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Hydraulic and Sediment Characteristics at the 
North Channel Bridge, Jamaica Bay, New York 

By Ward W. S t a u b i t z  and Stephen W. Wolcott  

ABSTRACT 

Data were c o l l e c t e d  during the spr ing o f  1984  i n  t h e  v i c i n i t y  o f  North 
Channel br idge  i n  Jamaica Bay t o  d e f i n e  the h y d r a u l i c  regime and t h e  phys ica l  
c h a r a c t e r i s t i c s  and chemical q u a l i t y  o f  bottom sediments. The data were used 
i n  a semiquant i ta t i ve  a n a l y s i s  t o  p r e d i c t  t h e  e f f e c t s  o f  b r idge  replacement on 
f low p a t t e r n s ,  chemical q u a l i t y  o f  bay water, and d i s t r i b u t i o n  of bottom sedi-  
ments w i t h i n  Jamaica Bay. 
d e l i n e a t e d ,  and continuous t i d a l  stage and t i d a l  v e l o c i t y  data were c o l l e c t e d  
f o r  about 1 month. I n  a d d i t i o n ,  e i g h t  bottom-sediment samples were c o l l e c t e d  
near  the  b r idge  and analyzed f o r  p a r t i c l e  size,  s e t t l i n g  v e l o c i t y ,  biochemical 
oxygen demand, concent ra t ion  of  s e l e c t e d  metals and organic  compounds, and 
exchange o f  metals and n u t r i e n t s  t o  t h e  water column. 

The bottom conf igura t ion  at  the b r idge  s i t e  was 

Jamaica Bay i s  roughly c i r c u l a r  w i t h  s c a t t e r e d  landmasses i n  i t s  c e n t e r ;  
t h e  c i r c u l a t i o n  p a t t e r n s  t h a t  form during t i d a l  c y c l e s  can be eva luated from 
f l u x e s  measured at  the  br idge .  Resu l t s  o f  the h y d r a u l i c  a n a l y s i s  show tha t  
t h e  present  rate and d i r e c t i o n  of  water  movement a t  the b r idge  v a r y ,  but  a n e t  
eastward f l u x  of about 0 .67  x lo8  cubic feet occurs during each t ida l  cyc le .  
The proposed b r i d g e  should have no measurable e f f e c t  on t h e  n e t  water-volume 
t r a n s p o r t  a t  the  br idge  c r o s s  s e c t i o n .  Scouring of  bottom sediment beneath 
t h e  proposed br idge  i s  expected t o  be less than beneath t h e  present  one 
because fewer p i l i n g s  w i l l  be used. The sediment data i n d i c a t e  t h a t  bottom 
sediments are r e l a t i v e l y  unpol luted i n  t h e  br idge  v i c i n i t y  and tha t  sand- and 
s i l t - s i z e d  aggregated p a r t i c l e s  predominate. About 75 percent  of the 
resuspended bottom sediment w i l l  s e t t l e  wi th in  6 1 0  f t  o f  the  new b r i d g e  during 
an average ebb t i d e .  
i n d i c a t e s  t h a t  the depth  o f  sedimentat ion r e s u l t i n g  from b r i d g e  replacement 
is not  l i k e l y  t o  exceed 0.12 inches at any l o c a t i o n  wi th in  t h e  bay. Also, the 
large volume of  water passing the b r idge  s i t e  during each t ide (up t o  2 x lo8  
cubic f e e t )  w i l l  d i l u t e  any meta ls  and n u t r i e n t s  released from the  sediments 
t o  several o rders  o f  magnitude below t h e i r  d e t e c t i o n  l i m i t .  The extra oxygen 
demand exerted by the  resuspended bottom sediments i s  a l s o  expected t o  be 
s e v e r a l  o r d e r s  o f  magnitude lower than ambient biochemical oxygen demand of 
t h e  water column. 

A s imple  a n a l y s i s  o f  sediment t r a n s p o r t  and depos i t ion  

INTRODUCTION 

The North Channel br idge  ( f i g .  1) was constructed i n  1923  and has s i n c e  
se rved  as a main access  route  t o  Rockaway Beach, a major r e c r e a t i o n  area f o r  
r e s i d e n t s  o f  New York C i t y .  The br idge ,  which i s  h e a v i l y  used during summer, 
has  d e t e r i o r a t e d  s u f f i c i e n t l y  t o  r e q u i r e  replacement.  

The proposed method of  replacement r e q u i r e s  removing 2 , 145  p i les  from the  
present  br idge  and i n s t a l l i n g  344 pi les  f o r  the new br idge.  S i x  t o  1 0  p i les  
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are expected t o  be removed each day, and the New York State Department of 
Transportation estimates that the removal of each p i l e  w i l l  cause the 
resuspension of about 1 f t 3  o f  bottom sediment. 
east of the bridge i n  Grassy Bay are heavily contaminated w i t h  metals and 
organic compounds, the chemical quality of bottom sediments i n  the v ic in i ty  of 
the bridge is unknown. I f  they are contaminated and consist of part ic les  
small enough to  be transported long distances, they may adversely a f f ec t  the 
r e l a t i v e l y  healthly biological habitats i n  sandy areas west of  the bridge. 

Al though bottom sediments 

With the proposed bridge, the cross-sectional area of the channel occupied 
by the bridge piers and pi les  w i l l  be decreased from 15 percent t o  7.5 per- 
cent. However, the proposed configuration may change the circulation pat- 
terns w i t h i n  the bay, which could cause scour and resul t  i n  the transport of 
possibly contaminated sediments t o  the biological habitats t o  the west ( f i g .  1 ) .  

I n  1984, the U.S. Geological Survey, i n  cooperation w i t h  New York State 
Department of Transportation, began a study to assess the hydraulic regime i n  
the immediate v ic in i ty  of t h e  bridge and the physical and chemical character- 
i s t i c s  of the bottom sediments. The Survey then used th i s  information i n  a 
semiquantitative analysis of the -possible e f f ec t s  of bridge replacement on the 
water-volume transport, water quality,  and sediment-transport characteristics 
o f  the bay, 

The study included measurements of t ida l  stage and velocity  a t  the North 
Channel bridge d u r i n g  the spring of 1984 t o  document the present t ida l  flow 
characterist ics  a t  the bridge and t o  estimate changes i n  these characteristics 
that might resul t  from changes i n  the bridge configuration. 
w a s  also used t o  identify the potential for  scour at  the cross sections of the 
proposed bridge . 

This information 

The study also included measurement of the biochemical oxygen demand (BOD) 
of suspended bottom sediments, an analysis of particle-size d i s t r i b u t i o n  and 
set t l ing  velocity  of the bottom sediments, a determination of the amounts of 
metals and nutrients released to the water column from the suspended bottom 
sediments, and an analysis of the concentration of selected metals and organic 
compounds in the bottom sediments. This information was used w i t h  estimates 
from the New York State Department of Transportation on the timing and amounts 
of bottom sediments t o  be suspended by bridge construction i n  an analysis of 
the resulting water quality and the transport of the suspended bottom sediments. 

Purpose and Scope 

This report summarizes the results  of the investigation. The section on 
hydraulic characteristics describes the e f f ec t s  of the present and proposed 
bridges on water transport and bay-bottom configuration, 
transport d u r i n g  a 1-month period and the e f f ec t s  of flow constriction 
d u r i n g  spring tides are summarized i n  tables; maps of the bay-bottom con- 
figuration i n  the v ic in i ty  of the two bridges are included, The section on 
sediment characteristics describes the physical and chemical qual i ty  of the 
sediments as well as the transport and redeposition of sediments that would 
be suspended dur ing  bridge replacement. 
data on the oxygen demand and metal and nutrient exchange; a map shows the 
probable extent of the sediment redeposition. 

Data on water 

The section on sediment also includes 
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Seasonal and annual variations in flow patterns and rates could not be 
taken into account because the data-collection period was limited to 1 month; 
therefore, the projections of longer term t idal  patterns, channel scour, and 
sediment transport and deposition given herein must be considered as semiquan- 
t i t a t i v e  only. 
replacement e f f ec t s  rather than the exact values. 

These estimates indicate the re la t i ve  magnitude of bridge- 

SITE DESCRIPTION 

Jamaica Bay i s  a 13,000-acre estuary bordered on the north by Brooklyn and 
Queens, on the  east by Kennedy Airport, on the south by Rockaway Beach, and on 
the west by Floyd Bennett F i e l d  ( f i g .  1 ) .  
opens t o  the Atlantic Ocean through Rockaway Inlet .  
cular ,  w i t h  deep navigable channels along the outer circumference and 4,000 
acres of r e la t i ve ly  undisturbed marshland in the center. 

The southwest corner of the bay 
The bay i s  roughly cir-  

Jamaica Bay i s  bisected by Cross Bay Boulevard and the t rans i t  rai l road 
causeway t o  the east,  both of which pass through the community of Broad 
Channel and end a t  Rockaway Beach t o  the south. 
extends about 2,000 f t  across North Channel and connects Rulers Bar Hassock 
w i t h  Howard Beach about 1/2 m i  west of Grassy Bay ( f ig .  2 ) .  Beneath the  
bridge, North Channel ranges in depth from 5 t o  22 f t  a t  mean low water, 

The North Channel bridge 

Tides 

A f u l l  t idal  cycle occurs about every 12.4 hours in Jamaica Bay, with high 
and low tides almost twice dai ly .  The mean t i d a l  range i s  about 5 f t ;  spring 
tides are about 20 percent greater than the mean. 
(volume of water between mean high and mean low t ide)  i s  2.51 x lo! f t 3 ,  or 
about 36 percent of the to ta l  bay volume a t  midti.de, 
f iguration of Jamaica Bay, which is roughly c i rcular  w i t h  scattered land- 
masses in i t s  center, gives r i se  to complex circulation patterns during each 
t ida l  cycle, The extensive tide-induced movement of water in Jamaica Bay 
creates suf f ic ient  turbulence to cause nearly complete ve r t i ca l  mixing in most 
areas of the bay (Feuerstein and Maddaus, 1976, p. 200). In addition, the 
movement of water from the main channels to the shallow marshy areas and back 
during the flood and ebb cycle causes considerable l a te ra l  mixing throughout 
the  bay (Leendertse and Gritton, 1 9 7 1 ,  p. 49). 

The mean t ida l  rism 

The geometric con- 

Land Use 

The drainage area to Jamaica Bay i s  mostly high- to'medium-density residen- 
t i a l  with small areas of l ight  and heavy industry. 
people l i v e  within the drainage area, and their treated sewage i s  discharged to 
the bay. Effluents from sewage-treatment plants constitute the major source of 
nontidal flow t o  the bay. I n  dry weather, these sources discharge 220 Mgal/d of 
treated sewage--about 1 percent of the  mean t i d a l  p r i sm (Feuerstein and Maddaus, 
1976, p. 20.) 

Approximately 1.64 mill ion 

Dredging 

Before the turn of the 20th century, Jamaica Bay was a productive estuary 
consisting of about 25,000 acres of shallow marshland that  provided clams, 
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o y s t e r s ,  l o b s t e r s ,  c r a b s ,  and f i s h  t o  New York C i t y .  A f t e r  t h e  beginning of 
t h e  20 th  century ,  however, t h e  bay and i t s  env i rons  underwent e x t e n s i v e  devel- 
opment, Dredging began i n  t h e  o u t e r  channels  t o  c r e a t e  s h i p  channels  1 , 0 0 0  t o  
1,500 f t  wide and 30 t o  40 f t  deep. 
raise the marshes a long the  per iphery  o f  the  bay. 
o f  seafood was e v e n t u a l l y  des t royed  by t h i s  dredging and a l s o  by t h e  increased 
d i scharge  of  unt rea ted  sewage t o  the  bay . Although commercial seafood produc- 
t i o n  was forbidden f o r  h e a l t h  reasons  i n  t h e  e a r l y  192O's,  i n d i v i d u a l s  have 
continued t o  h a r v e s t  seafood from the  bay (Fay and o t h e r s ,  1 9 7 1 ) .  

The f i l l  from the  dredging was used t o  
The commercial product ion 

A d d i t i o n a l  dredging was done i n  la ter  y e a r s ,  and t h e  f i l l  was used t o  
create Floyd Bennett  F i e l d  and Kennedy A i r p o r t  ( f i g .  1 ) .  With  t h e  a d d i t i o n  o f  
so l id-waste  l a n d f i l l s  a long North Channel i n  Brooklyn and Queens, n e a r l y  a l l  
o f  the  1 2 , 0 0 0  a c r e s  o f  marshland along the  per iphery  o f  t h e  bay have been 
des t royed  (Fay and o t h e r s ,  1 9 7 1 ) .  
o f  f i l l  f o r  Kennedy A i r p o r t  and l e f t  a deep pool  t o  which t h e  Jamaica Sewage 
Treatment P l a n t  d i scharges  about 96 Mgal/d of  t r e a t e d  sewage, Extension of . 

runway 4-22 a t  Kennedy A i r p o r t  i n  t h e  mid-1960's ( f i g ,  1) a l s o  a l tered the  
n a t u r a l  t i d a l  c i r c u l a t i o n  p a t t e r n  through Grassy Bay and he lped t rans fo rm it 
i n t o  a s lugg ish  pool  i n  which f ine-gra ined sediments and t h e i r  a s s o c i a t e d  con- 
taminants r e a d i l y  se t t l e  (Feuers te in  and Maddaus, 1976 ;  Fay and o t h e r s ,  1 9 7 1 ) .  

Dredging i n  Grassy Bay supp l ied  50 x 106 yd3 

The e f f e c t  o f  80 y e a r s  o f  dredging has been t o  i n c r e a s e  the  mean depth 
o f  the  bay from about 3 f t  t o  16  f t ,  w i t h  a corresponding i n c r e a s e  i n  the 
r e s i d e n c e  time of c o n s e r v a t i v e  substances from 10 days  t o  an estimated 35 days 
(Fay and o t h e r s ,  1 9 7 1 ,  p.  5 3 ) .  Approximately 7 0  percent  o f  the p resent  water 
volume of  the  bay i s  the  r e s u l t  of  dredging ( F e u e r s t e i n  and Maddaus, 1976,  p. 1 8 ) .  

I n  spite  o f  t h e  repeated dredging of  Jamaica Bay, t h e  e x t e n s i v e  development 
surrounding it, and t h e  large amount o f  t r e a t e d  sewage e n t e r i n g  it,  the bay 
remains an important n a t u r a l  r esource .  It conta ins  more than 60 s p e c i e s  of f i s h  
and s h e l l f i s h  and s e r v e s  as one of  the  few remaining n u r s e r i e s  f o r  oceanic 
f i s h e s  in  the  New York C i t y  area. It a l s o  conta ins  r e l a t i v e l y  h igh-qua l i t y ,  
sandy benth ic  h a b i t a t s  i n  i t s  we l l - f lushed  western  part. The marshland prov ides  
an  important feeding and n e s t i n g  area f o r  b i r d s ;  approximate ly  300 b i r d  s p e c i e s  
have been s ighted  i n  the Jamaica Bay r e f u g e  (Fay and o t h e r s ,  1 9 7 1 ) .  

Movement of water i n  the  s tudy  area i s  t h e  means by which d i s s o l v e d  and 
suspended material may be t ranspor ted  from the  bridge-replacement s i t e  t o  habi- 
t a t s  where they  may have de t r imenta l  e f f e c t s .  Eva lua t ion  o f  sediment and chemi- 
c a l  t r a n s p o r t  r e q u i r e s  de ta i l ed  knowledge of  t ida l  h y d r a u l i c s  i n  t h e  area. 
Water - t ransport  c h a r a c t e r i s t i c s  were estimated through adapta t ions  of s e v e r a l  
s tandard techniques t o  the condi t ions  a t  the North Channel highway bridge.  

Methods 

Two primary f a c t o r s  are needed t o  c a l u l a t e  water t ransport - - the  avers e 
speed of the  water ( t y p i c a l l y  i n  f t/s )  and the c r o s s - s e c t i o n a l  area ( i n  f t  s ) 
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through which it is moving. The product o f  these  two q u a n t i t i e s  r e p r e s e n t s  
water t r a n s p o r t ,  o f t e n  c a l l e d  discharge,  i n  f t 3 .  In a t i d a l  environment,  
measurement o f  t h e s e  two q u a n t i t i e s  i s  complicated because both v a r y  w i t h  time. 
I n  t h i s  s tudy,  the  time-varying c r o s s  s e c t i o n  of f low was c a l c u l a t e d  from 
measurements o f  the  bay-bottom conf igura t ion  by fa thomet r ic  techniques and 
measurements o f  t h e  water -sur face  a l t i t u d e  by f loa t -opera ted  water-level recor-  
ders. From t h i s  in format ion,  the  c r o s s  s e c t i o n  of f low a t  any time during the  
t i d a l  c y c l e  can be computed. 
used t o  a s s e s s  scour p a t t e r n s  around the piles of the  highway b r i d g e  and of 
nearby r a i l r o a d  br idges .  

The d a t a  on bay-bottom c o n f i g u r a t i o n  were a l s o  

The time-varying average v e l o c i t y  was computed from records  of two 
recording v e l o c i t y  meters i n  conjunct ion wi th  v e l o c i t y  measurements made a t  
many s i t e s  w i t h i n  the  c r o s s  s e c t i o n  throughout a t i d a l  c y c l e .  

One recording v e l o c i t y  meter provided an index v e l o c i t y  during f lood  tides; 
t h e  o ther  provided v a l u e s  during ebb tides. 
t h e  i n t e n s i v e  t i d a l - c y c l e  measurements t o  produce estimates o f  t h e  average ve loc-  
i t y  i n  both d i r e c t i o n s .  
t ies ,  some redundancy was inherent  i n  the  velocity-measurement program. 

Both readings  were c a l i b r a t e d  from 

Because each meter measured both f l o o d  and ebb v e l o c i -  

To e v a l u a t e  whether the  present  b r i d g e  a c t s  as  a c o n s t r i c t i o n  t o  f low,  
t h r e e  wate r - l eve l  r ecorders  were used t o  determine t h e  water -sur face  p r o f i l e  
under the  br idge.  (A s i g n i f i c a n t  c o n s t r i c t i o n  w i l l  produce a measurable s lope  
i n  the  water  s u r f a c e  over  a r e l a t i v e l y  s h o r t  d i s tance .  The greater the  s l o p e ,  
t h e  g r e a t e r  the  degree of  c o n s t r i c t i o n . )  

Measured water t r a n s p o r t ,  water -sur face  s l o p e ,  and bottom c o n f i g u r a t i o n  
a t  the  present  b r idge  and bottom c o n f i g u r a t i o n  a t  the  rai ' l road b r i d g e  were 
used in conjunct ion wi th  known s p e c i f i c a t i o n s  f o r  the  proposed b r i d g e  t o  
p r o j e c t  changes t h a t  the  br idge  replacement may incur .  

Data Collection 

Buy -Bo t tom-Con f igura t ion 

Fathometer data were c o l l e c t e d  May 16, 1984 and ad jus ted  t o  the  National  
Geodetic  V e r t i c a l  Datum of 1929 (mean sea level) w i t h  w a t e r - l e v e l  da ta  from a 
recording t i d e  gage at  50 f t  west of the  c e n t e r l i n e  of the  North Channel 
b r idge  ( f i g .  3 ) .  Two t r a v e r s e s  parallel  t o  the  b r i d g e  and pe.rpendicular t o  
the f low were made on both sides of t h e  North Channel br idge  and the  North 
Channel r a i l r o a d  br idge .  The two t r a v e r s e s  were approximately  10  f t  and 150  
f t  from the  sides of  t h e  br idges .  S e v e r a l  a d d i t i o n a l  t r a v e r s e s  were made 
perpendicular  t o  the  b r i d g e  and parallel  t o  the  f low a t  s e l e c t e d  l o c a t i o n s  
where the  boat conta ining the  fathometer equipment could pass s a f e l y  under the  
b r i d g e s .  

The bay-bottom c o n f i g u r a t i o n  in the  v i c i n i t y  of the  present  North Channel 
b r i d g e  and proposed br idge  i s  shown i n  f i g u r e  3 ;  the  bay-bottom conf igura t ion  
i n  the  v i c i n i t y  o f  t h e  r a i l r o a d  b r i d g e  i s  shown i n  f i g u r e  4. 
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Tidal Stage 

Three stage-recording gages were placed a t  the 88th row of pi les  and 
aligned paral le l  t o  the flaw ( f i g .  3 ) .  The intakes to  the stage gages were 
placed 141  f t  west of the bridge centerline, 50 f t  west of it, and 138 f t  east 
of it. The stage gages were programed t o  record instantaneous water level  
every 5 minutes. The datum for  the stage gages was established A p r i l  1 3 ,  1984, 
and data were recorded from then until May 15,  1984 a t  the two outermost 
gages. The stage gage 50 f t  west of the bridge centerline was maintained 
u n t i l  May 16,  1984 t o  record stage dur ing  the operation of the fathcmeter. 
Data records from a l l  three stage gages were complete dur ing  the above-men- 
tioned periods. 

T i d a l  Veloci t ies  

Two recording electromagnetic flow meters that provide index ve loci t ies  
were placed 5 f t  south of the 89th pier a t  the centerline of the bridge ( f i g .  
3)  at  an al t i tude of -6.1 f t .  This a l t i tude  was approximately 3 f t  below the 
lowest recorded stage t o  minimize the e f f ec t  of wave action. 

The meters were set  to  sense velocity  for  10 seconds approximately once 
every minute for  a S-minute period and to  record the computed average 
S-minute velocity .  The meters were operational f r o m  April 12,  1984 through 
May 15,  1984. Velocities ranged from 0.0 f t / s  a t  slack tides t o  s l ight ly  less 
than 2 . 5  f t / s  dur ing  peak flood- or ebb-tide ve loc i t ies .  

The velocity  meters provided a complete tidal-velocity record except when 
the flood-tide velocity  meter fai led intermittently dur ing  A p r i l  12-18, 1984. 
Because both meters can record flow i n  either direction, data from the ebb- 
t ide velocity  meter was used t o  reconstruct the missing flood-tide ve loc i t ies .  
A l inear regression of flood-tide index ve loci t ies  i n  re la t ion t o  ebb-tide 
index ve loci t ies  yielded the following relationships: 

VFlood-index = -1,1672 VEbb-index 

where: VFlood-index = flood-index velocity a t  flood-tide velocity meter, 

VEbb-index = ebb-index velocity  a t  the ebb-tide velocity  meter . 
The correlation coeff icient  i s  0.996. 

Flow velocity  was measured a t  the North Channel bridge dur ing  a complete 
t i d a l  cycle on A p r i l  18, 1984, t o  develop a mathematical relationship between 
the average velocity  i n  the bridge cross section and the recorded index veloc- 
i t i e s .  Velocity was measured a t  the midpoin t  of 15 preselected sections every 
30 minutes. Twelve of  the sections were bounded by adjacent rows of pi les  and 
were 22 f t  i n  width; the other three divided the main channel i n t o  33- f t  
segments. (Locations o f  the 15 measuring sections are shown i n  f i g ,  3 . )  
Velocity measurements were made a t  points 20 percent and 80 percent of the to ta l  
depth a t  10 of the sections, and detailed measurements were made at  points LO, 
20, 50, 80, and 90 percent of the tota l  depth a t  the remaining f i ve  sections. 
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The f i v e  sections chosen for  detailed ve r t i ca l  measurements were changed every 
hal f  hour so that a l l  15 sections were measured by the t h i r d  ser ies  of measure- 
ments. Supplemental velocity  measurements were made continuously dur ing  the 
t i d a l  cycle a t  a l l  sections except the three i n  the main channel. Each section 
was divided into  f i v e  subsections, including the midpoint, and velocity obser- 
vations were made a t  points. 20 and 80 percent of the tota l  depth. 
provided suf f ic ient  information t o  calculate discharges and average velocity a t  
30-minute intervals  for  each of the 12 sections. 

This data set  

Analysis and Conclusions 

Water %ansport 

W t 
and 

Measured t ida l  velocity  and cross-sectional data were used t o  calculate 
r transpo t. 
the average section ve loci t ies  calculated from the supplemental velocity 

Linear relationships between the measured midpoint velocit ies  

measurements were developed. The relationships for  each of the 12 sections were 
applied to the midpoint ve loc i t ies  t o  obtain average section ve loci t ies  a t  
30minute intervals .  Average section ve loci t ies  were then assigned by inter- 
polation to the remaining 92 sections bounded by adjacent rows of pi les .  Cross- 
sectional areas of a l l  sections were computed from fathometer and t ida l  stage 
data, and average section ve loci t ies  for  a l l  sections were then used to  compute 
discharges a t  30-minute intervals through the bridge cross section, excluding 
the main channel. Velocities measured a t  30lninute intervals  a t  the main chan- 
nel were used to  calculate discharges direct ly .  The discharges were summed, and 
an average velocity for  the entire  bridge cross section a t  each 30-minute inter- 
v a l  was calculated by dividing each computed discharge by the computed cross- 
sectional area for  that time. 
against the recorded index ve loci t ies  . The following relationships were devel- 
oped by l inear regression: 

These average velocit ies  were then plotted 

where: 

- 
'Flood 0.574 VF lood-Index 

'Ebb O e 6 O 9  VEbb-Index (3 )  
- 
VFlood = average flood-tide velocity a t  bridge cross section, 

VEbb = average ebb-tide velocity a t  bridge cross section, 

VEbb-index = ebb index velocity a t  the ebb-tide velocity  meter. 
VFlood-index = flood index velocity a t  the flood-tide velocity meter, 

The correlation coefficients for  equations 2 and 3 a re  0.997 and 0.986, 
respectively.  Relationships between average ve loci t ies  and index ve loci t ies  
were used t o  obtain average cross-section ve loci t ies  dur ing  flood and ebb 
tides every 5 minutes. Cross-sectional areas for  both sides of the North 
Channel bridge and for  a l l  ranges i n  stage were developed from the fathometer 
data. The cross-sectional areas on the west side of the bridge were used w i t h  
the flood t ide,  and the cross-sectional areas on the east side were used for  
the ebb tide. The 5-minute stage data a t  the t ide gage 50 f t  west of the 
bridge centerline was correlated w i t h  the cross-sectional areas. The average 
5-minute velocity was then multiplied by the cross-sectional area and 5-minute 
time interval to yield the volume of water passing through the bridge cross 
section i n  5 minutes. 

1 3  



Beginning at  2030 hours on A p r i l  15, 1984, and continuing u n t i l  2005 hours 
on May 14, 1984, computed 5-minute volumes of water transport were summed for 
each successive f lood and ebb tide. The resul ts ,  shown i n  table 1, indicate 
that the net transport of water through the North Channel bridge cross section 
was variable but  predominantly west t o  east.  ( A  positive value indicates a 
west-to-east direction.) 

Table 1 .--Summary of water transport through North Channel bridge 
cross section, Jamaica Bay, N.Y.  

[Transport values are i n  cubic meters per second. 1 

Net Net transport 
Length of transport for (as percentage Time-weighted 

t ida l  each successive of to ta l  average of 
Date and timea - cycle t ida l  cycle t ida l  volume net transport 

month day hour minute ( h )  ( f t 3  -- x 108)b  passing bridge) ( f t 3  -- x 108)b 

-- -- 4 15 20 30 
4 16 9 10 12.67 -1.15 
4 16 21 10 12.00 -a47 
4 17 9 30 12.33 -1 . 78 
4 17 21 40 12.17 -. 51 
4 18 10 20 12.67 -1.94 
4 18 22 50 12.50 1.15 
4 19 11 15 12.42 -. 15 
4 19 23 45 12 . 50 a 99 
4 20 11 40 11.92 l 04 

4 21 00 15 12.58 . 39 
4 21 12 20 12.08 -1 . 53 
4 22 2 10 13.83 1.13 
4 22 14 20 12.17 . 65 
4 23 1 30 11.17 3.33 

4 23 15 35 14.08 l 26 
4 24 2 15 10.67 3.29 
4 24 14 40 12.42 . 12 
4 25 3 25 12.75 - 0  53 
4 25 15 40 12.25 - 0  99 

4 26 5 0 13 . 33 . 56 
4 26 18 0 13 . 00 1.57 
4 27 5 50 11-83 a 91 
4 27 18 25 12.58 . 99 
4 28 6 45 12.33 1.65 

-- -- 
12.4 -1.15 
5.8 -. 82 

21.8 -1.14 
7.0 -. 98 

-1.18 24.6 
13.4 - 0  79 
1.7 - 0  70 

12.4 -.48 
06 -a 43 

6.4 
24.6 
20.3 
10.0 
31.4 

8.0 
=93.6 

3.2 
10.6 
18.0 

10.2 
28.4 
19.8 
17.9 
29.5 

- 0  34 
-045 -. 30 -. 23 
-.OO 

a02 . 19 . 19 . 15 . 09 
. 11 . 19 . 22 . 25 
a 31 

a Eastern Standard Time. 
b Positive values indicates west-to-east movement. 
c Affected by storm. 
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- 
Net Net transport 

Length of transport f o r  (as percentage Time-weighted 
t ida 1 each successive of to ta l  average of 

Date and timea - cycle t ida l  cycle t ida l  volume net transport 
month day hour minute - (h) ( f t 3  -- x 108)b  passing bridge) ( f t 3  -- x 108)b 

4 
4 
4 
4 
4 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 

2 8  
29  
29 
3 0  
30 

0 1  
0 1  
02 
02  
0 3  

03  
04 
04 
0 5  
05 

06 
0 7  
0 7  
08 
08 

0 9  
0 9  
10  
10 
1L 

1 1  
12  
1 2  
13 
1 3  

1 4  
14 

1 8  
7 

1 9  
7 

19 

7 
14 

9 
2 1  
1 0  

2 2  
1 1  
2 1  
1 1  
23 

1 2  
00 
1 3  

1 
1 4  

3 
15 

3 
15 
4 

17 
5 

18 
6 

19 

7 
20 

4 5  
5 

25 
40 
35 

35 
55 
15  
10 
0 

40 
10 
25  
2 0  
20  

1 0  
30 
05 
35 
00 

10 
00 

5 
20 
35  

25  
30 
20 
40 
20 

30 
5 

1 2 . 0 0  
12 .33  
1 2 . 3 3  
12 .25  
1 1 . 9 2  

12 .00  
1 2 . 3 3  
13 .33  
1 1 . 9 2  
12 .83  

12 .67  
12 .50  
10 .25  
1 3 . 9 2  
12 .00  

1 2 - 8 3  
12 .33  
1 2 . 5 8  
1 2 . 5 0  
12 .42  

1 3 . 1 7  
1 1 . 8 3  
12 .08  
13 .25  
1 2 . 2 5  

12,53 
1 2 . 0 8  
12 .83  
1 2 . 3 3  
1 2 , 6 7  

1 2 . 1 7  
1 2 . 5 8  

1 . 5 6  
1 .37  
1 .53  . 38 
1 .80  

-e  1 9  
0 08 
eo1 

1 . 1 5  
- 6 5  

l e 9 3  . 86 
1 . 7 4  

-1 . 4 5  
1 . 1 1  

35 
1 . 6 6  . 16 
1 . 7 6  . 68 

1 .93  
-1 . 20  . 35 . 96 

1 . 1 3  

1 . 4 2  
1 . 3 3  
1 . 5 8  . 90 
2 .28  

. 44 
2 .01  

2 3 , 9  
2 1 . 0  
2 1 . 3  
4 . 9  

24 .7  

2 . 5  
1 . 1  

e1 
4.8 
8.1 

2 5 , l  
1 5 . 7  
25.2  
1 9 . 9  
1 5 . 7  

5 .8  
27.5  

2 . 8  
3 3 , l  
1 1 . 7  

34 .1  
19 .1  
4 . 7  

1 2 . 2  
1 6 . 5  

19.9 
1 8 . 4  
18.8 
1 0 . 3  
25.4  

5. 7 
25.5  

. 3 6  . 40 . 44 . 44 
48 

.46 . 4 5  
4 3  . 4s 

.46 

. 50  
- 5 1  . 54 
.48 
.50 

. 4 9  
52 . 5 1  . 54 
55  

. 58 . 54 . 5 4  
5 5  . 56  

. 58  . 60 
- 6 1  
62  
65 

. 6 5  . 67 

a Eastern Standard Time. 
b Positive values indicates west-to-east movement. 
c Affected by storm. 
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One synodic month, or 29.5 + 0.5 days, was used to evaluate the net or 
long-term water-transport characteristics . 
because the ranges i n  tides are nearly repeti t ive a f te r  th is  period i f  
influences of wind and atmospheric pressure are small (S t rahler ,  1969). 
synodic month studied began and ended dur ing  spring-tide conditions. 
average net transport per t ida l  cycle for the synodic month was 0.67 x l o 8  f t 3  
(which i s  subject to minor error) .  

The synodic month was chosen 

The 
The 

The findings of th is  study seem to contradict previous work that shows 
the net transport of water a t  the North Channel bridge t o  be east to west or 
negligible. Computed water transport a t  the North Channel bridge simulated by 
a two-dimensional estuarine model (Leendertse, 1972) shows a weak east-to-west 
transport of 1,400 f t 3/s .  Wind speed and direction were also found to greatly 
influence the net transport. The Federal Highway Administration and New York 
State Department of Transportation (1982) state  that the circulation i s  
counterclockwise, which also implies a net east-to-west movement. Feuerstein 
and Maddaus (1976) s ta te  that the net circulation of water was original ly  
counterclockwise but became negligible w i t h  the extension of runway 4-22 a t  
John F. Kennedy International A i r p o r t  i n  the mid-1960's. 
month studied, however, the net transport of water was from west to east at  
1,500 f t 3 / s ,  assuming an average t ida l  cycle of 12.42 h r .  

' 

During the synodic 

Bridge Comtriction 

One aspect of major knpirLkance i s  the ef fect  that changes i n  bridge 
geometry may have on the degree of flow constriction through the bridge cross 
section and possible implications regarding changes to the net transport of 
water. Data collected from the three tide gages ( f i g .  3 )  and data from 
Leendertse (1972) were used t o  evaluate the present constriction a t  the bridge 
and project to the probable e f fects  of the proposed bridge on flow constric- 
tion and net water transport. 

Leendertse ( 1 9 7 2 )  shows that differences i n  stage s l ight ly  greater than 
0.40 f t  occur over a 4.7-mi segment of Jamaica Bay closely centered a t  the 
North Channel bridge. These differences were recorded during a 5-day period 
that was not during spring-tide conditions (U.S. Department of Commerce, 
1969). Analysis of stage data collected during spring-tide conditions indi-  
cates that the maximum differences i n  stage between the t ide gages 141 f t  west 
and 138 f t  east of the bridge centerline i s  less than or equal to 0 . 1 5  f t  
( table 2 )  . 
loss i n  the v ic in i ty  of North Channel bridge i s  38 percent or less.  

Under these circumstances, the contributing percentage of head 

As mentioned above, the differences i n  stage reported by Leendertse 
(1972) d i d  not  occur d u r i n g  spring-tide conditions. Differences that occur 
d u r i n g  spring tides are l ike ly  to be greater, and the contributing percentage 
of head loss i n  the v ic in i ty  of North Channel bridge w i l l  always be less than 
38 percent. More accurate estimates of the percentage a t  the upper l i m i t  can- 
not be given because the necessary data were not available for  comparison. 

The tota l  stage difference o f  0.15 f t  at  the North Channel bridge indi-  
cates that the bridge i s  probably not constricting the flow. Where stage dif-  
ferences are less than 0.50 f t ,  flow i s  probably not constricted. It has been 
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recommended that indirect discharge calculations based on stage differences of 
0,50 f t  or less be avoided (Matthai, 1967), 

The contributing percentage of head loss i n  the v i c i n i t y  of North Channel 
bridge i s  not significant,  as explained above, nor are the additional head 
losses observed at  the b r i d g e  great enough to constrict the flow, In a l l  prob- 
a b i l i t y  the observed head losses are the result  of channel constriction, 
proposed bridge, w i t h  only 50 percent as much gross area occupied by piles and 
piers, should not  significantly constrict the flow or a l t e r  the net water 
transport. 

The 

[Locations are shown i n  f i g .  3.1 
Difference 

Average Average i n  water 
5-minute 5-minute surf ace 
velocity  discharge be tween 

a t  a t  Water-surface 141-f t 
b r i d g e  bridge elevation ( f t ) *  west and 

Direction cross cross Gage Gage Gage 138-ft 
Date and time1 of section section 1 4 1 - f t  50 f t  138 f t  west 

month day hour minute tide ( f t / s )  ( f t 3/s )  west west east ( f t )  

16 
16 
16 
16 
1 3  
14 
14 
14 

00 
04 
1 2  
1 7  
2 1  

3 
1 1  
1 5  

1 5  
10 
25 
15 
25 
20 
10 
25 

Ebb 
Flood 
Ebb 
Flood 
Ebb 
F l o o d  
Ebb 
Flood 

1.36 
.80 

1.18 . 80 
0.71 
1 , 1 7  
, 82 

1 , 1 2  

36,900 
24,800 
35,200 
28,000 
24,300 
33,600 
22,300 
33,100 

-0.49 
-.06 

24 
1.54 
1,84 
- . 13  
-091 
-074 

-0.50 -. 1 7  . 24 
1.47 
1,84 
-020 -. 91 
-,83 

-0,41 
- , 2 1  . 3 1  
1.45 
1 . 9 1  
-.24 
-.85 
-.88 

-0,08 
, 15 

-.07 
09 

-0.07 
D 1 1  

-.06 
, 14 

Eastern Standard Time. 
* Feet above or below mean sea level .  

Bottom Scour 

A qual i tat ive evaluation of a probable bay-bottom configuration a t  the 
proposed North Channel bridge i s  based on the observed bay-bottom conf igura- 
tions a t  the present North Channel bridge and railroad bridge. 

Bathymetry data collected at  the North Channel bridge indicate large, uni- 
formly scoured areas on either side of the main-channel piers ( f i g .  3 ) .  The 
largest areas of scour are between the 10th and 20th row of piles and between 
the 45th and 65th row of pi les ,  w i t h  bottom depths  ranging to about 18 f t  
below mean sea leve l ,  The main channel i s  also deep because it i s  dredged to 
maintain a navigation channel (Fay and others, 1971 ) ,  The larger scour areas 
coincide w i t h  areas of greater velocity ,  as determined from the velocity 
measurements of A p r i l  18,  1984, and may be extensions of Pumpkin Patch Channel 

1 7  



and the unnamed channel between Pumpkin Patch Marsh and Elders Point Marsh 
( f i g .  2 ) .  
rows of p i l e s .  The greatest  depths in the sand-bottom channel are generally 
p a r a l l e l  to the direction of t i d a l  flow and d i r e c t l y  below the centerl ine of 
the bridge. 

No pronounced scour holes were detected near individual  piers.  of 

Two scour mechanisms are evident from the bay-bottom configuration at  
the present bridge. General scour i s  caused by the increase in v e l o c i t y  
result ing from a constricted cross section,  whereas local  scour that r e s u l t s  
from v o r t i c e s  and eddies caused by an obstruction such as a pier or p i l e  
(Richardson and others, 1975). 
North Channel bridge are d i f f i c u l t  to dist inguish.  Undoubtedly, s l i g h t  
increases in v e l o c i t y  r e s u l t  from the constrict ion a t  the b-ridge and cause 
some general scour. Local scour i s  a l s o  present, although i t s  e f f e c t s  are 
superimposed on the general scour and are not readily  i d e n t i f i e d .  
of local  scour are transferred from one row of p i l e s  to another to produce a 
smooth channel bottom similar t o  that caused by general S C O U ~ .  

of  the rows o f  p i l e s  to each other makes t h i s  possible.  

The e f f e c t s  of general and l o c a l  scour at 

The e f f e c t s  

The closeness 

C o l l e c t i o n  of bathymetry data i n  the v i c i n i t y  of the North Channel 
railroad bridge was considered e s s e n t i a l  because the piers are similar in 
design and spacing to those of the proposed bridge. 
main channels are seven round-nosed piers followed by 41 rows of three 2-ft  
p i l e s  ( f i g .  4 ) .  
of North Channel bridge. 
below mean sea l e v e l ,  unquestionably the result  of strong l o c a l  scour, 
surround most of the seven round-edged piers on either  side of the main chan- 
nels  b u t  disappear within the 41 rows of p i l e s  on e i t h e r  side of the main 
channels. As a t  North Channel bridge, the local  scour e f f e c t s  a t  tne 41 rows 
of p i l e s  are not r e a d i l y  evident because they are influenced by the closeness 
of the adjacent rows of p i l e s .  
nounced scour holes surrounding the rows of p i l e s .  

On e i t h e r  side of the two 

The bay-bottezi configuration here d i f f e r s  markedly from that 
Large scour holes ranging to depths of  10 to 1 3  f t  

The r e s u l t  i s  a smooth bay bottom without pro- 

General conclusions regarding the bay-bottom configuration at  the 
proposed bridge are derived primarily from observations of the bay-bottom 
configurations of North Channel bridge and North Channel railroad bridge. 
Local scour at  the proposed North Channel bridge should be s l i g h t l y  l e s s  than 
a t  the present North Channel bridge because the proposed bridge c a l l s  for a 
50-percent decrease in the t o t a l  area of p i l e s  and piers.  However, unlike the 
present conditions, l o c a l  scour at  the proposed bridge w i l l  be e a s i l y  iden- 
t i f i e d  by pronounced scour holes surrounding piers.  The s i m i l a r i t y  of  pier 
design and spacing of  the North Channel railroad bridge and the proposed 
bridge i s  the basis  for t h i s  assumption. Because the proposed bridge i s  simi- 
l a r  in location and t o t a l  length to the present bridge, the w i d t h  constrict ion 
should remain unchanged, and thus the degree o f  general scour should also 
remain unchanged. 

No e f f o r t  has been made to identfy the forces responsible for the types 
of scour observed; to do so was beyond the scope o f  the study. 
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The sediment study consisted of experiments t o  assess the chemical quality 
o f  sediments i n  the v ic in i ty  of the North Channel bridge, the ef fects  that 
resuspension of these sediments might have on the water quality of the bay, and 
the potential for these sed,iments t o  be transported away from the s i t e  during 
bridge replacement. A sediment-oxygen-demand experiment was done to  determine 
whether the oxygen demand of the resuspended bottom sediments could lower the 
dissolved oxygen i n  the water column t o  levels  low enough t o  be detrimental t o  
f i sh .  A metals and nutrient-exchange experiment was done to  determine whether . 

metals would be released from the bottom sediments t o  the water column i n  
amounts that could be toxic to f ish and whether enough nutrients would be 
released t o  contribute t o  an algal  bloom. A particle-size analysis and 
settl ing-velocity experiments were conducted to  estimate the approximate 
distance that resuspended bottom sediments could t ravel  before sett l ing dur ing  
average flow conditions. The concentrations of selected metals and organic com- 
pounds in the bottom sediments were measured to determine whether these constit- 
uents could be transported by the resuspended sediments i n  suff icient  quantities 
to  be detrimental t o  healthy benthic habitats west of the bridge s i t e .  Where 
background data were adequate, the results from these experiments were compared 
t o  ambient conditions i n  North Channel and elsewhere i n  the bay. 

Data Collection 
e 

Bottom-sediment and water samples were collected a t  the bridge s i t e  on March 
28, 1984. Five bottom-sediment samples ( s i t es  1-5, f ig .  3 )  were taken from 
under the bridge a t  approximately 500-ft intervals ,  and three bottom-sediment 
samples ( s i t es  6-8) were taken 50 t o  100 f t  from the eastern side of the bridge 
i n  the location of the proposed bridge. Raw-water samples were taken i n  the 
v i c i n i t y  of s i t e  4. 

A 2-in-diameter piston-core sampler was used to  col lect  two 18- t o  24-inch 
bottom-sediment core samples at  each s i t e .  A t  s i t e  3 ,  oyster-shell debris 
prevented the core sampler from penetrating i n t o  the bottom sediments. A 
Ponarl grab sampler was used t o  sample the upper 4 i n .  of bottom sediment a t  
th i s  s i t e .  

A t  each s i t e ,  the piston or Ponar sampler was emptied i n t o  a plastic tub ,  
and the bottom material was then subsampled. One subsample was collected from 
bottom material that had n o t  touched the sides of the plastic tub and was 
placed i n  a f ired glass j a r  for analysis for organic constituents. A second sub- 
sample was placed i n  a 40-02 air-tight plastic freezer container for further 
subsampling i n  the laboratory. The samples were placed i n  coolers w i t h  ice and 
transported to the laboratory for processing. 

A t  s i t e  4 ,  a Hydrolab 4041 multiparameter water-quality meter was lowered 
through the water column, and pH, specific conductance, water temperature, and 
dissolved oxygen readings were taken at  5-ft  depth intervals t o  define the 
degree of ver t ica l  mixing and t o  establish whether raw-water samples from the 
surface would be representative of the water column. As indicated i n  table 3 ,  

Use of brand names i s  for identification purposes only and does 
n o t  constitute endorsement by the U.S. Geological Survey. 
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t h e  water  column was w e l l  mixed; t h e r e f o r e ,  a l l  raw-water  samples were c o l l e c t e d  
a t  the s u r f a c e .  
5-gal plast ic  c o n t a i n e r s  t h a t  were then placed i n  c o o l e r s  w i t h  i c e  and 
t r a n s p o r t e d  t o  the Laboratory.  

The r a w w a t e r  samples were c o l l e c t e d  during ebb t i d e  i n  f o u r  

TabZe 3 .--pH, disso l  ved-o*xygen concentration, specific conductance, 
and temperature of mter samples taken at  5- f t  depth 
intervals  i n  the mtzr c o l m  at North aannel  Sridge, 
Jamaica 3ay, N.Y., March 28, 1984. 

- - --- 

PH 
Depth Disso lved oxygen S p e c i f i c  conductance Water temperature (s tandard 

1 13.1 38,200 6.1 8.3 
5 12.8 38,300 6.1 8.3 

10  12,5 38,400 6.1 8.3 
14 12.3 38,400 _.. 6 , l  8 ,3  

u n i t s )  -- ( f t )  b g / L  1 ( P S )  ( " C )  

Laboratory Methods 

Sediment Oxygen Demand 

The sediment oxygen demand was c a l c u l a t e d  through a v a r i a t i o n  of  t h e  
d i r e c t  method" o f  measuring biochemical oxygen demand. As s t a t e d  by t h e  11 

American Publ ic  Health A s s o c k t i o n  (1980, p. 483): 

The biochemical oxygen demand (BOD) determinat ion i s  an e m p i r i c a l  
t e s t  i n  which s tandardized l a b o r a t o r y  procedures a r e  used t o  d e t e r -  
mine the r e l a t i v e  oxygen requirements o f  wastewaters ,  e f f l u e n t s ,  
and p o l l u t e d  w a t e r s .  The t e s t  measures t h e  oxygen r e q u i r e d  f o r  
t h e  biochemical degradat ion of  organic material (carbonaceous demand) 
and the  oxygen used t o  o x i d i z e  inorganic  m a t e r i a l  such as s u l f i d e s  
and f e r r o u s  i r o n .  It a l s o  may measure the oxygen used t o  o x i d i z e  
reduced forms o f  n i t r o g e n  (ni t rogenous  demand) u n l e s s  t h e i r  
o x i d a t i o n  i s  prevented by an i n h i b i t o r .  

The method c o n s i s t s  o f  p lac ing a sample in  a f u l l ,  a i r t i g h t  b o t t l e  
and incubating the b o t t l e  under specified c o n d i t i o n s  f o r  a s p e c i f i c  
t ime. Dissolved oxygen ( D O )  i s  measured i n i t i a l l y  and a f te r  incu- 
b a t i o n .  The BOD i s  computed from t h e  d i f f e r e n c e  between i n i t i a l  
and f i n a l  DO. 

The d i r e c t  method, which uses  no d i l u t i o n  water ,  was used because it 
i n v o l v e s  no m o d i f i c a t i o n  of the sample and t h e r e f o r e  produces r e s u l t s  a s  similar 
as p o s s i b l e  t o  those i n  t h e  n a t u r a l  environment (Sawyer and McCarty, 1978,  p. 4211,  

A 5-cm3 subsarnple was taken f rom each sediment sample and placed i n  s e p a r a t e  
1-gal  p l a s t i c  c o n t a i n e r s  along wi th  2 , 2 0 0  mL of  Jamaica Bay raw water t h a t  had 
been c h i l l e d  during t r a n s p o r t  and al lowed t o  a d j u s t  t o  room temperature (20°C) 
i n  the  l a b o r a t o r y .  The mixture  was shaken v i g o r o u s l y  f o r  60 seconds and 
decanted i n t o  seven 300-mL BOD b o t t l e s .  The BOD b o t t l e s  were then capped,  
s e a l e d ,  and placed i n  an incubator  s e t  t o  20°C. Immediately t h e r e a f t e r ,  a 
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2,200-mL sample o f  raw water w i t h  no added sediment was shaken v i g o r o u s l y  and 
decanted i n t o  seven 300-mL BOD b o t t l e s .  The dissolved-oxygen c o n c e n t r a t i o n  of 
t h e  raw water was immediately measured i n  one o f  these BOD b o t t l e s  by a Hach 
Winkler  t i t r a t i o n  k i t ,  and t h e  remaining s i x  were placed i n  the incubator ,  

After a l l  samples had b.een processed,  the instantaneous oxygen demand o f  
each sediment-water mix ture  and the raw water was measured. A s i n g l e  BOD b o t t l e  
from each seven-bot t l e  set was withdrawn from the incubator  w i t h i n  6 h o u r s  o f  
i n i t i a l  mixing, and the  dissolved-oxygen concent ra t ion  was measured. On each o f  
t h e  5 succeeding days thereafter,  the d i s s o l v e d  oxygen c o n c e n t r a t i o n  was 
measured i n  one b o t t l e  from each seven-bot t l e  set.  The remaining b o t t l e s  were 
then shaken t o  resuspend t h e  sediment and s imula te  the well-mixed c o n d i t i o n  
observed i n  Jamaica Bay. 

Metals and Nutrient Exchange 

A mixing experiment w i t h  sediment and water was conducted t o  determine the 
amount o f  metals and n u t r i e n t s  t h a t  may be released from t h e  bottom material t o  
the  water column o r  adsorbed by the sediments from the water column during 
suspension. Organic-compound analyses were not  done because o f  d i f f i c u l t i e s  i n  
pass ing  s u f f i c i e n t  s o l u t i o n  through the  s i lver  f i l t e r .  I n  a d d i t i o n ,  the  amount 
o f  s o l u b l e  p e s t i c i d e s  and PCB's added t o  the water column from dispersal o f  the 
i n t e r s t i t i a l  water and through d e s o r p t i o n  from resuspended s o l i d s  has been found 
t o  be n e g l i g i b l e  a t  sediment-to-water r a t i o s  o f  1 :  1 0  o r  less (Fulk and ' o t h e r s ,  
1 9 7 5 ,  pe 3 ) .  

The sediment-and-water mixing experiment c o n s i s t e d  of  mixing 300 of  sedi- 
ment w i t h  2 , 100  mL o f  c h i l l e d  raw water i n  a 1-gal p l a s t i c  c o n t a i n e r .  The 
water/sediment mix was shaken p e r i o d i c a l l y  o v e r  a 24-hour per iod  t o  keep the 
sediment i n  suspension and was kept c h i l l e d  t o  minimize m i c r o b i a l  uptake o f  
n u t r i e n t s .  The suspension was al lowed t o  se t t le  f o r  2 hours  a t  the end of  the 
mixing per iod ,  and the supernatant  was then f i l tered through a 142-mm diameter, 
0 .45-p  M i l l i p o r e  a c e t a t e  f i l t e r  that  had been r i n s e d  w i t h  500 mL o f  d i s t i l l e d  
water, The f i l t r a t e  was then s p l i t  i n t o  one 250-mL dark p l a s t i c  b o t t l e  f o r  
n u t r i e n t  a n a l y s i s  and one 250-mL c l e a r  p l a s t - i c  b o t t l e  f o r  metals a n a l y s i s .  The 
n u t r i e n t  sample was treated wi th  mercuric c h l o r i d e  and c h i l l e d ;  t h e  metal sample 
was treated wi th  1 mL o f  n i t r i c  ac id .  Both were sent t o  t h e  U,S, Geo log ica l  
S u r v e y ' s  Central Labora to ry  i n  A t l a n t a ,  Gam, f o r  analysis.  Concur rent l y ,  two 
raw-water samples were a l s o  f i l t e r e d ,  treated, and analyzed f o r  n u t r i e n t s  and 
metals. A deta i led  d e s c r i p t i o n  of  the l a b o r a t o r y  procedures i s  given i n  
Skougstad and o t h e r s  ( 1 9 7 8 ) .  

The q u a n t i t y  o f  metals and n u t r i e n t s  released from the sediment o r  adsorbed 
by the sediment was c a l c u l a t e d  as the d i f f e r e n c e  between the concent ra t ion  i n  
t h e  f i l t e red  sediment-and-water mix ture  and i n  the  f i l t e r e d  raw water. 

Metals and Organic Compounds i n  Bottom Sediments 

The bottom-material  samples c o l l e c t e d  f o r  a n a l y s e s  f o r  organic compounds 
were s e n t  c h i l l e d  t o  the U.S.  Geolog ica l  Survey C e n t r a l  Laboratory i n  Atlanta, 
Gam, where they were analyzed f o r  o rganoch lor ide  and organophosphorus com- 
pounds, inc lud ing  p o l y c h l o r i n a t e d  b ipheny l s  (PCB's) and p o l y c h l o r i n a t e d  
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naphthalenes (PCN's), These constituents (listed in table 7, p. 30) were 
selected for analysis because they have either been previously identified in the 
Jamaica Bay sediment (Feuerstein, 1976, p. 80) or have a strong affinity for 
particulate material (especially the organic compounds) and have been found 
associated with bottom sediments at other locations (Rubinstein and others, 
1980). A detailed description of the laboratory procedure is given in Wershaw 
and others (1983). 

The bottom-material samples were also analyzed for arsenic, barium, cadmium, 
chromium, copper, lead, mercury, selenium, and zinc. These metals were selected 
because they are potentially toxic to the indigenous biota or because they have 
been found elsewhere within the bay (Ramondetta and Harris; 1978, Franz and 
Harris, 1983). A detailed description of the laboratory procedures is given in 
Skougstad and others (1978). 

, 

SettZing Vetocity 

To determine the potential for sediment transport away from the bridge site 
after suspension of bottom material, the settling velocity and the particle-size 
distribution of each bottom-sediment sample were measured by the bottom 
withdrawal-tube method. During this experiment, the natural conditions of 

' Jamaica Bay were simulated as closely as possible. Native water was used as the 
settling medium; no chemicals were used for dispersing, flocculating, or oxi- 
dizing the sediment, nor was the sample mechanically dispersed, Under these 
conditions, the variables inZuencing sediment-particle flocculaton are as close 
to the actual bay conditions as possible and therefore should yield fairly 
accurate settling-velocity times. The particle-size data taken under these con- 
ditions do not, however, represent the size distribution of the primary sediment 
particles, but rather that of the aggregated particles. 

Eight 12-02 freezer containers were filled with a representative sample of 
bottom material from each sampling site and sent with 2 gal of raw water to the 
U. S. Geological Survey Sediment Laboratory in Columbus, Ohio, At the sediment 
laboratory, each sample was stirred, and a 4- to 9-g representative subsample 
was withdrawn and wet seived through 1, 0.5, 0.25, 0.125, and 0.062-nsn seives 
with bay water. The sediment fraction that passed through the 0.062-IEDI sieve 
was mixed with 500 mL of bay water, shaken for 60 seconds to disperse the sedi- 
ment, and added to a bottom withdrawal tube for determination of the settling 
velocity and particle size. 
particle-size analysis by the bottom-withdrawal method is given in Guy (1969). 

A detailed description of settling velocity and 

Analysis and Conclusions 

Sediment Oxygen Demand 

The 5-day biochemical oxygen demand (BOD5 ) of the sediment-and-water mixture 
measured during the 5-day incubation experiment ranged from 7.9 mg/L to 9.1 
mg/L, and the BOD5 of the Jamaica Bay raw water measured concurrently was 5.2 
mg/L. The oxygen demand of the sediments in the sediment-and-water mixture, 
calculated by subtracting the BOD5 of the raw water from the BOD5 of the 
sediment-water mixture, ranged from 2.7 mg/L to 3.9 mg/L. 

' 
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During days 4 and 5 of t h e  incubat ion,  t h e  dissolved-oxygen concentat ion i n  
t h e  incubat ion b o t t l e s  decreased below 0 .5  mg/L i n  t h r e e  of t h e  e i g h t  sets o f  
b o t t l e s .  Sawyer and McCarty ( 1 9 7 8 ,  p. 4 2 4 )  state t h a t  BOD i s  not  in f luenced by 
oxygen concent ra t ions  above 0 . 5  mg/L, but below t h a t  concent ra t ion ,  t h e  rate 
o f  oxygen consumption may decrease  r a p i d l y .  Because the  d i s s o l v e d  oxygen con- 
c e n t r a t i o n s  of t h r e e  o f  the .  sample sets decreased below 0 . 5  mg/L, and s e v e r a l  
o t h e r  sets approached t h i s  concent ra t ion ,  t h e  oxygen demand of  t h e  sediment- 
water mixture  may be greater than t h e  measured v a l u e s .  

To r e c t i f y  t h i s  underest imate ,  a c o r r e c t i o n  f a c t o r  was a p p l i e d  t o  the  BOD 
measurements. According t o  Nemerow ( 1 9 7 4 ,  p.  7 5 ) ,  t h e  t o t a l  biochemical  oxygen 
demand consumed per i n t e r v a l  of  time a t  any p a r t i c u l a r  temperature i s  a constant  
percentage  o f  t h e  unoxidized material remaining a t  t h e  end o f  t h e  prev ious  time 
per iod.  Nemerow states t h a t  the  unoxidized organic  matter i s  reduced by 20 .6  
pe rcent  during each s u c c e s s i v e  24-hr per iod.  This means t h a t  a f t e r  3 days ,  50 
percent  o f  t h e  u l t i m a t e  BOD has been exer ted  and, a f ter  5 days,  6 8  percent  o f  
t h e  u l t i m a t e  BOD has  been exerted. Therefore  the  3-day BOD i s  7 4  percent  of  t h e  
5-day BOD. Applying t h i s  convers ion f a c t o r  and an adjustment f o r  t h e  immediate 
oxygen demand o f  t h e  reduced inorganic  s p e c i e s  contained i n  t h e  bottom sediments 
t o  the  observed 3-day BOD v a l u e s ,  an estimated 5-day BOD v a l u e  was c a l c u l a t e d  
from the  formula:  

where:  BOD3 = 3-day biochemical  oxygen demand 
I O D  = ins tantaneous  oxygen demand 
BOD5 = estimated 5-day biochemical-oxygen demand 

The estimated BOD5 v a l u e s  ranged from 0 t o  1 . 6  mg/L o r  0 t o  1 9  percent  greater 
than the measured BOD5 va lues .  The instantaneous ,  observed ' d a i l y ,  and estimated 
5-day BOD v a l u e s  are l i s ted  i n  table 4. 
i n  a l l  a n a l y s e s  descr ibed below. 

The estimated BOD5 v a l u e s  were used 

TO q u a n t i f y  the  e f f e c t  of t h e  bottom-sediment BOD5 on the  water column of 
Jamaica Bay, t h e  BOD5 measured i n  the  incubat ion b o t t l e s ,  i n  =/L, must be con- 
v e r t e d  t o  a weight  o r  volume of  sediment basis as f o l l o w s :  If a sediment dry- 
weight  bulk d e n s i t y  o f  2 .00 g/cm3 i s  assumed, and 0 .71  cm3 ( 1 . 4 2  g )  o f  sediment 
i s  added t o  each 300-mL incubat ion b o t t l e ,  a BOD o f  1 mg/L o f  tes t  s o l u t i o n  
measured during t h e  incubat ion conver t s  t o  0 . 2 1  mg BOD per gram of sediment o r  
1 1 , 8 9 4  mg BOD per cubic foot o f  sediment. 
mg/g and mg/f t3 ,  i s  included i n  table 4. 

The estimated BOD5 of each sample, i n  

The BOD5 o f  t h e  bottom-sediment samples ranged from 0 .7  t o  1 . 2  mg/g w i t h  a 
mean of 1 .0  mg/g. F e u e r s t e i n  ( 1 9 7 6 ,  p. 163 )  estimated t h a t  the  BOD5 of the  bot- 
tom sediment i n  the  v i c i n i t y  o f  the  North Channel highway b r i d g e  was between 2 
and 4 mg/g. This estimate was based on i n t e r p o l a t i o n  between two measuring sta- 
t i o n s ,  one about 1/2 m i  e a s t  o f  t h e  b r idge  i n  Grassy  Bay and the  o t h e r  1/2 m i  
west of t h e  b r idge  along the  North Channel. 
measured a t  t h e s e  two s t a t i o n s  were 5 .94  mg/g and 0 .73  mg/g, r e s p e c t i v e l y ,  indi -  
c a t i n g  t h a t  t h e  BOD5 o f  the  bottom material a t  t h e  b r idge  resembles t h a t  o f  bot- 
tom material west along the  North Channel more c l o s e l y  than it does t h e  bottom 
material i n  Grassy  Bay. This a l s o  i n d i c a t e s  t h a t  i n t e r p o l a t i o n  of s.ediment- 
q u a l i t y  c h a r a c t e r i s t i c s  between two remote s t a t i o n s  may not  be a v a l i d  procedure 

The average BOD5 of the  sediments 
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quali ty  of sediments in re la t i ve ly  close proximity, such as those at  the North 
Channel bridge and those in Grassy Bay, may d i f f e r  s ignif icant ly .  

The average BOD5 of the e i g h t  bottom-material samples was 5 3 , 1 0 0  mg/ft3 of 
I f  it is assumed that up to  1 0  f t 3  of bottom material may be sediment. 

resuspended each day, and that approximately 2 x l o 8  f t 3  o r  5 .7  x lo9  L of water 
passes the bridge during a given flood tide or  ebb t ide,  and t h a t  complete 
mixing occurs over the two t ida l  cycles each day, the BOD5 exerted d a i l y  on the 
water column w i l l  be 5 2 9  g or 9 .3  x 10-5 mg/L. This value is insignificant com- 
pared t o  the 2 .5  to  3 mg/L average summertime BOD5 of the water column in the 
v i c i n i t y  of the North Channel b r i d g e  (Feuerstein, 1976 ,  p. 48). The BOD5 of the 
bottom sediments a lso  w i l l  be insignificant,  even i f  the  assumption of complete 
mixing throughout the water column is  incorrect. I f  t h e  d a i l y  volume of 
resuspended sediment were to mix w i t h  only 1 percent of the volume of water 
passing the b r i d g e  during a given flood or ebb t ide,  the BOD5 exerted d a i l y  on 
that small volume of water would s t i l l  be only 9 . 3  x 10-3 mg/L. 

water sanpZes from thruica Bag ,  . ? { D y e ,  [ d a d i  I 8, 1964 . Tab&@ 4 .--3iochemicat ozygen demiad (2300) of bt-toril sed<rnejzta m- 

[S i te  locations are shown in  f i g .  3 . 1  --- 
Instan- 

Estimated BO DE;^ s i t e  Sample taneous -- Daily BOD (mg/L) ---- - _  

no. type’ (mg/L) Day 1 Day 2 Day 3 Day 4 Day 5 (mg/L) (mg/g> (mg/ftj) 

Raw -- -- -- water 0 . 1 1 . 2  2 . 2  3 . 5  4 . 6  5 . 2  

1 Sw 1 . 6  5 . 2  6 . 8  8.0 8 . 5  8 . 6  1 0 . 2  
s 1 . 5  4 . 0  4 . 6  4 . 5  3 . 9  3 . 4  5 . 0  1 . 1  5 9 , 5 0 0  

2 sw 1 . 0  4 . 1  6 . 1  7 m.3 7 .9  8 . 1  9 . 5  
S . 9  2 . 9  3 . 9  3 . 8  3b3 2 . 9  4.3 . 9  5 1 , 1 0 0  

3 sw 1 . 7  4 . 3  6 . 4  7 . 8  8 . 6  9 . 1  9 . 9  
S 1 . 6  3 . 1  4 . 2  4 . 3  4 . 0  3 .9  4 . 7  1 . 0  

4 sw 1 . 7  4 . 7  6 . 3  7 .5  8 . 1  8 . 5  9 . 5  
S 1 . 6  3 . 5  4 . 1  4.0 3 .5  3 . 3  4 . 3  .9 

5 sw 2 .0  5 . 1  6 . 6  7 . 8  8.4 8 .6  9 . 8  
s 1 . 9  3 . 9  4 . 2  4 . 3  3 . 8  3 . 8  4.6 1 . 0  

6 SW 1 . 4  4.0 5 . 7  7 . 0  7 .6  7 . 9  9 . 0  
s 1 . 3  2 . 8  3 . 5  3 . 5  3 . 0  2 .7  3 . 8  .8 

7 sw 2 .0  5 . 4  7 . 3  8 . 7  9 . 0  9 . 1  1 1 . 1  
s 1 . 9  4 . 3  5 . 1  5 . 2  4.4 3 .9  5 . 9  1 . 2  

5 5 , 9 0 0  

5 1 , 1 0 0  

5 4 , 7 0 0  

4 5 , 2 0 0  

70 ,200  

8 sw 1 . 9  3 . 8  5 . 2  6 . 6  2 . 6  8 . 3  8 . 3  
s 1 . 8  2 . 6  3 . 0  3 . 1  3 . 0  3 . 1  3 . 1  . 7  3 6 , 9 0 0  

SW = sediment-and-water mixture. 
S = sediment only (BOD of sediment-and-water mixtiire minus BOD of raw water). 

2 ~ 0 ~ 5  = estimated %day biochemical oxygen demend 

24 



The BOD5 exerted as a r e s u l t  o f  b r idge  c o n s t r u c t i o n  can a l s o  be compared t o  
t h e  d a i l y  loadings  Of BOD5 from sewage-treatment p l a n t s  and o t h e r  d i scharges  t o  
t h e  bay. F e u e r s t e i n  ( 1 9 7 6 ,  p. 9 7 )  estimated t h a t  the  Jamaica water -pol lut ion-  
c o n t r o l  f a c i l i t y  d i scharges  5 . 5  m i l l i o n  pounds of BOD5 p e r  y e a r  t o  Grassy Bay, 
which conver t s  t o  a d a i l y  loading of 6 , 8 4 7  kg/d of  BOD5. 
O f  magnitude greater than the  529  g Of BOD5 t h a t  would be released d a i l y  dur ing 
b r i d g e  cons t ruc t ion .  

This v a l u e  i s  4 o r d e r s  

The above data i n d i c a t e  t h a t  the  oxygen demand of  t h e  sediments i n  the  

demand exerted on the  water column as a r e s u l t  o f  t h e  b r idge  replacement w i l l  be 
i n s i g n i f i c a n t  i n  r e l a t i o n  t o  p resent  background levels , 

' v i c i n i t y  o f  t h e  North Channel Bridge area i s  r e l a t i v e l y  low and t h a t  the  oxygen 

Metals in Bottom Sediments 

R e s u l t s  of t h e  bottom-sediment metals a n a l y s i s  ( t a b l e  5 )  show a wide 
v a r i a t i o n  i n  t h e  meta ls  concent ra t ion  among the  sampling s i t es  near  t h e  North 
Channel br idge,  Zinc concent ra t ions  ranged between 12  and 340  pg/g; lead ranged 
between 10 and 150 pg/g,  and copper ranged between 4 and 8 5  pg/g. Within  indi -  
v i d u a l  samples, however,  the  metal concent ra t ions  tended t o  be c o n s i s t e n t ;  f o r  
example, samples w i t h  a high concent ra t ion  o f  an i n d i v i d u a l  metal (such as 
sample 5 i n  t a b l e  5 )  tended t o  have a high concent ra t ion  o f  a l l  metals, and 
samples w i t h  a low concent ra t ion  of  an i n d i v i d u a l  metal (such as sample 8) 
tended t o  have a low concent ra t ion  o f  a l l  metals. 

The v a r i a b i l i t y  i n  chemical q u a l i t y  o f  the  bottom sediment i s  probably due 
t o  several i n t e r r e l a t e d  f a c t o r s  t h a t  c o n t r o l  the  d e p o s i t i o n  o f  f ine -s ized  par- 
t i c l e s .  Raymondetta and Harris ( 1 9 7 8 )  and o t h e r  i n v e s t i g a t o r s  have found t h a t  
metals and t o x i c  organic  compounds i n  bottom sediments are commonly a s s o c i a t e d  
w i t h  the  f i n e  organic  materials i n  bottom sediments.  These' f i n e  materials w i l l  
s e t t l e  most r e a d i l y  i n  areas o f  low energy ,  which are a l s o  f a v o r a b l e  f o r  the  
d e p o s i t i o n  o f  o t h e r  f ine -s ized  p a r t i c l e s .  This may e x p l a i n  why sha l low areas 
a f f e c t e d  by high-energy wave a c t i o n ,  such as at  s i tes  6 and 8 ( f i g .  3 ) ,  had a 
high percentage o f  sand and a low meta ls  concent ra t ion ,  w h i l e  the  deeper, more 
p r o t e c t e d ,  low-energy areas under the  b r idge ,  such as s i tes  4 and 5 ,  had a high 
percentage  o f  f ine -s ized  p a r t i c l e s  and a much h igher  metals concentrat ion.  

This r e l a t i o n s h i p  between p a r t i c l e  s ize ,  metals concent ra t ion ,  and energy 
condi t ions  w i l l  be important i n  the  t r a n s p o r t  and r e d e p o s i t i o n  o f  sediments 
suspended during br idge  c o n s t r u c t i o n  because,  upon suspension,  a dispropor-  
t i o n a t e  amount o f  the  metals i s  l i k e l y  t o  be c a r r i e d  by the  f ine -s ized  p a r t i c l e s  
and redepos i ted  i n  deep,  low-energy areas. 

The chemical q u a l i t y  o f  sediments at  the  North Channel b r idge  can be 
compared wi th  t h a t  o f  o t h e r  sediments w i t h i n  t h e  bay through a n a l y s e s  o f  the  
s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  meta ls -concentrat ion data c o l l e c t e d  e lsewhere  in 
t h e  bay by o t h e r  i n v e s t i g a t o r s ,  Table 6 conta ins  t h i s  in format ion and a l s o  a 
c l a s s i f i c a t i o n  o f  bottom sediments by Prater and Hoke (1980) t h a t  des ignates  
sediment as nonpol luted,  moderately  p o l l u t e d ,  or h e a v i l y  p o l l u t e d .  
t h i s  t a b l e  i n d i c a t e  t h a t  t h e  bottom material i n  t h e  v i c i n i t y  o f  North Channel 
b r idge  i s  of f a i r  t o  good chemical q u a l i t y .  

The data i n  

The mean meta ls  concent ra t ions  o f  the  bottom-sediment samples c o l l e c t e d  by 
t h e  U.S. Geologica l  Survey i n  t h e  v i c i n i t y  o f  the  b r idge  are uni formly  lower 
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than in samples collected throughout the bay by Ramondetta and Harris i n  1972 
( table 6 ) .  However, the mean of the Ramondetta-Harris data i s  skewed by the 
high metals concentrations of samples from Grassy Bay and Head-of-Bay. For 
example, the mean lead concentration of the f i ve  samples taken i n  Grassy Bay by 
Ramondetta and Harris was 275 ug/g, whereas that of samples collected by the 
U.S. Geological Survey a t  the North Channel bridge was 60 ug/g. Therefore, the 
metals concentration of bottom sediment i n  the v ic in i ty  of the bridge i s  
generally less than the average metals concentration of sediments throughout the 
bay and i s  considerably less  than that of sediments i n  heavily polluted areas of 
the bay as measured by Ramondetta and Harris in 1972. 

With local exceptions, bottom sediments west of the bridge have lower metals 
concentrations than those east of i t .  The local exceptions are near out lets  of 
combined sewage overflows and sewage-treatment plants west of North Channel 
(Ramondetta and Harris, 1978, p. 147).  As  shown i n  table 6 ,  the mean metals 
concentration of samples collected from the western part of the bay along North 
Channel and Pumpkin Patch Channel by Franz and Harris (1983) are considerably 
lower than those obtained throughout the bay by Ramondetta and Harris in 1972. 

The data collected by the U . S .  Geological Survey indicate that the metals 
concentration of the bottom sediment i n  the v ic in i ty  of the North Channel 
bridge i s  within the general range found in the bottom material to the west of 
the bridge, although some metals are s l igh t l y  higher. As  seen i n  table 6 ,  the 
mean concentration of the metals measured by the Geological Survey a t  the bridge 
i s  w i t h i n  the minimum-maximum range measured by Franz and Harris (1983) i n  the 
western part of Jamaica Bay, and most are within 1 standard deviation of the 
mean of these same metals. The mean values of zinc and mercury measured by the 
Geological Survey a t  the bridge are less  than those measured by Franz and Harris 
in  the western part of Jamaica Bay, whereas the mean values fo r  cadmium, copper, 
and selenium are greater. 

According to the c r i t e r i a  developed by Prater and Hoke (1980),  the mean 
concentrations of arsenic,  barium, lead, and zinc a t  the bridge are in the 
"moderately polluted" range, but  the mean values for  chromium, copper, and mer- 
cury are i n  the "nonpolluted" range. None of the metals a t  the bridge are i n  
the "heavily polluted" range. However, from the v a r i a b i l i t y  in the bioac- 
cumulation of metals from sediments, these ranges seem somewhat a r b i t r a r i l y  
assigned. Hirsh and others (1978, p. 4)  found that 

Investigations of the ava i l ab i l i t y  of sediment-sorbed heavy metals 
t o  organisms showed bioaccmulation of metals t o  be minimal and highly 
variable.  For most metals studied, uptake by organisms was not 
evident. Some researchers € e l t  that r e la t i ve ly  few isolated instances 
of heavy metals accumulation from sediments could be interpreted as 
ecologically meaningful i n  terms of d i rect  toxic i ty  to the organisms 
and i t s  predators, or as a pathway fo r  the entrance of sediment-sorbed 
heavy metals i n t o  aquatic food chains. 

In a review of the available l i te rature ,  Neff and others (1978) found that 
because several heavy metals are essential  micronutrients to  benthic inverte- 
brates,  they are act ive ly  accumulated from even very d i lu te  solution, but 
accumulation of heavy metals from sediment by invertebrates (when it can be 
demonstrated) i s  generally several  orders of magnitude less  e f f i c ien t  than 
accumulation from aqueous solution. Furthermore, correlation between metal 
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c o n c e n t r a t i o n  i n  the sediment and i n  the a s s o c i a t e d  benth ic  i n v e r t e b r a t e s  v a r i e s  
from one sediment type  t o  another ,  but where such c o r r e l a t i o n  i s  e v i d e n t ,  it may 
be due t o  a source  o f  metals common t o  both the sediment and biota, rather than 
t r a n s f e r  of metals from sediment t o  the b i o t a ,  Hirsch and o t h e r s  ( 1 9 7 8 ,  p. 35)  
went on t o  conclude that  the release of heavy metals from sediment and thei r  
uptake i n t o  organism t i s s u e  is the except ion  r a t h e r  than the r u l e  and found 
l i t t l e  o r  no c o r r e l a t i o n  between heavy-metals concent ra t ion  i n  bulk samples and 
t h e  uptake o f  the metals by organisms. 

Table d.--Statistical sunmrary of metals concentration 
in bottom sediment of Jamaica Bay, N.Y. 

[Concentrations are  i n  micrograms per gram.] 
Jamaica Bay 
(Ramonde t t a 

North Channel m d  Harris,  
Number (U.S. Geological  Survey) 1972) 

of  Std.  Std. 
dev b Mean Cons t i tuent  samples Minimum Maximum Mean Median dev.  

Arsenic  . 
Barium 
Cadmium 
Chromium 
Copper 
Le ad 
Mercury 
Selenium 
Zinc 

(1 
(10 
<1 

7 
4 

10 
<bo1 

(1 
12 

6 
80 
3 

30 
85 

150 . 78 
10 

340 

23 
20 
2 

17 
31 
60 

.30 
2 

110 

C l a s s i f i c a t i o n  o f  chemical q u a l i t y  o f  
sediments (Prater and Hoke, 1980) 

Non- Moderately Heavily 
p o l l u t e d  po l lu ted  po l lu ted  

Cons t i tuent  areas  areas  areas  

Arsenic  <3 3- 8 >8 
Barium (20 20-60 >60 

>6 Cadmium -- -- 
Chromium (25 25-75 >75 
Copper (25 25-50 > 5 0  
Lead (40 40-60 >6 0 
Mercury (1.0 -- >1 .o 
S e  l e  nium -- _- _- 

2 2 
10 25 

2 1 
15 10 
30 26 
55 45 

.27 .28 
1 3 

93 105 

Western Jamaica Bsyl 
(Franz and Harris ,  

Apr i l  d November, 1982) 
Minimum Maximum Mean Std.  dev.  

Apr. Nov. Apr. Nov. Apr. Nov. Apr. Nov. 

4.4 3.9 41 89 15 26 12 32 

a06 -- 2.8 -- .63 -- -82 -- 
-40  .64 1.1 2 .0  -67  1.23 -27 . 99  

Zinc (90 90-200 > 200 62 44 545 187 165 88 154 57 

Samples c o l l e c t e d  Apr i l  and November 1982. 
In c a l c u l a t i n g  the means of the U.S.Geologica1 Survey data ,  "less than" (<) 
v a l u e s  were ass igned t h e i r  high l i m i t  v a l u e s .  This  convention may r e s u l t  
i n  a r t i f i c i a l l y  i n f l a t e d  mean v a l u e s .  

I n  summary, the  bottom sediments i n  the v i c i n i t y  of the North Channel b r i d g e  
g e n e r a l l y  had lower mean metals concent ra t ions  i n  1984 than those  measured 
elsewhere throughout the bay i n  1972 .  
b r i d g e  were much lower than those  in  Grassy Bay and were similar t o  those  in  

The 1984  meta l s  concent ra t ions  near  the 
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t h e  wes te rn  part of t h e  bay. As expected,  t h e  metals appear to  be a s s o c i a t e d  
w i t h  f ine-s ized p a r t i c l e s  and are l i k e l y  t o  be t ranspor ted  w i t h  these p a r t i c l e s  
a f t e r  suspension.  Because the  f i n e s t  p a r t i c l e s  and the a s s o c i a t e d  metals w i l l  
b e  t ranspor ted  f u r t h e s t  from the b r i d g e ,  they w i l l  probably become widely 
dispersed and are thus u n l i k e l y  t o  se t t le  i n  large q u a n t i t i e s  i n  any g iven  area. 
Also, metals a s s o c i a t e d  w i t h  f ine -s ized  material, both o rgan ic  and inorganic ,  
tend t o  be t i g h t l y  bound and, therefore, w i l l  be g e n e r a l l y  u n a v a i l a b l e  fo r  bio- 
l o g i c a l  uptake. 

Organic Compounds in Bottom Sediment6 

R e s u l t s  o f  t h e  a n a l y s i s  f o r  organic  compounds (table 7 )  i n d i c a t e  several 
organic  compounds i n  trace concent ra t ions  i n  the  bottom m a t e r i a l  i n  t h e  v i c i n i t y  
o f  t h e  North Channel Br idge.  PCB's ,  which had concent ra t ions  ranging from 2 t o  
2 0  pg/kg, were found i n  more samples ( 5 )  than any o t h e r  organic  compound. Fulk 
and others ( 1 9 7 5 )  also found PCB's  t o  be t h e  most common o f  the  o rgan ic  com- 
pounds they  analyzed f o r  i n  bottom material from f ive  d i f f e r e n t  l o c a t i o n s  
throughout the United States. The concent ra t ions  of PCB's i n  the  v i c i n i t y  o f  
t h e  b r idge  as measured by the Geo log ica l  Survey  are considered very low f o r  
e s t u a r i n e  bottom sediments i n  developed areas (N. I. Rubinste in ,  U.S. 
Environmental P r o t e c t i o n  Agency, and R. J. Huggett, V i r g i n i a  I n s t i t u t e  of Marine 
Sc iences ,  oral  comun. ,  June 1984) .  For example, bottom-material  samples 
c o l l e c t e d  by Rubinste in  and o t h e r s  ( 1 9 8 2 )  from four  s i tes  i n  the  New York 
Harbor, about 15 m i  west of  Jamaica Bay, had PCB concent ra t ions  between 460 and 
7 , 2 8 0  pg/kg. The PCB concent ra t ions  i n  t h e  v i c i n i t y  o f  the  br idge  are s u r p r i s -  
i n g l y  low, cons ider ing  the number of  p o s s i b l e  sources  d i scharg ing  t o  Jamaica 
Bay and the  f a c t  t h a t  Feuers te in  ( 1 9 7 6 )  repor ted  s i g n i f i c a n t  amounts o f  PCB's ,  
DDT, DDD, and DDE i n  water from the North Channel area of Jamaica Bay. 
F e u e r s t e i n  ( 1 9 7 6 )  a l s o  repor ted  PCB concent ra t ions  i n  bottom-material samples 
from e i g h t  s i tes  throughout the bay t h a t  ranged between 2 6  pg/kg i n  the North 
Channel area t o  1 , 8 3 5  pg/kg i n  Grassy Bay. 
2 o r d e r s  of magnitude greater than those  measured by t h e  Geo log ica l  Survey  i n  
the v i c i n i t y  o f  t h e  North Channel b r idge .  

These concent ra t ions  are as much as 

F e u e r s t e i n  ( 1 9 7 6 )  a l s o  reported d i e l d r i n  i n  the  bottom material i n  con- 
c e n t r a t i o n s  of 1 ug/kg, 19 pg/kg, and 65 pg/kg at North Channel, Head-of-Bay, 
and Grassy Bay, r e s p e c t i v e l y ;  i n  c o n t r a s t ,  the  Geo log ica l  Survey  found d i e l d r i n  
i n  measurable q u a n t i t e s  i n  o n l y  one sample--0.7 Ug/kg at  s i t e  3.  

The h i g h e s t  concent ra t ion  o f  any s i n g l e  o rgan ic  compound measured i n  1 9 8 4  a t  
the North Channel b r i d g e  was 2 8  pg/kg of  ch lordane a t  s i t e  3 .  Because chlordane 
has been commonly used fo r  termite exterminat ion i n  urban areas, i t s  presence i n  
the bottom sediment o f  Jamaica Bay i s  not  s u r p r i s i n g .  S i t e  3 ( f i g .  3 )  was t h e  
o n l y  l o c a t i o n  i n  which measurable q u a n t i t i e s  o f  chlordane,  DDT, and d i e l d r i n  
were found, however, and was one of  on ly  two s i tes  w i t h  measurable DDD. As 
noted p r e v i o u s l y ,  the sample from s i te  3 was t h e  o n l y  one c o l l e c t e d  by t h e  Ponar 
c l a m s h e l l  sampler and was t h e r e f o r e  the o n l y  sample c o n s i s t i n g  t o t a l l y  o f  
sha l low (3- t o  4-inch depth)  bottom sediment. This i n d i c a t e s  e i ther  tha t  s i te  3 
i s  a l o c a l i z e d  "hot spot" of chlordane and o t h e r  c h l o r i n a t e d  p e s t i c i d e s  o r  that 
t h e  c h l o r i n a t e d  p e s t i c i d e s  are concentrated i n  t h e  s u r f a c e  sediments and were 
largely  missed at  t h e  seven s i tes  sampled w i t h  t h e  p i s t o n  c o r e  sampler. 

2 9  



! 
d 

0 

u 
*d 

.TI 
d 

B 
4 4  d d d  + 

0 .  . . .  
v v \ D v v v o v  

d 
V 

d 
0 

*d 
u 
c) 
a 
U 
a, 
a 

ooLnooooo  m o o o o  

u 
w 
0 
a, 
9 

cd 
3 

Q1 

5 
d 
Q) 
3 

*d 
bn 

a 
4 
a 
3 

a, 
.f 
c 

U 
c 2 

I 

! 

3 
c) 

c 
H 

30 



The significance of the organic compound concentrations i n  the v ic in i ty  of 
the North Channel bridge i s  d i f f i c u l t  t o  interpret because data on organic com- 
pounds elsewhere w i t h i n  the bay are scant. However, the information available 
(Feuerstein, 1976)  indicates that the concentrations of PCB's and dieldrin i n  
the bottom sediments i n  the bridge v ic in i ty  are very low i n  re lat ion t o  those 
elsewhere wi thin  the bay, even west of the bridge, In addition, these compounds 
generally do not readily desorb from bottom sediments and therefore provide only  
limited ava i l ab i l i t y  t o  benthic organisms (Hirsch and others, 1978, p. 3 1 ) .  

Metals and Nutrient Exchange 

The exchange of metals and nutrients from or t o  the bottom-material samples 
was calculated by subtracting the concentration of the constituents i n  solution 
i n  the raw water from the concentration of the constituents remaining i n  solu- 
t i o n  i n  the sediment-water mixture a f t e r  the 24-hour mixing period. A positive 
difference represents exchange from the sediment t o  the water column, and a 
negative difference represents exchange from the water column to the sediments. 
The concentration of constituents i n  solution i n  the raw water samples and i n  
the mixture of sediment and water, and the differences between them, are l i s ted  
i n  table 80 

As seen i n  table 8, the exchange characteristics of individual metals from 
the bottom material d i f f e r  widely. A given bottom-sediment sample w i l l  adsorb 
some metals and release others, and an individual metal w i l l  adsorb t o  some 
sediment samples and be released from others. In  addition, no relationship i s  
evident between the metals concentration of the bottom-sediment sample (table 5 )  
and the amount of metals exchanged from the sample t o  the water ( table  8). 
Furthermore, a sample w i t h  a low metal concentration may release more of the 
metal than a sample w i t h  a high metal concentration. It i s  l i k e l y  that the 
speciation of the metals i n  the bottom sediment and the composition and exchange 
capacity of the bottom sediments, as well as other physiochemical factors,  rather 
than the metals content alone, control the exchange of metal from the sediments. 
I f  the metals are largely complexed by organic material, the metals concentra- 
tion of a sample may be h i g h ,  but the exchange from the sample w i l l  be low. 

A s  seen i n  table 8,  the exchange characteristics of nutrients were more 
consistent than those o f  metals. In nearly a l l  samples, ammonia and kjeldahl 
(ammonia plus organic) nitrogen were released from the bottom material, and 
phosphorus was adsorbed by the sediment. Nitrate and n i t r i t e  nitrogen were 
below the detection levels  i n  a l l  samples. As would be expected for  the reducing 
environment of bottom sediments, most of the nitrogen i s  i n  the reduced form. 

The concentrations of the constituents exchanged t o  or from each sample 
were averaged and converted t o  a per-volume-of-sediment basis. Because 300 
cm3 of sediment and 2,100 mL of raw water were used i n  the exchange experiment, 
an average exchange concentration of 1 mg/L converts t o  an average exchange of 
198 mg/ft3 of sediment. 
exchange amounts of each constituent are included in table 80 

The average exchange concentrations and average 

The results  of the exchange experiment indicate that the amounts of metals 

For example, i f  10 f t 3  of bottom material i s  released each day t o  the 
and nutrients released from the bottom material to  the water column are negli- 
gible.  
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water  column as a result of b r idge  replacement,  4 9 . 5  mg of  barium and 9 , 4 9 1  mg 
o f  ammonia w i l l  be r e l e a s e d  t o  the  water column on a given day,  I f  approximately  
2 x lo8  f t 3  o r  5 . 7  x lo9 L of  water passes the  b r idge  during a given f lood o r  
ebb t i d e ,  and complete mixing occurs over  the two t i d a l  c y c l e s  t h a t  day, the  
i n c r e a s e  i n  barium concent ra t ion  i n  the  water  column each day amounts t o  807  x 
loo9 mg/L, and the  i n c r e a s e ' i n  ammonia is 1 . 7  x 10-6 mg/L--both of which are 
s e v e r a l  o r d e r s  o f  magnitude below t h e  d e t e c t i o n  limits, Even i f  the  d a i l y  load 
o f  these  c o n s t i t u e n t s  were t o  mix wi th  on ly  1 pe rcent  of t h e  volume of  water i n  
a given f l o o d  t ide,  the  a d d i t i o n a l  concent ra t ion  i n  t h a t  volume of water would 
s t i l l  be undetectable ,  

The amount of  n u t r i e n t s  released through br idge  replacement would be mini- 
mal i n  r e l a t i o n  t o  the d a i l y  load of n u t r i e n t s  discharged from sewage-treatment 
p l a n t s  and o ther  n u t r i e n t  sources  t o  the  bay,  Feuers te in  ( 1 9 7 6 ,  p. 97)  esti- 
mated that the  upgraded Jamaica water -pol lut ion-contro l  f a c i l i t y  d ischarges  7 .89  
m i l l i o n  pounds of  t o t a l  n i t rogen  per year  and 2 .34  m i l l i o n  pounds of t o t a l  
phosphorous t o  Grassy Bay per year .  This conver t s  t o  a d a i l y  loading of  9 , 8 2 5  
kg of  t o t a l  n i t rogen  and 2 , 9 1 4  kg t o t a l  phosphorus. In the  same study,  the  
d a i l y  loading from all sources  t o  Jamaica Bay was estimated t o  be 34 ,993  kg of  
t o t a l  n i t rogen  and 7 , 5 5 9  kg of t o t a l  phosphorus, both of which a r e  6 t o  7 o r d e r s  
o f  magnitude g r e a t e r  than the  12.3 g of k j e l d a h l  n i t r o g e n  that would be released 
from the  suspended bottom sediments each day during br idge  replacement.  The 
d i s s o l v e d  phosphorus i n  the  water column should a c t u a l l y  decrease  as a r e s u l t  o f  
adsorb t ion  t o  the  suspended sediments.  

Thus, the  results o f  t h i s  a n a l y s i s  i n d i c a t e  t h a t  the  a n t i c i p a t e d  release of  
metals and n u t r i e n t s  t o  the  water column from the  suspended sediments w i l l  be 
v i r t u a l l y  undetectable  and w i l l  have a n e g l i g i b l e  e f f e c t  on the  q u a l i t y  o f  water  
i n  the  bay. 

Settling Velocity 

The s e t t l i n g - v e l o c i t y  data from the  bottom-sediment samples ( t a b l e  9 )  are 
i n  grams per  time i n t e r v a l  and as the percentage o f  each sample t h a t  f a l l s  a 
d i s t a n c e  of  1 m under nonturbulent  condi t ions  w i t h i n  tha t  i n t e r v a l .  For 
example, 8 2 . 5  percent  of sample 1 f e l l  1 m i n  l e s s  than 4 . 5  min, an a d d i t i o n a l  
1 1 . 7  pe rcent  f e l l  1 m i n  less than 1 5  min, and 3 percent  would not  f a l l  1 m i n  
4,000 min. The average  s e t t l i n g  times f o r  a l l  samples a r e  a l s o  l is ted i n  t a b l e  
9 .  

The data in  t a b l e  9 i n d i c a t e  t h a t  most of t h e  bottom sediment t h a t  becomes 
resuspended during br idge  replacement w i l l  se t t le  r e l a t i v e l y  qu ick ly .  On the  
ave rage ,  75 percent  o f  the  bottom sediment w i l l  f a l l  1 m o r  more i n  less than 
4.5 min; between 56 and 94 percent  of the  bottom sediment i n  i n d i v i d u a l  samples 
sett led a t  t h a t  rate.  The p a r t i c l e  s i z e s  t h a t  se t t l e  w i t h i n  t h i s  time c o n s i s t  
most ly  o f  f i n e  sand and l a r g e r  p a r t i c l e s ,  An a d d i t i o n a l  17 pe rcent  o f  the  bot- 
tom sediment,  c o n s i s t i n g  most ly  o f  s i l t - s i z e  p a r t i c l e s ,  w i l l  complete the  1-m 
f a l l  w i t h i n  the  nex t  1 0 . 5  min. Thus, a t o t a l  of 9 2  percent  of the  bottom 
material w i l l  s e t t l e  a d i s t a n c e  of  1 m in  less than 15  min, Between 85  and 96  
percent  of the  bottom sediment s e t t l e d  a t  t h a t  rate i n  i n d i v i d u a l  samples. An 
average  of 1 . 4  pe rcent  of the  bottom material (c lay -s ized  p a r t i c l e s )  d id  not  
f a l l  the  1-m d i s t a n c e  w i t h i n  4,000 min, s l i g h t l y  more than 2 1/2 days,  
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The s e t t l i n g  v e l o c i t i e s  were measured in  the laboratory under nonturbulent 
condit ions  and therefore overest imate  the s e t t l i n g  v e l o c i t i e s  t h a t  would occur 
i n  the water column of Jamaica Bay. Turbulence due to  current v e l o c i t y ,  bottom 
shear,  and wave act ion tha t  occur w i th in  Jamaica Bay w i l l  keep p a r t i c l e s  i n  
suspension longer than the nonturbulent condit ions  of the laboratory,  par- 
t i c u l a r l y  the smaller p a r t i c l e s .  However, the s e t t l i n g  r a t e  o f  the sand and 
p o s s i b l y  the larger s i l t - s i z e d  f r a c t i o n s ,  which together form the majori ty  of 
the bottom sediments, w i l l  probably not be g r e a t l y  increased because the average 
flow v e l o c i t y  measured a t  the bridge during ebb t i d e  did not exceed 1.36 f t / s o  

. -  

Table 9.--Settling-vsZocity data, c ~ 6  m i g h t  i n  grans ami percentage of total  
bottom sediment settZing 1 meter during qiwn time period. 

[Dashes i nd i ca te  tha t  no detectable  amount of sediment f e l l  during 
the given time period.  S i t e  l oca t ions  are shown i n  f i g .  3.1 

T i m e  i n t e r v a l ,  i n  minutes 
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Sediment Tmnaport 

A rigorous a n a l y s i s  o f  sediment transport  was considered unnecessary because 
the l e v e l s  o f  contamination in the bottom sediments a t  the North Channel Bridge 
were l o w  and because the bottom sediments contain a large proportion of sand. 
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Therefore only a simple, semiquantitative analysis of sediment transport was 
conducted, the purpose of which was to identify the area to the west of the 
North Channel bridge in which bottom material that becomes suspended through 
bridge-construction a c t i v i t i e s  is  l i k e l y  to be deposited. Sediment transport 
t o  the east of the bridge was not considered important because the bottom 
material i n  that direction i s  probably equal o r  infer ior  i n  chemical quality 
to  that of the resuspended sediment. 

The assumptions made in  th is  analysis were that the mean velocity  during 
an ebb t ide i n  North Channel and Pumpkin Patch Channel i s  the same as the 
0.44-ft/s average ebb-tide velocity measured i n  the s p r i n g  of 1984 a t  the 
bridge. The average velocity i n  North Channel is probably less than a t  the 
bridge as a resul t  of i t s  much greater cross-sectional area. The difference 
between average velocity  w i t h i n  Pumpkin Patch Channel and the North Channel i s  
unknown. A second assumption was that,  during ebb tide, the resuspended bot- 
tom material would travel  mainly through the channels (Leendertse and Gritton, 
1971, p. 69) under nonturbulent conditions and that the average set t l ing  depth 
would be the mean channel depth--2.5 m for  Pumpkin Patch Channel and 4.5 m for 
Broad Channel. It was further assumed that the sediment w i l l  be suspended 
randomly throughout the t idal  cycle w i t h  equal likelihood of i n i t i a l l y  trav- 
eling either east or west from the bridge s i te .  Only westward transport i s  
considered here, however. 

From these assumptions and the average settl ing-velocity times given i n  
table 9 ,  the average sett l ing distances of selected percentages of sediment 
was calculated for  an average ebb tide. As  indicated i n  table 10, 75 percent 
of the suspended bottom sediments, on the average, w i l l  s e t t l e  w i t h i n  610 f t  of 
the bridge, and 92  percent w i l l  s e t t l e  w i t h i n  1,800 f t  of the bridge. The l ines 
of equal sett l ing distance for  given time periods and the corresponding percen- 
tages of bottom sediments that have settled are plotted i n  figure 5. The 
96.7-percent l ine,  which corresponds t o  a 6-hour traveltime, i s  the maximum 
distance traveled from the bridge s i t e  d u r i n g  an average ebb tide. Its position 
indicates that the vast majority of suspended bottom sediments can be expected 
to s e t t l e  i n  North Channel and Pumpkin Patch Channel within the f i r s t  ebb tide. 

Table lO.--Average distance from North Cbannel bridge i n  which a given 
percentage of suspended bottom sediments &ZI s e t t l e .  

--- [Locations shown i n  f ig .  5.1 
Average Average 

Percentage set  t 1 ing distance from 
of material time bridge 

- Location deposited . - -- - - - - .- - - (min) - - ( f t )  - 
North 75 23 6-1 0 

- 

Channel 
9 2  68 1800 
96 180 4750 
96. 7 360 9500 ’ 

Pumpkin 75 1 3  
Patch 
Channel 92 38 

340 

1000 
96 100 2640 

5280 96.7 zoo 
--_. -- - 
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For comparison w i t h  these estimates, figures 6A and 6B show results  of the 
Rand Corporation's Jamaica Bay Model (Leendertse and Gritton, 1971) of the coli-  
form distribution resulting from discharge at the S p r i n g  Creek combined sewer 
o u t f a l l  a t  h i g h  and low tide. The input  conditions used for  this  model run were 
typical  average dry-weather flow and coliform density. Although t ida l  discharges 
may vary considerably on a daily basis and cause changes i n  the circulation pat- 
tern,  f igure 6 represents the typical circulation pattern w i t h i n  the North Channel 
area as indicated by coliform distribution a f te r  a typical flood and ebb tide. 

Because the Spr ing Creek out fa l l  enters Jamaica Bay 0.8 m i  west of the 
North Channel bridge ( f i g .  6 ) ,  the discharged coliform bacteria w i l l  be follow 
a circulation pattern similar to  that of the sediment suspended through bridge 
construction. Thus, the distribution of suspended sediments through an ebb-tide 
cycle w i l l  be similar to  the coliform distribution depicted i n  figure 6, w i t h  
minor differences. (Speci f ica l ly ,  the decay rate of the bacteria i s  not com- 
parable t o  the sett l ing rate of the sediments; the location of the coliform- 
discharge p o i n t  exaggerates the transport t o  the west, and, as previously 
mentioned, dai ly  changes in  discharge w i l l  a l t e r  the circulation pattern.) 
Nevertheless, figure 6 indicates the probable western l i m i t  of sediment 
transport dur ing  a single ebb tide. As the settl ing-velocity data ( table  10) 
indicate, the vast majority of suspended bottom sediment w i l l  s e t t l e  wi thin  this  
area. As seen in  figures 5 and 6,  the areas w i t h i n  which 96 .7  percent of the 
bottom material w i l l  be redeposited i n  both the North Channel and Pumpkin Patch 
Channel l i e s  w i t h i n  these western l imits as determined by the Rand model. 

During the succeeding flood t ide,  the fine-grained bottom sediments 
remaining i n  suspension i n  Pumpkin Patch Channel and North Channel w i l l  be 
pushed back toward the bridge through the channels and out onto the shallow f l a t  
areas adjacent to  the channels, where they w i l l  remain u n t i l  the following ebb 
t ide.  While on t h e  f l a t s ,  the fine-sized part ic les  i n  suspension may s e t t l e  out 
unless wave action in  these shallow waters produces suf f ic ient  turbulence t o  
keep them i n  suspension u n t i l  the ebb t ide,  when once again they w i l l  be removed 
t o  the deep channels. It i s  l ike ly  that these f ine part ic les,  while becoming 
dispersed and gradually transported to  the west toward the out let  t o  the ocean, 
w i l l  eventually s e t t l e  out  i n  the deep and re la t ive ly  quiescent dredged channels. 

Sediment Deposition 

The prevailing energy conditions that have largely determined the present 
composition of the bay bottom are also l ike ly  t o  determine th.e location of fine- 
sized par t ic le  deposition. The sandy areas w i t h i n  the bay, which are l ike ly  t o  
be re la t i ve ly  uncontaminated (similar t o  s i t es  6 and 8);have formed wherever 
the water's energy i s  h igh  enough t o  prevent the deposition of f ine part ic les  
and their associated contaminants. (The fine-sized part ic les  are l ike ly  t o  be 
deposited i n  low-energy areas, which are already occupied by fine-sized par- 
t i c l e s  that may already be contaminated, such as s i t e s  4 and 5 ) .  As Ramondetta 
and Harris ( 1978)  found, metal concentrations i n  the bottom sediments of the 
North Channel area r e f l e c t  current velocities-the metal concentrations were 
h i g h  i n  the w i d e  channel areas that have weak currents and were low i n  the 
narrow channel areas that have strong currents. 

Because the ambient energy a t  a given location largely determines the poten- 
t i a l  for  fine-sized par t ic le  deposition, the depth of sedimentation a t  any given 
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Figure 6.--computer-genercxted coliform distribution from S p 7 r i n ~ ~  Creek 
sadaye outfall: -4. * 4 t  high t ide .  B. A t  la(, tide, ( ~ o d e l  
data from Rand Corporation, Janaica Bay Model; i l h s t m t i o n s  
m o d i f i e d  from b m d e r s t e  and Gritton, 1971, p. 65. )  

38 



l o c a t i o n  i s  d i f f i c u l t  t o  p r e d i c t  wi thout  e x t e n s i v e  sediment-trap data c o l l e c t i o n  
i n  the  f i e l d .  However, a s i m p l e  a n a l y s i s  of d e p o s i t i o n  based on the  s e t t l i n g -  
v e l o c i t y  and c u r r e n t - v e l o c i t y  data c o l l e c t e d  during t h i s  s tudy may be s u f f i c i e n t  
t o  c a l c u l a t e  the  approximate magnitude of d e p o s i t i o n  i n  v a r i o u s  areas. 

Four zones t h a t  correspond t o  the  l i n e s  o f  75-, 92-, 96-, and 96.7-percent  
d e p o s i t i o n  are shown i n  f i g u r e  5. Zone 1 is  t h e  area i n  which 7 5  percent  of the  
suspended bottom sediments w i l l  be deposi ted  during an average  ebb tide; zone 2 
i s  the  area in  which an a d d i t i o n a l  1 7  pe rcent  of the  suspended bottom sediments 
w i l l  be depos i ted ,  and so on. The t o t a l  depth of sediment d e p o s i t i o n  w i t h i n  
each zone was c a l c u l a t e d  from the  assumptions made ear l ie r  t o .  d e s c r i b e  sediment 
t r a n s p o r t  and the  f u r t h e r  assumptions t h a t  (a)  on ly  h a l f  of t h e  2 , 1 4 5  f t 3  o f  
bottom sediments suspended by b r idge-cons t ruc t ion  a c t i v i t i e s  w i l l  be c a r r i e d  
westward immediately a f ter  suspension,  (b )  80  percent  o f  t h e  sediment w i l l  
t ravel  chrough North Channel and 20 percent  w i l l  t ravel through Pumpkin Patch 
Channel, and (c) t h e  sediment w i l l  be deposi ted  even ly  w i t h i n  each zone. 

From these  assumptions , the  c a l c u l a t e d  depth o f  sediment deposit ion  ranged 
from 1.1 x 10-5 inches  i n  zone 4 t o  6.0 x 10-3 inches i n  zone 1 o f  North Channel 
( t a b l e  11). These v a l u e s ,  which seem extremely  small, are based on the  assump- 
t i o n  t h a t  sediment w i l l  be deposi ted  even ly  throughout each zone. A c t u a l l y  
d e p o s i t i o n  i s  u n l i k e l y  t o  be even ly  d i s t r i b u t e d  owing t o  l o c a l  d i f f e r e n c e s  i n  
channel depth and c u r r e n t  v e l o c i t y .  Yet, even i f  d e p o s i t i o n  occurs  o n l y  i n  5 
percent  o f  the  area a v a i l a b l e  i n  a g iven  zone, the  greatest th ickness  t h a t  would 
accumulate anywhere would be 0 . 1 2  inch  i n  zone 1 o f  North Channel. 

The 3.3  percent  o f  the  sediment not  accounted f o r  i n  t h i s  a n a l y s i s  c o n s i s t s  
o f  the  f i n e s t  p a r t i c l e s .  This f r a c t i o n ,  which probably c a r r i e s  a d i spropor t ion-  
a t e  amount of  contaminants,  i s  u n l i k e l y  t o  be deposi ted  during the  f i r s t  ebb 
t i d e  and w i l l  probably become widely  d i s p e r s e d  throughout succeeding t idal  
c y c l e s .  
s e t t l e  over  a wide  area and t h e r e f o r e  accumulate to  on ly  a v e r y  small th ickness .  

Thus , t h i s  r e l a t i v e l y  small volume of  sediment,  about 34 f t 3  , w i l l  

TabLe 11 .--Size of deposition zones in North ChanneZ and 
Pumpkin Patch Channel and the calculated uoZume 
and depth of sediment deposition wishin each zone. 

----- [Locat ions  are shown i n  f i g .  5.1 - 
Sediment deDosi t ion 

- S i z e  Volume Thickness 
(miZ) ( f t q  ( f t 3 )  (in.) 

North Channel 
Zone 1 
Zone 2 
Zone 3 
Zone 4 

0 .055  1 , 533 , 312  . 049  1 , 3 6 6  , 041  . 1 2 1  3 , 373 ,286  . 223 6 , 21 6 , 883 

Pumpkin Patch Channel 
Zone 2 0010 278  , 784 
Zone 3 , 0 1 7  473  , 932 
Zone 4 .023 641  j 203 

767  6.0 x 10-3 
139  1 . 2  10-3 

33 1 . 2  10-4 
5 .6  1.1 10-5 

3 5  1 . 5  x 10-3 
8 2 .0  10-4 
1 . 4  2 . 6  10-5 
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R e s u l t s  o f  t h i s  a n a l y s i s  i n d i c a t e  t h a t  the th ickness  o f  sediment accumula- 
t i o n  i n  any g iven  area o f  the bay as  a r e s u l t  o f  b r idge-cons t ruc t ion  a c t i v i t i e s  
w i l l  be n e g l i g i b l e .  Thus, t h e  sandy benth ic  h a b i t a t s  t o  the west of the  b r idge  
are u n l i k e l y  t o  be inundated w i t h  f i n e  sediments and w i l l  not  become mud habi- 
ta ts .  Also ,  t h e  metals and o rgan ic  compounds a s s o c i a t e d  w i t h  the  suspended 
sediments w i l l  not  be depos i ted  at  any one l o c a t i o n  i n  q u a n t i t i e s  apprec iab ly  
greater than present  background levels .  

Most of the  bottom material c o n s i s t i n g  of sand- and s i l t -s ized p a r t i c l e s  
t h a t  is  resuspended by br idge-construct ion a c t i v i t i e s  w i l l  be r edepos i ted  w i t h i n  
t h e  North Bay and Pumpkin Patch Channels w i t h i n  6,700 f t  and 3 , 7 2 1  f t  of the 
b r i d g e ,  r e s p e c t i v e l y .  The remaining f i n e  material may be depos i ted  i n  the  
sha l low areas ad jacent  t o  t h e s e  channels  during f l o o d  tide i f  the  ambient energy 
c o n d i t i o n s  p e r m i t ,  o r  they  w i l l  be c a r r i e d  f u r t h e r  down Pumpkin Patch and North 
Channels,  where they  w i l l  be depos i ted  or e v e n t u a l l y  carried from the  bay.  
E i t h e r  way, the  f i n e  sediments and t h e i r  a s s o c i a t e d  contaminants w i l l  probably 
become wide ly  dispersed and are u n l i k e l y  t o  be deposi ted  t o  an appreciable 
t h i c k n e s s  at  any one l o c a t i o n .  

. 

Hydraulic Characteristics 

Net water t r a n s p o r t  measured for one synodic month from A p r i l  15  t o  
May 14, 1984 through the Nortn Channel b r idge  c r o s s  s e c t i o n  was 0.67 x lo8 f t 3  
from west t o  east.  During c e r t a i n  per iods ,  however,  the  n e t  t r a n s p o r t  was 
e i t h e r  n e g l i g i b l e  o r  east t o  west. Ana lys i s  of  t h e  head loss i n  the  v i c i n i t y  
o f  North Channel b r i d g e  i n d i c a t e s  t h a t  the  proposed b r i d g e  w i l l  not  c o n s t r i c t  
f l o w  and t h e r e f o r e  should not  have  any measurable e f f e c t s  on the n e t  water 
t r a n s p o r t .  

Q u a l i t a t i v e  a n l y s i s  o f  t h e  observed bay-bottom c o n f i g u r a t i o n s  a t  the  
North Channel b r i d g e  and North Channel r a i l r o a d  b r i d g e  i n d i c a t e s  t h a t  l o c a l  
scour  a t  the  proposed br idge ,  a l though pronounced, should be less than beneath 
t h e  p resent  br idge  because the t o t a l  area of pi les  and piers  will be 50 per- 
c e n t  smalbr.  General  scour should remain unchanged because the width  
c o n s t r i c t i o n  a t  the  proposed b r i d g e  i s  similar t o  that of the present  b r i d g e .  

Sediment Characteristics 

The r e s u l t s  o f  sediment oxygen demand and sediment-and-water mixing 
experiments i n d i c a t e  t h a t  the  e f f ec t s  of  bottom-sediment suspension w i l l  be 
v i r t u a l l y  undetec tab le  in  the  water column. The large volume o f  water pass ing 
t h e  b r idge  during a g iven  t i d e  cycle w i l l  d i l u t e  the  metals and n u t r i e n t s  
r e l e a s e d  from the  suspended sediments t o  s e v e r a l  o r d e r s  o f  magnitude below 
d e t e c t i o n  limits. In  a d d i t i o n ,  t h e  biochemical  oxygen demand o f  the  suspended 
bottom sediments i s  about 5 o r d e r s  of magnitude less than background con- 
d i t i o n s  i n  the  North Channel area o f  Jamaica Bay. 

The bottom sediments in  t h e  v i c i n i t y  of North Channel b r idge  are,  i n  
g e n e r a l ,  of equal  o r  b e t t e r  chemical q u a l i t y  than those  throughout the  rest  o f  
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Jamaica Bay. The metals concentration of bottom sediments in  the North Channel 
bridge v ic in i ty  are much lower than i n  Grassy Bay but  s l ight ly  greater than 
those i n  the western part of the bay. As expected, the metals seem to be asso- 
ciated w i t h  fine-sized particles and are l ike ly  to be transported w i t h  these 
part ic les  a f te r  suspension. The significance of organic-compound concentrations 
i n  bottom sediments a t  the North Channel Bridge i s  d i f f i c u l t  to interpret 
because data are scant; however, concentrations of PCB's and dieldrin i n  the 
bottom sediments a t  the North Channel bridge are lower than those measured 
elsewhere i n  Jamaica Bay dur ing  previous studies. 

Sediment Transport and Deposition 

A semiquantitative analysis of sediment transport and deposition indicates 
that the thickness of sediment deposition resulting from bridge construction 
w i l l  be small ( l e ss  than 0.12 i n )  at  any given location w i t h i n  the bay. 
addition, the re la t i ve ly  small proportion of the bottom sediments consisting 
of fine-sized material are l ike ly  to stay i n  suspension for several t idal  
cycles and therefore w i l l  become widely dispersed. This means that the sandy 
benthic habitats to the west of the bridge are unlikely to be inundated w i t h  
fine-sized sediments or become mud habitats. 

In 
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