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ABSTRACT 

The E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e   i n i t i a t e d  a program t o  

compi le  and rev iew  env i ronmenta l   in fo rmat ion  on t h e   p u l p  and paper m i l l s   i n  

B r i t i s h  Columbia. With the   co -opera t i on  o f  var ious  o ther   government  

agencies and the   pu l  p  and paper   indust ry ,  EPS compiled  re1  evant  resource  and 

r e c e i v i n g   e n v i r o n m e n t   m o n i t o r i n g   i n f o r m a t i o n .   A f t e r   r e v i e w i n g  and 

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

was assessed  and  the need f o r   a d d i t i o n a l   m o n i t o r i n g   s t u d i e s   d e t e r m i n e d .  

T h i s   r e p o r t   r e p r e s e n t s  an assessment o f   t h e   C r e s t b r o o k   F o r e s t   I n d u s t r i e s  

pu l  p mil 1 a t  Skookumchuk, R. C. 



RESUME 

Le  Serv ice  de l a  p r o t e c t i o n  de  l 'environnement a e n t r e p r i s  de 

c o m p i l e r   e t   d ' 6 t u d i e r   l e s   r e n s e i g n e m e n t s   r e c u e i l l i s   s u r   l ' e n v i r o n n e m e n t   e t  

conce rnan t   l es   us ines  de p a t 5  i p a p i e r  de l a  Columbi-  Bri tannique.  Grace a 

l a   c o l l a b o r a t i o n  de p l u s i e u r s   a u t r e s  agences  gouvernementales e t  de 

l ' i n d u s t r i e  de l a   p h t e  2 pap ie r ,  l e  Serv ice  de l a   p r o t e c t i o n  de 

l 'evn i ronnement  a comp i le   l es   donn i i es   e t   l es   resu l ta t s  de l ' e f f e t  de l a  

p o l  1 u t i  on sur  1 'envi  ronnement . Apr6s  avoi r 6 t u d i 6   e t   6 v a l  u6 l e s  donnees 

obtenues, on a pu g t a b l i r  l a  q u a l i t 6  de  l 'environnement  de  chaque  zone e t  

de terminer  dan q u e l l e  mesure on a v a i t   b e s o i n  de nouvel les  e tudes 

s u s c e p t i   b l e s  de f o u r n i  r d ' a u t r e s  donnees.  Le  present  rapport   consi   ste  en 

u n e   e v a l u a t i o n   p r o t a n t   s u r  1 ' u s i n e  de p h t e  5 pap ier   Cres tbrook   Fores t  

I n d u s t r i e s  (Skookumchuk, C.-B.). 
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SUMMARY AND CONCLUSIONS 

I 

The Cres tb rook   pu lpmi l l  as o f  November 1 9 8 1   s t a r t e d   d i s c h a r g i n g   t o  

a new r a p i d   i n f i l t r a t i o n   t r e a t m e n t  system. B i o l o g i c a l l y   t r e a t e d   e f f l u e n t   i s  

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

1 eve1 . A d i s c h a r g e   t o   t h e   K o o t e n a y   R i v e r   i s   s t i  11 p e r m i t t e d  , but   on ly   under  

s p e c i f i e d   r i v e r   f l o w   c o n d i t i o n s  and  such t h a t   t h e   c o l o u r   o f   t h e   r i v e r  

downstream o f   t h e   o u t f a l l  does not  exceed  background  levels  by 15 c o l o u r  
u n i t s .  The in fo rma t ion   p resen ted   he re in  on t h e   e f f l u e n t   p e r t a i n s   t o   t h e  

d i s c h a r g e   p r i o r   t o  1981. 

Over   the   per iod  1976 t o  1980, the   yea r l y   ave rage  BOD5 l o a d i n g  

f rom  the  Crestbrook  pu lpmi l l   to   the  Kootenay  River   ranged  between 2127 

kg/day i n  1976 t o  4280  kg/day i n  1980. For  TSS, t h e   y e a r l y   a v e r a g e   l o a d i n g  

ranged  from  2918  kg/day i n  1978 t o  7109 kg/day i n  1979. The 1979  and  1980 

averages   exceeded  the   Cres tbrook   po l lu t ion   con t ro l   permi t  limit o f  3720 

kg/day BOD5 and  4950  kg/day TSS. The increased  load ings   cou ld  be 
r e l a t e d   t o   t h e   i n c r e a s e d   p r o d u c t i o n  seen a t   t h e   p u l p m i l l   o v e r  1976 t o  1980. 

The t o x i c i t y  removal  performance o f  t he   C res tb rook   b io log i ca l  

t reatment   system has no t  been success fu l .  A s u b s t a n t i a l   r e d u c t i o n   i n   t o x i -  

c i t y  removal  performance was e v i d e n t   i n  1978,  1979  and  1980. A t  t h e  100% 

e f f l   u e n t   t o x i c i t y   s t a n d a r d  , the  annua l   percent   o f .  sampl es  passing  decl i ned 

from  100%  and  69% f o r  1976  and  1977 r e s p e c t i v e l y ,   t o  26%,  33% and  27% f o r  

1978,  1979  and  1980 r e s p e c t i v e l y .  The n o t i c e a b l e   r e d u c t i o n   i n   t o x i c i t y  
removal  performance  could be r e l a t e d   t o   t h e   i n c r e a s e   i n   p r o d u c t i o n  seen over 

1976 t o  1980. 

For   the  Kootenay  River ,  peak spr ing   f reshet   occurs   over  May t o  

J u l y  and accoun ts   f o r   app rox ima te l y  65% t o  75% o f   t h e  mean annual  f low. 

There i s  a g r a d u a l   r e d u c t i o n   i n   r i v e r  f l o w  t h r o u g h   t h e  summer and f a l l  and 

minimum f lows  genera l l y   occur   over  December t o  March. The l o w e s t   p o t e n t i a l  

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

approx imate ly   two- th i rds   o f   the   average  annua l   f low  o f   the   Kootenay   R iver   a t  

Canal F l a t s ,   t o  Columbia  Lake,  has  been  proposed  by B.C. Hydro. I f  t h e  

maximum d i v e r s i o n   o f  170  m3/s  were  implemented, t h e  March mean p u l   p m i l l  
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e f f l u e n t   d i l u t i o n   o f  35: l  would  be  reduced t o  1 4 : l .  Permi t  PE-240 now 

a1 l o w s   f o r  an e f f l u e n t   d i s c h a r g e   t o   t h e   K o o t e n a y   r i v e r   o n l y   d u r i n g   r i v e r  

f lows  above 130m3/s,  170m3/s,  210m3/s and 250m3/s f o r  1982,  1983,  1984 and 1985 
( a n d   t h e r e a f t e r )   r e s p e c t i v e l y .   R i v e r   f l o w s   i n   e x c e s s   o f  130m3/s would 

normal ly   be  expected  to   occur   between May and  August and f l o w s   i n   e x c e s s   o f  

250m3/s between June  and Ju ly .  I f  the  Kootenay  d ivers ion  proceeds,   a t  a 

maximum d i v e r s i o n   o f  170m3/s, a r i v e r   f l o w   o f  420m3/s would  be 

r e q u i r e d   t o  meet t h e  250m3/s c r i t e r i a  and on an a v e r a g e   f l o w   b a s i s   t h i s  

wou ld   on ly   occur  i n  June. 

R e c r e a t i o n a l l y ,   t h e   m o s t   i m p o r t a n t   s p e c i e s   o f  game f i s h   i n   t h e  

K o o t e n a y   R i v e r   a r e   c u t t h r o a t   t r o u t ,   D o l l y  Varden,  Rocky Moun ta in   wh i te f i sh ,  

f r e s h w a t e r   l i n g  and r a i n b o w   t r o u t .   O r g a n o l e p t i c   t e s t s  have  demonstrated 

t h a t   t h e   C r e s t b r o o k   p u l p m i l l   d i s c h a r g e  has  had a s i g n i f i c a n t   e f f e c t  on f i s h  

t a s t e  and  odour o f   c u t t h r o a t   t r o u t  and  Rocky Mounta in   wh i te f i sh .  

Water  qual i t y  and b i o l o g i c a l   m o n i t o r i n g   o f   t h e   K o o t e n a y   R i v e r  

downstream o f   t h e   C r e s t b r o o k   p u l   p m i l l  has  documented an impact on b o t h   t h e  

water   qual  i t y  and b i o l o g i c a l   c o n d i t i o n   o f   t h e   r i v e r .  The most  apparent a1 - 
t e r a t i o n   i n   w a t e r   q u a l i t y  has  been  documented t o   i n c l u d e   i n c r e a s e d   l e v e l s   o f  

co l   our ,   d i   sso l   ved   sod i  um, d i sso l ved   ch lo r i de ,   pheno l  , t o t a l  phosphorous, or-  

g a n i c   n i t r o g e n  and t a n n i n  and l i g n i n   l i k e  compounds. Reduct ions i n   d i s s o l v -  

ed  oxygen, l a r g e   i n c r e a s e s   i n   d i s s o l v e d   s o l i d s   o r   i n c r e a s e s   i n   d i s s o l v e d   n u -  

t r i e n t s  have  not been repo r ted   t o   occu r   downs t ream  o f   t he   ou t fa l l .  The 

Kootenay   R iver   downst ream  o f   the   pu l   pmi l l  has  been  described as hav ing  a 

" p u l p  mil 1"  odour. It has  been r e p o r t e d   t h a t   w a t e r   q u a l i t y   r e s u l t s  show 

t h a t   t h e r e   i s   l i t t l e   e x t r a   d i l u t i o n   c a p a b i l i t y   g a i n e d  between a sample  sta- 

t i o n  2.5 km downstream o f   t h e   p u l p m i l l  and  one 18 km downstream.  Changes i n  

the   a t tached   a lgae  and benth ic   inver tebate  communi ty   have been r e p o r t e d   t o  

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

mil 1 d ischarge  has   inc reased  a lga l   g rowth   downst ream  o f   the   ou t fa l l  and  has 

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

s e n s i t i v e   a q u a t i c   i n v e r t e b r a t e s   s u c h  as m a y f l i e s  and s t o n e f l i e s   t o  one 

s u p p o r t i n g  a l a rge   d ip te ran   f auna .  The e x a c t   n a t u r e   o f   t h e  components o f  

J 
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t h e   e f f l u e n t   r e s p o n s i b l e   f o r   t h e s e  changes  has n o t  been  documented. 

However, it i s   e v i d e n t   t h a t  changes i n  w a t e r   q u a l i t y   h a v e   a l t e r e d   t h e  

b io log i ca l   cha rac te r   o f   t he   Koo tenay   R ive r   downs t ream  o f   t he   pu lpmi l l .  

I n   l i g h t   o f   f l o w   d i v e r s i o n   p l a n s   f o r   t h e   K o o t e n a y   R i v e r   a t  Canal 

F l a t s   b y  B.C. Hydro and t h e  documented  impact o f  t he   p resen t   d i scha rge ,   t he  

r a p i d   i n f i l t r a t i o n   e f f l u e n t   d i s p o s a l   s y s t e m  now i n   p l a c e   a t   C r e s t b r o o k  

should  be a s i g n i f i c a n t   s t e p   i n   i m p r o v i n g   t h e   w a t e r   q u a l i t y   o f   t h e   K o o t e n a y  

R ive r .  The ground  water  monitor ing  program now requ i red   o f   C res tb rook  

shou ld   de te rm ine   t he   e f fec t   o f   t he   d i sposa l   sys tem on t h a t  component. 

Mon i to r ing   by   Cres tbrook   o f   the   Kootenay   R iver   water   co lour   leve ls ,  
pe r iph ton   and   ben th i c   i nve r teb ra tes   shou ld  document  any  improvement i n   t h e  

e n v i r o n m e n t a l   q u a l i t y  o f  t h e   r i v e r   a s  a r e s u l t  o f  t h e  new d i sposa l  system. 
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1 INTRODUCTION 

L 

The  Skookumchuk pu l   pm i l l   ope ra ted   by   C res tb rook   Fo res t   I ndus t r i es  

L i m i t e d   i s   l o c a t e d   a p p r o x i m a t e l y  50 km nor th  o f   Cranbrook,  B.C., ( F i g u r e  1). 
The p u l p m i l l  i s  s i t u a t e d  on the   wes t   s ide   o f   t he   Koo tenay   R ive r   j us t   sou th  

o f  Skookumchuk Creek  (Figure 2). The pul  pmi 11 e f f l   u e n t   r e c e i v e s   b i o l o g i c a l  

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

system  which came o n l i n e   i n  November,  1981, o r   t o   t h e  Kootenay  River  under 

s p e c i f i e d   r i v e r   s l o w   c o n d i t i o n s .  

The  Kootenay R ive r   suppor t s   seve ra l   impor tan t   spec ies   o f  game f i s h  
i n c l u d i n g   c u t t h r o a t   t r o u t ,   D o l l y  Varden,  Rocky  Mountain  whitef ish  and  rain- 

bow t r o u t .  O f  these,   mounta in   wh i te f i sh   a re   the   p r inc ipa l   spec ies   caught .  

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

u s e   o f   t h e  new r a p i d   i n f i l t r a t i o n  system. It inc ludes  an assessment o f   t h e  

e f f l u e n t   q u a l i t y   o f   t h e   p u l   p m i l l   d i s c h a r g e   f o r   t h e   p e r i o d  1976 t o  1980,  as 

i t  r e l a t e s   t o  BODS, t o t a l  suspended s o l i d s  (TSS)  and t o x i c i t y ,   t o   t h e  

f i s h e r y   r e s o u r c e s   o f   t h e   K o o t e n a y   R i v e r  and t o   t h e   a q u a t i c   i m p a c t   o f   t h e  

d i s c h a r g e .   E f f l u e n t   q u a l i t y   d a t a  has   been  der ived   p r imar i l y   f rom mill 

m o n i t o r i n g   r e s u l t s   s u b m i t t e d   t o   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  (EPS). 

Resource   in fo rmat ion  on the   Kootenay   R iver   f i shery  was o b t a i n e d   p r i m a r i l y  

f rom a B.C. F i s h  and W i l d l i f e   ( 1 )  and a B.C. Hyd ro   consu l tan t ' s   repo r t  (2). 
The impact  o f  the   Cres tbrook  pul  p m i l l  on the  Kootenay  River has  been 

p r i m a r i l y   d e r i v e d  from severa l   p rov inc ia l   government   repor ts  (3-7, 30-31), 

da ta   supp l i ed   by   t he   I n land  Water D i r e c t o r a t e   ( 8 )  and seve ra l   consu l tan ts '  

studies  (2,9-11).  
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2 PULP MILL OPERATIONS 

2.1 Opera t iona l  H i  s t o r y  

The C r e s t b r o o k   p u l   p m i l l   a t  Skoomchuck s t a r t e d   o p e r a t i o n s   i n   l a t e  

1968 w i t h  a p r o d u c t i o n   r a t i n g   o f   a p p r o x i m a t e l y  390  ADtlday. The 

c o n s t r u c t i o n   o f  a new b l e a c h   p l a n t  was completed i n  August 1977.  The new 

b l e a c h   p l a n t   i n c l  uded rep1  acement o f   t h e   d i f f u s i o n  washers w i t h  drum 

washers. The average  annual   product ion has inc reased  f rom 332  ADtlday i n  

1976 t o  425  ADt/day i n  1980 (Tab le  1). Wood f u r n i s h   i s   o b t a i n e d   f r o m   a r e a  

s a m i l l s  and   p rocess   wa te r   f o r   t he   pu lpmi l l   i s   ob ta ined   f rom Skookumchuk 

Creek. 

C r e s t b r o o k   h a v e   i d e n t i f i e d   t h e   p o s s i b i l i t y   o f  an expansion  depen- 
d i n g  on f i b r e   a v a i l a b i l i t y   ( 1 7 ) .  An expansion t o  a p r o d u c t i o n   o f  650 t o  750 

ADt/day  has  been i n d i c a t e d  and c o n s t r u c t i o n  0.f a Thermo Mechan ica l   Pu lpmi l l  

(TMP) i s  being  considered. 

2.2 E f f  1 uent  Treatment  Faci  1 i t i  es 

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

i n f i l t r a t i o n  system  are shown i n   F i g u r e  2 a n d   t h e   i n p l a n t   e f f l u e n t  

c o l l e c t i o n   s y s t e m   i s  shown i n  a s i m p l i f i e d   v e r s i o n   i n   F i g u r e  3. I n p l a n t ,  

t h r e e   m a i n   s e w e r s   c o l l e c t   p r o c e s s   e f f l u e n t   f o r   t r e a t m e n t   ( 7 ) .  The a c i d  

sewer  accounts  for   approx imate ly  30% o f   t h e   t o t a l   e f f l u e n t  volume  and t h e  

a l k a l i  sewer  approximately  another 25%. The genera l   sewer  carr ies 

approx imate ly   another  40% o f   t h e   t o t a l  mill e f f l u e n t  and i s  composed ma in l y  

o f  washwater  f rom  the  unbleached  whi te  water  tank  (7).  The a c i d  sewer i s  

p a r t i a l l y   n e u t r a l i z e d   b e f o r e   m i x i n g   w i t h   t h e   a l k a l i  sewer  and the   genera l  

sewer. 

All three  sewers   merge  in to   the   p rocess  sewer which i n   t u r n  emp- 

t i e s   i n t o  one o f  t w o   s e t t l i n g   b a s i n s .  These a r e   u s e d   a l t e r n a t e l y ,  one be ing  

f i l l e d   w h i l e   t h e  second i s   b e i n g   c l e a n e d .   O v e r f l o w   f r o m   t h e   s e t t l i n g   b a s i n  

i s  p i p e d   t o   t h e   a e r a t i o n   b a s i n   a n d   s u b s e q u e n t l y   t o   t h e   p o l i s h i n g  pond.  The 

f i n a l   t r e a t e d   e f f l u e n t  i s  d i s c h a r g e d   t o   t h e   r a p i d   i n f i l t r a t i o n   s y s t e m   o r  
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TABLE 1: MILL DESCRIPTION 

I 

m 

I 

m 

P 

M I L L  TYPE AVERAGE PRODUCTION AVERAGE ANNUAL WOOD FURNISH 
( ADt/day) FLOW 

h 3 / s  1 - 

K r a f t   p r o d u c i n g  1976-330 1976-0.57 Spruce.. . . . . . . . .55% 
b l e a c h e d   k r a f t  1977-360 1977-0.57 P i  ne.. . . . . . . . . . .30% 
market   pu l  p 1978-410 1978-0.58 Mi scel  1 aneous.. .15% 

1979-423 1979-0.60 
1980-425 1980-0.57 "- 

TABLE 2: TREATMENT F A C I L I T I E S  

TREATMENT F A C I L I T I E S   P R I O R  TO ADDITION OF R A P I D   I N F I L T R A T I O N  SYSTEM 

SETTLING POND ' AERATION  BASIN 

- two i n  para l le l ,  each 
46m x 427m, mean depth 
o f  3 meters 

-13.4 hectares 
-approx imate ly  7 d a y s   r e t e n t i o n  
-26 x 25 h  .p. a e r a t o r s  as o f   t h e  end o f  
1980 

TREATMENT F A C I L I T E S   W I T H   R A P I D   I N F I L T R A T I O N  SYSTEM 

SETTLING POND - AERATION  BASIN  POLISHING POND INFILTRATION  BASINS 

- as  above,  and - 13.4 hec ta res  - 7.9 hectares  - 7 i n d i v i d u a l  1.8 
connected t o  - approx imate ly  4.5 - approx imate ly  hec ta re   bas ins  
a t o x i c   s p i l l  days r e t e n t i  on 2.25 days each  measuring 
pond - 35x25 hp a e r a t o r s  r e t e n t i o n  46m x 396m 

1875 hD) 
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u n d e r   s p e c i f i e d   r i v e r   f l o w   c o n d i t i o n s ,   t h r o u g h  a d i f f u s e r   e x t e n d i n g   a c r o s s  

80% t h e   w i d t h   o f   t h e   K o o t e n a y   R i v e r .   E f f l u e n t   f r o m   t h e   s e t t l i n g  ponds  can 

b e   d i v e r t e d   d i r e c t l y   t o  a t o x i c   s p i l l  pond i f  needed. The t rea tment  

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

i n f i l t r a t i o n  system  are  summarized i n  Table 2. 

Y 
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3 FEDERAL AND PROVINCIAL ABATEMENT REQUIREMENTS 

Federa l   Pulp and Paper  Regulat ions  (13,14)  were  introduced i n  

1971.  The P r o v i n c i a l   P o l l u t i o n   C o n t r o l   O b j e c t i v e s   f o r   t h e   F o r e s t   P r o d u c t s  

I n d u s t r y   o f  B.C. were f i r s t   i n t r o d u c e d   i n  1971  (15) and r e v i s e d   i n  1977 

(16) .  

3.1 Federa l   Requ i remen ts   f o r   E f f l uen t  
U n d e r   f e d e r a l   r e g u l   a t i  ons , t o t a l  suspended  sol i d s  (TSS) , b i  ochemi - 

cal   oxygen demand  (BOD5) and tox i c   was tes   a re   p resc r ibed  as d e l e t e r i o u s  

substances  under   the  F isher ies  Act .   To-date,   the  federa l   approach  to  

regu la t i on   imp lemena t ion  has  been t o   a c h i e v e   c o m p l i a n c e   v i a   t h e   P r o v i n c i a l  

Waste Management B ranch   ( f o rmer l y   Po l l u t i on   Con t ro l   B ranch )  p e r m i t  system. 

This   approach  has  genera l ly   been  workable f o r  m i l l s  d i s c h a r g i n g   t o   f r e s h  

wa te r   where   p rov inc ia l  and federa l   requi rements  are  comparable.  The 

pa ramete rs   o f  TSS,  BOD5 and t o x i c i t y  have  been  assessed i n  Sect ion 4 on 

t h a t   b a s i  s . 
3.2 P r o v i n c i a l   R e q u i r e m e n t s   f o r   E f f l u e n t  and S o l i d  Waste 

The C r e s t b r o o k   p u l   p m i l l   i s   r e q u i r e d   t o  meet t h e   e f f l u e n t   r e q u i r e -  

m e n t s   o u t l i n e d   i n   p e r m i t  PE-240. Permi t  PE-240 was ammended J u l y  3, 1979 t o  

r e f l e c t   t h e  1977 P o l l u t i o n   C o n t r o l   o b j e c t i v e s  and  more recen t l y   (Oc tober  15, 

1981) t o   r e f l e c t   t h e   i n c l u s i o n   o f   t h e   r a p i d   i n f i l t r a t i o n   t r e a t m e n t  system. 

The p e r m i t  a1 1 ows f o r  an e f f l   uen t   d i scha rge   o f   68  200 m3/d t o   t h e   r a p i d  

i n f i l t r a t i o n   b a s i n  and  under   spec i f ied   cond i t ions  t o  the  Kootenay  River.  

E f f l u e n t   c h a r a c t e r i s t i c s   p r e s c r i b e d  on p e r m i t  PE-240 f o r  TSS, BOD5 and 

t o x i c i t y   a r e   l i s t e d   i n  Appendix I. The p e r m i t   c a l l s   f o r   t h e   p e r m i t t e   t o  

c o n t r o l   t h e   p u l p m i l l   e f f l u e n t   d i s c h a r g e   b y   O c t o b e r  31, 1981  such  tha t   the  

i ricrease i n   c o l   o u r   o f   t h e   K o o t e n a y   R i v e r  above  background  does  not  exceed  15 

c o l o u r   u n i t s .  

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

s t i p u l a t e d   i n   p e r m i t  PR-4343 i s s u e d  December 17, 1976. Refuse  inc ludes   se t -  

t l i n g  p o n d   s l u d g e   c o n t a i n i n g   f i b r o u s   m a t e r i a l  and l i m e  mud and t h e   q u a n t i t y  
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which may be  discharged i s  1015 m3/d f o r  35 days  per   year .   Of f ice  gar-  

bage  and  shop  wastes  (3.8  m3/d)  are  authorized  under  permit PR-1756 i s -  

sued J u l y  4, 1978. 
Domestic sewage f r o m   t h e   p u l p m i l l   i s   d i s c h a r g e d   t o  an o x i d a t i o n  

d i t c h   f o r   t r e a t m e n t  and then  th rough a secondary c l a r i f i e r   b e f o r e   b e i n g  

r e l e a s e d   i n t o  Skookumchuk Creek (F igu re  2). T h i s   d i s c h a r g e   i s   a u t h o r i z e d  

under   permi t  PR-188 l a s t  amended October 11, 1977. The maximum d a i l y  

d ischarge i s   f o r  136.5 m3/day t o  Skookumchuk Creek  which  has an average 

f l o w  o f  933271m3/d (37).  

Y 
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4 EFFLUENT ASSESSMENT 

4.1 TSS and BOD5 f o r  1976 t o  1980 
Discharges   o f  TSS and BOD5 f r o m   t h e   f i n a l   a e r a t e d   l a g o o n   t o  

the   Kootenay   R iver   have  been  ca lcu la ted   fo r  1976 t o  1980 (Table 3) .  The 

v a l u e s   r e f 1   e c t  a n   a p p r o x i m a t e   d a i l y   l o a d i n g   f o r  a g iven  month   ca lcu la ted  

f rom a r e p r e s e n t a t i v e  number o f   i n d i v i d u a l   d a i l y   p r o d u c t i o n  and e f f l u e n t  

qual  i t y  r e s u l t s   f o r   t h a t  month. 

The y e a r l y   a v e r a g e   l o a d i n g   f o r  BOD5 ranged  between 2127 kg lday  

i n  1976 t o  4280 kg/day i n  1980 (Tab1 e 3) .  BOD5 1 oadings  have  progress- 

i v e l y   i n c r e a s e d   ( d o u b l e d )   o v e r  1976 t o  1980. The year ly   average BOD5 

l o a d i n g s   f o r  1979 and 1980 surpassed  the   permi t  limit o f  3720 kg/day.  For 

TSS, t h e   y e a r l y   a v e r a g e   l o a d i n g   r a n g e d  from 2918 k g l d a y   i n  1978 t o  7109 kg/  

day i n  1979. The 1979 and 1980 average TSS load ings   exceeded  the   permi t  
limit o f  4950 kg/day. The i n c r e a s e d   l o a d i n g s   a r e   l i k e l y   r e l a t e d  t o  t h e  

i nc reased   p roduc t i on  seen  over 1976 t o  1980 (Table 1) . 
As o f  November 1, 1981 Cres tbrook   s topped  d ischarg ing   pu lpmi l l  

e f f l u e n t   t o   t h e  Koo tenay   R ive r   and   s ta r ted   d i scha rg ing   t o  a r a p i d   i n f i l t r a -  

t i o n  system. A d i s c h a r g e   t o   t h e   K o o t e n a y   R i v e r   i s  still permi t ted   under  

s p e c i f i c   h i g h   r i v e r   f l o w   c o n d i t i o n s .  The removal o f   t h e  above  load ings   a t  

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

the  env i ronmenta l   qual  i t y  o f   t h e   r i v e r .  

4.2 T o x i c i t y   f o r  1974 t o  1980 
P r o v i n c i a l   o b j e c t i v e s  (15)  i n   f o r c e   u n t i l  1977, s p e c i f i e d  a s t a t i c  

b i o a s s s a y   t e s t   i n   w h i c h  50% o f   t h e   t e s t   f i s h   s u r v i v e  a 96-hour exposure t o  a 
s p e c i f i c   e f f l u e n t   c o n c e n t r a t i o n .  A 90% e f f l u e n t   c o n c e n t r a t i o n  was t o  be 

used  where t h e   f i n a l   e f f l u e n t   d i l u t i o n  was g r e a t e r   t h a n  20:l  and a 100% con- 

c e n t r a t i o n  where d i l u t i o n  was l e s s   t h a n  20: 1 i n   t h e   r e c e i v i n g   w a t e r .  

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

i n   t h e   e v e n t   o f   f a i l u r e   t o  meet t h e   s p e c i f i e d   t o x i c i t y   c r i t e r i a .  The 1977 
o b j e c t i v e s  (16)  s p e c i f i y  50% s u r v i v a l   d u r i n g  a 96 hour   b ioassay   o f  100% 
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Y 

TABLE 3: CRESTBROOK  PULP MILL EFFLUENT TSS AND BOD5  LOADINGS (kg/d) 
FOR 1976 t o  1980 

I I  

I 

II BOD5 TSS,  BOD5 TSS BOD5 TSS BOD5 TSS BOD5  TSS 

rl 

January 

February 

March 

A p r i  1 

May 
June 

I 

m 

I J u l y  

August 

rn September 
October 

November 
I; 

1809  4073 

2427 3991 

2818  4218 

2482  2218 

2164  2345 
2291  >3345 

2064 3954 

2082 5009 

2073 3709 

2254 5309 

1791 2445 

2391  4036  5536  3727  3664  3482 

2573  4036  5691  2945  5554  7264 

2282  4000  5264  3445  5609  8245 

2736  3254  4100  3518  6245  7218 

2127 1891  5418  3945  4800  8318 
1264  2209  3045  2109  3936  9527 

1109  1436  4273  1500  3773  13254 

2273  3118  4090  2500  3364  6227 
- - 2427  2854  1873  3818 

4800  4000  1654  1400  3736  4945 

2891  4600  3009  3254  3254  4100 

2890 5040 

4780 4370 

4560 5140 

6470 8780 

6640 4730 

3960 6200 

2640 5470 

2780 4360 

3530 7240 

4540 5270 

3270 5040 
December 1291  1291  3345 5173 1900  3845  2882  8945  5270  5110 

rl 
Average  2127  3491  2464  3309  3873  2918  4054  7109  4280  5560 

J 

Y 

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

quency i s  suggested i n   t h e  1977 o b j e c t i v e s  and i f  a f a i l u r e   i s   d e t e c t e d ,   t h e  

f requency  should  be  every  two weeks u n t i l   t h e   o b j e c t i v e   i s  met. 
Walden " e t   a l .   ( 1 8 )   r e p o r t e d   t h a t   t h e   p r o v i n c i a l   o b j e c t i v e   o f  50% 

s u r v i v a l  i n  a 90% e f f l u e n t   c o n c e n t r a t i o n   o v e r  96   hours   exposure   (s ta t i c  

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

assay o f  80% s u r v i v a l   i n  a 65% e f f l u e n t   c o n c e n t r a t i o n   o v e r  96  hours  exposure 

( s t a t i c   t e s t ) .  

On December, 1975 t h e  EPS i n i t i a t e d  an e f f l u e n t   m o n i t o r i n g   p r o g r a m  

t o  d e t e r m i n e   t h e   e x t e n t   o f   c o m p l i a n c e   o f  B.C. pu l   pm i l l s   w i th   f ede ra l   s tan -  

dards.  Under  the  program , each mil 1 s e n t   e f f l   u e n t  samples t o   t h e  EPS 

1 a b o r a t o r y   f o r   b i o a s s a y .  The e f f l   u e n t   c o n c e n t r a t i o n s   t e s t e d   a t  90%  and 

d i r e c t l y   r e 1   a t e d   t o   p r o v i n c i a l   o b j e c t i v e s  and those a t  65% w i t h   f e d e r a  
rou t i ne   mon i to r i ng   requ i   remen ts .  

A l i s t i n g   o f   a l l   b i o a s s a y s   c o n d u c t e d  on the  Crestbrook  pulpm 

100% 

1 

ill 

over  1974 t o  1980   a re   i nc luded   i n   Append ix  I 1  and a summary o f   t h o s e   r e s u l t s  

i s   p r o v i d e d   i n  Tab1 e 4. 

The r e s u l t s  show t h a t   t h e   t o x i c i t y  removal   per formance  o f   the  aer-  

a ted   l agoon  was much b e t t e r   o v e r   t h e   p e r i o d  1974 t o  1977 than  1978 t o  1980. 

A s u b s t a n t i a l   r e d u c t i o n   i n   t o x i c i t y  removal  performance i s   e v i d e n t   f o r   t h e  

p e r i o d   1 9 7 8   t o  1980. A t  t h e  100% e f f l u e n t   s t a n d a r d ,   t h e   a n n u a l   p e r c e n t   o f  

samples  passing  decl ined  f rom  100%  and  69%  for   1976 and  1977 r e s p e c t i v e l y ,  

t o  26%, 33% and  27% f o r  1978,  1979  and  1980 r e s p e c t i v e l y .  The n o t i c e a b l e  

r e d u c t i o n  i n  t o x i c i t y  removal  performance  could be r e 1   a t e d   t o   t h e   i n c r e a s e d  

product ion  seen  over  1976 t o  1980  (Table 1). Permi t  PE-240 r e q u i r e s  

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

i n f i l t r a t i o n  system and  on t h e  mill e f f l u e n t  i f  it i s  d i s c h a r g e d   d i r e c t l y   t o  

the  Kootenay  River .  The removal o f   t h i s   g e n e r a l l y   t o x i c   d i s c h a r g e   f r o m   t h e  

Kootenay  River i s  a p o s i t i v e   s t e p   i n   i m p r o v i n g   t h e   e n v i r o n m e n t a l   q u a l i t y   o f  

t h e   r i v e r .  

S h o u l d   t h e   r e a d e r   w i s h   t o   r e v i e w   a c u t e   t o x i c i t y   b i o a s s a y  

m o n i t o r i n g   i n   d e t a i l  he i s   r e f e r r e d   e l s e w h e r e  (19, 20, 21, 22, 23).  For 

I 

m 

Y 

mil 

m 
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TABLE 4: ANNUAL  PERCENT PASS TO FEDERAL (65% Effl uent  - 80% S u r v i v a l  ) 

m 
AND PROVINCIAL (90% and 100% E f f l u e n t  - 50% s u r v i v a l )  TOXICITY 

REQUIREMENTS FROM 1974 t o  1980 

YEAR  ANNUAL  PERCENT PASSING 
rn FEDERAL PROVINCIAL 

STANDARD  STANDARD - 6 5% 9 0% 100% 

Crestbrook  Pul  pmi 11 
I 

1974 
1975 

1976 
1977 

1978 

1979 

1980 

85 (20) 

70 (10) 

90 (10)  

83 ( 6 )  

45 (11) 

50 ( 8 )  

14 (14)  

- - " 

90  (10)  100 ( 9) 

69  (13) 69  (13) 

32 (19) 26 (19) 

44 (18)  33 (18)  

36 (11) 27 (11)  

~~~~~ ~~~~ ~~ 

( ) = number o f   b i o a s s a y s   a t   t h a t   e f f l u e n t   c o n c e n t r a t i o n .  
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d e t a i l e d   i n f o r m a t i o n  on t h e   t o x i c   f r a c t i o n s   i n   p u l p m i l l   e f f l u e n t s   t h e   r e a d e r  

i s  a1 so re fer red  e lsewhere  (20,  24, 25, 26). 

4.3 M o n i t o r i n g  and  Miscel laneous  Studies 

On a mon th l y   bas i s ,   t he   C res tb rook   pu lpmi l l   submi t s   e f f l uen t   qua l -  

i t y  r e s u l t s   t o   t h e  Waste Management Branch and EPS. C r e s t b r o o k   i n i t i a l l y  

conducted  exper iments on t h e   r a p i d   i n f i l t r a t i o n   t e c h n i q u e   p r i o r   t o  i t s  

o f f i c i a l  use. A t r i a l   s i t e  was operated  over  1977  and  1978 t o   e v a l u a t e   t h e  

p o t e n t i a l   o f   t h e  system t o   t r e a t   f u l l y   b l e a c h e d   k r a f t  mill e f f l u e n t   ( 1 2 ) .  

The b e n e f i t s   o f   t h e  system  based on t h e   t r i a l   e x p e r i m e n t s   i n c l u d e d  

approx imate ly  90% c o l o u r   r e d u c t i o n   p l u s  a r e d u c t i o n   i n  BOD5 and t h e  

e l i m i n a t i o n  of  e f f l u e n t   t o x i c i t y   ( 1 2 ) .  
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5 RECEIVING WATER FEATURES 

5.1 Kootenay R i  ver   Dra inage  Basin 

The Kootenay  River a t  Skookumchuk l i e s   w i t h i n   t h e  Rocky Mountain 

Trench,  bordered on the   wes t   by   the   Purce l l   Mounta ins  and on t h e   e a s t   b y   t h e  

Rockies. The Trench  runs i n  a n o r t h w e s t - s o u t h w e s t   d i r e c t i o n   w i t h  an e leva-  

t i  on o f   a p p r o x i m a t e l y  760 me t res   a t  Skookumchuk.  The area i s  dominated  by a 

s e m i - a r i d   c l i m a t e  and s p a r s e   v e g e t a t i o n   i n   s h a r p   c o n t r a s t  t o  the  mounta inous 

areas on e i t h e r   s i d e   w h i c h   a r e   c o o l e r ,   w e t t e r  and more heav i l y   t imbered   (7 ) .  

The R o c k i e s   r i s e   a b r u p t l y   f r o m   t h e   v a l l e y   f l o o r   w h i l e   i n   t h e   w e s t   t h e   P u r -  

c e l  l s beg in  as  rounded, wooded f o o t h i  l l s b e f o r e   c h a n g i n g   t o  a more rugged 

topography   a t   h ighe r   e leva t i ons   (7 ) .  

The Kootenay   R iver ,   fo r   approx imate ly  12 km downstream  from 

Skookumchuk Creek, i s   c h a r a c t e r i z e d   b y  a r a p i d   f l o w  and a bottom  covered 

w i t h   m a t e r i a l   r a n g i n g   f r o m   b o u l d e r s   t o  sand. Bel ow t h a t   p o i n t   t o  Wasa 

B r i d g e ,   t h e   r i v e r   e n t e r s  an o lde r   channe l   and   s ta r t s   t o   s low  down and t h e  

channel   has  s i1 t y  and sandy   a reas   in te rspersed  w i th  a rocky  bottom (11). 

5.1.1 Hyd r o l  ogy . O f  t h e  19  916 km2 area   o f   the   Kootenay   R iver  

d r a i n a g e   l y i n g   n o r t h   o f   t h e   i n t e r n a t i o n a l   b o u n d a r y ,  7228 km2 l i e s  up- 
stream o f  Skookumchuk. The  average mean, maximum and minimum d a i l y   s t r e a m -  

f low  f rom  Water   Survey  o f  Canada r e c o r d s   f o r  1972 t o  1976  (27)  are shown on 

F i g u r e  4. Peak spr ing  f reshet   occurs  between May and J u l y  and i s   f o l l  owed 

b y  a g r a d u a l   r e d u c t i o n   i n   f l o w   t h r o u g h   t h e  summer and f a l l  and w i t h  minimum 

f lows  genera l  l y  o c c u r r i n g   i n   t h e  December t o  March  period. The Water Re- 

sou rces   Se rv i ce   (7 )   es t ima ted   t ha t  65% t o  75% o f   t h e  mean annual   f low  occurs 

i n   t h e  May t o   J u l y   p e r i o d .  They r e p o r t e d  a mean annua l   d ischarge  o f  117 m3/s 

and a minimum d a i l y   r e c o r d e d   d i s c h a r g e   o f  13.3 m3/s i n  December  1956. 

The maximum d a i l y   d i s c h a r g e   r e c o r d e d  was 1139 m3/s i n  June 1974. 

A l t h o u g h   a c t u a l   d i f f u s i o n   s t u d i e s  on C r e s t b r o o k ' s   e f f l u e n t   a r e   n o t  

a v a i l a b l e ,   c a l c u l a t e d   r a t i o s   o f   s t r e a m   f l o w   v e r s u s   e f f l u e n t   d i s c h a r g e   g i v e  
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FIGURE 4 AVERAGE  MONTHLY  MEAN,  MAXIMUM AND MINIMUM 
FLOWS FOR THE KOOTENAY  RIVER  NEAR 
SKOOKUMCHUK F R O M  1972 TO 1976 
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some i n d i c a t i o n   o f   p o t e n t i a l   d i l u t i o n   ( T a b l e   5 ) .  The l o w e s t   p o t e n t i a l  

d i l u t i o n s   o c c u r   o v e r   t h e  November t o   A p r i l   p e r i o d .  Based on  minimum 

r e c o r d e d   r i v e r   f l o w s  and maximum recorded m i  11 f l o w s ,   t h e   r a t i o   o f   r i v e r  

f l o w   t o   p u l  pmi 11 f l ow   d rops   be l  ow 20: 1 d u r i n g  March  and  Apri 1 (Table 5). It 

must  be  emphasi  zed t h a t   t h e   v a l u e s  may n o t   r e p r e s e n t   d a i l y   f l o w   f l u c t u a t i o n s  

and t h a t   t h e   r a t i o s  assume i n s t a n t   c o m p l e t e   m i x i n g  and  which i s   n o t   t h e  

case. 

Under A r t i c l e  XI I 1 ( 2 )  o f   t h e  Col  umbia River  Treaty  between Canada 

and t h e   U n i t e d   S t a t e s   o f   A m e r i c a   ( r a t i f i e d   i n   1 9 6 4 ) ,  Canada has t h e   r i g h t  

a f t e r  September  1984 t o   d i v e r t  up t o  1845 m i l l i o n   c u b i c   m e t e r s   o f   w a t e r  

a n n u a l l y   f r o m   t h e   K o o t e n a y   R i v e r   t o   t h e   C o l u m b i a   R i v e r   i n   t h e   v i c i n i t y   o f  

Canal F l a t s ,   B r i t s h  Columbia (2 ) .  An i n i t i a l   e n v i r o n m e n t a l   e v a l u a t i o n   o f  

a l t e r n a t i v e   K o o t e n a y   R i v e r   d i v e r s i o n  schemes has  been made f o r   B r i t i s h  

Columbia  Hydro  and Power A u t h o r i t y  ( 2 ) .  The d i v e r s i o n   o f  1845 m i l l i o n   c u b i c  

m e t e r s   o f   w a t e r   a n n u a l l y   i s   e q u i v a l e n t   t o  a mean annual d a i l y   f l o w   o f  

58.6m3/s o r   t w o   t h i r d s   t h e   a v e r a g e   a n n u a l   f l o w   o f   t h e   K o o t e n a y   R i v e r   a t  

Canal F l a t s  ( 2 ) .  Under the  Columbia  River   Treaty ,   any  d ivers ion i s   l i m i t e d  

s u c h   t h a t   t h e   f l o w   i n   t h e   K o o t e n a y   R i v e r  downstream  of t h e   d i v e r s i o n   i s   n o t  

reduced  be l  ow t h e   l e s s e r  amount o f  5.7m3/s o r   t h e   n a t u r a l   f l o w .   D u r i n g  

t h e  f a l l  and w i n t e r  months  Kootenay  River   f lows  are  genera l ly  much l e s s   t h a n  

56.7m3/s, t h u s ,   t o   a c h i e v e   c l o s e   t o   f u l l   T r e a t y   e n t i t l e m e n t ,  it would  be 
necessary t o  d i v e r t  h igher  f l o w s  d u r i n g  the   spr ing  and summer when t h e  

n a t u r a l   f l o w   i s   a l r e a d y   h i g h  ( 2 ) .  The maximum d i v e r s i o n   b e i n g   c o n s i d e r e d   a t  

Canal F l a t s   i s  170m3/s ( 2 ) .  WRS ( 7 )   r e p o r t e d   t h a t   t h e   a v e r a g e   f l o w   o f  

the   Kootenay   R iver  a t  Skookumchuk could  be  reduted  by as much as 47% b y   t h e  

Kootenay  River   d ivers ion  o f   two- th i rds  the  average  annual   f low  a t   Canal  

F l a t s   ( F i g u r e   5 ) .   E n t e c h  ( 2 )  r e p o r t e d   t h a t   t h e  March mean d i l u t i o n   r a t i o   o f  

p u l   p m i l l   e f f l u e n t   t o   r i v e r   f l o w   o f  35: 1 would  be  reduced t o  14: 1 i f t h e  

maximum d i v e r i o n   o f  170m3/s were  implemented. A 170m3/s d i ve rs ion   wou ld  

reduce  minimum  monthly  f lows  at   Canal   Flats  and Skookumchuck t o  5.7m3/s 

and 11.3m3/s r e s p e c t i v e l y ,   f o r   t h e   p e r i o d   A u g u s t   t h r o u g h   A p r i l  (2). WRS 

(7 )   repo r ted   t ha t   t he   p roposed   d i ve rs ion   wou ld   p robab ly   requ i re  an 
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TABLE 5: CALCULATED RATIO OF KOOTENAY R I V E R  FLOW VERSUS PULP MILL 

DISCHARGE FOR 1972 t o  1976 

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC 

1. 47:l 40:l 32:l 64:l 347:l 816:l 5Q2:l 267:l 180:l 109:l  77:l 63:l 
2. 31:l 31:l 28:l 27:l 96:l  330:l 276:l 173:l  91:l  78:l 44:l 35:l 
3.  25:l 25:l 14:l 13:l 53:l  256:l 204:l 94:l 40:l 58:l  25:l 26:l 

1. Average o f   t h e   m o n t h l y  mean f l ows   f o r   t he   Koo tenay   R ive r   ove r  1972-1976 
a v e r a g e   o f   t h e   m o n t h l y  mean f l o w s   f o r   t h e   C r e s t b r o o k   P u l p m i l l   o v e r  1972-1976 

2. Average o f  t h e   m o n t h l y  minimum f l o w s  f o r   t h e  Kootenay  River  over 1972-1976 
Average  of   the  monthly maximum f l ows  fo r   t he   C res tb rook   Pu lpmi l l   ove r  
1972-1976 

3. Minimum r e p o r t e d   d a i l y   r i v e r   f l o w   f o r   t h e  month  over 1972-1976 
kax imum  repo r ted   da i l y  mill f l o w   f o r   t h e  month  over 1972-1976 

t 

Y 

E 

Ilr 

L 
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L E G E N D  

(I939 - 1970) 
Mean Monthly Dirchargo 

Mean Monthly Discharge 

Divsrrion to Columbia Lake 
With 1,500,000 A c n - F ~ e t  

Acre-Foot = 1230 Cubic Metres 

FIGURE 5 EFFECT  OF  PROPOSED KOOTENAY DIVERSION 
ON THE  DISCHARGE IN  THE KOOTENAY R I V E R  
BELOW CANAL  FLATS  (Af ter  W R S  ( 7 )  1 
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improvement i n   t h e   q u a l i t y   o f   d i s c h a r g e s   t o   t h e  Kootenay  River and o f  

p a r t i c u l a r   c o n c e r n  was the  Crestbrook  pu l   pmi l l   d ischarge.  

W i t h   t h e   a c t i v i a t i o n   o f   C r e s t b r o o k ' s   r a p i d   i n f i l t r a t i o n  system 

d i l u t i o n   c o n c e r n s   e x p r e s s e d   i n   t h e   p a s t  have  been  reduced. A d i s c h a r g e   o f  

p u l p m i l l   e f f l u e n t   t o   t h e  Kootenay  River i s   s t i l l   p e r m i t t e d  based on t h e  15 
u n i t s  above  background l e v e l s   c o l o u r   c r i t e r a  and s p e c i f i e d  minimum r i v e r  

f l o w   c o n d i t i o n s .  The r i v e r   f l o w   c o n d i t i o n s   a r e  130m3/s,  170m3/s, Z10m3/s and 

250m3/s f o r  1982,  1983,  1984 and 1985 ( a n d   t h e r e a f t e r )   r e s p e c t i v e l y .  A t  

t h e   p e r m i t t e d   e f f l u e n t   d i s c h a r g e   r a t e   o f   a p p r o x i m a t e l y  0.79m3/s and a 

r i v e r   f l o w   o f  130m3/s, t h e   p o t e n t i a l   d i l u t i o n   i s  164:l. From F i g u r e  4 

i t  can  be  seen t h a t   f l o w s   o f  a excess  of 130m3/s would  normal l y  be 

expected  to  occur  between May and August  and  flows i n  excess o f  250m3/s 

o n l y   i n  June and Ju ly .  From F i g u r e  5 i t  can be  seen that   under   average  f low 
c o n d i t i o n s ,   f l o w s  as h i g h  as 250m3/s cou ld   conce ivab ly   no t   occu r   a t  a l l  

i f  the   Kootenay   R iver   d ivers ion   p roceeds.  A t  a maximum d i v e r s i o n   r a t e   o f  

170m3/s, a r i v e r   f l o w   o f  420m3/s would be r e q u i r e d   t o   a c h i e v e   t h e  250m3/s 

minimum f l o w   c r i t e r i a  and on an a v e r a g e   f l o w   b a s i s   t h i s   o n l y   o c c u r s   i n   J u n e  

( F i g u r e  4 ) ,   ( 3 7 ) .  

5.2 Fisher ies  Resources 

5.2.1 Species  Present.   Table 6 l i s t s   t h e  

species  descr ibed  by  Whately (1) and Entech ( 2  

ind igenous 

). Recreat 

impor tan t   spec ies   o f  game f i s h   a r e   c u t t h r o a t   t r o u t ,   D o l l y  

East  Kootenay f i s h  

i o n a l l y ,   t h e  most 

Varden , Rocky 

M o u n t a i n   w h i t e f i s h ,   f r e s h w a t e r   l i n g   ( b u r b o t )  and  ra inbow  t rout .  The most 

common non-game spec ies   inc lude  two  spec ies   o f   sucker ,   reds ide   sh iner ,  

nor thern   squawf ish ,  peamouth  chub  and t o r r e n t   s c u l p i n .   Q u a n t i t a t i v e   s p e c i e s  

d i s t r i b u t i o n   d a t a   f o r   t h e  Canal F l a t s   t o  Skookumchuk area  has been c o l l e c t e d  

by  Entech  Envi ronmenta l   Consul tants  (2 ) .  Beach  seines and d r i f t i n g   g i l l   n e t  

s e t s   w e r e   c a r r i e d   o u t   i n   O c t o b e r  1975 and  June 1976 a t  seven s t a t i o n s  

ups t ream  o f   t he   C res tb rook   pu lpmi l l .  A t o t a l   o f   n i n e   s e t s   ( i n c l u d i n g  one 

g i l l   n e t   s e t )   y i e l d e d  100 m o u n t a i n   w h i t e f i s h  and 8 t o r r e n t   s c u l p i n s .  
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TABLE 6: F I S H  SPECIES  INDIGENOUS TO THE EAST KOOTENAY AREA 

COMMON NAME S C I E N T I F I C  NAME 

Game F i s h  

Moun ta in   wh i te f i sh  

Dol 1 y Varden 

Eas te rn   b rook   t rou t  

Ye1 1 o w s t o n e   c u t t h r o a t   t r o u t  
R a i  nbow t r o u t  

Burbot   (1  i ng) 

Non-Game F i s h  

P 

a 

Largescal  e sucker 
Longnose  sucker 

Reds ide   sh iner  

Northerm  squawfish 
Peamouth chub 

T o r r e n t   s c u l   p i n  

S1 imy s c u l   p i n  
P r i c k l y   s c u l   p i  n 

Longnose  dace 

Prosopi un wi 11 iansoni 

Sal vel i nus mal ma 
Sal vel i nus fonti  nal i s  

Salmo clarki  lewisi 

Salmo gairdneri 

Lota lo ta  

Catostanus  macrodrei 1 us 
Catostanus catostms 

R i  chardsoni us bal teatus 

Ptyckhei 1 us  oregonensi s 
My1 ochei 1 us cauri nus 

Cottus rhotheus 

Cottus cognatus 
Cottus asper 

Rhi n i  chthys cataractae 
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5.2.2 Spawning  and L i f e   H i s t o r y .  All t h e  game f i s h   p r o b a b l y   u t i l i z e  

the   ma ins t ream  Koo tenay   t o  some e x t e n t   f o r  spawning,  although i n   g e n e r a l ,  

D o l l y  Varden,   ra inbow  t rou t ,   mounta in   wh i te f i sh  and c u t t h r o a t   m i g r a t e   t o   t h e  

t r i b u t a t i e s  and  headwaters o f   t he   Koo tenay   R ive r .  

The f o l l  owing  general 1 i f e   h i   s t o r y   i n f o r m a t i o n   f o r   t h e   m a j o r  game 

species i s   t a k e n   f r o m   S c o t t  and  Crossman (28).  O f  the   spr ing   spawners ,   cu t -  

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

the  Kootenay  River ,   spawning  f rom  February t o  May i n  smal l ,   gravel   bot tomed 

st reams  (prefer red  temperature  around 10OC). Eggs h a t c h   w i t h i n   s i x   t o  seven 

weeks, w i t h  f ry  emerging  one t o  two weeks l a t e r ,   u s u a l l y   i n  August.  Rainbow 

t r o u t   a p p e a r   t o  spawn somewhat l a t e r   ( f r o m   m i d   A p r i l   t o   l a t e   J u n e )   i n   s m a l l  

t r i b u t a r i e s  when water  temperatures  are  arouund 10.0 t o  15.5OC. Gravel 

n e s t s   a r e   o f t e n   c o n s t r u c t e d ,   g e n e r a l l y   i n   r i f f l e   a r e a s   l o c a t e d  above  pools. 

Eggs h a t c h   f o u r   t o  seven weeks l a t e r   w i t h  f r y  emerg ing   f rom  the   g rave l   th ree  
t o  seven  days l a t e r .  

O f  the   two  fa1  1 spawners,   mountain  whi tef ish  and  Dol ly  Varden,  the 

l a t t e r  may spawn as e a r l y  as  September w h i l e   t h e   f o r m e r   b e g i n s   s e v e r a l  weeks 

l a t e r .  The f a v o r a b l e   t e m p e r a t u r e   f o r   D o l l y  Varden i s  approx imate ly  7.8OC. 

Spawning i s   u s u a l l y   c o m p l e t e d   b y   e a r l y  November f o r   b o t h   s p e c i e s .   D o l l y  

Varden  eggs  hatch i n  March t o   A p r i l ,   w i t h   t h e   a l e v i n   r e m a i n i n g   i n   t h e   g r a v e l  

f o r  up t o   t h r e e  weeks be fo re  emergence. Moun ta in   wh i te f i sh  eggs h a t c h   i n  

e a r l y  March  and t h e  f r y  h o l d   i n   s h a l l o w   w a t e r   f o r   s e v e r a l  weeks. 

L i n g   ( o r   b u r b o t )  spawn u n d e r   t h e   i c e   i n   m i d - w i n t e r   ( J a n u a r y   t o  

March )   ove r   sand   o r   g rave l   subs t ra tes .   Lakes   a re   t he   p re fe r red   s i t e ,   bu t  

r i v e r s  may o c c a s i o n a l l y  be u t i l i z e d .  The  eggs h a t c h   i n   a b o u t   t h i r t y  days 

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

Entech  (7 )   repor ted   tha t  a1 1 o f  t h e  more common non-game spec ies   ( reds ide  

sh iner ,   nor thern   squawf ish ,  peamouth  chub, t o r r e n t   s c u l p i n  and  two  sucker 

s p e c i e s )   a r e   s p r i  ng  spawners. 

O f  the   two  ma jor   spawning   per iods   (spr ing  and f a l l )   t h e   l a t t e r  

( i n c l u d i n g   t h e   m i d - w i n t e r   r u n   o f   l i n g )   i s   p o t e n t i a l l y   t h e  most s e n s i t i v e  due 

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

f i s h ,   t h e   m o s t   i m p o r t a n t  game f i s h  and poss ib l y   t he   mos t   abundan t   spec ies   i n  

t h i s   a r e a   a l s o  spawns a t   t h i s   t i m e .  

I! 

Y 

Y l r  
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6 ENVIRONMENTAL IMPACT AND ASSESSMENT STUDIES 

6.1 R i v e r   S t u d i e s  
The p h y s i c a l  , c h e m i c a l   a n d   b i o l o g i c a l   c h a r a c t e r i s t i c s   o f   t h e  

Kootenay  River  have been  documented or   rev iewed  by  severa l   agencies.  An 

assessment o f   i n f o r m a t i o n   a v a i l a b l e  on t h e   w a t e r   q u a l i t y   o f   t h e   l o w e r   K o o t e -  

n a y   R i v e r   B a s i n   t o   t h e  end o f  1974  has  been made by   the  Water  Resources 

S e r v i c e   ( 7 ) .  An i n i t i a l   e n v i r o n m e n t a l   e v a l u t a t i o n   o f   t h e   i m p a c t   o f   t h e   p r o -  

posed  Kootenay  River   Divers ion on t h e  Col  umbia R i v e r  and Kootenay  River 

drainages  has  been made f o r  B.C. Hydro  (2). The I n l a n d  Waters D i r e c t o r a t e  

(IWD)  conducted a b i o l o g i c a l   ( p e r i p h y t o n  and a q u a t i c   i n v e r t e b r a t e s )  and 

w a t e r   q u a l i t y   s u r v e y  on the  Kootenay  River  i n  1975. Th is   da ta  has n o t  as 

y e t  b e e n   p u b l i s h e d   b u t   t h e   w a t e r   q u a l i t y   d a t a   i s  on t h e  IWD, NAQUADAT system 

and   has   been ,made   ava i l ab le   f o r   t h i s   rev iew   (8 ) .  IWD are   p resent ly   (1980-  

1 9 8 1 )   i n v o l v e d   i n  a water   qua l i t y   p rogram on the  lower  Kootenay  River  and i t  

i n c l  udes s ta t   i ons   ups t ream and  downstream o f   t he   C res tb rook   pu l   pm i l  1 (per.  

comm., P.Whit f ie ld,   1980).  The Waste Management Branch (WMB), f o r m e r l y   t h e  

Pol  1 u t i  on Control  Branch (PCB), have co l l   ec ted   wa te r   qua l  i t y  samples i n  

March o f  1979  and  1980 t o  a s s e s s   t h e   i n f l u e n c e   o f   t h e   C r e s t b r o o k   p u l p m i l l  

(6,  30). The Water Inves t i ga t i on   B ranch  (WIB)  has p r e s e n t l y   i n   p r e p a r a t i o n  a 

Phase I 1  assessment o f   w a t e r   q u a l i t y   d a t a   c o l l e c t e d   o v e r  1975 t o  1978  by  the 
WMB (per.comm., R.Rocchini, 1981). B.C. Research  have  s tud ied  the  subletha l  

e f f e c t s   t o   f i s h  o f  e f f l u e n t   f r o m   t h e   C r e s t b r o o k   p u l p m i l l   b u t   t h e s e   f i n d i n g s  

a r e   n o t   p r e s e n t l y   a v a i l a b l e   ( p e r .  comm., COFI, 1981). 

6.1.1 Wate r   Qua l i t y .  WRS ( 7 )  summarized t h e   w a t e r   q u a l i t y   d a t a   c o l l e c t -  
ed  f rom  the  lower   Columbia  River   over   the  per iod  1969 t o  1974.  They r e p o r t -  

e d   t h a t   f o r  many parameters   the   concent ra t ion   appeared  to  depend  on f l o w  and 

t h e y  summarized t h e   d a t a   i n t o   h i g h  and low   f l ow   pe r iods .   Fo r   t he   t h ree  

s t a t i o n s  summarized ( r e f e r r e d   t o  as WRS-20,  WRS-48 and WRS-19 i n   t h i s   r e -  

p o r t ,  see F i g u r e   6 ) ,   t h e y   r e p o r t e d   l o w e r   c o n c e n t r a t i o n s   o c c u r r e d   d u r i n g   h i g h  

f low,  w i t h   t h e   e x c e p t i o n  o f  t u r b i d i t y .  WRS ( 7 )  repor ted  the  parameters 
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t h a t  changed s i g n i f i c a n t l y   f r o m   u p s t r e a m   t o  downstream  were:   co lour ,   turb i -  

d i t y ,   pheno ls ,   t o ta l   phosphorus ,   t ann in  and l i g n i n   l i k e  compounds and f e c a l  

c o l i  fo rms.   Dur ing   low  f lows,   co lour ,   tann in  and 1 i g n i n  and  phenols  remained 

a s   h i g h   a t   s t a t i o n  WRS-19, 16 km downstream o f   t h e   p u l p m i l l  as a t   s t a t i o n  

WRS-48, 3.2 km downstream  (7). WRS ( 7 )   r e p o r t e d   t h a t   e x c e p t   f o r   c o l o u r ,  

phenol   and  co l   i forms and p o s s i b l y   t a n n i n  and 1 i g n i n ,   t h e   p u l   p m i l l   d i d   n o t  

have a m a j o r   e f f e c t  on w a t e r   q u a l i t y .  However, t h e y   f u r t h e r   r e p o r t e d   t h a t  

b i o l o g i c a l   d a t a  has shown changes  have  occurred and t h a t   t h e s e  changes a r e  

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

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

A r e v i e w   o f   t h e  IWD (NAQUADAT) w a t e r   q u a l i t y   d a t a   f o r   1 9 7 5  gen- 

e r a l l y   s u p p o r t s   t h e   r e s u l t s   r e p o r t e d   b y  WRS. E leva ted   l eve l  s o f   apparen t  

co lou r   were   ev iden t  a t  Wasa Br idge (JWD-NG0003, F i g u r e   6 )  as  were  d issolved 

sodium  and  dissolved  chlor ide  (Appendix  111).  The l a r g e s t   i n c r e a s e s  

downstream o f   t h e   p u l p m i l l  we re   ev iden t   du r ing   t he   sp r ing   pe r iod  when l o w  

r i v e r   f l o w s   o c c u r .  

C r o z i e r  (30, 6 )  has r e p o r t e d  on w a t e r   q u a l i t y   s u r v e y s  made i n  1979 

a n d   1 9 8 0   r e s p e c t i v e l y   t o   m o n i t o r   t h e   e f f e c t   o f   t h e   C r e s t b r o o k   p u l p m i l l   d u r -  

i n g  March  low  f lows. A summary o f   h i s   f i n d i n g s   i s   p r o v i d e d   i n  Appendix IV 

and t h e   s t a t i o n s   a r e   r e f e r r e d   t o  as WMB-304,  WMB-48,  WMB-326 and WMB-19 i n  

t h i s   r e p o r t   ( F i g u r e   6 ) .   C r o z i e r   ( 3 0 )   r e p o r t e d   t h a t   t h e   w a t e r   q u a l i t y   o f   t h e  

Koo tenay   R ive r   con t i nues   t o  be a d v e r s e l y   a f f e c t e d   b y   t h e   C r e s t b r o o k   p u l p m i l l  
d u r i n g   l o w   f l o w   c o n d i t i o n s .  He i n d i c a t e d   c o l o u r  and  phenol  were the   pa ra -  

m e t e r s   o f   m o s t   c o n c e r n .   C r o z i e r   ( 3 0 )   r e p o r t e d   t h a t   c o l o u r   l e v e l s   i n c r e a s e d  

i n  1979  compared t o   t h o s e   r e p o r t e d   b y  WRS ( 7 )  and   specu la ted   t ha t   t he   co lou r  

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

o c c u r r e d   i n  1977.  Based on i nc reased   co lou r  and d isso lved  sod ium  leve ls ,   he  

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

s t a t i o n s  2.5  km downstream (WMB-48) o f   t h e  mill t o   t h a t   1 8  km downstream 

(WMB-19). He i n d i c a t e d   t h a t   t h e   h i g h   p h e n o l   c o n c e n t r a t i o n s  downstream o f  

t h e   p u l p m i l l  (0.012 - 0.025 m g / l )   g r e a t l y  exceeded the  background  concentra- 

t i o n  o f  l e s s  than 0.002 rng/l. The p h e n o l   l e v e l s   w e r e   t h o u g h t   t o   c o n t r i b u t e  

a 
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t o   t h e   p u l p m i l l  odour   ev ident   a t   the   downst ream  s ta t ions  and p o s s i b l y   c o u l d  

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

p h e n o l i c s   i n   t h e   K o o t e n a y   R i v e r   a r e   n o t  known and d i f f e r e n t   p h e n o l i c s   e f f e c t  

f i s h   p a l a t a b i l i t y   a t   d i f f e r e n t   c o n c e n t r a t i o n s .  The 1979 w a t e r   q u a l i t y   d a t a  

i n d i c a t e d   t h a t   s o l   i d s  and BOD5 load ings   f rom  the   pu l   pm i l l  had very  

l i t t l e   e f f e c t  on t h e   r i v e r   w a t e r   q u a l i t y .   C r o z i e r  (30) repor ted  a s l i g h t  

downstream  increase i n  suspended s o l i d s  and t u r b i d i t y   b u t  no  decrease i n  

d i s s o l v e d  oxygen. D i s s o l v e d   n u t r i e n t   c o n c e n t r a t i o n s  were n o t   t h o u g h t   t o  be 

a f f e c t e d   b y   t h e   p u l p m i l l   d i s c h a r g e  (30).  However, v i s u a l   o b s e r v a t i o n s   d i d  

i n d i c a t e   t h e r e  was inc reased   pe r iphy ton   g rowth   downs t ream  o f   t he   pu lpmi l l   i n  

t h e  1979  survey  per iod.   Tota l   phosphorus  and  organic   n i t rogen  leve l  s d i d  

appear t o   i n c r e a s e  downstream o f   t h e   o u t f a l l ,   b u t  were i n  a p a r t i c u l a t e   f o r m  

and t h e   a v a i l  ab i l  i t y  o f   t h e s e  as n u t r i e n t s   t o  a1 gae was n o t  known. 
C r o z i e r  ( 6 )  moni tored an e x t r a   s t a t i o n  (WMB-326) i n  1980 t o  estab-  

1 i s h  background 1 eve1 s a t  a l o c a t i o n  as c l o s e  as p o s s i b l e   t o   t h e   p r o p o s e d  

r a p i d   i n f i l t r a t i o n   a r e a  and s t i l l   a l l o w   f o r   c o m p l e t e   m i x i n g .  He r e p o r t e d  

t h a t   t h e   w a t e r   q u a l i t y   p r o b l e m s   i d e n t i f i e d   i n  1979  continued t o   e x i s t   i n  

1980  (Appendix IV). Phenol   concentrat ions i n   t h e   p u l p m i l l   e f f l u e n t  and i n  

the  Kootenay  River   were much l e s s   i n  1980  compared t o  1979  but  were s t i l l  

d e t e c t a b l e  downstream o f   t h e   p u l   p m i l  1 and t h e   r i v e r  had a v e r y   n o t i c e a b l e  

"pu l  pmi 11 I' odour . 
Permi t  PE-240 requ i res   C res tb rook  t o  conduct a groundwater 

m o n i t o r i n g   p r o g r a m   f o r   c o l o u r ,  pH,  BODg, d i s s o l v e d  sodium, d i s s o l v e d  

c a l c i u m  and dissolved  magnesi  urn and a Kootenay  River   co l   our   moni tor ing 

program t o   d e t e r m i n e   t h e   e f f e c t s   o f   t h e   r a p i d   i n f i l t r a t i o n  system. The 

r e s u l t s   a r e   t o  be   submi ted   annua l l y   t o   t he  Waste Management Branch. The 

th ree   Kootenay   R iver   sample   s ta t ions   a re  shown on F igure  6 as WMB-290, 

WMB-48 and WMB-326. 

6.1.2 B i o l o g i c a l .  WRS ( 7 )  r e v i e w e d   t h e   a v a i l a b l e   b i o l o g i c a l   d a t a   r e -  

s p e c t i v e   t o   t h e   C r e s t b r o o k   p u l p m i l l  up t o   t h e  end o f  1974. There  has  not 

apparent ly   been  any  addi t ional   benthos o r  pe r iphy ton   da ta  pub1 i shed   s ince  

t h a t   r e v i e w .  
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6.1.2.1 Per iphyton.   Severa l   authors (5, 7, 31) have   repo r ted ,   f o r  

v a r y i n g   t i m e   p e r i o d s ,  on per iphy ton   samples   co l lec ted   over  a p e r i o d   o f  1971 

t o  1974 a t   s t a t i o n s   r e f e r r e d   t o   i n   t h i s   r e p o r t  as WRS-20,  WRS-48 and WRS-19 

( F i g u r e  6). Attached a1 gae  samples  were c o l l e c t e d  on g l a s s   s l i d e s   a t t a c h e d  

t o  basket   t ype   benth ic   inver tebra te   samplers .  WRS ( 7 )  r e p o r t e d   t h a t   a t  

s t a t i o n  WRS-20 (Canal F l a t s )   t h e   c e l l  numbers  and  biomass  were  low. 

Downstream o f   t h e   p u l   p m i l l  , s t a t i o n s  WRS-48 and WRS-19, t h e r e  was a 

p r o g r e s s i v e   i n c r e a s e   i n  biomass  and  one o r  two  spec ies  genera l ly   accounted 

f o r  more t h a n  90% o f   t h e   t o t a l  number o f   c e l l s .   L a n g f o r d  (5 )  r e p o r t e d   t h a t  

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

occurs   downst ream  o f   the   pu lpmi l l .   Th is  was i n d i c a t e d   b y  an i n c r e a s e  i n  

d ia tom numbers, c e l l   d e n s i t y ,   d r y   w e i g h t  and c h l o r o p h y l l  - a. Langford ( 5 )  
was n o t   a b l e   t o   p i n - p o i n t   t h e   s p e c i f i c   s u b s t a n c e s   c a u s i n g   t h e   d e n s i t y   a n d  

s p e c i a t i o n  changes   bu t   i nd i ca ted   t ha t   such   changes   a re   i nd i ca t i ve   o f   a l t e red  

w a t e r   q u a l i t y .  He i d e n t i f i e d   a l t e r a t i o n s   i n  phosphate  and n i t r a t e   l e v e l s  as 

t h e  most  f requent ly  b lamed  cause  for   changes i n   a l g a l  communties  as w e l l  as 

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

a q u a t i c   p o p u l a t i o n s .   C r o z i e r  and  Leinweber (31) r e p o r t e d   t h a t   s t a t i o n  

WRS-48 wou ld   be   under   t he   i n f l uence   o f   t he   pu l   pm i l l   d i scha rge ,   p lus  sewage 

d i s c h a r g e d   t o  Skookumchuk Creek  and t h e  sewage d i s c h a r g e   a t  Canal F1 a ts .  

They f e l t   t h a t   t h e   a d d i t i o n   o f   n u t r i e n t s   t o   t h e  Kootenay  River  by  these 

d ischarges  was n o t   g r e a t  and d i d n ' t   f e e l   i n c r e a s e d   n u t r i e n t   l e v e l s   w e r e  
p r i m a r i l y   r e s p o n s i b l e   f o r   t h e   i n c r e a s e   i n   a t t a c h e d   a l g a e .  A t  s t a t i o n  

WRS-48, the  d iatoms  Diatoma  elongatum  and  Diatoma  vulgare  were  responsible 

f o r  80-90% o f   t h e   a l g a e  and Diatoma  elongatum was e s p e c i a l l y   p r e s e n t   i n  

1 a rge  numbers. C r o z i e r  and  Leinweber (31) f e l t  i t  was p robab le   t ha t   t hese  

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

e f f l u e n t .   T h i s  was supported  by  the  fact  Diatoma  elongatum  has  been 

c l a s s i f i e d  as an i n d i c a t o r   o f   s a l t   w a s t e  and i t  c o u l d   r e f l e c t   t h e  sodium 

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

r e s p o n s i b l e   f o r   t h e   m a j o r i t y   o f   t h e   a l g a e   ( 8 0 % )  a t  s t a t i o n  WRS-19 (Wasa)  and 

t h i s  was t h o u g h t   t o   i n d i c a t e   t h a t   r e c o v e r y   f r o m   t h e   e f f e c t s   o f   t h e   p u l p m i l l  
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were  not  complete  (31).   Langford ( 5 )  thought  it i m p e r a t i v e   t o   d e t e r m i n e   t h e  

i n t e r r e l a t i o n s h i p   o f   p e r i p h y t o n  and t h e  components o f   t h e   p u l p m i l l   e f f l u e n t .  

Reid (11) r e p o r t e d   t h a t   f o r   A p r i l - M a y ,  1970, t h e   r i v e r   s u b s t r a t e   u p s t r e a m   o f  

t h e   p u l p m i l l  was c lean and w i t h   o n l y  a few  s t rands  o f   green  f i lamentous 

a lgae   ev iden t   bu t   downs t ream  o f   t he   ou t fa l l  , the  rocks  were  coated  wi th a 

s o l   i d  mat o f   g rey -g reen   co lou red  a1 gae. 

Permi t  PE-240 r e q u i   r e s   C r e s t b r o o k   t o   m o n i t o r   p e r i p h y t o n   b i  oamass 

and d i v e r s i t y  upstream  f rom  the mill and a t   s e v e r a l   s t a t i o n s  downstreams as 

f a r   s o u t h  as t h e  Wasa Br idge. A f i n a l   r e p o r t  on t h e   b i o l o g i c a l   p r o g r a m   i s  

t o  be s u b m i t t e d   t o   t h e  Waste Management Branch. 

6.1.2.2 Benthos.  Pre-  and  post-pul  pmil l   benthos sampl es  have  been c o l -  

l e c t e d  on the   Koo tenay   R ive r .   Bu l l   e t  a1 . ( 3 )  repor ted  that   basket   samplers  
r e v e a l e d   t h a t  a s l i g h t  drop i n   t h e  number o f   p o l l u t i o n  s e n s i t i v e  organisms 

( e s p e c i a l l y   m a y f l   i e s )   o c c u r r e d   a t  Skookumchuk a f t e r   t h e   p u l   p m i l l  began  oper- 

at ion.  Surber  samples  were a1 so c o l l e c t e d  and conf i rmed  the   basket  sampl e r  

r e s u l t s .   R e i d  (11) co l lec ted   benthos   samples   over   Apr i l -May,   1970  and  u t i l -  

i zed   bo th   baske t  and Surber  samplers. He r e p o r t e d   t h a t   m a y f l i e s  were much 

more  abundant  upstream o f   t h e   o u t f a l l   t h a n  downstream  and i n d i c a t e d  it was a 

s i g n i f i c a n t  change. The abundance o f   s t o n e f l i e s  and cadd is f l i es   rema ined  

r e l a t i v e l y   c o n s t a n t   t h r o u g h o u t   t h e   r i v e r ,   b u t   b l a c k f l i e s  were much more 

abundant  downstream o f   t h e   o u t f a l l .  The average  biomass o f  
macro inver tebra tes  was repo r ted   t o   d rop   immed ia te l y   downs t ream  o f   t he  

d i f f u s e r   b u t   i n c r e a s e d   r a p i d l y   a f t e r   t h a t  and i t  appeared   t he   e f f l uen t  

enchanced the   deve l  opment o f   bot tom  fauna  (11) .  The 1 oss of mayfly 

dominance  downstream o f   t h e   o u t f a l l  was r e p o r t e d   t o  be due t o   t h e  

d i sappearance   o f   t he  mayfly Cynigmula  (11).  Reid  (11)  thought  that  the  more 

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

t o x i c i t y ,  was the   inc reased amount o f   a l g a e  downstream o f   t h e   o u t f a l l  and 

t h a t   t h e   m a y f l y   w a s n ' t   a b l e   t o   s u r v i v e   u n d e r  such  c i rcumstances.  Langford 

( 5 )  repor ted  that   basket   samplers   p laced  downstream  of   the  Crestbrook 

pulpmil l   over  September-October,  1973  had a s i g n i f i c a n t   d e c r e a s e   i n   b o t h   t h e  

volume  and d r y   w e i g h t   o f   b e n t h i c   i n v e r t e b r a t e s  compared t o  upstream  samples. 
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I n   a d d i t i o n ,  h e   r e p o r t e d   t h a t   u p s t r e a m   o f   t h e   p u l p m i l l ,   t h e   o r d e r s   o f  may- 

f l i e s  and   s tone f l i es   p redomina ted   wh i l e   downs t ream  o f   t he   pu lpmi l l   d ip te rans  

predominated.   Mayf l ies and s t o n e f l i e s  were v i r t u a l l y  absent a t   t h e   s t u d y  

s i t e   b e l o w   t h e   p u l p m i l l .   L a n g f o r d  ( 5 )  r e p o r t e d   t h a t   b e n t h i c   i n v e r t e b r a t e  

d a t a   c o l l e c t e d   b y   t h e  PCB i n  March-Apr i l ,   1972  a lso showed decreased  numbers 

o f   m a y f l i e s  and s t o n e f l i e s  and  an i n c r e a s e   i n   t h e  number o f   d i p t e r a n s  down- 

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

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

i s   c o n t i n u i n g .   C r o z i e r  and Leinweber   (31)   repor ted on b e n t h i c   i n v e r t e b r a t e  

d a t a   c o l l e c t e d   o v e r   t h e   f a 1  1 o f  1 9 7 1   t h r o u g h   t o   t h e   f a 1  1 o f  1972. They r e -  

p o r t e d   t h a t   t h e   a q u a t i c   i n s e c t   p o p u l a t i o n   a t  Canal F l a t s  was composed o f  90% 

s t o n e f l i e s  and mayf l ies ,   whereas   a t  Skookumchuk, d i p t e r a n   l a r v a e  made up 65% 

o f   t h e   i n s e c t s   f o u n d .  The sample s t a t i o n   a t  Wasa a l s o  had a s u b s t a n t i a l  

pe rcen tage   (34%)   o f   d ip te rans   (31 ) .  

Permi t  PE-240 r e q u i r e s   C r e s t b r o o k   t o   m o n i t o r   b e n t h i c   i n v e r t e b r a t e  

biomass and d i v e r s i t y   u p s t r e a m   f r o m   t h e  mill and a t  s e v e r a l   s t a t i o n s  down- 

stream  as f a r   s o u t h  as t h e  Wasa Br idge. 

6.1.3 F i s h   T a i n t i n g  and  Sub le tha l   Tox ic i ty .   Dur ing   the   w in te r   months  

o f  1970-71, t h e   F i s h  and Wi I d 1  i fe   B ranch   rece ived  numerous  compl a i n t s   t h a t  

f i s h   t a k e n  downstream o f  Skookumchuk were u n f i t   f o r  consumption  and t h a t  
f i s h i n g  success had d e c l i n e d   s i g n i f i c a n t l y   ( 2 9 ) .   I n   o r d e r   t o   a s s e s s   t h e  

v a l i d i t y   o f   t h e   c o m p l a i n t s ,   o r g a n o l e p t i c   t e s t s  were  conducted on mountain 

w h i t e f i s h   c o l l   e c t e d   i n  March,  1971  (29).  Bul l  and  Vernon  (29)   repor ted  that  

t he   moun ta in   wh i te f i sh   caugh t   be low  the   pu lpmi l l  were  unacceptable as e d i b l e  

f i s h  because o f   o f f e n s i v e   t a s t e s  and  odors,  Langford ( 5 )  r e p o r t e d   t h a t   o r g -  

a n o l e p t i c   t e s t s  on f i s h  have  demonstrated a s i g n i f i c a n t   e f f e c t   o f   C r e s t b r o o k  

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

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

M o u n t a i n   w h i t e f i s h   c a u g h t   b e l o w   t h e   o u t f a l l .   A d d i t i o n a l   o r g a n o l e p t i c   t e s t s  
on  Kootenay  River   f ish  have  not   been made s ince   those  repor ted   by   Langford .  

C r o z i e r  ( 6 )  f e l t   t h a t  based on t h e   c r i t e r i o n   o f  0.05 o f   t h e  
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e f f l u e n t ’ s  96 h r  LC50 ( a   l e v e l   f o r   w h i c h  no c o n t r a r y   e v i d e n c e   e x i s t s   t o  

s u b s t a n t i a t e  any s u b l e t h a l   s t r e s s  due t o   b l e a c h e d   k r a f t  mill e f f l u e n t )  and a 

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

f o r   s u b l e t h a l   e f f e c t s   i n   t h e   K o o t e n a y   R i v e r   e x i s t s .   D a v i s  ( 3 2 )  suggested 

t h a t   f o r   n e u t r a l i z e d   w h o l e   b l e a c h e d   k r a f t  mil 1 e f f l u e n t  some s u b l e t h a l  

e f f e c t s  will be present  a t  a d i s c h a r g e   d i l u t i o n   o f  0.1 o f   t h e  96 h r  

LC50, few a t  0.05 o f   t h e  96 h r  LC50 and o n l y   r a r e l y   a t  0.02 o f   t h e  

96 h r  LC50. He a l s o   i n d i c a t e d   t h a t   e v e n   a t  a d i l u t i o n  o f  0.02 o f   t h e  96 

h r  LC50, f l e s h   t a i n t i n g   o r   c o l o u r   e f f e c t s  on the   f ood   cha in  may remain. 

He c o n s i d e r e d   t h a t   t h e   c r i t e r i a   a r e   t e n t a t i v e ,   s u b j e c t  t o  r e v i s i o n  and t h a t  

t h e y  do no t   necessa r i l y   ensu re   p ro tec t i on   o f   aqua t i c   commun i t i es   o r  

sens i t i ve   food-cha in   o rgan isms.  Based on l abo ra to ry   exper imen ts  on t h e  

s t r e s s  and c h r o n i c   e f f e c t s   o f   u n t r e a t e d  and t r e a t e d   b l e a c h e d   k r a f t   p u l p m i l l  
e f f l u e n t  on coho salmon, McLeay and Brown (33 )  i n d i c a t e d  t h e i r  f i n d i n g s  

showed t h a t   t h e   e f f l u e n t   c o n s t i t u e n t s   a n d / o r   t h e   s i t e   o f   t o x i c   e f f e c t  

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

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

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

methods  used  by  pul   pmi l l  s ,  t h a t   a r e   s u c c e s s f u l   i n   d e t o x i f y i n g   t h e i  r wastes 

accord ing  t o  convent iona l   s tandards ,   do   no t   necessar i l y   ensure   p ro tec t ion  

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

i s   n o t  Val i d  i f  based on a c u t e   l e t h a l  and sub le tha l   da ta   a lone.  McLeay  and 

Brown (33 )  i n d i c a t e d   f u r t h e r   e x a m i n a t i o n   o f   t h e   c h r o n i c   e f f e c t s   o f   p u l p m i l l  

e f f l u e n t ,   i n c l u d i n g   l i f e - c y c l e   s t u d i e s ,  on t h e   w e l l - b e i n g   o f   f i s h   i s  

warranted . 
Entech ( 2 )  r e p o r t e d   t h a t   t h e   p r o p o s e d   d i v e r s i o n   o f   w a t e r  a t  

Canal F la ts   wou ld   subs tan t ia l l y   reduce  the   Kootenay   R iver   f lows  downst ream 

o f  Skookumchuk f r o m   l a t e   f a 1  1 t o   e a r l y   s p r i n g   ( N o v e m b e r - A p r i l  ). The reduced 

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

t o   t h e   e f f l u e n t   d i s c h a r g e d  from t h e   C r e s t b r o o k   p u l   p m i l l  . Entech ( 2 )  

r e p o r t e d   t h a t   t h e   i n c r e a s e d   c o n c e n t r a t i o n   o f   t o x i c  components assoc ia ted  

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

r i v e r ’ s   b i o t a  and f i s h e r y .  

m 

u 

m 
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B.C. R e s e a r c h   h a v e   s t u d i e d   t h e   s u b l e t h a l   e f f e c t s   t o   f i s h   o f  

t r e a t e d ,   p a r t i a l l y   t r e a t e d  and u n t r e a t e d   e f f l u e n t  from the  Cres tbrook  

p u l p m i l l .  However, t h i s   i n f o r m a t i o n   i s   n o t   p r e s e n t l y   a v a i l a b l e  

(per.comm.,COFI, 1981) .   W i th   t he   ac t i va t i on   o f   C res tb rook ' s   rap id  

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

t h e   p a s t  may no 1 onger  be o f   c o n c e r n  . 

6.1.4 O r g a n i c   P o l l u t a n t s .   T h e r e   i s  no d a t a   a v a i l a b l e  on t h e   l e v e l s   o f  

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

i n   t h e   C r e s t b r o o k   k r a f t m i l l   e f f l u e n t ,   i n   t h e   r i v e r   s e d i m e n t s   o r   i n   t h e  

r e s i d e n t   b i o t a   o f   t h e  Kootenay  River .   Whi le   research  in to   document ing  such 

cons t i tuents   wou ld   have seemed a p p r o p r i a t e   p r i o r   t o   t h e   a c t i v a t i o n   o f   t h e  

r a p i d   i n f i l t r a t i o n  system, t h i s   w o u l d   n o t  seem t o  be  necessary now un less  

g roundwate r   mon i to r i ng   i nd i ca tes  some contaminat ion   p rob lem  ex is ts .  Thus, 

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

Holmbom ( 3 4 )   r e p o r t e d   t h a t  a1 though   res in   ac ids  and c h l o r i n a t e d  

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

a c u t e l y   t o x i c   t o   f i s h ,  1 ittl e i s  known a b o u t h   t h e   f a t e   o f   t h e s e   f i s h - t o x i c  

compounds i n   e f f l u e n t   t r e a t m e n t  systems  and i n   t h e   r e c e i v i n g   w a t e r s .   L a n d e r  

" e t  a1 ( 3 6 )   r e p o r t e d   t h a t  a f e w   c h l o r i n a t e d   p h e n o l s   t h a t   a r e   p r e s e n t   i n  

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

v i c i n i t y   o f  a p u l p m i l l   p r o d u c i n g   f u l l y   b l e a c h e d   k r a f t   p u l p .  They i n d i c a t e d  

t h i s   i n   i t s e l f   d i d n ' t   t e l l   a n y t h i n g   a b o u t   t h e i r   p o s s i b l e   d e t r i m e n t a l   e f f e c t s  

on f i s h   o r   o t h e r   p a r t s   o f   t h e   a q u a t i c   e c o s y s t e m .  Holmbom (34)  sampled f i s h  

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

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

f i s h   ( p l  asma and b i l e )  was found t o  occur i n  w a t e r   c o n t a i n i n g   o n l y  20 u g / l  

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

acids  between 5 u g / l  and 20 u g / l .   T h i s   c o n c e n t r a t i o n   r a n g e   i n   w a t e r   m i g h t  

a l s o   c o n s t i t u t e  a t h r e s h o l d   f o r   p h y s i o l o g i c a l   s t r e s s  on t h e   f i s h   ( 3 4 ) .  

Holrnbom ( 3 4 )   r e p o r t e d   t h a t   t h e r e  was no i n d i c a t i o n   o f   a n y   t h r e s h o l d   f o r  
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b i o a c c u m u l a t i o n   o f   t e t r a c h l o r o q u a i c o l  down t o   t h e  0.5 u g / l   l e v e l .  He 

r e p o r t e d   t h a t   t h e   s t u d y   r e s u l t s   i n d i c a t e d   t h a t   r e s i n   a c i d s   d i d   n o t  have  any 

a p p r e c i a b l e   e f f e c t s  3.5 km f rom  the   pu lpmi l l   whereas   ch lo r ina ted   pheno l ics  

s t i l l  had n o t i c e a b l e   e f f e c t s  6 km f r o m   t h e   p u l p m i l l .   S t u d y   o f   f i s h  

b ioaccumula t ion  may be  one p o s s i b l e   a p p r o a c h   f o r   d e t e r m i n a t i o n   o f  how f a r ,  

i n   d i s t a n c e ,   f r o m  a p u l p m i l l   t h a t   t h e   s t r e s s   o f   t o x i c a n t s  i s  extended (34) .  

Kruzynsk i  (35 )  r e p o r t e d  on t h e   u p t a k e   o f   d e h y d r o a b i e t i c   a c i d  (DHA) i n  

l a b o r a t o r y  exposed  sockeye  salmon  smolts,  mature  rainbow t r o u t  and t h e  

marine  amphipod Anisogammarus. Kruzynsk i  (35 )  r e p o r t e d   t h a t   l a b o r a t o r y  

exposure   exper iments   es tab l i shed  tha t   sa lmon  can  rap id ly   accumula te  DHA i n  

ma jor   o rgans   such  as   the   b ra in ,   l i ve r  and k idney  and t h a t   t h e s e   h i g h   r e s i d u e  

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

t h e   t e s t   f i s h .  
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APPENDIX I: PROVINCIAL POLLUTION ABATEMENT REQUIREMENTS 

PRODUCTION  BOD5  TSS 

RAT1 NG 

TOXICITY 

C r e s t b r o o k l  

495  ADt/d 3720 kg /d  4950  kg/d 50% s u r v i v a l   i n  100% 
e f f l u e n t   c o n c e n t r a t i o n  

over  a 96  hour  exposure 

t ime.  

1 Based  on  1977 O b j e c t i v e s   f o r   t h e   F o r e s t   P r o d u c t s   I n d u s t r y  o f  B.C. o f  TSS 

(10  kg/ADt)  and BOD5 (7.5 kg/ADt). 

NOTE: D a i l y   l o a d s   r e f l e c t   p e r m i t t e d   v a l u e s  when d i s c h a r g i n g   d i r e c t l y   t o   t h e  

Koo tenay   R ive r .   No rma l l y   e f f l uen t  will be  discharged t o   t h e   r a p i d  

i n f i l t r a t i o n   b a s i n s ,  however,  commencing October 31, 1981 a d ischarge 

o f   e f f l u e n t   t o   t h e  Kootenay  River i s   a u t h o r i z e d   o n l y  when t h e   r i v e r  

f l o w  exceeds: 130m3/s,  170m3/s,  210m3/s  and  250m3/s f o r  1982,  1983, 

1984 and  1985  (and  therea f te r )   respec t ive ly .   Dur ing   any   d ischarge 

p e r i o d ,   t h e   i n c r e a s e   i n   c o l o u r  above  background i n   t h e  Kootenay  River 

shou ld   no t   exceed   15   co lou r   un i t s   a t   S ta t i on  WMB 326. 

I 

I 

n 

M I  
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APPENDIX 11: CRESTBROOK  PULP AND PAPER B IOASSAY RESULTS  FOR 1974 t o  1980 

LOADING 
DENSITY % SURVIVAL 

YEAR SAMPLE DATE SPEC I E S  (gm/ l )  (65% concent r a t  i on) 

B.C.Research Bioassays 
1974 January 7 Coho Salmon 1.45 

J a n u a G  21 (Oncorhynchus k i   s u t c h )  1.54 
January 28 
February 4 
February 11 
February 18 
February 26 
March 4 
March 11 
March 18  
March 25 
March 31 
June 3 
J u l y  9 
J u l y  23 
August 6 
September 5 
October 7 

Beak Consu l tan ts  B i  oassav 
November 4 Rainbow  Trout 
December 3 (Salmo g a i r d n e r i  ) 

1975 January 13 Rainbow  Trout 
January 29 
February 3 
February 10 
March 3 
A p r i l  28 
May 9 
June 3 
November 10 
December 8 

1.68 
1.68 
1.72 
1.76 
1.76 
1.44 
1.96 
1.98 
1.98 
2.22 

33 
.50 
.80 
.63 
.73 
.80 

L1.00 
.40 
.40 
.40 
.40 
.40 
.60 
.21 
.40 
.21 
.90 
.19 

30 
0 

100 
90 

100 
100 
100 
100 
100 
100 
100 
100 
100 
60 

100 
100 

90 
100 

100 
80 
10 * 

100 
100 

0 
100 
100 
90 
60 

100 
100 

L Less  than - C o n c e n t r a t i o n   n o t   t e s t e d  

N o t e : A l l   b i o a s s a y s   a r e   f o r   f i n a l   e f f l u e n t  samples. The procedure t o   t h e  end o f  
1975 was f o r  a 96 h o u r   s t a t i c   b i o a s s a y   w i t h o u t   s o l u t i o n   r e p l a c e m e n t s   a t  65% 
v / v   e f f l u e n t .  As o f  1976, t h e   e f f l u e n t   c o n c e n t r a t i o n  was r a i s e d   t o   p r o v i n -  
c i a l   l e v e l s .   F e d e r a l   p a s s / f a i l   r e p o r t e d   o n l y  i f  65% v / v   e f f l u e n t   r e p o r t e d .  
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APPENIIX I 1  : CRESTBROOK PULP AN> PAPER  BIOASSAY  RESULTS FOR 1974 t o  1980 

YEAR W L E  WTE SPECIES 

LQOING % SURVIVAL 
DENSITY PROVIKIAL FEDERN 96 hr LC50 
(gn/l) 90% conc. 100% m c .  65%  conc. 7 

E n v i m v i m t a l  Protect ion Service  Monitoring 
1976 January  4 Rainbow Trout .49 

January 25 .48 
February 1 .49 
February 29 0 3 8  

March  28 .50 
July 5 0 5 0  

Septenber 13 0 6 8  

October 4 .15 
November 1 1.19 
December 5 .46 

1977 January  2 .53 
February 6 .58 
March 6 0 5 5  

Apri 1  4 -62 
July 27  .57 
August 10 0 5 0  

August  23  .45 
August  24  045 
Septanber 6 0 6 0  

October 11 .87 
October 25 .30 
Novenber 7 .15 
DeceTlber 5 .40 

1978  January  9 0.50 
January 23 0.50 
February  5 0.60 
February 19 0.70 
March 5 0.20 
March 19 0.40 
Apri 1 2 0.40 
Apri 1  19 0.40 
May 14 0.40 
May 28 0.50 
June  18 0.30 

100 
100 
100 
100 
100 
100 
100 
40 
80 

100 
100 
100 
80 
80 

100 
0 

20 
0 

100 
0 

100 
80 
80 
0 
0 
0 
0 
0 
0 
0 
60 
0 
0 

100 

100 - 
85.7 
90 
80 

100 
80 
60 
60 

100 
100 
80 
60 
80 

100 
0 

40 
0 

100 
0 
60 
70 
80 
0 
0 
0 
0 
0 
0 
0 

40 
0 
0 
90 

100 
100 
100 
100 
100 
100 
100 
90 
60 

100 

- 
100 
100 
100 

70 
100 

40 
0 
0 
0 
0 
0 

40 
0 
0 

100 

76 

63 
30-65 
3065 
44 
44 
44 

22-30 
20-30 
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APPEMIIX I 1  : CRESTBROOK WLP PN) PAPER  BIOASSAY  RESULTS  FOR 1974 t o  1980 

LOADING % SURVIVAL 
DENSITY  PROVINCIAL FEDERAL 96 hr LC50 

YEAR WLE SPECIES (gn/l) 90% conc. 100% conc.  65%  conc. % 

Envimvironrwrtal Protection Service  Monitorina 
1978 July 16 

July 30 
August 20 
Septerrber  3 
kptgnber 17 
Ocotber 1 
Novgnber  5 
Deceher 3 

1979  January 7 
February 4 
February 18 
March 4 
March 18 
Apri 1 1 
April 17 
April 29 
May 14 
b Y  27 
July 1 
July 10 
July 15 
August 6 
Septerrber 19 
October  3 
Novgnber 13 
Decmber 5 

Rainbow Trout  0.30 
0.50 
0.80 
2.20 
2.20 
0.40 
0.50 
0.60 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.45 
0.50 
0.50 
0.50 
0.50 
0.50 
0.60 
0.60 
0.80 
0.40 
0.40 
0.52 

40 
0 
0 
0 

100 
100 
100 
100 
100 

0 
0 

17 
0 
0 
0 

33 
0 
0 

20 
100 
80 

100 
100 
100 
100 

0 
0 
0 
0 

100 
100 
87.5 
87.5 
71 
0 
0 

33 
0 
0 
0 

33 
0 
0 

40 
66 
20 

100 
100 
100 
100 

62.5  12.5 

44 
27 
36 

10-30 
87 
45 
10 
17 

77 
61 

94 
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APPENDIX I 1  : CRESTBROOK F " P  AN) PAPER BIOASSAY RESULTS FOR 1974 t o  1980 

LOADING % SrnVIVAL 
D M S I N  PROVINCIAL F'EDERN 96 hr LC50 

YEAR S W L E  WTE SPECIES ( g n / l )  90% conc. 100% conc.  65%  conc. % 

Envirwvi ronnental  Protection  Service  Monitoring 

1980 February 5 Rain& Trout 0.6 0 0 100 80 

February 19 0.4 80 50 100 

March 5 0.5 100 100 100 

Apri 1 1 0.5 80 30 " 

Apri 1 23 0.5 0 0 0 

May. 7* 0.5 0 0 0 

June 4 0.5 0 0 0 

October 15 0.5 0 0 - 
October 30 0.5  100 83 100 

Novenber 11 0.5 0 0 I 

Deceber 10 0.4 0 0 20 52,  65 

10, 30 

10 

10, 30 

* Oxygenated a t  X/mi n. for 3 minutes. 
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A P P E N D I X  I 1 1  

KOOTENAY  RIVER WATER QUALITY  DATA  FOR 1975 



- 4 6 -  

APPENIIX I1 I: KOOTENAY RIVER WATER QuALITY INTA FOR 1975 

Data suppl i d  by Inland Waters  Directorate (NAQUU>AT) 

APPARENT CoLoUi SPECIFIC COWXTANCE TOTAL ALKALINITY TOTAL  HARDNESS 
S m E  $Ri. Units) dP/cm) kn,’i CaCO3) canLy/l ) 
WTE 

Flats Wasa Flats Wasa Flats Wasa Flats Wasa 

March 12  14 48 419 438 146 140 200 190 

April 28  7 31 378 380 153 134 180 190 

April 29 9 26 380 378 151 136 180 170 

April 30 7 30 387 380 150 135 190 170 

1 6  30 3 8 9 3 8 4  152  136  190  170 
June 26  7 7  216 199 99 85  110 97.8 

July 24  L5 L5 240 238 101 95  120 120 

July 25 - L5 - 236 - 93 - 110 

July 26 L5  L5  241  231  101  93  120  110 

Septe&er 4 L5  L5 271  256  114  105  130  130 

October 16 t 5  L5 328  316  129 117 160 150 

Noverrber 12  L5 10 331  337  132  124  170  160 
6.8  17.2  325  314 130 116  159  146 

S.D. 2.7  14.9  72 79 22 21 33 31 

n 11 12 11 12 11 12 11 12 

X 
- 

NOTE :Pulpnil 1 not operational Pugust and SepteTlber, 1975 

:Canal Flats (Ko8NFoo6), Wasa (Ko8NGoo3) 

L = less than  
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ApPEN)IX  I11 : . KWTENAY RIVER MTER QUALITY INTA FOR 1975 

(Conti nued)  Data suppl ied by Inland  Waters Directorate (NAQwa9T) 

DISSOLVED SODIM  DISSOLVED  CKORIDE  DISSOLVED SULPHATE di 

Flats Wasa Flats Wasa Flats Wasa Flats Wasa 

March 12 7.4 14.6 10.7 21.0 63.0 59.5 8.2 8.2 

April 28 6.5 10.9 9.0 14.3 40.0 40.0 8.1 8.1 

April 29 6.3 10.2 8.7 13.1 48.5 40.0 8.1 8.1 

April 30 6.5 10.0 8.8 17.0 40.0 40.0 8.1 8.1 

May 1 6.4 10.1 8.8 13.3 40.0 49.5 8.1 8.1 

June 26  1.7 2.1 2.5 2.9 15.6 17.5 8.2 8.3 

July 24  1.5 1.6 3.8 3.7 19.8 20.0 8.2 8.0 

July 25 - 2.7 - 3.4 - 20.0 - 8.2 
July 26  2.6  2.6  3.0  3.0 20.0 20.0 8.2  8.2 

Septenber 4 2.6  2.6  3.8  3.0  24.5  27.5  8.2  8.3 

October 16  4.4  5.7 5.8  5.8 32.5 36.0 8.4  8.3 

Nwgnber 12 4.6  6.9  6.3  9.0 40.0 39.0  8.3  8.3 
4.6  6.7  6.5  9.1  34.9  34.1  8.2  8.2 

S.D. 2.2  4.4  2.5  6.4  14.2  13.2  0.1  0.1 
n 11 12 11 12 11 12 11 12 

X 
- 

am 

m 
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APPEMIIX I11 : KOOTENAY RIVER WER QWLITY WTA FOR 1975 

(Continued) Data suppl id by Inland katers  Directorate (NAqlJAa9T) 

TOTAL DISSOLMD TOTAL PH0SPtK)ROUS 
SPMPLE 

DATE Cana CaM Cana 
F1 ats Wasa Flats Wasa Flats Wasa Flats Wasa 

March 12  121 107 31 12 - - - 
April 28 130 81 - - 6  4  22  24 

April 29 130 96 - - 3 7 22 22 

April 30 130  93 - - 7  7 10 20 

May 1 130 96 2  5  12  16 

June 26  187  234 10 6  6 4 242 150 

July 24  104 84 106  23  6  2 11 41 

- - 

July 25 - 86 - 24 - 3 - 22 
July 26 86 76 21 40 3 5 11 25 

Septgnber 4 93 75 28 32 18  12 6 9 
October 16 127 82 194 116 - - 14 - 
Noverber 12 143 153 44 49 - - 4  16 - 
X 125  105  62 38 6  5  35 34 
S.D. 27 46 66 35 5  3 73 41 

n 11 12 7 8 8 9 10  10 

m 

I 

m 

m 

m 
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A P P E N D I X   I V  

RANGE OF VALUES  FOR WASTE  MANAGEMENT  BRANCH 
WATER QUALITY  DATA  COLLECTED 

I N  MARCH OF 1 9 7 9  AND 1980 
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pH 8.1-8.2 

W i l t e r a b l e  

ftesidue (a) 3-8 
Specific canductance 
(-/an) 350-321 

Terperature (T) 2.0-3.2 

Dissolved srysen 
(a) 11.3-12.8 

X Saturation - 
True C o l a r r  - 
Colour (T.A.C.) L1-2 

NAmmia (ug/l) L5-21 

N-organic (ug/l) 10-110 

N-ttitrate + 
Nitrite (Ug)  120-140 

NYjeldahl (ug/l) 10-110 

(Ugfl) L2 

Total phosphate 

(Ugfl 1 56 

-phosphate 

(W) L34 

Tamin S Lignin 

(a) L1.O-1.0 

Dissolved sodim 

(a) 5.w.5 

8.14.2 

2 4  

380.384 

0.0 

11.6-13.0 

89-98 

L5 

L1-2 

L5-10 

L10-170 

130-160 

10-170 

L2 

3 4  

L3 

LO. 1 

6.0-6.5 

8.0-8.2  8.0-8.1 

6-12 5-7 

401435 430-472 

2.0-4.1 0.52.0 

12.1-12.7  12.0-13.2 

- 
- 

61 -69 

L5-11 

190650 

110-130 

190660 

17-25 

18-23 

L3-6 

3.6-4.5 

94-105 

40-80 

3661 

L5-16 

m380 

110-180 

1M-38D 

L2-8 

16-29 

L3 

2.6-3.8 

17.6-22.5  16.7-23.9 

8.0-8.1 

5-6 

42p-450 

0.5-2.0 

11.6-12.7 

91-102 

40-80 

33-57 

5-23 

120-350 

m 1 9 0  

120-350 

L2-5 

18-25 

L3 

2.6-5 

13.0-16.9 

8.1-8.2 

5-13 

410425 

3.14.5 

11.7-12.5 

- 
51-58 

5-30 

10-220 

loo-140 

40-230 

12-18 

16-22 

L3-6 

3.0-4.0 

14.3-16.8 

8.1 

5-6 

422-450 

1.0-2.0 

11.5-13.0 

91-104 

40-80 

32-55 

L5-10 

130-250 

110-140 

130-260 

L2-10 

16-24 

L3 

2.4-3.6 

12.5-16.2 
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