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SECTION 1 

INTRODUCTION 

1.1 Terms of  Reference 

Estuarine  dredging  operations have many potential  negative  impacts. These 
can be c lass i f ied  as follows  (modified a f te r   S lo t ta  and Williamson,  1974): 

Changed topography - A1 teration of cur ren ts ,   t ides ,   sa l in i ty ,  
regimes, and water  quality 

Removal of  benthic  organisms and plants - signif icant  animal 
k i l l s ,   a l t e r a t ion  of important  habi ta ts ,  
increased  sediment  instability. 

Release o f  particulate  matter - increased  turbidity and sedimen- 
ta t ion  ra tes ,   re lease of soluble pol 1 u t an t s .  

This report  will deal  with  increased turbidity, sedimentation  rates, and 
release of soluble  pollutants which could be caused by dredging and place- 
ment of landfi l l   for   the proposed Vancouver International  Airport (VIA) 
expansion.  Separate  reports have  been prepared which deal  with  biological 
effects  (Taylor, 1974; Environment Canada, Fisheries and Marine Service, 
1975) ; and changed topography  (Giovando, 1975; Webster, 1975) 

1.2 Background of the Study 

A t  present,  the Federal  Ministry of Transport i s  considering  five  diff- 
erent concepts  involving  land  reclamation  for  the proposed a i rpor t  expan- 
sion. These concepts have  been discussed i n  detail   el  sewhere (Environ- 
ment Canada, 1975) .  Briefly, Concept One involves a para1 le1 runway 
configuration  as  initially  considered by the  Flinistry of  Transport and 
involves  the  reclamation of about 68 acres.  Concept Two en ta i l s  an  a1 tern- 
a t ive  development plan  requiring  the  reclamation o f  234 acres. Concept 
Three represents a longer term and larger  development, and requires  the 
reclamation of 508 acres,  while  incorporating Concept Two as an i n i t i a l  
stage. Concept Four i s  an extended  version o f  Concept Two, i n v o l v i n g  
the  reclamation of 627 acres o f  l a n d .  Concept Five i s   a l so  a longer term 
development incorporating Concept Four as an in i t ia l   s tage  and involves, 
i n  t o t a l ,  about 1,494 acres. 
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1.3 Dredginq Operations 

The degree to  which the proposed dredge and f i l l  procedures will a f f ec t  
water quali ty i n  the  Fraser  River  estuary  will  ultimately depend on which 
concept i s  chosen. This i s  due i n  par t  t o  the  relationship between water 
qual i ty and,  

C l l s l t  

2% 

yc 

1 )  The area  affected by the  dredge and f i l l  procedures, 
2 )  The length of time that  the  area will be  adversely  affected  (ie.  the 

length of time d u r i n g  which the  actual  dredge and f i l l  procedures 
w i  11 occur),  

3) The quali ty of sediments used fo r  f i l l  purposes (the  choice of a 
concept  requiring a maximum amount of  f i l l  could force  the use of 
1 ess desirable borrow areas) ,  

4) The degree of disruption of the  present  flow regime (as discussed 
by Pol lutech, 1974  and Giovando, 1974). 

I t  i s  proposed ( I s fe ld  and Wu, 1974) tha t  sand be obtained by suction dredge 
from one or several of eight borrow areas on the North Avm and Middle Arm 
of the Fraser River a n d  Sturgeon Banks. Proposed borrow areas 
and the  priorit ies  for  th-eir   uti l ization  are  presented i n  Figure 1, (Prior- 
i t ies from Isfeld and Wu, 1974). The rat ionale  involved i n  the  selection 
of these  s i tes   consis ts  of a fusion of economic and ecological  factors,  the 
major c r i t e r i a  being  promixity t o   f i l l   s i t e  and low-sil t   content of the 
proposed borrow material  (Pollutech,  1974). The  amount of sand and the . 

time required, depend on the  concept  chosen.  Isfeld and Wu (1974) supply 
the  following  data, w i t h  t i m i n g  based on an assumption of 700 cubic  yards 
(CY.) of f i l l  per  hour, 24 hours  per  day, f i ve  days  per week (E.O. Isfeld,  
personal  communication). 

Concept One: 2,357,000 C.Y.  ; 5-6  months of  operation 
Concept Two: 5,325,000 C.Y.  ; 14 months of operation over 1-1/2 years 
Concept Three:  12,151,000 C . Y . ;  27 months o f  operation  in two phases of 

Concepts Four  Are no longer under active  consideration ( I .  Jones,  personal 
and Five:  communication), b u t  would have required  the  following ( E .  0. 

Isfeld,  personal communication). 
Concept Four: 13,760,000 C . Y . ;  Three years of operation  for a single  dredge 

u n i t  or u t i l i za t ion  of more t h a n  one unit  over a shorter time 
span. 

about one and one-half  years  each. 

Concept Five: 27,760,000 C . Y . ;  No estimate of dredge  operation  time. 
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The proposed dredge and fill operation involves the  use  of  the  hydraulic 
pipeline dredge method, commonly termed the pipeline dredge method. O'Neal 
and  Sceva (1971) give  a  complete  description  of  the  operation  of  the pipe- 
line  dredge technique. A general literature  review on pipeline dredging, 
as well as  a brief discussion  of problems  associated with  other dredging 
projects is included in Appendix 11 1 .  

The  chief  advantages  of  a pipeline dredge  are  the  large  volumes o f  material 
that  can be moved in a  short period of  time and the  simultaneous  nature  of 
the dredging and disposal operation.  Other  dredging  techniques, such as 
those using buckets on draglines, are not as efficient  for the  movement o f  
large  quantities  of material and  hence  have  been  deemed  uneconomical for 
a project of  the  magnitude proposed  here ( E . O .  Isfeld, DPW personal commun. ). 
Hellier and Kornicker (1962) have  suggested  that the pipeline dredge is 
possibly the least  disruptive, in terms  of  water quality, of  the  dredging 
methods now in use, but this  assertion is not an established fact. O'Neal 
and Sceva (1971) have  pointed out  the  water  quality problems (eg. turbidity, 
suspended sediment and chemical contaminants)  are associated  primarily 
with the area  receiving the spoil  in pipeline  dredging  operations. The 
magnitude  of  these problems is dependent upon  flow  conditions,  circulation, 
volumes and whether  or not settling  basins are provided. Thus, the  focus 
of  this report was directed  toward the proposed land reclamation  sites  off 
the north end of Sea Island, the area which will receive  the spoil. 
E.O. Isfeld (DPW personal communication)reports that  present  plans for 
land reclamation  at  the Sea Island site call for  the  establishment  of 
an erosion  resistant berm or  dyke system,  likely  two-stage, prior to  the 
fill operations. Spillways will be constructed  to avoid  the erosion  of 
dyke  walls by over-flow. It  is also predicted that once in operation,  the 
hydraulic dredge will be capable  of pumping 20,000 gallons per minute (gpm). 
Of this 20,000 gpm, it is likely  that approximately 10-15% (by volume) will 
represent sediment load to be deposited. (O'Neal and Sceva, 1971 ). 

Even with  the proposed  borrow sites  carefully  selected  for  "good" fill 
material, it has been estimated  (Langly, 1973) that the  spillway  discharge 
will have an  approximate  sediment load o f  100 parts per mill ion (ppm). 
This high value is due in part to  the  relatively high velocities attained 

. 
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in the pumping phase. (H. Wu, DPW personal communication). This  value 
was  determined  during  a  study  on  Fraser  River bed loads  and  can  be  considered, 
at best,  a mean  value for  hydraulic  dredging  using  borrow  material  containing 
0-10% silt/clay.  Thus, the  value  can be considered  slightly  higher if borrow 
areas  of  higher  silt/clay  content  are utilized. The  constituents of this 
100 ppm  level have  not  been  investigated,  but are thought to be  represented 
by a very high percentage o f  silt (H. Wu, DPW, personal comnunication). 

It  is expected  that as  the  dyke-enclosed  area is filled,  some  materials 
larger  than  silt will be spilled  and  settle in the  immediate area of the 
discharge pipe. 
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SECTION 2 

EXPECTED CHANGES I N  TURBIDITY AN9 
SUSPENDED SEDIMENT  CONCENTRATIONS 

W 
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2.1 Background  Data 

Background  data  on  ex is t ing  turb id i ty  and  suspended sediment   leve ls  i n  
the  area of the  Fraser  River  estuary  are  sparse  (see Hoes & Packman, 1974, 

f o r  a review  of   the  re1  evant 1 i t e r a t u r e )  . Tab1 e  1 1 i s t s  some o f   t h e   e x i s t -  
i n g   d a t a ,   a l l   o f   w h i c h   p e r t a i n   t o   t h e   F r a s e r   R i v e r .   V i s u a l   o b s e r v a t i o n  
i n d i c a t e s   t h a t   t i m i n g  and l e v e l s  o f  t u r b i d i t y  will be s im i la r   a t   S tu rgeon  
Banks, fo r   a l though  la rger  suspended p a r t i c l e s  will have se t t l ed   ou t   by  
the  t ime  the  Fraser  River  water  reaches  Sturgeon Bank, wave act ion,   upwel l -  
i ng   cu r ren ts ,  and  a l a rge r   concen t ra t i on   o f   o rgan ic   ma t te r   i n   t he   wa te r  
will add t o   t h e  suspended sediment  levels  of   water on the  banks.  Represen- 
t a t i v e   o f   e x i s t i n g   s t u d i e s   i s  a repor t   p roduced  fo r   the   In te rna t iona l  Pac- 
i f i c  Salmon F isher ies  Commission (Serv i z i  and Burkha l te r ,   1970) ,   wh ich   l i s ts  
t u r b i d i t y  measurements recorded a t   H e l l ' s  Gate. It shows maximum readings 
o f  more than 180  Jackson T u r b i d i t y   U n i t s  (JTU), i n  1966  and  1968  and i n  
excess o f  240 JTU i n  1967. The r e p o r t   i n d i c a t e s   t h a t   t u r b i d i t y  maximums 
preceded maximum d ischarge  by   about   four   to   f i ve  weeks and thus  reached a 
maximum i n  May decreas ing   g radua l ly   in to  September. Tu rb id i t y   du r ing   t he  
October  through  February  period was genera l l y  between  15  and 30 JTU. 

2.2 E f f e c t s  on Suspended Sediment  Levels i n  Marine,  Estuarine  and  River 
Waters 

The t ranspor t  and subsequent  deposition o f  suspended p a r t i c l e s   i s   p r i m a r i l y  
dependent upon the   t u rbu len t   mo t ion   o f   t he   wa te r  and t h e   f r i c t i o n  between 
t h e   p a r t i c l e s  and the  water   (Leopold  e t   a l ,   1964) .  The r e s u l t a n t   s p a t i a l  
p o s i t i o n   o f   t h e   p a r t i c l e s   i n   t h e   w a t e r  column i s  determined  by: 
1 )  The n e t   r e s u l t   o f   t u r b u l e n t   m o t i o n  and ver t i ca l   m ix ing ,   wh ich  causes 

t h e   p a r t i c l e s   t o   r i s e  and, 
2)  g r a v i t a t i o n a l   a t t r a c t i o n   w h i c h  causes them t o   s e t t l e   ( L e o p o l d   e t   a l ,  

1974). 

The s e t t l i n g   v e l o c i t y  depends upon the  size,  morphology and s p e c i f i c   g r a v i t y  
o f   t h e   p a r t i c l e s  and  on the  spec i f ic   grav i ty ,   temperature,  and v i s c o s i t y   o f  
the  water  through  which  they  set t le.  The turbulence o f  the  water, i n  com- 
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bination with various tidal and run-off  currents,  as well as  the  rough- 
ness of  the bottom, substantially  alters  the ideal settling velocity 
(Leopold et a1 , 1964). These various  factors,  when combined,  result in 
a system  that is very complex. A study encompassing several years  would 
be necessary to produce a model of  the  Fraser River estuary  accurate 
enough to predict changes in turbidity and sediment load due to dredging 
procedures  associated with  the proposed V I A  expansion. This factor should 
be borne in mind when examining the  following comments,  which  tend towards 
qualitative  rather than quantitative projections. 

During the period March through  September, the calculated  spillway  discharge 
of 48.1 ft  sec with an expected sediment load of 100 ppm will have very little 
effect on the  sediment load in the  estuarine area. The Fraser  River discharge 
during this period, as 'outlined, ranges from 150,000 to 300,000 ft  /sec  (Murray 
et al, 1972) and  suspended sediment loads are well in excess of the 100 ppm Y 

acute during the period October through February,  when  the  spillway dis- 
charge can be thought  of as contributfng  to a larger proportion of  Fraser 
River  run-off, and more important, the suspended sediment  concentration 
will be greater than in the  waters it i s  flowing into by the  range  approx- 
imated by 50-80 ppm. Suspended sediment levels in the  Fraser River  during 
this period are thought to be about 20 to 50 ppm. Data presented in Table 
2 and  Figure 2 show that flocculation o f  fines i s  enhanced by increasing 
salinity and that much of the  flocculation  occurs  within  the  first  few 
hours. The presently  silty nature  of  some  of  the  Sturgeon Banks  area 
indicates settling can occur here, and it  is felt  much f i n e  material will 
be deposited in this  area, Based on  observations o f  the Fraser  River  plume 
(Hoos and Packman, 1974), the remaining  suspended material'  will not  be 
visible beyond the  15"/"0~ isohaline  (see figure 3 ) .  

3 
.I 

3 

discharge level identified previously. The problem will be-mre 

Y 

~ .. 

The  area around the Iona Sewage  Treatment Plant outfall is already an  environ- 
mentally degraded  area (B.C. Research 1973), viz. contaminated sediments, 
reduced  benthic communities and most likely  higher  than  background levels 
of suspended solids. Others  have  suggested  that  directing the  spillway  dis- 
charge into the Iona Island Sewage  Treatment Plant discharge channel  would 

YM 

Y 

WI 
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ensure a more rap id   d i spe rs ion  and d i l u t i o n   o f   b o t h   t y p e s   o f   e f f l u e n t .  How- 
ever,  every e f f o r t   s h o u l d  be made t o   c o n t a i n   t h e  degraded  sediments i n  t h e  
v i c i n i t y   o f   t h e   I o n a   I s l a n d  STP o u t f a l l .  Resuspension o f  degraded  sedi- 
ments could be  caused  by t h e   i n t r o d u c t i o n   o f   t h e   s p i l l w a y   f l o w  and the  
eros ion   concomi tan t   w i th   the   c rea t ion   o f  random drainage  channels i n   t h e  
t i d a l   f l a t  by   the   sp i l lway   d ischarge  dur ing   low  t ide .   Th is   s i tua t ion   shou ld  

be avoided, and i t  i s  recomnended tha t   the   sp i l lway   d ischarge  be   d i rec ted  
i n  an a l t e r n a t e   d i r e c t i o n .  

The dredge and fill procedures   a re   no t   expec ted   to   have  s ign i f i can t   e f fec ts  
on the suspended sed imen t   l eve l s   o f   t he   F rase r   R ive r   i t se l f .   Du r ing  peak 
r i ver   d ischarge  per iods ,  no water   or ig inat ing  f rom  the  Sturgeon Bank area 
can  be  expected t o   e n t e r   t h e   N o r t h  A r m  o f   t he   F rase r   (F ja r l i e ,   1950) .  I n  
o the r  words, no movement o f  water  "contaminated"  with  spi l lway  discharge 
can  be  expected t o  move up the  Nor th A r m  o f   the   Fraser .   Dur ing   non- f reshet  
p e r i o d s ,   t h e   s i t u a t i o n   i s   u s u a l l y   q u i t e   d i f f e r e n t .  Giovando  (1974)  points 
ou t   tha t   water   f rom  the   Bank 's   a rea   ad jacent   to  Sea I s land  may reach  the 
mouth o f   t h e   N o r t h  Arm du r ing   f l ood   t i de ,   w i th   poss ib l y  some p e n e t r a t i o n   o f  
t h i s   wa te r   i n to   t he   Nor th  Arm. This  water  would  be removed  on the  succeed- 
i n g  ebb t i d e .  The leve l   o f   " con tamina t ion "   o f   t he   wa te r  must  be considered 
as be ing   ve ry   s l i gh t ,  (<1 ppm), due t o   t h e   e f f e c t   o f   m i x i n g  and d i l u t i o n  
o f  any  body o f  water  moving  out  from an area  ad jacent   to  Sea Is land.   Dur ing 
n o n - f r e s h e t   p e r i o d s   s p i l l w a y   d i s c h a r g e   r e l e a s e d   a t   l o w   t i d e   m i g h t  be expected 
t o  be c a r r i e d   i n t o   t h e   M i d d l e  A r m  of   the  Fraser,   but   consider ing  the  suspen- 
ded s o l i d s  concentrat ions mentioned above ( 4  ppm) t h i s  i s  expected t o  have 

min imal   e f fects .  

Consideration  should be g i ven   t o   t he   f ac t   t ha t   app rox ima te l y  50% o f   t h e   t i m e  
the  sp i l lway  d ischarge will be f l o w i n g   o u t   i n t o   t h e  Bank a t  l o w   t i d e   l e v e l s .  
This  should make l i t t l e   o r  no d i f f e r e n c e   t o   t h e   q u a n t i t y   o f   s o l i d   m a t e r i a l  
eventua l l y  suspended i n   t h e   e s t u a r i n e   w a t e r s .   A g a i n ,   t h i s   i s  due t o   t h e  
f ine  nature  o f   the  d ischarged suspended sediments. It will d i c t a t e  what 
area o f   t h e  Bank receives a d i s p r o p o r t i o n a t e l y   h i g h   l o a d   o f   f i n e   m a t e r i a l .  
This, however, will be  an ext remely  loca l ized,   shor t   term  ef fect   on  water  

q u a l i t y  due t o   t h e   m i x i n g   c a p a b i l i t y  o f  the  Bank's  area' however, the  
f ines  deposi ted may have se r ious   e f fec ts  on i n t e r t i d a l  fauna and vegetat fon, 
depending  on  the amount o f  ma te r ia l  dredged. 
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A second t ida l   e f fec t  wi l l  be the formation of random channels formed 
by spillway  discharge a t  low tides.  Direction of the  spillway  discharge 
toward the Iona Island STP outfall  channel will create random erosion 
patterns and disrupt contaminated  sediments  already  located  in this  area.  
The location o f  spi1lwa.y discharge  outlets should  take into account this 
potential  disruption. 'The best  area for locating  the  spillway  discharge 
appears  to be the  naturally t u r b i d  Fraser  River. 

Lrr 

Iw 

Ln 
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SECTION 3 

EXPECTED CHANGES I N  CHEMICAL  WATER QUALITY 

3.1 I n t r o d u c t i o n  

The p rac t i se   o f   p repar ing   env i ronmen ta l   impac t   s tud ies   p r i o r   t o   ma jo r  
dredging and l a n d f i l l   p r o c e d u r e s   i s   r e l a t i v e l y  new. As such, c r i t e r i a  
f o r  what c o n s t i t u t e s  a "good"  dredge m a t e r i a l  have  been  drawn  up i n  a 

r e l a t i v e l y  ad  hoc fashion.  Recently,  the  United  States  Environmental 
P r o t e c t i o n  Agency (EPA) o u t l i n e d   i n  a repo r t   by  O'Neal and  Sceva  (19711, 
a set  o f  gu ide l ines,  based on sediment q u a l i t i e s   f o r   d e t e r m i n i n g   t h e  
accep tab i l i t y   o f   sed imen ts   f o r   d redg ing .  These c r i t e r i a   a r e   l i s t e d  
along  wi th  the  guidel ines  adopted by t h e   O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n -  

rrr ment ( b a s i c a l l y   t h e  same gu ide l ines  as EPA w i t h  a few  exceptions) i n  
Tables 4 and 5. Both assume dumping o f  dredged  material i n  open water. 

1 There  are many problems  assoc iated  wi th   these  gu ide l ines.   F i rs t ,   they 
a r e   t o  be  used when dredged mater ia l  i s  t o  be disposed o f   i n  open water, 
whereas, a t  V I A  they will be conf ined by a dyke. They are  incomplete i n  
tha t   t hey   i nc lude   on l y  seven  parameters;  they  are  based on t h e   i n v e s t i g -  
a t i o n  Of d redg ing   p rocedures   ca r r i ed   ou t   i n   t he   S ta te  o f  Washington and, 

I 

r as Such, a r e   l i m i t e d   i n  scope; l i t t l e   s u p p o r t i v e   d a t a   a r e   p r e s e n t e d   f o r  

1 t r aps   f o r  many organic and inorganic   mater ia ls  because  of  physical  entrap- 

the  choice  o f   s tandards;  and although  bottom  sediments  are  effect ive 

ment, sorpt ion,   or   ionic  processes,  as May (1973)  points  out,  there i s  
l i t t l e ,   o r  no, known c o r r e l a t i o n  between the   concent ra t ions   o f   var ious  
chemical   const i tuents  wi th in  sediments subjec t  t o  dredging and d isposa l  

operat ions and  consequent e f f e c t s  on water   qual i ty .   A lso,   severa l  of 
t h e   l i s t e d  parameters,   most   notably   vo la t i le   so l ids and  chemical  oxygen 
demand (COD), p r o v i d e   l i t t l e  meaningful  information when a p p l i e d   t o   s e d i -  

rrll 

- 
I men,ts i n  a reasonably  well   f lushed  marine  environment. It was w i t h   t h i s  

ryL l a t e   t e s t   i n   w h i c h  samples o f  sediment  are  mixed 1:4 w i t h   r e c e i v i n g   w a t e r  

i n  mind that   the  Uni ted  States Army Corps  of  Engineers  devised an e l u t r -  

(water   co l lected  f rom  the  area o f  proposed spo i l   depos i t i on ) .   A f te r  fil- 

trat ion,   var ious  parameters o f  t h e   e l u t r i a t e  sample are  compared t o   t h e  

saw  parameters i n  the  i lpure"  receiv lng  water sample. Spo i l  i s  s a i d  to be 

contaminated if t h e   e l u t r i a t e   d i f f e r s   f r o m   t h e   r e c e i v i n g   w a t e r   b y  a fac to r  

1L 

- 
rll o f  1.5 f o r  a given  parameter.   This  factor and more p a r t i c u l a r l y  the 

1:4 d i l u t i o n   r a t i o  appear t o  be  chosen somewhat 
". " . 
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a r b i t r a t i l y ,  however, t h e   r a t i o n a l e   b e h i n d   t h i s   t e s t  seems l o g i c a l .  
It will al low  more q u a n t i t a t i v e   p r e d i c t i o n s   d e l i n e a t i n g   t h e  consequences 
o r  changes i n  wa te r   qua l i t y   as  a resu l t   o f   hyd rau l i c   d redg ing   ope ra t i ons .  

Th is   sec t i on   o f   t he   repo r t   p resen ts  a s y n t h e s i s   o f   t h e   f i n d i n g s   o f  a 
contracted  s tudy o f  dredging on wa te r   qua l i t y   (Po l l u tech ,  1974)  and 
the  results  of  supplemental  sediment  analyses  conducted  by  the  Environ- 
menta l   Protect ion  Serv ice.  These l a t t e r   d a t a  have  been co r re la ted  wi th 
ava i l ab le   i n fo rma t ion  on dredging and water  chemistry i n  o rde r   t o   p resen t  
p o t e n t i a l  changes i n  chemical   water  qual i ty,  

3.2  Sediment Analys is  

3.2.1  Backaround 

It i .s   un for tunate   tha t   base l ine   da ta  on the   wa te r   qua l i t y   f o r   t he   S tu rgeon  
Bank area have  been in f requent ly   recorded.  The on ly   pub l i shed   da ta   re l -  
a t i n g   t o   w a t e r   q u a l i t y   . i n   t h i s   a r e a   i s   c o n t a i n e d   i n   t h e  B.C. Research 
Study  (1973)  (Table 3 ) .  Sraser  River  data i s  reproduced i n  Table 10. 

It should be noted  that   the  var ious  va lues  moni tored i n  w a t e r   q u a l i t y  
f luc tuate  markedly   f rom  season  to  season and a r e   a f f e c t e d   t i d a l l y  and 
seasona l ly   bu t   p r imar i  1y by   t he   e f f l uen t  from the  Iona  Is land Sewage 
Treatment P1 ant.  

I n   o r d e r   t o   a c q u i r e  a more complete  knowledge o f   base l ine   va lues ,  system- 
a t i c   m o n i t o r i n g   c a r r i e d   o u t   f o r  a number of   years  would be requ i red .  
Any a t t e m p t   t o  assess the  impact of dredging on w a t e r   q u a l i t y ,  w i th  
reference t o  water  chemistry,   therefore,  becomes a d i f f i c u l t   t a s k .  

3.2.2  Parameter Se lec t ion  

Parameters  under  scrutiny i n   t h i s   s t u d y  were  chosen on t h e   b a s i s   o f   t h e  

f o l l o w i n g   c r i t e r i a :  
1)   Const i tuents   o f   the  water  column t h a t  have, i n   s i m i l a r  dredge 

and fill p r o j e c t s  been observed t o  undergo  marked  changes, 
2)  Const i tuents   (notably   meta ls  and metal  complexes)  which  have a 

documented h i s t o r y   o f   t o x i c i t y   t o   m a r i n e   o r g a n i s m s :  
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3)  Substances  which, i n  view o f   the   na ture   o f   the   a rea   under   s tudy ,  

4) Parameters  for  which  meaningful and prac t ica l   ana ly t i ca l   p roced-  
migh t  be expected t o   c o n c e n t r a t e   i n   t h e  sediments i n  abnormal  amounts, 

u res   ex i s t .  

To ta l   .Qe ldah l '   N i t rogen,  COD, v o l a t i l e   c o n t e n t s  and to ta l   o rgan ic   carbon 
(TOC) g ive   ind ica t ions   o f   o rgan ic   con ten t   o f   the   sed iment .  The impor t -  
ance of t h i s   a s p e c t   i s   d i s c u s s e d   f u r t h e r   i n   t h i s   s e c t i o n .  Nitrogen and 
Phosphate  determinations  are of g rea ter   va lue  and concern i n   c o n s e r v a t i v e  
bodies of water, however, loca l i zed   pockets   o f   h igh   nu t r ien t   concent ra -  
t i ons   cou ld  cause  undesirable  ef fects in   the   es tuar ine   env i ronment .  

Me ta l s   a re   ve ry   l i ke l y   t he  most c r i t i c a l  parameter w i t h i n   t h e  scope of 
t h i s   r e p o r t ,  as many a re  known f o r   t h e i r   t o x i c i t y  t o  f i s h  and other  marine 
organisms.  Also,  certain  metal complexes are  act ive  reducing  agents .  

Ammonia i s  excluded as a parameter.   Pract ical   analyt ical   techniques 
i nvo lved   i n   t he   de te rm ina t ion   o f   t h i s   pa ramete r   p roduce   d i f f i cu l t - t o -  
i n t e r p r e t   r e s u l t s .  

3.2.3 Nu t r i en ts  
Genera l l y ,   nu t r ien t   leve ls   in   the   s tudy   a rea   a re   Wel l   be low EPA O r  OME 

guidel ines  (Tables 4 and 5 ) .  Sediments  around  the Ions STP o u t f a l l   a r e  
known t o  be contaminated  by  both  Nitrogen and  Phosphorous, but  the  Prop- 
osed   bo r row  s i t es   a re   no t   i n   t h i s   a rea .  Sediment  analyses  carr ied  out 
by  Benedict,  Hal 1 and Koch (1973) on Sampl  eS from the  Nor th Arm, as  wel l  
as EPS ana lyses   ca r r i ed   ou t   f o r   t h i s   repo r t ,  have a l s o  shown t h a t   t h e r e  
i s  no appreciable  contaminat ion  of   the  sediments  by  n i t rogen- 

. . - . ". - . - . . C" - . . . .. " 

. .. " 

However,Total  Phosphate  and N i t rogen   concen t ra t i ons   i nc reased   i n   t he  
e l u t r i a t e   t e s t  samples (Tables 7, 8 ,  9) .  The e l u t r i a t e   t e s t   f o r   t o t a l  
phosphate i n  North Arm samples showed a ve ry   s l i gh t   con tamina t ion   rep re -  
sented  by an increase i n  Phosphate o f  a maximum 0.05 ppm i n  the   rece iv ing  
water.  Sturgeon Bank sediments  exhibited, as expected, a more  marked  con- 
taminat ion.   Tota l   phosphate  concentrat ion  leve ls   increased an  average of 
0.3 ppm i n   t h e   e l u t r i a t e  samples using  sediments  from  Borrow Area I V  

(Sturgeon  Bank),  (Table 7). 

w 
" " 
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A c o r r e l a t i o n  between  these  values and actual   increases i n  n u t r i e n t .  
concen t ra t i ons   du r ing   f i l l i ng   p rocedures   can   no t  be made. It i s ,  how- 
e v e r ,   q u i t e   e v i d e n t   t h a t   w i t h i n  a l im i ted   a rea   ( less   than  the   approx-  
imate ly  5,000 sq. yd. o f   severe ly   degraded  area  ad jacent   to   the  Iona 
I s l a n d  Sewage P l a n t   o u t f a l l )   t h e r e  will e x i s t  a reg ion   o f   h ighe r - than -  
back-ground n u t r i e n t   l e v e l s  if the  discharge i s   t o  Sturgeon Bank. 

N u t r i e n t   l e v e l s  i n  waters o f   t h e   a r e a   g e n e r a l l y   a r e   a t  a maximum from 
August t o   A p r i  1, and a t  a minimum from May through  July  (Anderson,  1964). 
T h i s   i s  due, i n   p a r t ,   t o  seasonal changes i n  p r imary   p roduc t i v i t y  and 
a1 so t o  seasonal changes i n  discharges , i n c l u d i n g   r u n - o f f  , t o  the  Fraser  
River.  Thus , any increases i n  phosphate  concentrat ions will be o f  
greater  concern  dur ing  Spr ing  and  ear ly Sumner , ie .   du r ing   pe r iods  when 
phosphate   concent ra t ions   a re   re la t i ve ly  low. A summer d e p l e t i o n   o f  
n i t r a t e  has a l so  been  measured, so t h a t  due consider-  
a t ion   wou ld  be s im i la r l y   war ran ted   f o r   t he   i n t roduc t i on   o f   n i t rogen  t o  
waters i n  the  study  area  f rom May through  July.  

D e t a i l e d   s t u d i e s   u t i l i z i n g  15 foo t   co re  samples would  be  required t o  
e s t a b l i s h  a c o r r e l a t i o n  be tween  the   nu t r ien t   ra t ios  ( N / P )  l i m i t i n g   p r i m a r y  
p r o d u c t i v i t y   i n   t h e   s t u d y   a r e a  and n u t r i e n t   a s s i m i l a t i o n   b y   a q u a t i c  
organisms.  There i s  an  inconsistency  between EPA, and OME gu ide l ines  
and t h e   e l u t r i a t e   t e s t ,   i n   t h a t  sediments  uncontaminated  according t o  
EPA and OME guide l ines,  when added to   rece iv ing   wa te r ,   i nc rease   nu t r i en t  
concentrat ions beyond 15O0/oo. We a r e   n o t   c e r t a i n   o f   t h e   s i g n i f i c a n c e  
o f   i n c r e a s e d   n u t r i e n t   l e v e l s  on  Sturgeon Banks; pr imary  product ion will 
be increased i n  general , a1 though i n   t h e  immediate  area  only  emergent 
p l a n t s  will bene f i t  because  of t u r b i d i t y   i n h i b i t i n g   p h y t o - p l a n k t o n   g r o w t h .  

Nuisance  growth o f   u n s i g h t l y   a l g a e   i s  a p o s s i b i l i t y e  

. .~ . . ~ 

~~ 
. - -. . - ~ "~ - 

3.2.4 Oxygen Demand 

The best  background  data  avai lable on oxygen leve ls   fo r   the   a rea   under  

s tudy   o r i g ina tes   f rom  the  B.C. Research  Study, 1973, on t h e  sewage out -  
f a l l  area  (see  Table 3 ). Values  are  reported  averaging 93% sa tu ra t i on  
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f o r  samples c o l l e c t e d  June  9,  1973.  Westwater  Technical  Report Number 
Two (Benedict e t  a1 , 1973) repo r t s  oxygen  values for   the  Fraser   River ,  
North  and  Middle Arm as being i n  the  same range as i s  i nd i ca ted  i n  the  
B.C. Research  Report  (1973). 

- 
- The e l u t r i a t e   t e s t   f o r  COD (Tables 7, 8, 9 )  i l l u s t r a t e s   t h a t   t h e   s p i l l w a y  

discharge  water will reduce DO content  i n  a l oca l i zed   a rea ,  The maximum 
I W  e l u t r i a t e  COD levels  f rom  the  Sturgeon Bank area was found  to  be 40 mg/l.(Table 7) 

Maximum COD va lues   on   e lu t r i a te  samples from  Borrow  Sites 2 and 8 were 
o n l y  18.1  and 25.2 mg/ l   respect ive ly ,   Th is   lower  demand f o r  oxygen  placed 
on receiv ing  waters  by  North A r m  main  channel  sediments  (Borrow S i t e  7 )  

1 i s   i n d i c a t e d  by  the  ext remely  low  leve ls   o f   Volat i le   Sol ids  Content ,  
Kjeldahl   Ni t rogen,  Total   Organic Carbon (TOC) and COD found i n  these  sedi- 
ments (Table 4 ) .  It is   ev iden t   t ha t   Vo la t i l e   So l i ds   Con ten t ,  COD and par-  
t i c l e   s i z e   c o r r e l a t e   s t r o n g l y  and i t  should be noted  that   the  Nor th A r m  
t i d a l   f l a t  sediments  (Borrow  Sites 6 and 7)   are  genera l ly   o f   lower   "qual -  

- 
111 

ami i t y "  than  the  main  channel  North A r m  sediments. The c r i t i c a l   d i f f e r e n c e s  

- by  inspect ion  o f   Tables  4and 5. Thus, condemnation o f   t h e   t i d a l   f l a t s  

seem, however, t o  be 1 im i ted   t o   t he   su r face   (1  ,O t o  1.5 ft. ), as  ind icated 

reg ion  as a borrow  site,  based  on  oxygen demand,  may n o t  be warranted. 
.. ." 

w The scale of t h i s  DO reduc t ion  can 6e be t te r   apprec ia ted  when COD values 

am urban  storm  run-off  water  (111  mg/l),  evaluated  by  Weikel  (1971). The 

o f   t h e   e l u t r i a t e   t e s t   a r e  compared to   the  average  va lue  assoc iated with 

Iona Sewage Treatment P lan t  discharge, w l t h  a permi t ted  1 average f l o w  o f  

70 MGD, has a permitted  biochemical  oxygen demand (BOD) o f  100  mg/l , 
w) 

Pol lu tech  (1974)   ment ions  the  poss ib i l i ty   o f  mud f lows  occuring due t o  
t h i s   p r o j e c t .   T h i s   i s   u n l i k e l y   s i n c e  mud f lows  assoc ia ted   w i th   spo i l  
depos i t ion  have  been observed to   occur   on ly   then  the  " f$nesI '   por t ion  o f  

- 
- the  dredged  material i s   q r e a t l y  i n  excess o f  the  coarser  segment (Ot.Neal 

and Sceva, 1971). Mud f l o w s   r e s u l t   i n   g r e a t l y   r e d u c e d   d i s s o l v e d  oxygen, 
" - - .  

-R 

- 1. Compare values  for   analyses o f  Phase VI1 and VI1 sediments  wi th 
EPS and OME gu ide l ine  va lues 

m 2. Po l l u t i on   Con t ro l  Board  Permit, 
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3.2.5 Metals 

Meta ls   are a concern  because o f :  
1 .   T h e i r   d i r e c t   o r   i n d i r e c t   t o x i c i t y   t o  organisms 
2. Their  tendency to   accumula te   in   the   t i ssues   o f   o rgan isms 
3. The p o s s i b i l i t y   e x i s t s   t h a t   m e t a l s ,  as we l l  as other  contaminants, 

d i sp lay   sub - le tha l   e f fec ts .  

Poss ib le   l eve l s  o f  t o x i c i t y   o f   m e t a l s   a r e   i n d i c a t e d  i n  the   fo l low ing  
l i s t  O f  lethal  concentrat ions  prepared  by  the  American  Fisheries  Society 

(AFS).  These f i gu res   a re   no t   t o  be taken as apply ing  to   Sturgeon Banks 
b i o t a ,   b u t   a r e  an i n d i c a t i o n   o f   t h e   s e n s i t i v i t y   o f   a q u a t i c  1 i f e   t o  heavy 
metals. The synergys t ic   ac t ion  of metals i s  discussed  elsewhere, 

Cd - 0.003 mg/l 
Cr - 0.05 mg/l 
Cu - 0.01 mg/l 
Pb - 0.01 mg/l 

Zn - 0.01 mg/l 
Hg - 0.02 mg/l 

. . . -. - . . 

I n d u s t r i a l  and other   t rade  wastes  are  the  pr imary  sources  o f   meta ls  i n  
munic ipa l  sewage e f f l u e n t s .  And due, p o s s i b l y ,   t o   t h e   i n d u s t r i a l   n a t u r e  
o f   t h e  Lower Fraser  Basin,  the  sediments  adjacent t o   t h e   I o n a   I s l a n d  
Sewage Treatment   P lan t   ou t fa l l   a re   de f in i te ly   con taminated  with respect  
t o  most t race   meta ls  (B.C. Research,  1973). 

"_ -~ ~ ... .~ - . ~ .. . - . "" . - 

Table11 shows the   l eve l  o f  contaminat ion i n  Sturgeon Banks, It i s  i n t e r -  
e s t i n g   t o   n o t e   t h a t   w i t h   t h e  marked  sediment  contamination i n   t h e  area 
c l o s e   t o   t h e  sewage o u t f a l l ,   o n l y   i r o n  was on concent ra t ion   h igh  enough 
t o  be detected i n   t he   ove r lay ing   wa te r  (B.C. Research, 1973). EPS analyses, 
i n c l u d i n g   e l u t r i a t e   t e s t s   c o n f i r m  and  supplement t h i s   o b s e r v a t i o n ,   i n d i -  
c a t i n g   t h a t   i n  most  cases t race   meta ls   in   sed iments   a re   no t   re leased upon 
even v io lent   mix ing  wi th   water   (see  Tables 7, 8 and 9).   May's  report  

~ 
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ww 
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(1973),  based  on  observations  on  dredging i n  Alabama waters,  also 
supports  th is  v iew. The o n l y   c o n t r a d i t i o n   t o   t h i s   " t r e n d "  appears 
i n   t h e  case o f   i r o n  . Prev ious  s tud ies  (Hal l  , K.T., unpublished  data, 
Po l lu tech ,   1974)   revea l   tha t   h igh   i ron   (as  Fe) l e v e l s   a r e   c o n s i s t e n t  
f o r  most  sediments i n  the  Sturgeon Bank area. 

1 

Background i ron   leve ls   fo r   the   Fraser   R iver ,   Nor th  A r m  waters,  range 
from 0.20 mg/l - 0.85 mg/l Fe, as reported  by  Westwater  (Benedict e t  
a l ,  1973)  (Table 11 ) . These values  were  recorded  during  non-freshet 
per iods.  The e l u t r i a t e   c o n t r o l  samples show a very   low  i ron  concen- 
t r a t i o n  (0.05 mg/l) Fe i n   t h e   w a t e r .  Whether o r   n o t   t h e   i r o n   l e v e l  i n  
t h e   c o n t r o l   i s   i n d i c a t i v e   o f  a low  concentrat ion o f  i r o n   i n   t h e   e s t u -  
a r i n e   w a t e r s   d u r i n g   f r e s h e t   i s   n o t  known, and f u r t h e r   i n v e s t i g a t i o n  
should be undertaken. The e l   u t r i a t e   t e s t   u s i n g   S t u r g e o n  Bank samples 
e x h i b i t e d  maximum increases i n  Fe concen t ra t i ons   o f  0.36 ppm from 
sample s i t e  13, increases o f  0.30 ppm and  0.27 ppm f rom  S i te  12  and 
14, b u t  no increase i n   c o n c e n t r a t i o n   f r o m   S i t e  11, or  from  sediment 

1 
samples taken  f rom  the  North Arm. The increase i n   i r o n   c o n c e n t r a t i o n  
a f t e r   e l u t r i a t e   t e s t i n g   i s   t h o u g h t   t o  be due to   the   suspens ion   o f  
c o l l o i d a l   i r o n  complexes,  most l i k e l y   i r o n   o x i d e s ,  ( R .  Swingle, DOE 
personal  communication). These compounds a r e   n o t   n o t e d   f o r   t h e i r  
t o x i c i t y  and thus  should  present no real   problem  dur ing  the  dredge 
and f i 1 1 procedures. 

I n   a l l   e l u t r i a t e   t e s t s  no trace  metals  other  than Fe s o l u b i l i z e d   t o  
any apprec iab le  extent .   Th is   suggests   that   dredging  and f i  11 proced- 
ures  should  not  add any s i g n i f i c a n t  amount o f   d i sso l ved   t race   me ta l  
contaminants  to  the  waters i n  question, however, sediment  carr ied 
over   the  sp i l lway will contain  undissolved  metals.  Some s t r a t a   o f  
the   Nor th  A r m  channel s i t e s  had  Lead  and Z inc   leve ls   h igher   than EPA 
gu ide l ines  based on s t u d i e s   i n  Washington. 

1. The very  h igh  concentrat ion o f  Fe i n  the  sediment o f  bor row  s i tes  
2 and 8 (Table  4) ,  i s   r e p r e s e n t a t i v e   o f  a more v igorous  d igest ion 
o f  the  sediment samples. 
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As Pol 1 utech  (1974)  has  pointed  out,  these  high 1 eve1 s could be 
i n d i c a t i v e   o f  a na tu ra l  phenomenon.  The Westwater  Technical  Report 
(Bawden e t   a l . ,  1971 ) does not  indicate  that   organisms  f rom  the  Sturgeon 
Bank area  are  notably   contaminated  wi th   respect   to   z inc,  It cannot, 
however, be ove r looked   tha t   t he   h ighes t   z inc   l eve l s   i nd i ca ted   i n   t he  
Pol  lutech  (1974)  study came from  sediments  showing  highest COD and 

v o l a t i l e   s o l i d s   c o n t e n t   l e v e l s ,   i n d i c a t i n g  a c o r r e l a t i o n  between 
cer ta in   meta ls  and the  organic   content   o f   the  sediment .  A repor t   by 
D.W. Hood e t   a l . ,  ( 1966)   a l so   po in ts   t o   t h i s   co r re la t i on ,  

Mercury  concentrat ions  deserve  special   scrut iny i n   t h i s  study,  because: 

1. It i s  known t h a t  mercuy i n   v a r i o u s   i n o r g a n i c  and  organic  forms 
is   read i l y   conver ted   to   methy l   mercury ,   the   fo rm most r e a d i l y  
i n c o r p o r a t e d   i n t o   b i o l o g i c a l   t i s s u e s ,   i n   t h e   p r e s e n c e   o f   h i g h  
bac ter ia   concent ra t ions  (Thomas, 1972,  01 son e t  a1 . , 1973). The 
area   ad jacent   to   the   Iona  Is land Sewage o u t f a l l   i s   c e r t a i n l y  one 
o f   h i g h   b a c t e r i a l   l e v e l s  (B.C. Research, 1973). 

2.  Bawden e t   a l . ,  1973 ind icate  that   organisms from the  Sturgeon 
Bank d i sp lay  a marked contaminat ion  o f   mercury,  

All analyses o f  sediments  from  the  proposed  borrow  area f o r   t h e   A i r p o r t  
Expansion p r o j e c t  show low  leve ls   o f   mercury ,   bu t   con taminat ion   o f  ben- 
t h i c  fauna (many b e i n g   d e t r i t u s   f e e d e r s )   i n   t h i s   a r e a   p o i n t s   t o  concen- 
t r a t i o n   o f  mercury i n   t h e   o r g a n i c  component o f   t h e  sediment,  (Parsons 
and Bawden,1973). T h i s   p r o p e r t y   o f   m e r c u r y   i s   s u p p o r t e d   i n   s t u d i e s  
by R.L. Thomas (1972). He a l s o   s t a t e s   t h a t   m e r c u r y   i s   r e l a t i v e l y   i n e r t  
w i t h   r e s p e c t   t o   q u a r t z  and  fe ldspars,   the  major components o f   t h e   N o r t h  
A r m  and Sturgeon Bank sediments, I n  the  present  study,  sediments show- 
i n g  a h i g h e r   p r o p o r t i o n   o f   s i l t   c o n t e n t   a l s o   r e v e a l e d   h i g h e r   m e r c u r y   l e v e l s .  

The e lu t r i a te   t es ts   pe r fo rmed  on  North A r m  sediments  revealed  that  between 
0.02  and 0.20 ppb o f  mercury was added to   t he   rece iv ing   wa te r .   Th i s   p ro -  
duced a maximum o f  0.32 ppb mercury  concentrat ion,  This i s  we1 1 below  the 
20 ppb mercury  concentrat ion known t o  be t o x i c  i n  f resh  water,  however, 

mercury  retention  and  accumulation i n  organisms i s  a factor  which  must 
be considered.  Certainly,  mercury  levels i n  organisms  on  Sturgeon Banks 
will increase as a d i r e c t   r e s u l t   o f   d r e d g i n g   o p e r a t i o n s   a s s o c i a t e d   w i t h  

the  proposed V I A  expansion, i f  t h e   o u t f a l l   i s   d i r e c t e d   t o   t h i s  area. 

yuu 

YI 



- 17 - 

II 

Y 

3.2.6 Analysis  of  Chlorinated  Hydrocarbons 

The  well-publicized  "dangers" of chlorinated  organic  pesticides in the envir- 
onment has stimulated  much  research in this  field, but as yet  little i s  known 
about  the  behaviour of these  compounds.  Olaffs et a1 (1973) have,  however, 
demonstrated  that  most  pesticide  resides  rapidly  enter  sediments.  Their 
studies  and  others like  them  have been hampered by a lack of  sensitive  test- 
ing procedures  for  the  detection  of  pesticide  levels in waters and sediments. 

Studies on sediments  from  the  Lower  Fraser  River  system  have  shown  sediment 
contamination by polychlorinated  biphenyls (PCBs) and  some  pesticides. 
This  contamination  was  found to be confined to the  urban-industrial  areas 
in the  vicinity  of Still Creek and the  Burnette  River ( K .  Hall , Westwater 
Research, personal communication). PCB and pesticide  residue  levels in 
the  sediment in the  vicinity  of  the Iona Island STP  outfall  are  expected 
to be high (Ken Hall, Westwater  Research, personal comnunication). This 
belief is supported by two facts: (1 ) Bawden  (1973) has found  that  tissue 
samples o f  Gancer  magister  collected in the  Sturgeon Bank area  contained 
higher  PCB  levels  than  control-specimens  from  the  Kitimat  Arm  area. ( 2 )  
A study  known  as  the  Southern  California  Coastal  Research  Project,  Annual 
Report  (June 30, 1974) indicates  that  half  of  the load of  PCB  discharged 
to  the  ocean is attributable to municipal  wastewaters. 

EPS carried  out  analyses on residue  levels on Sturgeon  Bank  sediments  and 
found no organic  chlorides  nor  polychlorinated  biphenyls  above  the  detect- 
ion limits  (see  Table (5)). PCB determinations  should  also be carried o u t  
on sediments in other  proposed  borrow areas before a conclusion Can be drawn 

on  the  effects  on  water  quality  imposed by a  dredging  and landfi 1 1  program. 

3.2.7 Sulfides 

Sulfides  are  common  substances in muds and in most  cases  are  present 
as  insoluble  metallic  sulfide  forms.  However,  under  anaerobic  conditions 
hydrogen  sulfide  may be present,particularly if sulfate-rich  sludges  are 
deposited  on the shore  bottom.  Hydrogen  sulfide is a toxic  gas and 
toxicity  arising  from  sulfide-rich  sediments have been  reported by 
Hourston and Herlinveaux  (1951)  and  Serviti et a1 (1969). In addition, 
dredging of  sulfide-rich  sediments  could  create a temporary  odour problem. 
Odour  associated  with  hydrogen  sulfide is already  evident  near  the  Iona 
Island  Sewage  Treatment  outfall. 

. - " - . -~ - - ." - .- 
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Sulfides were found i n  sediments from potential borrow areas  (Table 4 85 ), 
b u t  i n  almost all   cases i t  was concluded t h a t  they were present mostly 
i n  an insoluble form, probably iron  sulfide  (Pollutech, 1974). I n  all 
cases  the  total  sulfide  content was we1 1 below the sulfide concentration 
i n  polluted  sediments  analyzed by O'Neal and Sceva (1971 ) on behalf of 
the U.S. Environmental Protection Agency. 'Pol lutech (1974) concluded 
that  the sediments from the  potential borrow areas were not  contaminated 
w i t h  respect  to hydrogen sulfide.  Dredging of these sediments  should 
not  create  a  significant hydrogen sulfide problem. 

Insoluble  sulfides can  be liberated under reducing (ie.  anaerobic) 
conditions.  Observations of dredging programs i n  the North Arm Sturgeon 
Bank area  indicate  that this does not  occur. b 

" 

yd(i 

WI 



SECTION 4 

BATHYMETRIC ALTERATIONS 
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A comprehensive repo r t ,   dea l i ng   w i th   t he   f a te   o f   t he   ho les   c rea ted  
by   d redg ing   ac t i v i t i es ,  has  been prepared  by  the  Department o f   P u b l i c  
Works fo r   t he   Federa l   M in i s t r y   o f   T ranspor t ,  ( Is fe ld  and Mu, 1974) 
A computer  model i s  presented i n   t h e   r e p o r t ,   i l l u s t r a t i n g   t h e  movement 
and r a t e  of fill of   ho les   resu l t ing   f rom  the   use  o f  Phase I, I1 o r  I11 
borrow  areas,  (Fig.   6) .   Migrat ion and r a t e s  o f  disappearance o f  holes 
l e f t  by Phase VI, VI1 and VIII (also   Nor th  Arm s i t e s )  have not,   as  yet ,  
been computed,  however, the  "Phase VI1 and VIII" holes wi 11 1 i k e l y  
c l o s e l y   p a r a l l e l   t h e  changes p red ic ted   f o r   ho les  I, 11, 111. 
. ~ .  . . . .  . . - - " - .- .~ ~ " - 

It i s   p o i n t e d   o u t   t h a t   t h e   h o l e   r e s u l t i n g   f r o m   u t i l i z a t i o n  of t h e  Phase 
V I  borrow  area wi 11 d i v e r t  a large  percentage of the   f low from the  Nor thern  
navigation  channel  through  the  borrow  hole  with  subsequent  shoaling i n   t h e  
navigat ion  channel .  It has a l s o  been . ind ica ted   tha t  measures will be  taken 
t o   a l l e v i a t e   t h i s   p r o b l e m  and t h a t  i f  d i ve rs ion   i s   p reven ted   t hen   t he  
r a t e s   o f   i n f i l l  and m i g r a t i o n   f o r   t h e  Phase VI borrow  hole will prove 
n e g l i g i b l e .  

t 

I 

Background.data was i n s u f f i c i e n t   t o   f o r m u l a t e   i n f i l l  and m i g r a t i o n  models 
f o r  borrow  ho les  a t  Phase IV and V s i t e s ,  however, t h e   r e p o r t  does o f f e r  
p r e d i c t i o n  based  on "exper ience" .   Speci f ica l ly ,  a Phase V borrow  hole 
(middle arm)  would show c o n s i d e r a b l y   s l o w e r   r a t e s   o f   i n f i l l  and m i g r a t i o n  
than  tha t   expec ted   o f   Nor th  Arm s i t e s .   T h i s   i s  due to  previous  removal  
o f   l a r g e   q u a n t i t i e s   o f  fill upstream o f   t h e  "Phase V "  s i t e .  

I f  t h e   t o t a l  34 mill ion  cubic   yards i s  removed from  the  Sturgeon Bank 
Phase IV site,   (which a t  t h i s   t i m e  seems very  improbable),   the  Publ ic 
GIorks Repor t   ind icates  that  i t  would  take i n  excess o f  100 y e a r s   t o  f i l l  
and  would n o t   l i k e l y  show any m ig ra t i on .   Th i s   repo r t   a l so   s ta tes   t ha t  
t h i s   r e c l a m a t i o n   p r o j e c t   i s   n o t   e x p e c t e d   t o  have  any inf luences  on  adjacent 
beaches or  coastal  processes i n   t h i s   a r e a  and, o ther   than  the   poss ib le  

d i v e r s i o n  o f  the  navigat ion  channel  o f  the North Arm due t o  excavat ion 

a t  t h e  Phase VI s i t e ,  no s i g n i f i c a n t   d i s r u p t i o n s   i n   f l o w  regimens a r e  
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expected . 
W i t h  respect t o  water q u a l i t y ,  the creation of sites for t i d a l  pool 
formation i n  the borrow holes associated w i t h  Phase I V  or V sites 
presents a potential problem. Because of the proposed d e p t h ,  holes 
a t  these sites could a c t  as  traps for detritus,  resulting i n  increased 
bacterial  levels and other related changes. The benthic fauna now 
inhabiting  the borrow s i te  areas would not, in a l l  likelihood, 
re-populate  in the borrow holes. Fauna adapted t o  lower elevations 
(probably sub-tidal I organisms) wi  11 colonize  the area,  these develop- 
ments,  however, will be considered i n  the fisheries impact study. 
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5.1 Introduction 

Initially, the  objective  of this  study was  to  review  the full range of 
proposals  for  expansion  of Vancouver International  Airport. Over time, 
and as  a  result of other  ongoing environmental  studies, it has become 
clear that any extension onto  Sturgeon Banks  would be serious. 
We endorse  this conclusion.  Construction of the  larger concepts  would 
entail long periods of dredging. During the  months  of naturally  high silt 
levels the expected  spillway discharge levels are  lower  than  ambient 
levels at the  river  mouth, and probably  at  Sturgeon Banks, but discharge 
outside that period would increase  silt  loading and turbidity levels. 
Lengthening the dredging period would increase  the  importance  of localized 
effects such as  oxygen depletion.  Increasing the  amount  of material dredged 
would increase proportionally the  dangers  of  redistributing  toxic  substances 
capable o f  biological magnification. 

The  dredge  and fill operations, associated  wfth  the  construction o f  
Concept  One  would have an effect on water quality in the  Fraser  estuary, 
The  magnitude  of the  effect will depend on  the  quality o f  fill material 
used (ie. which  borrow site is chosen) and on  the type o f  dyking measures 
taken to  contain fill material fn the landfill site. 

" - 

Because  Sturgeon Bank is an  excellent  mixing area, it has high value  as 
a biologically  productive estuarine region. It  is estimated that  over 
80% of  commercially valuable marine  species depend on  estuarine  areas 
for  development at some  stage in their  life  cycle (Ketchum, 1971). The 
region o f  concern in this  type  of project is the area  receiving the spoil. 

A discussion  of  water  quality parameter  levels  related to a land reclam- 
ation program at Sea Island is made  more  complex  due tq both tidal and 
seasonal fluctuations. It is further complicated by the effect of  the 
effluent from  the Iona Island Sewage  Treatment pl-ant on  water quality. 
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5.2 Suspended  Sedlments 
The concentration of suspended  sediments on Sturgeon Banks i s  though t  t o  
vary seasonally w i t h  the flow and t u r b i d i t y  of the Fraser River. During 
freshet suspended  sediment levels a t  Steveston have  been  measured a t  155- 
225 ppm. Turbidity measurements are i n  excess of 180 JTU's dur ing  freshet 
as opposed t o  15-30 JTU's from October t o  February.  This  compares t o  the 
spillway discharge which wi l l  probably contain a high percentage of s i l t  
with a sediment  load o f  approximately 100 ppm a t  48 cfs, assuming a satisf- 
actory berm system. 

5.3 Nutrients 
~. ." .- " "~ . 

Both Sturgeon Bank and North Arm sediments, particularly the former, yielded 
elutriate  tests which were contaminated w i t h  respect t o  phosphates and 

Nitrogen. 
I t  was a l so  determined t h a t ,  generally, n u t r i e n t  levels i n  the 

waters of the study area are a t  a minimum from May through July. I t  should 
be  noted t h a t  nutrient  release under anaerobic conditions was not examined, 
and t h a t  the tests may n o t  represent the actual nutrient  release under field 
conditions. 

Increases i n  nutrient . concentrations i n  the area adjacent to  the proposed 
reclamation s i te  will be a result of  the proposed  dredge and f i l l  proced- 
ures i f  the Sturgeon Bank borrow area i s  used. However, i t  i s  u n l  i kely 
t h a t  increases i n  nutrient content of the  waters, w i t h  associated by- 
products, during the dredge-and-fill procedures, will  result i n  p o l l u t -  
ion problems, par t icular ly  i f  the Sturgeon Bank borrow area i s  not  utilized 
as a source of f i l l  material. 

5.4 Oxygen Demand 

Fraser estuarine waters, i n  general,  display reduced levels of dissolved 
oxygen due t o  COD and BOD exerted by material maintained i n  suspension 
by tidal action. This i s  not  uncommon i n  marine estuarine  situations. 

Localized  pockets o f  lower  oxygen concentration occur i n  the area adjacent 
t o  the Iona Island Sewage Treatment Plant  o u t f a l l ,  and the Iona Island jetty. 
These are the result of effluent discharges from the Iona Island Sewage 
Treatment pl a n t  . 
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Sediments  can a l so   con ta in   ma te r ia l s   wh ich   exe r t  an  oxygen demand. Dur ing 
the   cou rse   o f   t h i s   s tudy  i t  was found  that   Nor th A r m  main  channel  sediments 
had  a  lower  oxygen demand than  the  Sturgeon Bank area  sediments.  North A r m  
t i d a l   f l a t  sedfments  (Borrow s i t e  6 1 were  found t o  have h igher  oxygen 
demand than  main  channel  North A r m  sediments, w i t h   c r i t i c a l   d i f f e r e n c e  lim- 
i t e d   o n l y   t o   s u r f a c e   ( 1  .O t o  1.5 ft.) samples. 

5.5 Metals 

Meta ls   a re   o f   concern  because o f   t h e i r   d i r e c t   o r   i n d i r e c t   t o x i c i t y  and 
the i r   sub- le tha l   ( longer   te rm)   e f fec ts .  It i s  known t h a t   t h e  sediments 
ad jacent   to   the   Iona  Is land STP ou t fa l l   a re   con tamina ted   w i th   respec t   t o  
most t race  meta ls .  

E l u t r i a t e   t e s t s  have ind i ca ted   t ha t   concen t ra t i ons   o f   t race   me ta l s  such 
as i r o n  and  mercury will be  added to   the   waters   in   ques t ion   dur ing   d redge-  
a n d - f i l l   p r o c e e d i n g s ,   C o l l o i d a l   i r o n  complexes are  more prevelent  i n   t h e  
Sturgeon Banks reg ion   t han   i n   t he   Nor th  A r m  sediments. I r o n  complexes 
a re   no t   cons ide red   t ox i c  and should  present no rea l   problem  dur ing  the 
V I A  expansion.  High  background  levels o f   z i n c  and  copper do e x i s t  and 
t h e r e   i s  some mercury  contamination o f   b e n t h i c  fauna in   t he   S tu rgeon  Bank 

area.  Mercury  concentrations added t o   t h e   w a t e r s   o f f  Sea I s l a n d  will add 
to  the  mercury  accumulat ion of  organisms i n   t h e  area. The i n e r t n e s s   o f  
most  metal  contaminants i n  coarser   mater ia ls   suggests   that   a  s i l t  content  
limit  could  possibly  be  placed on allowable  borrow  material t o  aid  in 

t he   p reven t ion   o f   f u r the r   con tamina t ion  of organisms i n   t h e   a r e a ;  however, 
t h i s   r e l a t i o n s h i p  has no t  been c l e a r l y  shown. 

5.6 Chlorinated  Hydrocarbons 

Most pest ic ide  res ides  rap id ly   enter   sediments.  Sediment contaminat ion 
w i t h   r e s p e c t   t o  PCBs has  been found i n   t h e   u r b a n - i n d u s t r i a l   a r e a s   i n   t h e  
v i c i n i t y   o f  Sti 11  Creek  and the   Burnet te   R iver  and i s  suspected t o   b e  
present i n   t h e   v i c i n i t y   o f   t h e  Iona  Is land STP o u t f a l l .  No organ ic   ch lo r -  
ides  or   po lych lor inated  b iphenyls  were  found  (above  the  detect ion  l imi ts 

as per  Table 6 ) i n  Sturgeon Bank sediments.  Chlorinated  hydrocarbon  levels 
were not  determined  for   Fraser  River  sediment samples. 
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5.7 Su l f i des  

Sul f ides  found  in  sediments  f rom  potent ia l   borrow  areas  were  found  to  be 
p r e s e n t   g e n e r a l l y   i n  an  inso lub le form, eg. i r o n   s u l f i d e  and a t  a l e v e l  
determined  to be uncontaminated  wi th   respect   to   hydrogen  su l f ide.  A s l i g h t  
H2S smell was detected i n   s u r f a c e  samples from  Borrow s i t e  6. 

5.0  Bathymetry 

P o t e n t i a l   p r o b l e m s   l i k e l y   m a n i f e s t e d   i n   h i g h e r   d e t r i t u s   l e v e l s ,  as wel l   as 
o t h e r   r e l a t e d  changes, cou ld   resu l t   f rom  d redge and fill procedures.  Bathy- 
met r ic   cons idera t ions   a re  more f u l l y  covered by I s f e l d  and Wu (1975), and 
the   sec t i on   w r i t t en   by   t he   F i she r ies  and  Marine  Service, as p a r t   o f   t h e  
o v e r a l l  V I A  expansion  impact  statement. 

5.9 Borrow S i t e   S e l e c t i o n  

Borrow S i t e  1 (North A r m  Channel ) 
Sample S i t e  1 was a t   t h e  edge o f  
S t a t i o n  2 was i n   t h e  channel. A1 
and s l i g h t l y   h i g h   Z i n c   a t  0-4 ft. 

t h i s   s i t e ,  on the  
though  there i s  h 
and  20-21.5 f t . , 

bank s ide .   Bened ic t ' s  
i g h  Lead a t  10-11.5 ft. 
t h i s   s i t e  would be 

acceptable  borrow  mater ia l   overa l l .  

Borrow S i t e  2 (Nor th A r m  Channel ) 
T h i s   s i t e   i s  302 t o  83% s i l t  and i s   n o t  recommended by DPW. 

Borrow S i t e  3 (Nor th A r m  Channel ) 
A1 though  high Lead  and Zinc  were  encountered i n  some s t r a t a   o f  sample s i t e  3 
these  were   no t   p resent   a t  sample s i t e  9. Th i s   i s   accep tab le   bo r row  ma te r ia l .  

Borrow S i t e  4 (Sturgeon  Banks) 

We d id   no t   chemica l l y   ana lyze   co res   f rom  th i s   a rea   ( i t s   ex t reme  sens i t i v i t y  
f o r   f i s h  and b i r d   h a b i t a t   e x c l u d e s  i t  f rom  po ten t i a l   s i t es ) .   Gra in   s i ze  
ana lys i s   by   dep th   ( I s fe ld  and Wu, 1974) i nd i ca te   genera l l y  a sandy sur face 
u n d e r l a i n   b y   s i l t y  sand; our   sur face samples o f  sand showed n u t r i e n t   l e v e l s  
increased i n   e l u t r a t e s ,   b u t  heavy  metals  were  present i n   n a t u r a l l y   o c c u r -  
i n g  amounts  and pes t i c ides  were  absent.  Apparently,  the sandy s u r f a c e   i s  
no t   con taminated   by   the   Iona  ou t fa l l   in   the   a rea  samples; we cannot  deter- 
mine i f  t h e   s i l t y  sand underneath i s  contaminated. I f  t h i s   s i t e  were se l -  

ec ted ,   f u r the r   t es ts   o f   under l y ing   sed imen ts   a re   requ i red .   Th i s   s i t e  i s  
n o t  recommended as  borrow  material.  
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Borrow S i t e  5 (Middle Arm, bank) 
T h i s   s i t e  was i d e n t i f i e d   a f t e r   t h e  EPS sampling  program was completed. I n  
view o f   i t s   s e n s i t i v i t y   f o r   f i s h  we d i d   n o t   i n s t i t u t e  a new coring  program 

t o  sample it. Although i t s  low s i l t   c o n t e n t   ( I s f e l d  and Wu, 1974)  indicate 
i t  i s  probably  chemical ly  acceptable,  and Benedict 's   data  (Table 6) i nd i ca tes  
t h i s ,   T h i s   i s   n o t  recommended as borrow  mater ia l .  

Borrow S i t e  6 (North Arm, bank) 
Surface samples f r o m   t h i s   s i t e   ( T a b l e  3)  show v a r i a b l e   q u a l i t y ,   u s u a l l y  
exceeding EPA Gu ide l ines   fo r  COD,which i s   t o  be  expected  because o f   l o g  
booming i n  the   a rea .   Th is   s i te  i s  g e n e r a l l y   s i l t y  sand, and i n t e r e s t i n g ,  
the  general   contaminat ion does not  extend  beyond  the  surface however, 
Z inc   leve ls   a re   cons is ten t ly   h igher   than EPA gu ide l ines  and t h i s   s i t e  i s  
a s e n s i t i v e   f i s h   h a b i t a t .   T h i s   s i t e  i s  no t  reconmended  as borrow  mater ia l .  

Borrow S i t e  7 (North Arm, bank) 
T h i s   s i t e  was i d e n t i f i e d   a f t e r   t h e  EPS sampling  program was completed. I n  
view o f   i t s   s e n s i t i v i t y   f o r   f i s h ,  we d e c i d e d   n o t   t o   i n s t i t u t e  a new core 
sampling  program.  This s i t e  i s  n o t  recommended as borrow  mater ia l .  

Borrow S i t e  8 (North Arm, channel ) 
Samples from  sediments on th i s   s i t e   d id   no t   con ta in   con taminan ts   i n   excess  
o f  EPA o r  OME gu ide l ines.   Th is   borrow  s i te   would  be  acceptable as fill 
f o r   t h i s   o p e r a t i o n  

5.10 Summary 

This  study has  examined possible  pol lutants  d ischarged  by  the  proposed 
dredge  and fill operat ion.  

Not a l l   p o t e n t i a l   s i t e s  were  examined; i n  view o f  r e s o u r c e   l i m i t a t i o n s  
i t  was decided  to  concentrate on borrow  areas  sutable  to DPW and n o t   p a r t -  
i c u l a r l y   s e n s i t i v e   f o r   f i s h   o r   b i r d s .  Cores  and sur face samples o f  sediments 
from  Borrow  sites 1, 3, 8 and 6 (because o f   t h e   l a r g e   q u a n t i t y   o f  fill a v a i l -  
ab le  and i t s   p o s s i b l e   p o l l u t i o n   t h r o u g h   l o g   s t o r a g e )  were s t u d i e d   i n  some 
d e t a i l .   E l u t r i a t e   t e s t s   a t  Borrow s i t e s  3 and 8 were r e p r e s e n t a t i v e   o f  
Nor th A r m  channel s i t e s .  A t  Borrow s i t e  4 (Sturgeon  Banks) we took  four 
sur face samples; we analyzed no samples from  Borrow s i t e  2. Borrow s i t e  
5 and 7 were i d e n t i f i e d   t o  us af ter   complet ion  of   our  sampl ing  programs. 
We did  not   re-sample  these  because  these  areas  were  sensi t ive  for   f ish 
(a l though  Benedic t 's   (1973)   Stat ion 1 i s   i n   t h e   v i c i n i t y   o f  Borrow S i t e  
5 and  appears  representat ive  o f  a n o n - s i l t y   s i t e  such as t h i s ) .  
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This study has emphasized chemical analysis  of  the f i l l  material because 
this is the prime determinant  of  the  pollutants  leaving  the  spillway. 
As discussed  in  Section 5.9, Borrow Sites 1 ,  3 and 8 in the North Arm 
Channel will be suitable  sources of f i l l .  

The ini t ia l   re ta ining berm i s   a l so  important; we believe  the berm outlined 
by DPW ( Isfeld and Wu, 1974) is  low  enough t h a t  deposited f i l l  may be washed 
onto Sturgeon Banks a t  yearly  highest  tides; DPW s t a t e  ( H .  Wu, pers.  corn.) 
that  the berm height can easily be raised w i t h  rock f i l l .  

Sturgeon Banks i s  a very productive  area  for  fish, however, parts  of  the bank 
already contaminated by the Iona STP outfall.   Potential changes due to  the 
spillway  discharge  are  nutrient  enrichment,  possible oxygen depletion  in a 
very limited  area,  increased  concentrations o f  mercury, and addition of other 
heavy metals t o  the sediments  through s i l t  overflow. Although the  level o f  
water pollution added by the  spillway  discharge would be low i f  the reconen- 
ded borrow s i tes   a re  used, the  discharge would better be returned  to the 
Fraser River and away from this  sensit ive  area.  
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SECTION 6 

IMPACT ASSESSMENT FINDINGS 

m m  

YY)  

a m  

6.1 

6 .2  

6.3 

6.4 

6.5 

During the  period March through September, the Fraser  River  has 
i t s  maximum ef fec t  on the estuarine  area  in terms  of  sediment 
load. Dredging operations  during  this  period  will have l i t t l e  
discernable  effect on turbidi ty  because of the already high back- 
ground suspended sediment  values. Suspended sediment levels  assoc- 
iated with  land  reclamation  operations  will be more pronounced 
October th rough  February, however, they  will s t i l l  remain re la t ive ly  
low. Sett led sediments  will  contribute t o  the  degradation  of  inter- 
t idal   f ish and bird  habitat  if  the  spillway  discharge  is  discharged 
t o  Sturgeon Banks. 

The presence  of  phosphates and release  of ammonia in ,  and from, 
dredged material  respectively  will  lead  to  nutrient  enrichment 
during  the  time  that  spillway  material  is  discharged.  This may 
contribute  to growth of unsightly  algae. 

Oxygen reduction, and increased  suspended sediments could  present 
serious,  b u t  localized, problems in  areas immediately adjacent  to 
the spillway  discharge - estuarine  water  interface. (The l a t t e r  
will   physically  oscil late with  the  tidal  phase.)  If  discharged 
to  Sturgeon Banks, dilution  over  the  greater  Sturgeon Bank area 
should  serve t o  minimize any such ef fec ts   a t t r ibu ta tab le   to   the  
d redge / f i l l  procedure beyond t h e  immediate area. Any d i s s o l v e d  

oxygen reduction would  be most severe when dredging the i n i t i a l  
four  feet  of borrow s i t e s  7 o r  6 .  A properly  designed  discharge 
to  the  Fraser River would  be more sat isfactory.  

There is  a possibil i ty  of  disrupting  existing contaminated sedi- 
ments, if   the  spil lway  discharge  is   directed  to  the Iona Island 
Sewage Treatment  Plant  outfall  channel. The spillway  discharge 
should be directed away from the channel . 
The sediments  dredged from  any borrow s i t e   (pa r t i cu la r ly  Borrow 
Site  4)  will  contain  bacteria.  Similar  dredging  activities  in  the 
North Arm, Sea Island  area, have not been known to  cause  bathing 
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beach contamination; however, there is a s l ight   possibi l i ty  of 
contamination  warranting attention during  dredging  periods  to  results 
of the  health  authorities  regular sampling. 

6.6 With respect  to recommended North Arm borrow s i tes ,   l ibera t ion  of H2S 
a t  the  dredging s i t e   i s  not  expected to  be a problem. Liberation of 
H2S in  the  spillway  area  could  occur when dredging  the in i t ia l   1 .5  
feet  of  sediment i f  anaerobic  conditions were present - this i s  not 
expected to  occur. 

6 .7  Standards and Guidelines used by the U.S.  Environmental Protection 
Agency  and Ontario Ministry  of Environment (OME) are  designed for  
the  dredging and  open water  disposal of sediments, and are  not 
applicable  to  this  landfill  operation on a sensitive  estuarine 
bank. However, the  acceptable  levels  stated  for  the  various  para- 
meters were the  only  levels  located through  our l i terature  search 
which distinguish contaminated from uncontaminated sediments, and 
are useful  in  judging  the  likelihood  of  water  pollution  in  the  spill- 
way discharge. 

6.8 Parsons  (1973) found t h a t  Fauna  from Sturgeon Bank have higher  levels 
of some heavy metals  (notably mercury, b u t  also  possibly, cadmium, 
lead,  zinc and copper)  than  animals  elsewhere. In  ce r t a in   s t r a t a   a t  
Borrow s i t e s  1 and 3, zinc and lead  concentrations  are  encountered 
which are  higher than levels   set  by EPA and OME for  the  dredging and 
open water  disposal of spoi l .  Most of  these  contaminants  will be 
contained i n  the  landfill.  Possible  increases i n  lead and zinc  load- 
ing t o  this  sensit ive  area could be avoided by direction  of  the  spill- 
way discharge  to  the  Fraser  River. 

6.9 The nature of the  effluent from the Iona Island Sewage Treatment 
Plant  discharged i n  an area  adjacent  to  the proposed land reclam- 
a t ion   s i te  would actually,  i n  most cases, dwarf  any water contamin- 
ation produced as a resu l t  of  the dredge and f i l l  procedure. 

UI 

u 

Lr 



- 29 - 
SECTION 7 

RECOMMENDATIONS 

1.  Expansion  onto  Sturgeon Banks should be l i m i t e d   t o   t h e   s m a l l e s t  
area  possible  because o f  expected changes i n  w a t e r   q u a l i t y  assoc- 
i a t e d   w i t h  a l a n d f i l l   o p e r a t i o n .  On the  bas is  of  t h i s   r e p o r t  
alone,  only  Concept One would  be  acceptable, and  Concepts Two t o  
Five  would be unacceptable; however,  on the   bas is   o f   o ther   repor ts  
presented  by  the  Ecological  Sub-committee, we recommend no  expan- 
sion  onto  Sturgeon Banks. 

2 .  I f  fill i s   r e q u i r e d ,  i t  should be obtained  from  Borrow  Sites 1 ,  
3 o r  8, Clayey silt below  18 f e e t   a t  borrow s i t e  1 should be 
avoided. 

3. The berm he igh t  and sp i l lway   l oca t i on   ou t l i ned   by  D.P.W. ( I s f e l d  and 
Wu, 1974) will lead  to   inc reased  po l lu t ion .  I f  Concept One i s  appro- 
ved fo r   cons t ruc t ion ,   the   cons t ruc t ion   techn iques   shou ld  be rev i sed  
t o  ensure no t i d e s   o r  waves will over top   the  berm. The s p i l l w a y  
discharge  should be d i rected  to   the  Fraser   River .   Th is   env i ronmenta l  
design  must  be  subject  to  Environment Canada approval .  

4. A cont inous  monitor ing  program  should  be  carr ied  out  dur ing  the  dredge 
and fill procedures  to  ensure  that  no gross changes i n  d isso lved 
oxygen o r   t u r b i d i t y   o r   n u t r i e n t   c o n c e n t r a t i o n s   o r   b a c t e r i a   d e v e l o p  
du r ing   t he   p ro jec t .  A monitoring  program  without  adequate  background 
data i s   s i m i l a r l y   l i m i t e d   i n  scope,  however, i t  would  also  prove  use- 
f u l   i n  weighing  fu ture  land  rec lamat ion  pro jects .  

m 
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Table 2 
I Y  

II 

TURBIDITY  SETTLING TESTS 

A. Settling Characteristics of River sediments 

I I SALINITY (p$t) 0 1.0 5.0 5.0 

I Sediment Concentration ( %  Wet weight) I 4 4 4 8 
1 

TEMP. *C I TIME (hr. ) TUPBIDITY (JTU) 
- ~~ ~~ ". 

5 

400 45 30 35 24 5 j 

465  120  65  70 7.0 5 

710 185  100 113 3.0 5 

900 360 160 185 1.0 5 

1250 740 21 0 215 0.5 

15 0.5 825 740 177 120 

15 1.0 710 470  170 119 

15 3.0 790 245 88 50 

15 7.0 750 120 50 45 
15 24 370 62 21 21 

! 
! 
i 
I 

1 

. - 2  

B. Settling Characteristics of North Banks Sediments 
" 

SALINITY ( ppt) 

4 4 4 8 

0 1.0 5.0 5.0 

Sediment Concentration 
( %  Wet weight) 

TEMP. OC TIME (hr.  1 I TURBIDITY (JTU) 
5 

980 86 25 30 24 5 

2  300 290 57 60 7.0 5 

1500 790  106 125 3.0 5 

1500 1100 200 186 1.0 5 

2100 1250 225 230 0.5 

15 0.5 2 500 1500 330 250 

15 1.0 1500 900 193 180 

15 3.0 

610 98 18 15 24 15 

1200 300 53 32 7.0 15 

1400 560 105 95 

- 

NOTE: River  sediment i s  a composite o f  sample s i t e  3 (bore  ho le)  
Nor th  banks  sediments i s  a composite'of sample s i t e s  1 and 2 (bore holes)  
Table  and  data  are  from  Pollutech (1974).  



Table 3 
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WATER QUALITY IN TI!E VICINITY OF 

TEZ IONA ISLAND SEWAGE TREATMENT PLANT 

QUALITY 
PARRPETER AVERAGE MAXIMUM 1 MINIMUM 

I 
Dissolved Oxygen 
( 3  Saturation) 

9 3 . 5  8 5  10 5 

Temperature ("C) 

Tota l  Organic Carbon 
(mg/l) 

Phenols (pg/l) 

Oil & Grease (mg/l) 

Total SuspendedSolids 
(v3/ 1 1 

Tota l  Volatile S o l i d s  

Nitrate (mg/l as N) 

Ammonia (mg/l as N) 

Tota l  Phosphorus ( p g / l )  

3.0 

7 

25  

6 

22  

8 

0 .424  

1.8 

529 

0 . 5  

<1 

(1 

2 

4 

(1 

0.308 

0.03 

147 

0.93 

3 .7  

6 . 8  

3.3 

10.7 

3.1 

0.350 

0 .'613 

337 

Total Ortho Phosphate 
( M I  as PI 204 5 9  352 

PH 7 . 7 6  7 . 4  8 . 1  

NOTE : - Source of data is B.C. Research (1973) 

- Sampling transect is shown in Figure 5 All 
samples were o b t a i n e d   w i t h i n   t h i s  t r m s e c t .  

- X11 samples were collected on January 9, 1973 a t  
slack high t i d e .  
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North Arm Fraser River Sediment  Analyses - Surface  Layer 
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I Table 5 
North Arm Fraser  River Sediment Analyses - .Cores 
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Table 5 (cont inued) 
North A r m  Fraser  River  Sediment  Analy . .  'ses - Cores 
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Table 6 

ry 

Sturgeon Bank and Middle Arm, Fraser  River  Sediment  Analyses - Surface 

Borrow S i t e  4 (Sturgeon  Bnk.) 5 qui   del   ines 

Sampl e S i t e  11 13 1 E P A  O.M.E. 

V o l a t i l e   S o l i d s  % - - 0.21 6.0 

C.O.D. % 6.2 5.1 - 5 .O 

Kje ldahl  N - - 150  1000 2000 

To ta l  Phosphorus - - 1250  1000 

Mercury N. D. N.D. - 10 0.3 

Copper 15 15 20 

Lead (5 (5 5 50 

Zinc 90 65 - 50 

Ch romi um 45  55 80 

I r o n  

Nickel  

22000 26000 49000 

55 50 100 

S t a t i o n  13 had 47.8% medium sand, 51.5% f i n e  sand,  and 0.7% s i l t  and c lay .  

Y 

No p e s t i c i d e s   o r  PCB's were  found a t  Sample S i t e s  11 and  13 a t  t h e   f o l l o w i n g  
l e v e l s   o f   d e t e c t i o n   i n  ppb ( p a r t s   p e r   b i l l i o n )  

Po lych lo r i na ted  
Biphenyl s 
Heptachlor 

A1 d r i  n 

P,p' - DOMU 

a - Endosulfan 

B - Endosulfan 

20 
0.8 

y - Chlordane 1.0 

a - Chlordane  1.0 

0.8 p,p' - DDD 

1.4 p,p' - DDT 

1.4 O , P '  - DDT 

1.0 p,p' - DDE 

2 .o 
2 .o 
1.4 

1.4 

Lindane 0.6 D i e l   d r i  n  1.0 

Endr in 1.2 Methoxychlor  4.0 

r 



Table 7 

E l u t r i a t e   T e s t  for Sturgeon Bank Sediments 

rll RECEIVING 
H20 

0.04 mg/l 

40.005 mg/l 

0,144 mg/l 

40.005 

0.02lrng/l 

-=20  mg/l 

clO.0  up11 

~ 5 . 0  ug/l 

25.0 

10.  ug/l 

- 

L 50. 
ug/l 

4 5.0 
ug/ 1 

SEDIMENT ELUTRIATE PARAMETER 

SITE 

Ammonia 

Uitrite 

Nitrate 

Ortho 
Phosphate 
* 

Total 
Phosphates 

C.O.D. 

. 
Chromium 

Copper 

Iron 

Lead 

Mercury 

Nickel 

Zinc 

12  14 13 11 
.~ 

0.33 

0.11 

0.137 

0.072 

0.14 

32.0 

10 

5. 

160 

: 10 
ug/ 1 

- 

950 
UP/ 1 

15 
kg/ 1 

1 3  

0.39 

~ ~~ 

0.06 

0.20 

0.079 

0.124 

36 

10 

5.0 

175 

10 
ug/l 

- 

4 50 
ug/ 1 

30.0 
ug/ 1 

m 

Y 

- 
0.20 0.25 

~~ 

0.095 

0.92 0. C74 

- 
0.054 0.063 

0.93 0.194 

52 5.1 
mg/kg 

40.0 

10 13 

- 
15.0 
w /  kg 

5.0 5.9 

- 
25. 205 

I 

: 10 
ug/l 
" 

N.D. 

50.0 
"%/kg 

50 
ug/ 1 

65.0 
mg/kg 

15 
ug/l 



T a b l e  8 
E l u t r a t e   T e s t  f o r  B o r r o w  Site 3 ,  Sample Site  9 

RECEIVING 
PARAMETER I DEPTH I SEDIMENT I WATER 

I I 

T.O.C. 
Surface 
5-10 ' 
15-16' 

0.494% 
0.574% 
0.555% 

4.0  mg/l 
- 
- 

C.O.D. 
Surf  ace 
5-10 
15-16' 

0.281% 
0.380% 
0.279% 

8.70  mg/l 
- 
- 

Surf ace 
Total 5-10' 
Kj eldahl N. 15-16 

920  mg/kg 0.420  mg/l 
980 " 

I' 

620 " 
I' 

Surf ace 
Total 5-10' 
Phosphates 15-16 ' 

2 , 140 
2,240 
3,110 

0.02 mg/l 
'I 

I' 

~ ~. 

Total 
Cadmium 

Surface < 1.0  mg/kg 41.0 u g / l  
5-10' c1.0 " 

15-16 ' 
- 

L1.0 " - 

Chromium 

Surf ace 
5-10 ' 
15-16 

I I I 
I I I 

Surf  ace 11.0 mg/kg d l . 0  V.g/l 
10.0 I' 

11.0 " - 
5-10 ' 
15-16 ' Copper 

- 

t I I I 

I I 
Surf ace 15,800 mg/kg -z 50.0  p .g/ l  

Iron 5-10 ' 12,400 - 
15-16 ' 14,400 - 

Lead 
Surf ace 11.0 mg/kg e 1.0 p g / l  
5-10'  5.0 'I - 
15-16 , 10.0 " - 

I I I 

I I 
Surf ace ~ 0 . 1  mg/kg 0.12 p g / 1  

Mercury 5-10 - - 
15-16 4 0 . 1  - 

I I I 

Nickel 
Surf ace 1 5-10' 

Zinc 
Surface 
5-10' 

I 

ELUTRATE 

5 I 
25.2  mg/l 

15.2 'I  

10.3- 1; 

1.82  mg/l 
1.12 I' I 
0.02  mg/P 

0.06 'I 

rl.O p / l  
4 1.0 
<l.O 'I 

'I 

c 3.0  )Jg/l 
4 3.0 
c 3 . 0  

'I 

3.0 Id1 1.0  " 

1.0 " ' 

5 0 . 0   p g / l  
450 .0  'I 

<50.0 

0.18 1Jp 
0.14 
0.24 

" 

3 . 0   p g / l  
c 1.0  'I 

4 1 . 0  'I 

1 1 



I 

Y 

T a b l e  9 

E l u t r a t e   T e s t  for Borrow S i t e  8 ,  Sample S i te  10 

RECEIVING 
SEDIMENT WATER ELUTRATE 

T.O.C. 

C.O.D. 

Total 
Kj eldahl N. 

Total 
Phosphates 

Total 
Cadmium 

Chromium 

Copper, 

Iron 

Lead 

Mercury 

Nickel 

Zinc 

Surf ace 
5-10' 
15-16 ' 

Surf ace 
5-10' 
15-16 ' 

0.616% 

0.554% 
0.433% 

5.00 (mg/l) 4.0 bg/l) 
'I 

'I 

6.00 I' 

5.00 I' 

0.664% 

10.80 I' 0.344% 
16.00 It 0.487% 
18.10 (mg/l) 8.7  (mg/l) 

I 1  

I I I 
I I I 

Surface 
5-10' 
15-16' 

2.330 mg/kg 
600 It 

2.10 (mg/l) 0.420 (mg/l) 
I 1  

I 1  

2.24 'I 

1.86 1080 
I I I 

I I I 
Surface 
5-10' 
15-16 ' 

880  mg/kg 

1720 It 

810 ' It 

0.50 (mg/l) 0.02 (mg/l) 
1 1  

'I 

0.07 'I 

0.06 I' 

I I I 

Surf  ace 
5-10 ' 
15- 16 ' 

c 1.0 mg/kg 

I 1  ' 1  41.0 ' 1  

I 1  'I .f 1.0 I 1  

4 1.0 (Kg/l) d 1.0 ('g/l)' 

I 

Surf  ace 
5-10 ' 
15-16 ' 

Surf ace 
5-10' 
15-16 

16.0  mg/kg 43.0 (D.g/l) L 1.0 (ug/l) 
16.0 I' 

16.0 It 

' 1  

1 1  

< 3.0 
c3.0 It 

I' 

I I I 
I I I 

Surface 
5-10' 
15-16 ' 

12,900  mg/kg 

14,300 'I 

15,200 " 

50. ( v g / l )  50. (Ug/l) 
1 1  

4 50. 
50. ' 1  

Surface 
5-10 ' 
15-16 

Surf ace 
5-10 ' 
15-16 ' 

0.1  mg/kg 

1 1  1 0.3 It 

I 1  0.2 " 

0.28  (ug/l) 0.12  (ug/l) 
0.32 " 

0.18 'I 

Surf ace 4 1 .0  ( u g / l )  K 1.0 (ug/l) 48.0  mg/kg 
5-10' 
15-16' 

29.0 'I 

28.0 ' I .  

I 1  

I' 

4 1 . 0  It 

c l . 0  " 

Surf  ace 
5-10 ' 
15-16 ' I 36.0 " I I' I 2.0 

I I I - 
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TABLE 10 SUMMARY OF WATER QUALITY IN THE LOWER F R A S E R  
SYSTEM P R I O R  TO 1972 (From Benedict et a1 . , 1973) 

Froser River Quality for  North Arm/  Middle Arm Reaches .  

Jon.  Feb. March April May June July Aug.  Sepl. Oct. Nav. Dec. 

I Y I  
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Table 11 

Sediment  Quality From Previous  Studies 
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L E O E N  D 

North Bank8 Sodlmoat, 
IbOC, Oppt. Sallnlty 

15OC. Oppt. h l a i t y  
0 Rlvor Sodimont 

'I Norlh Bank8 Sodlmrnt 

Rivot  Sodimrat 
ISOC, I ppt. Sal lnl ly  

I5*C,  I ppt. bdlnlty 

T I M E  ( H O U R S )  

FIGURE 2 PLOTS OF RESIDUAL TURBIDITY IN SUSPENSION 
OURlN0 SEDIMENT SAMPLING TESTS 
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FI6URE 3 SURFACE OlSTRlBUTION OF SALINITY AT THE 
FRAS%R RIVER ESTUARY (May 29- JWO I, IWO] 

( From No08 and Poakman, 1974) 
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APPENDIX I 

SAMPLING AND ANALYTICAL PROCEDURES FOR 

am 

I 

SEDIMENT ANALYSIS 

As a supplement t o   t h e   i n i t i a l  water  qual i t y  "impact  study" 
(Pol lutech,  1974),   surface samples col lected  f rom  Sturgeon Bank 

( i n  the  proposed Phase IV borrow  region) and core samples from  two 
l o c a t i o n s   i n   t h e   N o r t h  A r m  o f   the   Fraser   R iver   (F igure   2 )  were analysed. 

* The Sturgeon Bank sediments  were c o l l e c t e d   i n   p l a s t i c   b o t t l e s ,   k e p t  
on i c e   u n t i l   d e l i v e r y   t o   t h e   l a b  and s t o r e d   a t  4" C p r i o r  t o  t e s t i n g .  

The core samples  were c o l l e c t e d   i n   t h e  same manner as o u t l i n e d   i n   t h e  
Po l l u tech   repo r t .  Water  samples for   both  Sturgeon Bank and Nor th A r m  

sediment e l u t r i a t e   t e s t s  were col lected  f rom  surface  waters  above 
Sturgeon Bank approximately  1/2  mi le  west  of   the  proposed  reclamat ion 
s i t e .  Water  samples  were a l s o   s t o r e d   a t  4" C .  The Sturgeon Bank 
samples  were analysed i n   t h e  EPS l abo ra to ry .  The procedures  that were 
used a r e   o u t l i n e d   i n   t h e   F i s h e r i e s   S e r v i c e  - Environmental   Protect ion 
Service  Laboratory Manual. Metal   concentrat ions were determined  using 
a tomic   abso rp t i on   v ia   d i rec t   asp i ra t i on .  The Nor th A r m  core samples 
were  snalysed  by  Pol lutech,  Pol lut ion  Advisory  Service.  They  were 
preserved  as  out1  ined i n   t h e   P o l l u t e c h   ( 1 9 7 4 )   r e p o r t  and sediment  analysis 
procedures  were  carr ied  out  according  to  the  Environmental   Protect ion 
Agency  Manual ent i t led,   "Chemist ry   Laboratory  Manual  on Bottom  Sediments" 
(1969). All the  chemical   sediment  resul ts were ca l cu la ted  on a d r y  
we igh t   bas i s .   E lu t r i a te  samples  from these  cores were analysed  according 
t o  Standard Methods for   the  Examinat ion  o f  Water and Wastewater"  (1971), 
publ ished  by  the  American  Publ ic  Heal th  Associat ion.  The Metal   analysis 
o f   t h e   N o r t h  Arm samples  were car r ied   ou t   us ing   a tomic   absorp t ion   v ia  
e x t r a c t i o n  wi th  APDC and MIBK excep t   f o r   i r on   wh ich  was analysed  using 
d i r e c t   a s p i r a t i o n  and mercury  which was analysed  using a f lameless 
atomic  absorption method. 

The e lu t r i a te   t es t   p rocedures ,   as   f o l l owed   by   bo th   t he  EPS and Po l lu tech  

l a b o r a t o r i e s   a r e   d e s c r i b e d   i n  a recent  paper  publ ished  by  the U. S .  

Army Engineer Waterways Exper iment   S ta t ion   (o f f i ce  o f  Dredged Mate r ia l  



- 2 -  

Research - March,  1974). B r i e f l y ,   t h e  sediment  samples are  mixed 
w i th   t he   rece iv ing   wa te r  i n  a  volumetr ic 1 4   r a t i o   o f  dredged  material - 
receiv ing  water .   Th is  i s  done by  volumetric  displacement.  Three 
hundred m l .  o f   u n f i l t e r e d   r e c e i v i n g   w a t e r   i s   p l a c e d   i n  a 2/1  graduated 
c y l i n d e r  and the  sediment added un t i l   t he   m ix tu re   reaches   a   t o ta l  
volume o f  600 m i .  The f l a s k   i s   t h e n   f i l l e d   t o  1500 m l .  w i th  u n f i l t e r e d  
rece iv ing   wa te r   g i v ing   a   f i na l  volume r a t i o   o f  1.4  dredged  material - 
d isposa l   s i te   water .  The m i x t u r e   i s  shaken f o r  1/2  hour on a 
mechanica l   ro tat ing  mixer  and the  suspension i s  then  decanted, 
f i 1 te red  and f i n a l  l y  analysed. 
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APPENDIX I I 

GAPS I N  KNOWLEDGE 

The complex na tu re   o f   t he   es tua r ine  ec osystem p r o h i   b i   t s   t h e   d e v e l  - 
opment of a s imu la t i on  model accurate enough t o  p r e d i c t   q u a n t i t a t -  
i v e  changes i n   t u r b i d i t y  and sediment  load due t o   d r e d g i n g   a c t i v -  

i t i e s .  A study,  several   years ' in  durat ion,   would be requ i red  t o  
develop a model w i t h   s o p h i s t i c a t i o n   s u f f i c i e n t  t o  make q u a n t i t -  
a t i v e   p r o j e c t i o n s .  As a consequence, th i s   s tudy  has leaned  tow- 
a r d   q u a l i t a t i v e   r a t h e r   t h a n   q u a n t i t a t i v e   p r o j e c t i o n s .  

Background  data on e x i s t i n g   t u r b i d i t y  and  suspended sediment  levels 
in   the   Fraser   R iver   es tuary   a re   sparse .  Those data  that  have been 
used i n   t h i s   r e p o r t   p e r t a i n   t o   t h e   F r a s e r   R i v e r   i t s e l f .  These values 
have proven  useful i n  determining  gross  seasonal   f luctuat ions i n  back- 
ground t u r b i d i t y  and  suspended  sediment  content. 

.. . . 
I 

The aggregated  e f fects   o f   w ind  sur face  currents ,   upwel l ings,   vary ing 
t i d a l   c u r r e n t s  and  Fraser  River  d ischarge  rates make the  accurate 
c a l c u l a t i o n   o f   s p i l l w a y   d i s c h a r g e   d i l u t i o n   r a t e s   i m p o s s i b l e .   S p i l l -  
way discharge  onto  Sturgeon Banks may r e s u l t   i n   l o c a l i z e d   e f f e c t s  on 
water   qua l i t y .   Sp i l lway   d ischarge  on to   the   Fraser   R iver   i s  recommended. 

., 

Ex i s t i ng   gu ide l i nes   pe r ta in ing   t o   d redg ing   ma te r ia l s   a re  
incomplete  (O'Neal and Sceva, 1971). These standards  include 
on ly  seven  parameters , based on dredging  procedures  carr ied  out 
i n  Washington  State and, as such are  1 imi t e d   i n  scope. EPS 

conducted e l u t r i a t e   t e s t s  on  proposed  borrow  materials  which 
prov ided  add i t iona l   in fo rmat ion  on  which t o  judge  dredging 
m a t e r i a l   q u a l i t y .  

Base l ine   da ta   on   the   water   qua l i t y   fo r   S turgeon Bank have  been 
infrequent ly  recorded. Water q u a l i t y  on the  Bank i s   a f f e c t e d  
t i d a l l y ,   s e a s o n a l l y ,  and by  the  e f f luent   f rom  the  Iona  Is land 
Sewage Treatment  Plant. A complete  knowledge o f  basel   ine  values 

wou ld   requ i re   sys temat ic   water   qua l i t y   mon i to r ing   fo r  a number 
o f  years. Because basel i ne data i s  scare,  the assessment o f  
dredging  impact on chemical   water  qual i ty i s   r e s t r i c t e d .  How- 



ever,  use o f   t h e   d a t a   t h a t  were a v a i l a b l e  and the  examination 
o f   resu l t s   f rom  e lu t ra te   t es t i ng   p rocedures   pe rm i t ted  a q u a l i t a t i v e  PI 

assessment o f  expected  water   qual i ty  changes a t t r i b u t a b l e   t o  
dredging  operat ions.  

I 

6. Deep ( t o  15 fee t )   core  samples o f  sediments  from  the  Sturgeon Bank 
mm 

borrow  area have n o t  been analyzed.  This  would be necessary i f  t h i s  
borrow s i t e   i s   f u r t h e r   c o n s i d e r e d .  

Y 

7. EPS e l u t r a t e   t e s t i n g   d i d   n o t   i n c l u d e   s u l f i d e s ,  a parameter  which 
c o u l d   b e   s i g n i f i c a n t   i n   w a t e r s   d e f i c i e n t   i n  oxygen. This  would 
o n l y   c o n s t i t u t e  a problem i f  sp i l lway   d ischarge were d i r e c t e d  
toward  the  environmental ly  degraded  area  adjacent t o   t h e   I o n a  
I s l a n d  Sewage Treatment  Plant, an area  o f  known low  oxygen  con- 
cen t ra t i on .   Th i s   repo r t  recornmends d i r e c t i o n   o f   s p i l l w a y   d i s c h a r g e  
away f rom  th is   a rea .  

I 

Iry 

I 

8. S y n e r g i s t i c   e f f e c t s  have  been noted i n  i n v e s t i g a t i o n s   o f   t o x i c i t y  
o f   m e t a l s  i n  so lu t i on   wh i l e   sub - le tha l   e f fec ts  o f  me ta l s   on   f i sh  
a re   no t   f u l l y   unders tood .  The de terminat ion   o f   acceptab le   meta l  
c o n c e n t r a t i o n   l e v e l s   i s ,   t h e r e f o r e ,   d i f f i c u l t .   S i n c e   t h e r e  may 
be a c o r r e l a t i o n  between the  amount o f   m e t a l s   r e l e a s e d   t o   s o l u t i o n  
and p a r t i c l e   s i z e ,  recommendations fo r   t he   cho ice   o f   bo r row  ma te r ia l s  
w i t h   t h e   l e a s t  amounts o f   s i l t  and c l a y  have  been made. r Y I  

9. The d e t e c t i o n   o f   p e s t i c i d e   l e v e l s   i n   w a t e r s  and  sediments i s   l i m i t e d  
by   t he   l ack   o f   s ign i f i can t l y   sens i t i ve   t es t i ng   p rocedures .   Mos t  
pes t ic ide   res idues   a re  known to   rap id ly   en ter   sed iments .  I n  view 
o f   t h i s  phenomenon, EPS car r ied   ou t   ana lyses  on res idue   l eve l s  o f  m 

Sturgeon Bank sediments  using  the  method now ava i l ab le .  P.C.B. and 
p e s t i c i d e   l e v e l s  were not  determined  for  the  Fraser  River  sediments Lcl 

i n   t h i s  study,  but  are  presented i n  an addendum (S.G. Pond, i n  prep. 
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INTRODUCTION: 

This  report  has  been  prepared  as  one  segment of Environmental 
Protection  Service  input  into  assessment  studies  for  the  pro- 
posed  Vancouver  International  Airport (V.I.A.) expansion.  The 
information  in  this  report  has  been  divided  into  various  cate- 
gories.  Hydraulic  dredging  techniques,  the  landfill  method 
associated  with  plans  for V.I.A. expansion,  have  been  reviewed 
in  a  separate  category. 

With  respect  to  full-scale  dredging  operations,  publications 
dealing  only  with  the  physical-chemical  aspects  of  water  quality 
have  been  distinquished  from  those  that  are  concerned  primarily 
with  biological  parameters.  Articles  dealing  with  both  aspects 
are  usually  discussed  under  the  topic  which  the  author  emphasizes 
the  most;  however,  some of the  more  important  articles  are  dis- 
cussed  under  both  headings. A third  heading  reviews  the  results 
of  laboratory  studies  related  to  the  dredging.  Of  particular 
significance  in  the  dredging  literature  are  two  reports - the 
Mobile Bay Study,  and  the U . S .  Army  Corps  of  Engineers Study. 

Because of their  comprehensive  nature  and  their  relevance  to  this 
work,  they  are  presented  under  separate  headings. 



HYDRAULIC  DREDGING  TECHNIOUES 

Dredging  is  of  major  importance to the  economy  and  commerce  of 
most  industrial  ports. As population,  industrial  development 
and  world  trade  have  increased  tremendously  in  the  past decade, 
so has  the  necessity  for  maintaining  artificial  harbours  and 
ship  channels.  In  the  Great  Lakes,  about  eleven  million  cubic 
yards  of  sediment  are  dredged  each  year  in  115  harbours (U.S. 
Corps  of  Engineers, 1969). In  British  Columbia,  the  Fraser 
River  is  extensively  used  for  navigation  and  maintenance of the 
channels  necessitates  the  annual  removal  of  about 3 million 
cubic  yards  of  sediments  by  dredging. 

In  addition  to  the  construction  and  maintenance of navigational 
channels  and  harbours,  dredging  is  used  extensively  in  landfill 
operations.  Such  programs  permit  the  creation of "prime" land 
which  coupled  with  maintenance  dredging  programs,  provide  a  cdn- 
venient  means  of  spoil  disposal. 

Dredging  is  also  conducted  to  obtain  economically  valuable  mat- 
erials  and  these  programs  are  also  often  coupled  with  mainten- 
ance  dredging  programs.  For  instance,  in  British  Columbia, a 
large  percentage  of  the  sediments  obtained  from  the  Fraser  River 
are  clean  sands.  Those  sediments  are  pumped  ashore  and  utilized 
in  the  preparation  of  concrete  and  cement. Also, buried  shell, 
an  almost  pure  source  of  calcium  carbonate, is dredged  from 
estuaries  along  the  Gulf of Mexico. 

The  most  economical  means  of  conducting  large  land-fill  operat- 
ions  is  to  use  a  hydraulic  pipeline  dredge. A hydraulic  pipe- 
line  dredge,  commonly  called  a  pipeline  dredge,  consists of a 
large  centrifugal  pump  mounted  on  a  specially  designed  barge. 
Bottom  materials  are  brought  up  to  the  pump  through a large 
suction  pipe  and  are  pumped  from  the  dredge to the  disposal 
area  through  a  pipeline.  Hydraulic  dredging is described in 
detail  by O'Neal and  Sceva (1971) and t h e i r  description is 
condensed below. 
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A sketch  of  a  pipeline  dredge  is  shown  in  Figure (1). The 
suction  pipe  is  lowered  to  the  bottom on a  large  hinged  ladder 
that  extends  forward  from  the  front,  or  bow,  of  the  barge.  The 
dredging  depth is controlled  by  cables  than can  raise  or  lower 
the  ladder.  The  bottom of the  suction  pipe  is  generally  equip- 
ped  with  a  revolving  cutter-head  (see  Figure 2) that  breaks  up 
the  bottom  materials so that  they  can  be  drawn  into  the  suction 
pipe. The  cutter-head  is  turned  by  a  shaft  that  extends down 

the  ladder  from  a  power  source  on  the  barge.  On some dredges, 
the  cutter-head  is  replaced  by  a  water  jet  that  breaks up or 
loosens  the  bottom  sediments. 

The dredge  pump  is  usually  a  large-capacity,  single-stage  centri- 
fugal  type  that  has  sufficient  clearance  to  pass  anything  that 
can  move  through  the  openings  in the  cutter-head  and  enter  the 
suction pipe. The  pipeline,  extending  from  the  dredge  to  the 
shore  or  to  an  area of water  disposal,  floats  on  pontoons.  To 
move  coarse  material  through  the  pipe,  a  fluid  velocity of at 
least 12 feet  per  second  (fps)  is  necessary.  Consequently,  the 
larger  the  discharge  pipe,  the  greater  the  pump  capacity  required. 
The  fluid  volume  moving  through  a  24-inch  pipeline  at 12 fps is 
about  17,000  gallons  per  minute  (gpm)  or 37.5 cubic  feet  per 
second  (cfs);  with  a  28-inch  pipeline the volume is 23,000 gpm 

or 51 cfs.  The  pipeline can  reach  several  throusand  feet from 
the  dredge  and  can  be  extended  for  greater  distances  by  using 
booster  pumps  to  overcome  friction  head  losses. 

During  the  dredging  operation,  the  dredge  is  held  in  position 
by  anchors,  swing  lines,  and  spuds.  Spuds  are  long,  heavy 
timbers  that  are  hung  from  masts  near  each  corner of the  stern 
of  the  dredge.  They  pass  through  openings  in  the  vessel  and 
can  be  raised or lowered  independently.  When  dropped  alternat- 
ely,  they  penetrate  into  the  bottom  sediments,  and  serve as a 
pivot  for  the  dredge. 
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FIGUF?E 2 PHOTOGRAPHS OF PIPELIhJ DREDGE  CUTTERHEADS 
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Pipeline  dredges  are  measured by  the  diameter of the  suction 
pipe  ranging  from  small  4-inch  sand  pumpers  to  large  36-inch 
dredges.  They  are  generally  towed  to  the  dredging  site. The 
pipeline  is  assembled  and  survey  markers  are  established  to 
orient  the  dredge.  When  in  position,  the  spuds  are  dropped, 
and  swing  lines  and  anchors  are  put  out.  The  anchors  are on 
each  side  of  the  dredge;  swing  lines  from  these  anchors  can 
be  tightened or loosened so as to  swing  the  bow or  suction  end 
of  the  dredge  back  and  forth  in a small  arc.  During  dredging, 
only  one  spud  is  in  place  at  a  time.  This  permits  the  dredge 
to  move  forward  as  it  swings  back  and  forth  by  "walking"  from 
one  spud  to  the  other.  When  ready,  the  pump  and  cutter-head 
are  started  and  the  ladder  lowered  to  the  desired  depth.  Bot- 
tom  sediments  and  water  are  pumped  through  the  pipeline  in 
slurry  form  (approximately  15  percent  solids)  to  the  disposal 
area.  Dredging  can  be  an  almost  continuous  operation  except 
for  occasional  changes  in  anchor  positions  and  additions of 
sections  to  the  pipeline,  however  it  is  customary  practice  to 
break  the  pipeline or move  the  dredge  from  a  navigation  channel 
to  permit  passage  of  a  vessel. 

The chief  advantage of a  pipeline  dredge  is  the  large  volume 
of material  that  can  be  moved  in  a  short  period  of  time.  Other 
advantages  include  the  ease  of  on-shore  spoil  disposal,  the 
simultaneous  dredging  and  disposal  operation,  and  the  flexibility 
to  perform  a  variety of dredging  operations.  Other  dredging 
techniques  such  as  those  using  buckets  or  draglines  are  not as 
efficient  for  moving  large  quantities of material. 

Pipeline  dredges  are  presently  used  in  the  Fraser  River,  British 
Columbia,  for  maintaining  navigation  channels.  The  sediments 
are  pumped  ashore  and  utilized  by  the  cement  industry.  In  these 
on-shore  disposal  programs  the  dredging  spoil  is  contained in 
a  dyked  area. In this  manner  the  inital  inflow  receives  some 
retention  before  the  waste  water  overflows back into the river. 
A s  the  dyked  area  becomes  filled  with  material,  the  retention 
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time  in  the  dyked  area  becomes  less  and  the  concentration of 
suspended  material  discharged  becomes  greater, To prevent 
erosion  of  the  dyke  from  overflow,  large  diameter  pipes  extend 
through  the  dyke  to  serve as  a  spillway. 

PHYSICAL  AND  CHEMICAL  EFFECTS 

A  large  majority of the  available  literature  related  to  dredg- 
ing  operations  deals  with  changes  in  chemical  and  physical  water 
quality  during  and  subsequent  to  the  disposal  of  dredged  material 
(spoil).  These  studies  have  arisen  because  the  spoil is  often 
obtained  from  polluted  harbours  and  is  then  dumped  into an  open 
water  dumping  ground.  Thus,  the  thrust  of  many  reports  is  rel- 
ated  to  the  impact  contaminated  sediment  may  have  to  the  area 
receiving  the  spoil. 

In  this  regard,  extensive  studies  have  been  conducted  in  the 
vicinity  of  the  ocean  dumping  ground  off  New  York  (Anonymous, 
1970). Separate  bottom  areas  have  been  designated as dumping 
sites  for  municipal  sewage  sludges  and  industrial  wastes,  and 
for  the  dredge  spoils.  These  dumping  grounds  have  been  used 
for  many  years.  Data  showed  dissolved  oxygen  depressions  in 
the  bottom  water  above  the  spoil  depsoits  of 2 to 3 mg/l  below 
bottom DO values  in  uncontaminated  areas.  The  organic  content 
of  the  sediments  was  high,  with  values  to  11.5  percent on a 

dry  weight  basis.  Significant  levels of heavy  metals  and  pest- 
icides  were  found,  and  the  sediments  had  a  distinctive  petro- 
chemical  odour . 

The  effect  of  resuspension  of  sediments  on  dissolved  oxygen  was 
investigated  in  Arthur  Kill,  New  Jersey  (Brown & Clark, 1968). 
Arthur  Kill  is  a  long,  narrow  tidal  channel  which  separates 
Staten  Island  from  mainland  New  Jersey.  The  area  is  heavily 
industrialized  and  numerous  domestic  and  industrial  wastes  are 
discharged  into  the  Kill.  The  bottom  material  generally  consists 

- 5 -  



of a  black,  soft,  oily  silt  which  smells  of  chemicals,  oils 
and  hydrogen  sulfide.  Periodically,  dredging  operations are 
conducted  to  maintain  the  navigation  channel'.  The  material 
is  excavated  with  a  clam  shell  bucket  and  loaded  into  a 
hopper  barge  for  ocean  disposal.  During  two  routine  surveil- 
lance  surveys  when  dredging  was  in  progress,  discoloured  water 
and  depressed  oxygen  levels  were  observed.  These  reduced 
oxygen  levels,  which  were  attributed  directly  to  resuspended 
bottom  deposits,  varied  from 16 to 33  percent  below  the 6 to 
8 milligrams  per  liter  (mg/l)  normally  encountered. 

O'Neal  and  Sceva (1971) investigated  the  effects  of  dredging 
on water  quality  in  Washington.  They  concluded  that  the  dis- 
turbance of bottom  material  by  pipeline  and  grapple  dredging 
and  the  discharge  of  spoil  materials can significantly  reduce 
dissolved  oxygen  levels,  cover  or  smother  bottom  organisms, 
and  release  toxic  compounds  in  localized  areas.  Open  water 
disposal  from  a  pipeline  dredge  produced  little or no  change 
in  surface  water  quality.  Oxygen  was  zero  in  the  mudflow  near 
the  bottom.  The  chief  visible  effect  from  pipeline  dredging 
was the  turbidity  plume  created  by  spoil  disposal.  They  obser- 
ved  the  submarine  mudflow  around  an  open  water  dredge  discharge 
and  partially  described  its  properties.  Emptying  of  hopper 
dredges  created  little  visible  effect  on  water  quality.  They 
discussed  retention of spoil  by  dyking.  They  observed  that 
the  settling  rate  of  sediments  is  more  rapid  in  salt  water 
than  in  fresh  water  and  felt  that  development of a  healthy 
benthic  community  is  inhibited  when  volatile  solids  content 
of bottom  sediments  was 10 percent  or  higher.  They  recommended 
adoption  of  guidelines  based on  sediment  criteria  for  deter- 
mining  acceptability of sediments  for  dredging  and  recommended 
restrictions  on  where  and  how  dredging  and  spoil  disposal  can 
be  done. 
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A number  of  studies  have  been  directed  towards  considering 
alternative  means  to  dispose of polluted  spoils.  Recently 
Jeane  and  Pine  (1973)  evaluated  the  effects of spoil  disposal 
(260,000  cu.  yds.) i.n a  2-cell  settling  basin,  with  overflow 
weirs.  Predredging  conditions  were  determined  and  compared 
with  receiving  water  conditions  during  the  hydraulic  dredging. 
In-situ  bioassays  using  juvenile  chinook  salmon  were  also  per- 
formed.  The  receiving  water  was  affected  only  in  the  immediate 
vicinity  of  the  dredge  and  the  settling  basin.. The  authors  con- 
clude  that  adequate  settling  basins  with  properly  designed  over- 
flow  weirs  can  significantly  reduce  the  adverse  effects  of  spoil 
disposal  on  water  quality. 

A large  number  of  studies  have  been  conducted  in  various  bays 
and  estuaries  in  the  Gulf  of  Mexico,  The  majority  of  these 
have  been  associated  with  shell  dredging  operations  (dredging 
of unprocessed  clam  and  oyster  shells  as  a  pure  source  of  cal- 
cium  carbonate) or  with  maintenance  channel  dredging. 

Wilson  (1950)  studies  the  effects  of  shell  dredging  in  Copano 
Bay,  Texas.  He  found  that  suspended  solids  of 33  to 58 g/1 
may  be  found  near  the  discharge  of  a  suction  dredge  and  that 
suspended  material  caused  by  the  dredge  dissipated  rapidly. 
The  heavier  material  such  as  larger  shell  fragments  and  coarser 
sand  was  deposited  in  the  immediate  vicinity  of  the  discharge. 
Turbidity  from  the  dredge  which  was  above  background  levels 
extended  out 300 to 900 feet on most  occasions. On  one 
occasion  suspended  material  above  background  levels was found 
1800 feet  from  the  dredge.  He  stated  that  the  direction of 
movement  of  suspended  material  was  in  the  direction  of  the 
current  and  that  the  amount  which  moved  away  from  the  dredge 
decreased  with  distance.  Material  transported  beyond 900 feet 
was very  slight.  In  other  directions,  no  suspended  material 
was detected  beyond 600 feet  from  the  dredge. A considerable 
amount  of  the  material  placed in suspension  settled  into  the 
cut  from  which  it  was  taken. 
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1 Hellier  and  Kornicker  (1962)  did  a  before,  during  and  after 
study  of  sedimentation  from  a  hydraulic  channel  dredge  in 
Redfish  Bay,  Texas.  They  did  not  measure  the  dredging  directly 
but  attempted  to  measure  silt  deposition  by  placing  coloured 
gravel  chips  on  the  bottom  at  various  distances  from  the  oper- 
ation.  The  gravel  was  put  out  at  least 9 months  before  dredg- 
ing  and  core  samples  were  taken  before  dredging, 1 week  and 
18 months  after  dredging.  They  reported 22 to 27  cm  of  sedi- 
ment  deposition  within  one-half  mile  of  the  dredge,  but  effects 
at  greater  distances  were  negligible.  They  felt  little  sediment 
sorting  occurred  during  dredging. 

Mackin  (1962)  studied  canal  dredging  in  Louisiana.  He  found 
that  silt  was  carried  a  maximum  of  1300  feet  and  that  at  dis- 
tances  greater  than  a  few  hundred  feet,  turbidities  did  not 
exceed  those  attained  at  times  under  natural  conditions.  He 
calculated  that  only  about  one  percent  of  the  spoil  was  trans- 
ported  away  from  the  immediate  vicinity  of  the  discharge. Fine 
material  was  lost  in  the  natural  turbidities  at  distances  over 
1000 feet  and  had  the  same  effect on the  environment as the  mat- 
erials  put  in  suspension  by  natural  conditions.  Turbidities 
produced  by  shrimp  trawlers  were  not  excessive,  but  they were 
greater  than  those  produced  by  the  dredge  at  distances of 300 
feet  from  the  spoil  discharge.  Turbidity  levels  outside  the 
influence of direct  spoil  deposit  did  not  harm  oysters.  He 
considered  it  unlikely  that  dredge  spoil  would  significantly 
reduce  dissolved  oxygen  and  stated  that  the  factors  which  con- 
trol  silt  deposition  had  not  been  properly  considered  in  pre- 
vious  studies. 

Masch  and  Espey  (1967)  studied  shell  dredging  in  Galveston Bay, 
Texas  using an engineering  approach.  Shell  dredges  resuspended 
considerable  quantitites  of  sediment  which  formed  density  layers 
near  the  bottom.  These  layers  were  formed  when  dredge  wash 
waters  contained  high  concentrations of fine sediments w i t h  
more  than  about 80 percent  by w e i g h t  of par t i c l e s  in the  H i l t  
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and  clay  size.  These  sediments  tended  to  flocculate  into 
density  layers  when  the  concentration  was  greater  than  about 
10 g/l. Dredges  operating  in  sands  were  not  expected  to  produce 
such  density  flows.  The  movement of density  layers  is  control- 
led  to  a  large  extent  by  gravity  and  the  layers  are  capable  of 
moving  in  directions  other  than  that  indicated  by  either  bottom 
or  surface  currents. 

Movement  by  gravity  and  tidal  action  is  possible  until  the 
layers  are  consolidated  to  concentrations of about 175 g/l. 
They  stated  that  oyster  reef  topography  may  play an  important 
role  in  the  movement  and  settlement  of  these  layers.  Reefs 
protruding  above  the  bay  bottom  tended  to  deflect or resuspend 
density  currents  and  were  not  as  susceptible  to  sediment dep- 
osition as surrounding  areas.  Old  dredge  cuts  and  trenches 
could  be  used  to  control  and  trap  dredge  sediments  moving as 
density  layers.  They  concluded  that  the  control  of  dredging 
operations  cannot  be  based  solely  on  a  distance  limit  but  must, 
in  each  individual  case,  consider  type  and  amount  of  burden 
sediments,  number  of  dredges  to  work  in  the area, and  local 
conditions  of  reef  topography  and  bottom  currents.,  If  dredging 
is  controlled  in  a  prescribed  manner,  it can be  done  very  near 
live  oyster  reefs  and  exposed  shell  with  no  damage. 

Windom (1972) evaluated  environmental  changes  resulting  from 
dredging  activities  in  a  salt  marsh  estuarine  environment of 
the  southeastern  Atlantic  Coast.  He  investigated  the  chemical 
response  of  salt  marsh  sediments  to  the  deposition  of  dredged 
materials  and  the  water  quality  response  to  the  dredging  and 
deposition of sediment.  He  tentatively  concluded  that  in  nat- 
ural  and  relatively  unpolluted  areas  dredging  has  no  significant 
effect on water  quality  whether  dyked  or  undyked  confinement  techni- 
ques  are  used.  In  addition,  he  stated  that  water  quality  impair- 
ment  caused  by  dredging  activities  in  polluted  areas  in  marine 
environments  does  not  necessarily  bear  any  simple  relation  to 
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the  composition  of  the  sediments.  In  order  to  evaluate'  the 
possible  effects on water  quality  of  dredging  in  a  particular 
area,  specific  information  must be  obtained  in  that  area. No 
general  criteria  can  be  set  up  for  dredging  in  marine  waters 
until  a  significant  variety  of  dredging  situations  has  been 
studied  in  order  to  have  broad  experience  in  possible  water 
quality  effects due to  dredging  activities. The time  that 
the  water  mixed  with  the  dredged  material  is  allowed  to  stay 
in  an enclosed  spoil  area  will  greatly  influence the quality 
of  the  effluent  from  the  spoil  bank.  Dredging  of  "polluted" 
sediments  does  not  necessarily  impair  water  quality  in  estuarine 
environments. 

Bardarik,  Alden  and  Shema  (1971)  studied  the  effects  of  sand 
and  gravel  dredging on aquatic  life  at  three  dredging  sites 
on the  upper  Allegheny  River.  They  found  no  e'ffect on riffle 
benthos  or  fishes.  There  was  a  limited  increase  in  suspended 
solids  but  the  pH,  alkalinity,  specific  conductance,  biochemical 
oxygen  demand,  nitrate,  ammonia, and  dissolved  oxygen  were  un- 
altered  by  the  dredging  operations. 

EFFECTS  ON  BIOLOGICAL  ORGANISMS 

Unfortunately,  there  is  a  notable  lack  of  information  immediately 
relevant  to  effects of dredging  disposal on aquatic  organisms. 
Most  biological  field  studes  at  disposal  sites  have  been,  for 
the  most  part,  "after  the  fact"  and  consequently  are  of  limited 
comparative  value. 

The  most  useful  and  complete  studies  available  in  this  regard 
are  those  conducted  by  Cronin  et " a1 who  studied  the  gross  phy- 
sical  and  biological  effects  of  over-board  spoil  disposal.  The 
dredging  problem  involved  disposal  of  over 1 million  cubic  yards 
of  spoil  predominantly  silt  and  clay  in  water  depth  of 3-6 meters. 
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The  study  projects  consisted  of  geology  and  hydrography, 
phytoplankton,  adult  fish  and  their  eggs  and  larvae.  An  interim 
report  was  published by  Biggs  (1968). 

In  these  studies, fi.ne sediments  released  as  a  semiliquid  by 
a  channel  dredge  increased  turbidity  over  an  area  of 1.5 to 
1.9 square  miles  around  the  disposal  site.  Over  most  of  the 
area  the  suspended  sediment  load  was  within  the  range  of  natu- 
ral  variation  observed,  but  in  a  different  season  from  observed 
natural  maxima.  Suspended  sediments  in  the  top 10 feet  of 
water  were  carried  in  a  tide-related  plume  to  a  maximum  dis- 
tance  of  about 3.1 miles  but  virtually  disappeared  within 
two  hours  after  pumping  ceased.  Total  phosphate  and  nitrogen 
were  increased  in  the  immediate  vicinity  of  the  discharge  to 
about 100 times  ambient  levels,  but  limited  field  experiments 
did  not  show  any  detectable  effects on  photosynthesis  by  phyto- 
plankton.  Little  or  no  oxygen  sag  occurred  except  near  the 
discharge.  At  least  one  foot  of  spoil  material  was  deposited 
on an area  five  times  or  more  as  large as that  of  the  defined 
disposal  site.  Approximately 12 percent  of  the  deposited  sed- 
iment  disappeared  from  the  spoil  pile  within  150  days. No gross 
effects  of  dredging  or  spoil  disposal  were  observed on phyto- 
plankton  primary  productivity,  zooplankton,  adult  fish  or  their 
eggs  and  larvae.  There  was  a  reduction  of  about 70 percent  in 
the  average  number  of  benthic  individuals  per  square  yard  and 
about 65 percent  in  the  benthic  biomass  in  the  spoil  disposal 
area  accommpanied  by  a  marked  reduction  in  the  number  of  spe- 
cies  present.  After  one  and  one-half  years,  numerical  abundance, 
biomass  and  species  diversity  had  recovered  to  approximately 
the  levels  before  dredging.  Individual  species  varied  greatly 
in  susceptibility  to  damage  and inrecoverypatterns. An  err- 
atic  series  of  species  fluctuations  occurred  at  the  site of 
dredging  in  the  channel.  After  one  year  the  channel  had  about 
the  same  number  of  individuals  as  before  dredging,  but  not  as 
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many  species  were  present.  The  sediments  were  not  known  to 
contain  any  highly  toxic  metals,  oils,  or  other  deleterious 
materials.  It was recommended  that  quantitative  laboratory 
studies  be  done on the  effects  of  sediments on  important estu- 
arine  species  to  investigate  effects  not  ascertainable  by 
field  methods.  It was  further  recommended  that  sites  considered 
for  future  dredging  and  disposal  should  receive  individual  con- 
sideration  in  relation  to  ecological  impacts,  drawing  both 
upon  related  research  in  other  areas  and  from  adequate  knowledge 
of  local  conditions. 

Similar  conclusions  were  drawn  earlier  for  the  same  area  after 
a  study  conducted  by  the  Virginia  Institute  of  Marine  Science 
(1967). Sedimentological  data  from  bottom  cores  were  given as 
they  may  apply  to  disposal of spoil.  Studies of benthic  fauna 
before  and  after  dredging  showed a population  reduction of 
aerobic  fauna  followed by a  dramatic  increase  by  the  following 
summer.  It was concluded  that  spoil  deposited  in  deep  estuarine 
areas  has  an  immediate  but  not  a  lasting  effect  on  benthic  fauna. 

Harrison (1967) reviewed  the  effects  of  dredging  and  associated 
spoil  disposal  in  lower  Chesapeake  Bay.  Spoil  dumped  from  a 
hopper  dredge  appeared  to  have  only  a  transitory  effect on 
the  populations  of  infauna  and  epifauna.  Resettlement  of  benthic 
organisms  in  both the areas of dredging  and  spoiling was very 
rapi,d.  Animal  collections  taken  in  the  spoil  area  one  month 
after  dredging  showed  a  marked  decrease  in  numbers  of  animals 
and  species.  Recovery  of  the  infaunal  population was  relatively 
complete  after  six  months. It  was found  important  to  differen- 
tiate  between  transitory  high  populations  of  juveniles  at  cer- 
tain  seasons  and  normal  faunal  distributional  patterns  when 
attempting  to  assess  the  effects  of  dredging  or  spoil  deposit- 
ion  on  benthic  organisms  by  means  of  before  and  after  faunal 
surveys.  He  also  monitored  deposition  of  sediment on oyster 
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grounds 0.8 to 2.0 miles  from  a  dredging  site  before  and  after 
dredging.  The  changes  in  bottom  level  he  observed  were  due to 
natural  sedimentation  rather  than  dredge  spoil. 

Leathern " et  al, (1973) studied  hydraulic  dredging  and  spoil 
disposal  behind  the  inner  breakwater  in  Delaware  Bay,  during 
1972. The  project  involved  the  disposal  of  almost 200,000 
cubic  meters  of  spoil.  They  found  the  disposal  to  have an 
impact  on  several  kilometers  from  the  operation  site  with 
low  dissolved  oxygen  and  a  decrease  in  the  density  and  diver- 
sity  of  benthos.  After 3 months  however,  repopulation  of  ben- 
thos  had  occurred  in  some  areas. 

In  the  study  of  the  ocean  dumping  ground  off  New York (Anony- 
mouse 1970) referred  to  previously,  it was found  that  a  large 
area  over  and  around  the  dredge  spoil area was  essentially 
devoid of benthis  organisms.  This  absence  of  macrofauna can 
be attributed  to  four  factors: 

a)  toxic  effects  of  sludges 
b)  smothering  of  adults  and  juveniles  by  continuous 

disposal 
c)  the  creation  of  a  physical  environment  which  adver- 

sely  affects  the  normal  development of eggs  and 
larvae 

d)  avoidance  reactions  by  adults  of  areas  contaminated 
with  spoil. 

A smilar  case  was  cited  for  dumping  ground  in  Bellingham  Bay, 
Washington  (Anonymous, 1967). An  area  in  central  Bellingham 
Bay  had  been  used  for  years  as  a  dumping  ground  for  organic 
sludges  and  debris  removed  from  the  inner  navigation  channel 
and  a  log  ponding  area.  Bottom  samples  showed an  area  approx- 
imately  one  mile  in  diameter  had  volatile  solids  concentrations 
over 10 percent.  Both  the  total  number  of  organisms  and  the 
species  diversity  were  severely  reduced  in  this  area. 

IRI 

w 

Irl 

II 

bm* 

w 

w. 
- 1 3  - 



Hydrogen  sulfide  toxicity  caused  by  the  dredging  of  cedar 
bark  deposits  was  considered  responsible  for  mass  mortalities ! 

of  stickleback  and  shiner  in  Alberni  Inlet on Vancouver  Island, 
B.C.  (Hourston 6 Herlinveaux, 1951). The  dredging  operation, 
was conducted  to  remove  deposits  of  cedar  bark  dropped  there 
by  a  shingle  mill  long  since  gone. 

In the  shell  dredging  study  (Wilson, 1950) at  Copano  Bay,  Texas 
discussed  in  the  previous  section,  oysters  were  subjected to 
very  high  concentrations  of  suspended  silt  in  the  laboratory 
and  it  was  stated  that  if  such  levels  were  maintained  in  the 
water  for  a  long  period  it  would  be  detrimental  to  oysters. 
No correlation  was  found  between  amount  of  spat  set  and  dist- 
ance  from  the  dredge  or  with  amount of suspended  material  in 
aquaria.  The  author  noted  that  dredging  may  be  beneficial  to 
oyster  production  by  building  firm  spoil  piles  which  catch 
spat  and  produce  oysters  and  by  digging  deeper  areas,  thereby, 
facilitating  water  circulation  in  shallow  bays. 

Ingle (1952) and  Ingle, " et  a1 (1955) studied  shell  dredging 
in  Mobile  Bay,  Alabama.  In  the  first  paper,  damage  to  fish 
and  motile  crustaceans  was  not  observed  even  within 75 to 150 
feet  of  an  active  dredge.  Shellfish  suspended  from  the  dredge 
were  unharmed.  Silting  effects  were  observed on the  bottom 
out  to  a  distance of 150 to  1200  feet  from  the  discharge.  They 
suggested  that  dredging  stirs up organic  detritus  which  may 
be  beneficial  to  shellfish  and  crustaceans  and  mentioned  that 
shrimp  were  apparently  more  abundant  in  waters  muddied  by 
dredging. In the  second  paper  the  authors  were  concerned with 
inorganic  and  organic  nutrients,  carbohydrates,  fats  and  pro- 
teins  contained  in  the  muds.  An  attempt  was  made  to  determine 
if  muds  contained  toxic  components  and  if  mud  in  suspension 
was  harmful  to  fish  life. No toxicity,  including  hydrogen  sul- 
fide,  was  found  but  high  mud  concerntrations  killed  fish  held 

- 14 - 



in  tanks by  clogging  their  gills.  Fishes  were  thought  to  avoid 
these  high  concentrations  and  to  be  unaffected  in  the  open  bay. 
High  turbidity  created  by  dredges  was  limited  to  a  small  area 
in  the  vicinity  of  the  discharge. 

Odum and  Wilson (1962) studied  dredging of an intracoastal  channel 
near  Redfish  Bay,  Texas  and  found  that  respiration  exceeded  photo- 
synthesis  in  the  dredge  tailings,  possibly  because of organic 
matter  in  the  dredged  sediments.  Photosynthesis  was  not  dimini- 
shed  much  during,  or  after,  dredging  as  compared  with  data  from 
a  previous  year  and  the  additional  respiration due to  extra 
organic  matter  did  not  apparently  interfere  with norma1,product- 
ion.  They  hypothesized  that  high  production  and  dense  grass 
found  after  dredging  may  have  resulted  from  release  of  nutrients. 

Odum  (1963)  measured  chlorophyll A and  diurnal  oxygen  product- 
ion  over  grass  beds in Redfish  Bay,  Texas  before  and  after  the 
dredging of  an  intracoastal  canal.  The  cause  was  uncertain, 
but  he  found  productivity  temporarily  decreased  and an  imbalance 
of  respiration  over  photosynthesis  which  may  have  been  associated 
with  dredged  silt  in  the  spring.  The  following  year  he  found 
growth  to  be  exceptional  and  suggested  that  nutrients  released 
by  dredging  may  have  been  the  cause. 

Taylor  and  Saloman (1968) described  how  extensive  dredging  and 
filling  in  Boca  Ciega  Bay,  Florida  has  degraded  water  quality 
and  adversely  influenced  plant  and  animal  production. A total 
of 3500 acres  of  estuarine  areas  worth  $1,4  million  annually 
have  been  physically  eliminated  by  development  of  the  coastal 
area for  residential  use. 

Sykes  and  Hall (1970) surveyed  the  benthic  mollusks  in  dredged 
and  undredged  areas  of  Boca  Ciega  Bay.  Species  were  fewer  in 
number  and  variety  in  the  soft  sediments  in  dredged  canals  than 
in  the  predominantly  sand  and  shell  sediments  in  undredged  areas. 
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Stickney  (1972)  studied  the  effects  of  intracoastal  waterway 
dredging  on  ichthyofauna  and  benthic  macroinvertebrates  in a 
Georgia  river  estuary.  No  effects  of  dredging  could  be  demon- 
strated on motile  organisms  capable of being  captured  by  otter 
trawl.  The  patterns  of  seasonal  occurrence  and  dominance  of 
specific  organisms  appeared  to  be  consistent  regardless of 
whether  or  not  dredging  occurred  in  the  area  sampled.  Control. 
stations  often  showed  more  variability  in  diversity  during 
the  period  immediately  before,  during  and  after  dredging  than 
did  the  experimental  stations. 

LABORATORY  INVESTIGATIONS 

A  laboratory  investigation  of  pulluted  sediments  from  Belling- 
ham  Bay,  Washington  was  undertaken to assess  toxicity  to  young 
salmon  (Servizi " et  at, 1969).  Sediments  from  the  inner  harbour 
were  found  to  consist  of  pulp  fibres  undergoing  decomposition 
with a consequent  production  of  hydrogen  sulfide.  When  collected, 
the  sediments  were  devoid of normal  marine  life.  These  sedi- 
ments  created  turbidity,  exerted  an  oxygen  demand  and  were  toxic 
to  sockeye  salmon  smolts  due  to  a  high  concentration of hydro- 
gen  sulfide.  Sediment  concentrations  greater  than 1 percent 
were  lethal  to  smolts,  and  a  concentration  0.1  percent  appeared 
to  be  the  threshold of visible  distress.  These  sediment  concen- 
trations  represented  initial  hydrogen  sulfide  concentrations 
of 2.3 and 0.3 ppm,  respectively.  Air  exposure  of  the  harbour 
sediment,  as  might  occur  during  dredging  and  transport  to  the 
disposal  site,  was  not  adequate to eliminate  hydrogen  sulfide. 
Washing,  as  might  occur  during  marine  disposal  and  resettling, 
did  not  prevent  subsequent  hydrogen  sulfide  formation. 

McCoy  and  Johnston  (no  date)  studied  sedimentation of  soils 
collected  from  proposed  shell  dredging  sites  in  Albermarie 
Sound,  North  Carolina.  They  considered a chlorinity  content 
of 19.5  ppt as  full  strength  sea  water  and  suspended  soils in 
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0, 5, 10, 15 and 25 percent  of  this  concentration.  They  found 
that  the  mud  settled  faster  in  salt  water  than  in  de-ionized 
water  and  that  a 14 mph  wind  would  keep  sediment  in  a  jar 
suspended.  On  this  basis  they  concluded  that  sediments d i s -  

turbed  by  a  dredging  operation  can  be  expected  to  settle  in 
salty  water  during  low or no  wind  velocity  and  became  resus- 
pended  by  winds  of  approximately  14  mph  or  greater,  thereby, 
creating  an  "accumulated  turbidity"  which  could  detrimentally 
affect  an  acquatic  habitat. 

White (1966, ref. May, 1973), did  laboratory  experiments on 
the  formation  and  movement  of  dredge  sediments  as  density  cur- 
rents  in  a  40-foot  long  by  l-foot  deep  by  4-inch  wide  flume. 
He  found  that  the  formation of density  layers  depended  primar- 
ily on the  concentration  of  suspended  sediment  allowed  to 
build  up at the  source.  Water  currents  tend  to  prohibit  the 
formation  of  density  flows  by  turbulent  mixing  and  by  sweeping 
the  ,sediment  away  before it  builds  up  a  sufficient  concentration 
for  layer  formation.  Currents  promote  movement  of  density  lay- 
ers  only  slightly  by  interfacial  shear.  Density  layers  were 
observed  to  flow  against  the  current  and  sometimes  even  uphill. 
However,  gravity  is  the  primary  force  which  controls  movement 
of the  density  layers.  Dykes  and  trenches  were  used to promote 
deposition  of  sediment  from  density  flows  in  the  experiments. 

Gustafson (1972) supplied  data  from  pilot  laboratory  studies 
and  discussed  the  fallacies  connected  with  turbidity  and  resus- 
pension  of  sediments by  dredging.  He  stated  recent  regulatory 
actions  concerning  dredging  were  taken  in  ignorance  of  the 
effects of turbidity  and  in  spite  of  the  fact  that  turbidity 
created  by  winds  and  tides  dwarf  those of man's  activities. 
Suspended  clays  attract  bacteria  and  remove oils,  pesticides, 
sewage  products  (except  nitrates),  and  metals  from  the  water. 
He  demonstrated  the  probability  that  metals  adsorbed  to  clays 
are  not  released  when  clays  are  resuspended  and  that  organic 
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m molecules  are  not  liberated  in  amounts  sufficient  to  cause 
ecological  concern.  Pilot  experiments  to  determine  whether 
metals  could  be  digested  off  the  clay  by  clams  were  inconclu- 
sive,  but  his  opinion  was  that  the  metals  would  not  be digested  
by  the  clams.  Several  beneficial  effects of turbidity in add-, 
ition  to  adsorption  were  present. 

The  conclusions  of  many  of  the  reports  reviewed  stressed  the 
need  for  biologically  assessing  sediments  to  be  dredged.  Gannon 
& Beeton (1971) attempted  to  develop  laboratory  procedures  for 
such an assessment.  The  work  was  conducted  as  part  of  the  U.S. 
Corps of Engineers  studies  for  Great  Lakes  Harbours.  The  pro- 
cedures  developed  utilized a toxicity  and  a  selectivity  index 
for  individual  sediment  samples  using  benthic  invertebrates, 
various  phytoplankton,  benthic  invertebrates,  various  phyto- 
plankton,  benthic  algae  and  various  zooplankton. 

Techniques  similar  to  these  have  recently  been  evaluated  by 
POLLUTECH  (Pollutech, 1974) in  a  study of the  response of 
various  benthic  invertebrates  to  sediments  collected  from  three 
harbours  in  Lake  Ontario. It was  concluded  that  much  more 
development  work  was  required  to  establish  a  useful  toxicity 
and  selectivity  procedure  for  the  evaluation  of  potential  dredg- 
ing  sediments. 

CORPS OF ENGINEERS  STUDIES 

The  most  comprehensive  survey of spoil  disposal  practices is 
a  series  of  "pilot"  studies  conducted  by  the U.S.  Army  Corps 
of Engineers (1969) in  the  Great  Lakes  area.  The  purpose of 
the  program  was  to  investigate  all  alternative  disposal  methods 
such as  along-shore  dyked  areas,  disposal  onshore  at  some  dis- 
tance  inland,  treatment  methods,  and  evaluating  pollution  abate- 
ment  results.  Eight  harbours  were  selected  for  this  study: 
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Great  Sodus  Bay  Harbour,  New  York 
Buffalo  Harbour,  New  York 
Cleveland  Harbour,  Ohio 
Rouge  River,  Michigan 
Indiana  Harbour,  Indiana 
Calumet  River  and  Harbour,  Illinois 
Green  Bay  Harbour,  Wisconsin 
Toledo  Harbour,  Ohio 

For each  harbour,  quantity,  composition,  and  degree  of  pollut- 
ion  of  sediments,  methods  of  dredging  and  disposal  of  sediments, 
and  location,  exposure,  and  depth  of  disposal  areas  are  factors 
that  were  considered.  Because of the  importance of this work, 
each  study  will  be  summarized  individually. 

G r e a t  Sodus Bav Dredaina  Studv 

This  project  involved  hopper  dredging  in  a  navigation  channel 
in  Great  Sodus  Bay,  with  spoil  disposal  in  Lake  Ontario.  The 
material  excavated  was  lightly  polluted  with  volatile  solids 
from 0.5 to 3.0 percent.  Sampling  was  conducted  in  both  the 
dredging  and  spoil  disposal  area.  The  results  indicate  no 
significant  change  in  the  benthic  biology  or  the  water  quality 
characteristics  in  the  project  area.  One  conclusion  was  that 
the  load on a  spoil  area  cannot  necessarily  be  determined  by 
sampling  in  the  excavated  area.  During  the  hopper  dredging 
work  in  Great  Sodus  Bay,  much  of  the  turbidity-producing  frac- 
tion  and  the  dissolved  and  volatile  material  was  lost  through 
the  over-flow. It  was  then  dispersed by  lake currents, or 
deposited  in  areas  adjacent to the  channel,  and  did  not  reach 
the  spoil  area. 

Buffalo  Harbour  Study 

The  Buffalo  River  is  dredged  annually  with  a  clamshell  dredge. 
The  sediments  are  considered  highly  polluted  and  toxic.  The 
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pilot  project  involved  disposal of about 100,000 cubic  yards 
in an  alongshore  dyked  enclosure,  approximately  1000  feet  by 
1000 feet.  The  shoreline  forms  the  eastern  boundary; an exist- 
ign  dyke  forms  the  northern  boundary;  and  the  west  and  south 
dykes  were  constructed  with  open  hearth  slag.  Because  the 
slag  was  expected  to  act  as a filter,  there  was  no  provision 
for  overflow.  In 1967, dredgings  were  removed  from  the  dump 
scows  with  a  clamshell  dredge  and  deposited  in  the  enclosure. 
No water  was  added  as  in  hydraulic  disposal.  Consequently, 
the  sediments  were  neither  disturbed  nor  segregated  by  size. 
Sediment  and  water  samples  were  collected  in  the  vicinity of 
the  dyked  areas  before,  during,  and  after  dredging.  Available 
data  showed  no  changes  in  water  quality  outside  the  enclosur'e. 

Cleveland  Dyked  Dredging  Disposal  Area  Investigation 

The  study  evaluated  two  methods  of  spoil  disposal  into  a  com- 
pletely  dyked  basin  in  Cleveland  harbour.  The  dyke,  which 
was constructed  from 286,000 tons of limestone  and  dolomite, 
was  designed  to  act  as  a  filter.  The  storage  volume  inside 
the  dykes  was  approximately 300,000 cubic  yards.  A  slip  was 
constructed  adjacent  to  the  enclosure  for  use  both  as  an  un- 
loading  point  and  as  an  intermediate  storage  site  for  spoil. 

The  first  method of spoil disposal tested was the  direct  removal 
of material  from  scows  and  transfer  into  the  basin  by  simult- 
aneous  jetting  and  pumping.  Forty-one  scow  loads  totalling 
45,500 cubic  yards  were  transferred  in  this  manner.  The  aver- 
age  pumping  time  per  scow  was  slightly  over  two  hours.  A 5:l 
ratio  of  water  to  sediment  was  necessary  to  permit  pumping. 
In  the  second  method  for  disposal,  the  spoil  was  dumped  into 
the  adjacent  slip  by  bottom  dump  scows.  A  hydraulic  dredge 
completed  the  transfer  into  the  basin.  The  volume of mater- 
ials  handled  in  this  manner  was  the  same  as  that  for  the  first 
method. 
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Water  quality  sampling  showed  no  significant  effect on the 
lake  from  seepage  through  the  dyke.  The  data  indicated 
over 95 percent  retention  of  all  constituents  measured.  In 
the  case  of  disposal  method  two,  adverse  effects  were  found 
in  the  vicinity of the  slip.  These  changes  were  attributed 
to  discharge  from  the  slip,  rather  than  seeRage  through  the 
dyke.  Turbidity  plumes up to 1400 feet  long  were  observed. 
These  were  through  to  be  caused  by  prop  wash  from the,tug- 
boats.  Depressed  oxygen  levels  were  also  measured 300 to 
400 feet  from  the  slip  after  spoil  dumping.  Chemical  const- 
ituents  in  the  bottom  sediments  increased  near  the  mouth of 
the  slip. 

A portable  water  treatment  plant  was  evaluated as  a  means  of 
further  treating  the  supernatant  from  the  disposal  area. 
Treatment  procedures  tested  included: 

- coagulation,  filtration,  and  disinfection; 
- coagulation  only: 
- coagulation  and  filtration:  and 
- filtration  only. 

The  combination  of  coagulation,  filtration,  and  disinfection 
was  most  effective  in  reducing  turbidity,  chemical  oxygen 
demand,  and  nutrients. 

Pilot  Study of Rouge  River  Dredging 

The  purpose  of  this  study  was to determine  the  degree  and 
extent  of  pollution  caused  by  dredging  in  the  Rouge  River  in 
Detroit  and  by  spoil  disposal on Grassy  Island  in  the  Detroit 
River. A hopper  dredge  was  used  and  the  spoil  was  pumped  ashore 
into  the  holding  basin.  Sediments  in  the  project  area  were 
grossly  polluted  with  volatile  solids  varying  from 11 to 35 

percent  (dry  weight  basis).  Grease  and oil  concentrations 
were  in  the  range  of 10 to 4 0  grams  per  kilogram. 
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The  dredging  caused  significant  increases  in  suspended  solids, 
volatile  suspended  solids,  chemical  and  biochemical  oxygen 
demand,  total  phosphorus,  and  iron  in  the  immediate  area of 
the  dredge. 

Overflow  from  the  hopper  bins  caused  the  most  severe  pollution. 
After  passage  of  the  dredge  the  dissolved  oxygen  levels  dec- 
reased  with  time as long as  the  stirred-up  material  remained 
suspended.  In  the  Detroit  River  near  the  spoil  area,  no  sig- 
nificant  changes  in  water  quality  could  be  attributed  to  the 
spoil  disposal. 

Indiana  Harbour - Inland  Steel  Landfill  Lagoon 
In  this  project  material  was  removed  from  the  highly  polluted 
Indiana  Harbour  Canal  and  disposed  in  an  80-acre  lagoon  along 
the  shore of  Lake  Mighigan.  The  lagoon  was 20 feet  deep  and 
was  surrounded  by  an  impervious  dyke. A gap 12 to 14 feet 
deep and 150 feet  wide  was  provided  for  the  entrance  of  loaded 
barges.  The  water  quality  was  monitored  to  determine  the  effect- 
iveness  of  the  dyke  in  retaining  contaminants  within  the  lagooon. 

Bottom  samples  taken  outside  the  lagoon  showed  that  little  of 
the  heavy  organic  material  escaped.  Water  quality  was  notice- 
ably  degraded  in  the  gap  and  a  quarter  mile  from  the  entrance. 
The  primary  effects  were  increases  in  suspended  solids,  oil 
and  grease,  ammonia  nitrogen,  organic  nitrogen,  and  total phos- 
phorus. 

During  the  project  the  Corps of Engineers  attempted  to  use an 
air  curtain  across  the  gap  to  contain  surface  films  and poll- 
uted  materials.  The  results  were  inconclusive  because  the 
supply  of  compressed  air  was  inadequate. 
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Calumet  River  Pilot - Project 
The  Calumet  River  Pilot  Project  involved  land  disposal  of  mat- 
erial  from  the  Calumet  River  in  a  91-acre  site.  Material  was 
excavated  by  clam-shell  and  transported  by  scows  to  a  tempor- 
ary  disposal  site.  This  temporary  spoil  area  was  a  basin or 
"pocket"  surrounded  by  a  submerged  dyke.  When  sufficient  mat- 
erial  had  accumulated,  a  hydraulic  dredge  was  used  to  excavate 
the  basin  and  pump  the  spoil  to  the  permanent  disposal  site. 

The  following  conclusions  were  based on the  sampling  program: 

The  operation  of  the  clam-shell  produced  no  significant 
changes  in  water  'quality.  The  only  parameter  showing  a 
significant  increase  was  turbidity,  which  rose  from  20  Jack- 
son  Turbidity  Units  (JTU)  above  the  dredge  to 39 JTU  below. 

The  submerged  dyke  in  the  temporary  spoil  area was  effective 
in  minimizing  water  quality  degradation.  Parameter  values 
immediately  outside  the  dyke  showed  no  significant  increase 
above  background. 

The  detention  time  in  the  final  settling  basin  was  insuff- 
icient  to  effectively  reduce  the  turbidity  and  suspended 
solids  to  a  degree  which  would  have  been  possible  with  imp- 
roved  control  of  the  drainage. 

The  final  settling  basin  was  not  effective  in  improving  the 
chemical  quality of the  drainage  from  the  spoil. 

Green Bay Pilot  Study 

In  this  study,  632,000  cubic  yards  of  dredge  spoil  were  used 
to  fill  a  380-acre  dyked  basin  and  to  construct  a  dyke  enclos- 
ing  a  230-acre  spoil  area  in  the  shallow  waters of Green  Bay 
Harbour.  The  project  used a temporary  spoil  site  in  the  bay 
consisting  of  a 200 foot  by 750 foot  sump  excavated  to  a  depth 
of 25 feet  below  natural  bay  bottom.  Material  dredged  from 
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the Fox River  channel  by  clam-shell was transported  by  scow 
to  this  temporary  site.  It  was  them  moved  by  hydraulic  dredge 
to  the  380-acre  basin.  Some  channel  areas  were  excavated  dir- 
ectly  by  hydraulic  dredge  with  spoil  disposal  in  the  large 
dyked  area. 

The  data  collected  show  that  only  turbidity  and  suspended  solids 
were  effectively  controlled by  the  380-acre  dyked  area.  Turbid- 
ity  in  the  outfall  was  usually  less  than 25 JTU.  Chemical  con- 
stituents  such  as  phosphorus,  ammonia  and  organic  nitrogen,  and 
chemical  oxygen  demand  increased  through  the  pond.  In  the  ‘temp- 
orary  sump,  significant  increases  above  background  were  noted 
for  conductivity,  alkalinity,  turbidity,  suspended  solids,  total 
phosphorus  and  total  nitrogen.  Turbidity  levels  in  the  channel 
near  the  sump  went as  high  as  300  JTU  compared  to  background 
levels  of  about 15 JTU. 

Toledo  Harbour  Project 

The  materials  dredged  from  the  Maumee  River  and  the  inner 5 

miles  of  Maumee Bay  channel  at  Toledo  are  placed  in  a  dyked 
enclosure  in  the  bay.  Dredgings  from  the  outer 12 miles.of 
the  channel  are  disposed  of  in  an  open  water  area  of  Lake  Erie. 

In  general,  the  site  effects  of  dredging  are  a  function  of  the 
normal  pollutional  characteristics of the  Maumee  River.  The 
percent  volatile  solids  are  in  the  order  of 7-10 percent (w/w). 

Prior to November, 1967, the  dyked  area  did  not  limit  the  over- 
flow of suspended  sediments  effectively.  Some  changes  were 
made  to  the  enclosure  including  raising  the  overflow  weir to 
allow  ponding  to  occur  within  the  enclosure.  These  changes 
were  effective  in  reducing  the  overflow of suspended  matter, 
nitrates,  phosphates,  sulfates  and  chlorides. 
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MOBILE  BAY  STUDY 

One  of  the  most  comprehensive  studies  to  date  with  regard  to 
dredging  in  estuaries,  is  that  by  May (1973) for  Mobile  Bay, 
Alabama.  Three  hydraulic  pipeline  dredges  were  monitored 
and  rigorous,  predredging  data  was  generated.  They  found  that 
almost  all  dredged  material  disposed  of  in  open  water  settles 
very  rapidly  and  enters  dredge  cuts or  is  transported  by  gravity 
along  the  bottom as a  flocculated  density  flow  separate  from 
the  water  column.  All  other  measureable  sediment  transport 
does  not  exceed  natural  levels  caused  by  normal  winds  beyond 
about 1600 feet  or less from  the  discharge.  Suspended  solids 
are  temporarily  increased  to  high  levels  over  a  limited  area 
but  this  causes  little  deleterious  environmental  effect.  There 
is  a  limited,  temporary  reduction  in  macroscopic  benthis  organ- 
isms  in  areas  affected  by  dredging. 

The  widespread  visible  turbidity  sometimes  produced  by  dredges 
does  not  exceed  natural  levels  caused  by  freshets  or  normal 
winds  beyond  a  few  hundred  feet  from  the  discharge.  The  visible 
plume  has  little  relationship  to  distribution  of  dredged  sedi- 
ments  and  it  does  not  measurably  increase  silting.  Turbidity 
measurements  have  little  useful  application  in  dredging  studies 
because  the  actual  concern  is  with  the  amount  of  solids  suspend- 
ded  in  the  water. 

The  concentration  of  materials  normally  found  in  typical  estu- 
rine  sediments  has  little  relationship  to  the  effect on  water 
quality  except  for  reduced  compounds  which  can  create  an  immed- 
iate  oxygen  demand.  However,  this  demand  is  mostly  limited to 
the  density  flow  near  bottom.  Because  of  rapid  settlement, 
volatile  solids  are  of  little  importance  to  dredging  situations 
unless  they  are  high  enough  to  have  already  degraded  water 
quality. 
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SUMMARY 

In summary,  it  can  be  said  that  the  most  serious  problems  arise 
when  highly  industrial  harbours,  bays,  or  channels  are  dredged. 
Such  was  the  situation  described  for  New  York  Harbour  (Anon., 
1970),  Bellingham  Bay,  Washington,  (Anon.,  1967),  Arthur  Kill, 
New  Jersey  (Brown & Clark,  1968),  and  various  industrialized 
Great  Lakes  areas ( U . S .  Corps.  Eng.,  1969).  These  harbours 
are  highly  polluted  and  receive  industrial  wastes  containing 
organic  and/or  toxic  components.  Bottom  sediments  are  effect- 
ive  traps  for  many  organic  and  inorganic  materials  because of 
sorption  and  ionic  processes  and  consequently  the  sediments 
in  these  harbours  become  highly  contaminated.  In  maintaining 
these  harbours  for  navigation,  they  must  be  continually  dredged 
and  in  previous  years  the  dredged  spoil  was  disposed  of  in  open 
water  dumping  grounds. 

Resuspension  of  the  contaminated  sediments  was  found  to  produce 
toxic  conditions  and/or  create an  oxygen  demand  and  the  disposal 
areas  were  generally  devoid  of  benthic  organisms. 

Fish  toxicity  of  sediments  obtained  in  the  vicinity of pulp  mills 
was  observed  by  Servizi " et al,  1968 and  by  Hourston & Herlin- 
veaux,  1951.  In  both  cases,  the  toxicity  problem  was  related 
to the release of  hydrogen  sulfide  upon  resuspension of the 
sediments. 

The U.S. Corps  of  Engineers (1969) conducted  a  series of  "Pilot 
Studies"  in  order  to  investigate  alternate  means of dredge  spoil 
disposal.  They  concluded  that  disposal  into  onshore  dyked  areas 
with  adequate  overflow  drainage  could  minimize  the  problems 
associated  with  dredging  contaminated  sediments.  However,  con- 
taminants  being  leached  from  the  sediments  can  still  enter  the 
receiving  waters  via  the  discharge  from  the  dyke  overflow. 

O'Neal  and  Sceva  (19711,  after  investigating  dredging on water 
quality  in  Washington,  recommended  the  adoption of guidelines 
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based on sediment  criteria  for  determining  acceptability  of 
sediments  for  dredging  and  recommended  restrictions  on  where 
and  how  dredging  and  spoil  disposal  can  be  done. 

In  areas  not  highly  industrialized,  the  problems  associated 
with  dredging  are  usually  restricted  to  particulate  matter, 
that  is,  Turbidity,  Suspended  Solids  and  sedimentation  or  silt- 
ation.  Observations  concerning  turbidity  and  suspended  solids 
during  dredging  programs  are  reported  by  Wilson (1950), Mackin 
(1962),  May  (1973),  Cronin ” et a1 (1970)  and  Biggs  (1968).  In 
general,  it  can  be  said  that: 

- problems  were  more  extensive  when  sediments  containing  a 
large  percentage  of  fines  were  dredged; 

- the  concentration os suspended  matter  decreased  with  increas- 
ing  distance  from  the  dredge  outlet; 

- Problems  rapidly  disappeared  whrn  the  dredging  programs  were 
complete. 

There  are  a  number of reports  concerning  the  impact  of  dredging 
on biological  organisms.  One of the  most  comprehensive  is  that 
by  Cronin ” et a1 (19701,  describing  a  dredging  program  involving 
the  disposal  of  over 1 million  cubic  yards  of  sediment  in  Ches- 
apeake  Bay.  In  general,  no  gross  effects  were  observed  for 
phytoplankton  productivity,  zooplankton,  adult fish, free-floating 
fish  eggs  and  larvae. 

The  most  serious  problems  arise  when  the  sediments  suspended 
during  dredging,  settle  and  smother  the  benthic  communities. 
In  the  study  by  Cronon ” et a1  (19701,  a  70 per cent  reduction 
in  benthos  was  observed  in  the  disposal  area.  After 1 year, 
however,  repopulation of the  area  by  benthic  organisms was  com- 
plete. 
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In  considering  dredging  in  estuaries,  White  (1966),  Masch ti 

Espey  (1967)  and  May  (1973)  applied  basic  concepts  of  estuar- 
ine  sedimentology  in  considering  the  settleability  of  dredged 
sediments.  When  sediments  enter  the  upper  part  of  an  estuary, 
the  coarse  materials  settle  out  rather  quickly  in  the  absence 
of  a  suspending  force.  The  finer  particles  remain  in  suspen- 
sion  longer,  but  in  salt  water  these  fine  sediments  flocculate 
rapidly  and  settle  out. As the  concentration  becomes  greater 
near  the  bottom due to  rapid  settling,  the  settling  flocs  tend 
to  interfere  with  one  another  and  there  is  a  decrease  in 
the  settling  velocities  of  the  particles.  Thus  a  "mud  flow" 
develops  which  tends  to  flow  as  a  density  current.  Mud  flows 
can  occur  when  the  dredged  sediments  contain  substantially 
high  concentrations  of  silt  and  clay  materials.  If  conditions 
near  the  discharge  point  are  such  that  the  Suspended  Solids 
builds  up  when  dredging  such  fine  sediments,  hindered  settling 
will  begin  when  concentration  is  about  1  percent  and  the  slurry 
will  not  consolidate  until  the  concentration  reaches  about 17 
percent  (Masch & Espey,  1967). 

Thus  the  above  authors  observed  that  the  predominant  factors  of 
dredge  spoil  dispersion  in  estuaries  are  those  which  contribute 
to,  or  influence,  the  formation  and  movement of these  floccul- 
ated  density  layers  and  mud  flows.  It  was  observed  that the  mud 
flows tend  to  move  according  to  gravity  rather  than  current 
direction. 
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