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Two surveys  were  conducted a t   t he   des igna ted   Po in t  Grey 
d isposa l   a rea   o f f   Po in t   Grey  i n   t h e   S t r a i t  o f  Georgia i n  1975  and 

1978.  The purpose  of  the  surveys was t o  assess the   impact   o f  ocean 
d i s p o s a l   a c t i v i t i e s  upon the   mar ine   rece iv ing   env i ronment   w i th  

respect t o  water  qual i ty,   sediment  chemistry and b e n t h i c   b i o l o g i c a l  

communi t i es. 
The d a t a   i n d i c a t e   t h a t  a s i g n i f i c a n t   i n c r e a s e   i n   t h e  

propor t ion   o f   the   coarse   sed iment   f rac t ion   occur red   be tween 1975  and 

1978, p a r t i c u l a r l y   i n   t h e   n o r t h e a s t   s e c t o r  o f  t h e  sample g r i d  between 
the   dumps i te  and  Vancouver. The Pisces IV submersible  d ives showed 

an  accumulation  of woodwastes  on the  bot tom  between  the  des ignated 

dumpsite and t h e   N o r t h  A r m  o f  t he   F rase r   R ive r .  The b e n t h i c   i n f a u n a l  

da ta   i nd i ca ted  a p o o r l y   d e f i n e d   b u t   d i f f e r e n t   b i o l o g i c a l   p r o v i n c e   i n  

the   nor theas t   sec t   o r .  The d i  f f e r i  ng p r o v i  nce may have beer1 due t o  

dumping a c t i v i t y   o r   t o   n a t u r a l  changes i n   s u b s t r a t e  and c u r r e n t s   i n  

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

s i g n i f i c a n t   p r o p o r t i o n  o f  dumping  had occurred  outs ide  the  conf ines 
o f  the  designated  dumpsite. 

T 



Deux re levgs  on 6 t i i   e f fec tuges ,  un  en 1975, 1 ' a u t r e  en 1978, 

dans 1 a zone  de diiversement au  1 arge de Po in t  Grey,  dans l e   d i i t r o i  t de 

Georgia. Ces re lev i is   ava ient   pour   but  de mesurer 1 ' impact  de 

l ' u t i l i s a t i o n  de l a  mer, comme d i i verso i r ,   sur   l ' env i ronnment   aquat ique 

en  ce  qui a trait 'a l a   q u a l i t 6  de l ' eau ,  l a  composition  chirnique des 

si idiments  et l a  faune  at  l a   f l o r e  benthique. 

Les  donniies r e c u e i l l   i e s   i n d i q u e n t   q u ' e n t r e  1975 and 1978, l a  

f r a c t i o n   b r u t e  de  siidirnent ava i t   sub ie  une importante  augmentation, en 

p a r t i c u l i e r  dans l e  secteur  nord-est  de l ' a i r e   d ' i i c h a n t i l l o n n a y e ,   e n t r e  

1  a zone  de  diiversement e t  Vancouver,  Les  plongiies  du  sous-mari n Pisces 
IV ont  indiqu6es une accumulation de r6s idus   du   bo is   sur   les   fonds   en t re  

1  a zone  de  diiversement e t   l e  bras  nord  du f l  euve  Fraser.  Les  donniies 

su r  l a  faune  benthique  indiquent un mi l ieu   b io log ique  pauvre   ma is  
different dans l e  secteur   nord-est .   Cet te   d i f fs rence  est   peut-Et re due 

aux  dgversements ou 'a des chanyements n a t u r e l s  dans l e s   s u b s t r a t e s   e t  
l es   cou ran ts  dans ce  secteur.  Enfin, 1 'g tude  inc lu t ,   de   facon  ggn i i ra le ,  

qu 'une  par t ie   impor tan te  des diiversernents a i i t6   e f fectuge  en  dehors des 

l i m i t e s  de l a  zone r k e r v i i e  'a c e t t e   f i n .  
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SUMMARY 

1. Studies were undertaken t o  assess t h e   e f f e c t s   o f  ocean d isposal  upon 
the  marine  environment a t  t he   Po in t  Grey  dumpsite. 

examined inc luded  water   qua l i t y ,   phys ica l  and chem 

charac te r i s t i cs   o f   t he   sed imen ts ,   ben th i c   i n fauna ,  

appearance o f   t he   subs t ra te .  

2. The oceanoyraphic  data  did  not  demonstate any l a s t  

The parameters 

c a l  

and v i sua l  

ng e f f e c t   o f  

ocean  disposal upon the   water   qua l i t y   parameters  examined, which 

inc luded  tempera ture ,   sa l   in i t y ,   d isso lved oxygen,  suspended s o l   i d s  
and n u t r i e n t s .  

3. Sediment D a t a  

( i )  Sediment  Size 
The sediment i n   t h e   n o r t h e a s t   s e c t o r   o f   t h e   g r i d  was coarser 

i n  both  sampling  periods. A s i g n i f i c a n t   i n c r e a s e   i n   t h e  

propor t ion   o f   the   coarse   sed iment   f rac t ion   occur red  between 

1975  and  1978.  Chunks o f   concre te ,   rubb le  and  woodwastes  were 

noted i n   t h e  samples f rom  the  nor theast   sector   a t   the  t ime  o f  

sampl i ng. 

( ii ) Organic  Content 
The measured organic  carbon  content o f  the  sediments i n   t h e  
disposal   area were t y p i c a l   f o r   t h e   S t r a i t  o f  Georgia.  There 
was  no s i g n i f i c a n t   i n c r e a s e  between the  two  sampling  periods. 

Woodwastes may not have  been i n c l u d e d   i n   t h e   a n a l y s i s  due t u  
problems  o f   ext ract ion.   Th is  needs t o  be born i n  mind when 

exarnini ng the   da ta  and f o r m u l   a t i  ny concl  usions.  Pisces 

submar ine  observat ions  ind icated  that  woodwastes  were  a 
s i g n i f i c a n t   p o r t i o n   o f   t h e  dumped m a t e r i a l   v i s i b l e  on t h e  sea 

f 1 oor. 
( ii i ) Trace  Metals 

No s i g n i f i c a n t   t r e n d s   i n   t r a c e   m e t a l   a c c u m u l a t i o n  were 

apparent  over  space  or  t ime. 
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4. Benth ic   In fauna 

The dominant  infaunal  forms i n  t e r m s   o f  numbers  were t h e   e r r a n t i a t e  

po lychaete  Lumbr inere is  - l u t i ,   D e n t a l i u m  sp. and Sipuncul  ids. 

B r i t t l e   s t a r f i s h   ( O p h i u r o i d e a )  were more p r e v a l e n t   i n   t h e   n o r t h e a s t  

sector.  A c l u s t e r   a n a l y s i s  was performed  using  the  infaunal   data.  
The s t a t i o n s   i n   t h e   w e s t e r n   p o r t i o n   o f   t h e  sarnpl  e g r i d ,  where t h e  

s u b s t r a t e   i s  most homogeneous, were f o u n d   t o  be t h e  most c l o s e l y  

associated. The d i f f e r e n c e s   i n   i n f a u n a l  community i n   t h e   n o r t h e a s t  

sec to r  may have been  due t o   t h e   n a t u r a l  change i n   s u b s t r a t e   i n   t h a t  

area as we1 1 as the  presence o f  dumped mater ia l .  

5. Pisces IV Dives 

Dumped mate r ia l   i n   t he   f o rm  o f   b roken   conc re te ,   rubb le  and  wood- 
wastes was most p r e v a l e n t   i n   t h e   n o r t h e a s t  and eastern  sectors.  
T h i s   m a t e r i a l   d i d ,   i n  some cases ,   p rov ide   cove r   f o r   f i sh  and 

c rus taceans .   S ign i f i can t l y  more dumped mate r ia l  was apparent on t h e  

bottom i n  1978  as  compared w i t h  1975. Woodwastes were noted i n  
undispersed  p i les on the  bottom i n   t h e  NE s e c t o r   i n  1978. I n   t h e  

area  between  the  North Arrn j e t t y  and the  dumpsite a heavy  deposi t ion 

o f  woodwastes was apparent. The sediments  consequently were black,  
and  appeared t o  be i n  a s ta te   o f   anaerob ic   reduc t i on .   I n   t he  

nor theast  and eastern  sectors  fewer  bathypelagic and epifaunal  forms 
were  noted i n  1978 as compared t o  1975;  however, t h i s  was a pu re l y  

qual i t a t i v e  assessment. The Pisces IV submersibl e proved t o  be an 

e f f e c t i v e  and necessa ry   t oo l   f o r   round ing   ou t   t he   ava i l ab le   da ta  so 

tha t   accura te   conc lus ions   cou ld  be  drawn. 

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

mater i  a1  dumped had  been  deposi ted  outs ide  the  boundar ies  of   the 

designated  dumpsite, i n   t h e  area  between the   Nor th  A r m  o f   t h e   F r a s e r  

R i v e r  and the  dumpsite; and i n  an area  nor theast   o f   the  dumpsi te  

enroute  from  Vancouver. A need f o r   i n c r e a s e d   s u r v e i l l a n c e   o f   a c t u a l  

dumpi ng a c t i v i t y   i s   t h e r e b y   i n d i c a t e d .  

c 
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1 INTRODUCTION 

I n  1975/76  and  1978 the  Marine Programs  Group o f   t h e  

Environmental   Protect ion  Service  conducted  surveys o f  physical ,   chemical  

and b io log ica l   parameters  in   the  mar ine  env i ronment   a t   the  major  ocean 

d i s p o s a l   s i t e   s e r v i n g   M e t r o p o l i t a n  Vancouver and t h e  Lower  Mainland o f  

B r i t i s h  Columbia. The l o c a t i o n  o f  t h i s  ocean disposal  area i s   d e p i c t e d  

i n  Figure 1. T h i s   s i t e  was e s t a b l i s h e d   i n  1969 b y   t h e   M i n i s t r y  of 

T ranspor t   i n   consu l ta t i on   w i th   t he   resource   agenc ies ,   t ak ing   i n to  

account  marine  navigat ion  requirements,   water  depth and distance  frorn 
the  source o f  waste  mater ia l .  

The  Ocean  Dumpi ng Control   Act  was passed i n  par1  iament on 

December  13,  1975, t o   c o n t r o l  and record   the   types  and vol umes o f  

I n a t e r i a l   t o  be d i s p o s e d   o f   i n   t h e  ocean  and t o   d e s i g n a t e   a p p r o p r i a t e  

s i t e s .   F u r t h e r   i n f o r m a t i o n  on the  Ocean Dumping Control   Act  and i t s  

a p p l   i c a t i o n   t o   t h e   P o i n t  Grey s i t e   i s   c o n t a i n e d   i n  Hoos (1977A and B). 

Env i ronmenta l   condi t ions  a t   th is   dumpsi te  were f i r s t  assessed 

i n  1975/76 before ocean d i s p o s a l   a c t i v i t i e s  were con t ro l l ed .  As such, 

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

subsequent  surveys where the  vol  urnes and t ypes   o f   ma te r ia l  s dumped i n  

t h e   i n t e r v e n i n g   t i m e  were known. A 1 i s t  o f  sources,  volurues and types 

o f  mater ia l   d isposed  o f  a t  t h e   s i t e  between the  two  surveys  discussed i n  
t h i s   r e p o r t  i s  p r e s e n t e d   i n  Appendix I. 

Study  Area 

The Po in t  Grey  disposal  area i s   l o c a t e d  4 miles  (7.41 km) west 
Grey i n   t h e   S t r a i t   o f   G e o r g i a ,   i n  a depth   o f  210-275  lnetres o f  

igure   1 ) .  

The designated dump s i t e   i s   d e l i n e a t e d   b y  a c i r c u l a r  boundary 
n a u t i c a l   m i l e  (1.85 km) rad ius,   centered  a t  4g015.45'N, 

123"22.10'W i n   t h e   S t r a i t  o f  Georyia.  Water  depths a t  t h i s   s i t e   v a r y  

f ro rn  210 t o  275 metres,   wi th  an average o f  approxirnately 250 m. The 

study  area  extended 2 n a u t i c a l   m i l e s  (3.7 km) beyond the  dump s i t e  



- 2 -  

w 8 S 1  

V a n c o u u a r  u B O W E N  I S L A N D  

t 

o l o m  
LL' 

LOCATION  MAP 

kaMe. 
Island 

.. .. I S L A N D  

'.-.. 
.... (.. .. 

:-? S T U  R G E 0 N 

I 
". B A N K  

L U   L U  

.... I S L A  N D 
! 

FIGURE I POINT G R E Y  DUMP SITE 



- 3 -  
I 

a 

I 

I 

1 

I 

boundary,  having a r a d i u s   o f  3 nau t i ca l   m i l es  (5.55 km) and encompassing 

approximately 28 square  naut ica l   mi les ( 9 6  square  k i lometres).  

"The  physical  oceanography o f   t h i s   r e g i o n   o f   t h e   t h e   S t r a i t   o f  
Georgia i s   g r e a t l y   i n f l u e n c e d   b y   t h e   f r e s h w a t e r   i n p u t   f r o m   t h e   F r a s e r  

River.  Winds, t i d a l   a c t i o n ,  and cu r ren ts  impose  secondary  effects." 

"The  deep-water  sediments o f   t h e   l o w e r   s t r a i t ,   i n c l u d i n y   t h e  

s t u d y   a r e a ,   a r e   t y p i c a l l y   s i 1   t s  and clays  (Pharo, 1972),  becoming more 
coarse   w i th   inc reas i  ng p r o x i m i t y   t o   t h e   f o r e s l o p e   o f   t h e   F r a s e r   d e l t a  

and t h e  main1 and. A1 though   the   de l ta   f ron t  a t  the  main a rm o f   t h e  

F rase r   R ive r   i s   advanc ing   a t  a r a t e   o f   a p p r o x i m a t e l y  3.5 m/yr l a t e r a l l y ,  

and 30.5 crn/yr v e r t i c a l l y ,   t h e r e  has  been no ev idence   o f   de l ta  advance- 
ment i n   t he   s tudy   a rea   s ince  1968 (Luternaur,  personal  communication). 

It is ,   t he re fo re ,  assumed t h a t   t h e   r a t e   o f   n a t u r a l   s e d i m e n t   a c c r e t i o n   a t  

t h e  dump s i t e   i s   v e r y  low.'' 
I 

"The p r i n c i p a l   f i s h   r e s o u r c e s   o f   t h e   a r e a   a r e   t h e  5 spec ies   o f  

salmon, s tee l  head t rout ,   eu lachon and srnel t, which  migrate  through  the 

S t r a i t   i n t o   t h e   F r a s e r   R i v e r  system, and her r ing .  The demersal f i s h  

p resen t   i nc l  ude so l  e and grey cod. The 30 t o  100 m contours a1 ong t h e  

wes te rn   f ron t   o f   Po in t   Grey  and Sturgeon Banks prov ide  a h a b i t a t   f o r  

subs tan t ia l   popu la t ions  o f  6 species  of   shr i r l lp,   which  are  cormlercial ly 

harves ted   w i th  srnal  1 -meshed t r a w l  s." Hoos (1977B). 
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2 METHODS AND MATERIALS 

The work a t  Point   Grey was conducted i n  1975, 1976  and 1978 

accord ing to the  schedule l a i d   o u t   i n   T a b l e  1. The sampl i n g   s t a t i o n s  
a r e   o u t l i n e d   i n   F i g u r e s  2-4. S t a t i o n   p o s i t i o n s  on the  water were 

establ   ished  using  radar on a1 1 vessel s except  the B.C. Trapper  where a 
sex tan t  and th ree  arm p r o t r a c t o r  were  used t o  es tab l i sh   t he   s ta t i ons   by  

means o f   h o r i z o n t a l   t r i a n g u l a t i o n .  

2.1 Physical  Oceanographic  Sampling 

The water  column a t  each o f   t h e   s t a t i o n s   d e p i c t e d   i n   F i g u r e  2 
was sampled fo r   t empera tu re ,   sa l i n i t y ,   d i sso l ved  oxygen, n o n - f i l t e r a b l e  
residue  (1975) and nut r ients   (1978) .   Sampl ing was conducted i n  1975 

us ing  Nansen b o t t l e s  and i n  1978 us ing  N.I.O. b o t t l e s ,  each  equipped 
with  paired,  protected,  reversing  thermometers.  

Temperatures i n  a l l  cases  were  read and recorded as  soon as 
p o s s i b l e   a f t e r  sample c o l l   e c t i o n  and re-cal   cul   ated t o  temperature a t  

depth   us ing   the   equat ion   ou t l   ined   in   Sverdrup   e t  a1 . (1946 1. 
Dissolved  oxygen  concentrations  were  measured  using  the  azide 

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 (E.P.S., 1979). S a l i n i t y   v a l u e s   i n  

1975 were  obtained  using a r e f r a c t o m e t e r   w h i l e   i n  1978 sal i n i t y  was 

measured  using a Gu i l   d l   ine   sa l   inometer  ( "Autosal I' Model 8400 1. The 

p e r c e n t   s a t u r a t i o n   o f   d i s s o l v e d  oxygen i n  seawater was c a l c u l a t e d  

a c c o r d i n g   t o   t h e   e q u a t i o n   o u t l   i n e d   i n  Gameson and Robertson  (1955 1. 
Subsampl es o f  water were a1 so obtained  f rom  the  sample  bott les 

f o r   a n a l y s i s   f o r   n o n - f i 1   t e r a b l  e res idue (NFR) l eve l  s i n  1975 and 

n u t r i e n t   c o n c e n t r a t i o n s   ( n i t r a t e ,  amnonia  and to ta l   phosphate)   in  1978. 

NFR va lues   were   de termined  by   we igh t ing   the   d r ied   res idue  (d r ied   a t  
103°C f o r  one hour)  remaining on 0.45 m i c r o n   f i l t e r s .  Samples f o r  

n u t r i e n t   a n a l y s i s  were s t o r e d   i n  a f rozen   s ta te   un t i l   ana lyzed  on an 

Autoanalyzer a t   t h e  E.P.S. Chemis t ry   Labora tory   in  West Vancouver. 
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2.2 Sediment Sarnpl i n g  

2.2.1 Grab Samples. Sediment  samples  were  obtained  at a l l  o f   t h e  

s t a t i o n s   d e p i c t e d   i n   F i g u r e  3 i n   b o t h  1975 and 1978 wi th   t he   excep t ion  

of Sta t i on  42 which was on ly  sampled i n  1975. Samples  were obta ined 

us ing  a Peterson  grab  which sampled a sediment  surface  area  of  0.17 
m2. Each  sample was placed i n  a polypropylene  tub,  hand mixed t o  

obtain  homogeneity and subsamples  removed f o r   a n a l y s i s   o f  sediment s i z e  

d i s t r i bu t i on ,   o rgan ic   ca rbon   con ten t  and t race  meta l   analys is .  The 

subsampl  es  were placed i n   p l a s t i c  "Whirl pak"  bags and s to red   f rozen 

u n t i l  analysed. 

Sediment s i z e   a n a l y s i s  was performed  by wet s iev ing   t h rough  

three  screens o f  s i z e  0.5 mn, 0.25 mn and 0.0625 mn w i t h   t h e   f r a c t i o n  

pass ing   t h rough   the   f i na l   sc reen   be ing   ob ta ined   by   ca l cu la t i on .  

Organic  carbon  content was determined  by  thawing samples a t  

room temperature,   dry ing  a t  103OC, g r i n d i n g   w i t h  a mor tar  and p e s t l e   t o  

pass  through a 0.5 mn screen,   d iges t ing   w i th  a chromic  acid-sulphur ic 

ac id   m ix tu re ,  and t i t r a t i n g   w i t h   f e r r o u s   s u l p h a t e   t o   y i e l d  a chromic 

a c i d   o x i d a t i o n   v a l u e .   T o t a l   v o l a t i l e   r e s i d u e  was determined  by  p lacing 
a d r i e d  and  weighed  sample o f  sediment i n  a m u f f l e   f u r n a c e   a t  550°C f o r  

1 hour t o  b u r n   o f f  a1 1 organic  carbon  mater ia l .  The sample was then  re -  

weighed  and the  weight  o f  organic   carbon  obta ined  by  ca lcu lat ion.  
Sediment  samples t o  be ana lysed  fo r   t race   meta l   concent ra t ions  

were  thawed and a i r   d r i e d  under  cover a t  room temperature,  disaggregated 

w i t h  a ceramic  mortar and p e s t l e   i n  1975 and an agate  mortar and p e s t l e  

i n  1978, and s ieved  through an 80-mesh ny lon  s ieve (2.5 p h i ) .   P o r t i o n s  

o f   t h e   l e s s   t h a n  80-mesh f r a c t i o n s  were forwarded t o   t h e   l a b o r a t o r y   o f  
D r .  W.K. F le tcher   (Depar tment   o f   Geo logy ,   Un ivers i ty   o f   Br i t i sh  

Columbia). They  were t h e n   d i y e s t e d   i n  a 4:l n i t r i c - p e r c h l o r i c   a c i d  
mixture,  evaporated t o  dryness  over an a i r  bath,  taken up i n  1.5 m l  HC1 

and  analysed f o r   c o b a l t  (Co), copper (Cu), i ron   (Fe) ,  manganese  (Mn), 
n i c k e l   ( N i ) ,   l e a d  (Pb)  and z inc   (Zn)   w i th  a Perkin  Elmer 303 atol l l ic 

absorption  spectrophotorneter.  Background  corrections were u t i l i z e d   i n  
the   de te rm ina t ion   o f   coba l t ,   n i cke l  and lead. 
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S i x   l i t r e s  o f  the   o r ig ina l   sed iment  sample  were a7 so measured 
o u t  and sieved  through a 0.5 mm screen i n   o r d e r  t o  ext ract   the  organisms 

i n  the  sediment. The benth ic   fauna  remain ing   * re   f i xed   in   fo rmal in  and 

a f t e r   t h r e e  days preserved i n  70% isopropyl   a lcohol .  The fauna  were 

1 a t e r   s o r t e d ,   i d e n t i f i e d  and  enumerated. 
C1 us te r   ana lys i s  was performed on the  data  obtained  f rom  the 

s o r t i n g  and i d e n t i f i c a t i o n  o f  the  benthic  infauna. The NT-SYS computer 

system a t   t h e   U n i v e r s i t y   o f   B r i t i s h  Columbia  computing  centre was used 

t o   p e r f o r m   t h e   c l u s t e r   a n a l y s j s   u s i n g   t h e  S l M I N T  and TAXON programs. 

Eucl idean  d is tance was used  as the measure o f   s i m i l a r i t y   w h i l e  

c l u s t e r i n g  was performed  using  the  Weighted  Pair-Group  method  using 
ar i thmet ic   averages   (Sneath   e t  a1 ., 1973; R o h l f   e t  al.,  1978). 

2.2.2 Core  Sampling.  Sediment  cores  were  obtained i n  1975  and 1978 

u s i n g  a "Benthos" g r a v i t y   c o r e r   a t   t h e  35 s t a t i o n s  shown i n   F i g u r e  3. 

Upon r e t r i e v a l   t h e   i n t a c t   c o r e s  were  extruded  onto  polyethylene  l iners,  

t h e  1 ength  measured  and 5 cm core   sec t ions   cu t   ou t   a t   se lec ted   depth  

i n t e r v a l s  (0-5 cm; 50-55 cm; 75-80  cm). The samples  were then   p laced   i n  

p l a s t i c   " W h i r l p a k "  bags  and t r e a t e d   i n   t h e  same manner  as the  sediments 

descr ibed  prev ious ly   under   the  benth ic  sampl ing   sec t ion .  

2.3 Pisces IV Submersible  Dives 
Pisces IV submersible  dives  were  conducted i n  1976  and again 

i n  1978.  The l o c a t i o n s   o f   t h e   d i v e   t r a c k s   ( F i g u r e   4 )  were  establ  ished 

based on in format ion  ga ined from the  sediment and trawl  sampling 

programs. 

Observations made dur ing  the  course o f  the   d ives  were  recorded 
on 16 mm movie film (Ektachrome EF 7242; Tungsten L i g h t  Balanced-3200K; 

ASA 125) and 70m s t i l l  film (Kodak Aerocolor  Negative  Fi lm  #2445). 
Observations were a1 so verba l l y   tape  recorded  fo r   fu tu re   compi la t ion .  

I n  1976 the  dives  were  recorded i n   t h e i r   e n t i r e t y  on video  tape as 

we1 1 . 
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3 RESULTS AND DISCUSSION 
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I 

3.1  Physical  Oceanography 

All physical  oceanographic  data  obtained  are  contained i n  

Appendix I 1  and   p resen ted   g raph ica l l y   i n   F igu res  5 and 6. The number o f  
s t a t i o n s  was reduced t o  5 i n  1978 f rom 9 i n  1975  due t o   t h e  1 a t e r a l  

u n i f o r m i t y   o f   t h e   w a t e r c o l u m n   c h a r a c t e r i s t i c s   o b s e r v e d   i n  1975. 

The m a j o r   f a c t o r   a f f e c t i n g   t h e   s u r f a c e   w a t e r   c h a r a c t e r i s t i c s  

i n   t h i s  area i s   t h e  presence and f l o w   r a t e   o f   t h e   F r a s e r   R i v e r  
(Waldichuk 1957; Hoos and Packman, 1974). The s i l t   l a d e n   f r e s h   w a t e r   o f  

t he   F rase r   R ive r   f ans   ou t   ove r   t he   sa l i ne   wa te r   o f   t he  S t r a i t  o f  Georgia 

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

observed i n   t h e   w a t e r   c o l  umn p r o f i l e s .  The presence o f  the   Fraser   R iver  

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

The e f f e c t s   o f   t h e   F r a s e r   R i v e r  change  seasonal ly   wi th   the  changing  f low 

r a t e   o f   t h e   r i v e r .  

E x a m i n a t i o n   o f   t h e   w a t e r   c o l u m n   p r o f i l e s   i n d i c a t e   t h a t   i n  1978 
t h e   s t r a t i f i c a t i o n  was l e s s   d e f i n e d ' t h a n   i n   t h e  1975 sampling  period. 

Th is  was probably  due t o   t h e   f a c t   t h a t   t h e  1975 sampling was conducted 

i n  June dur ing   the   Fraser   R iver   f reshet   wh i le   the  1978 sarnpl i n g  was 

conducted i n   A p r i l  when the  water  column i s  n o r m a l l y   l e s s   s t r a t i f i e d .  
Waldichuk  (1957)  stated  that,  "The  Fraser  River  discharge  undergoes 
seasonal   var ia t ion  f rom a l o w   i n   F e b r u a r y  and  March t o  a peak i n  l a t e  
June." 

The ranges o f  tempera ture ,   sa l   in i  t y  and dissolved  oxygen i n  
1975  and  1978 a r e   p r e s e n t e d   i n  Tab1 es 2 and 3. The thermoc l   ine   dur ing  

bo th  sarnpl i n g  programs e x i s t e d  between 5 metres and 10  metres. A t  

s t a t i o n s  25, 29 and 41 i n  1975 a t h i n   l a y e r   o f   c o o l   w a t e r  was present a t  

a depth   o f   approx imate ly  50 metres  between  two warmer layers.   Accord ing 
t o  Waldichuk  (1957), t h i s   i s   p r o b a b l y   a t t r i b u t a b l e   t o   l o c a l i z e d   s i n k i n g  

o f   sur face   water   coo led   dur ing   the   w in te r  months. This phenomenon i s  
probably  enhanced  by the  presence o f  the   f reshwater   lens   f rom  the   Fraser  

River .  
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TABLE 2 RANGES OF OCEANOGRAPHIC DATA - 1975 

STATION DE PTH (m) MAX M I N  

Temperature PG -2 7 0 12.53 "C 
PG -2 9 50 7.28"C 

Sal i n i  t y  PG -9 0 
PG-9 2 50 

17.5O/oo 
31. So/ 00 

D i  ssol ved Oxygen PG-13 0 
PG-27 0 
PG-31 2 40 
PG-2 9  240 

9.5 mg/l 

5.9 mg/l 
10.45 mg/l 

7.55 mg/l 

E 

TABLE 3 RANGES OF OCEANOGRAPHIC DATA - 1978 

STATION DE PTH (m) MAX M I N  

Temperature PG-13 0 
PG-9 50 
PG-25 25 

9.78 "C 
8.15"C 
8.15"C 

Sal  i n i t y  PG -9 0 
PG-25 240 

25.020/00 
30. 5go/oo 

D i ssol v ed Oxygen PG -9 0 
PG -4 1 0 
PG-25 240 
PG-13 235 

10.3 mg/l 

4.7 mg/l 
10.6 mg/l 

7.6 mg/l 
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The minimum s a l i n i t y   v a l u e   i n  1975 was much l o w e r   t h a n   i n  

1978, probably due t o   t h e   f a c t   t h a t   t h e  1975 sampling was conducted i n  
June a t  t h e   t i m e   o f   t h e   F r a s e r   R i v e r   f r e s h e t .  Water co l  umn s a l   i n i t i e s  

recorded a t  S ta t i ons  9, 11, 15, 27 and 31  i n  1975 revealed  the  presence 

o f   l o w   s a l i n i t y   w a t e r  (17.5-19.5%) which  extended t o  a depth o f   a p p r o x i -  

mate ly  2 metres. The h a l o c l i n e   i n  1978 genera l ly   ex is ted  between 5 and 
10  metres. S a l i n i t i e s   i n   t h e   b o t t o m   w a t e r  were f a i r l y   c o n s t a n t  between 

30.3% and 31.5%. 

Dissolved  oxygen  concentrat ions i n   t h e   b o t t o m   w a t e r  were 

genera l l y   l ower   du r ing   t he  1978 sampl i ng   p rog ram  bu t   t h i s  was n o t  
necessa r i l y  as a r e s u l t   o f   t h e  presence o f  dumped organ ic   mater ia l  on 

t h e  bottom. 

N o n - f i l t e r a b l e   r e s i d u e  (NFR) i s  a parameter  that  was analyzed 

f o r   a t  all s t a t i o n s  and depths i n   t h e  1975  program  only. I n  some cases, 

i.e. a t  S ta t i ons  Pti-9, PG-11, PG-15 and PG-25, t h e  NFR l e v e l s   i n   t h e  

surface  water were e l e v a t e d   r e l a t i v e   t o   t h e   r e s t   o f   t h e   w a t e r  column 

whi 1 e i n   o t h e r  cases  they were not.  This was dependent upon which  s ide 

o f   t h e   t i d e  1 i n e   t h e  sample was taken  f rom and whether  or   not   the  f resh, 

t u r b i d   w a t e r   o f   t h e   F r a s e r   R i v e r  was present.   Elevated NFR values were 

occas iona l l y   ob ta ined   i n   t he   bo t tom  wa te r  due t o   t i d a l   c u r r e n t s   s t i r r i n g  

up s i l t  near  the  bottom. A t  S ta t i on  PG-9 a v a l u e   o f  206 mg/l was 

obta ined in   the   bo t tom  water .   Th is  was f e l t   t o  be  an a r t i f a c t  caused  by 
t h e   b o t t l e   t o u c h i n g   t h e  bottom. 

I n   t h e  1978 sampl i n g  program,  samples  were c o l l   e c t e d   f o r  

a n a l y s i s   o f   n i t r a t e ,   n i t r i t e ,  ammonia and t o t a l  phosphate  concentra- 

t ions. The resu l ts   a re   p resented   in   Append ix  11. These resu l ts   p roved 
t y p i c a l   f o r   t h e  S t r a i t  o f  G e o r y i a   a t   t h i s   t i m e   o f   y e a r .  The values 

ob ta ined  fo r   sur face   waters   a re   cons is ten t   w i th   those  o f   S tockner  and 

C1 i f f  (1979), who s t a t e   t h a t  a t  t i m e s   o f   s t a b l e   s t r a t i f i c a t i o n  and 

during  phytopl  ankton  blooms  such as occur i n   l a t e   A p r i l  and e a r l y  May, 

n i t r a t e  Val ues i n   t he   su r face   wa te rs   wou ld  become depleted.  Under 

na tura l   cond i t ions   nu t r ien ts   wou ld   be   rep len ished  by   the  deep mix ing  of 
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bottom  water  dur ing  October and November. It i s   e v i d e n t   i n  Appendix I 1  

t h a t   a t   t h e   t i m e   o f  sampl i n y   i n   A p r i  1 1978 , n u t r i e n t   l e v e l  s were 
genera l l y   h ighe r   i n   t he   bo t tom  wa te r .  

3.2 Sediment C h a r a c t e r i s t i c s  

3.2.1 Sediment  Size. The r e s u l t s   o f   t h e  sediment s i ze   ana lys i s   a re  

presented i n  Appendix 111, F igures 7 and 8. Appendix  I11  a lso  presents 
the   obse rva t i ons   o f   sed imen t   cha rac te r i s t i cs  made du r ing   t he   cou rse   o f  

t he   co re  and grab sampl i n g  programs,  which  are  useful i n  comparison  with 

the  sediment  s ize  data.  The sediment s ize   da ta   ind ica tes   tha t   the   ma jor  

p o r t i o n   o f   t h e  sediment i n   b o t h   t h e  1975 and 1979  sample  programs was 

t h e   l e s s   t h a n  0.0625 m n m  f r a c t i o n .  

Both  F iyure 7 and F igure  8 i n d i c a t e   t h a t   t h e   m a t e r i a l   i n   t h e  
nor theast   quadrant   o f   the sampl i ng g r i d   i s  general 1 y coarser i n  nature. 

This  was confirmed, i n   p a r t ,  by   t he   f ac t   t ha t   t he   rna te r i  a1 i n   t h i s  area 

was observed  dur ing  d ives  aboard  the  Pisces IV sublnersibl e, t o  be sandy 

i n  na ture .   Th is   i s   p robab ly  due t o   t h e   r e l a t i v e l y   s t r o n y   t i d a l   c u r r e n t s  

a t   t h i s   l o c a t i o n   w h i c h   w o u l d   t e n d   t o   s c o u r   t h e   f i n e r   f r a c t i o n .  However, 

observat ions made a t   t h e   t i m e   o f  sample c o l l e c t i o n   i n d i c a t e d  a c o l l e c -  

t i o n  o f  concrete  chunks,  hardpan,  rubble and woodwastes i n   t h e   n o r t h e a s t  

quadrant o f  the  sample g r i d .   T h e r e f o r e ,   t h e   i n c r e a s e d   p a r t i c l e   s i z e   i n  

that   quadrat   cannot be a t t r i b u t e d   e n t i r e l y   t o   n a t u r a l   c o n d i t i o n s .  
Comparison o f   the   sed iment   s ize   da ta  between 1975 and 1978 

shows a s i y n i f i c a n t   i n c r e a s e   i n   t h e   c o a r s e r   f r a c t i o n   i n   t h e  1978 data. 

For  example, i n  1978 the  average  percentage  of   mater ia l   less  than 0.0625 

mm (exc lud ing  PG-42) was 93.22%, w h i l e   i n  1978 the  average was 82.9%. 

Examination o f  t h e   t a b l e s  shows tha t   t he   ne t   i nc rease   i n   t he   pe rcen tage  

o f  mater ia l   represented   by   the   coarser   f rac t ion   occur red  a t  those 

s t a t i o n s   i n   t h e   n o r t h e a s t   q u a d r a n t  o f  the  study  area. 
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3.2.2 Organic  Content. The Val ues obtained i n   t h e   T o t a l   O r g a n i c  

Carbon  analyses  run on t h e  1975 and 1978 samples are  presented i n  

Appendix IV and Figures 9,  10 and 11. These da ta   inc lude Chromic Acid 

Oxidat ion  Values (CAOV) f o r   t h e  1975 and 1978 samples and T o t a l   V o l a t i l e  

Residue (TVR) f o r   t h e  1978 samples. 

Examinat ion   o f   the  CAOV data  d id   not   reveal  a s i g n i f i c a n t  

d i f f e r e n c e  between the   va lues   ob ta ined  dur ing   the  two  sampling  periods. 
The mean value i n  1978 was 1.6% which was h igher   than  the 1975 mean o f  

1.39%. These va lues   a re   t yp i ca l   o f   t he   l ow   va lues   f ound   i n   t he  Strait 

o f  Georgia.  Pharo (1972) repor ted an average  organic  carbon  content i n  

t h e   S t r a i t  o f  Georgia  sediments o f  1.08%. He noted however t h a t   i n t e r -  

mediate  concentrat ions  of   organic  carbon (1.0-1.5%) occur  through rnost 

o f  t he   S t ra i t   no r thwes t  o f  Sandheads. Pharo (1972) a l s o   s t a t e d   t h a t   t h e  

pe rcen tage   o f   o rgan ic   ma te r ia l   i s  a1 so dependent upon sedimentat ion 

rates  f ro ln   ter r igenous  sources,  and the   c lay   con ten t   o f   the   sed iment .  A 
h i g h   r a t e   o f   d e p o s i t i o n   o f   t e r r i g e n o u s   m a t e r i a l   d i l u t e s   t h e   o r g a n i c  

conten t   o f   the   sed iment   wh i le  a l ow   ra te   pe rm i t s   ox ida t i on  and conse- 

quen t   l oss   o f   o rgan ic   ma te r ia l   be fo re  it can be bur ied.  It i s   p o s s i b l e  

t h a t   i n   t h e  case o f   t h e   P o i n t  Grey  dumpsite  the  avai lable  organic  carbon 

deposi ted  through ocean  dumping a c t i v i t i e s  may be d i l u t e d   t o  some ex ten t  
by sedimentat ion  f rom  the  Fraser  River.   Pharo (1972) found a h i g h  de- 
gree o f  c o r r e l a t i o n  (0.788) between the   percent   c lay   con ten t  o f  sedi -  

ments  and the  percent   oryanic   content .  The c o r r e l   a t   i o n   i n  our work was 
0.428 i n  1975 and 0.349 i n  1979. I n  some cases  however  samples  con- 

t a i  n i  ng  coarse  material a1 so had re1   a t i ve l y   h igh   o rgan ic   ca rbon  Val  ues 

(e.g., PG-18) i nd ica t ing   tha t   the   o rgan ic   carbon  p robab ly  had  been 

deposi ted  by  other  than  natural   processes. 

There was no apparent   pat tern i n   t h e   d i s t r i b u t i o n  o f  t o t a l  
oryanic  carbon as measured  by t h e  CAOV method i n   t h e  sediments i n   r e l -  

a t i o n   t o  ocean d i s p o s a l   a c t i v i t i e s ,   i n   e i t h e r  1975 o r  1978. It i s  
i n t e r e s t i n g   t o   n o t e ,  however, t h a t   t h e   h i g h e s t   v a l u e   i n  1978 f o r   t o t a l  
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organ ic   carbon  o f  2.8%  was found  a t   S ta t ion  PG-18 where t h e  most in tense 

d i s p o s a l   a c t i v i t i e s  appeared t o  have  taken  place. 
There was  a1 so no de f ined  pa t te rn   o f   o rgan ic   carbon  conten t  as 

measured  by t h e  TVR method o ther   than  the   fac t   tha t   the   two  except ion-  

a l l y  h igh  va lues  obta ined were l o c a t e d   i n   t h e   n o r t h e a s t   s e c t o r   o f   t h e  

sample  grid. 

3.2.3 Trace  Metals. The r e s u l t s  o f  the  t race  meta l   analyses  are 
presented i n  Appendix V. Table 4 presents   the mean trace  metal   values 

i n  1975 and 1978 from  both  the  Peterson  grab and g r a v i t y   c o r e  sarnpl i n g  

programs. The mean t race  meta l  Val  ues presented i n  Tab1  e  4 a r e   s l   i g h t l y  
h igher   than  those  repor ted  by  Gr ieve and F le tcher   (1975)   fo r   the  

f o r e s l o p e   o f   t h e   F r a s e r   R i v e r   d e l t a  and by Packrnan (1977) f o r   t h e  

sediment i n   t h e   v i c i n i t y   o f  Nanaimo, B.C. The values however do not  

appear t o  be h i g h  enough t o  be a cause f o r  concern a t  t h i s   t i m e .  Cadmium 

was b e l o w   d e t e c t i o n   l i m i t s   i n   b o t h  sample  series. 

Comparison o f  the  t race  meta l   va lues  over   the sampl i n g   g r i d   i n  

space and t ime  d id   no t   revea l   any   g ross   t rends   in   te rms  o f   meta l  accum- 

u la t ion .   F igures  12 t o  1 6   d e m o n s t r a t e   t h e   d i s t r i b u t i o n   o f   t h e   i n d i v i d -  

ua l   t race  meta l  s over   the  sample g r id   du r ing   t he   two  sarnpl ing   per iods .  

From  examinat ion  o f   these  f igures some conclus ions may be drawn. 

S t a t i s t i c a l   a n a l y s e s   o f   t h e   d a t a   a r e   o n l y   p r e s e n t e d   f o r   e l e m e n t s  where 
changes i n  concent ra t ions  ove r  t ime were f e l t  t o  be s i g n i f i c a n t .  

The i n i t i a l   d i s c u s s i o n   i n   t h i s   s e c t i o n  will deal w i t h   t h e  

sur face  core sampl es as t h e y   a r e   m o s t   r e p r e s e n t a t i v e   i n   t e r m   o f   t h e  

accumu la t i on   o f   t race   me ta l s   f rom dumping a c t i v i t i e s .  The copper  d is-  
t r i b u t i o n s   p r e s e n t e d   i n   F i g u r e  12 i n d i c a t e d   s l i g h t l y   e l e v a t e d   v a l u e s  i n  

the   nor theas t   sec tor   o f   the   sample   g r id .  The values  obtained i n  1978 
appeared t o  be e l   evated i n  r e 1   a t i o n   t o   t h o s e   r e c o r d e d   i n  1975. The 

n i c k e l   d i s t r i b u t i o n s   d e p i c t e d   i n   F i g u r e  13 did  not   demonstrate a de f ined 

p a t t e r n   s p a t i  a1 1 y; however , the mean o f   t h e  Val  ues i n  1975 was shown t o  

be s i g n i f i c a n t l y   h i g h e r   ( p  = 0.001, t 3.385,  n = 34)  than  the mean o f  
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t h e  1978 Val  ues a t   t h e  0.001% 1 eve1 us ing   the   T- tes t   fo r   compar ing  
pai red  observat ions.  The Val  ues f o r   l e a d  were g e n e r a l l y   h i g h e r   i n   t h e  

nor theas t   sec tor   than  in   the   o ther   a reas   o f   the  sampl e grid.  There was a 

s i g n i f i c a n t   i n c r e a s e   i n   l e a d   c o n c e n t r a t i o n s   i n   t h e  1978 sample over 1975 

( p = 0.001, t 3.385, n = 34) when compari  ng  paired  observations. 
Mercury  concentrat ions were determined t o  be s i g n i f i c a n t l y   h i g h e r   i n  

1978 as compared t o  1975 (p = 0.001, t 3.385, n = 31).  There  did  not, 

however,  appear t o  be a p a t t e r n   i n   t h e   s p a t i a l   d i s t r i b u t i o n   o f   m e r c u r y  

c o n c e n t r a t i o n s   i n   t h e  sample gr id .  

A comparison o f  t he  mean t race  meta l  Val  ues f o r   t h e   d i f f e r e n t  

depths i n   t h e  sediment  cores,  across  the sample g r i d ,   i s   p r e s e n t e d   i n  

Tab1 e 5. The data i n   t h i s  tab1 e show that   the  copper ,  1 ead, z inc  and t o  

a 1 esser  extent  mercury Val  ues tended t o  be h igher  on the   sur face  and 
decrease  wi th  increasing  depth i n   t h e  sediment  core i n  both sampl i n g  
programs. I n   t h e  case o f  some of  the  e lements  such as copper,  i ron, 
n i cke l  , 1 ead  and z inc   the   concent ra t ions   a t   the   bo t tom  o f   the   core  were 

lower  i n  1978 t h a n   i n  1975. As the  sediments  at  these  depths may be 
assumed t o  have  remained  unaffected  by dumping a c t i v i t y ,   t h e   r e a l   m e t a l  

concentrat ions  should  have rernai  ned  unchanged  between the  two sarnpl i n g  

per iods.  The d i f f e r e n c e   i s   l i k e l y  an a r t i f a c t   o f   a c t u a l   o r   s a m p l i n g  

v a r i   a b i  1 i ty .  

3.3 Benthos 

The r e s u l t s   o f   t h e  1975 ben th i c   sa r~~p l   i ng  and analyses  have 

been  discussed i n  Hoos (1977 b) and as such will not  be discussed i n  
t h i s   r e p o r t .  The r e s u l t s   o f   t h e  1978 benth ic  work  are  presented i n  

Appendix VI. From these  da ta ,   ca lcu la t ions  were made express ing  the 

number o f  i n d i v i d u a l s   i n  each  taxonomic  group  at  each  stat ion as a 

pe rcen tage   o f   t he   t o ta l  number o f   i n d i v i d u a l s  a t  t h a t   s t a t i o n   i n   o r d e r  

t o  determine what the  dominant  taxonomic  groups were over  the  sample 

P 
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TABLE 4 MEAN TRACE METAL  VALUES (ug/gm) 

1975  Grabs 

co   cu   Fe(  %) Mn N i  Pb Zn Cd  Hg 

Mean 15.1 45.06 3.52 363.57 49.29 18.04 106.47 L2.0 0.31 

Std. Dev. 1.92 5.45 0.20 45.11 3.41 5.09 5.09 L2.0 0.14 

Std .   Er ro r  0.27 0.77 0.03 6.38 0.48 0.72 0.72 L2.0 0.02 

Max. Val. 19.1 69.3 4.2 493.8 54.6 38.8 122.9 L2.0 1.2 
Min.  Val. 11.5 37.1 3.0 240.4 39.2 9.5 87.5 L2.0 0.19 

1975  Cores  Surface  Values 
co   cu   Fe(%)  Mn N i  Pb Zn Cd  Hg 

Mean 13.49 45.89 3.39 330.35 48.64 18.25 102.32 L2.0 0.202 

Std. Dev. 1.43 5.07 0.31 22.56 3.29 3.72 5.6 L2.0 0.052 

Std .   Er ro r  0.24 0.87 0.05 3.81 0.56 0.63 0.95 L2.0 0.0089 
Max. Val. 16.1 59.5 3.8 377.1 53.9 27.7 113.1 L2.0 0.360 
Min. Va l .  10.4 38.3 2.8 290.0 41.3 11.2 87.5 L2.0 0.113 

1978  Grabs 

co   cu   Fe(%)  Mn N i  Pb Zn Cd Hg 
Mean 13.39 40.39 2.76 338.53 39.00  18.85 104.15 L2.0 0.346 

Std. Dev. 0.89 4.84 0.25 24.82 2.29 6.29 29.54 L2.0 0.101 
Std.   Error  0.1 3 0.69 0.04 3.55 0.33 0.90  4.22 L2.0 0.015 
Max. Val. 14.989 53.088 3.198 397.339 44.081 49.283  283.705 L2.0 0.906 
Min.  Val. 10.688 29.442 1.923 268.601 29.466  12.107  76.517 L2.0 0.186 

1978  Cores  Surface  Values 

c o   c u   F e ( % )  Mn N i  Pb Zn Cd  Hg 
Mean 13.43 40.27 2.7 335.54 38.42 18.89  101.33 L2.0 0.548 

Std. Dev. 0.80 4.57 0.3 29.82 2.89 6.31  13.79 L2.0 0.212 
Std .   Er ro r  0.13 0.77 0.05 5.04 0.49 1.07  2.33 L2.0 0.036 
Max. Val .  15.219 47.065 3.131 393.337 43.18 42.945 139.854 L2.0 1.23 

Min. Val .  10.705 26.049 2.063 283.056 27.893  8.16 67.477  L2.0  0.182 

L = l ess   t han  
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TABLE 5 MEAN  TRACE  METAL  VALUES  AT  DEPTH IN CORE SAMPLES (ug/gn) 

M e a n   V a l u e s  

c o   C u   F e ( % )  Mn N i  P b   Z n  Hg 

1975 C o r e s  

0-5 cm 13.49 45.89 3.39 330.35 48.64 18.25 102.32 0.202 

50-55 cm 13.63 43.23 3.47 319.0 48.23 12.92 95.57 0.197 

Bottom 13.84 41.88 3.48 326.4 49.17 10.87 90.56 0.158 

1978 C o r e s  

0-5 CII 13.43 40.27 2.7 335.54 38.42 18.89 101.23 0.548 

50-55 cm 14.36 37.28 2.81 337.09 39.97 10.08 88.65 0.52 

75-80 cm 14.64 35.76 2.81 340.01 40.62 8.52 84.63 0.50 
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g r i d .  The dominant  groups  were  determined t o  be t h e   e r r a n t i a t e   p o l y -  

chaete  Lumbrinereis - l u t i ,  a mo l lusc   o f   the   C lass  Scaphopoda, Dental ium 

sp.; and t h e  Phyl urn Sipuncul a. The d i s t r i b u t i o n s   o f   t h e s e  groups  are 
presented i n  Figures 17, 18 and 19. Other  taxonomic  groups  which were 

f e l t   t o  be impor tan t   t o   t he   ben th i c   comnun i t y ,   a t   l eas t   i n   t e rms   o f   b io -  

mass i f  not numbers o f   i nd i v idua ls ,   i nc luded   the   hea r t   u rch in ,   B r i sas te r  

l a t i f r o n s ;   b r i t t l e   s t a r s ,   ( O p h i u r o i d e a ) ;  and  sea cucumbers  Molpadia 

i ntermedia and Chi rodota sp.  The d i s t r i b u t i o n s   o f   t h e s e  groups  are 

presented i n  Figures 20 t o  23. 
The fo l lowing  genera l   conc lus ions may be drawn from  examina- 

t i o n   o f   t h e   d i s t r i b u t i o n   o f   t h e s e  dominant  taxonomic  groups.  Dentalium 

sp., B r i s a s t e r   l a t i f r o n s ,   C h i r o d o t a  sp.  and Molpadia  in termedia  d id   not  

appear t o  have a d e f i n e d   d i s t r i b u t i o n a l   p a t t e r n .  It was f e l t   t h a t  

sample r e p l i c a t i o n  would  reveal a u n i f o r m   d i s t r i b u t i o n   o f   t h e s e  groups. 
Lumbrinereis l u t i  and  Ophiuroidea  both  appeared t o  be  more predominant 

i n   t h e   n o r t h e a s t   s e c t o r   o f   t h e  sample g r i d .  These animal s are  general 1 y 

associated  with  coarser  sediment  types. As the  sediments i n   t h e   n o r t h -  

east   sector  were genera l l y   coarser  as determined  from  the  sediment  size 

analyses, and the  P isces IV observa t ions ,   these  fauna l   d is t r ibu t ions  

were n o t  unexpected.  Also  dur ing  the  d ives  large numbers o f  Ophiuroids 

were  noted i n   t h i s  area. The number o f   i n d i v i d u a l s  o f  t h e  Phylum  Sipun- 

c u l  a appeared t o  decrease in   the   nor theas t   sec tor .   Th is   g roup,  upon 

c loser   examinat ion,   could be d i v i d e d   i n t o  two sub-groups  which were ten-  

t a t i v e l y   i d e n t i f i e d  as  Phascolosoma sp. and Sipuncula 6. Phascolosoma 

sp. o c c u r r e d   i n   r e l a t i v e l y   h i g h   n m b e r s   i n   t h e   w e s t e r n   p o r t i o n   o f   t h e  
g r id   wh i l e   S ipuncu la  B e x h i b i t e d  a lower number o f   i n d i v i d u a l s   p e r  

s t a t i o n  and occurred  mainly i n   t h e   n o r t h e a s t   s e c t o r .  

A c l u s t e r   a n a l y s i s  was p e r f o r m e d   w i t h   t h e   b e n t h i c   d a t a   i n  an 

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

composit ion. The r e s u l t s   o f   t h i s   a n a l y s i s   a r e   p r e s e n t e d  as a  phenogram 

i n  F igure 24. I n   t h e  phenograrn some weakly   de l ineated  prov inces  are 

apparent. One group o f   s t a t i o n s   o f   r e l a t i v e l y   c l o s e   a s s o c i a t i o n   i s  

I 

t 
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apparent  between PG-1 and PG-26 a t   t h e   r i g h t  hand s i d e   o f   t h e  phenoyram 
while  another  group  occurs  between PG-15 and PG-40. The s t a t i o n s   i n  

these  groups have  been p l o t t e d   i n   F i g u r e  25. F igure  25 i n d i c a t e s   t h a t  

those  g roups   o f   s ta t ions   w i th   the   h ighes t   degree  o f   assoc ia t ion   occur   in  

the   wes tern   por t ion   o f   the   s tudy   a rea  where the   bo t tom  subs t ra te   i s  most 
un i fo rm as determined  from  the  sediment  data and Pisces IV observat ions.  

PG-32 e x h i b i t e d   t h e   l e a s t   a s s o c i a t i o n   w i t h  any o f   t h e   o t h e r   s t a t i o n s .  
The on ly   an ima ls   co l lec ted  i n  t h i s  sample  were 28 b i v a l v e s   o f   t h e  Genus 

Macoma.  Had t h e  sampl es been r e p 1   i c a t e d   t h i s  anomaly  would  probably 
have been removed. The c o n c l u s i o n s   o f   t h i s   a n a l y s i s   t h e r e f o r e   c o r r e s -  

pond w i th   t he   o the r   ana lyses   i n   t ha t   t he   no r theas t   sec to r   o f   t he   s tudy  

area i s  somewhat d i f f e r e n t  as compared with  the  remainder.  It i s   l i k e l y  

t h a t   t h i s   i s  a t  l e a s t   p a r t l y  a r e s u l t  o f  ocean  d isposa l   ac t i v i t y .  

3.4 Pisces IV Submersible  Dives 

General ly  speaking  the  informat ion  gained  through  the  d ives 

aboard  the  Pisces IV conf i rmed  the  in ferences  der ived  f rom  the  o ther  

assessment  methods, t h a t   i s ,   t h e   n o r t h e a s t  and eas te rn   sec to rs   o f   t he  

study  area  represented a d i f f e ren t   ben th i c   p rov ince .  

The 1976 d ives  were recorded  by means o f  70 mn s t i  11 photo- 

graphs,  16 r m  movie  shots and each t r a c k  was recorded i n   i t s   e n t i r e t y  on 

video  tape.  This  procedure was repeated i n  1978 except   that   v ideo  tape 
was not  used. Dive  reports  containing  photographs o f  t he  1978 dives  are 

presented i n  Appendix VII. A b r i e f   d e s c r i p t i o n   o f   t h e  1976 d i v e s   i s  

c o n t a i n e d   i n  Hoos (1977). 
It was conc luded  f rom  bo th   ser ies   o f   d ives   tha t   the   nor th -  

eas tern  and eastern  sectors   o f   the  s tudy  area were t h e  most a f fec ted   by  
dumping a c t i v i t y .  On t h e   t r a c k s   r u n   i n  1976 i n   t h e   n o r t h e a s t   s e c t o r   t h e  

most n o t i c a b l e   p o r t i o n   o f   t h e   m a t e r i a l   w h i c h  had  been d isposed  o f  con- 

s i s t e d   o f   c o n s t r u c t i o n   r u b b l e   i n   t h e   f o r m   o f   b r o k e n   p i e c e s  o f  concrete, 

s t e e l   r e i n f o r c i n g   r o d s  and hardpan  clay. Some woodwastes i n   t h e  form of 

sunken logs  and wood and bark  debris  were i n  evidence. Most o f   t h e  
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s m a l l   e r   b i t s   o f  woody debr is  were we1 1 mixed in to  the  sediments.  The 

area  surveyed i n   t h e  course o f  Track 3 had the   h ighes t   degree  o f  contarn- 

i n a t i o n   w i t h  woodwastes, some patches  being  covered i n  wood and bark 

debr is .  The sediments i n   t h e   e a s t e r n  and nor theastern  sectors  were pro- 

b a b l y   n a t u r a l l y   c o a r s e r  due t o   t h e   s t r o n g e r   t i d a l   f l o w s  as the  bathy-  
metry  shal  lowed;  however, it appeared t h a t   t h i s  had  been  augmented by 

t h e  dumping o f   cons t ruc t i on   rubb le .  The western   por t ion   o f   the   des ig -  

nated  durnpsite was n o t e d   t o  be v i r t u a l l y   d e v o i d  o f  dumped mater ia l .  The 

sediments i n   t h i s  area  consisted o f  f i n e   s i l t   t y p i c a l   o f  deeper  areas o f  

t h e  S t r a i t  o f  Georgia. 

Benthic  fauna i n   t h e   n o r t h e a s t   s e c t o r   o f   t h e   s t u d y   a r e a  a1 so 
d i f f e r e d   f r o m   t h e   o t h e r   s e c t o r s .   B r i t t l e   s t a r s   ( O p h i u r o i d a e )  were  very 

abundant and the  dominant  epibenthic  form i n   b o t h   s e r i e s   o f   d i v e s .   I n  
1976 there   d id   no t   appear   to  have  been an e x t e n s i v e   e f f e c t   o f   t h e  dumped 

mate r ia l  upon the  benthic  epifauna.  Gastropods  (Neptunea sp.), prawns 

(Pandal  us p l   a t y c e r o s )  , shrilnp  (Pandal  us sp. 1 and r o c k f  i sh  (Sebastol  obus 

a1 ascanus)  were o f t e n   o b s e r v e d   u t i  1 i z i  ng l o g s  and pieces o f  concrete as 
pro tec t ive   cover .  

Dur ing   t he   cou rse   o f   t he  1978 dives,  as descr ibed i n  Appendix 

VII, the  nor theas t  and eastern  sectors  were a l so   no ted   t o  have d i f f e r e n t  

cha rac te r i s t i cs   f rom  the   res t   o f   t he   s tudy   a rea   i n   t e rms   o f   coa rse r  

natural  sediments and inc reased   quan t i t i es  o f  c o n s t r u c t i o n   m a t e r i a l s  and 
woodwastes. In 1978, however, p i l e s  o f  woodwastes, obv ious ly   der ived  
f r o m   l o g  pond d r e d g i n g   a c t i v i t i e s ,  were no ted   dur ing   the   course   o f  

Tracks 1, 2 and p o r t i o n s   o f  4. I t  appeared as t hough   the   quan t i t i es   o f  

woodwastes i n   t h e   v i c i n i t y  of t hese   t racks  had  increased  considerably 

over what was observed i n  1976. I n   t h e   a r e a   d i r e c t l y  between the   Nor th  
A r m  J e t t y  and the  dumpsite on Track 5 the  bot tom was b lanketed   w i th  

woodwastes. The sediments  appeared t o  be o f  a reducing  nature and a 
w h i t e   b a c t e r i a l  sl irne on the  decaying wood  was noted i n  some spots. As 

t h i s  area was not  surveyed i n  1976, i t  i s   n o t  known i f  t h e   q u a n t i t i e s  of 

woodwastes has increased  markedly  s ince  that   t ime. 
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The benth ic   ep i fauna,  as d e s c r i b e d   i n  Appendix VI1 f o r   t h e  

1978 dives  appeared t o  be sparser  than i n  1976 i n   t h e   n o r t h e a s t   s e c t o r .  
I n  t h e   l a t t e r   t h i r d   o f  Track 5 (1978)  the  benthic  epi fauna was ext remely 

reduced i n  numbers w i th   s ides t r i pe   sh r imp   (Panda lops i s   d i spa r )   be ing   t he  

most  abundant  form. As w e l l  , t h e  number of   infaunal   burrows  decreased 

markedly. These impress ions   a re   pu re l y   qua l i t a t i ve  based on observa- 

t i o n s  made du r ing   t he   d i ves  and  on comparison o f   t h e   f i l m s   f r o m   t h e  two 

s e r i e s   o f   d i v e s .  
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APPENDIX I 1  OCEANOGRAPHIC DATA - 1975 

9  1525 0 
May 7 2 11.02 

5 9.76 
10 8.8 
25 7.3 
50 7.29 

1 00 7.62 
2 00 7.74 
2  50 7.87 

17.5 
23.5 
25.0 
28.0 
30.0 
30.0 
30.5 
31 .O 
31.5 

10.40 
10.10 109 

9.70 103 
9.30  98 
7.40  76 
7.70  79 
8.30  87 
7.10 74 
6.00 G3 

11 
36 

5 
5 
7 
3 
8 
7 

206 

11 1948 0 11.98 19.0 10.30 110  18 
May 7 2 10.99 23.5 10.10 109 10 

5 11.51 24.5 10.20 112 4 
10 8.35 28.5 8.85 93 4 
25 7.34 30.0 7.20 74 4 

1 00 7.56 31 .O 7.60 79 6 
180 7.7 31.5 7.25 76 4 

13  1445 0 
May 1 2 

5 
10 
25 
50 

1 00 
200 
240 

10.55 
10.27 
10.07 
8.66 
7.46 
7.42 
7.38 
7.64 
7.72 

26.0 
26.5 
28.0 
28.5 
29.5 
30.0 
30.5 
31 .O 
31 .O 

9.50  103 
9.50  103 
9.80 106 
9.10 96 
8.10  84 
7.40 77 
7.60 79 
7.80 82 
7.25 76 

4 
9 
5 

10 
5 
3 
7 
8 
6 

15 1715 0 
May 7 2 

5 
10 
25 
50 

100 
200 

12.52 
9.98 
9.79 
8.76 
7.79 
7.33 
7.41 
7.83 

19.0 
24.0 
25.5 
29.0 
29.5 
30.5 
30.5 
31 .O 

10.30 
10.00 
9.90 
8.50 
8.80 
7.70 
7.75 
6.75 

112  13 
106 5 
105 7 

90  13 
92 4 
80 6 
80 G 
71 5 
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APPENDIX I 1  OCEANOGRAPHIC  DATA - 1975 

25 1840 0 
May 1 2 
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10 
25 
50 

1 00 
200 
240 

10.39 
8.20 
7.68 
7.89 
7.38 
7.31 
7.37 
7.55 
7.77 

26.0 
28.0 
28.5 
29.5 
30.0 
30.0 
30.5 
31 .O 
31 .O 

9. 60  104 
8.60  89 
8.00 82 
8.60  90 
7.50 77 
7.50 77 
7.50 78 
7.50 78 
6.85 72 

15 
7 

15 
8 
5 
7 
5 

16 
22 

27 1908 0 
May 7 2 

5 
10 
25 
50 

1 00 
200 

12.53 
10.33 
9.47 
8.65 
7.54 
7.30 
7.59 
7.86 

19.5 
24.0 
25.5 
28.5 
30.0 
30.0 
31 .O 
31.5 

10.45  114 
9.90 105 

10.60 112 
9.10 96 
7.60 79 
7.60 78 
8.10  85 
6.50 69 

29  1550 0 
May 1 2 

5 
10 
25 
50 

100 
200 
240 

10.36 
9.99 
8.68 
8.59 
7.5 
7.28 
7.45 
7.58 
7. G5 

27.0 
26.5 
28.0 
29.5 
30.0 
30.0 
30.5 
31 .o 
31 .O 

9.55  104 
9.55 103 
9.40 99 
9.05 9G 
7.80 81 
7.50 77 
7.65 79 
8.00 84 
7.55 79 

31 1810 0 
May 7 2 

5 
10 
25 
50 

1 00 
200 
240 

12.29 
10.35 
9.4 
8.48 
7.87 
7.29 
7.47 
7.84 
7.98 

19.0 
23.5 
25.5 
29.5 
30.0 
30.5 
31 .O 
31.5 
31 .O 

10.00 108 
10.10  107 
9.30 98 
9.50  100 
8.40 88 
7.70 80 
7.55 79 
6.10 64 
5.90 62 

Y 

*Y 
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APPEND1 X I 1  OCEANOGRAPHIC  DATA - 1975 

S t a t i o n  Time Depth Temp. Sal i n i t y  D. 0. % S a t .  NFR 
( m )  ( " C )  (o/oo) ( m g / l )  "2 (mg/l)  

41 1655 0 
May 1 2 

5 
10 
25 
50 

100 
200 
2 40 

10.39 
9.88 
7.67 
7.89 
7.42 
7.29 
7.48 
7.64 
7.56 

26.0 
26.5 
28.5 
29.5 
30.0 
30.0 
30.5 
31 .O 
31 .O 

9.70 105 
9.65  103 
8.00 82 
8.65 90 
7.70 80 
7.50 77 
8.30 86 
7.95 83 
7.25 76 

7 
5 
4 
4 
7 
6 
4 
8 

10 
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APPEND1 X I  I OCEANOGRAPHIC  DATA - 1978 
Y 

Y 

Dissolved % 
Station  Depth  Temperature Sal i n i  t y  Oxygen S a t u r a t i o n  

( m) ("C)  ( o/oo 1 (mg/ l )  

I 

I 

1 

PG -9 0 
2 
5 

10 
25 
50 

100 
200 
240 

9.37 
9.24 
9.1 7 
9.08 
8.22 
8.1 5 
8.20 
8.55 
9.01 

25.02 
25.20 
25.57 
26.01 
29.08 
29.62 
29.87 
30 . 32 
30.57 

10.30 
10.90 
10.50 
10.30 
8.00 
7.75 
8.00 
7.20 
5.00 

108.05 
114.1 1 
110.01 
108.01 
83 . 87 
81  -41 
84.28 
76.72 
53 . 95 

I 

II 

PG-13 0 
2 
5 

10 
25 
60 

110 
2 10 
235 

9.78 
9.78 
9.37 
8.83 
8.43 
8.21 
8.21 
8.45 
8.50 

25.1 1 
25.1 1 
25.62 
28.51 
28.95 
29.71 
29.89 
30.33 
30.35 

10.55 
10.35 
10.10 
9.70 
8.90 
7.90 
7.40 
7.60 
7.60 

111 -80 
109.68 
106.35 
102.80 

93 . 69 
83.15 
77 . 99 
80 . 79 
80.89 

P 

PG -25 0 
2 
5 

10 
25 
50 

100 
200 
2 40 

9.37 
9.31 
9.09 
8.57 
8.1 5 
8.16 
8.20 
8.47 
9.35 

25.29 
25.28 
26.14 
28.34 
29.20 
29.59 
29.88 
30.29 
30.59 

10.50 
10.60 
9.80 
9.35 
7.90 
7.50 
7.55 
7.50 
4.70 

110.33 
111.22 
102.87 
98.37 
82 . 74 
78 . 77 
79.54 
79.74 
51.12 



- 54 - 

APPEND1 X I I OCEANOGRAPHIC DATA - 1978 

D isso lved  % 
S t a t i o n  Depth  Temperature  Sal i n i  t y  Oxygen S a t u r a t i o n  

( m) ("C) (o/oo) (mg/ l )  

PG-29 0 
2 
5 

10 
25 
50 

100 
2 00 
230 

9.58 
9.47 
9.26 
9.06 
8.40 
8.33 
8.24 
8.46 
8.53 

25.57 
25.71 
26.1 5 
28.1 9 

29.67 
29.71 
30.23 
30.33 

28.95 

10.55 
10.35 

9.90 
9.80 
8.60 
7.95 
7.90 
7.65 
7.30 

111.61 
109.31 
104.34 
104.20 
90 . 48 
83.91 
83.21 
81.28 
77.75 

PG -4  1 0 
2 
5 

10 
25 
50 

100 
200 
230 

9.55 
9.47 
9.1 1 
9.30 
8.58 
8.31 
8.20 
8.45 
8.81 

25.45 
25.44 
26.53 
28.01 
29.00 
29.66 
29.81 
30.26 
30.44 

10.60 
9.95 
9.80 
9.70 
8.30 
7.95 
7.90 
7.70 
5.75 

111 097 
104.90 
103.18 
103.58 
87.73 
83.84 
83.19 
81.81 
61.70 
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I 

APPENDIX I 1  NUTRIENT DATA - 1978 

S t a t i o n  Depth N i t r a t e   N i t r i t e  Ammonia  To t a  1 Pho spate 
( m) (mg/ l )   (mg/ l )   (mg/ l )   (mg/ l )  

PG-9 0 
2 
5 

10 
25 
50 

100 
2 00 
240 

0.174 
0.183 
0.199 
0.229 
0.405 
0 . 305 
0.345 
0.360 
0.415 

0.005 
0.005 
0.005 
0.005 
0.005 
0 . 005 
0.005 
0 . 005 
0.005 

0.0135 
0.0106 
00122 
0.0122 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 

0.0476 
0 . 0474 
0.0478 
0.053 1 
0.0765 
0.0655 
0.0722 
0.0758 
0 . 0930 

PG-25 0 
2 
5 

10 
25 
50 

100 
2 00 
240 

0.181 
0.1 85 
0.227 
0.303 
0.390 
0.370 
0.345 
0.290 
0.405 

0.005 
0.005 
0.005 
0005 
0.005 
0.005 
0.005 
0 . 005 
0.005 

0.0145 
0.0106 
0.0155 
0.0085 
0.0050 
0.0050 
0.0050 
0.0135 
0 . 0050 

0.0482 
0.0482 
0.0530 
0.0710 
0.0712 
0.0738 
0.0698 
0.0683 
0.0943 

PG-4 1 0 
2 
5 

10 
25 
50 

100 
2 00 
230 

0.188 
0.192 
0.22 1 
0.275 
0.355 
0.350 
0.355 
0.325 
0.395 

0.005 
0.005 
0 . 005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

0.0115 
0,0115 
0.0115 
0.0076 
0.0050 
0.0050 
0.0050 
0.0115 
0.0115 

0.04% 
0.0474 
0 . 0545 
0.0613 
0.072 1 
0.0697 
0.0682 
0.0690 
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APPEND1 X I1 NUTRIENT DATA - 1978 

S t a t i o n  Depth N i t r a t e   N i t r i t e  Amnonia To tal Pho spate 
m  (mg/l)  (mg/l) (mg/l) (mg/l) 

PG-29 0 
2 
5 

10 
25 
50 

100 
200 
230 

0.1 97 
0.206 
0.231 
0.281 
0.340 
0.350 
0.350 
0.345 
0.345 

0.0050 
0.0050 
0 . 0050 
0.0054 
0.0050 
0 . 0050 
0.0050 
0.0050 
0.0050 

0.0115 
0.0106 
0.0106 
0.0106 
0 . 0085 
0.0050 
0.0050 
0.0120 
0.0100 

0 . 0462 
0.0510 
0.0537 
0.0625 
0.073 1 
0.0697 
0.0695 
0.0692 
0.0759 

PG-13 0 
2 
5 

10 
25 
50 

100 
200 
225 

0.171 
0.173 
0.202 
0.310 
0.350 
0.325 
0.390 
0.370 
0.325 

0 . 0050 
0.0050 
O.OO50 
0 . 0050 
0.0050 
0.0050 
0.0050 
0 . 0050 
0.0050 

0.0060 
0.0050 
0.0076 
0.0106 
0.0090 
0.0060 
0.0050 
0.0100 
0.0100 

0.0462 
0.0437 
0.0502 
0.0652 
0.0737 
0 . 0648 
0.0697 
0.0717 
0.0656 
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APPEND1 X I 1  I 

SEDIMENT  SIZE DATA & PHYSICAL  DESCRIPTIONS 

OF SEDIMENTS  AT  TIME OF SAMPLING 
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APPEND1 X I I I SEDIMENT SIZE DATA - 1975 

Sediment  Size (% Reta ined on Mesh) 

S t a t i o n  0.5 mn 0.25 mn 0.0625 mn X Passing  Through 
~~ 

PG-1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

~~ 

0.1 
1 .1 
5.2 
0.1 
0.0 
0.1 
0.1 
0.0 
0.2 
8.5 
2.8 
3.0 
0.3 
0.0 
0.1 
0.0 
1.4 
7.7 
0.3 
1.0 
0.3 
0.0 
0.2 
0.1 
2.0 
3.8 

17.8 
12.8 
0.6 
0.3 
0.2 
0.4 
3.5 
3.7 
0.8 
0.4 

~~ 

0.2 
0.9 

26.0 
0.2 
0.0 
0.3 
0.1 
0.1 
0.2 
3.7 
3.7 
1.2 
0.1 
0.1 
0.1 
0.1 
1.3 
2.5 
0.4 
0.6 
0.2 
0.1 
0.3 
0.1 

1 .1 
5.5 
1 .o 
0.4 
0.3 
0.3 
0.4 
2.0 
2.6 
0.4 
0.6 

1 .a 

1.5 
1.7 

20.0 
0.8 
0.3 
0.4 
0.2 
0.1 
1 .o 
5.6 
3.3 
1.8 
0.3 
0.2 
0.4 
0.3 
1.2 
3.6 
0.6 
2.0 
0.4 
0.1 
0.3 
0.7 
1.8 
2.3 
7.9 
1 .1 
0.6 
0.2 
0.4 
0.6 
2.4 
2.8 
0.5 
0.8 

99.2 
96.3 
48.8 
98.9 
99.7 
99.2 
99.6 
99.8 
98.6 
82.2 
90.2 
94.0 
99.3 
99.7 
99.4 
99.6 
96.1 
86.2 
98.7 
96.4 
99.1 
99.8 
99.2 
99.1 
94.4 
92.8 
68.8 
85.2 
98.4 
99.2 
99.1 
98.6 
92.1 
90.9 
98.3 
98.2 

Y 

V l r  
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APPEND1 X I I I SEDIMENT S I Z E  DATA - 1975 

Sediment  Size (% Reta ined on Mesh) 

S t a t i o n  0.5 mn 0.25 mn 0.0625 mn % Passing  Through 

PG-37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

0.4 
0.2 
0.5 
0.7 
2.7 
0.1 
1.2 
0.2 
21.5 
5.7 
2.7 
13.6 
3.0 
4.9 

0.6 
0.2 
0.5 
1.3 
I 01 
0.0 
3.6 
0.3 
2.5 
2.9 
2.2 
2.9 
1.2 
5.0 

1.0 
0.5 
0.5 
1.6 
1 02 
7.8 
1.3 
0.7 
19.8 
5.6 
3.7 
4.1 
1 08 
3.7 

98.0 
99.1 
98.5 
96.4 
95.0 
92.1 
93.9 
98.8 
56.2 
85.8 
91.4 
79.4 
94.0 
86.4 



APPENDIX I 1  I 

Station Depth 
Number (rn) 

PG- 1 220 

PG- 2 

PG- 3 

140 

100 

PG-4 150 

PG-5 180 

PG-6 280 

PG-7 230 

PG-8 183 

PG- 9 250 

PG-10 150 

PG-11 140 

PG-12 175 
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SAMPLE DESCRIPTIONS - 1975 

Total 
Vo 1 urne 

25 

15 

11 

15 

20 

24 

24 

28 

19 

1 2  

1 2  

19 

Qualitative  Physical  Description o f  Benthic Sample 

Fine si 1 t 8( clay. No odour. Free o f  debris. 

Fine si 1 t & clay. No odour.  Several larye  pieces 
o f  wood (2.5 x 13 cm). Pieces o f  wood bark. 
Unidentifiable small rusty  obJects. Clumps o f  
"ha rdpan  cl  ay" . 
Sandy. No odour. Many pieces o f  black wood-1 ike 
materi a1 . Some oi 1 drop1 e t s .  

Fine si1 t & clay. No odour. A few  wood chips. 

S i  1 t It  cl ay. No odour. Free o f  debris. 

Fine si1 t & clay. No odour.  Free of debris. 

Si 1 t & cl ay . No odour. Free o f  debris. 

S i l t  It  clay. No odour. Free o f  debris. 

Si I t  ti clay. No odour. Free o f  debris. 

Si 1 t It  cl ay. S1 i y h t  odour o f  dccornposi t i  on. 
Unscreened sample contained many rocks 8r one rusty 
metal concretion  attached t o  which  were 3 teeth 
o f  uni denti f i ed ori yi n. 
Screened sarn l e  (6 l i t e r )  contained 10 angular 
stones 2.5 x 15  cm). Several rust covered lumps 
(2.5 x 1 cm) . Several  pieces o f  wood debris 
(2.5 t o  5 cm). Many broken pieces o f  she1 1 .  One 
5 cm diameter jar  cap. One small piece o f  
porcelain t i   l e  and one coat  button. 

Si I t  & clay. No Gdour. Scattered  patches of black 
materi a1 consi s t i  ny  o f  a variety o f  wood debris; 
i.e.:  chips, bark & sl ivers .  

S i  I t  & clay. No odour.  Free o f  debris. 

+ 



II 

I 

APPENDIX 

S t a t i o n  
Number 

PG-13 

PG-14 

PG- 1 5 

PG-16 

PG- 1 7 

PG-18 

PG-19 

I 1  I 

Depth 
(rn> 

230 

260 

180 

240 

250 

183 

197 
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SAMPLE DESCRIPTIONS - 1975 

Tota l  
Vol unle 
0 

22 

26 

21 

17 

22 

15 

19 

PG-20 180  19 

PC;-21 240 22 

PG-22 240 27 

PG-23 220 24 

PG- 24 240 18 

PC;-25 240 22 

PG-26 230 21 

PG-27 21 0 3 

PI;-28 200 18 

PG-29 220 16 

Q u a l i t a t i v e   P h y s i c a l   D e s c r i p t i o n  o f  Benthic Sample 

S i  1 t & c lay.  No odour.  Free o f   d e b r i s .  

S i  1 t & c lay .  No odour.  Free o f  debr is .  

S i  It & c lay.  No odour.  Free o f  debr is .  

S i  It & c l a y  & some sand. No odour.  Free o f  
d e b r i  s. 

S i  1 t & c lay.  No odour.  Moderate amount o f  debr is  
c o n s i s t i n y   o f  sruall  rocks and s t i c k s .  

S i  It & c lay .  No odour.   Several   large  rocks  inter-  
spersed  wi th many srrlall  angular  stones. 

S i  1 t 8r c lay.  No odour.  Considerable amount o f  
g rave l   l i ke   mater ia l   w i th   b roken  she l l   p ieces .  
One fragment o f  po t te ry .  

S i  1 t ti c l  ay. No odour. Many broken  shel 1 pieces. 

Si1 t & c lay.  No odour. Few pebbles. 

S i  1 t & c lay.  No odour. Free o f   d e b r i s .  

Very f i n e   s i  1 t & c l  ay. No odour.  Free o f  debr is .  

F i n e   s i  1 t & c lay .  No odour.  Free  of  debris. 

F ine s i  1 t & c lay.  No odour. Some debr is   cons is -  
t i r l y  of p ieces of bark, smal  1 stones,  coarse sand 
and  broken  pieces o f  shel 1. 

S i  1 t & c lay.  No odour. Many s t icks,   s tones and 
broker)  shel 1 pieces. 

Clay. No odour.  Heterogeneous  mixture o f  c lay ,  
woodchips,  stones,  bark and r u s t y   m e t a l l i c  
ma te r ia l .  

S i  1 t ti c l  ay. No odour.  Small  pieces o f  stone, 
bark and y l  ass. 

S i  1 t & c lay .  No odour.  Free o f   d e b r i s .  



APPENDIX I1 I 

S t a t i o n  
Nurnber 

PG-30 

PG-31 

PG-32 

PG-33 

PG-34 

P G- 35 

PG- 36 

PG- 37 

PG-38 

PG-39 

PG-40 

PG-41 

PG-42 

PG-43 

PG-44 

PG-45 

(m> 
Depth 

240 

250 

240 

238 

238 

234 

240 

240 

240 

24 7 

240 

24 0 

50 

172 

150 

137 
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SAMPLE DESCRIPTIONS - 1975 

Tota l  
Vol ume 
(1) 

19 

15 

19 

97 

1 3  

14 

14 

20 

15 

1 8  

19 

1 5  

14 

1 5  

21 

11 

Q u a l i t a t i v e   P h y s i c a l   D e s c r i p t i o n  o f  Oenthic Sample 

Si I t  & c l a y .  No odour. Some smal 1 d e b r i s .  

Si I t  & c l a y .  No odour. Free of debris. 

S i l t  & c l a y .  No odour. Free o f  d e b r i s .  

Fine s i l t .  No odour .   Small   quant i ty   of   bark.  

Si 1 t & c l a y .  No odour. Free of d e b r i s .  

Si I t  & c l a y .  No odour. Free o f   deb r i s .  

S i l t  & c l a y .  No odour. Free o f  d e b r i s .  

Si I t  & c l a y .  No odour. Slrla11 rocks.   Several  
1 iyhter coloured  clumps  of  mud-sand-gravel i n  
the o t h e r w i s e  f ine si 1 t. 

Si 1 t & c l a y .  S1 i y h t  odour o f  H2S. Free of 
d e b r i s .  

Si 1 t & clay.. No odour. Free o f   deb r i s .  

Si I t  & c l a y .  No odour.   Several  pieces o f  sand- 
s t o n e  & rock chips ( 2 . 5   t o  5 cm). Some yravel  
mater i   a1  

Si I t  & c l a y .  No odour. Free o f   deb r i s .  

Si I t  & sand. No odour. Free of d e b r i s .  

S i  I t  & c l a y .  No odour. Free o f   deb r i s .  

Si I t  e( c l a y .  No odour. Free o f   d e b r i s  except 
f o r  1 x b o t t l e   c a p .  

Si 1 t ti c l a y .  No odour. Some srnal 1 pieces of 
wood d e b r i s  and  approxirllately  50 x a n y u l a r   s t o n e s  
(2.5 a n ) .  2 x pieces o f  f e r r o u s   c o n c r e t i o n  
( 5  cm). 1 x piece o f   t h i n  sheet lnetal (2.5 x 8 
cm). 1 x piece of  cardboard  (2.5 cril sq). 1 x 
i r o n  spike (15 cm). 



II 
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APPENDIX I11  SAMPLE DESCRIPTIONS - 1975 

Tota l  
S t a t i o n  Depth Vol unle 
Number (m) ( 1  ) 

Pti-46 97 16 

PG-47 179 16 

PG-48 137 19 

PC-49 200 20 

PG-50 183  18 

Qua l i t a t i ve   Phys i ca l   Desc r ip t i on   o f   Ben th i c  Sample 

S i  It & c lay.  No odour .   Large  quant i ty   o f   b lack 
wood chips. 

S i  It & c lay.  No odour. Many broken she1 1 pieces 
i nc lud ing   seve ra l  empty N y t i l u s  sp she l l s .  

S i  1 t & c lay.  No odour.  Considerable amount o f  
b lack  wood chips. 

S i  It & clay.” No odour. Some stones. 1 x wood 
s t i c k  (30 x 4 x 2 cm).  1 x p iece   o f   t e redo  
a f f e c t e d  wood ( 5  x 5 cm). 

S i  1 t & c lay.  No odour.  Free o f   deb r i s .  
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APPENDIX I 1  I SEDIMENT S I Z E  DATA - 1978 

Sediment  Size ( X  r e t a i n e d  on  each  screen) 
S t a t i o n  0.5 Inm 0. 25 lllm 0.0625 mm <0.0625 

PG- 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

4 

8 
2 
1 
1 
1 
1 
1 
8 
6 
1 
1 
1 
2 
1 
8 

15 
13 
2 
1 
1 
1 
1 

12 
16 
23 

9 
1 
2 
1 
3 

20 

2 

36 
1 
1 
1 
1 
1 
1 
6 
5 
1 
1 
1 
1 
1 
3 

18 
9 
2 
1 
1 
1 
1 
9 

37 
9 
4 
1 
1 
1 
1 
9 

2 

9 
1 
2 
4 
4 
2 
4 

10 
4 
3 
1 
2 
2 
1 
4 

12 
7 
3 
2 
3 
2 
2 
7 

22 
8 
5 
2 
2 
2 
3 
6 

92 

47 
96 
96 
94 
94 
96 
94 
76 
85 
95 
97 
96 
95 
97 
85 
55 
71 
93 
96 
95 
96 
96 
72 
25 
60 
82 
96 
95 
96 
93 
65 
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APPENDIX I 1  I SEDIMEI4T SIZE DATA - 1978 

S t a t i  on 
Sediment  Size (% r e t a i n e d  on each  screen) 

0.5 rnm 0.25 lllm 0.0625 mm < 0.0625 

PG- 34 
35 
36 
37 
38 
39 
40 
41 
43 
44 
45 
4G 
47 
48 
49 
50 

14 
14 
3 
2 
1 
1 

10 
6 
1 
3 

27 
5 
5 
7 

32 
11 

8 
13 
4 
1 
2 
1 
3 
4 
1 
1 
7 
9 
3 

18 
10 
12 

10 
8 
3 
3 
4 
1 
2 
4 
2 
4 
8 

10 
7 
9 

11 
13 

~~ 

68 
65 
90 
94 
93 
97 
85 
86 
92 
92 
58 
76 
85 
66 
47 
64 
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APPENDIX I1 I SAMPLE  DESCRIPTIONS - GRABS - 1978 

Tota l  
S t a t i o n  Depth Volume 
Number  (m) (1)   Sediment   Character is t ics  

PG- 1 250 18 - f i n e   y r e y   c l  dy 
- no  yravel   noted 

PG-2 120 1G - f i n e   s i l t  and c l a y  - sane  coarse  par t ic les 
- b i t s  o f  ceramic 
- gravel  and wood debr i s  
- b r i t t l e   s t a r s  and tube  worm  present  

PG-3 83  10 

PG-4 155 21 

PG- 5 235 22 

PG-6 299 21 

PG-7 241  21 

PG-8 163 25 

PG-9 256 19 

PG-10 155  19 

PG-11 160  16 

PG-12  20  2  24 

- sandy,  considerable amount o f  wood debr is  
- some broken  shel l   f ragments 

- m a i n l y   c l a y   w i t h  a few  small  stones  (1 -2  cm) 
- very l i t t l e   r e t a i n e d  on screen 

- f i ne  grey  c l   ay  wi th  no debr i  s 

- f i n e   y r e y  mud 
- no durllped mater ia l   apparent 

- c lean  g rey   c lay  

- c l e a n   y r e y   c l  ay, very 1 i ttl e re ta ined  on screen 

- na tu ra l   o rgan ic   ma te r ia l   on l y  
a f t e r   s i   e v i  ny 

- f i n e   g r e y   c l a y   w i t h   o v e r l y i   n s  brown  sediment 

- c lean   g rey   c l  ay w i t h  a sandy l a y e r  on t o p  
- some  wood debr i s  

- rna in ly   c lay 
- wood debr is   (smal l   p ieces)  , piece o f  p l   a s t i  c, 

stone 

- c lay ,  9 stones  (1-3 cm) 
- smal 1 amount o f  wood debr i s  
- l i t t l e   m a t e r i a l   r e t a i n e d  on screen 

I 



- 67 - 

APPENDIX 111 SAMPLE DESCRIPTIONS - GRABS - 1978 

Station 
Number 

PG-13 

PG-14 

PG- 15 

PG-16 

PG-17 

PG-18 

PG-19 

PG-20 

PG-21 

PG-22 

PG-23 

PG-24 

PG-25 

" Depth 

24 1 

273 

2 24 

178 

24 9 

190 

199 

21 5 

245 

250 

224 

243 

244 

Total 
Vol  ume 
0 

22 

21 

20 

25 

22 

21 

15 

22 

21 

24 

20 

26 

16 

Sediment Characteristics 

- f i  ne grey  cl ay 
- very l i t t l e  debris 

- f i  ne grey  cl ay 

- fine grey  clay,  very l i t t l e  retained on screen 
- natural  organic  material  only 

- clay,  very l i t t l e  retained on screen 
- natural  organic  material  only 

- fine grey  clay with a few wood chips 

- coarse  sand, l o t s  of reducing sediment (strong 

- l o t s  of woodchips, she1 1 s and debris - 1 piece of concrete 

- 1 ots of wood debris  (3 1 arge  pieces 10-15 cm) 
- 4-5 rocks ( 2 cm) 

- clay 
- small amount of wood debris 

- fine grey cl ay 
- very l i t t l e  debris 

- fine grey mud 
- no  dumped material 

- clean  grey  clay,  very 1 i t t l e  retained on screen 
- na tu ra l  organic  material  only 

- clean  grey  clay,  very l i t t l e  retained on screen 
- natural  organic  material  only 

- f i  ne grey  cl ay with dredge spoi 1 
- wood debris,  pieces of brick,  rock,  etc. 

H2S odour) 
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APPENDIX 

S t a t i o n  
Number 

PG-26 

PG-27 

PG-28 

PG-29 

PG-30 

PG-31 

PG-32 

PG-33 

PG-34 

PG-35 

PG-36 

PG-37 

PG-38 

PG-39 

111 

Depth 
(m> 

235 

215 

226 

24  9 

250 

234 

24 7 

24 5 

25  1 

254 

234 

251 

250 

245 

SAMPLE DESCRIPTIONS - GRABS - 1978 

Tota l  
Vol ume 
(1) 

12 

18 

26 

23 

21 

25 

27 

17 

24 

19 

23 

25 

25 

20 

Sediment C h a r a c t e r i s t i c s  

- coarse sand, h a r d   t o   s i e v e  
- wood ch ips  

- c l a y  
- moderate amount o f  wood debr is  , 1 arge wood pieces - smal l   rocks 

- c l  ay   w i th  a small  amount o f  wood debr i s  and 
s h e l l s   p l u s   n a t u r a l   o r g a n i c   m a t e r i a l  

- f i n e   g r e y   c l  ay 
- very 1 i t t l e   r e t a i n e d  on s ieve  

- f i n e  mud 
- black  sediment  under ly ing  surface 

- f i n e   g r e y   c l   a y  
- very l i t t l e   m a t e r i a l   r e t a i n e d  on s ieve  

- f i n e   g r e y   c l  ay w i t h  a few  stones  (2-4 cm) 

- f i n e   g r e y   c l a y ,  sand  and l o t s  o f  rock 

- woody ma te r ia l  , shel 1 s, rock and rubb le  

- c lay ,  a few  rock ( 2 cm) 
- small  amount o f  woodchips 

- c l a y  
- 1 arge  piece  (22 cm) o f   c o n c r e t e  
- small  amount o f  wood debr i s  

- f i n e   g r e y   c l a y  
- l o t s   o f  small  shel 1 fragments 

- fi ne  g rey   c l   ay  
- no dumped debr i s  

- c lay,  no rocks 
- very  few wood ch ips  
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APPENDIX 111 SAMPLE DESCRIPTIONS - GRABS - 1978 

Station 
Number 

PG-40 

PG-41 

PG-43 

PG-44 

PG-45 

PG-46 

PG-47 

PG-48 

PG-49 

PG-50 

24 7 

248 

161 

155 

133 

110 

21 5 

134 

24 2 

197 

Total 
Vol  ume 
”. 

24 

20 

19 

20 

9 

16 

19 

10 

13 

19 

Sediment Characteristics 

- cl ay and 20 angular  stones (1-6 cm) - otherwise l i t t l e  retained on screen 

- f i  ne grey  cl ay 
- some sand, rocks and wood debris 

- fine grey  cl ay 

- f i  ne grey  cl ay 
- rocks,  gravel , piece o f  sul phur ,  shel 1 s 

- coarse  material 
- wood, shel 1 s ,  gravel 

- f ine grey  cl ay with  rubble 
- l o t s  o f  wood debris 

- fine grey cl ay 
- some wood debris and gravel 

- coarse  material and f ine  s i1  t 
- some wood debris and gravel 

- several  large rocks (12.5~12.5~15 cm) 
- gravel , rocks and shel ls  - wood debris 

- about  40% coarse  material w i t h  the remainder 

- gravel and some  wood 
being fine  clay 
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APPENDIX I 1 1  SAMPLE DESCRIPTIONS - COKES - 1978 

Core 
Lenyt h 
("> (m> 

Depth S t a t i o n  
Number Descr iDt ion  

PG- 1 240 30 

63 

- f i n e   c o n s o l   i d a t e d   c l  dy 

PG-2 128 - consol idated  yrey  c lay  wi th   srna l l   s tones and 
sand  on sur face I 

PG- 3 

PG-4 

PG-5 

PG-6 

PG- 7 

PG-8 

PG-10 

- sandy  sedilnent espec ia l l y   t he   su r face  8" 70 

145 

230 

30 5 

234 

182 

153 

48 

50 

62 

65 

50 

76 

63 

- y rey   c lay  

- g rey   c lay  

- consolidated grey clay 

- conso l ida ted   g rey   c lay  

- conso l ida ted   y rey   c lay  

- some  wood c h i p s   i n   t o p   3 "  
- f i n e  consol   idated  mater ia l  
- more black,  reduced  sediments  than  other  cores 

PG-18 20 1 67 - grey   conso l   ida ted   c l  ay 
- some sand i n   t o p  2-3" 

PG-25 250 59 - c l a y   c o n s o l i d a t e d   w i t h  a stone i n   t h e  sedimerlt 

- the  stone  appeared as i f  it had  been dumped 
su r face  

PG-26 55 - t h e   s u r f a c e   3 "   o f   t h e   c o r e   c o n s i s t e d   o f  sand 
and wood debr i s  as we1 1  as a p i e c e   o f  y l  ass - t h e  rernai nder was c l  ay 

240 

PG-27  21  9 62 

PG-28 22 7 67 

PG-29 246 74 

PG-30  57 

- f i n e   g r e y   c l a y ,   s l i g h t l y   c o a r s e r   n e a r   s u r f a c e  

- conso l i da ted   y rey   c lay  

- conso l ida ted   g rey   c lay  
Y 

w 

.I 

- conso l   i da ted   g rey   c l  ay 

r 
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APPENDIX I 1  I SAMPLE DESCRIPTIONS - CORES - 1978 

Core 
Station Depth Length 
Number (In) ( ' I )  Descri p t  i on 

PG-49 250 63 - consolidated  yrey  clay 

PC;-50 185 52 - top 12" sl  iyhtly  coarser  material 
- remainder  consol idated grey clay 
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APPENDIX IV 

SEDIMENT  ORGANIC CARBON CONTENT 



- 73 - 

I 

I 

I 

I) 

r 

V 

k>azbp 
0'0 a)- 

Y 

E: 
0 

c, 
a 
v, 
c, 

v- 

c 
0 
cc 
cc a 
v, 

-r 



- 74 - 

APPENDIX V 

TRACE  METAL  CONCENTRATIONS 
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APPENDIX V TRACE METAL DATA - 1975 - GRAB SAMPLES 

co  cu Fe Mn N i  Pb  Zn  Cd Hg 
S t a t i o n  ug/g  ug/g X ug/g  ug/g  ug/g u g h   u g h  ug/g 

1 

2 
3 

4 
5 

6 
7 

8 
9 

10 
11 

12 

13 

14 

15 
16 
17 

18 
19 

20 

21 

22 
23 

24 

25 

26 

27 

14.8 

13.0 

11.5 

13.8 
12.5 

12.6 
13.6 

13.6 
12.5 

13.5 

12.3 

11.6 
15.8 

15.7 
15.3 

16.3 
15.8 

14.7 

16.9 

16.9 

14.2 

15.2 
19.1 

16.3 

15.6 

14.8 

19.0 

L = l e s s  than 

48.5 3.7 

51.7 3.4 
37.1 3.0 

43.8 3.6 

38.5 3.5 

40.3 3.5 
43.5 3.7 

48.1 3.8 

44.9 3.9 

55.2 3.2 

45.3 3.6 

41.7 3.6 

39.9 3.4 

39.2 3.5 
44.2 3.6 

47.0 3.6 
45.6 3.8 

47.8 3.5 

44.2 3.7 

41.7 3.6 

39.9 3.7 

41.4 3.5 

46.4 3.6 

48.6 3.5 

360.6 

319.2 
285.4 

360.6 

330.5 

334.3 
356.8 

375.6 

394.4 

326.8 
368.1 

345.5 
240.4 

326.8 

345.5 

390.6 
338.0 

319.2 

315.5 

345.5 

349.3 

395.1 
418.8 

438.5 

50.7 

47.7 

43.3 

48.6 
44.6 

45.5 
51.6 

49.2 

45.6 
47.5 

45.7 

47.3 

48.4 

47.2 
49.6 

47.7 
47.6 

47.7 

48.7 

50.1 
44.6 

50.2 
51.9 

51.8 

43.6 3.6 375.3 50.4 

43.6 3.5 363.5 49.6 

69.3 4.2 410.9 56.0 

17.9 

28.8 
13.8 

23.7 

17.7 

19.1 
20.8 

20.2 

18.1 

22.9 
16.5 

16.7 

13.7 

20.4 
19.9 

21 .o 
25.0 

17.8 

21.1 

17.7 
10.9 

12.7 
13.4 

17.0 

107.3 

122.9 
89.1 

95.2 

96.9 

103.0 
109.0 

103.8 

106.4 
99.5 

106.4 

100.4 

103.8 

98.6 
105.6 

102.1 
114.2 

112.5 
112.5 

106.4 

99.5 

101.5 

109.3 

110.2 

12.0 
12.0 
12.0 

12.0 

12.0 
12.0 
12.0 
12.0 

12.0 

12.0 
12.0 

12.0 
12.0 

12.0 
12.0 

12.0 
12.0 

12.0 

12.0 

12.0 
12.0 

12.0 
12.0 

12.0 

0.38 

0.29 
0.19 

0.26 

0.24 

0.27 
0.25 

0.30 
0.30 

0.38 
0.24 

0.27 

0.30 

0.36 
0.29 

0.30 
0.26 

0.24 
0.24 

0.26 
0.27 

0.29 

0.20 

13.1 108.5 L2.0 0.48 

18.2 105.0 L2.0 0.23 
14.3 112.8 L2.0 0.26 



- 76 - 

APPENDIX V TRACE METAL DATA - 1975 - GRAB SAMPLES 

28 
29 

30 

31 
32 

33 

34 
35 
36 

37 

38 

39 
40 

41 

42 

43 

44 

45 

46 

47 

48 
49 

50 

16.7 

16.4 

15.4 

15.6 
15.7 

16.9 

15.9 
17.0 
16.6 

15.3 

16.7 

17.1 
17.5 

18.3 

16.0 

17.3 

15.4 
13.2 

13.8 

13.5 

13.7 

11.7 

12.4 

L = l ess   t han  

42.1 
40.4 

41.1 

44.6 
47.1 

43.9 

42.9 
43.6 
43.6 

41.4 

41.1 

43.6 

43.6 

43.2 

38.6 

50.4 

49.7 

58.2 

50.4 

43.7 

48.3 

43.3 

47.2 

3.5 
3.4 

3.4 

3.5 

3.7 

3.5 

3.6 
3.5 
3.5 

3.5 

3.4 

3.6 

3.6 

3.5 

3.0 

3.4 

3.3 

3.1 

3.3 

3.4 

3.4 

3.4 

3.5 

379.3 51.2 13.7 105.0 
371.4 40.3 11.6 100.6 

399.0 49.1 17.9 108.5 

493.8 53.1 16.4 115.5 

462.2 51.0 20.2 112.8 

454.3 46.5 13.9 122.5 

355.6 47.9 17.7 105.0 
339.8 47.4 15.6 106.7 
359.5 49.3 13.3 107.6 

379.3 50.9 12.1 106.7 

375.3 53.6 16.5 101.5 

410.9 52.0 17.8 105.0 

410.9 51.4 16.9 105.0 

363.5 52.5 21.8 103.2 

335.8 50.7 9.5 87.5 

350.4 53.0 20.6 120.7 

338.9 53.5 14.5 107.2 

277.3 39.2 38.8 126.1 

338.9 52.7 19.9 105.4 

362.0 51.1 12.0 100.9 

354.3 54.6 26.9 108.1 

365.8 52.8 19.7 104.5 

369.7 51.9 22.3 115.3 

L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 

L2.0 
L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 
L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

0.26 
0.41 

0.33 

0.27 

0.27 

0.33 

0.32 
0.42 
0.29 

0.26 

0.18 

0.24 

0.42 

0.27 

1.2 
0.30 

0.22 

0.38 

0.24 

0.26 

0.36 

0.27 

0.28 
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APPENDIX V TRACE METAL DATA - 1975 - CORE SAMPLES 

1 0 
50 
86 

2 0 
50 
79 

3 0 
50 
58 

4 0 
50 
69 

5 0 
50 
81 

6 0 
50 
76 

7 0 
50 

8 0 
50 
96 

10 0 
50 
70 

L = l ess   t han  

14.0 46.7 3.5 
14.0 44.0 3.5 
14.9 42.2 3.6 

13.3 53.5 3.2 
13.3 46.7 3.4 
14.7 45.6 3.5 

12.3 39.5 3.1 
13.6 45.2 3.5 
13.8 45.9 3.6 

12.5 43.7 3.6 
13.1 43.3 3.6 
12.0 44.4 3.7 

10.8 42.5 3.5 
11.4 44.0 3.3 
10.9 40.3 3.5 

13.1 38.3 2.9 
14.0 40.5 3.0 
12.1 37.9 2.8 

13.9 44.6 2.9 
13.9 42.0 3.0 

13.5 49.1 2.8 
15.7 44.2 3.0 
13.4 39.8 2.7 

12.7 59.5 2.8 
13.8 45.3 2.8 
15.2 39.4 3.0 

373.8 
352.8 
363.3 

331.9 
335.4 
356.3 

290.0 
331.9 
342.4 

335.4 
3 14.4 
338.9 

314.4 
296.9 
290.0 

345.6 
311.7 
318.5 

328.6 
338.8 

318.5 
352.4 
298.1 

311.7 
325.3 
335.4 

53.1 
48.2 
54.1 

48.9 
47.6 
52.4 

49.5 
54.4 
52.3 

47.7 
50.5 
49.2 

44.6 
43.9 
40.1 

44.9 
48.3 
43.8 

48.7 
50.5 

49.3 
54.7 
47.8 

46.8 
46.5 
52.8 

20.9 99.7 L2.0 
14.3 87.5 L2.0 
11 .O 85.7 L2.0 

23.1 104.3 L2.0 
16.1 95.0 L2.0 
15.2  88.5 L2.0 

16.0 87.5 L2.0 
13.3 98.7 L2.0 
9.7 95.9 L2.0 

11.2 97.8 L2.0 
12.6 99.7 L2.0 
15.0 102.4 L2.0 

13.6 98.7 L2.0 
12.1 99.7 L2.0 
9.8 95.0 L2.0 

15.7 91.1 L2.0 
17.3 98.7 L2.0 
13.2 91.1 L2.0 

17.5 104.4 L2.0 
14.3  98.7  L2.0 

12.0 

21.4 103.4 L2.0 
12.0  90.2 L2.0 
9.6 85.4 L2.0 

27.7 106.3 L2.0 
13.1 94.9 L2.0 
8.4 87.3 L2.0 

0.178 
0.145 
0.143 

0.206 
0.208 
0.145 

0.148 
0.311 
0.148 

0.360 
1.08 
0.146 

0.149 
LO. 101 

0.146 

0.148 
0.145 
0.200 

0.198 
0.209 
0,225 

0.232 
0.212 

L 0.098 

0.148 
0.208 
0.146 
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APPENDIX V TRACE METAL DATA - 1975 - CORE SAMPLES 

Core 
Depth Co  Cu Fe Mn N i  Pb  Zn Cd Hg 

Sta ti on cm. ug/g  ug/g % ug/g  ug/g  ug/g  ug/g  ug/g ug/g 

17.7 95.8 L2.0 
11 .O 92.1 L2.0 
11.9 87.3 L2.0 

0.208 
0.200 
0.175 

18 0 
50 
75 

14.3 43.1 2.9 315.1 51.5 
15.0 40.5 3.1 311.7 48.7 
15.7 39.0 3.0 321.9 50.2 

14.2 45.3 3.1 372.7 50.4 
14.9 42.4 3.1 321.9 50.0 
14.3 42.0 3.0 321.9 52.3 

21.0  107.2  L2.0 
14.7  98.7 L2.0 
11.9  90.2 L2.0 

0.261 
0.208 
0.202 

25 0 
50 
89 

26 0 
50 
77 

13.1 42.7 3.0 301.5 50.0 
14.4 41.2 3.5 290.6 49.5 
14.1 39.0 3.1 311.4 49.7 

22.2 109.1 L2.0 
11.7 93.9 L2.0 
10.2 86.4 L2.0 

0.269 
0.223 
0.200 

27 0 
50 
79 

13.3 40.1 3.5 345.9 47.3 
13.7 42.0 3.7 318.3 49.9 
13.7 38.2 3.6 307.9 48.3 

13.1 95.8 L2.0 
12.2 98.6 L2.0 
7.9 86.4 L2.0 

0.225 
0.198 
0.206 

28 0 
50 
57 

14.1 55.5 3.6 325.2 46.9 
13.0 41.2 3.4 297.5 45.0 
13.4 38.6 3.6 307.9 41.4 

16.9 98.6 L2.0 
10.6 91.1 L2.0 
9.1 91.1 L2.0 

0.229 
0.202 
0.195 

13.1 43.1 3.7 328.6 43.7 
12.5 40.8 3.5 297.5 39.1 
13.7 39.3 3.7 318.3 41.4 

14.2 105.2 L2.0 
12.3 93.9 L2.0 

9.7 90.1 L2.0 

0.202 
0.173 
0.141 

29 0 
50 
76 

13.9 42.0 3.6 342.5 46.1 
13.1 37.8 3.6 283.7 43.3 
14.7 39.3 3.7 304.4 42.9 

11.8 98.6 L2.0 
14.3 88.3 L2.0 
13.7 84.5 L2.0 

0.173 
0.108 
0.115 

30 0 
50 
79 

15.1 45.0 3.7 345.9 43.4 
14.6 43.1 4.0 366.7 42.6 

20.5 99.5 L2.0 
17.9 98.6 L2.0 

0.160 
0.173 

31 0 
55 

32 0 
50 
58 

14.3 50.6 3.8 377.1 42.9 
14.4 43.5 3.8 356.3 41.7 
13.7 40.5 3.8 352.9 44.4 

19.3 101.4 L2.0 
16.3 87.3 L2.0 
12.7 84.5 L2.0 

0.210 
0.178 
0.146 

L = l ess   t han  
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APPEND1 X V TRACE  METAL DATA - 1975 - CORE SAMPLES 

Core 
Depth Co Cu Fe Mn N i  Pb Zn Cd  Hg 

S t a t i o n  cm. ug/g  ug/g % ug/g  ug/g  ug/g w / g   w / g   u g h  

33 0 
50 
69 

12.4 43.5 
13.1 43.5 
16.4 40.3 

3.8 332.1 41 .3 19.2 98.6 
3.8 321.7 42.0 14.4 93.9 
3.5 289.5 49.7 13.5 92.2 

L2.0 0.202 
L2.0 0.145 
L2.0 0.143 I 

34 0 
50 
77 

15.1 42.2 
15.4 40.7 
15.5 39.2 

3.4 317.1 49.8 22.8  101.4 
3.5 303.3 51.6 14.1 94.0 
3.6 2%.4 49.9 12.9  88.5 

L2.0 0.178 
L2.0 0.148 
L2.0 0.199 1. 

35 0 
50 
81 

16.1 42.6 
14.5 42.6 
14.3 40.3 

3.6 351.5 53.5 19.7 105.1 
3.3 303.3 51.8 13.4 92.2 
3.5 324.0 48.3 9.9 87.6 

L2.0 0.261 
L2.0 0.206 
L2.0 0.178 

W 

36 0 
50 
86 

14.5 43.3 
15.4 40.7 
16.4 42.4 

3.6 324.0 49.7 13.5 101.4 
3.6 320.5 50.9 11.6  92.2 
3.5 306.7 49.9 13.6  92.2 

L2.0 0.282 
L2.0 0.266 
L2.0 0.146 

37 0 
50 
76 

14.6 42.2 
14.7 42.6 
15.1 38.4 

3.6 320.5 48.4 15.5 97.7 
3.4 317.1 50.9 11.4 94.9 
3.6 286.1 48.3 11.4 84.8 

L2.0 0.266 
L2.0 0.210 
L2.0 0.116 

38 0 
50 
76 

14.5 43.3 
14.1 42.2 
13.7 42.6 

3.6 324.0 50.3 17.1 98.6 
3.6 320.5 48.4 10.0 99.5 
3.5 324.0 49.0 10.4 88.5 

L2.0 0.269 
L2.0 0.202 
L2.0 0.171 

39 0 
50 
85 

14.8 44.8 
14.8 44.1 
14.1 50.3 

3.6 361.9 53.9 16.8  104.1 
3.6 306.7 51.4 12.8 95.9 
3.8 369.4 55.5 13.5  104.1 

L2.0 0.176 
L2.0 0.149 
L2.0 LO. 098 

40 0 
50 
77 

12.1 48.9 
12.3 48.9 
11.4 46.2 

3.7 372.9 51.8 17.6 113.1 
3.8 333.9 50.6 14.0  104.1 
3.7 348.1 47.9 9.1 93.2 

L2.0 0.210 
L2.0 0.145 
L2.0 0.115 

41 0 
50 
75 

14.6 46.0 
14.6 42.9 
13.7 39.6 

3.5 330.9 52.4 25.4  106.9 
3.5 320.5 47.9 16.7  92.2 
3.3 296.4 47.1 11.3  84.8 

L2.0 0.113 
L2.0 LO. 095 
L2.0 L  0.097 

L = l e s s  than 



- 80 - (I 

APPENDIX V TRACE METAL DATA - 1975 - CORE SAMPLES 

Core 
Depth Co Cu Fe Mn N i  Pb Zn  Cd  Hg 

S t a t i o n  cm. ug/g  ug/g % ug/g  ug/g  ug/g  ug/g  ug/g  ug/g 

43 0 11.4 56.5 3.7 337.4 52.9 17.7  111.3 L2.0 0.146 
50 11.2 49.9 3.7 326.7 43.7 11.4 103.2 L2.0 0.118 
76 10.6 46.8 3.8 355.2 44.3 6.5 99.5 L2.0 0.210 

44 0 10.9 53.0 3.4 291.2 49.6 18.8 105.9 L2.0 0.208 
50 10.3 45.5 3.8 291.2 45.0 7.9 95.0 L2.0 0.173 
85 12.2 47.5 3.8 337.4 53.2 4.3 92.3 L2.0 0.139 

45 0 11.7 53.4 3.7 294.8 48.2 16.1 108.6 L2.0 0.206 
50 10.2 49.6 3.8 305.4 50.8 7.4 105.0 L2.0 0.173 
74 14.9 44.1 3.4 365.8 56.5 10.0 93.2 L2.0 0.209 

46 0 10.4 43.7 3.2 326.7  46.2 14.7 103.2  L2.0 
50 13.0 43.7 3.4 333.9 53.8 11.9 95.9 L2.0 0.195 
62 14.3 45.8 3.7 348.1 61.9 9.5 91.4 L2.0 0.229 

47 0 12.2 47.5 3.4 316.1 52.0 20.1  113.1 L2.0 0.141 
50 12.3 42.0 3.4 323.2 52.2 11.5 92.3 L2.0 0.200 
74 12.0 44.8 3.8 355.2 54.7 10.7  94.1 L2.0 0.200 

48 0 14.8 43.1  3.0  321.9  53.1  18.8 101.5  L2.0 0.173 
50 11.8  39.6  3.7 326.7 47.1 10.0 97.7 L2.0  L0.098 
75 12.8  43.1 3.7 348.1  55.2 7.4 92.3 L2.0  0.148 

49 0 16.0  43.8  3.4 317.4 48.5 20.9  104.9  L2.0 0.146 
50 15.2 43.5 3.3  289.1 48.3 15.1 91.7  L2.0 0.141 
76 14.8 41.7  3.4  299.7  46.3  12.4  89.9 L2.0  0.149 

50 0 14.6  43.5  3.3  317.4  45.1 20.1 101.4  L2.0 
50 15.8 43.5 3.4 317.4 47.3 12.4 99.6 L2.0 0.151 
76 14.1 37.6 3.4 331.5 41.9 8.7 88.2 L2.0 0.180 

L = l e s s  than 
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APPENDIX V TRACE METAL DATA - 1978 - GRAB SAMPLES 

S t a t i o n  Co cu Fe Mn N i  Pb Zn Cd Hg 
u g h  ug/g x ug/g  ug/g ug lg  ug/g  ug/g ug lg  

PG-1 
PG-2 

PG-3 
PG-4 
PG-5 
PG-6 

PG-7 

PG-8 

PG-9 

PG-10 

PG-11 

PG-12 

PG-13 

PG-14 

PG-15 

PG-16 
PG-17 

PG-18 

PG-19 

PG-20 
PG-2 1 

PG-22 

PG-23 
PG-24 

PG-25 

14.217 43.066 2.612 340.529 

13.861 51.994 2.649 329.031 

12.777 38.294 2.637 321.286 
14.658 44.807 2.581 348.837 

12.756 37.385 2.490 330.413 

13.485 37.486 2.783 356.838 

13.590 40.620 2.670 343.331 

13.527 45.674 2.692 347.682 

12.341 41.094 2.461 355.542 

14.364 45.483 2.629 338.876 

14.343 45.399 2.611 327.026 

38.389 

39.306 

37.356 
40.982 

38.581 
38.895 
38.1 96 

40.592 

36.782 

39.451 

39.281 

14.008 39.760 2.504 324.276 38.461 

12.154 36.522 2.577 312.379 34.644 

12.528 39.882 2.771 349.607 38.846 

13.381 41.465 2.632 364.129 38.919 

14.364 44.997 2.601 372.803 40.567 
13.193 44.490 2.571 389.073 38.461 

14.601 

25.517 

14.099 

18.983 
13.398 
13.018 
13.878 

18.334 

16.614 

20.672 

49.283 

97.452 L2.0 

105.571 L2.0 

87.923 L2.0 
116.348 L2.0 
96.119 L2.0 
96.826 L2.0 

101.653 L2.0 
103.904 L2.0 
95.829 L2.0 

99.335 L2.0 

99.293 L2.0 

0.272 

0.365 

0.249 

0.280 
0.292 

0.304 
0.304 

0.368 

0.310 

0.342 

0.272 

5.525 91.461 L2.0 0.482 

2.797 87.277 L2.0 0.304 

3.618 95.621 L2.0 0.379 

5.606 97.702 L2.0 0.361 

6.412 99.923 L2.0 0.342 
8.658 100.513 L2.0 0.358 

10.688 35.802 1.923 268.601 29.466 18.800 79.786 L2.0 

14.008 48.370 2.463 338.369 38.846 25.351 110.192 L2.0 0.295 

12.403 39.372 2.417 317.068 37.907 15.485 91.053 L2.0  0.310 

12.985 38.051 2.530 331.167 38.846 14.581 93.926 L2.0  0.358 

13.134 33.369 2.721 301.552 37.924 15.932 89.209 L2.0  0.272 

14.015 38.003 2.721 354.767 38.462 13.729 94.137 L2.0 0.310 
14.192 41.753 3.007 347.642 40.020 16.721 101.223 L2.0 0.368 

13.592 45.072 3.055 383.148 40.542 30.221 132.098 L2.0  0.394 

L = less than 
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APPENDIX V TRACE METAL DATA - 1975 - GRAB SAMPLES 

S t a t i o n  Co cu Fe Mn N i  Pb  Zn  Cd  Hg UI 

ug/g  ug/g % u g h  ug/g  ug/g  ug/g  uglg  ug/g 

PG-26 

PG-2 7 
PG-28 

PG-29 
PG-30 

PG-31 
PG-32 

PG-33 
PG-34 

PG-35 

PG-36 

PG-37 

PG-38 

PG-39 
PG-40 

PG-41 

PG-43 

PG-44 

PG-45 

PG-46 

PG-47 

PG-48 

PG-50 

PG-50 

11.701 

11.979 
12.977 

13.082 
14.298 

14.758 
14.1 39 

13.627 
13.680 

12.906 

13.064 

14.121 

13.768 

14.989 

13.381 
13.286 

14.086 

14.027 

12.190 

14.444 
13.142 

13.016 

12.602 

12.172 

2 9.442 

36.091 
35.575 

34.550 

38.584 

40.72 1 

46.038 

53.088 
34 . 897 

38.584 

36.590 

36.849 

37.425 

39.942 
38041 

37.332 

46.038 

39.389 

43.139 
45.4% 

41 . 204 

41.358 

39.826 

30.802 

2.625 

2.721 
2.959 

3.007 

3.198 

3.007 

3.103 

3.055 
2.864 

2.768 

3.007 

3.007 

3.007 

3.055 

3.103 
3.198 

3.007 

2.984 

2.558 
2.700 

2.842 

2.700 

2.842 

2 . 558 

308.647 

361.863 

329.933 

333.481 
354.767 

365.410 
397.339 

368.958 
344.1 24 

333.481 

322.838 

33.481 

337.029 

361.863 
351.291 

344.124 

347.672 

328.294 

293.736 

324.838 
324.838 

324.838 

304.104 

297 . 192 

37.857 12.107 

38.171 17.109 
38.732 13.732 

39.160 15.453 
41.865 15.932 
41.590 15.932 
42.025 21  -646 

40.929 22.593 
37.164 21.504 

38.193 21.220 

38.935 18.276 

38.260 14.159 

40.519 16.458 

41.020 16.179 
38.530 21.808 
39.544 20.701 
43.382 22.119 

39.734 19.188 

36.331 33.111 
44.081 22.430 
40.959 20.179 

41.323 18.581 

35.954 25.073 

36.842 16.280 

76.517 

129.927 
94.018 

92.037 

98.989 

105.453 

123.951 

283.705 
93.541 

95.013 

94.814 

94.787 

97.980 

97.618 
111.599 

98.787 

158.677 

96.311 

112.090 

95.704 
103.158 

95.987 

102.619 

81.652 

L2.0 

L2.0 

L2.0 

L2.0 
L2.0 

L2.0 

L2.0 

L2.0 
L2.0 

L2.0 

L2.0 

L2.0 

L2.0 

L2.0 
L2.0 

L2.0 

L2.0 

L2.0 

L2.0 
L2.0 
L2.0 

L2.0 

L2.0 

L2.0 

0.186 

0.304 
0.329 

0.275 
0.304 

0.289 

0.372 
0.390 
0.332 

0.354 

2.298 

0.272 

0.382 

0.361 

0.368 
0.347 

0.386 

0.332 

0.275 

0.295 

0.323 

0.365 

0.906 

0.552 

L = less than 
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APPENDIX V TRACE METAL DATA - 1978 - CORE SAMPLES 

Core 

(cm) ug/g  ug/g % ug/g  ug/g  ug/g  ug/g  ug/g  ug/g 
S t a t i o n  Depth Co cu Fe Mn N i  Pb  Zn Cd  Hg 

PG-1 

PG -2 

PG-3 

PG -4 

PG-5 

PG-6 

PG -7 

PG-8 

PG-10 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

0 
20 
30 

L = l ess   t han  

13.286 
16.086 
13.448 
13.502 
15.354 
14.426 

12.998 
15.738 
15.793 

13.539 
14.735 
15.720 

14.953 
14.808 
14.891 

12.850 
13.425 
12.742 

12.598 
13.119 
13.119 

12.957 
14.746 
13.588 

15.219 
15.328 
15.438 

13.443 
15.128 
16.921 

38.915 2.984 
37.372 3.126 
30.838 2.842 
40.399 3.079 
38.934 3.1 73 
30.481 2.984 

43.842 2.842 
37.597 2.984 
36.625 3.173 

34.004 2.652 
32.512 2.842 
35.050 3.079 

36.550 2.984 
36.457 3.079 
35.729 3.1 60 

35.356 3.113 
36.103 3.160 
33.122 2.925 

33.086 2.830 
33.141 3.019 
35.431 3.113 

35.953 2.925 
35.450 2.972 
29.199 2.830 

44.909 2.972 
33.691 2.925 
32.1 73 3.066 

39.777 2.830 
38.764 3.160 
37.286 3.160 

345.572 41.369 16.059 98.671 
362.851 46.246 8.969 86.783 
300.648 37.913 7.461 77.519 
311.015 42.077 15.317 97.570 
359.395 45.592 9.015 88.396 
321.382 41.734 7.583 80.843 

300.648 40.663 24.975 100.597 
328.294 42.605 9.572 86.509 
342.116 44.800 7.491 85.961 

300.648 40.686 13.494 83.430 
311.015 39.960 9.649 82.501 
321.382 43.019 9.154 85.102 

317.927 43.180 15.679 95.623 
335.205 44.127 9.927 93.127 
341.523 41.436 9.506 87.031 

334.408 38.954 13.049 92.950 
305.948 42.005 10.788 94.469 
298.833 37.081 9.190 90.212 

320.178 35.667 15.221 92.751 
313.063 38.149 13.522 91.400 
320.178 37.170 11.423 94.149 

330.850 38.462 16.343 97.653 
337.966 41.868 8.124 81.537 
302.390 37.170 7.511 77.428 

345.081 41.322 20.596 109.185 
345.081 41.459 8.904 84.310 
330.850 42.667 8.229 81.921 

309.505 138.931 18.508 99.768 
337.966 42.735 8.109 94.269 
345.081 44.969 8.724 87.970 

L2.0 
L2.0 
L2.0 
L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

0.740 
0.775 
0.725 
0.733 
0.685 
0.674 

0.903 
0.839 
0.779 

0.685 
0.636 
0.633 

0.698 
0.761 
0.712 

0.596 
0.712 
0.712 

0.740 
0.661 
0.746 

0.698 
0.648 
0.596 

0.712 
0.688 
0.624 

0.307 
0.192 
0.331 
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APPENDIX V TRACE METAL DATA - 1978 - CORE SAMPLES 

Core 

(cm) ug/g  ug/g % ug/g  ug/g  ug/g  ug/g  ug/g  ug/g 
S t a t i o n  Depth Co cu Fe Mn N i  Pb  Zn Cd Hg 

PG-18 

PG-25 

PG-26 

PG-27 

PG-28 

PG-29 

PG-30 

PG-31 

PG -32 

0 13.696 46.447 
20 14.619 35.673 
30 14.637 33.141 

0 13.497 38.992 
20 14.039 36.834 
30 13.981 34.645 

0 10.705 26.049 
20 12.379 35.810 
30 13.398 33.768 

0 13.398 41.971 
20 13.486 35.753 
30 13.539 36.737 

0 13.363 41.422 
20 13.416 36.927 
30 13.469 37.269 

0 13.187 43.732 
20 13.504 37.498 
30 13.451 36.150 

0 12.888 40.504 
20 14.780 39.071 
30 15.725 39.573 

0 14.442 42.839 
20 14.780 37.842 
30 14.744 35.904 

0 14.265 39.071 
20 14.176 42.839 
30 15.301 36.890 

L = l e s s   t h a n  

2.830 
3.113 
3.019 

3.113 
3.066 
2.804 

2.336 
2.991 
2.710 

2.944 
3.037 
3.131 

2.944 
2.664 
2.804 

3.037 
2.991 
2.710 

2.944 
2.944 
3.037 

3.131 
2.991 
3.037 

3.037 
2.991 
3.039 

309.505 37.993 42.945 124.513 L2.0 0.182 
309.505 40.258 10.124 92.353 L2.0 0.179 
320.178 41.118 8.394 82.612 L2.0 0.303 

373.541 37.325 20.159  139.854 L2.0 0.366 
320.178 39.942 9.852 92.035 L2.0 0.340 
349.225 39.104 10.658  83.550 L2.0 0.327 

283.056 34.159 8.160 67.477 L2.0 0.321 
294.084 35.973 10.106 83.963 L2.0 0.327 
312.464 35.604 6.728 80.595 L2.0 0.308 

294.084 38.464 23.892 103.016 L2.0 0.373 
294.084 36.908 9.436 83.211 L2.0 0.341 
305.112 38.861 9.317 82.199 L2.0 0.380 

312.464 39.236 25.948  102.009 L2.0 0.394 
290.408 37.498 10.002 85.701 L2.0 0.303 
305.112 37.586 9.347 80.669 L2.0 0.381 

319.816 37.871 18.685 98.853 L2.0 0.380 
316.140 37.717 10.032 88.673 L2.0 0.374 
294.084 36.887 8.961 79.518 L2.0 0.380 

323.492 38.442 14.583 96.598 L2.0 0.373 
330.844 40.345 9.883 82.949 L2.0 0.380 
367.605 44.054 9.065 80.669 L2.0 0.458 

393.337 41.864 17.215  102.452  L2.0 0.321 
341.872 41.237 10.614 84.114 L2.0 0.550 
356.577 41.841 6.713  77.156 L2.0 0.491 

378.633 39.745 12.126 85.701 L2.0 0.530 
452.154 39.302 18.501 98.496 L2.0 0.803 
377.280 41.657 8.524 92.912 L2.0 0.540 
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APPENDIX V TRACE METAL DATA - 1978 - CORE SAMPLES 

Core 

(cm) ug/g  ug/g % u g h   u g l g  ug/g  ug/g  ug/g  ug/g 
S t a t i o n  Depth Co cu Fe Mn N i  Pb Zn Cd Hg 

PG -33 

PG-34 

PG-35 

PG-36 

PG-37 

PG-38 

PG-39 

PG -40 

PG -43 

2.762 37.941 2.533 364.896 35.272 19.796 120.792 L2.0 0.540 
3.292 34.044 2.421 325.047 34.890 10.396  89.710 L2.0 0.561 
5.301 33.854 2.599 352.274 39.352 7.448 87.727 L2.0 0.572 

0 
20 
30 

0 
20 
30 

3.312 41.680 2.386 328.981 34.819 27.428  110.148 L2.0 0.419 
4.007 35.019 2.545 331.219 39.011 9.797 89.949 L2.0 0.461 
4.191 32.698 2.416 321.911 37.821 9.604  82.166 L2.0 0.587 

0 13.210 35.115 2.271 352.678 35.727 15.674 90.388 L2.0 0.359 
20 13.864 37.356 2.485 326.094 37.193 10.550 91.187 L2.0 0.424 
30 15.198 36.425 2.502 342.219 39.645 8.601 89.074 L2.0 0.424 

3.782 39.374 2.635 367.360 39.011 18.252 104.108 L2.0 0.484 
3.761 37.902 2.592 329.113 39.352 9.604  95.052 L2.0 0.466 
4.212 36.328 2.638 340.620 37.724 9.430  88.241 L2.0 0.330 

0 
20 
30 

0 
20 
30 

1 
1 
1' 

3.966 39.256 2.570 348.373 38.476 14.303 104.108 L2.0 0.613 
4.437 38.528 2.618 348.910 38.088 11.597 92.068 L2.0 0.458 
4.109 35.249 2.555 337.564 39.401 8.370 86.465 L2.0 0.441 

0 13.802 
20 14.581 
30 14.499 

39.888 
36.057 
35.287 

2.525 
2.555 
2.559 

371  -067 
346.228 
363.395 

40.428 
36.422 
38.719 

16.675 106.206 
10.086 91.027 
7.717 86.071 

L2.0 0.685 
L2.0 0.806 
L2.0 0.685 

0 13.823 
20 15.652 
30 14.914 

41.680 
37.707 
38.200 

2.646 
2.484 
2.753 

379.082 
365.580 
392.806 

39.01 1 
39.059 
41 .&I5 

18.707 109.978 
10.009 88.836 
7.560 81.611 

L2.0 1.23 
L2.0 0.685 
L2.0 0.673 

0 13.475 
20 14.193 
30 14.873 

44.076 
40 . 442 
39.910 

2.725 
2.621 
2.808 

392.389 
344.500 
387.262 

40.1 25 
40.224 
43.907 

18.958 108.075 
10.262  90.813 

7.985 87.126 

L2.0 0.839 
L2.0 0.725 
L2.0 0.552 

1 

0 12.373 
20 15.616 
30 13.885 

43.656 
37.917 
35.431 

2.393 
2.638 
2.668 

371 .lo5 
381.067 
355.367 

27.893 
42.697 
41.445 

15.308 128.591 
6.045 85.263 
7.459 85.566 

L2.0 0.578 
L2.0 0.428 
L2.0 0.397 

L = l e s s  than 
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APPENDIX V TRACE METAL DATA - 1978 - CORE SAMPLES 

co re 

(cm) ug/g  ug/g % ug/g  ug/g  ug/g  ug/g  ug/g  ug/g 
S t a t i o n  Depth Co cu Fe Mn N i  Pb Zn Cd Hg 

P G -44 

PG-45 

PG-46 

PG-47 

PG-48 

PG-49 

PG-50 

0 14.317 
20 14.811 
30 13.803 

0 13.066 
20 15.038 
30 15.699 

0 12.862 
20 15.306 
30 15.182 

0 13.742 
20 13.475 
30 15.451 

0 12.617 

46.573 
34.915 
34.32 1 

46.211 
39.869 
3 7.433 

47 . 065 
42.010 
42 . 404 

46.232 
38.585 
38.748 

35.233 

2.500 
2.564 
2.578 

2.408 
2.626 
2.578 

2.387 
2.739 
2.679 

2.475 
2.569 
2.563 

2.063 
20 14.831 39.869 2.513 
30 15.187 38.026 2.618 

0 13.945 43.377 2.520 
20 14.407 38.797 2.781 
30 16.033 36.616 2.749 

0 14.050 38.229 2.093 
20 14.512 37.058 2.586 
30 14.681 35.716 2.584 

L = l e s s  than 

340.556 40.548 
351.907 42.949 
346.742 41.470 

329.865  39.728 
364.077  40.97 1 
3666.638  44.059 

316.232 39.927 
362.731 44.059 
367.449 46.144 

330.255 38.076 
340.818 39.432 
354.302 42.321 

285.984  34 . 592 
344.763 
358.1 60 

335.475 
334.563 
334.824 

325.76 1 
33  9.652 
337.692 

39.382 
43.614 

35.91 1 
38.1 19 
39.460 

38.836 
39.244 
39.364 

18.251 102.094 
8.574 82.848 
7.479 84.430 

25.618 103.871 
10.507 87.775 

7.459 81.686 

22.516 93.767 
8.533 84.317 
9.590 87.393 

29.536  109.435 
9.488 85.339 
9.265 82.547 

15.908  78.671 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 
L2.0 
L2.0 

L2.0 

0.549 
0.420 
0.494 

0.549 
0.412 
0.420 

0.569 
0.426 
0.466 

0.51 8 
0.528 
0.321 

0.494 
0.568 89.348 L2.0 0.539 
7.586 84.411 L2.0 0.343 

1 9.841  100.339 L2.0 0.342 
9.438  89.666 L2.0 0.380 
7.979 85.795 L2.0 0.286 

1 
1 
1.357 83.938 L2.0 0.438 
1.059 93.548 L2.0 0.455 
7.822 88.264 L2.0 0.402 
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ANALYSIS OF MARINE  BENTHIC SAMPLES FROM  THE POINT GREY 

DUMPSITE I N  THE STRAIT OF GEORGIA, B R I T I S H  COLUMBIA 
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Ana lys i s   o f   Mar ine   Ben th i c  Samples 
f rom  the  Point   Grey  Dumpsite  in 

t h e   S t r a i t  o f  Georg ia ,   B r i t i sh  Col umbia 

by  
Penny A. C h r i s t i e  

submi t ted   to   the   Env i ronmenta l   Pro tec t ion  

Serv i ce ,   Pac i f i c   Reg ion   i n   comp le t i on   o f  

Con t rac t  # 08SB.KE 114-8-1970. 

October 1978 
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A P P E N D 1  X V I  I 

PISCES  DIVE REPORTS 
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D I V E  REPORT - POINT GREY 

P i  sces  Dive  #714 

P o i n t  Grey 

Track 1 
November 27,  1978 

F i l m  exposed - 16 mm - film #l; 0 '  20" on film #2 
70 mn - film #1 frames  1-29 

Observers - Packman 

Hol man 

Water C 01 umn 

On descent  the  water  col unn was f a i r l y   c l e a r   w i t h  good 

v i s i b i l i t y  down t o  a depth o f   app rox ima te l y  60 meters.  Between  70 

meters and 80 meters a zooplankton  layer  was encountered. The predom- 

i n a n t   z o o p l a n k t e r s   i n   t h i s   l a y e r  were pelag ic  amphipods  and  euphausids. 

A t  approximately 80 m t h i s  1 ayer   c leared somewhat whi le   the  concent-  

r a t i o n   o f   d e t r i t a l   m a t e r i a l   i n c r e a s e d .  From 80 m to the   bo t tom  a t  240 m 

the   concen t ra t i on  o f  d e t r i t a l   m a t e r i a l   c o n t i n u e d  t o  increase  whi le   the 
concentrat ion  o f   zooplankton  remained  min imal .  A t  120 m a number o f  

chaetognaths  were  encountered. As  we1 1 a few   pe lag i c   f i sh  resembl i n g  

sme l t  were  observed  during  the  descent.  Near  the  bottom  the v i s i b i l i t y  

dropped  markedly due to the  presence o f   d e t r i t a l   m a t e r i a l ,   w h i c h  may 
have  been s t i r r e d  up f rom  the  bot tom  by  the  re la t ive ly   s t rong  bot tom 

c u r r e n t s   i n   t h e   P o i n t  Grey  area.  Pelagic  Shrimp  (Pasiphea  pacif ica) 

were  observed  near  the  bottom. The c h a r a c t e r i s t i c s   o f   t h e   w a t e r   c o l u n n  

were s im i l   a r  on ascent. 
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Tab1  e 1 below  depic ts   the  readings  obta ined  f rom  the CTD 

probes on t h e   e x t e r i o r   o f   t h e   b o a t .  A1 though  the  values  obtained  by  the 

CTD h a d   n o t   a t   t h a t   t i m e  been  compared w i t h  Val  ues obtained  by more 

t r a d i t i o n a l  methods,  they  were s t a b l e  and o f   t h e  same order   o f   magn i tude 

as  would be expected.  Therefore, it has  been assumed tha t   these  va lues  

are  reasonably   accurate,   especia l ly  i n  l i g h t   o f   t h e   f a c t   t h a t   t h e  

i ns t rwnen t  had j u s t  been  serviced  by  the  manufacturer. 

TABLE 1 CTD READ1 NGS 

Depth  Temperature  Conductivi ty  Dissolved Oxygen 
("C 1 (m mhos/cm) mg/l) 

140 m 8.4  32.65  7.88 

186 m 8.58 32.92  7.73 
227 m 8.7 33.25 7.0 
239 m (bottom) 8.65 33.25  6.13 

240 m ( bottom) 8.6  33.23  6.3 

167 m 8.4  32.72  7.1 

157 m 8.4 32  -69 7.26 

Bo t tom  Charac te r i s t i cs  
The b o t t o m   c h a r a c t e r i s t i c s  were f a i r l y   c o n s t a n t   t h r o u g h o u t   t h e  

d i ve   w i th   t he   dominan t   cha rc te r i s t i c   be ing  a l aye r   o f  woodwaste i n t e r -  
m ing led   w i th  and l y i n g  on t o p   o f   t h e   n o r m a l l y   s o f t   P o i n t  Grey  sediments. 

Cl unps o r   p i  1 es o f   b a r k  and wood d e b r i s  were  observed  regul  arl  y as 
though  they had  remained i n t a c t   t h r o u g h   t h e   w a t e r   c o l   m n   a f t e r   b e i n g  

dumped o f f   t h e  barge. A1 so apparent i n  some l o c a t i o n s  were  patches 

conta in ing  var ious  combinat ions  o f   broken  grani te ,   gravel  and hardpan 

c l a y .   I n  some areas  the  bottom f e l t   q u i t e  sol i d  under  the  Pisces and 

1 ittl e sediment was s t i r r e d  up by  the  boat.   This was f e l  t t o  be due to 
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the  pack ing down o f  wood debr i s   ove r   t he   no rma l l y   f i ne   S t ra i t   o f   Georg ia  

sediments. Numerous l o g s  were  observed on the  bottom as we l l  as o the r  

anthropogenic  items,  such  as  pieces o f  s tee l   cable,  a p i e c e   o f   s h e e t  

metal and a p l a s t i c   c o n t a i n e r .  The nunber o f   ho les   in   the   bo t tom,   f rom 

benth ic   in faunal   burrowing,  was f e l t   t o  have  been  reduced  from  what 
would  be  termed  "normal 'I i n   t h e   S t r a i t   o f   G e o r g i a .   I n   g e n e r a l  it was 

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

s i t u a t i o n .  

Bottom  Fauna 

A 1 i s t   o f   t h e  fauna  observed as wel l  as  an i n d i c a t i o n   o f  
abundance i s  p resented   in   Tab le  2. The dominant  impression o f   t h e   d i v e  

was tha t   the   bo t tom  dwe l l ing   an ima ls  were not  very  abundant.  A con- 
cer ted   a t tempt  was made to   coun t   eve ry   an ima l   i n   t he   f i e1  d o f   v i e w  w i th  

t h e   e x c e p t i o n   o f   t h e  Nemerteans, which were t o o  abundant.  Therefore, 

a1 though some animal s may haver  been  missed in   the   count ing   p rocess ,   the  

numbers i n  the  "abundance"  colunn  are f a i r l y   a c c u r a t e  and g i v e  an 
i n d i c a t i o n   o f   t h e   l o w   l e v e l   o f  abundance. 

Woodwastes appeared to have  covered  the  bottom and t h i s   m i g h t  
b e   c o r r e l a t e d   w i t h   t h e   m a l  1 nunber o f  hol  es i n  the  bottom  from  benthic 

infauna. It should be po in ted   ou t ,  however, that   the  abundant  orange 

nemerteans  were  associated  with  woodwastes  approximately 70% o f   t h e  

time. The  anemones observed were assoc ia ted   w i th   l ogs   e t c  ., excl  us- 

i ve l y ,   wh i l e   t he   sh r imp  and rock  f ish  (Sebastolobus  alascanus)  were 

o f ten   found  near   logs  and c l  umps o f   d e b r i s .  The gastropod  Neptunea sp. 

was found  a lmost   exc lus ive ly  on  sunken logs.  

L 

Y 

II 
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TABLE 2 FAUNAL LIST 

Taxon Ab und ance 

Nemertea 

I 

A c t i n a r i a  

U n i d e n t i f i e d  

U n i d e n t i f i e d :  
(o range  w i th   wh i te  
spots on column) 

Pachycer ianthus sp. 

Gastropoda 

U n i d e n t i f i e d  

Nud ib ranch   (un iden t i f i ed )  

Neptunea  sp. 

Ec h i  no i dea 

U n i d e n t i f i e d  

Atero idea 
C tenodi scus sp. 

Mediaster  sp. 

Crustacea 

Pas iphea  pac i f i ca  

Panda1 ops i  s d ispa r  
( s i de   s t r i pe   sh r imp)  

One o f   t h e  most  nunerous  faunal 
fo rms,   o f ten   loca ted  on a p i e c e   o f  
wood prot rud ing  f rom  the  bot tom 

2 - throughout   d ive 

3 - throughout   d ive 

3 - throughout   d ive 

1 - throughout   d ive 

1 - throughout   d ive 

13 - throughout  d ive;  
ma in l y  on l o g s  

2 

4 

3 

present   in   water   co lunn 
j u s t  above  bottom 

29 - throughout   d ive 

P andal  us p l   a t yce ros  3 - throughout   d ive 
Un id ien t i f ed   p ink   sh r imp  19 - throughout   d ive 

Muni da auadr i   sp i  na 2 - throughout   d ive 

Sp ide r   c rab   (un iden t i f i ed )  1 - throughout   d ive 

continued... 
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TABLE 2 FAUNAL LIST 
(cont inued)  IL 

Taxon Abundance 

P i  sces 
Squal  us  acanthi  as 

( j u v e n i l e   d o g f i s h )  

4 - throughout   d ive 

Hydro1  agus c o l l   i e i  3 - throughout   d ive 
( r a t f i s h )  

Microaradus  Droximus 1 - throughout   d ive I 

( tomcodi) 

Zoarc  idae 3 - throughout   d ive 
Sebastolobus  alascanus 9 - throughout d i v e  

( short   spine  thornyhead) 

P 1 euronec ti dae 2 - throughout   d ive 

Conclusions 

Evidence o f  dwnped mate r ia l  was apparent  throughout  the  d ive.  

The most su rp r i s ing   obse rva t i on  made i n   t h e   c o u r s e   o f   t h e   d i v e  was t h a t  
wood and bark   debr is  had t r a v e l 1  ed through  the  water  col  unn and landed 

on the   bo t tom  i n   remarkab ly   l a rge   c l   mps  and aggregations. It had pre- 

v i o u s l y  been assumed t h a t   t h i s   t y p e  o f  mater ia l   would  d isperse  before i t  

h i t  the  bottom. The genera l   impress ion  der ived  f rom  the  d ive was t h a t  

the  benth ic   ep i fauna and in fauna had  been reduced somewhat by  the 

presence o f  dunped wood debr i s ,  however, t h i s  was o n l y  a qual i t a t i v e  
impression. 

I 

I 
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D I V E  REPORT - POINT GREY 

Pisces  Dive  #715 

P o i n t  Grey 

Track 2 
November 28,  1978 

F i l m  exposed - 16 mn - r o l l  s 3 and 4 
70 mm - film #1 frame  31-60 

Ob servers - Packman 

Bro the rs  

Water  Column 
On descent  the  water  col  wnn  was f a i r l y   c l   e a r   w i t h  good 

v i s i b i l i t y  down to  a depth o f  approximately 80 meters.  Between 90 
meters  and  130  meters a zooplankton  layer  was encountered.  Zooplankton 

observed i n   t h i s  1 aye r   i nc l  uded ctenophores,  pel  agic amphi pods, 

euphausi  ds, some decapod 1 arvae and the  occasional smel t - 1   i k e   f i s h .  
S1 igh t ly   be low  the   de f ined  zoop lank ton   layer ,   a t   about  150 meters, some 

Chaetognaths  and  Siphonophores  were  observed.  Below  the  zooplankton 
l a y e r  the concent ra t ion  o f  d e t r i t a l  ma te r ia l  became t h i c k e r  t o  the p o i n t  

where v i s i b i l i t y  was reduced t o  approximately 8 feet   near  the bottom. 

The depth a t  the  bottom was 240 meters. On a s c e n t   s u r f a c e   l i g h t  was 

f i r s t  observed a t   approx imate ly   the  100 meter  depth. 
Table 1 presents   the   observa t ions   o f   depth  , temperature, 

c o n d u c t i v i t y  and d isso lved oxygen ob ta ined  w i th   the  CTD probes  outs ide 

the  P i  sces. 
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TABLE 1 CTD READINGS 

Depth Temperature Conductivity  Dissolved Oxygen 
("C) ( m  mhos/cm) mg/l)  

O m  
84 m 

133 m 
200 m 
240 m (bo t tom)  
246 m (bottom) 
244 m (bottom) 
221 m 
194 m 
115 m 
100 m 
65 rn 
29 m 
18 m 

6.6 
8.6 

8.5 

8.5 

8.55 

8.5 

8.5 

8.5 

8.5 
8.9 

8.5 

9.2 

9.4 

9.3 

26.62 
32.5 

32.6 

33.0 

33.17 

33.18 

33.2 

33.1 

33.1 
33.1 
32.5 

33.0 

32.8 

31.9 

11.1 

8.1 
8.2 

7.9 

6.4 
6.43 

6.6 

6.4 

6.4 
6.6 
6.8 

6.2 

5.1 
5 08 

Bottom Characterist ics 
The bottom character is t ics  were observed to  be a l i g h t  mud 

w i t h  a f a i r  b i t  of wood waste and construction  material mixed i n .  
Patches of  gravel, logs  and cl unps of wood debris were observed a t  
interval s throught  the  dive. The cl unps or pi1  es of wood debris 
increased i n  frequency  towards  the end of  the  track.  This was n o t  
surprising as  the end of Track 2 was i n  close  proximity  to  the end o f  
Track 1 where these were observed.  On occasion  the bottom f e l t  very 
firm under the  skids  of  the  Pisces,  indicating  that  the normally sof t  
sediments may have been strengthened w i t h  dunped material. Two unusual 
items  observed d u r i n g  the  dive were a piece  of  chain w i t h  a rope 
attached and a piece o f  scrap metal . 
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It general 1 y appeared as though  there were  few  hol  es i n   t h e  

bottom  from  infaunal  burrowing. The presence o f   i n fauna l   bu r rowers  may 
have  been  reduced  by  dumping a c t i v i t i e s .  

Bottom Fauna 
The bottom  fauna was general ly  sparse,  having a f a i r l y   u n i f o r m  

composi t ion  throughout  the  d ive.  A 1 i s t   o f   t h e  fauna  noted i s  presented 

i n  Table 2. The dominant  feature  noted i n  the   d i ve  was the  apparent 
l a c k   o f   i n f a u n a l   b u r r o w i n g  organisms.  This was assumed t o  be associated 

w i t h   t h e  changed  bottom  sediments  stemming  from  ocean  dunping 
a c t i v i t i e s .  Organisms  such  as  Neptunea sp., t he   un iden t i f i ed   o range  

anenome w i t h  whi t e   spo ts  on the  t runk,   p ink  shr imp and Sebastol  obus 
a lascanus  (shor t   sp ine  thornyhead)   were  o f ten  observed  in   assocat ion 

w i t h   l o g s   o r  wood debr is   wh ich  appeared to have  been t h e r e   f o r  a pe r iod  
o f  t ime. 

It should be no ted   tha t ,   a l though  there   ex is ted  a f a i r  

p r o p o r t i o n   o f  wood waste i n   t h e  sediments,  there was  no corresponding 

r e d u c t i o n   i n   d i s s o l v e d  oxygen concen t ra t i on  as measured  by  the CTD u n i t  

on   t he   ex te r io r   o f   t he   P i sces .  

Conclusions 

The bo t tom  cha rac te r i s t i cs   no ted   i n   T rack  2 were   ve ry   s im i l a r  
t o  those  noted i n  Track 1, which was n o t   s u r p r i s i n g  as they were loca ted  
ve ry   c lose   t o  each other .  Dumped mate r ia l  was qu i te   ev ident   th roughout  

the   d ive .  Towards the end o f   t h e   d i v e  wood wastes  were  noted i n   p i l e s  

as  though  they  had  remained in tac t   t h roughou t   t he   wa te r   co lumn  a f te r  
be ing  dumped from  the  barge. The benthic  infauna  appeared  to  be 

r e 1   a t i v e l y  sparse.  Shrimp  were o f t e n   f o u n d   i n   a s s o c i a t i o n   w i t h  sunken 

l o g s   b u t   n o t   e x c l u s i v e l y .  Dumped material  appeared to be  having a 

qual i t a t i v e   i m p a c t  upon the   bo t tom  cha rac te r i s t i cs .  
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TABLE 2 FAUNAL LIST 

Taxon Re1 a t i v e  abundance on a sca le  1-10 

Nemertea 

A c t i n a r i a  - Pachycer ianthus sp. 
- u n i d e n t i f i e d  - orange  wi th 

- un i   den t i   f ed  

wh i te   spo ts  on t runk  

Gastropoda - Neptunea sp. 

- u n i d e n t i f i e d  

Astero idea - Mediaster  SD. 

- C tenodiscus sp. 

Crustacea - Pasiphea  pac i f ica 

- Pandaol ps i s   d i   spa r  

- u n i d e n t i f i e d   p i n k   s h r i m p  

- Munida  quadri  spi na 

- Crangon sp. 

P i  sces - Hydro1 agus c o l  1 i e i  

- Squa lus   acanth ias   ( juven i le )  

- Her r ing   type  

- Zoarcidae 
- Sebastol  obus a1 ascanus 

- P1 euronec ti dae 

10 

5 
7 

2 

5 abundant on l o g s  
1 

4 
4 

P 

L 

m 
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D I V E  REPORT - POINT GREY 

Pisces  Dive  #716 

P o i n t  Grey 

Track 3 
November 28, 1978 

F i l m  exposed - 16 mm - r o l l  #5 

70 mm - fi l m  #2 frame 1-34 

Observers - Packman 

Bro thers  1 

Water  Column 
From  the  surface t o  a depth o f   a p p r o x i m a t e l y  85 meters  the 

water   co lunn was f a i r l y   c l e a r   w i t h   n o t  much p lank ton  and n o t  much 

d e t r i t u s .  A t  85  meters a zooplankton  layer began, be ing  composed main ly  
o f  pe lag i c  amphipods,  chaetognaths  and  euphausids.  This  zooplankton 

1 ayer  extended  to  approximately  130  meters. A t  100 meters   s ix   dogf ish  

(Squalus  acanthias)  were  observed swimming a round   the   boa t ,   wh i l e   a t  120 

meters a f ish,   which  appeared  to   be a smelt,  was observed. A t  140 
meters and 200 meters some small smel t - 1   i k e   f i s h ,  a few decapod l a r v a e ,  

some j u v e n i l  e squid and s i  phonophores  were  observed. 
As the  bottom was approached  the amount o f   d e t r i t u s   i n   t h e  

water   co lunn  increased  such  that   a t   the  bot tom  (250  meters)   the 
v i s i b i l i t y  was i n   t h e   o r d e r  o f  6 f ee t .  A c u r r e n t   a t  a r a t e   o f  

approx imate ly  0.5 kno ts  was present  on the  bottom. 
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TABLE 1 CTD OBSERVATIONS 

Depth  Temperature  Conduct iv i ty  Dissolved Oxygen 
("C 1 ( m  mhos/cm) mg/ l )  

25 m 

90 m 
123 m 

140 m 
175 m 
250 rn ( bottom) 

9.1 32.16 9.9(may be 
suspect) 

8.9 32.8 7.8 
8.6 32.8 8.1 

8.7 32.9 7.9 

8.6 33 .O 7.8 

8.4 33.0 7.0 
248 m (bottom) 6.85 33.16 6.85 

Bo t tom  Charac te r i s t i cs  

The bottom  throughout  Track 3 was a s o f t  mud b o t t o m   t y p i c a l   o f  

t h e   S t r a i t   o f  Georgia. The occasional  b i t   o f  woodwaste  and  hardpan c l a y  

was o b s e r v e d   b u t   n o t   i n   n e a r l y   t h e  same q u a n t i t i e s  as  observed on Tracks 

1 and 2. Logs  were a l s o   n o t e d   i n t e r m i t t e n t l y ,  some o f   w h i c h  were 

covered  with  sediment.  Throughout  the  dive  the number o f   i n f a u n a l   h o l e s  

i n  the  sediment was approximately 5 per  square  meter. One o f   t h e   p r i m e  

r e a s o n s   f o r   d i v i n g   a t   t h i s   l o c a t i o n  was to   a t tempt   t o   obse rve  a  number 

o f   concre te   p ipes   whc ich  had  been  dunped two years   p rev ious ly .  One o f  

these  pipes was l o c a t e d  and inspected. It was prot rud ing  f rom  the mud 

a t  approximately a 20 degree  angle and b u r i e d   i n   t h e  mud fo r   approx i -  

mately 2/3 o f   i t s   l e n g t h .  It was covered  wi th a l i g h t   d u s t i n g   o f   s i l t  

and d e t r i t u s  . 
Bottom Fauna 

The bottom  fauna  observed on Track 3 was f e l t  t o  be t y p i c a l  o f  

a s o f t  mud bottom i n   t h e   S t r a i t   o f   G e o r g i a .  The taxa  noted on t h i s  

t r a c k   a r e  1 i s t e d   i n   T a b l e  2. The fauna was even ly   d is t r ibu ted   th rough-  

o u t   t h e   d i v e   w i t h   t h e  nunber o f   ho les   f rom  ben th i c   i n fauna   be ing   o f   t he  

I) 

L 
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o r d e r   o f  5 per  square  meter. The predominant  epifaunal  forms  were 
nemerteans,  burrowing anemones (Pachycer ianthus sp.) un iden t i f i ed   o range  

anemones w i th   wh i te   spo ts  on the  colunn,  Mediaster sp., s i d e s t r i p e  

shr imp  (Panda lops is   d ispar ) ,   un ident i f ied   p ink   shr imp and the  shor t -  

sp ine  thornyhead  rockf i  sh ( Sebastol obus a1 ascanus). 
Very 1 i t t l e  fauna was noted  associated with the  concrete  p ipe. 

The t o t a l   l i f e   a s s o c i a t e d   w i t h   t h e   p i p e  was an un iden t i f i ed   o range  

anemone w i th   wh i te   spo ts  on the  t runk,  two Neptunea sp., one Neptunea 

sp. egg  mass,  one Munida quadr ispina, two un iden t i f i ed   p ink   sh r imp ,  one 

Sebastolobus  alasacanus and  a grey  cod (Gadus macrocephalus). 

Conclusions 

The bottom  throughout  the  d ive was r e l a t i v e l y   u n a f f e c t e d   b y  
dunped m a t e r i a l ,   i n d i c a t i n g   t h a t   t h a t   p o r t i o n   o f   t h e   d u n p s i t e   i s   n o t  

used  very  f requent ly .  The concrete  p ipes had n o t  been e x t e n s i v e l y  

c o l o n i z e d   s i n c e   t h e i r   d e p o s i t i o n  two years ago. General ly  speaking, 

t h e r e   d i d   n o t  appear t o  ba a high  degree o f  b i o l o g i c a l   p r o d u c t i v i t y   i n  

t h e   f o r m   o f   e p i f a u n a   i n   t h i s  area. 
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TABLE 2 FAUNAL LIST 

Taxon  Abundance 

Nemertea - f a i r l y  comnon throughout   d ive 

A c t i n a r i a  - u n i d e n t i f i e d  - - f a i r l y  comnon throughout   d ive - 
orange  w i th   t runk  ma in l y  on l ogs ,  some o f   s o f t  
w i th   wh i te   spo ts  sed iment 

- Pachycerianthus sp. - f a i r l y  common throughout   d ive 

Gastropoda - Neptunea sp. - present  on  most l o g s  and 
o c c a s i o n a l l y  on so f t   subs t ra te  

Nudibranc  hi a - 2 no ted   dur ing   d ive  

Asteroidea - Mediaster  sp. - f a i r l y  comnon throughout   d ive 

Crustacea - Pas iphea  pac i f i ca  - occas iona l l y   no ted  

Pandaol p s i  s d i   spa r  - most comnon animal 

Panda1 us p l   a t y c e r o s  - 1 noted 
u n i d e n t i f i e d  - second  most comnon faunal  form 
p i  n  k shrimp 

Crangon  sp. 

Pagurus sp. 

Tanner  Crab 

- f a i r l y  comnon throughout   d ive 

- 2 noted 

- 1 noted 

P i  sces - Hydro1  agus c o l l   i e i  - 1 noted 

Squal  us  acanthias - 1 noted 

Gadus macrocephalus - 2 noted 

Zoarc  idae - 3 noted 

Sebastolobus  alascanus - 3 noted 

Anoplopoma f i m b r i a  - 1 noted 

P1 euronec t i d a e  - 2 noted 

(L 
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D I V E  REPORT - POINT GREY 

Pisces  Dive  #718 

P o i n t  Grey 

Track 4 
November 2 9 ,  1978 
F i l m  exposed - 16 mm - r o l l  #9 

70 m - film #3  frame 0 

Observers - Packman 
Hol mdn 

Water  Column 
On descen t   t h rough   the   wa te r   co lunn   t he   v i s ib i l i t y  was good to 

a depth o f  about 80 meters. Up t o   t h a t   d e p t h   v e r y  1 i t t l e  zooplankton  or  

d e t r i t u s  was apparent  other  than a few  copepods  noted a t  50 meters. A 

f i sh   app rox ima te l y  10 inches   in   leng th ,   wh ich  was presumed to be a 

smel t, was no ted   a t   approx imate ly  60 meters. 

A t  90 meters a zooplankton  layer  was encountered  which 
conta ined  pe lag ic  amphipods,  euphausids,  the  occasional decapod l a r v a ,  

as we1 1 as a few smel t s .  A t  130 meters  the  zooplankton  layer was noted 
t o  have  th inned  out   cons iderably   whi le   the  concentrat ion o f  d e t r i t u s  

increased and cont inued t o  inc rease  un t i l   the   bo t tom was reached. 
Pe lag ic   shr imp  (Pas iphea  pac i f i ca)  were  observed  from  150  meteres down 

t o   t h e   b o t t o m   a t  160 meters. 
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TABLE 1 CTD OBSERVATIONS 

Depth  Temperature  Conduct iv i ty  Dissolved Oxygen 
("C 1 ( m mhos/cm) mg/l) 

Surface 7.5 28.7 11.6 

10 m 8.2 30.47 11.38 

40 m 9.6 33.1 7.2 

57 m 9.6 33.2 6.8 

90 m 8.5 33.5 8.4 

150 m 8.5 32.9 8.0 

160 m ( bottom) 8.46 32.9 7.7 

158 m (bottom) 8.46 32.9 7 07 

Bo t tom  Charac te r i s t i cs  

The subs t ra te   a t   T rack  4 was g e n e r a l l y  a sandy m a t e r i a l   w i t h  a 

c o n s i d e r a b l e   q u a n t i t y  o f  woodwaste mixed  in. The woodwastes  occas- 

i o n a l l y   o c c u r r e d   i n   p i l e s  as though dumped from a barge,  remaining 
intact   through  the  water  colunn.  Other  mater ia l   observed on the  bottom 

inc luded  an occas iona l   log ,   p ieces   o f   cab le ,  a t i r e  and p i e c e s   o f  

concrete.   Very  few  infaunal   holes were  observed i n   t h e   s u b s t r a t e .  

Bottom Fauna 

B r i t t l e   s t a r s   ( O p h i u r o i d e a )  were  the  dominant member o f  the 
ben th i c  comnuni t y  a t   t h i s   l o c a t i o n   w i t h  30-50 i n d i v i d u a l  s being  presen 

i n  a square  meter. The c o r n u n i t y  was b a s i c a l l  y epi   faunal  due t o  the 

compact  nature o f   t h e  sandy substrate.  An out1  ine  o f   the  fauna  noted 

presented i n   T a b l e  2. The presence o f  woodwastes d i d   n o t  appear to  be 
e x e r t i n g  a t e r r i b l y   s i g n i f i c a n t   i m p a c t  on the  benthic  comnunity as i t  

appears  as i f  the  community was a1 ready  ep i faunal   in   nature.   Faunal  

f o rms   o the r   t han   b r i t t 1  e s t a r s  were q u i t e  1 i m i t e d   i n  number. 

Neptunea sp. were n o t e d   i n  abundance  on c e r t a i n   l o g s  (16  on 

one l o g )  and occas iona l l y  on the sandy subst rate.  

t 

i s  
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TABLE 2 FAUNAL LIST 

Taxon Abundance 

Ac t i n a r i a  - 

Gastropoda - 

Crustacea - 

Ophi uroidea 

Pisces - 

M e t r i   d i  um seni  1 e - noted  occasional 1 y 

Pachyceri  anthus sp. - noted  occasional 1 y 

U n i d e n t i f i e d  - (orange - noted  occas ional ly  
w i th   wh i te   spo ts )  

Neptunea sp. - 16 observed on one log ;  
Seen o c c a i o n a l l y   o u t  on  sand 
bu t   ma in l y  on l o g s  

Pandaol p s i s   d i   s p a r  - Second  most  abundant  form 

U n i d e n t i f i e d  - Most  abundant  form  found 
p ink  shr imp a f t e r  Ophi uroidea 

found   a f te r  Ophi uroidea 

U n i d e n t i f i e d  - 1 noted 
Decorator Crab 

U n i d e n t i f i e d  - 1 noted 
Hermit  Crab 

- 30-50 i n d i v i d u a l s   p e r  
square  meter 

Hydro1 agus col 1 i e i  - 3 noted 

Gadus macrocephalus - 1 noted 

Theragra chalcogramma - 1 noted 

Ophion  elongatus - 1 noted 
Sebastolobus a1 ascanus - 1 noted 

P1 euronec ti dae - 2 noted 
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Conclusions 

The subs t ra te   a t   T rack  4 was sandy i n   n a t u r e   r e s u l t i n g   i n  
t h e   f a c t   t h a t   t h e  community was b a s i c a l l y   e p i f a u n a l .   B r i t t l e   s t a r s  

(Ophiuroidea)  were  the  dominant  faunal  form,  with  approximately 30-50 

i n d i v i d u a l s   b e i n g   p r e s e n t   i n  a square  meter. Some woodwastes  were noted 

i n d i c a t i n g   t h a t  dumping is   occur r ing   be fore   the   barges   reach  the   des ig -  

nated  dumpsite. The d isso lved oxygen concentrat ion,  as measured  by the 

CTD u n i t ,  was n o t  depressed  as a resu l  t o f  the  presence o f  woodwastes. 
There  appeared t o  be an impact on the  bottom communi t y  a t   t h i s   s i t e  

however, it was n o t  as dramatic as a t   o t h e r   d i v e   s i t e s   a r o u n d   t h e  

dunpsi   te.  
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D I V E  REPORT - POINT GREY 

P i  sces  Dive  #717 

P o i n t  Grey 

Track 5 
November  29,  1978 

F i l m  exposed - 16 mn - r o l l s  #6, 7 and 8 
70 m - film #2  frames 35-70 

Ob servers - Packman 

Hol man 

Water  Column 

The water  col  unn on descent was c l e a r   o f   d e t r i t u s  and  zoo- 
p l a n k t o n   t o  a depth o f   app rox ima te l y  80 meters. A zooplankton  layer  was 

present  extending  from 80 m - 110 m. The dominant  zooplankters i n   t h i s  

1 ayer  were  pel  agic  amphipods  and  euphausids. A t  110 m the  def ined zoo- 

p lank ton   l aye r   c lea red   l eav ing   t he   wa te r   f a i r l y   c lea r  as l i t t l e   d e t r i t u s  
was present.  A t  122 meters a s i  phonophore,  decapod la rvae  and chaeto- 

gnaths  were  noted. A siphonphore was  a1 so noted a t  170 meters. A t  160 
meters the  concentration o f  detritus increased and kept increasing  until 

the  bottom was reached,  where  the v i s i b i l i t y  was poor. 

The water   co lumn  character is t ics  as  determined  by  the CTD a r e  

p resen ted   i n  Tab1 e 1. These da ta   ind ica te   tha t   the   d isso lved oxygen 

near  the  bottom was not  depl   eted. 1 
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TABLE 1 CTD OBSERVATIONS 

Depth  Temperature  Conduct iv i ty D i  ssol  ved Oxygen 
("C) ( m  mhos/cm) mg/ l )  

O m  7.3  28.5 11.5 
30 m 9.5 32.4 8.6 

65 m 9.35 33.1 7.2 

168 m 8.48 32.8 8.1 
190 m 8.5 32.9 7.1 

195 m (bottom) 8.46 32.99 6.8 

194 m (bottom) 8.46 32.95  6.9 

190 m (bottom) 8.45 32.9 7.6 

189 m (bottom) 8.46 32.9 7.9 

187 m (bottom) 8.46 32.93 7.32 

182 m 8 .O 32.9  6.6 

Bo t tom  Charac te r i s t i cs  

A t  t he   beg inn ing   o f   t he   d i ve ,   t he   bo t tom  cons is ted   o f  a f a i r l y  

c lean   so f t   sed imen t   w i th  a small amount o f  woodwaste  and some hardpan 

mixed  in.  Occasional  logs  were a1 so encountered.  There  were  approxi- 

mate ly  5-10 hol  es per  square  meter and some  worm c a s t i n g  on the  sedi- 
ment.  These c o n d i t i o n s   e x t e n d e d   a l o n g   t h e   f i r s t   l e g  o f  the  d ive.  

A t  approximately  the f i  r s t  bend i n  Track 5 t h e  wood d e b r i s  

began t o  occur i n  smal l   concentrat ions and s tee l  bands  from  bundle 

booming  were  encountered. I n  one instance a c o n s i d e r a b l e   p i l e   o f   s t e e l  

bands was observed, i n d i c a t i n g   t h a t   t h e  woody mater ia l   in   the   nearby  

sediments  had  probably  or ig inated  f rom  log pond dredging. A t  a p o i n t  

1.8 cab les   nor th  o f  the  d ive  s i te ,   the  sediment  became 1 i g h t e r   i n  

consis tency and d a r k e r   i n   c o l o u r ,   i n d i c a t i n g  a reduc ing   type   o f   sed i -  

ment. The nunber o f   h o l e s   i n   t h e   s e d i m e n t  was s i g n i f i c a n t l y  reduced 

here and the  bottom was noted as be ing   qu i te  degraded. 
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Dur ing   the   f ina l   s tages   o f   T rack  5, t h e   p r o p o r t i o n   o f  woody 

debr is   inc reased  aga in .   In   th is   a rea  a l o t   o f   s h e l l   d e b r i s  was mixed i n  

w i t h  dredged  mater ia l   w i th   not  much o f  a s i 1  t cover.  INfaunal  burrows 
here were v i r t u a l l y   n o n - e x i t e n t .  Logs  were a1 so comnon i n   t h i s  area. 

Bottom  fauna 
Table 2 presents  a l i s t   o f   t h e  fauna  observed  during  Track 5. 

A t  t h e   b e g i n n i n g   o f   t h e   d i v e  a f a i r l y  "normal"  soft  bottom  comnunity was 

observed. The dominant  animals i n   t h i s  comnun i t y   i nc lude   s ide -s t r i pe  

shr imp  (Pandalopsis  d ispar)  , un iden t i f i ed   p ink   sh r imp  and  small  shrimp 

which were e i t h e r   j u v e n i l e   p i n k s   o r  a small  shrimp  species. The l a r g e  
gastropod,  Neptunea sp.,  was n o t e d   i n  abundance  on  sunken logs,  

presumably  feeding on the   wh i te   bac te r ia l   s l  ime on these  logs. 
D u r i n g   t h e   l a s t  1/3 o f   t h e   d i v e   t h e  nwnber o f   i n f a u n a l   h o l e s  

d e c r e a s e d   r a p i d l y   t o   t h e   p o i n t  where the re  were v i r t u a l l y  none. This  was 
observed  to   be   concur ren t   w i th   the   inc reas ing   concent ra t ion   o f  wood- 

wastes i n  the  sediments  and  their  more reducing  nature.  Mixed i n   w i t h  

these  degraded  sediments  were a f a i r  nwnber o f  b roken   b i va l ve   she l l  s 

which may have  been k i l l e d   i n   s i t u   b u t  were  more l i k e l y   d e p o s i t e d   w i t h  
the  dredged  mater ia l  . I n  general , f a u n a l   c o l o n i z a t i o n   i n   t h e   a r e a   o f  

these  degraded  sediments was decreased  markedly. 

Conclusions 

D u r i n g   t h e   l a s t  1/3 o f  Track 5, i n  the  area on  a 1 i n e  between 

the  Nor th Arm o f   the   Fraser   R iver  and the  dunpsi  te,  the  sediments were 

observed  to  be  quite  degraded,  having a h i g h   c o n c e n t r a t i o n   o f  woodwaste 

i n  them and having  the  appearance of   reducing  sediments.  
The d i sso l ved  oxygen in   the   bo t tom  water   ad jacent  to these 

sediments was n o t  depressed,  however,  according t o  the   read ing   o f   t he  

CTD u n i t .   B i o l o g i c a l   a c t i v i t y  was much reduced k e r e  the  sediments  were 

degraded, wi th   in faunal   burrows  be ing  a lmost   non-ex is tent .  
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TABLE 2 FAUNAL LIST 

Taxon Ab undance 

Nemertea - fair ly comnon 

Ac t i n a r i a  - Pachyceri  anthus sp. - f a i r l y  comnon 
- Un ident i f ied   o range - fair ly comnon, 

anemone w i th   wh i te  
spots  on t runk  

Gastropoda - Neptunea sp. - on l o g s  and i n  open - 
eggs on some l o g s  

- F u s i t r i t o n  sp. - 1 noted 

Hol  othuroidea 
- Ch i rodota  sp. - The present   o f   CHi rodota  sp. 

was noted  but abundance no t  
ob ta ined due to i t s  i n fauna l  
na tu re  

Astero idea - Ctenodiscus sp. - f a i r l y  comnon 

- Medias ter  sp. - 1 noted 

Ec h i   n o i  dea - 1 noted 

Crustacea - Pandaolps is   p la tyceros - 10 noted 
- Panda1 ops i  s di   spar  - comnon 

- U n i d e n t i f i e d  - comnon 
pink  shr imp 

- U n i d e n t i f i e d   j u v e n i l e  - 1-2 i n d i v i d u a l s   p e r  square 
sh r imp   (o r   sma l le r  meter  except i n   e x t r e m e l y  
species)  degraded  area 

- U n i d e n t i f i e d  
C rangon sp . - present   bu t  no i n d i c a t i o n  

od  abundance 

- M u n i  da quadr i   sp ina - f a i r l y  comnon 

- Pagurus sp. - fa i r l y  common 

UI, 

- Tanner  crab - 8 noted 

continued.. . 
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TABLE 2 FAUNAL L I S T  
(cont inued) 

Taxon Ab und  anc e 

P i  sces - Squalus  acanthias - 9 noted 
( j u v e n i l   e )  

- Squalus  acanthias 
( adul t) 

- 1 noted 

- Hydro1  agus  col 1 i e i  - 4 noted 

- Microgadus  proximus - 3 noted 
- St ichaeidae - 1 noted 

- Sebastes SD. - 1 noted 

- Sebastolobus  alascanus - 14 noted 
P1 euronec t i d a e  - 12 noted 
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APPENDIX VI I I 

PLATES 

D 



PLATE 2 

'kypiCa1 p i l e  Qf 
wood d e b r i s  
wh ich   has  
r e m a i n e d   i n t a c t  
t h r o u g h   t h e  
water column a s  
o b s e r v e d   d u r i n g  
Track  #le 

PLATE l 

T y p i c a l   s u b s t r a t e  
t h r o u g h o u t   T r a c k  

of  woodwaste 
mixed  with 
sed imen t s   and  
p a u c i t y  of 
i n f a u n a l   b u r r o w s .  

Note l aye r  

PLATE 3 

Log o b s e r v e d  on 
bo t   t om  du r ing  
Track  # l a  Note 
p rawn   and   l a rge  
s a s t r o p o d  
a s s o c i a t e d   w i t h  
Log D 



PLATE 4 

The orange 
n e m e r t e a n ?  :entre 
was the  most 
abundan t  
a n i m a l   o b s e r v e d  
QIB Track #I and 
was u s u a l l y  
a s s o c i a t e d  w i t h  
woodwastes .  

PLATE 5 

S u b s t r a t e ,   T r a c k  
#2, s h o w i n g   g r a v e l  
e t c .  mixed   w i th  
n a t u r a l   s e d i m e n t s ,  
and   l ack  of 
i n f a u n a l   b u r r o w s .  

PLATE 6 

Clump of wood 
d e b r i s   t y p i c a l  
t h e  l a t t e r  
p o r t i o n  of 
T r a c k  #Za 

of 
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PLATE 7 

PLATE 8 

C o n c r e t e   p i p e ,  
T r a c k  # 3 -  The 
p i p e  was dumped 
on . January  1 2 ,  
1 9 7 7  a n d  a s  of 
November 28, 
1 9 7 8  no  
c o l o n i z a t i o n  was 
a p p a r e n t .  

PLATE 9 

High d e n s i t y  of 
b r i t t l e  s t a r f i s h  
( O p k i u r o i d e a )   a n d  
c o m p a c t   s u b s t r a t e ,  
t y p i c a l  of t h e  
t e r r a i n   c o v e r e d  
i n   T r a c k  114. 
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PLATE l l  

Steel  bands,  used 
in bundling of 
l o g s ,  Track #5. 

PLATE 1 2  

Dark  reducing 
sediments  with 
a h i g h  woodwaste 
composition, 
prevalent  between 
the end of the 
Nor th  Arm Jetty 
and t h e  Point 
Grey  dumpsite, 
Note  the r e d u c e d  
number sf infauna B 
burrows 
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