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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 mil 1 s i n  

B r i t i s h  Columbia.  With  the  cooperation  of  various  other  government 
agencies and the   pu lp  and paper  industry, EPS compiled  relevant  resource 

data and rece iv ing   env i ronment   mon i to r ing   in fo rmat ion .   A f te r   rev iewing  
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  
determined.  This  report  represents  the  environmental  impact  assessment 

f o r   t h e  MacMi 11 an B1 oedel  pulp and paper m i  11 complex a t  Powel 1 River ,  

B r i t i s h  Columbia. 



RESUME 

Au mois d'0ctobre 1976, l e  Service de l a  protection de 
1 'environnement a entrepris  de'evaluer  les  repercussions mesologiques des 
fabriques de pates e t  papei rs de l a  Col ombie-Bri tannique. A i  de  de 
1 'industrie  et de divers  autres organismes  gouvernementaux, i l  a reuni 
une documentation concernant les ressources  ainsi que certains  resultats 
de controles  portant  sur l'environnement affecte. Apres avoir  etudie ces 
donnees, l e  Service a eval ue l a  qual i te  environnemetal e de chacune  des 
regions e t  determine quelles  seraient  les  etudes supplementaires q u i  
resteraient a realiser. Ce rapport f a i t  connaitre  les  resultats ayant 
t r a i t  a l'evaluation des contrecoups imputables a l a  fabrique de pate de 
1 a MacMi 11 an B1 oedel de  Powel 1 River , Col ombie-Bri tannique. 
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The p r a c t i c e   o f   d i s c h a r g i n g   u n - c l a r i f i e d  mill e f f l u e n t   i n t o   t h e  

t a i l  race a t  Powell   River has resul ted  in   cer ta in   env i ronmenta l   impacts  

a long  the  shore1  ine  nor thwest   o f   the mil 1 , the  southeast  shore  of  Harwood 
Is land,  and in   t he   sub t ida l   ben th i c  zone i n   t h e  immediate v i c i n i t y   o f   t h e  
mill. The impac ts   i den t i f i ed  have  been e leva ted   z inc   concen t ra t i on   i n  

oysters,  and reduced i n t e r t i d a l  communities i n  areas  exposed t o  mill 
ef f l uen t   wh ich   i s   t ranspor ted   i n   su r face   wa te rs   no r thwes tward  and 

westward a f te r   d ischarge.  Heavy f i b r e   l o a d i n g  has reduced  benthic 

comnuni t i e s   i n  the  area  adjacent  to  the mil 1 . 
A s t h e t i c a l l y   d i s p l e a s i n g  brown c o l o r a t i o n  and foam i n   s u r f a c e  

waters   f requent ly   resu l t   f rom  the   ta i l race   d ischarge.   H igh   mercury  

concentrat ions  in  bot tom  sediments  c lose  to  the mill do no t  appear to 

have  contaminated  the  marine  biota  of  the  area however dredging 
opera t ions   shou ld   be   c lose ly   mon i to red   fo r   po ten t ia l   re1  eases o f  mercury 

to   t he   wa te rco l  umn. 

The pol  1 u t i o n  abatement  program  underway a t  Powel 1 River  should 
a l l e v i a t e  many o f   t h e   i m p a c t s   c u r r e n t l y   i d e n t i f i e d   i n   t h e   r e c e i v i n g  

environment. The d i s c h a r g e   o f   e f f l u e n t   f r o m   t h e   k r a f t  mill through a 

submerged d i f f u s e r  sys tem  shou ld   g rea t ly   inc rease  the   d i lu t ion   o f   tox ic  

wastes and p r e v e n t   t h e i r  movement in to   sur face   waters  and subsequently 
onto i n t e r t i d a l  communities. Recent ly i n s t a l l e d  f i b r e  removal f a c i l i t i e s  

t o   t r e a t   w o o d m i l l  and paper  machine e f f l u e n t  streams will s i g n i f i c a n t l y  

reduce suspended sol i d s  1 oss and f i b r e   i n p u t   t o   t h e  mil 1 area. 

A comprehensive  environmental  monitoring  program i s   t o  be 
c a r r i e d   o u t   i n   c o n j u n c t i o n   w i t h   t h e  submerged d i f f u s e r  system and the 

m o d i f i e d   t a i l r a c e   d i s c h a r g e   t o  assess  the  expected  benef i ts  of   these 

measures  upon the   rece iv ing   env i ronment .   In   add i t ion  to the   con t inua t ion  

o f   i n t e r t i d a l ,   b e n t h i c  and wa te r   qua l i t y   s tud ies  a dye t r a c e r   o r  

equivalent  study  should be c a r r i e d   o u t   f o l l o w i n g   d i f f u s e r   s t a r t - u p  to 

determine  ac tua l   d i f fus ion  and d i spe rs ion   cha rac te r i s t i cs   o f   t he  new 

system. 
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1 INTRODUCTION 

The MacMil 1 an B1 oedel  pul p mil 1 a t  Powel 1 R i v e r   i s  1 ocated on 

the  main1  and  shore o f  Mal asp ina   S t ra i t   approx imate ly  100 km nor thwest   o f  

Vancouver, B r i t i s h  Columbia (F igure  1). The pu lp  mill was b u i l t   i n  1912 
on r e 1   a t i v e l y  exposed  shore1 i n e   j u s t   s o u t h   o f   t h e  mouth of   the  Powel l  
R iver .  Water f rom  the   r i ve r  was d iver ted  through  the mill area  forming a 

t a i l r a c e   i n t o   w h i c h  mill e f f l u e n t   i s   d i s c h a r g e d  and c a r r i e d  to the 

sur face   waters   o f  Mal a s p i n a   S t r a i t   ( F i g u r e  2).  
The c o a s t l i n e   i n   t h i s   p o r t i o n   o f   t h e   S t r a i t  undergoes 

c o n s i d e r a b l e   t i d a l   f l u s h i n g   w h i c h   a i d s   i n   t h e   r a p i d   d i s p e r s i o n   o f  mill 
discharges. The area i s   s u s c e p t i b l e   t o   r e l a t i v e l y   s t r o n g   w i n d s   w h i c h  

blow  predominantly  from  the  southeast i n   w i n t e r  and t h e   n o r t h e a s t   i n  

summer and r e s u l t   i n  good mix ing and t ranspor t  o f  surface  waters. Ten 

f l o a t i n g   h u l   k s  have  been  anchored  around  the mil 1 s '  l o g  hand1 i ng  and 

storage  area  to  serve as a f loat ing  breakwater   ad jacent  to the mill. 

The Powel 1 River  area and the  Westview  township, a few 

k i lometers   sou th   o f   the  mill are  we l l  known f o r   r e c r e a t i o n a l  scuba d i v i n g  

and spor t   f i sh ing .   MacMi l l  an B1 oedel i s   c u r r e n t l y   p l a n n i n g  a major 

expansion a t   the   Powel l   R iver   opera t ion   wh ich   wou ld   resu l t   in  a 

s ign i f i can t   i nc rease   i n   t he   p roduc t i on   o f   newspr in t  and prov ide  

approximately 100 new j o b s   i n   t h e  area. 



- 2 -  

-0- 

. .  

V 

Y 

Y! 





- 4 -  

2 MILL OPERATIONS 

I 

I 

rl 

The Powel 1 R i v e r   D i v i s i o n   o f  MacMi 11 an B1 oedel   L imited i s  an 

in tegrated  producer   o f   forest   products .  The combined operat ion  present ly  

i n c l  udes a k r a f t  semi-bleach  pulp mil 1 , two stone groundwood mil 1 s ,  one 

sawdust r e f i n e r  groundwood mill, one thermo-mechanical  pulp mill (TMP), 

s i x  paper  machines numbered from 5 t o  10, and a sawmill. The paper 
machines  produce  approximately 1650 a i r   d r i e d  tons ( A D T )  o f   newspr in t   per  

day f o r  an average  annual  production i n   t h e   o r d e r   o f  570 000 tonnes. The 

k r a f t  mill produces  approximately 600 t o n s   o f  semi b leached  kraf t   per  

day. O f  t h i s   p r o d u c t i o n  400 t o  500 tons i s  added to   t he  groundwood pulp 

as  chemical   pu lp  furn ish  to  make newsprint  and the  remainder  sold as 

"market  pul  p". 

The planned  expansion o f   n e w s p r i n t   f a c i l i t i e s   a t   P o w e l l   R i v e r  

will cos t  an estimated  160 mil 1 i o n   d o l l a r s  and will increase  the  annual 

newspr int   product ion  by 190 000 tonnes or   about  33 percent.  The 
add i t iona l   newspr in t  will be made i n  a new twin wire  paper  machine 

(designated  #11)  to be i n s t a l l e d  as par t   o f   the   expans ion .  The pu lp  

needed t o   f u r n i s h   t h e  new paper  machine will be largely   produced by  two 
new l i n e s  o f  the  thermo-mechanical  pulping  process. The new f a c i l i t i e s  

are  expected  to  be i n   o p e r a t i o n  by J u l y  1, 1981. 

The mechanical ly  ground  pulp used i n   t h e   p r o d u c t i o n   o f  
newsprint  undergoes a br ightening  process  which  formal ly employed z inc 

hydrosul   ph i   te  as a bleaching  agent. I n  1971, a study  contracted  by 
another   fo res t   p roduc ts   indus t ry   opera t ing  on the B.C. coast  revealed 
tha t   z inc   en te r ing   t he   rece iv ing   env i ronmen t   i n  mill e f f l u e n t  had 

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

oys ters  and i n  waters  of   the  area.  Subsequent  to  these  f indings  four 
groundwood pulp mill s on the B.C. coast,   including  MacMil lan  Bloedel  ' s  

Powel R iver   D iv is ion ,   conver ted  to a new b leaching compound and 

discont inued  the use of   z inc  hydrosul   ph i   te .  

The  wood used i n  the   p roduc t i on   o f   pu l  p i s   i n   t h e  fo rm of 1 ower 

grade  logs  suppl ied  loca l  l y  and wood shipped i n  f rom  other   areas  o f   the 
Province. The mill i s   c u r r e n t l y   s h i p p i n g   i n  a considerable amount of 
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wood ch ips  annual ly  and will requ i re   add i t i ona l   supp l i es  when the 

expansion i s  complete. The  company i s  hopefu l   tha t   they  will soon  be 

a b l e   t o  resume l o g g i n g   i n  an area o f  Vancouver Is land,   nor thwest   o f  

Campbell River,  which has been under a logg ing   mora tor ium  fo r   th ree  

years. 
E f f luen t   f rom  the   pu lp  mill is   p resent ly   d ischarged  th rough 

t h r e e   o u t f a l l  s designated 1, 2, and 3 as shown  on F igure 2. O u t f a l l  #1 
d ischarges   t ox i c   e f f l uen t   f rom  the   k ra f t  mill i n t o   t h e  mouth o f   t h e  

t a i l r a c e .   O u t f a l l  #2 prev ious ly   d ischarged  f ib re   bear ing   e f f luen t   f rom 

wood mill hydraul ic  debarkers,  mechanical  (groundwood)  pulp  ni l1 s ,  paper 

machines, and the steam plant .  These e f f l   u e n t  streams now pass through a 

new c l a r i f i e r   f o r   f i b r e  removal before  d ischarge.   Out fa l l  #2 discharges 

near  the head  end o f  t h e   t a i l   r a c e .   O u t f a l l  # 3  discharges  re1  a t ive ly  
uncontaminated e f f l u e n t  from the block flume a t  a p o i n t  near  the mouth o f  

the  Powell   River. 

mm 

'I, 

I 
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3 EFFLUENT QUALITY 

L 

II 

I 

I 

w 

3.1  Government Regulat ions 

MacMill an Bloedel ' s Powel 1 R ive r   pu lp  mil 1 current ly   d ischarges 

mill e f f l u e n t  under a permit   issued by the  Pol lu t ion  Contro l   Branch (PCB) 

o f   t h e   B r i t i s h  Columbia P rov inc ia l  Government. The permit ,  PE-153,  was 

issued on A p r i l  6, 1966,  and  has  been amended several  times, The  amended 
pe rm i t   s t i pu la tes  minimum e f f l uen t   s tandards   f o r   t he  combined e f f l u e n t  

streams  from o u t f a l l  s 1 and 2 and f o r   t h e   b l o c k   f l u m e   o u t f a l l ,  number 3, 
as shown i n  Table 1. Ef f luent   s tandards   se t  by the PCB a r e   o u t l i n e d   i n  a 

r e p o r t  on Po l l u t i on   Con t ro l   Ob jec t i ves   f o r   t he   Fo res t   P roduc ts   I ndus t r y  
i n   B r i t i s h  Columbia  (1977). 

The q u a n t i t y   o f   e f f l u e n t   d i s c h a r g e d   f r o m   o u t f a l l  s 1 and 2 i s  
n o t   t o  exceed 67 500 000 imper ia l   ga l lons   per  day (IGPD) o r  305 000 cubic  

metres  per day on a weekly  average and f o r   t h e   b l o c k   f l u m e   o u t f a l l   i s   n o t  
t o  exceed 11 500 000 IGPD (52 000 m3/day) on a weekly  average. 

On March 16, 1979, MacMil lan  Bloedel  submitted a new 
a p p l   i c a t i o n   t o   t h e  PCB t o   f u r t h e r  amend permi t  PE-153 such t h a t   e f f l u e n t  

c h a r a c t e r i s t i c s   w o u l d   b e   s p e c i f i c   t o   t h r e e   s e p a r a t e   o u t f a l l s ,   t h e r e b y  

rep lac ing   the  combined  requirements f o r   o u t f a l l  s 1 and 2.  The 

d e s i g n a t i o n   o f  3 o u t f a l l  s i n   t he   pe rm i t   wou ld  be compat ib le with 
MacMill an B1 oedel ' s recent ly  completed and proposed changes t o   t h e i r  
e f f l u e n t   t r e a t m e n t  system.  These  changes i n v o l v e   t h e   i n s t a l l a t i o n   o f  

m a j o r   e x t e r n a l   p o l l u t i o n   a b a t e m e n t   f a c i l i t i e s   i n c l u d i n g  a c l a r i f i e r  (on- 

l i n e   i n  October  1978) and  submerged o u t f a l l  and d i f f u s e r  system. These 
will be discussed i n   S e c t i o n  3.2.3. 

As an expanded mil 1 Powel l   River  Div is ion  would be expected  to 

comply to   Federa l  Government Pulp and Paper E f f l uen t   Regu la t i ons  

(Environment Canada, 1971 1. The r e g u l a t i o n s   f o r   e x i s t i n g   m i l l s  impose 

c e r t a i n   e f f l u e n t   s t a n d a r d s   f o r   b i o l o g i c a l  oxygen demand (BODS), 

suspended so l   i ds  (SS 1, and t o x i c i t y  as shown i n  Tabl e 2. 

3.2 E f f l u e n t   C h a r a c t e r i s t i c s  
3.2.1 BOD and SS. Tabl  es 3 and 4 show 1 eve1 s o f  BOD and SS i n  Powel 1 

R ive r  mill e f f l u e n t   f o r  1977 and 1978 respec t ive ly .  These  measurements 
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TABLE 2 FEDERAL  EFFLUENT  REGULATIONS  FOR  MACMILLAN  BLOEDEL  LTD., 

POWELL RIVER D I V I S I O N  

A1 1 owable D i  scharge 

Process ss BODS 

Hydraul i c  Debarking 

K r a f t  Pul p i  ng 

K r a f t  B1 eachi  ng 

Mechanical  Pul  ping 

Mechanical  Pulp  Bleaching 

Pulp  Sheet  Formation 

In tegra ted   S ing le   Produc t  - K r a f t  - Groundwood 

Special ty Mu1 ti -product - K r a f t  - Groundwood 

5 lb/ODT 
(oven  dr ied  tons 
o f  wood) 

7 lb/ADT 

6 1 b/ADT 

13 1 b/ADT 

2 lb/ADT 

2 lb/ADT 

3 
5 

25 
25 

64 1 b/ADT 

27 1 b/ADT 

T o x i c i t y  - I n s t a l l a t i o n   o f  submerged e f f l u e n t   d i f f u s e r  system f o r   t h e  
K r a f t  mill e f f l u e n t  by December 1980. The d i f f u s e r   t o  

achieve an e f f l uen t   concen t ra t i on  no greater  than 0.05 t o x i c  
un i ts .   (D iscussed  in   Sec t ion  3 .2 .3 ) .  
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TABLE 3 1977 FEDERAL  EFFLUENT QUALITY RESULTS  FOR  MACMILLAN 
BLOEDEL  LTD.,  POWELL RIVER D I V I S I O N  

BOD5 Suspended S o l i d s  

F1 ow 
Month x 10 6 IGPD LB/ADT Tons/Day LB/ADT Tons/Day 

January 59.7 52.4 41.61 75.1 59.63 
February 59.5 48.2 39.58 69.3 56.93 
March 63.4  48.5 39.40 85.1 69.22 ........................................................................ 
1 s t  Quar te r  60.5 49.7 40.20 76.5 61.93 ........................................................................ 
Apr i  1 
May 
June 

65.1 45.7 35.56 83.5 64.93 
56.3 33.1 25.15 87.2 66.25 
60.8 50.7 39.90 93.6 73.63 ........................................................................ 

2nd Quar te r  60.7 43.2 33.54 88.1 68.27 ........................................................................ 
J u l y  62.5 45.3 36.65 79.3 64.15 
August 62.8 39.8 31.78 89.3 71.32 
September 61.6 41.4 31.74 78.2 59.97 

3 r d   Q u a r t e r  62.3 42.2 33.39  82.3  65.15 
........................................................................ 
........................................................................ 
October 61.9 39.9 33.96 71.7 61.07 
November 62.3 45.2 38.06 80.4 67.68 
December 64.5 43.9 34.83 75.7 60.08 

4 t h   Q u a r t e r  62.9 43.0 35.62 75.9 62.94 

Yearly  Average 61.7 44.5 35.69 80.7 64.57 

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

........................................................................ 
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TABLE 4 1978 FEDERAL  EFFLUENT QUALITY RESULTS  FOR  MACMILLAN 
BLOEDEL  LTD.,  POWELL R I V E R  D I V I S I O N  

BOD5 Suspended S o l i d s  

F1 ow 
Month x 106 I t iPD LB/ADT Tons/Day LB/ADT Tons/Day 

January 62.4 47.9 37.87 83.3 65.81 
February 63.7 43.9 36.71 81.4 68.01 
March 62.9 41.4 33.01 74.6 59.41 

1 s t  Q u a r t e r  63.0  44.4 35.86  79.8 64.41 
........................................................................ 
........................................................................ 
A p r i  1 
May 
June 

63.4 36.7 29.72 78.1 63.27 
57.1 41.0 33.52 76.1 62.17 
58.7 42.1 34.82 73.8 61.07 ........................................................................ 

2nd  Quar te r  59.7 39.9 32.69  76.0 62.17 ........................................................................ 
J u l y  60.9 35.8 29.87  82.9 70.00 
August 6U.6 36.5  30.64 82.7 69.44 
September 60.6 34.4  27.45 89.2 71.10 ........................................................................ 
3 r d   Q u a r t e r  60.7 35.6 29.32  85.3 70. 18 ........................................................................ 
October 55.8 34.3 27 . 34 7U. 8 56.44 
November 57.9 36.6 28.11 69.6 53.46 
December 54.0 33.6 23.86 65.2 46.30 

4 th  Q u a r t e r  55.9 34.8 26.44 68.5 52.07 

Yearly  Average 59.8 38.7 31.08 77.4 62.21 

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

........................................................................ 
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are  taken  routinely  by  MacMil lan  Bloedel  personnel and the   resu l t s  
forwarded  to  the  Federal  and Prov inc ia l   regulatory   agencies.  The  new 

c l a r i f i e r  which came on l i n e   i n  October 1978, i s  expected  to  approach 85 

percent   remova l   e f f i c iency   fo r  suspended sol   ids.  

3.2.2 T o x i c i t y .   I n  December 1975, an e f f l u e n t   m o n i t o r i n g  program was 

i n i t i a t e d  by  Environment Canada to   de te rm ine   t he   t ox i c i t y   o f   t he   Powe l l  

R i ve r  mill e f f l u e n t   t o  salmonids.  MacMil lan  Bloedel  part icipated i n   t h e  

program  by  sending  composite e f f l u e n t  samples on a regu la r   bas is   to   the  

Environmental   Protect ion  Service (EPS) bioassay 1 a b o r a t o r y   i n  Vancouver 

f o r   t o x i c i t y   t e s t i n g .   R e s u l t s   o f   t h e s e   t e s t s   a r e  shown i n  Table 5 along 

wi th   the  Federa l  and Prov inc ia l   tox ic i t y   requ i rements .  The program o f  

t o x i c i t y   t e s t i n g  was terminated by EPS i n  December 1977. MacMillan 
Bloedel has  been re1  ieved o f  the  necess i ty  t o  comply t o  the Federal 

t o x i c i t y   r e q u i r e m e n t   u n t i l  such t ime as the  proposed submerged o u t f a l l  

d i f f u s e r  system i s   i n s t a l l e d  and i t s   e f f e c t s  on the  receiv ing  environment 

assessed. 

3.2.3 P o l l u t i o n  Abatement  Program.  MacMillan  Bloedel has r e c e n t l y  
i n s t a l l e d  a f i b r e   r e c o v e r y   f a c i l i t y   w h i c h  will s i g n i f i c a n t l y  reduce  the 

amount o f  suspended so l   ids   (by  approx imate ly  85%) re leased  to   the  

receiv ing  enviroment.  A 9 1   m e t r e   d i a m e t e r   c l a r i f i e r  has been i n s t a l  1 ed 

to   t rea t   e f f l uen t   f rom  the   woodmi l l   hyd rau l i c   ba rke r ,  groundwood 
(mechanical 1 pulping,  paper  machines and the steam pl  ant. The e f f l   u e n t  

i s  discharged a t   o u t f a l l  #2 a f t e r   c l a r i f i c a t i o n  and i s  expected t o  

con ta in  1 ess  suspended so l   i ds   t han   t he  1 eve1 "B" requirement i n   t h e  PCB 

permi t ,  i .e.,  32 200 kg  per  day. 
A submerged o u t f a l l   d i f f u s e r  system  proposed for  the  Powel l  

R iver   opera t ion  will car ry   t he  more tox ic   e f f luents   f rom  the  b leached 

k r a f t  mill ( p r e s e n t l y   d i s c h a r g i n g   a t   t h e   o u t f a l l   # 1 )  and discharge 

through a d i f f use r   p ipe   i n to   Ma lasp ina   S t ra i t   sou thwes t   o f   t he  mill. ,The 

approximate  locat ion  of   the  proposed  di f fuser  system i s  shown i n   F i g u r e  7 
i n   S e c t i o n  4.2.  The d i f f u s e r  and pipe will extend  approximately 800 

metres  f rom  shore  wi th   the  d i f fuser   sect ion  compr is ing  about  330 metres 

I 

IL 

L 
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TABLE 5 1976-1977 BIOASSAY RESULTS  FOR  MACMILLAN  BLOEOEL  LTD., 
POWELL RIVER D I V I S I O N  

% Su rv i va l  Over 96 Hours, S t a t i c   T e s t i n g  
Concentrat ion (% v / v )   o f   n e u t r a l i z e d   e f f l u e n t  

Sampl e 
Sample Date 100 65 45 32 12.5 5.6 P" 

December 8, 1975 0 60 

February 23, 1976 0 0 

A p r i l  26, 1976 0 0 

June 11, 1976 0 0 

August 13,  1976 0 0 

October 8,  1976 0 0 
December 22, 1976 0 0 

100 75 

100 100 100 100 6.3 
0 20 100 100 6.7 
0 0 0 100 3.3 
0 14 100 100 4.4 
0 0 0 100 3.3 
0 0 100 100 3.8 
0 100 100 100 6.3 

65 42 30 24 18 

February 15, 1977 - 60 100 100 100 100 100 6.3 
A p r i l  18,  1977 0 (1 0 60 60 100 100 6.3 
June 24, 1977 - 0 0 100 100 100 100 6.6 
August 15,  1977 - 0 0 100 100 1uo - 6.6 
October 14, 1977 - 0 0 50 100 100 100 - 

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  
concentrat ion  over  96 hours,  continuous 
f l o w   t e s t i n g .  

P.C.B. Bioassay  Requirement - 50% s u r v i v a l   i n  12.5% ( v / v )   e f f l u e n t  
concent ra t ion  (amended December 1978 t o  
30% v / v   f o r   o u t f a l l  s 1 and 2 )  over 96 
hours ,   s ta t i c   t es t i ng .  
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a t   t h e  end. The downstream  end o f   t h e   d i f f u s e r  will be approximately 72 
metres deep with  the  upstream end l o c a t e d   i n   a b o u t  55 metres. 

Design and p lacement   p roposa ls   fo r   the   d i f fuser  system were 
made a f te r   consu l tan ts ,   re ta ined  by MacMill an Bloedel , ca r r i ed   ou t   t he  

f o l  1 owi ng s tud ies : 

( i ) oceanographic  studies  to  determine  t idal and 
non- t i da l   cu r ren t   cha rac te r i s t i cs ,  mass 

water movements and d isper ison   ra tes  

(Dobrocky  Seatech, 1977a) ; 
( ii ) l e t h a l  and s u b l e t h a l   t o x i c i t y   t e s t i n g  on 

j u v e n i l e   h e r r i n g   w i t h  Powel 1 R ive r  mil 1 

e f f l u e n t  (E.V.S. Consul tants,  1977); 
(iii) interpretat ion  o f   oceanogrpahic   data and 

prel imi nary engineering  cal  cul  ati  ons ( Simons, 

1977 ). 
The f o l l  owing  conclusions  based on the   consu l tan t '  s repo r t s  were out1  ined 

i n  "Study o f   A l t e r n a t i v e s   t o  Comply w i t h   E f f l u e n t   P e r m i t  P.E. 153 
(Amended December 15,  1976) I' a submission by MacMi 11 an B1 oedel t o  PCB 

da ted   Ju ly  1, 1977 (on f i l e  EPS); 

a )  An average d i l u t i o n   o f  110: 1 would be r e q u i r e d   t o   o b t a i n  an e f f l u e n t  

concent ra t ion   equ iva len t   to   no t   g rea ter   than 0.05 t o x i c   u n i t s ,  i.e., 

t o  reduce t o x i c i t y  below  the  sublethal   concentrat ion.  

b )  The main  stream of  predominant  currents  occurs  about 2000 f t  

southwest  of   the  present mil 1 e f f l u e n t   d i s c h a r g e   p o i n t .  

c The direct ions  of   the  predominant  currents  para1 1 el   the  shore 1 ine.  

d)  A d i f f use r   d i scha rg ing   f rom a po in t   beg inn ing  2000 f t  southwest o f  

t he  mill wou ld   t rap   e f f l uen t  between 77 and 176 f t  below  the  surface. 

This  would be wel l   below  the zone o f   p h o t o s y n t h e t i c   a c t i v i t y .  

e )  Recommended d i f f u s e r   l e n g t h   i s  1150 f t  to   achieve  the  des i red 
d i l u t i o n   o f  11O:l. 

The e x i s t i n g   e f f l u e n t   d i s c h a r g e   p e r m i t   r e q u i r e s   t h a t   t h e  

submerged o u t f a l l  and d i f f u s e r  system be completed and i n   o p e r a t i o n  by 

December 1980. MacMillan  Bloedel I s  a p p l i c a t i o n   f o r  a permi t  amendment 

proposes December 1981 as  the  completion  date. The Federal  government 
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a 

has  re1  ieved  MacMillan  Bloedel  from  meeting  the  Federal  toxicity 

r e q u i r e m e n t   f o r   a t   l e a s t  7 years .   Dur ing  th is   per iod  the   d i f fuser  system 

will be ins ta l led   fo l lowed by approximately  f ive  years  of   environmental  

moni tor ing   to   assess   the   e f fec ts   o f   the   d i f fused   e f f luent  on the 
receiving  environment. 
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4 R E C E I V I N G  ENVIRONMENT 

4.1 Oceanography 

The preva i l   ing   sur face   cur ren ts   in   Ma lasp ina  S t r a i t  f l o w  

northward i n  a counter -c lockwise   d i rec t ion   w i th  some westward movement 
through  Alger ine and Shearwater  passages, nor th  and south   o f  Harwood 

I s l a n d   ( T u l l y  and  Dodimead,  1956; Waldichuk and Tabata, 1955;. I n  

September  1976, data on currents   in   the  Powel l   R iver   area were c o l l e c t e d  

by  Dobrocky  Seatech  (1977a) and i n t e r p r e t e d  by Simons Consul t ing 

engineers (Simons,  1977) i n   c o n j u c t i o n   w i t h  a proposed  submarine o u t f a l l  

system. The predominant  currents i n   t h e  area  occurred  approximately 600 

metres  southeast  of  the  pulp mill and moved i n  a northwest,  southeast 

d i rect ion.   Dur ing  the  s tudy  the  net   current   f low i n  the  harbour was 
nor thwest   wi th  a n e t   v e l o c i t y   o f  0.52 metres/second a t  10.5 metres  depth 

and  0.018 metres/second a t  37.5 metres.   Relat ive ly   s t ronger   currents  

were  produced  by  the  tai lrace  discharge. These flowed  predominantly  west 
t o  southwest w i t h   v e l o c i t i e s   f r o m  0.25 FPS t o  1.4  FPS i n  the   top   met re   o f  

the  water  column. The s e m i - d i u r n a l   t i d e s   i n   t h e   S t r a i t   o f   G e o r g i a  range 
i n   v e r t i c a l   h e i g h t  between h i g h  and low  t ides   f rom a maximum of   about  5 

metres i n  June and December t o  a  minimum of   approx imate ly  4 metres i n  

March  and  September. 

The waters   o f   the  S t r a i t  o f  Georg ia   a re   t yp i ca l l y   h igh l y  
s t r a t i f i e d  wi th  respect  to  temperature and sal i n i t y   p a r t i c u l a r l y   d u r i n g  

pe r iods   o f   h igh   f reshwa te r   runo f f   o r   f reshe t ,  i.e., spr ing  and sumner 
months. I n   l a t e   f a l l  and w i n t e r   s t r a t i f i c a t i o n  becomes less  ev ident .  
Due to  strong  winds and  good t i d a l   f l u s h i n g   t h e   s u r f a c e   w a t e r s   i n   t h e  

Powell  River  area  are  generally  well  mixed.  Waldichuk ” e t  a1 (1968)  took 

w a t e r   q u a l i t y  measurements i n   t h e  area i n  1960, and concluded  that   the 

r a p i d   f l u s h i n g  would e f fec t i ve l y   p reven t   se r ious   accumu la t i on   o f  mill 

wastes  except i n   l o c a l   i z e d   a r e a s   c l o s e   t o   t h e  mill. Despite  the good 

f lush ing ,   var ious   env i ronmenta l   e f fec ts   a t t r ibu ted   to  mill e f f l u e n t  have 

been repor ted up to   severa l   k i lometers  nor thwest   o f   the mill. The 

northward movement o f   e f f l u e n t  has  been confirmed  by  physical,  chemical 

and b io log i ca l   s tud ies  t o  be discussed i n   S e c t i o n  4.2. 
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4.2 Impact  Studies 

4.2.1 MacMil lan  Bloedel  Studies.  MacMil lan  Bloedel have  conducted 

va r ious   wa te r   qua l i t y ,   i n te r t i da l  and b e n t h i c   s t u d i e s   i n   t h e   v i c i n i t y   o f  

the  pu lp mill since 1970 (MacMill an Bloedel  Studies  1970-1978). The 

study  area  extends  f rom  Grief   Point   south  of   the mill t o  Lund  northwards, 

and inc ludes   s ta t i ons   l oca ted  on Harwood  and  Texada i s lands   wes t   o f   t he  

mill. The measurement o f   phys i ca l  and chemical  water  qual i ty  parameters 
began i n  1970  and was supplemented w i t h   i n t e r t i d a l   b i o i   o g i c a l   s t u d i e s   i n  
1971. The monitoring  program was r e v i s e d   s l   i g h t l y   i n  1976 to   conform  to  

requirements  contained i n   t h e  company's PCB e f f luen t   d ischarge  permi t .  

I n  1977  and  1978  a study  of  marine  sediments and associated  benthic  fauna 
near  the mill were  added t o   t h e  program.  Water q u a l i t y   d a t a  were n o t  

co l l   ec ted   by   t he  company i n  1978. However, EPS conducted an equi Val  e n t  
survey i n  November 1978 whi le   occupying the MacMil1 an Bloedel water 

s ta t ions .  

4.2.1.1 Water q u a l i t y .  Water qual i ty   parameters measured  by MacMill an 

B loede l   ove r   t he   yea rs   have   i nc luded   co lo r   i n tens i t y ,   sa l i n i t y ,   t u rb id i t y  

( secchi   d isc 1, temperature,   d issolved oxygen (DO 1,  pH, and ch l   o rophy l l  
'a '   content .  The presence o f  e f f l u e n t   i n   w a t e r s   o f   M a l a s p i n a   S t r a i t  was 

genera l l y   ind ica ted   by   the  f i r s t  three  parameters  mentioned  above  while 
the   remain ing   fac to rs   remained  re la t i ve ly   cons tan t   o r   f luc tua ted  

seasonally. The presence o f   e f f l u e n t  was i n d i c a t e d  by  increased  color 

and a decrease i n   b o t h   s a l   i n i t y  and l i g h t   p e n e t r a t i o n  compared t o  
unaffected  surrounding  waters. The e f f l u e n t   u s u a l l y  remained i n   t h e  

sur face   layers   o f   the   water  column w i t h   i t s  movement be ing   l a rge l y  

dependent on p r e v a i l   i n g  weather and t i d a l   c o n d i t i o n s .  

The movement o f  mill e f f l u e n t   o v e r  a t i d a l   c y c l e   i s   r o u g h l y  

depicted i n   F i g u r e  3 extracted  f rom Young, 1977 (as  modif ied  f rom 
Constantino,  1973).  During a f l o o d i n g   t i d e   t h e   e f f l u e n t   t e n d s  t o  move 

northward  along  the  shore,   becoming  concentrated  just   north  of   the mil 1 

and o c c a s i o n a l l y   r e a c h i n g  as f a r   n o r t h  as At rev ida  Reef  about 6.5 km 
from  the mil 1 . During an ebb t i d e   t h e   s u r f a c e   e f f l u e n t   c l o u d   g e n e r a l l y  

receeds  from i t s  northern  borders and becomes most concentrated  of f   the 

S1 iammon ind ian  reserve.  
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F o l l  owing  the  1978  survey  water  stations 1, 4, 7, and 8 were 

re located  nearer   the  pu lp mill. The new s t a t i o n   l o c a t i o n s   a r e  shown on 

F igure  4. A t  t imes  dur ing a l o w   t i d e   t h e   e f f l u e n t   i s   d e t e c t a b l e   t o   a b o u t  

6.5 km southeast   o f   the mill and along  the  southern  shore  of Harwood 

Is land.  When a f a l l i n g   t i d e   i s   c o i n c i d e n t   w i t h   n o r t h e a s t e r l y  winds,  the 

e f f luen t   tends   to   "ho ld"   near   the   sou thern  end o f  Harwood I s 1  and. 

4.2.1.2 In te r t ida l   b io logy .   MacMi l lan   B loede l  I s  i n t e r t i d a l   m o n i t o r i n g  
program  involved  the  placement o f   a r t i f i c i a l   s u b s t r a t e s   i n c l u d i n g   b r i c k s  

and  various  arrangements o f   p l e x i g l a s s   p l a t e s   a t  12  shore1 ine   s ta t i ons .  
The s t a t i o n   l o c a t i o n s   a r e  shown on F igure  3 w i t h   t h e   e x c e p t i o n   o f   t h e  two 

no r the rn   s ta t i ons   wh ich   a re   l oca ted   a t   D inne r  Rock ( 5N) and Lund (6N). 
The subst rates were l e f t   f o r   a p p r o x i m a t e l y  two  month i n t e r v a l s   i n   t h e  
sp r ing  and sumner and t h e n   r e t r i e v e d   f o r   t h e   i d e n t i f i c a t i o n  and 
enumeration o f   a t tached   b io ta .  

The i n t e r t i d a l  program showed t h a t  mill e f f l u e n t   i n   t h e   s u r f a c e  

waters had a d i s c e r n a b l e   e f f e c t  on i n t e r t i d a l  communit ies  north  of  the 

mill. Young (1977)   repor ted  that   a lga l   growth  appeared  inh ib i ted  a t  
s t a t i o n  1N t o  4N i n c l u s i v e   n o r t h   o f   t h e  mill and a1 so a t   s t a t i o n  HS on 

southern Harwood Is land.  The  mean l o w e r   l o w   t i d a l  zone a t  these  s ta t ions 

general ly  appeared  bare i n  comparison t o   s t a t i o n s   s o u t h   o f   t h e  mill . 
Dominant   fauna  dur ing  the  spr ing  re t r ieva l   inc luded  barnac les,   insect  

larvae,  copepods, ostracods and  nematodes. I n   t h e  sumner, ostracods and 

copepods  were  the  most p r o l i f i c   i n v e r t e b r a t e s   w i t h  nematodes  and i n s e c t  

larvae  be ing  present  i n  reduced numbers. Enteromorpha sp. and j u v e n i l e  

phaeophytes  were  the  most common algae  observed  during  both  periods. 
The i n f l u e n c e   o f  mill e f f l u e n t  on i n t e r t i d a l  communities  north 

o f   t h e  mill has  been demonstrated  by  other  workers i n  the  area. 

Stevenson " e t  a1 (1971 1 found  reduced  invertebrate and a lga l   popu la t ions  

n o r t h   o f   t h e  mill and t ransp lan ted  mussel s s u f f e r e d   h i g h e r   m o r t a l   i t i e s  

n o r t h   o f   t h e  mill than a t   s t a t i o n s   s o u t h   o f   t h e  mil 1 . Nassichuk  (1972) 

r e p o r t e d   t h a t  Fucus sp. f ronds  were b r i t t l e   i n   t e x t u r e ,  and w i t h e r e d   i n  

appearance, a t  a s ta t ion   near   the  mouth of   the  Powel l   R iver ,  whereas 
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F I G U R E  4 W A T E R   Q U A L I T Y   S T A T I O N S  ( 1 9 7 9 )  
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specimens o f   t h i s   s p e c i e s  a few m i les   f u r the r   no r th   appeared   s t ruc tu ra l l y  

normal. Ne1 son and Goyette  (1976)  found  that   the  degree  of   z inc 

contaminat ion in   oys ters ,   wh ich   o r ig ina ted   f rom  the   d ischarge  o f  a z inc  

conta in ing   b leach ing   agent   p rev ious ly  employed a t   t h e  mill, was more 

pronounced  north  of   the mil 1. 

In te r t i da l   s tud ies   under taken  by MacMillan  Bloedel i n  1978 

genera l l y  showed t h e   t r e n d s   i d e n t i f i e d   i n   p r e v i o u s   s u r v e y s  , a1 though 
colonizat ion  appeared t o  be  abnormally  low and set t lement  and 

d i s t r i b u t i o n   p a t t e r n s  were h igh l y   va r iab le .   Th i s  was a t t r i b u t e d   t o  
f l uc tua t i ons   i n   na tu ra l   env i ronmen ta l   cond i t i ons ,  and a l s o   t o   l i m i t i n g  

f a c t o r s   i n h e r e n t   i n   t h e   a r t i f i c i a l   s u b s t r a t e s  used. The 1979 study will 
incorpora te  what i s  be l   ieved  to   be  a more " n a t u r a l "   a r t i f i c i a l   s u b s t a t e ,  

i .e. , an asbestos - concrete  aggregate  f ibre  board.  

4.2.1.3 Benth ic   ecology.   In  1977, MacMil lan  Bloedel   establ ished 
benth ic   sampl ing  s ta t ions  (F igure 5) t o   o b t a i n  base1 ine  data on subst rate 

c h a r a c t e r i s t i c s  and re la ted   ben thos   p r i o r  t o  t h e   i n s t a l l   a t i o n   o f   f i b r e  
removal f a c i l i t i e s  and an e f f l u e n t   d i f f u s e r  system. Resu l ts  showed t h a t  

benth ic   inver tebra te   communi t ies   were   re la ted   to   the   degree  o f   o rgan ic  

l oad ing  and subst rate  type.   Stat ions A, B, D, and E were i n  an area of 
h i g h   f i b r e   d e p o s i t i o n  and supported more ogranisms o f  fewer  species  than 

d i d   s t a t i o n s  more d i s tan t   f rom  the  mill. Th is   re la t i onsh ip   o f   spec ies  

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

dominant  organisms  inhabi t ing  the  h igh  f ibre zone  were  nematodes and 

po lychaetes   such  as   Cap i te l la   cap i ta ta ,   Dorv i l lea  sp. and Pr ionospio 

c i r r i f e r a .   S t a t i o n s  C and F represented zones o f   l ess   deg rada t ion  due t o  

f i b r e   i n p u t  and were i nhab i ted  by a g rea ter  number of   spec ies of 
polychaetes and mol l  USCS. Crabs  and b r i t t l e   s t a r s  were a1 so found a t  

these  s ta t ions a1 though numbers were 1 imi ted.  A considerable  reduct ion 

i n   t h e  amount o f  wood wastes  entering  the  receiving  environment will 

resu l t   f r om  the  new c l a r i f i e r  which began o p e r a t i o n   i n   t h e  fa1 1 o f  1978. 

Ir 
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4.2.2 Federal Government Studies 

4.2.2.1 S h e l l f i s h   c o n t a m i n a t i o n .   I n  1973, the  Federal  Department  of 

F i she r ies  and Env i ronmen t   i n i t i a ted  an extensive  program  to  determine  the 

z inc  1 evel s i n  she1 1 f i  sh i n   t h e   v i c i n i t y   o f  groundwood pul p mil 1 s on the 

B.C. coast.  Concern was r a i s e d  when z i n c   o r i g i n a t i n g   f r o m  a b leaching 

agent  used in   t he   b r i gh ten ing   p rocess   f o r  groundwood pulp was found  to 

bioaccumulate i n   t h e   t i s s u e   o f   o y s t e r s   i n h a b i t i n g   t h e  mill areas. 

The p a t t e r n   o f   z i n c   c o n c e n t r a t i o n s   i n   t h e   P a c i f i c   o y s t e r ,  

Crassost rea  g igas,   co l lected  in   the  Powel l   R iver   area  suggested  that   the 
n e t   f l o w   o f   p u l p  mill e f f l u e n t  was i n  a no r thwes te r l y   d i rec t i on  

(Environment Canada, 1973; Ne1 son and Goyette,  1976). An average  zinc 

concen t ra t i on   o f  4200 mglkg  (dry  weight)   found i n  oysters  f rom Okeover 

I n l e t ,   w e l l  removed from  pulp mill in f luence  was chosen as rep resen ta t i  
o f  the  natural  background 1 evel f o r  the geographical  area.  Elevated 

l e v e l  s o f   z i n c  were found  beyond Myr t l e   Po in t ,  13 km south o f   t h e  mil 1 

and Lund, about  16 km n o r t h   o f   t h e  mil 1 . Level s o f   z i n c  were no t iecab l  

ve 

Y 
h i g h e r   i n   o y s t e r s   n o r t h   o f   t h e  mill than t o  the  south,   wi th  the  h ighest 

average  concentrat ion  o f   over  1 7  000 mg/kg (dry  weight)   being  found i n  

o y s t e r s   c o l l e c t e d   j u s t   n o r t h   o f   t h e  mouth o f   t h e  Powel 1 River.   Zinc 

contaminat ion i n  oysters  extended  westward  to Harwood I s l a n d  where they 

had an average  concentrat ion  of   10 600 mg/kg (d ry   we igh t )  as compared t o  
5600 mg/kg (d ry   we igh t )   i n   oys te rs   ob ta ined   f rom  the   wes te rn   t i p   o f  

Texada I s1  and. By September  1974, four   coas ta l  groundwood mil 1 s ,  

i nc lud ing   Powel l   R iver   D iv is ion ,  had completed  convers ions  to  a new 

b leach ing   agen t   t he reby   l a rge l y   e l im ina t i ng   z inc   f rom  the i r   e f f l uen t  

discharges. A recent  study  (Dobrocky  Seatech,  1977b) i n   t h e   v i c i n i t y  of 

the groundwood pulp mill at   C ro f ton ,  B.C. showed t h a t   o y s t e r s   i n   t h e  

area   had  e l im ina ted   z inc   f rom  the i r   t i ssues   a t   approx imate ly  1 g/kg/year 

f o l l  owing  the  conversion.  Despite  the  decrease i n  accumulated  zinc  the 

oys te rs   i n   t he   C ro f ton   a rea   rema in   i n  a de ter io ra ted   phys ica l   cond i t ion .  

4.2.2.2 Benth ic   sediment   character is t ics .  A sediment  sampling  survey 

was conducted i n   c o n j u n c t i o n   w i t h   t h e   s h e l l   f i s h   m o n i t o r i n g   p r o g r a m   i n  

1973 t o  d e t e r m i n e   t h e   e x t e n t   o f   f i b r e   d e p o s i t s   o f f   t h e  mill ( S u l l i v a n  and 
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DeMi l l  , 1973). The  25 s ta t ions   occup ied   ind ica ted   tha t  wood wastes 

i n c l u d i n g   f i b r e ,  wood sl i v e r s ,  and bark  fragments  extended up t o  4.5 km 

n o r t h   o f   t h e  mil 1 , over 1.5 km to  the  south, and 1.5 km offshore.  

Hydrogen s u l f i d e  gas was f r e q u e n t l y   n o t e d   i n  samples from  the  area  of 

heavy  deposits  near  the mill. Werner and Hyslop  (1968)  had  previously 

repor ted   measurab le   quant i   t ies   o f   hydrogen  su l f ide  gas i n   s l  udye  beds o f f  

the  Powell   River mill dur ing  a comprehensive  survey o f  gaseous sediments 

i n  po l  1 uted  areas  along  the B.C. coast. 

Dur ing a dredging  operat ion i n  1978, dredgeate samples from a 

s i t e   a t   t h e   n o r t h  end of   the  log  s torage  area were analyzed  for  heavy 

meta l   con ten t .   Cer ta in   o f   the  samples  were found  to  contain  mercury (Hg) 

i n  excess o f  4.0 mg/kg dry  weight,  which i s   cons ide rab ly   g rea te r   t han  

would be expec ted   s ince   t he   na tu ra l   backg round   l eve l   f o r   t he   S t ra i t   o f  

Georgia and Howe Sound i s  approximately 0.1  mg/kg  (MacDonald and Wong, 

1977 1. A1 though  the   o r ig in   o f   the   mercury   in   the   sed iments  was no t  
ascertained,  the company had prev ious ly   used  mercur ia l   s l im ic ides   in   the  

log  storage  area  and  current ly  uses  caust ic soda, conta in ing  smal l  

amounts o f  mercury, i n  mill processes. As a r e s u l t   o f   t h e s e   f i n d i n g s   t h e  

Marine Programs  Group o f  EPS co l lected  addi t ional   benth ic   sediments and 

b i o l o g i c a l   t i s s u e  samples a t  Powel 1 R ive r  i n  November 1978. 

Bottom  sediment samples  were obtained by c o r i n g  and crab 

sampling a t   t h e   s t a t i o n s  shown on F igure  6 and subsequently  analyzed for 
mercury  content. The r e s u l t s  appear i n  Table 6. Mercury  concentrat ions 

ranged  from 0.1  mg/kg t o  21.0 mglkg   d ry   we igh t   w i th   the   h ighes t   leve ls  
found i n  samples f rom  core  s ta t ions 2 and 3.  The highest  mercury 
c o n c e n t r a t i o n   p r e v i o u s l y   r e p o r t e d   i n  B.C. sediments was 20.0 mg/kg found 

i n  sediments  close  to  the F.M.C. mercury -ce l l   ch lo r -a lka l  i p l a n t  i n  Howe 
Sound (Thompson and McComass, 1973). These  samples  were c o l l   e c t e d   a f t e r  

b i o t a   i n   t h e   v i c i n i t y   o f   t h e   p l a n t  were found  to  be  contaminated by 

mercury  wi th  level  s up t o  13.0  mg/kg i n  dungeness crabs.  Fol 1 owing 

con t ro l  s imposed on the   p lan t   to   reduce  the   d ischarge  o f   mercury ,   the  

l e v e l s   i n  sediments and b i o t a  have  decreased. I n  1977, sediments 

conta in ing  7.U mg/kg  were co l lec ted   near   the  F.M.C. dock and t h i s  was 
considered a contaminat ion  "hot   spot"  (MacDonald  and Wong, 1977 1. 
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TABLE 6 MERCURY I N  SEDIMENT SAMPLES (mg/kg dry  weight)  

Sampl i n g  Core 
Method S ta t i on  Depth Frac t ion   Descr ip t ion  Hg 

( m )  (cm)  (mg/kg) 
am 

Benthic 1 
Core 

11 0-5 
50-55 
7 5 -80 

f i b r e  
f i b r e  
sand 

0.10 
1.24 
4.32 

14 0-5 
50-55 

f i b r e  
sand-rock 

15.90 
19.60 

19 0-5 
25-30 
50-55 

f i b r e  
c l a y  
c l a y  

21.00 
16.80 
0.38 

4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 -5 gravel 0.82 - 
13 

11 

10 

11 

16 

16 

15 

20 

7 

Ponar 
Grab 

f i b r e  
f i b r e  
f i b r e  
f i b r e  
f i b r e  
f i b r e  
f i b r e  
f i b r e  
b l a c k   f i b r e  
b l a c k   f i b r e  
b l a c k   f i b r e  
black f i b r e  
f i b r e  and 
grey  sediment 
f i b r e  
f i b r e  
bark  chips 
and f i b r e  

0.366 
0.576 
0.663 
0.521 
0.811 
2.01 
2.37 
3.01 
0.738 
0.781 
0.717 
0.754 
0.581 
0.364 
0.316 
0.598 
2.43 
3.07 
3.06 
2.75 
2.86 
2.03 
3.81 

10 

11 

7 

9 

f i b r e  
f i b r e  
bark  chips 
and f i b r e  

tII 

II 
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The data  presented i n  Table 6 suggests  that  sediments i n   t h e  

v i c i n i t y   o f   t h e  Powel l   River  pulp mill are  contaminated  with  mercury. 
Mercury  mobi l izat ion  s tud ies (Wong " e t   a l ,  1977)  have shown t h a t  

par t icu la te  mercury does n o t   i n t e r a c t   w i t h  sea water and remains bound t o  

the  sediment. However, dredging  or  dredge  spoi l   d isposal   of   mercury 

contaminated  sediments can r e s u l t   i n  a ' ' s h o r t   l i v e d  maximum re lease"   o f  
mercury  which  could be ava i lab le   fo r   p ick -up   by   the   b io ta .   Th is   t ype   o f  

a c t i v i t y   i s   p e r i o d i c a l l y   r e q u i r e d  near   P iers  A and B a t   the   Powel l   R iver  
mill t o  enable  the movement o f  deep-sea shipping. The a n a l y s i s   o f  

b i o l o g i c a l  samples for   mercury  content  will be discussed i n  the   fo l low ing  

sect ion.  

4.2.2.3 Biological   sampl ing.  The Marine  Programs Group obtained 
b i o l o g i c a l  samples by l ong- l in ing ,   c rab   t rapp ing  and beach  seining, and 
by  sampling a p o r t i o n   o f  a commercial  catch  belonging  to a l o c a l  

long-l ine  f isherman. The s tat ions  occupied  are shown i n   F i g u r e  7. 
Several  species of   marine  organisms  were  col lected and analyzed  for  

mercury  content  to  determine i f  h igh  mercury  leve ls   found  in   mar ine 

sediments  were  being  transmitted t o  b i o t a  i n  the  area. The species 

co l l ec ted   i nc luded   Hydro lagus   co l l i e i   ( ra t f i sh ) ,   Squa lus   acan th ias  

(dogf ish),   Sebastes  e longatus  (green-str ipe  rockf ish),   Ophiodon  elongatus 

( 1 ingcod) , Gadus macrocephal  us  (graycod), Ammodytes hexapterus ( sand 

lance) ,   C i thar ich thys  sp. ( sand   dab ) ,   P la t i ch thys   s te l l a tus   ( s ta r r y  

f lounder )  , and Cancer  magister  (dungeness  crab). The r e s u l   t s   o f   t h e s e  

appear i n  Tabl e 7. 

The Canadian Food and Drug  regulat ions impose r e s t r a i n t s  on 
aquat ic   food  products   wi th   mercury  leve l  s i n  excess o f  0.5 mg/kg on wet 

weight  basis. As i n d i c a t e d   i n  Tabl e 7 o n l y  two  samples  exceeded t h i s  

Val ue.  The two species  involved  have been co l  1 ec ted   e l  sewhere i n  the 

province, and con ta ined   re la t i ve l y   h ighe r   l eve l s   o f   mercu ry   t han   o the r  

species samples (Harbo and B i r t w e l l  , 1978 1 ,  and have a1 so exceeded the 

0.5 mg/kg l e v e l .  From the   b io log ica l   da ta   a lone  the   con taminat ion   o f  

b i o t a  by  mercury  would  not   appear   to   warrant   concern  a t   th is   t ime.  
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4.2.2.4 Submers ib le   d iv ing  observat ions.   In  1978, EPS u t i l i z e d   t h e  

Pisces I V  submersible and i t s  mother  ship, Pandora I1 t o   c a r r y   o u t  a 
benthic  study i n   c o n j u n c t i o n   w i t h   t h e  proposed i n s t a l l a t i o n   o f  a 

submerged o u t f a l l  and d i f f u s e r  system a t   the   Powel l   R iver   pu lp  mill. 

P a r t i c u l a r s   o f   t h e   d i v e  and complete  d iv ing  observat ions  are  presented i n  

Appendix I. 

The submersible  dive commenced i n  100 metres  of   water 

approximately 200 metres seaward o f   t he   es t ima ted   t e rm ina t ion   po in t   f o r  

the  proposed  d i f fuser  as shown i n   F i g u r e  7. The d i f f u s e r  and p ipe  are t o  
extend  approximately 800 metres  f rom  shore  wi th   the  d i f fuser   por t ion 
c o n s t i t u t i n g   a b o u t  330 metres a t   t h e  end.  The downstream  end o f   t h e  

d i f f u s e r  will be a t  about 72 m depth and the  upstream end a t  about 55 m 

depth. Upon reaching  the  bottom,  the  Pisces  proceeded on a course 

in tended  to   cover   the  area  in to   which  the  d i f fuser   would  d ischarge.  As 

shown in   t he   F igu re   t he   cou rse   va r ied   s l i gh t l y   f rom  the   i n tended   t rac t ,  

however, bo t tom  charac ter is t i cs   shou ld   no t  be s i g n i f i c a n t l y   d i f f e r e n t .  

A t  the  beginning  of   the  d ive  the  bottom  substrate was 
charac ter ized  by s o f t  sediment (mud) under ly ing  a t h i n   l a y e r   o f  wood 
p a r t i c l e s .  It d i d   n o t  appear t o  be a reducing  sediment. As the  Pisces 

moved shoreward  the  natural  substrate  appeared  to become g r a v e l l y  (65 m )  
however it was covered by a p r o g r e s s i v e l y   t h i c k e r   l a y e r   o f   f i n e   f i b r o u s  

wood debr is .  As the   sha l l  ower depths were approached (35  m) the wood 
debr i s  became coarser i n   n a t u r e  and seemed t o  be more r e c e n t l y  deposited. 

The on ly   s teep   i nc l i ne  was encountered a t  30 m and appeared t o  composed 
o f   f i b r o u s  wood debr is .  The i n c l i n e   c o n t i n u e d   t o  a depth  o f  10 m when 

the  bottom  level led  of f .   Benthos  encountered  dur ing  the  d ive  were 

predominantly  small  shrimp, and  demersal and pe lag i c   f i sh .  Above a depth 

o f  50 m no shrimp  were  observed and the  dominant   f ish  were  f lounders  or  
so l  e. 
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5 NATURAL RESOURCES 

5.1 Fisher ies  Resource 
A d e t a i l e d   d i s c u s s i o n   o f   t h e   f i s h e r y   r e s o u r c e   i n  Mal aspina 

S t r a i t  and surrounding  waters, i.e., F i she r ies  and Marine  Service (FMS) 
S t a t i s t i c a l  Areas 15 and  16, i s  presented i n  Appendix I 1  (Knapp and 

Lashmar,  1978, FMS In te rna l   Repor t ) .  The f o l l o w i n g  will 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 re1  ated  to  the  Powell   River  area. 

Powel 1 R i v e r   i s  1 ocated on the   border   o f   S ta t i s t i ca l   Areas  15 

and 16, which  together  form  the  Pender  Harbour  Subdistr ict  extending 

approximately 120 km from  Sechel t i n   t h e   s o u t h   t o  Toba I n l e t   i n   t h e  
north.  The Pender Harbour   Subd is t r i c t   i s   f requen ted   by   a l l   f i ve   spec ies  

o f   P a c i f i c  salmon w i t h  chum salmon being  present i n  the  h ighest  numbers, 

fo l lowed  by coho, chinook,  pink and sockeye. Although  commercial  f ishing 

i s  p e r m i t t e d   t h r o u g h o u t   t h e   S u b d i s t r i c t ,   t h e   t o t a l   c a t c h   i s   r e l a t i v e l y  
small when compared to   o ther   a reas .   In  Area 15, nor th   o f   Powel l   R iver ,  

chinook and  coho  salmon accounted f o r  90% o f   t h e   c a t c h  between 1966 and 

1975 w h i l e  chum salmon consti tuted  the  major  species  caught  (32.5%) i n  

Area  16  during  the same per iod ,   fo l lowed by sockeye ( Z O X ) ,  chinook  (17%), 

coho  (17%), and pink  (14%). 

The Pender Harbour   Subdis t r ic t   conta ins  approx imate ly  35 

spawning  streams  most o f  which  are  located  nor th   o f   Powel l   R iver .  
Streams f l o w i n g   i n t o  Toba I n l e t  appear t o  p rov ide   t he   mos t   s ign i f i can t  

runs   wh i le   the  seven streams i n   t h e   a r e a  o f  po ten t i a l   pu l  p mil 1 

in f luence,  between  Scotch F i r   P o i n t  and the  Copeland  islands,  are  not 
la rge   p roducers .   Adu l t  and j u v e n i l e  salmon m i g r a t i n g   t o  and from 

spawning  grounds  respectively  could  pass  through mill e f f l u e n t   i n   t h e  

Powel 1 River  areas,  however,  good t i d a l   f l u s h i n g  i n  Mal a s p i n a   S t r a i t  

a f f o r d s   r a p i d   d i l u t i o n  and d i s p e r s i o n   o f  mill discharges.  Migrat ions 

occur on e i t h e r   s i d e   o f  Texada I s l a n d  and an e x t e n s i v e   f i s h e r y   i n  Sabine 

Channel, sou theas t   o f   the   Is1  and, sugges ts   t ha t   t h i s  may be  the  prefer red 
route.  

The h e r r i n g   f i s h e r y  on the   eas te rn   sho res   o f   t he   S t ra i t  of 

Georgia i s   o f  minor  importance compared to   the   eas t  and west  coasts  of 
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Vancouver I s 1  and due to   smal l   er   res ident   s tocks.   Herr ing spawn i n  
i n t e r t i d a l  areas  extending  f rom  the  Copeland  Is lands  to  Scoth  Fir   Point  
approximately 20 km e i the r   s ide   o f   Powe l l   R i ve r .  The absence o f  spawn i n  

a s t r e t c h   o f  shore1 ine  about  10 km around  the Powel 1 R ive r  mil 1 has been 

a t t r i b u t e d   t o   l a c k   o f   s u i   t a b 1  e i n t e r t i d a l   a r e a s   f o r  spawning rather   than 

t o  mill der ived  in f luences.  
Commercial o y s t e r   f i s h e r i e s   t a k e   p l a c e   i n  Okeover I n l e t  and 

Pendre l l  Sound, two  a reas   w i th in   the   Subd is t r i c t   bu t  we1 1 removed from 

pu lp  mill inf luence.  As mentioned  previously, Okeover I n l e t  was used as 

a c o n t r o l   s i t e   f o r   t h e   c o l l e c t i o n   o f   o y s t e r s   d u r i n g  a government  study t o  
de l im i t   the   ex ten t   o f   z inc   con taminat ion   f rom  the   pu lp  mill. T h i s   i n l e t  

a1 so suppl ies  most  of   the  c lams i n  the  Powel 1 River  area.  Other  clam 
beds, on Savory and  Harwood i s l a n d s ,   a r e   u t i  1 ized  commercial l y  by the 
S1 iammon Ind ian  band, who p r i m a r i l y   h a r v e s t   t h e   l i t t l e n e c k  clam, 

Protothaca  staminea. Clam and oys ter  beds immediately  north and south  o f  

Powell   River have  been closed due to   con taminat ion  by domestic sewage. 

No commerc ia l ly   exp lo i tab le  concentrat ions  o f   shr imp  or  prawns are known 

t o   e x i s t   i n   t h e  Pender  Harbur  Subdistr ict.  

5.2 Migra tory  B i  r d  Resource 

In fo rmat ion  on t h e   m i g r a t o r y   b i r d   r e s o u r c e   i n   t h e  Powel 1 R iver  

area i s   l i m i t e d .  The data  presented  here were sumnarized by D. Trethewey 
(1977, personal  communication)  of  the  Canadian Wi ld l i fe   Serv ice   f rom 

avai  1 ab1 e in fo rmat ion .  

It i s   g e n e r a l l y  known that  the  near  shore  shoal  areas  of  the 

coast  from  Scoth F i r   P o i n t   a t   t h e   e n t r a n c e   t o   J e r v i s   I n 1   e t   n o r t h   t o   t h e  

nor thern   t ip   o f   Ma lasp ina   Pen insu la   p rov ide   thousands  o f   gu l l s  and d i v i n g  

b i r d s  wi th w i n t e r i n g  and m ig ra to ry   hab i ta t .   Concen t ra t i ons   o f   b i rds  up 

t o  several  thousands have occurred i n  places  such as S c u t t l e  Bay dur ing 

the   he r r i ng  spawning season. A l though  count   da ta   a re   no t   ava i lab le ,  

o ther  spawning  areas  such  as  indicated on FMS F igure  3 (page 16 o f  

Appendix I 1  ) cou ld   be   po ten t i a l l y   impor tan t   a reas   f o r   gu l l  s and d i v i n g  

b i rds .   Gu l l s  and c e r t a i n   d i v i n g   b i r d s   a r e  known t o   n e s t  on V iv ian   I s land  

about 10 km west  of   Powel l   River i n  Shearwater Passage. 
Y 

u 

Y 
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APPENDIX I 

SUBMERSIBLE DIV ING OBSERVATIONS - PISCES I V  

( E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e ,  1978) 
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APPENDIX I 
m 

SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

MALASPINA STRAIT - November 30, 1978 

D I V E  

LOCATION 

OBSERVERS : 

PILOT 
POSITION 

DURATION 
TIME 

TIDES 

FILM EXPOSED : 

Pisces  Dive #719, EPS T rac t  I (F igure  1) 
O f f  MacMil lan  B loedel   Pulp Mill a t  Powel l   E iver  

(p roposed   d i f f use r   l oca t i on )  

R. Hoos and H. Ne1 son 

F. Chambers 
Submerge Surface 

49" 52.05 N 49" 52.20 N 
124" 34.60 W 124" 33.80 W 

1 hour, 45 minutes 
S t a r t  - 1055 hours,   Finish - 1240 hours 

A t  Campbell R iver  - Time Height   (metres)  

0515 4.2 

1045 3.2 

1545 4.3 

16 mn - r e e l s  12,  13,  14 

70 m - frames 33 t o  57 

The d i ve  commenced i n  100 metres  of   water  approximately 200 metres 

seaward o f   t he   es t ima ted   t e rm ina t ion   po in t   f o r  a d i f f use r   p roposed   fo r  

the  Powel 1 R ive r   pu lp  mil 1.  The d i f f u s e r  and p ipe  are  to   extend 
approximately 800 met res   f rom  shore   w i th   the   d i f fuser   por t ion  

cons t i tu t ing   about  330 metres a t   t h e  end. The downstream  end o f   t h e  
d i f f u s e r  will be a t  about 72 m depth and the  upstream end a t  about 55 m 

depth. Upon reaching  the  bottom  the  Pisces  proceeded on a c losure  

in tended  to   cover   the  area  in to   which  the  d i f fuser   would  d ischarge  (see 
F igure  7 Sect ion 4.2.2). As shown  on the  F igure  the  course  var ied 

s l i gh t l y   f rom  the   i n tended   t rac t ,  however, bo t tom  charac ter is t i cs   shou ld  

n o t  be s i g n i f i c a n t l y   d i f f e r e n t .  
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OBSERVATIONS: 
Surface - water clear, few plankton observed. 
Descending 

20 m - visibility good, surface l i g h t ,  one pelagic  polychaete 
observed, very 1 i t t l  e suspended material. 

30 m - surface light was s t i l l  evident. 
40 m - loss of surface l i g h t .  
45 m - many pelagic amphipods (white  coloration) observed from this 

depth t o  the bottom. 
75 m - school of herring, 5-10 centimetres i n  lenght observed. 

Surface - a t  100 metres 
- bottom substrate a fine grey-brown  sediment underlying a t h i n  

layer of wood part ic les  i.e., not  a reducing substrate. Small 

craters about  5 crns i n  diameter and larger depressions about  30 
crns i n  diameter. 

- bottom visibility 5 t o  7 metres and no noticeable  current was 
present. 

- benthos consisted of small  shrimp  with white legs 
(approximately 2 or 3 per square metre), eel -pouts (Lycodes 
sp.) ,  f l a t  fish, pelagic  polychaetes and amphipods, and 
dungeness crabs ( Cancer magi ster 1. 

- moved towards shore a t  a bearing of approximately 060" magnetic 
up a s l i g h t  incline. More wood debris encountered, a few large 
boul ders ( 50 t o  100 crns i n  diameter), a few 1 arge  pieces of 
wood debris and logs. Several green striped  rockfish  (Sebastes 
el ongatus 1 and orange anemones (Metri d i  um seni 1 e 1 associated 
w i t h  boulders and large wood debris. 

87 m - a t  1130 hours fi lm reel 12 (short from f i r s t  t o u c h i n g  bottom to  
a depth of 85 metres) completed and replaced by reel 13. 
Course  change t o  040" magnetic.  Continued  toward shore up  a 
slight  incline,  substrate became  more fibrous i n  nature and 
patches of white bacterial slime began to  appear. Water  became 
murky briefly. Benthos  remained  unchanged w i t h  the addi t ion  of 
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squat  lobsters  (Muni da quadraspi  na) and a few  prawns (Pandalus 
p la tyceros) .  The numbers o f  small   shrimp  increased  to 10 t o  15 

per  square  metre.  Another  school  of  small   herr ing  containing 

several   hundred  indiv iduals was observed. 

84 m - encountered  several   p ieces  of   large wood debr is  and a few 
boulders.  Benthos  associated  with  this  area  included  organisms 

ment ioned  previously and a1 so r a t   f i s h   ( H y d r o l a g u s   c o l  1 i e i  1, 
l ingcod  (Ophiodon  e longatus) ,   qu i l lback  rockf ish  (Sebastes 
ma l ige r )  and Neptunea sp. Another  school o f   h e r r i n g  was 

observed  (or   poss ib ly   the same schoo l   repor ted   ear l   ie r )  . 
Pieces  o f   rusted  p ipe and s ta in1  ess s tee l   w i re  were  observed. 

7 5  m - pa tches   o f   wh i te   bac te r ia l   s l  ime  were more prevalent .  

- subs t ra te  more f i b r o u s   i n   n a t u r e   w i t h   v e r y   f i n e   f i b r e s   l o o s e l y  
compacted.  Less  shrimp  observed  than  previously. 

72  m - observed a large  skate  (Raja - sp. 1. 
7U m - a t  1200 hours  completed 16 mm ree l  13  and rep laced  wi th   ree l  

14. A t  t h i s   p o i n t  17  frames on the 70 mn camera  had been 
exposed, i.e., frame ind i ca to r   reed  51. The surface  tender 
boat   es t imated   our   pos i t ion   to  be approximately 3/4 o f   t h e  way 

a long   t he   i n tended   t rac t  and approximately 5 W  metres  from 

shore . 
65 m - natura l   subs t ra te   in   th is   a rea   appeared t o  be gravel  which had 

been covered by a f i n e   f i b r e  mat lU t o  30 cms i n  th ickness ; 

wherever a bou lder   o r   log  had  been d e p o s i t e d   t h e   f i n e   f i b r e  was 

displaced  beneath  the  object   thereby  exposing  the  gravel ly 
substrate.  Many small 1 ingcod (1 t o  2 kg )  were  noted i n   t h e  

area. 
58 m - one sea  cucumber (Parast ichopus sp.) 

- more rus ted   p ipe  and wire  observed 
51 m - water became murky again. The small   shrimp,  present  since  the 

beg inn ing   o f   the   d ive ,  have  disappeared. CTD Probe  recordings: 
DO 5.7 mg/l 

Temp. 9 . 2 O C  

- few  small  squid  observed and s e v e r a l   f l a t f i s h  

- patches  o f   whi te   s t r ingy  mater ia l   (bacter ia l   growth?)  
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43 m - (1230  hours);  patches  of  bacterial  sl ime  increased. 
36 m - v i s i   b i l  i t y  improved, wood debr is  becoming  coarser and appears 

t o  be o f  more r e c e n t   o r i g i n .  70 mn frames 53 and 54 show the 

coarse  nature  o f   the wood debr is.  

30 m - began moving up s t e e p   i n c l i n e ,   f i b r e  became progress ive ly  more 

coarse. V i s i b i l i t y   i n c r e a s e d   t o  10 t o  15 metres  wi th   sur face 

1 i ght. Many smal 1 pieces of white  paper were l y i n g  on the 

f i b r e  mat,  presumably  from  the  newsprint  operation. 

10 m - b o t t o m   l e v e l l e d   o f f  and Pisces began ascent. 

Surfaced - 1240 hours,  tender  boat  est imated  the  Pisces  surfaced 

approximately lCl0 metres  from boom s t i c k s   a t   t h e  mouth o f   t he  

t a i  1 race. 

I 

L 
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APPENDIX I 1  

MacMILLAN BLOEDEL,  PULP AND PAPER M I L L ,  

POWELL RIVER, B.C., F I S H E R I E S  RESOURCES OF F I S H E R I E S  

AND MARINE  SERVICE  STATISTICAL  AREAS 15 AND 16 
( K n a p p  and L a s h m a r  1978, F.M.S. I n te rna l  R e p o r t )  
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Q 

The i n f o r m a t i o n   p r e s e n t e d   i n   t h i s  document was c o l l a t e d   s o l e l y  
f o r  use w i th in   t he   Pac i f i c   Reg ion  (DFE)  "Pulp Mill Review  Process": a 

process  des ignated  to   determine  e f f luent   character is t ics ,   degree  o f  

t reatment,  and e f f e c t s  upon the  receiving  environment.  This  task was 

c a r r i e d   o u t   t o   i d e n t i f y   c u r r e n t  and p o t e n t i a l   c o n f l i c t s  between  aquatic 
resources and e f f l u e n t   d i s p o s a l   i n   o r d e r   t o   p r i o r i z e   p o l  1 u t i o n  abatement 

e f f o r t s .  

Opinions  expressed i n  t h e   t e x t   r e f l e c t   t h e  judgement o f   t h e  

authors and c o n t r i   b u t i  ng personnel . 
This  document i s   n o t   f o r  genera l   c i rcu la t ion .  Any persons 

w i s h i n g   t o   c i t e   t h i s  document must ob ta in   the   permiss ion   o f   the   sen io r  

author. 
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MACMILLAN-BLOEDEL PULP AND PAPER MILL - POWELL RIVER.  B.C. 

FISHERIES RESOURCES OF 

FISHERIES AND "ARINE SERVICE STATISTICAL AREAS 1 5  AND 1 6  

I INTRODUCTION 

The MacMillan-Bloedel  pulp  and  paper m i l l  l ies  a t  
t h e  mouth of t h e  Powel l  River ,   facing  Malaspina S t ra i t .  I t  
is l o c a t e d  on t h e   b o r d e r   o f   S t a t i s t i c a l  Areas 15 and 1 6  which 
t o g e t h e r  form the   Pender   Harbour   Subdis t r ic t   (F igure  1). 
The la t te r  s t r e t c h e s   f r o m  Sechelt i n   t h e   s o u t h  t o  Toba I n l e t  
i n  t h e  n o r t h ,  a d is tance   o f   approximate ly  75 miles. (1) 

Eff luen t   d i scha rged   on to   exposed   coas t l i ne  may be 
p o t e n t i a l l y  less damaging  than t h a t   i n   e n c l o s e d   l o c a t i o n s  
due t o  d i l u t i o n   a n d   d i s p e r s a l   b y  tides, winds ,   cur ren ts   and  
f r e s h w a t e r   i n p u t .   U n f o r t u n a t e l y ,   i n  some i n s t a n c e s ,   t h e  
l a t te r  factors may also cause   t ox ic   subs t ances  t o  be spread  
over  a wider area, i n c r e a s i n g   r a t h e r   t h a n   d e c r e a s i n g   t h e  area 
of   in f luence .  A r e p o r t ( 2 )   i n d i c a t e d   t h a t   t h e  m i l l  i n f l u e n c e  
may stretch beyond   Myr t l e   Po in t   i n   t he   sou th   and  Lund i n  t h e  
no r th   (F igu re  2 ) .  

S t u d i e s   h a v e   i n d i c a t e d   t h a t  t h e  n e t   e f f l u e n t  f l o w  
i s  i n  a no r thwes te r ly   d i r ec t ion   f rom  the  m i l l .  ( 2 )  I t  i s  
b e l i e v e d   t h a t   t h e   e f f l u e n t  moves o u t   f r o m   t h e  ta i l race and 
swings west and  then  north  toward Harwood I s l and . (3 )   These  
obse rva t ions  are in   ag reemen t   w i th   cu r ren t  movement s t u d i e s  
c a r r i e d   o u t  by  pulp m i l l  personnel.   Studies  documented 
some d e l e t e r i o u s   e f f e c t s  on i n t e r t i d a l   f l o r a   a n d   f a u n a ,  
p a r t i c u l a r l y   n o r t h  of t h e   m i 1 1 . ( 4 , 5 )   T h e s e   i n c l u d e d   d i s p a r i t i e s  
b e t w e e n   d i v e r s i t y   i n d i c e s  for organisms and a n o t i c e a b l e  
r educ t ion   i n   p l an t   abundance .  

I1 SALMON 

A. Stocks 

Accurate estimates of stocks w i t h i n   t h e   S u b d i s t r i c t  
are d i f f i c u l t  t o  obta in   because  a l a r g e   p r o p o r t i o n  of t h e  
s a l m o n   o r i g i n a t i n g   i n   t h e  area are c a p t u r e d   i n   t h e   J o h n s t o n e  
S t r a i t   f i s h e r y .  ( 6 )  

The Pender   Harbour   Subdis t r ic t   conta ins  a l l  f i v e  
s p e c i e s  of Pacific salmon. Total  s tocks   (based   on   ca tch   p lus  
escapement   f igures)   appear  t o  b e   h i g h e r   i n  Area 1 6  t h a n   i n  
area 15 ,  Powe l l  River.  On a spec ie s   bas i s ,   on ly   ch inook   and  
coho  salmon are h i g h e r   i n   t h e  Powel l  River Area (Table I ) .  
Coho show t h e  least  v a r i a t i o n   w i t h   a v e r a g e   s t o c k s  of 3 9 , 0 0 0  
and 3 1 , 4 0 0  f o r  Areas 1 5  and 1 6  r e s p e c t i v e l y .  Combined 
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stocks  show  chum  salmon  to  be  present  in  the  highest  numbers, 
followed  by  coho,  chinook,  pink  and  sockeye  salmon.  Sockeye 
stocks  have  only  one  major  escapement  area - the  Sakinaw  Lake 
system.  The  remainder  of  the  stocks  are  native  to  other  areas. 

There  are  no  major  enhancement  facilities  planned 
for  the  Subdistrict.  Stream  clearing  was  undertaken  in 1976 
and  will  continue  in 1977. Upwelling  boxes  are  being  considered 
for  the  Sliammon  River  in  the  future. The  Sliammon  Indian 
Band  has  also  expressed  interest  in  participating  in  enhancement 
activities. (7) 

B. Commercial  Fishery 

Commercial  fishing  is  permitted  throughout  the 
Subdistrict.  There  are  no  regular  gear  or  species  closures, 
though  periodically  some  mainland  inlets  (such  as  Toba  or 
Jervis)  may  be  closed  in  the  fall  to  protect  spawning  runs of 
chum  salmon.  Closures  have  occasionally  been  instituted  to 
protect  pink  stocks..  Trolling  which is.carried out in  most 
waters  is  the  favoured  catch  method.  However,  it  is  less 
frequently  used  in  the  inlets  due to  the  recreational  fishery 
and  the  lower  catch  successes  there.  Comparatively,  little 
seining or gill  netting  is  done.(6)  In  recent  years,  the 
only  significant  net  fishery  (in  Area 15) has  been  for  chinook 
in  the  early  spring. (10) The  Area 15 fishery  tends  to  rely 
primarily on stocks  passing  through  Johnstone  Strait to the 
north,  whereas  catches  in  Area 16 depend on stocks  originating 
from  both  the  north  and  south. 

Fisheries  and  Marine  Service  records  show  significant 
catches of sockeye  in  Sabine  Channel  (between  Texada  and 
Lasquiti  Islands),  a  small  proportion of which  are  probably 
headed  for  the  Sakinaw  Lake  system.(lO)  Chum  have  also  been 
taken  in  Sabine  Channel,  primarily  with  gill-nets  and  secondarily 
with  trolling  gear. The  Toba  River  has  been  considered  the  most 
productive  area  for  coho  and  consequently  Toba  Inlet,  into 
which  it  drains,  supports  a  large  proportion of the  coho 
gill-net  fishery. 

As shown  in  Table I1 the  total  catch  within  the 
Subdistrict  (Area 15 and 16) is  relatively  small  when  compared 
to  other  areas.  The  total  average  catch  for  all  species, 
1966-1975, was 126,877 salmon  compared  to  a  total  of 2,128,345 
from  Area 6 and 1,866,942 from  Area 8.(11) Area 15 average 
total  catch  for 1966-1975 was 37,105 pieces.  Of  this  chinook 
and  coho  accounted  for 90% of these  fish.  Area 16 had  a  total 
average  catch  for  all  species  for  the  same  period (1966- 
1975) of 89,682 pieces.  Chums  constituted 32.5% of  the  area 
16 catch  while  sockeye,  chinook,  coho  and  pink  salmon  comprised 
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TABLE I 

SALMON STOCK ESTDIATES  (COI"l3RCIAL CATCH PLUS ESCAPEMENT) (8 I 9) 

a) A r e a  15  - P o w e l l   R i v e r  

YEAR  SOCKEYE COHO PINK CHUM CHINOOK 

1975  10 
1974 205 
1973 75 
1972  865 
1971  580 
1970  99 
1969  92 
1968  51 
1967  8 
1966  38 

AVERAGE 200 

16193 
9909 

30995 
41994 
63947 
71584 
27976 
38106 
29681 
61105 

38000 

21736 
165 

26085 
72 

37735 
129 

13775 
163 

25305 
112 

125000 

16627 
28706 
14965 
75884 
26157 
18168 
26470 
84052 
19106 
44378 

35450 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

AVERAGE 

b) A r e a  16 - P e n d e r  Harbour 

20765 
60331 
17427 
34937 
38263 
10313 
31810 
26344 
16591 
10970 

25775 

33590 
36708 
22094 
13731 
46913 
35310 
29075 
28087 
18604 
45648 

30976 

75536 
1033 

12062 
136 

93250 
670 

35191 
3919 

41396 
397 

26359 

47403 
87216 

260751 
120561 
37684 

121875 
119185 
88900 
16218 
25043 

92483 

19426 
22214 
31262 
35622 
63579 
45994 
21759 
22118 
24480 
27578 

31400 

19110 
9688 
8621 

25398 
30780 
17318 
11309 
9921 

13134 
12264 

15754 
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TABLE  I1 

COMMERCIAL SALMON CATCHES (IN PIECESI(~) 

YEAR  SOCKEYE  COHO  PINK CHUM CHINOOK. - 

a)  Area  15 - Powell  River 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

10 
205 
75 

865 
580 
99 
92 
51 
8 

38 

15468 
8859 

11395 
8974 

32187 
30544 
5076 
7896 

11406 
25605 

436 
165 
585 
32 

585 
79 

675 
151 

1265 
112 

2 
6 

165 
26134 

7 
5468 
Nil 

2 
6 
3 

19426 
22214 
21762 
23922 
44579 
20994 
13659 
9118 

10880 
13578 

AVERAGE 202 15741  410  829  20013 

b)  Area  16 - Pender  Harbour 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

4765 20480 51156 
54331 14263 1033 
15927 11644 1232 
30437 6241 136 
29763 33228 45625 
5313 24330 520 

18110 8275 2591 
6344 6457 3719 
6591 8134 16686 
3970 16173 372 

762 19110 
178 9688 

169031 8621 
27951 25398 

329 30780 
58725 17268 
34635 11209 

50 9821 
118 13034 
18 12264 

AVERAGE  17555  14922  12307 29179 15719 
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20%,  17%, 17% and  14% of  the  catch  respectively.  Since  the 
main  Gulf of Georgia  fishery  has  shifted  to  Johnstone  Strait, 
there  has  been  a  noticeable  reduction  in  catch  for  the  area.(6) 

C. Escapement 

The  Pender  Harbour  Subdistrict  contains  approx- 
imately 81 miles  of  spawning  ground  distributed  over 35 
streams,  21  in  Area 15 and  the  remainder  in  Area  16.  Table 
I11 gives  escapements  for  area 15 and  16  by  year  and 
species  for 1966 to 1975. Escapements of sockeye  to  Area 15 
are  non-existent  as  this  species  do  not  inhabit  any  of  the 
lake-fed  streams  in  the  area.  The  Sakinaw  lakes  system is 
now  the  only  system  in  area  16  that  supports  sockeye. 
Sockeye  runs  in  the  Tzoonie  River  have  not  been  observed  since 
1969. The chinook  run  in  Area  16  is  almost  negligible,  with 
an  average  run of 35 per  year.  Even-year  pinks  in  the  Sub- 
district  have  recently  declined  to  zero.  Gross  fluctuations  in 
escapements  are  generally  attributable  to  variability  in 
spawning  cycles,  changing  environmental  conditions  such  as 
ice  scouring  and  flooding,  and  commercial  fishing  pressures. 

The following  table  ranks  the  most  important  spawning 
streams  according  to  species.  Ranking  is  based  on  the  average 
escapements  from  1966 to 1975. 

SOCKEYE  CHINOOK  COHO  CHUM  PINK 
1. Sakinaw  Lakes mba mba r)eSerted SMWka 
2.  Tzoonie  River* Little mba Little Tbba Tzoonie Deserted 
3. Klite - SMWka saltery Bay mba 
4. B r a  Tzooolie mba Little Toba 

*Last  escapement  recorded was in 1969. 

The failure of a  stream  to  appear  under  a  particular 
species  heading  does  not  necessarily  mean  that  spawning of 
that  species  does  not  occur:  rather  it  indicates  that  escape- 
ments  are  not as significant  when  compared  to  other  streams  in 
the  area.  The  Toba  thus  seems  to  be  the  most  important  river, 
providing  significant  runs of chinook,  coho,  chum  and  pink 
salmon,  followed  by  the  Little Toba,  with  com2aratively 
large  runs of chinook,  coho  and  pink  salmon.  None of the 
seven  streams  in  the  area  of  potential  influence  (between 
Scotch  Fir  Point  and  the  Copeland  Islands)  appear  to  be  large 
producers.  Table IV shows  their  escapements  for  the  years 
1966  to  1975. 

Salmon  may  be  under  the  influence  of  the  pulp 
mill  effluent  during  both  their  adult  and  juvenile  migrations 
to  and  from  the  spawning  grounds  respectively.  Since  the 
effluent  tends  to  flow  to  the  northwest of Powell  River,  any 
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TABLE  I11 

SALMON  ESCAPEMENTS ( 12,13 ) 

YEAR  SOCKEYE  COHO  PINK  CHUM  CHINOOK - 

a)  Area 15 - Powell  River 
1975  725  21300  16625 Nil 
1974 1050 Nil 28700 Nil 
1973  19600 , 25500  14800  9500 
1972  33000 50  49750  11700 
1971  31760  37150  26150  19000 
1970  41000 50 12700  25000 
1969  22900  13100  26475 8100 
1968  30200  25  84050  13000 
1967  18275  24040  19100  13600 
1966  15500  44375  14000 

32300  11400 AVERAGE  Nil 23400 12100 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 

b) 

16000 
6000 
1500 
4 530 
8500 
5000 
3700 

20000 
10000 

- Area 16 - Pender  Harbo 
13100  24400 
22450 Nil 
10450  10850 

7 4 9 0  Nil 
13700  47625 
11000 150 
20800  32600 
21600  200 
10475  24700 

ur - 
46650 Nil 
87000 Nil 
91725 Nil 
92600 N i l  
37350 Nil 
63150 50 
84550 100 
88850 100 
16100 100 

1966 7000 29475 25 25025 

AVERAGE 8200 16050 14050 63300  50 



- 9 -  

TABLE IV 

SALMON  ESCAPEMENTS  OF STREAMS EETWEEN 
SCOTCH  FIR  POINT  AND  THE  COPELAND ISLANDS(9) 

CREM 1975  1974  1973  1972  1971 AVERAQ3 AVERAGE (1966-70) 
"" - 

a) COHO 
IlwTcIN 20  20 N.O.  N.O.  N.O. 10 Nil 
KELLY 25  25  25 N.O. 120 5B Nil 

LANG m-) 200 300 200 1000 1000 550 5 00 
LOIS (EAGLE) 

"LE (FWXK) 50  50  25 25 25 25 10 
WIlTAL (SIMPKINS) 150  250  50  140 100 138 75 
SIJIAWKN 100 100  100 600 1000 380 800 

b) - 
IxwImJ 200 5.25 100 
KELLY 700 200 300 
IANG 5000 1800 1000 

LOIS (EAGLE) 75 150 150 

"€UTE (-1 425. 300 200 

(SIMPUNS) 1500 14-50 25 
E3i"KN 4500 5000 7000 

c" 

2000 600 200 57 5 

3000 400 925 325 

3000 1200 2240 2620 
100 75 100 325 

300 7s 250 450 

1200 300 900 650 
3500 3000 4600 5000 

N.B. Fran 1966-1975, Lang creek recorded a 
shgle escapennent of 50 pinks in 1971. 

N.O. None Obsened 
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f i s h  popu la t ions   w i th in  t h i s  area could   poss ib ly  be a f f e c t e d .  
Unfo r tuna te ly ,   t he re  is i n s u f f i c i e n t   i n f o r m a t i o n  available 
t o  accu ra t e ly   de t e rmine  the e x t e n t  t o  which  these waters are 
used  by  migrat ing  salmon.( l4)   Several   general   observat ions,  
however, may prove   he lpfu l .  

During  migration,  salmon  tend t o  remain  on t h e  
side of Georgia   S t ra i t   f rom  which   they   or ig ina ted ,  moving 
through  Johnstone S t r a i t  t o  t h e  north  and  Juan de Fuca S t r a i t  
t o  the   sou th .   Whi l e   t he re  i s  cons ide rab le   va r i a t ion   f rom 
year  t o  y e a r ,  t h e  m a j o r i t y  seem t o  u t i l i z e   t h e   s o u t h e r n  
rou te .  On the  northern  seaward  migrat ion,   Discovery  Passage 
i s  probably   p refer red  by t h e  more m a t u r e   f i s h ,   w i t h   r e a r i n g  
j u v e n i l e s   s t a y i n g  east  of  Quadra  Island  where less t u r b u l e n t  
waters permit   h igher   accumulat ions  of   food.   There does 
not   appear  t o  be any  tendency  for  salmon t o  u s e   t h e  same 
r o u t e  for both  spawning  migrations of a d u l t s   a n d  seaward 
migra t ions  of j u v e n i l e s .  (14) 

1 

Migra t ions   pas t  P o w e l l  River  occur  on either side 
of Texada  Island; t h e  propor t ion  of f i s h   u t i l i z i n g  either 
s i d e  i s  n o t  known. The ex tens ive   f i she ry   i n   Sab ine   Channe l  
s u g g e s t s   t h a t   t h i s  may b e   t h e   p r e f e r r e d   r o u t e .   I n  1973,  
Sabine  Channel was t h e   s o u r c e  of most of  t h e  sockeye, coho 
and chum c a t c h e s   f o r  Area 1 6 .  ( 1 0 )  Pink  salmon also used 
Sabine  Channel, w i t h  local popula t ions   migra t ing   v ia   Malasp ina  
S t r a i t   t o   t h e  spawning streams. Only small numbers  of chum 
use  Juan  de  Fuca S t r a i t ,  most p re fe r r ing   Johns tone  S t r a i t  
a t  t he   no r th   end  of Vancouver  Island. Local popula t ions   o f  
chum muve via   Malaspina S t ra i t  t o  t h e  spawning  grounds. 
The major i ty   o f   ch inook  in   the   Pender   Harbour   Subdis t r ic t  
spawn i n  Toha I n l e t  streams. They tend  t o  be a very  mobile  
s p e c i e s ,   p a r t i c u l a r l y   i n   t h e   n e a r s h o r e  areas. Occas iona l ly ,  
ch inook  form  rear ing   concent ra t ions   wi th in   the  S t r a i t  of Georgia 
or i n  t h e  mou ths   o f   i n l e t s .  One such  concentrat ion  has   been 
r e p o r t e d   a t  t h e  southern  end of Texada' I s land .  Coho are also 
q u i t e  mobile, b u t   r a n g e   m a i n l y   i n   o f f s h o r e   w a t e r s . ( l 5 )  

Timing  of   salmon  migrat ions  and  spawning  for   the Sub- 
d i s t r i c t  i s  tabulated  below.  

SPECIES UPSTREAM MIGRATION SPAWNING 

SOCKEYE J u l y  t o  September November - December; 
peak: mid-November. 

CHUM l a t e  Octber t o  l a te  October t o  l a t e  November; 
mid-November peak: l a te  Oc tobe r ;   i n  some 

creeks, t h e r e  may b e   a n   e a r l y  
December run.  

COHO l a t e  October t o  l a t e  November - December, may 
mid-December extend t o  January ;   peak:   l a te  

November 
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SPEC I E S  UPSTREAM MIGRATION SPAWNING 

P I N K  l a t e  September to  l a t e  September 
l a t e  October October;  peak: 

t o  l a te  
l a t e  O c t .  

CHINOOK A p r i l  t o  August   Apri l  t o  end  of O c t . ;  
(Toba I n l e t   p e a k :   v a r i a b l e .  
Streams) 

, I  D. S p o r t   F i s h e r y  

i) T i d a l  

The t i d a l   s p o r t   f i s h e r y  for  t h e  Pender  Harbour 
S u b d i s t r i c t   o c c u r s  from Lund, south  through  Malaspina  Channel 
t o  Scotch F i r  Poin t .  Most of t h e   s p o r t   f i s h i n g  i s  done from 
small boats,  however,  about 5% is  done  from  shore.  Apart 
from t h e  Toba I n l e t   c h a n n e l   f i s h e r y   a n d   t h e  mouth of J e r v i s  
In l e t   ( coho   and   ch inook   f i she ry ) ,   t he re  are no areas of 
pa r t i cu la r   impor t ance   fo r   any   one   spec ie s .  (6) 

Table V g i v e s   t h e  salmon spor t   ca t ch   and  e f for t  
f o r  S t a t i s t i c a l  Areas 15 and 16. Five  year   averages  f rom 
1966 t o  1970 and 1971 t o  1975 show i n c r e a s e s   i n   t h e  numbers 
of   f i sh   t aken:   ( f rom 13,480 t o  29,357, i n  Area 15, and 
from 17,312 t o  25,145 p ieces   i n   Area  16.) The i n c r e a s e s   i n  
f i s h i n g   e f f o r t   i n   b o a t   d a y s :  (from 11,103 t o  19,723 i n  
Area 15, and  from 12,906 to 24,140 i n  Area 16 are also g i v e n ) .  
Tagging  programs  have shown tha t   the   Qual icum  and   Capi lano  
ha tchery  f ac i l i t i e s  have  had a s i g n i f i c a n t   b e n e f i c i a l   e f f e c t  
on t h e   s p o r t   f i s h e r y .  (10) 

i 
ii) Non-Tidal 

The n o n - t i d a l   s p o r t   f i s h e r y  i s  r e l a t i v e l y   m i n o r   i n  
s i z e ,  w i t h  t h e  emphasis on lake rather than  stream fishing. 
The major spec ie s   caugh t  are s tee lhead   and  coastal c u t t h r o a t  
t r o u t .  The main s p o r t   f i s h i n g  streams are Lang (Wolfeson) 
Creek  and  the  Theodosia  and Brem r i v e r s .  However, ex tens ive  
u t i l i z a t i o n   o f   t h e  la t ter  two is  l i m i t e d  by a c c e s s i b i l i t y .  
Of t h e  streams between  Copeland  Island  and  Scotch F i r  P o i n t ,  
only Lang Creek shows r e t u r n s  f o r  s t ee lhead .  They are 
g i v e n   i n   t h e   f o l l o w i n g   t a b l e .  

Lang Creek Steelhead Sport   Catch,  E f f o r t  And Number o f   Ang le r s ( l6 )  

EFFORT CATCH 
YEAR (DAYS FISHED) NUMBER OF ANGLERS (PIECES) 

1975-76 500 58 111 
1974-75 500 59  92 
1973-74 281 45  67 
1972-73 697 105  179 
1966-67 433 - 138  214 
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TABLE V 

I 

SALMON SPORT CATCH AND E F F O R T ( l 7 )  I 

YEAR - CHINOOK COHO P I N K S  &I OTHERS  TOTAL  EFFORT  (BOAT  DAYS) 

a )   A r e a  15 - Powel l  R i v e r  

1975 10180 20675 475  31330 20575 
1974 11230 27100 455  38785 22958 
1973 8539 5899 35 14473 16605 
1972 10502 10148 14  20664 18031 
1971 6386 35082 67  41535 20448 
5 YEAR 
AVERAGE 9367  19781 209 29357 19723 

1970  4775  21425 - 26200  17450 
1969  4200  9025 - 13225  14950 
1968  3400  9500 - 12900  10280 
1967  2600  2075  50 6325  5525 
1966  1725  5957 - 8750  7310 
5 YEAR 
AVERAGE 3340 9600 10 13480 11103 

b) A r e a  16 - Pender Harbour 

1975 7095 18500 280  25875 24780 
1974 4245 25265 - 29510 23370 
1973 5980 8815 67 le862 24070 
1972 6870 10028 6  16904 21879 
1971 6563 31853 160  38576 26600 
5 YEAR 
AVERAGE 6157  18892 103 25145 24140 

1970 3725 7900 - 11625 17175 
1969 3100 9750 75  12925 12875 
1968 3320 23390 26710 12620 
1967 2775 9000 200  13775 11700 
1966 2075 17350 - 21525 10160 
5 YEAR 
AVERAGE 2999  13478 55 17312  12906 

- 

For 1966-67, C o h o  and C h i n o o k   G r i l s e  were included i n  
"combined G r i l s e " ,  w i t h  values of 1050 and 1600 pieces 
for  A r e a  15 and 2100 and 1800 for  A r e a  16. 
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E. Indian Food F i she ry  

Two local Indian  bands,  t h e  Sliammons  from  north  of 
Powe l l  River   and  the Sechelts from the  Pender   harbour  area 
f i s h  Areas 1 5  and 16 .  A small g r o u p   a l s o   f i s h   o u t  
o f   S q u i r r e l  Cove  on t h e  east  s i d e   o f  Cortes I s l a n d .  The 
Ind ians  of Areas 15  and 1 6  p robab ly   r e ly  less on the   food  
f i s h e r y   t h a n  more i s o l a t e d   b a n d s   s i n c e  a l a r g e  number are 
employed i n  t h e  pu lp  m i l l  and   o ther  local i n d u s t r i e s .  

The  Sliammons  do most o f  their f i s h i n g   n e a r   t h e  
Sliammon R i v e r ,   e i t h e r   n e a r  t h e  mouth, o r  i n  t h e  river 
i t s e l f . ( 8 )  Some f i s h i n g  is  also done i n  the Okeover A r m  - 
Theodos ia   In le t  area. S e t   n e t s   a n d   g a f f s  are the  predominant  
g e a r   t y p e s ,   t h e  l a t t e r  i n  streams where set n e t s  are no t  
p r a c t i c a l .  

Table V I  i t e m i z e s   t h e   n a t i v e  catches for  the 
area from 1 9 6 6  t o  1975. Chum are caught  most f r e q u e n t l y  
followed by coho and  chinook. I t  i s  n o t  known whether   her r ing  
spawn is  u t i l i z e d  by t h e  Sliammons. I n   t h e   s h e l l f i s h   h a r v e s t ,  
l i t t l e n e c k  clams are  taken off Savary  and Harwood I s l a n d s  
and from t h e  top  o* Okeover   Inlet . .  

I11 HERRING 

F igure  3 g i v e s   t h e  Area 1 5  and 1 6  h e r r i n g  spawn 
loca t ions   f rom 1 9 7 0  t o  1975. These show t h a t  v i r t u a l l y   t h e  
whole l e n g t h   o f   c o a s t l i n e  from the  Copeland or  "Ragged" 
I s l a n d s  t o  Scotch F i r  Po in t  i s  used for spawning.  The areas 
of concen t r a t ion  are S c u t t l e  Bay and  the  Copeland  Is lands.  
The only  unused  spawning area is  a s t r i p   o f   c o a s t l i n e  
approximately 6 miles long  surrounding  Powell  River where   the  
absence of spawn is  apparent ly   due  t o  t h e  lack of s u i t a b l e  
i n t e r t i d a l  areas r a t h e r   t h a n   t h e   p r o x i m i t y  of the m i l l  or 
townsi te .   Fol lowing  hatching of eggs v i r t u a l l y   a n y  area 
a long  the coast may be u t i l i z e d  for  r e a r i n g  of j u v e n i l e  
her r ing .   (18)  

1, 
! 

The h e r r i n g   f i s h e r y   o n  t h e  e a s t e r n   s h o r e s   o f   t h e  
S t ra i t  of  Georgia i s  of minor  importance  compared t o  t h e  
east and west coasts of Vancouver  Island  because of t h e  
smaller r e s i d e n t  stocks. The l a s t  roe h e r r i n g   f i s h e r y  
occurred   in   1973  near  G r i e f  Po in t .  A t  p r e s e n t ,   t h e   o n l y  
h e r r i n g   h a r v e s t  i s  fo r  b a i t  o f f  t h e  nor th   end  of Texada 
I s l a n d . ( l 9 )  Table V I 1  g ives   t he   annua l   he r r ing   ca t ch   and  
s t a t u t e  miles of h e r r i n g  spawn for  areas 15  and 16.  
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TABLE V I  

I 

YEAR 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

AVERAGE 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

AVERAGE 

TOTAL INDIAN FOOD FISHERY (10) 

COHO CHINOOKS CHUM - P I N K S  SOCKEYE 

200 
100 
50 

132 
113 
113 
96 

112 
10 

450 

137 

a )   A r e a  15 - Powel l  R i v e r  

300 
150 
100 
184 
75 

105 
36 
23 

97 

3000 
2000 
1400 
1320 
1952 
1625 
2162 
2356 
200 
950 

1696 

5 

0 .5  

b) A r e a  1 6  - Pender H a r b o u r  

N. 0 F O O D  F I S H E R Y  
N O   F O O D   F I S H E R Y  
637 

1  4  228 

200 
93 2 1197 : .l  8 

50 5 300 10  11 
34 11 349 4 

200 10 600 100 10 
200  25 400 

122 28 327 11 3 
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TABLE  VI1 

COMMERCIAL  HERRING  CATCH AND MILES OF SPAWNf18,-20,21,22) 

CATCH  STATUTE  MILES 
YEAR (IN CWT) OF SPAWN - 

a) Area  15 - Powell River 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

980 
20 
20 

3737 
Nil 
1603 
Nil 
Nil 
2770 
520 

9.0 
4.5 
6.9 
6.2 

11.2 
9.0 
6.9 
1.1 
0.3 - 

AVERAGE  965 

b) Area 16 - Pender  Harbour 

1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

10470 
3920 
9810 

40598 
3782 
4322 
5626 
2532 
3111 

12911 

AVERAGE  9708 

CWT = 100 lb. 

2.9 
0.7 
3.7 
6.9 
5.1 

14.9 
8.1 
3.8 
7.1 
5.9 
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I IV HALIBUT  AND  GROUNDFISH 

I 

I 

I 

Halibut  and  groundfish  are of minimal  importance 
in  the  Pender  Harbour  Subdistrict  as  a  whole  and  the  Powell 
River  vicinity  in  particular.(23)  Halibut  are  usually  taken 
commercially  during  the  hook  and  long-line  cod  fishery  while 
grayfish,  some  non-food  fish  and  perch  are  taken  incidentally 
in  the  dragger  fishery.  Several  hundredweight  of  red  and  rock 
cod  are  also  taken. 

Table  VI11  gives  the  annual  halibut  and  groundfish 
commercial  catches  in  hundredweight. 

Y 

1 

1 

The  most  important  areas  of  commercial  oyster 
harvest,  Okeover  Inlet  and  Pendrell  Sound  are  remote  from  the 
Powell  River  pulp  mill.  Small  numbers  of  oysters  are  also 
taken  by  the  sport  fishery  in  these  areas.  Okeover  Inlet  was 
used  as  a  control  site  for  a  study of zinc  contamination 
of shellfish  by  pulp  mill  effluent.  Considerably  lower  levels 
were  found  in  this  area  compared to  the  coastline  adjacent 
to  Powell  River. (2) 

Okeover  Inlet is  the  source  of  most  of  the  clams 
in  the  Powell  River  area.  Clams  are  available  along  the 
shoreline  immediately  north  and  south of Powell  River, 
however  the  area  has  been  closed  in  recent  years  due  to  sewage 
contamination. The same  areas  also  provide  most  of  the 
sport  catch.  The Sliamon Indians  carry on a  commercial 
harvest, primarily for littleneck  clams  around  Savary  and 
Harwood Islands  and at the top  end  of  Okeover  Inlet.  Table 
VI11  gives  commercial  catches  for  shellfish.  Figure 3 shows 
the  location  of  clam,  oyster  and  abalone  beaches.(6,23,24) 
The nap gives  only  rough  indications of stock  locations  and 
may  be  incomplete  in  many  respects. 

VI CRUSTACEANS 
I 

While  minor  prawn  fishing  activities  have  taken 
place  occasionally  in  the  waters  surrounding  Texada  Island(8) 

r no major  concentrations  are  known  to  exist.(I)  Table  VI11  gives 
the  available  catch  figures. 



YEAR 
" 

1 9 7 5  
1974 
1 9 7 3  
1972  
1 9 7 1  
1970  
1969  
1 9 6 8  
1967 
1966 

AVERAGE 

1975  
1974 
1 9 7 3  
1972 
1 9 7 1  
1970 
196  9 
1968  
1967 
1966  

AVERAGE 
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TABLE V I 1 1  

COMMERCIAL  CATCH STATISTICS, OTHER SPECIES(8) 

P i e c e s  

5 
32 

2 
3 
8 
6 

N i l  
N i l  
1 
6 

6 

1 7  
6 
9 

18 
2 3  
18 

9 
1 9  
13  
1 6  

1 4  

OYSTERS 
STEELHEAD  HALIBUT  GROUNDFISH  SHRIMP  CLAMS  (U:S. Gal.) CRABS 

CWT CWT CWT CWT mm" 

a)  Area 15 - P o w e l l  River 

< 500 
N i l  
N i l  
N i l  
N i l  
N i l  
N i l  
N i l  
N i l  
N i l  

1480  
580 

1140  
799 

1262 
1458 
1155 

4 4 1  
392 
386 

270 5738 
1230 3692 
1830 1227 

2 2504 549 
7 53 890 
6 1 2  5208 

1.: 5 N i l  1 5 0 7 1  
N i l  1 7 3  3478 
N i l  N i l  15114 

N O  R E C O R D  

916  606  5096 

b) Area 1 6  - P e n d e r  Harbour 

Nil 640  50 
N i l  4 6 0   1 0  
N i l  1090 1 0  
N i l  2052  34 
N i l  1 8 6   1 7  
N i l  1 5 8 3  9 
N i l  2822 9 

2 2104  25 
1 2511   32  

N i l  2354  34 

1580   23  

270 
620 
290 
437 
530 
760 

2 
1 4  

234 
338 

351 

1055  500  
8 9 1  
896 
907 2 
832 

1834 
2525 
2136 
1559 
2033 

1466  
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