n  3  o f  2  0 8 5  s a m p l e s  ( 1 . 4  m g / L  o n  A u g u s t  2 9  a n d

October 2 8 ,  1 9 7 5 ;  1 . 5  mg/L o n  March 1 4 ,  1 9 8 0 ) .

BOD5 i n  t h e  t r e a t e d  e f f l u e n t  e x c e e d e d  t h e  4 5  m g / L  p e r m i t  l i m i t  i n

7.5% o f  t h e  s a m p l e s  ( 5  o f  6 7  s a m p l e s )  a n d  t o t a l  c o l i f o r m s  e x c e e d e d  t h e

pe rm i t  l i m i t  o f  4 0  0 0 0 / 1 0 0  mL o n l y  o n c e  i n  4 8  s a m p l e s .

Pe rm i t t ed  a n d  e s t i m a t e d  a c t u a l  w a s t e  l o a d i n g s  a r e  p r e s e n t e d  i n

Ta b l e  1 0 .  T h e  BOD5, s u s p e n d e d  s o l i d s ,  a n d  r e s i d u a l  c h l o r i n e  l o a d i n g s  w e r e

w i t h i n  p e r m i t  l i m i t s  when  a v e r a g e  c o n c e n t r a t i o n s  ( f r o m  Ta b l e  9 )  w e r e  u s e d ,

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

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

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

n i t r a t e / n i t r i t e )  a r e  g i v e n  i n  Ta b l e  1 0 .

The t h e o r e t i c a l  e f f e c t s  o f  p r e s e n t  w a s t e  l o a d s  ( 1 9 8 1  d a t a )  o n

B u l k l e y  R i v e r  w a t e r  q u a l i t y  a r e  s u m m a r i z e d  i n  Ta b l e  1 1 .  T h e  i n c r e a s e s

i n  c o n c e n t r a t i o n  i n  t h e  B u l k l e y  R i v e r  h a v e  b e e n  c a l c u l a t e d ,  a s s u m i n g

comple te  m i x i n g  o f  t h e  e f f l u e n t  a n d  r i v e r  w a t e r .  T h e  t h e o r e t i c a l  e f f e c t

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

case s i t u a t i o n s ,  u s i n g  max imum r e c o r d e d  e f f l u e n t  c h a r a c t e r i s t i c - c o n c e n -

t r a t i o n s  a n d  a s s u m i n g  a  m i n i m u m  d i l u t i o n  o f  1 0 : 1 .  H a d  t h e r e  b e e n

reco rds  o f  B u l k l e y  R i v e r  l o w  f l o w s  w h e n  t h i s  m in imum d i l u t i o n  w a s  n o t

met,  t h i s  wo rse  c a s e  s c e n a r i o  w o u l d  h a v e  b e e n  more a c c u r a t e .
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Ta b l e  1 1  s h o w s  t h a t  t h e  maximum t h e o r e t i c a l  p e r m i t t e d  r e s i d u a l

c h l o r i n e  l e v e l  i n  t h e  B u l k l e y  R i v e r  a f t e r  c o m p l e t e  m i x i n g  i s  0 . 1  m g / L .

T h i s  assumes  t h e  maximum p e r m i t t e d  c o n c e n t r a t i o n  o f  r e s i d u a l  c h l o r i n e

( 1 . 0  m g / L ) ,  t h e  maximum ( a v e r a g e )  p e r m i t t e d  f l o w  o f  1  5 5 0  m s / d ,  a n d

r i v e r  f l o w s  o f  a t  l e a s t  0 . 2  m s / s  t o  y i e l d  t h e  r e q u i r e d  1 0 : 1  d i l u t i o n .

The a c t u a l  w o r s e  c a s e  r e s i d u a l  c h l o r i n e  i n  t h e  e f f l u e n t  w a s  1 . 5  mg /L o n

May 1 4 ,  1 9 8 0 ;  h a d  t h i s  o c c u r r e d  when f l o w s  i n  t h e  B u l k l e y  R i v e r  w e r e  a t

t h e i r  l o w e s t ,  t h e  t h e o r e t i c a l  c o n c e n t r a t i o n  i n  t h e  r i v e r  w o u l d  have  b e e n

0.15 m g / L ,  h i g h e r  t h a n  t h e  maximum t h e o r e t i c a l  0 . 1  m g / L  p e r m i t t e d  b a s e d

on p e r m i t t e d  c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  t o g e t h e r  w i t h  t h e  min imum

10:1 d i l u t i o n .  T h e  p e r m i t ,  h o w e v e r ,  a l l o w s  0 . 2  m g / L  i n  t h e  B u l k l e y

R i v e r  a t  t h i s  p o i n t .  B o t h  t h e  t h e o r e t i c a l  0 . 1  m g / L  c a l c u l a t e d  a n d  t h e

0 .2  m g / L r e s i d u a l  c h l o r i n e  l i m i t  s t a t e d  i n  t h e  p e r m i t  a r e  f a r  i n  excess

of  t h e  w o r k i n g  f r e s h  w a t e r  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) .  A s

d iscussed  i n  s e c t i o n  5 . 7 ,  t h e s e  d a t a  i n d i c a t e  t h a t  d e c h l o r i n a t i o n  may b e

r e q u i r e d  a t  t h e  H o u s t o n  sewage t r e a t m e n t  f a c i l i t y .

The p e r m i t  l i m i t  f o r  t h e  s e w a g e  e f f l u e n t  i s  4 0  0 0 0  t o t a l  c o l i -

f o rms /100  mL a n d  a  1 0 : 1  min imum d i l u t i o n .  T h e o r e t i c a l l y  t h e s e  c o u l d  a l l

be f e c a l  c o l i f o r m s ,  y i e l d i n g  a  maximum p e r m i t t e d  l e v e l  o f  4  0 0 0  f e c a l

c o l i f o r m s / 1 0 0  mL i n  t h e  B u l k l e y  R i v e r  ( Ta b l e  1 1 ) .  T h e  h i s t o r i c a l  d a t a

r e c o r d  f o r  e f f l u e n t  f e c a l  c o l i f o r m s  ( Ta b l e  9 )  shows  a  mean o f  8 3  MPN/100

mL b u t  a  maximum o f  9 2  0 0 0  MPN/100 mL w h i c h  i s  v e r y  h i g h  f o r  a  c h l o r i -

na ted  e f f l u e n t .  T h i s  f e c a l  c o l i f o r m  maximum o c c u r r e d  o n  November 1 8 ,

1980, d u r i n g  B u l k l e y  R i v e r  l o w  f l o w ,  y i e l d i n g  a  t h e o r e t i c a l  w o r s e  c a s e

i n c r e m e n t a l  a d d i t i o n  t o  t h e  B u l k l e y  R i v e r  o f  9  2 0 0 / 1 0 0  mL ( Ta b l e  1 1 ) .

T h i s  g r e a t l y  e x c e e d s  t h e  200-1400  MPN/100  m L  f e c a l  c o l i f o r m  w o r k i n g

p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i o n  ( s e c t i o n  5 . 7 ) ,  a l b e i t  o u t s i d e  t h e

main r e c r e a t i o n  p e r i o d .  W a t e r  q u a l i t y  m o n i t o r i n g  i s  n e e d e d  t o  c o n f i r m

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

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

p r i m a r y - c o n t a c t  r e c r e a t i o n .  A  new c h l o r i n a t i o n  pond  c o n s t r u c t e d  i n  19814

( t o  r e p l a c e  t h e  o r i g i n a l  p o n d  b u i l t  i n  1970)  m a y  a c h i e v e  t h i s  r e d u c t i o n .

C h l o r i n a t i o n  w o u l d  o n l y  b e  n e c e s s a r y  d u r i n g  t h e  r e c r e a t i o n  p e r i o d  t o
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p r o t e c t  r e c r e a t i o n  u s e ;  d e c h l o r i n a t i o n  d u r i n g  t h i s  p e r i o d  (summer)  w o u l d

p r o t e c t  t h e  f i s h e r i e s .

Ta b l e  11  s h o w s  t h a t  ammonia - n i t r o g e n  l e v e l s  i n  t h e  B u l k l e y  R i v e r

a f t e r  c o m p l e t e  m i x i n g  c o u l d  t h e o r e t i c a l l y  r e a c h  1 . 7  m g / L  u n d e r  w o r s e

case c o n d i t i o n s .  U n -  i on i  zed a m m o n i a  u n d e r  t h e s e  c o n d i t i o n s  c o u l  d

exceed t h e  w o r k i n g  a q u a t i c  l i f e  c r i t e r i a  f o r  t h e  l o n g  t e r m  e x p o s u r e  o f

sa lmonids ( s e e  s e c t i o n  5 . 7 ) .  S i m i l a r l y ,  t h e  maximum n i t r i t e - n i t r o g e n

l e v e l  o f  0 . 0 5 6  m g / L  i n  Ta b l e  11  i s  g r e a t e r  t h a n  t h e  0 . 0 2  m g / L  a v e r a g e

c r i t e r i o n ,  b u t  l e s s  t h a n  t h e  0 . 0 6  mg/L maximum c r i t e r i o n  f o r  s a l m o n i d s .

The t h e o r e t i c a l  l e v e l s  o f  t h e  r e m a i n i n g  c h a r a c t e r i s t i c s  i n  Ta b l e  11

i n  t h e  B u l k l e y  R i v e r  a f t e r  c o m p l e t e  m i x i n g  a r e  w i t h i n  w o r k i n g  c r i t e r i a

f o r  w a t e r  u s e s .

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

c h l o r i n e ,  f e c a l  c o l i f o r m s ,  ammonia- n i t r o g e n ,  a n d  n i t r i t e - n i t r o g e n  i n  t h e

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

q u a l i t y  s a m p l i n g  o f  t h e  B u l k l e y  R i v e r ,  l e v e l s  o f  t h e s e  c h a r a c t e r i s t i c s

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

d i l u t i o n  i n  t h e  B u l k l e y  R i v e r  s h o u l d  b e  i n c r e a s e d  t o  m o r e  t h a n  t h e

r e q u i r e d  1 0 : 1 .  T h i s  l a t t e r  o p t i o n  m i g h t  n e c e s s i t a t e  i n c r e a s i n g  t h e

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

c) F u t u r e  Waste  Loads

Future waste  loads  f r o m  t h e  Houston sewage t r e a t m e n t  p l a n t  have n o t

been p r e d i c t e d .  W e  assume t h a t  t h e  c a p a c i t y  o f  t h e  s to rage  lagoons w i l l

be expanded  a s  e f f l u e n t  f l o w  i n c r e a s e s ,  s o  t h a t  t h e  r e q u i r e d  1 0 : 1  m i n i -

mum d i l u t i o n  c a n  b e  m a i n t a i n e d  i n  t h e  B u l k l e y  R i v e r .  I f  t h i s  i s  t h e

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

remain  t h e  same a s  a t  p r e s e n t .
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4 .3  SMITHERS SEWAGE TREATMENT PLANT ( P E  3 7 3 )

a)  D e s c r i p t i o n  o f  t h e  D i s c h a r g e

The e s t i m a t e d  maximum 1 9 8 3  p o p u l a t i o n  a n d  p r o j e c t e d  maximum 1 9 9 3

p o p u l a t i o n  o f  t h e  To w n  o f  S m i t h e r s  a r e  4  8 2 0  a n d  6  2 3 0 ,  r e s p e c -

t i v e l y ( 5 8 )  T h e s e  e s t i m a t e s  a r e  b a s e d  o n  a  2 . 5 %  p o p u l a t i o n

i n c r e a s e  e a c h  y e a r ,  t h e  r a t e  o f  i n c r e a s e  be tween  1971 a n d  1 9 8 1 .

The To w n  o f  S m i t h e r s  h o l d s  p e r m i t  P E  3 7 3  f o r  t h e  d i s c h a r g e  o f

t r e a t e d  d o m e s t i c  sewage t o  t h e  B u l k l e y  R i v e r .  I n  September o f  1 9 8 3 ,  t h e

t r e a t m e n t  p l a n t  was  changed  f r o m  a n  a c t i v a t e d  s l u d g e  s y s t e m  d e s i g n e d  f o r

a p o p u l a t i o n  o f  4  5 0 0  t o  a n  a e r a t e d  l a g o o n  sys tem w i t h  a  d e s i g n  c a p a c i t y

f o r  9  2 0 0  p e o p l e .  T h e  a v e r a g e  p e r m i t t e d  d i s c h a r g e  was  i n c r e a s e d  f r o m

2 8 5 0  m 3 / d  t o  4  2 0 0  m 3 / d  w i t h  a  maximum o f  1 0  8 0 0  m 3 / d .  B e c a u s e  o f  t h e

expec ted  i m p r o v e m e n t  i n  e f f l u e n t  q u a l i t y ,  t h e  p e r m i t t e d  l e v e l s  o f  BODS

and suspended  s o l i d s  w e r e  amended t o  4 5  a n d  6 0  m g / L ,  r e s p e c t i v e l y ,  f r o m

75 a n d  1 0 0  m g / L .  C h l o r i n a t i o n  i s  n o  l o n g e r  r e q u i r e d ,  a l t h o u g h  p r o v i s -

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

i f  r e q u i r e d  i n  t h e  f u t u r e .  D i s c h a r g e  o f  e f f l u e n t  w h i c h  h a s  bypassed  t h e

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

and a n a l y s e d  f o r  BOD, a n d  suspended  s o l i d s .  D a i l y  d i s c h a r g e s  ( 2 4  h o u r )

f rom t h e  t r e a t m e n t  p l a n t  a r e  t o  b e  r e c o r d e d .

The d e s i g n  o f  t h e  s e w a g e  o u t f a l l  m a x i m i z e s  i n i t i a l  d i l u t i o n .

A l though  t h e  o u t f a l l  p i p e  e x t e n d s  o n l y  a b o u t  1 0  m f r o m  t h e  s h o r e ,  i t  i s

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

d i f f u s e r  h e a d s  p o i n t e d  d o w n s t r e a m .  P r e s s u r e  r e s t r i c t o r s  o n  t h e

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

e n t .  T h i s  d e s i g n  p romo tes  g o o d  m i x i n g  a n d  s h o u l d  m i n i m i z e  w a t e r  q u a l i t y

- i m p a c t s  i n  t h e  i n i t i a l  d i l u t i o n  z o n e .
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b) P r e s e n t  Was te  Loads

O r i g i n a l l y ,  t h e  o l d  s e w a g e  t r e a t m e n t  p l a n t ,  d e s i g n e d  i n  1 9 7 2 ,

f u n c t i o n e d  w e l l .  F l o w s  w e r e  w i t h i n  t h e  p e r m i t  l i m i t  ( 2  850  m 3 / d )  d u r i n g

1978-1980, b u t  n o  d a t a  w e r e  c o l l e c t e d  s i n c e  t h a t  d a t e .  H i g h  l e v e l s  o f

suspended s o l i d s  a n d  BOD5 o c c u r r e d  s i n c e  1 9 7 9 ( 1 2 )  a s  t h e  To w n  o f

Smi thers  c u t  c o s t s  b y  o n l y  p a r t i a l l y  t r e a t i n g  t h e  w a s t e s ( 1 3 ) .

Few e f f l u e n t  d a t a  a r e  a v a i l a b l e  f r o m  t h e  new sewage t r e a t m e n t  p l a n t

s i n c e  o p e r a t i o n  b e g a n  i n  Sep tember  o f  1 9 8 3 .  D a t a  c o l l e c t e d  b y  Wa s t e

Management B r a n c h  a n d  t h e  p e r m i t t e e  a r e  summar ized  i n  Ta b l e  1 2 .  T h e s e

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

good pe r fo rmance  i s  t o  b e  e x p e c t e d .  E f f l u e n t  f l o w ,  B O D 5 ,  a n d  suspended

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

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

phorus h a v e  been  e x t r a c t e d  f r o m  t h e  d a t a  r e c o r d  f o r  b o t h  t h e  o l d  and  new

f a c i l i t y ,  a n d  p r e s e n t e d  i n  Ta b l e  1 3 .  T h e  d a t a  have  b e e n  p o o l e d  because

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

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

Present  w a s t e  l o a d i n g  e s t i m a t e s  a r e  g i v e n  i n  Ta b l e  1 4 .  T h e s e  a r e

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

f l o w  o n  r e c o r d  ( Ta b l e s  1 2 ,  1 3 ) .  T h e  p r e d i c t e d  e f f e c t s  o f  t h e s e  maximum

waste l o a d s  o n  B u l k l e y  R i v e r  w a t e r  q u a l i t y  a t  S m i t h e r s  a r e  a l s o  summar-

i z e d  i n  Ta b l e  1 4 .  T h e  i n c r e a s e s  i n  c o n c e n t r a t i o n  a b o v e  b a c k g r o u n d

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

m i x i n g  ( f o r  BOD5 a n d  s u s p e n d e d  s o l i d s ,  t h e  1  i n  1 0  y e a r  min imum 7 - d a y

average l o w  f l o w  o f  1 5  m s / s  w a s  u s e d ;  f o r  t h e  n u t r i e n t s  n i t r o g e n  a n d

phosphorus,  t h e  a c t u a l  m in imum a v e r a g e  Sep tembe r  f l o w  o f  8 0  m s / s  w a s

used) .  T h e  s m a l l  i n c r e a s e s  i n  BOD5,  s u s p e n d e d  s o l i d s ,  n i t r o g e n  a n d

phosphorus,  f o r  t h e  B u l k l e y  R i v e r  p r e d i c t e d  i n  Ta b l e  1 4  a r e  i n  agreement

w i t h  w a t e r  q u a l i t y  measurements p r e s e n t e d  i n  s e c t i o n  5 . 5 .  I t  c o n c l u d e s

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

e f f l u e n t  ( T a b l e  7 )  i s  h i g h ,  r a n g i n g  f r o m  t h e  t h e o r e t i c a l  w o r s t  c a s e  o f

120:1 ( l o w  f l o w  +  maximum p e r m i t t e d  d i s c h a r g e ;  1 5  m 3 / $  .1- 1 0  8 0 0  m 3 / d )

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

Management B r a n c h  o n  November  3 0 ,  1 9 8 3 ,  o f  2  1 5 0 : 1  ( r i v e r  f l o w  o f

37 .83  m 3 / s  1  5 2 3  m 3 / d  o f  t r e a t e d  e f f l u e n t ) .

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

age d i s c h a r g e d  a t  S m i t h e r s .  T h e r e  a r e  o n l y  t w o  e f f l u e n t  s a m p l e s  f r o m

the  n e w  t r e a t m e n t  p l a n t  w i t h  f e c a l  c o l i f o r m  a n a l y s i s ,  t a k e n  b y  W a s t e

Management B r a n c h  a t  B u l k l e y  R i v e r  l o w  f l o w s .  A s s u m i n g  c o m p l e t e  m i x i n g

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

B u l k l e y  R i v e r  was 2  f e c a l  c o l i f o r m s / 1 0 0  mL o n  November 3 0 ,  1 9 8 3  ( 5  2 0 0 / -

100 mL i n  _ 1  5 2 3  m 3 / d  o f  e f f l u e n t ,  d i l u t e d  i n  3 7 . 8  m 3 / s  o f  r i v e r  w a t e r ,

o r  2  1 4 9 : 1  d i l u t i o n ) ,  a n d  3  f e c a l  c o l i f o r m s / 1 0 0  mL o n  A p r i l  1 1 ,  1 9 8 4

(9 0 0 0 / 1 0 0  mL i n  1 8 6 3  m 3 / d  o f  e f f l u e n t ,  d i l u t e d  i n  6 9  m 3 / s  o f  r i v e r

w a t e r ,  o r  3  2 0 0 : 1  d i l u t i o n ) .  A l t h o u g h  t h e s e  d a t a  w o u l d  a p p e a r  t o  show

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

w a t e r  c r i t e r i a  f o r  w a t e r  r e c e i v i n g  o n l y  d i s i n f e c t i o n  ( < 1 0  f e c a l  c o l i -

f o rms /100  m L ) ( 1 8 ) ,  t h e  d a t a  a r e  t o o  f e w  t o  c o n f i r m  t h i s .  T w o  o f

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

i n  t h e  B u l k l e y  R i v e r  d o w n s t r e a m  f r o m  S m i t h e r s  c o u l d  e x c e e d  d r i n k i n g

wa te r  c r i t e r i a  b u t  w o u l d  b e  w i t h i n  p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i a

( 2 0 0 - 4 0 0 / 1 0 0  m L ( 5 5 ) ;  s e e  S e c t i o n  5 . 7 ) ;  t h e  t h i r d  p r e d i c t i o n

sugges ts  f e c a l  c o l i f o r m  l e v e l s  w o u l d  b e  w i t h i n  a l l  o f  t h e s e  c r i t e r i a .

These p r e d i c t i o n s  i n c l u d e :

( i )  f r o m  t h e  d a t a :  w o r s t  c a s e  o f  9  0 0 0  f e c a l  c o l i f o r m s / 1 0 0  mL i n  t h e

e f f l u e n t  ( A p r i l  1 1 ,  1 9 8 4 )  w i t h  t h e  maximum r e c o r d e d  e f f l u e n t  d i s -

charge o f  6  2 1 7  m 3 / d  ( A p r i l  1 8 ,  1 9 8 4 ) ,  a n d  t h e  p r e d i c t e d  1  i n

10 y e a r  7 - d a y  a v e r a g e  l o w  f l o w  i n  t h e  B u l k l e y  R i v e r  o f  1 5  m 3 / 5 .

T h i s  r e s u l t s  i n  a  t h e o r e t i c a l  d i l u t i o n  r a t i o  o f  208 :1  o r  4 3  f e c a l

c o l i f o r m s / 1 0 0  mL a d d e d  t o  t h e  r i v e r .
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( i i )  f r o m  t h e  f e c a l  c o l i f o r m :  BODs  c o r r e l a t i o n  d e r i v e d  f o r  e f f l u e n t

f rom Dawson  C r e e k  b y  B u t c h e r  ( 1 9 8 3 ) ( 5 7 ) :  a n  e f f l u e n t  l e v e l  o f

54 0 0 0  f e c a l  c o l i f o r m s / 1  00 mL i s  p r e d i c t e d ,  r e s u l t i n g  i n  450  f e c a l

c o l i f o r m s / 1  00 mL a f t e r  c o m p l e t e  m i x i n g  i n  t h e  B u l k l e y  R i v e r  d u r i n g

the  l o w - f l o w  N o v e m b e r  p e r i o d .  T h e  c o n c e n t r a t i o n  o f  f e c a l  c o l i -

fo rms i n  t h e  r i v e r  w o u l d  b e  l o w e r  d u r i n g  t h e  summer r e c r e a t i o n

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

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

t i o n  c r i t e r i a  ( 2 0 0 - 4 0 0 / 1 0 0  mL) w i t h o u t  c h l o r i n a t i o n .

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

S t a t e s  (Pawnee ,  I l l i n o i s ,  a n d  B i x b y ,  Ok lahoma) :  t h e s e  showed e f f l -

uent  l e v e l s  b e t w e e n  2 0 0  a n d  5 0 0  f e c a l  c o l i f o r m s / 1  00 m L  (1 0 ) .

These l e v e l s  a r e  l e s s  t h a n  p r e d i c t e d  b y  B u t c h e r  a n d  w o u l d  be  w i t h -

i n  p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i a  a n d  d r i n k i n g  w a t e r  c r i t e r i a

a f t e r  d i l u t i o n  i n  t h e  B u l k l e y  R i v e r  d u r i n g  t h e  l o w  f l o w s .

F u r t h e r  m o n i t o r i n g  o f  t h e  e f f l u e n t  a n d  t h e  B u l k l e y  R i v e r  w i l l  b e  needed

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

water  u s e s  i n  t h e  r i v e r .

c) F u t u r e  Was te  Loads

A d a i r y  p l a n t  h a s  b e e n  p r o p o s e d  f o r  S m i t h e r s  w i t h  t h e  f o l l o w i n g

e f f l u e n t  c h a r a c t e r i s t i c s :  2 2 . 7  m 3 / d  f l o w ,  f a t  c o n t e n t  1 5 6  m g / L ,  BODs

1 3 0 0  m g / L ,  a n d  p H  6 - 1 3 .  L o a d i n g s  o f  BODs w o u l d  b e  a b o u t  2 9 . 5  k g / d  o r

6% o f  t h e  t r e a t m e n t  p l a n t  d e s i g n  l o a d .  T h e  i m p a c t  o f  t h e  p r o p o s e d  p l a n t

shou ld  b e  l o w ,  c o n s i d e r i n g  t h e  t o t a l  e f f l u e n t  f l o w  o f  t h e  sewage t r e a t -

ment p l a n t .

Fu tu re  ( 1 9 9 3 )  w a s t e  l o a d i n g s  f o r  t h e  sewage  t r e a t m e n t  p l a n t  a r e

presen ted  i n  Ta b l e  1 4 .  T h e y  a r e  b a s e d  o n  t w o  d i f f e r e n t  p r e d i c t i o n s :

( i )  n o  p o p u l a t i o n  g r o w t h  be tween  1983 a n d  1993 ;  a n d  ( i i )  a  2 .5% p e r  y e a r

growth i n  p o p u l a t i o n ,  a s  o c c u r r e d  be tween  1971 a n d  1981 ,  t o  g i v e  a  1993

p o p u l a t i o n  o f  6  2 3 2 .  P r o j e c t e d  f l o w s  a n d  l o a d i n g s  f o r  BODs  a n d
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suspended s o l i d s  f o r  t h e  l a t t e r  g r o w t h  p r e d i c t i o n  a r e  s t i l l  w i t h i n

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

B u l k l e y  R i v e r  o f  t h e  c h a r a c t e r i s t i c s  shown  i n  Ta b l e  1 4  a r e  w i t h i n  w a t e r

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

Sewage e f f l u e n t  d i l u t i o n  a t  S m i t h e r s  a f t e r  t h e  p r o p o s e d  Kemano-

Comple t ion  P r o j e c t  w i l l  b e  d e p e n d e n t  o n  t h e  r e g u l a t e d  B u l k l e y  R i v e r

f l o w .  T h e  min imum f l o w s  i n  t h e  ' B u l k l e y  R i v e r  a r e  p r e d i c t e d  b y  A l c a n  t o

i n c r e a s e  s l i g h t l y  w i t h  t h e  Kemano-Comp le t i on  P r o j e c t .  T h e  h i s t o r i c a l

minimum mean m o n t h l y  f l o w  f o r  1 9 6 2  t o  1981 w a s  1 2 . 1  m 3 / s ,  a n d  t h e  m i n i -

mum m e a n  m o n t h l y  f l o w  i s  p r e d i c t e d  t o  b e  1 3 . 9  m 3 / s ( 2 )  w i t h  Kemano-

Comple t ion  ( F i g u r e  5 ) .  C o n s e q u e n t l y ,  t h e  u n r e g u l a t e d  1  i n  ' 1 0  y e a r ,

7- d a y  a v e r a g e  l o w  f l o w  i n  t h e  B u l k l e y  R i v e r  a t  S m i t h e r s  ( 1 5  m 3 / s )  w h i c h

would p r o v i d e  a  minimum d i l u t i o n  o f  1 2 0 : 1  t o  t h e  maximum p e r m i t t e d  e f f l -

uent  d i s c h a r g e  ( 1 0  8 0 0  m 3 / d )  a f t e r  c o m p l e t e  m i x i n g ,  i s  a l s o  e x p e c t e d  t o

i n c r e a s e  s l i g h t l y .  T h e  l o w e s t  p r e d i c t e d  p o s t  Kemano-Comple t ion  a v e r a g e

mean m o n t h l y  l o w  f l o w  ( 3 2  m 3 / 5 ) ( 2 )  w o u l d  y i e l d  a  d i l u t i o n  o f  2 5 7 : 1

f o r  t h e  maximum e f f l u e n t  f l o w  a f t e r  c o m p l e t e  m i x i n g .  B o t h  o f  t h e s e  p o s t

Kemano-Complet ion d i l u t i o n  p r e d i c t i o n s  s u g g e s t  t h a t  t h e  f u t u r e  d i l u t i o n

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

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

4.4 PROPOSED TELKWA COAL PROJECT

The p r o p o s e d  Te l k w a  C o a l  P r o j e c t  i s  l o c a t e d  i n  t h e  G o a t h o r n  C r e e k

d ra inage  o f  t h e  Te l k w a  R i v e r  ( s e e  F i g u r e  6 ) .  I t  i s  c u r r e n t l y  i n

Stage I I  o f  t h e  M i n e  Deve lopment  Rev iew  P r o c e s s .

C o n s t r u c t i o n  i s  c u r r e n t l y  p l a n n e d  f o r  t h e  l a t e  1 9 8 0 ' s  o r  e a r l y

1990 ' s .  T h e  e s t i m a t e s  o f  s u r f a c e - m i n e a b l e  r e s e r v e s  a r e  50x106 t ,  w i t h

p lans  t o  o p e r a t e  f o r  a  minimum o f  2 0  y e a r s  a t  a  r a t e  o f  1 . 5 x 1 0 6  t / y .

M in ima l  b l a s t i n g  i s  p r e d i c t e d  a s  m o s t  o f  t h e  b e d r o c k  c a n  b e  r i p p e d .

C l e a n i n g  o f  t h e  c o a l  w i l l  b e  r e q u i r e d  t o  remove a s h  a n d  s u l p h u r .  A b o u t

250 p e o p l e  w i l l  b e  e m p l o y e d  a t  f u l l  m i n e  c a p a c i t y .  T h e  p o p u l a t i o n  o f

n e i g h b o r i n g  Te l k w a  a n d  S m i t h e r s  w i l l  i n c r e a s e  a c c o r d i n g l y .
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S i t e  s p e c i f i c  w a t e r  q u a l i t y  o b j e c t i v e s  may b e  d e v e l o p e d  f o r  s u r f a c e

waters  a d j a c e n t  t o  t h e  m i n e  ( G o a t h o r n  C reek  a n d  t h e  Te l k w a  R i v e r ) ,  b a s e d

on t h e  r e s u l t s  o f  a  b a s e l i n e  m o n i t o r i n g  p rogram s u b m i t t e d  w i t h  t h e  S t a g e

I I  r e p o r t .  O b j e c t i v e s  w o u l d  b e  i n c l u d e d  l a t e  i n  S t a g e  I I  o r  I I I  when

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

assessment a n d  e v a l u a t i o n  o f  w a t e r  u s e .

P o t e n t i a l  w a t e r  q u a l i t y  p r o b l e m s  f r o m  s u r f a c e  c o a l  m i n i n g  i n c l u d e :

1) s u s p e n d e d  s o l i d s ,  t u r b i d i t y ,  a n d  s e d i m e n t a t i o n  d u e  t o  l a n d  d i s t u r -

bances; 2 )  n i t r a t e ,  n i t r i t e ,  a m m o n i a ,  a n d  a l g a l  g r o w t h  d u e  t o  u s e  o f

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

m i n o r ) ;  3 )  a c i d  m ine  d r a i n a g e ;  a n d  /4)  abno rma l  g r o u n d w a t e r  q u a l i t y .

The p o t e n t i a l  e f f e c t s  o f  t h e  Te l k w a  C o a l  P r o j e c t  o n  downs t ream

water  q u a l i t y  a r e  e x p e c t e d  t o  be  m i n i m a l ,  o n  b o t h  t h e  Te l k w a  a n d  B u l k l e y

R i v e r s .  T h e  d r a i n a g e  a r e a  o f  G o a t h o r n  C r e e k ,  a t  t h e  m i n e  s i t e ,  i s

132 k m 2 .  T o  p u t  t h i s  a r e a  i n t o  p e r s p e c t i v e ,  t h i s  i s  o n l y  11% o f  t h e

dra inage  a r e a  o f  t h e  Te l k w a  R i v e r  a t  t h e  m o u t h  ( 1  2 1 0  k m 2 ) ,  a n d  l e s s

than 2% o f  t h e  d r a i n a g e  a r e a  o f  t h e  B u l k l e y  R i v e r  b e f o r e  t h e  c o n f l u e n c e

w i t h  t h e  Te l k w a  R i v e r .

14.5 D I F F U S E  SOURCES

/4.5.1 LEACHATES FROM LANDFILLS

L a n d f i l l s  a r e  d e s c r i b e d  i n  T a b l e  6  a n d  t h e  l o c a t i o n s  s h o w n  i n

F i g u r e  6  b y  t h e i r  p e r m i t  numbers .

a) Pe row  (PR 3782 )

T h i s  p e r m i t  i s  h e l d  b y  t h e  R e g i o n a l  D i s t r i c t  o f  B u l k l e y - N e c h a k o  f o r

a l a n d f i l l  a t  P e r o w,  a b o u t  2 0  k m  n o r t h e a s t  o f  H o u s t o n .  T h e  s i t e  i s

l o c a t e d  o n  a  swampy p l a t e a u  d r a i n e d  b y  Byman C r e e k  w h i c h  i s  a b o u t  1  k m

away. I t  i s  a  s i n g l e  l a n d f i l l  s i t e  p e r m i t t e d  t o  a c c e p t  a  maximum o f
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5.4  m3 /week  o f  m u n i c i p a l  a n d  c o m m e r c i a l  r e f u s e .  I t  h a s  a  h i s t o r y  o f

poor ma in tenance  ( s c a t t e r e d  r e f u s e ,  p i t  n o t  r e g u l a r l y  r e - d u g ,  o c c a s i o n a l

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

a n t  s i n c e  J u l y  o f  1 9 8 2 .

Byman C r e e k  s u p p o r t s  p o p u l a t i o n s  o f  D o l l y  Va r d e n  a n d  c u t t h r o a t

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

B u l k l e y  R i v e r .  A  m o n i t o r i n g  p r o g r a m  w a s  i m p l e m e n t e d  a t  f o u r  s i t e s

between 1976  a n d  1 9 7 8  t o  e n s u r e  t h a t  n o  c o n t a m i n a t i o n  o f  Byman C r e e k  o r

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

are s h o w n  i n  F i g u r e  6 ,  a n d  i n c l u d e :  1 )  s i t e  0400593 ,  a  c u l v e r t  a b o u t

15 m  n o r t h  o f  t h e  a c c e s s  r o a d ;  2 )  s i t e  0400594 ,  a  c u l v e r t  a b o u t  5 0  m

sou th  o f  t h e  a c c e s s  r o a d ;  3 )  s i t e  0400595 ,  s o u t h  c o r n e r  o f  t h e  r e f u s e

s i t e ;  a n d  4 )  s i t e  0400807,  Byman C r e e k  downst ream f r o m  Perow l o o p  ( w h e r e

Byman C r e e k  f l o w  d i r e c t i o n  changes  f r o m  s o u t h  t o  w e s t ) .  T h e  d a t a  a r e

summarized i n  T a b l e  1 5 .  O n l y  t o t a l  c o p p e r  a n d  t o t a l  i r o n  e x c e e d e d

w o r k i n g  a q u a t i c  l i f e  c r i t e r i a  a t  s i t e  0400807 ;  0 . 0 0 4  m g / L t o t a l  c o p p e r ,

3 . 2  m g / L  t o t a l  i r o n ,  c o m p a r e d  t o  t h e  c r i t e r i a  o f  0 . 0 0 2  m g / L ( 2 0 )  a n d

0 .3  t o  1 . 0  m g / L ( 1 1 ) ,  r e s p e c t i v e l y .  T h i s  o c c u r r e d  o n  A p r i l  2 5 ,

1978, w h e n  t h e s e  m e t a l s  c o u l d  h a v e  b e e n  bound  t o  suspended  s o l i d s  w h i c h

were q u i t e  h i g h  ( 7 5  m g / L ) .  N o  i m p a c t  a s s e s s m e n t  i s  i n  t h e  W a s t e

Management B r a n c h  p e r m i t  f i l e  P R  3782 ,  n o r  h a v e  w e  a t t e m p t e d  t o  d raw  a n y

c o n c l u s i o n s  a b o u t  t h e  i m p a c t  o f  t h i s  l a n d f i l l  o n  Byman C r e e k  because  o f

the  p a u c i t y  o f  d a t a  ( n 5 2 )  a n d  l a c k  o f  a n  u p s t r e a m  ( c o n t r o l )  s i t e  o n

Byman C r e e k .

b) H o u s t o n  ( P R  2687 )

T h i s  p e r m i t  i s  a l s o  h e l d  b y  t h e  R e g i o n a l  D i s t r i c t  o f  B u l k l e y -

Nechako. I t  i s  f o r  a  l a n d f i l l  s i t e  l o c a t e d  s o u t h  o f  H o u s t o n  a n d  a b o u t

.1 .6  k m  e a s t  o f  B u c k  C r e e k  i n  a n  a r e a  o f  f i n e  s a n d s  a n d  g r a v e l s .  I t

accepts  u p  t o  3 0  m 3 / d  o f  d o m e s t i c  a n d  c o m m e r c i a l  r e f u s e .  A  p e r m i t

r equ i remen t  i s  f r e q u e n t  c o v e r i n g  a n d  c o m p a c t i o n ,  b u t  n o  b u r n i n g .

M o n i t o r i n g  r e q u i r e s  o n l y  p e r i o d i c  i n s p e c t i o n  b y  Waste  Management B r a n c h .

No i m p a c t  o n  • t h e  w a t e r  q u a l i t y  o f  n e i g h b o r i n g  B u c k  C r e e k  w o u l d  b e
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expected d u e  t o  t h e  d i s t a n c e  f r o m  t h e  l a n d f i l l  ( 1 . 6  k m )  a n d  t y p e  o f

s o i l s .

c) Te l k w a  ( P R  2 2 7 0 )

A l s o  h e l d  b y  t h e  R e g i o n a l  D i s t r i c t  o f  B u l k l e y - N e c h a k o ,  t h i s  p e r m i t

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

r e g i o n .  I t  i s  l o c a t e d  a b o u t  1 0  km s o u t h  o f  S m i t h e r s .  U p  t o  5 6 3  m s / d  o f

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

g r a v e l  a n d  c l a y  a b o u t  2 0 0  m f r o m  t h e  B u l k l e y  R i v e r .  B e c a u s e  t h i s  p r o x -

i m i t y  g i v e s  t h e  p o t e n t i a l  f o r  l e a c h a t e s  t o  a f f e c t  w a t e r  q u a l i t y ,  a  r e g u -

l a r  g r o u n d w a t e r  m o n i t o r i n g  p r o g r a m  w i t h  t w o  w e l l s  w a s  r e q u i r e d  b y  t h e

Waste Management B r a n c h  i n  t h e  1 9 8 3  p e r m i t .  T h e s e  w e l l s  h a v e  n o t  y e t

been e s t a b l i s h e d .

4 . 5 . 2  OTHER DIFFUSE SOURCES

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

ments t o  t h e  B u l k l e y  R i v e r  i n c l u d e :

a) A g r i c u l t u r a l  r u n o f f ,  i n c l u d i n g  l i v e s t o c k  w a s t e s ,  f e r t i l i z e r s  a n d

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

ex tens i ve  f a r m l a n d s  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  B u l k l e y  R i v e r  u p -

stream f r o m  T r o u t  C r e e k ,  l o c a t e d  a b o u t  2 0  k m  n o r t h  o f  S m i t h e r s .  T h e

t o t a l  a r e a  o f  c u l t i v a t e d  l a n d  be tween  T r o u t  C r e e k  a n d  t h e  j u n c t i o n  w i t h

the  M o r i c e  R i v e r  i s  a b o u t  1  3 6 8  h a ,  w i t h  a n  a d d i t i o n a l  4 3 9  h a  o f  c l e a r e d

o r  b u i l t - u p  l a n d ( 3 ) .  T h i s  i s  a  t o t a l  o f  1  8 0 0  h a  ( 1 8  k m 2 ) ,  a n d

r e p r e s e n t s  o n l y  0 . 2 - 0 . 3 %  o f  t h e  d r a i n a g e  a r e a  o f  t h e  B u l k l e y  R i v e r .

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

l e s s e r  e x t e n t  f o r  g r a i n s .  T h e  amount  o f  c u l t i v a t e d  l a n d  o n  t h e  B u l k l e y

R i v e r  u p s t r e a m  f r o m  t h e  j u n c t i o n  w i t h  t h e  M o r i c e  R i v e r  h a s  n o t  b e e n

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

crops (54) A n  u n d e t e r m i n e d  a m o u n t  o f  a g r i c u l t u r a l  r u n o f f  a l s o

occurs  t o  l o w e r  B u c k  and  Maxan C r e e k s .
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b) S e p t i c  t a n k  seepage  f r o m  t h e  V i l l a g e  o f  Te l k w a .

The p o p u l a t i o n  o f  Te l k w a  was 8 4 0  i n  t h e  1981 c e n s u s .  S e p t i c  t a n k s

and t i l e  f i e l d s  a r e  u s e d  a s  t h e  means o f  sewage t r e a t m e n t  a n d  d i s p o s a l .

The m a j o r i t y  o f  t h e  p o p u l a t i o n  i s  l o c a t e d  i n  t h e  Te l k w a  R i v e r  d r a i n a g e ,

w e l l  b a c k  f r o m  t h e  Te l k w a  a n d  B u l k l e y  R i v e r s .  T h e  s o i l s  a r e  p o o r l y

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

adequate a t  p r e s e n t ,  s a n e  a d d i t i o n a l  s e r v i c e s  may b e  recommended f o r  t h e

community p l a n  b y  t h e  M i n i s t r y  o f  M u n i c i p a l  A f f a i r s ,  p a r t i c u l a r l y  i f  t h e

Te lkwa  C o a l  d e v e l o p m e n t  p r o c e e d s  ( s e e  s e c t i o n  4 . 4 ) .  A t  t h e  p r e s e n t

t i m e ,  i t  i s  p r e d i c t e d  t h a t  t h e  e f f e c t s  o f  s e p t i c  t a n k s  o n  t h e  Te l k w a / -

B u l k l e y  R i v e r  w a t e r  q u a l i t y  a r e  m i n i m a l ,  b e c a u s e  o f  t h e  s m a l l  p o p u l a -

t i o n  a n d  t h e  l a r g e  d i l u t i o n  a v a i l a b l e  i n  t h e  Te l k w a  and B u l k l e y  R i v e r s .

c)  P o s s i b l e  d r a i n a g e  f r o m  o l d  abandoned  m i n e s  o n  B o b  a n d  D u n g a t e

Creeks ,  t r i b u t a r i e s  t o  l o w e r  B u c k  C r e e k .

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

Buck C r e e k  w a t e r  q u a l i t y  has  n o t  b e e n  i n v e s t i g a t e d .

d) E r o s i o n  f r o m  l o g g i n g  a n d  l a n d  c l e a r i n g  a c t i v i t i e s .

Logg ing  has  h i s t o r i c a l l y  been  a c t i v e  i n  t h e  B u l k l e y  R i v e r  d r a i n a g e ,

w i t h  a  c u r r e n t  a l l o w a b l e  c u t  o f  3  0 0 0  h a / y e a r  ( 3 0  km2 o r  0 .25% o f  t h e

B u l k l e y  R i v e r  d r a i n a g e  a r e a ) ( 11 4 ) .  T h e  e f f e c t  o f  l o g g i n g  o n  w a t e r

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

Research e l s e w h e r e  i n  N o r t h  A m e r i c a  h a s  shown t h a t  changes i n  w a t e r

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

e x c e p t i o n  b e i n g  s e d i m e n t s ( 1 5 ) .  O n e  o f  t h e  m a j o r  c a u s e s  o f  s e d i m e n t

i n  s t r e a m s  h a s  b e e n  i m p r o p e r  r o a d  c o n s t r u c t i o n  t o  a c c e s s  t h e  t i m b e r ;

poor  c o n s t r u c t i o n  t e c h n i q u e s  may  c a u s e  s u r f a c e  e r o s i o n ,  mass  s o i l -move-

ment,  a n d  s t r e a m - c h a n n e l  e r o s i o n ( 1 6 ) .  T h e  m a j o r  h a u l  r o a d s  i n  t h e

B u l k l e y  R i v e r  w a t e r s h e d  t h a t  s e r v i c e  t h e  m a i n  l o g g i n g  a r e a s  n e a r  H o u s t o n
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and t h e  M o r i c e  a n d  Te l k w a  R i v e r s  h a v e  b e e n  i n  p l a c e  f o r  y e a r s .  O n e

would e x p e c t  t h e  m a j o r i t y  o f  e r o s i o n  t o  b e  a t  new c o n s t r u c t i o n  s i t e s  f o r

new a c c e s s  r o a d s  i n  t h e  B u l k l e y  R i v e r  d r a i n a g e .  T h e  m a g n i t u d e  o f  s e d i -

ment t r a n s p o r t  t o  s t r e a m s  f r o m  t h e  l o g g i n g  h a r v e s t  i t s e l f  depends  u p o n

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

and w e t  w e a t h e r  m a k e  e r o s i o n  a n d  t r a n s p o r t  o f  s e d i m e n t s  i n t o  s t r e a m s

p r o b a b l e ( 1 7 )

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

been q u a n t i f i e d  f o r  t h e  B u l k l e y  R i v e r  d r a i n a g e .  C h a n g e s  i n  some w a t e r

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

s l a s h - b u r n i n g .  I n  p a r t i c u l a r ,  n i t r o g e n  a n d  phosphorus  c o u l d  b e  r e l e a s e d

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

p l a n t s  i n  s t r e a m s ( 1 5 ) .

e) F o r e s t  F i r e s

There was  a n  1  8 0 0  h a  ( 1 8  k m 2 )  f o r e s t  f i r e  i n  t h e  s p r i n g  o f  1 9 8 3 ,

i n  t h a t  a r e a  o f  t h e  B u l k l e y  R i v e r  w a t e r s h e d  bounded  b y  B u c k  C r e e k ,  t h e

P a r r o t t  L a k e s ,  a n d  t h e  M o r i c e  R i v e r  ( F i g u r e  6 ) .  T h i s  l a r g e  a r e a  i s

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

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

F o r e s t  f i r e s  a n d  s l a s h  b u r n i n g  c a n  a f f e c t  w a t e r  q u a l i t y .  B e s i d e s

an i n c r e a s e  i n  s u s p e n d e d  s e d i m e n t s  a n d  t u r b i d i t y  d u e  t o  i n c r e a s e d

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

o f  a  s p r i n g  f i r e ,  s u c h  a s  t h e  1  8 0 0  h a  f i r e  m e n t i o n e d  a b o v e ,  c a n  b e  o f

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

reduces s e d i m e n t  a n d  n u t r i e n t  l o s s e s  t o  t h e  a q u a t i c  e n v i r o n m e n t .  F i r e s

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

more i n t e n s e l y ,  c o n s e q u e n t l y  e x p o s i n g  m i n e r a l  s o i l  t o  e r o s i o n  a n d

p r e v e n t i n g  t h e  r e c y c l i n g  o f  n u t r i e n t s  b y  v e g e t a t i o n  (30)
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Whereas l o s s e s  o f  n i t r a t e  a n d  o t h e r  f o r m s  o f  n i t r o g e n  f r o m  u n d i s -

t u r b e d  f o r e s t  e c o s y s t e m s  a p p e a r  t o  b e  n e g l i g i b l e ( 3 1 , 3 3 , 3 4 )

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

second y e a r s  f o l l o w i n g  f i r e s  a n d  s l a s h  b u r n i n g ( 3 1  ,-'R--6)  • T i e d e m a n n

and H e l v e y ( 3 2 )  r e p o r t e d  a  c h a n g e  f r o m  0 . 0 1 5  m g / L  m a x i m u m  i n  a

moun ta in  s t r e a m  b e f o r e  a  f i r e  t o  a  maximum o f  0 . 0 5 6  m g / L a f t e r  a  s e v e r e

w i l d f i r e .

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

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

t o  b e  a  n e g l i g i b l e  e f f e c t  o n  a  s t r e a m  a n d  a  l a k e ,  h o w e v e r,  f o r  t w o  f i r e s
3 6 ) .t h a t  w e r e  s t u d i e d  ( 3 0 ,  T h i s  h a s  b e e n  a t t r i b u t e d  t o  t h e  t r a n s -

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

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

f o l l o w i n g  a  s p r i n g  f i r e ( 3 0 ) .  A l s o ,  p h o s p h o r u s  f r o m  t h e  f i r e  i n  t h e

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

t h e  M o r i c e  R i v e r ,  a n d  r a p i d l y  i n c o r p o r a t e d  i n t o  o r g a n i c  m a t t e r .

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

o n l y  3 %  o f  t h e  d r a i n a g e  a r e a  o f  n e i g h b o r i n g  B u c k  C r e e k ,  0 . 4 %  o f  t h e

dra inage  a r e a  o f  t h e  M o r i c e  R i v e r  a t  t h e  m o u t h ,  a n d  o n l y  0 . 3 %  o f  t h e

dra inage  a r e a  o f  t h e  B u l k l e y  R i v e r  i m m e d i a t e l y  b e l o w  t h e  c o n f l u e n c e  w i t h

the  M o r i c e  R i v e r .  A l t h o u g h  n o  w a t e r  q u a l i t y  s t u d y  was  c a r r i e d  o u t  t o

de te rmine  t h e  i m p a c t  o f  t h e  f i r e ,  i t  i s  l i k e l y  t h a t  s m a l l  s t r e a m s

d r a i n i n g  t h e  f i r e  ( i n c l u d i n g  B u c k  C r e e k )  c o u l d  h a v e  b e e n  a f f e c t e d ,  b u t

not t h e  l a r g e r  B u l k l e y  o r  M o r i c e  R i v e r s .
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5. WATER QUALITY

The M i n i s t r y  o f  E n v i r o n m e n t  h a s  b e g u n  t o  e s t a b l i s h  c r i t e r i a  f o r

B r i t i s h  Co lumb ia  w h i c h  s p e c i f y  t h e  M i n i s t r y  p o l i c y  r e s p e c t i n g  a c c e p t a b l e

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

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

t he  p u r p o s e s  o f  a s s e s s i n g  w a t e r  q u a l i t y  a n d  e s t a b l i s h i n g  p r o v i s i o n a l

water  q u a l i t y  o b j e c t i v e s .  T h e  c r i t e r i a  e v e n t u a l l y  a d o p t e d  a s  p r o v i n c i a l

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

s t a t e d  o t h e r w i s e ,  c r i t e r i a  a r e  e x p r e s s e d  i n  t h i s  r e p o r t  a s  t h e  c o n c e n -

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

d i s s o l v e d .

The l o c a t i o n s  o f  s i t e s  d i s c u s s e d  b e l o w  a r e  shown i n  F i g u r e  6 .

5.1 U P P E R  BULKLEY RIVER

5.1.1 OUTLET OF BULKLEY LAKE ( S I T E  0400200)

Th is  s i t e  w a s  s a m p l e d  b e t w e e n  1 9 7 2  a n d  1 9 7 6 ,  w i t h  t h e  number  o f

samples r a n g i n g  f r o m  o n e  t o  s i x ,  d e p e n d i n g  o n  t h e  c h a r a c t e r i s t i c .  T h e

a v a i l a b l e  d a t a  a r e  summar ized i n  Ta b l e  1 6 .

The B u l k l e y  R i v e r  h e a d w a t e r s  a r e  s o f t ,  w i t h  h a r d n e s s  r a n g i n g  f r o m

25.9 t o  3 7 . 0  m g / L  ( n = 6 ) .  T h i s  i s  s u i t a b l e  f o r  d o m e s t i c  u s e ,  a l t h o u g h

below t h e  8 0 - 1 0 0  m g / L  h a r d n e s s  r a n g e  c o n s i d e r e d  a c c e p t a b l e  b y  t h e

B r i t i s h  C o l u m b i a  M i n i s t r y  o f  H e a l t h ( 1 8 ) .  A l k a l i n i t y  w a s  a l s o  l o w ,

r a n g i n g  f r o m  2 8 . 0  t o  3 7 . 8  m g / L  ( n = 4 ) .  T h i s  i s  w i t h i n  a q u a t i c  l i f e

c r i t e r i a  ( > 2 0  m g / L ) ( 8 )  a n d  i r r i g a t i o n  c r i t e r i a  ( < 6 0 0  m g / L ) ( 8 ) .

T u r b i d i t y  w a s  w i t h i n  C a n a d i a n  r e c r e a t i o n  c r i t e r i a  ( < 5 0  N T U ) ( 5 5 ) ,

bu t  e x c e e d e d  t h e  maximum a c c e p t a b l e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r

s tandard  o f  5  N T U  ( 1 8 )  o n  o n e  o c c a s i o n  d u r i n g  f r e s h e t  ( 9 . 2  NTU o n

June 1 4 ,  1 9 7 4 ) .  A l l  s i x  o f  t h e  t u r b i d i t y  measurements  e x c e e d e d  t h e

o b j e c t i v e  l e v e l  o f  1  N T U  f o r  d r i n k i n g  w a t e r ( 1 8 ) .  A d d i t i o n a l
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samp l ing  w o u l d  b e  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  t u r b i d i t y  n e e d  b e

removed i n  w a t e r  t r e a t m e n t  t o  m e e t  t h e  M i n i s t r y  o f  H e a l t h  s t a n d a r d  f o r

d r i n k i n g  w a t e r .

Co lour  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  ( 1 5

TCU) {18) i n  a l l  s a m p l e s  ( m a x i m u m  o f  6 0  T C U ;  n = 4 ) .  S i m i l a r l y ,

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

f o r  d r i n k i n g  w a t e r  ( 0 . 4  m g / L ) ( 5 9 )  i n  t h e  o n l y  s a m p l e  a n a l y z e d  ( 0 . 7

mg/L o n  September  1 1 ,  1 9 7 2 ) .  C o l o r  a n d  t a n n i n s  a n d  l i g n i n s  r e d u c e  t h e

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

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

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

B u l k l e y  R i v e r  i n  t h i s  a r e a  ( s e e  F i g u r e  6 ) .

Only o n e  s a m p l e  was a n a l y s e d  f o r  f e c a l  c o l i f o r m s ;  1 7  MPN/100 mL o n

September 1 1 ,  1 9 7 2 .  T h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d

sugges ts  o n l y  d i s i n f e c t i o n  when  t h e  9 0 t h  p e r c e n t i l e  o f  a l l  s a m p l e s  i s

<10 f e c a l  c o l i f o r m s / 1  00 m L  (18 )  T h e r e  a r e  t o o  f e w  d a t a  t o

de te rm ine  w h a t  l e v e l  o f  t r e a t m e n t  i s  r e q u i r e d  p r i o r  t o  d r i n k i n g ,  t o

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

To t a l  i r o n  e q u a l l e d  o r  exceeded  t h e  B r i t i s h  Co lumb ia  d r i n k i n g  w a t e r

s t a n d a r d  ( 0 . 3  m g / L ) ( 1 8 )  i n  a l l  t h r e e  s a m p l e s ,  w i t h  a  maximum o f  0 . 6

mg/L. D i s s o l v e d  i r o n  w a s  l e s s  t h a n  t h i s  s t a n d a r d  i n  t w o  d i f f e r e n t

samples,  i n d i c a t i n g  t h a t  some o f  t h e  t o t a l  i r o n  may have  b e e n  d u e  t o  t h e

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

samples w i t h  b o t h  a n a l y s e s  ( t o t a l  a n d  d i s s o l v e d  i r o n )  t o  a s s e s s  t h e

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

a e s t h e t i c  c o n s i d e r a t i o n s  r a t h e r  t h a n  o n  human h e a l t h .

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

c r i t e r i o n  f o r  s o f t  w a t e r  ( 0 . 0 0 5  m g / L ) ( 1 9 ) .  A n a l y s i s  w a s  n o t  m a d e

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

t h e  u n a v a i l a b l e  f r a c t i o n  o f  l e a d  a s s o c i a t e d  w i t h  suspended  s o l i d s  o r
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p a r t i c u l a t e  m a t t e r .  D i s s o l v e d  l e a d  i n  t w o  o t h e r  s a m p l e s  w a s  b e l o w  t h e

c r i t e r i o n .

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

c r i t e r i o n  i n  s o f t  w a t e r  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  3  o f  5  s a m p l e s ,  w i t h  a

maximum o f  0 . 0 1 5  m g / L  d i s s o l v e d  c o p p e r  o n  Sep tember  1 1 ,  1 9 7 2 .  S u c h

n a t u r a l  d e p a r t u r e s  f r o m  a q u a t i c  l i f e  c r i t e r i a  a r e  n o t  u n u s u a l  i n  B . C .

waters  because  o f  w i d e s p r e a d  c o p p e r  m i n e r a l i z a t i o n .  I t  i s  u n l i k e l y  t h a t

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

Copper l e v e l s  w e r e  a c c e p t a b l e  f o r  o t h e r  u s e s  o f  t h e  Upper  B u l k l e y  R i v e r ,

however,  i n c l u d i n g  d r i n k i n g  w a t e r ,  r e c r e a t i o n ,  l i v e s t o c k  w a t e r i n g ,  a n d

i r r i g a t i o n .

Z i n c  l e v e l s  a l s o  exceeded  t h e  a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n

(0 .05 m g / L  f o r  h a r d n e s s  0 - 1 2 0  m g / L ) ( 2 3 ) ,  b u t  o n l y  i n  1  o f  5  s a m p l e s

(0.09 mg/L d i s s o l v e d  z i n c  o n  September  11 ,  1 9 7 2 ) .  T h e s e  h i g h  c o p p e r  a n d

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

p o s s i b l e  s y n e r g i s m  b e t w e e n  t h e  t w o ( 2 5 , 2 6 )  S a m p l i n g  w o u l d  c o n f i r m

whether o r  n o t  r e l a t i v e l y  h i g h  l e v e l s  a r e  common. H i g h  l e v e l s  o f  t h e s e

two m e t a l s  a r e  n o t e d  e l s e w h e r e  i n  t h e  B u l k l e y  R i v e r  d r a i n a g e  ( e . g . ,

Mor ice  R i v e r  s i t e  0 4 0 0 2 0 3  a n d  Te l k w a  R i v e r  s i t e  0 4 0 0 1 8 7 ) ,  s u g g e s t i n g

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

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

water u s e s  i n  t h i s  r e g i o n  o f  t h e  Upper  B u l k l e y  R i v e r .

5 . 1 . 2  UPSTREAM FROM BUCK CREEK ( S I T E  0400201)

Th i s  s i t e  w a s  a l s o  s a m p l e d  b e t w e e n  1 9 7 2  a n d  1 9 7 6 .  T h e  d a t a  a r e

summarized i n  Ta b l e  1 7 .

Compared t o  t h e  o u t l e t  o f  B u l k l e y  L a k e  ( s i t e  0400200) ,  t h e  w a t e r  i n

the  B u l k l e y  R i v e r  a b o v e  B u c k  C r e e k  i n c r e a s e d  i n  h a r d n e s s ,  w i t h  v a l u e s

rang ing  f r o m  3 4  t o  9 2  m g / L  ( n = 8 ) ,  a n d  i n c r e a s e d  i n  a l k a l i n i t y ,  w i t h

va lues r a n g i n g  f r o m  3 6  t o  9 7  m g / L  ( n = 7 ) .  T u r b i d i t y  was  a l s o  h i g h e r ,
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exceed ing t h e  m a x i m u m  a c c e p t a b l e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r

s t a n d a r d  ( 5  N T U ) ( 1 8 )  d u r i n g  f r e s h e t  ( 2 4  N T U  J u n e  1 4 ,  1 9 7 4 ;  2 1  N T U

June 2 ,  1 9 7 5 ;  1 4  N T U  J u l y  5 ,  1 9 7 6 ) .  A l l  e i g h t  v a l u e s  e x c e e d e d  t h e

o b j e c t i v e  l e v e l  o f  1  N T U ( 1 8 ) .  T u r b i d i t y  w o u l d  h a v e  t o  b e  r e m o v e d

t o  m e e t  M i n i s t r y  o f  H e a l t h  d r i n k i n g  w a t e r  s t a n d a r d s  f o r  f i n i s h e d  w a t e r

( a t  t h e  t a p ) .

Co lo r  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  o f  1 5

TCU(18) i n  3  o f  6  o c c a s i o n s ,  a l l  d u r i n g  f r e s h e t .  A l t h o u g h  t h e r e

are  n o  d o m e s t i c  l i c e n s e s  i n  t h i s  a r e a ,  t h e r e  i s  a  c o m m e r c i a l  w a t e r

h a u l i n g  o p e r a t i o n  ( l i c e n s e  C L -55785)  t h a t  s u p p l i e s  w a t e r  f o r  d o m e s t i c

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

f r e s h e t .

There  a r e  t o o  f e w  f e c a l  c o l i f o r m  d a t a  a t  s i t e  0400201 ( n - 1 ;  1 3

MPN/100 mL o n  Sep tember  1 1 ,  1 9 7 2 )  t o  d e t e r m i n e  w h e t h e r  d i s i n f e c t i o n  i s

the  o n l y  t r e a t m e n t  r e q u i r e d  t o  m e e t  t h e  M i n i s t r y  o f  H e a l t h  d r i n k i n g

wa te r  s t a n d a r d  ( d i s i n f e c t i o n  o n l y  i s  s u g g e s t e d  i f  t h e  9 0 t h  p e r c e n t i l e  i s

<10 f e c a l  c o l i f o r m s / 1 0 0  m L ) ( 1 8 ) .  F u r t h e r  s a m p l i n g  s h o u l d  b e  d o n e

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

l i c e n s e  ( C L - 5 5 7 8 5 ) .

As a t  s i t e  0 4 0 0 2 0 0  u p s t r e a m ,  c o p p e r  e x c e e d e d  t h e  a q u a t i c  l i f e

c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  3  o f  7  s a m p l e s .  T w o  o f  t h e s e  w e r e

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

suspended s e d i m e n t s .  T h e  h i g h e s t  c o n c e n t r a t i o n  r e c o r d e d  was 0 . 0 0 6  m g / L

t o t a l  c o p p e r  o n  J u l y  5 ,  1 9 7 6 .  U n l i k e  u p s t r e a m  s i t e  0400200,  z i n c  l e v e l s

w e r e  b e l o w  t h e  a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 5

m g / L ) ( 2 3 ) .

I r o n  l e v e l s  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d

( 0 . 3  m g / L ) ( 1 8 )  a n d  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 3 - 1 . 0  m g / L ) ( 1 1 )  i n

4 o f  7  s a m p l e s .  T h e  h i g h e s t  c o n c e n t r a t i o n s  o f  t o t a l  i r o n  w e r e  1 . 9  a n d

2.5  m g / L ,  d u r i n g  f r e s h e t  w h e n  m o s t  o f  t h e  i r o n  c o u l d  h a v e  b e e n  d u e  t o

t h e  i r o n  c o n t e n t  o f  suspended  s e d i m e n t s  w h i c h  w e r e  a l s o  r e l a t i v e l y  h i g h
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on t h e  t w o  d a t e s  ( 6 0  m g / L  J u n e  2 ,  1 9 7 5 ;  2 8  m g / L  J u l y  5 ,  1 9 7 6 ) .

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

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

d r i n k i n g .

Manganese e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d

(0 .05  m g / L ) ( 1 8 }  i n  4  o f  6  s a m p l e s ,  w i t h  v a l u e s  r a n g i n g  f r o m  < 0 . 0 2

t o  0 . 1 2  m g / L  d i s s o l v e d  t o  0 . 0 7  t o  0 . 0 9  m g / L t o t a l  manganese.  T h r e e  o f

these  f o u r  samp les  w e r e  t a k e n  d u r i n g  f r e s h e t .  M a n g a n e s e  a t  t h e s e  l e v e l s

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

removed p r i o r  t o  u s e  f o r  d o m e s t i c  p u r p o s e s .

Only 1  o f  7  s a m p l e s  h a d  a  t o t a l  l e a d  c o n c e n t r a t i o n  e q u a l  t o  t h e

0.005 m g / L  c r i t e r i o n  f o r  a q u a t i c  l i f e ( 1 9 ) .  A l l  o t h e r  c o n c e n -

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

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

pended s e d i m e n t s  o f  f r e s h e t  ( a  r e l a t i v e l y  h i g h  2 8  m g / L o n  J u l y  5 ,  1 9 7 6 ) ,

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

l i f e  w i t h i n  t h e  c r i t e r i o n .

A l l  o t h e r  c h a r a c t e r i s t i c s  measured met  c r i t e r i a  f o r  a l l  o t h e r  w a t e r

uses.

5 . 1 . 3  HOUSTON AREA, SEWAGE TREATMENT PLANT ( P E  2 8 7 )  INFLUENCE

S i t e  0400297 ,  upstream from t h e  sewage t r e a t m e n t  p l a n t  d ischarge .

The a v a i l a b l e  d a t a  f r o m  t h i s  s i t e ,  s a m p l e d  b e t w e e n  1974  a n d  1 9 7 5 ,

a re  summar ized i n  Ta b l e  1 8 .

I n  g e n e r a l ,  w a t e r  c h e m i s t r y  w a s  s i m i l a r  t o  t h a t  a t  s i t e  0400201

upstream ( s e c t i o n  5 . 1 . 2 )  f r o m  t h e  c o n f l u e n c e  w i t h  Buck  C r e e k .  T u r b i d i t y

was h i g h e r  t h a n  t h e  max imum a c c e p t a b l e  d r i n k i n g  w a t e r  s t a n d a r d  ( 5

NTU)(18) i n  1  o f  2  s a m p l e s  ( 2 1  N T U  o n  M a y  2 0 ,  1 9 7 5 ) .  C o p p e r
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exceeded t h e  m i n i m u m  a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 0 2

mg /L ) (20 )  a l s o  o n  t h a t  d a t e  ( 0 . 0 0 3  m g / L  d i s s o l v e d  c o p p e r ) .  F e c a l

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

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

c o l i f o r m  v a l u e s ) ,  v a r y i n g  f r o m  8  t o  7 0  MPN/100 mL.  T h i s  r e s u l t  i n d i -

ca tes  t h a t  a  p a r t i a l  l e v e l  o f  t r e a t m e n t  ( f i l t r a t i o n ,  o r  e q u i v a l e n t ) ,

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

M i n i s t r y  o f  H e a l t h  r e q u i r e m e n t s ( 1 8 )  p r i o r  t o  d r i n k i n g  w a t e r  u s e ,

b u t  l e v e l s  w e r e  w i t h i n  p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i a  ( 2 0 0 - 4 0 0

MPN/100 m L ) ( 5 5 ) .

L e v e l s  o f  o t h e r -  c h a r a c t e r i s t i c s  i n  Ta b l e  1 8  w e r e  s u i t a b l e  f o r  a l l

o t h e r  w a t e r  u s e s ,  d u r i n g  t h e  p e r i o d  samp led .

S i t e  0 4 0 0 2 9 5 ,  1 0 0  m  d o w n s t r e a m  f r o m  t h e  s e w a g e  t r e a t m e n t  p l a n t

d i s c h a r g e .

The a v a i l a b l e  d a t a  f o r  t h i s  s i t e ,  s a m p l e d  f r o m  1 9 7 4  t o  1 9 7 5 ,  a r e

a l s o  summar ized i n  Ta b l e  1 8 .

T u r b i d i t y  exceeded  t h e  maximum a c c e p t a b l e  B r i t i s h  Co lumb ia  d r i n k i n g

wate r  s t a n d a r d  ( 5  N T U )  (1$) i n  1  o f  2  s a m p l e s  ( 2 3  N T U  o n  M a y  2 0 ,

1975) .  T h i s  c o u l d  n o t  b e  a t t r i b u t e d  t o  t h e  u p s t r e a m  d i s c h a r g e ,  h o w -

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

To t a l  ammonia- n i t r o g e n  was g r e a t e r  a t  downstream s i t e  0400295 t h a n

at  t h e  u p s t r e a m  s i t e  0400297 i n  2  o f  4  s a m p l e s ,  a n d  i s  a t t r i b u t e d  t o  t h e

sewage d i s c h a r g e .  U n - i o n i z e d  ammon ia - n i t r o g e n  c o n c e n t r a t i o n s  ( c a l c u -

l a t e d )  w e r e  s t i l l  b e l o w  c r i t e r i a  f o r  a q u a t i c  l i f e  ( 0 . 0 0 7 - 0 . 0 3 0  m g / L a s

N) (27 )  . T h e  max imum t o t a l  a m m o n i a  v a l u e  w a s  0 . 0 6 8  m g / L  a m m o n i a -N

on J u n e  2 5 ,  1 9 7 5 ,  compa red  t o  0 . 0 3 8  mg/L a t  ups t ream s i t e  0400297.  T h i s

i s  m u c h  l e s s  t h a n  t h e  t h e o r e t i c a l  maximum o f  1 . 7  m g / L  c a l c u l a t e d  i n

S e c t i o n  4 . 2 .



30

N i t r i t e - n i t r o g e n  was p r e d i c t e d  t o  b e  a  maximum o f  0 . 0 5 6  mg /L i n  t h e

B u l k l e y  R i v e r  u n d e r  w o r s t  c a s e  c o n d i t i o n s  ( S e c t i o n  4 . 2 ) .  L i m i t e d  d a t a

f rom t h i s  s i t e  ( n = 4 )  s h o w e d  o n l y  o n e  s a m p l e  w i t h  n i t r i t e - n i t r o g e n  c o n -

c e n t r a t i o n  above  t h e  d e t e c t i o n  l i m i t  ( 0 . 0 0 5  m g / L ) ;  t h i s  was  0 . 0 0 7  m g / L .

F u r t h e r  m o n i t o r i n g  i s  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  l e v e l s  o f  n i t r i t e -

n i t r o g e n  c o n f l i c t  w i t h  w a t e r  u s e .

There was a  s l i g h t  i n c r e a s e  i n  f e c a l  c o l i f o r m s  downst ream f r o m  t h e

d ischarge  i n  2  o f  3  s a m p l e s  ( 8  a n d  4 9  MPN/100  m L a t  u p s t r e a m  s i t e

0400297, compa red  t o  2 7  a n d  11 0  MPN/100 mL a t  downst ream s i t e  0400295 ) .

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

wide c o n f i d e n c e  l i m i t s  o n  MPN c o l i f o r m  v a l u e s .  N e v e r t h e l e s s ,  i n c r e a s e s

i n  f e c a l  c o l i f o r m s  downst ream f r o m  t h e  sewage d i s c h a r g e  w e r e  n o t  d r a m a -

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

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

M i n i s t r y  o f  H e a l t h  r e q u i r e m e n t s ( 1 8 )  F e c a l  c o l i f o r m  l e v e l s  w e r e

s u i t a b l e  f o r  p r i m a r y - c o n t a c t  r e c r e a t i o n  ( 2 0 0 - 4 0 0  M P N / 1 0 0  m L

c r i t e r i a ) ( 5 5 )  F u r t h e r  m o n i t o r i n g  o f  f e c a l  c o l i f o r m s  i s  n e e d e d  t o

con f i rm  t h e s e  c o n c l u s i o n s  a s  t h e  t h e o r e t i c a l  maximum l e v e l s  c a l c u l a t e d

i n  S e c t i o n  4 . 2  s u g g e s t e d  p o t e n t i a l  c o n f l i c t s  w i t h  w a t e r  u s e .

Phosphorus c o n c e n t r a t i o n s  w e r e  g r e a t e r  d o w n s t r e a m  f r o m  t h e  d i s -

charge i n  a l l  f o u r  s a m p l e s  t a k e n  i n  1974  a n d  1 9 7 5 .  P h o s p h o r u s  c o n c e n -

t r a t i o n  w a s  q u i t e  h i g h  o n  o n e  d a t e  ( 0 . 1 5 3  m g / L  t o t a l  p h o s p h o r u s  o n

September 2 4 ,  1 9 7 4 )  i n  t e r m s  o f  a l g a l  g r o w t h  r e q u i r e m e n t s ,  a l t h o u g h  n o

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

which a n a l y s e s  o f  b o t h  f r a c t i o n s  a r e  a v a i l a b l e ,  t h e  m a j o r i t y  o f  p h o s -

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

growth ( 0 . 0 6 1  a n d  0 . 1 2 3  m g / L  t o t a l  p h o s p h o r u s ,  c o m p a r e d  t o  0 . 0 2  a n d

0.014 mg/L o r t h o p h o s p h o r u s ) .  L o w  ammonia-N a n d  n i t r a t e -N o n  t h o s e  d a t e s

(0 .68  m g / L  a n d  0 . 0 1  m g / L  ammon ia -N;  < 0 . 0 2  m g / L  N i t r a t e -N b o t h  d a t e s )

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

l i k e l y  a  p r o b l e m .  N o  s a m p l i n g  o f  a l g a l  b i o m a s s  downs t ream f r o m  t h e

Houston sewage d i s c h a r g e  h a s  b e e n  done  t o  d e t e r m i n e  whe the r  a l g a e  a r e  i n

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

a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  t h e  o n e

sample t a k e n  M a y  2 0 ,  1 9 7 5 .  T h e  downs t ream  c o n c e n t r a t i o n  w a s  g r e a t e r

than  a t  t h e  u p s t r e a m  ( c o n t r o l )  s i t e  0400297 ( 0 . 0 0 5  compared  w i t h  0 . 0 0 3

m g / L ) .  A l t h o u g h  t h i s  w o u l d  a p p e a r  t o  b e  d u e  t o  t h e  sewage d i s c h a r g e ,

the  d i l u t i o n  a v a i l a b l e  i n  t h e  B u l k l e y  R i v e r  i n  May ( f r e s h e t )  w o u l d  make

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

background r i v e r  c o n c e n t r a t i o n s .

S i t e  0 4 0 0 2 9 6 ,  3 . 2  k m  d o w n s t r e a m  f r o m  t h e  s e w a g e  t r e a t m e n t  p l a n t

d i s c h a r g e .

The d a t a  c o l l e c t e d  f o r  t h i s  s i t e  b e t w e e n  1 9 7 4  a n d  1 9 7 5 ,  w h i c h  c a n

be compared  w i t h  d a t a  f r o m  u p s t r e a m  s i t e s  0400295  a n d  0400297 c o l l e c t e d

d u r i n g  t h e  s a m e  p e r i o d ,  a r e  summar i zed  i n  Ta b l e  1 8 .  T h e  e n t i r e  d a t a

r e c o r d  f r o m  1 9 7 4  t o  1 9 8 4  f o r  s i t e  0400296 i s  summar i zed  i n  Ta b l e  1 9 .

M o n t h l y  s a m p l i n g  b e g a n  i n  A u g u s t  o f  1 9 8 3  b y  t h e  W a s t e  Management

Branch.

T u r b i d i t y  exceeded  t h e  maximum a c c e p t a b l e  B r i t i s h  Co lumb ia  d r i n k i n g

w a t e r  s t a n d a r d  ( 5  N T U ) ( 1 8 )  o n  t h e  s a m e  d a t e  a s  t h e  u p s t r e a m  s i t e s

p r e v i o u s l y  m e n t i o n e d  ( 2 3  NTU a t  t h i s  s i t e  a n d  0400295 o n  May 2 0 ,  1 9 7 5 ;

21 NTU a t  s i t e  0 4 0 0 2 9 7 ) .

As a t  s i t e  0400295 ,  f e c a l  c o l i f o r m  l e v e l s  w e r e  somewhat h i g h e r  t h a n

a t  s i t e  0400297 u p s t r e a m  f r o m  t h e  H o u s t o n  sewage d i s c h a r g e ,  mean ing  t h a t

w a t e r  p r o b a b l y  w o u l d  r e q u i r e  p a r t i a l  w a t e r  t r e a t m e n t  t o  meet  M i n i s t r y  o f

H e a l t h  r e q u i r e m e n t s ( 1 8 ) .  T h e  r a n g e  i n  l e v e l s  i n  t h e  B u l k l e y  R i v e r

a t  t h i s  p o i n t  ( 2 - 7 9  MPN/100 mL)  s h o w s  s u i t a b i l i t y  f o r  p r i m a r y - c o n t a c t

r e c r e a t i o n  ( 2 0 0 - 4 0 0  MPN/100 mL ) (55 )  d u r i n g  t h e  samp led  p e r i o d .

D i s s o l v e d  ammonia- n i t r o g e n  c o n c e n t r a t i o n s  w e r e  r e l a t i v e l y  h i g h  f o r

the  l a s t  3  o f  9  s a m p l e s .  T h e s e  o c c u r r e d  o n  December  5 ,  1 9 8 3  ( 0 . 1 5

mg/L ) ,  J a n u a r y  1 0 ,  1 9 8 4  ( 0 . 2 0 3  m g / L ) ,  a n d  F e b r u a r y  6 ,  1 9 8 4  ( 0 . 2 0 1  m g / L ) .
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The c o n c e n t r a t i o n  o f  u n - i o n i z e d  ammonia- n i t r o g e n ,  t h e  t o x i c  f o r m ,  i s  l o w

at  w i n t e r  t e m p e r a t u r e s  a n d  B u l k l e y  R i v e r  p H ( 2 8 )  ( t e m p e r a t u r e s  < 5 ° C ,

pH a b o u t  7 . 4 )  a n d  b e l o w  f r e s h  w a t e r  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 0 0 7 - 0 . 0 3 0

m g / L ) ( 2 7 ) .

Phosphorus l e v e l s  f o r  s i t e  0400296 a s  i n d i c a t e d  i n  Ta b l e s  1 8  a n d  1 9

were q u i t e  h i g h .  O r t h o p h o s p h o r u s  r a n g e d  f r o m  0 . 0 0 8 - 0 . 0 4 9  m g / L ,  a n d

t o t a l  d i s s o l v e d  p h o s p h o r u s  f r o m  0 . 0 1 4 - 0 . 0 5 6  m g / L .  M o s t  o f  t h e s e  h i g h

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

e v e r.  T h e  o n l y  d a t a  f r o m  summer s a m p l i n g  a r e  o l d :  M a y  2 0  a n d  J u n e  2 5 ,

1975 ( 0 . 0 1 4  a n d  0 . 0 2  m g / L  o r t h o p h o s p h o r u s ,  r e s p e c t i v e l y ) .  N i t r o g e n  a t

these  t i m e s  w a s  l o w ,  a n d  p r o b a b l y  l i m i t i n g  ( 0 . 0 1 3  a n d  0 . 0 5 2  m g / L

ammonia-N;  u n d e t e c t a b l e  c o n c e n t r a t i o n s  o f  n i t r a t e - N ) .  T h e s e  h i s t o r i c a l

data s u g g e s t  t h a t  n o  a l g a l  p r o b l e m s  w e r e  l i k e l y  a t  t h a t  t i m e .  F u t u r e

water  s a m p l e s  a t  t h i s  s i t e ,  a n d  o t h e r s  o n  t h e  B u l k l e y  R i v e r ,  s h o u l d  b e

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

n o t  a l w a y s  d o n e ) ,  a n d  a  q u a l i t a t i v e  o n - s i t e  a s s e s s m e n t  o f  t h e  a l g a l

biomass s h o u l d  b e  m a d e .  T h e s e  m o r e  c o m p l e t e  n u t r i e n t  a n d  a l g a l  d a t a

could b e  o f  p r e d i c t i v e  v a l u e  f o r  t h e  B u l k l e y  R i v e r .

Aluminum e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  f i n g e r l i n g  t r o u t

(0.050 m g / L ) ( 3 2 )  o n  D e c e m b e r  5 ,  1 9 8 3  ( 0 . 0 6  m g / L  t o t a l  a l u m i n u m ) ,

and b o t h  d i s s o l v e d  a n d  t o t a l  a l u m i n u m  e q u a l l e d  t h e  c r i t e r i o n  o n  J a n u a r y

10, 1 9 8 4 .  N a t u r a l  a l u m i n u m  l e v e l s  i n  e x c e s s  o f  t h e  0 . 0 5  mg/L c r i t e r i o n

are q u i t e  common i n  t h e  B u l k l e y  R i v e r  b a s i n .

Copper e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 3 )  o n

May 2 0 ,  1 9 7 5 ,  a n d  O c t o b e r  6 ,  1 9 8 3 ,  w i t h  c o n c e n t r a t i o n s  o n  b o t h  d a t e s  o f

0.004 m g / L d i s s o l v e d  c o p p e r .  T h e s e  r e l a t i v e l y  h i g h  l e v e l s  a r e  s i m i l a r

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

i z a t i o n  w h i c h  i s  common i n  B r i t i s h  C o l u m b i a .

I r o n  e q u a l l e d  o r  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r

s tandard  ( 0 . 3  m g / L ) ( 1 8 )  i n  3  o f  4  s a m p l e s  f o r  t o t a l  i r o n  (max imum
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of  0 . 4 6  m g / L  o n  J a n u a r y  1 0 ,  1 9 8 4 ) ,  b u t  i n  o n l y  1  o f  4  s a m p l e s  f o r

d i s s o l v e d  i r o n  ( 0 . 3 2  m g / L ,  a l s o  o n  J a n u a r y  1 0 ,  1 9 8 4 ) .  A s  l e v e l s  o f

suspended s o l i d s  w e r e  l o w  f o r  a l l  o c c a s i o n s  ( 3  m g / L )  w h e n  i r o n  exceeded

the  c r i t e r i o n ,  i t  was  l i k e l y  t h a t  i r o n  was p r e s e n t  i n  t h e  w a t e r  b o t h  i n

the  d i s s o l v e d  f o r m  a n d  a s  i r o n  p r e c i p i t a t e s .  I t  i s  a l s o  p o s s i b l e  t h a t

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

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

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

problem i n  u n t r e a t e d  w a t e r  u s e d  f o r  d o m e s t i c  p u r p o s e s .

As a t  u p s t r e a m  s i t e  0 4 0 0 2 0 1 ,  manganese  e q u a l l e d  o r  e x c e e d e d  t h e

B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  ( 0 . 0 5  m g / L ) ( 1 8 )  i n  a l l

f o u r  s a m p l e s  f o r  t o t a l  manganese a n d  3  o f  5  samp les  f o r  d i s s o l v e d  man-

ganese (maximum o f  0 . 0 9  mg/L O n  J a n u a r y  1 0 ,  1 9 8 4 ,  f o r  b o t h  d i s s o l v e d  a n d

t o t a l  m a n g a n e s e ) .  T h e s e  l e v e l s  m a y  c a u s e  a e s t h e t i c  p r o b l e m s  ( e . g . ,

s t a i n i n g )  i f  n o t  removed  f r o m  r a w  w a t e r  p r i o r  t o  d o m e s t i c  u s e .

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

uses.

S i t e  0 9 2 0 0 8 9 ,  4 . 5  k m  downs t ream  f r o m  t h e  sewage  t r e a t m e n t  p l a n t  d i s -

charge.

The d a t a  f o r  s i t e  0920089  a r e  summar ized  i n  Ta b l e  1 9 .  T h e s e  d a t a

were c o l l e c t e d  f r o m  1972 -1973  b y  t h e  f e d e r a l  g o v e r n m e n t ,  a n d  i n  1983  b y

the  B r i t i s h  Co lumb ia  M i n i s t r y  o f  E n v i r o n m e n t  ( Wa s t e  Management B r a n c h ) .

T u r b i d i t y  c o n t i n u e d  t o  exceed  t h e  maximum a c c e p t a b l e  d r i n k i n g  w a t e r

s tanda rd  ( 5  N T U ) ( 1 8 )  d u r i n g  f r e s h e t  ( 7 4  N T U  o n  A p r i l  2 2 ,  3 3  N T U  o n

May 1 8 ,  a n d  7 . 7  NTU o n  J u n e  2 9 ,  1 9 7 1 ) .  T h e r e  was  a l s o  o n e  r e l a t i v e l y

-h i gh  v a l u e  o f  2 3  NTU o n  J a n u a r y  3 0 ,  1 9 7 2 .

Me ta l s  c o n t i n u e d  t o  e x c e e d  c r i t e r i a  f o r  s o m e  u s e s  o f  t h e  U p p e r

B u l k l e y  R i v e r .  A l u m i n u m  c o n c e n t r a t i o n s  e q u a l l e d  o r  exceeded  t h e  a q u a t i c
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l i f e  c r i t e r i o n  ( 0 . 0 5  m g / L ) ( 9 )  i n  t w o  s a m p l e s :  0 . 0 5  m g / L  t o t a l  a l u m -

inum o n  November  1 4 ,  1 9 8 3 ,  a n d  0 . 8 5  m g / L  t o t a l  a l u m i n u m  o n  J u n e  2 8 ,

1983. T h e  l a t t e r  h i g h  v a l u e  i n c l u d e s  0 . 0 4  m g / L  o f  t h e  d i s s o l v e d

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

t i e d  u p  w i t h  suspended s o l i d s  c h a r a c t e r i s t i c  o f  f r e s h e t ,  a l t h o u g h  t h e r e

a r e  n o  s u p p o r t i n g  d a t a .  A l u m i n u m  c o n c e n t r a t i o n s  e x c e e d i n g  t h e  a q u a t i c

l i f e  c r i t e r i o n  were  a l s o  n o t e d  a t  s i t e  0400296,  1 . 3  km u p s t r e a m .

Cadmium exceeded  t h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  s o f t  w a t e r  ( 0 . 0 0 0 2

mg/L ) (21 )  f o r  b o t h  d i s s o l v e d  a n d  t o t a l  c a d m i u m  o n  t h e  f i r s t  d a t e

t h i s  a n a l y s i s  was p e r f o r m e d ;  0 . 0 1 2  mg /L t o t a l  cadmium,  0 . 0 0 1 8  mg /L d i s -

so l ved  cadmium o n  J u n e  2 8 ,  1 9 8 3 .  H i g h  d e t e c t i o n  l i m i t s  o n  November 1 4 ,

1983 ( 0 . 0 0 0 5  mg /L )  may h a v e  masked c o n c e n t r a t i o n s  t h a t  o n  t h a t  d a t e  a l s o

exceeded t h i s  c r i t e r i o n .  T h e  minimum d e t e c t i o n  l i m i t  f o r  cadmium s h o u l d

be a t  l e a s t  a s  l o w  a s  t h e  c r i t e r i o n  l e v e l ,  0 . 0 0 0 2  m g / L .

Columbia d r i n k i n g  w a t e r  s t a n d a r d  ( 0 . 0 0 5  m g / L ) ( 1 8 )

1 o f  4  samp les  ( 0 . 0 1 2  mg/L o n  June  2 8 ,  1 9 8 3 ) .

was

The B r i t i s h

exceeded i n

Copper e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n

1 o f  7  s a m p l e s ;  0 . 0 0 1  m g / L  t o t a l  c o p p e r  was  measured  o n  J u n e  2 8 ,  1 9 8 3 .

T h i s  h i g h e r  l e v e l  may have  b e e n  a s s o c i a t e d  w i t h  h i g h  l e v e l s  o f  suspended

s o l i d s  d u r i n g  f r e s h e t .

S i m i l a r l y ,  t h e  s i n g l e  h i g h  v a l u e  f o r  i r o n  ( 1 . 7  mg /L t o t a l  i r o n )  i n

excess o f  t h e  d r i n k i n g  w a t e r  a n d  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 3 - 1 . 0
m g / L ) ( 11 , 1 8 )  w a s  f o r  t h e  s a m e  d a t e  d u r i n g  f r e s h e t ,  J u n e  2 8 ,  1 9 8 3 ,

and was p r o b a b l y  d u e  t o  t h e  i r o n  c o n t e n t  o f  suspended s o l i d s .  A l l  s e v e n

d i s s o l v e d  i r o n  v a l u e s  w e r e  l o w  ( 5 0 . 1 9  m g / L ) .

Only  1  o f  6  l e a d  s a m p l e s  h a d  d e t e c t a b l e  l e v e l s  ( 0 . 0 0 5  m g / L  t o t a l

l e a d ) ,  o n  J u n e  2 8 ,  1 9 8 3 ,  d u r i n g  f r e s h e t .  T h i s  l e v e l  e q u a l l e d  t h e
c r i t e r i o n  f o r  a q u a t i c  l i f e ( 1 9 ) .

Manganese l e v e l s  e q u a l l e d  o r  exceeded  t h e  B r i t i s h  Co lumb ia  d r i n k i n g

wa te r  s t a n d a r d  ( 0 . 0 5 0  m g / L ) ( 1 8 )  o n  December  1 ,  1 9 7 0  ( 0 . 0 5 0  m g / L ) ,
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and F e b r u a r y  2 3 ,  1 9 7 1  ( 0 . 0 7 0  m g / L ) ,  b u t  w a s  s u i t a b l e  f o r  a l l  w a t e r  u s e s

i n  t h e  r e m a i n i n g  s a m p l e s .

Z i n c  l e v e l s  w e r e  l e s s  t h a n  t h e  c r i t e r i o n  f o r  a q u a t i c  l i f e  a n d  w i l d -

l i f e  ( 0 . 0 5 0  m g / L )  ( 2 3 )  f o r  a l l  s i x  s a m p l e s  f r o m  1 9 7 0 - 1 9 7 2  a n d  1 9 8 3 .

There a r e  n o  s a m p l e s  b e t w e e n  1 9 7 2  a n d  1 9 7 6 ,  h o w e v e r ,  when  s i t e  01400200

upst ream h a d  r e l a t i v e l y  h i g h  l e v e l s .

L e v e l s  o f  o t h e r  c h a r a c t e r i s t i c s  m e t  c r i t e r i a  f o r  a l l  u s e s  o f  t h e

B u l k l e y  R i v e r .

5.2 MORICE RIVER S ITE  01400203, U p s t r e a m  f r o m  t h e  B u l k l e y  R i v e r .

T h i s  s i t e  w a s  s a m p l e d  i n f r e q u e n t l y  b e t w e e n  1 9 7 2  a n d  1 9 7 6  ( n 6 7 ,

depending o n  t h e  c h a r a c t e r i s t i c ) ,  b u t  h a s  b e e n  s a m p l e d  m o n t h l y  s i n c e

March o f  1 9 8 3  b y  t h e  W a s t e  Management  B r a n c h .  A v a i l a b l e  d a t a  a r e

summarized i n  Ta b l e  2 0 .

Mor i ce  R i v e r  f l o w s  a t  s i t e  01400203 a r e  m u c h  g r e a t e r  t h a n  U p p e r

B u l k l e y  R i v e r  f l o w s .  T h e  M o r i c e : U p p e r  B u l k l e y  r a t i o  o f  p r e d i c t e d  l o w

f l o w s  i s  a b o u t  2 2 : 1  t o  7 5 : 1  ( s e e  Ta b l e  1 ) .  T h e  d r a i n a g e  a r e a  o f  t h e

Mor ice  R i v e r  a t  t h e  m o u t h  i s  14 2 7 0  k m 2 ,  c o m p a r e d  t o  1  7 4 0  km2 f o r  t h e

Upper B u l k e y  R i v e r .

Water a t  s i t e  01400203 w a s  s o f t  ( s e e  Ta b l e  2 0 ) ,  g e n e r a l l y  r a n g i n g

f rom 1 8  t o  214 m g / L  h a r d n e s s  ( n = 1 7 ) .  O n e  e x c e p t i o n  w a s  9 8  m g / L  t o t a l

hardness o n  J u n e  1 ,  1 9 8 3 ;  t h i s  h i g h  v a l u e  c o u l d  h a v e  b e e n  a t t r i b u t e d  t o

h i g h  suspended  s o l i d s  d u r i n g  f r e s h e t  ( 1 0 5  mg /L o n  t h a t  d a t e ) .  T h e  w a t e r

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

8 0 - 1 0 0  m g / L  h a r d n e s s  r a n g e  c o n s i d e r e d  a c c e p t a b l e  f o r  d o m e s t i c

p u r p o s e s ( 1 8 ) .  A l k a l i n i t y  w a s  a l s o  l o w e r  t h a n  t h a t  o f  U p p e r  B u l k l e y

R i ve r  w a t e r ,  r a n g i n g  f r o m  1 8 . 5  t o  3 1 . 2  mg/L ( n - 1 8 ) ,  b u t  g e n e r a l l y  met  t h e

a q u a t i c  l i f e  c r i t e r i o n  ( > 2 0  m g / L ) ( 8 )  a n d  t h e  i r r i g a t i o n  c r i t e r i o n
(<600 m g / L )  (8)  .
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T u r b i d i t y  exceeded t h e  maximum a c c e p t a b l e  B r i t i s h  Co lumb ia  d r i n k i n g

water  s t a n d a r d  ( 5  N T U ) ( 1 8 )  i n  5  o f  1 5  s a m p l e s  d u r i n g  f r e s h e t  b e t w e e n

1974 a n d  1983 ,  r a n g i n g  f r o m  7 . 4  t o  144 NTU, i n d i c a t i n g  t h a t  t r e a t m e n t  t o

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

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

t r a t i o n s  i n  t h e  M o r i c e  R i v e r  a t  s i t e  0400203 w e r e  l o w ,  a p p r o a c h i n g  t h e

l i m i t s  o f  d e t e c t i o n .  M a x i m u m  c o n c e n t r a t i o n s  w e r e  a s  f o l l o w s :  0 . 0 1 3  mg/L

ammonia-N o n  J u n e  2 ,  1 9 7 5  ( n = 1 5 ) ;  0 . 0 6  m g / L  n i t r a t e / n i t r i t e - N  o n  M a r c h
20, 1 9 7 4  ( n = 1 7 ) ;  u n d e t e c t a b l e  o r t h o p h o s p h o r u s  f o r  a l l  s a m p l e s  ( n - - 9 ) ;

0.008 mg/L t o t a l  d i s s o l v e d  phospho rus  o n  March 4 ,  1 9 8 3  ( n = 11 ) .

Severa l  m e t a l s  i n  t h e  M o r i c e  R i v e r  a t  s i t e  0 4 0 0 2 0 3  s o m e t i m e s

e q u a l l e d  o r  e x c e e d e d  w a t e r  u s e  c r i t e r i a .  F r e q u e n t l y  i t  w a s  t h e  t o t a l

metal  c o n c e n t r a t i o n  ( n o t  t h e  d i s s o l v e d  f r a c t i o n )  t h a t  exceeded  c r i t e r i a ,

and u s u a l l y  d u r i n g  f r e s h e t  ( A p r i l  t o  J u l y )  w h e n  t h e  m a j o r i t y  o f  m e t a l

cou ld  b e  bound  t o  t h e  suspended s o l i d s  w h i c h  w e r e  r e l a t i v e l y  h i g h  d u r i n g

t h a t  p e r i o d  ( 1 0 - 1 0 5  m g / L ) .  T h e s e  m e t a l s  a n d  t h e  r e l e v a n t  c r i t e r i a  a r e :

( i )  A l u m i n u m ,  a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 5  m g / L ( 9 ) .  T h e  c r i -

t e r i o n  was. exceeded i n  3  o f  1 0  samples  f o r  d i s s o l v e d  a lum inum,  w i t h

a maximum o f  0 . 1 7  mg/L o n  May 4 ,  1 9 8 3 .  S i x  o f  11  s a m p l e s  f o r  t o t a l

aluminum e x c e e d e d  t h i s  c r i t e r i o n ,  w i t h  a  maximum o f  3 . 0 6  m g / L  o n

June 1 ,  1 9 8 3 .

( i i )  C o p p e r,  a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 2  m g / L ( 2 0 ) .  T h i s  c r i -

t e r i o n  was  e q u a l l e d  i n  2  o f  1 4  s a m p l e s  f o r  d i s s o l v e d  c o p p e r ,  a n d

exceeded i n  1 0  o f  1 3  s a m p l e s  f o r  t o t a l  c o p p e r  w i t h  a  maximum o f

0.011 m g / L o n  J u l y  5 ,  1 9 7 6 .

. (  I l i  } I r o n  , B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  o f  0 . 3

m g / L ( 1 8 ) ,  a q u a t i c  l i f e  c r i t e r i o n  o f  1 . 0  m g / L ( 1 1 ) .  A l l

samples w e r e  l e s s  t h a n  t h e s e  t w o  c r i t e r i a  f o r  t h e  d i s s o l v e d  i r o n

f r a c t i o n .  T o t a l  i r o n  exceeded  t h e  d r i n k i n g  w a t e r  s t a n d a r d  i n  7  o f
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13 samples ,  a n d  exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  i n  3  o f  1 3
samples, w i t h  t h e  maximum concent ra t ion  o f  3 .53  mg/L o n  June 1 ,
1983.

( i v )  Lead,  a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 5 ,  mg/L(19) .  T h i s  c r i t e r -
ion was equa l l ed  o r  exceeded o n l y  i n f r e q u e n t l y ;  1  o f  14  samples f o r
d issolved l e a d ,  2  o f  1 3  samples f o r  t o t a l  l e a d ,  b o t h  d i sso l ved  and
t o t a l  l e a d  w i t h  t h e  same maximum c o n c e n t r a t i o n  o f  0 . 0 0 7  mg/L o n
January 10 ,  1984.

(v) Manganese,  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  o f  0 . 0 5
ing /L(  1 8 ) ,  a q u a t i c  l i f e  c r i t e r i a  o f  0 . 1 - 1 . 0  m g / L ( 1 1 )

Dissolved manganese was unde te c ta b l e  i n  a l l  samples ( < 0 . 2  mg/L ;
n=14). T o t a l  manganese exceeded t h e  d r i n k i n g  wa te r  s tandard  i n  3
o f  1 3  samples,  a n d  exceeded t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c  l i f e
c r i t e r i a  o n  o n e  o c c a s i o n  w i t h  a  c o n c e n t r a t i o n  o f  0 . 1 5  mg /L o n
June 1 ,  1983.

( v i )  To t a l  z i n c  e q u a l l e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 5  mg /L ) (23 )
i n  1 o f  17  samples, o n  November 14 ,  1983.  A l l  r e s u l t s  f o r  d i s s o l v -
ed z i n c  were below the  c r i t e r i o n  (n=14) .

Other c h a r a c t e r i s t i c s  sampled were  w i t h i n  c r i t e r i a  f o r  a l l  w a t e r
uses o f  t h e  Mor ice and B u l k l e y  R ive rs .

5.3 BULKLEY RIVER AT QUICK, SITE 0920088

Sampling has occur red  r e g u l a r l y  a t  t h i s  s i t e  s ince  1966. I t  i s  t h e
most i n t e n s i v e l y  sampled s i t e  o n  t h e  B u l k l e y  R i v e r  ( r i 9 9 ) .  T h e  a v a i l -
able d a t a  a re  summarized i n  Tab le  21 .

Bulkley R i v e r  w a t e r  a t  Qu i ck  con t i nued  t o  be  s o f t ,  w i t h  hardness
ranging f r om  1 8 . 7  t o  4 6 . 9  mg/L ( n = 9 5 ) .  T h e r e  was one  anomalously l o w
concentrat ion o f  4 . 2  mg/L o n  March 22 ,  1973.  A l l  va lues  were l e s s  t han
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the 8 0 - 1 0 0  m g / L  r a n g e  c o n s i d e r e d  a c c e p t a b l e  f o r  d r i n k i n g  w a t e r ( 1 8 ) ,

bu t  t h e  w a t e r  i s  s t i l l  s u i t a b l e  f o r  t h i s  u s e .  A l k a l i n i t y  r a n g e d  f r o m

3.3  t o  4 7 . 6  m g / L  ( n = 9 9 ) ,  b u t  w a s  u s u a l l y  w i t h i n  t h e  a q u a t i c  l i f e  c r i -

t e r i o n  ( > 2 0  m g / L ) ( 8 )  a n d  t h e  i r r i g a t i o n  c r i t e r i o n  ( < 6 0 0

m g / L ) ( 8 ) .  T u r b i d i t y  r a n g e d  f r o m  0 . 1  t o  8 5  N T U  ( n = 9 6 ) ,  c o n s i s t e n t l y

e x c e e d i n g  t h e  m a x i m u m  a c c e p t a b l e  d r i n k i n g  w a t e r  s t a n d a r d  ( 5

y r u ) ( 1 8 )  d u r i n g  t h e  A p r i l  t o  J u n e  f r e s h e t  p e r i o d ,  i n d i c a t i n g  t h a t

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

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

d u r i n g  f r e s h e t :  1 4 1  m g / L  o n  A p r i l  2 7 ,  1 9 7 1 ;  a n d  1 7 8  m g / L o n  J u n e  1 8 ,

1976. T h e  r e m a i n i n g  suspended  s o l i d s  d a t a  r a n g e d  f r o m  1 9  t o  5 7  m g / L ,

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

l i f e ( 2 9 ) .

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

i n  t h e  d a t a  t h a t  u p s t r e a m  n u t r i e n t  s o u r c e s  ( s u c h  a s  t h e  sewage t r e a t m e n t

p l a n t  d i s c h a r g e  a t  H o u s t o n )  a r e  c o m p r o m i s i n g  w a t e r  u s e ,  p r o b a b l y  d u e  t o

the  h i g h  d i l u t i o n  i n  t h e  B u l k l e y  R i v e r  a t  t h i s  p o i n t .

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

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

a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 ° )  i n  8  o f  2 7  s a m p l e s  f o r  t h e

d i s s o l v e d  f r a c t i o n  (maximum measured c o n c e n t r a t i o n  o f  0 . 0 1 2  mg/L )  a n d  i n

8 o f  2 2  samples  f o r  t o t a l  c o p p e r  (maximum a l s o  o f  0 . 0 1 2  m g / L ) .  A l t h o u g h

copper l e v e l s  w e r e  h i g h  o n  some d a 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 ,  n o n e

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

Upper B u l k l e y  R i v e r  w a t e r  w i t h  t h e  much h i g h e r  f l o w s  o f  t h e  M o r i c e  R i v e r

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

(0.002 m g / L )  a t  Q u i c k .  T h e  M o r i c e  R i v e r ,  h o w e v e r ,  c o u l d  b e  i d e n t i f i e d

as t h e  s o u r c e  o f  a t  l e a s t  p a r t  o f  t h e  c o p p e r  i n  w a t e r  samp les  a t  Q u i c k

on May 4 ,  J u n e  1 ,  a n d  O c t o b e r  6 ,  1 9 8 3 .  L e v e l s  o f  c o p p e r  i n  t h e  M o r i c e

R i v e r  w e r e  s i m i l a r  t o  t h o s e  i n  t h e  U p p e r  B u l k l e y  a n d  b o t h  a t  t i m e s
exceeded t h e  c r i t e r i o n .
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D i s s o l v e d  i r o n  a p p r o a c h e d  t h e  max imum a l l o w e d  b y  t h e  B r i t i s h

Columbia d r i n k i n g  w a t e r  s t a n d a r d s  ( 0 . 3  m g / L ) ( 1 8 )  a n d  a q u a t i c  l i f e

c r i t e r i a  ( 0 . 3 - 1 . 0  m g / L ) ( 8 , 1 1 )  o n l y  o n c e  ( m a x i m u m  o f  0 . 2 2  m g / L  o n

May 4 ,  1 9 8 3 ) .  T o t a l  i r o n  exceeded  t h e  d r i n k i n g  w a t e r  s t a n d a r d  a n d  t h e

l o w e r  a q u a t i c  l i f e  c r i t e r i o n  i n  6  o f  1 7  s a m p l e s  (maximum o f  3 . 4 2  m g / L ) ,

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

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

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

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

f r e s h  w a t e r  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 5  m g / L ) ( 1 9 )  w a s  e q u a l l e d  o r

exceeded i n  o n l y  f o u r  s a m p l e s :  J u n e  8 ,  1 9 7 2  ( 0 . 0 1  m g / L  d i s s o l v e d  l e a d ) ;

March 2 2 ,  1 9 7 3  ( 0 . 0 0 9  m g / L  t o t a l  l e a d ) ;  O c t o b e r  8 ,  1 9 7 5  ( 0 . 0 0 8  m g / L

t o t a l  l e a d ) ;  a n d  J u n e  2 8 ,  1 9 8 3  ( 0 . 0 0 5  mg /L t o t a l  l e a d ) .  T h e r e  a r e  l e a d

data  b o t h  f r o m  t h e  M o r i c e  R i v e r  (maximum c o n c e n t r a t i o n  o f  0 . 0 0 5  m g / L )

and Upper  B u l k l e y  R i v e r  ( 0 . 0 0 7  m g / L maximum) w h i c h  w e r e  v e r y  s i m i l a r  t o

t h e  c o n c e n t r a t i o n s  f o u n d  a t  Q u i c k .

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

i n  a l l  s a m p l e s  e x c e p t  i n  t h e  s a m p l e  t a k e n  J u n e  2 8 ,  1 9 8 3 ,  f o r  w h i c h

l e v e l s  w e r e  0 . 0 0 1 8  mg /L a n d  0 . 0 1 2  mg /L ,  r e s p e c t i v e l y .  T h e  c o n c e n t r a t i o n

o f  t o t a l  c a d m i u m  o n  t h a t  d a t e  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g

w a t e r  s t a n d a r d  ( 0 . 0 0 5  m g / L ) ( 1 8 ) ,  t h e  a q u a t i c  l i f e  c r i t e r i o n .  ( 0 . 0 0 0 2
m g / L ) ( 2 1 ) ,

m g / L ) ( 2 1 ) .
and t h e  r e c r e a t i o n  a n d  i r r i g a t i o n  c r i t e r i o n  ( 0 . 0 1 0

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

h i g h  l e a d  c o n c e n t r a t i o n  ( 0 . 0 0 5  m g / L )  o n  t h e  same d a t e ,  a l t h o u g h  l e v e l s

o f  suspended  s o l i d s  w e r e  l o w  ( 9  m g / L ) .

D i s s o l v e d  a luminum l e v e l s  exceeded  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 5

m g / L ) ( 2 9 )  a n d  t h e  p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i o n  ( 0 . 1

-mg/L ) (29 )  i n  2  o f  1 1  s a m p l e s :  l e v e l s  w e r e  0 . 1 1  m g / L  o n  J u l y  2 4 ,

1967, a n d  0 . 2 6  m g / L  o n  M a y  4 ,  1 9 8 3 .  T o t a l  a l u m i n u m  e x c e e d e d  t h i s

c r i t e r i o n  i n  4  o f  9  s a m p l e s  ( m a x i m u m  o f  2 . 9  m g / L ) ,  m a i n l y  d u r i n g

f r e s h e t .
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To t a l  c o b a l t  e x c e e d e d  t h e  a q u a t i c  l i f e  a n d  i r r i g a t i o n  c r i t e r i a

(0.050 m g / L ) ( 2 9 )  i n  o n e  s a m p l e ,  w i t h  a  c o n c e n t r a t i o n  o f  0 . 1 5  m g / L

on December 5 ,  1 9 8 3 .  D e t e c t i o n  l i m i t s  w e r e  t o o  h i g h  ( 0 . 1  m g / L )  f o r  t h e

s i x  o t h e r  s a m p l e s  t a k e n  i n  1983 ,  a n d  c o n s e q u e n t l y  may have  masked o t h e r

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

f o r  c o b a l t  a n a l y s e s  s h o u l d  b e  0 . 0 0 5  m g / L  s o  a s  t o  b e  c o n s i s t e n t  w i t h

these c r i t e r i a .

To t a l  manganese e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n -

dard ( 0 . 0 5  m g / L ) ( 1 8 )  i n  5  o f  3 7  s a m p l e s ,  w i t h  a  maximum o f  0 . 1 5

mg/L o n  A p r i l  2 5 ,  1 9 8 3 .  T h e  l o w e r  l i m i t  o f  t h e  a q u a t i c  l i f e  c r i t e r i a

( 0 . 1 - 1 . 0  m g / L ) ( 11 )  w a s  a l s o  e x c e e d e d  i n  3  o f  3 5  s a m p l e s ,  w i t h  t h e

same maximum a s  a b o v e .  A l l  t h e s e  s a m p l e s  w e r e  d u r i n g  f r e s h e t  when t h e

manganese c o n t e n t  o f  t h e  suspended s e d i m e n t s  c o u l d  h a v e  been  h i g h .

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

(0 .025 m g / L ) ( 2 2 )  i n  o n l y  1  o f  14  s a m p l e s ,  w i t h  a  c o n c e n t r a t i o n  o f

0.06 m g / L  o n  December 5 ,  1 9 8 3 .  H i g h  d e t e c t i o n  l i m i t s  i n  t h e  r e m a i n i n g

seven s a m p l e s  i n  1 9 8 3  m a y  h a v e  m a s k e d  o t h e r  r e s u l t s  e x c e e d i n g  t h i s

c r i t e r i o n .  T h e  m in imum d e t e c t a b l e  c o n c e n t r a t i o n  f o r  n i c k e l  a n a l y s e s

shou ld  b e  c h a n g e d  t o  0 . 0 1 0  m g / L  t o  b e  c o n s i s t e n t  w i t h  t h e  a q u a t i c  l i f e

c r i t e r i o n .

To t a l  z i n c  e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 5 0

mg/L ) (23 )  i n  1  o f  2 8  s a m p l e s ,  w i t h  a  l e v e l  o f  0 . 1 3  m g / L  o n  M a r c h

22, 1 9 7 3 .

Analyses w e r e  a l s o  made f o r  p o l y c h l o r i n a t e d  b i p h e n y l s  a n d  s e v e r a l

p e s t i c i d e s  i n  19714 ( o n e  o r  t w o  s a m p l e s ,  d e p e n d i n g  o n  t h e  c h a r a c t e r -

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

no t  i n c l u d e d  i n  Ta b l e  2 1 .

A l l  o t h e r  c h a r a c t e r i s t i c s  measured  a t  Q u i c k  m e t  c r i t e r i a  f o r  known

uses o f  t h e  B u l k l e y  R i v e r .
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5 .4  TELKWA RIVER, S I T E  0400187

The Te l k w a  R i v e r  f l o w s  i n t o  t h e  B u l k l e y  R i v e r  a t  Te l k w a .  T h e

dra inage  a r e a  o f  t h e  Te l k w a  R i v e r  a t  t h e  m o u t h  i s  1  2 1 0  km2,  o r  13% o f

the  d r a i n a g e  a r e a  o f  t h e  B u l k l e y  R i v e r  a t  S m i t h e r s .  C o m p a r i s o n  o f  l o w

f l o w s  f r o m  Ta b l e  1  shows  t h e  Te l k w a  R i v e r  t o  b e  a b o u t  22% o f  t h e  B u l k l e y

R i v e r  a t  Q u i c k .

The a v a i l a b l e  w a t e r  q u a l i t y  d a t a  f o r  t h e  Te l k w a  R i v e r  a t  t h e  m o u t h

a t  s i t e  0400187 ( s e e  F i g u r e  6 )  a r e  summar i zed  i n  Ta b l e  2 2 .  T h e s e  d a t a

show Te l k w a  R i v e r  w a t e r  t o  b e  s o f t ,  r a n g i n g  f r o m  2 0 . 6  t o  6 3 . 2  mg/L h a r d -

ness,  w h i c h  i s  s i m i l a r  t o  B u l k l e y  R i v e r  w a t e r ,  a n d  c o n s e q u e n t l y  l e s s

than  t h e  8 0 - 1 0 0  m g / L  c o n s i d e r e d  a c c e p t a b l e  f o r  d o m e s t i c  p u r -

p o s e s ( 1 8 ) .  T h e  a l k a l i n i t y  i s  h i g h e r ,  h o w e v e r ,  r a n g i n g  f r o m  2 2 . 1  t o

64.5  m g / L  a n d  c o n s e q u e n t l y  s u i t a b l e  f o r  a q u a t i c  l i f e  ( > 2 0  m g / L  c r i -

t e r i o n ) ( 8 ) .  T u r b i d i t y  r a n g e d  f r o m  1 . 1  t o  1 8 0  N T U  w i t h  t h e  h i g h

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

removed t o  m e e t  t h e  maximum a c c e p t a b l e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r

s t a n d a r d  ( 5  N T U ) ( 1 8 ) .  S u s p e n d e d  s o l i d s  r a n g e d  f r o m  1  t o  4 2 4  m g / L ,

t h e  maximum v a l u e  c o r r e s p o n d i n g  w i t h  t h e  h i g h e s t  t u r b i d i t y  o f  1 8 0  NTU o n

June 2 ,  1 9 7 5 ,  d u r i n g  f r e s h e t .  C o l o r  f r e q u e n t l y  e x c e e d e d  t h e  B r i t i s h

Columbia  d r i n k i n g  w a t e r  s t a n d a r d  ( 1 5  T C U ) ( 1 8 )  d u r i n g  f r e s h e t ,  w i t h

t h e  maximum o f  6 0  TCU o c c u r r i n g  June  2 ,  1 9 7 5 .

N i t r o g e n  a n d  p h o s p h o r u s  c o n c e n t r a t i o n s  a t  s i t e  0400187  w e r e  l o w ,

g e n e r a l l y  n o t  d e t e c t a b l e .  T h e  l e v e l s  o f  s o m e  m e t a l s ,  h o w e v e r ,  w e r e

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

exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  1 4  o f  1 3

samples ,  w i t h  a  maximum o f  0 . 0 0 3  m g / L  o n  M a y  I I  a n d  O c t o b e r  6 ,  1 9 8 3 .

To t a l  c o p p e r  l e v e l s  w e r e  h i g h e r ,  w i t h  6  o f  1 4  v a l u e s  e x c e e d i n g  t h e  c r i -

t e r i o n ,  a n d  a  maximum o f  0 . 0 2  m g / L .  S i m i l a r  l e v e l s  o f  c o p p e r  i n  e x c e s s

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

M o r i c e  R i v e r s ,  a n d  a s  m e n t i o n e d  p r e v i o u s l y ,  a r e  f o u n d  f r e q u e n t l y  i n

B r i t i s h  Co lumb ia  d u e  t o  w i d e s p r e a d  c o p p e r  m i n e r a l i z a t i o n .
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Aluminum f r e q u e n t l y  e x c e e d e d  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 0 5 0 -

0.1 m g / L ) ( 3 ° )  f o r  t h e  d i s s o l v e d  f r a c t i o n  ( 0 . 2 2  m g / L  m a x i m u m  o n

May 4 ,  1 9 8 3 )  a s  w e l l  a s  t o t a l  a l u m i n u m  ( 5 . 4  m g / L  maximum o n  J u n e  1 ,

1983). T h e  h i g h e s t  c o n c e n t r a t i o n s  o f  t o t a l  a l u m i n u m  w e r e  d u r i n g

f r e s h e t ,  a p p a r e n t l y  d u e  t o  t h e  a l um inum  c o n t e n t  o f  t h e  suspended  s e d i -

ments ( t h e  maximum suspended  s o l i d s  o f  4 2 4  m g / L w a s  o n  J u n e  2 ,  1 9 7 5 ) .

The p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i o n  o f  0 . 1  m g / L ( 7 6 )  w a s  a l s o

exceeded o n  s e v e r a l  o c c a s i o n s .

To t a l  c h r o m i u m  e q u a l l e d  t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c  l i f e

c r i t e r i a  ( 0 . 0 2 0 - 0 . 0 4 0  m g / L )  (24) i n  1  o f  1 4  s a m p l e s ;  t h a t  s a m p l e  w a s

taken November 1 4 ,  1 9 8 3 .

C o b a l t  exceeded  t h e  a q u a t i c  l i f e  a s  w e l l  a s  t h e  i r r i g a t i o n  c r i t e r -

i o n  ( b o t h  0 . 0 5 0  m g / L ) ( 2 9 )  i n  1  o f  1 1  s a m p l e s  w i t h  a  l e v e l  o f  0 . 1 3

mg/L t o t a l  c o b a l t  o n  November 1 4 ,  1 9 8 3 .  T h e  minimum d e t e c t a b l e  c o n c e n -

t r a t i o n  o f  0 . 1  m g / L  i s  t o o  h i g h ,  a n d  c o u l d  b e  m a s k i n g  o t h e r  o c c a s i o n s

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

r e p o r t  t h a t  t h e  min imum d e t e c t a b l e  c o n c e n t r a t i o n  s h o u l d  b e  r e d u c e d  t o

0.005 mg/L t o  b e  c o n s i s t e n t  w i t h  t h e s e  c r i t e r i a .

One o f  1 3  d i s s o l v e d  i r o n  v a l u e s  ( 0 . 9 4  m g / L )  e x c e e d e d  t h e  d r i n k i n g

d u r i n g  f r e s h e twate r  a n d  a q u a t i c  l i f e  c r i t e r i a  o f  0 . 3  m g / L ( 8 , 11 , 1 8 )

on J u n e  . 28,  1 9 8 3 .  T o t a l  i r o n  v a l u e s  w e r e  much  h i g h e r  w i t h  9  o f  1 4

exceeding t h e s e  c r i t e r i a ,  a n d  a  maximum o f  1 8 . 4  m g / L  r e c o r d e d  d u r i n g

f r e s h e t  o n  J u n e  2 ,  1 9 7 5 .  P a i r e d  d i s s o l v e d  i r o n ,  t o t a l  i r o n ,  a n d  s u s -

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

ment ioned above ,  t h e  i r o n  i s  p r e s e n t  m a i n l y  i n  t h e  p a r t i c u l a t e  f o r m ,  a n d

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

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

a q u a t i c  l i f e .

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

(0.005 m g / L  ) (19) i n  1  o f  1 4  s a m p l e s ,  w i t h  a  l e v e l  o f  0 . 0 0 6  m g / L
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t o t a l  l e a d  o n  J u n e  1 ,  1 9 8 3 .  T h i s  h i g h  l e v e l  w a s  a s s o c i a t e d  w i t h  h i g h

suspended s o l i d s  o n  t h a t  d a t e .

To t a l  manganese e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n -

dard ( 0 . 0 5 0  m g / L )  (18) i n  4  o f  1 3  s a m p l e s  w i t h  a  maximum o f  0 . 5  m g / L

on J u n e  2 ,  1 9 7 5 .  T h e s e  h i g h  l e v e l s  w e r e  a s s o c i a t e d  w i t h  h i g h  l e v e l s  o f

suspended s o l i d s  d u r i n g  t h o s e  f o u r  d a y s  d u r i n g  f r e s h e t .

Molybdenum e q u a l l e d  t h e  c o n t i n u o u s  u s e  i r r i g a t i o n  c r i t e r i o n  ( 0 . 0 1

mg /L ) (29 )  i n  t w o  s a m p l e s  d u r i n g  t h e  i r r i g a t i o n  s e a s o n ,  a n d  e x c e e d e d

t h e  c r i t e r i o n  i n  1  o f  1 2  s a m p l e s ,  w i t h  a  l e v e l  o f  0 . 0 3  m g / L o n  November

14, 1 9 8 3 ,  d u r i n g  t h e  n o n - i r r i g a t i o n  s e a s o n .

A l l  t h e  r e c e n t  s a m p l e  a n a l y s e s  f o r  n i c k e l  u s e d  a n  0 . 0 5  m g / L

d e t e c t i o n  l i m i t .  T h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  n i c k e l ,  h o w e v e r ,  i s

0 . 0 2 5  m g / L ( 2 6 ) .  A s  s u g g e s t e d  p r e v i o u s l y  i n  t h i s  r e p o r t ,  t h e

d e t e c t i o n  l i m i t  s h o u l d  b e  c h a n g e d  t o  0 . 0 1 0  m g / L  t o  b e  c o n s i s t e n t  w i t h

the  a q u a t i c  l i f e  c r i t e r i o n .

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

known u s e s  o f  t h e  Te l k w a  and  B u l k l e y  R i v e r s .

5.5 BULKLEY RIVER AT  SMITHERS

There a r e  f o u r  w a t e r  q u a l i t y  s i t e s  n e a r  S m i t h e r s .  T h e s e  i n c l u d e :

s i t e  0400204,  a b o u t  8  k m  u p s t r e a m  f r o m  t h e  sewage t r e a t m e n t  p l a n t  d i s -

charge ( P E  3 7 3 ) ;  s i t e  0400434 ,  t h e  c o n t r o l  s i t e  j u s t  u p s t r e a m  f r o m  t h e

d i s c h a r g e ;  s i t e  0 4 0 0 4 3 5 ,  1 0 0  m  downs t ream;  a n d  s i t e  0400436 ,  1 . 2  k m

downstream ( s e e  F i g u r e  6 ) .  T h e  h i s t o r i c a l  d a t a  f o r  u p s t r e a m  s i t e

0400204 ( 1 9 6 6 - 1 9 7 6 ;  n = 2 3 )  a r e  summar i zed  i n  Ta b l e  2 3 .  T h e  f e w  h i s t o r -

i c a l  d a t a  f r o m  t h e  t h r e e  s i t e s  0 4 0 0 4 3 4 ,  0 4 0 0 4 3 5 ,  a n d  0400436 ,  u s e d  t o

m o n i t o r  t h e  o l d  sewage t r e a t m e n t  p l a n t ,  a r e  summar ized i n  Ta b l e  2 4 .  T w o

o f  t h e s e  s i t e s ,  0 4 0 0 4 3 4  a n d  0400435 ,  w e r e  samp led  d u r i n g  1983  a n d  1984

t o  m o n i t o r  t h e  p e r f o r m a n c e  o f  t h e  new t r e a t m e n t  f a c i l i t y ;  t h e s e  d a t a  a r e

summarized i n  Ta b l e  2 5 .
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H i s t o r i c a l  d a t a  f r o m  t h e s e  f o u r  s i t e s  a r e  s i m i l a r  t o  t h o s e  f r o m

upstream s i t e s ,  s h o w i n g  B u l k l e y  R i v e r  w a t e r  t o  b e  s o f t  ( < 5 0  mg /L h a r d -

ness; e x c e p t  8 1 . 1  m g / L  o n  March  2 0 ,  19714 a t  s i t e  04002014), l o w  i n  a l k a -

l i n i t y  (<140 m g / L ;  e x c e p t  8 2  m g / L  o n  M a r c h  2 0 ,  19714,  a l s o  a t  s i t e

014002021), a n d  w i t h  t u r b i d i t y  e x c e e d i n g  t h e  maximum a c c e p t a b l e  d r i n k i n g

wa te r  s t a n d a r d  ( 5  N T U ) ( 1 8 )  d u r i n g  f r e s h e t ,  i n d i c a t i n g  t h a t  t u r b i d -

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

c o n t i n u e d  t o  e x c e e d  t h e  d r i n k i n g  w a t e r  s t a n d a r d  ( 1 5  T C U ) ( 1 8 )  d u r i n g

f r e s h e t  a t  a l l  f o u r  s i t e s .

Severa l  c h a r a c t e r i s t i c s  a r e  n o t e w o r t h y  a t  s i t e  024002014 ( Ta b l e  2 3 ) ,

t h e  s i t e  m o s t  i n t e n s i v e l y  sampled  o f  t h e  f o u r .  T h e s e  i n c l u d e :

(1)  S u s p e n d e d  s o l i d s ,  w h i c h  w e r e  v e r y  h i g h  d u r i n g  f r e s h e t ,  w i t h  a  m a x i -

mum o f  3 2 7  m g / L  o n  J u n e  2 ,  1 9 7 5 .  T u r b i d i t y  was  c o r r e s p o n d i n g l y

h i g h e r  t h a n  t h e  5  N T U  m a x i m u m  a c c e p t a b l e  d r i n k i n g  w a t e r

s t a n d a r d ( 1 8 ) ,  i n d i c a t i n g  t h a t  s o m e  o f  t h e  s u s p e n d e d  s o l i d s /

t u r b i d i t y  w o u l d  have  t o  b e  removed b e f o r e  d r i n k i n g  t o  meet  M i n i s t r y

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

( i i )  C o p p e r,  w h i c h  f r e q u e n t l y  e q u a l l e d  o r  e x c e e d e d  t h e  a q u a t i c  l i f e  a n d

w i l d l i f e  c r i t e r i a  ( 0 . 0 0 2  m g / L ) ( 2 0 ) ,  a s  d i d  t h e  t h r e e  o t h e r

downstream s i t e s :  t h e  maximum c o n c e n t r a t i o n  o f  d i s s o l v e d  coppe r  was

at  s i t e  014002024, w i t h  a  c o n c e n t r a t i o n  o f  0.0014 mg /L o n  November 2 5 ,

1971.

( i i i ) I r o n ,  w i t h  c o n c e n t r a t i o n s  e x c e e d i n g  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g

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

(0 .3  m g / L ) ( 1 8 ' 7 7 )  i n  3  o f  5  s a m p l e s  f o r  t o t a l  i r o n ,  w i t h  a

maximum o f  1 1 . 3  m g / L  o n  J u n e  2 ,  1 9 7 5 .  T h e  m a j o r i t y  o f  t h e  i r o n

would h a v e  b e e n  d u e  t o  t h e  i r o n  c o n t e n t  o f  suspended  s e d i m e n t  a n d

thus n o t  i m p o r t a n t .
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( i v )  L e a d ,  i n  e x c e s s  o f  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 5 m g / L ) ( 1 9 ) ,

was f o u n d  i n  1  o f  8  s a m p l e s ;  0 . 0 1 7  m g / L d i s s o l v e d  l e a d  o n  A u g u s t

17, 1 9 7 1 .

( v )  M a n g a n e s e ,  w h i c h  e x c e e d e d  t h e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r

s t a n d a r d  ( 0 . 0 5  m g / L ) ( 1 8 )  a n d  t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c

l i f e  c r i t e r i a  ( 0 . 1 - 1 . 0  m g / L ) ( 11 )  i n  2  o f  5  s a m p l e s  f o r  t o t a l

manganese, w i t h  a  maximum o f  0 . 3 4  mg/L o n  J u n e  2 ,  1 9 7 5 .  T h e s e  h i g h

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

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

The new sewage t r e a t m e n t  p l a n t  a t  S m i t h e r s  was  d e s i g n e d  t o  r e p l a c e

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

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

d e g r a d a t i o n  d u e  t o  t h e  o l d  sewage t r e a t m e n t  p l a n t .  B i a n n u a l  c o n c u r r e n t

samp l i ng  a t  B u l k l e y  R i v e r  l o w  f l o w s  b y  Was te  Management B r a n c h  a t  s i t e s

0400434 ( c o n t r o l )  a n d  0400435,  t o g e t h e r  w i t h  t h e  sewage t r e a t m e n t  p l a n t

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

f a c i l i t y .

A n a l y s i s  o f  t h e  f i r s t  s a m p l e  t a k e n  November 3 0 ,  1 9 8 3 ,  ( s e e  Ta b l e

25) s h o w e d  a n  e l e v a t i o n  i n  t o t a l  a m m o n i a  a t  t h e  e n d  o f  t h e  i n i t i a l

d i l u t i o n  z o n e  ( s i t e  0 4 0 0 4 3 5 ) ,  b u t  o n l y  a l o n g  t h e  l e f t  b a n k  ( Z o n e  1  i n

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

and t h e  l e f t  b a n k  showed 0 . 0 3 8  mg /L compared w i t h  u n d e t e c t a b l e  l e v e l s  a t

t h e  c o n t r o l  s i t e  0400434 .  T h i s  l e v e l  o f  t o t a l  ammonia  r e p r e s e n t s  a n

u n - i o n i z e d  ammonia l e v e l  o f  <0 .001  m g / L  w h i c h  i s  w i t h i n  t h e  a q u a t i c  l i f e

c r i t e r i a  f o r  u n - i o n i z e d  N H ,  -N o f  0 . 0 0 7 - 0 . 0 3 0  m g / L ( 2 7 ) .  K j e l d a h l - N

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

upstream s i t e  0 4 0 0 4 3 4 ,  a l t h o u g h  l e v e l s  w e r e  s t i l l  l o w .  O n  A p r i l  1 1 ,

.1984, l e v e l s  o f  t o t a l  p h o s p h o r u s  a n d  suspended  s o l i d s  w e r e  g r e a t e r  a t

s i t e  0400435 t h a n  a t  u p s t r e a m  c o n t r o l  s i t e  0400434,  b u t  a g a i n  o n l y  a l o n g

t h e  l e f t  b a n k .  F r o m  t h e s e  l i m i t e d  d a t a  ( n = 2 )  i t  w o u l d  a p p e a r  t h a t  t h e

sewage d i s c h a r g e  i s  n o t  a l w a y s  c o m p l e t e l y  m i x e d  a t  t h e  e n d  o f  t h e  1 0 0  m
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i n i t i a l  d i l u t i o n  z o n e  ( s i t e  0 4 0 0 4 3 5 ) .  A p p a r e n t l y  t h e r e  i s  s t r o n g  m i x i n g

a t  t h e  r i v e r  s h a l l o w s  a b o u t  5 0  m b e l o w  s i t e  0400435,  s o  t h a t  n o  s i g n i f i -

can t  e l e v a t i o n s  w o u l d  b e  e x p e c t e d  i n  t h e  c h a r a c t e r i s t i c s  measured beyond

about  1 5 0  m downstream f r o m  t h e  d i s c h a r g e .  T h e s e  s m a l l  i n c r e a s e s  w o u l d

be a s  p r e d i c t e d  i n  s e c t i o n  4 . 3 ,  w i t h  n o  w a t e r  u s e  c o n f l i c t s  e x p e c t e d .

A l though t o t a l  c o l i f o r m s  w e r e  e l e v a t e d  a t  Z o n e  1  o f  s i t e  0400435 o n

November 3 0 ,  1 9 8 3  ( 2 3 0  MPN/100 mL c o m p a r e d  t o  9  MPN/100 mL a t  u p s t r e a m

s i t e  0 4 0 0 4 3 4 ) ,  t h e r e  w a s  n o  s i g n i f i c a n t  e l e v a t i o n  i n  f e c a l  c o l i f o r m s

downstream f r o m  t h e  sewage  d i s c h a r g e  e i t h e r  o n  t h a t  d a t e  o r  A p r i l  1 1 ,

1984 ( s e e  Ta b l e  2 5 ) .  T h i s  i s  i n  ag reemen t  w i t h  s e c t i o n  4 . 3  t h a t  p r e -

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

d i scha rge  ( 2 - 3 / 1 0 0  m L ) .  L e v e l s  o f  f e c a l  c o l i f o r m s  a t  b o t h  s i t e s  0400434

and 0 4 0 0 4 3 5  w e r e  w i t h i n  g u i d e l i n e s  f o r  p r i m a r y - c o n t a c t  r e c r e a t i o n

(200-400 f e c a l  c o l i f o r m s / 1 0 0  m L ) ( 5 5 )  o n  t h e  d a t e s  s a m p l e d .

5.6 BULKLEY RIVER WATER QUALITY, POST KEMANO-COMPLETION

The p r o p o s e d  Kemano-Comp le t i on  P r o j e c t ,  w i t h  t h e  damming  o f  t h e

Nanika R i v e r  a n d  c o n s e q u e n t  r e d u c t i o n  i n  B u l k l e y  R i v e r  f l o w s ,  w i l l  n o t

s i g n i f i c a n t l y  c h a n g e  w a t e r  q u a l i t y  i n  t h e  B u l k l e y  R i v e r .  M o s t  o f  t h e

water  s t o r e d  b e h i n d  t h e  N a n i k a  dam w o u l d  b e  w i t h d r a w n  f r o m  p e a k  s t r e a m -

f l o w  i n  l a t e  s p r i n g  a n d  e a r l y  summer ( s e e  F i g u r e  2 ) .  R e m a i n i n g  f l o w s

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

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

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

l o w e s t .  T h e  m i n i m u m  m o n t h l y  p o s t  K e m a n o - C o m p l e t i o n  d a t a  f r o m

A l c a n ( 2 )  p r e d i c t  t h a t  t h e  q u a n t i t y  o f  w a t e r  r e l e a s e d  a t  t h e  N a n i k a

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

(February  t o  A p r i l ) .  T h i s  w o u l d  r e s u l t  i n  s l i g h t l y  h i g h e r  d i l u t i o n  o f

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

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

u s i n g  t h e  p r e d i c t e d  minimum mean m o n t h l y  p o s t  Kemano-Complet ion  B u l k l e y

R i v e r  f l o w  ( 1 3 . 9  m 3 / s ) ( 2 ) ,  i s  b e t w e e n  1 1 1 : 1  a n d  2 8 6 : 1  ( d e p e n d i n g  o n
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the  f l o w  o f  t r e a t e d  sewage d i s c h a r g e d ;  s e e  Ta b l e  7 ) .  T h e  n a t u r a l  mean

mon th l y  l o w  f l o w  i s  1 2 . 1  m 3 / s ( 2 ) ,  w h i c h  r e s u l t s  i n  a  l e s s e r  d i l u -

t i o n  o f  b e t w e e n  9 7 : 1  a n d  2 4 9 : 1 ,  u n d e r  t h e  s a m e  e f f l u e n t  d i s c h a r g e

c o n d i t i o n s .

I t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  e f f e c t  o f  r e d u c e d  p e a k  f l o w s  ( l a t e

s p r i n g  t o  e a r l y  summer)  i n  t h e  M o r i c e  R i v e r  o n  downst ream B u l k l e y  R i v e r

w a t e r  q u a l i t y .  W h e r e a s  t h e  M o r i c e  R i v e r  c o n t r i b u t e s  a b o u t  70% o f  t h e

t o t a l  d r a i n a g e  a r e a  a b o v e  t h e  c o n f l u e n c e  w i t h  t h e  U p p e r  B u l k l e y  R i v e r

(6 0 1 0  km2 t o t a l ) ,  i t  c o n t r i b u t e s  a b o u t  92% t o  t h e  t o t a l  B u l k l e y  R i v e r

f l o w  b e l o w  t h e  c o n f l u e n c e  u n d e r  n a t u r a l  c o n d i t i o n s  ( n a t u r a l  mean  J u n e

f l o w  o f  t h e  M o r i c e  R i v e r  a t  t h e  mou th  t h e  t o t a l  f l o w  i n c l u d i n g  t h a t  o f

the  U p p e r  B u l k l e y .  R i v e r  m e a n  f l o w  x  1 0 0 ;  o r  3 2 9 . 3  e / s ( 2 ) / 3 2 9 . 3

m3/s 2 8 . 1  m 3 / s ( 6 )  x  1 0 0 ) .  T h i s  c o n t r i b u t i o n  i s  r e d u c e d  t o  a b o u t

90% o f  t h e  t o t a l  f l o w  d o w n s t r e a m  f r o m  t h e  c o n f l u e n c e  w i t h  t h e  U p p e r

B u l k l e y,  R i v e r  f o l l o w i n g  Kemano-Comple t ion  ( p r e d i c t e d  mean J u n e  f l o w  o f

the  M o r i c e  R i v e r  a t  t h e  m o u t h  -1- t h e  t o t a l  f l o w  i n c l u d i n g  t h e  U p p e r

B u l k l e y  R i v e r  n a t u r a l  m e a n  J u n e  f l o w  x  1 0 0 ;  o r  2 5 3 . 2  e / s ( 2 ) / 2 5 3 . 2

m3/s +  2 8 . 1  m s / s .  x  1 0 0 ) .  B e c a u s e  t h e  w a t e r  q u a l i t y  o f  t h e  t w o  r i v e r s  i s

s i m i l a r  ( g e n e r a l l y  n u t r i e n t  p o o r ,  b u t  w i t h  some m e t a l s  e x c e e d i n g  w a t e r

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

suspended s o l i d s ) ,  : t h i s  s l i g h t  r e d u c t i o n  f r o m  92% t o  90% i n  c o n t r i b u t i o n

o f  p e a k  f l o w s  f r o m  t h e  M o r i c e  R i v e r  i s  n o t  e x p e c t e d  t o  l o w e r  w a t e r  q u a l -

i t y  downst ream f r o m  t h e  c o n f l u e n c e  w i t h  t h e  Upper  B u l k l e y  R i v e r .

I t  i s  l i k e l y  t h a t  t h e  c o n c e n t r a t i o n  o f  some m e t a l s  a s s o c i a t e d  w i t h

h i g h ' c o n c e n t r a t i o n s  o f  suspended  s o l i d s  d u r i n g  f r e s h e t  w i l l  b e  i n c r e a s e d

w i t h  t h e  f l o w  r e d u c t i o n s  p r o p o s e d  b y  A l c a n  a f t e r  t h e  Kemano-Comple t ion

p r o j e c t .  A l t h o u g h  d a t a  f o r  s u s p e n d e d  s o l i d s  a t  t h e  o u t l e t  o f  B u l k l e y

Lake ( s i t e  0 4 0 0 2 0 0 )  a r e  f e w  ( n = 2 ) ,  s u s p e n d e d  s o l i d s  l o a d i n g s  t o  t h e

. M o r i c e  a n d  B u l k l e y  R i v e r s  f r o m  t h e  l a k e  a r e  e x p e c t e d  t o  b e  l o w .  T h e

m a j o r i t y  o f  suspended  s o l i d s  i n  t h e  M o r i c e  R i v e r  j u s t  u p s t r e a m  f r o m  t h e

con f l uence  w i t h  t h e  B u l k l e y  R i v e r  ( s i t e  0 4 0 0 2 0 3 ;  maximum o f  1 0 5  m g / L

suspended s o l i d s  o n  J u n e  1 ,  1 9 8 3 )  i s  d u e  t o  i n f l o w i n g  t r i b u t a r i e s .
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Reduced f l o w s  f r o m  M o r i c e  L a k e  w o u l d  p r o v i d e  l e s s  d i l u t i o n  o f  i n f l o w i n g

t r i b u t a r y  w a t e r ;  t h u s  Kemano-Comple t ion  c o u l d  i n c r e a s e  t h e  c o n c e n t r a t i o n

o f  h e a v y  m e t a l s  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s ,  some o f  w h i c h  a l r e a d y

tend  t o  exceed  u s e  c r i t e r i a  d u r i n g  f r e s h e t .

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

B u l k l e y  R i v e r s  w i t h  Kemano-Comple t ion ,  d u e  t o  t h e  f o r m a t i o n  o f  t h e  n e w

N a n i k a - K i d p r i c e  R e s e r v o i r  i n  t h e  h e a d w a t e r s .  A  dam w i l l  b e  c o n s t r u c t e d

a t  t h e  o u t l e t  o f  K i d p r i c e  L a k e ,  d i v e r t i n g  a b o u t  62% o f  t h e  mean a n n u a l

f l o w  f r o m  t h e  N a n i k a  R i v e r  t o  t h e  Nechako R e s e r v o i r ,  w i t h  t h e  r e m a i n i n g

38% r e l e a s e d  a t  t h e  d a m ( 6 6 ) .  E l e v a t e d  m e r c u r y  l e v e l s ,  i n  p a r t i c u -

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

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

( a m o u n t  o f  f l o o d i n g )  c o m p a r e d  t o  t h e  p r e i m p o u n d m e n t  l a k e

area (67 ,  68) M e r c u r y  l e v e l s  i n  r e s i d e n t  f i s h  a r e  e x p e c t e d  t o

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

i n  t h e  K i d p r i c e  b a s i n  w h e r e  t h e r e  w i l l  b e  a  209% i n c r e a s e  i n  s u r f a c e

a r e a  o f  t h e  f o r m e r  K i d p r i c e  L a k e ( 6 6 ) .  E n v i r o c o n  (66)  s t a t e d

t h a t  t h e  p o t e n t i a l  f o r  m e r c u r y  c o n t a m i n a t i o n  w i t h i n  t h e  n e w  ( N a n i k a -

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

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

( d e t a i l e d  i n  S h e r b i n ( 7 0 ) ) .  E n v i r o c o n  p r e d i c t s  t h a t  f i s h i n g  i n  t h e

new r e s e r v o i r  w i l l  h a v e  t o  b e  p r o h i b i t e d  u n t i l  m e r c u r y  l e v e l s  i n  s p o r t -

f i s h  a r e  b e l o w  t h e  l i m i t  f o r  h u m a n  c o n s u m p t i o n  ( 0 . 5  m g /  k g ) ( 6 9 ) .

The e f f e c t  o f  t h e s e  pos t impoundment  m e r c u r y  l e v e l s  o n  downst ream w a t e r

q u a l i t y  o f  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s  i s  unknown .  D i l u t i o n  w o u l d

reduce t h e  e f f e c t  o f  t h e  c o n t a m i n a n t .  H o w e v e r ,  d i l u t i o n s  w i l l  b e  a b o u t

5:1 a t  t h e  o u t l e t  o f  M o r i c e  L a k e ,  9 : 1  a t  t h e  m o u t h  ( j u n c t i o n  w i t h  t h e

B u l k l e y  R i v e r ) ,  a n d  11 : 1  a t  Q u i c k ,  a l l  b a s e d  o n  p r e d i c t e d  y e a r l y  ave rage

f l o w s  f r o m  A l c a n  w i t h  Kemano-Comp le t i on (2 ) .

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

i n  n e w  r e s e r v o i r s ( 7 2 ) ,  i n c l u d i n g  t h e  N a n i k a - K i d p r i c e  R e s e r v o i r

proposed w i t h  Kemano -Comp le t i on .  T h e  i n c r e a s e  c a n  b e  a s  m u c h  a s  a n
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o r d e r  o f  m a g n i t u d e  i n  t h e  f i r s t  t w o  o r  t h r e e  y e a r s  f o l l o w e d  b y  d e c l i n e

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

b i o l o g i c a l  r e l e a s e  f r o m  f l o o d e d  v e g e t a t i o n  a n d  s o i l s  ( 7 3 )

A l t hough  p h y t o p l a n k t o n  t y p i c a l l y  i n c r e a s e  t w o  t o  t h r e e f o l d ( 7 4 )  w i t h

t h e  i n c r e a s e  o f  n u t r i e n t s ,  E n v i r o c o n ( 6 6 )  p r e d i c t s  a n  o r d e r  o f  m a g -

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

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

q u a l i t y  i s  n o t  known,  a l t h o u g h  t h e  d i l u t i o n s  d i s c u s s e d  above w o u l d  s i m i -

l a r l y  r e d u c e  t h e s e  i m p a c t s .

5.7 WATER QUALITY OBJECTIVES FOR THE BULKLEY RIVER

I n  g e n e r a l ,  w a t e r  i n  t h e  B u l k l e y  a n d  M o r i c e  R i v e r s  w a s  shown  t o  b e

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

exceed ing  d r i n k i n g  w a t e r  s t a n d a r d s  d u r i n g  f r e s h e t .  S e v e r a l  m e t a l s

e q u a l l e d  o r  exceeded  a q u a t i c  u s e  c r i t e r i a ,  u s u a l l y  d u r i n g  f r e s h e t  ( A p r i l

t o  J u l y ) . w h e n  t h e  m a j o r i t y  o f  m e t a l  w o u l d  b e  b o u n d  t o  suspended s o l i d s .

These m e t a l s  i n c l u d e d  a lum inum,  c o b a l t ,  cadmium,  ch rom ium,  c o p p e r ,  i r o n ,

manganese, n i c k e l ,  l e a d ,  a n d  z i n c .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e

c a p a c i t y  o f  t h e  B u l k l e y  a n d  M o r i c e  R i v e r s  t o  a c c e p t  f u r t h e r  i n p u t s  o f

me ta l s  f r o m  f u t u r e  deve lopmen ts  may b e  l i m i t e d  d u r i n g  f r e s h e t  u n l e s s  i t

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

them h a r m l e s s  t o  t h e  d e s i g n a t e d  u s e s .  -

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

R i v e r s  i n c l u d e  a q u a t i c  l i f e  ( f i s h e r i e s )  a n d  w i l d l i f e ,  i r r i g a t i o n ,  l i v e -

stock watering, i n d u s t r i a l  use, and primary-contact recreat ion through-
ou t  t h e  r i v e r s ,  : f r o m  t h e  h e a d w a t e r s  a t  B u l k l e y  a n d  M o r i c e  L a k e s  t o  t h e

j u n c t i o n  w i t h  t h e  Skeena R i v e r  a t  H a z e l t o n .

I r r i g a t i o n  i s  p r o p o s e d  a s  a  d e s i g n a t e d  u s e  t h r o u g h o u t  t h e  B u l k l e y

and M o r i c e  R i v e r s  t o  p r o t e c t  f u t u r e  o p t i o n s .  A l t h o u g h  t h e r e  a r e  n o

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

B u l k l e y  L a k e ,  t h e r e  i s  i n c r e a s i n g  d e m a n d  f o r  i r r i g a t i o n  w a t e r  t o
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inc rease  h a y  p r o d u c t i o n .  N e i t h e r  a r e  t h e r e  i r r i g a t i o n  l i c e n s e s  d o w n -

stream f r o m  S m i t h e r s ,  a s  l i c e n s e d  u s e  o f  i n f l o w i n g  c r e e k s  i s  m o r e

p r a c t i c a l  t h a n  p u m p i n g  w a t e r  u p h i l l  f r o m  t h e  B u l k l e y  R i v e r .  D r i n k i n g

wa te r  i s  a  p roposed  d e s i g n a t e d  u s e  f o r  c e r t a i n  reaches  o f  t h e  M o r i c e  a n d

B u l k l e y  R i v e r s ,  i n c l u d i n g :  ( 1 )  U p p e r  B u l k l e y  R i v e r  f r o m  B u c k  C r e e k  u p -

stream t o  B u l k l e y  L a k e ,  a n d  ( 2 )  t h e  M o r i c e  R i v e r  f r o m  t h e  o u t l e t  o f

Mor i ce  L a k e ,  p a s t  t h e  j u n c t i o n  w i t h  t h e  U p p e r  B u l k l e y  R i v e r ,  downs t ream

t o  S m i t h e r s .  E x c l u d e d  a r e  t w o  r e a c h e s ,  w h i c h  a r e :  ( 1 )  t h e  B u l k l e y  R i v e r

downstream f r o m  Buck  C r e e k  a n d  t h e  H o u s t o n  sewage d i s c h a r g e  t o  t h e  mou th

o f  t h e  M o r i c e  R i v e r .  A l t h o u g h  t h e r e  a r e  n o  d o m e s t i c  ( d r i n k i n g )  w a t e r

l i c e n s e s  o n  t h i s  r e a c h ,  i n d u s t r i a l  l i c e n s e  CL55785 i s  u s e d  f o r  h a u l i n g

wa te r  t o  d o m e s t i c - u s e  c u s t o m e r s ;  ( 2 )  t h e  B u l k e l y  R i v e r  downst ream f r o m

the  S m i t h e r s  sewage d i s c h a r g e  t o  t h e  S k e e n a  R i v e r .  T h e r e  i s  p r o b a b l y

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

r e s e r v e s  a t  M o r i c e t o w n .

P r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s  a r e  p r o p o s e d  f o r  t h e  M o r i c e

and B u l k l e y  R i v e r s .  T h e  o b j e c t i v e s  a r e  b a s e d  o n  M i n i s t r y  c r i t e r i a  a s

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

da ta  o n  a m b i e n t  w a t e r  q u a l i t y ,  w a s t e  d i s c h a r g e s ,  w a t e r  u s e s  a n d  r i v e r

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

m o n i t o r i n g  p r o g r a m s  p r o v i d e  a d e q u a t e  d a t a ,  a n d  t h e  M i n i s t r y  h a s

e s t a b l i s h e d  a p p r o v e d  w a t e r  q u a l i t y  c r i t e r i a  f o r  a l l  t h e  c h a r a c t e r i s t i c s

o f  c o n c e r n .

The o b j e c t i v e s  c a n  b e  c o n s i d e r e d  a s  p o l i c y  g u i d e l i n e s  f o r  r e s o u r c e

managers t o  p r o t e c t  w a t e r  u s e s  i n  t h e  s p e c i f i e d  w a t e r  b o d i e s .  F o r

example,  t h e y  c a n  b e  u s e d  t o  d raw  u p  w a s t e  management p e r m i t s  a n d  p l a n s ,

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

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

wa te r  b o d y  c a n  b e  c h e c k e d .

Water q u a l i t y  o b j e c t i v e s  h a v e  n o  l e g a l  s t a n d i n g  a n d  t h e i r  d i r e c t

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

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

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

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

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

t i o n s  i n  a  w a s t e  management p e r m i t .

Depending o n  t h e  c i r c u m s t a n c e s ,  w a t e r  q u a l i t y  o b j e c t i v e s  m a y

a l r e a d y  b e  me t  i n  a  w a t e r  b o d y,  o r  may  d e s c r i b e  w a t e r  q u a l i t y  c o n d i t i o n s

which  c a n  b e  met  i n  t h e  f u t u r e .  T o  l i m i t  t h e  s c o p e  o f  t h e  w o r k ,  o b j e c t -

i v e s  a r e  o n l y  b e i n g  p r e p a r e d  f o r  w a t e r b o d i e s  a n d  f o r  w a t e r  q u a l i t y

c h a r a c t e r i s t i c s  w h i c h  may b e  a f f e c t e d  b y  m a n ' s  a c t i v i t y ,  n o w  a n d  i n  t h e

f o r e s e e a b l e  f u t u r e .

C h a r a c t e r i s t i c s  o f  Conce rn :

The p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s  p r o p o s e d  a p p l y  e v e r y w h e r e

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

d i l u t i o n  z o n e s  o f  w a s t e  d i s c h a r g e s .  T h e s e  z o n e s  c a n  e x t e n d  u p  t o  1 0 0  m

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

25% o f  t h e  w i d t h  o f  t h e  r i v e r .

a)  F e c a l  c o n t a m i n a t i o n ,  p r i m a r i l y  f r o m  t h e  sewage t r e a t m e n t  p l a n t s

a t  H o u s t o n  a n d  S m i t h e r s .

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

d r i n k i n g  w a t e r  s t a n d a r d  i n f e r s  a  9 0 t h  p e r c e n t i l e  < 1 0  f e c a l  c o l i f o r m s /

100 m L ( 1 8 )  t o  p r o t e c t  d r i n k i n g  w a t e r  u s e  w i t h  d i s i n f e c t i o n  o n l y .

P r imary - c o n t a c t  r e c r e a t i o n  c r i t e r i a  a r e  2 0 0  ( g e o m e t r i c  m e a n )  t o  4 0 0

( 9 0 t h  p e r c e n t i l e )  f e c a l  c o l i f o r m s / 1 0 0  m L ( 4 0 ) .  S e c o n d a r y - c o n t a c t

r e c r e a t i o n  c r i t e r i a  a r e  1  0 0 0  f e c a l  c o l i f o r m s / 1 0 0  1111., ( 9 0 t h  p e r c e n t i l e )

i n  n o t  l e s s  t h a n  f i v e  s a m p l e s  i n  a n y  c o n s e c u t i v e  3 0 -day  p e r i o d ( 4 1 )

I r r i g a t i o n  a n d  l i v e s t o c k  w a t e r i n g  c r i t e r i a  a r e  1  0 0 0  ( g e o m e t r i c  mean) t o

4 0 0 0  o r  5  0 0 0  (maximum) f e c a l  c o l i f o r m s / 1 0 0  m L ( 6 1 ) .
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The recommended p r o v i s i o n a l  o b j e c t i v e  i s  a  9 0 t h  p e r c e n t i l e  o f  < 1 0

f e c a l  c o l i f o r m s / 1 0 0  mL i n  a n y  3 0 - d a y  p e r i o d  t o  p r o t e c t  d r i n k i n g  w a t e r

use i n  t h o s e  r e a c h e s  o f  t h e  B u l k l e y  a n d  M o r i c e  R i v e r s  f r o m  B u l k l e y  L a k e

t o  H o u s t o n  a n d  downst ream f r o m  M o r i c e  L a k e  t o  S m i t h e r s ,  d e s i g n a t e d  f o r

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

wate r  t r e a t m e n t  r e q u i r e d  b e f o r e  d r i n k i n g .  A  p r o v i s i o n a l  o b j e c t i v e  o f

200 ( g e o m e t r i c  mean f o r  3 0  d a y s )  t o  4 0 0  ( 9 0 t h  p e r c e n t i l e  i n  a  3 0 - d a y

p e r i o d )  f e c a l  c o l i f o r m / 1 0 0  mL i s  p r o p o s e d  f o r  t h e  r e m a i n i n g  t w o  r e a c h e s

o f  t h e  B u l k l e y  R i v e r ,  downs t ream f r o m  H o u s t o n  t o  t h e  M o r i c e  R i v e r ,  a n d

from S m i t h e r s  t o  t h e  S k e e n a  R i v e r ,  t o  p r o t e c t  p r i m a r y - c o n t a c t  r e c r e -

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

been met  i n  t h e  p a s t .  M o r e  d a t a  a r e  r e q u i r e d  f o r  a  c o m p l e t e  assessmen t ,

however,  a n d  t o  c o n f i r m  t h e  o b j e c t i v e s .  I t  i s  i m p r o b a b l e  t h a t  t h e

d r i n k i n g  w a t e r  o b j e c t i v e  c o u l d  b e  m e t  e i t h e r :  1 )  i m m e d i a t e l y  downst ream

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

c e r t a i n  t i m e s  o f  t h e  y e a r ,  o r  2 )  d o w n s t r e a m  f r o m  t h e  S m i t h e r s  sewage

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

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

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

use i n  e i t h e r  o f  t h e  t w o  r e a c h e s  w h e r e  t h e  o b j e c t i v e  i s  i n  p l a c e  t o

p r o t e c t  r e c r e a t i o n  b u t  n o t  d r i n k i n g  w a t e r .

As s t a t e d  i n  s e c t i o n  3 . 1 ,  w a t e r  l i c e n s e  CL-55785 i s  f o r  commerc i a l

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

p o i n t s  o f  w i t h d r a w a l  i s  downs t ream f r o m  t h e  H o u s t o n  sewage d i s c h a r g e ,

where t h e  p r o v i s i o n a l  f e c a l  c o l i f o r m  o b j e c t i v e  t o  p r o t e c t  r e c r e a t i o n  i s

proposed.  A s  t h i s  o b j e c t i v e  d o e s  n o t  p r o t e c t  d r i n k i n g  w a t e r ,  a n d  w a t e r

f o r  t h i s  u s e  c o u l d  r e q u i r e  m o r e  c o m p l e t e  t r e a t m e n t  ( n o t  j u s t  d i s i n f e c -

t i o n ) ,  t h e  l i c e n s e e  ( Te n i e r s  E n t e r p r i s e s  L t d . )  s h o u l d  b e  i n f o r m e d  t h a t

water  f r o m  t h i s  p a r t i c u l a r  r e a c h  o f  t h e  B u l k l e y  R i v e r  may need  more  t h a n

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

b) P e r i p h y t o n  S t a n d i n g  C r o p

The p e r i p h y t o n  c r i t e r i a  f o r  B r i t i s h  C o l u m b i a  s t r e a m s  a r e  t h a t  t h e
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s t a n d i n g  c r o p  f r o m  n a t u r a l  s u b s t r a t e s  b e  l e s s  t h a n  5 0  mg /m2  c h l o r o -

p h y l l  a  t o  p r o t e c t  r e c r e a t i o n ,  a n d  l e s s  t h a n  1 0 0  mg/m2 c h l o r o p h y l l  a  t o

p r o t e c t  a q u a t i c  l i f e  f r o m  e x c e s s i v e  s t a n d i n g  c r o p s ( 3 8 )  T h e  r e c o m -

mended p r o v i s i o n a l  o b j e c t i v e  f o r  p e r i p h y t o n  i n  t h e  M o r i c e  a n d  B u l k l e y

R i v e r s  i s  5 0  mg/m2 c h l o r o p h y l l  a  t o  p r o t e c t  r e c r e a t i o n .  T h e r e  a r e  n o

da ta  t o  d e t e r m i n e  w h e t h e r  t h i s  p r o v i s i o n a l  o b j e c t i v e  h a s  b e e n  m e t

h i s t o r i c a l l y  i n  e i t h e r  t h e  M o r i c e  o r  B u l k l e y  R i v e r s .

c)  P a r t i c u l a t e  M a t t e r

The c r i t e r i a  f o r  p r o t e c t i n g  a q u a t i c  l i f e  i n  B r i t i s h  C o l u m b i a  f r o m

excess ive  p a r t i c u l a t e  m a t t e r  d u e  t o  a n t h r o p o g e n i c  s o u r c e s  a r e  e x p r e s s e d

i n  t e r m s  o f  t u r b i d i t y  a n d  s u s p e n d e d  s o l i d s  b y  S i n g l e t o n ( 3 9 )

Induced t u r b i d i t y  s h o u l d  n o t  e x c e e d  5  NTU when b a c k g r o u n d  t u r b i d i t y  i s

NTU, n o r  s h o u l d  i n d u c e d  t u r b i d i t y  b e  m o r e  t h a n  10% o f  b a c k g r o u n d

when b a c k g r o u n d  i s  > 5 0  NTU; i n d u c e d  suspended  s o l i d s  s h o u l d  n o t  e x c e e d

10 m g / L  w h e n  b a c k g r o u n d  l e v e l s  a r e  .c .100 m g / L  n o r  s h o u l d  i n d u c e d

suspended s o l i d s  b e  m o r e  t h a n  1 0 %  o f  b a c k g r o u n d  w h e n  b a c k g r o u n d  i s

>100 m g / L .

The recommended p r o v i s i o n a l  o b j e c t i v e s  f o r  t u r b i d i t y  a n d  suspended

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

Mor i ce  a n d  B u l k l e y  R i v e r s .  D a t a  a r e  t o o  f e w  f r o m  t h e  B u l k l e y  R i v e r  a t

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

o b j e c t i v e s  h a v e  b e e n  m e t  h i s t o r i c a l l y  ( t h e  n e w  f a c i l i t y  a t  S m i t h e r s

began o p e r a t i o n  i n  November o f  1 9 8 3 ) .  T h e  o b j e c t i v e s  w i l l  b e  c o n f i r m e d

or  r e c o n s i d e r e d  when new d a t a  a r e  a v a i l a b l e .

d) D i s s o l v e d  Oxygen

C r i t e r i a  f o r  d i s s o l v e d  oxygen  have  b e e n  s e t  b y  o t h e r  j u r i s d i c t i o n s .

Va r i a b l e s  c o n s i d e r e d  o f t e n  i n c l u d e  t h e  f o l l o w i n g :  1 )  t h e  d i f f e r e n t  s e n -

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

2) t h e  i n c r e a s e  i n  s e n s i t i v i t y  b y  s t r e s s  f a c t o r s  ( e . g .  h i g h  t e m p e r a t u r e ,

t o x i c a n t s ) ,  3 )  t h e  l e v e l  o f  r i s k  t h a t  i s  c o n s i d e r e d  a c c e p t a b l e ,  14) t h e
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cho ice  o f  u n i t s  ( p e r c e n t  s a t u r a t i o n  v e r s u s  m i l l i g r a m s  p e r  l i t e r ) ,  a n d

5) t h e  c h o i c e  o f  m e a n  v e r s u s  i n s t a n t a n e o u s  m i n i m u m  c o n c e n t r a t i o n .

A l though a  s i n g l e  g u i d e l i n e  c r i t e r i o n  e x p r e s s e d  a s  m i l l i g r a m s  p e r  l i t e r

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

i n c l u d i n g :  1 )  T h e  S t a t e  o f  A l a s k a ( 4 0 ) ,  w h i c h  h a s  e s t a b l i s h e d  a n

a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  a t  > 7  m g / L  d i s s o l v e d  o x y g e n  f o r

f r e s h w a t e r  u s e d  b y  anadromous  f i s h ,  2 )  t h e  S t a t e  o f  I d a h o ( 4 1 )  w h i c h

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

>6 mg/L d i s s o l v e d  oxygen  o r  90% s a t u r a t i o n ,  w h i c h e v e r  i s  g r e a t e r .

I n  c o n t r a s t ,  t h e  c r i t e r i a  o f  D a v i s ( 6 2 )  a r e  q u i t e  d e t a i l e d  a n d

d i f f e r e n t i a t e  be tween  f i s h  p o p u l a t i o n s  ( C a n a d i a n  s p e c i e s ) ,  t e m p e r a t u r e ,

and l e v e l  o f  r i s k .  T h e  c r i t e r i a  a r e  i n  u n i t s  o f  p e r c e n t  s a t u r a t i o n .  A t

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

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

oxygen t e n s i o n  g r a d i e n t  i n  t h e  g i l l s  f o r  p r o p e r  g a s  e x c h a n g e  ( o x y g e n

p a r t i a l  p r e s s u r e  o f  1 2 0  mm H g  a t  s e a  l e v e l ) .  A t  h i g h  t e m p e r a t u r e  t h e

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

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

oxygen r e s p o n s e  l e v e l ;  t h i s  i s  t h e  c o n c e n t r a t i o n  w h e r e  r e d u c e d  o x y g e n

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

s a l m o n i d s :  7 . 7 5  m g / L ) .  S i g m a ( 7 8 )  r e v i e w e d  t h e s e  c r i t e r i a  f o r

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

l e v e l  o f  p r o t e c t i o n ,  a  s i n g l e  m in imum c o n c e n t r a t i o n  c r i t e r i o n  ( m g / L )

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

f o l l o w i n g :  ( 1 )  t h e  d e c r e a s e  i n  r a t e  o f  d i f f u s i o n  o f  o x y g e n  a t  t h e  g i l l s

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

oxygen c o n s u m p t i o n  f o r  m e t a b o l i s m  a t  l o w  t e m p e r a t u r e s ;  ( 2 )  t h e  a f f i n i t y

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

t r a n s p o r t  s y s t e m  w i t h i n  t h e  f i s h  i s  f a c i l i t a t e d ;  a n d  ( 3 )  t h e  o x y g e n

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

The p r o p o s e d  p r o v i s i o n a l  o b j e c t i v e s  f o r  t h e  B u l k l e y  a n d  M o r i c e

R i v e r s  i s  a  min imum o f  7 . 8  m g / L  t o  p r o t e c t  f i s h e r i e s ,  w h i c h  i s  t h a t
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c o n c e n t r a t i o n  o f  o x y g e n  f r o m  D a v i s  (62) w h i c h  p r o v i d e s  a  h i g h  l e v e l

o f  p r o t e c t i o n  f o r  s a l m o n i d s  a t  h i g h  t e m p e r a t u r e  (  7. 75 m g / L  r o u n d e d  o f f

t o  7 . 8  mg/L f o r  f i e l d  u s e ) .  A l t h o u g h  d a t a  a r e  f e w  ( n = 3 ) ,  t h i s  o b j e c t i v e

has b e e n  met  downst ream f r o m  b o t h  t h e  sewage t r e a t m e n t  p l a n t s  a t  H o u s t o n

and S m i t h e r s ;  t h e  minimum d i s s o l v e d  oxygen  c o n c e n t r a t i o n s  w e r e  9.145 mg/L

a t  H o u s t o n  s i t e  01400295, a n d  1 0 . 7  m g / L  a t  S m i t h e r s  s i t e  04001435, b o t h

sampled J u l y  1 0 ,  1 9 7 4 .  A l t h o u g h  t h e  s o l u b i l i t y  o f  o x y g e n  i n c r e a s e s  a t

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

the  B u l k l e y  R i v e r  a t  c e r t a i n  t i m e s  a r e  l o w e r  d u r i n g  t h e  w i n t e r  t h a n

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

e)  U n - i o n i z e d  Ammonia

S tud ies  h a v e  shown t h a t  t h e  u n - i o n i z e d  ammonia m o l e c u l e  a n d  n o t  t h e

ammonium i o n  i s  t h e  f o r m  o f  a m m o n i a  t o x i c  t o  f i s h ( 6 3 , 6 4 )  T h e

proposed p r o v i s i o n a l  o b j e c t i v e s  f o r  u n - i o n i z e d  ammonia i n  t h e  M o r i c e  a n d

B u l k l e y  R i v e r s  a r e  b a s e d  o n  t h e  c r i t e r i a  d e v e l o p e d  b y  Pommen(27)

f rom a  s t u d y  i n  B r i t i s h  Co lumb ia :  a n  a v e r a g e  o f  0 . 0 0 7  m g / L o r  l e s s  o v e r

a p e r i o d  o f  3 0  d a y s  a n d  a  maximum o f  0 . 0 3 0  mg /L a t  a n y  o n e  t i m e .  H i s -

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

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

These o b j e c t i v e s  w i l l  b e  c o n f i r m e d  o r  r e c o n s i d e r e d  when  n e w  d a t a  a r e

a v a i l a b l e .

f )  N i t r i t e

The B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  f o r  n i t r i t e  n i t r o g e n

i s  1 . 0  m g / L ( 1 8 ) .  T h e  s t a n d a r d  w a s  d e v e l o p e d  t o  p r o t e c t  i n f a n t s

f rom me themog lob inemia  w h i c h  o c c u r s  w h e n  n i t r i t e  c o m b i n e s  w i t h  haemo-

g l o b i n ,  r e d u c i n g  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b l o o d ( 8 ) .

A q u a t i c  l i f e  c r i t e r i a  r e f l e c t  t h e  h i g h  t o x i c i t y  o f  n i t r i t e  t o  f i s h .  T h e

mechanism o f  t o x i c i t y  i s  t h e  same a s  f o r  humans.  N i t r i t e  i s  v e r y  t o x i c

t o  c u t t h r o a t  a n d  r a i n b o w  t r o u t ( 1 4 2 ' 1 4 3 ) ,  b o t h  f o u n d  i n  t h e  B u l k l e y

R i v e r .  B . C .  R e s e a r c h ( 1 4 11 )  recommended  0 . 0 2 0  m g / L  n i t r i t e - n i t r o g e n
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as t h e  maximum l e v e l  a c c e p t a b l e  f o r  s a l m o n i d s  f o r  p r o l o n g e d  p e r i o d s .

The U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ( 8 )  f o u n d  0 . 0 6 0  m g / L  a s

t h e  maximum l e v e l  t o  a v o i d  m o r t a l i t y  t o  f i s h  a f t e r  1 0  d a y s .

P r o v i s i o n a l  o b j e c t i v e s  f o r  n i t r i t e  a r e  p roposed  f o r  t h e  B u l k l e y  a n d

Mor ice  R i v e r s  o f  0 . 0 2 0  mg/L n i t r i t e - n i t r o g e n  ( a v e r a g e d  o v e r  3 0  d a y s )  a n d

a maximum o f  0 . 0 6 0  m g / L  t o  p r o t e c t  f i s h e r i e s .  T h e  l i m i t e d  h i s t o r i c a l

data f r o m  s i t e s  downst ream f r o m  t h e  t r e a t e d  sewage d i s c h a r g e s  a t  H o u s t o n

and S m i t h e r s  i n d i c a t e  t h a t  t h e s e  o b j e c t i v e s  h a v e  b e e n  m e t .  T h e  maximum

recorded  c o n c e n t r a t i o n  w a s  0 . 0 0 7  m g / L  n i t r i t e - n i t r o g e n  a t  s i t e  0400295

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

g)  R e s i d u a l  C h l o r i n e

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

c h l o r i n e  (HOC1, - 0 C 1 ,  C 1 2 )  a n d  t h e  comb ined  r e s i d u a l  c h l o r i n e  ( i n o r g a n i c

and s o m e  o r g a n i c  c h l o r a m i n e s ) .  T h i s  measurement  h a s  b e e n  c o n s i d e r e d

s u f f i c i e n t  t o  d e f i n e  c h l o r i n e  t o x i c i t y  t o  a q u a t i c  o r g a n i s m s ( 4 5 )

An a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 2  m g / L  maximum t o t a l  r e s i d u a l

c h l o r i n e  t o  p r o t e c t  t r o u t  a n d  s a l m o n i d  s p e c i e s  h a s  b e e n  recommended b y
v a r i o u s  j u r i s d i c t i o n s ( 8 , 4 5 , 4 6 , 4 7 , 4 8 )  T h i s  c r i t e r i o n  ( 0 . 0 0 2  m g / L )

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

the B u l k l e y  R i v e r .

S ince t h e  o b j e c t i v e  i s  l e s s  t h a n  t h e  minimum d e t e c t a b l e  c o n c e n t r a -

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

us ing  e f f l u e n t  l o a d i n g  a n d  s t r e a m  f l o w  d o w n s t r e a m  f r o m  sewage t r e a t m e n t

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

t o  H o u s t o n .  T h e  maximum t o t a l  r e s i d u a l  c h l o r i n e  c o n c e n t r a t i o n  i n  t h e

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

o b j e c t i v e  a t  t h e  mimimum 1 0 : 1  d i l u t i o n  ( s p e c i f i e d  b y  p e r m i t  PE  2 8 7 )  i s

0 .02 m g / L .  T h e  p e r m i t  p r e s e n t l y  a l l o w s  0 . 1  t o  1 . 0  m g / L  i n  t h e  f i n a l

e f f l u e n t  w h i c h  a t  m i n i m u m  B u l k l e y  R i v e r  f l o w s  ( 1 0 : 1  d i l u t i o n )  c o u l d
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t h e o r e t i c a l l y  r e s u l t  i n  0 . 01  t o  0 . 1 0  mg/L t o t a l  r e s i d u a l  c h l o r i n e  i n  t h e

r i v e r ,  l e v e l s  w h i c h  e x c e e d  t h e  o b j e c t i v e .  A  d e c h l o r i n a t i o n  f a c i l i t y

shou ld  b e  c o n s i d e r e d  f o r  t h e  H o u s t o n  sewage t r e a t m e n t  p l a n t  t o  p r o t e c t

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

p r o t e c t  r e c r e a t i o n  a n d  d r i n k i n g  w a t e r  u s e  (downs t ream f r o m  M o r i c e  R i v e r )

f rom f e c a l  c o n t a m i n a t i o n .

A 1 . 0  mg /L t o t a l  c h l o r i n e  r e s i d u a l  i n  t h e  e f f l u e n t  a t  H o u s t o n  w o u l d

r e q u i r e  a  5 0 0 : 1  d i l u t i o n  t o  r e d u c e  i t  t o  t h e  o b j e c t i v e  o f  0 . 0 0 2  mg /L i n

the  B u l k l e y  R i v e r .  G i v e n  a n  e f f l u e n t  f l o w  o f  a b o u t  0 . 0 2  m 3 / s  ( s e c t i o n

4 . 2 ) ,  d e c h l o r i n a t i o n  w o u l d  b e  n e c e s s a r y  t o  m e e t  t h e  o b j e c t i v e  - a t  c o m -

b ined  r i v e r  a n d  e f f l u e n t  f l o w s  o f  l e s s  t h a n  a b o u t  1 0  m 3 / s  ( 0 . 0 2  m 3 / s  x

500 ) .  C o m b i n e d  f l o w s  o f  g r e a t e r  t h a n  1 0  m 3 / s  o c c u r  o n l y  i n  May  a n d

June,  a n d  t h u s  d e c h l o r i n a t i o n  w o u l d  b e  needed f o r  t h e  r e s t  o f  t h e  y e a r .

To t a l  r e s i d u a l  c h l o r i n e  m u s t  b e  measu red  i n  t h e  f i e l d  a s  s o o n  a s

samples a r e  c o l l e c t e d  b e c a u s e  o f  i t s  u n s t a b l e  n a t u r e .  M e a s u r e m e n t s  i n

t h e  f i n a l  e f f l u e n t  a t  t h e  p l a n t  c a n  b e  made t o  0 . 0 5  mg /L w i t h  a  p r e c i -

s i o n  o f  +48% ( i . e . ,  0 . 0 3  t o  0 . 0 7  m g / L ) ,  i f  t h e  m o d i f i c a t i o n  t o  t h e

F i s c h e r  a n d  P o r t e r  a m p e r o m e t r i c  t i t r a t i o n  t e c h n i q u e  a s  recommended b y

Cook(49) i s  u s e d .  T h e  a n a l y s i s  w o u l d  b e  s e n s i t i v e  e n o u g h  t o  m o n i -

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

w i t h  e f f l u e n t  f l o w s  a n d  f l o w s  i n  t h e  B u l k l e y  R i v e r ,  a l l o w  t h e o r e t i c a l

es t ima tes  o f  c o n c e n t r a t i o n s  i n  t h e  r e c e i v i n g  e n v i r o n m e n t  t o  c h e c k  t h e

o b j e c t i v e  ( 0 . 0 0 2  m g / L ) .

Sampl ing o f  t h e  B u l k l e y  R i v e r  t o  m o n i t o r  f o r  t h e  t o t a l  r e s i d u a l

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

r e c o m m e n d e d .  A l t h o u g h  W a l k e r  ( 5 0 )  h a s  s t a t e d  t h a t  f i e l d

measurements c a n  b e  r e a d  t o  0 . 0 4  m g / L  w i t h  c a r e f u l  u s e  o f  t h e  Hach  k i t

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

h)  M e r c u r y

No w a t e r  q u a l i t y  o b j e c t i v e  i s  p r o p o s e d  f o r  m e r c u r y  because  e l e v a t e d
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l e v e l s  w i l l  b e  d u e  t o  u n c o n t r o l l a b l e  c i r c u m s t a n c e s  i f  Kemano-Complet ion

proceeds.  I t  i s  recommended  t h a t  t h e  g u i d e l i n e s  r e p o r t e d  b y

Envi ronment  C a n a d a ( 7 1 )  b e  u s e d  a s  a l e r t  l e v e l s  f o r  p o s s i b l e  w a t e r

use r e s t r i c t i o n s  i n  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s .  T h e s e  l e v e l s  f o r

t o t a l  m e r c u r y  a r e  max ima  o f :  0 . 5  p g / g  w e t  w e i g h t  i n  f i s h  t i s s u e  a n d

0.0001 m g / L  i n  w a t e r  t o  p r o t e c t  c o n s u m e r s  o f  f i s h ;  0 . 0 0 1  m g / L  f o r

d r i n k i n g  w a t e r  a n d  r e c r e a t i o n ;  a n d  0 . 0 0 3  m g / L  t o  p r o t e c t  l i v e s t o c k  a n d

w i l d l i f e .

5.8 MONITORING RECOMMENDATIONS

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

B u l k l e y  R i v e r  i s  o u t l i n e d  i n  Ta b l e  2 6 .  R e c o m m e n d a t i o n s  a r e  made f r o m  a

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

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

T h i s  m o n i t o r i n g  i s  recommended p r i m a r i l y  t o  s u p p o r t  t h e  p r o v i s i o n a l

o b j e c t i v e s  a n d  t o  d e t e r m i n e  w h e t h e r  t h e  o b j e c t i v e s  a r e  b e i n g  m e t  a t

m o n i t o r e d  s i t e s  i n  t h e  B u l k l e y  R i v e r .  T h e  recommended m o n i t o r i n g  p r o -

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

Coord ina ted  s a m p l i n g  o f  w a s t e  d i s c h a r g e s  a n d  t h e  r e c e i v i n g  e n v i r o n -

ment i s  c u r r e n t l y  c a r r i e d  o u t  b y  Wa s t e  Management B r a n c h .  I t  i s  r ecom-

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

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

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

Smi the rs  ( a t  l e a s t  1  s a m p l e  p e r  w e e k  f o r  5  weeks  i n  a  p e r i o d  n o  l o n g e r

than  3 0  d a y s )  s h o u l d  o c c u r  d u r i n g  t h e  summer l o w  f l o w  p e r i o d  ( A u g u s t -

September) when b o t h  r e c r e a t i o n a l  u s e  a n d  d r i n k i n g  w a t e r  u s e  a r e  s i g n i f -

i c a n t .  A l t h o u g h  t h i s  w i l l  n o t  show w h e t h e r  t h e  d r i n k i n g  w a t e r  o b j e c t i v e

- i s  b e i n g  m e t  d u r i n g  t h e  w i n t e r  l o w e s t  f l o w  p e r i o d  ( F e b r u a r y ) ,  s a m p l i n g

o f  t h e  r e q u i r e d  f r e q u e n c y  i n  w i n t e r  i s  i m p r a c t i c a l  a b o v e  H o u s t o n  ( t o t a l

i ce  c o n d i t i o n s ;  w a t e r  o n l y  f r o m  w e l l s )  a n d  e x t r e m e l y  h a z a r d o u s  a t

Smi the rs  ( i c e  c o v e r ) .  S a m p l i n g  u p s t r e a m  f r o m  t h e  s e w a g e  t r e a t m e n t
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p l a n t s  a t  H o u s t o n  a n d  S m i t h e r s  d u r i n g  summer l o w  f l o w  w o u l d  show w h e t h e r

the  d r i n k i n g  w a t e r  o b j e c t i v e  w a s  m e t  i n  t h o s e  2  r e a c h e s  o f  t h e  B u l k l e y

and M o r i c e  R i v e r s  p r o t e c t e d  f o r  t h a t  u s e ,  i n c l u d i n g  f r o M  B u l k l e y  L a k e

downstream t o  H o u s t o n ,  a n d  f r o m  M o r i c e  L a k e  d o w n s t r e a m  t o  S m i t h e r s .

Sampl ing d o w n s t r e a m  f r o m  t h e  t w o  s e w a g e  t r e a t m e n t  p l a n t s  w o u l d  s h o w

whether  t h e  r e c r e a t i o n  o b j e c t i v e  w a s  m e t  i n  t h e  t w o  r e m a i n i n g  r e a c h e s ,

i n c l u d i n g  f r o m  H o u s t o n  downstream t o  t h e  M o r i c e  R i v e r ,  a n d  f r o m  S m i t h e r s

downstream t o  t h e  Skeena R i v e r .

To d e t e r m i n e  w h e t h e r  t h e  p e r i p h y t o n  o b j e c t i v e  i s  b e i n g  m e t ,  i t  i s

recommended t h a t  t h e  m o n i t o r i n g  s i t e s  f o r  t h e  t w o  s e w a g e  t r e a t m e n t

p l a n t s  ( H o u s t o n  a n d  S m i t h e r s )  b e  c h e c k e d  o n c e  a  y e a r  d u r i n g  l o w  f l o w ,

b u t  s t i l l  w i t h i n  t h e  a l g a l - g r o w t h  p e r i o d ,  p r o b a b l y  S e p t e m b e r.  S u b -

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

biomass o f  t h e  c o m p o s i t e  samp le  compared t o  t h e  o b j e c t i v e .

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

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

a d a t a  b a s e  f o r  s e t t i n g  f u t u r e  w a t e r  q u a l i t y  o b j e c t i v e s  f o r  m e t a l s .

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

c o p p e r,  i r o n ,  manganese ,  n i c k e l ,  l e a d ,  z i n c )  w i t h  r e s p e c t  t o  c r i t e r i a

have b e e n  n o t e d  i n  t h e  d a t a  ( s e c t i o n s  5 . 1  t o  5 . 5 ) .  A  summary o f  minimum

d e t e c t i o n  l i m i t s  f o r  c e r t a i n  m e t a l s  i s  g i v e n  i n  Ta b l e  2 7 .

The W a s t e  Management  B r a n c h  i s  m o n i t o r i n g  s o m e  o f  t h e s e  s i t e s

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

Ta b l e  2 6  a r e :  0400296  ( H o u s t o n ) ,  0400203  ( M o r i c e  R i v e r ) ,  0920088  ( Q u i c k )

and 0400187 ( Te l k w a  R i v e r ) .  T h e  p e r f o r m a n c e  o f  t h e  new S m i t h e r s  sewage

t r e a t m e n t  p l a n t  i s  a l s o  b e i n g  m o n i t o r e d  t w i c e  p e r  y e a r  ( P E  3 7 3 ,  s i t e s

0400434 a n d  0400435)  d u r i n g  l o w  B u l k l e y  R i v e r  f l o w .

Should A l c a n  a g a i n  p r o c e e d  w i t h  Kemano-Comple t ion ,  a  d e t a i l e d  e v a l -

u a t i o n  o f  m e r c u r y  i n  t h e  M o r i c e - B u l k l e y  s y s t e m  s h o u l d  b e  c o n s i d e r e d  a s

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

m o b i l i z a t i o n  o f  m e r c u r y  i n  t h e  s o i l s  t o  b e  f l o o d e d  i n  t h e  N a n i k a -

K i d p r i c e  R e s e r v o i r .  T h e s e  d a t a  w o u l d  c o n t r i b u t e  t o  t h e  e v a l u a t i o n  o f

p o s t -  Kemano-Complet ion  m e r c u r y  l e v e l s .

An e v a l u a t i o n  o f  a g r i c u l t u r a l  f e r t i l i z e r s  a n d  p e s t i c i d e s  u s e d  i n

the  B u l k l e y  R i v e r  w a t e r s h e d  s h o u l d  b e  c o n d u c t e d ,  i n c l u d i n g  a n  assessment

o f  t h e i r  i m p a c t s  o n  w a t e r  q u a l i t y .  H i s t o r i c a l l y ,  o n l y  a t  Q u i c k  ( s i t e

0920088) d u r i n g  1974  w e r e  t h e r e  a n a l y s e s  f o r  s e v e r a l  p e s t i c i d e s ,  a l l  o f

wh ich  we re  b e l o w  l i m i t s  o f  d e t e c t i o n  a t  t h a t  t i m e .
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Figure 4 . Mean Monthly Flows, Bulkley River at Quick, Gauge Station
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Figure 6. Permitted Waste Discharges, Monitoring Sites, and Licensed Water Withdrawals in the Bulkley River Basin.
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TABLE 1

LOW FLOW ESTIMATES, BULKLEY RIVER BASIN, NOVEMBER TO APRIL
MINIMUM 7 -DAY AVERAGE DAILY DISCHARGE

Stream S i t e
Dra inage

Area ( k m 2 )
Recurrence

Mean Ye a r  ( m 3 / s )

..0
I n t e r v a l
10- Ye a r  ( m 3 / s )

B u l k l e y  R .  a b o v e  M o r i c e  R .
near H o u s t o n  (gauged  s t a t i o n
08EE003) 1 7 4 0 0.5 0.1

Mor i ce  R .  a t  mouth

B u l k l e y  R .  i m m e d i a t e l y  down-
stream o f  t h e  j u n c t i o n  w i t h
t h e  M o r i c e  R .

B u l k e l y  R .  n e a r  Q u i c k
(gauged s t a t i o n  08EE004)

4 2 7 0

6 0 1 0

7 3 6 0

11.0

11.5

22.8

7.4

7.5

13.7

B u l k l e y  R .  a t  S m i t h e r s

Goathorn C r .  a t  m o u t h
(gauged s t a t i o n  08EE008)

Te lkwa R .  b e l o w  Goa tho rn  C r .
(a t  m o u t h )

9 000

132

1 2 1 0

24

- -

5.0

15

0.53

3.2

f rom 0 b e d k o f f ( 7 )
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1
Reach L icensed Wi thd rawa l s

m3/s m3/d m3/y

Source t o  M o r i c e  R . 0.00061 52.36 19 0 8 4
Mor i ce  R .  t o  gauge  a t  Q u i c k 0.07213 3 11 7 . 0 0 187 6 8 0
Qu ick  gauge t o  Te l k w a  R . 0.02602 1 1 2 8 . 1 0 80 5 7 2
Telkwa R .  t o  Canyon C r . 0.12012 5 6 4 9 . 6 3 634 2 5 0
Canyon C r .  t o  Skeena R . 0.0 0.0 0.0

Reach L icensed
m3/s

Wi thd rawa ls
m3/d m3/y

Source t o  M o r i c e  R .
(+) M o r i c e  R .  t o  gauge
a t  Q u i c k

(+) Q u i c k  gauge t o

0.00061

0.07274 3

52.36

169.36

19

206

084

764

Te lkwa R .
(+) Te l k w a  R .  t o

0.09876 4 297.46 277 336

Canyon C r . 0.21888 9 947.09 911 592
(+) Canyon  C r .  t o  Skeena R . 0.21888 9 947.09 911 592

L icense Q u a n t i t y Use Licensee a n d  L o c a t i o n

FL 42594 3x10-5m3/s Domest ic L.& J .  M a t s o n .  L 3 5 3 0 ,  n o r t h  b a n k
2 . 3  m3/d wa te r  s u p p l y o f  t h e  B u l k l e y  R .  a t  Rose L a k e
830 m 3 / y

CL 39659 3 x 1 0 - 5 e / s Domest ic A. S t r i m b o l d .  L 3 3 8 9 ,  s o u t h  b a n k
2 .3  m3 /d wa te r  s u p p l y o f  t h e  B u l k l e y  R i v e r  a t  F o r e s t d a l e
830 m 3 / y

CL 39089 3x10-5m3/s Domest ic J . P. R .  J o h n s o n ,  L 3 5 0 9 ,  s o u t h  b a n k
2 .3  m3/d wa te r  s u p p l y o f  t h e  B u l k l e y  R .  a t  F o r e s t d a l e
830 m 3 / y

CL 55785 1.05x10-3m3/s I n d u s t r i a l Te n i e r s  E n t e r p r i s e s  L t d .
( 1 ) , ( 2 ) ,
( 3 ) , ( 4 )

90.9 rn3/d
33 1 8 6  m 3 / y

I n d u s t r i a l  Wa t e r  H a u l i n g .  D r a w s
wate r  f r o m  4  l o c t i o n s :  ( 1 )  u p s t r e a m
Houston ,  ( 2 )  u p s t r e a m  o f  M o r i c e
j u n c t i o n ,  ( 3 )  downst ream o f  Te l k w a
j u n c t i o n ,  ( 4 )  downst ream o f
Sm i the rs  B r i d g e .

TABLE 2
LICENSED WATER WITHDRAWALS FROM THE BULKLEY RIVER:

A SUMMARY BY REACH

TABLE 3
LICENSED WATER WITHDRAWALS FROM THE BULKLEY RIVER,

CUMULATIVE TOTALS PROCEEDING DOWNSTREAM

TABLE 4
LICENSED WATER USE ON THE BULKLEY RIVER

— c o n t i n u e d
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License Q u a n t i t y Use Licensee and  L o c a t i o n

6000004
( a p p l i -
c a t i o n )
CL50318

0368534
( a p p l i -
c a t i o n )
CL38578

7.1x10-2  m ' i s
3084.5 m3/d
185 0 0 0  m 3 / y
7.3x10-4 m ' i s
32.5 m ' i d
2680 m ' / y
1 .4x10-2  m ' / s
617.8 m3/d
37020 m ' i y
9.5x10-3m3/s
410.4 m 3 / d
24 6 8 0  m ' / y

I r r i g a t i o n *

I r r i g a t i o n *
and d o m e s t i c
wa te r  s u p p l y
I r r i g a t i o n *

I r r i g a t i o n *

E.R. a n d  W.  J a a r s m a .  S e c t i o n  7 1 2 ,
n o r t h  b a n k  o f  B u l k l e y  R .  a t  B a r r e t t

D.& B .  G i l l e s p i e .  L 2 1 2 5 ,  s o u t h
bank o f  t h e  B u l k l e y  R .  a t  P u i c k

K.& H .  Hodson  e t  a l .  S e c t i o n  3 .
n o r t h  b a n k  o f  t h e  B u l k l e y  R .  a t
Quick
E.S. E l l i s .  S e c t i o n  1 9 ,  n o r t h  b a n k
o f  t h e  B u l k l e y  R .  a t  H u b e r t

0367477
( a p p l i -
c a t i o n )
CL 38315

CL 52518

CL 51771

CL 54985

3 . 5 x 1 0 - '  m ' i s
2 .3  m3 /d
880 m3 /y
1 . 4 x 1 0 - '  m ' i s
60.5 m3/d
3702 m 3 / y r
3x10 - '  m ' i s
2.3 m3 /d
830 m3 /y
7.3x10-4 m ' i s
32.5 m3/d
2680 m l / y
3 x 1 0 '  m ' i s
2 .3  m3 /d
830 m3 /y

Domest ic
wate r  s u p p l y

I r r i g a t i o n *

Domest ic
wate r  s u p p l y

I r r i g a t i o n *
and d o m e s t i c
wa te r
Domest ic
wate r  s u p p l y

R. &  S .  B a v a l i s
Lot 9

L.E.  W a k e f i e l d
Lo t  1 0

B. &  W. P a i s l e y
Lot  7

W. S t u b b s
Lo t  6

P. F.  E z i n g a
Lot  5

S e c t i o n  2 6 ,
n o r t h  b a n k  o f
the  B u l k l e y  R .
S.E.  o f  Te l k w a

CL 43264

CL 39560

CL 36881

CL 50316

FL38715

6000001
( a p p l i -
c a t i o n )

L

1.05x10-2 m ' i s
909 m ' / d
3.32x105 m 3 / y
7.14x10-2 m3/3
3085 m3/d
1.85x105m3/y
1x10-4 m ' i s
9.1 m 3 / d
3322 m3/y
1.2x10-2 m ' i s
514 m3/d
3.1x104 m 3 / y
2.4x10-2  m ' / s
1028 m3 /d
6.2x104 m 3 / y
1 . 9 x 1 0 - '  m 3 / s
82.1 m 3 / d
4936 m a / y

Community
waterworks

I r r i g a t i o n *

Domest ic
wate r  s u p p l y

I r r i g a t i o n *

I r r i g a t i o n *

I r r i g a t i o n *

C o r p o r a t i o n  o f  t h e  V i l l a g e  o f
Te lkwa.  B u l k l e y  R .  a t  t h e  mou th  o f
the  Te l k w a  R .
J. G r i e d e r .  S e c t i o n  F ,  e a s t  b a n k
o f  t h e  B u l k l e y  R .  b e t w e e n  Te l k w a
and S m i t h e r s
Pike T r a i l e r  C o u r t .  S e c t i o n  1 7
east  b a n k  o f  t h e  B u l k l e y  R . ,  2  km
upstream o f  t h e  b r i d g e  a t  S m i t h e r s
J .  Z u s t .  S e c t i o n  2 9 ,  e a s t  b a n k
the B u l k l e y  R .  downs t ream o f  t h e
b r i d g e  a t  S m i t h e r s
Bob 's  W e l d i n g  a n d  Mach ine  Works
L t d .  3  s i t e s  a l l  o n  t h e  w e s t  b a n k
o f  t h e  B u l k l e y  R .
H. &  T .  Z a n d b e r g .  L o t  7 4 ,  S e c t i o n
31 o n  t h e  n o r t h  b a n k  o f  t h e  B u l k l e y
R. o p p o s i t e  t h e  R i v e r s i d e  P a r k  i n
Smi thers

TABLE 4  ( C o n t i n u e d )

* I r r i g a t i o n  l i c e n s e s  a r e  i s s u e d  i n  a c r e - f e e t  a n d  c o n v e r t e d  t o  m 3 / 5  b y
assuming 2  months  o f  o p e r a t i o n ,  1 2  h o u r s  a  d a y  i n  t h e  summer m o n t h s .
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TABLE 5

BULKLEY RIVER, SUMMARY OF LICENSED WATER USE BY REACH

P e r m i t  H o l d e r
Pe rm i t
Number D ischa rges  To

D ischa rge
Rate

Type o f
D ischarge

E q u i t y  S i l v e r PE 4477 Foxy C r .  a n d 19 5 0 0  m3/d waste f r o m  a  s i l v e r
Mine L t d . Bessemer C r . t o  t a i l i n g s

pond
m i n e / m i l l  c o m p l e x

D i s t r i c t  o f PE 2 8 7 B u l k l e y  R . 1 5 5 0  m3/d t r e a t e d  sewage
Houston average e f f l u e n t

Town o f  S m i t h e r s PE 3 7 3 B u l k l e y  R . 4 2 0 0  m 3 / d
average

t r e a t e d  sewage
e f f l u e n t

10 8 0 0  m 3 / d
maximum

D i f f u s e  S o u r c e s :
Reg iona l  D i s t .  o f
B u l k l e y  Nechako PR 3 7 8 2 ground,  a t 5 .4  m3/week r e f u s e ,  l a n d f i l l

Per ow
PR 2 2 7 0 ground,  a t 563 m3/d r e f u s e ,  l a n d f i l l

Te lkwa
PR 2 6 8 7 ground,  a t 30 m3 /d r e f u s e ,  l a n d f i l l

Houston

Reach L icensed Use ( i n c l u d i n g  a p p l i c a t i o n s )

Headwaters t o  t h e  M o r i c e  R i v e r

Mor i ce  R i v e r  t o  t h e  Te l k w a  R i v e r

Telkwa R i v e r  t o  S m i t h e r s

Smi thers  t o  H a z e l t o n

domest ic  ( 3  l i c e n s e s ) ,  i n d u s t r i a l
(1 l i c e n s e  w i t h  2  w i t h d r a w a l s )

i r r i g a t i o n  ( 6  l i c e n s e s ) ,  d o m e s t i c
(3 l i c e n s e s )

wate rworks  ( 1  l i c e n s e ) ,  d o m e s t i c
(1 l i c e n s e ) ,  i r r i g a t i o n  ( 4  l i c e n s e s ) ,
i n d u s t r i a l  ( 1  l i c e n s e  w i t h  2  w i t h -
d rawa l s )

-  n o n e  -

TABLE 6

SUMMARY OF PERMITTED EFFLUENT DISCHARGES
BULKLEY RIVER DRAINAGE BASIN
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TABLE 7

MINIMUM DILUTION RATIOS FOR THE SEWAGE EFFLUENT DISCHARGES
IN THE BULKLEY RIVER BASIN

Permit
Holder

Permit
Number

Discharges
To

Permit ted
Discharge

m3/d

Maximum
Actual

Discharge
ms/d

River Low
Flow Est imate

m3/s

Minimum
D i l u t i o n

Rat io

D i s t r i c t  o f FE 287 Bu lk ley  R. 1550 o r  <10% 1859 0.1(1) 10:1(2)
Houston o f  r i v e r 5 .6 :1 (3 )

f low 4 .6 :1 (4 )

Town o f PE 373 Bu lk ley  R. a) Pre-Kemano Complet ion
Smithers 4200 average NA,assume

compliance
12.1 9r,5)1.0x10'
m 2 / e

249:1

10800 max. NA,assume 12.1 q r, 1 . 0 x 1 0 6 97:1
compliance m3/d`5)

b) Post-Kemano Completion
4200 average 113Xdar6)1.2x106 286:1

10800 max. 1 e 3 . 9 d )  or 1.2x106 111:1

4200 average 32.1 9 r 2 . 8 x 1 0 6 667:1
1/13/e7)

10800 max. 32.1 9 r 2 . 8 x 1 0 6 259:1
O / e 7 /

(5)
(6)

(7)

November t o  A p r i l  minimum 7 -day  average d a i l y  d i scharge  1 0  year  r e t u r n  p e r i o d .
Assumes p e r m i t  compl iance;  1 0 : 1  i s  t h e  minimum d i l u t i o n  a l l o w e d .
Assume maximum p e r m i t t e d  d i s c h a r g e  t o  B u l k l e y  R .  l o w  f l o w ,  w i t h o u t  u s i n g  t r e a t m e n t  p l a n ' ,

s torage c a p a c i t y  t o  a v o i d  exceeding t h e  minimum d i l u t i o n  ( 1 0 : 1 )  r e q u i r e d  b y  p e r m i t .
Assume maximum a c t u a l  d i s c h a r g e  t o  B u l k l e y  R i v e r  l o w  f l o w ,  w i t h o u t  u s i n g  t r e a t m e n t  p l a n t

s torage c a p a c i t y  t o  a v o i d  exceeding t h e  minimum d i l u t i o n  ( 1 0 : 1 )  r e q u i r e d  b y  p e r m i t .
Natura l  minimum mean mon th l y  l o w  f l o w ,  pre-Kemano-Complet ion.

P r e d i c t e d  m i n i m u m  B u l k l e y  R i v e r  l o w  f l o w  ( F e b r u a r y ,  A l c a n ' s  d a t a ) ,  p o s t - K e m a n o -
Complet ion.

Pred ic ted average B u l k l e y  R i v e r  l o w  f l o w  ( M a r c h ,  A l c a n ' s  d a t a ) ,  post-Kemano-Complet ion.
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TABLE 8

SUMMARY OF PERMITTED LEVELS OF CHARACTERISTICS AND LOADINGS
FOR THE EQUITY MINE ( P E  4475 )

Permi t  C o n d i t i o n s

Leve l
o r  C o n c e n t r a t i o n

Present  a n d  F u t u r e
( k g / d ) ,  t o :

Bessemer C r .
Minimum Max imum

Loadings

Foxy C r .
MaximumC h a r a c t e r i s t i c

D i scha rge  F l o w  R a t e
(m3/d)
-  t o  Bessemer C r . 17 0 0 0  a v e r a g e - - -

170 0 0 0  maximum - - -
-  t o  F o x y  C r . 6 0 0 0  maximum - - -

(1 :5  minimum
d i l u t i o n )

Aluminum, D i s s o l v e d 0.5 m g / L 8 .5 85 3
Ant imony,  D i s s o l v e d 0.05 m g / L 0.85 8.5 0.3
A r s e n i c  , . D i s s o l v e d 0.05 m g / L 0.85 8 . 5 0.3
Copper •  ,  D i s s o l v e d 0.05 m g / L 0.85 8.5 0.3
I r o n  ,  D i s s o l v e d 0 .3  m g / L 5.1 51 1.8
Lead ,  D i s s o l v e d 0.05 m g / L 0.85 8.5 0 .3
Z inc  ,  D i s s o l v e d 0.5 m g / L 8.5 85 3

Methy lene  B l u e  A c t i v e
Substances 1.0 m g / L 17 170 6

NO2/NO3 N i t r o g e n 20 .0  m g / L 340 3 4 0 0 120
O i l  a n d  Grease 15.0 m g / L 255 2 5 5 0 90
pH 6 . 5 - 8 . 5 - - -
Suspended S o l i d s 50.0 m g / L 850 8 5 0 0 300
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TABLE 9

EFFLUENT MONITORING RESULTS, HOUSTON SEWAGE TREATMENT PLANT,
JANUARY 1972 TO DECEMBER 1983

Si te  Number
Houston Sewage Treatment P l a n t

PE 287

Charac te r i s t i c Units Max. Min. Mean N Permit L i m i t s

BOD, mg/L 88 5 22 67 545
Chloride ,  To t a l mg/L 10 0 3.5 705
Chlorine ,  Residual mg/L 1.5 0 0.2 2085 0.1-1.0
Conduct iv i ty,  S p e c i f i c pS/cm 907 587 741 26
Col i forms, Feca l MPN/100 mL 92 000 0 83 48 - -

, To t a l MPN/100 mL - - - - 40 000
Flow m3/d 1 859 9 885 2066 1 550  o r  10% o f

r i v e r  f l o w
Nitrogen-Ammonia, To t a l mg/L 16.8 11.1 13.3 4

- N i t r a t e ,  D i s s . mg/L 0.64 0.24 0.43 5
- N i t r i t e ,  D i s s . mg/L 0.561 0.039 0.250 5

Phosphorus-Ortho, D i s s . mg/L 3.48 2.95 3.22 3
- To t a l mg/L 6.88 3.42 4.41 4

pH 8.7 6.5 7.5 993
Sol ids,  ,  Suspended mg/L 75 2 25.4 71 .40

, Dissolved mg/L 362 330 350.7 3
, To t a l mg/L 514 324 423 28

* G e o m e t r i c  mean
** Expressed as t o t a l  c o l i f o r m s
Data f rom M i n i s t r y  o f  Environment 's  da ta  bank, EQUIS
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TABLE 1 0

SUMMARY OF PERMITTED AND PRESENT WASTE LOADINGS FOR THE
SEWAGE TREATMENT PLANT AT  HOUSTON ( P E  2 8 7 )

Perm i t  C o n d i t i o n s Present  C o n d i t i o n s

Average
Leve l  o r Load ing Maximum L e v e l Maximum P r e s e n t Presen t

C h a r a c t e r i s t i c C o n c e n t r a t i o n ( k g / d ) o r D a i l y  L o a d i n g s ' D a i l y
C o n c e n t r a t i o n ( k g / d ) L o a d i n g s '

( k g / d )

Flow 1 1  5 5 0  m 3 / d - 1 8 5 9  m3 /d - -
BOD5 45 m g / L 70 88 mg /L 164 34
C h l o r i n e ,

Res idua l 0 . 1 - 1 . 0  m g / L 0 . 2 - 1 . 6 1.5  m g / L 2 .8 0.3
N i t r o g e n ,

Ammonia NS - 16.8 m g / L 31.2 20.6
N i t r a t e NS - 0.64 m g / L 1.2 0 .7
N i t r i t e NS - 0.561 m g / L 1.0 0.4

S o l i d s ,
Suspended 40 62 75 m g / L 140 39.4

NS -  n o t  s p e c i f i e d
_ '  Maximum c o n c e n t r a t i o n  t i m e s  maximum f l o w ;  a  maximum e s t i m a t e  o f  l o a d i n g s

2 Av e r a g e  c o n c e n t r a t i o n  t i m e s  p e r m i t t e d  f l o w
-- N o t e :  N o  phospho rus  l o a d i n g s  h a v e  b e e n  c a l c u l a t e d  a s  t h e  d a t a  a r e  f e w

(n=3-4 )  a n d  o l d  ( 1 9 7 4 - 1 9 7 6 )
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TABLE 11

THE EFFECT OF THE SEWAGE TREATMENT PLANT AT HOUSTON ON
BULKLEY RIVER WATER QUALITY

I n c r e m e n t a l  E f f e c t  o n
Water  Q u a l i t y  a t  Low

T h e o r e t i c a l  P e r m i t t e d
Maximum

B u l k l e y  R i v e r
Flows:

Worst  Case
( E s t i m a t e )

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

E f f l u e n t  D i l u t i o n
C h l o r i n e  ,  R e s i d u a l
C o l i f o r m s ,  F e c a l
N i t r o g e n  ,  Ammonia,

To t a l
, N i t r a t e ,

D i s s o l v e d
, N i t r i t e ,

D i s s o l v e d
S o l i d s  ,  Suspended

1 0 : 1 '
0.1 m g / L

4000/100 mL

NS

NS

NS
4 mg/L

( To t a l ) 9

-2
0.15 mg/L3

200/100 mL3

1.7 mg/L3

0.064 mg/L3

0.056 mg/L3
7.5 mg/L3

NS -  n o t  s p e c i f i e d
Assume p e r m i t  c o m p l i a n c e ,  w i t h  s t o r a g e  o f  e f f l u e n t  i n  l a g o o n s
when a  m i n i m u m  d i l u t i o n  o f  1 0 : 1  i n  t h e  B u l k l e y  R i v e r  c a n n o t  b e
met.

2 T h e r e  i s  n o  c o m p l e t e  r e c o r d  o f  B u l k l e y  R i v e r  l o w  f l o w s ,  t h e r e f o r e
the  w o r s e  c a s e  d i l u t i o n  o f  e f f l u e n t  c a n n o t  b e  c a l c u l a t e d .

3 M a x i m u m  r e c o r d e d  e f f l u e n t  c o n c e n t r a t i o n  s  t h e  m i n i m u m  p e r m i t t e d
e f f l u e n t  d i l u t i o n .



TABLE 1 2

C h a r a c t e r i s t i c  U n i t s Nov. 28 /83 Nov. 3 0 / 8 3

Smithers Sewage

Jan. 3 / 8 4

Treatment P l a n t

Feb. 2 8 / 8 4

(PE 373)

A p r i l  3 / 8 4 Ap r i l  11 /84 May 8 / 8 4
Permit
L i m i t

BOD, m g / L <10 12 <10 18.0 12.0 12 22.0 S45
Carbon, To t a l  O r g a n i c  m g / L - - 15 - - - - - - 24 - - NS

, To t a l  I n o r g a n i c  m g / L - - 62 - - - - - - 74 - - NS
COD m g / L - - 54 - - - - - - 72 - - NS
Co l i f o rms ,  F e c a l  M P N / 1 0 0  mL - - 5200 - - - - - - 9000 - - NS

, To t a l  M P N / 1 0 0  mL - - 52000 - - - - - - 56000 - - NS
Flow m ' / d - - 1523 1814' 1534 2023 1863 - - 4200 a v g .

(Nov. a v g .  -  1724 (Jan. a v g . (Feb. a v g . ( A p r i l  a v g . -  2147 10800 max.
max. . ,  1943) ,- 1686 -  1782 max. . .  6217)

max. -  2432) max. -  2349)
Ni t rogen,  NH,/NH, m g / L - - 14.6 - - - - - - 16.7 - - NS

, NO2/NO, m g / L - - 0.81 - - - - - - 0.02 - - NS
, K j e l d a h l  m g / L - - 17.6 - - - - - - 21.2 - - NS

PH 7.3 7.9 7.1 7.1 7.5 7.7 7.6 NS
Phosphorus, To t a l  m g / L - - 3.36 - - - - - - 3.86 -_ NS
So l ids  ,  To t a l  Suspended m g / L 14.0 16 9.5 20.0 10.0 13 38.5 560

, To t a l  D i s s o l v e d  m g / L - - 328 - - - - - - 421 - - NS
S p e c i f i c  Conductance u S / c m - - 629 - - - - - - 775 - - NS

EFFLUENT MONITORING RESULTS, SMITNERS SEWAGE TREATMENT PLANT (PE 3 7 3 ) ,
THE NEW FACILITY,  NOVEMBER 1983 TO MAY 1984

' a v e r a g e  o f  3  consecu t i ve  days
NS n o t  s p e c i f i e d
Data f r o m  M i n i s t r y  o f  Envi ronment  and  t h e  p e r m i t t e e
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S i t e  Number
Smi thers  Sewage Tr e a t m e n t  P l a n t

PE 373

C h a r a c t e r i s t i c  U n i t s Max. M in . Mean N

N i t r o g e n  -  t o t a l  m g / L
( K j e l  +  NO2/NO3)

Phosphorus -  t o t a l  m g / L

21 .2

4.2

16.1

3.4

17.7

3.6

6

5

TABLE 1 3

EFFLUENT MONITORING RESULTS, SMITHERS SEWAGE TREATMENT PLANT,
DATA FROM BOTH THE OLD AND NEW FACILITIES

JANUARY 1975  TO NOVEMBER 1983



TABLE 14

Permit C o n d i t i o n s Present C o n d i t i o n s

.
Projected
Loadings
f o r  1993

( k g / d ) '

Incremental  E f f e c t

1983 Loadings

on B u l k l e y
Flow";  Based

Projected
1993 Loadings

River  Water  Q u a l i t y  A t  Low
On. . .

Permi t ted Va r i a b l e  Concen t ra t i on
and E f f l u e n t  F l o w

C h a r a c t e r i s t i c
Level

or C o n c e n t r a t i o n
Loading

kg/d

• .

Maximum
Level o r

Concen t ra t ion '

Maximum
Present
D a i l y
Loading
(kg /d )

Flow 4 200  m$/d average
10 800  m ' / d  maximum

- 6 217 m ' / d
( A p r i l  11 / 8 4 )

- 6 217 t o
8 038 m ' / d

- - -

BOD, 545 mg/L 189 average
486 maximum

22 mg/L
(May 8 / 8 4 )

137' 137 t o  177 0.106 mg/L 0.106 t o
0.137 mg/L

0.146 ( f r o m  average p e r m i t t e d
e f f l u e n t  f l o w )  t o  0 .375  mg/L
(from maximum p e r m i t t e d  e f f l u e n t
f l ow)

Suspended
So l ids

560 mg/L 252 average
648 maximum

38.5 mg/L
(May 8 / 8 4 )

239' 239 t o  309 0.184 mg/L 0.184 t o
0.238 mg/L

0.194 ( f r o m  average p e r m i t t e d
e f f l u e n t  f l o w )  t o  0 . 5 0  mg/L
from maximum p e r m i t t e d  e f f l u e n t
f l o w )

N i t rogen ,
To ta l

-NS- - 21.2 mg/L
( A p r i l  11 / 8 4 )

132' 132 t o  171 0.019 mg/L 0.019 t o
0.025 mg/L

0.013 ( f r o m  average p e r m i t t e d
e f f l u e n t  f l o w )  t o  0 .033  mg/L
(from maximum p e r m i t t e d  e f f l u e n t
f l o w )

Phosphorus,
To ta l

-NS- - 4.2 mg/L
( J u l y  6 / 7 8 )

10' 10 t o  1 3 0.001 m g / L 0.001 t o
0.002 mg/L

0.003 ( f r o m  average p e r m i t t e d
e f f l u e n t  f l o w )  t o  0 .007  mg/L
from maximum p e r m i t t e d  e f f l u e n t
f l ow )

C o n f o r m s ,
Fecal

-NS- - 9000/100 mL - - 43/100 mL - -

SUMMARY OF WASTE LOADINGS AND THEORETICAL EFFECT ON BULKLEY RIVER WATER QUALITY FROM
THE SEWAGE TREATMENT PLANT AT SMITHERS (PE 373)

Flow, B O D „  suspended s o l i d s ,  a n d  f e c a l  c o l i f o r m  d a t a  f r o m  new sewage t r e a t m e n t  f a c i l i t y  (November o f  1983  t o  t h e  p r e s e n t ) ;  d a t a  f o r  o t h e r  v a r i a b l e s
taken f r o m  complete  h i s t o r i c a l  r e c o r d  ( 1975 -1984 ) .

'Assume p o p u l a t i o n  g r o w t h  be tween 0 - 2  1 / 2 %  p e r  y e a r  f r o m  t h e  1981 ( c e n s u s )  p o p u l a t i o n  o f  4  5 7 0 ;  maximum 1983 p o p u l a t i o n  o f  4  8 2 0 ,  1993  p o p u l a t i o n  o f
6 232.

'Based o n  maximum reco rded  c o n c e n t r a t i o n  and maximum recorded  e f f l u e n t  f l o w .
"Low f l o w ,  f o r  ( i )  BODE and suspended s o l i d s ,  used  1  i n  1 0  y e a r,  minimum (November) l o w  f l o w  o f  1 5  m ' / s .

( i i )  n u t r i e n t s  ( n i t r o g e n  and  phosphorus) ,  used  minimum average September f l o w  o f  8 0  m$/s .
NS -  N o t  s p e c i f i e d .
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TABLE 1 5

DATA FROM SAMPLING SITES NEAR PEROW REFUSE DUMP,
(PR 3 7 8 2 ) ,  1 9 7 6 - 1 9 7 8

C h a r a c t e r i s t i c U n i t s Max. Min . Mean N

C h l o r i d e  ,  D i s s o l v e d mg/L 2 .2 1.8 2.0 2
C o l i f o r m s  ,  To t a l MPN/100 m l 540 130 265* 2
Copper ,  To t a l mg/L <0.001 <0.001 <0.001 2
I r o n  ,  To t a l mg/L 0 .2 <0.1 <0.15 2
Lead ,  To t a l mg/L <0.001 <0.001 <0.001 2
N i t r o g e n  , A m m o n i a ,  To t a l mg/L <0.005 <0.005 <0.005 1

N i t r a t e / N i t r i t e ,  D i s s . mg/L <0.02 <0.02 <0.02 2
K j e l d a h l  ,  To t a l mg/L 0.76 0.49 0.63 2
To t a l mg/L 0.76 0.49 0.63 2

Phosphorus, O r t h o  D i s s . mg/L 0.042 0.042 0.042 1
, T o t a l  D i s s . mg/L 0.049 0.049 0.049 1
, To t a l mg/L 0.05 0.039 0.045 2

pH 7.7 7 .4 7.5 2
S o l i d s  ,  D i s s o l v e d mg/L 161 161 161 1

, Suspended mg/L 1 1 1 1
Z inc  ,  To t a l mg/L <0.005 <0.005 <0.005 2

C h l o r i d e  ,  D i s s o l v e d mg/L 2.3 1.3 1.8 2
C o l i f o r m s  ,  To t a l MPN/100 mL 220 41 95* 2

, F e c a l MPN/100 m l 27 22 24* 2
Copper ,  To t a l mg/L 0.002 <0.001 <0.0015 2
Hardness ,  To t a l mg/L 115 115 115 1
I r o n  ,  To t a l mg/L 0.1 0.1 0.1 1
Lead ,  To t a l mg/L <0.001 <0.001 <0.001 2
N i t r o g e n  ,  A m m o n i a , To t a l mg/L 0.019 0.019 0.019 1

N i t r a t e / N i t r i t e ,  D i s s . mg/L <0.02 <0.02 <0.02 2
K j e l d a h l ,  To t a l mg/L 0.95 0.68 0.82 2
To t a l mg/L 0.95 0.68 0.82 2

Phosphorus,  O r t h o ,  D i s s . mg/L 0.104 0.104 0.104 1
To t a l ,  D i s s o l v e d mg/L 0.115 0.115 0.115 1
To t a l mg/L 0.233 0.049 0.135 3

pH 7.7 7.3 7.5 2
S o l i d s  ,  D i s s o l v e d mg/L 169 145 157 2

, Suspended mg/L 37 1 19 2
Z inc  ,  To t a l mg/L 0.014 <0.005 <0.009 2

S i t e  0400593 :  N o r t h  C u l v e r t  ( a b o u t  1 5  m n o r t h  o f  a c c e s s  r o a d )

S i t e  0400594:  S o u t h  C u l v e r t  ( a b o u t  5 0  m s o u t h  o f  a c c e s s  r o a d )

. . c o n t i n u e d
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TABLE 1 5  ( C o n t i n u e d )

S i t e  0400595 :  R e f u s e  S i t e  S o u t h

C h a r a c t e r i s t i c U n i t s Max. M in . Mean N

Calc ium ,  D i s s o l v e d mg/L 37.7 37.7 37.7 1
Hardness ,  T o t a l mg/L 124 124 124 1
Magnesium ,  D i s s o l v e d mg/L 7.2 7 .2 7 .2 1
Phosphorus,  To t a l mg/L 0.093 0.093 0.093 1
S o l i d s  ,  D i s s o l v e d mg/L 199 199 199 1

, Suspended mg/L 1 1 1 1

S i t e  0400807 :  Byman C r e e k  D o w n s t r e a m  a t  Perow Loop

C h l o r i d e  ,  D i s s o l v e d mg/L 0.7 0.6 0.65 2
C o l i f o r m s  ,  T o t a l MPN/100 mL 110 <2 15* 2
Copper ,  T o t a l mg/L 0.004 0.001 0.003 2
I r o n  ,  T o t a l mg/L 3.2 0.2 1.7 2
Lead ,  T o t a l mg/L <0.001 <0.001 <0.001 2
N i t r o g e n  ,  A m m o n i a , To t a l mg/ L 0.18 0.18 0.18 1

N i t r a t e / N i t r i t e ,  D i s s . mg/L 0.02 <0.02 <0.02 2
K j e l d a h l  ,  To t a l mg/L 0.56 0.2 0.38 2
To t a l mg/L 0.58 0 .2 0.39 2

Phosphorus,  O r t h o ,  D i s s . mg/L 0.014 0.014 0.014 1
To t a l  D i s s o l v e d mg/L 0.021 0.021 0.021 1
To t a l mg/L 0.106 0.006 0.056 2

S o l i d s  ,  D i s s o l v e d mg/L 91 91 91 1
, Suspended mg/L 75 75 75 1

Z inc  ,  T o t a l mg/L <0.005 <0.005 <0.005 1

* G e o m e t r i c  mean
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS
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C h a r a c t e r i s t i c U n i t s N Max. Min . Mean

A l k a l i n i t y ,  To t a l mg/L

LA) Nom LA) Az) Ui LA) CN 1.31 LA) LA) rWWW N3 N.) N) IL) NNW Ul U) LA) N MLA) N) Ul LA) N)

37.8 28 34
Cadmium ,  To t a l mg/L <0.005 <0.005 <0.005
Calc ium ,  D i s s o l v e d mg/L 9.1 6.6 8 .0
Carbon ,  To t a l mg/L 9 5 6.7

, T o t a l  O r g a n i c mg/L 15 9 12
Chromium ,  D i s s o l v e d mg/L <0.005 <0.005 <0.005

, To t a l mg/L <0.005 <0.005 <0.005
C h l o r i d e  ,  D i s s o l v e d mg/L 2.1 0.7 1.1
Col i fo rms ,  F e c a l MPN/100 mL 17 17 17

, To t a l MPN/100 mL 140 140 140
Co lo r  ,  T r u e TCU 60 30 43

, TAC TAC 50 22 34
Copper ,  D i s s o l v e d mg/L 0.015 0.002 0.009

, To t a l mg/L 0.005 0.001 0.003
Hardness ,  D i s s o l v e d mg/L 37 25.9 32.3
I r o n  ,  D i s s o l v e d mg/L 0.22 <0.1 <0.16

, T o t a l mg/L 0.6 0.3 0.5
Lead ,  D i s s o l v e d mg/L <0.003 <0.001 *

, To t a l mg/L 0.005 <0.001 <0.003
Magnesium ,  D i s s o l v e d mg/L 3.3 2.3 2.9

, To t a l mg/L 3.3 2.4 2.9
Manganese ,  D i s s o l v e d mg/L 0.02 <0.02 <0.02

To t a l mg/L 0.04 0.03 0.035
Mercury  ,  D i s s o l v e d mg/L 0.00005 <0.00005 <0.00005

, To t a l mg/L 0.00005 <0.00005 <0.00005
Molybdenum, To t a l mg/L <0.0005 <0.0005 <0.0005
N i c k e l  ,  To t a l mg/L <0.01 <0.01 <0.01
N i t r o g e n  ,  Ammonia,  To t a l mg/L 0.084 0.011 0.036

N i t r a t e / N i t r i t e  , D i s s . mg/L 0.04 <0.02 0.03
Organ ic  ,  To t a l mg/L 0.43 0.26 0.34
Kj e ldah l  ,  To t a l mg/L 0.53 0.27 0.42
To t a l mg/L 0.45 0.27 0.39

Oxygen ,  D i s s o l v e d mg/L 8.7 6.8 8.1
PH 7.5 6.9 7.2
Phosphorus, O r t h o ,  D i s s . mg/L 0.015 0.015 0.015

, To t a l mg/L 0.06 0.024 0.037
Potassium ,  D i s s o l v e d mg/L 1.1 1 1.07
S i l i c a  ,  D i s s o l v e d mg/L 12.8 9.6 10.9
Sodium ,  D i s s o l v e d mg/L 2 .6 2.1 2.3
S o l i d s  ,  D i s s o l v e d mg/L 74 70 72

, Suspended mg/L 13 4 6.4
S p e c i f i c  C o n d u c t i v i t y uS/cm 165 60 88
Sulphate  ,  D i s s o l v e d mg/L <5 <5 <5
S u r f a c t a n t ,  To t a l mg/L <0.03 <0.03 <0.03
Tann in  &  L i g n i n ,  To t a l mg/L 0.7 0.7 0.7
T u r b i d i t y NTU 9.2 1.7 4.3
Z inc  ,  D i s s o l v e d mg/L 0.09 <0.005 0.048

, To t a l mg/L 0.013 <0.005 <0.009

TABLE 1 6

Bulkley R i v e r  Water  Q u a l i t y ,  S i t e  0400200 ,  Downstream B u l k l e y  Lake 1972-1976

Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS
* No d e t e c t a b l e  c o n c e n t r a t i o n s  w e r e  measured f o r  t h i s  c h a r a c t e r i s t i c
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TABLE 1 7

C h a r a c t e r i s t i c U n i t s N Max. M in . Mean

A l k a l i n i t y ,  T o t a l mg/L 7 96.5 35.9 64.5
Cadmium ,  To t a l mg/L 1 <0.0005 <0.0005 <0.005
Calc ium ,  D i s s o l v e d mg/L 8 24 .2 8 .8 15.7
Carbon ,  To t a l mg/L 5 21 1 8 14
Chromium ,  D i s s o l v e d mg/L 3 <0.0005 <0.0005 <0.0005

, To t a l mg/L 4 0.017 <0.005 <0.008
C h l o r i d e  ,  D i s s o l v e d mg/L 7 1.1 <0 .5 <0.9
C o l i f o r m s  ,  F e c a l MPN/100 mL 1 13 13 13

, T o t a l MPN/100 mL 1 350 350 350
Co lo r  ,  T r u e TCU 6 60 5 27

, TAC TAC 7 56 2 .24
Copper ,  D i s s o l v e d mg/L 3 0.003 0.001 0.002

, To t a l mg/L 4 0.006 0.001 0.003
Hardness ,  D i s s o l v e d mg/L 8 92 34 58
I r o n  ,  D i s s o l v e d mg/L 3 0.33 <0.1 <0.21

, To t a l mg/L 4 2.5 0.3 1.3
Lead ,  D i s s o l v e d mg/L 3 <0.003 <0.001 *

, T o t a l mg/L 4 0.005 <0.001 <0.002
Magnesium ,  D i s s o l v e d mg/L 7 6.4 2 .0 4 .0

, To t a l mg/L 3 5 .8 3 .3 4.8
Manganese ,  D i s s o l v e d mg/L 3 0.12 <0.02 <0.07

, To t a l mg/L 3 0.09 0.07 0.08
Mercury ,  D i s s o l v e d mg/L 3 0.00014 0.00005 0.00008

, To t a l mg/L 3 <0.00005 <0.00005 <0.00005
Molybdenum, T o t a l mg/L 2 0.0007 <0.0005 <0.0006
N i c k e l  ,  To t a l mg/L 2 <0.01 <0.01 <0.01
N i t r o g e n  ,  Ammonia,  T o t a l mg/L 6 0.014 0.006 0.012

N i t r a t e / N i t r i t e ,  D i s s . mg/L 6 0.07 <0.02 <0.03
Organ ic  ,  T o t a l mg/L 6 0.34 0.09 0.23
K j e l d a h l  ,  T o t a l mg/L 6 0.35 0.20 0.28
To t a l mg/L 6 0.35 0.18 0.25

Oxygen ,  D i s s o l v e d mg/L 4 9.1 7 8.4
PH 6 7 .7 7 .5 7 .6
Phosphorus,  O r t h o  D i s s . mg/L 4 0.009 <0.003 <0.0045

, T o t a l mg/L 8 0.11 0.007 0.042
Potassium ,  D i s s o l v e d mg/L 5 1.2 0 .4 0.9
S i l i c a  •  ,  D i s s o l v e d mg/L 5 11.9 5.9 8.9
Sodium ,  D i s s o l v e d mg/L 6 5.2 2 3.4
S o l i d s  ,  D i s s o l v e d mg/L 6 112 50 87

, Suspended mg/L 6 60 2 .3 26.4
S p e c i f i c  C o n d u c t i v i t y uS/cm 10 215 70 133
Su lpha te  ,  D i s s o l v e d mg/L 5 <5 <5 <5
Tann in  a n d  L i g n i n ,  T o t a l mg/L 2 0.2 <0.1 <0.15
Tempera ture °C 4 14 6 11.8
T u r b i d i t y NTU 8 24 1.5 8 .9
Z inc  ,  D i s s o l v e d mg/L 3 0.008 <0.005 <0.006

, T o t a l mg/L 4 0.009 <0.005 <0.006

Bulk ley  R i v e r  Wate r  Q u a l i t y ,  S i t e  0400201 ,  Upstream From Buck Creek (Houston)
1972-1976

*No d e t e c t a b l e  v a l u e s  w e r e  measured f o r  t h i s  c h a r a c t e r i s t i c
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS



TABLE 1 8

Bulkley R iver  Water Q u a l i t y  Monitor ing o f  t h e  Sewage Treatment P l a n t  a t  Houston (PE  287) :  Da ta  from
Sites 0400297 (Upstream),  0400295 ( 1 0 0  m Downstream), and  0400296 ( 3 . 2  km Downstream) 1974-1975

N
U/S 0400297

Max. Min. Mean N

SITE
D/S 0400295

Max.

NUMBER

Min. Mean N
D/S 0400296
Max. Min. MeanC h a r a c t e r i s t i c Un i t s

A l k a l i n i t y ,  To t a l mg/L 2 47 33.5 40.3 2 44.3 33.2 38.8 2 44.3 33.5 38.9
Cadmium ,  D i s s o l v e d mg/L 1 <0.0005 <0.0005 <0.0005 1 <0.0005 <0.005 (0.005 1 <0.005 <0.005 <0.005
Calcium ,  D i s s o l v e d mg/L 2 11.6 8.4 10.0 2 10.8 8.3 9.6 2 11 8.4 9.7
Carbon ,  To t a l  O rgan i c mg/L - - - - - - - 1 12 12 12
Ch lo r i ne  ,  R e s i d u a l mg/L 3 0 0 0 3 0 0 0 3 0 0 0
Chromium ,  D i s s o l v e d mg/L 2 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005
Col i fo rma ,  F e c a l MPN/100 mL 4 70 8 27* 3 110 <20 <39* 4 79 2 20*

, To t a l MPN/100 mL 4 350 33 80* 3 240 50 127* 4 240 23 89*
Color  ,  T r u e TCU 2 50 40 45 2 50 40 45 2 50 40 45

, TAC TAC 2 44 31 38 2 42 29 36 2 40 27 33.5
Copper ,  D i s s o l v e d mg/L 2 0.003 0.003 0.003 1 0.005 0.005 0.005 1 0.004 0.004 0.004
Hardness ,  D i s s o l v e d mg/L 2 44.2 32.5 38.4 2 41 31.8 36.4 2 41.5 32.1 36.8
I r o n  ,  D i s s o l v e d mg/L 2 0.2 0.2 0.2 1 0.2 0.2 0.2 1 0.2 0.2 0.2
Lead ,  D i s s o l v e d mg/L 1 <0.001 <0.001 <0.001 1 <0.001 <0.001 <0.001 1 <0.001 <0.001 (0.001
Magnesium ,  D i s s o l v e d mg/L 2 3.7 2.8 3.25 2 3.4 2.7 3.1 2 3.4 2.7 3.1
Manganese .  D i s s o l v e d mg/L 1 <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02
Nickel  ,  D i s s o l v e d mg/L 1 <0.1 <0.1 <0.1 1 0.01 0.01 0.01 1 <0.01 <0.01 <0.01
Ni t rogen ,  Ammonia, To t a l mg/L 4 0.038 0.007 0.017 4 0.068 0.01 0.03 4 0.052 0.007 0.023

, N i t r a t e ,  D i s s . mg/L 4 <0.02 <0.02 <0.02 4 0.3 <0.02 <0.09 4 <0.02 <0.02 <0.02
, N i t r i t e ,  D ims . mg/L 4 <0.005 <0.005 <0.005 4 0.007 <0.005 <0.006 4 <0.005 <0.005 <0.005
. O r g a n i c ,  To t a l mg/L 4 0.44 0.15 0.25 4 0.64 0.06 0.31 4 0.44 0.17 0.21
. K j e l d a h l ,  To t . mg/L 4 0.45 0.16 0.26 4 0.65 0.13 0.34 4 0.45 0.19 0.26
, To t a l mg/L 3 0.25 0.16 0.2 3 0.6 0.13 0.34 3 0.25 0.19 0.22

Oxygen ,  D i s s o l v e d mg/L 3 10.5 9.7 10.0 3 10.4 9.5 10.1 3 10.5 9.5 10.1
pH 2 7.5 7.4 7.45 2 7.5 7.4 7.45 2 7.5 7.4 7.45
Phosphorus, O r t h o  D i s s . mg/L 2 0.015 0.012 0.014 2 0.02 0.014 0.017 2 0.02 0.014 0.017

, To t a l mg/L 4 0.112 0.011 0.055 4 0.153 0.052 0.097 4 0.13 0.011 0.062
Sodium ,  D i s s o l v e d mg/L 1 2.6 2.6 2.6 1 2.4 2.4 2.4 1 2.4 2.4 2.4
Sol ids  ,  D i s s o l v e d mg/L 2 104 72 88 2 82 72 77 2 71 12 41.5

, Suspended mg/L 3 30 9 19 3 65 14 33 3 64 13 32.3
. Sus .  I n o r g a n i c mg/L 1 12 12 12 - - - 1 11 11 11
, S u s .  O rgan i c mg/L 1 2 2 2 - - - 1 2 2 2

S p e c i f i c  Conductance uS/cm 4 200 80 118 4 210 75 116 4 210 75 117.5
Sulphate ,  D i s s o l v e d mg/L 1 <5 <5 <5 1 <5 <5 <5 1 <5 <5 <5
Temperature °C 4 12 8 10.8 4 12 7.5 10.6 4 11.5 7.5 10.1
Tu r b i d i t y NTU 2 21 4 12.5 2 23 4,3 13.7 2 23 3.7 13.3
Zinc ,  D i s s o l v e d mg/L 1 0.02 0.02 0.02 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005

* Geometr ic  Mean
Data f r o m  M i n i s t r y  o f  Env i ronmen t ' s  d a t a  bank ,  EQUIS
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Max.
0400296

Min.

SITE NUMBER

Mean N Max.
0920089

Min. MeanC h a r a c t e r i s t i c Uni ts N

A l k a l i n i t y ,  To t a l mg/L 7 88.3 33.5 69.9 17 83.9 25.2 57.1
Aluminum ,  D i sso l ved mg/L 4 0.05 <0.02 <0.04 12 0.04 0.03 0.035

, To t a l mg/L 4 0.06 0.01 0.04 2 0.85 0.05 0.32
Arsenic ,  D i sso l ved mg/L 4 <0.001 <0.001 <0.001 2 <0.001 <0.001 <0.001

, To t a l mg/L 4 <0.001 <0.001 <0.001 2 <0.001 <0.001 <0.001
Barium ,  D i sso l ved mg/L 4 0.03 0.02 0.028 2 0.02 0.02 0.02
Boron ,  D i sso l ved mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01
Cadmium ,  D i sso l ved mg/L 5 <0.0005 <0.0005 <0.0005 2 0.0018 <0.0005 <0.0012

, To t a l mg/L 4 <0.005 <0.0005 * 2 0.012 <0.0005 <0.006
Calcium ,  D i sso l ved mg/L 6 20.1 8.4 15.1 12 20.9 7.6 16.5

, To t a l mg/L 4 21.2 15.4 19.1 1 8.23 8.23 8.23
Carbon ,  To t a l  Organic mg/L 6 12 2 5 17 17 1 9.2

, To t a l mg/L 5 25 17 21.6 16 20 5 11.1
Chlor ide ,  D i sso l ved mg/L 5 2.5 1.4 2.1 13 1 0.3 0.6
Chlor ine ,  Res idua l mg/L 3 0 0 0 - - -
Chromium ,  D i sso l ved mg/L 5 <0.01 <0.005 * 1 <0.1 <0.1 <0.1

, To t a l mg/L 4 <0.01 <0.01 <0.01 1 <0.1 <0.1 <0.1
Cobalt ,  D i sso l ved mg/L 4 <0.1 <0.1 <0.1 2 <0.1 <0.1 <0.1

, To t a l mg/L 4 <0.1 <0.1 <0.1 2 0.12 <0.1 <0.1
Col i forms ,  F e c a l MPN/100 mL 4 79 2 20** - - - -

, To t a l MPN/100 mL 4 240 23 136** - - -
Color ,  Apparen t ACU - - - 15 77 <5 <29

, Tr u e TCU 2 50 40 45 - - - -
, T. A . C . TAC 2 40 27 34 - - - -

Copper ,  D i sso l ved mg/L 5 0.004 <0.001 <0.002 8 0.002 <0.001 <0.0015
, To t a l mg/L 4 0.004 0.001 0.003 2 0.004 0.002 0.003

Fluor ide ,  To t a l mg/L - - - 5 0.08 <0.05 <0.064
Hardness ,  D i sso l ved mg/L 6 76.4 32.1 58.5 15 79 33.3 60.3
Iron ,  D i sso l ved mg/L 5 0.32 0.03 0.21 8 0.19 0.05 0.13

, To t a l mg/L 4 0.46 0.17 0.34 2 1.7 0.13 0.92
Lead ,  D i sso l ved mg/L 5 <0.001 <0.001 <0.001 8 0.001 <0.001 <0.001

, To t a l mg/L 4 <0.001 <0.001 <0.001 2 0.005 <0.001 <0.003
Magnesium ,  D i sso l ved mg/L 6 6.4 2.7 5.0 2 1.28 0.99 1.14

, To t a l mg/L 4. 6.5 5.2 6.1 2 1.92 1.35 1.64
Manganese ,  D i sso l ved mg/L 5 0.09 <0.01 <0.04 5 0.07 <0.01 <0.03

, To t a l mg/L 4 0.09 0.05 0.06 2 0.06 0.01 0.035
Molybdenum, D i sso l ved mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01

, To t a l mg/L 4 <0.01 <0.01 <0.01 2 0.02 <0.01 <0.015
Nickel ,  D i sso l ved mg/L 5 <0.05 <0.01 * 2 <0.05 <0.05 <0.05

. To t a l mg/L 4 <0.05 <0.05 <0.05 2 <0.05 <0.05 <0.05

Bulkley River  Water Q u a l i t y  Downstream from the  Sewage Treatment P lant  a t  Houston (PE 287) :
Sites 0400296 ( 3 . 2  km Downstream) and 0920089 ( 4 . 5  km-Downstream)

1970-1984

. .cont inued



TABLE 19 (Continued)

N Max.
0400296

Min.

SITE NUMBER

Mean N Max.
0920089

Min. MeanCharac te r i s t i c Uni ts

Nitrogen ,  Ammonia, To t a l mg/L 9 0.203 <0.005 <0.078 2 0.014 0.006 0.010
N i t r a t e / N i t r i t e ,  D i s s . mg/L 9 0.12 <0.02 <0.048 17 0.09 <0.005 <0.038

, N i t r a t e ,  D i s s . mg/L 4 <0.02 <0.02 <0.02 - - - -
, N i t r i t e ,  D i s s . mg/L 4 <0.005 <0.005 <0.005 - - - -
, Organic ,  To t a l mg/L 5 0.44 <0.01 0.21 - - - -
, K j e l d a h l , To t a l mg/L 9 0.45 0.02 0.26 2 0.13 0.07 0.10
, To t a l mg/L 7 0.51 0.19 0.28 2 0.15 0.13 0.14

Oxygen ,  D isso lved mg/L 3 10.5 9.5 10.1 4 11.7 8.2 10.0
pH 7 8.1 7.4 7.6 17 8.3 6.9 7.6
Phosphorus, O r t h o ,  D i s s . mg/L 7 0.049 0.008 0.030 16 <0.07 <0.002 *

, To t a l  D i s s . mg/L 5 0.056 0.014 0.042 17 0.033 <0.001 <0.014
, To t a l mg/L 9 0.13 0.011 0.058 13 0.297 0.007 0.051

Potassium ,  D isso lved mg/L , 5 1.2 0.9 1.06 2 0.3 0.3 0.3
, To t a l mg/L - - - - 11 1.2 0.3 0.85

S i l i c a  ,  D isso lved mg/L 5 13.6 11.5 12.9 17 15.3 4.2 10.9
Sodium ,  D isso lved mg/L 6 6.2 2.4 5.1 17 5.3 1.2 3.4
Solids ,  D isso lved mg/L 7 122 76 102 2 45 41 43

, Suspended mg/L  7 64 3 15.6 4 81 4 24
Spec i f i c  C o n d u c t i v i t y pS/cm 7 182 71 145 17 168 55 118
Sulphate ,  D isso lved mg/L 6 <5 3 <4.1 13 4 <1 <2.8
Temperature °C 4 11.5 7.5 10.1 - - - -
Tu r b i d i t y NTU 7 23 1.1 5.2 16 74 1 10.6
Vanadium ,  D isso lved mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01

, To t a l mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01
Zinc ,  D isso lved mg/L 5 0.007 <0.005 <0.005 8 <0.022 <0.001 *

. To t a l mg/L 4 0.028 <0.005 <0.012 2 0.03 0.02 0.025

* N o  de tec tab le  concent ra t ions  were measured f o r  these c h a r a c t e r i s t i c s
** Geometr ic Mean
Data f rom M i n i s t r y  o f  Envi ronment 's  da ta  bank,  EQUIS
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TABLE 2 0

Morice R i v e r  Wate r  Q u a l i t y ,  S i t e  0400203 ,  Upstream from t h e  Conf luence
With t h e  B u l k l e y  R i v e r ,  1 9 7 1 - 1 9 8 4

C h a r a c t e r i s t i c U n i t s N Max. M in . Mean

A l k a l i n i t y ,  To t a l mg/L 18 31.2 18.5 22.1
Aluminum ,  D i s s o l v e d mg/L 10 0.17 <0.02 0.05

, T o t a l mg/L 9 3.06 0.03 0.48
A r s e n i c  ,  D i s s o l v e d mg/L 11 <0.25 <0.001 *

, T o t a l mg/L 11 <0.25 <0.001 *
Barium ,  D i s s o l v e d mg/L 10 0.02 0.01 0.012
Boron ,  D i s s o l v e d mg/L 10 <0.01 <0.01 <0.01
Cadmium ,  D i s s o l v e d mg/L 10 <0.01 <0.0005 *

, T o t a l mg/L 11 <0.0021 <0.0005 *
Ca lc ium ,  D i s s o l v e d mg/L 17 9.69 5.59 7.03

, T o t a l mg/L 11 10 6.5 7.4
Carbon ,  To t a l mg/L 16 8 2 4.9

, T o t a l  O r g a n i c mg/L 17 8 <1 <2.5.
Chromium ,  D i s s o l v e d mg/L 14 <0.01 <0.005 *

, T o t a l mg/L 13 0.01 <0.005 <0.009
C h l o r i d e  ,  D i s s o l v e d mg/L 17 0.7 <0.5 <0.53
Coba l t  ,  D i s s o l v e d mg/L 10 <0.1 <0.1 <0.1

, To t a l mg/L 10 <0.1 <0.1 <0.1
Col i f o rms  ,  F e c a l MPN/1 00 mL 1 <2 <2 <2

, To t a l MPN/1 00 mL 1 23 23 23
Co lo r  ,  T r u e TCU 7 40 <5 <11

, TAC TAC 5 31 <1 <11
Copper ,  D i s s o l v e d mg/L 14 0.002 <0.001 <0.001

, To t a l mg/L 13 0.011 0.001 0.004
Hardness ,  D i s s o l v e d mg/L 13 23.9 17.9 20 .8

, To t a l mg/L 4 98.1 18.9 40.7
I r o n  ,  D i s s o l v e d mg/L 14 0.14 0.01 0.071

, To t a l mg/L 13 3.53 0.02 0.95
Lead ,  D i s s o l v e d mg/L 13 0.007 <0.001 <0.002

, t o t a l  . mg/L 14 0.007 <0.001 <0.002
Magnesium ,  D i s s o l v e d mg/L 16 1.14 0.57 0.80

, To t a l mg/L 12 19.6 0.6 2.4
Manganese ,  D i s s o l v e d mg/L 14 <0.02 <0.01 *

, To t a l mg/L 13 0.15 <0.01 <0.04
Mercury ,  D i s s o l v e d mg/L 4 0.00005 <0.00005 <0.00005

, To t a l mg/L 2 <0.00005 <0.00005 <0.00005
Molybdenum, D i s s o l v e d mg/L 10 <0.01 <0.01 <0.01

, To t a l mg/L 12 <0.01 <0.005 *
N i c k e l  ,  D i s s o l v e d mg/L 10 <0.05 <0.05 <0.05

, T o t a l mg/L 12 <0.05 <0.01 *

. . c o n t i n u e d
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C h a r a c t e r i s t i c U n i t s N Max. I M i n . Mean

N i t r o g e n  ,  Ammonia To t a l mg/L 15 0.013 <0.005 <0.006
N i t r a t e / N i t r i t e ,  D i s s . mg/L 17 0.06 <0.02 <0.03

, O r g a n i c ,  T o t a l mg/L 7 0.14 <0.01 <0.07
, K j e l d a h l , To t a l mg/L 16 0.22 <0.01 <0.09
, To t a l mg/L 16 0.27 0.03 0.10

Oxygen ,  D i s s o l v e d mg/L 3 10.1 9.5 9.7
pH 17 7 .5 6.8 7.3
Phosphorus,  O r t h o ,  D i s s . mg/L 9 <0.003 <0.003 <0.003

, To t a l  D i e s . mg/L 11 0.008 <0.003 <0.004
, To t a l mg/L 18 0.092 0.004 0.020

Potass ium ,  D i s s o l v e d mg/L 15 0.4 0.2 0.3
S i l i c a  ,  D i s s o l v e d mg/L 15 6 3 3.9
Sodium ,  D i s s o l v e d mg/L 16 1.6 0.8 1.1
S o l i d s  ,  D i s s o l v e d mg/L 18 51 25 35.6

, Suspended mg/L 19 105 1 18.9
S p e c i f i c  C o n d u c t i v i t y pS/cm 17 69 42 49.2
Su lphate  ,  D i s s o l v e d mg/L 15 <5 2.2 <3.4
Tempera ture °C 3 14 7. 11.7
T u r b i d i t y NTU 15 44 0.6 8.9
Vanadium ,  D i s s o l v e d mg/L 10 <0.01 <0.01 <0.01

, To t a l mg/L 10 0.01 <0.01 <0.01
Z inc  ,  D i s s o l v e d mg/L 14 0.01 <0.005 <0.005

, To t a l mg/L 13 0.05 <0.005 <0.011

TABLE 2 0  ( C o n t i n u e d )

*No d e t e c t a b l e  c o n c e n t r a t i o n s  w e r e  measured f o r  t h e s e  c h a r a c t e r i s t i c s
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS
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TABLE 21

Bulk ley  R i v e r  Water  Q u a l i t y  S i t e  0920088 a t  Quick
1966-1984

C h a r a c t e r i s t i c I U n i t s N Max. M in . Mean

A l k a l i n i t y ,  To t a l mg/L 99 47.6 3 .3 25 .4
Aluminum ,  D i s s o l v e d mg/L 13 0.26 <0.01 <0.05

, To t a l mg/L 11 2 .9 <0.01 <0.75
A r s e n i c  ,  D i s s o l v e d mg/L 12 <0.005 <0.001 *

, To t a l mg/L 12 0.0025 <0.0002 <0.0017
Barium ,  D i s s o l v e d mg/L 7 0.02 0.01 0.02

, To t a l mg/L 5 0.1 0.09 0.098
Boron ,  D i s s o l v e d mg/L 8 <0.01 <0.005 *
Cadmium ,  D i s s o l v e d mg/L 10 0.0018 <0.0005 <0.0017

, To t a l mg/L 17 0.012 <0.0002 <0.0002
Calc ium ,  D i s s o l v e d mg/L 96 14.7 1.5 8 .7

, To t a l mg/L 8 10.6 7 .3 8.5
Carbon ,  To t a l mg/L 23 10.6 2 .0 6.0

, To t a l  O r g a n i c mg/L 23 16 <1 4.5
Chromium ,  D i s s o l v e d mg/L 9 <0.01 <0.01 <0.01

, To t a l mg/L 12 0.01 0.001 0.008
C h l o r i d e  ,  D i s s o l v e d mg/L 100 2.1 <0.1 0.4
C o b a l t  ,  D i s s o l v e d mg/L 7 <0.1 <0.1 <0.1

, T o t a l mg/L 16 0.15 <0.001 <0.061
Co lo r  ,  A p p a r e n t ACU 90 100 <5 <15

, T r u e TCU 1 75 75 75
Copper ,  D i s s o l v e d mg/L 29 <0.012 <0.001 <0.006

, T o t a l mg/L 24 0.012 <0.001 <0.004
F l u o r i d e  ,  To t a l mg/L 48 0.14 <0.02 <0.07
Hardness ,  D i s s o l v e d mg/L 96 46.9 4 .2 26.6
I r o n  ,  D i s s o l v e d mg/L 41 0.22 <0.001 <0.039

, To t a l mg/L 19 3.42 0.04 0.69
Lead ,  D i s s o l v e d mg/L 26 0.01 <0.001 <0.033

, To t a l mg/L 24 <0.01 <0.001 <0.004
Magnesium ,  D i s s o l v e d mg/L 7 1.56 0.81 1.11

, To t a l mg/L 9 2.94 0.88 1.47
Manganese ,  D i s s o l v e d mg/L 20 <0.01 <0.001 <0.01

, To t a l mg/L 37 0.15 <0.01 <0.03
Mercury ,  To t a l mg/L 5 <0.00005 <0.00005 <0.00005
Molybdenum, D i s s o l v e d mg/L 9 <0.01 <0.01 <0.01

, To t a l mg/L 16 0.02 <0.0002 <0.01
N i c k e l  ,  D i s s o l v e d mg/L 9 <0.05 <0.05 <0.05

, To t a l mg/L 16 0.06 <0.001 <0.03
N i t r o g e n  ,  Ammonia,  T o t a l mg/L 35 0.2 0.002 0.07

N i t r a t e / N i t r i t e ,  D i s s . mg/L 90 0.09 <0.001 <0.027
, O r g a n i c ,  T o t a l mg/L 2 0.44 0.33 0.39
, K j e l d a h l , To t a l mg/L 15 0.52 0.04 0.25
, To t a l mg/L 12 0.61 0.04 0.22

. . c o n t i n u e d
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Charac te r i s t i c Units N Max. Min. Mean

Oxygen ,  D isso lved mg/L 5 13 9.4 11.9
pH 99 7.9 6.3 7.4
Phosphorus, O r tho ,  D i s s . mg/L 25 0.03 <0.002 <0.004

, To t a l ,  D i s s . mg/L 26 0.02 <0.001 <0.006
, To t a l mg/L 29 0.309 <0.002 <0.033

Potassium ,  D isso lved mg/L 9 0.5 0.3 0.3
, To t a l mg/L 90 1.0 <0.1 <0.4

Selenium ,  To t a l mg/L 3 0.0001 <0.0001 <0.0001
S i l i c a  ,  D isso lved mg/L 91 9.2 0.5 4.7
S i l ve r  ,  To t a l mg/L 3 <0.01 <0.01 <0.01
Sodium ,  D isso lved mg/L 99 4.1 0.5 1.3
Sol ids ,  D isso lved mg/L 17 108 32 50.1

, Suspended mg/L 17 178 1 40.2
, Sus.  I n o r g a n i c mg/L 1 87 87 87
, To t .  I n o r g a n i c mg/L 13 166 3 44.4

Spec i f i c  C o n d u c t i v i t y pS/cm 100 107 11.4 58.8
Sulphate ,  D isso lved mg/L 95 10.5 <1 <3.3
Temperature °C 44 20 0 6.6
Tu rb id i t y NTU 96 85 0.1 9.9
Vanadium ,  D isso lved mg/L 9 <0.01 <0.01 <0.01

, To t a l mg/L 10 <0.01 <0.01 <0.01
Zinc ,  D isso lved mg/L 30 0.026 <0.001 <0.007

, To t a l mg/L 35 0.13 <0.001 <0.011
4

TABLE 21 (Continued)

Note: A n a l y s e s  w e r e  m a d e  f o r  p o l y c h l o r i n a t e d  b i p h e n y l s  a n d  s e v e r a l
pest ic ides i n  1974 ( 1 - 2  samples) ;  however,  a l l  l e v e l s  were below d e t e c t i o n
l i m i t s
*No de tec tab le  concent ra t ions  were measured f o r  these  c h a r a c t e r i s t i c s
Data f rom M i n i s t r y  o f  Environment 's  da ta  bank, EQUIS
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TABLE 2 2

Telkwa R i v e r  Wate r  Q u a l i t y ,  S i t e  0400187 a t  Te lkwa
1974-1984

C h a r a c t e r i s t i c U n i t s N Max. M in . Mean

A l k a l i n i t y ,  T o t a l mg/L 16 64.5 22.1 38.8
Aluminum ,  D i s s o l v e d mg/L 11 0.22 <0.02 <0.09

, To t a l mg/L 10 5 .4 <0.02 <0.91
A r s e n i c  ,  D i s s o l v e d mg/L 11 <0.005 <0.001 *

, T o t a l mg/L 11 <0.005 <0.001 *
Barium ,  D i s s o l v e d mg/L 11 0.06 0.02 0.03
Boron ,  D i s s o l v e d mg/L 11 <0.01 <0.01 <0.01
Cadmium ,  D i s s o l v e d mg/L 11 <0.01 <0.0005 *

, T o t a l mg/L 12 <0.0005 <0.0005 <0.0005
Calc ium ,  D i s s o l v e d mg/L 17 19.7 6 .7 11.6

, To t a l mg/L 13 18.8 8.4 12.7
Carbon ,  To t a l  O r g a n i c mg/L 16 9 <1 <2.3

, T o t a l mg/L 16 16 4 9.6
Chromium ,  D i s s o l v e d mg/L 13 <0.01 <0.005 *

To t a l mg/L 114 0.02 <0.005 <0.01
C h l o r i d e  ,  D i s s o l v e d mg/L 16 0 .7 <0.5 <0.52
C o b a l t  ,  D i s s o l v e d mg/L 11 <0.1 <0.1 <0.1

, To t a l mg/L 11 0.13 <0.1 <0.10
Co lo r  ,  T r u e TCU 5 60 5 21

, TAC TAC I 6 32 1 11
Copper ,  D i s s o l v e d mg/L 13 0.003 <0.001 0.0015

, To t a l mg/L 14 0.02 <0.001 <0.004
Hardness ,  D i s s o l v e d mg/L 14 63.2 20.6 36.7
I r o n  ,  D i s s o l v e d mg/L 13 0.94 0.03 0.18

, To t a l mg/L 14 18.4 0.11 2.26
Lead ,  D i s s o l v e d mg/L 13 0.001 <0.001 <0.001

, To t a l mg/L 14 0.006 <0.001 <0.002
Magnesium ,  D i s s o l v e d mg/L 17 3.4 O.9 1.6

, To t a l mg/L 13 3.09 0.92 2.16
Manganese ,  D i s s o l v e d mg/L 13 0.02 <0.01 <0.09

, T o t a l mg/L 13 0.5 0.01 0.09
Mercury  ,  D i s s o l v e d mg/L 2 <0.00005 <0.00005 <0.00005

, To t a l mg/L 2 <0.00005 <0.00005 <0.00005
Molybdenum, D i s s o l v e d mg/L 11 0.01 <0.01 <0.01

, To t a l mg/L 12 0.03 <0.0005 <0.011
N i c k e l  ,  D i s s o l v e d mg/L 11 <0.05 <0.05 <0.05

, To t a l mg/L 12 <0.05 <0.01 *
N i t r o g e n  ,  Ammonia,  T o t a l mg/L 15 0.01 <0.005 <0.006

N i t r a t e / N i t r i t e  , D i s s  . mg/L 16 0.11 0.02 0.049
, O r g a n i c ,  To t a l mg/L 5 0.28 0.03 0.10
, K j  e l dah l  , To t a l mg/L 15 0.29 0.03 0.11
, To t a l mg/L 16 0.32 0.04 0.15

. . con t i  nued
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C h a r a c t e r i s t i c U n i t s N Max. M in . Mean

Oxygen ,  D i s s o l v e d mg/L 2 10.2 7 .2 8.7
pH 16 7.9 7.1 7.5
Phosphorus, O r t h o ,  D i s s . mg/L 9 <0.003 <0.003 <0.003

, To t a l ,  D i s s . mg/L 11 0.007 0.003 0.005
, To t a l mg/L 17 0.34 0.006 0.048

Potassium ,  D i s s o l v e d mg/L 15 0.4 0.2 0.3
S i l i c a  ,  D i s s o l v e d mg/L 15 8.1 3.1 5.7
Sodium ,  D i s s o l v e d mg/L 15 2 .9 0.9 1.8
S o l i d s  ,  D i s s o l v e d mg/L 16 86 33 52

, Suspended mg/L 17 424 1 45.4
S p e c i f i c  C o n d u c t i v i t y pS/cm 17 139 48 83.7
Su lpha te  ,  D i s s o l v e d mg/L 15 6.2 2.2 4.7
Tann in  a n d  L i g n i n ,  T o t a l mg/L 1 <0.1 <0.1 <0.1
T u r b i d i t y NTU 14 180 1.1 24.7
Vanadium ,  D i s s o l v e d mg/L 11 <0.01 <0.01 <0.01

, To t a l mg/L 11 <0.01 <0.01 <0.01
Z inc  ,  D i s s o l v e d mg/L 12 <0.005 <0.005 <0.005

, To t a l mg/L 14 0.023 <0.005 <0.008

TABLE 2 2  ( C o n t i n u e d )

*No d e t e c t a b l e  c o n c e n t r a t i o n s  w e r e  measured f o r  t h e s e  c h a r a c t e r i s t i c s
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS
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Charac te r i s t i c Units N Max. Min. Mean

A l k a l i n i t y,  To t a l mg/L 22 82 20.7 30.0
Aluminum ,  D isso lved mg/L 1 0.03 0.03 0.03
Cadmium ,  To t a l mg/L 2 <0.0005 <0.0005 <0.005
Calcium ,  D isso lved mg/L 20 21.1 6.9 10.0

, To t a l mg/L 2 10.2 9.7 10.0
Carbon ,  To t a l  Organ ic mg/L 19 23 <1 <5.2

, To t a l mg/L 17 23 3 6.9
Chromium ,  D isso lved mg/L 3 <0.005 <0.005 <0.005

, To t a l mg/L 3 0.008 <0.005 <0.006
Chlor ide ,  D isso lved mg/L 19 6.8 0.1 0.8
Col i forms ,  Feca l MPN/1 00 mL 1 <2 <2 <2

, To t a l MPN/1 00 mL 1 49 49 49
Color ,  Apparent ACU 15 55 <5 <14

, True TCU 6 40 5 18
, TAC TAC 7 31 <1 <12

Copper ,  D isso lved mg/L 8 0.004 <0.001 <0.002
, To t a l mg/L 5 0.014. <0.001 <0.007

Flow m3/s 20 555.0 21.8 169.8
Fluor ide mg/L 6 <0.1 <0.05 *
Hardness ,  DissOlved mg/L 22 81.1 21.3 30.8
I ron ,  D isso lved mg/L 10 0.1 <0.001 <0.065

, To t a l mg/L 5 11.3 0.2 3.3
Lead ,  D isso lved mg/L 8 0.017 <0.001 <0.003

, To t a l mg/L 5 <0.01 <0.001 *
Magnesium ,  D isso lved mg/L 7 6.9 0.74 1.97

, To t a l mg/L 4 1.6 0.9 1.2
Manganese ,  D isso lved mg/L 6 0.02 <0.01 <0.013

. To t a l mg/L 5 0.34 <0.01 <0.09
Mercury ,  D isso lved mg/L 3 <0.00005 <0.00005 <0.00005

, To t a l mg/L 3 <0.00005 <0.00005 <0.00005
Molybdenum, To t a l mg/L 2 0.0007 <0.0005 <0.0006
Nickel ,  To t a l mg/L 2 <0.01 <0.01 <0.01
Nitrogen ,  Ammonia, To t a l mg/L 7 <0.1 <0.005 *

N i t r a t e / N i t r i t e  , D i s s . mg/L 21 0.14 <0.005 <0.045
, Organic ,  To t a l mg/L 6 0.24 0.03 0.085
, K j  el dahl , Tot al mg/L 6 0.25 0.03 0.10
, To t a l mg/L 6 0.27 0.03 0.12

Oxygen ,  D isso lved mg/L 7 12.7 7.5 11.0
pH 21 7.9 7.3 7.5
Phosphorus, Or tho , D i s s . mg/L 18 0.04 <0.002 <0.006

, To t a l ,  D i s s . mg/L 14 0.02 <0.001 <0.004
, To t a l mg/L 19 0.25 <0.003 <0.036

TABLE 23

Bulkley River Water Qua l i ty,  S i t e  0400204, 8  km Upstream from the
Sewage Treatment Plant  a t  Smithers

1966-1976

. .cont inued



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

Potassium ,  D i s s o l v e d
, To t a l

S i l i c a  ,  D i s s o l v e d
Sodium ,  D i s s o l v e d

mg/L
mg/L
mg/L
mg/L

5
12

20
21

1.0
0.9

12.8
6.1

0.2
0.2
3.1
0.7

0.4
0 .3
5.3
1.6

S o l i d s  ,  D i s s o l v e d mg/L 7 120 30 51.4
, Suspended mg/L 9 327 2.4 58.6
, S u s p .  I n o r g a n i c mg/L 3 33 <1 <16.7

S p e c i f i c  C o n d u c t i v i t y uS/cm 23 188 47 66.9
Sulphate  ,  D i s s o l v e d mg/L 17 5.2 <1 3.9
Tann in  a n d  L i g n i n ,  To t a l mg/L 2 0.1 <0.1 <0.1
Temperature °C 6 11 0 6.4
T u r b i d i t y NTU 23 96 0.9 13.0
Z inc  ,  D i s s o l v e d mg/L 8 0.016 <0.001 <0.005

, To t a l mg/L 4 0.018 <0.005 <0.010

100

TABLE 2 3  (Cont inued )

U n i t s  N  l  M a x . Min . Mean

*No d e t e c t a b l e  c o n c e n t r a t i o n s  w e r e  measured f o r  t h e s e  c h a r a c t e r i s t i c s
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS



TABLE 2 4
Bulkley R iver  Water Q u a l i t y  Monitoring a t  t h e  Sewage Treatment P lan t  a t  Smithers (PE  373) :  D a t a  from

Sites 0400434 (Upstream Cont ro l ) .  0400435 ( 1 0 0  m Downstream), and 0400436 ( 1 . 2  km Downstream)
1974-1975

N
U/S

Max.
0400434

Min. Mean N

- - . . .  _ _ _
D/S

Max.
0400435

Min. Mean N
D/S

Max.
0400436

Min. M e a nC h a r a c t e r i s t i c Un i t s

A l k a l i n i t y ,  To t a l mg/L 2 28 22.5 25.3 2 27.8 22 24.9 2 28 21.8 24.9
Cadmium ,  D i s s o l v e d mg/L 1 <0.0005 <0.0005 <0.0005 1 <0.0005 <0.0005 <0.0005 1 <0.0005 <0.0005 <0.0005
Calcium ,  D i s s o l v e d mg/L 2 19 8.8 13.9 2 8.9 7.5 8.2 2 8.8 7.5 8.2
Carbon ,  To t a l  O r g a n i c mg/L 1 2 2 2 1 2 2 2 1 2 2 2
Ch lo r ine  ,  Res idua l mg/L 4 0 0 0 1 0 0 0 4 0 0 0
Chromium ,  D i s s o l v e d mg/L 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005
Con fo rms  ,  F e c a l MPN/100 mL 2 20 20 20* 2 20 <20 <20* 2 20 <20 <20*

, To t a l MPN/100 mL 2 80 40 57* 2 50 <20 <32* 2 40 20 28*
Color  ,  T r u e TCU 2 30 15 23 2 30 20 25 2 30 15 22.5

, TAC TAC 2 33 12 23 2 32 14 23 2 23 13 18
Copper ,  D i s s o l v e d mg/L 1 0.002 0.002 0.002 1 0.003 0.003 0.003 1 0.004 0.004 0.004
Hardness ,  D i s s o l v e d mg/L 2 28.6 23.1 25.9 2 28.8 22.6 25.7 2 28.6 22.6 25.6
I r o n  D i s s o l v e d mg/L 1 0.1 0.1 0.1 1 <0.1 <0.1 <0.1 1 <0.1 <0.1 <0.1
Lead ,  D i s s o l v e d mg/L 1 <0.001 <0.001 <0.001 1 <0.001 <0.001 <0.001 1 <0.002 <0.002 <0.002
Magnesium ,  D i s s o l v e d mg/L 2 7.6 1.6 4.6 2 1.6 0.95 1.28 2 1.6 0.95 1.28
Manganese ,  D i s s o l v e d mg/L 1 <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02 1 <0.2 <0.2 <0.2
Nicke l  ,  D i s s o l v e d mg/L 1 <0.01 <0.01 <0.01 1 <0.01 <0.01 <0.01 1 <0.01 <0,01 <0.01
Ni t rogen  ,  Ammonia, To t a l mg/L 2 0.016 0.014 0.015 2 0.011 0.01 0.01 2 0.011 0.011 0.011

N i t r a t e / N i t r i t e ,  D i s s . mg/L 2 0.03 0.03 0.03 2 0.02 0.02 0.02 2 0.03 0.02 0.025
N i t r a t e ,  D i m s . mg/L 2 0.03 0.03 0.03 2 0.02 0.02 0.02 2 0.03 0.02 0.025
N i t r i t e ,  D i s s . mg/L 2 <0.005 <0.005 <0.005 2 <0.005 <0.005 <0.005 2 <0.005 <0,005 <0.005

, O r g a n i c ,  To t a l mg/L 2 0.24 <0.01 <0.13 2 0.07 0.01 0.04 2 0.12 0.01 0.065
, K j e l d a h l , To t a l mg/L 2 0.25 0.02 0.14 2 0.08 0.02 0.05 2 0,13 0.02 0.075
, To t a l mg/L 1 0.05 0.05 0.05 1 0.04 0.04 0.04 1 0.04 0.04 0.04

Oxygen ,  D i s s o l v e d mg/L 3 11.5 10.6 11.0 3 11.7 10.7 11.2 3 11.7 10.8 11.3
PH 2 7.5 7.5 7.5 2 7.4 7.4 7.4 2 7.5 7.4 7.45
Phosphorus, 0 r t h o ,  D i s s . mg/L 2 0.004 0.004 0.004 2 0.004 0.003 0.0035 2 0.003 (0.003 <0.003

, To t a l mg/L 2 0.05 0.046 0.048 2 0.048 0.048 0.048 2 0.049 0.046 0.048
Sodium ,  D i s s o l v e d mg/L 1 1.6 1.6 1.6 1 1.5 1.5 1.5 1 2 2 2
So l ids  ,  D i s s o l v e d mg/L 2 58 42 50 2 . 56 38 47 2 58 38 48

, Suspended mg/L 5 38 2 28.6 5 48 2 ',31 5 48 3 33
S p e c i f i c  C o n d u c t i v i t y uS/cm 3 63 49 54 5 62 49 52 7 250 49 83
Sulphate ,  D i s s o l v e d mg/L 1 <5 <5 <5 1 <5 <5 <5 1 <5 <5 <5
Temperature oc 5 10 6 8.2 5 10 6 8.4 5 10 6 B
Tu r b i d i t y NTU 2 21 17 19 2 19 16 17.5 2 21 17 19
Zinc ,  D i s s o l v e d mg/L 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005 1 0.01 0.01 0.01

*Geometr ic Mean
Data f r o m  M i n i s t r y  o f  Envi ronment  d a t a  bank ,  EQUIS



TABLE 2 5

C h a r a c t e r i s t i c Uni ts Zone 1
U/S

Zone 2
0400434
Zone 3 Zone 4 Zone 1

D/S
Zone 2

0400435
Zone 3 Zone 4

BOD, mg/L <10 <10 <10 <10 <10 <10 <10 <10
Carbon .  To t a l  O r g a n i c mg/L <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

. To t a l  I n o r g a n i c mg/L a 8 8 8 8 8 8 8
COD mg/L <10 13 - - <10 15 13 <10
Co l i fo rms  .  F e c a l MPN/100 mL 8 9 14 11 16 14 15 14

To t a l MPN/100 mL 9 43 32 27 230 28 54 36
Ni t rogen  ,  N H , / N H . ,  D i s s . mg/L <0.005 <0.005 <0.005 <0.005 0.038 <0.005 <0.005 <0.005

, NOs/NOs, D i a s . mg/L 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
. K j e l d a h l ,  To t a l mg/L 0.03 0.02 0.02 0.02 0.06 0.02 0.02 0.02

PH 7.7 7.6 7.6 7.6 7.6 7.6 7.6 7.6
Phosphorus, To t a l mg/L 0.007 0.007 0.01 0.007 0.016 0.008 0.007 0.007
So l i ds  ,  D i s s o l v e d mg/L 45 42 lio 45 47 46 50 45

, Suspended mg/L 1 1 1 1 1 1 1 1
S p e c i f i c  C o n d u c t i v i t y pS/cm TO 69 70 70 T2 70 70 68
Temperature °C 0 0 0 0 0 0 0 0

C h a r a c t e r i s t i c Un i ts Zone 1
U/S

Zone 2
0400434
Zone 3 Zone 4 Zone 1

D/S
Zone 2

0400435
Zone 3 Zone 4

BODs mg/L <10 <10 <10 <10 <10 <10 <10 <10
Carbon ,  To t a l  O r g a n i c mg/L 4 4 4 4 4 4 4 4

, To t a l  I n o r g a n i c mg/L 10 10 10 10 10. 10 10 10
COD mg/L 18 17 18 20 21 18 17 12
Co l i fo rms ,  F e c a l MPN/100 mL 4 1 3 2 0 1 2 4

To ta l MPN/100 mL 105 65 85 55 55 72 53 50
Ni t rogen ,  NH, /N l i s ,  D i s s . mg/L 0.005 <0.005 <0.008 0.005 <0.008 0.008 0.008 0.005

, N 0 , / N O , .  D ims . mg/L 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02
, K j e l d a h l ,  To t a l mg/L 0.20 0.18 0.19 0.20 0.22 0.20 0.20 0.17

PH 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Phosphorus, To t a l mg/L 0.019 0.018 0.019 0.020 0.034 0.018 0.016 0.020
So l ids  ,  D i s s o l v e d mg/L 76 72 75 74 76 75 72 75

, Suspended mg/L 3 4 3 4 22 3 4 3
S p e c i f i c  C o n d u c t i v i t y pS/cm 88 86 85 86 87 86 86 88
Temperature 'C 5.5 5.5 5.5 5.5 6 6 6 6

Bulkley R i v e r  Water Qua l i ty  Monitoring o f  t h e  SeWage Treatment P lant  a t  Smithers (PE 373) :
Data from S i tes  0400434 (Upstream) and 0400435 ( 1 0 0  m Downstream). 1983-1984

NOVEMBER 3 0 .  1983

APRIL 1 ,  1984

Note: Zone 1  i s  t h e  s i d e  o f  t h e  r i v e r  w i t h  t h e  sewage t r e a t m e n t  p l a n t  d i s c h a r g e ;  Zone 4  i s  t h e  o p p o s i t e  s i d e .



TABLE 26

Charac te r i s t i c

SITE

U/S
0400297

Houston
PE 287

STP
D/S

0400295
D/S

0400296

Morice
River

0400203
Quick

0920088

Telkwa
River

0400187

Snithers
U/S

0400434

S
PE 373

-P
D/S

0400435

Fecal C o n f o r m s ' 5(30) 5(30) 5(30) - - - - 5(30) 5(30) 5(30)
Periphyton Standing Crop LF(1) - LF(1) - - - LF(1) - LF(1)
Suspended S o l i d s LF(2) LF(2) LF(2) M PI M M LF(2) LF(2) LF(2)
Tu r b i d i t y LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
Oxygen, D isso lved LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

N: Ammonia, To t a l  D i s s . LF(2) •LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
N i t r i t e LF(2) LF(2) LF(2) - - - LF(2) LF(2) LF(2)
N i t r a t e / N i t r i t e LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
K je ldah l ,  To t a l LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
Tota l  ( c a l c u l a t e d ) LF(2) LF(2) LF(2) - - - LF(2) LF(2) LF(2)

P: Or tho ,  D isso lved LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
To t a l ,  D isso lved LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
Tota l LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

Temperature LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
pH LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
Hardness LF(2) - LF(2) M M M M LF(2) - LF(2)
Spec i f i c  C o n d u c t i v i t y LF(2) - LF(2) M M M M LF(2) - LF(2)
Metals ( To t a l  and D i s s ) :

A l ,  Co,  Cd ,  C r ,  Cu,
Fe, Mn, N i ,  Pb ,  Zn - - - fil M M M - - -

RECOMMENDED EFFLUENT AND WATER QUALITY MONITORING FOR THE BULKLEY RIVER

'1 sample p e r  week f o r  5  weeks i n  a  pe r i od  no  longer  than 30  days,  d u r i n g  l a t e  summer ,(August t o  September) when
water used f o r  b o t h  r e c r e a t i o n  and d r i n k i n g .
U/S -  upstream f rom
D/S -  downstream f rom
M -  m o n t h l y
LF(1) -a t  l o w  f l o w,  once  pe r  year
LF(2) -a t  l o w  f l o w,  t w i c e  p e r  year

Note: samp l ing  may need t o  be  increased o r  decreased t o  check o b j e c t i v e s ,  depending on circumstances.
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Meta l
"Package"
D e t e c t i o n

L i m i t

Most
S e n s i t i v e
D e t e c t i o n

L i m i t

Most
R e s t r i c t i v e

Water Q u a l i t y
C r i t e r i o n

Package+
I d e n t i f i c a t i o n
Where A n a l y s i s

A v a i l a b l e
Comments

Aluminum 0.02 0.02 0.05 F,G Use Package A n a l y s i s 1

Cadmium 0.01 0.0001 0.0002 F,G Use More  S e n s i t i v e  A n a l y s i s
Chromium 0.01 0.005 0.02 F,G Use More  S e n s i t i v e  A n a l y s i s * * (
Coba l t 0.10 0.005 0.05 F,G Use More  S e n s i t i v e  A n a l y s i s
Copper 0.01 0.001 0.002 F,G Use More  S e n s i t i v e  A n a l y s i s
I r o n 0.01 0.005 0 .3 F,G Use Package A n a l y s i s
Manganese 0.01 0.001 0.05 F,G Use Package A n a l y s i s
N i c k e l 0.05 0.01 0.013 F,G Use More  S e n s i t i v e  A n a l y s i s
Lead 0.10 0.001 0 .00075-0 .03 F,G Use More  S e n s i t i v e  A n a l y s i s
Z inc 0.01 0.005

,
0 .05 F,G Use Package A n a l y s i s

TABLE 2 7
SUMMARY OF DETECTION L IMITS FOR CERTAIN METALS

* F r o m  EQUIS Te s t  Code D i c t i o n a r y
* *  More  S e n s i t i v e  A n a l y s i s  recommended s o  t h a t  u n c e r t a i n t y  o f  v a l u e s  f o r  d e t e c t i o n  l i m i t s

i s  e l i m i n a t e d
+ P a c k a g e  " F "  p r o v i d e s  a n a l y s e s  a s  t o t a l ;  p a c k a g e  " G "  a s  d i s s o l v e d


