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ABSTRACT 

The impact   o f   the  French  Creek sewage d ischarge on t h e   r e c e i v i n g  

environment was mon i to red   by   the   Envr ionmenta l   Pro tec t ion   Serv ice   f rom 

1977 t o  1980.  Water q u a l i t y   c h a r a c t e r i s t i c s   o f   s a l i n i t y ,   t e m p e r a t u r e ,  
d isso lved  oxygen  and  nu t r ien ts ,  and b e n t h i c   c h a r a c t e r i s t i c s   o f   s e d i m e n t  

p a r t i c l e   s i z e ,   o r g a n i c   c o n t e n t ,  heavy  meta l   concentrat ion and b e n t h i c  

fauna  were  invest igated.  The Pisces IV submersible was used t o  examine 

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

obvious  responses o f   t he   o rgan isms   to   t he   p resence   o f   t he   d i scha rge .  
R e s u l t s   t o  1980  suggested some m i n o r   e f f e c t s   w h i c h   c o u l d  be 

a t t r i b u t e d   t o   t h e   d i s c h a r g e   o f   e f f l u e n t   f r o m  a b io log ica l   secondary  
t rea tmen t   p lan t .  Water q u a l i t y   c h a r a c t e r i s t i c s  were t y p i c a l   o f   t h e  Strait 

o f  Georg ia  showing  normal   seasonal   var ia t ions.   Dis t r ibut ion  pat terns  o f  

sediment p a r t i c l e   s i z e   r e f l e c t e d  a n a t u r a l   r a t h e r   t h a n  an o u t f a l l   i n d u c e d  

si tuat ion.   Sediment  organic  content  measured i n  1980 showed a s i g n i f i c a n t  

i nc rease   ove r   t he  1977 p re -d i scha rge   l eve l s ,  an o b v i o u s   e f f l u e n t   e f f e c t .  
An o v e r a l l   i n c r e a s e   i n   c o p p e r ,  manganese, i r o n  and n i c k e l   i n   s e d i m e n t s  a t  

most   s ta t ions  was a l s o   s u g g e s t i v e   o f  a d i s c h a r g e   e f f e c t .  

Polychaete worms were the  most  common fo rm  o f   in fauna,   be ing  
recorded i n   g r e a t  abundunce  over   the  ent i re   s tudy  area i n  1977. Species 

d e n s i t y  was g r e a t e s t   e a s t   o f   t h e   o u t f a l l .  Evenness or  t h e   d i s t r i b u t i o n   o f  

i n d i v i d u a l s  amongst species was h i g h  (0.679 t o  0.850) a long  w i th   spec ies  
d i v e r s i t y   i n d e x .   P r e - o p e r a t i o n a l   l e v e l s   ( 1 9 7 7 )   o f  heavy  metal s i n   t h e  

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

cadmium be low  de tec t ion .  A f u r t h e r   s a m p l i n g   i n  1980 i n d i c a t e d   e l e v a t e d  

1 eve1 s o f   i r o n  and z inc   suggest ing  a p o s s i b l e   d i s c h a r g e   e f f e c t .   F u r t h e r  

s a m p l i n g   o f   m o r e   r e s i d e n t   s p e c i e s   i s   r e q u i r e d   t o   c o n f i r m   t h i s   e f f e c t .  
Observat ions  f rom  Pisces IV submers ib le   d i ves   i nd i ca te  no major  

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



I 
I n v e r t e b r a t e   c o l o n i z a t i o n   o f   t h e   p i p e  and the   p resence   o f   l a rge  numbers o f  

r o c k f i s h   w e r e   n o t e d   i n  a d ive   about  I f  y e a r s   a f t e r   o u t f a l l   i n s t a l l a t i o n .  

L i t t l e  non-biodegradable  debr is was present.  One p o i n t  t o  no te  was t h e  

u n d e r c u t t i n g   o c c u r r i n g   a t  some p o i n t s   a l o n g   t h e   o u t f a l l  and d i f f u s e r   p i p e .  
Future  examinat ions  should  be made t o   n o t e  any  weakening. 



De 197 7 i'l98 0, l e  Serv ice de l a   p r o t e c t i o n  de 1 ' e n v i  ronnement a 

g t u d i 6   l e s   e f f e t s  de l a  dgcharge des  eaux usges i French  Creek  sur l e  

m i l i eu   r i i cep teu r .   L ' g tude  a p o r t e   s u r   l e s   a s p e c t s   s u i v a n t s :   q u a l i t 6  de 

1 'eau, s a l i n i t i i   e t   t e m p g r a t u r e ,   p r o p o r t i o n   d ' o x y g i i n e   d i s s o u s ,   6 1 k e n t s  
n u t r i t i f s ,   q u a l  i t 5  des  sgdiments  benthiques:  granulomgtrie,  teneur en 

mat i   i i res   o rgan i  ques, taux  de concent ra t ion  en m6taux 1 ourds  e t   faune 

I 

m 

I benthique. On a proc6dg 2 des  plongiies i l ' a i d e  du  Pisces IV a f i n  

I . s u r   l e   s u b s t r a t   e t  1 es r i i ac t i ons   l es   p l   us   ca rac tg rosges  des organi  smes en 

d 'examine r   l es   ca rac tg r i s t i ques   phys iques  du d i f f u s e u r ,  ses e f f e t s   d i r e c t s  

pri isence  de l a  dgcharge. 
Les rgsu l ta ts   ob tenus   jusqu 'en  1980 r g v i i l e n t   c e r t a i n s   e f f e t s  

.I 
m i n e u r s   q u e   l ' o n   p e u t   a t t r i b u e r  au  dgversement  des e f f l u e n t s   p r v e n a n t  de 

1 ' us ine   d ' i i pu ra t i on   b io log ique .  La q u a l i t 6  de l ' e a u   p r g s e n t a i t   l e s  

c a r a c t g r i s t i q u e s   s a i   s o n n i   i i r e s   t y p i  ques  du d g t r o i  t de Georgia.  La 

r g p a r t i t i o n  des  si idiments  selon l a  d imens ion   des   pa r t i cu les   g ta i t  un 

ph i i nomhe   na tu re1   p l   u t6 t  que provoquii  par l a  prgsence de l a  dgcharge.  Le 
contenu  organique  des  sgdiments  mesur6 en 1980 i i t a i t  en p r o p o r t i o n  

s e n s i   b l  ement accrue   par   rappor t  aux p r o p o r t i o n s   r e l e v g e s   a v a n t   l e  
di iversement  des  ef f luents,  en 1977, ce qui r i i v e l e  l e  r 6 l e  joue par ces 

dern iers .   L 'augmentat ion  g6nera l is6e de l a   p r o p o r t i o n  du c u i v r e ,  
manganiise, f e r   e t   n i c k e l   r e 1   e v i i e  dans 1 es  sediments de l a   p l   u p a r t  des 

p o i n t s   c h o i s i s   r g v i i l e   g g a l e m e n t   l ' e f f e t  des e f f l u e n t s .  
On a c o n s t a t 6  que l e s   p o l y c h i i t e s   c o n s t i t u a i e n t  1 'espi ice l a   p l u s  

communkent  recontrge, 1977, dans t o u t e   l a  zone i i t u d i  ge. La densi  t 6  de 
l ' h a b i t a t   G t a i t   l a   p l u s   f o r t e  i l ' e s t  de l ' e x u t o i r e .  On a r e l e v 6  un 

i n d i c e   i i l e v i i   ( d e  0.679 i 0.85) dans l a   r i i p a r t i t i o n  des s u j e t s   p a r   r a p p o r t  

aux  espiises a i n s i   q u ' u n   i n d i c e   i i l e v i i  de d i v e r s i t e  des espkes.   Avant  l e  

dgversernent  des e f f l   u e n t s  (1977), l e s   t a u x  de c o n c e n t r a t i o n  des  mgtaux 
1 ourds  dans 1 es t i ssus  de l a   s o l  e a n g l   a i   s e   v a r i a i e n t   d ' u n   p o i n t  i un 



- i v  - 

a u t r e ,   l e s   t a u x  de  plomb e t  de cadmium 6 t a n t   m h e   t r o p   f a i b l e s   p o u r  

pouvoi r Gtre  mesuri is . Un i i c h a n t i l   l o n   p r i s  en 1980 a r i i v i i l 6  une 

augmenta t ion   du   taux   de   fe r   e t  de zinc,  cons6quence  possible  du 

dGversement d ' e f f l u e n t s .   I 1   e s t  bon d'examiner un plus  grand nombre 
d 'espgces   au toch tones   a f in  de v 6 r i f i e r   c e t t e   c o n c l u s i o n .  

D 'ap rss   l es   obse rva t i ons   f a i t es   de   P i sces  IV on n 'a  r e l e v i i  aucun 

e f f e t   p h y s i q u e   n i i g a t i  f d '  i m p o r t a n c e   s u r   l e   s u b s t r a t   s i   t u 6   p r g s  de 

l ' e x u t o i r e .  Lors d'une  p longi ie   e f fectu i ie  un  an e t  demi a p r k  
l ' i n s t a l l a t i o n  de l ' e x u t o i r e ,  on a c o n s t a t 6   l a   f o r m a t i o n  de c o l o n i e s  

d '   i n v e r t i i b r g s  dans l a  c a n a l   i s a t i o n   e t   r e l e v i i   l a   p r e s e n c e   d ' u n   g r a n d  nombre 

d'achigans  de mer. La q u a n t i t i i  des d 6 b r i s  non b i o d i i g r a d a b l e s   i i t a i t  

nggl igeable.  11 e s t  bon de s i g n a l e r  un c e r t a i n   a f f o u i l l e m e n t  5 c e r t a i n s  
e n d r o i t s   s i t u i i s   l e   l o n g  de l ' e x u t o i r e   e t  de l a   c a n a l i s a t i o n  de diicharge. 

D 'au t res  examens d e v r a i e n t   G t r e   e n t r e p r i s   a f i n  de d i i c e l e r   t o u t  
f l k h i s s e m e n t  des i n s t a l l a t i o n s .  



ABSTRACT 

RESUME 
TABLE OF CONTENTS 

L i s t   o f   F i g u r e s  

L i s t  of Tables 

L i s t  o f  P1 a tes  

SUMMARY 

1 

2 
2.1 

2.2 

2.3 

2.4 

3 
3.1 

3.1.1 

3.2 
3.2.1 

3.2.2 
3.2.3 

3.3 
3.3.1 

3.4 
3.5 

INTRODUCTION 

- v -  

TABLE OF CONTENTS 
’ Page 

MATERIALS AND METHODS 
Oceanographic Sampl i n g  

Bent h i  c Sampl i ng 

Ot te r   T raw l  s 
Pisces  IV Submersible  Dives 

RESULTS AND DISCUSSION 
Physical  Oceanography 

D i s s o l v e d   N u t r i e n t s  

B e n t h i c   C h a r a c t e r i s t i c s  

Sediment S i  ze D i  s t r i   b u t  i on 
Organic   Content  

Heavy Meta ls  

Ben th i c  Community 

Ben th i c   I n fauna  
Heavy Meta l   Concentrat ions i n  T issues 

P isces  I V  Dive   Observa t ions  

i 
iii 

V 

v i  i 

viii 
i x  

X 

1 

9 
9 

14 

14 

14 

17 
17 

20 

20 

22 
26 



- v i  - 

P a g e  

REFERENCES 

ACKNOWLEDGEMENTS 
I 

24 

30 

lli APPENDIX I POSIT IONS OF SAMPLING  STATIONS 31  

.I APPENDIX I 1  PHYSICAL  OCEANOGRAPHIC  DATA 33 

m APPENDIX 111 DISSOLVED  NUTRIENT  DATA 37 

APPENDIX IV VISUAL  CHARACTERISTICS OF SEDIMENT GRAB  SAMPLES 41  
I 

APPENDIX V SEDIMENT  HEAVY  METAL  DATA 
U 

45 

APPENDIX V I   I D E N T I F I C A T I O N  OF BENTHIC  INFAUNA FROM GRAB SAMPLES 
I TAKEN AUGUST 24, 1977 49 

I APPENDIX VI1 HEAVY  METAL  CONCENTRATIONS I N  FAUNAL  TISSUES 55 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

- v i i  - 

LIST OF FIGURES 

LOCATION MAP AND  STUDY AREA 

OCEANOGRAPHIC  SAMPLING  STATIONS 

BENTHIC  SAMPLING  STATIONS  (GRABS 

OTTER  TRAWL  STATIONS 

AND CORES) 

WATER  QUALITY  PROFILES,  AUGUST 24, 1977 

WATER  QUALITY  PROFILES,  APRIL  27,  1978 

WATER  QUALITY  PROFILES,  NOVEMBER 12, 1980 

INVERTEBRATE  SPECIES  DIVERSITY vs EVENNESS 

Page 

2 

4 

5 

7 

11 

12 

13 

24 



- viii - 

L I S T  OF TABLES 

T a b 1  e 

1 

7 

8 

P a g e  

MEAN  TEMPERATURE, S A L I N I T Y  AND DISSOLVED OXYGEN 

MEASURED AT THE  SURFACE AND 50 m DEPTH AROUND THE 

FRENCH  CREEK  OUTFALL 10 

MEAN NUTRIENT  CONCENTRATIONS  AT SURFACE AND 50 m 

DEPTH AROUND THE OUTFALL  15  
. 

PERCENT  COMPOSITION OF SELECTED SIZE  FRACTIONS I N  

SURFACE  SEDIMENTS  (AUGUST 24, 1 9 7 7 ;   A P R I L   2 7 ,   1 9 7 7  
AND  NOVEMBER 12, 1980) 16 

PERCENT  ORGANIC  CONTENT OF SURFACE  SEDIMENTS 18 

MEAN HEAVY  METAL  CONCENTRATIONS I N  SURFACE SEDIMENTS 19 

SPECIES  DENSITY AND TOTAL NUMBER OF INVERTEBRATES 

COLLECTED FROM BENTHIC GRABS ( A u g u s t  24, 1 9 7 7 )  21 

SPECIES  D IVERSITY AND EVENNESS  VALUES FOR INVERTEBRATES 
COLLECTED FROM BENTHIC GRABS ( A u g u s t  24, 1 9 7 7 )  23 

MEAN HEAVY  METAL  CONCENTRATIONS I N  ENGLISH SOLE 

( P a r o p h r y s  vetul us)  TISSUE 25 



- i x  - 

LIST OF PLATES 
1 

P1 a t e  

a 1 

I 

2 

I 

I 

3 

m 4 

SECTION OF DIFFUSER AND SURROUNDING 

1978 PRIOR TO SEWAGE PLANT  STARTUP 

SUBSTRATE APRIL, 

DIFFUSER PORT AND SURROUNDING SUBSTRATE MARCH, 1980 

Note  presence  o f  sea u r c h i n s ,   t u n i c a t e s  and s e r p u l i d  

worms  on p ipe.  

OUTFALL P I P E  AND CONCRETE  COLLAR 

Rock f ish ,  anemones, t u n i c a t e s  and s e r p u l i d  worms present  

on  p ipe.   Note  undercut t ing.  

END OF DIFFUSER SHOWING EFFLUENT DISHCARGE 

Note  absence o f   non-b iodegradab le   debr is .  

Page 

27 

27 

28 

28 



- x -  

SUMMARY 

I 

m 

E 

1) Studies  were  undertaken t o  assess   the   e f fec t   b io log ica l   secondary  

t rea ted   domes t i c  sewage e f f l u e n t   d i s c h a r g e d   t h r o u g h  a deep mar ine 

o u t f a l l  has on the   rece iv ing   env i ronments   in   the   French  Creek   a rea .  
Parameters  examined  included  water  qual i ty,  physical-chemical-biologi- 
c a l   c h a r a c t e r i s t i c s   o f   t h e   s e d i m e n t ,   c h a r a c t e r i s t i c s   o f   b e n t h i c   f a u n a  

and  v isua l   examinat ion   o f   the   bo t tom  us ing   the   P isces  I V  submersible.  

2 )  Water  qual i t y  p r o f i l e s   o f   s a l i n i t y ,   t e m p e r a t u r e ,   d i s s o l v e d  oxygen  and 
d i s s o l v e d   n u t r i e n t s   d i d   n o t   d e m o n s t r a t e   a n y   e f f l u e n t   d i s c h a r g e   e f f e c t ,  

Temporal v a r i a t i o n s   n o t e d   d u r i n g   t h e   s t u d y   w e r e   a t t r i b u t e d   t o   n o r m a l  

seasonal f l  uc tua t ions .  

3 )  Sediments i n   t h e  mos t   eas te r l y   po r t i on   o f   t he   s tudy   a rea  had h i g h e r  

pe rcen t   compos i t i on   o f   t he   62 .5pm  f rac t i on  compared t o   o t h e r   a r e a s  

throughout   the  s tudy.   A lso,  a g e n e r a l   t r e n d   t o  a decreased  percent 
c o m p o s i t i o n   o f   t h e  250-62.5pm f r a c t i o n  and a concomi tant   increase i n  

o t h e r   f r a c t i o n s  was r e c o r d e d .   A l t e r a t i o n   i n   s e d i m e n t   s i z e   f r a c t i o n s  
canno t   be   l i nked   t o  an e f f l u e n t   d i s c h a r g e   e f f e c t   a t   t h i s   t i m e .  

4 )  Sediment  organic  content was h i g h e s t   i n   t h e   e a s t e r l y   p o r t i o n   o f   t h e  
study  area. A t  a l l   s t a t i o n s ,   o r g a n i c   c o m p o s i t i o n  had  increased by 50 
t o  over  110% b y   t h e   l a s t   s u r v e y   i n  1980. An e f f l u e n t   d i s c h a r g e   e f f e c t  

was e v i d e n t   f o r   t h i s   p a r a m e t e r .  

5 )  A genera l   increase i n   t h e   c o n c e n t r a t i o n   o f   c e r t a i n  heavy  metals (Cu, 

Mn, Fe, N i )  i n  sediments  throughout  the  study  area  were  recorded  over 

p r e - o p e r a t i o n a l   l e v e l s .   S t a t i o n s   f a r t h e s t   e a s t   o f   t h e   o u t f a l l  had 

h igher   background  leve ls  and the   h ighes t   concen t ra t i ons   i n   subsequen t  

y e a r s  of p lan t   ope ra t i on .  The o v e r a l l   i n c r e a s e   i n  heavy  metals 

suggests an e f f l u e n t   d i s c h a r g e   e f f e c t .  
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I 

I 

m 

1 

m 

I 

6 )  The po lychaete  worms Pr ionosp io   s teens t rup i  and Ar ic idea  neosuecica 

were t h e  most common f o r m   o f   i n f a u n a ,   b e i n g   r e c o r d e d   i n   g r e a t  

abundance   ove r   t he   en t i re   s tudy   a rea   i n   p re -opera t i on   g rab   samp l ing .  

7 )   S t a t i s t i c a l   a n a l y s e s   o f   p r e - o p e r a t i o n a l   i n v e r t e b r a t e   d a t a   i n d i c a t e d  

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

37 species.  Evenness  values  ranged  from 0.679 t o  

f rom 3.229 t o  4.396. D i v e r s e   i n v e r t e b r a t e  commun 

w i t h  no s i g n i f i c a n t  dominants. 

1 ranging  f rom 25 t o  

0.850 and d i v e r s i t y  
i t i e s   a r e   i n d i c a t e d  

8 )  P re -opera t i ona l   (1977)   l eve l s   o f   ce r ta in   heavy   me ta l s   i n   Pa rophrys  

v e t u l u s   ( e n g l i s h   s o l e )   t i s s u e   v a r i e d   f r o m   s t a t i o n   t o   s t a t i o n .  Lead 

and cadmium were  below  detect ion.  

9 )  An e f f l u e n t   d i s c h a r g e   e f f e c t   i s   s u g g e s t e d   i n   c o m p a r i n g  1977 t i s s u e  

m e t a l   l e v e l s   i n   e n g l   i s h   s o l e   w i t h   t h o s e   f r o m  1980.  Copper  and mercury 

decreased  by one h a l f   w h i l e   z i n c  and i r o n   i n c r e a s e d   b y   a t   l e a s t  a 

f a c t o r   o f  two. F u r t h e r   c o l l e c t i o n s  and  ana lyses   o f   o ther   fauna  a re  

r e q u i   r e d   t o   c o n f i  rm t h i s   e f f e c t .  

10) Pisces IV submers ib le   d i ves   a t   t he   t ime  o f  d i f f u s e r   i n s t a l l a t i o n   i n  

1978 i n d i c a t e d   t h e   p r e s e n c e   o f  a c lean sand-mud subst rate.  A 1980 
d i v e  showed changes i n  several   areas: 

1) The p i p e  had  been c o l o n i z e d   b y   t u n i c a t e s ,   u r c h i n s  and  serpul i d  

worms. 

2)  Rockf ish  were  present i n  l a r g e  numbers around  the  p ipe.  
3 )   Undercu t t ing  has occur red   w i th   the   p ipe   be ing   comple te ly   suspended 

i n  same areas. However, t h e   a r e a   i n   t h e   v i c i n i t y   o f   t h e   p i p e   d i d  

n o t   a p p e a r   t o  be adve rse l y   a f fec ted   by   t he   d i scha rge   ( i e .  no 

b u i l d u p   o f  non  b iodegradab le   debr is   o r   bac ter ia l   g rowths)  . 
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INTRODUCTION 

French  Creek, (49°20.12'N,  124"21.10'W) on t h e   e a s t   c o a s t   o f  

Vancouver I s land   app rox ima te l y  4.6  km n o r t h w e s t   o f   P a r k s v i l l e ,   i s   t h e   s i t e  
o f  a deep sea domest ic sewage o u t f a l l   s e r v i c i n g   t h e   n o r t h e r n   p o r t i o n  of 

t h e  Nanaimo R e g i o n a l   D i s t r i c t   ( F i g .  1). The s e c o n d a r y   t r e a t m e n t   f a c i l i t y  

began o p e r a t i o n   i n  June,  1978 d i s c h a r g i n g   c h l o r i n a t e d   e f f l u e n t   t h r o u g h  a 

2,438 m o u t f a l l   e n d i n g   i n  a d i f f u s e r   6 1  m be low  low  water .   Ch lo r ina t ion  

was stopped i n  October  1979 when it was found t o  be unnecessary f o r   t h e  

maintenance o f  s h e l l f i s h   g r o w i n g   w a t e r   q u a l i t y .  

The  planned  capaci t ies  and  discharge  volumes  for   the sewage 

t r e a t m e n t   p l a n t   a r e   d e t a i l e d   i n  a report   prepared  by  Dayton  and  Knight 
Ltd.  (1977).  Stage 1, now i n   o p e r a t i o n ,   s e r v e s  12,000 peop le   w i th  an 

average  f low o f  1.2 MIGPD. Th is   va lue  i s   t o  be  doubled i n  Stage 2 and 

a g a i n   i n   S t a g e  3 as populat ion  increases  warrant   implementat ion.  

The Env i ronmenta l   Pro tec t ion   Serv ice  has  completed  three  surveys 

t o   d a t e  a t  French  Creek.  Background  data  were  col lected i n  1977 p r i o r   t o  

p l a n t   s t a r t u p .  The rece iv ing   env i ronment  was subsequent ly   mon i to red   fo r  

impacts i n  1978  and again i n  1980. The p a r a m e t e r s   o f   i n t e r e s t  on each 

survey   inc luded  phys ica l   oceanograph ic   ( tempera ture ,   sa l in i t y ,   d isso lved 

oxygen  and n u t r i e n t s )  and s e d i m e n t   c h a r a c t e r i s t i c s   ( p a r t i c l e   s i z e ,   o r g a n i c  

content ,   heavy  meta l   content ,  and benth ic   fauna) .   T rawl ing  was a l s o  
conducted t o  de termine  spec ies   compos i t ion   o f   the   ep ibenth ic  and 

bathypelagic  faunal  community  and t o   c o l l e c t   m a t e r i a l   f o r   t i s s u e  heavy 

metal   analysis.   Dives  were made us ing   t he   P i sces  I V  s u b m e r s i b l e   t o  

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

h a b i t a t .  

m 
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2 MATERIALS AND METHODS 

Oceanographic and benth ic   sampl ing a t  French  Creek  were 
conducted  August 23-24,  1977 and November 12, 1980  f rom  the  research 

vessel  C.S.S. VECTOR.  On A p r i l  27, 1978 t h e  PANDORA I 1  was used  as a base 

f o r  sampling.  Also on t h i s   d a t e ,  and  March  17,  1980 dives  were made w i t h  

t h e   P i s c e s  IV submersible.  
S t a t i o n   p o s i t i o n s  as l oca ted   by   rada r   a re   g i ven   i n   Append ix  I. 

2.1 Oceanographic  Sampling 
Oceanographic  sampling was done a t  s t a t i o n s   i n d i c a t e d  on F i g u r e  

2. Water  samples  were  obtained  from  selected  depths  using N.I.O. b o t t l e s  

wi th   pa i red,   protected  revers ing  thermometers.   Temperatures  were  recorded 

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

dep ths   us ing   t he   equa t ion   o f   Sve rdup   e t  a1 (1946).  Sal i n i t y  V a l  ues were 

determined a t  t h e   l a b o r a t o r y  on a G u i l d 1   i n e   s a l  i nometer  (Autosal Model 

8400). Dissolved  oxygen was measured  on  board  sh ip   us ing  the  az ide 
m o d i f i c a t i o n   o f   t h e   W i n k l e r  method  (Swingle  and  Davidson,  1979).  Percent 

s a t u r a t i o n   o f  oxygen was c a l c u l a t e d   u s i n g   t h e   e q u a t i o n   o f  Gameson and 

Robertson  (1955) . 
Water  samples c o l l e c t e d   f o r   n u t r i e n t   a n a l y s i s  were  s tored  f rozen 

( S t r i c k l a n d  and Parsons, 1971). N i t r a t e ,  n i t r i t e ,  ammonia, t o t a l  

phosphate  (1978,  1980) and ortho-phosphate  (1977,  1980)  concentrat ions 

were   de termined  a t   the  EPS c h e m i s t r y   l a b o r a t o r y  as descr ibed  by Swi  n g l  e 

and  Davidson  (1979). 

2.2 Benth ic  Sampl i ng 
S ta t i ons   occup ied   f o r   ben th i c   g rab  sampl i ng a r e  shown on F i g u r e  

3. 
Surface  sediments  were  sampled  using a Smith-MacIntyre  grab 

sampler. A f t e r   n o t i n g   v i s u a l   c h a r a c t e r i s t i c s ,   m a t e r i a l   i n   t h e   g r a b  was 

m i x e d   u n t i l  homogeneous  and sub-samples  taken f o r   p a r t i c l e   s i z e ,   o r g a n i c  
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s i e v e .   P o r t i o n s   o f   t h e   l e s s   t h a n  

F l e t c h e r  (U.B.C., Geology  Departm 

d i g e s t e d  i n  a 4 : l  n i t r i c - p e r c h l o r  
over  an a i  r bath,   taken  up i n  1.5 
copper  (Cu) , i r o n  (Fe) , manganese 

(Zn) on a Perkin  Elmer 303 Atomic 

carbon  content  and heavy  metal   analysis.  These  were p laced i n  "whi   r l -pak"  
bags  and  stored  f rozen. 

I n  1977, sediments t o  be  analyzed  for  heavy  metals  were  thawed, 

a i r   d r i e d ,   d i s a g g r e g a t e d  and  passed  through an 80 mesh (2.5 p h i )   n y l o n  

80 mesh f r a c t i o n  were  sent t o  Dr. W.K. 

e n t )   f o r   a n a l y s i s .  Samples were a1 so 
i c   a c i d   m i x t u r e ,   e v a p o r a t e d   t o   d r y n e s s  

m l  HC1 and  analyzed  for   cobal t   (Co)  , 
(Mn) , n icke l   (N i  ) , lead  (Pb) and z i  nc 

Absorpt i on Spectrophotometer . 
Sediment  heavy  metal s and mercu ry   (Hg)   ana lys i s   i n  1978  and  1980 

were  done  by  the EPS c h e m i s t r y   l a b o r a t o r y  as described  by  Swingle  and 

Davidson  (1979). Heavy metal  methods  were s i m i l i a r   t o   t h o s e  used i n  1977. 

Sediment p a r t i c l e   s i z e   d i s t r i b u t i o n  was determined  by  wet 

s i e v i n g   t h r o u g h   t h r e e   s i z e s   o f   s c r e e n s   ( 5 0 0 p m ,  2 5 0 ~ ~ m  and 62.5pm). The 

f r a c t i o n   r e t a i n e d  on  each  screen was weighed  and  expressed  as a percentage 

o f   t h e   t o t a l  sample  weight. 
Organic  content  of   sediment  samples was determined  us ing an a c i d  

d iges t i on   t echn ique   (Sw ing le  and Davidson,  1979).  Results  are  expressed 

as  percent  organic.  
B e n t h i c   i n v e r t e b r a t e s   ( i n f a u n a  and ep i fauna)   were   co l l   ec ted ,  

i d e n t i f i e d  and  enumerated i n  1977. Three l i t r e s  o f  t h e   o r i g i n a l   g r a b  

sample  were removed  and s ieved  th rough a 500 )rm screen.  Organisms 
10% formal i n  and  preserved i n  70% i s o p r o p y l  a1 coho1 

longer   s torage.  

r e t a i n e d  were f i x e d   i n  

a f t e r   t h r e e  days, f o r  

2.3 O t t e r   T r a w l s  
O t t e r   t r a w l s  were  done  over a d i s t a n c e   o f  0.5 n a u t i c a l   m i l e s   i n  

1977 a t  t h e   l o c a t i o n s  shown on F i g u r e  4. Due t o   t i m e   c o n s t r a i n t s ,   o n l y  

s t a t i o n s  FCT-3,  FCT-4 and FCT-5 were  sampled i n  1980. Samples o f   e n g l i s h  
so le   (Parophrys   ve tu l  us) and rock f ish   (Sebastes  sp.) were   f rozen  fo r  

t i s s u e  heavy  metal  analysis. 
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2.4 P isces  I V  Submersible  Dives 
D ives   were   conduc ted   a round   the   d i f f use r   i n  1978,  1980  and 1981 

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

subs t ra te ,   o rgan ic - inorgan ic   accumula t ion  and the   compos i t i on   o f   ad jacen t  

benthic  communit ies.  Photographs  were  taken  with a Bolex 16 mn movie 
camera (Tungsten  Ecktachrome EP 7242, ASA 125 f i l m )  and a Hassalblad 70 mm 

s t i l l  camera  (Kodak Aerocolor   Negat ive 2445 f i l m ) .  
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3.1 Phys ica l  Oceanography 

S a l i n i t y ,   t e m p e r a t u r e  and dissolved  oxygen  data  appear i n  

Appendix 11, and a r e  summarized i n  Table 1 and  Figures 5, 6 and 7. 
There  has  been no o b v i o u s   e f f l u e n t   d i s c h a r g e   e f f e c t ,   s p a t i a l   o r  

temporal ,  i n   t h e   p h y s i c a l   o c e a n o g r a p h i c   d a t a   c o l l e c t e d  as o f   t h e  1980 

survey.  Seasonal   var iat ions i n   p r e - s t a r t u p  and opera t iona l   s tud ies   were  

g e n e r a l l y   s i m i l a r   t o   t h o s e   r e c o r d e d   i n   t h e   S t r a i t   o f   G e o r g i a .  
I n   t h e   p r e - s t a r t u p  August  1977  survey,  the  water  column was 

somewhat s t r a t i f i e d   w i t h  mean temperatures  ranging  f rom 11.79OC a t   t h e  

s u r f a c e   t o  9.54OC a t  50 m (Table  1) .  The e f f e c t   o f  warming  by  surface 

i n s o l a t i o n  was e v i d e n t .   S a l i n i t y   i n c r e a s e d   o n l y   s l i g h t l y   w i t h   d e p t h   ( F i g .  
5 ) .  Mean dissolved  oxygen  values  decreased  from  8.1 mg/L a t  t h e   s u r f a c e  

t o  6.0 mg/L a t  50 m. 
The f i r s t   o p e r a t i o n   s u r v e y   i n   A p r i  1 , 1978 i n d i c a t e d   v e r y  weak 

s t r a t i f i c a t i o n   o f   t h e   w a t e r  column t y p i c a l   o f   s p r i n g   c o n d i t i o n s   ( F i g .  6 ) .  

Sur face   waters   had  no t   ye t  been warmed by   so la r   hea t ing ,   be ing   on l y  0.72OC 

h i g h e r   t h a n   t h o s e   a t  50 m (Table  1) .  The g r e a t e s t  change w i th   depth   over  
the  water   co lumn was n o t e d   f o r  oxygen  which  decreased  f rom  surface  levels 
o f  10.1 mg/L t o  7.4 mg/L a t  50 m .  T h e  a v e r a g e   c o n c e n t r a t i o n  o f  disso lved 

oxygen i n   t h e   t o p  10 m was an i n c r e a s e   o f  - ca. 2.0 mg/L over  summer and 

w i n t e r   l e v e l s   ( T a b l e  1) and l i k e l y   r e p r e s e n t e d  a spr ing   phy top lank ton  

b l  oom. 

T y p i c a l   o f   w i n t e r   c o n d i t i o n s ,   l i t t l e   w a t e r   c o l u m n   s t r a t i f i c a t i o n  
was ev ident   w i th   respec t   to   tempera ture   and  d isso lved  oxygen  dur ing   the  

November 1980  survey  (F ig .   7) .   Concentrat ions  o f   d isso lved  oxygen  were 
v e r y   s i m i l a r  t o  those  recorded  dur ing  August,  1977, ranging  f rom a mean o f  

8.OoC a t   t h e   s u r f a c e   t o  6.6 a t  50 m (Table 1). S a l i n i t y   d a t a  were  not 
ob ta ined on t h i s   s u r v e y  due t o  equipment f a i l u r e .  
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TABLE 1 MEAN TEMPERATURE, S A L I N I T Y  AND DISSOLVED OXYGEN  MEASURED AT  THE 

SURFACE AND 50 m DEPTH, AROUND THE  FRENCH  CREEK  OUTFALL 

a 

I 

a 

A u g u s t  24, 1977 

MEAN MEAN MEAN 

TEMPERATURE SAL IN ITY  D ISSOLVED OXYGEN 

( " a  ( o / o o )  ( m u  1 

a 

I 

O m  

50 m 

A p r i l  27, 1978 

O m  

50 m 

N o v e m b e r  12, 1980 

I 

O m  

50 m 

11.79 

9.54 

8.83 

8.11 

9.50 

9.61 

28.56 

29.23 

28.49 

29.17 

NS 

NS 

8.1 

6.0 

10.1 

7.4 

8.0 

6.6 

NS = samples not  obtained 
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3.1.1 D i s s o l v e d   N u t r i e n t s .   D i s s o l v e d   n u t r i e n t   d a t a   a r e   p r e s e n t e d  
i n  Appendix I 1 1  and  summarized i n  Table 2. 

N u t r i e n t   d a t a   c o l  1 ec ted  1977-1980 represent  normal  seasonal 

v a r i a t i o n s   r a t h e r   t h a n  changes a t t r i b u t a b l e   t o   e f f l u e n t   d i s c h a r g e   ( T a b l e  
2).  Low s u r f a c e   n i t r a t e   i n  August  1977 1 i k e l y   r e s u l t e d   f r o m   a c t i v e  summer 

p h y t o p l a n k t o n   p r o d u c t i o n   ( n u t r i e n t   u p t a k e ) .   I n c r e a s e d   s u r f a c e   n i t r a t e  

c o n c e n t r a t i o n s   i n   A p r i l  1978 f o l l o w e d  a p e r i o d   o f   w i n t e r   n u t r i e n t  

regenera t ion   w i th   reduced ammonia l e v e l s   l i k e l y   c o r r e s p o n d i n g   t o   t h e   o n s e t  

o f   s p r i n g   p h y t o p l a n k t o n  bloom (ammonia taken up p r e f e r e n t i a l l y   t o   o t h e r  

n i t rogen  sources) .  We1 1 mixed, n u t r i e n t   r e g e n e r a t e d  wi n t e r   c o n d i t i o n s  

w e r e   p r e v a l e n t   i n   t h e  November 1980  survey. 

3.2 B e n t h i c   C h a r a c t e r i s t i c s  

3.2.1 S e d i m e n t   S i z e   D i s t r i b u t i o n .   L i t t l e   t e m p o r a l   c h a n g e   i n   t h e  

v isua l   appearance  o f   sed iment   g rab   samples   taken  f rom  ind iv idua l   s ta t ions  
was no ted   dur ing   the   s tudy   (Append ix  IV). Samples  were p r i m a r i l y   f i n e  

sand w i t h  no   ev idence   o f   reduc ing   ac t i v i t y .  

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

b e f o r e   p l a n t   s t a r t u p   ( b a c k g r o u n d   s t a t e )   i n d i c a t e d   c o n s i d e r a b l e   s t a t i o n   t o  
s t a t i o n   v a r i a t i o n   i n   p e r c e n t   c o m p o s i t i o n   a f   s e l e c t e d   s i z e   f r a c t i o n s   ( T a b l e  
3 ) .  T h i s   v a r i a b i l i t y   c o n t i n u e d   i n t o  1980 w i t h   i n d i v i d u a l   s t a t i o n s  showing 

i n c r e a s e s   o r   d e c r e a s e s .   I n   a l l   t h r e e   s u r v e y s ,   s t a t i o n s  FC-3 ,  5, 8, 10  and 

1 3   f a r t h e s t   e a s t   o f   t h e   o u t f a l l   p i p e  had  h igher   percent   composi t ion o f  
f i n e  (L62.5 pm) sediments  compared t o   o t h e r   s t a t i o n s .   T h i s   i s   s i g n i f i c a n t  

i n  terms o f   o r g a n i c  and  heavy  metal  content as will be  discussed i n   t h e  

fo l lowing  sect ions.   Sediment   input   f rom  French and Morn ingstar 'Creeks may 

b e   r e s p o n s i b l e   f o r   t h e   l o c a l i z e d   p a t t e r n .  

I n   s p i t e   o f   t h e   e x p e c t e d   y e a r l y   v a r i a t i o n  due t o   t h e  problems o f  

s t a t i o n   r e p o s i t i o n i n g   i n  an  area o f  non-homogenous subs t ra te ,  a general  
p a t t e r n   o f   c h a n g i n g   p a r t i c l e   s i z e  was ev ident   f rom 1977 t o  1980. 

Decreases i n   p e r c e n t   c o m p o s i t i o n   o f   t h e  250-62.5pm f r a c t i o n  and 
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i n c r e a s e s   f o r   t h e   o t h e r s   ( T a b l e   3 ) .   T h i s   r e c u r r e n t   t r e n d   s u g g e s t   e i t h e r  a 

n a t u r a l l y   o c c u r r i n g   s h i f t   o r  a p o s s i b l e   e f f l u e n t   d i s c h a r g e   e f f e c t .  
F u r t h e r  sampl i ng i s  requ i   red  . 
3.2.2 Organic  Content. A d i s c h a r g e   e f f e c t   i s   s u g g e s t e d  based on 

r i s i n g   p a r t i c u l a t e   o r g a n i c   c o n t e n t  o f  sur face  sediments  a t  all s t a t i o n s  

between  1977  and  1980  (Table  4).  Levels  for 1977 pre-opera t iona l  

background sampl ing  averaged L0.3%. By 1978 t h i s  average had r i s e n   t o  

0.44% (0.24 t o  0.60%)  and t o  0.57% (0.40 t o  0.95%) i n   t h e  1980  survey. 
Thus, i n  a p e r i o d   o f   t h r e e   y e a r s  mean organic  content  a lmost  doubled. 

I n  a1 1 th ree   su rvey   yea rs ,   h ighe r   l eve l s   o f   sed imen t   o rgan ics  

were  present a t  s t a t i o n s   f a r t h e s t   e a s t   o f   t h e   o u t f a l l   p i p e  (FC-3, 5, 8, 10 
and  13)  compared t o   s t a t i o n s   a d j a c e n t   t o  and on the   wes t   s ide   (F ig .  3, 

T a b l e   4 ) .   T h i s   d i s t r i b u t i o n   p a t t e r n   i s   r e a s o n a b l e  and corresponds we1 1 

w i t h   t h e   p r e s e n c e   o f  a h i g h e r   p r o p o r t i o n   o f   f i n e   m a t e r i a l  (L62.5 um) a t  

t h e   e a s t e r n   s t a t i o n s  and t h e   p r i n c i p l e   t h a t   f i n e r   s e d i m e n t s   c o n t a i n  and 
r e t a i n  more organic   mat ter .  The h i g h   p r e - o p e r a t i o n a l   o r g a n i c   l e v e l s  and 

somewhat f i n e r  sediment f o r   t h e  above  noted  s ta t ions may be a r e f l e c t i o n  

o f   t h e   i n p u t   f r o m   F r e n c h  and Morningstar  Creeks  (Fig. 3). The s u b s t a n t i a l  

o r g a n i c   i n c r e a s e s   i n  1977  and  1980 a r e   c o n s i d e r e d   t o  be a t t r i b u t a b l e   t o  

t h e   d i s h c a r g e   w i t h   g r e a t e r   p a r t i c u l a t e   s e t t l e m e n t  and m i c r o b i o t i c  
a c t i v i t y .   P r e v a i l i n g   c u r r e n t s  may be a f a c t o r   i n   t h i s   a r e a  o f  h igher  

organ ics  . 
3.2.3 Heavy Metal s.  Surface  sediment  heavy  metal  data  appear i n  
Appendix V w i t h  mean va lues  for   the  s tudy  area  summar ized i n  Table 5. 

Ava i l ab le   da ta   f rom  1980   i nd i ca te  an o u t f a l l   e f f e c t   w i t h  

s u b s t a n t i a l   i n c r e a s e s   f o r  some meta ls  (Cu, Mn, N i  and Fe)  over 
pre-operat ional   background  leve ls   (Table  5) .  The g rea tes t   e leva t i ons   were  

n o t e d   f o r  manganese  (Mn) w i t h  a study  area mean o f  99.619 ppm i n  1977 
i n c r e a s i n g   t o  197.615 ppm i n  1980  and fo r   i r on   (Fe )   wh ich   i nc reased   f rom 

an  average o f  9000 ppm t o  14800 ppm ove r   t he  same t i m e   p e r i o d .  
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I 

m TABLE  4  PERCENT ORGANIC CONTENT OF  SURFACE SEDIMENTS 

ORGANIC CONTENT (%) 
STATION August 24, 1977 Apri 1 27, 1978 November 12,  1980 

FC-1 

FC-2 

FC-3 

FC-4 
FC-5 

FC-6 

FC-7 

FC-8 

FC-9 

FC-10 

FC-11 
FC-12 

FC-13 

LO. 3 

LO. 3 

0.4 

LO. 3 

0.4 
LO. 3 
LO. 3 

0.4 
LO. 3 

LO. 3 

LO. 3 
LO. 3 

0.3 

0.31 

0.40 

0.60 

0.31 

0.51 

0.27 

0.28 

0.44 

0.34 
0.48 

0.24 
0.39 

0.56 

0.45 

0.45 

0.95 

0.55 

0.60 
0.40 

No data  

0.75 
0.40 

0.75 

0.40 
0.55 

0.60 

I 

Mean r~ L0.3 0.44  0.57 

Range  L0.3 t o  0.4 0.24 t o  0.60  0.40 t o  0.95 
I 

II L = less t h a n  

m 
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As  was the   case   w i th   o rgan ic   con ten t ,   spa t i a l   va r ia t i ons   were  

noted  for   heavy  meta l   concentrat ions  in   the  sediments  (Appendix  V ) .  I n  

p re-opera t iona l  and  subsequent   surveys ,   s ta t ions   fa r thes t   eas t   o f   the  
o u t f a l l   p i p e   h a v i n g   t h e   h i g h e s t   o r g a n i c   c o n t e n t   a l s o   t e n d e d   t o  have t h e  

h i g h e s t   l e v e l  s o f  heavy  metal s. French and Morningstar  Creeks may have 

c o n t r i b u t e d   t o   t h e   h i g h e r   b a c k g r o u n d   l e v e l s   a t   S t a t i o n  FC3, 5 ,  8, 10 and 

1 3   w i t h   t h e  sewage ou t fa l l   sugges ted  as a s o u r c e   o f   t h e   s u b s t a n t i a l  
i nc reases   reco rded   a t   t hese  and o t h e r   s t a t i o n s   i n  1980. 

The r e c u r r e n t   p a t t e r n   o f   h i g h e r  heavy   me ta l   l eve l s   a t   s ta t i ons  

f a r t h e s t   e a s t   o f   t h e   o u t f a l l   i s ,  as was suggested f o r   o r g a n i c   c o n t e n t ,  a 

func t ion   o f   sed iment   par t i c le   s ize .   Turek ian   (1965)   connected  an i n c r e a s e  

i n   t h e   c o n c e n t r a t i o n  o f  absorbing  heavy  metals  (Pb, N i  , Mn, Cu) w i t h  
s e d i m e n t   o f   s m a l l e r   p a r t i c l e   s i z e .   T h i s   r e l a t i o n s h i p   o f   s e d i m e n t s   s i z e  

and  meta l   concentrat ion i s  apparen t   a t   t he   F rench   C reek   ou t fa l l   (Tab le  3, 

Appendix  V) . 
3.3 Benth ic  Community 

3.3.1 B e n t h i c   I n f a u n a .   B e n t h i c   i n v e r t e b r a t e s   i d e n t i f i e d   i n  1977 
pre-operation  grab  sampling  were  heavi ly  dominated  by  polychaete worms a t  

all sta t ions   (Append ix  VI). Pr ionosp io   s teens t rupe and A r i c i d e a  
neosuecica  proved  most  abundant. Amphipods were  next   in   abundance,  

f o l l  owed b y   b i  Val  ves. 

Spec ies   dens i ty ,  a simple  measure o f   d i v e r s i t y ,  ranged  from 25 

; A t  FC-1 f u r t h e s t  seaward t o  37 a t  FC-12 nearest   shore  (Table  6) .   Densi ty  
was g e n e r a l l y   g r e a t e r   a t   t h o s e   s t a t i o n s   e a s t   o f   t h e   o u t f a l l   p i p e  compared 

t o  t h o s e   t o   t h e  west. 
A somewhat s i m i l i a r   p a t t e r n  was e v i d e n t   f o r   t o t a l  number o f  

o rgan isms  (Tab le   6 ) ,   w i th   g rea ter  abundance e a s t   o f   t h e   o u t f a l l  . T h i s  

area  had  sediments o f  smal l e r   p a r t i c l e   s i z e  and h igher   o rgan ic   con ten t ,  

f a c t o r s  more f a v o r a b l e   t o   i n v e r t e b r a t e   ( i n f a u n a l )   c o l o n i z a t i o n .  
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myT 

Hy TABLE 6 SPECIES DENSITY AND TOTAL  NUMBER  OF INVERTEBRATES COLLECTED  FROM 

BENTHIC GRAB SAMPLES (August 24, 1977) 
ry: 

STATION 
IW 

SPEC I ES 

DENSITY (S )a  

TOTAL  NUMBER  OF 

ORGAN1 SMSb 

FC-1 
I I U  FC-2 

FC-3 

‘W FC-4 
FC-5 

IIUI 
FC-6 

FC-7 

FC-8 

FC-9 

FC-10 
rlY FC-11 

FC-12 

3N FC-13 

n u l  

25 
30 

36 
30 

27 
29 

26 

31 

30 

35 

30 
37 

30 

168 
172 

152 
101 

134 

130 

118 
159 

118 
196 

87 
239 

133 

YI 

= number o f  species  per  sample 

I 

b organisms i n   t h r e e   l i t r e s  o f  sediment 



- 22 - 

1 1 1  

I1 wy 

1- 

w 

Y 

Evenness, a measure o f   i n e q u a l i t y  among t h e  abundances o f  

d i f fe ren t   spec ies ,   ranged  f rom 0.679 (FC-5) t o  0.850 (FC-3)  (Table 7 ) .  

L o w e r   v a l u e s   i n d i c a t e   l e s s   e v e n   s p e c i e s   d i s t r i b u t i o n   a t  a s t a t i o n .  

S p e c i e s   d i v e r s i t y  ( Shannon-Weaver) c o r r e l   a t e d  we1 1 w i t h  

evenness,  being  high a t  FC-3 (4.396)  and l o w   a t  FC-5 (3.229)  (Table 7, 

F igu re   8 )   re f l ec t i ng   d i ve rse   commun i t i es   l ack ing   h igh l y   dominan t   spec ies .  

3.4 Heavy Metal   Concentrat ions i n  Tissues 
P re -opera t i on   l eve l  s o f  heavy  metal s i n   f i s h   ( e n g l   i s h   s o l  e and 

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

Appendix VI1 and  summarized i n  Table 8. 

O n l y   e n g l i s h   s o l e   ( P a r o p h r y s   v e t u l u s )   w e r e   p r e s e n t   i n   s u f f i c i e n t  

numbers t o   p r o v i d e  good  comparisons. I n  these ,   me ta l   l eve l s   va r ied  

c o n s i d e r a b l y   w i t h i n   t h e   d i f f e r e n t   s i z e   c a t e g o r i e s  ( m a l  1 , medium  and 

1 arge)  . For  example,  wet  weight  copper  values  of 1.5 and 3.3 ppm and z i n c  

o f  5.4 and 8.6 ppm were  recorded  f rom  smal l   so le   a t  FCT-1. Comparable 

ranges  were  noted i n   o t h e r   s i z e   c a t e g o r i e s  and a t   o t h e r   s t a t i o n s .  

Some s p a t i a l   v a r i a t i o n  was e v i d e n t  f o r  me ta l s   t es ted ,   o the r   t han  

l e a d  and cadmium w h i c h   w e r e   c o n s i s t e n t l y   b e l o w   t h e   l e v e l  o f  d e t e c t i o n  

(Appendix VI I ) .  I n   e n g l   i s h   s o l  e,  mean wet   weight   va lues  o f   z inc  ranged 

from 5.3 t o  9.9 ppm, mercury  f rom 0.03 t o  0.06 ppm, i r o n  3.3 t o  5.2% and 
copper 2.4 t o  2 .9  ppm (Table 8). 

Trawl FCT-3 was repeated i n  1980  and - P. v e t u l u s   c o l l e c t e d   a t  

t h a t   t i m e   i n d i c a t e d   t e m p o r a l   c h a r g e s   i n   l e v e l s  o f  heavy  metals  (Table  8) .  
Copper  and  mercury  concentrations  had  decreased by approx imate ly  one h a l f  

and i r o n  and z i n c  had  more than  doubled. An e f f l u e n t   d i s c h a r g e   e f f e c t   i s  
suggested. 
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TABLE 7 SPECIES D IVERSITY AND EVENNESS VALUES  FOR  INVERTEBRATES  COLLECTED 
I l d  

FROM  BENTHIC  GRABS (August 24, 1977) 

DEPTH DIVERSITYa 

(m) INDEX 

EVENNESS 

FC-1 

FC-2 

FC-3 

FC-4 

FC-5 

FC-6 

FC-7 

FC-8 

FC-9 

FC-10 

FC-11 

FC-12 

FC-13 

73 

66 

80 

44 

76 

38 

49 

62 

20 

70 

20 

46 

60 

3.470 

3.832 

4.396 

3.715 

3.229 

3.570 

3.581 

3.959 

3.799 

4.081 

4.026 

3.888 

3.838 

0.747 

0.781 

0.850 

0.757 

0.679 

0.735 

0.762 

0.799 

0.774 

0.796 

0.820 

0.746 

0.782 

ashannowweaver ( 1  o g 2 )  
Y 
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mm 

0.4 1 I I I I I I I I 
3.0 3.4 3.8 4.2 4.4 

S P E C I E S  D I V E R S I T Y  

FIGURE 8 INVERTEBRATE  SPECIES  DIVERSITY 
VERSUS  EVENNESS 
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I 9  

t u  TABLE 8 MEAN HEAVY METAL CONCENTRATIONS I N  ENGLISH SOLE 
(Parophyrs  vetu lus)  TISSUE 

Leve l  s Expressed i n  Wet and Dry Weight 
1 Y  

TRAWL c u  Fe Zn Hg 
dry   we t   d ry   we t  d r Y  wet d r Y  wet 

(ppm)  (ppm)  (ppm) (PPm) 

1977 - 
FCT- 1 11.3 2.4 16.4  3.4  33.8 7.1 0.19  0.04 

FCT-2  11.5 2.5 13.3 2.9 25.3 5.5 0.18  0.04 

FCT-3  11.7 2.6 15.3 3.3  24.7  5.3  0.27  0.06 

FCT-4  13.2 2.9 12.4  3.4  26.0 5.5 0.13 0.03 

FCT-5  10.3 2.4  22.7  5.2  42.5  9.9  0.13 0.03 

1980 - 
FCT-3  6.0  1.3  39.5  8.2  65.3  13.9  0.12  0.02 

Y 
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I I J  

3.5 Pisces IV Dive  Observat ions 

The f i r s t   d i v e  was done A p r i l  1978 f o l l o w i n g   o u t f a l l - p i p e  
i n s t a l l a t i o n   b u t   p r i o r   t o   p l a n t   s t a r t u p .  A t  t h i s   t i m e ,   t h e   p i p e  had 

m in ima l   se t t l emen t   o f   deb r i s  and  no ev ident   growth (P1 a t e  1). The 
s u b s t r a t e  was c lean '   w i th  some a lgae   ca r r i ed   aga ins t   t he   p ipe   by   cu r ren t  

ac t ion .  No u n d e r c u t t i n g   o f   t h e   p i p e   o r   c o n c r e t e   s u p p o r t s  was no ted   du r ing  

t h e   d i v e .  

The second d i v e   i n  March 1980 i n d i c a t e d   t h a t   c o n d i t i o n s  had 
changed  cons iderab ly   (P la tes  3, 4 and 5) .  Sediment  and f i n e   o r g a n i c  

d e b r i s  were  present on t h e   p i p e  a1 ong w i th   ca l ca reous - tube   dwe l l   i ng  

polychaete worms (Serpu l   i ds ) ,   t un i ca tes ,  anemones and  sea urch ins .  
Numerous rock f ish   (Sebastes  sp.) were   a round  the   ou t fa l l   p ipe  and d i f f u s e r  
and i n   t h e   d e p r e s s i o n   t h a t  had fo rmed   under   t he   p ipe   s ince   i ns ta l l a t i on .  

I n  some a reas ,   t he   p ipe  was completely  suspended o f f   t h e   b o t t o m   w i t h   t h e  

c o n c r e t e   c o l l a r s  a1 so be ing   undercu t   (P la te  3 )  . 
Sediment   a round  the   d i f fuser   por ts  was min ima l ly   impacted   by  

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

( P l a t e s  2 and 4 ) .  
The c o n d i t i o n s   d e s c r i b e d   a b o v e   a r e   v e r y   s i m i l i a r   t o   t h o s e  

r e p o r t e d   f o r   t h e   F i v e   F i n g e r s   o u t f a l l   n e a r  Nanaimo, (Pomeroy, 1981). 
Still (70 mm) and 16 mn m o v i e   f i l m s   o f   b o t h   d i v e s   a r e  on f i l e  

w i t h  EPS. 
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P l a t e  1 .  Section of  d i f f u s e r  and  surroundinn  substrate 
ADril 1978, p r i o r  t o  sewaqe p l a n t   s t a r t - u p .  

P l a t e  2. D i f f u s e r   p o r t  and  surroundina  substrate  March, 1980. 
Note  presence of  sea urchins,   tunicates  and  serpul id 
worms on Dipe. 
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P l a t e  3.  O u t f a l l   p i p e  and concrete   col lar .   Rockf ish,  
anenmes,   tunicates  and  serpul   id  worms present  
on pipe.  Note  under  cutt ing. 

P l a t e  4 .  End o f   d i f f u s e r  showing ef f luent   d ischarge.   Note  
absence o f  non-bi  odegradabl e debr is .  
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I d  APPENDIX I POSITIONS OF SAMPLING  STATIONS 

STATION 
I* 

LATITUDE 
~~~ ~ 

LONGTITUDE 

1 

2 

3 
4 

5 

6 

7 
8 

9 

10 

11 
12  

13 

49" 22.2' N 
49" 22.1' N 
49" 21.8' N 
49" 22.0' N 
49" 21.7' N 
49" 22.1' N 
49"  21.7' N 
49"  21.4' N 
49"  21.7' N 
49" 21.5' N 
49"  21.8' N 
49"  21.5' N 
45" 21.2' N 

Otter Trawls - 0.5 nautical miles long,  starting a t :  

49" 22.0' N 
49"  21.7' N 
49" 21.5' N 

49" 22.0' N 
49"  20.7' N 

124" 21.6' W 
124"  20.9' W 

124"  19.8' W 
124" 21.5' W 

124" 21.1' W 

124" 22.2' W 

124"  21.1' W 

124" 20.1' W 

124" 21.7' W 

124" 20.6' W 

124"  22.2' W 
124"  21.3' W 

124"  20.2' W 

124"  20.8' W 

124"  20.9' W 

124" 21.0' W 

124" 26.8' W 

124" 18.5' W 
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APPENDIX I 1  

PHYSICAL OCEANOGRAPHIC  DATA 

a )  A u g u s t  24, 1977 

b )  A p r i  1 27, 1978 
c )  November  12, 1980 
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t M  

A P P E N D I X  I 1  PHYSICAL  OCEANOGRAPHIC  DATA 
a )  A u g u s t  23,  1977 

1- 

l l l r  

u 

S T A T I O N   D E P T H   T E M P E R A T U R E   S A L I N I T Y   D I S S O L V E D  x 
( m )  ( " 0  (400) OXYGEN  SATURATION 

(mg/ l )  

FC-1 0 11.49 28.64 7.7 86 . 79 
2 11.49 28.63 7.8 87.92 
5 11.49 28.64 8.0 90.18 

10 11.51 28.86 6.1  68.90 
25 9.84 29.12 6.8 74.08 
50 9.53 29.32 6.1 66.07 

B o t t o m  = 73  9.18 29.53 5.5  59.17 

FC-3 0 12.09 28.49 8.5  97.01 
2 12.09 28.47 8.7 99.27 
5 11.73 28.52 8.0 90.60 

10  10.50 28.83 6.2 68.44 
25 9.86 29.04 6.1  66.45 
50 9.53 29.12 5.7 61.65 

B o t t o m  = 80 9.05 29.62 5.6 60.10 

FC-7 0 11.91 28.50 8.3 94.34 
2 11.91 28.56 8.5  96.67 
5 11.81 28.58 8.5  96.47 

10 10.52 28.86 6.8  75.11 
25 10.06 29.14 5.6 61.33 
50 9.59 29.28 6.2  67.19 

B o t t o m  = ?? 

FC-11 0 11.24  28.71 7.3 81.87 
2 11.23 28.74 8.0  89.72 
5  11.23 28.71 7.7 86.34 

10  11.10 28.75 7.2 80.51 
25 11.03 29.07 5.9 66.01 

B o t t o m  = ?? 

FC-13 0 12.23 28.46 8.9  101.86 
2 12.14 28.48 8.7 99.39 

I I I  5 11.59 28.49 7.8 88.03 
10 10.77 28.84 6.6 73.30 
25 9.76 29.13 6.2  67.42 

I 1111 50 9.52  29.23 5.9 63.85 
B o t t o m  = 60 
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APPENDIX I 1  PHYSICAL OCEANOGRAPHIC DATA 
b )  April 27, 1978 

STATION DEPTH TEMPERATURE SALINITY DISSOLVED x 
(m) ("C) (o/oo) OXYGEN SATURATION 

(rng/l ) 

FC-1 

FC-3 

FC-7 

FC-11 

FC-13 

0 
2 
5 
10 
25 
50 
65 

Bottom = 66 

0 
2 
5 
10 
25 
50 
80 

Bottom = 100 

0 
2 
5 
10 
25 
50 

Bottom = 54 

0 
2 
5 
10 
20 

Bottom = 27 

0 
2 
5 
10 
25 
50 

Bottom = ?? 

8.68 
8.64 
8.64 
8.67 
8.49 
8.12 
8.09 

8.77 
8.75 
8.73 
8.74 
8.62 
8.09 
8.13 

8.93 
8.82 
8.79 
8.73 
8.66 
8.11 

8.87 
8.87 
8.84 
8.80 
8.42 

8.88 
8.82 
8.78 
8.76 
8.58 
8.11 

28.60 
28.60 
28.59 
28.61 
28.77 
29.17 
29.31 

28.61 
28.61 
28.61 
28.61 
28.70 
29.17 
29.47 

28.31 
28.55 
29.06 
28.60 
28.67 
29.16 

28.41 
28.41 
28.46 
28.54 
28 66 

28.54 
28.54 
28.53 
28.56 
28.71 
29.18 

9.48 
9.50 
9.62 
9.55 
8.98 
7.51 
6.78 

9.72 
9.71 
9.70 
9.73 
9.30 
7.38 
6.32 

10.70 
10.80 
10.35 
9.82 
9.35 
7.48 

10.35 
10.38 
10.20 
9.81 
9.38 

9.98 
9.98 
9.90 
9.90 
9.15 
7.30 

100.16 
100.28 
101.55 
100.89 
94.56 
78.60 
70.97 

102.92 
102.77 
102.62 
102.96 
98.20 
77.18 
66.29 

113.50 
114.46 
109.97 
103.89 
98.79 
78.25 

109.72 
110.02 
108.08 
103.91 
98.53 

105.90 
105 75 
104.81 
104.77 
96.52 
76.39 
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APPENDIX I 1  PHYSICAL OCEANOGRAPHIC DATA 
c )  November 12,  1980 

Ik 

STATION DEPTH TEMPERATURE SALINITY  DISSOLVED % 
( m )  ("C) ( o / o o )  OXYGEN SATURATION 

(mg/ l )  

FC-1 0 
2 
5 
10 
25 
50 
60 

Bottom = 70 

9.67 
9.68 
9.80 
9.87 
9.78 
9.58 
9.46 

SL 
SL 
SL 
SL 
SL 
SL 
SL 

8.0 
8.0 
7.9 
7.3 
7.1 
6.3 
5.9 

82.88 
84.51 
82.08 
79.52 
77.70 
68.63 
62.01 

FC-3 0 
2 
5 
10 
25 
50 
65 

Bottom = 69 

9.53 
9.64 
9.79 
9.96 
9.85 
9.58 
NS 

SL 
SL 
SL 
SL 
SL 
SL 
SL 

8.1 
8.1 
7.9 
7.4 
7.1 
6.3 
6.0 

85.27 
87.17 
84.77 
80.78 
76.79 
67.28 

II 
" 

SL 
SL 
SL 
SL 
SL 
SL 

FC-7 0 
2 
5 
10 
25 
45 

Bottom = 51 

9.23 
9.29 
9.87 
9.89 
9.90 
9.65 

8.2 
8.2 
7.6 
7.3 
7.0 
6.5 

87.42 
87.55 
82.23 
79.03 
74.81 
69.98 

FC-11 0 
2 
5 

10 
20 

Bottom = 22 

9.69 
9.79 
9.91 
9.89 
9.89 

7.8 
7.6 
7.6 
7.5 
7.2 

82.95 
83.20 
82.32 
82.27 
77.95 

SL 
SL 
SL 
SL 
SL 

FC-13 0 
2 
5 
10 
25 
50 
60 

Bottom = 69 

9.38 
9.44 
9.76 
9.91 
9.87 
9.65 
9.66 

SL 
SL 
SL 
SL 
SL 
SL 
SL 

8.1 
8.2 
7.7 
7.4 
7.1 
7.2 
NS 

86.66 
86.15 
81.50 
78.58 
77.34 
75.52 
76.39 

r )  

IlHhiY 

m 

J 

m 

' *NS = not  sampled SL = sample l o s t  
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APPENDIX I11 

Y 

DISSOLVED  NUTRIENT  DATA 

a )  August 24, 1977 
b) A p r i  1 27, 1978 

c )  N o v e m b e r  12,  1980 

:- 

I 
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YI APPENDIX I 1 1  DISSOLVED  NUTRIENT  DATA (mg/l) 

a)  August 24, 1977 

STATION  DEPTH  ORTHO-  NITRATE  NITRITE  AMMONIA 
1,- PHOSPHATE 

FC-1 0 
2 
5 

10 
25 
50 
65 

0.052 
0.050 
0.050 
0.065 
0.066 
0.071 
0.075 

0.210 
0.200 
0.210 
0.315 
0.330 
0.370 
0.400 

0.006 
0.006 
0.006 
0.006 
0.005 
0.006 
0.006 

0.014 
0.014 
0.012 

LO.010 
0.013 

LO.010 
LO.010 

FC-3 0 
2 
5 

10 
25 
50 
80 

0.043 
0.044 
0.048 
0.062 
0.078 
0.071 
0.080 

0.158 
0.162 
0.192 
0.294 
0.300 
0.370 
0.410 

0.006 
0.006 
0.006 
0.006 
0.006 
0 . 006 
0.006 

0.012 
0.011 
0.011 
0.013 
0.010 

LO. 010 
LO.010 

FC-7 0 
2 
5 

10 
25 
50 

0.043 
0.042 
0.043 
0 . 064 
0.068 
0.072 

0.158 
0.158 
0.152 
0.272 
0.335 
0.375 

0.006 
0.006 
0.006 
0.006 
0.006 
0.006 

0.010 
0.011 
0.010 
0.020 

LO.010 
LO. 010 

FC-11 0 
2 
5 

10 
25 

0.054 
0.051 
0.054 
0.057 
0.070 

0.232 0.006 
0.006 
0.006 
0.006 
0.006 

ND* 
ND 
ND 
ND 
ND 

0.230 
0.230 
0.242 
0.350 

FC-13 0 
2 
5 

10 
25 
50 

0.037 
0.039 
0.050 
0.069 
0.061 
0.073 

0.122 
0.132 
0 . 194 
0.282 
0.310 
0.390 

0.006 
0.006 
0.006 
0.006 
0.006 
0.006 

0.014 
0.013 
0.015 

LO.010 
LO.010 
LO.010 

1 *ND = not done 
L = less than 
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APPENDIX I 1 1  DISSOLVED  NUTRIENT  DATA (mg/l ) 
b )  April 27,  1978 

Y 

STATION  DEPTH  NITRATE  NITRITE  AMMONIA  TOTAL 
( m )  PHOSPHATE 

FC-1  0 
2 
5 

10 
25 
50 
65 

0.299 
0.302 
0.306 
0.301 
0.315 

. 0.360 
0.390 

LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 

0.0055 
0.0050 
0.0070 
0.0080 
0.0140 

LO. 0050 
L0.0050 

0.0710 
0.0857 
0.0688 
0.0698 
0.0735 
0.0775 
0.0825 

FC-3 0 
2 
5 

10 
25 
50 
80 

0.276 
0.280 
0.257 
0.277 
0.315 
0.375 
0.390 

LO. 0050 
L0,0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 

0.0110 
0.0110 
0 . 0090 
0.0100 
0.0110 

LO. 0050 
LO. 0050 

0.0608 
0.0675 
0.0638 
0.0673 
0.0715 
0 , 0809 
0.0845 

FC-7 0 
2 
5 

10 
25 
50 

0.189 
0.191 
0.228 
0.276 
0.285 
0.380 

LO. 0050 
LO. 0050 
LO. 0050 
L0.0050 
LO. 0050 
L0.0050 

0.0100 
0.0100 
0.0100 
0.0100 
0.0100 

LO. 0050 

0.0852 
0.0650 
0.0675 
0.0705 
0.0705 
0.0785 

Y LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 

0.0065 
0.0080 
0.0090 
0.0120 
0.0110 

0.0675 
0.0660 
0.0655 
0.0685 
0.0709 

FC-11 0 
2 
5 

10 
20 

0.211 
0.221 
0.239 
0.259 
0.300 

1 

0.0080 
0.0105 
0.0100 
0.0110 
0.0080 

LO. 0050 

FC-13 0 
2 
5 

10 
25 
50 

0.217 
0.240 
0.241 
0.261 
0.305 
0.375 

LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 
LO. 0050 

0.0678 
0.0698 
0.0690 
0.0675 
0.0724 
0.0821 

L = less than 
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APPEMIIX I11 DISYXMD  WRIENT MTA ( q / l )  
c) Novenber 12, 1980 

Y 

m 

1 

m 

STATION DEP” NITRATE  NITRITE M I A  TOTAL OR” SILICA 
(m) PHOSPHATE  PHOSPHATE 

FC-1 0 
2 
5 
10 
25 
50 
60 

0.288 
0.263 
0.257 
0.270 
0.314 
0.311 
0.285 

LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.Oo50 

0.0599 
0.0367 
LO.0050 
0.0350 
0.0112 
L 0 . m  
0.0108 

0.0360 
0.0552 
0.0536 
0.0514 
0.0638 
0.0702 
0.0536 

0.0661 
0.0629 
0.0587 
0.0627 
0.0726 
0.0720 
0.0630 

1.08 
0.73 
0.74 
0.76 
0.90 
0.88 
0.77 

FC-3 0 
2 
5 
10 
25 
50 
60 

0.271 
0.277 
0.268 
0.293 
0.284 
0.293 
0.281 

0.0062 
0.0055 
LO.Oo50 
LO. oo50 
LO.oo50 
LO.0050 
LO.0050 

0.0389 
LO.Oo50 
0.0114 
0.m1 
0.0075 
0.0403 
0.0086 

0.0524 
0.0533 
0.0471 
0.0551 
0.0615 
0.0564 
0.0539 

0.0633 
0.0642 
0.0526 
0.0662 
0.0674 
0.0699 
0.0679 

0.84 
0.86 
0.77 
0.88 
0.86 
0.82 
0.77 

FC-7 0 
2 
5 
10 
25 
45 

0.245 
0.292 
0. E5 
0.285 
0.295 
0.308 

LO.Oo50 
LO.Oo50 
LO.oo50 
LO.Oo50 
L0.m 
LO.0050 

0.0338 
0.Q385 
0.0353 
0.0091 
0.0189 
0 . m  

0.0439 
0.0560 
0.04% 
0.0567 
0.0551 
0.06% 

0.0550 
0.0653 
0.0545 
0.0659 
0.0649 
0.0718 

0.72 
0.84 
0.75 
0.76 
0.76 
0.84 

I 

il FC-11 0 
2 
5 
10 
25 

0.248 
0.259 
0.312 
0.339 
0.282 

LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.Oo50 
L 0 . W  

L0.m 
0.0063 
0.0057 
0.0065 
LO.Oo50 

0.0517 
0.0599 
0.0593 
0.0633 
0.0562 

0.0564 
0.0583 
0.0697 
0.0687 
0.0660 

0.70 
0.72 
0.94 
0.84 
0.77 

I 

FC-13 0 
2 
5 
10 
25 
50 
60 

0.305 
0.268 
0.272 
0.228 
0.266 
0.289 
0.310 

0.0062 
O.Oo80 
0.0055 

LO.Oo50 
LO.Oo50 
LO.Oo50 
LO.oO50 

0.0052 
0.0406 
0.0082 
0.0095 
0.0185 
0.0129 
L0.W 

0.0598 
0.0501 
0.0488 
0.0568 
0.0534 

0.0680 
0.0505 
0.0624 
0.0631 
0.0624 
0.0671 
0.0717 

0.92 
0.87 
0.81 
0.82 
0.79 
0.82 
0.89 

0.0511 
0.0261 

L = less than 
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APPENDIX IV 

VISUAL  CHARACTERISTICS OF SEDIMENT  GRAB  SAMPLES 

a )  August 24, 1977 

b )  April 27, 1978 

c )  November 12,  1980 
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I 

I 

APPENDIX IV VISUAL CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 
a)  August 24, 1977 

STATION DEPTH CHARACTERISTICS 

FC-1 

FC-2 

73 

66 

F ine  grey  sand/s i l  t, homogeneous i n  
appearance. 

F ine  grey  sand/s i  1 t , homogeneous i n  
appearance. 

FC-3 80 Fine  grey sand. 

FC-4 44 Sand. 

FC-5 76 F ine   g rey  sand, homogeneous i n  
appearance. 

FC-6 38 Sand. 

FC-7 49 Mud, course  sand and rocks.  

FC-8 62 Fine grey sand. 

FC-9 20 Sand . 
FC-10 70  F ine sand. 

FC-11 20 Course  brown sand. 

FC-12 46 Sand. 

FC-13 60 F i n e  sand. 



n 

I 

I 
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I 

I 

1 

APPENDIX IV VISUAL CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 
b )  A p r i l  27 , 1978 

STATION DEPTH CHARACTERISTICS 

FC-1 

FC-2 

FC-3 

FC-4 

FC-5 

FC-6 

FC-7 

FC-8 

FC-9 

FC-10 

FC-11 

FC-12 

FC-13 

66 

70 

100 

58 

73 

54 

54 

73 

36 

47 

27 

35 

F i n e  sand, g rey  color.  

F i n e  sand, g rey  color.  

F ine   g rey  sand, some grave l  

Sand. 

F ine  sand. 

Sand . 
Sand and rocks. 

F ine   g rey  sand. 

Sand. 

F i n e  sand. 

Course sand. 

Sand . 
" 
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APPENDIX IV VISUAL CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 
c )  November 12,  1980 

STAT I ON DEPTH CHARACTERISTICS 
(m) 

FC-1  74 F i n e  sand, grey-brown i n   c o l o r .  

FC-2 64 F i n e  sand, grey-brown i n   c o l o r .  

FC-3 70 F ine   g rey  sand. 

FC-4 60 Sand, course and f i n e   m i x .  

FC-5 74   F ine  sand, g r e y   i n   c o l o r .  

FC-6 55 Sand  and rock.  
1 

FC-7 

I FC-8 

FC-9 
II 

FC-10 
a 

FC-11 

H FC-12 

FC-13 
I 

52 

76 

42 

60 

22 

34 

69 

Sand, mud and rocks.  

F i n e  sand, grey i n   c o l o r .  

Course and f i n e  sand mix. 

F i n e  sand. 

Course  brown sand. 

Sand, grey-brown. 

F i n e  sand. 
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APPENDIX V 

SEDIMENT HEAVY METAL  DATA 

a )  August  24, 1977 

b )  Apr i l   27 ,   1978 

c )  November 12,  1980 
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m 

I 

I 

m 

Y 

I 

4: 
I- s 

5 

x 
U 

n z 
W 

p. 
Q. 

U 

. . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0  

. . . . . . . . . . . . .  
h 0 3 d h O h m 0 3 h O w m m  

d d  d 

. . . . . . . . . . . . .  
bbhLnlnddLnLnhddLn 
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I 

1 

I 

m 

a 

I 

m 

m 

I 

I 

I 

im 

4 

4 
I” 

0 
-I 

c 4 
w c o  
Z h  m 
> 4  
1 
4 -  
W h  
Icu 

> 

O O h d 4 4 N d I n c o 4 4 d  
cucucucucucucucucucucucum 
0 0 0 0 0 0 0 0 0 0 0 0 0  . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0  
. . . . . . . . . . . . .  

. . . . . . . . . . . . .  
* I n m m m m m I n m * m b I n  
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Q 

I 

m 

P 

1 

> 
x 
0 z 
W 

U 

n n 
4 

0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0  . . . . . . . . . . . . .  
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APPENDIX V I  

IDENTIFICATION OF BENTHIC  INFAUNA  FROM  GRAB  SAMPLES 

Taken August 24, 1977 
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APPENDIX V I 1  

HEAVY METAL  CONCENTRATIONS I N  FAUNAL TISSUES 

a)  August 24,  1977 

b) November 12, 1980 
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