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ABSTRACT 

I n  October 1976, the  Envi ronmenta l   Protect ion  Serv ice 

i n i t i a t e d  a program to compile and review  environmental   informat ion on 

the   pu lp  and  paper m i l l s   i n   B r i t i s h  Columbia. Wi th   the   coopera t ion   o f  

various  other  government  agencies and the   pu lp  and  paper indus t ry ,  EPS 

compiled  re1  evant  resource  data and receiv ing  env i ronment   moni tor ing 

in fo rmat ion .   A f te r   rev iewing  and eva lua t ing   the   ex is t ing   in fo rmat ion ,  

the   env i ronmenta l   qua l i t y   o f   each  a rea  was assessed and the need f o r  
addi t ional   moni tor ing  s tud ies  determined.   Th is   repor t   represents  an 

assessment o f   t h e   F i n l a y   F o r e s t   I n d u s t r i e s  and B.C. Forest   Products 
(Mackenzie D i v i s i o n )   p u l  pmill s a t  Mackenzie , B.C. 



RESUME 

En octobre 1976, l e   S e r v i c e  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 comp i le r   e t   d ' i i t ud ie r   l es   rense ignemen ts   recue i l l i s   su r  

1 'environnement  et  concernant  les  usines de pZte i papier  de l a  Colombie- 

Bri tannique. G r k e  2 l a  c o l l a b o r a t i o n  de p lus ieurs   au t res  agences gouverne- 

mentales  et de l ' i n d u s t r i e  de l a   p z t e  ii pap ie r ,   l e   Se rv i ce  de l a   p r o t e c t i o n  

de  l 'environnement a compi l i i   les  donnges p e r t i n e n t e s   e t   l e s   r g s u l t a t s  de 

l ' e f f e t  de l a   po l l u t i on   su r   l ' env i ronnement .  AprGs avo i r   6 tud i6   e t   i i va lug  
1 es  donniies  obtenues, on a pu i i t ab l  i r l a  qual i t 6  de 1 'env i  ronnement de 

chaque zone et   dgterminer  dans que1 l e  mesure on avai t   besoi  n de nouvel l e s  

Gtudes suscept ib les  de f o u r n i r   d ' a u t r e s  donniies.  Le prgsent  rapport  

cons i s te  en  une Gvaluat ion  por tant   sur   les  us ines  de.pZte i pap ie r   F in lay  

Fo res t   I ndus t r i es   e t  B.C. Forest  Products  (Mackenzie  Division),  Mackenzie, 

C.-B.). 
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SUMMARY AND CONCLUSIONS 

The Finlay pul p i l l  has been consistently meeting the  provin- 
c ia l  BOD5 and total  suspended sol ids  (TSS) requirements of i ts   pol lut ion 
control  permit. A significant  reduction  in suspended solids  output was 
achieved a t  the Mackenzie pulprnill  with the  instal la t ion of a new  brown 
stock washer in 1976. The Mackenzie p u l p i l l  has experienced a notable 
i ncrease i n BOD5 and TSS 1 oadi ngs and  pul p product  ion  over 1978 and 1979 
compared t o  1977. The Mackenzie pul p i l l  presently has an  amendment 
application  before  the Waste  Management  Branch t o  establish  loading 
requ i rernent s 

Based on the  results of the Environmental Protection  Service 
(EPS) pulpnill   effluent  toxicity program (1976 to  1979) the  percentage o f  
bioassays  passing  the  provincial 90% effluent  toxicity s tandard  a t  the 
Finlay pul p i l l  has ranged between 31% t o  50% annually. For the Macken- 
z i e  pulpmill the  percentage  passing has ranged from a low of 44% in 1976 
t o  100% in 1977. The 1978 and 1979 results  indicate  the Mackenzie pulp- 
mill i s  not consistently meeting the 100% effluent  toxicity  standard  or 
the 90% effluent  toxicity s tandard.  

The  Will iston  reservoir undergoes an annual osci l la t ion  resul t -  
i ng f r m  a cornbi nation of the drawdown a t  the Bennett  Hydroelectric Dam 
and the annual recharge  during  freshet.  Full pool occurs  in Augus t ,  
a f t e r  which time  the  water  level  decreases  reaching a rninimun jus t  p r i o r  
t o  spring  runoff. As such,  dilution  potential  is  least  during  the  winter 
period. B.C. Research ( 3 )  determined that   for   the Mackenzie pul p i l l ,  
w i t h  a s ing le   c r i t i ca l  low flow  expected once in  every 15 years,  a rnini- 
m u n  di lution  in  the range o f  50: 1 t o  1 O O : l  would occur d u r i n g  the low 
flow months of January t o  April . 

The Williston Lake reservoir  whitefish  population has increased 
in  response to   t he  new reservoir environment and possibly could  support a 
commercial fishery. However, fish  production i s  expected t o  decrease be- 
cause  the re1 a t ive  abundance of various  species i s  expected t o  change as 
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in  the lower ha1 f of the  Parsnip Basin 
author of the few parameters monitored 
preciable  overall change in  water qual 
Changes in  water qual i ty  were noted p r  
b u t  values appeared t o  return t o  backg round 
short  distances. The survey d a t a  summarized 
conditions, when hiyhest  dilution  potential 

Biological  monitoring d a t a  specif 
ex is t  and the only  biological d a t a  found i s  

the  reservoir ages and s tabi l izes .  The impact o f  the  mills on the  f ish-  
ery  resource has not been studied. Fish ta int ing has not been reported 
from the  Williston Lake area and the  only  reported  fish  migration i s  of 
Lake whitefish moving  from the Peace and Finlay  basins and passing Mac- 
kenzie  enroute t o  spawning grounds in  the  Parsnip and tr ibutary  r ivers.  
The migra t ion  occurs i n  the a u t u m n ;  however, i t s   s i z e  has not  been 
deterrni ned. 

The  mil 1 s jo in t ly  conduct a water qual i t y  monitori ng program 
and a cursory  eval  uation by the 
did not  appear t o  indicate an ap- 

i t y  a t  certain times of the  year. 
imarily a t  the  outfall  locations 

1 eve1 s wit hi n re1 a t  i vely 
was col lected  a t   ful l  pool 
would  be expected. 

i c   t o   t he  pulp mills does  not 
from a B.C. Research s ta t ion 

some 16 km north of the  mills. The lake was reported  to be ol igotrophic 
a t  t h a t  s ta t ion w i t h  low chlorophyll -a  values and a phytoplankton popu- 
1 ation made up primarily of diatoms. 

The Provincial Environmental Land Use Secretariat   is   presently 
compiling  information on a fu l l  range of resource  studies implemented by 
t h a t   g r o u p .  These s t u d i e s   i n c l u d e d  t h e  f i shery  resources and limnology 
of Wi 11 iston Lake. 

Detailed  assessments on the water quali ty and limnology of the 
Williston Lake reservoir do not  exis t .  Due to  the  nature of the system 
(winter drawdown and freshet  recharge) comprehensive 1 imnological studies 
would have t o  be conducted t o  fully  assess pulpmill effluent  dispersion 
and i ts   potent ia l  impact. This  report has not  consolidated  all o f  the 
water quali ty d a t a  collected by the  pulpil ls .  I t  i s   f e l t  t h a t  al l   avail-  
able  water  quality d a t a  on Williston Lake, with respect t o  the  pulpmills, 
should be compiled as one report, reviewed t o  determine i f  any water 
quali ty  trends  exist  and assessed t o  determine i f   the   exis t ing program 
is   effect ively  del ineat ing  the zone of influence of the  pulpmills. 
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Cons ide r ing   t ha t  a p o t e n t i a l   e x i s t s   f o r  a commercial  lake 

w h i t e f i s h   f i s h e r y ,  as assessment o f   f i s h   t a i n t i n g   p o t e n t i a l   i n   t h e  
Parsnip A r m  might be warranted. The cont inued  mon i to r ing   o f   d isso lved 

oxygen 1 eve1 s i s  necessary and nut r ients   should  be added t o   t h e  1 i s t   o f  

parameters  monitored in   the   p resent   water   qua l  i t y  program. An annual 

summary r e p o r t   o f  mill monitor ing  f indings  would  be a b e n e f i t   t o  any 

pu lpmi l l   rev iew  p rocess .   In   add i t ion ,  an annual summary repor t   should 

a l s o  be made a v a i l a b l e  on spec i f i c   l oad ings   f rom  the   pu lpmi l l s  as they  
r e l a t e   t o   t h e   r e c e i v i n g   w a t e r  program  and the   repo r t   shou ld   ou t l i ne  any 

s i g n i f i c a n t  improvements i n   e f f l u e n t   t r e a t m e n t .  A sediment and f i s h  
c o l l e c t i o n   s u r v e y  o f  Parsnip Arrn i n  t h e   v i c i n i t y   o f   t h e   p u l p m i l l s   f o r  

ana lys i s   f o r   dehydroab ie t i c   ac id  as wel l  as ch lo r ina ted   o rgan ics   migh t  

be a method t o  assess  the  areal   in f luence  o f   the  pu lpmi l l   d ischarges.  
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1 INTRODUCTION 

F i n l  ay Fo res t   I ndus t r i es   L im i ted   (F in l  ay  Pul p Mil 1 ) and 

B r i t i s h  Columbia  Forest  Products  Limited  (Mackenzie  Pulp M i l l )   o p e r a t e  

pu l  pmill s l o c a t e d   a t  Mackenzie, B r i t i s h  Col unlbia, approximately 193 km 

n o r t h   o f   P r i n c e  George (F igure  1). The two p u l p n i l l s ,   s i t u a t e d   w i t h i n  

4.8 km o f  each  other,   are  located on the  southern end o f   t he   Pa rsn ip  
Basin o f   W i l l i s t o n  Lake  which i s  a hyd roe lec t r i c   rese rvo i r   (F igu re  2) .  

Th is   rev iew has  been r e s t r i c t e d   t o   t h e   e f f l   u e n t  qual i t y  o f   t h e  
pu lpmi l l   d ischarges   fo r   the   per iod  1976 t o  1979 as it r e l a t e s   t o  

BOD5, t o t a l  suspended so l   i ds  ( T S S )  and t o x i c i t y ,   t o   t h e '   f i s h e r y  

resources o f  Will i s t o n  Lake and t o  the  aquat ic   impact   o f   the  d ischarges.  

E f f l u e n t   q u a l i t y   d a t a  have been de r i ved   p r imar i l y   f rom mill moni to r ing  
resul ts   submi t ted  to   the  Envi ronmenta l   Protect ion  Serv ice (EPS). 

Resource  informat ion on t h e   W i l l i s t o n  Lake f i s h e r y  was obta ined 

p r i m a r i l y   f r o m  two B.C. F i sh  and Wild1 i f e   s t u d i e s  (1, 2).  There has 

been l i t t l e   a q u a t i c   i m p a c t  work done on Will i s t o n  Lake respec t i ve  t o  the 

pul  pmill discharges and in fo rmat ion  on the  lake's  environmental  qual i t y  

has been derived  from mill water  qual . i ty   monitor ing  data and three B.C. 

Research  studies ( 3 ,  4, 5 ) .  
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2 PULP MILL OPERATIONS 

2.1 Opera t i ona l   H is to ry  

2.1.1 F i n l a y   P u l p  Mill. F i n l a y   F o r e s t   I n d u s t r i e s  began i t s   r e f i n e r  

g roundwod  Opera t ion   in   ear ly  1971 a t  136 Air Dr ied  Tonne per day  (ADt/ 

day) and completed an expansion  to 272  ADt/day i n  February 1975 (Table 

1). 
Outp lant   operat ional  changes  have  included  the  upgrading o f  

e f f l u e n t   t r e a t m e n t   f a c i l   i t i e s   t o   t h e i r   p r e s e n t   l e v e l   i n  December  1973 

(Tab le   2 ) .   I n  1974 t h e  mill began adding  heat to t h e   e f f l u e n t   e n t e r i n g  

the  b iobasin  dur ing  winter  to enhance b i o l o g i c a l   a c t i v i t y ,   m a i n l y   f o r  

t o x i c i t y  removal b u t  a1 so f o r  BOD5 removal . 
2.1.2 Mackenzie  Pulp Mill Br i t i sh   Co lunb ia   Fo res t   P roduc ts  began 

i t s  Mackenzie D i v i s i o n   b l e a c h e d   k r a f t  mill opera t i on   i n   January  1973 a t  

454 ADt/day  (Table  1).  This  operation has no t   apparent ly  undergone  any 

n o t a b l e   o u t p l a n t   e f f l u e n t   t r e a t m e n t  system  changes. A new brown stock 

washer i n s t a l l  ed i n  1976 resu l   ted   in   reduced suspended so l   ids   genera t ion  

i n   t h e   a e r a t i o n  lagoon. 

2.2 E f f l uen t   T rea tmen t  and  DisDosal 

2.2.1 F i n l a y   P u l p  Mill. The F i n l a y   p u l p n i l l   t r e a t m e n t   f a c i l i t i e s  

a re   des igned   to   t rea t   t he   t o ta l  mill e f f l u e n t   ( T a b l e  2). E f f l u e n t  

t r e a t m e n t   f a c i l   i t i e s   a r e  shown i n   F i g u r e  3. A f te r   t rea tmen t ,   t he   f i na l  

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

2.2.2 Mackenzie  Pulp Mill. The Mackenzie pu lpmi l l   t r ea tmen t  

f a c i l i t i e s   a r e   d e s i g n e d  to t r e a t   t h e   t o t a l   b l e a c h   p l a n t  and  general mill 
e f f l u e n t   ( T a b l e   2 ) .   E f f l u e n t   t r e a t m e n t   f a c i l i t i e s   a r e  shown i n   F i g u r e  

4. N e u t r a l i z e d   e f f l u e n t   i s  pumped from a m i x  t a n k   t o   t h e   c l a r i f i e r ,  

where ammonia i s  added. The e f f l u e n t   i s   t h e n   d i r e c t e d   f r o m   t h e  

I 

L 

I 

c 

m 

I 

a 
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c l a r i f i e r   o u t l e t   t o  the aeration lagoon and finally  through a forcemain 
and d i f fuser  to Will iston Lake (old  Parsnip River channel). In addition 
t o  the lake  discharge, there i s  a discharge o f  power boi le r  ash to a 
sluicing 1 ine impoundment near a swamp (Figure 4 1. 

TABLE 1 PULP MILL  DESCRIPTIONS 
Y 

m 

Average 
Mill Type Production Wood Furnish 

(AD t/day) 

Finlay  Pulp  Mill 
Refiner groundwood mill 1976 - 219 white spruce ....... .75-85% 
producing groundwood 1977 - 258 lodgepol e pi ne ...... 15-25% 
market pul p 1978 - 268 alpine fir.......... 5% 

1979 - 261 

Mackenzie Pulp  Mill 
Kraft  mill  producing 

b l  eached 1976 - 497 spruce.............. 45% 
kra f t  and market pulp 1977 - 463 pine.. .............. 45% 

1978 - 528 bal sam f i r  .......... 10% 
1979 - 559 

Y 
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TABLE 2 EFFLUENT TREATMENT FACILITIES 

FINLAY PULP MILL 
""""""""""""""""""""0""""""""""""""""""""""" m 

A e r a t i o n   S e t t l   i n g  Pond 
S e t t l   i n g  Pond Aera t ion  Lagoon  and 

P o l i s h i n g  Pond I 

Two, used a l t e r n a t e l y ,  - Approx.  2-day r e t e n t i o n  - Two a e r a t i o n   s e t t l i n g  ponds, 
each  w i th  a vo l  m e  of  used a1 t e r n a t i v e l y ,  each w i t h  m 
10 636 I$ a vol  wne o f  o f  14 770 d. 

- 3 a e r a t o r s   o f  60 hp  each - Approx. 3 1/4  day r e t e n t i o n  

- vol m e  - 9 090 m3 - P o l i s h i n g  pond volune o f  
and 3 a e r a t o r s  o f  30 hp  each. 

9 455 d and w i t h  2 a e r a t o r s  
o f  25 hp  each. U 

MACKENZIE PULP MILL 
""""""""""""0""""""""""""""""""""""""""""""- 

S p i l l  Pond P r i m a r y   C l a r i f i e r   S e t t l  i ng  Pond A e r a t i o n  Lagoon 

Volume - 67 m diameter no ne - Approx. 4.8 days r e t e n t i o n  
56  875 d - 12 s t a t i o n a r y   a e r a t o r s  

(combined hp of  900) 



- 7 -  
3 

I 

Y 

I 

YI 

I 

31 

I 

mi 

Q 

L 

...... 

\ 
\ 

z 
W 
H 

tr) 



- 8 -  

(D 
v )  

)c 
0 v? 0 

I 
I 

w 
Y 
0 
4 
I 
W r 
I- 

LL 
0 

P 

I 

I 

(0 
v)  

0 
h 
(0 



- 9 -  

3 FEDERAL AND PROVINC IAL ABATEMENT REQUIREMENTS 

Federal  Pulp and  Paper E f f l uen t   Regu la t i ons  (8, 9 )  were 

i n t r o d u c e d   i n  1971. The p rov inc ia l   Po l l u t i on   Con t ro l   Ob jec t i ves   f o r   t he  

Fo res t   P roduc ts   I ndus 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 (10) and 

r e v i s e d   i n  1977 (11 1. 

3.1  Federal   Requirements  for   Ef f luent 

Under federa l   regu l   a t ions ,   to ta l  suspended sol i d s  (TSS 1, 
biochemical oxygen demand (6005) and t o x i c  wastes  are  prescribed as 

deleter ious  under  the  Fisher ies  Act .  To date,   the  federal   approach  to 
regu la t ion   imp lementa t ion  has  been to achieve  compliance  via  the 

p r o v i n c i a l  Waste  Management Branch  permit system. This  approach has 

been w o r k a b l e   f o r   m i l l s   d i s c h a r g i n g  to fresh  water where p r o v i n c i a l  and 

federal  requirements  are  comparable. The parameters o f  TSS, BOD5 
and t o x i c i t y  have  been  assessed i n   S e c t i o n  4 on tha t   bas is .  

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  Wastes 

3.2.1 F i n l a y   P u l p  Mill. The F i n l a y   p u l p n i l l  i s  requ i red  t o  meet 
e f f l u e n t  qual i t y  requirements as ou t1   ined   in   permi t  PE-1174, which was 
l a s t  amended February 15,  1977,  and s t i l l   r e f l e c t s   t h e  1971 ob jec t ives .  

The pe rm i t   a l l ows   f o r  a weekly  average  discharge  of 4 700 d / d  and a 
maximum o f  6 800 m3/d o f   e f f l u e n t  to W i l l i s t o n  Lake (F igure   3 ) .  

E f f l u e n t  1 i m i t s  prescr ibed on permi t  PE-1174 f o r  TSS, BOD5 and 

t o x i c i t y   a r e  1 i s t e d   i n  Appendix I. 
Sol i d  waste d i sposa l   cond i t i ons   f o r   t he   re f i ne r  groundwood 

pul  pmill a r e   s t i p u l   a t e d   i n   p e r m i t  PR-4133, which was l a s t  amended August 

21, 1978.  The q u a n t i t y   o f   r e f u s e   w h i c h  may be discharged i s  3 800 
m3 every two months  and an a d d i t i o n a l  8 400 once per  year. 

Sol i d  wastes will be made  up o f   s l  udge from  the  pr imary and secondary 

t r e a t m e n t   f a c i l i t i e s  and  dredged mater ia l   (Figure  3) .   Treatment  works 

will c o n s i s t   o f   s l u d g e   d e w a t e r i n g   f i e l d s .  
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3.2.2 Mackenzie  Pulp Mil 1.  The Mackenzie  pul pmill i s   r e q u i r e d  to 
meet e f f l u e n t  qual i t y  requirements  as  out1  ined i n   p e r m i t  PE-1138 issued 

on  February 4, 1972.  The pe rm i t   a l l ows   f o r  a d i scha rge   o f  68 000 d / d  

t o   W i l l i s t o n  Lake (F igure  4 ) .  E f f l u e n t   l i m i t s   p r e s c r i b e d  on permi t  

PE-1138 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. D a i l y  

l o a d i n g   f o r  BOD5 and TSS a r e   n o t   r e f l e c t e d  on the  permi t  and  Val  ues 
r e p o r t e d   i n  Appendix I have been c a l c u l a t e d  by the  author. The pul pmill 

has a  second d i s c h a r g e   o f  1 370 $/d  f rom  the  bo i ler  ash s l u i c i n g  

1 i n e  to an impoundment located  near a swamp loca ted   eas t   o f   t he  mill 
(Figure  4 ) .  A t  t h e   t i m e   o f   t h i s   r e v i e w   t h e  Mackenzie  pul pmill had an 

amendment app l i ca t i on   be fo re   t he  Waste  Management Branch to amend t h e i r  

p e r m i t   t o   r e f l e c t   b o t h  a total load  concept  and the 1977 P r o v i n c i a l  

ob jec t ives .  
Sol i d  waste d isposa l   cond i t ions  for the pul pmill are 

s t i p u l a t e d   i n   p e r m i t  PR-1421, l a s t  amended June 30, 1977. Sol i d   m s t e s  

c o n s i s t  o f  c l a r i f i e r   s l u d g e  dregs, 1 imestone g r i t  as wel l  as scrap 

metal,  wood and  paper  wastes. 

Y 
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4 EFFLUENT ASSESSMENT 

4.1 TSS and BOD5 f o r  1976 t o  1979 

cy 

I 

Y 

Loadings o f  TSS and BOD5 f o r   t h e   F i n l a y  and  Mackenzie p u l p i l l s  

have  been c a l   c u l   a t e d   f o r  1976 t o  1979 (Table 3 ) .  The Val  ues repor ted 

r e f l e c t  an approx ima te   da i l y   l oad ing   f o r  a given 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   q u a l -  

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

For   the   F in lay   pu l  pill, the   yea r l y   ave rage   l oad ing   f o r  BOD5 

ranged  between 927 kg/day i n  1976 t o  1573 kg/day i n  1977. For TSS t h e  

yearly  average  ranged  between 1 454 kg/day i n  1976 t o  2 191 kg/day i n  
1977. Wi th   the   except ion   o f  TSS i n  1977, the  averages  reported i n  Table 

3 are  be low  the a1 1 owabl  e l o a d   o f  2040 kg/day f o r  BOD5 and TSS repor ted  

i n  Permit PE-1174. 

A new brown stock washer was i n s t a l l e d   i n  June 1976 a t  t h e  
Mackenzie  pul pill. T h i s   r e s u l t e d   i n  a s u b s t a n t i a l   r e d u c t i o n   i n  TSS 

fo rma t ion   ( ca l c ium- l i gn in  complex) i n   t h e   a e r a t i o n   l a g o o n  (19). While 

s p e c i f i c   l o a d i n g 3   i n   t e r m s  o f  kg/day  are  not   indicated on Permit 1138 

(February 4, 1972), the  usual  procedure i s  t o   c a l c u l a t e  them f rom  the  
m i l l s   p r o d u c t i o n   r a t i n g  and a limit per  tonne  o f   product ion.   For  a 
p r o d u c t i o n   o f  454 ADt/day  and 6.15. kg/ADt t h i s  would amount t o  2 795 
k g l d a y   o f  BOD5 and TSS. Wi th   the   except ion   o f  BOD5 i n  1977, the  averages 

r e p o r t e d   i n   T a b l e  3 exceed t h i s  limit. There has  been a no t i ceab le   i n -  
crease i n  BOD5 and TSS loadings  over  1978 and 1979 compared t o  1977 and 

t h i s   l i k e l y   r e f l e c t s   t h e   i n c r e a s i n g   p r o d u c t i o n   o v e r   t h e  same period. As 

indicated  previously,   the  Mackenzie  operat ion has  an amendment appl i- 

cat ion   be fo re   t he  Waste Management Branch t o   e s t a b l i s h  new load ing  
r e q u i  rernents . 
4.2 T o x i c i t y   f o r  1973 t o  1979 

The o l d  1971 P r o v i n c i a l   o b j e c t i v e s  (10) 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  96 hour LC50 w i t h  a 90% e f f l uen t   concen t ra t i on  where 
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TABLE 3a FINLAY PULP MILL EFFLUENT TSS AND BOD5  LOADINGS (Kg/day) 
FOR 1976 TO 1979 

1976  1977  1978  1979 

BOD5 TSS BOD5 TSS BOD5 TSS BOD5 TSS 
I 

January 
February 
March 

Apri 1 

May 
June 
July 
August 
September 
October 
November 
December 

83 6 

1336 
1545 

564 

60 9 

3 73 
51 8 

564 

99 1 
282 

1164 

231 8 

1254 

1745 
2945 

82 7 

909 

682 
90 9 
773 

564 

445 
452 7 
1936 

5936 2736 

1591 1745 
2027 21 73 
1618 2473 

1227 1464 

1009. 1691 
1373 3264 

1036 1391 

1200 1418 

1282 2691 
1936 2036 

1491 3218 

2618 1609 
1854 2282 
1864 1800 

1282 1927 

1264 1682 

1573 1782 
1036 1945 

1318 1445 

1364 1518 

1045 1627 
1409 1409 
2227 2082 

1918  1673 

2782  2764 
1418  2145 

1409  3654 

1618  1791 

1536 3173 

600  1009 

1082  1364 

1264  1173 

936 1964 
1473 2364 

791 1336 

AVERAGE 927  1454  1809  2191  1573  1764  1400  2036 
ry 
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TABLE  3b MACKENZIE PULP MILL EFFLUENT TSS AND BOD5  LOADINGS (Kg/day) 
FOR 1976 TO 1979 

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

January 
February 
March 
Apr i  1 

May 
J u ne* 
J u l y  
August 
September 
October 

November 
December 

441 8 
55  54 
5764 
52  73 
5036 
3618 

1818 
1200 
1954 
1754 

1909 
1909 

15945 
22 182 
20973 
1 7464 
15600 
14736 

8882 
5782 
91 91 
7964 

9691 
11154 

2073 
1954 
2145 
2545 
33 91 
4082 
1909 
1391 
1254 
5909 

21 54 
21  36 

4900 
4336 
6482 
42  82 
5773 
63 00 
4636 
3873 

2336 
8709 

3900 
3991 

4764 
2500 
332 7 
281 8 
3945 
2991 
602 7 
32  73 
3073 
2 754 

3800 
3682 

10135 
8473 
9982 
8954 
984 5 
7036 
62 91 
6400 

634 5 
6127 

90 82 
7682 

321  8 
32  73 
54  54 
2545 
3436 
52  73 
81 09 
3 982 
3664 
3664 

4854 
7945 

5745 
5418 
4582 
481 8 
672 7 
7764 
621 8 
61 64 

870 9 
5782 

9082 
1592 7 

A MRAGE 3354 13300 2582  4964 3582 8027 4618 7245 

* new brown stock washer i n s t a l l e d   i n  June 1976. 
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t h e   d i l u t i o n  was grea ter   than 20:l (F in lay   Pu lpmi l l  and Mackenzie  Pulp- 

mill) and a 100% concent ra t ion  where t h e   d i l u t i o n  was less than 2O:l i n  

t h e   r e c e i v i n g   w a t e r s .   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 the   spec i -  

f i e d   t o x i c i t y   l e v e l .  The 1977 ob jec t i ves  (11) s p e c i f y  50% s u r v i v a l  

du r ing  a 96 hr   b ioassay   o f .  100% 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 .  

Walden " e t   a l e  (18) r e p o r t  tha 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  90% e f f l uen t   concen t ra t i on   ove r  96 hours  exposure  (s ta t ic  

t e s t )   t o  be s l i g h t l y  more s t r ingent   than  the   federa l   mon i to r ing   b ioassay  

o f  80% s u r v i v a l   i n  a 65% e f f l uen t   concen t ra t i on   ove r  96 hours  exposure 

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

I n  December o f  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  
program t o  determine  the  extent  o f  compl iance  w i th   p resent   tox ic i t y  
standards.  Under  the  program, n l i l l s   s e n t   e f f l u e n t  samples t o   t h e  

Environmental   Protect ion  Service  Laboratory  for   b ioassay. 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 100% co inc ided   w i th   p rov inc ia l  

o b j e c t i v e s  and t h o s e   a t  65% wi th   federa l   moni tor ing  requi rements.  

A 1 i s t i  ng o f  a1 1 bioassays  conducted on the  Fin1  ay and Macken- 

z i e   m i l l s   o v e r  1973 t o  1979 a r e   i n c l u d e d   i n  Appendix 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  Table 4. 
The r e s u l t s  show t h a t   t h e   F i n l a y   p u l p m i l l  has d i f f i c u l t y  meet- 

i n g   t h e   p r o v i n c i a l  90% e f f l u e n t   t o x i c i t y   s t a n d a r d   w i t h   o n l y  31% t o  50% 

o f  t h e  samples pass ing  annual ly   over  1976 t o  1979. I n  1978 and 1979 
some o f   t h e  samples r e q u i r e d   o x y g e n a t i o n   p r i o r   t o   r u n n i n g   t h e   a s s a y   t o  

b r i ng   t he   d i sso l ved   oxygen   l eve l  up t o  an acceptable 1 eve1 . T h i s   i n d i -  

c a t e s   t h e   e f f l u e n t  has a h igh  oxygen demand. 

For  the  Mackenzie  pulpmi l? , the  percent  pass a t  t h e  90% e f f l u -  

ent   tox ic i ty   s tandard  ranged  between 73% i n  1979 and 100% i n  1977. This  

i s  an improvement  over 44% i n  1976 and i s   l i k e l y   r e l a t e d   t o   t h e  improve- 

ments i n  brown-stock  washing. The 1978 and 1979 r e s u l t s   i n d i c a t e   t h e  

p u l p m i l l  does n o t   c o n t i n u a l l y  meet 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  

o r  90% s tandard .   Fac to rs   a f fec t i ng   t ox i c i t y   con t ro l   a t   t he   Mackenz ie  
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operat  ion have been reported by Chandrasekran " e t  a1 . ( 6 ) .  Brown-stock 
washing  was indicated t o  be the most important  process i n  the mill fo r  
tox ic i ty  removal ( 6 ) .  The higher  production  rate i n  1978 and 1979 may 
be a factor  influencing  toxicity performance. 

I t  was  beyond the scope  of this review t o  discuss  acute  toxi- 
city  bioassay  monitoring i n  detail  or t o  review the  toxic  fractions i n  
p u l  p i l l  eff luents  and the  reader is referred  elsewhere (12, 13, 14, 15, 
16, 17) .  

4.3 Monitoring and Miscellaneous  Studies 

On a monthly basis,  the  Finlay and  Mackenzie  pul w i l l  s submit 
daily  effluent  results t o  the Waste  Management Branch and EPS. 

The Finlay and Mackenzie pul  p i l l s  have been involved i n  Coop- 

erat   ive Pol 1 ution Abatement Research ( C P A R )  projects. The Fi n l  ay pul  p- 
mill was involved i n  a study on the  identification and treatment of tox- 
ic   mater ia ls  i n  mechanical pulping effluents ( 7 ) .  The Mackenzie p u l p -  
mill was involved  in a study on the  origin and removal of precipitated 
suspended sol ids i n  bleached kraft  pul p mill  effl uent (19). 
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TABLE 4 ANNUAL PERCENT PASS TO FEDERAL (65% e f f l u e n t  - 
80% su rv i va l  AND PROVINCIAL (90% and 100% e f f l   u e n t  - 50% su rv i va l  ) TOXICITY REQUIREMENTS FROM 1973 TO 1979 

Number o f  Annual 
Bioassays Compl eted  Percent  Passing 

Prov  inc  ia l   Federa l  
Standard  Standard 

65% 90 % 100% 
Year E f f l u e n t   E f f l u e n t   E f f l u e n t  90%  100% 65 % 

F i n l a y   P u l p m i l l  

1973 5 - - - - 20 
1974 25 - - - - 56 
1975 20 - - - - 100 
1976 10 9 10 56 60 90 
1977 9 13 14  31 29  45 
19781 5 10 10 50 30 80 
1 97 92 5 9 7 44 43 40 

Mackenzie  Pulp Mil 1 

1973 6 - - - - 100 
1974 19 - - - - 89 
1975 9 - - - - 100 
1976 8  9 11 44 45 75 
1977 - 6 6 100 100 
1978 3  12 12 75 67 100 
1979 5 11 9 73 56 80 

- 

1. October 16, 1978, sample  oxygenated,  otherwise it would  have 
been t o x i c  . Reported as a  pass. 

2. January 29, A p r i l  17, August 7, November 13, 1979, samples 
required  oxygenat ion to b r i n g  DO 1 eve1 up. All but  January 29, 
1979, sample repor ted as a  pass. 
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5 RECEIVING WATER FEATURES 

5.1 Will i s t o n  Lake  (Wi lJ  is ton  Reservoir)  

N i l  1 i s t o n  Lake ( reservo i r )  was formed i n  1969 behind  the 

W.A.C. Bennett Dam which i s   s i t u a t e d   i n   t h e  canyon o f   t h e  Peace River 

downstream o f   the   con f luence  o f   the   F in lay  and Pack-Parsnip  drainage 

systems (Figure  2). The l a k e   i s  made  up o f   t h e  Pack-Parsnip Reach where 

the  water moves northward,  the  Finlay Reach where water movement i s   t o  
the  south and the Peace Reach where the combined flows move eastward. 

The area o f   t h e   l a k e   i s   i n   t h e   o r d e r   o f  173  588 hectares  wi th 

a 1 ength o f  233 km  and a mean depth o f  43.3 m. The Parsnip Reach  on 

which  the  pul pmill s are 1 ocated i s   i n  the   o rder   o f  63 606 hectares  wi th  a 

mean depth o f  38 m. 
The rese rvo i r  undergoes y e a r l y  seasonal o s c i l l   a t i o n s   r e s u l t i n g  

from drawdown a t   t h e  dam and an annual recharge  during  freshet. Low 

water  occurs j u s t   p r i o r  t o  spr ing  runof f   beginn ing  in   Apr i l  and r i s e s  

s tead i l y   to   h igh-water   in  August  and then  decl ines  steadi ly. The  mean 

annual  discharge  from  the  lake i s  1 020 d / s  and the  estimated 

f l  ushi  ng r a t e   i s  2.2 y e a r s   ( 8  1 A t  f u l l  pool ( f i r s t  reached i n  sumner 

o f  1972)  the  reservoir   e levat ion above sea l e v e l   i s  672 m and the normal 
l ow   l eve l   i n   sp r ing   i s   app rox ima te l y  655 m (1) .  The average  annual 

drawdown i s  16.8 m. 
The main t r i bu ta r ies   d ra in ing   i n to   t he   Pa rsn ip  Reach inc lude  

the Pack  and Parsnip  r ivers   a t   the  south,   the  Nat ion  River   mid-reach and 
the Manson River  which  enters  near  the  north end (Figure 2) .  

B.C. Research (3 )   ca l cu la ted   t ha t  based on a 83 562 d / d  

discharge  for   the Mackenzie pu lpmi l l  and with  complete  mixing, i n  the 

imnediate  area a minimun d i l u t i o n   o f  103:l  would  occur i n  a t y p i c a l  
year.   Considerably  greater  d i lut ion would be expected *en the  Parsnip 

and Pack r i v e r s  peak f reshet   f lows  occur   in  May and June. They 

ca l   cu l   a ted   fu r ther   tha t  , based on a sing1 e c r i t i c a l   l o w - f l  ow y e a r   i n  

every 15, a minimun d i l   u t i o n   i n   t h e   r a n g e   o f  50: 1 t o  100: 1 would  occur 

dur ing  the  low  f low months o f  January to Apr i l   (3  1. 
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B.C. Research ( 3 )  report t h a t  preparation of the Will iston  re- 
servoir  site  prior t o  f l o o d i n g  was extremely poor as only merchantable 
timber was  removed.  Non-merchantable timber was i n i t i a l l y  windrowed 
after fa1 1 i n g  and the bul  k of t h a t  l e f t  wi thout  burning. As a consequ- 
ence of this,  a maximum amount of organic material was l e f t  for  decom- 
position,  resulting i n  a h i g h  oxygen  demand. 

5.2 Fishery Resources 

Hal sey and Barrett  (1) and Bruce and Starr ( 2 )  have  conducted 
assessments on the fisheries resource and i t s  potential i n  the  Williston 
Reservoir and on its  tributary streams, respectively. Aitken " et a1.(24) 
conducted a creel survey of Williston Lake i n  1977. A sport  fishery on 
the  reservoir is  well estabished b u t  no commercial fishery  takes place. 

5.2.1 Williston Lake.  Halsey and Barrett (1) collected 15 species of 
fish from the  reservoir and a l l  of which were reported i n  the Parsnip 
Basin (Tab1 e 5 ) .  Lake whitefish (Coregonus cl upeaformi s )  were the dom- 
i n a n t  species i n  the  reservoir and estimates of the  carrying capacity 
suggested t h a t  the  reservoir i s  capable of sustaining a commercial fish- 
ery. Lake whitefish populations which occurred i n  the system prior t o  
flooding have probably greatly expanded i n  response t o  the new reservoir 
environment w h i c h  t h a t  species was able t o  exploit. 

Halsey and Barrett  (1) reported t h a t  few  kokanee  (Oncorhynchus 
nerka), a newly introduced species, were found i n  each bas in  and ,  as  they 
establish,  the  relative abundance of other  fish will  change. No northern 
pike (Esox - lucius) was taken i n  the  reservoir d u r i n g  1974 and 1975. 

Halsey and Barrett  (1)  further  report t h a t :  

"Lake t rou t  (Salvelinus narnaycush) which was reported from the 
southern  Parsnip  drainage  (Withler, 1959) wou ld  now have 
access t o  the new reservoir b u t  was not  collected  there duri'ng 
1974-1975. Fluctuating water levels during the winter incuba- 
t i o n  period would certainly  eliminate any lake trout eggs de- 
posited i n  the  required shore spawning h a b i t a t ,  th is  probably 
explains  the absence of the  species from t h e  reservoir which 
i s  otherwise a suitable h a b i t a t .  Withler  (1959)  predicted 

Y 
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t h a t   l a k e   t r o u t   w o u l d  become w i d e l y   d i s t r i b u t e d   i n   t h e  
r e s e r v o i r  and wou ld   p rov ide   t he   bas i s   f o r  a m a j o r   p o r t i o n   o f  
t he   spo r t s   f i she ry .   Th i s  may y e t   o c c u r   b u t   t h e   e v i d e n c e   t o  
date  appears t o   p r e c l u d e   t h e   p o s s i b i l  i t y .  L a k e   t r o u t   a r e  
known t o  spawn i n   f l u v i a l   h a b i t a t   i n   r a r e   i n s t a n c e s   ( S c o t t  and 
Crossman, 1973); i f  l a k e   t r o u t   w i t h i n   t h e   w a t e r s h e d   ( i . e . ,  
M o r f e e   a n d   A r c t i c   l a k e s )   a d a p t   t o   f l u v i a l   s p a w n i n g ,   t h e  
r e s e r v o i r  may yet   suppor t  a populat ion."  

I n   a d d i t i o n ,   H a l s e y  and B a r r e t t  (1) r e p o r t e d   t h a t :  

" I n   b o t h   t h e  Peace  and F in lay   bas ins   about   tw ice  as many f i s h  
were  taken in   t he   sp r ing   samp l ing   pe r iod  as were c o l l   e c t e d   i n  
t h e  autumn  whereas  about 20 p e r c e n t   m o r e   f i s h   w e r e   t a k e n  i n  
the   Pa rsn ip   Bas in   i n   t he  autumn; t h i s   i s   p r o b a b l y  a r e s u l t   o f  
l a r g e   n u m b e r s   o f   l a k e   w h i t e f i s h   f r o m   t h e   P e a c e   a n d   F i n l a y  
basins  (where l i t t l e  r e p r o d u c t i v e  h a b i t a t  e x i s t s )  m i g r a t i n g  
th rough  the   Parsn ip   Bas in   enrou te  t o  spawning  ground i n   t h e  
Parsnip and t r i b u t a r y   r i v e r s . "  

"AS l a r g e  numbers o f   fo rage  f i sh   (wh i te f i shes ,   kokanee,   chub,  
etc.)  become more r e a d i l y   a v a i l a b l e ,   p i s c i v o r o u s   s p e c i e s   s u c h  
as D o l l y  Varden, burbot  and ra inbow  t rou t  may make up g r e a t e r  
p r o p o r t i o n   o f   t h e   t o t a l   t h a n   t h o s e   s p e c i e s  do now." 

"Bo th   t he   F in lay  and  Peace b a s i n s   o f f e r   b e t t e r   o p p o r t u n i t i e s  
f o r   r e c r e a t i o n a l   a n g l i n g   b e c a u s e   t h e   p e r c e n t   c o m p o s i t i o n   o f  
s p o r t s   f i s h   i s   a b o u t  3 t imes (30%) g r e a t e r   t h a n   i n   t h e   P a r s n i p  
b a s i n ,   w h e r e   s p o r t s   f i s h   r e p r e s e n t   o n l y   a b o u t  10 p e r c e n t   o f  
t h e   t o t a l   c a t c h .  The r e l a t i v e l y   l o w  numbers o f   s p o r t s   f i s h   i n  
the   Parsn ip   Bas in  compared t o   o t h e r s  may be t h e   r e s u l t   o f  coln- 
p a r a t i v e l y   h i g h  numbers o f   coarse   f i sh   (minnows  and  suckers )  
wh ich   compete   w i th  them. S u p p o r t   f o r   t h i s   s u g g e s t i o n  was 
ev ident  i n   t h e  P e a c e   B a s i n   w h e r e   c e n t r a l   b a s i n   c a t c h e s   o f  
coarse   f i sh   represented   on ly   about  5% and s p o r t s   f i s h  made up 
about 33% o f   t h e   t o t a l  catch." 

They a1 so r e p o r t e d   t h a t   t h e   r e 1   a t i v e  abundance of  species will 
undoubtedly  change  wi th  t ime and w i t h   p r o g r e s s i v e   s t a b i l i z a t i o n   o f   t h e  

reservo i r   env i ronment  and t h a t   t h e   r e l a t i v e l y   h i g h   e s t i m a t e s   o f   f i s h  

p r o d u c t i o n   a r e   p r o b a b l y   i n   p a r t  a r e f l e c t i o n  of t he  newness o f   t h e  

rese rvo i r .  As t h e  system s t a b i l i z e s  and t h e   a d d i t o n   o f   i n o r g a n i c  and 

m 

I 

c 
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organ ic   nu t r ien ts   decreases ,   f i sh   p roduc t ion  will probably  decrease. The 

magnitude o f   t he   l ake   wh i te f i sh   m ig ra t i on   t h rough   the   Pa rsn ip   Bas in   pas t  

t h e   m i l l s   t o   t h e   P a r s n i p   R i v e r   i s   n o t  known. 

5.2.2 T r ibu ta ry   S t reams   o f   W i l l i s ton  Lake. Streams studied  by  Bruce 

and S t a r r  (2 )  i n   r e l a t i o n   t o   t h e   p u l p m i l l s   a r e  shown i n   F i g u r e  5. They 

r e p o r t e d   t h a t   i n  a1 1 o f   t h e  1 a ryer   r i vers   adu l t   over -w i   n te r ing ,   spawning  

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

f o r   t h e   p r o d u c t i o n   f o r   a l l  aye c lasses and s p e c i e s   o f   f i s h   ( T a b l e  5). 
Bruce and S t a r r   ( 2 )   r e p o r t e d   t h a t   A r c t i c   g r a y 1  i ny , rainbow 

t rou t ,   mounta in   wh i te f i sh ,  and D o l l y  Varden  were c a p t u r e d   i n  each o f   t h e  
l a r g e r   r i v e r s  and a re   res iden t   i n   t hese   r i ve rs .   Lake   wh i te f i sh   f rom  the  

r e s e r v o i r  spawn i n   t h e   P a r s n i p  and Pack R ive rs   sou th   o f   t he   pu lpmi l l s  and 

i n   t h e  Manson R ive r  and  probably  Nation and Ornineca R i v e r s   n o r t h   o f   t h e  

m i l l s .  The o n l y   l a k e   w h i t e f i s h   t h a t  were i d e n t i f i e d  as r e s i d e n t   f i s h   i n  

t h e   t r i b u t a r y   s t r e a m s  were found i n   t h e  upper Pack R ive r  system. 

R e s i d e n t   p o p u l a t i o n s   o f   f i s h  were not  found i n   t h e   s m a l l e r  

s t r e a m  on e i ther   s ide   o f   the   Parsn ip   Bas in ,   nor   d id   these  s t reams  have 

ex tens ive  fry, j u v e n i l e   r e a r i n g   o r   o v e r w i n t e r i n g   h a b i t a t .   A d u l t   f i s h  

apparent ly   m igra te  up these  streams t o  spawn and t h e n   r e t u r n   t o   t h e   r e -  

se rvo i r .  Spawning tirnes fo r   i nd i v idua l   spec ies  as observed  by  Bruce and 

S t a r r  (2 )  a re   repo r ted   i n   Tab le  6. The pr imary   impor tance  o f   the  smal 1 e r  

streams i n   t h e   b a s i n   a r e  as spawning  grounds f o r   A r c t i c   g r a y l i n g ,   r a i n b o w  
t r o u t  and mountain wh i te f i sh .  T h e i r  importance t o  Dolly Varden spawning 
i s  probably  marginal  and i t  i s   u n l i k e l y   t h a t   l a k e   w h i t e f i s h   u t i l i z e   t h e s e  

s t  reams. 

Bruce and S t a r r   ( 2 )   r e p o r t e d   t h a t   f i s h i n g   p r e s s u r e   i n   t h e  
Parsnip  Basin i s  p robab ly   g rea te r   t han   t he   res t   o f   t he   rese rvo i r   s imp ly  

because it i s  mos t   access ib le   t o   re la t i ve l y   l a rge   popu la t i on   cen t res .  

A i t ken  " e t   a l .  ( 2 4 )  i n   t h e i r   c r e e l  census repor t   found  the   four   ma jor  game 

f i s h   t o  b e   r a i n b o w   t r o u t ,   A r c t i c   g r a y l i n g ,   D o l l y  Varden and wh i te f i sh .  

A i t ken  " e t   a l .  (24) a1 so r e p o r t e d   t h a t   f o r   t h e   P a r s n i p  Reach area  the 

areas o f   g rea te r   pe rcen tage   f i sh ing  usage  were t h e  Pack River ,   Nat ion 

R ive r  and Nat ion  Arm, and t h e  Manson R ive r  and Manson Arm. B.C. Research 

( 4 )  r e p o r t e d   t h a t   W i l l i s t o n  Lake i s  no t   su i tab le   f o r   t he   ave rage   fam i l y  

boater  as f l o a t i n g  and s t a n d i n g   t i m b e r   i s  an ever-present  hazard. 
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V 

F I G U R E  5 T R I B U T A R Y   S T R E A M S  OF P A R S N I P   R E A C H  
I N   R E L A T I O N  TO P U L P   M I L L S   A N D   S E W A G E  
O U T F A L L S  
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ENVIRONMENTAL IMPACT AND ASSESSMENT STUDIES 

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

respect t o   t h e   i m p a c t   o f   t h e   F i n l a y  and Mackenzie  pul   pmi l l   ef f luent 

discharges on W i l l i s t o n  Lake. Some wa te r   qua l i t y   mon i to r i ng   i s  con- 
duc ted   by   the   mi l l s   in   the   sou thern   por t ion   o f   Parsn ip  Reach. Receiving 

water   s tud ies   ava i lab le  a t  t h i s   t i m e  have dea l t   w i th   ob ta in ing   base l i ne  

data on r e s e r v o i r  1 imnol ogy. This will he1 p determine  fu ture changes i n  

t r o p h i c   s t a t u s  as t h e   r e s e r v o i r   s t a b i l i z e s .  

6.1  Lake Studies 

Pre-opera t iona l   s tud ies   cons is t ing   o f   water   qua l i t y ,   l im i ted  
phytoplankton work  and e f f l uen t   d i spe rs ion   s tud ies  were conducted by 

B.C. Research ( 3 ) .  A t  t ha t   t ime   the   rese rvo i r  was b e i n g   f i l l e d  and was 

therefore  unstable.  6.C. Research (4 )  was  a1 so i n v o l v e d   i n  1 imnologica l  

s t u d i e s   i n   t h e   f a l l  o f  1974  and t h e   w i n t e r   o f  1975 f o r   t h e  B.C. Water 
Invest igat ion  Branch and du r ing   t he  summer and f a l l  o f  1975 f o r  B.C. 

Hydro and Power Author i ty .  

I n   t h e  B.C. Research (4)  work,  except  for a few  water  qual i t y  

parameters  (temperature,  dissolved oxygen, pH, and conduc t i v i t y )  a t  
s t a t i o n s   s o u t h   o f  and immed ia te l y   no r th   o f   t he   m i l l s ,   t he   on l y   s ta t i on  

a t  which  b iological   parameters were  measured was  some 16 km n o r t h   o f   t h e  

m i l l s .  B.C. Research ( 5 )  co l l ec ted   l imno log ica l   da ta   i n  1976 f o r  B.C. 

Hydro  and Power A u t h o r i t y   b u t   t h e   s t a t i o n   n e a r e s t   t o   t h e   p u l p m i l l s  was 

i n   t h e   o r d e r   o f  90 km north. Abel  son (20)   repor ts   tha t   the   pu l  p i 1  1 s ,  

as a permit  requirement,  anual l y  conduct a j o in t   wa te r   qua l  i t y  survey 

i n   t h e   s o u t h e r n   p o r t i o n   o f   P a r s n i p  Reach (Figure  6) .  Some data  provided 

by B.C. Forest  Products  Ltd.  (21) has been given a cursory assessment by 

th is   au thor   (Tab le  7, Appendix 111  and IV). 

The Environmental Land Use Sec re ta r ia t ,   V i c to r i a ,  i s  p resen t l y  

compi l ing   in fo rmat ion   f rom a f u l l  range of  resource  studies  implemented 

by  that  group  (22). The top i cs   cove red   i nc lude   w i l d l i f e ,   f i she r ies ,  
recreat ion,   forest ry ,   c l imato logy,   hydro logy and 1 imnology. 
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TABLE 7 S~MMARY OF AVAILABLE RECEIVING WATER QUALITY DATA - 
(Locat ions   ment ioned  a re  shown i n   F i g u r e  6 ) .  

Date Comments 

May 1973 

September  1974 

September  1975 

J u l y  1976 

August 1977 

s l i g h t   i n c r e a s e s   i n  sodium, t u r b i d i t y ,  suspended  sol i d s  

a n d   i r o n   a t  BCFP o u t f a l l .   C o n c e n t r a t i o n s   r e t u r n e d  to 

background  leve l  s a t   t h e   j u n c t i o n .  No o t h e r   n o t a b l e  

changes  evident . 
s l   i g h t   s u r f a c e   i n c r e a s e   i n  SO4 n o t e d   a t  BCFP o u t f a l l  

and a t  t he   j unc t i on .   Concen t ra t i ons   re tu rned  to 

b a c k g r o u n d   l e v e l s   b y   F F I   i n t a k e  and  were e leva ted   aga in  
a t  FFI o u t f a l l .  No other   notable  changes  ev ident .  

(I 

no notable  changes  ev ident .  

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

j u n c t i o n .   T u r b i d i t y   i n c r e a s e d   a g a i n   a t   F F I   o u t f a l l .  

No o ther   no tab le   changes  ev ident .  

apprec iab le   mid-depth  TOC inc rease and s l   i g h t   i n c r e a s e  

i n   s o d i m ,  SO4, c o n d u c t i v i t y ,   c o l o u r  and suspended 

s o l   i d s   n o t e d   a t   t h e   l o g h a u l  and r e t u r n e d  t o  background 

l e v e l s   a t   t h e   j u n c t i o n .  S1 i g h t   i n c r e a s e   i n  TS and SS a t  

F F I   o u t f a l l .  

Parameters  measured: Na, Fe, SO4, Mg, Ca, pH, Temp., D.O., c o l o u r ,  

a 1   k a l   i n i t y ,   c o n d u c t i v i t y ,   t u r b i d i t y ,  suspended 

s o l   i d s ,   t o t a l   s o l   i d s ,   v o l a t i l e  suspended  sol i d s  

and TOC. 
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6.1.1 Lake Study Assessment 

I 

I 

I 

m 

6.1.1.1 Water quality. B.C. Research ( 3 )  identified  dissolved oxygen 
as a parameter t h a t  would  be effected  during  the Wi 11 iston  Reservoir 
aging  process and t h a t  the  possible  effects of  pul pmill effluent on lake 
water quali ty would  be confined to  dissolved oxygen and colour. They 
concluded t h a t  a positive flow would always occur past  Mackenzie, flows 
would be lowest i n  mid-winter and t h a t  the main flow would  be directed 
in a north by northwest  direction immediately  upstream of the B.C. 

Forest  Products Ltd. outfal l .  To assess  if any appreciable changes in 
dissolved oxygen levels  are  occurring "down1 ake" of the pul pmill s ,  data 
provided for  similar sample s i t e s  and time of year  since 1970 have  been 
yiven a cursory  analysis (Appendix 111). Changes in  other chemical 
parameters are noted in  Table 7 and the d a t a  are  tabulated  in Appendix 
I v. 

The limited  receiving  water d a t a  reviewed does  not indicate an 
appreciable  reduction  in water quality even a t  the   outfal l   s i tes .  I t  
should be noted t h a t  samples were collected from a July  to  September 
period when the  lake  is  near or a t  fu l l  pool and d i lu t ion   i s  high. The 
Mackenzie pulp  mill  for August, 1977, reported a 600:l   dilution  at   the 
junction sample s i t e  and a 188:l  dilution a t  the  outfall .  The July  to  
September period for  which the uplake-downlake dissolved oxygen data  are 
available does not  appear t o  be  showing reductions i n  the  percent  satur- 
ation o f  dissolved oxygen. For September 1974 there was an indication 
t h a t  the  eastside of the  reservoir  in  the  vicinity of the  outfal ls  had 
an  extended zone  of lower percent-saturation  water (Appendix 111). 
There i s  evidence of low  oxygen levels  occurring  in  the  lake and levels 
below 50% saturation were common up1 ake and down1 ake o f  the  outfall s. 

B.C. Research (4) reported t h a t  the  rapid  fl ushing ra te  and 

drawdown greatly  influenced  the  pattern of dissolved oxygen and ternper- 
a ture   s t ra t i f ica t ion .  Although sulnmer temperature s t r a t i f i ca t ion  was 
reported,  the  thermocline  in  Parsnip and Finlay  reaches was poorly dev- 
e l  oped ( 4 ) .  They reported t h a t  di ssol ved  oxygen profi 1 es d u r i n g  summer 
s t r a t i f i ca t ion  were orthograde  curves  characteristic of oligotrophic 
1 akes and were close t o  saturation a t  a1 1 depths. Where comparable 
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Sta t ions   ex is ted ,   percent   sa tura t ion   leve ls   repor ted  by B.C. Research 

(4) i n  August 1975 were   no t   un l i ke   those  repor ted   by   the   In i l l s   in  

September  1975 (Appendix I I I ) .  

6.1.1.2 Bio log ica l .   B io log ica l   parameters have not  been monitored 

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

the   pu l   pmi l l  s f rorn  which  the  genera l   t rophic   s ta te  o f   Parsn ip Reach can 

be  described i s  some 16 km n o r t h   o f   t h e  mi 11 s (4). B.C. Research ( 4 )  
repo r ted   t ha t   t he   ove ra l l   r ese rvo i r  had good water  qual i t y  w i t h  no e v i -  

dence o f   i n t e r n a l   l o a d i n g   o f   n i t r o g e n   o r  phosphorus and t h a t   n u t r i e n t  

concentrat ions were 1 ow. 

B.C. Research ( 4 )  reported  the  phytoplankton community f o r   t h e  

per iod  of   study  (June/July/November)  to be dominated  by  diatoms and t h a t  
t h e r e  were no subs tan t i a l   d i f f e rences  i n  phytoplankton p o p u l a t i o n s  i n  

each o f   t h e   r e a c h e s   o f   t h e   r e s e r v o i r   o t h e r   t h a n   f o r   s h i f t s   i n   t h e   r e l a -  

t i v e  abundance o f  species. They repor ted   the   genera l   pa t te rn   o f   phy to-  

p l a n k t o n   d i v e r s i t y  o f  W i l l i s t o n  Lake t o  be  normal f o r  a d i m i c t i c   o l i g o -  

t roph ic   lake   a t   nor thern   la t i tudes .   B lue-y reen  a lgae  o f ten   assoc ia ted  

w i th   "nu i sance"   cond i t i ons   i n   l akes  and r e s e r v o i r s  were present  but  

never abundant. Mean ch lo rophy l l -a   va lues   f o r   t he   pho t i c  zone du r ing  

t h e r m a l   s t r a t i f i c a t i o n  were 2.25 ug/ l  (1.26-5.19 u g / l )   f o r   t h e   P a r s n i p  
Reach, 2.43 ug / l  (. 19-9.86 u g / l )   f o r   t h e  F i  n l  ay Reach, and 3.55 ug / l  

(1.25-9.22 u g / l )   f o r   t h e  Peace Reach (8). 

B.C. Research  (5)  conducted  late surnner and f a l l  over tu rn  

b i o l o g i c a l  and wa te r   qua l i t y   su rveys   i n  1976 b u t   t h e   n e a r e s t   s t a t i o n   t o  

t h e  m i  11 s was some 90 km n o r t h   o f   t h e   p u l  pmi 11 s. 
Brown1 ee and Strachan  (25) and Fox (26)  reported  dehydro- . 

a b i e t i c   a c i d  (DHA) as be ing   the  most pers is tent   organic   contaminant   in  

the  sediment and water   o f  a 25 Km2 a rea   o f  Lake  Superior  influenced  by 

the   d i scha rge   o f  a mixed groundwood and b leached   k ra f t   pu lpm i l l   w i thou t  

biological   t reatment.   Kaiser  (27)  found DHA i n  ye1 low perch, as we1 1 as 
i n  two  species o f  sucker  (Catastomus commersoni and - C. catastornus)  which 

were from  areas  inf luenced by t h e  above p u l p m i l l  Dehydroabiet ic  acid 

i s  a wood e x t r a c t i v e   f o u n d   i n   p u l p m i l l   e f f l u e n t s  and has a 96 h r  LC50 o f  
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0.5 mg/l fo r  year1  ing  sockeye salmon (28). The bioaccumulation of 
chlorinated phenol s in  f ish has been  documented by Landner " e t  a1 . (29)  
A sediment and fish collection  survey of the  southern  portion of Parsnip 
Basin for  analysis  for DHA and chlorinated  organic compounds  might be a 
possible method t o  assess  the  areal  influence of the pul p i l l  dis- 
charges. The Mackenzie pul p i l l   e f f l  uent would have to  be sampled in 
order  to determine for which chlorinated  organic compounds t o  analyze. 

6.1.2 F i sh  Tainting.  Reports of ta inted  f ish have not been received 
by e i ther  the Prince George WMB office  or  the  Prince George Fish and 
Wildlife  Office (20, 23) .  

6.1.3 Mi scell  aneous Discharges. The Di s t r i c t  of Mackenzi e under 
provisional  Pollution Control Branch Permit PE-327-P, February 17, 1970, 
i s  'permitted to  discharge 1900 $/d of treated domestic sewage ef f l  uent. 
Treatment consists of aerated  s tabi l izat ion ponds and the  effluent is 
discharged  via  diffusion a t  approximately  the 655 m elevation  to the 
Chiconyenily Creek Arm of  Williston Lake (Figure 5).' Th'e influence of 
this  discharge on the  water  quality of Williston Lake i s  not being 
monitored. 
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APPENDIX I PROVINCIAL  POLLUTION ABATEMENT REQUIREMENTS 

Product ion 
Rat ing  

BOD 5 TSS T o x i c i t y  

F i n l a y   P u l p m i l l 1  

272 ADt/day 

Mackenzie  Pul  pmil l2 

454 ADtlday 

2040 kg/day 2040 kg/day 50% s u r v i v a l   i n  90% 
e f f  1 uent conc. over 
a 96 hour  exposure 
t ime. 

2795 kg/day 2795 kg lday 50% s u r v i v a l   i n  90% 
e f f l  uent conc. over 
a 96 hour  exposure 
time. 

1 Based  on 1971  ob ject ives  for   the  Forest   Products   Indust ry  o f  B.C. o f  
7.5 kg/ADt f o r  BOD5 and TSS. 

2 Based on 1971  ob ject ives  for   the  Forest   Products   Indust ry  o f  B.C. 
Da i l y   l oad ing   ca l cu la ted   f rom a p r o d u c t i o n   r a t i n g   o f  454 ADt/day and a 
limit o f  6.15 kg/ADt f o r  BOD5 and TSS 
as  reported i n   p e r m i t  PE-1138, February 4, 1972. 

Note: F i  n l  ay Pul  prnil 1 Federal  Loading A1 1 owances fo r  TSS: 01 d mil 1 
mechanical   pulping (6.5 kg/ADt) and sheet  formation (2.5 kg/ADt) 
p lus  new mill mechanical  pulping  (5  kg/ADt) and sheet  format ion 
(2  kg/ADt) Overa l l   l oad ing   o f  8 kg/ADt. 

r e s p e c t i v e l y :   k r a f t   p u l p i n g  (2.5 and 16.5 kg/ADt, respec t i ve l y ) ,  
k r a f t   b l e a c h i n g  ( 2  and 13.5 kg/ADt ,   respect ive ly  and k ra f t   sheet  
fo rmat ion  0.5 kg/ADt TSS. Overa l l   l oad ing  of 5 kg/ADt TSS and 
30 kg/ADt BODS. 

: Federal TSS l o a d i n g  a1 lowances  are  for   post-pr imary  t reatment  but  
pre-secondary  treatment. 

: Mackenzie  Pul pmi l l   Federal   Loading A1 lowance f o r  TSS and BOD5 

8 
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APPEND1 X I1 

B IOASSAY RESULTS (1 973 to 1979 ) 

a )  Finlay Pulpmill 
b) Mackenzie 'Pul pmill 
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APPEND1 X I I BIOASSAY RESULTS, 1973 to 1979 

a )  Finlay  Pulpnill 

Loadlng 
Den si t y  % Survival 

Year Sample Date Species (gm/l) (65% concentration) 

B .C . Research B ioassavs 

1973 November 
November 
December 
December 
December 

1974 January 
January 
January 
February 
February 
February 
February 
March 
March 
March 
March 
April 
April 
Apri 1 
Apri 1 
May 
May 
May 

14 Coho  Salmon 
21 (Oncorhynchus 

12 
6 kisutch)  

18 
7 
17 
30 
6 
11 
18 
27 
6 
13 
21 
27 
3 
10 
18 
24 
2 
8 
15 

Beak Consultants  Bioassavs 

1.02 
1.02 
1.30 
1.28 
1.32 
1.40 
1.52 
1.58 
1.70 
1.65 
1.72 
1.84 
1.90 
1.92 
1.92 
2.10 
2.25 
2.26 
0.16 
0.17 
0.18 
0.20 
0.30 

100 
0 
0 
0 
0 

100 
0 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
100 
100 
100 
100 

1974 November 23 Rainbow Trout 1.0 
November 19 (Salmo gairdneri)  1.0 
November 25 0.40 
December 
December 
December 
Dec ember 

1975 January 
January 
January 
January 
February 
February 
February 
February 
March 
March 

2 
9 
17 
31 
6 
13 
20 
27 
3 

11 
17 
24 
3 

11 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.60 
0.40 
0.60 
0.60 
Or 60 

100 
100 
100 
100 
100 
90 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Cont' d..  . 
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APPENDIX I 1  (Cont'  d.) 

Loadinq 
Den s i  t i  % Survival  

Year Sample Date  Species  (gm/l) (65% concentration) 

Beak Consultants  Bioassays  (continued) 

1975 March 24 Rai nbow Trout 
Apri  1 23 
A p r i l  30 

June 3 
J u l y  7 
September 9 
October 28 
November 28 
December 10 

May 5 

0.15 
0.21 
0.21 
0.21 
0.21 
0.66 
1.20 
0.90 
0.19 
0.19 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 I 

Cont'd...... 

Y 

Y 

Y 
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APPEND1 X I I BIOASSAY RESULTS, 1973 t o  1979 
(Cont' d) 

b) Mackenzie Pul p i l l  

Loading 
Density % Survival 

Year  Sample Date Species (gm/l)  (65% concentration) 

B .C . Research  Bioassays 

1973 November 9 Coho  Salmon 1.02  100 
November 20 (Oncorhynchus 0.98  100 
November 29 kisutch)  1.25 100 
December 4 1.30  100 
December 10 1.28  100 
December 18 1.35 100 

January 14 1.52 100 
January 22 1.52 100 
January 31 1.64  90 
February 4 1.65 100 
February 13 1.68 100 
February 26 1.82  100 
March 5 1.78  20 
March 11 1.88  100 
March 19 2.08  60 
Apri 1 1 2.08  100 
Apri 1 16 0.16  80 

June 3 0.33 100 
July 10 0.50 90 
September 9 0.73  100 
October 7 0.80 100 

1974 January 9 1.38  90 

May 7 0.20  100 

Beak Consultants  Bioassays 

1974 November 4 Rainbow Trout 
December 

February 
March 
Apri 1 
May 
June 
July 
November 
December 

1975 January 
2 (Salmo ga i rdner i )  
6 
3 
2 
7 
5 
2 
8 
4 
2 

1.0 
0.40 
0.40 
0.40 
0.60 
0.20 
0.21 
0.21 
0.72 
0.90 
0.19 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
90 

Cont' d. .  . 

I 
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APPENDIX I 1  I 

A CURSORY ASSESSMENT OF DISSOLVED OXYGEN 

PERCENT SATURATION  LEVELS I N  PARSNIP REACH OF 

W ILLISTON LAKE 
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