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ABSTRACT 

The Environmental Protection  Service (EPS)  in i t ia ted a program 
t o  compile and review  environmental  information on the pulp and paper 
mills i n  British Columbia.  With the  cooperation o f  various  other 
government agencies and the p u l p  and paper industry, EPS compiled 
relevant  resource and receiving environment mon i to r ing  informat ion .  
After reviewing and evaluating  the  existing i n f o r m a t i o n ,  the 
environmental  quality of each area was assessed and the need for  
additional mon i to r ing  studies determined. T h i s  report  represents a n  
assessment of the B.C. Timber p u l  p i 1  1 a t  Cast1 egar, B. C. 
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RESUME 

Le Service de  la  protection de l'environnement a entrepris de 
compiler e t   d '6tudier   les  renseignements recueillis  sur  l 'environnement 
e t  concernant les  usines de pzte 2 papier de l a  Colombie- Britannique. 
S r k e  2 l a  collaboration de pl usieurs  autres agences  gouvernementales e t  
de l ' indus t r ie  de l a  pzte 2 papier,  le  Service de l a  protection de 
1 ' environnement a colnpil i! 1 es donnites pertinentes  et  1 es r'esul t a t s  de 
1 ' e f f e t  de la  pollution  sur  l'environnement. Apr'es avoir g tudi i !  e t  
Cval uC 1 es donnCes obtenues, on a pu Gtabl i r  1 a qual i t 6  de 
1 'environnement de chaque zone e t  dgterminer dans que1 l e  mesure on a v a i t  
besoin de nouvel les  ittudes susceptibles de fournir  d'autres donn6es. Le 
pr6sent rappor t  consi s t e  en  une itval uation  portant  sur 1 ' usine de pite i 
papier B.C. Timber (Castelgar, C . - B . ) .  
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SUMMARY AND CONCLUSIONS 

The B.C. T imber   L td .   (Canadian   Cel lu lose  Company L t d .   p r i o r   t o  
June 1, 1 9 8 1 )   p u l p m i l l   a t   C a s t l e g a r  i s  the o n l y   k r a f t   o p e r a t i o n  i n  
British Columbia   wi thout   some  form  of   secondary   t rea tment   and   d i scharg ing  
t o   f r e s h w a t e r .   E f f l u e n t  i s  d i s c h a r g e d   i n t o  the  Columbia River 
approx ima te ly   3 .2  k m  downstream  of the Hugh Keen leys ide  dam. For  the 
p e r i o d   1 9 7 6   t o   1 9 7 9 ,  the  y e a r l y   a v e r a g e   l o a d i n g   o f  BOD5 frorn the f i n a l  
eff l  uent (combined pul prnill and woodrooril d i scha rges )   r anged   f rom 18 636 
kg/day i n  1978 t o   2 3  728   kg /day   in  1979. For  TSS, the ave rage   r anged  
from 11 336  kg lday  i n  1978 t o  18 382   kg /day   i n   1979 .   Spec i f i c   l oad ings  
i n  terms o f   k g / d a y   ( t o t a l   l o a d   c o n c e p t )   a r e   n o t   i n d i c a t e d  on e f f l  uent 
pe rmi t   PE-1272 ,   i s sued   Sep tember   1973   i n  the name o f   C a n a d i a n   C e l l u l o s e  
Company Limi ted .  For compara t ive   purposes   and   us ing  a m i l l   p r o d u c t i o n  
r a t i n g   o f  504 ADt /day   (4 -yea r   ave rage   fo r   Ce lga r )  and a 17.5 kg/ADt TSS 
o b j e c t i v e ,  the  d a i l y   l o a d i n g   a l l o w a n c e  would  be  in the o r d e r  o f  8 800 
k g / d a y .   I t   h a s   b e e n   e s t i m a t e d   t h a t   a p p r o x i m a t e l y  75% o f  the  combined 
f i n a l  e f f luent  TSS l o a d i n g   o r i g i n a t e s   f r o m  the pulpmill   and w i t h  
r e m a i n d e r   o r i g i n a t i n g   f r o m  the woodroom. S u s p e n d e d   s o l   i d s   d i s c h a r g e d   i n  
the  f i n a l  effl  uent i n c l u d e  a c o n s i d e r a b l e  a m o u n t   o f   s e t t l e a b l e   s o l   i d s .  

A n  Augus t   1977  appl ica t ion  was  made t o  amend pennit PE-1272 on 
b e h a l f  o f  Canadian  Cellulose Ltd .  The a p p l   i c a t i o n   i n c l  uded a request 
t h a t  the  cornpl i a n c e   d a t e   f o r   r e a c h i n g   l e v e l  '2 f o r  TSS d i scha rged   f rom the  
pul  pmill  be a1 t e r e d   t o  March 31 ,   1978,   and   an   ob jec t ive   o f   17 .5  kg/ADt be 
used.  To d a t e  the m i l l   h a s   b e e n   c o n c e n t r a t i n g  on i n - p l a n t   c o n t r o l  
m e a s u r e s   t o   r e d u c e  TSS l o a d i n g s .  The r e q u i r e r n e n t   f o r   b i o l o g i c a l  
t r e a t m e n t   a t  the C a s t l e g a r  pul  pmill was d e f e r r e d   i n   1 9 7 4  by the P o l l u t i o n  
Control  Branch  (now the Waste   Management   Branch)   unt i l   af ter   complet ion 
o f   P h a s e  I 1  o f  the  i J a t e r   I n v e s t i g a t i o n s   B r a n c h  (WIB) s t u d y  on the w a t e r  
q u a l   i t y  o f  the lower  Columbia River and  which was cornpl e t e d  i n  Apr i l  , 
1979. 

C a n a d i a n   C e l l u l o s e  L t d .  had  announced a p r o p o s a l   t o   e x p a n d  the 
C a s t l e g a r   o p e r a t i o n   t o  a product ion   of   be tween 1 000 a n d  1 300 A D t /  day. 
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Although those proposed expansion  plans have since been cancelled, a 400 
ADt/day incremental  expansion a t  the  present mil l  i s   s t i l l  an o p t i o n  
being  considered by B.C. Timber. The  company has also reached an 
agreement  with the  British Columbia  government on a p lan  t o  improve 
effluent  quali ty a t  the  Castelgar  operation with a bio-basin  treatment 
system. An amendment a p p l  i c a t i o n  dated August 21,  1981 has been made t o  
the Naste Management  Branch and c a l l s  for a name change t o  B.C. Timber 
L t d .  and completion of a biological  treatment lagoon t o  meet level A 

objectives by  December 31, 1984. 
Observations by divers i n  June 1975 indicated t h a t  the Columbia 

River bottom near  the  diffuser was covered by a blanket of f ib re  u p  t o  
one meter thick,  extending over  one-half  the  river width and t o  one 
kilometer downstream. The  Water Investigations Branch indicated a need 
t o  assess  the importance o f  t h i s  h a b i t a t  loss. 

Based on resul ts  of the Environmental Protection  Service ( E P S )  
pulpmil 1 eff luent   toxici ty  program, the  Celgar pu l  pmill f i n a l  effluent 
f a i l s  t o  meet either  federal or provincial  toxicity  requirements. The 
Water Investigation Branch reported t h a t  a n  analysis of  effluent  toxicity 
and  dilution  indicated t h a t  there  are probably  sub-lethal  effects on 

aquatic organisms i n  the Columbia River between the pulpmill and the 
Kootenay River a t  lower  flows. Based on an application  factor o f  0.05 of  
the  96-h LC50, they  estimated t h a t  a 96-h LC50 of  40% on the combined 
final  effl  uent would be necessary t o  avoid sub-1 ethal  stress  outside  the 
i n i t i a l  d i l u t i o n  zone d u r i n g  low flows. The potential for  a sublethal 
e f fec t  was f e l t  t o  be due t o  the p u l  prnill effluent and t o  the h i g h  

dissolved gas levels  resulting from the Hugh Keenleyside Dam. NIB 
recormended a study t o  assess  sub-lethal  stress i f  the  effluent 96-h LC50 
i s  not  generally  greater than  40%. 

The effect  of  the i lugh  Keenleyside Dam on the Columbia River a t  
Cast1 egar i s  t o  even o u t  the  fl ow by reducing  spring  flood peaks and i n -  
creasing  the vol  ume of 1 ow winter flows, thereby  generally p r o v i d i n g  
bet ter  winter  d i l  u t i o n  potential. However, f l o w  regulation can increase 
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the  duration  over which continuous very low flows  occur,  usually for 
periods between February and June. The  normal  minimum flow  in  the 

~ Columbia River a t  the pul  m i l l   i s  142 m3/s and provides about  a 50: l  
dilution a t  the end of  the 100 m dilution zone. 

The stretch of river downstream  of the Hugh Keenleyside Dam t o  
the  Castlegar  ferry supports a significant  recreational  fishery  for k o k -  
anee, rainbow t r o u t ,  Dolly Varden and whitefish. Complaints of tainted 
fish  (primarily  whitefish,  some rainbow trout) have  been reported by the 
Fish and Wild1 i f e  Branch. A1 t h o u g h  a B.C. Research t a s t e  panel tes t ing 
f i sh  caught downstrearn  from the pul pnill  diffuser  generally d i d  not 
associate  tainting  (very  slight t o  moderate for  the trout, moderate t o  
strong  for  the  whitefish) w i t h  k ra f t  mil 1 effl uent , the trout deemed t o  
have a moderate degree o f  tainting were described by some t a s t e r s  as 
having "a pul  pmill tas te" .  The tes t   f i sh  were caught d u r i n g  fl ows of 
approximately  the  average annua l  discharge (1 140 m3/s) and gave a re1 a- 
t ive ly  h i g h  dilution of abou t  700:l. I n  a d d i t i o n ,  the  f ish were caught 
i n  a year w i t h  re la t ively few days of minimum flows. WIB reported t h a t  
ta int ing may be possible a t  very low river flows. 

Water quality  parameters from a station 6 k m  downstream from 
the pulpmill diffuser t h a t  have shown an increase above background levels 
i ncl ude col our , phenol , tanni n / l  igni n and di ssol vcd sodi urn. The  minirnum- 
maximum range f o r  pH was much larger f o r  the downstream sarnpl es (6.6-9.9)  
t h a n  f o r  the  control samples ( 7 . 3 - 8 . 7 ) .  NIB reported t h a t  the Col umbia 
River is  capable o f  buffering an acidic  discharge b u t  has on ly  limited 
capacity t o  buffer an  alkaline  discharge. On two occasions  the pH a t  the 
s ta t ion 6 km downstream  of the  outfall exceeded 9.0. A pH o f  9.1 a n d  9.9 
was recorded  during relat ively high  flows o f  858 and 572 m3/s, respec- 
t ively.  Levels e r e  likely  greater i n  the m i x i n g  zone. N I B  identified a 
need t o  m a i n t a i n  the  river pH a t  background levels beyond the i n i t i a l  d i -  

l u t i o n  zone of  100 meters and recommended t h a t  highly  alkaline  effluent 
discharges be avoided. NIB reported t h a t  there has  been no significant 
reduction i n  dissolved oxygen  downstream of the p u l  p m i l l  b u t  should ,?OD5 
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loadings  increase,  the  assimilative  capacity of the  river should be asses- 
sed. In addition,  they  reported t h a t  any aesthetic  degradation due t o  
colour or foam  was not severe and occurred for  short  periods a t  low r iver  
flows. A t a s t e  panel was able t o  distinguish between effluent-free and 
effl  uent-containing Columbia River  water w i t h  a t  least  95% confidence 
a t  dil  gtions  as high  as 1 000: 1. The greater par t  of the water qual i t y  
d a t a   t h a t  has been collected  respective t o  the Cast1 eyar pul  pmill has been 
col1  ected  during moderate t o  h 
o f  low flows, such as 1974 and  
more pronounced. 

There i s  no informat 

g h  flows. I n  a year sJi t h  extended  periods 
1975, the impact of the p u l  pmill m i g h t  be 

on presently a v a i l  ab1 e on the 1 eve1 s of 
the  toxic  organic chemical constituents of bleached  kraftrnill  effluents 
i n  the sediment or the b i o t a  of the  area downstream of the p u l p m i l l  
diffuser.  Research i n t o  t h i s   f i e ld  may  be warrranted. Progranls o u t -  
lined by WIB for  intensive water quality moni tor ing  during low flows, a 
re-eval u a t i o n  o f  the  size and  impact of  the  f ibre bed downstream of  the 
diffuser  and an assessment o f  the  possibil i ty of sub-lethal  stress should 
be made. A fish  tainting study i n  a year with extended  periods o f  low 
flows  should be considered. 

a 

m 
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1 INTRODUCTION 

B.C. Timber Limited  (Canadian  Cell ul  ose Company prior  to June 1, 
1981)  operate a bleached kraft pul pmill (Celgar P u l  p Division) a t  
Castlegar, B.C. (Figure 1). The pulpmill began operating i n  1960 and i s  
si tuated on the  south  side o f  the Columbia River and the  diffuser i s  
located  approximately 7.2 km upstream of the  confluence of the Kootenay 
and Columbia Rivers  (Figure 2 ) .  The Hugh Keenleyside Dam is  located 
approximately 3.3 km upstream from the p u l  pmill diffuser.  

The Celgar pul  p i l l  is the  only  interior  British Col ulnbia 
pul pmill discharging  effl uent into  freshwater  without prior biological 
treatment. The woodroom effluent  receives primary treatment  before  being 
discharged i n t o  the Columbia River. 

The  Columbia River between the Hugh Keenleyside Dam and the 
Kootenay River  supports an important recreational  fishery  for kokanee, 
rainbow trout, Dolly Varden and whitefish. A Phase I evaluation o f  envi- 
ronmental knowledge on the Lower Columbia River Basin up t o  the end of 
1975 has been completed by the  provincial Water Investigations Branch 
(WIB) (1) and, more recently, a Phase I 1  evaluation has been completed on 
d a t a  col lected in 1976 and 1977 (2).  

This  review has been restr ic ted t o  effluent  quali ty  for  the 
p e r i o d  1976 t o  1979 a s  it r e 1   a t e s  t o  BOD5 and   t o t a l   suspended  sol i d s  ( T S S ) ,  

the period 1973 t o  1977 f o r  effl  uent toxicity,  the  fishery  resources i n  
the  vicinity of the pul  pmill and  the f i n d i n g s  of  receiving  water  studies 
conducted t o  assess  the  aquatic impact of the p u l  pmill discharge.  Effl uent 
quali ty d a t a  has been derived  primarily froin m i l l  monitoring resul ts  
submitted t o  the Environmental Protection  Service (EPS) .  The WIB Phase I 
a n d  Phase I1 reports have been the primary source of environmental 
information  for  this review. 
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2 PULP MILL OPERATIONS 

2.1 Operational  History 

The Celgar pul pmill a t  Castlegar i s  an integrated wood and 
bleached kraft  mill  operation and started  production i n  November 1960. 
P u l p  production has gradually  increased t o  the  present  level of approxi- 
mately 500 ADtlday as a resul t  of i n - p l a n t  modifications  (Table 1). 
The  company had announced proposed expansion pl ans for  the  existing mil 1 
t o  a production of betwen 1 000 and 1 300 ADt/day and the  possibility of 
building a new thermo-mechanical pul p i l l  was also being examined ( 3 ) .  
The proposed expansion pl ans have since been cancel  led b u t  a 400 ADTlday 
incremental  expansion i s   s t i l l  an o p t i o n  being considered by B.C. Timber 
( 2 9 ) .  

2.2 Effluent Treatment and Disposal 

The pul p i l l  effluent  originates from three main sources:  the 
acid and alkaline seLvers  which are combined i n  a foam mixing t a n k ,  a n  
overflow from the unbleached white  water t a n k  and the  general sewer con- 
taining  effluent from the woodroom c l a r i f i e r  and the  recovery and the 
p u l  p i n g  processes. Effl uent treatment  facil  ities  are  exclusively i n -  
p l a n t  controls and are  designed t o  reduce the suspended solids load  
(Figure 3 ) .  Effl uent from the  digester and  bleach p l a n t  i s  diverted over 
a se t  o f  f ib re  recovery  screens prior t o  being released. An additional 
c l a r i f i e r  i n  the  recausticizing  area was added i n  1978. Effluent from 
the woodroorn receives   f i l t ra t ion and primary c lar i f icat ion prior t o  being 
mixed i n  the foam tank .  Beak Consultants ( 4 )  have evaluated  various 
secondary  treatment o p t i o n s  f o r  the  Celgar  operation. 

I 
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TABLE 1 MILL DESCRIPTION 
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Yil 1 Type 

Average   Product ion   Average  Annual 

( A D t  / day)  F1  ow ( m3/s) Wood Furnish 

I n t e g r a t e d   k r a f t  and 

wood mil 1 p roduc ing  

semi-bleached  and 

b l e a c h e d   k r a f t  

market  pul p 

1976 - 494 

1977 - 520 

1978 - 500 

1979 - 504 

1976 - 1.41 

1977 - 1.34 

1978 - 1.35 

1979 - 1.44 

Spruce-bal  Sam. .25-30% 

P i  ne.. . . . . . . . . . .5-10% 

Hernl ock.. . . . . . . . . .25% 

C e d a r - f i r - l a r c h . . . % %  

m 
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3 FEDERAL A N D  PROVINCIAL ABATEMENT REQUIREMENTS 

111 

Federal P u l p  and Paper Effluent  Regulations (5 ,  6 )  were intro- 
duced i n  1971. The provincial  Pollution Control Objectives  for  the  Forest 
Products  Industry of B.C. were f i r s t  introduced i n  1971 ( 7 )  and revised i n  

1977 (8).  

3.1 Federal  Requirements for Effluent 
Under federal  regulations, t o t a l  suspended sol ids (TSS) , b i o -  

chemical oxygen demand ( B O D 5 )  and  toxic wastes are  prescribed as deleter- 
ious under the  Fisheries Act. To date,  the  federal approach t o  regulation 
implementation has been t o  achieve compliance v i a  the  provincial Waste 
Management  Branch permit  system.  This  approach has general l y  been work- 
able,  especially  for  mills  discharging t o  freshwater where provincial 
requirements have para1 1 el ed federal regul ations. The parameters o f  TSS, 
BOD5 and toxici ty  have been assessed i n  Section 4 on t h a t  basis. 

3.2 Provincial  Requirements for  Effluent and Solid Wastes 
Canadian Cel lulose  f i rs t  appl ied for  a P o l l u t i o n  Control Permit 

t o  discharge  effluent i n  July 1970. Permit PE-1272  was issued September 
1 7 ,  1973, and required t h a t  Celgar meet provincial  level B objectives  for 
BODg, TSS and toxicity by December 1975. The woodroorn effluent was t o  meet 
level B objectives by the same date. An amendment a p p l  ication was  made 
by the company i n  August 1977 t o  defer  the compliance date f o r  the p u l p -  
mill TSS 1 eve1 t o  March 31, 1978, and t h a t  a level o f  17.5 k g / A D t  be used. 
The requirement t o  meet level 3 for  BOD5 and toxicity was deferred by the 
Waste  Management  Branch (formerly Pol 1 u t i o n  Cont ro l  Branch) i n  1974 pend- 
i n g  completion o f  Phase I 1  of the WIB eval u a t i o n  on the water qual i t y  o f  
the lower Columbia River and which  was expected t o  establish i f  a further 
reduction i n  these  parameters was required. 

The effluent  quality  requirements as presently ou t1  ined i n  
Permit PE-1272 do reflect  level 2 of  the 1971 Objectives. The permit 
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al lows for  a discharge of 111 400 $/day from the pul p i 1  1 and 25  000 rn3/day 
from the woodroom t o  the Columbia River.  Effluent  limits  prescribed on 
Permit PE-1272 f o r  TSS, BOD5 and toxici ty   are   l is ted i n  Appendix I. Daily 
1 oadings for  BOD5 and TSS are  not  reflected on the permit and values  repor- 
ted i n  Appendix I have been calculated by the a u t h o r  for  demonstrative 
purposes . 

Canadian Cellulose Ltd.  has reached an agreement with the 
Brit ish Columbia  government on a plan t o  improve effluent  quality a t  the 
Cast1 eyar  operation w i t h  a bio-basin  treatnent system (28) .  An amendment 
application  dated August 21,  1981 has been made t o  the idaste Management 
Branch and ca l l s   fo r  a name change t o  B.C. Timber Ltd. ,  primary treatment, 
pH cont ro l   fac i l i t i es  and a biological  treatment lagoon t o  meet level A 
objectives by  December 31, 1984. 

Sol id  wastes from the pul pmill and lumber operations  are  land- 
f i l l e d  a t  a s i t e  approximately 300 rn southwest o f  the  sami11. Sol i d  

waste  disposal  conditions  are  stipulated in Permit PR-1760, which was l a s t  
amended on January 4,  1979. The quantity of  refuse which may be dis- 
charged i s  67 rn3/day. Sol id  wastes  will be  made up o f  1 irne mud, sl  aker 
g r i t s ,  bark  and scrap 1 umber, waste pul  p and paper, and scrap  metal. 

Domestic sewage a t  the  Celgar  operation  receives  secondary 
treatment and i s  chlorinated prior to  being discharged t o  the Columbia 

River upstream o f  the  process  effluent  discharge. Permit PE-1273 a l lows  
f o r  an average annual  sewage discharge of 114 m3/day. 

I 

0 

I 
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4 EFFLUENT  ASSESSMENT 
I 

1 

Y 

I 

I 

4.1 TSS and BOD5 f o r   1 9 7 6   t o   1 9 7 9  

L o a d i n g s   o f  TSS and BOD5 f o r  the Ce lga r  pul pmil l   have 
been c a l c u l   a t e d   f o r   1 9 7 6   t o   1 9 7 9   ( T a b l e  2 ) .  The Val ues r e p o r t e d  
r e f 1  ect 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 given month  cal   cul   a ted  f roin 
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   a n d   f i n a l  
effluent q u a l i t y   r e s u l t s   f o r   t h a t  month. 

While s p e c i f i c   l o a d i n g s  i n  terms o f   k g / d a y   a r e  n o t  i n d i c a t e d  
on Permit PE-1272, the  usua l   p rocedure  i s  t o   c a l c u l a t e  them fro111 the 
mill 's  p r o d u c t i o n   r a t i n g   a n d  a 1 irnit per tonne   o f   p roduc t ion   a s  
s p e c i f i e d  i n  the 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 .  Just f o r   d e m o n s t r a t i v e  
p u r p o s e s ,  the f i n a l  effluent l o a d i n g s  i n  Tab le  2 have  been a s s e s s e d  i n  
r e l a t i o n  t o  a n   a v e r a g e   4 - y e a r   p r o d u c t i o n   ( 1 9 7 6   t o   1 9 7 9 )  o f  504 ADt/day 
and the 1971   l eve l  B o b j e c t i v e s   r e p o r t e d  on  Permit  PE-1272  (Appendix 
I ). Based on the a v e r a g e s   f o r  the 4 y e a r s  reviewed, the BOD5 and 
TSS l oad ings   can   be   abou t   doub le   t ha t   wh ich  the 1971   l eve l  5 o b j e c t i v e s  
would c a l l   f o r ,   b a s e d  on a product ion  of   504  ADtlday.  The company 
i n d i c a t e d  i n  their August  1977  amendment  appl  ication  that  the pul pmil l  
meet a 1977 level 6 objective o f  17.5 kg/t f o r  TSS. A t  a p r o d u c t i o n  

o f  504 ADtlday this would  correspond t o  a l o a d i n g   o f  8 820 kg/day.  WIB 
( 2 )  r e p o r t e d   t h a t   a p p r o x i m a t e l y   7 5 %   o f  the  f i n a l   c o m b i n e d   e f f l u e n t  
( p u l   m i l l  and  woodroom) TSS l o a d i n g  comes  from the pul  pmill . Based on 
the  y e a r l y   a v e r a g e s  i n  Tab le  2 and   tak ing   75%  of  the  f i n a l  e f f luent  
l o a d i n g s ,  TSS l e v e l s   c a n   s t i l l   e x c e e d  the 1977  leve l  3 o b j e c t i v e .  WIB 
( 2 )  r e p o r t e d   t h a t  the suspended  sol  i d s  d i scha rged   f rom the m i l l  
i n c l u d e d  a c o n s i d e r a b l e  amount  of s e t t l e a b l e   s o l  ids. WIB ( 2 )  r e p o r t e d  
t h a t   a p p r o x i m a t e l y  88% o f  the  f i n a l  e f f luent  combined  (pul m i l l  and 
woodroorn) BOD5 l o a d i n g  was from the pul pmi l l .  
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TABLE 2 CELGAR PULPMILL  FINAL  EFFLUENT  TSS A N D  BOD5 LOADINGS ( k g l d a y )  
FOR 1976 TO 1979 

1976 1977 1978 1979 
BOD5 TSS BOD5 TSS BOD5 TSS BOD5 TSS 

J a n u a r y  
F e b r u a r y  
March 
April 

May 
June 
Ju ly  

August 
September  
Oc tobe r  
November 
December 

21  682 24 000 19  091 9  327 1 6  100 13 082 25 200 43  773 
25  254 16  282 21  209 6 800 20  164 1 7  509 20 109 16  418 
20  664 24  673 25 682 16 645 20  336 11 527 23 482 13 900 
15 618 21 282 22 245 1 7  000 29  654 10  364 28 182 10 845 
16 118 13 973 18 900 10 736 16  773 6  591 23 709 9  382 
23  273 21  554 1 7  873 7 336 20  009 6 009 25  382 9 527 
16  182 6  564 20  454 12  245 16  745 4 291 28 636 18 327 
21  845 19  964 20  773 22  854 20  236 10  073 1 7  000 7 854 
18 009 15   345  19  909 12  209 16  827 7 264 23 500 30  582 
19  609 14  973 25  345 7 273 19  736 11 945 25  091 1 9  254 
19  691 8 636 26  682 16  354 19  036 7 254 26.  145 13 036 
1 7  791 9 827 - - 1 7  054 30  091 18 264 22 709 

AVERAGE 19  645  14  927  22  018  12  554 18 636 11 336  23  728 13 382 

ESTIMATED TSS AND BOD5 LOADINGS (kg /day)  CONRIBUTED FROM PULPMILL  EFFLUENTS* 

1 7  288 11 195  19  346 9 415 16 400 8 502 20 881 13 736 

~~~~~ ~~ ~ ~ ~~~ ~~~ 

*Based on WIB ( 2 )  e s t i m a t e s  o f  f i n a l   c o m b i n e d   e f f l  uent ( p u l  p m i l l   p l  us woodroorn), 
t h a t  752 o f  TSS loading   and  88% o f  BOD5 l o a d i n g  i s  from t h e  pul p m i l l .  

~~~ ~ ~~ ~ ~ ~ 
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4.2 Toxicity  for 1973 t o  1977 

The 1971 provincial  objectives ( 7 ) ,  i n  force u n t i l  1977,  
specified a s t a t i c  bioassay t e s t  i n  which 50% of the test   f ish  survive a 
96-hour exposure t o  a specific  effluent  concentration. A 90% effluent 
concentration was t o  be  used  where the f i n a l  effluent d i l u t i o n  was greater 
t h a n  2O:l (Celyar P u l  pmill) and a 100% concentration where the d i l u t i o n  
was less  t h a n  2 O : l  in  the  receiving water. Effluent  testing was required 
quarterly,  with a provision  for weekly testing i n  the  event of fa i lure  t o  
meet the  specified  toxicity  level. The 1977 objectives (8 )  specify 50% 
survival d u r i n g  a 96-hour s t a t i c  bioassay t e s t  o f  100% effluent 
irrespective of dilution  potential. A monthly monitoring  frequency i s  
suggested i n  the 1977 objectives and i f  a fa i lure   is   detected,   the  
frequency  should be every two weeks u n t i l  the  objective is  met. 

Walden " e t  a l .  ( 9 )  reported t h a t  the  provincial  objective of 50% 
survival i n  a 90% effluent  cgncentration over 96 hours  exposure ( s t a t i c  
t e s t )  was sl ightly more stringent t h a n  the  federal  routine moni to r ing  
bioassay o f  80% survival  in a 65% effluent  concentration of  96 hours 
exposure ( s t a t i c   t e s t ) .  

I n  December 1975 the Environmental Protection  Service (EPS)  i n i -  
t i a t e d  an effluent r n o n i t o r i n g  program t o  determine the extent o f  compl i -  

ance w i t h  present  toxicity  standards. Under the program mills  sent  efflu- 
ent samples t o  the EPS 1 a b o r a t o r y  for bioassay. The effluent  concentra- 
t ions  tested a t  90% and 100% directly  related t o  provincial  objectives and 
those a t  65% with  federal  routine  monitoring  requirements. 

A 1 i s t ing o f  a l l  bioassays conducted 011 the  Celgar p u l  pmill over 
the  period 1973 t o  1977 i s  provided i n  Table 3. Toxicity  testing for  the 
Celgar  operation  differed from the normal procedure used i n  the monitoring 
program i n  t h a t  96-h LC50 values were determined on a l l  the sampl es 
a n d  on ly  i n  1976 was an  actual 65% v / v  concentration  (federal  toxicity 
test  concentration)  ever used. 



- 12 - 

TABLE 3 CELGAR PULPMILL FINAL EFFLUENT BIOASSAY RESULTS, 
1973 TO 1977 

Year Sampl e Date* Species 
Load i nq  

1973 

1974 

1975 

1976 

1977 

November 22** 
November 27 
December  3* 
December 9 
December 1 6  

November 1 3  
November 1 9  
November 2 5  
December 1 
December 9 

December 1 5  

December 1 6  

February 17 
April 28 
June 16 
August 18 
October 27 

January 18 
March 8 
June 21 
August 24 
November 9 

Coho Sal mon 1.80 
(Oncorhynchus 1.80 
kisutch) 1.62 

1.84 
2.10 

0.66 
1.22 
1.02 
0.95 
0.95 
1.10 

Ra i nbow Trout  0.44 

(Salmo - g a i  rdneri 0.42 
0.22 
0.46 
0.73 
1.60 

0.47 
0.93 
0.47 
0.45 
0.40 

13.5 
18.0 
24.0 
13.5 
24.0 

22.5 
24.0 
24.0 
45.5 
24.0 
39.3 

4.2 

20.0 
18.2 
20.0 
8.4 

25.0 

27.5 
7.5 

26.5 
9.8 

28. o 

* no resu l t s   a f te r  1977 
** saritpl  e neutral  ized 
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Over the  five  years, none of the 22 samples tested passed e i ther  
the  provincial or federal  toxicity  requirement  (Table 3 ) .  The 96-h 
LC50 for the f i n a l  eff l  uent  averaged 21.2% and ranged between 4.2% and 

45. 5%. 
NIB ( 2 )  reported t h a t  phenols,  resin  acids,  tannin and lignin- 

1 ike compounds, sul phides,  mercaptans and  chlorine  residual were a t  level s 
t h a t  could make the  effluent  toxic t o  aquatic  l ife.  I t  was a1 so reported 
t h a t  contaminated  condensates from the black liquor  evaporators and d i -  
gesters,  which contain  volatile reduced sulphur compounds t h a t  are a major 
source of toxici ty ,   are  sewered without  treatment a t  Celgar. In addition, 
s p i l l s  of highly a1 kal ine and toxic  Inaterial s \/ere  reported t o  presumably 
occur a t  Celgar as evidenced by r a p i d  s h i f t s  i n  effluent pH. Eighty  per- 
cent of the pH measurements on the f i n a l  effluent were outside  the  range 
o f  6.5 - 8.5 specified i n  the pewnit. Seventy-five  percent  of  the mea- 
surements were less  t h a n  pH 6.5 b u t  4% were greater t h a n  8.5. "pH" could 
shif t   rapidly from acid t o  alkaline d u r i n g  the day ( 2 ) .  WIB ( 2 )  reported 
t h a t ,  frorn chlorination, a residual  could be l e f t  i n  the  effl uent t h a t  
would  be toxic t o  aquatic 1 i f e  and t h a t  organic compounds could be formed 
t h a t  are known t o  be toxic t o  aquatic  l ife.  

WIB ( 2 )  reported t h a t  the  analysis of effl  uent toxici ty  and 
dilution  indicated t h a t  there  are p r o b a b l y  sub-lethal  effects on aquatic 
o r g a n i s m s  i n  t h e  Columbia River be tween  the p u l  p i l l  and t h e  Kootenay 
River a t  1 ower f l  ows. 

S h o u l d  the  reader wish t o  review in fo rma t ion  on acute  toxicity 
bioassay  monitoring and the  toxic  fractions i n  pu l  pmill effluents he 
is   referred elsewhere (10 ,  11, 12  13, 14,   15,   16) .  
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5 RECEIVING WATER FEATURES 

5.1 Lower Columbia River  Drainage Basin 
The drainage  area  for  the Columbia River a t  Castlegar i s  36 519 

km2. The Col umbia River drains  the western  slope of the Sel kirk Mountains 
and the  eastern  slope of the Monashee Mountains. The Columbia River north 
of the United States '  border drains a t o t a l  area of 154 623 km2.  
The Columbia River-Arrow Lakes valley forms the boundary between the 
Selkirks and the Monashees. I t  i s  a narrow, longitudinal  valley which i s  
generally  less t h a n  3.2 km wide and l i e s  a t  an  elevation o f  427 t o  457 
meters (1 ). 

The out le t  o f  the Lower Arrow Lake i s  located a t  the Hugh 
Keenleyside Dam which has no hydro-el ec t r ic  capabil i t y  b u t  since 1968 i t  

has been  used t o  control  the  level o f  the Arrow Lakes for  flood  control 
a n d  downstream power generation i n  the United States. 

5.1.1 Hydrology. The  mean annual discharge  for  the Col umbia River a t  
Castrlegar i s  1 140 m3/s. !JIB (1 )  reported t h a t  the Kootenay River 
inflow i n t o  the Columbia River a t  Castlegar  increases  the flow i n  the 
Columbia by a b o u t  75%. Stream-fl ow d a t a  from Water Survey of Canada rec- 
ords for 1972 t o  1976 ( 1 7 )  a t  Station 08NE002, located 3 k m  upstream of 
the Kootenay River  confl  uence, are shown i n  Figure 4. The streanfl ows 
shown i n  Figure 4 deviate somewhat frorn a normal expected f l o w  cycle  as a 
resul t  of the Hugh Keen1 eyside Dam. WIB (1 ) reported t h a t  the  effect o f  
the darn i s  t o  even o u t  the flow by reducing  spring  flood peaks and genera- 
l l y  increasing  the vol ume of l ow winter  fl ows. 

The WIB (1) included a figure on the  predicted  effect of flow 
regulation on the Columbia River. T h a t  f igure has been included  as  Figure 
5 o f  this report. 

WIB (1)  reported t h a t  the natural  f l o o d  peaks o f  May t h r o u g h  
July  are  substantially reduced as  water is  stored i n  the  reservoirs b u t  
t h a t  the August t h r o u g h  October  flows  approximated n a t u r a l  f low condi- 
tions (Figure 5 ) .  Flows d u r i n g  November t h r o u g h  February are  greatly 
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i ncreased  as  water i s  re1 eased for downstream uses and spring  fl ood con- 
t ro l  (1 ). The increased vol ume of winter 1 ow f l  ows general 1 y provides 
more dilution  for  discharges  to  the Columbia River (1). WIB ( 2 )  reported 
t h a t  the nonnal minimum f l o w  in  the Columbia River above the Kootenay 
River i s  142 m3/s and t h a t  the  average weekly discharge from the Hugh 
Keenleyside Dam cannot be less  t h a n  142 m3/s unless  agreed upon by B. C. 

Hydro, the Bonne v i l l e  Power Administration and the U.S. Army Corps  of 
Engineers. They a1 so reported t h a t ,  on average,  flows around 142  d / s  
are  expected t o  occur a b o u t  3.5% of the time (13 dayslyear) and f l  ows 

signif icant ly   less  t h a n  142 m3/s are  not normally  expected t o  occur. 
Daily  flows of less  t h a n  128 m3/s have occurred on 15 days over the  period 
1968 t o  1377 ( 2 ) .  

Water Survey of  Canada d a t a  for  the  period 1970 t o  1979 shows 
t h a t  the number o f  days o f  m i n i m u m  flows less  t h a n  142 m3/s i s  highly 
variable (Tabl  e 4 ) .  I n  certain  years  the number o f  days w i t h  flows less  
t h a n  142 m3/s is   qui te   s ignif icant  (1974 = 51 days).  This i s  even more 
impor t an t  when the low flows  extend  over a continuous  period,  usually f o r  
periods between February and June. There are a substantial number of 
days where the flows  fa1 1 between the 142-156 ,1i3/s range (Tabl  e 4 ) .  

WIB ( 2 )  reported  the  dilution rat io ,  a t  an effluent flow rate  
of 1.4 m3/s, during minimum flows t o  be a b o u t  1OO:l once l n i x i n g  i s  corn- 
plete .  The exact d i s t a n c e  required t o  achieve complete m i x i n g  i s  not  

known b u t  the maximum distance  is  probably a b o u t  4 k m  as nixing  should be 
complete once the water enters  Castlegar Narrows ( 2 ) .  WIB ( 2 )  reported 
t h a t  aerial photographs  taken  during a flow of  149 m3/s showed t h a t  a 60  m 
wide effluent plume surfaced w i t h i n  40 m of  the  diffuser,  spread t o  100 m 
wide a t  100 m downstream and 120  m wide a t  300 m downstream. The pl  ume 
impinged on the  south  side of the  r iver 450-600 m downstream  from the 
diffuser.  The m i n i m u m  d i l u t i o n  available w i t h i n  the i n i t i a l  dilution 
zone (100 m) has  been estimated t o  be a b o u t  50: 1. 
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TABLE 4 SUMMARY OF THE NUMBER OF LOW FLOW  DAYS  FOR THE 
COLUMBIA  RIVER AT CASTLEGAR OVER 1970 TO 1979 

Year 
F1 ow ( n3 / s )  

f 142 A 142,  1156 X 5 6 ,  A 1 7 0  L 1 7 0   1 3 5 0  
t o t a l   t o t a l  
" 

1970 
1971 

0 3 0 3  82 
0 0 0 0 66 

1972 0 0 0 0 0 
1973 14  48 1 63 99 
1974 51 33 2 86  109 
1975 9 72 3  84 93 
1976 0 11 0 11 15 
1977 3 12 0 15 27 
1978 0 38 0 38 51 
1979 0 0 0 0 7 

Water  Survey o f  Canada  Data 
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5.2 Fisheries Resource 
The Fi sh and Game Branch (18) ,  now Fi sh and Wi 1 d l  i f e  Branch, 

conducted some preliminary  investigations i n  1962 and  1963 t o  determine 
the probable effects  o f  the Hugh Keenleyside Dam. In t h a t  report i t  was 
reported  that  there i s  an extensive  sport  fishery in the Columbia River 
between the darnsite and the United States '  Dorder approxiwately 29 knl  
downstrearn. Rainbow trout u p  t o  2 . 3  k g  and Dolly Varden char u p  t o  12 .7  
k g  are  taken,  as well as Rocky Mountain whitefish  (18). 

Robinson ( 1 9 )  reported t h a t  the  stretch of the Colunlbia River 
between the Hugh Keenleyside Dam and the  Castlegar  ferry  supports an  i m -  

p o r t a n t  winter  fishery. He reported t h a t  a 1976 creel  census d u r i n g  the 
months o f  January t o  March determined t h a t  1 200 f i s h  were caught w i t h  
2 400 angler hours of e f for t .  Of these  fish more t h a n  75% were kokanee 
weighing u p  t o  1.8 k g  , while  the  rest were rainbow trout. Angler use was 
reported t o  be normally greater and  the 1976 resul ts may be o f  a n  atypical 
year. WIB (1 ) reported t h a t  from a creel census i n  1969, over July t o  
September, t h a t  2 400 f i sh  were caught by  530 anglers between the dam and 
the Kootenay River  confluence. I n  addition t o  rainbow trout and kokanee, 
the  s t re tch o f  r iver  below the dam supports  populations  of Dolly Varden 
and  whitefish ( 1 9 ) .  Dolly Varden are more heavily  fished d u r i n g  yay and  
June,  while  whitefish  are  caught  year round. 

P. S t e n t  (per .  comrn., F i s h  and Wild1 i f e  Branch, T r a i l )  reported 
t h a t  kokanee u p  t o  4 5  crn are caught i n  the  stretch o f  Columbia  River 
downstrearn o f  the dam t o  Castlegar and t h a t  kokanee spawn i n  Norns  Creek 
(local name i s  Pass  Creek) , a t r i b u t a r y  located  just upstream o f  the 
Kootenay confl uence (Figure 3 ) .  L. F1 eck (per. comm. , Fish and 1Jildl i f e  
Branch,  Nelson) reported t h a t  Norns Creek a1 so supports spawning 
populations o f  rainbow t r o u t  and Dolly Varden and  likely  whitefish. Maher 
( 2 0 )  reported t h a t  no migratory runs o f  f ish would  be significantly 
affected by the Hugh Keenleyside Dam therefore  f ish 1 adders would not  be 
required a t  the dam. 
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6 ENVIRONMENTAL IMPACT AND ASSESSMENT STUDIES 

6 .1  River  Studies 
Very 1 i t t l e   de t a i l ed  work has been  done on the Columbia River 

w i t h  respect t o  the  Celgar  operation. Robinson (19)  reported t h a t  the 
Celgar  operation has never implemented a receiving environment nonitoring 
program as  stipul  ated i n  the i r  permit. Environmental d a t a  up t o  the end 
of 1975 has been reviewed by the NIB (1) i n  the i r  Phase I report and data 
collected over 1976 and 1977 was revieNed in the i r  Phase I1 report ( 2 ) .  
The information  presented i n  th is   sect ion  is  based mainly on the  findings 
reported in the two WIB reports. 

6.1.1 River S tudy  Assessments. 
6.1.1.1 Water quality. The Ministry of the Environment has  a water 
quality  station  located immediately downstream of the Hugh Keenleyside Dam 
(0200183). A monitoring station dowstrearn of  the mil l  o u t f a l l  and up- 
stream of the Kootenay River  confluence d i d  n o t  exist  a t  the time o f  the 
WIB Phase I study (1) .  Since t h a t  report, S t a t i o n  0200200 was establ  ished 
on the west shore 6 km downstream of the pul  p i l l  o u t f a l l  ( 1 . 2  km upstream 
of the Kootenay River  confl  uence). Water q u a l i t y  d a t a  from S t a t i o n s  
0200183 and 0200200 f o r  June 1975 t o  June 1978 have been supplied  for  this 
review by  Pornmen (21) of the Water Investigations Granch, Victoria. 

Data collected between  1956 and 1971 and reviewed i n  the Phase I 
report was reported t o  show no detectable changes i n  the  parameters Inea- 
sured. Data collected from June 1975 t o  June 1978 has been  summarized i n  

Table 5. The d a t a  have been presented  only  as a n  average of a1 1 samples 
and wi thou t  seasonal  variabil  ity or dilution being considered.  Parameters 
t h a t  show  some increase 6 km downstream include  colour, phenol , t a n n i n /  
1 i g n i n  and dissolved sodium.  While the  average pH for each station was 
cornparable, the minimum-rnaximun range for the downstream station (6.6 - 
9 .9 )  was  much broader t h a n  for the upstream s i te   (7 .3  - 8.7). In the i r  
Phase I 1  report YIB reviewed the same d a t a ,  b u t  for the  period  June 1975 
t o  July 1977, as well as a d d i t i o n a l  surveys on pH and  dissolved oxygen 
levels and  on a f ish t a i n t i n g  study. 
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W i t h  respect t o  the  location of s ta t ion 0200200, i t  should be 
emphasized t h a t  the  station was 6 km downstream  from the  Celgar o u t f a l l ,  
we1 1 beyond the 4 km distance NIB ( 2 )  estimated complete m i x i n g  would be 
achieved. In addition, i t  shoul d be noted t h a t  1976 and 1977 had very few 
days of minimum  low flows  (Table 4 ) .  Of the approximate 30 d a t a  points 
used i n  the WIB ( 2 )  report t o  summarize colour,  phenol, t a n n i n  and l ignin,  
dissolved oxygen and pH, on ly  5 of  the sainpl es were collected a t  f l  ows 
1 ess t h a n  224 m3/s, a1 1 others were a t  flows greater t h a n  500 rn3/s .  
More in-depth sampl i n g  was conducted w i t h  respect t o  dissolved oxygen and 
pH b u t  only one  of the seven dissolved oxygen surveys was conducted dur-  
i ng m i n i m u m  flows (146 m3/s), all  others exceeded flows of 8713 m3/s and 
on some of  the  surveys upstrearn and downstrealn samples were not collected 
for comparative  purposes. Of the two pH surveys, one was conducted d u r i n g  
a flow of  146 m3/s and the  other a t  a f l o w  of  1 500 m3/s. 

The greater p a r t  o f  the water quality d a t a  has  been collected 
d u r i n g  moderate t o  h i g h  flows. In a year such as 1974 o r  1975 (Table 4 )  
which had extended  periods of  low flows less  t h a n  156 m3/s, an effect  due 
t o  the  Celgar  operation would 1 ikely be  more pronounced. 

The following  discussion on water  quality  is based on informa- 
t i o n  reported i n  the NIB, Phase 11, report. WIB ( 2 )  reported a m i n i r n u m  
dissolved oxygen level o f  8.2 mg/l a t  a f l  OM of  154 m3/s a n d  concl uded 
t h a t  no significant  reduction i n  dissolved oxygen occurs downstream of 
the p u l  p m i l l .  . They also  reported t h a t  i f  the BOD5 loadings  are i n -  

creased,  the  assimilative  capacity of  the  r iver should be determined. 
For pH, WIB ( 2 )  reported t h a t  water quality mon i to r ing  ind i -  

cates t h a t  the  acidic  effluent has had l i t t l e   e f f e c t  on the pH o f  the 
Col umbia River b u t  t h a t  a1 kal  i ne effl  uent has caused occasional h i g h  pH 
values i n  the  river. They reported  the  capacity of the  river t o  buffer 
a n  acidic  effluent was substantial b u t  t h a t  the  river had only a limited 
capacity t o  buffer a n  a1 k a l  i ne eff l  uent. They concl uded t h a t  the  dis- 
charge o f  a highly  alkaline  effl uent  should be avoided. On two occasions 
the pH o f  the  r iver was significantly  increased 6 k;n downstream of the 
ou t f a l l ,   i . e . ,  from 3.6 t o  9 . 9  and  3.4 t o  9.1. These increases were a t  
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re lat ively high f l o w s  of 572 m3/s and 858 d / s  respectively. On the one 
occasion  the mil 1 ' s  continuous pH chart  indicated an a1 kal ine  effl uent 
discharge of pH 11 f o r  about 5.5 hours. This worked ou t  be  be 4 t o  10  
hours  before  the downstream sarnpl e was collected and a time-of-travel o f  

a b o u t  6 hours ( 2 ) .  WIB ( 2 )  reported t h a t  the pH was likely  higher  in  the 
mixing zone and t h a t  these h i g h  pH values  are  near  the upper lethal  limit 
of  pH 10 f o r  coho salmon and rainbow trout. The n a t u r a l  pH range (7 .3  - 
8.7) of the  r iver   is  high and the  river probably has l i t t l e  capacity t o  
buffer an a1 kal ine  discharge ( 2 ) .  The eff luent   is  normally acidic b u t  the 
r iver  i s  able t o  buffer this. WIB ( 2 )  concluded t h a t  effluent pH control 
i s  needed t o  maintain  the pH of the  river between 7 and 8.5 a t  100 m down- 

stream,  i.e., no pH increase above normal levels. A program t o  investi- 
gate and control  the  effect of pul m i l  1 effl  uent pH a t  low flows vias 

appended i n  the Phase I1 report. 
Visual observations and an aerial survey d u r i n g  m i n i m u m  flow 

conditions  indicated t h a t  the  river was higly  coloured and shcwed the 
r iver  t o  be discoloured between the  diffuser and the Kootenay River con- 
fluence ( 2 ) .  WIB ( 2 )  reported t h a t  there is  some aesthetic  degradation 
of the  r iver  downstream of the p u l  pmill due t o  discoloration and foaming. 
The degradation was reported not  t o  be severe and occurred for  short 
periods a t  1 ow f l  ow. 

WIB ( 2 )  reported t h a t  t u r b i d i t y  and suspended sol ids l eve l s  of  

the  Columbia River were not affected by the p u l  p i 1  1 effl  uent. However, 
they  reported t h a t  a diver  survey i n  June 1975, d u r i n g  a flow of 144 
rn3/s, showed t h a t  the  sett leable sol ids  fraction of  the  effl uent had crea- 
ted a blanket of f ib re  t o  a b o u t  1 km downstream of  the  outfall and had 
seriously  affected bottom l i f e  i n  the  area. 

WIB ( 2 )  reported t h a t  t a s t e  and odour t e s t s  using Col umbia 
River  water and Celgar effl  uent indicated t h a t  the  water downstrean1 of  the 
diffuser  would not  be suitable for  domestic  purposes. The tas te  panel was 
able t o  distinguish between effl  uent-free and effl  uent-containing water 
w i t h  a t  least  95% confidence a t  dilutions  as high as 1000: 1. The d i l u t i o n  
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in  the  river downstream of the pul  m i l l  t o  the Kootenay River  confluence 
i s  expected t o  be less  t h a t  1000: 1 seventy-four  percent of the time ( 2 ) .  
The panelists could detect an odour in  effluent-containing Columbia River 
water a t  a dilution o f  8200: 1. The maximum dilution  for  the pul p i l l  ef- 
f luent   i s  1800: 1 upstream of the Kootenay River  confl uence. 

6.1.1.2 Benthic  Invertebrates.  Macroinvertebrate  coll  ections made for 
the  pulpnill  over  July t o  October, 1972, a t  s ta t ions upstream and down- 
stream of the  diffuser were reported  as  inconcl  usive by NIB (1).  Sone of  
the  trays were exposed due t o  changes i n  water 1 eve1 and differences i n  

substrate were not  allowed for (1). WIB (1 )  reported on the  findings of a 
diver  survey made i n  June 1975 near the mi l l  outfal l .  They reported t h a t  
near  the  diffuser  the bot tom was covered by a blanket of  f ibre  up t o  one 
meter thick,  extending halfway across  the  river and approximately one 
kilometer downstream a1 ong the  south  side.  Opposite  the o u t f a l l  on the 
nor th  side  there was a heavy growth o f  aquatic  plants ha rbour ing  
invertebrates a n d  fish.  Similar h a b i t a t s  were reported upstream of the 
o u t f a l l  and on the  south  side of the  river downstream of the  f ibre 
blanket. The suspended matter  discharged by the  mill was reported t o  have 
affected bottom l i f e  i n  a localized  area (1). WIB ( 2 )  identified a need 
t o  assess  the importance of  th i s  h a b i t a t  loss and concluded t h a t  once 
Level 8 i s  achieved  the  river bot tom should be resurveyed and i t s   e f f e c t  
o n  the  aquatic comrnunity assessed. 

6.1.2 Fish T a i n t i n g .  Robinson ( 1 9 )  reported t h a t  there have  been 
occasional  complaints  regarding  tainted  fish from t h a t  section of  the 
Columbia River  domstrearn of the Hugh Keenleyside Dam t o  the Cast1 egar 
Ferry. The  compl aints most often involved  whitefish b u t  t a i n t i n g  i n  r a i n -  
bow trout has a1 so been reported. B.C. Research ( 2 2 ) ,  on behal f o f  WIB, 
performed organo-leptic  tests t o  evaluate  fish t a i n t i n g  i n  w i l d  fish  col- 
1 ected from the Columbia River. The B.C. Research report  findings  are 
summarized i n  Table 6. Frorn the  spring 1976 catch,  control  (lower Arrow 
Lakes) and downstrearn-of-the-pul pmil l  sarnpl es o f  r a i n b o w  t r o u t ,  kokanee, 
large-scale  suckers and whitefish were tested and  from the suimer 1976 
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catch,  only kokanee were tested. B.C. Research ( 2 2 )  summari zed t h a t  a 
t a s t e  panel could different ia te  between rainbow trout and whitefish caught 
downstream o f  the Cel gar  outfall and those  caught i n  areas n o t  influenced 
by pul  pmill effluent.  A1 though the panel generally  did n o t  associate 
tainting  (very sl i g h t  t o  moderate for  the t r o u t ,  moderate t o  strong for  
the  whitefish) w i t h  k ra f t  mill effl  uent , the ra inbow trout deemed t o  have 
a moderate degree o f  t a i n t i n g  were described by  some  of the  tasters  as 
h a v i n g  " a  pulp mi l l  tas te"  ( 2 2 ) .  The panel could not  d i f ferent ia te  be- 
tween kokanee or suckers  influenced by the  outfall  and those  caught  else- 
where. 

Dur ing  the  period  the  fish were caught, Columbia River  flows a t  
Castleyar were in  the  order o f  1080  m3/s for May 1976 and 1090 m3/s for 
July 1976 ( 2 ) .  These flows were approximately equal t o  the  average an- 
n u a l  flow  (1110 m3/s) and gave a re la t ively h i g h  dilution ratio of 
700:l ( 2 ) .  WIB ( 2 )  summarized t h a t  t e s t s  on f ish caught  near the  pulpmill 
indicated t h a t  the  effluent d i d  not affect   their   f lavour,  a l t h o u g h  t a i n t -  
in'g may be possible a t  very low flows.  Referring back t o  Table 4, 1976 
had  re la t ively few low flow days (11 days between  142 a n d  156 m3/s) a n d  
they were a l l  i n  April. WIB ( 2 )  reported t h a t  should t a i n t i n g  prove t o  be 
a problem i n  the  future  another  study  should be conducted a t  low r iver  
flows.  Ideally, a study  should be  made a f t e r  a period of  cont inuous  
minimum flows. 

6.1.3  Sub-lethal  Toxicity. WIB ( 2 )  reported t h a t  there   i s  a potential 
f o r  a sub-lethal  effect on aquatic l i f e  i n  the Columbia River between the 
Hugh Keen1 eyside Dam and the Kootenay River. This was f e l t  t o  be due t o  
the p u l p  mil l  effluent and  t o  the h i g h  dissolved gas levels  resul t i n y  from 
the dam. They reported t h a t  o f  the 40 a d u l t  f ish c a u g h t  between the dam 

and  the  Castlegar  ferry d u r i n g  July and August,  1976, when t o t a l  dissolved 
gas levels were approximately 140% s a t u r a t i o n ,  on ly  one exhibited minor 
symptoms  of gas bubble disease. WIB ( 2 )  reported t h a t  a 96 -h  LC50 of  
40% on the combined f i n a l  effluent from the pulpmill would appear t o  be 
necessary t o  a v o i d  sub-lethal  stress  outside  the  initial d i l u t i o n  zone 
d u r i n g  low flows. The basis for the 40% concentration i s  a n  a d o p t i o n  o f  
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an  application  factor of 0.05 of the 96 hr LC50, t h a t  i s ,  lowest 96-h LC50 
o f  7.5% x 0.05 = 0.4% effluent i n  water or a 250: 1 dil u t ion .  A t  a low 
flow of 142 m3/s the  dilution of effluent i n  the  river a t  the end of 
the   in i t ia l   d i lu t ion  zone i s  about  50 : l  or 2% effluent i n  water,  thus, 
2% + 0.05 = 40% ( 2 ) .  Davis (23 )  suggested t h a t  for neutralized whole 
bleached  kraftmill  effl uent some sub-lethal  effects  will be present a t  a 
discharge  dilution o f  0.1 o f  the 96-h LC50, few a t  0.05 o f  the 96-h LC50 
a n d  only  rarely a t  0.02 o f  the 96-h LC50. He a1 so indicated t h a t  even a t  
a d i l u t i o n  of 0.02 o f  the 96-h LC50, flesh  tainting or colour  effects on 

the food chain may remain. He considered t h a t  the   c r i te r ia   a re   t en ta t ive ,  
subject t o  revision and t h a t  they do not necessarily  ensure  protection o f  

aquatic communities o r  sensit ive food-chain  organisms. A t  a protection 
c r i te r ion  o f  0.02 of the 96-h LC50, the 96-h LC50 of  the combined effluent 
would  be 100%. 

Based on laboratory  experiments on the  stress and chronic 
e f fec ts  of  untreated and treated bleached kraft pul  pmil l l  eff l  uent on coho 
salmon, McLeay and Brown ( 2 4 )  indicated  their  findings showed t h a t  the 
e f f l  uent constituents a n d / o r  t he   s i t e  of toxic  effect  resulting i n  the 
observed changes due t o  chronic  exposure are,  i n  fac t ,   d i f fe ren t  from 
those  that   result  i n  acute  lethal ( a n d  conceivably  sub-lethal ) effects.  
They reported  their d a t a  suggests t h a t  conventional  treatment methods used 
by p u l  prnills t h a t  a r e  successful i n  d e t o x i f y i n g  t h e i r  wastes a c c o r d i n g  t o  
conventional  standards do  not necessarily  ensure  protection and t h a t  the 
use of application  factors for predicting  safe  discharge  limits i s  n o t  
Val id i f  based on acute  lethal and sub-lethal d a t a  alone. ilcLeay and 

Brown ( 2 4 )  indicated  further examination of the  chronic  effects o f  
p u l p m i l l  effluent,  including  life-cycle  studies, on the  well-being o f  f ish 
i s warranted. 

NIB ( 2 )  recommended t h a t  a study t o  assess  sub-lethal  stress due 
t o  the combined effect  o f  gas  supersaturation and p u l  p i l l   t o x i c i t y  be 
considered i f  the 96-h LC50 for   the pul  pmill effluent i s  not generally 
greater t h a n  40%. 
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6.1.4 Organic Pol 1 utants. WIB ( 2 )  reported t h a t  chlorine  residual 
1 eve1 s i n  the  Celgar  final  effluent were a t  levels t h a t  could make the 
effluent  toxic t o  aquatic  l ife.  They also  reported t h a t  chlorination  will 
form organic compounds t h a t  are known t o  be toxic t o  aquatic  l ife.  There 
i s  no d a t a  avail  able on the  level s of the  toxic  organic chemical con- 
s t i tuents  of the  Celgar  kraft  mill  effluent  (resin  acids,  chlorinated 
oryanics) or i n  the  sediments and resident b i o t a  feeding on the benthos 
of the Columbia River. Research i n t o  docurnenting such const i tuents   is  
recommended. 

Holrnbom ( 2 5 )  reported t h a t  a l t h o u g h  resin  acids and chlorinated 
phenolics  constitute key groups of  compounds i n  pul pmill effl  uents which 
are  acutely  toxic t o  f i s h ,   l i t t l e   i s   s t i l l  known about  the  fate of  those 
fish-toxic compounds i n  effluent  treatment systems and i n  the  receiving 
waters. Lander e t  a1 ( 2 7 )  reported t h a t  a few chlorinated phenols t h a t  
are  present i n  sulphate p u l  p i l l  bleachery  effluents were also f o u n d  i n  
f ish caught i n  the  vicinity of a p u l  pmill producing f u l l  bleach k r a f t  
p u l p .  They indicated t h a t  th 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  about the i r  
possible  detrimental  effects on f ish or other  parts of the  aquatic 
ecosystem. Holmborn ( 2 5 )  sampled f i sh  caged i n  a lake system receiving 
biologically  treated bleached k r a f t  pul  p i l l   e f f l  uent. He reported t h a t  
significant bioaccurnulation of  resin  acids i n  f ish (plasma and bi le)  was 
f o u n d  t o  occur i n  water c o n t a i n i n g  on ly  20 ug/l of  resin  acids and t h a t  
there appeared t o  be a threshold  level for bioaccumul a t i o n  of resin  acids 
between 5 u g / l  and 20 ug/l. This concentration range i n  water m i g h t  also 
consti tute a threshold for physiological  stress i n  the  f ish ( 2 5 ) .  Holrnboru 
( 2 5 )  reported t h a t  there was no indication of any threshold for bio-  
accumulation of  tetrachloroquaiacol down t o  the 0 .5  u g / l  level. Holmbom 
( 2 5 )  reported t h a t  the  study  results  indicated t h a t  resin  acids  did n o t  
have any appreciable  effects 3.5 k m  from the p u l  p m i l l  whereas chlorinated 
phenols s t i l l  had noticeable  effects 6 km froln the p u l  p m i l l .  Study of f ish 
bioaccumulation may be  one possible approach for determination o f  how f a r ,  
i n  distance, from a p u l p m i l  1 t h a t  the  "s t ress  on f ish" of toxicants  is  
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extended ( 2 5 ) .  Kruzynski ( 2 6 )  reported on the uptake of dehydroabietic 
acid ( D H A )  in laboratory exposed sockeye salmon smolts, mature rainbow 
t r o u t  and the marine amphipod  Anisogammarous. Kruzynski ( 2 6 )  reported 
t h a t  laboratory  exposure  experiments  established t h a t  salmon  can rapidly 
accumulated DHA i n  major organs such as the  brain, 1 iver and kidney and 
t h a t  these h i g h  residual  levels  are probably related t o  the observed 
physiological  dysfunctions i n  the   tes t   f ish.  



- 30 - 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

Wate r   Inves t iga t ions   Branch ,   Koo tenay  Air and  Water  Qual i t y  
S tudy  - Phase I. W a t e r   Q u a l i t y  i n  Region 8 ,  The  Lower Columbia 
River B a s i n .   M i n i s t r y  o f  the Environment  (1977).  

Water   Inves t iga t ions   Branch ,   Kootenay  Air and  Water   Qual i ty  
S tudy  - Phase 11. Wate r   Qua l i ty  i n  the Lower Columbia River 
B a s i n .   M i n i s t r y  o f  the Environment   (1979) .  

Canadian   Pulp   and   Paper   Indus t ry ,  A Mactean Hunter P r o d u c t i o n  
Vol . 33, No. 6, (1980).  

Beak  Consul t a n t s  Ltd. ,  Eva1 u a t i o n  o f  Secondary  Treatment  
A1 t e r n a t i v e s .  A r e p o r t   f o r   C a n a d i a n   C e l l u l o s e  Company L imi t ed ,  
C a s t 1   e g a r ,  B.C.,  F i l e  K4178 (Februa ry ,   1975) .  

Pu lp   and   Pape r   E f f luen t   Regu la t ions ,   Repor t  No. EPS 1-WP-72-1, 
W a t e r   P o l l u t i o n   C o n t r o l   D i r e c t o r a t e ,   O t t a w a   ( 1 9 7 1 ) .  

G u i d e 1   i n e s   f o r   t h e   P u l p   a n d   P a p e r   R e g u l a t i o n s .   R e p o r t  No. EPS 
1-WP-72-2, Water P o l l u t i o n  Cont ro l  Directorate ,  Ottawa ( 1 9 7 2 ) .  

P o l l u t i o n   C o n t r o l  Objectives f o r  the F o r e s t   P r o d u c t s   I n d u s t r y   o f  
British Columbia,   Department   of   Lands,   Forests   and  Water  
R e s o u r c e s ,   V i c t o r i a ,  B.C. ( 1 9 7 1 ) .  

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  the F o r e s t   P r o d u c t s   I n d u s t r y  o f  

British C o l u m b i a ,   N i n i s t r y  o f  the E n v i r o n m e n t ,   V i c t o r i a ,  B.C. 
( 1977) .  

Walden, C.C. ,  0. Mcieay  and D. ivlonteith,  Comparing  Bioassay 
P r o c e d u r e s   f o r  Pul p and  Paper   Eff l  uents, Pul p and  Paper  Canada, 



- 31 - 

10. Walden, C.C. , and D. McLeay. Interrelationships of Various 
Bioassay  Procedures for  P u l  p and Paper !dill Effl  uents. CPAR 
Project Report 165-1, Canadian Forestry  Service, Department of 
Environment, Ottawa (1974) .  

11. Walden, C.C. ,  "The Toxicity of P u l p  and Paper Mill Effluents 
and Corresponding Measurement Procedures," Water Research, - 10 , 
pp.  639-664  (1976). 

12. McLeay, D.J., C.C. Walden and J.R. Munro, "Effect of pH on 
Toxicity of Kraft P u l  p and Paper Mil 1 Effl uent t o  Salmonid 
Fish i n  Fresh and Seawater," Water Research, - 1 3 ,  pp. 249-254 
(1979) .  

13. "Infl uence of 
Dil ution Water on the  Toxicity of Kraft P u l  p and Paper Mill 
Effl uent Including  the Mechanisms  of Effect," Water Research, 
- 13, pp.  151-158 (1979) .  

14. McLeay, D. J., and M.R. Gordon, "Effect of Seasonal Photoperiod 
on Acute Toxic Responses o f  Juvenile Rainbow Trout  (Salmo - 
gairnderi)  t o  P u l  p m i l l  Effluent,"  J.  Fish. Res. Board Can.,  
- 35 ,  pp. 1388-1392 (1 978). 

15. Leach, J.M., and A.N. Thakore, "Identification o f  the 
Constituents o f  Kraft P u l  p i n g  Effl uent t h a t  are Toxic t o  
Juvenile Coho Salmon (Oncorynchus kisutch) ,I' J .  Fish. Res. 
Board Can. , - 30 ,  pp.  479-484  (1973).  

16. Rogers, I.H., " I s o l a t i o n  and Chemical Identification of  Toxic 
Components o f  Kraft Nil 1 Wastes," P u l p  and Paper Mag. Can., 
- 74 , T303 -T308 (1 973 ) . 



- 32 - 

17. 

18. 

19. 

20. 

21. 

22. 

24. 

Water  Survey  of  Canada,  Surface  Water  Data  (1972 t o   1 9 7 6 )  , 
In1  and  Waters Di r e c t o r a t e  , Ottawa  (1973-1977). 

Fish  and Game Branch, Effects on Fish and Game Spec ie s   o f  
Development  of  Arrow  Lakes Darn fo r   Hydro -E lec t r i c   Pu rposes .  
F i  sh and Game Branch,  Department  of  Recreation and 
Conservat ion  (March,   1965) .  

Robinson,  D. J. ,  Fish and Wi 1 d l   i f e  Branch memorandum, 
(October  26,   1977).  

Maher, F.P.,  A Pre l   iminary   Repor t  on the Effects on F i s h e r i e s  
of   Four  Darns Proposed  for  the  Columbia  and  Kootenay Rivers i n  

British Columbia. Fish and Game Branch (Augus t  1961) .  

Pommen, L.W., Water   Inves t iga t ions   Branch  memorandum, 
( J u l y  4, 1978) .  

B.C. Resea rch ,   Eva lua t ion   o f  Fish Ta in t ing   i n  Wild Fish 
Exposed t o   I n d u s t r i a l  Effluents, prepared   for   Water  
Invest igat ions  Branch,   Project   1-09-763  (March,   1977) .  

Davis ,  J.C., P rogres s  i n  Sub le tha l  Effect S t u d i e s  w i t h  Kra f t  
Pul  pmill Effluent and  Salmonids. J .  Fish. Res. Board  Can., 
- 33, pp. 2031-2039  (1976). 

McLeay, D. J. ,  and D.A. Brown , S t r e s s  and  Chronic Effects o f  
Un t rea t ed  and Trea ted   Bleached   Kraf t  Pul pmill Effl dent on the 
Biochemis t ry   and   S tamina   of   Juveni le  Coho Salrnon 
(Oncorhynchus  kisutch) .  J. Fish.  Res. Board  Can., 36, 
1049-1059  (1979). 

- 



- 33 - 

2 5. Holmborn, B.R. , Studies on Resin Acids and Chlorinated  Phenolics 
i n  Finnish P u l p  Mill Effluents and on Their  Sioacuwlation  in 
Fish. Paper presented a t  the  89th National AICLE Meeting, 
Port1 and,  Oregon, August 17-20 (1980). 

2 6. Kruzynski , G.M. , Some Effects o f  Dehydroabietic Acid ( D H A )  on 
Hydromineral Balance and Other  Physiological  Parameters i n  
Juvenile Sockeye Salmon (Oncoryynchus nerke). A Thesis 
Submitted i n  Partial  Fulfillnent of the Degree of Doctor o f  

Philosophy, Department of Zoology, University of B.C. ( 1979) .  

27. Landner, L. , K. Lindstrora, M. Karl sson, 3. Nordin and 

L. Sorensen. Bi oaccumul a t i o n  i n  Fi sh o f  Chl orinated Phenol s 
from Kraft P u l p  Mill Bleachery Effluents.  Bulletin of 
Environmental  Contamination and Toxicology, - 18 ( 6 ) ,  p p .  663-673 
(1 977) .  

2 8. Pulp and Paper,  Miller Freeman Publications. Vol. 55, No.6 

(1981). 

2 9. P u l p  and  Paper,  Miller Freeman Pub1 i c a t i o n s .  Vol. 55, No.11 
(1981). 



a 

rl 

I 

- 34 - 

ACKNOWLEDGEMENTS 

The authors wish t o  t h a n k  the Water Investigations Branch for 
provid ing  information  relevant t o  th i s  assessment. 

We are  also  grateful t o  Mr. G. Tanner for  providing surnrnary 
infonnation on effluent  quality and reviewing the  technical  sections of 
this   report .  The authors  are a1 so grateful t o  Messrs. 0. Langer, 
B. Kel so, and H. McBean for reviewing this  report. 



- 35 - 

APPEND1 X I 

P R O V I N C I A L   P O L L U T I O N  

ABATENENT  REQUIREMENTS 
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APPENDIX I PROVINCIAL  POLLUTION  ABATEMENT  REQUIREMENTS 

Produc t ion  
Ra t ing  BOD5 TSS T o x i c i t y  
(4 -yea r   ave rage   1976   t o   1979)  ( k g / d )  (kg /d )  

1. 504  ADt/day 

2. 504  ADtlday 

3. 504  ADt/day 

10 080 7 560 50% su rv iva l   i n   90% 
e f f luen t  c o n c e n t r a t i o n  
over   96   hour  exposure 
t i m e  

3 780 3 780 same a s  1 

3 780 5 040  50%  survival  i n  100% 
e f f l  uent c o n c e n t r a t i o n  
over   96   hour   exposure  
time 

1. Based  on  level B o f  the 1 9 7 1   o b j e c t i v e s   f o r  the Fores t   P roduc t s  
I n d u s t r y   o f  B.C. o f   15  kg/ADt (30  lb/ADT) TSS and  20 k g / A D t  
( 4 0  lb/ADT) f o r  BODS. 

2. Based  on l e v e l  4 o f  the 1 9 7 1   O b j e c t i v e s   f o r  the  Forest P roduc t s  
I n d u s t r y  o f  B.C. o f   7 .5  kg/ADt ( 1 5  1 b/ADT) f o r  30D5 and TSS. 

3. Based on l e v e l  A o f  t he  1977   Ob jec t ives   fo r  the Fores t   P roduc t s  
Indus t ry   o f  B.C. o f  10 k g / A D t  f o r  TSS and 7 . 5  kg/ADt f o r  BODS. 
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