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I n  October ,   1976,   the   Env i ronmenta l   Pro tec t ion   Serv ice   in i t ia ted  
a program t o  assess  the  envi   ronmental   impact  of   pulp  and  paper mil 1s i n  

B r i t i s h  Columbia.   With  the  cooperat ion  of   var ious  other  government 

agencies  and  the  pulp  and  paper  industry, EPS compi led   re levant   resource  

da ta  and receiv ing  env i ronment  moni t o r i  ng i n f o r m a t i o n .   A f t e r   r e v i e w i n g  

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

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

determined.  This  report   represents  the  environmental   impact  assessment 

fo r   t he   Canad ian   Fo res t   P roduc ts   pu lp  m i  11 a t   P o r t  Me1 lon ,  Howe Sound, 
B.C. 
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R ~ S U M ~  

A u  mois d'octobre 1976, l e  Service de la  protection de l'environnement 
a entrepris  de'eval  uer  les  repercussions  dsologiques des fabriques de pfites 
e t  papiers de l a  Colombie-Britannique. Aid6 de l ' i n d u s t r i e   e t  de divers 
autres  organisms gouvernementaux, i l  a r6uni une documentation concernant 
les  ressources  ainsi que cer ta ins   resul ta ts  de contr6les p o r t a n t  sur 
l'environnement  affect6. A p r h  avoir  6tudi6  ces donnges, le  Service a 
&value  la q u a l i  t 6  environnementale de chacune des rGgions e t  dGterrnin6  que1 les 
seraient  les  6tudes  supplgmentaires q u i  resteraient a r6al iser .  Ce rappor t  
fa i t   connartre   les   r6sul ta ts   ayant   t ra i t  a 1 'Gvaluation  des  contrecoups 
imputables a l a  fabrique de pate de l a  Canadian Forest  Products de Port Plel l o n ,  
sur 1 'environnement du d6t ro i  t de  Howe. 
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CONCLUSIONS 

The environmental   impacts  of   d ischarges  f rom  the  Canadian 

Forest   Products  mill a t   P o r t   M e l l o n  have  been w e l l  documented and the  
zone o f   in f luence  reasonab ly  we1 1 de f ined by rece iv ing   env i ronment  

s tud ies .  The impacts  appear t o  be l a r g e l y   r e l a t e d   t o   t h e   d i s c h a r g e   o f  

l i m e  mud and  wood f i b r e s  and t o  a l e s s e r   e x t e n t   t h e   l i g h t   a t t e n u a t i n g  

p r o p e r t i e s   o f   b l e a c h e d   k r a f t  mi 11 e f f l u e n t .  The e f f l u e n t   c o n t r o l   p r o g r a m  

c u r r e n t l y  underway a t   t h e  mill concentrates on these  problems by 

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

suspended  sol i d s  and tox i c   subs tances   t o   t he   rece iv ing   wa te rs .  The 

e f f e c t i v e n e s s   o f   t h e s e   p o l l u t i o n  abatement  measures will be assessed  by 

F i s h e r i e s  and  Environment Canada i n  1979. 

The i n s t a l l a t i o n   o f  a d i f f u s e r   o u t f a l l  system f o r  combined 

e f f l u e n t s  will improve  the  present   e f f luent   d ispers ion  problems 

associated  wi th   near-shorey  sur face  d ischarge.   Studies have shown t h a t  

op t ima l   d ispers ion   wou ld  be achieved by d i scha rg ing  as f a r   i n t o  

Thornbrough  Channel as poss ib le  and  by avo id ing   t he   poo r l y   f l ushed  bay t o  

the   sou th   o f   the  mil 1. To ensure maximum disposal  on  a year - round  bas is  

the   seasona l   var ia t ions   in   tempera ture  and s a l i n i t y   s t r a t i f i c a t i o n   s h o u l d  

be taken  in to   account .   A l though  not   present ly   avai lab le,   data on 
sub-sur face   cur ren t  movements i n   t h e   a r e a   w o u l d  be use fu l  i n  determin ing 

d i  f f u s e r   p l  acement. 

Future  receiv ing  env i   ronment   s tud ies on the  rehabi  1 i t a t i v e  

capaci ty o f  t h e   P o r t  Me1 lon   a rea   f o l l ow ing   improvemen ts   t o   e f f l uen t  
q u a l i t y   w o u l d  be v a l u a b l e   i n   a s s e s s i n g   t h e   e f f e c t i v e n e s s   o f   p o l l u t i o n  

abatement  measures. Par t icu lar   improvement   should be noted i n   t h e  

sho re l i ne  communi t i e s   s o u t h   o f   t h e  mil 1 and i n  p h y t o p l a n k t o n   p r o d u c t i v i t y  

ad jacen t   t o   t he  mill. A determinat ion   o f   benth ic   communi t ies   shou ld  be 
made i n   t h e   a r e a  chosen f o r   t h e   d i f f u s e r  system t o  enable  assessment of 
a l t e r a t i o n s   t o   b o t t o m   l i f e   r e s u l t i n g   f r o m   t h e  new disposal  system. 
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INTRODUCTION 

The Canadian  Forest   Products   L td.   (Canfor) ,  Howe Sound D i v i s i o n  

p u l p  mill i s   l o c a t e d   a t   P o r t   M e l l o n ,   B r i t i s h  Columbia, a t   t h e  mouth o f  
the   Ra iny   R iver   (F igure  1). The mill i s   s i t u a t e d  on the  west  shore o f  

Howe Sound in   t he   t i de -swep t   Tho rnb rough  Channel. 

B u i l t   i n  1908 by  the B.C. Wood Pu lp  and Paper Co. under  Captain 

H.J . Me1 l o n   t h e  m i  11 i s  t h e  second o l   d e s t   i n  B .C. and was designed t o  

produce 20 tons   per  day of paper made f rom  "soda"   pu lp.   Unt i l  1951, when 

acqu i red  by i t s   p r e s e n t  owners, t he  mill had  changed  hands 11 times. I n  
1951 as a Canadian  Forest   Products mil 1 the   average  da i l y   p roduc t ion  was 

120 tons   per  day o f  unb leached  Kra f t   pu lp .  A t  p resen t   t he  m i  11  produc- 

t i o n  averages  about 540 a i r   d r i e d   t o n s  (ADT) p e r  day of K r a f t   p u l p .  
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2 MILL OPERATIONS 

The K r a f t   p u l p   p r o d u c e d   a t   P o r t  Me1 l o n   i s   p r i m a r i l y  

fu l l -b leached  wi th   semi-b leached,  and unbleached  grades  secondary. The 

mill u t i l i z e s  wood by-products i n   t h e   f o r m   o f   c h i p s  and sawdust  purchased 
on t h e  open marke t   o r   supp l ied  by company sawmil 1s. Process  water i s  
drawn f r o m   t h e   R a i n y   R i v e r   a t  a ra te   o f   app rox ima te l y  87 m i l l i o n  li t r e s  

pe r  day. The e f f l u e n t  i s  discharged  into  Thornbrough  Channel by means o f  

two o u t f a l l s   ( F i g u r e  2) .  

The a l k a l i n e   e f f l u e n t   p i p e ,  exposed a t  low  t ide ,   car r ies   was te  
f rom  the   pu lp ing  and  chemical  recovery  processes, and f rom  the   caus t i c  

e x t r a c t i o n   p o r t i o n   o f   t h e   b l e a c h   p l a n t   o p e r a t i o n .  The f l o w   r a t e   f o r   t h i s  

e f f l u e n t   s t r e a m   i s   a p p r o x i m a t e l y   6 8   m i l l i o n  1 i t r e s   p e r  day. The a c i d i c  

b leach   p lan t   e f f l uen t   p ipe ,   wh ich   d i scha rges   j us t   be low  t i de   l eve l ,  
d r a i n s   t h e   c h l o r i n a t i o n  and ch lo r i ne   d iox ide   t rea tmen t   s tages   o f   t he  

b leach ing   p rocess   a t  a f l ow   ra te   o f   app rox ima te l y  19 mil 1 i o n  li t r e s   p e r  

day. The Canadian  Forest   Products  pol lut ion  abatement  program  includes a 

p r o v i s i o n   f o r   t h e   i n s t a l l a t i o n   o f  a submerged d i f f u s e r   o u t f a l l  system t o  
c a r r y  combi ned  ac id ,   a lka l i  ne,  and s a n i t a r y   e f f l u e n t s   f r o m   t h e  m i  11  and 

townsi te .   For  a more d e t a i l e d   d i s c u s s i o n   o f  mill o p e r a t i o n s   i n c l u d i n g  

t h e  sewer  system, e f f l u e n t   c h a r a c t e r i s t i c s ,  and p o l l u t i o n  abatement 
faci l i  t ies re fer   to  Tanner (1975).  
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3 

3.1 

EFFLUENT QUALITY 

Government  Regul a t i  ons 

Can fo r   cu r ren t l y   d i scha rges   b leached   k ra f t  mil 1 e f f l u e n t  (BKME) 

under a pe rm i t   i ssued  by t h e   P o l l u t i o n   C o n t r o l   B o a r d  (PCB) o f   t h e   B r i t i s h  
Columbia  Prov inc ia l  Government. The permi t ,  PE-1149 was issued on 

November 25, 1976  and amended May 3, 1577. E f f l u e n t   c h a r a c t e r i s t i c s  

s t i p u l a t e d   i n   t h e   p e r m i t   a r e  shown i n  Table 1 and o u t l i n e d   i n  a r e p o r t  on 

P o l l u t i o n   C o n t r o l   O b j e c t i v e s   f o r   t h e   F o r e s t   P r o d u c t s   I n d u s t r y   o f   B r i t i s h  
Columbia  (1974). As an e x i s t i n g  mill Howe Sound D i v i s i o n  will be 

r e q u i r e d  by  Federal  Government  Pulp and Paper E f f l u e n t   R e g u l a t i o n s  

(Environment Canada 1971) t o  meet c e r t a i n   s t a n d a r d s   o f   b i o l o g i c a l  oxygen 

demand (BOD5), suspended s o l i d s  (SS), and t o x i c i t y   ( T a b l e  2). 

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

r e fuse   pe rm i t ,  PR-4679 ob ta ined   f rom  the  PCB i n   A p r i l ,  1977. Under t h i s  

p e r m i t   t h e  company i s   a u t h o r i z e d   t o   d i s p o s e d   o f  up t o  46 cubic   metres  per  
day o f   i n d u s t r i a l   s o l i d   w a s t e s  on the   fo reshore   eas t   o f   the   Ra iny   R iver  

mouth.  These  wastes c o n s i s t   m a i n l y   o f   g r i t s   f r o m   t h e   s l a k i n g -  

c a u s t i c i z i n g   o p e r a t i o n ,  ashes  from  the  power  boilers, o f f   q u a l i t y   c h i p s  

and  hog f u e l ,   c l i n k e r s   f r o m   t h e   l i m e   k i l n  and some o f   t h e   l i m e  mud (spent 
calc ium  carbonate) which becomes excess t o  the process due t o  upsets. 

3.2 E f f l u e n t   C h a r a c t e r i s t i c s  

3.2.1 BOD and SS. Tables 3 and 4 show l e v e l s   o f  BOD and SS based on 

f u l l - b l e a c h e d   e f f l u e n t   f r o m   t h e   C a n f o r  mil 1 f o r  1976  and  1977  respec- 

t i v e l y .  These  measurements a r e   t a k e n   r o u t i n e l y  by mill personnel and the  

r e s u l t s   s e n t   t o   t h e   F e d e r a l  and Prov inc ia l   regu la to ry   agenc ies .  

3.2.2 T o x i c i t y .   I n  December,  1575 an   e f f l uen t   mon i to r i ng   p rog ram was 

i n i t i a t e d  by  Envi  ronment Canada to   determine  the  range of t o x i c i t y  asso- 

c i   a t e d   w i t h  m i  11 e f f l u e n t .  The company p a r t i c i p a t e d   i n   t h e   p r o g r a m  by 
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TABLE 1 P.C.B. PERMIT REQUIREMENTS FOR INDUSTRIAL EFFLUENT  FROM 

CANADIAN FOREST  PRODUCTS  LTD., HOWE SOUND PULP D I V I S I O N  

E f f l u e n t   C h a r a c t e r i s t i c s   V a l u e  

pH Range 

Temperature 
F1 oa tab l  e  Sol i ds 

To ta l  Suspended  Sol i d s  

B.O.D.5 

Toxi c i  t y  ( LC50) 

Mercaptans 

Sul  phides 
Residual  Chl o r i  ne 

6.5 - 8.5 
95°F 

negl i g i   b l  e 

19 000 1  b/day 
38 000 1  b/day 

12.5% 

< 2.0 mg/l 

< 1.0 mg/l 
< 0.1 mg/l 

TABLE 2 FEDERAL  EFFLUENT  REGULATIONS  FOR CANADIAN FOREST 
PRODUCTS LTD., HOWE SOUND PULP D I V I S I O N  

P u l p   D i v i s i o n  S.S. B.O.D. 

K r a f t   P u l p i n g  7  lb/ADT 64 lb/ADT 

K r a f t  61 eachi ng 6 lb/ADT 27 1 b/ADT 

Pul  p  Sheet  Formati  on  2  lb/ADT 

T o x i c i t y  - 80% s u r v i v a l   a t  65% e f f luen t   concent ra t ion   (v /v )   over   96   hour  

c o n t i  nous f l ow   tes t i ng .  
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1976 EFFLUENT QUALITY RESULTS FOR CANAD I A N  FOREST 
PRODUCTS LTD., HONE SOUND PULP D I V I S I O N  

BOD, Suspended S o l i d s  
Month F1 ow 

x10 I G / D  LB/ADT Tons/Day LB/ADT Tons/Day 

January 24.2  39.4  10.07 91.4 23.35 
Feb r u  a ry 22.9  35.5 9.25 78.1 20.35 
March 23.1 40.0 11.20 91.1 25.50 
.................................... 

1 s t  Q u a r t e r  23.4 38.3 10.17 86.9 23.07 
.................................... 

Apr i  1 
May 
June 

21.7 44.2 8.79 101.4 20.18 
22.4 37.1 9.97 105.6 28.36 
24.2 43.2 11.53 75.1 20.01 

.................................... 

2nd Q u a r t e r  22.8 41.5 10.10 94.0 22.85 
.................................... 

J u l y  23.4  27.5  7.72 118.4 33.26 
August 23.4  63.5 16.85 106.5  28.28 
Sep tembe r 23.0  64.5 16.79 117.0 30.48 
.................................... 

3rd Q u a r t e r  23.3 51.8 13.79 114.0 30.67 
.................................... 

October 23.9 78.8 17.53 114.4 25.45 
November 21.2 53.7 13.96 74.6 19.40 
December 20.7 42.7 11.39 70.0 18.66 

4 t h   Q u a r t e r  21.9  58.4 14.29 86.3  21.17 

Year ly 
Average 22.9 47.5 12.09 95.3 24.44 

.................................... 

.................................... 
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1977 EFFLUENT QUALITY RESULTS  FOR CANADIAN FOREST 
PRODUCTS  LTD., HOWE SOUND PULP D I V I S I O N  

BOD Suspended Sol i d s  
Month F1 ow 

x10 I G / D  LB/ADT Tons/Day LB/ADT Tons/Day 

January 19.7 56.5 14.45 72.5 18.52 
February 20.8 57.2 15.18 77.5 20.57 
March 20.2 61.8 16.83 75.1 20.48 

1 s t  Q u a r t e r  20.2  58.5 15.49 75.0 19.86 
.................................... 

.................................... 

Apr i  1 
May 
June 

20.6 65.6 17.12 141.8 37 .OO 
18.7 51.7 14.42 98.4 27.45 
18.9 56.6 15.91 115.3 32.41 

.................................... 

2nd Q u a r t e r  19.4 58.0 15.82 118.5 32.29 
.................................... 

J u l y  - - - - 
August 18.7  51.6 11.87 119.4 27.47 
September 17.4 41 .O 11.05 93.6 25.23 
.................................... 

3 r d   Q u a r t e r  18.1 46.3 11.46 106.5 26.35 
.................................... 

October 16.6 52.5 15.39 50.6 14.82 
November 17.2  53.3 15.80 118.2  35.07 
December 17.2  66.5 17.52 85.9 22.64 
.................................... 

4 t h   Q u a r t e r  17 .0 57.4 16.24 84.9 24.18 

Year ly 
Average 18.7 55.1  14.75 96.2  25.67 

.................................... 
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CANADIAEJ FOREST  PRODUCTS.  PORT PIELLON P U L P  MILL 

RAYONIER,WOODFIBRE PULP MILL 
FISHERY  RESOURCES  OF 

FISHERIES  AND  MARINE  SERVICE  STATISTICAL  AREA 28 

INTRODUCTION 

Howe  Sound,a  part  of  Statistical  Area 28 (Figure 
l),  is  enclosed  by 75 miles of coastline  and  its 17 
salmon  spawning  streams  contain 46 linear  miles of spawning 
grounds, 85% of which  are  found in the Squamish-Stawamus 
River systems at the  head of the  Sound. Two pulp  mills 
are  located on the  western  side of Howe  Sound,  Rayonier's 
Woodfibre  mill  near  the  head of the  Sound,  and  Canadian 
Forest  Products,  Port  Mellon  mill  opposite  Gambier  Island 
(Figure 2) . (1) 

I1  SALMONIDS 

A. Stocks 

Howe  Sound  river  systems  harbour  steelhead  and 
Dolly  Varden  (char) as well as four  species of Pacific 
salmon (Onchorynchus sp.): coho,  chum,  pink,  and  chinook. 
Stocks  mainly  originate  from  the  Squamish-Stawamus  River 
systems  at  the  head of Howe  Sound.  Chum  and  odd-year 
pink  stocks  provide  the  major  harvest  to  the  commercial 
fishery  outside the Sound.(2) Coho  and  chinook  provide 
a good sport fishery, particularly  since 1969 when  Howe 
Sound  was  closed  to  commercial  fishing.  Chinook  stocks 
appear  to  have  been  decreasing  since  1970  (Table  I)  while 
other  salmon  stocks  have  fluctuated  widely  from  year  to 
year.  Stocks  (Table  I)  were  calculated  from  salmon 
escapement  data  because of inadequate  commercial  and 
sport  fishing  harvest  data specific,to Howe  Sound. 
Proposed  enhancement  facilities  for  this  area  includes 
construction  of  a  hatchery on the  Cheakamus  River  capable 
of  producing 45,000 chinook  and 50,000 coho  salmon,  and 
1,000 steelhead  trout.  In  addition it would  include 
a  spawning  channel  for  pink  and  chum salmonJ6) 

B. Commercial  Fisheries 

Stocks of Howe Sound p i n k  and chum  salmon  are 
largely  harvested  by net fisheries in  the  Strait of Georgia, 
Johnstone  Strait, and Juan de Fuca Strait.  Stocks of chinook 
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TABLE I 

Estimates* of Mean  Annual  Total  Stock** 
of Howe  Sound  Salmon(3,4,5,6) 

YEAR 

1956-59 

1960-64 

1965-69 

1970 

1971 

19 72 

1973 

1974 

1975 

1966-75 

CHINOOK 

92,500 

71,000 

102,000 

155,000 

56,000 

47,000 

69,000 

47,000 

12,000 

69,000 

COHO 

71,500 

104,000 

56,000 

128,000 

120,000 

34,000 

11.0,000 

534,500 

225,500 

136,000 

CHUM 

161,000 

70,500 

94,500 

224,000 

66,500 

640,000 

471,000 

285,000 

68,500 

221,000 

PINK 
Even/Odd 

3/673,000 

0/673,000 

0/240,000 

0 

120,500 

4,000 

690,000 

0 

125,000 

750/418,000 

* Calculated from catch:  escapement ratios. 
Chinook 5:l; Coho 4:l; Chum 2:l; Pink 5:l (6) 

** Stock = Escapement + Catch 
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and  coho  salmon a re  s u b j e c t e d  t o  commerc ia l   and   spor t  
f i s h e r i e s   i n  t i d a l  waters o u t s i d e  Howe Sound as well a s  sport 
fisheries w i t h i n  t h e  Sound. (7)  

The A v a i l a b l e  sport c a t c h  statist ics i n c l u d e  Area 
29 ( lower   Fraser   River   and   Gul f   o f  Georgia, F i g u r e  1) l a n d i n g s  
and are  n o t   s p e c i f i c a l l y  related t o  Howe Sound  s tocks.  
The  combined  sport-commercial harvest  (Table 11) was estimated 
u s i n g  Howe Sound  escapements (Table 111) a n d   a c c e p t e d   c a t c h  
t o  escapement  ra t ios .  Based on coastwide i n f o r m a t i o n ,   t h e s e  
r a t io s  are  g i v e n  a s  5:l for  ch inook,  4:l for coho, 2:l f o r  chum, 
5:l for  p i n k .  (6) 

C. S p o r t   F i s h e r y  

i) Tidal  

T ida l  sport f i s h i n g   i n  Howe Sound i s  c o n c e n t r a t e d  
i n   t h e   e a r l y   m o n t h s  of t h e   y e a r   n e a r   H o r s e s h o e   B a y ,   t h e  lower 
e a s t e r n   p o r t i o n  of t h e  Sound, Thornborough  Channel  and 
H a l k e t t  Bay (Gambier I s l a n d ) .   I n   A u g u s t ,   l a r g e   c h i n o o k  are 
caugh t  o f f  B r i t a n n i a  Beach. Catches of large chinook have a l so  
b e e n   r e p o r t e d  of f  Woodfibre and  Port  M e l l o n   m i l l s . ( 7 )  
W i n t e r   s p o r t   f i s h i n g   f o r   c h i n o o k   s a l m o n   o c c u r s  a t  t h e   h e a d  of 
Howe Sound. (1) 

i i) Non-Tidal 

A l a rge  n o n - t i d a l   s p o r t   f i s h e r y   o c c u r s   o n   t h e  streams 
of   the   Squamish   sys tem.  A s  a n   e x a m p l e , s p o r t  catch of 300 
chinook,   and 600 coho were r e c o r d e d   i n  1972, a p a r t i c u l a r l y  
p o o r   y e a r . ( l )   S p o r t   s t e e l h e a d   y i e l d s  for Squamish River 
streams, i n c l u d i n g  t h e  Stawamus,  Squamish, Mamquam, and  Cheakamus 
Rivers and  Ashlu Creek are shown below: 

ESTIMATES* O F  SQUAEIISH RIVER (AND TRIBUTARIES) STEELHEAD 
HARVESTS (9 

Years Days F i s h e d  No. Anglers   Catch   Catch /day  

1975-76 8,098 2,115 1,907 0.235 
1974-75 9,594 1,987 1,695 0.176 
1973-74 10,703 2,279 1,349 0.126 
1972-73 10,703 2,508 1,553 0.145 

* S t e e l h e a d   f i g u r e s  are o b t a i n e d   b y  a p o s t c a r d   s y s t e m  
and estimates made f o r m   r e p o r t e d   f i g u r e s .  
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.TABLE  I1 

Estimated  Mean  Annual Sport and Commercial  Harvest of Salmon(4,8) 

PINK 
YEAR  CHINOOK  COHO  CHUM  Even/Odd - 

1956-59 74,000 53,000 79,500 0/538,000 
1969-64 57,000 76,000 32,000 0/2,240,000 
1965-69 81,500 39,000 45,000 0/191,000 
1970 124,000 94,000 107,500 0 
1971 45,000 87,500 29,000 95,500 
1972 37,000 24,000 318,000 3,000 
1973 55,000 80,000 235,000 551,500 
1974 37,000 398,000 140,500 0 
1975 9,000 166,000 32,500 99,000 
1966-75  55,000  99,500  107,925  600/199,700 

* Equals estimated  stock (Table  I) less  total  escapement 
(Table 111)  and  Indian Food  Fish Harvest  (Table VIII). 

TABLE  I11 

YEAR - 
1956-59 
1960-64 
1965-69 
1970 
1971 
1972 
1973 
1974 
1975 

Mean  Annual  Escapement  to  Howe  Sound  Streams 

PINK 
CHINOOK  COHO CHUI'l Even/Odd  STEELHEAD 
18,500 17,905  80,500 07'134,603 12,305 
14,200  25,900  35,800  0/560,705  13,400 
20,400  13,900  47,305  0/48,000  12,400 

31,000 32,000 112,200 0 8,200 
11,200 30,000 33,200 24,100 4,500 
9,500 8,500 320,100 750 22,600 

13,800 27,400 235,600 138,005 19,300 
9,300 133,600 142,600 0 26,300 
2,300 56,400 34,300 25,000 16,500 

- 
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C. Escapement 

I n  o r d e r  t o  better relate t h e  salmon  spawning areas 
t o  t h e  p o s s i b l e  effects of t h e  Port  Mellon  and  Woodfibre 
p u l p  mills, Hove Sound  salmon  spawning streams were d i v i d e d  
i n t o   f o u r   a r b i t r a r y  areas ( F i g u r e  2 ) ;  t h e  Squamish-Stawamus 
sys tem (Table I V ) ,  a mid-mill sys tem,  (!4cNab Creek ,  Table V ) ,  
Port Xel lon  systems  (Rainy River, McNair/Dakota  Creek, 
T a b l e  V I ) ,  and   Outer  Howe Sound  systems  (Twin,   Oulet te ,  
Mannion, Langdale, Will iamson,  West Bay and  Long Bay Creeks ,  
Table V I I ) .  

Howe Sound streams c o n t a i n   4 6 . 5   l i n e a r  miles of spaw- 
n ing   g rounds ,  85% of which are f o u n d   i n   t h e  Squamish-Stawamus 
sys t ems  a t  t h e   h e a d   o f   t h e   S o u n d . ( l , 4 )  McNab Creek   has  
1 . 5  miles, t h e  Por t  Mellon area streams have 1 . 5  miles and t h e  
o u t e r  Howe Sound streams have 4 l i n e a r  miles of spawning 
grounds .  

Timing of a d u l t   m i g r a t i o n s  t o  Howe Sound water 
systems  depends  upon t h e  p a r t i c u l a r   f i s h  species, as shown 
i n   t h e   f o l l o w i n g  table  a n d   F i g u r e  3 (Timing of Cheakamus 
River r u n s )  . 

S p e c i e s  

Chinook 

Coho 

Pink  
Chum 

TIMING 'OF HOW3 SOUND SALMON MIGRATIONS (4,s)  

A r r i v a l  S P A W N I N G  

I n  Streams  Begin - Peak - End 

mid- la te  J u n e  mid- J u l y  l a t e  Aug. mid-Sept. - 
la te  O c t .  

e a r l y   S e p t .  - e a r l y  O c t .  - mid O c t .  - ear ly-mid  
l a t e  O c t .  early Nov. l a t e  Nov. J a n .  

e a r l y  Aug . e a r l y  Aug. l a t e  S e p t .  ear ly-mid  O c t .  

e a r l y  Nov . mid-late Nov. l a t e  Nov. e a r l y   J a n .  

Seaward   mig ra t ing   j uven i l e   s a lmon  a r r ive  i n   t h e  - 

e s t u a r i e s   i n   e a r l y   s p r i n g   d e p e n d i n g   u p o n   e n v i r o n m e n t a l  
c o n d i t i o n s  &.e. e a r l y   f r e s h e t )   a n d   t h e i r   r e s i d e n c e  time 
there v a r i e s   a c c o r d i n g  t o  t h e   s p e c i e s . ( l O )   J u v e n i l e   p i n k  
salmon leave t h e   f r e s h w a t e r   s y s t e m s   i m m e d i a t e l y  a f te r  emergence 
i n   e a r l y   s p r i n g   a n d  are o u t  of t h e   e s t u a r y  by  mid-April .  
J u v e n i l e  coho and  chinook  salmon  spend  up t o  o n e   y e a r   i n  

environment.  They are  i n   t h e   e s t u a r y   f r o m   e a r l y   A p r i l  
un t i l   m id -Augus t ,   a l t hough   ch inook  are a t  peak  abundance 
i n  l a t e  J u n e ,  and coho i n  l a t e  May and. a g a i n   i n   J u l y .  
Chum s a l m o n   j u v e n i l e s  are p r e s e n t   i n   t h e   e s t u a r y   f r o m   e a r l y  
A p r i l   u n t i l   J u l y .  (10) 

ar freshwater be fo re   mig ra t ing   downs t r eam t o  t h e  mar ine  
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TABLE  IV 

Mean  Annual  Escapements to the  Squamish-Stawamus  River  Systems(4,5) 

YEAR 
1956-59 
1960-64 
1965-69 
1970 
1971 
1972 
1973 
1974 
1975 

1956-59 
1960-64 
1965-69 
1970 
1971 
1972 
1973 
1974 
1975 

CHINOOK 
18,500 
14,200 
20,400 
31,000 
11,200 
9,50c) 

14,000 
9,500 
2,500 

COHO 

18,900 
26,000 
14,000 
31,800 
29,800 
8,400 

27,000 
133,500 
56,300 

CHUM 

80,409 
34,600 
44,000 
100,700 
23,200 
308,000 
225,400 
139,700 
31,500 

PINK 
Even/Odd 
0/134,300 
0/560,600 
0/48,000 

0 
24,100 

700 
138,000 

0 

25,000 

TABLE V 

Mean  Annual  Escapements to McNab  Creek 

0 
0 

0 

200 
150 
UNK 
350 
75 
25 

200 
12  5 
200 
600 
150 
UNK 
350 
400 
50 

0/250 
0/2 5 
0/2 5 

0 

0 

0 
0 

0 

0 

STEELHEAD 
12,300 
13,400 
12,400 
8,200 
4,500 

22,500 
19,300 
26,300 
16,500 

,(4, 52 
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TABLE VI 

Mean  Annual  Escapements  to  the  Port  Mellon  Area(4,~) 

Rainy River 

YEARS  CHUM  COHO PINK STEELHEAD - - - - 
NO  RECORDS PRIOR TO 1971 

1971 25 25 N/O N/O 
1972 25 25 N/O 25 
1973 25 25 25 25 
1974 25 75 N/O 25 
1975 25 75 N/O 25 
1976 N/O N/O N/O N/O 

McNair/Dakota  Creeks 

NO RECORDS  PRIOR TO 1971 

TABLE VI1 

Mean  Annual  Chum  Escapements  to  Outer  Howe  Sound  Streams(4,5) 

1965-69 
1967-76 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

850 
1,500 * * 

N/O 4,000 200 
N/O 3,000 100 
200 3,000 250 
150 1,500 750 
25 25 25 

N/o N/O 125 
N/O  200 400 

* 
200 
50 
150 
75 
25 
25 

N/O 

N/O = None  Observed 
* = No records  Prior  to  1970 -. 

350 
1,200 
1,500 
2 f 200 
2 I 400 
1 , 800 
1,500 
1 , 600 
300 

1,000 
1 , 500 
3 , 000 
1 I 100 
2 f 200 
3 I 000 
200 
200 

1 500 



- 11 - 

Squamish-Stawarnus - Systems 
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The Squamish-Stawamus  River  systems  produce 100% of 
the  chinook, 9 9 . 8 %  of the  coho, 9 5 . 8 %  of the  chum,  and  almost 
100%  of  the  pink  escapements  to  Howe  Sound  (Tables 111, IV). 
If necessary,  adults  coming  to  this  area  could  bypass  the 
highest  concentrations  of  effluent  from  the  two  mills by 
migrating  along  the  eastern  edge  of  the  sound  or  by  moving 
in  the  deeper  waters  beneath  the  effluent. The largest  impact 
on  the  salmon  stocks  in  this  area  is  probably  related  to 
developments on the  estuary  itself  (i.e.  landfilling,  dredging, 
dumping  of  industrial  and  municipal  effluents,  and  storing 
log  booms.) (10,ll) 

Primary  production  in  marshlands  and  intertidal  areas 
is  very  important  to  salmonid  juveniles:  benthic  algae  and 
sedges  (grass-like  plants)  provide  food  (detritus or algae) 
for  amphipods  and  other  benthic  invertebrates  which  are  then 
preyed  upon  by  fish. Of the 1,200 acres of the  delta  of  the 
Squamish  River,  nearly 100 acres  have  been  lost  due  to  land 
filling  and  dyke  construction.(lO)  Storing  logs  in  Mamquam 
Channel  has  led  to  the  accumulation of wood/debris  causing 
physical  "smothering"  of  benthic  organisms  and  reductions  in 
species  diversity. (10) 

Logging of the  upper  watersheds of the  Squamish 
River  system  has  resulted  in  flooding  and  the  subsequent 
destruction of redds.  This  probably  had  an  adverse  influence 
on  salmonid  production  in  recent  years.  In  1973,  floods 
destroyed  30  to 50% of coho  and  chum  salmon  spawn  and up to 
2 5 %  of  pink  and  chinook  salmon  spawn.(7)  In 1975, immense 
damage  to  pink  and  chinook  spawning  grounds  resulted  in  losses 
of 80% of the  salmon  eggs.  (7) 

Systems  between  Port  Mellon and Woodfibre 

McNab  Creek,  located  between  the  Woodfibre  and 
Port  Mellon  pulp  mills,  has  produced  up  to 600 chum  (1970) 
and  350 coho  (1973)  (Table V). This creek  has  had  diminishing 
stocks of pink  salmon  with  none  being  recorded  since 1969.(4,5) 
Adult  salmon  returning  to  this  stream  could,  if  necessary, 
avoid  the  worst  concentrations of pulp  mill  effluent  by  migrating 
up  the  east  side of Howe  Sound  and  then  through  Ramillies  Channel. 
Thereis,  however,  no  evidence  to  suggest  that  the  migrating 
salmon  need  to  avoid  the  effluent. The mouth of McNab  Creek 
is  used  for log storage.  Such  activity  could  have  an  adverse 
effect  on  salmon  rearing. 
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S y s t e m s   i n   t h e  Por t  Mellon Area 

Streams i n   t h e   v i c i n i t y  of P o r t  Mel lon  produce 
only minor  numbers of f i s h :  7 5  coho,  2 5  chum, 2 5  p ink   and  
2 5   s t e e l h e a d   i n  1 9 7 4 .  T h e s e   o r i g i n a t e   m a i n l y   f r o m   t h e  
Rainy   River .   (4 ,5)   Adul t   and   juveni le   sa lmon may p a s s   t h r o u g h  
h i g h   c o n c e n t r a t i o n s   o f   e f f l u e m t  when a r r i v i n g  a t  o r  l e a v i n g  
waters a d j a c e n t  t o  t h e   P o r t   M e l l o n   p u l p  m i l l .  The area around 
the  mouths  of   Rainy  River   and  McNair /Dakota   Creek are  used  fo r  
log  booming,  which may h a v e   a n   e f f e c t   o n   t h e   r e a r i n g   j u v e n i l e  
sa lmonids .  

H i s t o r i c a l l y   t h e   R a i n y  River was t h e  most p r o d u c t i v e  
river i n   t h e   P o r t   M e l l o n  Area. R e c o r d s   f o r  1 9 2 4  t o  1946,  
i n d i c a t e   t h a t   7 , 0 0 0  chum and  an  equal  number  of  odd-year 
pink  salmon as well as 200 s t e e l h e a d   t r o u t  were common 
e s c a p e m e n t   t o   t h a t  stream. ( 4 )  I n   1 9 4 6   r u n s   b e g a n   f a l l i n g  
o f f ,   p r e s u m a b l y   b e c a u s e   h o u s e s  f o r  Por t   Mel lon   employees  were 
b e i n g   b u i l t  on t h e   b a n k s   o f   t h e   r i v e r . ( 4 )   I n   1 9 5 4   t h e  m i l l  
c o n s t r u c t e d  a d i v e r s i o n  dam and  f ishway,   3/4  of  a mile ups t ream 
of   the  mouth.   The  Rainy River w a s  n o t   l i s t e d  as a salmoo 
spawning stream from  1947 t o  1970. However, r e c e n t   r e c o r d s  
(1971-1975) show some low r e t u r n s   o f   f i s h :  25-75  coho,  25 
chum,  25 s t e e l h e a d   a n d  a few  odd-year  pink  salmon t o  t h e  
r iver .  O n l y   c o h o   a n d   s t e e l h e a d   h a v e   b e e n   r e p o r t e d  above t h e  
dam where  good  spawning  gravels  a re  located. B e l o w  t h e  dam 
where chum and  pink  salmon  spawn  poor   spawning gravels are 
r e p o r t e d . ( 4 )   R e c e n t   o b s e r v a t i o n s   h a v e   i n d i c a t e d   t h a t   w i t h  
a d e q u a t e   f i s h   p a s s a g e   f a c i l i t . i e s   f i s h   s t o c k s   c o u l d  be improved . (4)  

O u t e r  Howe Sound svs t ems  

O u t e r  H o w e  Sound streams on ly   p roduce  chum salmon. 
The   average   annual  t o t a l  e s c a p e m e n t   t o   t h e s e  streams has   been  
5 ,600   f i sh   f rom 1 9 6 7  t o  1 9 7 6 .  The  mouths of a l l  streams i n  
t h e  area are  used a s  log booming o r  storage grounds  which may 
have  some a d v e r s e   e f f e c t   o n   j u v e n i l e  s a lmon . ( l l )  

D .  I n d i a n  Food F i s h e r y  

Approximately 20 I n d i a n   f a m i l i e s   p a r t i c i p a t e   i n   t h e  
Howe Sound I n d i a n   f o o d   f i s h e r y .   F i s h  are u s u a l l y   h a r v e s t e d  
u s i n g  s e t  n e t s   i n   t h e   S q u a m i s h  R i v e r . ( l )  T h e   h a r v e s t   c o n s i s t s  
main ly   o f   coho ,  chum and  odd-year   p ink   sa lmon  wi th   coho  and  
chum b e i n g  of g r e a t e s t   i m p o r t a n c e  (Table V I I I ) .  Chinook 
h a r v e s t s  are l o w ,  a l t h o u g h   t h e y   h a v e   i n c r e a s e d   o v e r   t h e  
y e a r s .   H a r v e s t s  of o t h e r   s p e c i e s   s u c h  as  s t e e l h e a d   a n d   D o l l y  
V a r d e n   c h a r   h a v e   f l u c t u a t e d . ( l )  

I11 HERRING 

H e r r i n g   s p a w n i n g   t a k e s   p l a c e   i n  Howe Sound  (F igure  4 )  
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TABLE VI I I 

Mean Annual  Salmon  Harvest  by  the  Howe Sound Indian  Food  Fishery(7) 

DOLLY  PINK 
YEAR  VARDEN  CHINOOK  COHO  CHUM  Even/Odd  STEELHEAD 

1956-59 UNK 27 513 1,163 0/400  18 
1960-64 UNK 170 2,100 2,860 0/3,000 28 
1965-69 50 99 2,620 2,160 O f  933  12 

1970 UNK 125 2,200 4,800 0 0 

1971 UNK 250 2 , 500 4 , 500 1.100 0 
1972 UNK 547 1,379 2,112 0 3 
1973 UNK 500 2,100 900 700 200 
1974 UNK 360 2,870 2,250 0 25 
1975 UNK 500 3,050 2,000 I, 300 0 

1966-75  258  2,360  2,606 0/880 28 

U N K  = Unknown 

- TABLE  IX 

Howe  Sound  Herring  Catch,  Spawners,  Stock 
and  Statute  Miles of Spawn(12r13t14) 

T O T A L   H I L E S  
Y E A R  CATCH SPAWNERS  STOCK OF SPAWN 

‘ m l l i o n s  or Fieces) 
1956-59 < O * O O 1  0.70  0.70 0 . 5 8  

1960-64 0.20 27.7 527.90 

1965-69 0.15 1.60 1.75 

1970 0.03 0,72 0.75 0 

197 1 0 UNK UNK .81 

1972 0 0 0 0 

1973 0 0 0 0 

1974 0 UNK UNK .45 

1 9 7 5  0 0 0 0 

2.61 
.56 

* Catch  calculated from commercia& 
statistics (3) assuming 3,480 f l sh / ton .  (14) 

U N K  = Unknown 
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in  mid-March.  Egg  deposition  normally  occurs  within  the 
shallow  intertidal  area  where  the  eggs  adhere  to kelp, 
rockweed,  eelgrass,  rocks  and  other  stable  substrate.  However, 
spawning  has  also  been  noted  (to  1962)  not  only in eelgrass 
near Pllamquam channel  but  also on creosoted  dock  pilings  where 
vegetation  was  scarce  (high  mortality of eggs  occurred on the 
creosoted  pilings).(2)  Historical  herring  spawning  areas  in 
Mamquam  channel  have  been  lost  due  to  landfilling  and  logstorage 
which  resulted  in  displacement of spawning  substrate.(2) 
Despite  catches of all age groups  and  observations of large 
juvenile  stocks  in  the  Mamquam  Channel  area  in  1969 no 
spawning  occurred  at  this  location.(2,10) 

A  commercial  gillnet,  herring  fishery was conducted 
at the  head of Howe  Sound  during  the 1960's(l). Since  a  ban 
on  harvesting  herring  for  reduction purposes was in  effect  in 
the  late  1960's  and  early  1970's,  catch  statistics  for  this 
period,reflects  the  bait,  food,  and  roe  fishery.(2)  A  small 
sport  fishery  is  also  conducted  by  jigging at the  head of 
Howe Sound. (1) 

Howe  Sound  herring  stocks  have  been  adversely  affected 
by industrial  development.  Such  development will eventually 
render  the  area  unfit as a  herring  spawning area.(l) Herring 
kills  have been  observed on occassions  when  large  numbers of 
herring  are at the  head of Howe Sound.(15) These mortalities 
may  be  due  to  low  dissolved  oxygen  levels or by hydrogen 
sulphide  evolving  from  wood  debris  on  the  bottom of Mamquam 
Channel.(lO)  Other  herring  kills were reported  in  1968  and 
1969 in the vicinity of Britannia  Beach,  but  the  cause was 
not  discovered (1) . 

IV  GROUNDFISH 

Since  1970,  upper Howe Sound  (Figure 2) has  been 
closed  to  commercial  groundfish  fisheries  due  to  mercury 
contamination  from  the FMC chlor-alkali  plant.(l)  Most 
groundfish  are  now  taken  outside  Howe  Sound,  although  the 
occasional  dragger  works  in  the  lower  Sound.(l6) The mean 
annual  commercial  catch  is  indicated  in Table X. 

V  CRUSTACEANS 

Since 1970, upper  Howe  Sound  has  also  been  closed 
to  commercial  shellfish  harvesting  due  to  mercury  contamination.(l) 
Large  populations of shrimp were reportedly  fished  in  upper 
Howe  Sound  prior  to  the  1970  closure  (Table XI).(lO) Populations 
of shrimp  are known off Grace and  Gambier  Islands,  although 
they  are not exploited.(lO)  Most  shrimp  fishing now occurs 
outside  the  Sound. (16) 
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T A B L E  X 

p l e a n  Annual CcPrmercial Harvest-of Groundfish and Other Non-SaImn Species 

( C W T )  i n   A r e a  28 ,  I n c l u d i n g  Howe S o u n d ( 3 )  

FLOUNDER  NON-FOOD 
Y E A R  & S O L E  - C O D  SMELT  DOGFISH & OTHER FISH 

1 9 5 6 - 5 9  9 . 5  2 8 . 5  3 . 0  0 8 . 1  

1 9 6 0 - 6 4  . 4  6 1 . 4  1 9 . 0  0 3 0 . 2  

1 9 6 5 - 6 9  1 4 . 6  1 4 . 0  4 0 . 6  3 8 . 2  4 . 0  

1 9 7 0  0 0 6 3  - <  . 5  2 

1 9 7 1  0 2 0 0 2 

1 9 7 2  0 0 0 0 1 5  

1 9 7 3  0 1 0  0 1 , 7 4 0  < 5  
1 9 7 4  0 0 0 1 7 0  1 0  

1 9 7 5  0 0 0 0 < 5  

TABLE X I  

Mean Annual Ccmnercial Harvest of Crustam, Shellfish and lvblluscs 

(CWT) i n  Area 2 8 ,  I n c l u d i n g  Howe S o u n d ( 3 )  

SHRIMP C L A M S  
YEAR & PRAWN  CRABS  NATIVE  LITTLENECK  BUTTER - 

1 9 5 6 - 5 9  3 , 8 0 9  1 , 0 9 2  7 2 . 8  

1 9 6 0 - 6 4  2 , 3 5 6  1 . 0 9 2  2 . 6  

1 9 6 5 - 6 9  2 , 1 3 6  7 3 8  0 

1 9 7 0  1 , 4 2 0  2 7 8  0 

1 9 7 1  1 , 1 0 9  2 7 3  0 

1 9 7 2  1 , 4 7 1  1 5 7  0 

1 9 7 3  1 , 4 5 0  3 3 0  0 

1 9 7 4  1 , 0 7 0  5 7 0  0 

1 9 7 5  1 ,090 1 , 6 7 0  0 

2 2 . 0  

. 4  

0 
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Populations of crabs  are  relatively  large,  but  not 
sufficient  to  support  a  commercial  fishery (10,161. Commercial 
crab  harvesting  occurs  outside  Howe  Sound  and  recreational 
prawn  and  crab  fishing  occurs  near  the  entrance  to  the 
Sound. (10) 

VI MOLLUSCS 

There  have  not  been  any  mollusc  fisheries  in  Howe 
Sound  since 1960. The harvest  statistics  (Table  XI) are 
mainly  for  areas  outside  Howe  Sound.(l)  Oysters  on  Gambier 
Island  have  high  levels of zinc  and  copper  which are thought 
to  have  originated  from  Britannia  mine.(10) The area of the 
mainland  northwest of Gambier  Island  is an important  oyster 
zone, while to  the  south  of  this  is  an  area  with  commercially 
harvestable  clams.  (10) 
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send ing   compos i te   e f f luen t  samples  on a r e g u l a r   b a s i s   t o   t h e  E.P.S. 

b i o a s s a y   l a b o r a t o r y   i n  Vancouver f o r   t o x i c i t y   t e s t i n g .  The r e s u l t s   o f  

t h e s e   t e s t s   a p p e a r   i n   T a b l e  5. Federal and P r o v i n c i a l   t o x i c i t y  

requi rements  are  g iven i n   t h e   t a b l e   f o r   r e f e r e n c e .  The p rog ram  o f   t ox i c i t y  

t e s t i n g  was te rmina ted  by E.P.S. i n  December,  1977. 

3.2.3 P o l l u t i o n  Abatement  Program.  Canfor i s   c u r r e n t l y  engaged i n  an 
e f f luen t   con t ro l   p rogram  based on r e q u i r e m e n t s   o f   t h e i r  PCB e f f l u e n t  

d i scha rge   pe rm i t   and   t ak ing   i n to   accoun t   t he   Federa l  Governments  concern 

w i t h   K r a f t  mill e f f l u e n t .  The program, l a r g e l y   i n v o l v i n g   t h e   i n s t a l l a t i o n  

o f   i n - p l a n t   p o l l u t i o n  abatement f a c i l i t i e s ,   i s   o u t l i n e d  by Oei  and Wasik 

(1976). The ma in   ob jec t i ves   o f   t he   p rog ram  a re   t o   s ign i f i can t l y   reduce  

t h e   l o s s   o f  suspended s o l i d s   t o   2 1  1 b/ADT by  1980  and t o  reduce  the 

re lease  o f   su lph ides,   mercaptans,  and o t h e r   t o x i c  components o f  KME by 

c o n t r o l l i n g   b l a c k   l i q u o r   s p i l l s .   I n - p l a n t   w o r k s   a u t h o r i z e d   i n   t h e  PCB 

p e r m i t   a r e   t o  be  completed  and i n   o p e r a t i o n  by  January,  1979 a t  which  t ime 

Canfor   expec ts   to  meet t h e  PCB permi t   requi rements i n  a1 1 e f f l u e n t  

q h a r a c t e r i   s t i c s .  

The  company ' s e f f l u e n t   c o n t r o l   p r o g r a m  a1 so proposes  the 

i n s t a l l a t i o n   o f  a submerged o u t f a l l   d i f f u s e r  system t o   c a r r y  combined 

ac id ,   a l ka l i ne ,   and   san i ta ry   e f f l uen ts .  As s t i p u l a t e d   i n   t h e i r   d i s c h a r g e  
p e r m i t   t h i s  system i s   t o  be  completed  and i n   o p e r a t i o n  by January, 1980. 

The  company i n t e n d s   t o   d e l a y   i n s t a l l a t i o n   o f   t h e   d i f f u s e r   o u t f a l l   u n t i l  

c o m p l e t i o n   o f   t h e   i n - p l a n t   f a c i l i t i e s   t o   e n s u r e  a r e d u c t i o n   i n  suspended 
s o l i d s   b e f o r e   t h e   d i f f u s e r  goes  on t h e   l i n e   t o   a v o i d   p l u g g i n g   o r   b u r i a l  

o f   t h e   d i f f u s e r   p i p e .  The d e l a y e d   i n s t a l l a t i o n   w o u l d   a l s o   a l l o w   t h e  
company t o   c o n s i d e r  new e f f l u e n t   c h a r a c t e r i s t i c s   i n   t h e   d i f f u s e r   d e s i g n .  
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BIOASSAY RESULTS, CANADIAN FOREST PRODUCTS LTD., HOWE 

SOUND PULP D I V I S I O N  

% S u r v i v a l  Over 96 Hours, S t a t i c   T e s t i n g  

Sampl  e Date  Concentrat ion ( X  V / V )  E f f l u e n t  Sample pH 

100 65 45 32 12.5 5.6 

December 10, 1975 0 

February 11, 1976 87 

March 31,  1976 0 
June  10,  1976 0 
December 9, 1976 0 

100 - 

February 2, 1977 0 
March 30, 1977 0 

June  8,  1977 0 
August 3 ,  1977  100 

October 12, 1977 0 

December 7, 1977 0 

0 
100 

0 
0 

0 

65 - 

0 

0 

0 

100 

0 

0 

0 

100 
0 

0 

0 

42 - 

0 

20 
0 

100 

0 

60 

0 100  100 10.7 

100  100  100 9.3 

40 100 100 10.4 

0 100  100 7.8 

100 100  100 7.8 

30 24 18 - - - 

60 100 100 7.4 
80 100 80 10.0 

0 50 70 7.3 

100 100 100 7.3 
0 40 100 7.6 

100 100 100 7.5 

Federal  Bioassay  Requirement - 80% s u r v i v a l   i n  655 ( V / V )  e f f l u e n t  

concent ra t ion   over  96  hours,  continuous 

f l o w  t e s t i n g .  

PCB Bioassay  Requirement -50% s u r v i v a l   i n  12.5% ( V / V )   e f f l u e n t  

concent ra t ion   over  96   hou rs ,   s ta t i c   t es t i ng .  
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4.1 

R E C E I V I N G  ENVIRONMENT 

Oceanography 

Oceanographic i n v e s t i g a t i o n s   i n  Howe Sound  have  extended  over 

many years. I n   t h e   l a t e   1 9 5 0 ' s  and the  1960 's   the  area was monitored 

almost on  an  annual bas is   (Wald ichuk ,   e t   a l ,   1968)  i n  v iew   o f   t he  heavy 

i n d u s t r i  a1 i z a t i o n   i n   t h e  Sound. More r e c e n t l y ,   c u r r e n t  measurements  and 

other  oceanographic  observat ions  have been repo r ted  by B e l l  (1973,  1974) 
and  currents  i n   s u r f a c e   w a t e r s  o f  upper Howe Sound  by  Pond (1973)  and i n  
the  Port   Mel lon  area  by  Landry  (1976).  A d e t a i l e d   r e v i e w   o f  oceano- 

g r a p h i c   d a t a   f o r  Howe Sound i s  presented i n  Environment  Canada's  Special 

Es tuary   Ser ies  (Hoos  and  Vold,  1975). 

Howe Sound e s s e n t i a l l y   c o n t a i n s  two aquat ic  systems as a r e s u l t  

o f   t h e   r e l a t i v e l y   s h a l l o w   t h r e s h o l d   s i l l   ( 6 1   m e t r e s )   n e a r   t h e   n o r t h e a s t  

end o f   Anv i  1 I s l a n d   ( F i g u r e  1 ). The area   beh ind   the   s i1  1 , known as t h e  

upper   bas in  or   upper  Howe Sound, i s  a t r u e   f j o r d   r e a c h i n g  a  maximum depth 
o f   a b o u t  290 metres and forms an estuar ine  system due t o   t h e   i n f l u e n c e   o f  

t h e  Squamish R iver .  The s i  11 i n h i b i t s   t h e   r e g u l a r   f l u s h i n g   o f   t h e  deep 

waters i n   t h e  upper  basin. The l o w e r   b a s i n   ( s o u t h   o f   t h e   s i l l )  more 

c l o s e l y   r e p r e s e n t s  a t r u e  Sound, be ing   cha rac te r i zed  by  a broad body o f  
w a t e r   w i t h   s c a t t e r e d   i s l a n d s .  The lower   bas in  has a  maximum depth o f  

approximately 250 m e t r e s   a n d   e m p t i e s   d i r e c t l y   i n t o   t h e   S t r a i t  o f  Georgia. 

Howe Sound  has a n e t  seaward f l o w   o f   l o w   s a l i n i t y   s u r f a c e   w a t e r  and a n e t  

in land  f low  o f   sub-sur face   ocean ic   water .  

Oceanographic  data  col lected i n   P o r t   M e l l o n   a r e a  by t h e   P a c i f i c  

Env i ronmen t   I ns t i t u te ,  Vancouver, B.C. , between  1971  and  1976 i s  sum- 
marized i n  Pedlow ( 1974).  Seasonal v a r i a t i o n s   i n   t h e   d e g r e e  o f  tempera- 

t u r e  and s a l i n i t y   s t r a t i f i c a t i o n  were  noted i n   t h e  area.   Dur ing  spr ing 

and summer months s t r a t i f i c a t i o n  can be qui te   pronounced due t o   f r e s h -  

wa te r   run -o f f   en te r ing   t he  system,  however, i n  ' l a t e   f a l l  and w i n t e r  
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s t r a t i f i c a t i o n  becomes less   ev ident .   Near   the   pu lp  mill o u t f a l l s   a t   P o r t  

Me1 l o n   s u r f  ace sa l  i n i  ty can  be  low  and e f  f l  u e n t   c o n c e n t r a t i o n s   h i g h   i n  

the  upper  0.5 t o  1 .O m e t r e s   o f   w a t e r ,   p a r t i c u l a r l y   d u r i n g   f r e s h e t  and 

qu iescent   w ind   cond i t ions .  The h i g h   e f f l u e n t   c o n c e n t r a t i o n s   a r e  

sometimes a s s o c i a t e d   w i t h   a l t e r e d  pH, e leva ted   tempera ture   and  h igh   f ib re  
c o n t e n t   i n   s u r f a c e   w a t e r s   a d j a c e n t   t o   t h e   o u t f a l l .   D i s c o l o r e d   w a t e r  has 

been no ted  0.5 t o  1.5  km t o   t h e   s o u t h   o f   t h e   p u l p  m i  11  and  mixed  deeper 

(2-3  metres) i n the   wa te r  column. 

As a r e s u l t   o f   C a n f o r s   p r o p o s a l   t o   i n s t a l l  a d i f f u s e r   o u t f a l l  

system a co-operat ive  water  movement study was conducted i n   t h e   P o r t  

Mel lon  area by t h e  Ocean  and Aquat ic  Sciences Group, P a t r i c i a  Bay, B.C. 

and t h e   P a c i f i c   E n v i r o n m e n t   I n s t i t u t e .  Water movements were s tud ied  
u t i l i z i n g   d r i f t  drogues  tracked by radar   over  a 7 2  h o u r   p e r i o d   i n  

September, 1974. R e s u l t s   o f   t h i s   s t u d y  as r e p o r t e d  by  Landry  (1976) 
i n d i c a t e d  a complex  system i n   t h e   u p p e r  1 m e t r e   o f   w a t e r   o f f   t h e  mil 1 

w i t h   w a t e r  movement be ing   in f luenced  by  wi nd, t i d e  , and o t h e r   f a c t o r s  as 

y e t   u n d e s c r i  bed. Sur face  water  movement o f f   t h e  mil 1 dock was genera l l y  
more r a p i d   t h a n   i n   t h e   s m a l l  bay t o   t h e   s o u t h   o f   t h e  mill i n t o   w h i c h  
f l o w s   t h e   a l k a l i n e  mill ef f l uen t .   The re  was  a n e t   t r a n s p o r t   o f   e f f l u e n t  

o u t   o f   t h e  m i  11  area w i t h   t h e   s l o w e s t   d i s p e r s i o n  i n the  less-we1 1 f l u s h e d  

bay t o  the  south. 

Based  on the  drogue  study  Davis (1975)  suggests  d ischarging 

mill e f f l u e n t  as f a r  as   poss ib le   ou t   in to   Thornbrough Channel t o   o p t i m i z e  

d ispers ion .  Two p o s s i b l e   d i f f u s e r   l o c a t i o n s  were o f f e r e d   f o r  

cons idera t ion ;   a )   ex tend i  ng f r o m   t h e  m i  11 dock i n  an e a s t e r l y   d i   r e c t i o n  
o r   b )  due e a s t   o f   t h e   s m a l l   g r o i n  on the  south  shore  o f   the  Rainy  River  

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

d i f fuser   p lacement .  
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4.2 Impact  Studies 

4.2.1 Canadian Fores t   Produc ts   L td .   Mon i to r ing  Program. As s t i p u l a -  

t e d   i n   t h e i r   P r o v i   n c i  a1 e f f l u e n t   d i s c h a r g e   p e r m i t   C a n f o r   i s   r e q u i r e d   t o  

c a r r y   o u t  a rece iv ing   wa te r   mon i to r i ng  

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

author ized  by PCB was t o  be s i m i l a r   t o  

Beak Consu l tan ts   L td .  (Beak , 1975) f o r  

t i v e   i n t e r t i d a l   s t u d i e s ,   p e r i p h y t o n  and 

program to   de te rm i  ne t h e   e f f e c t s  

v i  ng envi  ronment. The program 

the   mon i to r ing   ou t l ine   p repared  by  

t h e  company and i ncluded  qual i t a -  

zooplankton  determi   nat ions,   f ish 

bioassays  and  sediment  analyses. The r e s u l t s   o f   t h e  program,  which 

s t a r t e d   i n  1977, a r e   t o  be  summarized  and s u b m i t t e d   t o   t h e  PCB annual ly.  

4.2.2 Shore1 ine   S tud ies .   S tud ies  by Hardon  (1970)  and  Nassichuk 

(1972)   revealed  severe ly   depressed  in ter t ida l   communi t ies i n   t h e   v i c i n i t y  

o f  t h e   p u l p  mil 1 and an absence o f   l i f e   i n   t h e  small bay t o   t h e   s o u t h   o f  
t h e  mil 1. The na tu ra l   subs t ra te   sou th   o f   t he  m i  11 i s  covered by f i b r e  

and 1 ime mud which was h i s t o r i c a l l y   d i s c h a r g e d   t h r o u g h   t h e   a l k a l i  ne 

sewer.  Werner  and Hyslop  (1968)   descr ibed  an  oval   bed  o f   gas i ferous 

(H2S)   sed imen t   ex tend ing   sou theas t   o f   t he   a l ka l i ne   ou t fa l l .   I n  con- 
t r a s t ,   t h e   a r e a   n o r t h   o f   t h e   p u l p  mill, which i s   s h i e l d e d   f r o m   t h e  

i n f l u e n c e   o f   e f f l u e n t  by the   f reshwa te r   i n f l ow   f rom  the   Ra iny   R ive r ,  

showed normal  populat ions.  

Al though  marine  disposal  o f  l i m e  mud was terminated  severa l  

years  ago t h e   e f f e c t s   o f   s m o t h e r i n g  and b u r i a l   p e r s i s t  as r e p o r t e d  by 

Lev i  ngs  and  McDaniel  (1976). A f t e r   r e v i e w i n g   d a t a  from s e v e r a l   f i e 1  d 
s tud ies   these  au thors   conc luded  tha t   the   zone  o f   in f luence  o f   the   pu lp  
mil 1 , as documented  by  degraded  shore1 i ne b iota,   extends 1 t o  2 km south 

o f   t h e  mill o u t f a l l s .  

4.2.3 Benthic  Studies.  Chang and  Lev ings   (1976)   s tud ied   the   e f fec ts  

o f  ocean  dumping  on b e n t h i c   i n v e r t e b r a t e s  by sub jec t i ng   seve ra l   i nve r te -  

b ra te   spec ies  common t o  Howe Sound t o  a v a r i e t y  of subst rate  types.  One 
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o f   t h e   s u b s t r a t e s   t e s t e d  was sediment composed o f   f i n e   f i b r o u s   m a t e r i a l  

w i t h   s t r o n g  H2S o d o r   c o l l e c t e d   n e a r   a n   e f f l u e n t   o u t f a l l   a t   P o r t   M e l l o n .  

This  sediment was avoided  by  most   ind iv iduals   o f  a1 1 species  tested  even 
though i t s   p h y s i c a l   c h a r a c t e r i s t i c s  a1 lowed  burrowi ng by  these  species. 

The P o r t  Me1 l o n  sample was t y p i c a l   o f  many pu lp  mil 1 sediments  wi th   h igh 

o rgan ic   ma t te r   con ten t  (wood f ib res)   wh ich   p roduce H2S gas  and  deplete 

oxygen  as a resu l t   o f   bac te r ia l   decompos i t i on .  Some subs t ra te   types  

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

a t t r a c t e d   t o   h a r d   s u r f a c e s  such as rocks  and l a r g e  wood debr is.  

These f i n d i n g s  were  substant ia ted  by  observat ions made i n  
Thornbrough  Channel  from  the  Pisces I V  Submersible. The submersible 

studies  were  conducted  by EPS, P a c i f i c  Region, i n  August, 1976. Three 
transects,   (464, 465,  and  466) r u n   o f f  McNab Creek,  Dakota  Creek  and 

W o o l r i d g e   I s l a n d   r e s p e c t i v e l y   ( s t a t i o n   l o c a t i o n s  shown  on F i g u r e  3 )  
i n d i c a t e d   t h e   i m p o r t a n c e   o f   s u b s t r a t e   t y p e   i n   s t r u c t u r i n g   b o t t o m  communi- 

t i e s .   M o b i l e   i n v e r t e b r a t e s  such as shrimp,  prawns,  and  squat  lobsters, 

commonly observed i n  a reas   charac ter ized  by logs,  bark,  and  rocks, were 

no t iceab ly   scarce  i n  a reas   w i th  a s o f t ,  muddy subs t ra te   (see  Appendi x I 
fo r   submers ib le   observa t ions) .  

The impact   o f   Canfor   pu lp  m i  11 e f f l u e n t  on deep ben th i c  

organisms  appears t o  be l a r g e l y   c o n f i n e d   t o   t h e   g a s i f e r o u s  beds o f  
f i b r o u s   m a t e r i a l   a d j a c e n t   t o   t h e   o u t f a l l s .  A1 though   the   e f fec ts  o f  l o g  

hand1 i ng  and   s to rage   ac t i v i t i es  may no t  be as  obvious  the  impact  can be 

s u b s t a n t i a l   i n   t e r m s   o f   t h e  amount o f  wood d e b r i s  and the   ex tens ive   a rea  

a f f e c t e d  (McDani e l  , 1973). 

4.2.4 E f f l u e n t   T o x i c i t y  and  Subletha l   Ef fects .  Pedlow (1974)   s tud ied 

t h e   e f f e c t s   o f  BKME on  the  growth and p h y s i o l o g y   o f   P a c i f i c  
o y s t e r s   t r a n s p l a n t e d   t o   t h e   P o r t  Me1 l o n  area.  Oysters  placed i n  a cage 

200 m e t r e s   f r o m   t h e   a l k a l i  ne o u t f a l l  a1 1 d i e d   w i t h i n  a y e a r  and  were 

h e a v i l y   f o u l e d   w i t h   f i b r e  and 1 ime mud. These oys te rs  showed l i t t l e   o r  

I 

I 
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c 1 2 3 4 5  

Scala in Kl lornat ras  

F I G U R E  3 S U B M E R S I B L E  D I V E  L O C A T I O N S  ( A U G U S T  1 9 7 6 )  
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no  growth, t h i n  and b r i t t l e   s h e l l s ,   p o o r   c o n d i t i o n   f a c t o r   ( p l u m p n e s s ) ,  

d isco loured  watery  meat  and weak adductor  muscles  compared t o   a p p a r e n t l y  

heal   thy  oysters   p laced  about  1.6 km s o u t h   o f   t h e   o u t f a l l .  A1 ong t h e  

se r ies  o f  cage p o s i t i o n s   o y s t e r   c o n d i t i o n   d e t e r i o r a t e d  and m o r t a l i t y  

increased as t h e  m i  11 was approached. Resu l ts   o f   th is   s tudy   suggest  a 

zone o f  i n f l u e n c e   e x t e n d i n g   t o  a p o i n t  between 0.5 and 0.8 km south  o f  

the mill. 

A c u t e   t o x i c i t y   t e s t i n g  and s u b l e t h a l   e f f e c t s   s t u d i e s   w i t h  

salmon  have  been c a r r i e d   o u t   u s i n g   e f f l u e n t   f r o m   t h e   P o r t   M e l l o n  mill 

since  1971  (Davis,  1973 , Davis and Mason, 1973).  These s tud ies  have 
genera l l y  shown t h e   e f f l u e n t   t o  be tox i c   (96   hou r  LC50) t o   f i s h   a t  a 

c o n c e n t r a t i o n   o f  50-60% f u l l   s t r e n g t h   o f   n e u t r a l i z e d ,   a e r a t e d   f u l l -  
b leached   e f f l uen t .  The t o x i c i t y  measurements v a r i e d  between a 96 hour 

Lc50 
data  o f   var ious  workers on t h e   i n c i p i e n t   s u b l e t h a l   r e s p o n s e   t h r e s h o l d  

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

sugges ts   t ha t   f o r   neu t ra l i zed   who le   b leached   e f f l uen t  a  number o f  sub- 

l e t h a l   e f f e c t s  will be p r e s e n t   a t  a d i s c h a r g e   d i l u t i o n   o f  0.1 o f   t h e  
LC5o,  a few a t  0.05 LC5o,  and o n l y   r a r e l y   a t  0.02 LC5o. Based  on 

c u r r e n t  know1 edge, Davis recommended t h a t   t h e   P o r t  Me1 l o n   d i f f u s e r   d e s i g n  

achieve a d i l u t i o n   e q u i v a l e n t   t o   a t   l e a s t  0.05 LC5o and t h a t  a  50 t o  1 
d i l u t i on   wou ld   m in im ize   mos t  known s u b l e t h a l   e f f e c t s  on  salmon. 

o f  20% f u l l   s t r e n g t h   t o   n o n - t o x i c .   D a v i s   ( 1 9 7 6 )  summarized t h e  

Studies  by  Greer  (1976)  and  Bir twel l   (1976)  demonstrated  an 

avoidance  react ion by j uven i l e   ch inook  and chum salmon to   su r face   wa te rs  

(1.5 m) i n   t h e   v i c i n i t y   o f   t h e   P o r t   M e l l o n  mill. J u v e n i l e  salmon 

t y p i c a l l y   s c h o o l  upon e n t e r i n g   e s t u a r i e s  and show a pre ference  fo r   near -  

su r face  and  near-shore zones. Therefore, any f a c t o r s   d i s r u p t i n g   t h i s  

behaviour may  be d e t r i m e n t a l   t o   t h e  normal   funct ions  o f   the salmon. 

However, i n   t h e  c a s e   o f   P o r t   M e l l o n   w h e r e   e f f l u e n t   o u t f a l l s   a r e   l o c a t e d  
a t ,   o r   j u s t   b e l o w   t i d e   l e v e l ,   t h e   a v o i d a n c e   r e a c t i o n  may favour   t he  

s u r v i v a l   o f   t h e  salmon  by enab l ing  them t o   d e t e c t  and avoid  contaminated 



- 17 - 

waters. The surv iva l   va lue   o f   the   avo idance  reac t ion  will be dependent 

on t h e   s u i   t a b i  li ty o f  the  a1 t e r n a t i v e   h a b i t a t   u t i l i z e d  by the   d isp laced 

f i s h .  The a u t h o r s   p o i n t   o u t   l i m i t a t i o n s   i n   i n t e r p r e t a t i o n  due t o   t h e  

poss ib le   complex  in teract ion  between KME and  o ther   water   qua l i t y  

v a r i a b l e s   i n   d e t e r m i   n i  ng f i s h  behavi our. 

4.2.5 Phytoplankton  Product iv i ty .   Stockner  " e t  a1 (1975)  examined  the 
r e l a t i o n s h i p  between BKME and  phytoplankton  product ion i n  waters   ad jacent  
to   Woodf ib re   and  the   Por t  Me1 l o n   p u l p  m i  11s i n  Howe Sound. Primary  pro- 

duc t i on   nea r   t he   Po r t   Me l l on  Mill was about 90% l o w e r   t h a n   a t   t h e   c o n t r o l  

s i t e   l o c a t e d  2 km f rom  the  mill. However, the   e f fec t   o f   Woodf ib re   and 

P o r t  Me1 lon  d i   scharges on t h e   t o t a l  Howe Sound p roduc t i on  was c a l c u l a t e d  

t o  be on ly  2 t o  4%. The s t rong  1 i g h t   a t t e n u a t i n g   p r o p e r t i e s   o f  KME, as 

opposed t o   t o x i c  substances i n   t h e   e f f l u e n t ,  were shown t o  be the  major  

cause  of   reduced  pr imary  product ion.   Stockner 's  data showed  a s i m i l a r i t y  

i n   d e n s i t y  and species  composit ion  of  phytoplankton  populat ions  between 

pu lp  mill and c o n t r o l   s t a t i o n s .  On t h i s   b a s i s   t h e   a u t h o r   p o s t u l a t e d   t h a t  

as the   phy top lank ton   encounter   e f f luen t  and  reduced l i g h t   c o n d i t i o n s ,  
they become m e t a b o l i c a l l y   i n a c t i v e  and r e m a i n   q u i e s c e n t   u n t i l   l i g h t  con- 

d i   t ions  improve.  

This   concept  was subs tan t i a ted  by  a l a te r   s tudy   (S tockner  and 
Cos te l l a ,  1976) w h i c h   s u g g e s t e d   t h a t   g r o w t h   i n h i b i t i o n   ( t o x i c i t y )   b y  sub- 
stances i n   t h e   e f f l u e n t   o n l y   o c c u r r e d   a t   e f f l u e n t   c o n c e n t r a t i o n s   g r e a t e r  

than 20% and t h a t   n u t r i e n t s   i n   t h e   e f  f l  uent  coul  d i n   f a c t   r e s u l t   i n  

growth  enhancement i n  reg ions   o f   l ow   e f f l uen t   concen t ra t i ons  and  good 
1 i ght   cond i   t ions .  The s tudy a1 so demonstrated  that  good w a t e r   c i   r c u l  a- 
t i o n  and we1 1 f l u s h e d   c o n d i t i o n s   a r e   t h e  lmt impor tan t   phys i ca l   f ac to rs  

reducing  the  impact   o f  KME on  coastal   waters.  The produc t ion   near   the  

Woodfibre mill which i s   l o c a t e d   i n  a more ac t ive ly   f lushed  a rea   under  

d i   r e c t   i n f l u e n c e   o f   t h e  Squami sh   R ive r  was on ly  22% less   t han   t he   co r -  

respondi  ng c o n t r o l   s i t e .  
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NATURAL RESOURCES 

F isher ies  Resource 

A d e t a i l e d   d i   s c u s s i o n   o f   f i s h e r y   r e s o u r c e s   i n   F i s h e r i e s  and 

Mar ine  Serv ice (F.M.S.) S t a t i s t i c a l   A r e a  28 (encompassing Howe Sound)  has 

been  prepared  by F.M.S. (Knapp  and Ca i rns  1978, F.M.S. I n t e r n a l   R e p o r t )  
and i s  presented i n  Appendi x I 11. The f o l   l o w i n g  w i  11  be a b r i e f  summary 

o f   t h i s   i n f o r m a t i o n .  

Howe Sound r i v e r  systems  conta in   s tee l   head  t rout ,   do l ly   vardon,  

char and f o u r   s p e c i e s   o f   P a c i f i c  Salmon, i.e., p ink ,  chum, coho  and 

chinook. The salmon o r i g i n a t e   m a i n l y   f r o m   t h e  Squamish-Stawamus r i v e r  

system a t   t h e  head o f  t he  Sound. Stocks o f  Howe Sound p i n k  and chum 

salmon  are  harvested by n e t   f i s h e r i e s   i n   t h e   S t r a i t  o f  Georgia,  Johnstone 
S t r a i t ,  and  Juan de Fuca S t r a i t .  Coho and  chinook  are  caught 

commerci a1 l y  and  by spor t   f ishermen i n   t h e   t i d a l   w a t e r s   o u t s i d e  Howe 

Sound  and a1 so p rov ide  a good s p o r t   f i s h e r y   w i t h i n   t h e  Sound. I n  1969 

Howe Sound  was c l o s e d   t o  commerci a1 f i s h i n g   t o   p r e s e r v e   s t o c k s .  

A few  coho, chum, p ink  salmon  and a few s t e e l h e a d   t r o u t   a r e  

found i n   t h e   v i c i n i t y   o f   P o r t   M e l l o n .  These are  main ly   f rom  the  Rainy 
R i v e r   w i t h  a l i m i t e d  number f rom  McNair   and  Dakota  creeks.  Pr ior   to 

1946, several  thousand chum and p ink  salmon r e p o r t e d l y   u t i l i z e d   t h e   R a i n y  

R iver .  To p rov ide   p rocess   water   to   the   pu lp  mil 1 a d i v e r s i o n  dam and 

f ishway was cons t ruc ted  on the   Ra iny   R iver  i n  1954. La rge   s tockp i l es   o f  

g rave l   a re   repo r ted  above the  dam, whi le   be low  the dam, where  the chum 
and p i n k  spawn, there  are  poor  spawning  grounds.  Recent  records  for   the 

Rainy  River  (1971-1975) show low  re turns  o f   sa lmonids;  25-75  coho, 25 

chum,  a few  odd-year  pink  and  25  steelhead.  Adult  and  juveni le  salmon 

may pass   t h rough   h igh   concen t ra t i ons   o f   e f f l uen t  when a r r i v i n g   a t   o r  
l eav ing   wa te rs   ad jacen t   t o   t he   pu lp  m i  11  and r e a r i n g   j u v e n i l e   s a l m o n i d s  

may be i n f l u e n c e d  by l o g   h a n d l i n g   a c t i v i t i e s   n e a r   t h e  mouths o f  spawning 

streams. 
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5.2 Migra to ry  B i  r d  Resource 

Howe Sound i s  genera l l y   recogn ized as a v a l u a b l e   h a b i t a t   f o r  

migra tory   waterb i rds   th roughout   the   year .  The Squamish e s t u a r y   i s  

l o c a t e d  between  two impor tan t   water fowl   a reas ,   the   Fraser   de l ta  and the  

Pemberton  valley,  and  as  such i s  a s t o p   o v e r   f o r   b i r d s   m i g r a t i n g  between 

these  areas. I n  a d d i   t i o n   t o   w i n t e r i n g  and m ig ra to ry   hab i ta t ,  Howe Sound 

sus ta ins   seve ra l   b reed ing   b i rd   co lon ies .   Dur ing   mos t   o f   t he   w in te r i ng  
and m ig ra t i on   pe r iod ,   wa te rb i rds   can  be found  scat tered  a long  the 

shore1 i ne w i t h   t h e  1 argest   concentrat ion,   number i  ng several  thousand 

i n d i v i d u a l s  of over  6U species,   being  found on t h e  Squamish estuary. 

S m a l l e r   e s t u a r i e s   a t   t h e  mouths o f   most   c reeks   en ter ing   the  Sound p rov ide  

v a l u a b l e   h a b i t a t   f o r   d a b b l i n g   d u c k s  and o t h e r   w a t e r - r e l a t e d   b i r d s .  
Thornbrough  Channel in to   which  Canfor   d ischarges i t s   e f f l u e n t   i s  known t o  
suppor t   l a rge  numbers o f   w i n t e r i n g   d i v i n g  ducks. For  addi  ti onal 

i n f o r m a t i o n   o n   m i g r a t o r y   b i r d   r e s o u r c e s   p r o v i d e d  by the   Canad ian   W i ld l i f e  
Service  (Trethewey, 1977, pers. com. r e f e r   t o  Appendix I I .  
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APPENDIX I 

SUBMERSIBLE  DIVING  OBSERVATIONS - PISCES IV 

a) Howe Sound - August 26,  1976 (D ive  464) 
b) Howe Sound - August 26, 1976 (Dive  465) 
c )  Howe Sound - August 27, 1976 (Dive  466) 
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APPENDIX I SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

(a)  Howe Sound - August 26, 1976 

DIVE : 464 

LOCATION : Thornbrough  Channel, o f f  McNab Creek 

OBSERVER : H. Nelson 

PILOT : F. Chambers 
POSITION : Submerge Surf  ace 

49'32.88 N 49'33.55 N 

123'23.28 W 123'22.52 W 

Turn : 49'33.12 N 

123'22.80 W 

DURAT I ON : 3.2 hours 
TIME : 0915  hours 

70 mm Ser ies  : 259-323 

16 mm R o l l s  : #22, 23, and  24 ( f o c u s   a t   6 ' ,  2 l i g h t  sources) 

DEPTH : 230 m 

OBSERVATIONS : 

Good s u r f a c e   v i s i b i l i t y .  On d e s c e n t ,   l a r g e   i n e r t   p a r t i c l e s   w i t h  a  few 

p l  a nk t e r s  . 
100 rn - t h e  number o f   l a r g e   p a r t i c l e s  decreased, number o f  zooplankters 

increased. Vi s i b i  1 i ty good. 

200 m - many p e l a g i c  amphipods, several  Ctenophores  and  a  few f i s h  

approx.  2"  long. Vi s i b i  1 i ty decreasing. 

230 m - on t h e   b o t t o m   v i s i b i l i t y  12' .  Subs t ra te  a s k i f f   o f  brown 
sediment  over  f ine  grey  sediment. 

Moving  over   the mud, bottom,  animals  observed  were:  several  shrimp 

( S p i   r o n t o c a r i  s a n d   s i d e s t r i  pes,  Pandol  opsi s d i  spar. ) 

- a few l a r g e  anemones ( f o o t b a l l )   a n d   m e t r i d i u m  sp. 

- severa l   ee l   pouts .  

- large  Gastropods. 

- a  few  orange s ta r f i sh   (Pseudarcas te r  sp.). 

- many l a r g e   s i d e s t r i p e s  and  squat  lobsters  (Munida *) 
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- s ing le   sp ider   c rab ,   s ing le   Cancer   mag is te r  

- s i n g l e   r o c k   f i s h   ( r e d   s n a p p e r ) ,   s i n g l e   s k a t e  

- few  scu lp ins,   pe lag ic   shr imp 

- few b r i t t l e   s t a r s  

- A t  1030  hours  the  bottom l i f e  had n o t  changed  appreciably. No 

f l ounders   o r   so le  have  been  observed. 

- a t  1035 hours more wood, bark,  and  leaves  cover  the  bottom. 

- t h e  number o f  Munida sp. i n c r e a s e   p r o p o r t i o n a t e l y   t o  amount o f  
wood debr is   on   bo t ton .  

- END 16 mm r o l l  22. 

- BEGIN 16 mm r o l l  23 - 1050  hours. 
- a t  frame  520  focus  changed t o   4 '   c o n t i n u e   t o  end o f  r o l l  23. 

- a few f l ounder  and s o l e  have  been seen. 

- C h i r i d o t a   l a e v i s  

- l a r g e   b r i t t l e   s t a r s  

- s ing le   oc topus ,   s ing le   Squa lus  sp., s i n g l e  hake 

190 m - another   subs t ra te  change t o  sand, boulders,  and leaves 

- several  prawns 

- a t  frame  645 o f   r o l l  23 (16mm)  2 e x t r a   l i g h t   s o u r c e  were p u t  on. 
- very  abundant  Munida sp. 

- END 16 mm r o l l  23 - 1140  hours 

100 m - BEGIN 16 mm r o l l  24 (back t o   6 '   f o c u s )  
- l i n g  cod, C. mag is te r  
- passed  over a r i d g e  o f  f ine   sed iment ,   p resumably   o r ig ina t ing   f rom 

McNab Creek 

700 m - begin  moving  up c l i f f  face, v i s i b i l i t y  good, approx. 30' 
- many sponge; C .  magis te r ,  anemones, tube worms, c lam  she l l s ,  

s t a r f i s h   i n   c l e a r   s p h e r e   ( i d e n t i f i c a t i o n  unknown). 
- END 16 mm r o l l  24. 

SUMMARY 

Three  substrate  types  encountered, each w i t h  a corresponding change i n  

benth ic   communi t ies ,   bo th   qua l i ta t i ve ,  and q u a n t i t a t i v e  as noted. 

Habi t a t   v e r y ,   i m p o r t a n t   i n   s t r u c t u r i n g   b o t t o m  communi t i e s .  
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APPENDIX I SUBMERSIBLE  DIVING  OBSERVATIONS - PISCES 1V 

( b )  Howe Sound - August  26,  1976 

DIVE : 465 
LOCAT I ON : Thornbrough Channel of f   Hi l l s ide   Grave l  P l an t  
OBSERVER : H. Nelson 
PILOT : F. Chambers 
POSITION : Submerge Surf  ace 

49'30.35 N 49'30.21 N 

123'28.82 W 123'29.47 W 

DURATION : 2.7 hours 
TIME : 1525  hours 
70 mm S e r i e s  : 323-377 
16 mm Rolls : #25,  26,  27, 28 ( f o c u s   6 ' )  
DEPTH : 220 m 

OBSERVATIONS : 
S u r f a c e   v i s i b i l i t y   f a i r .  
Descending,  large inert p a r t i c l e s  (white) i n  suspension 
100 m - siphonophores,  amphipods,  ctenophores,  cumaceans,  megalops 
150 m - inert particles sma l l e r ,   pe l ag ic  shrimp, la rge   lobed   c tenophores ,  

small f i s h  
220 m - Botton - s o f t   s u b s t r a t e ,  mud. V i s i b i l i t y  12 '  

- many zoopl ank te r s  , mai nly  copepods. 
- severa l   sea  pens (sea w h i p ) ,  eel pouts,  burrowing anemones. 
- S p i r o n t o c a r i s  sp. , Munida sp. , several prawns,  large  gastropods 

(Neptunia sp. on l ogs  
- s ing le   r ed   snappe r ,  single Tanner  crab 
- END 16 mm ro l l   25  
- BEGIN 16 mm r o l l  26 

145 m - moving towards Hi1 1 s ide  Gravel  P1 a n t  
- encounter ing wood d e b r i s ,  logs and  bark 
- increasing numbers  of prawns, Metridium sp., Munida sp. (ve ry  

abundant and  l a r g e ) ,   s n a i l s  
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- sing1 e red  snapper 

- END 16 mm r o l l  26 

50 m - BEGIN 16 mm r o l l  27 - 1 ogs  and Met r id ium sp. 
- B E G I N  16 mm r o l l  28 - movi ng ou t   f rom  under   log  booms and  heading 

south o f f  bottom 
125 m - back on bottom,  usual  benthos,  single  octopus, few Ctenodiscus 

SP* 

- beg in   ascent  

- END 16 mm r o l l  28 

SUMMAR Y 

Benthic  communit ies i n   t h i s  area  were q u i t e   s i m i l a r  t o  those  encountered 

o f f  McNab Creek (d ive   #464) .  However,  no f lounder   o r   so le   were  seen  and 

prawns  were present  i n   g r e a t e r  numbers.  The Munida sp. o f f   H i l l s i d e ,  

p r e s e n t   i n   l a r g e  numbers around  the wood debr is,  seemed t o  be l a rge r .  

Very l a r g e   M e t r i d i u m  sp. on the   logs .  

w 

Y 

I 
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APPENDIX I SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( C )  Howe Sound - August 27, 1976 

DIVE : 466 

LOCAT I ON : Thornbrough  Channel,  Centre  Channel  east to   Woo l r idge 

I s 1  and 
OBSERVER : D. Goyette 

PILOT : F. Chambers 

POSITION : Submerge Surf  ace 

49'30.40 N 

123'28.45 W 

Turn : 49O30.60 N 

123'28.36 W 

Turn : 49'30.58 N 49'30.55 N 
123'28.10 W 123'27.95 W 

DURATION : 3.0 hours 

TIME : 0920  hours 

70 mm Ser ies : 378-455 ( R o l l  #2) 
16 mm R o l l s  : #29 - 32 
DEPTH : 225 m 

OBSERVATIONS : 
Sur face   l aye r   o f   f r eshwa te r   t o   10  m. 
V i s i b i l i t y  - c l e a r  

Few amphipods a p p e a r i n g   t o  50 m. 

L a r v a l   f i s h   a t  7 5  m. 
Few ctenophores,  zooplankton  not  very  abundant, some d e t r i t u s .  

I nc reas ing  numbers o f  zooplankton  below 75 m - l a r g e l y  amphipods, 

siphonophores, and occasional  ctenophores, no euphausids. 

Large  c tenophores  (Bol inopsis  sp.) appear ing  a t   100 m. These normal ly  
seen a t   t h i s  depth. 

125 m - inc reas ing  number o f   v a r i o u s   j e l l y f i s h ,  no euphausids  observed 

( s i m i l a r   t o   p r e v i o u s   d i v e s )  

210 m - 1 a n t e r n   f i s h  common 
- l a r g e r   c o n c e n t r a t i o n   o f  copepods 
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I 

I 

Y 

225 m - on   t he   bo t tom,   v i s ib i l i t y   app rox ima te l y  12  f e e t  

- sediment - l i g h t  brown  on the   su r face  
- 1 i g h t   g r e y   c o l o u r   i n   d i s t u r b e d   a r e a s  

Munida very  abundant,  Mediaster sp. , shrimp  (panda1 i d )  , Colus sp. - 
common. 

Few s ides t r i pe ,   bu r row ing  anemones - abundant,  occasional sea  whip. 

Colus sp. very  abundant a1 ong  logs. 
Bottom - r e l a t i v e l y   f r e e   o f  wood debr is ,   on ly   occas iona l   log  and  cedar 

bark . 
Munida sp. very  abundant  around wood debr is.  

A number o f   red   snappers  was observed  by   p i lo t .  

Few ee l   pouts  . 
R o l l  29 changed a t  225 m. 

S1 ope i n c r e a s i n g   a t  225 m - base o f   c l i f f  - numbers o f   bu r row ing  anemones 

increased,  increase i n  bark  and wood depos i t s ,   l a rge  amount o f  sponge 
d e b r i s   a t  base o f   c l i f f .  

F i r s t  80 f e e t   o f   r o l l  30  taken a t   t h e  base o f   c l i f f .  

Munida sp.  anemones very numerous. 

Large  whi te  anemones concent ra ted   a long  logs   ( f i lmed) .  

2UO m - l i g h t  film of  sediment   over   rocks,   cons iderably   less  than Howe 

Sound area 

- l a r g e  numbers o f   "ho rn "  sponges  growing  on  rock  face,  cloud 
sponge a lso  present .  

185 m - c o n t i n u e d   a l o n g   c l i f f  

- "horn" sponge very  abundant, many Munida sp. i n s i d e  and  around 

c l   u s t e r s   o f  sponges. 

16 mm f o o t a g e   o f   s m a l l   s t a r f i s h   t a k e n   a t  50 m. 
Occasionally  Munida sp. seen  swimming away from  rock  face. 

Cliff face   a l so   cove red   w i th  numerous brachiopods  and a smal l   whi te ,  

e i t h e r   s o l i t a r y   c o r a l   o r  anemone. 

Ascended t o  130 m a n d   a g a i n   r a n   p a r a l l e l   t o   c l i f f .   R o l l  3 1  - l a r g e l y  
f i l m e d   a t  a depth o f  130 m. 

R o l l   3 2   t a k e n   a t  125 m - heading  south  a long  rock  face 

- Munida sp. and  sponges - s t i l l   v e r y  numerous 

- f o o t a g e   o f   s m a l l   r o c k f i s h   t a k e n   a t  110 m 
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60 m - numerous sponges, occasional glass sponge (tubular) 
- occasional - ye1 low banded rockfish, few  prawns ( n o t  as  numerous 

as dive 4651, cloud sponge - abundan t  
- lat ter portion of roll 32 taken a t  10 m - using extra l i t es  

Roll 33 - taken between 5 and 10 m 

S UMMAR Y 
Bottom conditions were basical ly  similar t o  dive 465 w i t h  the exception 
of less wood debris inshore. Fewer fish were  observed than i n  upper Howe 
Sound dives. Shrimp  were not as abundant  as  observed i n  upper Howe Sound. 
Most abundant animals i n  deeper areas were  Colus sp., Munida sp. , and 
burrowing  anemones.  "Horn''  sponge and Munida sp. were  most abundant  forms 
a1 ong the rock c l i f f  off  Wool ridge Island. Fewer  prawns  were  observed 
than opposite shore (dive 465).  Very 1 i t t l e  sediment deposition was 
observed along shore1 i ne and the rock c l i f f  was heavily encrusted w i t h  
sponges. 
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APPENDIX I I 

MIGRATORY BIRD RESOURCES I N  HOWE SOUND 

(Canadian  Wi ld l i fe  Service,   Trethewey, 1977, personal  communication) 
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APPENDIX I 1  MIGRATORY B IRD RESOURCES I N  HOWE SOUND (Canadian 

Wi ld l i fe   Serv ice ,   T re thewey,  1977, personal  

communication) 

Large  f locks  o f   severa l   hundred  western  grebes  are  o f ten seen i n  the 

deeper-water  areas  of  the Sound, p a r t i c u l a r l y   i n   t h e  Queen C h a r l o t t e  
Channel,  Lions Bay t o   B r i t a n n i a  Beach  and B r i t a n n i a  Beach t o  Squamish 

areas.  Thornbrough  Channel, in to   which  the  Canadian  Forest   Products ,  

P o r t  Me1 1  on m i  11 di  scharges i t s   e f f l u e n t ,  i s  known t o   s u p p o r t   l a r g e  

numbers o f   w i n t e r i n g   d i v i n g  ducks.  Thousands o f   d i v i n g  ducks  and o the r  

d i v i n g   b i   r d s  a1 so w i n t e r  among t h e   i s l a n d s   o f   t h e   s o u t h e r n   p a r t   o f   t h e  

Sound, with  those  areas  most  favoured  being:  the  eastern  mainland  shore 

f rom  Po in t   A tk inson  to   Whi te  Cliff Poin t ;   the   eas tern   shore l ine  o f  Bowen 
I s l a n d   i n   t h e   v i c i c i  ty o f  Deep Bay; the  southern  shore o f  Gambier Is land;  

and  perhaps  most  important,  the f a i r l y   l a r g e   a r e a   c e n t e r i n g  on the  
genera l   area  o f   the Pas1 ey-Popham I s 1  and  group  and  Barf1  eur  Channel 

bounded on the  west  by Gower P o i n t  and  Shoal  Channel, on the   no r th  by the  

south  shore o f  Keats   Is land,  on the  south  by  the open S t r a i t   o f   G e o r g i a  

and on the   eas t  by the   sou th-western   shore l ine   o f  Bowen I s l a n d   f r o n t i n g  

Col 1 i ngwood Channel. 

B r e e d i n g   b i r d   c o l o n i e s   a r e   l o c a t e d   a t :  
1. C h r i s t i e   I s l e t ,   o f f   t h e   s o u t h e r n   t i p   o f   A n v i l   I s l a n d  

--glaucous-wi  nged  gul l ,   pelagic  cormorant,   double-crested  cormorant 

and  pigeon  gui l lemot.  

2. Pam Rock, o f f   t h e   s o u t h e r n   t i p   o f   A n v i l   I s l a n d  

--glaucous-winged  gul l .  
3. Whyte I s l e t s ,   i n  Queen Charlot te  Channel  

--glaucous-winged  gul l .  

4. Passage I s l a n d ,   i n  Queen C h a r l o t t e  Channel 

- -g laucous-winged  gul l   and  pigeon  gui l lemot.  
5. Grace I s l a n d s ,   o f f   t h e   s o u t h w e s t   t i p   o f  Gambier I s l a n d  

--pl  unge divers,  probably  glaucous-wi  nged  gul l  s. 
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APPENDIX I I I 

CANADIAN  FOREST PRODUCTS PULP  MILL,  PORT  MELLON, B.C. 

RAYONIER  PULP  MILL, WOODFIBRE, B.C. 

F I S H E R I E S  RESOURCES  OF F I S H E R I E S  AND MARINE  SERVICE 

STATIST ICAL AREA 28 ( K n a p p  and C a i r n s  1978, F.M.S. I n t e r n a l  R e p o r t )  



The i n f o r m a t i o n   p r e s e n t e d   i n   t h i s   d o c u m e n t  was 
c o l l a t e d   s o l e l y   f o r   u s e   w i t h i n   t h e  Pacif ic  Region (DFE) 
"Pulp  Mill Review Process": a p r o c e s s   d e s i g n e d  t o  de te rmine  
e f f l u e n t  characterist ics,  deq ree  of t r e a t m e n t ,   a n d   e f f e c t s  
upon t h e   r e c e i v i n g   e n v i r o n m e n t .  T h i s  t a s k  was c a r r i e d   o u t  
t o  i d e n t i f y   c u r r e n t   a n d   D o t e n t i a l   c o n f l i c t s   b e t w e e n   a u u a t i c  
r e s o u r c e s  and e f f l u e n t   d i s p o s a l   i n   o r d e r  t o  p r i o r i z e  
p o l l u t i o n   a b a t e m e n t   e f f o r t s .  

Opin ions   expressed  i n  t h e   t e x t   r e f l e c t   t h e   j u d g e m e n t  
of t h e   a u t h o r s   a n d   c o n t r i b u t i n g   p e r s o n n e l .  

This  document i s  n o t  for  g e n e r a l   c i r c u l a t i o n .  Any 
pe r sons   w i sh ing  t o  c i t e  t h i s   d o c u n e n t  m u s t  o b t a i n   t h e  
pe rmis s ion  of t he  s e n i o r   a u t h o r .  
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