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PREFACE

This volume constitutes the eighth of a series on tides and currents
in important waterways of the United States.

The growth of commerce, as well as engineering and scientific work
during recent years, has created an urgent and constantly growing
demand from navigators, engineers, scientists, and the public gener-
ally for complete and up-to-date tide and current information of the
important waterways of the United States. To meet this demand
‘and to complete and coordinate various tide and current data now on
file in the archives of the Coast and Geodetic Survey, this bureau
started in 1922 a series of comprehensive tide and current surveys of
important waterways. To date the surveys of several of the more
important harbors of the country have been completed and the work
is progressing as rapidly as available funds permit.

In order to preserve the results of these surveys, combine and com-
pare them with earlier records, and make the results available to all
concerned, and at the same time guard against the possible loss or
destruction of valuable information by fire or other causes, a special
publication for each area has been printed and distributed as soon
after the completion of the survey as possible. :

The material presented in this volume is based on observations
made at various times in Long Island and Block Island Sounds and
their tributaries from 1835 to date. The current data are largely
from comprehensive surveys made during the summers of 1929 and
1930 in Long Island and Block Island Sounds, respectively. In
addition to the tide observations made by this bureau, observations
made by the Corps of Engineers, United States Army, have been
included. In this connection the cooperation of the officials in charge
of the United States Engineer offices at New York, N. Y., and Prow-
dence, R. 1., in furnishing valuable tidal data is greatly appreciated
by this bureau. Other governmental agencies which have cooperated
with this survey in obtaining valuable tide and current data in Long
' Island Sound are the Bureaus of Fisheries and Lighthouses of the
Department of Commerce and the Civil Engineer Corps, United
States Navy. ‘
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TIDES AND CURRENTS IN LONG ISLAND AND BLOCK
ISLAND SOUNDS

INTRODUCTION

It is not the purpose of this publication to deal with any involved
or mathematical theory of tides or tidal currents, but rather to collect,
tabulate, and discuss the data from many years of tide and current,
observations in Long Island and Block Island Sounds and their tribu-
taries. It is desired to present these results in such form as will be
of the most value and interest to scientific and professional organiza-
tions as well as the general public. Only such mathematical formulas
and discussions will be introduced as are necessary to explain or clarify
the tables and diagrams presented.

The earliest tide observations on record in Long Island Sound were
made in 1835 and in Block Island Sound in 1839. During the years
1835-1839 tides were observed at a number of stations throughout
Long Island Sound and vicinity by field parties directed by G. S.
Blake and J. R. Goldsborough. These -were short series of observa-
tions covering periods of several days to several months in length and
were generally obtained in connection with other hydrographic work,
especially for use in the reduction of soundings to a uniform datum.

With the exception of a 16-month series of observations made at
Fort Trumbull, New London, Conn., from July 31, 1882, to November
20, 1883, and a 17-month series of observations made at Block Island
Harbor, Block Island, from July 27, 1882, to December 31, 1883, all
series of tide observations made by the Coast and Geodetic Survey
in Long Island and Block Island Sounds have generally been for short
periods of five months or less. As far as possib%e the results from these
short series have been corrected by comparison with simultaneous
observations at some primary tide station.

The principal series of current observations in Long Island Sound
and its tributaries were those in charge of the following parties: G. S.
Blake, in 1845; J. R. Goldsborough, in 1846, 1847, and 1848; H.
Mitchell in 1858 and 1871; W. J. Sears and F. H. Crosby, in 1886;
C. P. Perkins, in 1887; E. E. Haskell, in 1890; F. S. Borden, in 1916;
P. M. Trueblood, in 1917; and H. E. Finnegan, in 1929.

The principal series of current observations in Block Island Sound
and its tributaries were those in charge of the following parties: J. R.
Goldsborough, in 1846; F. B. T. Siems, in 1918 and 1919; H. E.
Finnegan, in 1929; and J. C. Sammons, in 1930.

Through a cooperative arrangement with the Bureau of Light-
houses, Department of Commerce, hourly current observations were
obtained on board three lightships in Long Island and Fishers Island
Sounds as follows: Ram Is%and Reef, in 1913 and 1915; Bartlett Reef,
in 1913 and in 1929-30; and Cornfield Point, in 1913, 1922, and in
1929-30. Through a similar cooperative agreement with this bureau
slack-water observations at buoy stations in Watch Hill Passage, The
Race, and Plum Gut were obtained in 1915 through the efforts of

lighthouse keepers in these localities. X
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Attention is directed to the tide and current tables which are pub-
lished in advance annually by the Coast and Geodetic Survey. These
tables contain data based upon the latest information available at
the time of publication. They include the predicted tides and cur-
rents for every day in the year at a number of principal ports and also
contain summaries of the principal tidal and current elements for
several thousand places throughout the world. Included among the
ports for which daily predictions for tides are given are New London,
Conn., and Willets Point, N. Y., while daily predictions for currents
are given for The Race at the eastern entrance to Long Island Sound.

Part .—LONG ISLAND SOUND

GENERAL CHARACTERISTICS OF LONG ISLAND SOUND AND ITS
TRIBUTARIES

Long Island Sound is that deep, navigable waterway situated be-
tween the shores of Connecticut and New York and the northern
coast of Long Island. As defined in this publication, Long Island
Sound also includes Fishers Island Sound which is located between
the Connecticut shore and Fishers Island. Geographically, Fishers
Island Sound may be considered as the eastern extremity of Long
Island Sound. In this publication, therefore, Long Island Sound is
defined as that inland waterway extending from Watch Hill Point,
R. I, to Throgs Neck, N. Y., or from the eastern entrance to Fishers
Island Sound to the eastern entrance to the East River.

Considering the axis of Long Island Sound as a line joining Watch
Hill Light, Latimer Reef Light, North Dumpling Light, Bartlett Reef
Lightship, Cornfield Point %Aightshjp, Stratford Shoal Light, Execu-
tion Rocks Light, and Throgs Neck Light, it will be noted that Long
Island Sound has a length of approximately 95 nautical miles. In
breadth it varies from a few miles to a maximum of approximately
20 nautical miles off New Haven, Conn. ‘

For purposes of this publication, Long Island Sound is divided into
eastern and western portions by means of a line connecting Stratford
Point, Conn., Stratford Shoal Light, and Old Field Point, Long Island.
Along this line of demarcation, Long Island Sound is approximately
10% nautical miles in width.

" In addition to Fishers Island Sound, the chief tributaries of Eastern

Long Island Sound are the Thames, Connecticut, and Housatonic
Rivers. Among tributaries of lesser importance there might be in-
cluded Little Narragansett Bay, Pawcatuck and Mystic Rivers, and
Niantic Bay and River. Among the more important harbors are
those of New London, Conn., New Haven, Conn., and Port Jefferson,
Long Island.

The principal tributaries of Western Long Island Sound include the
Poquonock, Saugatuck, and Norwalk Rivers along the Connecticut
shore, and Smithtown, Huntington, Northport, Oyster, Hempstead,
Manhasset and Little Neck Bays along the northern shore of Long
Island. Located between these various bays, each of which extend
three or four miles in a northerly and southerly direction, are necks of
land which project out into Western Long Island Sound. Obviously,
these bays are tidal waterways of considerable commercial importance.

Among the more important harbors of Western Long Island Sound
are those of Bridgeport, Norwalk, and Stamford, Conn., Port Chester,
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Mamaroneck, and New Rochelle, N. Y., and Port Washington,
Opyster Bay, and Northport, Long Island.

Long Island Sound has an eastern entrance from Block Island
Sound through The Race and a western entrance from the East
River at Throgs Neck. Through these entrances the ocean tide
reaches the inland waters of the sound. In addition to The Race,
there are secondary eastern entrances to Long Island Sound at Plum
Gut, located between Long and Plum Islands, and also in the area
between Fishers Island and Watch Hill Point, R. I. The Race is
generally considered as that stretch of water between Race Point,
Fishers Island, and Little Gull Island. Therefore, the water stretches
between Little Gull and Great Gull Islands and between Great Gull
and Plum Islands may also be considered as secondary eastern en-
trances to Long Island Sound.

THE TIDE AT NEW LONDON, CONN.
INTRODUCTORY

Of the tidal observations made by the Coast and Geodetic Survey
in Long Island Sound and its tributaries, those at New London, Conn.,
constitute the principal series. These cover periods of approximately
16 months in 1882-83 at Fort Trumbull Wharf, five months at
Lighthouse Wharf in 1917, and shorter periods of observations at
various other localities in the vicinity of the city proper.

Through the cooperation of the Corps of Engineers, United States
Army, and the Civil Engineer Corps, Navy Department, the Coast and
Geog:atic Survey has been furnished the results of long-period observa-
tions at Shaws Cove and naval station, respectively, the former
covering from May, 1913, to August, 1918, and the latter from May,
1899, to June, 1900. The series at naval station is continuous, while
that at Shaws Cove is likewise continuous with the exception of a few
short interruptions. The results of these observations will be found
in Table 52 on page 63, accompanying a discussion of the tide in the
Thames River.

The earliest tidal observations on record for New London and
vicinity were those obtained in 1839 near New London Harbor Light
in connection with a hydrographic survey of the lower portion of the
Thames River. Further observations were obtained in 1847, 1869,
1874, 1882-83, 1890, 1899-1900, 1904, 1907, 1917, 1918, 1923, and 1929.
Generally, these are short-period observations of a lunar period or less
and were obtained in connection with hydrographic surveys of New
London Harbor. The results from these observations will also be
found in the above-mentioned table on p. 63.

The series of tidal observations at Fort Trumbull Wharf covers the
period from July 31, 1882, to November 20, 1883. From the beginning
of the series until October 11, 1882, observations were made on & plain
staff gage. From that date, however, the observations were
obtained by means of a Saxton self-registering tide gage. The tide
records furnished by the Corps of Engineers, United States Navy,
were obtained at the naval station by means of a Bilgram automatic
tide gage. :

The series furnished by the Corps of Engineers, United States
Army, was obtained from observations made at Shaws Cove by means
of a Bristol automatic tide gage. The Bristol gage is actuated by
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the compression of a soft rubber box which is placed about four feet
below low water and is connected to the recording part by an armored
hose. The record is produced on a disc some 12 inches in diameter.
The rise of tide compressing the rubber box causes an increase of
pressure which moves a pen across the disc. The circumference of the
disc is divided into hour spaces which are ruled radially while the scale
of feet is marked by small circles which intersect these radii. The
height of the tide can be scaled off to the nearest tenth of a foot, the
time of high water to the nearest 5 or 10 minutes and of low water to
the nearest 15 minutes. The clock is set correct when the record is
put on the instrument and the staff reading is noted. The clock correc-
tion is noted when the record is removed.

The 1917 series of tidal observations at Lighthouse Wharf was
obtained by means of a standard Coast and Geodetic Survey auto-
matic tide gage. This gage traces a curve which represents to
appropriate scale the rise and fall of the tide, the abscissae indicating
the time and the ordinates the height of the tide. The essential parts
_ of the instrument consist of a clock that moves a roll of paper forward
on a drum at a uniform rate and a float that is free to rise and fall in a
float well with the rise and fall of the tide on the outside, the float
well having an opening of sufficient size for the free access of the water
but small enough to dampen somewhat wave action due to wind waves.
The float is connected by means of a phosphor-bronze wire and a
worm screw to a pencil that moves perpendicularly to the motion of
the paper and proportional to the rise and fall of the tide. The com-
bined motion of the paper and the pencil produces a curve or mari-
gram from which the height of the tide for any desired time can be
read by means of a scale. The heights on the paper record are con-
nected with a fixed zero by readings made on a fixed staff, these
comparative readings being made several times weekly.

TIME RELATIONS

The lunitidal intervals at New London, or the intervals by which
high and low water follow the moon’s meridian passage, vary some-
what from day to day. This variation is due principally to the varia-
tion in the positions of the sun and moon relative to the earth; but
changes in wind and weather also cause variations in the lunitidal
intervals.

The change in lunitidal intervals from day to day throughout the
month of July, 1917, is shown in columns 5 and 6 of Table 1.
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6 U. 8. COAST AND GEODETIC SURVEY

For convenience in computation the moon’s transits across the
meridian of Greenwich expressed in Greenwich time are taken, the
necessary correction to refer these intervals to the local meridian being
made to the average values determined for the month. When using
eastern standard time for making tidal observations, this correction
is +0.03 hour for New London. The lower transits of the moon are
distinguished from the upper transits by being inclosed in parentheses.

. The high and low water lunitidal intervals for New London, 9.51 hours
and 3.59 hours, respectively, derived from the one month’s series of
observations at Lighthouse Wharf shown in Table 1 agree very well
with the adjusted values for this station given in Table 53 on page 64.

TaBLE 2.—High-water lunitidal interval, New London, Conn.

Light- . |Light-
Fort Trum- Naval Fort Trum- Naval
bull Station :’V%l{.slf; bull Station 3%%
Month Month
1882 } 1883 | 1899 | 1900 | 1917 1882 | 1883 | 1899 ) 1900 | 1917

September
October___
-i| November.__

The monthly variations in the high-water and low-water lunitidal
intervals at New London are shown in Tables 2 and 3. The monthly
means derived from the series at Fort Trumbull and naval station are
for calendar periods, while those at lighthouse wharf are for 29-day
lunar periods. The monthly means as given in the tables refer to the
moon’s transit across the meridian of New London. The differences
in latitude and longitude between Fort Trumbull, naval station, and
lighthouse wharf are so slight that they do not affect the mean values
appreciably. It will be noticed from the data in the tables that
there are monthly variations in the high-water and low-water lunitidal
intervals. The series, however, are too short to show any periodic
variations.

TaBLE 3.—Low-waler lunitidal interval, New London, Conn.

Fort Trum- | Naval sta- i‘;gug; Fort Trum- || Naval sta- Iﬁ‘guh;
bull tion whart bull tion whart
Month ' Month
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The difference between the mean low-water lunitidal interval and
the mean high-water lunitidal interval is known as the mean duration
of rise of the tide. The values in Table 4, showing the mean duration
of rise of tide at New London, are therefore derived by subtracting
the values given in Table 3 from those given in Table 2.

TaBLE 4,—Duration of rise of tide, New London, Conn.

Fortb 'l‘lxl'um Navaleta- | Light- Fort mm- Navalsta- [Cight-
u,

house house

tion harf b tion
Month w Month whart
1882 | 1883 | 1899 | 1800 | 1017 1882 | 1883 | 1899 | 1900 | 1917

Since the length of the tidal cycle is 12.42 hours (half the tidal day
of 24.84 hours) the duration of fall may be obtained by subtracting
the duration of rise from 12.42 hours. Therefore, if the mean values
for duration of rise given in Table 4 be subtracted from 12.42 hours
the resultant mean values for duration of fall for the three series at
New London become, respectively, 6.44, 6.62, and 6.54 hours. Daily
variations in the durations of rise and fall at New London may be
seen in columns 7 and 8 of Table 1 on page 5.

TanLe 5.—Mean rise inlerval, New Londoh, Conn.

Light- Light-
Fort Trum- | Naval sta- |28 Fort Trum- | Naval sta-
bull tion a%ﬁ bull tion am
Month Month
1882 | 1883 | 1899 | 1900 | 1917 1882 | 1883 | 1800 | 1900 | 1917

- The mean rise interval is the average time between the transit of

the moon and the middle of the period of the rise of the tide. It may
be computed by adding the half period of rise to the mean low-water
interval, rejecting multiples of the semidiurnal tidal period (12.42
hours) when desired. The mean rise interval is convenient for com-
paring the time of the tides at different stations when it is unnecessary
to distinguish between the high and low water differences.

When the high-water interval is larger than the low-water interval,
the mean rise interval may be computed by taking one-half the sum
of the high-water and low-water lunitidal intervzﬁs. The values in
Table 5, showing the mean rise interval at New London, Conn., were
obtained from the values in Tables 2 and 3 by means of this method.
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HEIGHT RELATIONS

The height to which high water rises and low water falls varies from
day to day, chiefly in accordance with the varying positions of the
moon and sun with respect to that of the earth. At times of new
and full moon, when spring tides occur, high water rises higher than
usual and low water falls lower than usual. On the contrary, at
times when the moon is in its first and third quarters the rise of high
water and fall of low water is less than usual.

Similarly, at times when the moon is in perigee, or nearest the earth,
high water rises higher than the average and low water falls lower
than the average, while at the times of the moon’s apogee contrary
conditions obtain. Changes in the moon’s declination also bring
gbout differences in the heights of high and low waters from day to

ay.
TaBLE 6.—Mean high waler on tide staffs, New London, Conn.

Light- Light
Fortb '&‘nrum Na:l%lnsta- hoose Fortb'é‘“rum- Natt'ﬁ)lnsta- house
whar{ wharf
Month Month

B
B
g
g

1917 1882 | 1883 [ 1899 | 1900 ; 1917

3
&

B a8
NERSIISL

Daily variations in the heights of high and low water on tide staff
at New London are given in columns 9 and 10 of Table 1 on page 5.
In Tables 6 and 7 the monthly variations of mean high water and
mean low water on tide staffs are shown. It will be seen that the
tide-staff settings were different at each of the three stations—Fort
Trumbull, naval station, and lighthouse wharf. In other words,
the zero readings of the tide staffs were set at different elevations,
that at naval station being set about 1 foot lower than that at Fort
Trumbull, while the zero of the staff at lighthouse wharf was set
about 2 feet lower than that at Fort Trumbull.

TABLE 7.—Mean low water on tide staffs, New London, Conn.

Light-| Light
Fort Trum- | Naval sta- |0 0 Fort Trum- | Naval sta- [, > 0
bull tion whart bull tion whar(
Month Month

1882 | 1883 | 1809 | 1900 | 1917 1882 | 1883 | 1899 | 1900 | 1017
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There are various planes of high water and low water but those of
mean high water and mean low water are the most easily determined
and the most generally used on the Atlantic coast. These planes
are, respectively, the average of all the high waters and all the low
waters over a considerable period of time.

From a consideration of the data in Tables 6 and 7, it will be noted
that the maximum monthly variations in the readings of high and
low water on tide staff are approximately 0.75 foot, highest readings
occurring in November and lowest readings in February. During
the summer months, however, monthly variations in high water and

Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1T 11 "1 "1"1T T 11
Feet
6.0
5.0
W/O\J
40— Fort Trumbull
3.0~
-OIIXJ\~.O___O.-“°'"0-~,O_.'O~\\O
Ow o Naval Station
2.0} ©
- - -0
Q 'O--‘O‘"O"‘O- ©o- 'O’ \\
~ o Fort Trumbull ko)
10—~ v
High water
- e = == LOW water

FIGURE 2.—Monthly variation in high water and low water on tide staff, New London, Conn.

low water are slight, approximating about 0.15 foot. Figure 2 shows
the monthly variation of high water and low water on tide staff at
Fo(li't Trumbull and naval station based on data given in Tables 6
and 7.

It will be noted from the curves in Figure 2 that there are seconda
maximum and minimum readings in May and June. In general,
the curves in Figure 2 resemble closely those in Figure 3 which show
monthly variations in mean sea level, the monthly variations in the
heights of high water and low water corresponding approximately to
the variations in the plane of mean sea level.

976864 0—51 2




10 U. 8. COAST AND GEODETIC SURVEY

TABLE 8.—Monthly mean tide level on tide staffs, New I_;ondon, Conn.

Light- Light-
Fort Trum- [ Naval sta- | (B0 Fort Trum- | Naval sta- hgfme
bull tion whar{ bull tion whatt
Month Month B
1882 | 1883 | 1899 | 1000 | 1917 1882 | 1883 | 1809 | 1900 | 1917

The plane of mean tide level, or, as it is sometimes called, the plane
of half-tide level, is a plane halfway between the planes of mean high
water and mean low water. From its definition it is obvious that the
plane of mean tide level exhibits the annual variation of the planes
of mean high water and mean low water. Table 8 shows the monthly
variation in mean tide level at Fort Trumbull, naval station, and
lighthouse wharf. The values in Table 8 were derived by taking
one-half of the sum of the values in Tables 6 and 7.

TaABLE 9.— Monthly mean sea level on tide staffs, New London, Conn.

Light-

i Light-
Fort Trum- | Naval sta- Fort Trum- | Naval sta-
bull tion | house bull tion | house
Month Month
1882 | 1883 | 1899 | 1900 1917 1882 | 1883 | 1809 | 1900 | 1917

The plane of mean sea level may be defined as the plane about
which the tide oscillates or as the surface the sea would assume when
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 averagi.ng over a considerable period of time the hourly
heights of the tide as read on a fixed tide staff, the zero of which hag
been connected with the bench mark by spirit levels. This is also
accomplished by reading the hourly heights from the record of an
automatic tide gauge whose relation to a fixed staff has been deter-
mined by comparative readi:gs.

Because of the disturbing influences of wind and weather an accurate
determination of mean sea level must be based on observations
extending over a considerable period of time. In general, a series of
tidal observations three years m length will, when corrected by com-
parison with the results from a suitably located primary station,
determine mean sea level within 0.02 foot; observations covering a
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period of a year will determine it to 0.05 foot, and a month of obser-
vations may be considered to determine it within 0.10 foot.

The values for mean sea level in Table 9 were derived by averaging
the 24 hourly heights of the tide each day during the monthly penod
These heights are recorded in feet and tenths and are referred to the
fixed staffs at Fort Trumbull, naval station, and lighthouse wharf,
respectively.

From the values given in Table 9 graphs have been constructed
showing the monthly variations in mean sea level at New London.
(See figure 3.) It will be seen that the plane of mean sea level fluc-
tuates from month to month throughout the year, being lowest in
February and highest in November. In general trend the annusal
variation in sea level at New London appears to approximate that at

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Feet

40—

Naval Station

3.0~

Fort Trumbull

20—

FIGURE 3.—Monthly variation in mean sea level on tide staff, New London, Conn.

Fort Hamilton, N. Y., Atlantic City, N. J., and other Atlantic coast
points.

By comparing the annual mean values for mean tide level and mean
sea level in Tables 8 and 9, it will be noted that at each of the three
localities in New London the plane of mean sea level is about 0.05
foot above that of mean tide level. In passing it might be well to
state that on the Atlantic coast the plane of mean sea level is gen-
erally higher than that of mean tide level.

THE RANGE OF THE 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 the sun and moon relative to the earth. Spring tiaes and perigean
tides bring relatively large ranges, while neap tides and apogean tides
bring relatively small ranges. The daily variation in range of tide
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at New London is shown in the last two columns of Table 1. From
the data in the table it will be noted that the rise of the tide varies
from 1.4 to 3.5 feet and the fall of the tide from 1.3 to 3.8 feet
throughout a summer month- (July, 1917) when severe meteoro-
logical conditions are not generally present. It will further be noted
that the range of the tide for the month was 2.42 feet.

TaBLe 10.—Range of tide, New London, Conn.

) _ | Light- Light-
Fort Trum- | Naval sta- | = = Fort Trum- | Naval sta- |7 00"
bull tion wharf bull tion wharf

Month Month
1882 | 1883 | 1899 | 1800 1017 1882 | 1883 { 1899 | 1900 | 1917

January__..._ ...
February. . ___|....__

While there are various tidal ranges just as there are various
tidal datum planes, that of mean range is of primary importance.
The range of tide showing monthly variations is given in Table 10
for Fort Trumbull, naval station, and lighthouse wharf. The
values in the table are the differences between the mean high and
low waters for each month as obtained directly from the observations.

The range of tide varies not only from day to day and month to
month but also from year to year throughout a period of approxi-
mately 19 years. Greater ranges occur when the inclination of the
lunar orbit to the plane of the earth’s Equator is small, and smaller
ranges when the inclination is large. The mean range of tide for each
year or each month is obtained by multiplying the range as directly
obtained from the tabulations by factors to take account of the
variation in the longitude of the moon’s node.

TaBLE 11.—Mean range reduced for longitude of moon’s node, New London, Conn.

Light- Light-
Fort Trum- Naypl sta- | g ouse Fort Trum- Naval sta- house
bull tion whart bull tion whart
Month Month
1882 | 1883 | 1889 | 1900 1917 1882 | 1883 | 1899 { 1990 1917

Feet

The reduced values for range in Table 11 were derived from Table 10
by applying factors depending upon the longitude of the moon’s node
to the values from the tabulations.
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Other tidal ranges than mean range are principallﬁr the following:
Spring, neap, perigean, apogean, great diurnal, small diurnal, great
tropic, mean tropic, and small tropic.

EXTREME TIDES

Tables 12 and 13 show, respectively, monthly extreme high waters
and low waters observed at Fort Trumbull with respect to the plane
of mean sea level, while Tables 14 and 15 show similar data at naval
station. These extreme tides are the highest and lowest tides
observed during each month of observation. While extreme tides
may be due to either astronomical or meteorological conditions alone
they generally result from the combined effects of both causes.

TaBLE 12.—Monthly extreme high water above mean sea level, New London (fort
Trumbull), Conn.

Date Height Date Height

'y
8
8

Feet 1883—Continued
Apr. 7

Highest oo

e | o
~ o (=X X -X--J L]

~

Highest ... ... ____.
AVerage. .. -ooeceieeicieaanae

1ol poso [ poporopororer
a xN OO OO Wb

Average for series- - ... ...

DN

TaBLE 13.—Monthly extreme low water below mean sea level, New London (Fort
Trumbull), Conn.

Date Height Date Height
1882: Feet 1883—Continued Feet
2.1 Apr. 2.3
1.8 2.2
2.2 2.4
3.5 2.0
3.0 1.8
2.0
3.5 2.4
2.52
Lowest. oo .l 3.2
AVerage. . oo iicicciiaoo 2.47
3.2
g g Average for series-..___._..__.........._ 2.49

TABLE 14.— Monthly exireme high water above mean sea level, New London (naval
station), Conn.

Date Height Date Height
1899: Feet 1900: Feet
2.2 1.8
2.2 3.2
2.5 2.6
3.0 2.7
2.3 2.5
2.4
3.2 3.2
2.56
3.2
254 2.55
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TABLE 15.—Monthly extreme low water below mean sea level, New London (naval
station), Conn.

Date Height Date Height
1899: Feet 1900: Feet

2.3 3.6

1.9 3.6

1.7 3.0

2.1 2.4

2.1 2.0

2.3

2.7 3.6
2.90

2.7

2.16 || Average for series. ... ... 2.47

On the Atlantic coast the semidiurnal type of tide obtains. There
are generally two high waters and two low waters each day, but there
is usually a difference in the height of the two high waters and also
in the height of the two low waters of the day. The variations of the
unequal high water heights and the unequal low water heights from
their averages are known as the diurnal high-water inequality and
diurnal low-water inequality, respectively.

TasLE 16.—Diurnal inequalities, New London (naval station), Conn.

Diurnal high-water inequality Diurnal low-water inequality
Month I;IIean Reduced l\rrfean Reduced
rom educe rom edu
1899 1600 observa- | mean 1899 1900 observa- | mean
tions tions
Feet Feet Feet Feet Feet Feet
0.51 0.45 . 19 . 19 0.17
0.26 0.28 0.21
0.13 0.18 0.17
0.20 0.23 0.17
0.27 0.25 0.21
0. 30 0.26 0.17
0.34 0.30 0.17
0.09 0.09 0.23
0.29 0.35 0.17
0.23 0.26 0.20
0.28 0.26 0.21
0.42 0.36 0.20
3.32 3.25 2.28
0. 277] 0.271 0.190

DIURNAL INEQUALITIES

Monthly variation in the diurnal inequalities of the tide at naval
station are given in Table 16. The diurnal high-water inequality is
derived by subtracting mean high water from mean higher high water.
Similarly, the diurnal low-water inequality is obtained by subtracting
mean lower low water from mean low water.

The diurnal inequalities exhibit variations from month to month
and year to year due to changing astronomical conditions. The
reduced values in the table have been obtained by means of factors
applied to the observed mean values.
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HARMONIC CONSTANTS

Tidal harmonic constants from an harmonic analysis of the hourly
ordinates of the tide at Fort Trumbull have been obtained from a
series of observations beginning November 1, 1882, and extending
thgough a period of 358 days to 382 days varying with the component
tide.

TaBLE 17.—Harmonic constants, New London (Fort Trumbull), Conn.
[Values in parentheses have been inferred from other constants]

1882-83 1882-83 1882-83
Component A:"; gi' Epoch Component Atlllll g' Epoch Component At’:; él' Epoch
H x H x H «

Tidal harmonic constants from an harmonic analysis of the hourly
ordinates of the tide at naval station have been obtained from a
369-day series of observations beginning May 12, 1899. The har-
monic constants from this harmonic analysis are given in Table 18.

TaBLE 18.—Harmonic constants, New London (naval station), Conn.
[Values in parentheses have been inferred from other constants)

1899-1900 1899-1000 1899-1600

Component |A™PI gpoch || Component At’:l‘ éi‘ Epoch || Component [AmBU-| Epoch

tude tude
H x H x H x
Feet- | D Feet |D

oo | Geh ©.000 | 167
0.243 0.002) | (290

(0. 032) (228) 216 200
0.168 138 (0.013) 200,

(0. 007) (80) 0. oosg mz
0.097 121 (0. 028 226!

(0. 033) (152) (0. 056 (295)

SUMMARY OF TIDAL DATA

For convenience the results derived and discussed in this section
have been compiled in one table and the data are given in Table 19.
While they are specifically for naval station (submarine base) they
are applicable approximately to New London and vicinity.
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TasLE 19.—T%dal data, New London (naval station), Conn.

TIME RELATIONS

Hours
High-water interval . . _ ... 9. 50
Low-water interval  __ . _ ... 3.70
Duration of rise . ___ e 5. 80
Duration of fall . iol.-. 6. 62
Phase 8ge._ . ... e 12.0
Parallax age._ __ .- 46. 7
Diurnal age _ . _ . aecda-. 333.6
Sequence of tides is HHW to LLW.

RANGES
Feet
Mean TaANZe - _ - - o e e e mm s 2. 53
Great diurnal TANEe . - - o o oo f e 2. 99
Small diurnal range - - . . - oo 2. 07
Great tropie range - _ _ . eciiceooa- 2. 82
Mean tropie range . . . . oo 2,28
Small tropie range._ . - 1. 74
Spring range. . e ieceeeoo 2.94
Neap range e 1. 99
Perigean range . oo 2.97
Apogean TaNge e 2. 08
COMPARISON OF RANGES

Ratios
Great diurnal range-+-mean Tange . - .- - - oo 1. 182
Small diurnal range—+mean range_ _ . ___ . _ e oo___ 0. 818
Great tropic range—-mean Tange _ _ _ - _ ..o 1. 115
Mean tropic range—+mean Tange  _ _ .o 0. 901
Small tropic range-+-mean range_ _ . _ e oa oo 0. 688
Spring range—+mean Tange _ - — - . e 1. 162
Neap range—Imean Tange  _ - _ - oo 0.787
Perigean range--mean range.________ ... ... 1. 174
Apogean range—+mean TaNZe . - _ o oo oo e oo e e 0. 822

HEIGHT RELATIONS
Feet

Mean high water above meansealevel .__________________._________ 1. 22
Mean higher high water above mean sealevel ____.__________.______ 1. 49
Mean lower high water above mean sea level . . _______._____________ 0. 95
Tropic higher high water above mean sea level____________...______. 1. 53
Tropic lower high water above mean sealevel . _______________..___. 0. 74
Spring high water above meansealevel .___________________________ 1. 43
Neap high water above mean sea level .____________ __________._____ 0. 96
Mean low water below mean sea level - _ _ ____________________.._.___. 1. 32
Mean lower low water below mean sea level . _______________________ 1. 51
Mean higher low water below mean sea level . ______________________ 1. 13
Tropic lower low water below mean sea level _______________________ 1. 29
Tropic higher low water below mean sealevel __________________.____ 1. 01
Spring low water below mean sea level . __.__________________.____._ 1. 51
Neap low water below mean sea level .. ______________._________. .. 1. 03
Hali-tide level below mean sea level . _____ . _________ 0. 05

THE TIDE AT FORT SCHUYLER, THROGS NECK, N. Y.
INTRODUCTORY

The earliest tidal observations on record for the vicinity of Fort
Schuyler, Throgs Neck, N. Y., at the western end of Long Island
Sound where the latter joins the East River, were those obtained in
1837 from August 9 to 17 in connection with a hydrographic survey of
this area. Ten years later the Coast and Geodetic Survey obtained
63 days of tidal observations at this locality during the period March
20 to May 29, 1847, when another hydrographic survey was made.
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From that time until 1929, however, this bureau made no tidal obser-
vations in this vicinity with the exception of short series at Willets
Point, Long Island, in 1886 and 1890.

Through the cooperation of the Corps of Engineers, United States
Army, the Coast and Geodetic Survey has beén furnished with the
results of long-period tidal observations made at Fort Schuyler,
Throgs Neck, N. Y., during the years 1920-1922 and 1926-1930.
Monthly values obtained from these records which show variation in
time.and height of tide at this locality will be found on subsequent

ages.
P %‘_hese tidal observations were obtained by means of a Gurley
printing gage and the heights of the tide at intervals of 15 minutes
were recorded a,utomaticafly in feet and hundredths of a foot on a
continuous strip of paper.

TIME RELATIONS

The lunitidal intervals at Fort Schuyler, N. Y., in hours and hun-
dredths of an hour, are given in Tables 20 and 21. These tables
show the monthly variation in the lunitidal intervals at this station,
and represent the time intervals by which high water and low water
follow the moon’s meridian passage.

TaBLE 20.—High-water lunitidal interval, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1621 1922 1928 1927 1928 1929 Mean

Hours Hours Hours
January.. . _...___|coeooo. 10.43 11.07
February . 1127 11,20
March.... 11,22
April et 11.22
May.._. 11,18
June._._. .- 1.,39
July.__. - 11. 57
August__._ -- 1 11,56
September. . PR . 11,42
October. ... - . 11.36
November. . -- 11.28 11.32
December............ 11.29 11.27 11.22
Mesn. .o e e e e e e 11.31

It will be noted that the monthly mean values in the last column
of Table 20 do not vary considerably from the yearly mean of 11.31
hours. However, individual monthf;r values over the 7-year period
vary from 10.43 hours to 12.21 hours, or by approximately an hour
earlier and later, respectively, than the yearly mean value. It will
be nofed that the high-water interval is d?i,.mimshed in the winter and
spring months and is increased in the summer and fall months. This
appears to be a seasonal effect.
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TaBLE 21.—Low-water lunitidal interval, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1827 1928 1929 Mean
Hours Hours Hours Hours Hours Hours Hours Hours

. 85 5.88 5.48 5. 58 5.43 5.58

5.59 |- 5.49 5.53 5.43 5.53

5.54 5. 64 5.53 5.47 5.58

5.70 |. 5. 66 5.45 8.47 8.57

5.63 5.58 5.50 5. 50 8.55

5.69 8.74 5.74 5.88 5.76

5.78 5.72 5.76 5.97 5.80

5.78 5.67 5.76 6.01 5.80

5.82 5.80 5.63 5.70 5.73

5.75 5.83 5. 687 5.45 5.68

5.76 5.63 5.65 | . .eeen.. 5.70

5.50 5.61 550 |-caceennet 5.687

.................................................. 5.65

It will also be noted that the monthly mean values for low-water
interval in the last column of Table 21 do not vary much from the
yearly mean value of 5.65 hours. Over the 7-year period of observa-
tions the monthly values vary from 5.43 hours to 6.01 hours, or ap-
‘proximately one-fourth hour earlier to one-half hour later than the
yearly mean. This variation is considerably less than that shown
above in the high-water lunitidal interval. Nevertheless, the varia-
tion in low-water interval also appears to be seasonal, the interval
being diminished in the winter and spring months and increased in
the summer and fall months,

TaBLE 22.—Duration of rise of tide, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929. Mean
Houre Hours Hours Hours Hours Hour
5.52 |ocemaanann 5.66 5.78 5.81 5.51
5.64 5.52 5,65 5.87 5.67
5.62 8. 52 .61 5.98 5.64
5.63 5.52 5.74 5.71 5.65
573 5.64 5.88 5.20 5.61
5.83 5.66 5.83 5.40 5.63
5.48 5.69 5.78 6.11 5.76
5.64 591 5.63 6.20 8.768
5. 87 5.83 5.78 5.83 8.71
8.62 5.79 5.55 5.71 5.67
5.54 5.90 8.51 5.62
5.61 5.76 5.58 5.68
................................ [ E 5.68

Table 22 shows the duration: of rise of tide at Fort Schuyler, N. Y.
The values in this table were obtained by taking the differences
between the values for high-water interval in Table 20 and those
for low-water interval in Table 21

Since 12.42 hours constitutes one-half a lunar day, and the yearly
mean value for duration of rise at Fort Schuyler is 5.66 hours as shown
in Table 22, the duration of fall of tide at this station is the difference
between these two values, or 6,76 hours,
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TABLE 23.—Mean rise interval, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929 Mean
Hours Hours Hours Hours Hours Hours Hours Hours

8.44 8.31 8.47 8.33 '8.32

8.41 | 8.25 8.36 8,36 8.38

8.35 |- 8.30 8.33 8.48 8.40

8.5 1. .43 8.32 8.32 8.40

8.50 |- 8.30 8.43 8.10 8.33

8.60 |- 8.67 8.56 8.59 8.58

8.51 8.56 8,66 9.02 8.69

8.60 8.62 8.58 9.11 8.68

8.60 8.72 8.52 8.61 8,57

8.56 8.72 8.44 8.30 8.52

8.53 8.58 8.41 |/ 8.52

8.30 8.49 8.29 [ 8.40

........................ - 8.48

The values in Table 23 which show monthly variations in mean rise
interval at Fort Schuyler, N. Y., were obtaned from the values in
Tables 20 and 21 by taking one-half the sum of the high-water and

low-water intervals _
HEIGHT RELATIONS

Monthly variations in mean high water on tide staff at Fort
Schuyler, N. Y., are given in Table 24. The monthly mean values
in the last column of ﬁxs table are also plotted in the form of a curve
in Figure 4 on page 21. It will be noted that over the 7-year period
of observations monthly mean high-water readings on tide staff
varied from a maximum of 9.24 feet in June, 1928, to & minimum of
7.84 feet in January, 1929, a variation of nearly 1% feet.

TABLE 24.—Mean high water on tide staff, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet
8.28 8.20 8.10 7.84 8.20
8.45 8.88 8.38 8.70 8.66
8.63 8.74 8.50 8.47 8.59
8.78 8.83 8.563 9.03 8.79
8.85 8.02 .01 8.51 8.82
8.95 8.97. 9.24 896 9.03
9.05 8.80 S.92 8.70 8.87
0.09 9.04 9.8 8.70 9.02
9.05 8.97 9.06 8.93 9.04
8.97 8.4 8.68 8.54 8.87
8.78 9.08 8.89 |eceecans 8.82
8.£8 8.90 8.80 |eaeacnans 8.68
.............................. - 8.78

Table 25 shows the monthly variation in mean low-water readings
on tide staff at Fort Schuyler, N. Y. The monthly mean values.in
the last column of this table have also been plotted in the form of a
curve in Figure 4. It will be noted that the plane of mean low water
like that of mean high water is highest in the summer months and
lowest in the winter months. During the observational period
monthly mean low-water readings on tide staff varied from a max-
imum of 2.05 feet in September, 1926, to a minimum of 0.85 foot in

January, 1928, a variation of about 1% feet.
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TABLE 25.—Mean low water on tide staff, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet

1.21 | .21 0.85 0.98 111

1.22 |- .68 1.17 1.64 1.47

1.46 |_ .54 1. 40 1.48 1.44

1,41 . .52 1.49 1.05 1.59

1.46 .62 1.79 1.31 1,54

1. 50 .71 1.95 1.77 1.73

1.52 . 60 1.70 1.53 1,59

1. 56 .90 1.87 1.68 1.74

1.85 .82 1.84 1.88 1.81

1. 60 .78 1.53 1.63 1.68

November.. 1.56 .88 1.34 | 1.62
December. 1.49 .73 129 ... 1.50
.................................................. 1.57

The values in Table 26, showing mean tide level on staff at Fort
Schuyler, N. Y., were obtained from those given in Tables 24 and 25.

TABLE 26.—Mean tide level on staff, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet
- 3 4.74 1. . 4.75 4.47 4.41 4,65
4.84 | 5.27 4.78 5.17 5.07
5.05 5.14 4.95 4,98 5.02
5.10 |. 5.18 5,01 5.49 5.20
5.16 5.27 5.40 4,91 518
5.22 5.34 5.59 5.37 5.38
5.29 5.20 5.31 512 5.23
5.27 5.33 5. 47 5.45 5.19 5.38
5.33 5.35 5.39 5.44 5. 41 5.42
5.14 5.28 5.36 5.10 508 5.24
3 5.42 5.16 5.48 4.87 |l 5.22
December...._...... 519 4,92 5.04 5.31 4,80 [-ocooiao. 508
Y (123 S UGS FORIIIIRRIN SURNTION FOUIPUION NN IR R 5.17

It will be noted that mean tide level exhibits similar variations to
those of mean high water and mean low water. Perhaps this is more
clearly shown in Figure 4 where the values in the last column of Table
26 have been plotted in the form of a curve.

The datum used in connection with these tidal observations is a
plane 5 feet below that of mean sea level at Sandy Hook, N. J.; that
15, the zero of the tide staff was set at an elevation of 5 feet below the
plane of mean sea level at Sandy Hook.

The mean sea level datum at Sandy Hook is based on six years of
continuous tidal observations made with an automatic tide gauge
during the years 1876 to 1881, inclusive. Through precise levels
this datum has been carried to Fort Schuyler, N. Y.

For use in connection with the recovery of various tidal datum
planes at Fort Schuyler, Throgs Neck, N. Y., reference is made to the
description and elevation of bench mark 999 at Fort Schuyler as
listed on page 17 in Tidal Bench Marks, State of New York (Special
Publication%\lo. 83, Coast and Geodetic Survey), as follows:

Serial No. 95. Throgs Neck: B. M. 999 (B. E. & A.) is a /4’’ copper bolt in the
top of the southeast corner of a large coping stone on top of the sea wall on the

southerly side of the military reservation at Fort Schuyler. The bolt is 3 feet
south of the southeast corner of the 2-story brick house occupied by Mr. Mayhew,
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post engineer, and about 50 feet west of the east dock. The bolt is 5 inches from
the face of the sea wall and in the center of a 4-inch square cavity in the coping
stone, which is also a part of the foundation of the post engineer’s house. Eleva-
tionl: lell.9' feet above mean low water; 8.26 feet above standard (Sandy Hook)
sea level.

Jan. Feb. Mar. Apr. May Jupe July. Aug. Sept. Oct. Nov. Dec.

I D IR D D I DR E I B B

Feet

9.0 r

Mean high water

80r

7.0 r—

6.0

5.0}— :
Mean tide level

20

Mean low water
1.0~

FIGURE 4.—Mean high water, mean low water and mean tide level on tide staff, Fort
Schuyler, N. Y.

THE RANGE OF THE TIDE

The values in Table 27, showing the range of the tide at Fort
Schuyler, N. Y., were obtained by means of the differences between
the mean high and low waters for each month as obtained directly
from observations and given in Tables 24 and 25. During the 7-year
period of observations the range of tide varied from a maximum of
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7.54 feet in August, 1922, to a minimum of 6.86 feet in January,
1929, a variation of only approximately 0.35 foot from the mean
value of 7.21 feet.

TABLE 27.—Range of tide, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1928 1927 1928 1929 Mean
Fect Feet Feet Feet Feet
7.05 .07 7.25 6.86 7.08
7.22 7.18 7.20 7.08 7.19
7.17 7.2 7.10 6. 99 7.14
7.37 7.32 7.04 7.08 7.20
7.39 7.31 7.22 7.20 7.28
7.4 7.26 7.29 7.19 7.30
7.53 7.20 7.21 7.17 7.28
7.54 7.14 7.16 7.02 .27
7.40 7.15 7.22 7.4 .23
7.38 7.16 7.13 6.90 7.20
7.2 7.2 7.05 foommaees 7.20
7.09 7.18 7.02 |oooon 7.16
.................................................. 7.21

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 1 1717 © ¥ 1 1 1T 1
Feet
80
7.5
7.0
Monthly means from observations
== ~= Monthly means corrected for longitude of the moon's node

F1GURE 5.—Mean range of tide, Fort Schuyler, N. Y.

TaBLE 28.—Mean range reduced for longitude of moon’s node, Fort Schuyler,
Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet

6.85 7.07 7.32 6.99 7.04

7.01 7.18 7.27 7.2 7.15

6.98 7.20 7.17 7.13 7.10

7.18 7.32 7.11 7.22 7.20

7.18 |. 7.31 7.29 7.38 7.8

7.22 7.26 7.36 7.33 7.29

. 7.31 7.20 7.8 7.31 7.28

7.32 7.14 7.23 7.18 7.22

7.19 7.1 7.2 7.19 7.19

7.17 7.16 7.20 7.04 7.14

6.99 7.20 7.12 7.10

8.88 7.18 7.08 7.08
........................................ 7.17

By means of factors the values given in Table 27 have been reduced
for longitude of the moon’s node and the reduced values are presented
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in Teble 28. It will be noted that the yearly mean value, 7.17 feet,
agrees closely with tlie accepted mean value for range of tide at Willets
Point, Long Island, which is 7.18 feet (see p. 28). Willets Point is
located just across the East River entrance from Fort Schuyler,
Throgs Neck. .

The monthly mean values for observed and reduced ranges of.tide
at Fort Schuyler, N. Y., as given in the last columns of Tables 27 and
28, respectively, have been plotted in the form of curves in Figure 5.
It will be noted that there is a seasonal variation in the range of the
tide at this station, the range increasing in the late spring and early
summer months and decreasing in the winter months.

EXTREME TIDES

The monthly highest and lowest observed tides at Fort Schuyler,
N. Y, are given in Tables 29 and 30. These heights are referred to
sea-level datum which has been previously discussed on page 20.

For use in connection with the elevations of extreme tides above
and below the datum given in Tables 29 and 30, respectively, refer-
ence is made to the description and elevation of bench mark 999 at
Fort Schuyler as listed on page 20.

While the mean range of tide at Fort Schuyler is 7.17 feet, and the
tide normally rises and falls to a plane about 3% feet above and below
mean sea level, it will be noted from the data in these tables that tides
have been observed at this station at elevations of nearly 7% feet
above and 6% feet below this datum plane.

TasLe 29.—Monthly extreme high water above sea-level datum, Fort Schuyler, N. Y.

Year January | February March April May June " July

feﬁd Da?tAe F:dl Date | Feet | Date | Feet | Date | Feet | Date | Feet

83 | n| a4 1led il A | I A2 TR a7

1.7 3|87 2|58 5|85 1]84 2{ 886

6.2 18|68 241638 80 | 4.7 20187 16| &0

5.9 16151 163 7.7 9148 71586 6] 82

6.14 |...._. 5,62 {....-. 6.80 |-.o--- 8.12 |...... 5.48 |...... 538

Year August | September | October | November | December |Highest Aa‘x'g"
Fea | Date | Feet | Date | Feet | Date | Feet | Feet Feet

...... 281886 1717.2 2171 7.2 6.63

5.8 3187 271638 2149 63 5.48

58 A}154 20(87 17189 82 5.62

5.8 20|61 1687 5184 6.1 5.68

8.4 181890 281861 4|70 .7 5.92

6.9 1187 80| &8 27| 54 69 574

53 2|78 oaf- 7.7 570

5.73 596 [.....| 6.05...... 595 |........ 5.78

A ’I‘hoi giglsgt-tlde of these observations was 7.7 feet above sea-level datumand occurred on Feb., 20, 1027, agd
Plziza ﬁeishfa in the above table are referred to the sea-level datum defined on pege 20,
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TaBLE 30.—Monthly extreme low water below sea-level datum, Fort Schuyler, N. Y.

Year January | February March April May June July
Feet | Date | Feet | Date | Feet | Date ) Feet | Dote | Feet | Date | Feet | Date | Feet
6.1 19| 4.8 b2 I T ORI PPN PRSI PPN PPN HORUPION ERPUN F
- 6.0 1361 14] 4.8 13 | 4.7 10§ 5.1 2648 26| 4.6
- 6.0 413.9 448 11490 1|48 28146 16| 4.4
- 6.0 21|63 20 5.1 91486 . 18] 5.2 17| 4.8
- 5.0 2316.1 7154 2148 855 8148 6| 60
Average | ___.. 5.82 |._.... 5.24 l..___. 5.08 |-.aaa- 4.75 [ee.-o 513 |_.---. 4 85 ... 4.70
Year August | September | October | November | December |Lowest Aa‘;%" .
Feet | Date | Feet Feet Feet
...... 30155 5.9 5.67
4.8 1147 6.1 5.10
4.5 191 5.8 6.2 5.22
4.6 21147 5.2 4.80
4.2 1149 6.0 4.83
4.9 20153 8.3 5.30
4.7 4148 5.4 5. 04
4.62 ). ... 507 J..oo1 8,33 || 5,70 |____._. 5.10

The lowest tide of these observations was 6.3 feet below sea-level datum and occurred on Feb. 21, 1928,
The heights in the above table are referred to the sea-level datum defined on page 20.

DIURNAL INEQUALITIES

The diurnal high-water inequalities and diurnal low-water in-
equalities in the tide at this locality, based on actual observations,
are presented in Tables 31 and 32, respectively, which show monthly
variations in such inequalities.

TaBLE 31.—Diurnal high-water tnequalities, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1928 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet

3 0.22 0.24 0.48 0.38 0.34

0.30 0.43 0.64 0.33 0.41

0.28 0.28 0.42 0.41 0.33

0.31 0.23 0. 52 0.45 0.38

0.38 0.70 0.386 0.37 0.45

0.31 0.32 0.41 0.33 0.34

0.32 0.33 0.40 0.33 0.34

0.25 0.28 0.32 0.34 0.28

0.22 0.27 0.28 0.29 0.28

0.33 0.25 0.19 0.34 0.28

0.28 0.37 G.27 {eooiaC 0.37

0.34 0.61 0.28 |-ooaooas 0.41
................................................... 0.35
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TABLE 32.—Diurnal low-water inequalities, Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1928 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet

3 0.37 0.27 0.44 0.23 0.31

0.20 0. 10 0.33 0.17 0.22

0.16 0.23 0.33 0.43 0.28

0.20 0.17 0.33 0.42 0.28

0.17 0.29 0.26 0.26 0.2

0.22 0.28 0.31 0.31 0.28

0.24 0.26 0.33 0.25 0.27

0.21 0.30 0.23 0.25 0.22

0.19 0.25 0.15 0.21 0.20

0.20 0.24 0.18 0.22 0.23

0.24 0.34 0.25 | 0.33

0.32 0. 51 0.32 |.o.oo. 0.37
.................................................. 0.27

The values in Table 31 are the differences between mean high
water and mean higher high water for each month while those in
Table 32 are the differences between mean low water and mean lower
low water-for each month. It will be noted that the inequalities for
high water and low water do not vary much from month to month
and also that the inequalities for both high water and low water
are approximately equal, averaging about 0.3 foot. In a range of
7.2 feet, such as obtains at Fort Schuyler, it will be seen that the
inequalities in the tide represent something less than 4 per cent of
the range of tide.

The diurnal inequalities exhibit variations from month to month
and year to vear due to changes in astronomical conditions. The
reduced values for diurnal high-water and low-water inequalities at
this station are given in Tables 33 and 34. These values have been
obtained by applying factors to the values in Tables 31 and 32 de-
pending upon the longitude of the moon’s node.

TaBLE 33.—Diurnal high-water inequalities reduced for longitude of moon’s node,
Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1928 1927 1928 1929 Mean
Feet Feet Feet Feet Feet Feet Feet Feet
JANUALY. oo feiiaaaaaas 0.41 0.23 0.21 0.39 0.81 0.31
g 0.38 0.4 0.63 0.31 0.44
0.42 0.33 0.47 0,44 0.40
0.43 0.25 0. 55 0.45 0.42
0.40 0.64 0.32 0.31 0.42
Q.31 Q.27 0.33 0.28 0.29
0.39 0.28 0.33 0.26 0.32
0.31 0. 0.28 0.31 0.32 0.30
0.33 0.42 0.31 0.29 0.31 0.33
0.45 0.41 0.27 0.19 0.34 0.33
0.30 0.45 0.33 0.23 0.38
0.34 0.39 0.49 0.22 0.38
........................................ 0.38

976864 0—51——3
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TABLE 34.—Diurnal low-water inequalities reduced for longitude of moon’s node,
Fort Schuyler, Throgs Neck, N. Y.

Month 1920 1921 1922 1926 1927 1928 1928 Mean

Feet Feet Feet Feet Feet Feet Feet
LV TIT:N o SRR [, 0.2 0.38 0. 24 0.37 0.19 0.28
February 0.38 0.2 0.10 0.33 0.18 0.25
March.. 0,38 0.2 |- 0.27 0.37 0. 46 0.34
PN o) ¢ | FORRRPRIPUION AN R, 0.27 |- 0.19 0.24 0.42 0.28
BY e e 0.18 0.28 0.3 0.22 0.22
June. .o 0.22 0.2 0. 25 0.24 0.4
AT 8 RSN RO AR 0.30 0.22 0.27 0.20 0.25
August..... 0.13 0.28 0.30 0.22 0.23 0.23
September. . ... .. aii|eeeiioio. 0.29 0.20 0.17 0.22 0.4
October.... 0.28 0.30 0.28 0.28 0.18 0.22 | 0.27
November. 0.37 0.43 0.26 0.30 0.22 0.32
VDecember.. 0.35 0.27 0.32 0.41 0.25 0.33
h% C1: | DA DN IR MORISSUIORINY IR PRI S 0.27

SUMMARY OF TIDAL DATA

For convenience -the results derived and discussed in this section
have been compiled in one table and the data are given in Table 35.
In this summary the great diurnal range was obtained by adding to
the mean range the reduced high-water inequality of 0.36 foot and
the reduced low-water inequality of 0.27 foot. The small diurnal
range was likewise obtained by subtracting from the mean range the
sum of the reduced inequalities of the tide.

TapLe 35.—Tidal data, Fort Schuyler, Throgs Neck, N. Y.

TIME RELATIONS

Hours
High-water interval . . .. ooo____ 11. 31
Low-water interval. . .. oo e memcccememmaan 5. 65
Duration of rise____ . ccmmmcm—mmm—aas ... .66
Duration of fall__ . eeeemcemmc—c—cccm—aaa 6. 76
Mean rise interval. .o ccccccccececcccmceecanea- 8. 48
RANGES _
Feot
Mean range. o - e e acccccemcesmenaann 7.17
Great diurnal range . _ .- cecieeccccccecacccccememccemanne-an (- 80
Small diurnal range. . . - ecicmcnccncn--: ©.54
COMPARISON OF RANGES
Ratios
Great diurnal range-+mean range. . oo cmceemceeaaan 1. 088
Small diurnal range+mean range. . . .ccoeeccccanccaceccceamnaaan-o 0. 912
HEIGHT RELATIONS
Feet
Mean high water above sea-level datum..__ ... .. .. __.__ 3.78
Mean higher high water above sea-level datum. . _ ... o._. 4. 14
Mean lower high water above sea-level datum..________.._ . _...___.. 3.42
Mean low water below sea~level datum . - o oo eovecomoo oo 3. 43
Mean lower low water below sea-level datum._ . oo cicarracnna 3.70
Mean higher low water below séa-level datum. __ . ___ oo .. . 3.16

Half-tide level above sea-level datum. o oo cccecemmacarcccccaccaaan 0 17
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THE TIDE AT WILLETS POINT, LONG ISLAND, N. Y.
INTRODUCTORY

With the exception of approximately one lunar period in 1886 and
brief periods in 1890 and 1929, the Coast and Geodetic Survey has
never obtained tidal observations at Willets Point, Long Island, a
locality at the mouth of the East River where that waterway joins
western Long Island Sound. Through the cooperation of the Corps
of Engineers, United States Army, however, the Coast and Geodetic
Survey has been furnished the hourly ordinates of the tide at the
United States Army Engineers Wharf, Fort Totten, Willets Point,
for two yearly periods from July, 1891 to July, 1892, and from Jan-
uary, 1894 to January, 1895, respectively. These observations were
obtained by means of a Stierle or Bilgram automatic tide gage.

HARMONIC CONSTANTS

The above-mentioned series of tidal observations are important in
that they furnish the basis for the prediction of tides for that locality.
Tidal harmonic constants were obtained from harmonic analyses of
the two 369-day series of tidal observations beginning July 1, 1891,
%nleanuary 1, 1894, respectively. These constants are given in

able 36.

TABLE 36.—Harmonic constants, Willets Point (Uniled States Army Engineers
Wharf), N. Y. «

[Values in parentheses have been inferred from other constants]

Mean of the 2-year
1891 1894 series
Component Ampli- Ampli- Ampli-
P tude | EPoch | “gyde | Epoch | “ypgqe | Epoch
H 3 H x H «
Feet Degrees Feet Degrees Feet Degrees
(0.015) (108)}  (0.018) (89)[ (0.016) (104)
3 122 0.339 116 0. 339 119
0.160 357 0.131 360 0. 146 359
0.411 1 0.189 4 0. 300 3
0.028 120 0.013 212 0.020 166
3.597 330 3.701 328 3.649 329
0.108 214 0. 085 0. 096 211
0.193 88 0.228 80 0.210
0. 74 3 0.738 302 0. 744
(0. 100) (283)] (0.098) 2101 (0.099) (280)
0.191 148 0. 205 151 0. 188 1
(0. 008) (85)  (0.009) (81 (0.008) (88)
0. 0. 092 120 . 091 134
0. 037, 2161 0. 040 169 0. 033) 2165)
0. 005 175 0. 005 186 50. 005; 180;
0. 005, (351 0. 005, 354 0. 005, (362
0. 621 351 0. 668 354 0. 644 352
(0.037) 5351) (0. 039, 354) 20‘ 038; (352)
éo. 025; 340§ go. 026, 340) 0. 026 ?MO;
0. 086, (308, 0. 089, 302)|  (0.088) 305,
1. 145 307 0. 080 317 0.112 312
(0. 007) (160)| (0.008) (166)]  (0.008) (163)
0.116 0.190 1 0.153 110
0. 174 0.128 43 0.113 11
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SUMMARY OF TIDAL DATA

Based on the harmonic constants given above in the last two col-
umns of Table 36, various nonharmonic quantities have been derived.
These values pertaining to ages, sequence, ranges, and height relations
of the tide at Willets Point are presented in Table 37. In addition,
the best determined values for high-water interval and low-water
interval at this station are also given in Table 37 and further discus-
sion regarding these values will be found in a following paragraph.

TasrLE 37.—Tidal data, Willets Poynt, N. Y.

TIME RELATIONS

Hours
High-water interval _______ ________________ .. 11. 30
Low-water interval __ _ ______ L e___ 5 71
Duration of rise_ . .o 5. 59
Duration of fall_________________ e e 6. 83
Phase age- . . eemae 23. 4
Parallax 8ge._ . e 44, 8
Diurnal age . _ - . e 331. 9
Sequence of tides is HHW to LLW.
RANGES
Feet
Mean range. .. _ oo 7. 18
Great diurnal range_ _ . _ e 7.70
Small diurnal range. - . . . 6. 66
Great tropicrange_ . . _ . ____ .. 8. 22
Mean tropic range . . _ _ oo 7. 44
Small tropic range__ . _ __ . eo__l.. 6. 65
Spring range_ oo 8. 65
Neap range .o o e 5. 68
Perigean range. . o imceiao-o 8. 23
ADPOZEAN TANEEe - o o e 6. 38
COMPARISON OF RANGES
Ratios
Great diurnal range—+mean range_ . ____ e e 1. 072
Small diurnal range—+mean Tange - - - . .. o e oo 0. 928
Great tropic range—+mean range. - - . _ . ____________._________.___ 1. 145
Mean tropic range—~mean range. - - _ - . _ . __ . _ . ______ 1. 036
Small tropic range-+mean range. - - - - _ .- _ ... . __._____ 0. 926
Spring range--mean range. - _ _ .- o e _-o. 1. 191
eap range—+Iean TANEE . . - _ o oo oo oo m oo eim e meeeeemam 0. 791
Perigean range-mean Yange . . . .. 1. 146
Apogean range-+-mean YaNEe . oo 0. 889
HEIGHT RELATIONS
Feet
Mean high water above mean sea level..______ . _____________ 3. 59
Mean higher high water above meansealevel . . ____________________ 3. 91
Mean lower high water above mean sea level . _ ... ___ . _______.______ 3.27
Tropic higher high water above mean sea level . _____________________ 4, 20
Tropic lower high water above mean sea level . ______ . __________..___ 3. 23
Spring high water above meansealevel .___________________________ 4.27
eap high water above meansealevel ____________________._______ 2. 84
Mean low water below mean sea level__ . ______ . _____.________.____ 3. 59
Mean lower low water below mean sea level ________________________ 3.79
Mean higher low water below mean sealevel . _ ___.____________._____ 3. 39
Tropic lower low water below mean sea level . ___._________________. 4. 02
Tropie higher low water below mean sea level .. ___________________. 3. 42
Spring low. water below mean sea level ______._ . __________._________. 4. 28
eap low water below mean sea level ____________________________.__ 2. 84

Half-tide level below mean sea level . _ . oo cmcmcan 0. 00
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Particular attention is called to the values for high-water interval
and low-water interval for Willets Point, N. Y., as given in Table 37.
The value for high-water interval (11.30 hours) was derived by a
first-reduction method and is the mean of the yearly average val}l,les
for the 1892 and 1894 series of observations, which are, respectively,
11.32 hours and 11.27 hours. The value for low-water interval
(5.71 hours) is likewise derived by a first-reduction method and is the
mean of the average values for the months of December, 1891;
March, 1892; April, 1892; June, 1892; and September, 1892, which
are, respectively, 5.75 hours, 5.59 hours, 5.67 hours, 5.90 hours, and
5.62 hours. The values for durations of rise and fall of tide at
Willets Point, N. Y., as given in Table 37, were derived from the
values for high-water interval and low-water interval given in the

same table.
EXTREME TIDES

The monthly highest and lowest observed tides at Willets Point,
N. Y., during the latter half of the year 1891 and during the years
1892 and 1894 are given in Tables 38 and 39. These heights are
referred to local mean sea level, which datum, based on the summation
of hourly ordinates of the tide during the observational period, was
4.144 feet on tide staff, or 15.38 feet below bench mark 734 (Board
of Estimate and Apportionment, New York City). This bench
mark is described on page 34, Tidal Bench Marks, State of New York
(Special Publication No. 83, United States Coast and Geodetic Survey),
as follows:

Serial No. 264. Willets Point: B. M, 734 (B. E. & A)) is a small cross, %'/, cut
in the top of the horizontal surface at the east end of the bluestone sill of the east
window on the north side of the 2-story red brick casemate storehouse building,
just south of the long dock, in the military reservation at Fort Totten. The
cross is 3% inches from the east end of the sill and the figure 19.5205 is scratched
below on the vertical face of the sill. Elevation: 19.2 feet above mean low
water; 15.60 feet above standard sea level.

It should be noted that standard sea level has reference to the
datum of mean sea level at Sandy Hook, N. J., which datum has been
carried to Willets Point through precise leveling. The tidal observa-
tions at this locality based on a two years’ series show that there is &
difference of 0.22 foot between standard sea level and local mean
sea level. The elevation 19.5205 feet referred to in the above descrip-
tion of bench mark 734 is the elevation of that bench mark above the
zex;i) of the tide staff at Willets Point during the years 1891, 1892,
and 1894.
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TaABLE 38.—Monthly extreme high water above sea level, Willets Point, N. Y.

Year January | February March April May June July

Date | Feet | Date | Fe

Average ... 5.75 |------ 6.40 |______ 5.40 |..__.. 6.25 |._.__. 5.80 [..___ 520 |ocuoee 4.
Year August | September [ October | November | December Hggtli- Aa?er'
Feet | Date | Feet | Feet Feet
5.0 15156.7 57 5.15
5.4 354 5.8 5.28
5.4 11]5.4 74 5.88
Average... ... |....__ 4.97 ... 5.13 |-caeen 5.97 |-ooao | 8.27 |-ooo. 781 N P 5.54

The highest tide of these observations was 7.4 feet above sea level and occurred on April 11, 1894.
ls’glhtishgiights in the above table are referred to local sea level derived from observations during the period

TABLE 39.—Monthly extreme low water below sea level, Willets Poini, N. Y.

Year January February March April May June July

Date | Feet | Date | Feet | Date | Feet | Date | Feet | Date | Feet | Date | Feet Dazt; f‘eset

2214.6
2161
Average_|._.._. 5.80 |__-.- 5.40 |.._..__ 5.85 |------ 5.10 |-._-_. 4,80 |-.-- 4.70 |.___.. 4.83
Year August | September | October | November | December L&?‘ A:g%r‘
Date | Feet | Date | Feet | Date | Feet | Date | Feet | Date | Feet | Feet Feet
4.6 16 | 5.8 2049 18] 6.7 1716.8 6.5 5.35
4.6 7149 656 5163 4159 6.3 5.24
4.7 2142 15| 6.2 28|58 13 (6.3 6.3 5.18
4.63 ... 4.90 [.__... 5.20 |...._- 593 [-..... 6.23 [ceceao-s . &

The lowest tide of these observations was 6.5 feet below sea level and occurred on December 17, 1801
L 8;I‘lhiaslézightsj in the above table are referred to local sea level derived from observations during the period

THE CURRENT AT LIGHTSHIPS(S)'IPJ?\J'II‘)IONS’ EASTERN LONG ISLAND

BARTLETT REEF LIGHTSHIP

If the axis of Eastern Long Island Sound be taken as a line con-
necting Stratford Shoal Light and Stonington Outer Breakwater
Light, it will be found that both Bartlett Reef and Cornfield Point
Lightships are located on such axis. Vessels entering Long Island
Sound from Fishers Island Sound or from the Thames River generally
pass Bartlett Reef Lightship in making their courses westerly toward
Cornfield Point Lightship, while those entering from The Race gen-
erally pass Bartlett Reef Lightship 1 or 2 miles to the southward.
This lightship, therefore, is an important aid to navigation at the
eastern end of Long Island Sound.



TIDES AND CURRENTS 31

The tidal current at this station is primarily of the reversing, or
rectilinear type; that is, it floods, or sets westerly through Long Island
Sound for a period of about six hours and then reverses its direction
and ebbs, or sets easterly for another 6-hour period. The results of a
long period of observations at this station as given in Table 58 on

age 78 show the durations of flood and ebb to be 6.84 hours and 5.58
ours, respectively.

Long-period current observations have been obtained by the Coast
and Geodetic Survey at Bartlett Reef Lightship on several occasions
through the cooperation of the Bureau of Lighthouses. From Sep-
tember 25 to December 25, 1913, hourly current observations were
obtained continuously at this station by means of current pole and
current log line. During the same period similar observations were
obtained at many lightship stations along the Atlantic coast. This
series of current observations at Bartlett Reef Lightship was ana-
lyzed harmonically and the harmonic constants which were derived
from this analysis are given in Table 40.

TasLe 40.—Harmonic constants, Bartlett Reef Lightship
(From an 87-day series, 1813]

North and south ele- | East and west element

ment (magnetic) (magnetic)
Component Amplitude| Epoch |Amplitude| Epoch
H X H x

225.67 0. 2201 18. 88
87. 04 0. 0419 107. 50
290, 83 0. 1990 54,41

The longest and most recent series of current observations at Bart-
lett Reef Lightship was that obtained from August 8, 1929, to March
31, 1930. This series was begun in the summer of 1929 when a com-
prehensive current and tide survey of Long Island Sound was in prog-
ress. The results of this series of observations are given in Table 41.
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TaBLE 41.—Current data, station & (Bartlett Reef Lightship)

[Referred to times of current at The Race]

Tidal current

Date of observations Strength of food Strength of ebb
Slack Slack
tﬁefoae Vel DI belt)tge v
00 eloc- rec- | e eloc- | Direc-
Time | "jiy tion Time | "iiv™ | tion
Hours | Knots | True | Hours | Flours | Knots | True
Aug. 8-31, 1020, . _.._.._......._.__. 07 —0.84 | 1L50| 23| —1.25|—-173] 139 20
Sept. 1-30, 1020, ~0.84| Yar| 2s8|-7e2|-170| 131 83
Oct. 1-31, 1929 —0.831 L1925| 266]—125|—167| 121 8
—1ot| rer| 250|-110|-14| 118 87
-1o4| 12| 2s2|-105|-1L72{ 123 93
-118| 13| 252|-o0s88|~-172] 121 96
. 85| —1.18| 13| 257| —0.99 | —176( 135 98
Mar. 1-31,"1030 ... 0CIIIIIIIIIIITTTT —t24|-lol| 138| 252|—L11|—-141] L5 92
Mean. oo —-2.08| —0.99 | 1.35| 265|—1.07|—165| 130 %
Nont:;i;g CUr | Greatest current observed during month
Mean
Date of observations Wind current
Veloe- | Diree- | .0, | Direc- | Veloc- hour
ity tion tion ity Direc- | Veloc-
tion ity
Mag-
Knots | True 1 T\‘zusel Knots | metic | Miles | Hours
Aug. 831, 1020 | om| wffAuen) W R0l B 0] e
8ept. 1-80, 1020 __oocemmmeecanne o.08| oo (3-8 | 13l B Z|} 2w
Oct. 15| 2711 1.8 45 34
Oct. 1-31, 1020 .o~ oeomeomeenee.. ooo | 1w [{O% 1 | 17| mm| B} vw
Nov. 180, 1020 -o-eoeeceenncnne oo o7 (Nov-21 FB| LS| | % =n
Dec. 1-81, 1929 - - emmeeecceemcenne om| | B M| LT # B ne
Jan. 1-31, 1630..... J ooz | s B0 B LS 0| 2} e
Feb. 11-28, 1030, -wevneeeecemccene 02| wof(Fep- 121 BB I3 B B en
Mar. 15| 26| 2.1 45 18
Mar, 1-31, 130, . . oeemeeeoo. oz | s ((MARL R F1 o B 13
21| 1.85
Mean. oo 018 18 [...._... L - | U R 12.10

Bartlett Reef Lightship will be found to be current station No. 5 in
Figure 19 on page 80. In Table 41, which shows the monthly varia-
tion in the tidal current at Bartlett Reef Lightship, the times of slack
and strength of current are given in hours and hundredths of an hour
and are referred to the times of similar phases of the current at The
Race, the current in every ¢ase being considerably earlier at the light-
ship station than at the referepce station, as indgcated by the minus
(—) signs placed before such time values. Slack water has reference
to the time when the current has ceased flowing in one direction and
begins to flow in an opposite direction. Theoretically it is instanta-
neous, but practically it varies with the velocity of the current at
times of strength. It represents the time when the current can not

- be appreciably measured by means of current pole and current log

e,
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It will be noted that the easterly current or ebb does not set directly
opposite to the flood. This is most likely due to the location of the
station. The velocities of flood and ebb are practically of the same
strength, however.

The mean current hour listed in the last column of the table is
given in solar hours and is the mean interval between the transit of
the moon over the meridian of Greenwich and the time of the
strength of the flood current modified by the times of slack water
and strength of ebb. In computing the mean current hour an aver-
age is obtained of the intervals for the following phases: Flood
strength, slack before flood increased by one-fourth semilunar day
(3.10 hours), slack after flood decreased by one-fourth semilunar
day, and ebb strength increased or decreaseg by one-half semilunar
day (6.21 hours). Before taking the average the four phases are

Hours 1 3 5 7 9 10 11 2 13 14 15 16 17 18 19 20 21 22 23 24
T T T I 1 I T i
Knots
204~
|,a\ /
1929 \ / -]
oct 25 00 Westerly / A

m_:.,u.,, \\ // | \ //\\

200~

oorae :’:’f\\\ /‘Q’,’/’]\ <
_/ ~_ | N \ //

F1GURE 6.—Current curve, Bartlett Reef Lightship, showing the effect of strong winds upon the
tidal current

made comparable by the .addition or rejection of such multiples of
the semilunar day (12.42 hours) as may be necessary.

In addition to the results for the tidal current, which is a periodic
phenomenon accompanying the tide, there are also given in Table 41
the results for mean monthly nontidal current at this station. Non-
tidal currents are not periodic in character and are produced princi-
pally by winds, fresh water run-off, changes in atmospheric pressures,
temperatures, etc. The southerly monthly sets at this station during
the observational period from August to March are most likely due
to the prevalence of northerly winds and the decreased velocities of
the nontidal sets during the fall months are likewise due to decreased
wind velocities.

The greatest observed flood and ebb currents during the monthly
periods are also given in Table 41. These are comparable to highest
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and lowest observed tides and should prove to be of interest and
value to navigators. It will be noted that in general the greatest
observed currents are about one-half knot stronger in velocity than
the mean flood or ebb strengths. For convenience there are also
given in the table the directions and velocities of the wind which
obtained at the times of greatest observed current.

The tidal current curve at Bartlett Reef Lightship under normal
weather conditions is of the semidiurnal or semidaily type; that is,
there are two flood periods and two ebb periods each day. The non-
tidal current produced by strong winds may have a pronounced effect
upon the tidaf.l) current. In some cases it may be so great as to actu-
ally prevent the occurrence of a flood or ebb period of the tidal cur-
rent itself, causing the latter to flood or ebb for a period of half a
lunar day or longer as the case may be.

The effect of strong westerly winds upon the tidal current at Bart-
lett Reef Lightship is cleéarly shown in Figure 6, which illustrates the
tidal current curve for this station based on observations covering
the period October 25-26, 1929. The velocities of flood are plotted
ﬁbove the slack-water datum and the velocities of ebb below such

atum.

Average tidal current conditions should have obtained at this sta-
tion at this time of the month. Owing to the presence of strong
westerly winds, however, flood and ebb were considerably affected by
such wind influence.

In Figure 6 the solid line represents the plotting of the current
velocities as actually observed at this station. The dotted line reg-
resents approximately the tidal current curve which would have ob-
tained as uninfluenced by the strong westerly winds which prevailed
at the time the observations were made. On the Atlantic coast
winds of 35 to 40 miles per hour in strength will produce currents of
0.5 to 0.6 knot in velocity. In Figure 6 it will be noted that when
the tidal current attained sufficient strength to overcome the effect of
the wind current it then ceased to ebb and began to flood, or run
westerly. Attention is called to the portion of the curve for October
25 (9 p. m. to midnight) and for October 26 (11 a. m. to 3 p. m.).
Thus, it will be seen that the tidal-current velocities and directions,
like the heights of high and low water, are greatly influenced by the
occurrence of strong winds,

CORNFIELD POINT LIGHTSHIP

Cornfield Point Lightship is located about 3 miles from Cornfield
Point, Conn., from which locality it derives its name. It might also
be stated that it is located about 1 mile south of Long Sand Shoal, a
narrow shoal 6 miles in length and extending easterly and westerly
in Long Island Sound some 2 miles off the entrance to the Connecti-
cut River. From its location Cornfield Point Lightship is an impor-
tant aid to navigation for vessels sailing through Long Island Sound
slt{qd especially for those engaged in the navigation of the Connecticut

iver.

The tidal current at this station, like that at Bartlett Reef Light-
ship some 12 miles to the eastward, is primarily reversing in charac-
ter. The results from observations for the month of September,
1922, as shown by the ellipse in Figure 7, however, indicate that
even at inland stations such as Cornfield Point Lightship the current,
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although primarily of the reversing type, exhibits the characteristics
of the rotary type found at offshore points.

In Figure 7 the hourly velocities and directions of the tidal current
for a 29-day lunar period have been referred to the times of high
water and low water at New London, Conn., the plus (+) sign
meaning “later than’” and the minus (-) si%:lo meaning “earlier
than’” the times of high or low water at New London. It will be
noted that the current changes considerably in velocity and direction
hour by hour and that the reversal of the tidal current from flood to
ebb, or vice versa, is clockwise.

Current, observations have been obtained at Cornfield Point Light-
ship from time to time ever since 1890. In the latter year one month’s
slack water observations were obtained during the month of August.
In 1913 an 87-day series was made from September 27 to December
22, simultaneous with that at Bartlett Reef Lightship. In 1922
approximately four months of observations were obtained at this
station from August 9 to November 30, in connection with a current
and tide survey of New York Harbor which was executed during the
summer of that year.

The longest and most recent series of current observations at Corn-
field Point Lightship was that obtained from July 11, 1929, to Decem-
ber 31, 1930. The results of this series, together with those derived
from the series of 1890, 1913, and 1922, are given in Table 42.

TaBLE 42.—Current data, station 28 (Cornﬁeld Point Lightship)

[Referred to times of current at The Race}

Tidal current
Date of observations Strength of flood Strength of ebb
Slack Slack
%efoae Vel Di be{)oge Vel Di
00 : eloc- irec- | el : eloc- rec-
Time | “50 tion Time | "y tion

Hours | Hours | Knots | True } Hours | Hours | Knots | True
Aug. 1-31,1890_ ... __._._._._._.__. =0.70 oo e 0.32 [ e
Sept. 27-Oct. 25,1913 ... —1.10 | —0.49 1.85 257 | —0.23 0.32 1.67 88
Oct. 26-Nov. 23,1913 ___ o] —1.05 | —0.47 1.91 258 | —0.22 | —0.57 1.68 92
Nov. 24-Dec. 22, 1913_ —0.97 { —0.48 1.70 256 | —0.28 | —0.50 1.60 94
Aug. 9-31, 1922 —1.22 | —0.48 1.90 264 | —0.08 | —0.50 1.62 82
Sept. 1-30, 1922_ —1.15 | —0.67 1.82 264 § —0.07 | —0.28 1.60 82
Oct. 1-31, 1922__ -~1.00 | —0.28 1.78 261 | —0.03 | ~0.37 1.55 88
Nov. 1-30, 1922_ .| —=101; —0.51 1.83 258 | —0.20 1 —0.43 1.57 92
July 11-31,1929. _______.__ N —-0.92 | —0.01 2.00 247 0.271 —-0.18 1.75 84
Aug. 1-31,1929_______.___. ~1.05 | —0.17 2.18 251 0.01 | —0.64 1.83 93
Sept. 1~30,1929. . _________. —0.94 | —0.40 2.06 254 | —0.26 | —0.26 1.87 97
Oct. 1-31,1920___._________ ..| —0.80 | —0.48 1.92 252 | —0.40 { —0.37 1,77 102
Nov, 1-30, 1929_ —0.97 | —0.60 2.04 253 | —0.37 | —0.45 1.78 102
Dec. 1-31, 1929 —1.02 1 -0.62 1.91 255 | —0.31{ -0.45 1.72 100
Jan. 1-31, 1930 _ —1.17 | —0.51 1.94 254 | ~0.03 | —0.72 1.59 101
Feb. 1-28, 1930 —0.99 | —0.58 1.98 255 | —0.07 | —0.52 173 99
Mar, 1-31, 1930. —0.96 | —0.60 2.00 251 | —0.26 { —0.83 1.80 100
Apr.1-30,1930. . ... .. _.. —1.02 | —0.50 2.02 252 [-—0.05 | —0.73 1.72 101
May 1-31,1930. .. eeeal =113 | —0.41 2.04 258 | —0.02 [ —0. 55 1.67 97
June 1-30, 1930__. -] —0.96 | —0.21 2.08 258 § —0.02 | —0.31 1.92 92
July 1-31,1930__. -0.941 -0.15 2.15 254 0.11 | —0.37 1.96 90
Aug. 1-31,1930. .. —0.95 | —0.35 1.99 256 0.12 | —0.40 1. 86 95
Sept. 1-30, 1930. —0.83 | —0.13 1.84 254 0.07 | —0.39 1.82 93
Oct. 1-31,1930_. —0.75 | —0.46 1.88 251 | —0.03 | —0.41 1.69 98
Nov. 1-30, 1930_ —0.41 1.89 253 | —0.09 | —0.72 1.62 100
Dec. 1-31,1930. 1 1.86 252 | -0.08 | —0.66 1.64 101

Mean. oo el 1.94 255 | —0.00 | ~0.45 1.72 95
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TaBLE 42.—Current data, tation 28 (Cornfield Point Lightship)—Continued

Nmt:gfg CUr- | Greatest current observed during month
Mean
Date of observations Wind ctﬁrrent
Veloc- | Direc- Date Direc- | Veloe- our
ity tion - tion itY | Direc- | Veloc-
tion ity
Mag-
Knots | True True | Knots | metic | Miles | Hours
Aug. 131, 1890« eemeeoennn I Tt Wbt A e Mt W | 0e2
Sept.27-Oct. 25, 1913, ___________._. oas| o7 [{Fept-301 ) 21 N1 Bl ow
. Oct. 291 265| 2.6 135 18
Oct. 26-Nov. 23,1915 _..oooonoeo_. o.25| 205 [{Q% A R R s} oss
Nov. 24-Dec. 22,1013 ___..___.. 0.8 | 188 {ggg E I -3 [ 2 } 0.57
v Aug. 26| 81| 27] 2% 1
F L T — ons | mel(RE Rt | 27| M| | ose
Sept. 1+30, 1622. ... 0.31] 265 {E:g; Al =™ 28| B ” } 0.5
Oct. 22 264 2.6 oo Calm.
Oct. 1-31, 1922 018| 219 {gct. BlOMl A E i } 0.71
= ov., 2.6 2
Nov. 180, 1022 oooeemmmemennae o0 20lfNov- 81 2 280 Bl R o
Tuly 1131, 1929 - oeoemaeeeee. 0.37, 186 |. 1. - | 0.92
‘Aug. 1-31,1929.__ o.51| 192 |0 L R R R o . b o
Sept. 28
Sept. 1-30, 1029 _________........._. 042| 18 i{Sert- AR ki } o
ct. 2 . 4
Oct. 1-31, 1929 .o oeeoomeeeeeccnns oso| (O 21 21 23| o Bl oe
Nov. 130, 1920_ - . -ooomoeeems o.52| s {Nov- 37 A = } 0.53
- Dec. 18| 20| 25 90 13
Dec. 1-34, 1929 oo c.42| 1m0 ((Bec 18 ml o 2i| e8| 3 } o8
= Jan, 14 2.
Jan, 1-31,1930. . ooeoooooeene 0.45] 200 {Ja% o d| 23| I } o052
tob. 1= Feb. 11 : ;
Fob. 1-28, 1930 - .....____.._..._.. 0.4 194 {be. Wom R ) 2 } o5
ar, 15 338
Mar. 1-31,1930_ . oeonei e, 050 187 {Mar_ Bl B 29| 3% Bl o
ADL. 1-30, 1930 - oo o2 193 {ﬁpl‘,: IR AR B } 0.55
~ ay 8| 20| 27| 200 8
May 1-31, 1030_ __ | osz| 20 {}my AN I 1 } 0.60
une
June 1-30, 1930 -« ncoeeeoeeeemenee o.27| 195 {J&ue nl | 11| = 3 } 0.75
—~ July 27
July 1-31, 1830 - oo 0.32] 189 {July Bl OB 2% 1 } 0.79
= Aug.
Aug. 1-31, 1080 - ooooeeeeeees 03| 187 { ue. 2 i B B . } 0.73
Sept. 1-30, 1930- .- - oeeemmemeaanas os2| weifSeR-Z) T\ 22 | R em
- Oct. 20| 247| 27| 338 18
Oct. 1-31, 1930_ - - eeemeemeeemneees 044 188 {oct' B im| ai| o ! 0.72
Nov. 19 6
Nov. 1-30, 1930. - - eecoeeemceeenee J ost| es|(Nov-1891 201 28 Z| B ess
Dec. 1-31,1930. - oo ooeoeeaeeans 047 11 {ggﬁ on R 2 - } 0.60
Mean -« eeemeae 0.37| 199 [oeeoooenns { w| oz } ............... 0.64

Cornfield Point Lightship will be found as current station No. 28
in Figure 19 on page 80. The above-mentioned current observations
were all obtained by means of current pole and current log line. The
were made continuously at hourly intervals of time. The only addi-
tional information which might be added to the data given in Table 42
is that for the durations of flood and ebb at this station. These are,
respectively, 6.72 hours and 5.70 hours, and are based on all the above-
mentioned series of observations.

Monthly variations in the times and velocities of the current at
Cornfield Point Lightship are given in Table 42. It will be noted
that the velocities of flood and ebb at this station are greater than
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those at Bartlett Reef Lightship by approximately one-half knot.
It will also be noted from a comparison of the mean current hours
that the time of current at this station is about.an hour later than
that at Bartlett Reef Lightship.

The 87-day series of current observations obtained in 1913 at
Cornfield Point Lightship was analyzed harmonically and the har-
I’i‘loﬁlic constants which were derived from this analysis are given in

able 43,

TaBLE 43.—Harmonic constants, Cornfield Point Lightship
[Values in parentheses have been inferred from other constants]

1913 1913 1913
Component Atr‘:lngéi- Epoch || Component Atrl.): éi' Epoch || Component Aﬁgg" Epoch
H 3 H « H x

Knots Degrees Degrees
(0. 004) (30.2) 205. 1
0. 104 42.2 178.8
0.111 271.6 66. 2

©oin| @D (18.9)

349, 4 (42.2)

1.675 231, 4 (78.2)

0.075 231.6 (90.2)

THE TIDE AND CURRENT IN THE RACE AND PLUM GUT

For convenience in discussing the results of tide and current obser-
vations in Long Island Sound and its tributaries, this waterway has
been subdivided into the following component parts: The Race and
Plum Gut, Fishers Island Sound, Thames River, Eastern Long Island
Sound, Connecticut River, Housatonic River, and Western Long
Island Sound.

The first of these component parts comprises the eastern entrance
to Long Island Sound from Block Island Sound. The main entrance
is through The Race and secondary entrances are to be found in Plum
Gut anf in the waterway between Plum and Great Gull Islands.

The Race is a deep waterway between Race Point, Fishers Island,
and Little Gull Island. It is 4 miles in width, and about midway
between Race Point and Little Gull Island it has a least depth of 18
feet at mean low water over a small, rocky shoal known as Valiant
Rock. Most vessels pass through The Race between Valiant Rock
and Race Rock Light. This portion of The Race is approximately
1% miles in extent, and depths up to 300 feet obtain.

Plum Gut connects Long Island Sound with Gardiners Bay, the
latter being s western extension from Block Island Sound. It is a
deep, navigable waterway situated between Plum Island and Orient
Point, Long Island. While its width is about 1 mile in extent, the
available width for purposes of navigation is only about one-half mile,
owing to the presence of Oyster Pond Reef, a rocky reef extending
nearly one-half mile eastward from Orient. Point, Long Island, to the
\lgilcinit(y?r of Orient Point Light. Depths of nearly 200 feet obtain in

um Gut,
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TasLE 44.—Tidal data, The Race and Plum Gut, 1838—1929

Sta-
tion
No.

1.

2....

3....

4...
b....
6....

Observations Lunitidal intervals
Duration | Mean .
Location of rise range Compared with—
Date Period HWI LWI
Days Hours Hours Ifours Feet
Near Race Point, Fishers Island......____..___.. July 13-16, 1848______ ... 4 9. 2.4 6.67 2.12 | Boston, Mass,
June 24-Aug. 28, 1848 __________.__ 63 9.63 3.62 6.01 2.41 Do.
July 12-Nov. 2, 1883________ 65 9.43 3.07 6.36 2.31 | New London, Conn.
Little Gull Island Light.oo oo oan i aaaos June 17-18, 1887 . __________. 2 10. 18 3.13 7.056 2.10 | Sandy Hook, N. J.
July 1-3, 1896_______________ 2 9.43 3.15 6.28 2.97 | New London, Cenn.
Aug. 27-Nov. 23, 1918 73 9.88 3.47 6.41 2.58 Do.
o fNov.6-10,1009________________..______ b2 R 384 | oo_.. Do.
South dock, Plum Island. -.ocoooomeeeoomee o May 24-June 6, 1910, 2211111100 1 9,82 344 838 3718 Do.
Plum Island Light, Plum Gut___________._.___._ July 30-Aug. 19, 1874 _________________ 13 10.11 3.82 6.29 2.69 | Boston, Mass.
Orient Point Light .. ... July 25-30, 1929 .o 6 9.86 3.96 5.90 2.64 | New London, Conn.
Orient Point, Long Istand._______. .. ... _._._._._ Sept. 3-10, 1838_. ... ___ ... 6 9.33 3.33 6. 00 2.75 | ().,

1 Series not compared with that at a standard station; values obtained from first reduction.
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Tidal observations have been made by the Coast and Geodetic
Survey at six stations in The Race and Plum Gut since 1838, and the
locations of these stations are shown in Figure 8. With the exception
of the series at Little Gull Island Light, these observations were for
brief periods of less than two weeks and were generally made in con-
nection with wire-drag operations or other hydrographic work. At
Little Gull Island Light, however, series of two months or more in
length were obtained in 1848, 1883, and 1918.

The tidal observations at each of the stations in this area were made
by means of a plain staff gage, with the exception of the observations
made at Orient Point Light (station 5). Tidal observations at the
latter station were obtained by means of a Coast and Geodetic Survey
portable automatic tide gage. The results of tidal observations
made at stations in The Race and Plum Gut are shown in Table 44.

The lunitidal intervals for high water and low water in Table 44
are given in hours and hundredths of an hour. It might be well to
restate that mean high-water lunitidal interval is the average time that
elapses between the transit of the moon over the meridian of a place
and the following high water. The duration of rise of tide, also
(gﬁ}fren in hours and hundredths of an hour, is obtained by means of

ifferences between the values for high-water interval and those for
low-water interval,

In each case, owing to the shortness of the series of observations,
the observed times and ranges of the tide were compared with simul-
taneous observations at long-period standard tide stations. This
procedure was not practicable in connection with the series at Orient
Point, Long Island, and the values from a first reduction were cor-
rected by means of factors.

The observational values as given in Table 44 were subjected to
an adjustment process along with those for Long Island Sound gener-
ally and these adjusted values for tide stations in The Race and Plum
Gut will be found in Table 57 on page 75. From the data in the
latter table, as well as that in Table 44, it will be noted that the time
of tide at Race Point, Fishers Island, as compared with that at Little
Gull Island Light is about one-half hour earlier at high water and
about one hour earlier at low water, the range of tide being somewhat
less, however, than that at Little Gull Island Light. Perhaps this
relationship in time of tide at these stations at either end of The Race
is better shown by reference to the cotidal hours for the two stations.
The cotidal hours for Race Point and Little Gull Island Light are I.
90 and II. 44 for high water, respectively, and VII. 19 and VIII. 29
for low water, respectively. The cotidal hour at any place is the
time in lunar hours after the moon’s transit across the Greenwich
meridian at which high water or low water occurs at that place.

The cotidal hour permits differences in absolute time to be readily
seen. It is obtained by reducing the high and low water lunitidal
intervals to lunar time and then adding the difference in time (if west
longitude) in hours and decimals between Greenwich and the place
for which the cotidal hour is desired.

The cotidal hours for high water and low water at Orient Point
Light, Plum Gut are II. 69 and VIII. 74, respectively. It will be
seen, therefore, that the time of tide in Plum Gut, as compared with
that at Little Gull Island Light is about one-quarter hour later at

976864 O0—51——+
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high water and one-half hour later at low water. The range of tide
iﬂg Ii’llum Gut is also slightly greater than that at Little Gull Island
ight.

Summing up, therefore, the tidal régime in the eastern entrance
to Long Island Sound, which extends from Race Point, Fishers
Island, to Orient Point, Long Island, is as follows: The time of tide
becomes later from east to west through the several entrances to
Long Island Sound from Block Island Sound and Gardiners Bay,
being much later at low water than at high water. High water 1n
Plum Gut is about three-fourths hour later than high water at Race
Point, Fishers Island, while low water is about 1% hours later at the
" former locality than at the latter. The durations of rise of tide
decrease from east to west from Race Point to Orient Point, while,
conversely, the durations of fall of tide increase. The range of tide
increases from east to west through these entrances to Long Island
Sound, the range in Plum Gut being from one-fourth foot to one-half
iolot, &)r about 20 per cent, greater than that at Race Point, Fishers

sland.

Since the tide in Long Island Sound and its tributaries is derived
from that of the North Atlantic Ocean it is perhaps in order to discuss
briefly tidal conditions which obtain along the open coast. The tide
occurring along the North Atlantic coast is produced by an oscillating
tidal system which has its center of origin, or amphidromic center,
southeasterly from Newfoundland at approximately latitude 40° N.
and longitude 40° W.

According to Harris ' —.

Along the greater part of the Atlantic coast, extending from Nova Scotia to
Florida, the time of tide is but little delayed on account of the strip of shallow
water which bordersit. * * * The tidal hour for this stretch of coast (Rhode
Island to Florida) is about XII. * * * The tides in Long Island Sound are
analogous to the tides in the Guif of Maine and Bay of Fundy, and so at the
western part of the Sound are three hours iater than the tides outside and upon
which they depend. There is, however, some progression.

According to this authority on tides, this progression is due not to a
shoaling at the mouth or entrance to the Sound, such as obtains at
the mouth of the Gulf of Maine in the presence of Georges Bank, but
rather to a contraction. In addition to this contraction, there are
of course, obstacles to the progression of the tide wave such as Fishers
Island, Little Gull Island, Great Gull Island, Plum Island, and several
rocky shoals and reefs.

In general, the tide of Long Island Sound consists chiefly of a
stationary wave whose length has been computed to be approxi-
mately 365 nautical miles, based upon a mean tide level depth of 12
fathoms in this waterway. The strong currents which occur at the
eastern entrances to Long Island Sound and at the southern entrance
to Block Island Sound are due to the fact that a north-and-south
line one-fourth of the above-mentioned wave length (365 nautical
miles) from the head of Long Island Sound lies about 10 miles east
of Little Gull Island Light, or immediately east of Montauk Point,
Long Island. :

Owing to the dpresence of a stationary tide wave in Long Island
Sound we should expect a large range of tide and a small current

! “ Manual of Tides,” Rollin A. Harris, Part IV B, * Cotidal Lines of the World,” pp. 372-373. Appendix
eIV%s fl:], Retportlta)fl)xperintendent, U. 8. Coast and Geodetic Survey for 1904. (Government Printing Office,
ington, .
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velocity at the head of the waterway or western end of the Sound
and a small range of tide and considerable current velocities in The
Race and Plum Gut at the eastern entrance to the Sound. Such con-
ditions actually obtain, a range of tide of 7} feet and current strength
of about three-fourths knot occurring off Execution Rocks while in
Plum Gut and The Race current velocities of 3% to 4 knots accom-
pany a tide range of about 2% feet. Moreover, Plum, Great Gull,
and Fishers Islands partially obstruct the passageway to Long
Island Sound, thus necessitating increased velocities for maintaining
a given rise and fall at the head of the Sound.

The Coast and Geodetic Survey has observed tidal currents in The
Race and Plum Gut from time to time since 1845. Special surveys
of the current in these passageways were made in 1846 by Gold};-
borough, in 1915 by lighthouse keepers of the Bureau of Lighthouses,
in 1917 by Truebf;od, and in 1929 by Finnegan. The results of
these observations are given in Table 45 and the loeations of the
current stations occupie§ are shown in Figure 9.

For the most part these current observations which are repre-
sented in Table 45 were made by means of current pole and current
log line method. The current pole used in recent years by the
Coast and Geodetic Survey is a standard one, 15 feet in length and
weighted at one end with sheet lead so as to float uprightly in the
water with 1 foot of its length above the surface of the water. Since
this pole submerges to a depth of 14 feet the results of observations
may be considered as pertaining to current conditions at an average
depth of about 7 feet. The remaining observations were made either
with floats at the surface of the water or by observing the action of
flood and ebb tidal currents upon anchored buoys. The latter obser-
vations were obtained through the cooperation of the Bureau of
Lighthouses and were made primarily to determine the times of
slack water and durations of flood and ebb currents at such buoy
stations.

The times of slack water and of strength of current at stations
given in Table 45 are referred to the times of similar phases of the
predicted current at The Race. Predictions for The Race of the times
of slack water and the times and velocities of flood and ebb strengths
for every day in the year are given in the Atlantic Coast Current
Tables, published annually, in advance, by the Coast and Geodetic
Survey; that is, The Race is a standard port to which subordinate
stations in Long Island Sound may be referred in order to predict tidal
current conditions at such subordinate stations.

The station in The Race for which predictions are made by the
Coast and Geodetic Survey is located approximately three-eighths
mile southwest of Valiant Rock, in the neighborhood of station 13
shown in Figure 9. As this is the reference station for the times of the
current at all stations in Long Island and Block Island Sounds and
their tributaries mentioned in this publication it is considered apropos
to give the accepted values for the times of the current at this station.
The Greenwich intervals in hours and hundredths of an hour are as
follows: Slack before flood, 10.71; strength of flood, 1.16 or 13.58;
slack before ebb, 4.12; and strength of ebb, 7.16. The longitude of
The Race (standard port) is 72° 04 W. Allowing for a time correc-
tion, therefore, of 4.97 hours for the difference in time between The
Race and Greenwich, the local current intervals for The Race in hours
and hundredths of an hour are as follows: Slack before flood, 5.74;



TABLE 45.—Results from current observations near the surface, The Race and Plum Gut

[Referred to times of predicted current at The Race]

| Station No.

Flood strength

Ebb strength

OO o, N

1333

Mean
] d g Ebb
Party of— Location = S8 & Slack] 29| 2 |durs-| 2O
5 g (25 2 g 25 B | Yo" |nour
= ~| R = 3
a [ e = & A >
Hours Hours| FHours|
The Race Fe. after after | after Hours| Flours
A. F, Biedermann._...| Race Point Buoy No. 2. _____.._..____. July 4-Sept. 28 1915. 1) |—0.60[...___|- 24—1. 19 |- 7.18 0.31
P, M. Trueblood.. Off Race Rock Light. Aug. 13-15, 1 o17 —~1. 25 —0.98]—0. 26| 7.41; 0.47
H E Finnegan___ ..-.do July 3()—Aug 1, 1929 ~—0. 50, —1.05 0.17, 7.14f 0.66
F. Biedermann..... Special Buoy, south of Race Rock July 10—Sept. ...... 5.45|~0.52|.... . 6.971 0.88
G.8. Blake___._..___.. Off Race Rock Light....__._..______._ Aug. 9-11, 1845 —0. 25 5.60] 0.09[—0.23 6.821 1.11
P. M. Trueblood...... Northeast of Valiant Rock............ Sept. 4-6, 1917 —0.07 5.53|—0.10[ 0.27] 6.89) 1.21
H. E. Finnegan.___ JREO - (o T July 30—Aug 2, 1929 0.34 5.73% 0.12] 0.18 6.69) 1.35
J. R. Goldsborough____{.____ [+ [ YRR 0. 64 5.86| 0.56] 0.59 8.56) 1.71
H. Mitchell.__.____._ | __.. do_ s 0. 10] 5.86( 0.19{—0. 60 6.56 1.09
P. M. Trueblood.__._..| ___. L [ 0. 06) 6.03( 0.17]—0.11 6.39 1.15
F.G. Engle........__. Southwest of Valiant Rock.._.._._.____ Aug. 57, 1915 0.21 6.09| 0.08 0.13 6.33| 1.19
C. P. Perkins do_ . June 17-18, 1887 —0. 22i 5.47|—0.17}—-0. 11 6.95 1.05
H. E. Finnegan._.__ do_ July 30~Aug. 1, 1929 0.10 5.80 0.13/—0. 03! 6.53 1.20
P. M. Trueblood.__.__|.__..do.__.. ... Sept. 7-8, 1917, —0. 52 5. 831 —0. 13{—0. 48, 6.59] 0.81
H. E. Finnegan off thtle Gull Island Reef ... July 30—Aug 1,1929_ —0. 20 6. 20| —0. 23{—0. 63| 6.22) 0.71
W.J. Murray ... Little Qull Island Reef Buoy No. 1___. July 6-Sept. 30 1915.( 28 | Buoy....| () [—1.24).._._. 8.31—0.76]. ... 6.11 0.20
Between Great Gull and Plum Islands
H. E. Finnegan_______ Off Great Qull Island Reef. Aug. 1-2, 1929 1 5.731—0.90|~1. 85 6.69] 0.14
J. R. Goldshoroug - Aug. 16-17, 1846 1 6.24| 0.06/—0.85 6.18] 0.81
H. E. Finnegan.. . .| Aug. 1-2, 1929__ 1 6. 331—0. 60|—1. 15 6.09] 0.34
Plum Gut
C. E. Whitford_..._.__ Midway Shoal Buoy._.ocooooeeoaena . July B—Sept 30,1015.| 21 | Buoy___| (1) |—1.53|.____. 6.25—1. 11 _____ 6.17| 12 30
H. E. Finnegan. North of Midway Shoal .__.....___ -| July 29-3 0, 1020 20.95 6. 33| —1. 00[—1. 35| 6.09| 12.35
C. E. Whitford._______ Special Buoy, Middle Ground 8hoal.-__ Julgr15 ...... 5.74|—1.22. ... 6.68; 0.03
J. R. Goldsborough___.| S8outh of Middle Ground Shoal____..._. June 6-7, 1846 1 —0. 47| 4. 831—0. 96| —0. 35| 7.59] 0.69
P. M. Trueblood._....| Southwest of Middle Ground Shoal._..| July 31-Aug. 1, 1917 1 . 181—1. 42 6.18/—0.83|—1. 63| 6.24| 12.29
H. E. Finnegan Off Oyster Pond Reef_. ... .______ Ju‘]gjf29 26-27, 2 —1.72{—1. 22 6. 27[—1. 28/ —1. 50| 6. 15 12,12

1 Surface,

4%

AHAYAS JILLEOAD ANV ILSVOD 'S ‘N1



TIDES AND CURRENTS 45

strength of flood, 8.61; slack before ebb, 11.57; and strength of ebb,
2.19. However, for strength of flood an adjusted local interval of
8.58 hours (8 hours, 35 minutes), and, consequently, a Greenwich
interval of 13.55 hours, or 1.13 hours, is used by the Coast and Geo-
detic Survey. This latter value is of considerable importance since
it is employed in obtaining the mean solar current hour for all current
stations listed in this publication.

The accepted intervals for durations of flood and ebb currents at
The Race are 5.83 hours and 6.59 hours, respectively. The duration
of flood, or time at The Race when the tidal current flows westerly, is
the time interval between slack before flood and slack before ebb.
Subtracting the value for flood duration, 5.83 hours, from the dura-
tion of one-half a lunar day which is 12.42 hours, a value of 6.59 hours
is obtained for the duration of ebb at The Race.

A glance at the time relations in Table 45, and especially the data
in the last column of this table, will show that the time of current in
Plum Gut is considerably earlier, in fact about an hour earlier than the
time of current in The Race. This is exactly the opposite with re-
spect to the time of tide in these entrances, where, as it was shown
above, the tide in Plum Gut occurs about an hour later than it does
at Race Point, Fishers Island.

The observed velocities of the current at stations given in Table
45 have been corrected to a mean range of tide and the corrected
velocities, which are representative of average current conditions, are
given in the table. Obviously, these velocities wouid be increased
with increased tidal ranges and would be decreased at times of neap
or apogean tides. This increase or decrease might be as much as
35 or 40 per cent from the mean velocities, depending upon tidal con-
ditions at a given time.

With respect to The Race, it will be noted that the stronger ebb
velocities occur north of Race Rock Light and southwest of Valiant
Rock. On the other hand, the stronger flood velocities seem to occur
in the immediate vicinity of Valiant Rock.

It is interesting to note that the durations of flood increase from
north to south at stations in The Race, while, conversely, durations
of ebb decrease. In other words, the ebb current is more noticeable
in the northern portion of this entrance and the flood in the southern.
This is true not only in regard to durations but also in regard to ve-
locities, as referred to above. Ebb velocities of approximately 5.0
knots were observed in 1929 at current station number 3, located about
midway between Race Point Buoy and Race Rock Light.

Similar current conditions to those in The Race obtain in the
entrance between Great Gull and Plum Islands. The durations of
flood increase from north to south while those of ebb decrease. Like-
wise, stronger ebb velocities occur nearer Great Gull Island than
Plum Island. However, the velocity of the ebb at station 19 may be
retarded somewhat owing to the presence of the rocky reef east of
Plum Island.

Slack water observations in 1915 over a 20-day period at a special
buoy in the vicinity of Middle Ground Shoal and also at Midway
Shoal Buoy indicate that the duration of flood in Plum Gut likewise
increases from north to south while the converse is true for the ebb
duration. Although current velocities in Plum Gut are considerable,
averaging from 3% to 4 knots, they are somewhat less than those
which obtain in portions of The Race.
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In addition to surface current observations in The Race and Plum
Gut, observations have also been made at various depths in these
entrances at stations 2, 3, 8, 7, 9, 13, 14, 15, 17, 19, 21, 24, and 25.

The results from observations at these stations are shown in
Table 46.

Generally these observations were made at depths of 0.2, 0.5, and
0.8 of the total depths of water at these stations. Therefore, the
results of observations are representative of tidal current conditions at
the surface, mid depth, and bottom, .

These observations were generally made by means of the Price
current meter. The current meter comprises two essential parts:
(a) A wheel arranged so that when suspended in flowing water the
pressure of the water against it causes it to revolve, and (b) a device
for recording or indicating the number of revolutions of this wheel.
The relation between the velocity of the moving water and the revolu-
tions of the wheel is determined by rating each meter.

The Price current meter is equipped with a telephone attachment
for counting the number of revolutions. The meter is lowered from
the vessel by means of a specially designed triple-strand insulated wire;
two of the wires carry the electric current and the third and heavier
wire carries the weight of the meter. From the meter the triple-strand
wire leads over a registering sheave swinging outboard from the vessel
and thence to a small sounding machine upon which is wound a supply
of the wire necessary for the depths to be encountered and also enough
to allow for waste as the wire becomes unserviceable from wear. A
registering sheave serves to show the depths at which the meter is
lowered, but once the depth at the station is determined the wire itself
is marked by a small piece of tape for the 0.2, 0.5, and 0.8 depths and no
further reference made to the registering sheave. The end of the wire
which is attached to the sounding machine is led through a hole in
the flange of the machine #nd fitted with a connection for “plugging
in” with a small dry-cell battery and telephone receiver.

The meter is rather light in weight and to prevent its being carried
downstream by the current it is allowed to slide on a J%-inch steel
cable at the lower end of which is attached a 250-pound concrete
block, molded to stream lines. The cable supporting the concrete
block is led over a sheave and thence to a small hand winch for lower-
ing ‘and raising the block on arriving at and leaving the station.
The block when in use is lowered to within a few feet of the bottom.
Torpedo-shaped weights of approximately 10 pounds and 30 pounds
each are attached to the meter stem for holding the meter in place
while making observations.

At stations 7 in The Race and 21 in Plum Gut current observations
were also obtained by means of a Pettersson current meter as indi-
cated in the footnote to Table 46. The results of observations made
by means of this meter are comparable with those at approximately
the same depth made with the Price meter. In addition, the Petters-
son meter records directions of the current as well as velocities.

The Pettersson meter is designed to give a photographic record of
both the velocity and direction of the current and will operate auto-
matically for a period of two weeks. A water-tight cylinder contains
a tiny camera with a roll of film moved by clockwork, a small electric
lamp with batteries, a glass velocity disk with numerals inscribed
near the outer edge, and a glass compass disk carrying two magnetic
needles and inscribed with numerals to indicate direction.
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TABLE 46.— Results from current observalions at various depths, The Race and Plum Gut

(Referred to times of predicted current at The Race)
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50 U. 8. COAST AND GEODETIC SURVEY

The compass dial is free to move so that the needles may assume a
north and south direction. The velocity dial, through & system of
reducing gears and parallel magnets rotates with an anemometer
wheel which is actuated by the current. At intervals of 30 minutes
the electric lamp is automatically flashed and a picture is taken showing
certain numerals on the velocity and compass dials. The numeral on
the velocity dial indicates the accumulated motion of that dial due
to the movement of the current. The difference between two suc-
cessive readings, as interpreted by a rating table, gives the average
velocity of the current for the half-hour period. The numeral on the
compass dial indicates the direction of the current at the moment the
picture was taken.

It will be noted from the data in Table 46 that the time of the cur-
rent generally becomes earlier and the velocity of the current less with
increased depth.

The harmonic constants used in pfedicting the times of slack water
and times and velocities of strength of current at The Race for every
day in the year are given in Tab%e 47. These constants were derived
from the tidal constants for Willets Point, N. Y.

TaBLE 47.~—Harmonic constants, The Race

Ampli- Ampli- Ampli-
vude | Epoch tude | EPoch tude | Epoch
Component Component Component
H X H K H x

ots | Degrees
300.6

THE TIDE AND CURRENT IN FISHERS ISLAND SOUND

Fishers Island Sound is that waterway situated between Fishers
Island, N. Y., and the Connecticut shore east of the Thames River
entrance. As stated previously, however, it may be considered as
the eastern end of Long Island Sound, especially for the discussion of
the action of the tide and tidal current.

The physical characteristics of Fishers Island Sound are briefly as
follows: The waterway is about 6 miles long from North Dumplin,
to Napatree Point or about 7% miles from the former to Watch Hi
Point. Its greatest width is approximately 3 miles although in places
the width is%fass than 2 miles in extent. At its eastern entrance from
Block Island Sound, some 3 miles in length from Watch Hill Point,
R. I, to East Point, Fishers Island, N. Y., several rocky reefs are
located. Between these reefs there are fairly deep passages which
are buoyed for the use of the navigator. Chief among these passages
are Watch Hill Passage between Watch Hill Point and Watch
Reef and Wicopesset Passage between Wicopesset and Fishers Islands.

Fishers Island Sound is quite deep, depths of 50 to 70 feet or more

revailing in mid sound. ~Prominent tributaries of Fishers Island
gound are Little Narragansett Bay and Pawcatuck River at its eastern
end and the Mystic River on its northern boundary. Little Narra-
gansett Bay, which has an area of about 1 square mile, is extremely
shoal, having a mean low water depth averaging approximately 4 feet.



TaBLE 48.—Tidal data, Fishers Island Sound, 1839-1918

Sta- Observations Lunitidal intervals
tion Location Dgfr?itsign xggg Compared with—
No. Date Period | HWI | LWI
Days Flours Hours Hours Feet
} uly 2%—_21, 183298. ....................... 2 8.95 2,72 g 421; % 20 gev: Log/([ion, Conn.
R - . une 1 ug. 1848. 77 9.09 2.66 3 . 69 oston, ass,
1| Watch Hill Light, Watch Hill Point, R. I._...._1% 10" 31 Sept. 0, 1883 4 9.03 3.06 5.97 2.99 | Sandy Hook, N. J.
June 25, 1896 - ... 1 8.45 2,52 5.93 3.30 | New London, Conn,
: Aug. 11-12, 1846 __________.__._____.__ 2 9.83 4,55 5.28 2.43 | Sandy Hook, N.J.
2| Watch I, Little Narragansett Bay.....—....... {July 2-Sept. 8, 1883.._._... PR 15 9.80 4.0 5.74 2,05 Do. =
8 | Westerly, R. I. (Pawcatuck River) _.....__.______ June 22-30, 1917, .. ________ (] 9.26 3.57 5. 69 2.50 | New London, Conn,
June 11-Sept. 3, 1845 _________________. 85 9.07 2.82 8.25 2.70 | Sandy Hook, N.J.
Oct. 7-Nov. 11, 1856_. ... _.c_.ocoo. 36 9.21 2,96 6.25 2. 60 Do.
Aug. 11-12, 1882_______________________ 2 8.99 3.21 5.78 2.39 { New London, Conn.
Moy S5-3ime 25, 1888 1T 5| &89 o8| 203| 252| Sandy Hook, N.J
ay une 1888 o imens 5 3 2.96 5. A andy Hoo .J.
4 | Stonington, Conn. Dec. 4-5, 1006. . 2] o1 2.5 | 6.5 2.62 | New London, Conn.
3 9.11 [._. - - - Do.
3 8.84 . Do.
.- 2 8.97 A Do.
July 15-Nov, 7, 181, 65 8.01 6.03 2.67 Do.
5 | Noank, Conn. (Mystic River).......... eemeaeans Oct. 25-Nov. 24, 1882« ccecuncnnn- 13 9.14 5.92 2,37 Do.
6 | West Mystic, Conn. (Mystic River) ........___.. June 22-24, 1917 _ e 3 9.42 3.23 6.19 2,48 Do.
7 | Boat basin, North Dumpling Island_..__._______ Oct, 31-Nov. 1, 1883. .o comcaeen 1 9. 59 3.21 6.38 2.28 Do.
8 | West Harbor, Fishers Island. ... Oct. 22-Nov. 9, 1883 . _...ccoaanae 19 9.31 3.4 5.87 2.28 Do.
9 | East Point, Fishers Island . . . ... ... July 19-21, 1848___ .. . _.__._._. 2 8.23 2.52 51 3.10 { Boston, Mass,

SINTEYND ANV SHALL
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52 7. 8. COAST AND GEODETIC SURVEY

Tides have been observed by the Coast and Geodetic Survey at a
number of stations in Fishers Island Sound and its tributaries since
1839 and the locations of stations at which these observations were
made are shown in Figure 10. The results of tidal observations at
these stations are given in Table 48.

It will be noted from the data in Table 48 that several tidal series
of more than one lunar period in length have been obtained from time
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to time at Stonington, Conn., at the eastern end of Fishers Island
Sound. Generally, the results of these several series of observations
agree very well in themselves, and the tidal data for this station may
be considered to be quite well determined. The results of tidal
observations at Watch Hill Light, although obtained generally from
earlier series of observations, indicate that the time and range of the
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tide at that locality are approximately the same as the time and

range of the tide at Stonington.

In other words, the time of tide at

various localities in the eastern portion of Fishers Island Sound occurs
simultaneously, and the mean range of tide over this area is approxi-
mately 2.7 feet.
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FIGURE 11.~Current stations, Fishers Island Sound and its tributaries

Naturally, the shoal waters of Little Narragansett Bay and its
approaches offer considerable opposition to the progression of the
tide in that waterway. This accounts for the retarded times of tide
and diminished ranges of tide at stations 2 and 3 as compared with the
times and ranges of tide at stations 1 and 4.



TABLE 49.—Results froin current observalions near the surface, Fishers Island Sound and vicinitu

[Referred to times of predicted current at The Race]

l Mean

Observations I Flood strength g Ebb strength ~
= H
Sta- . g § g 2
tion Party of— Location = S > = S Y =
No. Date 3 2 ER IR ) 88 35 <
=4 =} o =4 = 2 =3 o ] o 8
5 2 e | B |2 318 8| B |23
A = 0 = |R > ] = [ = IR > 5]
FEastern entrance Hours | Hours
° I{ours} after | after Knots
1 | H. Burkhardt___..| Gangway Rock Gas Buoy, | July 6-Sept. 25, 1915_ —1.08 ... .. ]...... .
‘Watch Hill Passage.
2 | G.S. Blake.__.....| West of Watch Hill Passage...| July 8-10, 1845______. 278 —1.25{-1.29 041 1.26
3 | M. E. Firnegan_. .| Off Napatree Point ng. 8;9,};92330 U %2 —:). gg —(1)82 122 1.18
Aug. 12-13, 1930, __.. ~0.56 [-0.93| 115|222
3a (7. C.Sammons.._|....0 oo Aug, 27-29, 1930 ... . 315 ~0.92 [-1.63] 171,08
4 | H. E. Finnegan__. Aug. 89,1929 __.___ 317 —1.151-1.20| 128} 2.34
5 | P. M. Trueblood.. Aug. 23, 1917__.___..| ¥l _.do._..l T |-Lé63 ... ... .. -0.73 {—1.58 112 | 2.62
6 {-....do___.__...._. Aug. 30-31, 1917_____ 285 —0.63 [-1.23 116 | 2.31
7 { H.E. Finnegan.. Aug. 89,1928 ______. 317 —L15[—-2.05] 1221 1.47
Paweatuck River
8 | H. E. Finnegan___{ Off Pawcatuck Rock_.....__.__| Aug.6-7,1929_______ —0.90 3 —2.15 |-1.65| 179 | 0.50
9 | P. M. Trueblood..} Off Graves Neck_._........_ .| July 25-26, 1017_.__.. —1.48 58 —2.33|-3.48| 240! 0.38
Liltle Narvagansett Bay
10 | . E. Finnegan_..! Of Sandy Point____._.__...___. Aug. 68,1929 _____. ~1.50 100 —2.26 |—-1.66 | 275 1.24
11 | P.M. Trueblood__|.. ..doccer oo ... | July 24-25,1017____ .. -2.33 85 —2.18 |=3.68 | 260 | 1.44
Aystic River
12 | H. E. Finnegan___{ Highway Bridge, Mystic— | Aug.6-7,1929______. —1.85 27 58 [-2.10 |—3.35 | 207 | 0.82
West Muystic.
13 | P. M. Trueblood..| Off Murphy Point__..__._....| July 10-20, 1017 ____. -1.43 321 —-2.83 | 0.12| 148} 0.30
14 | H. E. Finnegan___| Off Sixpenny Island.__._.____.| Aug. 5-6,1929_.._.. -2.15 356 —2.40 |-3.95] 165 0.57
Fishers Island Sound
15 | P. M. Trueblood..| Off Stonington Point_.._..___.[ July 23-24, 1917_____. -1.33 79 —1.48 [—2.88 | 2251 0.59 ] 6.74
16 |.___. do..____.__... Off Latimer Reef Light_ || Aug. 911, 1817 ____. —0.83 256 -0.78 {-0.73 881 1.91 )] 6.54
17 | G.S. Blake..____..l__.._ L 11 SN July 5-6, 14-15, 1845_ —0.73 258 —0.39 1—0.63 77 11,361 6.25
18 Off Ram Island Reef (Light- Sept. 21-Dec. 22, 7 [—0.931—-095] 253y L34 —-0.75 |—0.98 86| L58
ship station—1913). N 913.
19 Off Ram Isiand Reef t- July 10-Oct. 4, 1915__ 7 |-095]|—092{ 258| L20 —0.75 |—-0.95 90 | 1.54
ship station—1915).
2 | P. M. Trueblood..| Off Ram Island Reef _.___.._. July 27-28, 1917_____. 7 -L13|-L27| 282 —0.98 |—1.58 86| 206 6.44
2 |, 0 . Off Morgan Point____.__._.___ July 6-7,1917______ .. 7 |-133[{—0.77| 242 0.90 —0.43 |—1..28 58] 0.35) 569
2 OfAClay Point....__._________ Aug. 56,1820 ___. .. 7 |—1.15}-1.55| 259 —1.10 |—1.90 68| L15| 6.54
2 .-} od Gmton Long Point. __.___. Aug. 5-8, 1929 . 7 |—0.82|—1.08| 247 —0.90 |—1. 40 87) L34 667
'?5 R 9 |-0.783]|-0.63( 268 | 1.09 ~04[—-1.06| 12] 1.29 | 6.25
7 |-0.80]—-1.60| 252 | 1.12 —L36[—-215 8147|714
% 9 [-1.21}j-085] 258 | 0.68 —0.51 |-1.66 | 88| 0.99 | 5.80
n 7 |—-0.68|—062| 275| L18 —0.43 |—0.85 871 132634

current

hour

11.74
10. 95

11.03

12,02
10.77

12,15
12.74
12.91

124
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56 U. 8. COAST AND GEODETIC SURVEY

The data in Table 48 indicate that from Stonington westward
the time of tide becomes somewhat later, due, most likely, to the prop-
agation of a progressive wave arising from interference to the sta-
tionarly Atlantic tide wave at the eastern entrance to the sound. It
will also be noted that from east to west in Fishers Island Sound
there is a diminished ra.n,tie of tide with apparently a somewhat
greater range of tide on the northern, or Connecticut, side of the
sound and a lesser range along the southern, or Fishers Island, side of
the sound. This increased range of tide along the northern side of
the sound is most likely due to the operation of Ferrel’s Law, which
states that due to the rotation of the earth on its axis there is a ten-
dency to deflect all moving bodies to the right in the Northern Hemis-
sphere and to the left in the Southern Hemisphere. It is to be ex-
pected, therefore, that on the rising tide the water moving westward,
or flooding, in Fishers Island Sound would be deflected to the right,
or northern shore, and high water would therefore be higher on this
bank. On the falling tide, when the water is moving eastward, or
ebbing in Fishers Island Sound, such water would be again deflected
to the right, or southern shore, and therefore the low water would be
higher along this shore than along the northern shore. It is evident
from the above consideration that the tide should rise higher and fall
lower on the northern side of Fishers Island Sound than on the south-
ern side, and hence the range of tide would be greater on the northern
side. This will be brought out-more clearly later in a discussion of

~ the range of tide in Eastern and Western Long Island Sound.

The results of observations for tide stations in Fishers Island
Sound have been subjected to an ad%‘ustment; process in order to de-
rive standard, or adjusted values. These adjusted values are given
in Table 57 on page 75, together with similar values for Eastern
Long Island Sound, The Race, and Plum Gut. .

Tidal currents have been observed by the Coast and Geodetic
Survey at 27 stations in Fishers Island Sound and its tributaries, the
earliest observations being in 1845. The locations of these current
stations are shown in Figure 11 and the results of the observations are
given in Table 49.

Most of the current stations shown in Figure 11 were occupied in
1917 and 1929. In 1915 slack-water observations were obtained at
Gangway Rock Gas Buoy by the lightkeeper at Watch Hill Point
Light through the cooperation of the Bureau of Lighthouses. The
latter observations were obtained simultaneously with similar buoy
observations in The Race and Plum Gut.

The most important series of current observations in Fishers
Island Sound, however, are those which were obtained at Ram Island
Reef Li.%htshipin 1913 and 1915. Du.ri.ns each of these years an 87-day
series of observations was obtained, and the results are given in the
data for stations 18 and 19 in Table 49. These stations are treated
independently since the lightship in 1915 was located some 300 yards
further southerly from Ram Island Reef than it was in 1913. Some
time ago, however, this lightship was removed from station and
replaced by.a gas and bell buoy.

he method of observing currents in this waterway was generally
by means of current pole and current log line at an average depth of
about 7 feet. In some of the tributaries of Fishers Island Sound,
however, it was necessary to use current poles of shorter length than
the standard 15-foot pole, owing to the shoal water depths encountered,
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It will be noted from the data in Table 49 that the time of slack
and strength of current in Fishers Island Sound is much earlier than
the same phenomena in The Race, the reference station to which
currents at all stations in Long Island Sound are referred. This is
indicated by the minus (—) signs before the time intervals in columns
8,9, 13, and 14 of the table. Perhaps this is better shown by takin,
into consideration the data in the last column of the table. It W].ﬁ
be noted that the mean solar current hour at each station in this
waterway is considerably earlier than that for The Race, the mean
current hour for the latter station being 1.13, or 13.55. It will also
be noted from the data in Table 49 that the time of current is con-
siderably earlier in Little Narragansett Bay and in the Mystic and
Pawcatuck Rivers than it is in the sound proper.

The 87 days’ series of current observations obtained at Ram Island
Reef Lightshup in 1913 has been analyzed harmonically, and the
harmonic constants derived from this analysis are given in Table 50.

TaBLE 50.—Harmonic constanis, Ram I. Reef Lightship

[Values in parentheses have been inferred from other constants]

1013 1913 1013

Ampli-
tude

Ampli-

Component tude Epoch Component Epoch Component tude "| Epoch

=]
»
=]

x H 3

Knots ots | Degrees
(0. 002) (179.7)
0. 068 61.9
.-} 0.109 (340.3)
-1(0. 040) (21.1)
. 004 (82.3)
. 433 (102. 7;
. 062 (245, 3
. 203 245.3

In addition to observations near the surface current observations
at various depths were also obtained at 18 stations in Fishers Island
Sound and vicinity, and the results of these observations are given
in Table 51. Most of these observations were made by means of
the Price current meter. At stations 4 and 23 the Pettersson current
meter was also employed in addition to the Price meter, and the
results of observations at the same depth obtained by the two meters
agree quite well in themselves. Descriptions of these meters will be
found above in connection with the discussion of tidal currents at
various depths in The Race and Plum Gut.

HT6864 O—H1—--—2
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TaBLE 51.—Results from current observations at various depths, Fishers Island Sound and vicinily

{Referred to times of predicted current at The Race]
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1 Pettersson meter observations.



TaBLE 51.—Resulis from current observations at various depths, Fishers Island Sound and vicinity—Continued

09

Observations Flood strength g Ebb strength a E,
= =]
Sta- :l £ g 2 |8y
tion Party of— Location o Sa|l 2| 8 Szl 2| B 8
No. Date 'g _g g ™ © ° 8 S o M © ° g S < a
5| = el g | 8 |ss| 2| 8| 8|8 |se|=2|8]8
~ P Al & B [A > | & | & & |A >l @ [
Fishers Island Sound—Contd. Houre | Hours Hours | Hours
Days Feet | after | after © |Knots|Hours| after | after ° Knots|Hours
22 | H. E. Finnegan.__| Off Clay Point............_... Aug. 56,1928 ..____ 1 | Pole.....] 7 [-1.15{|~-L65 5.88 [—110 |—1.90 68| 1.15 | 6.54
1 Meter... 7 |—1.20 {—1.40 588 1-1,15 |[~2.00 |....._| 1.19 | 6. 54
1 |...do..__. 12 [—1.16 [—-1.45 5.83 [-1.16 [—2.05 |._.__. 1.14 | 6.59
1 |--.do..___ 24 |-1.10 |[—-1.685 5,73 |—1.20 [—2.05 {..__.. 1.03 | 6.69
23 J...-o do. . Off Groton Long Point________ Aug. 5-8,1928.__._.. 7 |—-0.82 |—108 5.75 6.67
17 |—0.80 {~1.00 5.93 6.49
43 [-0.80 {—0.70 6.05 6.37
43 |-—0.68 {~0.62 6.31 6.11
68 |—0.8 |-0.72 6.17 6.25
28 |- do.... [ { T Aug. 5-6,1020______. 7 |-0.80 |—1.60 528 7.14
7 }-0.80 |-1.15 5.33 7.09
18 |-0.85 |—1.25 5.38 7.04
28 |—0.90 |~1.45 | 5.43 6.99

1 Pettersson meter observations,
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In general, the times and velocities of the current near the surface
as obtained by means of the Price current meter agree very well with
the results obtained at approximately the same depth by means of
the current-pole and current-log line. In passing, it may be noted
that the direction of the current at subsurface depths in narrow
passages is approximately the same as that at the surface. This is
shown by the Pettersson meter observation results for the direction
of the current at depths of 36 feet at station 4 and 43 feet at station
23 as compared with surface current directions obtained by means
of current pole at these stations.

It will be noted that the ebb current generally decreases in velocity
with increased depth. This is due to the fact that both the denser
tidal water below and the lighter fresh-water discharge above 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 fresh water near the surface, tending to move sea-
ward, decreases the velocity of the incoming tidal current near the
surface. With increased depth, however, the effect of the fresh
water diminishes, and the full velocity of the flood current is generally
attained at some distance from the surface.

In consequence of the diminution of the flood strength near the
surface by fresh-water discharge, an increase in the duration of the
flood period may be expected with increased depth. This is con-
'fli‘ngfd by the results of observations at most of the stations listed in

able 51.

THE TIDE AND CURRENT IN THE THAMES RIVER

One of the principal tributaries of Long Island Sound is the Thames
River, a short, navigable river in eastern Connecticut formed by the
confluence of the Yantic and Shetucket Rivers at Norwich. This
waterway, a tidal estuary, is approximately 14 nautical miles in
length and is navigable from Long Island Sound to Norwich. Along
this waterway is located New London, Conn., one of the chief ports of
southern New England.

New London Harbor is located on the north shore of Long Island
Sound at the mouth of the Thames River and the main harbor com-
prises the lower 3 miles of its length from the Sound to the bridges
across the river from New London to Groton. The harbor, however,
extends 2 miles north of New London to the United States Navy
submarine base located on the east bank of the river. The harbor
is approached from the ocean through Block Island Sound to The
Race and thence through the deep and comparatively well-sheltered
waters of Eastern Long Island Sound about 5 miles to the mouth of
the river. The lower 5 miles of the river has a general width of
about 3,000 feet and natural depths of 25 feet or more. A dredged
channel 600 feet wide and about 30 feet deep at mean low water
extends from the mouth of the river to New London.

At Norwich, the head of navigation, the river receives the waters
of the Yantic and the Shetucket Rivers, two fresh-water streams
draining, with their tributaries, about 1,465 square miles of eastern
Connecticut and southern Massachusetts. Freshets in the tributary
streams customarily produce a rise in the river of not over 2 feet at
Norwich. The freshets of 1876 and 1886 are reported to have
flooded the lower business streets of Norwich. The effect of these
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rises rapidly diminishes within a few miles downstream. The
Thames Valley is comparatively narrow. The channel locus is well
fixed by the training dikes throughout the upper part of the river.
Below the dikes, although the natural width of the river increases, the
channel remains stable. The average discharge of the river at
Norwich approximates 850 second-feet.

Tides have been observed at a number of stations in the Thames
River since 1839 and the locations of these stations are shown in
Figure 12. The results of these observations at stations 3 (Fort
Trumbull), 5 (Lighthouse Wharf), and 10 (Naval Station) were
discussed at some length on pages 3 to 16 of this publication. The
results of the observations at 13 tide stations in the Thames River
are shown in Table 52.

Tidal observations at stations 4 and 12 were made by the Corps of
Engineers, United States Army, which organization furnished the
Coast and Geodetic Survey with the results of such observations.
Considerable additional tidal data for stations 11 and 13 were also
obtained by this bureau as a result of the cooperation between these
two governmental engineering organizations. In general, it may be
stated that the tidal data for the stations enumerated in Table 52
have been quite well determined, being derived from series of a lunar
month or more at most of the stations. The data in the table repre-
sent mean values and those for short periods of observations were ob-
tained by means of a comparison with simultaneous observations at
a standard station, such as New London or Boston. Mean range
determinations for the longer series of observations were obtained by
reducing the observational values by factors depending upon the
longitude of the moon’s node.
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TaBLE 52.—T%dal data, Thames River, 1839~1929

Sta Observations Lunitidal intervals
tion Location Dg{‘?its’gn xﬁg Compared with—
No. Date Perioed | HWI | LwI
Days Hours Hours Hours Feet
1| Vicinity of New London Harbor Light._._.______ May 65-Sept. 25, 1839__________________| 45 9.33 3.10 6.23 2.26
June 25-Sept. 16, 1890 _ _._____._..____ 52 9,83 3.91 5.92 2.67 | New London, Conn.
‘2 | Pequot House wharf, entrance to Thames River_._<{Sept. 7-20, 1900....___.__ - 11 9.52 3.42 6.10 3.12 Do.
Oct. 26-Nov. 1, 1907 ... . . 4 9.43 3.83 5. 60 2.54 Do,
3 | New London, Fort Trumbull wharf_____._...._.. July 31,1882-Nov.20,1883____________. 478 9.47 3.50 5.97 2.57
4 | New London, Shaws Cove______._._ ... _____| May 6, 1913-Aug. 19, 1918 ... 5,592 §oo oo e 2.44 ®
June 5-Oct. 29, 1917 ___________________ 147 9.45 3.57 5.88 2.51
5 | New London, Lighthouse wharf.___ ... .._______| Nov. 15-26, 1917. 10 9.15 3.58 5.59 2.85 | New London, Conn.
May 9-24, 1918, ool 10 9.20 3.32 5.88 2.54 Do.
Vicinity of New London. ... . o ccoco..a- June 17-Sept. 17, 1847 . .. __... 93 9.657 3.63 5.94 2.48
Nev; l}iondon, New England Navigation Co. | July 20-Aug. 19,1929 ________. .. .... 22 9.67 3.73 5.94 2.54 Do.
whart. ;
8 | New London, Central Vermont Raflroad dock...| Aug. 17-Sept. 15,1900 _ .. ... 4 9.51 3.68 5.83 2.84 Do.
May 30-June 27, 1869___. . ... .. 29 9.7 3.7 6.09 2.60 | Boston, Mass,
9 | New London, Naval Station (Chapmans wharf) . _|[{ Aug. 26-Sept. 2, 1874_______._._..._._. 7 9.3 | 2.74 Do.?
! Aug. 20-Sept. 17, 1900_____. 5 9.53 3.92 6.61 2.72 | New London. Conn.
May 12, 1899-June 23,1900 ___._._._... 409 9. 50 3.70 5.80 2.53
10 | New London, Naval Station (Qovernment wharf) . {S ept. 10-12, 1904 2 9.48 3.80 5.68 2.81 Do.
Aug. 24-8Sept. 4, 1900__ 2 9,78 3.95 5.83 3.17 Do.
11 | Allyns Point June 21-23, 1917___ - 3 9.68 3.75 5.93 2.70 Do
July 6-Dec. 11,1923 ____________ 142 2.74 (0]
12 | Fort Point, Dawleyswharf__.____ ... ... _ July 6-Oct. 31,1923 ________________... 97 10.24 4.46 5.78 2.82 ®
Aug. 25-Sept. 10, 1874_____________._ .| 14 10. 20 4.2 6.00 3.02 | Boston, Mass.
18 | Norwich Aug. 24-Sept. 5, 1900. ________ ... 2 10.43 4.00 6.43 3.26 | New London, Conn.
i June 18-20, 1917..__________._.. 3 10.40 4.35 6.05 2.01 Do.
July 6-Dec. 11, 1923 _______._____.____. 107 |- 2.45 (O]

1 From tide records furnished by the Corps of Engineers, U.S. Army.
3 Compared also with New London, Conn. '
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TaBLE 53.—Adjusted tidal data, Thames River

Sta- L ug?gﬁ; 1 Durs- Range of tide
%On Locality tioofn
0.
HEWI | LWI | ™° | Mean [Spring| Neap
Hours | Hours | Hours| Feet | Feet | Feet
1 | Vicinity of New London Harbor Light.........____ 9.95 3.95] 6.00 2.5 3.0 2.0
2 | Pequot House Wharf______.__._..___.. 9.75 3.80| 595 2.5 3.0 2.0
3 | New London, Fort Trumbull Wharf. . 9.45 3.50 | 5.95 2.5 3.0 2.0
4 | New London, Shaws Cove.......... 9.45 3.50| 595 2.5 3.0 2.0
5 | New London, Lighthouse Wharf._ 9.45 3.50| 595 2.5 3.0 2.0
6 | Vicinity of New London......._...o.cooooooo.C 9.45 3.50| 5.95 2.5 3.0 2,0
7 | New London, New England Navigation Co. wharf.| 9.45| 3.50| 595| 25| 3.0 2.0
8 | New London, Central Vermont Railroad dock... X[ 9.45| 3.50| 595 25| 3.0 2.0
9 | New London, Naval Station (Chapmans Wharf)...| 9.45 3.65| 6.80 2.5 3.0 2.0
10 | New London, Naval Station (Government wharf)..| 9. 50 3.70| 5.80 2.5 3.0 2.0
11 | Allyns Point. ... c........ -l 8.75 3.85| 5.90 281 3.3 2.2
12 { Fort Polint, Dawl 10.25 4.45| 5.80 2.9 3.4 2.3
13 | Norwich . 420} 610 3.0| 3.5 2.4
Hours
5.0,
4.0
3.0 Low water interval
2.0 =
E 2 s 3 *
00 Z % z 5 £
2o~ 3z = 2 =
11.0
10.0
i i |
9.0 High water interva
SR N R N N NN TSV (SO O NN S NN
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Nautical Miles

FIGURE 13.—Lunitidal intervals, Thames River

The values in Table 52 have been subjected to a process of adjust-
ment in order to arrive at standard values for each tide station.
This adjustment was made because of the fact that some series of
observations were much shorter in length than others and other series
were obtained many years ago when methods of observation differed
from present-day methods. )

The results obtained from very short series of observations may be
‘affected by accidental conditions prevailing at the time of the ob-
servations which would be largely eliminated in a longer series.
Again, the difficulties of maintaining accurate time in the earlier
years were undoubtedly much greater than during more recent years.
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The adjusted values for high and low water intervals, duration of
rise, and mean range for tide stations in the Thames River are given
in Table 53.

The adjusted values for time and range of tide at Thames River
stations have been plotted in the form of curves in Figures 13 and 14,
respectively. :

It will be noted from the data in Table 53 and the curves for high
and low water intervals in Figure 13 that the time of tide at New
London, 3 miles upstream, occurs about half an hour earlier than it
does near the entrance to the river in the vicinity of New London
Harbor Light and Pequot House Wharf. This is somewhat unusual
but it is substantiated by the fact that the time of current at New
London is likewise earlier than that at the entrance to the river, as
will be discussed & little later. The time of tide at Norwich occurs

5 E E
2 2 8 g
O 5 £ s |
8z 5 2 ] =
5
teg @k 2

9

|

3.0[
20

e 0 1 4t t 1 1 1 4 1 1
06 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Nautical Miles

FiGURE 14.—Range of tide, Thames River

about three-fourths hour later than it does at New London, being
progressively later and later at points above New London.

The mean range of tide is uniformly 2.5 feet throughout New
London Harbor; that is, throughout the lower 5 miles of the Thames
River. North of the submarine station, however, it increases steadily
until at Norwich it averages 3.0 feet. For convenience, the approxi-
mate spring and neap ranges at tide stations in the Thames River
are given in Table 53.

Tidal currents have been observed at 13 stations in the Thames
River by field parties of the Coast and Geodetic Survey. The
locations of these current stations are shown in Figure 15 and the
results from observations made near the surface by means of current
pole and current log line are given in Table 54.

The times of the current in hours for the various stations in this
waterway have been referred to the times of the same phases of the
current at The Race. Daily predictions for the latter will be found
in the Atlantic Coast Current Tables published by the Coast and
Geodetic Survey.
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By inspection of the minus (—) signs before the time intervals in
columns 8, 9, 13, and 14 it will be seen that the time of the current in
the Thames River occurs much earlier than it does at the reference
station. This is also shown by the data in the last column of Table
54. Reference to this column will show that the time of flood strength
at Norwich occurs more than an hour later than the same phase of
the current at the entrance to the river, and more than half an hour
earlier than the time of flood strength at The Race, the mean solar
current hour for the latter being 13.55.

"Considerable fresh-water discharge occurs in the Thames River.
This is shown distinetly in the long durations of ebb at each station
as compared with the durations of flood. Along the open coast the
durations of flood and ebb would be apliroximately equal, or about
6.12 hours each. It will be noted in Table 54, however, that the ebb
durations at Thames River stations in many cases are more than
twice as long as the flood durations.

Current velocities in the Thames River are rather small, the flood
enerally averaging from one-fourth to one-half knot and the ebb
rom one-half to 1 knot. Somewhat increased velocities obtain

south of Allyns Point in the vicinity of Montvilleand Gales Ferry
owing to constrictions in the width of the river. The results from a
station in mid-channel off Montville, Conn., verify this conclusion.

In passing, the results in Table 54 for stations 7 and 13 call for
detailed explanation. It will be noted that both these stations were
occupied during the middle portion of the month of June, 1917. The
observations at these stations showed that at the surface the current
was ebbing, or flowing southerly, continuously during the entire.
period of occupation of approximately 25 hours. In other words,
there was no flood current at this time, probably because of the effect
of excessive fresh-water discharge. Therefore, the velocities given
In parentheses for these stations are those for the minimum ebb
current. Obviously, no times of slack water occurred since the
current was ebbing all the time. At greater depths, not affected by
the fresh-water discharge, there is evidence tgat the current ran
flood during a portion of this period.

In passing, it might be stated that the surface tidal current at sta-
tions 7 and 13 averaged approximately 0.45 and 0.20 knot, respec-
tively. These weak tidal current velocities, however, were completely
masked by the strong nontidal current which obtained at the time the
observations were made.
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TABLE 54.—Results from current observations near the surface, Thames River
[Referred to times of predicted current at The Race]

Observations Flood strength g Ebb strength a |
k=l o
8ta- £ b= s
tion|  Partyot— Location - £l x| 3 & 2| & _?,
+ b= =
- pue | EOE | By | g|EE 8|3 g8 (28|28
2 [ L == T 2 i =] HEL 3 o
& s Alg|ela |sla|a|&|AjsS|®|=
Hours | Hours Hours | Hours
Days Feet | after | after ° |Knots|Hours| after | after ° | Knots| Hours|Hours
1| P. M. Trueblood..| Mid-channel, oft Eastern Point.] Aug. 21-22,1917___._. 1 | Pole..... 7 |-1L48§—-2.12| 322 [(0.46 | 448 |—-2.83 [—2.13 | 178 0.46 | 7.94 | 11.41
2 do Mid- channel off Hobs Island ..} Aug.7-8,1917.___ 34|---do..... 7 |—-1.631—2.37| 347|0.35)|4.38 |—3.08{—1.78 | 154 |0.35|8.04 | 11.33
3 North of Qumm ag Rocks.___ Aug. 12-13, 1929 _ 1 _.do..__. 7 |—0.60 |[—2.30] 3021{0.17 | 3.63 |—2.80 {—2.25 | 168 0.37 | 8.79 | 11.56
4 Mid-channel, off Hobs Island..| Aug. 12-15, 1929.. 3Y|...do___. 7 |~0.58]—2.40) 31470.08(4.08 [—2.33 |—0.95| 179 (0.30 ) 8.34 | 11.99
5 North of Hobs Island..___.____ Aug. 12-13,1929.. 1 [--.do.._.. 7 [—0.60—2.60] 335(0.17]3.33 |-3.10|—-275[ 158 | 0.37 | 9.09 | 11.29
[} do Mid-channel, off Groton, Conn.| Aug. 13-14, 1929.. 1 |...do.... 7 |-0.601—230] 352[0.253.63 |~2.80 |-1.10 | 176 } 0.50 | 8.79 | 11.85
7 | P. M. Trueblood . _ Mld-channel N.Y,, N.H. & | June 15-16,1017__.. .. 1 | Meter._.| 3 {._.____ —1.921 () [(0.06)|- cco_]eecur-e —0.08 | 171} 0.96 12.48
H.R.R. bndge

8| H.E. Finnegan.... Off Mamacoek Hill_...__....__ Aug. 14-15,1920___.__ 1 | Pole..... 7 1-0.90{—1.651 326 |0.56 | 5.63 }—1.10 [—0.95 | 162 | 0.76 | 6.79 | 12.40
|| I DO do ine Base. _.._____._|--._. do._..._.____ 1 |...do..._. 7 |—-L50|~2.30| 340 | 0.55 5.78 }—~1.55 [—2.35 | 153 | 0.65 | 6.64 | 11.63
10 ... do Aug.13-14, 1929_. 1 |...do..... 7 |—-115 [-2.40 2510.5615.93 [—~1.05|—-1L70| 104 | 0.43 | 6.49 | 11.97
11 [ P. M, Trueblood. .| Off Montville, Conn._.......... Aug. 24-25 1917.. 1 |-..do..... 4 |—-1.73 |~1.67 16 (070|523 |—2.33 |—-2.48 | 200 1.05)7.19 | 11.50
12 | H.E, Finnegan.... Mid-channel oft Mohegan, | Aug. 12-13 1929 ... 1 |..-do..._. 31%|—1.20 |[—2.40 | 331 | 0.49 | 4.43 |—2.60 |—1.90 | 159 | 0.62 | 7.99 | 11.83
13 | P. M. Trueblood .. . Oﬁ Norwlch Conn._.._....... June18-19,1917___._. 1 | Meter...| 6 {....._. —0.82 | () [(0.40)] oo )ones —0.28| 196 |0.78 |..... 12.92
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1 The current was ebbing, or setting southerly, at this station during the whole period of occupation. Therefore, the velocity given in parentheses is that for the minimum ebb,
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[Referred to times of predicted current at The Race]

TaBLE 55.—Resulls from currenl observalions at various depths, Thames River
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At 12 of the 13 current stations occupied in the Thames River by
field parties of the Coast and Geodetic Survey during the summers
of 1917 and 1929 observations were also made by means of Price
current meters at various depths in addition to surface current
observations made by means of current-pole and current-log line.
The results from these subsurface observations are given in Table 55.
For comparative purposes, the results from observations near the
surface are also given in the table. It will be noted that the results
from meter observations at a depth of about 7 feet generally agree
iluitig well with those obtained by means of current-pole and current-
og line.

At station 5 Pettersson meter observations were also obtained at
a depth of 10 feet. The times and velocities of the current obtained
by means of this meter agree quite well with those obtained by means
~ of the Price current meter. The directional observations obtained
by means of the Pettersson current meter indicate that the subsurface
current at station 5 at the entrance to the river sets more northerly on
the flood and more southerly on the ebb than the surface current does;
that is, more in the direction of the axis of the dredged channel.

Reference to the values in the last column of Table 55 will show
that the time of the current at each station generally occurs earlier
and earlier as the depth increases. This is perhaps shown more
clearly in columns 8, 9, 13, and 14. It will also be noted from the
data in column 12 that the duration of flood generally increases
with depth, while that of ebb decreases. As the depth increases,
ebb velocities generally decrease while flood velocities increase.
These phenomena have been discussed and explained in the above
section on the tide and current in Fishers Island Sound.

Further reference is here made to current conditions at station 7,
where, as stated above, the tidal current at the surface was ebbing
throughout the entire 25-hour period of observations. Velocity
observations at this station were made by means of a Price current
meter at three depths—3, 18, and 42 feet. Directions of the current
were observed at the surface by means of a float and at a 3-foot
depth by means of a vane. No directions were observed at depths
of 18 and 42 feet, but in the reductior of the current observations
it was assumed that the velocity curves at these depths followed
those at the 3-foot depth. Furthermore, there were observational
notes to the effect that at times the subsurface current was flowing
in, or upstream, while the surface current was ebbing. Therefore, the
indications strongly point to a flood current at subsurface depths
while the current at the surface, most likely due to freshet conditions,
was continuing to ebb. Again, the velocities of ebb at depths of 18
and 42 feet were but half as great as that at the surface, while the
flood velocities at these depths were about 50 per cent greater than
the ebb velocities.

THE TIDE AND CURRENT IN EASTERN LONG ISLAND SOUND

Eastern Long Island Sound, for purposes of discussion in this publi-
cation, is that waterway extending from Fishers Island Sound and The
Race to a line joining Stratford Point Light, Conn., Stratford Shoal
Light, and Old Field Point Light, Long Island. It is approximately
50 nautical miles in length, as measured along an axis joining Stratford
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Shoal Light, Cornfield Point Lightship, and Bartlett Reef Lightship,
and varies in width from about 5 nautical miles at The Race to about
20 nautical miles off New Haven, Conn.

Stratford Shoal Middle Ground, a triangular-shaped shoal about 1
square mile in area, is located nearly in mid sound between Stratford
Point, Conn., and Old Field Point, Long Island. Depths of more
than 140 feet obtain in the water passages north and south of this
shoal area, although the southern passglge is generally deeper and
considerabiy wider than the northern. The northern coast of Long
Island is very regular in character, the only obstructions to the
progression of the tide wave being the presence of sandy shoals
extending about 2 miles offshore in the vicinity of Roanoke, Herods,
and Rocky Points. The Connecticut shore on the other hand, is very
irregular and is characterized by the presence of numerous rocky
headlands and shoals. West of the entrance to the Thames River
several extensive shoals and reefs offer considerable opposition to
the progression of the tide wave, the more important of these bein,
Bartlett Reef, Hatchett Reef, Long Sand Shoal, Sixmile Reef, an
Kimberleys Reef.

Another characteristic feature about eastern Long Island Sound is
its funnel shape, the .width varying from about 7% miles off Orient
Point, Long Island, to approximately 17 nautical miles off Herods
Point, Long Island. Average widths and depths at mean low water
along four cross sections of eastern Long Island Sound are as follows:

Cross section Width | Depth
Nautical
) miler Feet
Mount Misery Point, Long Island-Stratford Point, Conn. .o oo comoaccnccacaanes 1034 58
Roanoke Point, Long Island-Sachem Head, C aat 18 76
Terry Point, Long Island-Lynde Polnt, Conn 7% 84
Orient Point, Long Istand-Ratchett Point, Conn 714 120

Tides have been observed in eastern Long Island Sound since 1838,
when records were obtained at Falkner Island Light, Sachem Head,
Branford Harbor, and New Haven Harbor in connection with early
hydrographic operations along the Connecticut shore. The locations
of 32 tide stations occupied in this waterway are shown in Figure 16
and the results of observations at these stations are given in Table 56.
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TasLE 56.—Tidal data, eastern Long Island Sound, 1838-1929

ts-w Observations Lunitidal intervals
ion Location D i
No. gr' z:ggn m Compared with—
Date Period HWI LWI
1l m fie Point, Conn. . July 16-N. L 1853 Days Hours Hours ITours Fee!
.illsw. ,Conn.__ ... y ov. 1,188 __ ... 39 9.65 3.58 6. 07 2,62 | New London, Conn.
2 | Niantic, Conn. (highway bridge)..._.._...o....__ June 29-Aug. 29, 1917 5 10, 24 412 6.12 24 Do.
3 | Salt Island, Westbrook Harbor, Conn.___......__| Oct. 2-Nov. 4, 1894__. 7 10. 57 4.50 6.07 439 Do,
Oct. 12-Nov. 3, 1883. .
4 | Duck Island Harbor, Conn____.____.o.oooc...._| {Ocz. 15-Nov. 12, 1895, R 15 &g 59 Bs:
Sept. 10, 1912-May 26, 26| ..... S ISR I Lo
5 ins O
Pine Orchard Beach, Duck Island Roads........_| July 5-21, 1877 8 11.22 4 .51 6.71 4 08 | Sandy Hook, N.J.
Sept. 18-Oct. 5, 1894 .. ___._..._.|
. sl tp] sE| | Nerpimion conm
6 | Clinton, Conn. (Hammonasset River)........... June 15-27, 1911 1| 1res 455 653 5% Do,
Oct. 2-18, 1913__ 15 1n 516 5.95 474 Do.
Sept. 1-3, 1917__ ... 3 11. 12 5.07 6.05 404 Do.
7 | Guilford, Conn.__.. ---| Sept. 7-9, 1917 ____ .. ... 3 10. 96 5.06 5.90 5,34 Do.
Aug. 10-26, 17 11. 16 4,69 6. 47 5.15
s Al uR 15 fh| b Tgmew e
8 | Falkner Island Light . oo oeoeeeeeooooo. ] June 16-Aug, 19, 1886 36| 1087 440 6.47 5.03 [ Providence, R. I
ﬁ‘ﬁ’} z&g; June 9-10, 1867 i no 469 640 5.09 | Sandy Hook, N.
11.37 494 643 5.53 | F Hamil
Sept. 17-25, 1894 3| 0| tes| am| so| Do fom, N. ¥,
9 | Sachem Head, Conn. .. oo v ivemneeivannnn Aug. 29-Nov. 1, 1838 .. ..__...._. 65 11.08 475 633 5.47
Sept. 7-20, 1884 _ ... ocooooeooio_] 14 10. 85 4.65 620 5.64 | Pulpit Harbor, Me.
10 |Money Island (The Thimbles).. _...__...._...__. }g,n; g{fg 12, 18%. .- H R i el 5.53 | Providence, R. L
-Aug. 3, S . 6 5.67 | Fort Hamilton, N. Y.
Sept. 12-13, 1894 .o 1 11. 26 4.8 6. 43 6.09 Do. ton, N. ¥,
11 | Branford Harbor, Conn. July 27-Aug. 24, 1838. . ... 29 11.00 4.57
v, Cona. (Brocketts Polnt)......... {Nov 20, 1915—Jan 22, 1916 . ceeee... ] 66 &4 g gz .
12
Bl;mford' River (Malleabl: Iron Foundry Co. [ Nov. 20, 1915-Jan. 22, 1916, 45 563 (.
July 31-Nov. 14, 1884 _________. ... _.] 107 1102 4 90 6.12 6.01
13 | Southwest Ledge Light, New Haven Harbor..... July 8-13, 1886« oc oo veeececmcacceeaad] 4 11. 28 4.9 6.35 5.79 | Providence, R. L,
May 4-12, 1887 .. LI TITTIIIIIITIT 4] na 4.0 6.2 5.77 | Sandy Hook, N.J.
) . ) Mar, 31-Apr. 15, 1871 oo 16 10.98 4.8 6. 12 6.02 | Boston, Mass.!
14 | Five-Mile Point, New Haven Harbor._......_._.| May 4-Sept. 7, 1872, o cmmene- 7% 11. 14 4.8 6.31 6.08
June 17-Sept. 13, 1890. - - __.oooeeen.. 4 11.21 5.01 6.20 5.98
Aug. 2-7, 1858 e 5 1106 492 6. 14 6.29 | Boston, Mass,
15 | Fort Hale, New Haven Harbor. . ccceeacccmnaano. {MN 31-Apr. 15, 1871 ool 14 10.98 4.95 6.03 6.09 Dol
16 | Off Oyster Point, New Haven Harbor._ .. .._... May 8-July 24, 1838 __.oooooo__oo 78 11,08 4.80 628 6. 05
Mar. 18-Apr. 15, 187)__.______ ... 28 1L 11 4.95 6.18 6.15 | Boston, Mass.t
17 | New Haven, Conn. (Long Wharf). . oocooo_-- {Sept. 15-0nt 9,1872. ..l 13 1L07 5.17 5.90 6.34 Do!
18 | New Haven, Conn. (City dock, Hamilton Street).| June 13-Sept. 29, 1017 ... ... 109 1115 5.02 6.13 6.28
19 | New Haven, Conn. (Tomlinson Bridge)......--- Jan. 11, 1910-Dec. 28, 1915 .. o -.-. F:53 N PR SO, 5.9 1 ().
. 3 1
20 | New Baven, Conn. (Chapel Stret Brigge)....._[{Bar AR IS 18Tt B0 LE) 2R BF) R PR S
21 t Welchs Point, Conn........ July 8-29, 1885 . ..ol 2 1L 00 478 6.22 6.47 | Pulpit Harbor, Me,
Apr. 26-27, 1878 1 1L 75 462 7.13 5.50 | Sandy Hook, N.J.
22 | Entrance to Wepawaug River... { Aug. 20-22, 1917 3 1L 24 485 6.39 6.75> | Fort Hamilton, N. Y,
23 | Stratford Sheal Light .. - July 8-Oct. 26, 1888 .. . . ccomaean 103 1L12 498 6. 14 6.49
Aug. 6-0Oct. 3, 1874 __ . . _oeeo- 2 11.38 5.58 5. 80 t.34 | Boston, Mass.
24 | Entrance to Port Jefferson Harbor, Long Island.. { Api 30-May 6, 1918 6 1L 39 51 6.28 6.38 | Fort Hamilton, N. Y.
25 | Barrel Island, Port Jeflerson Harbor_____......-. Oct. 7,1927-Jan. 19, 1928 _______.____. 63 1L 51 5.42 6. 09 6.44 | (.
Ry — B ongl pm rel o ew
y pt. 21, 1886__ 11 .
26 | Port Jeflerson, Long Island....ooocoooemoeomnonnn- Oct. 11-Nov. 8, 1916..._ .. 20| 1150 5.41 6.09 6.45
Mar. 1, 1928-Sept. 27, 1929_ 384 11. 52 5. 45 6.07 652 @®.
Sept. 11-15, 1874 5 11.78 6. 49 5.29 6. 41 | Boston, Mass.
27 | Setauket Harbor. oo {s(;pt_ 11, 1886 1 11. 67 5.83 5.84 6.50 | Port Jefferson, L. L.
28 | Conscience BaY. _ . oo Sept. 11, 1886._ 1 12.37 7.8 5 14 472 Do.
29 | 300 meters west of Mattituck Inlet, Long Island._.} Oct. 10-29, 1883____ 15 11.32 5 22 6.10 4,65 | New London, Conn.
Sept. 24-Nov. 1, 1883__ 33 11. 47 5.47 6.00 363 Do.
30 | Mattituck Inlet, Long Island . ... .oooemao.- Aug.7-9, 1917 ____.__._ - 3 1. 27 5.06 6.21 5.53 | Fort Hamilton, N. Y.
Aug. 30-Nov. 6, 1927_. - 19 11. 90 5.89 6.01 4.53 Do.!
31 Hz;s{uugomuck Beach, east of Horton Point, Long | Sept. 24-26, 1884... 3 10. 84 4.71 6.13 4 30 | Pulpit Harbor, Me.
sland.
. Sept. 7-Nov. 2, 1883 _ oo 26 10,92 4.60 6.32 3.28 | New London, Conn.
32 | Truman Beach, Orient, Long Island........—.... {SGSL 27-30, 182'8L.. 3 111 426 6.85 3.76 | Pulpit Harbor, Me.

1 From tide records furnished by the Corps of Engineers, U. 8. Army.
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Except as indicated, the values in Table 56 were derived from
observations obtained by the Coast and Geodetic Survey. Where it
was possible to do so, short series of observations were compared
with simultaneous observations at a long-period standard, or primary,
tide station in order to reduce the results to mean values. It will be
noted from the data in the table that the results from various series
at the same station generally agree quite closely, especially if such
series of observations are of a fortnight or longer in duration. It
should also be borne in mind that it is somewhat difficult to find a
reference tide station located outside of Long Island Sound where
tidal conditions closely approximate those in the Sound itself. In
order to arrive at standard values, therefore, the results from obser-
vations as listed in Table 56 were subjected to an adjustment process,
giving due weight to the lengths of series at each station, and the
adjusted values for each tide station in this waterway are given in
Table 57 along with those for Fishers Island Sound, The Race, and
Plum Gut.

In Table 57 the high and low water lunitidal intervals and duration
of rise of tide at each station are given in hours and hundredths of
an hour. The duration of rise of tide is obtained by subtracting the
low-water interval from the high-water interval. In addition to the
values for mean range at each station there are also given the approx-
imate values for spring and neap ranges. The latter were obtained
through the application of factors to the values for mean range as
follows: Spring range = mean range X 1.18; neap range = mean range X
0.80. These formule were obtained by comparing the relation of
harmonic tidal constants at New London, Conn., and Willets
Point, N. Y., two primary tide stations at the eastern and western
ends of Long Island Sound, respectively. In passing, it might be
stated that the approximate great tropic range at each station may
be derived by muﬁiplying the value for mean range by the factor
1.14. The great tropic range obtains at the time when the height
inequality, or difference between higher high water and lower low water
is & maximum.

In order to bring out more clearly the variations in time and range
of tide throughout eastern Long Island Sound and its tributaries the
data in Table 57 have been plotted in the form of curves in Figures 17
and 18 which show, respectively, the variations in lunitidal intervals
and range of tide at stations in this waterway.

A glance at Figure 17 will show that in eastern Long Island Sound
west of Orient Point, Long Island, and Saybrook Breakwater Light
(Connecticut River entrance) both high-water interval and low-water
interval occur earlier along the northern shore of the Sound than
along the southern shore. This is indicated by means of the solid-
lined curve. In the case of the high-water interval this difference in
time of tide along the northern and southern shores of the Sound is
rather uniformly about 0.4 hour, or approximately 25 minutes. Ex-
cept for a few slight variations this same relationship also holds true
for the occurrence of low water, the latter occurring earlier along
the northern shore than along the southern shore. :
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TABLE 57.—Adjusted tidal dala; eastern Long Island Sound and Fishers Island

Sound
Lunitidal - .
Sta- Intervals Durs- Range of tide
tion Loeality tion
No. of rise
HWI | LWI Mean {Spring | Neap
Fishers Island Sound
Hours | Hours | Hours| Feet | Feet | Feet
1 | Watch Hill Licht, Watch Hill Point, R. I.__. ___..| 9.00 2.70 | 6.30 2.7 3.2 2.2
2 | Watch [Illl Little Narragapsett Buy | 9.8 410 | 570 2.2 2.6 1.8
3 | Westerly, R. I. (Pawcatuck Rlver) A 92 3.55| 5.7 2.5 3.0 2.0
4 btonmgton, Conn | 9.00 2901 6.10 2.7 3.2 2.2
5 | Noank, Conn. (Mystic Rlver) ...................... 9.15 3.20| 5905 2.7 3.2 2.2
6] West Mystie, Conn. ..o e 9.40 3.30 ]| 610 2.5 3.0 2.0
7 | Boat basin, North Dumpling Island.. 9. 60 3.2 | 6.40 2.3 2.7 18
8 | West Harbor, Fishers Island._. ... .. ___ 9.30 3.46| 5.85 2.3 2.7 1.8
9 | East Point, Fishers Island...... oo o .ocioomemaass 8.25 2.50 | 5.75 2.7 3.2 2.2
The Race and Plum Gut
1 | Neaf Race Point, Fishers Island_ ... __...c.ccone.. 9,10 2401 6.70 23 2.7 1.8
2 | Little Qull Island Light_ . 9. 65 3.50] 6.15 2.5 3.0 2.0
3 | South Dock, Plum Island.___ 9.75 3.8 595 2.6 3.1 -2.1
4 | Plum Island Light, Plam Gut. 9. 80 3.85] 5.95 2.6 3.1 2.1
5 | Orient Point Light....._... 9. 90 3.95| 5.95 2.7 3.2 2.2
6 | Orient Point, L. ..o cimecceoen 10.20 4,15 6.05 2.8 3.3 2.2
Eastern Long Island Sound
1 | Millstone Point, Conn. 9,65 3.60| 6.05 2.7 3.2 2,2
2 | Niantie, Conn; (hlghway bridge) ....._. .1 10.00 3.9 | 610 2.7 3.2 2.2
3| Salt Island Westbrook Harbor, Conn... _| 10.65 4401 6.25 4.3 5.1 3.4
4 | Duck lsland Harbor, Conn._.coo...._... o 10.70 4351 6.35 4.3 5.1 3.4
5 | Pine Orchard Beach, Duck Island Roads.. 11.15 4451 6.70 4.3 5.1 3.4
6 | Clioton, Conn. (Hammeonasset River). ... ........._ 11. 10 500 6.10 47( &5 3.8
7 | Guilford, Conn___ 10.95 5.00| 5.95 5.3 6.3 4.2
8 { Falkner Island Lj 10. 90 4,70 6.20 5.3 6.3 4.2
9 - 11.00 475 6.25 5.4 6.4 4.3
10 imb: 11.00 4.75| 6.25 5.6 6.6 4.5
11 { Branford Harbor, Conn. (Brocketts Point)___ .| 1100 4.60 | 6.40 8.7 6.7 4.6
12 | Branford River (Malleable Iron Foundry Co.
251 T3 YU PGSO ISR ER, 5.7 6.7 4.6
13 | Southwest Ledge Light, New Haven Harbor. _..... 11.00 4.90 | 6.10 6.0 7.1 4.8
14 { Five-Mile Point, New Haven Harbor__...... 1.00{ 490 610y 60{ 71 4.8
15 | Fort Hale, New Haven Harbor.....____. | 1L05 4.95( 6.10 6.2 7.3 50
16 | Off Oyster Point, New Haven Harbor..__. ot 1105 4.95| 6.10 6.1 7.2 4.9
17 | New Haven, Conn. (Long Wharf)._______.____ .l 1L10 500 6.10 8.2 7.3 5.0
18 | New Haven, Conn. (city dock, Bamilton Street)_..[ 1L15 500} 6.15 6.3 7.4 5.0
19 | New Haven, Conn. (Tomlinson Bridge).. .. c.oo oo [-camuens .| 60 7.1 4.8
20 | New Haven Conn. (Chapel Street Bridge).. 11. 15 5101 6.05 6.0 7.1 4.8
21 | Welchs Pomt CONN.. ..ot imen 1100 4.80| 6.20 6.5 7.7 52
22 | Eutrance to Wepawqug River. 11.20 4.85| 6.35 6.5 7.7 52
23 | Strattord Shonl Light_ ... ... .l ... .| 1L10 500| 6.10 6.5 7.7 5.2
24 | Entrance to Port Jefferson Harbor, Long Island..._| 11.40 5.40 ] 6.00 6.3 7.4 5.0
25 | Barrel Island, Port Jefferson Harbor.._._._...._... 11. 50 540 6.10 6.5 7.7 52
26 | Port Jefferson, Long Island _._..._._._.. 11,55 5451 6.10 6.5 77 5.2
27 | Setauket Harbor. . .- .._....-.....o.. 11.80 6.00{ 580 6.§ 7.7 5.2
28 | Conscience Bay. . .. 12.35 7.25 | 610 4.7 5.5 3.8
26 | 300 meters west of Mattituck Inlet, Long Island. 11..30 52| 610 4.8 5.4 3.7
30 | Mattituck Inlet, Long Island. ._ _________.__ 11. 60 560 | 6.00 4.7 5.5 3.8
31 | Hashamomuck Beach, east of Horton Po
.11.00 4.70 | 6.30 4.0 4.7 3.2
32 10. 60 4.60 | 6.30 3.4 4.0 27
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The range of tide is greater along the northern shore of eastern
Long Island Sound than along the southern shore, as is clearly shown
in Figure 18. 1In the vicinity of the Connecticut River entrance this
difference in range is small, being but approximately 0.2 foot. As
the Sound widens out, however, this difference in range becomes
somewhat sizeable, the range in the vicinity of Falkner Island Light
being about 0.6 foot greater than that near Mattituck Inlet, Long
Island. This increase in range along the northern shore of Long
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FIGURE 17.—Lunitidal intervals, eastern Long Island and Fishers Island Sounds

Island Sound, or right-hand side of the waterway with respect to the
progression of the tide wave, is due to the deflecting force which
results from the earth’s rotation which was discussed in detail in
connection with the tide in Fishers Island Sound.

Tidal currents have been observed by the Coast and Geodetic
Survey at 65 stations in eastern Long Island Sound since 1846. The
locations of these stations are shown in Figure 19 and the results
from current observations near the surface are given in Table 58,



TIDES AND CURRENTS 77

The data for two of these stations, namely, station 5 (Bartlett Reef
Lightship) and station 28 (Cornfield Point Lightship) have been
obtained from long series of observations and were discussed at length
above on pages 30 to 38.

During the years 1844-1848 tides and tidal currents were observed
at & number of stations in New York Harbor, Long Island Sound, and
Block Island Sound in order to arrive at an understanding of tidal
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and current conditions in these waterways and.at the same time fur-
nish data for use in connection with the prediction of tides and cur-
rents at stations in these waterways. The current observations made
by Goldsborough at 37 stations in Long Island Sound, of which 14
were located in the eastern portion of this waterway, were obtained in
connection with this program which is discussed at some length on
pages 168-179, Appendix No. 60, Report of the Superintendent of
the United States goast Survey for 1854, in an article by Charles A.
Schott, entitled “Report on the Tidal Currents of Long Island Sound
and Approaches.”



TaABLE 58.—Results from current observations near the surface, castern Long Island Sound
{Referred to times of predicted current at The Race]

8L

Observations Flood strength g EDbb strength a E
S g1
Sta- [ S | w
g‘on Party of- Location 9 ,Se » | 3 8 sl » £ gg
° 3 S 3 3| 3 9 3 3 S | e
[ = A % = |A > | & % & |A > | &2 |5
Hours | Ioure Hours | Hours
Days Feet | after | after | ° |Knots|Hours| after | a ° | Knots| Hours! Hours
1| P. M. Trueblood.. \(I)rlv.h gt Race Point, Fishers | Aug. 8-9, 1917_______ 1 | Pole..._. 7 [-2.58 }{-3.02 301098 7.68|—0.73[—0.63] 2161 0.45| 4.74 | 11.81
slan
2 [ J. R. GQoldsborough | Off Thames River Entrance.__| Aug. 14-15, 1846 ____ 1 | Float...|] (1) |—-2.52|—1.51| 268 | 1.10[6.91{—1.44 [—1.77 581 1.1316.51 | 11.74
3| P. M, Trueblood._{..... do July 31-Aug. 1, 1917 1 7 |—4.531—-127| 260 1.08 | 8.78 |—1.58 {—2.58 6010.62)3.64 | 11.06
41J.R. Goldsborough Off Bartlett Reef.. .| Sept. 34, 1846 ___ . 1 ) |—1.90{-1.85] 277} 1.5916.17 [—1.56 |—1.65 84 11.66|6.25] 11.81
5| Master...__..__._. Bartlett Reef Lightship....... Aug. 8, 1929-Mar. 31,| 226 | Pole..... 7 |—2.081-0.99| 255 1.35]6.84 [—1.07 |~1.65 90| 1.30 [ 5.581 1210
1930.
6 | P. M. Trueblood._| Off Bartlett Reef nghtshm... July 16-17, 1917__ —0.031-0.77] 250 | 1.66| 5.18 [—0.68 |—0.33 | 111 | 1.90| 7.24 | 0.68
7 ---Bo_ .. do July 10-11, 1917__ —0.98 i—1.47) 272 1.45[ 6.53 [—-0.28 |—0.28 116 ) 1.50 | 5.89 | 0.38
8| H. E. Finnegan_. . July 29—30, 1929, _.__. —1.20 1—0.80{ 207 | 1.27 | 6.13 |—0.90 |—0.90 110 | 1.67 [ 6.20( 0.18
9 { P. M. Trueblood.. St July 12-14, 1917 —3.05{-0.84) 280 ) 1.33]8.42!-0.46 151 1071 1.05] 4001 12.09
10 |J.R. Goldsborough June 13-14, 1846___._ —0.68 |—0. 7 256 | 2.12{ 5.88 |—0.63 [—0.48 681251 6.54] 0.5
11 | H. E. Finnegan.. . Niﬁmxif }rllay (‘; \)’., N.H. & | July 20-30, 1929. ... =070 000} (» |131|6.28]|-0.30] 0.10| (® |1.31|6.19] 0.91
bridge
12 | P. M. Trueblood..| Niantic Bay (highway bridge).| Aug. 27-29, 1917__... —0.66 |-0.14| (3 | 2.30!5991—-0.50!-0.05} (*) ) 2.48|6.43[ 0.79
oft Black Point.....__ .. ____. Aug, 29, 1917 ___._ —1.63 |-1.67 254 ] 1.754 5.63 1—1.83 |—-1.08 H|175/6.79112.00
_________________ Sept. 13-14, 1917_____ —1.53 |—0.92 259 | 1.55 | 6.08 [—1.28 |-1.23 11406341231
off Hatchett Point.._.__._.....} Sept. 1415, 1917___ .. —2.03 [—1.72| 268} 1.52|7.23|-0.63|—1.68 8211.35]5.19] 12.04
North of Orient Point...__... June 16-17, 1887_____ 0.561 0.19| 2751 1.98] 5.02 |—0.25; 0.43 881 25317.40| 1.36
off Terr) Point____ | Sept. 21-22, 1917 ... —0.26 [—0.07 2431 2.75| 6.06 {(—0.03 |—1.03 82(1325/6.36) 0.78
July 19, 21-22, 1890. . 0.22 [-0.05| 269 )| 2.68] 5.23 (—0.38| 0.00 5813.42|7.19( 1.08
July 8, 11-12, 1890. .. 0.62 | 0.38| 232 1.50| 5.01 |—0.20{ 0.68 50 [ 2.42 | 7.41 1.5G
July 7-8,1800._____.. —1.16 |—0.57 | 288 ] 2.42| 7.04 | 0.05|—0.80 73(1.97}538] 051
21| B. E. Finnegan.. . Oﬂhea?t end of Long Sand | July 24-25, 1929____.. —1.50 |—-1.20{ 252} 2.13|6.63 [—0.70|—1.20| 100§ 1.43 | 5.79 | 12.40
08
22 J. R. Go!dsborough _____ [« L June 15-16, 1846 . __._ 1 Float._.{ (1) [—1.47 1—-1.39| 266 | 1.44)5.771—1.53|—1.20] 104 { 1.60] 6.65 | 12,15
23 | E. E, Haskell__..__[ South of Lyndes Neck. July 5, 10-11, 1890. .. 14| Meter [ (1) 1—1.381-2.00| 299 1.31] 5.80 |—1.32 {—1.67 8111.75}6.5|11.9
24 M Trueblood._| Off Cornfield Point. . Sept. 1/ 18, 1917 _____ 1a( Pole..... 7 |—-113|-2.07| 268} 1.57| 5.33 |—1.63 |[—1.78 111 ] 1971 7.09 | 11.90
25 ... d .................. 0o cceeeeaoeo-.| Sept. 19-20, 1917__ 1 {...do..... 7 |—1.48 {—1.97 268 | 1.94 ] 5.73 |—1.58 |~1.68 9 | 1,99, 6.69 | 11.80
268 | J. R. Goldsborough!.____.do_..____..._....._..__.._. June 14-15, 1846____. 1 Float.._ | () [~115|-2.16| 275 1.38 | 5.65 |—1.33 |—1.87 98 (1,25{6.77 (| 11.90
27 | P. M. Trueblood. .| bouth of Long Sand Shoal ... Sept. 19-20, 1917__.__ 1 | Pole..... 2 [—1.281~1.67] 299!240,6.08)-1.03|—1.71| 135|227 ]6.34] 12,13
28 | Master. Cornfield Point Lightship..... Au& 1,1800-July31, [ 618 |._do_...] 7 |—-L00|—0.43] 256} 1.96 | 6.72 |—0.11 |-0.47 M|L72]570| 063
Traeb Ca'nﬁ h _| Sept. 20-22, 1917_____ 114 __do._... 7 |—0.76 ) 0.00| 251|218 | 6.5 |-0.03 {—0.18 65]260|58| 0.8
» PR G ot |2 el Point Lightship Juﬂem-zlz'm _____ 1 ¥eat | ) | 028) 0.28| 240| L 20|608| 0.45] 00| 5[ L73|634| 150
—| 32( L1t
June 14-15, 1887__ 134| Pole.____ 6 0.05|—0.42| 2521 238|610) 0.32]-0.01 ST| 24216
g Sept. 18-19, 1906. 34]...do._.... 7 1—0.60 [—0.09] 28| L72]|6.37 —0.(3 —&:73 g %2 &g %g
3 June 19-20, 1846 1 | Float__..| () {—0.03 {~0.36} 200 | L 09| 545 —Q. .
1, 191 —~1.48 |—0.97| 49| 1.84|638|—0.93|—1.93] 118]1.64 | 604 | 1222
g JA;%Q%S’ 4 —0.60|—0.77] 20| L06 | 6.00|—0.43|-0.30¢ I11]|L35]|6G42]| 0.85
0. 51 38|(L70]|679| 186
3 T 210, 198 0210 % AL gg 00! G|L3m|64| ros
g ﬁ?“g&l?&l" _gﬁoo —0o34| 20|082|69%6] 013]—0.20| 74[09]{646]{ 1.03
g July 22-23, 1929 - —0.05| 0.05| 252[0.74 | 58| 0.00{ 0.9 761052654 L35
490 Sept. 21-22, 1846_.___ L34 1.17) 276 | 1.86 | 4 94| 0.45| 0.84 104 | 1921 7.48] 208
— X —0.20 |-0.15 50(092(664] 0.83
a 1 ol E A eR | 0m| s |0m|sm]| Lat
a8 0.94f 0.73) 230{0.8|566] 0.77| 0.9 6311.33(67| 1.97
ﬁ Julyyg—_gmﬁ,lm 3 018| 0.05| 27 [0s0]60| 037 0.42 841103640 1.39
445 July 23-24, 1920______ 1 —0.75 |—0.05| 278 0.89 | 598 |—0.65 |—0.75 84| LO9 6.;: 0.58
2 fenmue | ! mlon mionien| om i an) zlow|en) La
P &S‘; };ﬁ o 1 AR |06 |5 |0z 02| 6|as|6ei| oo
g Aug. 23, 29, 1917-:_._ 1 |._do___— 7 |-118]-1L77| 319| 149|623} —0.78|—1.48| 152|0.89|6.19] 1225
50 _-| July 19-20, 1929______ 1 §{ .. do.___ 7 1—0.15{—2.45] 341024 | L53|—445|—130| 177 {0.52 |10.89 | 1146
51 | P. M. Trueblood__| Tomlinson Bridge, New | Aug 13-14, 1917_____ 1 Meter___| 3 0.57 |—0.32 48113543 017 017} 201 | L2369 | 128
Haven.
52 | J. R. Goldsborough | Off entrance to New Haven | Sept. 25-26, 1846.___.| 1 | Float___| (1) |—0.63 |—0.42} 296 | 138 5.80 {—0.66 [—0.30 761 1.481 662! 0.63
Haskell : 628| 047] 056} 104|087 |614| 143
E. P SO , I R 1890_____ 1 Meter_._| () 002 0.13| 2381} 0.81
g F.H, Crosby__..__| MMWSMMlddh May 4-5,1887_______ 13 Pole_.__.|] 6 {—0.03,—0.05] 249,090} 7.33; L47} 0.5 6207205098 162
Ground.
0.96|506}) 0.2..____ 7.3 | L88
55| E.E. Haskell ____| ___. Aug.1-2,1890________ %] Meter_.| Q) 099§ 0.80) 331 6 s lioe|im] o5
Trusblood tford Point_________.__| 9-10, 1917 1 Pole_____ 7 |-203]—0.28] 234|1.16|863| 0.77 . 88
5 W | grog b ?«‘;": 21-2, 1886__ . 1 |..do._} 6 | 05|-05| 240|130]|617]—016{—032] 88 1L25|625] 0.75
665¢{ 1.3
Sept. 29, 1846..__.___ %! Float_...| () 0.06 46( 2661 1.84 | 577) 0.00| 0.16 75| 256
g Segt. 18—19. 1917__ 1 Pole____. 7 {—0.18 112 ( 27011161 5.78 |—0.23 [—0.18 77 ;.08 gg ?_:
[ ] Sept. 23-24, 1846_____| 1 | ® 0.45] 0.66] 260 | Lo41583| 0.50| LO8 85 32
1 d (O] 0.66] 0.96| 252|122 |610{ 0.63| 100 8|23632| 262
& “Polo-— —0.05| 012} 7|0 128
& ﬁpr' 2 7% 1918 2 ?ile """ 57|08 2o |0% 5| 00| o] w|om|azr| Lis
e ..-do.____| ) ] X
3 Oct. ll-l?,' 1916 | 2 |.__do_..__| 3| 0.09| 0.51| 148|290 [611)] 0.37| 050} 336|241|631]| L5
65 July 19-20, 1929_.____ 1 |._do_._. 4150 0.151 0.70) 1581241 {613| 0.45| 0.10] 310| L46]| 629 L48

1 Flood sets northerly, ebb sets southerly.
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80 U. . COAST AND GEODETIC SURVEY

The current observations made by Haskell at 18 stations in Long
Island Sound, of which eight were located in the eastern portion of
this waterway, were obtained in cooperation with the United States:
Fish Commission. Two objects were kept in view in obtaining these
observations: First, to determine the circulation of the waters of
Long Island Sound, and, second, to ascertain the direction of move-
ment of material dumped on the dumping grounds in the waters of
the State of Connecticut. In this connection four stations (Nos. 18,
19, 20, and 23, fig. 19) were located on a cross section at the eastern
end of the Sound between the mouth of the Connecticut River and the
northern shore of Long Island for the purpose of obtaining an approxi-
mation to the volume of the flow of flood and ebb. A number of
stations were located in the longitudinal axis of the Sound and were
occupied to trace the current movement as distinguished from the
tide-wave movement. Other stations were located on the dumping
grounds of Bridgeport, Norwalk, Stamford, Milford, and New Haven.

In general, the results shown in Table 58 are from current observa-
tions obtained by means of a standard 15-foot current pole and cur-
rent log line. The party of Perkins in 1887 made observations with
a pole measuning 12 feet 11 inches in length and which submerged
11 feet 7 inches. The party of Sears in 1886 likewise used a current
pole which submerged 12 feet. Haskell’s observations were entirely
made by means of the Ritchie-Haskell current meter, which will be
described later in connection with a discussion of the data in the next
table. Owing to the depth of water in Port Jefferson Harbor entrance
it was found necessary to use short-length current poles. Observa-
tions at stations 62 and 63 were obtained in connection with a wire-
drag survey of a submarine trial course off the entrance to Port
Jefferson Harbor, Long Island.

The times and durations of the current at each station in Table 58
are given in hours and are referred to similar phases of the current at
The Race. The velocities of the current have been corrected to a
mean range of tide and represent average current conditions. These
velocities of flood and ebb would increase or decrease proportionately
as the range of the tide increased or decreased from a mean value.

Theminus (— ) signin columns 8,9, 13, and 14 means * earlier than’’—
that is, the time of slack or strength of current is earlier than the
same phase of the current at The Race. Where no sign precedes the
time value, it means that the time of current at the subordinate
station occurs later than that at the reference, or standard, station.

The mean solar current hour given in the last column of the table
has already been referred to above on page 33. However, further
explanation is necessary here to show how the values given in this
column are related to one another. The individual values in this
column refer to the strength of flood current at each station. In com-
paring values in this column attention is called to the fact that the
semilunar period of 12.42 hours may be added or subtracted as desired
as shown by the following illustration: 0.00 hour is the same as 12.42
hours; 11.81 hours is the same as —0.61 hour; and 0.68 hour is the
same as 13.10 hours. In this connection it might be restated that
the mean solar current hour for strength of flood current at The Race
is 1.13, or 13.55.

It will be noted from the values for mean current hour that the time
of current throughout eastern Long Island Sound from Falkner
Island eastward is earlier than that at The Race with the exception



73 50 40 72°30° 20' ‘ 10' 72

I 43 ;1“‘ i ’ 8 e ¥ 3 - Annnn-ze" S

L Jmmimdnasne : 5 TR ~- r ) %0 Raco Roekk
) S “f

oyt 0"34 267y oD L o

7 -
foce wr hrd i, g 8 .
14 . 0§ : 21 X i 8 :
, ‘!..l" . o Bt g\ | CE R . , St - O 4 32 18,
z.mm ‘n - : 5 allm\f.-rleylk--l 16 A 6 : > > :o:” ; ulsr ]
Popjase Sovie o 2f 1 i S Y : T s

13 128 13 035

o!!
§ TARcELmAsT
N )

12

°‘NApzAa UE
i -Sl ‘u uhn

13

P

i
ap ?

976864 0-51 (Face p. 80) F1GURE 19.—Current stations, eastern Long Island Sound



TIDES AND CURRENTS 81

of the main channel way. The data for stations 16, 19, 30, and 36
show that the current along the axis of the channel occurs somewhat
later than that at the reference station. Since this channel axis is
located nearer the Long Island shore of the Sound, it will be noted
that the time of current is considerably earlier along the Connect-
icut, or northern, shore than along the southern shore. Therefore,
an acceleration in the time of current obtains along the northern shore
just as there is likewise an acceleration in the time of tide along this
shore, as was shown above in the discussion of the tidal data for this
waterway. The acceleration in the time of current, however, is due
to the fact that the current generally occurs earlier in shoaler waters
than in mid-channel, and, as has been pointed out above, the waters
along the Connecticut shore are relatively shoal.

A study of cocurrent lines shows that such lines for Long Island
Sound are approximately parallel to the axis of the Sound. The
current hour for the greater part of the Sound lies between I and
I%. Near the northern shore the current hour is less than I. This
acceleration is due to the direct action of gravity upon the shore
waters when possessing an eastward or westward slope. A similar
effect is not equally great near the south shore of the Sound, because
the regularity of the shore line there permits the oscillation to extend
very near to the land. The cocurrent hour at any place is the time
in lunar hours after the moon’s transit across the Greenwich meridian
at which strength of flood current occurs at that place. A cocurrent
line is drawn through places having the same cocurrent hour.

Along the cross section occupied by Haskell in 1890 (stations 18, 19,
and 20) strong current velocities obtain, being generally greater than2.0
knots at strength, the flood being stronger along the northern shore and
the ebb along the southern. Average ebb vefocities of over 3% knots
obtain about 1 mile north of Terry Point, Long Island. Likewise, the
duration of flood is considerably longer than that of ebb along the north-
ern shore, while the reverse is true along the Long Island shore.

Along the main channe] of the Sound average current velocities of
1% to 2% knots obtain. At other localities throughout the Sound
velocities of 1 knot or more are generally found. Strong velocities of
2 to 3 knots are found at Port Jefferson Harbor entrance owing to the
volume of water passing through a relatively narrow entrance.

Current conditions at station 1, off the west end of Fishers Island,
need some detailed explanation owing to the location of the station.
It will be noted that the flood current sets northeasterly or approxi-
mately parallel with the shore line of Fishers Island. At first glance
this may seem unusual in view of the fact that the flood current
throughout Fishers Island Sound sets westerly and southwesterly.

It takes some time for the current wave to traverse this waterway,
howtver, and the wave entering at The Race reaches this particular
locality first and a northerly current direction is produced. Again,
when the current is ebbing, or flowing easterly in Fishers Island Sound
it begins to ebb, or run southerly at station 1 and continues to set
southerly through The Race. The ebb current at this station is weak
and is evidently subject to considerable interference with regard to
time of slack and strength.

At 38 of the 65 current stations occupied in eastern Long Island
Sound observations were made at various depths by means of current
meter in addition to surface-current measurements, and the results
from these observations are given in Table 59.
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TaBLE 59.—Resulls from current observations at various depths, eastern Long Island Sound

[Referred to times of predicted current at The Race)
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TaBLE 59.—Resulls from current observations at various depths, eastern Long Island Sound—Continued

Observations Flood strength g LEbb strength o é
= s | =
Sta- = | S 15
tion Party of— Location - § | »| 3 .1 - 2 l® é
No. Date 3 £ 5 o |BE| B | < o |88l 3| < |g°
sl 08 |B|E|E|s| S|l ElEEE2]2|E
[ = a » B |a > = % £ A > | = ]8
Days Hours li;lurs KnotsiHours Houre FHours|ITours
a after
25 | P. M. Trueblood..| Off Cornfield Point........... Sept. 19-20, 1917__. .. 1 —1.48 |-1. 6.69 | 11.80
1 —-1.63 |—1. 6.59 | 11.70
1 —~1.78 |1 6.34 | 11.70
1 -1.73 |1 6.59 1 11.72
1 —1.63 [—1. 6.54 | 11.79
b2 N do............. South of Long Sand Shoal.....f..... [« T i LR |-1 6.34 1213
1 —1.48 |-1. 6.04 [ 12,19
28 | J. C. Sammons....| Cornfield Point Lightship..... Dec. 22,1929___.___. 1 —1.03 {—0.92 6.09 | 0.27
14 —0.93 1—0. 47 6.39 | 0.43
1% —0.93 |-0.37 6.29 | 0.75
29 | P. M. Trueblood..| Off Cornfield Point Lightship.| Sept. 20-22, 1917____. 114 -0.76 | 0.00 5.86 | 0.89
114 —0.83 [—0.20 588 0.7
114 —0.93 |—0.37 SHT4| 0.7
34 —1.23 1-0.42 539 0.49
134].. —1.13 |-0.67 5.59 1 0.48
b7 % (o s T Oft Kelsey Point__._._..____.. Aug. 30-35, 1917_____ 1 —1.48 1-0.97 6.04 | 12.22
1 —1.68 |—1.27 6.04 | 12.03
1 —1.63 [—1.22 6.24 | 12.01
1 —1.78 |—-1. 22 6.24 | 11.89
1 —1.83 {—1.587 6.29 | 11.77
36 | E. E. Haskell..._..{ North of Mattituck Inlet. ... July 29, 1896 __..__._ Wl 0.92| 0.77 6. 7 1.86
133 —-0.63 | 0.13 529 1.25
1% —0.28 |- e e 6.09}1 1.31
39 | H. E. Finnegan. . .| North of Roanoke Point Shoal | July 22-23, 1929______ 1 —0.05| 0.05 5 X 6.541 1.35
1 —0.10| 610} __.__ 0.62 | .08 6.34 ) 1.32
1 —0.50 {—0.20 {..._.. 0.70 | 6.48 5.04 | 1.04
1 —0.65 [—0.35 |__._.. 0.77 | 6.63 5.79| 0.87
41| ... [0 7 S JEURPRENN (o ORISR PR doo e 1 —0.15 |-0.7 266 | 0.70 | 5.78 6.64| 0.8
1 —0.20 {~0.15 }.._... 0.80 | 5.93 6.49 1.01
1 | -0.35| 0.05 . ___._. 0.9516.38 6.04) 1.04
1. —0.90 [-0.60 | ... 0.85 | 6.63 579 0.57
43| E. E. Haskell.__.__|.___. L+ s SN July 28-29, 1890...___ 15|, 0.94| 0.7 230 | 0.86 | 5.66 6.76 | 1.97
1 —0.53 (—0.07 | 286} 1.07 | 6.43 599 | 0.8
bl —0.83 [~0.27 1 28110.85 | 6.63 579 0.58
44 | II. E. Finnegan._ . _|..... o 1 TR July 19-20, 22-24,1929] 314| Pole..... 71 0.18| 0.05] 227710.80]6.02| 037| 0.42 84103640} 1.39
344 Meter_.. 20| 015 0.48( _.... 0961618} 0.50) 0.03 [...... 0.88|6.24 | 1.42
134)-..do.3. __ 20 |-0.03] 0.33{ 245|0.94[6.39| 0.53 | 0.43 781090 {6.03| 1.45
344|...do..... 50 015] 016 _.._. 1.02 | 598 | 0.30|-0.26 | ... 0.94 164} 1.22
344]...do..._. 80 {—0.03 |—0.27 0.851606( 0.20 |—0.80[...... 0.74 [ 6.36 | 0.91
45 ... do ... Off Sachem Head - _..___...... July 23-24,1929______ 1 Pole..... 7{—0.75|—-0.05 0.89 | 5.93 {—~0.65 1.09 | 6.49 | 0.58
1 Moeter__ 8(—0.90 {—0.15 0.99 | 6.13 |—0.60 1.24 1 6.20 | 0.52
1 f...do._... 20 |—0.90 |—0.30 0.99 6.13 |—0. 1.04 | 6.29 | 0.47
1 |...do..... 32{—1.10 |~0.45 0.99)6.23 X 0.84 |6.19| 0.27
48 | P. M. Trueblood_.| Off Townshend Ledge....._. Sept. 13-14, 1917____. —0.18 0.67 ] 5.78 0.82)6.64| 0.98
0.02 0.89 | 5.73 0.8916.69 1.09
—0.13 0.88] 5.63 0.83]6.79| 0.84
—-0.18 0.88 ] 5.73 0.78 [ 6.69| 0.8
—-0.33 0.72 | 5.93 0.67 [ 6.49| Q.81
49 |. ... do.ooooo. Entrance to New Haven Har- | Aug. 23,29, 1917_____ -1.18 .49(623 0.89 1 6.19 | 12.25
bor. -1.23 .41 {6.53 0.94]5.89 12,37
—1.33 .34 6.43 0.94 | 59911226
-1.23 . 6.08 0.84 1 6.34 | 12229
—1.63 5.93 0.84 | 6:49 | 11.90
50 | H. E. Finnegan._.|..... L (TR July 19-20, 1929____.. -0.15 1.53 0.52 [10.89 | 11.46
-0.25 1.58 0.58 |10.84 | 11.43
—0.25 1. 58 0.57 [10.84 | 11.40
—N. 45 1.78 0.48 [10.64 | 11.41
51 | P. M. Trueblood..| Tomlinson Bridge, New la- | Aug. 13-14, 1917_____ 0. 57 5.43 1.2316.99] 1.28
ven. 0.27 5.73 1.38 1 6.69 { 1.15
—0.18 5.98 1.14 | 6.44 | 0.98
53 | E. E. Haskell____.. Off entrance to New Haven | Sept. 20-30, 1890.__._. 0.02 6.28 0.87 | 6.14 | 1.43
Harbor, . 5.73 0.76 | 6.69 | 1.30
5.83 0.60 | 6.59{ 1.00
55 ... do.............| East of Stratford Shoal Mid- | Aug. 1-2, 1890 ... 5. 06 122 | el 7.36| 1.8
dle Ground. 7.13 1.07 |—0.08 153 1 0.91 | 6.29 1.48
6.73| 0.27 [~0.58 |-..... 0.7 569 0.8
56 | P. M. Trueblood..| Oft Stratford Point............ Aug. 9-10,1917____ .. 8.63| 0.77 [-0.88 80| 1.06}379] 0.53
7.8 0.47 . 1.11 | 4.44 | 0.58
8.23] 0.47 . 0.78 | 4.19( 0.35
7.83] 0.27 3 0.72 4.59 | 0.48
59 |..... doo...__.. Off Stratford Shoal Middle | Sept. 18-19, 1917_.__. 5.78 [—0.23 1.08 1 6.641 0.95
Ground. ~0.28 5.93 |—0.18 1.29 | 6.49 | 0.90
. _..d -0.38 5.88 [~0.33 1.20 [ 6.54 | 0.74
—-0.28 5.58 |—0.53 1.23(6.84| 079
—0.43 5.88 |—0.38 1.02;6.54| 0.8
65 | H. E. Finnegan. . | Entrance to Port Jefferson | July 19-20,1929.____. 0.15 6.131 0.45 1.46 | 6.28 | 1.48
Harbor. . 6] 010 . 6.33| 0.60 1.72]6.09 | 1.32
0.10 .40 ). ... 6.23| 0.50 i.61 | 6.18 | 1.28

? Surface. 3 Pettersson meter observations.
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Price current meters were used in connection with the 1917 and
1919 surveys of Long Island Sound. At station 44, a control station
during the 1929 survey, located on a cross section off Sachem Head,
Conn., the Pettersson current meter was also employed at a depth
of 20 feet. The results obtained with this meter agree closely with
those from Price meter records obtained at the same depth. At
the stations occupied by the party of Haskell aboard the United
States Fish Commission steamer Fish Hawk, Lieut. Robert Platt,
United States Navy, commanding, the Ritchie-Haskell direction-
current meter was employed at the surface, middle depth, and
bottom.

As the name implies, this meter is an instrument for determining
the direction and velocity or the set and drift of a current of running
water. It records these electrically on registers before the observer,
so that when once in the water it only needs to be shifted from depth
to depth at which information is required. There is a direction
register and also a velocity register. In observing a current it is
suspended in the water from a boat at anchor by means of a single
cable, the core of which is made up of the necessary number of in-
sulated wires forming the operating circuits. The armor or covering
of the cable furnishes the necessary tensile strength for carrying the
weight of the meter and the strain brought about by the friction of
the running water on both meter and cable.

The velocity wheel is of the propeller or screw type, conical in
front to constitute a self-clearing prow for all débris moving with the
current. The central chamber or body of the meter is a compass
whose needle is free to assume the maguetic meridian at all times.
This chamber is filled with oil, giving stability to and preventing
rust of the needle and other mechanism. An expansion bag compen-
sates for changes in temperature and establishes equilibrium of pres-
sure between the inside and outside of the chamber when immersed.
By the use of an electric circuit the angle to the nearest degree between
the direction of the current and the magnetic needle or meridian is
transmitted to the repeater or direction register in the boat. The
two observations, or the velocity and direction of the current, can
thus be taken simultaneously and repeated at will.

A study of the data in Table 59 will show that the current generally
becomes earlier in occurrence as the depth increases. It will also be
noted that the direction of the current at subsurface depths as ob-
tained by.means of Ritchie-Haskell and Pettersson meters differs
considerably from that at the surface. This is most likely a true
condition owing to the broad expansion of eastern Long Island Sound
which permits no interference to the set of subsurface currents.
Observations of currents in rivers, on the other hand, show very
little deviation in the direction of the current at subsurface depths
from that at the surface. This is, obviously, due to the fact that the
comparatively narrow width of rivers offers considerable interference
to the direction of the current at various depths.

Haskell’s observations along a cross section at stations 18, 19, and
20 off Terry Point, Long Island, show that subsurface currents are
deflected to the right on both the flood and ebb at stations 18 and 19,
located near Long Island and mid sound, respectively. At station
20, however, off the eastern end of Long Sand Shoal, the subsurface
currents are deflected to the left on both flood and ebb, and most
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likely this explains the nqrtheast-southwest axis of Hatchett Reef
and the eastern portion of Long Sand Shoal.

While on the subject of currents in the vicinity of Long Sand
Shoal and the entrance to the Connecticut River it might be stated
that surface current observations at station 21, off the east end of
Long Sand Shoal, show that in going from flood to ebb (west to east)
at this station the current comes to a slack but in changing from ebb
to flood (east to west) it does not come to a slack but swings from east
to west by way of south, minimum velocities of about one-half knot
obtaining at such times. This swing is in accordance with that at
Cornfield Point Lightship. (See p. 35.)

Current conditions at station 50 located in mid-channel inside the
New Haven Harbor breakwater were peculiar owing to the brief
flood period of about 1% hours and the long ebb duration of nearly 11
hours. Likewise, observed velocities were rather small, although, as
might be expected, the velocity of the ebb was approximately twice
as great as that of the flood. eteorological disturbances may have
been responsible for these unusual current conditions, strong north-
easterly and northerly winds having obtained during most of the
observation period. Under normal weather conditions the results
from this station should be approximately the same as those for sta-
tion 49 at the breakwaters.

Strong currents obtain in Port Jefferson Harbor entrance as will
be seen 1n the data for the last station in Table 59 and the strength
of the current does not apparently change much with increased depth.
The greater flood than ebb velocities at this station are most likely
due to the location of the station on the western edge of the dredged
channel where the full effect of the flood is encountered and the ebb
effect diminished.

THE TIDE AND CURRENT IN THE CONNECTICUT RIVER

The Connecticut River rises in the extreme northern part of New
Hampshire, near the Canadian border, and flows southerly between
the States of Vermont and New Hampshire and across Massachusetts
and Connecticut to Long Island Sound. Its entire watershed is
about 11,083 square miles, of which 10,234 square miles are above
Hartford, Conn.

The Connecticut River is subject to freshets of considerable height
which occur principally in the spring, when the volume is swollen by
melting snow, although occasional floods have occurred in every
month of the year except July and September. The highest freshets
generally take place in the spring. There was one remarkable
exception, however, in August, 1856, when the water at Hartford
rose to a height of 23 feet 4 inches above low-water mark. This was
caused by unusually heavy rains which occurred at that time.!

! Annual Report of the Chief of Engineers, U. S. Army, for 1878, p. 265. (Government Printing Office,
Washington.)
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TaBLE 60.— Tidal data, Connecticut River, 1838-1918
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Sta Observations Lunitidal intervals
tion Location Dg{z:&m m’; Compared with—
No. Date Period | HWI | LWI
Days Hours Hours Hours Feet
.}u;le 14-17, 1887 . e 4 ig ;Z{ 4.18 8.551. 3.81 i}and% Hodok, I% J.
g . uly 7,1890.__._.___ - 1 2y U ISR SRR SR, ew I.ondon, Conn.
1| Saybrook Breakwater Light. .....ooooeoomeeeeos Sept. 29-Dec. 24, 1909 .. : g7| 1087 | Los | 651 37557 Fort Hamilton, N. Y.1
July 31, 1917-Aug. 6, 1918, .. ... .. M2 | e 3.35 (O]
g jOct. 1-21, 1838 . .. ... 21 10.08 | oo 4.00
2| 585Drook BeAcon. o..oooooeem e emneneeiee June 15-20, 1846, - -ooooooiooeens 5] 1145 46 6.82 3.51 | Sandy Hook, N. 7.
N May 16, 1851 _ ..o ) U I, 4.04 |comaoo e Boston, Mass.
3| Lomde Point. ..o L 1n|"iess £32 .26 3,30 Do.
. June 2-15, 1849 . . ... _____. 4 10.87 4.33 6. 54 2.98 Do.
4 | Saybrook PoInt. . o-oeoooeoo oo T T ——— 54| 10.48 418 6.30 3.35 | New London, Conn,
Sl Lyme Ferry .. oo June 2, 1849 _ ... ... 1 10. 50 4.54 5.96 2.97 | Boston, Mass.
6 | Essex {June 6-7, 1849 ... 1 10,95 5.04 5.91 2.55 Do.
e Aug. 22-Sept. 25, 1890111111 3| L) 532 58| 268
Deep River e Nov., 22-Dec. 20, 1909 _ ..o _ | 29 11.87 5.96 5.91 2 53 | Saybrook Breakwater,!
Chester Creek. ... Sept. 25-0Oct. 6, 1890 ....oo.._. 9 1L67 5.88 5.79 2.49 | New London, Conn.
Hadlyme. ..o June 28-30, 1917, - ... 2 1143 6.28 515 2.69 Do.?
Oct. 5-Nov. 8, 1890_____________.__.._. 17 0.21 7.65 4,98 2.20 Do.
10 | Higganum. o .ot ccmaeem- Aug. 20-22, 1891 . .. . .._o__.. 3 0.68 7.77 5.33 213 Do.
Oct. 26-Nov. 23, 1909.. .. .ocoaceon 29 0.03 7.29 5.1 2.15 | Saybrook Breakwater.t
June 28-30, 1917_ . ... _.o.. 2 -0.20 7.25 4.97 2 31 | New London, Conn.
207-. 30-Nov.8,1890.._ ... _...... g }-% gg i ;é ----- T D
ug. 20-22, 1891 .. ... . 0.
R Sept. Z~Dec. 22, 1909 ... ... 871 vL2s| &s2| 515 1.89 | S8aybrook Breakwater.t
July 23-25, 1917, ... 3 1.32 8.86 4,88 2.21 | New London, Conn.
12 | South Glastonbury (steamboat wharf)_________.. Aug. 10-29, 1891 ... _......o.. 12 1.88 9.32 4,98 1.90 Do.
13 | Two Piers, Roaring Brook entrance_______.___.__ Sept. 28-Oct. 26, 1909 _________________ 29 217 9.99 4.60 1.48 | Saybrook Breakwater.!
14 | Glastonbury. ..o July 25-26, 1917, ..ol 2 1.89 9.86 4.45 1.54 | New London, Conn.
15 | Wethersfleld . ... ....oooomee oo, Aug. 28-Sept. 17, 1800 ... ... 11 2.50 10. 25 4.67 L14 Do.
igpt. li:}g. %ggl._- 2 2.75 10. 51 4.63 1.16 Bo.
ov, 1 8 1. 3 1. 46 . 20 1.11 0.
16 | HArtord. .o oo Sept. 2-Déc. 18, 1009 83 1.2¢ | Saybrook Breakwater.!
June 25-27, 1917.._.. 3 2.85 3.69 0.38 | New London, Conn.

XFAENS DILAJOTAD ANV ISVOD 'S 'l

1 From tide records furnished by the Corps of Engineers, U. 8. Army.
t Compared also with Higganum, Conn.

SINTIYND ANV SHJILL
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The usual rise at Hartford, due to spring freshets is between 16
and 24 feet above mean low water. The maximum recorded freshet
at Hartford (May, 1854) was 27.8 feet above mean low water. Occa-
sional freshets of short duration may occur during the remainder of
the year. The drainage area is about 11,000 square miles and the
average discharge in second-feet: At Holyoke, Mass., low water,
2,600; high water, 71,000. At Hartford, Conn., low water, 5,000;
20-foot freshet, 101,000.!

The Connecticut River is approximately 375 miles in length. The
head of commercial navigation is Hartford, Conn., located 51.9 miles
by channel from the mouth of the river. The tidal influence extends

some distance above Hartford.

- Tides have been observed in the Connecticut River by the Coast
and Geodetic Survey since 1838. In 1909 the Corps of Engineers,
United States Army, made a comprehensive tide and current survey
of this waterway from Hartford, Conn., to the mouth of the river.
The results from the latter have been furnished the Coast and Geodetic
Survey. The locations of 16 tide stations in this portion of the
Connecticut River are shown in Figure 20 and the results from
observations made at these localities are given in Table 60.

It will be noted from the data in Table 60 that the results for
several stations where observations were made for one or more lunar

eriods have been obtained from records furnished by the Corps of

ngineers, United States Army. Owing to the comparatively lonﬁ
series of observations at Saybrook Breakwater, the latter was use
as a reference, or Erimary, tide station in reducing the results from
observations ﬁy the Corps of Engineers, United States Army, at
other Connecticut Riverx?ocalities in 1909. Furthermore, the type
of tide at Saybrook Breakwater is more nearly like that at other
Connecticut River localities than the tide on the open coast.

In order to arrive at standard values for time intervals and range
of tide at.each locality the values given in Table 60 were subjected
to an adjustment process, giving greater weight to the longer series,
and the adjusted tidal values for stations in this waterway are given

in Table 61.
TaBLE 61.—Adjusted tidal data, Connecticut River

Lunitidal inter- f 41
Sta- vals Dure- Range of tide
tion Locslity tion
No. , HWI | LWI |97 Mean |Spring| Neap
Hours | Hours | Hours| Feet | Feet | Feet
1 | 8aybrook Breakwater Light. .cccccemecvanmannnnn. 10.80 410| 680 3.6 4.2 29
2 B 10 60 410 65 3.5 41 2.8
8 10. 60 415( 645 3.4 40 2.7
4 10. 60 42| 640 3.3 3.9 26
5| Lyme eIy . coccineemcmrcacecennecanaanns 10,75 485| 620 80| 3.8 24
[} 11.20 530 | 590 27 3.2 2.2
7 11,85 5985 | 5.90 25 3.0 20
8 11.90 605 585 28 3.0 20
9 11,98 a15| 580 2.4 2.8 1.9
10 0.10 7.80] 500 22 26 1.8
11 130 865 505 20 2.4 1.8
12 210 9.60| 4.60 1.7 2.0 1.4
13 216 10.00 | 435 1.8 1.9 L3
14 45 10.45 | 4.40 1.4 1.7 L1
15 260 10.70 | 4380 1.3 LS 1.0
16 295 1,20 ] 415 L2 L4 1.0

1 Annual Report of the Chief of Engineers, U, 8, Army, for 1927, Part I, pp. 108-109. (Government
Printing Offics, Washington, 1927) Vi ! ”
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It will be noted from the data in Table 61 that the tide becomes
progressively later from Saybrook Breakwater to Hartford, the time
of low water being considerably later than that of high water. Like-
wise, the duration of rise of tide, which, at the entrance to the river,
is actually greater than that of fall, decreases considerably upstream.
Conversely, the duration of fall increases from Saybrook to Hartford.
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This is typical of the river tide where the permanent current, due to
fresh water run-off, opposes the rising tide. In the fall of the tide,
the fresh water seeki.nf its way to the ocean adds its strength to that
of the ebb current and prolongs the time during which the tide falls.

There are also given in Table 61 the mean, spring, and neap ranges
for tide stations in the Connecticut River. The values for mean
range are adjusted values based on the data from observations given
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in Table 60. It will be noted from the data in Table 61 that the
range of tide in the Connecticut River decreases steadily from Say-
brook Breakwater to Hartford, the range at the latter station, when
not affected by freshet conditions, being approximately one-third as
great as that at the entrance to the river. The values in Table 61 for
spring and neap ranges were obtained by applying the factors 1.18 and
0.80, respectively, to the adjusted values for mean range of tide.
These factors are the same as those which were used in obtaining
similar data for tide stations in eastern Long Island Sound and the
derivation of these factors was discussed above in connection with
the tide in eastern Long Island Sound.

In order to bring out more clearly the data given in ‘I'able 61,
Figures 21 and 22 have been prepared, showing, respectively, the
lunitidal intervals and range of tide for stations in the Connecticut
River. In plotting these curves due consideration was given to the
length of the series of tidal observations at each station. It will be
noted from Figure 22 that the range of tide decreases sharply by
approximately 1 foot in the 6%-mile stretch from Saybrook Break-
water Light to Essex. From Essex to Hartford the decrease in range
is very gradual in character, the curve approximating a straight line.
With the exception of slight fluctuations, the curves representing
high and low water lunitidal intervals in Figure 21 also approximate
straight lines.

The following statements from Special Publication No. 136,
entitled ‘‘Tidal Bench Marks, State of Connecticut,”’ (United States
Coast and Geodetic Survey, Department of Commerce, Government
Printing Office, Washington, 1927) are of considerable value regarding
tidal conditions in the Connecticut River:

Except for the bench marks along the Housatonic River which are referred to
only the mean low water of the United States Army Engineers, the elevations of
the bench marks in this publication are referred to five different tidal datums.
Those marks which have been connected with the first-order level net are referred
to mean sea level, which is the standard datum for that work. All other bench
marks are referred to mean tide level. In addition to either mean sea level or
mean tide level, as the case may be, the elevations are also referred to mean high
water, mean low water, highest tide, and lowest tide.

Mean tide level is determined from the high and low-water readings and is a
datum midway between mean high water and mean low water. It should be
distinguished from mean sea level, which is determined from the hourly heights
of the tide. For most places on the open coast mean tide level does not differ
much from mean sea level, and for practical purposes the two planes may be
used as if identical. Based on long series of tidal observations at New London
and New Haven, Conn., supported by another long series of observations at
Willets Point, N. Y., the two datums are found to be practically at the same ele-
vation along the Connecticut shore of Long Island Sound and for the purposes of
this publication are assumed to be identical.

Up the Connecticut River, however, there is an increasing difference from Say-
brook Breakwater to Hartford, between the mean sea level of Long Island Sound
and the mean tide level of the river. This difference is due to the slope of the
river bed, together with the fresh water flow, and amounts to approximately 2.2
feet at Hartford. (See fig. 23.)

The mean tide level for the Connecticut River is based on simultaneous tidal
observations by the United States Army Engineers at Saybrook Breakwater,
Deep River, Higganum, Middletown and Two Piers, and by the United States
Weather Bureau at Hartford. The observations were made in the fall of 1909
during a dry season when the river was at about a normal mean summer stage.
The zeros of all these gauges were referred to the Hartford datum of the United
States Army Engineers through a line of spirit levels run by them on each sideof
the river in 1909.
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The Hartford datum has been connected with the first-order level net at
both Hartford and Saybrook, and through these connections the relation of mean
tide level of the Connecticut River to the mean sea level of Long Island Sound
has been determined.

The elevations of many of the United States Army Engineer bench marks
along Long Island Sound were furnished this bureau as referred to their Bridgeport
datum. Some of these marks have been connected by this bureau with the first-
order level net. Through these connections the relations of the Bridgeport
datum to mean sea level for the different points along the coast from Saybrook
Junction to Greenwich have been derived.

Mean high water is the mean height of all the high waters and mean low water
the mean height of all low waters for the period of the observations. The differ-
ence in height between mean high water and mean low water corresponds to the
mean range of tide. The relation of mean high water and mean low water to
mean tide level at any point is equal to one-half the mean range of tide above and
below that datum. The mean range of tide varies considerably from place to
place, depending in a large measure on the location, depth of water, and configura-
tion of the coast line. Therefore, mean high water and mean low water are not
uniform datums over a large area like mean sea level and mean tide level, but
vary in accordance with the differences in the range of tide over that area. Mean
low water on the Atlantic coast of the United States is of importance as the
hydrographic datum to which all soundings on charts and the predicted heights
in tide tables are referred.

The highest and lowest tides represent the probable extreme heights for each
locality and, in places where long series of observations are not available, have
been estimated to the nearest half foot based on the highest and lowest values
observed in that region.

A record of some of the highest and lowest stages of the Connecticut River at
Hartford for a number of years to 1923, including the years 1683 and 1692, has
been furnished by the United States Weather Bureau as follows:

Year Highest| Lowest Year Highest! Lowest Year Highest] Lowest
26.0 22.6 .2 26.3 0.5
28. 2 23.3 - 219 .2
27,5 19.5 - 20.6 .8
26.3 2.0 - 20.8 .9
29.8 19.8 .9 18.8 .5
18.5 20.3 .7 18.8 -2
10.6 18.5 .5 19.8 .7
20.8 24.7 .2 2.5 .3
23.5 20,2 .4 19.9 .0
18.7 16.0 .6 4.5 .3
21.8 21.2 .5 2.0 .2

The above heights are referred to the zero of the Hartford gauge, which is 2.02
feet below mean low water. -

The Corps of En%ineers United States Army, reports in regard to the highest
and lowest stages of the Connecticut River, as follows:

“The principal freshets are caused by the melting snows and springs rains.
The highést freshets are generally of short duration, but the period during
whijch the river at Hartford is at a level of 10 feet or more above the zero of
that gauge averages nesrly two months in the year. Freshets of at least 18
feet above the zero of the Hartford gauge occur practically every year, and the
maximum height to which the water ordinarily rises on that gauge appears to
be between 23 and 24 feet. It is stated that a freshet of 22 feet at Hartford
(giives a freshet of about 15 feet at Middletown, and below that point it rapidly

ecreases.

““The zero of the Hartford gauge is the low water of 1801, which, previous to
1858, was at the lowest water on record. Since then the water has occasionally
fallen below this zero, but generally this has been due to closing the gates at
Windsor Locks or some such abnormal reason.” (From House Document No.
1294, 61st Cong., 3d sess., p. 21.)

When lunitidal intervals are used in determining the difference in
the time of tide between two stations, the correction to be applied
is 0.07 hour for each degree of difference in longitude. However,
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since the Connecticut River runs in an approximately north-and-south
direction, the difference in longitude between any two stations will
be small and the difference in time of tide for stations listed in Table
61 may be derived directly by taking the difference of the lunitidal
intervals.

It will be noted from the data in Table 61 that between Saybrook
Breakwater Light and Hartford, & distance of 51.9 statute miles, the
range decreases from 3.6 to 1.2 feet, while the high-water lunitidal
interval increases from 10.60 to 15.37 (2.95) hours. Between these
two tide stations, therefore, a range difference of 2.4 feet and a high-
water time difference of 4.77 hours obtains.

The distance between Saybrook Breakwater and Hartford is 51.9
statute miles, or 274,032 feet, and the average depth of the Connecti-
cut River reckoned from mean low water has been calculated to be
10.5 feet. Allowing for an average range of about 2.0 feet in this
waterway, this would make the average depth of the river from mean
tide level approximately 11.5 feet. In the formula for progressive-
wave motion, 7= +/gh, in which r=rate of advancelof a progressive
wave, g=acceleration of gravity or 32.2 feet per second, and A=
average depth of water (mean tide level depth). From the above
formula, the theoretical time required for the propagation of & pro-
gressive wave in the Connecticut River from Saybrook Breakwater to
Hartford would be 4 hours. That is, at a rate of advance of 19.2
feet per second derived from the above formula, it would take 14,270
seconds, or 4 hours, for a progressive wave to traverse this stretch of
the river. 'The actual time required, based on observations, is about
4.77 hours, as mentioned above.

This is a fairly close agreement and indicates that the type of tide
in the Connecticut River is progressive rather than stationary. In
computing the mean low-water depth throughout the river from Say-
brook Breakwater to Hartford, equally spaced depths along 21 cross
sections of the river were obtained from various hydrographic sheets.
These cross sections were spaced approximately 2 miles apart and are
for the most part in deeper stretches of water rather than shoal areas.
Considering the many shoals in the Connecticut River, the average
depth of this portion of the river below mean low water would more
likely be less than 10 feet and the theoretical value for the propaga-
tion of the progressive tide wave from Saybrook Breakwater to Hart-
ford would more likely be greater than four hours. The many bends
in the river, especially below Hartford where the river is of the
meandering type, likewise retard the propagation of the tide wave.
This is also true of the numerous islands and shoals in the river.

Eight current stations have been occupied in the Connecticut
River by field parties of the Coast and Geodetic Survey and the
locations of these stations are shown in Figure 24. The results
ohtained at these stations from observations near the surface are
given in Table 62.
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TABLE 62.—Resulls from current observations near the surface, Connecticut River

{Referred to times of predicted current at The Race]

Observations Flood strength g Ebb strength a é
pe] 5] E
Sta- ] b=}
tion Party of— Location - 2 sl 2| 8 2 N °3
Ne. Date 3 a 2] u o 82818 | v | o |82 8| ® [a°
5] % el g | B|EE|S| 8| 3| 82|22 g
[ b Al 3 & |R > & | » & |A >1lm =
Hours | Flours Hours | Hours
Days Feet | after | after ° |Knots|Flours| after | after °  |Knots|Flours|Hours
1 | P. M. Trueblood..| Entrance, off Lynde Point....] Aug. 2-3, 1917. 1 | Pole...__ 4| 0.67) 1.18| 344/ 0.86 | 558 | 0.42| 0.42] 161(0.56]|6.84 ) 1.8
..... do..._._..._._| Midchannel, N. Y., N. H. & | Sept. 7-8, 1917.._ 1 Meter..._ 6| 122 0.58: (1 1.62 1498 037 L2 () |242]7.4 1.98
H. R. R. dmwbndge
H. E. Finnegan. .. Midc%anlgeld N. l¥ “ CH. & | July 24-27,1920_____ 214 Pole__._. 7] 1151 096 | () | 1.65]|516] 0.48| 0.66| (1) 12.067.26 1.94
rawbridge.
8-t Ao s Miv.‘lchxinne(li west of Brock- | July 25-26, 1929._____ 1 |...do___. 71 1.95] 240 271 1091|508 | 1.20| 1.20 88]1.23)7.34] 282
way Landing
4| W.I Vinal..______ Off entrance to Mill Creek, | Aug. 20-22, 1891.____ 3 | Float___.| (0 2.43 |.o__. - 594 254 | coooofoommanfnaaas 6.48 | 3.69
Higganum, Conn.
-3 . [« [+ TR oft steanéboat wharf, Middle- |.____ [ [F S 3 l...do..___ ® 4,05 [cecmandeea ] 4.65 | 2.87 |occaooc]occao]oaal 7.77 1 4.66
town, Con
6 | P. M. Trueblood.. M(ljdchx;nnel oft Portland, | July 26-27, 1917..___. 1 | Pole..__ 7] 4.85| 3.07| 354|0.32|2.34| 1.36| 3.45| 172]0.92 [10.08 | 4.31
on
7 | H. E. Finnegan. .. Mi]dchanlule], gorth of Qilder- | July 24-25, 1929______ 1 {._.do.... | 7] 535] 4.8 () }0.22|3.63| 3.15( 500 () |1.00|879]| 572
sleeve Island.
8 | P. M. Trueblood.. M(i:dchannel, off Hartford, | July 24-25, 1917_____ 114)..do__.._ [ PO 6.52| (3 (0.29)fococfomanen 7.35 | 174 | 0.54 {._.._. 7.99
onn.

1 On the flood the current sets northerly; on the ebb, southerly.

1 Surface.

¥ The current was ebbing, or setting southerly, at this station during the whole period of occupation.

Therefore, the velocity given in parentheses is that for the minimum ebb.
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Most of the stations listed in Table 62 were occupied in 1917
and 1929. The station occupied in 1917 at the New York, New
Haven & Hartford Railroad drawbridge near Saybrook was reoc-
cupied in 1929 and the results from both series of observations agree
quite closely, as will be noted from the data in Table 62 for station
2. At this station no accurate directional observations were made
owing to the fact that measurements were taken from the center
of the lift span of the bridge, which was a considerable distance
above the surface of the water. Likewise, directional observations
were not obtained at station 7 because of the fact that, with the
exception of the last three hours of occupation of the station, a small
skiff was used by the observing party. The float observations made
by Vinal in 1891 were made in connection with a hydrographic
survey of the Connecticut River and the results give only the times
of slack water and durations of flood and ebb off Higganum and
Middletown.

The times of slack and strength of current in Table 62 are ex-
pressed in hours and are referred to the times of similar phases of
the current at The Race. It will be noted from the data in the
table that the current at points alon% the river is progressively
later from the entrance to Elartford. n fact, the time of current
at the latter locality is about 7 hours later than that at The Race.
In other words, therefore, when the current is still flooding, or running
northerly at Hartford it is ebbing, or running easterly, at The Race.
When the current at Hartford has attained its flood strength the
c\fxrr&x:t at the reference station has approximately reached its strength
of ebb.

The durations of flood and ebb and mean current hour are also
given in hours. It will be noted that the duration of ebb at each
station greatly exceeds that of flood. In fact, from Gildersleeve
Island to Hartford the duration of ebb is two or three times longer
than that of flood. Obviously, this is the effect of fresh-water dis-
charge upon the tidal current. It will, therefore, be seen that the
tidal current, like the tide, is subject to considerable interference
from nontidal factors such as fresh-water run-off.

It will also be noted that the velocity of ebb at each station is
generally greatly in-excess of that of flood, due likewise to the effect
of fresh-water discharge upon the tidal current. The strong velocities
of the current at station 2 are obviously the result of channel con-
strictions in the form of bridge pier abutments. The results from
the 1929 series of observations at this station corroborate the results
obtained from observations made in 1917 at the same locality.

Concerning the strong ebb current at station 2, the following note
by the observer in the 1917 current record book is of considerable im-
portance:

On the ebb tide there is a strong current which runs from the Lyme Landing
toward the center of the railroad bridge. Tugs with tows steer for the east pier
of the draw until right on it before swinging out for the draw.

. Likewise, a knowledge of current conditions at the entrance to the
river in the vicinity of Saybrook Breskwater is of considerable im-
ortance. In this respect the United States Coast Pilot, Atlantic

oast, section B, Cape Cod to Sandy Hook (United States Coast and
Geodetic Survey, Department of Commerce, Government Printing
Office, Washington) states that—
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At the entrance the currents have considerable velocity at times and always
require careful attention, as the tidal current of the Sound often sets directly across
the direction of the current setting out .or in between the jetties.

Current conditions at station 8§ off Hartford call for special ex-
planation. The current station was located in mid-channel about
300 yards south of the highway bridge connecting Hartford with
East Hartford. At the time observations were made at this station
the current was ebbing, or flowing southerly, during the entire period
of occupation of the station. This was evidently the effect of fresh-
water discharge upon the tidal current owing to the fact that a heavy
thunder shower and electrical storm occurred shortly after the station
was occupied and continued for about two hours.

The current velocities given in Table 62 have been corrected to
a mean range of tide. These velocities, therefore, should be increased
by approximately 15 per cent at times of spring tides and decreased
by a like amount at times of neap tides. Likewise they should be
increased somewhat at times of the moon’s maximum north and south
declination and decreased somewhat at times during the month when
the moon is on the equator. It should be borne in mind, however,
that during freshet conditions the tidal current in the Connecticut
River may be completely or partially masked by the nontidal current
resulting from fresh-water run-off.

It will be noted from the data in Table 62 that the time differences
between Saybrook Breakwater and Hartford for strengths of flood and
ebb are, respectively, 5.34 and 6.93 hours. These differences com-
pare favorably with the time differences for high water and low
water between these localities which were shown above to be 4.77
and 7.10 hours, respectively. In passing, however, it should be noted
that both tide and tidal current in the Connecticut River, especially
in the section between Middletown and Hartford, are subject to con-
siderable disturbance on account of nontidal factors,



TABLE 63.—Resulls from current observations al various depths, Connecticut River
[Referred to times of predicted current at The Race}

Observations Flood strength g Ebb strength . E
- t:
Sta- a F a £ B
tion Party of— Location - -l x| B S=| 2z & g
No = =3 o <X o S92 = 2
’ Date 3 | S _M 2 g2l 81 = " o 182l 8 |9 ig
g g Sl s | B|EE] 218 || BleEls]lz]|2
& = Ala|Ee A s |leladailelalsr|lals
Hours | Ilours Hours | Hours B
Days Fecet | after | after ° |Knots|FHours| after | after ° (Knots|Hours| Hours
1| P. M. Trueblood. .| Entrance, off Lynde Point....{ Aug. 2-3, 1917_______ 1 | Pole.... 4] 0.67| L.18] 344(0.86| 558 | 0.42| G.42] 161 |0.56 ] 6.84 | 1.80
1 Meter__. 3 1.12 L03 .. . 0.91 { 4.78 1 0.07 | 0.57 ._____ 0.86 | 7.64 1.83
1 f...do____ 61 0.12 |—0.17 0.921593] 0.22 0.07 |[.__.__ 0.8216.49] 1.19
1 |._.do.... 12 (—0.63 |—0.42 |.....| 0.8L{6.63¢ 0.17| 0.17 [.____. 0.61579{ 0.95
RN I S Midchannel, N. Y., N. H. & | Sept. 7-8, 1817___._.. 1 | Meter__. 6| 122 0.58) () [1.62{498| 0.37| L2} () |242]7.44] 198
. R. R. drawbridge. 1 |._.do.__. 12 0.771 0.23 |- 1.5415.43) 0.37) lL22}._._.. 2141699 L78
1 j...do.__| 24} 0.82] 0.63 | ____. 136553 0.52] 102 (... 1.26 ) 6.89 | 1.88
2 L J...do.._.| 36| 0.42| 0.88 |...__. 1.23)6.02] 0.62| 0.27 {.__.._ 1.0316.39| 1.68
H. E. Finnegan.__}.....do___ ... ... July 24-27, 1929_____ 2141 Pole____ 71 1.15}1 0.98 516 0.48| 0.66 2.06717.26| 1.94
2%} Meter___ 7 105 102 5.28| 0.50| 0.68 1.8217.14 | 1.94
2%l __do____| 18] 0.22| 1.46 6.27| 0.68| 0.78 1.2316.15] 1.81
2%l._.do...| 29} 0.52| L& 6.13| 0.82} 0.08 1.13]6.29 f 1.87
3 |...-- Lo 1 S Midchannel, west of Brock- | July 25-26, 1929_____ 1 | Pole..__ 71 L9565} 2.40 508 | 1.20 1.20 1.23]7.34| 2.82
way Landing. 1 | Meter___ 6] 2215 2.25 4.8 | 1.20| 119 1.2917.54| 2.81
1 j...do.._. 157 2151 2.25 4.98 1.30 | 1.55 1.2317.44 2,94
1 {...do.._. 241 210) 2.35 5.08 1.35 1.75 111734 3.02
6 | P. M. Trueblood.. [ Midchannel, off Portland, | July 26-27, 1917.___. 1 | Pole_.__ 71 4.8 | 3.07 2341 136 3.45 0.92 [10.08 | 4.31
onn 1 Meter__. 641 505 3.17 2.04 1.26| 415 1.04 |110.38 | 4.54
1 {._.do.__. 121 505 3.07 1.04 1.16| 3.8 0.99 {10.48 | 4.41
1 |._.do.... 14) 515} 3.12 194 126 3.75 |...__. 0.86 |10.48 | 4.45
7| H. E. Finnegan.__| Midchannel, north of Gilder- | July 24-25, 1929_____ 1 | Pole.___ 7] 5.35( 4 3.63| 3.15] 5.00 1.00 1879 572
sleeve Island. 1 | Meter__. 41 535} 4. 3,53 3.05| 4.65 0.98 | 8.89 | 5.59
1 . 10| 535} 4.75 3.48 3.00| 4.55 0.88 [ 8.94| 554
1 16| 5.30] 4.85. 3.53 | 3.00] 4.60 0.78 1 8.89 | 5.57
3] P. M. Trueblood. .| Midchannel, off Hartford, | July 24-25, 1917_____ 116 (& 6.52 (0.29) 7.35| 174 0.54 [.__.__ 7.99
Conn. 114 6 .. 5.57 | (3 |(0.39) 7.25 (... 0.63 [.._.. 7.46
114 124 ... 5.12 | (3 1(0.36) 7.35 ... 0.61 |____.. 7.2

1 On the flood the current sets northerly; on the ebb, southerly.

1 The current was ebbin
ebb at each depth.

g, or setting southerly, at this station during the whole period of occupation.

Therefore, the velocities given in parentheses are those for the minimum

00T
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At each of the current stations occupied in the Connecticut River
by field parties of the Coast and Geodetic Survey in 1917 and 1929,
‘observations were made at various depths with Price current meters
in addition to observations at the surface by means of current pole
and current log line. The results from these observations are given
in Table 63.

It will be noted from the data in Table 63 that the time of slack
and strength of current at the entrance to the river and also at the
Jailroad drawbridge near Lyme generally occur considerably earlier
as the depth increases. At stations further up the river, however,
there is apparently little difference in the time of turning of the
current at various depths or in the time of strength of current at such
subsurface depths. Likewise, there is very little difference in the
duration of ebb at each depth at stations located upstream. At the
entrance to the river, however, it will be noted that the ebb duration
becomes markedly shorter as the depth increases, while, conversely,
flood duration at a depth of 12 feet 1s about an hour longer than at
the surface and also about an hour longer than the duration of ebb
at the same depth. This shows that at the entrance to the river the
current near the bottom is unaffected by fresh-water discharge. It
will further be noted at the 12-foot depth at this station that the
velocity of flood considerably exceeds that of ebb.

No subsurface current directions have been made at stations in the
Counnecticut River occupied by the Coast and Geodetic Survey. It
may safely be assumed, however, that such current directions would
be approximately the same as those which obtain at the surface,
especially at times of strength of current. In passing, it might be
stated that the unusual current conditions which obtained at station
8, located in mid-channel off Hartford, were explained above in con-
nection with surface current results at this station.

From July to December, 1909, the Corps of Engineers, United
States Army, was engaged in an ‘extensive survey of the Connecticut
River from Saybrook Breakwater to Hartford, the results of which
may be found 1n United States House of Representatives Docket No.
1294, Sixty-first Congress, third session. The results of tidal obser-
vations obtained dunng this survey have been incorporated in the
data given above in Table 60. Some float observations to determine
ebb-current conditions were made at various bars in the river from
Higganum to Hartford and a few remarks concerning the results of
these observations are appropriate.

Floats, consisting of wooden rods 6 feet long, about 1 inch square,
and so weighted at one end as to stand vertically in the water with
only about 3 inches of the top exposed, were used in making these
current observations. - Small flags were attached to the tops of these
floats in order that transitmen on either shore might sight these
floats at regular intervals. The Connecticut River during the sum-
mer and fall of 1909 was at low stages. Average velocities of the ebb
at nine bars in the river from Higganum to Hartford showed strengths
varying from about one-half knot to a little over 1 knot. Of course,
these float observations were made only for short periods of about
five minutes and may not be representative of the strength of ebb
in mid-channel. They indicate, however, that ebb velocities of about
a knot may be experienced in the bars of the Connecticut River at
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low stages of the river in the stretch from Higganum to Hartford.
During freshet conditions these velocities would be considerably
increased.

THE TIDE AND CURRENT IN THE HOUSATONIC RIVER

The Housatonic River rises in the Berkshire Hills of western
Massachusetts and flows 130 miles southerly through Massachusetts
and Connecticut and empties into Long Island Sound. In the vicinity
of Derby, Conn., it is joined by the Naugatuck River, which is its
principal tributary. From its entrance in the vicinity of Stratford
Point the Housatonic River is navigable to a point about 1 mile
above Shelton, Conn., where it is closed by & power dam. The head
of navigation, however, is practically at the wharves at the towns of
Derby and Shelton, a distance of 13% miles above the entrance.

The drainage area of the Housatonic River is about 1,930 square
miles. At Derby the low-water discharge is approximately 600 cubic
feet per second. Average freshets reach a height of about 12 feet.
They are of short duration and occur mainly in the spring. The
highest freshets are caused by ice gorges above the dam at ghelt,on.
The best data available indicate that the highest freshets rise about
18 feet above mean low water at Shelton. The low-water slope per
mile from the mouth to Shelton is 0.145 foot.

The stretch of the Housatonic River from its entrance to Shelton
is a tidal estuary similar to that of the Thames River. According
to the Corps of Engineers, United States Army, an inspection of the
tidal data at Bridgeport, Stratford, Pecks Mills, and Shelton shows
that the fluctuations in the river follow very closely the fluctuations
in Long Island Sound, but, of course, the extent of the fluctuation
is very variable. Dunng the summer months the fluctuations in the
river due to winds and storms are much less than in Long Island
Sound, and the effect of these local conditions becomes less farther
upstream. On the other hand, the severe winds and storms of the
winter frequently produce a greater effect in the river than in Long
Island Sound.

The Coast and Geodetic Survey has been furnished with automatic
tide gauge records obtained by the Corps of Engineers, United States
Army, at four stations in the Housatonic River. The locations of
these tide stations are shown in Figure 25 and the results from ob-
servations showing the range of tide at these stations are given in
Table 64.

The data given in Table 64 are mean values for several lunar
periods at each of the four tide stations in the Housatonic River.
Tt will be noted from columns 4 and 6 of the table, however, that
some of the mean values are not for complete lunar periods.. Never-
theless, the several lunar period mean values are given equal weight
in obtaining the best mean values of high and low-water readings on
staff and the range of the tide at each station since such best mean
values do not differ materially from the weighted values. It will be
noted from the data in the last column of Table 64 that there is con-
siderable monthly variation in the range of tide at stations in this
waterway. For example, the range at Shelton fluctuated from 5.8
feet in a late summer month to 2.4 feet in a spring month. As stated
above, however, the range of the tide in the estuary of the Housatonic
River is subject to considerable disturbance from nontidal factors,
primarily freshet conditions and wind effects.
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TaBLE 64.—Range of tide, Housatonic River

o | Mean | borof | M
Sta- er o ean T o ean | areon
tion Locality Perlod of observations 3‘5%‘, £éﬂ‘r v{,‘;‘&. v}g;ver range
No. Tead- |onstafl| read- |onstaft| Of tde
ings ings
Feet Feet Feet
1 | Btratford, Conn......| June 28-July 26, 1813........... . 85 5.39 58| —0. 5 44
July 27-Aug, 24, 1813.. - 56 5. 47 57 0,01 5.46
Aug. 25-8ept. 24, 1013. - 58 541 87 0,02 5,39
Sept. 25-Oct. 22, 1913.. . 54 5.66 35 0.19 5.47
Oct. 23-Nov. 21 1913.. . 57 8.45 56 0.35 510
Nov. 22-Dec. 20 - 41 5.33 41 —0.24 8.87
Dee. 21, 1913-Jan 18, 19 . 86 5. 56 87 0.24 5.32
Jan. 19-Feb, 17, 1014._.. R 51 4.96 50 0.00 4.96
Feb, 18-Mar. ls, 1914 . 22 5.60 21| —0.14 5.80
Mar. 19-Apr. 17, 1014, . 85 5168 55 0.47 4,69
ﬂ')r. 18~-May 16, 1914.. . 56 5.60 56 0.38 522
Aay 17-June 15, 1914..ccneeaanao- 51 5.11 81 | =0 5. 44
Mean of perfods....ccceaeeens]ocncnnan 5.40 [eccuaes 0.08 5.32
2 | Devon, Conn........ Jan, 19-Feb, 17, 1014. ... 52 4.57 52 0.4 4,53
Feb, 18-Mar. 18, 1914.. 56 4,901 56 0.38 4. 55
Mar. 10-Apr. 17, 1814.. 57 4,71 58 0.50 4.21
ﬂ)r. 18-May 16, 1014.. 42 5.34 56 7 4. 55
ay 17-June 15, 1014.. 29 4 28| ~0.11 4,34
Mean of perfods...ccoeeaeoaaenanaas 4.75 |cceccnes 0.32 4.43
3 | Pecks Mills, Conn...| June 28-July 28, 1013.. 34 5.08 35| —0.28 5.34
July 27-Aug. 24, 1913.. 5.08 568 | —0.38 5. 44
Aug. 25-Sept. 24, 1913. 503 57| —0.31 5.34
5.32 571 —0.02 5.34
5.16 57 0.4 4,72
4.03 5 0.02 4.901
5.70 18 0.21 5.49
[ 7 1 —0.04 5.22
4 | Shelton, Conn....... June 28-July 26, 1913.. 45 4.82 4| —0.79 5.61
July 27-Aug. 24, 1913 56 5.00 56 | —0.80 5.80
Aug. 25-8ept. 24, 101 23 4,88 23| —0.89 5.77
Sept. 25-Oct. 22, 1913 48 5.22 48| —0.27 5.49
Oct. 23-Nov. 21, 1913 56 5.17 56 1.44 3.73
Nov. 22-Dec. 20, 1913, 56 4,73 55 0.48 4.25
Dec. 21, 1913-Jan, 18, X! 5| 503 8] 049 4.54
Jan. 19-Feb. 17, 1914, 49 4.62 50 1.00 3.62
Feb. 18-Mar. 18, 1014 51 5.04 51 1,56 3.48
Mar. 18-Apr. 17, 191 55 5.58 54 3.18 2.40
ﬁf)r. 18-May 16, 1014 56 5.49 56 2.38 3.13
ay 17-June 15, 1014.. 53 4.78 53 | —0.29 5.07
Mean of perfods......_.....f-ooo... 5.03 |-ceeeen- 0.62 4,41
TABLE 65.—Time of tide, Housatonic River
Lunitidal in-
Sta- tervals Dursa- | Dura-
tion Locality Period of observations tion of | tion of
No. rise fall
HWI | LWI
Hours | Hours | Houre | Hours
1 | Stratford, Conn..... ... Aug. 19-Sept. 27, 1918 _______._.._.._.. 12.01 6.25 5,76 6.68
Mar. 14-Apr. 18, 1014__ 11. 52 6. 22 5.30 7.12
Mean of perfods_... 1.78 6.23 5.85 6.87
2 | Devon, Conn........... Jan, 20-Feb. 26, 1014 12. 04 6.42 562 6.80
Mar. 14-Apr. 17, 1914 11.82 6.49 5.33 7.09
Mean of perfods.. 1L93 8.45 5.48 6.9
3 | Pecks Mills, Conn...... July 21-Aug. 26, 1913, 12.42 6.45 5.97 6.45
Nov. 17-Dec. 23, 1013 12.23 6.67 5.5 6. 88
Mean of periods.. 1232 8.58 5.76 6.66
4 | Shelton, Conn. ... July 21-Aug. 26, 1913 12.08 7.82 5.16 7.28
Dec. 15, 1913-Jan. 19, 1914, 12.49 7.76 474 7.68
Moean of perfods....c.cooo.ooo... 12.74 7.78 4.9 7.48
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From the lunar periods at each tide station shown in Table 64,
two such approximate periods were selected and tabulations were made
in order to determine the time of occurrence of the tide at each
station. As far as possible these periods were selected for different
times of the year at each station in order to show seasonal fluctuations.
The results from these tabulations are given in Table 65.

The mean high and low water lunitidal intervals and durations of
rise and fall for approximately two lunar periods at each of the four
tide stations are given in Table 65. It will be noted from the data in
column 5 of the table that there is apparently no considerable fluctua-
tion in the time of low water at each station. The data in column 4,
however, especially for the longer-period stations at Stratford and
Shelton, indicate that considerable variation occurs in the time of
high water at each station. The time differences for high and low
water at Shelton as compared with Stratford are 0.96 and 1.55 hours,
respectively, as obtained from the data for mean values in columns 4
and 5. It should be noted in this connection that these mean values
are weighted values rather than direct mean values.

It will be noted from Table 65 that the durations of fall throughout
the river greatly exceed those of rise. Obviously, this is the effect of
fresh-water discharge which was discussed in detail above in connec-
tion with the tide in the Connecticut River. The duration of fall as
Shelton, for instance, is 50 per cent longer than that of rise.

The fact that the range of tide decreases upstream while the time of
tide becomes later indicates the presence of the progressive-wave type
of tide in this waterway. In order to obtain the average depth of
water in the estuary of the Housatonic River for use in the formula for
progressive-wave motion, & computation was made in which the mean
low-water average cross-sectional depths at 16 points along the Housa-
tonic River below the dam at Shelton, Conn., were obtained. From
these average depths an approximate mean low-water depth of 5.8
feet has been derived for this tidal estuary.

Allowing for an average range of tide of about 4.8 feet in this water-
way this would make the average depth of the estuary at mean tide
level 8.2 feet. The distance between Stratford and Shelton is 9%
nautical miles, or 57,760 feet.

In the formula for progressive-wave motion, r= +/gk, in which r=
rate of advance of a progressive wave, g=acceleration of grivity or
32.2 feet per second, and h=average depth of water (mean tide level
depth). From the above formula the theoretical time required for
the propagation of & progressive wave in the Housatonic River from
Stratford to Shelton would be 1.0 hour. Thatis, at a rate of advance of
16.2 feet per second derived from the above formula, it would take
3,565 seconds, or 1.0 hour, for a progressive wave to traverse this
stretch of the river. The actual time required, based on high water
ouservations and given above, is 0.96 hour. This is a close agreement
and indicates that the type of tide in the Housatonic River, like that
in the Connecticut River, is progressive rather than stationary.

Tidal current observations were obtained by field parties of the
Coast and Geodetic Survey at six stations in the Housatonic River
in 1917 and 1929. The locations of these stations are shown in
Flg%‘lre 26 and the results from observations near the surface are given
in Table 66, '
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FIGURE 26.—Current stations, Housatonic River
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TABLE 66.—Results from current observations near the surface, Housatonic River
[Referred to times of predicted current at The Race]

Obssrvations Flood strength
8ta- i a
tion Party of— Locstidn ] S5l B
No. Date S 3 ‘E 8 g § ] ,8.
[*} D =E -]
&1 2 |A| @& |B |2
Hours | Hours
Days Feet | after | after ° [Knots
1| P. M, Trueblood.. Midighannel oft Milford | Aug. 17-18, 1917.___. 1 | Pole_.... 4 Lo7| 1 301 | 2.07
2| H.E. Finnegan_ __|.._..d0. . oeoemaeoaaaas July 18-19 1929...... 1¥4|.--do 3%l 0.95| 0.671 301|251
- 2 doo ool Mld-channel south of N. Y., |.ccoodOuueeoooae. 1 j...do.....| 3} 140 L05| 360 0.82
H. & H. R. R. draw-
4 | P. M. Trueblood. . Mldﬁg:ﬁmg at N. in aN H. | Aug. 88,1917 _______ 1 | Meter___ Q07| 08| (M | 130
drawbr
5| H. E, Finnegan. .. Mllg-channel south of Wooster | July 18-19, 1929....._| 1 | Pole.... 200§ 1.65 10| 0.8
6 | P. M. Trueblood. .} Mid-channel, south of Derby- | Aug. 20-21, 1917_.._. 1 | Meter_...| 3 405 233§ () | 018
Shelton bri'dge

‘ Flood duration

Prey
T

3

S

82 8

[ ]
8 &8 8

Ebb strength k]
-.gs 2|5 E
41§ 28|13 5|8
7] & |A =l m |2
Hours | Hours
after | after ° |Knots| Hours| Hours
0.62]| 0.62] 12412621704 L8
0.80 |—0.55 | 138 | 268 &74 157
095| 0.65| 176 L5650 | 7.04 | 214
-0.181—0.53| () |Le5!6.8| 0.99
135) 065| 190[{0.956{7.24 | 254
042 402| () |L43[10.22] 383

! On the flood the current sets northerly; on the ebb, soutberly,
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106 U. 8. COART AND GEODETIC SURVEY

Owing to the shallow depths which obtain in the Housatonic
River, short current {)oles of about 7 to 9 feet in length instead of the
standard 15-foot pole were used in making current observations.
Therefore, the results shown in Table 66 are generally representative
of current conditions at an average depth of about 3 or 4 feet.

In Table 66 the times of slack and strength of current in hours
are referred to the predicted times of similar phases of the current at
The Race, daily predictions for which may be found in the Atlantic
Coast Current Tables. Likewise the durations of flood and ebb are

iven in hours, the sum of the two durations being equal to the
uration of one-half & lunar day, or 12.42 hours.

The velocities of flood and ebb strengths at each station represent
average velocities of the current as the observed velocities were
corrected to a mean range of tide. These velocities should be in-
creased or decreased as the range of tide increases or decreases from a
mean. Obviously, freshet conditions in the river would greatly
increase the ebb and decrease the flood and might even mask the tidal
current completely by causing the current in the estuary to ebb
continuously.

It will be noted from Table 66 that the data for stations 1 and 2
agree closely, especially with regard to times of slack water and
direction and velocity of the current at times of strength. The
strong flood and ebb velocities which obtain at these stations at the
mouti of the river are quite comparable with those at the mouth of
the Connecticut River which have been discussed above. Although
the results for the velocities of the current at stations 3.and 4 agree
fairly well the times of the current at the latter station have evidently
been greatly disturbed and are most likely due to freshet conditions.
This 1s perhaps partly explained by the peculiar results for station 6
in the vicinity of Sielton, Conn., which show disturbed velocit
conditions as well as time relations. It will be noted that the eb
strength velocity at station 6 is 1.43 knots while that of flood strength
is but 0.18 knot. Likewise the time relations at this station are
disturbed, showing an ebb duration of 10.22 hours as compared with
2.20 hours for that of flood. :

The 1929 observations at station 2, off Crimbo Point, and at station
5,.south of Wooster Island, show that the time of current at the latter
station occurs about an hour later than it does at the entrance to the
river. At Shelton, therefore, it would most likely occur about
1% hours later than it does at the entrance. It was shown previously
that the tide at Shelton occurs from 1 to 1% hours later than it does at
Stratford. In general, therefore, the progression of the current in
the river closely follows that of the tide, and it may be stated that
current and tidal conditions in the Housatonic River are generally
similar to those in the Connecticut River,



TABLE 67.—Resulis from current observations al various depths, Housatonic River
[Referred to times of predicted current at The Race]

Observations Flood strength g Ebb strength a g
2 2
Sta- = S a s | oy
tglon Party oft— Location o Szl 213 2z | 2 5 2
0. o ] A b = 2 5 =1
Date s % |5 |8 | 8|28 5 |% ¢ |8 (B85 |2 |3
- = ARla BRI |Elag |B Il |s]|R|S
Hours | FHours

Days Feet | after | after ° [Knots|Hours Hours|Hours
1| P. M. Trueblood..| Mid-channel, off Milford | Aug. 17-18, 1917__.._ 1 1.07 5.38 7.04 | 1.98
Point. 1 3| 112 5.13 7.29 | L85
1 61 0.97 5.28 7.14 1.81
1 10| 0.82 5.38 7.04 | 1.68
2 | H. E. Finnegan ----do. July 18-19, 1929 ... 314 0.95 . 3 5.68 6.74 | 157
7 0.90 { 0.57 |-_.... 2.30 1573 6.69 | 1.56
7 1.00, 0.20{ 314 | 2.37 | 5.53 6.89 | 1.48
8 do Mid-channel, south of N. Y., |..__. 11 1 O 1 314 1.40| 1.05| 360 ) 0.82 | 5.38 7.04 | 214
N. H. & t{ R. R. draw- 1 7 1.40 1.25 |._.... 1.09 | 5.53 6.80 | 2.29
bridge. 1 12 1.35 ¢ 140 {_____ 0.98 | 5.88 6.8 | 2.51
4 | P. M. Trueblood..| Mid-channel at N. Y., N. H. | Aug.8-9,1817____._.| 1 | Meter...{ 6 | 007! 0.08| (% | 130|558 6.84 | 0.99
& H. R. R. drawbridge. 1 |...do.....{ 18 |—0.08 | 0.13 |._____ 1.36 | 5.78 6.64 | 0.95
1 |...do..... 25 0.17 | 0.23 j.____ 1.44 | 5.58 6.84 1.30
5 | H. E. Finnegan....| Mid-channel, south of Wooster | July 18-19, 1920__.___ 1 | Pole..... 3 2.00 | 165 10 { 0.85 | 5.18 7.4 2.54
Island, 1 | Meter...| 6534 2.00 | 155 |...... 0.90 | 5,18 7.4 | 258

SINTHHND ANV SHJLL

1 Pettersson meter observations.
t On the flood the current sets northerly; on the ebb, southerly.
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108 T. 8. COAST AND GEODETIC SURVEY

At each of the current stations in the Housatonic River observa-
tions were made at various depths by means of Price current meters.
The results of these observations are given in Table 67 with the excep-
tion of the results for station 6, which are given in the preceding
table. At station 2 the Pettersson meter was also used for a portion
of the time during which the station was occupied. The results ob-
tained with this meter agree very well with those obtained by means
of the Price current meter at the same depth. Directional observa-~
tions obtained with this meter at station 2 indicite that the current
near the bottom in mid-channel off Crimbo Point sets about 15° or
20° more northerly on the flood and more southerly on the ebb than
it does at the surface. Evidently this is due to the channel banks near
the bottom which would deflect the current.

Throughout the waterway it will be noted that the duration of ebb
at each depth at each station greatly exceeds that of flood.

THE TIDE AND CURRENT IN WESTERN LONG ISLAND SOUND

Western Long Island Sound is generally considered as that portion
of Long Island Sound extending from Stratford Shoal to Throgs
Neck, N. Y., where the East River empties into the Sound. It is
approximately 35 nautical miles in length and varies in width from
about 14 nautical miles off Southport, Conn., to about three-fourths
of a nautical mile off Throgs Neck, N. Y. It is generally funnel
shaped and its axis has a northeasterly-southwesterly trend. It
rapidly narrows from a width of about 6% nautical miles off Eaton
Point, Long Island, to a width of about 3 nautical miles off Execution
Rocks. This narrowing of the Sound, together with decreasing depths
of water from east to west in this portion of the Sound, accounts in
part for the increased range of the tide in the area in the vicinity of
Great Captain Island. This will be discussed later, however.

Depths in mid-Sound vary from about 32 fathoms north of Eaton
Point to about 6% fathoms south of Parsonage Point. East of Eaton
Point mid-Sound depths average about 22 fathoms and generally are
found in close proximity to the forty-first parallel of latitude. KFrom
Execution Rocks to Throgs Neck mid-Sound depths vary from about
25 fathoms in the vicinity of the former locality to about 8 fathoms
east of Throgs Neck. On a cross section between Throgs Neck and
Willets Point, however, mid-channel depths of about 18 fathoms are
found. This cross section is located at one mouth of the East River
which, by the way, is in reality a strait rather than a river. In the
East River west of Fort Schuyler, Throgs Neck, and east of White-
stone Point, Long Island, depths of 8 fathoms or less generally obtain.

While the north coast of Long Island from Orient Point to Mount
Misery Point, south of Stratford Shoal, is very regular and devoid of
harbors of practical commercial importance, the exact opposite is true
west of Stratford Shoal. Extending westward from Mount Misery
Point, the north shore of Long Island is indented with a number of
small peninsulas or “necks’ with bays or harbors situated between
them. These bays and harbors are becoming of increasing importance
commercially and for a number of years they have been extensively
used by vessels of small draft, especially yachts and motor boats.

Smithtown Bay is the largest of these bays, but is perhaps one of
the least important commercially. Among the more important of
these bays and harbors are Port Jefferson, Huntington, Northport,
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Ficure 27.—Tide stations, western Long Island Sound
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Oyster, Hempstead, and Manhasset. In general, these bays are some-
what funnel shaped, with rather wide mouths at Long Island Sound
and narrowing considerably as they extend southerly between the
“necks” referred to above. At the same time they rapidly shoal near
the head of the bay. Among the more important ports along this
shore line are Port Jefferson, Northport, Oyster Bay, and Port
Washington.

The shores of Connecticut and New York in western Long Island
Sound are extremely irregular. The shore line is indented by many
small streams and necks of land. Many small islands and rocky
shoals and reefs are in close proximity to the irregular shore line.
Prominent among the island groups are the Norwalk Islands off the
entrances to the %\Iorwalk and Saugatuck Rivers, the islands in Cap-
tain Harbor, and the group of islands along the New York shore line
west and southwest of Execution Rocks Light. As stated above, how-
ever, very good depths of water obtain in Long Island Sound beyond
the numerous reefs and shoals along the shore ine. Good harbors and
ports of considerable commercial importance are found along this shore
line. Among the most important ports are Bridgeport, Norwalk, and
Stamford in Connecticut, and Port Chester, Mamaroneck, and New
Rochelle in New York.

Tides have been observed by the Coast and Geodetic Survey at
many localities in western Long Island Sound. In general, however,
these have been for rather short periods of observation. Through the
cooperation of the Corps of Engineers, United States Army, however,
this bureau has been furnished the results of observations for a number
of important localities. Chief among these are the results from obser-
vations obtained at Bridgeport, Norwalk River entrance, Stamford,
Port Chester, Throgs Neck (Fort Schuyler), Willets Point (Fort
Totten), and Roslyn (Hempstead Harbor). The tide at Throgs Neck
was discussed at some length on pages 16 to 26 above, and the tide at
Willets Point on pages 27 to 30. These two stations may be considered
as standard, or primary, tide stations, and daily predictions for
Willets Point, N. Y., may be found in the Atlantic Coast Tide Tables,
published annually in advance by the Coast and Geodetic Survey.

The locations of stations in western Long Island Sound at which
tidal observations have been obtained by the Coast and Geodetic
Survey or for which the results from observations obtained by the
Corps of Engineers, United States Army, have been furnished this
bureau are shown in Figure 27. The results from observations made
at these tide stations are given in Table 68.



TaBLE 68.—Tidal data, Western Long Island Sound, 1835-1330

Sta-
tion
No.

14

16

7

19

18a

4

25

Observations Lunitidal intervals b ; N
i uration Iean e
Locality of rise range Compared with
Date Period HWI LWI
Hours Hours Feet
Nov. 16-24, 1835.__ 5.21 5.88 7.03
Aug. 15-Nov. 3, 1 5.10 6.08 6.65
. iept. 53_(.)&0@.161, 11% 4.40 6. 11 6. 7!13 ‘gloguim,ﬁl\{%sg. M
ug. ov. 11, 4.95 6.07 6.7 t Harbor, Me.
Bridgsport Harbor, Conn Apr. 20-25, 1887 ___ g 6.12 7.63 o. ’
Jan. 13, 1911-May 26, 1916, ___._._....| L1307 | oo | e 6.35 Do.?
Aug. 3-Sept. 22, 1916 5.02 8.15 6.86 | Fort Hamilton, N. Y.
July 18-24, 1929, ____ 4. 90 6.17 6.86 | Whitehall Street, N. Y.
5.14 6.21 6.95
Black Rock Harbor, Conn_ ... oocoeeeooaeaee. 4.80 6.08 6.73 | New London, Conn.
4.65 6.18 6.35 | Willets Point, N. Y.
: Sept. 8-Oct. 26, 1885, ... __......__ 5.05 6.05 7.17 | Pulpit Harbor, Me.
Saugatuck River (east of Hendricks Point)..____ {J y 23-24, 1929 ___ . Il 5,33 5.90 673 | Whitehall Street, N. Y.
Cockenoe Island, Norwalk Islands.._._..________ Sept. 25-Nov. 5, 1835 _.ocoeoon ... 5,05 6.01 7.53
. May 9-June 27, 1836 .. ..o 5.08 6. 20 6.70
Sheflield Island (former lighthouse location)......[{}e% 3.Tune 27, 1838, L8} ol 67
Dolphin, north of Sheffield Island.._......._..._. July 17-19, 1929_ _ ... 5.43 6.33 7.23 Do.
Gregory Point, Conn. (Norwalk River)._________ Oct. 23, 1913-May 26, 1915 . ____._.____ 484 ... 6.94 )
Sept. 21-Oct. 8, 1914 ____ . __..._ 15 11.31 4,97 6.34 7.35 | Fort Hamilton, N. Y.
South Norwalk, Conn. (yacht club wharf)....... {J y 19-22, 1929 .. JIIIITTITIITT 1] 1% 511 6.15 7.26 | Whitehall Street, N. Y.
May 13-June 8, 1886, __.._......___ 16 11.13 5.13 6.00 7. 10 | Pulpit Harbor, Me.
) Oct. 21-22, 1886_____ 1 10. 54 4.51 6.03 7.15 Do.
Wilson Point, Conn. (Sheffield Island Harbor)...i Nov. 16-17, 1886._ 1 10. 84 4.79 6.05 7.18 Do.
Apr. 7-8, 1887_ ___ 1 LU NL 3% PRI AN PRI Do.
Aug. 11-17, 1893 ____ ... ... 6 10.85 5. 14 5.71 7.33 | Fort Hamilton, N. Y.
Bell Island, Sheffield Island Harbor...._.__._.___ Nov, 16-17, 1886, ceecaos 2 10. 84 4.79 6.05 7.18 | Pulpit Harbor, Me.
Long Neck Point, Conn...._ .. comenmmmeaa . {June 10-11, 1886 .o ) I 508 |oooeo Do.
Sept. 6-8, 1894 ________________._____ 3 11,02 4,86 6. 16 7.16 | Boston, Mass.
Parien River, Conn____ .. ... June 28-July 9, 1836. . ____._______ 11 10. 77 | 4.69 6.08 7.92
Cove Harbor, Conn_. .| June 28-29, 19i1. . ool 2 11.36 4,98 6.38 6.92 | Fort Hamilton, N. Y.
___________________ 20 1L13 47 6.3 7.40 .
- 14 1L07 4.9 6 14 ;500 Pulpit Harbor, Me,
ST - 11 1L 18 509 6.09 . 0.
Stamford Harbor Light : 5] 1001 510 5.81 7.14 | Sandy Hook, N.J.
Alr. %—27 May 18-19, 1887_ - 4 1L23 523 6.00 7.39
Aug.20-31, 1884 ________ ______._______ 3 11 00 4.74 6.26 7.01 | Fort Hamilton, N. Y.
Aung.7-Dec. 3, 1914 ___________________ 53 1L02 4.85 6. 17 7.32
Stamford, Conn. (yacht club wharf).wee.oeoeo-eo July 1512, 1989, LTI 2] 108 527 5.55 7.13 | Whitehall Street, N. Y.
ord Motar Co. wharf) T N oy %, Tota- e I T XY 5] 5% | Fort Hamiton, N. Y
Stamford, Conn. (Stamf . W] - t. 26-28, 1916 __ ... A amilton, N. Y.
' ¢ ufy m-‘g;' JT .71 L2 509 6.12 7.23 | Whitehall Street, N. Y.
May 18-July 29, 1886 71 11.15 5.03 612 7.05
R LA %) RE IR 8 mpmay
Aug. 18-Sept. 2, 1893____._.___._ 7 10. . oin! .
Greenwich Harbor, Conn P T 1l 1on (w| &7 7.% Do.
June 28-29, 1931____._________.. 2 1115 517 598 7.00 { Fort Hamilton, N. Y.
Sept. 28-30, 1916 .- - oaeea 3 1L 15 4.8 6.28 7.50 Do.
Great Captain Island Light Aug. 13-29, 1836 ..o 17 1105 4.75 6.30 7.06
Aug. 31-Sept. 7, 1883 . ... 6 10.73 5.08 5.65 7.32 | Willets Point, N. Y.
Port Chester, N. Y. (Byram River) _.___..._____ Oct. 17-18, 1916 ______ . 2 10.93 472 6.21 7.35 { Portland, Me.
Apr. 15, 1927-Mar. 28, 1928___ ___..___ 61 1. 30 536 594 7.14 (U]
RyeBeach, N. Yoo ooocemcicmmeeeccnen July 1-Oct. 31, 1980 - o ommmemeen 123 17 52 5.91 7.21 | Throgs Neck, N. Y.
Milton Harbor, N. Y. (off Rye Point) July 26-Aug. 20, 1927 15 1161 5170 591 7.07 | Portland, Me.?
Mill Creek, N. Y_. Sept. 6~Oct. 14, 1836 __ . oo 38 1L18 492 6.26 7.49
Oct. 23-24, 1836 ________ .l 2 1L 23 4.8 6. 40 800
Aug. 2-Nov. 10, I - 23 1L og 5.08 6 g; 3’ 51% Pul;;;;ﬂarbor, Me.
Mamaroneck Harbor, N. Y oo o -{{May 10-June 3, 1887 - 1L I 515 & .
: Oct.y3-5. 1016. .. - 3 1L 29 5.35 6594 7.24 | Portland, Me.
June 24-30, 1928 - 7 1L.34 558 5.76 7.21 Do.?
Aug. 18-25, 1804 __ - 7 11.63 4.49 6. 54 7.46 | Fort Bamilton, N. Y.
Larchmont Harbor, N. Yo oo Bept. 2328, 19011 _ i| 1Lu 5.06 608 841 Do.
‘Echo Bay (Beaufort Point) .o maaaaa Sept. 34,1920 . __.._____ 2 12.06 5.53 6.52 7.02 | Willets Point, N. Y.
Oct. 27-Nov. 4, 1836_.__ - ? {}:g gg &g ;g
May 20,-July 19, 1847_ 6 .
Echo Bay (New Rochelle, N. ¥.)-ceeoeooemoo Sopt, 7-Oct, 5, 1916.. 2| 1100 543 5.57 .3
Wiy 1617, 1929, . 200000 2| 1085 g 5.92 7.4 | Willets Point, N. Y.

1 From tide records furnished by the corps of Engineers, U. 8. Army.
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TaBLE 68.—Tidal data, Western Long Island Sound, 1835-1930—Continued

Observations Lunitidal intervals
Location Dot?z:ggn m: Compared with—
Date Period | HW1 LWI
Days Hours Fours Hours Feet
May 20-Aug. 2, 1837 .. oooo....__.. 66 11. 42 5.27 6.15 7.11
Aug. 6-27, 1894 ____ R 17 1L13 572 541 7.52 | Fort Hamilton, N. Y,
Davids Island, N. Y. (Fort Slocum)..coceeee-... July 24-29, 1895_ 5 11.12 5. 42 5.70 6.97 Do.
. Apr. 11-13, 1012__. . 3 [ I S Do.
June 26-Sept. 2, 1914 ______________. 62 11.18 5.15 6.03 7.5
East Chester Creek (Westchester Light Co. Dock)_{ Sept. 6, 1928-Feb. 9, 1929 __.__........ 69 11,61 5.86 575 7.4 O]
May 23-28, 1837 _eomeeooos 4 10.83 528 5.55 7.38
Nov. 1-30, 1882_.. . 30 1.8 5.18 6.05 7.00
May 18-June 22, 1883. - 11 10.78 4.76 6.02 7.76 | Pulpit Harbor, Me.
- 9 18.3 468 e.gg s.g'{ s é)o'n NI
. .5, 1889 _______ - 1 10. 5.07 5. 6. andy Hook, N.J.
City Island, N. Y July Z-Aug. 8, 1894 : | 10 g 6.08 7,09 | Portland, Mo
- 1 10,91 5.30 5.61 7.34 Do.
2 R 4 11.16 5.08 6.10 7.97 | Fort Hamilton, N. Y.t
Nov. 813, 1907_ . 5 11.31 533 5.98 7.38 | Portland, Me.
July 5-8, 1929 _________.....____.____. 4 11.34 5.70 5.64 7.67 | Willets Point, N. Y.
Aug. 9-17, 1837______ ... .eo____.. 9 11.21 5.45 5.76 7.50
Mar. m-May 29, 1847, 63 10. 50 522 5.28 6.96 | Governors Island, N. Y.,
Throgs Neck, N. Y. (Fort Schuyler) ............. Oct. 1, 1920~Oct. 31, 1029 1,887 1131 5.65 5.66 7.19 )
June 28—Ju1y 5, 1929 8 11.37 5.55 5.82 7.25 | Throgs Neck, N. Y.
Oct. 1-31, 1930, 31 11,22 5.60 5.62 6.94 | Newport, R. 1.
3“5' 49. 3})8816 1 5..'756 Pulpit Barbor, Me.
ct. 4-30, xR 5.75
Willets Point, Long Island (Fort Totten)........ ?o t. 3, 1880 1 5.80 Portland, Me.
738 5.71 )
June 2D-July 5, 1920 7 5.66 Throgs Neck, N. Y.
Bayside, Long Island (Little Neck Bay).........| July 12-13, 1929 ..o 2 4.63 6.03 7.20 Do.
Elm Point, Great Neck, Long Island.____......... Sopt. 37, 1920, .o 3 5.26 6.10 6.74 | Fort Hamilton, N. Y.
3 P(;l;t Wsshmgton, Long Island. Manhasset Bay, | Nov. 16-23, 1927. .o oo ... 7 5,67 8. 86 7.30 | Portland, Me.!
own whar
Port Washmgton Long Island. Manhmc Bay, | July 9-14, 3929, e ccececeeaiaceeaae 8 1.1 {* 4.8 8.28 7.73 | Willets Point, N. Y,
(Bayside Yacht Club Wharf)
- 55 1119 5.34 5.85 7.56 .
Sands Point, Long IS .-~ emeoceeeneenooe T A 7 3 tos | Pulpit Harbor, Ma.
...... 3 11.25 5.37 5.88 7.73 Do.
Exscution Bocks Light—..coeeeueomnooooeeoane {geg },?}}_2’1;%’: ______ Jl um 538 597 7.37 | Fort Hamilton, N. Y.
June 16-July 5, 1837_ 20 10,72 4.8 5.90 7.19
Anu-: lS—Sepyt 26, 1859 . 31 11.13 5.05 6.08 7.28 | Boston, Mass. M
Glen Cove, Long Island (Hempstead Harbor)._._K8ep! : gt_)—gl)]%cmzs 1886. - 12 }(1)%53 ?94; g.gg ;g {)’glrai;n Eéarmr, o
J’ ¥ 15-17, 1929 i 3 10.51 5.12 5.39 7.35 | Willets Point N. Y..
. 1-Nov. 10, 1928 19 11,61 5.86 5.75 7.54 | Portland, Me.!
Roslyn, Long Island (Hempstead Harbor) ... m‘; 15.15‘,"1929___ 2 11,61 5.51 6.10 7.55 | Whitehall Street, N. ¥
2 1836.... R 19 11.39 5.62 5.71 7.51
Center Island (Oyster Bay Harbof) .cocoeeceeeno- {&%,8;%, 1837 ... z 18 11.28 491 8.35 7.61
( Mar, 31, 1847 e2] 1wwo| 50| ewm| 704
'}?uni %—A:;. 28, 1886. 41 11,10 ; %8) g. 1§ ; 432 Pulplt Harbor, Me.
yster Island (Oyster Harbor) .. M 1887... 4 10,98 X .7 g
o Bay, Loog d (0 Bay Harbor) 6&' ﬁfm‘?;o 1914 2 1104 5.19 5.85 7.30 Portland Me.
Aug. 11-Oct, 29, 1916 _. 80 1.27 5.32 5.95 7.3
Laurelton, Long Island (Cold 8pring Harbor)_...| Aug. 4-8ept. 4, 1886 - -cececmcum oo 26 10,97 5.03 594 7.51 | Pulpit Harbor, Me,
Cold 8pring Harbor, Long Island .. cce—___. Sept. 11-13, 1916 oo 3 11 5.20 5.91 7.13 | Portland, Me.
43 | Huntington Bay, Long 1sland _| June 27-Aug. 27, 1847, .o 61 10.85 4.60 6.25 7.40
Sept. 13-15, 1916 __ . oo 3 1113 5.02 6.11 7.16 Do.
ington d Harbor HOct. 25-Nov. 22, 1016. 2% 10,97 5.25 5.72 7.34 Do.
mllﬂném). Bay, Long Lsland (Lloy {me 10-12, Vo 910 3| 1008 5.34 5,62 6.81 Do.
45 | Lloyd Harbor, Long Isiand. o cooommmmcaceeneoe Aug. 13-Sept. 4, 1836 .. __...__... b3 11,28 5.13 6.13 7.49
Northport Bay, Long Island Aug. 58, 1837 . en 3 10.93 4.8 8.10 8.68
Sept. 1-Nov. 17,1888 __._________.... 66 11.05 4.85 8.20 7.12
. 21-23,1916__ - 3 11,19 4,98 8.21 7.51 Do.
Northpott, Long Island...o.ooeoooeeeeneceeees {?‘,;}’; T 5| 1| 5| se| 7| Do
Off ¢ntrance to Nissequogue River, Smithtown | Nov. 2-3, 1886. . .. oeeoooomamnnns 2 10,75 470 6.05 6.79 | Pulpit Harbor, Me.
Bay.
30-Oct. 15, 1886« _.oo_..... 4 11,18 5.41 5.77 6.04 Do.
Stony Brook, Smithtown Bay. .......----—--—-.- (Rt 2 oy 10, 1886 - 2 10 1| | 5e7| sel| el Do,
1 From tide records furnished by the Corps of Engineers, U. 8. Army. 3 Also compared with Portland, Me.
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114 U. 8. COAST AND GEODETIC SURVEY

Tidal observations in western Long Island Sound date from 1835
when early hydrographic operations were carried out along the
Connecticut sly:,ore. n the two following years these operations
were extended along the shores of Long Island and New York proper.

Most of the longer series of tidal observations in this waterway,
however, have been obtained since 1880. The earlier observations
were generally obtained by means of readings on tide staffs. Later
automatic tide gages were used in obtaining tidal observations.

The tide stations in Table 68 are arranged geographically and are
numbered consecutively from east to west along the Connecticut and
New York shores from Bridgeport to Throgs Neck, and from west to
east along the Long Island shore from Willets Point to Smithtown
Bay. The various series of tidal observations at each station are
arranged chronologically. The values for time and mean range of
tide for each series are reduced values; that is, the values obtained
from a tabulation of the observations have been reduced by means
of factors.

The data in columns 5 and 6 of Table 68 show the reduced high and
low water lunitidal intervals. Subtracting the values in column 6
from those in column 5, the values in column 7 for duration of rise
of tide are obtained. The duration of fall of tide may be derived by
subtracting the values in column 7 from 12.42 hours, the latter
reglgesenting the duration of one-half a lunar dsy.

he mean ranﬁe of tide given in column 8, as stated above, is &
reduced value. In cases where it was possible to do so, the observed
ranges for short-period stations were reduced by means of com-
parison with simultaneous observations at some long-period standard,
or primary, tide station. In the last column of Tab%e 68 the standard
tide station used for comparing and reducing the observed range of
tide at the subordinate station is listed. In this connection it should
be stated that for some of the earlier short series of tidal observations
it was impossible to reduce the observed values by comparison owi
to the fact that standard tide stations were not in operation at suc
times. In such cases, however, the observed values for range of
tide were reduced by factors to give approximate mean values.

The intervals for time of tide in columns 5 and 6 have also been
reduced where it was possible to do so, by comparison with simul-
taneous observations at a standard station.

In order to arrive at standard, or best values, for each station, the
values given in Table 68 have been subjected to a process of ad{ust-
ment and the adjusted values for tide stations in western Long Island
Sound are given in Table 69.
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TasLE 69.—Adjusted tidal data, Western Long Island Sound

Lunitidal inter-
an| i
Sta vals Durs- Range of tide
tion Locality tion of
No. rise
HWI | LWI Mean {Spring | Neap
. Hours| Feet | Feet | Feet
1 | Bridgeport Harbor, COND._ e ouveoooccemcacnaanee . X 6.10] 68| 8.0 5.4
2 | Black Rock Harbor, Conn.____...____....... 6.10] 69| 81 55
3 | Saugatuck River (east of Hendricks Point). 6.05 7.1 8.4 5.7
4 | Cockenoe Island, Norwalk Islands__.___.__. 8.00 7.1 8.4 5.7
5 | Sheffield Island (former lighthouse location) 6.05 7.1 8.4 6.7
6 | Dolphin, north of Sheffield Island. ... _ccoocoaaee-n 6.05 7.1 8.4 5.7
7 | Gregory Point, Conn, (Norwalk River)...._c.oaa-faeooobo ... 7.1 8.4 5.7
8 | South Norwalk, Conn. (Yacht club wharf)_ 6.20 7.2 8.5 5.8
9 | Wilson Point, Conn. (Sheffield Island Harb 6.05 7.2 8.5 5.8
10 | Bell Island, Sheffield Island Harbor.. 6.05 7.2 8.5 5.8
11 | Long Neck Point, Conn____.....__ 3 6.05 7.2 8.5 5.8
13 { Cove Harbor, Conn._.. 5.05| 6.05 7.2 8.5 5.8
14 { Stamford Harbor Light.. . .ceo... . 510 6.05 7.3 8.6 5.8
15 | Stamford, Conn. (yacht club wharf) ... ... 11.15 5.10| 6.05 7.3 8.6 5.8
16 | Stamford, Conn. (Stamford Motor Co. wharf)...._. 11.15 510 6.05 7.3 8.6 5.8
17 | Greenwich Harbor, CONR..ooceemooceenacooa- 11.15 510 6.05 7.4 8.7 5.9
18 | Great Captain Island Light....._. 11.15 510 | 6.05 7.3 8.6 5.8
19 | Port Chester, N. Y. (Byram River).. 11.30 5.35| 5.95 7.3 8.8 5.8
19a| Rye Beach, N. Y ... e cummaeanos 11.20 5.30 | 5.90 7.3 8.6 5.8
20 | Milton Harbor, N. Y. (off Rye Point).. 11.20 5.30 | 5.90 7.3 8.6 5.8
Mamaroneck Harbor, N. Y_____.____. 11,20 530, 5.9 7.3 8.6 5.8
23 | Larchmont Harbor, N. Y. 11.20 5.40| 5.8 7.3 8.6 5.8
24 | Echo Bay (Beaulfort Point)...... -} 11.20 5.45] 8.756 7.3 8.6 5.8
25 | Echo Bay (New Rochelle, N. Y.)..couomommaamaoaas 11.20 545 6.75 7.3 8.6 5.8
26 | Davids Island, N. Y. (Fort Slocum).......cceeno-- 11.20 8.351 5.85 7.3 8.6 5.8
27 | East Chester Creek (Westchester Light Co. dock)__[ 11.60 5.8 5.75 7.3 8.8 5.8
28 | City Island, N. Y _ . oot 11.25 5.50 | 5.756 7.2 8.6 5.8
29 | Throgs Neck, N. Y. (Fort Schuyler).ccoceemaeunn-- 11.30 5.65| 5.65 7.2 8.5 5.8
30 | Willets Point, Long Island (Fort Totten)... 11.30 5.70 | 5.60 7.2 8.5 5.8
31 | Bayside, Long Island (Little Neck Bay) 5.30| 6.85 7.2 8.5 5.8
32 1m Point, Great Neck, Long Island.. 5.256| 5.90 7.2 8.5 58
33 | Port Washington, Long Island.
(town wharf) o eaeeaaocaicaeoooeeen 5.30 | 5.90 7.3 8.6 58
34 | Port Washington, Long Island. Manhasset Bay
(Bayside Yacht Club) ..o o coiimmmaaaanan. 1.20| 5.30| 65.90 7.3 8.8 5.8
35 | Sands Point, Long Island. .. cooooeoomcccccaanaas 11.156 5.35| 680 7.3 8.6 58
36 { Execution Rocks Light__ ..o eooemomamceat 11.16 5.35| 6.8 7.3 8.6 58
37 | Glen Cove, Long Island (Hempstead Harbor) 11.15 5.10| 6.05 7.3 8.6 5.8
38 | Roslyn, Long Island (Hempstead Harbor).... 11.60 5.75| 585 7.5 8.8 6.0
40 { Oyster Bay ng Island. . .. ___..._..._. 11.15 520 6.95 7.3 8.6 5.8
41 | Laurelton, Long sland (Cold Spring Harbor). . 5.10| 6.00 7.3 8.6 58
42 | Cold Spring Harbor, Long Island.__ 520 5.95 7.3 8.6 5.8
44 | Huntington Bay, Long Island (Lloy 5.10| 5.95 7.3 8.6 5.8
47 | Northport, Long Island. . . o - -cacocooeooeaacaoean- . 510 600| 72| 86 58
48 | Off entrance to Nissequogue River, Smithtown Bay.| 11.10 5.10| 6.00 8.8 8.0 5.4
49 | Stony Brook, Smithtown Bay._ .. ccocaaea.. 11.40 5.78| 5.656 8.1 7.2 4.9

In the derivation of the values given in Table 69 considerable
weight was given to the mean values for the long-period stations.
Such mean values for high and low water lunitidal intervals and for
range of tide are also shown in graphic form in Figures 28 and 29,
respectively. As stated above, the values for spring and neap range
of tide given in columns 7 and 8 of Table 69 were derived by applying
the factors 1.18 and 0.80, respectively, to the adjusted mean range
values given in column 6 of the table. These factors were obtained
by comparing the relation of copstants at New London, Conn., with
those at Willets Point, N. Y. In a similar manner the approximate
%frea,t tropic range at each station may be derived by applying the
actor 1.14 to the mean range values given in column 6.
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In passing, attention is called to the fact that locations given in
Figure 27 for tide stations 12, 21, 39, 43, and 45 are approximate.

t will be noted from Figure 28 that over the 15-mile stretch from
Stratford Shoal Light to the vicinity of Eaton Point, Long Island,
and the Norwalk Islands off the Connecticut shore, there is a differ-
ence in the time of occurrence of high water and low water on either
gide of Long Island Sound. Both high water and low water occur
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F16URE 28.—Lunitidal intervals, Western Long Island Sound

earlier along the north side of the Sound. This was also shown to be
the case for Eastern Long Island Sound from Orient Point, Long
Island, to Stratford Shoal Light, as will be seen from Figure 17 above.
West of Stratford Shoal Light and north of Smithtown Bay the high
water along the north side of the Sound is about 0.3 hour earlier than
on the south side, while the low water is approximately 0.4 hour earlier.
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West of Eaton Point, Long Island, and, in fact, all the way to
Throgs Neck there is practically no difference in time of high or low
water along either side of western Long Island Sound, as will be seen
from Figure 28.

It will be noted from Figure 29 that the range of tide along the
north side of western Long Island Sound from Stratford Shoal Light
to the vicinity of Eaton Point, Long Island, is greater than that along
the south side of the Sound. This was likewise true of eastern Long
Island Sound, as will be seen by referring back to Figure 18, and was
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F1GURE 20.—Range of tide, Western Long Island Sound

fully discussed above in connection with the section concerning the
tide and current in eastern Long Island Sound.

From Eaton Point, Long Island, to Throgs Neck there is practically
no difference in the range of tide along either side of western Long
Island Sound. Short series of tidal observations indicate ranges a
tenth or two of a foot greater at points near the heads of bays and
harbors in the vicinity of Captain Harbor, Conn., and Matinicock
Point, Long Island, than those which obtain at points along the Sound
proper.
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Between Little Gull Island Light and Fort Schuyler, Throgs Neck,
located approximately 82 nautical miles apart at the two extremities of
Long Island Sound, the range increases from 2.5 feet at the former
locality to 7.2 feet at the latter. There is also an increase in the times
of high and low water between these points, the Greenwich lunitidal
intervals for high and low water at Little Gull Island Light being 2.20
hours and 8.48 hours, respectively, and those for Fort Schuyler being
3.97 hours and 10.74 hours, respectively. From these lunitidal inter-
vals differences of 1.77 hours and 2.26 hours are derived for the times
of occurrence of high water and low water, respectively, at Fort
Schuyler, after the occurrence of such phenomena at Little Gull
Island Light.

It is seen, therefore, that there is a difference in time of tide as
well as range of tide at both extremities of Long Island Sound. If
only the time of tide changed while the range remained rather con-
stant throughout the waterway, a progressive type of wave might
be expected. On the other hand, if the time of tide differed but little
while the range increased considerably, a stationary type of wave
might be expected. However, from the tidal data it is evident that
both time-and range of tide differ throughout the waterway from
one extremity to the other. Therefore, it is obvious that a combina-
tion of the progressive and stationary types of tide wave obtains,

For a bogy of water to support a stationary tide wave its period of
oscillation should be nearly the same as that of the tide, or approxi-
mately 12 hours. If the period of oscillation for Long Island Sound

4 L

be derived from the stationary-wave formula, T =

L=length of body of water or approximately 82 nautical miles
(498,560 feet), g=acceleration of gravity or 32.2 feet per second, and
h=average (mean tide level) depth of water or 71 feet, a value of
41,720 seconds, or 11.6 hours, is obtained. This approximates to
the period of oscillition of the tide, and the body of water will,
therefore, support a stationary wave.
From the formula for a progressive tide wave, r=+/gh, in which
r=rate of tide progression, g=acceleration of gravity or 32.2 feet
er second, and h=average (mean tide level) depth of water or 71
eet, a value of 47.8 feet per second is obtained for the rate of progres-
sion of the tide wave. As the distance between the two extremities
of the waterway is zsﬁ)roximately 82 nautical miles, or 498,560 feet,
the time that it should take for the tide wave to be propagated from
Little Gull Island Light to Fort Schuyler—the two extremities of the
waterway—should be approximately 10,430 seconds, or 2.9 hours.
As determined from the Greenwich lunitidal intervals given above
for these tide stations the actual time of propagation of high water
throughout Long Island Sound is 1.77 hours, while that of low water’
is 2.26 hours. .
From the above considerations it will be noted that the tide in
Long Island Sound is produced by a combination of the stationary
and progressive types of tide wave, the-former predomina.tm%.
The value of 71 feet as the average, or mean tide level, depth of
Long Island Sound in the application of the above formulas was ob-
tained by adding 3.0 feet, the approximate half range of the tide over
the stretch from Little Gull Island Light to Fort Schuyler, to 68 feet,
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which is approximately the mean low water depth of Long Island
Sound. e latter value was derived by taking the average of 17
cross-sectional mean low-water depths at various points spaced about
5 miles apart throughout the waterway.

Due to the rotation of the earth on its axis there is a tendency to de-
flect all moving bodies to the right in the Northern Hemisphere and
to the left in the Southern Hemisphere. Since the water in Long
Island Sound moves westward on the flood it is to be expected that
under such conditions the water would be deflected to the right, or
northern, shore and the high water would, therefore, be higher on this
shore. On the ebb, when the water is moving eastward, the deflec-
tion of the water would also be toward the right, therefore low water
would be higher along the southern shore of the sound than along the
northern shore. It is evident from the above considerations that the
tide should rise higher and fall lower on the northern shore of Long
Ilslland Sound, and hence the range of tide should be greater along this
shore.

Comgarin the observed tidal ranges on the two shores of Long
Island Sound relative to the axis of the waterway it is found that the
rangﬁ along the Connecticut shore is somewhat greater than that along
the Long Island shore from the entrance at The Race to the vicinity
of Eaton Point, Long Island. Westward of the latter locality there
is Fractically no difference in range of tide along either shore of Long
Island Sound.

The theoretical amount, in feet, by which the ranges on the two
banksof a tidal stream differ is represented by the formula 30d+n¢’
a?proximately, in which »=velocity of the water in knots, d=width
of waterway in nautical miles, ¢ =the latitude, and g=acceleration
of gravity or 32.2 feet per second. For three localities in Long Island
Sound the values used in the above formula are as follows:

Locality (cross section) v d ¢ sin ¢

Nuautical | North
Knots miles lamoude'

1. Rocky Point, Long Island—Lynde Point, Conn.....occoo.....| 0.85 7% 41 12 0,68
2. Roanoke Point, Long Island—8achem Head, Conn............ 0.88 18 41 07 0.68
8. Matinicock Pofnt, Long Island—Parsonage Point, N. ¥....... 0.45 34| 408 0.68

Applying these values in the above formule the theoretical differ-
ences in range of tide on either shore of Long Island Sound at the
three cross sections shown above are, respectively, 0.3, 0.65, and 0.1
foot. These values agree very well with the observed differences in
range of tide at these cross sections, which are, respectively, 0.2, 0.8,
and 0.1 foot.

Tidal currents have been observed at a number of stations in West-
ern Long Island Sound by field parties of the Coast and Geodetic
Survey. The locations of these stations are shown in Figures 30 and
31 and the results from observations near the surface at these stations
are given in Table 70. Figure 30 shows the location of current sta-
tions numbers 1 to 64, inclusive, with the exception of station 59, in
the stretch from Stratford Shoal to Manhasset Neck, Long Island.
Figure 31 shows the location of current station 59 in Mamaroneck
Harbor, N. Y., and also current stations numbers 85 to 104, inclusive,
in the stretch from Manhasset Neck to Throgs Neck, N. Y,
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TaBLE 70.—Resulls from curreni observations near the surface, Western Long Island Sound

JReferred to times of predicted current at The Race]

021

Observations Flood strength g EDbb strength a
S o
Sta- 2 2
tion Party of— Location g,\ ™ 3 g,\ e 5
No. D - 3 a .Q; S| < : g CREES 3
" | 0% | 8|8 |8 |28\ 8 |3 |8 |8|28|8)32
&l =2 |dlg|ela |8|w |8 |E|a|2|m
@ [+
Da F Hours | Hours o | IHours | Hours R e
ys eet | a a nols|f{ours| @ a Knots| Hours
1| P. M. Traeblood..{ Off Point No Point_.....___._ Aug. 15-18, 1917_..._ 1 Pole.._.. 7 . 63 —&k712 256 | 1.37 1 673 612257 -—(4.133 95| 1.27 | 5.69
2 { J.R.Goldsborough. Wget 8[ Stn:itford Shoal Mid- | Sept. 27-28, 1846____. 1 Float_..| () 0.37 1.04) 261 1.75[/6.27| 0.81{ 0.72 781207 |6.15
round.
3| F.S.Borden..._._| Elll)f)mnm to Bridgeport Har- ; Oct. 24-25, 1916______ 3%4(—0.23 [—0.52 | 340 | 0.66 ) 6.08 | 0.02 |—0.18 176 | 0.65 | 6.34
r.
4| H.E. Finnegan_.._ N%r:il:igegf) " ’%(:s%uog Point, | July 17-19, 1929_.____ 7 ® ® OO Q@ ® Ol |l®
5| E.E, Haskell______| Off Penfield Reef......._.__.._ Sept. 56, 1890_.__... (0] 0.05 [—0.27 | 26110.68|7.47] 1.69] 133 290.74 1 4.95
North of Smithtown Bay__.... Aug. 5, 22, 1800____._ m 0771 0.73| 28310.79 | 4811—-0.25 |_.___..|......|...___| 7.61
gﬂ Chrzme NBeck Point.__ -{ July 16-17 1920 __ -g. e —1.60 | 256 (1)3‘30 498 —}Z)g -1.65 16 | 1.44 7.3
mithtown Bay._...._... [ PR« [ S, 7 1 0.65| 256 | 0.28 | 6.78 . 0.15 621029 |5
J. Sears North of Smithtown Bay...._ Nov. 16—17 1888.__._ 6 |—0.82 1-0.71 267 | 0.81 | 6.27 |—0.38 |—0.37 8310.66 | 6.15
10 J R Ooldsborough North of Eaton Point._........ Aug. 45,1847 ______ m 1. 55 Lo4 ]| 243(1.1416.18| L20| 143 72{1.24 | 6.24
11 | H. E Finnegan. .--| Mid<hannel, Saugatuck River_| July 12-13, 1929. 3%4 0.05|—-1.15] 313 | 0.22 | 4.58 |—1.20| 1L0O5{ 130 ] 0.27 | 7.84
oft Oregory Point, Norwalk |_____ do_____. 7 |—0.431—-0.50} 322 |0.66|6.21 |—0.05[—0.40| 148 | 0.64 | 6.21
Aug, 19, 1890_ 14 Meter._.| (1) 0.44]-0.10] 286 181|559 0.20] 0.08 34115768
Nov. 18-17, 1 134 Pole_____ 0.38) 0.27] 258 | 1.20{6.01| 0.57| 0.25 701 0.80 | 6. 41
-} Aug. 24-26, 1916_____ 2 |...do..... 7 |—0.15 |—0.62 | 312 ] 0.62 ] 3.70 |—2.28 |—0.62 69| L41 (872
Sept. 8, 1800_..._._._ 14| Meter...| (1) 0.70 ) 0.67 | 2741 0.63 | 5.50 | 0,37 |—0.34 11(0.51 692
-| Sept. 20-21, 1905__._. 14 Pole..... 7 0.19 0.48| 260|0.71 ] 5.18 |—0.48] 0.39 68 1.12]7.24
June 28-29, 1847 ... 1 Float.._| (1) L00( L51f 21311191598} 1.13| 227 5811.29]86.46
May 18-19, 1887_ ... 134 Pole_._.. 6 |—1.60| 0.35]| 215(0.70 | 4.22 |[~0.01 1.61 90]1.10]82
Aug. 13-16, 1929 ____ 214|_..do...__ 7 [~1.40 |—1.46 | 221 | 0.54 | 6.25 {—0.98 |—0.48 711 0.65 | 6.17
..... do.__oeeoio.......| Sept.13-15,1916...__ 2 l._.do..... 7 {—0.82|—-0.081 177 | 0.48 | 7.20{ 0.55 [—0.41 65]0.45 | 5.2
Huntington Bay (east side).._| July 8-9, 1929___ R 7 |—-0.65| 0.20| 179 | 0.54 | 5.98 |—0.50 |[—0.90 101 0.52 | 6.44
-{ Huntington Bay (mld-chgmnel). July 8-11, 1929 7 0.92{ 038) 178 10.39 | 487 [—0.04 | 0.62 20| 0.58 | 7.55
Huntington Bay (west side)...| July 8-9, 1929___ 7 0.15{ 0.00| 18010.52} 553 |—0.15|—0.15] 358 | 0.57 | 6.89
Lloyd Harbor................. July 8-10, 1929 5 1—0.20 |-0.15| 267 | 0.25{ 513 |-0.90| o0.05| "s1/0.37|7.2
S - - ~0. 76,0.92,6.2 | 005, 0.79 | 252{1.55]86.22
% F.8 Borden ..., Entranceto Northport Bay ... Sepr LB ior0——| Bl 7 |00 (0% | s |12 |57 |-o025| a2s| 20| res|s
2B ... 0ol "sb'\im ‘of Duck Island Bloff, | July 9-10, 1929. .. 1 |--do . 7| 0.15] 0.65| 37(0.39|5.78| 0.10{~0.55| 286 |0.29 | 6.64
- 279 1.32 | 5.13 (—0.61 |—0.68 64 1.4417.20
F.S.Borden_.__.__ North or{loyd Point_ . ...._. Aug. 21-23, 1916_____ 2 |...do.__.. 7 0.09 {—0.15
g J.R.Goldsborough.| Entrance to Oyster Bay....._. July 9-10, 1847______. 1 Float....| (1) |-0.58{ 0.3¢ | 245]0.80{7.63 | 1.22| 0.39 64 [0.71 [ 4.79
— 48] 0.30] 0.25| 348} 0.66 | 5.94
Oyster Bay (off Center Island).| July 2-3, 1929.____... 1 ! Pole..... 434|—0.35 | 0.00| 148610.76 | 6.
g% .E.iﬂ Fjl_xfl.].e:n.n..___ Oy;t.ert)Bay (off Whitewood | July 2-5, 1929..__.___ 3%|._.do.__.. 7 0.22| 0.07| 114]0.52|5.65| 0.04| 0.42] 318 |0.64 | 6.77
oint). B _ ] "
33 | F. S. Borden. . ..__| Oyster Bay (off West Fort)._.| Sept. 11-13, 1916._._. 2 |...do___.. 7 |—0.32 |—-0.73 1,% 0.521{6.00 _0. lg _(l). % 32 g gg g _414
34 | H. E. Finnegan. . ..| Cold Spring Harbor (east side)_| July 4-5, 1820___._.__ 1 j..do.___. 414|—1.25 [—0.70 (1g5 (’)m g % _(l). Lo AP A
35 ]..... P U N Cold Spring Harbor (west side).| July 3-4,1929.._...__ 1 |[...do..... 4141—0.85 |—0.55 ) 3 . . 3
-~ 6. 4.
36| F.S.Borden._..__. Oyster Baymﬂ)arbor (south of | Aug. 17-19, 1816____. 2 | Pole__... 7 |-0.14[—0.03| 244]10.72 | 5.97 ] 0.00 |~0.07 54| 0.66 5
Plum Point). . _ o 14 | 0.60 | .84
37 | H.E. Finnegan. ... O%sber gaiy t,l):lm'bor (west of | Juiy 34,1020 _______ 1 t_do.__.. 7 0.85 |—0. 45' 13410.33 | 258 |—-2.40 | 0.80 4
ove Poin:
188 10.65{ 6.73 1.25 | 0.90 6]0.35]| 5.69
_____ A0t @0 eieeaeeeeee | July 2-3, 19’29.....-.. 1 |..do.....} 7 0.35| 1.10 _ B : 8o
% ..... do_ ... Oyster Bay I;{arbor (west of | July 34,1920 ______ 1 |...do.___. 7 [—0.10 |~0.55 | 326 | 0.56 | 418 {—L 75 [—0.10 | 146 | 0.64
Soper Point). - 584
1.25| 341/ 0.40 | 6.58 | 1.60| 0.80 | 134 ]0.23 | 5.
40 |- do. ]l L SN July 45,1920 _...... 1 |...do._... 7 0.85
. .50 | 0.87{ 0.82 59 [ 0.58 | 6.92
ﬂ, gem{.?-_&q islséo‘osz. lﬁ 'M%?éi—l: {8 &'3 (‘i% ?ﬁg 8 % g 15 |—0.26 —& g; RH g. % g. g
43 | H.E. Finnegan._._.. St.am!ord Harbor (off Cook | July 11-12, 1929__.___ 1 | Pole._... 4 |—0.15}~0.70{ 3340.16 | 6.781 0.80 3 .
Polot)s -0 11| 0.13] 6.34
7% - [ [ T, Stamford smﬂ%r$ ) (East |..... s L 1 |..do._... 414|—0.05| 0.50{ 19]0.2616.08( 0.20 {—0.70 211
ot Y 74 11.03]86.10
45 | J.R.Goldsborough.| South of Captain Harbor__.... July 8-9, 1847____.... 1 | Float___.[ (1) 0.14] 0.01} 258|099]6.32( 0.63| 0.30 i
~0.50 | 304 |0.75]5.28 |~0.30 |—0.95 ] 106 0.78 1
Entrance to Captain Harbor...| July 11-12, 1920_____. 1 {Pole...j 7 025 — - 0.39 | 6.74
oft (t))om Island, Coscob |.._.. [ [ S, 1 |...do.....}] 3%| 0.05[—0.35 13 { 0.41 | 5.68 {—0.10 {—~0.50 | 188
OF Bors Shoal... oo Sopt. 19-20,0ct.23, | 24...do.... 7| 02| a2s| 21]|o4s{s01] 057 037| a2]0sles
nage Poi 0.48]6.13| 0.771 0.40 540.50| 6.29
| Off Parso! Point.__ June 25-27, 1929 . ___ 135)...do._.__ 7 0.47] 0.00| 195 i
Off Matinicock Point_ _| Aug. 14-15, 1890_.... 1 Maeter...| (1) 147 | 0.90| 2030.53]1530; 0.94| 1.06 39(0.65
JU 1 Pole___.. 7 0.80| 0.13| 230} 0.41 | 4.30 |[—0.73| 0.12 461 0.66 | 8.12
""" . o ?u%e“zlﬁg lgl?ﬁly s |-do_| 7| rLaa} 110] 236|051 |505) 0.66| 0.50| 58)0.73)7.37
""""" 15-18, 1929, .
- ot 0.55) 0.13] 272}0.77(6.55| 1.27| 1.48 3006158
?ul;‘e 7158-2}3_%);{8??. {% ll\"()el;e_:_ - ('3 0.90| 0.90| 262]|0.52] 548 0.55{ 0.10 60 | 0.79 g%
...... Aug. 31-Sept 1, 2 |..do._..| 7 0.27 |—0.25| 254 | 0.89 | .93 |—0.63 |—0.60 50| 1.03)7.
Oct. 3-4, 1916,

8ee footnotes at end of table.
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TABLE 70.—Results from current observations near the surface, Western Long Island Sound—Continued

(441

. Observations Flood strength | & Ebbstrength | _ |8
ta- £ : g
tion Party of— Location g £ ] 3 §
No. - 3 Sl 2% .| »| § g
Date 2 8 2] u e |82 8| ” | o |SE[ 8 [ “
s 2 |8 8|8 |28 3|85 | 8 (BE(5]2|8
R4 = A o & o] > & @ = [a] ; ﬁ =
H%: Hours| - Hours | Hours
6| B.E.F . s a q nolsiHours| after | oflxr ° | Knots| Hours| I
innegan. .. Off Matinicook Point..._....... 05 | Cor | o [S0 0] T | LD | e [l P
57 | J.R.Golds! SoutholR ........
AT s b e L I0n | B lamlan) anl an) miemiee) in
5 | H. E.Finnegan_.__| O sn tly 1 - - - 110.50 | 6.58 | 211
egan i d o§ %oshnd.Mamany -0.45| 090 290 | 0.12 —0.35|—0.10] 110]0.30{6.49] 1.13
60 [..... do ... Hempstead Harbor :
iy (off Mott 0.90| L10| 206]0.34 3.8 {-110{-0.50] 305 0. L2
61| F.S. Borden.....{ .__.do_ ... ...._._..___
YRR R it - —— -4 §B 04| |0 s i-am | a5t ot a7l 105
& |._... 40 - - . - 3 519{ 1.88
© H;g;pyfsmdoc!{t)lrbor(oﬂxum 0.8 ] 0.9 (9 |0.30]{483 0.50| 346 0.40 7.5 | L 63
..... 0. oo Hempswtdmli?rg: (mid)- 2 —0.10[—050|____|135158 |[—010l-0.10].____{L7s|659! ass
65 | J.R.Goldsborough_| Off Execution Rocks Light____| July 34, 1847._______ 1 |Float_..| () | o47| 051 214 |0 42|574| o3| 097| 3s|o46|66s| L1
1 |._do____ (M) | 034] 013] 239{064 6281 0.77| 0.78] 32
1 | Pole.__._ 7] L17{-010| 226|039 |600] 1L43| 180 23 &247 g:lag 7&%
2 |...do.__ 7 | 182 038] 256}0.511496| 095| 1Lo7] 62]/049|7.46| 219
1 {._.do.___ 3% 0.70| L85 266011538 025 020 110|017 704 1.88
1 |--do____ 71 09/ 075 232{041|613] 1.20| 0.15| 50051 (629] 188
7 | 09| 140} 208 |0.17|593| 1.00(—0.40| 28]047]64
® [ 017 060 205|0.60 (565|001 (—n39| 34]{0.78 &73 1ng§
51 asd| 033) 240} 0.69[478|—025| o 65| 1.00(7.64 151
231 L99|._.___ 0.56 570 2.18| 286 ) .____ 0.31 | 6.72| 3.47
M ] 200f 228) 205!048 |48 | 097| 2255| 16]0.87]7.62| 307
. 414|-1.00 (—0.65| 141 |0.67[7.73| 0.90 |—0.80 | 342
R. 0.32/460| 0.7
=%l B 7 (-0.081-0.20| 139 |0.45[5.19|—0.72| 0.09| 335|040 7.23] 0.90
79 | H. Mitchell - ;” %g —%2 1875 8:3; %g —%g —1.30| 337|0.41 |9.29| 0.48
o f . 3 349| 48|00 |7.12] 34
80 Goldsborough j... .. T July 4-5, 1847 .. M 1 167] 168} 199/ 048|550 ] L43| 23¢| 46fos4{ess| 201
81 7| 270] 2.70| 201[0.39528| 2.15| 3.80| 22!0.81|7.14| 3.97
82 do 5 | 3.50| 3.86| 184|049 [4.82] 2.49| 3.37| 53|080|7.60| 4.43
83 1 Off Hewlett Point 34| 1.85| 2.60 | 227|0.54(6.43| 2.45| 112} 33| 063 |59 313
84| ... A0 em oo Bcitsviveeéxs Hart and City |....- d0ueoe s 7] 290! 2275 181 0.46[6.48 | 3.55] 3.25| 355 0.76 | 5.94 | 4.24
ands.
85| ... [ ( Y, R%dgndz;n Neck-City Island | June 17-18,1929..__. 4% ® ®) (OB O O] ) ¢) ® ® [OIN O]
T1dge.
Y3 T 1 S, East Chester Creek (Pelham | June 18-19, 1929..... 41%|—0.65 [—0.80 | (5 | 1.75]6.08 |—0.40 |-1.05} (% |1.05]6.34| 0.4%
Highway Bridge).
87 |...on 1 S East Chester Bay________.___. June 13-14, 1929.____ 4151-0.50| 0.90| 268{0.22]7.23] 0.90|-0.30} 128!0.17]|519| 138
8 i . SR do..._. ... 415 0.40[—0.25| 306 | 0.57 (573 | 0.301-0.20] 118 |0.45|6.69| 1.19
89 Off Stepping Stones Light._.__| July 21-24, 1858 5 | 439 3.55| 197 0.41|3.38| 1.94| 3.82( 14(0.80]9.04(10.76
20 do Aug. 2-3, 1847______] 17| Float. - () | 3.43| 3.80 206]0.51 |58 | 271 3.39| 33]0.85]6.55} 10.67
91 Sept. 3, 1890...__.... 16] Meter...| () | 2541 2.93| 251{0.62]|6.06| 2.77 | 4.31 810.80 6.3 1048
2 _| June 12-13, 1929. 4150 165|040 122{0.38| 4581 040(-0.25| 320|073 |7.84 [ 1.48
o3 Sept. 89, 1920_ .. 7 1—0.73| 1.35] 135]/0.16}7.20| 0.73 |-0.71} B5[0.28 513 1.29
o4 June 12-13, 1929.. 415|—1.55 [ 0.00| 14810.37}6.73 [—0.65 [-1.20 | 336 | 0.37 | 5.69 | 0.28
85 July 30-31, 1922_..___ 71 3.82| 344 249|038 | 430} 2.38| 422| 78| 1.03}803|10.80
2 Sept. 10-11, 1920.. . 1 1. 7| 3.47| 3.19| 260 0.68]569] 3.33| 427 93| 12418673} 10.90
o7 _} July 26-Aug. 7, 19221 11%6|__.do_.... 7 | 355 3.07| 248]0.53(521| 23| 419 921207211078
o8 July 30-31, 1922..____ 17|~ do. . 2. 7 | L77| 359 263/ 0.5816.40( 243] 2.72| 53|09 |59 | 9.97
29 | July 18-24, 1858._____ 6 | ..do..._. 51 38/ 361} 265|078 |48 | 287| 462 90j0.9 7611109
100 July 12-13,1858. .|  34|...do...__ 5| 230 2.95| 31610.55[6.58| 3.14| 394 92) 123|584 1044
101 | July 18, 1858.. ... 1l_..do..... 5 | 410] 2270 276|119 463 ] 209| 484 108144770 10.02
102 June%25 1929.__| 177|._.do...-. 7 | 465] 4.00| 310{0.89|375]| 2.57| 4.00]| 130 1.99|8.67 | 11.14
103 | @0 oo o T Q0 1 |-.do.. 7| 470| 3.45| 288 1.40)5.38| 425 3.8 | 111)177|704 (1139
104 |- Cdoo ) don i dor T 1 {..do..._. 7| 215| 335 202|1.01|7.563] 3.85| 2.60| 106 1.01 | 489 |10.33
! Surface.

1 Current weak and irregular,

4 See discussion in text on pages 128-9 regarding direction of flood at this station,
¢ Current southerly.

$ Currents irregular at this station. See curves and text, p. 131.

¢ Flood sets northerly, ebb sets southerly.
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The Coast and Geodetic Survey has observed tidal currents in
western Long Island Sound from time to time since 1846. For the
most part these current observations were made by means of current
pole and current log line method. The current pole used in recent
years by the Coast and Geodetic Survey has been a standard one, 15
feet in Kangth and weighted at one end with sheet lead so as to float
uprightly in the water with 1 foot of its length above the surface of
the water. Since this pole submerges to a depth of 14 feet the results
of observations may be considered as pertaining to current conditions
at an average depth of about 7 feet. The remaining observations were
made either with floats or common log chips at the surface of the
water, or, in the case of the 1890 observations, by means of current
meter near the surface. Perkins, in 1887 used & 13-foot pole which
submerged about 11} feet, while Sears and Crosby in 1886 used a pole
which submerged 12 feet. Mitchell, in 1858, used a tin tube which he
refers to as a ‘‘tube meter.”” It was a pipe 12 feet long, made of tin
and so constructed as to float uprightly in the water with about 10
feet of its length submerged.

The times of slack water and of strength of flood and ebb currents
at stations given in Table 70 are referred to the times of similar
%hases of the predicted current at The Race. Predictions for The

ace are given for-the times of slack water and the times and veloci-
ties of flood and ebb strengths for every day in the year in the Atlantic
Coast Current Tables, published annually in advance by the Coast
and Geodetic Survey. That is, The Race is a standard port to which,
by means of the time differences in columns 8, 9, 13, and 14 of Table
70, subordinate stations in Long Island Sound may be referred in
order to predict tidal-current conditions at such subordinate stations.
In the’columns of Table 70, mentioned above, the minus (—) sign
means that that phase of the current at the subordinate station occurs
earlier than the corresponding phase of the current at The Race.
Otherwise, the current phase occurs later than that at the reference
station.

Particular attention is called to the direction of flood and ebb
currents in western Long Island Sound as given in the data in Table
70. For purposes of this publication only, and also for convenience in
referring the times of the current at each of the 104 stations to a single
standard station, namely The Race, the westerly going tidal current
is considered as the flood and the easterly going tidal current as the
ebb throughout Long Island Sound. Near the western end of the
sound, however, these terms might properly be reversed as the
Westerl{ going current reaches its maximum strength on a falling tide,
while the easterly going current reaches its maximum strength on a
rising tide.

The times of the current, as well as the durations of flood and ebb
at each station in Table 70, are given in hours. The durations of flood
and ebb at each station have been derived from the durations of flood
and ebb at the reference station by means of applying to the latter
the time differences given in colums 8, 9, 13, and 14. The mean
current hour in solar time in the last column of the table has been
derived by application of the time differences for slack and strength of
current at each station to those for similar current phases at the refer-
ence station. It shows the time of strength of flood current at each
station as compared with that at The Race, the value for the latter
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being 1.13 hours, or 13.55 hours. In other words, the times of strength
of flood current at the various stations in the table are now made com-
parable one with another. For a discussion regarding the mean
current hour and its derivation see page 33.

The observed velocities of the current at stations given in Table 70
have been corrected to a mean range of tide and the corrected velocities
which are representative of average current conditions, are given in the
table. Obviously, these velocities would be increased with increased
tidal ranges and would be decreased at times of neap or apogesan tides.
This increase or decrease might be as much as 35 or 40 per cent from the
mean velocities depending upon tidal conditions at a given time.

An ingpection of the mean current hour for mid-sound stations 6, 14,
41, 52, 58, 67, and 81 in Table 70 will show that the time of current is
frogressively later and later from Stratford Shoal westward to Hart

gland Light. This progression is slow, however, the current in the
vicinity of Execution Rocks occurring about an hour later than that
off Oldy Field Point, Long Island, and Stratford Shoal Light, the dis-
tance being about 30 nautical miles. Over the 2%-mile stretch from
Execution Rocks to Hart Island Light the difference in time of current
is nearly two hours.

In passing, therefore, the progression of the current through the
middle of Long Island Souncf may be summarized as follows: Over
the stretch of eastern Long Island Sound from The Race to Stratford
Shoal Light, a distance of 48 nautical miles, the current is almost
simultaneous, owing to the wide expanse and good depths of the
waterway. In western Long Island Sound, over the stretch from
Stratford Shoal Light to Execution Rocks, a distance of 30 nautical
miles, the difference in the time of current is about one hour. In this
stretch of the waterway the time of current is retarded considerably
by the funnel shape of the waterway which narrows rapidly from a
width of about 12 nautical miles, off Bridgeport, Conn., to about 2%
. nautical miles off Execution Rocks. At the same time the waterway
rapidly shoals from depths of about 20 fathoms off Stratford Shoal
Light, to about 7 fathoms northeast of Execution Rocks. The ex-
tremely slow progression of the current southwestward of Execution
Rocks is due to considerable tidal interference in this vicinity.

It will be noted from the time differences in columns 8, 9, 13, and
14 of Table 70 and also from the data for mean current hour in the last
column of the table that the current occurs much earlier in the bays
and harbors along theshores of Long Island Sound than it does in mid-
Sound. In some cases it will be observed that the current in these
tributaries even occurs earlier than it does at The Race at the entrance
to Long Island Sound. This is attributed to the fact that the various
bays and harbors along the shores of the Sound must be filling most
rapidly three hours before high water.

In order to test out this theory let us consider the relation of
strength of flood current to local high water at the entrances to a few
bays and harbors along either shore of western Long Island Sound.
At random we may select station 23 in Huntington Bay, Long Island,
stations 32 and 33 in Oyster Bay, Long Island, stations 60 and 61 in
Hempstead Bay, Long Island, station 59 in Mamaroneck Harbor,
N. Y?, and station 47 in Coscob Harbor, Conn. The results from
current observations at these stations show that the strength of flood
current occurs earlier than local high water at each station approxi-
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mately as follows: Station 23, 2.3 hours; station 32, 2.8 hours; station
33, 3.6 hours; station 60, 2.9 hours; station 61, 2.8 hours; station 59,
1.8 hours; and station 47, 3.1 hours. From these values we may con-
clude that the strength of flood current in these bays and harbors occurs
about three hours earlier than local high water, or approximately at
the time of local mean tide level. This relationship also holds true
for the Thames River, off New London, Conn., as was shown above
on page 65 in connection with a discussion concerning the relation of
current to tide in that waterway.

It may be definitely stated that at virtually no locality in Long
Island Sound does the strength of current occur simultaneously with
either high or low water. This is clearly seen from a study of cotidal
and cocurrent lines for this waterway. Therefore, the distinction
between high water and strength of flood current should be clearly
drawn, as should, likewise, that between low water and strength of ebb.
The fact that the strength of flood current throughout a large area in
Long Island Sound from Orient Point, Long Island, to Eaton Point,
Long Island, occurs from about 1¥% to 2% hours earlier than local high
water, or approximately near the time of mean tide level, is due to the
character of the tide wave in Long Island Sound which is predomi-
nantly of the stationary type.

It may now be well to consider in some detail peculiar current con-
ditions which occurred at several of the stations in 1929 when the
most comprehensive current survey of this waterway was executed.
In this group there may be included the following stations: 4, 20, 28,
34, 35, 36, 60, and 85.

Current station 4 was located in mid-channel, off Tongue Point, in
Bridgeport Harbor. The results from continuous observations over
a period of 25 hours at this station by means of current pole and cur-
rent log line, as well as by current meter show that the current in this
locality was very weak and irregular during the observational period.
Slack water obtained for several hours before flood and ebb and maxi-
mum velocities of only 0.3 knot were observed at times of flood and ebb.

Current station 20 was located just north of a line joining Lloyd and
Eaton Points, Long Island, but much nearer the latter, however, at
the entrance to Huntington Bay. The current at this station has been
treated as a reversing current in obtaining the data given in Table 70
for this station. However, the current at this station may be treated
as a rotary ty(fe of current and the resultant curve showing the hourly
directions and velocities of the current at this station as observed for
a period of 2% days in 1929 by means of current pole and current log
line near the surface is plotted in Figure 32.

Figure 32 is a diagrammatic representation of the tidal current at
station 20, entrance to Huntington Bay, Long Island Sound, from
observations made near the surface. The time of current has been
referred to the times of high and low water at New London, Conn.
Strength of flood current occurs about 2% hours earlier than the time
of high water at New London and sets about S. 55° W. (true) with a
velocity of about 0.40 knot. Minimum velocities before ebb and flood
oceur, respectively, about one hour after the times of high and low
water at New London with velocities of about 0.10 knot. At times
of minimum velocity before ebb and flood at this station the current
sets northwesterly and southeasterly, respectively. Itshould benoted
in this connection that the current 1s somewhat rotary in character at
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every current station, but it is particularly so at offshore stations. It
is unusual, however, to find it in inland waterways to so marked a
degree as it is found at this station, where the minimum velocity of the
current is approximately one-fourth as great as the maximum. Ref-
erence to Figure 7, showing the rotary :;{y;éi of current at Cornfield
Point Lightship in eastern Long Islan: und, will show that the
ratio of minimum to maximum current at this lightship station is
about 1:13%. In other words, the current at Cornfield Point Light~
ship is considerably more of the reversing type than that at station
20, at Huntington Bay entrance.

True North

4

L \ ! ) |

0.0 0.1 0.2 03 0.4

Scale of Knots

FIGURE 32.—Current ellipse from nonharmonic tabulation showin§ results from observations
by means of current pole and current log line at a depth of 7 feet, statlon 20, entrance to Hunting-
ton, Bay, Long Island

Pettersson current-meter observations were also made at station 20
at a depth of 18 feet. The results from observations with this meter
show a rotary subsurface current and such results have been shown
diagrammatically in Figure 33.

In Figure 33 the time of current is referred to the time of tide at
New London, Conn., as was the case with Figure 32. In both of
these figures the true directions and observed velocities of the cur-
rent are shown with reference to the hourly stages of the tide at New
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London, “H” meaning high water, ‘‘L;” meaning low water, the plus
(+) sign meaning “later than,” and the minus (—) sign meaning
‘“‘earlier than’’ the time of high or low water at the reference station.
For instance, as shown in Figures 32 and 33, the current at station 20
is running southerly two hours after the time of low water at New
London, Conn., with a velocity of about 0.15 knot. One hour before
low water at the reference station it is running northeuasterly with a
velocity of about 0.45 knot.

A comparison of Figures 32 and 33 is interesting in that it shows a
lag in the change of the subsurface current direction at the middle
depth at this station as compared with that near the surface. This
appears to be characteristic of subsurface tidal current directions and
is most likely due to the effects of increased friction upon moving
particles of water in layers nearer the bottom. From Figure 33 it is

L-3
True North L-2

L I 1 | J
. 0.0 0.1 0.2 03 04

Scale of Knots
F1GURE 33.—Current ellipse from nonharmonic tabulation showing results from observations by

means of Pettersson current meter at a depth of 18 feet, station 20, entrance to Huntington Bay,
Long Island

found that the strength of flood current occurs about 1}% hours earlier
than the time of high water at New London and sets about S. 55° W.
(true) with a velocity of about 0.45 knot.

Nontidal sets at this station, obviously due to effect of north-
westerly and westerly winds were observed as follows: 7-foot depth,
0.1 knot, S. 50° E. (true); 18-foot depth, 0.2 knot, S. 20° E. (true).
The former was obtained from observations made by means of cur-
rent pole and current log line, while the latter was derived from
Pettersson meter observations.

Current station 28 was located in mid-channel in Northport Bay,
about one-fourth mile south of Duck Island Bluff. The unusual
feature connected with current conditions at this station concerns
itself with the direction of the flood tidal current. It will be noted
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from the data in Table 70 that the flood direction listed is N. 7° E.
(true). This value is the average of two observed directions of the
current at times of flood strength over the 25-hour period of obser-
vations at this station and needs further explanation.

It will be noted from the data for station 28 in Table 70 that the
duration of flood at this station is about 5% hours. The average of
the half-hourly flood current directions observed at this station show
that for the first 2 to 2% hours of the flood the current sets N. 66° E.
(true) or toward the southern end of Asharoken Beach. For the
balance of the flood duration, the observed half-hourly directions
very from N. 30° W. (true) to N. 17° E. (true) and the average set
of the current during the latter part of the flood is about N. 8° W.
(true), or toward the entrance to Duck Island Harbor.

The conclusion from the results obtained from observations at sta-
tion 28 is that the flood current in this vicinity first fills up the eastern
portion of Northport Bay from Asharoken Beach to Northport. On
the last half of the flood, after Northport Bay has been filled with
water and the level of the water has been raised in the bay proper,
the current sets toward Duck Island Harbor. The average direction
of ebb at this station is about N. 75° W. (true) and none of the half-
hourly observed current directions on the ebb vary more than 30°
from this mean value. There is, therefore, no unusual feature
regarding the direction of ebb at this station. It is very likely that
the discharge of water on the ebb from Duck Island Harbor would not
be experienced at current station 28.

Current stations 34 and 35 were located in Cold Spri.uﬁ Harbor, a
tributary of Oyster Bay. At both stations strong southerly winds
greatly interfered with the velocity and direction of the flood during
the 25-hour period of observations, resulting in virtually slack-water
periods of six hours’ duration when flood would have occurred under
normal weather conditions. The flood current at these stations,
setting southerly, was often completely masked by being counter-
balanced by the nontidal northerly set produced by wind effect.

Cold Spring Harbor is a small tadal basin, and, in a case where such
condifion obtains that the basin is not so extensive as to show con-
siderable differences in the time of tide in different parts of the basin,
a simple formula for the strength of tidal current through the entrance
to the basin can be easily derived from the area of the basin and the
range of the tide. When the aree of the tidal basin is practically
the same at high water as at low water and the width at the entrance
does net change materially, the formula for strength of surface
current through the center of the channel may be expressed as follows:

- 0:000187 A 7
' a(2c+r)

In the application of this formula to derive the velocity of the
tidal current at the entrance to a tidal basin, numerical values may be
substituted for the terms in the formula, as follows: A=area of the
basin, or 37,000,000 square feet; r=mean range of tide in the basin
or 7.4 feet; a=width of entrance to the basin, or 4,680 feet; an
c=mean depth of entrance from low water, or 14.55 feet. Substntuﬁ;ag
these values in the above formula, a velocity of 0.30 foot per second,
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or 0.18 knot is derived for the average velocity of the tidal current at
the entrance to Cold Spring Harbor. Since there is not much change
in width or depth at current stations 34 and 35 from that which ob-
tains at the entrance to the harbor it is reasonable to expect that aver-
age velocities at the above-mentioned current stations should approxi-
mate 0.2 knot. The results in Table 70 for these current stations
evidently bear out this conclusion.

In this connection it should be borne in mind that a 10-mile-per-
hour wind produces a nontidal current of about 0.2 knot which sets
about 20° to the right of the direction in which the wind is
blowing, while & 20-mile-per-hour wind produces & nontidal current
of about 0.3 knot. The record of currént observations at station 34
shows that a continuous south-southwest wind varying in strength
from 2 to 30 miles per hour and averaging about 17 miles per hour
obtained throughout the first 22 hours of the 25-hour observational
period. This condition would produce a northerly nontidal set of
about 0.25 knot and completely mask the flood. Therefore flood
would not occur and the ebb tidal current would be increased above
that which would obtain normally. The results for station 34 are
therefore explained when the effect of the wind upon the tidal current
is taken into consideration. Actually, instead of flood occurring at
this station slack-water periods of several hours’ duration were
observed.

Station 36 was located in-the channel about 350 yards southeasterly
from Plum Point at the entrance to Oyster Bay Harbor., There 1s
'nothing unusual in the observations at this station itself, but the fol-
lowing note by the officer in charge of the observing party régarding
general current conditions in this vicinity is of value to local nav-
1gators. He states that—

Each time the launch swung, when the current changed from ebb to flood,
and vice versa, it swung around through the north, and there was a slight current
setting to the northward. People living in this locality report that the current
continues to flood close to the shore line south of Plum Point after the current
has started to ebb in the channel, and that, on the other hand, it continues to
ebb on the Cove Point side after slack water in the channel. Pulling boats take
advantage of this. There is a very noticeable eddy in the bight just west of
Plum Point.

The results from observations at current stations 37 and 38 appear
to bear out the above deductions, for an unusually long ebb duration
of 9.84 hours obtained at station 37 as compared with a flood duration
of but 2.58 hours, with the ebb strength about twice as great as that
of flood strength. On the other hand, at station 88 (see fig. 30) a
flood duration of 6.73 hours obtained as compared with an ebgb dura-
tion of 5.69 hours, and the observed flood strength was about twice
as great as that of ebb strength. Attention is also called to the
unusually long ebb and flood durations in Table 70 for stations 39
and 40, respectively, located in Oyster Bay Harbor west of Soper
Point, Center Island.

Current station 60 was located about 125 yards off Glen Cove
Breakwater Light at the entrance to Hempstead Harbor. The
unusually long ebb duration of 8.59 hours observed near the surface
at this station was most likely due to the effect of a continued south-
erly wind, averaging about 10 miles per hour, which obtained during
the observational period of 25 hours. The data for this station
derived from observations at various depths, as given in the follow-
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ing table, will show that from the mid depth to the bottom the dura-
tion of flood greatly exceeds that of ebb, while near the bottom the
velocity of flood is considerably greater than that of ebb. This
shows rather conclusively the effect of the southerly wind upon the
surface current at this station.

Current station 85 in western Long Island Sound was located at
City Island Bridge connecting City Island with Rodman Neck.
Observations were made in the channel east of the draw span. The
current at this station is exceedingly irregular and does not lend itself
to tabulation in the usual manner of treating reversing, or rectilinear,
tidal currents. Therefore, the current curves derived by plotting the

June 1 1929 June 18 1929
1

Hogrs 16 17 18 18 20 21 22 23 3 -] bl 8 9 10 1} 12 1 14 15 1%
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L | 7
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Fi1GURE 34.—Current curves, station 85, City Island Bridge

observed velocities obtained by current pole and current log line near
the surface and also by means of current meter at depths of 2 feet and
8 feet are shown in Figure 34.

It will be noted from the curves in Figure 34 that maximum, mini-
mum, and secondary maximum velocities occurred during the 25-hour
observational period, June 17-18, 1929, on both flood and ebb, the
inequalities in maximum and minimum flood strengths being some-
what greater than those in the maximum and minimum ebb strengths.
There is no doubt, however, that current conditions at this station
vary considerably from day to day, and. that the current velocities,
directions, and times of occurrence depend upon changes in the level
of the waters in the areas surrounding City Island.
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TABLE 71.—Resulls from current observations at various depths, Western Long Island Sound

[Referred to times of predicted current at The Race)
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At 66 of the 104 current stations occupied by the Coast and Geodetic
Survey in Western Long Island Sound observations were made by
means of current meter at various depths at each station. The results
from these observations are given in Table 71. The 1890 observa-
tions were made by means of the Ritchie-Haskell direction-current
meter, which measures both the velocity and direction of the current,
while the 1929 observations were made by means of the Price current
meter, which measures velocities of the current only. In 1920 and
1922 Price current-meter observations were obtained at several sta-
tions in that portion of Long Island Sound from Execution Rocks to
the entrance to the East River. At stations 8, 20, 27, and 46 (see
fig. 30) observations were also made by means of the Pettersson
current meter. This meter records both velocity and direction of the
current,

In general, the results obtained by means of observations with this
type of meter agree very well with those obtained by means of the
Price meter at corresponding depths. The current curve obtained
from observations made by means of the Pettersson current meter at a
depth of 18 feet at station 20, entrance to Huntington Bay, Long
Island, is shown in Figure 33 accompanying a discussion on currents
in that vicinity. This curve shows the hourly velocity and direction
of the subsurface current at station 20 with reference to the times of
high and low water at New London, Conn. Figure 32 shows similar
conditions for the surface current at this station.

The 1890 meter observations were made at the surface, mid depth,
and bottom, while the Price meter observations in 1917, 1920, 1922,
and 1929 were generally made at 0.2, 0.5, and 0.8 of the depth at the
station.

The data for mean current hour in the last column of Table 71 show
that at most stations the time of current occurs earlier with increased
depth. For unusual current conditions which obtained at some of
the stations for which data are given in Table 71 reference should be
made to the text above in connection with surface-current conditions
at these stations. It will be noted from the data in Table 71 that for
most stations the observations show that the flood duration generally
increases with increased depth, while the duration of ebb generally
decreases. Likewise, there is an increase relatively in subsurface
flood velocities as compared with subsurface ebb velocities at the
same depth. Obviously, such conditions should generally obtain, and
explanations for these phenomena have been given above 1n connection
with a discussion of the effect of fresh-water discharge upon the dura-
tion and velocity of flood and ebb tidal currents in other portions of
Long Island Sound and its tributaries.

TEMPERATURE, DENSITY, AND SALINITY OBSERVATIONS IN LONG
ISLAND SOUND AND ITS TRIBUTARIES, 1929-30

Temperature and density observations were obtained at 71 of the
99 current stations in Long Island Sound and vicinity which were
occupied during the summer of 1929. The results from these ob-
servations are given in Table 72. )

For purposes of identification, the numbers of the current stations
at which temperature and density observations were made are given
in the first column of the table.. These station numbers are identical
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with those in Figures 9, 11, 15, 19, 24, 26, 30, and 31, which show,
respectively, current station locations in The Race and Plum Gut,
Fisiers Island Sound and its tributaries, Thames River, Eastern
Long Island Sound, Connecticut River, Housatonic River, and West-
emniong Island Sound. The data for current station 3a, located at
the eastern entrance to Fishers Island Sound (see fig. 11) were ob-
tained during the summer of 1930.

Temperatures and densities were observed at three different depths
at nearly all of the stations occupied. Exceptions to this general

rocedure were made at locations where shallow depths obtained.
E‘he observed densities were reduced to temperature 15° C. and the
corrected densities are given in columns 8, 9, and 10. The salinities
given in columns 11, 12, and 13 of Table 72 were obtained from the
corresponding density values in the preceding columns.

TasLe 72— Temperature, density, and salinity of water, Long Island Sound and its
’ trsbutaries, 1929-30

Cur- Temperature, °C.

rent

sta- Date Time Density Salinity
ton Air Water

TRVIZRVOR] TR 128, | 2Of% TR.|128. | 20R.
25 14:10-14:20 | 21.7 | 18.2 | 19.2 10222 11,0218 | 1.0220 [ 30.0 | 29.5 | 290.8
.| 18:10-18:20 | ____. 179 { 18,7 1 18.8 11,0221 | 1.0222 | 1.0220 | 290.0 { 30.0 | 20.8
L} 22:10-22:30 | 20.9 | 1861181 11801 1.0221 1 1.0221 | 1.0218 { 20.0 | 20.9| 29.3
14:40-14:50 | 26.3 | 3.0 22.2 1,0222 | 1.0209 { 1.0213 | 30.0 | 8.4 | 28.0
Mean_ | ___ b ... .. 10211 1.021811.0218 { 30.0| 20.4 | 20.5
Fishers Island Sound

3 2 | TR . { 7R
3| Aug. 8. ... 14:10-14:20 | 19.0 | 17.3 | 16,8 | 16,7 | 1.0236 | 319 |-
D 20220 | 15.4 17,01 169 16.5 =
:10- 6:20 | 15. -

12 {0OR |48 12 SOft. | 48 |12R.|20f. 5
38 13:40-13:49 | 211 1 10238 |1 32& 321 “ag 1
22:10-22:20 [ 18.1 {_.... 1.0236 | 1.0238 | 1.0236 | 31.9 | 321 | 3L.9

6:37-6:22 ) B.8 1 .. }ooei]eaeans 1.0233 | 1.0233 | 1.0236 | 31.5 [ 8L.5 ] 319

Mean 1.0236 | 1.0236 | 1.0237 | 31.9 | 3.9 | 32.0
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TaBLE 72.— Temperature, density, and salinily of water, Long Island Sound and its
tributartes, 1929-30—Continued

Curt- Temperaturs, °C..

ren

sta- Date Time Density Salinity
%I? Alr Water

Fishers Island Sound—Continued

3a

4 13:45-13:52 | 22.0 . 0233 3.6
I 22:10-22:24 | 17.2{17.3 [ 16.2 | 155 | 1.0237 | 1.0234 | 1.0231 | 32.0 | 31.6 [ 31.2

7:08- 7:16 | 18.2 { 17.5 | 17.3 | 17.1 | 1.0234 { 10233 | 1.0233 | 31.6 | 3L.5| 3L5
Mean._|-oooe|ocee e e 1.0234 | 1.0233 | 1.0233 | 31.6 | 31.5| 314

15:00-15:10 | 22.8 8 3 . . . . X 3 3
22:10-22:20 | 17.8 | 16.5 | 16.0 | 16.0§ 1,0245 | 1.0242 | 1.0242 | 33.0 1 32.7 [ 32.7 .
6:20- 6:30 | 17.7

10 22:20-22:25
Aug.7__.____| 6:23- 6:45
Do__.____ 13:40-13:50
Do....... 22:10-22:15

Mean. |- 1.0225 | 1.0225 [-------_ 30.430.5 |--.-.

12 | Aug. 6. ___... 23:00

Aug. 7__.._.. 6:05- 6:10
Do...._.. 16:10-16:15

Mean. |oooofomaooaoaa|ecaas 10222 1.0222 |-cccee- 30.0 (301 ..
14| Aug. 5. ...... 22:00-22:10
Aug. 6______. 6:05~ 6:10
Do 14:15-14:20
Mean..

TR 1212 T 100t | Mf | TR |IZR.IHA.

2 22:10-22:20 | 17.5 1 17.5 [ 17.3 | 17.2 | 1.0228 | 1.0229 | 1.0231 | 30.8 | 31.0 [ 3L2

6:10- 6:20 ] 17.0{18.2 | 180 17.7| 1.0230 | 1.0231 | 1.0233 [ 31.1 | 3L.2 | 315

13:10-13:20 | 19.9 | 18.0 } 17.8 [ 17.8 | 1.0230 | 1.0230 | 1.0232 | 3L.1 | 31.1 | 3L 4

Mean.|ooooooeeas]oeaaa]oaaaal] 1.0229 | 1.0230 | 1.0232 | 31,0 31.1 | 3.4

14806800 1718 f.| 68fi. |17TR.|480. 1680

23| Aug. 5. 22:12-22:24 | 17.2{ 18.4 [ 182 | 17,5 | 1.0228 1’.‘30230 1.0226 | 30.8 | 31.1 ( 30.6

6:12- 6:20 | 18.4 { 17.7 | 17.4 [ 17.5 ] 1.0228 [ 1.0229 | 1.0228 | 30.8 | 3.0 | 30.8

13:37-13:49 [ 25.0 | 18.3 [ 18.2 | 18.8 | 1.0227 | 1.0227 | 1.0227 [ 30.7 | 30.7 | +30.7

6:11- 6:20 | 16.6 | 17.4 | 17.6 | 17.6 | 1.0227 | 1.0228 | 1.0228 | 30.7 | 30.8 | 30.8

14:10-14:22 | 25.0 1 18.3 [ 17.7 ] 18.5 | 1.0227 | 1.0228 | 1.0230 | 30.7  30.8 | 3L.1

22:15-22:25 1 20.0 | 17.8 1 17.6 | 17.5 | 1.0230 | 1.0230 | 1.0231 | 31.1 [ 3.1 | 3L2

Mean..[ || 10228 | 10220 | 1.0228 | 30.8 | 30.9 | 30.9

7R |18ft. |28 | 7. | 18fe. | £8f1. | TR.|I8St. | 28 f1.

25| Aug. 5. -- 18:19-18:47 | 17.7 [ 17.7 } 177 | 17.7 | 1.0237 | 1.0234 | 1.0232 [ 32.0 { 31.6 | 314

Aug.6___.._. 14:10-14:20 | 18,5 | 18.0 { 17.6 | 17.3 | 1.0231 | 1.0231 | 1.0227 [ 381.2 {312 30.7

Mean N 1.0234 | 1.0232 | 1.0230 | 31.6 | 3L.4 | 310
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TaBLE 72.~Temperature, density, and salinity of water, Long Island Sound and its
tributaries, 1929-30—Continued

Cur- Temperature, °C.
rent
tsita- Date Time Density Balinity
on
No. Alr Water
Thames River
RN [2812 75 4 2R [T |Lift.| 220
3 23:40-23:45 | 20.0 20.ﬂO lgfi 18,9 [ 1.0214 | 1 0&7 1 0&1 20.0 4| 80.2
7M. |18 1 281t (81 18 288 | 7M. | 1818 |88 18,
4 14:10-14:20 | 2.5 21{8 21{5 21,611,022 1, l.Ugl 31,480,771 30.7
22:20-23:09 1 10.8 1 10,51 18,5} 19.0( 1 1, 1,0234 | 27,6 | 30.7 | 31.6
:38- 2.7121.1)20.7]20.6(1.0180 ]| 1.0186{1.0185 | 25.8 | 25.4 | 252
14:10-14:20 1 23.5 1 19,5 | 16,2 | 18,7  1.0231 | 1.0240 | 1.0240 | 81.2 | 3824 | 32.4
:46-23:10 1 20.5 | 19,4 [ 18,7 (181 | 1.0212 |1.02190 | 1.0231 | 28.8 | 20.7 | 81.2
5:40- 5:50 { 22,01 10,2(19.0 | 19.0{1.0181 [1.0180 | 1.0180 { 24.7 | 24.6 | 24.6
14:40-14:50 | 20.7 | 19,8 {10.5 ] 19.2 | 1 4 11,0238 | 1.0241 | 31.6 | 821 | 328
22:18-22:50 1 20.0) 10.6 | 20.2 ( 19.7 | 1.0204 | 1.0222 | 1.0231 [ 27.7 | 30.0 | 31.2
5:40- 6:50 [ 21,8 { 20.4 [ 20.2 | 20.2 [ 1.0196 ( 1.0190 | 1.0189 [ 26.7 [ 25.9 | 25.8
14:10-14:20 | 21.8 [ 20.0 [ 10.7 | 19.3 | 1.0215 | 1.0221 | 1.0220 | 20.1 { 20.6 | 31.0
Mean.. 10210 { 1,0215 { 1.0210 | 28.5 | 20.1 [ 290.6
7 10 18 1t ? 10 18608, | 7/t {102 | 1612,
5| Aug.12...... 14:15-14:22 | 23.8 IQﬂB 18.7 18.1'5 1.0214 | 1.0219 | 1. 28.0 29! 7 x({zo
Deo....... 21:40-21:49 (20,01 20.0 | 10.9119.7 | 1.0210 | 1.0212 | 1.0212 { 8.6 | 28.8 | 28.8
Aug. 13._.... 6:08- 6:22 [ 20.5 | 18.5 18,2 ]1.0212 | 1.,0212 | 1.0221 | 28.8 | 28.8 | 29.9
Mean.. 1,0212 | 1.0214 | 1.0218 [ 28.8 | 20.1 | 20.6
Eaatern Long Itland Sound aler
8 85| 5%
80.7 | 30.8
8L0 ] 3L0
Mean.. 1.0228 | 1.0221 | 1.0221 | 30.8 | 20.0 | 29.9
Sft. (20t [92RR.| 8RR 0f. | 88f. [ 8fe.| sop) sapn.
2 22:10-22:20 | 21.4 16.ﬂ7 16.8 116.2 11,0227 | 1.0220 | 1. 04% 80.7 Bl.g 30’.!8
-] 8:10- 6:20 | 17.4 1 18.1117.0{17.1{1.0188 | 1.0210 | 1.0216 | 25.4 | 28.5 | 29. 8
14:10-14:20 | 21,0 20.8 | 18.8 ) 18.4 | 1,0228 | 1.0226 1 1.0228 | 30.8 80.6 | 30.6
Mean.. 1.0220 | 1.0222 | 1.0223 | 28.9 [ 80.0 | 80.2
2216601807t | sofe. | G5f2. | BOft. (221166 8RR,
80 | July22....... | 14:10-14:20 ( 21.0 19.ﬁ5 19.’8 19,01, ogla 1 ogu 1. ogu 2&% a% 29‘" 0
ISt |46 (78101 1812 | 4618, | 78 1. 18 f2, . |72 12,
41 | July22..__... 22:10-22:20 | 18.8 18{6 17.ﬂ4 17.2 1 1.0208 | 1,0203 | 1. 0&1 23.0 ‘267% 2‘{‘ 3
July23.._.... 6:10-6:20 | 18,4 1 18,7 117.6 | 17.8 | 1.0203 | 1.0202 | 1.0202 | 27.6 | 27.4 2.4
27.1|20,0(19,2|19.8 | 1.0207 | 1.0204 } 1.0201 | 281 | 27.7 | 27.3
Mean.. -.| 1.0205 | 1.0203 | 1.0201 | 27.9 | 27.6 | 27.8
20 (600|808 0R | 60f 8OR. |20R. (S0 |80R.
44 13:40-14:17 ] 20.8 | 20.1 | 20.4 | 18.0} 1.0205 | 1.0207 | 1 2.8 B.ﬂl .8
22:10-22:21 { 19,7 | 10.2 | 18.6 | 18.0 | 1.0210 | 1.0214 | 1.0219 | 20.7 2.0) 20.7
14:16-14:23 | 20.5 | 10.8 | 18.7 [ 18.2 | 1.0218 | 1.0218 | 1.0210 | 28.9 2.5 20.7
21:40-22:19 | 21.0 | 19,8 | 18.5 | 19.1 | 1.0210 | 1.0218 | 1.0214 | 28. & 2.8 29.0
6:15-6:25(20.2119.1]18.7|18.41.0210| 1. 1.0211 | 28.5|28.4| =6
. 14:18-14:20 | 24.2 [ 10.8 1 18.5 | 18.5 | 1. 1.0212(1.0218 j 8.8 { 28.8 | 29,3
6:10- 8:20 10,5 '18.8 |18.0| 1.0210 | 1. 1.0210 | 28.8'28.1] 28.5
14:12-14:20 | 25,8 | 20.0 1 18.2 [ 17.9 } 1.0213 | 1,0214 | 1.0214 | 28.9 2.0| 200
1.0213 | 1.0212 ) 1.02186 | 28.7 | 28,8 | 29.3
18R.F 78 0on. | 16, |78 lion. l16s.
10.0 11,0108 | 1.0104 | 1,0104 | 2.7 m.’: £~4
18.7 | 1.0204 | 1.0208 | 1. 7.7128.2| 8.1
18.6 | 1.0205 | 1.0200 | 1,0198 | 27.8 | 27.3 | 26.9
..... 1.0202 | 1.0200 { 1.0200 | 27.4 73| 71
™8 n
..... 1. 020¢ RO« A ¢
1,029 3o
..... 1.0212 3.8
1,0218 |. 0.3).....)......
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TaBLE 72.— Temperalure, density, and salinily of water, Lotig Island Sound and its
tributaries, 1929-30—Continued

Cm;- Temperature, °C. N
ren
sta- Date Time Density Salinity
ton Alr Water
Connecticut River
1929 anfi 168, | 24ft. | 8RR |IER. |24 12
3jJuly26__, 1.0011 | 1.0010 | 1,0010 | 2.5 | 2.4 2.4
Dooee-- 3 0. 9987 .| 0.7
Do....._. . . 27.2 .711.0012 | 1.0004 | 1.0000 | 2.6 | 1 1.1
1,0007 | 1.0007 | 1.0005 { 1.9 0 1.8
Houzatonic River
7R 7R R
2| Julyl8. . 14:45 . 22.4 1. 0120 16.7
Do....... 22:10 21.2 | 20.0 10209 1o R4 ||
July 19.______| 6:08 19.83{ 20.2 10127 | 17.8 oL
Mean..|..... I W) 1. 1 AR B 20,9 |oeoifenenan
R)1E0 7R 121t TR |12 1.
19.7 1 19.8 |...... 1.0202 | 1.0208 |.._..__. 27{'4 27.6 |-.....
5ft. 6 fi.
25.0 1. 0002
25.8 1, 0008
24,0 ). 0. 9999
[N PPN F, 1. 0003
TR (108|188 TR 10ff. | 16ft. | 7R. |10 |1812.
4 22:30-22:34 [ 20.0 ] 22.5 ] 22.4{ 22.0 | 1.0200 | 1.0200 | 1.0200 | 27.2 | 27.2 | 27.2
6:10- 6:20 1 25.0{ 22.2 | 22.3 | 22.2| 1.0197 | 1.01068 | 1.0197 | 26.8 | 26.7 | 26.8
14:40-14:50 | 25.0 | 22.5 | 23.5 | 22.6 | 1.0168 | 1.0199 | 1.0201 | 26.9 | 27.1 | 27.3
Mean. | 1.0188 | 1.0198 | 1.0199 | 27.0 | 27.0 | 27.1
R. | 121 r. | 12 | sop. |78 |18 {001
7] July 16....._. 21:50-22:15 | 18.0 | 19.4 | 19.5 1.0205 | 1. 1. 0203 2‘/.18 27.6 2;?6
6:10- 6:20 { 17.4 | 10.5 | 10,7 } 18.8 | 1. 1,0202 } 1.0209 | 28.1 1 27.4 | 28.4
14:10-14:20 | 24.5 | 22.0 | 21.8 1.0210 | 1.0207 | 1.0206 | 28,5 | 28.1 | 28.0
Mean._|.. ) 1.0207 | 1.0204 | 1.02068 | 28.1 | 27.7 | 28.0
TR 18R |21 | TR | ISR | 2Ip VTR ISR AUR.
8 22:10-22:20 { 15.0 | 19.8 1 19.2 | 19.2 | 1.0200 | 1.0205 | 1.0205 | 27.2} 27.8 | 27.8
6:09- 6:19 [ 15.5 1 10.3 | 19.4 | 18.4 | 1.0201 { 1.0199 | 1.0200 | 27.3 | 27.1 | 27.2
14:35-14:44 | ___.. 20.0 | 19.8 110.0 | 1.0202 | 1.0204 | 1.0208 | 27.4 ] 27.7 | 28.0
Mean. -e--]1.0201 | 1.0203 | 1.0204 { 27.3 | 27.8 | 27.7
TR FILSE 7 12t TR, |12A2
11 14:10-14:15 | 25.7 | 21.6 | 2L.5 1.0198 | 1.0203 26.9 | 27.6
22:10-22:15 1 17.9 | 21.0 ] 20.8 1.0195 | 1. 0198 26.5 | 28.9
6:10- 6:156 | 26,0 | 21.1 | 21.0 1. 1.0201 27.8 | 27.3
Mean..|.. 1.0199 | 1.0201 27.0 | 20.3 ...
121k . 181t 7R (1210
12 2.6 1.0197 | 1.0198 28.8128.7
2.8 4 1,0192 | 1, 0194 26.1| 26.4
21.1 ] 210 10198 | 1.0197 26,9 { 26.8
- 1.0196 | 1.0198 26.6 1 26.6 {.._._.
TR |18/ 12818 TR 1812 28, | 7. |1812. |28 12,
20 21.9 ml.te 19.% 2.0 1 Ogls 1 1.0212 { 28.90§ 28.4 | 28.8
25.8]21.0)20.6)20.2]1.0214|1.0211 | 1.0210 | 20.0}28.6| 28.5
2.5]120.8(20.6]20.3]1.0211]1.0210]1.0214| 28.6 {23.5| 29.0
21.2|20.7]20.6120.0]1.0211 | 1,0208 | 1 28.6]28.2| 28.4
27.41921.7]20.8|20.8§1.0211 ]|1.0212|1.0214 {286 | 28.8| 20.0
B 20.8121.0)/21.0)20.5]1.0211 ] 1.0210 | 1.0212 | 28.6 | 28.5 | 28.8
6:10- 6:22 [ 20.5[19.7121.6120.91.0215] 1.0209 { 1.0211 [ 29.1 | 28.4 | 23.6
Mean. 1.0212 | 1.0210 | 1.0212 | 28.8 | 28. §| 8.7
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TaBLE 72.—Temperature, density,; and salinily of water, Long Island Sound and its
tributaries, 1929-30—Continued

Curt- Temperature, °C.
ren
ts’ta- Date Time Density Salinity
on
No. Alr ‘Water
Western Long Island Sound—Con.,
TRJISS (200, TR [ 12 | 2Ot | 7R |12 | 2ORR.
2 22:12-22:20 | 25.2 A 1,0109 | 1.0109 | 1.0200 | 27.1 | 27.1 2{?2
.| 5:87- 5:50 | 21.6 |.... 1.0195 | 1,0197 | 1,0108 | 26.5 | 26.8 | 26.9
14:12-14:20 | 21.0[17.9 ]| 18.8 1 18.5 | 1.0194 | 1.0196 | 1.0196 | 26.4 | 28.7 | 26.7
Mean. | |_.d 1.0196 | 1.0197 ) 10108 | 2.7 [ 2.9 | 28.9
TR |1210 TR} 12f. 1 20 R 181 |20R
% 22:10-22:20 § 23.1 | 19.5 | 19.2 1,0198 [-1.0196 | 1.0196 | 26.9 | 26.7 | 28.7
.l 6:10~06:20 [ 21.5110.8 }10.5(10.7}1.0198 § 1.0195 | 1.0196 | 26.9 | 26.5 | 26.7
14:10-14:20 | 26.1 | 20.3 | 20. 1 8]1.0198 | 1.0195 | 1.0195 | 26.9 | 26.5 | 26.
. 2.9 2.6
TR 1AL
25 28.7]21.2)....-.
2.8 26.5 |-cuuun
2.8128.8{ ._...
TR.JIGR. |24 R, 15, | 84t | TR |16 |24 1.
27 ﬁ 20.0]19.5 | 1.0196 | 1.0196 | 1.0105 | 26.7 | 26.7 ‘25?5
20.0)22.3)1.0104 | 1.0195 | 1.0193 | 26.4 | 26.5 { 26.3
20.0120.0 1.0197 | 1.0197 | 1.0197 { 26.8 | 26.8 { 28.8
1.0196 | 1.0196 | 1.0195 | 26.6 | 26.7 | 26.5
i |1epl2on | 70 | 1200 | 20f1. |78 (1212 (20,
28 22:10-22:20 | 23.6 | 20.1 | 19.8 | 19.6 | 1.0197 | 1.0182 | 1.0191 | 26.8 [ 26,1 | 26.0
.| 6:10-6:20122.8]21,220.8]{20.71.0198|1.0195|1.0104 | 26.9 ] 26.5| 28.4
14:10-14:20 | 26.0 [ 21.5 | 20.3 | 20.5 | 1.0201 | 1.0198 | 1.0197 | 27.3 | 26.9 | 26.8
Mean. . |.__._. -- 1.0199 | 1.0195 | 1.0104 | 27.0 | 26.5 | 26.4
yplssplsen| un | % 56 un|ssplsen.
32 18.0| 16.4 | 18,0 18.3 1 1.0190 | 1.0189 | 1.0101 | 25.9 | 25.8 §{ 28.0
17.5115.0 | 13.8 | 14.4 | 1.0190 | 1.0180 | 1.0189 | 25.9 | 25.8 | 25.8
20.018.7|18.6 | 16.7 ] 1.0163 | 1.0192 § 1.0197 | 28.3 [ 26.1 | 26.8
18.6|18.0118.0 | 17.5 ] 1.0189 | 1.0190 | 1.0187 | 25.8 | 25.9 | 26.5
17.0 1 17.8 1 17.9 | 17.5 | 1.0188 | 1.0190 | 1.0188 | 25.8 | 25.9 | 25.6
24,2 | 18.818.4|16.5] 1.0196 | 1.0190 | 1.0196 | 26.7 | 25.9 | 28.7
120.0]17.4])17.3]16.8 | 1.0194 | 1.0191 | 1.0104 | 26.4 | 26.0 | 26.4
:10- 6:20 1 20.0318.5 | 17.2 | 15,2 | 1.0103 {1 1.0193 | 1.0194 | 26.3 | 26.3 | 26.4
| 14:13-14:22 | 24.8 | 18.6 | 18.1 | 17.6 | 1.0184 | 1.0193 | 1.0192 | 26.4 | 26.3 | 28.1
Mean. . §.__.__|--..-. - 1.0192 | 1.0191 | 1.0192 | 26.2 { 26.0 ] 28.1
s eon. |se 1. Ro| s 8f. |20 5212
87 22:10-22:20 ; 18.2 1 10.2 | 18.9 | 18.6 | 1.0193 | $.0190 { 1.0193 | 26,3 | 25.9 | 28.3
J] 6:10-6:20 1 16.4 | 19.0]18.6 { 18,7 | 1.0184 | 1.0191 | 1.0101 | 26.4 | 26.0 | 26.0
13:50-14:15 | 24.0| 20.2 | 19.7 { 190.6 | 1.0182 | 1.0190 { 1.0192 | 26.1 | 25.9 | 26.%
Mean._ . }..__.. JO 1.0193 | 1.0190 | 1.0182 | 28.8 { 25.9 | 28.1
rr |1sp|esn| Th | 18 | sp | 7R |185. {28 5.
38 22:10-22:20 | 16.5 18,1 §17.9 | 18.0 | 1.0190 | 1.0100 | 1.0188 | 25.9 | 25.9 { 25.6
.| 6:10-6:20)14.4]118.2]18.0| 37.7|1.0192 | 1.0189 | 1.0188 | 26.1 | 25.8 | 25.6
13:50-14:16 | 27.0 | 18.7 [ 10.6 | 16.3 | 1.0193 | 1.0190 | 1.0192 | 26.3 | 25.9 | 26.1
Mean. |- oo 1.0192 | 1.0190 | 1.0189 | 26.1 | 25.9 | 25.8
89 | July3 .. ._| 14:20-14:25 | 18.2 | 10.5 ]| 19.5 |....__} 1.0188 | 1.0197 |._._._._.._| 26.9| 26.8 |._..__
| “e:10- 6:20
13:55-14:05
Mean. .
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TaBLB 72.—Temperature, density; and salinity of water, Lang Island Sound and ls
tributaries, 1929-30—Continued

PN R TCY - - R Y TR P T~ o

Cu.\;- Temperature, °C.
ren
:ita- Date Time Density Salinity
on ’
No. Alr ‘Water
Western Long Island Sound—Con.
éf
4 14:25 17.0
22:20 16.8
6:30 16.8 §.._
Mean. . |oceeaafoerae et W) 51 I O . 168 {ccacncnaane
8t |Of. {88 | 81 YOft. | S8ft. | 8ft. {LOf. |82 AR,
48 14:10-14:20 | 25.0 | 19.5 | 18.5 | 16,8 | 1.0188 } 1.0199 | 1. 0201 91211} 27.3
22:00-22:16 | 21. 5| 19.8 | 18,7 | 17.0 | 1.0200 | 1.0199 | 1,010 | 27.2 | 27.1 | 27.1
5:36- 5:50 | 18.0 | 18.0 |'18,4 | 18.0 | 1,0107 | 1.0167 | 1,016 | 26.8 | 26.8 | 26.7
b.3 73 W IO A SO S 1.0198 | 1.0108 | 10199 | 27.0 [ 2n.v| 2.0
fi.
47 [July 12.._.... 6:10- 6:15 .1
49 | June 25....._.( 22:36-22:48
{ June 26. .| 6:10- 6:20
0. .| 14:10-14:20
Do..___00| 22:36-22:48
Mean. |-ceeuaf-coaac]omeaci]omanes 1,0102 | 1.0193 | 1.0193 | 28,1 | 26.3 | 26.8
15, (sop. (487 | 1878 | Soft. | 48M. |1\ S0 |48 18
52 .} 22:10-22:20 | 20. 5 .3 |17 1581 0{86 1.0187 | 1.0198 | 25.4 | 25.5 ‘828.
6:15- 6:22{20.0 ] 19.8 | 14.3 | 13.0 ] 1.0190 | 1.0182 | 1.0192 | 25.9 { 26.1 | 28.
13:45-14:20 | 26.0 [ 20.6 | 17.5 | 17.2 | 1.0193 | 1.0183 | 1.0193 | 26.83 | 26.3 | 2.
20:15-20:25 | 21.0 | 18.0 | 16.8 | 14,3 | 1,0100 | 1.0100 | 1.0106 | 26.9 | 25.9 | 26,
6:18- 6:38 [ 17.0.| 18.4 { 15.8 | 13.4 | 1.0102 { 1.0190 | 1.0192 { 26.1 | 25.9 | 2.
13:45-14:20 1 25.0 ] 20.7 | 17.5 } 13.9 1 1,0180 | 1.0102 | 1.0187 | 25.8 [ 28,1 | 2.
20:16-20:25 | 23.5 1 19.8 | 17.0 | 14.2 { 1.0162 | 1.0182 | 1.0192 | 26.1 { 26.1 | 26.
6:10- 6:20 | 19.4 | 19.2 | 14, 14,5 11,0102 | 1,0192 | 1,.0196 | 26.1 | 26,1 | 26.
20:15-20:25 { 20.0 { 17.2 | 15.5 | 14.3 | 1.0190 | 1.0191 | 1.0195 | 25.9 | 26.0 | 26.
6:15- 6:22 ] 16.6 | 17.0 | 13,7 | 13.4 | 1.0188 | 1.0192 | 1.01904 | 25.6 | 26.1 | 26.
14:15-14:35 [ 22.5 | 20.8120.2 | 19.4 | 1.0108 | 1.0199 | 1.0108 | 26.9 | 27.1 | 26.
20:10-20:25 | 22.0 | 20.5 | 10.8 | 18,2 | 1, 1,0190 | 1,0108 | 27.4 | 27.1 | 26.
.| 6:00-6:16|17.0| 19,8 | 18.0 | 15.8 | 1.0189 | 1.0201 27.1]27.8] 27.
13:35-18:47 | 26.8 | 20.5 | 19,0 | 17.4 | 1.0200 | 1.0190 { 1.0204 § 27.2 | 27.1 | 27,
Mean. _|...... RPN SN S, 1,0193 | 1.0104 { 1.0106 | 26.3 | 26.3 | 26.
Sft. |eofe. |8ef.| 8. 20ft, | Sefe. | 8BSt |20R% 1821
54 14:10-14:20 [ 28.5 | 21.0 | 20.5 | 18.5 | 1.0184 | 1,0187 [ 1.0187 | 25.1 | 25.5 | 258
| 22:10-22:20 | 20.2 | 20.0 | 10.5 | 19.6 | 1.0193 | 1,0200 | 1.0204 | 26.8 | 27.3 | 27.7
6:10- 6:20 | 17.2 | 10.8 | 20.0 { 19.9 | 1,0185 | 1,0183 | 1.0185 | 25.2 | 25.0 | 25.2
Mean..|.. - 1.0187 | 1.0100 | 1.01902 | 25.5 | 25,0 § 26.1
8ft. |20f. 188Nt &1L 20ft, | Seft. | &M (LON. | 8211,
56 14:10-14:70 | 22.6 | 20.8 1 20,1 | 20,0 | 1.0202 | 1.0160 | 1.0197 | 27.4 | 27.1 | 26.8
21:05-21:15 | 17.2 | 10.3 [ 18,3 { 18.5 | 1.0108 | 1.0202 | 1.0199 | 26.9 | 27.4 | 27.1
6:10- 6:20 | 28.0{ 10.1 | 18,9 | 18.8 | 1,0204 | 1.0203 | 1.0206 | 27.7 | 27.6 | 28.0
Meal. |-coeec]ocnoanlomaacc]omennn 1.0201 | 1.0201 | 1.0201 | 27.8 | 27.4 | 27.0
§ft. t 81t 1t 8. Sft. | 82
59 | June 27...... 6:15- 6:20 | 18.5 | 16.0 | 16,0 |...... 1.0191 | 1.0193 [--enae-- 26.0 | 26,8 |--.---
DoOecenn-- 22:10-22:20 | 19.0 [ 16.4 | 168.4 ... 1.0194 | 10193 |........ 26.4 | 26.3 |..-...
L% C:: . T RO FUION FP R 1.0192 | 1.0193 [..oo...- 2.2 28.3 |......
Gft. |16t 18411 BN 150 | 24t | 8f {1610 | 84 Lt
60 14:10-14:20 [ ____. 20{6 18.9 l%ft‘i 1 OjitM 1, 0{94 1.'3{92 26,4 | 26.4 %6 1
_120:50-21:20 | 18.5 [ 20.0 1 18.1 | 18.5 | 1.0197 | 1.0100 | 1.0193 | 26.8 { 25.9 ( 26.3
6:40- 6:50 | 20.9 | 19.6 | 18.6 | 18.0 | 1.0192 | 1.0183 | 1.0184 | 26.1 | 25.0 | 25.1
Mean..jocccecfoamenc]emacciloaaans 1.0194 | 1.0189 | 1.0190 | 26.4 | 25.8 | 235.8
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TaABLE 72.—Temperature, density, and salinity of water, Long Island Sound and its

tributaries, 1929-30—Continued

Curt- ‘Temperature, °C.
ren
:ita- Date Time Density Salinity
on
No. Air Water
Western Long Island Sound—Con. )
1929 fi. {16ft. |24t 6Ni. 15 ft. 24ft. | 6ft. |16t | 24 11,
62 14:10-14:20 1 20.3 | 20.1119.4 | 18.1 . 3 25.2| 25.0
21:50-22:20 1 19.9 | 16.0 | 15.4 | 15.4 2.7 26.1
6:40- 6:50 [ 19.0 | 17.4 [ 17.1 | 16.7 25,51 25.1
Mean. |- bbbl 8| 25.4
1011
64 25.0
25.4
25.2
10 ft.
69 26.1
27.2
26.9
25.4
26. 4
71
0|Jalyi _______ 14:35 18.7 ...
TR 18 1.
7 14:45-14:50 26.0 § 28.1
21:45-21:50 25.9 128, 1
6:10- 6:15 26.7128.1
14:13-14:17 26.5 | 26.8
Mean.. 2.3 126.3
5. |11 1t
76 22:20-22:48 25.2 | 25.5
June 19..... 14:10-14:23 26.1 [---.._
Mean.. 25.8
SR |10t
78 | June 11._____| 21:55-22:05 26.5 | 26.4
6:10- 6:16 125.6}125.8
13:40-13:50 25,9 | 4.8
Mean.. 2.0 25.7
22ft.165 ft. | 80 ft.
81 21:55-22:05 26.4 1259 28.1
8:10- 6:20 26.8 [ 26.7( 26.0
15:40-16:00 2.1]26.1) 26.0
Mean__ 26.4|26.2| 268.0
8 fi. 9ft. |22 |38 AR.
8 22:10-22:22 | 21,5} 15.5 | 152 {152 | 1.0187 | 1.0188 1 1.0188 | 25.5 | 25.8 | 25.6
5:50- 6:18 | 21.0{ 17.3 | 17.1 | 17.1 | 1.0183 | 1.0185 | 1.0187 | 25.0 | 25.2 | "25. 5
14:05-14:20 | 26.2 | 18.5 | 17.0 | 15.8 | 1.0187 { 1.0186 | 1.0186 | 25.5 | 25.4 | 25.4
22:12-22:23 [ 17.8 { 16.3 | 16.3 1 16.1 { 1.0188 ; 1.0187 | 1.0186 | 25.6 | 25.5 | 25.4
5:35- 5:40 [ 18.5 ] 16.8 | 16.8 | 16.7{ 1.0183 | 1,0184 | 1.0186 | 25.0 | 25.1 | 25.4
14:10-14:25 1 22.0 1 17.6 | 150 | 152 | 1.0184 | 1.0190 | L. 0188 | 25.1 ] 25.9 | 25.6.
22:10-22:21 | 19.6 | 17.0 | 15.0 | 14,7 | 1.0187 | 1.0186 ] 1.0191 | 25.5 | 25.4 | 26.0
Mean__|...._fooofeofeas 1.0186 | 1.0187 | 1.0187 | 25.3 | 25.5 | 25.8
12t 1198 | 6ft. 12ft. | 18 . |12 |19 1.
84 .| 22:00-22:10 | 18.3 [ 16.2 | 16.0 | 157 { 1.0163 | 1.0191 | 1.0104 [ 26.3 | 26.0 | 26.4
o| 6:10-6:20|20.0|16.0{16.0 ] 158 1.0195 | 1.0195 | 1.0196 | 26.5 | 2.5 | 26.7
14:10-14:23 } 24.0 | ¥ 173 1 17.1 | 1.0198 | 1.0195 { 1.0104 | 26.9 | 26.5 | 26.4
Mean. |- foceoii]iaaeacfoananan 1.0195 | 1.0194 | 1.0165 |26.6 | 26.3 | 26.5
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TasLe 72.—Temperature, densily, and salinity of water, Long Island Sound and its
tributaries, 1929-30—Continued

Cux;- Temperature, °C.
ren
sta- Date Time Density Salinity
%ﬁf Air Water
Western Long Island Sound—Con.
86 22:15
7:00
16:00
Mean..
87 22:00-22:10
.1 5:40- 5:50
-1 14:10-14:15
Mean..
88 22:00
- 5:53
.} 14:13-14:22
Mean.._
92 19:00
22:00
2:18- 2:40
6:10- 6:15
9:456
-| 14:17-14:23
17:53
Mean.._
! 21:50-22:10
.| 5:40~ 5:50
-{ 14:10-14:15
Mean._.
S8ft. t10ft. |24/t S8 A
102 1 0'1%7 42581 255
1.0193 | 26.1 [ 28.0| 26.3
10196 | 26.1 | 26.4 | 26.7
10192 | 259 | 26.0 | 26.2
A8t |12/t |80 | 4811
103 1 01'£5 24.f7 25, 1| 25.2
1.0188 | 25.2 | 25.4 | 25.6
1.0186 | 25.4 | 26.5 | 25.4
Mean.. 1.0186 | 25,11 25.3 | 254
8 1211801 | 48N
17:05-17:15 1.0189 | 25.4 | 25.6 | 25.8
o1 22:10-22:22 101851258258 | 25.2
.} 6:10- 6:20 1.0190 | 25.8 [ 26.6 | 25.9
14:10~14:20 1.0183 | 25.6 | 25.4 | 25.0
Mean._ 1.0187 | 25.6 | 258 | 25.5




Part IL.—BLOCK ISLAND SOUND

GENERAL CHARACTERISTICS OF BLOCK ISLAND SOUND AND ITS
TRIBUTARIES

Block Island Sound is a deep, navigable waterway which forms
the eastern approach to Long Island Sound, Fishers Island Sound,
and Gardiners Bay from the Atlantic Ocean. It has two entrances
from the Atlantic Ocean, an eastern entrance between Block Island
and Point Judith, R. I., and a southern entrance between Block
Island and Montauk Point, Long Island. It is separated from Long
Island Sound by the passage known as The Race and by the passages
between the Gull Islands and also between Great Gull and Plum
Islands. These passages have been described above in connection
with the eastern entrances to Long Island Sound. Block Island
Sound is separated from Fishers Island Sound by the several passages
located between rocky reefs along the stretch from Watch Point,
R. I, to East Point, Fishers Island.

As outlined for discussion in this publication the limits of Block
Island Sound proper are defined as follows: Its northern boundar
comprises the coast of Rhode Island from Point Judith to Watg
Hill Point and the chain of islands between the latter and Orient
Point, Long Island, including Fishers, Little Gull, Great Gull, and
Plum Islands;its western limit comprises the easternshore of Gardiners
Island, N. Y., and the passages north and south of the latter forming
the approaches to Gardiners Bay; its southern limit comprises the
coast of Long Island from Goff Point, Napeague Bay, to Montauk
Point and the southern entrance to the sound between the latter and
Southwest Point, Block Island; and its eastern limit comprises the
western shore of Block Island from Southwest Point to Sandy Point
and the eastern entrance to the sound between the latter and Point
Judith, R. L.

‘As defined in this publication, Block Island Sound also includes
Gardiners Bay, Shelter Island Sound, and the Peconic Bays, these
waterways geographically comprising the western extremity of Block
Island Sound just as Fishers Island Sound may be considered as the
eastern extremity of Long Island Sound. .

The axis of Block Island Sound, like that of Long Island Sound,
extends in a northeasterly-southwesterly direction. Measured along
its axis from a point off Point Judith, R. I., to Gardiners Island,
N. Y., Block Island Sound proper is approximately 32 nautical miles
in length. Its maximum width from its southern entrance to Watch
Hill Point, R. I, is approximately 13 nautical miles. Depths of 15
fathoms or more are E)und along its axis with the exception of Cer-
berus Shoal, a small, rocky shoal, located midway between Wilder-
ness Point, Fishers Island, and Shagwong Point, Long Island, and over
which but 2% fathoms obtain.

The eastern entrance to Block Island Sound is about 9 nautical
miles in extent with depths greater than 10 fathoms obtaining over
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a stretch of more than 5 miles. Maximum depths of 25 fathoms are
found along this entrance about 2% miles northeast of Sandy Point,
Block Island. Block Island, located about 8 miles offshore, is about
5 miles in length and varies from about 1 to 3 miles in width. In
the central portion of this island is Great Salt Pond, about 1 square
mile in area, which is connected with Block Island Sound by means
of a narrow entrance on the western shore of the island.

The southern entrance to Block Island Sound is approximately
12% nautical miles in extent with depths greater than 10 fathoms
obtaining over a stretch of but 2% miles in an area located somewhat
nearer Block Island than Long Island. A maximum depth of about
25 fathoms is found along this entrance. Bowlders, rocks, and rocky
ledges and shoals extend offshore approximately 3 miles from South-
west Point, Block Island, and Montauk Point, Long Island. Rocky
shoals and reefs are also found in Block Island Sound some 2 miles
from Shagwong Point, Long Island, to the northwestward of Mon-
tauk Point.

Gardiners Bay, a large bay some 35 or 36 square miles in area, is
located at the eastern end of Long Island and is that waterway
bounded by Gardiners, Plum, Shelter, and Long Islands. Average
depths of about 6 fathoms are found in this waterway. Along its
northern entrance from Block Island Sound good depths upward
of 6 fathoms obtain in the 3-mile stretch from Gardiners Point to
Plum Island. In the middle portion of this entrance depths of
over 20 fathoms are found.

The southern entrance from Block Island Sound to Gardiners Bay,
or, strictly speaking, from Napeague Bay to Gardiners Bay is about
2% miles 1n extent from Cartwright Island, a small island south of
Gardiners Island to Goff Point, Long Island: This entrance is marked
by shoals which extend westward over a considerable area of approxi-
mately 6 square miles. These shoal areas are separated by several
channels in which the tidal currents have considerable velocity.

Shelter Island Sound and the Peconic Bays extend westward from
Gardiners Bay about 22 miles to Riverhead, the head of navigation
on the Peconic River. Shelter Island Sound is that waterway which
surrounds Shelter Island and separates it from Long Island. It may
be considered as having two parts—a northern and a southern—each
of approximately 8 nautical miles in length. From Gardiners Bay
the northern part may be considered to extend from the vicinity of
Ram Head, Shelter Island, around Hay Beach Point, Shelter Island,
to the vicinity of the entrance to Noyack Bay. The southern part
extends from a buoyed channel northeast of Cedar Point, Long
Island, around the southern shore of Shelter Island to the vicinity
of Noyack Bay. Harbors of considerable local importance are Green-
port and Orient on the northern part of this sound and Sag Harbor
on the southern.

The Peconic Bays are located to the westward of Shelter Island
Sound and Noyack Bay and are divided into Little Peconic Bay and
Great Peconic Bay by Robins Island, a small island 1% miles in length
and situated about one-half mile south from Suffolk, Long Island.
From the southern end of Robins Island to Cow Neck, Long Island,
there is a stretch of water about three-fourths mile in width which
includes a narrow, buoyed channel of 16-foot depth which is used by
most vessels passing between the Peconic Bays.
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Little Peconic Bay is about 5 miles lonﬁ and 4 miles wide and has
mid-channel depths of over 5 fathoms. It lies immediately west of
Shelter Island Sound and serves as the approach to Great Peconic
Bay. The latter is approximately circular in form and is about 5
m.il%s in diameter. It is used primaril{-ll;y small craft, chiefly motor
boats and serves as the approach to Shinnecock Canal. The latter,
about three-fourths mile in length, connects Great Peconic Bay with
Shinnecock Bay and serves as one of the connecting links between
the bays on the south side of Long Island and Eastern Long Island
and Block Island Sounds.

THE TIDE AND CURRENT IN BLOCK ISLAND SOUND

Tides have been observed at several stations in Block Island Sound
and vicinity since 1839 when a short series was obtained at Watch
Hill Light, R. L., in connection with an early hydrographic survey.
The locations of seven tide stations occupied in this waterway are
shown in Figure 35 and the results of observations at these stations
are given in Table 73. )

An explanation is necessary concerning some of the station locations
shown in Figure 35. The location of station 1 is an approximate
location at which the several series of tidal observations were obtained
from time to time in the vicinity of Point Judith, R.I. For instance,
the 1884 series was obtained at & point about one-fourth mile north
of Point Judith Light; the series of 1844 and 1845 were obtained in
the vicinity of Point Judith Light; the series of 1896, 1903-1904
(Corps of Engineers, U. S. Army), 1913, and 1919 were obtained
ingide the inner breakwater near the shore end of same and about
one-fourth mile west of Point Judith Light; while the 1904 series
(Aug. 27-Sept. 2) was obtained at a pomnt near the southern end
of the outér breakwater, about 1% miles west of Point Judith Light.

Station 3, located at Block Island Harbor, Block Island, is not in
Block Island Sound but is included for sake of completeness. Several
series of tidal observations, including & 17-month series in 1882-1883,
have been obtained at this station and will be discussed at length in
later paragraphs.

Stations 4 and 5 are located at the entrance to Great Salt Pond,
Block Island, and the south end of Great Salt Pond, respectively.
The various series of tidal observations at station 6 were obtained In
the vicinity of Fishermans Cove, about one-half mile west of Montauk
Point Light.

In addition to the seven stations shown in Figure 35, tides have been
observed at four other localities which might be included in Block
Island Sound, namely, Watch Hill Point (R. I.), East Point (Fishers
Island), Race Point (Fishers Island), and Little Gull Island Light.
The locations of the first two of these four stations are shown above
in Figure 10 and the results from observations at these stations are
given in Table 48, on page 51, in connection with a discussion of the
tide in Fishers Island Sound, while the locations of the latter two are
shown above in Figure 8 and the results from observations at these
stations are given in Table 44, on page 40, in connection with g dis-
cussion of the tide in The Race and Plum Gut,
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TaBLE 73.—T4dal data, Block Island Sound and vicinity, 1844—1930

Bta- Observations Lunitidal intervals
tion Location Duration g:’;: Compared with—
o Date Period | HWI | LWI
Days Hours Hours Hours Feet
68 ; 5; 1. 33% g 23 g %
133 , 5 1.33 | 1 .07,
2 7.87 1. g 6.60 g 13 gtfl.l([.)li(tlﬂarbor, Me.
’ 96 2 7.72 1 6.15 .11
1] Point Judith, R. I... Nov. 20, 1003-June 30, 1904 9 3,34
Aug. 27-Sept. 2, 1904. . 5 7.4 1.28 6.16 3.28 Fort Hamilton, N. Y.
8 7.69 0.97 8.72 3.00 | Sandy Hook, N. J.
76 7.80 1.61 619 3.00 | Fort Hamilton, N. Y.
2| Creek, entrance to Point Judith Pond 6 8.45 14 7.02| 280 Newport, R. L
Aug. 8-Oct. 14, 1855.. 67 7.60 1.22 6.38 2.89
Aug. 20-Nov. 9, 1878___ 82 7.2 0.92 6.31 2.88
July 27, 1882-Dec. . 533 7.55 1.16 6. 40 2.96
8 | Block Island Harbor, Block Island. .. _......... Jan. 1-18, 1884 18 i 3.02 | Pulpit Harbor, Me.
Oct. 2-31, 1895_.._._ 8 7.34 111 6.23 3.8 Fort Hamﬂton, N. Y.
May 28-June %3, 1896 4 7.57 0.53 7.04 317
ug. 21-27, 1930...._ 6 7.67- .04 7.2 2.90 Newport, R.L
July 16-Sept. 6, 1012 1 7.64 1.08 6.56 2.92 | S8andy Hook, N. J.
Aug. 11, 19 1 1.22 - Do.
4 |-Entrance to Great Salt Pond, Block Island......| May 15-July 5, 1 30 7.78 1.38 6. 40 2. 59 | Fort Hamilton, N. Y.
July 16-Oct. 10, 1918_ 40 7.72 1.56 6.16 2.83 Do.
Aug. 29-30, 1930 . 2 7.9 161 630 3.04 | Newport, R. L.
JAune ?;—_gept‘)% 1912 o ] ﬁ) ; g L 2: g% %% san(})y Hook, N. J.
ug. 12-31, 1915 ... . L1
5 | South end of Great Salt Pond, Block Island....... July 26-Nov. 7, 1916. @| 7| Le| &&| 28 For Hamiion N.Y
Aug, 21-23, 1680.... - 3 7.9 169 6.24 3,01 | Newport, R
June 23-Sept. 4, 1848. S 61 8.28 2,03 6.22 1.96
g 7 o s Sl gel fEl tE IR ey
ov, b, 1896 _ . 6. « X3
6 | Montauk Point, Long Island . . .- ccaaeoonel May 25-Sept. 1, 1896_______.________.. 35 8.56 1.88 8.67 211 Do.
Aug. 25-Sept. 30, 1897 . oo 20 870 210 6. 60 2.19 Do.
Aug. 23-Sept. 21, 1916. 11 825 1.68 6. 67 1.86 | Sandy Hook, N. I,
Aug. 16-20, 1930 ... i 6 868 L27 7.39 2,03 | Newport, R
Sept. 9-Oct. 19, 1882. - 12 9.02 3.17 5.85 218 | New London, Cann
7 | Fort Pond Bay, Long Island.. ..o .. Aug. 20-Nov. 5, 1895, . ... 32 8,98 3.05 5.93 2.30 | Fort Hamilton, N. Y.
Sept. 6-Oct. 7, 1916~ - --______ 16 8.57 2.97 5. 60 2.34 Deo.

SINEIYND INV STAIL

t From tide records furnished by the Corps of Engineers, U, 8, Army,

eq1
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Except s indicated, the values in Table 73 were derived from obser-
vations obtained by the Coast and Geodetic Survey. Where it was
possible to do so, short series of observations were compared with
simultaneous observations at a long-period standard, or primary, tide
station in order to reduce the results to mean values. It will be noted
from the data in the table that the results from various series at the
same station generally agree quite closely, especially if such series of
observations are of a fortnight or longer in duration. '

The relatively long series of observations obtained at Block Island
Harbor, Block Island (station 3), from July 27, 1882, to December 31,
1883, was simultaneous with that obtained at Fort Trumbull, New
Lonéon, Conn. The results from the latter were discussed at iength
in connection with the tide at New London, Conn.

In addition to the values for high-water interval, low-water interval,
duration of rise, and mean range of tide for the 1882-83 series of
observations at Block Island Harbor, as given in Table 73, other data
have been derived from such series of observations at this station
which may be of considerable value, as follows:

Great tropic range 3. 39
Mean tropic range 2. 94
Small tropic range 2. 49
Tropic high-water inequality . _ __ .o do..-- 0. 59
Tropic low-water inequality. .. oo ool do.... 0.31
Tropic higher high water interval _ _ .o iiccranaaaas hours.. 7.45
Tropic lower low water, interval . . o caaaaaa.s do.... 0. 54
Mean tide level on staff ... oo imaaaoo feet_. 2. 80
Mean sea level on staff_ - e imaaoaes do.... 2.78
Mean tide level above mean sea level. ... o ________.___ do.... 0.02

In deriving the above values, the tropic ranges, inequalities, and
intervals were obtained from tabulations of tides at times of maximum
declination of the moon during the period August, 1882-July, 1883,
inclusive. The values for mean tide level and mean sea level are the
gearly means of 12 monthly mean values for the period August, 1882-

uly, 1883, inclusive. These monthly mean values are derived from a
tabulation of all tides observed during the month.

Owing to the fact that the results from the various series of observa-
tions at each tide station in Block Island Sound give somewhat dif-
ferent values, depending upon length of series, method of observation,
effect of weather conditions, etc., the results from observations as
given in Table 73 were subjected to an adjustment process in order to
arrive at standard values, giving due weight to the lengths of series
at each station. The adjusted values for each tide station in this
waterway are given in Table 74.

TaBLE 74.—Adjusted tidal data, Block Island Sound and vicinity

Lunitidal in-
Sta- tervals Dura- Range of tide .
tion Locality tion
No. of rise
HWI | LWI Mean | Spring| Neap
Houys | Hours | Hours| Feet | Feet | Feel
1] Point Judith, R, L. icmeeaacald .78 150 6.25 3.1 3.8 2.4
2 | Creek, entrance to Point Judith Pond.............. 8,45 1.45| 7.00 2.8 3.4 2.1
3 | Block Island Harbor, Bloek Island. .. .coecnen-- 7.56 1.16 | 6.40 3.0 3.8 2.3
4 | Entrance to Great S8alt Pond, Block Island. ........ 7.7 1.45] 6.30 2.8 3.4 2.1
5 | South end of Great Salt Pond, Block Island_-__2227| 7.80| L5 | 630 28| 34| 21
6 | Montauk Point, Long Island ... _.ceecevnema. 8.45 1.90 | 6.55 2.0 2.4 15
7 | Fort Pond Bay, Long Island.. ..o ccvurommammnanan.. 8.90 3.06| 585 2.2 2.7 L7
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In Table 74 the high and low water lunitidal intervals and duration
of rise of tide at each station are given in hours. The duration of rise
of tide is obtained by subtracting the low-water interval from the
high-water interval.

In addition to the values for mean range of tide for each station,
there are also given the approximate values for spring and neap ranges.
The latter were obtained through the application of factors to the
values for mean range as follows: Spring range =mesn range X 1.21;
neap range=mean rangeX0.76. These formul® were obtained by
comparing the relation of harmonic tidal constants at Newport, R. 1.,
and Bristol, R. 1., with those at New London, Conn.

It will be noted from the data in Table 74 that there is a decrease
in range of tide from Point Judith, R. I., to Montauk Point, Long
Island, of about 1 foot. Reference to the data in Table 57 on page 75
will likewise show a decrease of about one-half foot in range along the
north shore of Block Island Sound from Point Judith, R. 1., to Little
Gull Tsland Light. From Montauk Point westward the range of tide
increases. A similar condition obtains along the northern limit of
Block Island Sound westward of Little Gull Island Light.

While the time of tide at the entrance to Great Salt Pond, Block
Island, occurs approximately at the same time as that at Point Judith,
R. L, on the maeinland, it will be noted from the data in Table 74
that the time of tide at Montauk Point, Long Island, occurs about
one-half to three-fourths of an hour later than 1t does at Point Judith.
The progression of the tide wave from Montauk Point to Fort Pond
Bay, over a stretch of about 7 miles, is greatly retarded by the shoals
and reefs north of Shagwong Point. The observations show that
high water and low water at Fort Pond Bay occur about half an hour
and one hour later, respectively, than they do at Montauk Point.
Likewise, as should be expected, there is a retardation in the time of
occurrence of the tide along the northern limit of Block Island Sound,
as will be observed from the lunitidal intervals for Watch Hill Point
and Little Gull Island Light in Table 57 as compared with those for
Point Judith, both high and low water at Little Gull Island Light
occurring about two hours later than the occurrence of such phenom-
ena at Point Judith.

Tidal currents have been observed by the Coast and Geodetic
Survey at 59 stations in Block Island Sound. The locations of the
current stations in Block Island Sound are shown in Figure 36 and the
results from observations near the surface at these stations are given
in Table 75. Stations 15 to 30, inclusive, in the vicinity of Block
Island, have been also plotted on alarger scale in Figure 37 on page 161.
This was thought to be advisable on account of the fact that several of
the current stations in the vicinity of Block Island were located near
one another,
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TABLE 765.—Resulls from carrent observaltons near the surface, Block Island Sound and vicinity

[Referred to times of predicted current at The Race]

SLNTYIND ANV SHJLL

Observations Flood strength g Ebb strength u |
Bta- ' a § - £ 1|5 ”
%n Party of— Location 9 Sxl 2| 3 2=l 2| 8§ al
0 — - —
Date % g "g. ¥ |8 |2E| B |% ERE: 881 21 2|2
£2E 2 eS| 3
&l =2 |[dlal|léals|la|d|Eela |88 ]s
Vicinity of Point Judith, R. I. Hours | Hours Hours | Hours
Days Feet | after %Ier ° |Knots|Flours| after | after ° |Knots|Hours
1]J. C. 8ammons._...| Off Peaked Rock. ... ........| g. 20-30,1930_____ 1 | Pole..... 3U| O .02 104 1 0.356 |_____._ (1) |-1.08 48 10,35 |_____.
2{F.B.T. Biems..._| Sout.h of Point Judith Light__ June 30-July 1,1019.| 1 do. 7 |-1.03 |—0.50 { 261 ] 0.88 | 6.41 |—0.45 |—0. 74 63 10.76 | 6.01
8| J. C. 8ammons Aug. 18-19, 930 ..... 1 {...do..... 334|—1.38 \—0.93 | 273 11.25]7.32) 0.11 |—0.23 | 105 0.80 } 5.10
4 do - Boﬁ:h entrance, "Harbor of Aug. 19—20, 1930 .. 1 do 344|—2.96 |—4.18 | 334 (0.74 | 6.05 [—2.74 |—2.08 ] 164 | 0.94 | 6.37
5| F.B.T. SBiems._.._ do..... --| June 23-25,1919_.____ 215]___do. 7 |-1.96 —2. 35| 346 10.76 | 5.24 |—2.55 |—1.66 { 155 |1.05] 7.18
6 | J. C, SBammons....| Mouth of entrance to | Aug. 19-20,1630__... 1 |-_.do....| 314i—3.11 |—1.58 ] () [2.97 [6.45 |—~2.49 |-3.08] (M | 267597
. Botat Judics Poad
) F— L [ T, Wlelstefu entrance, Harbor of |..._. do. 1 |...do. 7 |—1.96 [—3.78 | 265 |0.38 [ 4.05 [—3.74 |—2.18 | 144 | 0.58 | 8.37
20, .
8 |..... L, [/ I Oft Harbor of Refuge..........[-.._. Lo s SO, 1 {__do.....] 7 |-1.71 |—1.08 | 309 0.82 (710 |—0.44 {—0.53 { 138 | 0.57 | 5.32
Between Point Judith and Block
Island
Aug. 18-19,1930.. .. 7 |-1.61|-0.43 | 204 | 0. 855 1.11| 0.57 80|0.81 387 104
June 30~July 1, 1919.. 7 0.621 0.45| 286 10.76 | 5.11 {—0.10 | 0.51 8010.81]7.31 1. 50
Ang. 18-19, 1930_____ 7 |=0.71 |—0.33 | 275]0.69 | 7.05| 0.51 |[—0.43 59 |0.89(5.37| 0.88
June 22, 1896, 7 0.82 |--._._. 8200 ) ____ | 2110 ... 221
Aug. 7-8, 1846 () |—0.20 |—0.82 | 343 | 1.36 | 5.92 |—0.20 |—0.32 681240(6.501 0.72
June 23,.1896.... 7 [—0.58 3300 7.21| 0.80 -] 390 521} 131
Aug. 11,20, 1915, " 1—0.58 |—0.53 | 310 {200 6.71 [—0.70 [-0.57 791240671} 0.53
June 18-20, 1919 —0.28 |—0.77 | 319 |1.78 | 4.56 |—1.55 [—1.36 47 (1.90 (7.861 0.14
Aug. 25-26, 1930. —4.36 |—3.18 | 323 11.509.10 |—1.09 |~2.18 | 13610.30 | 3.32 | 10.85
- -do_ —3.16 |—2.43 71027 19.45| 0.46 [—0.88 | 200 | 0.07 | 2.97 | 12.05
-] Off Old Harbor Point._ -do. ~0.16 |[—0.68 | 336 | 0.21 |.5.30 [—0.69 [—0.03 | 176} 0.61 | 7.12 | 0.74
O‘Iislsoudthem coast of Block -do. r—3. 96 [—3.58 | 276 | 0.26 | 7.83 [—1.96 [—2.33 61]0.16 | 4.59 | 10.59
and.
Bees footnotes at end of table,
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TABLE 75.—Results from current observations near the surface, Block Island Sound and vicinity—Continued

Observations Flood strength g Ebb strength o :::
Pl =)
Sta- e S |3
tion|  Partyot— Location < .| »n| 3 & | »| E|°2
No. D ) g g gl 2| = S22 | 8 | 4@
ate 2 5 ‘| o e o5 8 1 < 1 S8 8 o =1
5 K sl 8| E eS| 3|81 8| B (5813|218
[ 2 s 7] 3] a =S ) w = | A > m |2
. Hours 1lours | Hours
after © |Knots|Hours| efter | after ° |Knols| Hours| Flours
21 | J. C. Sammons.____| Off Southwest Point__._..__._ Pole____. —1.38 | 318 {1.53 6. —0.73 |—-1.18| 1701 1.73 | 5.76 | 12.34
22 | F. B. T, Siems.._.| Oft Gmces Point.....____.__. May 21018 ______{ Mi.do.....] 7 ool deeeo|eoo b foaao. 0.47] 220]0.40 |.___.. 10.80
Bl [ 1+ JRPIN AR ¢ [ SR —2.45 251036579 |—3.20{—3.07 | 160 | 0.21 | 6. 10. 58
U4 .__. do.___________. oft el(litmnce to Great Salt —-0.28 157 1 0.36 | 5.21 |—1.03 [—0.24 60031721 0.65
25 Entmnee to Great Salt Pond..| Aug. 29-30,1930. ... 7 [—8961-3.28| 145|0.58 | 6.00 |[—3.79 [—4.28 } 332 | 0.53 { 6.42 | 9.72
26| F.QG Engle. ______|.__.do._...__._________________. Aug. 24,31,1915__ 7 |~4.79:—4.70 | 144 [ 0.40 | 6.96 |—3.66 |—4.24 | 313 | 0.40 ) 5.46 ) 9.20
n Ngrtlb I;)l gmmnce to Great | May 20-22, 1918 7 |-1.50{—1.95( 160 | 0.41 | 4.55 {—2.78 |—1.07 10 | 0.44 | 7.87 | 11.73
8 t on
- S ' { JURURRRN SRR o 1 I July 1-3, 1918 7 0.00 |—0.45 150 | 0.31 | 4.71 }—1.12 |—0.82 20 0.44 | 7.71 0.53
23 ofr Sandy Point . July 24,1918 7 1—0.41 [—1.62 | 157 | 0.40 | 4.54 |—1.70 |—0.91 101 0.60 | 7.88 | 12.39
30 . . do | QO May 21,1918, ... _. Y N ORI PPN R PP AR, —1.32 5(0.80{. ... 12.05
Block Island Sound
31 | J. C.Sammons....| Off Ct}arlwtown Pond, sbout | Aug. 14-16, 1930.__._ 135| Pole____ 7 |—0.31| 0.45; 251 |0.93 |6.48] 0.34 |[—0.18 571079 | 5.94 | 1.21
1 mi
32 _...do____.._..___ oft Cl:larlestown Pond, mid J..... doo_ .. 1341, . do._...| 33| 0.46 0.99| 296 ]0.76 | 5.98 | 0.61 1.07 75]10.91 644 1.91
soun
Between Block Island and
Montauk Point, Long Island
33 {J. C. Sammons.... Aug. 26-27, 1830.____ 1 Pole....| 7 |-0.46 |—o0. 32511.36 | 6.25|—0.04 | 0.07 | 150 | 2.31|6.17 | 0.81
34| W.S. Benson..... .| June 19, 1896.._____. W__do._.., 7 —0.33(—0.41f 3401200 | .. __.|....... —-0.03 : 145 )2.50 [...... 0.91
35 | J.R.Goldsborough |. .| Aug. 23—24, 1846 1 Float__ [ () |—0.43 | 0.25( 306 | 1.32 6.02 [—0.24 | 0.00 132 | 2.46 | 6.40 1.03
36 | J. C. Sammonbs.... Aug. 26-27, 1930_.___ 1 | Pole._.. 7 |—0.91 (—0.98{ 333 ] 1.66 | 6.30 [—0.44 |—0.78 | 142 | 1.76 [ 6.12 | 0.35
Vicinity of Montauk Poind,
Long Island
37 | J.R. Goldsborough.| Off Great Eastern Rock______ 1 | Float...| () |—0.98 (—0.24 | 349 [ 1.75 | 6.51 |—0.30 (—0.50 | 157 [2.01 | 5.91 | 0.63
38 | J. C. Sammons....{ Off Montauk Point..__ 1 | Pole_...| 314/—2.36 |—1.68 41260]6.95 . . 153 | 1.65 | 5.47 | 11.76
39 | J.R.Goldsborough.|.___.do_.._...__.__. ... 1 Float...| (%) |—1.52|-0.97 348 { 2.06 | 6.27 138 (2.4816.15] 1223
40 ... do-_........... North of Montauk Point. 1 {._.do._.| () i—=1.72(-2.17} 310 1.85 ] 5.89 130 | 1.73 | 6.53 | 11.67
41 | J. C, Sammons....[| Off Shagwong Point. _._...__. 1 | Pole... 316|—1.91 |—2.€3 | 266 | 0.95 | 4.85 88 [ 1.35| 7.57 | 11.29
42 | J. H. Hawley...... Off Shagwong Reef....___..._.1 8 4. do....] 7 I-150]-1451 2741 1.50 R S P 1222
Block Island Sound
43 | J. C. Sammons.___.| Mid sx}px;g, si)zmlh of Watch | Aug. 14-16, 1830_____ 134] Pole____ 1.2} 079| 257|094 |458)] 004| O.72| 97| Les|7.84]| LW
4“ d olnt, B 141 __do_._. L00| 009} 268 | L00| 488 0.05| L14 771L14|7.54| LD
45 | J.R.Goldsborough | Soli)otheastol&at&m' Point, | Aug. 11-12, 1846__.__ 1 Float__.} (9 }—0.88|—0.84| 274 | 0.93 | 6.37 |—0.34 |—0.45| 119|0.82|6.056| O.50
about 2 mi;
46 |_.... s 1) T, SOut::easto(Watch Hill Point, | July 20-21, 1848_____ 1 |_do....] (® |-1L98|-0.64] 277|1L14]7.18|—0.63 |-0.37| 858|145 |64 | 023
about 1 mile.
47 | J. C. Sammons. .__| South of Watch Hill Point, | Aug. 12-13, 1930_____ 1 |Pole....| 7 |-L01]|-L03}| 265|1.83]6.40{-044|-0.78] 106|213]602] Q.31
about 14 mile.
H. Burkhardt.___. y Rock (Gas Buoy, | July 6-Sept. 25,1915} 14 | Baoy_--.| (9 |-160 6.35 |—1.08 6071228
49 | Q. 8. Blak th I%naltlchﬂﬂll’ July 8-10, 1845 2 | Pole 9 160 |-1.07] 27811.27] 618 |—1.25 —-1.29 4| |L2]|624|1225
. 8. (IR, of Watch Hill Passage..! July 8-10, 1845_ _____ ole____ —1.60 |—1. - —1.25 I—1.
50 | J. C. Sammons.._.| Southwest of Watch - Angy. 27-28.1930_____ 1 l.do....] 7 |-1.26|-0.58| 263|114 7.45| 0.36 |—0.38 83|1.19 | 497 ) 0.67
Point, about 2% miles.
Vicinity of Fishers Island
51| J.C. Bammons.__..| Off Wilderness Point___..____ Aug. 13-14, 1930_____ 1 Pole....| 7 }-066|-0.53] 2581226 |610|—0.39 |—-1.03 690{191|632] 0.48
Vicinity of Cerberus Shoal
Cerberus 8hoal, about 2 Aung. 13-14, 1930_____ 1 |Pole___| 7 064] 0271 261|089 | 450 |—0.69 |~0.23 |14 |792| L13
s21J.c. S“mm"“’{ s b et of g 3 3e, 180, 1 |iaosd 7 |-t |-az| 4|Ls1i]|eos]| eur|o0B| s6(rnn|saz]| am
53 | P. M. Trusblood. . Carberms Shoal, abont 2miles | S8ept. 26, 1917________ {..do....} 7 |-007]003]| 248]|L38 L32
54 | J.R.Goldsborough.| C&bq'ns h.oal, abom 13 | Aug. 12-13, 1846____. 1 Float___| (9 |—021 0.42‘ 214 |1.15]|678] 074 | 0.90 841160]564] 1.50
miles northeast
55 | P. M. Trusblood - _ Cerbu'm Bhoal, ubom 2mijles | Sept. 26, 1917_______. | Pole....| 7 {—0.53|—0.67| 261 |1.48 0.68
68 { J. C. Sammons._.._. Cerba'us Shoal, about 2% { Aog. 13-14,1930_____ 1 |...do.__.| 334]—0.11]|—0.73]| 281 | L 78| 500 |-0.94 |[—0.3 7311.887.42} 0.60
miles south-southeast of.
Vicinity of Fort Poxd Bay
57 | J. C. 8ammons. __.| Culloden Point, stll:out 134 | Aug. 12-13, 1930_____ 1 | Pole.__.| 314]—0.96|—203| 214 |0.49 |3.50 |—244 |-0.88] 64044 [892}|1L97
miles west by south of.
58 | J.R.Qoldsborough | Culloden Point, about 2% | Aug. 24-25, 1846 ___. 1 Float...| (9 |—241]-238] 262;0.8 1655|100 |—166 76 ]0.93 | 587 | 1L..51
miles northwest by west of.
Approachkes to Gardiners Bay
50 | J.R.Goldsbhorough | Little Gull Island Light, about | Aug. 31-Sept.1,1846.. 34| Float...| (9 |-0.65|—0.57| 298| 1.33|597|—0.51 |-0.60| $3]1L78|6.45| 0.56
234 miles south by east of.
1 Current weak, and times of slack water are indefinite. ? Flood sets northerly, ebb southerly. 3 Approximate valoes. ¢ Surface.
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160 U. 8. COAST AND GEODETIC SURVEY

It will be noted that the majority of current stations occupied in
Block Island Sound are located chiefly in the vicinity of Point Judith,
Watch Hill Point, Montauk Point, and Block Island, and also alo
the following cross sections: Point Judith-Block Island, Block Island-
Montauk Point, and Montauk Point-Fishers Island and Watch Hill
Point. In general, the results shown in Table 75 are from observa-
tions obtained by means of a standard 15-foot current-pole and
current-log line.

The times and durations of the current at each station in Table 75
are given in hours and are referred to the times of similar phases of the
current at The Race. The velocities of the current have been cor-
rected to a mean range of tide and represent average current condi-
tions. These velocities of flood and ebb would increase or decrease
proportionately as the range of the tide increased or decreased from a
mean value.

The minus (—) sign in columns 8, 9, 13, and 14 means ‘‘earlier .
than.” Thatis, the time of slack or strength of current is earlier than
the same phase of the current at The Race. Where no sign precedes
the time value it means that the time of current at the subordinate
station occurs later than that at the reference, or standard, station.

The mean solar-current hour given in the last column of Table 75
has been referred to previously on page 33. It will be noted from the
values for mean current hour that the time of current throughout
Block Island Sound as a whole is generally earlier than that at the
reference station, namely, The Race. However, along the axis of the
sound from a point north of Block Island to the vicinity of The Race,
the data for stations 10, 12, 14, 32, 43, 44, 53, and 54 show that the
current along such axis occurs somewhat later than it does at the
reference station. There is an acceleration in the time of current

- near the shore where the waters are much shoaler than in mid-
channel. This acceleration is marked in the case of stations located in
the vicinity of Point Judith, in the entrance to Great Salt Pond (Block
Island), and in the shoal area north and west of Montauk Point.

The results given in Table 75 show that average velocities of the
current in mid sound from & point north of Block Island to a point

~ north of Cerberus Shoal vary from about 1.0 knot at the former locality
to about 1.5 knots at the latter. Strong velocities averaging 2.0 knots

or more occur at the eastern entrance to Block-Island Sound in the
vicinity of the gas and bell buoy north of the shoal extending from

Sandy Point, Block Island. Likewise, strong velocities averagi 5

2 to 2}4 knots or more occur at the southern entrance to Block Iﬂ

Sound in the stretch between Montauk Point, Long Island, and

Southwest Ledge, off Block Island. ‘

Average current strengths of three-fourths knot on the flood and 1
knot on the ebb, respectively, are found at the south entrance to Point

Judith Harbor of Refuge, according to the results from observations

at stations 4 and 5, the time of current at this entrance occurring
about two and one-half hours earlier than that at the reference station,
namely, The Race. The results from observations at station 7 at the
west entrance to Point Judith Harbor of Refuge show current strengths
of about one-half knot, the time of current occurring about three hours
earlier than that at The Race. The strong average current velocities
of 2} to 3 knots at station 6, located at the entrance to Point Judith
Pond are accounted for by the narrow, 100-yard entrance itself and



TIDES AND CURRENTS 161

the volume of water flowing in and out of Point Judith Pond on the
flood and ebb, the area of the pond being approximately 3 square miles,

The results given in Table 75 show that along the eastern entrance
to Block Island Sound from Point Judith to Block Island the duration
of flood, in mid sound and along the coast of Rhode Island greatly

2

"e

‘"

P

F1GURE 37.—Current stations, vicinity of Block Island

exceeds that of ebb, while along the northern end of Block Island the
duration of ebb greatly exceeds that of flood. '

At 29 of the 59 current stations occupied in Block Island Sound and
vicinity, observations were made at various depths by means of cur-
rent meter in addition to surface current measurements and the re-
sults from these observations are given in Table 76.
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TaBLE 76.—Results from current observations at various depths, Block Island Sound and vicinily
[Referred to times of predicted current at The Race)
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U. 8. COAST AND GEODETIC S8URVEY

TaBLE 76.—Resulls from current observations at various depths, Block Island Sound and vicinity—Continued
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Price current meters were used in making the observations referred
to above. For purposes of comparison the results near the surface
at each station as obtained by means of current-pole and current-log
line are also given in Table 76.

With the exception of stations 53 and 55, at which flood observa-
tions only were obtained in 1917, the subsurface observations at sta-
tions listed in Table 76 were all obtained during the summer of
1930. It was found advisable to reoccupy station 52 located north
of Cerberus Shoal because of unfavorable weather conditions which
occurred during the first occupation of the station. This probably
accounts for the fact that the results from observations at this station
for the period August 13-14, 1930, do not agree very well with those
derived from observations made during the period August 27-28,
1930. It is very probable that the values obtained for the latter
series are the more reliable as they agree more closely with those for
other stations in the vicinity and more ideal weather conditions ob-
tained during the observational period.

A study of the data in Table 76 will show that the current generally
becomes earlier in occurrence as the depth increases. This is clearly
shown by the data for station 43 located in mid-sound south of Watch
Hill Point and midway between Block Island and Little Gull Island
Light, and in a depth of over 100 feet. At this station the current near
the bottom turns more than an hour earlier than it does near the sur-
face. However, at many of the stations the earliness of the current
near the bottom as compared with that near the surface is but a mat-
ter of a few minutes or so.

THE TIDE AND CURRENT IN GARDINERS AND PECONIC BAYS

The characteristic features of Gardiners Bay, Shelter Island Sound,
Little Peconic Bay, and Great Peconic Bay have been described
above. Tides have been observed in these waterways since 1838
when short series were obtained at Greenport, Southhold Landing,
South Jamesport, and Fireplace Point in connection with an early
hydrographic survey. The following year short series were obtained
at Greenport, Sag Harbor, and Orient. The locations of 17 tide
stations occupied in these waterways are shown in Figure 38 and the
results of observations at these stations are given in Table 77.

At a majority of these stations only a single series of tidal obser-
vations has been obtained and generally for a period of a lunar month
or less. The Corps of Engineers, United States Army, has cooper-
ated with this bureau in furnishing the results of observations at
stations 6 and 9, Threemile Harbor and Shinnecock Canal entrance,
respectively. The Coast and Geodetic Survey is also indebted to the
officials of the department of astronomy, Columbia University, New
York City, for their cooperation in obtaining tidal observations at
station 14, located at Deering Harbor, Shelter Island.
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TABLE 77.—Tidal dain, Gardiners Bay and vicinily, 1838-1928

Sta- > Observations Lunitidal intervals Durati M
tion Location m‘m raggg Compared with—
No. Date Period | HWI | LWI
Days Hours Hours Hours ‘eet
1 { Promised Land, Long Island__ .. _._____.______ Oct. 23-Nov. 19,1928 _________________ p14 9.30 . 342 5.88 2.32 | Fort Hamilton, N. Y.
2 | Oft Acabonack Harbor entrance, Long Island __._. Oct.4-28, 1882 ___ . . s 17 9.40 3.488 5.82 2.37 | New London, Conn.
3 | Fireplace Point, Long Island._ .. .. _____________ Sept. 22-Oct. 6, 1838 _.______________.| 10 9,06 3.42 564 2.63
4 | Gardiners Island (southwest side).___.._._____.__| Oct.2-6, 1882 . ..o 5 9,65 3.82 5.83 2.44 Do.
5 | Gardiners Island (Bostwick Bay) .- _......._. Aug. 25-Oct. 2, 1882, _____ 9 9.61 3.48 6.13 2.64 Do.
6 | Threemile Harbor (Gardiners Dock), Long Island.| Oct. 19-27, 1927___ 9 12.07 570 6.37 11,62 | Fort Hamilton, N. Y .1
7 | Cedar Island Light__ _-| Sept. 6-26, 1882 .. - 15 10.12 4.00 6.12 2.82 | New London, Conn.
July 9-30, 1839..-. - 15 10.13 3.88 2.32
8 | Sag Harbor, Long Island. .. oeooeoooooeoeooeeeeo (Tome 5-28, 1891, .. 24| 102 | 6&n 2,41 | Sandy Hook, N.J. -
9 | Shinnecock Canal entrance (Great Peconic Bay).| July 23-Aug. 20, 1909_ - 29 1254
July 16-21, 1838__ ... - 6 12,13 5.82 6.31 2.38
10 } South Jamesport, Long Island. ... o-oeeveeene - (o 525 o o X B] 1223 62| 601 2.64 Do.
May 12-June 12, 1913. - 32 11,76 5.67 6.08 2.68
11 | New Suffolk, Long Island.coooemmoooemnnamnannns {Oct. 981, 1017 T 2| 18 5.86 6.02 2.62 | Fort Hamilton, N. Y.
12 Glio;t gfog Neock (east of Corey Creek), Long [ June 24-Oct. 3, 1891 __.._.__..____ - 112 11.58 5.18 6.40 2.48
and.
Sept. 18-Oct. 30, 1838__________________ 36 11.10 4.65 6.45 2.61
13 | Bouthold Landing, Long Island.....oooeeovoeneoo (& 9527, 1917« ooro oo 3| 1003 483 610 2.32 | New London, Conn.
14 | Manhanset Manor, Deering Harbor, Shelter | July 10-Sept. 30, 1906_ .. .—....__| 79 10.52 4, 30‘ 6.22 2.34
Island. July 81-Aug. 31, 1838_ - 18 10.32 3.92 6.40 2.37
T SRy o, ig8. 1 #| Wm| ik &%| Z#| b
uly 31-Nov. 9, e e mcmmmammmen 3 08 0.
15 | Greenport, Long Jaland. ..covooeoeooreceeenenanos July 25-Oct. 8, 1883 : 17| 1042 430 €12\ 236( Do,
June 7-Aug. 19, 1891._ - 24 10. 32 4.13 6.19 2.33 | Sandy Hook, N. J.
Oct. 22-24, 1917 . ... 3 10.31 428 6.03 2.47 | New London, Conn.
16 | Orient, Orient Harbor, Long Island._._._______._ May 31-July 2, 1839 . _ooooo.n- 7 9.25 3.38 5.87 256
. : Aug. 10-Sept. 5, 1882_ 13 9.68 3.52 .6.18 2.50 Do.
17 | Long Beach Bar Light,-Gardiners Bay.-.......-.. {Oct. 11-Nov. 11, 1016. __...--oooommoos 27 9.58 3.98 5.60 2.90 | Sandy Hook, N. 7.

! From tide records furnished by the Corps of Engineers, U. 8. Army.
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Where it was possible to do so, short series of observations were
compared with simultaneous observations at a long-period standard,
or primary, tide station in order to reduce to mean values. It will be
noted from the data in Table 77 that the results from various series
at- the same’ station generally agree quite closely, especially if such
‘'series of observations are of a fortnight or lgnger in duration.

Owing to the fact that the results from the'various series of obser-
vations at each tide station in Gardiners and the Peconic Bays tﬁ;ve
somewhat different values, depending upon lengths of series, method
of obgervation, effect of weather conditions, etc., the results from
observations as given in Table 77 were subjected to an adjustment

ess in order to atrive at standard values, giving due weight to the
engths of series at each station. The adjusted values for each tide
station in these waterways are given in Table 78.

Tapiu 78.—Adjusted tidal dats, Gardiners Bay and vicinity

. Lunitidal in- R
| ange of tide
Sta-, tervals ]21%':'
t}g)n’ IM“W of
o, .
. HWL | 1w | ™% |nrean [spring) Neep
s I
- R Hours | Hours | Hours| Feet | Feet | Feet
. 1| Promised Land, Long Island._ .. ..o ooocooeoooo 9.30 3.40| 590 23 2.8 17
2 | Off Acabonack Harbor entrance, Long Island..___.. 9.401 3.60( 58| 25] 3.0 19
3 Flra&nhg&l’oint, Longlsland. ___...___..._._ - 9.40 3.60{ 58 2.5 8.0 L9
4 | Gar Island (southwest side). . 4 965 3.80| 5.8 2.5 3.0 1.9
5 | Gardiners Island (Bostwick Bay) ... .. ......_. 9.60 350 610 25 8.0 19
6 | Threemile Harbor (Gardiners Dock), Long Island. | 12.05 570 | 6.85 18 L9 1.2
7 | Cedar Island Light 10. 10 400 6.10 2.8 3.4 21
8 Harbor, Long Island. . . .ccoouoaooooaaaas 10. 20 4.05] 6.15 2.4 2.9 18
9 C entrance (Great Peconic Bay) -] 28 3.0 1.8
10 | South Jamesport, Long Island.............. SRR 1220 615| 6.08 2.5 3.0 1.9
IlJ New Suffolk, Long Island. 1180 5.75| 6.05 2.6 3.1 20
12 | Great Hoifneck (east of Corey Creek), Long Island.| 11.60 5.20] 6.40 2.5 3.0 1.9
18 | Southold ding, Lonf Island 1100 475 6.28 2.4 29 1.8
14 | Manhanset Manor, S8helter Island. 10.50 | 430| 6.20 24 29 1.8
18 | Greenport, Lonﬁgra!and ............ 10.30 430 600 2.4 2.9 1.8
‘18 | Orient, Orient bor, Leng Island. ... . . __ 9.65 3.80] 478 2.5 3.0 1.9
17 | Long Beach Bar Light, Gardiners Bay._...__._.... 9.60| 38| 575| 28| 34| 21

in Table 78 the high and low water lunitidal intervals and duration
of rise of tide at each station are given in hours and hundredths of an
hour to the nearest five-hundredths of an hour.

In addition to the values for mean range of tide for each station
there are also given the approximate values for spring and neap
ranges. The latter were obtained- through the apglication of factors
to the values for mean range of tide and the method employed was
described above in the-preceding section in connection with a dis-
cussion of the tide in Block Island Sound.

It will be noted from the data in Table 78 that there is very little
difference in range of tide throughout these waterways. From east
to west in Gardiners Bay there appears to be an increase in ranse of
about 0.3 foot from Gardiners Island to the vicinities of Cedar Island
and Long Beach Bar Lights. From the latter localities westward
throughout Shelter Island Sound the range of tide apparently decreases
_ approximately 0.4 foot. From Shelter Island Sound westward the
range of tide appears to increase slightly to an approximate mean
range of 2.5 feet,

976864 0—51——12



170 U. 8. COAST AND GEODETIC SURVEY

The range at station 6, however, is apparently about 1 foot less than
that in Gardiners Bay. This is most likely due to the fact that the
station was located about one-half mile inside Threemile Harbor.
The latter is about 1% square miles in area and is reached from Gardi-
ners Bay by means of a dredged channel about 100 yards in width and
having a mean low-water depth of about 5 feet. Threemile Harbor
is very shoal, having a maximum mean low-water depth of but 13
feet. Accompanying this decrease in range of tide in Threemile
Harbor there is a lateness in the time of tide, the tide in this harbor
occurring about two hours later than that outside in Gardiners Bay.

While there is very little difference in range of tide throughout
Gardiners Bay, Shelter Island Sound, and the Peconic Bays, there is
considerable difference in time of tide throughout these waterways.
The data for lunitidal intervals in Table 78 show that thereis a differ-
ence of nearly three hours in the time of tide, the tide at South James-
port, Long Island, occurring approximately three hours later than
that at Promised Land, Long Island, or Long Beach Bar Light.

In Gardiners Bay there is very little difference in time or range of
tide at one locality as compared with the same phenomena at another
locality. In Shelter Island Sound, however, there is considerable
difference in time and range of tide at various localities. The mean
range of tide decreases from about 2.8 feet in the vicinity of Lon
Beach Bar Light to 2.4 feet in the vicinity of Greenport, Long Island,
and Southold, Long Island. Likewise, it decreases from about 2.8
feet in the vicinity of Cedar Island Light to 2.4 feet in the vicinity of
Sag Harbor, Long Island. The time of tide throughout the northern
and southern portions of Shelter Island Sound is retarded from east
to west, high and low water in the vicinity of Cedar Beach Point,
Great I‘fog eck, Long Island, occurring about an hour later than the
same phenomena at Long Beach Bar and Cedar Island Lights.

Tidal currents have been observed by field parties of this bureau at
9 stations in Gardiners Bay, Shelter Island Sound, and the Peconi¢
Bays for brief periods of 26 hours at each station. The locations of
these current stations are shown in Figure 39. With the exception of
station 5, these stations were occupied during the summer of 1929.
The results from observations near the surface at these stations are
given in Table 79,
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FIGURE 39.—Current statiops, Gardiners Bay and vicinity
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TABLE 79.—Results from current observalions near the surface, Gardiners Bay and vicinity

[Referred to times of predicted current at The Race]

Observations Flood strength g Ebb strength a ‘g
. F<3 =]
Sta- 3 g 3 5
tion Party of— Location ) §? » 2 5,3 by g gé
pe]
" e |3 % lglgl g (282 |3|g |2 (288 |5|8
@ K=} —t ] = - i) =3
& = Blal|lel|la”|2|r|a|ela|8]&|"
Approgches to Gardiners Bay Hours | Hours Hours | Houre
Days Feet | after | after ° \Knots|Hours| after | after °  |Knots{Hours|Hours
H. E, Finnegan..._| Off Gardiners Point.. 1| Pole..... 7 —0.60 .06 { 267 | 1.38 | 5.98 [—0.45 [—0.30 78 10.88|6.44| 0.81
do. Off Goff Point_. ... d 1{---do__... ~1.85[—2.05| 210 | 1.21 | 6.23 |—1.45 |—2.46 40 [ 1.56 | 6.19 | 11.60
Off Acabonack Harbor.._._...|._._. do..o..... 1 }.--do.__.| 3}4 ~1.75 |—L25 6]1.30]6.38|—1.20{-2.60| 176 | 1.05 | 6.04 | 11.85
Gardiners Bay
4. do____________. Off Hog Creek Point_._____._.|.__..do____________.__ 1 |-..do..... 71-1.00{~0.75 | 281{0.25 | 5.33 |—1.50 |—1.95 67 (0.85617.00 12.25
5| P.M. Trueblood.. Oft Orient Point...._.___._._. July 30-31 1917 1|...do_____ 71-- [C) I PO, 55 | 0.43
Shelter Island Sound
6| H. E Finnegan.... Off Cedar Island Light_..._.__ Aug. 9-10 1920 . __ 1|---do..... 7i—0.20 [—0.50 [ 192 | 1.48 [ 6.03{ 0.00 |—1.10 0/1.38)6.39: 0.68
T feeeaedo Off Greenport____ . _____f.....do________..___ 1j._.do____. 71 040 0.15} 215 1.53 | 5.78| 0.35|—0.05 36| 1.736.64 | 1.34
Little Peconic Bay
| 2 - (¢ 1) T Off Cedar Beach Point___._.._{_..__ 5 1 Y 1|[...do..... 7| 0.30)—0.40] 220 | 1.88 | 5.88 ] 0.35{ 0.20 46 1,43 6.564 | 1.24
Qreat Peconic Bay
9l..... do._____._.___. Off Southport ... | ... [+ 1« S, 1 |-..do.._.. 71 110 0.95| 277 [0.25| 5.78| 1.05| 0.90 99(0.10} 6.64 | 2.13

4 Seo text, p. 173 for current conditions at this station.
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In general, the results shown in Table 79 are from observations
obtained by means of a standard 15-foot current-pole and current-log
line. The times and durations of the current at each station are given
in hours and are referred to the times of similar phases of the current
at The Race. The velocities of the current have been corrected to a -
mean range of tide and represent average current conditions. These
velocities of flood and ebb would increase or decrease proportionately
as the range of the tide increased or decreased from a mean value.

It will be noted from the values for mean current hour in Table 79
that the current at stations in Gardiners Bay, especially in the channels
in the shoal area near the southern entrance to the bay from Block
Island Sound occurs from about one-half to two hours earlier than at
the reference station. Off Greenport and Cedar Beach Point in
Shelter Island Sound it occurs a few minutes later than at the reference
station, while at station 9, off Southport, in Great Peconic Bay, it
occurs about an hour later than it does at The Race.

An explanation is necessary concerning the results obtained from
observations at station 5, which was occupied in 1917 for a period of
25 hours. Throughout the observational period a northeasterly
cwrrent set was noted at this station with a maximum surface velocity
of about 0.45 knot, as measured by a 15-foot current-pole and current-
log line, and about 0.55 knot at depths of 6, 12, and 17 feet, as meas-
ured by a Price current meter. Two slack-water periods of approx-
imately four hours’ duration each were observed near the surface by
means of current-pole and current-log line. During such times
minimum velocities of one-fourth knot or less were observed by means
of current meter at subsurface depths.

It is possible that station 5 was located in an eddy where the current
continually ebbs, or sets northeasterly. However, the twa, long,
slack-water periods rather indicate that at this locality the flood, or
southwesterly stream, is very weak and may become completely
masked by meteorological or other nonastronomical conditions.
Throughout the observational period of 25 hours westerly winds,
averaging 12 miles per hour, prevailed. This condition would pro-
duce a nontidal current, setting easterly, with a velocity of about
0.25 knot. Station 5 was located in shoal water about one-fourth
mile from shore in Gardiners Bay and about three-fourths of a mile
southwest of Orient Point, Long Island.

Fairly strong average current velocities of 1% to 2 knots are ex-
perienced at stations 6, 7, and 8, off Cedar Island Light, Greenport,
and Cedar Beach Point, respectively, owing to the narrow channels
in these localities, while the weak currents at stations 4 and 9, off
Hog Creek Point and Southport, respectively, are obviously due to
the expanse of the waterways in these localities. It will be noted
that the duration of ebb is considerably greater than that of flood at
all the current stations with the exception of stations 2'and 3. Thisis
obviously the result of fresh-water run-off and the conclusion is that
such run-off from streams entering the Peconic Bays and Shelter Island
Sound reaches Block Island Sound by way of the northern entrance
to Gardiners Bay,



TaBLE 80.—Results from current observations at various depths, Gardiners Bay and vicinity

[Referred to times of predicted current at The Race]

Observations Flood strength g Ebb strength a é
— Enl
- o E
Sta- 2 S S
tion|  Partyof— Location 3 S5 x| 2 gl 8|78
No. Date 3 3 4| o |82l B8 2| w s |81 %7 g
5 2 =3 I T - T == - - O - - 0 T -
& = Al ® = |A > | » &= Als | m |2
Approaches to Gardiners Bay Hours | Iours Houre{ Flours
i Dayx Feed | after | q ° | Knots|Hours| after | after Knots| Hours|IHours
1| H. E. Finnegan.. ..| Off Gardiners Point__.__....__ Aug. 2-3, 1929._..... 1} Pole..... —0.60) 0.05| 267 | 1.38] 5.98 . 6.44 | 0.81
1 18 |—0.60 |[—0.15 |-._--- 1.42 } 5.98 6.44 | 0.74
1 45 [—0.75 |—0.25 |...-_. 1.38 | 6.18 6.24 | 0.69
1 72 1-0.951{—0.15 |[..___. 1.20 { 6.43 5.99 | 0.68
2 foea-s {1+ T Off Goft Point__________._...]-__.. (1) T 7 |-1.85|-2.05| 210 1.21}6.23 8.19 | 11.60
8 |—1.80|—2.20|....__ 1.35 | 6.13 6.29 | 11.54
20 |—1.75(—2.00 [.---.. 1.21 | 6.13 6.29 | 11.65
32 {—-1.90 |~2.20 |.....- 1,12 | 6.28 6.14 | 11.59
b ) S [+ 1. SO Off Acabonack Harbor___..___|._._. Lo 1 T, 1.30 | 6.38 6.04 | 11.85
1.20 |{ 6.33 6.09 | 11.76
1.20 | 6.68 574 | 11.75
1.00 | 6.78 5.64 | 11.74
Gardiners Bay
L 3 - Us [ JO Off Hog Creek Point_____.____[ ____ Lo [ T 1| Pola_____ 7 |—1.00 5.33 [—1.50 [—1.95 67(0.3517.09]12.25
1; Meter._.! 7 [—0.95 5.38 |—1.40 | —1.90 {._____ 0.3517.04,12.25
1|...do__._. 12 |—0.95 5.63 {—1.15 |—2.00 |____.. 0.2816.79 | 12.26
1|...do..... 20 [—-0.80 6.03 |—0.60 |—1.55 {_.____ 0.15 ] 6.39 | 12.66
Shelter 1. Sound
6| A0oeeecaneaee Off Cedar Island Light._._._._| Aug. 9-10, 1929__.___ 1] Pole..... 7 1-0.20 6.03 | 0.00 1.38 [ 6.39| 0.68
1| Meter...! 7 [—0.15 5.93 [—0.05 1.43 1 6.49 | 0.69
1f...do_____ 15 {—0.20 6.13 | 0.10 1.22(6.29¢ 0.81
1([...do_.... 24 [-0.40 6.43 | 0.20 0.87 599 0.8
71— (o 1 T, Off Greenport Harbor__.._....|.__.. (o (s T, 1| Pole...._ 7 0. 40 57| 0.35 1.73 [ 6.64] 1.34
1| Meter...| 12 0.40 5.8 | 0.40 1.73 | 6. 59 1.39
1f...do.____ 30 0.25 6.03 | 0.45 1.58 | 6.39 1.29
1{...do_.... 48 0.30 6.131 0.60 1.3316.291 1.35
Little Peconic Bay
020 46| L3654 LM
8...--do Off Cedar Beach Point do 1 1pet 7} 02000 PG |eE 0| oemw|. Z|is|en| iz
1l_do—] 25 | 025|-0.20 .- 1.93]/618| 060| 015 13|en| L3
—0.25| 237|LW| 608 0.00 158|634 L3
1| _dos..] 25 | 0% 128|619 L28
1{._.do.| 40 0.3 |-0.25 L78|623 70 |—0.15
QGrest Peconic Bay
90 wjowless| 213
[ 33 S [ 1 SO Ofl Southpert. do. 1| Pole_.| 7| LI0) Q% 277 g:%‘;' &2 }_‘035) ¢ 020|644} 234
1| Meter___| 7 116| LO0 -- 02 aaa| 228
1|___do 10 | L06| Q.95 0531598} L20| ..t oBleei| zos
1|..do.... 17 a8 095 .- 0.561578 080 .-

1 Directions of subeurface current obtained from Pettersson meter observations; timesolocmxmceandvelodﬂwofammtanhisdemh (25 feet) obtained from Price meter

observations. 3
3 Pettersson meter observations.
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At each of the 9 current stations shown in Figure 39 observations
were made at three subsurface depths by means of current meter in
addition to surlace current measurements and the results from these
observations are given in Table 80.

The current meters used in making these observations were generally
Price meters. At stations 3 and 8 the Pettersson meter was also
employed. At the former station it was used in obtaining subsurface
current directions only, while at the latter it was used m obtaining
the direction and velocity of the current at a depth of 25 feet. Sub-
surface currents were observed at three depths, representing 0.2,
0.5, and 0.8 of the depth at each station.

For purposes of comparison the results near the surface at each
station as obtained by means of current pole and current log line are
also given in Table 80. It will further be noted that stations 1, 2, 3
and 4, all locatedin Gardiners Bay and vicinity, were occupie
simultaneously, while stations 6, 7, 8, and 9 located in Shelter Island
Sound and the Peconic Bays were likewise occupied simultaneously.

The Pettersson meter results from observations at a depth of 25
feet, or mid depth, at station 8, located at the entrance to Little
Peconic Bay, agree remarkably well with those obtained by means of
the Price meter at the same depth, regarding the time, velocity, and
duration of the tidal current. In addition, the Pettersson meter re-
sults show that there is a considerable difference in the directiou of
the current at strength of flood and ebb at the mid depth as compared
with that at the surface.

A study of the data in Table 80 will show that at most of the sta-
tions in these waterways the current generally becomes earlier in
occurrence as the depth increases. At stations 4 and 6, however, the
opposite is apparently the case, while at both of these stations the
duration of flood increases considerably with increased depth. An-
other conclusion is that most of the fresh-water run-off from the streams
entering the Peconic Bays is discharged through the northern arm of
Shelter Island Sound rather than the southern. This is shown by the
data for stations 7 and 6, located off Greeaport and Cedar Island,
respectively. It will be noted that at station 7 the duration of ebb
exceeds that of flood at all depths while at station 6 the duration of
flood at the bottom depth actually exceeds that of ebb by nearly
half an hour.

It should again be emphasized that these two stations, together
with stations 8 and 9 in the Peconic Bays, were occupied simultane-
ously under the same weather conditions.

The increased ebb duration over that of flood at station 4 and the
opposite condition at station 3 are, no doubt, due to the locations of
these stations with respect to Hog Creek Point, Long Island, and the
western shore of Gardiners Island, together with Cartwright Island
and the extensive shoal areas south of these islands. The hysrographic
features of this vicinity indicate that the ebb from the southern arm
of Shelter Island Sound and also from the southern portion of Gardi-
ners Bzgis deflected northeasterly between Hog Creek Point and Crow
Shoal, the full effect of such ebb being experienced at station 4. At
this station the velocity of ebb, though apparently less than half a
knot, is greater than that of flood, while the duration of ebb from the
surface to mid depth is from 1 to 1% hours longer than that of flood.
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The ebb then sweeps easterly and is deflected southerly and south-
westerly by Gardiners Island. The effect of the ebb, therefore, is
somewg’at diminished at station 3, located in mid-channel north of the
entrance to Acabonack Harbor, Long Island. The velocity and dura-
tion of flood at the latter station are naturally sreater and longer
respectively, than those of ebb, since the flood tidal current accom-

anying the rising tide entering Gardiners Bay from Block Island:
gound ollows ,Hrimarily the natural channel from Goff Point across the
extensive shoal area south of Cartwright Island to the vicinity of
station 3. The Pettersson meter directional observations at a depth
of 25 feet at station 3 show that flood sets more easterly and ebb more
westerly near the bottom than near the surface.

It will be noted from the data in Table 80 that the velocity of the
current generally decreases with increased depth and the explanation
for this condition has been described above at considerable length.
However, . this condition does not apparently prevail at station 9,
located in Great Peconic Bay, as shown by the results in Table 80 from
observations at this station. This is most likely due to the location
of the station near the head of a land-locked bay of considerable width
and fairly shoal.

TEMPERATURE, DENSITY, AND SALINITY OBSERVATIONS IN BLOCK
ISLAND SOUND AND ITS TRIBUTARIES, 1929-30

Temperature and density observations were obtained at most of
the current stations in -‘Block Island Sound and vicinity which were
occupied by the field party during the summer of 1930. Similar

- observations were obtained at five current stations in Gardiners and
the Peconic Bays during the summer of 1929. The results of these
observations are given in Table 81. '

For %lurpdses’ of identification the numbers of the current stations
at which temperature and density observatipns were made are given
in the first column of the table. These station numbers are identical
with those in Figures 36 and 39," which show, respectively, current
station locations in Block Island Sound and vicinity and Gardiners
Baz and vicinitq. o

At the Block Island Sound current stations occupied in 1930 water
samples were. rally obtained at the three depths at which currents
were observed by means of meter. These water samples were
obtained by means of Sigsbee water-specimen cups. At the current
stations oc¢cupied in Gardiners and the Peconic Bays in 1929 the
temperatures of the water at each meter observational depth were
also obtained as well as water samples. Exceptions to the general
procedure of observing temperatures and densities at three depths
at each current station were made at locations where shallow depths
obtained.

The observed densities. were reduced to temperature 15° C. and
the corrected densities are given in columns 8,9, and 10. Thesalinitjes
given in columns 11, 12, and 13 of Table 81 were obtained from the
corresponding depsity values in the preceding columns,
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TasLe 81.—Temperature, density, and salinity of water, Block Island Sound and
its-tributaries, 1929-30

Cm;- Temperature, °C,

ren

sta- - Date Time Density Salinity
&-“’: Alr Water

Block Island Sound and vicinity

18 |88 (SO | 188 | S8R | SOfL. |181%. 1880|560 2.
r A ﬂ. . .982.” ”'Bgﬂ

—

14:10-14:20

22:10-22:20

6:10- 6:20
Mean..

8| Aug. 18...... 14 10-14:20
Do.....-- :10-22:20

Aug. 19...... 6~10- 6:20
Mean..

14:10-14:20
22:10-22:20
6:10- 6:20
14:10-14:20

Mean..

13:52-18:54
21:50-21:83
6:10- 6:13

Mean. .

14:15-14:25
22:10-22:20

6:15- 6:22
Measn..

14:10-14:20
22:10-22:18
5:45~ 5:54

Mean..

14:14-14:28
22:16-22:22
6:17- 6:24

Mean..

11 14:45-15:20
22:12-22:23
5:40- 5:56

Mean..

17 14:15-14:20
-| 22:10-22:20

6:10- 6:20
Mean..

18 Augb25 ...... 14: 43—14 50

19 13:53-14:47
.| 22:10-22:18

5:45~ 5:52
Mean..
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TasLe 81.— Temperalure, density, and salinity of water, Block Island Sound and
its tributaries, 1929~-30—Continued

Cur- Temperature, °C.
rent
slta- Date Time Density Salinity
tion .
No. Air Water
Block Island Sound and vicinity—
Continued
S LU |9f. 1t
20 14:10-14:20 1.0237 | 32.5 | 32.3 | 32.0
| 22:10-22:20 1.0246 1 32.3 ] 323 | 33.2
6:10- 6:17 1.0236 | 32.1 | 32.1| 319
Mean_ | . |ocaofeemaacfeaanaan 1.0239 | 1.0239 | 1.0240 | 32.3 | 32.2 | 32.4
s6f. Lop |2en ls6p.
21 14:15-14:23 1.0237 1 320 | 320 |. 32.0
22:10-22:20 1.0240 | 31.9 | 31.8 | 32.4
6:10- 6:15 1.0236 | 31.9 | 31.8 | 31.9
Mean-- ..o feomo | |eaeaas 1.0236 | 1.0236 | 1.0238 | 31.9 | 3L.9 | 321
TR\ ST TR 7R RN ITRNITR |27 SE
31 14:30-14:52 | 19.5 _11.0239 | 1.0239 | 1.0242 1 32.3 | 32.3 | 32.7
21:45-21:52 | 18.0 |- teoooao|maaan 1.0238 | 1.0237 1 1.0238 | 32.1 | 32.0| 32.1
6:12- 6:20 ] 211 |- . foeeoofemmnnn 1.0236 | 1.0237 | 1.0236 | 31.9 | 320 | 31.9
Mean. ||l 1,0238 { 1.0238 | 1.0239 | 32.1 | 32.1 | 32.2
32
36 14:12-14:21
D | 21:47-22:20
6:10- 6:20
Mean._ | oo oo 1.0235 | 1.0238 | 1.0238  31.7 | 32.1 | 321
6. |16 l2anl en. | 150 | 24 L6 (150 2410
38 13:50-14:15 | 23.0 |.___. 1.0233 | 1.0232 | 1.0233 31j.t5 31.124 43{15
22:40-22:52 [ 18.0 | |eeaaofeeoans 1.0236 | 1.0237 | 1.0237 | 31.9 | 32.0 | 32.0
6:15~ 6:19 | 18.0 | |oeoofauaaan 1.0237 1 1.0235 | 1.0234 | 32.0 | 31.8 | 31.8
Mesan.. RO NN P, 1.0235 | 1.0235 1 1.0235 | 31.8 | 31.7 | 317
41 | Aug. 27...... 22:12-22:18
Aug. 8______ 5:45~ 5:52
Do....._. 13:39-13:49
Mean..
43 | Aug. 14....__ 22:10-22:25
Aug. 15__ ... 6:40~- 6:47
[+ SO 14:10-14:40
Do_...... 22:00-22:24
Mean..
47 | Aug. 12._____ 14:12-14:22
Aug.13_____. 6:15- 6:23
Mean..
5t 22:15-22:50
8:10- 6:20
14:13-14:23
Mean_ | _foooo o foaaol 1.0232 | 1.0234 1 1.0234 1 31.4 | 31.6 | 31.7
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TaABLE 81.—Temperature, density, and salinily of water, Block Island Sound and
tts tributaries, 1929-30—-Continued

Cur- Temperature, °C.
rent
sta- Date Time Density falinity
tion
No. Alr Water
Block Island Sound and vicinity—
Continued
g e ltor) 7. | 67 M | 10T | ST .| 67 f2. | 107 M1,
52 22:15-22:40 | 18.0 s - z 1.0%0 1.0231 § 1.0232 | 31.1 | 3L.2 .
-] 6:17-6:24 | 20.4 | oo feeoii]omenas 1.0234 | 1.0233 | 1.0233 | 31.6 | 31.5 | 3Lb
13:47-14:14 | 21.5 (... __joo o |eeaaas 1.0236 | 1.0236 | 1.02368 | 31.9 { 31.9 | 31.9
Mean.J...oofooooboieaaaas 1.0233 | 1.0233 | 1.0234 | 31.5 | 31.5| 318
52 21:45-21:51
.| 6:09-6:18
14:13-14:23
Mean..
568 22:07-22:15
6:10- 6:20
14:10-14:20
Mean._|.__... - - 1.0231 | 1.0231 | 1.0230 | 31.2 | 31.2 | 30.0
57 | Aug. 12....__ 14:10-14:20
Do.......} 22:10-22:20
Aug. 13......| 6:10- 8:20
Mean..| | ... . _ .. |1020]1020] 10228 |3.0]3.1]| 30.9
Gardiners Bay and vicinity
8fl. |20ft.|S2f.] 81t 20 fi SEfR fi. |20f. |32 A2
2 15:05-15:156 | 23.1 | 21.1 { 21.1 { 21.0 | 1.0234 | 1.0234 | 1 3l.6|3L6| 3L6
23:40-23:50 | 23.4 | 2L.2 { 21.0 | 2L.1 | 1.0226 | 1.0227 | 1.0226 | 30.6 | 30.7 | 30.6
6:10- 6:20 | 26.0 | 21.2{ 21.1 | 21.0 | 1.0220 | 1.0227 | 1.0226 | 31.0 { 30.7 | 30.6
Mean..|._ O -ee- 1.0230 | 1.0220 | 1.0220 [ 31,1 ] 31.0 | 30.9
TR (16N |2R| TR I6f. | 26ft. |TR. (1608|2511
3 14:10-14:22 1 25.7 | 22.0 { 2.9 | 20.5 | 1. 1 1,0225 1 30.8 | 30.2 | '30.4
o] 22:12-22:22 1 18.9 | 21.4 | 21.6 | 20.3 | 1.0226 | 1.0224 | 1.0225 [ 30.6 { 30.3 | 30.4
5:38- 5:60 [ 18.2 | 21.2 { 21.1 [ 20.9 | 1.0223 ) 1.0214 | 1.0224 ( 30.2 | 20.0 | 30.3
5 11 W DO RO IR S, 1,0226 | 1.0220 | 1.0225 | 30.5 | 29.8 | 30.4
I8fL. |SOf. {480 | 12f2. | SOft. | 4808 {12M1. [SOft. |48 J¢.
7 22:40-22:50 [ 21.8 | 21.5 | 21.4 | 21.0 1.0%357 1.0255 | 1.0254 34.% 34& 31.2
.-} 6:16- 6:58 | 227 21.3 | 21.3 {21.5 | 1.0222 | 1.0220 | 1.0221 } 30.0 | 20.8 | 29.9
14:40-14:50 | 21.7 | 21.2 | 21.1 [ 21.0 | 1.0225 { 1.0226 | 1.0225 | 30.4 | 30.6 [ 30.4
1.0233 { 31.7 | 31.6 | 3L5
R LIOfR. |25 2. 3
8 1. 0220 29.% 29!; ‘%.ts
1.0217 ( 29.4 | 290.7 | 29.4
1.0218 | 20.4 [ 20.7 | 29.6
7R 17 100 (17 f
9 1. 0207 271.:6 2.8 2&.1
L 2.8 (27.8| 27.8
1.0201 | 2.7 | 27.8 | 27.3
1.0204 | 27.4 | 27.8 | 27.7
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tide .. 113, 115

Higganum, Conn., tide.._._____ - 88,90
High-water inequality, diurnal. - 4
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