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PREFACE 

This publication is a revision of the volume under the same title 
which was issued in 1925. Since that time there has been a very 
considerable increase in the tide and current data relative to New 
York Harbor. These not only develop more fully the local features 
in the tidal movement throughout the harbor, but serve also to bring 
out the changes in the tides and currents that have taken place in 
consequence of improvements in the harbor. 

Quite apart from their importance to navigation, tides and tidal 
currents enter as important factors into a number of problems con- 
nected with the harbor and port of New York. In the maintenance 
of channels for the deep-draft vessels of modern commerce, in harbor 
improvement, in the disposal of the sewage of a large industrial 
center, and in related problems, a knowledge of the rise and fall of 
the tide and of the flood and ebb of the current becomes necessary. 

In  connection with various projects, tide and current observations 
have been made from time to time in the harbor. In  1922 and again 
n 1932 comprehensive tide and current surve s were carried out 
ohtly by the Coast and Geodetic Survey an B the United States 1 ngineer Office, First District, New York. The present publication 

embodies the results of these surveys and also of previous tide and 
current observations. It is intended here to make available to the 
mariner, the engineer, the scientist, and the public generally, the 
tide and current data now in the files of the Coast and Geodetic 
Survey and the United States Engineer Office, First District, New 
York. 

In  connection with this publication, attention is directed to four 
other Coast and Geodetic Survey publications containing tide and 
current data for New York Harbor. These are: Tide Tables, Atlantic 
Ocean; Current Tables, Atlantic Coast, North America; Tidal Cur- 
rent Charts, New York Harbor; and Tidal Bench Marks, State of 
New York. 

VI1 



TIDES AND CURRENTS IN NEW 

PART I-TIDES 

TIDES, GENERAL CHARACTERISTICS 
DEFINITIONS 

The tide is the name given to the alternate rising and fallin of 
the level of the sea which at most places occurs twice daily. &he 
striking feature of the tide is its intimate relation to the movement 
of the moon. With but few exceptions the world over high water 
and low water a t  any given place follow the moon’s meridian passage 
by a very nearly constant interval; and smce the moon in its apparent 
movement around the earth crosses a given meridian, on the average, 
50 minutes later each day, the tide at most places likewise comes later 
each day b 50 minutes, on the avera e. The tidal day, like the 

With respect to the tide, the “moon’s meridian passage” has P 
special significance. It refers not only to the instant when the moon 
is directly above the meridian, but also to the instant when the moon 
is directly below the meridian, or 180’ distant in longitude. In thie 
sense, therefore, there are two meridian passages in a tidal day, and 
they are distinguished by being referred to as the upper and lower 
meridian passa es or upper and lower transits. 

and the following high water is known as the “high water lunitid 
interval.” Likewise the interval between the moon’s meridian p a s  
sage and the following low water is known as the “low water lunitidal 
interval.” For short they are called, respectively, high water interval 
and low water interval and abbreviated as follows: HWI and LWf. 

In  its rising and falling the tide is accompanied by a horizontal 
forward and backward movement of the water, called the tidal 
current. The two movements-the vertical rise and fall of the tide 
and the horizontal forward and backward movement of the tidal 
curront-are intimately related, forming parts of the same phenome- 
non brought about by the tidal forces of sun and moon. 

It is necessary, however, to distinguish clearly between tide and 
tidal current, for the relation between them is not a simple one nor 
is it everywhere the same. At one lace a stron current may 

another place a like m e  and fall may be accompanied by a very weak 
.current. Furthermore, the time relations between current and tide 
vary wide1 from place to place. For the sake of clearness, therefore, 

and tidal current the horizontal movement. 

lunar day, t z erefore, has an average lengt !I of 24 hours and 50 minutes. 

J The interval B etween the moon’s meridian passage (upper or lower 

accompany a tide having a very mo 8 erate rise an d fall, while at 

tide shoul J be used to designate the vertical movement of the water 

1 
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It would be convenient to have a single term to designate the whole 
phenomenon which includes tides and tidal currents. Unfortunately 
no such distinct term exists. For years, however, “the tide” or 
“the tides” or even “flood and ebb” have been used in this general 
sense, and usually no confusion arises from this usage, since the con- 
text indicates the sense intended; but the use of the term “tide” to 
denote the horizontal movement of the water is confusing and is to 
be discouraged. 

- 

With respect to the rise and fall of the water due to the tide, hiah , . /  
water and-low water have precise meanings. They refer not so 
much to the height of the water as to the phase of the tide. High 
water is the maximum height reached by each rising tide and low 
water the minimum height reached by each falling tide. 

It is important to note that it is not the absolutc height of the 
water which is in question, for it is not at  all infrcquent at  many 
places to have the low water of one day higher than the high water 
of another day. Whatever the height of the water, when the rise 
of tho tide ceases and the fall is to begin, the tide is a t  high water; 
and when the fall of the tide ceases and the rise is to begin, the tide 
is a t  low water. The abbreviations HW and LW are irequently 
used to designate high and low water, respectively. 

In  its rising and falling the tide does not move at  a uniform rate. 
From low water the tide begins rising, very slowly at  first, but at  a 
constantly increasing rate for about 3 hours) when the rate of rise is 
a maximum. The rise then continues a t  a constantly decreasing 
rate for the followin 3 hours, when high water is reached and the 

of fall being least immediately after high water, but increasing con- 
stantly for about 3 hours when it is at  a maximum and then decreasing 
for a period of 3 hours till low water is reached. 

The rate of rise and fall and other characteristics of the tide may 
best be studied by representing the rise and fall graphically. This 
may be done by reading the height of the tide a t  regular intervals 
on a fixed vertical staff graduated to feet and tenths, plotting these 
heights to a suitable scale on cross-section paper and drawin 

to make use of an automatic tide gage by means of which the nse 
and fall of the tide is recorded on a sheet of paper as a continuous 
curve drawn to a suitable scale. Figure 1 shows a tide curve for the 
Battery, New York Harbor, for the first 2 days of June 1933. 

In  figure 1 the numbers from 0 to 24, increasing from left to right, 
represent the hours of the day beginning with midnight. Numbering 
the hours consecutively to 24 eliminates all uncertainty as to whether 
morning or afternoon is meant and has the further advantage of 
great convenience in computation. The numbers on the left, increas- 
m upward from 0 to 4, represent the height of the tide in feet as 

known form of the sine or cosine curve. 
The difference in height between a high water and a preceding or 

following low water is known as the “ran e of tide” or “range.” 

givea place is called the “mean range.” 

rise ceases. The fa1 P ing tide behaves in a similar manner, the rate 

smooth curve through these points. A more covenient metho f ?  .is 

re B erred to a fixed vertical staff. The tide curve presents the well- 

The average difference in the heights of hig ll and low water at  any 
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THE TIDE-PRODUCING FORCES 

The intensity with which the sun (or moon) attracts a particle 
of matter on the earth varies inversely as the square of the distance. 
For the solid earth as a whole the distance is obviously to be meas- 
ured from the center of the earth, since that is the center of mass 
of the whole body. But the waters of the earth, which may be con- 
sidered as lying on the surface of the earth, are on the one side of the 
earth nearer to the heavenly bodies and on the other side farther 
away than the center of the earth. The attraction of sun or moon 
for the waters of the ocean is thus different in intensity from the 
attraction for the solid earth as a whole, and these difforences of 
attmction g v c  rise to the forces that cause tho ocean waters to move 
relative to the solid earth and bring about the tides. Those forces 
are called the tide-producing forces. 

The mathematical development of these forces sliows that the 
tide-producing force of a heavenly body varies directly as its mass 

FIGURE 1.-Tide curve, the Battery, New York IIerhor, June 1-2, 1933 

and inversely as the cube of its dist.ance from the earth. Tho sun 
has a mass about 27,000,000 times as great as that of the moon; hut 
it is 389 times as far away from the earth. Its tide-producing force 
is therefore to that of the moon as 27,000,000 is tto (389)', or somewhat 
less than one-half . 

When the relative motions of tho earth, moon, and sun are intro- 
duced into the equations of the tide-producing forces, it is found 
that the tide-producing forces of both sun and moon group themselves 
into three classes: (a) Those having a period of upproximately half 
8 day, known as the semidiurnd forces; ( b )  t'hosn hiving u period of 
approximately 1 day, known as diurnal forces; ( c )  those having a 
period of half a month or more, known as long-period forces. 

The distribution of the tidal forces over the earth tukos place in (I 
regular manner, varying with the latitude. But the response of the 
various seas to these forces is very profoundly modified by terrestrial 
features. As a result we find the tides, as they nctunlly occur, dif€er- 
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ing markedly at various places, but apparently with no regard to 
la ti tude. 

The principal tide-producing forces are the semidiurnal force?. 
These forces go through two complete cycles in a tidal day, and it 1s 
because of the predominance of these semidaily forces that there are 
at most places two complete tidal cycles, and therefore two high and 
two low waters in a tidal day. 

VARIATIONS IN RISE AND FALL 

The rise and fall of the tide at any place varies from day to day. 
In part this variation arises from changes in meteorological condition?; 
but in much larger part it  is of a periodic character due to changes in 
the position of the moon relative to earth and sun. In its rise and 
fall the tide clearly reveals the presence of three varidons, each 
related to a particular movement of the moon. 

The most noticeable variation, as a rule, is that related to the 
moon’s phase. At the times of new and full moon, high water rises 
higher and low water falls lower than usual, so that the range at such 
times is greater than the average. The tides at such times are called 
“spring tides” and the range of the tide at these times is known as 
the “spring range.” When the moon is in its first and third uarters, 

at such times is less than the average. The tide nt such times is 
callcd the “neap tide” and the corresponding range is called the 
“neap range.” 

I t  is to be noted, however, that at most places there is a la of a day 

responding phases of the moon; that is, spring tides do not occur on 
the days of full and new moon, but a day or two later. Likewise neap 
tides follow the moon’s first and third quarters after an interval of a 
day or two. This lag in the response of the tide, expressed in hours or 
days, is known as the “age of phase inequality” or “phase age” and 
is generally ascribed to the effects of friction. 

The second variation in the rise and fall of the tide is related to the 
moon’s varying distance from the earth. In  its movement around 
the earth the moon describes an ellipse in a period of approximately 
27j$ days. The earth is at  one of the foci of this elliptical orbit. 
Hence, during this period, the moon is at  one time nearest the earth 
and at  another time farthest. When it is nearest the earth, or in 
perigee, the tide rises higher and falls lower than on the average, the 
tides being known as “perigean tides” and the corresponding range 
as the “perigean range.” When the moon is farthest from the earth, 
or in apogee, the tide does not rise as high or fall as low as usual. 
These latter tides are called “apogean tides” and the corresponding 
ranges are apogean ranges.” 

In  the response to the moon’s change in position from perigee to 
apogee, it is found that, like the response in the case of s ring and 

tides. The greatest rise and fall does not come on the day when the 
moon is in perigee, but a day or two later. Likewise, the least rise 
and fall does not occur on the day of the moon’s apogee, but a day or 
two later. This interval varies somewhat from place to place, and in 
some regions it may have a negative value. This lag is known as the 
‘(age of pardlax inequality ” or ‘ I  parallax age.” 

the tide does not rise as high or fall as low as usual, hence t 1 e range 

or two between the occurrence of spring or neap tides an f the cor- 

neap tides, there is a lag in the occurrence of perigean an a apogean 
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The third periodic variation in the rise and fall of the tide is that 

associated with the moon’s changing declination. Since the moon 
moves in an orbit inclined to the plane of the equator, its declination 
is constantly changing during the month. When it is on or close to 
the equator, the two high waters of a day, and likewise the two low 
waters, do not diffsr much; in other words, a t  such times morning and 
afternoon tides resemble each other. As the declination increases, 
diff erences between morning and afternoon tides become pronounced 
and at  the times of the moon’s maximum semimonthly declination 
these differences are most marked. But like the response to changes 
in the moon’s phase and parallax, there is a lag in the response to the 
change in declination, this lag being known as the “ a  e of diurnal 
inequality” or “diurnal a m ”  Like the phase and para Ig lax ages, the 
diurnal age varies from pram to place, being onerally about 1 day, 

When the moon is on or close to the equator and the diffcrence 
between morning and afternoon tides small, the tides are known as 
“equatorial tides.” At the times of the moon’s maximum semi- 
monthly declination, when the differences betwcen morning and 
afternoon tides are at a maximum, the tides are called “tropic tides”, 
since the moon is then near one of the tropics. 

There are other variations in the rise and fall of the tides, but the 
three discussed above are the most prominent. These three variations 
are exhibited by the tide the world over, but not everywhere to the 
same degree. In many regions the variation from neaps to springs 
is the principal variation; in certain regions it is the variation from 
apogee to perigee that is the principal variation, and in other regions 
it is the variation from equatorial to tropic tides that is the predominant 
variation. 

The month of the moon’s phases (the synodic month) is approxi- 
mately 29)h days in length; the month of the moon’s distance (the 
anomalistic month) is approximately 27Jh days in length; the month 
of the moon’s declination (the tropic month) is approximately 27% 
days in length. It follows, therefore, that very considerable variation 
in the rise and fall of the tide cocurs during a year due to the changing 
relations of the three variations to each other. 

but in some places it may have a negative va B ue. 

DIURNAL INEQUALITY 

The difference between morning and afternoon tides is known as 
diurnaI inequality. While this is a feature in the tide at  all places 
where two high and two low waters occur in a day, it is more marked 
in some places than in others. On the Atlantic coast of the United 
States the tides exhibit but little diurnal ineuqality, but on the 
Pacific coast there is marked inequality. In fi ure 2 is shown the tide 

horizontal line associated with the diagram represents mean sea level. 
It will be noted the diurnal inequality in the tide curve of figure 2 

is exhibited by both the high and the low waters, morning low watera 
being lower than the afternoon low waters, and morning hi h waters 

low waters is seen to be reater than that in the high waters. For 
the 4-day period shown t f e declination of the moon was increasing, 
and the inequality, likewise, is seen to have been increasing. 

curve for San Francisco, Calif., for the last 4 d ays of May 1931. Tho 

being lower than the afternoon high waters. But the inequa P ity in the 
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’To distinguish the two tides of a day, definite names have been 
given to each of the two high and two low waters. Of the two high 
waters, the higher is called the “higher high water” and the lower the 
“lower high water. ” Likewise, of the two low waters of a day, the 
lower is called “lower low water” and the higher “higher low water.” 
p It is to be noted that the diurnal inequality in tides is featured not 
only in the heights but also in the time of the tide. Where there is 
considerable inequality in the heights of the tide, there will also be 
considerable inequality in the times. Thus, at San Francisco, the 
duration of rise, that is the time interval between low and high water, 
is 6.7 hours, on the average, while the duration of fall averages 5.7 
hours. For the Inst day shown in figure 2, when there was consider- 
able inequality in the tide the durations of rise and fall were as follows: 

I i l ~ c a B  ‘l.--Tide curve, San Francisco, Calif., May 28-31, 1831 

morning rise 7.4 hours, afternoon rise 5.9 hours; morning fall 7 hours, 
afternoon fall 4.4 hours. 

Quite apart from the fact that the tides at different places differ in 
the degree of diurnal inequality exhibited, it is to be noted that the 
tides a t  different places differ also in the kind of inequality. At some 
places the inequality is exhibited principally by the high waters; at 
other places it is exhibited principally in the low waters; and at still 
other places it is a feature of both high and low waters. This matter, 
however, is advantageous to discuss in connection with types of tide. 

TYPES OF TIDE 

’ The tide a t  different places generally exhibits different features, 
in regard to time, range, or characteristics of rise and fall. Indeed, 
the tide a t  any place has certain features which distinguish it from the 
tide at other places. It is con- 
venient, however, to group all tides under three types, namely, semi- 
daily, daily, and mixed. Instead of semidaily and daily, the terms 
semdiurnal and diurnal are frequently used. 

The semidaily type of tide is one in which two high and two low 
waters occur in a tidal day, with but little diurnal inequality; that 
is, morning and afternoon tides resemble each other more or less close- 

There is thus great variety in tides. 
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ly. Figure 1, illustrating the tide at the Battery, New York Harbor, 
may be taken as representative of this type of tide, and this is the pre- 
dominant type found on the Atlantic coast of the United States. 

In the daily type of tide, but one high and one low water occur in 
a day. Pensacola, Fla., may be cited as a place at which the tide is 
of the daily type. Cer- 
tain regions in the Gulf of Mexico, in Alaska, in the Philippine Is- 
lands, on the coast of China and in other scattered localities exhaust 
the list of places havinq this type of tide. Figure 3, which represents 
the tide a t  Pensacola for the last 4 days of May 1931, illustrates this 
type of tide. In  the daily type of tide, the rise and the fall of the 
tide each have a duration of approximately half a day. 

The mixed type of tido is one in which two high and two low waters 
occur during a clay but with marked inequality. Figure 2, which 
represents the tide a t  San Francisco for a 4-day period may be taken 
as a representative of this type of tide. But t ~ s  noted in the discussion 

This type of tide is not widely distributed. 

FIGURE 3.-Tlde curve, Penwola, Fla., May 28-31, 1931. 

of diurnal inequality, the inequality may be featured principally by 
the high waters, pnncipally by the low waters, or in approximately 
equal degree by both high and low waters. There are thus 3 different 
forms of the mixed type of tide, as illustrated in figure 4, which re- 
produces the tide curves for the last 4 da s of May 1931 at Seattle, 
Wash., Honolulu, T. H., and San Diego, 8alif. 

A t  Seattle, as the upper diagram of fi ure 4 shows, the diurnal in- 

waters of each day, for the period shown, do not differ much; but the 
low waters differ strikingly-by as much as 8 fee! or more. It is of 
interest to note, too, that on the last 2 days the higher low water did 
not fall as low as sea level. At Honolulu conditions are the reverse 
of those at Seattle, for here the inequality is featured princi ally in 
the high waters. And at times, the lower high water here (? oes not 
attain the height of sea level. At San Diego, on the other hand, 
the inequality is exhibited in approximntely equal degree by both 
high and low waters. 

In the mixed type of tide it is clear that as the diurnal inequalit 
increases the difference between higher low water and lower hig 
yltter becomes less and less and in the extreme case they merge, giving 
me to a stand of the tide. Such tides occur at numerous places, as 

equality is featured principally in the s ow waters. The two high 

h 
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for example at Galveston, Tex. and at Manila, P. I., tide curves for 
which for the last 4 days of May 1931 are shown in figure 5. 
In connection with figure 5 it is to be noted that the moon was 

on the equator on May 26, so that the moon’s declination was increas- 
ing thereafter until June 2, when it attained its farthest southerly 
declination. This is reflected in the tide curves shown in figure 5, 
by the increasing diurnal inequality in the tides. At Galveston on 
May 28 and 29 lower high water and higher low water differed by 0.2 

howan I.-DlfTerent forms of mlred type of tlde: Seattle, Honolulu, and 8an Diego, M a y  2&31,1031. 

foot; on May 30 they both had the same height, thereby merging to 
form B stand of the tide of several hours. A similar state of affairs 
occurred at  Manila in the evening of May 30. 

When the tide a t  any place is designated as of a particular t pe, 

At the time of the moon’s maximum semimonthly declination, the 
semidiurnal type exhibits more or less diurnal inequality and thus 
approaches the mixed type; and when the moon is on or near the 
equator the diurnal inequality of tho mixed t pe is at  a minimum, the 

teristics of the predominating tide that determine the type of tide a t  
any given place. 

it refers to the characteristics of the predominating tide at  that p 9 ace. 

tide a t  such times resembling the semidiuirna 9 type. It is the charac- 
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It can be shown easily that the different types of tide arise from 

the combination of daily and semidaily constituents having different 
ranges and different. time relations. Thus, suppose that in a certain 
sea the tide-producing forces give rise to daily and semidaily constitu- 
ents of the tides with different ran ea. If the semidaily constituent 

will be of the semidaily type, morning and afternoon tides differing 
but little. If the daily constituent has much the reater range, the 
tide will be of the daily type, with but one high an 3 one low water in 
a day. 

But suppose the two constituent tides have the same ran e, what 

of these constituent tides may be represented as in figure 6, the semi- 

has much t,he greater range, it is c P ear that within that sea the tide 

then is the character of the resultant tide? The rise and fa1 P of each 

FIGURE &--Tide curves, Oalveston and Manila, May 28-31, 1931. 

daily constituent by tho dotted curve and the daily constituent by the 
dashed curve. The height of the resultant tide at  any moment is 
then clearly the sum of the heights of the constituent tides at  that 
moment. In figure 6 the resultant tide is indicated by the heavy 
full-line curve. 

The two constituent tides mrty combine in various ways as regards 
time. In the upper 
diagram the two constituent tides have such time relations that their 
low wsters occur at  the same time. The resultant tide in this case 
features the inequality wholly in the low waters, and resembles the 
tide a t  Seattle shown in figure 4. The middle diagram represents the 
case in which the high waters of the two constituent tides occur at  the 
same time, and now the resultant tide exhibib the inequality wholly 
in the high waters, resembling the tide a t  Honolulu in figure 4. 
Finally, the lower diagram of figure 6 represents conditions resulting 

Three different cases are represented in figure 6. 

140597-3-2 



10 U. 8. COAST AND GEODETIC SURVEY 

when the two constituent tides are a t  sea level a t  the same t,ime. 
Now the resultant tide exhibits the inequality in equal degree in both 
the high and the low waters, resembling the tide at  San Diego in 
iigure 4. 

It is evident, therefore, that the mixed type of tide arises from a 
mixture of daily and semidaily constituents of approximately - .  equal 

FIGURE 8.-combination of daily and semidaily constituent tides. 

range. Furthermore, 
the different forms of 
the mixed tide arise 
from d i f f e ren t  time 
relations between the 
c o n s t i t u e n t  t ides .  

Mixed t.ides in which 
a stand occurs, as a t  
Galveston and Manila 
in figure 5, can be shown 
to be due to the com- 
bination of a daily and 
asemidaily constituent 
in which the former has 
twice the range of the 
latter. If in the case 
r ep resen ted  b y  the 
lower diagram of fig- 
ure 6, we take the range 
of the daily constituent 
twice that of tho srmi- 
daily, it  is found that 
the resultant will hsve 
but one high and one 
low water in a day with 
a stand where the high- 
er low water and the 
lower h igh  w a t e r  
merge. And i t  is to 
be  n o t e d  t h a t  b o t h  
the daily and semi- 
d a i  1 y tide-producing 
forces vary in jnten- 
s i t y  f rom d a y  t o  
d a y ,  t h e  f o r m e r  

being greatest when the moon is at  its semimonchly north or south 
declination, and the latter being greatest when the moon is over the 
equator. It is in this varying relation of the magnitudes of the daily 
and semidaily tide-producing forces through a fortnight, that we find 
the explanation of tides which art of the time are of the mixed type 

B means of the harmonic analysis, the tide at  any place may be 

the ranges and the phases or time relations of the constituent tides 
to each other. The data with regard to the range and phase of the 
constituent tides a t  any place are spoken of as the harmonic constants 
of the tido at  that place. 

end part of the time of the dai f y type. 

reso 9 ved into its simple constituent tides. This analysis gives both 
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HARMONIC CONSTANTS 

Since the tide is periodic in character, it may be regarded as the 
resultant of a number of simple harmonic movements. In other 
words, if h be the height of the tide, reckoned from sea level, then for 
any time t ,  we may write h=A cos (at+a)+B cos (bt+/3)+ . . . . 
In the above formula each term represents a constituent of the tide 
which is defined by its amplitude or semirange, A, B, etc., by an 
angular speed, a, b, etc., and by an angle of constant value, a, 8, etc., 
which determines the relation of time of maximum height to the time 
of beginning of observation. 

We may also regard the matter from another viewpoint and suppose 
the moon and sun as tide-producing bodies to be replaced by a number 
of hypothetical tide-producing bodies, cadi of which moves around 
the earth in the plane of the equator in a circular orbit with the 
earth as center. With the further assumption that each of these 
hypothetical tide-producing bodies gives rise to a simple tide, the high 
water of which occurs a certain number of hours after its upper 
meridian passage and the low water the same number of hours after 
its lower meridian passage, the oscillation produced by each of these 
simple tides may be written in the form h=A cos (at+.) as above. 
The great advantage of so regarding the tide is that it permits the 
complicated movements of sun and moon relative to the earth to be 
re laced by a number of simple movements. 

Each of the simple tides into which the tide of nature is resolved is 
called a component tide or simply a component. The amplitudes or 
semiranges of the component tides, together with the angles which 
determine the relation of the high water of each of these component 
tides to some definite time origin and which are known as the epochs, 
constitute the harmonic constants. 

The periods of revolution of the hypothetical tidal bodies or the 
speeds of the various component tides are computed from astronomi- 
cal data and depend on1 on the relative movements of sun, moon, 

therefore the same for all places on the surface of the earth; what 
remains to be determined for the various simple constituent tides is 
their epochs and amplitudes which vary from place to place accord- 
ing to the type, time, and range of the tide. The mathematical 
process by which these epochs and amplitudes are disentangled from 
tidal observations is known as the harmonic analysis. 

The number of simple constituent tides is theoretically large, but 
most of them are of such small magnitude that they may, for all 
practical purposes, be disregarded. In  the prediction of tides it is 
necessary to take account of 20 to 30, but the characteristics of the 
tilde at any place may be determined easily from the 5 princi a1 ones. 

It is obvious that the principal lunar tidal component wi P 1 be one 
which gives 2 high and 2 low waters in a tidal day of 24 hours and 
50 minutes, or more exactly in 24.841 hours. Its speed per solar 

2 X360° hour, therefore, is -----=28'.98. This component has been given 24.841 
the symbol M2. Likewise, the principal solar tidal component is one 
that gives 2 high and 2 low waters in a solar day of 24 hours. Its 
angular speed per hour is therefore 24 =30°.00. The symbol for 
this principal solar component is &. 

and earth. These perio B s being independent of local conditions are 

2 X 360° 
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Since the moon's distance from the earth is not constant, being less 
than the average at perigee and greater a t  apogee, the period from 
one perigee to another being on the average 27.55 days, we must in- 
troduce another hypothetical tidal body, so that at perigee its high 
water will correspond with the M, high water, and a t  apogee its low 
water will correspond with the M, high water. In other words, the 
tidal component which is to take account of the moon's perigean 
movement must, in a period of 13.78 days, lose 180' on M2, or at 
the rate of - =13'.06 per day. Its hourly speed, therefore, is 

13' 06 28O.98--=28O.44. This component has been given the sym- 24 

The moon's change in declination is taken account of by two com- 
ponents denoted by the symbols Kl and O1. The speeds of these are 
determined by the following considerations: The average period from 
one maximum declination to another is a half tropic month, or 13.66 
days. The speeds of these two components should, therefore, be 
such that when the moon is a t  its maximum declination they shall 

shall neutralize each other; that is, in a period of 13.66 days Kl sha r 1 
both be a t  a maximum, and when the moon is on the equator the 

gain on O1 one full revolution. The difference in their hourly speeds, 
therefore, is 2 4 ~ ~ ~ . 6 6 = 1 0 . 0 9 8 .  The mean of the speeds of these two 
components must be that of the apparent diurnal movement of the 

360' moon about the earth, or 24.84 =14'.49. The speeds are therefore 
Ki + 01 derived from the equations ----=14O.49 and Kl-Ol=l0.O98, from 2 

which K1=15'.04 and 0,=13'.94. 
It is customary to designate the amplitude of any component by 

the symbol of the component and the epoch by the symbol with a 
degree mark added. Thus M, stands for the amplitude of the M2 
tide and MO, for the epoch of this tide. The five components enu- 
merated above are the principal ones. Between 20 and 30 compo- 
nents permit the prediction of the time and height of the tide at any 
given place with considerable precision. 

From the harmonic constants the characteristics of the tide at any 
place can be very readily determined. The five principal constants 
alone permit the approximate determination of the tidal characteris- 
tics very easily. Thus, approximately, the mean range is 2M2, spring 
range 2 (M, + 8,) , neap range 2 (M, - S2) , perigean range 2 (M, + N,)  , 
apogean range 2(M2-N,), diurnal inequality a t  time of tropic tides 
2(K1+01), high water lunitidal interval 28.98. M20 The various ages of 
the tide can likewise be readily determined. Approximately, the 
ages in hours are: Phase age, SZo-M,"; parallax age, 2(M2"-N2'); 
diurnal age, Kol-Ool. The type of tide, too, may be determined 
from the harmonic constants through the ratio ___ K1+ol Where this Mz + 8 2 '  
ratio is less than 0.25, the tide is of the semidiurnal type; where the 
ratio is between 0.25 and 1.25, the tide is of the mixed type; and 
where the ratio is over 1.25, the tide is of the diurnal type. 

180' 
13.78 

bo1 NZ. 
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The periods of the various component tides, like the periods of the 
tide-producing forces, group themselves into three. classes. The 
components in the first class have periods of approximately half a 
day and are. known as semidiurnal components; the periods of the 
components in the second class are approximately one day, and these 
.components are known as diurnal components; the components in 
the third class have periods of half a month or more and are known 
as long-period components. In  shallow waters, due to the effects 
of decreased depth, the tides are modified and another class of simple 
tides is introduced having periods of less than half a day, and these 
are known as shallow-water component tides. 

The class to which any component tide belongs is generally indi- 
cated by tho subscript used in the notation for the component tides, 
the subscript giving the number of .periods in a day. With long- 
period tides generally no subscript is used; with semidiurnal tides 
the subscript is 2;  with diurnal tides the subscript, is 1, and with shal- 
low-water tides the subscript is 3, 4, or more. Thus Sa represents a 
solar annual component, PI a solar diurnal component, A4, a lunar 
semidiurnal component, S, a solar shallow-water component with a 
period of one-quarter of a day, and Ma a lunar shallow-water com- 
ponent with a period of one-sixth of a day. 

TIDAL DATUM PLANES 

Tidal planes of reference form the basis of all rational datum planes 
for elevations used in practical or scientific work. The advantage of 
the datum plano based on tidal determination lies not only in sim- 
plicity of definition, but also in the fact that it may be recovered 
at any time, even thou h all bench-mark connections be .lost. 

.defined as the plano about which the tide oscillates, or as the surface 
the sea would assume when undisturbed by the rise and fall of the 
tide. At any given place this plano may be determined h g derivini 
the mean hoight of the tide. This is perhaps best done y addin 
the hourly heights of the tide over a period of a year or more an 
deriving the mean hourly height. It is to be noted that in such a 
determination the mean sea level is not freed from the effect of pre- 
vailing winds, atmospheric pressuro, and other meteorological con- 
di tions, 

The plane of mean sea level must be carefully distinguished from 
the plane of half-tido level or, as it is fre uently called, mean-tide 
lovel. This latter plane is one determine It as the half sum of the 
high and low waters. It is, therefore, the plane tpnt lies halfway 
between the planes of mean low water and mean high water. The 
plane of half-tide level does not, at  most places on the open coast, 
differ by more than about a tenth of a foot from the plane of mean 
sea level, and where this difference is known the lane of mean sea 

the tidal planes, the plane of half-tide level should be dotermined by 
observations covering a period of a year or more. 

For many purposes the plano of mean low water is important. 
This plane a t  any given place is determined as the average of all the 
?ow waters durin Where the diurnal 

XJnited States, this plme is frequently spoken of as the “low-water 

The principal tidal p P ane is that of mean sea level, whch may he 

level may be determined from that of half-tide P evel. Like all of 

inequality in the P ow waters is small, as on the Atlantic coast of the 
a period of a year or more. 
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plane,” or “the plane of low water”; but strictly it should be called 
the plane of mean low water. 

Where the tides exhibit considerable diurnal inequality in the low 
waters, as on the Pacific coast of the United States, the lower low 
waters may fall considerably below the plane of mean low water. 
In  such places the plane of mean lower low water 1s preferable for 
most urposes. This plane is determinod as the average of all the 
lower F ow waters over a period of a year or more. Where the tide 
is frequently diurnal, the single low water of the day is taken as the 
lower low water. 

The plane of mean high water is determined as the average of all 
the high waters ovor a period of a year or more. Where tho diurnal 
inequality in the hi h wators is small, this plane is frequently spoken 
of as “the plane o f high water” or “the high-water plane.” This 
usage may on occasion lead to confusion, and the donominntion of 
this plane as the plane of nietln high water is therefore preferable. 

In localities of considerable diurnal inequality in the high waters, 
the higher high waters frequently rise considerably above the plane 
of mean high water. A higher plane is therefore of importance for 
many purposes, and tho plane of highcr high water is preferred. This 
plane is determined as the average of all the liiglier high wators for 
a period of a ycar or more. Whore the tide is frequently diiirnal, 
the single high water of the day is taken as the higher high water. 

The tidal planes described above are the principal ones and tho 
ones most generally used. Other planes, liowovcr, are sonietimos 
used. Where a very low plane is desired, tlhe plano of mean spring 
low water is sometimes used, its name indicating that it is detor- 
mined as the mean of the low waters occurring a t  spring tides. An- 
other plane sometimes used, which is of interest becauso based on 
harmonic constants, is known as the harmonic tide plane and for 
any given place is determined as M2+S2+Kl+01 below mean sea 
level. 

MEAN VALUES 

Since the rise and fall of the tide varies from day to day, chiufly, 
in accordance with the changing positions of sun and moon relative 
to tho earth, any tidal quantities determined directly from a short 
series of tidal observations must be corrected to a mean value. The 
principal variations are those connccted with tho moon’s phase, 
parallax, and declination, tho periods of which are npproximatoly 
29% days, 27% days, and 27% days, respectively. 

In  a period of 29 days, thereforc the phase variation will have 
almost completed a full cycle while the other variations will have 
gone through a full cycle and but very littlo more. Hence, for tidal 
quantities varying largely with the phase variation, tidal observa- 
tions covering 29 days, or multiples, constitute a satisfactory period 
for determining these quantities. Such are the lunitidal intorvals, 
the mean ran e, mean high water, and mean low water. For quan- 

higher high water and lower low water, 27 days, or multiples, con- 
stitute the more satisfactory period. 

As will be seen in the detailed discussion of the tides in New York 
Harbor, the values determined from two different 29-day or 27-day 

’periods may differ very considerably. This is due to the fact that 
these periods are not exact synodic periods for the different variations, 

tities varying P argely with the declination of the moon, as, for example, 
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and to the further fact that variations having periods greater than a 
month are not taken into account. Furthermore, meteorological 
conditions, which change from month to month, leave their impress oli 
the tides. For accurate results the direct determination of the t idd 
datum planes and other tidal quantities should be based on a series 
of observations that cover a period of a year or preferably 3 years. 
Values derived from shorter series must be corrected to a mean value. 

Two methods may be employed for correcting the results of short 
series to a mean value. One method makes use of tabular values, 
determined both from theory and observation, for correcting for the 
different variations. The other method makes use of direct compari- 
son with simultaneous observations at  some nearby port for which 
mean values have been determined from a series of considerable 
length. 

Thus far in the consideration of the various features characterizing 
the tide at  different places, it has been tacitly assumed that the rise 
and fall of the tide is free from irregularities, and the tide curves 
illustrating the tide at  different places have been shown as smooth 
curves. However, it is only in protected waters during periods of 
calm weather that the tide curve is a smooth curve; for various agen- 
cies are at work that tend to bring about irregularities in the rise and 
fall of the tide. The principal disturbing agency is the wind, its 
action being of a twofold nature. 

In  tho first place the wind affects the height of sea level from which 
the rise and fall of the tide takes place. 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. In  other words, with onshore 
winds the heights of high water and low water are higher than usual, 
while with offshore winds they are lower, The extent to which the 
high and low waters are raised or lowered depends not only on the 
velocity and direction of the wind, but also on local hydrographic fea- 
tures. In  general it may be said that the effect is greatest at  places 
situated on shallow waters. 

IRREGULARITIES IN RISE AND FALL 
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The second effect of the wind on the regularity of the tide arises 
t h o u  h the ngency of waves. When the surface of the sea is dis- 

merous small “saw-teeth” as illustrated in the diagrams of figure 7, 
which are a reproduction of the tide curve for Atlantic City, N. J., 
for the period January 1-3, 1925. On these days there were heavy 
winds which gave rise to strong wave movement. The rapid changes 
in elevation of the surface of the sea due to these wind waves are 
recorded on the tide curve in the form of “saw-teeth.” 

The middle curve of figure 7, the tide curve for January 2, shows 
very pronounced irregularities in the rise and fall of the tide between 
11 a. m. and 3 p. m. The oscillations of the surface of the sea be- 
tween these times are of greater amplitude and longer period than 
those due to ordinary windwaves. These larger oscillations were 
brou ht about by a wind which a little before 1 p. m. attained a veloc- 

effects of ordinary wind waves, but of stationary-wave oscillations 
known as seiches. They represent stationary-wave oscillations of 
some part of the wide embayment of the open coast upon which 
Atlantic City fronts. 

The seiches shown in figure 7 were brought about by the wind. 
Seiches may also arise from rapid changes in barometric pressure, but 
more especially from seismic disturbances in the sea. When this 
eeismic disturbance is near a coast a so-called “tidal wave” frequently 
inundates the coast. The waves resulting from seismic disturbances 
may also travel many miles across the sea and manifest themselves 
as seiches along distant coasts. An example of this is shown in figure 

turbe ! by waves, the tide curves a t  nearby places are marked by nu- 

ity o f 78 miles per hour. These longer-period oscillations are not the 

Feb. 3 

Feh4 

fed. 5 4- 
O L  I 

FXOUBE &-Tide curves showing seiche movement, Honolulu, February 2-6,lQM. 

8, which represents the tide curve at  Honolulu, Hawaii, for the 4 
da s, February 2-5, 1923. 

%he upper curve of fi ure 8, for February 2, is a typical tide curve 
for that place, the dig f t irregularities being due to ordinary wind 
waves and swells. For the forenoon of the following day the curve 
is much like that on February 2; but a little before noon there is a 
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pronounced seiche movement, which continues with a more or less 
constant diminution in amplitude for the following 2 days. This 
sgiche in the harbor of Honolulu resulted from an earthquake which 
occurred off the coast of Kamchatka on February 3,1923, at 5:32 a. m, 
Hawaiian time. The seismic sea waves thus took a little more than 
6 hours to travel the distance, in round numbers 2,500 miles, from 
Kamchatka to Honolulu. 

THE HARBOR OF NEW YORK 
COMPONENT PARTS 

Most harbors are situated on a tidal river or ba the harbor pro er 
comprising a portion of the bay or river. New pork Harbor d' l f f  erg 
in this respect from other harbors in that it consists of a number of 
bays and rivers that communicate with one another, thus forming a 
system of intercommunicating tidal waterways. And in another 
hydrogaphic respect does New York Harbor differ from other har- 
bors, m that its communication with the open sea is through two in- 
dependent passageways many miles apart. Figure 9 shows that the 

FIQURE 9.-New York Harbor, showing the two entrances from the open sea. 

ocean tide comes to New York Harbor both from the south through 
Lower Bay and from the east, more than a hundred miles away, 
through Long Island Sound. 

The principal entrance to the harbor is that through the southern 
gateway, through Lower Bay, the channel of which the lar est ships 

not only the most important seaport of the United States, but also 
one of the greatest commercial centers of the world. The area known 
as the port of New York extends east as far as Port Chester on Long 
Island Sound, north as far as Tarrytown on the Hudson, south as far 
11s New Brunswick on the Raritan River, and includes the neighbor- 
ing New Jersey shore of the Hudson as far as Newark and a little 
beyond. Within this area there is a population of very nearly 101 
million peo le, according to the census of 1930. 

depends on the limits assigned to the har or. For the purposes of 

afloat may navigate a t  any stage of the tide. New York f; arbor is 

i The num Y3 er of waterways that make u the harbor of New York' 
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this publication New York Harbor will be taken to comprise the 
following waterways: (1) Lower Bay (including Raritan and Sandy 
Hook Bays),. (2) the Narrows, (3) Upper Bay, (4) Newark Bay, 
( 5 )  Arthur Kdl, (6) Kill Van Kull, (7) East River, (8) Hudson River 
*Cas far as Mount St. Vincent), (9) Harlem River. These waterways 

FIOURE 10.-New York Harbor, showing the relatlons of the component waterways. 

are all included within the legally constituted port of New York. 
The relations of the component parts of the harbor to each other are 
shown in figure 10. 

LOWEB BAY 

Into Lower Bay the ocean tide sweeps ast the gateway between 

Lower Bay by a line running from the southwostern point of Coney 
Sandy Hook and Coney Island. If we c f  efine the eastern l i d t io f  
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'lisland to the northwestern point of Sandy Hook, the entrance to the 
bay has a width of 7 statute miles. From this eastern limit Lower Bay 
extends to the Narrows on the north and to the mouth of Raritan 
River on the west, including thus Gravesend Bay, Raritan Bay, and 
Sandy Hook Bay. Within these limits Lower Bay covers an area 
of 118 square statute miles. 

Through the bar extending across the entrance to Lower Bay a 
number of wide and deep channels give access to the bay and to the 
waterways connecting with it. Ambrose Channel, which leads into 
the Narrows, is the principal entrance to New York Harbor and has 
been dredged to a width of 2,000 feet and to a depth of 42Jh feet 
below mean sea level. At its western end Lower Bay sliallows con- 
siderably, but near its northern end, west of Coney Island, where it 
leads into the Narrows, the channol shows depths of over 100 feet. 
For the whole extent of its area within the limits assigned above 
Lower Bay has an average depth of 20 feet, reckoned from mean sea 
level. 

At its northeastern end the tide from Lower Bay passes northward 
through the Narrows, while a t  its westarn end the tide is carried 
westward into Raritan River and northward into Arthur Kill. 
Through the Raritan River, Lower Bay receives the drainage waters 
from an area of about 1,100 square miles, while from the Xarrows 
and Arthur Kill there drains into Lower Bay the waters from a 
territory having an area of approximately 15,000 square miles. 

THE NARROWS 

The Narrows is a short strait leading from Lower Bay into Upper 
Bay: It is a little more than 3 statute miles long, with a width of 
1 mile a t  its southern end and 2 miles a t  its northern snd. At its 
southern end where it meets Lower Bay the channel shows depths 
of 100 feet, but as it widens the depth of the channel decreases and 
at its northern end the greatest depth is 60 feet. At the southern 
end of the Narrows the deepest part of the channel lies nearer the 
eastern shore, but after a short distance the deeper part of the 
channel swings toward the western shore and continues parallel to 
it into Upper Bay. The area of 4% square miles which the Narrows 
corn rises has an average depth of 49 feet, reckoned from mean sea 
levef 

It is through the channel of the Narrows that the greater part of 
the commerce of New York Harbor passes, and it is through the 
same channel that the drainage waters of a region approximately 
14,500 square miles in area find their way to the sea. For the tides, 
too, the Narrows is the principal channel to the highways of New 
York Harbor, affording a deep and commodious passage from Lower 
Bay. 

UPPER BAY 

From the Narrows the tide progresses into Upper Bay, a sheet of 
water a little more than 4 miles long and about 3% miles wide, having 
.4n area of 14% square miles. The main channel through Upper Bay, 
leading from the Narrows to the mouth of the Hudson, has a width 
.of about half a mile with depths of 60 feet or more. The western 
part of the bay is occupied by extensive flats with depths of 8 feet 
.or less, reckoned from mean sea level. 
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Three islands break the surface of Upper Bay near its northern 
end. Governors Island, the largest of these, is located near the 
eastern shore of the bay at  the entrance to the East River. Bedloes 
Island and Ellis Island are situated near the west shore of the bay, 
and it is on Bedloes Island that the colossal bronze Statue of Liberty 
stands, the tip of the torch more than 300 feet above sea level. 

From Upper Bay three tidal highways radiate-to the west Kill 
Van Kull leads into Newark Bay, to the northeast East River leads 
into Long Island Sound, and to the north the Hudson River furnishes 
a highway into the interior of the State. The channels leading into 
these three waterways have depths of 40 feet or more, but because of 
the extensive flats on the western side of the bay the average depth 
of the 14% square miles covered by Upper Bay is about 25 feet, 
reckoned from mean sea level. 

NEWARK BAY AND THE KILLS 

Newark Bay lies to the west of Upper Bay, from which it is sepa- 
rated by a narrow tongue of land less than 1,200 yards wido in some 

It has a 
Lngth of about 6 miles and an average width of a little more than a 
mile, comprising an area somewhat in excess of 8 square miles. 

Two straits-Arthur Kill and Kill Van Kull-lead the tide inta 
Newark Ba . From the south Arthur Kill brings the tide from the 
western en c9 of Lower Bay and from the east Kill Van Kull carries 
the tide from Upper Bay. Arthur Kill has a length measured along 
its channel of 13 miles and covers an area of 4% square miles with 
an averap depth of 18% feet. Kill Van Kull is shorter than Arthur 
Kill, havlng a length of about 3 miles. It is about a third of a mils 
wide and comprises an area of almost exactly 1 square mile with 
an average depth, reckoned from mean sea level, of 28 feet. Being 
shorter, wider, and deeper, Kill Van Kull is the principal tidal inlet 
into Newark Ba . 
saic-empty into Newark Bay at its upper end, and it is principally 
through these two rivers that Newark Bay drains a territory with an 
area of nearly a thousand square miles. The Hackensack and the 
Passaic each carry the tide upstream a distance of about 15 miles. 
The greater part of Newark Bay is shoal, but a channel obtained 
artly by dredging leads through the bay to the entrance of the 

hackensack and Passaic Rivers. For the 8 square miles comprising 
its area Newark Bay has an average depth of 9 feet. 

laces, on which the city of Bayonne, N. J., is located. 

Two rivers o P considerable size-the Hackensack and the. Pas- 

E A S T  RIVER 

From Up er Bay, East River carries tho tide northeastward, 
Parenthetica P ly, it may be remarked that East River is strictly not 
a river but a strait connecting Upper Bay and Long Island Sound, SO 
that East River is subject not only to the tide coming northeastward 
from U per Bay but also to the tide moving southwestward from 

From the extreme tip of Manhattan Island on the southwest to 
Throgs Neck on the northeast East River has a length of 16 miles, 
but i t  is not a t  all uniform in its h drographic features throughout 

half, may be taken as separating the waterway into two parts possess- 

Long Is f and Sound. 

this length. Hell Gate, which divi J es East River almost exactly in 
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ing different characteristics. Lower East River, lying southwest- 
ward of Hell Gate, is a relatively narrow and deep waterway, com- 

rising an area of 4 square miles with an average depth of 38 feet. 
Eastward of Hell Gate the river widens and Upper East River covers 
a n  area of 93i square miles, with an average depth of 25 feet. 

A number of islands lie scattered near the middle of East River, 
restricting the width of the waterway and giving rise to swift cur- 
rents, It is to the stretch of water lying betwoen the northern tip 
of Blackwells Island and the southern part of Wards Island that the 
name Hell Gate is applied. While the Dutch words “Helle Gat”, 
from which its name is derived, have a totally different meaning than 
the English “Hell Gate”, the Anglicised form was considered an 
appropriate designation, especially in the early days when the reef8 
of rock in the main passage, together with the swift currents and 
tortuous channel, rendered navigation dangerous at times. Since 
1851 a considerable amount of rock has been removed, so that now 
the channel of Hell Gate is about 850 feot wide and very nearly 
30 feet deep from mean sea level. 

HUDSON RIVER 

The Hudson River is one of the more important rivers of the At- 
lantic coast. From its mouth a t  the Battery, New York City, where 
it debouches into Upper Bay, it carries the tide from the latter body 
of water a distance of 150 miles until stopped by the dam a t  Troy. 
For a distance of 90 miles above its mouth the Hudson has a deep 
and unobstructed channel navigable for large vessels. Further 
upstream the de th lessens, but a project now undor wa will create a 

7 miles below Troy. The Hudson River also serves as a highway for 
the traffic of the New York State Barge Canal, which extends to the 
Great Lakes. 

Near Mount St. Vincent, about 2 miles below Yonkers, runs the 
northern boundary of the city of New York, and it is the Hudson from 
the Battery to Mount St. Vincent-a distance of 16 miles-that is here 
included as forming a part of New York Harbor. For this distance 
the river has a width of very nearly a mile and covers an area of 14% 
e uare miles, with an average depth, reckoned from mean sea level, 

It is the Hudson River that brings the greater part of the drainage 
waters into New York Harbor. Of the 15,000 square miles of terri- 
tory that drain into the sea through the Narrows, the Hudson River 
contributes over 13,400 square miles, or more than 89 percent. Com- 
putations based on river gagings and rainfall bring out the fact that, 
on the avera e about 26,000 cubic feet of fresh or nontidal water pass 
through the %arrows each second, of which the Hudson contributes 
24,000 cubic feet. In  other words, from the territory it drains, the 
Hudson pours each day into New York Harbor a volume of water 
equal to 2 billion cubic feet. 

Harlem River is the narrow tidal waterwa that joins the Hudson 
with the East River and makes an island of XI anhattan by cutting it 
off from the mainland to the north. Like East River, Harlem River is 
a strait and not a true river. Its junction with the Hudson is at a 

channel with a B epth of 28 feet from mean sea level as 9 ar as Albany, 

o 9 33 feet. 

HARUM BlVER 
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point 13% miles above the mouth of the Hudson, and its junction 
with tjhe East River is through three channels in the vicinity of Hell 
Gate, the principal channel lying between Manhattan and Wards 
Island. 

Originally the Hudson River outlet of the Harlem was a tortuous 
narrow channel through a tidal marsh known as Spuyten Duyvil 
Creek, the designation “Harlem River” being applied to the rest of 
the waterway leading into East River. In  1895 a ship canal was 
completed through the tidal marsh, and now the Harlem is a con- 
tinuous waterway from the East River to the Hudson, tho channel 
having a length of 7 miles. It covers an area of three-quarters of a 
square mile, with an avera e depth of about 18 feet. 

3 bays, 5 straits, and 1 tidal river, through all of which the tide 
sweeps. From the ocean the tide enters the harbor through two 
inlets many miles apart, and this, together with the fact that the 
waterways of New York Harbor are intercommunicating, gives rise 
to the considerable variety in the rise and fall of the tide and in the 
flood and obb of the current. 

New York Harbor thus f orms a system of waterways consisting of 

THE TIDE AT FORT HAMILTON 

THE TIDE RECORDS 

Of the tide observations in New York Harbor, those made at Fort 
Hamilton, on the east bank of the Narrows, constitute the longest 
continuous series. Begun in 1893, they are still being continued. 
From 1893 to 1920 the observations were made by the Coast and 
Geodetic Survey, the tide record being in the form of a curve drawn 
to a scale of 1:12 by a 3-roller standard Coast and Geodetic Survey 
automatic tide gage. The heights on the paper record are conuected 
with a fixed zero by readings made on a fixed tide staff, these com- 
parative readings being made several times a week. 

On December 5 ,  1920, the wharf on which the tide house was lo- 
cated was destroyed by fire. On the reestablishment of the wharf 
early in 1921 the United States Engineer Office, War Department, 
installed a Gurley printing gage which records directly the height 
of the tide a t  15-minute intervals. For the ears 1921 to 1933, the 

En ‘neer Office. 
&re was taken to maintain a fixed datum to which the heights of 

the tide curve were referred. This was accomplished by leveling 
with a wye level betwoen the staff and substantial bench marks on 
the shore whenever it was necessary to renew the staff. In  this way 
the zero of the staff was kept at a constant elevation throughout the 
period of observation. 

data for Fort Hamilton are from the recor B s of the United States 

TIME OF TIDE 

The lunitidal intervals at Fort Hamilton, or the intervals by 
which high and low water follow the moon’s meridian passage, vary 
somewhat. from day to day. This variation is due principally to 
the variation in the positions of sun and moon relative to the earth; 
but changes in wind and weather also cause variations in the luni- 
tidal intervals. However) when undisturbed by wind or other un- 
usual meteorological conditions, it is only infrequently that these in- 
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tervals at  Fort Hamilton vary by as much as 1 hour from the mean 
values. 

The change in lunitidal intervals from day. to day throughout a 
summer month is shown by the seventh and eighth columns of table 
1, which list the high-water and low-water intervals for each day of 
June, 1919. I t  is to be noted, however, that for convenience in 
computation, the moon's transits across the meridian of Green- 
wich are taken, the necessary correction to refer these intervals to 
the local meridian being made to the average vaiues determined for 
the month. In 
the second column, the lower transits are inclosed in parentheses, and 
the values derived from them in the seventh and eighth columns 
are likewise inclosed in parentheses. 

TABLE 1.-High and low waters, Fort Hamilton, June 1919 

For Fort Hamilton this correction is -0.11 hour. 

Date 

- - 
doon'! 
ransit 
nerid- 
ian of 
freen- 
wich 

Hours 
(2.5) 
14.9 
(3.4) 
15.9 
(4.3) 
in. 7 
(6.1) 

(6.8) 

(6.6) 

(7.3) 
19. n 
(8.0) 
20.3 
(8.7) 
21. 1 
(9.4) 
21. 8 

(10.2) 
22. n 
(11.0) 
23.4 
(11.8) 

0.3 
(12.7) 
1. 1 

(13.6) 

1.9 
(14.3) 
2.7 

(15.1) 
3. h 

(15.9) 
4.3 

6. 1 
(17. K )  

5.9 
(18.3) 
0.8 

(19.2) 
7.6 

(20.1) 
8.0 

(21.1) 

17.4 

18.2 

18.9 

..____ 

(in. 7) 

Time 

- 
3igh 
rater 

lour8 
10.0 
22. 2 
10.9 
23.1 
11.8 

0. 1 
12.9 
0.0 
13.7 

1.8 
14.4 
2.7 
lh. 4 
3.4 
in. 3 
4. 2 
in. 9 
6. 2 
17.4 

6. 2 
18. 6 
6.7 
19. 2 

19. 6 
8.4 
20.3 
8.6 
21. 1 

9. 7 
21.6 
10. 1 
22. 2 
10.9 
23.3 
11.7 
23.9 
12.0 

0.0 
1%. 7 
1.9 
14.4 
2 8  
16.4 
3. 8 
16.6 

_ _ - - _  

7. n 

- 
Low 
mter 

h r r  
4. 1 
16. 1 
4.9 
17. 3 
6.9 
18.0 
0.4 
18.8 
7.6 
20.1 

8.4 
21.0 
9. 1 
21.8 
10.3 
22.9 
11.2 
23.9 
11. e 

0.6 
12.2 
1.6 

1. 7 
13.4 
2. I 
13. E 
3. 1 
15. 1 

3.7 
16.6 
4.3 
16.3 
4. e 
17.3 
6.8 
18.1 
0. E 
19. C 

7. 1 
19.9 

M. Y 
21.3 
e. 3 

22.3 
10.6 
23.3 

- 

13. a 

Duration 
- 

Rise 

fours 

n. o 
5.9 
0. 1 

6.8 
6.9 

6. 1 

6.8 

6.7 
0.0 
6.7 

6. 0 

6.3 
6. I 
6.3 
6. 6 

6.7 

6.2 
6.2 
6.9 
6. 1 
0.0 
8. h 
6. b 
0.0 
0.0 
8. 1 
6.8 
5.9 
6.0 
0.0 
6.9 
6.7 
0. 1 

n. 6 
n. 2 

n. 3 
n. o 

n. 3 

.____ 

6.6 
6.6 
0.0 

8.6 

6.6 
6.0 

n. 1 
n. 1 

- 

Fall 

Iours 
0. 1 

6.4 

0. 2 
0.3 
6.9 
0.9 

6.0 

6.4 

0.9 

7.0 
I. 0 
6.7 

7. 1 
7.0 
6.3 

6.8 
0.9 
5. 4 

0.5 

6. A 
6. 7 
0.2 
0.7 
0.4 

6.5 
6. 6 
0.4 

8.5 

6.4 
6.9 
0.6 
e. 9 
0.7 as 

n. 7 
n. 8 

n. 4 

n. 6 

n. 4 
n. n 

n. o 

n. 5 

n. 8 

6. n 

n. 6 

n. 2 

Lunitidal 
interval 

Kigh 
vater 

lour8 
(7.6) 
7.3 
(7.6) 
7.2 
(7.6) 

7.4 
(7.8) 
7.2 
(7.9) 

7.6 
(7.9) 
7.8 
(8.1) 
7.8 
(8.3) 
7.9 
(8.2) 
8.1 
(8.0) 

8.4 
(8.3) 
8.1 
(8.2) 
8. 2 

.____ 

0: 1) 

(;: :) 

(7.8) 
7.6 
(7.0) 

7.8 

(7.1) 
7.4 
(7.4) 
7.4 
(7.2) 
7.6 

_ _ - _ -  

(; ;) 

(; "B' 
(;: 

(7.7) 
7.9 

- 
Low 
vater 

-- -- 
Height 

Kigh 
rater 

Fed 
9.4 
10.0 
9.2 
9.0 
8.9 

8.9 
8.6 
8.3 
8.4 

8.0 
8.6 
7.9 
8.6 
7. e 
9.1 
8.3 
8.9 
7.9 
8.7 

7.0 
8.7 
7.9 
8.8 
7.7 
9.2 
8. 1 e. 1 
8.2 
8.1 

8.3 
9. 2 
8.4 
8.9 
8. 6 
8.8 
8.6 
8.3 
8.2 

8.4 
8.9 
8.2 
9.2 
8.6 e. 0 
8.3 e. 3 

- _ _ - -  

_. 

Low 
rater 

Feet 
3.4 
4. 1 
3. I 
4. 1 
3.9 
4.2 
3. 8 
4.4 
3.8 
4.6 

4.1 
4.7 
4.0 
4. h 
4.8 
6.3 
4. 7 
4.6 
4.3 

3.9 
4.1 
4.0 
4. 1 
3. 7 
4. 1 
4.0 
4.3 
3. 8 
4.2 

8.8 
4.4 
3.9 
4.6 
3. 8 
4.6 
3. 8 
4.4 
3.3 
4.0 

3.9 
4.4 
3.7 
4.4 

3.7 
3.3 
3.3 

_ _ _ _ _  

3. e 

- 
Range 

Fed n. o 
6.9 
6.6 
6.6 
6.0 

4.7 
4.7 
3.9 

3.6 
4.4 
3.2 
4. h 
3.4 
4.3 
3.0 
4.2 
3.4 
4.4 

3.1 
4.6 
3.9 
4.7 
4.0 
5. 1 
4. 1 
4.8 
4.4 
4.9 

4.6 
4.8 
4.6 
4.4 
4.1 
4.3 
4. 7 
3. e 
4.9 

4.4 
6.0 
3.8 
6.6 
4.1 
6.4 

__-- -  

4. n 

-_ -_ -  

4. e 
txa  

- 
Fall - 
Feet _---- 
8.8 
6.3 
6 1  
6.7 
4.7 
6.1 
4.1 
4.6 
3.0 

3.9 
3.8 
3.9 
4.0 
3.1 
3.8 
3.6 
4.4 
3.6 

4.8 
3.6 
4.7 
3.8 
6.1 
3.6 
6.2 
3.8 
6.8 
4.0 

6.3 

6.3 
3.9 
li. 1 
4.0 
6.0 
4.1 
6.0 
4. 2 

4.5 
4.6 
4.6 
4.8 
4.9 
6.3 
6.0 
6.0 

._---_ 

3.9 
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 TABLE^ 1.-High and low waters, Fort Hamilton, June 191kContinued 

Date 

Moon's ~ i m e  
trawit 
merid-' 
Ian of 
Green- High Low 
wich water water 

'24 _____-  ~ __ - -  - ------- 

m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
!47 _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  

29 _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  
a0 ___-_________-___-  ~ 

10.6 5.9 0.3 
(23.1) 18.4 12.4 
11.7 6.Q 1.4 _ _ _ _ _  _ _ _  19.4 13.4 
(0.2) 7.9 2.3 
12.7 20.4 14.2 
(1.1) 8.8 3.0 
13.6 21. 1 15.4 
(2.1) 9.8 4.1 
14.6 22.1 16.0 

1930 

Hours 
7.73 
7.73 
7.68 
7.60 
7.66 
7.80 

7.71 
7.77 
7.74 
7.86 
7.92 
7.91 

93.00 
7.75 

-- 
le00 

-- 
Hours 
1.76 
1. e3 
1. 66 
1.61 
1.65 
1.77 

1.74 
1. i3 
1.74 
1.83 
1.90 
1.72 

20.73 
1.73 

-- 

Duration Lunitidal 
Interval Height Range 

- 
Fall 

- 
Low 

water Rise High 
water 

-1-1-1- 
Hours Hwra Hourr 

25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 9.6 1 4.8 1 11.6 
(22.1) 17.4 _ _ _ _ _ _ _  

Houra 
6.5 
6.8 

6. 6 
6.0 
5. 5 
6.0 
6.6 
6. 2 
5.8 
5. 7 
5. 7 
6. 1 

341.2 
5.88 

- 

€Iowa 
6.8 

6. 9 
6.6 
7. 0 
6.5 
6.9 
6.3 
6.6 
6. 6 
7.0 
6.2 

372.8 
6. 54 

- 

Houra 
(7.7) 
7.8 

(;: y 
(7.8) 
7.7 
(7.7) 
7. 7 
(7.7) 
7.5 
(7.7) 
7.6 

146.8 
7.70 

- 

6.4 
6.4 
6.8 
6.7 
6.1 
5.0 
7.0 
5. 6 
6. 7 
6. 1 

8.7 3.2 5.6 
9.8 3.3 8.6 
8.8 3.0 6.8 
9.8 3. 1 6. 7 
9. 1 3. 1 6. 0 
10. 4 4. 1 6.3 
9. 6 3.4 6. 2 
10.0 4.0 6.0 
8.8 3.3 6. 5 
9.2 3.7 6. 6 

508.3 228.1 279.2 m3.4 
8.76 1 3.96 I 4.81 I 4.80 

Since the variations in the lunitidal interval from day to day a t  
Fort Hamilton are relatively small, the average values for these 
intervals as determined from a month of observations should not 
differ much from the values as determined from a considerable eriod 

4 different ears separated by 10 years each, are shown in table 2. 
The mont d y means given in this table refer to the moon's transit 
across the meridian of Fort Hamilton. 

of time. The variations in the intervals from month to month B uring 

TABLBJ 2.-Lunitidal intervals, Fort Hamilton: Monthly means for 4 years 

I High-water intervals 1  ow-water intervds - 
1930 - 

Hours 
1.66 
1. 88 
1.72 
1.40 
1.66 
1.72 

1.73 
1.88 
1.72 
1.80 
1.88 
1.82 

Month I"/- 1910 1920 - 
Hours 
7.90 
7.86 
7. 88 
7.66 
7.69 
7.63 

7.69 
7.86 
7.59 
7.81 
7.70 
7. 88 

1910 
- 
IIwrs  
1.70 
1. 88 
1.60 
1. 62 
1.50 
1.63 

1.88 
1.88 
1. 69 
1.74 
1. 73 
1.77 

igzo - 
Hours 
1.79 
1.77 
1.68 
1.68 
1.66 
1.64 

1.67 
1.67 
1.66 
1.62 
1.62 
1.63 

Hours €lours 
7.88 7.75 
7.83 7.79 
7. 71 7.66 
7.70 7.63 
7. 70 7.66 
7.73 7.68 

92.24 
7. BB - 

19.80 
1.88 
- 

19.77 
1.66 - 

20.33 
1.88 - 

A glance at  the values in table 2 gives evidence of a seasonal, or 
more accurately, of an annual variation in the lunitidal intervals. As 
@.rule they are lower than the avera e in the spring months and 
hgher than the average in the fall mont s. In any one ear the acci- 
dental fluctuations from month to month tend to mask t is variation, 
but if we average the corresponding monthly values over a number 
of years, the accidental fluctuations tend to balance out. In table 3 

i a 
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Jan. 

HWI. ---._.. 7.72 
LWI. - - _ - _ _ _  1.64 

H W I  _ _ _ _ _ _ _ _  7.69 
LWI _ _ _ _ _ _ _ _  1.62 

1893-1911: 

1912-30 

Feb. Mar. Apr. May June July 
~ _ _ _ _ - ~ _ _ _ _ _  

7.75 7.08 7.63 7.64 7.67 7.72 
1.66 1.59 1.56 1.60 1.66 1.69 

7.65 7.59 7.63 7.60 7.59 7.65 
1.61 1.55 1.52 1.58 1.62 1.64 

1888 -.--... 
1894-.- ---- 
1895.. -.-.- 
1806.. ----- 
1897 ___-_.- 

1898 ___.___ 
1899 _ _ - _ _ _ _  
1800. _ _ _ _ _ _  
1901. _____. 
1902 _ _ _ _ _  _ _  

Sum _ _ _ _  
Mean..- 

L W I I I  Year I HWI 

Hrs. Hrs. Hra. Hra. Hrs. 
7.71 1.65 1903 __.____ 7.66 1.63 1913. _ - - _  7.62 
7.73 1.69 19W.. _ _ _ _  7.70 1.66 1914. _ _ _ _  7.W 
7.68 1.61 1905 ___.___ 7.72 1.69 1915 ___._ 7.56 
7.65 1.58 1906 .-..-... 7.76 1. 72 1916 _ _ _ _ _  7.57 
7.66 1.57 1907 _.___._ 7.69 1.68 1917 _ _ _ _ _  7.82 

7.70 1.62 1908 _ _ _ _  ~ . -  7.74 1.68 1918 _ _ _ _ _  7.61 
7.75 1.68 19oB--. ___. 7.73 4.66 1919 _ _ _ _ _  7.67 
7.77 1.73 1910 _.____. 7.68 1.64 1920 _ _ _ _ _  7.68 
7.76 1.70 1911 _._____ 7.66 1.62 1921 _ _ _ _ _  7.77 
7.70 1.68 1912 ....-.. 7.63 1.60 1922 _ _ _ _ _  7.88 

-- -~ -_ - 
77.11 16.51 Sum...- 76.97 16.60 Sum.. 76.36 
7.71 1.65 Mean-.. 7.70 1.68 Mean. 7.64 

11-1- __ 
~ 7 8 .  
1.58 
1.51 
1.54 
1.59 
1.62 

Hrs. 
1923 _ _ _ _ _ _ _  7.69 
1924 _ _ _ _ _ _ _  7.65 
1925 _._____ 7.62 
1928 _ _ _ _ _ _ _  7.62 
1927 _ _ _ _ _ _ _  7.65 

1.82 
1.66 
1.86 
1.72 
1.64 - 

16.11 
1.61 

- - 
L W I  

1928 _ - _ - _ _ _  7.83 
1929 _____. ~ 7.65 
1930 _ _ _ _ _ _ _  7.76 
1931 _._____ 7.66 
1932 _._____ 7.71 - 
Sum ...- 76.63 
Mean..- 7.66 

Hra. 
1.67 
1.64 
1. 83 
1.66 
1.62 

1. 69 
1. 61 
1. 69 
1.57 
1.66 

16. 49 
1.84 
- 

Table 4 shows that the lunitidal intervals differ but little from 
oar to year, generally by not more than a few hundredths of an 

gour If we take the mom of the 40-year series we derive 7.68 hours 
for tho HWI and 1.64 hours for the LWI. The extreme differences 
from these mean values of the year1 values are 0.12 hour for the HWI 
and 0.13 hour for the LWI, both oTthese being for the year 1914. 

140597-35-3 
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-__ 
1930 
-- 
Hour8 

0.08 
6.07 
6.88 
6. 10 
6. 10 
6. as 
5.98 
6.08 
6.02 
6. 06 
6.04 
6.08 

The means for the 10-year groups in table 4 show slight differences. 
For the two middle groups, however, the differences are relatively large, 
0.06 hour for the HWI and 0.05 hour for the LWI. Between these 
years apparently both the high water and low water became a little 
earlier. As wi l l  be seen later, the observations indicate also an 
increase in range between these years, both changes apparently being 
due to the deepening of the channels leading from the sea to the 
Narrows, and more especially to the improvement of Ambrose Chan- 
nel between the years 1901 and 1914. If we take the 19-year period, 
1912-30, as giving the best determination, we derive 7.64 hours for 
the HWI and 1.63 hours for the LWI. 

DUBATIONS OF RISE AND FALL 

From the mean high and low water intervals at  Fort Hamilton of 
7.64 hours and 1.63 hours we derive the mean duration of the rise of 
tide to be 6.01 hours; and since the length of the tidal cycle is 12.42 
hours (half the tidal day of 24.84 hours) the duration of fall is 6.41 
hours. For individual tides the periods of rise and fall are obviously 
subject to somewhat greater variation than t,he correspondin 

their mean values, as shown by the fifth and sixth columns of table 1, 
which give the consecutive durations of rise and of fall for a typical 
month. 

From table 2 we may derive the monthly values of the durations of 
rise and fall for the 4 years given in that table. The values derived 
therefrom are given below in table 5. 

Iunitidal intervals. In eneral, however, when undisturbed h win 2 
or weather, these perio f s at Fort Hamilton do not vary muc gh from 

I900 

Hours 
6.61 
13.22 
6.37 
6. 33 
6.37 
8.46 

6.30 
6.31 
8.30 
6. a9 
6.46 
6.41 

 TABLE^ 6.-Duration of rise and jall, Fort Hamilton: Monthly means for  4 years 

{ Duration of rise 1 Duration of tall 
Month I- 

HOW8 
5.91 
6.20 
6.06 
6. 08 
6. 01, 
6.06 

1910 

HOW8 
6. 0.5 
6. 13 
6. 06 
6.91 

5.95 

6.07 
6.92 
6.93 
6. 04 
6. 06 
6. 06 

e. OB 

72.24 
6. 02 
- 

1920 
- 
Hours 

6. 11 
6. 08 
6. 10 
5.98 
6.04 
6.89 

6. 02 
6. 18 
6.94 
6.99 
6. 08 
6. 05 

72.47 
6. 04 
- 

72.67 76.49 
6.06 I 6.37 

1910 - 
I$OUT8 

6. 37 
6. 28 
6.36 
6.51 
6.36 
6. 47 

6.36 
6. 60 
6.48 
6. 38 
6. 36 
6.36 

76.80 
6.40 
- 

1920 
- 
Hour6 

6.31 
6. 33 
6.32 
6. 44 
6. 38 
6. 53 

6.40 
6. 24 
6. 48 
6. 43 

6. a7 
e. 34 

76.57 
e. at? 
- 

- 
1930 - 

IIOUT8 
6. 34 
6. 36 
6. 46 
6.32 
6. 32 
8. a4 

6.44 

0.40 
6.36 
6. 38 
6. a3 

78.87 
6.36 

e. a3 

- 
- 

The variation in the durations of rise and of fall from month to 
month are seen to be small, generally not more than a tenth of an hour. 
From table 5 i t  is not clear whether or not there is an annual variation 
in the durations of rise and fall. If we derive these durations from the 
values of table 3, in which the data are means for 19 years, it  is 
found that there are indications of such a variation, the greatest dura- 
tion of rise coming in the winter months and the smallest duration of 
rise in the summer months. But the rsnge of this variation is small, 
being less than a tenth of an hour. 
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The yearly values of the durations of rise and fall may be derived 
from table 4. Since the duration of fall is 12.42 minus the duration 
of rise, it will be sufficient to take only the durations of rise. For 
each year of the 40-year period from 1893-1932 the duration of rise 
is given in table 6. 

TABLE 6.-Duration of rise, Fort Hamillon: Annual means, 1895 to 1951 

1883 _ _ _ _ _ _ _ _ _ _ _ _  
1894 _ _ _ _ _ _ _ _  _ - -_  
1895 _ _ _ _ _ _ _ _ _ _ _ _  
I896 _ _ _ _ _ _ _ _ _ _ _ _  
1897 _ _ _ _ _ _ _ _ _ _ _ _  
1888 _ _ _ _ _ _ _ _ _ _ _ _  
1888 _ _ _ _ _ _ _ _ _ _ _ _  
1800. _ _ _ _ _ _ _ _ _ _ _  
1801 _ _ _ _ _ _ _ _ _ _ _ _  
190’2 _ _ _ _ _ _ _ _ _ _ _ _  

6.08 1903 _______.___ 6.03 1 1913 _ _ _ _ _ _ _ _ _ _ _  6.08 1923 _ _ _ _ _ _ _ _  _ _ _  6.0’2 
6.04 1904 _ _ _ _ _ _ _  _ _ _ _  6.04 1914 _ _ _ _ _ _ _ _ _ _ _  6.05 1924..-. _ _ _ _ _ _  ~ 6.01 
6.07 1906 _ _ _ _ _ _ _ _ _ _ _  6.03 1915 _ _ _ _ _ _ _ _ _ _ _  6.02 1925 _ _ _ _ _ _ _ _ _ _ _  6.99 
8.07 I N 3  _ _ _ _ _ _ _ _ _ _ _  6.04 1916 _ _ _ _ _ _ _ _ _ _ _  6.98 1928 _ _ _ _ _ _ _ _ _ _ _  5.97 
6.09 1BM _ _ _ _ _ _ _ _ _ _ _  6.01 1917 _ _ _ _ _ _ _ _ _ _ _  6.00 1927 _ _ _ _ _ _ _  6.03 

6.08 1908 _ _ _ _ _ _ _ _ _ _ _  6.08 1918 _ _ _ _ _ _ _ _ _ _ _  6.99 19% _ _ _ _ _ _ _ _  _ _ _  6.94 
6.07 1808 ____-__ -___  6.07 1919 _ _ _ - - _ _ _ _ _ _  6.01 1929 _ _ _ _ _ _ _ _ _ _ _  8.04 
6.04 I910 _ _ _ _ _ _ _ _ _ _ _  6.02 1920 _ _ _ _ _ _ _ _ _ _ _  6.04 /I 1930 _ _ _ _ _ _ _ _ _ _ _  6.00 
6.06 1911 _ _ _ _ _ _ _ _ _ _ _  6.M 1921 _ _ _ _ _ _ _ _ _ _ _  6.05 1931 __________. 6 .W 
8.02 1912 _ _ _ _ _ _ _ _ _ _ _  6.03 lQ22 _ _ _ _ _ _ _ _ _ _ _  6.04 1932 _ _ _ _ _ _ _ _ _ _ _  6.08 

The values of the duration of rise from year to year show but 
little fluctuation. The mean for the last 20 years shows a slight 
decrease in the duration of rise in comparison with the mean for the 
first 20 years. Taking the 19 years 1912-30 as giving the best valua, 
we derive 6.01 hours for the metin duration of rise, and therefore 
6.41 hours for the mean duration of fall. 

MEAN SEA LEVEL 

Mean sea level may be defined as the surface the sea would assume 
if undisturbed by the rise and fall of the tide. With reference to a 
bench mark on the shore, the plane of mean sea level may be deter- 
mined by avera g, over a considerable period of time, tho hourly 
heights of the ti Y e ,  as read on a fixed tide staff the zero of which has 
been connected with the bench mark by spirit levels. This is also 
accomplished by reading the hourly heights from an automatic tide 
gage record which is connected with a fixed staff by comparative 
readin . brow long a period must the hourly heights of the tide be aver- 
aged to give a good determination of mean sea level? This question 
can best be answered by examining the results derived from observa- 
tions of varying periods. Obviously, mean sea level determined 
from tidal observations extending over one day may be in error several 
feet, due to varying meteorological conditions. But even apart 
from the effects of wind and weather, it is to be borne in mind that 
the so-calIed “longh period tides”, brought about by the tidal forces 
having periods of a f a month or more, introduce a variation in sea 
level from day to day. 

The variation in sea level from day to day is shown in table 7 for 
the month of June 1919, a typical emmer  month. In this table the 
values of sea level were derived by averaging the 24 hour1 

fixed tide staff to which all the observations a t  Fort Hamilton are 
referred. 

of each day which are recorded in feet and tenths, and re 9 er heights to the 
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TABLE 7.--Daily sea level on staff, Fort Hamilton, June 1919 

Date 1 Feet I /  Date I Feet / I  Date I Feet 

Year Jan. Feb. Mar. Apr. May June 

1900.... _ _ _ _ _ _ _ _ _  5.28 5.38 6.53 5.76 6.02 6.14 
1910 ________.____ 5.93 5.67 5.89 6.30 6.13 6.29 
19 20.... _ _ _ _ _  _ _ _ _  5.75 5.95 6.52 6.30 6.31 6.46 
19 30... _ _ _ _ _ _ _ _  _ _  5.63 5.63 5.64 5.76 5.96 6.00 

- - - _ _ ~  

It will be observed that even in a summer month, when wind and 
weather conditions do not fluctuate much from day to day, sea level 
as determined from one day may differ from that on another day by as 
much as 0.9 foot. Table 7 also brings out the fact that sea level 
values derived from three consecutive 10-day groups during a month, 
when weather conditions were relatively stable, may differ from each 
other by 0.2 foot. During a winter month when heavy winds occur, 
sea level from one day may differ by as much as 2 feet from the next 
day, and within a single month the difference between the highest 
and lowest values of daily sea level may be as much as 4 feet. 

Sea level as determined from one day of observations clearly does 
not give a good determination of mean sea level. And even when 
determined from a month of observations the value of sea level may 
differ considerably from mean sea level. I n  table 8 are given the 
heights of sea level on the staff a t  Fort Hamilton as determined for 
each month of the 4 years, 1900, 1910, 1920, and 1930. 

July Aug. Sept. Oct. Nov. Dec. 

6.03 6.20 6.14 6.16 6.86 1.76 
6.24 6.10 6.32 6.13 6.14 5.88 
6.19 6.34 6.30 6.32 6.25 6.07 
6.20 6.36 6.26 6.44 5.87 6.02 

---____--- 

Mean ....- 

- - 
Mean 

5.65 5.66 6.64 6.03 6.10 6.22 6.16 6.25 6.26 6.26 6.03 5.93 

1.85 
6. os 
6.16 
6.88 

6. oa 

From table 8 it is evident that sea level as determined from a 
series of observations covering a period of a month is subject to 
considerable variation from month to month. Between the greatest 
arid least values of the monthly means for the 4 years in the table 
the difference is 1.18 feet, and within the period of any one of these 
years the monthly means may differ by as much as 0.9 foot. 

The monthly means for each of the years in table 8 gives evidence 
of the existence of an annual variation in the height of sea level a t  
Port Hamilton. Sea level is seen to be lowest in tho winter months 
and highest in the fall months. For any one year this variation is 
somewhat irregular, but if the corresponding monthly heights are 
a v t ~ t ~ g e d  ovrr tt number of years, this variation becomes quite regular, 
as is sccn in figure 11, in which the heights of the monthly means of 
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Years 

1893-1911 _ _ _ _ _ _ _  ~ 

1912-30 _ _ _ _ _ _ _ _ _ _  
Mean _ _ _ _  _ _  

sea level at  Fort Hamilton for the two 19-year periods 1893-1911 and 
1912-30 are plotted. The horizontal line in each diagram repre- 
sents mean sea level as determined from the corresponding series of 
19 years. The open circles represent the monthly heights of sea 
level as determined from the 19-year series. 

The curves for the two periods agree closely eFcept for the months 
of January and February, when the normal heights of the tide are 
frequently disturbed by winds. On the average, sea level at  Fort 
Hamilton is below mean sea level in the winter and early spring 
months and above mean sea level in the summer and fall months. 
From the first 19 years of observations, lowest monthly sea level 
comes in February and highest in August and September with a 
difference of 0.68 foot. From the second series the niinimuni comes in 
January and the maximum in August, the difference being 0.63 foot. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean 
---__-__------- 
6.67 6.62 6.69 6.89 6.07 6.17 6.11 6.20 6.20 6.18 6.93 6.80 6.96 
5.65 5.77 5.80 6.01 6.12 6.19 6.17 6.28 6.27 6.20 6.02 6.83 6.03 

5.66 5.64 5.74 6.00 6.10 6.18 6.14 6.24 6.24 6.19 5.98 6.82 6.90 
~ - -  ----- 

Feet 

0.0 

Jan. Feb. Mar. Apr. May June July Aug. .%t. (kt. Nov. Dec. 

1 1  I I I I I I I I I I 1 

1893- 1911 f l  
191.2- 1930 

FIGURE 11.-Annual variation in 888 level, Fort Hamilton. 

An interesting feature is the secondary minimum in July, which both 
series exhibit. The average hei hts of monthly sea level on staff for 

given in table 9. 
the two 19-year periods, and t E e means for the 38-year period are 
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1913 _._._______ 
1914 _ _ _ _ _ _ _ _ _ _ _  
1915 ____.___..- 
1910 ... _ _ _ _ _ _  _. 
1917 

19!8 _ _ _ _ _ _ _ _ _ _ _  
1919 _ _ _ _ _ _ _ _ _ _ _  
1920 _ _ _ _ _ _  ~ _ _ _ _  
1921 _ _ _ _ _ _ _ _ _ _  
1922 _ _ _ _ _ _ _ _ _ _ _  

Hamilton for the 40-year period 1893-1932. For the years 1893-1920 
the values are derived by averaging the hourly heights of the tide. 
For the years 1921-32 the values are derived from half-tide level by 
adding the constant difference of 0.04 foot to the yearly values of 
half-tide level derived from the high and low waters. 

TABLE 10.-Yearly sea level on staff, Fort Hamilton: Annual means 1895 to 1998 

6.90 
6.03 
6.08 
0. a4 
6.07 

6.06 
6.22 
6.15 
6. 10 
6.06 

Year 1 Feet 1 1  Year I Feet 

1923 _________.. 
1924 ________.__ 
1925-.. _----. .. 
1928.-. _______. 
1927 _ _ _ _ _ _ _ _ _ _ _  

I- ll I- 
6 . W  
6.02 
5.97 
6.96 
6.10 

1893 _ _ _ _ _ _ _ _ _ _ _ _  
1894 _ _ _ _ _ _ _ _ _ _ _ _  
1895 ___________. 
1806 _ _ _ _ _ _ _ _ _ _ _ _  
1897 _ _ _ _ _ _ _ _ _ _ _ _  
1896 _ _ _ _ _ _ _ _ _ _ _ _  
18Ro.-.. _ _ _ _ _ _ _ _  
I900 _ _ _ _ _ _ _ _ _ _ _ _  
1901 _ _ _ _ _ _ _ _ _ _ _ _  
1902 _ _ _ _ _ _ _ _ _ _ _ _  

I , 

5.86 103 _ _ _ _ _ _ _ _ _ _ _  6.05 
5.90 1904.. - - - - - - - - -  5.90 
5.83 3905 _______.___ 5.86 
5.91 1906 _ _ _ _ _ _ _ - - - -  5.97 
5.96 1907 .._._._____ 5.92 

6.00 1908 _.___._____ 6.e9 
5.99 1909.. ___._____ 6.02 
5.85 1910 - - - - - - - - - - -  6.08 
6.08 1911 _ _ _ _ _ _ _ _ _ _ _  6.03 
6.12 1912 _ _ _ _ _ _ _ _ _ _ _  5.85 -- -- 

1923 .__________ 
1929 _ _ _ _ _ _ _ _ _ _ _  
1930 .__________ 
1931 _ _ _ _ _ _ _ _ _ _ _  
1932 _ _ _ _ _ _ _ _ _ _ _  

Sum -... 
Mean--. 

5.86 
5.92 
5.98 
6.22 
6.22 

00.41 
6.04 

Tablc 10 shows that sea level at Fort Hamilton varies also from 
year to year. Generally this variation is but a few hundredths of a 
foot; but occasionally it may amount to as much as 0.2 foot, as for 
example between the years 1930 and 1931. Even the means for the 
10-yEar groups in table 10 show differences of several hundredths of a 
foot, especially the two groups 1903-12 and 1913-22, the difference 
of whose means is 0.12 foot. The difference between the lowest and 
highest yearly sea levels for the 40 years represented in table 10 is 
0.39 foot. 

Changes in meteorological conditions are reflected by changes in 
sea level; and since meteorological conditions vary from year to year, 
the variations in height of yearly sea level brought out in table 10 
must be ascribed, in large part at least, to variations in meteorological 
conditions. I t  is to be noted, however, that if the relation of land to 
sea is changing-whether as a result of the subsidence of the land or 
of the r ise of sea level-this would be reflected in corres onding changes 

yearly heights of sea level over a considerable number of years will 
furnish conclusive proof whether the relation of land to sea is changing. 

The height to which high water rises varies from day to day, 
principally in accordance with the varying positions of the moon 
relative to earth and sun. At times of new and full moon, when the 
so-called spring tides occur, high water rises higher than usual; and 
when the moon is in its first and third quarters the rise of high water 
is less than usual. Likewise a t  the times when the moon is in perigee 
high water rises higher than the average, while at  the times of the 
moon’s apogee the rise is lower than the average. Chan ea in the 

two high waters of a day. And apart from these variIttions due to 
astronomic causes there is also a variation brought about by wind 
and weather. We may therefore have various planes of high wn ter- 

in the yearly heights of sea level. In fact the data P urnished by the 

THE PLANES OF HIGH WATER 

moon’s declination also bring about a difference in the heig % ts of the 
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spring high water, neap high water, perigean high water, apogean 
high water, higher high mater, lower high water, mean high water, 
or sonre arbitrary storm high water. The term “high-water plane” 
by itself is not precise, for it does not indicate what high-water plane 
is referred to. 

Of all the high-water planes, the one most readily determined is that 
of mean high water. This plane is defined as the average height of all 
the high waters at  any place. Since high water varies from day to 
day, the question arises as to the period of time that tide observations 
must cover in order to give an accurate determination of mean high 
water. For any period less than a month, obviously, the average 
height of the high waters can give only a rough determination of mean 
high water, because of the periodic variations due to phase, parallax, 
and declination of the moon. Within a month these periodic. varia- 
tions tend to balance out. 

In table 11 are given the monthly hei hts of high water at  Fort Ham- 
ilton for 4 different years separate B by 10-year intervals. It is 
seen that from one month to the next, high water frequently differs by 
several tenths of a foot, and may differ by as much as 0.8 foot. Within 
a year two monthly values of high water may differ by nearly a foot. 
Between the greatest and least values of the monthly means in table 
11 the difference is 1.3 feet. 

TABLE 11.-Monthly high water on staff, Fort Hamilton, for 4 years 

Iww) _ _ _ _ _ _ _  ~ _ _ _ _ _  
1910 _ _ _ _ _ _ _ _ _ _ _ _ _  
1920.-.. _ _ _ _ _ _ _ _ _  
1930 _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Mean _ _ _ _ _  

7.55 7.67 
8.15 7.95 
8.11 8.30 
7.88 7.83 

7.92 7.86 
-- - 

7.88 
8.27 
7.93 
7.98 

8.10 
8.61 
8.73 
8.04 

8.31 
8.45 
8. 71 
8.28 

8.44 
-. 

8.41 
8.61 
8.82 
8.28 

8.53 

The means of the monthly values for the 4 years in table 11 give 
distinct evidence of an annual variation in the height of high water. 
If the corresponding monthly heights of high water for a number of 
years are averaged, the annual variation in high water at  Fort Hamil- 
ton is found to follow closely, both in amplitude and in phase, the 
annual variation in sea level discussed on page 29. The secondary 
minimum in the variation of sea level, which occurs in July, is clearly 
brought out by the high waters. The annual variation in high water 
at Fort Hamilton is therefore due to the annual variation in sea level. 

Within a year the annual variation in high water is eliminated and 
the fluctuation from month to month which arises from changes in 
wind and weather, will tend to balance out, A year of observations 
should therefore give a much closer approximation to mean high water. 
In table 12 are given the yenrly heights of high water for the 40- 
year period, 1893-1932. 

8.30 8.53 8.46 
8.54 8.38 8.88 
8.61 8.72 8.67 
8.82 8.63 8. E3 

8.49 8.68 8.57 
-__.--- 

8.49 
8.42 
8.69 
8.66 

8.M 

8.18 8.13 8.17 
8.39 8.13 8.38 
8.56 8.48 8.58 

8.30 8.24 8.38 

8.013 a 2 1  8. 25 --__- 
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Year Feat Year Feet Year Feat Year 

1693 _________.__ 8.M 1803 _ _ _ _ _ _ _ _ _ _ _  8.42 1913 ____.______ 8.15 1923 ____.______ 
1894 _ _ _ _ _ _ _ _ _ _ _ _  8.10 l a . . .  _ _ _ _ _ _ _ _  8.29 1914 .-.. ._.___ 8.27 1924 _ _ _ _  ~ _ _ _ _ _ _  
1% _ _ _ _ _ _ _ _ _  ~ - -  8.03 1W _ _ _ _ _ _ _ _ _ _ _  8.23 1916 _ _ _ _ _ _ _ _ _ _ _  8.34 1926---- .-___ _ _  
1896. _ _ _ _ _ _ _ _ _ _ _  8.16 leoB _ _ _ _ _ _ _ _ _ _ _  8.31 1916 __.._._____ 8.33 1926 _ _ _ _  ~ _ _ _ _ _ _  
I897 .___________ 8.23 1907 _ _ _ _ _ _ _ _ _ _ _  8.27 1917 _ _ _ _  ~ ____._ 8.38 1927 _ _ _ _ c _ _ .  _ _ _  
1898 _ _ _ _ _ _ _ _ _ _ _ _  8.% 190.9 _________._ 8.21 1918 _ _ _ _ - _ _ _  _ _ _  8.40 1928 .... ~..-~.- 
1899 _________I__ 8.27 1909 _________.. 8.33 1915 ____. ~ _ _ _ _ _  8.W lgZir _ _ _ _  _ _ _ _ _ _ _  
1800. _________._ 8.17 1910 _ _ _ _ _ _ _ _ _ _ _  8.38 1920 _ _ _ _ _ _ _ _ _ _ _  8.53 1930 ____._ ~ . _ _ _ ’  
1901 _________.__ 8.38 1911 _ _ _ _ _ _ _ _ _  _ _  8.30 1821 _ _ _ _ _ _ _ _ _ _ _  8.55 1931 _ _ _ _  ~ _ _ _ _ _ _  
1902. ________.__ 8.47 1912 _.__ ~ _.____ 8.12 1922 ..___.____ ~ 8.47 1932-. _._______ 

- 

TABLE 12.-Yearly high water on staff, Fort Hamiiton: Annual means, 1893 
to 1932 

Feet - 
8.48 
8.44 
8.86 
8.31 
8.42 

8.27 
8.22 
8.25 
8.48 
8.47 

Sum-..- 82.86 
Mean.-. 8.28 

Sum..-- 83.98 Sum -... 83.68 
Mean ... 8.40 Mean ~ _ _  

Y m  Feet YeSr Fmt Y em Feet 
___ _ _ _ _ - ~  

1393 _ _ _ _  _ _ _ _ _ _ _  2.20 1908 _ _ _ _ _ _ _ _ _ _ _  2.37 1013. _ _ _ _ _ _ _ _ _ _  2.25 

1885 ”___.____ _ _ _  2.20 190.5 _ _ _ _ _  ~ _ _ _ _ _  2.37 1915 ___._______ 2.28 

l W  .___________ 2% 1907---- _ _ _ _ _ _ _  2 3 6  1917 __________. 2.31 

1899 .___._______ 228 1W ___._______ 2.31 1919 _ _ _ _ _ _ _ _ _ _ _  2.34 
lww) .___________ 2.32 1910 _ _ _ _ _ _ _ _ _ _ _  2.30 1820 _ _ _ _ _ _ _ _  _ _ _  2.38 

1802 .___________ 2.36 1912..-. _ _ _ _ _ _ _  2.27 l922-. _ _ _ _ _ _ _ _ _  2.41 

1884 _.__________ 2.20 1804 _ _ _ _ _ _ _ _ _ _ _  2.~79 le i4  _ _ _ _ _ _ _ _ _ _ _  2.24 

im .___________ 2 . 2 ~  im _ _ _ _ _ _ _ _ _ _ _  2.34 ieie _ _ _ _ _ _ _ _ _ _ _  2.29 

im ____._______ 2.26 1908 _ _ _ _ _ _ _ _ _ _ _  2.32 191s _ _ _ _ _ _ _ _  _ _ _  2.35 

isol.___._______ 2.a1 i ~ i i  ___._______ 2.27 1921 _ _ _ _ _ _ _ _ _ _ _  2.39 

8Um _ _ _ _ _ _  22.61 Sum .... 23.29 Sum .... 2 3 . B  
Mean-.-- 2% Mean.-. 2.83 Meen.-- 2.32 

Year Feet - 
1 W  _ _ _ _ _ - - -  I - _  2.39 

1- _______--.. 2 3 9  

192’7 _ _ _ _ _ _ _ _ _ _ _  2.32 

1929 _ _ _ - _ _ _ _ _ _ _  2.33 
1930--. __--_.-- 2.27 

1932 _ _ _ _ _ _ _ _ - - -  2.26 

1924 _ _ _ _ _ _ _ _ _ _ _  2.42 

im ________.__ 2 x 1  

1 9 ~ s  ________--_ 2 a 1  

1031 ___.___---- 2.28 

sum.. .. 23.27 
Mean--. 2.a3 

- 
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mean value.2 If these factors are applied to the yearly values in 
table 13, we derive mean values for the rise of high water above sea 
level. These are given in table 14. 
TABLE 14.-High water above sea level, Fort Hamilton: Annual means corrected for 

longitude of moon's node 

1893 _ _ _ _ _ _ _ _ _ _ _ _  
1894. _ _ _ _ _ _ _ _ _ _ _  
1895 _ _ _ _ _ _ _ _ _ _ _  ~ 

1898 __________._ 
1897 __________._ 

1899 _ _ _ _ - _ _ _ _ _ _ _  
18x1. _ _ _ _ _ _ _ _ _ _ _  
le00 _______.____ 
1801 _ _ _ _ _ _ _ _ _ _ _ _  
1802 _ _ _ _ _ _ _ _ _ _ _ _  

Sum _ _ _ _ _ _  
Mean ...- 

Year 1 Feet 1 )  Year I Feet 11 Year I Feet )I Year I Feet 

2% 1903 _ _ _ _ _ _ _ _ _ _ _  2.30 1913 _ _ _ _ _ _ _ _ _ _ _  2.32 1923 _ _ _ _ _ _ _ _ _ _ _  2.32 
2.26 1804 ___. ~ _ _ _ _ _ _  2.32 1914 _ _ _ _  ~ _ _ _ _ _  ~ 2.30 1924 _ _ _ _ _ _ _ _ _ _ _  2.38 
2.28 1905 _._________ 2.31 1915 _ _ _ _  _ _ _ _ _ _ _  2.31 1925 _ _ _ _ _ _ _ _ _ _ _  234 
2.30 1806 __.________ 2.29 1916 _ _ _ _ _ _ _ _ _ _ _  2.32 1928 _ _ _ _ _ _ _ _ _ _ _  2.34 
2.29 1W7 _____._____ 2.32 1917---* _ _ _ _ _ _ _  2.32 1927-. _ _ _ _ _ _ _ _ _  232 
2.28 1908 _ _ _ _ _ _ _ _ _ _ _  2.32 1018 _ _ _ _ _ _ _ _ _ _ _  2.34 19x1 _ _ _ _ _ _ _ _ _ _ _  2.34 
2.8 1908 _ _ _ _ _ _ _ _ _ _ _  2.33 1919 _ _ _ _ _ _ _ _ _  _ _  2.30 1929 _ _ _ _ _ _ _ _ _ _ _  236 
2.29 1910 ___._______ 2.34 1920 _ _ _ _ _ _ _ _ _ _ _  2.33 1930 _ _ _ _ _ _ _ _ _ _ _  2.83 
2.26 i ~ i i  _ _ _ _ _ _ _ _ _ _ _  2.32 1921 _ _ _ _ _ _ _ _ _ _ _  2.32 1931 _ _ _ _ _ _ _ _ _ _ _  2.a3 
2.29 1912 _ _ _ _ _  ~ ___.. 2.33 1922 _ _ _ _  _ _  _ _ _ _ _  2.34 1932 ___._ ~ _ _ _ _  ~ 232 

22.77 Sum .... 23.18 Sum ...- 23.20 Sum ...- 23.36 
2.28 Mean ... 2.32 Mean..- 2.32 Mean-.. 2 3 4  

Some disagreement in the yearly values of table 14 is to be expected 
from the nature of the observations and from the disturbing effects of 
wind and weather. Within each of the 10-year groups, however, the 
individual values do not depart by more than 0.03 foot from the mean 
for the 10-year group. In view of this, the difference of 0.04 foot 
between the mean of the first and second 10-year periods must be 
regarded as indicating an actual change in the plane of high water, 
which is to be ascribed to the improvement of the channel leading to 
Fort Hamilton between the years 1901 and 1914. 

Since high water exhibits periodic variations with periods up to 
18.6 years, it follows that an accurate determination of mean high 
water may be derived directly by averaging the high waters over a 
period of approximately 19 years. This will eliminate, practically, 
the periodic variations and will balance out the fluctuations due to 
fluctuations in sea level. If the plane of mean high water is to be 
determined from a shorter series, it may be derived by correctin the 

moon's node and using the mean of these yearly values as applied to 
the value of mean sea level. 

If we take the direct mean of the high waters for the first 19-year 
period at  Fort Hamilton, that is, from 1893 to 1911, mean high water 
on the staff comes out as 8.26 feet; and for the second period, 1912 to 
1930, it comes out as 8.36 feet. If we take the means of the yearly 
values of table 14, the first 19-year group gives 2.30 and the second 
gives 2.33. If we add 2.30 to the value of sea level for the first 19- 
year group from table 10, which is 5.96, we get for mean high water for 
that period 8.26 feet. Adding 2.33 to the sea level for the second 19- 
year group, we get 8.36 feet, which values agree with the direct means 
of high water for the two 19-year periods. Taking the result from 
the 19-year series, 1912-1930, as best representing present day con- 
ditions, mean high water at  Fort Hamilton is 2.33 feet above mean 
sea evel. 

The plane of mean high water being the avera e height of all the 
high waters, it follows that we may determine tida K high-water planes 
above and below the plane of mean high water. The planes of spring 
high water and neap high water are such planes. The plane of 

yearly values above sea level by the factors for the longitude o ! the 

(8ee Coast and Geodetio Survey Speolal Publication No. 135, p. 85. 
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sprin high water is determined as the average over a considerable 

sprin tides, and these tides, it is to be recalled, are the ones that occur 

occurrence of spring tides with reference to new or full moon is known 
as the “phase age” of the tide, and the exact determination of this and 
the other “ages” of the tide will be taken up later. Here it will be 
sufficient to state that the phase age for Fort Hamilton is about 27 
hours; that is, spring tides occur about a day after new or full moon. 

For determinin the heights of the spring high waters it is cus- 

the time given by adding the phase age of the tide to the times of 
new and full moon. This gives for any month four heights for the 
spring high water for that month. These heights, too, it is to be 
recalled, are affected by the moon’s parallax, declination, and any 
accidental meteorological conditions. It is therefore obvious that 
the heights of the sprin high waters, as determined from a month 
of observations, may d e r  considerably from that determined from 
another month. To determine this plane with any degree of pre- 
cision from high and low water observations requiree a series extend- 
ing over a considerable number of years. From 17 years of observa- 
tions-1893 to 1909, inclusive-spring high water on the Fort Hamil- 
ton staff read 8.68 feet. For this period table 10 shows the height 
of mean sea level on staff to have been 5.95 feet; hence, at Fort 
Hamilton the plane of spring high water is 2.73 feet above the plane 
of mean sea level. 

The plane of spring high water may also be derived from the 
harmonic constants by means of the formulae developed by H a n k 8  
When harmonic constants are a t  hand, this method is much less 
time-consuming than the method of direct tabulation, but the results 
from the harmonic constants generally differ somewhat from the 
results of direct tabulation. For Fort Hamilton there are at  hand 
harmonic analyses for the years 1900 and 1904. From the 1900 
analysis the plane of s ring high water is 2.71 feet above sea level 

with 2.73 feet derived from the direct tabulation of the spring high 
waters from 1893 to 1909, and we may therefore take the plane of 
spring high water a t  Fort Hamilton as 2.72 feet above mean sea level 
as determined from the observations for the years 1893-1909. 

The rise of mean hi h water above mean sea level for the above 
ears is found from tab H e 14 to be 2.29 feet. Hence the rise of spring 
igh water above mean sea level is 18% percent eater than that of 

mean high water. The later observations at  ort Hamilton show 
that the rise of high water had increased somewhat owing to the im- 
provement of the channels. The value for the rise of mean high 
water accepted as best representing present-day conditions is 2.33 
feet. Hence, spring high water above mean sea level is to be taken 
as 18% percent greater than 2.33 feet, or 2.77 feet. 

If in the preceding paragraphs relating to spring high water, we 
substitute for new and full moon the moon’s first and third uarters, 

the series 1893-1909 this p P ane is found to be 1.87 feet above mean 
sea level and from the harmonic constants for the 2 years 1900 and 

perio % of time of all the high waters that come a t  the time of the 

a litt f e after the times when the moon is full or new. The lag in the 

tomary to take t % e two consecutive high waters which fall nearest 

and from the 1904 anaysis P it  18 likewise 2.71 feet. This compares 

IF E 

we derive the plane of nea high water. From direct tabu ? ation of 

I Manual of Tided, part 111, U. 8. Coast and Qeodetic Survey, Report for 1894, p. 144. 
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1904, 1.84 feet. A mean of the two results gives 1.86 feet, which we 
may take as giving the height of the plane of neap high water above 
mean sea level with sufficient accuracy. With respect to mean sea 
level, therefore, the rise of neap high water is 20 percent less than that 
of mean high water. 

The periodic variation in the moon’s distance from the earth gives 
rise to another set of tidal planes, namely, the planes of peri ean and 

come about 31 hours after the corresponding positions of the moon. 
The direct tabulation of the perigean high waters for the years 1893- 
1909 gives the plane of perigean high water as 2.97 feet above niean 
sea level, while the harmonic constants for 1900 and 1904 ive, through 

considerable, it appears best to take a weighted mean, although it is 
difficult to assign other than arbitrary weights. Giving the result 
from the direct tabulation a weight twice that assigned to the result 
from the harmonic constants, we derive for the plane of perigean high 
water a hei ht of 2.88 feet above mean sea level. For the plane of 

1.86 feet above mean sea level, while the harmonic constants for 1900 
and 1904 give 1.88 feet above. The mean of the two ives for the 

greater, and the rise of apogean tides 19 percent less than that of 
mean high water. 

The periodic fortnightly change in the moon’s declination gives 
rise to four tidal high water planes, namely, the planes of higher high 
water, lower high water, tropic higher high water, and tropic lower 
high water. Since these datum planes depend on the moon’s declina- 
tion, they are called declinational planes. Of the two high waters of 
each day the average height of the higher over a considerable period 
of time determines the plane of higher high water, while the average 
height of the lower determines the plane of lower high water. The 
planes of tropic higher high and lower high water are determined, 
respectively, as the average heights of the higher high and lower high 
waters that occur at  times of tropic tides; that is, the tides coming 
at the times of the moon’s semimonthly maximum declination. 

On the Atlantic coast the declinational datum planes are of rela- 
tively minor importance, since the diurnal inequality in the height 
of the tides is small. Like other high-water planes, the declinational 
planes exhibit annual variations, and when determined from observa- 
tions extending over a period of a month or even a year must be 
reduced to a mean value. These declinational planes may also be 
derived from the harmonic constants. From 2 years of direct tabu- 
lation-1921 and 1922-the plane of higher high water lies 0.35 foot 
above the plane of mean high water, or 2.68 feet above mean sea 
level, while the harmonic constants from the analyses for 2 years 
(1900 and 1904) give 2.63 feet. We may therefore take the plane of 
higher hi h water as lying 2.65 feet above mean sea level, The plane 
of lower a igh water, it is obvious, lies as much below the plane of 
mean high water as the plan? of hi her high water is above. Hence, 
the plane of lower high water at A r t  Hamilton lies 1.98 feet above 
the plane of mean sea level. 

For the tro ic higher high water plane there are a t  hand the direct 
tabulations o F 17 years of observations-1893-1909-and the results 

apogean high water. Perigean and apogean tides a t  Fort fi amilton 

Harris’ formulae, 2.70 feet. The discrepancy between t B e two being 

apogean hig a water the direct tabulation of the series 1893-1909 gives 

plane of apogean hi h water 1.87 feet above mean sea P evel. With 
respect to mean sea B evel, the rise of perigean high water is 24 percent 
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Date 
Dee. 28 
Feh. 14 
Jan. 13 
June 10 
Oot. 24 

Apr. 11 
Nov. 8 
Feb. 5 
Nov. 28 
Jan. 29 

from the harmonic analyses for 2 years, 1900 and 1904. The plane 
of tropic higher high water from the former is 2.74 feet above mean 
sea level, while from the harmonic constants it is 2.66 feet. The 
mean of the two gives 2.70 feet, or a rise for the tropic higher high 
water of 16 percent greater than the mean high water. For the 
plane of tropic lower high water the direct tabulation gives 1.75 feet 
above mean sea level, while the harmonic constants give 1.67 feet. 
The mean of the two gives 1.71 feet, or a rise for the tropic lower high 
water of 26 percent less than mean high water. 

Another hgh-water plane which is of importance is that of extreme 
or storm high water. This is not strictly a tidal datum plane, for the 
highest tides are generally due to storms. I t  is to be noted, however, 
that in raising the height of the water the effect of storms at  times of 
spring or pengean tides, when the height of the water is above the 
average, will be grrater than at  times of neap or apogean tides. Hence, 
the datum plane of extreme high water must be somewhat arbitrarily 
defined. Any high water that is a certain adopted percentage above 
mem high water may be defined as an extreme high water, but it 
appears best to adopt a different basis of definition. Here we shall 
apply the term extreme high water to the highest tide of each month. 

Under this definition, the plane of extreme high water for any year 
is determined as the average of monthly highest tides. In  table 15 
are given the yearly heights of extreme high water at  Fort Hamilton 
for the 40-year penod from 1893 to 1932, together with the date and 
height of the highest tide of each year. 

TABLE 15.-Extreme high water on &a$, Fort Hamilton: Annual means and 
highest 

Fed Feet Date Fed 
11.1 1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.21 Oct. 23 4 11.1 

2 11.1 1924 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.34 Mar. 11 11.3 
8 10.9 1925 ______.__________ 9.94 Dec. 3 10.7 

10.5 1928 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.02 Feb. 10 6 1O.S 
11.2 1927 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 10.33 Feb. 20 12.1 

12.1 1928.-.. _ _ _ _ _ _ _ _ _ _ _ _ _  10.04 Bept. 19 10.6 
11.6 1929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.14 Apr. 18 11.3 
11.7 19 30.-.... _ _ _ _ _ _ _ _ _ _ _  10.09 Aug. 23 11.7 
11.0 1931 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.25 Mar. 8 11.6 
11.2 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.43 Nov. 10 12.3 

Year I Average 

I FPPt 

Year I Average 

Highest / /  Year I Average 1 Highest 

Date Feet Feet Date Feet 
Apr. 20 11.6 1903 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.28 Oot. 10 11.5 
Uec. 27 11.0 1904 _._______________ 10.13 Mar. 1 10.7 
Jan. 26 10.0 1805 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.00 Jan. 26 11.0 
Oct. 12 11.4 1806 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  10.21 Feb. 9 10.8 
Oct. 25 11.2 1807 _.____.___.______ 9.89 Dec. 14 10.4 

111.8 
11.10 

Highest 1 1  Year I Average I Highest 

I--/-I- -- _ _  _ _ _ _ _  112.3 1 1  Sum _ _ _ _ _ _ _ _ _ _  101.86 _ _ _ _ _ _ _ _ _ _  113.2 _ _ _ _ _ _ _ _ _  11.23 Mean _ _ _ _ _ _ _ _ _  10.18 _ _ _ _ _ _ _ _ _ _  11.32 

1 Same height on Nov. 24. 
8 game height O:I Dee. 7. 
8 Same height r u Jan. 14 and Feb. 2. 

6 Same height on Dw. 8. 
8 Same height on Oot. 20. 



Year Feet Year 

1893 -----__--._. 3.67 1903 _ _ _ _  __._ 
1894 _._.__..._._ 3.62 1904 ____......_. 
1895 _- -_ - - - - - - -  ~ 8.64 1905 _ _ _ _ _  ~ _ _ _ _ _ _  
1896 __..--.-.--- 3.60 1900 _____.._____ 
1897 _ _ _ _ _ _ _ _ _ _ _ _  3.65 1907 ____._.-._._ 

1898 ____._...___ 3.66 1908 .___________ 
1888... _ _ _ _ _ _ _ _ _  3.65 1909 ._______.___ 
loo0 _ _ _ _ _ _ _ _ _  ~ . .  3.48 1910 .___________ 
1901 _ _ _ _ _ _ _ _ _ _ _ _  3.67 I911 _ _ _ _ _ _ _ _ _  _ _ _  
1W2 __._________ 3.88 1912 ________.___ - 

Sum _____. 36.12 Sum ..... 
Me an.... 3.61 Mean ...- 

Feet Year Feet Year Feet 

3.59 1913.. _ _ _ _ _ _ _ _ _ _  3.57 l9%.-. _.__ ~ ___. 3.00 
3.45 1914 -...-. ..... 3.69 1924 _...__...._ 3.52 
3.42 1915 -.... _._.___ 3.71 192.5 ..____._ ~. . 3.49 
3.55 1916 __._._.___ ~. 3.64 19% .__._.._._._ 3.51 
3.49 1917-. ..________ 3.85 1927 ______.___.. 3.69 

3.48 1918 ._____..____ 3.63 1928 ________.__. 3.5G 
3.65 1919.. ._____ _ _ _ _  3.77 1928-. __.___._._ 3.53 
3.71 1920 _ _ _ _ _ _ _ _ _ _  _ _  3.6R 1930 .___._..._ ~. 3.64 
3. BA 1921 .-... _ _ _ _ _  _ _  3.69 1931 ____._.._... 3.86 
3.49 1922 ._.____..__ ~ 3.67 19.12 .._.____.... 3.88 

Sum ..... 36.30 
3.56 Menn - - - - 3.66 Mean.. - 3.63 

- -- .- 
Sum -. 36.58 35.60 

__ 
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eliminated. This ma be done by subtracting the heights in table 
16 from the corresponLg heights in table 10. The results are shown 
below in table 17. 

TABLE 17.-Low water below aea level, Fort Hamilton: Annual meana 1893 to 1932 

2.46 
2.45 
2.44 
2.42 
2.43 

2.41 
2.36 
2.37 
2.87 
2.36 

24.07 
2. 41 

Sear I Feet / I  Year I Feet / I  Year 1 Feet 1 1  Year 1 Feet 

1913 .___._______ 2.33 1923 _ _ _ _ _ _ _ _ _ _ _ _  
1914 _ _ _ _ _ _ _ _ _ _ _ _  2.34 1924 _ _ _ _ _  ~ _ _ _ _ _ _  
1915 .________.__ 2.37 1925 .__._ ~ _ _ _ _ _ _  
1916 ._._._._._.. 2.40 1928 _ _ _ _ _ _ _ _ _ _ _ _  
1917 _ _ _ _ _ _ _ - _ _ _  ~ 2.42 1927 _ _ _ _ _ _ _ _ _ _ _ _  
1918-.. _ _ _ _ _ _ _ _ _  2.42 1928.-. _ _ _ _ _ _ _ _ _  
1919. _ _ _ _ _ _ _ _ _ _  ~ 2.46 1929 _ _ _ _ _ _ _ _ _ _ _ _  
1920 ._._.______. 2.49 1930 __.__ ~ _ _ _ _ _ _  
1921.. _ _ _ _ _ _  _ _ _ _  2.47 1931 _ _ _ _ _ _ _ _ _ _ _ _  
1922 _ _ _ _ _ _ _ _ _ _ _ _  2.49 1932 __________.. 

Sum..--. 24.18 Sum ..... 
Mean..-. 2.42 Mean-.-- 

1,393. - _ _ _ _ _ _ _ _ _ _ I  2. 29 / j 1903 .-.-..____._I 
1894 _ _ _ _ _ _ _ _ _ _ _ _  2.28 1904 _.____..._.. 

1893 ____._______ 
1891 ____._._.___ 
1R95 ... .._______ 
1896 ____._._____ 
1897 _ _ _ _ _ _ _ _ _ _ _ _  

1895 ____. _ _ _ _ _ _ _  2.29 I 1905.. ____._ _ _ _ _  
1896 _ _ _ _  ~ _ _ _ _ _ _ _  1 2.31 1, 1906 ..____..__..I 
1897 .... _ _ _ _ _  ~ - .  2.33 1907 ____._______ 

2.35 1903 .___.__..___ 2.39 1913 ______.__.._ 2.40 1923 ._._________ 2.40 
2.35 1904 ._____._.___ 2.38 1914 _ _ _ _ _ _ _ _ _ _ _ _  2.41 1924 __._________ 2.45 
2.36 1905 ._.____.__ _ _  2.37 1916---- _ _ _ _ _ _ _ _  2.42 1925-. _ _ _ _ _ _ _ _ _ _  2.43 
2.38 1900 _.._._._._.. 2.37 1916 __._._._____ 2.44 1928 _ _ _ _ _ _ _ _ _ _ _ _  2.41 
2. 37 1907 __._. ~ ._.___ 2.40 1917 ___________. 2.43 1927 _ _ _ _ _ _ _ _  _ _ _ _  2.41 

1893.-. .___.__._ 
18 W... ___.____ 
l9W-. _.._._____ 
1901 ___..___.___ 
1902.. __._______ 

Sum ...... 
Mean..-- 

2. 47 
2.61 
2.48 
2.43 
2.41 

2.40 
2.39 
2.34 
2.34 
2.34 

2.38 1908 __._ ~ _ _ _ _ _ _ _  2.41 1918 ___________. 2.41 1929 _ _ _ _ _ _ _ _ _ _ _ _  2.43 
2.34 1909 _ _ _ _ _ _ _ _ _ _ _ _  2.38 1919.. _____..___ 2.41 1929 _ _ _ _ _ _ _ _  _ _ _ _  2.44 
2.34 1910 _ _ _ _ _ _ _ _ _ _ _ _  2.41 1920 _ _ _ _ _ _ _ _ _ _ _ _  2.44 1930..-. _ _ _ _ _ _ _ _  2.40 
2.36 1911 ._._________ 2.43 1921 ._._..______ 2.40 1931 __________.. 2.41 
2.38 1912 _ _ _ _ _ _ _ _ _ _ _  ~ 2.43 1922 _ _ _ _ _  ~ ._____ 2.42 1932 _ _ _ _ _ _ _ _ _ _ _ _  2.41 

23.59 Sum-.-.. 23.97 Sum ....-- 24.18 Rum ..... 24.19 
2.36 Mean---- 2.40 Mean----. 2.41 Mean..-- 2.41 

.- - ~ 

24.11 
2.41 
- 

The values for the fall of low water below sea level in table 17 
exhibit from year to year the variation found in the high waters in 
table 13, namely, a regular increase and decrease with a period of 
about 20 years. This periodic change in the fall of low water, like 
the corresponding chan e in the rise of high water, is due to the 

eri6d of 18.6 years. The factors for correcting the yearly values of 
fow water to a mean value are the same as for the high waters. The 
results derived by applying these factors to the values in table 17 are 
given in table 18. 

TABLE 18.-Low water below sea level, Fort Hamilton: Annual means corrected 

periodic change in the K ongitude of the moon's node which has a 

for longitude of moon's node 

Year 1 Feet I /  Year 1 Feet 1 1  Year I Feet 1 1  Year 1 Feet 

AS in the case of the rise of high water, a change in the fall of low 
water at Fort Hamilton appears to have occurred. The difference 
of 0.06 foot between the mean of the first 10 years and the means of 
the two last groups of 10 years must be taken to indicate an actual 
lowering of the plane of mean low water. Taking the 19 years from 
1912 to 1930 as determining the plane of mean low water at  Fort 
Hamilton, we derive a value of 2.42 feet below mean sea level. 
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The plane of mean high water from the same series of observations 
was determined as 2.33 feet above mean sea level. We therefore 
find that high water and low water at  Fort Hamilton are not sym- 
metrical with respect to mean sea level, the fall of low water being 
0.09 foot greater than the rise of high water. This difference is to be 
ascribed to the fact that the curve representing the rise and fall of the 
tide at  Fort Hamilton is not symmetrical, since it is made up of a 
number of simple cosine curves, some of which have fixed phase 
relations with respect to each other. 

The determination of other low-water planes is carried out in a 
manner analogous to that for the corresponding high-water planes. 
Results are available from a direct tabulation of the 17-year series, 
1893-1909, and from harmonic constants for 1900 and 1904. These 
results and the derived means are given in table 19. For comparison 
the plane of mean low water is included. 

TABLE 19.-Low water planes, Fort Hamilton: Distance below mean sea level 
I I I 

Direct Har- 
Datum plane 1 tatha- 1 monic 1 Mean 

constants 

Fee6 
2.42 
2.85 
1.96 
2.08 
1.98 
2.84 
2.18 
2.64 
2.02 

I I I 

I These values are derived from 3 years of direct tabulation (1904, 1921, and 1022), corrected to a mean 
value. 

The plane of spring low water being of some importance, it is 
desirable to determine it as closely as possible. I n  table 19 the 
determination of this plane is based on the earlier years of the observa- 
tions, and sincc an increase in the fall of mean low water occurred in 
the later years, the spring low water likewise must have changed. 
From the observations covering the years 1893-1909 the fall of spring 
low water is 19 percent reator than the fall of mean low water. We 

ercent greater than the best determination of mean low water. 
ence spring low water is 1.19 X 2.43 = 2.88 feet below mean sea level. 
I n  consonance with the dsfinition of extreme high water, we may 

define an extreme low water as the lowest low wat,er of a month. 
The average height of these extreme low waters will then determine the 
plane of extreme low water. Table 20 gives the average of the 
estreme low waters and the date and distance below mean sea level 
of the lowest low water for each year from 1893 to 1932. 

may therefore take the t est determination of spring low water as 19 

ii 
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TABLB 20.-Extreme low water on staff, Fort Hamilton: Annual means and lowest 

Yew 

1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1894 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1895 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1897 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1888 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~- 
1899 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
lg00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1901 _-_____---  ~ --_._-. 
1902 ____________..._ _ _  

8nm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean ._.___________ 

Average 

Feet 
2.08 
2.12 
1.86 
2.09 
2.19 

2.08 
2.19 
1.82 
2.29 
2.25 

20.97 
2.10 

~- 

1903 _______________.. 
1904.. ____._._...._.. 

Feet 
2.06 
2.04 

sum _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  21.62 
Mean _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.15 

Year 

813 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  i 014 ___.____._______. ~ 

1916 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1916 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Average I1 Year 1- 

Average 

Feet 
1.88 
1.91 
2.17 
2.13 
2.12 

Date 
Feb. 20 
Feb. 16 
Feb. 8 
Feb. 11 
Dec. 25 

Feet 

-0 .3  
0.0 1 

Feb. 16 
Feb. 11 
Jan. 26 
Feb. 5 
Feb. 3 

Feel 
1923. ______..________ 2.26 
1924 ___._....._....._ 2.08 

Feet 

1.1 
0. 2 1 

1925 ________________. 
1928 _____._._________ 
1927 ___.._____.__.... 

1.70 
2.12 
2.30 

___ I----/( I- 

1918 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1920 __-____--.-_---_.- 
1821 _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  
1922 __________._______ 

sum--I 
5.411 

Sum .._..._.______ 
Mean. 0.54 Mean .__._..._____ 1 

2.08 
2.26 
2.37 
2.30 
2.30 

Lowest 1 1  Yew 1 Average 

1928 _______._._..____ 
1929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1930 _._._____________ 
1931 ___________._____ 
1932 ___..____________ 

Sum _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean .__._________ 

Datc 
Jan. 4 
Jan. 13 
Dec. 26 
Dec. 23 
Dec. 10 

1.94 
1.93 
2.20 
2.30 
2.29 

21.12 
2.11 

Lowest 

Date 
Jan. 13 
Feb. 3 
Feb. 18 
Mar. 11 
Oct. 8 

Feb. 2 
Feb. 25 
Dee. 16 
Mar. 16 
Jan. 6 

sum.. 
Mean. 

- 
Feet 
1 0. 7 
0.4 
0.6 
0.4 
1. 1 

-0.6 
0.6 
0.0 
0. 6 

a -0.3 

3.6 
0.36 - - 

Lowest 

Date 
Feb. 15 
Jan. u1 
Feb. 27 
Jan. 24 
Feb. 4 

Feet 
1. 1 
0.8 
0.3 
0.8 
1.4 

Jan. 26 -0.3 
Jan. 20 1.0 
Feb. 16 1.2 
Dec 8 1.1 
Ma;. 8 I 0.0 -- 

1 Same height on Feb. 9. 
8 Barns height on Jan. 14. 

a Same height on Feb. 22. 
4 Same height on Jan. 14. 

While the yearly values of estreme low water are seen to vary 
by several tenths of a foot, the means for the 10-year groups are in 
fairly close agreement. I n  fact, excepting the 10-year period 1903- 
12, the means for the three other 10-year groups differ from each 
other only by a few hundredths of a fcot. Taking the 19-year 
period 1912-30, the plane of extreme low water is determined 
as 2.10 feet on staff or 3.93 feet below xean  sea level for the same 
period. 

It will be recalled that the planes of mean high water and mean 
low water a t  Fort Hamilton are not symmetrical with regard to 
mean sea level, the fall of low water being 0.09 foot grcater than the 
rise of high water. The planes of extreme high water and extreme 
low water, likewise, are not symmetrical with respect to mean sea 
level; but in this case it is the high watcr plane that is farthest from 
mean sea level, the rise of extreme high water being 0.20 foot greater 
than the fall of extreme low water. On a percentage basis, the fall 
of extreme low water, is 62 percent greater than that of mean low 
water, while the rise of extreme high water is 78 percent greater than 
that of meau high water. 

From the data for the lowest tides of each year in table 20, the 
plane of lowest low water, that is, the plane defincd as the avcrage 
of the yearly lowest low waters, is found io be, for the 19-year period 
1912-30, 0.71 foot on staff or 5.32 feet below mean sea level. As 
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compared to mean low water, therefore, the fall of lowest low water 
is 120 percent greater. As compared to the plane of highest high 
water, the distance of the plane of lowest low water from mean sea 
level is 0.19 foot greater than that of highest high water. 

The highest and lowest tides of any year at  Fort Hamilton en- 

and lowest tides most frequently occur during the winter months. 
It will be of advantage, however, to take up later the discussion of 
this matter in connection with the consideration of the effects of 
wind and weather. 

erally occur with storms. As tables 15 and 20 show, these hig fl est 

THE PLANE OF HALF-TIDE LEVEL 

The plane of half-tide level or, aa it is sometimes called, the plane 
of mean-tide level, is the plane lying exactly halfway between the 
planes of mean hi h and mean low water. If the rise of mean high 

water below sea level, the planes of half-tide level and mean sea 
level would coincide. But for Fort Hamilton we found the fall of 
low water to be 0.09 foot greater than the rise of high water. Hence, 
it follows that the plane of half-tide level lies 0.045 foot below sea 
level or, to the nearest second decimal, we may take the plane of 
half-tide level to be 0.04 foot below mean sea level. 

As determined from short series of observations, the relation 
between sea level and half-tide level may vary somewhat, for any 
cause that disturbs the regularity of the tide tends to change the 
relation between sea level and half-tide level. During disturbed 
weather conditions, therefore, half-tide level at  Fort Hamilton 
determined from one day of observations may be derived as several 
tenths of a foot above sea level, instead of 0.04 foot below, as is 
derived from a long series of observations. Even from a month of 
observations during disturbed weather conditions, half-tide level 
may be derived as lying above sea level. But from a year of ob- 
servations the relation between half-tide level and sea level at  Fort 
Hamilton will not vary by more than 1 or a t  most 2 one-hundredths 
of a foot from the mean value of 0.04 foot. 

From its definition it is obvious that half-tide level will exhibit 
the annual variation found in high water and in low water. And 
since the annual variation in these follows the annual variation in 
sea level, the annual variation in half-tide level likewise follows the 
annual variation in sea level. 

Theoretically, the relation between s0a level and half-tide level 
varies periodically through ct period of 18.6 years. At places where 
the dally components of the tide are relatively large, this periodic 
variation may have a range of as much aa a tenth of a foot. But a t  
Fort Hamilton the daily components of the tide are relatively small, 
and hence this periodic variation becomes so small as to be negligible 
for practical purposes. 

water above sea k eve1 were exactly equal to the fall of mean low 

RANGE OF TIDE 

The extent of rise and fall of the tide or the range of the tide varies 
from day to day, principally in accordance with the positions of sun 
and moon relative to the earth. Spring tides and perigean tides 
bring relatively large ranges, while neap tides and apogean tides hnng 

140697-35--4 
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1893 _ _ _ _ _ _ _ _ _ _ _ _  
1894 _ _ _ _ _ _ _ _ _ _ _ _  
1895 _ _ _ _ _ _ _ _ _ _ _ _  
1898 __________._ 
1897 _ _ _ _ _ _ _ _ _ _ _ _  

relatively small ranges of the tide. In fact, the various ranges of 
the tide may be classified in a manner similar to the datum planes. 
We thus have mean range, spring range, neap range, perigean range, 
apogean range, and several kinds of tropic ranges. 

The variation in the range of the tide from day to day at Fort 
Hamilton for a typical summer month is shown in table 1. The 
variation from year to year may be derived by subtracting from 
table 12 the corresponding values in table 16, or by adding the values 
of table 13 to the corresponding values of table 17. The results are 
given below in table 21. 

TABLE 2L-Range of tide, Fort Hamilton: Annual mean8 1893 to 193.2 

4.49 1903 _ _ _ _ _ _ _ _ _ _ _ _  4.83 1913 _ _ _ _ _ _ _ _ _ _ _ _  4.58 1923 _ _ _ _ _ _  _ _ _ _ _ _  4.86 
4.48 1804... _ _ _ _ _ _ _ _ _  4.M 1914 _ _ _ _ _ _ _ _ _ _ _ _  4.58 1924 __._________ 4.93 
4.49 1805 _ _ _ _ _ _ _ _ _ _ _ _  4.81 1915 __________._ 4.63 1925 _ _ _ _ _ _ _ _  __._ 4.87 
4.55 1906 _ _ _ _ _ _ _ _ _ _ _ _  4.76 1916 _ _ _ _ _ _ _ _ _ _ _ _  4.69 1926 _ _ _ _ _ _ _ _ _ _ _  ~ 4.79 
4.68 1907 _ _ _ _ _ _ _ _ _ _ _ _  4.78 1917 _ _ _ _ _ _ _ _ _ _ _ _  4.73 19n _ _ _ _ _ _ _ _  _ _ _ _  4.73 

I, 

Year Year Year Year I Feet 

1888 _ _ _ _ _ _ _ _ _ _ _ _  
1899 _ _ _ _ _ _ _ _ _ _ _ _  
le00 _ _ _ _ _ _ _ _ _ _ _ _  
1901 _ _ _ _ _ _ _ _ _ _ _ _  
1902 _ _ _ _ _ _ _ _ _ _ _ _  

Sum ._________ 
Mean _ _ _ _ _ _ _ _  

4.60 leoB ._________.. 4.73 1918 ._._._______ 4.77 1928 _ _ _ _ _ _ _ _ _  _ _ _  4.71 
4.62 l6QQ .__________. 4.67 1919 ____._____._ 4.79 19!29-. _ _ _ _ _ _ _ _ _ _  4.69 
4.69 1910 .____ ~ _ _ _ _ _ _  4.67 1920 _ _ _ _  __.___._ 4.87 1930 _ _ _ _ _ _ _ _ _ _ _ _  4.61 
4.72 1911 _ _ _ _ _ _ _ _ _ _ _ _  4.64 1921 _ _ _ _ _ _ _ _ _ _ _ _  4.88 1931 _ _ _ _ _ _ _ _ _ _ _ _  4.60 
4.79 1912 __._______.. 4.63 1922 __________._ 4.90 1932 ...-. _ _ _ _ _ _  ~ 4.59 

46.01 Sum _____.___ 47.36 Sum _ _ _ _ _ _ _ _ _  47.40 Sum _ _ _ _ _ _ _ _ _  47.38 
4.60 Mean _ _ _ _ _ _ _ _  4.74 Mean _ _ _ _ _ _ _ _  4.74 Mean ______._ 4.74 

- 

4.61 
4.61 
4.62 
4.68 
4.86 

4.64 
4.62 
4.M 
4.63 
4.67 

46.38 
4.64 

- 

1903 _ _ _ _ _ _ _ _ _ _ _ _  4.88 
1804 _ _ _ _ _ _ _ _ _ _ _ _  4.70 
1905 _ _ _ _ _ _ _ _ _ _ _ _  4.68 
1906 __-___- -_ - - -  4.68 
1907.. ---_-_---- 4.72 

leos _ _ _ _ _ _ _ _ _ _ _ _  4.72 
1808 _ _ _ _ _ _ _ _ _ _ _ _  4.70 
1910 _ _ _ _ _ _ _ _ _ _ _ _  4.76 
1911 _ _ _ _ _ _ _  ~ _ - _ _  4.75 
1912 _ _ _ _ _  ~ _ _ _ _ _ _  4.76 

Sum-. _ _ _ _ _ _ _  47.13 
Mean _ _ _ _ _ _ _ _  4.71 

- 

4.71 19 23... _ _ _ _ _ _ _ _ _  4.72 
4.71 1924 _ _ _ _ _ _  ~ _ _ _ _ _  4.81 
4.74 1926 _ _ _ _ _ _ _ _ _ _ _ _  4.78 
4.76 1928 _ _ _ _ _ _ _ _ _ _ _ _  4.75 
4.76 1927 _ _ _ _ _ _ _ _ _ _ _ _  4.73 

4.75 1928 _ _ _ _ _ _ _ _ _ _ _ _  4.76 
4.72 1928. _ _ _ _ _ _ _ _ _ _ _  4.7R 

4.72 1931 _ _ _ _ _  ~ _ _ _ _ _ _  4.73 
4.76 1930 _ _ _ _ _ _ _ _ _ _ _ _  4.78 

4.76 1832 _ _ _ _ _ _ _ _ _ _ _ _  4.73 

47.38 Sum _ _ _ _ _ _ _  _ _  47.61 
4.74 I /  Mean _ _ _ _ _ _ _ _  I 4.75 
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Spring range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5. 65 
Neap range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3. 76  
Perigean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5.77 
Apogean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.85 
Great diurnal range _ _ _ _ _ _ _ _ _ _ _ _  6. 29 

Great tropic range _ _ _ _ _ _ _ _ _ _ _ _  5 . 3 4  
Small tropic range _ _ _ _ _ _ _ _ _ _ _ _  3. 7 3  
Extreme range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.06 
Greatest range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12.8 
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TABLE 24.-Harmonic constants, Fort Hamilton 

H 
Component 

a 
-- 

le00 

1 H l  

I le00 

l b  Component 

0.496 201.6 

0.167 98.9 

0.096 109.1 

(0 066) (181). 3) 

(0.010) (109.1) 

€I 
- 

Fed 
0.031 

(0. W) 
(0.009) 
0.036 
0.450 

0.042 
0.004 
0.110 
0.043 
0.081 

0.096 
(0. 006) 
0.046 
0.303 
0.138 

a 

Degrees 
87.1 
(93.8) 

(247.0) 
68.6 

247.0 

63.0 
140.8 
166.9 
197.2 
2 5 . 2  

202.7 
(96.7) m. a 
182. o 
106.6 

1928 

H 

Feet 
(0.014) 
0.316 
0. 120 
0. OM 
0.012 

2266 
0. 031 
0.066 
0.063 
0.004 

0.473 
(0.063) 
0.171 

(0.007) 
0. OBB 

igm 

a 

Degrees 
(103.5) 
102.6 
252.1 
227.8 
123.0 

220.7 
192.4 
313.6 
26.8 

113.6 

202.1 

100.6 

108.8 

(183.6) 

(104.6) 

Fed 
0.039 
0.004) 

0.461 

Degree8 
106.8 
(98.6) 

(248.6) 
Bo. 1 

248.6 

0.030 69.8 
0.008 207.6 

(0.027) 

(0.054) (192.8) 

(0.092) (204.0) 
(0.006) I (99.6) 

In  the discussion, previously, of the time and range of the tide at 
Fort Hamilton, it was found that as between the first and last 10- 
year groups of the 40-year series, the time of high water had become 
0.05 hour earlier, the time of low water 0.01 hour earlier, and the ran e 
0.1 foot greater. These changes were interpreted as arising from t % e 
improvement in the channel leading to New York Harbor. Table 24 
permits a comparison of the changes in the harmonic constants con- 
sequent on this improvement. Taking the larger semidiurnal com- 
ponents and comparing the results from tho analyses for the years 
1900 and 1928, it is found that the epochs from the latter year are 
smaller by O O . 6  for M2, 1 O . 8  for N2, and OO.2 for S2. Taking a mean 
for the three components, the epochs have become smaller by OO.9. 

The amplitudes of the three com onents from the same comparisons 
show increases of 0.044 foot for d, 0.014 foot for N2, and 0.021 foot 
for Sz. Expressin8 these as percentage increases over the respective 
values of the am htudes from the 1900 series, they are, rospoctively: 
M2, 2 percent; d, 3 percent; S2, 5 percent. For the three principal 
semidiurnal components, therefore, the increase averages 3 percen t. 
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rincipal diurnal components, the epochs from the 

K,, O O . 6  less; 01, 2O.4 larger; PI, 6O.1 larger. Taking an average of 
the three values, the epochs of the three rincipal diurnal components 

of each of these three 
diurnal components is smaller from the 1928 series as compared with 
thc 1900 series. Expressed as percentage decreases of the correspond- 
ing values from the 1900 series they are: K,, 1 percent; 0,) 4 percent; 
P , ,  6 percent. 

The chnnge in the diurnal components is thusinmarked contrast 
to thnt in the semidiurnals. Whereas the former show nn increase 
in epoch and n decrease in range, the latter show a decrease in epoch 
and increasc in range. It is to be noted, however, thnt the qnnntities 
involved are rolntivoly small. Furthermore, the epochs and nmpli- 
tudes for any component derived from different series of obsorvations 
gonerdly differ, because of the nature of tide observations. Nevertlie- 
less, tho difference in thc clian es ns between the diurnnl and semi- 

an nccidontnl character. Further analyses of observations in hnrbors 
which hnvo been subjected to improvement will be of interest in this 
connection. 

Since the components Sa and &a nre chiefl 7 meteorologicnl, the 

observations may differ by relatively large amounts from the values 
derived from another year. From 28 years of observntions a t  Fort 
Hamilton, covering the period 1893-1920, the constnnts for Su were 
determined ns 0.295 foot and 135O.4, nnd for Ssa as 0.099 foot and 
7 5 O . 6 .  These two components account for the larger part of the 
annual variation in sea level u t  Fort Hamilton. To determine what 
harmonics of thoso coniponents may also bo involved, the monthly 
heights of sea level from 1893 to 1920 were divided into two 14-venr 
grou s, 1893-1906 and 1907-1920. These were then unalyzetl for 

is components having periods respectively of ayear, half year, 4 months, 
3 months, and 2 months. 

TABLE 25.--Narmonic constants, Fort Hamilton, derived from annual variation 

Taking the 
1928 series are f ound to differ from those of the 1900 series as follows: 

have become larger by 2O.6. The ampitude f 

This gives an average decrease of 4 percent. 

diurnal components appears we F 1 marked and of a real rntlier than of 

values of the nmplitudos nnd epochs derived f3 rom any ono year of 

the f ollowing components: Sa, Ssa (or Sa,), Sa,, Sa4, and Sa,, thnt 

Tho results nre given in tablo 25. 

of sea level 

1893-1908 
Component 

I 

1807-20 
-__ 

I1 
___. - 

Fert 
0.281 
0.085 

0. w 5  
0.053 

0.033 

K 

Degree8 
135.8 
72. 5 
1%. 1 
118. PI 
140.8 

The amplitudes of the components in table 25 are small, nnd hence 
the agreement between the amplitudes and epochs of the two groups 
cannot bo expected to bo as close as in the caso of compononts with 
largur amplitudes. Nevertheless, with the exception of Sa,, the a ree- 

existence of these components in the tide a t  Fort Hamilton. And 
rnent between the two groups is so close as to leave no doubt o f the 
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it is of interest to note that the components, Saa and Sa6, for which no 
rovision is made in tide-predicting machines, have amplitudes as 

Erge or even larger than a number of the components usually taken 
into account. 

The astronomic or true tidal components giving rise to the annual 
or semiannual variations in mean sea level are very small. As derived 
from the harmonic analyses of the tidal observations the magnitudes 
of the components must be due largely to meteorological factors. To 
determine how much was due to variation in atmospheric pressure, 
the annual variation in barometric pressure at  New York City was 
subjected to the harmonic analysis. Monthly mean barometric 
pressure was used and two groups--1893-1906 and 1907-1920- 
corresponding to the tidal observations were analyzed. The results 
are shown in table 26. 

TABLE 26.-Harmonic constants, New York City, derived from annual variation 
of barometric pressure 

Component 

I 1893-1908 I 1907-20 

If the annual variation in sea level was due wholly to the variation 
in local barometric pressure, and if, further, the tidal basin in the 
vicinity of Fort Hamilton be considered as a negative water barometer, 
we should expect the corresponding terms of tables 25 and 26 to 
bear the following relations to each other: The amplitudes in table 
25 in feet a roximately equal to the amplitudes of the corresponding 

26 greater by 180' than the corresponding epoclis in table 25. A 
comparison of the amplitudes of corresponding constants in these 
tables shows that the annual variation in pressure can account for 
only a small portion of the annual variation in sea level, for the 
amplitudes in table 26 are much smaller than those in table 25. 
Furthermore, the relation between the epochs of the corresponding 
constants in the two tables departs in most cases considerably from 
the theoretical relation. 

The harmonic constants of the tide in table 24 furnish data for 
deriving readily various characteristics of the tide a t  Fort Hamilton. 
The ages of the tide in hours may be derived from the following 
formulae: Phase age=0.984 (S2'-M2'), parallax age= 1.837 (M2'- 
N,'), diurnal age=0.911 (Kl'~01'). 

The phase age of the title is the interval by which spring tides 
follow full or new moon, and thus likewise the interval by which noap 
tide follows the moon's first and third quarters. From the above 
formulae, substituting the values of the harmonic constants from 
table 24, we derive for the phase age of the tide a t  Fort Hamilton, 
26.5 hours. At Fort Hamilton, therefore spring tides come not on 
the days of new and full moon, but a day h e r .  

terms in ta gf e 26 in inches, and the epochs of the constants in table 
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The parallax a e of the tide is the interval by which perigean and 

moon. From the harmonic constants of table 24 we denve for the 
parallax age of the tide at  Fort Hamilton, 30.9 hours. Penpan  tides 
here, therefore, come a day and a quarter after the moon is in perigee. 

The diurnal age of the tide is the interval by which the tropic tide 
follows the moon's semimonthly maximum north or south declination. 
From the harmonic constants of table 24 we derive for the diurnal 
age of the tide at  Fort Hamilton, 4.6'hours. 

The diurnal inequalities in the heights of the tide may also be de- 
rived from the harmonic constants. The mean high water inequality, 
which is the average difference in height between the higher high 
waters and mean high water, is found to be 0.35 foot at  Fort Hamilton. 
The mean low water ineqiiality which is the average difference in 
hei ht  between the lower low waters and mean low water is found 

tide at  Fort Hamilton is thus featured principal y in the high waters. 
From the fact that the lunitidal intervals at Fort Hamilton only 

rarely vary by as much as an hour from the mean, and from the further 
fact that the diurnal inequality in the heights of high or low water 
is small, tho tide here is of the semidaily type; but from the harmonic 
constants alone the type of the tide may be inferred, the ratio of 
Kl+O1 to M2+S2 furnishing the criterion. As stated before, where 
the ratio is less than 0.25, the tide is of the semidiurnal type. For 
Fort Hamilton, from the constants of table 24, the ratio is 0.19. 

Another charactoristic which may be determined from the harmonic 
constants is the order of occurrence of the tides. The formulae for 
that are somewhat involved, and hence need not be reproduced 
here. These formulae show that at Fort Hamilton the order of the 
tides is as follows: Higher high water, lower low water, lower high 
water, higher low water. 

apogean tides fol B ow, respectively, the corresponding positjons of the 

41 to E e approximately 0.1 foot. What little ine uality there is in the 

EFFECTS OF WIND AND WEATHEB 

The average rise of extreme high water at  Fort Hamilton above 
mean sea level was found to be 4.13 feet. That this rise is due not 
alone to tidal causes is evident from the following considerations. 
The average rise of high water is 2.33 feet; a t  times of spring tide ths 
is increased 19 percent, a t  times of perigean tides it is increased 24 

ercent, and tropic higher high water shows an increase of 16 percent. 
gence, the rise of the tide a t  the time of a tropic higher high water 
that occur? when the moon is full or new and at the same time is 
also in pengee should be 19+24+16=59 percent greater than the 
average, or 3.70 feet. This, however, is about half a foot less than 
the average extreme high water and we may therefore conclude that 
these extreme high waters are Lrought about by wind and weather. 

For the extremo low water the avera e fall below mean sea level 

feet. Spring tides fall 19 percent below mean low water, peri ean 

occur with the tropic lower low water that came when the moon was 
full or new and also in perigee. At such times the low water should 
be 19+20+10=49 percent lower than mean low water, or 3.60 feet 
below mean sea level. The average extreme low water, however, 

was found to be 3.93 feet, while the fa1 9 of mean low water is 2.42 

tides 20 ercent below, and tropic lower low water 10 ercent be 7 ow. 
Hence, t K e greatest fall below mean sea level due to tida ? causes would 
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falls about a third of a foot below this; and, as in the case of the 
extreme high water, we may conclude that extreme low waters are 
also brought about by wind and weather. 

By noting the weather that prevailed on the days during which 
the hi hest and lowest tides of the various years occurred, as listed 

came with northeasterly winds. Furthermore, the highest hi h 

lowest low waters came with a rising barometer. 
It is important to note that the extreme tides due to wind and 

weather are brought about not by an augmented rise or fall of high 
or low water, but by an unusual rise or fall of sea level. In other 
words, it is the effect of wind and weather on sea level and not on 
the rise and fall of the tide that brings an extreme high or low water. 
This is evident from a consideration of the highest high water and 
lowest low water observed at  Fort Hamilton during the period of 
observations. 

The highest high water at  Fort Hamilton during the years 1893- 
1932 occurred in the forenoon of November 10, 1932, when high water 
rose 6.3 feet above mean sea level, or 4 feet nbove mean high water. 
Insofar as the true or astronomic tide for that day was concerned, it 
should have been 2.5 feet above mean sea level. High water should 
have risen 4.8 feet from the preceding low water and fallen 4.7 feet to 
the succeeding low water. The tide gage record for Fort Hamilton 
shoys that the morning high water on November 10, 1932, rose 3.4 
feet from the preceding low water and fell 6.6 feet to the succeeding 
low water. The exceptional height of the high water on that day 
cannot, therefore, be ascribed to an exceptional rise of high water. If 
from the hourly heights of the tide we derive sea level for the forenoon 
of November 10, it  is found to be 4.3 feet above mean sea level. 

The lowest low water at Fort Hamilton for the period 1893-1932 
occurred in the afternoon of February 2, 1908, when low water fell 
6.5 feet below mean sea level, or 4.1 feet below mean low water. The 
true or astronomic tide on that day should have fallen 3.3 feet below 
mean sea level, or 37 percent more than the average, due to the fact 
that on February 1 the moon was in erigee and on the 2d the moon 

revious high water and risen 6.0 feet to the succeeding high water. 
$he Fort Hamilton tide gage record for February 2, 1908, shows the 
tide to have fallen 6.8 feet from the previous high water and then to 
have risen 6.2 feet to the succeeding high water. The actual rise and 
fall, therefore, agrees closely with that derived from computation, and 
hence the abnormal depth to which low water fell must be looked for 
in an unusual subsidence of sea level. If we derive sea level for 
February 2, 1908, we find that it was 2.8 feet below its mean level. 

In  the two instances discussed above, wind and weather appear to 
have had but little effect on the range of the tide, the extreme tides 
in uestion appearing to be accounted for who11 by the change in 

logical conditions, changes in sea level between the times of high and 
low water must bring about changes in the range of tide. In  other 
words, while extreme tides are due to the effect of wind and weather 
on sea level, rapidly changing weather conditions will be reflected not 
only in change of sea level but also in a disturbance of the range of 
the tide. 

in tab F es 15 and 20, we find that the highest high waters generally 

waters almost invariably came with a falling barometer, while t E e 

was new. The tide in question shou f d have fallen 6.7 feet from the 

sea P evel. It is evident, however, that with rapid K y varying meteoro- 
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Apart from the effects on the height of the tide, wind and weather 
bring about irregularities in the times of high and low water, disturb- 
ing the regularity of rise and fall. An example of this is brought out 
in figure 12, the upper curve of which represents the mean rise and 
fall of the tide for Fort Hamilton, while the lower curve represents 
the rise and fall of the tide a t  Fort Hamilton for December 13-14, 
1917, on which days heavy northeast and northwest winds prevailed. 
To make the tide curves comparable in time, they are referred to the 
time of the moon’s transit over the meridian of Fort Hamilton, zero 
hours being the instant of the moon’s upper meridian passage. For 
the lower curve zero hours corrsponds to 11:lO a.m. on December 
13, 1917. 

Considering, first, the time of tide, it is seen that for the first 6 
hours the two tide curves agree very closely. From that time on the 
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FIGURE 12.-Mean and storm tide curve.8, Fort Hamilton. 

increasing velocity of the wind on December 13, 1917, is reflected in 
a disturbed condition of the tide, the high water bein retarded by 
an hour and the following low water by 4 hours. T%is very con- 
siderable disturbance in the time of low water was evidently caused 
by a rapid rise of sea level between 12” and 15” (11 p.m. December 
13 and 2 a.m. December 14, 1917). The weather record shows heavy 
northwesterly winds for the early hours of December 14 between 2 
and 4 a.m., a wind velocity of 88 miles per hour being recorded. 
With less violent winds for the remainder of the day, the following 
high and low waters are seen to be much less disturbed in time. The 
change in time of tide brought about a marked change in the dura- 
tions of rise and fall. The average duration of rise a t  Fort Hamilton 
is 6.01 hours and of fall 6.41 hours. The first rise shown by the tide 
curve for December 13-14, 1917, occupied a period of 6.9 hours. 



Highest tides 

Number Percent 
Month 

Lowest tides 

Number Percent 

0 
0 
0 
0 
0 
0 
1 
0 
6 

1 
0 
1 
1 
6 
5% 
7 

28.8 
41.2 
12.5 

2.5 
0 
2.5 
2.5 

15.0 
13.8 
17.5 

0 
2.6 
0 

15.0 

Table 27 shows that the highest tide of the year may occur during 
any of the months from October to April. The lowest tide of the 
year, however, occurs almost without exception in the winter months, 
and generally either in January or February. 

SUMMARY OF TIDAL DATA 

Since the observations at Fort Hamilton cover a longer period than 
at any other station in New York Harbor, it will be convenient to have 
the data relating to the principal features of the tido a t  Fort Hamilton 
assembled in one table, and this is done in table 28. The intervals, 
ranges, and principal datums are means for the 19-year series 1912-30. 
The other data are based on observations for various years as explained 
in the discussion of these data in the foregoing sections. 
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TABLE 28.--Summary of tidal data, Fort Hamilton 

51 

HEIOHT RELATIONS 

Mean high water above mean 8ea level- _ _ _ _  - - _ _ _ _ _ _  _ _  _ _  - - - -----feet- _ 
Mean higher hi h water above mean sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _  
Mean lower higl water above mean sea level- - - - - _ _ _ _ _ _  _ _  _ _  - - _ -do-_ - - 
Tropic higher high water above mean sea level _ _ _ _ _  - - - - - - - - - ----do- - - - 
Tropic lower high water above mean sea level _ _ _ _ _  _ _  - - _ _ _  - - - - ---do- - - - 
S ring high water abovc mean sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _  
&ap high water above mean sea level_- _ - _ _ _ - - _ _ - - _ _ _ _ - - - - ----do- - - - 
Perigean high water above mean sea level__ _ - - - - - - - - - - - - - - - ----do- - - - 
Apogean high water above mean sea level__ - - - - - - - - - _ _ _ _ _ _ - _ _ --do- - - - 
Extreme high water above mean sea level__- _ - - - _ _  - _ _  _ _  - ------..do- - _ _  
Highest high water above mean sea level _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _  
Mean low water below mean sea level- - - _ _ _ _ _ _  - - - - - - - - - -____- -do-  - - - 
Mean lower low water below mean sea level- - - - - - _ _ - - - - -_ -_ - - - -do -  - - - 
Mean higher low water below mean sea level- _ - - - - _ _  - _ _ _ _  ____-..do- - - - 
Tropic lower low water below mean sea level- _ - - - _ _ - - - - - - - - - -_-do-  - - - 
Tropic higher low water below mean sea level- _ _ - _ _ _  - _ _  - - _ _ _ _  --do- - - - 
S ring low water below mean sea level_-- _ _  _ _  - - - _ _ _  - - - - - - - _ _  ---do.. - - - 
&ap low water below mean sea level _ _ _ _ _ _  _ _  - - - - - - - - _ _ _  - _ _  _ _  --do- - - - 
Perigean low water below mean sea level-- _ - _ - - _ _ - - - - - _ _ - - - - - --do- - - - 
Apogean low water below mean sea level--- - - _ _  - - - - _ - - _ _ _  - - _ _  --do- - - - 
Extreme low water below mean sea level _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  - -do-- - -  
Lowest low water below mean sea level- _ _ _ - - - - _ - - - - - - - - - - - - ---do.. - - - 
Half-tide level below mean sea level__- - _ _ _ _ _ _ _ _ _  - - _ _  - - - - __-- - -do-  - - - 

2. 33 
2. 66 
1. 98 
2. 70 
1. 71 
2. 77 
1. 86 
2. 88 
1. 87 
4. 13 
6. 3 
2. 42 
2. 64 
2. 18 
2. 64 
2. 02 
2. 88 
1. 90 
2. 89 
1. 98 
3. 93 
6. 5 
0. 04 

THE TIDE IN LOWER BAY 

In  connection with various operations, tides have been observed in 
Lower Bay at a number of places a t  various times. The stations a t  
which the observations have been carried on for periods of sufficient 
length to determine with reasonable accuracy the time and other 
characteristics of the tide are shown in figure 13. 

The consideration of the tide a t  Fort Hamilton in the preceding 
section brought out the fact that in order to derive mean values of 
the various tidal features directly from the observations, a series of 
19 years in length is necessary. Such long series, however, aro imprac- 
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tical a t  many places. To derive mean values, therefore, from short 
series of observations it is necessary to correct the results determined 
directly from the observations to mean values. The simplest method 
for this purpose is by means of comparison of simultaneous observa- 
tions. 

Suppose that a t  Cone Island there is a series of observations cover- 

are derived as 7.47 hours and 1.60 hours, and the range as 6.02 feet. 
Because of the periodic variations in these features and also because 
of the effects of wind and weather, these direct results may differ 
from mean values. But because of the nearness of Coney Island to 
Fort Hamilton it is clear that the variations in the tide a t  the two 

Hencc, from the observations a t  
Rbrt Hamilton for the same period,April 12-19, 1920, the lunitidal 
intervals and the range are determined. The differences between 
these lunitidal intervals and the mean values a t  Fort Hamilton 
are then applied as a correction to the values determined from the 
observations at  Coney Island. In  the same way, the ratio of the 
range a t  Fopt Hamilton for the period April 12-19, 1920, to the 
mean range is used as a factor for correcting the range derived from 
the observations at Coney Island. 

This is best illustrated by means of an example. 

ing the period, say, Apri Iy 12-19,1920, fromwhich thelunitidalintervals 

laces must be much the same. 

THE TIDE AT SANDY HOOK 

The longest series of observation in Lower Bay is that a t  station A 
in the Horse Shoe of Sandy Hook Bay. Short series of observations 
had been made prior to 1876, but in that year an automatic tide gage 
was installed, from the records of which tabulations for the following 
series are a t  hand: (a) 1876-81, ( b )  1887-88, (c). 1890-92. Each of 
these series with the exception of (c) begins on the 1st of January and runs 
through to December 31. Series (c) begins on February 1 and ends 
on January 31. The lunitidal intervals and the mean range of the 
tide from these observations are shown in table 29. In  this table 
the mean range of the tide has been corrected for the longitude of 
the moon’s node. It is to be noted, too, that for the range the results 
for the years from 1887 through 1892 are a t  hand. 

TABLE 29.-Lunitidal intervals and mean range of tide, station A ,  Sandy Hook 

I Length 1 HWI I LWI 1 Range Series 

--- 
Weighted mean. . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ----/::-I 7.69 I 1.48 I _ _ _ _ _ _ _ _  7 

In  view of the difficulties encountered in the operation of tide gages 
in the earlier years, we may consider the variations in the lunitidal 
intervals derived from the three series of observations as coming 
within the allowable limits of error. For the best determined values 
we may therefore take the weighted means, but for the mean range 
of the tide it is difficult to reconcile the values for the series 1876-81 
and 1887-92. The probable explanation appears to be that there 
was an actual decrease in the rise and fall of the tide in the latter 

eriod brought about by the continual northward growth of Sandy 
Rook. 
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Harmonic analyses have been made of the tidal observations a t  
Sandy Hook for the years 1876-81 and 1887-88. The results of 
these analyses likewise give evidence of the decrease in the range of 
the tide for the later years. From the 6 years-1876-81-the ampli- 
tude of Mz is 2.250 feet, while from the 2 years-1887-88-the 
amplitude is 2.188 feet. For the best determined range, therefore, 
the results from the series 1887-92 will be taken, which give a value 
of 4.68 feet. 

In 
deriving the mean values of these constants the results froin the series 
1887-88 were given the same weight as those from the series 1876-81. 
The values inclosed in parentheses have been derived not by direct 
analysis, but by inference from the values of the principal components. 

TABLE 30.-Harmonic constants, station A,  Sandy Hook 

In table 30 are given the harmonic constants for station A. 

-- 

Component H 
~ - -  

From the harmonic constants given in table 30, various charac- 
teristics of the tide have been determined. These are given in table 
31, in which are included also for the sake of completeness the luni- 
tidal intervals and the mean range of the tide, as determined from 
direct tabulation of the high and low waters. 

TABLE 31.-Tidal data, station A,  Sandy Hook 
High-water interval _ _ _ _ _ _  _ _  _ _  - - _ _ _ _  - - _ _  - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ - h o u r s -  - 7. 59 
Low-water interval ._______________________________________-- do _ _ _ _  1. 45 
Mean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ - _  feet-- 4. 68 
S ring range________------~---------------------------------do---- 5. 57 
&ap range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  .-do _ _ _ _  3.69 
Great diurnalrange____________________________-------------do---- 5.09 
Phase age ________________________________________- - - - - - - - -  hours-- 28.0 
Parallax age ________________________________________-__- - - - -  do _ _ _ _  30. 7 
Diurnal age -_______________________________________- - - - - - - -  do _ _ _ _  3 .1  
Scqucncc of tides is HHW to LLW. 
S ring rangc+mean range- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.19 
&ap rangel-mean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  0.79  
Great diurnal range-mean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. 09 

Between 1876 and 1884 the highest tide at  station A occurred on 
January 31, 1878, when high water rose 2.9 feet above mean high 
water, or 5.2 feet above mean sea level. It is to be noted, however, 
that on September 12, 1882, a severe storm occurred, during which 
the height of the water was not recorded as the tide ga e was swept 

red on January 23, 1882, when low water fell 3.3 feet below mean low 
water, or 5.6 feet below mean sea level. Between 1887 and 1891 the 
highest tide occurred on September 10, 1889, high water rising 6.2 
feet above mean sea level. During this same period the lowest tide 

away by the storm. The lowest tide between 1876 an % 1884 occur- 
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occurred in 1890 on January 22, when low water fell 5.4 feet below 
mean sea level. The reatest range observed at  Sandy Hook is 
therefore 11.8 feet, whic % compares with 12.8 feet a t  Fort Hamilton 
between the years 1893 to 1932. 

For station B, about a mile and a half north of station A, there are 
a t  hand three series of observations between the years 1912 and 1933. 
The data derived from these series are given below in table 32, and 
are seen to agree with the values for station A. As compared with 
the tide at  Fort Hamilton, the tide at  Sandy Hook is about a tenth 
of a foot less in range and about 3 minutes earlier. In this connection 
it is to be noted, however, that in general, the direct difference between 
the lunitidal intervals a t  two stations does not give the difference in 
time of tide at  the two stations. Only if the two stations have the 
same longitude does the direct difference of the intervals give the 
difference in the time of tide. If the stations have different longi- 
tudes, a correction must be applied. This correction is derived from 
the following considerations. Since the average period of the moon’s 
apparent revolution about the earth is 24.84 hours, the time taken 
for the moon to travel 1’ of longitude is 24.84+360=0.069 hour. 
Hence, the correction to be applied for the difference in longitude is 
0.069 (L-L), in which Lf and LIP are the lon ‘tudes in degrees of 
the two stations. If both stations are in west Y ongitude, the above 
correction may be added to the interval of the station having the 

eater longitude, and the difference in intervals will then give the 
%krence in time of tides. 

TIDAL DATA, LOWER BAY 

The tidal data for Lower Bay for the stations shown on figure 13 
are given in table 32. With the exception of station A, the intervals 
and ranges given have been reduced to mean values by comparison 
with simultaneous observations at  some stations like Fort Hamilton 
or Sandy Hook. For the sake of completeness the data for station 
A is also included. 

TABLE 32.-Tidal data, Lower Bay 

Btatton 

Lunitidal 
in tervals 

Locality I- 
A _ _ _ _ _ _ _  _ _  
B _ _ _ _ _ _ _ _ _  
B _ _ _ _ _ _ _  _ _  
B _ _ _ _ _ _ _ _ _  
C .________ 

D _ _ _ _ _ _ _ _  
E _ _ _ _ _ _ _  _ _  
F - Keyport, N. J ____’ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.62 
0 _ _ _ _ _ _ _ _  South Amboy, N. J _ _ _ _ _ _ _ _ _ _ _ _ _  7.76 
H _ _ _ _ _  _ _ _ _  Perth Amboy, N. J _ _ _ _ _ _ _ _ _ _ _ _ _  7.96 

HWI  

€fours 
7.69 

.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.72 
_____do  ___._______________________ 7.59 
_____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.61 

7.48 

7.63 
7.67 

Sandy Hook, N. J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Romer Bhoal Light, N. Y ~ _ _ _ _ _ -  
Port Monmouth, N. J _ _ _ _ _ _ _ _ _ _  
Consskonk Point. N. J _ _ _ _ _ _ _ - _ _  

Flour8 
8.11 
6.09 
6.08 
6.04 
6.11 

5.76 
6.94 
6.97 
6.92 
6.06 

- 
LWI 

Feet 
4.68 1876-92 
4.67 1912-16 
4.66 1921-22 
4.68 1932-33 
4.m 1922 

4.66 1888 
6.02 1888 
4.98 1870 
6.07 1888 
6.28 1873 

€ I o w a  
1.48 
1.63 
1.60 
1.67 
1.37 

1.78 
1.63 
1.56 
1.83 
1.89 

1.43 
1.53 
1.62 
1.53 
1.60 

1.48 
1. 23 
1.33 
1.16 
- 

6.97 
6.97 
6.93 
6.08 
6.92 

Observations Dura- 1 1 
tion of ___ 
rise 

6.22 1888 
6.07 1888 
4.82 1919 
4.71 1932 
4.84 18%-87 

--- I I Year 

I _ _ _ _ _ _ _ _ _  
J _ _ _ _ _ _ _ _ _  
K _ _ _ _ _ _ _ _  
L _ _ _ _ _ _ _ _ _  
M _ _ _ _ _ _ _ _  
N _ _ _ _ _ _ _ _  
0 _ _ _ _ _ _ _ _ _  
P _ _ _ _ _ _ _ _ _  
Q _ _ _ _ _  - - _ _  

Red Bank, N. Y _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ 7.40 
Great Kills N. Y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.60 
New Yorp beach, N. Y _ _ _ _ _ _ _ _ _  7.66 
16th Ave. Brook1 N. Y _ _ _ _ _ _  7.61 
Gravesen& Bay, 8% _ _ _ _ _ _ _ _ _ _  ~ 7.62 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.67 
Norton Point, N. Y _ _ _ _ _ _ _ _ _ _ _ _ _  7.46 
Coney Island, N. Y _ _ _ _ _ _ _ _ _ _ _ _ _  7.65 

_.___do.. _ _ _ _ _ _  - _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _  7.60 

Length 

12 YearR. 
6 years. 
2 years. 
1 year. 
3 months. 

4 days. 
Do. 

14 days. 
10 days. 
1 month. 

Do. 
6 days. 
3 days. 
3% months. 
3 months. 

1 month. 
2 days. 
1 month. 
3 months. 
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From the data of table 32 it is seen that the time of tide in Lower 
Ba changes but little, the difference between Romer Shoal Light 
a n 8  the entrance to Raritan River being less than half an hour. 
Toward the western end of the bay the tide exhibits to a greater 
degree the characteristics of river tides, as shown by the duration 
of rise becoming relatively shorter. Toward the western end, also, 
the range of the tide increases, and this obviously is to be ascribed 
to the rapidly converging shore lies which concentrate the ener 
of the tide in a smaller volume, and thus gives a greater rise and fa 

A comparison of the tidal ran es on the north and south shores of 

bay, a point on the northern shore has a greater range than the cor- 
responding point on the southern shore. Thus, stations A and B 
have ranges less than 4.7 feet, while stations 0 and P have ranges 
reater than 4.8 feet; the range a t  station D is 4.65 feet against 4.82 
eet at station K. 

This increase in range of tide on the northern shore is brought 
about by the rotation of the earth, as a consequence of which all 
moving bodies are impressed with a force deflecting them to the 
right in the Northern Hemisphere and to the left in the Southern 
Hemisphere. On the rising tide the water moving into Lower and 
Raritan Bays is deflected to the right or northern shore. Hence, 
high water here is raised somewhat higher than on the southern 
shore. On the falling tide the moving water is again deflected to 
the right, but now it is the southern shore that is to the right of the 
moving water, and hence low water is somewhat higher on the 
southern than on the northern shore. The tide, therefore, rises 
higher and falls lower on the northern shore, giving a greater range 
here than on the southern shore. 

It will be noted from tables 28 and 31 that the ratios of the spring, 
neap, and great diurnal ranges to mean range are practically the 
same a t  Fort Hamilton and a t  Sandy Hook. We may therefore 
assume that throughout Lower Bay the ratios of the various ranges 
to mean range are the same as at Fort Hamilton, and these ratios can 
thus be used for determining the various ranges at any of the stations 
listed in table 32. Apart from the range and lunitidal intervals the 
tide in Lower Bay is much like that a t  Fort Hamilton, and the features 
of the tide at the latter place may be taken as characterizing the tide 
also in Lower Bay. 

THE TIDE IN THE NARROWS AND UPPER BAY 

Y. 
Lower Bay brings to light the f act that, relative to the axis of the 

f ;  

TIDAL DATA 

On figure 14 are shown the stations at which tidal observations 
have been made in the Narrows and Upper Bay. The observations 
at station A, Fort Hamilton, were discussed in a previous section. At 
station N, Governors Island, observations were made over a period 
of 33 years at various times, from 1847 to 1879, an automatic tide 
gage being used from 1853; but because of the difficulties encountered 
in the operation of tide ga es in the earlier years this series does not 
lend itself to a detailed 8scussion of the tidal data. From these 
observations at Governors Island there are at hand the results of the 
tabulations of high and low water for 19 years, from 1860 to 1879, and 
also the harmonic analyses of 3 years of observations. An harmonic 
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1.86 
1.63 
1.65 
1.75 

analysis has also been made of 1 year’s observations at  stations P and 
Q.  The results from the tabulations of the high and low waters at 
the various stations in the Narrows and Upper Ba are iven in 

amilton 
and Governors Island), the lunitidal intervals and ranges given in 
the table have been corrected to mean values by comparison with 
simultaneous observations a t  some nearby standard station, generally 
Fort Hamilton, Governors Island, or Sandy Hook. 

table 33. With the exception of stations A and N ( $ 8  ort 

TABLE 33.-Tidal data, the Narrows and Upper  Bay 

Station 

Lunitidal 
intervals 

Locality 

LWI /awrl- 
Fort IIamilton, N. Y ___________.. 
-..- do ... . . - - - - - - - - - - _ _  ~ _ _  - - - _ _  - - -. 
02d St., Rrooklyn, N. Y ___.____ _ _ _  
83d St., Brooklyn, N. Y _ _ _ _ _ _ _  _ _  _ _  
72d St., Brooklyn, N. Y _ _ _ _ _ _ _ _ _ _ _  I 

_. 
7.71 

7.82 
7.85 

08th St., Brooklyn, N. Y ._.-.-.-. ~ 

Bay Ridge, N. Y ________._.-.-._.- 
61st St Brooklyn, N. Y __._....._ 
Gowanhs Canal, Brooklyn, N .  Y - 
Erie Basin (south side) Brooklyn, 

Van Dyke St., Brooklyn, N. Y.... 
Atlantic Basin, Brooklyn, N. Y .-. 
Hamilton Ave., Brooklyn, N. Y.. 
Governors Island, N. Y. . - ~  -.. .- . 
_.__do ____. _ _ _  .___.___. - .- .....-.- 
_.__do .____ _ _  .- .-.- ____.___ ._______ 
The Battery, N. Y ____._._______._ 
-.-.do- .. _ _  __. -. -. -. -. - ~ - ~ - . - .-. - .- 
Fort Wadsworth, Staten Island.-. 
-.--do _._______ _ _  .-.- ._._.-.-.---.- 

----do-* __.______._._._.___--_-.- --  
Rosebank. Staten Island _ _ _ _ _ _  _ _  - - 
Clifton, Btaten Island _._______.__. 
Ytapleton, Staten Island. ~ - _._ .-.. 
---.do _ _ _ _ _  _ _ _  - - - _ _  . - _ _ _  - _ _  ~ - __. - 
St. George, Staten Island _---_ ~ ._-- 
-__.do _ _ _ _ _  _ _  - - _ _  _ _  _ _  - ~. - - - - - _ _ _ _  - - 

N. Y. 

Bayonne, N. J ____-_.-----.----- .- 
Claremont, N. J _.____._._._.----- 

Jersey City, N. J --_.--.-----.-.-.- 

7. R6 
7.01 
7.00 
7.95 
7.99 

8.04 
8. 07 
X. 07 
8.  10 
8. 10 

8. 21 
8. 24 
8.11 
7. 7 3  
7. 77 

7.77 
7.81 
7.81 
7.76 
7.88 

8.07 
7.00 
7.93 
7.05 
8.05 

8.02 

1.78 

1.83 
1. 90 
1.88 
1.93 
1.83 

1.07 

L. 13 
2. Oli 
2.25 

2.13 
2. 10 
2.11 
1. 65 
1.67 

1. 60 
1.68 
1.72 
1.75 
1. 76 

2.07 
1.85 
1. u7 
2. 03 
1.94 

2. 13 

2. 02 

- - 
Dura- 
tion of 

rise 

- 
IIours 

6.05 
6. 01 
6. 11 
6.07 
6.07 

6.03 
6.01 
6.02 
6.02 
6. 10 

e. 07 
0.05 
5.92 
6. 04 
5.85 

6.08 
6. 05 
6.00 
6. 08 
0. 10 

6.08 
6.23 
6. C9 
6. 01 
6. 12 

6.00 
6.05 
e. OB 
6.02 
6. 11 

5. 80 

.. - - 

Mean 
range 

__ 
Feet 
4.67 
4.75 
4.62 
4. R4 
4.82 

4. 63 
4.53 
4.63 
4.65 
4.66 

4.67 
4.60 
4.40 
4.40 
4.45 

4.45 
4.45 
4.52 
4.56 
4.46 

4. 43 
4.30 

4.48 
4.47 

4.34 
4.48 
4. 52 
4. 52 
4.41 

4.45 

4.48 

Observations 

Year 

803-101 
1012-30 

1032 
1032-33 
1032-33 

1932-33 
1886 
1932 

1032-33 
1932 

1932-33 
1032-33 
1850-65 

1932 
1800-79 

1032 
1021-26 
191S-19 

1932 
1886 

1031-33 
1032 

1932-83 
1932-33 

1032 

1017-18 
1032 

1032-33 
1032 
1032 

1871 

Length 

10 years. 
DO. 

4 months. 
7 months. 
10 months. 

7 months. 
3 days. 
7 months. 
4 months. 
$4 month. 

7 months. 
5% months. 
10 years. 
1% months. 
1Kyears. 

2 months. 
6 yews. 
1 year. 
10 days. 

DO. 
0 months. 

days. 
I months. 
4 months. 
10 days. 

7 months. 
7 months. 
7 H  months. 
10 davq. 
1 month 

2 days. 

Table 33 gives for the difference in - m e  of tide between Fort 
Hamilton and the mouth of the Hudson (stations A and Q )  0.47 
hour for the high water and 0.48 hour for the low water, or a mean 
difference of 0.48 hour. The distance along the channel from Fort 
Hamilton to the mouth of the Hudson is 6 nautical miles, the water- 
way between these points having an average depth of 26 feet, reck- 
oned from mean sea level. In  the formula for the rate of advance 
of a progressive wave, T = 43, if we substitute the depth above, 

ment through the Narrows and Upper Bay is of the progressive- 
wave type, the distance of 6 miles should, from the above value of T 
bo traversed in 0.35 hour, This approximates 0.48 hour given by 
the tide, and we may therefore conclude that through tho Narrows 
and Upper Bay the tidal movement is of the progressive-wave type. 

we determine T to be 17.1 mi B es per hour. Hence, if the tidal move- 
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The lunitidal intervals in table 33 show slight time differences aa 
between stations on op osite shores of the channel. But these 

to difljiculties inherent in determining mean vafues from short series 
of observations. Throughout this area the duration of rise is approxi- 
mately 6 hours, giving the fall a duration of about 6.4 hours. 

With regard to the range of tide, the data of table 33 show the eastern 
shore to have a greater range than the western shore. This is to be 
expected aa a result of the deflecting force of the earth's rotation. 
Through the Narrows this difference is about 0.15 foot; in Up er Bay 

Eudson, i t  is 0.07 foot. As we shall see later, in the discussion of the 
tides in the Hudson River, the difference in ran e on opposite sides of 

velocity of the current. 
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. 
Within Upper Bay, the range is about a tenth of a foot less than in the 
Narrows. 

The harmonic constants for Fort Hamilton have already been 'ven 
in table 24. For Governors Island and the Battery (stations $and 
P) the harmonic constants are given in table 34. For station N 
the constants are derived from the analysis of 3 years of observa- 
tions 1876-79-whde the constants for station P are derived from 
1 year of observations, beginning June 1,1920. The values enclosed 
in parentheses have been derived by inference from the principal 
components and not by direct analysis. 

TABLEI 34.-Harmonic constants, Upper Bay 

differences are only a few Yl undredths of an hour and may be ascribed 

it is about 0.2 foot; and at  the head of Upper Bay, in the mout ph of the 

a tidal waterway depends on the width of t i? e waterway and the 

HABMONIC CONSTANTS 

Station N 
("gr Component 

station P 'tation station P 
(the Battery) (":=" (the Battery) Component - kIA- H 

Fed 
0.046 
0 ooa) 

. 0.049 
0.416 

lo: 003) 

213.4 v l _ _ _ _ _ _ _ _ _ _ _ _ _ .  0.093 241.0 
(193.4) p ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (0.008) (103.4) {:%I 
105.8 Sa _ _ _ _ _ _ _ _ _ _ _ _ -  0.246 127.0 0.169 

(105.8) Saa _ _ _ _ _ _ _ _ _ _ _ _  0.173 47.4 0.136 
106.0 

TIDAL CHARACTERISTICS FROM HARMONIC CONSTANTS 

From the harmonic constants above, various characteristics of the 
It is to be noted, however, that the mean tide may be determined. 

1406974-6 
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range determined from harmonic constants is invariably smaller than 
that determined from high and low waters. It has been customary 
to use 1.02 as the factor to increase the range determined from the 
harmonic constants. It appears, however, that this factor is too 
small. At each of the three stations Fort Hamilton, the Battery, and 
Governors Island, comparisons between the results derived from high 
and low waters and from harmonic constants show that this factor 
should be 1.04 instead of 1.02. Table 35 gives the tidal data derived 
from the harmonic constants with the mean range modified by the 
factor 1.04. For the sake of comparison, the remlts from Fort 
Hamilton are also included. 

TABLE 35.-Tidal data from harmonic constants, the Narrows and Upper Bay 

Station A 
(Fort 1 H;u$I- 

4.76 
6. 29 
4. 17 
6.34 
3.73 
6.66 
3.76 
6.77 
3.85 

- 
tatlon E; 
(Qover- 
nor8 Is- 
land) 

4.60 
4.83 
4. 17 
4.92 

6.39 
a. 83 
6. 40 
3.88 

26.6 
37.8 

1.8 

1.20 
0.78 
1. ?A 
0.86 
1.07 
1.09 

a. 88 

tatlon P 
the Bat- 
tery) 

4.46 
4.79 
4.11 
4.86 
3.68 

3.60 
6.38 
3.68 

26.2 
36.7 
0.0 

1.20 
0.79 
1. 21 
0.83 
1.08 
1.08 

6.31 

The data of table 35 show a very close resemblance between tide 
a t  stations N and P and but little difference between the tide at 
these two stations and station A. It is of interest to note that with 
the exception of the a ogean range a t  station N the various tidal 

the exception of the parallax age a similar decrease takes place in 
the ages of the tide. The ratios of the various ranges to mean range 
are practically the same at  all three stations, and we may therefore 
use these ratios a t  Fort Hamilton for determining the various ranges 
at any of the stations in the Narrows and Upper Bay listed in table 33. 

For the period 1847 to the end of 1878 the highest tide a t  Governors 
Island occurred on September 17, 1876, when high water stood 3.3 
feet above mean high water, or 5.5 feet above mean sea level. For 
the same period the lowest tide at  Governors Island occurred on 
December 22, 1876, when low water reached 3.7 feet below mean 
low water, or 5.9 feet below mean sea level. The greatest range of 
the tide a t  Governors Island for this period is therefore 11.4 feet. 
This compares with 11.8 feet at Sandy Hook for the period 1876-91 
and 12.8 feet at  Fort Hamilton for the period 1893-1932. 

ranges decrease from P ort Hamilton to the Battery, and that with 
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THE TIDE IN THE KILLS AND NEWARK BAY 

59 

ARTHUR KILL 

The stations at  which tide observations have been made in Arthur 
Kill are shown on figure 15. At no station in this waterway have 
observations been made for more than 3 months. To derive mean 
values, therefore, the observations in Arthur Kill have been com- 

red with simultaneous observations at  some primary station like 
L d y  Hook, Fort Hamilton, or Governors Island. The data from 
these observations are given in table 36. 

TABLE 36.-Tidal data, Arthur Kill 

1 Lunitidal I intervals - nura- 
tion of Locality 

_I_ -- 
LWI 

HOW~ 
1.89 

1.96 
1.70 
2.02 

2.37 
2.36 
2.42 
2.45 
2.38 

i.8a 

Hours 
7.96 
7.72 
7.96 
7.93 
8.02 

rise 

-- 
Hours 

0.08 

5.99  
6.23 
6.00 

0. 01 
5.94 
0.10 
5.77 
6. 14 

5 . w  

E _ _ _ _ _ _ _ _  
F _ _ _ _ _ _ _ _ _  
Q _ _ _ _ _ _ _ _  
H _ _ _ _ _ _ _ _  
I - _ _ _ _ _ _ _ _  
I - _ _ _ _  _ _ _ _  

Carteret, N. J ___.__ _ _  _____. ~ .___ _ _  8.38 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _ _ - - -  8.30 
Near Pralls Creek, N. Y _ _ _ _ _ _ _ _ _ _  8. 52 
Elizabeth, N. J _______.___________ 8.22 

_____do  _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  ~ _ _ _ _  ~ _ _ - _  M.47 

8.02 _ _ _ _  .do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _._ _ _ _ _  ~ _ _ _ _ - _  

I . Observations 

r a w  

6.28 1873 
5.16 1920 
5.07 1932 
4.98 1860 
6.12 1858-88 

5.18 1856 
5.16 1932 
5.25 1860 
8.00 lX65-86 
4.W 1920 

4.75 1932 

IAngth 
._I__- 

1 month. 
3 months. 
6 days. 
1 month. 
2% days. 

1 day. 
8 days. 
1 day. 
20 days. 
2 days. 

7 days. 

The data in table 36 show the tide in Arthur Kill to become later 
from the Lower Bay to the Newark Bay entrance. Since the channel 
in this kill has been dredged at  different times, we may use thc 
results from the 1932 observations as best representing tidal condi- 
tions at  the present time. From station B we may take the lunitidal 
intervals at  the southern entrance as approximately 7.95 hours and 
1.95 hours, respectively; while from station I we may estimate these 
intervals at  the northern entrance as 8.65 hours and 2.65 hours. This 
gives a difference of 0.7 hour for the time of tide at  the two entrances 
of Arthur Kill. 

The length of Arthur Kill, measured along the channel, is about 
11 % nautical miles, and while in 1932 there was a channel with a depth 
of 30 feet at  mean low water, the average depth over the entire water- 
way was about 18% feet measured from mean sea level. If the tidal 
movement through Arthur Kill is of the progressive-wave type-that 
is, progressing in accordance with the formula r= &&the tide should 
traverse this waterway from one end to the other in 0.8 hour.. From 
the data in table 36, the difference is 0.7 hour. 

The range of tido in Arthur Kill is greater at  the southern entrance 
than a t  the northern entrance, being about 5.1 feet a t  the former and 
4.8 feet at  the latter. The duration of rise is ap roximately the same 

makes the duration of fall 6.4 hours. The data are not sufficiently 
extensive to indicate with precision what chan es in the tidal regime 

waterway. 

throughout the waterway having a value of a \ out 6 hours. This 

have taken place in Arthur Kill as a result o f: improvements in tht. 
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:b 
_ _ ~  - ____ 

FIOURE I6.-Tide stations. Arthur Kill. 
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KILL VAN KULL 

For Kill van Kii11 there are a t  hand observations a t  eight stations, 
the locations of these being shown on figure 16. I n  this waterway, 
as in Arthur Kill, the observations cover only short periods of time, 
the longest series being but 10 days in length. The tidal dntn de- 
rived from these observations ar0 shown in table 37. I n  this table 

F'IO'LIRR 1K-Tido stntions, Kill vnn Roll 

the lunitidttl intervals and ranges have been corrected to mean values 
by comparison with simultaneous observations a t  some primary tide 
station. 

T ~ n m  37.- Tidnl dntn, Kill van Kid1 
. - . - _.. -. 

Lunilidnl intrr- 
vnls 

Locnlitp 

nw1 LWI 

I-l- ____ 

- 

Ohsorvnt ions 

From the dntn in tnblo 37, tlic tide nt, thr enstrrn cnd of Kill Van 
Riill is soon to bo about 20 minutes earlier than a t  tlic wcstcrn end. 
Tho duration of rise throughout the wntcrwnp is approximately 6.1 
hours, giving thc durntion 0 1  fall n period of G.3 hours. 

T h e  mngc of the tide incremes somewhat from the castern cntrnnce 
to the western entrance, the diil'erenco bring n tenth of a foot. The 
northern shore nppcnrs to have a slightly grcntor rnnge than tho south- 
ern shorc; i f  this js due to tho dcflrcting force of tho earth's rotation, 
the current miist be flowing wcstorly on the rising tide, so thnt the 
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FIQIJRE l7.-Tlde ststlons. Newnrk nay. 



TIDES AND CURRENTS IN NEW YORK HARBOR 63 

A _ _ _ _ _ _ _ _  
B _ _ _ _ _ _ _ _  
0 ___.____ 
D _ _ _ _ _ _ _ _  
E... _ _ _ _ _  

northern shore is then to the ri ht of tho current movement. This, 88 
we shall see later, the current o % servations show to be the case. 

NEWAEIC BAY 

The locations of the tide stations at which observations have been 
made in Newark Bay are shown on figure 17, and the data dervied 
from these observations are given in table 38. Here, as in the re- 
vious tables, lunitidal intervals and ranges have been correctef to 
mean values by comparison with simultaneous observations at  some 
standard tide station like Sandy Hook, Fort Hamilton, or Governors 
Is1 and. 

TABLE 38.-Tidal data, Newark B a y  

Hours Hours Hours Feet 
Mariners Harbor N. Y _ _ _ _ _ - _ _ - _ _  8.46 3.46 6.98 4.70 1820 
~hootersIslRnd,k.Y.-.. _ _ _ _ _ _ _ _ _  a32 2.43 6.89 4.69 1801 
Bergen Point Light, N. J _ _ _ _ _ _ _ - _  8.70 2.57 
011 Bayonne N. J _ _ _ _ - _  _ _ _ _ _  _ _ - _  ~ 8.40 1.83 ti! :::: %! 
PortNeward,N.J _ _ _ _ - _ _ _  _ _ _  _ _ - _ _  8.68 2.84 6.74 4.73 I910 

Observations Lunitidal 

Btation Locality 

F _ _ _ _ _ _ _ _ _  
Q _ _ _ _ _ _ _ _  
H _ _ _ _ _ _ _ _  
I _ _ _ _ _ _ _ _ _  

Off Newark N. J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.64 5.83 4.93 1871-73 
Qreenville, hr. J _______-_________. ~ 

HaokensackRIver,N.J _ _ _ _ _ _ _ _ _ _  - 1  :pi :::I !% 
Psasaio River, N. J _ _ _ _ _ _ _ _ _ _ _ _ _ - _  3.33 6.62 4.73 1820 

8.70 

Length 

3 months. 
2s months. 
1 day. 
7 days. 
6 months. 

3 months. 
4 days. 
3 days. 
2 days. 

From the east, Newark Bay receives the tide from Kill van Hull 
with a ran e of 4% feet, while from the west it receives the tide from 

Bay the range of the tide approximates these figures. 
With regard to time, the tide becomes later from south to north in 

Newark Ba But it will be noted that while the times of high water 
at stations & and I are less than half an hour later than at  the mouth 
of the bay, the times of low water are later by about three quarters 
of an hour. This difference arises from the fact that the bay is shallow, 
having an average depth of about 10 feet reckoned from mean sea 
kml. With a range of tide of nearly 5 feet, the depth at  the time of 
high water is about 50 percent greater than at  the time of low water. 
And since the rate of advance of the tide de ends on the depth, the 
high-water phase is propagated more rapi (P ly than the low-water 
phase. 

As a consequence of the different rates of advance of high and low 
water in Newark Bay, the duration of rise varies from mouth to 
head. In the lower art of the bay, the duration of rise is between 

Passaic and Hackensack Rivers, it is 5% hours or less. 

Arthur Kil Y with a range of about 4% feet. And throughout Newark 

5% and 6 hours, whie P in the upper part, in the entrances to the 

THE TIDE IN THE HUDSON AND HARLEM RIVERS 

HUDSON IUVEE 

The stretch of the Hudson that is here considered as forming 
part of New York Harbor is that from the mouth to Mount St. Vin- 
cent, a distance of 14 nautical miles. The stations at  which tide 
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Feet 
4.62 
4.41 
4.40 
4.31 
4.40 

4.66 
4 1 0  
4.09 
4.14 
4.28 

4 . 3  
4.19 

cia 

8.97 
a.77 

4.11 
4.06 

4.28 

4.16 
3.w 

4.06 
8.82 
3.09 
8.73 
3.78 

observations have been made in this stretch are shown in figures 
18a and 18b, and the data derived from these observations are given 
in table 39. For each station listed in this table the intervals and 
mean range have been reduced to a mean value by comparison with 
simultaneous observations at  some standard tide station like Fort 
Hamilton or Governors Island. 

TABLE 39.-Tidal data, Hudson River 

1918-19 
1932-33 
1932-33 

1871 
1932-33 

1866 
1819 
1986 
1886 

1932-33 

1876 ieaz-aa 

iea2-a 

1 ~ 3 ~ 3  
lea0 

1871 
1932-33 

1865 

1932 
1863 

1866 
1932-33 

1919 
1921-n 
igza-a2 

Station 

8.79 
4.13 
3.99 
4.05 
4.29 

Lunitidal 
intervals 

Locality - 

1932 
1872 
1886 
1932 
1873 

7.92 
8.28 
8.26 
8.18 
8. a4 

E. 23 
8.47 
8.27 
8.68 
8.71 

8.43 
8.80 
8.94 
8.79 
8.67 

8.94 
8. 10 
9.23 
9. n 

8.94 
9.40 

a 40 

8. a7 

4.28 
4.62 
4.31 
4.33 
4.30 
4.46 

- 
LWI 

1874 
1864 
1886 
1932 
1860 
1871 

Hours 
2.11 
2. 15 
2.20 
2.18 
2.26 

2.10 
2.30 
2.50 
2.42 
2.36 

2. 17 
2.46 
2.48 
2.67 
2. ea 
2.62 
2.77 
2.80 
2.74 

2.92 
2.84 
2.90 
3.11 

2.87 

3.08 

a. ia 

a. OB 

a. 08 

3.37 

2. a6 
2.86 

2.10 

2.33 
2.40 
2.28 

2. 18 
2.13 

-I - - ~ -. 

- - 

Dura. 
tion 

of rise 

Hour8 

6.99 
6. 99 
6.02 
0. 03 

6.82 
6.98 
6.76 
6.76 
b. 99 

0.06 
0.02 
6.78 
0.01 
6.08 

6. 81 
0.03 
0.04 
0. 06 
6.44 

6.48 
0.10 
0.25 
0.12 
6.16 

6.80 
b. 86 

6. oa 

0. a i  

_ _ _ _ _ -  
6.16 

.-____ 
6.93 
6.92 

6.88 

6.96 
6.93 
6.84 

6.01 
6.88 

- - - _ _ _  

._---- 

Observations 

range ~ 

Mean I Year Length 

:1g%ionths. 
10 months. 
1 day. 
11 months. 

8 days. 
;gagnths. 

0 days. 
11 months. 

1 day. 
10% months. 
2 dam. 
11% months. 
10% m o n t b  

6 dam. 
8% months. 
27 dam. 
1 month. 

Do. 

1 day. 
10 months. 
4 months. 
2 v a n .  
6 j ’ M S .  

1 day. 
5 days. 
10 days. 

1 month. 
2 days. 

4 mouth. 
2 days. 
11 days. 
a months. 
7 days. 
9 days. 
8 days. 
12 days. 
1 month. 
4 days. 
2 days. 

In the use of lunitidal intervals for determining the difference in 
time of tide between 2 stations the correction to be applied is 0.07 
hour for each degree of difference in longitude. But, since the Hudson 
River runs in an approximately north and south direction, the dif- 
ference in longitude between any 2 stations for the stretch of 14 
miles under consideration will be very small. Hence, the difference 
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FIGURE 1Rb.-Tide stntiona, nudson River (upper section) 
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in time of tide for the stations listed in table 39 may be derived directly 
by taking the difference of the lunitidal intervals. 

Table 39 shows relatively large differences in the lunitidal intervals 
derived from different series a t  the same stations. In part, these 
differences may be ascribed to the fact that the earlier series are 
almost without exception of but a few days in length. But the 
differences be tween the earlier and later observations are consistent 
in that the lunitidal intervals from the later series are greater almost 
without exception. 

Taking the later observations we find that between stations A 
and 0, a distance of 13 nautical miles, the high water becomes later 
by 1.3 hours, and the low water by 1.0 hour, or a mean difference of 
1.15 hours. The average depth of this stretch of the Hudson in 1932 
was approximately 38 feet measured from mean sea level. From 
the formula r=&& the time re uired for a progressive wave to trav- 
erse this stretch is 0.63 hour. ‘?he actual rate of travel, therefore, 
is 55 percent of that iven by the above formula. 

mine with precision the change in the time of tide since those years, 
the indications are uite clear that the time of hi h water has changed 

duration of rise. At the present time, the duration of rise in the 
14-mile stretch of the Hudson River under consideration is between 
6 and 6.3 hours. The earlier observations show it to have been about 
5.8 hours. 

The range of the tide is seen to decrease from 4.5 feet at the mouth 
to 3.7 feet at Riverdale. This decrease is at a more or less uniform 
rate of about 0.06 foot per nautical mile. At Station L (George 
Washington Bridge) the range stands out in not following this general 
rule of decrease in the upstream direction. This, however, arises 
from the fact that the channel of the river is narrower a t  this point 
than immediately abova or below, As compared with the results 
derived from the earlier observations, the range of tide in the Hudson 
appears to have become greater a t  some places and less a t  others. The 
earlier series of observations are not of sufficient length, however, to 
bring out this feature with precision 

A comparison of the ranges on the east and west shores in table 39 
brings out the fact that for points opposite each other, the range is 
greater on the eastern shore. Thus, stations B and W are very 
nearly opposite each other. A t  the former station the range is 4.41 
feet against 4.33 a t  the latter. Similar1 , a t  station D the range is 
4.40 feet against 4.05 at station T; 3.87 g e t  a t  station K against 3.79 
feet at  station R; 3.78 at N against 3.63 a t  P. The east shore of the 
Hudson should have the greater range as a consequence of the defiect- 
ing force of the earth’s rotation, and the Hudson lends itself nicely 
to a calculation, from theoretical considerations, of the difference 
in range on the two shores of a tidal waterway. It will, therefore, 
be of advantage to compare the observed and calcdated differences 
in range. 

While the earlier o % servations are not of sufficient length to deter- 

more than that of 4 ow water. This is reflecte f by a change in the 

DIFFERENCE IN RANGE ON THE TWO BANKS OF A TIDAL STREAM 

If v is the velocity with which a unit mass of water is moving, the 
deflecting force of the earth’s rotation which acts on this unit mass 
is 2 o v sin 9, where o is the angular velocity of the earth’s rotation 
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and 9 is the latitude. This force acts to the right in the Northern 
Hemis here and to the left in the Southern Hemisphere. The trans- 

7 where g is the acceleration of gravity. If the 
strength of current occurs at the times of high and low water, the 
difference in level at such times between the surface of the water on 
the two banks of the tidal waterway will be sin @, where d is 
the distance between the banks. Obviously, the difference in range 
will be twice the difference in level. Hence, since 0=0.0000729, if 
D is given in knots and d in nautical miles, the formula for the differ- 
ence in range on the opposite banks of a tidal stream, expressed in 
feet, is sin 4, approximately. 

At stations B and W the width of the Hudson is, between pierheads, 
0.6 nautical mile, and the velocity of the current near the surface at 
the times of high and low water averages abbut 1.7 knots in this 
section. For latitude 40O43’ the sine of the latitude is 0.65, and the 
value of g is 32.16 feet er second. Hence the difference in range 
between stations B and Ri should be, from the above formula, 0.00 
foot with the east shore having the greater range. Table 39 ives a 
difference for these stations of 0.08 foot. As a result of the de f!f ecting 
force of the earth’s rotation, we may, therefore, take the range on 
the east bank of the Hudson 60 be about a tenth of a foot greater than 
on the west bank. 

For stations D and T, which are almost exactly op osite each 
other, table 39 gives a difference of 0.35 foot in ran e. $his is very 

will be noted that these stations are located a t  points where the 
river changes direction. On the flood, the two stations are situated 
about equally distant from the axis of the current, which is in the 
center of the channel. On the ebb, however, station T is much 
closer to the axis of the current than is D. As a result, there should 
be very little Merence in the heights of the high waters, but a 
relatively large difference in the low waters. The observations at 
these stations show the high waters to be practically the same height, 
while the low waters differ by about a third of a foot. 

It may not be amiss here to emphasize the fact that the deflecting 
force of the earth’s rotation is independent of the direction of the 
movement of the water. At times one still meets with the erroneous 
assumption that it is only bodies moving in a north and south direc- 
tion that are subject to the full effect of the deflecting force of the 
earth’s rotation, while bodies moving in an east and west direction 
are not a t  all affected by it. It is to be noted that the formula for 
the deflecting force of the earth’s rotation contains no term depending 
on the direction of the movement. 

verse s P ope assumed by the surface of the water in response to this 
force is 20 v sin 9 

9 

LJ 

9 

9 

much larger than the difference derived from the f ormula. But it 

HARLEM RIVER 

The locations a t  which tide observations have been made in the 
Harlem River are shown on figure 19, and the results derived from 
these observations, corrected to mean values by. comparison with 
simultaneous observations a t  some standard station, are given in 



FIGWE lR.-Tide st,ations, ITnrlmm l l i w r .  
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A. - - - ---- 
A - - - - - -  -- 
A ------_-- 
B.. ------ 
o-... ----_ 
D - _ _ _ _ _ _ _  
E _ _ _ _ _ _ _ _  
F _ _ _ _ _ _ _ _ _  
0 _ _ _ _ _ _ _ _  
H _ _ _ _ _ _ _ _  
I _ _ _ _ _ _ _ _ _  
J _ _ _ _ _ _ _ _ _  
E _ _ _ _ _ _ _ _  
L _ _ _ _ _ _ _ _ _  
M _ _ _ _ _ _ _ _  

table 40. The latest data were derived during the tide survey of 
1932-33 and give well determined means, since several months of 
observations were secured at a number of the stations. The earliest 
observations given in table 40 were made in 1856. 

TABLE 40.-Tidal data, Harlem R i m  

Hour8 
Spuyten Duyvil, N. Y _ _ _ _ _ _ _ _ _ _ _ _  9.16 

-----do - - - -_________________________ 9.23 
____-do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.22 
Opposite Johnson Iron Works _ _ _ _ _  9.28 
Off Seaman Ave _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.66 

West 215th St _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.66 
West 207th St . . . . . . . . . . . . . . . . . . . . .  9.68 
Sherman Creek.. ~ - _ _ _  ~ _ _ _ _ _ _ _ _ _  _ _  9.66 
South of Sherman Creek _ _ _ _ _ _ _ _ _  ~ 9.91 
High Bridge _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.46 

North of Putnam railroad bridge.- 9.72 
North of Central Bridge _ _ _ _ _ _ _ _ _ _  10.21 
South of Central Bridge _ _ _ _ _ _ _ _ _ _ _  10.21 
Park Avenue Bridge _.____________ 9.88 
North of Wlllls Avenue Bridge.-.- 10.06 

I Lunitidal 
intervals 

N-- _ _ _ _ _ _  
0 _ _ _ _ _ _ _ _  
P _ _ _ _ _ _ _ _ _  
Q _ _ _ _ _ _ _ _ _  

Station 

South of Willis Avenue Bridge _ _ _ _  10.21 
East 125th St . . . . . . . . . . . . . . . . . . . . .  10.01 
East 120th St. . . . . . . . . . . . . . . . . . . . .  10.10 
East 112th St  . . . . . . . . . . . . . . . . . . . . .  10.13 

Localit,y I,, 

N _ _ _ _ _ _ _ _  
0 _ _ _ _ _ _ _ _  
P _ _ _ _ _ _ _ _ _  
Q _ _ _ _ _ _ _ _ _  

Son 
East 125th St _______________: _ _ _ _ _  10.01 
East 120th St. . . . . . . . . . . . . . . . . . . . .  10.10 
East 112th St  . . . . . . . . . . . . . . . . . . . . .  10.13 

R _ _ _ _ _ _ _ _  
S _ _ _ _ _ _ _ _ _  
T _ _ _ _ _ _ _ _  
U. _ _ _ _ _ _ _  
V _ _ _ _ _ _ _ _  

East 110th St . . . . . . . . . . . . . . . . . . . . .  10.25 
East 108th St . . . . . . . . . . . . . . . . . . . . .  10.14 
Wards Island . . . . . . . . . . . . . . . . . . . . .  10.20 
Randalls Island, Southwest ier... 9.83 
Randalls Island, opp. 122d 8 _ _ _ _ _  9.98 

A8 _ _ _ _ _ _ _  
Aa-. - _ _ _ _  
Bb _ _ _ _ _ _  '_ 

Cc _ _ _ _ _ _ _  
Dd _ _ _ _ _ _ _  

South of Central Bridge _ _ _ _ _ _ _ _  _ _ _  
North of Central Bridge _ _ _ _ _ _ _ _ _ _  
South of High Bridge _ _ _ _ _ _ _ _ _ _ _ _ _  

10.01 
 do ____.___ ~ . . . . . . . . . . . . . . . . . . . .  9.79 

10.11 
10.97 

_____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.92 

Ee _ _ _ _ _ _ _  
Ff __- - -___  a _ _  _ _ _ _ _  
E% _ _ _ _ _ _ _  
Ii ......... 
51.. _ _ _ _  _ _  
Kk------- 
Kk 
E k  _ _ _ _ _ _ _  

- 
LWI 
- 
Ifours 

2.80 
3.11 
3.06 
3. 17 
3.56 

3.42 
3.44 
3.48 
3.91 
3.86 

3. 55 
3.96 
4.11 
3. 69 
3.73 

3.71 
3.96 
3. 77 
3.86 
3.81 

3.73 
3.81 
3. w 
3.65 
3.74 

3.63 
4. 06 
4.11 
3.62 
3.03 

4.01 
3.03 
4.01 
5.67 
3.68 

4.01 
3.91 
3.57 
3.62 
6.80 

3.81 
3.60 
3.71 
3.32 
- 

_ _ _ _ _  do--. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  10.01 
North of High Bridge .... _ _ _ _ _ _ _ _ _  9.96 
Weshin ton Bridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.73 
North of Washington Bridge _ _ _ _ _ _  9.77 
Opposite Sherman Creek _ _ _ _  ~ _ _ _ _ _  10.87 

West 207th St. Bridge - - - _ _ _ _ _ _ _ _ _ _  9.81 
Broadway Bridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.16 _ _ _ _ _  do _________- - - -  ~ - - _ _ _ _ _ _ _ _ _ _ _ _ _  9.61 

.-.-.do.. ________-__ -_______________  9.62 

- - 

Dura- 
ion of 
rise 

- 
FIours 

6. 26 
6. 12 
6. 16 
6. 12 
6.10 

0.14 
6.24 
6.18 
6.00 
6.60 

6.17 
6. 25 
6. 10 
6. 19 
6. 33 

6. 23 
6.25 
6.24 
6.24 
6.32 

6.52 
6.33 
6. 21 
6.18 
6.24 

6.66 
6.07 
6. 00 
6. 34 
6. 13 

6. 00 
6. 16 
6. 10 
5.30 
6. 24 

6. 00 
6.05 
6. 16 
6. 26 
6.07 

6. 00 
6.66 
6.90 
6. 20 

- - 

Mean 
range 

- 
Feet 
3. 69 
3.73 
3.78 
3.81 
3.66 

4.97 
4.05 
4.13 
4.21 
5.84 

4.48 
4.86 
4.80 
4.71 
4.96 

4.90 
6. 27 
4.91 
4.97 
4.97 

4.98 
6.08 
5.06 
5. 16 
6.06 

5.24 
4.81 
6. OQ 
4.74 
4. 62 

4.95 
4. Bo 
4.86 
4.46 
4.41 

4.69 
4.49 
4.29 
4.21 
4. 13 

3.96 
3.74 
3.89 

3. 90 

0 bser vat ions 

Year 
- 

1919 
1921-22 
1928-32 
1932-33 

1919 

1932-33 
1932-33 
1932-33 

1919 
1886 

1932-33 
1919 
1919 

1932-33 
1921-22 

1919 
1932-33 
1932-33 
1932-33 

1856-57 
1932-33 

1932 
1932 
1932 

1886 
1932 
1919 
1932 

1932-33 

1919 
1932-33 

1919 
1866 

1927-32 

1919 
1919 

1932-33 
1932 
1856 

1919 
1886 
1919 

1932-33 

i 9 3 ~ 3  

Length 

4 months. 
2 years. 
5 years. 
5 months. 
1 day. 

6 months. 
3 months. 
7 months. 

;?2%Y s . 
6 months. 
1 day. 

Do. 
7 months. 
2 years. 

11 months. 
1 day. 
8 months. 
3 months. 
7 months. 

2 months. 
Do. 

1 month. 
5 days. 
4 days. 

Do. 
1 month. 
1 day. 
1% months. 
3 months. 

1 day. 
594 months. 
1 day. 
56 day. 
6 years. 

1 day. 
DO. 

4% months. 
1 month. 
1% days. 

1 da 

E months. 

ij$YS. 

____ 
For the Harlem River the greatest difference in longitude between 

any two points is less than 0.2 degree. Hence, the difference in time 
of tide between any two points in the Harlem may be derived directly 
by taking the difference in the lunitidal intervals. The data of 
table 40 show that the tide is earliest a t  tlie Hudson River end and 
latest at  tho East River end, the difference between Spuyten Duyvil 
and Willis Avenue Bridge (stations A and M) being about 0.7 hour. 

Throughout the Harlem the duration of rise is about 6.2 hours. 
But since the high water intervals change somewhat more rapidly 
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than the low water intervals, the duration of rise changes somewhat 
in the Harlem, becoming reater in goin from the Hudson River end 
to the East River end. fn  the first ha17 of the stretch, the duration 
of rise is about 6.19 hours, while in the second half it is about 6.23 
hours. Throughout the Harlem the durations of rise and of fall of 
tide are approximately e ual. 

those from the recent observations, it is seen that near the Hudson 
River end the tide has become considerably earlier, about an hour 
for the high waters and about 2 hours for the low waters. At the 
East River end, on the other hand, station R shows that there has 
been but little change in time. This change in time a t  the northarn 
end is obviously to be ascribed to the improvements made in the 
Harlem and more especially to the opening up of the ship canal 
throu h the tidal marsh near the Hudson River end, which was com- 
lete f in 1895. And since the change in the time of low water has 

L e n  the greater, the duration of rise has become greater than it was 
in 1856. 

With regard to the range of tide in the Harlem, the recent observa- 
tions show+that this increases at a. very nearly uniform rate from 3.8 
feet a t  station A to 5.1 feet at  station S, or a t  an average rate of 0.2 
foot per nautical mile. Compared with the results derived from the 
1856 observations, there has been very little chan e in range. But 

observations and are, therefore, inadequate for determining this point - with precision. This statement likewise applies to t.he ranges 
derived from the observations made in 1886. 

On comparing the resu 4 ts from the observations made in 1856 with 

the data for these early observations are based on % ut a few days-of 

THE TIDE IN EAST RIVER 

East River connects Upper Bay on the west with Long Island 
Sound on the east. The tide in Upper Bay has a range of about 4% 
feet, the lunitidal intervals being approximately 8 hours for the high 
water and 2 hours for the low water. Toward the western end of 
Long Island Sound the range of the tide is 7 feet or more, the lunitidal 
intervals being 11 hours for the hi4h water and 5 hours for the low 
water. East River, therefore, delrves its tide from two bodies of 
water, the tides in which differ by 3 hours in time and by very nearly 
3 feet in range. 

This difference in the tides of the two bodies which it connects gives 
to the tidal movement in East River a character much less uniform 
than that in rivers with but one tidal entrance. As a result, numer- 
ous tidal observations have been made in the East River. It will, 
therefore, be convenient to divide these observlttions into two roups, 
the first covering the stretch of the East River from the Battery 
to Hell Gate, and the second covering the stretch from Hell Gate to 
Willets Point. This procedure may be justified, too, by the fact that 
Hell Gate divides East River into two very nearly equal parts havlng 
different hydrographic features-lower East River being a relatively 
narrow and deep waterway, while upper East River 1s wider and 
shallower. 

LOWEB EAST BIVEB 

On figure 20 are shown the locations of the strttions a t  which tide 
observations have been made in lower East River. The data derived 
from these observations are given in table 41, following. The 



FIOUI~K 20.-Tido stntlons, lower Rnst River. 
1.10597-35. (Face p. 2.) 
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lunitidal intervals and ranges given in this table have been reduced 
to mean values by comparison with simultaneous observations at 
some standard tide station like Governors Island or Fort Hamilton. 

TABLEI 41.--Tidal data, Lower East River 
(Battery to Hell Gate) 

U __..____ 
V _ _ _ _ _ _ _ _  
W _ _ _ _ _ _ _ _  
X _ _ _ _ _ _ _ _  
Y _ _ _ _ _ _ _ _  

I Lunitidal I intervals 

E. 6lst 8t ____.__ _ _  _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _  
Blackwells Island 
BlackwellS Island 
Blackwells Island 
E. 80th 8t . . . . . . . . . . . . . . . . . . . .  ~ .___ 

oO-----.- 
PP - - - - - -  ~ a;-.------ ___---- 

.. 
St.). 

14th Et. (Long Island City)..--- - -  
36 St.  (Long Island City). .- _ _ _ _  _ _  
Borden Ave. (Long Island City).- 
Newtown Creek (Long Island 

Oity). 

9. (19 
9.77 
9.77 

9.84 

10.10 
10.27 
9.87 
9.83 
9.88 

9.80 
10.08 
10.06 

9. m 

10.01 
8.87 
9. Bo 

10.01 
9.17 

8.88 
9.73 

10.03 
9.96 
9.92 

9.70 
9.88 
9.64 
9. In 
9.66 

9.39 
9.72 
9.86 

- 
LWI - 
HOW8 

2.19 
2.19 
2. 14 
2.28 
2.34 

2.34 
2.43 
2.78 
2.70 
2.83 

3. OB 
2.91 
3.20 
3.12 
3.16 

3.33 
3. 12 
3. 18 
3.24 
3.32 

3.34 
3.43 
3.69 
3. 80 
3.58 

3.87 
4.16 
3.43 
3.47 
3.80 

3.79 
3.43 
3.86 

3.82 
3.12 

3.78 
3.40 

3.08 
3.37 
3.81 
3.80 
3.76 

3.56 
3.43 
3.34 
3.28 

3.18 

3.00 
3.31 
3.16 

3. ea 

Elours 
6.06 
6.10 
0.20 

6.22 

6.38 
6. 56 
6.66 
6.39 
6.36 

A. 29 
6.31 
6.20 
6.25 
6.23 

6.44 
6.46 
6.28 
6.38 
6.31 

6.28 
6.34 
6.18 
6. 10 
6.28 

6.28 
6.12 
6.44 
0.16 
6.16 

6.11 
6. a 
6.20 

6.20 

0.10 
6.76 
6. 28 
6.13 
5.77 

6.90 
6.36 
0. I 
6.16 
6.16 

6.14 
6.46 
6.30 
0.38 

6. 37 

6.33 
6.41 
6.71 

~ - 

Mean 
range 

- 
Fert 
4.46 
4.41 
4.42 
4.41 
4. 34 

4.33 
4.32 
4.01 
4. m 
4.18 

4.22 
4.18 

4.23 
4.29 

4.11 
4.26 

4.33 
4.42 

4.37 
4. M1 

1.88 
4.79 

4. Bo 
4.73 
4.74 
4.76 
4.81 

4. Bd 
4.77 

4.42 

4. a6 

4. 8a 

4. m 

4.98 
4.83 
4.80 

3.91 

6. !de 
4.76 
4.86 
4.91 
4.76 

4.86 
4.53 
4.48 
4.46 

4.98 

4.29 
4.14 
4.07 

4. m 

Observations 
- 

Year 
- 

1921-26 
1028-82 
1932-33 
1932-33 
1932-83 

1032-33 
1932-33 

1.386 
1932-33 
1932-33 

1032-33 
1876 
1886 

1932-33 
193e33 

1874 
1921-22 
1937733 
1932-33 
1932-33 

1932-33 
1932-83 

1932 
1932-33 

1888 
1867 
1888 
1876 

19!20-22 

1932-33 
1888 

1932-33 

i ~ a 2  

1932-33 
1848 
1888 

1932-33 
1846 

1848 
1888 

1932-33 
1886 

1932-33 

1932 
1886 

1932-83 
1932-88 

1932-33 

1932-33 
1886 
1916 

Length 

6 years. 
6 years. 
794 months. 

Do. 
Do. 

6 months. 
3 months. 

6 months. 
334 montha 

7 months. 
12 days. 
8 days. 
7 months. 

Do. 
21 days. 
2 years. 
0% months. 
1% months. 
3)4 monthr. 

5 months. 
3 months. 

1% monthr. 

6 days. 
1 month 
4 days. 
9 days. 
234 years. 
:vaypthr. 

7 months. 

6 4 ays. 

5% months. 
28 days. 
21 days. 
9 months. 
B days. 

20 days. 
2 days. 
I months. 
10 days. 
4 months. 

I days. 
6 day& 
6% months. 
3 months. 

Do. 
;qaypths. 

1% months. 
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TABLE 41 .-Tidal data, Lower East River-Continued 

EAST 8HORE-cOIlthlUed 
Vernon Ave. (Long Island City).- 

.____do. _ _ _  - _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _  ~ - _ _  - - 
Dupont St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _  

I Lunitldnl 
Intervals 

Houra 
9.64 
9.42 

9.35 

Locality I,,, 

.____do . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _ _ _ _  
Quay Bt., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N. 3d St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N. 2d St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

9.39 
9.28 
9.33 
9.20 

S.2d St Brook1 f" _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8. 6th Si', Brook yn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8 10th St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Fleeman St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _  
Navy Yard Bash, Brooklyn _ _ _ -  _ -  

9.41 
9.02 
8.86 
8.81 
8.80 

.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hudson Ave., Brooklyn _ _ _ _ _ _ _ _ _ _ _  
Adam8 St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _  
Fulton St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Clark St., Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
State St. Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- 
LW I 

8.95 
8.88 
8.74 
8.55 
8.25 
8.16 

Hour8 
3.61 
3.03 

3.17 
3.01 
3.01 
2.92 
2. I 

2.68 
3.29 
2. 73 
2.63 
2.70 

2.80 
2.58 
2.31 
2. 17 
2.12 
2. 12 
- 

- - 
Dura- 
don of 
rise 

Hours 
6.03 
0.39 

6. 18 
6.38 
6.25 
6.41 
6.32 

6.73 
6.73 
0.13 
0.18 
6.10 

6. 16 
6.30 
6.43 
6.38 
6.13 
6.04 - 

- - 

Mean 
range 

Feet 
3.96 
4.14 

4.43 
4.25 
4. 11 
4. OB 
4.18 

4.09 
4.02 
4.26 
4.19 
4.10 

4.16 
4.25 
4.39 
4.49 
4.48 
4.62 
- 

Observations 
- 

Year 

1857 
1932 

1855 
1932 
1932 

1921-22 
1932-33 

1920 
1 8 7  

1932-33 
1932-33 

1889 

1855 
1932-33 
1932-33 
1932-33 
1932-33 
1932-33 - 

Length 

6 days. 
1% months. 

2% months. 
2 months. 
2% month. 
2 years. 
1% months. 

2 months. 
3 days. 
5 months. 
4% months. 
2 months. 

5 months. 
754 months. 
6 months. 
6% months. 

Do. 
7 months. 

From the Battery to Hell Gate the greatest difference in longitude 
between any two points in the East River is about one-tenth of a 
degree. The difference in time of tide between any two oints in 
East River ma therefore be derived directly by taking the 8fference 

ference of longitude of one-tenth of a degree is less than 0.01-hour. 
Taking the results from the 1932-33 observations, it is seen that 

tne tide becomes later from the Battery to Hell Gate, the difference 
between stations A and Bb being 1.8 hours for the high water and 
1.7 hours for the low water. This change is a t  an average rate of 
about 0.3 hour per nautical mile. But the data of table 41 bring 
out clearly the fact that for the first half of this stretch the change in 
time is a t  a more rapid rate than in the second half. Thus, between 
stations A and K, the high water changes a t  a rate of 0.37 hour per 
nautical mile, and the low water a t  a rate of 0.29 hour; between 
stations K and Bb the rates are 0.21 hour for the high water and 
0.24 hour for the low water. 

The distance between stations A and Aa is 6.3 nautical miles 
measured along the channel of East River. The average depth of 
this stretch, measured from mean sea level, is approximately 40 feet. 
For a progressive wave to traverse this stretch, the formula r=&% 
gives 0.3 hour as the time required. The observations give a time 
difference of 1% hours. It follows, therefore, that as regards the time 
of tide through the lower East River, the movement is not of the 
progressive wave ty e. 

nearly equal. Going upstream the rise becomes somewhat the larger 
but at the entrance to Hell Gate the durations of rise and fall are 
again about equal. 

The range of the tide in lower East River changes from 4.4 feet a t  
the mouth to 4.9 feet at the entrance to Hell Gate; but this change 

in the lunitida 9 intervals of table 41, since the correction for the dif- 

At the mouth of l! ast River, the durations of rise and fall are very 
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does not take place at  a constant rate. In  fact, for the first 2X-mile 
stretch from the mouth there is actually a decrease in ran e from 
4.4 feet to 4.2 feet, or a decrease of 0.08 foot per mile. k r  the 
following 3-mile stretch the range increases a t  the rate of 0.07 foot 
per mile. In  the next stretch of 0.4 mile (from station V to station Y) 
the increase is 0.3 foot, or a t  the rate of %-foot per mile. In the last 
half-mile stretch the increase is again at a slower rate, about 0.2-foot 
per mile. With regard to range, therefore, as well as with regard to 
time, the tidal movement in the lower East River is not of the pro- 
ressive-wave type. As will be seen later, the tidal movement in the 

%ast River is primarily of the hydraulic type, due to the instantaneous 
difference in head of water in the two bodies of water which it con- 
nects, Upper Bay and Long Island Sound. 

For the determination of other ranges at  the stations listed in 
table 41-as for example, the spring, neap, or perigean ranges-we 
may assume that these ranges a t  any station of table 41 have the 
same ratios to the mean range at  that station as at  Governors Island 
or at  the Battery, given in table 35. 

The earlier observations are in most casea of such short duration 
that exact comparisons with the results of the later series cannot be 
made. Nevertheless, the indications are clear that the improvements 
which have been made in the East River have tended to increase the 
range of the tide. 

In  Newtown Creek, the tidal waterway which enters East River 
about a mile south of Blackwells Island, the tide resembles that in 
East River. In  addition to the two stations shown on figure 20, 
observations were made at  two other stations during the 1932-33 
survey. One of these was located at  Greenpoint Avenue, and the 
other a t  Metropolitan Avenue. At these two stations the tide is 
about a tenth of an hour later than at  Station Ss, and the range is 
about a tenth of a foot greater. 

UPPER EAST BIVEB 

Upper East River, in this publication, is the designation applied to 
the stretch from Hell Gate to the western entrance of Long Island 
Sound, a distance of 7% nautical miles, measured along the usually 
traveled channels. The stations at which tide observations have been 
made in this part of East River are shown in figure 21, and the data 
derived from these observations are given in table 42. The lunitidal 
intervals and ranges in this table have been corrected to mean values. 

The data for the 1932-33 observations show that the time of tide 
becomes later from the southern entrance of Hell Gate to the eastern 
end of Rikers Island. In this stretch of 3% nautical miles the tide 
becomes later by approximately 1% hours. In  the remaining 4-mile 
stretch, however, the tide becomes earlier, bein about a quarter of 

easterly end of Rikers Island. 
The durations of rise and fall of tide are a proximately equal at the 

rest of upper East River, the duration of rise is less than that of fall, 
the values being approximately 5.7 hours and 6.7 hours respectively. 

an hour earlier a t  the entrance to Long Islan B Sound than at the 

entrance to Hell Gate. But within Hell B ate and throughout the 

140597-3&-8 
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A8 _ _ _ _ _ _ _  
Bb _ _ _ _ _ _ _  
Oc _ _ _ _ _ _ _ _  
Dd _ _ _ _ _ _ _  
Dd _ _ _ _ _ _ _  

TABLE 42.-Tidal data, upper East River 

Malba (Powell Cove).. _ _ _ _ _ _ _ _ _ _ _  11.17 
Tallman I (north end). _ _ _ _ _ _ _ _ _ _ _  11.44 
College Point Dry Dock _ _ _ _ _ _ _ _ _ _  11.36 
College Point ._.__________________ 11.71 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.43 

(Hell aata to Long Island Bound) 

Hh _ _ _ _ _ _ _  
I1 _ _ _ _ _ _ _ _ _  _ _  2------- k _ _ _ _ _ _ _  
Ll________ 

intervals station Locality 

Sanford Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  11.17 
North Beach . . . . . . . . . . . . . . . . . . . . . .  11.61 
Lawrence Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.04 

_ _ _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.40 
Winthrop Avenue _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.11 

I I E W I  

J _ _ _ _ _ _ _ _ _  Bronx Kill (east end) __________-__ 11.81 
K _ _ _ _ _ _ _ _  Port Morris 
L _ _ _ _ _ _ _ _ _  Port Monk 
M _ _ _ _ _ _ _ _  Port Morris 
N _ _ _ _ _ _ _ _  North Brother I (west side) _ _ _ _ _ _ _  1O.a 

Wolcott Ave _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ditmars Ave ______.___________.___ 
Wards I o Wolcott Ave.) _ _ _ _ _ _  
ward81 27. e 1 Gate Bridge) _ _ _ _ _ _ _  
Wards I o p. Potter Ave.). _ _ _ _ _ _  
Wards I [a egro Point) - - - - - - - - - - - -  

11.06 

10.51 
10.71 
10.46 
10. 25 

Q. 40 

LWI 

Houra 
3.78 
3. 76 
3.82 
3.66 
4.00 

3.82 
3.76 
3.73 
3.61 
6.82 

6.61 
6.46 
6.88 
6.60 
6.10 

6.91 
6.44 
6.60 
6.60 
6.62 

6.66 
6. M) 
6.78 
6.86 
6.68 

5. 78 
6.68 
6. Bo 
6.22 
6.67 

6.68 

5.76 
6.21 
6.63 
6.64 
6.49 

6. M) 
6.81 
6. 03 
6.84 
6.70 

6.17 
6.04 
6. BO 
6.66 
6.70 

5.72 
6. Q2 
6.62 
6.76 
5.4 

6.33 
3.84 
6.60 
6. 36 
6.88 
4. Q6 

6. 73 
6.62 
4.62 
4.67 

5.01 
4. &a 
6.68 - 

- - 
Dura- 
tion 01 

rise 

liours 
6.27 
6. 28 
6.33 
6.32 
6.17 

6.01 
6.02 
6.97 
6.28 
6.67 

6.80 
6.73 
6.11 
6.23 

5.06 
6.88 
6.70 
6.64 
6. 70 

6 . 8  
6.82 
6.71 
6.66 
6.76 

6. 13 
6.40 
6.62 
6.28 
6.69 

6.69 

5.47 
6.03 
6. 76 
6.45 
6.67 

6.87 
5.83 
6.72 
4.87 
5.73 

6.68 
6.88 
6.74 
6.77 
6.78 

6. 46 
6. 69 
6.62 
6.66 
6.88 

6.66 
4.96 
6.36 
4. 78 
6.30 

6.82 
6.83 
5.96 
6.88 

6.05 
6. $6 
6.69 

6. m 

5.72 

- 

- - 
Mea1 
range 

Feet 
4.91 
6. 1( 
4. in 
6. 11 
6. Q 

6.11 
6. VI 
4. 8f 
4.74 
0.3: 

6. e4 
6.37 
6. 32 
6.84 
6. a 
8. Ot 
6.46 

6.62 

6.61 
6. 61 
6.76 
8.91 
7.01 

7.41 
7. 19 

6. Qe 

7.18 

6. BB 
7.09 
7. 10 
7.11 
7. 12 

7.01 
6.76 
6. Q7 
6.86 
6.86 

7.21 
6.64 
6.67 
6.82 
6.67 

6.72 
6.67 
6.37 
6.68 

a n  
6. (18 a 36 
6.96 
5.64 
6.46 

6.03 
6.07 
6.61 
6.25 

5. &? 
6.36 
5.64 

:: $ 

7. i a  

7. i a  

a ia  

- 

I 

Observations 

Year 

1931-33 
1932 

1932-33 
1888 
1932 

1932 
1832 

1849 
1932 

1919 

1921-23 
1886 
1847 

1883 
1887 

1932-33 
1933 

1932-33 

1 Q 3 W  
1932-33 
1932-33 

1932 
1932 

1888 
1932 
1932 
1847 

1920-22 

1925-33 

1886 
1891-94 
1932-33 
isM)-86 
1932 

1932 
1866 
1932 
1883 

193233 

1888 
1922 
1933 

1932-33 
1932 

1932 
1932 

193Z33 
1868 

1888 
1648 
1846 
1932 

1820-22 
1832 

1867 
18N 
1875 
1832 

l W 8 6  
lQ32 
1867 

1982 

i ~ a ~ a  

igaa-3a 

- 

Length 

2 years. 
18 days. 

1 month. 

6 days. 
4 days. 
7 days. 
11 days. 

Do. 
1 dav. 

2g:Sqntb. 

4 m;nths. 
2 years. 
4 days. 
1% montha 

4 days. 
2 days. 
3 months. 
1 month. 
2% months. 

6 months. 
4% months. 
1% montb.  

Do. 
ti months. 

6 days. 
16 days. 
10 devs. 
2 months. 
2 years. 

4 years. 

1 month. 
2% years. 
2 years. 
3 days. 
21 days. 

18 days. 
2 days. 
3Y months. 
3 days. 
6?4 months. 

6 days. 
2montha. , 

Do. 
6% months. 
16 days. 
24 days. 
7 days. 
7 months. 
17 days. 
4% months. 

6da 8 

1 day. 
1% months. 
2% years. 
1 k  months. 

6;. 

1 month. 
17 days. 
Q days. 
4% months. 

20 days. 
1 month. 
14 days. 
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The range of the tide increases from Hell Gate to the entrance to 
Long Island Sound, but the rate of increase is not uniform. Through 
Hell Gate the increase is rapid, from about 5 feet a t  the entrance to 
6.4 feet at Lawrence Point (station Jj). The distance between these 
points is about 1% nautical miles, so that the range in this stretch 
increases a t  the rate of 0.9 foot per mile. For the next 2 miles the 
increase is at the rate of 0.2 foot per mile, and for the last 4-mile 
stretch the increase is a t  the rate of about 0.07 foot per mile. 

On comparing the results from the earlier observations with 
those from the survey of 1932-33, it appears that the improvements 
which have been made in Upper East River have increased the high 
water interval by about half an hour and the low water interval by 
about a quarter of an hour. This has brought about an increase in 
the duration of rise of about a uarter of an hour. It appears like- 

much as one- or two-tenths of a foot. 
For station Y (Willets Point) there are at hand the results of har- 

monic analyses for three series, each a year in length. The first series 
begins July 1, 1891; the second series begins January 1, 1894; and the 
third series begins January 1, 1932. The results ape given below in 
table 43. For pur oses of comparison between the earlier and later 

oervations into a single group. 

wise that the range of the tide % as increased somewhat, perhaps as 

series, it was foun c f  of advantage to combine the 1891 and 1894 ob- 

TABLPJ 43.-Harmonic constants, Willet8 Point 

II 1801 and 1804 I 1932 
I- 

-1-1- 
(0.016) (103.5) (0.016 
0.339 ll8.R 0.330 

0.g 1 369.: 1 0.171 
0.222 

0.020 166.3 0.012 

- _ _ _ _ _ _  ~ - - - -_-_ 0.030 
0.006 210.6 0.106 
0.210 83.11 0.249 

3.649 a73.0 3.886 

~ 0.m 
0.744 301.2 0.709 
(0.W) (279.8) (0.108 
0.198 149.7 0.202 

(0.008) (88.1) (0.00s 

-I 
~ / /  Component 

-11 

1891 and 1894 

__.____ 

.------. 

1032 - 
K 
Jt. 

0.G96 
0.066 

(0 005) 
(0. no51 
0.037 

0.659 
0.012 
0.010 
(0.039) 
0.077 

0.010 
0.178 
(0.008) 
- - - - - -. . - - - - . 

- 
K 0 

126.6 
136.3 

74.8 

354.4 
222.0 
102.1 
(364.1) 

1.8 

296.6 
311.4 
(166.7) 

:E: :{ 

--_-___ -__- - - -  - 
On comparing the values of the three larger semidiurnal compo- 

nents, it is found that the later series gives the epochs consistently 
greater, on the average by 2'14. The amplitudes of these sompo- 
nents are also larger for the later series, by 3 percent on the average. 
For the diurnal components, Kl shows no change in epoch, while 0, 
is larger for the later series, and P1 is smaller. For the amplitudes the 
results for the diurnals are again conflicting, Kl being smaller for the 
later series while O1 and PI are larger. 

Table 43 shows relatively large amplitudes for the harmonics of AI2. 
Expressed as percentages, the amplitude of M4 is 3 percent that of M2, 
while M, is 7 percent of M2. A t  Fort Hamilton M, is 2 percent of 
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Ma while M,, is 3 percent. These large harmonics a t  Willeta Point 
.give the tide curve a t  that place a characteristic form, both the high 
waters and low waters having relatively long stands as illustrated by 
6gure 22 which represents the tide curve for July 27, 1933. This IS 
t~ characteristic feature of the tide throughout Upper East River. 

From the harmonic constants derived from the 1891 and 1894 
series, various characteristics of the tide at  Willets Point have been 
determined. These are given below in table 44. For the sake of 
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Hamilton, Governors Island, the Battery, and Willets Point. Through- 
out New York Harbor, therefore, we may take the ratios of the vari- 
ous ranges at any place to the mean range at that place as follows: 
Spring range, 1.19; neap range, 0.79; perigean range, 1.20; apogean 
range, 0.85; eat diurnal range, 1.09; great tropic range, 1.12. These 

however, it is to be noted that while at Sandy Hook, Fort Hamilton, 
Governors Island, and the Battery, the greatest range is the perigean 
range, at Willets Point the spring range is the greater. 

are mean va P ues for the five stations listed above. In  this connection, 

THE TIDAL MOVEMENT THROUGH EAST RIVER 

The discussion of the times and ranges of the tide in East River 
brings out clearly the fact that the tidal movement in East River is 
decidedly different from that in a true tidal river, like the Hudson 
for example. The reason for this is obviously to be found in the 
fact that the tide in East River comes from both ends, from Upper 
Bay on the west and Long Island Sound on the east. It has, there- 
fore, been customa to ascribe the peculiar characteristics of the 

one entering from U per Bay and the other from Long Island Sound. 

be most readily understood by regarding the henomena from the 

of the water in East River as brought about by the fact that part of 
tha  time the level of the water in Upper Bay is higher than in Long 
Island Sound, and part of the time it is lower. In other words, we 
may regard East River as a channel through which the water flows 
from the body having temporarily the higher level to the one having 
the lower leveI. The height of the water a t  any point in East River 
is therefore due to the relative elevations of the water a t  the two 
ends. 

If we plot the simultaneous heights of the level of the water a t  the 
two ends of East River, the lines joining these simultaneous heights 
will represent the slope of the water surface in the river, and thus the 
height of the water a t  the different laces along the asisof the river 
a t  these times. These slope lines wdf then permit the time and range 
of the tide throughout the river to be determined, since the time and 
height of the high water a t  any place will be represented by the highest 
point in the slope lines passing that place, while the time and height 
of the low water will be indicated by the lowest point in the slope 
lines. 

In figure 23 the simultaneous heights of tho water a t  the two. 
ends of East River are represented for each lunar hour of the tidal rise 
and fall, time being reckoned from the instant of the moon’s passage 
over the meridian of the Battery. On the vertical line to the left 
the hourly height of the tide a t  the Battery is plotted, while on the 
vertical line to the right the hourly height of the tide a t  Willets Point 
is plotted. In both cases the heights are measured from m e p  sea 
level, indicated by the heavy horizontal line, the scala of helghts m feet 
being shown to the left, The fi ures along the verticd lines denote 

hei hts being placed to the left of each vertical Iine for the rising tide 

simultaneous heights-are drawn full when the slope is from Long 

tidal movement in i? ast River to the interference of two tide waves, 

The mechanism o P the tidal movement in East River can, however, 

hydraulic point of view; that is, we may regar I f  the changing height 

the hours in lunar time to which t a e indicated heights apply, hours and 

sn J to the right for the falling tide. The slope lines-the lines joining 
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Island Sound to Upper Bay and dashed wn m the slope is in the reverse 
direction. 

If the tidal movement in the East River is due, primarily, to the 
difference in elevation of the water at  the two ends, then the slope 
lines of figure 23 should indicate the approximate high water and low 
water lunitidal intervals through the river and also the ranges of the 
tide. So far as the lunitidal intervals are concerned, the agreement 
between the data derived from the slope lines and those from tables 
41 and 42 is only fair. But in this connection it is to be noted that 
the constriction of Hell Gate and the subsequent widening of the 
channel in Upper East River introduce complicating factors which the 
slope line diagram does not take into account. As regards the range 
of tide, however, the agreement must be considered very good. 
Figure 23 shows clearly a decrease in range of tide for a distance of 

FIQURE 23.--910pe-line diagram, East River. 

about 3 miles from the west end of East River, which is one of the 
peculiar features of the tide in this waterway. 

It is obvious that the simple hydraulic considerations upon which 
figure 23 is based can ve only a first a proximation to the tidal 

as if the channel from Governors Island to Willets Point ran strai h t  
for the stretch of 14 miles with unvarying width and depth. B o  
account has been taken of the varyin depths in the waterway, of 
the differences in width, chan es in irection, nor of the effect of 

These factors must 
obviously brin about modifications; but, notwithstanding this, it 
is seen that t is e principal tidal phenomena are easily derived by 
considering the movement of the water in East River as hydraulic. 
In  the cha ter devoted to the currents in the East River it will be 

correctness of the view that the tidal movement in the East River 
is primarily hydraulic in character. 

conditions existing in t f e East River. 3 he slope lines are drawn 

the water coming through 8 arlem River. 

seen that t R e characteristics of the current give further proof of the 



PART II-CURRENTS 
TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 
Tidal currents are the horizontal movements of the water that 

accompany the rising and falling of the tide. The horizontal move- 
ment of the tidal current and the vertical movement of the tide are 
intimately related parts of the same phenomenon brought about by 
the tide-producing forces of sun and moon. Tidal currents, like the 
tides, are therefore periodic. 

It is the periodicity of the tidal current that chiefly distinguishes 
it from other kinds of currents in the sea which are known by the 
general name of nontidal currents. These iatter currents are brought 
sbout by causes that are independent of the tides, such as winds, fresh- 
water run-off, and differences in density and.temperature. Currents 
of this class do not exhibit the periodicity of tidal currents. 

Tidal and nontidal currents occur together in the open sea and in 
inshore tidal waters, the actual current experienced at  any 
being the resultant of the two classes of currents. In some p aces 
tidal currents medominate and in others nontidal currents predomi- 
nate. Tidal currents generally attain considerable velocity in narrow 
entrances 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 generally of moderate velocity; and in the open 
sea, calculation based on the theory of wave motion, gives a tidal 
current of less than one-tenth of a knot. 

YOint 

REVERSING TIDAL CURRENTS 

In  the entrance to a bay or in a river and, in general, where a re- 
stricted width occurs, the tidal current is of the reversing or rectilinear 
type; that is, the flood current runs in one direction for a period of 
about 6 hours and the ebb current for a like period in the opposite 
direction. The flood current is the one that sets inland or upstream 
and the ebb current the one that sets seaward or downstream. The 
change from flood to ebb gives rise to a period of slack water during 
which ths velocity of the current is zero. An example of this ty e of 
current is shown in figure 24, which represents the velocity and &ec- 
tion of the current as observed on August 8-9, 1922, in the Narrows, 
the entrance to New York Harbor. 

The curve of figure 24 was drawn by plottin the velocity of the 

smooth curve that, conformed as nearly as possible with the plotted 
velocities. The norther1 setting or flood velocities were plotted 

locities were plotted below this line. The velocities are given in 
knots, which is the unit generally used in measuring tidal currents, 
and re resents a velocity of 1 nauticaI mile per hour. Since a 

statute miles per hour y multiplying by 1.15, or into feet per sebond 
by multiplying by 1.69. 

current as observed a t  the beginning of each fi our and drawing a 

above the line of zero ve 7 ocity and the southerly setting or ebb ve- 

nautica f mile has a len th of 6,080 feet, knots may be converted into % 
80 
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The curve of the reversing current resembles the tide curve. The 
maximum velocity of the flood current, called the strength of flood, 
corresponds to the high water of the tide curve, while the maximum 
velocity of the ebb, called the strength of ebb, corresponds to the low 
water. The current day, like the tidal day, has a length averaging 24 
hours and 50 minutes. 

The current curve shown in figure 24 represents the current near 
the surface in the axis of the channel of the Narrows. From observa- 
tion and also from theory it is known that the tidal current extends 
from the surface to the bottom. In eneral i t  may be said that the 

the velocity near the bottom being about two thirds that at  the sur- 
face. But the effects of wind and fresh-water flow may bring about 
considerable variation in the vertical velocity distribution. 

The current in a channel is also characterized by a variation in 
the horizontal distribution of velocity. In a rectangular channel of 
uniform cross-section, the velocity is greatest in the center of the 
channel, and decreases uniformly to both sides. Combining both the 

velocity of the tidal current decreases f rom the surface to the bottom, 

FIOURE 24.-Current curve, the Narrows, New York Harbor, August 6%,1Q22. 

vertical and horizontal variations, it  may be said 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 durations of flood and ebb are approx- 
imately equal. In  this case, too, the characteristics of the current from 
the surface to the bottom are much the same. That is, the strengths 
of the flood and ebb currents, and also the slacks, occur a t  about the 
same time from top to bottom. If, however, nontidal currents are 

resent, the characteristics of the tidal flow are modified considerably. 
&he effect of nontidal currents on tidal currents may be derived from 
general considerations. 

In  fi ure 25 a purely tidal current is represented by the curve, 
referre t to the line AB as the line of zero velocity. The strengths 
of the flood and ebb are equal, as are also the durations of flood and 
ebb. In  this case slack water occurs regularly 3 hours and 6 minutes 
(one-quarter of the current cycle of 12 hours and 25 minutes) after the 
times of flood and ebb strengths. If now a nontidal current is intro- 
duced which sets in the ebb direction with a velocity represented by 
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the line CD, the strength of ebb will obvious1 be increased by an 
amount equal to OD and the flood strength w d  be decreased by the 
same amount. 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 of OD. 

Figure 25 now shows that the nontidal current not on1 increases 

the times of slack water. Slack before flood now comes later, while 
slack before ebb comes earlier. Hence the duration of ebb is 
increased while the duration of flood is decreased. 

If the velocity of the nontidal current exceeds that of the tidal 
current a t  time of strength, the tidal current in the opposite direction 
will be completely masked and the resultant current will set at  all 
times in the direction of the nontidal currents. Thus, if in figure 25 
the line OP represents the velocity of the nontidal current, the new 
axis for measuring the velocity of the combined current at any time 
will be the line QH and the current will be flowing at  all times in the 

the ebb strength while decreasing the flood strength, but a P so changes 

FIOURB 26.-Effact of nontidel current on reversing tldel current. 

ebb direction. There will be no slack waters; but a t  periods 6 hours 
12 minutes apart there will occur minimum and maximum velocities 
represented, respectively, by the lines RS and TU. 

Insofar as the effect of the nontidal current on the direction of the 
tidal current is concerned, it is only necessary to remark that the re- 
sultant current will set in a direction which a t  any time is the result- 
ant of the tidal and nontidal currents a t  that time. This resultant 
direction and also the resultant velocity may be determined either 
graphically by the parallelogram of velocities or by the usual trigo- 
nometric computations. 

VARIATIONS IN STRENGTH OF CURBENT 

Tidal currents exhibit periodic changes in the strenpth of the cur- 
rent that correspond closely with the periodic changes in range exhib- 
ited by tides. Stronger currents than usual come w t h  the spmng fldes 
of full and new moon and the weaker currents with the neap tides of the 
moon’s first and third quarters. Likewise,,$er$eean tides are accom- 
panied by strong currents and apogean ti es relatively weaker 
currents; and when the moon has considerable eclination, the cur- 
tents, like the tides, are characterized by diurnal inequality. 
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As related to the moon’s changing phases, the variation in the 
.strength of the current from day to day is approximately proportional 
to the corresponding change in the range of the tide. The moon’s 
,changing distance llkewise brings about changes in the velocity of 
the strength of the current which is approximately proportional to 
the corresponding change in the ran e of the tide; but in regard to 
the moon’s changing declination, ti f e and current do not respond 
alike, the diurnal variation in the tide a t  any place being generally 
,greater than the diurnal variation in the current. 

The relations subsisting between the changes in the velocity of the 
current at any given place and the range of the tide at that place 
may be deeved from general considerations of a theoretical nature. 
Variations in the current that involve semidiurnal components will 
approximate corresponding changes in the range of the tide; but for 
variations involving diurnal components the variation in the current 
is about half that in the tide. 

TYPES OF REVERSING CURBENTS 

Since tides and tidal currents are merely different aspects of the 
tidal movement of the waters, the former being the vertical movement 
and the letter the horizontal movement, it is to be expected that tidal 
.currents would show different types, corresponding to the different 
types of tide. And observations prove this to be the case. Reversing 
$currents may be readily classed under the three types of semidaily 
daily, and mixed. The semidaily type is one in which 2 flood 
strengths and 2 ebb strengths occur in a tidal day, with but little 
inequality between morning and afternoon currents. Figure 24, 
illustrating the current in the Narrows, New York Harbor, may be 
taken as representative of this type, 

The daily type of tidal current is characterized by 1 flood and 
1 ebb in a day. The upper diagram of figure 26, which represents 
the current as observed in the entrance to Mobile Bay, Ala., on May 
2-3, 1918, exemplifies this type of current. The mixed type of tidal 
current exhibits 2 floods and 2 ebbs in a day with considerable 
inequality between the forenoon and afternoon cycles. The lower 
diagram of figure 26, which represents the current observed in Rich’s 
Passage, Puget Sound, Washington, on March 29-30, 1917, illustrates 
this type of current’. 

In general, it may be said that with reversing currents a given type 
of current accompanies a like ty e of tide; that is, semidaily currents 
occur with semidaily tides, inixe i currents with mixed tides, and daily 
currents with daily tides. But as noted in considering the variations 
in strength of current, tho variations in the current that involve semi- 
daily components will approximate corres onding changes in the 

tion in the current is about half that in the tide. Hence the diurnal 
inequality in the current at  any place is generally less than in the 
tide at that place. 

In  simple wave motion the times of slack and stren th of current 
bear a constant and simple relation to the times of %gh and low 
waters. In a rogressive wave the t h e  of slack water comes, theo- 

range of the tide, while in those involving da’ s 7 components the varia- 

RELATION OF TIME OF CURRENT TO TIME OF TIDE 

retically, exact P y midway between high and low water and the time 
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of strength at high and low water; in a stationary wave slack comes a t  
the times of high and low water, while the strength of current comes 
midway between high and low water. 

The pro essive-wave movement and the stationary-wave mope- 
ment are t f? e two principal types of tidal movements. A progressive 
wave-is one whose crest advances, so that in any body of water that 
eustains this type of tidal movement the times of high and low water 
pro ess from one end to the other. A stationary wave is one that 
osc f? ates about an axis, high water occurring over the whole area on 

FIGWRR %.-Current curveS of daily and mixed types of reversing currents. 

one side of this axis at the same instant that low water occurs over 
the whole area on the other side of the axis. 

The tidal movements of coastal waters are rarely of simple wave 
form; nevertheless, it is very convenient in the study of currents to 
refer the times of current to the times of tide. And where the diurnal 
inequalit in the tide is small, as is the case on the Atlantic coast, the 
relation g etween the time of current and the time of tide 18 very 
nearly constant. This is brought out in figure 27, which represents 
the tide and current curves in the Narrows, New Yofk Harbor, for 
August 8-9, 1922, the current curve being the dashed-line curve, rep- 
resenting the velocities of the current in the center of the channel, and 
the tide curve bein the full-line curve, repreaentmg the rise and fall 
of the tide at Fort 5 amilton, on the eaatern shore of the Narrows. 
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The diagrams of figure 27 were drawn by plotting the heights of 
the tide and the velocities of the current to the same time scale and 
to such velocity and height scales as will make the maximum ordi- 
nates of the two curves approximately e ual. The time axis or axis of 

aea level for the tide, the velocity of the current being plotted IR ac- 
cordance with the scale of knots on the right while the height of the 
tide reckoned from mean sea level was plotted in accordance with the 
scale in feet on the left. 

From figure 27 it is seen that the corresponding features of the 
tide and current at this station bear a nearly cpnstant time relation 
to each other. This approximate constancy in time relations between 
current and tide is characteristic of tidal waters in which the diurnal 
inequality is small, and permits the times of slack and of strength of 
the current to be referred to the times of high and low water. Thus, 
from figure 27 we find that the strengths of the current came about 

X represents the line of zero velocity 4 or the currents and of ,mean 

FIOUBE a7.-Tlde and ourrent wffl, the Narrows, New York Harbor, August &Q,lQB. 

an hour before the times of high and low water, while the slacks come 
about 1% hours after high water and 3 hours after low water. In  this 
connection, however, it is to be noted that the time relations between 
corresponding phases of tide and currents a t  any place fre uently 
vary in consequence of disturbing effects of wind, weather, an ! fresh- 
water run-off. 

Quite apart from the disturbing effects of nontidd agencies, the 
time relations between current and tide are subject to variations in 
regions where the tide exhibits considerable diurnal inequality; aa 
for example, on the Pacific coast of the United States. This variation 
is due to the fact, previously mentioned, that the diurnal inequality 
in the current at any given place is, in general, only about half as 
great as that in the tide. This br inp about differences in the corre- 
spondin features of tide and current as between morning and after- 
noon. flowever, in such cases it is frequently ossible to refer the 

parable diurnal inequality. 
current at a given place to the tide at some ot E er place with com- 
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DISTANCE TRAVELED DURING A TIDAL CYCLE 

The vertical distance traveled by tl floatin object during the 
tidal cycle at any place can be easily determine % from the tide curve 
a t  that place. For the tide curve represents the successive heights 
of the surface of the water during the tidal cycle. Hence the vertical 
distance on the tide curve between a high water and low water gives 
the vertical distance through which a floating object moved during 
that tidal cycle. 

The close resemblance between the curve of the reversing current 
and the tide curve mi ht  lead one to conclude that from the current 
curve the horizontal 8istance traveled by a floating object can be as 
readily derived as the vertical distance is from the tide curve. The 
current curve, however, gives the successive speeds of the horizontal 
movement, and not the successive positions of a floating object. 
Hence the current curve does not give directly the horizontal distance 
traveled by a floating object. 

If the velocity of the current during a tidal cycle were constant, the. 
horizontal distance traveled by the water particles or by any object 
floating in the water would be given by multiplying the velocity by 
the period of duration. The velocity of the current, however, is not 
constant but changes continually throughout u tidal cycle. The 
distance traveled b the water particles is therefore the average 
velocity during the B ood or ebb period in question, multiplied by the 
duration. 

The average velocity of the current during any given interval may be 
determined in several different ways. By measuring the velocity on 
the current curve a t  frequent intervals, say every 10 or 15 minutes, 
the average velocity during the interval is easily derived. Or the 
area of the surface bounded by the current curve and the zero line of 
velocities may be determined by means of a planimeter and the 
average velocity derived by dividing this area by the length of the 
zero line included within tlie current curve. 

The simplest method, however, consists in making use of the fact 
that the current curve approximates the cosine curve. And on the 
cosine curve it is known that the ratio of t'he mean ordinate to the 
maximum ordinate is 2+r, or 0.637. Since the strength of the tidal 
current corresponds to the maximum ordinate, it follows that during 
any given flood or ebb period the average velocity will be the strength 
of the current multiplied by 0.637. 

In  the semidaily or mixed types of current the duration of a flood 
or ebb period approximates 6.2 hours. Hence, in the case of such a 
current which has II velocity a t  strength of one knot, a floating object 
will, during a flood or ebb period, be carried a distance of 0.637X6.2= 
3.95 nautical miles, or 24,000 feet. In ti  daily current of the same 
strength the distance w$l be twice as great. 

It may be noted that the formula made use of in the preceding cal- 
culation can give only approximate results. For not only is the 
average current derived through the cosine rela tionsGp approximate, 
but what may be even more serious, is tlie fact that in the formula 
it is assumed that the floating object during the various stages of its 
journey will experience the changes in velocity which occur a t  the 
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point where it started. Where more exact results are desired, correc- 
tions to the above ap roximate results can be a plied. 

the flood and ebb currents, a floating object would be carried a given 
distance downstream and a like distance upstream. The presence of 
fresh water in tidal waterways, however, makes both the strength and 
duration of the ebb greater than the flood, and therefore floating 
objects tend to be carried out to sea. 

If the durations of i7 ood and ebb are equal, an B also the strengths of 

DURATION OF SLACK 

In the change of direction of flow from flood to ebb, and vice versa, 
the reversing tidal current goes through a eriod of slack water or 

graphically it is represented by the instant when the current curve 
cuts the zero line of velocities. For a brief period each side of slack 
water, however, the current is very weak, and in ordinary usage 
“slack water” denotes not only the instant of zero velocit but also 

raised, How long does slack water last? 
To give slack water in its ordinary usage a definite meaning, we 

may define it to be the period during which the velocity of the current 
is less than one-tenth of a knot. Velocities less than one-tenth of 
a knot may generally be disregarded for practical purposes, and such 
velocities are, moreover, difficult to measure either with float or with 
current meter. For any given current it is now a simple matter to 
determine the duration of slack water, the current curve furnishing a 
ready means for this determination. 

In general, regarding the current curve as approximately a sine or 
cosine curve, the duration of slack water is a function of the strength 
of current-the stronger the current the less the duration of slack- 
and from the equation of the sine curve we may easily compute the 
duration of slack water for currents of various stren ths. For the 

the current curve y=A sin 0.48312, in which A is the velocity of the 
current in knots a t  time of streneth, 0.4831 the angular velocity in 
degrees per minute, and t is the time in minutes from the instant of 
zero velocity. =0.1 and solving for t (this value of t giving 
half the duration of slac!) we get for the duration of slncli the follow- 
ing values: For a current with a strength of 1 knot, slack water is 24 
minutes; for currents of 2 knots strength, 12 minutes; 3 knots, 8 
minutes; 4 knots, 6 minutes; 5 knots, 5 minutes; 6 knots, 4 minutes; 
8 knots, 3 minutes; 10 knots, 2% minutes. For the daily type of cur- 
rent with a given strength, the duration of slack is obviously twice 
that of a semidaily current with like strength. 

zero velocity. Obviously, this period of slac R is but momentary, and 

the period of weak current. The question is therefore 9 requently 

normal flood or ebb cycle of (ih 12.Bm we may write t Et e equation of 

Setting 

VELOCITY OF CURRENT AND PBOGRESEIION OF TlDE 

In  the tidal movement of the water it is necessary to distinguish 
clearly between the velocity of the current and the progression or 
rate of advance of the tide. In the former case reference is made to 
the actual speed of a moving particle, while in the latter case the 
reference is to the rate of advance of the tide phase or the velocity 
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of propagation of wave motion, which generally is many times greater 
than the velocity of the current. 

It is to be noted that there is no necessary relationship between 
the velocity of the tidal current a t  any place and the rate of advance 
of the tide at  that place. In  other words, if the rate of advance of 
the tide is known we cannot from that alone infer the velocity of 
the current, nor vice versa. The rate of advance of the tide in any 
given body of water depends on the type of tidal movement. In  a 
progressive wave the tide moves approximately in accordance with 
the formula r=&& in which T is the rate of advance of the tide, g 
the acceleration of gravity, and h the depth of the waterway. In  
stationary-wave movement, since high or low water occurs a t  very 
nearly the same time over a considerable area, the rate of advance is 
theoretically very great; but actually there is always some progression 

The velocity of the current, or the actual speed with w L 'ch the 
present, and this reduces the theoretical velocity considerabl 

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 velocit of the current is thus 
independent of the rate of advance of the ti J e. 

ROTARY TIDAL CURRENTS 

Within the channel of a bay or river, the current is compelled to 
follow the direction of the channel, upstream on the flood and down- 
stream on the ebb. Out in the open sea, however, this restriction 
no longer exists, the current having complete freedom so far as direc- 
tion is concerned. Offshore, therefore, tidal currents are generally 
not of the reversing type. Instead of flowing in the same general 
direction during the entire period of the flood and in the opposite 
direction during the ebb, the tidal currents offshore change dlrection 
continually. Such currents are therefore called rotary currents. An 
example of this type of current is shown in figure 28, which represents 
the velocity and direction of the current at  the beginning of each 
hour of the forenoon of July 30, 1922, at Nantucket Shoals Lightship, 
stationed off the coast of Massachusetts. 

The current is seen to have changed its direction a t  each hourly 
observation, the rotation being in the direction of movement of the 
hands of a clock, or from north to south by way of east, then to north 
again by way of west. In  a period of a little more than 12 hours it is 
seen that the current has shifted in direction completely round the 
compass. 

It will be noted that the tips of the arrows, representing the veloc- 
ities and directions of the current at  the beginning of each hour, 
define a somewhat irregular elli se. If a number of observations .are 
averaged, eliminating accidenta P errors and temporary meteorological 
disturbances, the regularity of the curve is considerably increased. 
The average period of the cycle is, from a considerable number of 
observations, found to be 12h 2!jrn, In  other words, the current day 
for the rotary current, like the tidal day, is 24h 50m in length. 

A characteristic feature of the rotary current is the absence of 
slack water. Although the current generally vanes from hour to 
hour, this vnriation from greatest current to least current and back 
again to greatest current does not give rise to a period of slack water. 
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When the velocity of the rotary tidal current is least, it is known 
as the minimum current, and when it is greatest i t  is known as the 
maximum current. The minimum and maximum velocities of the 
rotary current are thus related to each other in the same way as slack 
and strength of the rectilinear current, a minimum velocity following 
a maximum velocity by an interval of about 3 hours and being 
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FIQURE %.-Rotary current, Nantucket Bhoals Lightship, forenoon of July 30, 1922. 

followed in turn by another maximum after a further interval of 
3 hours. 

Since the current day corresponds to the tidal day, it is convenient, 
in determining the average hourly velocity and direction of the rotary 
current, to make use of the times of hgh and low water at  some 
nearby place for purpose of reference. In figure 29 the average 
hourly velocity and direction of the tidal current at  Nantucket 
Shoals Li h tshp  is shown with reference to the times of high and low 

L for the time of low water. 
water at  % oston, Mass., H standing for the time of high water, and 

140687--3-7 
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In  figure 29 the velocity and direction of the current at  the begin- 
ning of each hour is given by the length and direction of the line from 
the center of the ellipse to the hour in question. Thus at  the time of 
high water at  Boston the current at  Nantucket Shoals Lightship has 
a velocity averagin 0.7 knot, setting N. 85' E. 

called, which represents the rotary tidal current at any place, the basic 
With regard to t fl e current curve, or current ellipse as it may be 
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FIGURE 2Q.-Mean current curve, Nantucket Shoals Lightship. 

features are the relation of the major and minor axis which determine 
the ellipticity of the curve, the direction of rotation, and the dlrection 
of the ma'or axis. If the ma@ and minor axis are nearly equal the 

flattened. In  the northern hemisphere the direction of rotation of 
the rotary current is, as a rule, with the hands of a clock, while in 
the southern hemisphere it is counter clockwise. But local hydro- 
graphic features may bring about a reversal of this general rule. 

ellipse wil 1 be nearly circular; if they differ greatly the ellipse will be 
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Rotary tidal currents are subject to the periodic variations found 
in tides and reversing currents. These varuations are related to the 
changes in the phase, parallax, and declination of the moon. At  
times of full and new moon the velocity of the rotary current is 
greater than the average, while at the times of the moon’s first and 
third quarters the velocities are less than the average. Likewise 
wfien the moon is in perigee, stronger currents occur, while when tile 
moon is in apogee the currents are weaker. In  general it may be 
taken that the percentage of increase or decrease in the.velocity of 
the current in response to changes in phase and parallax IS the same 
as the like increase or decrease in the local range of the tide. 

In response to changes in the declination of the moon the rotary 
current exhibits diurnal inequality like the tide and reversing current. 
This manifests itself as a difference between morning and afternoon 
current ellipses. When the moon is on the equator the two current 
ellipses of a day are much alike; but when the moon is near its max- 
imum semimonthly declination the two current ellipses exhibit 
differences, principally in velocity. 

Like tides and reversing currents, rotary tidal currents may be 
grouped under the three types of semidaily, daily, and mixed. The 
semidaily type of rotary current is one whch exhibits two full cycles 
within a tidal day, morning and afternoon currents differing but 
little. The daily type is one in which but one cycle occurs in a day; 
and the mixed type is one which exhibits two cycles within a day, 
but with considerable differences between morning and afternoon 
currents. 

EFFECTS OF NONTIDAL CURRENTS ON ROTARY CURRENTS 

In addition to the periodic variations to which rotary tidal cur- 
rents are subject, they also exhibit fluctuations arising from the 
effects of nontidal currents. These effects can most conveniently be 
studied diagramma tically. 

Figure 29 represents the purely rotary tidal current at Nantucket 

a wind-driven cur- 
rent of half a knot in a southwesterly direction. For that day, 
obviously, the velocity and direction of the current a t  Nantucket 
Shoals Lightshi will be different than represented in figure 29. A t  

sets southwesterly with a velocity of 0.85 knot on the average; but 
with a nontidal current due to the wind of 0.5 knot setting in the 
same direction, the velocity of the current now experienced will 
be 0.85+0.50=1.35 knots, setting southwesterly. On the other 
hand, about 2 hours before high water, t8he current will be sett,ing 
0.85-0.50=0.35 knot northeasterly. 

The current conditions a t  this time niay be completely represented 
by changing the origin of the hourly velocity and direction lines in 
figure 29 from the center to a point 0.5 knot northeasterly of its pre- 
vious position. The lines drawn to the various hourly points on the 
ellipse from this new origin will now represent the velocity and 
direction of the tidal current as affected by the nontidal current. 

The average velocity of the tidal current a t  the times of flood or 
ebb strength a t  Nantucket Shoals Lightship is 0.85 knot. If the 

Shoals Lightship. Now suppose that on a ven day a wind begins 
blowing from the northeast such that it pro 

2 hours before I; ow water a t  Boston, for example, the tidal current 
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nontidal current due to the wind in the case just considered is 
greater than 0.85 knot, the origin of the velocity lues  would lie out- 
side the ellipse. In  that case the current would throughout the day 
be setting either southeasterly or southwesterly, completely masking 
the rotary character of the tidal current. By plotting the observed 
hourly velocities and directions of the current, however, the tidal 
current would appear in its rotary character. This is illustrated in 
figure 30 for the current at Frying Pan Shoal Lightship under different 
wlnd conditions. This lightship is stationed off the coast of North 
Carolina about 20 miles southeasterly from Cape Fear. The hourly 
velocity and direction of the current here is referred to the times of 
high and low water at Charleston, S. C. 

Observations made at this lightship show the tidal current here to 
be rotary clockwise, the average velocity at strengths of flood and ebb 
being about a third of a knot and setting northwest and southeast, 
respectively. During the 5-day period January 29-February 2,1920, 
the wind was blowing steadily from the northeast with a velocity of 
about 30 miles per hour, and the current was observed to be setting 
at all times southwesterly with a velocity varying from a little less 
than one half a knot to a little more than three-quarters of a knot. 
Apparently the current here a t  this time was altogether nontidal. 
But if the hourly velocity and direction of the current during this 
period is plotted, the rotary character of the current is immediately 
apparent. The upper diagram of figure 30 represents the current con- 
ditions during this 5-day period, the velocity and direction of the 
current at the different hours being given by the length and direction 
of the arrows drawn from the point P .  

Now, although the current at  all times during this period set south- 
westerly, the diagram reveals clearly the existence of a rotary cur- 
rent with a strength of about a third of a knot in a northwest and 
southeast direction. Furthermore, the diagram shows that the cur- 
rent actually observed consisted of a tidal current which was masked 
by a nontidal current of greater velocity. I n  fact the diagram per- 
mits the evaluation of t b  nontidal current. For this must clearly 
be given by the line joining the point P with t'he center of the current 
ellipse, and this is found to have a length of about half a knot and a 
direction of S.  60' W. This nontidal current was brought about by 
the northeasterly wind during the &day period in question. 

About 6 months later, throughout the 7-day period July 14-20, 
1920, the current at Frying Pan Shoals Lightship was found to set 
easterly with velocities ranging from a little less than half a @ot to 
more than a knot. On plotting the observations, as the lower diagram 
of figure 30 shows, the rotary character of the tidal current comes to 
light at once. During this 7-day period the wind was blowing steadily 
from the southwest with a velocity averaging approximate@ 30 miles 
per'hour. This brought about a wind-driven current setting a little 
north of east with a velocity somewhat greater than half a knot, and 
this completely masked the tidal current. 

HARMONIC CONSTANTS 

The reversing tidal current, like the tide, may be regarded as the 
resultant of a number of simple hymonic movements, each of the 
form y=A cos (d+a); hence, reversmg tidal currents may be analyzed 
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in a manner analogous to that used in tides and the harmonic current 
constants derived. These constants permit the characteristics of the 
currents to be determined in the same manner as the tidal harmonic 
constants, and they may also be used in the prediction of the times 
of slack and the times and velocities of the strength of current. 

It can easily be shown that in inland tidal waters, like rivers and 
bays, the amplitudes of the various current components are related 

L t J  Jan 29 - feb. 2 

P 

7 
0.5 I. 0 0.0 

FIQURE 3O.-Effeot 01 nontldal current on rotary tidal current, Frying Pan Shoals Lightshlp. 

to each other, not as the amplitudes of the corresponding tidal com- 
ponents, but as these latter multiplied by their respective speeds; 
that is, in any given harbor, if we denote the various components of 
the current by primes and of the tide by double prunes, we have 

where the small italic letters represent, respectively, the angular 
s eed of the correspondin components. Tbs shows at once that 

that in the tide. 

M'2: St2: K']; 0'1:=m2Mr'2: S ~ S ' ' ~ ;  n2Nrf2: klK"l: 0 ~ 0 " ~  

t R e diurnal inequality in t % e currents should be approximately half 
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Rotary currents may likewise be analyzed harmonically, but in 
this case it is necessary to resolve the hourly velocity and direction 
of the current into two components, one in the north-and-south direc- 
tion and the other in the east-and-west direction. Each set of hourly 
tabulations is then treated independently and analyzed in the usual 
manner. When the two sets of harmonic constants have been denved 
the like-named constants of the north-and-south and east-and-west 
directions may be combined into a single resultant, which will be an 
ellipse, either graphically or by means of the formula 

which may be derived by writing each harmonic constant in the 
form u=H, cos ( O - K I )  for the north-and-south component and 
v=1& cos (e-KZ) for the east-and-west component. 

M E A N  VALUES 

In  the nonharmonic analysis of current observations it is customary 
to refer the times of slack and strength of current to the times of high 
and low water of the tide at some suitable place, generally nearby. 
In  this niethod of analysis the time of current determined is in effect 
reduced to approximate mean value, since the clianges in the tidal 
current from day to day may be taken to approximate the correspond- 
ing changes in the tide; but the velocity of the current as determined 
froni a short series o€ observations must be reduced to a mean value. 

I n  the ordinary tidal movement of the progressive or stationary 
wave types the change in the strength of the current from day to day 
may be taken approximately the same as the variation in the range 
of the tide. Hence, tlie velocity of the current from a short series of 
observations may be corrected to a mean value by multiplying by a 
factor equal to  the reciprocal of the range of the tide for the same 
period divided by the mean range of the tide. It is to be noted tliat 
in tllis method of reducing to a mean value, any nontidal currents 
must first be eliminated, and the factor applied to the tidal current 
alone. This may be done by taking the strengths of the tidal cur- 
rent as ttic half sum of the flood and ebb strengths for the period in 
question. 

In  some places the current, while exhibiting tlie characteristic 
features of the tidal current, is in reality a hydraulic current due to 
differences in head at the ends of a strait connecting two independent 
tidal bodies of water. East River and Harlem River in New York 
Harbor and Seymour Narrows in British Colunibia are examples of 
such straits, and the currents sweeping through these waterways are 
not tidal currents in the true sense, but hydraulic currents. The 
velocities of such currents vary as the square root of the head, and 
hence in reducing the velocities of such currents to a mean value the 
factor to be used is the square root of the factor used for ordinary 
tidal currents. 

THE CURRENT OBSERVATIONS IN NEW YORK HARBOR 

The current observations discussed in this publication were made 
at different times beginning in the revious century. In  the earlier 

with regard to instruments or procedure. After the beginning of 
the present century, however, a standard procedure was established 

observations, the methods used ha B not become standardized either 
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by the Coast and Geodetic Survey both with regard to observations 
by meter and by pole. This standard practice is described briefly 
below. 

CURRENT METER 

The current meter used is the Price meter with telephone attach- 
ment. Observations are made half-hourly a t  three deptlis, namely, 
0.2, 0.5, and 0.8 of the depth at  each station, except in very shallow 
waters or in water deeper than 100 feet. In  water less than 20 feet 
in depth observations are generally limited to two depths, while in 
water over 100 feet in depth, the lowest depth for observations is 
generally limited to 80 feet. 

A t  each of the three depths, the observation interval is 60 seconds, 
which period is determined by a st,op watch. The meter is lowered 
to the 0.2 depth and the current rtieasured for 60 seconds. I t  is 
then lowered to the 0.5 depth and observations mado for 60 seconds. 
Finally, the observations are made at  the 0.8 depth. Then before 
the meter is raised, the observation at  the 0.8 depth is repeated; 
the meter is then raised to the 0.5 depth and a repeat observation 
made, and finally a repeat observation is made at the 0.2 depth. 
For each depth, therefore, there is a duplicate set of observations 
each half hour. In the survey of 1932, the United States Engineer 
Office adapted the Price meter to give a continuous curve of the 
velocity. This necessitated the use of three meters at each station, 
and this method was used at  the stations occupied by the observers 
of the United States Engineer Office. 

CURRENT POLE 

The current pole used is a 15-foot pole of white pine, 2K inches in 
diameter, which is weighted with sufficient sheet lead at  the lower end 
to submerge 14 feet of it,s length, leaving 1 foot floating out of water. 
To this upper end is attached the log line which is graduated for a 
run of 1 minute; that is, a length of 101 feet 4 inches of log line corre- 
sponds to a velocity of 1 nautical mile per hour or 1 knot. The log 
line is graduated to read tenths of knots, hundredths of n knot being 
estimated. Observations with the current pole are generally made 
every hour or every half hour. 
Since the current pole is submerged 14 feet, the velocity derived by 

its me corresponds to the velocity a t  the depth of 7 feet. In water 
where the depth is less than 15 feet, a shorter pole is used. 

DIRECTION OF CURRENT 

With the current pole the direction of the current is determined by 
means of ascompass. With the moter the direction of the current is 
not determmed. In the current survey of 1922, the direction of the 
subsurface current was determined by means of a bifilar direction 
indicator. 

Essentially the bifilar direction indicator consists of a pipe with a 
rudder attached a t  one end, which is suspended horizontally a t  the 
desired depth by two fine wires, these wires connecting with an u per 

permits it to move in azimuth. The ball-bearin joint is fixed on 

with its attached rudder takes the drrection of the current a t  the 
depth to which it is lowered, the upper bar takes the same direction. 

horizontal bar that journals at  its center in a ball-bearing joint w P iich 

an outrigger or davit of the observing vessel, an i as the lower bar 
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TABULATION OF THE CURRENT RECORD 

The current observations, whether made with meter or pole, are 
lotted on cross-section paper to a convenient scale, flood velocities 

geing enerally plotted above the line of zero velocities, and ebb ve!oci- 

and from this curve the times of the slack and strength of the current 
and the velocities at  times of strength are then tabulated. 

To make the results of the current observations obtained a t  different 
times in a given waterway comparable with each other, the times of 
slack and strength are referred to the times of high and low water 
at some nearby point. This, ih effect, corrects the times of current 
to mean values approximately. In this publication the times of the 
currdnt are referred to the times of high and low water at Sandy 
Hook, N. J. 

The velocities of the flood and ebb strengths, as derived from a short 
series of observations, may differ very considerably from average or 
mean values. Since the change in the strength of the current is in 
general proportional to the change in range of tide, the factor for 
correcting the velocities obtained from a short series may be taken as 
the ratio of the mean range of the tide to the range of tide during the 
period of current observations. 

It is to be noted, however, that it  is the tidal current alone that is 
to be multiplied b this factor. The current as observed is the re- 

nontidal current is to increase the ebb velocity by the same amo-unt 
that it decreases the flood velocity we may eliminate the nontidal 
current by taking as the tidal current the half sum of the observedflood 
and ebb strengths, and it is this half sum which is multiplied by the 
correction factor. For the mean values of flood and ebb strengths, 
half the velocity of the nontidal current is then subtracted from the 
strength of flood and added to the strength of ebb. 

ties be f ow. A smooth curve is then drawn through the plotted points, 

sultant of the tida 9 and nontidal currents, but since the effect of the 

THE CURRENT IN THE APPROACHES TO LOWER BAY 

BURRACE CURRENTS 

The stations at  which currents were observed in the approaches to 
Lower Bay are shown on figure 31, and the data derived from these 
observations for the current near the surface are given in tables 45 and 
46. In  these tables, the surface current is taken to be the current 
within the first 7 feet from the surface. The times of slack and 
strength of current are given with reference to the times of high and 
low water a t  Sandy Hook, N. J. The velocities have been corrected 
to mean values as explained in the preceding section. 

The data of table 45 show that the current turns earliest in the 
shallow re 'ons near shore and latest in Ambrose Channel. South of 

while to the north of the channel the direction of the flood current is 
a little more to the west. On the ebb, the current in the area south 
of the channel sets about S. 60' E., whde to the north the direction of 
the ebb current is about S. 65' E. 

Along the whole stretch from Sandy Hook to Rockaway Point, 
table 45 shows the ebb current to have a greater velocity than the 
flood current, the ebb averaging about 1.4 knots and the flood 1.0 knot. 
The duration of ebb likemse is greater than that of flood, the ebb 

Ambrose 8 hannel the current sets almost due northwest on the flood, 
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Sta- 
tion 
no. 

Days 
% 

1 
2 
4% 
pi 

1 
2 
3 
4 
5 

6 
7 
8 
0 
10 

11 
12 
13 
14 
15 

Hours 
ufler 
LW 

1.2 
0.7 
1.1 
1.6 
1. I 

TABLE 45.-Surface current data, approaches to Lower Bay 

[Referred to times of HW and LW at Sandy Hook] 

hT.7OW. 
X. 45W. 
N.45W. 

X.60W. 
h-. 60 w. 

I 1 Observations I 

Knd8 Hmrs 
1. 2 6.8 
1.5 6.0 
1. 1 6.0 

1.4 5.8 
1.8 5.8 

Location 

9i 
1% 
1% 
1% 
% 

1% 
2 

Party of- 1 Date 

-. . . - -. . 
0.4 
1.0 
0.6 
1.4 

1.7 
1.7 

Slack ELI 

N . i S W .  
&-.&I W. 
N. 5015'. 
N. 65 W. 
N.60W. 

N.50W. 
N.40W. 
N.45W. 

-I- 

1.2 ....-.. 
0.9 6. 5 
1.4 5.8 
1. 1 6.0 
0.9 5.7 

0.6 5.0 
0.6 5.3 
0.7 5.4 

N.45W. 0.7 
N.451V.i 0.6 

6.1 
6.4 

- 

Time 

Hours 
before 
H W  
1.4 
3.8 
1.8 
2.4 
2. 3 

2. 7 
2.0 
3.0 
3. 1 
2.0 

2.0 
1.6 
1.8 
2.0 
1. 7 

1 Flood 
dura- 

-1-1- 

- - 

Slack 

Hours 
utter 
HW 

1.9 
0.6 
1.0 
1.3 
0.8 

0.4 
0.8 
0.7 
0.5 
1.0 

0.6 
0.8 
1.0 
1.5 
1.5 

Ebb strength 
- 

Time 

Hours 
before 
LW 

2. 1 
2.5 
2.8 
1. 6 
1.8 

2.5 
2.6 
2.5 
3.0 
2. 1 

2.0 
2.0 
1.6 
1.9 
1.5 

Direction 
(true) 

S. 65 E. 
S. 55 E. 
S. 85 E. 
S. 55 E. 
S. 85 E. 

S. 75 E. 
S. 40 E. 
S. 40 E. 
S. 50 E. 
S. 5.5 E. 
s. 60 E. 
6. 70 E. 
S. 70 E. 
S. 60 E. 
S. 50 E. 

- 
Ve- 

locity 

Knda 
1.6 
1. 7 
1.9 
2.3 
1. 7 

1.4 
1.2 
1. 5 
1.6 
1.3 

1.0 
0.9 
0.8 
0.8 
0.7 

- - 

Ebb 
dura- 
tion 

YWr3 
5.6 
6.4 
6.4 
6.6 
6.6 

5.9 
6.6 
6.4 
6. 7 

7.4 
7.1 
7.0 
6.3 
6.0 

_ _ _ _ _ _  
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averaging 6.5 hours, while the flood averages 5.9 hours. With regard 
to the time of current, it is seen that the strength of flood comes about 
2% hours before local high water and strength of ebb about the same 
time before low water. 

The observations listed in table 45 cover short periods of time from 
half a day to 4% days. The results derived from such short periods 
of observations can, therefore, be considered only approximate and 
this explains the relatively large differences in the results for stations 
near each other made at  different times. At stations 16 and 17, 
however, observations were made over a number of months, this being 

FIGURE 3L-Current stations, approaches to Lower Bay. 

made possible by the fact that lightships were anchored a t  these 
stations. The results derived from these observations ?re grven in 
table 46. At both stations the observations were made nnth a :B-foot 

ole, submerged for 14 feet of its length so that the data pertam to a 
zepth of 7 feet below the surface of the water. The observations at  
the two lightships permit a more detailed analysis than is possible 
for the shorter senes of observations at the other statioqe.in the 
approaches to Lower Bay. By tabulating the hourly velocities and 
duections of the current, it is found that the current a t  both li ht- 

is a minimum current. 
ships is of a rotary character, so that instead of a slack current t % ere 



TABLE 46.--Current data, Scotland and Ambrose Lightships 
[Referred to times of HW and LW at Sandy Hook, N. J.] 

SCOTLAND LIQHTSHIP (STATION 16) 

Observations 

Data Lengti 

Strength of flood Minimum 
before flood - 

Time 

Hours 
alter 
LW 

2.3 
2.0 

2. 18 
- 

-I- 

Hour8 
before 

Knds H W  
0.26 2 1  
0.23 1.8 

0 2 1  1.98 

Knots 
0.31 N. 83 W. 
0.37 S . % W  

0.34 1 N. 88w. 
AMBROSE LIQHTSHIP (STATION 17) 

Minimum 
before ebb 

Time 

Hours 
after 
HW 

1 . 3  
1 .5  

1. 38 
- 

Hours 
before 

0.05 I 0.70 1 0.74 

Direction 

S. 3"o E. 1 K% 
S. 32 E. 0.19 ~- 
S. 31 E. I 0.18 

Direc- 
tion 

6. 10 E. 
9.1 w. 
8. 5 E. 



Scotland Lightship, Nov. 8, 1912, to 
Jan. 31, 1913 

I I I 

Ambrose Lightship, Nov. 6, 1912, to 
Jan. 30, 1913 

Component North-and-south East-and-west North-and-south 
(magnetic) 1 (magnetic) I (magnetic) 
-- 

I[ 

- 
Degrees 

201 
283 
316 
181 
83 

I- 
H 

-- 
Knots 

0.383 
0.034 
0.023 
0.053 
0.018 

H l- 
Degree8 

348 
E4 

162 
358 
158 

Knot8 Degree8 
0.046 157 
0.007 MI 
0.008 136 
0.038 188 
0.009 814 

East-and-west 
(magnetic) 

I I  

Knotr 
0.197 
0.012 
0. 108 
0.044 
0.011 

I 

Degree8 
2 

147 
318 

8 
196 



TIDES AND CURRENTS IN NEW TORK HARBOR 101 

The ellipse representing any one component can be derived from 
the harmonic constants above by plotthg hourly values of the north- 
and-south and east-and-west components. The resultant strength 
of flood or ebb may be derived analyticnlly by means of the formula 
given on page 94. Since M, is the principal component of the tidal 
current in New York Harbor, the current ellipse for M ,  should a.ppros- 

H True North 

H 

L-2 

I I I I I I L- I 
Scale of Knots 

0.0 01 0 2  03 0.4 0.5 L 

FIGURE 3Z-Current ellipse, Scotland Lightship, 

imate closely the ellipse derived by plotting the hourly velocities and 
directions of the current. 

The current ellipse for M ,  for Scotland Lightship is shown in figure 
33. From this ellipse it is seen that the A l ,  component has its strength 
ob flood 1.35 hours before the time of high water a t  Sandy Hook and 
sets N. 57OW. with a velocity of 0.50 knot, while the following mini- 
mum current, that is the minimum before ebb, comes 1.65 hours after 
the time of high water and sets N. 33' E. with a velocity of 0.15 knot. 
Since M, alone is taken into account in the current ellipse above, 
the strength of ebb has the same velocity as that of flood and sets in 
a direction exactly opposite, and a like relation holds between the 
two minima. 



102 U. S. COAST AND GEODETIC S U R V E Y  

The current ellipse for M, at Ambrose Lightship is shown in fig- 
ure 34. Here the current is seen to be rotary counter-clockwise, 
the strength of flood coming 1.2 hours before high water a t  Sandy 
Hook and setting N. 88' W. with a velocity of 0.2 knot. The 
minimum current is very weak, having a velocity of but 0.02 knot. 

CURRENT DATA, VARIOUS DEPTHS 

At several of the stations in the approaches to Lower Bay, current 
observations were also made with a current meter at 0.2, 0.5, and 
0.8 of the depth a t  the stations. The results derived from these 

I- ' 
True North 

Scole of Knots 
I I I I 1 I 

0.00 aos 0.10 0.20 0.30 0.50 

- 

FI~IJRE 34.-Current ellipse for M,, Ambrose Lightship. 

observations are given in table 48. In this table the times and veloc- 
ities are given to the second decimal place and the directions to the 
nearest degree in order to bring out any differences existing in the 
currents a t  the different depths. For the sake of comparison, too, 
data for the surface currents (7-foot depth) are included. 



TABLE 4S.-Current data, various depths, approaches to Lower Bay 
[Referred to times of HW and LW at  Sandy Hook] 

slack 

Yours 
after 
LW 
0.69 
0.59 
0.59 
0. 59 

1.09 
1.06 
1.12 
1.12 

1.55 
1.89 
1.79 
1.73 

0.39 
0.69 
0.69 
0.69 

a M  
0.64 
0.64 
0.64 

0.74 
0.74 
0.74 

a 5 9  

- - 

St.8- 
tion 
no. 

- 
Time 

__- 
Hwn 
before 
HU? 
3.81 
3.61 
4.11 
3.91 

1.81 
201 
2.18 
225 

2.41 
2. 27 
2.35 
2 57 

203 
2 13 
2 21 
228 

3.04 
3. OB 
3.26 
3.46 

3.31 
3.41 
8 4 1  

3.14 

2 

3 

I 

7 

8 

9 

- 

'eriod 

I Observations i 
Method Depth 

_______- 

w t i o n  1 Party of- I 
Date 

Your8 
6.03 
6.18 
6.23 
6.23 

6.06 
6.06 
6.02 
6.02 

5.84 
5.76 
5.78 
5.84 

I I after before 
H W  LW Knols Hours 
0.59 2.51 S . 5 6 E .  1.68 6.39 
0.64 2.51 ..._.___.. 1.70 6.24 
0.69 2.01 __.______. 1.55 6.19 
0.69 1.96 ...____._. 1.20 6.19 

1.01 2 8 1  S. 83 E. 1.86 6.37 
0.99 2.61 ._.___..__ 1.99 6.36 
1.01 2.36 __.._____. 1.43 6.40 
1.01 2.26 _ _ _ _ _ _ _ _ _ _  1.10 6.40 

1.26 1.64 S . 5 5 E .  2.28 6.58 
1.52 1.55 __._..____ 2.50 6.66 
1.44 1.57 ._.___.___ 1.86 6.64 
1.441 1.95 __.._____. 1.41 6.58 

N.42W. 

.____..__. 

.___._..__ 

Ambrose Channel _ _ _ _ _ _ _  
AUK. l(t12,1922. 

Knda 
1.48 
1.93 
1.60 
1.27 

Off Sandy Hook _ _ _ _ _ _ _ _ _  

____do ._________.__._____ 

H. C. Denson-.. Aug. 8-9, 1922--. 

_.___do ____._..__ Aug. 7-9, 1922.. 

1 

2 
2 
2 
2 

4% 
2% 
2% 
2% 

..-do .__. 24 

Pole..--- 7 
Meter-.. 7 

. ._do--. .  18 
---do.--- 29 

Pole.---- 7 
Meter--- 9 

.._do _ _ _ _  '20 

.--do-- _ _  32 

K.60W. 
.___..__.. 
._._______ 
.___--__-. 

N.78W. 

1 Flood strength 

1.75 
1.54 
1.38 
1.27 

0.90 South of Rockaway 
Point. 

____do _._________.____.__ 

Direction Veloc. 
(true) ity 

.____do .______... Aug. 7-9. 1922._. 

___._do ___._.__.. _.___do 5.84 
6.08 
6.11 
6.08 

6.00 
5.95 
5.91 
5.91 

N.46W. 1.12 
_____..__. 1.30 
.._.______ 1.31 
.___..._.. 1.8 I 

0.67 2.51 S . 4 0 E .  1.49 6.58 
0.59 2 7 4  _____...__ 1.53 6.34 
0.62 2 7 1  _._______. 1.46 6.31 
0.59 278 ____._____ 1.32 6.34 

0.46 29% S . f f i E  1.62 6.42 
0.56 2.91 _______... 1.71 6.47 
0.49 2 9 6  __.______. 1.74 6.51 
0.49 3.11 ._____.._. 1.54 6.51 

1% 
1% 
1% 
1% 

1% 
1% 
1% 
1% 

I 1 E b b  strength 1 

Pole----_ 7 
Meter-._ 5 

.--do _ _ _ _  13 

.--do _ _ _ _  21 

Pole.--.- 7 
Meter-.- 6 
... do _ _ _ _  13 
.--do. _ _ _  I 21 

-I-1-1- I-I- 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __.__do ____._._._ ..___do 

6.51 6.21 0.771 0.77 2 . 6 1 l S . 3 8 E . l  2.58 __.____._. 1.251 1.05 5.91 6.21 

6.46 1.02 228 _ _ _ _ _ _ _ _ _ _  0.93 5.96 
6.431 0.991 2 2 1  I _______.__ 0.84 5.69 
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The observations at  the stations listed in table 48 are too short to 
determine with precision the differences in the currents a t  the differ- 
ent depths. In  general, however, it  appears that the timo differences 
are small, the slacks and the strengths of the current occurring at  
practically the same time at  the different depths. The velocities, 
likewise, exhibit but relatively small differences as between the 
different depths, although the strength of ebb appears to be greatest 
near the surface. At the majority of these stations the ebb strength 
is greater than the flood strength at  all depths, but the difference 
becomes smaller in the greater depths. 

THE CURRENT IN LOWER BAY 

SURFACE CURRENTS 

Lower Bay is here understood to be the whole body of water 
lying westward of a line drawn from the eastern tip of Coney Island 
to Sandy Hook and bounded on the north by the Narrows, on the 
northwest by Arthur Kill, and on the west by Raritan River. For 
this body of water figure 35 shows the locations of 48 stations a t  
which observations have been made a t  various times. The data 
derived from these observations are given in table 49, and for each 
station these data refer to the current near the surface. Dif€erent 
methods of observation were employed at different times; but, in 
general, it  may be taken that the data given in this table are based 
on-observations made with a current pole and pertain to the currents 
at a depth of about 7 feet. 

In the table above the times of slack and strength of current are 
'ven in hours and tenths and are referred to the times oE tide at  Sandy 

Book, N. J., HW re resenting the time of high water and LW the 
time of low water. $he velocity of the current is given in knots and 
tenths and the direction is given to the nearest 5'. 

The data of table 49 show that from the entrance to Lower Bay 
the current becomes later in going northward toward the Narrows; 

westward toward Arthur Kill and Raritan River the current 
but apparent y becomes earlier for a short distance and then is very nearly 
simultaneous over the greater part of Lower Bay and Raritan Bay. 
Thus, taking the stations along the axis of the bay, the current a t  
stations 14, 15, 19, and 20 comes to stren th  about 1% hours before 

at  4 1  and 42 it is 235 hours; and at  45,47, and 48 near the western end 
of the bay it is likewise about 2% hours. 

In  the entrance to Lower Bay the velocity of the current at  strength 
averages between 1% and 2 knots, but within the bay itself the current 
is much weaker, being less than a knot at stren th. In general, the 
ebb velocity is somewhat greater than the floocf this being brought 
about by the fresh water drtlining into the bay. Where variations 
from these general conditiona are shown by the data of table 49, the 
explanation is generally found in the hydrographic features. Thus, 
a t  station 33 the ebb current is greater than the flood current by more 
than a knot. A lance at  the location of this station shows that the 
western point of 8 oney Island prevznts the main stream of the flood 
current, which sets toward the Narrows, from embracing station 33 in 
its sweep; but on the ebb this station lies in the direct path of the main 
atream from the Narrows, and hence shows the current velocity be- 
longing to that main stream. 

high and low water; at  stations 16, 17, an f 18 the value is 2% hours. 





TABLE 4Q.--Surface current data, Lower Bay 
[Referred to times of HW and LW at Sandy Hook] 

L 
Sta- 

Location 

I I Observations I 
Slack Party of- 1 Date 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

alter 
Daw LW 

Off Sandy Hook _ _ _ _ _ _ _  H. L. Marindin _.______.__ July 1887 __..._____._ 1 1.1 
...._ do ._._._________._.. I. E.  Rittenburg __.___..._ Augost 1932 ..______. 2 0.9 
_____do.. ._____________ H. C. Denson ....___._..__ August 1922 .______-_ 
._... do.. __.___.__...___ J. M. Eawley _______.._.__ August 1885 _ _ _ _ _ _ _ _ _  'E ::: 
_.___do .__.____.________ I. E. Rittenburg .___.__. :- September 1932 ___._. 2 1.0 

Sandy Hook Bay ____.. _..._ do _______..______._.___ June1932 ________..._ 2 0.4 
...-. do.. __.__..________ H. Mitchell .____..________ July 1656 _______.___. $4 0.7 

a 9  .____ do-. _____.. .._______ _..--do ______.__.________.__ ____-do --__._-____---- 
.____do .___._._________. __.__do ______.__________..._ ___._do ___.______.____ 'E -0.1 
.____do.. __.___.________ .____do ___._____________.___ _____do _________...___ M -0.1 

11 ..._. do ___.____.________ I. E. Rittenburg. ______.__ August 1932 ______.-_ 2 
12 __.._do., .._._._._.._.__ .____do .__.____.__._________ .____do ____________--_ 2 
13 Middleof Bay ___..._.. H. L. Marindin _______.___ July1887 _.__________ 1% 
14 __._.do.. ..........__........ do ____._.__.___.___._____.._ do _._._._________ 1 
15 ..--.do.. ..______._.___ T. A. Craven _ _ _ _ _ _ _ _ _ _ _ _ _  August 1855 .________ $4 

16 ___. .do ._._.____._____._ J. M. Hawley _________.___ August 1685 ______---  
17 _____do.. _________._____ ._.__do _______________.____. ____-do ---_.______---- 'a 
18 __... do. ~ _..___. ~ _ _ _ _ _ _  H. C. Denson _.___._______ August 1922 __.___--- 
19 ._.__do .___.______.__... T. A. Craven _ _ _ _ _ _ _ _ _ - _ _ _  September 1855-.---- % 
20 ..__.do ._..___._________ H.L.Marindin ________.__ June1887 ____._______ 2 

1.1 
3.7 
1.5 
1.3 
1.3 

::! 
::: 
2.0 

21 ..__.do ___________..____ .-..-do ____...__.___._______ .____ do ___.___________ 2 
22 ._.__do.. .._.__.._._____ W. Q. Cutter .___________. August 1885 _ _ _ _ _ _ _ _ _  1 
23 ..... do .__..__..________._.__ do _____________._______.____ do ___._._________ 1 
24 _.... do. ._ ...___._.___ H. C. Denson _ _ _ _ _ _ _ _ _ _ _ _ _  August 1922 ._____-._ 
25 Off Coney Island _____. E. B. Thomas _..__________ September 1881 _ _ _ _ _ _  
28 ..... do __._.._____._____ W. P. Elliot __________._._ May 1889 _ _ _ _ _ _ _ _ _ _ _  

'2 
1 

Flood strength 

1.1 
1.1 
2.5 

-; 
1.0 

Time 

27 
28 
29 
30 

Hours 
before 
HW 

3.0 
3.2 
2.1 
3.0 
2.6 

4.3 
3.2 
3.1 
1.4 
2. e 
2.4 
1. c 
2.5 
2. c 
2. c 
3.0 
3.1 
3.1 
1.3 
1.7 

2.3 
2 5  
1. I 
0.1 
3.4 

2.1 
2.7 
2.3 
9.3 
1.5 

-..do. -. -. - - - - - -.--do- - -. - - - - - - - - - - -. - -. - - -do-- - -. - - _ _  - - - - - - 
__.__do __.___..._.____.. H. Mitchell _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  August 18-58 _ _ _ _ _ _ - - -  
.____do _____.____.._____ W. P. Elliot _ _ _ _ _ _ _ _ _ _ _ _ _ _  May 1889 _ _ _ _ _ _ _ _ _ _ _  1 1.2 
_____do  ____.._.._____.__ 1. E. Rittenbnrg ____._____ October1932 _ _ _ _ _ _ _ _  2 1.3 

. . -. -. . . . . s. 60 w. 
s.50w. s. 65 w. 
8.80 w. 
S. 40 E. 
S.40E.  
6.65 w. 

N. 80 W. 
5.85 w. 

N. 80 W. 
N. 70 W. 
N. 50 W. 
N. 50 W. 

s. 80 w. 
9. 70 W. 
6. 70 W. 

N. 45 W. 
N. 60 W. 

N. 70 W. 
N. 75 W. 
N. 30 W. 

N. 40 W. 

N. 70 W. 
N. 85 W. 
N. 85 W. 
N. 75 W. 
N. 70 W. 

S. 

N. 

rncnots 
1.6 
1.4 
1.2 
0.7 
0.6 

0.2 
0.5 
0.4 
0.5 
0.5 

0.4 
0.1 
1.3 
1.6 
0.8 

0.7 
0.9 
1.0 
0.8 
1.5 

1.5 
1. 2 
1.0 
0.9 
0.4 

1.1 
2.0 
2 0  
1.9 
1.1 

- __ 

'lood 
iura- 
tion 

- 

Ymrs 
4.9 
4.6 
5.7 
4.8 
5.5 

2 8  
3.5 
3.8 
6.5 
6.3 

6.2 
2.9 
5.6 
5.9 
6.3 

6.0 
6.2 
6.3 
6. 1 
5.5 

6. 1 
6.2 
4.7 
5.0 
6.0 

6.9 
7.2 
6.6 
6.2 
6.5 

- __ 

Slack 

~ 

Hour8 
after 
HW 
-0.1 
-0.6 

0.5 
0. 5 
0.4 

-2.9 
-1.5 
-1.4 
0.3 
0.1 

1. i 
0. I 
1. ( 
1. I 
1. t 

0. t 

0. 1 

1.8 
1.4 

1.1 
1.2 
1.1 
2.6 

-0.4 

1.8 
1.5 
1. 5 
1.3 
1.7 

0. ; 

- 

Time 

Hmra 
before 
LW 

3.8 
3.0 
2.8 
2.3 
2. 6 

4.6 
3.9 
4.8 
3.6 
3.8 

1.9 
0.3 
1. e 
1. a 
1.7 

2 4  
2. a 
2.7 
1.7 
1. 1 

1.3 
1.5 
0.3 

-0.2 
4.0 

1.8 
2.3 
2. 1 
2.0 
1.6 

Ebb strength 
~ 

Direction 
(true) 

0 

. . - -. - - -. . 
N. 60 E. 
N. 10 E. 
S. 85 E. 

N. 85 E. 

N. 35 W. 

N. 70 E. 
S. 80 E. 

Tu'. 25 E. 

N. 85 E. 
N. 10 W. 
S. 60 E. 
S. 50 E. 
8.60 E. 

E. 
S.80E. 
5.80 E. 
S.40E. 
5.50 E. 

6. 60 E. 
S. 75 E. 

6 .  
8. 10 W. 
5.85 E. 

5. 70 E. 
5. 85 E.  

N. 85 E. 
9. 70 E. 
S. 80E. 

N. 

- 
Veloc- 
ity 

Knda 
2.2 
1.8 
1.4 
0.9 
0.6 

0.4 
0.7 
0. 7 
0.3 
0.3 

0. 2 
0. 5 

1.5 
1.4 

0. e 
0. E 
0. E 
1.6 

1.6 
1.6 
1.7 
1.3 
0.3 

1.2 
1.8 
1.9 
1.7 
1.2 

1. a 

0. a 

~ __ 

Ebb 
lura- 
tion 

fours 
7.5 
7.8 
6.7 
7.6 
6.9 

9.6 
8.9 
8.6 
5.9 
6.1 

6.2 
9.5 
6.8 
6.5 
6.1 

6.4 
6. 2 
6. 1 
6.3 
6.9 

6.3 
6. 2 
7.7 
7.4 
6.4 

5.5 
5. 2 
5.8 
6.2 
5.9 
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Slack 

Hours 
after m 

2.3 
0.9 
0.9 
1.0 
1.9 

2.5 
2 9  

-3.1 
-2.0 

0.2 

0.3 

1.1 
1.2 
0.4 
0.7 

1.8 
1.3 
1.0 

Sta- 
tion Location 

no. I 
__ 

Time 

-- 
Hours 
before 
LW 

0.0 
0.8 
0.6 
2.9 
1.7 

-0.1 
0.1 
5.9 
4.4 
2.8 

2 5  

2.5 
2.9 
2 4  
2 5  

2 3  
1.9 
3.2 

Party of- 

31 
32 
33 
34 
35 

Observations 

Date ~ Perio 
~ 

Days 
Off Coney Island .--..- H. Mitchell .__.____..__.__ August 1858 __._.__.. 9 

.__._do _.___._..__...... H. C. Denson _.__.________ August 1922 .._.___._ 1 
Gravesend Bay.-. . . . . . .----do. . . - -. _ _  1 

__.__do _____.______... ~. I. E. Kittenburg __..______ October 1932 ._______ 3 
Off Staten Island --.... H. C. Denson _..__._______ August 1922 _._._____ 1 

- -. - - .-... do. -.. ._ -. - -. _ _  -. 

Hours 
after 
L W  

3.4 
2. 2 
3.6 
0.7 
0.9 

Hours 
belore 
H W  

0.4 
2. 1 
0.8 
2 0  
2.3 

8. 1 0 E .  
S. 

S. % E .  
S. M E .  
S. 30 W. 

S. 15 W. 
S. 45 W. 
N. 30E. 
N.70E.  
N. 80E.  

I Flood strength 

KnndS 
2.0 
1.8 
1.7 
0.7 
0.8 

2.2 
0.3 
0.7 
0.5 
0.4 

Slack 1- 
~ Tin’e 

36 
37 
38 
39 

_____do ___._____._______ T. A. Craven. ._.___._.___ August 1855 _.___.___ 1 
_____do  _______________._ H. Mitchell ....._____.____ June 1859 _____..___._ 1’ 
_____do  _________._._____ I. E. Rittenburg ____._____ July, August 193%- 
.._._do _____.__.________ H. Mitchell ___._________._ July 1872 _ _ _ _ _ _ _ _ _ _ _  1 ’! 

2. 4 
1.8 

-1.9 
-1.8 
-1.0 

0.5 
0. 7 
4.9 
4.5 
1.9 

::I 1.0 E 2. 3 

~~ 

40 ._.-.do -. - _ _  _ _ _ _  -__ I  - - - --do--- - - -. . - _ _  - - 
41 Raritan Bay _____.__ _ _ _  1. E. Rittenburg _ _ _ _ _ _ _ _ _ _  
42 ~ 1 -  _____do _________._______ H. C. Denson. __..____.___ 
43 _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittenburg _______._. 
44 .____do- __________._____ .____do . . . . . . . . . . . . . . . . . . . . .  
45 -----do. _ _  _ _  _ _  - - - - - - - - - ____-do.--. - _ _  - - _ _ _ _  _ _  _ _  - - - - 
46 _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .___.do _______._______._____ 
47 _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. C. Denson _.___________ 
48 _____do _______._________ I. E. Rittenburg ___.______ 

- - 

. . . 

Direction 
(true) 

- _ _  -:do--- _ _  - -. - -. - - ! 
August, September 2 

August 1922 ___.____. 2 
August 1932 _._______ 2 
September 1932 ____._ 2 

--.--do.- - - - - - - _ _ _ _ _  - - 2 

__.__do _____________._ 2 
August 19 22... _ _ _ _ _ _  1 
June 1932 ..._._______ 2 

1932. 

N. 10 W. 
N. 30 W. 
N. 75 W. 
N. 50 W. 
N. 20 E. 

N. 10 E. 
N. 20 E. s. 45 w. s. 55 w. s. 60 w. 
s. 85 w. 

N. 85 W. 
N. 85 W. 
N. 80 W. 

s. 25 w. 
N. 80 W. 
N. 75 W. 

W. 

0.8 

0.4 
-0.1 

1.3 
1.0 

~ 

Jeloc 
ity 

2 8  

2 9  
2 5  
3.0 
2.8 

WndS 
0.9 
1.1 
0.5 
0.9 
0.9 

1.2 
0.4 
0.2 
0.4 
0.3 

0.6 

0.6 
0.5 
0.7 
0.6 

0.3 
0.7 
0.7 - 

S. 85 E. 
N. 75E. 
N. 80E. 
N. NE.  

?load 
jura- 
tion 

0.4 
0.5 
0.6 
0.5 

ZWrS 
5.0 
4.8 
3.4 
6.4 
7.1 

5.8 
7.2 
4.9 
5.9 
7.3 

5.6 

6.8 
7.4 
5.2 
5.8 

7.4 
6.5 
6. 1 
- 

1 Ebbstrength 

D,irection Vel@ 
(true) ity 

N. 70E. I 0.6 

N. 15 W. 0.2 

s.&. 1 ;:; 

w 
0 = a  

Ebb 
lura- 
tion 

P 
7.4 m Ymr.9 

7.6 
9.0 0 
6.0 0 
5.3 

6.6 5 
5.2 
7. 5 + 
E 3 

::; 3 

6.3 3 

6.8 

5.6 0 
5.0 u 

s 5.0 
5.9 m 

- 4  
M cc 
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Between stations 37 and 38, off Staten Island, the flood and ebb 
currents change directions. At station 37 and in ths region north- 
ward the flood seta northeasterly and the ebb southwesterly, while at  
station 38 and in the region southwestward the flood sets southwest- 
erly and the ebb northeasterly. As the terms L‘flood’’ and “ebb” 
are ordinarily used, the flood current is tlxe one that sets inland or 
upstream and the ebb current the one that sets seaward or down- 
stream. I n  tidnl rivers there can generally be no question as to 
which direction is upstream and whi;.h downstreaw; but in a case like 
that of the region in the vicinity of stations 37 and 38 the terms 
“upstream” and “downstream” or “inland” and “seaward” arenolonger 
precise, and it therefore becomes necessary to define flood and ebb 
in terms other than that of direction. 

From a consideration of the relation of current to tide both in the 
progressive-wave and stntionary-wave types of tidal movement the 
fiood current may be defined as the one that attains its strength on a 
rising tide, while the ebb current may be defined as the one that 
attains its strength on a falling tide. And it i.; to be noted that thme 
definitions of flood and ebb, based on time relations of current to tide, 
< p e e  with the ordinary use of these terms in cases where no ambiguity 
nrises from the definition based on direction. 

From table 32 it is evident that the time of tide in the vicinity of 
stations 37 und 38 is practically the same ns that at  Sandy Hook. 
Hence HW and LW in table 49 may be taken as representing not 
only the times of high and low water at  Sandy Hook but also the 
timed of local high and low water in the vicinity of stations 37 ttnd 38, 
and the data of table 49 show that the strength of the northeasterly 
current comes on a rising tide a t  station 37 and on a fnlling tide a t  
sttition 38. At the former station, therefore, the northeasterly cur- 
rent is the flood current, while at  the latter stution it is the ebb 
current . 

Since the time of tide throughout Lower Bay differs but little from 
t’liat at  Sandy Hook, table 49 may be taken as giving directly the 
relations of the current at  the various stations to local tide. For 
more accurate determinations use may be made of tho data in tablo 32. 

As regards the durations of flood and ebb in Lower Bay, table 49 
shows that as a rule the ebb has the greater duration, and this was to 
be expected because of the fresh-water discharge through Lower Bay. 
Stations 26 to 30, near Coney Island, stand out markedly different 
with flood durations greater than the ebb. Here, too, it would appear 
that the location of the stations with respect to the main stream of 
the current explains this departure from the general conditions - 
the main stream of the current, while on the ebb Coney Island cuts 
them off from the main stream issuing through the Narrows. A simi- 
lar explanation probably accounts for the greater flood duration a t  
stations 35 and 37. Within Sandy Hook Bay, near the shore of Sandy 
Hook, the ebb has an exce tionally long duration, about 9 hours, while 

vailing in Lower Bay. On the flood these stations are in the pat E“ of 

the flood runs for but 3% Fl ours. 



108 U. S. COAST AND GEODETIC SURVEY 

CURRENT DATA, VARIOUS DEPTHS 

In  the observations mada in the years 1922 and 1932, the subsurface 
currents were also investigated, current meters being used for this 
purpose. These subsurface observations were made at  three depths, 
0.2, 0.5, and 0.8 of the depth at  each station. The results of these 
observations, with the velocities reduced to mean values, are shown 
in table 50. The times are referred to high and low water at  Sandy 
Hook, intervals and velocities being given to the second decimal place 
to bring out the differences existing in the current a t  the different 
depth?. 



TABLE 5O.-Curtat data, various depths, Lower Bay 
[Referred to times'of HW and LW at Sandy Hook] 

Location 

- - 

Sta- 
tion 
DO. 

- 

2 

3 

5 

6 

11 

12 

18 

24 

Party of- 1 Date 

Observations I 

Off Sandy Hook _ _ _ _ _  

_--_do _________._____ 

_--_do - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Sandy Hook Bay _ _ _ _  

_--_do _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

_--_do -____ - _ _ _  _ _  _ _ _ _  

Middle of Bay _ _ _ _ _ _  

.-__ do---. _ _ _ _ _ _ _ _ _ _ _  

I. E. Rittenburg _ _ _ _  Bug. B24, 1932. 

H. C. Denson _._____ Aug. %Il,  1922-. 

I. E. Rittenburg _ _ _ _  Sept. 12-14, 1932 

._.__do _________.__._ June 20-22.1932. 

__.__do. - _ _ _  _ _ _ _ _ _ _ _ _  Aug. 24-26, 1932. 

._---do. - - _ _  ___. _ _ _  - ~ __---do. - - _ _  ._ ._. 

H. C. Denson _ _ _ _ _ _ _  Aug. ell, 1922-. 

_____do _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _  

Hours 
before 
LW 
2.99 
2.99 
2.w 
269 

'erioc 

Kndr 
N.62E. 1.80 

-_----___- 200 - _ _ _ _ _ _ _ _ _  1.90 _ _ _ _ _ _ _ _ _ _  1.70 

Duffs 
2 
2 
2 
2 

14 
14 
13 
14 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 

2 
2 
2 

14 
14 
14 
13 

If 
14 
14 
14 

Pole.---- 
Meter.-. 
-.do _ _ _ _ _  
--do _ _ _ _ _  

Method Dept 

Fee! 
7 

11 
28 
44 

-I-- 

2.59 
2.59 
2.59 
279 

4.59 
4.09 
3.79 
3.09 

1.89 
1.79 
2.19 

N.86E. 0.60 _ _ _ _ _ _ _ _ _ _  0.60 _ _ _ _ _ _ _ _ _ _  0.50 
-_-_--____ a40 
N.37W. 0.40 

-_------_- 0.40 -___--____ 0.40 ------___- 0.40 
N.83E. 0.20 _ _ _ _ _ _ _ _ _ _  0.40 ____--____ 0.50 

- __ 

Slack 

S. 2 E. 

.--__-____ 

6. 70W. 

N. 1E. 

.-___-___- 

Hour. 
after 
LW 
0.91 
1.01 
1.01 
0. 51 

0.89 
0.96 
0.92 
0.89 

1.01 
1.01 
I. 01 
0.91 

0.41 
._____ 
.--__- 

0.10 
0.40 
0.40 

0.95 
1.15 
0.98 
0.80 

0.85 
0.83 
0.65 
0.55 

I. 11 

271 

3.28 
3.44 

-0.19 

0.31 
0.84 

3.28 

0.01 

3.71 

-0.01 
-0.04 
-0.04 
-0.04 

3.76 
409 
402 
3.86 

S. 81 E. 0.57 

-___- -____ 1.00 
---------- 0.95 

8. low. 1.27 

_ _ _ _ _ _ _ _ _ _  1.05 
---------- 0.77 

_ _ _ _ _ _ _ _ _ _  0.73 

_ _ _ _ _ _ _ _ _ _  1.8 

F l d  strength 

Time 

HOWJ 
before 
HW 
3.22 
3.02 
242 
242 

2.06 
206 
2 61 
2 71 

262 
272 
272 
2.92 

4.32 
4.52 
4.42 
3.92 

2 42 
282 
3.02 

1.02 
0.52 
0.52 

3. 11 
3.26 
3.21 
3.38 

0.11 
-0.06 

0.34 
0.54 

Direction Veloc 
(true) ity 

Uour. 
4.60 
4.90 
5.42 
6.32 

5.73 
5.63 
5.93 
6.00 

5.52 
5.32 
5.32 
5.52 

280 -___-  ____-  
-_ -_-  
6.22 

-___ -  - _ _ _ _  
2.92 

---_- - -__- 
6.33 
6.83 
6.83 
6.83 

499 
446 
4.40 
4.36 

- - 

Slack 

Hour. 
after 
HW 
-0.62 
-0.22 
0.30 
0.70 

0.49 
0.46 
0.72 
0.76 

0.40 
0.20 
0.20 
0.30 

-2 92 ----- 
- -__ -  --_-- 
I. 20 

0.50 
_ - _ _ -  --_-- 
0.19 
0.66 
0.66 
0. €8 

2 62 
242 
229 
209 

Ebb strength 

I I 

Time Direction Veloc 1 (true) 1 ity 

- - 

Ebb 
dura- 
tion 

- 

Hours 
7.82 
7.52 
7.00 
6.10 

6.69 
6.79 
6.49 
6.42 

6.80 
7. 10 
7.10 
6.90 

9.62 __-_-_ ------ 
------ 
6.20 _ _ _ _ - _  

---_-_ 
9.50 ____-_  

---_-_ 
6.09 
5.59 
5.59 
5.59 

7.43 
7.96 

8.06 CD 
am o 



TARLE 50.--Current data, various depths, Lower Bay-Continued 

Off Coney Islnnd _ _ _ _  i I. E. Rittenburg __._ 
Days 

Oct. 2-5,1932. .___ 2 S. i B  E. 
____...- 
_._..__._ 
.______.- 

Knots 
1.20 
1.20 
1.10 
1.00 

_.__do .__....____._._' H C 1)enaon _._.___ 

Grawsend 1 1 3 ~ .  . . _ _ _  .. . ..(lo. - -. - _ _ _  _ _  _ _  . . I . .  

.-.-do I. E. Rittenburg .___. 

Oll Staten Islaud __._ 11. t ' .  Dcnaon ....--- 

.____do ___.__ ~ _.______ I. E. Rittenburg _ _ - -  

Raritan Ihiy _ _ _ _ _ _ _ _  . _ _ . _ d o  ______ . .____ ._ '  

.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  n. C. Denson _._._._, 

Aug. 11-12, 1922.. 

.___.do. - _ _ _ _  __.__ 

Oct. 5, 1'332 ___._._ 

I 

Aug. 11-12, 192.. 

June 24-25. Aug. 
26-27, 1932. 

Aog. 2&Z, 31, 
Sept. 1, 1932. 

Aug. 11-12,21-22, 
1922. 

S. 26 E. 
________. 
__....___ _ _ _ _ _ _ _ _ _  
S. 60 E. 
_._..__._ 
________. 
_..__..__ 

S.30W. 

...._____ 
_______._ 

N. 28 E. 

_._____.- 

..._____. 
_____..-- 

1.70 
1.81 
1.30 
1.01 

0.70 
0.70 
0.90 
0.iO 

0.M 
0.m 
0.70 
0.62 

0.50 

0.60 
0.m 

N.77E. 
___._____ _ _ _ _ _ _ _ _ -  
.~ .______ 

N.82E. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
.._______ 

N. 79E. 
_ _ _ _ _ _ - - -  
__.____._ 

0.50 
0.70 
0.60 
0.60 

0.60 
0.70 
0.60 
0.60 

0.60 
0.m 
0.40 

,___do _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ I. E. Rittenburg _ _ _ _  

_ _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do.-- .  _____.___. 

Aug. 2!-24, 1932.. 

Sept. 12-14, 1932.- 

_ _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ d o  _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _  

____do _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _  do--- ___. -. __.._ __.--do- _ _ _ _ _ _ _ _ _ _  

__.__do ___________.__ Sept. 14-16, 1932-. 

H. C. Denson _..____ AUK. 19-20, 1 9 Z -  

I. E. Rittenburg --.. June23-25, 1032-. 

h-. 17 JY. 
.__.__--- 

S. 88 E. 

.~ _ _ _ _ _ _ _ _  
S. 66 E. 
._._______ 
_._....___ 
._______.. 

0. 10 
0.20 
0.20 

1.23 
1.06 
0. i6  
0.68 

0.90 
0.90 
0.80 
0.70 

N.77W. 

._________ 

0 . i O  
0.90 
1.00 
0.90 

- - 

Ebb 
lum- 
tion 

- - 

Sta- 
tion 
no. 

- 

30 

32 

33 

34 

3': 

L 

41 

42 

I Ohservnt ions I I Flood strength Ehb strength 

Slack I Date IPeriod 
Location I Partyof- 

I 

- 

rime 
I I Virection Yeloc- 

(true) I ity Deptli 

- 
Method 

I- -I- IOU rs 
otter 
H 11' 
1. i0 
1.70 
1. 70 
1. io 
0.84 
0.94 
1.14 
1. 14 

0.64 
1. 14 
1. 14 
1.24 

1.00 

lours 
refort 
1,11- 
1.59 
1.69 
1.79 
1.49 

0. if3 
0. XB 
1.01 
1.41 

0.61 
-0.09 
0.01 
0. 16 

2.69 
2.09 
1.99 
2.00 

1. fii 
1.76 
1. i l  
1.86 

5.29 
5. i9  
6.09 

2.49 
2 59 
2 79 

2.53 
2.63 
2 76 
2. i Y  

h-nolr 
1. 10 
1. m 
1. 10 
1.00 

lours 
5. 90 
6. 10 
6.00 
6. 10 

7.59 
i. 54 
7.34 
7. 14 

9.01 
8. i9 
8. 69 
6.51 

6.00 
._____ 
._____ 
.__.__ 

5. zr, 
5. 71 
5.61 
5. 44 

i. 52 
.__.__ 
._._._ 

6. so 
i. 00 
6. Ix) 

5.61 
6. 14 
8.04 
5. %J 

lours 
6.52 
5.32 
6.42 
6.32 

4.63 
4 . 6 s  
5. os 
5. m 
3 .3s  
3.63 
3. i 3  
3. Es 
6. 42 

.--do _ _ _ _  14 

..-do _ _ _ _  I 22 

1.62 I _ _ _ _ _ _ _ _ _ _  I 
1.32 .____ ~ .___ 

2. 14 
2. 19 
2. 19 
1. w 
3.59 
3.64 
3.54 
3.49 

0. i l  
_.__. 
_..__ 
____. 

0.69 
1.24 
1.14 
0.64 

-1.69 
_.___ 
____. 

0.81 
0.91 
0.91 

0.37 
0.56 
0.47 
0.42 

1. 14 
0.9i 
1. -33 
1.29 

0.47 
0. 69 
0.m 
0. i 4  

0.90 
0.80 
0. w 
0.90 

0.8.5 
0. ES 
1.00 
0.89 

0.60 
0.40 

0. 60 
0.70 
0.60 

0. 64 
0.74 
0.70 
0.82 

0. m 

2 11 K.28\\'. 
2 76 _________. 
2 21 . .... ..___ 
2 36 

0.81 N. i5W.  
0.66 .___._.--- 
0.66 __._..____ 
0.66 _ _ _ _ _ _ -  _ - -  
2 0 2  r- i .MW. 
1.12 ...._____. 
1.22 ______..-- 
1.22 .___..____ 

2.26 Pi. 1s E. 
2.51 ________.. 
2.61 .._...____ 
2 46 _ _ _ _ _ _ _ _ _ _  
4.42 S. 44 I\'. 
4.52 __...__.__ 
5.32 ______.___ 

_ _  - _ _  _ _ _  - - 
Pole.--- 
Meter-.. k 
... do _.__ 15 
... do .___ 22 

- 

Pole.--- - 
hfeter ... A 
... do _ _ _ _  15 
... do ___. 24 

i. I6 
6. 71 
6.61 
6. 93 

4. IK) 

1.92 
1.62 
1.82 
1.69 

-3.12 

Pole..-- 7 
Meter ... 4 

.-.do _ _ _ _  9 

... do _ _ _ _  14 

Pole--.. 35 
Meter.-- 3 
... do _ _ _ _  12 

Pole.--- 7 
Meter.-- 5 
... do .___ 15 

5.62 
5.42 
5.52 

6.61 
6.23 
6. -33 
6.43 

0.30 

0.30 

1.05 
0. i l  
0.72 
0. i2  

0. m 
2.62 
3. 12 
3. 32 

2.86 I N. s6 W. 

3.13 : _ _ _ _ _ _ _ _ _ _  
3.36 ' _ _ . _  .-.... 

3.06 I ._.___ _--- 
S. 84 E. I 0.4% 
________. 0.62 

......-.- 0.44 
___._..._ j 0.50 

1. m 
1.20 
1.20 
0.60 

0.40 
0. i o  
0.80 
0.80 

0. io 
0.80 
0.70 

1.70 
1.80 
1.80 

1.29 
I. 22 
1.22 
0.74 

1.00 

1.50 

1. m 
1. m 

289 
2.99 
299 
3.29 

2.39 
2. 29 
2 2 9  
2 2 9  

2.89 
2. s9 
2 39 

2.29 
2.49 
2.29 

1.91 
236 
2 i l  
3.11 

3. 19 
3.19 
2.00 
2.79 

~ 

5.00 
5.00 
4.00 
4.80 

6.90 
6.50 
6.30 

6. M 
6.50 
6.60 

4.90 
5.00 
5.00 

5.69 
6.31 
5.71 
6.44 

6.30 
5. m 
5.50 
4. 90 

7. m 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 

2 
2 
2 

1 
1 
1 
h 

2 
2 
2 
2 

0.09 
0.09 
.1.09 
.o. 89 

1.31 
1.31 
1.01 
0.81 

1.01 
1.01 
1.01 

0.31 
0.51 
0.51 

0.89 
1.24 
0.64 
0.89 

1.01 
0. 71 
0.41 
0.11 

2 cz 
2.22 
3.12 
3.52 

3.02 
3.22 
3. 12 
2 62 

3. 12 
2 82 
2 i2  

2.92 
2.92 
3. 02 

296 
2 i6  
2. Do 
3.06 

2.32 
2 62 
2 52 
2 12 

7.42 
7.42 
8.42 
7.62 

5.22 
5.52 
5. 92 
6. 12 

5.82 
5.92 
5.82 

i. 52 
7.42 
7. 42 

ti. 53 
G. 11 
6. 71 
5.98 

6.12 
ti. 62 
6.92 
7.52 

43 

44 

45 

40 

47 

4f 

- 

S.24W. 0.20 
__._.___. 0.30 
______.__ 0.20 

N.78W.I 0.71 
0.91 
0.01 

..____.__ 0.81 
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The observations on which the data of table 50 are based are from 
1 to 2 days in length. In  a day there are but 2 floods and 2 ebbs, so 
that slight differences in the results for the various depths derived 
from observations covering but a day or two may be due to 
accidental variations. In general, however, the data of table 50 
indicate but little difference in the time of dtrength or of slack a t  the 
various depths. For the velocities, however, the differences between 
various depths are unmistakable. 

The stations which are located outside the path of the current 
passing through the Narrows show, in general, a decrease in velocity 
with increase in depth, both on the flood and on the ebb. This is in 
accordance with the distribution of velocity in ordinary hydraulic 
flow and is evidenced by the data for station 3 off Sandy Hook, 
station 30 off Coney Island, and stations 42 and 43 off Staten Island. 
For these stations, too, it will be noted that the durations of the 
flood or ebb periods do not vary much for the different depths. 

The stations located in the path of the current from the Narrows 
show a different vertical velocity distribution for flood and ebb. 
Station 32 is a good illustration of this, On the ebb the current at 
the different depths varies in accordance with the vertical velocity 
distribution of ordinary 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. At  station 32 
the flood strength a t  the two-tenths depth is less than a t  mid:de th 

thin at mid-depth. 
This difference in the vertical distribution of the current velocity 

evidently is due to the nontidal or fresh-water discharge from the 
Narrows. Having a density less than that of sea water, this fresh 
water tends to remain near the surface. On the ebb both tidal and 
nontidal water are moving in the same direction, and therefore the 
vertical velocity distribution is similar to that in water under 
hydraulic motion. On the flood the nontidal water near the surface 
tends to move seaward, and thus decreases the velocity of the tidal 
current near the surface. With increased depth the effect of the non- 
tidal water diminishes, and hence the full velocity of the flood current 
is attained a t  some distance from the surface. 

In conse uence of the diminution of the flood strength near the 

may be expected with increasing depth. And while the data for 
station 32 are based on but 1 day of observations this increase in 
the flood period with increasing depth is shown unmistakably. The 
data for station 33, located similarly with regard to the current from 
the Narrows, give evidence of features sirmlar to those for station 32. 

or at  the eight-tenths depth and at the latter depth is but little P ess 

surface by 7 resh water, an increase in the duration of the flood period 

THE CURRENT IN THE NARROWS AND UPPER BAY 
SURFACE CURRENTS, THE NARROWS 

For the Narrows there are at  hand current observations at  33 
stations, the locations of these being shown on figure 36. The data 
derived from these observations, with the velocities reduced to mean 
values, are given in table 51 and may be taken to pertain to the 
current a t  a depth of about 7 feet. The times of current are referred 
to the times of tide at Sandy Hook, HW standing for the time of 
high water and LW for the time of low water. The velocities have 
been reduced to mean values. 



TABLE 51.-Surface current data, Un Narrows 
[Referred to times of H W  and LW at Sandy Hook, N. J.] 

1 
2 
3 
5 
6 

Off BrooHyn _____.____ 
_____do _______.________._ 
._--.do ____.___ ~ _ _ _ _ _ _ _ _  
-_---do _____._____._.___ 
--.--do _______._._______ 

H. Mitchell ..________ . 
I. E. Rittenburg- ____. 
H. C. Denson __.____._ 
H. L. Marindin _._____ 
1. E. Rittenburg _ _ _ _ _ _  

4 
2 
2% 
1% 
2% 

July, August 1858 ___._... 
October 1932 ________.___. 
Augus t  1922 ___.___.._.... 
September 1885 _ _ _ _ _ _ _ _ _ _  
August 1932-.. _______._. 1 

3.3 
0.6 
3.2 
3.5 
1.7 

7 
8 
9 
10 

--.--do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. Mitchell _ _ _ _ _ _ _ _ _ - _  August 1858 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ' 3.5 
-_---do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. C. Denson ________. August 1922 1 2 4  
-_---do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. Winston ______.___._ October 1919 2 2.0 
__--_do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. Mitchell ._______._. August 1872 __________.___ 1 1.9 

11 I Mid-channel _________._ T. A. Craven .________. August 1855 _.______.___.. % 2.9 

Flood strength 

12 
13 
16 
18 
19 

Time 
~ 

Hours 
before 
HW 

0. 1 
0. 7 
0. 2 
0. 4 
0.9 

0.0 
0. 9 
0. 2 
1.9 
0.8 

0. 7 
1. 0 
0. 7 
1.0 
0.4 

0. 7 
0. 4 
0. 2 
0.4 
0. 2 

0. 6 
0. 1 
0.5 
0.9 
0. 7 

0.4 
0. 1 

-0. 2 

-_---do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. C. Denson _._._____ August 1922 ______..__._ 
-----do ___._______.___._ I. Winston __._.__...._ October, November 1919- 
-_--_do .__._____._______ H. C. Denson ____.__._ September 1922 ____.__.__ 
-_---do _____________.___ H. L. Marindin _._.___ September 1885 _ _ _ _ _ _ _ _ _ _  
---.-do _______________.. C. G .  Hanus _____._... October 1886 _____..._ .-.- 

0 

N. 40 W. 
N. 15 W. 
N. 10 w. 
N. 10 E. 

N. 10 E. 
N. 20 E. 
N. 15 E. 
N. 30 E. 
N. 35 W. 

N. 20 w. 
N. 25 W. 
N-. 20 W. 

N.45 w. 
N. 5 W .  
N. 10 W. 
N. 5 w .  

N. 
N. 5 E .  

N. 20 E. 
N. 5 E .  
N. 25 W. 

N. 5 W .  

N. 5 E .  
N. 15 E. 
N. 5w. 

. -. . - -. . . 

-. - - - . . -. . 

- -. -. - . . .. 

I 20 ._---do _______._._______ 
21 ..---do ___________._.___ 
22 __-__do _ _ _ _ _  - - __. _ _  _ _  _ _  
23 ._--_do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
24 ._---do ._____.__________ 

25 __.-_do __.____._._______ 
28 __--_do _._____.____._.___ 
27 Off Staten Island _ _ _ _ _ _ _  
29 __-__do _______.________. 
30 ._--_do ._________._______ 

31 .____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
32 __-__do __________._____. 
33 _____do _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _  

__ 
Jeloc. 
ity 

2 4  U. 6. S. Amphitrife _ _ _ _  August-October 1917 _ _ _ _  
H. Mitchell .__.__._.__ August 1858 ____._______ ': 1 2.6 
I. Winston ___. _ _  _ _  _ _  September 1919 ._________ 2. 7 
I. E. Rittenburg ._____ August 1932 _ _ _ _ _ _  ~ _____. igl 1.9 
H. Mitchell _______.___ July 1859 _.____________.. 1 2.7 

T. A. Craven _ _ _ _ _ _ _ _ _  Angust 1855 _ _ _ _ _ _ _ _ _ _ _ _ _  
1. Winston _.______.__. September 1919 ._____.__ ~ 2' i2 
H. C. Denson _ _ _ _ _ _ _  _ _  August 1922 .___. .~ _ _ _ _ _ _  
H. L. Marindin ____.__ September 1885 ._________ 
H. C. Denson ___..____ September I922 _________. W 2.3 

I. E. Rittenburg ___.__ August 1932 ..---. ~ .___._ 2% 2.5 
H. C. Denson ._______. September 1922 ..._..____ % 2.0 

__.__do _ _ _ _ _  .- _ _  - -. . - ._ August-September 1922- 1% 1.7 

;' ;; 

Knds 
1. 1 
1. 2 
I. 5 
1. 7 
1. 5 

1.3 
1.4 
1.5 
1. 2 
1.2 

1. 1 
1.3 
1.4 
21 
1. 5 

1. 1 
1.7 
1.9 
1. 5 
1.4 

1. 1 
1. 6 
1.5 
1. 6 
0.9 

1.3 
0.9 
1. 2 

__ 
_. 

Flood 
dura- 
tion 

YWT8 
4.4 
7. 6 
5. 0 
4.5 
6. 2 

5. 1 
6. 1 
6. 1 
5.8 
5. 3 

4.8 
4.8 
5.3 
4.9 
5.3 

5.9 
5. 5 
5.9 
6.6 
5.5 

5. 4 
5.8 
4. 6 
4. 7 
5.3 

5. 3 
5.6 
6.4 

__ - 

Slack 

H o w a  
after 
HW 

1.6 
2. 1 
2. 1 
1.9 
1.8 

2 5  
2 4  
2.0 
1. 6 
2. 1 

2.0 
1. 7 
1.9 
1.9 
2. 3 

2 2  
2.0 
2.5 
2 4  
2. 1 

1.7 
2. 2 
2. 1 
1.6 
1.5 

1. 7 
1.5 
2.0 
- 

Time 

Hours 
before 
LW 

0.6 
2.6 
0.8 
1.0 
1.3 

-0.1 
1. 4 
1. 5 
1.9 
1. 1 

-0. 1 
0.9 
1.0 
0.9 
0.8 

1.0 
0.4 
1.2 
0.7 
0.6 

0.3 
0.4 

-0. 3 
1.5 
0.9 

1. 1 
1.2 
1.5 

__ 

Ebb 3trength 

S. 35 E. 
S. 15 W. 
S. 45 E. 

8 .20  w. 
5.40 W. s. 10 w. 
9.25 w. 
9.50 W. 
S. 20 E. 

S. 20 E. 
S. 20 E. 
S. 15 E. 

S. 5 E .  

S. 5 E .  
S. 5 E .  s. 10 w. 

9. 
8. 5w. 

s. 
S. 15 E. 
S. 15 E. 

S. 15 W. 

s. 
9. 10 w. 
S. 35 E. 

. -. -. -. - -. 

. -. -. - - - -. 

. -. . - -. - -. 

- 
Veloc- 

ity 

Knob 
1. 9 
0.9 
1. 9 
2. 1 
1.8 

1. 5 
1.6 
1. 5 
1.3 
2.3 

1.9 
1.8 
1.5 
2 4  
1.8 

1.4 
2.1 
20 
1.8 
1.5 

2 0  
2. 4 
2 3  
20 
1. 5 

1. 6 
1. 3 
1.6 
- 

- - 

Ebb 
lura- 
tion 

- 

Zours 

4.8 
7.4 
7.9 
6.2 

7.3 
6.3 
6. 3 
6.6 
7. 1 

7.6 
7. 6 
7. 1 
7.5 
7. 1 

6. 5 
6.9 
6.5 
5.8 
6.9 

7.0 
6.6 
7.8 
7. 7 
7. 1 

7. 1 
6.8 
6.0 

so 

- 
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From the data of table 51 it appears that through the Narrows 
slack before flood comes about 2% hours after local low water, strength 
of flood half an hour before high water, slack before ebb 2 hours after 
hi h water, and strength of ebb 1 hour before low water. These time 

gressive-wave motion, and the tidal movement through the Narrows 
deduced from the relation of current to tide is therefore of the pro- 
gressive-wave type; and it is to be recalled that this conclusion was 
indicated by the behavior of the tides in the Narrows. 

The greater velocity of the ebb current is clearly evident from the 
data in table 51. Only for station 2 is the flood velocity greater than 
the ebb; and for this station the times of the current likewise indicate 
special local features. In  general, the strength of flood in the Narrows 
averages 1.4 knots and the strength of ebb 1.8 knots, this difference 

re P ations of current to tide are approximately those obtaining in pro- 

FIGURE BB.-Current stations, the Narrows. 

arising from the very considerable amount of fresh water that drains 
through the Narrows. 

At the southern end of the Narrows, the deepest part of the channel 
lies nearer the eastern shore; but after a short distance the deeper 
part of the channel swings toward the western shore and continues 
parallel to it into Upper Bay. And it is along this axis of the channel 
that the swiftest thread of the current is found. Thus, at  stations 1, 
11, and 26, the strength of ebb is 2 knots or more, against the average 
strength of ebb of 1.8 knots for the Narrows as a whole. 

A t  the southern entrance to the Narrows the channel runs approxi- 
mately N. 35OW. Further upstream the channel trends to the east- 
ward, and near the upper end of the Narrows it runs approximately 
due north. The direction of the current in the Narrows changes in 
approximately the same way. At the southern entrance the flood 
sets about N. 35' W., while near the upper end the flood sets about 
N. 10°E. On the ebb the current near the southern entrance sets 
about S. 20' E., while near the upper end it sets about due south. 

In  consequence of the very considerable amount of fresh water 
draining through the Narrows, the surface currents have a longer 
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duration of ebb than of flood. Excepting station 2, the data of table 
51, give an average duration for the ebb of 7 hours, and for the flood 
of 5.4 hours. In  different parts of the channel, however, the dura- 
tions differ noticeably from theso average values. Thus for stations 
6 to 10 which lie in or close to Bay Ridge Channel, and thus outside 
the sweep of the ebb current coming from the Hudson River, the dura- 
tion of ebb avera es 6.5 hours and of flood 5.9 hours; while for stations 

durations are respectively 7.4 hours and 5 hours. 
The data for station 2 indicate peculiar conditions at that station. 

The flood velocity is greater than the ebb velocity, and the duration 
of flood is considerably greater than the duration of ebb. Examining 
figure 36, it is seen that this station is located between the island on 
which Fort Lafayette stands and the wharf a t  Fort Hamilton. It is 
thus sheltered from the sweep of the main ebb current. The island 
itself may also ive rise to a reaction current on the ebb which lengthens 

11 to 13, which k ie within the sweep of the main ebb current, these 

the duration o f flood. 
CURRENT DATA, VARIOUS DEPTHS, THE NABROWS 

At a number of stations shown on figure 36, subsurface current 
observations were also made by use of a current meter. Generally 
these observations were made at  three depths-two-tenths, five- 
tenths, and eight-tenths of the depth of the station; and in addition 
to velocity observations the party of H. C. Denson in 1922 also 
determined the directions of the subsurface currents at  the depths to 
which the meter was suspended. These directions were determined 
by means of the bifilar direction indicator described on page 96. 

Table 52 gives the results of the subsurface current observations 
made in the Narrows in recent years. For comparison the observa- 
tions mRde near the surface with log line and pole, which are given in 
table 51, are also included. To bring out the differences in the cur- 
rents at  the various depths, the times in table 52 are given to the 
second decimal of an hour, velocities to the second decimal of a knot, 
and directions to the nearest whole degree. 



Observations 

Date  Period Method D e p t h  

---- 

Dtys Feet 
Oct.3-5,1932 _ _ _ _  2 Pole __._ 7 

2 Meter-- 5 
2 .--do _ _ _ _  12 
2 .-.do _ _ _ _  20 

Slack 

Hour. 

0.61 
0.51 
0.51 
0.51 

-4ug. 14-Ii, 19!22-- 

Aug. 18-25. 19.12-- 

Aug.li-20,1032-- 

Ang. 17-18,1922-- 

Oct. 1-3, 1919 _ _ _ _  

234' Pole _ _ _ _  7 3.21 
234 Meter.-- 14 3.49 
ZW ---do _ _ _ _  36 3.45 
2% ---do _ _ _ _  58 3.27 

6 ---do---- 7 2.70 
6 .--do _ _ _ _  18 2.33 
6 ---do _ _ _ _  29 1.97 

2% Pole _ _ _ _  7 1 . i l  
2% Meter--- 8 1.51 
2% ---do _ _ _ _  20 1.51 
2%..-do _ _ _ _  32 1.41 

1 Meter-.- 8 2.19 
1 .-.do _ _ _ _  21 2.04 
1 ..-do _ _ _ _  33 1.69 

1 Pole _ _ _ _  7 1.97 
1 Meter--- 9 234 
1 ---do _ _ _ _  n 2 n  
1 ..-do _ _ _ _  35 2 2 4  

1 Pole _ _ _ _  7 2.44 

N.25 W. 1.32 

1.18 
1.38 
1.60 

~ -.-. 

1.39 
1.45 
1.71 

N.22W. 
N.20 W. 
N.24 W. 
N.26W. 

1.46 
1.37 
1.67 
1.66 

p _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  N. 2 E .  _ _ _ _ _  _ _ _ _ _  
N. 6 E .  

N.23W. 

1.50 
1.60 
1.50 
1.40 

1.59 
1.55 
1.61 
1.30 

L52 
1.63 
1.47 
0.92 

1.25 
1.36 
1.21 

N. 7 W. 
N.12 W. 
N.25 W. 
N.20W. 

0.94 
1.18 
1.39 
0.62 

TABLE 52.-Cutrent d a h ,  various depths, the Narrows 
[Referrod to tirnos of U W  and LN a t  Sandy Hook. N. J.] 

- - 

Sta- 
tion 
no. 

- 

2 

3 

4 

6 

8 

9 

12 

- - 

Flood 
dura- 
tion 

- - 

Slack 

Flood strength E b b  strength - 
L'eloc 

i ty  

Location Party of- 
r ime Time 

fours 
Kfore 
IIW 
0.72 
0.92 
0. i 2  
0.12 

0.21 
0.23 
0.59 
0.43 

0.31 
0. 15 
0.33 

0. 92 
0.92 
0.92 
1.02 

0.86 
0.71 
0.76 
1.31 

0.24 
0.63 
0.69 
1.29 

0.73 
1.03 
1.50 
0.39 

Your8 
affcr 
IIW 
2. 10 
2.20 
2.20 
2 2 0  

2.04 
2.21 
2.21 
225 

1. w 
2.04 
1.93 

1.80 
1.80 
1.80 
1.80 

2.44 
2.59 
224  
2.09 

1.97 
2.22 
2 01 
1.94 

2.03 
202 
2.32 
2.06 

Hours 
before 
LW 
2.59 
2.79 
2.79 
2.19 

0.81 
0.53 
0.56 
0.59 

2.58 
2. i 3  
2.79 

1.42 
1.32 
1.22 
1.12 

1.46 
1.16 
0.61 
0.96 

1.54 
0.97 
0.97 
0.95 

-0.09 
-0.17 
0. 17 
1.38 

Ynds 
1.20 
1. 10 
1.00 
1. 10 

1.49 
1.41 
1.24 
0.68 

1.40 
1.41 
1.69 

1.50 
1.50 
1.40 
1.00 

1.39 
1.26 
1.41 
1.34 

1.51 
1.49 
1.56 
1.32 

1.09 
1.25 
1.53 
1.75 

Your8 
7.62 
7.82 
i. 82 
7.82 

4.06 
4.85 
4.89 
5.11 

5.33 
5.84 
6.09 

6.22 
6.42 
6.42 
6.52 

6. 13 
6.53 
6.33 
6.53 

0. 13 
6.01 
5.87 
5.83 

4.89 
5.31 
6.44 
7.11 

Knctc 
0.90 
0.90 
0. 90 
0. i o  
1.89 
1.65 
0.94 
0.78 

1.61 
1.40 
1.37 

1.80 
1.80 
1.60 
1.20 

1.64 
1.41 
1.31 
1. 19 

1.51 
1.65 
1.40 
1.26 

1.86 
1.81 
1.81 
1.27 

Hours 
4.80 
4.00 
4.60 
4.00 

i. 46 
7.57 
7.53 
7.31 

7.09 
6.58 
6.33 

6.20 
6.00 
6.00 
5. 90 

6.29 
5.89 
G. 09 
5.89 

6.29 
6.41 
6.55 
6.59 

7.53 
7.11 
5.98 
5.31 

I. E. Rittenburi 

H. C. Denson.. 

U. S. Engineers 

I. E. R i t t e n b w  

H. C. Denson-. 

I. Winston----. 

H. C .  Denson-. 

s. 10 11'. 
S. 18 W. 
s. 22 w. 

S. 26 W. 
s. 20 N. 

Oct. 13-14. Nov. 
1z-l3,1919. 

7 

18 
42 
60 

16 
39 
62 

17 

42 
67 

7 
18 
45 
72 

16 
40 
63 

7 
8 

21 
38 

6 
21 
33 

7 
12 
30 
48 

7 
17 
42 
67 

15 
38 
60 

7 
10 
24 
38 

297 

2.67 

1.84 

2.77 
2.03 
1.69 

2 75 

1.79 
1. n 
2.72 
2.72 
1.82 
1.36 

2. 77 
2.42 
1.83 

2.73 
253 
2.19 

Q. 25 

1.91 
2.01 
2.01 
2.01 

2.47 
2.79 
2.37 
207 

3.55 
3.25 
2.03 
1.51 

2.71 
2.21 
1.86 

2.29 
2 39 
2. I9 
1.19 

2. n 

1.03 

1.19 
1.13 
1.11 

0.44 
0.49 
0.81 

0.69 

0.57 
0.83 

0.74 
0.78 
1.11 
1.23 

0.76 
0.93 
0.62 

0.21 
0.21 
0.97 
1. 07 

0.42 
0.52 
0.42 
0.82 

0.06 
0.41 
1.63 
2.43 

0.51 
0.97 
1.19 
2 71 

1.11 
1.34 
1.12 

0.71 
0.31 
1.11 
0.51 

4.83 

5.51 
6.09 
6.38 

5.44 
6.54 
6.76 

5.47 

6.85 
7.20 

5.32 
5.80 
6.75 
7.21 

5.48 
5. BB 
6.80 

5.81 
5.81 
6.16 
6.06 

6.82 
6.42 
6.42 
6.37. 

5.80 
5. a8 
5.95 
6.12 

4.67 
5.21 
5.77 
6. 13 

5.55 
5.89 
6.92 

5.33 
5.43 
5.93 
6.93 

1.67 

1.95 
2.23 
2. OB 

2 0 8  
2.44 
2 32 

2.09 

2.51 
2.34 

1.91 
2 39 
2 4 4  
244 

2.12 
2.28 
2.40 

2.47 
2.21 
2 21 
2.17 

2.40 
230 
230 

2.24 
2.04 
2.19 
2 0 6  

2. OB 
2 3 3  
I. 67 
1.51 

2 13 
1.97 
1.65 

1.49 
l . f9  
1.99 
1. w 

2 m  

0.91 

1.11 
0.85 
0.93 

1.35 
0.75 
0.82 

0.90 

0.5i 
0.81 

0.98 
0.71 
0.64 
0. u 
0.49 
0.28 
0.33 

1.25 
1.39 

1.03 

0.69 
0.69 
0.49 
0.60 

0.48 
0.46 
0. a4 
0.24 

-0.28 
-0.39 
0.97 
1.69 

0.39 
0.61 
0.81 

0.91 
1.01 
1.41 
1.61 

1. 28 

1.82 

1.57 
1.43 
1.53 

1.45 
1.07 
1.08 

2 M  

1.56 
1.59 

1.54 
1.49 
I. 51 
1.42 

1.83 
1.57 
227 

1.97 
1.91 
1-60 
1.00 

1.80 
1.80 
1.70 
1.70 

2.35 
1.97 
2.00 
1.64 

226 
2.41 
1.88 
1.55 

1.73 
1.85 
1. i 6  

1.54 
1.63 
1.09 
0.62 

7.59 

6.91 
6.33 
6.04 

6. 98 
5.88 
5.66 

6.95 

5.57 
5.22 

7.10 
6.62 
5.67 
5.21 

6.94 
6.43 
5.82 

6.55 
6.61 
6.27 
6.37 

6.80 
6.00 
6.00 
6.10 

6.52 
7.04 
6.47 
6.30 

7.75 
7.21 
6.65 
6.29 

6.87 
6.53 
6.50 

7. 09 
6.99 
6.49 
5.49 

Bept. 2 9 ,  1932--. 

Ang. IaSept .  16, 
1932. 

Sept. 5-6, 1822-.. 

14 

16 

.____do 

____do 

U. 8. E n g i n m  

____do _ _ _ _ _ _ _ _ _  

H. C. Denson.- 

U. 8. Engineers 

I. Winston----. 

1 1 . 6 6  

2.03 
1.98 

.____do 16 

Sept. 10-16,1932. 

Sept. 17-18.1919- 

1.30 _ _ _ _ _ _ _ _ _ _  1.36 
._________ 2.13 

[. E. Rittenbure Aug. 11-20, 1932- 

I. Winston--..- Sept. 24-26.1919. 25 

n H. (1. Denson.- Aug. 14-17, 1922- 

U. S. Engineers 

H. C. Denson-- 

AUK. 25-Sept. 2, 
1932. 

28 

Sept. 6, I922 _ _ _ _ _  



TABLE 52.-Current data, various depths, the NarrowsContinued 

Location Party of- 

after I Dags 1 Feet Lw 
~ u g .  17-20, 1932.- 2% Pole.. .-I 2. 51 

2X Meter ... 2.51 I 2% 24...do...] ,___  do--. 40 h , j 2.01 2. 41 

, 

Observations 1 1 Flood strength I Flood 

before 
H t v  
0.42 
0.42 

2.12 1.62 

Date IPeriodI Method I D o t h l  iL 
O 

N. 6 E. 
_..._____ 
---...... 
- - - - - - . - - 
N. 15 E. 
N. 15 E. 
N. 2 E. 
h-. 5 E. 

N. 4 1%'. 
N. li K. 
N.48W. 
X.23 \V. 

/-/- I-1-1- 

Knota Hours 
1.30 5.32 
1.30 5.32 
1.60 5.92 
1.30 , 6.22 

0.94 5.63 
1.08 6.03 
1.53 6.23 
1.34 6. 23 

1. 19 6. 46 
1.55 6.85 
1.77 6.58 
0.98 6.62 

I I  I 1 Hums 1 IZours 

Off Staten Island ._____. 

... do.- ____..___.__.._ 

I. E.  Rittenburg. 

IT. C. Donson ... 

dura- 
Xrection Veloc- tion 

(true) 1 ity 1 
-1-1- fours 

after 
H W  
1.70 
1.70 
2.20 
2.10 

1.49 
1. 59 
1. 79 
1. i9  

1.99 
2. 24 
2.44 
2.31 
__ 

Ebb strength 

rime 

-lours 
Iefore 
LW 
1.09 
0.79 
0.79 
0. i9  

1.21 
1.41 
1. 21 
1.01 

1.54 
1.94 
0.68 
0. .1s 
__ 

jirectior 
(true) 

s. 171'. 
. -. -. . . 
. - - - - - - -. 
. . . . -. . -. 

S. 8 \I-. s. 11 w. 
S. 8 IV. 

S. 

S. 37 E. 
S. 23 E. 
9 .  10 E. 
S. 4 E .  

- 
?doc- 
ity 
- 

Ynots 
1. 60 
1.60 
1.40 
1.00 

1.34 
1.73 
1.28 
0. i9  

1.59 
1.48 
1.34 
1.01 

~ __ 

Ebb 
lUrS- 
tion 

~ 

FIours 
7. 10 
7. 10 
6. 50 
6.20 

6. 79 
6.39 
6. 19 
6. 19 

5.97 
5.54 
5. so 
5.86 
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At station 12 the observations covered a period of 11 days, while 
a t  station 15 they covered a period of 28 days. At these two stations, 
therefore, the characteristics of the current may be considered as well 
determined. At these two stations, the current is seen to differ a t  
the different depths. The time of slack before flood becomes earlier 
with increasing depth. At both stations the decrease in time is a t  
the rate of about 0.03 hour per foot. And while the data are not 
sufficiently extensive to give precise results, this decrease appears to 
be a t  an approximately uniform rate from the surface to near the 
bottom. These conclusions are also substantiated by the data for 
stations 4, 14, 17, and 28, where relatively long series of observations 
were made. 

The slack before ebb behaves quite differently from the slack 
before flood. From the surface to mid-depth the slack before ebb 
becomes later, but from mid-depth towards the bottom it becomes 
earlier again. But the rate of change is small so that near the bottom 
the time of slack does not differ much from that near the surface. This 
difference in the behavior of the slacks is also evidenced a t  the other 
stations where relatively long series of observations have been ob- 
tained, namely stations 4, 14, 17, and 28. 

This difference in the behavior of the slacks brings about a difference 
in the durations of flood and ebb a t  the different depths. For the sur- 
face currents, the data of table 51 gave an average duration for flood 
of 5.4 hours, and for ebb 7.0 hours. The data in table 52, almost 
without exception, indicate an increaso in the duration of flood with 
increasing depth, and a corresponding decrease in the duration of 
ebb. At station 12 the duration of flood a t  the 7-fOOt depth is 4.9 
hours; a t  17 feet, 5.3 hours; a t  44 feet, the mid-depth, 6.4 hours; and 
a t  70 feet, 7.1 hours. At mid-depth, therefore, the duration of flood 
along the axis of the Narrows is greater than that of ebb, while a t  
the 0.8 depth tho flood runs for 1.8 hours longer than the ebb. The 
data for station 15 give much the same results. At tho 0.2 depth, the 
duration of flood is 1.5 hours less than that of ebb, but a t  mid-depth 
the flood has the longer duration, and a t  0.8 depth the flood runs 2.0 
hours longer than the ebb. 

The five stations along the section from Fort Wadsworth to Fort 
Hamilton, namely, stations 28, 17, 15, 14, and 4, were all occupied 
during the months of August and September 1932, and therefore 
permit comparison in rogard to duration of flood and ebb across this 
section. For the 0.2 depth, which varies from 17 feet at station 15 
to 7 feet a t  station 4, the duration of flood is practically the same at 
all 5 stations, averaging 5.45 hours. At the mid-depth there are 
decided differences, the duration of flood being greatest a t  the central 
station where the depth is greatest. The duration of flood decroases 
toward both shoros, being least a t  station 4 where the depth is least; 
the difference in duration of flood a t  mid-depth between stations 15 
and 4 being 1 hour. At the 0.8 depth the duration of flood is again 
greatest a t  station 15, and again decreases toward both shores, the 
difference in duration at this depth between stations 15 and 28 being 
1.3 hours. 

These differences in duration of flood or of obb, mean that a t  certain 
times the current a t  the surface will be flooding, while below the 
surface it will be ebbing, and vice versa. Thus, at station 15 the 
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current near the surface will be flooding for about an hour, while at 
the mid-depth it will still be ebbing. 

The large differences in the durations of flood and ebb a t  the 
different depths in the Narrows are characteristic only within the 
sweep of the main body of the ebb current. Thus, a t  stations 6, 8, 
and 9, which lie outside the path of the ebb current coming from the 
Hudson, the durations of flood and ebb are practically the same. 
Furthermore, these stations do not show notable differences in the 
durations as between the different depths. 

Examining now the times of the strength of the current in the 
Narrows, the data of table 52 indicate that both for the flood and 
ebb strengths the times from the surface to the bottom do not differ 
much. This is to be expected if the difference in the durations of 
flood and ebb is brought about by the fresh water run-off. 

The velocities of the current, however, exhibit relatively large 
differences a t  the different depths. In general, the data of table 52 
show that the strength of ebb decreases with depth at the average 
rate of about 0.01 knot per foot. In  the deeper central parts of the 
channel the rate is a little less, and in the shallower parts, near the 
shores, the rate is somewhat more. The change with depth in the 
velocity of flood is of a more complicated nature. In  the deeper 
central parts of the Narrows, the velocity of flood increases from the 
surface to near the bottom a t  the rate of about 0.01 knot per foot, while 
near the shores the velocity decreases at  a somewhat lesser rate. As 
a result, the difference between the ebb and flood velocities decreases 
with depth and in the deeper central parts of the Narrows the flood 
current a t  the 0.8 depth has a greater vclocity than on the ebb. 

Tho observations of the direction of the current below the surface 
are not sufficiently extensive to give precise results. At station 12 it  
is seen that both on the flood and on the ebb the direction changes 
somewhat from the surface to the bottom. Near the surface the 
direction is that of the channel, while in the deeper parts the current 
tends more westerly on the flood and more easterly on the ebb. If 
we examine a large scale chart of the Narrows, it will be seen that 
toward the bottom of the deeper parts of the channel, the contour 
lines run more nearly northwest and southeast than in the shallower 
parts, so that the current a t  any depth may be taken as running 
parallel to the direction of the channel a t  that depth. 

CURRENT HARMONIC CONSTANTS, THE NARROWS 

For the purpose of deriving harmonic constants for the prediction 
of the current in thc Nxrows, the pole observations a t  station12and 
the meter observations at  the 17-foot depth at  station 15 were sub- 
mitted to harmonic analysis. The observations at  station 15 covered 
a period of 28 days find these were analyzed in the usual manner. 
At station 12 there were available only 11 days of observations. To 
provide a 15-day series, 1)/2 days were extrapolated a t  the beginning, 
and 2% days at  the end of the 1 1  days of observations. This 15-day 
series was then analyzed in the usual manner. A simultaneous 
series of tidal observations a t  Fort Hamilton was also analyzed and 
the amplitude ratios and epoch differences between the components 
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Component 

JI _ _ _ _ - _ _ _ _ _ _ _ _ _ _  
K~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
XI..---.--. ---- -- 
4. - - - -. -. - - - _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI _____.._______ 
Mc _.____________ 
MI _.____________ 
Ns _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Station 12 Station 16 

H r H n  

Knds O Knds O 

---- 
Component 

(0.01) (102) (0.01) (83) 2N _ _ _ _ _ _ _ _ _  _ _ _ _  
0.20 n 0.16 7a 01 __.___________ 
0.05 (279) (0.m p-z) A _________.____ 

(a) b:gl (54) {kg] (761 8;:;:::::::::::: 
1.34 200 1.86 199 2‘1 -...I- - .-.---- 
0.04 3.10 0.09 66 Xr --__- ----A __-_ 
0.26 177 a!28 163 VI __-_  -- - - -_____ a12 133 0.0s ia R ._....-_-___._ 

1405W-35--9 



Location 

Observations 

Party of- 
Date Feriw 

Off A-ew Brighton _ _ _ _ _  
In Channel _ _ _ _ _ _ _ _ _ _ _  
Off Robbins Reef _ _ _ _ _ _  
In Channel ______._____ 
-...do. .-- - _ _ _ _  ___. .-- 

Dam 
I. E .  Rittenburg _ _ _ _ _ _ _  August-September, 1932.- 
H. Mitchell ____..______ August 1872 ____________._ 
I. E. Hittenburg ______. September 1932.-. _ _ _ _ _ _ _  
I. Winston __._.._______ October 1919 _____.____--. 
H. Mitchell .__.___. .___ July 1859 _ _ _ _ _  .___ _ _ _ _ _  _ - -  

_.__do. .  .____.. ~ ._____. 
OU Brooklm __._____._ 
___.do _.._____.._______ 
Goaanus Bay _ _ _ _ _ _ _ _ _  
Off Brooklyn. _ _ _ _  _ _ _ _ _  
-.-.do. - _ _  ._.__ -. - .____ 
____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ d o  _____.___________ 
_ _ _ _ d o  _____.______..___ 
_.__do ____.__________ ~. 

T. A. Craven _ _ _ _ _ _ _ _ _ _  August 1855 .___.______--- 
I. E. Rittenburg. ~ ___._ September'l9.32 _.___ ~ _ _ _ _  
H. Mitchell __________. ~ August 1872 ._____________ 
H. C. Denson _______.__ September 1922 _______.-_ 

__.-.do. - -. - _ _  .- .. _ _  .--- ...-. do. -. _ _  _ _ _ _ _ _ _ - - - - - - -  
I. Winston.. . -. -.- ._.__ October 1919..-. - _____.-- 
H. L. Marindm _ _ _ _ _ _ _ _  August 1872 _ _ _ _ _ _ _ _ _ _ _ - - -  
I. E. Hittenburg _ _ _ _ _ _ _  July-August 1932. _ _ _ _ - - -  
H. ,Mitchell _ _ _ _ _ _ _ _ _ _ _ _  August 1872 ________._---- 

.--..do. ____._._________ _ _ _ _ _ d o  _____.___.___.----- 

In Channel. ___. - - - _ _ _  - 
___.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
___.do. ~ ____. ~ _ _  ______. 
____do  _______._________ 
____do  _____._______.__. 

-__.-do- - - -. - - _ _  _ _  - - - _-_ I -  - .-.do. _ _  _ _ _  - _ _  - -. - -_  ----  
I. E. Rittenburg _ _ _ _ _ _ _  September 1932 _______.__ 
H. Mitchell ________.___ August 1872 _ _ _ _ _  _ _ _  ___- -_  
H. C. Denson ______.___ August 1922-.--.. _____- -_  
I. E. Rittenburg. _ _ _ _ _ _  July-August 1932. -____- -_  

Off Bayonne, N. J _ _ _ _ _  
-.-.do _________._______ 
In Channel __._. _ _ _ _ _ _ _  
Off Governors I _ _ _ _ _ _ _ _  
____do.  ____.__________ - 
____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
.... do .......__._______ 

..-..do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September 1932 _ _ _ _ _ _ _ _ - _  
__.__do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  August 1932 .___________._ 
I. Winston .___________ ~ October 1919---. ~ _ _ _ _ _ _ - _  
T. A. Craven _ _ _ _ _ _ _ _ _ _  July 1855 _.______.______-_ 
H. C. Denson _ _ _ _ _ _  _ _ _ _  August I922 .___________- - 
H. Mitchell _ _ _ _ _ _ _ _ _ _ _ _  AugustSeptember 1858-- 
I. Winston .____._____._ October 1919 _ _ _ _ _ _ _ _ _ _  ~ . -  

31 
32 
33 
31 
35 

36 
37 
38 
39 
40 

 do .._______.______ ~ H. Mitchell ..-.--______ September 1672 _________. %I 2.3 
_____do  __..___._________ I. E. Ritrenhurg ____.__ August 1932 _ _ _ _ _  ~ _ _ _ _ _  _ _ _  2 2 4  

3% 2.2 .--..do.. . _ _  _ _  __._ _ _ _ _  ~. R. J. .4uld. . ___._____. September 1920- _ _  _ _ _ _ _ _  
_.-..do -_.______..-.._._ T. -4. Cra%.cn. ___._____ July 1855 _____________.___ E zi 
__- -_do  --_....-._---.._. H. C. Denson _____...__ September 192'2 ___.___.__ 5 1.8 
_ _ _ . _ d o  ..__.._.________. I. E. Rittenburg --..... July 1932 .___._____.______ 2 2.1 
____ .do  _........_.___._. hl. Woodhull _.._____.. July 1854 .____..___._____. % 1.9 
____ .do  ...._..__...._... 1. E. Rittenhurg ______. July 1932 ..____.._...____. 2 2.5 
__... do ...______......__ H. L. Marindin ._..____ A u w t  1872 _____.__....__ 5 1.6 

____.do .____________.__. H. C. Denson ...____.._ I July 1922 ._...________ _ _ _ _  
N.50E. 
N.50E. 
N.50E. 
N.45E. 
N.80 E. 

N.40E. 
N.35E. 
hr.45 E. 
N.25 E. 
N.25 E. 

S.75 E. 
N.i5 E. 
s.85 E. 

N.85 E. 
N.SOE. 

N.20E. 
N.60E. 
N. 20 E. 
N.10E. 
N.20E. 

1.5 
1.6 
1.8 
1.6 1. t 

0.6 
2.2 
1.4 
0.9 
1.6 

1.0 
1.5 
1.2 
1.4 
1.2 

0.9 
0.7 
0.5 
1.2 
1.6 

Off Governors I _...____ 
_ .___do  ..____.___---.._. 
..... do. ...........__.__ 
..... do _...._____---____ 
.___.do .___..____----__. 

I. E. Rittenburg .___.__ July 1932 ._.____.____.__.. 2 2.4 
H. Mitchell ..______.___ August 1872 __________._.. H 1.8 
H. C. Denson .________. July-August 1922 _ _ _ _ _ _ _ _  3% 2.2 
H. Mitchell _._______.__ September 1858.. ..._____ 1.6 
R. J. Auld .________._._ October 1920 ________. ~..- 1 1.9 

Off Ellis I _ _ _ _ _ _ _ _ _ _ _ _ _  
_._._do ._.......____.._. 
OU Jersey City, N. J . .  

____.do.  ._...._......___ 
____.do.. . _._____._..___ 

H. Mitchell ________..._ -4ugust 1872 _ _ _ _ _ _ _ _ _ _ _ _ _ _  % 4.1 
I. E. Rittenburg ...-..- June 1932 ___________.___. 2 1.5 

..--.do. ______._.__.____ _-__. do-. .___._._____.____ 2 3.9 
I i .  Mitchell ._.._.____._ September 1672 _...__.._. ?4 4.4 
1. Winston. .____. --.. _ _  October 1919..- -... .. -. _ _  2% 4.1 

TAWE :54.+hrface y r ren t  data, Upper Bay 
t ines  o f H w  and L W a t  Sandy Hook, N. J.] t $ef&&i 

. .  

- - 

Ebb 
iura- 
tion 

- 

'lours 
6.7 
6.6 
5.0 
7. 1 
7. I 

6.6 
7.4 
6.4 
7.0 
6.0 

6. 1 
6.3 
6.1 
7.7 
6.6 

7.6 
6.8 
8. 1 
7.6 
7.1 

6.4 
5.0 
6.8 
7.5 
7.2 

7.1 
6.8 
7.4 
5.8 
5.9 

- - 

Slack 

- - 

Flood 
iura- 
tion 

- - 

Slack 

- - 
Sta- 
tion 
no. 

- 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 m 
21 
22 
23 
24 
25 

26 
2i 
z 
29 

- 3 c  

Flood strength Ebb  strength 
- 
Time 

- 
'lours 
before 
IlW 

3.3 
-0.3 

0.4 
0.3 

-1.1 

-0.7 
1. 4 
1.5 
3.4 
1. 1 

1. 1 
1.6 
1.5 
0.9 
0.9 

0.2 
0.2 

-0. 1 
-0.8 
-0. 2 

0.2 
-0.4 
-0.9 
-1.4 

0.0 

-0.3 
-0.5 
-0.5 

2.1 
1.6 

- 
Jeloc- 
ity 

- 
Veloc 
i ty Time )irectior 

(true) 

x. 50 I!'. 
N. 10 E. 

N. 15 E .  
N. 5 E .  

N.25 E. 
N. 40 W. 
N.30 E. 
N. 45 E. 
N.30 E. 

N. 15 E. 
N. 15 E. 
North 
N. 10 W. 
N. 15 E. 

N.30 E. 
N.30 E. 
N.35 E.  
N.25 E. 
N.25 E. 

N.25E. 
N.30 E. 
N.25 E. 
N. 10 E. 
N.35 E. 

N. 30 E. 
N.20 E. 
N.40 E. 
N.25E.  
N. 45 E. 

N. m w. 

Hours 
offer 
IIW 

0.7 
2.7 
2 3  
2. 1 
3. 1 

3.4 
1.3 
1.9 

-1.0 
2. 1 

1.9 
2.4 
2. 1 
2 2  
2.7 

2.2 
2 4  
2.1 
2.7 
2.9 

2 6  
2 2  
2.9 
2 6  
2 9  

3.0 
3.3 
2 8  
2 3  
1.9 

Hours 
btJorc 
LW 

2 7  
-0.3 

1.9 
0.5 

-1.1 

-0.2 
1.6 
1.0 
3. 8 
1.3 

1. 5 
0.9 
1.2 
1.4 
0.2 

0.3 
0.2 
0.2 

-0.6 
-0.2 

0.6 
2.8 

-0. 1 
-0.4 

-0.1 

0. 1 

1. c 

0. a 

-O.! 

_____. 

Hours 

1. 1 
3.0 
1.0 
2.9 
3.9 

3.7 
2.4 
2.0 

-0.3 
1.8 

I .  7 
2.4 
1.9 
3.6 
3.0 

3.5 
2.9 
3.9 
4.0 
3.7 

2.7 
0.9 
3.4 
3.8 
3.8 

3.9 
3.9 
1. e 
1. c 

%z 

3. a 

S. 75 E. 
s. 25 w. s. 25 w. s. 25 w. 
s. 25 w. 
s. 10 w. s. 40 w. s. 25 w. 
S. io W. 
6 .  5 E .  

S. 5 E. 
South s. 25 w. 
9. 10 E. 
South 

s. 5 w .  s. 20 m. s. 35 w. 
S. 15 \V. s. 25 w. 
9.40 w. 
s. 5 w  s. 25 w 
s. 25 w 
s. 25 w 
s. 25 w s. 25 \v s. 25 w 
s. 55 w . - - - - - - - - 

Knds 
1.3 
1. 5 
0. 7 
1.8 
1.4 

2.0 
1. 1 
0.7 
0. 1 
1.0 

1.3 
1.0 
1.3 
0. 8 
1. 1 

1.3 
1.6 
1.4 
1.9 
2.5 

1.2 
0.6 
2.2 
2.8 
2.4 

1.9 
2 6  
2 5  

1.6 
---_-- 

'cnols 
1. 1 
1.5 
0.9 
1.3 
1. 1 

1. 1 
1.0 
0.9 
0. 1 
1.0 

0.8 
1: 4 
1.3 
1..3 
1.3 

0.9 
1.0 
0.8 
1.2 
1.4 

1.0 
0.6 
1.2 
1.5 
1.5 

1.0 
2.0 
1.6 
0.8 
1.1 

%ura 
5.7 
5. 8 
7.4 
8 3  
5.3 

5.8 
5.0 
6.0 
5.4 
8. 4 

6.3 
6.1 
6.3 
4.7 
5.8 

4.8 
5.6 
4.3 
4.8 
5.3 

6.0 
7.4 
5.6 
4.9 
5.2 

5.3 
5.6 
5.0 
6.0 
6.5 

2 
1 
2 
2 

b 
f 

3 
f 
f 

2 

2 
1 
2 

1 
9 

2 
1 
1 
2 

2 
2 

21 
li 

21 

li 

3! 
2 

~~~~~~~~~~~~~ ~ 

. ____do  _________.____.__ I. E. Rittenburg _ _ _ _ _ _ _  July 1932 ______...______-_ 
Off Brooklyn _ _ _ _ _ _ _ _ _ _  H. C. Denson _ _ _ _  ~ _ _ _ _ _  Soptember 1922. ________. 
Buttermilk Channel.-- I. Winston-. _ _ _ _ _ _ _ _ _ _ _  October 1919 _____.--__--- 

0.5 
0.9 
1.7 
1.7 
0. 7 

1.5 
0.8 
1.2 
1. 7 
0.8 

1.9 
0.3 
0.7 
0.3 
1.1 

-0.7 
1. 1 
0. 1 
0.3 

-0.3 

6.3 
5.9 
6.0 
6.4 
6.9 

7. 1 
0.6 
6.9 
5.8 
6.7 

4.2 
6.9 
6.0 
6.9 
6.2 

5.5 
6.7 
4. 2 
5.4 
5.3 

2.4 6.1 
6.5 
6.4 
6.0 
5.5 

2 5  
2 2  
2. 1 
2 4  
2.8 

2.6 
2 6  
2.7 
2 2  
2. 2 

0.5 
2.4 
2. 1 
2 4  
2.0 

3.5 
2 1  
2 0  
3.7 
3.3 
- 

1.1 
0.9 
0.9 
1.5 
1.1 

0.7 
1.2 
1.7 
0.6 
1.4 

0.3 
0.8 
0.6 
0.3 
0.3 

-0.4 
0.4 

-0.2 
-0.5 
-0.8 
- 

9.55 w. 
s. 60 w. s. 45 w. s. 40 w. s. 45 w. 
s. 35 w. 
S. 15 W. s. 45 w. s. 5 w .  
South 

s. 45 w. 
s. 40 w. 
West 
S. 70 W. 
S. i 5  W. 

s. 10 w. s. 50 \v. s. 35 w. 
s. 20 w. 
9.20 m. 

2.3 
2.6 
2.6 
2.4 

0.4 5.3 
5.8 
5.5 
6. 8 
5.7 

1.7 
1. 3 
2.6 
1. 2 

1.2 
1.8 
1.7 
1.9 
2. 4 

8. 2 
5.5 
8.4 
5.5 
0.2 

45 
46 
47 
48 
49 

1.8 
0.6 
1.8 
I .  3 

6.9 
5.7 
8.2 
7.0 
7. 1 2 4  

- 
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The dntn in table 54 show rnthcr large differences. I n  part tliese 
may be ascribed to the nature of the obscrvntions and to the fact that 
the observations were made n t  different times. But  in much the lnrgor 
part these differences appear to be due to nctunl difl'erenccs existing in 
different parts of the bay. Thus within the main channel lending to 
t h o  Hudson the duration of ebb is considernbly greater than tlie durn- 
tion of flood, averaging 7.0 hours for tho ebb against 5.4 hours for the 
flood. But dong the enstern and western shores of the bay, the flood 
and ebb have very nearly equal durations. 

Within the mnin channel the slnclc before flood comcs about 3% 
hours nftcr low wnter a t  Sandy Hook, and strength of flood nbout 

FIC~VRE X'I.-Current stations, Cppor Ray. 

one-fourth of nn hour after high wntcr. Slnclc before ebb comes nbout 
3 hours nftor high wntcr and strength of ebb comes about one-fourth 
of nn hour nftcr low wnter. Since tho time of tide in Upper Bny is 
about one-half nn hour Inter than n t  Snntly Hook, tlie current in the 
main channel is nt slnck about 3 hours after locnl high and low wntcr 
and a t  strength about one-fourth of an hour bcforc local high and 
low w&t,or. 

Along tho Broolilyn shore the current is onrlier than in the main 
channel, hut the diffcrcnt phases of the curront diffor by different 
amounts. 7 ' 1 ~  strengths of the current along the Brooklyn shore 
come nhout 1M hours cnrlier; slack before flood lilccwisc comes 1 %  
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hours earlier, but slack before ebb comes three-fourths of an hour 
earlier. These differences in the times of slack bring about the differ- 
ences in the durations of flood and ebb as between the main channel 
and the regions near the shore noted above. 

Along the main channel of Upper Bay, the ebb has also the gfeater 
velocity, averaging about 2jC knots a t  strength of ebb, as against a 
little less than 1% knots at flood strength. Along the Brooklyn shore 
the corresponding values are 1 )i knots and 1 % knots. In general, there- 
fore, the ebb strength is very nearly a knot greater than the flood 
along the main channel, but only one-fourth knot greater along the 
Brooklyn shore. Within Buttermilk Channel, however, a t  certain 
locations, the ebb strength is less than that of the flood, as at  station 
37, for example, while at  other locations the ebb has the greater velo- 
city by more than 1% knots, as at  station 39. These deviations from 
the general conditions are obviously due to the locations of these 
stations with respect to the main threads of the flood and ebb in this 
channel. 

For several of the stations listed in table 54 the values stand out 
markedly different from the values at tho other stations. Thus for 
station 1, the times of the current are much earlier than for most of 
the other stations in Upper Bay. The directions of the flood and ebb 
strengths at  this station show that the current here is in reality part 
of the current flowing into and out.of Kill van Kull. And on compar- 
ing the values of the current a t  this station with the data for tlie sta- 
tions in Kill van Kull listed in table 58, this is seen to be the case. 

At station 9 the times of the current are very much earlier than a t  
the other stations in Up er Bay. Instead of slack coniing about 3 

times of high and low water; and the strength of the current, instead 
of comin about the times of high and low water, comes approximately 
midway % etween high and low waters. These differences find expla- 
nation in the location of the station. A glance at  figure 37 shows that 
station 9 is located in Gowanus Bay. This bay is of such limited 
dimensions that there can bo little progression of the tide beyond 
station 9. Hence, strength of flood and ebb must come when this 
restricted .waterwa is boing filled most rapidly, namely, midway 

rapidly. Similarly, the tidal movement should cease a t  the times of 
high and low water, when the rise or fall of the tido has ceased. 

hours after the times of P oca1 tide, slack at  station 9 comes mar the 

between high and I ow water, when the tide is rising or falling most 

observations at t lme depths be P ow the surfaco, namely, 0.2, 0.5 and 

CURRENT DATA, VARIOUS DEPTHS, UPPER B A Y  

For 30 of the stations in Up er Bny, there are available current 

0.8 of the depth a t  the station. These observations were made with 
current meters, and tho data derived are given in table 55. For 
comparison the results derived by use of the current ole, which are 
consldered as pertaining to the surface, are also incliidel. 



TABLE 55.-Cutrent data, various depths, Upper Bay 
[Referred to times of HW and L W  at Ssndy Hook, N. J.1 

Location 

OUNew Brigbton,h'.T- 

OU RobbIns Reef _ _ _ _ _ _ _ _  

In channel_________ _ _ _ _  _ _  

Off Brooklyn-. _ _ _ _ _ _ _ _ _ _  

Party of 

I. E. Ritten- 
burg. 

_____do ._________ 

I. Winston _ _ _ _ _  

I. E. Ritten. 
burg. 

Knot8 
1.30 
1.40 
1.30 
1. 10 

0.70 
0.80 
0.60 

1.70 
1.52 
1.09 
0.55 

1. IO 
1.10 
1.00 

0.96 
1. 25 
0.71 
0.28 

1.26 
1.24 
0.83 
0.48 

1.30 
1.30 
1.20 
0.80 

1.60 

L40 
1.00 

0. 90 

1.30 

-- 

Hours 
6.70 
6.60 
6.50 
6.40 

f 
6.00 
6.00 
5.10 

7.14 
7.25 
7. 15 
7.05 

7.40 
7.00 
6.60 

5.99 
6.19 
5.69 
5.59 

6.16 
6.01 
5.84 
5.42 

6.10 
6. 10 
6.00 
5.80 

6.80 

6.90 
a 3 0  

5.30 

7. 00 

.___do _________..________ 

.___do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

H. C. Denson.. 

I. Winston --... 

1.31 
1.71 
1.71 
1.51 

S. 6 E 
S. 5 E 
S. 15 W s. 1 w 

1.53 
1.16 
1.39 
1.29 

1.19 
1.09 
1.49 
1.69 

0.09 

S. 6 E. 
__.______ 
._--____. 
----____. 

S.23E.  

_ _ _ _ _ _ _ _ _  
s. 21 IT  

.--_____. 

---_..__. 

.___do _ _ _ _ _  _ _  __________. ~ _ _ _ _ _ d o  _ _ _ _ _ _ _ _  ~ ~ 

N.20E. 

N.38E. 

_ _ _ _ _ _  
N.24E. 
N.20E. 

N.24E. 
N . ~ E .  

1.96 
1.69 
202 
202 

1.80 
1.80 
1.80 
1.40 

0.80 
1.20 

1.00 
1.05 

- - 
Sta- 
tion 
no. 

- - 

Flood 
iura- 
tion 

_. 

'lours 
5.72 
5.82 
5.92 
6.02 

7.42 
i. 42 
7. 32 

5.28 
5. 17 
5. 27 
5.3; 

5.02 
5.42 
5. A2 
7. 12 

6. 43 
6.23 
6. 73 
6.83 

6. 26 
6.41 
6.58 
7. 00 

6.32 
6.32 
6. 42 
6.62 

5.62 
5.42 
5.52 
6. 12 

- - 

Slack 
Observations Flood strength Ebb strenfih 

i'eloo -1 dura- tion 

ity Date 'dad 
- 

Dogs 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

$ 
k 
F 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

Method Deptl 
-- 

r ime Teloc 
ity 

Direction 
(true) 

-I- 
loura 
afftr 
L 1v 
1. 11 
1.01 
1.01 
0.91 

1.01 
1.01 
I. 01 

294 
3. 14 
3.05 
294 

2.41 
2 21 
2 01 
1.71 

1. i 9  
1.99 
1.49 
1.39 

1.71 
1.91 
1.54 
1.47 

1.91 
2 01 
1.91 
1.71 

2 91 
2 91 
2 91 
2 31 

'lour8 
before 
IJ R' 
3.32 
3.32 
3.32 
3.32 

0.42 
0.42 
0.42 

0.26 
0.56 
1.43 
1.53 

1.42 
1.62 

:: E 
1.11 
1.21 
1.51 
1.71 

I. 13 
1.13 
I. 18 
1.51 

1.52 
1.42 
1.62 
1.92 

0.22 
0.32 
a 62 
a 82 

Yours 
affcr 
HW 
0.70 
0. i o  
0.80 
0.80 

2 30 
230 

209 
2 18 
2 18 
2. I8 

I. 30 
1.50 
1. io  
2 70 

2.09 
2.09 
2. 09 
2. 09 

1.84 
2. 19 
2 I9 
2.34 

2.10 
220 
220 
220 

240 
220 
230 
2 30 

220 

Yours I 
rCnois 
1.10 
1. 10 
1.10 
1.20 

0.70 
0.90 

1.32 
1.20 
1. 13 
0.95 

1.00 
1. 00 
1.10 
0.90 

1. 10 
1.01 
0.93 

0.82 
0.80 
0.89 
1. 03 

1.30 
1.10 
1.30 

1.00 
1.00 
1.20 

0. 90 

am 

1. 20 

0. Bo 

1 

3 

4 

7 

10 

11 

13 

17 

Aug. 3I-Sept. 2, 
1932. 

Sept. 9-10, 14-15, 
1932. 

Oct. 8-10, 1919--. 

Pole--..- 3 
Meter..- 
.-.do _ _ _ _  ] ? 

Gept. %IO, 14-15, 
1932. 

Sept. 5, 1922 - - - - -  

Oct. 15-17.191g.. 

July 23-29. Aug. 
5 4 j  1932. 

Sept. 19-21, 1932. 

.o. 59 

.O. 04 
0.71 

0.00 
0.12 
0.42 

0.22 
0.22 
0.32 

-0.50 
-0.40 
0.00 
0.52 

-0.94 

-0.29 
0. 13 

0.01 
-0.39 
-0.29 
-0.44 

-0.49 
0.11 

-0.19 
0.11 

-0.50 
-0.60 
-0.40 

2 11 
1.91 
1.51 
1.41 

1.61 
1.33 
1. 29 
1.01 

0.92 
0.92 
0.92 
1.02 

.a 24 

.a m 

-a M 

-0. m 

AUR. 15-16,1922. 

July 28-29, Ang 
5-6, 1932. 

Sept. 19-21,1932. 

Aug. 15-17, 1932- 

Oct. 22-24,1919-- 

Lug. 1616,1922-. 

Oct. 29-31,1919-. 

July !2G-% 1932-- 

Sept. 3, 1922 __--_ 

Oct. 27-28. NOV. 
10-11,1919. 

Aug. 1517, 1932. 

i 
1 
1 
1 

2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

13 
13 
13 
13 
2 
2 
2 
2 

2 
2 
2 
2 

! 

! 
I! 
I! 
I! 
I! 

1 

: 
: 

402 
407 
3.57 
3. m 
3.71 
3.51 
3.51 
2 51 

2 71 
2 91 
2 71 

0.91 
0.91 
0.91 
1.01 

3.39 
3.17 
2 71 
244 

3.79 
3.64 
3.19 
2 74 

3.80 
3. 17 
277 
2 37 

3.91 
3.91 
3.41 
2 91 

1.79 
2 49 
2 3 9  
2 49 

I. 49 
1.52 
1.52 
1.39 

2 41 
2 41 
2 41 
2 41 

4.75 
465 
5.02 
5.52 

5.32 
5.42 
5.82 
6.92 

6. 02 
6.92 
6. 12 

7.52 
7.42 
7.42 
7.32 

5.08 
5.87 
0.36 
7.00 

5. 23 
5.35 
6. 13 
6.01 

5.58 
6.55 
6.80 
7.33 

5.02 
5.02 
5.42 
6.02 

5.43 
5.43 
5.33 

6.50 
6.69 
6.80 
6.78 

h 9 2  
6.02 
h92 
6.92 

am 

264 
250 
246 
2.46 

2 9 0  
280 

3.30 

260 
2 70 
2 70 

230 

3. m 

220 
220 
220 

294 
2.91 
294 
3.31 

286 
3.19 
3.22 

3.34 
3.59 
3.54 
3.57 

280 
280 
2 70 
2 8 0  

229 
1.79 
1.69 
I .  69 

1.88 
1.97 
1.90 
204 

229 
239 
229 
228 

2. m 

-0.54 
-0.54 
-0.34 
-0.19 

-0.21 
-0.11 
-0.01 
-0.11 

0.59 
0.79 
0.69 

279 
2.79 
2.39 
229 

0.04 
0.33 
0.33 

-0. 09 

-0.42 
-0.29 

-0.59 

-0.41 
-0.01 
-0. I1 
-0.31 

0.19 
0.29 
0.39 
0.29 

-a 29 

.-_--- 

._____ 

.----- 

.__-_- 

1.64 
1. i6  
1.64 
1.61 

0.89 
0.89 
0.99 
1.09 

I. 87 
1.84 
1.65 
1. 10 

2.50 
230  
1.60 
0. En 
1.20 
I. 40 

0.60 
0. 00 
0.40 
0.30 

2!a 
1.90 
1.45 
1.00 

236 
2 24 
1.67 
1. 14 

2.60 
2.24 
1.82 
1.04 

250 
240 
2.30 
1. 60 

I. m 

__-_-  ----- 
_ _ - _ _  
__ - -_  
1. M 
1.60 

0.90 

230 
230 
2 10 
1.90 

1. m 

7. si 
7.77 
7.40 
6.90 

7.10 
7. 00 
6. 60 
6.50 

0.40 $ 
6.50 M 
6.30 03 

490 

5.00 u 
6.10 ~ 

6.74 d 
6.56 rn 

x 
7.19 e 
7.07 03 
6. 29 
5.81 2 

7.00 !Jj 
6. 40 

6.99 

0 
5.92 !Jj 
6.84 
5.82 
5.64 

a m  

E. C. Denson-. 

[. E. Ritten- 
b w .  

-...do _ _ _ _ _ _ _ _ _ _  

____do _______---  

I. c.  Denson- 

I. Winston..--- 

I. E. Ritten- 
burg. 

H. C. Denson.. 

N.44E. I 1.10 I. Winston---. 

I. E. R i t t e n b m  



TABLE 65.-Current riufu, w h w  depth,  Upper Bay--Continued 

Location Party or 
Date Period - Method 

-- 
Depth 

N.44E. 

._______-_ 

1.63 
1.62 
1.u 
1.21 

1.51 
a 7 3  
0.88 
0.90 

0.71 
0.51 
1-31 
211 

1.19 
0.w 
1.49 
189 

0.69 
0.79 
0.69 
0.59 

0.20 

0.49 
0.49 

0.69 

0.64 
0.71 
0.79 
0.71 

S.40W. 268 

_------_-- 224 _--__-____ L91 

6.35%'. 0.40 
6.41 W. 0.76 

_ _ _ _ _ _ _ _ _ _  232  

6 . 4 1 ~ .  a40 
8 . 3 7 ~ .  am 
6.16 W. 1.70 _--__----_ 1.60 _ _ _ _ _ _ _ _ _ _  160 -_------_- L30 

8. 6W. 260 
__-__----: 220 _ _ _ _ _ _ _ _ _ _  220 _ _ _ _ _ _ _ _ _ _  2.30 

s. 4 . 5 ~ .  1.m 

_ _ _ _ _ _ _ _ _ _  1.20 
_ _ _ _ _ _ _ _ _ _  1.30 

_ _ _ _ _ _ _ _ _ _  1.00 

6. 89w.  1.73 _ _ _ _ _ _ _ _ _ _  1.72 --_-__---_ 1.68 _ _ _ _ _ _ _ _ _ _  1.65 

N.41E. 
N.43E. 
N.38E. 
N.28E. 

0.65 
1.25 
1.25 
1.05 

1.12 N.SQE. 0.70 6.72 210 a 3 9  6 . 6 0 ~ .  am 
1-32 _ _ _ _ _ _ _ _ _ _  a70 6.82 220 0.49 _ _ _ _ _ _ _ _ _ _  0.m 
1.32 _ _ _ _ _ _ _ _ _ _  0.70 6.m 220 0.m _ _ _ _ _ _ _ _ _ _  a 8 0  

0.12 N.ZIE. 0.50 4.22 200 -a21 8 . 3 5 ~ .  1.80 
0.42 _ _ _ _ _ _ _ _ _ _  0.60 4.32 2 m - 0 . 2 1  _ _ _ _ _ _ _ _ _ _  1.80 
a42 _ _ _ _ _ _ _ _ _ _  0.50 4.92 230-aoi _ _ _ _ _ _ _ _ _ _  1.40 
L W  _ _ _ _ _ _ _ _ _ _  0.80 6.92 280 0.29 _ _ _ _ _ _ _ _ _ _  0.90 

L02 _ _ _ _ _ _ _ _ _ _  0.70 6.82 220 0.69 _ _ _ _ _ _ _ _ _ _  0.60 

-0.24 N.21E. 1.59 5.28 3.27 -0.76 8.19W. 237 
-0.61 _ _ _ _ _ _ _ _ _ _  1.66 5.49 3.47-0.66 _ _ _ _ _ _ _ _ _ _  211  
H.61 _ _ _ _ _ _ _ _ _ _  1.92 6.41 3.72-0.53 _ _ _ _ _ _ _ _ _ _  1.48 

-0.10 _ _ _ _ _ _ _ _ _ _  1.68 6.33 3.61-0.67 _ _ _ _ _ _ _ _ _ _  104  

5.70 
5.60 
5.60 

am a10 
7.60 
5.~41 

5.60 

7.14 
6.93 k5! 
6.01 
(LO9 + 

46 Off ElbIsland- _ _ _ _ _ _ _ _  1.E.Rittenbmg- Jnae.10-22,1932-- I 
47 Off Jersey City _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _  

2 Pole--- 7 L51 
2 Meter-- 6 L51 
2 ---do _ _ _ _  14 L41 
2 ---do _ _ _ _  22 1.51 

2 Pole _____  7 3.91 
2 Meter-- 6 4.01 
2 --.do _ _ _ _  16 3.61 
2 ---do _ _ _ _  24 2 0 1  

49 4.12 
4.11 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 

llaclr 

- 
;; 
2 19 
221 
232 
234 

2 14 
207 
204 
2 01 

1. 69 
2 19 

239 
2 11 
2 01 
2 01 
2 01 

?. 61 
2 61 
2 61 
2 51 

2 41 
2 41 
2 51 
2 51 

2z 
2 21 
222 
2 19 

L89 
2 17 
2 19 
2 21 

a 19 

-1 Flood strength Ebb strength 8ta- 
tlon 
no. 
- 

33 

81 

1 

n 

89 

41 

43 

44 

-1-1- 
Tours 

1.71 
1.99 
203 
L94 

1.32 
1.41 
1.59 

1.61 
1.61 
2 11 
2 11 

a92 
1. 12 
1.12 

1.72 
1.42 
1.02 
0.92 

L 92 
1.92 
1.92 
1.62 

0.74 
0.34 

% 

1. n 

a s  

a s  
L m  

1.11 
0.63 
2 16 
2 19 

HOW4 

206 
208 
206 
208 

238 
LW 
1. @I 
1.93 

2 59 
279 
269 
269 

260 
2 70 
260 
260 

229 
220 
L69 
1.79 

0. w 
1.40 

L30 

208 
1.99 
2 01 
208 

1.m 
1.82 
LS4 
1.51 

% 

L m  

Hours I I 
'lours 
6.00 
6.92 
5.87 
5.85 

6.3'3 
6.23 
6.23 
6.23 

7.13 
6.73 
6.63 
6.43 

6.62 
6.82 

6.72 

6.82 
5.82 
6.42 
5.32 

4.22 
6. 12 
4.82 
4.92 

6.00 
5.91 
5.92 
6.00 

6.23 
5.68 
5.48 
5.43 

6.72 

Imrr 
6.42 

6.65 
6. 67 

6.04 

6.19 
6.19 

5.69 
S.79 
S.W 

5.80 
5.60 
5.70 
5.70 

6.60 

7.00 
7.10 

8.20 
7.30 

4 . 5 0  

6.42 
6.51 
6.50 
a42 

6.19 
6.84 
6.94 
6.99 

6.60 

a 19 

am 

6.60 

z. 60 

Bnttermtlk Channel--- 

E 
9 

E 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

39 
39 
39 
39 
1 
1 
1 
1 

Pol&--.- 7 
Meter-- 8 
.--do _____  21 
.-.do _____  34 

7 
6 

16 
24 

7 
7 

18 
29 

Pole-.-.- 
Meter-- ? 
.--do _ _ _ _  10 
.-.do _ _ _ _  16 

7 
10 
25 
40 

0.31 18. 74W.l 243 7 
12 
30 
48 

I I I I I I I I 3 



130 U. 8. COAST AND GEODETIC SURVEY 

The relations of the current at the different depths in Upper Bay 
are much like those found in the Narrows. Within the main channeI 
the slack before ebb becomes earlier from the surface downward- 
If for convenience we speak of the i’-fOOt depth as the surface and the 
0.8 depth as the bottom, it appears that within the main channel of 
Upper Bay, as in the Narrows, the slack before flood comes earlier 
from the surface to the bottom a t  the rate of about 0.03 hour per foot. 
And as in the Narrows, this chan e in time of slack is to be ascribed 

The slack before ebb does not change much with depth, and what 
change is exhibited is in the opposite direction to that of the slack 
before flood, for it  apparently becomes later with increasing depth. 
But this change averages less than 0.01 hour per foot. As a conse- 

uence of this difference between the flood and ebb slacks there is a 
&Terence in the durations of flood and ebb at  the different depths. 
Near the surface the average durations of flood and ebb within the 
main channel of Upper Bay are, respectively, 5.4 hours and 7.0 hours. 
At mid-depth (about 30 feet) the flood has generally the greater 
duration, about 6.3 hours against 6.1 hours for the ebb. And near 
the bottom the duration of flood is very nearly 7 hours against less 
than 5% hours for the ebb. 

Within the main channel of Upper Bay the vertical distribution of 
the velocity is much like that in the Narrows. The strength of ebb 
decreases with depth but at a greater rate than in the Narrows, 
being here about 0.03 knot per foot against 0.01 knot in the Narrows. 
The strength of flood a t  some stations indicates an increase with depth, 
at some stations practically no change, and at some stations a decrease. 
But these chan es are much smaller than the corresponding changes 
in the vertical gstribution of the ebb velocity. 

As a result of the differences in the vertical distribution in the 
flood and ebb velocities within the main channel of Upper Bay, the 
relative velocities of flood and ebb are different at the different depths. 
Near the surface the ebb velocity is greater by nearly a knot. A t  
mid-depth the flood is a little larger than the ebb, while near the 
bottom the flood strength is about half a knot greater than the ebb 

to the effect of the fresh or nonti f a1 water from the Hudson. 

- - 
strength. 

Outside the main channel of Umer  Bav. the currents do not show 
such large differences between e66 and fldod as within the channel. 
Near the western shore of the bay the times of slack water do not 
change much with the depth and hence the durations of flood and ebb 
do not change much at the different depths. The velocities likewise 
do not exhibit as great differences at  the different depths as in the 
main channel. 

Along the eastern shore, with the exception of Buttermilk Channel, 
the features of the current within the depths are much like those 
along the western shore. The duration of flood and ebb and the 
velocities at the different depths do’not change much. In  Butter- 
milk Channel the durations of flood and ebb do not change much with 
depth, but the velocities of both the flood and ebb currents decrease,, 
as a rule, with increasing depth. 
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THE CURRENT I N  THE KILLS AND NEWARK BAY 

SURFACE CURRENTS, ARTHUR KILL 

For Arthur Kill there are at  hand current observations a t  13 sta- 
tions. The locations of these stations are shown in figure 38, and the 
data derived for the current near the surface are given in table 56. 
In general, the data refer to the current a t  a depth of 7 feet from the 
surface. The velocities of the current given have been reduced to 
mean values. 

The data of table 56 show that the current becomes later in going 
up Arthur Kill from south to north. Both the slacks and the strength 
come later at  the northern end than at  the southern end by a little 
more than an hour, on the average. Taking the more recent observa- 
tions, it is seen that this change is at  an ap roximately uniform rate. 

the time of tide becomes later in going from south to north by about 
three-quarters of an hour. It follows therefore that the time relation 
between current and tide are approximately constant throughout this 
wnterway. Since the tide here avera es about three-quarters of an 

Kill come about 1% hours after the times of local high and low water 
and the strengths about 2 hours before the times of local high and 
low water. 

In the channel of Arthur Kill the velocity of tho current at  strongth 
is approxirnatoly 1 knot. At the southern entrance, and for the 
greater part of the Kill, the flood and ebb strengths have approxi- 
mately equal velocities; but at  the northern end the flood current has 
somewhat the greater velocity. For the Kill as a whole, the more 
recent observations, that is those taken in the present centur 
cate a somewtiat greater velocity of the current than the older o serva- 
tions. But this difference averages less than a tenth of a knot, and 
mny therefore not be significant. 

From the more recent observations 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 6.5 hours for the ebb. The older observations give 
a somewhat smaller duration of flood, about 5.7 hours. 

In the discussion of the tide in Arthur Ki1 P (p. 59) it was found that 

hour later than at  Sandy Hook, it  fol P ows that the slacks in Arthur 

t indi- 

CURRENT DATA, VARIOUS DEPTHS, ARTHUR KILL 

For seven of the stations listed in table 56 there are at  hand also 
current observations made a t  0.2, 0.5, and 0.8 depths. The results 
derived from these observations are given in table 57, in which are 
included also the data for the 7-fOOt depth for comparison. 



- 
I 

Sta- 
tion 
no. 

- 

1 
2 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
11 
12 
13 

Off Cartaret, N. J _ _ _ _ _ _ _ _ _ _ _  
Off Linolenmville, N. Y _ _ _ _ _  
Off Tremley Pt., N. J _ _ _ _ _ _ _  
Off Orssseli, N. J _ _ _ _ _ _ _ _ _ _ _ _  
Off Elizabeth, N. J _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  do-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
___-do _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
____do.. . . . . . . . . . . . . . . . . . . . . .  
____do _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 56.-Surface current data, Arthur Kill 
[Relerred to times of HW and L W  at Sandy Hook] 

, 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H. C. Denson ..___ August 1922 ___._____._._____.___ 
I. E. Rittenburg.- June, August, September 1932 ... 
If. Mitchell _ _ _ _ _ _ _  Augu.t 1856 .__._________________ 

.____do _ _ _ _ _ _ _  ~ _ _ _ _  September 1856 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H. L. Marindin.-- July 1585. - .___ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _  
R. C. D~I~SOLI _ _ _ _ _  August 1922 . . . . . . . . . . . . . . . . . . . . .  
I. E. Rittenburg--- June 1932 ______. _ _  _ _ _ _  ~ _ _ _ _ _ _  _ _ _ _  
R. J. Auld _ _ _ _ _ _ _ _ _  November 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H. Mitchell _ _ _ _ _ _ _  August 1856 _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  

Location 

1.7 
1.4 
1.2 
1. 1 
0.4 

1.0 
0. 9 
0.9 
0.7 
0.9 

Observations 

N.55 E. 
N.15E. 
N.25E. 
N.5 w. 
N.5W. 

E. 
E. 

N.80E. 
E. 

_ _ _ _ _ _ _ - - -  

Party ol- Slack 

Off Path  Amboy N. J ..____ 
Off Tottenville, d. Y 

I I I I,,, 
Augxt 1922 .__.___..____._______ 
Augmct 1M _____.____ _ _  - _ _ _ _ _  _ _ _  
Aurust 1932 .___________.___.____ 
September 1932. - _ _ _ _ _ _ _ _  _ _ _  ___. 
August I&%-.. _ _ _ _ _  ~ __________._ 

after 

1 
2 
2 w 
w 

1% 

H 
H 
1 
4?d 
2 
2 
1 

2 

0.9 
1.9 
1.9 
1. 1 

1.7 
2 2  
21 
2.5 
3. 1 

2 7  
2.8 
2.9 
2.4 
2 6  

Flood strength 
Flood 

0.7 
1.0 
1.1 
1.3 
1.6 

1.8 
1.2 
1.4 
1.0 
1.2 

5.5 
5.9 
6.3 

5. 7 
5.9 
6.3 
5. 5 
5.7 

5.4 
5. 0 
5.8 
6.2 
5. 9 

- __ 

?lack 

_. 

lours 
after 
I1 TI/ 
1.3 
1. I 
1.3 
1.7 
1. 3 

1.3 
2.0 
2 3  
1.9 
2.7 

20 
2 7  
2.6 
2.5 
2.4 
- 

Ebb strength 
- 
rime 

lours 
)elore 
L U  
2.4 
2.3 
1.8 
1.9 
2. 1 

2. 1 
1.7 
1.5 
1.9 
1.0 

0.7 
0. 0 
1.0 
0.6 
0. 5 
- 

Directior 
(true) 

0 

s. 10 U'. s. 35 w. 
5.60 w. s.85w. 
8.45 w. 
s.3ow. 
S.15 E. s. 26 1%'. 

S.5 E. 
S.5 E. 

W. 
s. 75 w. 
s. 75 w. 
S.85W. 

- - - - -. -. 

- 
7eIoc. 
ity 
- 

rff 018 
0.9 
0.5 
1.4 
1.2 
0.4 

1. 1 
1.0 
1.4 
1.0 
1.4 

1.7 
0.8 
1.2 
0.5 
1.0 
_. 

- - 
Ebb 
iura- 
tion 

lours 
6.4 
6. 1 
6. Y 
6.5 
0.1 

0.7 
0.5 
6. 1 
6.9 
0.7 

7.0 
6.4 
6.6 
6. 2 
6.6 
- 
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FIOUILE 38.-Curront stntions, Arthur Kill.  



Location 
rime 

Yours 
W o r e  
LW 
2 44 
2.88 
2.86 
2. 74 

Off Per& Amboy, N. J 

Off Tdtenville, N. Y .- 

Off Tuft8 Pt., N. J ___-.  

Off Linoleumville, N. Y 

Off Tremley Pt., N. J- .  

Off Elizabeth, N. J _ _ _ _ _  

- - - -do-- _ _ _ _  .____.___ -. 

- - - -do--. _ _  _ _  _ _  _______. 

Direction Veloe 
(true) ity 

--- 

Knot8 s. 10 w. 0.92 _ _ _ _ _ _  _ _ _ _  1.08 
---------- 0.92 
_____.____ 0.71 

TABLE 57.--Cuwent d d a ,  various depths, Arthur Kill 
f€Merred to times of HW and L'ev at Sandy Hook] 

Xrection 
(true) 
-- 

- 
I Observations 

Veloc 
ity 

I 

N . 1 2 E .  
-...-.__. 
_-_-_._._ 
.______._ 

Party of- Date I :$ 1 MethodlDeptl 

Xrrotl 
0.88 
0.95 
0.91 
0.82 

E. C. Denson-.. Aug. 19-24.1922. _____. 

L E .  Rittanburg. Aug. %-27,1932 _____._ 

I 
1.79 I s . 6 0 w  
1.79 _ _  _ _ _ _ - _ _ _  
1.79 _ _ _ _ _ _ _ _ _ _  
1.79--- ------- 

__.-do. ______-_  - - 

E. C. Denson--- 

I. E. Rittenburg. 

H. C. Denson... 

I. E. Rittenburg. 

R. J. Auld _ _ _ _ - _  

i 

1.40 
1.50 
1.40 
1.20 

I Sept. 6-8.1932 _____-_- -  

~ 

Ang. 22-24, 19-22 _-_-- - -  

J ~ n e  24-25, AW. 31, 
Sept. 1.1932. 

Ang. 19-24, 1922 _ _ _ _ _ _ -  

June 2%24,1@32 _ _ _ _ _ _ -  

N O ~ .  5-7, 1920 ___._____ 

_ - - - - _ _ _ _  _ _ _ _ _ _ _ _ _  
S. 71 E .  
__..___.. 
1 _ _ _ _ _ _ _ _  
__._...__ 

N. 16E. 

1.40 
1.30 
1.20 
1.20 
1.10 
0.80 
0.97 

2 
2 
2 
2 
1% 
1 
1# 
1% 
2 
2 
2 
2 

- - 

Slack 

- 
llourl 
allcr 
LW 
1.36 
1.52 
1.26 
1.06 
1.91 
1.91 
2 01 
2 01 
1.91 
2 01 
2 01 
1.81 
2. 16 
2. 22 
2 2 6  
2. 26 
2 11 
2 01 
2 01 
2.01 
2 7 6  
284 
2.82 
2.67 
2.91 
2 91 
2. 91 
2 91 
2 39 
2. 66 
266 
2. 62 

Pole---. 
Meter-. 

--_do _ _ _ _  
__-do _ _ _ _  
Pole.--- 
Meter- 

.--do _.-- 
---do---- 
Pole..-. 
Meter.- 

- - -do _ _ _ _  
.___do ___-  

Flood strength 

2 
2 
2 
2 
2 
2 
2 I 2 

- 
Time 
- 
lfourr 
befOTC 
lilV 
1.94 
1.88 
204 
1.89 
1.52 
1.82 
1.62 
1.92 
1.42 
1.42 
1.12 
1.52 
1.44 
1.51 
1.29 
1.36 
1.22 
1.42 
1.42 
1.12 
0.89 
0.68 
0.68 
0.99 
0.92 
0.92 
0.92 
0.92 
0.69 
0. 14 
0.51 
0.44 

Pole.--. 7 
Meter-. 6 

---do- _. 15 
-.-do __._ 24 
Pole.--. 7 
Meter.- 5 

.--do _ _ _ _  12 
--.do _ _ _ _  19 

N. 19E.  1.03 
N. 1 7 E .  0.94 
N . 1 8 E .  0.84 

Flooc 

tion 
dura. 

_. 

H w n  
6.08 
5.97 
6.19 
6.41 
5.52 
5.42 
5.42 
5.32 
5.92 
5.82 
5.82 
6.02 
5.86 
5.88 
5.91 
5.86 
6.32 
6.22 
6. 32 
6.22 
6.03 

6.02 
6. 17 
5.82 
5.82 
5.82 
5.82 
6.25 
6.24 
6.28 
6.28 

e. 0 0  

- 

Slack 

Ilours 
after 
H W  
1.31 
1.36 
1.32 
1.34 
1.30 
1.20 
1.30 
1.20 

1.70 
1.70 

1. 92 
1. 97 
2.04 
1.99 
2. 30 
2. 10 
2.20 
2.10 
2.66 
2. 71 
2.71 
2. 71 
2.60 
2.60 
2.60 
2.60 
2.51 
2. 77 
2.81 
2. 77 

1. m 

1. 'Io 

Ebb strength 

0.84 
0.79 ______.... 0.94 
0.81 ....__..__ 1.00 1:; 1 __.___ 0.87 

- ~ 

Ebb 
lu ra- 
tion 

I h .  
6.34 
6.45 
6.23 
6.01 
6.90 
7.00 
7.00 
7.10 
6.50 
6.60 
6.60 
6.40 
6.46 
6.54 
6.51 
6.56 
6. 10 
6.20 
6. 10 
6. 20 
6.39 
6.42 
6.40 
6.25 
6.60 
&Bo 
6.60 
6.60 
6. 17 
6.18 
6. 14 
6. 14 - 
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At stations 1 and 11, at which the longest continuous series are 
available, the data of table 57 show features similar to those found 
in the Narrows and in the main channel of Upper Bay. The time of 
slack before flood becomes earlier in the de ths at  the rate of approxi- 

little. This results in a greater flood duration in the deeper parts of 
the Kill than near the surface. For the seven stations in table 57, 
the average duration of flood at the 0.2 depth is 5.92 hours; at  mid- 
depth it is 5.97 hours; and at  the 0.8 depth it is 6.01 hours. For 
Arthur Kill as a whole, therefore, the duration of ebb is greater than 
that of flood from the surface to near the bottom. 

As regards the velocity of the current, the data of table 57 indicate 
a decrease in both the flood and ebb strengths with increasing depth. 
For the 0.2 depth, the flood strength averages 1.17 knots and the ebb 
strength 1.10 knots, at  mid-depth the values are respectively 1.15 and 
1.10; and at the 0.8 depth they are 1.02 and 0.95. The decrease is at  
the rate of about 0.01 knot per foot. 

mately 0.02 hour per foot, but the time of s P ack before ebb changes but 

SURFACE CURRENTS, KILL VAN HULL 

For Kill van Kull there are available current observations at  10 
stations. The locations of these are shown in figure 39 and the 
results derived from the observations made with the current pole 
corresponding to a de th  of about 7 feet, are given in table 58. I n  t h b  

Kill van Kull being a short strait, the time of current doesn’t 
differ greatly throughout its length. From table 58 the average times 
of the different phases of the current, with reference to the tides at 
Sandy Hook are as follows: Slack before flood, 1.6 hours after low 
water; strength of flood, 2.1 hours before high water; slack before 
ebb, 1 hour after high water; stren th of ebb, 2.1 hours before low 
water. Since the time of tide in Ki a van Kull is about half an hour 
later than at  Sand Hook, it follows that with respect to local tides, 

after the times of high and low water, and the stren ths come about 

ment through Kill van Kull is thus not of the progressive wave type 
but is conditioned by the fact that the Kill is a short strait connecting 
two much larger tidal bodies of water. 

At station 2, near the eastern entrance of the Kill, and at station 
10, near the western entrance, simultaneous observations for a period 
of 1 day are at hand, and these bring to light the fact that the 
different phases of the current occur a t  different times. Table 58 
shows that slack before flood a t  the eastern entrance is 0.3 hour earlier 
than at the western entrance, strength of flood 1 hour earlier, slack 
before ebb 0.1 hour earlier, and strength of ebb 1.6 hours earlier. 
Taking a mean of these differences, the current at  the eaatern en- 
trance is three- uarters of an hour earlier than a t  the western entrance. 

Throughoutkll v m  Kull the ebb has a greater duration than the 
flood, the data of table 58 giving 5.4 hours for the flood and 7.0 hours 
for the ebb. The velocity of the ebb is likewise greater than that of 
the flood, averaging 1.8 for the ebb and 1.7 for the flood. At several 
of the stations the flood shows the greater velocity, as station 8 for 
.example. In  these cases, however, it is seen that the stations are 
located in the path of the main flood current, but to one side of the 
main ebb current. 

table the velocities o ;P the current have been reduced to mean values. 

the slacks within H ill van Kull come about three-quarters of an hour 

2% hours before the times of high and low water. 5 he tidal move- 



TABLE 58.-Su7fw current data; Kill van KuU 
[Referred to times of HW and\W at Sandy Hook] 

6 
6 
7 
8 
9 

10 

I I I I 

-____do 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
.__._do. - - .- __. - _ _  - -. _ _ _ _  
Off Port Richmond. N. Y--. 
Off Bergen Point Light, N. J- 
~____da ._____________________ 

Sta- 
tion 
no. 

2.3 
2.8 
2.0 
2.6 
1.3 
1.2 

Location 

N.80E. 
N.75E. 
N.85E. 
N.85E. 
8.50E. 
S.15E. 

I I - Observations I 
Party of- Slack 

Date 

I I I 
I I I after 

Day8 > 
November, December, 1919 ----- 1 1%1 

t W  
1 Off New Brighton, N. Y _ _ _ _ _  1.6 
2 ..... do .___ ~ _______________.__ August 1922 . . . . . . . . . . . . . . . . . . . . .  
3 Off W. New Brighton. N. Y-- July 1885 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ? Off Bergen Point, N. J ____- -  _-___do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _  I > -  

I. Winston _ _ _ _ _ _ _ _  
I. E. Rittenburg-. 
H. Mitchell ._____ 
I. Winston _ _ _ _ _ _ _ _  
H. Mitchell _._____ 
H. C. Denson _ _ _ _ _  

I November 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Auwst 1856. .___________________ 

1% 

1% 
1% 
1% 

2 

1 

1.4 
I. 3 
1.9 
1.3 
1.9 
1.6 

Flood strength 
- 
rime 

Lloura 
kJore 
HW 

2. 3 
2. 4 
3.0 
20 
2. 7 

1.7 
2 4  
1.3 
2.0 
1.5 
1.4 - 

- 
Isiw. 
ity 
- 

Xnats 
1.4 
1.7 
1.2 
1.9 
1.9 

2.2 
20 
1.4 
2.3 
1.8 
1.2 

~ 

- - 

Flood 
DIU& 
tion 

_. 

‘lourn 
5.1 
5.7 
4. 6 
5.0 
5.3 

5.6 
6.0 
5.3 
5.7 
5.9 
5.5 
- 

- - 

SI& 

_. 

Ywra 

0.6 
0.9 
0.3 
0.9 
1.0 

0.9 
1.2 
1.1 
0.9 
1.7 
1.0 

!E 

- 

Ebb strength 

2.8 N.75E. 
2.8 N.40E. 

- 
Veloc 

ity - 

Knda 
1.9 
1.8 
1.4 
1.5 
1.5 

2 1  
1.9 
2 2  
1.9 
20 
1.7 - 

= 

Ebb 
)ura- 
tion 

lwra 
7.3 
6.7 
7.8 
7.4 
7.1 

6.8 
6.4 
7.1 
6.7 
6.5 
6. Q 
- 
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CURRENT DATA, VARIOUS DEPTHS, BILL VAN KULL 

For five stations in Kill van Kull there are nvailable current ob- 
servations a t  0.2, 0.5, and 0.8 depths. The results of thesc observa- 
tions are given in tnble 59, together ~ 6 t h  the results for the 7-foot 
depth derived from the observntions with thc current pole. For the 
sake of compnrison the times are given to tho second decimal of an 
hour, the velocities to the second decimnl of n knot, and tho directions 
to the nearest wholc degree. Where directions nrc given for tho 
current a t  the different depths, these directions were determined by 
means of tho bifilar direction indicntor. 

The time of slnck before flood shows the chnrncteristic decrease 
with depth found in tidnl waters carrying n considcrable amount of 
fresh-wnter flow. The nverngc decrcasc in time from tnblc 59 is 

Frnun~ 3I).-Currmt stntions, Kill van Knll. 

about 0.01 hour per foot. The slnclr beforo ebb shows but little 
change with depth, a slight incrcnsc in time being indicated at  most 
stntions. 

This difference in the hchnvior of the two slncks bringq nbout 
thc snmc dill’crcncc in the clurntions of flood and ebb in Kill vnn Kull 
thnt was noted in the Nnrrows, 1Jppr.r Bny, nnti Arthiir Kill. At 
the 0.2 depth thc duration of flood n t  the statlions liqtcd in tnblc 59 
is 5.74 hourq, nnd for the chb, 6.6s hours. At mid-depth the corrc- 
Pponding vnliics nro 5.98 hours nnd 6.44 hours. And at, tho  0.8 depth 
they arc 6.23 hours nnd 6.19 hours. Xcnr the bottom, thcrrforc, tho 
rlurntion of flood in Kill vnn Kull is sonicwhnt grentcr than that of 
ebb. In  this regard the ciirrcnt in Kill van Kill1 dilfcrs from that in 
Arthur Rill, for in tho lnttcr the duration of ehb wns greater for all 
thrcc depths. 



O f f  Port Richmond, 
N. Y. 

Off Bergen Point Light, 
N. J.  

I. Winston _ _ _ _  _ _  

H. C .  Denson--- 

I. Winston- ~ _ _ _ _  

I. E. Rittenburg 

TABLE 59.-Current data, various depths, Kill Van K d  
I R e f d  to timas of HW and LW st Sandy Hook. N. J.1 

NOV. lais, ~ e c .  2-3, 
1919. 

Aug. IZ-24, 1922 

Nov.%28. Dee. 10-11, 
1919. 

June 22-24, 1932- _ _ _ _ _  

Observations I 

2 
2 
2 
2 

1% 
2 
2 
2 

1 
1 
1 
1 

Party or- I Date 

Pole-..- 
Meter.- 
. - -do _ _ _ _  
. - .do _ _ _ _  
Pole-.-. 
Meter-. 

__-do _.__ 
---do---- 

Pole..-- 
Meter.- 

- - -do-. _ _  
.--do _ _ _ _  

--I 

I. Winston _ _ _ _ _  Nov. 21-22, Dee. 5-6, 
1919. 

H. C. Denson.-. Aug. S21, 1922 ____._ 

I I 

2; I Method I DeptJ 

--- I I  
7 
8 
21 
34 

7 
10 
24 
38 

7 
7 
16 
24 

7 
6 
16 
24 

7 
7 
16 
24 

7 
5 
12 
20 

_. - 

Slack 

Frwn 
afln 
LW 
1.54 
1. 31 
1. 01 
0.54 

1.32 
1.39 
1.07 
0.62 

1.39 
1.59 
1.59 
1.39 

1.31 
1.21 
1. 11 
1.01 

1. 29 
1.41 
1.31 
1.27 

1.59 
1.59 
1.54 
1.49 

Flood strength 

Time 

Hour, 
betore 
HW 
228 
2 2 3  
2 46 
209 

238 
2.46 
2 43 
2.18 

1. 71 
1.71 
1.71 
1.71 

2 42 
2 42 
252 
2 52 

1.99 
221 
221 
2 2 9  

1.41 
1.71 
1.46 
1.56 

__ 
r'eloe 
ity 
- 

Knot8 
1.39 
1. IS 
1. 15 
1. 12 

1. 72 
1.73 
1.49 
1.30 

2. 24 
1.81 
1.62 
1.26 

200 
1.90 

1.60 

230 
2 2 4  
218 
1.93 

1. 15 
1.35 
1.33 
1.21 

I. m 

Frourc 
5.21 
5. 51 
6.14 
6.75 

5.69 
5.75 
6.28 
6.63 

5.59 
5.55 
5.55 
5.73 

6.02 
6.12 
6.22 
6.42 

5.76 
5.91 
5.96 
6.05 

5.53 
5.50 
5.73 
5.78 

- _. 

Slack 

- 
HOW1 
after 
HW 
0.62 
0.69 
L 02 
1.16 

0.88 
1.01 
1.22 
1. 12 

0.84 
1.01 
1.01 
0. w) 

1.20 
1.20 
1.20 
1.30 

0.92 
1. 19 
1.14 
1.19 

0.99 
1.04 
1.14 
1. 14 
- 

Ebb stmngth 

Time 
- 
Kourc 
before 
LW 
2. 86 
2 71 
2 16 
2. 11 

283 
3.04 
279 
2. 56 

2223 
2 31 
2. 23 
2. 04 

2. 79 
279 
279 
2 5 9  

2.64 
2 4 3  
2 36 
2 19 

1. 16 
1.01 
1.28 
1.81 
__ 

__ 
VdM! 

ity - 

Knot8 
1.90 
1.83 
1.00 
0.37 

180 
1.73 
1.43 
0.69 

2 14 
223 
1.99 
1.66 

1.90 
1.80 
1.60 
1.50 

1.93 
1. 66 
1.72 
1.63 

1.72 
1. 55 
1.39 
1.25 
- 

- - 
Ebb 
lura- 
tion 

- 

iours 
7. 21 
6. 91 

5.67 

6. 73 
6.67 
6. 14 
5.79 

6.84 
6.87 
6.87 
6.89 

6.40 
6.30 

6.00 

6.66 
6.51 
6.46 
6.37 

6.w 
&a4 
6.8 
6.84 

8.28 

6.20 

- 
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The strength of flood in Kill van Kull decreases with depth; on the 
ttvera e ,  a little less than 0.016 knot per foot. The ebb strength like- 

giving an average of 0.026 knot per foot. At the 0.2 depth the flood 
strength averages 1.70 knots and the ebb strength 1.80 knots. A t  
mid-depth the corresponding values are 1.58 knots and 1.52 knots; 
and at  the 0.8 depth they are 1.40 knots and 1.22 knots. From the 
surface to about mid-depth, therefore, the ebb has the greater velocity ; 
but below that depth the flood has the greater velocity. 

In regard to the relative velocities of flood and cbb at  the different 
depths, Kill van Kull differs from Arthur Kill, for in the latter water- 
way the flood current had the greater velocity at  all three depths. 
In Kill van Kull, on the other hand, the ebb had the greator velocity 
to near mid-depth, but below that the flood had the greater velocity. 

wise B ecreases, but a t  a more rapid rate, the five stations in table 59 

SURFACE CURRENTS, NEWARK BAY 

In Newark Bay there are available current observations at  12 
stations, the locations of which are shown in figure 40. The results 
derived from these observations for the 7-foot depth, which is here 
considered as the surface, are given in table 60. The  velocities have 
been corrected to mean values. 

The flood current into Newark Bay comes both from Kill 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 
former is about 70 percent greater. I t  follows, therefore, that Kill van 
Kull provides the greater part of the tidal waters flowin into Newark 
Bay. On the ebb, likewise, the velocity in Kill van f u l l  is greater 
than that in Arthur Kill. So that Kill van Kull is also the pnncipal 
outlet for the ebb of Newark Ba . 

On comparing the times of slac i before flood a t  stations 1 and 2 with 
the times at stations 4 and 5 (table 60), it is seen that the current 
from Kill van Kull sets into Newark Bay about three quarters of an 
hour earlier than from Arthur Kill. On the ebb, too, the current 
setting from Newark Bay into Kill van Kull is about an hour earlier 
than that setting into Arthur Kill. 

As regards the change in time of current in Newark Bay, a com- 
parison of the data for station 7 with those for the stations in Hacken- 
sack and Passaio Rivers shows that the current becomes later in goin 

Bay is about an hour later than a t  Sandy Hook. I t  follows, therefore, 
from table 60 that the slacks in Newark Ba come about an hour 
after local hi h and low water, and the strengt z s about 2 hours before 

Throughout Newark Bay, the duration of flood for the current near 
the surface is somewhat less than that of ebb, averaging 6.0 hours for 
the flood against 6.4 hours for the ebb. In  the mtun channel of the 
bay, the current at strength has a velocity of about 1 K  knots with but 
little difference between the flood and ebb velocities 

In the Passaic and Hackensack Rivers, near their mouths, the 
currents have smaller velocities than in the main channel of Newark 
Bay. In  the Passaic the velocity a t  strength is about half a knot, 
while in the Hackensack it is a little more than three-quarters of a 
knot. 

upstream by about three-quarters of an hour. The tide in Newar E 
the times of B oca1 high and low water. 
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Sta- 
tion 
no. 

- 

1 
2 
3 
4 
5 
6 

7 
8 
0 
10 
11 
12 
12 
T 

S.50E.  
S. 15 E. 
N.85E. 
s. 85 w. 
s. 75 w. 
S. 20W. 

Location 

Knob 
2 0  
1.7 
0.5 
1.0 
0.5 
0.7 

Party of- 

Daus 
1% 
1 
1 
1 
2 

after 
L W  

1.9 
1.6 

-1.0 
2.6 
2.4 

Off Bergen Point Light, N. J- 
____do  ___________..___.._____ 
Off Mariners Harbor. N . I--- 
Off Elizabeth, N. J _ _ _ _ _ _ _ _ _ _  
____do  ___________.___________ 
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 60.-Surface current d d a ,  Newark Bay 

[Referred to times of HW and LW at' Sandy Hook, N. 5.1 

H. Mitchell 
H. C. Denson ____. 

----.do. ___._____ _ _  
H. Mitchell _____._ 
R. J. Auld 
H. Mitchell _ _ _ _  _ _ _  

I Observations 

Off Bergen Point, N. J _ _ _ _ _ _  
Off Bayonne, N. J ....._.____ 
Off Port Newark, N. J _ _ _ _ _ _ _  
PasSaic River __________._____ 

Slack 
Date 

R. J. Auld 
H. C. Denson ____. 
R. J. Auld ._._____ 
E. C. Denson 

August 
August 
. - - - -do - -. _ _  - - _ _ _ _  - - - _ _  - - - - - - - -. . 
-4ugust 1856 _.._____________ _ _ _  _ _  
November 1920 _ _ _ _ _  - _ _ _ _ _ _  ____. . 
August 1856 _ _ _ _  - _ _ _  - _ _ _  - _ _ _ _  - - -. 
November 1820 _ _ _ _ _ _  - - _ _  _ _ _ _ _  - - - 
August 1922 ____________________. 
October 1Q20--- _ _ _ _ _ _  _ _  _ _ _ _  - - --. 
August 1922 .____________________ 
October 1920 ______.__________._. 
___-do- - - _ _ _  _ _ _ _ _ _ _ _  __. - _ _ _  -. 
August 1922 ___________________.. 

2 
1 
2 
1 
2 
2 
M 

3. i 
1.8 
2. 1 
1.7 
2 4  
2.1 
2.6 
2.5 

Flood strength 

Time 

L?ours 
before 
H W  

1.5 
1. I 
3.4 
0.9 
0. 7 
1. 1 

1.8 
2. 1 
1. 7 
0.5 
1. 1 
0.4 
0.5 
- 

DirectioI 
(true) 

0 

N. 85 w. 
9.50 W. 
N. 80 W. 

E. 
N. 60 E. 
N. 5 w .  

N. 40 E. 
N. 45 E. 
N. 5 E. 

N. 
N. 15 E. 
N. 15 E. 

N. 

- 
ICloc- 
ity 

Knota 
1.8 
1.2 
0.7 
1.2 
1.0 

1.2 
0. Q 
1.5 
0.3 
0.6 
1.1 
0.7 

a 7  

- 

- - 

Flood 
wra- 
tion 

- 

LZmra 
5.9 
5.5 
7.8 
5.9 
6. 2 
4.9 

6.9 
6.1 
6.0 
5.7 
6. 2 
6.2 
6.2 
- 

- - 

Slack 

Hwrr 

1.6 
1. 
3. I 

2.4 
2. 5 
1. Q 
1.6 
2. 1 
1.6 
2.0 
2.2 
2.7 
2 6  

% 

- 

Ebb strength 

Time 

Flmra 
beforr 
LW 

1.3 
1. 2 
3.8 
0.5 
0.6 
0.4 

1. 2 
-0.6 

1.3 
2.7 
1.8 
0. 8 
0.2 
- 

S. 30 W. 
9. 45 w. 

S. 
S. 10 E. s. 5 w. 

6. 
6. 

I. 2 
1.4 
1.4 
0.7 
0.4 
0.9 
0.8 

- - 
{bb 
lva- 
;ion 

- 

rotus 
6.5 
6.0 
4.6 
6.5 
6.2 
7.5 

6.5 
6.3 
6.4 
6.7 
6.2 
6.2 
6.2 
- 

Y 

cp 
0 
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1; l~;UnE 40.--C'iirr~nt stntions, Newark nay. 
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For station 3, between Mariners Harbor and Shooters Island, the 
data of table 60 indicate conditions differin widely from the current 

earlier than a t  the other stations. The duration of flood is greater 
than the duration of ebb as against the reverse condition for the rest 
of the bay. These features are obviously to be ascribed to its location 
midwa between the two Kills which serve as the tidal channels for 

in the rest of Newark Bay. At this station t 8, e current is considerably 

Newar E Bay. 
CURRENT DATA, VARIOUS DEPTHS, NEWARK BAY 

At 9 of the stations shown on figure 40 there are available current 
observations at  the 0.2,0.5, and 0.8 depths. The results derived from 
these observations are ven in table 61. The data for the 7-fOOt 
depth are also included F. or comparison. Where the directions of the 
currents a t  the different depths are given, they were determined by 
means of the bifilar direction indicator. 

In  general, the currents within the depths of Newark Bay exhibit 
the features discussed in connection with the currcnts in the Kills. 
The slack before flood becomes etirlier with increased depth a t  the 
rate of about 0.01 hour per foot, while the slack before ebb shows 
but little change. Hence, the duration of flood increases with in- 
creasing depth, while the duration of ebb decreases. The velocities 
of the flood and ebb strengths both decrease with increasing depth. 

In  the Hackensack River (station 12) conditions are much the same 
a s i n  the bay. The duration of flood increases somewhat with in- 
creasing de th so that near the bottom the flood has the greater 
duration. $he flood velocities do not change much with depth but 
the ebb velocities show a definite decrease so that near the bottom 
the flood has tho greater velocity. In the Passaic River, however, 
the features of the current are more pronounced. The time of slack 
before flood becomes earlier at a rate of about 0.07 hour per foot of 
depth while the slack before ebb becomes later at the rate of about 
0.03 hour per foot. Hence, while the ebb has the greater duration 
near the surface, the flood has the greater duration near the bottom. 

In regard to the velocities of flood and ebb, too, the Passaic and 
Hackensack Rivers are different. Whereas in the Hackensack the 
flood velocities do not change much with deptb, in the Passaic there 
is a decided increase while the velocity of the ebb changes at  a 
greater rate than that in the Hackensack. A t  mid-depth in the Hack- 
ensack, the flood and ebb strenghts are approximately equal, while 
in the Passaic a t  that depth the flood has much the greater velocit . 
to differences in the amount of fresh-water run-off in the two rivers. 
From gaging records in the two rivers, it is found that the Passaic 
discharges about eight times as much fresh water as the Hackensack, 
and t h s  difference in discharge brings about the differences in the 
currents noted in the two rivers. 

These'differences in the features of the current point unmistakab 9 y 



- I 
8ts- 
ti0n 
DO. 

L 

2 

3 

5 

7 

8 

9 

10 

Tours 
uforc 
HW 
1.41 
1.71 
1.46 
1.56 

Location 

Knota Hours 
N.49 W. 1.15 5.53 
N.53W. 1.35 5.58 
N.49 W. 1.33 5.73 
N.49 W. 1.21 5.78 

Off Bergen Point Light, 
N. J. 

Off Mariners Harbor. 
N. Y. 

Off Elizabeth, N. J __._. 

Off Bergen Point, N. J- .  

Off Bayonne. N. J ___.__ 

Off Port Newark, N. J.. 

Passaic? River, N. J ____. 

5. 13 E. 
S . 8 E .  
5. 9 E. 
8. 9 E .  

N.83E. 
N.NE. 
N.SE. 
N.SE. 

5. 76 W. 
___....._ 
._..___._ 
._......_ 

Party of- 

Knotr 
1.72 
1.55 
1.39 
1.25 

0.46 
a56  
0.26 
a% 
0.54 
0.41 
0.56 
am 

H. C. Denson.. 

-._.do _ _ _ _  - -. _ _  - 

R. J. Auld __.._ 

. . .do--. . - -. - -. 

H. C. Denson.. 

R. J. A d d  _._.. 

H. C. Denson.. 

Pole..-- 
Meter.. 
... do _.__ 
..-do .-.. 

TABLE 61.-Current data, various depths, Newark Bay 

[Referred to times of HW and LW at Sandy Hook, N. J.1 

Fcet 
7 
5 

12 
20 

Observations 

3.41 
3.91 
2.21 
1.w 

0.68 
ai4 
0.51.- 
0.44 

1.81 
1.91 

l.gg 1.91 

206 
1.56 

1.76 

1.68 
1.53 
1.79 
1.94-- 

221 

Date 

N.79 W. 0.69 7.88 
N.86W. a66 8.43 
N.85 W. 0.79 8.63 
S. W W .  a w  8.38 

N . ~ E .  ags 6.25 
-..-... i__ 0.93 6.24 
.__..... 1.01 6.28 

_.__._.___ a94 6.28 

N.42E. 1.25 5.90 
__....._.. 1.15 5.93 1:; _ _ _ _ _ _ _ _  1.18 6.00 
........ 1.04 6.01 

N.46E. b94 6.13 
N.54E. 0.85 5.83 

N.27E. 0.96 6.28 

N. 5 E .  1.53 6.03 
_.._..__.. 1.53 5.62 
..________ 1.501 5.71 
....__.. 1.45 5.98 

N.BE. a w  5.93 

Aug. %21, 1922 

A U ~ .  i s m ,  1922 __.__._ 

Nov. 5-7,1920 ..-.._-__ 

Nov. 3-5, 1920 ......... 

Aug. 21-22, 1922 -....-. 

Oct. 21-23, 1920 ._.._... 

Ang. 23-24, 1922 ____. ~. 

Pole .... 
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..-do-.-- 

.-.do __.. 

Pole ...- 
Meter.- 
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1 
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2 
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1 
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2 
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2 

1 
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1 
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6 
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24 
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5 
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1 

Pole .... 
Meter. 
... do .-.- 
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Pole ...- 
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..-do -..- 
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.-.do _ _ _ _  
.--do.--- 
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5 

13 
21 

--I- 

5. 8 E. 

8. l 8 E .  

5. 8 E. 
s. 4 ~ .  
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a/tcr 
HI' 
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1.04 
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1.56 
1.72 
1.66 
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1.61 
1.56 
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1.99 
1.64 
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1. 16 
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1.26 
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3.56 
3.21 
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0.24 
0.41 
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- 

? m a  g 
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7.14 
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12 

- 

Psssaic River, N. J _ _ _ _ _  

Backenwck River, N. J- 

____do ________.________. 

TABLE 61.-Cunent data, various depths, Newark Bay-Continued c-r 

- 

Dag8 
R. J. Auld _ _ _ _ _ _  Oct. 28-30,1920 ____._._ 2 

2 
2 
2 

_____do _ _ _ _ _ _ _ _ _ _ _  Oct. 25-27. 1920. _ _ _ _ _ _ _  2 
2 
2 
2 

H. C. Demon.-- Aug. 23, 1922 _ _ _ _ _ _ _ _ _ _  
F 
F 
9 

I Observations I I 

Pole---. 
Meter-. 
.--do _ _ _ _  
.--do _ _ _ _  
Pole--.. 
Meter.- 
.--do _ _ _ _  
.--do _ _ _ _  

Date 1 $2 I p*yOf- I Location 

7 264 
5 2 7 2  

13 2.66 
21 2 6 2  

7 2 4 9  
7 2f39 

18 2.59 
29 2 4 9  

0.54 
0.46 a38 
a 51 
0.91 
0.71 

Method Depth I I 

_ _ _ _ _ _ _ _ _ _  0.67 6.38 2.97 1.24 _ _ _ _ _ _ _ _ _ _  0.88 6.04 1.3 _ _ _ _ _ _ _ _ _ _  am 6.49 3.02 1.34 _________. a 7 1  5.93 
.____-_--_ 0.86 6.50 2 .w 1.49 _ _ _ _ _ - _ _ _ _  0.59 5.82 + 

S. 0.79 6.19 _ _ _ _ _ _ _ _ _ _  0.59 6.23 2.79 1.01 _ _ _ _ _ _ _ _ _ _  0.96 6.19 _ _ _ _ _ _  _ _ _ _  0.73 6.33 2.79 1.01 _ _ _ _ _ _ _ _ _ _  a 7 8  6.09 0 
N. 0.87 6.23 2.59 a 2 1  

-I-I- 

Flood strength Ebb  strength 

brfme after before 
HW Knob Hours H W  LW 
1.11 N.16E. 0.64 6.21 2.19 1.83 S. 4 W .  a 4 2  6.21 
0.88 _ _ _ _ _ _ _ _ - _  a 5 7  5.43 1.67 2.14 .________. am 6.W F' 
1.11 ____-__- - -  0.82 5.85 1.88 1.78 _ _ _ _ _ _ _ _ _ _  0.32 6.57 
a 7 0  _-__---_._ a n  6.56 2.04 1.74 ._________ a i 2  5.86 8 
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THE CURRENT IN THE HUDSON AND HARLEM RIVERS 

SURFACE CURRENTS, HUDSON RIVER 

The part of the Hudson here considered is the 14-mile stretch from 
the Battery to Mount St. Vincent. For this stretch, figures 41a and 
41b show the locations of 84 stations a t  78 of which currents were 
observed near the surface. Table 62 gives the data derived from 
these observations. The greater number of these observations were 
made by use of a 15-foot current pole submerged 14 feet so that the 
data of table 62 may be taken to pertain to a depth of 7 feet below the 
surface. 

The data for the stations near the mouth of the Hudson show that, 
with reference to Sandy Hook tides, the time relations of the current 
are as follows: Slack before flood comes about 2.0 hours before high 
water, strength of flood 0.3 hour after high water, slack before ebb, 3 
hours before low water, strength of ebb, 0.3 hour after low water. 
From tables 32 and 39 it is seen that the tide a t  the entrance to the 
Hudson is about half an hour later than a t  Sandy Hook. With res- 

ect to local tides, therefore, the current a t  the entrance to the Hudson 
giver is slack halfway between high and low water, and at  strength 
a t  about the times of high and low water. 

A comparison of the time relations of the current a t  station 5 and a t  
station 83 shows that in t,he 14-mle stretch the current becomes later 
b a little over 1 hour. In the discussion of the tide in this stretch 
o 9 the river (page 67) it was found that the tide likewise became 
later by a little more than an hour. Throughout this part of the 
Hudson, therefore, the time relations of current to tide are practically 
constant, these time relations being the ones found in progressive- 

Taking the velocities given by the more recent observations, it is 
men that along the axis of the channel the flood strength at  the 
entrance to the Hudson avera es about 1% knots. Further upstream, 

a little over ljk knots, and off Fort Washington Point it has its greatest 
velocity, namely about 2% knots. For the whole stretch the flood 
strength averages 1% knots. 

Along the axis of the channel the ebb has a greater velocity than 
the flood, tho 14-mile stretch giving an average velocity of ebb 
strength of 2% knots against 1% knots for the flood strength. Like 
the flood, the ebb is somewhat less than the average near the mouth 
of the river increasing to a little over 2jh knots off Fort Washington 
Point. 

At station 71, the observations made in 1919 give much larger 
velocities on both the flood and the ebb than do the observations made 
a t  that same station in 1922 or in 1932. In  the 1919 series, 4 floods 
and 4 ebbs were observed between September 2 and September 4, the 
flood strengths giving an average of 1.12 knots and the ebb strengths 
an average of 2.16 knots. Unusually small ranges of the tide pre- 
vailed on these days so that the correction factor for correcting the 
mlocities to mean values from the ratio of ranges was 1.58. Ap- 
parently, the velocity of the current a t  this station does not vary rn 
simple proportion to the range of tide, and the correction factor in 
this case is undoubtedly too large. 

, wave motion. 

as the channel narrows towar % s Castle Point the velocity increases to 
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FIGURE 4ln.-Corrent stntions, riudsori River (lower section). 
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TABLE 62.--Surface current data, Hudson River 
[Referred to times of HW and LW at Sandy Hook, N. J.] 

Observations 

Date 
Party of- Slack 

, -  
City. 

Off Charlton St _ _ _ _ _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 10th St. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0RD.L. & W.R.R.Ferry 

M. Woodhull _ _ _ _ _  Jane 1854 . . . . . . . . . . . . . . . . . . . . . . .  1 1.7 

H. Mitchell _ _ _ _ _ _ _  August. September 1873 _ _ _ _ _ _ _ _ _  1 1.8 
R. Wainwright _ _ _ _  September 1@55-... _ _ _ _ _ _ _ _ _ _ _ _ _ _  % 20 

_____do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 1.1 

Off Bank Et _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Bethnne 6t ______._______ 
Off O~nsevoort 6t _ _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  do--. . . . . . . . . . . . . . . . . . . . .  
Off W. 13th 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 14th 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Castle Pt., k. J _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
____do . . . . . . . . . . . . . . . . . . . . . . .  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ofl W. 22d 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 25th St _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  on w. n t h  st _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 28th 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  off W. 32d8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 34th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
,____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 39th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 36th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
OffW.39thSt _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 42d 8t  
Off W. 4lst 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _  
H. C. Denson _ _ _ _ _  
I.E. R i t t e n b w -  

_____do _ _ _ _ _ _ _ _ _ _ _ _  
_____do _ _ _ _ _ _ _ _ _ _ _ _  
I. WinstOn _ _ _ _ _ _ _ _  September 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H. C. Denson _ _ _ _ _  Angnrlt 1922 . . . . . . . . . . . . . . . . . . . . .  
R. Wainwright _ _ _ _  B e p b m h  1866 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  % 2 4  

_____do _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yi 1.8 
H. MitcbeV _ _ _ _ _ _  Angastl813 . . . . . . . . . . . . . . . . . . . . .  * 1.5 

H. C. Dsnson _ _ _ _ _  JUJY1922::::::: _________---_---_ 1 0.3 
M. Woodhull _ _ _ _ _  J ~ 1 8 5 4  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 16 
H.Mitchsn _ _ _ _ _ _ _  SeptemberlS?l__________________ 34 2 7  
H. C. Demon _ _ _ _ _  Angost 1922 ____________________-  
R. wainwright _ _ _ _  septamber 1866 ____________--._-- 
L Winsbn _ _ _ _ _ _ _ _  tmuberl919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 1.9 
M. Woodha _ _ _ _ _  %1BK . . . . . . . . . . . . . . . . . . . . . . .  1 1.0 
H. C. Denson _ _ _ _  Angast 1923 . . . . . . . . . . . . . . . . . . . . .  H 1.3  

_____do _ _ _ _ _ _ _ _ _ _ _ _  Jnly 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 1.3 
H. L. Marlndtn.. Angast1886 ________________----_ 55 _____- 
H. C. Denson _ _ _ _ _  Jnly 19ZL . . . . . . . . . . . . . . . . . . . . . . .  1% 1 6  
H.L.Marindin--- AUgIlStl886 . . . . . . . . . . . . . . . . . . . . .  3 1.7 
H. Mitchell _ _ _ _ _ _ _  septembsr 1872 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 1.9 

_____do _ _ _ _ _ _ _ _ _ _ _ _  September1858 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 2 3  
.____do _____do _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 39th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. L. Marindin--. 
Off Wwhawken,N.J-------- H.Mitchell-.---- 

Off W. 66th 6t. _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 57th 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L E .  Bittenburg-- 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  
_____do . . . . . . . . . . . . . . . . . . . . . . .  _____do _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 74th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. C. Denson- _ _ _ _  
Off W. 76th 6 t  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 74th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  

Off Dam Polnt _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. Wainwright _ _ _ _  

September 1872 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 L 9  

Angast 1885 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
Bepbmber 1872-_---.--..---.--- 1* E! 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ?4 2 4  
Jnly 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 1.B 

Jnly, Aogostl932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 1.G 
July 1932 _______________.________ 2 21 
Angost 1923 . . . . . . . . . . . . . . . . . . . . .  % 1.8 
Jnly, An@ 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3% 1.3 
Angast 1922 . . . . . . . . . . . . . . . . . . . . .  % 1.4 

Seph~ber  1855 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H 28 

Off W. 95th 6t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 131st 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off W. 136th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off FortWashington Point-- 

_____do- 
_____do . . . . . . . . . . . . . . . . . . . . . . .  
_____do . . . . . . . . . . . . . . . . . . . . . . .  
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____do ______________________ 
Off Linwood. N. J _ _ _ _ _ _ _ _ _ _ _  

H. Mitehdl_______ September Wl__________________ 1 
R. Wainwright--- Angost 1866 ____________.________ 1 
I. Winston _ _ _ _ _ _ _ _  September 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
R. Wain t--- Augaat 1865 . . . . . . . . . . . . . . . . . . . . .  H 

2 
I. Wh.?tm _ _ _ _ _ _ _ _  Se t e m h  1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
H. C. Denson _ _ _ _ _  J&I922-- . . . . . . . . . . . . . . . . . . . . . .  2 
L E. Bi#esbarg-. Jane. Jdy 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 

_____do _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
H. 0. Demon____ J d y  192? _______________________, 1 

LE.  Rittan T nrg.- Jane, Jnly 1932 ________--_---_-- 

- - 
Ebb 
iura- 
tion 

- 

10ur8 
7. a 
6.6 

____- 
_---- 

7.4 

6.9 
7.2 

7.0 
e. 1 
6.6 

0.6 
6.8 
7.0 
6.9 
6.9 

7.2 
6.0 
17 
7.8 

7.2 

0.7 
7.7 
9. 2 

Y .  
- I. l .  ' 

c 

Eta- 
tion 
no. 

- 

1 
2 

3 
4 
6 

0 
7 

8 
9 

15 

16 
17 
18 
19 

21 
22 
23 
24 

25 

26 
27 
28 

29 
39 

m 

Ebb strength Flood strength - 
7e100 
ity 

- 
'elm 
ity 

Location 
- 
rime rime >irection 

(true) 

0 

N. 15 E. 
N. 10 E. 

N. 
N. 10 E. 
N. 15 E. 

N. 
N. 16 E. 

N. 15 E. 
N.20E. 

N.20 E. 

N. 15 E .  
N.30E. 
N.25 E. 

N. 10 E .  
N. 10 E. 
N.25 W 
N. BE. 
N. 20 E. 

N.20E. 
N.20 E. 
N. 15 E. 

N.20 E. 

_-_ _ _  - - - 
- - - - - - - - 

_ _ _ _ _  _ _ -  

IOUr.4 

FIW 
0.0 

-0.4 

0.4 
0.6 
0 .7  

0.7 
-0.2 

-0.2 
0. I 
0.3 

-0.2 

0.6 
0.0 
0.6 

0.1 
0.4 

-0.1 
0.3 

0 .6  

0.9 
0.0 
0.4 

0 .5  

r i t e  
Ioura 
iefwe 
L 1v 

3.1 
2.5 

3.4 
3. 1 
2 9  

3.1 
3.8 

3.2 
2 7  
2 8  

3.7 
2 7  
3.0 
3.6 
2.7 

3.7 
2.7 
2 0  
3.9 

2.8 

2.4 
3.6 
4.2 

3.2 
4 .0  

'lours 

LW 
0.1 
0 .2  

0 .4  
0.0 
0.9 

0.5 
0.0 

0.0 
0 .6  

0.2 
0.6 

0.1 
1.2 

0 .6  
0.4 
1.7 
0.6 

0.7 

1.2 
-1.0 

0.2 

1.0 
0.8 

aiim 

_--_- 

_---- 

Ioura 
5.2 
5.9 

6.0 

5.5 
6.2 

5 .4  
0 .3  
5.8 

5.8 
6.6 
4.8 
5.6 
5.5 

6.2 
h 4  
5.7 
4 6  

5 . 2  

5.7 
4.7 
3.2 

4.8 
4 4  

0 

6.10 E .  
6.20 w 
S. 6W 
8. 1 6 W  
6 . 1 5  W 

6. 6W 
6.10  w 

6.10 w 

6 . 1 0  E. 
6. 5 w  

6. 10 w 
6.15  W 

8. 10 w 
s. 10 w 
8.10 w 
6. 6 W  

6. 10 w 
6 . 1 0  w 
6. 5 E .  
8. 6 W  

8. 10 w 

6. m w 
.---_--_- 

. - - - - - -. 

s. m \v 

Ynoh 
1.0 
1.1 

1.8 
1.8 

2.2 
1.8 

1.9 
21 

1.8 
2 3  

1.6 
2 1  

1.5 
1.6 
1.0 
2 1  

2 2  

1.8 
2.1 
2.1 

1.2 
19 

2 a  

_-___ 

Cnds 
1.1 
1.1 

1.4 
1.4 
1.2 

1.4 
0.7 

1.1 
2 1  
0.1 

1.4 

0 .4  
1.3 
1.6 

1.1 
2.0 
0.8 
1.1 

1.4 

2 2  
0.8 
0.8 

1.1 

.__--. 

Off the Battery _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittenburg-- August 1932 . . . . . . . . . . . . . . . . . . . . .  
Off Communipaw Ferry, Jar- H. Mitchell _ _ _ _ _ _ _  September 1872 _____________-____ 
Off the Battery _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do--.. _ _ _ _ _ _ _ _  -'----do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I ____do _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. C. Denson _ _ _ _ _  July, August 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
sey City. 

I I Jersey City. ~ 

____do . . . . . . . . . . . . . . . . . . . . . . .  H. Mitchell _ _ _ _ _ _ _  August 1873. . . . . . . . . . . . . . . . . . . . .  
Off Morris St _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____.do. _._________ September 1873 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Orand St., Jersey City.-- H. C. Denson _ _ _ _ _  August 1922 . . . . . . . . . . . . . . . . . . . . .  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September 1865 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Fulton St _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September, October 1919 _ _ _ _ _ _ _ _  2 0  
Off Cortlandt 6t- _ _ _ _ _ _ _ _ _ _ _ _  August 1922 . . . . . . . . . . . . . . . . . . . . .  
Off N t o n  St _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September 1866 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Barclay S t  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  June 1854 . . . . . . . . . . . . . . . . . . . . . . .  
Off Bay St., Jarsey City _ _ _ _ _  August 1873 . . . . . . . . . . . . . . . . . . . . .  2 6  
Off Dnane St _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Beachst _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September 1873 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Erie R. R. Hers. Jersey Augnst 1873 . . . . . . . . . . . . . . . . . . . . .  :. August 1922- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 

I Jersey City. 
Off Ist St., Hoboken, N. J... H. C. Denson _ _ _ _ _  August 1922 . . . . . . . . . . . . . . . . . . . . .  * 1.7 
Off!@6t.,Hoboten,N.J ____  H.Mitchell_______ IAlj5iStl873 . . . . . . . . . . . . . . . . . . . .  1 1 I 21 

7.3  
9 .4  
8.0 
6.9 
8.0 

7.2 
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7.1 
6.9 8 
7.3 

a8 cn 
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8. 3 
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7.1 2 
7.0 

7.0 

6.8 3 
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6.0 8 
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7.4 E 
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1.1 

0.8 
0.9 
0 .3  

0.1 

1.0 

0 .8  

1 6  
0.7 

0.0 
-0.3 

1.1 
1.7 
0.6 
1.2 

1.0 

0.6 
0.6 
0. a 

0.6 
1.0 
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0. e 
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0. I 

1. : 
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1. 
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1.1 
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1. ( 
1. : 
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-a 3 

a 8  
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a7 
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ai 

ai 

V.10E. I 
N. 10 E. 
N. 10 E. 
N.25 E. 

N. 16 E. 
N. 15 E. 
N.25 E. 
N. 6W. 
N. 10 E. 

N. 
N. 20 E. 
N. 16 E. 
N.40 E. 

N. 15 E. 
N.20 E. 
N. 16 E. 
N. 16 E. 

N. 10 E. 
N.;)OE. 
N. 20 E. 
N. 25 E. 
N. 40 E. 

N.30E. 
N.30E. 
N. 60 E. 
N.36 E. 

N.30E. 
N.35 E. 
N.25 E. 
N.36 E. 

N. 20 E. 
N.40 E. 
N.16 E. 
N.25 E. 
N.20E. 
N. 16 E. 
N. 5E. 
N. 10 E. 
N. 6E. 
N.30 E. 
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_-__-_-- - 
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1.1 
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1.0 
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L 3  
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0. 9 
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3.0 
4 4  
6.6 
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6.3 
5. 6 
6.1 

3 .6  
5.1 
6.9 
4 0  
4 6  

5.6 
4 6  
4.1 
4 9  

6.3 
5.4 
4e 
6.S 
6.4 

6. f 
6.4 
6. I 
8.4 
5.4 

5. : 
6. f 

6. ( 
4(  

6.f 
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6.' 
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6. I 
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6. 
3. 10 N. 

8. 
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3. 15 W. 
3.16 W. 

3.25 W. 
9 . 4 6  W. 
9.36 w. 
9.25 w. 

8.25 w. 
8.36 w. 
8.25 W. 
8.30 w. 
8.36 w .  

8.30 W. 
8.15  W. 

6.30 w. 
8.30 W. 
8.36 W. 
8.25 W. 
9.30 W. 
8.36 w. 
8.40 W. 

6 . 1 5  W 

8 . 3 0 W  
8.25W 
6.4oW 
8.30W 
8.25 w 
8.35 W 

- 

3. m w. 

__-_--- -. 

- - - - - - - - 

s. m w. 

8.20 w. 
s.mw 

1. 6 
1.0 
2 0  
2 4  
2.7 

1.2 
1.4 
2 0  
1.7 

2 0  
2 2  
1.6 
0.9 
1.3 

2 3  
2.6 
1 .2  
2.4 
1.8 

2.6 
2 9  
2.5 
2 2  
2 7  

1.9 
1.4 
1.7 
2.0 
2 8  

2 6  
2.5 
1.8 
2.6 
2 2  

1.5 
2 2  
2.0 
2 4  
27 
3.1 
1. s 
2 4  
2 4  
2 0  
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36 
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37 
38 
39 
40 

41 
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53 
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66 
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69 
60 
61 

82 
63 
84 
65 
66 

67 
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69 

. M  
70 
n 
71 n 
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7a 

m 

0.7 

0.7 

-0. I 
-0.1 
1.0 
1 .2  

1.0 
0.5 
0.4 
1.1 
1.6 

0.6 
1.3  
0.6 
1.0 
0.6 

1.1 
0 .8  
0 .4  
0.7 
0.6 

-0.4 
0 . 2  
0.0 
0.8 
1.0 

0.8 
0.4 
0 .3  
1.6 
0. a 
0.7 
1.9 
0. 9 
11 
1. c 
1.3 
1 . 4  
0. B 
1.0 
1. 3 

n. 7 

_---- 

;: d 
3.6 

3.2 
4 6  
3.3 
2.6 
2 7  

3.0 
2 8  
3.1 
3.6 
3.8 

2 6  
2 6  
3.6 
2 7  
3.8 

2 6  
2 0  

2 7  
2 8  

3.2 
2.6 
2.9 
2 .3  
2 8  

2.6 
2 8  

2 .5  
3.1 

2 7  
2 6  
2 0  
2 6  
2 6  
2 2  
2 4  
2 3  
2 1  
2 2  
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2 4  
0.4 
L t  
1. f 
2( 
1. : 
1. : 
1. f 
Lf 
1. f 
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80 

60 
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81 
82 
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n 

- 
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- 
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TABLE 62.-Surface current data, Hudson River-Continued 

Flood 
dura- Slack 
tion 

Loeation Party of- 

Observations 

Slack 
Date Time Directior 

(true) 
-- 

_____do _______._________._____ I E Rittenburg June 1932 __.____________ ~ _ _ _ _ _ _ _ _  1.3 
_____do ____._.___...._________ 1 H.E.Finnim-::l ALt.Septembfr1929 _.______ _ I  E I 1.4 

Hours 
after 
€IW 

0.7 
1.7 
0.2 
2 0  
0.9 

0 

N.30E. 
N.15E. 
N.50E. 
N.30E. 
N.4OE. 

Dags 
2 

2 

2 

% 
% 

EIourr 
before 
HW 

2 2 
1.1 
1. 7 
0.2 
1.8 

Knots 
1.8 
1.4 
1.5 
1.7 
1.6 

beJorc 
Hours LW 

6.4 2 1  
4.7 2 7  
4.7 3.3 
4.8 1.7 
5.6 2.5 

Off Tubby Hook _______.____ 
Off Spuyten Duyvil_________ 

_____do_ _______.______________ 
____.do. _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____do _ _ _ _ _ _ _ _  ~ _.____________ 

I. Winston _ _ _ _ _ _ _ _  August 1919 . . . . . . . . . . . . . . . . . . . . .  
R. Wainwright _ _ _ _  August 1855 __________.__________ 
I. E.  Rittenburg-- August 1932 _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _  
H. C. Denson _ _ _ _ _  July 1922 _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  - 
I. E. Rittenburg.. August 1932 ____________________. 

1.3 
1.6 
1.8 
1.5 
1.4 

1.3 
1.4 
0.7 
2.0 
2 1  
1.1 

Ebb strength 

N.30E. 
N.20E. 
N.15E. 
N.25E. 
N.30E. 

N.15E. 
N.25E. 
N.25E. 
N. 10E. 
N.15E. 
N. 5 E .  

Time 

1.6 
1.2 
1.3 
1.9 
1.5 

Hours 
after 
LW 

1.2 
1.0 
1.7 
2.5 
1.2 

1.1 
2. 0 
2. 1 
1.7 
1.4 

1.9 
0.8 
1.8 
1.6 
1.9 
1.4 
- 

5.4 2. 2 
5.3 1.9 
5.0 2.0 
5.5 2.1 
5.2 2. 5 

Direction 
(true) 

4 
1 
2 
3% 
6 
33.4 

9.25 w. 
5. 5 E .  s. 35 w. 
S. 15 W. s. 30 w. 
6.20 w. s. 35 w. 
8.30 W. 
6. 20 w. 
8.15 W., 

8.20 w. 
8.15 W. 
8.15 W. 
8.30 w. 
8.15 W. 
9.25 w. 

1.2 
1. 3 
1.0 
1.2 
0.7 
1.2 

- 
Veloc- 

ity 

1.4 
1.1 
1.2 
1.6 
1.3 
1.1 

Knots 
2. 0 
2. 5 
2. 1 
21 
2. 1 

2. 2 
1.8 
2. 1 
2.2 
2. 1 

2. 0 
1.9 
2. 1 
2.1 
1.9 
1.8 

5.3 2. 2 
4.4 3.2 
4.3 3.0 
5.5 2 0  
5.2 1.8 
4.7 2 8  

- - 
Ebb 
Iura- 
tion 

I o w a  
6.0 
7.7 
7.7 
7.6 
6.8 

7.0 
7. 1 
7.4 
6.9 
7.2 

7. 1 

8.1 
6.9 
7.2 
7.7 

so 
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The difference in the flood and ebb velocities in the Hudson River 
is unquestionably due to the fresh water flow. This is reflected also 
in a reater duration of ebb flow. For the stations along the axis of 
the c % annel the flood duration averages 5.4 hours and the ebb dura- 
tion 7.0 hours. 

A comparison of the times of slack at  the stations located in the 
axis of the channel with those located near the shore shows that the 
current turns earlier nepr the shore. Stations 5, 6, and 7, near the 
mouth of the river illustrate this nicely. These observations were 
practically simultaneous and show that rn the axis of the channel the 
current turns about three-fourths of an hour later than near the shore. 
Stations 33, 34, and 35, bring out the same feature. Across this 
section, the stations near shore turn about hdf an hour earlier than 
at the station in midstream. Stations 61 to 63, and 64 to 66, likewise 
bring out this feature as do stations 82 to 84 near the end of the 14- 
mile stretch of river under consideration. 

It will be noted, however, that there are also differences in time of 
current as between the two shores. Thus, taking the data for sta- 
tions 5 ,6 ,  and 7, it  is seen that a t  station 7 near the western shore the 
current is 0.6 hour earlier than a t  station 6 which is near the eastern 
shore. These observations were made in 1922, but the observations 
at stations 21 and 22, and 24 and 26, made about 50 years earlier like- 
wise show the current to be earlier by half an hour near the western 
shore. 

This feature is found to characterize the current for the 14-mile 
stretch of the Hudson under consideration. Between Castle Point 
and Guttenberg, however, a distance of about 3 miles, this feature is 
not so pronounced. In  this reach the difference in time of current 
between the two shores is but one- or two-tenths of an hour as against, 
half an hour for the remainder of the stretch. On examining a chart 
showing soundings in the Hudson River, it will be noted that the 
deepest part of the channel lies near the eastern shore except for the 
stretch from Castle Point to Guttenberg when the deep channel 
swings toward the western shore. The difference in time of current 
as between the eastern and westerp shores of the Hudson may, there- 
fore, be ascribed to this difference in depth. 

In  regard to the velocity of the current across any section of the 
river, i t  is obvious that in a channel of uniform cross-sections the 
greatest velocity is to bo found in the center of the channel where the 
effects of friction are least. While the cross-section of the Hudson 
is not uniform, this general principle is borne out by the data of table 
62. But since the axis of the channel lies near the eastern shore rather 
than in midstream, the greatest velocities are generally found along 
the axis of the channel, that is to the eastward of midstream. 

This feature is brought out well by stations located on a section 
across the river. Thus, a t  stations 5, 6, and 7, the stren th of the 
tidal current-that is stkength of the observed current free $ from the 
effects of nontidal water, or half the sum of the flood and ebb 
strengths-is 1.7 knots for the midstream station, 1.8 knots for the 
station near the New York ghore, and 1.2 knots for the station near 
the New Jersey shore. At this section the deeper channel is near the 
New York shore and here the velocity is greater than midstream. 

Near Castle Point, the axis of the channel is approximately in mid- 
stream. And stations 33, 34, and 35, show the tidal current here to 
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be greatest at the midstream station. From Castle Point to Gutten- 
berg, the axis of the channel lies more nearly in midstream and in this 
stretch the greatest tidal current is found m midstream as the data 
for stations 61, 62, 63, and stations 64, 65, 66 show. Since the axis 
of the channel lies near the New York shore, except for the stretch 
from Castle Point to Guttenberg, the current has a greater velocity 
near the New York shore than near the Jersey shore, except for the 
3-mile stretch noted above. 

The velocity of the nontidal current at any point in the river is 
given approximately by half the difference between the ebb and flood 
strengths. This nontidal current in the Hudson River de ends 
primarily on the amount of fresh water coming down the river; Xence 
it will be different at different times. We may, therefore, expect 
this nontidal current as determined from one series of observations to 
be different from that determined from another series at the same 
place. 

If we derive the nontidal current for the different stations listed in 
table 62, it will be found that the stations near the western shore 
generally give greater values than the stabions in midstream or near 
the eastern shore, Thus, for the section near the mouth of the river 
formed by stations 5, 6, and 7, the nontidal current for station 7, 
near the western shore is 0.55 knot; for station 5 midstream it is 0.5 
knot; and for station 6 near the eastern shore it is 0.4 knot. For 
stations 33, 34, and 35, the nontidal current is, respectively, 0.55 
knot, 0.35 knot, and 0.85 knot, the latter being for the station near 
the western shore. Similarly, for stations 82, 83, and 84, the station 
near the western shore gives a nontidal current of 0.35 knot, the mid- 
stream station 0.3 knot, and the station near the eastern shore 0.25 
knot. 
This greater velocity of the nontidal current along the western 

shore of the Hudson indicates a greater flow of nontidal water along 
that shore. This is undoubtedly to be ascribed to the effect of the 
deflecting force of the earth's rotation. This greater flow of nontidal 
water should also be reflected by a somewhat greater duration of ebb 

the western shore. In general, thie conclusion is borne out by "'""6i the ata of table 62. Thus, at  station 7 the ebb duration is 0.3 hour 
longer than at  station 6;  and at  station 81 it is 0.9 hour longer than 
at station 79. 

With regard to the direction of the current in the Hudson, it may 
be said that in general it follows the direction of the channel. From 
the mouth to a little above Castle Point, the channel runs approxi- 
mately N. 10' E., and table 62 shows that the currents in this stretch 
set approximately N. 10' E. on the flood and S. 10' W. on the ebb. 
Near the wharves the direction is more variable than further out in 
the channel, local features influencing the direction of the flood and 
ebb near the wharves. 

A little above Castle Point, the channel swings farther eastward, 
the direction from that point to a point midway between Edgewater 
and Fort Lee, N. J., bemg N. 30' E. The direction of the current 
through this stretch changes to conform to the direction of the channel 
aa the data for stations 47 to 69 show. The average direction of the 
flood strength for these stations is N. 27' E., and for the ebb S. 29' W. 
In general, the flood and ebb strengths set in approximately opposite 
directions throughout this stretch. 
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Between Edgewater and Fort Lee the channel swings about 5' 
to the west maintaining a direction oi N. 25' E. as far as Spuyten 
Duyvil, after which there is another westward swing of 5' the direction 
in the last reach of the 1 4 - d e  stretch being N. 20' E. The direction 
of the current in these regions is seen to conform to these changes in 
the direction of the channel. Thus, the average direction of flood 
strength for stations 70 to 78 in the stretch from Fort Lee to Spuy- 
ten Duyvil is N. 23' E., while for the last stretch, stations 79 to 84, 
it  is N. 18' E. For the ebb strength the directmion from stations 70 
to 78 is S. 26' W., and from stations 79 to 84 it is S. 21' W. 

CURRENT DATA, VARIOUS DEPTHS, EUDSON RIVER 

At a number of the stations in the Hudson River, subsurface cur- 
rent observations with current meters were made. Generally, these 
observations were made at three depths, 0.2,0.5, and 0.8 of the depth 
at the station. For several of these stations the direction of the sub- 
surface currents was determined by means of a bifilar direction indi- 
cator. The data derived from these observations are given in table 
63. out any differences existing in the currents at the 

place and drrections to the nearest degree. For corn arison there are 
tions, which ertain to the 'I-fOOt depth. The velocities given in 
table 63 have Ii e m  corrected to mean values. 

To brin 
different dept t s! times and velocities are given to the second decimal 

also given the data for these stations derived from t \ e pole observa- 



TABLE 63.-Current data, uarious depths, Hudson River 
[Referred to times of HW and LW at  Sandy Hook. N. J.] 

Aug. 11-18, 1932------- 

JUIY SAW. 18,1932.- 

Aug. 4-11, 1932 _ _ _ _ _ _ _ _  

- - 

Sta- 
tion 
no. 

- 

1 

6 

6 

7 

10 

11 

12 

13 

7 
7 
7 

27 
27 

7 
7 
7 

n 

14 

15 

17 

18 

23 

29 

32 

33 

34 

36 

aa 

0.72 
0.60 
0.34 

Location 

2 11 _ _ _ _ _ _ _ _ _ _  1.41 _ _ _ _ _ _ _ _ _ _  1.07 

Off the Battery _______. 

1.42 
233 
3.02 

231 
241 
271 
3.01 

1.99 
1.95 
215 
227 

211 
221 
261 
3.61 

211  
201 
231 
261 

1.71 
1.71 
2 6 1  
281  

OU MOR& St _________. 

ai6 
0.42 _ _ _ _ _ _ _ _ _ _  
0.61 __._______ 

0.30 ..________ 
0.30 N.70E. 

-0.30 N.28E. 
4 . 5 0  N. 5 E .  

0.61 N.l l  E. 
0.64 _ _ _ _ _ _ _ _ _ _  
0.61 _ _ _ _ _ _ _ _ _ _  
0.50 N.14 E. 
0.50 N.29E. 

4 . 1 0  N.20E. 
-1.10 N.24E. 

-0.10 N.23W. 
1.10 N. 
0.W N. Q E .  

4.30 N. 7 E .  

_ _ _ _ _ _ _  

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ~ 

0.20 N. 6E. 
0.20 N.34E. 
0.50 N.13E. 

Off Communipaw Fer. 
ry, Jersey Clty. 

Off Car l ie  St _______. 

3. 31 

2 80 
3.70 
3.50 

2 7 1  
274 
268 
266 

3.60 
290 
2.90 
290 

265 
280 
260 
260 

3.20 
3.50 
3.40 
3.30 

4.50 
.3.60 
3.30 
3.30 

3.39 
3.08 
259 
259 

289 
299 
259 
259 

3.49 

2.99 
288 

3.16 

2 70 
2.71 

3.50 

3.08 

2.m 

----do.. - -.- _ _  .-.. .___ - 

Off Orand St ._______.. 

Off Fulton St _..._.____ 

OU Cortlandt - _ _ _  

Off Beach St _ _ _ _ _ _ _ _ _ _  

Off 1st St., Hoboken ... 

Off Bethune St _ _ _ _ _ _ _ _  

off Oanseroort St----. 

____do.- _ _ _ _  ____. - .____ 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

OU W. 13th St _______ 

‘-0.36 

. . . . -. . 
0.29 
0.29 

0.53 
0.41 
0.33 
0.48 

-0.31 
-0.11 
-0.31 

1.69 
0.79 
0.79 
0.69 

0.99 
0.49 

-0.41 
-0.91 

-0.09 
1.39 
1.09 
0.79 

0.n 
0.11 
0.11 

-0.09 

0.71 
0.71 
0.61 
0.31 

0.71 

0.81 
0.91 

_ _ _ _ _ _ _  
- - _ _ _  -. 
______. 

0.29 

__..__. 

a 7 1  

_ _ _ _ _ _ _  

party of- 

0. 11 
0.41 
0.51 
0.93 

.______ 
1.73 
1.73 
137  

I. E. Rittanburg 

H. C. Denson.- 

. -.--do. - -. - - - - - - 

_____do ._________ 

U. S. Engineers 

.___.do _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _  

5.80 
5.00 
5. M 

5.57 
6.50 
5.76 
5.90 

5.80 

---.do ____. . - -. 

n. C. Denson ... 

I. Winston .-...- 

H. C. Denson.-- 

.-__.do _ _ _ _ _  - - _ _  -. 

_ _ _ _ _ _ _  

.____do _ _ _ _ _ _ _ _ _ _ _  

I. E. Rittanburg 

_____do _________ 

.____do _______ 
I. Winston ____-- 

_____.-.- 
9.15 E. 
S.45E. 
8.55E. 

obsarwtions I I Floodstrength 1 

.__._.. 
1.11 
1.01 
0.93 

Do R 
Aug. 1 4 ,  1932 ________. 2 

2 
2 
2 

I s. 3 w .  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  __-___-__ 

11-18,m1,1922. 

226 
236 
1.69 
1.10 

1822. 

0.44 
1.15 
1.38 
1.28 

0.83 
0.84 
1.18 
0.98 

0.58 
0.76 
1.06 

0.85 
1.03 
1.07 

0.90 
1.10 
1.70 
1.90 

.-_---- 

.______ 

July s27, Aug. 25-26, 39 
1922. 39 

39 
39 

July ZQ-Aug. 4,1932..- 6 
6 
6 

4.80 
5.60 
6.00 
7.00 

5.75 
5.50 
6.00 
6.30 

4.80 
450 
5.40 
5.80 

3.00 
4.30 
5.40 
6.60 

442 
4.92 
5.92 
6.92 

- - -. - . . . . s. 47 w. 
S.57 W. 
8.37 w. 
9. 9 w. 
s.26w. 
s.44w. 
8. 11 W. 
8. 11 w. 
8. 7 E. 
8.30 E. 
8.10 E. 

8. 24 W. 
8.22W. 
S.34W. 
s .12w. 

-I-I---I---I- I-I- 

_ _  - - -. 
1.20 
0.63 
0.58 

1.03 
1.29 
0.73 
0.51 

1.19 
1.58 
0.86 
0.66 

1.62 
1.75 
1.13 
0.82 

Fed “E $$ O Knds Hours 
Pole _ _ _ _  7 202 0.60 N.13E. 1.10 5.22 
Meter-. 6 212 0.60 _ _ _ _ _ _ _ _ _ _  1.10 5.32 
... do _ _ _ _  14 262 0.80 __._____.. 1.30 5.82 
.--do---. 22 3.12 0.60 _ _ _ _ _ _ _ _ _ _  1.00 6.32 

Pole ___. 7 1.70 0.70 N.17E. 1.19 5.06 
Meter.. 9 1.73 a 6 8  _____.___. 1.20 5.18 
... do _ _ _ _  24 252 062  _ _ _ _ _ _ _ _ _ _  1.56 6.23 
.-.do .___ 38 3.24 0.25 _ _ _ _ _ _ _ _ _ _  1.30 6.90 

233 0.74 
238 0.40 
281 0.40 
3.28 0.02 

267 -0.23 
264 -0.68 
273 -0.55 
283 0.58 

... do ...-I 12 0.461 I 1.321 

5.53 
... do ___. 30 0.21 _ _ _ _ _ _ _ _ _ _  1.78 6.44 
.--do _ _ _ _  48 3.80 0.12 _ _ _ _ _ _ _ _ _ _  209 7.32 12.g 

1.21 
1.61 
241 
3.61 

1.52 
1.72 
222 
3.22 

Pole. - - - 
Meter.. 
.--do---. 
.-.do _ _ _ _  
Pole-. - - 
Meter.. 
... do.-.. 
.--do __._ 

_ _ _ _ _ _ _  -__-______ 
0.60 N.16 E. 
0.60 N.20E. 
0.20 N.13 E. 

0.80 N.11E. 
0.80 _ _ _ _ _ _ _ _ _ _  
1.00 _-_ -----_- 
0.50 ____-_____ 

7 
11 n 
43 

7 
6 

15 
24 

1.70 
1.70 
1.80 
1.80 

LOO 
0. w) 
160 
1.80 

1.42 5.52 
1.56 5.62 
1.57 6. 19 
1.35 6.74 

0.66 5.18 
0.72 4.91 
0.72 5.32 
0.72 5.72 

5.52 
5.52 
6.32 
7.32 

4.42 

i% 
6.12 

.-.do _ _ _ _  1 9 I 1 . 1 1  0.691 I 1.741 5.46 

.-.do _ _ _ _  24 253 0.50 _________. 1.86 6.19 

... do _ _ _ _  38 3.02 0.47 _ _ _ _ _ _  _ _ _ _  1.99 6.71 

1.62 
1.72 
222 
272  

207 
1.87 
1.97 
217 

July 22-29, 1932 .... - - - - 

Aug. 30, 1822 ___.__..._ 

Sept. 2223, Oct. 6-7, 
1919. 

Aog. 30, 1922 _ _ _ _ _ _ _ _ _ _  

Aug. 30,1922 _ _ _ _ _ _ _ _ _ _  

Aug. 29,1922 _ _ _ _ _ _ _ _ _ _  

Anp. 29-30, 1922 _ _ _ _ _ _ _  

July 18-20, 1832 _ _ _ _ _ _ _ _  

0.30 N.25 E. 
0.40 _ _ _ _ _ _ _ _ _ _  
0.40 ---------_ 
0.QO _ _ _ _ _ _ _ _ _ _  
0.14 N.lf E. 
0.59 
0.61 _ _ _ _ _ _ _ _ _ _  
0.61-., _ _ _ _ _ _ _  

Ang. 1-3, 1932 _ _ _ _ _ _ _ _ _  

July 18-20, 1932 _ _ _ _ _ _ _ _  

Sept. lO-ll,l9l9 _____ 

0.74 4.28 :::: I ::E I 

iwrr  

3.09 
3.09 
3. OB 
3. OB 

2 93 
284 
258 
263 

3.10 
3.05 
2.91 
2%3 

3.78 
4.02 
3.70 
3.40 

3.23 
2.80 
277 

2.79 
263 
260 

2 81 
3.02 
2 78 

3.32 
2 98 
2 97 

% 

Ebb strength 

Direction Veloo I (true) 1 ity 

S. 2E.  I 200 

240 

200 
1.40 

220 

2.70 
240 
1. w) 
1. Bo 

- - 

9hb 
DII- 
ition 

- 

lourc 

7. 10 
6. 60 
6.10 

7.36 
7.24 
6.19 
5.52 

6.90 
6.80 
6.23 
5.68 

7.24 
7.51 
7. 10 
6.70 

G. 89 
5.08 
5.10 

6.96 
6.23 
5.71 

7.27 
6.20 
5.88 

7. 20 

7. 77 
6.77 
6. 19 

8.13 
7. 10 
6.42 

6.62 
7.42 
6.92 
6.62 

692 
6.66 M 
6.52 

7.62 & 
6.82 
6.42 
5.42 

6.67 3 
6.92 

6.85 g 

9.42 
8.12 3 
7.02 
5.82 8 
8.00 cc 
6.50 
7.50 0 
5.50 p? 

8.00 
7. 50 
6.90 
6.30 

7.22 
7.22 t--L 
6.86 Cn 
6.85 Sn 



Location Party of- 
Data 1;s 

Off W. 34th St _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Off W. 36th St _ _ _ _ _ _ _ _ _ _  

H. C. Denson-. Aug. 2%-28, I922 ___--. 

_____do _ _ _ _ _ _ _ _ _ _ _  July 21, 23, 1822 _____. 

_____do _ _ _ _ _ _ _ _ _ _ _  -____do ___________-----  

vi 
% 
% 
% 

1 
1 
1 
1 

Pole---. 
Metar-. 

---do 
..-do 

Pole.--. 
Meter-. 

.--do 
---do 

279 
2.69 
2.59 
249 

2.49 
249 
249 
249 

1.01 s .28w.  280 
1.01 _ _ _ _ _ _ _ _ _ _  2.40 
0.71 _ _ _ _ _ _ _ _ _ _  LBO 
0.71 _ _ _ _ _ _ _ _ _ _  1.70 

0.81 S.30W. 280 
0.81 _ _ _ _ _ _ _ _ _ _  260 
0.71 _ _ _ _ _ _ _ _ _ _  200 
0.31 ______._.. 1.40 

_ _ _ _ d o  _ _ _ _ _  - _ _  _ _ _ _ _ _ _ _ _  

___.do  __._____ __._______ 

On W. 74th St _ _ _ _ _ _ _ _ _ _  

.--.do ____. -. _ _ _ _ _ _ _ _ _ _ _  

.--.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____do  _________-_  July 23-22, bug. 29-31 
1932. 

.____do _______. .__ July 20-22, 1932 

H. C. Denson--- Aug. 26-27, 1922. _ _ _ _ _  

__.-.do _ _ _ _ _ _ _ _ _ _ _  July 16-19, Aug. 26-27, 
1922. 

_____do ____.______ hug. 26-27, 1922 _ _ _ _ _ _  

:E 
249 
249 

_ _ _ _ _ - -  
3.20 
3.20 
3.00 

2.49 
244 
230 
270 

3.10 
170  
2.60 

256 
24s 
240 
236 

249 

249 
179  

221 
244 
241 
249 

240 
240 
268 

1.911 

298 

41 6.36W. 2.50 8: 21 _ _ _ _ _ _ _ _ _ _  2.30 
0.21 _ _ _ _ _ _  _ _ _ _  1.70 

-0.39 _ _ _ _ _ _ _ _ _ _  1.20 

0.28 s .27w.  1.80 

-0.26 8.36W. 0.98 

1-46 8.31 W. 2.53 
L39 --___----- 258 
1.01 ______.___ 2.17 
0.80 _ _ _ _ _ _ _ _ _ _  L63 

0.04 8. 36W. 221 
-0.09 S. 36 W. 2.24 
-0.36 8.38 W. 1.72 

2.60-0.36 8.33rn. 1 1 2  

0.91 8.13W. 204 
0.93 _------_-_ 207 
0.84 _-_-_----- 1-53 
0.56 _ _ _ _ _ _ _ _ _ _  0.95 

1.01 8.30W. 270  

0.81 _ _ _ _ _ _ _ _ _ _  1.10 
1.81 _ _ _ _ _ _ _ _ _ _  0.80 

1.28 8.26W. 3.11 
L31 _ _ _ _ _ _ _ _ _ _  274 
1.71 ____---_-- 240 
0.86 _ _ _ _ _ _ _ _ _ _  1.61 

1.39 S.39W. 1.94 
1.16 _ _ _ _ _ _ _ _ _ _  207 
0.88 _-_-__---- 1.83 am _ _ _ _ _ _ _ _ _ _  0.93 

0.19 8.27 w. 213 
0.04 8.33 W. 1.68 

1 0 1  _ _ _ _ _ _ _ _ _ _  220 

.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I. Winston _ _ _ _ _ _  Sept. 24,1919 

H. 0. Denson--- July 21-23,1922 

TABLE 63.-Current data, various depths, Hudson Rivt?+-hntinued. 
- - 

Ebb 
Du- 
ation 

- 

ioura 
7.92 
7.02 
6.62 
6. 12 

8.79 
8.35 
6.64 
0.02 

8.42 

8.02 
7.92 

8.32 
7.42 
7.02 

6.77 
7.00 
0.82 
6.86 

8.32 

a 52 

a u  
_---- _ _ _ _ _  
7.46 
7.82 
7.12 
6.77 

7. 10 
6.77 
6.31 
a 39 

~. 

Ehh strength 
- - 

I l f d  

~ 

IOWI 

2.71 
231 
2 71 
3.11 

0.31 
0.61 
L86 
2 81 

1.31 
1.21 
1.71 
1.81 

1.61 
2 01 
2 51 

L 92 
1.57 
1. 90 
1.92 

1.31 
1.51 
2 21 
2 31 

1.34 
0.71 
1.51 
2 01 

1.63 
1.98 
229  
244 

FlF 

- - 

Eta- 
tion 
110. 

- 

a 

41 

44 

(6 

47 

49 

60 

6!4 

Flood strength I I Observations - 
reloo 
ity 
- 

Tn'ndr 
1.21 
1.29 
0.96 
0.76 

264 
2 42 
L43 
1.22 

0.87 
0.67 
0.37 
0.47 

1.75 
1.30 
1.35 

2.26 
2.30 
1.92 
1.42 

1.22 
1. 17 
0.72 
0.62 

2.36 
2.36 
1.52 
0.98 

2.51 
2.10 
1.98 
1.72 

- 

: h e  

- 

i?F 
.O. 30 

.o. 30 
-1.00 

L65 
1.85 
L65 

0.00 
0.70 

-0.10 
-0.40 

0.80 
0.60 

1.06 
1.06 
1. o( 
0.94 

0.50 

-0.30 
0.20 

1.23 
1.45 
1.45 
1.35 

1.03 
1. m 
I. m 
0. 15 

0.20 

L m  

-0. m 

-0.20 

rime Depth 

- 
lours 
xiore 
LW 
4.50 
3.20 
3. m 
3.10 

2.97 
283 
237 
2.80 

3.60 
3.60 
3.60 
3.60 

3.80 
3.30 
3.40 

2.56 
2.44 
2.59 
2.64 

3.50 
3.50 -____ _--_- 
2.67 
240 
2.50 
2.65 

2.60 
2.63 
2.47 
2.70 

lours 

-0.06 -a 01 
0.09 

-0.09 

1.59 
1.29 
0.59 
0.29 

1. 09 
1. I9 
0.69 
0.29 

0.59 
0.69 
0.69 

0.55 
0.68 
0.71 
0.85 

0.49 
0.09 

-0.09 
-0.01 

1.02 
0.69 
0.69 
0.29 

1.00 
0.89 
0.79 
0.89 

%$ <ne& 
0.41 
1.01 
1.01 
0.64 

0.67 
0.92 
1.38 
0.87 

0.57 
0.67 
0.87 
0.92 

0. 50 
1.05 
0.90 

160 
1.96 
2. 14 
1.60 

0.2i  
0.47 
0.62 
0.72 

1.46 
1.44 
1. 39 
1.30 

1.26 
1.25 
1.55 
1. 19 

lours 
4.50 
5.40 
5.80 
6.30 

3.63 
4.07 
5.78 
6.40 

4.00 
3.90 
4.40 
4.50 

4.10 
5.00 
5.40 

5.65 
5.42 
5.60 
5.57 

4.10 
4.30 

_ _ - - _  

4.96 
4.60 
5.30 
5.65 

5.32 
5.65 
6. 11 
6.03 

7 
8 

22 
36 

7 
14 
36 
60 

7 
7 

18 
29 

7 
18 
28 

7 
10 
24 
38 

7 
9 
23 
37 

7 
10 
25 
40 

7 
9 
23 
37 

Off W. 13 S t  H. C. Denson.- 

Off Castle Point, N. J - -  _____do ___-_-__ -- 

Off W. 26th St _ _ _ _ _ _ _ _ _ _  

01 

62 

63 

64 

65 

66 

8 

70 

71 

71 

Off W. 57th 8t _ _ _ _ _ _ _ _ _ _  1 L E. Itittenburg-I July 23-22, 1932 _ _ _ _ _ _ _  2 
2 
2 
2 

4 
4 
4 
4 

2 
2 
2 
2 

f! 
2 
2 
% 

3% 
39 
3% 
3% 

f! 
f !  
% 
% 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

7 
9 
23 
36 

7 
10 
24 
38 

7 
7 

18 
29 

7 
7 

17 
27 

7 
11 
27 
43 

7 
10 
24 
38 

7 
10 
a4 
38 

7 
24 
60 
B8 

7 
8 

21 
33 

7 
7 

18 
28 

1.92 
212 
2 72 
3.22 

1.92 
L 72 
222 
2 92 

2 12 
2 12 
262 
3.22 

1.81 
1.81 
2 01 
2 91 

1.26 
1.30 
2 01 
203 

L 41 
1.81 
2 31 
2 71 

1-06 
LQ7 
2 38 
265 

202 
2 12 
2 72 
222 

1. !a 
L 67 
LSO 
207 

I. 33 
1.63 
L 91 
2 16 

0.60 
0.60 
0.50 
0.50 

L 10 
1. 10 
0. 80 
0. 60 

0.80 
0. Bo 
0.90 
0.50 

0.50 
0.00 

-0.30 

_---- 

1. m 
1.31 
0.91 
0.21 

LOO 
1.00 
0.80 
0.80 

1 0 7  
0.89 
0.79 

1.40 

0.80 
0.70 

0.88 
0.84 
I. 17 
LO6 
1.02 
0.68 
0.40 
0.22 

0. m 

L m  

1.40 
1.50 
190 
1.50 

2 10 
2 10 

1.50 

1.90 
1.80 
2.00 
1.80 

1.00 
1. 10 
L 12 

L 75 
1.81 
2 11 
1.62 

1.49 
1.76 
1.96 
1.24 

2 m  
209 
180  
L50 

240 

1. 60 
L40 

207 
L84 
1.62 

2. m 

_---- 

220 

0. m 
I. 16 
1.36 
1.37 
0.88 

5.42 
5.82 
6.42 
7.02 

5.72 
6.52 
6.02 
6.72 

5.62 
5.52 
6.42 
7.02 

4.80 
5.70 

5.06 
5.15 
6.00 
0.57 

4.60 
5.40 
6.00 
6.40 

5.38 
6.78 
6.28 
6.38 

5.82 
6.42 
6.52 
6.72 

5.28 
5.52 
5.68 
5. a7 
5.22 
5.42 
5.52 
5.47 

__- - -  

6. m 

7.00 
6.60 
6.00 
5.40 

6.70 

0.40 
5.70 

6.80 
6.90 
6.00 
5.40 

7.52 
0.72 
0.22 

7.36 
7.27 
6.42 
5.85 

7.82 
7.02 
6.42 
6.02 

7.04 
0.64 
0.14 
6.01 

6.60 
6.00 
5.80 
5.70 

7.14 
6.80 
0.74 
6.56 

7.00 6.w 
6.95 

6. 90 

_---__ 

7. m 

Off W. 135th S t  __--____ I. Wlnston ____-- Bept. 8-10,1919 i i  
Off Ft. Washington 

Point. 



TABLE 63.-Currenl datu, various depths, Hudson River-Continued 

O 

S. 321%'. 

S.24W. 

._ _ _ _ _ _ _ _ -  

s. 34 w. 

Knots 
240 
2.30 
1.90 
1.50 

2.40 
230 
210 
1.60 

202 
205 
1.52 
1.11 

O 

N. 9 E. 
_____-- - -  _ _ _ _ _ _ _ _ _  _______-_  
N. 6 E. 

~ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
N.30E. _ _ _ _ _ _ _ _ _  

_ _  _____-_  

_______-_  
______--- 
N.30E. 
______---  
_ _ _ _ _ _ _ - -  
_______- -  
N.50E. 

_______- -  
N.31 E. - 
. _ _  _-_- 
N.39 E. 

N.32E. 

Knda 
1.50 
1.60 
1.50 
1.10 

1.60 
1.60 
170 
1.40 

1.70 
1.81 
1.62 
L34 

1.75 
1.67 
1.53 
LOO 

1.W 
1.30 
1.50 
1.30 

L74 

- - - - 
1.60 
1.80 
1.20 
1.00 

1.64 
1.63 
1.48 
1.12 

Pole---- 
Meter-- 

.-.do _ _ _ _  

.-.do _ _ _ _  
Pole--- 
Meter-- 
.--do _ _ _ _  
.--do _ _ _ _  

7 
4 

11 
18 

7 
9 

22 
35 

s.26-w. 

s. 3 4 w .  _ _ _ _ _ _ _ _ _ _  
.____-___- 

204 
1.97 
1.50 
1.07 

21 (  
2.10 
1.50 
1.40 

Polo---. 
Meter-- 
.--do _ _ _ _  
.--do _ _ _ _  

7 
7 

17 
27 

Pole---. 
Metar-. 

..-do _ _ _ _  

..-do _ _ _ _  
7 
8 
20 
32 

8.33 w. 

S.3OW. 

.________- 
8.19 w. 

S. 17 W. 

_ _ _ _ _ _ _ _ _ _  
S.22W. 

s.22w. 
_ _ _ _ _ _ _ _ _ _  

.____---_- 

_________-  

.__-___--- 

____--_---  

1.79 
230 
1.52 
0.94 

212 
217 
203 
1.97 

220 
1.90 
1.40 
Loo 

206 
224 
1.67 
1.53 
1.45 

200 
1.90 
1.30 
0.80 

1.82 
L67 
1.37 

1.50 
LBO 
1.30 
0.20 

L37 
1.29 
0.89 
1.27 
1.02 

1.30 
170  
0.80 
a20 

1-37 
Ll2  
0.47 

~ 1 7  

N.15E. 1.32 _ _ _ _ _ _ _ _ _ _  1.62 _ _ _ _ _ _ _ _ _ _  1.88 

N.24E. 1.90 _ _ _ _ _ _ _ _ _ -  1.60 _ _ _ _ _ _ _ _ _ _  200 _ _ _ _ _ _ _ _ _ _  1.70 

N.30E. 1.48 ______-_-- 1.56 
_____----- 1.47 
N.22E. 1.23 -___- 1 ---- 1.37 

N.17E. 1.40 _ _ _ _ _ _ _ _ _ _  1.30 _ _ _ _ _ _ _ _ _ _  1 4 0  -_------ -- 1.00 

N.26E. 1.14 ___------- 1.19 
_________-  1.05 

_ _ _ _ _ _ _ _ _ _  1.77 

202 
1.94 
1.68 
0.44 

212 
210 
1.12 
0.36 

N.11E. 1.69 
________--  1.63 _ _ _ _ _ _ _ _ _ _  1.78 _ _ _ _ _ _ _ _ _ _  1.31 

N.15 E. 1.32 _______---  1.68 _ _ _ _ _ _ _ _ _ _  1.62 _______---  1.12 

- - 

Ebb 
DII- 
ation 

- - 

3laek 

- 
lours 

229 
209 
2 49 
2.59 

209 
2.09 
1.99 
L99 

2 15 
1.95 
2 I8 
2 52 

2 14 
2 14 
2 14 
2 11 

3.29 
3.19 
289 
209 

1.70 

pi; 

__-__ -____ 
2 49 
2 49 
2 59 
2 49 

2 21 
2 24 
2 34 
2 34 

- - 

St8 
tion 
no. 

- 

71 

72 

73 

74 

75 

76 

76 

n 

Location 

Obwrvations Flood strength Ebb strength 
__ 
Pe- 
.iod 
- 

3ap 
4 
4 
4 
4 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

t 
2 
2 
2 
2 

2 
2 
2 
a 

rime Iirection Veloo 
(true) ity Pime Direction Veloc 

(true) ity 

I Party or- 

I. E. Rittenburg. 

____do __________. 

H. C. Denson.. 

I. Winston _____. 

I. E. Rittanbnrg. 

H. C. Denson--. 

I. E. Rittenburg 

I. Winston 

Data Method Depth 

-I- -- -I- ~~ 

Juno 29-July 1, Aug. 
29-31, 1932. 

June 2%-July 1,1832.- 

July 21-23,lBP _ _ _ _ _ _ _  

Aug. 23-30, I919 ._____ 

Aug. 3-5, 1932-. _ _ _ _ _ _  

July 20-21,IBP _ _ _ _ _ _ _  

Aug. 14,1932 _ _ _ _ _ _ _ _  

Aug. 2.5-27,1919 _ _ _ _ _ _  

fours 

1.82 
1.92 
2 12 
202 

1.62 
1.72 
222 
2. 12 

1.63 
1.73 
223 
2 61 

225 
207 
2 45 
2 43 

1.72 
1.62 
1.82 
1.72 

0.21 
0.81 
1.41 

1.82 
2 12 
2 12 
222 

1.31 
1.47 
1.75 
2 45 

$v louts g 
I. m 
0.90 
1.00 
1.00 

1.10 
1.20 
0.60 
0.20 

1.05 
0.98 
0. 60 
0.48 

0.66 
0.59 
0.41 
0. 14 

0.20 
0.40 
0. 10 
0.10 

1.95 
-_--_ ----_ 
0.90 
0.90 
0. 50 
0.30 

I. 26 
1.12 
0.74 
0.84 

'lours 

0.91 
1.01 
0.91 
0.91 

1.01 
1.11 
0.81 
0.61 

1.27 
1.27 
1.04 
0.47 

1.18 
1.16 
0.68 
0.30 

1.71 
1.81 
1.61 
0.71 

2 49 
L99 

PI? I Ftd lours 
5.82 
6. 12 
5.92 
5.72 

5.82 
6.92 
6.52 
6.42 

5.77 
6.07 
6.34 
6. 38 

6.40 
6.22 
6.60 
6.61 

4.72 
4.72 
5.22 
5.92 

4.80 

5.62 
5.92 
5.82 
6.02 

5.39 
5.52 
5.70 
6.40 

?ours 
6.60 
6.30 
6. W 
6.70 

6.60 
6.50 
5.90 
6.00 

6.65 
6.35 
6. 04 
6.08 

6.02 
6.20 
5.82 
5.81 

7.70 
7.70 

6.50 

7.62 

7. m 

__--- _ _ - _ _  
0.80 
6.50 
6.60 
6.40 

7.03 
6.90 
6.72 
6.02 

Off Ft. Washington 
Point. 

_ _ _  -do-.. ______________. 

011 Lmwood, N. J ____. 

Off Tubby Hook-----. 

Off Spuyten DuyviL. 

1.31 
1.41 
L 21 
0.51 

1.35 
1.65 
1.41 
1.01 

1. 90 
2 17 
227 
2 52 

204 
204 
1.69 
1.69 

209 
1.49 
1.49 
1. gQ 

2 46 
224 
2 14 
234 
2 12 

2 19 
209 
209 
209 

3.24 
3.29 
3. I9 

289 
3. OD 
2 59 

200 
204 
1.64 
1.88 

1.80 
1.75 
1.73 
2 18 

280 
244 
2 59 
283 
- 

1.99 
1.59 
1.29 
0.84 

2.10 
1.75 
1.55 
1.55 

1.71 
2 11 
1.31 
0.71 

1.40 
1.55 
1.33 
1.35 
1.05 

1.91 
1.71 
1.41 
0.71 

0.90 
0.90 
0.80 

1.81 
1.71 
0.71 

1.63 
1.49 
1.37 
0.87 

1.94 
2 01 
1.51 
0.67 

1.38 
1.45 
1.22 
0.95 
- 

7. w 
7.44 
6.84 
5.90 

7.38 
7.13 
5.88 
5. 68 

6. 90 
6.50 
5.90 
490 

7.01 
6.41 
6.88 
5.89 

7.10 
7.00 
0.60 
5.10 

7.88 
6.78 

7. m 

a m  

a io 
a io 
6.60 

6.91 
6.86 
5.85 
5.73 

7.21 
7.24 
6.24 
5.73 

7.72 
7.43 
7.15 
6.89 

H. C. Denson.-. 

H. E. Finnegan 

I. E. Rittenbmg 

H. E. Fmnegan 

Julyl9-20, lBZL ______ 0.98 
0.86 
1.56 
288 

0.70 
1.04 
1.84 
224 

1.32 
1.12 
1.72 
3.12 

1.39 
1.36 
L86 
1.59 
226 

1.22 
1.22 
1.62 
3.12 

L 34 
1.44 
264 

L02 
L 12 
2 12 

L22 
1.31 
1.92 
228 

0.72 
0.64 
1.62 
268 

121 
1.14 
1.57 
207 

5.35 
4.88 
5.68 
6.62 

5.04 
6.28 
6.44 
6.84 

5.52 
5.92 
6.52 
7.52 

6.22 
5.41 
6.01 
5.54 
6.43 

5.32 
5.42 
5.82 
7.32 

4.39 
4.44 
5.64 

4.32 
I 3 2  
5.82 

5.51 
5.56 
6.57 
6.69 

5.21 
5.18 
6. I8 
6.69 

4.50 
4.99 
5.27 
5.53 

78 

79 

79 

80 

80 

81 

81 

82 

83 

84 

- 

Aug. 29-30, leZB _ _ _ _ _ _  

June 27-29,1932 ___--- 

Aug. 29-30, Bept. 
19-P, 1929. 

____do ._______________ 

I. E. Rittenbmg. June 27-29, Ang. 29- 
31,1932 

Aug. 29-30.1828 _ _ _ _ _ _  

June 27-29, 1832 _ _ _ _ _ _  

July 1519, AW. 27- 
28, 1922. 

July S 2 1 ,  Ang. 2.7- 
a, 1922. 

July 1519, AW. 27- 
28,1922. 

H. E. Finn-. 

I. E. Rittenburg 

H. C. Denson--. 

L14 I N. 6 E. I LOD _____do _ _ _ _ _ _ _ _ _ _  

I 



160 U. S. COAST AND GEODETIC SURVEY 

The subsurface current in the Hudson presents the features found 
in the subsurface current in the Narrows and U per Bay. The 

the slack before ebb OCCUITS about the same time from surface to 
bottom. The velocity of the flood strength decreases ver 

decreases a t  a relatively rapi c9 rate. At the surface the ebb has the 
greater duration, but with increasing depth the duration of flood 
mcreases while the duration of ebb decreases, so that near the bottom 
the duration of flood may become the greater. 

Taking u these features of the subsurface current in the Hudson 
in detail t E e data of table 63 indicate that for the stretch of the 
Hudson kere under consideration the acceleration in the time of slack 
before flood from the surface downward is approximate1 at the rate 

stations 5 and 12, where the observations were continued for about 
a month, the data may be regarded as well determined; and here the 
acceleration is a t  the rate of 0.05 hour per foot. In the upper part 
of the 14-mile stretch, the acceleration appears to be at a somewhat 
greater rate but the obmrvations are not of sufficient length to deter- 
mine this with precision. It is to be expected that this rate a t  any 
point would vary with the amount of fresh-water flow, but the rate 
of 0.05 hour per foot may be taken as obtaining during the summer 
months. 

Stations 10 to 14, which lie along a cross-section of the channel, 
furnish data for determining whether there is any difference in the 
cha e of time of slack before flood with depth across a section of 

simultaneous, they are very near1 so. The data in table 63 give the 

0.037; station 12, 0.045; station 13, 0.049; station 14, 0.080. There 
is thus a very definite increase in the rate of change from the New 
York shore to the Jersey shore. 

The data for other stations on sections of the river are not conclusive 
with regard to this feature. But in general they ap ear to substan- 

of slack before flood increases from the eastern to the western shore of 
the river. 

The time of slack before flood becomes considerably earlier with 
increasing depth, while the time of slack before ebb becomes somewhat 
later. Taking stations 5 and 12, where the longest series of observa- 
tions were obtained, it is found that as between the 9-foot depth and 
the 38-foot depth at  station 5, the time of slack before ebb comes 
later by 0.21 hour, and at  station 12 the difference between the 10-foot 
de th and the 40-foot de th is 0.03 hour. 

$his difference in the c kl ange of time of slack of the subsurface cur- 
rents brings about a change in the duration of flood and ebb at  differ- 
ent depths. Near t b  surface the ebb has the greater duration, but 
with increasing depth the ebb duration decreases and the flood dura- 
tion increases. Station 5 brings out this feature for the current near 
the mouth of the river. At the 7-foot depth the duration of flood is 
6.1 hours; a$ the 9-foot depth it is 5.2 hours; 24-foot depth, 6.2 hours; 

slack before flood becomes earlier from the surface a ownward, while 

with increasing depth, or ma even increase, while strengt K of slOwlB eb 

of 0.05 hour per foot against 0.03 hour per foot in the J arrows. At  

the Yl c annel. While the observations at  these stations are not strictly 

following changes in hours per 9 oot: Station 10, 0.037; station 11, 

tiate the evidence of stations 10 to 14 that the rate o p. increase in time 
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38-foot depth, 6.9 hours. The increase in duration of flood is here a t  
the rate of 0.06 hour per foot. At station 12, the rate is 0.05 hour 
per foot. At station 83 a t  the upper end of the 14-mile stretch under 
consideration, it is 0.06 hour per foot. 

In midstream, the ffood and ebb durations are approximately equal 
a little below mid-depth, and at  the 0.8 depth the flood has the greater 
duration. This statement applies also to the current near the New 
York shore since the deep channel lies near the New York shore. 
Near the New Jersey shore, because of the relatively shallow depths 
prevailing, the ebb current has the greater duration even at  the 0.8- 
foot depth. 

For the 7-fOOt depth it was found that the current turned earlier 
near shore than along the axis of the channel. This feature is also 
characteristic of the current a t  lower depths. If we interpolate the 
values for any given depth from the data for stations 10 to 14, it is 
found that the current turns earliest near the shore and latest a t  
station 12 in midstream. Stations 5, 6, and 7 give similar results 
as do also stations 82, 83, and 84. The discussion of the current a t  
the 7-foot depth also brought out the fact that as a rule the current 
turns earlier near the western shore than near the eastern shore by 
about half an hour. This feature appears to be less pronounced for 
the current a t  the lower depths. 

With regard to the vertical velocity distribution in the Hudson, 
the stations in the middle of the channel exhibit different features 
from those near the shores. Along the axis, the flood strength in- 
creases somewhat from the surface to mid-depth and then decreases 
to near the bottom. Near the shores the flood strength increases all 
the way from the surface to near the bottom. This is illustrated by 
the data for stations 10 to 14. At station 12, in midstream, the flood 
stre th increases a t  the rate of about 0.01 knot per foot to mid-depth 

the 0.8 depth the velocity is less than a t  the 0.2 depth. At stations 
10, 11,13, and 14, which are situated closer to shore, the flood strength 
increases from the surface downward to near the bottom, the rate 
being about 0.02 knot per foot. 

The ebb strength in the Hudson decreases from the surface to near 
the bottom both in midstream and near the shores. The rate of 
decrease varies somewhat at the different stations but in general is 
about 0.05 knot er foot. The greatest ebb velocities are, therefore, 

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. 

Since the deepest channel of the river lies nearer the New York 
shore, mid-depth near the New York shore is deeper than along the 
New Jersey shore. If we inter olate for corresponding depths, from 

the greater velocity along the New Jersey shore, as a rule. It appeare, 
therefore, that the greater part of the fresh water that comes down the 
Hudson flows along the New Jersey shore. 

and Y t en decreases a t  the rate of about 0.03 knot per foot, so that a t  

found at  the sur P ace. 

the data of table 63, it is foun B that for the same depth the ebb has 
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CURBENT HARMONIC CONSTANTS, HUDSON RIVER 

In connection with the prediction of currents in the Hudson, the pole 
observations at station 5 and the meter observations at the 10-foot 
depth at  station 12 were submitted to harmonic analysis. The 
observations at station 5 covered a period of 21 days and at station 
12 a period of 27 days. These were analyzed in the usual way except 
that the 21 days of observations at station 5 were divided into two 
overlapping 16-day series. Only the principal com onents were 

the inferred values being enclosed in parentheses. 
derived from the analysis, the others being inferred in t 1 e usual way, 

TABLE 03a.-Current harmonic comtants, Hudson River 

I station6 I station 12 I1 1 station 6 
Component 

Kndd 
(a 01) 
0. ai 

(0. oa) 
0.04) lo. 01) 

Kndd 
(0.01) 
0.40 

(0.08) 

___ Component /I 12- 

244 
46 
19 
a8 
213 
(182) 

110 
263 

241) 

station 12 

H 

Knots 
0.16 
(0.01) 
(0.13) 

‘t 2 
0.01 
0.01 

SUBFACE CURRENTS, HARLEM RIVEB 

For the Harlem River there are available currant observations at 
16 stations, the locations of which are shown on figure 42. The 
data derived from these observations, for the current near the surface, 
are given in table 64. These data may be taken to pertain to a depth 
of 7 feet. The velocities of the flood and ebb strengths have been 
corrected to mean values. 

Harlem River is in reality a strait connecting Hudson River with 
the East River. Upstream and downstream, therefore, have no pre- 
cise meanings in the Harlem, and the designations of the flood and ebb 
currents here must be made with reference to the time relations 
between local current and tide. 

From the data of table 40, the tide in the Harlem is about 2 hours 
later than at Sandy Hook. The strength of the southerly flowing 
current in the Harlem, as table 64 shows, comes about an hour before 
Sandy Hook high water, and hence about 3 hours before local high 
water. It follows, therefore, that the southerly flowin current attains 

northerly flowin current, from similar considerations, attains its 
strength on a fa&& tide and is, therefore, the ebb current. 

its strength on a rising tide and is therefore the floo d current. The 





TABLE 64.--Su1face curred dab, darlem River 
[Referred to timed of HW and LW at  Sandy Hook, N. J.] 

I I I Observations Ebbstrength 
- 

ity 

Ebb 

tion 
d m -  

-- 
Pnotd 

2 0  
1.8 
2 2  
2 4  
2 0  

2 8  
1.3 

1 4  
::! 

* 
How8 3 

6.6 
6.2 a L 3  
6.6 3 6.1 

6.6 
6.0 

6.6 Y 

i2 
I? 

1: 

D 

3.75 E. 
3.70 E. 
3.65 E. 
3.65 E. 
3.35 W. 

5.10 w. 
8.35 W. 
8.30 w. 
5.25 w. 

8. 

8. 
8.35 E. 
8.35 w. 
8.15 w. 
8.15 W. 

E. 

8.80 E. 
N.55E. 
N. 40 E. 

1 
1 
1 
2 
3 

4 
5 
6 
7 
R 

__ 
'eloc- 
ity 
_. 

<nota 
1.6 
1.3 
1.5 
21 
2 0  

3.0 
1. 2 
1.4 
1.5 
1.7 

1.7 

1.3 
1.2 

2 3  

3.1 
0.5 
0.9 

a9 
a 5  

Off SpuytanDuyvil_ _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _ _ _  November 1920 ____._._.___._____ 2 21 1.0 
.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H.C.Denson. _ _ _ _  Julyl922-.. __._.__.___...__.___ 22 1.9 0.5 
____.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I.E.Rittsnbnrg_-AngastlW ...______._____._____ 2 2 1  0.5 
Brosdway Bridge _ _ _ _ _ _ _ _ _ _ _ _  R. J. Auld _______. November 1920 ____._._.___.___-_ 2 21 0.5 
W. 2mth 8t. Bridge _ _ _ _ _ _ _ _ _ _  I. E. Ritt8nburg-- September 1932 ___________.______ 2 2 0  0.8 

High Bridge ___________._____ R. J. Auld _ _ _ _ _ _ _ _  November 1920 ._________________ 2 2 0  0.9 
Southof High Bridge _ _ _ _ _ _ _ _  H. C. Demon _ _ _ _ _  August1922 . . . . . . . . . . . . . . . . . . . . .  % 1.7 0.8 

____-do- - - ._ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  do-, - - - - - - - 
Centrst Bridm _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittenburg.. September 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 

._.__do _____._________________ _ _ _ _ _  do _____.___.___ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
__.-.do- - - - - - -----_-..- -- -- - ----- I 

1wrs 
5.8 
6.2 
6.1 
5.8 
6.3 

5.8 
6.4 
6.2 
6.3 
5.8 

6.0 
6.6 
5.Q 
7.6 

- 
9 

10 
11 
12 
13 

6.0 

5.9 
6.3 
5.7 

Madison Ave. Bridge _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 2 0  1.0 1. 1 
Above W m  Ave. B r i d g ~ ~ - -  H. C. Danson _ _ _ _ _  A w t  lSzL _-_-----_- ---- __--- -- 
Off 117th St ________._________ I. E. Rittsnbnrp-. September1832 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  t' i! 0.2 
Off 116th 8t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  AW-lSt 1932 . . . . . . . . . . . . . . . . . . . . .  2 1.2 0.6 
Off &uth Pier, asndaIls Is- _ _ _ _ _  do-. _ _ _ _ _ _ _ _ _ _  September 1932 _______________- -  2 _ _ _ _ _ _ _  0.9 
land. 

Hour8 

HW 
1.8 
2 0  
21 
1.8 
2 2  

1.7 
2 0  
2 0  
2 0  
1.8 

1.9 
2 0  
2 0  
2 7  

after 

.__-_- 

L7 

1 8  
2 3  
1.3 - 

14 

14 
15 
16 

Time 

- 
Hwra 
before 
LW 

0.7 
0.7 
1.0 
L4 

1.5 
1. 1 
L 3  
1.0 
1. 2 

1 3  
l.7 
1.0 
1.5 
1.0 

a9 

2 0  

0. a 
1.3 
1.8 

- 

Betwem Randallp and H. C. Denson .___ August 1922 . . . . . . . . . . . . . . . . . . . . .  1 1.8 0.9 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittanbmp.- Angust 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  2 2 0  0.4 
OttJefflasonPark _ _ _ _ _ _ _ _ _ _ _  T.A. Craven __.__ Angust1856 . . . . . . . . . . . . . . . . . . . . .  % 21 0.3 
OffllOthSt _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  C.H.Davis _ _ _ _ _ _  Innel845 . . . . . . . . . . . . . . . . . . . . . . .  % L7 1.5 

WardsISlands. 

Direction 
(true) 

2 9  
0.6 
1.0 

w 6.5 
6.1 X 6.7 

N. 75 W. 
N. 70 W. 
N.80 W. 
N.60 W. 
N. 35 w. 
N. 15 E. 

N.30E. 
N.ZOE. 

N. 

N. 
N.40 W. 
N. 50 E. 
N.36E. 
8.55 E. 

8.85 w. 
N.60 W 
8.60 w. 
8. 5 w .  

. - - - - -. -. 
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In the stretch of the river lying westward of Wards Island, the data 
for stations 15 and 16 show that it is the northerly flowing current 
that is the flood current, while the southerly flowing current is the 
ebb current. In a tidal sense, therefore, the Harlem River ends at 
the southern tip of Randalls Island. 

The tide in the Harlem being 2 hours later than at Sandy Hook, 
the data of table 64 show that the slack waters in the Harlem come 
about the times of local high and low water, while the strengths come 
midway between high and low water. The tidal movement in the 
Harlem is, therefore, not of the progressive-wave type, being condi- 
tioned by the fact that it is a short strait connecting two larger tidal 
bodies of water. Because of this, the times and velocities of the 
current are subject to variations additional to those found in tidal 
rivers, for any relative changes in the heights of the water in the 
Hudson and East Rivers will introduce variations in the current of 
the Harlem. 

In general, it is seen that the flood and ebb durations are approxi- 
mately equal in the Harlem, although there are evidences that near 
the Hudson River end the ebb has somewhat the greater duration, 
while near the East River end the flood has the greater duration. 
In  general, too, the strength of ebb has the greater velocity averaging 
about 1?4 knots against lfk knots for the flood strength. In  con- 
stricted passages between bridge piers the current attains its greatest 
velocity; under High Bridge, for example, the current has an average 
Velocity a t  strength of 3 knots. 

At stations 12 and 13, the flood strengths are much greater than the 
ebb. In  fact, at station 13, there was no ebb at all, the current run- 
ning flood throughout the 2 days of observations, the value -0.1 
given for the ebb strength indicating that at the time corresponding 
to the ebb strength for the Harlem as a whole, the current was setting 
flood with a velocity of 0.1 knot. 

The flood current a t  station 13 during the period when ebb is norm- 
ally flowing in the Harlem appears to be due to the proximity of this 
station to Little Hell Gate. At the time of ebb strength in the 
Harlem, the current through Little Hell Gate is setting westerly and 
then southerly thus creating an eddy current in the vicinity of station 
13. The effect of this is also felt a t  station 12 where the ebb strength 
is very small. 

CURRENT DATA, VARIOUS DEPTHS. HARLEM RIVER 

At 13 stations in the Harlem proper, subsurface current observations 
were also made with current meters a t  depths representing approxi- 
mately two-tenths, five-tenths, and eight-tenths of the depth at each 
station. The data derived from these observations, with the flood 
and ebb strengths corrected to mean values, are given in table 65. 
For comparison, the results of the observations made with the current 

ole, which generally pertain to a depth of 7 feet, are also included. 

this table the observations were made with short poles so that the 
depths of the pole observations at these stations are less than 7 feet. 

P t is to be noted, however, that a t  a number of the stations listed in 



TABLE 65.-Current ddo, various depths, Harlem River 
[Referred to times of HW and LW at Sandy HOOL, N. I.] 

Location 

Off Spnyten D u d  _ _ _ _  

_ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____do _---______________ 

Broadway Bridge _ _ _ _ _ _  

W. 207th St. Bridge _ _ _ _  
High Bridge 

South of Eigh Bridge.-- 

- - 

StS- 
tion 
no. 

- 

1 

1 

1 

2 

3 

4 

6 

Party of- 
Date 

R. I. Auld _ _ _ _ _ _  Nov. 14-16,lBeo _ _ _ _ _ _  

H. C. Denson--. July 15Aug. 7,1922.- 

I. E. Rittenbnrg- Aug. 85,1932 - - - - -__- 

R. J. Auld _ _ _ _ _ _  N O ~ .  lam, 1920 _-___- 

LE. Rittenburg- Sept. 21-23, 1932 _____-  

B. J. Auld-. _ _ _ _  N O ~ .  2224,lszO ----- - 

H. C. Denson-.- Aug. 3,1922 _ _ _ _ _ _ _ _ _ _  

I I Observatiom 
- 
Pe- 
iod 

- 

W 8  
2 
2 
2 
2 

23 a 
29 
22 

2 
2 
2 
2 

4 
4 
0 
2 

2 
2 
2 

2 
2 
1 
2 

t 
9 
9 

- - 

nselr 

- 
Ylarrra 

m. 11 
2 16 
224 
2 21 

L 91 
L87 
198 
206 

2 11 
2 01 
2 11 
2 11 

2ou e 01 em 
2 01 

1.71 
2 01 
2 01 

198  
2m 
2oL 
1. Q6 

189 
1.50 
1.8 
1.79 

I% 

Floodstrengt.h 

H o w  

%F 
0. m 
0.94 
1. 11 
0.94 

0.49 
a49 
0.54 

R 64 

0.18 

a@ 
0.42 
0.62 

0.61 
Q54 
0. ad 
0.54 

an 
a 72 

am ass 
a 31 a 21 

0.92 

0. gs 
0.74 

0.81 
0.31 

- 
Veloc- 
ity 

K* 
1.57 
1.43 
1.31 

1.28 
1.41 
1.26 
l.18 

1.50 
1.30 
1.50 
140 

2 14 
218 
207 
1.82 

200 
1.80 

3.05 
2 75 
2.62 
223 

1.06 
1.26 
1.25 
1.16 

Lz i  

_ _ _ _ _ _  

- - 

wood 
lm- 
tion 

'lours 
6.83 
5.74 
5.65 
6.66 

6.23 
6.30 
6.17 
6. os 
6.12 
6.32 

6.22 

5.85 
6.11 
6.07 
6.01 

6.62 
6.32 
6.32 

5.79 
5.56 
5.55 
5.66 

6. 13 
6.53 
6.43 
6.33 

a 12 

_. - 

slack 

Your8 
af* 
H W  
1.81 
1.77 
1.76 
1.74 

2.01 
204 
202 
2 01 

2 10 
220 
2 10 

1.81 
1.99 
196 
1.92 

220 

220 
220 
220 

1.64 
1.49 
1.46 
1.49 

1.88 
1.69 
1.69 
1. 69 

Ebb strength 
- 
rime 

Y a r d  
Wore 
LW 
0.69 
0.64 
0.38 
o. 49 
a m  
0.84 
0.56 
0.51 

0.99 
0.79 
0.79 

La3 
1.18 
1.31 
1.61 

129 

a 49 

am am 
1.51 
1.61 
1.76 
1.81 

--_-- a 71 
1.40 
0.91 

Direc- 
tion 

(true) 

- 
Vel@ 

itY 
- 

Knlo* 
200 
1.93 
1.84 
1.70 

1.76 
1.82 
1.85 
1.61 

2.00 
220 
1.80 

238 
228 
223 
204 

2 10 
2. w 
2.85 
2 69 
2 79 
230 

1.25 
1.34 
1. 16 

2. 20 

- -_ -__  

___-__ 

- - 

Cbb 

ion 
m- 

- 

burr 
6.59 
6.68 
6.77 
6.76 

6.19 
6. 12 
6.25 
6.34 

6.30 
6. 10 
6.30 

6. 57 
6.31 
6.35 
6.38 

5.80 
6.10 
6.10 

6.63 
6.86 
6.87 
0.76 

6.29 
5.89 
5.99 
6. OB 

6.20 



TABLEI fj5.-Currmt data, various depths, H a r k  River-Gntinued 

h t i o n  

South of High Bridge-- 

____do- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Central Bridge _ _ _ _ _ _ _ _ _  

Madison A v a  Bridge--- 

Above W i l l i s  Ave .  
Bridge. 

Off 117th St _ _ _ _ _ _ _ _ _ _ _ _  

Off Jeffmn Park _ _ _ _ _ _  

Off iioth St _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 

Sts, 
tion 
no. 

- 

6 

7 

8 

9 

10 

11 

ll 

13 

- 

Party of- 

E. C. Denson--. 

_ _ _ _  -do- - _ _  - - - __. 

I. E. Rittenburg. 

-__-.do- - _ _  _____. 

H. C. Denson.-. 

I. E. Rittenburg. 

_____do ________-. 

_____do  ____-___-. 

(true) 

Observations 1 1 Floodstrength I 1 
Veto@ 

ity 

Aug. '24,1922 _ _ _ _ _ _ _ _  
O 

N.29E. 
__-------  

Aug. 34,1922 _ _ _ _ _ _ _ _  

Knots 
1.36 
1.48 

1% 1.79 a 3 1  S.%W. I 1.12 6.38 I 204 

16 1.79 a 9 1  _ _ _ _ _ _ _ _ _  ~ 1.12 6.33 1.99 

3% 211 a 3 2  5. 1.80 6.12 210 
3 201 1 1 2  __._______ 1.80 5.92 1.80 

12 211 L12 _ _ _ _ _ _ _ _ _ _  1.80 5.72 1.70 

3% 201 1.02 S. 1.70 6.02 1.90 
4 201 1.02 _ _ _ _ _ _ _  _ _ _  1.90 5.92 1.80 

16 211 1.22 _________. 1.80 5.72 1.70 

7 L46 1.11 S.33E. 0.88 6.69 202 

11 1.62 0.74 _____._.__ 0.85 6.30 1.79 
17 1.62 0.91 __,_______ 0.73 6.03 1.52 

4 1 . 8 ~  a 8 1  _________. 1.53 6.23 1.99 
io 1.79 a 5 1  _________. 1.43 13.33 1.99 

4 1.52 a s  _...__.___ 0.80 6.70 2.09 

3% 3.01-0.70 8 . 3 7 ~ .  a 5 0  5.32 2.20 
4 241-0.50 _____._... 0.80 13.02 2.30 

14 201 0.82 ..._____.__ 0.30 5.72 1.60 

N.37E. _ _ _ _ _ _ _ _ _  
________. 

s. 55 w. 
.________ 
__._._... 

Ebb strength 

0.20 
0.30 

-0.10 
-0.10 
-0.10 

0.40 

rime 

lours 
zfore 
LW 
1.04 
1.41 
1. 16 
1.09 

1.21 
0.71 
1.41 
0.91 

0.69 
1.19 
1. 19 

1.29 
1.29 
1.00 

1.71 

1.91 
1.86 
1.76 

1.29 
0.89 
1. OB 

1.49 
1.39 
1.59 

0.79 
1.29 

0. m 

c1 
Q, - - 0 ,  

Ebb 
Iura- 
tion 

9 
lours p 
6. 17 
6.29 fi 
6.22 0 

6. M 

;:; b- 

E Q 

E GI E 
5.12 e 

7.10 cc 

6.08 

6.70 

6.40 

5.73 m 

6.40 
6.70 

4.80 

- 



FIOUKFI 4:%.--Current stutions. lower East River. 
140597-35. (Face p. 167.) 



TIDES AND CURRENTS IN NEW YORK HARBOR 167 
The observations made a t  station 1 in 1922 covered a period of 

22 days and the results here may, therefore, be considered as well 
determined. The slack before flood appears to become somewhat 
later from the surface to the bottom, the rate being about 0.01 hour 
per foot. The slack before ebb, however, appears to occur at  &bout 
the same time at  all depths. This difference in the slacks causes the 
duration of flood to decrease with increasin depth. In  this regard 

dition found in the Hudson where it is the duration of ebb that 
decreases from the surface to the bottom. 

The vertical velocity distribution at station 1 likewise differs from 
that in the Hudson. In  the latter river it is the ebb strength that 
decreases rapidly in velocity, from the surface downward, while the 
flood stren th in general increases. The data of table 65 show that 

creasin depth, the rate being between 0.01 and 0.02 knot per foot 

Near the surface the ebb strength in the Harlem has the greater 
velocity. And since both flood and ebb strengths decrease a t  about 
the same rate with increasing depth, this reponderance of ebb over 

all stations except 12 and 13 where the flood has the greater velocity, 
for the same reason as explained on page 164 for the current near the 
surf ace. 

THE CURRENT IN EAST RIVER 
SURFACE CUBBENTS, LOWER EAST RIVER 

the current at the Hudson entrance to the E arlem reverses the con- 

in the Harem, 7 
of dept a . 
flood is characteristic of the Harlem a t  a R depths. This is true at 

both the flood and ebb strengths decrease with in- 

In the discussion of the current in East River it will be convenient 
to divide the river into two arts-lower East River, stretching from 
Governors Island to Hell E ate, and upper East River, stretching 
from Hell Gate to Willets Point. Lower East River, it is to be re- 
called, is a relative1 narrow and deep waterway, while upper East 

On figure 43 are shown the locations of 66 stations at which current 
observations have been made in lower East River between the years 
1845 and 1932. The results derived from these observations per- 
taining to the current near the surface are given in table 66. For the 
more recent years, these results are derived from observations made 
with a 15-foot pole submerged a distance of 14 feet, so that but 1 foot 
floated out of water. In  general, the data of table 66 may be taken 
to refer to the current at a depth of about 7 feet. 

The times of slack and strength of the current in table 66 are iven 
in hours and tenths with reference to time of tide at  Sandy Hook, 8. J., 
KW standing for the time of high water and LW for the time of low 
water. For the flood and ebb strengths the directions are given to 
the nearest 5' and the velocities in knots and tenths. These velocities 
have been corrected to mean values by a factor derived from the 
range of tide. This correction factor for the current in East River 
is not the ratio of the mean range of tide divided by the range for the 
period of observation, as in the case of the Hudson River, but the 
square root of this ratio. This difference is due to the fact that the 
tidal movement in the East River is primarily hydraulic in character, 
as explained in the discussion of the tide in East River; and in hy- 
draulic motion the velocity varies as the square root of the head or 
the difference in the height of wfiter at the two ends of the channel. 

River is wider and s I allower. 



TABLE 66.--Surface current dah, lower East River 
[Referred to times of HW and LW at Bandy Hook, N. J.1 

Off State St., Brooklyn _ _ _ _ _ _ _ _ _ _ _  
Off Joralemon St Brooklyn _ _ _ _ _ _  
Off Montague S< Brooklyn _ _ _ _ _ _  
Off Coenties SUp;tNew York _ _ _ _ _  
Off Wall St., New York _ _ _ _ _ _ _ _ _ _  

Dopa % 
H. L. Marindln _ _ _ _ _ _ _  Angost 1872 _ _ _ _ _ _ _ _ _ _ _  1 2 0  
T. A. Craven _ _ _ _ _ _ _ _ _  July 1855 _ _ _ _ _ _ _ _ _ _ _ _ _ _  % 1.7 
H. L. Marindln _ _ _ _ _ _  Angust 18n _ _ _ _ _ _ _ _ _ _ _  1.6 
I. E. Rittenbmg _ _ _ _ _ _  August 1W _ _ _ _ _ _ _ _ _ _ _  2 2 3  
H. Mitchell _ _ _ _ _ _ _ _ _ _ _  July 1872 _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 1.6 

13% 
% 
% 
94 
% 

1 

1 
1 

1 
1 
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Wallabout Bay _______________.___ 
____do ________________.___________ 
Off Jackson St., New York _ _ _ _ _ _ _  
Wallabout Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off Corlear St., New York 

li. C. Denson _ _ _ _ _ _ _ _ _  Se tember 1822 _ _ _ _ _ _ _  
M. Woodhull _ _ _ _ _ _ _ _ _  J$ 1 W  _ _ _ _ _ _ _ _ _ _ _ _ _  
T. A. Craven _ _ _ _ _ _ _ _ _  Jnly 1855. _ _ _ _ _ _ _ _ _ _ _ _ _  
I. E. Riftenburg _ _ _ _ _ _  October 1932 _ _ _ _ _ _ _ _ _ _  
R. J. Auld _ _ _ _ _ _ _ _ _ _ _ _  September 1920- .______ 

Off CorleaR Hook, New York _ _ _ _  
Wallabout Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off S. 9th St., Brooklyn _ _ _ _ _ _ _ _ _ _  
Off N. ad St., Brooklyn _ _ _ _ _ _ _ _ _ _  
Off N. 4th St., Brooklyn _ _ _ _ _ _ _ _ _  
Off N. 6th St Brooklyn _ _ _ _ _ _ _ _ _ _  
Off 17th 6t fiew York  _ _ _ _ _ _ _ _ _ _  
Off 1Eth 6t:' New York _ _ _ _ _ _ _ _ _ _ _  
Off 19th Bt ' New Ywk _ _ _ _ _ _ _ _ _ _ _  
Off 20th St:: New York  _ _ _ _ _ _ _ _ _ _  

T. A. Craven _ _ _ _ _ _ _ _ _  I July 1855 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M. Woodhull _ _ _ _ _ _ _ _ _  July lW _ _ _ _ _ _ _ _ _ _ _ _ _  
H. C. Dsnson _ _ _ _ _ _ _ _  Septamber 1822 -______ 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  d a  _______--_______ 
T. A. Craven _ _ _ _ _ _ _ _ _  July 1855. _ _ _ _ _ _ _ _ _ _ _ _ _  
M. Woodhull_________ July 1854 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H. Mitchell _ _ _ _ _ _ _ _ _ _ _  July 1859 ________._____ 
H. C. Denson _ _ _ _ _ _ _ _ _  July 1912 _ _ _ _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Off 2lst St., New Ywk _ _ _ _ _ _ _ _ _ _ _  
Off 23d 6t.. New York _ _ _ _ _ _ _ _ _ _ _ _  
Off E m u  St., Brooklyn _ _ _ _ _ _ _ _ _  

H. Mitchell _ _ _ _ _ _ _ _ _ _ _  
H. L. Marindin _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _ _ _ _ _ _ _  August 1920 _ _ _ _ _ _ _ _ _ _ _  
Off 25th 8t  New York _ _ _ _ _ _ _ _ _ _ _  H. C. Denson _ _ _ _ _ _ _ _  6e tembef 1022 
Off 28th St:: New York _ _ _ _ _ _ _ _ _ _ _  M. Woodhull _ _ _ _ _ _ _ _ _  J d y  185c _ _ _ _ _  1::::::: 
Newtown Cmakentnmce _ _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _ _ _ _ _ _ _  October 1920 _ _ _ _ _ _ _ _ _ _  
Off 34th St., New York _ _ _ _ _ _ _ _ _ _ _  H. C. Dsnson _ _ _ _ _ _ _ _  September 1922 _ _ _ _ _ _ _ _  
Off 39th St., New York _ _ _ _ _ _ _ _ _ _ _  
Off 43d St New York  _ _ _ _ _ _ _ _ _ _ _  
Off 52d Si' New York _ _ _ _ _ _ _ _ _ _ _ _  
East Chad;lel, Blackwells Island-- 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

T. A. Craven _ _ _ _ _ _ _ _ _  July 1855 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do ______________.__ 
H. Mitchell _ _ _ _ _ _ _ _ _ _ _  July 1858 _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____do _________._______ _____do _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  
H. L. Marindin.-. _ _ _ _  July 1874 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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East Channel, Blackwells Islsnb. _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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In  entering East River from Upper Bay it is natural to regard the 
current setting from U per Bay into East River as the flood current; 

which body of water it is just as natural to regard the westerly setting 
current as the flood current. In  East River, manifestly, upstream 
and downstream cannot he used for specifying the flood and ebb 
currents, and recourse must be had to the time relations between 
current and tide. From the tidal data of table 41 the tide in lower 
Kast River, from Governors Island to Hell Gate, is seen to be about 
2 hours later than at  Sandy Rook. Applying this difference to the 
data of table 66, the strength of the current set,ting into East River 
from Upper Bay is found to occur about 3 hours before local high 
water; that is, on a rising tide. Hence, the flood current in lower 
East River, and as we shall find later the flood current throughout 
the whole of East River, is the one setting from Upper Bay toward 
Long Island Sound, while the ebb current is the one that sets from 
Long Island Sound toward Upper Bay. 

It is to be noted that since the current in East River is dependent 
on the relative heights of the water in Upper Bay and in Long Island 
Sound, short series of observations will not give as concordant results 
in this waterway as in a tidal river that has but one entrance for the 
tide. This may be taken to explain some of the comparatively wide 
divergences in the results for the different stations listed in table 66. 
In  p q t ,  too, the differences result from the changes that have been 
made in the hydrographic features of this waterway. 

In general, slack before flood throughout lower East River occurs 
about the same time, ap roximately 2 hours after the time of low 
water a t  Sandy Hook. 4hrou h this stretch, however, as the dis- 

b 1% hours, becoming later in oing from the Battery to Hell Gate. 

therefore, changes from point to point. At the mouth of the river, 
slack before flood comes about 1% hours after local low water, while 
in the channel near the northern end of Blackwells Island slack before 
flood comes about the time of local low water. This re resents a 
change in the relation of current to tide of 1% hours in a $stance of 
about 6 miles. In the Hudson River, it will be recalled, the relation 
of time of tide to time of current was practically constant throughout 
the whole stretch of 14 miles from the mouth to Mount St. Vincent. 

The slack before ebb likewise occurs about the same time through- 
out lower East River. So that a similar chan e in the time relations 

regard to slack before flood. And thw is true also of the strengths of 
flood and ebb which occur at about the same times, respectively, 
t h o u  hout lower East River. 

Altfough lower East River is a relatively narrow waterway, the 
current turns somewhat earlier near shore than in midchannel. This 
is brought out by a comparison of the data for stations located on a 
cross section as, for example, stations 28, 29, and 30, and stations 32, 
83, and 36. Throughout the stretch of lower East River the flood 
duration is ap roximately constant, averaging 6.1 hours against 6.3 

but East River may a t) so be entered from Long Island Sound, from 

cussion of the tide observations % rought out, the time of tide changes 

de time relations between ti 8 e and current in lower East River, 

of current to local tide occurs with regard to s k ack before ebb as with 

hours for the e 1 b. 
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Since the channel of East River changes direction frequently, the 
flood and ebb directions are generally not directly opposite each 
other, the direction at  any point being influenced by the direction of 
the channel below and above that point. 
station 14, for which table 66 gives the flood direction as N. 50' If. 
and the ebb direction as S. 65' W. The direction of the channel below 
this station is N. 45' E., and the flood current approximated this 
direction closely. Above the station the channel runs S. 80' W., 
and on the ebb the direction of the current is 20' farther westward 
than on the flood, thus indicating the influence of the direction of 
the channel above the station 

The frequent changes in direction of the channel of lower East 
River have another consequence. In  a straight stretch of the river 
the swiftest thread of the current lies in midchannel; but when the 
direction of the channel changes the swiftest thread of the current 
will be found not in midchannel but to one side. Thus, for stations 
28, 29, and 30 it is obvious from the locations of these stations on 
figure 43 that on the flood station 30 will be in the ath of the main 
stream of the flood current, although it is not in mi I? channel; and on 
the flood table 66 shows a greater velocit for station 30 than either 

midstream station. On the ebb the turn of the channel southward 
in the vicinity of Newtown Creek makes the momentum of the moving 
stream continue its more westerly direction, and station 28 is now 
in the path of the main ebb stream, and the ebb velocities of table 
66 show that the ebb strength at station 28 is now greater than 
either at stations 29 or 30. 

The swiftest current in lower East River is found in the constricted 
passages of Blackwells Island and in Hell Gate, where the mean 
velocity of the current is 4 knots or more. In  this connection it is 
to be noted that the more recent observations, in which improved 
methods and instruments were used, give lesser velocities than the 
observations made in 1855. For this reaaon the velocity of 5.3 
knots on the flood listed in table 66 for station 17 is undoubtedly too 
great. 

Through lower East River the ebb current has the greater velocity. 
This general rule is subject to modification by the location of the 
station, whether in the direct path of the ebb and flood current or 
not. This was illustrated in the previous paragraph by the currents 
at stations 28, 29, and 30 and is also illustrated b station 61, which 

whereas from the general rule above the ebb velocity should be the 
greater. The location of this station is seen to be in the direct ath 

but to one side of the main stream of the ebb current which sets from 
Hell Gate directly into the west channel of Blackwells Island. 

The two channels of Blackwells Island show considerable differences. 
The data for stations 51 and 52 may be considered as fairly well 
determined, being based on recent observations oxtending over 8 
period of very nearly 3 days. The velocity at station 51 in the 
western channel is somewhat greater on the flood and considerably 
greater on the ebb than a t  station 62 in the eastern channel. The 
observations at stations 45 and 46 were made in 1858, and these 
show the same differences between the two channels, the velocity 

This is well illustrated b 

for stations 28 or 29, notwithstanding t z e fact that the latter is a 

shows a flood velocity of 3.4 knots and an ebb ve .y ocity of 1.6 knots, 

of the flood current through the eastern channel of Blackwells Is P and 
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in the western channel being the greater; and the observations in 1874 
at stations 47 and 49 likewise show the greater velocity for the western 
channel. A glance at a hydrographic chart of this region shows 
that the western channel of Blackwells Island is considerably deeper 
than the eastern channel and therefore offers a freer passage for the 
water. The direction of the channels likewise tends to brin the main 
flood and ebb streams through the western channel, and t a is is par- 
ticularly the case on the ebb. 

The fact that the ebb current has the greater velocity and the 
greater duration might be taken to indicate the presence of fresh- 
water flow toward Upper Bay, but the subsurface currents, to be dis- 
cussed presently, do not bear this out. The reason for the greater 
velocity and duration of the ebb current must be sought in the 
character of the tidal movement in the East River. 

An examination of fi ure 23 shows that on the assum tion of 

zontal about 2.9 hours and 8.7 hours, and that from 2.9 hours to 
8.7 hours, or 5.8 hours, the current would be setting toward Long 
Island Sound or flooding. The hours of figure 23 are lunar hours and to 
convert them into solar or ordina hours, they must be multiplied 

is 6.0 hours, and of ebb 6.4 hours. These values are in fairly good 
agreement with the values of 6.1 hours and 6.3 hours derived directly 
from $he observations. 

Since the flow through East River is primarily hydraulic in char- 
acter, it is to be expected that the time of current should be the same 
throughout the River. Furthermore, since the slacks should come 
about the time the slope lines are horizontal, it follows that the 
alaak before flood shodd come about 2.9 hours and the slack before 
ebb about 8.7 hours. The hours of figure 23 are lunar hours reckoned 
from the time of transit of the moon over the meridian of the Battery. 
The lunitidal intervals at  Sandy Hook are 7.6 for the high water and 
1.5 for the low water. Hence from the slope line diagram, the slack 
before flood in lower East River should come 1.5 hours after low water 
a t  Sandy Hook, and slack before ebb 1.4 hours after high water. 
This is about half an hour earlier than the data in table 66 give. 
But part of this discrepancy is to be ascribed to the fact that in the 
slope-line diagram no allowance is made for the momentum of the 
moving mass of water; and obviously the effect of this momentum is 
to make slack water occur somewhat after the time the water a t  both 
ends of East River has attained the same level. 

From the slope-line diagram, too, the time of strength of current 
can be derived, for the strength must occur when the slope lines have 
their greatest slope. Figure 23 shows these times to be about 6.5 
hours for the flood and 0.5 hour for the ebb. With respect to the 
times of hi h and low water at Sandy Hook, therefore, stren th  of 

hour before low water. From table 66 it is found that the strength 
of flood in lower East River, from the more recent data, comes 0.7 
hour before hi h water, and strength of ebb comes 1.1 hours before 
low water. '8hese values, again, are in fair agreement with tba 
values derived from the slope-line diagram. 

hydraulic flow through 5 ast River, the slope lines would t e hori- 

by 1.035. So that from the slope- 7 'ne diagram the duration offlood 

flood shoul f come 0.9 hour before high water, and strength of e % b 1.0 



TIDES AND CURRENTS IN NEW YORK HARBOR 173 
CURRENT DATA, YARIOUS DEPTHS, LOWER EAST RIYER 

For a number of the stations in lower East River t8here are avail- 
able also subsurface observations a t  three depths, namely, 0.2, 0.5, 
and 0.8 of the depth at  each station. The results derived from these 
observations, with the velocities of the flood and ebb strengths 
corrected to mean values, are given in table 67. The observations 
with the current pole a t  these stations, which pertain to a depth of 
7 feet and which have been given in a slightly different form in table 
66, are included for pur oses of comparison. For several of these 

the bifilar direction indicator. 
stations the directions o P the current were determined by means of 



TABLE 67.-Current dah, various depths, lower East Rwer 
[Referred to times of HW and LW a t  Sandy Hook, N. 5.1 

Direction 
(true) 
-- 

Veloo 
ity 

S. 51 W. 

S. 42 W. 
._.___.__. 

._________ 

.-.~ ._____ 

Knot8 
2.50 
240 
2 10 
1.80 

3.22 
3.25 
3.03 
277 

268 
1.88 
1.66 

3.55 
279 
291 

.____-.--- 

3.09 
250 
1.53 

8.65W. 
8.59 w. 
9. 36 w. 
9.41 W. 

6 . 4 2 2 .  
8.42W. s. 42 w. 
9. 21 w. 

0.21 
0.4s 
0.37 
0.37 

L53 
194. 
173  
1.58 

9.44 W. 
8.39 w. 
8.26 w. 
8.2)W. 

0.62 
1.03 
1.19 
Lo8 

- - 

Sts. 
tioi 
no. 

- 

4 

6 

7 

8 

8 

g 

10 

11 

- - 
Ebb 
iura- 
tion 

- - 

;lack 

- - 

%od 
Iura- 
tion 

- - 

Slack 

__ 
'rows 
aflm 
If w 
230 
220 
230 
220 

220 
2 19 
2 18 
2 18 

2 10 
208 
208 

226 
226 

226 
225 

2 32 
2 32 
2 10 

262 
255 
248 

2 32 
226 
2.27 

2m 

220 

Observations Flood strength Ebb strength 

Location Party of- 
- 

rime rime Direction Veloc 
(truo) ity 

I 

!$ Method Depth I I  Date 

I I  rows 

% 
2.31 
2 41 
2 41 
2 51 

220 
2 16 
2 16 
2 18 

208 
2 19 
222 

230 
2 37 
233 

2 16 
228 
2 32 

2 19 
227 
224 

2 12 
2 31 
2 42 

1.84 
204 
2 18 

fours 
KlWe 
H W  
0.42 
0.42 
0.52 
0.42 

0.77 
0.61 
0.62 
0.57 

1. 15 
0.88 
0. 75 

0.54 
0.72 
0.56 

0.71 
0.76 
0.70 

0.86 
0.86 
0.89 

0.54 
0.72 
0.76 

0.84 
0.87 
0. €3 

'Ioura 
before 
LW 
0.88 
0.99 
0.89 
0.89 

0.85 
1.01 
1.02 
0.89 

1.33 

L33 

0.93 
0.85 
0.83 

1.18 
1.21 
1. 13 

1.25 
1.25 
L 16 

1.07 
0.98 
1.07 

1. 15 
1.10 
1.05 

1. m 

)ags 
2 
2 
2 
2 

Ioura 
6.30 
6. 50 
6.40 
6.60 

6.29 
6.26 
6.27 
6 . B  

6.2, 
6.40 
6.43 

6.33 
6.40 
6.42 

6.19 

6.41 

6.16 
6.24 
0.43 

5.79 
6.05 e. 23 

5.81 
6.07 
6. 21 

6. 32 

lfour: 
6. 12 
5.92 
6.02 
5.82 

6. 13 
0 16 
6.15 
6. 13 

6.15 
6.02 
5.99 

6.09 
6.02 
6.00 

6.23 
6.10 
6.01 

6.28 
6.18 
5.09 

6.63 
6.37 
6.19 

6.61 
6.35 
6.21 

Off Ccanties Slip, New 
York. 

Aug. 44,1932 _ _ _ _ _ _ _ _  

July S A W .  16.1922- 

Oct. 25-Nov. 1,1932-- 

Nov. 2-5.1932 _..____. 

Oct. 12-Nov. 5,1932--- 

Sept.m-%1932 -._--- 

Oct. 1946,1932 _-._-_- 

Oct. 12-19,1932 _ _ _ _ _ _ _  

Off Fletcher St., New 
York. 

Off B e e b a n  St.. New 
York. 

____do _ _ _ _ _ _  ___. -. - .. . . 

____do ___________.__ _ _ _  

Below Fnlton St., 
Brooklyn. 

Off Dover St., New 
York. 

Mid-channel. Brooklyn 
Bridge. 

Wallabont Bay _ _ _ _ _ _ _ _  

----do - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

OB Corlear St., New 
York. 

----do _._______________ 

oil 8. 9th St., Brook- 
I D .  

OBN. 2d St., Brooklyn 

Off 18th St., New York 

Off 19th St., New York 

12 

13 

14 

15 

la 

19 

m 

23 

24 

28 

29 

b p t .  !& 1922-..- _ _ _ _  

.---_do ____. - .- __. _ _  _ _  - 

Sept.24-25,19m .-.-.- 

Sept. I, 1922 _ _ _ _ _ _ _ _ _ _  

Oct. w, 1932 _ - _ _ _ _ _ _ _  

a p t .  21-22,1820 ____._ 

Sept. 1,1922 _ _ _ _ _ _ _ _ _ _  

---_do ____._. _ _ _ _ _ _ _ _ _  

Ang.31-6ept. I, 1922-- 

J a b  25-30, 1922 _ _ _ _ _ _ _  

___.do __._____________ 

1 
I 
1 
I 

1 

1 
j 

i 

I 
I 
i 
I 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
I 

i 
5 
1 
1 
I 
1 

a! 
a! 
4! 
4! 

4! 
4! 
a! 
4! 

0.99 
1.69 
1.69 
1.69 

209 

2 19 
2 19 

2 14 
2 17 
2 I9 
2 21 

1.89 
209 
2 19 
2 19 

2 41 
2 41 
2 41 
2 31 

234 
2 37 
234 
2 31 

269 
269 
269 

L89 
LO9 
1.69 
1.69 

3.39 
3.19 
3.24 
3. 19 

1. 9Q 
207 
207  
206 

1.87 
1.92 
2 0 6  
2 0 6  

2. 29 

0.01 
1.61 
0.31 
0.31 

1.61 
1.41 
1.31 
0.81 

0.21 
0.83 
1. 16 
0.70 

1.01 
0.61 
0.91 
0.91 

0.42 
0.02 
0.32 
0. 00 

0.71 
0.63 
0.51 
0.14 

0.81 
L 51 
1 . n  

0.31 
0.81 
L 01 
L 01 

0.11 
0.11 
0.11 
0.31 

0.71 
0.44 
0.40 
0.43 

0.34 
0. D 
0.09 

am 

1. 77 
2 18 
1.92 
1.87 

203 
2 14 
1.43 
1.08 

3.19 
277 
265 

0.83 
0.75 
LOO 
LO5 

1. Bo 
1.70 

2 10 

3.87 
3.73 
3.44 
298  

0.40 
0.35 
0.36 

1.61 
1.14 
1.35 
1.30 

0.10 
0.35 
0.34 
0.35 

1.45 
1 .8  
1.49 
1.36 

1.48 
LS2 
L l  
125  

3. m 

220 

7.63 
0.63 
6.93 
7.03 

6.43 
5.73 
5.83 
6.73 

6.68 
6.63 
6.48 
&23 

6.23 
6.33 
6.23 
6.23 

6.92 
5.92 
6.02 
6.12 

0.13 

6.18 
6.28 

6.43 
5.43 
5.43 

e. 23 
7.83 
7.33 
7. 23 

5. e3 
6. P 
6.18 
5.33 

6.00 
5.89 
6.93 
6.02 

6.15 
6.34 
(122 

6. is 

6.25 

239 
2 49 
2 49 
259 

239 
L89 
1.89 
1.79 

269 
2 57 
254 
2 31 

1.9Q 
229 
229 
229  

220 
220 
230 
230 

234  
242 
2 39 
246 

L9Q 
1. 9Q 
1.98 

L9Q 
279 
279 
2n 
289  
229  
229  
2 38 

1.86 
1.83 
1.87 
1.95 

L99 
2 13 
2 15 
218 

1.41 
1.71 
1.51 
1.51 

1.11 
1.81 
L 71 
1.51 

0.36 
0.03 
0.88 
0.04 

1.61 
1.91 
1.71 

LO9 

0.89 
0.89 

LO1 
0.98 
L I0 
L 14 

1. 16 
L 01 
L 11 

____. 

0. 

_ _ _ _ _  
__--- 
----- _--__ 
1.51 
1.61 
1.11 
0.61 

1. OB 
0.88 
0.83 

L33 
125 
0.94 
0.89 

am 

4.89 
5.48 
5.49 
6.39 

6.99 
0.69 
6.59 
6.69 

5.74 
5.89 
194 
0.19 

6.09 
6.19 
6. 19 

6.60 
6. 60 
6.40 
6.30 

6.29 
0.24 
6.24 
6.14 

6.9Q 
6.9Q 
6.w 

6.19 
4.59 
6.06 
6. I9 

0.7Q 
7.19 
7.24 
7. 09 
e. 42 
0.63 
6.49 
6.40 

6.27 
LOB 

0.17 

a 19 

6.20 



TABLE 67.-Current data, variow depths, lower East River-Continued 

Dlrection Veloc 
(true) ity --- 

Knots 

Flood 
dura- 
tion 

€lours 

rzi Mothod Dcpti 

N. 2 E. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  -____---- 

1.87 6.16 
1.96 0.34 
1.90 0.29 
188 6.27 

H. C. Denson --' 

____do _ _ _ _ _ _ _ _ _ _ _  

R. J. Auld _ _ _ _ _ _  

E. 0. Denson--- 

R. J. A d d  _ _ _ _ _ _  

H. C. Denson-.. 

R. J. A d d  _ _ _ _ _ _  

H. C. Denson--- 

July 25-30.192a 

Aug. 3lSept. 1,1922- 

Aug. 27-28,1920 _ _ _ _ _ _  

Ang. 31-Sept. 1, 1922- 

Oct. 14-15, 1920 ______-  

Oct. 2, 1922 __________-  

Sept. 2829,1920 _ _ _ _ _ _  

Aug. 4-7, 1922 _ _ _ _ _ _ _ _  

N.ll W. 
N. 9W. 
N.25 W. 

1.10 
L35 
1.45 

35 

37 

38 

40 

41 

47 

51 

Off Ormne St., Brook- 
lyn. 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Off 25th St., New York 

Newtown Creek en- 
tranca 

Vernon Ave. Bridge, 
Newtown Creak. 

East Channel, Black 
wells Island. 

Wast Channel, Black. 
wells Island. 

_____-__-  
N. 2 W. 
N. 2W. 
N. 2W. 

__--___ 
1.43 
1.17 
1.02 

N.58E. 0.34 
0.35 
0.25 
0.30 

1 
1 
1 
1 

FA 
2% 
2% 
2% 

Pole.---l 7 
Meter-- 0 

---do _ _ _ _  16 
.--do _ _ _ _  24 

Pole..-- 7 
Meter-- 15 

-..do _ _ _ _  37 
---do _ _ _ _  I 

6% 

68 

61 

62 

04 

65 

E& Channel, Black- 
wells Island. 

West Channel, Black- 
wells Island. 

East Channel, Black- 
wells Island. 

Hell Gate _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1.41 
1.31 
1.61 
1.39 

1.43 
1.31 
1.79 

1.56 
1.63 
1.40 
1.04 

1.38 
1.27 
1.30 

1.17 
1.13 
1.13 

------ 

8.32 W. 3.30 _ _ _ _ _ _ _ _ _ _  3.17 _ _ _ _ _ _ _ _ _ _  2.98 - -________ 247 

- -________ 5.03 _ _ _ _ _ _ _ _ _ _  5.24 - - -_-_-___ 5.44 

8. 17 E. 1.65 
- -________ 1.65 _ _ _ _ _ _ _ _ _ _  1.50 _ _ _ _ _ _ _ _ _ _  1.31 

-_____.___ 1.71 _ _ _ _ _ _ _ _ _ _  242 - -________ 3.20 

_ _ _ _ _ _ _ _ _ _  4.68 _ _ _ _ _ _ _ _ _ _  4.11 _ _ _ _ _ _ _ _ _ _  3.84 

- -__-_____-_-___ 

1 
1 
1 
1 

16 
10 
10 

Pole..-- 
Metar-- 

---do _ _ _ _  
---do _ _ _ _  
--.do _ _ _ _  
---do _ _ _ _  
---do ____ 

- - 
Cbb 

ion 
U l W  

- 

burr 
6.26 
6.08 
6.13 
6.15 

5.39 
5.39 
5.59 

0.19 
6. 19 
6.14 
0.04 

6.69 
6.59 
6.59 
6.59 

0.28 
6.04 
6.29 
6.49 

0.09 
6.39 
6.29 

5.82 
5. so 
5.76 
5.70 

6.47 
6.35 
6.33 
0.39 

Observations I Floodstrength 1 Ebb strength 

Party of- 1 Date rime Directioz 
(true) 

lours 

LW 
L90 
L89 
204 
205 

1.89 
1.89 
1.69 

2. OB 
1.99 
202 
208 

2.29 
2 19 
2 19 
2.19 

2 09 
2 17 
2 24 
2 41 

2 19 
229 
209 

1.79 
1.82 
1.74 
1.71 

229 
2 12 
2 11 
2 12 

lnu 
€ours 
*fOTC 
H W  a 57 
0.14 
.o. 09 
.o. 30 
1.16 
0.21 
0.21 

0.88 
0.51 
0.59 
0.98 

1.41 
1.51 
1.81 

.O. 14 
-0.07 
0. 16 

-0.06 

1.21 
1.41 
1.71 

0.36 
0.43 
0.41 
0.34 

0.90 
1.29 
1.24 
L04 

.__--. 

lours 

1.93 
2 10 

228 
279 
279 
2 69 

2 19 
2.09 
2 17 
2 31 

1.89 
1.89 
1.89 
1.89 

222 
2 42 
2 24 
2 21 

2.39 
2 19 
209 

2.26 
2.31 
2.27 
2 24 

2.11 
2. OB 
2 07 
2.02 

% 
220 

-lours 
,clorc 
LW 
1.57 
1.50 
1.25 
1.07 

0.01 
0.01 
0.41 

1.21 
1.91 
1.84 
1.48 

1.41 
1.41 
1.41 
I. 31 

1.21 
0.78 
0.36 
0.69 

0.61 
0. 11 

-0.19 

1. 10 
1.73 
1.46 
1.49 

1.01 
1.33 
1.24 
1.41 

0 

8. 9 w .  
.- 

rCnots 
1. 75 
1.75 
1.70 
1.58 

0.54 
0.75 
0.80 

1.82 
1.62 
1.72 
1.82 

1.73 
1.88 
1. E7 
1.77 

0.29 

0.25 

0.31 
0.21 
0.31 

1.87 
1.92 
1.70 
1.41 

0. m 
0. m 

4 70 
4. 52 
4.15 
3.72 

._ 
9. BE. 
S. BE. 
9. 1 w. 
9. 14 E. 
.- -_-___- 

7.03 
7. 03 
6.83 

6.23 
6.23 
6.28 
6.38 

L73 
5.83 
5.83 
5. E3 

6.16 
6.38 
6. 13 
5.93 

0.33 
6.03 
0.13 

0.60 
0.62 
6.60 
6.66 

6.95 
6.07 
6. 09 
6.a 

.- -___-_- 
9. 2 w .  s. 5W. s. 11 w. s. 11 w. 
5.49 w. 

0.41 
0.31 
0.31 

N.32E. ' 262 
2.52 
221 
217 

.____do _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Aug. 27-28, 1920 _ _ _ _ _ _  

Bept. i8-20,im _ _ _ _ _ _  

May 31-June 16, 1932. 

May 12-23.1932 

Apr. %May 7,1932-. 

7 
6 

16 
20 

7 
10 
25 
40 

7 
10 
18 
40 

14 
35 
56 

9 
22 
35 

8 
20 
32 

2 01 
2 01 
1.99 
1.99 

204 
2 12 
1. 99 
2 01 

204 
227 
224 
2 21 

1.83 
200 
2 12 

230 
230 
230 

256 
256 
258 

0.66 
0.71 
0.88 
0.70 

---__ 
1. 13 
1.11 
1.34 

0.66 
0.73 
0.76 
0.49 

1.02 
1.00 
1.01 

0.90 
0. P1 
0.91 

0.84 
0.85 
0.83 

6.33 
6. I4 

0.10 

6.38 
6.18 
6.33 
6.28 

6.38 
0.33 
6.38 

6.54 
6.37 
6.21 

0.07 
0.07 

6.04 
0.01 
5.01 

a 10 

6.53 

408 

2 21 
202 
202 
202 

229 
2 17 
2 19 
2 10 

244 
2 52 
2.44 
2 46 

224 
224 

224 
224 
223 

2 47 
243 
2 38 

220 

6.09 
6.2s 
6.26 
6. 26 

6.04 
6.24 
(LOB 
6.14 

5.88 
0.04 
0.09 
6.04 

5.88 
6.05 
0.21 

0.35 
6.35 
0.36 

6.38 
6. 41 
6.48 
- 

R. J. A d d  _ _ _ _ _  

U. 8. Engineenr 

____do _ _ _ _ _ _ _ _ _ _  

____do 3.32 
292 
260 
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At station 9 there are 2 series of observations totaling 30 days. 
The results here may, therefore, be considered as relatively well 
determined. The data of table 67 show that the slack before flood 
becomes somewhat later with increasing depth, while the slack before 
ebb becomes somewhat earlier. As a result, the duration of flood 
decreases while that of ebb increases. 

Both flood and ebb strengths decrease in velocity with increasing 
depth, the rate of decrease at station 9 being 0.02 knot per foot for 
the flood and 0.03 knot for the ebb. At all three depths, however, 
the ebb has the greater velocity. 

These features are also indicated by the observations a t  the other 
stations. But as found for the current near the surface, so in the 
subsurface currents, the conditions at certain stations may differ 
from the general conditions above. Thus at station 11, the flood 
strength has the greater velocity a t  all depths due to the fact that 
this station is located within the full sweep of the flood current but 
to one side of the main ebb current. Station 35 shows a longer dura- 
tion for the flood than for the ebb which likewise is to be ascribed to 
its different location with regard to the main flood-and ebb currents. 

At stations 28 and 30 it will be recalled that, although located on 
the same cross section of the river, the current near the surface at 
the former station has the greater ebb velocity, while a t  the latter 
station the flood current has the greater velocity. The data of table 
67 show this same condition to obtain a t  all depths. 

CURRENT HARMONIC CONSTANTS. LOWER EAST RIVER 

For the purpose of predicting the current in lower East River, the 
observations a t  three stations were subjected to harmonic analysis. 
At station 9 the meter observations a t  the 11-foot depth covering a 
period of 24 days were analyzed; a t  station 62 the meter observations 
at the 14-foot depth for a period of 15 days; and a t  station 64 the 
meter observations at the 9-foot depth over a period of 15 days. The 
harmonic constants are ven in table 67a, the values enclosed in 
parentheses being derive f by inference from the principal constants. 

TABLE 67a.-Current harmonic constants, lower East River 
9- 

I station no. 9 
Component I, 

Station no. 62 

H 

Knota 
(0.01) 
0.08 
(0.11) 
(0.08) 
(0.01) 
2.22 
0.23 
0.16 
0.04 
(0.43 

0.07 
(0.02) 
(0.01) 
0.42 
0.04 
0.04 
(0.02) 

- 
X 

Btatlon no. 64 

H 

Knot8 
(0.01) 
0.11 

3.83 
0.16 
0. 23 
0.04 
(0.74) 
(0.10) 
0. 10 
(0.04) 
(0.02) 
0.32 
0.01 
0. OK 
0.02) 
1.03) 0.08) 

(0.14) 
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For upper East River there are a t  hand current observations for 67 
stations, the locations of which are shown on figures 44 and 44a. 
These observations may be taken to pertain to the current at  a depth 
of about 7 feet. The results derived from these observations, with 
the velocities of the flood and ebb strengths corrected to mean values, 
are given in table 68. 

The tide in upper East River is about 3 hours later than at  Sandy 
Hook. Applying this difference to the times given in table 68, it is 
seen that the easterly current in upper East River attains its strength 
about 4 hours before local high water and hence on a rising tide. The 
easterly current here is therefore the flood current and the westerly 
current the ebb current. This likewise was the case in lower East 
River, so that throughout the whole length of East River the current 
setting from Upper Bay toward Lon Island Sound is the flood current, 

the ebb current. 
Taking the southern end of upper East River as lying between Mill 

Rock and Hallets Point, the data of table 68 show that in the axis of 
the channel the time of slack before flood becomes earlier in oing 
eastward as far as the section between Whitestone and Throgs geck, 
the difference in time being about half an hour. The slack before ebb 
in the same stretch appears to become somewhat later. As a conse- 

uence, the duration of flood in this stretch increases from west to east. 
?n Hell Gate th8 duration of flood averages about 6 hours, while in 
the section between Whitestone and Throgs Neck it averages about 7 
hours. For upper East River as a whole, therefore, the flood has the 

eater duration, which reverses the conditions found in lower East 
giver, where ebb has the greater duration. 

The conditions described in the preceding paragraph apply only to 
the current in midchannel. Closer to shore, conditions are different 
being influenced by local hydrographic features. Thus, for station 48 
the times of the current stand out strikingly different from the values 
at the nearby stations in midchannel. A lance a t  figure 44 shows that 

a relatively restricted area and, therefore, there can be but little 
Hence, the time of high and low water in 

hushing Bay must occur but little later than in upper East River, and 
this is shown by the tidal observations listed in table 42. But the 
strength of the current in the entrance to Flushing Bay obviously 
must occur when the tide is rising or falling most rapidly-that is, 
about 3 hours before local high or low water-while the slack must 
come about the times of high and low water. In  u per East River 

From the reasoning above, the current at station 48 should be about 
2 hours later than in upper East River. Tho data in table 68 show the 
current a t  station 48 to be later by 2j4 hours. 

The velocity of the current in upper East River is much less than in 
lower East River, except for the stretch in the immediate vicinity of 
Hell Gate where velocities of 4 knots and over are encountered. 
In  other parts of upper East River the velocities are less, 

between lower and upper East River is that in the former the ebb 
enerally has the greater velocity, while in the latter the flood generally 

f a s  the greater velocity. 

SURFACE CURRENTS, UPPER EAST RIVER 

while the one setting from Long Is 7 and Sound toward Upper Bay is 

station 48 is located a t  the entrance to F P ushing Bay. This bay is of 

rogression of the tide. 

roper the curfent attains its strength 5 hours before P oca1 tide, hi nce, 

between 1 to 3 knots a t  average strength. Another 



TABLE BS.-Surface current data, upper East River 
[Referred to times of HW and LW at Sandy Hook, N. J.l 

Location 

- - 

Sta- 
tion 
no. 

- 

1 

1 
2 
3 
4 

5 
6 

7 
9 
14 

16 
17 
18 
19 
25 

26 

27 
25 
29 
30 

31 
32 
33 
34 

35 

Party of- 

o 

9.85 w. 
N. 60 N. 
5. 50 W. 
6. 5 N. 
s. 20 w. 
S. 40 W. 
N. 70 W. 

H. C. Denson-.-. 

I. E. Rittenbnrg. 
T. A. Craven.--. 
C. H. Davis _____. 
T. A. Cramn.--. 

Knols 
2.3 

2.9 
0.6 
1.0 
0.8 

0.8 
0.5 OfI 105th St-.-. _ _ _ _ _ _ _ _ _ _ _ _  

Between Mill Rock and 

____do _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  Wards Island. 

N.SO W. 
9.40 W. 
s.35w. 
8. 20 w. 
N.60 W. 

____do C. H. Davis-..-.. 
Above Hell Oak. Bridge---.- _____do 
East of Wnrds Island _ _ _ _ _ _ _ _  H. Mitchell 
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J .  R. Ooldsboroug 
Between Sunken Meadow I. E. Rittenburg. 

and Wards Island. 

4.6 
21 
2 3  
2.4 
0.6 

5.45 w. 
S. 40 W. 
9. 50 w. 
5.40 W. 
5.45 W. 

Bronx Kill Entrance _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _  
Bronx Kill, East end _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _  
Bronx Kill H. C. Denson..- 
West of North Brother r 1.E.Rittenburg. 

2 0  

3.3 
2.4 
2.0 
2.6 

I Island. 

Islnnd. 
South of North Brother _____do _ _ _ _ _ _ _ _ _ _ _  

Betweon Sunkan Meadow 

Off Iawrence Point _ _ _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ . _ _ _ _ _ _ _  
____do . . . . . . . . . . . . . . . . . . . . . . .  
-..-do. _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  

and Randalls Island. 

Observations 

_____do _ _ _ _ _ _ _ _ _ _ _  
R. J. Auld _ _ _ _ _ _  
H. Mitchell _ _ _ _ _  
H. C. Denson ... 
I. E. Rittenburg. 

Date I EJ 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  
October 19% . . . . . . . . . . . . . . . . . . . .  
July 1558.-.--.-.-.---...--.----- 
A u w t  1922. ___________________. 
August 1932 ________________.____ 

_____do .__________________________ 
September I ! ? Z l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
August 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
July 1932 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~ - 
September 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I- 

2 

1 

? 
2 

2 
1 
1 
2 

2 

I Day8 
Angost 1922-.-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  1 

N. 75 W. 
N.50R’. 
N. 50 W. 
6.35 w. 

0.P 
1.1 
1.Q 
1.7 

J. R.Qoldsborongh October 1846-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
R. J. Auld _ _ _ _ _ _ _ _  September 1820 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1’ 
L E. Rittenburg-- July 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 

N.50W. 
N.M W. 
N.80 w. 

0.6 
0.9 
1.3 

N.85 W. 
8. 50 E. 
N.60W. 
N.45 W. 
8.85 m. 
8.80 w. 
8.85 w. 
N.25 W. 
S . i O  W. 

1.6 
0.3 
1.1 
1.0 
1.0 

1.3 
@.5 
0.5 
1.4 

16 
47 
48 
49 
50 

- - 

ilack 

_ _ _ _ _  do-. . . . . . . . . . . . . . . . . . . . . .  I. E. Rittanhurg.- July1932 . . . . . . . . . . . . . . . . . . . . . . .  2 
Flushing Creeg Entrance.--- .____do- _ _ _ _ _ _ _ _ _ _ _  September-October 1032 _ _ _ _ _ _ _ _ _  1 
OR College Pomt _ _ _ _ _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _ _ _  Se tember 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  1 
OR Clawn Point _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittcnbnrg.- J d y  1932 _.__________ ~ _ _ _ _ _ _ _ _ _ _ _  2 
OR Old Ferry Point---. _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _  _____do ._____ ~ _ _ _ _ _ _  ~ _______._____ 2 i 

1.8 

2 0  
21 
1.7 
2 5  

2 6  
1.8 

1.6 
21 
2 4  

I. 5 
1.5 
2 5  
2.4 
0.9 

2.1 

2 6  
2 3  
21 
2 6  

2. 1 
1.3 
1.7 
2 5  

1.7 

-. .. 
8.45 w. 
_ _ _ _  ~ _ _ _ _  
________. 
s. (10 w. 
6. $5 W. 
s. r O  w. 

2 6  
2 5  

2 7  
1 7  
2 4  

1.7 
3.7 
2 2  
28 
1.9 

21  
4.3 
4.9 
1.9 
0.9 

0.4 
0.9 
1.3 
L1 
0.3 

0.6 
1.0 

0.1 
1.8 

1. R 
1.4 
2 2  
0.0 
0.0 

0.5 
0.9 

-0. 1 

a 3  

1.4 

1.6 
1.3 
1.3 
1.6 
1.1 

Flood strength 

51 
52 
53 
53 
54 

rime 

- 
fours 
ufore 
I W  
0.9 

0.4 
0.3 
1.5 

-0.4 

0.9 

2. 1 
1.3 
0.4 

1.4 
21 
0.8 
0.5 
0.7 

1.3 

1.1 
0.8 
0.8 
0.5 

1.4 
1.0 
0.5 
0.7 

0.9 

-0. a 

_____do _____._________________ -4ugust 1885 _ _ _ _ _ _ _  ~ 1 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I! 
_____do .___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 

0.7 
0.7 

0.2 
0.8 
1.0 

1.7 
-0.4 
0.6 
1.4 
1.6 

1.1 
-1.2 
-1.7 
1.4 
1.3 

1.5 
1.6 
2.0 
1.5 
2 3  

1.1 
1.6 
1.4 

L’I 
1.5 

1.6 
2 8  
2 7  
0. Q 
2 8  

1.3 
1.3 
1 3  
- 

55 
66 
57 

58 
69 

Xrection 
(true) 

E. 

S. 80 E. 
N. 55 E. 
N. 40 E. 
N. 45 E. 

N. 35 E. 
S. 75 E. 

9.85 E. 
N. 35 E. 
N. 70 E. 
S. 85 E. 
N. 35 E. 
N. 45 E. 
N. 60 E. 
9.70 E. 

N. 50 E. 

N. 45 E. 
N. 40 E. 
N. 45 E. 
N. 45 E. 
S. 80 E. 
S. 65 E. 
9.35 E. 
N. 40 E. 

N.65 E. 

__.__do.. _ _ _ _ _ _ _ _ _ _ _ _  ~ ___._____ H. L. Marindin.-- Angust 1885 _ _ _ _ _ _ _ _ _ _  1 ____._____ 
OR Whitestone Poht  _ _ _ _ _ _ _ _  J.R.Goldsborougb October 1846 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  1’ 
Between Thmgs Neck and H. E. Finnegan... June 1929 ____.___________________ 1 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. E. Rittanbnrg.- Jaly 1932 __________._________---. 2 
_____do ___________________.___ I _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 2 

Whitestone. 

8.45 E. 
E. 

S. 30 E. 
S. 70 E. 
6. 75 E. 

N. 80 E. 
N.55 W 

E. 
N.50 E. 
N. 70 E. 

S. 85 E. 
N. 70 E. 
8.45 E. 
N.80 E. 
N. 75 E. 

. - - - - . - - - 

. - - - - - - -. 
N. 65 E. 
N.80 E. 
N.85 E. 

6.65 E. 
S. 50 E. 
S. 80 E. 
9.65 E. 

S. 70 E. 
6.75 E. 
5.85 E. 

E. 
N. 55 E. 

E. 
9.85 E. 
N. 83 E. 

._ ._____. _ _ _ _ _ _ _ _ _  
N.50 W. 

x.65w. 
N. 75 W. 

x . 5 0 ~ .  

- 
reloo 
itY 
- 

<nata 
2 3  

3.1 
0.5 
0.9 
0.7 

0.6 
2 6  

2 3  
2 4  
4.5 

3. 1 

3.2 
2. 6 
1.5 

5.1 

1.2 

3.0 
3. 1 
2 4  
3.8 

0.6 
1.1 
1. G 
21 

2 8  

1.1 
1.1 

1.1 
1.5 

a9 

1. 1 
2 0  

1.0 
1.9 
1.9 

1. 1 
0. 4 
1.3 
0.5 
1. 1 

1.2 
c. 4 
0.6 
1.6 
2 0  

2 0  
1.5 
1.0 
1.7 
1.0 

0.9 
1.4 
2 0  

1.8 
I. 5 

1. s 
1.0 
1.0 
I. 0 
0.9 

1.2 
1.2 
1.0 
- 

1;o 
61 
62 
g3 
64 

65 
66 
67 

- - 
Plwd 
Iura- 
tion 

- 

fours 
6.0 

5.9 
6.3 
5.7 
6.4 

5.9 
6.2 

5.8 
5.5 
6.0 

6.0 
5.7 
6.3 
6.2 
7.6 

5.7 

5.8 
6.2 
6.2 
6.1 

6.0 
6.9 
G. 4 
6.3 

6.9 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  H. E. Finnegan--. June I929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
 do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _  ~ --..-do - _ _ _ _ _ _ _ _ _ _  ___________._ 1 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. E. Rittenburg.. July 1932 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
_____do _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  H. Mitchell _ _ _ _ _ _ _  July 1%5X _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _  6 
Bemeen Thmm Neck and H. 0. Denson _ _ _ _ _  July 1922 _______________.________ 1 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 11! _ _ _ _ _  do--- _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. J. Auld _ _ _ _ _ _ _ _  Sa tember 1920 1 
_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  H. C. Denson _ _ _ _ _  J& 1922 _ _ _ _ _ _  ::II:::::::::::::: 1 

Willets Point. 

5 8  
6. 4 

6. 5 
6.8 
6. 3 

7. 1 
4.7 
6.2 
6.3 
6.1 

BO 
G. 6 
5.4 
6.6 
7.3 

7.0 
6.8 
6. 3 
7.5 
8.4 

6.8 
6.9 
a5 

8.3 
6.6 

7. 1 
4.9 

7.4 
5.9 

4. a 

- 0  
1 . 1  
6.7 
8.1 
- 

N.75 W. 
N. 70 W. 
N.60 W. 
S. 85 \V. 
S.85N. 

- - 

;lack 

- 
‘lours 
a m  
HW 
1.7 

1.8 
2 3  
1.3 
2 8  

2 4  
1.9 

1.3 
1. .5 
2 3  

1.4 
1. 1 
2 7  
2.5 
2 4  

1.7 

2 3 
2 4  
2.2 
2 6  

2 0  
21 

27 

2 6  

2 0  

1.6 
1.0 
0.7 
0.8 
0.G 

2.2 
2 8  

3.1 
2.4 
2.6 

2. 7 
2 3  
2. 3 
3.0 
1.9 

2 0  
4.8 
4.2 
2. 4 
21 

1.3 
1.6 
1.5 
2. 5 
2. 6 

1.3 
1.8 
21 

2.3 
2.3 

0.1 
0.1 
1.9 

-0.2 

1. e 
1. e 
1. Q 

2 8  

- 

6. 70 TI’. s. 80 w. 
S.70 W. 

Ebb strength 

0.5 
0.7 
0.4 

- 
‘ h e  

- 
rourr 

2 0  

1.3 
1.8 
0.8 
1.2 

1.6 
1.8 

1.7 
1. Q 
1.0 

1.7 
2 2  
1.3 
0.6 
2 2  

1.3 

1.0 
1.4 
1.8 
1.3 

2 4  
2.0 
1.6 
1.0 

1.1 

%- 

0.9 
1.0 

1.5 
1.4 

1.4 
-0.4 

1. 1 
1.5 
1.6 

1.0 
-0.9 
-1.0 
1.3 
1.8 

2 4  
1.9 
2 2 
1.4 
1.8 

2 4  
L 6  
1.6 

2.3 
2 0  

2 2  
2 3  
1.7 
1.6 
1.8 

2.3 
2. 2 
2. 0 

I. a 

I 

-I- 

N.55W. 2 7  
S. 70 W. 4.2 
8. 85 W. 4.3 

8.75 w.1 1.7 

N 40 W 1.3 
S: 75 W:l 0.6 

- - 
:bb 
ura- 
ion 

- 

ours 
6.4 

6.5 
6. 1 
6.7 
6.0 

6.5 
6.2 

6.6 
G. 9 
6.4 

6.4 
0.7 
6. 1 
0.2 
4.8 

6.7 

6. G 
6.2 
6. 2 
6.3 

6.4 
5.5 
6.0 
6. 1 

5.5 

6. E 
6.0 

5.9 
5.6 
6.1 

5.3 
7.7 

6.3 M 

5.8 
5. 1 

5.6 
6.1 , 

4.9 

5.6 

4.1 2 

5.3 
7.5 
8.4 



FIGURE 44.-Current stations, upper East River. 
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The fact thnt the velocities of the current in upper East River are 

less than in lower Enst River is obviously due to the greater width of 
the channel in upper East River; but the reversal of tho relntivo mng- 
nitudes of the durntions of flood and ebb and of the flood nnd ebb 
strengths cannot be accounted for on this ground. If we compare 
the current data for the Hnrlem River given in table 64 with the data 
of table 68, we find that thc current in the Harlem is very nearly 
simultaneous with the current in upper East River. On the flood the 
ITnrlern is carrying the wntors from the TTudson into ICast, Iliver, a t  
which time the current is setting from lower Enst River into uppar 

Enst River. Thcro should, therefore, bo evidence in the current 
phrnomenn of upper Ens t  ltiver of the c of fresh-water flow both 
on account of t h o  fresh water from the son and nlso on nccoiint 
of' the frwh water from the various strcnms tributnry to upper JCast 
River. This evidence is found in the grcn r durntion of the h o d  
period nnd nlso in the grentcr velocity of the flood strength. We mny 
also expect to find the vtrticnl velocity distribution anti tho relntive 
durations of flood and ebb from surface to bottom showing tho cfYects 
of Eresh-wnter flow, which effects, it is to be recalled, were absent in 
lower I h t  Ilivcr. 



184 'IT. s. COAST AND GEODETIC SURVEY 

CURRENT DATA. VARIOUS DEPTHS. UPPER EAST RIVER 

Subsurface current observations are at hand for a number of stations 
in upper East River. These observations were made with the 
current meter at  three depths representing approximately two-tenths, 
five-tenths, and eight-tenths of the depth at each station. In addi- 
tion observations at  a depth of 4 feet were made at station 66. The 
resufts derived from these observations, with the velocities of the flood 
and ebb strengths corrected to mean values, are given in table 69. 
For comparison the observations made with the current pole, which 
pertain to the current at  a depth of 7 feet, are also included. 

The characteristic effects of fresh-water flow in tidal streams are 
exemplified in the current of the Hudson. The slack before flood 
becomes earlier from the surface downward, while the slack before ebb 
occurs about the same time at all depths, this feature causing the 
duration of flood to increase from the surface to the bottom. Further- 
more, the velocity of the flood strength decreases very slowly with 
increasing depth and may even increase, while the strength of ebb 
decreases at a relatively rapid rate. It is to be noted that in tidal 
streams like the Hudson the ebb current is the one that carries the 
fresh or nontidal water down to the sea; but in upper East River it is 
the flood current that carries the fresh water from the Harlem and 
from its own tributaries out toward the sea. Hence, the effects of 
fwsh-water flow enumerated above should, in upper East River, 
reverse flood for ebb. 

A t  station 65 the subsurface current observations were carried on 
uninterruptedly for 11% da s. The results of these observations 

69 shows that the slack before flood at  this station becomes some- 
what later from the surface downward while the sIack before ebb 
becomes earlier. Hence, the duration of flood decreases with in- 
oreasin depth, while the duration of ebb increases. At  the 7-fOOt 
depth t f e durations of flood and ebb are, respectively, 7.2 hours and 
6.2 hours, while at the 88-foot depth these become 6.7 hours and 5.7 
hours. 

The vertical distribution of the velocities of the flood and ebb 
strengths at station 65 shows the flood strength to decrease in veloc- 
ity at a relatively rapid rate, while the ebb strength increases in 
velocity to middepth and then decreases slowly toward the bottom. 
At the 7-foot depth the flood strength has a velocity more than 125 
percent greater than the ebb, but at  the eight-tenths depth the 
ebb strength ia only 12 percent greater. In upper East River, there- 
fore, the effects of fresb-water flow are clearly evident in the current, 
while in lower East River it is to be recalled the current was free from 
such effects. 

may therefore be considere B as relatively well determined, Table 



TABLIC GQ.-Current data, variow depths, upper East Rivet 
[Referred to times of HW and LW at Smdy Hook, N. J.] 

o 
N.89E. 

Loeation Party o c -  

-- W 

Knotd 
232 
2 12 
202 
1.73 

1 

1 

5 

Between Randalls and H. C. Denson-. I wards Islands 

-..--do ---- -- ---.___.____ LE.Rittenbnrg 

Off 1- 8t __._________ H. C. Denson-- 

5. 79E.  

.___-_-... 

N . 3 5 E .  
________.. 

._______.. 
_ _ _ _ _ _ _ _ _ _  
8. 7?E. 

Observations 

3.10 
2.70 
2 . w  

0.55 

0.57 

280 
220 

L w  

atx 
aa 

2.20 

Data 

Aug. 1-Z,1922 

Aug. 10-12.1932 _____. 

bog. 4-7,1823 _______. 

Bept. !a+% 1812 ___-_. 

June 646,15132 

1.80 ' s. KI w. 
2 1 3  _ _ _ _ _ _ _ _ _ _  
1.83 ____.----- 
1.31 _ _ _ _ _ _ _ _ _ _  
1.79 N. 72 W. 
1.69 ..__--_--- 
1.59 .__.____- - 
L49 _______- - -  

Feb. %Mar. 7,1932- 

Mar. aCApr. 8, 1832-. 

Apr. 2l-22,1932 _____. 

a 7 9  
0.89 
l.03 
1.05 

0.50 
0.80 
0 . a  
0.70 

- 
?e- nod 
- 

Dap 
1 
1 
1 
1 

2 
2 
2 

2% 
2% 
2% 
84 
2 
2 
2 
2 

10 
10 
10 

11 
11 
11 

12 
12 
12 

% 
k 
k 

6 

8 

10 

11 

Method I Deptl 

Betwean Mill Roclrand L E. Rittsnburg 
wards Island. 

Off 94th 8t _ _ _ _ _ _ _ _ _ _ _ _ _  U. 8. Engineers 

Hell Gate ---__.________ _____do _ _ _ _ _ _ _ _ _  

__--_do _._- --- -_.________ ____.do- _ _ _ _ _ _ _ _  

- - 

slack 

- 
Ymra 

1.79 
1.74 
1.74 
1.64 

2 01 
2 01 
2 01 

2 8 2  
2 4 6  
2 52 
2 31 

L 81 
1.91 
2 01 
2 01 

1.96 
1.93 
1.82 

240 
246 
2 57 

2.58 
2.60 
2.80 

240 
2.40 
2.40 

_ _ _ _ _ _ _  __. 
__.. 

.__- -  _ _ _ _ -  

Flood strength 

3.42 
3.30 
3.01 

3.58 
3.23 
3.04 

rime 
- 
YWra 
before 
H w  
0. E8 
0.66 
0.66 
0.51 

0.42 
0.42 
0.62 

-0.96 
-0.61 
-0.17 

0.92 
0.82 
0.72 

-a 57 

a 72 

a 71 

am 

0.74 
LO7 

0.70 
0.111 

0. 73 
0.73 

0.68 
0.68 
0.63 

a 71 

12 

Direction Veloc- 
(true) I im 

_____do _.________________ _____do _ _ _ _ _ _ _ _ _  

-I- 

- - 

Flood 
dura- 
tion 

- 

Hours 
6.03 
6.28 
6. 28 
6.48 

5.92 
5.92 
5.92 

5.88 
5.99 
5.68 
5.79 

6.21 
6.02 
5.92 
5.92 

6.45 
6.37 
6.40 

5.99 
5.95 
5.76 

5.95 
5.93 
5.94 

5.73 
5.73 
5.73 

- - 

Slack 

- 
YoUrr 

1.69 
1.8B 
I 8 9  

1.80 
L80 
1. so 
2 37 
2 32 
2. m 
LW 

l.90 
1.80 
1.80 
L80 

2.27 
2.17 
2.09 

2.28 
2.27 
220 

2.40 
2. 40 
2 41 

2.00 
2. 00 
2.00 

gg 

1. m 

Ebb strength 

0.88 ____..---. 3.59 
0.88 ____-..--- 3.27 
0.88 I 1  ---------- 2 9 5  

1.19 -_------ -- 4.77 
1.09 _________. 4.15 
1.09 i i  ..______-- 4.11 

- - 
Ebb 
Iura- 
tion 

- 

foura 
6.39 
6. 14 
6.14 
5.94 

6.50 
6.50 
6.50 

654 
6.43 
6.74 
6.63 

6.40 
6.50 
6.50 

5.97 
8.05 
6.02 

6.43 
6.47 
6.66 

6.47 
6.49 
6.48 

6.69 
6.69 
6.68 

6.20 



TAB- 69.--cUwsnt data, various d e p t h ,  upper h t  River-Continued 

Party of- 

U. S. Engineers. 

Date :; Method Depth 

--- 

Feel 
11 

3 ---do---. 28 
3 .--do _ _ _ _  45 

Apr. 12-15,1932 _ _ _ _ _ _ -  "3" meter 

Direction Vel* 
(true) ity 
- -_ 

-O Knots 
SW.cd 4.63 
________. 4.17 
_____.___ 3.23 

S. 86W. 4.31 
___.___ .._ 3.29 _ _ _ _ _ _ _ _ _  3.49 

_ _ _ _ _ _ _ _ _  4.20 _ _ _ _ _ _ _ _ _  3.85 _ _ _ _ _ _ _ _ _  3.49 

_ _ _ _ _ _ _ _ _  246 _ _ _ _ _ _ _ _ _  249 
_____.___ 296 

_ _ _ _ _ _ _ _ _  2.68 _ _ _ _ _ _ _ _ _  2.M) _ _ _ _ _ _ _ _ _  2.47 

_ _ _ _ _ _ _ _ _  2 4 i  _ _ _ _ _ _ _ _ _  2.22 _ _ _ _ _ _ _ _ _  231 

_ _ _ _ _ _ _ _ _  2.69 _ _ _ _ _ _ _ _ _  251 _ _ _ _ _ _ _ _ _  272 

SW.md 270 _ _ _ _ _ _ _ _ _  291 _-_---__- 277 

N.60 W. 0.30 _ _ _ _ _ _ _ _ _  0.60 _ _ _ _ _ _ _ _  ~ 0.70 

durn- 
tion 

__ 

Hours 
6.14 
6.29 
6.32 

6.37 
6.39 
6.44 

6.42 
6.41 
6.39 

0.10 
6.08 
6.09 

6.14 
6.13 
6.19 

6.34 
6.34 
0.37 

0.57 
6.61 
6.66 

6.30 
6.39 
6.42 

4.40 
4.80 
4.80 

0.41 
0.68 
0.70 

1.01 
1.04 
1.01 

0.73 
0.75 
0.75 

0.82 
0.82 
0.84 

0.88 
0.86 
0.89 

0.82 
0.88 
0.91 

2.70 
2.84 
297 

0.62 
0.52 
0.82 

N.70E. I 4.53 _ _ _ _ _ _ _ _ _ _  4.14 
______----  4.04 

-_---_---- 4.40 _ _ _ _ _ _ _ _ _ _  3.85 
-------- -- 3.59 

-_____-_--  3.45 _ _ _ _ _ _ _ _ _ _  3.51 _ _ _ _ _ _ _ _ _ _  4.14 

_____- -_- -  3.90 _ _ _ _ _  ~ ___. 3.83 _ _ _ _ _ _ _ _ - _  3.81 

_ _ _ _ _ _ _ _ _ _  3.42 _ _ _ _ _ _ _ _ _ _  3.05 _ _ _ _ _ _ _ _ - _  285 

_ _ _ _ _ _ _ _ _ _  2.34 _ _ _ _ _ _ _ _ _ _  2.24 
-_-------- 1.96 

_ _ _ _ _ _ _ _ _ _  1.44 
____- - - - - -  1.33 
._________ 1.29 

8. 69 E. 1.50 _ _ _ _ _ _ _ _ _ _  l.M) _________-  L40 

L - 

lack 

- 

2 
2 55 
248 
2.37 

2.26 
2.22 
2.19 

2.16 
2.22 
2 19 

2.40 
2.41 
2 41 

2.49 
244 
2.43 

2.30 
2.28 
223 

2 16 
2. 15 
2 02 

2.30 
2.25 
2.25 

2 40 
2.40 
2 40 

- - 

Sts- 
ti00 
no. 

- 

13 

14 

15 

20 

2! 

22 

23 

24 

25 

Flood strength I Ebb 
I Observations 

Location 

. . .. .. 

rime Direction Veloc- 
(true) ity rime 

?ours 
aftm LW 
2 40 
248 
2 40 

2 34 
2.32 
2.34 

2.29 
2 34 
229 

2 21 
2.20 
2 21 

234 
2.28 
2.33 

235 
2.33 
2.31 

244 
2.47 
2.39 

2.31 
2.35 
2. 38 

0.51 
0.91 
0.91 

Ymra 
kforc 
LW 
1.19 
1.21 
1. 17 

0.96 
1. 13 
1.06 

1.28 
1.31 
1.34 

1.48 
1.50 
1.41 

I .  19 
0.88 
1.38 

1.29 
1.14 
0.95 

1. 11 
1.11 
1.23 

0.94 
1.03 
0.99 

1.89 
2. (M 
2.29 

Knds 
3.45 
3.41 
294 

'Iowa 
6.28 
6. 13 
6. 10 

6.05 
8.03 
5.88 

6.00 
6.01 
6.03 

0.32 
0.34 
6.33 

6.28 
6.29 
6.23 

6.08 
6. 08 
6.05 

5.85 
5.81 
5.70 

6.12 
6.03 
0.00 

8.02 
7.62 
7.62 

0.80 
0.76 
0.88 

. . . . . . . . . 
---.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. J. Auld 

H. C. Denson--. 

U. S. Engineers. 

____do  _ _ _ _ _ _ _ _ _  
___.do _ _ _ _ _ _ _ _ _  

__--do. - - _ _  _ _ _ _  

____do  _ _ _ _ _ _ _ _ _  

I. E. Rittenburg 

Ang. 67,  1922 _ _ _ _ _ _ _ _ _  12 
13 
12 

July 8-16, 1932,., _ _ _ _ _  6 
6 
6 

____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . ... June =July 8,1932.,, 8 
5 
8 

June l&Joly 15,1932.- 24 
24 
24 

I 
I 

-..do.. 
... do-. 
.--do-. 

11 
27 
43 

____do  _________________. 

Pole.--. 3 
Meter-. 6 

.--do _ _ _ _  10 
Betwean Sunken Mead. 
ow and Wards Island. 

a 

n 

29 

30 

31 

a2 

33 

34 

a! 

ac 

___-do _ _ _ _ _ _ _ _ _  
R. J. A d d  _ _ _ _ _  

E C. Denson-. 

I. E. Rittaobm 

.____do 

R. J. A d d  

H. C. Dell~On-. 

LE. Rittmbnq 

.____do 

_____do _ _ _ _ _ _ _ _ .  

2.11 
2 11 
2 11 

254 
267 
288 
286 

204 
2 I4 
2 17 
2. 19 

2.61 
2.61 
2 01 
2 01 

2 11 
1.91 
1.91 
2.01 

194  
L34 
L38 

1.88 
1. €4 
1.88 
1.84 

2 61 
2 51 
2 61 
2 51 

L 71 
L 81 
L 81 
L 91 

2 51 
2 61 
2 51 
2 41 

? 

1.22 
L 32 
L22 

Lo8 
0.68 

Lo8 

0.86 
0.70 
0.81 
0. ea 
0.62 
0.62 
0.52 
0.62 

1.42 

L 32 
L 32 

0.86 
0.89 
1. 19 

0.61 
0.71 
0.61 
0.96 

0.72 
0.72 

0.62 

0.92 
0.92 
1.22 
1.12 

0.72 
0.82 
0.92 
0.92 

a 70 

am 

a m  

i m  
L 10 
L40 

298 
3.03 
273 
2 32 

243 
2 w  
2 15 
l.53 

3.80 
3.50 
3.50 
3.20 

am 
a 6 0  
0.60 
0.50 

L %  
225 
0.88 

L58 
1.83 
L58 
0.93 

2 10 
LBO 
1.80 
LBO 

280 
260 
240 
200 

1.10 
L 10 
1.10 
LOO 

5.72 
5.72 
5.72 

5.83 
5.68 
5. 03 
6.63 

6.25 
6.28 
0.25 
6.23 

0.12 
6.22 
6.12 
6.12 

0.02 
6.02 
6.02 
6.92 

6.23 
0.93 
6.88 

0.43 
6.03 
0.43 

6.32 
6.32 
5.92 
5.92 

0.92 
0.72 
6.02 
6.62 

5.82 
5.82 
6.82 
882 

acm 

L 70 
1. 'IO 
1.70 

2.24 
222 
2.19 
208 

2.16 
229 
238 
2.29 

260 
2. 60 
2.60 
260 

200 
L80 
280 
L80 

204 
2 14 
2 11 

1. 99 
209 
1.99 
179  

2 m  
2. m 
2.30 
230 

250 
240 
230 
230 

220 
220 
220 
2 10 

L 49 
1.39 
1. 29 

L 01 
L43 
l.40 
1.19 

1.n 
1.81 
L I  
1.11 

129 
1.49 
L39 
LO9 

239 
2 49 
229 
169 

L 91 
L88 
1-99 

L06 
1.81 
L a  
1.51 

0.88 
0.99 
0.w 

LO9 
139 
139  
129  

0.m 
LOO 
0.79 
0.69 

a m  

8.43 W. 6.70 
6.70 
6.70 

0.69 
6.74 
6.79 
6.89 

6.17 
0. I4 
0. 17 
6.19 

6.30 
6.20 
0.30 
6.30 

0.40 
0.40 
0.40 
6.50 

6.19 
5.49 
5.54 

5.99 
5.79 
5.88 
6.84 

0.10 
6.10 
6.50 
6.50 

5.50 
5.70 
5.80 
5. Bo 

0. 60 
0.60 
0. 60 
6.60 

7 
5 

la 
ia 

3.28 
3.03 
273 
2 62 

.. . . .  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.41  W. 

1.67 
LBO 
L53 

____do 

7 
4 

11 
17 

0.80 

0.70 
am 
a 70 

Bronx Kill Entrance-- 

1k 
3 
9 

west of North Brother 
Island. 

&uth of North Brothel 
Island. 

7 
6 

15 
24 

8OuthweJt of R & m  Is 
land. 



TABLE 69.-Current d a h ,  various depths, upper Emt Rivet-Continued 

a 

S. 88 E. 

- - 

Sta. 
tion 
no. 

- 

37 

39 

40 

41 

42 

43 

* 

11 

Knot8 
2.00 
1.80 
1.80 
1.70 

49 

50 

53 

53 

M 

57 

68 

69 

GO 

61 

N o r t h a t  d North 
Brother Island. 

Off Barrette P h t  ____ 

Off H u t  Point -___----- 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Bronx River _ _ _ _ _ _ _ _ _ _ _ _  

Off Sanford Point _ _ _ - _ _  

.____do __-------____--__ 

Flushing Creek En- 
trance. 

I Ob-tfons 

1. E.Rittenburg- July 13-15, 1932 ------ 

R. J. Auld _ _ _ _ _ _  Bept. 14-15, 1920 __---. 

I. E.Rl t tenb~g.  July 11-19, 1932-----. 

H. C. Denson.-- July3l-Aug. 1, 1922.. 

I. E. Rittenburg 6ept. 29-Oct. 1, 1932- 

tI. C. Denson-.- July 31-hug. 1,1922- 

L E. Rlt tenbw- July 11-13,1932----- 

_____do _ _ _ _ _ _ _ _ _ _  Sept. 30-Oct. 1,1932- 

1.41 
1.48 
1.136 
2.08 

1.29 
1.29 
1.69 
1.69 

1.41 
s.51 
1.81 
1.51 

-0.51 
-0.61 
-0.41 

N.78W. 0.W 
_ _ _ _ _ _ _ _ _ -  0.88 
~ _ _ _ _ _ _ _ _ _  1.18 ___-_--_- - 1.M 

N.82 W. 1.30 
____.____- 1.30 
_ _ _ _ _ _ _ _ - -  1.40 ___-___---  1.20 

N.84 W. 1.59 _ _ _ _ _ _ _ _ _ _  1.34 
_ _ _ _ _ _ _ _ _ -  1.24 _ _ _ _ _ _ _ _ _ _  1.09 

S. 49 E. 0.30 
_____-_ - - -  0.20 _ _ _ _ _ _ _ _ _ _  0.30 

1.61 
1.21 
1.71 
1.51 

0.99 

July 11-13, 1932 _______. 

July 74,1932 _________. 

Ju ly  30-31, 1922 _______. 

July 7-9,1932 .___..___. 

____do _ _ _ _ _ _ _  _ _ _  -. ____. 

June 24-25,1829 

S. 87 W. 1.04 _ _ _ _  _ _  -_--  0.9s 
____.-__-- 0.88 _ _ _ _ _ _ _ _ _ _  0.68 

s.78w. l.x 

July  6-7,1932 

.____do _ _ _ _ _ _ _  _ _ _  - _ _ _  

June 24-25, 1929 

6 .  i o  W. 
_._______ 
________. 
___._.___ 

s. 44 w. 
________. 

6.79". _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _  

......--. 

_ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _  

- 
Pe 
riod 
- 

Dar 
2 
2 
2 

1 
1 
1 
1 

2 
2 
2 
2 
s 

t 
4 

2 
2 
2 

a 

? 
2 
2 
2 
2 

1 
1 
1 

i 

1.40 
1.50 
1.50 
1.30 

1.40 
1.w) 
LiO 
1.w 

1.31 
1.46 
1.07 
0.87 

2 
2 
2 
2 

2 
2 
2 
2 

1 
1 
1 
1 

2 
2 
2 
2 

2 
2 
2 

1 

1 
1 
1 

2 
2 
2 
2 

2 
2 
2 
2 

1 
1 
1 
1 

1 
1 
1 
1 

Off Clason Point _ _ _ _ _ _ _  

Off Old Ferry Point _ _ _ _  

____do 

____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  

Method Depth 

_____do ______.___ 

_____do _ _ _ _ _ _ _ _ _ _  

H. C. Denson-- 

L E .  Rittcnbwg 

-- 

N.iOE.  

____..__. 

N.75E.  

_.______. 

___._____ 

_.._..--. 
.._._____ 
_____.___ 

N.67 E. 
.______.. 
____-.--- 
_._____.. 

N.81 E. 
____..._. 
._______. __.__..-. 

'lours 

2.51 
2.51 
2.51 
2 51 

1.69 
1.92 
1.94 
1.81 

2.41 
2 61 
2.51 
2 4 1  

1.69 

229 
2 19 

4.71 
4.61 
3.71 

1.89 
1.99 
204 
2.14 

2. 11 
2 01 
2.41 
2.61 

4.91 
4.91 
3.71 

"& 

a. 14 

1.60 
1.50 
1.40 
1.20 

2.00 
2.00 
1.90 
1.30 

1.01 
1.11 
1.17 
1.17 

1 . i O  
1.60 
1.30 
0.90 

1.91 
2 01 
2.41 
2.51 

0.91 
1.41 
1.41 
1.51 

1.29 
1.34 
1.44 
1. 69 

1.11 
1.41 
2.01 
1.91 

0.31 
0.41 
1.01 

0.27 

0.43 
0.43 
0.43 

0.11 
0.01 
0.01 

.O. 09 

1.81 
1.51 
1.11 
1.41 

1.85 
1.80 
1.70 
1.64 

1.45 
1.40 
1.35 
1.20 

S. 67 W. 
...____.. 
...__..-- 
...___._- 

Flood strength 

1.60 
1.60 
1.30 
1.20 

IYme 

N.85E. 
.__.__... 
_.._._._. 

Iowa 
KfMC 
Hw 
0.12 
0.72 
0.82 
0.12 

0.81 
1.03 
L 31 
1.44 

L 02 
0.92 
0.92 
0.92 

1.76 
1. a8 
1.01 
0. BB 

-0.60 
-0.40 
-0.40 

1.51 
1.21 
1.41 
1.21 

1.12 
L22 
1.42 
1.22 

-1.x -1.x 
-1.u 

1.00 
0.80 
0.90 

1.42 
1.32 
1.42 
1.62 

1.32 
1.42 
1.42 
1.42 

2.01 
1.81 
2.21 
2 11 

1.52 
1.32 
1.42 
1.32 

2.32 
1.92 
2 42 

1.35 

1.40 
1.60 
1.70 

1.72 
1.62 
1.112 
1.82 

1.52 
1.42 
1.42 
1.72 

1.60 
1.75 
2.00 
2. 25 

2. 75 
2.75 
2 85 
2.65 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Between Throgs Nerk 
and Whitestono. 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

. _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Direction Veloo 
(true) ity 

_____do  _ _ _ _ _ _ _ _ _ _  

H. E. Finnegan 

LE. Rittcnburg 

....- do _ _ _ _ _ _ _ _ _ _  

H. E. Finnegan 

_____do _ _ _ _ _ _ _ _ _ _  

-- I 

S. 71 W. 
...___..- 

1.10 
1.00 
1.10 

S. 66 E. 
..___.... 
____.---- 
_.___.__. 

9. 60 E. 
_.___.__. 
___...___ 
_______-. 

8. 74 E. 
_____.-_. 
.________ _ _ _ _  

1.50 
L.50 
1.20 
0.90 

1.87 
1.48 
1.19 
0.94 

1.05 
1.00 
1.00 
0.67 

s. NE. I 1.98 

...__.__. 1.77 
___..---. 1.50 
_..____.. 1 1 . 3 7  

S. 60E.  I 1.80 

- 
I 

' i d  
ura- 
:ion 

I 

IOUr.4 
6.42 
6.42 

6.32 

6. 83 
6.38 
6.28 
6.33 

6.32 
6.22 
5.42 
5.52 

7.13 
6.48 
6.23 
6.23 

3.72 
3.92 
4 72 

6.13 
6.13 
5.88 
6.60 

6. 01 
5.92 
6.01 

6.12 
Lo: 
7.12 

6.3a 

e m  

6.62 
6.32 
5.52 
5.32 

7.32 
7.02 
5.92 
5.32 

6.30 
6.28 
6.05 
5. GO 

7.52 
6.92 
5.32 
5.42 

8.42 
R. 42 
7.42 

8.56 

8.50 
8.30 
8.15 

8.32 
8.42 
7.72 
7.02 

6.62 
6.82 
6.32 
5.52 

7.03 
6.98 
6.78 
6.73 

4.88 
4.98 
4.48 
4.43 

- - 

;lack 

- 
routs 

ii% 
280 
2.80 
2. 70 
2.70 

239 
2 17 
2.09 
2.01 

2. 60 
2. 60 
1.80 
1.80 

2.69 
2 49 
239 
2.28 

230 
230 
230 

1.89 
1.w 
1.78 
1. !a 
2oc 
1. ac 1.x 
1. x 
4.N 
4% 
4.x 

2.40 
220 
1.80 
1. i o  

2. 10 
2.30 
1. 'LO 
0.70 

1.46 
1.49 
1.36 
1.16 

2.50 
220 
1.20 
1.m 

260 
2.70 
2.30 

2. i o  
2. 80 
260 
2 45 

2.30 
2.30 
1.60 
1.70 

2.30 
2.20 
1.30 
0.80 

2 75 
2.65 
2 35 
2.20 

0.20 
0.25 

-0.30 
-0. E4 

Ebb strength 

Direction Veloc 
rime I (true) I ity 

-I- I- 

1.29 
1.29 
1.39 
1.29 

1. i 9  
1.99 
1.99 
1.80 

2.26 
1.96 
1.91 
1.86 

1.39 
1.49 
1.79 
2.09 

1.79 
1.19 
1. Ea 
1.65 

1.95 
2.25 
2. 50 

229 
2 2 9  
2.30 
2. 29 

1.99 
1.99 
2.29 
1.98 

220 
2. 00 
2.25 
1.95 

2.30 
2.25 
225 
220 

N.50W.I 0.88 

0.94 
0.80 
0.69 

- - 

Sbb 
U m- 
ion 

- 

h r a  
6.00 
6.00 
8.10 
6.10 

5.59 
6.04 
6.14 
6. 09 

6.10 
6.20 
7.00 
6. Bo 

6.29 
5.94 
6.19 
6.19 

8.70 
8.50 
7.70 

6.29 
6.29 
6.64 
6.84 

6.40 
6. M) 
7.40 
7.50 

6.30 
6.40 
5.30 

6.80 
6.10 
6.90 
7.10 

5.10 
5.40 
6.60 
7.10 

6.12 
6.14 
6.37 
6.82 

4.80 
5.50 
7.10 
7.00 

4.00 
4.00 
5.00 

3.86 

3.92 
4.12 
4.21 

4.10 
4.00 
4.70 
4.50 

6.80 
5.60 
6.10 
6.90 

5.39 
5.44 
5.64 
5.69 

7.54 
7.44 
7.94 
7. w 



c - 

sta- 
tion 
no. 

- 

62 

64 

65 

66 

67 

- 

8. 84 E. 

Loartion 

Knds 
1.00 
0.90 
0.70 
0.50 

Between Throgs Neck 
and Whik%tone. 

O 

N.58 W. 

- 

8. 83 w. 
--- 

.___.----- 

.-_.---- ~. 

8. 68 w. 
_ _ _ _ _ _ - - - -  

s. 80 w. 
_______-.- 

__.____.__ 

5. 69 W. 

.__.------ 

.__----- - -  

.__._-.--- 

.____.---- 

.__---- - - -  

._.___.-.. 

.__.----- - 

Between Throes Ned 
and Willets Point. 

Knotd 
0.70 
0.70 
0.90 
1.10 

0.6s 
0.73 
0.68 
1.07 

0.53 
0.83 
0.76 
0.73 

0.68 
0.50 
0.67 
0.74 
0.70 

0.38 
0.38 
0.48 
0.53 

TABU 69.-Cuw& data, various depths, upper Easi River-Continued 

N.53E. 

_ _ _ _ _ _ _ _ _ _  
._________ 

Party of- 

0.93 
0.83 
0.78 
0.72 

LE. Rittenbnrg 

N . 7 8 E .  
.___._._.. 
_.._______ 
.____-_-__ 

H. C. Denson.- 

1.03 
1.18 
0.98 
0.93 

.____do _ _ _ _ _ _  _ _ _ _  

R. J. Auld _ _ _ _ _  

observations 

l- 
2 

July 30-31, 1922________ 1 
1 
1 
1 

Bept. 10-11,1920 -___.__ 1 
k 

1 
1 
1 

July 30-31, 1922 _ _ _ _ _ _ _ _  1 

/ /  

Method Deptl I .  
-I- 

i 

3lack 

_. 

Youra 

2.21 
2 01 
2 01 
1.91 

-0.01 
0. 14 
0.34 
0.49 

0.49 
0.72 
0.67 
0.79 

0.89 
0.72 
0. 69 
0.76 
0.82 

-0.06 
0.34 
0.44 
0.34 

% 

Flood strength 

rime 

Your4 
kfore 
Hw 
27a 
2 62 
2.62 
2.62 

2 81 
3.11 
2.66 
1. gs 

1.34 
1.11 
1.21 
1.39 

1.26 
1.48 
1.46 
1.64 
1.58 

1.31 
1.51 
1.41 
1.46 

YoUra 
4.02 
4.42 
4.22 
4.32 

5.93 
6.18 
5.38 
5.18 

7.21 
7. a5 
7.02 
6.68 

6.73 
6.93 
6.93 
6.68 
6.48 

8. W 
7.88 
7.63 
7.58 

HOW4 

0. 10 
0.30 
0.10 
0. 10 

-0.21 
0.19 

-0.41 
-0.46 

1.57 
1.84 
1.56 
1.34 

1.49 
1.52 
1.49 
1.31 
1.17 

1.84 
2 09 
1.94 
1.79 

2% 

Ebb strength 

Your4 
kfore 
LW 
1.69 
1.49 
1.49 
1.59 

1.81 
2.41 
2.46 
2.56 

2.33 
2. a8 
1.93 
2.08 

2.21 
2.53 
2.41 
2.24 
2 58 

1.96 
226 
1.51 
1.56 
_. 

-- I 
four8 

8.20 

0.49 
6.24 
7.04 
7.24 

6.21 
6.37 
6.40 
6.74 

6.69 
5.49 
5.49 
6.74 
5.94 

4.39 
4.54 
4.79 
4.84 

a a  
am 
a io 
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Station 11 Station 22 

In  this connection, it is instructive to compare the data from 
station 22, at which 4 days of observations were secured, with the 
data a t  station 65. At station 22 the duration of flood is practically 
constant a t  all depths and both flood and ebb strengths decrease in 
velocity with increasing depth. The conditions here are, therefore, 
different than a t  station 65. On glancing at  figure 44a, it is seen that 
station 22 is outside of the sweep of the current from the Harlem 
which carries fresh wator from the Hudson to upper East River. 

CURRENT HARMONIC CONSTANT8. UPPER EAST RIVER 

Harmonic analysis of the observations a t  two stations in upper 
East River were made in connection with the prediction of currents. 
At station 11 the meter observations at  the 8-foot depth, covering 
a period of 15 days, were used. At station 22 the metor observations 
at the 16-foot depth, covering a period of 29 days, were used. The 
results are given in table 70, the values in parentheses being inferred 
from the principal components. 

TABLE 70.-Current harmonic constants, upper East River 

Station 11 Station 22 

Knots 
0.03 

0.71 
0.08 
0.01 

(0. w 

101 

- _ _ _ _ _ _ _ _ _  -------_ 
0.38 231 
0.02 112 
0.01 314 

THE TIDAL MOVEMENT IN THE HARBOR 

The tables in the foregoing sections, which give in detail the results 
of the tide and current observations in the component waterways 
of New York Harbor, furnish the data for a comprehensive view of 
the tidal movement, including under this term both the rise and fall 
of the tide and the flood and ebb of the current, in the harbor. A t  
any given instant the tidal movement may be represented in diagram- 
matic form by an arrow pointing in the direction of the current and 
by the letter R or F to indicate, respectively, a rising or a falling 
tide; but it is obvious that within the compass of a small dia ram 

area, in which the times of tide and of current differ as much as m 
New York Harbor, can give only a generalized view without reference 
to details in the smaller bays and inlets fringing the main waterways 
of the harbor. 

In  the present section the tidal movement in New York Harbor 
is re resented schematically at four different phases of the tide, 

hours after high water. Since the times of both tide and current in 
the tables of tide and current data have been given with reference 
to the time of tide at Sandy Hook, i t  will obviously be of advantage 
to refer the tidal movement to the time of tide at Sandy Hook. The 

any schematic representation of the tidal movement over a !I arge 

name P y, a t  low water, 3 hours after low water, at  high water, and 3 
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current arrows are to be taken as representing the general direction 
of the current near the surface. 

Beginning with the time of low water a t  Sandy Hook, figure 45 
reprcsents thc tidal movement in the harbor at that time. Excepting 
a few small indentations like Gowanus Bay, the current throughout 
the harbor is ebbing, the water flowing toward Lower Bay. And 

T’1c.r RF 45 -The tidal movemrnt a t  tho tiriir of low water  a t  San(?y Tlook. 

with the exception of Lower Ray, the ticlc over the wholc harbor is 
fnlling. In the Iiudson thc current is very nearly a t  its streneth, 
while thc title is near low water, which is still 1 hour nwny. The 
J3:irIem i q  now cnrrying the wntcr from East ltivcr toward tho Hnd- 
son, the tide being hclow inenn sea level and about 2 hoiirs from its 
low water. Upper K n q t  River is bringing the water from Long Iqlnnd 
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Sound toward Hell Gate, while its level is falling rapidly, being now 
2 hours after high water. Through Hell Gate and lower East River 
the water is flowing toward Upper Bay at very nearly its strength, 
which was passed an hour ago, the level of the water being a little 
below mean sea level and falling rapidly. 

At the time of low water at Sandy Hook, the current in Newark 
Bay has not yet attained its strength. The waters from Newark Bay 
are now pouring partly into Arthur Kill, but principally into Kill van 
Kull, which is carrying them into Upper Bay. In Upper Bay the 
current has passed its strength about half an hour previously, but it 
is still running with a velocity not far from strength and passing on 
the waters from the Hudson River, East River, and Kill van Kull 
into the Narrows. The level of the water in Newark Bay, Kill van 
Kull, and Upper Bay is still falling, but rather slowly, for lorn water 
is less than an hour away. 

In  the Narrows the strength of ebb comes about an hour before 
low water a t  Sandy Hook. At  the time of low water a t  Sandy Hook 
therefore, the current in the Narrows is still ebbing at  nearly fuli 
strength. The tidal waters which are flowing into Upper Bay 
through the Hudson River, East River, and Kill van Kull, together 
with the nontidal waters from a territory having an area of nearly 
15,000 square miles, are now pouring through the Narrows into 
Lower Ba a t  a rate of about three quarters of a million cubic feet 
per second Arthur Kill, too, is flowing toward Lower Bay and from 
Lower Bay the waters are now passing out to sea although the strength 
-of the current has already passed. In Arthur Kill the level of the 
water is falling slowly, low water being half an hour away; but in 
Lower Bay the water is beginning to rise very slowly, the low water 
having occurred a few minutes before this time. 

Three hours later, or 3 hours after low water a t  Sandy Hook, the 
tidal movement in the harbor is represented by Figure 46. Tho tide 
and current conditions in the various waterways are now different. 
In  the Hudson and Harlem Rivers the tide is risinq rapidly, .the 
current in the former ebbing while in the Harlem it is floodmg. 
Through East River tho current is flooding, being accompanied by a 
rising tide in lower East River and by a fallina tide in u per East 

Bay, Arthur dill, and Lower Bay, the tide is rising rapidly and 
through all these waterways with the exception of Upper Bay and 
the Narrows, the current is flooding. In  the main channel of Upper 
Bay and the Narrows the current is under the influence of the ebb 
from the Hudson and is ebbing, but in the shallower regions near the 
shores the current has begun to flood. 

At the time of high water a t  Sandy Hook or 3 hours after the 
conditions described in the preceding paragraph the features of the 
tidal movement are represented in figure 47. $he current through- 
out the whole barbor is now flooding, and with the exception of 
Lower Bay the tide over the whole area 1s rising. In  Lower Bay 
the current is in the last hour of its flood, and, therefore, has only 8 
small velocity, In the Narrows, however, the current is running at 
nearly full strength which occurred less than an hour previously; and 
in U per Bay it  is running at  about full strength. In Arthur Kill 
the ood strength had occurred about an hour and a half reviously 
so that the current now is running at a little more than ha1 strength. 

River. Throu h Upper Bay, the Narrows, Kifi van Kul P , Newark 

P ff 
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In  Kill van I<ull full strength had occurred about 2 hours previously; 
hence the current now is running a t  about half strength. And in 
Newark Bay, likewise, tho current is nt about half strength. 

At the time of high water a t  Snndy Hook, the current in the 
Hudson is running a t  nearly full strength a t  the entrance, €1111 strength 
coming about half an hour later; but a t  the end of the 14-mile 
stretch considered here ns part of New Yorlr I-Iarhor, t h o  current is 

FETT~F 46 -Thr tidal mnvement 'I hour3 :iller l o r  water at Sandy JIook. 

running at linlf strongth, fill1 stmngtli not cominc till ncnrly 2 hours 
later. In  tho Hnrlom the water is flowing from tho Hudson townrd 
East River a t  a little more than throe qunrtcr strength, full strength 
having occurred about an hour previously. In  1 h s t  River the ciir- 
rcnt is running a t  about three quarter strength, full strength having 
occurrod about an hour previously. 
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The tidc in Lower Bny n, t  the time of high water a t  Sandy Hook 
has just completed its rise and is beginning to f n l l  very slowly. In  
tho Narrows and Upper Bny tho tido is rising w r y  slowly, having 
nearly ranched hizh water which occiirs about n quarter of n a  hour lntcr. 
In Newnrk Bay and the Kills the tidc i9 lilmwise rising slowly, with 
high wntcr to come about three quarters of nn hour Inter. In  the 

Frovlta 47 -Thn ti(lnl movpment nt  tho time of hlch wntPr n t  %ndv nook. 

Hudson the wntcr is riainq n little faster sinco hieh water is still nn 
hour nwny. In tho TInrlom it is rising more rapidly, hieh mntor 
baing 2 hour.. nwny. In  lower Enst Jtivor thr wn,to! is nbova nionn 
son love1 nnd still rising nt n rrlntivoly rnpid rata, hiqh wntcr being 
2 hours nwnp. In uppor Enst ltirrr, the tido is risinq n t  its most 
rapid rate, hi& wntcr beiny 3 hours away. 
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Three hours zfter high water at Sandy Hook the tidal movement 
is represented in  figure 48. Throughout the harbor, %th the excep- 
tion of upper East River, the tido is fallinq; nnd the current throuqli- 
out the harbor, with the exception of the Hudson, is ebbing. In the 
Iattrr. watcrwny the current is flooding feebly, slack before ebb being 
an hour awa,p. 

The last four diagrams representing tho tidal movement of tfhe 
surface waters in the harbor are sufficient for directing nttontion to 

Fri;rn~. 19.-Thr tirlnl movement 3 tioiirq aflw lilah wnter nt Sandy nook. 

tho complrxities of the tidnd movement in New York Harbor n4t any 
given time. Actually, the movrment is even more complcs thnn 
indicated on the dingrams, for no account has been taken of the sub- 
surface currcnts. Tho data given in tho tables of this voliime, how- 
ever, furnish the data necessary for such n comprrhensive view of this 
movement n t  any desired time. 
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