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ABSTRACT 

In  October 1976, the Environmental Protection  Service i n i t i a t e d  
a program t o  assess  the  environmental impact of p u l p  and paper mills i n  
British Columbia. With the  cooperation of various  other government 
agencies and  the p u l p  and paper industry, EPS compiled relevant  resource 
data  and receiving environment monitoring information. After  reviewing 
and evaluating  the  existing  information,  the environmental q u a l i t y  o f  

each area was assessed and the need for add i t iona l  monitoring  studies 
determined.  This  report  represents  the  environmental impact assessment 
for  the MacMillan Bloedel p u l p  mill i n  Port  Alberni, B.C. 



RESUME 
, ,  

A u  mois d'0ctobre 1976, le  Service de la  protection de l'environnement 
a entrepris  de'6valuer  les  r6percussions me'soloaiques des  fabriques de pstes 
e t  papiers de la  Colombie-Britannique. Aid6  de l ' i ndus t r i e   e t  de divers 
autres organismes  gouvernementaux, i l  a rguni une documentation  concernant 
les  ressources  ainsi que certains  r6sultats de contr6les  portant  sur 
1 'envi ronnement affect&. Aprss avoi r Gtudi6  ces donnges, le  Service a 
6valug la  quali te' envi  ronnementale de chacune  des rggions e t  d6termin6 que1 les 
seraient  les Gtudes supplgmentaires q u i  resteraient a r6al iser .  Ce rappor t  
f a i t  conna?tre  les re'sul tats ayant t r a i t  2 1 'Gvaluation  des  contrecoups 
imputables 1 a fabrique de pste de 1 a MacFli 11 an B1 oedel de Por t  A1 berni , 
Colombie-Bri tannique. 
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The p o l l u t i o n  abatement f a c i l i t i e s   c u r r e n t l y   i n   o p e r a t i o n   a t   t h e  

MacMi 1 l a n  B1 oedel A1 be rn i   pu lp  m i  11 (A lpu lp )   enab le   the  m i  11 t o  meet 

Federa l   and  Prov inc ia l   (Leve l  B )  e f f l u e n t   s t a n d a r d s   f o r  suspended  sol ids, 

BOD, and t o x i c i t y .   D e s p i t e   t h e   c o n s i d e r a b l e   i m p r o v e m e n t s   i n   e f f l u e n t  

qual i ty r e s u l  ti ng  from A1 pu l  p I s po l  1 u t i  on abatement  program c e r t a i  n 

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

t h e  mil 1 discharges.  Located  near  the  mouth  of  a major  salmon  producing 

r i v e r ,   t h e  mil 1's e f f l u e n t   i s   d i s c h a r g e d   i n t o   s u r f a c e   w a t e r s  o f  an area 
u t i l i z e d  as  a rear ing   g round  fo r   juven i le   sa lmon ids   and a m i g r a t i o n   r o u t e  

f o r   a d u l t  sa lmon  heading  up  the  r iver   system  to  spawn. 

A d v e r s e   e f f e c t s   o f  mill e f f l u e n t  on w a t e r   q u a l i t y  have  been 
i d e n t i f i e d  as a r e d u c t i o n  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   i n   t h e   w a t e r s   o f  

Alberni   Harbour  and a depression i n   d i s s o l v e d  oxygen  concentrat ions i n  

sub-hal o c l i  ne waters  of   the  harbour.   Depressed  oxygen  concentrat ions 

r e s t r i c t   s a l m o n i d   u t i l i z a t i o n  o f  the   es tuary  by r e d u c i n g   t h e   v e r t i c a l  
" l i v i n g  space".   Since  pr imary  product ion  and  salmonid  rear ing  occurs 

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

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

Y 
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1 INTRODUCTION 

MacMi 1 l a n  B1 oedel ' s A1 bern i   Pu lp  and  Paper D i v i   s i o n   p u l p  m i  11 i s  

s i t u a t e d  on  the  nor th-east   s ide o f  t he  head o f   A l b e r n i   I n l e t ,  Vancouver 

I s l a n d ,   B r i t i s h   C o l u m b i a   ( F i g u r e  1). The mill was b u i l t  a t  t he  mouth o f  

t he  Somass R i v e r  and  has an ae ra t i on   l agoon   fo r   b io log i ca l   was te   t rea tmen t  
1 ocated on t h e   r i v e r   e s t u a r y   ( F i g u r e  2).  

A l b e r n i   I n l e t   i s  a t r u e   f j o r d ,   t y p i c a l   o f   t h e  B.C. and  Alaska 

coasts.  From  the  head t o   J u n c t i o n  Pas.sage, t h e   s i d e s   o f   t h e   i n l e t   a r e  

p r e c i p i t o u s  and  rocky. The channel has  two  openings t o   t h e  sea, an i n n e r  

opening a t   J u n c t i o n  Passage w i t h  a depth  of   about 114 metres,  and an o u t e r  
open ing   th rough  Trevor   Channe l   in to   Barke ly  Sound, w i t h  a th resho ld   dep th  

o f   abou t  36 metres. The channe l   a l so   cons i s t s   o f  two basins. A l a r g e  

ou ter   bas in   ex tends   f rom  the  mouth o f   Ba rk ley  Sound to   Sproat   Nar rows 

about 17 km f rom  the  head o f   t h e   i n l e t .  The inner   bas in,   which i s  much 
smal le r ,   ex tends   f rom  the   sha l low  s i l l   (37  m) a t   t h e  Narrows t o   t h e  head 

o f   t h e   i n l e t   ( F i g u r e  3) .  
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2 MILL OPERATIONS 

The A1 b e r n i   p u l p  m i  11 ( A l p u l p )  began o p e r a t i o n   i n  1947, w i t h  a 

p r o d u c t i o n   c a p a c i t y   o f  200 a i r   d r i e d   t o n s   o f   p u l p   p e r  day (ADT/D).  The 

m i  11 was subsequently  enlarged, by stages, t o  become an i n t e g r a t e d  

p roducer   o f   marke t   unb leached   k ra f t   pu lp ,   k ra f t  1 i ner,  arid  newsprint. The 

da i  l y  product ion  approx imates 200 ADT/D of   market  unbleached  pulp,   260 
tons   per  day (TPD)  o f   k r a f t  1 inerboard,  and lOU0 TPD n e w s p r i n t   f o r  a t o t a l  

p roduc t i on   o f   abou t  15U0 TPD. 

The p u l p i n g   p r o c e s s   u t i l i z e s   a b o u t  1300  oven d r i e d   t o n s   p e r  day 

(ODT/D) o f  wood chips  and  groundwood  blocks  with  the  remainder  of  the wood 
requ i rements   be ing   fu rn ished by the   ad jacent  MacMi l l a n   B l o e d e l  sawmi 11s 

and  plywood  plant. By 1971, i n   a d d i t i o n   t o  some in -p lan t   t rea tmen t ,   t he  

mill h a d   m a j o r   e x t e r n a l   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   i n   o p e r a t i o n .  These 

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

n e w s p r i n t   e f f l u e n t s  and a 12   hec ta re   ae ra t i on   l agoon   fo r   b io log i ca l   was te  

t r e a t m e n t   o f  groundwood, newspr in t ,   woodmi l l ,   and   k ra f t   b leach  caus t ic  
e x t r a c t i o n   e f f l u e n t s .   A f t e r   r e c e i v i n g   p r i m a r y   ( c l a r i f i e r )   a n d   s e c o n d a r y  

(ae ra t i on   l agoon)   t rea tmen t   t hese   e f f l uen ts   a re   comb ined   w i th   t he  
u n t r e a t e d   k r a f t  mill e f f l u e n t  and  discharged  v ia a common s u r f a c e   o u t f a l l  

i n t o   t h e   e s t u a r y   o f   t h e  Somass R iver .  The d i s c h a r g e   p o i n t   i s  1 ocated 

a long  the  access ramp t o   t h e  m i  11s   la rge   load ing  dock (F igure   2 ) .  The 

d i s c h a r g e   f l o w   i s   a b o u t  155 x 10 1 i t r e s   p e r  day  of process  water  which 
i s   s u p p l i e d  by Sproat   Lake  loca ted   10  km w e s t   o f   t h e  mill. 

6 
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3 EFFLUENT QUALITY 

3.1 Government Regulations 
MacMi 1 l a n  B 1  oedel i s  currently  authorized t o  di scharge up  to 46 

6 6 x 10 Imperial  gallons  per day (approximately 175 x 10 l i  t res )  of 
effluent from the i r  p u l p  and paper complex a t  A1 berni.  Authorization i s  
contained i n  a permit (PE-266) i ssued t o  the company  by the  Pollution 
Control Branch ( P C B )  of the B.C. Provincial Government on April 8, 1969. 
The permit, which has amendments dated December 6, 1973 and January 22 ,  
1974, stipulates  effluent  standards shown i n  Table 1. The mill  i s  
presently  meeting  the  effluent  standards for biological oxygen demand 
( B O D ) ,  suspended solids (SS), and toxicity  as  outlined i n  the  Federal 
Government P u l p  and Paper Regulations  (Table 2 ) .  

3.2 Effluent  Characteristics 
3.2.1 BOD and SS. Tables 3 and  4 show levels o f  BOD and SS i n  
A l p u l  p i s  combined m i  11 effluent for 1976 and 1977 respectively. The 
measurements are  taken  routinely by mil 1 personnel and forwarded t o  the 
Federal Department of Fisheries and the Environment, Environmental 
Protection  Service (EPS) and t o  the  Provincial PCB. 

3.2.2 Toxicity. I n  December 1975, an effluent monitoring program was 
in i t ia ted  by Fisheries and Environment Canada t o  determi ne the range of 
toxicity  associated w i t h  the mil 1 effluent. The  company participated by 
sending  composite effluent samples on a regular  basis t o  the EPS bioassay 

results of these  tests 
the  Federal and 

labora tory  i n  Vancouver for toxicity  testing. The 
i n  Table 5. Included w i t h  the  table  are 

1 bioassay  requirements. 
are shown 
Provincia 

3.2.3 Pollution Abatement  Program. The A1 bern i P u l p  and Paper mil 1 
has had an extensive p o l l u t i o n  abatement program i n  effect  for several 
years. Major i n - p l a n t  projects have included  the  conversion of  groundwood 
brightening  agents from zinc hydrosul p h i  t e  t o  sodi um hydrosul p h i  t e  which 
largely  eliminated  zinc from the  effluent  thereby  significantly  reducing 
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TABLE 1 PCB EFFLUENT  REQUIREMENTS  FOR MacMILLAN BLOEDEL,  ALBERNI 
PULP AND PAPER D I V I S I O N  

Parameter  Requi  rement 

T o t a l  Suspended S o l i  ds < 20  lbs/ADT 

BOD5 < 35 1 bs/ADT 

S e t t l e a b l e   S o l i d s  < 2.5 ml/l 
F1 oatab l  e Sol i ds n e g l i g i b l e  
pH range 6.5-8.5 w i t h i n  

15 f t  o f   o u t f a l l  

Temperature < 95°F 
Resi  dual C12 

Sul  phi  des 

< 0.1 ppm 

< 1.0 ppm 

Mercaptans < 2.0  ppm 

Toxi c i  t y  > TLmg6 - 25% 

w 

Y 

M 
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TABLE 2 FEDERAL  EFFLUENT  REGULATIONS FOR MacMILLAN  BLOEDEL, 

ALBERNI  PULP AND PAPER D I V I S I O N  

Process 

A1 1 owabl e D i  scharge 

ss BOD5 

Hydraul i c Debarking 

K r a f t   P u l p i n g  
K r a f t   B l e a c h i n g  

Kra f t   Sheet   Format ion  

(Spec ia l ty   S ing le   Produc t )  

Papermaking ( K r a f t  L i ner)  
Mechanical  Pulping 

Mechanical  Pul p Bri ghteni  ng 

I n t e g r a t e d   S i n g l e   P r o d u c t   ( K r a f t )  

Papermaking  (Newsprint) 

(Groundwood) 

5 lb/ODT o f  wood 

7 1  b/ADT 
6 1  b/ADT 

2 1  b/ADT 

6 l b / p r o d u c t   t o n  
13 1  b/ADT 

2 lb/ADT 

3 l b / p r o d u c t   t o n  

5 1 b/product   ton 

64 lb/ADT 
27 1  b/ADT 

T o x i c i t y  - 80% s u r v i v a l   a t  65% combined e f f l u e n t   c o n c e n t r a t i o n   ( v / v )   o v e r  

96 hours. 

'I 
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TABLE 3 1976 EFFLUENT QUALITY RESULTS  FOR MacMILLAN BLOEDEL, 
ALBEKNI  PULP AND PAPER D I V I S I O N  

BOD, Suspended S o l i d s  
J 

Month F1 ow 
~ 1 0 ~  IG/D LB/ADT Tons/Day LB/ADT Tons/Day 

January 39.1 23.6 18.00 18.5 14.11 

February 41.0 23.3  19.02 20.4 16.62 

March 40.2  18.5 14.41 17.2 13.34 
........................................................................ 
1 s t  Q u a r t e r  40.1 21.8 17.14 18.7 14.69 
........................................................................ 
Apr i  1 38.1 20.4 16.29 15.8 12.61 

May 38.3  19.4 16.10 16.7 13.89 
June 40.8 21.3 16.68  21.u  16.4b 

........................................................................ 
2nd Q u a r t e r  39.1 20.4 16.36  17.8 14.32 

........................................................................ 
J u l y  39.1  16.6  12.96 15.7 12.25 

August 36.5  18.2  14.15 18.1  14.01 

September 37.1  15.8  12.08 14.7 11.25 

........................................................................ 
3rd Q u a r t e r  37.6 16.9  13.06  16.2  12.50 
........................................................................ 
October 38.4  14.9 11.38 16.6 12.64 

November 38.8  17.7 13.81 14.2 11.08 

December 39.3 18.7 13.88 14.2  10.57 

........................................................................ 
4th   Quar te r  38.8 17.1 13.02 15.U 11.43 

........................................................................ 
Yearly 

Average 38.9 19.1  14.90 16.9 13.24 

Wl? 

w 

L 

H 

u 

Y 

Y 

8m 
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TABLE 4 1977 EFFLUENT QUALITY RESULTS  FOR MacMILLAN  BLOEUEL, 

ALBERNI  PULP AND PAPER D I V I S I O N  

BOD5 Suspended S o l i d s  

Month F1 ow 
x1u6 K/D LB/ADT Tons/Day LB/ADT Tons/Day 

January 38.0 19.2 14.81 17.3 13.35 

February 39.6 14.6 12.10 13.0 10.78 

March 40.4 17.3 14.16 12.4 10.14 

........................................................................ 
1 s t  Quar te r  39.3 17 .0 13.69 14.2 11.42 

........................................................................ 
Ap r i  1 36.6 13.4 9.42 13.6 9.53 

May  39.7 16.1 13.09 14.3 11.63 
June 37.8  13.6 10.36 16.6 12. 63 

........................................................................ 
2nd  Quarter 38.0 14.4 10.96  14.8 11.26 

........................................................................ 
J u l y  40.3 15.1 10.98 15.1 10.98 

August 41.3  14. 0 9.88 19.6 13.84 
September 40.2  14.5 10.52 17.3 12.55 
........................................................................ 
3 r d   Q u a r t e r  40.6 14.5 10.46 17.3 12.46 

........................................................................ 
October 40.3 12.0 9.80 12.1 9.89 

November 38.2 16.0 11.84 15.5 11.47 
December 39.5  22.6 16.06 26.2 18.64 

........................................................................ 
4 t h  Quar te r  39.3 16.9 12.57 17.9 13.33 
........................................................................ 
Yearly 

Av e rage 39.3 15.7 11.92 16.1 12.12 
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TABLE 5 BIOASSAY RESULTS  FOR MacMILLAN BLOEDEL, 
ALBERNI  PULP AND PAPER D I V I S I O N  

% Surv iva l   Over  96 Hours, S t a t i c   T e s t i n g  
Sampl e  Date  Concentrat ion ( %  v / v )   o f  Sample 

Combined M i  11 E f  f l  uent  
100 90 65 

PH 

December  17, 1975 
January 20, 1976 
February 17, 1976 
March 16,  1976 
A p r i l  27, 1976 
J u l y  20, 1976 
November  15,  1976 

January 24, 1977 
March 21, 1977 
A p r i l  18,  1977 
August 2, 1977 
September 20, 1977 
October 18,  1977 
November 22, 1977 
January 20, 1977 

January 24, 1978 
February 21, 1978 
March 21, 1978 

100 
10 0 
100 
100 
40 

100 
100 

15 
20 

100 
100 
80 

100 
u 
0 

100 
20 

100 

100 
10u 
100 
60 

100 
100 

- 

85 
60 

100 
100 
100 
100 

10 
0 

100 
40 

100 

100 
1UU 
100 
100 
100 
100 
100 

- 
- 

100 

6.9 
7.2 
7.0 
7.u 
6.6 
6.7 
7.4 

6.9 
6.7 
6.7 
6.7 
6.7 
6.7 
7.6 
7.4 

- 
7.0 
6.9 

Federal  Bioassay  Requirement - 80% s u r v i v a l   i n  65%  (V/V) e f f l u e n t  
concent ra t ion   over  96 hours,  continuous 
f l  ow t e s t i n g  . 
concent ra t ion   over  96 hours ,   s ta t i c  
t e s t i n g .  

PCB Bioassay  Requi  rement - 50% s u r v i v a l   i n  25% (V/V) e f f l u e n t  

n 

w 

8 m  

V 

I, 
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i t s   t o x i c i t y ;  and  improved s p i l l   c o l l e c t i o n   f a c i l i t i e s   w h i c h  have 

minimized  abnormal  d i   scharges  which  occur  per iodical ly due t o   o p e r a t i o n  

upsets. 
E x t e r n a l   t r e a t m e n t   f a c i l i t i e s   i n c l u d e  a l a r g e   c l a r i f i e r ,  60 

meters i n  diameter,   which  receives groundwood  and n e w s p r i n t   e f f l u e n t s  and 

removes approximately 25 TPD o f  suspended s o l i d s ,  and a 12 hec ta re  

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

reduces BOD by  about 25 TPD. 

The p o l l u t i o n  abatement f a c i l i t i e s   i n s t a l l e d   o v e r   t h e   y e a r s  have 

enabled  the A1 b e r n i   p u l p  m i  11 t o  meet  both  Federal  standards  and 
P r o v i n c i a l   L e v e l  B requ i remen ts   f o r  suspended s o l i d s ,  BOD a n d   t o x i c i t y .  
I n  an e f f o r t   t o   f u r t h e r  upgrade i t s   e f f l u e n t   d i s c h a r g e   c h a r a c t e r i s t i c s ,  

A lpu l  p has  expanded i t s   p o l l u t i o n  abatement  program  and  anticipates 

compl iance  w i th   the  more s t r i n g e n t   P r o v i n c i a l   L e v e l  A requirements  by  1980 

f o r   a l l  pa ramete rs   w i th   t he   poss ib le   excep t ion   o f  BOD. P rov inc ia l   Leve l  A 

and B requi rements  are  d iscussed 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.C. (1974). 

One o f   t h e   p o l l u t i o n  abatement p r o j e c t s   c o n d u c t e d   a t   A l p u l p  was 

t h e   i n c o r p o r a t i o n   o f  a modi f i e d   b l e a c h  sequence  designated HEH which, it 
was hoped, w o u l d   s i g n i f i c a n t l y   r e d u c e   e f f l u e n t   c o l o r  and BOD. C o l o r  

p resents   bo th  an a e s t h e t i c   i m p a c t   a n d   t h e   b i o l o g i c a l   e f f e c t   o f   r e d u c i n g  

p h o t o s y n t h e t i c   a c t i v i t y   i n   t h e   r e c e i v i n g   e n v i r o n m e n t .  A convent iona l  

b leach sequence, designated CEH, i s  a m a j o r   s o u r c e   o f   p o l l u t i o n   f r o m   k r a f t  
mi 11 b leach   p lan ts   by   con t r i bu t i ng   app rox ima te l y  50% o f   t h e  BOD and 90% o f  
t h e   c o l o r   t o   t h e   t o t a l  m i  11 o u t f a l l .   I n   a d d i  ti on, t h e   e f f l u e n t   i s   t o x i c  

t o   f i s h   w i t h  a 96 hour LCs0 va lue   o f   app rox ima te l y  25% ( v / v )   e f f l u e n t  

c o n c e n t r a t i o n .   T h i s   i n f o r m a t i o n   i s   c o n t a i n e d   i n  a paper by Moy " e t  a1 
(1974) ,   which  out l ines a t r i a l   s t u d y   o f  a mod i f ied   b leach ing   p rocess  
c a r r i e d   o u t   a t   t h e  A1 b e r n i   b l e a c h   p l a n t   o v e r  a 24  hour  perod. The  program 

was supported by the  Cooperat ive  Pol lut ion  Abatement  Research  Program 

(CPAR) o f   the   Depar tment   o f   F isher ies   and  Env i ronment .  
The r e s u l t s   o f   t h e   s h o r t   t e r m   t r i a l   s t u d y  were  very  favorable.  

M o n i t o r e d   e f f l u e n t   p r o p e r t i e s   i n d i c a t e d  a 95% r e d u c t i o n   i n   c o l o r ,  a  20% 

r e d u c t i o n   i n  BOD and a n o n - t o x i c   e f f l u e n t .  However,  more e x t e n s i v e   t r i a l s  

a t   t h e   A l p u l  p m i  11  between  1974  and  1977 y i e l d e d   o n l y  a 40% r e d u c t i o n   i n  
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color  accompanied  by an u n d e s i r a b l e   r e d u c t i o n   i n   n e w s p r i n t   s t r e n g t h .  As a 
r e s u l t ,   t h e  HEH b leach sequence was d i s c o n t i n u e d   i n   J a n u a r y  1977 and t h e  

convent iona l  CEH resumed. 
The c u r r e n t   p o l l u t i o n  abatement  program a t   A l p u l p   c o n c e n t r a t e s  

on i n - p l a n t   c o n t r o l  and r e c i   r c u l   a t i  on p r o j e c t s  such  as t h e   c o l   l e c t i o n  and 

t reatment   o f   paper   machine  e f f luents .  A m o d i f i e d   t o x i c i t y   t e s t i n g   p r o g r a m  

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

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

D 

t 

UI 
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4 R E C E I V I N G  ENVIRONMENT 

4.1 Oceanography 

The phys i ca l  oceanography o f  A1 b e r n i   I n l e t ,  and p a r t i c u l a r l y   i t s  

surface  waters  has  been  wel l  documented. I n  1939  and  1941, t h e   P a c i f i c  

Oceanographic  Group  (1957)  undertook a s e r i e s   o f   p h y s i c a l  and  chemical 
s t u d i e s   o f   t h e  area.  These  formed  the  basis  of an impor tant   s tudy by 

Tu1 l y  (1949) i n w h i c h   t h e   n a t u r e   o f   t h e   w a t e r   c i   r c u l   a t i  on was descr ibed 

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

mil 1. As a r e s u l t   o f   t h i s   s t u d y ,   t h e   o r i g i n a l   k r a f t  m i  11 was s i t e d   a t   t h e  
mouth o f   t h e  Somass R ive r .  The mill sewer was designed t o   d i s c h a r g e   t h e  
e f f l u e n t   a t   t h e   s u r f a c e  so t h a t  i t  woul d m i x   w i t h   t h e   u p p e r   l a y e r  o f  t h i s  

t y p i c a l   e s t u a r i  ne c i   r c u l   a t i  on  system w h i l e  mai n t a i   n i  ng d i   sso lved  oxygen 

c o n d i t i o n s   i n   t h e   i n l e t   a t  a " s a t i s f a c t o r y   l e v e l ' '   f o r   s a l m o n i d s .  

F o r   t h e   p r e s e n t   p u r p o s e s ,   c i r c u l a t i o n   i n   t h e   u p p e r   p o r t i o n   o f  
A l b e r n i   I n l e t   c a n  be s t y l i z e d  as  a two-d imensional   system  of   three  layers.  

An upper   zone  o r ig ina tes   w i th   the  Somass R i v e r   e n t e r i n g   a t   t h e  head. 

V e r t i c a l l y ,   t h i s   l a y e r   i s   n e a r l y  homogenous because o f   w ind   mix ing .  

H o r i z o n t a l  ly, i t s   s a l i   n i  ty increases  seaward  because o f   t h e   i n c o r p o r a t i o n  
of   seawater  f rom  the  lower  zone  over  which it flows.  These  two  layers  are 

separated  by a t r a n s i t i o n  zone, t h e   h a l o c l i n e .  

I n   t h e   h a l o c l i n e ,   t h e   s a l i n i t y   r a p i d l y   i n c r e a s e s   w i t h   d e p t h  due 
t o   e n t r a i n m e n t  and m i x i n g   o f   w a t e r   f r o m   t h e   l o w e r   z o n e   w i t h   t h a t   o f   t h e  
upper zone. Since any comb ina t ion   o f   t he  two waters i s   l e s s  dense  than 
t h e  sea water  alone, it " f l o a t s " ,  and n e t   t r a n s p o r t   i s  upward.  Thus t h e  

upper  zone i s  con t i nuous ly  added to,  and  because o f   t h e   r e s u l t i n g  
h y d r o s t a t i c  head, it p e r s i s t e n t l y   f l o w s  seaward. It fo l l ows   t ha t   vo lume 

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

Losses t o   t h e  1 ower  zone a re   rep len i shed   f rom seaward. The n e t  
t r a n s p o r t   o f   t h e   l o w e r  zone i s  t o w a r d   t h e   i n l e t  head  and t h e r e f o r e   t h e  

water o f  t h i s  zone  has no f u r t h e r   c o n t a c t   w i t h   t h e   a t m o s p h e r e  once it i s  
covered by less-dense  water. Because o f   d e n s i t y   c o n d i t i o n s ,   m a t e r i a l s   i n  

s o l u t i o n   i n   t h e   u p p e r  zone g e n e r a l l y  do no t   en te r   t he   l ower   zone   excep t  

where t h e   d e n s i t y   g r a d i e n t   i s   s u f f i c i e n t l y   d i m i n i s h e d   t o  a1 low deep m ix ing  
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between  the  two  waters.   This  usual ly  occurs  only a t   t h e  seaward  end o f  

A l b e r n i   I n l e t  and i n   t h e  ocean. 
Bel 1 (1976)   repor ts   tha t   renewal   o f   the  deep wa te r   o f   bo th   t he  

i n n e r  and ou ter   bas ins  seems t o   o c c u r   a n n u a l l y   b e g i n n i n g   i n   A p r i  1 and May 

when winds  on  the  coast   are  predominant ly   nor thwest .  These  winds  cause a 

south-go ing   cur ren t   d ivergent   f rom  the   wes t   coas t   o f   Vancouver   I s land 

thereby  drawing  deeper,  denser  replacement  waters  upward. Some o f   t h i s  

water,  which i s   w e l l  oxygenated, will f l o w  up A l b e r n i   I n l e t  and d i s p l a c e  

bo t tom  waters   dep le ted   o f  oxygen. 
S i n c e   t h e   i n i t i a l  work  by Tu1 ly,  numerous other   surveys have 

been  conducted t o  a s s e s s   t h e   e f f e c t s   o f   e f f l u e n t   f r o m   t h e  mill on t h e  

w a t e r   q u a l i t y   ( p a r t i c u l a r l y   d i s s o l v e d  oxygen) of t h e   i n l e t .   I n c l u d e d   a r e  

those  by  Pickard  (19631, Wal dichuk  (1945,  1956a,  1956b,  1960,  19621, 
Waldichuk " e t  a1  (1968,  19691, Pa rke r  " e t  a1 (1972a,  1972b,  1972c,  1973a, 
1973b,  1973c,  1973d), Parker  and S i b e r t  (1973a,  1973b),  Sibert  and  Parker 

(1972),  and MacMi 1 l a n  B1 oedel  moni t o r i  ng surveys  (Ketcham,  1976,  1977; 

Young, 19781, p l u s   u n p u b l i s h e d   i n f o r m a t i o n   c o l l e c t e d  by the   fo rmer  
Department o f   F i s h e r i e s  and the   Env i ronmenta l   Pro tec t ion   Serv ice .  All 

r e v e a l e d   b a s i c a l l y   t h e  same r e s u l t ,  namely tha t   t he   d i sso l ved   oxygen  

c o n t e n t   o f   t h e   w a t e r   c o l u m n   a t   t h e  head  of t h e   i n l e t  was o f t e n   l e s s   t h a n  

the   des i red   l ower  limit o f  5 mg/ l .   Th is  i s  an u n f o r t u n a t e   c o n c l u s i o n  

c o n s i d e r i n g   t h a t   i n  1970, t h e  m i  11 i n s t a l l e d  3.5 m i l l i o n   d o l l a r s   w o r t h   o f  

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

t o  improve  d i   sso lved  oxygen  condi t ions i n  t h e   i n l e t .  

I n  1976, du r ing   t he   con t inuous   mod i f i ed   b leach ing  sequence from 

J u l y   t o  December, s l i g h t  improvements i n   s u r f a c e   w a t e r   d i s s o l v e d  oxygen 

l e v e l s  were  recorded a t  a s t a t i o n   n e a r  Hohm Is land .   Th i s  was d e s p i t e   t h e  
1 ow Somass R i v e r   f l o w s   o c c u r r i n g   f r o m  September t o  December. D u r i n g   t h i s  

pe r iod   t he   concen t ra t i ons   be low  the  ha1 o c l  i ne  remained we1 1 below 5 mg/l 

(Sul   l ivan,  1978a).  

There seem t o  be   seve ra l   f ac to rs   con t r i   bu t i   ng  t o  the  1 ow 
d i s s o l v e d   o x y g e n   l e v e l s   a t   t h e   h e a d   o f   t h e   i n l e t .   P a r k e r  " e t  a1 (1972a), 

S i b e r t  and Parker  (19721,  and Parke r  and S iber t   (1973b)  compared t h e  

va r ious  known s i n k s  and  sources o f  oxygen i n   t h e   e s t u a r y   i n  a 

one-dimensional   numerical   model.   This  study  establ ished  that   the BOD o f  
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t h e  mill e f f l u e n t   a l o n e   c o u l d   n o t   f u l l y   a c c o u n t   f o r   t h e   a p p a r e n t   l o s s   o f  

d issolved  oxygen i n   t h e  upper  mixed  layer.  Parker and S i  ber t   (1972b)  
demonst ra ted   tha t   the   s ta in   impar ted  by t h e   e f f l u e n t   t o   t h e   r e c e i v i n g  

water   a lso   p layed an i m p o r t a n t   r o l e   i n   t h e   o b s e r v e d   d i s s o l v e d  oxygen 
reduc t ions  b y   a d v e r s e l y   a f f e c t i n g   p r i m a r y   p r o d u c t i v i t y   i n   t h e   e s t u a r y .  

They hypo thes i zed   t ha t   i n   t he   upper   zone  and i n   t h e   h a l o c l i n e ,   t h e  

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

causes, among wh ich   were   d i rec t   metabo l ic   po ison ing  by d i s s o l v e d  

chemicals , n u t r i e n t  (NO ) 1 imi t a t i o n s ,  and shading  f rom  so lar   energy by 

t h e   s t a i n  and p a r t i c u l a t e   m a t t e r .  
3 

Under the   ha loc l ine ,   au to t rophs   (phy top lank ton)   were   no t  

d i r e c t l y   s u b j e c t e d   t o   t h e   e f f l u e n t ,  and n i t r a t e  appeared t o  be i n  excess 
a t   a l l  t imes, a t   l e a s t   d u r i n g  mill opera t i ng   cond i t i ons .  The observed 

r e d u c t i o n   o f   d i   s s o l v e d  oxygen i n   t h a t   s t r a t u m  as a response t o   p u l p  m i  11 
e f f l u e n t   i n   t h e   u p p e r  zones was concluded t o  be e i t h e r  due t o  an i nc rease  

i n   r e s p i r a t i o n   o r  a d e c l i n e   i n   p h o t o s y n t h e t i c   a c t i v i t y  because of  shading. 

La te r ,  S i  b e r t  and  Parker  (1972)  using  the  numerical  model , showed t h a t   t h e  

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

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

di   ssolved  oxygen  remaining i n   t h e   w a t e r  column c o u l d  be r a p i d l y  consumed 

by b a c t e r i a  and o ther   o rgan isms  th rough  resp i ra to ry   p rocesses .  

4.2 Impact   Studies 
4.2.1 Phy top lank ton   Produc t iv i t y .   Parker  and S i  ber t   (1972b)  showed 
t h a t  humic s t a i n   i n   e f f l u e n t   d i s c h a r g e d   f r o m   t h e  A1 b e r n i   p u l p  m i  11 was 

r e s p o n s i b l e   f o r  an oxygen  def ic iency i n   A l b e r n i   H a r b o u r  by b l o c k i n g  
subha loc l i ne   pho tosyn thes i s .   I n  a l a t e r   s t u d y   ( P a r k e r  and S iber t ,   1976)  

these  authors  found  that   phytoplankters   present   be low  the ha1 o c l  i ne i n   t h e  
Somass R i v e r   e s t u a r y  were i n c a p a b l e   o f   r e s p o n d i n g   t o   i n c r e a s e d   l i g h t  

i n t e n s i t y   o v e r   s h o r t   t e r m s   ( l e s s   t h a n  5 hours ) .   Th is  was a t t r i b u t e d   t o  a 
p h y s i o l o g i c a l   s t a t e   ( d o r m a n c y )   r e s u l t i n g   f r o m  a l i g h t - d e p r i v e d   h i s t o r y   o f  

t h e   p o p u l a t i o n .   A f t e r   t h r e e  days  exposure t o   i n c r e a s e d   l i g h t   i n t e n s i t y  

however, a substant ia l   phytoplankton  b loom  occurred.  The authors 

conc luded  tha t   the   remova l   o f  humic s t a i n   f r o m   t h e   p u l p  mill e f f l u e n t  

wou ld   permi t   photosynthes is   be low  the   ha loc l ine  and thereby renew  oxygen 

produc t ion .  
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I n  an a t t e m p t   t o   r e d u c e   t h e   d e t r i m e n t a l   e f f e c t s   o f  humic s t a i n  

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

r e d u c e   e f f l u e n t   c o l o r .  As discussed i n   S e c t i o n  3, t h e s e   t r i a l s  were o f  

l i m i t e d  success.  Under  normal m i  11 opera t i ons   us ing   t he  CEH b l e a c h i n g  
sequence, the   zone   o f   pu lp  m i  11 i n f l u e n c e  on w a t e r   q u a l i t y   ( a s  measured by 

co lo r )   ex tended 22 km  down i n l e t  (Ketcham,  1977). Dur ing  the  exper imenta l  

HEH b leach ing  sequence, the   zone   o f   i n f l uence   ex tended   14  km down i n l e t  

and c o l o r  was reduced  by  about 40% near   the  head o f   t h e   i n l e t .  The 

numerical model p resented  by S i b e r t  and Parker   suggested  that   pr imary 

p r o d u c t i v i t y   w o u l d   n o t   r e c o v e r   t o  a "normal I' r a t e   u n t i l   t h e   s t a i n   c o n t e n t  

o f   e f f l u e n t  was reduced by approximately 90%. Another   conc lus ion drawn 

f rom  the  model  was t h a t   t h e   r e m o v a l   o f  BOD f rom mill e f f l u e n t   w o u l d  have 
1 i t t l e   e f f e c t  on the   d i   sso l ved   oxygen   l eve l s   be low  the   ha loc l i ne   s ince   t he  

d i s s o l v e d   f r a c t i o n  o f  t h e   e f f l u e n t ,   w h i c h  has a h igh  BOD, i s   c o n t a i n e d   i n  
t h e  1 ow s a l i n i t y   s u r f a c e   w a t e r s  and  does no t   penet ra te   be low  the  ha1 o c l  i ne 

as  does t h e   l a r g e r   s o l i d s   f r a c t i o n ,  i.e., f i b r e .  

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

may be l i m i t e d  by a reduced  s tanding  crop  o f   phytoplankton,   shading by t h e  

humic s t a i n ,   o r  by  a n i t r a t e  (NO3) def ic iency .   Parker  " e t  a1 (1975) 

e x p l a i n e d   t h e  NO3 de f i c iency  by  an  enhanced h e t e r o t r o p h i c   p o p u l a t i o n  
w h i c h   a s s i m i l a t e s   t h i s   n u t r i e n t  as a n i t r o g e n   s o u r c e   f o r   p r o t e i n  

synthes is .   Heterot rophic   organisms  are  suppor ted i n   l a r g e  numbers i n  

sur face   waters   near   the   pu lp  m i  11 by the   h igh   o rgan ic   ca rbon   r i ch   con ten t  

o f   t h e   e f f l u e n t .  
Pr imary   p roduc t iv i t y   s tud ies   were   conducted  by MacMi 1 l a n   B l o e d e l  

personnel i n  1974  and  1975, u t i 1   i z i  ng the   rad ioac t i ve   ca rbon  ( C  ) i n 

l i g h t - d a r k   b o t t l e   t e c h n i q u e .  Due to   t echn ica l   p rob lems   encoun te red   w i th  

the  procedures  the company d i s c o n t i n u e d   p r o d u c t i v i t y  and phy top lank ton  
standi  ng  crop  measurements i n  subsequent moni t o r i  ng surveys.  Conclusions 

r e g a r d i n g   p h o t o s y n t h e t i c   a c t i v i t y   d u r i n g   t h e  1976  and  1977  surveys 

(Ketcham,  1977; Young, 1978)  are  based on ch lo rophy l l   "a "  measurements 

a lone  and  there fore   shou ld   be   v iewed  qua l i ta t i ve ly .  It was concluded  from 

t h e s e   s t u d i e s   t h a t   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  was r e s t r i c t e d   t o   s u r f a c e  

waters i n  A1 b e r n i   H a r b o u r   w i t h   " p r o d u c t i v e   l e v e l s "   e x t e n d i n g   i n t o   t h e  
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h a l o c l i n e  zone to   app rox ima te l y  3 metres  depth. The e x t r a p o l a t i o n   o f  

p r o d u c t i v i t y  and  s tanding  crop  est imates  f rom  ch lorophyl l  'la''  measurements 

may be m is lead ing  because o f   t h e   t r a n s i e n t   n a t u r e   o f   p l a n k t o n ,   t h e  
s u s c e p t i b i l i t y   o f   c h l o r o p h y l l  'la'' t o   r a p i d  breakdown i n   u n f a v o r a b l e  

cond i   t ions ,   and  the   poss i   b i  1 i ty o f  phy top lank ters  becomi  ng  metabol i c a l  l y  

i n a c t i v e  when they  encountered  pulp m i  1 1   e f f l u e n t  and  reduced l i g h t  

cond i t i ons   and   t he re fo re   rema in ing   qu iescen t   un t i l  1 i g h t   c o n d i t i o n s  

improve  (Stockner " e t   a l ,  1975). 

The Env i   ronmenta l   Pro tec t ion   Serv i   ce   conducted   p roduc t i   v i  ty 
14 s tud ies  ( C  ) i nc lud ing   s tand ing   c rop  and c h l o r o p h y l l  ''a'' determi   nat ions 

i n   A l b e r n i   I n l e t   f r o m  1974 t o  1976 ( S u l l i v a n ,  1978b). The low  ra tes  o f  

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   i n   A l b e r n i   H a r b o u r  were a t t r i b u t e d   t o   h i g h  

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

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

phy top lank ton   s tand ing   c rop  and c o n t r a r y   t o   t h e   f i n d i n g s   o f   P a r k e r  " e t  a l ,  
1975, t h e   p o p u l a t i o n s   e s t i m a t e d   a t   t h e  head o f   A l b e r n i   I n l e t  were s i m i l a r  

t o  those a t   t h e   c o n t r o l   s i t e s .   N i t r a t e s  were   f requent ly   no t   de tec tab le  i n  

the  upper  zone  of   the  water  column  both i n   t h e   h a r b o u r  and a t   t h e   c o n t r o l  

s i t e s  and t h e r e f o r e  may i n d i c a t e  a growth 1 imi ti ng n u t r i e n t   d e f i c i e n c y   i n  

t h e   i n l e t .  As expected,  there was g r e a t e r   l i g h t   a t t e n u a t i o n   i n   t h e  

harbour  than a t   c o n t r o l   s i t e s .  

4.2.2 I n t e r t i d a l   S t u d i e s .  MacMi 1 l a n  B1 oedel  personnel have  conducted 
i n t e r t i d a l   s t u d i e s   i n  A1 b e r n i   I n 1   e t   s i n c e  1974  as p a r t   o f   t h e i r   r e c e i v i n g  
envi  ronment  monitoring  program. The s tud ies   invo lved  the   p lacement   o f  

a r t i f i c i a l   s u b s t r a t e s   ( b r i c k s   a n d / o r   p l e x i g l a s s   p l a t e s )   i n   t h e   i n t e r t i d a l  

zone a t   s t a t i o n s   e x t e n d i n g   f r o m   A l b e r n i   H a r b o u r  (Hohm I s l a n d )   t o   s e v e r a l  

k i l o m e t e r s  down t h e   i n l e t .   A f t e r  a p e r i o d   o f  2 t o  3 m o n t h s   t h e   a r t i f i c i a l  

s u b s t r a t e s   w e r e   r e t r i e v e d   a n d   t h e   a t t a c h e d   b i o t a   i d e n t i f i e d  and enume- 

ra ted .   I nve r teb ra te   spec ies  commonly found t o   c o l o n i z e   t h e   s u b s t r a t e s  

i ncluded  Chi  ronomi d 1 arvae,  isopods  (Gnorimosphaeroma  oregonensi s ), 

amphipods  (Corophium sp. and others)   and  mar ine  mi tes  (Halacar idae) .  The 

f r e s h   w a t e r   a l g a e   R i v u l a r i a  sp. p r o l i f e r a t e d   a t   s t a t i o n s   n e a r   t h e  head o f  

t h e   i n l e t .  
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Ketcham  (1977)   d iscussed  in te r t ida l   g rowth   dur ing   th ree   per iods  

o f   v a r i a b l e   w a t e r   q u a l i t y   i n   A l b e r n i   H a r b o u r ,  i.e., mill shut-down, mill 

o p e r a t i n g   w i t h   c o n v e n t i o n a l  CEH b leach ing ,  and m i  11   opera t ing  w i th  

m o d i f i e d  HEH b leach ing .  The r e s u l t s   i n d i c a t e d   t h a t   d u r i n g  CEH b l e a c h i n g  

the   zone   o f   pu lp  mil 1 in f l uence ,  as  measured  by i n t e r t i d a l  growth, 

extended to  belxeen  14  and  22 km  down i n l e t  where an i n c r e a s e   i n   s p e c i e s  
d i v e r s i t y  and t h e   i n c l u s i o n   o f   s t r i c t l y   m a r i n e   s p e c i e s   o c c u r r e d .   D u r i n g  

HEH b leach ing  and  shut-down p e r i o d s ,   i n t e r t i d a l   g r o w t h   a p p e a r e d   t o  be 

r e l a t e d  more t o   t h e   f r e s h   w a t e r   i n f l u e n c e  o f  t h e  Somass R i v e r   t h a n   t o   p u l p  

mill e f f l u e n t .  A t  t hese   t imes   t he   t o ta l   spec ia t i on  was approximately  equal 
a t   a l l   s t a t i o n s ,  however, t he  domi nant   organi  sms v a r i e d   w i t h   t h e  

h o r i z o n t a l   s a l i n i t y   g r a d i e n t   a l o n g   t h e   i n l e t .  A compari son o f   b r i c k  

ve rsus   p lex i   g lass   subs t ra tes   revea led  a much grea ter   degree  o f  
c o l o n i z a t i o n  on the  b r i cks .  The dominant b r i c k  species were present  on 

t h e   p l   e x i   g l a s s   p l a t e s   i n   v e r y   r e d u c e d  numbers. 

4.2.3 Salmonid  Studies. Kask  and Parker  (1972)  conducted  general  
f i s h i n g   s u r v e y s   i n   t h e   u p p e r  5 km o f  A l b e r n i   I n l e t   i n  1970  and  1971, 

concen t ra t i ng  on t h e   d i s t r i b u t i o n   o f   j u v e n i l e   c h i n o o k  salmon  and t h e i r  

f eed ing   hab i t s .  Stomach analyses,   together   wi th   the  catch  data,   suggested 
t h a t   t h e   j u v e n i l e s ,   w h i l e   i n   t h e   e s t u a r y ,   e x p l o i t e d   f o o d   r e s o u r c e s  

generated  both i n   t h e  upper  mixed  brackish  water 1 ayer and i n   t h e  
u n d e r l y i n g   s a l i n e  1 ayer. It was not   poss ib le   to   de termine   whether   the  

j u v e n i l e s   p e n e t r a t e d   t h e   h a l o c l i n e   o r   w h e t h e r   t h e   f o o d   o r g a n i  sms were 
a c q u i r e d   f r o m   w i t h i n   t h e  ha1 o c l  i ne. 

Bi r t w e l l  ' s  (1977)   repo r t  on g i l l   n e t   c a t c h e s  and  experimental 
preference  s tud ies  suggested  that   ch inook  sa lmon  rear ing i n   t h e   e s t u a r y  

w e r e   p r e d o m i n a n t l y   u t i 1   i z i  ng the   upper   water   layers  above t h e   h a l o c l i n e .  
The absence o f   j u v e n i l e s   b e l o w   t h e   h a l o c l i n e  was a t t r i b u t e d   t o   t h e  1 ow 

oxygen l e v e l s   a t   d e p t h s   g r e a t e r   t h a n  4 t o  5 metres.  This  oxygen 
d e f i c i e n c y  has  been r e l a t e d   t o   i n h i b i t i o n   o f   p h o t o s y n t h e t i c   a c t i v i  ty , as 

d iscussed  p rev ious ly ,   and  a lso  t o  the  presence o f  l a r g e   d e p o s i t s   o f  

decomposing pu lp   f i b re   wh ich   cove r   t he   es tua ry   bo t tom.  
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B i  r twe l l   de te rm i   ned   f rom  ben th i c   i nve r teb ra te   s tud ies  and 

ana lys i s   o f   ch inook  s t o m a c h   c o n t e n t s ,   t h a t   d i f f e r i n g   h a b i t a t s   w i t h i n   t h e  

estuary  nearshore  area  were  occupied  equal ly  despi te  the  heavy  industr ia l -  
i z a t i o n  on the   eas t   s ide   o f   the   harbour .   Rear ing   ch inook   sa lmon ids   d id  

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

each  sampling  si te. 01 i gochaetes  and  insects   prov ided  the  main  food 
source  on  the  eastern,   more  a f fected  s ide  o f   the  harbour   and amphipods 

were  the  predomi  nant  food i tem s e l e c t e d  on t h e   w e s t   s i  de o f   the   harbour .  
Fourteen day " i n   s i t u   b i o a s s a y s   w i t h   j u v e n i l e   c h i n o o k  salmon d i d  

n o t  shown any r e l a t i   o n s h i p  between mor ta l  i ty and d i s tance   f rom  the   pu lp  

mill ( B i r t w e l l  , 1977).  These r e s u l t s   s u b s t a n t i a t e   t o x i c i t y   t e s t i n g   d a t a  
(Sec t i on  3.2.2) w h i c h   i n d i c a t e d   r e l a t i v e l y   l e s s   t o x i c   e f f l u e n t   t h a n  

encountered a t   o t h e r   p u l p  m i  11s  on t h e  B .C. coast. The 100% m o r t a l i t y   o f  

t e s t   f i s h  he1  d i n  cages  below  the ha1 o c l i  ne a t   s t a t i o n s   n e a r   t h e   p u l p  m i  11 
was a t t r i b u t e d   t o  oxygen de f i c iency .  The au tho r   conc luded   tha t   t he   e f fec t  
o f  mil 1 e f f l u e n t  was t o  r e d u c e   t h e   v e r t i c a l   " l i v i n g  space" f o r  salmon  and 

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

4.2.4 Benth ic   Studies.  The f o r e s t   p r o d u c t s  complex a t   t h e  head o f  
A1 be rn i   I n le t   compr i ses   chemica l  and  mechanical  pulp m i  11 s ,  a sawmi 11  and 

plywood mi 11, t o g e t h e r   w i t h   a s s o c i a t e d   l o g   h a n d l i n g  and s to rage 

f a c i l i t i e s .  C o n s e q u e n t l y ,   t h e   i n l e t   r e c e i v e s   c o n s i d e r a b l e   q u a n t i t i e s   o f  

sawdust, wood ch ips ,   bark   and  f ib re .   Depos i ts   o f   the   was tes   a re   rou t ine ly  
removed  f rom  the   head  o f   the   in le t  by dredging  operat ions  and dumped i n  a 

d e s i g n a t e d   a r e a   j u s t   t o   t h e   n o r t h   o f  Stamp Narrows  (Figure 4) .  H i s t o r -  

i c a l  l y  dredgeate  had  been dumped o f f  Pol l y  P o i n t   i n  A1 b e r n i   I n l e t  and f o r  

a p e r i o d  was used as l a n d f i  11  on  Johnstone I s l a n d   ( F i g u r e  2 i n s e t ) .  
I n  1968, t h e   F e d e r a l   D e p a r t m e n t   o f   F i s h e r i e s   c a r r i e d   o u t   s t u d i e s  

o f   b e n t h i c   f i b r e   d e p o s i t s   i n   t h e  head o f   t h e   i n l e t   ( W a t k i n s ,  1968). Ekman 

g rab   samp les   f rom  va r ious   s ta t i ons   i nd i ca ted   t ha t   t he  Somass R i v e r  flow 
r e s t r i c t e d   w e s t w a r d  movement and d e p o s i t i o n   o f   f i b r e  and tha t   mos t  of t h e  
f i b r e   o r i g i n a t i n g   a t   A l p u l  p was depos i ted  by the   t ime   the   e f f l uen t   s t ream 

h a d   t r a v e l l e d  one k i l o m e t e r  seaward  from t h e   o u t f a l l .   F i b r e   d e p o s i t s   i n  

t h e   l o g  pond  were  found t o  be  over one metre i n  depth. 
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I n  1973, the   Env i ronmen ta l   P ro tec t i on   Se rv i ce   ca r r i ed   ou t  a 

cu rso ry   su rvey   o f   t he   na tu re   o f   t he   sed imen t   f rom  the   head   o f   t he   i n le t   t o  

the  Nahmint  River.   Bottom  samples  obtained  using a Ponar  grab  sampler 

r e v e a l e d   n e g l i g i b l e   f i b r e   i n  a1 1 samples w i  t h   t he   excep t ion   o f   t hose   t aken  

f rom  the   l og   pond   a rea   and   d i rec t l y   o f f   t he   pu lp  mill o u t f a l l .   S p e c i a l  
a t t e n t i o n  was g i v e n   t o  samples  f rom  the  Pol ly  Point   area  where  MacMil lan 
B l o e d e l   h a d   d e p o s i t e d   t h e i r   d r e d g e   s p o i l   f o r   a t   l e a s t   e i g h t   y e a r s .  A 

cons iderab le  number o f   cedar   bark   p ieces   were   found  bu t   there  was no 
i n d i c a t i o n   o f   f i b r e   d e p o s i t s .  

B e n t h i c   d a t a   c o l l e c t e d   a t  seven s t a t i o n s   ( F i g u r e  4 )  d u r i n g  1976 
by   MacMi l lan   B loede l   (Ketcham,   1977)   ind ica ted   tha t   the   a rea   o f   "h ighes t  

ecolog ica l   s t ress ' '   extended  approx imate ly  2 km seaward  f rom  the  pulp mil 1 

o u t f a l l   t o  encompass s t a t i o n s  1 and 2. Nematodes  and va r ious   spec ies   o f  

p o l y c h a e t e   b e l o n g i n g   t o   t h e  genus Dow il l e a  were  most  pro1 i f i c   a t  these 
s t a t i o n s .   S t a t i o n s  3, 5, 6 and 7 seaward o f   s t a t i o n  2 showed increased 

s p e c i e s   d i v e r s i t y   w i t h   t h e   D o r v i  1 l i d  po lychaetes  be ing  rep laced  by  the 

polychaetes Ari c idea 1 opezi  and  Protodov i 11 ea g r a c i  1 i s  , t h e   b i v a l v e  

Ax inops ida   ser r i ca ta ,   the  amphipod  Eudorel l a  sp. and  nematode worms. 
S t a t i o n  4, 1 ocated  near Hohm I s l a n d   t o   t h e   w e s t   o f   t h e   o t h e r   b e n t h i c  

s t a t i o n s  showed c h a r a c t e r i s t i c s   o f   b o t h  community s t ruc tu res   ment ioned 

above  and t h e r e f o r e  may rep resen t   t he   wes te rn  edge  of the   d is tu rbed  a rea .  

V i sua l   obse rva t i ons   and   pho tog raphs   o f   bo t tom  cond i t i ons   i n  
A l b e r n i   I n l e t  have  been  taken d i rec t l y   f rom  submers ib les  by EPS (Appendix 
I f o r  d i v ing   obse rva t i ons )   and  by  remote  camera  by  Dobrocky  Seatech  Ltd. 
on c o n t r a c t   t o   M a c M i l l a n   B l o e d e l   L t d .  From t h e   l a t t e r   s t u d y ,   f o u r   b a s i c  

subs t ra te   t ypes   were   i den t i f i ed   i n   A lbe rn i   Ha rbour   and   re la ted   t o   nea rby  
indus t r ia l   ac t i v i t ies   (Dobrocky   Seatech  L td . ,   1977) .  Near the   pu lp  mill 

o u t f a l l   t h e   b o t t o m  was composed o f  a dark  uncompacted  blanket,  apparently 
m o s t l y   f i b r e .   I n   t h e  1 og  pond  area  fragments of  bark,  small   branches  and 

o t h e r  wood debris  were  noted.  Near  the  plywood mill j u s t   n o r t h   o f   P o l l y  

P o i n t   t h e   s u b s t r a t e  was composed o f   t o r n   f r a g m e n t s   o f   b a r k   a n d   s p l i n t e r e d  

wood debr i  s b u t   s m a l l e r   t h a n   t h e   m a t e r i  a1 observed i n   t h e   l o g  pond  area. 
T o w a r d   t h e   c e n t r e   o f   t h e   i n l e t  a s o f t  mud s u b s t r a t e  was encoun te red   w i th  

occasional  wood debr i s .   Th i s   subs t ra te  was cons ide red   re la t i ve l y   no rma l .  

Y 
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MacMil lan  Bloedel  have been i n v o l v e d   i n   d r e d g i n g  progratns f o r  

many y e a r s   p r i m a r i l y   i n   t h e   v i c i n i t y   o f   t h e   l o g  pond  pockets,  the  east  and 

west   log   s to rage  a reas  and t h e  deep sea berths.  The dredgeate,  which 
r e c e n t l y  has  ranged  from 35 000 cubic  metres i n  1970-71 t o  86 000 cub ic  

metres i n  1977-78,  has  posed a d i f f i c u l t   d i s p o s a l  problem.  Since  the 
promulga t ion   o f   the  Ocean  Dumping C o n t r o l   A c t   i n  December  1975, dumping i n  

marine  waters  has  been  regulated  through a Federal  government  permit 
system. Concur ren t ly ,   the   Depar tment   o f   F isher ies  and  Environment 

i n s t i t u t e d   t h e   R e g i o n a l  Ocean  Dumping A& i sory  Committee (RODAC) which, i n  

addi ti on t o   r e v i  ewi  ng  permi t appl i c a t i  ons, supports env i ronmental  impact 

s t u d i e s   a t   e x i   s t i n g  and  proposed dump s i tes.   Recent ly ,  A1 b e r n i   I n l e t  has 

been t h e   f o c a l   p o i n t   f o r  such impac t   s tud ies   w i th   respec t   t o   bo th   t he  

s p e c i f i c   s i t u a t i o n   a t   A l b e r n i   I n l e t  and i t s   r e l a t i o n s h i p   t o   d r e d g i n g  and 
dumping a c t i v i t i e s  elsewhere. The f o l l o w i n g   r e p o r t s  have  been prepared 
fo r   t he   Federa l   Depar tmen t   o f   F i she r ies  and  Env i ronment   re la t i ve   to  ocean 
dumping i n  A1 b e r n i   I n l e t :  

( i )  The E f f e c t s   o f  Dumping  Dredge S p o i l s  

Conta in ing Wood Debr i s  on Benthic  Communities 

i n   P o r t   A l b e r n i ,  B.C. (Dobrocky  Seatech  Ltd., 
1977). 

(i i ) A S t u d y   o f   t h e   C h a r a c t e r i   s t i   c s   o f  A1 be rn i  
I n l e t  Dredge  Spoi ls   Rich i n  Wood Waste  and the  

P red ic t i ve   Va lue  of  Pre-dump Analyses 

(Econotech  Services  Ltd.,  1978). 

( i   i i )  Study o f  t he   Tox i c i t y   o f   Leacha tes   f rom Dredge 
Spo i ls   Conta in ing  Waste (E.V.S. Consul tants 

Ltd.,  1977). 

( i v  A1 b e r n i   I n l e t  Ocean Dumping  Study (Chemex Labs 

Ltd.,  1978). 
(v 1 An Oxygen Budget   Study  o f   the Deep Waters i n  

t h e   I n n e r   B a s i n   o f  A1 b e r n i   I n l e t   ( D o b r o c k y  
Seatech  Ltd.,  1978a). 

( v i  The R o l e   o f  Wood-borers i n   t he   Decompos i t i on  

o f   Benth ic  Wood D e b r i s   i n  A1 b e r n i   I n l e t ,  

B r i  ti sh  Columbia  (Dobrocky  Seatech  Ltd.,  1978b). 
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Resu l t s  o f  the  Dobrocky  Seatech  study  on  effects  of  dumping 

dredge s p o i l s  on benth ic   communi t ies  were  present   a t   the  41st   annual  
meet ing of the  American  Society  of   L imnology and  Oceanography  (Anderson 

" e t  a1 , 1978).  Twenty s t a t i o n s  were  sampled i n   t h e   v i c i n i t y   o f   t h e  

designated dumpsi t e  and t h e   b i o t a   a n a l y z e d   f o r   s p e c i e s   d i v e r s i t y  and 

biomass. By a p p l y i n g   c l u s t e r   a n a l y s i s   t o   t h e   d a t a ,   t h r e e   d i s t i n c t  
communi t i e s   o r   " b i o t i c   p r o v i n c e s ' '   w e r e   d e t e r m i n e d .  The l e s s   d i s t u r b e d  

p rov ince ,   wh ich   occup ied   t he   cen t re   o f   t he   f j o rd ,  was cha rac te r i zed  by 
the   b iva lve   Ax inops ida   ser r i ca ta   and  the   po lychaetes   Ar ic idea  lopez i   and 

P a r a o n i s   g r a c i l i s .  A d i s t u r b e d   p r o v i n c e   f o u n d   i n  an a rea   o f   deb r i s  
fa1  1 ou t   f rom 1 og  hand1 i ng a c t i v i t i e s   c o n t a i n e d   t h e  wood b o r i n g   b i   V a l  ves 

L imnor ia  1 ignorum  and Xyl ophaga washi  ngtoni , t h e  amphipod  Oradarea sp. 
and t h e   p h y l   l o c a r i  d Nebal i a  puget tens is .  The most   d is tu rbed  p rov ince ,  

loca ted   d i rec t l y   beneath   the   dumps i te ,  was cha rac te r i zed   by   t he  

p o l y c h a e t e   C a p i t e l l a   c a p i   t a t a .  Normal in fauna  a t   the   dumps i te   had been 

ob l i   te ra ted   (smothered)   and a f r i n g e  zone o f  community a1 t e r a t i o n  

extended  about 400 metres  f rom  the dumpsi te .   Submers ib le   d iv ing 

observa t ions   ob ta ined by E.P.S. in   the   dumps i te   a rea   a re   p resented  i n  
Appendix I ( b ) .  

The ob jec t i ve   o f   t he   s tudy  by  Econotech  Services  (1978) was t o  

character ize  dredge  spoi   1s  conta in ing wood d e b r i s   i n  A1 berni   Harbour  and 

r e l a t e   t h e i r   c h a r a c t e r i s t i c s   t o   t h o s e   o f   r e s u l t a n t  dump s i t e  sediments. 
I n   a d d i t i o n   t h e   l i q u i d   o r   ' ' l e a c h a t e "   a s s o c i a t e d   w i t h   t h e  spoi  1s was 
a n a l y z e d   t o   d e t e r m i n e   i t s  oxygen demand, hydrogen  su lph i te   genera t ion  
p o t e n t i a l  and  heavy  metal  content. 

Dredge  samples  were co l l ec ted   by   Dobrocky   Sea tech   a t   s ta t i ons  A 

t o  E i n  A1 bern i   Harbour   (F igure 5 ) .  The r e s u l t s   o f   t h e   a n a l y s e s   a r e  

shown i n  Table 6. Spoi ls  designated  10  and 12  i n   t h e   T a b l e  were 

c o l l e c t e d   a t   t h e  dump s i t e   d e s i g n a t e d   i n  MacMi 1 l a n  B1 oedel ' s ocean 

dumping p e r m i t   ( F i g u r e   4 ) .  It should be n o t e d   t h a t   t h e s e  two s t a t i o n s  

d id   no t   p roduce   t he   h ighes t   su r face   o rgan ic   accumu la t i ons ,   i . e . ,   vo la t i l e  

s o l i d s ,   i n   t h e   s t u d y   a r e a  as migh t  be  expected.   Stat ions  located  to   the 

south o f  t h e  dump s i t e  were h i g h e r  i n  v o l a t i l e  s o l i d s  content.  It was 

suggested   tha t   water  movements i n   t h e   c h a n n e l   d u r i n g  dumping may have 
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F I G U R E  5 B U L K   D R E D G E A T E  S A M P L I N G  S T A T I O N S  
( D o b r o c k y   S e a t e c h  1977) 
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e f fec ted   remova l  o f  1 ow d e n s i t y   o r g a n i c   m a t e r i a l   t o   a r e a s   f u r t h e r   a f i e l d  

o r   t h a t  more r e c e n t l y  dumped m a t e r i a l s  were  not  h igh i n   v o l a t i l e   s o l i  ds 

and  had  covered  previous  deposi ts.  

The E .V.S. Consu l tan ts  (1977) t o x i c i t y   s t u d y   d e m o n s t r a t e d   t h a t  

dredge  spoi 1 l eacha tes   con ta in ing  wood was te   can   be   t ox i c   t o   mar i  ne 

organisms. The t e s t  organisms,  Crangon communis (shrimp)  and 

Gas te ros teus   acu lea tus   ( s t i ck leback   f i sh )   were   bo th   suscep t ib le   t o  
l e a c h a t e   i n  96 hour   laboratory   b ioassays.  However the  s t ick lebacks  were 

f o u n d   t o   b e  3.3 t imes more s e n s i t i v e .  Some leachates   exer ted  an  oxygen 

demand s u f f i c i e n t   t o  enhance t h e   t o x i  c a c t i o n   o f   t h e  1 eachates. The 

leacha te   t ox i can ts   were   f ound   to  be r e l a t i v e l y   u n s t a b l e   w i t h  a decrease 

i n   t o x i c   a c t i o n   r e c o r d e d   o v e r   t i m e .  
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5 NATURAL RESOURCES 

5.1 F i   s h e r i  es  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 i e s   r e s o u r c e s   i n   B a r k l e y  Sound 

and A l b e r n i   I n l e t ,  i.e., F i s h e r i e s  and M a r i n e   S e r v i c e   S t a t i s t i c a l   A r e a  

23, i s  c o n t a i n e d   i n  a F.M.S. In te rna l   Repor t  (Knapp  and Cairns,  1978)  and 

i s  presented as Appendix I I o f   t h i s   r e p o r t .  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  as r e l a t e d   t o   M a c M i l l a n   B l o e d e l ' s  

A lpu lp  mill. 

A l b e r n i   I n l e t   i s   c o n s i d e r e d  one o f   t h e   m a j o r  salmon  producing 

areas  on  the B.C. coast. The  Somass R i v e r   e n t e r i n g   t h e  head o f   t h e   i n l e t  
produces 77% o f   t h e  sockeye, 88% o f  the  chinook, 96% o f   t h e  coho  and 8% 

o f   t h e  chum r e t u r n i n g   t o   A l b e r n i   I n l e t   w a t e r s .  Salmon runs  remain  h igh 

d e s p i t e   t h e   e f f e c t s   o f   p u l p  m i  11 e f f l uen t   d i scha rged   nea r   t he   mou th   o f  

t h e   r i v e r .  The h igh  counts   can be a t t r i b u t e d   i n   l a r g e   p a r t   t o  salmon 
enhancement p r o j e c t s   b e i n g   c a r r i e d   o u t   a t   v a r i o u s   l o c a t i o n s   a l o n g   t h e  

Somas s sy  stem. 

Juveni le   sa lmonids  f rom  the Somass system  are  resident i n   t h e  

e s t u a r y   f o r   v a r y i n g   t i m e   p e r i o d s .  Chum r e s i d e   i n   t h e   e s t u a r y   f r o m   e a r l y  
March t o  June,   ch inook  f rom  about   Apr i l   to   la te   Ju ly ,   sockeye  f rom  Apr i l  

t o  June,  and  coho  from A p r i l   t o   J u l y .   J u v e n i l e  salmon  have a l s o  been 

observed i n   t h e  A1 berni   Harbour  area i n   l a t e  September  and  October. 

A d u l t  salmon  moving  through  the  estuary may h o l d   a t   t h e  mouth o f   t h e  
Somass River  before  migrat ing  upstream.  Adul t   sockeye  salmon  have a  peak 

m i g r a t i o n   p e r i o d  between  mid-August  and  September  followed by l a r g e  
numbers o f   ch inook  and chum. The fede ra l   gove rnmen t   p ro tec ts   f i sh   s tocks  

i n   t h e   e s t u a r y  by g e n e r a l l y   r e s t r i c t i n g   d i s r u p t i v e   a c t i v i t i e s  such as 
d redg ing   and   d i sposa l   ope ra t i ons   i n   A lbe rn i   Ha rbour   t o  between  October 15  
and  February 28. 

Bark ley  Sound i s  one o f   t h e   m a j o r   h e r r i n g   r e a r i n g  grounds on 
t h e  B.C. coas t .   Juven i l e   he r r i ng  have  been found i n  sha l low,   she l te red  

bays, i n l e t s  and  channels o f   t he   sys tem and a l though  observed  a t   the  head 

o f   A l b e r n i   I n l e t ,   s p a w n i n g  does n o t   a p p e a r   t o   t a k e   p l a c e   i n   t h e   i n l e t  

i t s e l f .   G r o u n d f i s h  and  shr imp  f i sher ies   take   p lace   o f fshore .  A l i m i t e d  
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c l a m   f i s h e r y ,   m a i n l y   i n v o l v i n g   t h e   J a p a n e s e   l i t t l e n e c k ,   e x i s t s   i n   B a r k l e y  

Sound, however, the  commercial beds a r e   o f t e n   c l o s e d  due t o   p a r a l y t i c  

she1 1 f i sh po i   son i  ng. 

I n  1973, the  Envi ronmenta l   Protect ion  Serv ice  determined  the 

z i n c   l e v e l s   i n   s h e l l f i s h   i n   t h e   v i c i n i t y   o f   t h e   A l p u l p  mill i n  

c o n j u n c t i o n   w i t h   i t s   c o n v e r s i o n   t o  a new bleaching  agent.  The on ly  
oysters   found i n   t h e   r e g i o n   w e r e   i n   R a i n y  Bay some 38 km f rom  the  m i  11. 

Z i n c   l e v e l s   i n   o y s t e r s  from th is   area  were  unexpectedly   h igh  (Nelson and 
Goyette,  1976)  however  there i s  known n a t u r a l   m i n e r a l i z a t i o n   i n   t h e  area. 

Clams  and  mussels c o l l e c t e d   a l o n g  A1 b e r n i   I n l e t   d u r i n g   t h e   s t u d y  
i ndi   ca ted  no z inc  contaminat ion.  

5.2 M ig ra to ry   B i rd   Resource  

M i  g r a t o r y   b i   r d   r e s o u r c e s   i n   t h e   P o r t  A1 bern i   a rea  have  been 
summarized  by  Tretheway  (1977,  pers. comm.) o f   t h e   C a n a d i a n   W i l d l i f e  

Serv ice  (CWS) as   f o l l ows :  

F o r t y - s i x   s p e c i e s   o f   b i r d s  have  been i d e n t i f i e d  

a t   t h e  Somass R iver   es tuary   wh ich  i s  recognized 
as  an impor tan t   w in te r i ng   a rea  and m i g r a t i o n  

s tag ing   a rea   f o r   wa te r fow l .  The l i m i t e d  CWS da ta  

i n d i c a t e   t h e   m o s t  numerous species  are  t rumpeter  

swans and dabb l ing  ducks, b u t   t h a t   t h e   e s t u a r y   i s  
a lso  used  by  such  waterbird  groups  as 1 oons, 

grebes,  cormorants,  herons, Canada  geese, d i v i n g  

ducks,  and g u l l s  as w e l l  as  several   species  of  

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

t rumpeter swans wh ich   w in te r  on the   oppos i te   s ide  
o f   t he   es tua ry   f rom  the  m i  11  complex. Numbers o f  

swans f l uc tua te   depend ing  on t h e   s e v e r i t y   o f  
winter   weather   e lsewhere,   but  as many as  193 o f  

these huge b i r d s  have  been  counted  here. The 

p o p u l a t i o n   o f   t r u m p e t e r  swans wh ich   w in te r  on 

Vancouver I s l a n d   i s   e s t i m a t e d   t o   r a n g e   f r o m  1000 
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t o  1200 birds. O f  these,  nearly 20 percent 
winter a t  the Somass River estuary, making  i t  the 
single most important  area  for  this  species on 
Vancouver Island. The shore1 i ne o f  A 1  berni In le t  
i s  known t o  be used as  wintering h a b i t a t  by 
d i v i n g  ducks and other  waterbirds b u t  their  
relative numbers  have n o t  been  documented. 
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APPENDIX I 

SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

(EN i ronmenta l   Protect ion  Sew i ce,  1977) 

a) A1 b e r n i   I n l e t  - March 11, 1977 (D ive  593) 
b) A1 b e r n i   I n l e t  - March 11, 1977 (Dive 594) 

Q 
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APPENDIX I SUBMERSIBLE DIVING  OBSERVATIONS - PISCES IV 

a )   A l b e r n i   I n l e t  - March 11, 1977 

D I V E  

LOCATION 
OBSERVERS 

PILOT 

POSITION 

DURATION 

TIME 

: 593 

: Centre  Channel  Opposite  Nahmint Bay 
: R. Hoos and G. Packman 

: F. Chambers 

: Submerge 

49'2.75 N 

124'40.9 W 
: 2.7 hours 

: Submerged a t  0947 
PHOTOGRAPHY : 70 rnm se r ies :  (Hassel  b lad)  s e r i e s  - up t o  47 , 48 

16 mm r o l l s  

DEPTH : 300 m 

OBSERVATIONS: Descending 
- Brown s u r f a c e   w a t e r ,   p o s s i b l y   a t t r i b u t a b l e   t o   t h e   p u l p  mill 

complex a t   A l b e r n i .  

- V i s i b i l i t y   p o o r   a t  20 m. 

- A few euphausids a t  60 m. 

- Euphausid  layer  ceases  by  90 m. Ctenophores,  copepods 

present. 

- Pas iphaea   pac i f i ca   concen t ra ted   a t  175 m. A few v e r y   l a r g e  

ctenophores and l a n t e r n   f i s h   i n   t h e  background. 
- Grea te r   concen t ra t i on   o f   l an te rn   f i sh   (myc toph idae)   a t  225 

m. 

Bottom 
- Bottom a t  270 m. Ra t f i sh ,  some shrimp.  Dropped i n t o  a 

school   o f  hake. The hake s t i r r e d  up  dust. Took about  15 

minutes  maneuvering t o  g e t  away f r o m   t h e   p o o r   v i s i b i l i t y  

c rea ted  . 

II 

Ln 

# 
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- S e d i m e n t   v e r y   f i n e   a n d   s o f t .   V i s i b i l i t y  10-12 ft. A few 

smelt,  Crangon  present. 

- R a t f i s h ,  hake, dogfish,  sole,  red  snapper,  eel  pouts seen 

f rom  t ime  to   t ime.  

- 295 m. V i s i b i l i t y   a p p r o x i m a t e l y  10 ft. Sole  and  turbot  
seen. Several IIPMT" t ype  prawns  noted. 

- P o s i t i o n   f i x e d   a t  300 m - 49O3.0 N ,  124'50.7 N. 

- Ascend  from 300 m t o  surface. 
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APPENDIX I SUBMERSIBLE D I V I N G  OBSERVATIONS - P I S C E S  IV 

b) A1 b e r n i   I n l e t  - March 11, 1977 

D IVE : 594 

LOCAT I ON : A l b e r n i   I n l e t   n e a r  ocean dump s i t e   n o r t h   o f  Stamp Narrows. 

OBSERVERS : R. Hoos and V. Bradshaw 

P I LOT : F. Chambers 

POSITION : Submerge 
49'12.1 N 

124'49.1 W 

DURATION : 2.1 hours 

TIME : Submerged a t  1421 
PHOTOGRAPHY : 70 mm series: 48-71 

16 mm r o l l s  

DEPTH : 55 - 60 m 

OBSERVATIONS: Descending 
- Fresh   wa te r   i n te r fe rence  down t o  5 m. Pisces was stopped 

a t  5 m by pycnoc l i  ne. More b a l l a s t   r e q u i r e d .  

- No plankton  observed down t o  55 m (bot tom).   Herr ing and 
smelt  observed on a r r i v a l   a t  bottom. 

Bottom 

- F l a t   b o t t o m   a t   p o i n t  o f   descen t .   So f t   s i l t ,  no i n d i c a t i o n  

o f  dumping a t   t h i  s po in t .   Var ie ty   o f   smal l   ee lpouts ,  
poachers,  small f l a t f i s h ,   s m e l t s  and r o c k f i s h  noted. 

- Cables  and  wires  found a t  one po in t .  

- Di rec t   quote   f rom Chambers - 
"Surface,  Pisces, i t s   j u s t  teeming  wi th   smel t  down here; 

100 's   o f   smel t ,   wer " .  

- Eelpouts  approximately l/m . Dominant f i s h   o u t s i d e   o f  2 

school s of   smel t ,   her r ing .  
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- Ten minutes into  dive and have run i n t o  some  dumped 
material  cwered i n  fine fi lm of sediment. Bottom i s  

"1 umpy" u p  t o  6-8" above bottom. Considerable wood debris 
incorporated i n t o  lumps. Surface only disrupted where 
debris 1 ands. Fewer shrimp i n  area of concentrated wood 
debris. 

- Small 1 ogs, 1 o t s  of branches,  pieces of  wood.  Over 
dumpsi t e  includes  the abw e and some large 1 ogs. Eelpouts 
and a few ratf ish only  animals  noticed i n  area of 
concentrated dumping. While stationary,  smelt were 
attracted t o  l ights .  

- Ran Pisces  into  tree t r u n k  w i t h  complete root system. 
Bottom l i t t e r ed  with wood debri s. Eel pouts, a few smelt 
and a few small sole  present. 

- One br i t t l es ta r .  No sign of shrimp, b u t  only few were 
present on "unaffected'' bottom. 

- Near southern  extremity of dumpsi t e ,  ran i n t o  large numbers 
of large  logs, probably constituting  fall-out from log 
booming area  abwe. Bundle straps noted. 

- F .  Chambers quote, "Dangerous area,  there  are a great many 
huge 1 ogs standi ng u p  and l y i n g  down, and I do  n o t  1 ike 
this whatsoever". 

- Course changed to  get  away from this  area,  and Pisces 
surfaced a t  1617 pm. 

Y 
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APPENDIX I I 

MacMILLAN BLODEDEL PULP MILL, PORT ALBERNI, B.C. 
FISHERIES RESOURCES OF FISHERIES AND MARINE  SERVICE 

STATISTICAL A R E A  23 
(Knapp  and  Cairns, 1978, F.M.S. In te rna l   Repor t )  



The in fo rma t ion   p re sen ted   i n   t h i s   documen t  w a s  
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 process   des igned  t o  determine 
e f f l u e n t  characteristics, deTree of t r e a t m e n t ,   a n d   e f f e c t s  
upon t h e  receiving  environment .  T h i s  t ask  was carried o u t  
t o  i d e n t i f y   c u r r e n t   a n d   p 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 sources  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  
po l lu t ion   aba temen t  effor ts .  

O p i n i o n s   e x p r e s s e d   i n   t h e   t e x t  reflect  the judgement 
of the   au tho r s   and   con t r ibu t ing   pe r sonne 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 
persons   wish ing  t o  c i t e  t h i s  document  must  obtain t h e  
permission of t h e  s e n i o r   a u t h o r .  

* 
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MACMILLAN  BLOEDEL  PULP  MILL - PORT  ALBERNI 
FISHERIES  RESOURCES OF 

FISHERIES  AND  MARIVE  SERVICE  STATISTICAL  AREA 23 

I  INTRODUCTION 

The Port 
and  Marine  Service 
southwest  coast of 

Alberni  pulp  mill  is  situated  in  Fisheries 
Statistical  Area 23 (Figure 1) on  the 
Vancouver  Island.  The  area  extends  from 

Pachena  Point  in  the  south  to  Amphitrite  Point  in  the  north. 
The area  incorporates 150 miles  of  coastline,  not  including 
islands,  and  has 41 known  salmon  spawning  streams  plus  their 
tributaries. (1) 

I1 SALMON 

A. Stocks 

Area 23 contains  all  five  species of Pacific 
salmon (Oncorhynchus sp.). Since 1972, sockeye  salmon  have 
been  the  largest  stock  closely  followed  by  chum,  coho,  chinook 
and  pink  salmon.  Sockeye  comprise  about 50% of the  stock 
while  chum,  coho  and  chinook  salmon  comprise  about 25%, 
15% and 5% respectively.  Stocks  of  pink  salmon  are  small, 
despite  attempts  in  the  past  to  enhance  this  species at  the 
Robertson  Creek  hatchery and rearing  facility  in  the  Somass 
River  system. 

YEARS 
1956-60 
1961-65 
1966-70 
1971 
1972 
1973 
1974 
1975 
1971-75 
1956-75 

TABLE  I 
Total  Salmon  Stocks - Area 23(2,3) 

SOCKEYE 
64 , 628 
75,900 

175,330 
108,653 
257,310 
536,396 
326,865 
434,938 
332,832 
162,172 

CHINOOK 
18,497 
15,781 
19,152 
36,549 
16,523 
24,371 
32,306 
54,458 
32,441 
21,468 

COHO 
45,178 

77,737 
106,800 
45,071 

156,288 
137,797 
54,341 

100,059 
67,938 

48,778 

CHUM 
245,994 
77,030 

139,266 
120,506 
249,789 
245,307 
152,009 
117,707 
177,064 
166,338 

PINK 
Even/Odd  STEELHEAD 
1,212/331 6,517 

568/3,180 6,826 
1,057/146 2,002 

986 4,320 
1,082 3,229 

601 1,301 
1,359 419 
1,405 278 
1,220/997 1,909 
1,038/1,348 4,313 
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B. Salmon  Enhancement 

There are f i v e   f i s h w a y s   w i t h i n  Area 23.  They are 
l o c a t e d  a t  Stamp Fal ls ,  S p r o a t   F a l l s ,  Great Cent ra l   Lake ,  
Elacleans Mill D a m ,  and  Maggie R i v e r . ( l )   E x c e p t   f o r   t h e  Maggie 
River  f ishway, a l l  are l o c a t e d   w i t h i n   t h e  Somass River  system. 
The  Stamp F a l l s  fishway was cons t ruc ted   in   1927,   and  re- 
p laced   i n   1954 . (4 )  The Sproa t  F a l l s  fishway was c o n s t r u c t e d  
i n  1951  fol lowing a per iod   of  l o w  flow  in  1950  which made 
t h e  f a l l s  impassable t o  a l a r g e   r u n  of sockeye  salmon.(4) 
The Great Cent ra l   f i shway was c o n s t r u c t e d   i n   c o n j u n c t i o n  
w i t h   t h e  Great Cent ra l   Lake  dam. The dam w a s  in tended  t o  
p e r m i t   s u f f i c i e n t   f l o w  a t  times o f  l o w  Somass River   d i scharge .  
This   p revented   Albern i   pu lp  m i l l  e f f luen t   f rom  r educ ing  
dissolved  oxygen levels in   A lbe rn i   ha rbour  below " s a f e "  
l e v e l s   f o r   f i s h . ( 4 )   M c l e a n  Mill Dam was c o n s t r u c t e d  as  a 
flood c o n t r o l   p r o j e c t   i n   t h e  lower Somass R i v e r   t i d a l  area; 
sa lmon  pass   the  dam via  f l a p  gates. ( 2 )  The  Maggie  River 
fishway was c o n s t r u c t e d   i n   1 9 3 9 ,  a half mile above   t he  
r iver mouth  and was o r i g i n a l l y   i n t e n d e d  t o  allow t r a n s p l a n t e d  
sockeye easier access t o  the   upper  river. Although several 
a t t e m p t s  were made t o  t r ansp lan t   sockeye   eggs  t o  the   sys t em 
no   apprec i ab le   r e tu rns   deve loped .  Coho salmon a lso re- 
mained a t  r e l a t i v e l y  low l e v e l s .  A t e n f o l d   i n c r e a s e   i n   c o h o   e s c a p e -  
ment was r e p o r t e d   i n  1951,  however ,   heavy  mortal i ty   occurred 
due t o  b lockage   o f   t he   run  by the   t hen   i nope rab le   f i shway .  
Since coho  cont inued t o  r e t u r n  a t  t h e   h i g h  levels (2,000- 
5 ,000  p e r  annum) the   f i shway  was e v e n t u a l l y   r e b u i l t   i n  
1 9 7 2 .  ( 2 )  

The  Robertson Creek  h a t c h e r y   a n d   r e a r i n g   f a c i l i t y  
i s  located o n   t h e  Somass River  system.  Robertson  Creek was 
developed  in  1958-1959,  by t h e  F i s h e r i e s  Research Board 
(FRB)  f o r   u s e  as a pink  salmon  spawning stream. I t  now 
has  spawning areas ove r  61% of i t s  l e n g t h  (1280 m) as  w e l l  
a s  ponds for h o l d i n g   a d u l t s   a n d   r e a r i n g   j u v e n i l e s . ( 5 )  

The f i rs t  p l a n t i n g  of p ink   eggs   (1 .6   mi l l i on )  
a t  Robertson Creek o c c u r r e d   i n   1 9 5 9 . ( 5 )   P l a n t i n g s   c o n t i n u e d  
through 1 9 6 4 ,  b u t   d e s p i t e  good   egg- to - f ry   su rv iva l ,   r e tu rns  
were g e n e r a l l y   p o o r . ( 6 )  The p ink   sa lmon  re turns  t o  Robertson 
Creek  ceased a f t e r  1966  and  Robertson  Creek was conver ted  
t o  a coho-chinook-s tee lhead   exper imenta l   ha tchery   and   rear ing  
f a c i l i t y   w i t h   p r o d u c t i o n   b e g i n n i n g   i n   1 9 7 2 . ( 6 )  The f i rs t  
r e t u r n  of a d u l t  ( 4  year -o ld)   ch inook  occur red   in   1976.  ( 7 )  
Adul t   re turns   in   1976  reached   approximate ly   2 ,000   coho 
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and 2,500 chinook  (not  including  jacks). The  number  of 
returning  adults  is  expected  to  increase  as  the  runs  become 
established. (6) 

The  Nahmint  River,  which  flows  into  the  lower 
half of Alherni  Inlet  (Figure 21, was  scrutinized  for  its 
enhancement  potential  in 1929-1930, and  again  in 1967. (8) 
The  Nahmint  has  severe  blockages  that  prevent  salmon  from 
ascending  past  a  point 3+ miles  above  the  mouth of the 
river. (2,4) Coho  escapements  can  be  increased  by  a  factor 
of ten  and  the  chinook  by  a  factor  of  five,  to 10,000 and 
3,000 spawning  adults  respectively  if  the  obstructions  can 
be  bypassed.(4)  In  addition,  an  escapement of 15,000 
"introduced"  sockeye  might  be  supported  in  Nahmint  Lake.(8) 
The  bypassing  or  removal  of  the  Nahmint  River  obstructions 
appear  to  be  too  costly  and,  though  enhancement  has  not 
taken  place,  a  chinook-coho-steelhead  hatchery  facility  may 
be  built  in 1984-1986. (9) 

The  FRB  initiated  an  experimental  program  of  con- 
trolled  fertilization  of  Great  Central  Lake  in 1969 to 
increase  sockeye  production.  From 1970 to 1973 and 1975, 
commercial  inorganic  fertilizer  (nitrogen,  phosphorous, 
potassium - 27-14-0) plus  a  small  quantity  of  organic 
material  (fish  solubles)  was  added  to  the  lake at the  rate 
of 5 tonS/week  for  five  months,  spread  over 8km2 in  the 
center of the lake.(lO)  Mean  zooplankton  concentrations 
were  increased  by  a  factor of l0,reaching  values  commonly 
reported  for  some of the  larger  sockeye  producing  lakes.(ll) 
In 1970, juvenile  sockeye  were  found  to  have  increased  in 
weight by 30% over  the  previous  year's  stock  of  the  same 
age. The  increased  size  of  juveniles  was  expected  to  increase 
the  percent  survival  of  the  stock.(l2) The first  returns 
from  the 1970 fertilization  occurred  in 1972. The sockeye 
stock  (Table  I)  increased  by an average of two  and a half 
times  the 1956-1971 average,  and  the  commercial  sockeye 
catch  (Table  11)  increased  by  an  average of eight  times  this 
average  in  the same period.  Fertilization  was  not carried 
out in 1374, but  the  program  was  resumed  in 1975 and  is  planned 
to  continue  in  the  future.(9)  In  addition,  Henderson  Lake 
will  be  included in the  fertilization  program  with  the 
first  year  of  fertilization  occurring  in 1976.(9) 

Future  plans  in  Area 23 include  chum-coho-chinook 
enhancement  beginning 1984-1986 in  the  Sarita  River,  and 
chum  enhancement  beginning  in 1988 in  the  Toquart  River.(9) 

C. Commercial  Fishery 

The  major  commercial  troll  fishery  is  located 
offshore,  concentrating  mainly  on  stocks  migrating  past 
Area 23. (13) However  a  small  winter  (November-December) 
chinook  troll  fishery  does  exist  inside  Barkley  Sound 
around  Bamf  ield (1,7,13) . 



FIGURE 2-SALMON SPAWNING STREAMS OF AREA 23 
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I )  TABLE I1 

Y 
Area 2 3  - Commercial Harvest  of Local Stocks(3)  

* 

**  P I N K  
YEARS SOCKEYE CHINOOK COHO ChUM Even/Odd STEELHEAD 

Avg* 1 9 5 6 - 6 0   9 , 0 1 8  4 , 052   6 ,136   124 ,496   11 /276   325  

7 6 6  

1 , 5 7 3  

9,288 

6 ,693 

11 , 469  

3 ,180 

4 , 592 

7 , 044 

3 ,968 

402  

7 0 6  

5 7 5  

904  

416 

419  

278  

518  

488 

- r 
* I n c l u d e s   n e t   c a t c h e s  and Nov.-Dec. troll catches  (troll 

- a c a t c h e s   i n  Nov.-Dec. a r e   c o n d u c t e d   i n s h o r e ,   a t  other times, 
they  are conducted   of fshore  on stocks n o t   n a t i v e  t o  Area 2 3 ) .  

* *  
N e t  c l o s u r e s  to protect chum salmon 1 9 6 3  to 1 9 6 9 .  Averages 
for 1961-1965 ,   1966-1970 ,  and 1 9 5 6 - 1 9 7 5  a r e  2 yr., 1 yr., and 
1 3  y r .   r e s p e c t i v e l y .  
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The inside  fishery is principally  conducted  with 
nets. The summer net fisheries  concentrate  in  Trevor 
Channel  from  Bamfield  to  Rainy  Bay  and  Vernon  Bay  and 
Alberni  Inlet  as  far up as  Pocahontas Point.(l3) The 
commercial  net  fishery  concentrates on sockeye  heading  to 
the  Somass  and  Henderson  rivers(1)  and  chum  dispersing  to 
rivers  throughout  Barkley  Sound.  Chinook  have  recently 
(1973-1975)  become  an  important  commercial  catch,  with 
coho.  being  of  secondary  importance  to  chinook  and  chum. 
Pink  salmon  provide  a  very  minor  catch. The commercial 
catch  from 1958 to  1975  is  given  in  Table 11. 

Strategic  closures  are extensively  utilized  in  Area 
23 to prevent  over-exploitation  of  various  stocks.  Since 
1956,  there  has  been  a  total  closure of net  fishing  in 
Barkley  Sound  after  mid-October  in  order  to  protect  local 
chum  and  coho  stocks.  In  addition  September  to  end-of-season 
net  closures  were  employed  from  1963 to 1969  inclusive,  in 
order  to  protect  chum  escapements  along  the  west  coast of 
Vancouver  Island. 

D. Escapement 

Sockeye are found  in  only  two  lake  and  river 
systems  in  Area  23;  the  Henderson  system  near  the  mouth 
of  Alberni  Inlet,  and  the  Somass  system at the  head of 
Alberni  Inlet  (Figure 2 ) .  Sockeye  arrive  in  the  Henderson 
system  from  mid-August  to  late  September,  while  those  of  the 
Somass  system  arrive  in  early  May.  In  both  systems,  sockeye 
spawning  begins  in  mid-October,  peaks  in  mid-November, 
and  ends  in  mid-January.  Chinook  begin  to  spawn  from  early 
September  to  early  October,  peak  in  mid-October  and  end  in 
mid-November.  Coho  commence  spawning  from  late  September 
to  mid-October,  peak  in  mid-November  and  end  in  mid-January. 
Chum  start  spawning  from  mid  to  late  October,  peak  in  late 
O c t o b e r  t o  ea r ly  N o v e m b e r  and end i n  la te  N o v e m b e r .  ( 2 )  

Juvenile  salmonids  from  the  Somass  system  are 
resident  in  the  estuary  €or  varying  time  periods.  Chum  reside 
in the  estuary  from  early  March  to June, chinook  from  about 
Agril  to  late July, sockeye  from  April  to June, and coho 
from  April  to  July.  Some  juvenile  salmonids  may  appear  in 
the  Somass  estuary at later  times  during  the  year.  For 
example,  in 1975 juvenile  salmonids  were  observed  in  the  harbour 
area  in  late  September  and  October.(l4) 

There  are  39  known  salmon  spawning  streams  and 
their  tributaries  in  Area  23  inside  waters  (the  escapements 
to  two  streams in outside  waters are not  considered. 
(Figure 2). These  waters  produce  large  escapements of all 
salmon  species  except  pink  salmon  (Table 111). The  waters 
running  into  Alberni  Inlet  produce 100% of  the  sockeye, 
95% of the  chinook, 86% of  the  coho,  and 31%  of  the chum, 
as well as most  of  the  few  pink  salmon  returning  to  inside 
waters of Area  23.  (1) 



- 8 -  

AREA 2 3  SALMONID  ESCAPENENTS 

TABLE I11 

T o t a l   E s c a p e m e n t s  t o  Streams of B a r k l e y   S o u n d   a n d  i t s  I n l e t s ( 2 )  

YEARS SOCKEYE 

1956-69  * 5 3 , 4 0 0  
1961-66 * 5 8 , 0 0 0  
1 9 6 6 - 7 0   * 1 2 7 , 6 0 0  
1 9 7 1   7 5 , 0 0 0  
1 9 7 2  1 4 1 , 0 0 0  

l a 7 3   3 0 1 , 0 0 0  
1 9 7 4   9 9 , 0 0 0  
1 9 7 5  2 0 1 , 0 0 0  

1971-75  * 1 6 3 , 4 0 0  

1 9 5 6 - 7 5   * 1 0 0 , 6 0 0  

CHINOOK 

1 2 , 9 0 0  
1 1 , 8 0 0  
1 3 , 4 0 0  

1 6 , 3 0 0  
1 0 , 6 0 0  
1 2 , 3 0 0  
1 4 , 1 3 0  

1 6 , 7 0 0  

1 4 , 0 0 0  
1 3 , 0 0 0  

COHO 

3 8 , 0 0 0  
4 7 , 4 0 0  
7 4 , 6 0 0  

9 2 , 1 0 0  
3 5 , 8 0 0  

1 4 3 , 6 0 0  
1 3 2 , 2 0 0  

4 7 , 7 0 0  

9 9 , 3 0 0  
6 2 , 6 0 0  

CHUM 

1 1 8 , 0 0 0  

6 0 , 0 0 0  
1 6 0 , 0 0 0  

9 5 , 0 0 0  
2 0 8 , 0 0 0  
1 4 8 , 0 0 0  
1 4 7 , 5 0 0  

1 1 5 , 0 0 0  

1 4 3 , 0 0 0  
1 2 0 , 0 0 0  

PINK 
Even/Odd 

1900 /50  
500/2400 
700/100 

200  
800 
1 0 0  

7 5 0  

200 
800/200 
800/800 

TABLE I V  

T o t a l   E s c a p e m e n t s  t o  Albern i  I n l e t   S t r e a m s ( 2 )  * . .  

1956-60   53 ,400  

1 9 6 1 - 6 5   5 8 , 0 0 0  

1 9 6 6 - 7 0   1 2 7 , 6 0 0  
1 9 7 1   7 5 , 0 0 0  
1 9 7 2   1 4 1 , 0 0 0  

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

1 9 7 5  2 0 1 , 0 0 0  

1 9 7 1 - 7 5 * 1 6 3 , 4 0 0  

1 9 5 6 - 7 5 * 1 0 0 , 6 0 0  

* Averages 

1 2 , 5 0 0  

1 1 , 1 0 0  

1 2 , 7 0 0  
1 5 , 5 0 0  
1 0 , 0 0 0  

1 2 , 0 0 0  
1 3 , 3 0 0  
1 6 , 2 9 0  
1 3 , 4 0 0  

1 2 , 4 0 0  

2 9 , 3 0 0  3 2 , 5 0 0  

3 8 , 0 0 0  2 4 , 7 0 0  

8 0 , 2 0 0  5 4 , 2 0 0  
8 6 , 4 0 0  2 4 , 1 0 0  
3 1 , 0 0 0  5 2 , 5 0 0  

1 3 2 , 3 0 0  5 1 , 6 0 0  
1 2 6 , 8 0 0  3 5 , 8 0 0  

4 1 , 5 0 0  2 9 , 3 0 0  
8 3 , 6 0 0  3 8 , 7 0 0  

5 7 , 8 0 0  37 ,500  

400/30 
500/2400 

700/100 
200 
800 

- 
400 
1 0 0  
600/20'2 
500/800 

STEELHEAD * * 
6 , 2 0 0  
6 , 4 0 0  

600  

3 , 7 0 0  
2 , 3 0 0  

900 
- 
- 
- 
- 

5 , 4 0 0  
5 , 3 0 0  

500 
2 , 7 9 0  
2 , 2 0 0  

800 
- 
- 
- 
- 

* * S t e e l h e a d   e n u m e r a t i o n s  are made i n c i d e n t a l  t o  s a l m o n   e s c a p e m e n t s  
and a re  t h e r e f o r e  n o t  re l iable  f igu res .  
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A l b e r n i   I n l e t ,  as well as  b e i n g   t h e  major salmon- 
producing   a rea  (Table I V ) ,  i s  a lso t h e   r e c i p i e n t  of e f f l u e n t  
from t h e  Port  A lbe rn i   pu lp  m i l l  l oca t ed   on   t he  east s i d e  of 
A l b e r n i   I n l e t ,  a t  t h e  mouth of t h e  Somass River.  

To f a c i l i t a t e   d o c u m e n t a t i o n  of t h e   f i s h e r i e s  
r e s o u r c e s   i n   r e l a t i o n  t o  t h e   p u l p  m i l l ,  A lbe rn i  I n l e t   c a n  
b e   d i v i d e d   i n t o   f o u r   a r b i t r a r y   a r e a s   ( F i g u r e  2 )  I (Tables  
V I  V I ,  V I I ,  V I I I ) .  

Upper Albern i   In le t ,   above   S tamp  and   Pol ly   Poin ts  
i s  t h e  most s t u d i e d   p o r t i o n   o f  Area 23 ( w i t h   r e s p e c t  t o  pu lp  
m i l l  p o l l u t i o n ) .  The  only  salmon stream e n t e r i n g   t h e   h e a d  
of t h e   I n l e t  is t h e  Somass River,  which  produces 77% o f   t h e  
sockeye, 88% of the  chinook  and 96% of t h e  coho, b u t   o n l y  
8% of t h e  chum r e t u r n i n g  t o  A l b e r n i   I n l e t  waters (Table V ) .  
The waters of t h i s  upper i n l e t  area would  probably  be  the most 
a d v e r s e l y   a f f e c t e d   i n  terms of p u l p  m i l l  p o l l u t i o n .  A t  
p resent ,   sa lmon  runs   a re  still h i g h   d e s p i t e   t h e  effects of 
t h e   p u l p  m i l l  on   the   es tuary ,   however ,  there has  been much 
enhancement  work c a r r i e d   o u t  a t  v a r i o u s   l o c a t i o n s   a l o n g  
t h e  Somass system. 

I n   t h e  Somass e s t u a r y   ( u p p e r   A l b e r n i   I n l e t )  
phyto-p lankton   product ion   be low  the   ha loc l ine  i s  s e v e r e l y  
reduced .   This   has   p robably   been   caused   by   inh ib i t ion  of 
photosynthes is   due  t o  d i s c o l o u r a t i o n   o f   t h e  water by  pulp 
m i l l  e f f l u e n t . ( l 5 )   I n   a d d i t i o n  large d e p o s i t s   o f   p u l p  
f ib re ,   wh ich  cover t h e  bottom  of t h e   e s t u a r y  a lso c o n t r i b u t e  
t o  t h e   d e p l e t i o n  of oxygen i n   t h e  water be low  the   ha loc l ine .  
J u v e n i l e   c h i n o o k   i n  the e s t u a r y  are found   on ly   i n  t h e  upper 
water l aye r s   above   t he   ha loc l ine ,   p robab ly   due  t o  t h e  low 
oxygen  leve ls  t ha t  occur  a t  d e p t h s   g r e a t e r   t h a n   a b o u t  4 
t o  5 metres ( i .e.  below t h e   h a l o c l i n e ) . ( l 4 )  The pu lp  m i l l  
e f f l u e n t  i s  n o t  as t o x i c  as e f f l u e n t   f r o m  some other pu lp  
mills. Four t een   day   i n - s i tu   b ioas says  w i t h  j uven i l e   ch inook  
salmon d i d  n o t  show a r e l a t i o n s h i p   b e t w e e n   m o r t a l i t y   a n d  
d is tance   f rom t h e  pu lp  m i l l .  (14) 

S t u d i e s  showed t h a t   b e n e a t h   t h e   h a l o c l i n e ,   o x y g e n  
deple t ion   probably   caused  1 0 0 %  m o r t a l i t y  of juveni le   ch inook 
h e l d  a t  t h i s  d e p t h .   T h e   e f f e c t   o f   t h e  m i l l  e f f l u e n t  has been 
no t   on ly  t o  r e d u c e   t h e  ver t ica l  " l iv ing   space"   fo r   s a lmon ,  
bu t  a l so  t o   c a u s e  a r e d u c t i o n   i n   t h e   f o o d   s u p p l y  of j u v e n i l e  
salmon. The juven i l e   ch inook   f eed ing   pa t t e rn   has   changed  
i n   t h e   a r e a  below t h e   p u l p  mill o u t f a l l  on t h e  east  s i d e  
of the   harbour ,   f rom a diet  of amphipods t o  a d i e t  of 
i n s e c t s   a n d   o l i g o c h a e t e s . ( l 4 )  



YEARS 

1 9 5 6 - 6 0  * 
1 9 6 1 - 6 5  * 
1966-76  * 
1 9 7 1  

1 9 7 2  

1 9 7 3  

1 9 7 4  

1 3 7 3  

1 9 7 1 - 7 5  

1 9 5 6 - 7 5  

SOCKEYE 

42  , 6 0 0  

35 , 000 

8 4  I 000 

67 ,000  

1 3 7 , 0 0 0  

2 6 1  I 000 

93,000 

1 9 1  , 000 

1 4 9 , 8 0 0  
77 , 800 

"L Averwes 

1956-60 * 
1 9 0 1 - 6 5  * 
1Y6b-70  * 
1 9 7 1  

1 9 7 2  

1 9 7 3  

1 9 7 4  

1 9 7 5  

1971-75  * 
195t i -75  * 
*Averages 
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TABLE V 

- Escapen~ents ." "" toUpper Alberni  Inlet(2) 
(Somass River System) 

- CHINOOK 

10,800 

9,400 

11,400 
1 3  I 500 

9,000 
11 , 000 

12 ,500  

1 5  I 000 

1 2  , 200 
10,900 

COHO 

28,000 

- 

3 5  I 000 

77 I 000 

85 ,000  

30 I 000 

130 I 000 

1 2 5 , 0 0 0  

40,000 

82  , 000 
55,200 

TABLE VI 

- PINK Even/Odd 

3 0 0 / 5  
400/2400 
700/100 

200 

4 0 0  
- 

400 
100 
400/100 
500/800 

Salmonid  Escapenents  to  Upper-Mid  Alberni  Inlet 
(Cous  and  China  Creeks) 

STEELHEAD * * 
3 I 5 0 0  

3,500 
300 

- 
7 5  

50 
3 5  

2 5  

5 0  

2 5  

3 5  
3 5  

4 0  

L O O  
2 0 0  

800 
2 2 5  

2 7 5  

225 
1 5 0  

225 
2 2 5  
325 

350 

1 7 5  

1,150 
2 c o  

1 ,525  

8 2 5  

425  

400 

6 7 5  
600 

500 
575 
400 

1 ,000  

1,000 

7 5 0  
- 
- 
- 
- 

**Steelhead  enumerations  are  made  incidental  to  salmon  escapements  and 
are  therefore n o t  reliable  figures 
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TABLE  VI1 
Salmonid  Escapements  to Lower-Mid Alberni Inlet(2) 

(Mactush Cr., Franklin R., Nahmint R., Coleman Cr.) 

PINK - YFlWs SCXKEXE CHINCOK - COHO - CHUM men/cm -** 
1956-60* Nil 8 00 400  16,400 113/25 675 

1961-65* - 875 350  17,825 - 800 

1966-70* - 800 800  40,000 - - 
1971 

1972 - 925 350 36,725 - 275 

1973 825 950 35,050 - 1,225 

1974 - 650 600 15,175 25 50 

19 75 - 800 500  29,075 25 - 
1971-75 - 900 550 23,825 - - 
1956-75 - 850 525 24,500  5Q/2  5 - 

- 1,250 300 12,075 - 1,100 

- 

TABLE VIII 
Salmonid  Escapements to  Lower  Alberni Inlet(2) 

(Uchuk Cr., Consinka Cr., Snug Basin Cr., Henderson Lk.) 

1956-60* 

1961-65* 
1966-70* 

1971 

19 72 

1973 

1974 

1975 

1971-75" 

1956-75" 

870 

780 

400 

750 

400 

250 

150 

400 

400 

60.0 

525 

490 
- 
- 

* Averages 
* *  Steelhead  enumerations  are  made  incidental to salmon  escapements 

and are therefore not re l iab le   f igures .  
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Salmon  returning  to  the  upper-mid  Alberni  Inlet 
streams  (Figure 2, Table VI) would  be  subjected  to less 
severe  water  quality  conditions  than  those  encountered by 
salmon  in  the  upper  Inlet. The two  creeks  in  this  area 
produce 20 year  annual  average runs of 325  coho,  600  chum 
and 4 0  chinook  salmon. 

Similarly,  salmon  returning  to  lower-mid  Alberni 
Inlet  streams  (Figure 2, Table  VII)  would  be  subjected  to 
much  less  severe  water  quality  conditions  than  those 
which  occur  further  up  the  Inlet. The four  salmon-producing 
streams  in  this  area  produce 20  year  average  annual  runs 
o f  850 chinook,  525  coho  and  24,500  chum  salmon  and  1,000 
steelhead  trout. 

Salmon  returning  to  the  streams  of  lower  Alberni 
Inlet  (Figure 2, Table VIII) would  probably  be  subjected 
to  the  least  severe  water  quality  conditions of Alberni 
Inlet. The four  salmon-producing  streams  in  this  area 
produce 20 year  average  annual  runs of 600  chinook  and 1,600 
coho as well as producing  9,350  chum  and  22,750  sockeye 
salmon. 

E. Sport  Fishery 

The  Area  23  salmon  sport  catch  increased 
approximately  five-fold  from  1956  to  1975;  peak  catches 
were  recorded  in 1971  (Table IX) . (16) The ten  year  average 
(1966  to  1975)  indicates  a  mean  annual  catch  of 5,100 
chinook  and  2,000  coho  plus  incidental  (up  to  400/year) 
pink  salmon. The  chinook  fishery  concentrates  in  Nahmint  Bay 
and  the  head of Alberni  Inlet.(l) A smll fishery  near 
Bamfield  produces  significant  numbers of coho.(l) 

In  order to preserve  chinook  and  on  occassion 
coho stocks it has been necessary in the p a s t  to close c e r t a i n  
areas to sport  fishermen.(7)  From  1957  to  1965,  Nahmint  Bay 
and  Alberni  Harbour  (above  Stamp  and  Polly  Points,  Figure 1) 
were  closed  almost  every  year  from  the  end  of  September  to 
the  end of Decenber  to  conserve  chinook  stocks.  From  1966 
to  1975,  the  length of the  closed  season  was  gradually 
decreased  from  4  months  to 1.5 months  (mid-September  to 
late  October),  although  at  times  the  areas  were  open  to 
sport  fishing all  year  round  (Alberni  Harbour in 1971  and 
1975,  Nahmint  Bay  in  1969).  Sarita  Bay,  in  the  northeast 
corner of Trevor  Channel  (Figure  2)  was  closed tothe sport 
fishery for 1 to 4 months  (September to December),  from 
1961  to  1969  inclusive,  to  protect  the  chinook  stocks of 
the  streams  flowing  into  Sarita  Bay. The only  non-tidal 
closure  to  sport  salmon  fishing  has  been  the  Sproat 
River,  from  June 15 to November 15, in  order to conserve 
runs  of  coho  and  chinook  salmon.(7) 



YEARS 

1956-60* 
1961-65* 
1966-70** 
1971 
1972 
1973 
1974 
1975 
1971-75* 
196 6-75* 
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TABLE I X  

Salmon Spor t   Catch  - Area 23*(16) 

CHINOOK 

1,465 
2,050 
3,427 

11,152 
2,674 
4,273 
7,640 
7 I 981 

5 , 0 8 5  
6,744 

PINK - 
- 
36 
42 

120 
89 

386 
88 

137 
89 

- 

* Averages 
**  

Also inc ludes   i n s ign i€ ican t iAr ; ea  , 2 2 .  : ( N i t i n a t  Lake)  * 

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

TABLE X 

YEARS 

1956-60* 
1961-65* 
1966-70* 
1971 
1972** 
1973 
1974 
1975 
1971-75* 

Ind ian  Food Fishe ry  - Area 23(1,7) 

SOCKEYE CHINOOK COHO CHUM P I N K  - - - 
60 
29 

172 
1,796 

20 
3 

26 
0 

369 

180 3 , 5 4 0  

179 1,202 
124 1,194 
70 1,223 
39 1,679 
28 2,000 
0 1,000 

52 1,199 

101 3,012 
0 
9 

18 
0 
0 
1 

22 
0 
7 

STEELHEAD 

0 
0 
7 
0 
0 
0 
0 
0 
0 

* Averages 

** 
Calcu la t ed   f rom  the  number of f i s h   r e p o r t e d  from combined 
Areas 22 and 23 i n  1972, a n d   t h e   p e r c e n t   c o n t r i b u t i o n  of 
Area 23 t o  t h e  t o t a l  Area 22  and 23 harvests of 1973-75 
i n c l u s i v e .  
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F. Indian  Food  Fishery 

Recent  Indian  food  fish  catches  have  increased  mainly 
due  to  larger  sockeye  harvests  (Table X). Chum  salmon 
captures  have  fluctuated,  but  are  also  a  major  part  of  the 
harvest.  Pink  and  dteelhead  catches are  intermittant  and 
insignificant.  Chinook  were  taken  in  large  numbers  from 
1968  to  1971,  but  otherwise  were  not  a  significant  part 
of the  catch.  Coho  have  been  declining  in  importance  since 
the  mid  1960's. 

Food  fisheries  occur  at  the  Somass  River  (Sockeye, 
coho,  chinook,  pink),  the  Henderson  River  (Sockeye,)  and 
the  Sarita  River  (chum).  (7) 

I  I  I  HERRING 

The Area  23  commercial  herring  fishery  concentrates 
in  Macoah  Passage  (seine  and  gill-net),  Dutch  Harbour 
(gill-net),  Lyall  Point  (gill-net), the  eastern  side  of 
Imperial  Channel  (seine),  Vernon  Bay  (seine),  and  Ucluelet 
Harbour  (gill-net).(l,l7)  Historical  herring  catches  have 
fluctuated  widely  (Table XI). The mean  catch  from  1972  to 
1975  was  45.5  million  pieces. The mean  (1956  to  1975) 
commercial  harvest  is  44% of the  stock  (catch  and  spawners). 

The  desired  number of spawning  herring  for  Area 
2 3  is  59.2  million  fish.(18) This  was  achieved  only 308 
of  the  time  between  1956  and  1968,  but  has  been  well  over 
this  level  since  1969.  There  was  a  four  year  closure  of  the 
herring  fishery  from  1968 to  1971  to  protect  declining 
stocks.  Herring  spawning  areas  are  indicated  in  Figure 3. 
Spawning  occurs  from  late  February  and  early  March  to  early 
April. (18) 

Barkley  Sound is one of the  major  herring  rearing 
grounds on the  British  Columbia  coast.(22)  A  study  of 
juvenile  herring  conducted  in  Barkley  Sound  in  the  early 
1950's  concluded  that  most  of  the  juveniles  were  spawned 
on  the  northwest  side of the  sound,  then  migrated  to  the 
southeast  side  where  they  formed  large  schools.  Juveniles 
have  been  found  in  shallow,  sheltered  bays,  inlets  and 
channels(22)  and  also at  the  head of Alberni  Inelt. (23) 
Spawning,  however,  does  not  take  place  in  Alberni  Inlet.(17) 

IV  GROUNDFISH 

The  groundfish  fishery of Area 23 is  conducted 
offshore.(l3)  Commercial  catch  statistics  are  given  in 
Table  XII. 
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GROUP POINT 0 1 2 3  - 
NAUT. MILES 

FIGURE 3- LOWER  ALBERNI INLET AND ITS 
HERRING  SPAWNING  GROUNDS (17,221 U 

b 

TABLE XI 
Area  23  Herring Catch, Spawners 

Stock and Miles of S~awn(17,18,19,20) 

‘0 
M I L L I O N S  
COMMERCIAL  CATCH 

1956-60 * 169.4 
1961-65* 85.8 
1966-70 * 10.2 
1971 0.0 
1972 26.1 

-II 1973 55.5 
1974 35.0 
1 9 7 5  65.4 
1971-75 * 36.4 
1956-60 * 75.5 

.I 

-m 

-9 

-a * Averages 

O F  P I E C E S  
SPAWNERS TOTAL STOCK 

53.4 
77.6 
71.1 
192.2 
158.6 

6 9 . 0  

327.G 
132.7 
179.9 
76.4 

222.8 
163.4 
81.3 
192.2 
184.7 
144.5 
362.0 
198.1 
216.3 
151.9 

SPAWN-STATUTE 
MILES  AT  MEDIUM DENSITY 

7.54 
4.15 
5.24 
17.70 
13.60 
6.92 
25.50 
10.40 
14.82 
7.94 
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TABLE X I 1  

Area 23 1 Mean  Commercial. Harvest of GroundfisH3) 

Hundredweight  (cwt) 

1956-60 4,382 2 I 617 15 , 807 10 9 - 50 3 , 482 
1961-65 2,454 2 1 793 10 ,549 18 6 - 68 2 , 454 
1966-70 3 I 910 3,676 23,194 651 1,404 - 171 1,369 
1971-75 8 , 866 1,819 54,310 1,028 2,748 257 181 1 , 097 

(3 yr avg.1 

TABLE X I 1 1  

Area 23 - Commercial  Harvest of Shellfish(3) 
Hundredweight  (cwt) 

1956-60 * 117 
1960-65 * 51 
1965-70 * 55 
1971  42 
1972 31 
I373  30 
1974 30 

I 1975  60 
1971-75 * 39 

II 1956-75 * 66 

87 
4,794 
5,454 
1,625 
306 
60 
360 

1 ,120 
69 4 

2,757 

1 
44 
36 
0 
0 

< 5  
0 
0 

< 1  
20 

0 0 
260 228 
834 509 
0 40 
0 97 
0 <5 

420 0 
1,616  140 
407 56 
375 198 

0 
0 
0 
0 
0 
0 
0 
60 
12 
3 

0 
15 
22 
136 
8 82 
190 
40 
20 
254 
73 

0 
0 
0 
0 
0 
0 
0 

145 
29 
72 

* Averages 
rn 
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V CRUSTACEANS 

Commercial  and  recreational  crab  fishing  occurs 
in  Sarita  and  Toquart  Bays. The commercial  crab  fishery 
has  declined  from  1956  to  1960  levels  (Table  XIII). 

The most  important  crustacean  fishery  is  for 
shrimp,  with  a  mean  harvest  (1966-1975) of 3074  hundred 
weight  (cwt) . This  fishery  is  conducted  offshore  and  has 
declined  somewhat  from  1965-1970  levels  (Table  XIII). 

Stocking  experiments  were  carried out with  Atlantic 
lobsters  at  Fatty  Basin,  Useless  Inlet  in  1965.  In  1966, 
a  hatchery  was  built at  Fatty  Basin  and  in  1967,  a  rearinq 
installation  was  built  and  juvenile  lobsters  were  trans- 
planted  to  areas  in  Barkley  Sound.(l) The project was later 
abandoned. 

VI FlOLLUSCS 

A clam  fishery  existed  in  Barkley  Sound  from 
1964  to  1969.  More  recently  (1974)  this  fishery  appears 
to  be  reviving,  especially  for the  harvest  of  Japanese 
littlenecks  (Table  XIII).  Commercial  beds  are  often 
closed,  due  to  paralytic  shellfish  poisoning.(l3) A new 
oyster  fishery  started  in  1975,  and  produced 145 shucked 
U.S. gallons  from  commercial  oyster  leases in Toquart  Bay 
(Figure 3). 

Abalone  harvesting  began  in  1970  in  the  Broken 
Island  group.  Maximum  harvests were  made  in  1972  but  have 
been  declining  since  (Table XIII). (13) 



II 
I - 18 - 

il 
- 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Dept.  Fish.  and  the  Env.,  Fish.  and  Mar.  Serv. 
Unpublished  Annual  Narrative  Reports  of 
Fisheries  Statistical  Area  23. 

Dept.  Fish.  and the Env.,  Fish.  and  Mar.  Serv. 
Unpublished  Escapement  Records  and  Associated 
Papers (anon. ) . 

Dept.  Fish.  and the Env.,  Fish.  and  Mar.  Serv. 
British  Columbia  Catch  Statistics. 

Anon.  1960.  Descriptive  notes on other  fish  facilities 
on  the  Somass  River  system.  Dept. of Fisheries 
Publication. 

Lucas, K.C.  1960. The Robertson  Creek  spawning 
channel. The Canadian  Fish  Culturist,  27:l-21. 

Peterson, K. 1977.  Dept.  Fish.  and  the  Env.,  Fish. 
and  Mar.  Serv.,  Robertson  Creek  Hatchery  Manager. 
Pers.  comm. 

Dept.  Fish.  and  the  Env.,  Fish.  and  Mar.  Serv. 
Unpublished  Annual  Area  Histories  of  Fisheries 
Statistical  Area 23. 

Wilson, G.A.C.  and 0. Rapp.  1971.  Nahmint  River 
obstructions  and  the  potential  for  enhancement. 
Memo  to  R.A. Crouter,  Dept.  Fish.  and  the  Env., 
Fish.  and  Mar.  Serv. 

Rapp, 0 .  1977. Dept.  Fish.  and  the  Env.,  Fish.  and 
Mar. Serv. Project  Engineer. Pers. comm. 

Parsons,  T.R., K. Stephens  and M. Takahashi.  1972. 
The  fertilization  of  Great  Central  Lake. I. 
Effect of primary  production.  U.S.  Fish.  Wild- 
life Serv.  Fish.  Bull.,  70(1):13-23. 

Le Brasseur, R.J.  and  O.D.  Kennedy.  1972. The 
fertilization of great  Central  Lake. 11. 
Zooplankton  standing  stock. U.S.  Fish.  Wildlife 
Serv.  Fish.  Bull.,  70(1)  :37-48. 

Barraclough, W.B.  and  D.  Robinson.  1977. The 
fertilization of Great  Central  Lake. 111. 
Effect  on  juvenile  sockeye  salmon.  U.S.  Fish. 
Wildlife  Serv.  Fish.  Bull., 70 (1) : 37-48. 

a ”  



- 19 - 

I' 

i 

13.  McCulloch, J . D .  1977 .   Dep t .   F i sh   and   t he  Env., 
F i s h .   a n d  Mar. S e r v .   F i s h e r y  Officer, P o r t  
A l b e r n i .   P e r s .  comm. 

1 4 .  Birtwell ,  I . K .  1977. Hahitat P r o t e c t i o n  Bio logis t .  
Dep t .   F i sh .   and   t he   Env . ,   F i sh .   and  Mar. Serv .  
U n p u b l i s h e d   R e p o r t   o n   A l b e r n i   I n l e t   j u v e n i l e  
s a l m o n i d s   d i s t r i b u t i o n   a n d  water qua l i ty   1975-1976 .  
R e p o r t   i n   p r e p a r a t i o n .  

1 5 .   P a r k e r ,  R.R.  and J. S i b e r t .   1 9 7 3 .   E f f e c t   o f   p u l p  
m i l l  e f f l u e n t  on d i s s o l v e d   o x y g e n  i n  a s t r a t i f i e d  
e s t u a r y .  Water Resea rch ,  V o l .  7 ,  p.  503. 

1 6 .  D e p t .   F i s h .   a n d   t h e   E n v . ,   F i s h .  Mar. S e r v .   B r i t i s h  
Columbia S p o r t   S p o r t   C a t c h   S t a t i s t i c s .  

1 7 .  Humphreys, R.D. and  L.H. Webb (1970-731, Webb, L.A. 
(1974-75).   1970-1975.  The  abundance of h e r r i n g  
spawn  on   the  coastal waters of B r i t i s h  Columbia. 
Dept.  of F i s h .   a n d   t h e   E n v . ,   F i s h .  Mar. S e r v . ,  
Pac i f i c   Reg ion ,   Tech .  Rept. N o . ' s :  1970-0, 
1971-11,  1972-11, PAC/T-; 73-10,  74-17,  75-28. 

18 .   Hours ton ,  A.S. 1 9 7 3 .   P r e l i m i n a r y   a n a l y s i s  of B r i t i s h  
Columbia h e r r i n g   s t o c k s   i n   1 9 7 3 .   F i s h .  R e s .  Bd . ,  
Nanaimo. Manuscr ip t   Rept .  N o .  1285. 

19.  Outram, D. (1956-58),   Outram, D. and  C. Haegle 
(1969).   1956-1969. Herring spawn abundance i n  
B r i t i s h  Columbia waters. F i s h .  Res. B d . ,  
P a c i f i c   R e g i o n .  C i r c .  No.'S: 4 2 ,  46,  50,  51, 
60,  69,  70,  71,  72,  74,  77,  83,  86,  88. 

20. Hours ton ,  A.S. and  D.N.  Outram.  1972.   Mil l ions of 
h e r r i n g   s p a w n e r s  by age i n  British Columbia 
waters, 1951-1970.  Fish.  Res. Bd.,  Nanaimo, 
Tech.  Rept.  N o .  356. 

2 1  Hours ton ,  A.S. and  F.W. Nash.   1972.   Mi l l ions  of a d u l t  
f i s h   ( c a t c h   a n d   s p a w n e r s )  a t  age f o r  B r i t i s h  
Columbia h e r r i n g  areas, 1950-51 t o  1969-70. 
F i s h .  R e s .  Bd . ,  Nanaimo,  Manuscript   Rept.  N o .  
1228. 

2 2 .  Hours ton ,  A.S. 1 9 5 8 .   P o p u l a t i o n   s t u d i e s   o n   j u v e n i l e  
h e r r i n g  i n  Barkley  Sound,  B.C. J .  F i s h .  R e s .  
Bd. Can. 1 5  (5)  :909-960. 

23.  Kask, B.A.  and R.R.  Pa rke r .   1974 .  Data record- 
A l b e r n i  I n l e t  F i s h e s ,   A p r i l   2 3  t o  Ju ly   20 ,  
1971 .   F ihs .  R e s .  B d . ,  Nanaimo,  Manuscript  
Rept .  No. 1311. 



- 20 - 

2 4 .  Dept.  Fish. and the  Env. ,  Env. Prot. Serv.  Resource 
Maps. Oil and  Chemical Spill Control  Measures 
Series. Physical   Base,  Land Sta tus ,  Land and 
Water Use, N.T.S. Sheets  92G/2 West Alberni 
I n l e t  and 92C/14 East and West Barkley  Sound, B . C .  


	Table of Contents

