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ABSTRACT

T h e  State o f  R h o d e  Island is d isputing (U nited  States versus  M aine) the 
delineation o f  the  closing line (a part o f  the  baseline th a t  crosses a body  o f  w a te r  
f ro m  w h ich  m arg inal seas are m easured)  separa ting  th e  w a te rs  u n d e r  Federa l 
jurisd ic tion  f rom  State W a te rs  in the  vicinity o f  ea s te rn  Long Island Sound . 
Jurisd ic tion  o ver  som e 595 km 2 (172 nautical miles: ) o f  the  continen ta l  she lf  is in 
ques tion .  T h e  U n ite d  States legally considers  Long Is land S o u n d  as historic inland 
waters.  R h o d e  Island con tends  tha t  Long  Island is p a r t  o f  the  m ain land ,  thus 
m oving  the  baseline seaw ard .  T he  fundam en ta l  issue revolves a ro u n d  w h a t  
constitu tes  the m ain land , as determ ined  by  w h e th e r  the E ast  R iver  is a r iver  o r  a 
tidal strait.

This  p ap e r  exam ines  the definitions o f  rivers and  straits a n d  develops w ork ing  
definitions for them . T h e  physical characteris tics  o f  the E ast a n d  H arlem  Rivers are 
exa m in e d  and  co m p a re d  with  the w o rk in g  definitions as p a r t  o f  the litigation in this 
case.

*
*  *

O thers  will en te r  the  gates o f  the  ferry  and  cross  from  shore  to shore.
O thers  will w a tc h  the run  o f  the  flood-tide
O thers  will see the shipping o f  M a n h a t ta n  n o r th  a n d  west,  a n d  the  heights o f  

B rooklyn  to the sou th  and  east.
O thers  will see the  islands large a n d  small ;

(1) Office o f  M a r in e  Po l lu t ion  A sse ssm e n t ,  N O A A ,  R ockv il le ,  M a r y la n d  20852, U .S .A .
(2) Office o f  M a r in e  Po l lu t ion  A ssessm en t.  N O A A ,  S to n y  B ro o k .  N e w  Y o rk  11794, 

U .S.A.
(3) T h e  A m e r ic a n  U n iv e rs i ty ,  W a s h in g to n ,  DC. 20016. U .S .A .



Fifty years  hence ,  o the rs  will see them  as they  cross, the sun half an  h o u r  
high

A h u n d red  yea rs  hence,  o r  ever  so m an y  h u n d re d  years  hence, o the rs  will see 
them ,

Will enjoy the  sunset,  the pou r ing - in  o f  the flood-tide, the falling-back to  the 
sea o f  the  ebb-tide.

W alt  W h i tm a n
f rom  Crossing Brooklyn F erry .- 1856

INTRO DUCTIO N

E conom ic  resou rces  in the o c e a n s  con t inue  to g ro w  in im portance ,  a n d  the 
techno logy  to deve lop  these resources  is m ore  accessible. Territoriality , as e x e m p li­
fied by the co m p lex  and  polemical L a w  o f  the  Sea T rea ty ,  is a m ajo r  issue. C loser  
to hom e ,  the  States and  Federa l g o v e r n m e n t  vie for taxab le  revenue  f rom  resources  
in o u r  coastal waters .  Delineation  o f  coastal b o u n d a r ie s  is th u s  an ex trem ely  
im p o r ta n t  a n d  of ten  controvers ia l  issue.

S uch  a dispute is n o w  occ u rr in g  in the  case o f  U nited  States versus  M aine 
(M assachusetts ,  R h o d e  Island, and  N e w  York). T h e  issue involves th e  location o f  
the  baseline b e tw e en  eas te rn  Long Is land  a n d  the N e w  E n g la n d  m ainland (Fig. 1).

T h e  U n ited  States cons iders  L o n g  Island, N.Y. as an island a n d  not pa r t  o f  the 
m ain land . T h u s ,  Long  Is land S o u n d  is no t a juridical bay. F low ever,  the S o u n d  is 
trea ted  as historic in land w ate rs  (St r  a n d persona l com m unication).

W ith  this in te rp re ta t ion ,  the  closing line (a pa r t  o f  the baseline that crosses  a 
bod y  o f  w a te r  f rom  w h ich  m arg inal  seas a re  m easured)  (Fig. 2) runs  f rom  C u lloden  
Poin t  to  O rien t  Point,  th e n ce  to P lum  Island, to R ace Point on  Fishers Island, and  
f ro m  East Po in t  on  F ishers  Island to  N a p a t r e e  Point, R.I. Block Island is cons idered  
to  be an  offshore  island.

T h e  State o f  R h o d e  Island, h o w e v e r ,  con tends  tha t  Long Island is par t  o f  the 
m ain land . In this scenario  the re  are  th re e  possible solu tions (Fig. 2). In the ex trem e ,  
the  closing line w ou ld  run  f rom  M o n ta u k  Point,  N .Y .. to  S o u th w es t  Point,  Block 
Is land,  and  then  f ro m  S andy  Point,  Block Island, to the m ain land  o f  Point Jud ith ,  
R.I. (St r a n d , p ersona l  com m unica t ion ) .

T hus ,  ju risd ic tion  o v e r  som e 595 k m 2 (172 nautical miles2) o f  continen tal shelf  
by  the  Federal G o v e r n m e n t  and  the  S tates o f  N e w  Y ork  and  R h o d e  Island is in 
q ues tion .  T h e  fu n d am e n ta l  issue, h o w e v e r ,  revolves  a ro u n d  w h a t  constitu tes  the 
m ain land , as d e te rm in e d  by w h e th e r  the  East R iver  (and possibly by implication, 
th e  H arlem  River) is a r iver  o r  a tidal strait.

T h e  ultim ate decision in the  case  resides in the  cou r ts  and  it may be decided 
cons ider ing  any  n u m b e r  o f  issues, including physical characteristics,  historical 
usage, and  physical a n d  inst itutional ties b e tw een  M a n h a t t a n  and  Brooklyn . T he  
N a tio n a l  O ceanic  a n d  A tm o sp h e r ic  A dm in is tra t ion  (N O A A ) w as  requested  by the

(*) M a r g a r e t  S t r a n d , U  .S. D e p a r t m e n t  o f  J u s t i c e ,  W a s h i n g t o n ,  D  C.
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U.S. D e p a r tm e n t  o f  Jus t ice  to rev iew  the physical character is tics  o f  the Eas t  and  
H ar lem  R ivers  and  to  d e te rm in e  the  n a tu re  o f  these  bodies  o f  w a te r  as p a r t  o f  the 
judicial process. This  rep o r t  su m m arize s  o u r  analysis  and  findings.

G ENERAL D ESC R IPTIO N

T h e  25.8 k m  (13.9 nautical miles) w a te r  b o d y  c o n n e c t in g  w es te rn  Long Island 
S o u n d  w ith  the N ew  Y ork  U p p e r  Bay is n a m e d  the  E as t  R iver  [National O cean  
S u rvey  (NOS) C h a r t s  12339 and  12366] (Fig. 3). T h e  S o u n d  en tra n ce  is be tw e en  
T h ro g s  N ec k  and  W ille ts  P o in t ;  the  U p p e r  Bay e n t ra n c e  is in the  vicinity o f  T he  
Battery an d  G o v e r n o r s  Island. T h e  tidal cycle  in the  E ast  R iver  is derived  f ro m  the 
tides in these tw o  larger bodies  o f  w ater .  T h e  tide at T h ro g s  N eck  has a ra n g e  that 
is ap p ro x im a te ly  1 m e te r  g rea te r  th a n  tha t  a t  T h e  B a tte ry ,  and  it lags th a t  o f  T he  
Battery by a b o u t  3 hours .  A Federa l  projec t p ro v id es  for m a in -channe l  dep th s  from  
10.7 m  (35 ft) at the  n o r th e rn  en d  o f  the  E as t  R iver  to  12.2 m (40 ft) a t the  so u th e rn  
end  (N O A A , 1981). A u tho r ized  sh ipping ch a n n e l  w id th s  range  from  167.8 m  (550 ft) 
to 305 m (1 000 ft) ( H a m m o n , 1976). T h e  E as t  R iv er  has  been  an  im p o r ta n t  
nav igable w a te rw a y  for several cen tur ies  an d  has p layed  an  essential ro le  in the 
c o m m erc ia l  d e v e lo p m e n t  o f  the  P o r t  o f  N e w  York.

T h e  H arlem  R iv er  is a 12.4 k m  (6.7 nautica l miles) cha n n e l  co n n e c t in g  the 
H u d so n  R iver  at the  n o r th  end  o f  M a n h a t t a n  Island w ith  the  Eas t  R iver  n e a r  Hell 
G a te  (Figs. 1 & 3). M a r m e r  (1935) states th a t  the  H ar lem  R iv er  originally  c o n n e c ted  
w ith  th e  H u d so n  R iv er  th ro u g h  a n a r ro w  c h a n n e l  k n o w n  as S puy ten  D uyv il  Creek. 
H o w e v e r ,  in 1895 a nav igable  ch a n n e l  w as  c u t  th r o u g h  the  m arsh .  T h e  contro lling  
dep th  in the  cha n n e l  is 4 m  (13 ft) and  the w id th  is generally  ab o u t  114 m  (375 ft).

T h e  early  geological theories  o n  the  origin o f  the  E as t  an d  H ar lem  R ivers  have 
been  rev ie w ed  by  HOBBS (1904). Ear ly  geologists a t t r ibu ted  th e  location  o f  the  East 
R iver  C h a n n e l  to  the  d is tribu tion  an d  d isso lu tion  o r  e ro s io n  o f  l im estone beds. 
H o b b s  re fu ted  these  theories  w ith  ev idence  o f  h a rd e r  rock  under ly ing  the  r iver ,  the 
d irec tion  o f  w h ich  w a s  largely d e te rm in ed  by lines o f  jo in ting  an d  d isp lacem ent.  
FULLER (1914) repo r ted  tha t  the  rock  channe l  w as  p r o d u c e d  by  the  m echan ica l  
e ros ion  o f  s tream s,  ra th e r  th a n  solution  (due to  lack o f  l im estone in the  area), w ith  
the fo rm  o f  the  tidal c h a n n e l  m os t  likely con tro l led  by joints  (or possibly fault 
planes) o r  by  the  s tr ike  o f  the  beds ,  w ith  no co n t r ib u t io n  due  to d o w n fa u l t in g .  T he  
n o r th e rn  p ar t  o f  the  E as t  R iver  ch a n n e l  seem ed  to  arise be fo re  th e  M a n h asse t  
P eriod  (F u l l e r , 1914). w h ic h  is n o w  th o u g h t  to  be p a r t  o f  the  W iscons in  sequence ,  
possibly m o re  th a n  55,000 yea rs  B.C. (F l i n t , 1971). T h e  ice melt f rom  the  re trea ting  
ice shee t  a n d  su b se q u en t  tidal sco u r  re m o v e d  the  deposits  left by glaciers (F u l l e r , 
1914).

Hell G a te  (D utch  -  “Helle G a t” -  literally trans la ted ,  “hole th ro u g h  hell”), a  
na tu ra l  rock  sill, divides the  E as t  R iver  a lm o s t  exac t ly  in ha l f  (Fig. 4). Hell G a te  w as  
an a p p ro p r ia te  des ignat ion ,  especially in the  ear ly  d ays  w h e n  rock  reefs, swift 
c u r ren ts ,  an d  the  to r tu o u s  channe l  r en d e re d  nav iga tion  ex trem ely  d an g e ro u s .  It 
w as  n o to r io u s  an d  d readed  by early  m ariners .  H o w e v e r ,  th e  L ong  Is land  S o u n d  
a p p ro a c h  to  N e w  Y ork  H a r b o r  bec am e  a t trac t ive  as the  d ra f t  a n d  to n n a g e  o f  the



Manhattan and surroundings

W «3t 
New York,

Manhattan
Union 
City £

Jersey City

The
Bâttery

Governors
Island

Brooklyn

Upper B a y

K IL O M E T E R SN A U T IC A L  M ILES

Fig 3. -  Manhattan and surroundings showing locations of tide and tidal current stations

Com
pile

d 
and 

dra
fted

 fo
r t

he



F ig 4. -  East River showing locations of tide and tidal current stations.



g ro w in g  steam p o w e r  fleet increased in the second q u a r te r  o f  the  19th cen tury .  
C ross ing  the bar, w ith  a dep th  o f  only 7.3 m (24 ft) at m ean  low w ater,  o f f  Sandy  
H ook  limited the access o f  these larger vessels to the H arbo r ,  and ocean dredging

• w as  no t technologically feasible at that time. D redging a channel at Sandy  H ook  did 
n o t  com m ence  until 1885. T hus ,  rem oval o f  the  hazards in the East River becam e 
ex trem ely  im por tan t  ( K l a w o n n , 1977). Since 1851 a considerable am o u n t  o f  rock 
has been rem oved  at Hell G ate , so that the channel is a b o u t  262 m (850 ft) w ide 
( M a r m e r , 1935) and  10.7 m (35 ft) deep. O f  particular no te  is that in 1876 the  
C o rp s  o f  Engineers  com ple ted  tunneling un d e r  Hallets P oin t R eef  (Figs. 4 & 5) and  
then  blasting o f  overlay ing  rock. After rem oval o f  over  90 000 tons o f  rock, the 
cha n n e l  w as  deepened  to 7.9 m (26 ft). A similar technique w as em ployed  at Flood 
R o c k  cu lm inating  in “the  greatest quantity  o f  explosives ever  a t tem pted  in a single 
o p e ra t io n ."  It w a s  pro jec ted  tha t  rem oval o f  the  rock w o u ld  reduce the tidal cu r ren t  
in the vicinity f rom  18.5 to 8.3 k m / h  (iO to 4 i / 2 knots) ( K l a w o n n , 1977).

H istorical perspective

In April o f  1524, G iovann i  da VERRAZANO, a Florentine sailing in the interest 
o f  the  King o f  F rance ,  sailed th ro u g h  the N a r ro w s  an d  into N e w  York H arbor.  
F ro m  his ship, the  Dauphine, he took a smaller boat  into the N e w  York U p p er  Bay. 
H o w e v e r ,  it w as no t  until 1614 tha t  A drien  BLOCK, an Englishm an , pushed  th ro u g h  
the  hazardous  ch a n n e l  w h ic h  is now  called Hell G ate (W ILSON, 1892). T he  term  
“Helegatt"  appears  on  a m ap  o f  the m etropo li tan  region dated  1616. The  notation  
ap p e a rs  on  land in the  vicinity o f  T h ro g s  Neck. L a e t  (1625) points ou t  tha t  the 
D u tch  settlers re ferred  to the p resen t East River as Hellegat.  Captain B l o c k  
descr ibed  this body  o f  w a te r  as f lowing f ro m  great bay  (Long Island Sound) into 
the  g rea t  river (H udson  River) and  the  cu r ren t  o f  this body  o f  w a te r  as com ing  a 
d is tance o f  abou t  111 miles (from  the en t rance  o f  Long Island Sound).

The Rem onstrance o f  New Netherlands drafted  by the  people o f  N ew  
N e th e r la n d  in 1649, refers  to  the East R iver  as bo rder ing  the no r th  side o f  Long 
Island (i.e., the p resen t L ong  Island Sound), separating  it f rom  M ana thans  (Dutch  
Spelling) Island as far as the  Hellgate an d  being highly desired by the English “on 
a c c o u n t  o f  its co n v e n ie n t  position, its suitable harbors ,  and  anchorage  g r o u n d s ” . 
A lso, th e  East R iver  w as  so nam ed ,  “because  it stretches E ast  from  the M anathans .  
This  is es teem ed by m a n y  n o t  a river b u t  a bay, because ‘tis very  wide in som e 
places, an d  opens  at b o th  ends  into the sea. W e ,  h ow ever ,  consider  it a river, and  
it is generally  so reck o n ed "  (O C a l l a g h a n , 1856).

T hus ,  for so m e  time, ju s t  as the  H udson  River w as  called the  N o r th  River 
b ecause  o f  its d irection , w h a t  w e k n o w  as Long Island S ou n d  w as considered the 
E as t  R iver because o f  its East trending  direction. H ow ever ,  the  te rm  Long Island 
S o u n d  w a s  used as early as 1670 on  a m a p  by R o b e rt  R y d e r  (on file, N ew  York  
Historical Society).

C onfusion  o v e r  the  no m e n c la tu re  an d  actual boundar ies  o f  the p resen t East 
R iver  an d  Long Island S ound  stems f rom  the  explora tion  and  settlement o f  this 
reg ion  by tw o  nationalities during the  sam e period. T he  failure o f  the N e w  
N e th e r la n d s  colonists to  co rrec t  their  m isnam ing  the E ast  River, presently  Long 
Is land  S ound ,  k n o w in g  it w as  no t a river, p robab ly  reflects the harshness  o f
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colonial life and  the subsequen t  im portance placed on  survival versus  p ro p e r  
delineation and  description o f  w a te r  bodies.

Post colonial perspective

The early residents, w h o  regarded  the East River as som eth ing  o ther  th a n  a 
river,  show ed  “little p roprie ty  in denom inating  it [East River] a r iver” accord ing  to 
H a s k e l  and  S m i t h  (1849). E ngineering  and  scientific studies o f  the East R iver  in 
th e  latter half  o f  the 19th cen tu ry  are  followed by the assertion or  parenthetica l 
cavea t  that the  East R iver  is not a true  river but ra ther  a strait, tidal strait o r  
hydraulic strait [MITCHELL, 1867, ! 886 ; HARRIS, 1966 (reprinted f rom  a 1900 
report) ;  M a r m e r , 1935; J a y  and  Bo w m a n , 1975; an d  Bo w m a n , 1976].

EXTANT RELEVANT D EFIN ITIO N S

Since o u r  objective is to m ake a recom m enda t ion  as to w hether ,  on  a physical 
basis, the East R iver is a river o r  a strait,  it is appropria te  to  review the accepted  
definitions o r  ax iom s for  such  te rm s  as river, strait,  tidal strait,  o r  hydraulic  strait. 
T h e  actual physical processes th a t  occu r  in the  East R iver are characterized, 
com pared ,  and  discussed relative to  these definitions.

Legal Definitions

Definitions fo r  r iver and  strait m ay  be found in SHALOWlTZ's Shore and Sea  
Boundaries, Vol. 2 (1964) and  Vol. 1 (1962), respectively ;

River : “A river has been defined legally as ‘a natura l stream o f  w a te r ,  o f  
g reater v o lu m e th a n  a creek o r  rivulet, f lowing in a m ore  or  less p e rm a n en t  
bed o r  channel ,  be tw een  defined  banks  or walls,  w ith  a cu rren t  w h ich  may 
either be con t in u o u s  in one  d irection o r  affected by the ebb and  flow o f  the 
tide’ (Bl a c k , Law  Dictionary  (4th ed.) 1491 (1951), citing Alabam a v. Georgia , 
23 H ow . 505, 513 (64 U.S., 1860) and  Motl v. Boyd , 286 S .W . 458 (1926) 
(Tex.))” .

Strait : "... the In ternational C o u r t  o f  Justice laid d o w n  the doctrine tha t  the 
decisive criterion for a strait being open  to the passage o f  vessels o f  o ther  
nations is 'its [the strait’s] geographica l situation as connecting tw o  parts  o f  the 
high seas and  the  fact o f  its being used for  in ternational nav iga tion ’ 
H ow ever ,  a strait in the geographica l sense is “defined as a relatively na r ro w  
w ate rw ay  connect ing  tw o  larger  bodies o f  w a te r ”.

In the A cts o f  the 1930 H ague  Conference,  the report  o f  the Second 
S ub-C om m ittee  contains  the  following ; “W h e n  a river flows directly into the sea, 
the waters o f  the  r iver constitu te  inland waters up  to a line following the general 
direction  o f  the Coast across the m o u th  o f  the river, w ha tever  its width. I f  a river



flows in to  an  e s tu a ry ,  the rules app licab le  to bays  apply  to  the  e s tu a r y ”. T h e  
re c o m m e n d a t io n  o f  the  Special M a s te r  o f  the  1958 G e n e v a  C o n v e n t io n  was 
substan tia lly  the  sam e,  ex e p t  tha t  n o  m e n t io n  w as  m a d e  o f  r ivers  tha t  flow into 
estuaries.

Common D efinitions

T h e  O xford English Dictionary (1970 Edition)  is taken  as the  m ost  c o m p r e h e n ­
sive a n d  au th o r i ta t iv e  so u rce  for the English  L an g u a g e  :

R iv e r :  “A cop ious  s tream  o f  w a te r  f low ing in a ch a n n e l  to w a rd s  th e  sea, a 
lake, o r  a n o th e r  s t r e a m ”.

S trea m  : “A c o u rse  o f  w a te r  f low ing  c o n t in u o u s ly  along a bed o f  ea r th ,  
fo rm in g  a river,  rivule t,  o r  b r o o k ” .

S tra it : “A com p ara t iv e ly  n a r r o w  w a te rw a y  o r  passage c o n n e c t in g  larger 
bod ie s  o f  w a te r ”. In the  adjective fo rm , s trait w a s  listed in the  physical sense 
as  “tight, n a r ro w . . .  3. o f  a w ay ,  passage o r  c h a n n e l ;  so n a r ro w  as to  m a k e  
trans i t  difficult” .

In  general ,  th e  definition for “s tra i t” in severa l  c o m m o n  usage d ic tionaries  
co n su l te d  is eq u iv a le n t ;  h o w ev e r ,  several dev ia tions  a re  o b se rv e d  for “r iv e r” :

“A n a tu ra l  s t ream  o f  w a te r  o f  cons iderab le  v o lu m e "  (W ebster's Seven th  New  
Collegiate D ictionary , 1970).

“A  large n a tu ra l  s t ream  o f  w a te r  em p ty in g  in to  an  o ce an ,  lake, o r  o th e r  body  
o f  w a te r ,  and  usually fed along its co u rse  by c o n v e rg in g  tr ibu ta r ies"  (N ew  
C ollege E d it ion ,  (The Am erican H eritage Dictionary o f  the English L a n g u a g e , 
1976).

“A n a tu ra l  s tream  o f  w a te r  o f  fairly large size f low ing  in a definite c o u rse  o r  
ch a n n e l  o r  series o f  d iverg ing  a n d  conve rg ing  c h a n n e l s ” (The R andom  H ouse  
College D ictionary , 1980).

Scientific Definitions

T h e  Glossary o f  Oceanographic Term s  (Ba k e r  et at., 1966) d e f in e s :

S tra it : “A n a r r o w  sea channel w h ic h  separa tes  tw o  la n d m asses” ; 
a n d
C h a n n e l .- “A na tu ra l  o r  artificial w a te rw a y  w h ic h  e i the r  per iodically  o r  
c o n t in u o u s ly  con ta in s  m oving  w a te r  o r  w h ic h  fo rm s  a co nnec t ing  link 
b e tw e e n  tw o  bodies  o f  w a te r ” .

T h e se  tw o  definitions in c o m b in a t io n  seem  to c a r ry  all the  p roper t ie s  o f  a 
geograph ica l  s trai t  as  def ined  in d ic tionaries  and  in SHALOWiTZ (1962). T h e y  also 
imply th e  m o v e m e n t  o f  w a te r  b e tw e e n  the  tw o  co n n e c te d  w a te r  bod ie s  via the  
strait, a t  least in te rm itten tly  if  n o t  co n t inuous ly .  T h e re  is no  sense  o f  directionality  
o f  this flow. T h e  possibility o f  net f low  in b o th  d irec tions  is n o t  exc luded  n o r  is any  
driv ing force  (tidal, g rav ity ,  etc.) implied for this f low. A t  first g lance, the  c h a ra c te r



o f  the  w ate r  bodies being c o n n e c te d  by the  strait is no t specified except th a t  they  
be la rger  than  the  n a r r o w  strait,  p re su m a b ly  in w id th .  M ost  ocean o g rap h ic  
glossaries an d  d ic t ionaries  do  no t v e n tu re  a definition for “river", p robab ly  because  
it is no t  cons idered  an o c e a n o g ra p h ic  fea tu re  associa ted  w ith  salt w a te rs ;  h o w e v e r ,  
B a k e r  et a l., (1966) defines r iver  d isch arg e  :

R iver D ischarge : (also called r iver  o u tf low , r ive r  runoff)  "The rate o f  f low o f  
w a te r  past a p o in t  in a s t rea m ,  expressed  as v o lu m e  per  unit time. M o re  
specifically, the  v o lu m e  o f  r iver  w a te r  tha t  f low s into the sea is usually  
m easu red  in cub ic  k ilom eters ,  cub ic  miles, cub ic  m eters ,  o r  cubic feet, and  
som etim es  ac re - fe e t” .

"R iver d ischarge  m ay  affect tidal cu r ren ts  cons iderab ly ,  especially dur ing  
rainy seasons,  by  increasing  the  s t re n g th  an d  d u ra t io n  o f  ebb  and  decreas ing  
the s t reng th  an d  d u ra t io n  o f  f lood"

A lth o u g h  th e  “ fresh"  (versus “salt") quality o f  the  w a te r  is n o t  explicit in this 
defin ition ,  the  d ist inction o f  r iver  (fresh)  w a te r  flowing into the  sea (salt w ater)  
se em s to  imply this. C e r ta in ly  f re sh w a te r  inpu t  is a m a jo r  oce an o g rap h ic  c o n s id e ra ­
tion  in de te rm in ing  the  d is tribu tion  o f  salt ( thus density)  in es tuar ine  and  coasta l 
w ate rs .  A pparen t ly ,  g eo g ra p h e rs  also gene ra lly  recognize th e  f re sh -w a te r  quality  o f  
r iver  sources. A cco rd ing  to  W illiam  G a r r e n  o f  the  D efense  M ap p in g  A gency  and  
a  m e m b e r  o f  th e  B oa rd  o f  G eo g ra p h ic a l  N am e s ,  the  B o a rd ’s w ork ing  list o f  
“D efin it ions and  D es ig n a t io n s” (in te rna l,  J u n e  1979) does not directly list “ river", 
b u t  lists “s tream " :

Stream  : “a r iver  o r  o th e r  ru n n in g  f re sh w a te r  b o d y ,  perenn ia l  in all o r  a par t  
o f  its c o u r s e ” .

A Glossary o f  Geographical Term s, a c o m p re h e n s iv e  t re a tm e n t  p rep a re d  by a 
c o m m it te e  o f  the  British A ssocia tion  for  the  A d v a n c e m e n t  o f  Science (St a m p , 
1966), p re se n ts :

R iver

O xford English D ictionary  .- “A c o p io u s  s trea m  o f  w a te r  f lowing in a ch a n n e l  
to w a rd s  the  sea, a lake o r  a n o th e r  s t r e a m ”.

W ebster  .- “A n a tu ra l  s t rea m  o f  w a te r  larger th a n  a  b ro o k  or  a creek. A r iver  
has its stages o f  d ev e lo p m e n t ,  y o u th ,  m a tu r i ty ,  an d  old age. In  its earliest 
stages a  r iver  sy s tem  d ra in s  its bas in  im perfec tly ;  as valleys are  deepened ,  the 
d ra inage  b e c o m e s  m o re  perfect,  so  th a t  in m a tu r i ty  the  total d ra inage a re a  is 
large and  the  ra te  o f  eros ion  high. T h e  final stage is reached  w h e n  w ide  fiats 
have deve loped  and  the  b o rd e r in g  lands have  been  b ro u g h t  lo w ”.

Sw ayne  (in St a m p , 1966); "A la rge bo d y  o f  fresh w a te r  w h ich  flows w ith  a 
perceptib le  c u r r e n t  in a certa in  def in i te  cha n n e l  o r  course ,  usually u n in te r ru p ­
tedly th r o u g h o u t  the  y e a r ”.

“R iver"  is a v e ry  general te rm ,  a n d  th e  O xford English Dictionary definition is 
to o  n a r r o w  ; the  w a te r  is o f ten  far f ro m  “cop ious" ,  an d  m a n y  r ivers are reduced  to 
a str ing o f  pools in th e  d ry  season . F u r th e r ,  in h y d ro lo g y  it is m o re  c u s to m a ry  to 
d iscuss  s t rea m  flow ra th e r  th a n  r iver  flow. S tream  flow is « the  m o v e m e n t  o f  
(fresh) w a te r  u n d e r  the  force  o f  g rav i ty  th ro u g h  well-defined, s e m i-p e rm an e n t  
su r fa ce  ch a n n e ls” (LlNSLEY et al., 1949).



PRrTCHARD (1967), in his t r ea tm e n t  o f  es tuaries ,  a rgues  tha t  o n e  o f  the  key 
d e te rm in a n t  fac tors  physically es tablishing a  b o d y  o f  w a te r  as an e s tu a ry  is tha t 
th e re  is a  m e asu rab le  dilution o f  sea w a te r  by  fresh  w ate r .  He identifies th ree  m ajo r  
se g m en ts  o f  a r iver-es tua rine  sy s tem  : (1) a n  es tua r ine  se g m en t  w ith  m e asu rab le  sea 
salt w h ic h  is u n d e r  the  influence o f  t ides ;  (2) a f re s h w a te r  tidal se g m en t  (w i th  no 
m e asu rab le  sea salt) generally  ex tend ing  a b o v e  the  f ro n t  o f  the  salt w ed g e  ( to w ard  
the r iv e rs ’s sources),  and  (3) implicitly a non-tida l se g m e n t  ab o v e  th e  tidal se g m en t  
in f luenced  p re d o m in a n t ly  by gravity  f low  o f  fresh  w ater .

DISTILLATIO N OF W ORKING D E F IN IT IO N S

In s u m m a r y ,  the  definition o f  river  in SHALOWITZ (1964) is sa tisfac tory  as far 
as it goes, b u t  it is to o  genera l  a te rm  for  a physically  d isc r im inan t  d e te rm in a t io n  
o f  m os t w a te r  bodies. T h e  fo llow ing physical charac te r is t ics  sh o u ld  also be 
in c o rp o ra ted  :
1) hav ing  a s o u rc e  o f  fresh  w a te r  w h ich  f low s in o n e  d irec tion  d o w n  r iver  to w a rd  

a  sea, lake, o r  o th e r  r iver  u n d e r  the  in fluence o f  g rav ity  t h r o u g h o u t  its len g th ;
2) in the tidal a n d  es tuar ine  segm en ts  o f  its length, this  f low  m a y  be affec ted  by the 

e b b  a n d  f lood o f  the  tide, b u t  the  net t r a n sp o r t  o f  this fresh  w a te r  is 
un id irec tiona l ,  d o w n  river,  caused  by  a to p o g rap h ic  c h a n g e  in the  head  o f  w a te r  
b e tw e e n  the  so u rce  and  the  receiv ing w a te r s  (sea, lake, o r  o th e r  s t ream );  and

3) in the  es tua r ine  segm ent ,  the re  is a m easu rab le  q u a n t i ty  o f  sea w a te r  w h ic h  m ay 
be ca rr ied  up  r iver  w ith in  this se g m en t  via the  es tua r ine  c ircu la t ion  ; h o w e v e r ,  
the  ne t  t r a n sp o r t  o f  salt o v e r  app rec iab le  per iods  m u s t  be zero  (to do  o th e rw ise  
indefinitely  w o u ld  result in ev e r  increasing salinity in the  river  at  the  s o u rc e  o f  
fresh water).

T h u s ,  w e  have  chosen  the  fo llow ing  w o rk in g  defin ition  for  a r iver  :
A n a tu ra l  s t ream  o f  g rea te r  v o lu m e  th a n  a c reek  o r  rivulet,  h av in g  a 
f re sh w a te r  so u rce  f lowing, in general ,  in o n e  d irec tion  to w a r d  a sea, lake, o r  
o th e r  r iver ,  in a  m o re  o r  less p e r m a n e n t  bed  o r  ch a n n e l ,  w ith  a c u r r e n t  w h ich  
m a y  be e i ther  c o n t in u o u s  in o n e  d irec tion  o r  affec ted  by the  ebb  a n d  f low  o f  
th e  tidal cu r ren t .  T h e  f re sh w a te r  f low is con tro l led  by the  to p o g ra p h ic  
d if fe rence  in the  head o f  w a te r  b e tw e e n  the  so u rce  a n d  the  receiv ing  b o d y  o f  
w a te r .  W h e r e  u n d e r  the  influence o f  tidal c u r re n ts ,  th e  lo n g - te rm  flux o f  salt 
up  river  m u s t  be  zero.

T h e  geo g ra p h ic  definition o f  a s tra i t  g iven  by  SHALOWITZ (1962) is a lm ost 
un iversa lly  accep ted  w ith  relatively small v ar ia t ions  in th e  w o rd in g ,  w ith  the  
ex cep t io n  o f  th e  o c e an o g rap h ic  defin ition , w h ich  implies th e  co n n e c t io n  o f  m arine  
(sea salt) bod ies  o f  w a te r ,  an d  th r o u g h  w h ic h  (the strait) w a te rs  o f  the  tw o  bodies  
are  exchanged .

T h u s ,  o u r  w o rk in g  defin ition  o f  a  s trai t  is :

A relatively n a r ro w  w a te r w a y  connec t ing  tw o  la rger  bod ie s  o f  w a te r  in 
w h ich  w a te r  m o v e m e n t  is d e te rm in e d  by  the  in te rco n n ec te d  bodies.



PH Y SIC A L O CEANO G RAPH Y OF T H E EAST  
A N D  H A R LEM  RIVERS

Overview o f Tides, Tidal Currents, and Transport

Before examining the tides and currents o f the East and Harlem Rivers in any 
detail, it is appropriate to provide an overview  o f the various nested systems within 
which they reside. The Long Island Sound-N ew  York Harbor system com m unica­
tes with the open sea within the Middle Atlantic Bight through two connections -  
The Race at the eastern end o f  Long Island Sound and the mouth of the Lower Bay 
entering into the Bight at Sandy Hook, N.J. (fig. Î). The semidiurnal nature ot the 
Bight tides is basically preserved throughout the Harbor-Sound system, but tidal 
w aves develop within these tw o water bodies in distinctly different ways. Specifi­
cally, the tidal w ave in the Harbor is predominantly a progressive wave with tidal 
heights and currents tending to be in phase, whereas in the Sound it is more like 
a standing wave with tidal heights and current about 90° out o f  phase (i.e., strength 
o f current'*1 occurs near mean tide level rather than at high or low waters as is the 
case for a progressive wave) (Sw a n s o n , 1976). These wave forms meet and 
interfere within the reaches o f the East River causing the East/Harlem Rivers to 
exhibit a permanent, oscillatory (at semidaily frequency) hydraulic flow regime 
driven by the tw o dissimilar wave forms in the larger water bodies at the opposite 
ends o f these passages ( M a r m e r , 1935). Other physical phenomena (such as 
meteorological and hydrological disturbances) occurring within the Middle Atlantic 
Bight or Harbor/Sound bodies also communicate through the same routes as the 
tides and affect sea level and flow through the East/Harlem River system.

It is important here to establish som e definitions and sign conventions regarding 
the East/Harlem River systems. As M a r m e r  (1935) points out, the com m on usage 
o f the terms “the tide”, “the tides ”, and “ebb and flood” is rather indiscriminately 
applied to both horizontal and vertical tidal motions, and in general to the tidal 
phenom ena, only to be understood in the context o f  usage.

H icks (1975) revised Sc h u r e m a n ’s (1949) definition o f  ebb (flood) current to 
include estuaries : “The m ovem ent o f  a tidal current away from shore (toward the 
shore) or down (up) a tidal river or estuary” ; but otherwise, these long-established 
definitions have remained unaltered and do not satisfactorily apply to straits. This 
has long bothered hydrologists and oceanographers and led M it c h ell  (1867) to state 
with regard to Hell Gate ; “I propose not to use these terms (ebb and flood) because 
they cannot be properly applied to interference currents w hose epochs bear no 
necessary relations to high and low water.” W ith regard to the East/Harlem Rivers 
w hich M a r m e r  (1935) labels straits, “upstream and downstream, therefore, have no 
precise meaning... and the designations o f  the flood and ebb currents here must be 
made with reference to the time relations between local currents and tides”. Regardless 
o f these reservations, conventions have been established based on the criteria given

(*) M a x i m u m  c u r re n t .



by  M a r m e r . Specifically, flood is defined as the  direction  o f  m a x im u m  cu r re n t  
o cc u rr in g  on  the  rising tide, ebb  being generally  d irec ted  opposite  to  flood.

F igure  6 p resen ts  schematically  the  co n v e n t io n s  for  var ious  w a te r  bodies  a ro u n d  
N e w  Y o rk  H a rb o r .  W h e r e  applicable in m a th em atica l  o r  num erica l  te rm s,  ebb  is 
cons idered  posit ive an d  flood negative. It is in teresting to no te  tha t  ebb in U p p e r  Bay 
an d  H u d so n  a n d  E as t  R ivers  po in ts  to the  sea  by w ay  o f  the  m o u th  o f  L o w e r  Bay 
at S an d y  H o o k ,  N .J . ,  w hile  in Long  Is land  S o u n d ,  it po in ts  to the  sea th r o u g h  the  
Race. T h e  c o n seq u e n ce  o f  this is a d iscontinu i ty  in the  sense o f  d irection ,  separating  
the u p p e r  E ast  R iver  f ro m  Long Island S ound .  This  is indicated by the  d ashed  line 
in f igure  6 located  along a section b e tw e en  W ille ts  P o in t  a n d  T h ro g s  N eck.

In classical r ivers and  estuaries,  the non-tida l  grav ity  flow o f  fresh w a te r  is d o w n  
river to th e  sea  a n d  overr ides  salt w a te r  w h ich  m ay  also, w ith in  the  es tuar ine  segm en t

F ig. 6. -  Conventions used to describe flood and ebb tidal current patterns.



o f  th e  river, m o v e  up  river w ith  cons iderab le  strength . This in teraction  has a n u m b e r  
o f  c o n seq u e n ces  in m od ify ing  the  tidal c u r re n ts  as well as the  tides them selves.  T ab le  1 
su m m ar ize s  M ARMER (1935) a n d  lists so m e  o f  these no t ions  regard ing  tidal cu r ren ts ,  
w i th  the H u d so n  R iver  rep resen ting  the  classic ex a m p le  o f  a true  tidal r iver  for  
c o m p a r iso n  to the  E a s t /H a r le m  Rivers .

A cco rd ing  to M a r m e r  (1935), the  u p p e r  E ast R iver  clearly exhibits  the effects o f  the  
f re sh w a te r  f low  o n  the  cu r ren t ,  w h e re a s  these  effects a re  ab sen t  in the  lo w e r  E as t  
R iver .  It is in teresting to  no te  th a t  th e  f lood carries  the  fresh  w a te r  to  the  sea  (via 
L o n g  Is land  S o u n d )  in c o n t ra s t  to  th e  ebb  in classical tidal rivers. H a r d y  (1972) and  
J a y  and  Bo w m a n  (1975), u p o n  the  ex a m in a t io n  o f  m o re  recen t  data, rep o r ted  an  
es tu a r in e  c h a ra c te r  in the u p p e r  East R iv e r  a n d  W e s te rn  L ong  Island S o u n d  density  
s t ru c tu re  and  cu rren ts .  F o r  this to be  th e  case, one  m igh t  ex p ec t  the  b o t to m  c u r re n t  
in the  u p p e r  E as t  R iver  to  be o f  lo n g e r  du ra t ion  a n d  g rea te r  s treng th  o n  the  ebb, 
w h ic h  is no t  the  case ac co rd ing  to M a r m e r  (table 1).

In  a t ru e  r iver  th e  long - te rm  n e t  t r a n sp o r t  th r o u g h  any  cross  section m u s t  be 
d o w n  river, w i th  f resh  w a te r  d e r ived  f ro m  the  r iver  a n d  its tr ibutaries. T h e r e  can  
be a t r a n sp o r t  o f  salt w a te r  u p  river  in b o t to m  w aters ,  b u t  this increased  v o lu m e  m u st  
be  reflected in increased  su rface  f low  ca rry ing  an  equa l  a m o u n t  o f  salt d o w n  river, 
so tha t ,  in the long te rm , the re  is no  n e t  t r a n sp o r t  o f  salt up  river. T h a t  is, net t r a n sp o r t  
o f  w a te r  equals  th e  net t r a n sp o r t  o f  fresh  w a te r  in a t rue  river  estuary .

H o w e v e r ,  in strai ts  co n n e c t in g  la rge r  bodies  o f  w a te r ,  t r a n sp o r t  p rocesses  are  
ve ry  com plex  a n d  the  net f re sh w a te r  t r a n s p o r t  (if existent)  dep en d s  o n  factors w ith in

Table 1 ( S u m m a rize d  from  M arm er. 1 9 3 5  )

S urfa ce  C urren ts

S u b su rfa ce  C u rre n ts

C han ge  w ith  D epth B o tto m  C u rre n ts

Longer
D uration

G re a te r
S tre n g th

Ebb
D ura tion

Ebb
S tren g th

Flood
S tre n g th

Lo nger
Duration

G re a te r
S tre n g th

H udso n
River

E bb Ebb D e cre a se s

D

D ecre ases
rap id ly

S low
d e c re a se ;

may
in c re a se

Flood Flood

U p p e r E 
R iver 
( mid 
cha nne l 
on ly  )

Flood

A

Flood In cre a se s

E.H

Increase s 
to mid 

de p th , then 
d e c re a se s  
s lo w ly  to 
bo ttom

D ecre ases
re la tive ly

Flood

1

Flood

1

Lo w e r E. 
R iver

Ebb

B.F

Ebb

B.F

In c re a se s

E.F

D ecre ases D e cre a se s Ebb Ebb

Harlem
River

Equal

C

Ebb In c re a se s

G

D ecre ases D ecre ases Ebb E bb

N otes  to Table 1 : A) Equal at Hell G ate, d u ra tio n  in c re a se s  ea s tw ard . B) M ig h t im ply fresh  w a te r flow  
to U p p e r Bay but s u b s u rfa c e  c u rre n ts  do no t b e a r th is ou t. C) E bb lo n g e r ne ar H udso n R iver; flood  
lo n g e r near Hell G ate. D) B ro u g h t a b o u t by an e a rlie r s lack b e fo re  flo o d  w ith  incre as in g  d e p th ; 

tim e o f s lack  b e fo re  e b b  n o n-cha ng ing . E) B ro u g h t a b o u t by bo th  a la te r s lack  b e fo re  flood  and ea rlie r 

s la ck  b e fo re  ebb w ith  in c re a s in g  d e p th  F) A lso  h igh ly  variable du e  to e ffe c ts  of cu rva tu re  and 
m o m entum . G) B ro u g h t a b o u t by a la ter s lack b e fo re  flo o d  w ith inc re as in g  d e p th ; tim e of s la ck  b e fo re  
e b b  no n-cha ng ing . H) C o n s ta n t a t Hell G ate. I) H igh ly  variable , no t w e ll de te rm in e d .



the larger  bodies  and  the ir  relative influence o n  channe l  hydraulics. Likewise, a 
long-te rm  net salt t r a n sp o r t  m ay  exist, the d irection o f  w h ic h  exhibits  similar com plex  
dep e ndence  on the  ex ternal w a te r  bodies an d  m a y  be ind e p en d e n t  o f  the  direction 
o f  f re shw ate r  transport .  It will be s h o w n  later th a t  the m o v e m e n t  o f  w a te r  th ro u g h  
the  E a s t /H a r le m  Rivers can be explained qu ite  well by cons ider ing  tha t  the 
independen t  tides at each end  d e term ine  the slope o f  an oscillating sea surface  causing 
the  ebb and  flood cu rren ts  in the  channels .  A  net w a te r  t r an sp o r t  f ro m  L ong Island 
S ou n d  to  the  U p p er  Bay occu rs  due  to  a h igher  stage and  longer dura tion  o f  ebb 
th ro u g h o u t  the  channel .  Similarly, the H ar lem  R iv e r  exhibits  a ne t  t ranspo r t  o f  water 
from  Hell G a te  to the H udson  River. These  ne t  t r an sp o r ts  no t  on ly  reflect the effects 
o f  the  dissimilar n a tu re  o f  the as tronom ic  tides at b o th  ends  b u t  also the  effects o f  
som e o f  the o th e r  factors influencing the net t r an sp o r ts  o f  salt an d  fresh w ate r .  As 
indicated above , the direction o f  the  t ranspo r ts  o f  salt and  fresh w a te r  c a n n o t  be 
inferred  f rom  the  net w ate r  t ran sp o r t  alone.

In actuality, the s ituation is m o re  com plex  in that the  H arlem  River  intersects 
the E ast  R iver  at its mid-point ,  resulting in a system  o f  th ree  hydrau lic  channels  
w ith  the ir  jun c t io n  at Hell G a te  (Fig. 3). O ne  en d  o f  b o th  H arlem  an d  lo w er  East 
R ivers ad jo ins  the  H u d so n  R iver  at locations se para ted  by app rox im ate ly  21.7 km  
(11.7 nautical miles) along its length  (the n o r th e rn  and  so u th e rn  ends  o f  M a n h a t ta n  
Island), while  their  o th e r  ends  are essentially co-located  at Hell Gate. D ifferences in 
the m ean  range  and  time o f  tide be tw een  the tw o  H u d so n  R iver ends  a re  relatively 
small, being a b o u t  0.21 m (0.7 ft) and  slightly less th a n  one  ho u r  respectively. The  
up p e r  East R iver, on  the o th e r  hand ,  has o n e  end  also in c o m m o n  w ith  th e  o ther  
tw o  channels  at Hell G ate ,  bu t  its opposite  end  at T h ro g s  N ec k  (Willets Point) is 
u n d e r  th e  influence o f  Long  Island S o u n d  tides w h ich  are  distinctly d iffe rent f rom  
the  tides in the  H u d so n  River.

E x am in a t io n  o f  tidal cu r ren t  char ts  illustrates tha t  th e  th ree  c o m p o n e n t  
channels  (excluding the s tre tch  in the up p e r  E ast  R iver  f rom  H un ts  P o in t  to T h rogs  
Neck) m ake  up a h a rm o n io u s  cu rren t  system  ebb ing  and  flooding m o re  o r  less in 
unison. F igure  7 presents  tidal phase  in fo rm ation  for  the  E ast  R iver  for a given day. 
A lthough  the  range and  the times o f  o cc u rre n ce  o f  tide phases  change  th ro u g h o u t  
the system , including a hydrau lic  ju m p  (a su d den ,  usually  tu rbu len t ,  rise in w ate r  
f lowing in an  open  channel w h ere  it en c o u n te rs  an  ob s tru c t io n  o r  c h a n g e  in 
cha n n e l  slope) at Hell G ate ,  cu r re n t  phases  vary  slowly and  o c c u r  m o re  o r  less 
s im ultaneously  th ro u g h o u t  the  system. F ro m  H u n ts  Poin t  east,  h o w ev e r ,  slack 
w a te r  [w hen  the tidal c u r r e n t  changes  f ro m  flood (ebb) to ebb  (flood) and  the 
velocity o f  the cu r ren t  is zero] com es cons iderab ly  earlier. It shou ld  be no ted  that 
the H u d so n  R iver  tides are n o t  in phase  w ith  the cha n n e l  system . T h e re  are periods 
w h en  the  H u d so n  R iver  b o th  ebbs  and  floods while  the  cha n n e l  system  floods, and  
again the  H u d so n  River f loods a n d  ebbs  while the  cha n n e l  sys tem  ebbs. T herefo re ,  
f ro m  H u n ts  P o in t  w est ,  the  cha n n e l  sys tem  acts as th o u g h  H u n ts  P o in t  w e re  the 
“upr ive r  so u rce"  o f  the net t ranspo rts ,  excep t  tha t  th is  obviously  could  no t  be a 
f re shw ate r  river s tream  as in a true  river. F u r th e r ,  this situation  does  no t p rec lude 
a net f re sh -w a te r  t ran sp o r t  th ro u g h  the  u p p e r  E ast  R iver  to L ong Island S ound  
f rom  the  H ar lem  or low er  E ast  Rivers. D uring  the last 2 hou rs  o f  the  H u d so n  R iver 
ebb, the  East R iver  has a lready  begun  to flood a n d  low  salinity su rface  w a te rs  are 
carried  a ro u n d  T he  Battery and  in to  E ast  River.  This w ate r ,  a long  w ith  the 
f lood -t ranspo r ted  w a te r  f ro m  the H arlem  R iver ,  is vertically m ixed  by tu rb u le n ce  at 
Hell G a te  be fo re  en tering  the upper  East River.
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H a r d y  (1972), in his ex am in a t io n  o f  th e  w a te r  qual i ty  o f  L ong  Island S o u n d ,  
deve loped  a  c o n c ep tu a l  m ode l (Fig. 8) o f  the genera l  c i rcu la t ion  and  t r a n s p o r t  in the 
E as t  R iver  to  explain  the  d is t r ibu t ions  o f  salinity an d  c o n ta m in a n ts  in w es te rn  L ong  
Island S o u n d .  T h e  m ode l relied heavily  o n  his syn thes is  and  in te rp re ta t ion  o f  the  
w ea l th  o f  in fo rm a t io n  p resen ted  by  M a r m e r  (1935) as well as his in d e p en d e n t  
m e a su re m e n ts  o f  w a te r  properties .  T h e  m ode l p o r t ra y s  a tw o - lay e r  f low in the 
u p p e r  E as t  R iver ,  w ith  a net t r a n sp o r t  o f  f resh  w a te r  in th e  su rface  layer into L ong  
Island S o u n d  m ain ta in ing  the  salinity d is t ribu t ion  th e re  ; a n d  a subsu rface  t r a n s p o r t  
o f  saltier ce n tra l  bas in  w a te r  f low ing  to w a r d s  Hell G a te .  T h e  lo w er  E ast  R iv er  is 
co ns idered  non -s tra t i f ied ,  a n d  the  net w a te r  f low to w a r d s  U p p e r  Bay does  no t  
exhib it  tw o - la y e r  es tua r ine  f low characteristics.  H o w e v e r ,  the  tidal ex c u rs io n  [the 
ave rage  d is tance  trave led  by  a particle o f  w a te r  on  the  flood tide ( H a r d e m a n ,. 
1966)] ex c ee d s  the  length  o f  the  lo w er  E ast R iver ;  th e re fo re ,  it is possib le for  fresh

FLOOD TIDE IN NEW YORK HARBOR
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F i g . 8. -  G e n e r a l  w a t e r  c ir c u la t io n  in t h e  E a s t  R iv er .



w ate r  to be t r an sp o r te d  f rom  the H udson  R iver a n d  o v e r  the Hell G a te  sill during 
the flood.

A l though  the net w a te r  t r an sp o r t  in the H arlem  River is p o r tra y ed  as directed 
from  Hell G a te  to the H u d so n  River,  this shallow  and n a r ro w  channe l injects its 
relatively small flow into larger, sw if t-m ov ing  w a te r  bodies. This,  coup led  w ith  the 
fact that the tidal ex c u rs io n  is app rox im ate ly  equal to  its length, results in tw o  
opposite ly  directed  net t r a n sp o r ts  (salt and  fresh water). D uring  the  ebb  the saltier 
Hell G a te  w a te r  is t r a n sp o r te d  to the H u d so n  R iver  at S p u y ten  D uyv il ;  conversely ,  
d u r ing  the flood, f re sher  H u d so n  River w a te r  is t r a n sp o r te d  to Hell Gate . C o n s id e r ­
able tu rb u le n ce  at Hell G a te  effectively m ixes the w a te r s  passing o v e r  the sill. J a y  

and  B o w m a n  (1975) e x a m in e d  additional h y d ro g ra p h ic  da ta  and  direct cu r ren t  
m e a su re m e n ts  an d  found  fu r th e r  su p p o r t  for the H a r d y  co n c ep tu a l  m odel (Fig. 8). 
F igure  9 sh o w s  the  tide an d  tidal c u r re n t  phase  re la tionsh ips in the  H arlem  River.

TIME OF TIDES AND CURRENTS IN THE HARLEM RIVER 
SEPTEMBER 23, 1972

PREDICTED TIDAL 
LUNAR HOURS RANGE (METERS)

SLACK ------------  HIGH TIDE .............. LOW T I D E -----------

F ig . 9. -  J av a n d  Bo w m a n , 1975.
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H igh w a te r  o c c u r s  slightly earlier  (abou t 0.7 hours)  at th e  H u d s o n  R iver  end  o f  the 
H ar lem  R iver.  S lack w a te r  o cc u rs  alm ost s im u ltaneously  w ith  high and  low w aters .  
T h u s ,  f low in th e  H ar le m  is not o f  the classic p ro g re ss iv e  w av e  fo rm  typically 
fo u n d  in rivers.

C haracteristics o f the Mean Hydraulic Strait

In the H a r r i s  (1966) sys tem  o f  classification o f  r ivers ,  straits, bays ,  etc., the  
E ast  R iv e r  is classified as “a sh o r t  strait o f  very  small c ro ss  section  co nnec t ing  tw o  
in d e penden t ly  tided bod ies  o f  w a te r .” A ccord ing  to  M a r m e r  (1935), the  p r im a ry  
tidal p h e n o m e n o n  in effect in the  East R iver  is the in te r fe rence  o f  tw o  tide w aves  
en ter ing  oppos i te  en d s  o f  the  channe l  : specifically, the  tides o f  N e w  Y ork  H a rb o r  
and  o f  Long  Is land  S o u n d .  T h e  m ech a n ism  o f  tidal m o v e m e n t  th ro u g h  the  ch anne l  
can  best be v isualized by cons ider ing  a simplified m ode l o f  m e a n  tidal a n d  non-tidal 
flow. T h e  m e a n  range  o f  tide at T h e  Battery  a n d  W ille ts  P o in t  is 1.4 m (4.5 ft) and  
2.2 m  (7 ft), respectively .  T idal phases  at W ille ts  Point lag th o se  at T h e  Batte ry  by 
a b o u t  3 hours .  T h e  result ing  d ifferences in elevation  ( A H )  o f  the  e n d s  o f  the 
ch anne l  are th u s  seen  to fluctuate  as illustrated in figure  10. W h e n  the w a te r  
e levation  at W ille ts  P o in ts  is h igher  th a n  th a t  a t  T h e  B a tte ry ,  the  sea surface  slopes 
to w a rd s  T h e  B a tte ry  a n d  the  w a te r  flow in the  strait e b b s  to w a rd s  U p p e r  B ay; 
w h e n  th e  w a te r  level at T h e  Battery is h igher,  the  s lope  reve rses  a n d  the  w a te r  
f loods to w a r d s  L ong  Is land S o und .  T h e  vertical d ash ed  lines (Fig. 10) indicate the 
t im e w h e n  th e  sea su r face  is level (i.e., at slack w a te r  b eg inn ing  a reversa l in the 
direction  o f  th e  tidal cu rren t . )

In this simplified m ode l o f  hydrau lic  f low  (Fig. 11), the  sea surface  s lope is 
a s su m ed  to b e  linear. U n d e r  this  cond it ion ,  th e  m e a n  s tage  o f  the  en tire  ch a n n e l  
d u r ing  a n  ebb  o r  f lood c u r r e n t  can  be ob ta in ed  by the  eq u a l  a re a  g raph ica l  m e th o d  
from  the  m e an  level cu rv e  (Fig. 10). T he  m e a n  slope d u r in g  the  f lood app rox im ate ly  
equals  th a t  o f  the  ebb  and  th e  du ra t ion  o f  the  ebb  is on ly  slightly lo n g e r  th a n  the 
flood. All o th e r  th ings  being  equal,  (i.e., if velocity  is d e p e n d e n t  solely o n  the  slope) 
the  m e a n  e b b  a n d  f lood c u r re n ts  shou ld  be  equal w ith  a slightly la rger  ebb  
t r a n sp o r t  d u e  to  the  longe r  du ra t io n  o f  th e  ebb . H o w e v e r ,  th e  m e a n  w a te r  stage 
th r o u g h o u t  th e  E as t  R iv e r  du r ing  the  ebb  is h igher  th a n  the  f lood by a b o u t  0.5 m 
(1.6 ft). T h e  c o n s e q u e n c e s  o f  this are  to increase  the  c ro ss  sectional a rea  o f  the 
channe l d u r ing  the  eb b ,  reduc ing  the  resis tance to flow; to  fu r th e r  increase  the  ebb  
t r a n sp o r t  o v e r  th a t  o f  the  flood.

R EDFIELD (1978) has ana lyzed  a n u m b e r  o f  th e  sem i-enc lo sed  bod ies  o f  w a te r  
a long  the  coas t  b e tw e e n  N e w  Y ork  and  th e  Bay o f  F u n d y .  T h e  E as t  a n d  H arlem  
R ivers  w e re  inc luded  in the  analysis. Theore t ica l  eq u a t io n s  for  the in te r fe rence  o f  
tw o  p rogress ive  w a v e s  w e re  used to  descr ibe  the  tide th r o u g h o u t  th e  channels .  
P a ram e te rs  dea ling  w i th  am p li tudes  o f  the  tw o  in terfering  w a v e s  a n d  an  a t te n u a ­
tion coeffic ient fo r  th e  am p li tu d e  o f  the  c o m b in e d  w a v e  w e re  defined as c h a ra c te ­
ristics fo r  tidal straits.

T h e  E as t  R iver ,  acco rd ing  to  REDFIELD, can  n o t  be  co n s id ered  as a single 
hydrau lic  strait as  sugges ted  by M a r m e r  (1935). O n  th e  basis o f  his analysis, 
R e d f i e l d  ch a rac te r ize d  the  E as t  R iver  as consisting  o f  th r e e  segm en ts  (Fig. 7 ) :  
L o w e r  R e ac h ,  f ro m  G o v e r n o r s  Is land to Hallets P o in t ;  M idd le  R each ,  f ro m  Hallets
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Point to  N o r th  B ro ther  Is land ;  and  U p p er  R each ,  f rom  N o r th  B ro the r  Island to  
T h ro g s  N eck .  T h e  num erica l  values  o f  the character istic  p a ra m e te rs  for  each  o f  the 
th ree  se g m en ts  o f  the  E ast R iver  w ere  cons is ten t  w ith  those specified for tidal 
straits. F u r th e rm o re ,  the  L o w e r  a n d  M iddle R eaches  have  flow reg im ens  suggestive 
o f  hyd rau l ic  c u r re n ts  (flow resu lt ing  f ro m  a d iffe rence b e tw e en  w a te r  levels o f  the 
tw o  e n d s  o f  the  channel).  H y d ra u l ic  cu r ren ts  w ere  not ju d g e d  to  be a p ro m in e n t  
fea ture  o f  the U p p e r  R each . T h e  H arlem  R iver  w as  classified as a strait w ith  
hydrau lic  c u r re n ts  in the  R e d f i e l d  analysis.

Estimates o f Net W ater, Saltwater, and Freshwater Transports

T h e  processes  involved  in sa l tw ater  a n d  f re sh w ate r  t r a n sp o r t  are  m ore  
com plex  th a n  the  m e re  t r a n sp o r t  o f  w a te r ;  this  is particularly  t rue  in th e  u p p e r  E ast  
R iver, w h ic h  exhib its  a n  e s tu a r in e  charac te r .  In addition  to  the  salt w a te r  o r  fresh 
w ate r  ca rried  by long - te rm  m e a n  f low , diffusive a n d  es tuar ine  t r a n sp o r t  p rocesses  
are also opera tive .  In  general ,  the  long- te rm  net effects o f  these  latter tw o  processes  
c a n n o t  be eva lua ted  due  to  a pauc ity  o f  data. H o w e v e r ,  so m e  gene ra l  s ta tem en ts  
based o n  o ce an o g rap h ic  u n d e r s ta n d in g  regard ing  the  d irec tion  o f  the  long - te rm  net 
t ran sp o r ts  o f  these  fractional c o m p o n e n ts  can be  made.

J a y  a n d  B o w m a n  (1975) m a d e  som e ca lculations for these c o m p o n e n t  f lows 
th ro u g h  a section located  b e tw e e n  T h ro g s  N ec k  a n d  W illets  P o in t  du r ing  S e p te m ­
ber 1972, a period  o f  relatively low  fre shw ate r  runoff .  T h ro u g h  the  en tire  vertical 
section, a total v o lu m e  o f  w a te r  w as  t ran sp o r te d  at the  rate o f  560 m ’/ s  to w a rd  
N e w  Y ork  H arb o r .  A lso 1.56 x 10“ k g / s  o f  salt w as  t ra n sp o r te d  th r o u g h  the  section 
to the H a r b o r ;  h o w e v e r ,  13 m ’/ s  o f  the  f re sh w a te r  flow w as d irec ted  to w a r d  Island 
S o und .  T h e  surface  t r a n s p o r t  a b o v e  7 m w as  103 m ’/ s  o f  w a te r ,  1.56 x  102 k g / s  o f  
salt, a n d  32 m ' / s  o f  fresh w a te r ,  all d irected  to w a rd  Long  Is land S o und .

E x a m in a t io n  o f  the  h is torical (1947-1965) surface  salinity d a ta  for  Willets 
Point a n d  T h e  Battery  yields a va lue  for the  m e an  salinity for W ille ts  Po in t  to  be 
25.2%o a n d  at T h e  B atte ry  21.4%», resulting in a m e an  salinity d if fe rence a long  the 
East R iver  o f  3.8%o. T h e  m o n th ly  m ean  d ifference ranges  o v e r  th e  y ea r  b e tw e en  
2.1 -2.296o in Ju ly  th r o u g h  O c to b e r  to  7.5%x> in April du r ing  the  sp r ing  freshet. J a y  
and  B o w m a n  (1975) assert  th a t  on ly  during  very  low ru n o f f  per iods  is there  any  
possibility o f  T h e  Battery  salinity exceeding  th a t  at Willets Point. M o s t  o f  the  
variability in the diffe rences is d u e  to  salinity changes  in th e  H arb o r ,  since the  range 
o f  m e a n  m o n th ly  salinity a t  W ille ts  Point is on ly  1.9%o.

A ctua l  sea surface  e leva tion  at e i ther  e n d  o f  the  E ast  o r  H ar le m  Rivers  varies 
from  tidal cycle to tidal cycle, day  to day , w eek  to w eek ,  m o n th  to m o n th ,  and  even  
for longe r  averag ing  per iods,  due to m any  fac tors  such  as va r ia t ions  in river 
d ischarge,  w in d  stress, d irec t a tm o sp h e r ic  p ressu re ,  and  salinity d istribution . J a y  and  
Bo w m a n  (1975) have  e v a lu a ted  m a n y  o f  these variab le  fac to rs  a n d  have  d e te rm i­
ned tha t ,  o n  a n y  given day ,  th e  m e a n  slope o r  hydrau lic  head  p ro d u c e s  a net flow 
in the  E ast  R iver  w h ic h  m a y  be  ei ther  to w a rd  L ong  Island S o u n d  o r  to w a rd  the  
U p p e r  Bay o f  N e w  York H a rb o r ,  depend ing  on  the  direction  o f  th e  av e rag e  slope. 
T h e  p re d o m in a n c e  o f  the  s lope  to w a rd s  T h e  Battery  increases as the  per iod  o f  
averag ing  increases. T hey  es t im a te  long- te rm  average  net flow in the  E as t  R iver  to



be a b o u t  340 m ’/ s  directed  to w ard  T he  Batte ry .  H ow ev er ,  exam ina t ion  o f  all 
available es tim ates  o f  the net flux based o n  historical cu r ren t  m e asu rem en ts  ranges 
f ro m  -  324%  ( tow ard  Long Island S ound)  to  + 182% ( tow ard  U p p er  Bay) o f  this 
value. U n fo r tu n a te ly ,  these es tim ates  are based  on cu rren t  m e asu rem en ts  o f  only a 
few tidal cyc les’ du ra tion  and  ca n n o t  rep resen t a stable long-te rm  m ean. T hey  do, 
h o w e v e r ,  illustrate the  po in t  m a d e  above  w i th  regard  to the  variability over  sh o r t  
averag ing  periods.

G enera lly ,  in the  long te rm ,  the m e an  salinity grad ien t  (d o w n  to w a rd s  T he  
Battery) an d  es tuarine ch a ra c te r  o f  upper  East River an d  w es te rn  Long Island 
S o u n d  are  persis tent fea tures  o f  the region. C o n seq u en t ly ,  one  w o u ld  expect  a 
diffusive t ran sp o r t  o f  salt to a u g m e n t  the advec t ive  salt t ran sp o r t  to the H arb o r  due  
to the  longitudinal salinity grad ien t.  The es tua r ine  t ran sp o r t  o f  salt in the b o t tom  
w a te r  layer w ou ld  also opera te  in the sa m e  direction. S ince all o f  the  t ran sp o r t  
p rocesses  a re  opera ting  in the  sam e direc tion ,  it is conc luded  tha t  there is a 
long- te rm  net salt t ran sp o r t  to  the  H udson  R iver  f rom  Long  Island S ound .

J ay a n d  Bo w m a n  (1975) exam ined  the  f re sh w a te r  sources  an d  t ran sp o r t  
p rocesses  a n d  conc luded  th a t  th e  H u d so n  R iver  p rov ided  the  f re sh w a te r  source  
necessary  to m aintain the es tua r ine  ch a rac te r  o f  the up p e r  East R iver  and  Long 
Island S ound .  T h e  m e chan ism  o f  t ran sp o r t ,  h o w ev e r ,  is no t  r iverine as per the  
definition o f  a river. F u r the r ,  sources  (such as u rb an  r u n o f f  an d  sew age  t rea tm en t  
p lan t effluent)  local to the  reaches  o f  the E ast  R iver  can be o f  the sam e o rd e r  o f  
m agn itude  as the H u d so n  R iver  input du r ing  low ru n o ff  periods. In general,  this 
w ou ld  be expected  to au g m e n t  the es tuar ine  t ran sp o r t  o f  fresh w a te r  from  Hell 
G a te  to L ong  Island Sound .

EFFECTS O F M A N -M A D E  M O D IFIC A TIO N S

T he  East and  H arlem  R ivers  have been  cons iderab ly  m odif ied  as the Port o f  
N e w  Y ork  has developed , particularly  over  th e  pas t cen tu ry .  T h e  H ar lem  River w as  
d a m m e d  in the early 19th ce n tu ry ,  d redged , and  its co u rse  even  m odif ied  in the 
vicinity o f  S puy ten  Duyvil.

T h e  channe l  in the  E as t  R iver  has been  considerab ly  deepened  bu t the 
m etropo li tan  a re a  has also e n c ro a c h e d  b e y o n d  the  pre-colonial ch a n n e l  banks. In 
the P o r t ’s earlier  years,  the  slips [with piers up  to 122 m (400 ft) in length] gradually  
shoaled  due  to sed im en ta tion  a n d  trash  accum ula t ion .  Even tua lly ,  the slips w ere  
filled an d  piers ex tended  fu r the r  into the r iver  ( K l a w o n n ,  1977). M u c h  o f  East 
R iver  Drive is co n s truc ted  on  fill derived f ro m  ballast carried  as pa r t  o f  o u r  trading 
w ith  E u ro p e  ( D e l a n e y ,  1965). In  addition to  the  extensive  to p o g rap h ic  m odif ica­
tions associa ted  w ith  rem ov ing  obstruc t ions  an d  deepening  the  channe l  in the  Hell 
G ate  reg ion , there  has also been  considerab le  filling, m u c h  o f  the  m ateria l being 
derived  f ro m  these o the r  nav igational projects. W a r d s  Island, R andalls  Island and  
S u n k en  M e a d o w  have  been  m a d e  one  and ac tua lly  jo ined  to the  m ain land . S anfo rd  
P o in t  has been  built ou t  to a c co m m o d a te  L aG u a rd ia  A irpo rt  and  n o w  practically 
joins R ikers  Island (Fig. 4).



T h ese  n u m e ro u s  m odifica tions have  had  a considerab le  effect on  local flow 
co n d i t io n s  in the tw o  ch anne ls  o f  concern .  But have  the ch a n g es  been en o u g h  to 
al ter  the ir  fu n d am e n ta l  f low  character is tics  ? T h e re  w ere  so m e  m e asu rem en ts  o f  
tides a n d  tidal c u r re n ts  p r io r  to  the m a jo r  period  o f  m odification. C o m p ar iso n  o f  
early d a ta  w ith m ore  m o d e rn  in fo rm ation  can  p rov ide  som e insight into the ex ten t  
o f  change .

O n e- to -o n e  g eog raph ic  c o m p ar iso n s  a re  for the m ost pa r t  not possible because 
o f  physica l  changes .  In add i t ion ,  o u r  ability to  m easu re  tides a n d  tidal cu r ren ts  (and 
for longe r  per iods o f  time) has greatly  im p ro v e d  o v e r  the last cen tu ry  so that the re  
is u n d o u b te d ly  cons iderab le  m e a su re m e n t  e r ro r  to  be  considered .  N evertheless ,  in 
this s tu d y  w e  are  c o n c e r n e d  w ith  the  b ro a d  issue o f  w h e th e r  the East and  H arlem  
Rivers  arc  character istically  driven  by the sam e flow cond it ions  as in years past.  
W e  are  fo r tuna te  to  have  ac tua l  m e a su re m e n ts  to  help in the  decision process.

T h e  19th and  20th  ce n tu ry  va lues  o f  m ean  range a n d  arrival tim es o f  high 
w a te r  a re  tabu la ted  for locations o n  the  E as t  and  H arlem  Rivers  w here  repea t  
o b se rv a t io n s  have  been  m a d e  (Table 2 a n d  Fig. 3). T h e  grea tes t  change  in m e a n  
range  w a s  at Po t C o v e ,  in p rox im ity  to w h e re  the  reef  w as  rem o v ed  o f f  Hallets 
Point. H ere  the m e an  r an g e  is rep o r ted  to  have  decreased  0.25 m (0.82 ft). A t 
C ollege P o in t  site (L), the  range  is s h o w n  to have  decreased  0.17 m (0.54 ft), w hile  
on ly  0.46 k m  (0.25 nautical miles) aw a y  the re  has been app a ren t ly  no change  in 
m e a n  range.

T h e  g rea test c h a n g e  in the  tim e o f  arrival o f  high tide in the East R iver  also 
o c c u r re d  at Pot C o v e .  H igh tide n o w  arr ives  som e 47 m inu tes  earlier th a n  
de te rm in e d  in 1868. W h i le  the  data is no t  tabu la ted  by M a r m e r  (1935), he states 
th a t  the  tide in the  H ar le m  R iver ,  n ea r  the H u d so n ,  arr ives  cons iderab ly  earlier th a n  
befo re  nav igational im p ro v e m en ts .  H igh w a te r  is a b o u t  1 h o u r  ea r l ie r ,  and  low, 2 
h o u rs  earlier.

T h e r e  are few er  c u r re n t  m e asu rem en ts .  T h e  c o m p a r iso n s  o f  m a x im u m  
c u r re n ts  are  actually  qu ite  close, cons ider ing  the  difficulties o f  m easu rem en t .  T h e  
g rea tes t  cha n g e  is no ted  in the  1.5 k m / h  (0.8 knots)  increase in flood near  F lood  
R o c k  in Hell Gate. It is in teresting  to  no te  tha t  the  g rea test rep o r ted  m e an  s treng th  
o f  f lood  by M a r m e r  (1935) is 10.6 k m / h  (5.7 knots), o b se rv e d  in 1845, a l though  a 
no te  o n  the  1893 ed ition  o f  th e  Hell G a te  ch a r t  s tates th a t  14.8 k m / h  (8 knots) w a s  
m e a s u re d  on  the  f lood b e tw e e n  Hallets P o in t  a n d  H o g ’s Back. O ne m ust ques t ion  
the  ea r ly  s ta tem en ts  c o n c e rn in g  18.5 k m / h  (10 knots)  cu r re n ts  in the  East River.

C o m p a r iso n  o f  da ta  f rom  the  tw o  centuries ,  h o w e v e r ,  indicates tha t  the  
gen e ra l  f low character is t ics  repo r ted  to d a y  w ere  ob se rv e d  p r io r  to  the  m a jo r  
c h a n n e l  m odif ications.  T h e r e  are  local c h a n g es  in tidal characteris tics  and  p robab ly  
cons id e rab le  reduc tion  in tu rbu lence  as a result o f  nav igational im provem en ts .  
E v e n  in the  case o f  the  H ar lem  River ,  w h e re  nav igation  w as  limited p r io r  to  1895, 
th e re  w a s  appa ren t ly  restr ic ted  flow b e tw e e n  the  H u d so n  R iver  and  Hell G ate. 
K l a w o n n  (1977) sta tes tha t  settlers a r o u n d  1700 rep o r ted  tha t  the  H arlem  and  
S p u y te n  Duyvil s t re a m s  w ere  navigable  (p robably  at h igh  tides). In pre-colonial 
t im es,  th e  a rea  in the  vicinity  o f  B ro a d w a y  a n d  w est o f  230th  S treet w as  k n o w n  as 
the  W a d in g  Place ( M c N a m a r a , 1978), w h e re  the  In d ian s  forded  (Fordham ) the 
m a rs h y  con f luence  o f  the  S p u y ten  D uyvil,  T ibbe ts  C reek ,  a n d  the H arlem . Ear ly  
co lon is ts  m en tioned  a d o u b le  tide in the  m a rsh  a rea  w h e re  the  H arlem  R iver  and



Table 2
C o m p a r is o n  o f  19th a n d  20 th  C e n tu ry  T ide  and  T ida l C u r r e n t  O b serv a t io n s

( M o d i f i e d  M a r m e r , 1935)
(See figure 3 for s ta t ion  locations)

19th C e n tu ry 20th C e n tu ry

Tide
Station

Year
M ean 
Range 
m (ft)

T ime o f  
h igh tide 
relative 

to Willets 
Point

Year
M ean  
Range 
m (ft)

T im e o f  
high tide 
relative 

to Willets 
Point

A T h e  Battery 
(M anha t tan !  

B Brooklyn 
N a v y  Yard  
(Brooklyn) 1869 1.25 (4.10) -  2.42

1921-26

1943-45

1.35 (4.45) 

1.25 (4.11)

-  3 .05 

- 2 .2 1
C G reenpo in t  

D u p o n t  St. 
(Brooklyn) 1855 Î .35 (4.43) -  1.87 1932 1.30 (4.25) -  1.90

D A stor ia  Blvd 
(Queens) 1868 1.46 (4.80) -  1.32 1932-33 1.49(4.89) -  1.28

E H o rn s  Hook 
E. 90 th  St. 
(M anha t tan ) 1868 1.45 (4.77) -  1.14 1940-42 1.48 (4.84) -  1.29

F S .W . end  
W a r d s  Island 1866 1.56 (5 .11) -  1 25 1932 1.54 (5.06) -  1.12

G Po t  Cove ,  Astoria 
(Queens) 1868 1.85 (6.07) + 0.13 1932 1.60 (5.25) - 0 . 6 6

H N o r th  Brother  Is. 
(W est  Side) 1847 1.91 (6.27) - 0 . 8 9 1933 1.97 (6.47) + 0.01

J P o r t  Morris  
141st St. 
(The Bronx) 1886 2.08 (6.84) + 0.49 1952 1 93 (6.34) + 0.21

K College Pt. 
E as t  River 
(Queens) 1883 2.09 (6.85) + 0.49 1933-33 2 09 (6.85) + 0.14

L College Pt. 
F lush ing  Bay 
(Queens) 1886 2.20 (7.21) + 0.63 1933 2 03(6 .67) + 0.35

M T h ro g s  Neck 
F o r t  Schuyler  
(The Bronx) 1847 2.12 (6.96) - 0 . 7 2 1960-78 2.18(7.14) + 0.04

N Willets Pt. 
F o r t  Totten  
(Queens) 1886 2.13 (6.99) 0 1932-33 2.16(7.10) 0

P Randal ls  Island 
H ar lem  River 1886 1.59 (5.24) -  1.03 1932 1.54(5.06) -  1.31

Q S ou th  o f  High Bridge 
H ar lem  River 
(The Bronx) 1856 1.36 (4.45) - 0 . 2 5 1927-32 1.34(4.41) -  1.37

R B ro a d w a y  Bridge 
H ar lem  River 1886 1.21 (3.96) -  2.06 1932-33 1.19 (3.89) -  1.77

S S puy ten  Duyvil 
H ar lem  & 
H u d s o n  Rivers 1928-32 1.15 (3.78) - 2 . 0 7



Table 2
(cont.)

19th C en tu ry 20th C en tu ry

Station Year

Mean 
S treng th  
o f  F lood 

k m / h  
(kts)

M ean  
Streng th  
o f  E bb  
k m / h  
(kts)

Year

M ean 
Strength 
of  Flood 

k m / h  
(kts)

Mean 
Strength  
o f  Ebb 
k m / h  
(kts)

1 Off  G o v e rn o rs  Is.
2 O ff  Brooklyn

1858 2.6(1.4) 3.5(1.9) 1932 1.8 (1.0) 2.2(1.2)

N a v y  Y ard  
3 G reen p o in t  

D u p o n t  St.

1855 8.3(4.5) 7.2 (3.9) 1920 7.2(3.9) 6.1 (3.3)

(Brooklyn)
4 O ff  80th  St.

1854 1 .3 (2.3} 3.0 (! 6) 1920 3.9(2.1) 3.3(1.8)

( M an h a t tan ) 1845 7.8 (4.2) 8.9(4.8) 1920 8.9(4.8) 9.3 (5.0)
5 Hell G a te
6 L aw re n c e  Point

1845 4.4(2.4) 7.8(4.2) 1932 5.9(3.2) 6.7 (3.6)

(Queens)
7 Old Fer ry  Point

1858 5.7(3.1) 4.4(2.4) 1932 7.0(3.8) 4.6(2.5)

(The Bronx)
8 Betw een T h ro g s  N eck

1885 3.7 (2.0) 2.8(1.5) 1932 3.1 (1.7) 3.0(1.6)

& Willets  Point 
9 R andalls  Island

1858 1.8(1.0) 1.5(0.8) 1929 1.7 (0.9) 1.1 (0.6)

H ar lem  River
10 B r o a d w a y  Bridge 

H arlem  River
11 Spu y ten  Duyvil

1856 0.9 (0.5) 1.1 (0.6) 1932

1920
1932

2.4 (1.3)

3.9 (2.1) 
2.8 (1.5)

0.4(0.2)

4.4 (2.4) 
4.1 (2.2)

S p u y te n  D uyv il  m et ( M c N a m a r a , 1978). T h is  p ro b ab ly  o c c u r re d  as a  result o f  the 
tide rising f ro m  flow in the  H u d so n ,  beg inn ing  to fall, a n d  then  rising again as a 
co n s e q u e n c e  o f  the rising tide  in the  H arlem . T h u s ,  four  h igh -w ate r  peaks  might 
have  o c c u r re d  in o n e  tidal day .  T h is  m e ch a n ism  w o u ld  h a v e  resulted  in a limited 
ex c h a n g e  o f  fresh w a te r  f ro m  the  H u d so n  R iver  to th e  H arlem  R iver and  
co n v e rse ly  a  limited e x c h a n g e  o f  saltier w a te r  f ro m  the  H ar le m  into th e  H udson .

T h e  g o v e rn in g  p rocesses ,  h o w e v e r ,  a re  the  sam e to d a y  as before. T h e  effects 
o f  m od if ica t ion  have  been  to  red u c e  the  frictional d rag  a n d  to  a l low  a free ex ch an g e  
o f  w a te r ,  particu larly  in th e  case o f  the  H arlem  River.  M a n  has no t  altered the E ast 
a n d  H a r le m  Rivers to  th e  e x te n t  th a t  w h a t  w as  o n c e  a p u re ly  r iverine  sys tem  is 
n o w  a sy s tem  o f  tidal straits.

C O N C L U SIO N S

T h e  defin itions o f  r iv e r  a n d  s trait generally  accepted  fo r  c o m m o n  usage in the  
legal o r  scientific p ro fe ss ions  a re  no t  sufficient to clarify th e  physical na tu re  o f  the  
E as t  a n d  H ar lem  Rivers.  C o n seq u en t ly ,  w e  h av e  fu r th e r  deve loped  the existing 
defin i t ions in te rm s o f  th e  physical p rocesses  contro lling  f low  in these types o f



w a te r  bodies. E x am in a t io n  o f  th e  f low a n d  p rocesses  con tro l l ing  the  flow in the  
E a s t  a n d  H ar le m  R ivers  p e rm i ts  us to  d is t inguish  w h e th e r  they  are m o re  typ ical o f  
r ivers  o r  straits. T h e  m odif ied  defin itions a re  repeated  h ere  :

R iver : A natura l  s t re a m  o f  g rea te r  v o lu m e  th a n  a c reek  or  r ivulet hav ing  a 
f re sh w a te r  so u rce  f low ing , in general,  in o n e  d irection  to w a r d  a sea, lake o r  o th e r  
r iv e r  in a m o r e  o r  less p e r m a n e n t  bed  o r  channe l ,  w ith  a c u r r e n t  w h ic h  m a y  be 
e i the r  c o n t in u o u s  in o n e  d irec tion  o r  a ffec ted  by  th e  eb b  a n d  f low  o f  the tidal 
cu r re n t .  T h e  f re sh w a te r  flow  is con tro l led  by  the  to p o g rap h ic  d if fe rence  in the  head  
o f  w a te r  b e tw e e n  the  so u rce  a n d  the  receiv ing  bo d y  o f  w a te r .  W h e r e  u n d e r  the  
in f luence  o f  tidal cu r ren ts ,  the  long - te rm  flux o f  salt up  r ive r  m u s t  be zero.

S tra it : A relatively n a r r o w  w a te r w a y  con n e c t in g  t w o  la rge r  bodies  o f  w a te r  
in w h ic h  w a te r  m o v e m e n t  is d e te rm in e d  by  the  in te rco n n ec te d  bodies .

Based on these defin itions and  a rev iew  o f  the  f low charac te r is t ic s  in the  E as t  
a n d  H ar lem  Rivers, w e  co n c lu d e  tha t  these  “R iv e rs” a re  in fact a c o m p lex  n e tw o rk  
o f  in te racting  tidal strai ts  c o n n e c t in g  the  H u d so n  River,  U p p e r  Bay, an d  w es te rn  
L o n g  Is land  S o u n d .  W hile  th e re  have  been  cons iderab le  m a n - m a d e  m od if ica tions  to  
these  channels ,  particu larly  o v e r  the last 120 years ,  th e re  is n o  ind icat ion  th a t  the  
basic  character is t ics  have b ee n  m odif ied  f ro m  th a t  o f  r ivers  to  straits.

T h e  con tro l l ing  m e c h a n ism  in the  f low reg im en  o f  the  E a s t  and  H ar lem  
R iv ers  is d u e  to  a m ism a tch  in the heigh ts  and  phases  o f  a  p r im ari ly  p rog ress ive  
tidal w a v e  m ov ing  f ro m  L o w e r  Bay into U p p e r  Bay an d  the  H u d s o n  R iver,  and  
th a t  o f  a p rim arily  s tand ing  tidal w av e  in L o n g  Is land  S o u n d .  T h r o u g h o u t  m o s t  o f  
this sys tem  (the lo w er  a n d  m idd le  reaches  o f  the  Eas t  R iv e r  a n d  th e  H ar lem  R iver)  
th e  f low  is hyd rau lic .  In the  u p p e r  rea ch  o f  the  East  R iv e r  the  f low  m ay  be m o r e  
characteris tica l ly  es tuar ine .  T h e re  is no  a p p a r e n t  to p ograph ica l ly  con tro l led  head  o f  
w a te r  b e tw e en  the ch a n n e ls  a n d  the  c o n n e c te d  bodies  o f  w a te r .  In bo th  the  E as t  
a n d  H ar lem  Rivers ,  th e re  is a n e t  flux o f  salt d irec ted  opposite ly  to  th a t  o f  f resh  
w a te r  w h ic h  is also c o n t ra ry  to  o u r  def in i t ion  o f  river.

I t  is w ith  co n f idence  th a t  w e state tha t ,  based  o n  th e  physica l  p rocesses ,  the  
E as t  a n d  H ar le m  R ivers  are straits. It is also nice to k n o w  tha t ,  based  on  these  
f indings,  L ong  Is land  is still an  island a n d  n o t  p a r t  o f  the  m ain land .
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