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Y. ABSTRACT 

I n  October 1976, the   Env i ronmenta l   Pro tec t ion   Serv ice   in i t ia ted  

a program t o  assess  the  environmental  impact  of  pulp and paper m i l l s   i n  

B r i t i s h  Columbia.  With  the  co-operation  of  various  other government 

agencies and the   indus t ry ,  EPS compiled  relevant  resource  data and 

r e c e i   v i  ng  envi  ronment moni t o r i  ng in fo rmat ion .   A f te r   rev i   ew i  ng  and 

eva lua t i ng   t he   ex i s t i ng   i n fo rma t ion ,   t he   env i ronmen ta l   qua l i t y  o f  each 

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

determi ned. This  report   represents  the  envi   ronmental   impact assessment 
fo r   the   MacMi l lan   B loede l  Co. Ltd., Harmac Pu lp   D iv is ion  mill near 
Nanaimo, B.C. 
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Au mois d 'octobre 1976, l e   Serv ice  de l a  Protection de 
1 'environnement a entrepris  d'6valuer  les  r6percussions  m6sologiques  des 
fabriques  de  pites e t  papiers  de l a  Colombie-Britannique. Aid6  de 
l ' i n d u s t r i e   e t  de divers   autres   organisms gouvernementaux, i l  a r&ni 
une documentation  concernant  les  ressources  ainsi que c e r t a i n s   r k u l t a t s  
de contr6les   portant   sur   l 'environnement   affect6.  Aprss avoir  Gtud ie '  ces 
donnges, le  Service  a 6valu6 la  qualite  environnementale de chacune  des 
rggions e t  d6termin6  quelles  seraient  les  6tudes  suppl&nentaires q u i  
r e s t e ra i en t   a   r6a I i se r .  Ce rapport  f a i t  connaStre  Ies  r6suI ta ts  ayant  
t r a i t  2 1 '6valuation  des  contrecoups  imputables 2 la   fabr ique de pgte de 
la  MacMillan Bloedel Co. Ltd., Harmac P u l p  Division. 
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SUMMARY AND CONCLUSIONS 

Y 

1. The i n s t a l l a t i o n   o f   i n - p l a n t   e f f l u e n t   c o n t r o l s  has reduced  the  levels 

o f   b i o l o g i c a l  oxygen demand (BOD51 and  suspended s o l i d s  ( S S )  

thereby  lessening  the  e f f luent 's   impact  on the   aquat ic   rece iv ing  

environment. The impac t   o f   t he   e f f l uen t  has  been f u r t h e r  reduced  by 

t h e   i n s t a l l a t i o n  of a deep-water e f f l u e n t   d i f f u s e r   i n   N o r t h u m b e r l a n d  
Channel. 

2. The w a t e r   c i r c u l a t i o n   i n   N o r t h u m b e r l  and  Channel i s  good, a1 l o w i n g   f o r  
r a p i d   d i   l u t i o n   o f   t h e   e f f l u e n t   t o   t h e   p o i n t  where no s i g n i f i c a n t  

water   qual i ty   problems have  been i d e n t i f i e d   o r  would be an t ic ipa ted .  

3 .  Due t o   t h e   d e n s i t y   s t r a t i f i c a t i o n   o f   N o r t h u m b e r l  and  Channel the  

d i scha rged   e f f  1 uen t   i s   t rapped   a t   dep th   be fo re  i t  reaches  the  surface 

waters. 

4. S i n c e   t h e   i n s t a l l a t i o n  o f  the  submar ine  d i f fuser ,   the  d ivers i ty   o f  

t h e   i n t e r t i d a l   b i o t i c  communities has increased,  approaching more 

na tu ra l   l eve l s .  

5. Observat ions  carr ied  out  dur ing  Pisces IV submersible  dives i n   A p r i l ,  
1978 noted an accumulat ion  o f   f ibre  beginn ing  to   occur  on t h e  bottom 

i n  t h e   v i c i n i t y  o f  t h e   d i f f u s e r  end.  The Envi ronmenta l   Protect ion 
S e r v i c e   f e e l s   t h a t   t h i s   s h o u l d  be moni tored  c losely  such t h a t  

c o r r e c t i v e  measures may  be taken  before a s i g n i f i c a n t   f i b r e  bed 

develops. 

6. Log storage on the  Nanaimo R i v e r   e s t u a r y   i s  a problem  which needs to 

be r e s o l v e d   i n   l i g h t   o f   t h e   t o t a l   w a t e r s h e d  enhancement plans  for  

salmonids  which  are  planned  for  the Nanaimo R i v e r  system. 

. 
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1 INTRODUCTION 

1.1 Location 
MacMi 1 lan  B1 oedel ' s Harmac p u l p  mi  11 is  1 ocated  approximately 

5.5 km southeas t  of Nanaimo  on the eastern  shore of Vancouver I s land  and 
the western side of Northumberland  Channel (4g008.3'N; 123O51.5'N) 

( F i  gure 1) .  Northumberland  Channel i s  a t i d a l  passage, t rending  
approximately  northwest-southeast between Gabri  ol  a and Vancouver Is1 ands 
O n  the western side of the S t r a i t  of  Georgia. The channel is  
approximately 3.5 naut ical  miles (6.5 km) long by an average of 0.8 n m i  
(1.5 km) wide w i t h  a mean low t ide dep th  of 60 meters (Waldichuk, 1965; 
Landucci , 1974). 

1.2 C1 imate 
The c l imate  of the area is  characterized by long,  cool 

generally dry summers and shor t ,  m i  1 d ,  wet winters (Bell and  Kallman, 
1976). The average  annual  rainfall  of the Nanaimo region i s  1011 mm. The 
mean daily  temperature  ranges from 2.6OC i n  January  to  17.8OC i n  July. 
Winds are  generally  modifications of the overal l  wind  systems i n  the 
S t r a i t  of Georgia. The preva i l ing  wind d i r ec t ion  i s  east to   sou theas t  
during autumn and winter months, w i t h  westerly and  northwesterly winds 
predominating i n  the summer months (Bell and Kallman, 1976). 
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2 MILL OPERATIONS 

2.1 M i  11 H i  s t o r y  
The  Harmac pulp m i  11  began operat ions i n  1950 w i t h  an o r i g i n a l  

product ion  capaci ty  of   350 TPD (McLean  and Tanner,  1974). An expansion 

i n  1954 increased  p roduc t ion   to  750 TPD w h i l e   f u r t h e r   e x p a n s i o n   i n  1963 

increased  the   p roduc t ive   capac i ty   to   the   p resent  13uU TPD. Product ion i n  

1977  averaged 935 TPD. The mill i s   p r e s e n t l y   r e p u t e d   t o  be t h e   l a r g e s t  
p r o d u c e r   o f   f u l l   b l e a c h e d   k r a f t   p u l p   i n   B r . i t i s h  Columbia. 

2.2 M i  11 Processes 

Harmac a t   t he   p resen t   t ime  has two Wood Mil 1 s. No. 1 Wood Mil 1 
con ta ins  one 60  inch  (152 cm) Hansel hydrau l i c   barker  (McLean  and Tanner, 
1974)  which  had an average  1973  production  of 292 BDT/D. The e f f l u e n t  

f rom  th is   p rocess  i s  t r e a t e d  by three  Tyrock  bark  dewatering  screens and 

one e f f l u e n t   c l a r i f i e r  l 0 U  f t  (30.5 m )  i n  diameter. No. 3 Wood Mill 

con ta ins  one  30 inch  Nicholson  Mechanical  Barker and one 54 i n c h  (137 cm) 

Nicholson  Mechanical  Barker. I n  1973 the  average  hogfuel  production was 

368 ODT/D. The mi  11 u t i  1 i z e d  an average o f  717 ODT/D, w i th   t he  

d i   f f e rence   be ing  purchased. 
Wood ch ips   requ i red   fo r   pu lp ing   a re   p roduced  a t   the  mill (27%) 

with  the  remainder  being  purchased  from  outside  sources. The pu lp ing  
process   cons is ts   o f  12  batch  digesters and  one Kamyr d iges te r  (McLean  and 

Tanner,  1974). D e t a i l s  on the  remainder  of  the  processes  are  contained 
i n  McLean and  Tanner  (1974). 

2.3 Ef f luent   Treatment  

An e laborate  recyc l ing  system  for   process  water  i s  employed a t  
Harmac. This has  been o u t l i n e d   i n  McLean and Tanner  (1974)  and i s  

presented below. 

(a)  Evaporator  condensate  (1150 gpm) i s  reused on 

Brown Stock Washers and t o  a l i m i t e d   e x t e n t   i n   t h e  

Recaust ic iz ing  department.   Mainly  f resh  water i s  

used  for   dregs and mud washing i n   t h e   r e c a u s t  
area. 
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( McL ean  and T 

Evaporator  foul  condensate i s  sewered. 

Evaporator  surface  condenser  clean  water (50OU 

gpm) i s  used for  stock  consistency  control  on 
brown ana bleach  screens. 

Kamyr and Batch  Digester  condensate i s  passed 

through a turpentine  recovery  system and then 

sewered. 
6-2 turbogenerator  conaenser and  steam p l a n t  

rec la im  water  (2700 gpm) i s  reused  for   stock 
d i  1 u t i  on i n  bleach  screeni ng. 

Bleach  screen room white  water (SUO0  gpm) i s  
reused  fo r   b leach  p lan t   s tock   d i lu t ion .  

Machine w i r e   p i t   w h i t e   w a t e r   ( 1 0  300  gpm) i s  
reused   fo r   s tock   d i l u t i on   i n   t he   b leached   s tock  

screeni  ng  process. 

mil 1 e f f l u e n t ,   i n c l u d i n g  sewage i s  mixed p r i o r   t o   d i s c h a r g e  

'anner,  1974)  and  discharged  through a d i f f u s e r  1140 m 

o f fshore   f rom  the  mill a t  a depth o f  1U5 m ( B e l l  and  Kallman,  1976). 
D ischarge  th rough  th is   d i f fuser  began i n  January 1976. 

Harmac a l s o  has an e l a b o r a t e   s p i l l   d e t e c t i o n  system c o n s i s t i n g  

o f  26 conduct iv i ty   probes  p laced a t  s t r a t e g i c   l o c a t i o n s  (McLean  and 

Tanner,  1974).  Detai 1 o f   t he   exac t   l oca t i ons  o f  the  conduct iv i ty   probes 
i s  contained i n   t h i s   r e p o r t .  

2.4 Sol i d  Waste Disposal 

Approximately 230  m3/day o f   so l  i d  waste i s  t rucked  to  a 
s i t e   n e a r   t h e  mill (McLean and  Tanner,  1574). The wastes  disposed  of i n  

t h i s  manner inc lude such  general mill wastes as green  dregs,  waste  lime 

mud, hog  wastes, s lake r   g r i t s ,   e t c .  The mater ia l  i s  composed o f  

i approximately 42% combust 
d r a i n s   n o r t h   i n t o  a smal 1 

O f f i c e r   i s   d e v o i d  of l i f e  
There i s  an i n c  

t h e  m i  11 which i s   d i t c h e d  

. 
i 

b l e  and 58% i n e r t   m a t e r i a l .  The dump s i t e  
creek  which  according  to  the  local   Fishery 

denta l   leachate   f rom  the   ch ip   s to rage  p i le   fo r  

t o  a l o g  pond  (McLean  and Tanner,  1974). 

Ir 

L 

Y 
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3 EFFLUENT QUALITY 

3.1 Federal and Prov i   nc i  a1 E f f l  uent  Qual i ty Requi  rements 

The Prov inc ia l   Po l l u t i on   Con t ro l   B ranch   Pe rm i t   f o r  Harmac was 

amended on October 21, 1977, i n   o r d e r   t o  upgrade  the mil 1 ' s  p o l l u t i o n  

c o n t r o l  measures. The e f f l u e n t   o b j e c t i v e s   o u t l i n e d   i n   t h i s  amended 
permit   are  presented i n  Table 1. 

Improvements and s p i l l   c o n t r o l  measures  were a1 so a u t h o r i z e d   i n  

t h e  amended permi t ,   w i th   the  works t o  be i n s t a l   l e d  and opera t ing  on or  

be fore  December 31, 1978. The works   au thor ized   inc luded  two  c la r i f ie rs ;  

a continuous  digester  process  draining  system;  brown  stock,  bleach and 
machine  area f i b r e   s p i l l   r e c l a i m  system; a green l i q u o r   d r e g s   f i l t e r ;  an 

emergency l ime mud storage  basin; a proposed  recovery-recaust  area 
chemical s p i l l   c o l l e c t i o n  system; a cent ra l   a la rm and mon i to r ing  system; 

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

The submerged d i f f u s e r   o u t f a l l  was i n s t a l l e d  and opera t ing  on January 1, 
1976. 

When the  Feaeral Government Pulp and Paper E f f l uen t   Regu la t i ons  

(Environment Canada, 1971) a r e   a p p l i e d   t o  Harmac the  company w i  11 be 

r e q u i r e d   t o  comply w i t h   e f f l u e n t   s t a n d a r d s   o f   b i o l o g i c a l  oxygen demand 

(BOD51 , suspended s o l i d s  (SS) , and t o x i c i t y  as  shown i n  Table 2. The 

Federal   requirement  for  S S  i s  expressed as a given number o f  pounds per  
a i r  dry ton (l t) , /ADT) o f  product. As such the  amount o f  mater ia l  

p e r m i t t e d   t o  be deposited  can change from day t o  day depending on the 

p roauc t i on   ra te  o f  the m i  11. The terms  of   the amended PCB permit ,  
however, s t i p u l a t e  a maximum amount o f   mater ia l   which may  be deposi ted i n  

a given day regard less   o f   the   p roduc t ion   ra te   o f   the  mill. As such, it 

i s   d i f f i c u l t   t o  compare the  two requirements i n  terms  of  compliance. 
Tables 3 ,  4 and 5 p resen t   t he   resu l t s   o f   t he   rou t i ne   mon i to r i ng   ca r r i ed  
o u t  by  Harmac ana the  Environmental   Protect ion  Service.  

3.2 Acc iden ta l   Sp i l l s  

Examinat ion  of   the  Environmental   Protect ion  Service  f i les on 
Harmac reveals  a con t inued   h i s to ry   o f   sp i l l   p rob lems   ma in l y   w i th   rega rd  
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TABLE 1 PROVINCIAL OBJECTIVES 

Charac ter is t i c   Va lue  

D i  scharge Volume 

pH Range 

Temperature Maximum 

F l o a t a b l e   S o l i d  

To ta l  Suspended Sol i d s  

BOD 

T o x i   c i  ty ( TLmg6 

Mercaptans 

Sul  phides 

Residual Chl o r i  ne 

Toxi c i  ty ( TLmg6 

48 000 000 gpd 

6.5 - 8.5 

35°C 

Negl i g i   b l  e 

26 400 1 bs/day ( 20 1 b/ADT) 

59 400 1 bslday (45  1 b/ADT) 

30% 

< 2.0 mg/l 

< 1.0 mg/l 

< 0.1 mg/l 

50% s u r v i v a l   a t  30% e f f l u e n t  
concentrat ion  over  96 hour 
exposure  time 

TABLE 2 FEDERAL REQUIREMENTS 

Process 
A1 1 owabl e Discharge 

ss BOD E 
Y 

Hydraul i c Debarking 
K r a f t  Pul   p ing 
K r a f t  B1 eachi ng 
K r a f t  Sheet  Formation 
Toxi c i  ty 

5 1 b/ODT o f  wood 
7 lb/ADT 64 1 b/ADT 
6 lb/ADT 27 1 b/ADT 
2 1 b/ADT 
80% s u r v i v a l   a t  65% V / V  
concentrat ion  over  96 hours 
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TABLE 3 1976 EFFLUENT, QUALITY RESULTS 

F1 ow BOD Suspended Sol i d s  . 

Month X ~ O ~ I G / D  LB/ADT Tons LB/ADT Tons 

January 45 .O 58.8  30.34  24.5  12.68 
February 47.9 52.1 28.03  18.3  9.85 
March 49.9 51.1 29.84  21.3  12.44 
"""""""""""""""""""""""""""""""""""" 

1s t Quar ter  47.6  54.0  29.40  21.4  11.66 
""""""""""""""""-~""""""""""""""""""" 
Apri 1 49.6  43.8  23.32  21.9  11.66 

May 53.4 38.0 19.10  25.3 12.71 
June 52.6  49.0  26.23  26.8  14.35 
"""""""""""""""""""""""""""""""""""" 

"""""""""""""""""""""""""""""""""""" 

Ju ly  53.5  56.6  31.41 22.1 12.26 
August 55.4  36.2  21.41  24.3  14.37 
September 52.1 40.3  21.52  29.7  15.86 
"""""""""""""""""""""""""""""""""""" 

3 r d   Q u a r t e r  53.7  44.4  24.78  25.4  14.16 
"""""""""""""""""""""""""""""""""""" 

October 50.2  45.7  23.79  18.3  9.53 
November 53.8  39.6  23.34  23.3  13.74 
December 50 .O 40.2  20.34  39.2  19.84 
"""""""""""""""""""""""""""""""""""" 

4 t h   Q u a r t e r  51.3  41.8  22.49  26  .9  14.37 

Yearly Average 51.1 46.0  24.89  24.6  13.28 
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TABLE 4 1977 EFFLUENT QUALITY RESULTS 

F1 ow BOD Suspended Sol i d s  

Month x IO%G/D LB/ADT Tons LB/ADT Tons 

January 44.8  55.4  20.25  28.8 10.53 

February 47.7  37.0 19.89 21.0 11.29 

March 51.3 - - 22.5  12.52 
"""""""""""""""""""""""""""""""""""" ~~ ~ ~ ~ ~~ 

1 s t   Q u a r t e r  47.9 46.2  20.07  24.1 11.45 
"""""""""""""""""""""""""""""""""""" 

Apr i  1 

May 
June 

49.7 39.2 19.79 26 .O 13.13 
54.2 43.2 23.93 21.4 11.86 

53.9 41.3 23.56 22.1 12.61 
"""""""""""""""""""""""""""""""""""" ~~ ~~ ~~ ~~ ~~ ~ 

2nd  Quarter 52.6  41.2  22.43  23.2  12.53 
.................................... 

July 54.7  45.2  27.32  22.3 13.48 

August 53.5  64.5  32.67 28.1 14.23 

September 49.4 48.0 20.78 25.9 11.21 
"""""""""""""""""""""""""""""""""""" 

3 r d   Q u a r t e r  52.5  52.6 26.92 25.4  12.97 
"""""""""""""""""""""""""""""""""""" 

October 52.6 41.1 22.46 22.6 12.35 

November 38.6  53.8 14.01 52.7  13.73 

December 44.5  47.3 22.30 22.8 12.16 
.................................... 

4 t h   Q u a r t e r  45.2  47.4 19.59 33.7 12.75 

Yearly  Average 49.6  46.85  22.25  26.6 12.43 
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TABLE 5 RESULTS  OBTAINED I N  E.P.S BIOASSAY  PROGRAM 

c 

% M o r t a l i t y  Over 96 hours,   Stat ic   Test ing 

Concentration ( X  V / V )  E f f l u e n t   ( n e u t r a l i z e d )  Sample 

Sample Date PH 
100  87 65 42  30 

December 12, 1977 100 100 100 0 0 

November 22, 1977 0 0 0 0 0 

June 6, 1977 100 70 70 0 0 

A p r i l  27, 1977 0 0 0 0 0 
February 9,  1977 100 100 20 0 0 

6.7 
6.6 
6.7 
7.3 
6.9 

100 65 45 32 12.5 5.6 

December 2, 1976 
October 27,  1976 
J u l y  13, 1976 
March 23,  1976 
March 23,  1976 
March 17,  1976 
March 17, 1976 
March 15,  1976 
March 15,  1976 
March 8, 1976 
March 8, 1976 
March 2, 1976 
March 2, 1976 
February 16,  1976 
January 21,  1976 

100 
100 
100 
100 
100 
100 
- 
100 
100 
100 
60 
100 
100 
100 
100 

100 
60 
100 
100 
100 

0 
- 
100 
0 
0 
0 

100 
100 
100 
100 

100 
0 

100 
100 
20 
0 

- 
100 
0 
0 
0 
30 
100 
100 
100 

75 u 
0 0 
0 0 

100  100 
0 0 
0 0 

- 100 

100 40 
0 0 
0 0 

0 0 
0 0 

100 0 
12.5 0 
100 100 

0 

0 
0 

50 

0 

0 
0 

0 
0 
- 
0 

0 
0 

0 

0 

6.0 
6.7 
6.8 
3.3 
6.9 
6.8 
3.7 

4.7 
6.5 
6.7 
6.8 
6.7 
4.2 
7.1 
3.8 
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t o  g reen   l i quo r   sp i  11s r e s u l t i n g   i n   t h e  loss o f  sal   tcake (Na2S04) 

B l a c k   l i q u o r   s p i l l  s have a1 so occurred.  These  spi  11 s have always been 
small such t h a t  no f i s h   k i l l  s have occurred and no charges have  been 

l a i d .  It i s   a n t i c i p a t e d   t h a t   s p i l l s  will no longer  be a  problem when the  

s p i l l   c o n t r o l   t e c h n o l o g y   i s   i n s t a l   l e d  and opera t ing  by the  end o f  1578. 
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4 RECEIVING ENVIRONMENT 

4.1  Oceanography 
Northumberland Channel was described by Wal dichuk  (1965) as 'la 

p a r t i a l l y  m ixed   t i da l  sys tem  hav ing   re la t i ve ly   rap id   rep lacement   o f   i t s  

waters".  Physical and chemical  oceanographic  data were c o l l e c t e d  by 

Waldichuk i n  September  1975; Ju ly  1957; May 1961; J u l y  1962; J u l y  1963; 

May 1965  and  June  1965  (Waldichuk,  Meikle  and  Markert,  1968);  by H.A. 
Simons ( In te rna t iona l )   L td .   (1973) ;  by Packman i n  1975 (Packman, 1977); 

by  Ketcham i n  1976  (Ketcham, 1977)  and by Dobrocky  Seatech  Ltd.  (1977). 
A1 1 of   these  s tud ies  ind icated  that   Nor thumber land Channel i s  v e r t i c a l l y  

s t r a t i f i e d  and exh ib i ts   those  charac ter is t i cs   normal ly   assoc ia ted   w i th  a 
we l l   f l ushed  system. 

The phys ica l  and chemical  oceanography o f   t he  system  can be 

descr ibed as fo l lows:  
1. Most  of  the  water  entering  Northumberland Channel i s  o f   S t r a i t   o f  

Georg ia   o r ig in .  A major   por t ion  of the  surface  water  funnels  out   through 
Dodd Narrows and False  Narrows  while  the deep water exchanges w i t h  

t h e   S t r a i t   o f   G e o r g i a   v i  a Fa i   way  Channel (Wal dichuk, 1'365). The 

f a c t   t h a t  most o f  the  sur face  water   ex i ts   through Dodd  and False 
narrows i s  due t o   t h e   f l o o d   t i d a l  wave, which advances up the  S t r a i t  

o f   Georg ia   fas te r   than it does  up S t u a r t  Channel. Therefore,  water 
o r i g i n a t i n g   i n   t h e   S t r a i t   o f   G e o r g i a   e n t e r s   N o r t h u m b e r l  and  Channel 

b e f o r e   t h e   t i d a l  wave has advanced  up S t u a r t  Channel  and through Dodd 
Narrows. 

2. The sur face   f lood   t ide   cur ren ts   a re   charac ter ized  by a st rong 
northwesterly  f low  emanating  from Dodd Narrows. These currents  then 

cross  over t o  and fo l l ow   the   sou th   s i  de of G a b r i o l a   I s l a n d   u n t i l  
def lected  westward by the  advancing  t ida l  wave from t h e   S t r a i t  of 

Georgia. The  ebb t ide   cur ren ts   a re   charac ter ized  by  a s t rong 

eas te r l y   f l ow  on the  south s i  de and east  end o f   t he  channel , 
accompanied by  a strong  northwester ly  f low on t h e   n o r t h   s i d e   a t   t h e  

northwest end. These  two opposi te  f lowing  currents  produce an 

a n t i - c l o c k w i s e   g y r e   i n   t h e   v i c i n i t y   o f   t h e  Harmac e f f l uen t   d i f f use r  

( Wal d i  chuk,  1965). 
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3. 

4. 

5 .  

Northumberland  Channel i s   h i g h l y   s t r a t i f i e d   w i t h   r e s p e c t   t o   p h y s i c a l  

and  chemical  oceanographic  parameters  (Figures 2 and 3).  

Accord ing  to  Wal dichuk  (1965)  surface  water  passing  either  from 
Northumberland  Channel t o   S t u a r t  Channel or   v ice  versa becomes 

thoroughly  mixed  with  deeper  water when passing  through Dodd Narrows. 
This  forms a homogenous water mass which,  being  denser  than  the 

s u r f a c e   l a y e r   i n   t h e   r e c e i v i n g   w a t e r  body, tends  to   s l ide  underneath 
i t  (Figure 4). 

Although  the  water movements i n  Northumberland  Channel  are 

p redominan t l y   t i da l ,   t he re   ex i s t s  a th ree   l aye r  system o f   n e t  

currents.  This  system has  been described by Wal aichuk  (1965)  and 
Dobrocky  Seatech e t  a1 (1977). The system cons is t s   o f  a surface 

c u r r e n t   w i t h  a net   southeaster ly   f low,  a cur ren t  a t  a depth  of  6 
meters   w i th  a net   nor thwester ly   f low and c u r r e n t   i n   t h e  denser  bottom 

water  which has  a net  southeaster ly  f low. A diagramnatic  view o f  
t h i s  system i s  presented i n   F i g u r e  5. 

I n  1973, H.A. Simons ( In ternat ional   L td .   conducted a study 

d i   rected  toward  the  des ign  o f  an e f f l u e n t   d i f f u s e r   f o r  Harmac and the 
p r e d i c t i o n   o f   e f f l u e n t   t r a p p i n g   d e p t h s   u s i n g   t h a t   d i f f u s e r .  The outcome 

o f   t h a t   s t u d y  was a d i f f use r   des igned   to   t he   spec i f i ca t i ons   men t ioned  

prev ious ly ,  and w i t h   p r e d i c t e d   e f f l u e n t   t r a p p i n g   d e p t h s   o f  40 meters to 
70 meters  dur ing  the  per iod  June  to  October,  and  above 30 meters  from 
November through May. The "measured t rapp ing   l eve l  'I was def ined i n   t h i s  

r e p o r t   t o  be the  lower 1 imi t o f   e f f l u e n t  once the plume  has  reached an 

equ i l i b r i um  he igh t .   Ca lcu la t i ons   o f   t he   t rapp ing   l eve l  were  conducted 

u t i l i z i n g  a computer model o f   t h e   d e n s i t y   s t r a t i f i c a t i o n   o f  

Northumberland  Channel  with  the  input o f  e f f l u e n t   d e n s i t y   c h a r a c t e r i s t i c s .  

The  model was assumed t o  be a no-current  s i tuat ion  which  would  represent 

the   wors t  case. 

I n  1977,  a study was conducted by  Dobrocky  Seatech  Ltd. t o  
assess   the   ac tua l   per fo rmance  o f   the   d i f fuser   w i th   respec t   to   e f f luen t  

d ispers ion   under   opera t ing   cond i t ions .   In   th is   s tudy   cur ren t  and water 

column c h a r a c t e r i s t i c s  measurements  were made. The e f f l u e n t  plume was 
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FIG. 2 DISTRIBUTION OF PROPERTIES IN A VERTICAL 
SECTION THROUGH NORTHUMBERLAND  CHANNEL 
DURING THE SURVEY OF JULY 17, 1962. 
WALDICHUCK, 1965. 



- 14 - 



I - 15 - 

a 

NORTHUMBERLAND  CHANNEL DODD NARROWS STUART  CHANNEL 

FIG.4  SCHEMATIC  DIAGRAM  SHOWING  HYPOTHETICAL  MODEL 
OF  WATER MOVEMENT  THROUGH  NORTHUMBERLAND 
CHANNEL,  DODD  NARROWS, AND STUART  CHANNEL, ON 
FLOOD AND  EBB.  WALDICHUCK (1965) 
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I 

FIG 5 NET  CURRENTS AT STATION N - 5  FOR A 2 5  
HOUR PERIOD JULY 8-9 1957 WALDlCHUCK(i96S) 
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a lso   t racked  us ing  Rhodamine B dye i n j e c t e d   i n t o   t h e   e f f l u e n t   l i n e  on 

shore   w i th   concent ra t ions   o f   the  dye i n  Northumberland Channel being 
measured us ing a f luorometer.   Predict ions made by H.A. Simons t h a t  

between November  and May t h e   e f f l u e n t  would be trapped between a depth  of 
29 and 23 meters were determined  to  be reasonably  accurate.  Dobrocky 

Seatech " e t  a1 (1977) found  tha t   the   t rapp ing   depth  was a c t u a l l y  between 

20 meters and 40 meters  below  the  surface a t  the   t ime  o f   the i r   sampl ing  

i n  January, 1977. 
The measured d i l u t i o n s   a t   t h e   t o p   o f   t h e  plume  were found  to  be 

genera l ly  between 1OO:l and 200:l which was greater   than  the  predic ted 

d i l u t i o n   o f  77:1, although  there was one occasion when a d i l u t i o n   o f   o n l y  

40:l was measured  (Dobrocky  Seatech " e t  a1 , 1977). It was a1 so emphasized 
i n   t h i s   r e p o r t   t h a t   t h e  computer p r e d i c t i o n s  were  based only  on a 

s tagnant   ver t i ca l   dens i ty   g rad ien t  and tha t   w i th   the   cur ren ts   wh ich   a re  
always  present i n  Northumberland  Channel , the   t rapp ing   leve l   shou ld  be 

expected  to  be deeper w i t h  a greater  degree o f   e f f l u e n t   d i  1 u t ion .  
The e f f  1 uent plume was r e p o r t e d   t o  1 i e between the  60 and 80 

metre  depths i n  August 1976, based on personal  observations i n  August 

1976, f rom  the  Pisces IV submersible i n  Packman (1977). 
The data  o f  Packman (1977) and  Ketcham (1977) prov ide   use fu l  

i nforrnaton  respecting  the  expected  decrease i n   d i s s o l v e d  oxygen 

concent ra t ions   in   the   water  column of   Northumberland  Channel  resul t ing 

f rom  the   d i scha rge   o f   K ra f t  m i  11 e f f l u e n t .  The da ta   o f  Packman (1977) 
were c o l l e c t e d   i n   A u g u s t  1975, when the  mill was not   operat ing and no 
e f f l u e n t  was being  discharged. The da ta   o f  Ketcham (1977) were c o l l e c t e d  

i n  the  summer o f  1976, when the  mill was i n   f u l l  operation. Comparison 
o f   t h e  two data  sets does n o t   i n d i c a t e  a s i g n i f i c a n t   r e d u c t i o n   i n  

d isso lved oxygen occur r ing  as a resu l t   o f   t he   e f f l uen t   d i scha rge .   Th i s  
appears t o   c o n f i r m   t h a t  good f l u s h i n g  i s  ava i l ab le   f o r   t he   e f f l uen t .  The 

s i t u a t i o n   s h o u l d   c o n t i n u e   t o  be monitored i n   t h e   f u t u r e  however. 

4.2 B i o l o g i c a l   E f f e c t s  
4.2.1 I n t e r t i d a l   E f f e c t s .  The e f f e c t s  of t he   d i scha rge   o f   e f f l uen t  

f rom Harmac have  been m n i   t o r e d  by MacMi 1 lan  B loedel   s ince 1970 as p a r t  

o f   the   cond i t ions   o f   the i r   Po l lu t ion   Cont ro l   Board   permi t .   Repor ts  
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resu l t ing   f rom  these  s tud ies  have  been released on an almost  annual  basis. 

These repor ts   which  inc lude Beak ( 19701, Me1 v i  1 l e   ( 1 9 7 3 ,  Me1 v i  1 l e  (1974), 

Ketcham (1975), Ketcham  (1977)  and  Ketcham  (19781, document t h e   e f f e c t s  

of   the  e f f luent   both  before and a f t e r   t h e   i n s t a l l a t i o n   o f   t h e  submarine 
d i f f u s e r   i n  January 1976. All of   t he   i n te r t i da l   s tud ies   conduc ted  by the 
mill u t i l i z e d  some f o r m   o f   a r t i f i c i a l   s u b s t r a t e   i n   t h e   f o r m   o f   f i b r e   g l a s s  

p l a t e s ,   b r i c k s  and  roughened p lex ig lass   p la tes .  

The s tud ies   o f  Beak (19701, M e l v i l l e  (1973)  and M e l v i l l e  (1974) 
a l l   i n d i c a t e d  a s i g n i f i c a n t   d e t r i m e n t a l   e f f e c t   a t t r i b u t a b l e   t o   t h e  

e f f luen t ,   rang ing   f rom Duke P o i n t   t o  Joan  Point,  mainly on the  m i  11 s ide 

o f  Northumberland  Channel. It was n o t e d   t h a t   t h e   e f f e c t s   o f   t h e   e f f l u e n t  

extended a g r e a t e r   d i s t a n c e   i n  a sou theas te r l y   d i rec t i on  away from  the 
mill i n  accordance w i th   t he   es tab l i shed   pa t te rn   o f   f l ow   i n   t he   su r face  

waters o f  Northumberland  Channel,  which  have a net  f low  southeast  through 

Dodd Narrows. 
M e l v i l l e  (1973)  noted  that   the  ef f luent  appeared t o  have i t s  

g r e a t e s t   e f f e c t s  on l a r v a l  and j u v e n i l e   l i f e  stages  of  fauna  which 
s e t t l e d   i n   t h e   i n t e r t i d a l  zone dur ing   the   per iod   Apr i  1-October. Beak 

( 197U) repor ted   per iods   o f  heavy b a r n a c l e   d i e   o f f   i n   t h e  v i  c i   n i  ty o f   the  

mi  11, and noted  that   per iphyton  growth was general ly  poor i n   t h e  zone o f  
i n f  1 uence. 

Pos t   d i f f use r   s tud ies  were r e p o r t e d   i n  Ketcham  (1977  and  1978). 
I n  Ketcham (1977) a d e f i n i t e   i n c r e a s e  i n  spec ia t ion  and numbers of animals 

was noted i n   t h e   i n t e r t i d a l  zone w i th in   t he   p rev ious  zone o f   in f luence.  
Th is  improvement was a t t r i b u t e d   t o   t h e  absence  of e f f l uen t   i n   t he   su r face  

waters. The dominant  faunal  forms  noted  during 1976 included  barnacles 

(Bal  anus sp. 1, copepods,  nematodes,  amphipods, insec t   la rvae,  mussel s 
( M y t i l u s  sp.)  and p e r i w i n k l e s   ( L i t t o r i n a  sp.). Enteromorpha i n t e s t i n a l i s  
was we l l   es tab l i shed on t h e   a r t i f i c i a l   s u b s t r a t e s   a t  a l l  s ta t ions.  

Ketcham  (1978) r e p o r t e d   t h a t  a1 though   the   d i ve rs i t y   i nd i ces   i n  

t h e   v i c i n i t y   o f   t h e  m i  11  were  depressed i n  1976  and  1977, abundance  and 
spec ia t ion  were discernably  h igher  throughout  the  study area. This was 
a g a i n   a t t r i b u t e d   t o   t h e  absence o f   e f f l u e n t   i n   t h e   s u r f a c e  waters. I n   t h e  

1976  sampling  year  barnacle  sett lement was very  successful and over- 

shadowed o t h e r   g r o w t h ,   r e s u l t i n g   i n   l o w   d i v e r s i t y   i n d i c e s .   I n  1977, 
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however, the   spec ia t ion  was b e t t e r  balanced, r e s u l t i n g   i n   h i g h e r   d i   v e r -  
s i t y   i n d i c e s .  It was hypothesized by  Ketcham  (1978) t h a t ,   " i n t e r s p e c i f i c  

compe t i t i on   f o r  space dur ing  1976 was upset by the  disappearance o f  
e f f luents   f rom  sur face  waters  and tha t   the   ad jus tment   to  a more d iverse 

community s t r u c t u r e  was nearing  completion i n  1977". It was suggested 

t h a t   i n t e r t i d a l   m o n i t o r i n g   c o u l d  be d i s c o n t i n u e d   a t   l e a s t   f o r  1978, as 

t h e   e f f l u e n t  appeared t o  be having l i t t l e   e f f e c t   i n   t h a t  zone. 

4.2.2 Benth ic   Ef fects .  The o n l y   s i g n i f i c a n t   b e n t h i c   b i o l o g i c a l  

sampl i ng  program  conducted i n  Northumberland Channel was c a r r i e d   o u t  by 

the   Env i ronmenta l   Pro tec t ion   Serv ice   in  1976 (Packman, 1977). I n   t h i s  

program,  12 s t a t i o n s  were  sampled i n  Northumberland  Channel. The r e s u l t s  

i n d i c a t e d  a bui  1 d-up of   bark and woodchips i n   t h e   v i c i n i t y   o f  Harmac w i t h  
a c o n c u r r e n t   s h i f t   i n  community s t ruc tu re   f rom an infaunal  comnunity  to 

an  epifaunal  comnunity. The d i v e r s i t y   i n d i c e s  remained r e l a t i v e l y  

unchanged,  however. 

I n   A p r i l  1978, two dives were conducted i n  Northumberland 
Channel  by the  Envi ronmenta l   Protect ion  Serv ice,   us ing  the  P isces IV 

submersible. On these  dives it was no ted   t ha t   t he   e f f l uen t   rose  

v e r t i c a l l y   f r o m   t h e   d i f f u s e r .   P e l a g i c  and benth ic   ep i fauna l   an ima ls   in  

t h e   v i c i n i t y   o f   t h e   o u t f a l l  appeared to   s tay  away f rom  the   d i rec t  
e f f l u e n t  stream. The bottom a t   t h e  end o f   t h e   d i f f u s e r  was swept c lean 
by cu r ren ts   se t  up  by the   e f f luen t   s t ream and the  beginnings of f i b r e  

depos i t ion  were  observed to   extend  out   approx imate ly  40 meters  from  the 

d i f f u s e r  end.  The in fauna l  community  appeared t o  be b lanketed  but  some 
epifaunal  forms such as crabs,  shrimp and some f i s h  were noted on top of 

t h e   f i b r e .  

4.2.3 T o x i c i t y .   I n  1977, E.V.S. Consul tants  under  contract   to 
MacMil lan  Bloedel, Harmac Div is ion  conducted  laboratory   s tud ies  o f   the 

t o x i c i t y   o f  Harmac b leached  Kraf t  m i  11 e f f l u e n t   t o  eggs, l a r v a l  and 
j u v e n i l e   h e r r i n g ,   e x t r a p o l a t i n g   t h e i r   f i n d i n g s   t o  measured i n   s i   t u   c o n d i -  

t ions .  One a im of the  study was to   eva lua te   t he   su i   t ab i  1 i ty o f   h e r r i n g  
e a r l y   l i f e  stages as bioassay  organisms f o r   t h e  assessment o f  the   e f fec ts  

" 
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o f   p u l p  m i  11 e f f l u e n t .  It was f e l  t that   these  organi  sms would be h i   gh l y  

s e n s i t i v e  and being  planktonic  would  give an i n d i c a t i o n   o f   t h e   e f f e c t s   o f  

t h e  BKME on the   loca l   p lank ton  comnuni ty. H e r r i  ng  were a1 so used  because 
they have h i s t o r i c a l l y  been abundant i n  Northumberland  Channel  (Bel 1 and 

K a l  lman, 1976). 
The conclusions  from  the work w i t h   l a r v a l   h e r r i n g  were tha t :  

1 .  

2. 

3 .  

4. 

5. 

6. 

"Using  96-hour  LC-50's as a c r i t e r i o n   o f   a c u t e   t o x i c i t y ,  
both  yolk-sac and o lder   her r ing   la rvae  a re   about  two t o  

three  t imes as s e n s i t i v e   t o   b l e a c h e d   k r a f t  m i  11 e f f l u e n t  

as s t i ck lebacks  and underyearl i ng  rainbow  trout." 

No e f f e c t s  were observed  w i th   her r ing   la rvae  a t  
concentrat ions  exceeding  the maximum " i n   s i t u   c o n c e n t r a t i o n  

o f  Harmac BKME. 
Recent  herr ing egg hatch was increased 9-60%  by BKME a t  

u.002 t o  0.1 o f   t h e  96 hour LC-50 concentrat ions.  A t  0.5 
and 1.0 o f  96 hour LC-50 concentrat ions  hatch was reduced 

by 52-6U%. 
Sublethal  development  studies  revealed  that BKME 

concentrat ions up t o  0.05 o f   t h e  96 hour LC-50 va lue   o f  
BKME fo r   ra inbow  t rou t  had no e f f e c t  on the  growth  or 

s u r v i v a l   r a t e s   o f   l a r v a l   h e r r i n g  up t o   s i x  weeks age. 
These r e s u l t s   s u g g e s t   t h a t   i n   s i t u   c o n c e n t r a t i o n s  o f  Harmac 
BKME have a minimal  impact on the  development o f  h e r r i n g  
1 arvae. 

It may be  assumed tha t   her r ing   la rvae  a re   representa t ive   o f  

t h e   s e n s i t i v e   l i f e  forms  compri  sing  the  marine  zooplankton 

and  are  appropr ia te  for  use i n   sub le tha l   g rowth  and 

development  bioassays. 
The 1 imi t o f  response i n   t h e   s u b l e t h a l   s t u d i e s  combined 

w i th   t he   f ac t   t ha t   t he   e f f l uen t   i s   p redominan t l y   non - tox i c  

and  the  d i lu t ions  achieved by t h e   d i f f u s e r  suggests t h a t  
the   p resent   opera t ion   o f  Harmac e f f l u e n t   d i s c h a r g e   i s   n o t  

having any apprec iab le  adverse  e f fect  on the  zooplankton  of  

Northumberland  Channel  (Dobrocky  Seatech e t  a1 , 1977). 
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The conclusions  f rom  the work w i t h   j u v e n i l e   h e r r i n g  were tha t :  
1. No s i g n i f i c a n t   e f f e c t s  on growth,  appeti te  or  conversion 

e f f i c i e n c y  were observed i n   j u v e n i  1 e h e r r i  ng  exposed f o r  36 

days t o  Harmac BKME a t  " i n   s i t u   c o n c e n t r a t i o n s .  These 

r e s u l t s  were cons is ten t   w i th  pub1 ished  data  for   salmonids.  
2. Chronic  exposure  to 0.001 t o  0.005 o f  Harmac BKME would  not 

p rov ide  a stress  which  would  exclude  herr ing  f rom 

Northumberland Channel nor  would it have a d i r e c t   e f f e c t  on 

growth,  feedi ng or   food  convers i  on e f f i c i e n c y  . Simi 1 a r l y  , 
s lugs   o f  Harmac BKME a t  2% concentrat ion  would  a lso  not  

appear t o  have any apprec iab le  adverse  e f fect  on the  growth 

o f   j u v e n i l e   h e r r i n g  (Dobrocky  Seatech " e t  a1 , 1977). 

4.2.4 Fibre  Deposi t ion.  No s i g n i f i c a n t   d e p o s i t i o n  of f i b r e   s t e r m i n g  

from  the Harmac discharge has  been repo r ted   i n   t he   pas t .  Packman (1975) 

repo r ted  on the   ana lys i s   o f  12  grab samples i n  Northumberland Channel 
which  contained no f i b r e  stemning  froin  the  pulping  process.  This may 

have  been due t o   t h e   f a c t   t h a t   t h e   d i s c h a r g e  had h i s t o r i c a l l y  been i n t o  

the  surface  waters  which have  good d i s p e r s i o n   q u a l i t i e s .   I n   A p r i l  1978, 

Pisces  submersible  dives were conducted to   i nspec t   t he  Harmac e f f l u e n t  

d i f f u s e r  (Packman, 1978). A t  t h a t   t i m e  an accumulation o f  what  appeared 
t o  be f i b r e  was apparent  adjacent  to  the end o f   t h e   d i f f u s e r  and 

extending up t o  40 m out   f rom  the end. This  accumulation had occurred 

s i n c e   t h e   d i f f u s e r   i n s t a l l a t i o n   i n  1976, ana was probably due t o   t h e  

reduced  c i rcu la t ion   in   the   bo t tom  water   in   Nor thumber land Channel. The 

accumulation  should be c losely   moni tored such t h a t  i f  a f i b r e  bed  begins 
t o  develop,  correct ive measures may  be taken. 

An accumulat ion  of  wood and  bark  debris was noted  mainly 

southeast   o f   the m i  11 b o t h   i n  grab samples  and by SCUBA d i v i n g  (Packman, 

1977) .   Th is   mater ia l   had  or ig inated  f rom  log booming  and ch ip   t ranspor t  

a c t i v i t i e s .  

4.2.5 Estuar ine Log Storage. Harmac u t i  1 i zes   por t ions   o f   the  Nanaimo 
R ive r   es tua r ine  mud f l a t s   f o r   t h e   s t o r a g e   o f   l o g  booms. T h i s   k i n d   o f  
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a c t i v i t y  has known de t r imen ta l   e f fec ts  on t h e   p r o d u c t i v i t y   o f   t h e   f l a t s  

i nc lud i  ng: 

1. The deposi t ion  o f   bark and wood debr is  which  b lankets  the 

benthos. 
2. The p reven t ion   o f   l i gh t   pene t ra t i on   t o   t he   bo t tom due t o  

l o g  booms, thereby  a f fect ing  the  growth  o f   ee l   grass and 

o t h e r   p l a n t   l i f e .  
3 .  Channel ing  resul t ing  f rom  the wash o f   t ug   boa ts   t ak ing   l og  

booms back  and fo r th   across   the   de l ta .  

As a r e s u l t   o f   t h e s e  and o t h e r   e f f e c t s   l o g  booming  has  been 
shown t o  reduce salmon fry production. The whole  quest ion  o f   log booming 

i s  presently  being  examined i n  1 i ght  of  proposed  developments a t  Duke 

Point   which may fur ther   inc rease  log   s to rage demands. 
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5 NATURAL RESOURCES 

5.1 F i   s h e r i  es  Resource 
An assessment o f  t he   f i she r ies   resource   i n   t he   wa te rs  

surrounding Harmac i s  c o n t a i n e d   i n  an i n te rna l   repo r t   comp i led  by the 

F i s h e r i e s  and Marine  Service (Knapp  and Futer,  1978). T h i s   r e p o r t   i s  
contained i n  Appendix I and  discusses  the  resource and the  impact  of   the 
pu lp  mill on the  resource. 

5.2 M ig ra to ry   B i rd  Resource 
The ma jo r   po r t i on   o f   t he   m ig ra to ry   b i rd   hab i ta t   l oca ted   nea r  

Harmac i s   t h e  Nanaimo R iver   es tuary .   Be l l  and Kallman  (1976)  state  that 

t h i s   e s t u a r y   i s   t h e   l a r g e s t  on Vancouver I s l a n d  and i s  an extremely 
impor tan t   wa te rb i   rd   ove r -w i   n te r i  ng  and s tag ing area. D i  v i  ng ducks 

u t i l i z e   t h e  seaward p o r t i o n   o f   t h e   e s t u a r y .   T h i s   u t i l i z a t i o n   i s  however 
dependent upon t h e   s t a t e   o f   t h e   t i d e  and boat ing and  booming a c t i v i t i e s .  

The b i rds   a re   read i l y   d i sp laced  t o  o ther   par ts   o f   the   es tuary  and i n t o  

Northumberland and S t u a r t  channels. 

Opposi te  the  pulp m i  11 on c l   i f f s   o f   G a b r i o l a   I s l a n d  i s  a l a r g e  
nest ing  co lony  compr ised  o f  350-400 p a i r s  of  pelagic  cormorants.  Also 

n e s t i n g  on these c l i f f s  are  glaucous-winged  gulls and pigeon  gui l lemots 

( B e l l  and  Kallman,  1976;  Trethewey,  1977). 
As y e t   t h e   p u l p  m i  11 does n o t  appear t o  have  had  a s i g n i f i c a n t  

impact on t h e   m i g r a t o r y   b i r d   u t i l i z a t i o n   o f   t h e  area. The main  impact 
appears t o  have  been t h e   a l i e n a t i o n  of  p o r t i o n s   o f   t h e  Nanaimo R i v e r  

estuary  through  log-booming  act iv i t ies .  
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APPENDIX I 

MACMILLAN  BLOEDEL PULPMILL, HARMAC, B.C.  
B.C.  FOREST PRODUCTS PULPMILL, CROFTON, B.C. 

F ISHERIES RESOURCES OF FISHERIES AND 
MARINE  SERVICE  STATISTICAL AREAS 17 AND 18 



The  information  presented  in  this  document  was 
collated  solely  for use within  the  Pacific  Region (DFE) 
"Pulp  Mill  Review  Process":  a  process  designed  to  determine 
effluent  characteristics,  degree  of  treatment,  and  effects 
upon  the  receiving  environment.  This  task  was  carried  out 
to  identify  current  and  potential  conflicts  between  aquatic 
resources  and  effluent  dispo.sa1  in  order  to  priorize 
pollution  abatement  efforts. 

Opinions  expressed  in  the  text  reflect  the  judgement 
of  the  authors  and  contributing  personnel. 

This  document is not  for  general  circulation.  Any 
persons  wishing  to  cite  this  document  must  obtain  the 
permission  of  the  senior  author. 
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MACMILLAN  BLOEDEL  HARMAC  PULP  MILL  AND 
B.C.  FOREST  PRODUCTS  CROFTON  PULP  MILL 

FISHERIES  RESOURCES OF 
FISHERIES  AND  MARINE  SERVICE  STATISTICAL  AREAS 17 AND 18 

I INTRODUCTION 

There  are  two  pulp  mills  located  on  the  southeastern 
coast  of  Vancouver  Island.  They  are  MacMillan  Bloedel's  Harmac 
pulp  mill  and  B.C.  Forest  Product's  Crofton  pulp  mill  (Figure 1). 
The  former  is  situated  on  the  west  shore  of  Northumberland 
Channel  south  of  Nanaimo,  within  Fisheries  Statistical  Area 17. 
The latter  is  located  on  the  west  side  of  Stuart  Channel  at 
Osborn  Bay  north  of  Duncan,  in  Statistical  Area  18.  Together, 
Areas 17 and 18 encompass  the  southwestern  half  of  the  Strait 
of  Georgia  and  extend  some 70 miles  along  the  coast.  Within 
them,  the  major  population  centers  are  Nanaimo,  Ladysmith  and 
Duncan.(lr2) 

In  delineating  the  zone  of  influence  of  the  Harmac 
and  Crofton  mills  on  local  fisheries  resources,  it is assumed 
that  the  severity  of  the  effect  varies  approximately  inversely 
with  distance  from  the  pulp  mill  effluent  discharge.  Oceano- 
graphic  considerations  affecting  effluent  dispersion  must, 
of  course,  be  taken  into  consideration,  since  eddy  currents  and 
other  factors  that  concentrate  effluent  could  alter  the  extent 
of  pollution  effects. - 

In  Northumberland  Channel,  the  net  movement  of  water 
is  to  the  southeast  and  almost all of the  Harmac  mill  effluent 
is  directed  through  Dodd  Narrows  (Figure 2). Biological  surveys 
have  indicated  that  a  measurable  detrimental  effect  on  inter- 
tidal  life  has occurred between Duke Po int  2 km northwest 
of the  mill  to  Joan  Point 2.7 km southeast of the  mill  and  also 
at  Mudge  and  Gabriola  Islands  bordering  on  False  Narrows.(3) 
These  observations  would  seem  to  indicate  that  the  salmon 
of the  Nanaimo  and  Holden  Rivers  are  most  likely  affected 
by  mill  effluent  (Figure 2). 

In  the  vicinity of the  Crofton  mill,  oceanographic 
features  cause  mill  effluent  to  be  dispersed  in  a  south- 
southwesterly  direction  towards  Sansum  Narrows  (between 
Saltspring  Island  and  Maple  Bay  on  Vancouver  Island),  with 
lesser  amounts  being  directed  northwest  into  the  Shoal  Island 
(Figure 2). Apparently,  effluent  tends  to  concentrate  in 
Booth  Bay on  Saltspring  Island  (across  Stuart  Channel  from  the 
effluent  diffusers).  A  theoretical  calculation of toxic  units 
in  the  receiving  water  based  upon  bioassay  data  and  estimated 
dilution  factors  have  indicated  that  sufficient  toxicity  is 
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present  in  the  vicinity of the  outfall  to  produce  sublethal 
effects  in  salmonids.(4)  These  findings  suggest  that  the 
productivity of the  Chemainus  and  Bonsall  rivers  (Figure 2 )  
could  be  threatened  by  the  operation  of  the  mill.  The  Cowichan 
and  Koksilah  rivers  are  further  away  from  the  effluent  source 
and  thus  would  be  under  less  influence  from  the  effluent. 
However,  a  portion of the  Koksilah  River  stocks  are  reported  to 
migrate  through  Johnstone  Strait  and  down  the  coast  to  the  river 
mouth.  This  could  conceivably  bring  them  through  Stuart  Channel 
and  Sansum  Narrows  where  they  would  be  exposed  to  effluent- 
containing  waters. 

Both  the  Harmac  and  Crofton  mills  utilize  water  from 
nearby  freshwater  sources  on a regular  basis.  This  is  another 
factor to be  considered  in  an  evaluation  of  the  effect  of  these 
two  pulp  mills  on  salmon  productivity.  Harmac  obtains  water 
directly  from  the  Nanaimo  River ( 2 )  while  Crofton  draws  its 
requirements  from  the  lower  Cowichan  River. (1) Water  flow 
recordings  are  continually  taken  to  aid  in  regulating  river  flow. 
However,  the  danger  of  critical  low  river  discharge  periods 
always  exists.  At  these  times  the  rivers  could  have  insuff- 
icient  flows  for  fall  spawning  migration.  In  addition,  it 
has  been  shown  that  low  summer  flows  and  elevated  water 
temperatures  can  lead to.-increasd competftion  between  juvenile 
salmonids  for  food  and  rearing  space,  as  well  as  increased 
predation  by  other  species. 

I1 SALMON 

A .  Commercial  Fishery 

All  five  species  of  Pacific  salmon  are  taken  commer- 
cially  within  the  boundaries  of  statistical  Areas 17 and 18. 
Ten  year  averages (1966-1975) indicate  that  chinook  salmon  make 
up  the  bulk  (34.1%)  of  the  commercial  salmon  catch  (in  pieces) 
while sockeye, chum, pink  and coho salmon  represent 2 8 . 8 % ,  
15.4%,  12.1%  and 9.6% of  the  catch  within  these  areas  respectively. 

Salmonids  originating  in  Areas 17 and 18 also  form 
a  portion of the  catch  from  other  parts of the  Strait of 
Georgia  and  its  approaches,  the  Strait  of  Juan  de  Fuca,  and 
the  west  coast of Vancouver  Island.  Specifically,  Nanaimo 
River  chinook  and  coho  contribute  to  the  west  coast  of  Vancouver 
Island  and  Strait  of  Georgia  troll  fisheries  as  well as  the 
commercial  net  fisheries  in  Johnstone  Strait,the  Strait  of 
Georgia  and  Juan  de  Fuca  Strait.  Nanaimo  River  chum  are  taken 
in  the  Straits  of  Georgia and-Ju&n de  -Fuca by  the  gill-net 
and  purse  seine  fisheries.  Chemainus  River  stocks  contribute 
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TABLE I 

Commercial  Salmon Eatch (5) 

AREA 17 

YEAR 
N 

1975 
1974 
1973 
1972 

UD 1971 
1970 
1969 
1968 
1967 
1966 
1966-75 

II) 

am 

- 
a (mean) 

1975 
1974 
1973 

I 

1972 
1971 

*L 1970 
1969 
1968 
1967 
1966 
1966-75 

- 
- 

(mean) 

JACKS 

490 
314 
357 
42 

427 
203 
41 
1 
6 

134 
201 

PINK 

18,663 
729 

22 , 615 
4 , 587 

53,801 
216 

8 , 002 
143 

1,192 
107 

11 , 005 

CHUM 

8,764 
17 I 508 
23 , 068 
91,005 

816 
19 , 717 
9,064 

27 
7 

413 
17,039 

- STEELHEAD 
4 
5 
. 2  
26 
8 
2 
4 
8 
1 

16 
7 

3 I 512  561 
7,762  334 
5,442  367 
4 , 923  149 
5 , 852  352 
3 , 994  22 
6 , 932  329 
5,478  22 
3,947 57 
4,387 24 
5,218 222 

11 , 840 
118 , 141 

7,686 
3 , 558 

41,106 
1,884 

25 , 700 
2,378 
9 I 324 
3,026 

22 , 464 

4,884 
2,579 

4 , 900 
2 , 921 
6 , 042 
1,365 
1,225 
1,579 
1,536 
1,628 
2 , 866 

45,103 
670 

12 I 458 
5 

24 , 555 
195 

1 , 121 
5 

14,408 
25 

9,854 

464 
44 

33 I 451 
38 , 267 

140 
5,967 
4,475 
11 , 882 

1 
152 

9 , 484 

9 
3 

11 
15 
21 
1 
5 

35 
11 
8 

12 



- 6 -  

to  the  Strait of Georgia  and  Johnstone  Strait  net  Fisheries. 
Fish  from  BEuart  Channel:  istresms fom the bulk.ob the  spring - 
and- early.  summer coho catch"for the- &tern  Strait of .Georgia.  Cowichan 
chinook  and  coho  are  taken  in  troll  fisheries  off  the  west 
coast  of  Vancouver  Island  and  net  fisheries  in  Juan  de  Fuca 
Strait  and  Satellite  Channel.  The  main  Canadian  net  fisheries 
exploiting  Cowichan-Koksilah  chum  are  also  located  in  the 
latter  two  areas. (1 ,2 )  

Table  I  shows  catch  statistics  for  Areas 17 and 18 
between  1966  and  1975.  Table X presents  landed  values  for 
Area  17  salmon  catches  for  1967-1975. 

B. Escapements 

Historically,  Areas 17 and 18  have  contributed 
substantially  to  the  total B.C.  salmon  catch.  In  terms  of 
productivity,  the  Cowichan  River  is  viewed  as  one  of  the  most 
important  systems  on  Vancouver  Island  and  certainly  the  most 
significant  within  Areas  17  and  18.  Of  the  remaining  large  systems, 
the  Nanaimo  River  ranks  next  in  importance  while  the  Koksilah 
andmemainus Rivers  support  sizeable  but  smaller  salmonruns. 
Numerous  other  creeks  also  contribute  to  the  total  productivity 
(Figure 2). 

All  five  Pacific  salmon  species  have  historically 
been  recorded  in  the  four  major  river  systems  mentioned  above. 
However,  sockeye  and  more  recently  pink  are  only  very  rarely 
seen.  Table  I1  gives  escapement  figures  for  Areas  17/18. 

Fish  migrating  to  the  Nanaimo,  Chemainus,  Cowichan 
and  Koksilah  River  systems  contribute  to  different  fishing 
stocks  as  a  result  of  their  varying  migratory  routes.  Tagging 
studies  have  shown  that  Chemainus  River  fish  migrate  through 
JoHnstone..Strait.  The  majority  of  those  destined  for  the 
Cowichan  and  Koksilah pass through the Stra i t  of Juan de Fuca, 
while  a  small  portion of Koksilah  River  stocks  return  via 
Johnstone  Strait. 

Coho 

The  Cowichan  River  supports  the  largest  coho  run  on 
Vancouver  Island  (10  year  average  1966-1975: 34, 1'OOr> spawners). 
Sizeable  populations  are  also  found  in  the  Koksilah,  Nanaimo, 
Bonsall  and  Chemainus  systems,  with 10 year  average  escape- 
ments  (1966-1975)  of  5,200, 3,000, 1,400,  and  600  fish  respec- 
tively.  Less  significant  runs  exist  in  numerous  smaller  creeks 
including  Bush,  Chase,  Departure,  Holden,  Holland,  Hong  Kong, 
Porters,  Rocky  Bay,  and  Stocking  (Table 11). Of  these, 
Chase  Creek  has  the  largest  coho  run  with  an  average of 425 
spawners  in  1974-1975. 
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Upstream  coho  migration  takes  place  in  the  late 
summer  and  early  fall.  Spawning  occurs  from  late  August/early 
September  to  January,  with  slight  variations  in  timing  occurring 
from  one  river  system  to  the  next.  Timing  for  the  four  major 
rivers  are  shown  below. 

(Peak  spawning  periods  are  underlined) 

Nanaimo 
Chemainus 
Cowichan 
Koksilah 

Aug. - Oct. - Dee. - 
Oct. - Nov./Dec. - Jan. 
Sept. - Oct./Nov. - Dec 
Sept. - Oct./Nov. - Dec. 

Juvenile  coho  emerge  in  the  spring  and,  typically, 
remain  in  freshwater  for  up  to  a  year  before  migrating  to  the 
sea. In their  second  spring  they  move  downstream  as  smolts 
to  the  estuarine  environment  where  they  feed  and  continue  their 
development. 

Chum 

The  Cowichan  and  Nanaimo  Rivers  support  sizeable 
runs of chum (56,500 and 35,500 spawners  respectively)  as  do, 
to  a  slightly  lesser  extent, the  Chemainus,  Holland,  Koksilah, 
Bush,  Stocking  and  Bonsall  systems.  Average  escapements 
(1966-1975)  for  the  latter  six  systems  are  14,700,  4,800 4,000, 
3,000, 3,000 and 300 fish  respectively.  Smaller  runs  also 
occur  in  numerous  other  creeks  as  noted  in  Table 11. 

Tagging.  studies  have'indicated  that  the  majority of 
the  Cowichan/Koksilah chum return to their natural  streams  via 
Juan  de  Fuca  Strait  with  a  small  component  passing  through 
Johnstone  Strait. 

Upstream  chum  migration  takes  place  during  the 
late  summer  and  early  fall.  Spawning  begins  soon  after  arrival 
in the  streams  and  generally  ends  in  December  or  January. 
Peak  periods  vary  according to the  stream  as  shown  below. 

PERIOD OF SPAWNING (1,Z) 
(Peak  spawning  periods  are  underlined) 

Nanaimo Sept. - Oct. - Dec. 
Chemainus  Sept. - Oct. - Dec. 
Cowichan  Oct. - Nov./Dec. - Jan. 
Koksilah  Oct. - Nov./Dec. - Jan. 
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Chum f r y  emerge i n   t h e   S p r i n g   a f t e r   w h i c h   t h e   m a j o r i t y  
of t h e   f r y  migrate d i rec t ly   downst ream t o  a n   e s t u a r i n e  
envi ronment .   S tudies   in   the  Nanaimo Rive r   Es tua ry   i nd ica t ed  
t h a t   j u v e n i l e s   s p e n t   u p  t o  15  d a y s   i n   t h e   e s t u a r y   f l a t s   a n d  a 
f u r t h e r  24-28 d a y s   i n  other nearshore  environment.(2) 

Chinook 

Two runs  of chinook  salmon are r e c o r d e d   f o r   t h e  
Nanaimo and  Cowichan/Koksilah rivers. A s p r i n g   r u n   t y p i c a l l y  
e n t e r s   t h e  streams f rom  ea r ly   Apr i l  t o  l a t e  June  and a f a l l  
r u n   e n t e r s   i n   t h e  la te  summer or e a r l y   f a l l .   I n   t h e  Cowichan, 
t he   sma l l e r - s i zed ,   ea r ly   run   f i sh   ma tu re   i n  t h e  deep  pools  
i n   t h e   u p p e r  river and  Cowichan  Lake before spawning i n  t h e  f a l l .  
Peak  spawning times va ry   s l i gh t ly   f rom  one  river t o  t h e  nex t  
as noted  below. 

PERIOD OF SPAWNING ( 1 . 2  1 

(Peak  spawning  periods are under l ined)  
Nanaimo May - Sept .  - Nov. 
Chemainus  Sept. - O c t .  

Cowichan 
Koksilah 

June - Sept./Oct. - NOV 

June - Sept./Oct. - Nov. 

Chinooks   re turn ing  t o  t h e  Cowichan  and  Koksilah 
Rivers g a t h e r   i n  Cowichan Bay be fo re   beg inn ing   t he i r   ups t r eam 
migration.  The Cowichan run is by f a r   t h e   l a r g e r   o f   t h e s e  
two, wi th  a 10-year  (1966-1975)  average of 6,500  spawners as 
compared  with  only  325 i n  t h e  Koksilah. The Chamainus  run i s  
very small averaging  only 60 f i s h  over t h e   p a s t  1 0  y e a r s  
(1966-1975) ,   whi le   the Nanaimo run i s  i n t e r m e d i a t e   i n   s i z e  
between t h e  Cowichan  and  Koksilah w i t h  an  average  of  1,370 
f i s h .  ( I t 2 1  

A f t e r  emergence,   juveni le   chinook  display t w o  periods 
of seaward migra t ion .  The major i ty   migra te   seaward  some 3 months 
a f te r   emergence ,   and  a smaller number m i g r a t e   a f t e r  a year   o f  
f r e shwa te r   r ea r ing .  

Pink 

Areas 1 7  a n d   1 8   c u r r e n t l y   s u p p o r t   v i r t u a l l y   n o   p i n k  
salmon  stocks.  N o  p inks   have   been   r epor t ed   i n   t he  Nanaimo 
River s i n c e  1 9 6 0  a l though  prev ious  t o  t h a t  small numbers 
(an average of 450 spawners,  1951-1960) were recorded. Reports  
o f   p i n k s   i n   t h e  Cowichan  and  Chemainus  do  occur  but most in- 
f r equen t ly .  The Koksilah supports no  p ink   s tock  a t  a l l .  
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4m 

I) 

Sockeye 

A situation  similar  to  that  described  for  pink  salmon 
exists  with  sockeye  stocks  in  Areas  17  and 18. .Reports of 
sockeye  have  not  been  made  for  the  Chemainus  or  Koksilah 
rivers  and  sockeye  have  only  rarely  been  seen  in  the  Cowichan 
River. A few  (25  or  less)  are  occasionally  seen  in  the  Nanaimo 
River.  These  are  thought  to  be  strays,  descendents  of  introduced 
fish,  or  kokanee  undertaking  a  seaward  migration. 

Anadromous  Trout 

Steelhead  spawn  in  the  Nanaimo  River  and  its  tribu- 
taries  as  well  as  the  Cowichan,  Koksilah  and  Chemainus  Rivers. 
Small  numbers  are  also  found  in  local  creeks  including  Chase 
and  Millstone.  Spawning  generally  takes  place  twice  annually, 
one  run  in  the  spring  and  another  in  the  winter.  Although 
escapement  figures  are  not  available  for  all  years  in  any  of 
the  major  streams,  average  escapements  for  those  years  avail- 
able  are  2,800  for  the  Cowichan  (1960-1969); 2 , 4 0 0  for  the 
Nanaimo  (1955-1962);  250  for  the  Chemainus  (1961-1970);  and 
150  for  the  Koksilah  (1959-1968). 

Steelhead  emergence  is  thought  to  begin  in  May  and 
peak  in  June/mid-July.  Up  until  spring  of  their  third  year, 
when  smolt  transformation  occurs,  juveniles  reside  in  their 
natal  streams  migrating  between  the  colder  headwaters  in  the 
summer  and  warmer,  lower  reaches  in  the  winter.  As  smolts, 
they  migrate  seaward  in  April/May,  whereupon  some  remain  in 
the  estuarine  environment  for  a  time  and  some  proceed  directly 
into  the  sea. 

Migratory  cutthroat  occur  in  the  Nanaimo  and  its 
tributaries,  the  Cowichan,  Chemainus  and  Koksilah  Rivers  and 
t h e  Chase, Hong Kong and Holden Lake Creeks.  

C. Sport  Fishery 

i)  Tidal 

Sport  fishing in  the  coastal  waters  of  Areas 17 and 
18 is  extremely  popular.  Apparently,  over 30% of‘  Duncan., 
Gulf  Islands  and  Ladysmith  residents own boats,  and  over - 
65% of their  use  ib for -  fishing’  purposes.  Similarly,  almost . 
30% of  Nanaimo  and  Gabriola  Island  residents  own  boats - and 
85% of boat  use  is  for  fishing.(l,2)  Figure 3 shows  popular 
sport  salmon  fishing  regions  in  Areas  17  and  18. 
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In  the  Nanaimo  area  some 90% of  the  tidal  sport 
fishing  occurs  within  the  boundaries  of  the  Nanaimo  Harbour 
where  fish  of  mixed  origin  are  taken.  In  late  July - early 
August,  chinook  fishery  exists  at  the  north  end  of  Northumber- 
land  Channel  and  takes  predominately,  fish  bound for the  Nanaimo 
River.  The  Georgia  Strait  sport  fishery  also  takes  coho  and 
chinook  originating  from  streams  draining  into  Nanaimo  Harbour.(2) 

regular  basis  in  the  vicinity of the  Harmac  mill. 
!I As  shown  in  Figure  3,  sport  fishing  is  not  undertaken on a 

1 

Y 

Y 

I 
Within  Area  18,  one of the  areas  in  B.C.  most  exten- 

sively  fished  by  sportsmen,  Cowichan-Koksilah  and  Chemainus 
fish  contribute  substantially to the  catch.  Though  fishing 
effort  is  spread  over  a  considerable  area,  Cowichan  Bay  in 

and  coho  fishery.(1D1It  should  be  noted  that  the  area  within 
the  zone  of  influence  of  the  Crofton  mill  is  a  popular  sport 
fishing  area  (Figure 3). However,  the  effect of mill  effluent 
in ' f ishing success  has  nbt  been  extensliirely  studied. 

Y particular  is  noted  for  its  late  summer  and  fall  chinook 

Over  the  past 10 years  (1966-1975)  in  Areas 17 and 
18, coho  (excluding  grilse)  have  constituted  36.3%  of  the  sport 
catch,  chinook  and  coho  grilse  33.5%,  chinook  (including 
jacks)  28.3%  and  pink,  sockeye  and  chum  salmon  1.9%  (Table 111). 

I 

ii)  Non-Tidal 

Being  close  to  several  large  population  centers, 
Area  17  and  18  rivers  are  subject  to  heavy  sport  fishing 
pressure. 

In  Area  17  the  Nanaimo  lakes  watershed  is  a  popular 
fishing  area.  Rainbow  and  cutthroat  trout  are  taken  in  First, 
Second  and  Fourth  Nanaimo  lakes  and  Panther,  and  Echo  lakes 
intra-duced rainbaJasL are 9.1~0.. taken,  in  Heart  and  Williams  lakes.  Chinook 
and  coho  salmon  and  steelhead  trout  are  taken  in  the  first 
16 km of  the  Nanaimo  River.  The  South  Nanaimo  River  is  officially 
closed  to  fishing  as  it  is  the  Nanaimo  City  water  source.(2) 

The  Chase  and  Holland  Rivers  also  contribute  to  the 
steelhead  catch,  though  to  a  less  extent  than  previously 
mentioned  systems. 

In  Area  18  the  Cowichan  Valley  has  been  recognized 
historically  as  a  prime  sport  fishing  area. It,  together  with 
the  Koksilah  and  Chemainus  rivers,  are  heavily  utilized  part- 
icularly  for  steelhead  and  cutthroat  which  dominate  the  sport 
catch. 

Table  IV  shows  steelhead  sport  catch  figures  for 
1974-1976. 
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1 9 7 1  
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a 1 9 6 8  

1 9 6 7  
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CHINOOK* 

1 4  I 960  

6,045 

5 I 1 2 0  

9 , 8 5 5  

5,620 

3,725 

8,050 

6,890 

6 , 1 5 0  

6 , 2 5 0  

TABLE I11 

T i d a l  Salmon Sport  F i s h e r y ( 8 )  

TABLE I11 

T i d a l  Salmon Sr>ort F i s h e r v ( 8 )  

AREA 17 

SPRING COHO 
GRILSE GRILSE 

PINKS 
& OTHERS**  TOTAL 

8,480 7,555 

4,170 1 3  , 8 7 5  

5 , 680  1 2  , 0 6 5  

6,730 5,415 
2,590 14,550 
3,425 13,900 

2,850 6,625 
1 5  I 0 7 0  

10,450 

1 7  , 050  

290   49  , 320  

4 3 5   5 1  , 950  

345  30,630 

3 2 0   2 7  I 4 2 5  

1 0 3   5 2  , 716 

3 1  I 6 5 0  - 
1 0 0  28 , 5 7 5  

160   30 ,600  

1 5 0   2 2  , 4 5 0  
- 31,375 

1966-75  7 ,266  13 ,164  13 ,748 1 9 0  3 5  , 6 6 9  
II mean 

AREA 1 8  

m 
1 9 7 5  

1 9 7 4  
1 9 7 3  
1 9 7 2  

*I 1 9 7 1  

1 9 7 0  

1 9 6 9  

1 9 6 b  
1 9 6 7  

* 1 9 6 6  

12 , 6lb 
7 , 8 3 0  

11,530 

7,189 

11,977 

1 0  ,000 

6 , 025  

7 , 410  
6 , 6 2 5  

8 , 1 0 0  

1,759  1,479 

990  2 ,042 
2,558  1,820 

1,655 3,965 

2,865 1,415 

4,950 2,150 

2,200 1,825 
3,830 
2 , 8 5 0  

2 I 4 5 0  

488  

1 ,402 

1,920 

820  

4 8 5  

1 5 0  

1 ,200 
1,490 

1,200 

100 

21 I 8 7 5  

1 8  , 524  

2 1  , 912  
1 7  I 814 

28 , 517  

27 , 0 2 5  

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

19,625 

20 I 7 2 5  

E F F O R T  AVG.  CATCH 
BOAT  DAYS  BOAT  DAYS 

3 9  , 927  1.2 

33  , 1 4 9   1 . 6  

22 , 225  1.4 

2 3  , 763  1 .2  
2 8  , 3 7 3   1 . 9  

2 5  I 275  1 .2 

2 6  , 3 2 5  1.1 

20,050  1 .5 
1 9  I 950  1.1 

- - 
2 8  , 392  0.7 
24 , 617  0.9 

21,337  0.8 

2 6  , 464  1.1 

2 9  , 050 0.9 

24 , 950  0.6 
2 7  , 580  0.8 

2 1  , 850   0 .9  

I n c l u d e s   J a c k s  
*rk Other s   i nc ludes   Sockeye  & Chum 
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D. Indian  Food  Fisherv 

Approximately 500 Indians  live  on  reserves  in  the 
Nanaimo  area. A sizeable  food  fishery  is  undertaken  close  to 
the  mouth  of  the  Nanaimo  River. The  catch,  which  consists  of 
both  salmon  (chum,  coho  and  chinook)  and  steelhead  trout,  is 
taken  mainly  with  gill-nets  although  a  few  fish  are  occasionally 
speared.  Chum  make  up  the  bulk  of  the  Area  17  catch  with  an 
8-year  annual  average  (1968-1975)  of  2,039  fish.  Yearly  coho 
and  chinook  catches  average  (1968-1975)  251  and  108  fish 
respectively  (Table  V) .(2) 

The  Cowichan  Valley  has  one  of  the  largest  Indian 
communities  on  Vancouver  Island.  Their  food  fishery  is 
conducted  largely on the  lower  Cowichan  River  using  spears, 
gaffs, and,  to  a limited  extent,  gill-nets. Chum make  up  the 
bulk of the  catch  (an  average  of  3,100  pieces  from  1966-1975) 
although  coho  and  chinook  are  also  taken  in  sizeable  quantities 
(an  average  of  1,900  and  1,050  pieces  respectively  from 
1966-1975).  Steelhead  are  taken  in  smaller  numbers  (Table  V)  .(I) 

I11  HERRING 

Areas  17  and  18  encompass  extensive  herring  spawning 
grounds.  Since  1971,  Saltspring,  Prevost,  Saturna,  Thetis, 
Gabriola,  Newcastle  and  Protection  islands  have  all  been  utilized 
for  spawning.  On  Vancouver  Island,  spawning  sites  are  located 
intermittently  along  the  coast  from  Ladysmith  Harbour,  north 
to  Nanoose  Bay  (Figure 4 ) .  Although  Nanaimo  Harbour  and  the 
immediate  area  along  the  delta  front  was  at  one  time  utilized, 
no spawn  has  been  observed  there  in  the  past 15 years. 
Records  show  that  the  annual  spawn  for  Areas 17 and  18  combined, 
over t h e  past three years  (1972-1976)  has  averaged  approximately 
35.8  statute  miles. This  represents  an  average  of  11.3% 
of  the  total B.C.  spawn for this  time  period.  Estimates of 
numbers  of  spawners  and  amount of spawn  deposited  for  Areas 
17  and  18  is  presented  in  Table  VI. 

Spawn  is  deposited  in  the  late  winter  on  kelp, 
eelgrass,  rockweed,  rocks,  pilings  and  even  trash  between 
high  tide  to  a  depth  of  about 11 m. Juveniles  hatch  app- 
roximately 2 weeks  after  e-deposition and.rear in  estuarine or 
nearshore  waters.  During  this  time  they  form  an  important  link 
in  salmon-supporting  food  chains.(2) 

Biological  surveys  have  indicated  measurable  pulp 
mill  effects on intertidal  organisms  in  the  area  between  Mudge 
and  Gabriola  Islands.  This  area  is  extensively  utilized 
by  spawning  herring  stocks. (3) However,  information  is  not 
available  regarding  the  effects  of  the  effluent  on  the  mature 
herring  or  the  development  of  juveniles.  The  False  Narrows 
Area,  northeast  of  Mudge  Island,  has  been  the  most  important 
spawning  site  for  herring  in  the  past  6  years  (1971-1976). 
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TABLE V 

Indian  Food  Fishery(l0) 

AREA 17 

CHINOOK 

60 
75 
90 
50 

175 
150 
10 

255 
- 
- 
100 

COHO 

50 
95 

145 
60 

545 
750 
65 

300 

- 

- 

CHUM - 
1,750 
2,750 
3,150 
2,975 
1,800 
2,450 

760 
680 
- 

250  2,000 

AREA 1 8  

L 
1975 
1974 
1973 
1972 
1971 
1970* 
1969** 
1968 
1967 
1966 

1,500 
2,500 

2,000 
1,500 

725 
910 
250 
525 
280 
380 

1966-75 1,000 

* 
10 sockeye  salmon 

** 
5 pink  salmon 

4,000 
2,500 

1,500 
1,500 
2,450 
3,280 

770 
1,065 

510 
1,025 

2,000 
5,000 

2,200 
3,000 
1,375 
2,204 
3,400 
5,395 
4,008 
2,772 

1,900  3 ,100 

25 
30 
20 
75 

150 
200 
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YEAR - 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

AREA 17 

C A T C H  

MILLIONS sPmWRs* CAm & SPAWNERS 

000's Lb. RSH MILUCONS FISH I4ILLIW FISH 

10,805 
4,897 
7 , 288 
6 , 226 
1,063 
271 
740 
461 
762 

4 , 271 

197 5 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1956-65 

6,517 
1 I 744 
1,807 
3 , 631 
2 , 165 
1,488 
736 
92 

1,994 
9,220 
25,610 

- 
- 
26.4 
22.9 
4.6 
4.5 
2.8 
9.9 

314.6 
196.8 
254.3 

- 
5.7 
17.4 
7.6 
1.9 
4.1 
13.1 
55.2 
31.4 
153.1 

- 
- 

231.2 
53.0 
305.9 
243.4 
9.9 

155.7 
13.0 
3.6 

130.2 

50.6 
55.8 
75.5 
105.3 
60.2 
71.4 
12.3 
16.2 
25.0 

- 
- 

257.6 
75.9 
309.5 
247.9 
12.8 
165.5 
327.6 
200.4 
384.5 

AFEA 18 

56.3 
73.2 
83.1 
107.2 
64.3 
84.5 
67.4 
47.6 
178.1 

spm 
STAm MILES 

1976  44.4 
34.1 
56.6 
23.3 
10.6 
23.2 
16.3 

25 yr. avg. 

1940-64  22.5 

1976 2.6 
19.7 
10.6 
19.8 
12.2 
18.6 
18.0 

25 yr. avg. 
1940-64  3.0 

* 
calculated fran square yards of spawn and fecundity. 



a 

IO 5 0 
b H & w H i  

IC 
1 

SCALE IN MILES 



- 19 - 

Herring  in  Areas 17 and 18  support  a  sizeable  roe 
fishery  contributing  approximately 11.7% towards  the  total 
B.C.  catch.  Gill-nets  and  seines  are  used  to  take  adult 
fish  just  prior  to  the  spawning  period  in  the  spring  (February - 
April). The  roe  fishery  has  replaced  the  herring  reduction 
fishery  that  existed  in  B.C.  up  until  1971.  Herring  catch 
statistics  for  1956-1975,  both  by  weight  and  number  of  fish 
is  presented  in  Table  VI.  Estimates of herring  stocks 
(catch + spawners)  are  also  presented.  Table X shows  landed 
values of  the  herring  catch  in  Area 17 for  1967-1975. 

Most  of  Area  17  and  18's  herring  catch  (72%  from 
1966-1975)  is  taken  in  Area 17 (Table  VI).  In  this  region, 
the  Horsewell  Bluff - Nanoose  Bay  area  is  particularly  noted 
for  its  returns.  As  shown  in  Figure 4 ,  this  herring  fishing 
area  lies  within  the  zone  of  influence  of  the  Harmac  mill. 
Trincomali  Channel  also  contributes  to  the  roe  herring  catch 
(Figure 4 ) .  Ladysmith  Harbour,  the  Chamainus  River  estuary 
- Osborn  Bay  area,  and  Cowichan  Bay  (Cowichan/Koksilah  River 
estuary)  are  closed  to  net  fishing  and  do  not  contribute 
to  the  roe  fishery.  However,  both  the  Cowichan  and  Chemainus 
estuary  areas  undoubtedly  contribute  to  herring  production 
by providing  rearing  areas. 

IV CRUSTACEANS 

Crabs,  shrimp,  and  prawns  are  taken  commercially 
in  Areas  17  and  18.  Table V I 1  presents  crustacean  catch 
statistics  for  this  area. It is  generally  felt  that  these 
statistics  under-estimate  the  resource,  as  significant 
amounts  are  sold  to  the  public  directly  from  the  boats.  As 
they  are  reported,  however,  mixed  shrimp  taken  in  Areas 17 

represent 3 . 3 %  and  crabs 1.3% 
and 18  r e p r e s e n t  17.7% of the B.C. catch by weight, prawns 

Commercial  shrimp  trawling  and  prawn  trapping  is 
carried  out  north  of  Newcastle  Island  in  the  Five  Finger  Island 
and  Hudson  Rocks  area in the  northern  part  of  Northwnberland 
Channel,  and  near  the  Flat  Top  islands  (Figure  5).  Dungeness 
crab  (Cancer  magister)  are  fished  extensively  in  the  Nanaimo 
estuary  area,  particularly  southwest of Jack  Point  at  low 
tide  in  late  spring  and  early  summer.  The  crabs  in  the 
Nanaimo  estuary  account  for  almost  the  entire  Area 17 crab 
catch  as  presented  in  Table VII. (1.3% of average  1966-1975 
B.C. catch) . 

In  Area  18,  prawn  trapping  is  carried  out  on  a  small 
scale by salmon  fishermen  in  the  off-season.  More  important is 
the  Stuart  Channel,  particularly  Sansum  Narrows,  shrimp  trawling 
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YEAR - 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1956-65 
1966-75 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965-66 
1966-75 

(000's Lb.) 

17 

6 
13 
6 
45 
3.3 
8.0 
.8 
.3 
.8 

4.6 
1.8 
4.7 

- 
1 
1 
0.8 
0.5 
0.2 
- 
- 
- 
0.2 
- 
0.4 

64 
111 
86 
103 
53 
49 
193 
529 
520 
352 
271 
206 

48 
3 

171 
185 
69 
3 

- 
4 
30 
27 
5 
54 

58 
47 
8 
2.9 
12.8 
18.2 
15.3 
13.6 
20.2 
17.5 
9.1 
21.4 

72 
10 
13 
14.7 
16.2 
15.1 
16.7 
12.2 
11.6 
8.6 
7.1 
18.9 

102 62 
175  42 
206  89 
83 54 
194  144 
271 
173 
251 
464 
4il6 

222 
237 

AREA 18 

43 
29 
47 
300 
134 
121 
29 
55 
10 
63 
80 
83 

134 
32 
78 
31 
:> 7 
46 
67 

20 
11 
19 
411 
101 
11 
36 
41 
59 
22 
28 
73 

68 
72 
129 
120 
289 
103 
109 
44 
61 
25 
12 
102 

25 
21 
47 
300 
175 
36 
21 
51 
9 
7 
18 
67 

3 
- 
- 
- 
11 
32 
9 
32 
- 
- 
18 
9 

- 
- 
- 
.6 

10.3 
.4 

6.7 
.7 
- 
- 
5.0 
1.9 

12,089 
16,576 
24,164 
19,622 
15,515 
10,619 
16,447 
18,558 
21,973 
25,976 
33,979 
18,154 

- 
- 
- 
- 
- 
4 

- 
- 
- 
- 
67. 
- 
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grounds  which  contributes  a  significant  proportion  of  the  B.C. 
catch.  This  fishery  is  undertaken  within  the  zone  of  influence 
of  .the3Crofton,Mill  (Figure 51. . Crab  trapping  is  done  on  a  small 
scale  off  Shoal,  Kuper,  Saltspring  and  Sidney  Islands  and  in 
Cowichan  Bay  (Figure 5). 

Table  VI11  presents  landed  values  of  Area 17 and 
18 invertebrate  fisheries. 

V MOLLUSCS 

Areas 17 and 18 are  productive  shellfish  regions 
both  in  terms  of  a  commercial  and  recreational  resource. 
Unfortunately,  many  of  the  most  suitable  growing  areas  are 
presently  closed  to  the  taking of shellfish  owing  to  bacterial 
or viral  contamination  (Figure 6 ) .  A close  check  is  kept 
on  contamination  levels  in  shellfish-growing  areas  and  closures 
are  instituted  where  deemed  necessary. 

Suitable  shellfish  growing  areas  in  the  Nanaimo 
region,  particularly  the  lower  portion  of  the  Nanaimo  estuary, 
are  populated  by  species of  bivalves,  including  butter  clams 
(Saxidomus  giganteus),  Japanese  littleneck  clams  (Venerupis 
aponica),  and  native  littleneck  clams  (Protothaca  staminea) 
as  we1  as  Pacific  oysters  (Crassostrea  gigas).  Other 
edible  but  less  popular  resident  species  include  horse  clams 
(Tresus  capax  and T. nuttallii)  soft-shelled  clams (5 
arenaria)  and  ccckles  (Clinocardium  nutt.al1i.i).  Outside  the 
estuary,  oysters  are  found  in  abundance  along  the  northwest 
shore  of  Newcastle  and  Protection  Islands  and  Duke  Point 
lagoon on  the  west  side  of  Northumberland  Channel,  north of 
Harmac.  Other  oyster  beds  are  shown  in  Figure 7. (2) 

L”r 
- 

Butter  clams,  Japanese  littleneck  and  native 
littleneck clans are also found in the Cowichan-Chemainus 
estuary  area.  In  addition,  Ladysmith  Harbour,  the  Crofton- 
Chemainus  area  and  Thetis  Island  are  some of the  most  important 
oyster-producing  areas of B.C. These  and  other  shellfish 
growing  areas of significance  are  shown  in  Figure 7. Virtually 
all  oyster  culture  has  historically  been  done  on  leased  portions 
of  the  intertidal  zone,  often  under  estuarine  conditions. 
Unfortunately,  as  mentioned  previously,  shellfish  restrictions 
prohibit  the  taking  of  bivalves  in  many  of  the  aforementioned 
areas  (Figure 6 )  unless  decontamination  procedures  are  under- 
taken.  That is,  the  harvesting  of  oysters  from  contaminated 
areas  is  permitted  only  if  oysters  are  relaid  on  a  registered 
commercial  oyster  lease  in  a  non-contaminated  area  for  a 
minimum of two  weeks, or if  they  are  purified  using  ultra- 
violet  treated  seawater  at  the  Ladysmith  depuration  plant. 
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TABLE VI11 

Annuai Reported  Landed Values of Invertebrate Fisheries(lt2) 
($000 ' s) 

AREA 17 

YEAR 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 

- PRAWNS 
5.7 
9 
6 
3 
2 
4 

SHRIMP 

29 
41 
34 
38 
18 
12 
44 
96 
91 

CLAMS 

33 
36 
47 
33 
65 
96 
26 
26 
32 

CRAB 

40 
28 
5 
1 
4 
3 
3 
2 
3 

- ABALONE OYSTERS 

3  157 
- 117 

91 
- 71 

97 
115 
126 

- 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 

1 62 .i 1 3 
1 61 121 
- 19 43 
- 10 14 

7 
1 10 
5 6 

- - 
- 
- 

6 2 
5 3 
5 
3 1 
3 
2 
2 

- 
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As oysters  are  an  important  recreational  resource, 
a provincial  oyster  reserve  has  been  established  at  Boulder 
Point  on  the  south  shore  of  the  entrance  to  Ladysmith  Harbour. 
Here  oysters are laid  exclusively  for  recreational  harvesting. 

Ladysmith  Harbour  is  also  an  important  area  for 
oyster  seed  collection  in  B.C.  Here,  spatfall  occurs  with 
predictable  frequency  and  at  considerable  densities.  This  is 
in  contrast  to  the  typical  situation  in  B.C.  oyster-growing 
areas  where  spatfall  is  erratic  and  the  timing  variable. 
Because of over-crowding,  considerable  amounts  of  seed  are 
transferred from floats  in  Ladysmith  Harbour  to  growin  areas 
along  the  coast  where  development  to  maturity  occurs.( 19 

The  species  of  commercially  important  molluscs  in 
Areas 17 and  18  listed  in  order  of  decreasing  significance 
to  the  provincial  catch  are:  Japanese  littleneck  (43.7% 
by  weight  of  B.C.  catch, 1966-1975 average),  native  littleneck 
(32.7%), butter  clams  (23.5%),  oysters  (16.7%),  abalone 
(2.2%), and  razor  clams (0.3%) (Table VII). 

The  effect  of  pulp  mill  effluent  on  oysters  may  be 
evidenced  in  several  ways,  namely:  mortality,  reduced  growth 
rate,  reduced  condition  factor  (fatness),  and  effect  on 
breedings.(16) An investigation  into  the  effect  of  Harmac 
kraft  mill  effluent  on  local  oysters  has  been  made.  Oysters 
experimentally  planted  into  the  area  exposed  to  mill  effluent 
were  found  to  undergo  a  reduction  in  condition  factor  (fatness) 
and  growth  rate.  Oysters  resident  in  the  zone  of  mill  influence, 
particularly  Dodd  Narrows,  were  found  to  be  slower  growing  and 
less  well-nourished  than  controls. (2) 

The  Crofton  mill  is  located  in  the  immediate  vicinity 
of  extensive  oyster-growing  grounds  (Figure 6.). A survey of 
condition  factors  in  Pacific  oysters  in  the  vicinity of the 
mill  outfall  showed  conditions to be best  at  a  station  most 
distant  from  the  outfall ( 3  km) and  lowest  adjacent  to  it.(4) 
Commercial  production  in  the  Crofton  area  was  terminated  in 
1964-1965  due  to  deleterious  effects of the  pulp  mi11.(16) 

Molluscan  filter  feeders,  have  the  ability  to  accumu- 
late  potentially  toxic  heavy  metals to levels  greatly  in  excess 
of those  occurring  in  their  environment.(l6)  Until  recently, 
zinc  hydrosulphite  was  used  as  a  brightening  agent  in  newsprint 
manufacture.  The  zinc  which  this  process  produced  as  a 
byproduct  was  released  to  surrounding  water  where  it  was 
accumulated  by  local  shellfish. In the  vicinity  of  the  Crofton 
mill,  oysters  were  effected  by  zinc  contamination  from  between 
Chemainus  Bay  and  Shoal  islands  on  the  northwest,  to  beyond 
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Burgoyne  Bay  to  the  southeast. To  the  north,  elevated  zinc 
concentrations  in  oysters  were  detected  as  far  as  Secretary 
Islands  in  Trincomali  Channel  (off  the  eastern  shore  of 
Kuper  Island).(l7)  Mussels  and  clams  examined  did  not  show 
significant  zinc  contarnination.(l7) 

Plolluscs  within  Areas 17 and 18 are  the  resources 
which  probably  suffer  most  as  a  result of the  presence  of 
the  pulp  mill  effluent.  Harvests,  particularly  in  Area 18, 
have  been  reduced  dramatically  due  to  restrictions  necess- 
itated  by  various  pollution  sources. 

VI  HALIBUT AND GROUNDFISH 

Halibut  taken  from  Areas  17  and  18  represent a very 
small  part  (1966-1975  average 0.005%) of the  total B.C. 
catch.  Similarly,  cod,  flounder, sole, and  ocean  perch  have 
constituted  an  average  of  only  4.9%,  3.6%  1.6%  and 0.25% 
respectively of the  total B.C. catch  (1966-1975).  Skate  is 
the  only  groundfish  in  Areas 17 and 18  which  provides  more  than 
10% of  the  provincial  catch (10.3%) (Table  IX).  Figure 8 
shows  areas  where  lingcod  are  taken  both  commercially  and  by 
sport  fishermen.  Table X shows  landed  values  for  some 
Area  17  groundfish  for  1967-1975. 

Groundfish  stocks  including  lemon  soles,  which  spawn 
to  the  north  of  the  Crofton  mill  in  the  Gulf  Islands(Py1ades 
Channel  and  west of the  DeCourcy  group  of  Islands),  and  grey 
cod  which  follow  the  herring  through  satellite  and  Trincomali 
Channels,  are  valuable  fish  which  may  be  affected  by  pulp 
mill  effluent.  (18) 
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YEAR 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1956-65 
1966-75 

TABLE I X  

Commercial  Catch - Groundfish(5) 
(000's L b . )  

HALIBUT SOLE 

- 
1 
0.2 
1.9 
8.4 
- 
0.1 
- 
- 
0.1 
1.2 

66 
46 
48 
35 
34 
49 
72 
52 
69 
79 
84 
55 

AREA 17 

COD* FLOUNDER 

416 
4 94 
510 
783 
976 
684 
385 
546 
449 
282 
773 
552 

AREA 18 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1956-65 
1966-75 

0.1 
0.1 
- 
- 
0.6 

118 613 
109 524 
134 469 
87 349 
89 480 

111 464 
87 328 
96 308 
59 394 
76 312 

102 533 
97 424 

* 
C o d  = red,  rock,  ling,  grey,  black 

3 
2 
1 
1.3 
1.8 
3.2 

10.3 
3.9 
4.8 
3.5 
4.9 
3.5 

6.0 
4.0 
8 
2.1 
3.6 
1.0 
3.8 

12.1 
4.8 
1.7 
4.5 
4.7 

SKATE 

4 
3 

2.6 
4.8 
6.1 

12.4 
8.5 
7.7 
2.4 
8.8 
5.2 

9 
9 
6 
4.5 

10.3 
14.6 
15.3 
18.9 
12.8 
18.5 
16.7 
11.9 

OCEAN PERCH 

13 
5 
8 

14.6 
24.7 
0.1 

12.0 
1.8 
0.4 
3.3 

10.5 
8.3 

- 
0.5 
1.6 
0.4 
0.2 
0.2 
- 

2.2 
0.8 
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TABI%X 

Annual %ported Landed Values in $000'~ for Area 1742 1 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 

401  1,129 
901  784 
529  614 
483  187 
598  41 
228 10 
154  37 
108  26 
126  13 

12 
7 
6 
3 
3 
3 
5 
4 
5 

* 
N i l  

All Species Including Shellfish 
** 

5 64 26 * 
6 80 35 1 
5 - 51 27 2 
5 44 47 3 
4 58 56 2 
4 59 14 1 
2 28 6 * 
3 28 14 * 
1 17 17 * 

18 
67 
178 
3 
2 
* 
* 
11 
10 

1,766 
2 , 003 
1,663 
973 
949 
949 
405 
433 
442 
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