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FOREWORD

THE STUDY OF TIDES & CURRENTS OF THE WATERWAYS OF THE
INTERSTATE SANITATION DISTRICT

The abatement of pollution in New York Harbor and the adjacent
waters is tne principal objective of the Interstate Sanitatjon Com-
mission, This pollution emanates from one of the greatest concen-
tfations of population the world has ever known., The problem is
complicated by the many uses made of the waters of the District,
and by the complex tides and currents that may carry pollution

from one area to another,

Notable studies have been made of these tidal pnhenomena in New
York Bay and the adjacent water, In order that these studies
may be more rcadily available, they have been consol idated and
are presented herewith, They are important in this Commission's

studies of the efrects of pollution.

The United Stales Government, through the Work Projects Adminis-—
tration, makes it possible to bring this information to many other
agencies to whom the natural movements of the waters within this

District may be of valued interest,

The names of the principal officials under whose administration and
direction this work was carried out are set forth elsewhere, With-
out their effort this work could not have been accomplished. Mr,
Charles D. Sugrue, an engineering employee of the Project has labor-
ed enerygetically and conscientiousiy to make this work available.

The Project was fortunate in having at its disposal the abilities



and Sanitation experience that were brought to it by the Engineer

in charge,

In the reproduction of the plates for this report, the assistance
‘of The Board Of Education of The City Of New York is gratefully
acknowl edged.

This report on Tides and Currents is one of several parts of the
Work Projects Administration Project under this Sponsorship and
administration. The other reports are issued separately,
|
»)fz,% A VL‘L-J'CJ
SETH G. HESS
CHIEF ENGINEER -~ EXECUTIVE SECRETARY

INTERSTATE SANITATION COMMISSION
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GENERAL DISCUSSION

REASON FOR MAKING STUDY

Into the waters of New York Harbor and surrounding waters flows
the discharge from sewers serving 3,900,000 people. Industrial

plants of almost every description sully the waters
Pollution N

and tributaries with oil, dyes, and chemical wastes.
Vessels of all tyoes, from ocean liners to ferry boats, traverse
the harbor and add their waste to the waters. In addition to
these wastes, the rivers entcring the harbor carry the domestic
and industrial wastes from an arsa of 15,200 square miles. Some
of these wastes are treated or purified before being discharged
into the rivers, but at the present time this Is only a small
percentage of tha total.

If the water of the harbor were stagnant or remained unchanged
for any length of time, 1t is quite ocbvinus that the results

would be calamitous. Nature, however, has provided
Effect of

the tides which give the harbor a change of water
tidal flow twice daily, and fair sanitary conditions have been
maintained except in some local areas. Of course, the change
of water is not a complete one.lf the flood and ebb of the
tide were equal, almost all of the polluted waters receding on
the ebb would return on the flond. The conditlons in New York
Harbor are alse affected to a very eonsiderable extent by the
fresh water from the Hudson, which, in its attempt to get to



tne sea, decreases the oeriod of flood and increas
of ¢bb, so that gradually the water in the harbor moves out to

S0

The tides and currents ir New York Harbor are, for this reason
controlling factors in determining the character and cost of

sewage treatment works that must be provsided to maintain satis-

Effect factory sanitary conditions. |In some instances, the
of flow of a large volume of tidal water, together with

the fact that the currents would not transport pollut-
fidas

ing material to recreational areas, would permit the
construction of less costly works than where conditions are of an
opoosite character, such as where tidal volume of flow is compara—
tively small and the currents would affect arsas used for re-
creational or other purposes by the residient population,

The information necessary for a complete understanding cf the
various tidal and current effects in New York Harbor are scatter-
ed through a long period of years. |In order to make the major
part of this information available for ready reference, this re-
port has been written., * A brief description of the tidal and
current phenomena in the New York Harbor area will be given in
this report, The directions and velocities of the tidal and non-

tidal currents will pe explained and their effects examined.

SCOPE OF WORK

The area under consideration (See sap No. |) comprises five large

bays, Upper, Lower, Jamaica, Newark, and Raritan Bays; five

P straits, the Narrows, Kill van Kull, Arthur Kilt,

Fast River, and Harlem River; one large tidal river,

Includsd . -
the Hudson River, Long Isiand Sound, and the Atlantic

Ocean, The tides enter at two points miles apart; the one

through the Lower Bay and the other through Long Island Sound.



TIDAL- CURRENTS-NEW-YORK-HARBOR: -/
*ONE + HOUR - BEFORE - LOW - WATER - _‘1

MANTIEAL FILES

L S B B T

JERSEY

TIME.. OF SPRING-TIDE -

Arcows - Innpicate - DinecTion ofF CureENTs
“UM‘.EALS' lND‘CATL‘ VELOCITW.S' IN - kNOTS- AT

MAP FROM U.S.DEPT. OF COMMERCE
COAST AND GEODETIC SURVEY
TO ACCOMPANY REPORT MADE BY

WPA. WATER-POLLUTION:-PROJEC Tnoses-sz3-s9su

MAP
No. 1

OCT. 23,1939




PLAN OF OPERATION

in order 1o get information on past surveys of this complex area,
a staff of men were kept at work at the New York Public Library
Vork from Aprit 2C, 1929, to August 31, 1939, Abstracts
PRSI were made from eighty publications, including re-
ports of the United States (oast and Geodetic Survey,
the United States Ariny Engineering Corps, and various municipal
agencies. A list of the publications consulted will be faund
in the 3ibliography at the end of this report.

The abstracted material has been indexed and gathered into 4
loose~-leaf volumes arranged chronologically. Thus, a total of
approximately cleven hundred typewritten pages of selected tidal
information has bzen made available in permanent form for future
reference,

After the information had been collected the work of selection
and interpretation began., FEarly reports of surveys contained
much that had tc be discarded in the light of later observations.
The erection of a bridge or even the extension of aplier at an al-
ready narrow point on a river may cause a very noticeablg varia—

tion in both the direction and velocity of the current.

Puring this work of compilation contact was maintained with the
New York office of the United States Coast and Geodetic Survey.
That office was courteously made available for checking our own
records and for further research,



GENERAL TIDAL PHENOMENA

ATTRACTION OF HEAVENLY BODIES

The fall and rise of the tide anu the currents which accompany
them are familiar ohenomena, Popular opinion ascribes thsir
Popular cause to the moon's attraction, and with this opinion
Tian science is in agreement. wMany factors, nowever,
must be congidered befare an accurate prediction can
be made of the action of the tide, and it is here purocsed to

give a general description of these tide producing forces,

The existence of a mutually attractive force between neavenly
bodies has been recognized since the time that Sir |saac Newton
Law of made know his theory of universal gravitation., We
Nutual al so know that the attractive force which any celestial
dttraction DOOY will have upon the earth will be great if the
mass of the attracting body is great, and that it will
decrease as its distance from the earth becomes greater. We can
now state the law of attraction, i.e., that the attractive force
(F) of a heavenly body varies dirsctly with the mass (M) of the
body «nd inversely as the sguare of Its distance (D). This is

generally expressed as F = 24

D?

with this in mind, we can readily see that the attractive force
of the moon, because of “the comparative nearness of that body,
must be great, and likewise that of the sun bocause of its
immense mass, The effects of the other heavenly bodies, because
of their relatively small masses or great distances, are com—
paratively small and need not be considered in connaction with
our study. Thus, it is with the moon and the sun only that we

are concerned.



TIDE PRODUCING FORCES

The intensity with which the moon (or sun) attracts a particle
of water on the earth is greater if that particle is on the
ride side toward the moon (or sun!}! and less if it is on
Producing the side away from the mcon (or sun), For the
Force attraction upon the solid earth as a whole, the
effective distance (D) is obviously to be measured
Trem the center of the earth, since that is the center of mass
of the solid body. The differences in these attractions give

rise to the tidal forces. The mathematical development of
these forces shows that the tide producing force of a heavenly

bedy varies directly as its mass and inversely as the cubs of
its distance from the earth. |t is to be noted that the tide
producing force varies as the cube of the distance while in
Newton's gencral Law of Mutual Attraction, the attractive

force varies as the square of the distance. The sun has a mass
27,000;000 times as great as that of the moon, but it is 389
times as far away from the earth. The sun's tide producing
force is, therefore, to that of the mcon's as 27;000,000 is to
53, 800,000 (the cube of 380), or approximately one-half,

Fig.! illustrates graphically the tide-producing forces. The
relative magnitudes of the forces are given by the numbers on
[T the arrows. The vertical components of the tide
producing forces coincide in direction with the
gravitational force of the earth itself, and thus act as a very
slight modification of weight. The effective tide producing
forces, however, are the horizontal components of the forces
shown. Thus, we see that the tidal forces tend to move the

water towards the moon on the side of the sarth

Graphic . )

rEEsE R facing the moon and, seemingly, away from the .oon
tion of on the opposite side of the earth. This is readily
S understood when we realize that it is the difference

between the moon'!'s attraction on particles on the
surface and at the center of the carth, which causes the tide

producing forces. In other words, if we consider the two points



P and P' upon the same parallel of latitude, but 180 degrees
apart in longitude, the force of attraction at » is greater

than at the earth's center by the same amount that the force

at ©' is less. The particie ut P is drawn toward the roon by

a force greater than the force on a particle at the earth's
center, the resuliant being a force on the particle awny from
the earth's center. But the force on a particle at the carth's
center is yreater than that at P!, the resultant being a force
on the particle at the earth!s center away from P', or what is
to the samc effect an apparent force on P! away from the earth's
center, At the pcints vV and | the horizontal components of the
moon's disturbing force must vanish, the force itself being ver-
tical. The horizontal componcnts are |likewise zero at D and DY,
being points on a great circle of longitude midway between Vv and
I, for all points aiong this circle are very nearly as far from
the woon as is the earth's center,

The resul tant effect of the tidal forces is tu¢ cause a tendency
to recede from the carth's center in tnose particles on the side
facing the moon (or sun), and a like tendency on the opposite
side of the earth. The waters on the surface of the earth are
free to yield to this tendency with the result tihiat ordinarily
there are four tidal waves being raised on the waters, two caused
by tne moon and two caused by the sun.

However, since the tide producing force of the moon is approxi-
mately twice that of the sun, the effect of the sun's attraction

on the tides i3 must noticeable as it works in the

Force

0F same {or oprosite) direction to the moon, and is noticed

Nasn the least when in & direction perpendicular to that cf

And the moon's attraction, Thus the range of the tide in-

Sun creases in magnitude as the moon approaches her con-
Juction (or cpposition) witn the sun at new or full

moon, and diminishes as the mocn reaches the quadrature, or first

and third quarters; or, in other words, the range of tide varies
with moon's phase.
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VARIATIONS IN TIDES

In its rise and fall the tide clearly reveals the preseace of
three variations, each relat:=1 to a particular movement of the
moon, The most roticeable variation that retated
Causes of ’
Fiidd to the moon's phass, we have just discussed, [t was
1
o shown that at the time of new or full moon, the tide
tariations
will rise higher and fall lower than usual, so that
the tidal range at such timesis greater than the average,.The
tidas at such times are called "spring tides" =2nd the range is
krown as the Yspring range! When the moon is in its first or
third quarters tha tide docs not r.ise 2s high or fall as low as
usual, hence the range at such time is less than average. The
tide 2t such times is called the "neap tide" and the correspon-

ding range is calied the "neap range.™

It is to be noted tihrat at most places there is a lag of a day
or two between the time of a full or new moon and the corres—
ponding spring tide., This lag is known as "phase age" and is
generally ascribed to the effects of earth and water friction,
At Fort Hamiltcn, as an example, the phase age is about 27 hours,
which means that th: spring tide occurs that many hours later

than the full moor,

The second varization in the rise and fall of the tide is related
to th= moont's varying distance from the earth, In its movement
around the earth the mnon doscribes an ellipse, The 2arth is at
one of the foci of the ellipse, with the result that 2t one point
in its orbit the moon is nearest the earth, or in perigee, and

2t the opposite point of the orbit it is farthest away, or In
apog-.e. ¥Wh-n the moon is nearest the aarth tne tide rises higher
ind falls lower than usual, the tidisbeing known as "perigean
tides!’ When the moon is farthest from the earth the range is
small nd the tides are known as "apoge~n tides,' Here 232in,

the perigean or apogean tides tag beohind the time of the moon's
passnge through [ts perigee or apogee. At Fort Hamilton this lag,

known as the Y“parallax age" of the tide, is about 3| hours.



The third periodic variation in the rise and fall of the tide is
that associated with the moon!'s changing declination, due to the
fact that the plare of the moon's orbit is inclined to the pla2ne
of the escuator. This variation of the moon's declination causes
inequality in the two high tides of one day, but is of minor im-
partance on the Atlantic Coast, having very little sffect there.
when the moon is on or close to the eauator, and the difference
in morning and afternocon tides is small, the tidos nre known -as
equatcrial tid.us. At the timz of the moon's maximum semi-montnly
declination, when the difference in tides, due to this factoer,

is a maximum, the tides are called "tropic tides."

There are other periodic variations in the rise and fall of the
tides, but the three discussed ahove 2re the most important.

: Each of these variations has a different period,
Period

cf

VYariations

the montkh of the moon's phases being 29z days of
the moon's distance 273 days, and of the moon!s de-
clination 27-1/3 days. 1t follows, therefore, that
very considerable variation in the rise and fall of the tide
occurs during a year due to the changing relationships of these

three lunar movements.

TYPES OF TIDES

Professor Henry Mitchell, in a paper prepared for the Navigation

Bureau of the United States Navy, says:

*To form a clear natlion of the tide, it must
be concelved to be a long wave or undulation,
propagated to our shores from mid-ocean with=
out necessarily causing visible agitation of
the water particles. Its range ls the vartl-
cal distance between the low and high water
levels; 1ts length the distance measured on

The the surface of the sea from one low water to
ride the next. The tlde wave, consldered as an
Vave undulation, is always moving In a single
direction, but is subject to changesof fig-
ure from polnt to point In lts journey, oy
which its range and lts length are altered.
The rate with which the tide wave moves de-
pends upon the depth of water; It |s meas~-
af high water

ured by comparing the times
observed at different determined points a-

long fts path.” (2%)



The observed tide is not a simple wave. |t is a compound of
several elementary undulations. There is thus great variety
in tides, and therefore in undertaking to investigate the tides
of a port it is important to ascertain as early as possible the
form of the tide. For convenience, al! tides are grouped in

three classes, namely, semi-daily, daily and mixed.

The semi-daily type is one in which twe high and two low watears
accur in a single day with little variation between the heights of
Pype of the A.M. and P.M. tides. {n the daily type of tide there
e is but one high and one low tide per day, while in the
mixed type there are two lows and two highs in a day,

the A, M. and P.M. highs for lows), which are of marked inequal ity.

The tide at the Battery in New York Harbor is representative of
the semi~daily type of tide; in fact, this type predominates all
along the Atlantic Coast. Although New York tides

yew York
are designated as semi-daily, they are not free from

i the daily inequalities caused by the moon's declina-
tion. Thus, when the moon is at its semi-monthly maximum de—
clination, the tides exhibit more diurnal inequality and then
approach the mixed type. It is in this varying relation of the
magnitudes of the daily and semi-daily tide producing forces
through a half-month period that we find the explanation of the
different heights of the two high (or low) tides of a single day.
This sub ject wili be given more attention in the discussion of

the tides at Fort Hamilton.

TIME OF TIDE

As we have seen, high water at any given place is caused by the
passage of the moon across the meridian of the locality, or when
it is at the opposite point of its orbit, 180 degrees distant,
the tides beinyg greater or less depending aon the relative posi-
tions of the sun and moon. B8ut since the moon in its movement
around the earth crosses a given meridian on the average fifty
minutes iater each day, the tide is, |likewise, later. The tidal
day, therefore, |ike the iunar day, has an average length of

24 hours and BQ minutes.



High water, however, does not cccur at the moment of the moon's
passaye across the meridian. There is a time layg known as the
"hiyh water lunitidal interval," which we shall see

Tiaal
amounts to about eight hours at Fort Hamilton, There

Time Lag

is also, of course, a lag in the time of {ow water
after the moon's meridian passage, known as the "low water luni-
tidal interval,'" which, at Fort Hamilton, amounts to about 1.6

nours, {See Table 1).

TIDAL DATUM PLANES

The tidal planes of reference form the basis of all rational
datum planes for elevations used in engineering or scientific
work, FEach plane is the imaginary horizontal surface contain-

ing all points at the specified level.

The principal tidal plane is that of mean sea level, which may

be defined as the surface the sea would assume if undisturbed

sidial by the rise and fall of the tide. The height of

Flakes mean sea level {s best derived by adding the hourly
heights of the tide over a period of a yszar or more

and computing the mean hourly height.

The planes of mean high water and mean low water are determined

as the average of all the high waters and |ow waters over a

period of a year or more,

The plane of half-tide level or mean tide level lies half-way

between the planes of mean low water and mean high water. On
the open coast the plane of mean tide level does not ordinarily
differ from the plane of mean sea level by more than a tenth

of a foot, but in some localities there is a considerable diff-

erence.

The tidal planes here described are the principal ones and the
ones most generally used. The other planes, sometimes used,
are not necessary for understanding the sub ject matter of this

repart,



Before proceeding tc the examination of the tidal phenomena in
New York Harhor, we should call to mind that there will probably
be a difference hetween the observed hehavior of the tides and
what it should be theoretically, as it is only in protected
waters during periods of calm weather that the tide curve is

free from irregularities.

The principat disturbing agency is the wind., It is a well-known
fact that onshore winds tend to raise the level of the water along

the coast, while offshore winds tend to lower it, The
Effect of

p extent to which the waters are raised or lowered de-—
Fin

pends not only on the direction and velocity of the
wind, but also on local hydrographic features, places situated on
shatlow waters being generally most affected.



TIDES N THE NEW YORK-AREA

THE RECORD OF TIDES AT FORT HAVILTON

The record af the tides at Fort Hamilton constitutes the longest
continuous series of observations In New York Harbor. Observa-
— tions were begun in 1853 by the U. S. Coast and
ftaa

) Geodetic Survey, using a standard Coast and Geode-
Observations

tic Survey tide gauge. In 1221 the work was taken

over by the U. S. Engineer Office of the War Department, which

now maintains the tide station.

THE LUNI TI DAL INTERVAL

Oue to the changes in the relative positions of the sun and moon,
the lunitidal interval at Fort Hamilton varies from day to day.
Changes in wind and weather also affect the length of the luni-
tidal interval, but ordinarily it varies !ess than an hour from

the mean. (See Table 1),

If we take the |19 year period, 1912 to 1930, as giving the best
determination, we derive 7,64 hours faor the high water interval
(H.W.1.,) and 1.63 hours for tha Low Water Interval

Figh and A ;
(L.W.I}, It is pertinant to nots hara that the Low

Low water
Water Interval given is the time elapsed after that
Intervals . . i
transit of the moon, which causes the succeeding

high water,

DURATION OF RISE AND FALL

Since the lunar day is approximately 24,84 hours, it is obvious
that at places such as Fort Hamilton, where there are two tidal

cycles daily, the duration of each cycle will be 12.42 hours.
.See Tabie 2]).



IM LUNITIDAL INTERVALT -« FORT HAM!LTON

TABLE

ANNUAL VARIATION

M ———— U ——
1393 - 1941 ;
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Apr. ; 7.63 1.56 i
| may 5 7,64 1.60 g
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| Mean : F.71 1.66 i
5 | 1912 — (930
| .
! ! ‘
| Jan. , 7.69 | 1.62 ,
| Feb. : 7.68 . 1.61 '
! Mar. 7.59 ; 1.56
|  dpr. 7.53 ! 1,58
| !
May é 7.60 { 1.58
| June ; 7.59 | 1.62
July § 7.85 ‘ 1.64
| Aug. | 7.68 , 1.67
{ ! !
" Bept. i 7.89 f 1.69
| oot i 7.87 i 1.87
| Nov. i 7.70 } 1.68
| Dec. i 7.71 ; 1.87
| { |
| Mean 7.64 ] 1.63
L > :




TARLE 2
DURATION OF RISE -~ FORT HAMILTON

{Annual Means ~ 1893 to 1932)

- ] | s ey
YE AR HOURS i YEAR HOURS
REIRRICHRSEINTN (SRR APt S SRTIT=Ci Y . ST P H PR

| l
1893 |  8.08 i 1913 6.08
1894 I 6.04 ! 1914 6.08
5 1895 ! 8.07 ; 19 16 6.02
1896 | 6.07 ? 1916 5.98 [
1897 { 8.09 f | 1917 6.00 |
18908 i 6.08 | i 19 18 5.99 |
1899 | 6.07 i : 1919 6.01 f
1900 i 6.04 i l 19 20 5.04 i
i I
1901 i 6.06 z ; 1921 €.05
19082 { _g.02 | i 1922 6.04
sum : 60,60 H i sum 60.24 |
| Mean 6,06 | | Mean €.02 ;
| | —
| 1008 6,03 | ; 19 28 £.02 |
| 1904 6.04 i 5 1924 | 6.01
1908 * | 6.03 | 126 | 5.99
1906 6.04 , ! 19 2€ 5.97
1907 6.01 : i 1927 6§.03
1908 .06 g | 19 28 5.94
1909 i 8.07 ; g 19290 8,04
1910 6.02 ; i 1930 | e.06
| ; | |
1911 ! 6.04 | f 1931 | 6.09 |
1912 ! 6.03 i | 1932 | 8.08 |
sum § 60.37 ; | sum % 80.21 i
f |
Mean { 6.04 i % Mean |  6.02
= |~ |




Taking the mean of the 19 year period from 1912-1930 inclusive
as probably giving the best determination, the average duration

of risg at Fort Hamilton is found to be 6.0l hours,

Flood and : b

— and thne average duration of fall, 6.41 hours, As
; noted with regard to th2 lunitidal interval, the

Periods

variation from the average is not gresat, baing
generally less than one hour. The greatest duration of rise
occurs in the winter and the least in the summer., Of course,
the corresponding duration of fall will increase or decrcase
in such degree as to produce a total duration of tidal cycle
of 12.42 hours., -

PLANES OF HIGH WATER

The height to which high water rises varies from day to day,
as was indicated in our discussion of the moon's variatiops
and meteorological changes, The plane of mean high water

at Fort Humilton is derived from the average height of all
the high waters recorded. (Sece Table 3).

Taking the result from the 19 year series, 1912 to 1930 as

best representing present day condition, mesan hign water

at Fort Hamilton is 2.33 feet above mean sea

Mean
fevel.
High . . .
The phase age, ar 13 In occurrence of spring
Hater

tide after 2 full or new moon, is about 27 hours
at Fort Hamilton, but this may vary considerably, since it is

affected by the moon's parallax and declination.

The average spring tide at Fort Hamilton is found after obser-

vation to be about 19 per cent higher than mean high water, or
2.77 feat (2,533 Tt. 19 per cant). The average
neap tide at Fort Hamilton is 20 per cent less
than mean high water of 1.86 ft., (2.33 ft, - 20

Pertgean

And

Apagean
per cent).

Figh water . . ) )
The changes in heoiyht of tide due to the varying

distance of the moon from th: tarth are as fol lows:



TABLE 3

HIGH WATER ABOVE SEA LEVEL - FORT HAMILTON

{ Annual Means Corrected For Longltude Of Moon's Node)

vy
©
(o]
~3

FEET

2.26
2,26
2.26

2.30
2.29
2.28
2,28
2,29

2.88
2.29

22.7%

2.28

2.30
2.32
2.31

2.29
2.32
2.32
2.33
2.34

.32
2.33

23.18

2.32

=

|

T ],_ T -

|

e

5

I
i
1
1

YEAR

1913
1914
1918

1916
1817
1918
1919
1920

1921
1822
sum

Mean

1923
1924
1925

19 26
1927
1g28
1929
1830

1931
1932
Sum

Mean

!
;
'
|

e

FEET
2.32
2.30
2.21

¥ -



The plane of perigean high water is 2,88 feet above mean sea level

or 24 per cent higher than mean high water (M,H,W.),

The plane of apoyean high water is 1,87 feet above mean sea level

or 19 per cent less than mean high water.

At the time of tropic tides, which pccurs at the time of the
moon's maximum semi-monthly declination, when the difference
in daily tides is a maximum, the resulting high waters at

Fort Hamilton ara as follows:;

The plane of tropic higher high water is 2.70 feet above
mean sea level, or |6 per cent greater than mean high water,

The ptane of tropic lower high water is |,71 feet above

mean sea level, or 26 per cent less than mean high water.

In addition to the high waters caused by periodic varia-
tions of the heavenly bodies, we have the high water planes

caused by meteorological changes, known as the

Ext

pkb oot plane of extreme or storm high water and the
High ; . 5 §

ve plane of highest high water. While not strictly
Fater

tidal datum planes, these planes are of consid-

erable practical value, Extreme hjigh water for any year is

the average of the highest high waters of each month., At
Fort Hamilton it is 4.13 feet above mean sea fevel, The

plane of highest high water is the average over a period

of years of the highest high waters of each of the years.
For the period of 1912-1930 the height of this latter
plane is 5.13 feet above mean sea level, or |2 per cent
greater than the plane of mean high water,

PLANES QF LOW WATER

For each of the high water datum planes discussed, there
is a corresponding low water datum plane, Most impprtant,

of course, is the plane of mean low water. The average



height of this plane over the period 1912 to 1930 is 2.42 feet
below mean sea level, (See Table 4},

For heijhts of other low water planes see Table 6.

RANGE OF TIDE

The mean range of the tide at Fort Hamilton for the period 1912~
1930 is 4.75 feet., (See Table 5). In recent years the range has

Range of shown an increase of about 3. |l feet, the rise in-

Fide creasing 0.06 feet and the fall Increasing 0.05

feet, This augmentation in range must be ascribed
to the deepening of thne channel, leading from tne sea into the
Narrows. Other ranges representing the distances between corre-

sponding datum planes already discussed, are shown in Table A,

EFFECT OF WIND AND WEATHER

When the relative position of the moon and sun is most favorable
for the occurrence of a nigh high water, that is, at the time of
a tropic higher nigh water that occurs when the moon is full or
new and also in perigee, the increase of high water over mean

high water should be apbout as follows:

{ncrease caused by tropic high water —— 5%
Increase caused by spring high water -— (9%

Increase caused by perigean highwater—— 24%

Total—-— B9%

Thus, high water, under these propitious circumstances, should be
5% greater than mean high water, or 3,70 feet above mean sea lev-
el (2,33 ft, 4+ 59%). Similarly, low water under

Port
# a1 5en most favorakle circumstances should be 49% lower
'3
T than mean low water, or 3,60 feet below mean sea lev-

el (2.42 feet 4+ 49%). But our records at Fort Hamil-
ton show high waters considerably nigher and low waters consider—
ably lower than the theoretical extremes, In fact, the plane

of extreme high water is 4,13 feet above and the plane of
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LOW WATER BELOW SEA LEVEL - FORT HAMILTON

YE AR FEET
1893 2.35
1894 2.35 i
1895 2.38
1896 2.38
1807 2,37
1898 | 2. 36
1899 2.34
1900 ! 2,34
1901 ! 2.36
1802 : 2,38

sum { 23,58

i

Mean i 2. 36

1903 | 2,39
1004 5 2.38 |
1905 | 2,37 '
1906 { 8.87 ?
1907 i 2.40 ‘
1908 | 2.41 ‘
1909 : 2.38 |
1910 ! 81 !
i i
1911 ! 2,43 |
1912 | 2.48 |
sum ! 23,97 '
Mean ‘ 2.40 ;
o - i

1

ot e e

(Annual Means Corrected For 'ongitude 0f Moon's Nodel

LN D LT e e s TR ARk

YE AR

1913
1914
1815

1918
1917
1918
1919
1920

1921
1822
sum

Mean

1923
1924
192885

1926
1927
1928
1829
1930

1931
1938
sum

Mean

SETE—. = |

FEET

Y T R TR T TR PYCTYRT P I

2.40
2.41
£.42

2,44
2,43
2.41
2.41
2.44

2,40
.42

—

24 .18

2.4%2

2.40

2.45
2.43

2.41
2.41
2.43
2.44
2.40

2.41
2.41

24.19

2.42




TABLE 5
RANGE OF TIDE - FORT HAMILTON

(Annual Means (orrsctec fFor fongltude Of moon's Node)

LR R, - BT = VA U TS S
] ; I | [ I
YEAR |  FEET s | vyear | FeeT |
TR ll-I!llltlllwllil'ul-'?l-ll .-munmummnm.lw-u-? l.vv--lu-nn-uuuulmu-m~-.umiu~--m I R I T LI L |
1893 ! 4.61 g I 1913 { 4.71
1894 ? 4,61 g ! 1214 | 471 .
1898 i 4,62 ! | 19158 i 4.74 |
1896 | 4.€8 : L1816 | 4.76
1897 | 4.66 | | 1917 ! 4.75
1898 | 4.64 ; i 1918 ; 4.75 ;
1899 |  4.62 | 1919 4.72 !
1900 1 4064 ! | 1920 | 4,76
[ ] i I
| |
1008 | 4.87 ‘ ! 1922 ; 4.78
| eeSsiasis f |
Sum | 46.386 | sum | 47,38
Mean 5 4.64 ! Mean g .74
1903 | 4.69 | 1923 | 4.72
i f
1604 : 4.70 ; 1924 i 4.81
1905 i 4.68 i i 1925 l 4.78
I
| 1006 | 4.e8 ; 10 26 4.75 i
‘ 1907 4.72 | | 1927 4.73 |
1908 4.72 i : 1928 4.76 g
1909 4.70 s ! 1929 4.78
i 1910 4.75 ! | 1930 4,73
i : !
1611 | 4.7 i i 1931 4.73
1e12 I a.78 i i 1932 4.72
! i
Sum 47.13 { ; sum 47T.61
Mean | 4.71 ; i Mean | 4.75
H i I
TS . £ s S L,._ PR T L ) e SRS |



TABLE 6

SUMMARY OF TIDAL DATA ~ FORT HAMILTON -~ NEW YORK, N. Y,

THE RELATIONS

HIGH-WATER INTERVAL
LOW WATER INTERVAL
DURATION OF RISE
DURATION OF FALL
PHASE AGE

PARALLEX AGE
DIURNAL AGE

SEQUENCE OF TIDES IS HHW TO LiW.

RANGES

MEAN RANGE

GREAT DIURNAL RANGE
SMALL DIURNAL RANGE
GREAT TROPIC RANGE
SMALL TROPIC RANGE
SPRING RANGE

NEAP RANGE

PERIGEAN RANGE
APOGEAN RANGE
EXTREME RANGE
GREATEST RANGE

HE IGHT RELATIONS

MEAN HIGH WATER ABOVE MEAN SEA LEVEL

MEAN HIGHER HIGH WATER ABOVE MEAN SEA LEVEL
MEAN LOWER HIGH WATER ABOVE MEAN SEA LEVEL
TROPIC HIGHER HIGH WATER ABOYE MEAN SEA LEVEL
TROPIC LOWER HIGH WATER ABOVE MEAN SEA LEVEL
SPRING HIGH WATER ABOVE MEAN SEA LEVEL

NEAP HIGH WATER ABOVE MEAN SEA LEVEL
PER|GEAN MIGH WATER ABOVE MEAN SEA LEVEL
APOGEAN HIGH WATER ABOVE MEAN SEA LEVEL
EXTREME HIGH WATER ABOVE MEAN SEA LEVEL
HIGHEST HIGH WATER ABOVE MEAN SEA LEVEL

MEAN LOW WATER 3ELOW MEAN SEA LEVEL

MEAN LOWER LOW WATER BELOW MEAN SEA LEVEL
MEAN HIGHER LOW WATER BELOW MEAN SEA LEVEL
TROPIC LOWER LOW WATER BELOW MEAN SEA LEVEL
TROPIC HIGHER LOW WATER BELOW MEAN SEA LEVEL
SPRING LOW WATER BELOW MEAN SEA LEVEL

NEAP LOW WATER BELOW MEAN SEA LEVEL

PERIGEAN LOW WATER BELOW MEAN SEA LEVEL
APOGEAN LOW WATER BELOW MEAN SEA LEVEL
EXTREME LOW WATER BELOW MEAN SEA LEVEL
LOWEST LOW WATER BELOW MEAN SEA LEVEL
HALF-TIDE LEVEL BELOW MEAN SEA LEVEL

2\

HOURS
HOURS
HOURS
HOURS
HOURS
HOURS
HOURS

FEET -
FEET =
FEET -
FEET =~
FEET -
FEET -
FEET -
FEET -
FEET =
FEET -~
FEET -

FEET -
FEET -
FEEY -
FEET -
FEET =
FEET -
FEET -
FEET -
FEET -
FEET =
FEET =
FEET -
FEET -
FEET =
FEET -
FEET -
FEET -
FEET -
FEET -
FEET =
FEET =
FEET -
FEET -

- 1.64%
- 1,63
- 6.0
- 6.1
~26.50
-30.00
- 4,60

4. 75
5.29
4.17
5.34%
.13
5.65
3.76
5,17
3.85
8.06
12.80



extreme low water is 2.93 feet below mean sea level, and consid=
erably greater tides have been reccrded. The discrepancy is due

to changes in wind and weather, By noting the weather that has
prevailed on the days when the highest and lowest tides occurred,
we find that highest high waters generaliy come with strong north
easterly winds, Furthermore, higher high waters come almost invari-
ably with a falling barometer. Observation shows that extreme
tides are due not to chanyge in range of tide, but to an unusual
rise or fall of sea level. Thus, it would appear that storms
affect the sea level inm general and not the specific range of

the tide,

SUMMARY

A summary of tidal data at Fort Hamilton will be found in Table 6.



THE TIDES IN LOWER NEW YORK BAY

Tides have been observed, also, in Lower B2y 2t 2 number of
places, and for various periods of time, generally for periods
much shorter than the series of observation at Fort Hamilton
for the ourpose of this discussion, Sandy Hook Bay are included
as a part of the Lower Bay.

As compared with the tide at Fort Hamilton, the tide at Sandy
Hook is a tenth of a foot less in range and about 3 minutes
earlier, In this connection, it is to be noted

Sandy Hook

s that, in general, the direct difference between
ey the lunitidal intervals at two stations does not
give the difference In time of tide at the two stations, except
when the two stations have the same lomgitude. A correction of
0.069 of an hour per degree of difference in longitude must be
applied. In the western hemisphere this correction is added to
the timé of tide of the station of greater longitude., Tides in
Lower New York Bay rise higher and fall lower on the northern
shore, being greater by more than 0.10 ft. This is probably due
to the rotation of the earth, which in the northern hemisohere
deflects moving bodies to the right of the direction of move-
mcnt. On the rising tide the water moving into Lower Bay is
deflaected to the right, or northern shore. On the falling tide
the ebbing waters are again deflected to the right, but now it
is the southern shore that is to the right of the moving water.
The tide, therefore, rises higher and falls lower on the northern

shore, giving a greater range here than on the southern shore.(78)

From taple 7 it is seen that time of tide throughout the Lower
Bay does not change to any considerable extent. Toward the wes-
tern end of the bay the duration of rise is seen
Raridan g
to decrcase due to the influyence of the non-tidal
Bajy .
’ waters flowing from the Raritan River. Toward the
western end, also, the range of tide increases, and this, probably
is duc to the rapidly converging shore lines, though possibly to

the tides meeting the river water flowing into the Bay.

23



TABLE 7
TIDAL DATA - LOWER BAY

[ i e
i ; Lunitidal { !
: i Intervals - Dura- %
E Locality et tion of | Mean |
' l in ! I rise | Range |
' ' ! in In
| Houra | Hours | Hours | Feet |
LR R T N L T Ry S P TR T Y T LT PO TY AR YT 11 OGN o bn- s teet bt roe ooy Oonguabeciking inn L I L L L LI I RN I I L LT
Sandy Hook, N. J. L7050 | 148 g. 41 4,68
. Sandy Hook, N. J. | 7.61 § L1487 6.04 4,56
Romer Shoal Light, N. Y. I 7.48 b= 57 6.1 4.83
1 { i |
Port Monmouth, N. J. | a3 |} 1.7B By 7D 4,65
Conaskonk Point, N, J. | 7.87 | 1.8% | B.94 | 5.02 |
Keyport, N. J. [ 7.52 | L858 5,97 | 4.98
South Amboy, N. J. i T TS [.85 | 6:92 I 5.07 |
Perth Amboy, N. J. ( T.95  1.89 5.06 .|
Red Bank, N. Y, ! 7.40 1. .97 | s.22 |
Great Kills, N. Y, | %0 | 1. 6" 5.97 5,01 i
New Dorp Beach, ., Y, R P T £ i PR 4,82
I6th Ave, Bklyn, N. Y. f P60 - of L laE3 6,08 | daii
Gravesend B3ay, N. Y, | .52 | .60 5.92 4.64 |
f ' '
Gravesend Bay, N. Y. 7.87 | 1.48 6. 19 4.53%
Norton Point, N, Y, | 7.45 | (.23 5.22 | 4,87 |
Conay Island, N. Y. .65 | .35 6,32 4,92
Coney Island, N. Y. { T80 | . 1% 5.35 | 4,82 |
et - i it e il R . N —— A = T S ot

THE TIDES IN THE NARROWS AND UPPER NEW YORK BAY

Table 8 lists the results of tidal observations in the Narrows and
Upper New York Bay. The actual differance in time of tide between
Fort Hamilton and the 3attery is seen to be 0,47 hours., Now, the
distance along the channel between Fort Hamilton and the Battery
s six nautical miles and tne average depth of the channel is
twenty~-six feet, Using the formula r :\/gﬁ-for the rate of ad-
vance of a progressive wave, and substituting tne depth, 26 feet

24



far "h", we determine "r" to be (7.1 knots ger hour. This formula
is hased on Airy's theory that the true velocity of the tidal wave

is tha sane as that which a free body would acquire

Piae
4% Yia hy falling from rest under the action of gravity through
Battery a space a2qual to half the depth of the water, At this

theoretical rate the tide wave should move from Fort
damilton to the Rattery in 2,3% hours, This agproximates the 0,47
hour obtained from observation, and we may, therefore, conclude
that through the Narrows and Upper RBay the tidal movement is of

the progressive wave type,

Throughout the area the duration of rise is approximately six
hours, giving the fall a duration of about 4,4 hours. Within
the Narrows the range decreases about a tenth of a foot from
south to north as a result of the gradually diverging shore

lines, and a further decrease of about a tenth of a foot pre-

vails in Upper Bay.



TABLE 8
TIDAL DATA -~ THE NARROWS AND UPPER BAY

LUNITIDAL

i
| ! gy | DURA= | MEAN
i E INTEKVALS TION OF : -
: LOCALITY | . S RISE |
g Looawr b L £ T
: L T R HOURS | FEET
HOURS |{ HOURS
| E o o b o il [P Quirmissnecianis T R YRS (TR R Y
! Fort Hamilton, N, Y. | 7.84 | 3,828 | @a.00 | 4a.78
| 92na st., Bklynm, N.Y. ; 7,78 ! 1.65 0.3 { Wale
| 83ra §t,, Bklyn, N.Y. |  7T.88 | 1,78 €, 07 i 4,64
| 7énd 8t., Bklyn. N.Y, | 7.85 | 1.78 | 8.07 | 4.82
| esth St., Bklyn, N.Y. | 7.8 1.83 | 6.03 | 4.63
| Bay Rldge, N.Y. [ %.¥ 1,90 6.01 | 4.53
| s1st St., Bklyn, N.Y. L 7.00 1.8 | 6,02 4,63
| Gowanus Canal, Bklyn, N.Y. | 7.95 1,93 .02 | 4.65
Erie Basin (South side) { ;
| Bklyn, N.Y,. I 7.99 1.83 e.18 4,66
| Ven Dyke St., Bklyn, N.Y, | 8.04 1.7 | e.07 | 4,67
! Atlantic Basin, Bklyn,N.Y. | 8.07 2.08 | €.056 , 4.80
| Familton Ave,, Bklyn, N.Y. | 8.07 £.18 5.94 4.40
Governors ,(Island, N.Y. | 8z:10 1 £.08 €.04 4.49
1 ]
; ggvernora Island, H.Y. Bs1l0 o 2.88 5.85 4,456
| Governors Island, N.Y. g.21 | 2.13 | @6.08 4.45
| The Battery, N.Y. 8.11 2,11 £.00 4,52
{ Fort Wadswerth, 8. I. 778 4 188 8«08 4,56
| Fort wadsworth, S. I. 7.77 1.867 | €.10 4.46
Fort Wadsworth, S, I, | 7,77 1.89 6.08 4.48
| Rosebank, 8, I, 2481 1.68 | a.23 4,39
! ci1tton, 8. I. | o84 1.72 A,00 | 4,48
| staplecton, 8. I. | 7,70 1.75 8.01 4,48
Stapleton, 8. I. { 7.88 L .76 8,18 4,47
| [ ! | {
st, George, 8. I. \ 8,07 ! 2,07 | @.00 4,34
St. George, 5. I. 7.90 | 1.85 | 6,08 4,48
gt., George, S. I. [ =.03 1.87 £.08 4.52
Bayonne, N, J. 7 .95 2.08 | 5,92 4,52
{ Claremont, N, J. f.08 | 1.94 R.11 4.41
| Jersey City, N. J. ' e.o2 .8 5,89 4.45

Summaries of the tidal characteristics at Governors lsland and at
the Battery are contained in Table 9, Ffor purposes of comparison,

tidal characteristics at Fort Hamilton are also included.



TABLE 9
TIDAL DATA - THE NARROWS AND UPPER BAY

e e e e oD e

; | eaar | covemwoss | THE

| | HAMILTON | ISLAND 'BATTERY

i Mean range Feet | 4.75 T. 4 50 i 4 46

| Great diurnal range ¥ 5.29 ! 4,83 g 4,79 I

? Small diurnal range H 4,47 | 4. 17 S TN B

i Great tropic range " 5.34 E 4,92 ; 4,86 |

{  sSmall tropic range " 3.73 | 3.66 | 3.58 i

l Spring range - ' 585 % 5. 39 I b5

. Neap range " ! 3.76 | 353 | 3.80 |

! Per igean range 1 8. 77T ; 5.40 ; 5.38

|  Apogean range i i 3.85 | 3,88 | 3.68 ?
Phase age Hour's 26.5 | 25.6 | 25.2
Paral lax age " ! 30,9 1 37.8 ! 3657 |

| Diurnal age " I a6 | 1.8 2 6.0

it is of Interest to note that, with the exception of the apogean
range at Governors Island, the various tidal ranges decrease from
Fort Hamllton to the Battery.

ARTHUR KILL

The length of Arthur Kill measured along the channel is about |1%
nautical miles, and while the channel has depth of 30 feet at mean
low water, the average depth over the entire waterway

Pide in

is about |84 feet measured from mean sca level, From
Arthur
Xill Table 10 it is seen that the tide becomes l|later along

Arthur Kill from Lower Bay to Newark Bay, the differ=-
ence being about 0.7 hour, Theoretically, a progressive wave
would traverse the distance in 0.8 hour, which approximates the
observed 0.7 hour, indicating that the tide through Arthur Kill

is of the progressive wave type,

7



The range of tide is greater 9y about 0.3 fecot at the southern

entrance than at the northern. The duration of rise is approx-—
imately the same throughout Arthur Kill, being about % 9 hours
of about 6.5 hours.

as against a duration of fail

TABLE 10
TIDAL DATA - ARTHUR KILL

—— e ———— e >
{ l
% | LUNITADAL A AL ,
; { INTERVALS TION OF
i LOCAL I TY T Y SRS ME AN i
| AW 1 Lwl eI '
! , I'N i IN I'N RANGE
| HOURS | HOURS | HOURS | FEET |
; Perth Amboy, N.J. 7.8 | 1.88 | 8,06 | 6.28 |
' perth ambey, N,J. 7.72 | 1.82 | 8.90 | 8§.158 |
| Perin Amboy, N.J. | 798 | 3.9¢ | .08 | S.07 |
| Tottemville, 8.I.: N.Y. 7.93 | 1.70 |, e.23 4.98 |
| Rossville, N.Y. 8.02 2.02 i 800 | B»18 !
1 ! -
i | ' |
| cCartaret, N.J. 8.3 | 2,37 6.01 ‘ 5.18 |
i cartaret, N.J. .80 | 2.38 | B.94 | 5,18 |
i Near Pralls Creek, N,Y. 8.58 B.42 | 6.0 | S.88 |
| Elizabeth, N.J. 8. 22 2,45 §.77 | B.00 |
| Ellzabeth, N.J. | 8.47 2.33 6.14 | 4.99 |
,  Ellzadbeth, N,J. | 8.62 2.62 €.00 | 4.75 |
f ‘ f |
KILL VAN KULL
The tidal data derived from observations in Kill van Kull are shown
in Table Il., The tide at the eastern end is seen to be about twenty

minutes earlier than at the western end. The duration of rise

throughout the waterway is approximately 6.1 hours, giving for

the duration of fall a period of 6.3 hours.



TABLE 11
TIDAL DATA - KILL VAN KULL

J— = R I—— " -1 = e e e St — —— —

LUNITIDAL i | ;

! i DU A—
1 i 1
} - & i i |
. | INTERVAL S | riow of |
| { ; ] !
LOCAL I TY  E— e g 1 MES ;
| ’ L HWI Lt Wise | RA‘W :
f [ i N IN NGE
, HOURS HQURS | HOUURS | FEET
| | |
, T o = e
constable Polnt, N.J, I 1.90 5.98 1 4.47
constable Point, N.J. 8,18 $.08 | @2.1% 4.50
| Bergen Point, N.J. | 8.28- 2,32 5.96 4.64
! pergen Point, N.dJ. | 2.38 2.18 8.22 4.84 |
5 : i
| New Brighton, N.Y, i 8.03 1.87 | 6.16 | 4.48
West New Brighton, N.Y. | 8.20 2. 13 6.07 | 4.48
Port Richmend, N.Y. } 8.38 1.87 6.8 4,48
port Richmond, N.Y. 8.36 2.52 5.84 | 4.49
| | %

NEWARK BAY

Data derived from observations in Newark 3ay are shown in Table 12,
From the east, Newark Pay receives the tide from Kill van Kull,
while from the west it receives thne tide from Arthur Kill, and
throughout the Bay the range of tide approximates that o0f the

tides coming from Arthur Kill and from Kill van Kull,

With regard to time in the lower nart of the 3ay, the duration of
rise is between 5-3/4 and & hours, while In the upper part in the
entrance to the Passaic and llackensack Rivers, it is 5-1/2 hours

or less.



TABLE 12
TIDAL DATA - NEWARK BAY

T — v - e
| i LUNITIDAL ;
| DURA=
f INTERVALS ] (
| TION OF
L OCAL | T Y ;._ S S R R P § L. : N |
' HW | LWl ? RldE i ME AN
! N N IN | RANGE
{ HOQURS | HOURS g HourRs | FEET
e i (o o . e e P s i b i A A A ot T3 A Lo A R ot M O
| i }
Mariners Harbor, N.Y, |  8.45 | 2.46 | 5.99 | 4.7
| shooters Island, N.Y. | 8,32 | =2.43 | s.89 4.59
Bergen Point Light, N.J. | 8.70 § g.57 | €.13 | .41
0ff Bayonne, N.J. } 8.40 | 1.83 | e.87 4.42
Port Newark, N.J. { 8.58 | 2.84 | &.74 4.73
Oft Newark, N.J. | 8.54 | 271 | 5.83 | 4.9083
Greenville, N.d. 8.70 3.00 i 65,70 4,58
Hackensack River, N.J. | 8.48 .26 | B.28 4,58
passalc River, N.J. ' 8.85 $.33 | B.BB | 4.78

THE TIDE IN THE HUDSON RIVER

The tide in the Hudson is of the orogressive wave type, advancing
approximately at a rate ecual to the souare root of gh. Table (3
contains most of the data as observed by the United Statcs Coast

and Geodetic Survey.




TABLE |3
TIDAL DATA - HUDSON RIVER

31

I LUNITIDAL f
| DURA-
INTERVALS ; o

TIQON QOF

LOCALITY S ———

i | Rise
HWI | LW
Il i 1IN I'N
HOLRS | HOURS HOURS
g Y L0 O A - % i R bR iR A

The Battery - Pler & it | mas 6.00
Cchambers Street 8,14 i 2. 15 5.99
Christopher Street 8.10 | 2,8 | 5.09
20th Street | 7.80 | 8.18 ! 5,62
22nd Street | s.28 | 2.25 8.03

i ( |
28th Street i 7,92 | 2,10 5.82
418t Street 8.28 | 2.30 5.98
42nd Street 8.284 | B.85 5.99
43rd Street 885 | Bad?7 | ©G.08
70th Street 8:47 | .48 | s.02
96th Street ' 8.27 | 2.48 |, 5.79
ggth Street 8.58 2.5 | 6.01
120th Street 824 B.868 | 6.08
165th Street 8.43 2,08 | B.61
156th street | 8.80 2,77 | 6.03
187th Street | 8.04 £.90 | 6.04
George Washingtor Bridge : &5 TR 2574 ' 6.05
Tubby Hook i B.04 2,84 § 6410
Spuyten Duyvil z 9.22 3,08 | &% 2h
Riverdale i 9440 3.09 | 8.31
Yonkers . 9.45 5.37 | 6.08
Alpine b 9.44 B.28 | 68.11
irvington 9.66 3.68 | 5.98
Tarrytown l 10,10 & 10 ; 8.00
Nyack 10,08 4.22 | 5.88

L]
ossining | 10,89 s.e8 | 5.74
Haverstraw ; 10.52 4,98 S5.56
Peekskill I 10.88 Ba A8 B.47
Iona Island | 10.52 6.22 | 5.80
West Point | 10.52 5.57 | 4,97

{ continued on next page |} ; ; o




TABLE 13  (cont'd)

MR e, . it , SOT—
Newburgh 12,14 8.35 5.79 2,64 ‘r
Beacon i 1197 6.07 | 5.70 2,89 |
Poughkeepsie | 0.08 7.61 4,96 | 2,95
Hyde park |  0.68 7,27 .77 | 3.11 |

| Barrytown 1.07 7.73 .76 4.09 |

|
catskill 1.85 8.51 5.76 4.08 |
Van wWies Point b 4,75 12, 38 4.79 1.98
Albany 5.02 12.19 | 5.25 3.57 |
Troy | 6.13 1.33 | 4.80 1.42 |

e TR I A — = —— ———

The computed tides in the Hudson differ considerably from the ob-
served tides due to seasonal changes in the quantity of drainage
water and the effect of stoms. Previous to the tropi-

Seasonal
cal storm of September 21, 1938, the highest tides re-

Changes
corded at the Rattery, near the mouth of the river,
were 6,0 feet above mean sea level on February Xth, 1527, and
6.2 feet above mean sea | evel on November 10th, [932. The astro-
nomical conditions on February 20th, 1927, were such as would be
expected to cause a tide pelow the average. This exceptionally
high water resulted from a very severe storm which had been rag-
ing over the North and Middle Atlantic States for two days.
Meteorological records for February, 1920, show that for the
three days preceding the 20th of February a northeast wind pre-
vailed. The wind on February 20th was northeast by east, averag-
ing about twenty-one mites per hour. For the four days from Feb-—
ruary 17th to February 20th inclusive, the wind was of moderate
veloclty, averaging 15.8 miles per hour, However, the controlling
factor appears to have been the persistency of the northeast wind
over the preceding three day period, causing a gradual piling uo
of the water in the Bay and resulting in the abnormally high tide
of February 20th., Similar weather conditions accompanied the un—
usually high tide of November 10th, 1932, For the three days
preceding November 10th, the prevailing wind was from the north-
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east and varicd bLetween northeast and northwest on the I0th, As
with the previous exceptionally high water, the velocity of the
wind was moderate, averaging 13.2 miles per hour from November
7th to I0th inclusive. Again, the persistency of the northeast

wind appears to have been the controlling factor,

The highest high tide recorded at the Battery was 6,4 feet above
mean sea level on September 2Ist, 1932, The date is that of the

tropical storm which caused considerable damage to
Fudson

the North Atlantic seaboard, The extreme high tide
At Nouth

of that day is unusual, not only for its height, but
for the fact that it occurred about two hours before the predict-
ed time of hiyh water when, theoretically, the purcly tidal waters
were about half way between mean sea level and the plane of high
water, At the Battery, as wel! as at other tide gauges in the
New York area, there were two high waters instead of the scheduled
one. The second hiygh tide at the Battery occurred about four
hours after scheduled high tide, and rose to about the height
of mean high water., The wind on the 2Ist of September reached
a maximum velocity of seventy miles per hour from the northwest,
The average wind velocity for the day was 29.2 miles per hour,
the prevailing direction being north., The atmospheric pressure
on September 21st dropped to 22,72 inches, which was the lowest

September reading since 1882,

Extreme high waters at Albany are yiven in Tatie 14, which in—

iy 41 cludes heights that have been reported as beiny 14
tae

28 feet or more above the datum of the tabulations,
Albdany
which is 2 feet below tne Sandy rook sea level datum,
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The two highest waters regcorded at Albany occurred on February
9th, 1257, and March 28, 1613. Each of these reached a neight
of approximately 22-1/2 feet above the datum of

didany
tabulations, or 21-1/2 feat above the Sandy Hook

High Water

sea level datum. Thec high water of 1857 resulted
from an ice gorge above van Weis Point. That of 1912 was due
to a freshet that followed unusually heavy rains during the
latter part of March and the rapid melting of snow in the
Adirondacks caused by the mildness of the weather, The height
reached by the water below the dam at Troy was 20-1/2 feet
above the sea level datum, or 8 feet higher than at Allbany,
making & slope of a little more than | foot par mile,

Extreme low waters at Albany are given in Table 15, which in-
cludes the lowest recorded tide for each year from 1220 t¢ 1932,

It is interesting to note that for each of the last three years
the extreme low water at Albany occurred on the same date as the
lowest tide for the same year at the Rattery, and

Albany
during the two preceding years the extreme low water

Low Water

at Altany occurred when the tides were exceptionally
fow at the Battery, although not the lowest for the year. This
indicates that at low water stages the tides at Albany reflect
somewhat the tidal conditions at the mouth of the river. Simi-
lar conditions, however, cannot be expected at the high water
stages which result largely from excessive drainage into the

river,

Figures 6, 7 and 8, which appear in a later section of this re-
port (CURRENT IN HUDSON RIVER), represent graphically the tide

and current conditions in the Hudson from the Epattery
Budson

) _ to Troy. The varying time relationships of the tides
River Tide

) to the currents in the Hudson Rivsr are there dis-
Relations

cussed in detail.
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TABLE (4
EXTREYE HIGH WATER - ALBANY, N.Y.

(Jatum is 2 ft, Lelow Sandy Hook sea level)

= —— ‘ HE IGHT | L oHEfaRT | | HEIGHT |
BATE N DATE sade DATE L paei |
R RO e T 1T i'........:.....»........_. |n‘l TR .‘.....‘.,.y..A:....u....u........,.....-.é,%..m.,.........‘...“,.Av.......‘ I AT P PR
1839 ~ Jan. 27 | 20.2 | 1901 - Dec. 12 | 16.0 || 1022 - APT. 12—15} 18.0 |
1846 - Mar. 16 | 20.7 | 1902 - Mar. 2 | 21.0 | 1823 - Apr. 7 | 15.0
1687 — Feb, ¢ | 23.7 i 1803 - Mar. 2 18.8 || 1924 = Apr. 8 | 15.7 |
1869 - Jan. 11 | 20.5 ! 1903 - Mar. 24 17.5 | 1925 - Febd. 12-13  14.2 |
1869 - APT. 22 21.5 || 1903 - Oct. ~- 18.6 | 1926 - Apr. 26 14.1
H h { i }
1869 - 0ct. § | 21.0 | 1910 ~ Jan. 23 | 15.8 | 1927 - Nov. 5 | 18.0
1876 - Feb. 8 16.5 | 1913 - Mar. 28 | 23.4 1927 - Dec. @ 14,2 |
1686 - Feb. 14 | 20.4 | 1914 - Mar. 20 16.8 | 1928 - APP. 9 | 11.9 |
1867 - APF. 12 . 17.5 | 1914 - ApT. 2 | 14.0 | 1929 - Mer. 16 | 14.7 |
1893 - Mar. 26 | 20.9 i 1914 - APT. 9 | 15.8 1929 - 4Pr. 22 . 14.1 |
i i { i : i
1893 - May 5 | 18.6 1914 ~ ApF. 21 | 17.5 ' 1030 - gan. 15 | 9.3
1895 - Apr. 10 | 18.4 ! 1916 - APF. 2 | 17.0 || 19830 - Mar. 9 | 9.3 |
1896 - Mar. 1 | 20.2 || 1920 - MAr.1718| 14.5 i 1931 - July 22 8.6 |
1900 - Feb. 14 22.4 || 1920 - Mar. 27 | 15.1 | 1932 - Nov. 19 | 10.9
1901 - 4pr. 22 | 16.5 | 1981 - Nar. 10 12.1 || i
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TABLE 13
EXTREME LOW WATER - ALBANY, N.Y.

{Datum is 2 ft. below Sandy Hook sea lavel}

} ' i :
i | HEIGHT § | HE1GAT &
: DATE . IN DATE I N i
i | FEET || FEET
T T T T L o e T T T £ R L T T :.

| 192m0 - Aug. 22 | 0.8 |l 19238 - Aug. 22 | 0.8 1928

Nev. 19 | 1.8 i 1929

[
© .
n
*»
i

1
| 1920 - Sept. 19 | 0.8

i 1921 - Jume 14 | 0.9 | 192F - pct. 1t 0.2 || 1930 - Nov. 7
i 4

1921 - get. 23 | 0.9 !f 1926 - Aug. 15 | 0.9 f% 1931 - Dec. 8
: i j I

| 1922 = Dee. 7 | 0.8 § 1927 - July ¢ | 0.8 | 1933 - Mar, 8

S e SN can e

DATE

- Dec., 30

Lec. b

HE | GHT
(R
FEET



TIDES IN THE EAST RIVER AND THE HARLEM RIVER

The East River and the Harlem Kiver taken together comprise a
system of straits whicn interconnect the Upper Bay, Long tsland
Sound and the Hudscn River, The tidal gphenomena in East and
Harlem Rivers is therefore dependent upon tidal conditions in
the bodies of water which they connect. in order to simplify
as much as possible the complex system of waterways which they
constitute, the East and Harlem Rivers will first be considered

separately,

THE EAST RIVER

The East River connects Upper Bay on the west with Long Island
Sound on the east. in the Upper Bay the tide has a range of

~ /2 feet vhile in t} te e f
iffscted By 4-1/2 feet, while in the western e¢nd of Long Island

; Sound the range of tide is 7 feet. in like manner,
Pwo ridal

the lunitidal interval varies from 8 hours (H,W.1,)
Sources

in the Upper Bay to & hours in the Sound. It is
evident then that East River derlves its tide from two bpodies of
water, the tides in which differ by 3 hours in time and by near—

ly 3 feet in range.

Since East River is relatively narrow below (or west of) Hell
Gate and wider and shallower avove Hell Gate, it is convenient
to divide the river intoc two sections, Lower Fast River and

Upper East River,

LOWER EAST RIVER

Tables 16 and |7 contain the tidal data derived from observations
in Lower East River. At the western end the durations ofrise and

fall are very nearly equal, Going upstrean the rise

Lower
3 P becomes somewhat the longer, but at the entrance to
ay Fo .
Hel | Gate the durations of rise and fall are again
Kell Gate

about equal. The range of tide changes from 4,64 feet
at the westerly mouth to 4,9 feet at Hell Gate, but the rate of

change is not constant; in fact, the range actually decreases for
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the first 2-1/2 miles, Therefore, with regard to range, as
well as time, the tidal movement in the lower East River is
not of the progressive wave type, but rather of the hydraulic
type due to the instantaneous difference in head of water in

Lower Bay and Long |sland Sound,
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' Barge Office Pler (Battery)
(Battery)

LOCAL ITY

P LI e L L T IR EE T T T ER T IR T T VI LI

Wwhictehall

st.

VCuylers Lane

jcorlears

Fulton Street
gatherine 8l1p

Jefferson Street
Jackson Street
Ho0ok

;R1v1ngton gtreet

East §th

Street

East 17th
East 18th
Bellevue Hosplital

Street
Street

! East g@Lh Street

East 40th 8treet

' East 41st Street

| East 4gth
‘Blackwells Is.
| Blackwells Is,

Belmont Island
Street

iEast g18t Street

Blackwells Is. (00D
i 8lackwells Is. (opp. 79th §t.)|
(0D ke

Blackwells Is.
East 80th Street

-

84th Street
géth

East

East Street

(So W,

TABLE 16

WEST SHORE

(Battery to Hell Gate)

LUNITIDAL
INTERVALS

HW

LWI

|
I N I N

HOURS HOURS
o A s R i
8,24 2,19

8. 29 2. 19

p.E4 | 81

8.46 2,26

3,56 &. 8

8.72 | 2.34

8.99 | 2,43

9,33 2.78

9,09 2,79

9.18 | 2,83

9.385 3.086

9.28 2,97

9,40 3. 20

9,37 2,12

9,28 %, 15

0.77 3. BA

9,58 g, 12

9.48 | 3,118

corner), 9,62 | 3.24
(No.Of fueenst 9.63 i 3.32

boro Bridge) {

, 9.€3 3. 34

yiat @l 9,77 3,43
9.77 3.59

gath 8t.)| 9.90 3.80
| 9.84 Z. 63

{

{ 10, 10 3, 87

| 9.80 8.75

i 3.85

East 90th Street

| 10.08

TIDAL DATA - LOWER EAST RIVER

o

DUR A=
TION..CF
RISE
I N
HOURS
.08
6,10
888

6.20
6.22

6.38
6.586
6.5
6.2

8,36

6.29
6.31
€.20
6,25
6. 23

f.44
A48
&, 28
6.38
6.31

.
B
<

o ;oo
- o
@ »

o
N e
o O

§.23
6,11
6. 20

|

4.37
4, 50
4.82
4.88
4.79

4.90
4.85
4.90
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U U ——

TABLE 17
TIDAL DATA - LOWER EAST RIVER
EAST SHORE
(Hel| Gate to Battery)

f LUNITIDAL

! INTERVAL S

sl

LOCALITY i

i HWI LWl

! IN N

i HOURS HOURS

SOV ——— SN S ——
Studio €t. (Astaria) { foaot 3 .88
Astoria | f.17 3.40
Halletz Cove ! 9.95 3.80
Gibbs Point | 9.92 | &.70
Blackwells Is. (Opp.Gibbs Pt.) B9 | 3.66
|
Webster Ave, (Long Is.City) 9.88 3.43
Freewman Ave, {(Long Is.Cilty) 9.84 3.34
Blackwells 1s, {Opp. Harsell St.) Q.84 2.28
t4Gh 9t. (Lema Is. QLEy) 9.65 | 3.18
3rd gt, (Long Is. CLty) | 9.39 | 3.06
Borden Ave. (Long Is.Clty) g.78 | .51
Newtown Creek(Long IsiCity)! 9.86 | Bl§
Vernon Ave., f{Long Is. City)] g .42 i 3.03
Dupont 8t,.,, Brooklyn 9.39 | &.01
Quay St., Brooklyn | 9.28 3.0t
N. 3rd 5t., Brooklyn ! 9.38 | 2,00
N. 2nd 8t., Broeklyn i 9.20 | £ BA
8. 2nd 8St,, Brooklyn | f.41 | e BR
8. 6th St,, Breoxlyh | 2.02 | %, 00
8. 1loth St,, Brooklyn ! 8.688 RT3
Fleeman St., Brooklyn ; 8.81 | 2,83
Navy Yard Basin, Brooklyn | 8,05 | 2.80
Hudson Ave,, Brooklyn ; 8.88 | 2,68
Adams S5t,, Brooeklyn [ 8.74 | 2.81
Fulton St., Brooklyn 8,58 | 2.17
Clark St,, Breoklyn : 8.25 | 2.12
State §t,, Brooklyn | 8.18 2.18
-

4 O

DURA—

TIGN QF |

RISE
I N
HCURS

848
BaTY
é.15
g8.18
8.14

68.456
6.30
q.88
q4i87
6.33

8.41
8.71
6.38
8.38
8.286

] ™ D
« & =

I M >

D -

2
e~}

»
.

o
(]

.18
8.16
€.30
€.423

IN

ME AN
RANGE

FEET

4.91

PRTTPTRTT|

4.98
3.04

4.76
4.8¢

4,53

4,48
! 4,45
4,38
4,29

4,14

4,07

i 4.14
i 4.28
4,11

| 4.09

4.18

4,09
© o 4.02
| 4.25

4,19

4.16

4,28

| 4,380

4.42
4.48

4,52



UPPER EAST RIVER

Table 18 and 19 contain data from observations in the Upper East
River., The durations of rise and fall of tide are seen to be

approximately equal at the lower end of Hell Gate,

Hell Gate . .
but within Hell Gate and the remainder of Upper East
To Long
e ’ River the duration of fall exceeds the rise by about
sland
one hour. Continuing the trend of lower East River
Sound

the range of the tide increases from Hell Gate to
the entrance to Long Isiand Sound, changing rapidly through Hell
Gate, but decreasing in rate of change in the end near Long
Island Sound,

The observations considered above clzarly indicate that the tide
through the East River is decidediy different from that in the
Hudson, a true tidal river, Thd East River may best be regarded
as a channel through which the water flows from the body having
temporarily the higher level to the one having the lower level.
The height of the water in the river is therefore due to the re-

lative elevations of the water a2t the cnds.
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TABLE |8

TIDAL DATA = UPPER EAST RIVER

NORTH SHORE
(Hell Gate to Long island Sound!

e et O S DL S
LUNITIDAL
! INTERVALS
CCALITY e
; HWI i Lwl
{ IN i IN
| HOURS | HOURS
im0 5o s g AL i el
Mill Rock i 10,08 2,78
E. 94th S8t. | 10,02 | 3,78
E. 1ooth 8§t. | &B.38 1 5. AR
wards I. (Near S.W.End) P 10,17 | 4.00
Wards 1. (Opp. E. 1¢03rd St.)f 9.8% | 3.82
wards I. (Opp. E. 108th St.) 9.77 3,7
Wwards I. (opp. E. 108th St.)i 9.70 877
Wards I. (Little Hell Gate) | D79 | 5.5
Bronx K11l (Near East End) | 11,49 | 5.8
Bronx Kill (East End) | 414,84 | B4
Port Morris (£. 132nd St.) | 11,28  5.4¢
port Morris (E, 13%rd St.) | 11,83 §.88

pory Herris' (E, f418t §ts) | 41,91 | 680

North Brother I. (west slae)! 11,30

North Brother I. (south side) 11,22 | .82

port Morrls L 11,38 5.5
Rikers Island (north end) { 11,88 | 5.6
Rikérs Island (northeast corl)11,49 ! CIPid
Hunt point | I5.m0 | B.BE
Clsason Point 5 11,34 ! 5.5
0ld Ferry Polnt | 1i.01 | G.78
N.E, of 0ld Ferry pPolint i 11,0 i 5,88
N.W. 0of Fort Schuyler [ 4412 5.80
Fort Schuyler Po11.27 f 5.58

472

=

S e

DUR R~

TION OF

R SE
IN
HOURS

PERTIT I PR YT TRPI Ty

€.27
6.28
6.33
6.17
8.01

g.02
5.97
€.28
5.67
€.20

Mmoo M
SRR .
e B T s -]
D & m WO

NN B D
> o B B

P A e
O N O LG

St e e e

USROS S —

ME AN
RANGE

IN
FEET

4,07
.10
4,09
5,06
6.14

8.07
4.89
4,74
8,32
.80

€.37
€.22
&.84
&,47
6.£2

€.55
6.61
6,75
8,91
7.01

7.41
710
7o L0
718




TASLE |9
TIDAL DATA - UPPER EAST RIVER

SOUTH SHORE

{Long Istand Scund to Hell Gate)

LOCAL ITY

T TY YT I T S I PT LTYPOR R PR

Willests Point
Wnitestone

Nalba (Powell Cove)
Tallman I.. (north end)
College Point Dry Dock

College Polint
Flushing

East Elmhurst
Sanford Point
Nerth Be&ch

Lawrence PFoint
Winthrop Ave.
Weicott Ave.
Ditmars Ave.

R e T R R T YT TT Y EI TTPIY

Wards I. (opp. Wolcott Avei) 16.81

Wards I, (Hell Gate Bridge)

Wwards I. (Opp. Potter Ave,)

wards I. (Negro Point)
Pott Cove (Hoyt Ave.)
Fol Cove

Hallets Point

|
5 LUNITIDAL
‘ INTERVALS
| Hwl LWl
| IN IN
L. HOURS | HOURS
11.89 5.63
| 11.18 5.49
| 11.19 5.50
11.44 5.61
11.35 5,63
11.64 | 5.90
11.42 | s5.86
| 13.48 | 6.70
I 4137 | B.7%
11.51 | 5.92
11.40 § 5.75
| 21.11 | S.48
14.08 | EB.5%
9.40 | 5.84
! 5,56
10,71 | 5.35
10.48 5.68
10.25 | 4,95
10.683 ' 4.87
16.81 | 4.56
| 11.8% 5.58
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s

ODUR A—
TION QF

QURS

NI

i

ME AN

RANGE

IN

W T

7.10
T1%
7«01
6.78
8.97

6.67
6.82
6.87
878
6.57

6.566
6.13
8,27
5.586
6 .35
65.96

5.%54
5.46
5.28
5.35
5.64




GENERAL CHARACTER OF TIDES IN EAST RIVER

In figure 2 the simultameous heights of the water at the two ends
of East River are represented for each lunar hour of the tidal
cycle, hours belng reckoned from the moon's transit at the Battery.
The figures along the outside end vertical Iines denote the helght
at the indicated hours, The hours are placed to the |aft of the inner

ridal vertical line for the rising tide and to the right for
ki the falling tide. The slope lines which join simultane-

ous heights are drawn ful!{ when the slope is from Long
Island Sound to Upper Bay and dashed when the slope is in the re-
verse direction, These slope lines thus permit the time and range
of the tide throughout the river to be determined, since the time
and height of the high water at any place will be represented by
the highest point in the slope lines passing that place, while the

low tide will be indicated by the lowest pdint. Flg. 2 indicates a
. greater volume of water flowing westward through the
Pigors East River than in the reverse direction because the
2

former prevails during higher stages of the local tide
than the latter,

"

EFFECT OF WIND ETC. ON TIDES

Obviously, this method can give only a first approximation, since
changes in direct®on, depth or width of channel are not considered,
but notwithstanding this, the principal tidal phenomena may be
easily derived from the sketch as shown. However, no such method can
he devised to take into account the effects of variable weather con-
ditions which we must consider. From the information available, it
appears that moderate easterly winds, particularly northeasterly,
tend to raise the level of the waters of the East River as much as
two feet, while westerly winds have the opposite effect to a some-

what less degree,
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On certain days during which the wind is from the southwest, the
water surface may, however, be higher than usual due to the fact

that on the preceding day the wind was from the

Climatic

» . northeast and had piled up the water in the Sound.
Effects

. The level will be gradually lowsred by the southwest
wind, but it will remain above normal for a day or so, depending

upon the velocity and duration of the wind and other factors.

A low barometric pressure centered at the western entrance of the
Sound will result In a niling up of water in the East River simi-
lar to that caused by a northeast wind. A well developed high pres—

sure area similarly situated will depress the sea level.

It is obvious tnat changes in wind velocity, wind direction, and
barometric pressure can produce extremely complex variations in

the behavior of tne East River tides,

HARLEM RIVER

Tablte 20 contains the results of tidal observations in the Harlem
River. The data shows that tide is earlier at the Hudson River

end than at the East River end, the difference being almost an hour
between Spuyten Duyvil and Wwillis Avenue Bridge. Though the dura-
tions of rise and fall vary throughout the Harlem, they are, as a

whole, 2aoproximately equal.
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TABLE 20
TIDAL DATA - HARLEM RIVER

i LOCALITY

T T T TR T T ER YT PT T TP PP TR T TOT )

| spuyten puyvil, w.,Y.
A0ppos1ne Johnson Iron Works
‘orr Seaman Ave,

{West 215th Street

!West 207th Street

i
"

?sherman Creek

t{south of Sherman Creek
;High Bridge

INorth of putham Rallroad Bridze
| North of Central Bridge
)

{seuth of central Bridge
ipark Avenue Bridge

[North of Willls Ave, Bridge
! South of Willis Ave, Bridge

;Easc 125th Street

East 120th gtreet
jEaat 112th Street
East 110th Street
East 108th Street
wards Island

{ Randalls [sland, southwest pler

Randalls 1sland, opp. 12znd St,
Third Avenue Bridge

Madison Avenue Bridge

North of Madison Avenue Bridge

145th 8Street Bridge
| Routh ot Central Brildge
i North of Central Bridge
, Seuth of High Bridge
fNorch of High Bridge
I

| Washington Brldge
North ¢f Washington Bridge

Opposite Sherman Creek
West 207th St. Bridge
Broadway Bridge

LUNITIDAL

INTERVALS

T oLwl

] N [
HOURS HOURS
e ——
g.2¢ | B8.08
9.29 5. 17
9,66 3.56
9.56 2,42
9,68 3,44
9.66 | 3.48
o.01 s.01
10.46 Z.86
9.72 3.58
10.21 3,908
10. 21 £.11
9.88 3.89
0.94 | 271
10.21 % 3.908
10.01 i 3.77

]
10.10 | .86
10.132 |  3.81
10.25 | 5,73
10.14 | 3.a1
10. 20 ; 3,99
9.83 ! 3,85
10. 19 i B3.65
10. 1% 4,08
16,13 | 4.1
9.86 | 3.52
9.78 & 3.638
e.79 | 3.63
10,34 |, 4.01
10,01 | 4,01
8.98 ; 3.91
9.73 | 3.57
9.77 3.52
10,87 | 5.80
9.81 i .81
i

9.682
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3.32

PR |

e
DURA— |
[ MEAN
TION OF |
| RANGE |
RISE | i
T, T N :
HOURS | FEET
n-unlnnnnuuluI'A'nunvrluuumuun "
4,18 1 8,78
e, 12 | 3.81 1
.10 | 3,88 |
6. 14 i 4.97 |
6.2¢ | 4,05 |
6.18 | 4.13 |
g.00 | a.21 |
6.80 | 5,84 |
£.17 | 4.48 |
.25 | 4,986 E
|
6.10 | 4,90 |
8.18 | «.71
6.23 | 4.90 |
6.2 | 5.87 |
£.24 é 4.91
8.284 | 4,97
6.32 | 4.97
n.62 | 4.98
6,28 | 5.08 i
6,21 5.08
6.18 f &, 56 |
6,56 | B.24 |
8,07 | 4.8% |
.00 | B.09 |
6.34 | 4.74 |
8.13 | 4.62
8,18 | 4.80 |
8.10 | 4.88
8.00 | 4,69 |
8,05 | 4.49
! .
6.16 | 4.29 |
8.28 | 4.21
5.07 ; 4 18
6.00 | 3.9 i
8. 20 | 3.89 |
R i )



TIDES IN LONG {SLAND SOQUND

Ltong Island Sound has a length of approximately 96 nautical miles,
In breadth it varies from a few miles to a maximum of approximately

20 nautical miles off New Haven, Conn,

Western Long |sland Sound is that portion of Long Island Sound ex-
tending from Willets Point at the junction of the Sound with the
East River to Old Field Point, Long island, Tides have

Hestern

been observed at many locations in western Long |sland
Long Island

; 3 Sound, but in general these observations have been for
oun

short periods of time., Tides at Willets Point have,
however, been observed over a considerable period and the summary

of the tides there is contained in Table 21.

TABLE 2|
SUMMARY OF TIDAL DATA - WILLETS POINT

TIME RELATIONS

HOURS
High'water Incerval 1120
Low Water [nterval S« 4
puration of rlse 5.59
puration of fall 6.83
phase aAge 23,4
Parallax Age 44,8
Diurnal Age 331.9
Sequence of tiges Is HHW Lo LLW
WILLETS POINT — RANGES
FEEY
Mean rangs 7,18
Great diurnal range 770
Small diurnal range 6.€86
great Troplc range B.R2
gsmall Troplc¢ range 8.65
spring range Y, 68
Neap range 5.68
pPerigean range 8,23
Apogean range 68,38
Mean Troplc range 7,44
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TABLE 22
SUMMARY OF TIDAL DATA - NEW LONDON, CONN.

TIME RELATIONS

HOURS
High Water Interval 9.80
LOW Water Interval 3.70
puration of rise 5.80
Duration of fall 8,828
Phase Age 18.0
paTrallax Age 48,7
piurnal Age 333. ¢
RANGES
FEET
Mean Rauge 2,553
Great Diurnal Range 2,99
Small Diurnal Range 2.07
Great Tropic Range 2.88
Mean Troplc Range 2. 28
Small Troplc kange 1. %4
Spring Range’ 2.94
Neap Range 1.99
pPerigean Range 2,99
Apogean Hange 2.08
SUMMARY OF TIDAL DATA - NEW LONDO®, CONN.
COMPAR| SON OF RANGES
RATIOS
Great Diurnal Range - mean range 1,182
small Dlurnal Range - mean range 0.818
Great Treopic Range - mesan range 1.118
Meean Troplic Range - mean range 0.901
Small Troplic Range - mean range 0.888
spring Tropilc Range - mean range 1.182
Neap Troplc Range - mean range 0,787
perigean Tropic Range - mean range 1,174
Apogéean Tropilc Range - mean range 0.822
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TABLE 21 tcont'd)

TiIME RELATIONS

Great diurnal range mean range
€mall diurnal range mean range
Great Troplc range - mean range

Mean Troplc range - mezn range
Small Troplic range - mean range
Spring raunge - mean range
Neap range - meAan range
perigean range - mean range
Apogean range - mean range

HEIGHT RELATIONS

Mean High water above mesan sea level

Mean Higher high water above mean level
Mean Lower high water above mean level
Troplc Hligher high water above mean level
Tropic Lower hiigh water above mean level
Spring High water above mean sca level
Neap High water abcve mean sea level

Mean Low water bLelow mealn sea level

Mean Lower low water Delow mean sSea level

Mean Hlgher low water below mean sea level
Troplic Lower low water Delow mean sea level
Troplc Hlgher low water below mean se¢a level

Spring Low low water Delow mean sea level
Neap low water below mean sea level
Half-tide level below mean sea level

Eastern Long |sland Sound extends from Old Field Point to Fishers!

Island Sound and the Race. Tides nave been observed

Bastern
of the observations at New London,

in Table 22,

Long Island

Sound

48

Caniny ,

RATIOS

1.0%48
0.9 28
1. 148
1.03¢
0.98¢
1.191%
0.791
1.14¢
0.889

-n
m
m

A O o A RS
R e e Tl
N YD p PO o
D DV P N MO e O =

.39
4902
3.42
4,28
2.84
0,00

in eastern

Long island Sound since 1838, and the average values

are given



It is

TABLE 22 tcont'd)
HEIGHT RELATI@NS

FEET
Mean Hlgh water above mean s¢a level 1.22
Mean Higher high water above sesg level 1.49
Mean Lower high water above sea level 0.25
Troplc Higher high water above mean sea level G-
Troplc Lower high water above mean sea level T .
spring KEigh water above mean seée level 1.43
Neap High water above mean sea levelX 0.96
Mean Low water below mean sea level 1+8%
Mean Lower low water below mean sea level 1.51
Mean Hizher low water below mean seq level 4y 1S
Tropic Lower low water below mean sea level 1.29
Tropic Bigher low water below mean sea level 1.01
Spring Low water below mean sea level 1.581
Neap Low water below mean sea level 103
Half-tide Level water below mean sea level 0.08

seen that there is a difference in the time of tide as well

as in the range of tide at the extremities of Long island Sound.

Long
lend

rices

If only the time of tide changed while the range re—

Is-

mained rather constant throughout the waterway, a

Sound

progressive type of wave might be expected. On the
other hand, if the time of tide differed but little,

while the range increased considerably, a stationary type of wave

might

be expected.

Since both time and range differ considerably

from one extremity to the other, it is obvious that a combination

of the stationary and progressive types of tide wave prevails in

Long

Island Sound.

(6]
o



TIDAL AND MON-TIDAL CURREHTS

GENERAL CHARACTERISTICS

Tidal currents are the horizontal movements of the water that
accompany the rise and fall of the tide, and,!ike the tide,
are caused by the same phenomena. They are periodic as dis—
tinguished from non-tidal currents, which are of no known

periodicity.

Tidal and nen-tidal currents occur together in the open sea
and in inshore tidal waters, the actual current experienced

at any point @eing the resultant of the two
i classes of currents.In some places tidal cur-
Currents

rents predominate and in others non-tidal.
Tidal currents generally attain considerabie velocity in
narrow entrance to bays, in constricted parts of rivers,
and in passages from one body of water to another, Along
the coast and farther offshore tidal currents are gener—
ally of moderate velocityp and in the open sea, calculation
based on the theory of wave motion, gives a tidal current

of laess than 1/10th of 2 knot.

REVERSING TIDAL CURRENTS

At the entrance to =2 bay, or, in general, when a restricted
width occurs, the tidal cqurrant is of thée reversing or
roctilinear type, that is, thc fiood current

Strength . | )
o runs 2hout half a tidal cycle in one direction

and the ebb currant runs =2bout the same length
Flood Bbb

of time in the reverse direction. The change

from flood to obb and from ebb to flood gives rise to periods
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of slack water during which the currant velocity is zero. The
maximum veloclty of the flood current is called the strangth
of flood, while the maximum of the ebb current is called the
strength of ebb.

Tidal currents extend from the surface of the water to the

bottom. In general, the velocity of the tidal current decrease-
P es from the surface to the bottom, the velocity near
Aurrenis the bottom being about two-thirds that at the sur-

face (although wind and fresh wataer flow may cause
a considerable variation in this velocity distribution). Again,
in a rectanguiar channel of uniform cross—ssctlon, the velocity

is greatest in the centre of the channel and decrcasces uniformly
at both sides. Combining both the vertical and horizontal vari-

ations, 1t may be sald that the average velocity of the current
in a section of a regular channel is about three-quarters that

of the central surface velocity.

Where the current is undisturbed by wind or fresh water flow,
the flood and ebb velocities, and the duration of flood and  -.
ebb are approximately equal. |In this case, too, the character-
istics of the curraent from the surface to the bottom are much
the same; that is, the strengths of the flood and ebb current
occur at about the same time from top to bottom. |f, however,
non—tidal currents are present the characteristics of the tidal
flow are modified consideranty.

in figure 3 a theoretical tidal current is represented by the

curve, raferred to the line AB as the line of zero valocity.

. The strengths or maximum velocities of the flood

Figure 3 .
and ebb are equal, as ars also the durations of

flood and ebb. In this case, slack water occurs regularly 3
howrs and six minutes (one quarter of the current cycle of 12
hours and 25 minutes) after the times of flood and ebb
strengths. |If now a non-tidal current is introduced which sets
in the ebb direction with a velocity represented by the iine CD,
the strength of ebb wiil obviously be increased by an amount
equal to CD and the flood strength witil be decreased by the
same amount.
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The current conditions may now be represented by drawing, as
the new line of zero velocities, the line EF parallel to AB
and distant from it the length CD.

Figure 3 now shows that non-tidal curre®t not only increases
the ebb strength while decreasing the flood strength, but also
changes the time of slack water. Slack bhefore

Effect of flood now comes later, while slack before cebb
Fon~tidal comes earlier. Hence the duration of ebb in-
Current creased while the duration of flood decreased.

If the velocity of the non-tidal current exceeds that of the
tidal current at time of strength, the tidal current in the
in the opposite direction will be completely maskad and the
resultant current will set at all times in the direction

of the non-tidal current. Thus, if in figure 3 we let the
line OP represent the velocity of the non-tidal current in
the direction of ebb flow, the new axis for measuring the
velocity of the current at any time will be the line GH

and the current will be flowing at all times in the ebb
direction, There will be no slack waters, but at periods

6 hours 12 minutes apart there will occur minimum and
maximum velocities represented, 'respectivaly, by the

lines RS and TU

As regards the effect of the non-tidal current on the
direction of the tidal current, it is only necessary to
state that the resultant currant will set in a direction
which at any time is the resultant of the tidal and non-
tidal currents at that time,

THE DIRECT EFFECT OF THE WIND

In his Manual of Tides the tate R. A. Harris of 4he United
Stataes Coast and Geodetic Survey writes:
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Kind

Currents

“if a wind blows for a cunsiderable length

of time in ocne directicn over an inclosed
body of water, the surface particles are
carrieo or dgrifted from thelr eoriginal
position through the Impingement of the
alr upon them, The particles drag wlith
them those sitpuated immediately below the
surface, and in time thils dragging Infilu-
ence will be felt down teo considerable
depths,

The effect of these horizenmtal forces on
the waters of a closed body Is to Increase
the hoi;;ht of water ievel on the lee shora
and to ¢iminish it upcn the opposlite shore,
although nct generally by the same amount,
Iin shallow bodles or along the shelving
shore of the ocean, the amount of this
elevatlion may be consfiderable. In deep
bodies with abrupt shores the plllng up

is very small, aithough there may be a
good surface drlft malntalned by the wind.
Yhe reason for this Is that the horizontal
forces due to the wind do not act alike
upaon the partlicles at all depths as do the
tldal forcasy for they are gonslderadle at
the surface and insigniflicant near the bot-
tom, Consequently, the pressure dueée to the
increasec depth on the lee shora quickly
glves rise to an acceleration In the re-
verse directlion, which exceeds at aven
moderate depths the acceieratlon Imparted
to the liqulid elements by the moving ecle=~
ments sltuatea near the surface, Hence the
retrograds movement cf the water not only

near the bottom, but for a considerable

dlstance upwarc, Because of Its much greater

transverse sectliaon, the returning stream
sy a8 0 rule, sacarcely porcaptible, al.
thcugh the velccity of the surface stream
may be conslderable,

thils may be regaraed as the clrculatian
in vertical planes cue directly to the

wind strilking the surface of the water.

®"eveses Ferrel makes constant use of the

princliplie that a moving particie is ce-
flecteo to the right Imn the northern

hemjsphere and to the left In the



southern hemisphere, Nansen suspected from
observation and Ekman cenfirmed by computa=
tion that forced or sustalned currents take,

1f cfrcumstances permit, a2 directlon teo the

‘UTT
Cu ent right of the sustaining force in the northe-
gféiec_ ern hemlsphere, Moreover, as wind actlon

is frem the surface downward (each layer

moving the one underneath lt) the direction
of the lower layerswill, |likewise, be to the
right of the one imparting the motion."(54 ),

Other tidal mathamaticians have reached the conclusion that
in the northern hemisphere the surface currants take a di-
rection 459 to the direction of the wind and that this angle

incraases with the depth., However, Harris writes:

90n aegount of the actua| distribution of |and and
water, It Is diffilcult to say to what extent
Ekmam's theory aof force currents acceounts far

the existing ecean currents. The fact that

there is a tendency for the water to flow to
the right afF beft of the direction tawards
which the wind blows will doubtless be brought

out for many reglons,." (54 ).

Perhaps the bost information on the subject is the fol low—
ing statement contained in Special Publication #174~1932

issued by the United States Coast and Geodetic
Amount of i "

Survey "Mei.o...A 10 mile per hour wind producas
Deflection X 4

a non-tidal current of about 0.2 knot, which
sets about 20 dagrees to the right of the direction in
which the wind is blowing, while a 30 mile per hour wind

producaes a non-tidal current of about 0.3 knot.'(74),

DISTANCE TRAVELED DURING A TIDAL CYCLE

|f the velocity of the current during a tidal cycle were
constant, the distanca travaled by the watar particles
or by any object floating in the water would be found

by multiplying the velocity by the time. However,the

velocity of the current is not constant, but changes

O
T



continually throughout the tidal cycle, The distance traveled
by the water particles is therafore the average velocity
during any interval mufltipilied by the time,

The average velocity of the current during any given interval
may be determined in a number of ways, From observations it
frequent intervals, say every ten or fiftaen

duarage minutes, the average velocity is easily derived,

Fasans sy Or we muy by means of « planimeter determine
the area of the surfaice bounded by the current curve and the
zero line of velocitics, and derive the average velocity by
dividing this area by the length of the zero line included
within the current curve.

Much the simplest method consists, however, in making use
of the well known ratio of the mean ordinate of the cosine

curve to the maximum ordinate, which is 2 di-

Computing . . . .
vided by pl or 0,637. Since the velocity of
Adverage - ; . oy
; a tidal current is almost invariably specified
idal '
by its velocity at time of strength, the aver-
Current

age current by this method is given immediate-
ly by multiplying the straength of the current by 0,637.

Applying the above rule in the case of a current having a
velocity of 2 knots at time of strength, a floating ob ject
will be carried during a flood or ebb pariod of 6.2 hours,

a distance of 0.637 x 2 x 6,2 7.9 nauticatl miles, or 48,000
feet, It may be of interest to note here that for the Hudson
River und Upper Bay, the distance actvally traversed by a
float was found to agree closely with the distance cal-

culated as above,

VARIATIONS IN STRENGTH OF CURRENT

Tidal currents exhibit chanyes in strength that correspond
to the periodic changes in range of tides. Strong currents
come with spring and perigean tides, while relatively weak
currents, accompany néap and apogyean tides.

56



There are three types of reversing tidal currents, semi-daily
and mixad, corresponding to the different types of tides, These

are:;

a— Semi-daily current, 2 Ebb strengths and 2 flood
strengths par day, as in the Narrows.
Types of e f
b— Daily current, | ebb and | flood, in 24 hours.
Currents c_ Mixed current, 2 ebbs and 2 floods, but of con-

siderable inequality between A, M. and P,M, cycles,

DURATION CF SLACK WATER

A glance at any current curve will show that the time of slack
water is but a moment duriny wnich the current has no movement,
Bafinidion The instant that the current curve cuts tihe zero
line of velocities is the time of slack water,
However, slack water is popularly thought of as a period of
time extending over a number of minutes, during which the
current is at a standstill, neither flooding nor ebbing.Now
if we consider the period of slack water to be the interval
of time during which the velocity of the current is so small
that for practical purposes it miay be disrcgarded, we make
the term connote the meining attiched to it in ordinary usage.
Current velocities lass than one-tenth of & knot may for all
practical purposes be disrcgardad; ind furthermore, such vel-
ocities are difficult to measure, It is, therefore, usuil to
give the term "sluck witer". a definite meaning in ordinary
usage by defining it to be the period during which the vel-
ocity of the current is less than one-tenth of a knot.

Setting one-tenth of a knot 2s the limit of slack water per-
mits us to compute the duration of slack for any current. All
that need be done is to measure on the current curve for any
glven place the interval during which the velocity of the cur-
rent is less than one-tenth of a knot,
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Regarding the current curve as approximately a coslne curve, we
may compute the duration of slack water based on the equation

of the cosine curve. Based on this method, values
Duration y

for the duration of slack water have been computed,
With currents which at strength have a velocity of one knot, the
duration of slack water is 24 minutaes; with currents of 2 knots
strength, |2 minutes; 3 knots, 8 minutes; 4 knots, 6 minutes;

and 5 knots, 5 minutces.

ROTARY TIDAL CURRENTS

Instead of flowiny in the samu general direction during the
entire period of the flood and in the opposite direction dur-—

ing the ebb, the tidal currents offshore and out
Offshore

in the open sea change direction continually,
Fidal ;

Such currants are, therefore, called rotary
Currents . .

currents, An cxampl2 of this type of curront is
Pigure u . . 2

shown in Figure 4 which represcnts the velocity
and dircction of the currcnt at the beginning of each hour

betwzen midnight and noon.

The current is seen to have chanyed its direction at each
hourly observation, the rotation beinyg in the direction
of movement of the hands of a clock, In a period of a
littie more than 12 hours it is seen that the current has
shifted In direction completely around the compass,

It will be noted that the tips of the arrows representing
the velocities and directions of the current define a
somewhat irregular ellipse, If a number of
Rotary .
observations are average, eliminating acciden-
Period
tal errors and temporary meteorological dis—
turbances, the regularity of the curve is considerably in-
creased, The average period of the cycle is, from a con-
siderable number of observations, found to be 12 hours and
25 minutes. In other words, the current day for the rotary
current, like the tidal day, is 24 hours and fifty minutes

in length,

R
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Although a rotary current gener=liy varies in strength from
hour to hour this variation from graatest current to least

current and back igain to greatcst does not give
¥o slack . . R

rise to u period of slack water, When the velocity
Current . , e

of the rotary tidxil current is least, it is known
28 the minimum current, and when it Is greatest [t Is known as
the the miximum current, It is generally found that 2 minimum
valocity follows 2 maximum by un interval of about three hours,
showing the same relation to each ather as the slack and

strength of the rectilinear current.

Since the current day corresponds to the tidal day, it is
convenient in determining the average htourly velocity and

dir:ction of 'the rotary current,to make use
Figure § .

of the times of high and low water at some
nearby place for purpose of refrence. In figure 5 the
average hourly velocity and direction of the tidal cur-
rent at Scotland Lightship off Sandy Hook, N. J. is shown
with rafarcnce to the times of hiygh and low water at Sandy
Hook. The data for this current ellipse was derived from
observations made during the period, March — July, 1921,
The point C gives the location of the average hourly value
of the current; hence the line joining the origin with C
yives the velocity and direction of the non-tidal current
during the period of observations., (Figure 5 is further

discussed under CURRENTS IN APPRCACHES TO LOWER BAY).

Rotary tidal currents are subjact to the pariodic varia-
tions found in tides and reversing currents, In general,
the percentage of increase or decrease in the velocity
of the current in response to chanyes in phase and
parallax is the same as the like increase or decrease

of the local range of the tide.

L]
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VELOCITY OF CURRENT AND PROGRESSION OF TIDE

It is to be noted that there is no necessary relationship bet-

wagen the velocity of the tidal current at any place and the rate
of advance of the tide at that place. In other

Pide and 2 3 4
g words, if the rate of advance of the tide is known,
dusrans we cannot from that alone infer the velocity of the

feletion current or vice versa, The rate of advance of the

tide in any given body of wuter depends on the type of tidal
movement, progressive wave, stationary wave or hydraulic. The
velocity of the current, or the actual speed with which the
particles of water are moving past any fixed point, depends
on the volume of water that must pass the given point and the
cross—-section of the channel at that point. The velocity of
the current is thus independent of the rate of advance of the

tide.
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CURRENTS IN NEW YORK HARBOR

CURRENTS IN APPROACHES TO LOWER BAY

Along the whole stretch from Sandy Hook to Rockaway Point, the
ebb current has a greater velocity than the flood current, the
ebb averaging |.4 knots and the flood 1.0 knot. The duration

of ebb, |ikewise, is greater than that of flood, the ebb averag-
ing A.5 hours, while the flood averages 5.9 hours. At Scotland
and Ambroselightships the current is of a rotary character, so
that instead of a slack current there is a minimum current, At
Scot! and Lightship the tidal current at the minimum has a veloc-
ity of 0.15 knot, while at maximum the velocity is 0.50 knot and
sets N. 55° W on the flood and S. 46% £, on the ebb, At Ambrose
Ligntship the velocity of the minimum tidal current
is 0.03 knot and of the maximum 2,23 knot, the flood
setting N. 82° W, and tne ebb S, 85% £, These flg-
ures are for the purely tidal current and have been

4%
Scotland
¢& Anbdrose

Lightships
computed by substracting the non-tidal current from

the ohbserved current, The observed current at Scotland Light-
ship has, at strength of flood, a velocity of 0.34 knots and sets
N, 88 W.; and at strength of ebb a velocity of 0.74 knots setting
S. 31 E, The observed current at Ambrose Lightship has, at
strength of flood, a velocity of 2.15 knots setting N, 51 W,,

and at strength of ebh a velocity of 0.34 knots setting S, 89 E,

At both |ightships the means of the hourly currégnts, over a con-

slderable period of time, were taken for a complete tidal cycle
and averaged. The average thus obtained is the non-tidal current,
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since the purely tidal currents will be neutralized in a complete
tidal cycle., At Scotland Lightship this non-tidal current is
0.18 knots and sets S, 5 E. At Ambrose Lightship this non-tldal
current ls 0,12 knots and sets N. 74 E,

The velocity and direction of the hourly currents at Scotland
Lightship have been represented in Figure 5. H and L refer to
the times of High and Low waters at Sandy Hook,

CURRENTS IN LOWER BAY AND THE NARRQOWS

In the entrance to Lower Bay the velocity of the current at
strength averages batween 4 and 2 knots, but within the Bay
Itself the current is much weaker, being less than a knot at

p strength., In general, the ebb velocity is some-
ome

what greater than the flood, this being brought
Causes Of

- about by the fresh water draining into the Bay,
Variations are caused by hydrographic features, as,
for instance, where the western tip of Coney !sland prevents
the main stream of the flood current from embracing in Its sweep
the waters Immedlately to the north of the island, On the ebb,
however, these waters lie in the direct path of the main stream,
and hence show the current velocity belonging to that main stream,
Another variation from the expected is found in the behavior of
the main current from the Narrows at flood tide. On the ebb the
vertical distribution varies In accordance with the laws of ord-
inary hydraulic motion, the velocity decreasing with increasing
depth, but on the flood the velocity shows an increase from the
surface downward for a considerable depth. This is evidently due
to the non-%idal or fresh water discharge through the Narrows,
The fresh water being lighter, tends to remain on the surface
and to move seaward, thus reducing the velocity of the incoming
tidal current near the surface. Thus, off Gravesend Bay at flood
strength the surface current has a velocity of 0.47 knot, while
the current 22 feet below the surface has a velocity of 2.74 knot.
Similarly, off Sandy Hook at strength of flood the surface veloc-
ity is 1.40 knots, while 44 feet below the surface the velocity is
1,60 knots,
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The tidal movement through the Narrows is of the progressive wave
type. In general, the strength of flood in the Narrows aver-
ages |.4 knots and the strength of ebb 1.8 knots, the differ-
ence arising from the very considerable amount of fresh water

that drains through the Narrows.

Table 23 contains the record of the observation of the surface

current at various stations in the Narrows. The velocities have

been reduced to mean values. The average duration of

Felocities i ‘
the ebb is 7 hours and of the flood 5.4 hours., |In

di fferent parts of the channel, however, the durations di ffer no-

ticeably from the average. (8se Table 23 on Page £4)

In Table 24 (page 65 et se¢q.) are found the subsurface current
observations at the Narrows, Generally the observations were
made at three depths - two-tenths, five-tenths, and
Fedveity ) X
eight-tenths of the depth at the station. The veloc-
tariations " L
ities of the current are seen to differ consideraply
at the various depths. |In general, the strength of ebb decreases
with the depth at the rate of about 0,01 knot per foot, but the
strength of flood varies in a more complicated manner., In the
deeper parts of tne mid-channel the velocity of flood increases
from the surface to near the bottom at about the rate of 0.01
knot per foot, while near the shore the increase is at a some-
what lesser rate, AS a result, the difference hetween the ehb
and flood velocities bacomes less as the deplh increases and at,
some points in mid-channe!l the flood current at the eight-tenths

depth has a yreater velocity than on the ebb.
.
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TABLE 23
SURFACE CURRENT DATA « THE NARROWS

(Referred to times of HW and LW at Sandy Hook, N.J.!

¥

i o A = B S =Y = e s —

i

| : FLOOD STRENGTH % EBB_STRENGTH

e e e : — . 7

i BLACK | TIME [RECTION; VELOCITY | FLOOD | SLACK | TIME IDIRECTION VELOCITY| EBg

LocATiox | HOURS | HOURS | | OURA- | HOURS | HOURS | g | DuRA-

i i g (Truel } Y10ON 1 i Truel i I TION

After LW Before HW i 0 Knots 1 Hours ' After H¥ | Before LW i V] ' Knots i Hours

seratbd e s b e s i o0 0w b e+ U ETETRE =00 R 11 U o T g sl s i PSP PPN (SR, AUST RS TTRETIRTTOT TSI ,“_;;,.},4 AT e RN MR
oft 3klyn. | s.2 0.2 | N. 10 A 1,6 || B8 21 | 0.8 s, a6 £.| 19 | 7.4
off Bkiyn. ' 1,7 | 0,0 1 ¥Ne 20 B« 1.8 a,2 e i.3 i8. 20 W. | 1.8 | 8.2
oft Bklyn, | 2.4 0.9 N. 20 L. 1.4 “ot 2.4 1.4 18, 10 W.| 1.6 | A3
off Bklyn. 2.0 0.2 Ne 15 E. 1.5 £l 2.0 1.5 8. 2R W | 1.5 | 6,8
4ld-Channel 8.8 | 0.7 N. 20 W, 1.1 1u B 2.0 | =0.1 ls. 20 B.{ 1.0 | 7.8
41d-channel | 2.0 1.0 N. 25 W.. 1.3 s, 8 1.7 | 0.p ls. 20 8. 1.8 | 7.e
Mid-Channel ! 2.2 | -@.7 N. & W 1.1 5.0 2.2 | 1.0 lo.. B m.] s | e
Mid-Channel 27 | G2 . B W i o 5,0 2.5 | 18 5. 10 We | 8.6 | 6.5
M1d-Channel 1.9 | 0.4 | N. | 1.8 r.8 2,4 0.7 ' s. 1.4 | 6.8
Mid-Channel 2.5 || P | e & E. 1.8 A,8 2.2 | 0 ed 8. 1% E. 2.4 . €.6
Off Staten f. .6 0.5 N. 25 Wi $.8 | &8 2.1 =0.% Ine 16 Ba| o8 | 7.8
off stetem 1.l 2.3 0.7 N. B W 0.8 | s.3 1.5 0.9 8. 18 W.| 1.8 | 7.1
gff Statem T, 2.5 | 0.4 N. 5 E.f i3 & Bag | a7 P | 8. 1.6 Tal
off staten 1. 2.0 | 0.1 » 6B 0.8 | 5.8 | B | 1.8 (5. 10 W. e 6.8
ot gcaten 1,1 1.9 | -0.2 M. § W §.8 | s | B0 | 1.8 8. 35 E. e | @at
H { i
e !
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s ;..
| DEPTH
LOCATION
Feet
0ff Bklyn -
otf Bklyn 5
off Bklyn 12
0ff Bklyn 20
oft Bkiyn | 7
0ff Bklyn 14
off Bklyn | 38
off Bklyn | 58
oft Bklyn | 7
off Bklyn | 18
0ff Bklyn 29
ofr zklyn | 7
eff Bklyn | 8
orf Bkiyn | 20
orf Bklyn | 32
off Bklyn § 7
cff BRlyn | 8
off Bklyn | 21
0ff Bklyn 23
off Bklyn. | v
ot Bklyn | 9
0ff Bklyn 22
oft Bklyn 25

TABLE 24
CURRENT DATA- VARIOUS DEPTHS- THE NARROWS

(Referrea to times of HW and LW at Sandy Hook, N.y.)

i FLOOD STRENGTH
SACK | TIME | DIRECTION . VELOCITY |
1 i H
HOURS | HOWRS ! _
' {True) ;
after LW | Before HW o Knots
+ II 1 e 0 i e B i e T e 0 s 8 B o s e
g.81 | 8.7%8 ¥. 17 ¥.! 1,20
0.51 | 6.98 - 1530
0.614 | @6.72 - 1.00 |
feBl | Buif [ v 1.10
| se1 | o.21 | NW. 21w 1.40
3.48 | 0.83 | N. 28 W.| 1.41
3,45 | 0.59 | N. 21 W.: 1.24
3.27 ! 0.43  N. 40 W.  0.88
2.70 | 0.81 | === 1.40
2,83 | Q.16 | =—- 1.41
1.87 | 0483 | ==- 1.69
| 1.712 | o0.92 | ®. 9 E.| 1.50
| st ] Guam | me 1.50
| 4eB3 D88 | wme 1.40
| 281 || 108 | ows 1.00
| 2,44 | o0.86 | N. 20 E.| 1.30
| Eith | 971 WM. 82 2.} 1.8p
i 2.04 | 0.768 | N. 30 E. . 1.41
1.69 | 1.31 | N, 30 E. | 1.34
é i
1.97 | 0.24 |, N. 15 B. | 1.51
B84 | 0.68 | == 1.49 |
I 227 | oO.8@ | == 1.56 |
| 2.24 1 2,88 | i 1.32
| |

et A B ki A SR 54 RS 1

FLOOD
DURA—
TICON

pours

7.2
7.82
7.82
7.82

4.96
4.85
4.89
6411

6.33
5.84
6.09

6.22
€.42
6.42
€.52
6.13
€.53
6.33
6.863

6.13
6.01
5.87
5.83

g EBB STRENGTH
e
| SLACK TIME | DIRECTION VELUCITY | €88
i HOuRS HOURS | 3 | ourA-
} (True) ! T ION
L After ww Befere Lw o . knots Hours
ki, Wit rpoc it WAL, Y. .. 4
! 2.10 2.59 8-14 W.| .90 4.890
2,20 | 2.719 | === 0.90 4.80
i g.20 | 2.79 - 0.90 4.60
| 2,20 | 2.70 -—- .70 4.60
@ 2.04 0.81 | 85.45 E.| 1.89 7.16
i 2.21 0.53 | S8.40 E.| 1.65 7.57
! 2.21 0.56 | 8.55 E. 0.94 7.53
£.28 0.68 | 8.83 B.| 0D.78 731
1.90 | 2.56 -—= | 1.81 7.09
| 2,04 | 2.73 | === | 1.40 6.58
| 1.88 | 2.79 § === | 1.37 6.33
|  1.80 | 1.42 | s.22 w.| 1.e0 6.20
| 1.80 | t.88 | --= | 1.680 6.00
! 1.80 I~ .28 | e 4 oS 50 €.00
; 1.80 | 1.12 | === 1.20 5.90
| B.44 | 1.48 s. 1.64 6. 29
i 2.59 1.186 s. 141 5.89
| 2.24 0.8 . S. 1. 8% 8.09
2.09 0.96 | s. 1.19 5.89
3 1.97 | 1.54 | s. 1.51 €.29
§ 2.22 | o0.97 | ~-- 1.65 6.41
i 2.01 | 0.97 | ==-- 1.40 6.55
1.94 0.95 | =i 1.26 €.59
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TABLE 24 (cont'dl
r ] -~ ~ FLOOD STRENGTH EBB STRENGTH "]
| DEOTH ! SL ACK TIME |DIRECTIONJVELOCITY| FLOOD SL ACK TIME DIRECTIOéVELOC}TY €88
1
] : | HOuwrs HOURS | ! DUR A— HOURS HOURS i DUR A—
| ROCATION ! | (Truer | TION {Truel TION
II Feet | After LW Before HW 0 Knots Hours After HW Before LW 4] | Knots Hours
:; il " TR AT IlllllllllIlllll“lIIlﬁJllhlll--'IdIlIIHDillllll“llﬂlﬂl“‘llll|||III|"IIII'III| T ST TR e [CRRETARTATE  TINRRTIRT Y Hivistiiew hib,
| }
| Mld=-Channel 7 _ .27 0.73 ﬁN. 20 W. 1.09 4.89 2.03 ~0.09 8.19 E. 1.86 7.53
| M1d-Channel 17 | 2.8 1.03  |N. 17 wW. 1.25 5,31 2.02 -0.1% .18 . 1.81 2 A )
| Mid-Channel 44 | z2.01 1.50 |[N. 27 W, 1.53 6.44 B.32 0417 g.28-B4 i~ 1,81 5.98
| Mid-Channel 70 . 1.08 0.39 N. 20 W. .75 g 2.06 1,38 B.P8 ®, 1..87 5.31
|
znid-cnanne1 7 |  2.97 1.03 ¥N. 85 W. 1.32 4.83 1.67 0.91 5.20 E. 1.88 7.59
Mid-Channel 18 | 2.57 1.18 ————— 1.18 5,51 1.95 1.11 | =====-- 1.57 6.91
g Mid-Channel 42 i 2.27 1.183 ————— 1 .88 6.09 £.248 0.85 | ===-=-- 1i.48 6.35
| M1d-Channel 80 ; i.04 1.11 | =e=—- 1.60 6.328 2.09 0.83 | ==—=e-e 1.53 6.04
i
| Mld=~Channel 18 | 2.17 0.4 | ==wa- 1.39 5.44 2.08 1.35 | =m=ee- 1.45 6,98
| Mld-Channel 29 | 2.08 C.49 R 1.45 6.54 Z.48 0. 78 | ———— 1.07 5.88
Mid-Channel 62 1.69 0.81 T 1,71 6.76 £.32 0.82 | =e=== 1.08 5.66
Mid-Channel 17 2,75 0.69 e—— 1.66 5.47 2.09 0.90 | ===== 2.03 €.95
Mid-Channel 52 ' 1.79 0.8% | —===- 2.03 6.85 2.51 0.57 {m——— 1.76 5.57
Mid=Channel 87 ! 1.2% 0.83 | -==e= 1.98 7.20 2.84 I 0.81 | ====- 1.59 5.22
| [ I
Mid-Channel | 7 ! .78 0.74 N. 22 W. 1.48 £.32 oL [ " | 8. 13 B fiE4 7.10
Mid-Chennel | 18 | =z.78 0.78 N. 29 W. 1.57 5.80 2.39 L Dezd §. 19 EJ 1.49 6.62
Mid-Chanrel 45 1.82 114 N. 84 W. 1.67 6.75 2.44 | 0.64 S. 47 EJ 1.51 5.87
Mid=Channel | 72 1.3 | 1.28 N. 26 W. 1.66 7,81 2.44 I' o.sd 8. 42 BJ 1.42 8. 24
! i |
i :
Mid-Chznnel 18 2.77 0.8 | ———=-= 1.30 5.48 2.13 0.49 | =emee- 1.83 6.94
Mid-Channel 40 2.a2 T0.983 | emme- 1.386 5,99 £.28 0.28 | =w=———- 1.57 §.43
Mid~Channel 63 1.93 0.62 | cem-es AT §.60 2.40 | 0.33 | mew-- 2.27 | 5.82
Mid-Channel q 2.7% 0.21 M. 6 W. 1.85 5.87 2.47 1.25 8. 10 w{ 1.97 | 6.55
Mid-Channel 8 2.5% 0.21 | ==we- 1.83 5.81 2.21 1.838 | ====- 1.91 | 8.61
Mid-Charnel g1 2.19 0.97 | =e-=- 1.64 8.15 2.21 1588 | ————e | 1.66 | e.27
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DEPTH SL ACK
LOCATION VRS
Feet After LW
ST ) LN AT EAOL T TR LR R VAR NN U
Mid-Channel 36 | 2.285
Mid-Channel 7 1.91
Mid~Channel a 2.01
Mld-Channel 21 | 2,01
Mid~Channel 33 i 2.01
Mid«Channel 7 i 2.47
Mid-Channel 12 j 2.79
Mid-Channel 30 2. 87
Mid-Channel 48 2,07
0ff staten 1. 7 i 3.58
oft Staten . 17 3,25
Off Staten I. 42 2.03
Qre Staten I. 67 i.51%
Off Staten I. 15 2471
0ff staten 1. 38 2. 21
Ooff Staten I. 60 1,88
orft 3taten I. 7 2.29
0ff staten I. 10 2. 39
0fr Staten I. 24 1 2. 19
0ottt Staten I. 38 i. 19
off Staten I. 7 2.51
oft Staten I. 10 | 2,51
Off Staten I. 28 2.41
off Suaten 1. 40

2,01

TABLE 24 toont'd)
FLOOD STRENGTH EBB STRENGTH
oot : . ! e -
| 1 2 ; i
| TIME DIRECTIONNVELOCITY| FLOGD SL ACK TIME omecnoxﬁv&ocnv £88
HOURS | DURA— HOURS HOURS DUR A—
(Teue) TEON I (True) TION
Bafore LW 0 Knots Hours After HW Before Wy 0 Knots Hours
Al Ml hiskhinsen AUTTERIYS FUTERNELY "ERRTT N TNE AR CEEY 23 T NS TR T T G L L T LT LT,
1.07 0.08 8.05 B .03 00 :
0.a2 N. 2E. | 1.50 .82 %4 %% s, 1wl 1m0 5% 80
0.62 ——— 1.60 6442 2. 30 | 0.59 ——— 1,90 6.00
0.42 - 1.80 6.42 2.30 | 0.49 -— 1. 70 6400
0.82 - 1. 40 8.32 2. 20 | 0.69 ~—— .70 | 4.10
| §
| ¢
| o0.08 N. 6 E. 1. 59 5. 90 2. 24 0.48 8. 47 B 2.35 €.52
I 0oust ——— 1.55 5.38 2,04 0.46 — 1,97 7,04
!
i 1.83 — g0 5.95 2. 19 0.34 ——— 2.00 6.47
2.43 ——— 1. 20 8.12 2.06 0.24 R 1.84 8.30
| 0.51 N. 23 W. 1.52 4.87 2,00 -0,29 & 17 B, 2.26 7.75
0.97 — 1. 63 8,21 2, &5 | ~0.39 - 2.41 7. 21
1. 19 - 1.47 5.77 I 1. 67 [ 0.97 | === 1.89 6485
Il 2.71 -——— 0.92 6.13 | 1.51 1.59 | =-- 1.56 6e29
1. 01 -—- 1. 29 5.55 2. 15 0.39 —— 1.78 6.87 |
1. 54 — 1. 36 5.89 1.97 0.61 -—— 1,88 6.53
| % - | g2 5.92 1.65 0.81 wa 1.76 6.50
i
0.71 {w. 7w. | 0.94 | 5.3 .49 | 0.91 |8, 13 W.| 1,54 | 7.09
0.31 N, 12 W, { 1.18 548 1. 89 | $.401 8. 13 W. 1,63 6.99
.11 | N. 25 W. | 1.30 | 6.93 .99 | 1.41 |s. 2 E. 1. 09 849
0.51 | N. 20 W. 2 0.62 6. 93 1,99 | 1.81 |S. 24 E.| 0.62 5,49
i | ;
0.2 |N. 6% | L% | 5.2 1.70 | 1..09 {s. 1 W.| 1.80 7. 10
0.4%2 } -— ] .30 | 5.32 1.70 | o.79 —— 1. 80 7.10
1.2 | === | 1.60 | 8.82 | ®.20 | 0,79 -—- 1. 40 8. 50
212 | --- | L3 | s.22 | 210 | o.79 = 1.00 | 8.20
i i , o A




2o

TABLE 24 icont'a)
FLCOD STRENGTH ESB STRENGTH 3
DEPTH | SLACK | THME QOIRECTION%VELOCtTY FLOOD SL ACK TIME pIRECTIONNELOCITYi €8k
HOURS HOURS | ‘ DUR &~ HOURS 10URS | 1 | DURA=
LOCALITY i i b Sl | ’
i i {Truel : TION I True i TION
J Feet After LW . -Bafore HW | 0 Knots | Hours After HW Before LW i 0 Knots | Hours
(S T LT TP RN R TR REN TN Todaoke TETETTTRA LAY I 1 ] |.-|||¢:§| 4 s i mllmnunmm--‘-uu i {THTE U TR ' 4 'Illllll+" L]
1 | 1 | | i
oft 8taten I 1.99 c.11 | N. 15 E. t.ha | 5,08 1.40 1.21 | 8, -8 Wy 1.34 [ e.79
! i
O0ff Staten I. 1.69 -9.08 | N. 16 E. 1.08 ! €.03 | 1.59 1.431 i B, 11 4. .78 £.32
off staten I} 21 1.69 n.41 [ N. 2 E. 1,68 | e.88 | 1,99 | 1.21 [ 8. 9 W) 1.20 §.19
orf staten 1} %1 | 1.e9 0,61 |{¥. £ E. | 1.34 | 6.23 1,70 | 1.0t | S« 0.79 8.19
. i : ; # i
0tf Staten I 7 1.68€ -0.22 | N. 4 W. 1,19 | e.4a 1,989 1.5¢ (4. R 17 e 97
gt Btaten [ 10 1.82 Q.01 Y8, 1% W, | 1.86 | @a.88 .24 1.94 | 8. #3 £d i.4p ] B 54
H | ! . | i H
0ff Steten I 24 1.99 1,14 [ N. 48 W, | 1.77 | 6.568 2444 0.68 | 8. 10 E. 1,34 |, §.80
0ff Staten I 34 1.82 1.48 | N. 22 W, | 0.28 g.582 2.31 0.48 | 8, 4 EJd 1,01 | 5.86
{ ' | [ |
i , !
i | |
| |
| { ' |
| - , |
i |
{ ? | ' |
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CURRENTS IN THE UPPER RAY

In the Upper Bay within the main channel leading to the Hudson
the duration of the ebb, as in the Narrows, is considerably
e greater than the duration of the flood, averaging

7.0 hours for the ebb and 5.4 hours for tha flood.
But along the east and west shores of the Bay the flocd and
ebb have very nearly 2qual durations. Along the main channel
of Upper Bay the ebb has also the greater velocity, averaging
about 2-1i/2 knots at strength of 2bb as against a |littlie less
than 1-1/2 knots at flood strength, Along the Brooklyn shore
the corresponding values are |-1/2 knots and I-1/4 knots. In
general, therefore, Lhe ebb strength is very nearly a knot
greater than the flood alony the main channel, but only /4
knot greater along the Brooklyn shore,

The variations of the current velocity at the different dapths

in Upper Bay are much |ike those fcund in the Narrows,

THE CURRENTS N THE KILLS AND NEWARK BAY — ARTHUR KILL

In the channe!l of Arthur Kill the2 velocity of the current at
strength Is approximately one knot, At the southern entrance,
disiasiy and for the greater part of the Kill, the flood

and and ebb strength have approximately equal veloc—

Duration ities, but at the northern end the flood current
has somewhat the greater vslocity, At the sur-
face the duration of flood in Arthur Kill is about half an
hour less than that of ebb, averaging 5.9 hours for the flood
and 5,5 hours for the ebb. (Sce Table 25). At various depths
observations show that for Arthur Kiltl, as a whole, the dura-
tion of ebb Is greater than that of flood from the surface to
near the boltom, As regards velocity, observation indicates

a decrease in both flood and ebb strengths with increasing
depth.
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TASLE 5
SURFACE CURRENT JATA - ARTHUR KILL

{Referred to times of HW and LW at Sancy Hook!)

FLOOD STRENGTH

EBB STRENSTH

T H T )
SLACK TIME ZOIRECTIONEVELOCITY i FLOOD SLACK TIME DIRECTIONVELOCITY EB3
HOURS HOURS ! ; DURA— HOURS HOURS | DURA—
LOCATION ; (Terus) i TION . (True} ‘ TION
1
After LW Before HW ! [ H Knots Hours After-R¥ Before LW [ Knots Hours
R A P T T e R PO CS AT TTRETY S ELRE AL EY T RRA FRE ASRT Y LIYIR ROTTEN !‘.: TR B ALY R T YA 'E muunmu‘mln--lu‘mumlmldummm.:i‘:-mnu;unv.m,c-lu.v.:wm UL T R R I O TR R LU R LT 'u.‘umlm.---w|--n.--numllnuuu
off pertk |
Anbey, N.J. .4 | 1.9 | N. 10 E. r:9 8.0 1.2 2.4 8. 10 W.| 0.9 6.4
oft Totten- | i {
ville, N.Y. 1.9 1.5 i N. 28 E. 1.4 5.5 1.3 45 8. 80 We 1.4 £.9
Off Tufts ‘
polnt, N.J. 1.9 1.4 ! S. 70 E. 1.8 5.9 147 1.9 S. RE W. 1.8 5
0ff Linoleum= ! i
ville, N.Y.! 2.2 1.4 ! ¥.15 E. 1.0 5.9 2.0 1.7 8. 16 K 1.0 €.5
off Tremley
polnt, N.J.] 2.1 1.8 N. 25 E. 1a1 6.8 2.5 1.8 S« 25 We. 1.4 8a?
0ff Ellzabeth,
N.J. 2.8 0.2 Ee 1.4 HaB 2.6 1.0 8« T Ms 1.2 8.4
|
| |
; i
i
|
I
i
I | o =




KIiLL VAN KULL

The tidal movement through Kill van Kull is not of the progress-—
ive wave type, but is conditioned by the fact that the KILL is a
short strait connecting two much Jaryger tidal bodies of water.
Throughout Kill van Kull the ebb has a greater duration than

the flood, being 7.0 hours for the ebb, and 5.4 hours for the
flood, except near the bottom, where the duration of flood Is
somewhat greater than tnat of ebb. The velocity of the ebb is,
|l ikewise, greater than that of the flood, averaging 1.8 knots
for the ebb and f,? knots for the flood. (See Table 26).

in regard to the relative velocities of flood and ebb at the
different depths, KILL VAN KULL differs from ARTHUR KILL, for
; in the latter waterway the flood current has the
Yelocity of

P 1 s S. 1‘
oureRis greater velocity at all depth In KILL VAN KULL,
on the other hand, the ebb has the greater velacity

to mid-depth, but below that the flood has the greater velocity.

NEWARK BAY

The flood current in -ewark Bay comes both from K{LL VAN KULL

and from ARTHUR KILL. The cross-sectional area of KILL VAN

KULL is, roughly, twice that of Arthur Kill, and the strength

of flood in the farmer is about 704 greater. |t follows, there-
fore, that KILL VAN KULL provides the greater part of the tidal
waters flowing into Newark Bay. On the ebb, |ikewise, the veloc-
ity in KILL VAN KULL is greater than that in ARTHUR KILL, so that
KILL VAN KULL is also the principal outlet for the ebb of Newark
Bay.

Throuyhout Newark Bay the duration of flood for the current near
the surface is somewhat less than that of ebb, being 6.0 hours.
In the main channel of the Ray the current at strength

Duration

has a velocity of about I-1/4 knots with but [jittle
4§ Velocity .
differerce between the ebb and flood velocities.

({Sce Table 27},
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TABLE
SURFACE CURRENT DATA - KILL VAN KULL

%

(Referred to time of HW% and LW at Sandy Hook, N.J.!)
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TABLE 27
SURFACE CURRENT DATA - NEWARK BAY
(Referred to times of HWw and LW at Sandy Hook, N.J.)
e T T FLCOu s'pE\oT,-{ ol = © E3B STRENGTH R
R [ A ————— P e ——— R T N SR = 15 e s i
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H } b | H '
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with increasing depth the duration of .flood increases while the
duration of ebb decreases. However, the velocities of both ebb

and flood strengths decrease with increasing depth.

CURRENT IN HUDSON RIVER

Table 22 gives the data from surface observations of the current
In the Hudson River, For stations near the mouth of the Hudson

the time relations are, on an average, as follows:

Slack before the flood comes about 2 hours before high water;
strength of flood 0,3 nour after high water; slack befors ebb
2 hours tefore low water; and strength of ebb 0,3
¥outh of
hour after low water, These times are referred to

Sandy Hook high and low water and the tides at the

Fudson

mouth of the Hudson are about half an hour later than at Sandy
Hook, Therefore, with respect to lLides at the entrance to the
Hudson, the current there is slack almost exactly half-way be-
twaen high and low water; it is at stranyth of flood at about
the time of high water; and is at strength of ebb at about the
time of low water,

On the fourteen mile stretch from the Rattery to Mount 5t. Vin-
cent, the tide in the Hudson becomes later by a little over one
hour. The current phases, |ikewise, become later by
Jelocities . \
a little more than an hour, so that throughout this
portion of the Hudson the time relations of current to tide are
practically constant, peing the relations found in progressive
wave motion. Along the axis of the channel the flood strength
at the entrance to the Hudson averages about |-1/4 knots. Fur-
ther upstream as the channel narrows toward Castle Point, tho
velocity Increase to a |lttle over f—l/? knots, and off Fort
Washington Point it has its greatest velocity, namely, 2-1/4
knots. For the whole stretch, the flood strength averages
I-1/2 knots, The ebb has a greater velocity than the flood,
the average of the <¢bb being 2-1/4 knots as against |-1/2 knots
for the flood. This difference in the flood and ebb velocities

SRV



is unquestionably due to the fresh water flow. This is reflect-
ed also in the great duration of the ebb flow. For the stations
along the axis of the channel the fiood duration averages 5.4

and the ebb duration 7.0 hours.

The axis of the channel ligs near the castern or Manhattan shore
rather than in midstream, and, as a result, the yreatest veloc-

= ities are found to the gast of mid-stream. Thus, in
&f fect of

the Hudson off Morris Street, Manhattan, the strength
Channel

of the tidal current, that is, the strength of the
observed current freed from the effect of non-~tidal water, or
half the strength of the sum of the flood and ebb strengths, is
{.7 knots for the midstream station, (.8 knots for the station
near the New York shore, and f.2 knots for the station near the
New Jersey shore,

The velocity of the non-tidal currant at any point in the river
is approximately half the difference between ths ebb and flood
strengths. This non-tidal current in the Hudson depends on the

amount of fresh water coming down the river, hence it will vary.

The non-tidal current near the westarn shore is found to be
greater than in midstream or near the eastern shore, Thus,

) off Morris 5t, ,the non~-tidal current is 0.55 knot
River

” near the west shore, 0.8 «not in midstream, and
ow

0.4 knot near the east shore. This greater veloc-
ity of the non-tidal current atong the west shnore of the Hudson
indicates a greater flow of upltand fresh water along that shore.
This is due partly to the deftecting force of the earth's rota-
tion and partly to the tendency of the heavier cold water to
follow the deeper channel. As a check on the velocity obser-
vations, it is found that the duration of ebb along the west
shore is greater than at midstream,



The subsurface current in the Hudson presents the features found
in the subsurfac: current in the Narrows and Upper Bay. The
velocity of the flood strength decreascs very sSliow=-

Sutface ¢ I
with increasi dept r may even increase while
N P ly with increasing depth, o Y
strength of ebb decreases at a relatively rapid rate.
Currents

At the surface the ebb has the greater duration, but
with increasing depth the duration of flood increases, while the
duration of ebb decrease¢s, so that near the bottom the duration

of flood may become the greater.

Along the axis of the channel the flood and ebb velocities are,

in general, approximately equal at mid-depth. As a general rule,
too, the flood has the greater velocity at mid-depth near the

New York shore, while near the New Jersey shore the ebb has the
greater velocity at mid—-depth., But since the channel runs nearer
the New York shore, mid-depth is greater along the New York shore,
For the same depth on both shores the abb has the greater veloc-
ity along the Jersey shore, indicating that the greater part of
the fresh water that comes from the Hudson flows alony the New
Jarsey shore.

Figure 6 illustrates the tide and current relation for the entire
length of the Hudson from the Battery to Troy. \What has been
pointed out with respect to time relations at the

Pigure 8

mouth of the river is evident in Figure 4. The slaek
Battery

of the current at the Battery comes midway between
o froy 3

high and low water, and the strengths of current are
at the times of high and low water. As we go up the Hudson the
time relations of current and tide gradually change. That the
timeoreliations must change becomes obvious after a little con-
sideration. Consider the head of the tidewater. Here, of course,
the incoming tide must cause a rise of the water and when the tide
ceases to flood at nhigh water, the current is at slack vefore ebb.
Therefore, in proceeding up the Hudson, the time that the slack
before «bb is later than the time of nigh water must be made up
s0 that high water and slack before ebb occur at the same time at
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the head of the tidal river. The same considerations apply to
the times of low water and slack before flood,

In like manner, the time that the slack before flood is later
than low water at the mouth of the river must be made up so that
both occur at the same time at the head of the river,

These changes in time intervals appear graphically in Figure 6.

The data on which the figure is based is contained in Table 28.

Figures 7 and 8 [llustrate the average tide and current condl=
tions in the axis of the main channel of the Hudson at the times

) of high and low water at the Battery., The scale at
Figures

the top of each figure represents latitude. The
? and 8

vertical scale on the side indicates height as re-
ferred to the Sandy Hook sea level datum. The vertical arrows
indicate by their direction whether the tide is rising or fall-
ing, while the horizontal arrows show by their direction whether
the current is flooding or ebbing, The numerals at each arrow
show the velocity of the current in knots.

It should be remembered that velocities are for current at mid-
channel, In approaching the shore diminished velocities are to

be expected. Moreover, the time of the turning of the current

from the flood to ebb or from ebb to flood may be from a nalf hr.to
an hour ear)ier near the shore than is the case In mid=channel,

The tides and currents as shown are representative of average
condition.during the summer months and are Subject to large sea-—
sonal varlatlions due primarily to fluctuations in the fresh water
discharge,

CURRENT [N THE HARLEM RIVER

Since the Harlem River is in reality a strait, Upstream and Down-
stream have no precise meanings in the Harlem, and the designation
of flood and ebb currents must be made with reference to the time
relations between local current and tide., The tide in the Harlem

77



L

|

TABLE

pas

ADJUSTED CURRENT DATA - HUDSON RIVER

(Referred to the Tides at tne Batteryl

i g rp— L B
S S _ L b o VEREIC YT |
| LATITUDE | SLACK FLOOD SL ACK £88 FLOCD ; EBE f
§ LOCAL I TY NORTH idefare flood] STRENGTH |Sefore ebb [STRENGTH| STRENGTH | STRENGTH|
Caldihirnnt wte -abese: Naud) HOURS HOUR S HOURS AOURS f
0 After LW After HW After HW After LW Knots Knots |
R LR T RN EA S R ¥ PO LRy TN P R LT LY ST R LAY ALY T AT PRt} L R RN TR L (R L L R L TR e R LTS TS T OO PR T T TR PR TR R I L O T T T O ylInnuuxmu-uuumu:nuul--unlnn.ulhulcm:llnuil
{ The Battery, N.Y. 40 42 | s3.70 0.07 2.77 0,18 1.5 2.3 |
" Jersey Ciiy,
' (Penn. R.R®. Ferry) {40 43 .72 610 2.8 0 0.20 1.5 2.3 |
| Jersey Clty,
. (DL & W. R.R. Ferry} 40 44 .77 0.18 2.85 0.286 g | 2.3
Castle Peolnt, Hoboken 40 45 3.80 r 0.23 2.89 0.29 . % 2.3
i i
' Mew York, 23rd Street | 40 45 .82 | 0,28 2.91 0.31 1.e 2.3
| New York, 42nd Street | 40 48 3.86 | 0.32 3.00 0.38 1.7 £.8
{ Days Polnt, Weehawken | 40 48 3.88 ; 0.34 3.02 0.38 1.7 2.3
| New York(Union Stock i
! yards: 40 47 2,90 | 0.37 | 3.04 2,40 .7 | - 2.8
| New York, 96th Street . 40 48 5.96 | 0.45 | 3.12 0.48 -7 | 2.3
{ |
grants Tomb{123rd St.} ! 40 49 4,00 § 0.58 B. 18 0.55 1.8 2,5
New Yorx, 130tk Streel:i 40 49 4.01 | 0.54 3. 12 .85 | 1.8 2.3
George Washington Br. | 40 51 .10 | 0.64 . 27 0.65 | 1.8 2.2
Tubby Hook 40 52 4.8 | 0.71 3.32 e T 1.8 2. 1
Spuyten Duyvil 20 53& $.20 | 0.77 3. 23 0.76 | 1.8 2.1 |
Riverdale 40 354 4.25 | 0.84 z.43 | 0.82 | 1.6 | 2.0 |
Yonxers 40 B8 | 4.8 | 0,086 3,54 n.92 1.6 i 1.9 |
Dobbe Ferry 41 0t | 4.51 | 1.20 z.02 | .18 | 1.3 1.7 |
Irvingoen | 41 2 4.56 | 1.26 3.88 1. 24 | 5.2 L7 |
Tarrytown | 41 & 4.8¢ 1.41 4.10 1.40 1.1 1.8 |
' ] i
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TABLE 28 (gent'd)

i VELOCITY

Pt mterm—— s — i A

; LATITUDE | SLACK FLGOD SL ACH FLO2D £E53

e NORTH iBafore flood STRENGTH |Bafore eobd STRENGTH | STRENGTH
LS HOURS HOURS HOURS i
tmidchannel off place =
o aeaced] 0 t After LW After HW dfter HW Knots Knots

&l 111 LT ER TN T UL T R TTE T TIVEeN ll'l|"|lllllli(lll|IlUIIIIIllllllll (N R R L EE LR P T Tt KLy T bt L LR R Ty T e Y F R L A PN AT R R T ey T e R T R VT YAk S MRS P T RT AR TAR EE R

| ®yaen 41 B 4.68 1.4¢ 4.13 1.1 1.8 |
ossining 41 19 4.85 1,688 4,51 0.9 1.8
Haverstraw &1 12 4,94 1.78 4,88 | 0.8 Iy i
verplanck 41 15 5.08 1.94 2.0 0.8 1.2
peekskill 41 17 5.18 2.08 4,97 | 0.8 .2 |
lona Islanad 41 19 8.24 8y 1y 5.02 0.8 i«X |
Bear Mt. Bridge £1 19 .20 2.16 5.07 0.8 .1
west point 41 24 §.,56 2.48 827 6.9 1.4
celd spring a1 28 5.60 2,48 5.31 0.9 t,1 ]

{ stornm King 41 2§ 5.85 .54 Y1) 0.9 R g

| Newbnwah 21 30 5,85 2.75 £.,47 0.9 : 1. %
New Hamburg 41 35 6. 10 2.98 §.€61 o | £.1
pPoughkeepsie 41 ag €,48 4.28 H.78 1.3 j 1.2
gyde parx a1 47 6,72 2,82 5.02 1.8 ] 1.8

| Rhblneclif: 11 55 7. 14 2,760 8.30 1.2 | 1.5

| Tivoll 12 ¢ 7,88 4,25 £.85 1.6 | 1A
Catskill 42 1 8,28 5.26 7.88 1.8 E 2.0

{ coxsackle a2 21 8,77 5,60 8,35 1.6 | 1.8

g Wew 3altimore 42 27 9.22 8+71 2,684 1.8 1.8
Castleton 42 32 g.61 £.,82 8.62 0.9 1.2
Van Wies Point 42 35 9.97 5,97 B.47 0.6 y
Aldany 42 29 10.51 6. 17 8.20 0.% 0.8
Troy 42 44 -- —— - e 0.7




is about two hours later than at Sandy Hook. The strength of
the southerly flowing current in the Harlem comes about an hour

) . before Sandy Hook high water, and hence about three
Direction

0f Flood
4 EbY

hours before local high water, |t fellows, there-
fore, that the southerly flowing current attains its
strenyth on a rising tide, and is, therefore, the
fiood current. The northerly flowing current, from similar con-
siderations, attains its strength on a falling tide and is there-
fore the ebb current.

The slack waters in the Harlem come at about the time of local
high and low water, while the strengths come midway between high
and low waters., Therefore, the times and velocities of the cur-
rent are subject to variations additional to those found in tidal
rivers, for any relative changes of the heights of water in the
Hudson and East Rivers will introduce variations in the current
In the Harlem, (See Table 29).

in yeneral, the strength of ebb has the greater velocity, averag-
ing about [-3/4 knots agyainst 1-1/7 knots for the flood strength,
n nstricte assages between id iers the cur-
Sevangth o7 In co ted passag between bridge pie 2 u
rent attains i greate 2 ity; und i idge
PR nt attains its greatest velocity; under High Bridge,
for example, the current has an averaye velocity at

strength of 3 knots.

Near the surface the ebb strength in the Mariem has the greater
velocity, and since both flood and ebb Strengths decrease at
about the same rates with increasing depth, this preponderance
of ebb over flood is characteristic of the Harlem at ajl depths,

THE CURRENTS IN EAST RIVER

Lower East River: Governors |sland to Hell Gate, i

This section is a relatively narrow and deep waterway, while
the section above Hell Gate is wider and shallower,

14
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{Referred to times of H¥ and LW at Sandy Hook, N.J.}

FLOOD STRENGTH

TABLE &9
SURFACE CURRENT DATA - HARLEM RIVER

EBB STRENGTH

e AR | : .
| { i |
SL ACK T IME l;olRec*HON VELOCITY] FLOOD : SLACK | TIME ’Pmecnon;vuocwvf EBB
N — HOURS HOURS | S ‘ oTuls:);:— | HOURS | HOURS | | DURA
: rue ! I i i ATrue) | T 0
After LW Before HW 5 o Knots ! Hours After HW | Before LW | o i Knots | Hour
0ff Spuyten Duyvil 2.1 0.5 8. €5 E. L8 | &t | 2.1 I 140 noeow } 2 8.3
Broadway Bridge 2.1 ! 0.5 | 8. €5 E. 2.1 | 8.8 | 1.8 f 1.4 lu. 88w | 2.4 8.8
W. 207th St. Bridge 2.0 | 0.8 | 8. 35 W, 2.0 | 8.3 { 8.5 f 0.9 |N.3BW | 20 | a1
High Bridge 2.0 0.9 | 8 10 W, S0 | &8 | 1,7 | 4.8 [N 5E | 28 | 6.8
South of High Bridge 1.7 0.8 S 35 W | L2 8.4 2.0 T | 1.8 | 8.0
Central Bridge 21 | 4.1 j 8 | 17 5.8 1.8 | e | N. | 1.4 | 6.8
Madison Avenue Bridge 20 | 1.0 s | L7 8.0 | 1.9 | 1.3 Ne | 1.6 | 8.4
Above Willls Ave. Br. A | L3 | s, 3 E. | 0.9 | &6 | 2.0 1.7 (N. 0 W, { 1.0 5.8
off 117th Street | 22 | o.2 8. 35 W. 5 0.6 | 89 | 2.0 | L0 |N. 50 E. | 2.2 8.5
0ff 116th Street 1.2 [ o.8 S. 15 W, ] 1.3 l 7.8 | 2.7 g 1,5 N. 38 E. | 0.2 4.8
i H | i i
0ff South Pfer, ! § ; | ! ‘ i i
Randalls Island R R NG 1 A R B —— | 1.0 |8 S5E | -0.1 | —
off Randalls & ; | ! i i ;
wards Islands [ 2.0 . 0.4 S. 80 E. ! 8.4 | 5.9 1.8 [ 1.3 |N. 60 W. 2.9 | 6.5
0ff Jefferson Park I 2.6 | 0.3 N.S5E | 0.5 | &3 | 23 | 1.8 s sowW | 0.6 | a.1
0off 110th Street i 1.7 i 1.5 N. 40 E, ; 0.9 ; 5.7 | 1.3 ? 0.8 & BW | 1.0 2.7
| | | | | | | ?
[ § ; 5 f | i
Ry { — i ; i = 5




On entering East River from Upper Bay it is natural to regard the
current setting from Upper Bay into East River as the flood cur-

o rent, but East River may also be entered from Long
rLoo

T Island Sound, from which body it is just as natural

to reyard the westerly setting current as the flood
current. Therefore, recourse must again be had to time relations
in order to specify the flood and ebb currents, From these it Is
seen that in this portion of the East River the strength of curs
rent from Upper Bay occurs on a rising tide, and Is, therefore,
a flood current, while the ebb current is the one that sets from
Long Island Sound toward Upper Bay. (See Table 30},

From the Battery to Hell Gate the time of tide becomes later by"
I-2%/4 hours, and, therefore, the time relations between tide and
current cﬁange from point to point. But the flood duration re-
mains approximately constamt throughout, averaging 6.1 hours
against &,3 hours for the ebb, |

The swiftest current .in lower East River is found in the con-
stricted passayes at Blackwells or welfare [sland and in Hell

Gate, where the mean velocity of the current is 4 knots or more.

Throughout lower East River the surface ebb current has the greater vel-
oclty and the yreater duration, whlch would indicate a fresh water-—
flow toward Upper Bay, Rut an examination of the sub-surface vel-
ocity and duration does not bear this out. Unusual conditions

cause a difference between the behavior of points in the same
cross—section of the river, and points which are within the full

sweep of the ebb current are located to one side of the main flood
current,

UPPER EAST RIVER: HELL GATE TO WILLETS POINT

The easterly current here is the flood current and the westerly
current the ebb current. The duration of flood increases from
west to easti, averaging about six hours at Hell Gate and about

seven hours at Willets Point, For the Upper East River, as a

23]
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i 1
b= .
| l SLACK
: hOuRS
| LOCATION |
’ After LW
R T LR e T L nt e I LT
torr State sSt., Ekxyn.] 2,0
iorr Joralemon St.3klysn 1.7
| off Montague St.,Bklyd 1.6
0ff Coenties SL1p,N.YJ 2.3
Off wWall Street, N. Y.i 1.8
Ort Fletcher St.,N.Y.E 2.2
Below Fulton St.Bklyn. 1.0
0ff Dover Street, N.Y. 2.1
inid-Chsnnel. Bklyn Bri 2.1
| Wallabeui Bay | 1.9
Qft Jackson 8t., N:Y. 2.4
Wallabout Bay 2.4
0ff Corlear 8t.; N.Y. 2,4
0ftf Corlears Hook,N.Y( 2.3
iWallabaut Bay 1.9
off 5. oth Bt.. EBEl¥an. 1.9
Off W. £nd 8t., Bklynd 3.4
Off N. 4th S8t., BElyn. 2.5
orf N. @th St., Bklyn, 2.4
orft 17th S8Street, N.Y. 2.3
aff 18th 8., N. Y. 2.0
off 19th St., N. Y. 2.0
ofr 20th 8t., N. Y. 1.9
Gfr 20tk Bt.. Na. ¥, 2.3

TABLE 30

SURFACE CURRENT DATA - LOWER EAST RIVER

(Referred to times of HW and LW at Sandy Hook,

FLOOD STRENGTH

TIME |DIRECTION|VELOCITY| FLOOD
HOURS | “OURA—

t § {Truel | Tiow
f Before HW ! ° | Knots | HMours
0.7 §N. 80 E. 1.3 6.5

s T ;y. 80 E. 2.5 7.0
1.8 N. 70 B | 1.2 7.0
0.4 |N. 85 E. | 2.1 8.1

¢ 0.8 lN. 50 B« | 1.8 6.5
! 0.8 ;N. 45 E. % 2 3 g4
0.0 |N. 40 E. | 1.8 7.5
1.8 |[N. 45 E. | 2.0 8.4
6.2 |W. 50 B. | 3.2 6.7
1.0 |N. 75 £. | 0.8 0.8

|
| 0.8 ls. 85 8. | 5.3 | 8.7
[ 0.4 N. 80 B | 1.0 5.9
| 0.7 ¥, 68 . | 3.9 8.0
| 0.8 5. 068 | aE | e
‘ 0.1 (N. 35 E. | 2.9 | 6.8
, .

| 0.3 N. 25 E. 1.6 | 6.2
l -0 N. 15 W. 0.1 5.6
| 0.4 N. 35 E. 4.8 5.7
| 0.0 N. 26 E. 2.1 6.4
{ 0.0 N. 25 E. 2.5 8.2
L 0.7 N. 10 W. 1.4 6.0
| 0.8 N. § W. 1,5 8,1
t 0.8 N. 1.9 8.1
l 1.0 - 2.8 | e.3

e ——

TR RTEITITTE (AL Tere

N.J, )

.

SL ACK i
HOURS |

After HW

FURSIETETIRITY

2.4

TIME
HOURS

Before LW

AT T e

EBS bTQﬁ\:TH

IDIRECTION'\IELOCITY'

(True)

(<]

i

LLEA R T T PPN

8.
s!

25
50

8.
S

50
30

S.
S.
S.
S.

40
586
40
65

80
75
8. 80
8. 45
8. 4

S.

S.

10

10
20

Wl

£55
g DUR A—
i TION
Knots i Hours
Boiasbatpan) -lllv-l-l?- Pttaveinthabeoalt
1.8 | 5.9
.8 | 5.4
1.7 | 8.4
2.5 | 8.3
a8 | B8
3,2 6.3
caB3 | 4.9
1.5 | 8.0
5.8 | 5.7
T .
|
el 8.7
2.3 | 6.8
.8 1 &4
3.9 I 8.3
2,8 | 5.8
-——— ! 8.8
0.8 | @8
3.0 | 4.7
X8 | &0
1.3 | 6.2
|
2.2 | 8.4
2.0 | &8
1.8 | 8.3
L8 l 8.1



TAME 30 t(cont'd)

e e | __FLOOD STRENGTH EsssTRevaT™® |
| stack | TiME [DtRecTion!veLociTY FLOOD stAck | Time IIREcTionveLocITY| Eas |
HOURS | HOURS | l | DuRA- HOURS HOURS | i | puRA— |
LOCATION | 1 e | | Tiow ; | (Trued | Tion |
After LW Before MW ! [ ; Knots | Hours After HW | Bafore LW ! o | Knots ‘ Hours
LT AR PY RART AT SATT AT TY SRRRYRTT EAYANTY PECALUL IVRS EUART AENNRT VAR UNIN L. KLELIJURATRRR SR TEARTRT B i U TR T IS PR Y ¥ (TP S 'l'l'"t"""’l?”ll"l|||I'I|'"‘l"l"“q'"u""'lh’l’"l‘l.‘l‘i“I.Ii""IE"""““""""‘"I“Xl,IiTh“llv“‘”‘"lwl!lll'""l%lll" ikl '1“" PRI IELBI A
off 2ist Street, N. Y, 2.1 - ] s 1 8.0 2.0 I 0.9 | === 2.5 8.4
otf #3rd Street, N. Y{ 2.3 0.8 | w—= 2.0 | 6.1 | 2.5 : 1.4 | --- 2.3 | 0.3
oft Huron St., Bxlyn. 2.4 0.8 |N. 18 W, .1 | 6.2 | 2.5 1.1 |8 10 B 2.2 | o.2 i
0tt Greema St., Bklyn{ 2.1 0.9 g.{ 2.1 | s.2 | 2.2 1.2 | 8. 15 E 1.8 8.2
0ff 25th Street, N. Y. 2.3 14 N. 1.4 i 57 ; 1.9 | 1.8 | B 1.7 8.7
i 1 1 ] i
| otf 2eth Street, N. Y{ 2.5 0.5 N. 5 W. 2.8 | 4.8 3.0 | 1.7 [ 8. 16 W %8 | 6.8
Newtown Creek Entrance B ¥ -0.1 |N. 60 E. 0.5 | 5.8 | 2.2 | 1.2 |8 50 W. 0.3 | 6.8
oft 34th Street, N.Y.! 2.5 0.9 |[N. 25 E. .9 | 5.8 2.8 | 0.8 8. 35 W 2.1 | 0.8
off 33ch Street, N.Y.| 2.1 1 1 N. 15 £. | 2.3 | 5.4 1.4 | 0.2 8. 5 Wu 1.5 | 7.0
off 43rd Street, N.Y.i 2.8 0.7 ¥. W E.| 8.8 | e.0 B 0.8 S. 25 W 4.1 8.4
1 i !
| off 52nd Street, N.Y.| 2.2 0.8 N. 25 E. Y | 8 2.2 | 1.4 | S. 3 W 3.2 | 8.3
East Chennel,Black— | ! | ! i !
wells Island | 1.8 0.4 N. 30 B. | 2.6 8.6 | 2.3 : 1.2 | 8. 30 W 1.9 | 5.8
West Channel, Black- § i | H !
wells Island i . 5 I 1.0 IN. 2 L. | BS 5.9 g - i 1.0 S. 45 W.| 4.7 8.8
East Channel, Black— | i ’ | i ! :
wells Island | 2.0 | 0.7 N. 25 E. 3.5 g8 | &8 | e |8, 30 W] ®3 | B3
West Channel, Black- ! | l ! ; | i
wells Island | 21 | 11 | eee- 4.8 8.3 | 23 | 14 |~ e== | 5.0 | 8.1
1 H 1 l
East Channel, Black- ' ; I i : I ' '
wells Island | 2.0 I 0.7 N. 10 W. 3.4 6:9 | 2.8 | 2.6 |8, 85 z.‘ $.8 | €48
Hell Gate % 2.2 i 1.8 |w. 20 x. 4.2 gid |+ 28 { a8 | Wl %0 | 8.2
off 92nd Street. N.Y. 1.5 [ 2.0 |N. 25 W. 1.8 | B3 | 1.8 | 1.2 |8. 20 E.. 2.3 8.3
| | | | | |
y ! e 1 i
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TABLE 31

SURFACE CURRENT DATA - UPPER EAST RIVER

{Referred to times of HW and LW at Sandy Hook, N.J.}

. —— .
SL ACK
HOURS
LOCATION
After LW
..... Nt
Between Randarlls and

Wards Island 1.8
Between Randalls and

Wards Island 2,0
0ff Jefferson Park 2ol
O0ff 110th Street L.7
0ff 108th Street 8«5
off 1085th Street 2.8
Between M1i1ll Rock &

Wards Island 1.8
Hell Gate 2.4
East of Wards Island 2.5
Between Sunken

Meadow and Randalls

Island 2.1
¢{f Lawrence Point 2.8
Bronx K111 Entrance 2.1
Bronx Ki1ll,East End 1.3
Bronx Ki11 3
West of North Brother

Island 2.5
South of Nerth Bro.

Island 1.7
Southwest of Rikers

Island 2.5

FLOSD STRENGTH

EBB STRENGTH

s g =4 .J___ i
T HME DIRECTIONWELOCITY FLOOD
HOURS | DUR A—

(True!l TION
Before HW [} Knots Hours

Nt T PN LR TEH TR IF]
0.2 E 2.3 6.0
0.4 S. 80 i 3.1 5.6
0,3 N, 865 £E; 0. 6.8
1.6 N.. 40 E¢ 0.9 B.7
-0.4 N. 45 E G.7 6.4
-C.6 ¥y, B8 B 0.6 5.9
0.9 8« 25 - EJ 2.8 6 =2
0.4 N. 70 E 4.5 6.0
.8 N. 45 EJ 3.2 6.3
1.8 N. 50 31 1.2 5.7
.8 N. 45 EJ 3.8 €.1
1.4 8. 80 EJ 0.6 6.0
1.0 & 6% E4 1.8 €.9
c.5 §. 86 EJ 1.6, 6.4

i L2 ¥, 46. BJ] &£3.1 6.3
|
0.9 N. 85 EJ 2.8 6.9
0.7 8. 45 E. y {74 5.8
PR

SL ACK T IME DIRECTION
HOURS HOURS
{Truel
After HW Before LW )

Jiisniinnnntingy [ T ELITTSRRFTRTIY (RRTR TN N
es ¥ 2.0 S. &5 WM.
1.8 1.3 N. 80 H.
2.3 1.8 S, 60 W,
1.3 0.8 B 5
2.8 1.8 8. 20 W,
2.4 1.8 S..40 W,
1.9 1.8 N. 70 W,
2.3 1,0 S. 85 W.
2.% 1.3 8. 35 W.
1.7 1.3 S. 45 W.
2.6 1.3 8. 45 W,
=0 2.4 N. T8 W,
2.1 2.0 N. 5C W.
2.0 1.8 N. 50 W.
2.7 1.0 S. 35 W,
2.8 1.1 Bls 28 Wa
2.2 0.9 N. 40 W,

YELGCITY

Knots
TN AR ET RERT LR T

EBB
DURA—
TION

Hours

T T EAT Y




TABLE 2}

{cont'd)

OO

S FLOOD STRENGTH EBB STRENGTH
e - T T
SL ACK TIME DIRECTION [VELOCITY| FLOOCD 3L ACK TIME !DIRECTION VELOClTﬂ EBB
HOURS HOURS DURA— HOURS HOURS ! DuRA—
LOCAT ION (True) T1ON ! (Truel { TiON
After LW Before HW [ Knots Nours After KW Before LW E ) Knots Hours
Northéast of No. Bro. l
Island 2.5 0.7 Ea a0 €.4 2.8 1.0 8., 75 W, 0.€ €.0
NMorth of Rikers Island 2.7 0.2 8. 30 E. 1.0 €.5 3.1 1.8 | N« 50 W. 0.6 6.9
O0ff Barretto Polnt 1.7 0.8 g TOQ T 1.9 €.8 2.4 1.4 'N. 80 W. 0.9 S.6
0f{f Hunts Point 2.4 1.0 8. T8 &, Yal €.3 2.8 1.5 N. 80 W.. 1.8 8,1
Bronx River 8.7 -0 .4 H. 656 W. 0.4 4.7 2.3 -0 .4 8. 50 k&, 0.3 ¥ o7
0ff Hunts Polnt £.2 0.8 Es 1.8 6.2 2.3 1.1 N. 80 W. 1a1 €.2
E. of Rikers Island 2.8 1.4 N. 80 E. 0.8 8.3 3.0 18 N. 485 W, 1.0 % §
off Sanford Paint 2.1 L1, | S. 88 &E. p I €.0 2.0 .0 S. 80 W. 1.3 €.4
Flushing Creek
Entrance . -1,2 N. 70 E. 0.4 8.6 4.8 -0.9 S. 85 W. 0.5 5.8
0ff College Point 4.9 -1.7 S. 45 E. 0.6 8.4 4.2 =-1.0 Ne 25 W, 0.5 7.0
0ff ClassgnPolint 1.9 1.4 ¥. 80 E. 1,6 €.6 2.4 1.3 8: 70 R 1.4 9.8
orf 01ld Ferry Polnt 0.9 1.3 . 786 E, 2.0 7 3 2.4 1.8 S. 45 W, 1.4 8.1
0ff Whitestone Pelat 1,0 1,6 8s 88 E. 1.4 6 .9 1.8 1.¢ N. 50 W, 1.1 5.5
Between Throggstieck
and Whitestone 1.8 1.5 g. 85 E. 148 8.8 2.8 2.0 Ne 78 W, 1.8 5.8
Between Throggs Neck
and Whllets Point 0.0 2.8 B 5B E. 0.9 5.9 ~0.2 1.8 8, 85 . 0.6 6.5




whole, therefore, the flood has the greater duration and velocity,
which reverses the conditions found in Lower East River, where ebb
was the greater. (See Table 31},

Upper East River being wider than Lower East River, the valocity
of the current is much less in the upper section, but the change
A of width does not account for the revarsal of relat-
Relation

ive magnitudes of the flood and ebb durations and
Po Farlem

plaas strengths. |f we examine the behavior of the current
in the Harlem River, we find that the current in the
Harlem is very nearly simultaneous with the current in the Upper
East River, On the flood the Harlem is carrying water from the
Hudson into East River, at which time the current is setting from
lower Fast River into Upper East River, The Upper East River,
therefore, should and does show evidence of fresh water flow from
the Hudson and other streams tributary to Upper East River. This
evidence is found in the greater duration and velocity of the
flood strength.

Other characteristic effacts of fresh water flow in the Upper
East River may be observed. The slack before ebb comes earlier
from the surface downward. Furthermore, the velocity of the
flood strength decreases very slowly from the surface downward,
and may even increase, while the strength of ebb decrwases at
arelatively rapid rate,

in Upper East River; therefore, the effects of fresh water flow
are clearly evident in the current, while in lower East River

we have seen that the current was free from such effacts,

CURRENT AT WILLETS POINT

It is of interest in our current study to cbserve the behavior
of the current at Willets Point, situated at the junction of

the East River with LLong Island Sound. For this localized study
the easterly current in the vicinity of Willets Point is regard-

ed as the flood current, and the westerly current as the ebb,

HET



It has been pcinted out in our discussion of the current in the
Upper Fast River that throughout the duration of the flood cur-
e rent the easterly flowing waters are augmented by
o Rg: Lhe fresh water runoff from the Hudson via the Har-
Z:ii::t;o lem River., This flow from the Hudson begins some-
what more than an hour after the time of low water
at the Battery and contiinues slightly more than six hours. Just
befocre the commencement of the flow from the Hudson tat about one
hour after low water at the Battery) the current at willets Point
has al ready changed to flood, although it is still ebbing in the
section of the river west and south of College Point. The veloc—
ity of this eastward current at willets Point increases rapidly,
reaching its strength (about 1.3 knots) shortly after the time
of low water at willets Point (about three hours after the time
of low water at the Sattery). The influence of the rising tide
in the Sound then bagins to decrease the velocity of the east-
ward current, and at the time of high water at the Battery (three
hours after low water at willets Point) the current Is but 0,8
knot, and an hour later it is at siack, &lack waters in the
Hudson and the Lower fast River occur shortly thereafter, and
the reverse or ebb current commences. The westwardly f|owiﬁg
current at willets Point increases In velocity very gradually,
and at the time of high water Willets Point (three hours after
high water at the Battery) it is only 0.6 knot. |t remains at
about this velocity for an hour and then slowly diminishes, be-
coming slack again at about three hours after high water there
{about the time of low water at the Battery),

In the foregoing description It is seen that the velocity of
the flood current at willets Point is greater than the ebb.
This would indicate a greater flow of water past willets Poiht
on the flood current than on the ebb. But this velocity diff-
erence is more than balanced by the fact that the westward!y
or ebb current prevails before, during and after the time of
high water at Wwillets Point when the cross-sectional arca of
the channe! is greatest; wnhile the easterly or flood current

prevails at low water when the cross—sectional area is least.
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CURRENTS IN LONG ISLAND SOUND

The Coast and Geodetic Survey has observed tidal currents in
Ltong Island Sound from time to time since |846. The progress—
ion of the current through the middie of Long Island Sound may
be summarized as follows:

Over the stretch of eastern Long Island Sound from the Race to
Old Field Point, a distance of forty-eight nautical miles, the
- current is almost simultaneous owing to the wide
S expanSe and good depths of the waterway. In west-
ern Long iIsland Sound over the stretch from Old
Field Point to Execution Rocks, a distance of thirty nautical
miles, the difference in the time of current is about one hour,
In this stretch of the waterway the time of current is retarded
considerabiy by the funnel shape of the waterway, which nartows
rapidly from about |2 nautical miles off Bridgeport, Conn., to
about 2-1/2 nautical miles off Execution Rocks. The extremecly
slow progression of the current southward of Execution Rocks
is due to considerable tidal interference in this vicinity.
Observations show that the current occurs much earlier in the
bays and harbors along the shores of Long island Sound than it
does in mid-sound. In some cases the currents in these tribu-
taries occur even earlier than it does at the Race at the ent-
rance to Long |Island Sound, The strength of flood current in
these bays and harbors occur about three hours earlier than
local high water, or approximately at the time of local mean
tide level. At virtually no locality in Long Island Sound
does the strength of current occur simultaneously with either
high or low water, The fact that the strength of flood cur-
rent throughout a large area in Long Island Sound from Orient
Point, Long Island, to Eaton Point, Long Island, occurs from
about |-1/2 to 2-1/2 hours earlier than local high water, or
approximately near the time of mean tide level, is due to the
character of the tide wave in Long Island Sound, which is pre-
dominaftly of the stationary type.
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CURRENT CHARTS

Map 2, which follows, and Map |, which appears at the beginning
of this report, represent the direction and velocity of the
tidal current in New York Harbor at the times of maximum flood
and ebb velocities. The velocities which are expressed in knots
are for the current at the time of spring tide, and are stronger
than the velocities ordinarily encountered. However, strong
winds and freshets bring about non-tidal currents which may

modi fy considerably the velocities and directions shown.
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RELATION OF TIDES AND CURRENTS TO SEWAGE D ISPOSAL

The degree to which sewage is treated depends to some extent "B
upon the character of the waterway into which the treated

segwage may be discharged, In a situation such as the vicinity

of New York, the methods used are often determined by the

amount of water which daily passes the point of discharge, It

is in this connection that tide and current phenomena are of

importance to the Sanitary Engincor.

The importunce of the waterways from the standpoint of scwage

o

treavtmant may ba briefly stated: as:

A, The amount of watar available for diluting
the sewage or xffluant,

B, The dircvection and distunce to which harmful
ingredients in the sewaye niay b2 transported
by currents,

C. The oxidation of oryanic matter and in salt
water the precipitation and settliny out of

some of the obnoxious portions of the sewage.

The Interstate Sanitation Commission is raguired by law to
divide the waters in this district into two classes; first e

those areas which are used for recreational
Interstate , . _ )
purposes or for the yrowiny of shelifisn;and
Sanitation . . :
second , those areas which are used primarily
Comm .

for commercial or industrial purposes, The

sanitary requirements in the first area ar¢ naturally much

higher than is nacaessary in the second class areas,
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It is obvious that in fixing the limits of such arcas there will
always be, at the dividing |lne between the two classes of waters,
an indetarminate zone in which tidal currents will

Relation
bo transport poliuting material from ona class of water-
Tinania way into tha other, In order to meisure the probable

effect of the dissemination of untrezated or partly
treated sewage, it is necessary to know the amount of water that
is available for the dijution of the sewage, and also the prob-
able direction and distance to which injurious elements of the
sewage will be transported, it is also important to know what
portions of the natural waterways are so situated that there is
little or no current in them, as in these localitics any sewage
waste discharged tends to settle to the bottom causing offensive
conditions, In such cases as those last mentioned, although the
tide rises and falls, there is not sufficient flow from landward
sources to transport the offensive material into the main channels
so that it is carrled away., New York Harbor as a whole is fortun-
ate by virtue of the fact that the Hudson, Passaic, Hackensack
and Raritan Rivers, as well as numerous smaller streams supply a
continuous flow of water which causes the harbor waters to flow
eventually into the Atlantic Oceun,

The determination of the quantity of water passing in and out
of New York Harboer puast any given point, is, theoretically, a
simple matter for it is obviously 2quial to the

Quantity .

product of four factors,namely, the width of the
of

channel at that point, the average depth, the avers
Dilution

age volocity of the current, and the duration of
flow, In tidal waters with reverse flows the difference bet-
ween ebb and flood is ascertained to obtain the net amount of
of dilutjon water available,

The precise determination of the average velocity in a tidaly
section by field observations is very difficult. It is there-
fore not surprising that the values arrived at by different

investiyators, vary to some extent. From observations made in
1885, Hanry Mitchel!l oFf the Coast & Geodetic Survey estimated
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that the volume of water passing through th¢ Narrows was |2;703;
6I6;481 cubic feet on the flood and I3;819.895:I44 cubic faest on

the ebb or a net seaward discharge of about |;|I6,200,
R 000 cubic feet each half day, Based on observations
Quantities ) .

made by the Metropolitan Sewerage Commission of New York
between 1907-09, Parsons e¢stimated the flood and 2bb volumes
through the Narrows wers 10, 778,800,000 and 12,041,200,000 cubic
feet respectively or a net seaward discharyge of l;?62.400,000
cubic feet per tidal cycle, From latear studies it appears that
the above estimates are substantially correct and that in round
numbers we may S5afely take the average volume passing the Narrows
on the flood as 11,000,000,000 cubic feet and on the ebb 12,250,
000;000 cubic feet, During each tidal cycle of 12,5 hours there
is therefore on the average a net seaward movement ©f 14 billion
cubic feet through the Narrows, that is, a movement at the rate
of 25 billion cubic feet per lunar day. This excess of the ebb
volume over the flood is obviously to be ascribed,if not wholly,
at least in very large oart, to the run-off from the territory
that drains into New York Harbor. Estimates of the amount of
this fresh non-tidal water based on gaugings of the Mohawk and
Hudson Rivers above Troy and on rainfatll data for the tarritory
below Troy give 25,000 or 26,000 cubic feet as the average dis-
charge per second past the Narrows, or in round numbers a dis—
charge of about 24 billion cubic feet per day.

From the Upper Bay the tide darries 5% bllfion cubic feet into
the Hudson during the flood, white during the ebb the Hudson
Rudson k.4 distharges into the Bay 63 billion cubic feet,

rill Van the fresh water run-off being a tittle In excess
full of one billion cubic feet during a tidal cycle of

125 hours or 2 billion cubic feet per day. Through
Kill van Kull the flood comes from hew York Harpor into Newark
Bay in the amount of |4 billion cubic feet and the cbb retumrns
into the Harbor very nearly 100 million cubic feet more, so that
in a day iNewark 8ay pays tributc of almast 200 million cubic

fact of water to New York kHarbor.
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For the Harlem River, Parson calculated a net zbb or northerly
discharge into the Hudson River of 174 million cubic feet for
a full tidal cycle or about 35 million cubic fect
H?rlem per day., For thu central portion of the Harlem
o his figures give a movement of about 162% million
cubic f=et for the flood and 180 million cubic feet for the
abb. A considurably largur figure for the cbb «xcess in the
Harlem is derived by Robinson from later obsarvations. He
gives 44 million cubic feet per tidal cycle as the excess
of ebb over flood or nearly 90 million cubic feet per day.
These figures have in all probability been censiderably alter-
ed by straightening and imoroving the Harlem River section near

the Hudson River in recent years,

The question of the net resultant discharge of East River has
buen the subject of considerable discussion. Attention was
first directed to the matter by Henry Mitchell

East ; " ; . 1

who derived, from a short series of observations,
River

2 volume of 4,455 mi!lion cubic feet for the ebb
and 4,007 million cubic feet for the flood, a net resultant

discharge from Long Island Sound into New York Harbor of
nearly 00,000,000 cubic feet per day. This excess of ebb
over flood he attributed to the fact that in East River the
depth of the water is greater when the current is flowing
from Long tsland Sound to Upper Bay than when the current

is in reverse direction. This fact is indicated in figure 2
which shows that the slopelines from east to west toward the
Narrows are as a whole higher than the slope lines in the
opposite direction toward the Sound.

To this net resultant discharge from Long Isiand Sound into
Uppar Bay a very considerable importance has been attached.
4 To cuote Mitchall, the circulation of the sca

Bffect on :

by the way of East River, although relatively
¥, ¥, Karbor . . . ,

small in guantity, is the clement which deter—
mines the supcriority of New York Harbor over nearly all the

sand barrcd inlets of the world, 1t is this circulation which

94



keeps the port opcn in winter and sweeps the sand from its thres-
hold. In connzction with the disposal of sewage, it was thought
that this resultant flow played an important part in flushing out
New York Harbor; reccently it has been suggested that the discharge
from Long Island Sound be increasecd by the sraction of tidal gates
to shut off the return castward flow through tast River. It is
probable, howavar, that the flow of the Hudson River, especially

during spring flows, is 2 more vital factor,

A preponderance of about 400 million cubic feet In the ebb, or
about 10% of the tidal flow in thce Upper East River, was gener—

ally accepted until 1908, when, at the instance of
Fae the Metropolitan Sewerage Commission of New York, the
ponderance

the Coast & Geodutic Survaey investigatad the matter
0f flow

ancw; the question peing turnd over to the late
R.A. Harris of the Division of Tides. From a mathematical dis~
cussion of the flow of water in open caananls, in connection
with the current obs:rvations that had up to that tims been
mada in ths East Riv:r, he arrived at thc conclusion that the
volums of water flowing westarly was probably not more than
2% greater than the volume flowina easterly, This estimate
would therefore make the net resuitant discharge not over
100 milllon cubic feet per tidal cycle. Parsons follows Harris
and gives 80 million cubic feet 2s the net discharge per tidal
cyc be,

However, from current observations made by the Corps of Engin-
eers of the U.S. Army in (910 2nd 1911 in the vicinity of Hell

Gate, Robinson derives figures closely approximating Mitchellls.

From the large cuantity of water circulating in the various
channels of New York Harbor an oxagqgurated netion of the
flushiny 2ction of the waters in the Harbor is
Distunce . . . .
freguently entsrtrincd. It is to be horne in mind
Praveled 5
that for the areatsr portion of the Harbotr the
water that is returned on the flood is net clesn sea water but

harbor water which has been carried to a lower portion of the
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Harbor on the preceding ebh tide. In the section dealing with the
distance traveled by a particle of water during a tidakeycle, it
was shown that with a current which at strength has a velocity of

2 knots, 3 particle will be carried a distance of about 48,000 feet

or 8 geographic miles during the period of a single flood or ebb.

If therefore, the flood and ebb velocities were egual a particle
would merely move a given distance downstream on the ebb and return
the same distance upstream on the flood., It Is the excess of the

ebb over flood that finally carries a particle from the upper reach-—

es of the Harbor out past the Narrows and into the sea,

In the circulation of the waters in the Harbor it is therefore the
excess of the ebb volume over the flood that is the important

feature. Two causes contribute to this ebb excess. The

dbbd
. first and principal cause is the fresh water run-off
xXcess
. from nearly 15,000 square miles of territory that
ow

drains into the Atlantic through New York Harbor and
the second is the excess of the flow coming from Long Isiand Sound
whicr circulates through the Harlem,Hudson and East Rivers and
thence through the Narrows out to sea,
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The material contained in this appen-
dix pertains to the general subject
of beach formation, wind effects, and

fluctuations in ocean levels.
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DEPOSITION, BEACH FORMATION, ETC.

(FROM "MANUAL OF TIDES" 3Y R.A. HARRIS)

DESTRUCTIVE EFFECTS DUE TO WIND WAVES

The destructive effects of the waves during severe storms upon
an exposecd coast line are frequently so great as to cause much
TP alarm in the locality affected and to justify the
iy expanditure of large sums of monay in preventing

them. The power aof wavaes to tear down land is made
far more effective where a littoral current, tidal or otherwise,
is sufficiently strong to carry away much of the mattcr thus

brought into the reach of the sea, Where no such current exists
the tendency to form a protecting shoal along the exposed coast

is greatly increase,

Through the encroachment of the sea uporn the land, particularly
noticenble after heavy storms, the nearby waters become discolor-
ed by the soluble ingredients of the soll while the heavier
matter remains oL the bottom, comparatively ncar to the scene

of the erosion, In this manner, beds of sand and shingle are

formed.

Immense quantities of alluvial matter are brought to the shallow
waters of the sea through the agency of rivers. Besides forming
Effect of shoals and bars off the mouths of thasc streams this
Ty matarial through the action of the waves and currents
is scatterced and transported to ncarby localities
favorable to the formation of shoals, islands and shore extensions,
it is, however, difficult to say how much of the material comprising

the shallow bed of the ocean adjaccent to the shore is transported



from river mouths and how much is due to the degradation of the
of the coast line. Maps of soundings constitute almost the only
guide in this matter. It will be noticed that the alluvium in
the littoral waters which is continually forming shoals and

lowlands is especially abundent in the vicinity of river mouths.

The effect of currents becomes conspicuous only when their veloc—
ity at the bottom is in excess of 0.3 knot. Shoals thus formed,

or at least modified, often appears as ridges whose

Relation
5 directfon coincides with the lines of flow of the

) maximum current, Any sunken object may serve as the
hageeny® nucleus of a detached shoal, The sand driven along
the even bottom will be arrested if it come in contact with an

object constituting an irregularity in the bottom., Both flood and
ebb currents may bring up sand and from both direction. Such

shoals occur in Lower New York Bay.

As time goes on shoals of this kind may rise to the surface and
become low flat island. But even before they reach tha surface,
the ordinary action of the wind waves may be to drive the sand
higher and higher upon the shoals and so to facilitate their

growth just as hcavy mattecr 13 continually being washed ashore.

LITTORAL DRIFT DEPOSITION AND SEACH FORMATION

In driving material along the foreshore, the influence of the
flood stream is much greater than that of the ebb, and so, as

' a rule, determines the prevailing direction of the
il drift; for the material available for transportat-.
e ion results from the disintegration of rocks and
soik which process goes on above high water mark, and is by the
action of the destroying waves brought more within reach of the
flood stream then within that of the ebb. Littoral drift is fre-
quently due chiefly to the repeated impacts of wind waves, In
fact, stones more than aninch or two in diamater, could seldom be
moved by tidal currents alone, Moreover, there is abundant evid-
ence of such drift in tideless lakes and seas, Wind waves de-

posit sand and stones upon the shore because the material driven

-

o
1
N



along the bottom beneath the crest of the waves continues to
advance as long as the water immediately surrounding it moves
shoreward. In this way, sand and stones are driven high upon

a shelving beach, the kinetic energy possessed by the moving
material and surrounding water being consumed or converted in-
to potential energy in the process., The receding wave cannot
move all of the stony material! thus brought in because energy
must be consumed in moving and imparting velosity to it; the
returning current is too fzeble at and near the highest point

rcached by the wave to produce the nccessary impact.

Whether matter is hald in suspension or drivan along the bottom,
deposition will take place whenaver the velocity of the water

bocomes sufficiently roduced . Therafors, If any

Effect of , y ;

i current follows the shoreline and if groins or
ot piers be extended outward, comparatively still
water will be found between the groins; and in the course of time
solid matter will be deposited trere. In this way, the lines of

high and low water may be carried seaward,

If a straight sandy coast turns suddenly away from the sea, 2
sharp point or narrow arm may spring from the angle and take the
original direction of the coast, although its extreme tip, form—
ing a hook, may be continually directed inland, receliving its

direction from the flood tide or incoming waves,

The streams along the coast following the jenaral direction of.a
growing arm cannot turn aside immediatzsly upon arriving at its

extremity, There, comparatively slow streams and

Hook

Capes even eddl=s form tha growth of the arm, A hook re-
sults when the end of the arm is so rounded off that

the flood stream can follow Tt wall and so drive matter inward be-—

fore losing too much of 1ts velocity., The ffoct of the =~bb is to

turn the hook in the opposite dirsction or cutward. Hence, when

the rise and fall of tide is graat | the offuct of tha flood
{where the tide is progressivae) upon the foreshors will excecd
that of the cbb and there will result a hook turning inward, But
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wherc the rise and fall of the tide is not great {(or where the
tide is stationary) 3 slender arm may bc extended through shallow
water and form a nearly straight beach, although the advancing
end will often be turned siightly inward, e.g. Rockaway Beach

and Coney Island, When a hook of considerable extent if forued

at the end of the arm, the effect will be that of a raceding
shoreline and under some suitable circumstances another and

much smaller arm will be formed following the direction of the
outer shore of the main arm. This will grow and finally an-
other slender arm may form an extension of the outer shoreline
and so on, The result will be an arm whose outer shore is nearly
straight while the inner shore is indented with bays. Sandy Hook
Is an example of this mode of growth. The deep water east of this
peninsula indicates that the tidal streams in conjunction with
the winds are responsible for its origin and growtn. But Mitchell
says (p.10y Coast & Geodetic Survey Repcrt 1873):

"The material forming Sandy Hook is swept up from Long Branch
Coast by the diagonal wash of the sea. This was placed beyond
dispute by my observations of 1857, Materials of
ol the same specific weiyht as the sand were placed
TS in the sea at many different points down the out-
side shore, and at different distances off shore. Those within
the action of the waves breaking necar the shore were swept
atonyg to the northward, and finally collected at the point of
the Hook. Those placed far off shore never came to land, so
that | concluded that the tidal currents took very littlie part

in the transaction!

In these cases of shore extension, it is almost certain that the
wind waves play an important part, both by facilitating littoral
drift and by building slender strips or beaches in
i shallow waters, as will be presently described. That
. the extremities of beaches hoock or turn inland does
not prove that their extensions are due to the flood tide; for
similar forms occur around ths Great Lakes and the Black Sea,

Moreover, large waves, which chiefly cause the drifting of
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material, can only arise when the "fetch" is considerable, which

implies an onshore wind,

Generally speaking, beaches are formed by the action of the waves
in shallow water upon the dotritus there occurring. The result is
Depth a slender strip of sandy beach remarkable for its
Bffect straightness, particularly upon its outer side, The
axis of such a beach generally follows what probably
was a contour line before the existence of the beach. For the
ocean, thus contour line probably lay 4 or 5 fathoms bellow oridn-
ary low water; for the Gulf of Mexico 3 or 4 fathoms and for shal-
low bays 2 or 3 fathoms, Why a shoal should originate in waters of
these depths is a question difficult to answer with certainty; but

the following 1s probably a partial explanation,

Owing to the shelving character of the sea bottom along the coast,
an onshore wind will cause the surface (troughs and crestsof waves

being averaged) to assume a slope. This will cause
S the water at the bottom to flow seaward, This scaward
rer current becomes feebler as the water becomes deeper,
At some depth 1t will fail to drive sand before it, deposition will
take place and a bar bhe formed along a certain contour line. As the
bar grows in height, the current may be somewhat stronger than be-
fore Immediately over the bar, but the bar itself would serve to
intercept the detritus while being driven seaward, Finally when
the shoal approaches the surface of the water, the wavesbecome
more |ike waves of translation and throw up sand and other mater-
ial as if breaking upon the original shore line. Such waves pro-
duce an evening and compacting effect, thus explaining why the
outer side of a beach is more reguiar then the inner. |f separ-
ate islands are formed currents will aid the wind in joining

them together through process of beach extension.

SPITS OR SUBMERGED CAPES

A sandy cape or point upon an alluvial shore Is generally

supplemented by a shoal or spit extending outward t a consider—
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able distance from the land; the littoral tidal currents have
their velocities suddenly diminished in passing the cape be-

) cause they are there largely deflected and turned
Fom into deepar water. By virtue of both flood and ebb,
fapes the spit generally takes a direction nearly normal
to the coast line at the cape, thus differing from a beach ex-
tension, But these classes of points are not always distinct,
because a shore extension originates at an angle in the coast
line. As time goes on, more sand is deposited upon the point

and shoals, and in this manner the point continues to grow until

other agencies or . altered conditions cause the growth to cease.

Shoals of this character extend outward from Cape Hatteras, etc. ,
the character of the coast favoring the formation of detritus
necessary in the building of shoals. Examples of

Long
smaller shoals off capes and even off jentle curves

Ll In the shore line which may deflect the streams out~
ward may be found along the northern shore of Long Island. Ex-
amples of slender capes, formed |ike beaches chiefly by wave
action, occur around the Peconic Bays and Gardiner's BSay, Long

Island.

If a spit occurs at the junction of two tidal rivers, It may
be regarded as the only portlon of a bar off the mouth of the
smaller river which the larger river will permit to remain

owing to to its own considerable currents.

Nearly all matter deposited along rocky coasts is to be found

in bays where the velocity of currents is diminshed.

WHY DEPOSITION TAKES PLACE NEAR INNER SHORE OF A BSEND

If we take, by way of experiment, a circular vessel partially
filled with water, we can, by moving a paddle around and round,

soon set up a circular motion or vortex, If finely

Centrifugal

—_— divided material llke cornmeal or fine sand be scat-
tered upon the moving licuid, it will before long

be found to be collecting at the center of the bottom. An in-

gpection of the paths of these particles will show that they
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are driven along the bottom spirally toward the center, The
explanation of this is that because of the friction of the
bottom on the liquid, the motion is there somewhat reduced

in amount, |f there were no resistance in the vessel, the
surface would be in equilibrium with the forcs of gravity

and the centrifugal force. Since resistance exists, par-
‘tecularly at the bottom, the centrifugal force is there

tess than at the surface, The surface adjacent to the

vessel is lowered because of the decreased motion of the
underlying strata. Hence it 1s no longer in equilibrium, but
its particles tend outward. Since the surface along the vessel
is elevated too much to to correspond with the centrifugal
force due to the smaller velocity near the bettom, an inward
pressure gradlent must exist at the bottom., Hence the inward
velocity. The outer shore of a bend in a river corresponds to
the edge of the vessel of water and the inner shore corresponds

to an imaginary boundary of the c#ntral arca,

THE DIRECT EFFECT OF THE WIND

If 2 wind blows for 2 considerable length of time in one direct-
lon aver an inclosed body of water, the surface particles are
carried or drifted from their original position through the
impingement of the air upon them., These particles drag with them
those situated immediately below the surface, and in time this

dragging influence will be felt down to considerable dopths,

The effect of these horizontal forces on the waters of a closed
body is to increase the height of water level on the lee shore
. and to diminish it upon the opposite shore, although
S o— not generally by the same amount, In shallow bodies
or along the shelving shore of the ccean, the amount
of this elevation may be considerable, |In deep hodies with abrupt
shores, the piling up is very small although there may be a good
surface drift maintained by the wind. The reason for this is that
the horizontal forces due to the wind do not act alike upon the
particles at all depths as do the tidal|l forcesas they are consider—
able at the surface and insignificant near the bottom. Consequent-

ly the pressure due to the increasad depth on the lea shore guick-
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ly gives rise to an acceleration, in the reverse direction which
exceeds, at even moderate depths, the acceleration imparted to
the liquid elements by the moving elements situated nearer the
surface. Hence the retrograde movement of the water not only near
the bottom but for a considerabie distance upward, Because of its
much greater transverse section, the returning stream is as a rule
scarcely perceptible, although the velocity of the surface stream
may be considerable, Of course this counter-movement also exists
in the shallow bodies just referred to because, the winds' action
cannot be alike at all depths (like tidal forces) and so the body
cannot be in equllibrium under their action. Consequently there
must be a drifting before the wind and a return current along the
bottom.

This may be regarded as the clrculation In vertical planes due dir-
ectly .to the wind striking the surface of the water. What may be
regarded as the horizontal circulation will be briefly considered

in describing the ocean currents.

All the above remarks suppose the wind to be constant for some time
or at least prevailing, in the case of an ocean, If the wind is of
comparatively short duration it may give rise to seiche oscillations,

Circulation in horizontal orbits constitute 2 very general and ob-

vious effect of the direct action of the winds upon the surface,

The influence of the earth's rotation upon ocean currents is men-—
tioned by Mac Louvin in his prize essay upon the tides. The eguat-
ions of motion for a liguid upon a rotating sphere lie at the
foundation of Laplace's dynamical theory of tides.

Ferrel makes constant use of the principle, following at once from
Laplace's eguations that a moving particle is deflected to the

right in the northern hemisphere and to the left in
Deflection

of

Currents

the southern. Refore the work of Bjerknes, the ocean

currants ware troated as free currents, 1. 2. as

’
if they would move onward by their own inartia after

the forces ceased to act. Nansen suspected from obsarvation and
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Ekman confirmed by computation; that forced or sustained currents
take, if circumstances permit, a direction to the right of the
sustaining force in the northern hemisphere. Moreover, as wind
action is from the surface downward {each layer moving the one
underneathil the direction of the lower layers will tikewise be to

the right of the one imparting the motion,

Supposing all motions in an indefinitely larger body of water act-
@d upon by ‘the winds to be steady and horizontal, then theejuations

of motion become very simple, The external forces for

Motions :
a given water element are the components of the earthts
In large )
Py deflecting force, and the only other forces acting are
odias
the components of the resistance due to viscosity, {nte-
0f water

grating these equations and determining the arbitrary
constants to suit the assumed probiem, it follows that in the north-
ern hemisphere the surface currents take a directian 450 te the right
of the direction of the wind and that this angle increases with the
depth, Ekman also considers currents caused by pressure gradient and
the earth's rotation alone, and the wind currents influenced by the
continents, currents which arise from a difference of density, and

the action of both wind and density variation,

On account of the actual distribution of land and water it is diff-
icuit to say at this time to what extent Ekman's thecory of forced
currents accounts for the existing ocean currents, The fact that
there is a tendency for the water to flow to the right or left of
the direction toward which the wind blows will doubtless be brought

cut for many regions,

DIRECT ACTION OF WIND IN CAUSING THE ANNUAL HE|GHT INEQUALITY

In shallow arms of the ocean the direct action of the wind in alter-
ing the height of the surface is very apparent, Along the eastern
coast of U,S., the prevailing wind is northwesterly during the winter
season and southwesterly, south or southeasterly during the summer
season, As a consegjuence, the neiyht of the sea s considerably low-
ered in the winter season and, at least in many localities, incraas-

ed during the summer season. This explains the annual inequality at
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Governors Island, although upper—river stages are factors of some

importance at this station.

The winter winds along the Atlantic Coast of the U,S. are the strong-
est of the year; consequently the water is most diminished in height

during that season,

"The foregoing statements indicate that as a rule the water at most
tidal stations stands.highest in the summer or autumn and lowest in

the winter or spring. This suggests that the annual

Seasonal . ) .
fluctuation may be due 1o the alternate heating and
Effects ; .
cooling of the ocean waters, causing alternate exgansion
and contraction of the volumes, It will be noted that a: ses breezes

at the earth's surface occur by day and land breezes by night s¢ the
wind blows from the ocean in summer and from the fand in winter, With-
out further assumptions we thus have an agency for producing the ann-

ual fluctuation whose potency in many instances cannot be doubted.

High pressure areas are formed on the |ands in winter and in the
oceans in summer, Hence, the annual ineguality cannot be due direct-
ly to this cause, Moreover, the annual barometric fluctuations are
too small to account for the annual inequality in sea level at most
places, It seldom has a range of more than 0.3 of an inch, and this
could give only about 0,3 of a foot for the range of the annual
inequality.

s
Since winds along the surface of the earth are in a general way set-
ting from high pressure areas toward low pressure areas, it follows
that indirectly these annual fluctuations in the barometer do in this
sensae greatly influence and even occasion the annual inequality in
sea level. But, as already intimated, the direct effect is often at
variance with the indirect and far more important effect, viZ, that

due to resulting rains,
EFFECTS OF FLUCTUATION IN TEMPERATURE OF SEA WATER

In an ocean or portion of an ocean lying upon one side of ihe equator,

the heat directly radiated from the sun will be absorbed most rapidly

A= |0



at the time of the summer solstice, The maximun rate of deriving
heat from the earth's atomosphere and from inflowing streams must
generally occur somewhat later. From the same sources |east heat

is being absorbed by the ocean soon after the winter solstice,

From these considerations one may perhaps infer that the assumed
body of water, all depths being considered, would contain the
greatest amount of heat not earlier than the autumnal equinoxes,

and the least not earliier than the vernal, For porticns of the ocean
lying In fow latitudes, these times will be accelerated, and the

range of the annual tempetature fluctuations will be |ess,

While it is undoubtediy true that the surface of the water in high
latitudes stands on a slightly higher level than in |ow latitudes,
and is higher in the early autumn than in the eariy spring, it can
be easily seen that this annual fluctuation cannot be considerable,

i.e., It ¢an scarcely be a measurable guantity.

Suppose the surface of the water at a point in high latitude to be

0.1 foot above the surface at a point 8000 miles away in the oppo-

site hemisphere, The instantaneous slope will be 2 one
Example s 3 X .

billianths. And sa,.the accel#rating ferce per unit
mass will be 2g divided by one billion, But this, acting through say
three months, will give rise to a velocity of 0.32 foot per second
at the surface. The velocity will diminish in going downward and the
fiow near the bottom will generally be opposite in direction to that

at the surface, If the assumed distance were less than 8000 miles, this
velocity would be increased in proportion. As no such alternation

of surface flow from one hemisphere to the other has been observed,

it is practically certain that the results due to annual temperature
changes in the water cannot cause an annual ineguality in sea level
with a range as great as 0.! of a foot, and so this portion of it

may be neglected,

in an inclosed body of water, the annual temperature changes may
easily produce an annual height inequality, but this would be con-
cealed by the much yreater changes due to the varying amounts of

evaporation and of tributdry waters,
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