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INTRODUCTION 

To wha t  ext en t  are cond i t ion s in the N ew York B ight (�ITB )  s imp ly 

the resu l t  of  cond i t ions and a c t ivities  in the Es tuary? One recen t  

au thor charac t e r i z e s  their re lat ion sh ip a s  " • • •  among the clas s i c  examp l e s  

o f  solvin g  was t e  disp o s a l  prob lems b y  tran sportation . Was t e s  dumped 

in to the Hudson and Raritan river es tuaries  flush downstr eam into the 

NYB . Dredge spo i l  contaminat ed by previou s ly dump ed was t e s , s ewage 

s ludge , chemical was t e s  and other mat erials  are barged directly to 

o f fsh�re dump s it e s , "  ( Gunnerson , 19 8 1) .  In this Report we d i s cu s s  

certain a sp e c t s  o f  t h e  conn e c t ion , t h e  " coup lin g , " b e tween Bight and 

Es tuary and , b a s e d  on this in format ion , we a s s e s s  the like ly e f f e c t s  on 

the B ight o f  several prop o s e d  changes  in E s tuary a c t ivit ies . Managemen t 

implicat ions are  apparen t . 

We b e gin by d e f in in g  and b r i e f ly d e s c r ib in g  wha t we will mean by 

the exp r e s s ion " Th e  E s tuary . " The comp l ex pa t t e rn  o f  wa t er exchange 

b e tween Es tuary an d B i ght , c en t ra l  to our d i s cu s s ion , is  next ana lyzed  

in  con s i d e rab l e  d e t a il . Movemen t s  of  ma t erials are relat ed , a s  

app ropria t e , to wat e r  movemen t s ,  and s o  a r e  b io logical int era c t ion s . 

Next we focus on impo rtant human a c t iv i t i e s  in the E s tuary wh ich impa c t , 

o r  are gen e ra l ly thought to imp a c t , the B i gh t . Fina l ly we examin e 

s everal p ropo s e d  chan g e s  in the s e  a c t iv i t i e s  f or the ir l ikely ef f e ct s 

on  con d i t ion s  in the  B igh t . Among the chan g e s  discu s sed  are imp roved s ewa g e  

t r ea tmen t ,  mod i f i c a t ions o f  d r e d g in g  and dred g ed ma t e rial d i s p o s a l  

s t ra t e g ie s , b e t t e r  c on t r o l  o f  f l o a t ab l e  wa s t e s , sh ip tra ffic chan ge s ,  t i d e  

g a t e s  in the Eas t Riv e r, and a r e s ea r ch proj e c t  o n  coal  wa ste d i sp o sal . 

1 
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Mos t  impac t s  o f  the Es tuary on the B ight arise  from d irect tran s f er 

o f  ma terial s ; Gunnerson ' s  "disp osal by t ran sportation ." The s e  mat e rials 

pass through the S andy Hook-Rockaway P o in t  Tran s e c t  (Fig . 1) �s dis solved 

or  suspended load in the wa t er or  as cargo in ves s e l s . The quan t i t i e s  and 

qualities  o f  the ma t e rials obviou s ly d e t e rmin e their e f f e c t s  upon the Bight 

and its  living marine resource s .  On the quan t i t i e s  of  mat erials carried by 

ves sels  our in format ion is rela t ively good , at  least for the decade of the 

70 ' s  (not  as good f or previous years ) . Howeve r ,  inf ormat ion on the 

qualities-- the physica l  and chemical p ropertie s--o f thes e  b arged wa s t e s  

mu s t  b e  d e s crib ed as  poo r .  For sub s t an c e s  transported from the Es tuary in 

the wa t e r  the s i tuat ion is even wors e ; we have li t t le in format ion on the 

chara c t e r i s t ics  of su ch mat e rials and even less  on their quan t i t ie s . 

D e sp i t e  the s e  maj or  d e f ic ien c ie s , we think the evidenc e  support s s everal 

important conclu s ion s . 

No t all the pre s en t  and po t en t ial  in f lu en c e s  o f  the Es tuary on the 

Bight are d irec t . For examp l e , some f i sh p opulat ions which spend part 

of their life cycle in the B igh t also spend t ime in the Es tuary . C on.di­

t ions or  a c t ivities  in the Es tuary may af f e c t  the abundan c e  o f  the s e  

sp e c ies  or their accep t ab ility as human fo od . Low leve l s  o f  dis solved 

oxyg en in the Es tua ry at critical seasons can in f luen ce the migrat ions of  

anadromou s spe c ie s . P ower p lan t s  with on c e- through cooling sys t ems crop 

f i s h  e gg s , larvae , and j uveni l e s  trappe d  in the coo ling wa t e r  f l ow .  

PCB's have b e en found in the  f l e sh o f  cert a in B i gh t  f i sh e s a t  leve l s  high 

enou gh t o  r en d e r  t h em unu s ab l e . Presumab ly su ch con taminan t s  are  t aken up 

during res iden c e  in the Es tuary , mo s t  likely , in the case of PCB's , in the 

upp e r  Hud so n . Mo s t  v e s s e l  and b o a t  traf f ic in the  B ight e i th e r  o r i g ina t e s  

o r  t ermina t e s  i n  t h e  E s tuary . P o rt fac i l i t ie s  i n  t h e  E s tuary have mu ch t o  
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Map of Hudson-Raritan Estuarine System and New York Bight Apex. 
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do wi th the na ture and volume o f  that traf fi c . 

Maj or chan ges  in the Es tuary are inevitable with the passage o f  

t im e . S in c e  there is a s t rong linkag e  b e tween Es tua ry and Bight, 

inf luen c e s  on the B ight wil l  re sul t . Though it is o f t en quite diff icult  

t o  pred i c t  the s e  inf luences in detail , even a general knowled ge ab out 

them shou ld be factored in t o  the p lann ing process  at as early a s t age as 

p o s s ib le. 

The Es tuary 

For our purp o s e s  the Es tuary is made up o f  a l l  tidal wat erways 

(wa t ers exhib i t ing a measurab le rise and fall o f  the wat er surface of 

t idal  period ) in land from the S andy Hook-Rockaway P o in t  Tran s e c t  at  the 

seaward end of the L owe r B ay of New York Harb o r. Thi s  d e f in i t ion is 

con s i s t en t  wi th the origin a l  deriva t ion of the wo rd e s tuary f rom 

aes tus--the tide--though d i f f eren t  from the physical  oceanographer ' s  

d e f inition . *  The E s tuary a s  we d e f in e  it is b ounded  a t  i t s  northern end 

on the  Hud s on River by the Federal D am at Troy , at the ea s t e rn end of the 

Ea s t  R iver by the Thro g s  Neck to Wille t s  P o int  tran s ec t ,  and at  its  

we s t ern end by the  head  o f  t ide in  the Rarit an R iver . This  Estuary is  

a l s o  re f e rr e d  to as  the Hud s on River-Raritan River E s tua rine System. It  

in c ludes the  Lowe r Huds on River , Lowe r Rar i t an River , Ha rlem Rive r ,  Ea st 

Rive r ,  Upp e r  B ay of New Y o rk Harbor, Newark Bay , Kill  Van Kul1 , Arthur  

K i l l , Rar i t an B ay , Jamaica  B ay and L owe r B ay of  N ew Y ork Harb o r  ( F ig.  1 ) . 

* "A sem i-en c lo s ed c o a s t a l  b ody o f  wa t e r  free ly conn e c t ed with the oc ean 
w i t h in wh i ch seawa t e r is mea s urably d i lu t ed by f r e shwa t er from runof f "  
( P rit chard 1 9 6 7 ) . 
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All tributary s t reams of  these  wa ter  bodies , to  the head o f  tide , are 

also con s idered to be part of the Estuary . 

PHY S I CAL COUPLING OF THE ESTUARY AND THE BIGHT 

Geography and Hydrography 

Freshwa t er Run o f f  

The e s tuary o f  t h e  Hudson River i s  con s idered to ext end se award 

from the Fed eral D am at Troy-- the head o f  t ide-- t o  the B a t t ery , a 

. d i s t ance o f  2 48 km. This reach , a subun i t  o f  wha t  we have cho s en to  

c a ll the  Hud son-Raritan E s tuary , is in part a t idal  river ( freshwater)  

and in part a tru e  e s tu�ry by P r i t chard ' s  definit ion . The landward 

l imit of in t ru sion by measurab le quan t i t i e s  of  sea  salt--the boundary 

b e tween the tidal river and the e s tuary prop e r--varies wi th river 

d i s charg e. In t imes  of low river  f low ,  this b oundary may o c cur as far 

up river a� Hyde Park, 132 km ab ove the B a t t e ry .  During t ime s of high 

riv er f low ,  seawa t e r  may ex t end only as  f ar up s t ream as ab ou t 3 km b e low 

the Tappan Z e e  Bridge , 40 km ab ove the B a t t e ry .  

A Un i t ed S t a t e s  Geological Survey s tream gau ging s t a t ion is located  

a t  Gr een I s land, N. Y. , jus t up s t ream f r om the  Fed eral Dam a t  Troy . This  

is the mo s t  downs tream gauging s t a tion on the Hud son . The drainage area 

of the Upp e r  Hud s on River  B a sin ab ove Green I s land, in c luding the Mohawk 

Rive r ,  i s  2 0 , 96 0  km
2

. The lon g - t erm (31 y e a r; 1946-1977) average f l ow 

3 -1 
a t  G r een I s land wa s 388 m s Thi s  ra t e  va r i e s  con s iderab ly from year 

t o  year , from sea s on to s e a s o n , and ev en ov e r  short  t ime in t erva l s  

wi thin s e a s on s . Th e maximum d a i ly average  d i s charge ra t e  recorded  a t  

5 



3 -1 Green I sland during this p eriod wa s 4305 m s and the min imum recorded 

3 -1 
daily average discha rge was 25 m s 

The d ra inage area of the Lower Hud s on R iver from Troy to the 

B a t t e ry is 13,680 km
2

• S ome 7200 km
2 or  53 percent of this drainage 

area is gauged . The total  dra inage area of  the Hudson R iver e s tuary 

2 ab ove the Batt ery i s  thus 3 4 , 6 4 0  km .  The e s t imated long-term average 

freshwa t er discharge at the B a t t e ry b a s ed on the ra t io o f  drainage 

3 -1 areas is  640 m s • This is con s i s t ent  wi th Ab ood ' s  (1978) e s t ima te of  

515 m3 s- l f or h 1 fl P hk . 
N Y t e ong- t e rm  average ow at  oug eep s�e , • •  

G i e s e  and Barr (1967) summariz e d  the rive r f low at  P oughke ep sie and 

a t  the B a t t e ry for  the wat er years 1947-65. O ' Conn or e t  al. (1977) 

ext ended the series  through 1974. Figure 2 shows the average o f  the 

mean mon thly discharge s ,  the maximum of the mean mon thly d i s charges, and 

the min imum o f  the mean monthly discharges a t  the Batt ery for  the water 

years 1947-1965. More recently, Karim Ab ood (personal commun ication) 

compu t ed the average o f  the mean mon thly d i s charge at  a p o s i t ion ab ou t 

14 km b elow Pou ghke ep sie , f o r  the p eriod 1918-1973, and the s e  data are 

shown in Fig. 3. The s e  f igures  exhib it the seasonal flow pattern 

typical o f mid- la t itu d e  rivers: high flow in early sp rin g produ c ed by 

snow melt  and rainfall, fo llowe d  by low to mod erate f l ows throughou t the 

summer and increased runoff in the fall. The range between the minimum 

and maximum curves in Figure 2 illustrates the large year-to-year 

variation in flow. The maximum average monthly mean flow at the battery 

3 1 
o f  1 3 3 0  m s o c cu r s  in April. 

2 
An additional 7 , 6 2 0  km o f  drainage area con t r ibu t e s  to  the reach 

of the E s tuary b etwe en the Battery and the Sandy Hook-Ro ckaway P o int 

Tran se c t . Th is drainage bas in feeds the Passaic and Hackensack Rivers, 
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which d i s charge int o Newa rk Bay , and the Raritan , Rahway , and Elizab eth 

R ivers wh ich d i s charge in t o  Raritan Bay . The total  drainage area ab ove the 

S andy Hook to  Rockaway Transe c t  is , then , 42,260 km2, or just over twice 

the dra inage area ab ove Green Is land at the head of the Es tuary . The long-

3 -1 
term average fre shwa t er f low from all of thes e  sourc es is about 780 m s • 

Ab ood ( 19 7 8 )  p o in t e d  ou t that the ratio of freshwater flow at a given 

p o in t  in the E s tuary to the freshwa t e r  discharge gauged at Green Island 

varies nonlinearly with flow. For our purpo s e s , however , a constant ratio 
\ 

o f  2.0 for the rat io of the f l ow a t  �h e  Sandy Hook-Rockaway Point Transect 

to that at  Green I sland is c on sidered sufficien t ly prec ise . 

Changes in f l ow at Green Island are n o t  immed iately reflected in 

corresp ond ing chan g e s  at the Ba ttery . Accord ing t o  Abood (19 7 9), the lag 

t ime b e tween a change in d i s charge at Green I s land and the resu lting change 

in flow at the Sandy Hook-Ro ckaway P o in t  Tran s e c t  is inversely proportional 

to the 0.4 p ower of the fre shwa ter dis cha rg e . The relationship g iven by 

Ab ood for  Indian Point ( R iver Mile 43) can b e  extrapolated to the Sandy 

Hook-Rockaway Poin t  T ransec t ,  t o  give 

where TSR is  the lag t ime in days b e twe en a flow even t at Green Island 

and it s arrival at  th e Sandy Hook-Rockaway P o in t  Tran s e c t , and QGI is 

the Green I s land fre shwater di scharge in m 3 s-l For a mean flow at  

G r een I sland o f  390 m3 s-l this  formula gives a t rave l  time o f  17.5 
3 -1 days. For low surr�e r  f l ows of , say , 150 m s the travel t ime would b e  

2 6  days, while for a high discharge at G r e en I s land o f  1,500 m3 s-l 

TSR wou ld be only 10 days. 



., 

There are other sources of freshwater runoff to the Bight, as 

su�marized in Table 1. This table was prepared from data given by 

O'Connor ·et a1. (1977) who divided the freshwater sources in a manner 

somewhat different from the one we used. O'Connor et al. (1977), for 

example, include a direct flow of 20 m3 s
-l 

to the Bight from the 

New Jersey coast. In addition, the item in Table 1 marked IINew York City 

and long Island" includes a small direct contribution to the Bight from the 

South Shore of Long Island. Thus, O'Connor et al. (1977 ) estimated the 

long-term average flow through the Sa�dy Hook-Rockaway Transect to be 

3 -1 
slightly les� than 770 m s 

our estimate of 780 m3 s
-1 

This is not significantly different from 

The Hudson-Raritan estuarine system actually has two connections 

Hith the ocean. The primary connection is through the Sandy Rook-Rocka� .. ay 

Point Transect that separates the Lower Bay of New York Harbor from the 

Bight Apex (Fig. 1). A secondary connection is through the East River to 

long Island Sound and ultimately to the sea through Block Island Sound. 

East River Contribution 

Jay and Bowman (1975) have shown that the long-term average net 

transport of water through the East River, a tidal strait, is directed 

from long Island Sound to the Harbor (Hudson-Raritan Estuary) with a 

. d of 34 0  m3 s
-l 

magn�tu e This average flow exits through the 

Rockaway-Sandy Hook Transect and, therefore, must be added to the 

3 - 1 
average freshwater discharge of 7 8 0  m s to give a total net discharge 

3 - 1  
of water t o  the ocean of 1120 m 5 • The average salinity of this net 

flow from Long Island Sound is between 24  0/00 and 25 0/00. 
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Tab le 1 .  Freshwa t e r  F luxes t o  the B i gh tl 

Average Run o f f  Min imum Runo f f  (m3 s-l) 

(m3 s -1%) per mon th per 7 

Hud son Bas in 575 105 

N . Y . C .  & Lon g I s land 80 10 

No rthern New Jersey2 115 3 5 

New Jersey Coas t a 13 20 10 

To tals 790 1 6 0  

lAf t er O'Connor e t  a l  • •  (1977) a f t er Hud s on B a s in Proj e ct 1974 

2Dra ining int o lowe r Bay of New York Harb o r  

3Drainin g int o  c o a s t a l  oc ean 

11 

5 5  

10 

3 0  

10 

105 

days 



The average unidirec t ional  flow resu l t s  in a f lux o f  wa ter from 

Long I s land S ound t o  the Hud s on-Raritan Es tuary . The movement  o f  salt 

and pollu tan t s ,  however , is  n o t  l imit ed to advect ion by the average 

f low . It d epends also  on the o s c illa t ing t idal f l ow whi ch has an 

3 -1 amp litude of 6 , 300 m s (Koppe lman et a l . , 19 7 6 , p . 18 l) . Averaged 

over a t idal cycle , the t idal mean f l ow rat e  in each direct ion is 2 , 000 

3 -1  m s , o r  nearly s ix t ime s the average unidire c t ion a l  f l ow .  B e cau se 

s a l in i ty in the S ound is great er than salinity in the East  R ive r ,  this 

t idal  exchang e  increas e s  the flux of salt  to New York Harbor over  that 

which wo�ld be exp e c t ed if the on ly f l ow were the unidirec t ional  

. average f l ow .  

The d i f fu s ive and advec t ive t ran sport s o f  salt  in the East  R iver 

are in the same direct ion a s  the tran sp o rt o f  wa t er-- t owa rd the 

Bat t e ry .  I n  the c a s e  o f  po l lu t an t s , d i f f u s ive and advec t ive tran sport s 

are in oppo s i t e  dire c t ions s in c e  the c on c en t ra t ion s o f  mo s t  pollutan t s  

d e crea s e  from t h e  E a s t  R iver t o  th e S ound . The many large sewage p lants 

d i s charging in to the Ea s t  River  cau s e  a peak con c en t r a t i on o f  s ewag e  

e f f lu en t s  within the River .  Figure  4 i s  a plot  o f  phospha t e  con c en t ra-

t i on aga in s t  sa l in i ty in the Ea s t  River mea sured durin g a cru is e  on 

9 Ap ril 19 7 1  (Kopp e lman e t  al . ,  1 9 7 6 , p.90 ) .  The data can be re garded 

a s  repre s en t in g  a mixture of thre e  wa t er typ e s : water from the Upper 

Bay o f  New York Harb o r , wa t e r  from Long Is land S ound , an d sewage 

-1 
e f fluen t s  with a phosphate conten t o f  300 �g atoms t The maximum 

concentration of the sewage component is foun d a t  station 12 where it 

amoun t s  t o  1 . 5 4  percent by vo lume . I f  one assumes that all of the 

pho spha t e  in Upper Bay water is also derived from sewage, the effective 

sewage content at station 1 2  i s  in creased  to 2 percent by volume. 
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the East River, 9 April 19 7 1 . 
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The d a t a  ind i ca t e  tha t  in sp i t e  o f  a n e t  transport o f  wa ter from 

Lon g I s land S ound t o  the Hudson-Raritan E s tuary , contaminan t s  in tro­

duced in t o  the East R iver are part ially discharged in to Lon g  I s land 

S ound. The fract ion discharg ed int o  Lon g  I s land S ound wil l  vary 

d ep end ing on the t i d e s  and on changes  in the water levels produced  by 

meteorological dis turb ance s .  The limit ed ob servat ion s  availab le do not 

permit more than a very rough e s t imat e  e ither of the long-term average 

fract ional  f lux or of its  variab ility . Howeve r ,  s ince the t idal 

excurs ion in the E a s t  River is approxima t e ly equ a l  to the length of  the 

R ive r , it  appears reasonable that one-half o f  the discharges  of 

p o l lutan t s  in t o  the East R iver are added to Long  I s land S ound . 

The somewhat surprising directi on of flow o f  wat er and salt through 

the East R iver , c learly demon s trated by Jay and Bowman ( 19 7 5 ) , d e s erve s 

further a t t en t ion . The t idal  ran g e  a t  Wille t s  Poin t  is about 5 8  percen t  

greater  than the ran g e  a t  the B a t t e ry ,  and the variou s  pha s e s  o f  the 

t id e  ( e . g . , high wa t e r , low wa t e r ) o c cur abou t 3 . 3 .  hours la t e r  at 

Wille t s  Po in t  than at the B a t t ery .  B e cau s e  of this va riat ion in t idal 

period , a d i f f eren c e  in eleva t i on be twe en the two ends of the Ea s t  River 

of abou t ± 1 . 5  m o c curs  and produ c e s  an hyd raulic grad i en t . Thi s  d i f­

f e ren ce in wat er elevat ion be twe en the B a t t ery and Wille t s  P o in t  drive s 

the o s c illa t o ry hyd raulic flow of tida l pe riod  in the E a s t  Riv e r. When 

the  eleva t ion of t h e  wa t er sur f a c e  a t  t h e  B a t t e ry is grea t er than tha t 

a t  Wille t s  P o in t , the  flow is d ir e c t ed from the Harbor t oward L ong 

I sland S ound and a " f lo od f low" is  sa id t o  occur in the Ea s t  R iver . 

When the  wa t e r  su r f a c e  e l evat ion a t  Wil l e t s  P o in t  is g r ea t e r  than tha t 

a t  t he Ba t t e ry ,  t h e  f l ow is d ire c t ed f r om Lon g I sland S ound t owa rd the 

Harb or and an " eb b  flow" is  said  to o c cu r  in the Eas t  R iv e r . The s e  
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d e s ign a t ions of  ebb and f lood f l ow d ire c t ions con f o rm  to conven t i on for 

the East R ive r .  

The pecu liar manner i n  which the t id e  wave a t  the Harb o r  end o f  

the Eas t  R iver int e ra c t s  wi th t h e  tide wave a t  t h e  Long I s land S ound 

end of  the East River results in an average elevat ion in the E a s t  River 

during the ebb flow about 0 . 45 m higher than during the f lood flow . 

Consequen t ly the ave rage cro s s- s e c t ional area during the ebb f l ow ,  

d irected from Lon g I s land S ound towards the Bat t e ry , is ab ou t 5 p e rc en t  

grea t e r  than the average cro s s-sect ion a l  area durin g the flood f l ow ,  

which is in the opp o s i t e  dire c t ion . Th is grea t er cross-sect ion a l  area 

during ebb flow carries a larger vo lume of wa t e r  per uni t  t ime than is 

c arried by the smaller  cro s s- s e c t ional area durin g f lood f l ow ,  given 

equal bu t opp o s i t e ly direc t ed flow speed s . A n e t  tran sport resu l t s . 

Th is t idally-averaged tran sp or t , wh i ch resu l t s  from the co-variat ion of 

the t idal rise and fall of the wa ter sur f a c e  and the o s c illat ory ebb 

and f lood of the hydrau l ic curren t is c a l l ed the S t oke s ' t ran spo rt . 

The Stoke s ' tran sport  is a we ll-known property o f  progres s ive wave s , *  

b u t  on ly recen t ly has it be en ident i f i ed a s  an import an t  comp on ent  o f  

t idally-averaged t ran sp o r t s  i n  e s tuarie s . 

*In a p r o g r e s s ive wave , there i s  a maximum f low in the d irect ion o f  
wave trav e l  a t  the c re s t  o f  the wave and a max imum flow in the 
oppo s i t e  d i r e c t ion in the  trough o f  the  wave . In a s t and ing wav e , 
z e ro f l ow occurs a t  the  cre s t  and at  the  t rough , wi th maximum f l ow in 
e i ther d i r e c t ion o c cu r r ing a t  mean wa t e r  level. In  the case  o f  the  
t ide in  an e s tu a ry wi th a s ing l e  conn e c t ion  wi th t he oc ean , a p r o gres­
s ive t i dal wave would have  max imum f lood f l ow a t  h igh wa t e r  and 
maximum ebb flow a t  low wa t e r . A st an d ing t id a l  wav e wou ld have s lack 
f low a t  h igh wa t e r  and at low wa t e r , with maximum f l o o d  o c cu r r ing at 
mean t id e  lev e l  during t he r ising pha s e  of the t id e  and max imum ebb 
f low oc curring at  mean t id e  level du rin g t h e  f a l l ing pha s e  of the  
t id e . In r e la t ing this d e s c r ip t i on to  t h e  Ea s t  R ive r , one mu s t  b e  
careful  to  no t e  the par t icular conve c t ion chosen for  d e s igna t in g  the 
ebb an d f lood  d i r e c t ions s in c e  it  has two conn e c t ions with the  o c ean .  

1 5  



For equ a l  and oppo sitely d ire c t ed hydraulic  gradien t s  in the East 

River ,  there wil l  be  less  frict iona l re s i s tan c e  during the ebb f l ow 

b e cau se  o f  the grea t er cro s s - s e c t iona l  area than during f lo od f low ,  and 

hence  the average velocity durin g  ebb f low wi ll b e  greater than durin g 

f lood f low .  This factor wil l  augment the S t oke s ' tran sport to  

contrib u t e  to a greater f lux o f  wat e r  durin g the  ebb  flow period than 

during the f lood f l ow period . 

S t il l  another f a c t or contrib u t e s  t o  the predominance o f  ebb f l ow ove r  

f lood f l ow i n  the E a s t  Rive r .  Under average  cond ition s , t h e  wa t e r  

surface e l eva t ion s at  Wille t s  P o in t  a r e  higher than tho s e  at t h e  B a t t ery 

"during mo re than half  the t id a l  cycl e . Thu s , ev en were the t idal-med ian 

wa t e r  surf a c e  lev e l  to b e  the same at b o th end s  o f  the East R iver ,  the 

average cros s- s e c t ional  area and the current spe ed b o th wou ld be greater 

dur in g  ebb f low than during f lood f l ow an d the dura t ion o f  ebb f l ow 

wou ld b e  great er than the durat ion o f  f lood f low. The s e  factors  all 

con t r ibu t e  to  a net  f lux o f  wa ter from Long I s land S ound in t o  the East  

R iver and sub s equen t ly in to the Upp e r  Bay o f  New Y o rk Harb o r  at the 

B a t t ery . 

The t idally-ave raged wat e r  su r f a c e  e l evat ion at any g iven locat ion 

varies  from t idal cy c l e  to t idal cyc l e , from day to day , from we ek t o  

week , from mon th t o  mon t h , and ove r  longer ave ragin g  pe riod s . The 

t idally-av e r a g ed e l evat ion s a t  the  B a t t e ry o r  a t  Wille t s  P o in t  may 

chan ge b e cau s e  of variat ion s in wind s t r e s s  an d a tmo spheri c  p r e s su r e  

d i s t r ib u t i on ov e r  the  E s tu a ry f r om t h a t  over Long I s land S oun d . 

Varia t ion s in the mean den s i ty o f  the  wa t e r  co lumn , which a l s o  can cau s e  

chan g e s  i n  the  t id a l ly-ave raged wa t er su r f a c e  e l eva t ion , can r e su l t  from 

f lu c tu a t ion s in t emp e ra t u r e  or salini ty. The s e  f a c t o r s  do n o t  ac t in 
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exa c t  con c e rt at the  Battery and a t  Wil l e t s  Poin t , and hence a t idally­

averaged d i f f e renc e  in wa t e r  sur f a c e  elevat ion s at the two end s  of the 

East River  can oc cu r . This mean s lope or  hydrau lic  head produces  a n e t  

non - t idal flow in t h e  E a s t  R iver ,  which may b e  in either direct ion 

dep ending on the direction o f  the t idally-averaged slop e . An ana lysis  

o f  the long- t e rm  t idal record s  at the  B a t t ery and a t  Wille ts  Poin t , 

adj u s t ed f o r  the relative lev e ls of  the tide  gauges  using the Firs t­

Order Leve l Net o f  the  U . S .  Coas t and G e od e t i c  Survey , shows that a 

t idally-averaged wat er sur f a c e  slope d ir e c t ed downwards from Wille t s  

P o in t  t owards t h e  B a t t ery o c curs mor e  frequ en t ly than d o e s  a s l op e  in 

the oppo s i t e  dire c t ion (Jay and B owman , 19 7 5 ) . 

For the  40-ye�r p eriod , 19 3 2  t o  19 7 1 ,  the ave rage d i f f e renc e  in the 

non-t idal eleva t ion s at  the two ends of the East  River was 4 . 0  cm, with 

the wa t e r  su rface at  Will e t s  P o in t  s t andin g  higher than that at  the 

B a t t e ry .  The 40-y e ar average of eleva t ion dif f eren c e s  f o r  ind ividual 

mon ths varied from 3 . 1  cm f o r  June and S ep t embe r to  5 . 0  cm for February , 

wi th all the s in g l e  mon th average e leva t ions for  W i l le t s  Point higher 

than thos e  for  the B a t t ery .  The mon thly ave rage non-t idal wa t er su rface 

e leva t ion at  Wille t s  P o int  wa s higher than that a t  the B a t t e ry for  448 

o f  th e 480 ind ividual mon ths o f  the 40-year period . The yearly mean 

e l eva t ion dif f erenc e ranged from z ero ( 1 9 6 4 )  to 5 . 7  cm ( 1 9 7 1 ) , wi th the 

y early me an elevat ion at Will e t s  Poin t  higher than at the Battery for 

a ll years except  1 9 6 4 . 

This is a rather surprising resul t .  The t ida l mean e l evat ion at 

any poin t  shou ld depend, at l east i n  part , up on the  mean den sity o f  the 

wa t e r  co lumn . Less dense water stands higher than mo re  dense wa t e r . 

The·wa t e r  o f f  the  B a t t e ry u sual ly has l ower sa l in ity , and consequent ly 

1 7  



lower den s i ty , than the wa t e r  of f Willets  P o in t . On the bas i s  o f  

den s i ty alon e , t h e  wa t er surface  elevat ion shou ld be higher a t  the 

Ba t t ery than it is at  Wille t s  Poin t . Tha t the observed non- t idal slope 

is  in the oppo s i t e  direction sugg e s t s  tha t met e o rologically-induced 

e levat ion d i f f e renc e s  dominat e  den s i ty- induc ed d i f f e rences.  

The r e sult  o f  all  of the s e  proce s s es is a n e t  non-t ida l  f lux o f  

wa t e r  in t o  t h e  Hudson-Rari t an Estuary from Lon g  I s land S ound throu gh the 

East Riv e r  mo s t  o f  the time . The long- term average n e t  non-t idal f low 

3 - 1  throu gh the  Eas t  R iv er is e s t imat ed to b e  3 4 0  m s t oward the Bat tery .  

There is a seasonal variat ion which results  in a long- t e rm  average net  

f low o f  270 m3 s-l  f o r  S e p t ember and o f  4 10 m3 s -l  f o r  March . This 

seasonal variation is  again surp rising since  the maximum flow toward 

the B a t t e ry o c curs  in March when the high freshwa t e r  flow in the Hud son 

should r e su l t  in a maximum salin i ty diff eren c e  be twe en the B a t t e ry and 

Wille t s  P o in t  and ther e fore a maximum den s i ty-induc ed hydrau lic head 

from the B a t t e ry t owa rd Wille t s  P oin t . 

For short averaging pe riods the net  non-t idal f l ow through the Eas t  

River may b e  in either  dire c t ion, and can b e  qu i t e  la rg e . F o r  averaging  

p eriods o f  two to four  tidal  cyc le s , the  flow may be as mu ch as 

3 -1 3 -1 2000 m s toward th e  B a t t e ry or as  mu ch as  1000 m s toward Wille t s  

P o int . 

N e t  non-tida l  f l ow also  produ c e s  a n e t  f lux o f  sa l t  from Long 

I s land Sound in t o  the Upp er Bay of New Yo rk Harbo r . The average sa lin-

i ty at Will e t s  Po in t  is ab ou t 25 0/00, res u l t in g  in a lon g- t e rm  average 

-1 
adve ctive f lux of s a l t  towards  the Battery of ab ou t 8 . 5  tonn es  s , or  

6 -1 0.7 x 10 tonn e s  d • 

In t h e  ea s t ern port ion of the Eas t R iver an es tua rin e  circu la t ion 
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p a t t e rn exis t s .  There is a n e t  flow d irec t ed t owa rd Long I s land S ound 

in the upp er half o f  the wa t e r  co lumn and a correspon d ing net  flow in 

the opp o s i t e  dire c t ion in the deeper  layers . This  net  flow pat t e rn  is 

superimp o s ed on the sect ional  mean non-t idal f l ow wh ich , as we have 

s e en , is  d irec t ed predominant ly toward the B a t t ery . As  shown by Jay and 

B owman ( 19 7 5 ) , the e s tuarine f l ow dire c t ed toward Long I s land S ound in 

the uppe r  layers  i s  in ba lance wi th the return f l ow in the lower layers  

and  the re is no  net  flow o f  wat er from e s tuarine c ircu lat ion through 

the Throg s  Ne ck-Willets  Poin t  Tran s e c t . However , al though the vo lume 

f lows of wa t e r  are in balan c e, the salin i ty is s l i gh t ly higher in the 

d e eper  layers than it  is in the uppe r  layers so  tha t the es tuarine f lux 

o f  salt in to  the E a s t  River f r om Lon g I s land S ound in the lower layers 

is  grea t e r  than the f lux o f  salt  from the Eas t R iver in t o  Long I s land 

S ound in the upp e r  layers . Thu s  es tuarine c ir culat ion also cont r ibut e s  

t o  a n e t  f lux o f  s a l t  through the Eas t R iver  t oward the Bat t e ry ;  smal l  

i n  comparison wi th t h e  non- t idal adve c t ive f lux o f  sal t . Al thou gh 

the re is a ne t lon g- term f lux o f  wat e r  and s a l t  t owards th e Bat t e ry ,  

the es tuarin e c ir cu lat ion in the Ea s t  River can indu ce a net  flux o f  

f re shwa ter  f rom the  East  R iver  in to  Long I s land S oun d . I t  all d ep ends  

upon the  magnitude  o f  the f lux o f  wat er induc ed by the e s tua rine 

c ir cu la t ion relat ive to  the s e c t ion a l  mean non-t idal f l ow .  S in c e  the 

s alin i ty decrea s e s  f rom Wil l e t s  P o in t  t o  the B a t t e ry, there is an 

add i t iona l d i f fu s ive flow of s a l t  f rom L on g  Is land S oun d through the 

Eas t  R iver  in to  Upp e r  New Y o rk Bay . 

3 - 1  A s  p o in t ed o u t  previous ly , more than 3 5  m s o f  s ewage e f f luen t  

a re di s charged  in t o  t h e  Eas t  R ive r . A p o r t ion ( on t h e  o r d e r  o f  

5 0  per c en t ) o f  th i s  was t e  is t ran sp o r t ed int o  We s t ern Lon g I s land S ound 
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as a resu l t  of  the e s tuarine c ircu la t i on with i t s  surface  layer f low 

t oward the S oun d . There is also  a d i f fus ive flux o f  po l lutan t from the 

r e gion of higher concentrat ion in the Eas t  River t oward the r e gion of 

lowe r con centrat ion in the S ound . The other 50 percen t  of this  wa s t e  is 

tran spor t e d  wi th the sectionally-averag e d  net non- t idal f low . Therefore 

some o f' the pollutan t s  in t rodu ced in t o  the East R iver  are t ran sported 

int o  We s t ern Lon g I s land S oun d , and the rest  are t ransp o r t ed in t o  the 

Uppe r  Bay of New York Harb or . Any con s iderat ion o f  the f luxes o f  

wat e r , s a l t , a n d  o f  d isso lved a n d  su spended  pollutan t s  from the 

Hud s on-Ra r i t an Estuary int o  the B i ght mu s t  take int o  account the f luxes 

' o f  the s e  ma t e rials from the Ea s t  R iver int o  Lon g  I s land S ound . 

Flux o f  Wat e r  Through the 

S andy Hook-Rockaway P o in t  Tran s e c t  

Ab ood (1978) d emon s t ra t ed that in the port ion of  t h e  E s tuary 

b e twe en the Bat t e ry and the upp e r  limit of  sea salt  in t ru s ion--the 

physical oceanographe r ' s e s tuary-- there is a c l as s i c  n e t  non-t idal 

e s tuarine c ircu la t i on pat t ern with a t idally-avera g e d  f l ow directed  

s e award in  the  uppe r  layer and up  the  Es tuary in the lowe r laye r . This 

two- layered  e s tuarin e c irculat ion pa t t e rn also app ears  to exi s t  in the 

lowe r Es tuary seawa rd of t he B a t tery , as shown by cu rr en t me t e r  

ob s e rvations  ob tain ed at the Narrows and a t  the S andy Hook-Rockaway 

P o int Tran s e c t . 

The u. S. C oa s t  and Geode t ic Survey ma de t ime s e r i e s  measuremen t s  

o f  current speed and d ir e c t i on a t  a numb er o f  s t a t ions wi t hin the 

E s tua ry in 19 5 2, 19 5 8 , and 19 5 9. Curren t me t e r s  we re moo red on t he 
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S andy Hook-Ro ckaway P o in t  Tran s e c t  durin g  2-7  Jun e 1 9 5 2 , 2 1-25 May 

1 9 5 8 , 

and 12 -16 Augu s t  19 5 9 . In 19 5 2 , 16 curren t me t e r s  we re d ep loyed amon g 

s even s t a t ions loca t ed in the Transe c t . In 195 8 and 195 9 , eleven 

curren t  me t ers wer e  d i s t r ibut ed among four s tat ions. The data  from 

these  la s t  two yea rs suf f er f rom the lack o f  curren t ob servat ions b e low 

a dep th o f  ab ou t 8 m in Ambro s e  Chann e l .  

The f lux o f  wa t er throu gh the S an dy Hook-Rockaway P o in t  Trans e c t  

can b e  e s t ima t ed from thes e  curren t me t e r  d a t a . D oyle and Wilson 

(19 7 8 )  u s in g  valu e s  of the t idally-averaged velo c i ty comp onent  norma l  

. t o  t h e  T ran s e c t  as  d e t ermin e d  for  each cu rren t me t e r  location of  the 

thr ee  surv ey period s a s  report ed by Kao (1 9 7 5 )  f ound that the r e  was a 

t idally-averaged seawa rd flow in the upp e r  8 m o f  the southern 

three- f ourths o f  the wid th o f  the Tran s e c t  during all thr e e  measuremen t 

p e riods . I n  the d e ep e r  layers b e low ab ou t 8 m and ove r  the ful l  depth 

o f  the wa t er co lumn in the on e-fourth o f  the cro s s-s e c t i on near e s t  

Rockaway P o in t , t h e  t ida l ly-averaged f low wa s in t o  t h e  Es tuary ( Fig. 5 ) . 

A comparison o f  the t imes of  the pha s e s  o f  t h e  t ide  wi th the t ime s 

o f  the pha s e s  o f  the tidal curren t , e . g . , the t imes o f  high wa ter  an d 

l ow wa t er comp ar ed wi th the t imes o f  max imum f lo o d  and ebb curren t, show 

that the t i d e  wave a t  the  Sandy Ho ok-Rockaway P o in t  Tran s e c t  i s  

in t ermed iate b etwe en a progressive wave a n d  a standing wave. *  As a 

c o n s equen c e  o f  this  in t erme d ia t e  charac t er o f  the  t i d e , the ave rage 

wa t er s u r face  e l eva t i on du ring t h e  p e r i od of f lo o d  current is  s l igh t ly 

h ighe r than that during the  p e r iod o f  ebb cu rren t . Thu s , even i f  the 

*S e e  f o o tn o t e  on pa ge 15 . 
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Figure 5.  Non-tidal Cur rents normal to the Sandy Hook to Rockaway P oint 
Transec t Computed f o r  ( a) 2- 7 June 19 5 2 , (b ) 2 1- 25 May 1 9 5 8 , 
and (c)  1 2 - 1 6  August 1 9 5 9 . 
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speed and durat ion o f  the flood and the ebb curren t s  were equa l , there 

wou ld b e  a net in f low o f  wat e r  from the Bight in t o  the E s tuary , as  a 

resu l t  of this co-o s c i lla t ion of the tidal e l evat ion and the tidal 

curren t . Th is part o f  the t o t al t idally-averaged tran sport ,  somet ime s 

called the S t oke s ' t ransport , produ c e s  an e f f e c t  similar to  that found 

in t idally-averag e d  t ran sport from Long I s land S ound in t o  the Eas t 

R iver . 

Usin g  the d i s t r ib u t ion o f  the tidally-averaged cu rren t  sp eed  

normal to the S andy Hook-Rockaway P o in t  Tran s e c t  as g iv en by Doyle  and 

Wilson ( 19 7 8 )  for  2 -7 June 19 5 2 , 2 1-25 May 1958 , and 12-16 Augu s t  19 5 9 , 

the n e t  flux o f  wa t er seaward , Q , and the  n e t  f lux o f  wa t er in to  the ou t 

Es tuary , Q .  we re  compu t ed by numerical int egra t ion . Data from th e 1n , 

T ide Tab les  and T idal Curren t  Tab les were then u s ed t o  ob t ain e s t ima tes  

o f  the  St okes ' tran sp o r t  in t o  the  Estuary , Q throu gh the S t okes ' 

t ran s e c t . The n e t  non-tidal f lux of wa t er throu gh the Tran s e c t , QT ' is 

Transpor t s  for the three  mea surement p e riods  are giv en in Tab le 2 .  

I f  over the four t o  f ive days o f  each me asuremen t there wa s l i t t l e  

chan ge in the t o t a l  vo lume o f  wa t er within t h e  Es tuary , i . e . , if one 

a s sume s tha t  the mean tide  leve l did n o t  change app rec iab ly , then the 

t o t al non-t idal  f lux of  wa t e r out of the  E s tuary , QT ' mu s t  equ a l  the 

t o t al inf low of f r e shwat e r  to  the E s tuary , QR ' plus the non-t i d a l  f lux 

o f  wa t e r  from Lon g I s land S ound  in t o  the  E a s t  R ive r ,  QER ' 

Tab le 3 g ives e s t ima t e s of  QR an d QER ' 

2 3  



Tab le 2 

3 - 1  Values  of  t h e  net  n ont ida 1  f luxe s  in m s o f  wa t er through the 
S andy Hook-Rockaway P o in t  Tran s e c t  calcu la t ed from curren t me ter  
ob serva t ion s . 

Flux Terms (m 3 - 1  s ) 

P eriod Qout Q in QS t okes QT 

2-7 June 1 9 5 2  348 7 1 4 3 7  640  14 10 

2 1-25 May 1 9 5 8  3 2 6 5  12 2 1  6 4 0  14 10 

1 2-16 Au gu s t  19 5 9  3 6 7 4  1008 640 2 0 2 6  
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The compu t ed valu es  o f  the t o t al n e t  non-t idal  f lux o f  wa t er out 

o f  the Es tuary through the S andy Hook-Ro ckaway Point  T ran s e c t  ( QT in 

Tab le 2 )  d i f f e r  from the valu e s  o f  QT e s t imat ed f r om the sum o f  the 

f r eshwa t e r  inf low p lus  the non- t idal in f l ow from Lon g I s land S ound t o  

the Eas t R iver (Tab l e  3 )  b y  -8 6 1  m3 s-l f or 19 5 2 , by - 2 7 6  m3 s-l for 

3 -1 1 9 5 8 , and by +1285  m s for 19 5 9 . The s e  d if f eren c e s  are o f  about the 

same size as the rive r in f low o f  f r eshwa t e r . They i l lu s t r a t e  the 

d i f f icu l ty o f  ob t a in ing a b a lan ce b e twe en valu e s  o f  inf l ow and ou t f low 

of an e s tuary compu t ed f rom curren t me t e r  ob s e rva t ion s and e s t imat e s  

ob tain ed in o ther way s , at  lea s t  ove r  short t ime p e riods . 

I t  should b e  no t ed , however , that the we ighted  ave rage  value o f  QT 

for  the thr e e  peri?d s , u s ing the numb er o f  days in each period as the 

3 - 1 3 
weight ing factor , is 1 5 9 8  m s f o r  the va lues  in Tab le 2 and 1 6 18 m 

s -1 for
' 

the  valu e s  in Tab le 3 , a dif f eren c e  o f  on ly s light ly more than 1 

percen t  o f  the mean value . 

The cros s-se c t ional area o f  the Sandy Hook-Rockaway P o in t  Tran s e c t  

2 is  8 4 , 9 7 5  m .  Th e  e s t imat e s  o f  the non- t idal in f low and ou t f low through 

th is  s e c t ion are b a s ed on current mea suremen t s  mad e  at on ly elev en o r  

s ixt een p o in t s , depending o n  which period is  cons idered . Each me t e r  

2 locat ion mu s t , the r e f o re , b e  as sumed to  b e  rep r e senta t ive o f  5 , 3 10 m 

2 
o r  7 , 7 25 m o f cro s s - s e c t iona l  ar ea . Takin g in t o  accoun t the sp a t ia l 

and t emp o ral  va riab i l i ty o f  t h e  curren t me t er r e c o r d s  it  is doub t f u l  

tha t the  e s t ima t e s  o f  Q a n d  Q .  g iven in Tab le 2 are  a c cu ra t e  wi thin 
ou t l n  

20 % .  The S t okes Tran s p o r t  depends  on ly o n  the amp l i tu d e s  o f  the t id e s  

a n d  t id a l  curren t s  a n d  o n  t h e i r  d i f f e r en c e s . Th i s  in f o rma t i on come s 

f rom a long s e r i e s  o f  ob s e rva t ion s an d the un c e r t a in t ie s  in the S t oke s 

Tran s p o r t  t e rm  probab ly do n o t  ex c e e d  � 1 0 %  o f  t h e  va lu e s  o f  QS k t o  e s  

2 5  
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g iv en in Tab le 2 .  

The e s t imat e s  o f  the fre shwa t e r  in f low t o  the Es tuary above the 

Sandy Hook-Rockaway P o int  T ran s e c t  (Tab le 3) we re found by mu l t iplying 

the measured discharge of the Huds on River at  Green I s land by a factor 

r e lat ed t o  the rela t ive sizes o f  the drainage areas above the se two 

locat ions . The period over which the average wa s t aken depend ed up on an 

emp irically det ermined t ime lag . B o th the mu l t ip lica t ive factor  and the 

t ime lag are probab ly dependent upon the river f low and , hence , on the 

season of the year . The s e  un certain t i e s  make even the fre shwa t er inf low 

t o  the e s tuary , QR ' que s t ionab le to within ± 10% . 

The e s t imat e s  o f  the in f low to  the E s tuary from Lon g  I s land S ound 

through the East  R iver  (Tab le 3 )  were based on the mon thly average 

values  lis t ed by Jay an d B owman ( 19 7 5 ) . It is kn own that for in t ervals 

o f  t ime o f  say , 4 t o  6 day s , the non- t idal f lux of  wa t er throu gh the 

3 -I ' 
East R iv e r  can b e  a s  mu ch as 1000 m s in to the E s tuary or as mu ch as  

3 - 1 5 0 0  m s in to  Lon g I s land S oun d . The ran ge o f  un certain ty in QER as 

3 -1 g iven in Tab le 3 is  at lea s t  ± 500  m s ; ab ou t ± 100% of the listed 

value s .  

Taking  int o  ac coun t the va riou s uncertain t i e s  in the ind ividual 

t ransport  t erms , it is not su rp r i s in g  that there are large d i f f erences  

b e tween e s t ima t e s  o f  the net  non - t idal seawa rd f lux o f  wa t e r  through the  

S andy Hook-Rockaway P o int  T ran s e c t  and the sum o f  the  fre shwa t e r  in f low 

p lu s  the in f low through the East R iv e r  from L on g I s land S ound f o r  

p e ri o d s  a s  sho r t  a s  4 t o  6 days . 
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Tab le 3 

E s t imat e s  o f  the total  in f low o f  f r eshwa t er , QR ' the in flow throu gh 
. 3 -1 the East  R ive r ,  QER ' and ou t f low o f  wat e r  from the Es tuary , QT ' in m s 

du ring each o f  three ob s e rvat ional  p e riod s . 

P e riod 

2-7  Jun e  19 5 2  

2 1-25  May 1 9 5 8  

12-16  Augu s t  1 9 5 9  

2 7  

3 -1  F lux Terms (m s ) 

18 6 6  405  2 2 7 1 

1 4 2 4  2 5 6  1680  

25 6 4 8 5  7 4 1  
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I I . WATER-BORNE TRANSPORT 

• 

F luxes  of S a l t  and D i s s o lved Mat erial 

• 
S ince  we have had such d i f f iculty f inding a prec i s e  e s t imat e  o f  the 

ma s s  b a lan c e  o f  wat er flow in t o  and ou t o f  the Es tuary , it is eviden t  

that there will b e  even larger uncertain t i e s  in our e s t imat e s  o f  the • 
more e lu s ive n e t  f lux es  of  d i s s o lved o r  su spended mat erial s . 

An a t t emp t was mad e  t o  e s t imat e  the flux o f  salt into  and ou t o f  

. the e s tu a ry f or the period 2 1- 25 May 1 9 5 8 . Th is in t erval shows the • 
b e s t  agreement b e tween the e s t imat e s  o f  the in f low and the n e t  ou t f low 

o f  wat e r . Our salt  b a lan c e  calcu la t ions indica t e  that f or this p eriod 

there wa s a ne t d i s charge o f  salt from the E s tuary to  the B i ght through • 
the Sandy Hook-Rockaway Poin t  T ran s e c t  of  ab ou t 2 . 3  million t onn e s  per 

day . Ab ou t 25%  o f  this sa l t  f lux can b e  a t t r ibut ed to  the non- t idal 

inf low o f  salt wa t er from Long I s land S ound throu gh the Eas t  River . • 
There is a l s o  a d i f fu s ive f lux o f  salt  in t o  the Estuary from the B ight 

throu gh the Sandy Hook-Rockaway Poin t  Tran s e c t . The magn itude of  this 

f lux cann o t  b e  e s t ima ted from exis t in g  data . • 
D e sp i t e  t h e s e  un certa in t i e s , we o f f e r  z e ro o r d e r  e s t ima t es of  the 

f luxe s  of d i s s o lved salt  and of o t h e r  d i s s o lved ma t e rials  from th e Estuary 

t o  the B igh t . The s e  compu t a t ion s a r e  based  on our b e s t  e s t imat e s o f  the 

long t e rm  f luxe s  of wa t e r : ( a )  30 8 0  m3 s
-l  

f or the  non-t i d a l  s e award 

t ran s p o r t  o f  wa t e r  through the  upp e r , s ou thern port i on o f  the S an dy 

3 -1 
Hook-Ro ckaway P o in t Tran s e c t  and (b ) 2 0 3 0  m s for the tran sport  o f  

wa t e r  in t o  the E s tu a ry through t h e  d e e p e r  part s and n o r t h e rn p o r t ion 
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o f  the Tran s e c t . Th e s e  f lux e s t ima t e s  in c lude the S t oke s Tran sp o r t . 

The lon g- t e rm  ave rage salin i ty in that part  o f  the T ran s e c t  with 

non- t idal flow dire c t ed ou t of the Es tuary is  e s timat ed to be 25 . 9 0 0/00 

and the ave rage salin i ty in the part of  the Tran s e c t  having a non- t idal 

f low in t o  the E s tuary is  e s t imated  to  be 2 8 . 70 0 / 00 . The re su l t ing 

non-tidal f lux o f  s a l t  out o f  the E s tuary throu gh the upp e r  p o r t ion of  

the  Tran s e c t  is 7 9 . 8  t onn e s  s-l , while the  non-t idal f lux o f  salt  in t o  

the E s tuary through the lowe r an d nor thern p o r t ion s o f  t h e  T ran s e c t  i s  

5 8 . 3  t onn e s  s-l The d i f f e rence gives an apparen t  net n on- t idal f lux 

o f  salt  through the en t ire T ran s e c t  o f  2 1 . 5  t onn e s  s -l seaward . The 

long- t e rm  average f lux of salt  from Lon g I s land S ound in t o  the Es tuary 

- 1  throu gh t h e  Ea s t  R�v e r  accoun t s  f o r  ab ou t 8 . 6  t onn e s  s o f  t h i s  exc ess  

seaward f lux , leaving 12 . 9  t onne s  s-l to  be  balanc ed by  a diffusive 

f lux o f  salt in t o  the  E s tuary . 

Flux e s  o f  Susp ended S o l id s  and P a r t icle-Associated  

Contam inan t s  t o  New Y o rk B ight 

The p r eviou s s e c t ions d e s c rib ing f lux e s  o f  wa t e r  and salt  b e twe en 

the Hud s on Raritan E s tuary and the B ight provide a n e c e s s a ry background 

f o r  dea ling wi th f l ows of ma t e ria l s  o f  grea t e r  p r e s en t  con cern--

suspend ed part i c l e s  and a s s o c iat ed con t aminan t s . Un f ortun ate ly there 

are f ew data on the d i s t ribu t ion of suspe n d e d  so lid s  in the lowe r 

E s tua ry n e a r  the Sandy Hook-Ro ckaway P o in t  Tran s e c t . Du edal l ,  e t  a l e 

( 1 9 7 7 )  rep o r t ed va lues  o f  the su r f a c e  cop c en t ra t ion o f t o tal  suspend ed 

s o lids  a t  a s e r i e s  o f  s t a t ion s a long a lon g i tud in a l  s e c t ion on t he axi s 

o f  the Es tuary f r om the B a t t ery to Sandy H o o k-Ro ckaway P o in t  Tran s e c t . 
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Th ey found the mean c on c en t ra t i on of t o t al suspended solids  in January 

-1 1 9 7 4  to be 15  mg 1 with a s t andard d eviat ion o f  samp le valu e s  o f  

- 1 - 1 3 . 8 mg 1 • In Mar ch the correspondin g  values were 13 mg 1 and 

-1 5 . 7  mg 1 • In April 1 9 7 4  the c on c en t rat ion o f  total suspended so lids 

-1 -1 d ecreased from ab out 4 5  mg 1 a t  the Ba t t ery t o  12  mg t a t  the Sandy 

Hook-Rockaway P o in t  T ranse c t . In  June 1 9 7 4  they found suspen d ed so lids 

c on c entrat ion s  great e r  than 30 mg i_I in the lower salinity wat e r s  near 

-1 the B a t t e ry and ab out 12  mg t in the higher salin ity wa t e r s  near the 

S andy Hook-Rockaway T ran s e c t . 

Drake ( 19 7 4 )  repor t ed measurement s  of the d i s t r ibut ion o f  total  

suspended sol ids in  the B i ght  Ap ex during S eptemb e r-Novemb e r  19 7 3 . 

Un f ortuna t e ly , only on e o f  h i s  2 5  s t a t ions wa s on the Sandy Hook-

Rockaway Tran s ec t ;  the remaind e r  were farther seaward .  The n ea r-su rface 

-1 c on c en tra t ion s at h i s  Tran s e c t  s t a t ion ranged from 2 to  5 mg 1 and 

- 1 ave raged ab out 3 mg 1 . The con c en t ra t ion s at 10 m ran ged from 4 to  

-1 - 1 1 2  rng 1 , and ave raged 7 mg 1 • 

I f  we as sume that the long- t erm average con centra t ion o f  su spended 

s o l ids in the wa t e r s  having a non- t id a l  f l ow dire c t ed out of the e s tu­

-1 a ry is 10 mg 1 , the non- t idal flux o f  sediment dire c t ed ou t of  the 

-1 E s tuary wi th these  wa ters is 2 6 6 0  t onn e s  d • If the average su sp ended 

s o lids con c en t ration in the wa t e rs having a non- t idal flow d ire c t ed in t o  

- 1  t h e  Es tuary is  taken t o  b e  15 m g  i , the non-t idal f l ux o f  s e d imen t 

-1  
dir e c t ed in t o  the E s tuary with the s e  wa ters  is 2 6 3 0  t onn e s  d • The 

d i f f erenc e , 30 t onn e s  d-1 
= 1 . 1  x 104 t onn e s  y-1 , i s  sma ll compared wi th 

6 -1  the  5 . 5  x 1 0  t onn e s  y o f  s e d iment barged t o  s e a  and dump ed in t o  the 

B ight . No  reasonab le mo d i f ica t i on of the e s t ima t e s  of n e t  f l ows or  of 

the avera g e  su spend ed s o l i d s  c on c en t r a t ions is like ly to chan g e  the 
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conclus ion that  the transport o f  su sp end ed solids  from the E s tuary t o  

the Bight throu gh the S andy Hook-Rockaway P o in t  Tran s e c t  b y  wa t e r  

mo t ion s is sma ll compared t o  t h e  tran sport o f  such ma t e rials b y  

b a rgin g . 

I f  corr e c t  this is a very important con c lus ion . In it s supp o r t  let  

us  con s i d e r  some ext r eme but con c e ivab l e  ( though p e rhaps un l ikely) 

variat ion s to  the a s sump t ions used ab ove . Firs t no t e  that availab le 

pub l ished data do not show any measured con c en t ra t i on of  su spen d ed 

sedimen t in the sur f a c e  waters  at the Sandy Hook-Rockaway P o in t  Tran s e c t  

exc eed ing ab ou t 12  mg i-I , even in t h e  sp ring period o f  h igh river flow . 

The f ew measuremen t s  that have b e en made o f  the vert ical variat ion in 

c on c entrat ion generally show an in crease in con c entrat ion wi th dep th . 

Even so , as sume that the annual mean sediment con c en t ration in the 

- 1  wa ters  exi t ing t h e  Es tuary through t h e  Tran s e c t  is 12  mg ! , an d tha t 

the  concen trat ion in the flow in t o  the E s tuary from the Bight is 

-1 
10  mg i . This  reversal o f  the norma lly ob serve d  variat ion with depth 

favors a maximum exp o rt o f  sedimen t .  Using the earlier s t a t e d  b e s t  

e s t imat e s  f o r  the long- t erm average t ran sp ort  o f  wa ter  ou t o f  t h e  Es tuary 

3 - 1  through t h e  upp e r , southern port ion s o f  t h e  Tran s e c t  o f  3080  m s , an d 

f or the t ran sport o f  wa t er in t o  the E s tua ry throu gh the deep er part s 

3 - 1  a n d  throu gh t h e  northern portion o f  2 0 3 0  m s , the average flux o f  

s ed imen t i n  the ou t f 1owin g wa t e rs wou ld b e  3 19 3  tonn e s  d
-1

, and i n  the 

-1 -1 
inf lowin g wa t e r s , 1 7 5 4 t onne s  d . The d i f f e r en c e , 1 4 3 9  tonn e s  d , o r 

5 - 1  6 
5 . 25 x 10 t onn e s y , is l e s s  than 10% o f  the e s t ima ted  5 . 5  x 10 

-1 
t onn e s  y o f  s e d imen t b a rg e d  t o  sea and dump e d  in t o  th e  B igh t . 

Ov er an annu al  p e rio d , the  d i f f e ren c e  b e tween t h e  n e t  non - t idal  

inf low and the  ne t non-t idal ou t f low cann o t  b e  s i gn i f icant ly d i f f e ren t 

3 1  
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3 - 1 f rom the 105 0  m s originally as sumed . Howeve r ,  ac tual values o f  the 

average inf low and ou t f low might dif f e r  wide ly from the values  as sumed 

ab ove . Cons id e r  two ext r eme s . ·  F irs t , as sume that the net non- t idal 

inf low is  z e ro , g iv in g  then a net non- t idal ou t f low o f  10 5 0  m3 s-l . 

- 1  W i th a surface layer s e d imen t con c en t rat ion o f  12  mg 1 ( the con c en tra-

t ion e l s ewhere is n o t  import an t  s in ce the sedimen t f lux in to the e s tuary 

throu gh the T ran s e c t  wou ld be z ero for  any con c en trat ion ) , the net  non­

t idal f lux ou t of the e s tuary wou ld be 108 9  t onnes d-l or 4 . 0  x 105 

- 1 t onne s  y Th i s  value is  ab ou t 7 . 3% o f  the amount o f  sedimen t barged 

t o  the B ight per  year . A t  the o ther ext r eme , a s sume that the non-t idal 

. inf l ow is  twice the value t aken as the b e s t  e s t imat e ,  or  4060 m3 s
-l 

3 -1  Th e  annua l  average non- t idal ou t f low wou ld then be  5 110 m s The 

resu l t in g  ne t lo s s  o f  s e d imen t t o  the B ight , as suming a sedimen t 

c oncen t ra t ion in the  ou t f lowing wa t er s  o f  12 mg 1-1 , and in the in f low-

-1  5 - 1 ing wa ters  o f  10 mg  i , would b e  6 . 5  x 10 t onne s  y , or 12% o f  the 

barged tran sp o r t . 

Final ly , it i s  po s s ib le that the maj o r  transport  o f  sedimen t s e a-

wa rd takes p lace  du r in g  the spring p eriod o f  high fresh wa t e r  in f low , 

when the net  f l ow cond i t ion s at  the T ran s e c t  might b e  cons iderab ly dif-

f e rent from the annu al averag e .  As no t ed p r eviou s ly , Apr i l  has the 

h i gh e s t  lon g - t e rm  mon thly ave rage rive r f l ow ,  wh ich at the Bat t ery is 

1 3 3 0  m3 
s

-l  This  is equivalent to  a net fresh wa ter  d i s charge at  the 

S andy Ho ok-Ro ckaway Poin t  T ran s e c t  of 1620 m3 
s

-l 
Add ing the high 

3 -1 
sprin g  value of in f low throu gh the Ea s t  R iv e r  of 4 10 m s give s as a 

f ir s t  e s t ima t e  f o r  the  d i f f eren c e  b e twe en t h e  non- t idal ou t f l mv and the 

3 -1 non- t idal in f l ow th rou gh the Tran s e c t  of 2 0 3 0  m s I f  the average 

non - t id a l  ou t f low an d the  n on- t id a l  in f low th rough the deeper part s an d 
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the northern port ion o f  the Tran s e c t  for  April were taken t o  b e  the same 

3 -1  as t h e  b e s t  e s t ima t e  annua l  ave rage o f  2030  m s , then t h e  April 

average non-t idal ou t f l ow throu gh the upp er layers o f  the Tran s e c t  would 

be 4060 m3 -1  s The suspended sedimen t con c en trat i on o f  the Tran s e c t  in 

Spring might  b e  somewhat higher than the small existin g  s e t  o f  ob serva­

t ions ind i ca t e . -1 For this  compu t a t ion , as sume a value o f  20 mg i • and 

t ake the extreme view that the con c en t rat ion in the deeper  layers is 

-1 half  this  value , o r  10 mg i . The re su l t in g  net lo s s  o f  suspended 

sedimen t t o  the B ight would be 5 2 6 2  t onn e s  d-l • Thi s  high value is 

app licab l e , howeve r ,  t o  j u s t  the mon th of  April , and the n e t  f lux for  

5 . 
this 30 day pe riod is 1 . 6  x 10 t onn e s , again a small fra c t i on o f  the 

t onna ge o f  sedimen t s  barged t o  the B i ght . 

Mu e l l e r  e t  al . ( 19 7 6 )  e s t imat ed that the  t o t al add i t ions o f  so lids 

4 -1 
t o  the B ight  amoun t ed t o  ab ou t 2 . 4  x 10 tonn e s  d • They a t t ribu ted  

. 
4 -1  

68%  o f  th is t o t a l , 1 . 6 3 2  x 10 t onn e s  d , t o direct  add i t ions by 

3 -1  bargin g  a n d  3 1% ,  7 . 44 x 10 t onn e s  d , t o discharge throu gh the S andy 

Hook-Rockaway Tran s ec t . The rema in ing 1% wa s at t r ibu t e d  t o  d ire c t  

run o f f  from New Jersey and Long I s land . The New York 208 s tudy ( 19 7 9 )  

reported  average susp end ed s o lids d i s charg e s  throu gh the T ran s e c t  t o  

- 1  the B igh t o f  900 t onn e s  d • B o th o f  the s e  e s t ima t e s  appear to b e  too  

-1  h igh , al though 900 t onnes d is  no t unreasonable con s idering the  

un c e r t a in ty i n  o u r  kn ow ledge o f  s u s p e nd e d  s o lids c on c en t ra t ion s . 

-1 5 
An av erage  f lux o f  900 t onn e s  d , wh i ch equ a l s  3 . 285  x 10 tonnes 

-1  Y , thu s  app e a r s  to  b e  an upp e r  l im i t  f o r  t h e  prob ab le s e awa rd t ran s-

p o r t  o f  suspen ded  s e d imen t through the  S andy Hook-Rockaway Poin t  

Tran s e c t . Th i s  tran sp o rt i s  on ly ab ou t 6 %  o f  t h e  ma s s  o f  ma t e r ia l  

t rans p o r t e d  to  the  B i ght  ea ch y e a r  by  b a r g in g . 
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The ab ove con c lu s ion that the tran spo r t  o f  suspend ed solids  to  the 

B i ght through the Tran s e c t  is smal l  compared to the transport of  the s e  

mat erials by barging  c an b e  exp e c t ed t o  ho ld f or mo s t  part ic1e­

a s s o c ia t ed con t aminant s  su ch as PCBs and me t a l s . However , the s e  

con s t i tuen t s  are pref erent ially ad sorb ed to  f in e r  part icles  and the 

s olids carr ied ou t of  the e s tuary in suspens ion are somewhat f iner than 

tho s e  dep o s i t ed within the Es tuary and lat er b a r g ed to sea . Nearly all 

o f  the part i cu l a t e  mat t er tran s f erred from the  E s tuary to  the B ight by 

wa t er mo t i on is f ine-grained s i l t  and c lay . Even s o , s in c e  the 

quant ity of ma t erial barged is on the order  of 15  t ime s grea t er than 

that dis charged through the Tran s e c t  from the E s tuary to the Bight , the 

c on c lus ion that the transport of pa r t i c le-a s s o c ia t ed con t aminan t s  by 

wat er tran sp o rt is small compared t o  the tran s p o r t  of  the se  ma t e rials 

b y  bargin g  rema in s mo s t  probab ly corr e c t . 

E f f e c t s  o f  Dredgin g  and Dredged Ma t e rial D isposal 

The P o rt o f  New York has long b e en the na t ion s ' s  leading port  in 

ship arrival s  and cargo t onnage (Hammon , 19 7 6 ) . To me e t  the chang ing 

needs  o f  t ransportat ion and shipp in g , the wat e rways and we t lands of  the 

Port re g ion have b e en ext en s ively a l t ered . In ad d i t ion to f requent port 

con s t ru c t i on proj e c t s , annua l  dred g ing is requ ir ed t o  ma in t a in chann el 

d epths  and other  port  f a c i l i t ies . G ross ( 19 7 6 )  has reviewed th e s e  

chan ge s ,  t h e  volumes o f  ma terial remov ed from t h e  Harbo r ,  and the dis­

p o s i t ion of  th e ma t e r ials . 

As  men t ion e d  e l s ewhere , ma t e ria l dredged f r om the  Hud s on-Ra ritan 

e s tuarine sys t em and barged t o  the B ight is the  B ight ' s  larg e s t  single 
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source o f  sediment ( Gro ss , 19 7 2 , 19 7 6 ; Free land e t  al . , 19 7 6 ) . On c e  

d ep o s i t ed i n  the Bigh t , t h e  d r e d g ed mat erials appear  to rema in a t  o r  

n e a r  t h e  p o in t  o f  d i s charge where they fill  valleys ' and creat e  sma ll 

hills on the con t inental shel f  (Will iams , 197 5 ) . 

Abou t hal f  the annua l  main t enance dredging in N ew York Harb o r  

produ c e s  relatively coars e-grained , clean sand from t h e  entrance 

channels , Tab le 4 .  This mat e rial derives primarily from b each sands  

carried a long the coast and d e p o s i t ed in  the en tran c e  channels (Ka s t en s 

e t  al . , 19 7 8 ) . Mo s t  of it is  s o ld f o r  f il l . 

Nearly 20% o f  the dred g ed mat e rial is removed from chann els  in the 

Lower Hud s on Rive r .  Much of thi s  ma t e rial is presumed to be recen t ly 

depo s i t ed Hudson R iver sedimen t (Tab l e  4 ) . Mat erials removed from Upp e r  

B a y  have no obv iou s rive rine sourc e . A large part may b e  pa r t icula t e  

ma t t e r  from mun icip al was t ewa t ers  and urb an s t o rm  wa t er discharge s .  

The t roub lesome con s t itu en t s  in dredged ma terials--indu s t rial me t­

als , p e tro leum hydro carbon s , and  syn th e t i c  o rganic  compound s--are likely 

to come' from was t ewa t e r  discharge s  and to b e  associated  with par t icles  in 

tho s e  dis charge s .  Thus the s e  con s t ituen t s  will b e  mo st con c entrat ed in 

mat e r ials  removed during ma in t enan c e  dred g ing  o f  area s which , like the 

Upper  Bay , receive la rge volumes  of mun icipal and in du s t rial wa s t ewaters . 

There i s  lit t le data avai lab le on the  phys ical and chemical compo­

s i t ion of su spen d ed sedimen t s  in the Hud son E s tuary ( B iscayne and O l s en , 

1 9 7 8 )  o r  o f  the s e d imen t dep o s i t s  in New Y o rk Harb o r  or N ew Y o rk B i ght 

( G ro s s , 1 9 7 6 ) . Th e da ta tha t a re ava ilab le in d i ca t e tha t dredged  

ma t e rials  are  the larges t s in g l e  source  o f  copp e r , cadmium , lead , an d  

chromium f or t h e  B igh t . Z in c  c om e s  prima r i ly f r om run o f f  and 

a tmospheric  d i s charges (Hu e l l'e r and And e r s on 19 7 8 ) . 

3 5 



Tab le 4 Vo lume and e s t imat ed mas s  o f  was t e s  and s e d imen t s  
dredged from N ew York Harbor each year , 19 30-19 7 0 . 
(D a t a  from New York D i s t r ic t , U . S .  Army Corps o f  
En gineers ; a f t er Gros s ,  19 7 6 ) . 

Vo lume E s t imat e d  Mass  
Areas D redged 

103m3 y-l 3 10 t onnes  % Total 

Harb or en t ran c e  channe l s  6 1 1  1040 48 . 6  

Ambrose  Chann e l  ( 1 ) 4 2 4  7 2 0 33 . 7  

B ay s ide-Gedn ey ( 1) 18 7 3 20 14 . 9  

Lower B ay 7 9 8  400 18 . 7  

NY-NJ Channels , in c ludin g  Kills  ( 2 )  440 220 10 . 3  

Ma in Ship Chann e l  ( 2 )  6 8 3 0  1 . 6  

Rari tan R iver ( 2 �  2 8 9  140 6 . 8 

Newark B ay ( 2 )  2 0 6  10 0 4 . 8  

Upper  Bay 4 1 9  2 10 6 . 8 

E u t t ermilk Channe l  ( 2 )  1 2 2  6 0  2 . 9  

B ay Ridge-Red Hook Chann e l s  ( 2 )  224  110 5 . 2  

Ea s t  R iver ( 2 )  7 3 0 . 1  

An chorages ( 2 )  60  33  1 . 5  

Lower Hud s on River 8 18 4 1 0  18 . 6  

Heehawken-Edgewa t e r  Channe l  ( 2 )  ( 3 )  6 6 0  3 30 14 . 4 

Hud s on R iver Chann e l  ( 2 )  158  8 0  3 . 7  

TOTALS 2 8 5 2  2 200 9 9 . 9  

( 1 )  S o l id 1 . 7  -3 ( d ry weight b a s i s )  con t en t  tonnes m 

( 2 )  S o l id 0 . 5  -3 ( d ry we ight b a s i s )  con t en t  tonn e s  I!l 

( 3 )  D a t a  f o r  1 9 46 - 1 9 7 0  
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Synthe tic  organ i c  comp ounds , for  examp le PCB s , in the Hud son River 

and E s tuary are primarily a s s o ciat ed wi th f ine-gra in e d  sedimen t .  Such 

ma t erial is dredged from the navigat ion chann e l s  and barged t o  d i sposal 

s i t e s  in New York B igh t (Bopp , e t  al . 19 7 0 ) . PCB s are al so tran sported  

in  the  wa t e r  co lumn in so lu t ion or adsorb ed to  f ine-grained su spended 

particu la t e  mat t e r . Barging is by far the larg e s t  source of PCB s to  

the  B igh t , f o l lowed n ext by the d i s charge o f  PCBs  on  f ine-grained 

particula t e  ma t t er throu gh the S andy Hook-Rockaway Transect , and las t 

by  the add it ions o f  s o lub le PCBs throu gh the Tran s e c t . The relat ive 

s t rengths of the se sourc es o f  PCB s to the Bight are probably in the 

ratio of 10 0 : 10 : 1 . 

Floa t ab le s 

A va riety o f  floatab le s  are common ly p r e s en t  in the New York B i ght , 

in c luding  t ar and g r e a s e  b a l l s , sewag e-r e l a t ed i t ems ( e . g . , condoms and 

t ampon app licators ) ,  trash ( e . g . , pap e r , plas t ic wrappers , s t raws and 

cup s ) , an d charred wood (MESA , 19 7 7 ) . The s e  come from both chron ic and 

episodic  source s .  Chron ic sources  inc lud e :  d i s charge from the E s tuary 

throu gh the S andy Hook-Rockaway P o int Tran s ec t , d i s charges from vessels  

p a s s in g  through the B ight , and s ewage sludge dump e d  in the  B ight . 

Ep i s o d i c  sou r c e s  in c lu d e  o i l  sp i l l s  and variou s o th er acciden tal 

r e l e a s e s  such as  that as s o c ia t ed wi t h  the B ay P a rk s ewage s t o rage tank 

exp lo s ion in 1 9 7 6 .  Also in c lu d ed amon g  the  s ou r c e s  are  storm drain s , 

s ewa ge  t r e a tmen t p lan t ou t fa l l s , indu s t r i a l  ou t f a l l s , pier  f i res , 

l o s s e s  f r om barge s , and i l l e g a l  dump in g . 

The e s tuarin e  d i s charge  through the  S andy Ho ok-R o ckaway P o in t  
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Tran s e c t  is  the larg e s t  source  o f  floatab le s  for the Bight (MESA , 19 7 7 ) . 

I t  has b e en e s t imat e d  that was t e  wa t e r  and comb ined sewer out fall  d i s­

charges are  the large s t  con t r ibu tors o f  f loatab le s  to  the E s tuary 

(MESA , 19 7 7 ) . Past  inve s t igat ion s have ind icated that sewage s ludge 

dump ing in the Bight has b e en on ly a minor contributor t o  the accumula­

t ion of noxiou s floatab le s  found on many beaches in the area . There is 

a re l a t ive ly large inventory of f loatab les in the Bight at all  t ime s , 

which can b e  sub s t an t ially increa sed  in the short  term by large ra in f all 

even t s . S u ch even t s  increa s e  the inpu t  o f  f loatab l es  from s t o rm  drains 

and sewage treatmen t plan t s  t o  the E s tuary and the rat e  o f  tran s f er of  

th e s e  f lo a t ab les  to the Bigh t  by e stua rine discharge through the S an dy 

Hook-Rockaway P o in t  Tran s e c t  as  we ll . 

When eve r there  is a pers i s t en t , s tron g sou th- t o-sou th-we s t erly wind 

the se  f lo a t ab le s , a lways p r e s en t  in the B ight , a re concentra t ed and 

s tranded along the b e a ches o f  the S ou th Shore o f  Long I s land . The s e  are 

some o f  the con d i t ions thou ght to account f or wel l-pub liciz ed s t rand­

ing s  o f  floatab le s  in June 19 7 6 . Surface wind s over the B ight are 

usually s ou th to  sou thwe s t e�ly during la t e  spring and summer .  During  

June 19 7 6  they were unu sua l ly pers i s t en t  from the  south-southwe s t . 

The s e  con d i t ions can b e  exp e c t ed t o  recur pe riod ically . 

The ' prob ab i l i ty o f  re curren c e  o f  June 19 7 6  me t eo rolog ical con d i tion s 

wa s e s t ima t ed by compa ring hist orical a tmo sphe ric pressure pat t ern s  an d 

the frequ en cy o f  departures from the 
"
n o rm  (MESA , 19 7 7 ) .  Th is  ana ly sis 

su gges t s  that  departures from the norm s imilar to  tha t  ob served for  the 

15 d ay pe riod in June 19 7 6  a re not unu sual and " • . .  can be exp e c t e d to  

recur , p e rhap s on  average as  o f t en as  on ce  a year , during the  la t e  

sprin g  an d summer mon t h s "  (HESA , 19 7 7 ) . They a r e  less  likely in other  
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mon ths , and especially in winter , wi th the seasonal predominan ce o f  

wes t erly to northwes t e r ly wind s . Th e p rob ab il i ty o f  a repeat  oc curren c e  

o f  t h e  who le comp lex o f  fa c t o rs apparen t ly involved in t h e  1976  ep isode--

high rainfall , high river f l ow ,  wind s , e t c . , is difficult to e s t imat e .  

In any cas e , as p o in t ed out previou s ly , ocean dumping o f  s ewage 

s lud ge  is on ly a minor sou r c e  of  floatab le s  t o  the B i ght . The on ly way 

t o  redu c e  s ign if ican t ly the abundan c e  of f loatab l e s  in t he B ight is t o  

control their abundan c e  in t h e  E s tuary . 

NUTRIENTS AND BIOLOGICAL COUPLING 

Enrichment of  the B ight by the E s tuary 

Nu trient enrichmen t o f  the Bi ght by the d i s charg e s  from the Es tuary 

can b e  e s t imat ed from t�e pho spha t e  con c en t ra t ion in surfa c e  wat e rs of  

the  B igh t in win t er wh en the wa ter c o lumn is we l l  mixed and primary 

p rodu c t iv i ty is a t  a minimum . Usab le data  for the period 3-9  Decemb er  

19 7 5  a re ava ilab le from NOAA , R /V KELEZ cru i s e  XWCC-7 . The surface  

pho spha t e  da t a  are p lo t t ed and  from the d i s t ribution o n e  e s t ima t e s the 

exce s s  pho spha t e  con t r ibu t e d  by the E s tuary . Data  far f rom the Apex 

a r e  u s ed to e s t ima t e  the  ph o spha t e  d i s t r ibu t i on in the ab s en c e  of input  

f rom the E s tuary . The cumu la t ive are a s  ove r  which the  pho spha t e  

con c en t ra t i on is in c r e a s ed by Y or m o r e  micro gram a t oms per  l i t e r  du e 

t o  the  inpu t  from the E s t u a ry is shown in F i g . 6 .  Thi s  es t ima t e  i s  

con s e rva t ive . 

Phospha t e  add i t ion in the ab s e n c e  o f  pr imary p ro d u c t ion is in exc e s s 

-1  2 
o f  1 microgram a t om i ove r  an a r e a  o f  ab ou t 150  km and in exc e s s  o f  
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Figure 6 .  Area having exc e s s  phos pha t e  concentra tion a t trib ut ab le to d i s charge 
from the Huds on- Rar i tan E s tuary . 
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-1 2 0 . 1  mi crogram atom i ove r  an area o f  approxima t e ly 4 , 000 km • 

Nu t rien t s  and Phyt op lankt on 

The Hud son-Ra ritan Es tuary , b e low the limit o f  sea salt in trus ion , 

6 3 -1 receives ab ou t 8 . 6  x 10 m d o f  s ewage  was t e  water ; more than 9 5 %  o f  

t h i s  is d i s charged int o  t h e  Uppe r  B ay o f  New York Harb or . This wa s t e  

5 -1 4 -1 wa ter  con t ains ab ou t 1 . 6  x 10 kg N d and 1 . 3  x 10 kg P d , which 

p rodu c e  high con cen trations o f  dissolved inorgan i c  nit rogen and pho s-

phorou s in the lower es tuary an d B i gh t  Apex throu ghou t the year , (Tab l e  

6 Howe lls e t  al . , 1 9 7 0 ; Gar s i d e  e t  al . , 1 9 7 6 ; S imp son e t  al . , 197 7 ) . 

In sp i t e  of the s e  high rat e s  of nu t ri en t  supp ly , phytop lankton 

b ioma s s  and primary produ c t iv i ty in the salt  in t ru d ed reach o f  the 

E s tuary are rela t ively low . The chlorophy l l  a con t en t  o f  the eupho t i c  

zone i s  gen e rally le s s  than 30  -2 and produ c t ivity has never b e en mg m 
- 2 -1 reported to exceed  2 . 5 g e m d (Malon e , 19 7 7 c ;  unpub l . data) . 

P rodu c t ivity is " typ i ca lly l e s s  than 0 . 5  g C m
-2 d-l over mo s t  o f  the 

1 E d . h b 1 0 C m- 2 d-l owe r s tuary excep t ur�ng summer w en ra t e s  a ove • g are 

frequen t ly ob served . This input  o f  carb on ac coun t s  for 5 t o  50% of 

part icu la t e  organ i c  ca rb on inpu t s  t o  the lower E s tuary wi th an annual  

mean o f  ab o u t  15%  (Ma lon e , background pap e r ) . Such low produ c t ivi ty is 

a conse q u e n c e  o f  ( 1 ) re l a tiv e ly h i gh f l ushing ra t e s  that p r even t la rg e 

ac cumu la t ions  o f  b i oma s s  and ( 2 )  high con cen t ra t ions o f  su spended 

s e d imen t s  that l im i t  th e euph o t ic z on e  t o  dep t h s  o f  1 t o  5 m (Malone , 

1 9 7 7 a ) . 

Es t ima t e s  o f  nu t r ien t f luxes  f r om the  E s tuary t o  the  B i ght have b e en 

ma de  by s ev e r a l  inve s t iga t o rs u s ing a · va r i e ty o f  t e chn iqu e s  ( O ' eonnors 
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and Duedall , 19 7 5 ; O ' Connors et  al . ,  1 9 7 7 ; Garside e t  al . , 19 7 6 ; 

S imp son e t  al . , 19 7 7 ) . The un certain t ies o f  f lux calcu lations b a s ed on 

d irect wa ter  t ran sport mea surement s  have already b e en d i scu s s e d . E s t i-

mat e s  o f  the f lux of  d i s s o lved inorgan ic nitrogen (DIN)  through the 

S andy Hook-Ro ckaway Transect  based  on current me ter measuremen t s  and 

5 -1 measured con c en trat ion s o f  nu trien t s  range from 0 . 8  x 10 kg N d 

( O ' Connors and Duedal l , 19 7 5 )  t o  2 . 1  x 10
5 

kg N d-l ( O ' Connors e t  al . ,  

19 7 7 ) . Gars ide e t  al . ( 19 7 6 )  e s t imat e d  D IN f luxe s  t o  the B ight as the 

d i f feren c e  b e tween sewage inpu t s  and phytop lankton up take within the 

E s tuary and ob tained ra t e s  of 1 . 2  x 10 5 kg N d- l  ( summer) and 1 . 6  x 105 

-1 kg  N d ( r emaind er o f  ye ar) . S imp son e t  al . ( 19 7 7 ) u s ed a one-box 

mod el f or phospha t e  in the Upp er  B ay t o  e s t ima t e  the phosphate 

t 
f luxes in t o  and ou t of  the Upper Bay . They found a phosphate  f lux o f  

1 . 8  x 10
4 

kg P d-l from t h e  Upper B ay through t h e  Verrazano Narrows . 

The mean mo lar N : P  ra t io in the Upp er Bay is 2 1  (Malon e ,  19 7 6 )  g iving 

5 -1  an  equ iva len t D IN flux of  1 . 6 x 10 kg N d • Giv en the un cert ainties 

a s sociat ed with the s e  calculat ion s , a reas onab le f ir s t  app roxima t ion of  

D IN exp o rt t o  the Bight is  1 . 5  x 10 5 kg N d-l Thu s , nu trient  up take 

by phytop lankt on has li t t le e f f e c t  on the concentration of nu trient in 

the Estuary an d mo st  an thropogenic  nu t rient inpu t s  to it are exported 

d ir e c t ly t o adj acen t coa s t a l  wa t ers . Th is export  is rela t ive ly 

c on s t an t  s in c e  varia t ion s in flow are comp en s a t e d  f o r  by varia t ion s in 

nu t rien t concen t r a t ion , i . e . , s ewa ge inpu t s  are  r e la t ive ly con s tan t . 

Mo s t  o f  the in organ i c  nu t rien t  f lux t o  the  N ew Y o rk B i gh t i s  

a s s imila t ed by phy t op lan k t on wi thin the  1 2 5 0  km2 
o f  t h e  Apex (Ma lone , 

b ackground p ap e r ) . In con t ra s t  t o  the  s i t u a t ion in the  Es tua ry , 

phyt op lankt on produ c t iv i ty a c c oun t s  f o r  7 0 -8 0 %  o f  the inpu t o f  
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particu la t e  organic  mat t er t o  the Ap ex (Tab l e  5 ;  S egar and Berb erian , 

1 9 7 6 ;  Garside and Malone , 19 7 8 ) . Geographically , productivity in the 

Ap ex tends to be high e s t  within 2 0  km o f  the mou th o f  the Estuary and 

d ec rea s e s  wi th d i s t ance o f f shore , as nu t rient and chl orophy ll � 

c oncentrations decrease  and salin i ty increa s e s  (Malon e , 1976 ) . 

S ea s onal variat ion s in p r imary produ c t iv i ty in the Bight are 

characteriz ed by two b loom pe riods : ( 1 )  Feb ruary-April when phyto­

p lankt on b ioma s s  is highest  and chain-formin g diatoms  u sually dominate  

and ( 2 )  June-Augu s t  when phy t op lankton produ c t ivitv is highe s t  and 

small , solitary algae domina t e  (Malone , 19 7 6 , 19 7 7b ) . As in the 

E s tuary , phytoplankt on growth appears to  be ligh t - and t empera ture­

dependen t  under mo s t  cond i t ion s . S ince the s e  factors  vary seasonally 

b u t  exhib i t  l i t t le g e ographic varia t ions wi th in the Bigh t , spa t ia l  

varia t ion s in produ c t iv i ty a r e  ma in ly a fun c t ion o f  phytop lankton 

b ioma ss in the sur f a c e  layer  as det ermin ed by mixin g , sinking , and 

grazin g ra t e s . Du ring  winter  and early sp r ing m ixing and s inking 

con trol the d i s t ribu t ion of b ioma ss in the Bigh t . As the surface layer 

warms and the wa t e r  co lumn b ecome s thermally s t ra t if ied , mo s t  prima ry 

produ c t iv i ty occu r s  in the upp e r  layer ab ove the b a s e  of the 

thermoclin e  where an in creas ing  fract ion is graz ed by zoop lankt on an d 

r e cy c l e d  in the up p er laye r (Malon e , 19 7 6 ; Chervin , 19 7 8 ; Na lon e an d 

Chervin , 19 7 9 ) . C o p e p o d s alone a s s imila t e  an average o f  3 0 %  o f  all 

phy top lan k t on p rodu c t ivi ty wi t h in the B i ght  during  t h e  summe r .  Organ ic  

d e t ri t u s  f o rms a large  p o r t ion , 3 0  t o  8 0 % , o f  the  part i cu la t e  ma t t e r  

a s s imila t ed by cop ep od s ,  a n d  z oop lankt on f e c a l  p e l l e t s  may b e  the  waj or 

me chan ism for  t ran s p o r t in g o r gan i c  ma t t er  t o  the  b o t t om .  
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Tab le 5 .  T o t a l  p o t e n t ial  oxygen demand from 
maj or  sou r c e s  in the N . Y .  B igh t Apex . 

S ource 

S ewag e  s ludge dump ing* 

Dred g e  spoil dump in g* 

P rimary produ c t ion** 

Ave rage  

Summer 

River input** o 

*From COD dat a  (Mu e l le r  e t  a 1 . 197 5 ) . 

Oxygen Demand 
- 1  k g  02 d 

1 . 1  x 10 6 

2 . 1  x 10 6 

5 . 7  x 10 6 

1 . 7  x 10 7 

5 x 10 6 

**From o r gan ic carb on and R ed f i e ld rat io o f  carb on t o  oxygen (Redfield 
e t  a1 . 1 9 63 ) . As sume s comp le t e  oxidat ion . 

° C on s id e rab 1e un certain ty exi s t s .  
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In summary , it is clear that mo s t  of  the nu trien t s  dis charged in to  the 

Es tuary are tran s f erred d irec t ly to the Bight throu gh the Sandy 

Hook-Rockaway Tran s e c t . B e cau s e  mo s t  e s tuarine run o f f  moves  south 

along the coa s t  o f  New Jersey , phytop lankton b ioma s s  is u sual ly h ighe r 

o f f  New J e r s ey than o f f  Long I s land . The amount o f  bioma s s  t ha t  

accumula t e s  in t h e  wa ter  co lumn depends upon t ime o f  year and en 

gra z ing p r e s sure by p elagic metazoan s , primarily copepod s . Durin g  th e 

win t er and early spring , mo s t  o f  the organic ma t t e r  is packaged as  

cha in forming d iatoms and s inks to  the  b o t tom .  During the la t e  sprin g  

and summer mo s t  o f  t h e  organic mat t e r  produ ced b y  phy t op lankt on is  

p ackaged as  small , un icel lu lar algae  wh i ch are graz ed b e f o re they can 

s ink or mix int o  the lower laye r . Redu c t ion in nu t rien t  inpu t s  to the 

E s tuary by up grading s ewage treatmen t p lan t s  wou ld probab ly n o t  sub­

s tan t ially chan ge levels o f  primary produ c t ivity in the lower E s tuary . 

Phytop lank t on produ c t ivity wou ld decrease in the Ap ex , wh ich cou ld have  

a negative impact  on  local  f isheries . 

D i s s o lved Oxygen 

The inf luen ce o f  the E s tuary has b e en b lamed f o r  various un d e s ir­

ab le or ha rmful  cond i t ion s in the B ight , some t ime s on rather limi t e d  

eviden c e . P rob ab ly t h e  mo s t  s e rious  o f  t h e s e  con d i t ion s , in t erms o f  

a c tual  e c on omic c o s t , ha s b e en the  sporad i c  o c curren c e  o f  low d i s s o lved 

oxygen lev e l s  in wa t e r s  of  t h e  B ight  adj a c e n t  t o  t h e  New J e r s ey shore 

( Swan son an d S indermann 19 7 9 ) . The mo s t  recen t  su ch ep isode , in the 

summer and early f a l l o f  19 7 6 , c au s ed a mas s iv e  d i e-o f f  o f  b en th ic fauna 

ext en d in g  some 9 0  km sou thward from the B i ght Apex an d up to 60 km 
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seaward f rom the coas t .  To tal  mon e t a ry lo s s e s  t o  the f ishing indus t ry were 

e s t imat ed in the hundreds  of mill ions o f  d ollars (Figley et al e 19 7 9 ) . To 

wha t  ext en t --if  at  a11--was e s tuarine in f lu en c e  respon s ib le ?  

The r e  appear t o  b e  two way s  in wh ich Es tuary-origina t in g  was t e s  

might d ep r e s s  d i s s o lved oxygen level s  i n  cont inental shelf wa t e r s . One 

is  by the d ir e c t  con t r ibu tion o f  o rgan ic mat t er which undergo e s  

b a c t erial d e c omp o s i t ion , con suming oxygen in the proces s .  The other i s  

by sup p ly in g  nu tri en t s  whi ch s t imu la t e  primary produ c t ion in B ight wa t ers . 

The re su l t in g  b ioma s s  also con sumes oxygen upon decomp o s i t ion . B o th the s e  

inf lu en c e s  obvious ly exis t , b u t  h ow s i gn if i cant a r e  they compared t o  the 

· variou s na tural environment a l  factors  which are also  involved in the 

creat ion of low d i� s o lv ed oxygen (DO )  con d i t ion s ?  

S in c e  low D O  ep isod e s  d o  n o t  o c cu r  eve ry summer the natural envi-

ronmen t a l  f a c t o rs mu s t  have an important  role . S everal su ch factors  

have b e en imp l icat ed . For examp le , a s tudy by Arms t rong ( 1 9 7 9 )  

proposed a hydrograph ic exp lan a t ion f o r  the lo c a t i on o f  the 1 9 7 6 low-DO 

episod e , o f f  N ew Jersey bu t not  south  o f  Long I s land . The shallower 

than normal lens of c o ld win t er wat e r  rema in ing b e low the pycn o c l ine 

when seasonal s t ra t i f icat ion developed con t a ined  a smaller  than normal 

in itial s t o ck o f  oxygen . For a s t ra t i f ication chara c t eriz ed by a 

s igma-T d i f f e ren c e  o f  3 un i t s  h e  f in d s  mon t h ly ra t e s  o f  oxygen d ep le t ion 

- 1 - 1 
o f  1 . 0 6 m i  i o f f N ew J e r s ey a n d  0 . 8 5 mi i o f f  Long I s land , du e to  

the  fa c t  that the average  dep th o f  the  c o ld wa t er lens o f f  N ew Jersey 
-

i s  on ly ab ou t 9 m whi l e  tha t o f f  Long I s land is ab ou t 13 m .  The s ame 

ra t e  o f  oxy g en d emand inpu t p e r  un i t  area wou ld lead t o  a f a s t er ra t e  

o f  oxygen d ep l e t ion o f f  New Je rs ey and the d e p t h con t ra s t  i s  su f f ic i er. t  

t o  accoun t f o r  t h e  d i f f eren c e  in rat e s . 
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O ' Conno r ,  e t  al e ( 197 7 )  compared d i s s o lved oxygen levels in the 

New York B i gh t  Ap ex f o r  Au gu s t  1949 with tho s e  reported for Augu s t  19 6 9 , 

and for  Augu s t  19 7 4  on two sp a t ial scales : ( 1 )  sma ll scale def ined  a s  

t h e  vicin ity o f  the s ludge and dredge ma t e rial d isposal area , and ( 2 )  

large scale  d e f ined  a s  Apex-wide , exc luding t h e  disp osal are a . They 

found that on an Apex-wid e sca le the levels of d i s so lved oxygen 

in crea sed in n ear-surface  wat er s , uppe r  5 m,  and de creased in near­

b o t t om wa ters , lowes t  5 m ,  b e tween 1 9 4 9  and the la t te r  two dates . In 

t e rms of percent sa tura tion va lue s  the Ap ex-wide changes  were  + 10% fo r 

n ear-surface  wa t e r s  and - 20% for near-b o t t om wa t ers . Their analysis 

. revea led tha t  the me an percen t  satura t ions f or 1949  for  both near­

su rface and near-b o t t om waters  were sign if i can t ly d i f f eren t  at the 9 5 %  

con f iden ce l evel f r om t h e  mean percent satura t i on values  f o r  19 6 9  and 

for  19 7 4 . The on ly comp arison that wa s n o t  s t a t i s t ically sign if ican t 

was tha t f o r  near-b o t t om wat e r s  in 19 6 9  and 1 9 7 4 . The ir con c lu s ion wa s 

tha t oxygen leve ls have changed  on an Apex-wide scale over the pas t  3 0  

years . Th ey found spe cial s i gn if ican c e  i n  the  chan ge " • • •  a t  the 

b o t t om ,  where  a no t e d  downward trend in d i s s o lved oxygen may be du e to 

the increa s ed was t e  d i sposal in the Ap ex wi th the pos s ib le ac cumu lat ion 

of sludge or  the d i s t rib u t ion of oxygen-d emand ing sedimen t s  at the 

b o t t om . " The au tho rs p o in t ed out that they cou ld n o t  accoun t for the 

in crease in near-surface va lu e s  with the availab le bio logical da ta . 

I n  view o f  the  large year- t o-year variation s  charac t e r i s t ic o f  the 

d i s t ribu t ion of d i s s o Ived oxygen in the B ight  Ap ex , s t a t is t ically 

s i gn i f i can t d i f f e ren c e s  in me an Augu s t  DO  va lu e s  f or three years  ov er a 

3 0  yea r  p e r io d  d o  n o t  e s tab lish  " t r end s "  in the leve l s  o f  DO as claimed 

b y  O ' C onno r ,  e t  a l e ( 1 9 7 7 ) . Three  data p o in t s
'
wh i ch show a trend are 
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in suf f i ci en t  eviden c e  f o r  any real chan g e . 

S imilarly , O ' Conno r ,  et  al . ' s ( 19 7 7 )  in terpretat ion o f  d i s s o lved 

oxygen data in the sludge and dredge ma terial d isposal areas wa s tha t 

the  data " showed a d i s t in c t  downward trend in near-b o t t om wa ters " ; 

pe rcent saturat ion values  decreased from ab out 6 7 %  in 1949 to  30%  in 

19 7 4 . Again , whi l e  the data may show a " t rend" this do e s  no more than 

su gge s t  environmen t a l  chan ge in view o f  the lar g e  year-t o-year var ia­

t ion s . 

S e gar and B e rb e r ian ( 1 9 7 6 )  evalua t e d  the oxygen deplet ion o f  

N ew York B ight wat e r  b e l ow t h e  thermo c l in e  and concluded that t h e  maj or 

part o f  the demand resu l t s  from sinking organ ic mat t e r  produced locally 

by pho t o syn th e t ic product ion . For the summer p eriod they e s t imat e d  

tha t t h i s  ma t erial would accoun t for m o r e  than 9 5 %  of  t h e  oxygen dep le­

t ion and con c luded that c e s s a t ion of dump ing of s ewage s ludge and 

d redged ma t e rial wou ld have lit t le e f f e ct on the oxygen d e f iciency . 

They also con c luded that the p rob lem o f  low oxy g en in the Bight wa s 

p r imarily a result  o f  the re sponse t o  nu trien t- load ing o f  the B ight by 

d ischarge f rom the E s tuary . Condit ion s in the low-DO area during 19 7 6  

were atyp ical in s everal resp e c t s  ( Swanson and S indermann 19 7 9 ) .  

S pring s t rat if ica t i on o f  the wa t er c o lumn b e came e s t ab lished earlier 

than u sual , au gmen t e d  by an early and unu sua l ly large sp ring freshet 

from the  E s tuary (Armst rong 1 9 7 9 ) . A lower than normal in ciden ce o f  

s t o rms during t h e  sprin g  and summer l e f t  the  s t ra t i f icat ion rela t ively 

un disturbed . An in creased frequency of southerly winds  also s lowe d 

c i rcu l a t ion , min imiz ing the  u sual in f lux o f  oxygenated  b o t t om wa t e r  to 

the reg ion ( Fa lkowski et  a l e 1 9 8 0 , S t a rr and S t emle 1 9 7 9 ) . 

C learly th e n a tural ra t e  o f  supp ly o f  DO b e low the pycno c l ine  wa s 
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subnormal in 1 9 7 6 ; what  ab out consump t ion ra t e s ? Here differen c e s  o f  

in t erpre t a t i qn o f  the l imi t ed data  b e c ome sub s t an t ia l . C entral  to  t h e  

d i s cu s s ion is the role  o f  a s ingle  p e lagic  d in o f lagellate  spe c ie s , 

Ceratium tripo s .  For reasons unkn own an eno rmous b lo om of  f. Tripo s 

d eveloped over mu ch o f  the B ight during the late sprin g  o f  19 7 6  and a 

con s iderab le b ioma s s  o f  this diatom was  advect ed by curren t s  to  the 

anoxia region . Although normally p r e s en t  there durin g the summer the 

19 7 6  popu lat ion was far larger  than usua l . Mo s t  o f  the c ells were 

f ound n ear the pycn o c l ine where l i t t le pho t o syn thes i s  was po s s ib le .  

Re sp ira t ion and u l t ima t e  d e comp o s i t i on o f  the se  c e l ls is assumed t o  

h ave s ign ifican t ly in creas ed D O  con sump t i on b e low the py cnocline 

(Falkowski e t  a l . 19 8 0 ) . The re is no  eviden c e  that the C .  t ripo s b loom 

had any conn e c t ion wi th es tuarine  in f lu en c e s . 

C e r t a in ly the o xy gen-con suming_ wa s t e s  from the E s t uary , wa t er­

b o rn e  and ve s s e l-carried , also  en t ered the p i c ture (Falkowski et al . 

1 9 8 0 , Han e t  al . 19 7 9 , S e gar and B erb e ri an 19 7 6 , Swan s on e t  a l . 19 7 9 , 

Thomas e t  al . 1 9 7 6 ) . An oxygen bud g e t  has b e en pub lished by Falkowski 

et al . ( 19 8 0 ) (T ab le 6) whi ch shows a sub stantial dep let ion of DO 

arising from the various wa s t e  loads . The re la t ive importan c e  of the 

s ev eral compon en t s  in such a budget  i s , o f  c ours e , debatab le (Ma lone 

e t  a 1 . 19 7 9 ) . 

O ' C onn or ( 19 7 9 )  no t e s  tha t " • • .  r e a l i s t i c  ran g e s  a r e  g r e a t  f o r  

oxid a t ion ra t e s  o f  P O C  [ pa r t i cu la t e  organ ic carb on ] and DOC [ d is s o lved 

o rgarl ic carb on ] in  b o t t on wa t e r s . "  a n d  c ommen t s  on the lack o f  quan t i­

t a t ive d a t a  OD , p a r t i cu lzrly , the  DOC f ra c t ion , i t s  sourc es  an d 

oxidat ion rat e s . H e  con c lud e s  that "The ex t en t  o f  human con t r ibu t ion 

t o  this coa s t a l eu t rophica t ion  and s e a s on a l  oxy g en d e p l e t ion r ema in s  
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TABLE 6 .  A Summer Oxygen Budget (mt O2 m-2 
d-l) 

f o r  the N ew Y o rk B ight Apex During 19 7 6 . 

(Af t e r  Falkowski et  a l . , 1980 ) . 

Ab ove the pycnocline : 

Comput ed resp irat ion : Ob s erved resp irat ion : 

Phy top lankt on 4 6 0  Wa t e r  co lumn 

Me tazoan 5 5 0  

S lud g e  1000 

D i s s o lved organ i c  

c arb on 2000  

4 0 1 0  

Gro s s  pho t o syn the t ic inpu t : 4640  

T ime scale  for  anoxia : 

- inf inity 

B e l ow the pycnoc l ine : 

Compu ted  re sp irat ion : Ob s e rved resp ira t ion : 

F e c a l  p e l l e t s  3 0 0  B en th i c  

Wa ter  C olumn 

C. t ripo s 

4050 

360  

13 50 

5400 

7 1 1 0 

V e r t i c a l  d i f fu s ive inpu t : Horiz on t a l  adve e t ive inpu t : 

with K 
z 

of  1 . 0  2 em - 1  
s 

with K 
z 

2 - -1 o f  0 . 1  e m  s 

T ime s c a l e  f o r  anoxia : 

a t  K o f  1 . 0  
z 

a t  K o f  0 . 1  
z 

2 em 

2 em 

- 1  
s 

- 1  
s 

7 0 0 0  

7 0 0  

6 0 0  d ay s  

3 0  d ays 

5 0  

wi th K o f 0 . 0 1 
z 

2 - 1  em s 

T ime s c a l e  f o r  ano xia : 

700  

3 0  day s 
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arguab le . " Undoub ted ly there is a sub s tan t ial  contribution b u t  it s 

overa l l  importan c e  for the produ c t ion o f  low-DO con d itions is far from 

c lear . 

IMPACTS OF PROPOSED CHANGES IN THE ESTUARY 

Improved Wa s t e  Treatmen t 

In 1 9 7 5  the con su l t ing f irm o f  Lawler , Matu sky an d Skelly used a 

ma themat ical mode l  to  rela t e  presen t  and proj ect ed was t e  loads  to the 

. d i s t rib u t ion of d i s s o lved oxygen (DO ) in the lowe r  Hud s on River and in 

Upp er  and Lower Ne� Y o rk Bay s , from Mile P o int-30*  (Kilomet e r  P o int--48 )  

t o  Mile P o int  154 (Kilome t e r  P o in t -- 2 48 ) .  The mod e l  include s the 

eff e c t s  o f  wa s t e  loads , b iolog ical  o},,-yg en d eman d  (BOD) g enera t ed within 

the wa t e r  co lumn , exchange with the a tmo sphe re , and b en thic oxygen 

d eman d . B OD is a mea sure  of  the amount o f  oxy g en consumed in the b io-

logical pro c e s s e s  tha t b reak down organ i c  ma t t er and is hen c e  a measure 

of the organ ic pollu t ant load . I t  do e s  n o t  take in t o  accoun t the 

int eract ions amon g nu t r i en t s , phytop lankt on , z o oplankt on , an d d i s s o lved 

oxygen . A parame t ric  ana ly s i s  u sing f i e ld da t a  collected in 1 9 6 6  and 

1 9 6 7  by the New York S t a t e  D epartmen t o f  Environmen t a l  C on s e rva t ion 

ind ica t e s  that phy t op lankt on have a min imum ef f e c t  on DO in the River 

b ecau s e  o f high turb idity which limi t s  pho t o syn the t i c  a c t ivity . 

Calib ra t i on and ve r i f i c a t ion o f  the mod e l  u t i l i z ed DO and BOD data  I 

*Mile P o in t s  are  d i s t an c e s  up r iver  ( p o s i t ive numb e r s ) 
and d own ( n ega t ive numb e r s )  f r om t he B a t t ery ( F i g . 1 ) . 
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c o l le c t ed by New York S ta t e  D epartmen t of Environmen t a l  Con s e rva t ion in 

1 9 6 7 . Th e s e  are the b e s t  river-wide DO and BOD da t a  f o r  the Hudson at 

the present t ime . Figu r e  7 shows excellent agreemen t b e tween the 

measured leve ls of DO in the Hud s on R iver in 1 9 6 7  and the pat t e rn  pre-

d i c t ed by the mathemat ical mod el .  

To e s t imate the po t en t ia l  impa c t  o f  dif feren t t r e a tment leve ls  on 

d i s s o lved oxygen , four dif f erent proj e c t ed loads were s imulat ed usin g  

3 -1 normal summert ime riverf low , ab out 150 m s at  Green I s lan d , in the 

Hud s on River ,  Tab le 7 .  

The DO profiles a s s o c ia t ed wi th these four cas e s  are shown in 

F i g . 8 .  Cases  ( 0 )  and ( 1 )  are oxygen l evels calcu la t ed f o r  actual wa s t e  

load s in 1 9 7 3  and 19 7 7  respec t ively . In gen eral , t h e  overall wa ter 

qua l i ty o f  the Hud s on River as  measured by the d i s t r ib u t i on of  DO 

ref le c t s  the s t re s s  o f  large popu lat ion s in New York C i ty and Alb any . 

I t  is good in the Mid-Hudson region where DO valu e s  are near saturat ion 

and the wa t e r  mee t s  drinking wa t e r  s t andards and is u s e d  for tha t pu rpose . 

DO  con c en t rat ions in the Alb any area un der 19 7 7  a c tual load condi t ion s 

are sligh t ly imp roved over 19 7 3  leve l s . The  improvemen t can b e  at tri-

b u t e d , pr imarily , t o  the two maj or treatmen t plan t s  that wen t on-lin e  

in the Alb any area in 19 7 4 . The midd l e  port ion o f  the e s tua ry in both 

19 7 7  and 19 7 3  was chara c t e riz ed by a r e l a t ive ly high DO leve l . I n  the 

lower rea che s of the es tuary and Uppe r  N ew York Harb o r , the 1 9 7 7  ca 1 cu -

1at ed DO p ro f i le is  somewhat lower than that f or 19 7 3  b e cau se it wa s 

a s sumed that  several o f  the d i s cha rg e s , pa r t i cu la r ly tho s e  f rom the 

No r t h  R iv e r  t rea tmen t p lan t , h a d  in t e r c ep t o rs op e ra t i on a l  by 1 9 7 7  bu t 

had  no tr e a tmen t fac i l i t i e s  t o  hand le the  in creased  l o ad s . In  the 

B i ght  Ap ex Are a , the 19 7 3  and 1 9 7 7  pro f il e s app roach each o ther wi th 
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TABLE 7 .  BOD leve ls f r om diff erent degrees  o f  

treatmen t (LMS mod e l) 

Mun icipal Industrial 
C a s e  Load s - 1 Loads_1 

No . Condit ion t onn e s  d t onn e s  d 

0 A c tual  BOD ( 19 7 3 )  84 3 3 3  

1 *  B e s t  P ract ica l 
Techno logy BOD ( 19 7 7 )  2 1 1  6 

2 B e s t  Avai 1�b 1e Tech-
n o logy BOD ( 19 8 3 )  209  4 

3 ** Elimina t i on o f  Discha rge  0 0 
( 19 85 ) 

*The  19 7 7  p r o f ile  shown in F igu r e  7 r ep r e s en t s  ac tua l load s ra ther  than 
the 19 7 7  B e s t  P r a c t ical Techn o l o gy load s tab u la t ed here . 

* *As sume s no oxygen d emand f r om p o in t  s ou r c e s  and tha t the  on ly dep r e s s ion 
of DO b e l ow satura t i on is f r om the so-c alled "ba ckground " BOD wh ich 
ari s e s  from n on - p o in t  s ou r c e s  an d f rom n a tu ra l  oxygen d emand . 
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Fi gure 8 . P re di c t e d  D i s s o lved Oxy gen P r o f i l e s  in the Huds on River for  
D i f feren t Condi tions : Presen t , B e s t P rac tical Techno l o gy ( BP T ) , 
B e s t Avai l ab le Techno logy ( BAT ) , and E l imina t i on o f  Dis charge 
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DO values  c l o s e  to  sa turat ion valu e s  at  Mile Point-30 (Kilome t e r  

P o in t --4 8 . ) 

Case  ( 2 )  i s  the d i s t r ibut ion o f  DO predicted for  the levels o f  BOD 

that wou ld resu l t  from the discharge in t o  the Hud s on River under B e s t  

Availab le  T e chno logy proj e c t ed f o r  19 8 3  ( BAT) . The s e  BOD levels a r e  n o t  

s i gnif ican t ly d i f f erent from the  c a s e  ( 1) 1 9 7 7  B e s t  P ra c t ical Technology 

BPT ) values . The maj o r  d i f f eren c e  b e tween BAT-1 9 8 3  and BPT-19 7 7  is an 

in crea s ed treatmen t l evel o f  the  part o f  the load from indu s trial 

d i s charg e s . Achiev in g  the BPT mandat e d  for 19 7 7  o r  the BAT in 19 8 3  

wou ld eliminate  ove r  8 0 %  o f  t h e  was t e  load and wou ld result in markedly 

" improved d i s s o lved oxygen (DO) concen t r a t ion s . Improv emen t in the 

lower s e gment o f  the  Hud s on River  and in the Upp e r  and Lower Bays , with 

va"lu e s  we ll ab ove the 5 ppm DO cri t e r ion is  part i cularly marked . 

( C a s e  ( 3 )  con s iders eliminat i on o f  the  pollu t an t  ma s s  or elimina­

t ion of d i s charge ( EOD ) wi thou t e l iminat ion of the wa t e r  dis charge . 

v1i th no oxy g en demand from p o in t  source s ,  the  on ly depre s s ion o f  DO 

b e low saturat ion aris e s  from non-p oin t  source s ; natural oxygen demand 

o f  the river  and sma ll res idu a l  concen t ra t ions from p o in t  s ources . 

Unde r  EOD cond i t ion s the increa s e  over  1 9 8 3  in DO levels  in the up­

s t ream reaches of  the Hud s on R iver is  mo re sign i f icant than in the 

lower reaches  and in the Ha rb o r  and B igh t . 

The 1 9 8 3  BAT , wh i ch i s  app l icab l e  on ly to  po in t  sou r c e s ,  should 

p rodu c e  DO l eve l s  tha t me e t  cu rren t D O  s t andards  un d e r  normal s t eady­

s t a t e  con d i t ion s . Nori-p o in t  sources  a lo n e  cann o t  b ring DO leve ls  b e low 

s t andard , p r ima rily b e cau s e  o f  the h i gh f l ows a s s o c ia t ed with th e s e  

s o u r c e s  ( mo s t ly comb in ed sy s t em ove r f l ows ) a n d  a l s o  b e cau s e  o f  the 

ext reme ly sma l l  e f f e c t s  on wa t e r  qu a l ity f r om "b a ckgroun d "  sour c e s . 
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Total  

T o t a l  

T o t a l  

-----------�--------------------------

Tab l e  8 .  B OD Load s , Summer 1 9 7 7  

Basin Inpu t o f  BOD = 909  t ons  d -1 

f lux a t  3 m i l e s  ab ove B a t t ery = 188 

f lux at S andy Hook = 69 tons d -1 

tons d -1 

In summary , the  mod e l  ind ica t e s  that the variou s treatmen t level s  

wou ld in crea s e  DO leve l s  in the Hud s on R iver  and the N ew York Bays t o  

ab ove the present crit erion o f S ppm , b u t  wou ld n o t  signifi cantly 

. inf lu ence DO levels  in the B i ght Apex . The 19 7 7  BOD loads under summer 

c ondi t ions a t  various p o in t s  wi thin the sys t em ,  Tab le  8 ,  support this 

con c lus ion . In other wo rds , on ly ab ou t 8%  o f  the t o t a l  input of  BOD t o  

t h e  Hud son-Rari t an Es tuary p a s s e s  throu gh t h e  S andy Hook-Rockaway Poin t  

Tran s e c t  t o  the B igh t . 

I t  is  import an t  t o  rememb er tha t the mod e l  from whi ch the s e  -

con c lu s ions a re drawn does  n o t  con s ider  secondary BOD genera t ed by the 

convers ion of nu t rien t s  to organ ic ma t t e r  by pho t o synthe s is . I t  shou ld 

be poin t ed out also that the 19 7 7  BPT goal was not  met  in that year , 

and ind e ed has not  b e en me t a t  the t ime o f  this rev i s ion ( 19 8 2 ) . 

Sand  and Grav e l  Min in g 

S everal  prop o s e d  mo d i f i ca t ion s o f  p r e s en t  d red g in g  po licies  in the 

E s tua ry and B ight  Ap ex area cou ld have sign if i c a n t  e f f ec t s  on wa t e r  qua l i t y  

i n  the  B i gh t . For  a numb e r  o f  years  the Lower B ay o f  New York Harb o r  has 

b e en a maj or  sour ce o f  s and and grav e l  f o r  con s t ru c t i on ag g r ega t e an d for 
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f i l l . I t  has provided mu ch o f  the  aggregate and f i l l  required f o r  

• 

constru c t ion in me t rop o l i t an New York and New Jersey , and is , • 

undoub t edly ,  one of  the nat ion ' s  large s t  " open-p it" s and mine s .  S in c e  

6 3 -1 1 9 6 7 , the ra t e  of  removal has averaged ab out 4 . 2  x 10 m y 

In 19 7 4  the New Y o rk Department o f  Environmental  Conserva t ion 

res tricted sand dredgin g  to  the eas t  b ank of Amb ro s e  Channe l  and to  the 

Chap e l  Hill  North Chann e l . The s e  restriction s are s t i ll in e f f e c t  today . 

While mat erial from these  areas is too  f ine-grained for aggregat e ,  it  

i s  an imp o rtant source o f  fill for  me t rop o l it an N ew York . 

Imp o s i t ion o f  re s t ri c tion s  on the locat ion o f  mining areas wa s 

predicat ed upon s everal as sump t ion s : ( 1) that dredg ing in o ther part s 

o f  the Lowe r B ay of  New York Harb o r  might have a grea t e r  impa c t  on 

wa t er qua l i ty and also adverse ly af f e c t  produ c t iv e  shellf ish and fin f ish 

areas we s t  of Ambrose Chann e l , ( 2 )  that dred g in g  in o ther areas might 

accelera t e  shore eros ion on S ta t en I s land ,  ( 3 )  that the sand depo s i t s  of 

the Amb ro s e  Channe l  and the area to the east  are rep leni shed by littoral 

d ri f t  along the sou th shore of Long I s lan d , and are thus a ren ewab le 

r e s ource that can b e  " cropped" wi thou t b e in g  dep l e t ed , and (4)  s ince 

ma t erial i s  con t inually b e in g  supplied t o  the d e s igna t ed area the min in g 

p rovide s  a n e c e s sary and u s e fu l  servi c e , ma in t enance  dredging  o f  the 

shipp in g chann e l . 

In 19 7 5 , the Ma ri� e S c ien c e s  R e s e a r ch C en t e r  o f  the S ta t e  Un ive r s i ty 

o f  New Y o rk b e gan a comprehen s ive s tudy o f  the s e  a s sump t ions . 

Wong an d Wils on ( 1 9 7 9 )  u s e d  a f in i t e  e l emen t , vert ically- in t e g r a t e d  

t idal  mod e l  d eve lop ed a t  the M a s s achu s e t t s  In s t i tu t e o f  T e chn o logy (Wan g 

an d O ' Conno r ,  19 7 5 )  t o  inve s t ig a t e  ch a� ge s  in t i dal  cu rren t s  an d wa te r 

s u r f a c e  e l eva t ions that  wou ld r e su l t  f r om mod i f i c a t ions o f  ba t hymet ry by 
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a va riety o f  hyp o th e t ical sand  minin g s trategies  near S andy Hook , 

S ta t en I s land , and Rockaway P o in t . In the u s e  o f  this mod e l  the sub-

j e c t  area is  divided in t o  sma l l , trian gu lar shap e d  sub-uni t s  called 

elemen t s . The mod e l  comput e s  wat er sur f a c e  eleva t i ons  and curren t 

v e lo c i t i e s  as a fun c t ion o f  t ime at the c o rn e r s  o f  the e l emen t s . In 

g enera l , the e f f e c t s  o f  mining are t o  d e c e le ra t e  the flow wi thin the 

p it and accelera t e  the f l ow around i t s  pe rime t e r . The magn itude o f  

the s e  chan g e s  increa s e s  as t h e  s i z e  o f  t h e  ho le increase s . There i s  

a l s o  a d e f le c t i on o f  f l ow toward  t h e  ho le on i t s  up s t ream s ide . The 

magn itud e s  of some of the current vec t o r s  b e f ore and af t er min ing a 

sma l l  and a large hole  near S andy Hook are summariz ed in Tab le 9 .  The 
. 

e l ement locat ions are  shown in Fig . 9 .  The correspon d in g  f l ow f ields  

b e fore  and af t er mining are shown graphically in Fig . 10. . 

Uon g and Wilson ' s  calcu la t ions a l s o  ind ica t e  that sign i f icant chan g e s  in 

wat er surface elevat ion could o c cur  alon g  S t a t en I s land for  certain changes 

in b athyme t ry produ c ed by sand min in g , particu larly for  areas near the mou th 

of the L owe r B ay . F igu re 11 shows t idal elevat ion as a fun c t ion o f  t ime at  

n o d e  10 n e ar S ta t en I s land f o r  small  and  large ho les  near Sandy Hook . 

3 Approxima t e ly the f ir s t  7 x 1 0  s e c  are  the spin-up o f  the  mod e l  and should 

b e  d i sregarded . The f i gure ind i ca t e s  that min ing sand near S andy Hook cou ld 

p rodu ce a s i gn i f icant  in crease in t id a l  ran ge  o f f  S t a t en I s lan d , an area 

already experiencing seve re shore eros ion . 

Won g  an d \-1i l s on f ind that mining ope ra t ion s n e a r  the Tran s e c t  can 

increa s e  the t idal prism in the  Lowe r B ay an d the ave rage t i d a l  f l ow 

throu g h  the  Tran s e c t by as mu ch as 2 0  p e r c en t . Mod i f ica t ion s near  the 

Tran s e c t  can a l s o  a l t e r  the f r a c t ion of wa t e r  r e c ircula t ed durin g  the 
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Fi gure 10 . Comp aris on o f  Tidal Current  Vec to r s  Near Maximum Ebb a t  S andy 
Hoo k  Comp ut e d  f o r  Exi s ting Bathyme try ( dashed arrows ) and for 
Al t e r e d  Ba thyme t ry ( s o li d  arrows ) f o r  (a)  Small  Reg i on Mined 
Near S an dy Hook , (b ) Lar ge Re gion Mined Near S andy Hook . 
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Fi gure 11 . Compariso n  o f  Tidal Eleva t i o n  along S ta ten  Island at Nod e  10 
( Fi g . 9 )  Computed for Exi s ting  Ba thyme t ry ( dashed  line s )  and 
for  Alt er e d  Bathyme t ry ( s oli d  line s ) for  ( a )  Small Region 
Mined  Near S andy Hook ( Fi g . 10 ) and (b ) Large Re gi on Mined 
Near S an dy Hook ( F i g . 10 ) . 
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TABLE 9 .  E f f e c t s  o f  sand minin g on t idal 

• curren t magnitudes  near S an dy Hook 

Tidal Curren t Magnitud e s  ( cm s-l) * 

• Elemen t No B e f ore Mining Large Hole Small Ho le 

2 80  4 2 . 0  3 6 . 2  3 0 . 2  

28 1  48 . 2 4 1 . 6 3 3 . 6 

• I 
2 8 2  4 8 . 0  3 9 . 2  3 0 . 2  

2 9 5  5 8 . 8  4 5 . 8  3 5 . 6  

2 9 9  4 7 . 6  5 3 . 4  5 1 . 6 

• 3 24 5 2 . 4 8 0 . 8  7 1 . 8  

3 3 9  5 4 . 2  7 8 . 4  68 . 2 -. 
2 2 0  2 1 . 6  3 0 . 4 2 5 . 8 

• 25 0 28 . 2 3 8 . 2  3 0 . 8 

2 7 2  3 2 . 8 3 9 . 6 3 4 . 2  

3 10 43 . 6  4 7 . 6 44 . 2 

• 

• 

• 

• * a t  t = 8 00 0  s e c on d s  
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flood . D oyle and Wilson ( 19 7 8 )  showed that the asymme t ry of  the tidal 

f l ow throu gh the Tran s e c t , d i s cus s ed on pages earlie r ,  is primarily due 

t o  a b a lance b e twe en the cen t rifugal and Coriolis forces  modif ied 

s l igh t ly by b o t t om friction . The a symme t ry resu l t s  in a net  in flow o f  

wa ter in t o  t h e  Es tua ry near Rockaway and a net ou t f low near Sandy Hook . 

Wh i le there is no comp e l l ing  eviden ce that previous sand and 

gravel  min ing op erat ions in the Lower Bay of New York Harbor have had 

any sign i f i cant d e l e t e rious e f f e c t s  on water  quality , the b io ta of  the 

E s tuary , or that of the B ight (Kast ens et al • •  19 7 8 ; Wong and Wilson , 

1 9 7 9 ; S chwa r t z  and B rinkhu i s , 1 9 7 9 ; Jones  e t  a l . , 1 9 7 9 ) , there are now 

data  which su gge s t  that sand mining cou ld b e  u s ed to  imp rove wa ter 

quality in the E s tuary and the Bigh t . One po s s ib il i ty that shou ld be 

thoroughly as s e s s ed is  to comb ine sand and gravel min ing with disposal 

o f  contaminat ed dredged mat e rials  in the resu l t ing  b orrow p it s .  The 

f inal s t ep would b e  t o  cap the con t amina ted ma terial  with c lean fill o f  

a t extu re s imilar t o  that found in surrounding area s . A su c c e s s fu l  

exploitat ion of  t h i s  po s s ib il ity requires dep o s it ion of  t h e  contami­

nat ed material pre c i s e ly in the hole--n ot on con t iguou s areas--keep in g  

i t  t h e r e  un t i l  t h e  hole  is nearly f i lled and then b e in g  ab le t o  cap it 

e f f e c t ively . Such a s e quen c e  of operat ions is  t e chn ically f ea sible 

( Johan s en , e t  a l . , 19 7 6 ) . Capp in g , the la s t  s t ep in the s equence , 

app ears to o f f er the mo s t  d if f icu l ty . P r e c i s e  d ep o s i t i on a l s o  present s 

p rob lems s in c e  mo s t  con t amin a t e d  ma t erials a re f ine-grained with hi gh 

wa t er con t en t  and p o o r  engin e e ring p rope rt ie s . S t il l ,  the po t en t ia l  

b en e f i t s  are  so g r e a t  tha t t h e  f e a s ib il i ty o f  comb inin g  dredgin g  with 

d i s p o sal  shou ld b e  fu l ly eva lua t ed . 

The proj e c t ed demand f o r  s and in the metrop o l i t an New York area 
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6 3 over the three years , 1 9 7 9-19 8 1 , had b e en e s t imat ed at  20 x 10 m 

(James Maro tta , p e r s onal  commun i cat ion , 1 9 7 8 ) . The amount o f  ma t eria l 

dredged from New York Harb o r  each year for  ma in t enan c e  and new work 

averages ab out 8 x 10 6 m3 of whi ch app roxima t e ly 10 - 20% or 0 . 8  x 10 6 

t o  1 . 6  x 10 6 m3 would probab ly b e  cons idered contaminat ed , i . e . , would 

p robab ly not pass the b ioas s ay t e s t s  requ ired for i t s  disposal in the 

o c ean (D enn is Sus zkowski , personal communica t ion ) . For the past  20 

years the ra te  of  removal o f  sand from the Lower B ay for fill and 

6 6 3 a ggrega t e  has averaged ab out 1 . 5  x 10 t o  2 . 3  x 10 m per year 

(Ka s t ens , et  al . , 19 7 8 ) . The vo lumes of con t amin a t ed dredged spoil and 

s and removed each year a re there fore  comp arab le . 

B orrow pits  cou l d  b e  crea t ed wherever s and  and gravel  suitab le  for 

aggrega t e  o r  fill are found . I t  may b e  ob j e c t ed that back-filling a hole 

with con t aminat ed ma t e rial is an irrever s ib le decis ion in that it  

p ermanen t ly commi t s  that part of  the b o t t om of  the Lower Bay to disposa l .  

This i s  n o t , however , inheren t ly bad a s  an a l t e rnative t o  presen t  

p olicy . We are now a s s i gn in g  some par t s  of  the B ight a s  receiving 

areas f o r  wa s t e s , withou t  the pro t e c t ion that capping wou ld provide . 

B e t t er that  su ch d e c i s ions b e  made con s c ious ly with foresight and 

knowl edge o f  probab le impac t s .  I t  shou ld also  b e  noted that the deeper 

the h o l e s  are  dred g e d , the sma ller the areas requ ired for  a g iven 

amoun t o f  con t amina t ed ma t e r ia l . Th i s  r e du c t ion in su rface area could 

i t s e l f  have p o s i t iv e  e f f e c t s . 

S e l e c t ive mining  might a l so b e  u s ed t o  improve the f lushing  o f  the 

H a rbo r . I f  the pre s en t ly a symme t ic in f l ow d e s c r ib e d  earlier  could b e  

enhan c e d  by su iteb l e  mod i f i c a t ior. o f  t h e  bo t t om top o graphy , t h e  fra c t i on 

o f  E s tua ry ou t f l ow wa t e r  r e c i r cu la t ed to the  E s tua ry cou ld b e  redu c ed . 
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Such a change  woul d  lead to  a de crea s e  in the Po llution Suscep t ib il ity 

o f  the Transec t ,  that is  to  a more rap id dilution o f  wat er-b o rne 

con t aminan t s . 

The S t eady S ta t e  P o llu tion S u s c ep t ib ility ( PS S ) , as  d e f ined by Wey 1 

( 1 9 7 6 )  i s , in e s s en c e ,  the inverse o f  the volume o f  wa ter per unit t ime 

availab le for  the dilut ion o f  a f ixed quan t i ty of  contaminan t . For an 

3 -1 e s tuary wi th a fre sh wa ter r ive r inf low o f  R km d 

P S S  = l / [ T ( l  - f )  + R ]  

where T i s  the average of  t h e  ab s o lu t e  valu e  o f  t h e  t i da l  f l ow through the 

tran s e c t  at the mou th of the e s tua ry in km3 d-1 and f is the fract ion of  

the ebb f low that  re-en ters the e stuary on the n ext f lood . In the case o f  

the Hud s on-Raritan E s tuarin e  Sys t em ,  a term rep r e s en t ing t h e  in f low through 

the Eas t River from Lon g I s land S ound , QE ' mu s t  be in c luded in the ab ove 

equat ion . 

P S S  = l / [ T ( l  - f)  + R + QE ] 

Chara c t e ri s t ic values o f  T ,  R ,  and QE for the Hud son-Raritan 

km3 - 1 
E s tuarin e  Sys t em a t  the Sandy Hook-Ro ckaway P o in t  Tran s e c t  are 1 . 5  � ,  

0 . 0 6 0 5  km
3 

d
-1

, an d 0 . 0 3 0 5  km3 d-1 
s o  that 

PSS = 1 / [ 1 . 5 ( 1 - f)  + 0 . 0 9 1 ]  

U s in g  values f o r  the ra t e  o f  d i s cha r g e  o f  n i t rogen in wa s t e  wa t e r s  an d for  

the  c on c e n t r a t ion of  total  n i t ro g en a t  the Tran s e c t  durin g January , 19 7 4 , 
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when primary produ c t ion wa s low (Duedall e t  al e 19 7 7 ) , it  is po s s ib le 

t o  e s t ima t e P S S  u s ing the rela t i onship c
p = qp X P S S , where C

p 
is a 

weight ed mean con centrat ion o f  a pollutan t  and q is  i t s  men ra t e  o f p 

in t rodu c t ion in to the e s tuary . Then f c an b e  comput ed by inverting the 

above equat ion : 

P S S  - 3 . 2  f = 0 . 8 5 

and under the s t a t ed con d i t ion s , then , 8 5 %  of the ebb flow reen t ers  the 

E s tuary at the fo llowing flood tide . If s e le c t ive sand min ing reduced 

this f ra c t i on of r e c ir cu la t ed wa ter from 8 5  t o  7 0  percen t , it  would 

reduce the Pollu t ion S u s c ep t ib il i ty from 

t o  

P S S  = 1 / (TxO . 15 + R + QE ) 

= 1 / 0 . 3 16 = 3 . 2  

P S S  � 1 / (TxO . 30 + R + QE ) 

� 1 / 0 . 5 4 = 1 . 85 

For typ i c a l  valu e s  o f  R and QE a redu c t ion of  ab ou t 4 2 %  in the P o llu t ion 

S u s c ep t ib il i ty f o r  the lowe r reaches of the e s tuary cou ld thus b e  

an t icipa t e d . Ext en s ive mod e l  studies  wou ld , howeve r ,  b e  necessary t o  

m o r e  thoroughly exp lore the  po t en t ia l  f o r  imp r ovin g the  f lushin g  o f  the 

lower e s t u a ry throu gh s e le c t ive sand minin g . 
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Port Fa cilities  Changes  

During the  1960 ' s and 1 9 7 0 ' s the port  facilities  o f  the  P o rt of  

New York and New Jersey we re sub s t an t ially modif ied t o  mee t  the  

changing needs  o f  world marit ime trad e . New terminal facilites  were 

con s t ructed  for con tainerized fre ight , inc luding ro l l-on , ro ll-o f f  

terminals  ( P o r t  Authority , 1 9 7 8 ) . Anchorages in t h e  Harb o r  were 

expanded and deepened (Hammon , 19 7 6 ) . 

There is however , little  evidence  that improvemen t o f  port  facili­

t i e s  has  cau s e d  any maj or chan ge in ship traf f i c . I t  might b e  argued 

tha t failure t o  deepen navigat ion chann e l s , now with dep ths o f  10 . 7  m 

and 13 . 7  m ,  t o accomodate  deep-d ra f t  sup er tanker s , who s e  draf t s  range 

f rom 19 . 8  m to 3 0 . 5  m ,  together with the la ck o f  de ep-draft  t erminal 

facilities  o f f shore , has kep t super t ankers out o f  New Y o rk Bigh t  

(Hammon , 19 7 6 ) . 

Decreased Channe l  Dredging 

The 78 Federally au thoriz ed wa t e rways in grea t er New Y o rk Harbor 

are ma intained by the U . S .  Army Corp s  of Engineers (Hammon , 19 7 6 ) . A 

large fra c t i on o f  the ma terials dredged from the se chann e l s  has  tradi­

t iona l ly b e en b a rged to  sea  for d i sp o s a l  in the N ew Y o rk B ight ( G r o s s , 

19 7 6 ) . S ome o f  the  proj e c t s  r e qu ire frequent dred ging t o  ma in t ain 

p roj e c t  d e p t h  an d s ome of the areas  a c cumu l a t e  ma t e r i a l s  c on t a in ing 

t roub le some p o l lu tan t s  such a s  met a l s , PCB s , and oils  and g r e as e s . 

S e d imen t s  remove d  f rom th e s e  loca t ion s are a maj o r  sou r c e  o f  part i c le­

a s s o c ia t ed c on t amin an t s  to  the New Y o rk B ight . 
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In view o f  the threa t o f  PCB s and other con t aminan t s  to or ganisms 

in the Bigh t , an d b e cau se  of the p o s s ib il i ty tha t more strin gen t o c ean 

d isposal criteria will soon prohib it dump ing some of these ma t erials  in 

the Bigh t , it wou ld b e  worthwhile to d e t e rmine if some of the s e  rou-

t in e ly dred ged chann e l s  could b e  allowed t o  s imp ly fill in and rema in 

undredged . For example , what e f f e c t  wou ld reduced  channel depths in 

the Edgewa t e r-We ehawken Channe l s  o f  the lower Hud s on River have on 

traffic in and throu gh the Port of New York? If this , chann el were 

allowed to  ac cumulat e sedimen t s  up to the d ep t h  of the su rrounding rive r 
. 

6 3 b o t tom ,  we wou ld hav e  eliminated  the need  for  dred g ing  ab out 3 x 10 m 

o f  mat eria l . Th is is equ ivalen t t o  4-5 years o f  maint enan c e  dredgin g  

o f  this chann e l , at  t h e  a c tual dredging ra t e s  in u s e  b e tween 1 9 3 0  and 

1 9 70 (Gros s ,  1 9 7 6 ) . 

Rela t ively unpo l luted ma t erials removed during the con s t ru c tion o f  

n ew fac i l i t ie s , f o r  examp le widening and deepen ing  channels  and 

anchorage s ,  might b e  used  t o  cover up exi s t in g  troub le s ome depo s i t s  in 

areas no longer requ ired f o r  naviga t ion . 

Recreat ional B o a t ing 

B o a t in g  facil i t i e s  are f ew in some areas of  the New Y ork 

Me t ropo l i t an region ( Carls , 19 7 8 ) . The s e  shor ta ge s  may have inh ib i t ed 

local growth in recrea t ional b o a t ing . 

Other f a c t o r s  which could limi t fu ture  re c rea t ional b o a t in g  in c lude  

in crea s e d  c o s t s  o f  fu e l  and  boat  servi c e s  as we l l  as t ight en e d  c on t ro ls  

on  the d i sp o s a l  o f  b i lge  an d s ewage  wa s t e s  from b oat s . 

La r g e r  p opU l a t i o n s  in the N ew Y o rk Me t ropo l i t an R e g ion (Koeb il and 
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Krue ckeberg , 19 7 5 )  comb ined wi th in creased a f f luence of  the region ' s 

p opu lat ion sugg e s t  that an in creased  d emand on the region ' s 

wa t er-rela t e d  recreat ional facilities  is  like ly to develop . 

High-Flow Skimming o f  Fresh Water 

The U . S .  Army Corp s  o f . En gineers ' Hud son River Flood Skimming 

proj e c t  calls  for wi thdrawa l ,  near Kin g s ton , New Y o rk (mile poin t  9 5 )  

3 - 1  o f  wat er a t  rat es up t o  4 2  m s during the high f l ow periods o f  April 

and May . The wa t e r  wi thdrawn wou ld b e  used  to  au gmen t municipal sys t em 

supplie s .  During tho se  years when the Apr i l  and May river flow is low , 

3 - 1  and during a l l  low- f l ow mon th s , wi thdrawal wou ld b e  kep t b e low 4 m s 

o r  eyen s t opped . Such skimmin g of  fre shwa t e r  would af f e c t  the po s i tion 

o f  the boundary b e twe en freshwa t er and saltwa t e r , and might also a f f e c t  

certain f ish populat ion s . 

I f  the skimmin g o f  fre shwat e r  o c curred a t  the maximum rat e  su g-

ge s t ed ab ove , we e s t ima te that the salt front wou ld be disp lac e d  

northward ( up-river) ab out 1 . 8  - 3 . 7  km , depend ing upon river flow .  

The overa l l  net  e f f e c t  on the E s tua ry wou ld probab ly b e  somewhat le s s  

than the d i splacement o f  the fron t  migh t  su gges t ,  s ince more than 7 0  

p e rcent  o f  the  wa t er wi thdrawn wou ld b e  r e t u rn ed t o  the sy s t em in the 

v i c in i ty of New Y o rk C i ty . The ave ra g e  d i s p l a c emen t of the fron t  is  

exp e c t ed to  be 0 . 9  - 1 . 8  km . With t h e  salt fron t  at , or  b e low ,  the 

Ta ppan Z e e  B r idge , a s  i t  n o rma lly wou ld be during the  wi thdrawal mon ths 

of  Apr i l  and May , n o  adve r s e  e f f e c t s  are  an t i c ip a t ed on anad r omou s  f i sh 

p opu la t ions in the r e g ion of the f ron t o r  on r e s iden t b i o lo g i c a l  

a s s emb la g e s  b e cau s e  o f  this  d i splacemen t .  I f  there we re a mea sureab le  
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b iological pertu rbat ion , it would l ikely ari s e  from remova l and 10 0i. 

mo rtality o f  f i sh eggs and larvae in t h e  skimmed wat er and mor t a l i t i e s  

o f  adult  and j uven i l e  f ish imp inged o n  t h e  in t ake screens . 

Amon g  the mor e  importan t  anadromous spe c ie s , tomcod adu l t s  cou ld b e  

a f f e c t ed s ince  they move as far north as  Albany a f t e r  spawning in the 

win t er mon ths . Larva e , howeve r ,  are more abundan t  in the salt wedge  

area , even though they have b e en reported  as  far north a s  Rose t on a t  

m i l e  poin t  6 6  (LMS , 1 9 7 7 ) . 

S triped b a s s  spawnin g  generally o c curs from late April t o  mid-June . 

In 19 7 3  eggs  were c o l le c t ed over b road s e gmen t s  o f  the River from mile 

poin t  2 2  t o  mil e  poin t  1 3 3 . Maj o r  con c en t ra t ion s were found b e tw e en 

mile poin t  4 1  and �i1e poin t  90  ( T exas In s t rument s ,  197 3 ) . S in c e  youn g 

s tr ip e d  b a s s  t end �o move down s tream ,  the e f f e c t  on them o f  the wi th­

drawal of large amoun t s  of wa t e r  at mi l e  p o in t  95 wou ld probab ly b e  

minor in mo s t  years . 

The large s t-scale  migrat ion which o c cu r s  within the Estuary i s  

that o f  t h e  anadromou s genus Alosa , wh i ch inc lude s  American shad ( A10sa 

s apidi s s ima) , alewif e  (A1osa ps eudoharengu s ) , and b lueback he rrin g  

( Alosa ae s t iva1is ) .  The ir migrat ion s and sub sequent spawning a c t ivit ie s  

c over the en tire E s tuary from Manha t tan t o  Alb any . The b lueback 

( summe r )  herring are late arrival s ,  reaching peak abundanc e  durin g May 

and Jun e , an d t h e r e f o r e  wou l d  b e  af f e c t e d  t h e  l e ast . A l ewives spawn 

during la t e  Apr i l  and May , so the ir larvae wou ld b e  sub j e c t  to remova l 

in t h e  Kin g s t on area by th e skimmin g .  S ince  spawning oc curs ab ove an d 

b e low Kin g s ton , howeve! , the imp a c t  wou ld prob ab ly n o t  b e  ma j o r . 

P eak abundan c e  o f  sp awn in g  shad o c cu r s  du rin g April . Th e gr ea t e s t  

spawn in g  a c t iv i ty o c cu r s  b e tween Kin g s t on a t  mi l e poin t  9 5  arrd Alb any a t  
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mile point 142 . Talb o t  ( 19 5 4 )  s t a t ed that the maj or spawning area for 

shad in the Hud s on River was b e twe en P ort Ewen at  mi le poin t  90 and 

C oxsackie a t  mile poin t  124 . Thi s  area is con s idered so importan t  as a 

spawning ground f or the commercially-va luab le shad that the C ommercial 

Inland Fisheries Law prohib it s  shad f ishing from March 15 - June 15 

each year "b e g inning at  the red buoy north of Kin g s t on Poin t " north­

ward , an area kn own as "The Flat s " (LMS , 197 5 ) . 

The quantity o f  wat er wi thdrawn an d , more particularly , the timing 

o f  that withdrawa l are two con s iderat ions which could adversely af fect  

suc c e s s fu l  recruitment to  American shad popu lat i on s . 

Tide Gates Acro s s  Upper East R iver 

Mo s t  p o t ential  fu ture modif icat ions of the E s tuary , inc luding tho s e  

d i s cu s sed here , wou ld cau s e  rela t ively minor chan g e s  in the po llu t ion 

su s c ep t ib il i ty of the B igh t at the S andy Hook-Rockaway Tran s ec t . One 

exc ep t ion is  the propo sal o f  Bowman ( 19 7 6 )  to  redu c e  po l lut ion o f  the 

we s t e rn end of Lon g I s land S ound by p lacing tide  ga t e s  acro s s  the upper 

Ea st R iver . These  g a t e s  would b e  used  to al low flow from the S oun d to 

New York Harbor , but  t o  b l o ck the reverse  flow . Tide gat e s  operat ed in 

this  way wou ld a f f e c t  flow through the Tran s e c t  in two ways : 

1 )  They wou ld in crea s e  the ra t e  o f  d i scha r ge o f  p o llu t an t s t o  the 

Hud s on-Ra r i t an Estuary by the f lux that now en t e r s  Long I s land 

S ound throu gh the Ea s t  R ive r . The t o t a l d is charge of mun icipal  

was t ewa t er in t o  the East R iver  is  cu rren t ly ab out  3 9  p e r c en t  of  

the  total  wa s t ewa t e r load t o  t he Hud s on-Ra r i t an Es tuary b e low 

t h e  George  Wa shin g t on Bridge  (Mu e l ler  et a l . , 19 7 6 ) . As sumin g 
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tha t one half o f  this was t e  lo ad is at pre s en t  tran s f erred to  

the  S ound and the  other half  t o  the Hudson-Rari tan Es tuary , the 

t o t a l  f lux to  the Hudson-Raritan E s tuary wou ld be increa s ed by 

about 20  percen t  with tide gates . 

2 )  The net  f l ow from Long I s land S ound to the Tran sect  wou ld b e  

3 -1 in creased from i t s  present e s t ima t ed value o f  0 . 03 km d t o  

3 -1 ab ou t 0 . 2 2 km d . Th is  wou ld reduce the p ol lu t i on sus c ep t i-

b i lity at the Tran s e c t , under average run o f f  condition s , from 

3 . 2  t o  2 . 0  d -l km3 • As a result , the ave rage concentrat ion 

o f  a conserva t ive pollu tant wou ld b e  chang ed by a fac t or of  

2 . 0 / 3 . 2  = 0 . 6 3 ,  a redu c t ion o f  2 7  percen t . 

Installation o f  the t ide gat es wou ld reduce  the concen t rat ion o f 

p o l lu tan t s  in the E s tuary . I t  would also  de creas e the concen t rat ion o f  

p o l lutan t s  in the B ight c l o s e  t o  the Tran s e c t . The t o tal f lux o f  pol-

lu t an t s  in the B igh t Apex , however ,  wou ld b e  increa s ed , b ecau s e  o f  the 

d ivers ion of the s e  p o l lutan t s  from Long I s land S ound (with c orre spond ing 

b en e f i t  to S ound wa t e r  quality) . O f  course , other po s s ib le e f f e c t s  of  

t ide gat es  acro s s  the Eas t R ive r , in c luding e f f e c t s  on  the  e c o sy s t em and 

on wa t e r  u s e s , wou ld have to  b e  thoroughly evalua t e d  b e fore Bowman ' s 

proposal cou ld b e  s erious ly con s idered . 

Coal Was t e s  

S ign if i can t chan g e s to  t h e  B ight might ultimat e ly resu l t  from the 

c onve r s ion o f  o i l- f ired s t eam e l e c t ri c  gen e ra t in g  s t a t ion s along the 

E s tuary t o  coal . S c rubbers  wou ld then b e  requ ired  t o  ma in t a in a ir qua l i ty 

and the re su l t in g  s c rubb e r  wa s t e s  and f ly ash  wou ld po se a maj or wa s t e  
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d isp o s a l  p rob lem . · One opt ion curren t ly under inv e s t i gation at the S ta t e  

Un iver s i ty of  New York ' s Marin e  S c ienc e s  Research C en t e r  is  to conve rt 

the s e  wa s t es in t o  s o l id b lo ck s , approx ima t e ly a cub i c  me t er in volume , 

and t o  u s e  the b lo cks for  building  a r t i f icial f i shing ree f s  off  the 

s ou th sho re of  Long I s land . 

The op eration o f  a s ingle 1000 MW power plant for  one year requires 

2 . 0  x 10 6 tonne s  of coal from which come ab out 0 . 3  x 10 6 tonnes of fly 

a sh an d 0 . 6  x 10
6 

t onne s  o f  s c rubb er s ludge (with a wa ter  conten t  o f  

approximat e ly 5 0  percen t ) . Thi s  amount o f  was t e  would y i e l d  0 . 6  x 10 6 

t onn e s  o f  b locks , o r  app roximat e ly 3 . 4  x 105 b locks , with a vo lume o f  

o n e  cub i c  me t er each . S in c e  the t o t a l  f o s s il fu e l  electrical genera t-

ing capacity on th� e s tua�J i s  ab ou t 13 , 000 megawa t t s , the poten t ial  

. 6 -1 yield is  ab ou t 4 . 4  x 10 b lo cks y 

A reef  ab ou t 10 meters  high and 1 km wide with a 30  percent inter-

6 -1 b lock poro s i ty would use 7 x 10 b locks km o f  len g th . Thus , if  all 

p ower s t a t ions wen t  to  th is  disposal op t ion their annual production of 

b lo cks wou ld produ c e  a 0 . 6  km length of ree f  each year and the re e f  

c ou ld ext end t h e  en t i re leng th o f  Lon g I s land ( ca 1 9 0  km) in ab ou t 3 1 7  

years . 

SUNMARY 

We c an n ow b ri e f ly summa ri z e wha t  is known ab out  the inf lu en ce o f 

the E s tuary on the B i ght an d h ow some prop o s ed chan g e s in Es tua ry 

a c t iv i t i e s  might af f e c� the i r  in t e ra c t ion . We f in d  that the  f lux o f  

su spended s e d imen t acro s s  t h e  Tran s e c t  is , by any r e a s onab le e s t ima t e , 

smal l  comp a r ed t o  t h e  t onna g e  o f  dred g ed s e d imen t dump ed in the B igh t 
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from ves s e l s . S in c e  mo s t  o f  the con taminant s  we are concerned ab out 

are sed imen t-as s o c ia t ed , we have to  con c lude that dred ged mat erial i s  

t h e  principal transport mechan i sm o f  concern . In the cas e  o f  PCB ' s ,  

the rat io o f  int rodu c t i on by b a rgin g , t o  wat er t ransport on suspended 

particle s ,  to  transport  in s o lu t ion , is e s t imat e d  a t  100 : 10 : 1 .  

Dis s o lved contaminan t s , notab ly the p lan t nu t ri en t s  nitrogen and 

phosphoru s  from s ewa g e , move ac ro s s  the T ran s e c t  in the wa t e r  co lumn . 

Relatively l it t le o f  this va s t  nut rien t supp ly is  consumed by phyto­

p lankt on in the Es tuary . The re s t  support s produ c t ivity in the B i gh t , 

main ly in the Ap ex whe re phy t op lankt on account for  7 0-80%  of  the annua l 

. inpu t o f  part icu la t e  organic mat t e r . The ext en t  to  whi ch nut rient 

input from the E s tuary ( in c ludin g  DOM) , and the resu l t ing  phytop lankt on 

con t ribut ion o f  POM , in f lu en c e  summer developmen t o f  low DO cond i tions  

in  the B ight is s t i ll unre s o lve d . S ome au tho r i t i e s  con c lud e , however ,  

tha t the up gradin g  o f  New Y o rk C ity s ewage  treatme� t , even t o  the poin t  

o f  elimin a t ing nu t rient discha r ge from th i s  maj or sourc e , wou ld have 

l i t t le e f f e c t  on the in cidence of low-DO con d i t ions in the Bight . 

Floa t ing was t e s , such as those respon s ib le f or the 197 6 fouling o f 

Long I s land beache s , come mainly from the E s tuary . A re currence of this 

unf o rtun a t e  experien ce depends primar ily on the repeat of  a part icu lar 

c omb inat ion o f  me t eorolo g i cal  cond i t i on s , a comb inat ion , howeve r ,  which 

is n o t  wi ld ly improbab l e . Th e on ly su r e  way t o  prevent future 

f lo a t ab le ep i s o d e s  is to ini t i a t e  widespr ead changes  in wa s t e-hand l ing 

and disp o s al prac t i c e s  in the E s tuary and i t s  drain a ge b a s in s . 

Dre d g ing ac t iv i t i e s  in the Es tua ry an d inner B ight have , as no t e d , a 

s i gn i f i c an t inf lue� ce  on B i g h t  cond i t ion s . P rop o s e d  chan g e s  in the mann er  

in which t h o s e  ac t iv i t i e s  are  condu c t ed could mo d ify their inf luence  in  
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important respect s .  S ome fra c t ion o f  the present  burden of contami­

nated dredged ma t erial cou ld prob ab ly be eliminated . at  acceptab le co st . 

by s imp ly ceasing t o  mainta in l i t t l e-u s ed channels . Merely changing 

the locat ion of sand and gravel min in g operat ion s in the Tran s e c t  area 

cou ld in crea se average t idal f l ow by perhap s 20% . wi th proport ionat e  

reduct ion o f  Pollu t ion Suscep t ib il ity values . I f  t h e  contaminat ed 

ma terial f rom E s tuary dredgin g  cou ld b e  dump ed in the borrow pits left 

by sand min in g .  and then capped  with c lean ma terial . a maj or pre s ent 

source o f  contaminat ion to the B ight wou ld be  es s en t ially eliminated . 

A p roposed  seasonal d iver s ion o f  fresh wa ter from the mid-Hudson 

( " skimming")  wou ld p robab ly have only minor inf luen c e  on Bight wa ter 

qual ity but could af f e c t  f ish popu lat ions . In con t ras t ,  a sys t em of  tide 

gat e s  acro s s  the uppe r  Eas t  River cou ld b e  expect ed to signif ican t ly 

improve wat e r  qua l i ty . not on ly in the S oun d but in the inner B i ght as 

well . Any inf luenc e  on the rema inder of the Bight shou ld be in con­

sequen t ia l . 

The an ticipated future conver s ion of  Estuary elec t ri c  generating 

p lan t s  from o il to  coal wi ll create  a maj or was t e  disposal prob lem . 

Large quant i t i e s  o f  fly ash and scrubb e r  s ludge wil l  have t o  b e  d i sposed 

o f  at min imum co s t  and environmental damage . One n ovel solu t ion now 

und e r  s tudy at the Marine S c ien c e s  R e s earch Cen t e r  is to u s e  th i s  

ma t e rial  t o  con s t ru c t  art i f i c ial f ishin g ree f s  in the  o c e an s ou th o f  

Long I s land . The ash an d s lu d g e  wou l d  b e  comp a c t e d  in t o  s o l id con cre t e­

like b lo cks that  cou ld b e  dump ed a t  s e a  t o  form the  r e e f . Lon g - t e rm  

e f f e c t s  o f  t h i s  p r o c edure are s t i l l  u n d e r  s t udy bu t do  n o t  n o w  appear 

ob j e c t ionab l e .  Th i s  may even con s t i tu t e  the ideal s itua t i on in wh ich 

a p o t en t ia l  po l lu t ion prob lem in the E s tuary can be ma d e  to have a 
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p o s i t ive impact on the Bigh t . In mo s t  o ther cas e s  some allevia t ion of 

negat ive impac t s  by in formed managemen t is  the b e s t  that can be 

expected . 

7 7  



--�--- .------ ---------� 

REFERENCES 

Ab ood , K . A .  19 7 8 . Hudson R iver  Hydrodynamic and Wa t e r  Quality Character­
i s t ic s . Lawler ,  Matusky & Skelly Eng ineers , Pearl River , N . Y .  10 9 2 7  

Armstrong , R . S .  1 9 7 9 . B o t t om oxygen and s trat ificat ion in 1 9 7 6  and 
previou s years . Pages  13 7 -148 in NOAA Prof e s s . Paper 1 1 , R . L .  Swanson , 
C . J .  S indermann , e d s . U . S .  D ep� C omm .  

--

B i scayn e , P . E . , and C . R .  O lsen . 19 7 6 . Su spended part icu la t e  con c en­
trat ion s and comp o s i t ions in the New Y o rk Bigh t . Pages 124-137  in 
M . G .  Gro s s , ed . ,  Am . S o c . Limnol . Oceanogr . Spec . Symp . Vol . 2

-. -

Bopp , R . F . , H . J .  S imp son , and C . R .  Olsen . 1 9 7 0 . PCB ' s  and the S ed imentary 
Record a t  the Hud s on Rive r . 

B owman , M . J .  19 7 6 . T idal Locks acro s s  the East  River . Pages 28-43 in 
E s tuarine Proc e s s e s  Vol . 1 .  Academic P r es s ,  N . Y .  

Carls , E . G .  19 7 8 . Re creat ion . MESA N ew York B i gh t  Atlas Monograph 19 . 
MESA New York Bigh t  Proj e c t  and New Y o rk S ea Gran t Ins t . 3 2  pp . 

C en t ral Hud s on Gas & Elec tric  Corporat ion . 19 7 7 . Ro s e t on Genera t ing 
S t a t ion near f i e ld e f fe c t s  o f  one onc e - throu gh coo ling sy s t em operat ion 
on Hudson R iver b io t a . C en t ra l  Huds on Ga s & Elec t r i c  Corp . , 
P ou ghkeep s i e , N . Y .  

Chervin , M . B .  19 7 8 . A s s imila t ion o f  par t i cula t e  organic carbon by 
e s tuarin e  and coa s t al cop epods . ¥�r .  B i o I . 4 9 : 2 6 5 - 27 5 . 

Doyle , B . E .  and R . E .  Wilson . 1 9 7 8 . Lat eral dyn amic b alan c e  in the Sandy 
Hook to Rockaway P o in t  tran se c t , E s tuarin e  and C o a s t al Ma rin e  S c ience . 
6 : 16 5 -1 7 4 . 

D rake . O . E .  19 7 4 . Su spended Part icula t e  Ma t t e r  in the N ew York B ight 
Apex : S ep t . -Nov . 1 9 7 4 . NOAA TR ERL 3 18 - MESA 1 .  53 pp . NTI S 
COM 7 5 -l09 l3 /AS . 

Duedall , I . W . , H . B . O ' Connors , J . H .  Parke r , R . E .  Wilson , an d A . S . Robb i�s . 
1 9 7 7 . The Abundan c e s , D i s t r ib u t ion and Flux o f  Nu t rien t s  and Ch lo rophy l l  
a in t h e  New Y o rk B ight Apex . E s tua r in e  a n d  Coa s t a l  Ma rine S c ience  
5: 8 1-105 . 

Falkowski , P . G . , Hopki-n s , T . S . , \-la 1sh , J . J .  1980 . 
a f f e c t in g  oxygen d ep le t ion in the New Y o rk B i gh t . 
3 8 : 4 7 9 -5 0 6 . 

An ana ly s i s  o f  fa c t o r s 
J .  Ma r .  R e s . 

Fig ley , W . , B .  Py le , B .  Halgren . 19 7 9 . P a g e s  3 15 - 3 2 2  in R . L .  Swan son ,  
C . J .  S in d e rmann , e d s . , NOAA P r o f e s s . P ap e r  l!. U . S .  D ep t . C omm . 

7 8  

• 

• 

• 

• 

• 

.. 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

I • 

• 

Freeland , G . L . , D . J . P .  Swif t ,  W . L .  S tubb le f ield , and A . E .  C ob . 19 7 6 . 
Surficial S edimen t s  of the NOAA-ME SA S tudy Areas in the New York Bight . 
Pages 9 0 -101 in M . G .  Gros s , ed . ,  Am . S o c . Limnol . O ceanogr . Spec . Symp • •  

Vol . 2 .  

Gars id e , C .  an d T . C .  Malon e . 
the New York Bigh t  Apex . 

1 9 7 8 . Mon thly Oxygen and Carbon Bud ge t s  o f  
Es tuarine a n d  Coa s t al Marine Science 6 : 9 3 -104 . 

Gar s id e , C . , T . C .  Malone , O . A .  Roels , and B . C .  Sharf s t ein .  1 9 7 6 . An 
Evalua t i on o f  S ewage-Derived Nut rien t s  and , Their Inf luence on the Hud son 
Es tuary and New York B i ght . E s tuarine and Coastal Marine S c ience . 
4 : 28 1-2 8 9 . 

G iese , G . L .  and J . W .  Barr . 19 6 7 . The Hud s on River e s tuary : A preliminary 
inve s t igat ion o f  f l ow and wat er qua l i ty charac t e ris t ic s . New York S t a t e  
Conservat ion D e p t . ,  Wat e r  R e s . C omm .  Bull . 6 1 . 

Gros s , M . G .  19 7 2 . Geological a sp e c t s  o f  was t e  solids and marine was t e  
dep o s i t s , N ew York me tropoli tan re gion . Geol . S o c . Am .  Bu l l . 
8 3 : 3 16 3 -3 17 6 . 

Gros s ,  M . G .  1 9 7 6 . S ources o f  Urban Was t e s . 
ed . , Am .  S o c . L imn o l . O c eanogr . Spe c . Symp . 

Pages  150- 1 6 1  in M . G .  Gros s , 
Vol . 2 .  

Gunnerson , C . G .  1 9 8 1 .  The N ew York B ight Ecosy s t em .  Pages  3 13-3 7 8  
in R . A .  Geye r , Marine Environmen t al Pollu t ion 2 .  Dump ing an d Mining . 
Elsevier S c i . Pub l .  C o . , Ams t erdam , N . Y .  

Hammon , A .  1 9 7 6 . P o rt Facil i t i e s  and Commerc e .  MESk, New York B ight 
Proj e c t  and New Y o rk S ea Gran t  Ins t i tu t e . 4 1  pp . 

Han , G . , D . V .  Han s en , A .  Cant illo . 1 9 7 9 . D ia gn o s t ic mod e l  o f  wat er and 
oxy gen t ran sport . Pages  1 6 5- 19 2 in R . L .  Swanson , C . J .  S indermann , ed s . , 
NOAA Pro f es s . Pap e r  11 . U . S .  D ep t . C omm . 

Howe lls , G . P . , T . J .  Kne ip e  and M .  E i senbud . 19 7 0 . Wat e r  quality in 
indu s t rial areas : profile  o f  a rive r . Environ . S c i . Tech . 4 : 2 6-3 5 . 

Jay , D . A . , M . J .  B owman . 19 7 5 . The phy s i c a l  oceanography and 
wat er qua l i ty o f  New Y o rk Harb o r  and we s t e rn  Long I s land S ound . Tech . 
Rp t .  23 , Mar .  S c i . Res . C t r . , SUNY , S t ony Brook , N . Y .  

Johan son , E . E . , S . D .  B owen and G .  H enry . 1 9 7 6 . S ta t e-o f - the-Art Survey 
and evalu a t ion of op e�-wat e r  dredged ma t e ri a l  p lac emen t methology Tech . 
Rp t .  D- 7 6 -3 , U . S .  Army C orp s o f  En g in e e r s  Wat e rway s Experimen t S ta t ion , 
Vicksburg , His s . 

Jones , C . R . , C . T .  Fray an d J . R .  S chub e l . 1 9 7 9 . Textural Propert i e s  o f  
S u r f i c ial S e d imen t s  o f  l ower B ay o f  N ew York Harb o r . Sp e c . Rp t . 2 1  o f  
t h e  Ma r .  S c i . Re s .  Ct r . , SUNY , S t ony B rook , N . Y .  

Kao , A . F .  19 7 5 . A s tu dy o f  the  curre n t  s t ru c t u r e  in the S an dy Ho ok­
Rockaway P o in t  Tran s e c t . M . S .  R e s earch Paper , Nar . S c i .  Res . C t r . , 
Sm,IT , S t ony B ro o k , N . Y .  

7 9  



Kas t ens , K . A . , C . T .  Fray and J . R .  S chubel . 19 7 8 . Environment a l  e f fe c t s  o f  
sand min ing in t h e  Lower B ay of  New York Harb o r . Pha se  1 .  Spe c . Rp t .  15 
of the Mar . S c i . Re s .  13 9 pp . C tr . , SUNY , S t ony Brook , N . Y . 

Koebe l ,  C . T .  and D . A .  Kru e ckeb e r g . 1 9 7 5 . D emograph ic Patt ern s  in the New 
York B i ght  Region . MESA New York B i ght Atla s  Honograph 23 . MESA New 
York Bight Proj e c t  and New Y o rk S ea Gran t In s titut e .  43  pp . 

Koppe lman , L . E . 1 9 7 8 . Long I s land Comp rehen s ive Was t e  Treatmen t 
Managemen t P lan : L . I .  208  S tudy . V .  I and I I , 247  and 3 6 4  pp . 

Kopp e lman , L . E . , P . K .  Weyl , M . G .  Gros s , D . W .  Davies .  1 9 7 6 . The Urban S ea : 
Lon g I s land S oun d . Praeger  Pub l . ,  N ew York . 2 2 3  pp . 

Lawler ,  Matusky & Ske lly Eng ineers . 
ecology s tudies  a t  Kings ton , N . Y . 
Ga s & Electric Corp . 

1 9 7 5 . 19 7 3  Hudson River aquat i c  
Prepared f o r  C en tral Hud son 

Malon e , T . C .  (Background pap e r ) . Factors Influencing the Fat e  of S ewag e  
De rived Nutrien t s  in t h e  Lower Hudson Estuary and New York Bight . 

Malon e , T . C .  19 7 6 . Phytop lankt on Product i�T i ty in the Apex o f  the New York 
Bight : Environmen tal  Regula t i on of Produ c t ivity / Chlorophy ll �. Pa ges 
260-2 7 2  in M . G .  Gro s s , ed . Am . S o c . Limno l .  Oceanogr . Spe c . syinp . , 
Vo l .  2 .  

Malon e , T . C .  19 7 7 a . Environmental regu la t ion o f  phy t op lankt on 
produ c t ivi ty in the lower Hud s on Es tuary . Es tuarine and Coas tal 
Marin e  S c ienc e  5 : 15 7 -17 1 .  

Ma lone , T . C .  19 7 7b . L ight-Satu ra t e d  Pho t o syn the s i s  by Phytop lankt on S i z e  
Fract ions i n  the New York B i ght , U . S . A .  Marine Biology 4 2 : 2 8 1-2 9 2 . 

Malone , T . C .  19 7 7 c . Unpub lished data . 

Malon e , T . C .  and M .  Chervin . 1 9 7 9 . The produ c t ion and fate  o f  
phytop lankt on s i z e  fra c t ions in the plume o f  the Huds on River , New York 
Bight . L imnol . Oceano gr . 2 4 : 6 8 3-6 9 6 . 

Malone , T . C .  W .  Esais , P .  Falkowski . 19 7 9 . P lankt on dynamics and nu t rien t 
cyc l in g . P a g e s  19 3 -2 2 9  in R . L .  S�van son ,  C . J .  S indermann , ed s . , NOAA 
Prof e s s . Pap e r  ll. U . S .iDep t . Comm . 

Ma rit ime A s s ociat ion . 1 9 7 8 . New Y o rk Port  Han db o o k ,  1 9 7 8 . Ma ritime 
Associa t ion of the Port o f  N ew York , N ew York . 164  pp . 

Haro t t a , J .  1 9 7 8 . P e r s on a l c ommun i c a t ion . 

ME S A  S pe c ia l R e p t . 
u . S .  D ep t . C omm .  

1 9 7 7 . Long I s land B e ach P o l lu t i on : June 19 7 6 . NOAA , 
7 5 pp . 

Mu e l l e r , J . A .  an d A . R .  An d e r s on . 19 7 8 . Indu s t r ial Wast e s , MESA New Y o rk 
B ight A t la s  Mono gra ph 3 0 . HE SA New Y o rk B igh t Proj e c t  and the  New York  
Sea  G ran t  I n s t i tu t e . 3 9  pp . 

8 0  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Mu eller , J . A . , J . S .  Jeris , A . R .  An derson , and C . F .  Hu ghe s . 19 7 6 . 
Contaminan t Inpu t s  to the New Y o rk B i gh t . NOAA T echnical Memorandum ERL 
MESA-6 , u . s .  Governmen t Prin t in g  O f fice . 346  pp . 

Nat ional O c e an Survey . 19 7 8 . NOAA ship GEORGE B .  KELEZ (brochure) . 6 pp . 

O ' Connor , J . S .  19 7 9 . A persp e c t ive on natural and human fac t or s . Pages 
3 23-3 3 3  in R . L .  Swan son ; C . J .  S indermann , eds . , NOAA Prof es s . Paper 1 1 . 
u . S .  D ep t . Comm .  

O ' Connor , D . J . , R . V .  Thomann , and H . J .  S alas . 1977. Water Quality . MESA 
New York Bight Proj e c t  and New York S ea Gran t  Ins t i tut e .  104 pp . 

O ' Connor , D . J . , R . V .  Thomann and D . M .  D i-Toro . 19 7 7 . Wat er-Quality 
Analy s e s  of  Estuarine Sys t em s . Es tuarie s  Geophy s i c s  and the Environmen t .  
Nat iona l  Academy of  S c ienc e s ,  Wash . , D . C .  

O ' Connor s ,  H . B .  and I . W .  Du eda1l .  1 9 7 5 . The S easonal Variat ion in 
S ource s , Concen t ra t ions , and Impac t s  of Ammonium in the New York B i ght 
Apex . Pages 6 3 7 -6 6 3  in T .  Church , ed . , Ma rin e  Chemistry in the Coa s t a l  
Environmen t ,  American Chem . S o c . S ymp . S e r e No . 18 . 

Prit chard , D . W .  1 9 6 7 . Wha t  is  an e s tuary ; physical viewpoin t .  Pages  3-5 
in G . H .  Lauf f ,  e d . Es tuarie s . Amer . As s o . for the Advancemen t o f  
S cien c e , Washington , D . C .  

Redf i eld , A . C . , B . H .  Ket chum and F . A .  R i chard s . 1 9 6 3 . The Influ ence o f  
organ isms on t h e  composit ion o f  sea-wa t e r . Pages  2 6-77  in M . N . Hill , 
ed . , The S e a , Vol . 2 .  John Wiley & Sons , In c . , N ew York . 

S egar , D . A .  and G . A .  Berb� rian . 1 9 7 6 . Oxygen dep let ion in the New York 
B ight Apex : Cau s e s  an d Cons equen c e s . Middle At lan tic Continen t a l  She l f  
and t h e  New York B igh t . Pages  2 2 0- 2 3 9  i n  �1 . G .  Gros s ,  ed . ,  Ame r . S o c . 
L imnol . O c eanogr . Spec . Symp . , Vol . 2 .  

S imp s on , H . J . , S . C .  Wil liams , C . R .  O l s en and D . E :  Hammond . 1 9 7 7 . Nu trien t  
an d Part icula t e  Mat t er Bud ge t s  in Urban E s tuarie s .  Pages 94-10 3 in 
Es tuari e s , Geophy s i c s  and the Environmen t ,  S tudies  in Geophy s ic s . 
Na t ional Academy o f  S c ien ce s , Washin g t on , D . C .  

S t arr , R . B . , F . W .  S t e imle . 1 9 7 9 . T emporal  d eve lopmen t of phy s i cal 
chara c t e r i s t ic s . P age s 1 7 - 5 0  in R . L .  Swan son , C . J .  S indermann , ed s . , 
NOAA Pro f e s s . P ape r 11 . u . S .  D ep t .  Comm . 

Sus zkowski , D .  P e rs onal communicat ion . 

Swan sor. , R . L . , C . J .  S indermann ( ed s ) . 1 9 7 9 . Oxy g en deplet ion an d 
a s s o c ia t e d  benthic  mo r t a l i t i e s  in N ew Y o rk B i gh t ,  1 9 7 6 . u . S .  D e p t . Comm . , 
NOAA Pro f e s s . Paper  1!. 3 4 5  pp . 

Swan son , R . L . , C . J .  S inde rmann , G .  Han . 19 7 9 . Oxygen deplet ion an d the 
f u ture : an evalu a t ion . P a g e s  3 3 5 - 3 4 5  in R . L .  Swan son , C . J . S in d e rmann , 
ed s . , NOAA P r o f e s s . Pap e r  1 1 . u . S .  D e p t . C omm .  

8 1  



11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1  
3 1794 02299285 4 

Swa rt z , S . 11 . and B . H .  B rinkhu i s . 1 9 7 8 . The impact o f  dredged holes on 
oxy g en d emand in the Lowe r Bay , New Y o rk Harb o r . S p e c . Rp t .  1 7  o f  the 
Mar . S c i . Re s . C t r . , SUNY , S t ony B r o o k ,  N . Y .  80 pp . 

Talb o t , G . B .  1 9 5 4 . F a c t o r  a s s o c ia t e d  with the f luctua t ions in abundan c e  
o f  Hud s on River Shad . U . S .  F ish Wild l i f e  S e rv o  Bull . 5 6 : 3 7 1-4 13 . 

Texas I n s t rumen t s , Inc . 
I II March-July 1 9 7 3 . 

19 7 3 . Fishe ries S urvey o f  the Hud s on R iver , 
Prep a r e d  f o r  C on s o lida t ed Edison C o . o f  N . Y ,  In c .  

Thoma s , J . P . , W . C .  Pho e l , · F . W .  S t e imle , J . E .  O ' Reilly and C . A .  Evan s . 
19 7 6 . S e ab ed oxy g en con sump t ion--New Y o rk Bight apex . Middle At lan t i c  
Con t in en t a l  S h e l f  and t h e  N ew Y o rk B i ght . P a g e s  3 5 4-3 6 9  i n  M . G .  Gro ss , 
ed . ,  Ame r . S o c . L imn o l . O c e anogr . S p e c . Symp . , Vol . 2 .  

--

Wang , J . D .  an d J . J . C onno r . 1 9 7 5 . Ma thema t ical mo d e l l ing o f  near coas t a l  
c ircu l a t ion . Ralph M .  Parsons Lab o ra t o ry f o r  Wa t e r  Resources and 
Hydrodynamic s , Dept . o f  C ivil Eng in e e r in g , Mas s a chu se t t s  In s t i t u t e  
o f  T e chn o l ogy , Rp t .  No . MIT S G  7 5 -13 , Index No . 7 5-3 l3-C 65 . 27 2pp • 

. Weyl , P . K .  1 9 7 6 . P o llu t i on Su s c ep t ib i l i ty : an environmen t a l  parame t e r  
f o r  c oa s t al z on e  managemen t . C oa s t a l  Zone Man agemen t Journ a l  2 : 3 2 7-343 . 

Williams , S . J . 19 1 5 . An thropo geni c  f il l ing o f  the Hud s on River she lf 
chann e l . Geo lo gy 10 : 5 9 7 -6 0 0 . 

Wong , Kuo-Chu in , R . E .  W i l s on . 1 9 7 9 . An as s e s smen t o f  the E f f e c t s  o f  
Ba thyme t r i c  chan g e s  a s s o c ia t ed wi th sand and grav e l  mining o n  t i d a l  
c irculat ion i n  the lowe r b ay o f  New Y o rk Harb o r . S p e c . Rp t . 18 o f  the 
Mar . S c i . Re s . SUNY a t  S tony B rook , N . Y . 24 pp . 

8 2 · 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• DUE DATE 

• 

• 

• 

• 

201-6503 Printed 
in USA 

-

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


	full cover 9
	w66_9c2_0002
	w66_9c2_0003
	w66_9c2_0004
	w66_9c2_0005
	w66_9c2_0006
	w66_9c2_0007
	w66_9c2_0008
	w66_9c2_0009
	w66_9c2_0010
	w66_9c2_0011
	w66_9c2_0012
	w66_9c2_0013
	w66_9c2_0014
	w66_9c2_0015
	w66_9c2_0016
	w66_9c2_0017
	w66_9c2_0018
	w66_9c2_0019
	w66_9c2_0020
	w66_9c2_0021
	w66_9c2_0022
	w66_9c2_0023
	w66_9c2_0024
	w66_9c2_0025
	w66_9c2_0026
	w66_9c2_0027
	w66_9c2_0028
	w66_9c2_0029
	w66_9c2_0030
	w66_9c2_0031
	w66_9c2_0032
	w66_9c2_0033
	w66_9c2_0034
	w66_9c2_0035
	w66_9c2_0036
	w66_9c2_0037
	w66_9c2_0038
	w66_9c2_0039
	w66_9c2_0040
	w66_9c2_0041
	w66_9c2_0042
	w66_9c2_0043
	w66_9c2_0044
	w66_9c2_0045
	w66_9c2_0046
	w66_9c2_0047
	w66_9c2_0048
	w66_9c2_0049
	w66_9c2_0050
	w66_9c2_0051
	w66_9c2_0052
	w66_9c2_0053
	w66_9c2_0054
	w66_9c2_0055
	w66_9c2_0056
	w66_9c2_0057
	w66_9c2_0058
	w66_9c2_0059
	w66_9c2_0060
	w66_9c2_0061
	w66_9c2_0062
	w66_9c2_0063
	w66_9c2_0064
	w66_9c2_0065
	w66_9c2_0066
	w66_9c2_0067
	w66_9c2_0068
	w66_9c2_0069
	w66_9c2_0070
	w66_9c2_0071
	w66_9c2_0072
	w66_9c2_0073
	w66_9c2_0074
	w66_9c2_0075
	w66_9c2_0076
	w66_9c2_0077
	w66_9c2_0078
	w66_9c2_0079
	w66_9c2_0080
	w66_9c2_0081
	w66_9c2_0082
	w66_9c2_0083
	w66_9c2_0084
	w66_9c2_0085
	w66_9c2_0086
	w66_9c2_0087
	w66_9c2_0088
	w66_9c2_0089
	w66_9c2_0090

