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PREFACE

The growth of commerce, engineering, and scientific work durin
recent years has created an urgent and constantly growing demanﬁ
from navigators, engineers, scientists, and the public generally for
complete tide and current information for the important waterways of
the United States. To meet this demand and to complete and co-
ordinate the tide and current data on file in the archives of the Coast
and Geodetic Survey, this bureau started in 1922 a series of compre-
hensive tide and current surveys of the important waterways of the
country. This work has been completed for several of the more
important harbors of the country, and is now being carried on as
rapidly as the available funds permit.

his volume is the seventh of the series on tides and currents in the
important waterways of the United States. These publications are
listed on page 138. '

The material presented in this volume is based on observations made
at various times in Chesapeake Bay and its tributaries. In addition
to the observations made gy this bureau, some observations made by
the United States Army Engineers and the United States Navy have
been included. Approximately one-half the current stations for which
data are given were occupied during the survey of 1927-28.

A J %Iloskinson and G. L. Anderson, junior hydrographic and
geodetic engineers, United States Coast and Geodetic Survey, were in
charge of this work during the 1927 and 1928 seasons, respectively.

Part I of this volume which deals with the tides in Chesapeake Bay
and tributaries was prepared by H. E. Finnegan and G. L. Anderson
junior hydrographic and geodetic engineers, United States Coast and
Geodetic Survey, and Part II, which deals with the currents in
Chesapeake Bay and tributaries was. prepared by F. J. Haight,
associate mathematician, United States Coast and Geodetic Survey.

The general characteristics of tides and tidal currents, which were
discussed in Special Publication No. 111, are reprinted in the appendix
to the present volume for convenience of reference.

Attention is also directed to the tide and current tables, which are
ublished in advance annually by the Coast and Geodetic Survey.
hese tables contain data based upon the latest information available

at the time of publication. They include the predicted tides and
currents for every day in the year at a number of principal ports and
also contain summaries of the principal tide and current elements for
several thousand places througﬁout the world. Other publications of
the Coast and Geodetic Survey relating to tides and currents are
listed in the back of this volume.
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TIDES AND CURRENTS IN CHESAPEAKE BAY AND
TRIBUTARIES

INTRODUCTION

Chesapeake Bay, with its tributaries forms one of the most im-
ortant waterways on our Atlantic coast. On this waterway are
ocated many important cities, including the ports of Baltimore,
Norfolk, and Newport News, which have a large trade carried in
foreign and domestic vessels. It is also the center of large oystering
and fishing industries.

The main entrance to the bay, between Cape Charles and Cape
Henry, has a width of 10 miles and a depth in the main channel of
from 50 to 100 feet. The bay is approximately 170 nautical miles

in length from the entrance to the mouth of the Susquehanna River.
Throughout this stretch the channel depths are not less than 14 feet.

The bay forms also part of the inside route from northern to south-
ern ports—through the Chesapeake & Delaware Canal northward;
through the Dismal Swamp Canal and the Albemarle & Chesapeake
Canal southward.

Numerous rivers empty into Chesapeake Bay, draining a total
area of about 74,000 squsre miles. Among the Yar est of these are
the Susquehanna, which rises in southern New York; the Potomac,
the Rappahannock, York, and James, which rise in the Alleghany
Mountains.

The earliest tidal observations on record at the Coast and Geodetic
Survey for Chesapeake Bay were made at Annapolis, Md., on June 6,
1844. Observations were made at Old Point Comfort, Va., on July 1,
1844, when a 30-year series was begun. The earlier tidal observations
were made primarily in connection with the charting of the coast.
The methods and equipment used in the earlier days were in keeping

with the reconnaissance nature of the work. Witﬂ the introduction
of the automatic tide gauge, which was put in use about the year
1854, tidal data became more accurate, being freed from errors due
to personal equations. Further accuracy came with the use of
standard time, which was adopted in 1883. With these improve-
ments, & number of tide stations were established along the coasts
to run over a period of years to furnish data for the prediction of tides,
to establish tidal datum planes, and to furnish data for the study of
tidal phenomena.

1



Part .—TIDES IN CHESAPEAKE BAY AND TRIBUTARIES

THE CHESAPEAKE WATERWAYS
COMPONENT PARTS

For the purpose of discussion, the waterways that make up Chesa-
peake Bay and tributaries are divided into five parts: The lower bay,
the middle bay, the upper bay, Hampton Roads and York River, and
the Rappahannock and Potomac Rivers. For each of these }l)arts
one or more illustrating figures have been prepared showing the loca~
tions at which tide observations have been made.

THE LOWER BAY

The entrance from the ocean to Chesapeake Bay is between Cape
Charles on the north and Cape Henry on the south, The main
channel, which is broad and deep, leads along the south side. The
northern half of the entrance is obstructed by shoals through which
minor channels lead. The lower bay from the entrance to Point
Lookout, a distance of about 70 miles, has an average width of about
15 miles and a maximum width of about 25 miles. The average
depth is about 30 feet. A channel 35 feet deep leads from the ocean
to Baltimore, a distance of about 150 miles. Through Hampton
Roads the James, Nansemond, and Elizabeth Rivers enter the bay.
The York, the Rappahannock, the Potomac, and many small rivers
and bays form an irregular shore line on the western shore.

The eastern shore has many small creeks. Pocomoke Sound
enters the bay from the northeast.

THE MIDDLE BAY

The middle bay extends from Point Lookout to the Severn River, a
distance of about 56 miles, with an average width of about 6 miles.
The main part of the middle bay has an average depth of about 40
feet. The western shore is regular, with a sand beach extending
most of its length. The Patuxent River enters north of Cedar Point.
The eastern shore is made up of irregular bays and sounds into which
flow the Nanticoke and Choptank Rivers and numerous smaller

streams.
THE UPPER BAY

The upper bay extends from the Severn River to the mouth of the
Susquehanna River, a distance of about 40 miles. This part of the
bay varies in width, the maximum being about 8 miles. The main
channel for most of its length is close to the eastern shore. The
western shore is covered with extensive shoals through which num-
erous small channels lead. The Chesapeake & Delaware Canal
connects Chesapeake Bay and the Delaware River with a sea-level
canal the effective depth of which is 12 feet at mean low water. The
entrance to the canal 1s through Elk River and Back Creek. Patapsco
River, on the western side of the bay, 136 miles from the entrance, is
the approach to the city of Baltimore. The river is about 3)% miles

2



TIDES AND CURRENTS IN CHESAPEAKE BAY 3

wide at the mouth, but the entrance is obstructed by extensive shoals.
A dredged channel 35 feet deep and 600 feet wide leads from the
entrance to Baltimore.

HAMPTON ROADS, JAMES AND YORK RIVERS

Hampton Roads, at the south end of Chesapeake Bay, about 16
miles west of Cape Henry, is the approach to Norfolk, Newport News,
and points on the James River an(i) 18 one of the important anchorages
of the east coast of the United States. A channel of 37 feet leads to
the anchorage. The Elizabeth River, on which Norfolk and Ports-
mouth are located, enters Hampton Roads from the southeast.
Hampton Roads has an average width of about 5 miles and an average
depth of about 20 feet. The James River, emptying into the western
end of Hampton Roads at Newport News, is the approach to Rich-
mond, Petersburg, Smithfield, and City Point. It is navigable to the
city of Richmong, 89 miles above Newport News. The James River
is being improved under a project to obtain a depth of 22 feet to the
city of Richmond. Nansemond River, on the southwest side of
Hampton Roads, is the approach to the city of Suffelk, 18 miles above
the mouth. A 12-foot dredged channel leads to Suffolk from the
mouth of the river.

York River is broad and comparatively straight from the mouth to
West Point, a distance of 35 miles, where it divides and forms the
Mattaponi and Pamunkey Rivers. A 20-foot channel leads to West

Point.
RAPPAHANNOCK AND POTOMAC RIVERS

Rappahannock River, on the western side of Chesapeake Bay, 40
miles above the entrance and 111 miles below Baltimore, is the
api)roach to the city of Fredericksburg, at the head of navigation 95
miles above the entrance, and to numerous villages and landings. A
9-foot channel leads to Fredericksburg.

Potomac River on the western side of Chesapeake Bay, 66 miles
above the entrance and 84 miles below Baltimore, forms the bounda.
between the States of Maryland and Virginia, and is the approac
to Alexandria and Washington and many villages and landings.
It is navigable to Washington, 95 miles aﬂove the mouth, and %y
small craft to a point about 3 miles above Key Bridge. A channel
24 feet deep leads from the entrance to Washington.

THE TIDE AT BALTIMORE (FORT McHENRY)
THE SERIES OF OBSERVATIONS

One of the longer series of tide observations obtained in Chesa-
eake Bay and tributaries is that at Fort McHenry, Baltimore, Md.
he observations began in July, 1902, and have been continuous
since that time. For the tables and discussions that follow the
period 1903 to 1927 will be used. A Coast and Geodetic Survey
standard automatic tide gauge was used. The heights on a paper
record were compared with a fixed zero by readings made on a
fixed staff, these comparative readings being made several times

weekly.
A ﬁp}’ted datum was established to which the heights on the curve
were referred, by leveling between the tide staff and a number of
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permanent bench marks on shore. The staff was at intervals con-
nected by levels to the bench marks to insure that the elevation
of the staff had not changed.

THE LUNITIDAL INTERVALS

The lunitidal intervals at Baltimore, or the intervals by which
the high and low waters follow the moon’s meridian passage, vary
from day to day. A change in the wind or weather will vary the
lunitidal interval; the principal variation, however, is due to the
change in the positions of the moon and sun with respect to the
earth, '

In Table 1 are given the high and low waters for Fort McHenry,
Baltimore, for the month of June, 1919. A summer month is used
to exemplify the tides at Baltimore because it is less likely to be
affected by changes in weather conditions. The change in the
lunitidal intervals from day to day is shown in columns 7 and 8.
In the second column the figures in parentheses refer to the lower
transits of the moon, and the values derived from them are shown in
parentheses in the lunitidal interval columns.

The corrected or local lunitidal intervals at the foot of the page are
obtained by subtracting a correction of 0.28 hour from the mean for
the month. This correction is necessary to refer the average interval
to the local meridian, since for the sake of convenience the individual
values are obtained directly from the standard times of high and low
water and the Greenwich transits of the moon.

TasLE 1.—Daily high and low waters, Fort McHenry, Baltimore, Md., June, 1919

Moon’s| Timeof— | Duration of— | Lunitidsl Height of—
[N tran%t Time of uration interval g f Range—
merid- - B
Date (i;m o High Li High I High I
Teen- g oW t gl oW ig OW :

wich | water | water | Rise | Fall | o vor | water | water | water | Rise | Fall

Hours | Iours | flours | Ilours | [lours | [lours | Ilours | Feel Fect Feet | Keet
8.4 1.0 T4 |oeeeeon (5.9) |(—1.5) 6.2 4.3 1.9 |._._...

2L.5 16.2 5.3 7. .8 1.3 5.3 4.4 0.9 1.8

9.6 3.2 6.4 5.7 6.2) (—0.2) 5.9 4.4 1.5 0.9

22.0 16.9 5.1 7.3 8.1 1.0 5.5 4.4 L1 L5

10. 5 4.3 6.2 6.3 3 5.8 4.4 1.2 1.1

2.4 17.7 5.7 7.2 5.2 4.1 1.1 L5

11.8 5.4 6.4 6.0 5.5 4.4 L1 0.8

........ 18,5 oo ] 6.7 RGPS B 75 T FRPUUTRN 1.2

0.6 6.7 6.1 8.1 5.4 4.7 1.1 0.7

1.9 18. 4 5.2 7.5 5.4 4.2 0.7 1.2

1.3 7.7 5.9 8.4 5.7 5.0 1.5 0.7

1.7 20.2 4.0 8.5 5.4 4.2 0.4 1.2

2.0 8.5 58 7.5 5.4 4.3 1.2 1.1

13.8 20.9 4.3 7.1 4.7 3.6 0.4 1.1

2.8 10.3 5.9 7.5 5.1 4.0 1.5 1.1

15.3 217 50 6.4 4.6 3.7 0.6 0.9

3.7 11,1 6.0 7.4 55 4,8 1.8 0.9

15.8 22.3 4.7 8.5 6.1 4.4 0.5 0.7

4.6 12.2 6.3 7.6 58 4.4 1.4 1.4

18. 5 2.2 4,3 5.7 4.9 4.2 0.5 0.7

5.3 13.0 7.1 7.7 57 4.1 1.5 1.8

17.4 2.8 4.4 5.4 4.4 3.7 0.3 0.7

8.3 13.4 7.5 7.1 5.3 4.0 1.8 1.3

18.2 3.2 4.8 5.0 4.6 3.9 0.6 0.7
6.8 oo 7.6 joaeoo... 5.7 |owceecno 1.8 | ..

18.9 3 4.6 7.5 50 4.5 0.5 1.2

0. 7.2 0.9 6.3 6.6 5.4 3.9 L5 1.1

. 19.8 14.7 4.9 7.5 5.1 4.2 0.9 1.2
1.1 8.0 0.4 7.6 4.8 8.1 4.6 1.8 0.5

3 2.2 15.3 4.9 7.3 5.0 4.5 0.5 1.6
1.9 81 2.1 8.0 5.9 5.6 4.3 1.3 0.7
(14.3) 2.4 158 5.6 7.7 5.0 4.2 0.8 L4
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TaBLe 1.—Daily high and low waters, Fort McHenry, Ballimore, Md.,
June, 1919—Continued

Moon’s i
transit | ‘Timeof—~ | Duration of— I;gfei:;‘;?] Height, oft— Range—
Date I-nerid{'
ian o
QGreen-{ High | Low i High | Low | High | Low :
wich | water | water | Rise | Fall | ot water | water | water | Ruse | Fall
Hours | Ilours | ITours | [Hours | IHours | Flours | [fours | Feet Feet Feet Feet
17 2.7 8.4 2.1 6.7 4. 8.1 ~0.8 5.8 4.3 1.5 0.7
(15.1) 21.7 16.7 5.2 7.9 (8.8) (1.6) 5.1 4.4 0.7 1.4
3.5 9.8 3.5 6.3 5.8 6.3 0.0 5.5 4.2 1.3 0.9
(15.9) 22.6 16.7 5.9 6.9 6.7) 0.8) 5.0 4.0 1.0 15
9 4.3 10.6 3.4 7.1 4.8 6.2 (—-0.9 5.7 4.5 1.2 0.5
(16.7) 23.4 17.5 5.9 7.0 6.7) (0.8) 5.4 4,3 11 1.4
2. .. 5.1 112 57 5.5 8.3 8.1 0.6 5.5 4.5 1.0 0.9
(17.5) |owcmnees 186 ... 7.3 ool (1.0) {ameoaans 4.1 4. 1.4
21 ... 59 1.2 7.1 6.7 5.9 (1.7 1.2 5.1 4.1 1.0 1.0
(18.3) 11.8 19.3 |- 4.7 7.5 5.9 (1.0) 4.8 3.2 0.7 1.8
22 . 6.8 1.1 7.8 5.8 6.7 (6.8) 1.0 4.8 3.3 1.6 1.5
(19.2) 13.5 18.3 5.9 4.8 6.7 [(~0.9) 3.9 3.4 0.6 0.5
b S, 7.8 2.4 9.6 8.1 7.2 {7.2) 2.0 5.6 4.4 2.2 1.2
(20.1) 4.0 2.5 4.4 6.5 6.4 0.4) 4.9 3.8 0.5 L1
24 ... 8.6 3.3 10.6 6.8 7.3 (7.2) 2.0 5.7 4.5 1.9 1.2
(21. 1) 14.8 21.4 4.2 6.8 6.2 (0.3) 5.0 3.8 0.5 12
26 el 9.6 4.8 10.9 7.4 6.1 (7.7) 1.3 5.7 4.6 1.9 1.1
16.6 22.3 5.7 8.7 7.0 (0.2) 5.5 4,9 0.9 0.8
5.1 13.2 6.8 8.1 (7.0) 2.6 6.7 5.4 1.8 1.3
17.2 2.4 4.0 6.2 6.6 (0.3) 6.0 4,7 0.6 1.3
5.9 13.1 6.5 7.2 6. 8) 1.4 59 4.4 1.2 1.6
17,6 |oeeo_. 4.5 |aceoaeac 5.9 [.ao___. bl oo 0.7 ...
8.3 1.0 5.3 7.4 (6. 1) (0. 8) 4.5 3.4 1.1 1.7
20. 4 14.2 6.2 7.9 7.7 1.6 3.4 2.4 1.0 2.1
8 2 0.8 7.4 4.4 (7.1) |(~0.3) 6.7 3.0 2.7 0.4
20.1 14.2 59 6.0 6.6 0.6 6.2 4.9 L3 0.8
8.2 2.2 6.0 6.1 (6.1} ©.1) 6.5 5.1 1.4 L1
20.8 16.3 4.5 8.1 6.3 1.8 5.2 4.6 0.6 1.9
____________________ 336.56 | 379.5 | 3916 55.3 1300.3 | 244.1 65.2 64.3
5. 80 6. 66 8.75 Q.95 5.33 4,21 1.12 1.13
Correction to intervals.._._.__| ...l .. ..o ... ~0.28 | —=0.28 |oeo oo |emm i n i
Corrected iNtervals. oo oo coafocccaoccjamacann 6.47 0,67 feeecmoafemmccaaf e cnccafmcmn

It will be noted that consecutive high or low water lunitidal inter-
vals frequently differ from each other by two or three hours, and that
individual values often differ from the mean for the month by from
one to two hours. Variations of this magnitude are due mainly to
weather eflects, and occur frequently at places where the range of
tide is small. At Baltimore such meteorological fluctuations usually
mask the smaller periodic variations due to astronomical conditions,
and precise values for the last-named variations can be obtained only
by averaging a large number of observations, in which case the non-
periodic weather effects tend to average out.

Partly due to this averaging out of meteorological effects and
partly because several of the more important astronomic variations
go through a complete cycle in approximately one month, the differ-
ences between monthly means of the lunitidal intervals are much
smaller than those between the individual or daily values. Simi-
larly the yearly means agree much more closely than the monthly
means, and, as explained below, the values from 19-year periods of
observations agree very closely with each other.

Tables 2 img 3 give the monthly values of the lunitidal intervals
for the years 1903 to 1927, inclusive, and also the annual means of
high-water interval and low-water interval for the 25-year period,
divided into 5-year groups. A study of these tables reveals that the
monthly high or low water intervals sometimes differ from each other
by 3 or 4 tenths of an hour, while the yearly values differ by a maxi-
mum of 0.15 hour, and the means of the 5-year groups by & maximum
of 0.07 hour. The means of the two 19-year groups differ by 0.02
hour for both the high-water and low-water intervals.
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TasLE 2.—High-water intervals, monthly means, Fort McHenry, Ballimore, Md.
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Mean, 19 years, 1003 to 1921 ¥0.67 hours. Mean, 19 years, 1909 to 1927=0.65 hours.
In a

The observations from 1903 to 1927 may be divided into two over-
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lapping 19-year groups, 1903 to 1921 and 1909 to 1927. From the
first 19-year group the high-water interval is 6.48 hours and the low-
water interval is 0.66 hour. From the second 19-year group, these
intervals are 6.46 hours and 0.65 hour, respectively. For the mean
values of the lunitidal intervals at Baltimore we may take the results
of the last 19 years, which is 6.46 hours for the high water and 0.65
hour for the low water.

THE DURATIONS OF RISE AND FALL

The duration of rise of the tide is the time required for the water to
rise from its minimum height at low water to its maximum height at
high water, and similarly, the duration of fall is the time required for the
water to fall from high water to low water. In Table 1 are given the in-
dividual values for the durations of rise and fall for the month of June,
1919. These values show similar fluctuations to those of the lunitidal
intervals and due to the same causes. Asin the case of the lunitidal in-
tervals, the monthly means show much less variation than the individ-
ual values, the yearly means less than the monthly means, and so on.

TaBLE 4.—Durations of rise and fall, Fort McHenry, Baltimore, Md.: Monthly
means 1903 and 1927

Jan. | Feb. [ Mar,| Apr. | May l June | July | Aug. | Sept.| Oct. | Nov.| Dec. |[Mean
1003: Idra. | Ilrs. | Ilrs, | Ilrs. | Hrs. | IIrs. | Hrs, | Mrs. | Hrs. | Ire. | Hrs. | Hrs, | Hrs.
Rise. .o oo___ 582|577 (55|67 578)506|6606(577)58 58|57 |596) 678
Fall. oo 6,60 |665|692}6.67 664(646|6.76|6.65/|6.59/(662]|86.67|6.461 6.64
1927:
RiSO oo 580|565 |564]|5711572|582)|585)582]|678]|582|582|5771 576
Fall._.__....... 6.62]6.86|6.786.71 670660657 |660|664]6060)6.60)|665] 6066

Table 4 gives the monthly means of the durations of rise and fall
for the years 1903 and 1927, the first and last years of the 25-year
series. In this table thereis clearly shown a mont[‘lr to month variation,
For any two consecutive months the greatest variation is 0.30 hour,
while the greatest variation between any two months is 0.46 hour.

There is apparently no progressive or periodic change from month
to month, and this fact leads to the belief that the fluctuations in
the monthly values are due mainly to meteorological disturbances.

The durations of rise and fall as derived from the means of the
5-year groups are, respectively: First group, 5.83 hours and 6.59
hours; second group, 5.83 hours and 6.59 hours; third group, 5.80
hours and 6.62 hours; fourth group, 5.81 hours and 6.61 hours; and
fifth group, 5.83 hours and 6.59 hours. The differences between the
corresponding values are small.

If the two 19-year groups are used, the durations of rise and fall
are, respectively, 5.81 hours and 6.61 hours for each group.

From the above it is evident that the tide at Baltimore 1s of the
river type rather than the ocean type, for in the ocean type of tide
the duration of rise and the duration of fall are very nearly equal.
The river type of tide differs from the ocean tide in that the duration
of rise is less than the duration of fall.

THE MEAN SEA LEVEL

The plane of mean sea level may be defined as the plane about which
the tide oscillates or the height the water would assume if the sea were
not affected by the rise and fall of the tide. Mean sea level is a
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basic datum for elevations and is approximately the same every-
where. 'The determination of this plane is accomplished by averaging
the hourly heights of the tide over a period of time. The precision
of the determination depends upon the length of the series used, since
sea level varies from day to day, due primarily to changing meteoro-
logical conditions. ]

The dally values of sea level for the month of June, 1919, are given
in Table 5. The tabular values were derived by averaging the hourly
heights for the 24 hours of each day. Tt will be noted that even for
a summer month when the weather conditions are relatively stable
the variation in daily sea level may be as much as 2.39 feet between
the extremes for the month. Taking the means of the three 10-day
series, the maximum variation is only 0.12 foot.

TaBLE 5.—Daily sea level on staff, Baltimore, Md., June, 1919

Date Feet Dato Feet Date Fect

14 ) 11l B8 21 4.26

TaABLE 6.—Sea level on staff: Monthly means; Fort McHenry, Baltimore, Md.

An- &-
Yecar Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept. | Oct, | Nov.| Dec, | nual | year
mean| mean
Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet

3.64f 3.47] 4.04] 4.36] 4.37 4.78| 4.39) 4.61| 4.50] 4.39] 3.92} 3.42]{ 4.16
3.520 3.331 3,771 3.820 4.171 4.360 4.280 4.210 4,36) 4.12) 3.90) 3.70i 3.96

3.41f 3.37] 3.79) 3.92{ 4.11] 4.32] 4.44] 4.49] 4.39) 4.20{ 3.94] 3.80 4.02(} 4.04
3.90 3.50( 3.62] 3.97| 4.00| 4.52| 4.57] 4.57| 4.37| 4.34) 3.74] 3.46] 4.05
3.721 3.520 3.87] 3780 4.14{ 4.44| 4.231 4.27| 4.25| 4.01f 4.00[ 3.95 4.02
3.64] 3.56| 3.85 3.76] 4.24) 4.37) 4.33] 4.55) 4.51| 4.46 3.70] 3.72] 4.08

3720 3.630 371 398 4.44) 4.37) 4.28 4.54) 4.4 403 3.95 3.87 4.

3.841 3.50] 4,000 4.42] 4.17| 4.36] 4.49] 4.45) 4.65| 4.370 3.77| 3.75| 4.15|} 4.08
3.71) 3.86] 3.73] 4.08 4.120 4.38) 4.21] 4.44] 4.60] 4.52) 3.78 3.77 4.10
3.3 3.61] 3.74] 3.89 4.30| 4.21] 4.21] 4.28] 4.69) 4.23] 3.87 3.60 4.00
3.74) 3.53| 3.52] 3.94 4.00 424 4.20) 4.47 4.40) 4.43] 401 3,77 4.03
3.99| 3.44] 3.54] 4.13] 4.13] 4.18 4.40] 4.38] 4.23| 4.46] 3.85 3.99( 4.06]

3.99] 3.95 3.79 3.81] 4.24] 4.46| 4.51] 4.62| 4.45[ 4.42) 4.13] 3.64| 4.17|; 4.10
3.800 3.48 3.72| 4.18) 4.18 4.8l 4.51) 4.51] 4.44] 4.34/ 4.08 3.67 4.13
3.73] 3,49| 4,05 3.99 4.33| 4.34) 4.47| 4.51] 4.42] 4.321 3.99 3.69| 4.11
3.851 3.73| 3.99] 4.35 4.18 4.40] 4.40| 4.48) 4.4)| 4.38 4.11] 4120 421
3.67) 3,85 3,88 4,07| 4.63 4.771 4.70] 4.61] 4.54) 4.61] 4.48) 3.87] 4.30

3.67) 3.75] 3.62) 4.37] 4.40) 4.40] 4.20| 4.44] 4.44] 4.40) 4.20] 4.00 4.17]} 4.22
3,751 4,001 4.04] 4.24] 4.68 4.44; 4.48) 4.30 4,60 4.11 4.230 3,98 4. 25
3.33] 3.80 3.97) 4.13| 4,38 4.41] 4.49] 4.45] 4.58 4.38 3.98) 3.88 4.15
3.870 3.621 4.05 4200 4.34] 4.13] 4.39 4.44] 4.45] 4.28 4.26] 4.02 4.17
3.64) 4.00)..____ 4,27} 4.71 4.54] 4.40] 4.54] 4.57] 4.27| 4.08| 3.42 4. 22

3.8 4.03 3.70) 4.15 4.23 4.31] ¢4.38 433 4.54 4.03 3. Dq 3.51] 4.08} 4. 16
3.45] 3.88] 3.57] 3.88) 4.10| 4.25 4.28) 4.60, 4.73| 4.45| 4.10{ 3.88] 4.10
3.47) 4.12] 3.99) 4.11) 4.31 4.44) 4.41) 450/ 4.49) 4.49] 4,13 4.02 421

Bum____| 92.33| 92 11} 91. 53(101. 78]107. 08‘110. 10109. 74{111. 68]112. 07)108. 04]100. 10| 94. 57102, 96| 20. 60

Mean...[ 3.69] 3.68 3.81| 4.07] 4. 28| 4.40( 4.39] 4.47] 4.48] 4.32) 4.00] 3.78] 4.12{ 4.12

Mean, 19 years, 1903 to 1921=4.11 feet. Mean, 19 years, 1909 to 1927=4.14 fect,

Table 6 gives the average of the hourly heights of sea level on the
tide staff for each month for the 25 years 1903 to 1927, inclusive. It
also gives the yearly sea level on the staff at Baltimore for the same
period, divided into 5-year groups. The maximum variation between
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any two years in the 25-year group is 0.34 foot while the maximum
difference between any two means of the 5-year groups is 0.18 foot.
Dividing the series into two overlapping 19-year groups, the means
are, 1903-1921, 4.11 feet and, 1909-1927, 4.14 feet. The mean for
the 25-year group is 4.12 feet and this may be taken as the best deter-
mined value for mean sea level at Baltimore. The lowest yearly
height of sea level on the staff was in the year 1904 and the highest
in 1919, the difference between the two years being 0.34 foot.

From the above it is noted that the plane of mean sea level varies
from day to day, from month to month, and from year to year. Even
the 19-year periods vary somewhat. This variation in mean sea
level is attributed to meteorological conditions. Since meteorological
conditions vary from year to year, the variation in the height of sea
level shown in Table 6 must be in large part, at least, caused by these
conditions. It is noted that there was an apparent increase in the

fan Feb  Mar Apr May June  July Aug  Sept Oc? Nov Dec

[#]
e~

03 b \
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00 Mean // Seas Level

o/ r \

[2X 8 o \
O4%

FIGURE 2.—Annual variation in sea level, Fort Mcllenry, Baltimore

+ mQFeel

height of sea level from 1903 to 1919, when a maximum was reached.
Since 1919 it has decreased somewhat. A similar condition is found
all along the Atlantic coast from Maine to Florida. The average
variation in sea level from month to month is shown in Figure 2.
The curve is an average curve for the 25-year series and shows that
sea level is lower in February than in August and September by about
0.8 foot,
THE PLANES OF HIGH WATER

As in the lunitidal intervals and durations of rise and fall already
discussed, so also in the heights of the high and low waters, the obser-
vations show considerable variation. In the ninth column of Table 1
are given the individual heights of high water for a month. During
this period the maximum difference in the heights of successive high
waters was 2.3 feet and the maximum difference between any two high
waters was 3.3 feet. Again, as in the case of the time relations of the
tide, the larger fluctuations are due to meteorological effects. There
are, however, a number of periodic changes in the heights of high
water, common to tides the world over which are due to the varying
positions of the sun and moon with respect to the earth.

85320°—30——2
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When the full or new moon occurs the tides rise higher than usual
and are called spring tides; when the moon is in the first and third
quarters the rise is less than usual and such tides are called neap
tides. Likewise, when the moon is in perigee the high water rises
higher than ususl, while at the time the moon is apogee the rise of high
water is less than usual. These variations give rise to perigean high
water and apogean high water.

Several planes of high water are introduced by periodic changes in
the declination of the moon. For any given tidal day there are two
high waters and two low waters. One of the high waters will be
slightly higher than the other, the higher being called higher-high water
and the other lower-high water. When the declination of the moon is
zero the two high waters will be nearly equal in height and as the
moon’s declination increases (north or south) the difference in height
between the higher-high and lower-high waters becomes greater.
When the moon’s declination is & maximum the planes are known as
tropic higher-high water and tropic lower-high water.

Il these vanations can not be traced in the observed heights for
a single month, for most of them are masked by the combination of the
various astronomic effects or by weather conditions. The declina-~
tional effect, however, may be traced in the column of high-water
heights in Table 1. On June 5 and also on June 20 the moon was on
the Equator, and on June 13 and June 26, the moon was at its
maximum north and south positions, respectively. Taking the six
high waters nearest to each of the above times, the average daily
inequality in height for the two equatorial positions was 0.2 foot and
for the two positions of greatest declination it was 0.6 foot.

TaBLE 7.—High water on staff: Monthly means, Fort McHenry, Baltimore, Md.

An-| b5
.| Dec. | nual | year
mean| mean

.| Oct.

4
-3
1

Year Jan. | Feb. | Mar. | Apr, | May | June

—
E
«
>
&
w
&>
k=]
2

2

Feet Fed3 Feet

@
b8
23

[
=]
=

o~y

Feet | Feel | Feel | Feet | Feet | Feet | Feet | Feet | Feet et
4.000 4.8 4.93| 4.03| 534 406 52| 5006 4.91 4.48 3.95 4.
3.86 4.32) 4.41 4.75) 4.04) 4.87) 4.77] 4.94 4,64 4.45] 4.19 4.52
3.02 4.34| 4.46| 4.68 4.80 4.08 506 4.99 4.80| 4.37( 4.30 4.56/> 4.00
404 4.10) 4.53| 4.67) 5.00) 515 513 4.97] 494 428 4.00 4.62
.26 4.06 4.42 4.35| 4.70] 5.00] 4.84) 4.80| 4.79] 4.50| 4.53] 4.48 4.87
.16| 4.16) 4.42 4.37] 4.821 4.94) 4.07) 5.12) 5.14| 4.04 4.22] 4.25 4.63
.23| 4.23| 4.20| 4.52 4.07| 4.01| 4.83) 512 5.04| 4.53| 4.47| 4.33| 4.63
.26 4.03| 4.51] 4.95] 4.60) 4.63| 503 5.03| 522 4.85 4.27] 4.20 466 4.61
(13| 4.36 4.24 4.62| 4.66) 4.01| 4.67 4.06 5100 4.98 4.26 4.24| 459
. 99| 4.16/ 4.28| 4.44| 4.81) 473 4.77| 4.85| 5.21) 4.76 4.37 413 4.54
24| 4.07| 4.08| 4.40| 4.61 4.74] 4.78) 5.04 4.06 4.04) 4.50 4.26 4.56
.51 3.93] 4.07| 4.5 4.68 4.73] 4.08 4,94 4.82 4.00 4.35 4.49 4.60
.52| 4.45 4.29| 4.33] 4.76) 500 5.04 523 5.00 4.94 4.62 4.13 4.60/} 4.63
.32 4.08) 4.25| 4.74f 4.73| 5.13] 5.04) 5.08| 4.99 4.86 4.50| 4.16] 4.68
4.26 4.04 4.54 4.52) 4.87 4.89 5,02 5.07] 4.98 4.85 4.48 423 4.65
4.34 4.280 4.51) 4.90| 4.75| 5.04 4.96 505 4.98| 4.921 4.601 4.63| 4.74
4.18| 4.36| 4.38 4.50 517/ 531 527 520 509 517 4.99 4.41 4.8
42| 4.31| 418 4.04 4.94| 4.09 4.86 501 502 4.05 474 4.62 4.7 4.76
4.28 4.64] 4.60) 4.78 5.3 5.00( 5.06) 4.97 516 4.64 4.75 4.45 4.80
3.85| 4.35] 4.51) 4.66 4.02( 4.99] 5.00 501 515 493 4.52/ 4.30 4.70
4.38 4.14| 4.57) 4.74) 4.88 468 4.97| 5.0l 501 482 4.79 452 471
4.20, 4.B41. . 4.8 626 508 497 512 511 4.8l 4.60 3,95 4.77
4.45! 4.56] 4.23| 4.68| 4.75| 4.85| 4.90| 4.00 5.00 4.59| 4.41| 4,02 4.62;4.70
4.00| 4.411 4.06) 4.39 4.65 480 4.86 5.18| 5.28 4.98 4.621 4.30| 4.64
4.00| 4.67| 4.53| 4.67] 4.87 4.00| 4.95 506 504 500 4.62) 4.54 4.74
Bum !.__ 108, 64/105. 67/104. 35/115. 44/120. 75123. 00/123, 82 126. 03/126. 12/121. 23/112. 86)107. 26/116. 49
Meani..| 4.23] 4.23| 4.35 4.62 4.83| 4.06) 4,05 504 504 485 451 4.20/ 466
Bum?.._| 80.76) 70.00| 82, 45| 87.49| O1. 42| 04.51 64.08| 85. 75| 05. 44| 92. 10 85.30] 81. 45| 88.31
Mean?._| 4.25! 4.16| 4.34] 4.60] 4.81| 4.07| 4.951 504/ 502 4.85 4.49 4.20| 4.65
Bum *...| 80.37| 81.54| 78.00| B8.39] 92. 20| 63.70; 64.05] 05. 83| 94. 23| 92. 50! 6. 55| 82. 09| 88, 80
Mean .| 4,23| 4.20| 4.33| 4.65 4.85 4.03| 4.95| 5.04| 5.06| 4.87) 4.50| 4.32 468 .....
Meand..| 4.24| 4.2 4.34) 4.62 4.83| 4.05 4.05 5.04 504 486 4.52 430, 4.68 ..

125 years, 1 Flrst 19 years. 3 Last 19 years, + First and last 19 years,
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Table 7 gives the monthly values of high water on staff for the 25-
year period 1903 to 1927, inclusive. The maximum difference between
any two months in the series is 1.49 feet. Averaging each of the 12
months for the 25-year period the maximum difference is 0.81 foot,
the lowest values are in January and February and the highest in
August and September.

able 7 also gives the annual means of high water on staff at Balti-
more for the 25-year period. The greatest difference between any
two yearly values1s0.32foot. Themaximum variation between 5-year
groups is 0.16 foot. It will be noted that the high water on staff was
higher in 1919 than any other year. This was also found to be the
case for mean sea level. The variation in sea level caused by a change
in weather conditions obviously causes a change in the high water.
To eliminate the variation in high water caused by the variation in sea
level, Table 8 which gives high water above sea level for the 25-year
}i‘eriod was prepared. This was obtained by subtracting the values in
able 6 from the corresponding values in Table 7. The maximum
variation between any two yearf values is 0.08 foot. The maximum
variation between the means ofy the 5-year groups is 0.03 foot. The
variations are much smaller in Table 8 than in Table 7. It appears,
therefore, that the planes of high water and sea level pass through a
similar annual variation,

TABLE 8.—High waler above sea level, Fort McHenry, Ballimore, Md.: Annual

means

Year Feot Year Feet Year Feot Year Foet Year Feet
1903 ...} 0.57 | 1908___.....__ 0.67 || 1913 ... 0.53 |} 1918._..._.. 0.68 | 1923._...___. 0.54
......... 0. 56 008 .. - {054 1914 ________[O.54 | 1919 _._____[0.54 || 1924._______.{ 0.55
1906 . .. 0. 1910 ... 0.6 1016 _____.__ 0.521 1920...__... 0.56 || 1826, ______. 0.54
1906. ... ._.. 0.87 | 1911 ... 0.49 (| 1916 ... 0.53 {| 1921 ... 0.55 | 1926..____.__ 0. 54
1907 ... ._[0.85 ! 1942, ... 54 |} 1017 . ... 0.54 || 1922__._____. 0.55 || 1827.__...__. 0.53
Sum 2.79 Sum.___| 2.68 Sum 2.68 Sum...; 2.73 Sum...| 2.70
Mesan .| 0.56 Mean__} 0.53 Mean..| 0.53 Mean..| 0.58 Mean..| 0.54

Mean, 1903 to 1927, 0.54 foot.

TaABLE 9.—High water above sea level, Fort McHenry, Baltimore, Md.: Annual
means corrected for longitude of the moon’s node

Year Feet Year Feet Year Feot Year Feot Year Feet
1903__ .-| 0.58 |{ 1908.____.._. 0.67 [ 1913._____._. 0.54 || 1918_.._.._.. 0.53 (1928 __.___.. 0.53
1004, ...} 0.565 {| 1900.._...._. 0.54 || 1914 ______. 0.55 {1 1919 ____..._ 0.53 || 1924 ________ 0.54
1906 ....... 0.53 § 1910____..___ 0.52 (1015 ____.._. 0.53 || 1920._....... 0.85 1 1925 . _____. 0. 53
1006 . .- 0.88 [ 1811 _._.____ 0. 1916.._ .. .. 0.64 {1 1921, . ... 0.54 | 1926._____._. 0. 54
1907 . -1 0. 54 (| 1012 ____ 0.85 | 1917._____._. 0.54 )1 1622 _______. 0.54 ] 1927 .. ... 0.53

Sum...| 2.74 Bum_._| 2.68 Sum...] 2.70 Bum..__| 2.68% Sum 2.67
Mean _| 0. 58 Mean. .| 0.54 Mean_.| 0. 54 Mean. | 0.54 Mean 0.53

Mean first 19 years=0.54. Mean of last 10 years=0.54. Mean of 25 years=0.54.

Theoretically, there should be a periodic variation in the rise of high
water above sea level, having a period of about 19 years. This
variation is due to a change in the longitude of the moon's node,
causing a variation in the inclination of the moon’s orbit to the plane
of the earth’s equator. Table 9 gives annual means of high water
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above sea level corrected for the longitude of the moon’s node for each
of the 25 years of observation. It is noted that although the means of
the 5-year groups in Tables 8 and 9 vary somewhat, the means of the
25-year groups are identical in both tables. In the latter table the
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FIGURE 3.—Annual variation in high water, Fort McHenry, Baltimore

mean for the first 19-year period equals the mean for the second
19-year period, which also equals the mean for the 25-year period.
The accepted value of mean high water above mean sea level at
Baltimore is 0.54 foot.

In Table 7 there is noted a seasonal change in the plane of high
water which is found to be similar to the corresponding change in
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FIGURE 4.—Annual variation in low water, Fort McHenry, Baltimore

mean sea level, the lowest value occurring in February and the highest
in August and September. Comparing %‘igures 2, 3, and 4, it will be
seen that high water, low water, and sea level go through practically
the same seasonal variations.

Spring high water occurs near the time of new or full moon. The
tides do not come at the same time as their astronomic causes but
follow them by more or less definite intervals. The interval of time
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by which the tide follows the moons’ various changes is called the

e of the tide. The spring high water is obtained by adding the
phase age to the time of new or full moon and taking the two con-
secutive high waters that fall nearest this time. As there are only
four such high waters in & month and the values determined for one
month differ from another month due to changes in the moon’s
parallax and declination, and to meteorological conditions, a period
extending over a considerable number of years must be taken to get
a precise plane for spring high water.

Since high water exhi%its the same annual variations as sea level,
we may assume that spring high water will do likewise. A study of
the monthly values for this plane supports this assumption.

The plane of spring high water may be derived from harmonic
constants by means of formulas developed by R. A. Harris. This
method requires much less time than the former if the harmonic
constants are at hand, but the values derived differ somewhat from
the values obtained from direct tabulation. The accepted value
for spring high water is 4.73 feet on staff. This value was obtained
by adding the height of spring high water above sea level, obtained
from harmonic constants for the year 1907, to the value of mean
sea level on staff from 25 years’ observations.

At Baltimore the ratio of spring high water above mean sea level
to mean high water above mean, sea level is 1.13,

The plane of neap high water is derived similarly to spring high
water from high waters following the first and third quarters of the
moon. The ratio of neap high water above mean sea level to mean
high water above mean sea level at Baltimore is 0.83.

he values for tropic tides were obtained from harmonic constants
for the year 1907. The value of tropic higher high water above mean
sea level is 0.87 foot and that of tropic lower high water is 0.12 foot
above mean sea level. Tropic higher high water is 0.33 foot higher
than mean high water. Its rise above mean sea level is about 1.6
times that of mean high water. Tropic lower high water is 0.42
foot lower than mean high water. Its rise above mean sea level is
about 0.2 that of mean high water.

Wind and weather conditions at times cause the water to rise
abnormally high. This is especially true for a station such as
Baltimore, situated at the headp of a bay. A southeast wind blowing
for several days will cause very high tides. To determine a plane
of these high waters, the highest tide in each month is tabulated and
a mean derived.
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TasLe 10.—Monthly highest high water above mean sea level, Fort McHenry,
galtimore, Md.

Aver-| Aver- Aver-
Year age Highest Year age Highest Year age Highest
Date Feet Date Feet
June 25 | 2.6 Oct. 20| 3.5
Jan, 22 1190 Jan, 3| 3.2
Sept. 21 2.7 Aug. 4]°5.3
Oct. 18 82,4 June 16 | 2.8
June 5| 2.4 Apr, 6729
.......... 12.0 5 JRSUUSOR I ¥ A |
.......... 2.40 Mean | 1.91 _-A.._.A-_l 2.62 Mean.| 2.09 |-.........| 3.54
Year Average Highest Year Average Highest
Feet Date ' Feet Feet Date Feet
2.02 1.06 | Oct. 24 | 13.5
2.16 2.21 | May 12 |*13.3
1.95 1.86 | Dec. 5| 12.4
2.10 2.01 { Nov, 16 [ 3.9
1.85 2.08 | Oct. 12| 3.0
Sum.____.._.__.___. 10.08 10,12 | 16.1
Mean........._. . 2.02 2,02 (oo aon 3.22
1 8ame height on Sept. 14, ¢ Same height on Oet. 18,
2 Same height on Sept. 20 and Nov. 8, 7 Same height on Oct. 12.
3 Bame height on Sept. 29. * ENE-SE gale.
4 Bame height on Apr. 25, + Fresh breezos.

5 S8ame height on Oct. 19,
Mean of yearly average, 1903-1927=1.98 feet.

Table 10 gives yearly averages of the monthly highest high waters
and the highest tide each year for the 25-year period referred to mean
sea level. The series is divided into 5-year groups. The highest tide
recorded occurred on August 4, 1915, when the height was 5.3 feet
above mean sea level, which is 4.8 feet above the average high water.
The maximum variation between any two yearly averages is 0.71
foot and the maximum difference between the means of 5-year groups
is 0.23 foot. The maximum difference between the mean for the 25
years and any yearly value is 0.38 foot. The average value for the
25-year series 18 1.98 feet above mean sea level which is about 3.7
times the value for mean high water above mean ses level.

THE PLANES OF LOW WATER

.. For each of the high-water planes discussed in the previous section
there is a corresponding low-water plane. The planes are defined and
discussed in the same way as the high-water planes, and therefore a
separate discussion will not be given. The plane of mean low water is
the most important of the low-water planes. This plane exhibits the
same variations as the high-water plane; that is, it varies from day to
da’}, from month to month, and from year to year.

able 11 gives yearly values of low water on staff for the period
1903 to 1927, inclusive. In computing the table the means for the
full calendar month were used for the years 1903-1912 and 1925-1927,
while for the years 1913 to 1924 the values are means for the first
29 days of each month. Upon inspection the variations in low
water are found to be similar to the variations in high water.
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TaBLE 11.—Low water on staff, Fort McHenry, Baltimore, Md.: Monthly means

An- 5
Year Jan. | Fob. | Mar.| Apr. | May | June | July | Aug.{ Sept.| Oct. | Nov.| Dec. | nual | year
mean | mean
Feet| Feet| Feet| Feet| Feel | Feet| Feet | Feet| Feet| Feet
3 3 3.74 1 4.18 | 3.72 | 4.06 | 3,03 | 3.82 | 3.38 | 2.82 | 3.57
A 3 3.601379{3.7013.04 3.7 13571335,310}3.39
. A 356377138 (300|385 1365!3.32|3.10]3.44 |¢ 347
X A 3.5513.900|3.08}3.05) 3.8 )3.83)3.10] 202) 3.50 [
. X 3.56 | 3.8 (3.063)|367}13661}343]13.48!3.36!3.4
. 2 . 5 3.6213.77(3.74(401 (392({381314|3.15]3.48
1909 . __.__ 3.08(310(13.101(3.4413.85{379|3060613.95]|34¢l1342(3.4113.27}{3.50
1910 .. .. ... 3.27 (292344 13.89 13621378387 (38)[4.081372(327|318]23.58 + 3.5
1102 5 S 3.16{337{3.16{351(3.58(378{3.60(385(3.603.08({3181322/353
912 ... 2.8 (304|318 (3.28{3.68[3.60|3.00)368|408|360|332(304]3.42
1013 ... 3.11)298]293}13.37}13.51 367358383739 )347|325}345
1014 ... 3.421 28 (297 (3.5 13.53!3.5013.70(3.80137213.014332!134513.40
1915 ... 3.4513.43)3.31)3.21]3.63)3.88)393)403)38 )38 )3.59]310]3.61 ‘ 3.583
1916 ... 3.25)2.91 314 .60 | 3.62|4.00|3.94]392|387[381{3.55(3.12/(3.56
1917 .. 3181201 |3.49|3.44|3.74 377 |3.87[3.94|3.85(3.76|3.46|3.13|3.5¢4
1918 ... 3.31(3.18{343 (377|358 {387 (370391 3.81382|354|358]364
1019 __..__ 3.1613.3413.27(835214041410)141114.011{3.08140413.0313.32]3.74
1920010 308315302377 380|380 |370]|38 |38 |38 |365|35 |35 |1365
1821 ... .. 3.173.5313.46 | 3.68 | 4.11 1 3.85 | 3.88 [ 3.81 | 4.01 | 3.56 | 3.70 | 3.44 | 3.68
1922 ... 2.781323/3.421356) 38138 ;38 |38 402]383)344{335!}358
1923 ... 3.3313.06|3.50(3.64)37 135337138 |381373|374]|3471{3.61
1924 ... .. 3.0713.46 | _.___ 3.66 ) 4001397138 (3.9514.0013.71}35*2.851!3.65
1926 . ... 3.3013481316]3.61%3.68|3.73!38 (371300347 :336/0120413.852!: 350
1028, .. .. 2.8613.3213.03(3.33|3.52(365/|3.67|401!41713.80|3.55]331]|353
1927 2.90{3.54(3.43(13.55(371(3.85|38,362(393(3.94]3.50|346]3.064
Sum 1.__{78, 05 {78.08 {77. 08 (87. 60 {92.48 {05.36 [04. 40 (87. 05 |97. 81 103. 08 |86. &1 {80. 52 88,68
Meant | 3,1213.12 (3,25 3.5 ]3.70(3.81 37038139137 !346|3.221!3.55
Sum 7___[59. 81 [57.97 |61. 44 166. 25 |69.01 |72 83 171.02 |73. 73 |73.85 171.41 |65.28 (61. 14 167.13
Meant .| 3.15(3.05]3.23 {3.40 )| 3.68 | 3.83 | 3.70 | 3.88 | 3.80 | 3.76 | 3.44 [ 3.22 | 3.53
Surn 2. __|59. 73 [80. 87 [58. 44 (67.38 |70.86 {72.00 172.09 |73.82 [74.83 {71,86 |66. 65 [62.01 67.86
Means. [ 3.1413.20(3.25[3.56{373(379(379(3.80(3.94|3.78)351]|326]357
Mesn* ] 3.14 13121324 13523701381 {3.790,38302{3773.48]3.243.55
125 yenrs. ¢ First and last 19 year groups.
1 First 19 years. ¢ Storm.

¥ Last 19 years.

TABLE 12.—Low waler below sea level, Fort McHenry, Baltimore, Md.: Annual
means
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Mean of first 19 years=0,57 foot. Mean of last 19 years=0.57 foot. Maean of 25 years=(.57 foot.

Table 12 gives the annual means of low water referred to sea level
at Baltimore. The annual means show approximately the same
variation as the high waters in Table 8. The mean of the first 19
years equals the mean for the last 19 years and these equal the mean
for 25 years. The maximum difference between yearly values is
0.05 foot.

Table 13 gives the low water below sea level after being corrected
for the longitude of the°moon’s node. This correction does not
change the means as given in Table 12. The mean value of low
water below mean sea level is 0.57 foot.
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The value of mean high water above mean sea level is 0.54 foot for
the same period. Therefore, the rise of high water above mean sea
level is 0.03 foot less than the fall of low water below mean sea level.

Figure 4 shows the annual variation in the heights of low water
derived from the mean of the first and last 19-year groups of the 25-
year series of observations. It is noted that the curve is similar
to the ones for sea level and for high water. Low water is lowest in
January and February and highest in August and September with an
average variation of about 0.8 foot.

U. 8. COAST AND GEODETIC SURVEY

TAaBLE 13.—Low waler below sea level, Fort McIHlenry, Baltimore, Md.: Annual
means corrected for longitude of moon’s node

Feet Year Feet || Year

el 293
-1 0.59

Mean of first 19 years=0.57 foot. Mean of last 19 years=0.57 foot. Mean of 25 years=0.57 foot.

TaBLE 14.—Low-water plancs, Fort McHenry, Baltimore, Md.

lF;aet Feet
relow helow
Plane mean Plane mean
sea level sea level
|

Mean low water . _....._.______.___.... 0.57 || Lower-low water_..____.._.._...__...__. 0.67
Springlow water. .. _.___....._......... Q.65 {{ Higher-low water.._ ... ___.__.___ ... .. 0.47
Neap low water____ . 0.48 | Tropic lower-low water ___________.____ 0.72
Perigean low water._.___....._......__. 0. 64 || Tropic higherdow water..___ e 0.30
Apogean low water._____.__......__..__ 0.48

Table 14 gives values for low-water planes derived by harmonic and
nonharmonic reductions of the observations. It is noted that the
tropic lower-low water is the lowest of the low-water planes as was
the tropic higher-high water the highest of the high-water planes.
Tropic higher-high water is 0.87 foot above mean sea level and tropic
lower-low water is 0.72 foot below mean sea level. Therefore the
tropic higher-high water rises 0.15 foot higher above the plane of
mean sea Jevel than the tropic lower-low water falls below this plane.
It will be noted that the differences between the low-water planes are
less than the differences between the high-water planes.

Table 15 gives the average of the monthly lowest low waters and
the date and height of the lowest low water in each year for the period
1903 to 1927. The plane of average monthly lowest low water as
determined from the means of the 5-year groups shows a maximum
variation of 0.33 foot. The best value for this plane as determined
from the 25 years of observation is 2.20 feet below mean sea level.
This fall is about four times as great as that of mean low water below
Iean sea level. '

For the period 1903-1927 the highest tide was 5.3 feet above mean
sea level and the lowest tide was 5.1 feet below mean sen level. Table
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16 shows the distribution by months of the yearly highest and lowest
tides that occurred during the 25-year period. The column headed
“Number’’ gives the number of times the highest tide occurred during
the month, and the column marked ‘Per cent” gives the monthly
occurrence on a percentage basis. When the same yearly maximum
or minimum height occurred in more than one month of the same year
a fraction is used. For example, if the highest tide of the year
occurred in both January and September, the number ¥ was assigned
to each of these months.

TaBLE 15.—Monthly lowest low water below mean sea level, Fort McHenry,
Baltimore, Md.

- Aver- - Aver- ’ Aver .
Year age Lowest Year Bie Lowest Year nge Lowest
Feet Date Feet Feet Date Feet Date Feet
1903._____. 2.56 | Oct. 10| 4.6 2,44 { Jan, 24| 5.1 Dee. 9] 3.R
1904, ...[ 227 |Jan. 3 3.9 2,22 Feb, 1|37 Mar. 2| 4.3
1905..__._.| 2.44 ) Jan. 26} 4.9 _12.10) Feh. 1 14.3 Jan. 13| 3.3
1906 2.30 | Feb, 28 [ 4.8 2.08 { Mar. 23 | 3.5 Feb. 14| 3.8
1907 ... 2,30 | Jan. 23 | 3.2 2.20 | Feb, 4| 3.5 Feb. 5| 3.9
Sums_.._._ 11,96 |____.__.__ 21. 4 Sums.__[1L13 | ... 19.1 Sums. _. {1112 j_.. ... 19.1
Means. ____ 280 | . 4.28 ) Menns_..| 2228 [ ________. 3.82 ) Means._.) 2.22 |....___._. 3.82
Year Average lowest ' Year Average Lowest
Feet Date Feet Feet Date Feet
2.05 | Feb. 21 3.2 2.2t | Feb. 15| 3.7
1,09 | Mar. 29 | 4.7 188 | Dec. 1] 3.3
2.04 | Mar. 6 3.3 2.30 { Oct. 10 {94.0
2.14 | Jan, 1IN 3.4 2.1t { Jan, 29 3.3
2.08 | Nov. 25 | 3.2 2.07 | Jan. 16| 3.7
10,30 §. ..o 17.8 S 10,57 |- 18.0
208 ... .. 3.56 (| Means_ ____._.._.___.__ 210 s 3.60
1 Same height on Nov, 4. ? Same height on Dec. 29.

TABLE 16.—Months of occurrence of highest and lowest tides, 1903-1927

Month Highest tides Lowest tides [ Month Highest tides | Lowest tides
Number|Per cent| Number| Per cent Number| Per cent| Number| Per cent
January . __.._._.. 214 10.0 8 32,0 || August._ .__....__ 1 4.0 0 0.0
February._....-- 0 0.0 714 30.0 || September_._.._. 3%; 15,4 0 0.0
0 0.0 4 16.0 || October......... b 20.0 144 6.0
133 6.0 0 0.0 || November...._.. 2145 9.3 119 6.0
214 10.0 a 0.0 {{ Docember.__.___ 2 8.0 249 10.0
4140 17.3 0 0.0
0 0.0 0 0.0 Sums.. ... 25 100. 0 25 100.¢

Any tidal plane varies from different series, the longer the series
from which it is determined the more precise are the values obtained.
As mean low water is the plane of reference for hydrographic survey-
ing, 1t is desirable to adopt a standard value.

A standard low-water plane with a fixed value was adopted for
Baltimore by the Coast and Geodetic Survey in February, 1929.
It is called the Baltimore low-water datum and is defined as follows:

Baltimore low-water datum is the mean low water as determined from 19 years
of observations (1903-1921) at Fort McHenry and is 4.99 feet below beneh mark
No. 1, also known as the harbor board’s bench mark, sea wall, Fort McHenry,

which is a cross on the top of the sea wall at the first angle in the wall southeast
from the United States Engincers wharf at Fort McHenry.
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This datum has been in use by the Coast and Geodetic Survey and
by the United States Engineer office at Baltimore since its determina-
tion in 1922. Bench mark No. 1 has been used as a primary bench
mark since 1903 and from a comparison with other bench marks its
elevation has not changed appreciably during 26 years.

THE PLANE OF HALF-TIDE LEVEL

The plane of half-tide level or mean-tide level is the plane lying
halfway between mean high water and mean low water. If the tide
curve were symmetrical about the plane of mean sea level—that is,
if the rise of high water above sea level equaled the fall of low water
below sea level—the planes of mean sea level and of half-tide level
would coincide. At Baltimore the value of mean high water is 0.54
foot above mean sea level and the value of mean low water is 0.57
foot below mean sea level, the fall below mean sea level being 0.03
foot greater than the rise above mean sea level. Therefore, the plane
of half-tide level is 0.015 foot below mean sea level. The curve of
annual variation of half-tide level is a mean of the annual variation
curves of the mean high-water and mean low-water planes. Since
the plane of half-tide level has a nearly constant relation to the plane
of mean sea level, the variation from year to year of the former plane
will follow that of the latter. The two planes here have so nearly
the same value that for most purposes they may be considered
identical. ,

THE RANGE OF THE TIDE

The range of the tide or the amount of rise and fall varies with
the varying positions of the sun and moon relative to the earth.

The daily range of the tide for the month of June, 1919, is given in
Table 1. A scanning of this table shows considerable variations in
the range from tide to tide and from day to day. During this month
the moon was full and new on the 13th and 27th, respectively, and
in its first and third quarters on the 5th and 21st, respectively.
Taking the six tides nearest to each of the above times, the average
range of the tides near the new and full moon was 1.2 feet and the
average range of the tides near the quadratures was 1 foot. The
spring and neap effect is evident from these values. The monthly and
yearly ranges for the 25-year period 1903-1927 are given in Table 17.

Table 18 gives for the same period the yearly values for the mean
range of the tide; that is, the range corrected for the longitude of the
moon’s node. The values in this table were obtained by multiplying
the observed mean range for each year by a factor to correct for the
longitude of the moon’s node.

. It is noted that the mean value for the entire series is the same
for both tables but the individual yearly values agree more closely
in Table 18, the effect of the correction factor being usually to bring
the individual value closer to the mean.

The means of the 5-year groups do not vary appreciably, the maxi-
mum variation for each table being 0.04 foot. In Table 18 the mean
for the first 19-year period is 1.12 feet. The mean for the last 19-

ear period is 1.11 feet, which latter is the mean for the 25 years,
)‘i‘he mean range of tide at Baltimore is therefore taken as 1,11 feet.
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TaABLE 17.—Monthly mean range, Fort McHenry, Ballimore, Md.

An- 5
Year Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.{ Oct. | Nav.| Dec. | nusl | year
mean | mean
Feet | Feel | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet
1,221 1,201,193 L.17 | .19t .16 { .24 | 1.17 [ 1,13 11,08 | 1,10} 1.13 | 1.17
1,22 L13}1.11 ) L1565 ) 1,15 [ 1,15 [ 1,17 [ .13 | 1,15 | 1.O7 | 1.L10{ 1.09 } 1.14
1,161 1,12 | 1,101 1,09} 1,23 [ .12} 1,15 | .16 | .14 [ 1.15 } 1.05 | 1.14 | 1,12 |} 1.14
1071121081212} 1012119 | 217|118 | .14 | 1,11} 1.07} 1,08 | 1,12
1L1171L13 (11441101 1.14 { 1,14 [ 1.21 [ 1.22 { 1.13 § 1,07 [ .05 [ 1.12 ( 1.13
1,18 (1.24 11,1901 1.201.20 | 1.17 { 1,23 | 1.11 | 1.22 | 1.12 | 1.08 | 1.10 | 1.17
L15{1L13 (1107108 (212112 (017 (227213110111 006;106/112
009 111]107)106|1.07 115116114 |1.14 | 1,13 |1.00]|1.02{ 1.09 .11
097 1099 ;1081117108113 )1,07[111;1.11)]102]108]1.02]| 106
1.14 11,12 | 1,10 1.16 | 1,13 | .14 1 1,17 ) 1,17 | .13 | 1,08 | 1.05 | 1,00 | 1.12
1,13 L0911 1.13 | 1.00)1.1011.07 11,20} 1.19 ) 1,17 11,04 | 1.03 | 1.01 | 1. 10
1,00 1051101110} 1150 1.14|1,1931.14 1,10} 1.08)1.03|1.04(1.10
1,07./1.02;0.98]1.1211,13 |1.,12}1,11{1.20|1.12 | 1.06 | 1.03 | 1.03 | 1.08 {} 1.10
1,071 1.12)1.11 (.14 [ .11 | 1.13 | 1,10 1.16 { 1.12 ; 1.06 { 1.04 | 1.04 | 1.10
1.08 | 1.13 | 1,05 [ 1.08 [ 1.13 } 1,12 | 1,15 1,13 | 1,13 | 1.0 | 1.62 | 1.10 | 1.10
1.0311.0811.08¢1.13 (1,17 {1.17 1,17 {114 1111 { .10 {102} 1.05¢ 110
1,02(102!1,111.07)1.13|1.12{1,16[1.19 {1.11 | 1.13 | 1.08 | 1.09 | 1.10
115101121 2.181 1,17 11,14 L19) 1,16 11.15)1.16 ) 1,10} 1.09 j 1.09 | 1.14 |» 1.11
1,111,111 1.13(1.1071.12 | 1.15 | 1.18 | 1.16 | 1,15 | 1.08 | 1.05 | 1.01 | 1.11
1071112 /1.00}1.10! 1,11 1,19 11,201 1,13 11,13 | 1.10 | 1.08 | 1,04 ; 1.11
1.0511.0811.07]1.10(1.12 1,15 1.18 11,16 | 1,13 | 1.090 | 1.06 | 1.05 } 1.10
113 ] L.08 | .___. 116 | 117} L1 ) 117 (117 1,11 ;1 1,10 | 1.06 | 1.10 | 1.12
11501081107 1071107 {1.12(1.10{1.19{1,13 {112 | .06 ({ 1.08 { 1.10 {p 1,11
1,14 1 1.09 | 1.03 | 1.06 1 1.13 j 1.156 [ 1,19 { 1.17 { .11 | 1.09 | 1.07 | 1.08 | L. 11
1,1011.13{1,10{ 1,12 {116 | 1,14 { .13 { 1,14 { 1.11 [ .06 { .03 | 1. 08 } 1,12
27,59 (27. 61 120,37 127.84 128,27 [28. 54 120,13 [28.98 |28, 31 (27,25 |26,35 |26.74 |27.83
1,101 1,10} 1,10 | 1.11 | 1.13 1 1.14 | 1,17 }1.16 | 1,13 |} 1,09 | 1.05 | 1,07 | 1.11
21,08 |21.01 [21.24 [21.51 {21.68 (22,16 122.02 |21. 50 (20,60 (20.01 [20.31 (21.17
11011112 11,13}1.1441.17 | 1.16 { 1,14 | 1.08 | 1,06 | 1.07 | 1.11
5 20. 67 [19.56 (21.01 {21.34 (21.61 [21.96 |22, 01 |21.40 ;20.64 [19.90 (20.08 |20.98
Mean? . {109 1.00{1.08¢{12.12 (1.121.14}2026}1.16)1.13 209 ]1.09] 1068} 110
Means .. .| 1.10) 11107110112 ) 1.2211.14)1,16}1,16)1.14 ) 1.09 | 1.07 ] 1.06 } 1.10
125 years. 3 First 19 years. 3 Last 19 ycars. ¢ First and last 19 years.

TasLE 18.—Range of tide, Fort McHenry, Baltimore, Md.: Annual means corrected
for longitude of the moon’s node

Year Feet Year Foet Year Foet Year Fost Year Feet
1.14 1.17 1.13 .07

1.11 1.13 1.13 1.10

1.10 111 1.10 1.08

.1 1.10 1.08 1.11 1.10

1.12 1.15 111 1,12

Sum___{ §.57 5,64 5,58 Sum..j 5.47
Mean..| 1.11 1,13 112 Mean .| 1.09

Mean range, first 19-year period=1.12 feet. Mean range, last 10-year period=1.11 feet. Mean rango,
26 years, 1803 to 1927=1.11 feet,

TasLE 19.—Tidal ranges, Fort McHenry, Baltimore, Md.

Mean range. ...c.-coovcacaun ADOgesn range .. .....c.-- 3 Simall tropic range. ..._....
Spring range._ (lreat diurnal range_. Monthly extreme range. ...

eap range.. Small diarnal range_...._ Greatest range........-._.-
Perigean range. (ireat tropic range. ._..._.
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Table 19 gives values for the various ranges for Baltimore obtained
from the values for the various datum planes discussed under high-
water and low-water planes. The names of the following ranges are
apparent from the planes from which they are determined: Mean,
spring, neap, perigean, and apogean ranges. Additional ranges are
defined as Follows: (Great diurnal range 1s the distance between the
mean higher-high water and the mean lower-low water, small diurnal
range is the distance between the mean lower-high water and the mean
higher-low water, the great tropic range is the distance between the
tropic higher-high water and the tropic lower-low water, the small
tropic range is the distance hetween the tropic lower-high water and
the tropic higher-low water, the monthly extreme range is the distance
between monthly extreme high water and monthly extreme low water,
and the greatest range is the distance between the Kighest tide observed
and the lowest tide observed.

HARMONIC CONSTANTS

Harmonic constants, which are derived by harmonic analysis of
tidal hourly heights, are used in the prediction of tides. The tidal
planes and also the ages of the tide can be derived from the harmonic
constants.

The tidal hourly ordinates at Fort McHenry, Baltimore, have been
analyzed and the harmonic constants determined for the years 1907
and 1925. A 369-day series was used in each analysis. Table 20
gives the harmonic constants for each of these years. The column
marked: ‘“H”’ gives the amplitudes of each of the components and the
column marked « gives the epochs.

TaBLE 20.—Harmonic constants, Fort Mcllenry, Baltimore

1907 1925 1907 1926
Component e T —— Component
H I3 )34 x 118 x H I3
Degrees | Feet Degrees | Feet | Degrees
(200) | (0.012) 267 0. 032 281
296 0.218 (316) | (0. 004; 5316)
202 0. 025 (217) | (0. 001 2186)
218 0.019 228 0.075 222
130 0. 007 .
191 0. 161
........ 0. 002
304 0.021
225 0. 04
........ 0. 001
171 0. 090
(150) | 0.010
306 0. 168
(285) | (0.007)
284 0. 066

Values in parentheses are inferred.

The formulas for determining the various ages

harmonic constants are as follows:

Phase age, in hours
Parallax age, in hours
Diurnal age, in hours

of the tide from

0.984 (8°,— M°®,)
1.837 (M°,—N°)
0.911 (K°;—0°)
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The phase age of the tide at Fort McHenry, or the interval by which
spring tides follow new or full moon and the interval by which neap
tides follow the moon’s first and third quarters, as derived from the
above formula, is 25.6 hours.

The parallax age of the tide at Fort McHenry, or the interval by
which perigean and apogean tides follow the time when the moon is in

erigee and apogee, respectively, as derived from the formula, is 38.6
ours.

The diurnal age of the tide at Fort McHenry, or the interval by
which the tropic tides follow the moon’s semimonthly maximuin north
and south declination, as derived from the formula,is — 9.1 hours, the
minus sign indicating that time of tide is 9.1 hours before the maxi-
mum north or south declination.

EFFECTS OF WIND AND WEATHER

The average rise of extreme (monthly highest) high water above
mean sea level at Baltimore was found to be 1.98 feet. That this rise
is not due to astronomical causes alone is evident from the following
considerations. The average rise of high water above sea level is
0.54 foot; at the time of spring tides this is increased by 13 per cent.
At the time of perigean tides it is increased by 17 per cent and at the
time of tropic higher high water the tide is increased by 61 per cent.
The rise of the tide at the time of a tropic higher high water that
occurs when the moon is full or new and 1s also in perigee should be
13+ 17 + 61 =91 per cent greater than the average, or 1.03 feet. This
value is 0.95 foot less than the average extreme high water above sea
level; therefore, we may conclude that the extreme high waters are
caused partly by wind and weather.,

The average fall below mean sea level of extreme low water was
found to be 2.20 feet and the fall of extreme low water below mean low
water was 1.63 feet. As in the case of the extreme high waters, we
may conclude that the extreme low waters are due partly to wind and
weather.

The highest high water at Baltimore for the 25-year period 1903 to
1927 occurred on August 4, 1915, when the tide rose to a height of 5.3
feet above mean sea level, or 4.8 feet above mean high water. The
observed and predicted tide curves for that day are shown in figure 5.
The unusual height reached was due to prolonged easterly weather
during which the wind reached a maximum velocity of 39 miles per
hour. The height of the astronomic high water on that day, as shown
by prediction, should have been 0.7 foot above mean sea level. The
high water should have risen 1.4 feet from the previous low water and
faﬁen 0.9 foot to the succeeding low water. The tide at Baltimore
registered a rise of 5.5 feet from the previous low water and a fall of
4.8 feet to the succeeding low water. The predicted duration of rise
was 7.2 hours, while the actual duration of rise was 9.8 hours. The
predicted duration of fall was 7.2 hours and the actual duration of fall
was 16.3 hours. The value of sea level for the day was 2.7 feet above
the value of mean sea level.

The lowest tide observed at Baltimore occurred on January 24, 1908,
during a severe storm from the northwest. The height read 5.1 feet
below mean sea level, or 4.5 feet below mean low water. Figure 6
shows the curve as recorded and the astronomic curve for the same
period. An examination of the observational curve shows that the
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tide began to fall at 8 p. m. on January 23 from a height of 0.2 foot
below mean sea level. The tide continued to fall for 20 hours and
the height reached was 5.1 feet below mean sea level. The tide then
began to rise and continued to rise for 31 hours and reached a height

n Feoef

+
H

Observed Tide Curve

- Aug. 41915

—/ Predicted Tide Curre — /

© Hours
FiGURE 5.—Highest tide observed, ¥Fort McHenry, Baltimore

of 2 feet above mean sea level, or a rise of 7.1 feet during 31 hours.
The astronomic curve shows 4 high and 4 low waters, with an average
range of 1.2 feet, during the period between the observed high waters.
Here it is evident that the astronomic tidal influences are almost

-
H
w
2F
s Predicted Tide Curve
° S e ~—— s ——
1A o .
2 Jan. 24,1908 Jan. 28 Jan. 26
1+
[/}
“/‘ \ Observed Tide Curve /
aF
AN
5 -
1 ! 1 1 1 1 e ) ! L 1 1
& 0 4 8 R’ ” 20 o ] 2 16 2 o 4 a 4

A
= Hours
FIGURE 6.—Lowest tide observed, Fort McHenry, Baltimore

obliterated by the storm effect. The daily sea level on staff was about
3 feet below the mean on January 24 and more than 1 foot above mean
gea level on January 26. On January 25, when the tide was rising all
day, the plane of sea level was about normal, as the tide rose from
below sea level to about the same distance above.
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In general, weather conditions cause a greater change in the height
of sea level than in the height of high water and low water above or
below sea level. At Baltimore a strong wind seems to have complete
control of the tide, as is seen from Figures 5 and 6. This is found to be
the case with storm tides in general at this station. From a study of
the weather conditions and tides during extreme tides it is noted that
the effect of the astronomic tide is negligible in comparison with the
meteorological tide. In general, a strong wind from the northwest
blows the water from Baltimore Harbor and the tides are low during
such winds. On the other hand, a strong wind from the south or east
would be expected to pile up the water in the harbor.

Table 21 gives the generall) meteorological conditions at the time of
extreme tides. The highest and lowest tides of each month at Balti-
more, Md., for the year 1927, together with the meteorological con-
ditions on the days when these extremes occurred, have been entered
in the table. For purposes of comparison, the astronomic or theoret-
ical tides and the mean annual barometric pressure are given.

TABLE 21.—Extreme tides, with meteorological conditions, Fort McHenry,
Baltimore, Md., 1927

Barometric pressure reduced
Hejght of high water t0 sea level Wind
Date A Prevail
Astro- | Differ- | 279380 | Annua] | Differ- | < 7oV2 [ Average
Observed | nomical | “ence g;{lll’; mean ence |, inl;clfi on | velocity
Miles per
Feet Feet Feet Inches Inches hour
5.5 4.6 +0.9 20. 51 30.05 11
6.7 4.2 2.5 20.70 30.05 20
8.3 4.5 1.8 20.91 30. 05 8
6.2 5.0 1.2 30. 32 30. 05 14
5.9 5.5 0.4 20. 96 30.05 ]
6.1 5.5 [V T SRR PRIRUPIRUIN FUSRRPRR (RSP SUIIIIPRUPIN
6.3 5.3 1.0 20. 87 30.056 8
5.9 5.5 0.4 29. 99 30.05 8
5.9 5.6 0.4 20. 02 30. 06 7
6.1 5.3 0.8 20. 90 30. 05 8
7.1 5.4 1.7 29. 86 30.05 24
6.1 4.6 1.6 20.99 30.05 16
8.2 4.1 21 29. 50 30. 05 16
Height of low water
0.4 3.2 —-2.8 30.23 30.05 168
1.7 3.0 —1.3 30. 32 30. 05 12
0.8 3.3 —-2.5 30. 00 30.05 2
1.7 3.7 ~20 30. 24 30. 05 15
2.4 3.9 ~1.5 29.86 30. 05 17
2.6 4.1 -1.5 30, 24 30. 05 10
2.6 4.0 ~-1.4 30.10 30. 05 2
2.8 4.0 ~1,2 20. 85 30. 05 12
28 4.0 -1.2 30.13 30. 05 12
3.1 3.9 -0.8 30.06 30.05 7
2.8 3.8 =10 30. 24 30.05 11
2.4 3.6 -1.2 30.11 30.05 18
1.3 3.1 —1.8 30. 056 30.06 17
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TaBLE 22.—Summary of tidal data, Fort McHenry, Baltimore, Md.

TIME RELATIONS

High-water interval ______._________ ... hours.._
Low-waterinterval _______ . _______ __________________________ do___.
Duration of rise_ . __ o eeaao do-_._
Duration of fall._____ o ___ do____
Phase age . e el do.._.._
Parallax age_ . _ e . do__..
Diurnal age. _ _ __ __ . e do___
RANGES
Mean range . _ il feet__
Great diurnal range_ _ . _ - ___ . ___ ... ._ do___.
Small diurnal range - _ .. ____ e _. do____
Great tropicrange_ _ . __ .. do____
Small tropicrange. - _________ . _________ e do____
Spring range _ o do-._._
AP TANEE . . e do.___
Perigean range___ . _ . __ e . do-.._
Apogean range__.______.___ . ____ . _.___. do_._.
Average monthly extreme range__ __________________________._ do._..
Greatest range_____ __ . do___._
Spring range = mean range__._______ .. _________.__.____.__.__._____
€AD TAnge -~ MEeAN TANEE . _ - - - oo ___
Perigean range +— mean range__ . _ _ . _ ... .. __._..
Apogean range — MeAN TANZE . . e
Great diurnal range -+~ meanrange ... __________________________
Great tropic range -~ meanrange. .. __.____________.______._______.__.
HEIGHT RELATIONS
Mean high water above mean sealevel . _ _________________ _____. feet. _
Mean higher high water above mean sea level . ____._____________ do____
Mean lower high water above meansealevel ___________________ do.___
Tropic higher high water above meansealevel .. .______________ do____
Tropic lower high water above meansealevel ___________._______ do____
Spring high water above meansealevel ___.____________________ do..__
eap high water above meansealevel .______._________________ do_..._
Perigean high water above mean sea level .. ___._________________ do____
Apogean high water above meansea level .._________ ___________ do..__
Average monthly highest high water above mean seca level . ______ do_.__
Highest high water above meansea level .___ ... ________.___.__ do.__.
Mean low water below meansealevel _______.____________.___.__ do._._
Mean lower low water below mean sea level______._____________ do_...
Mean higher low water below meansealevel . _________________ do_.___
Tropic lower low water below mean sea level . - ________________ do___.
Tropic higher low water below mean sea level . _________________ do.___
Spring low water below mean sea level . _____________________ do___.
eap low water below meansea level . ________________________ do....
Perigean low water below mean sea level . ___________ . __________ do____
Apogean low water below mean sea level ____-___________________ do-_._
Average monthly lowest low water below mean sea level . ________ do.___
Lowest low water below meansealevel________________________ do___.
Hali-tide level below mean sea level . ... . ______.____. do____

THE TIDE AT WASHINGTON, D. C.

NAVY YARD

1

I - L =ttt - T TP

. 48
. 66
. 82

60

Tide observations have been made at the navy yard for periods
totaling about 10 years. Observations were first made in 1858 and
a number of series were made between that time and 1898.
longest series was made during the years 1891-1898, when 7% years
In the discussion that
follows the height relations are based on the 7-year period 1892-1898.

of continuous observations were taken.

The
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The time relations are based on the observations for 17 months in
1891-92.

Lunitidal intervals.—The lunitidal intervals or the times by which
the tides follow the transits of the moon have been determined for
the navy yard from periods of observation totaling about 5 years.
The results from each series of observations are shown in Table 50.
The monthly intervals for 17 months in 1891 and 1892 are given in
Table 23.

From Table 50 it appears that the high-water interval increases
from about 7.7 hours in 1860 to about 7.9 hours in 1892. The
monthly means, Table 23, indicate a seasonal change in the high-water
intervaf; from January to May it is about 7% hours and from June to
December about 8 hours.

The monthly means indicate that the low-water interval is higher
from November to April than from May to October. It appears to
reach a maximum of about 2% hours in December and March and
remains at about 2 hours during July, August, and September.

TABLE 23.— Lunitidal intervals, navy yard, Washington, D. C.
HIGH-WATER INTERVAL

Year Jan. | Feb, | Mar.| Apr.| May | June | July |{ Aug. | Sept.| Oct. | Nov.| Dec. | Sum |Mean

HoursjITours| I ours Hours|1lours| Flours| I Tours| Lours| Hours| Hours| I lours| Iours| Hours | Hours
p£:11) USSR JRSURSRIN DRSO (RSN DRSS BUSPURN NN R 7.91|7.9317.93|7.96|7.8039.62| 7.

18920000000 7777170707 7 807 7T 7071|7087 8 067] 801 | 804 | 7.93 [ 8.13 | 812 | 94.91 | 7.91
LOW-WATER INTERVAL
1391_“‘"20‘37 ;.13 218|234 | 2.23 | 10.91 | 2.18
1892, 0] 2357 2.287'2.56 | 2437 225|230 206" 2.03 | 203 | 1.76 | 222 | 2,50 | 28.72 | 2.23
DURATION OF R;QE

1800 ] 5.88 | 5.80 | 5.75 | 5.62

==

566 (2,711 574
7(591)562]|6819] 568

EE

1892, 0TI 5.42°| 5.47 | 5.24 | 5987 5.46 [ 5.63 | 6.00 | 5.98 | 6.01

Durations of rise and fall —Monthly values for duration of rise for
the period August, 1891, to December, 1892, are given in Table 23.
The greatest difference between any two of the 17 monthly values is
0.93 hour. The duration of fall for any month may be obtained by
subtracting the value of duration of rise for that month from the
tidal cycle of 12.42 hours, and it follows that variations in the dura-
tion of fall are numerically equal to those in the duration of rise.

Mean river level.—In the upper reaches of a long tidal river the
plane obtained by averaging the hourly heights of the tide is, because
of the slope of the river, somewhat higher than the sea level similarly
obtained at a point on the open coast. The term river level has been
afplied to the former plane to distinguish it from the latter. Because
ot fluctuations in the fresh-water discharge, the daily variations in
river level are usually greater than those of sea level. While the daily
values of river level at Washington sometimes vary by several feet,
the monthly values seldom vary more than 1 foot and the yearly values
seldom vary more than 0.2 foot. Table 24 gives the monthly and
Yearly values of river level on staff at the navy yard for the 7-year

85320°—30——3
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period 1892 to 1898, inclusive. The maximum variation between
monthly values is 1.37 feet and the maximum yearly variation is 0.22
foot.

The last column of the table gives evidence of a seasonal change
in the value of river level. From May to October it remains about
4.8 feet and from November to March it is about 0.4 foot less.

TABLE 24.—River level on staff, monthly means, navy yard, Washington, D. C.

Month 1892 1893 1804 1805 1896 1897 1808 | Bum |Mean
Feet Feet Feet Feet Feet Feet Feet Feet Feet
4,36 | 14.48 4,42 4.37 4.4 4.056 4,09 | 30.21 4.32
4.67( 14.50 4.27 3.87 4.26 5. 10 4,28 1 30.95 4.42
.34 4.51 4.49 4.27 3.79 4.62 4.54 | 30.56 4.37
34 4.7 4,70 4.78 4,47 4.42 4,741 32.20 4,60
69 4.92 8.10 4.60 4,79 4,84 5181 34.10 4.87
76 4.92 4,63 4.88 4,77 4.86 4. 01 33,73 4.82
44 4,73 4.59 4.78 4,70 4,90 4,93 | 33.07 4,72
.79 4.86 4.80 4,71 4.71 4.90 4.91] 33.68 4.81
. 69 4.88 4.95 4,79 4.78 4,88 4,81 33.78 4.83
4.25 5.03 4.80 4.58 4,93 5.10 5.071 33.76 4,82
4.19 4. b5 4. 14 4.36 4.87 4.4 4.40 | 30.55 4.38
4.24 3.98 4.34 4,45 4.39 4.33 4.37 | 30.10 4.30
53.76 | 56.11| 65,23 | b54.44 | B4.60| 56,34 | 56.21 | 386.60 | 55.24
4.48 4.68 4.60 4.54 4.56 4.70 4,68 | 32.23 4.60

! Interpolated values,

Curves plotted from the monthly means of high water, low water,
and river level from the seven years of observations at the navy
yard are reproduced in Figure 7. It will be noted that the curves are

Jan  Feb Mar Apr May June  Jul, Aug Sept  Oct Nov Dec
‘l.: ) ’\-_/l '4
6 "“h Wairr

il P L]
-+ Tt N

TN ///"\

|
-
s r-/_—_./ Lm

FIGURE 7.—Annual variations in high water, low water, and river level, Navy Yard, Washington

similar, showing that the three planes undergo nearly the same
seasonal changes.

The planes of high water.—Table 25 gives the monthly and yearly
mean values of high water on staff at the navy yard for the 7-year
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period 1892 to 1898, inclusive. The lowest monthly valueis 5.02 feet,
which is about 1 foot below mean high water, while the highest
monthly value is 6.64 feet, a difference of 1.62 feet. The maximum
difference between any two years shown in the table is 0.23 foot.

To eliminate the effect of variations in river level on high water,
it is only necessary to subtract from the values in Table 25 the cor-
res(i)ondmg values in Table 24. The results, which give the monthly
and yearly means of high water above river level for the navy yard
are sﬂown in Table 26. The maximum monthly variation is 0.46 foot.
The maximum variation of the means of the monthly values in the
last column of the table is 0.19 foot and the maximum yearly vari-
ation is 0.06 foot. The value of mean high water above mean river
level as determined for the 7-year series is 1.40 feet. Table 27 gives
a value of 1.43 feet for mean high water above mean river level, cor-
rected for the longitude of the moon’s node.

TasLE 25.—High water on staff, monthly means, navy yard, Washington, D. C.

Month 1892 1893 184 1895 1896 1897 1898 Sum | Mean

Feet Feel Feet Feet Feet Feet Feel Feet Feet
RS TIT o, 570 1570 586 5.70 5.72 5.48 5.48 | 39.64 5. 66
February. 5.99| 1581 | 560| 502] 562| 6.35| 564| 40.03! 572
March_. 5.67 5. 92 5.83 5. 50 5.13 5.89 5,031 30.96 5,71
April._. 5.70 6.18 6.07 6.15 5.868 5.77 6.07 | 41.80 5.97
ay._. 6.16 6.32 6. 62 6.01 6.31 6.21 6.59 | 44.12 6.30
June.. 6.22 8.33 6.18 6.37 6. 27 6.38 6.40 ([ 44.13 6.30
July . 58| 617 611! 618 611| 630| 6.42| 43,27| 6.18
"August . 6.22| 827| 62| 616| 6.23| 63| 6.35] 43871 6.27
Septembel 6.05 6.33 6,42 6.19 6. 24 8.34 6.26 | 43.83 6.26
October. 5. 57 6. 64 6. 24 5.90 8.35 8. 54 6.55 ] 43.79 6.28
Novembe! 5. 80 5.90 5.47 8.75 5.94 8.72 5701 40.04 5.72
December. .. 5,59 5.37 5.73 5.79 5.83 5.73 572 39.76 5,68
BUM - eemmmccmmmmmmann 70.26 | 73.00! 7231 70.81 | 71.61| 73.14| 73.11 | 504.24 } 72.03
MEBN. o icememeee 5, 86 6.08 6.03 5. 90 5.97 6.09 6. 09 42,02]. 6.00

1 Interpolated values.

TABLE 26.— High water above river level, monthly means, navy yard, Washington, D. C.

Month 1892 1863 184 1895 1866 1807 1808 Sum | Mean
Feet Feet Feet Feet Feel Feet Feet Feet Feet
January. 1.3 | 11,22 1.44 1.33 1.28 1.43 1.39 9.43 1.35
1,32 | 11.3t 1.33 1,15 1.36 1.25 1.36 9.08 1,30
1.33 1.41 1.34 1.32 1.34 127 1.39 9.40 1,34
1.36 1.43 1.37 1.37 1.39 1.35 1,33 9.60 1.37
1.47 1.40 1.42 1.41 1.82 1,37 1.43 | 10,02 1,43
1.46 1. 41 1.58 1.49 1.50 1.50 1.49 | 10.40 1.48
1.45 1.4 1,52 1.40 1.41 1.49 1.49 | 10.20 1.46
1.43 1. 41 1.48 1.45 1.52 1.46 1. 44 10. 19 1.46
1.36 1.43 1.47 1.40 1.46 1.46 1.45 | 10.05 L44
1.32 1.61 1,44 1.32 1. 42 1.44 1.48 ' 10.08 143
1.31 1.41 1.33 1,39 1.37 1.38 1.30 9.49 1.38
1.35 1.39 1.39 1.34 144 1.40- 1.35 9.68 1.38
Sum.. . .ol 18.50 | 16.89 | 17.08| 16.37 | 17.01 | 16.80 | 16.90 | 117.535 | 16.81
D5 1) « W 1.38 1.4 1. 42 1.36 1. 42 1.40 1. 41 9. 80 1.49

1 Interpolated values.
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TaBLE 27.—High water above river level, navy yard, Washington, D. C.: Annual
means corrected for longitude of the moon’s node

1892 1893 1894 1895 1896 1897 1898 Sum | Mean

Feet Feet Feet Feet Feel Feet Feet Ieet Feet
1.41 1.45 1.46 1.40 1,45 1.43 1.42 | 10.02 1.43

The planes of low water—The plane of mean low water as deter-

mined from seven years of observations, 1892-1898, is 3.12 feet on
stafl, or 1.48 feet below mean river level. The latter value becomes
1.52 feet after correcting the annual means for the longitude of the
moon’s node. Table 28 gives the monthly and yearly heights of
low water on staff at the navy yard. The maximum difference
between any two monthly values is 1.38 feet. The maximum differ-
ence between any two means of the monthly values in the last column
of the table is 0.57 foot and the maximum difference between yearly
values is only 0.21 foot. It is noted that the values for low water
on staff show much more variation than the same values referred
to river level. Table 29 gives the monthly and yearly values of
low water below river level. The maximum difference between any
two months is 0.35 foot, the maximum difference between yearly
averages of the monthly values in the last column of the table 1s
0.23 foot and the maximum difference between yearly values is
0.07 foot. Table 30 gives the annual means corrected for the longi-
tude of the moon’s node.
! The plane of half-tide level—Since the plane of half-tide level is
the plane halfway between mean high water and mean low water and
from the 7-year series 1892-1898, the value of mean high water
(uncorrected) 1s 6 feet on staff, or 1.40 feet above mean river level,
and mean low water is 3.12 feet on staff, or 1.48 feet below mean river
level; half-tide level is 4.56 feet on staff, or 0.04 foot below mean
river level.

TaBLE 28.—Low water on staff, monthly means, navy yard, Washington, D. C.

Month 1892 1803 1804 1895 1806 1897 1898 Sum |Mean
Feet Feet Feet Feet Feet Feel Feet Feet Feet
2.99 | 12,88 2,88 3.00 2,98 2,65 2.79 | 20.17 2,88
3.256( 12.99 2.84 2.70 2.79 3.78 2.92 21.27 3.04
2.99 3.10 3.07 2.93 2.40 3.30 3.13 | 20.92 2.99
2.96 3.25 3.28 3.36 2.99 2.94 3.32 22.10 3.16
3,19 3.52 3.65 3,14 3.22 3,45 3.69 | 23.86 3.41
3.25 3.28 2.97 1.3 3.20 3.28 3.34( 2200 3.4
2.90 3.08 2.95 3.13 3.14 3.31 3.31 21.82 3.12
3.21 3.18 3,16 3.006 3.16 3.30 3.40 | 22.47 3.21
3.21 3.31 3.37 3.15 3.3 3.32 3.20 | 22.79 3.26
2.74 3.70 3.2 3.02 3.47 3.61 3.74 | 23.57 3.37
277 3.08 2.75 2.85 3.04 2,92 2.98 20,39 2.01
2.78 2. 50 2,88 2,99 2,05 2.87 2,93 19.90 2.84
36.24 | 37.87 1} 37.09 | 36.67 | 306.57 | 38.73 | 38.75| 261.92 | 37.43
3.02 3.16 3.09 3.06 3.05 3.23 3.2 2). 84 3.12

i Interpolated values,
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TaBLE 29.—Low water below river level, monthly means, navy yard, Washington, D.C.

Month 1892 1893 1894 1895 1896 1897 1898 Sum | Mean

Feet Feet Feet Feet Feet Feet Feet Feet Feet
1.37 | 11.60 1.5 1.37 1.46 1.40 1.30 10. 04 1.43
1.42 | 1151 1,43 1,17 1.47 1.32 1.36 9. 68 1.38
1.35 1.41 1.42 1. 34 1.39 1.32 1.41 9. 64 1.38
1.38 1. 50 1. 42 1.42 1.48 1.48 1.42 10. 10 1. 44
1. 50 1.40 1.45 1,46 1.57 1.39 1.47 | 10.24 1. 46
1.51 1.64 1. 66 1. 54 1.57 1, 58 1.57 11.07 1. 58
1. 54 1.85 1.64 1. 66 1. 56 1.59 1.62 11.25 1,61
........ 1.58 1.68 1. 64 1,65 1.55 1. 60 1,51} 11.21 1. 60
SBeptember_.___ 1.48 1.57 1. 58 1.64 1. 55 1. 66 1.61 10. 99 1. 57
Qctober_____ 1. 51 1.33 1. 51 1, 56 1. 46 1.49 1.33 10. 19 1.46
November.____ - 1.42 1.47 1.39 1.51 1.53 1.42 1.42 10. 18 1.45
December. ... .. ._.._.._._. 1. 46 1.48 1.46 1. 46 1.44 1.46 1.44 | 10.20 1. 48
Sum. e 17. 52 18. 24 18. 14 17.77 18.03 17. 61 17.46 | 124.77 17.82
Mean. ... 1. 46 1.52 1.51 1.48 1.50 1.47 1.45 | 10.39 1.48

1 Interpolated values.

TaBLE 30.—Low water below river level, navy yard, Washington, D. C.: Annual
means corrected for longitude of the moon’s node

1892 1803 1804 1895 1896 1897 1898 Sum | Mean

Feet Feet Feet Feet Feet FLeet
1.49 1. 66 1. 55 1. 52 1,54 1. 50

Feet Feet Feet
1.46 10. 62 1.52

Mean range—Table 31 gives the monthly and yearly values for
range at the navy yard for the years 1892-1898. The annual means
corrected for the longitude of the moon’s node are given in the last
line of the table, the mean value being 2.95 feet,

The maximum difference between monthly means for this period
is 0.64 foot and the maximum difference between yearly means is

Jan Feb  Mar Apr May June  July Auvg  Sept Oct Nov Dec

¥
W
30

25

FIGURE 8.—Annpusl variation in range, Navy Yard, Washington

0.10 foot. There is also a seasonal change in the column of mean
monthly values, the range varying from 3.07 feet in June to 2.68
feet in February, a difference of 0.39 foot.

The 'maximum difference between monthly means for Baltimore
from 25 years of observations is 0.12 foot, the largest range occurring
In July and the smallest in November. At Philadelphia on the
Delaware River, the average seasonal variation in range is about 1
foot, whereas at Boston, near the open coast, it is only 0.2 foot. It
appears, therefore, that such variation is largely a river effect, and
1t 1s probably due to varying quantities of drainage water in the river.
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TaBLE 31.—Range of tide, monthly means, navy yard, Washington, D. C.

Month 1862 1893 184 1895 1896 1807 1898 Sum | Mean

Feel Feet Feet Feel Feet Feet Feet Feet Feet
2.71 | 12,82 2.98 2.70 2.74 2.83 2.60 | 19.47 2.78
2,74 | 12,82 2.76 2.32 2.83 2,57 2.72 | 18,78 2.68
2.68 2.82 2.76 2. 66 2.73 2. 60 2.80 | 10.04 2.72
2.7 2.93 2,79 2,79 2. 87 2.8 2,75 19.70 2.81
2.97 2.80 2, 87 2. 87 3.09 2.76 2.90 | 20.28 2.80
2.97 3,06 3.21 3.03 3.07 3.08 3.06 | 21.47 3.07
2,99 3.0 3. 16 3.06 2,97 3,08 3.11 21. 46 3,08
3.01 3.09 3.12 3.10 3.07 3.06 2.95 | 21.40 3.00
September._.__._. 2. 84 3.02 3.06 3.04 3.0t 3.02 3.06 21,04 3.01
QOctober ____ o 2.83 2.94 2.95 2.88 2.48 2.93 2,81 20,22 2.89
November._ - 2.73 2.88 2.72 2.90 2.00 2,80 2.72 14. 85 2.81
December . - 2. 81 2.87 2.85 2,80 2. 88 2.86 2.79 19. 88 2.84
Sum.._....... . 34,02 35.13 36.22 | 34.14 35.04 34.41 34.36 | 242.32 34. 62
Mean..__.....__... - 2.84 2.93 2,04 2. 84 2,92 2,87 2,8 | 20.20 2.88
Corrected mean________ 2. 80 \ 3.01 4.02 2.92 2.99 2.92 2.88 20. 64 2,85

1 Interpolated values.

Extreme tides.—In Table 32 are given the dates and heights on
staff of the highest and lowest tides of each year for the years 1892-
1898. For this period the highest tide observed occurred on October
14, 1893, and was due to a hurricane. The tide reached a height of
12.5 feet on staff, or 7.9 feet above mean river level. The lowest
tide observed was on March 3, 1896, when the height recorded was
—0. 7 foot on staff, or 5.3 feet below mean river level. This unusual
height resulted from a prolonged northwesterly wind. The average
of the highest high water each year for the seven years is 9.1 feet on
staff. The average of the yearly lowest low water for the same period
is 0.4 foot. The average yearly extreme range for this period is,
therefore, 8.7 feet and the greatest range is 13.2 fect. The yearly
average of the highest high water in cach month is 7.40 feet on staff,
or 2.8 feet above mean river level, and the yearly average of the lowest
tide of each month is 1.84 feet on staff, or 2.8 feet below mean river
level. The average monthly extreme range is, then, 5.6 feet.

TaBLe 32.— Ezxtreme high and low waters on staff, navy yard, Washington, D. C.

High Low
Monthly Highest Monthly Lowest
Year average Year average
foot Date Feet feot Date Feet
7.02 7.9 1,85 1.1
7.81 12,5 2,00 0.9
7.33 8.3 1.88 1.2
7.13 7.6 1.82 0.2
7.55 9.8 1,47 0.7
7.37 8.0 2,03 0.1
7.58 | Oct, 18 cccvo ... 9.7 1.73 0.0
Bum.. . 51,79 63.8 12.87 2.8
Mean__ 7.40 9.11 Mean. 1. 84 0.4

An examination of the table shows that the highest and lowest
tides for the year usually occur during the autumn or winter months.

In connection with extreme tides an account is given of two freshets
in the vicinity of Washington. The freshet which occurred on
November 25 and 26, 1877, which was one of the highest on record,
was investigated by Charles Junken, of this office, The United
States Coast and Geodetic Survey Report for 1878, page 24, gives
the following: '
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At the Chain Bridge the water reached fully up to the level of the top of the
old piers, and Mr. Junken found that the rise amounted to 36 feet above the level
of mean high tide. At Lockmills the rise was 27 feet; at the aqueduct, 13 feet
9 inches; at the Philadelphia Steamboat Co.’s wharf, Georgetown, the rise was
10 feet 7 inches; at the Long Bridge, 6 feet 2 inches; at the Arsenal Wharf, 5 feet
6 inches; and at Alexandria the water rose 3 feet above the level of mean high
tide.

Following are the heights reached by this freshet at the points
mentioned referred to mean river level:

Feot Feot
Chain Bridge . o e 37.4 | Liong Bridge - _ - - ________. 7.6
Lockmills_____________________ 28.4 | Arsenal Wharf________________ 7.0
Aqueduct. .o _________ 15.2 | Alexandria. - . _________.___ 4. 4
Philadelphia Stcamboat Co.
Wharf, Georgetown__________ 12. 0

The report of the Chief of Engineers, United States Army, 1889,
Part 11, page 985, gives an account of a freshet in the Potomac River
on June 2, 1889.

Quoting from the report:

On the 2d of June there occurred the greatest freshet in the Potomac River of
which there is any authoritative record. The Potomac at Harpers Ferry rose to
the height of 35 feet above the low stage. The water was at one time 2.8 feet
above the rails of the Baltimore & Ohio Railroad on the bridge and 6.8 feet higher
than the freshet of 1877. At the Great Falls the maximum height was 4 feet
above the freshet of 1877. * * % At the Chain Bridge it was 43.3 feet above
the tide level. From these facts it will be seen that the unusual height attained
at Washington was due to the vast volume of water pouring down from the river
above. The freshet was preceded by strong southeast winds, which made the
tides at this point unusually high. Observations were taken while the freshet
was runnin% to determine the levels at various points from Chain Bridge down
to Arsenal Point, some of which are plotted on the accompanying sheet. The
freshet attained its maximum height at about 10 a. m. on June 2. It was within
3 feet of that height for a period of about 24 hours and within 6 feet of it for about
30 hours. After the river began to fall it fell quite rapidly, but for more than 24
hours the river was too high for the sewers in the low part of the city to discharge
their contents. Hence, if a heavy rainfall had occurred during this period the
sewers could not have carried off the rain water at all and a still %arger area of the
city would have been flooded. The highest point reached by the water at the
sewer canal at the foot of Seventeenth Street was 13.26 feet. Before this height
was reached the water backed up in the B Street sewer and came into the streets
from the sewer outlets. After the water rose above the level of B Street it came
into the city from the sewers and from the river direct.

A diagram in the above-mentioned report gives the following
heights of maximum high water during the freshet of June 2, 1889.

Feet ahove Feet ahove
low water low water
Chain Bridgc_ __________________ 43.1 | Sewer Canal _ __ _____________.._ 13. 3
Aqueduct Bridge. . ___.________ 19.5 | Long Bridge- - -« oo 12. 7
Easby Point._ _________________ 13.3 | Arsenal. ..o .. 11.1

On two stone gateposts and a stone tool house near the corner of
Fifteenth and B Streets NW. lines and inscriptions indicate the water
heights reached by freshets on the following dates: November 26,
1877; February 12, 1881; and June 2, 1889. Some of the marks
have been obliterated by the weathering of the stone. Recent levels,
however, run to the marks that are still legible indicate that at this
location the freshet of 1889 rose to a height of approximately 11 feet
above sea-level datum and that lesser heights were reached by the
two earlier freshets.

In Table 33 is given a summary of tidal data for the navy yard,
Washington. Some of the values given were derived from harmonic
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constants for the year 1894. It will be noted that all height relations
are referred to mean river level instead of mean sea level. The rela-
tion between mean river level and mean sea level as determined from
precise levels is given.

TasLE 33.—Summary of tidal data, navy yard, Washington, D. C.

TIME RELATIONS

High-water interval. . .. hours__ 7.82
Low-water interval . _ . .. do_... 2. 14
Duration of rise_ . e do____ 5. 68
Duration of fall___ .. do..__ 6. 74
Phase age . e do._.._ 43.3
Parallax age . . . aaloo. do.... 47.7
Diurnal age _ - . el do.... —18.2
RANGES
Mean Tange._ .. .. ... feet. . 2. 95
Great diurnal range. - . _ ... do___. 3. 20
Small diurnal range. - _ Ll do_.._. 2.70
Great tropic range_ . _ _ . _ ... do..._. 3. 21
Small tropic range. - - - ... do_.._. 2. 69
Spring range_ _ e do___. 3.21
NeapTange_________________ SR do.... 266
Average monthly extreme range. . ______________.___._.__.___ do._.__ 5. 56
Greatest range__ .. - ... do.._. 13.2
Spring range-~mean T&NZC._ - _ . __ . ..o 1. 09
€AD TANge—<-1Mean TANKEe .. . _ .. . o e e 0. 90
Great diurnal range--mean range. - __ _____.________________._.____.. 1. 83
Great tropic range—-mean range_ . ___ .. __ o e__.__... 1.

HEIGHT RELATIONS

. Mean river level above mean sea level datum._____ ... ___._ feet. . 0. 29
Mean high water above mean riverlevel . ___.____.___________ do_... 1. 43
Mean higher high water above mean river level ______________ do.._. 1. 62
Mean lower high water above mean riverlevel._______.__._____ do__._ 1. 24
Tropic higher high water above mean river level. _.._.__._____ do.._._ 1. 65
Tropie lower high water above mean river level ___.____________ do_.__ 1.21
Spring high water above mean river level___________.___._____ do_.._ 1. 56
Neap high water above mean riverlevel . __ . ______ ___________ do.._. 1. 29
Average monthly highest high water above mean river level . . __ do.___ 2. 80
Highest high water above mean riverlevel_ . __.__.__.__.______ do.._. 7.9
Mean low water below mean river level ____________..________ do_.__ 1. 52
Mean lower low water below mean river level __.______________ do.... 1. 58
Mean higher low water below mean river level._______________ do..__ 1. 46
Tropic lower low water below mean river level___.________.____ do__.._ 1. 56
Tropic higher low water below mean riverlevel .___.__._._____ do___._ 1. 48
Spring low water below mean riverlevel. ... __.__.._ .. ... ___ do_.._. 1. 65

eap low water below mean river level . . ____________________ do.... 1. 37
Average monthly lowest low water below mean river level______ do_.__ 2.76
Lowest low water below mean river level ____________________ do_._. 5.3
Half tide level below mean river level ..____ . ________.___.__._._ do-._. 0. 04

SEVENTH STREET WHARF

An automatic tide gage was in operation from July, 1898, to
March, 1901, on the Norfolk & Washington steamboat wharf at the
foot of Seventh Street. The monthly lunitidal intervals computed
from 18 months of observations are given in Table 34. It will be
noted that for the year 1899 the highest value for both the high and
low water intervals came in February and the lowest value for the
high-water interval came in May. The lowest value for the low-
water interval came in July, when it reached 1.78 hours. For the
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18-month series the mean value for the high-water interval is 7.80
hours and for the low-water interval 2.11 hours. The duration of
rise is found to be least in March, when it is about 5.2 hours, and
greatest in the months from July to October, when it remains about
0.3 hour greater than the mean value. The mean duration of rise
for the series is 5.69 hours. The duration of fall is 6.73 hours. This
difference between duration of rise and duration of fall is typical of
river tides. '

The mean range of tide at this station, as determined from 32 months
of observations, is 2.90 feet. There 1s noted a seasonal change in
the range, the lowest value for the year 1899 being 2.35 feet in the
month of February and high values occurring from April to August,
with a maximum of 3.21 feet in June. Tlere is an apparent relation
between the range and time of tide, both high and low water intervals
being generally greater than the average when the range is less than
the average, and vice versa.

TaBLE 34.—Luniitdal iniervals and range, Seventh Street Wharf, Washington, D. C.

High-water T.ow-water Duration of
interval interval rise Mean range
Month
1898 1899 1898 1899 1898 1899 1898 1899 1900 1901
Ilours | Hours | Flours | Ilours | ITours | IHours Feet Feet
January oo e caan 7.80 37 |- 5. 2,92 2.65
February. 8,2 ... 298 |...._... 5,25 2.35 2.68
7.82 ... ] 2,67 ... b.15 2.57 2,77
M| 238 |..__.... 5,36 3.01 2,909
7.61 |__.o.| 2927 |..___... 5,34 3.03 3.02
7.62 (o] L96|.______. 5. 6 3.21 3.08
7.80 6.12 6. . 3.17 3.13
7.73 5.82 5. 64 3.03 3.10 3.18
7.80 8.05 5. 94 3.02 2.87 3.04
7.93 5. 59 6.02 2.78 3.04 3.03
. 7.85 5,84 8.78 2.79 2.87 2,85
7.77 7.84 5.47 b.74 2.79 2.74 | __.
J| 46.67 [ 93.77 34.80 | 67.63 | 17.53 | 34.88 | 32,40
Mean__.__..__ 7.78 7.8t . 5.82 5. 04 .02 2,81 2.5
Corrected for longitude of moon's node. .. ... ... o o ... 2.4 2.91 2.92

TasLE 35.—High water, low water, and river level, Seventh Street Wharf,
Washington, D. C

Mean river level on staff | Low water below river level High wnt,leerv:Pove river
Month
1898 | 1869 | 1800 | 1901 1898 | 1899 | 1900 | 1001 1808 | 1809 | 1900 | 1901

Feet | Feet | Feet | Keet | Feet | Feet | Feel Feet

Jenvary_ ... ... 477 | 44| 475 . 148 | 1, . 1.2
February 508! 4.53( 4.0 [.—..._. L2310 1, . 1.30
arch._.. 545 4.88 | 4.79 i.._.___ 1,33 1, . 1.34
April. __ 520 | 4.87 | oo _|oaeeaol L&2] 1. . 1.47
3 5.00 |oeeceas]ommanns 1. 57 1. . 1.48

5.39 |oocncfoaaano s 1.65( 1, . 1. 51

500 |. L60| 164 1.62 ... .. .52 1.53) 1.51

5.25 (. L5561 150 1.65 |.._.... 1.48 | 1.51 1.53

524 . L81 143 LB7 | ... 1. 41 1.4 | 1.47

5.27 |. 1,41 | 185 L1861 _..._ 137 1,497 1.48

4,90 | 1.39 | 147 1,47 ... 1.40{ 1,40 | 1.38
.............. 140 | 1.46 ... __|.__....| L30| L28 | __....

54.02 [ 13.60 | 9.05117.92 | 16,63 | 4.00| 8.48 | 18.98 | 15.76

4,99 4531 1.51 1,49 | 1,51 1,361 1.41 1.41 1.43

snode_...__._ 1.52) 149 | 1.49 | 1,33 | 1,42} 1.41 1.41
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Monthly values for river level at Seventh Street Wharf, as deter-
mined from 32 months of observations, are given in Table 35. The
value for river level, as determined from this series, is 5.10 feet. As
at the navy yard, it is noted that during the winter months river level
on staff is generally below the average value,

The value of high water above river level is 1.41 feet and the value
of low water below river level is 1.49 feet, as determined from the 32
months of observations. On the last line of the table are given the
yearly means corrected for the longitude of the moon’s node. The
planes of high water and low water show a seasonal variation similar
to that of river level.

In Table 36 are given the date and height of the highest and lowest
tides in each month for the two years beginning December 1, 1898.
The mean of the monthly highest tides for the two years is 2.82 feet
above mean river level and the mean of the monthly lowest tides for
the same period is 2.64 feet below mean river level. The average
monthly extreme range is, therefore, 5.46 feet. The highest high
water was 4.4 feet above mean river level and the lowest low water
was 3.8 feet below mean river level. The greatest range is, then, 8.2
feet. The greatest range for the navy yard from seven years of
observation was 13.2 feet.

TABLE 36.— Highest and lowest observed tides, Seventh Sireet W harf,Washingion, D. C.

Highest Lowest
Month
1898-99 1899-1800 189899 1899-1900

Date Feet1 | Date | Feet! Date Feet * Date Feet s

December..__ 4 4.4 24 2.8 9 3.2 30 3.2

January.... 26 2.2 20 1.8 1 3.8 29 3.8

February__ 23 2.7 22,24 22 12 2,9 18,20 3.3

March._ ... b 3.7 1 2.3 13, 20 2.1 21 2.8

April. _ 7 3.1 29 2.4 16 2,5 5 3.1

May__ 4,511 238 281 2.9 |26,20,31| L8 9| 2.7

June. . 23,24 2.6 19 2.7 16 2.3 3 2.2

July. _ 25 2.8 12 2.4 0 2.8 |10,13,14,19 2.3

August . 21,29 2.9 16 2.5 4,20,23 1.8 12 2.2

Heptember_ __ 11,13,19,24 | 2.6 1y 25 2,30 | 2.0 181 27

October_.___. 3 3.6 7 2.7 1,7,2 2.2 17 2.3

November. .. 1 3.9 28 3.3 6 2.4 10 3.0

SUM . ooeeeeeo. T a3 30.5 29,8 3.8
Mean.. __.....__.. 3.1 2.54 2.48 2.80

1 Above mean river level. ? Below mean river level,

Mean of monthly highest = 2.82 feet above mean river level. Mean of monthly lowest = 2.84 feet below
mean river level. Highest tide observed = 4.4 feet above mean river level. Lowest tide observed = 3.8
feet below mean river level,

EASBY POINT

Table 37 gives the results of 12 months of observations at Easby
Point from April, 1901, to March, 1902. Examining the monthly
values, it is noted that the high-water interval is largest in Februa
and smallest in July. The low-water interval is greatest in Mare
and smallest in October.

The seasonal variation in the high-water intervals appears to be
opposite in direction to that indicated by observations at the navy
yard. (See Table 23.) The variations in the low-water intervals at
the two places, however are more consistent.
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A careful study of the intervals for each of the four stations in
Washington, for which a year or more of observations has been taken,
reveals that usually the Zigh—water intervals are a few tenths of an
hour greater in winter than in summer, and the low-water intervals
are about three-fourths hour greater in winter than in summer.
The values for range and river level, or tide level, are usually below
the average in winter, when the intervals are large. It would seem,
therefore, that during the low stages of the river the range of the tide
is generally reduced and the time of tide delayed by the shoalness of
the water. As would be expected, the delay in the time of low water
is decidedly more pronounced than that for the high water.

TasLE 37.—Tidal data, Easby Point, Washington, D. C.

High- | Low- | Dura- Mean { Mean Mean | Highest tide | Lowest tide
Yeor and month | water | water |tionof hi%h low | Mean ]tidel
intervallinterval| rise | "oLer | water jrange| leve . .

on staff{on staff on staft( Date (Height! Date (Height

Ilours | Ilours | Fours| Feet Feet Feet Feet Feet Feet

7.94 2.64 ( 5.30 7.14 4,55 | 2.59 5. 84 22| 0.8 1 1.5

7.76 2.65 5.11 7.40 4.83 2.87 5.06 | 24,31 8.3 4 3.2

7.70 2.72| 4.98 7.28 4,22 .04 5.74 17| 8.6 30 3.4

7.69 243 528 7.18 3.04 | 3.2 5. 56 M4 8.8 3 3.1

7.75 2.32 | 5.43 7.2 3.94| 3.20 5. 58 7| 88 |- 4 3.1

7.70 2127 5.58 7.8 408 ) 3.16 5.08 28) 856 30 3.3

7.80 2.01 5.79 6. 65 3.57 1 8.08 5. 11 12{ 7.9 18 24

7.98 2.17 | 5.88 8.15 3.31( 2.84 4.73 241 7.8 p-.} 1.3

December__.___... 8.09 2.40 | 5.69 6.46 3.72| 2.74 5,00 | 29,31 8.4 21 2.4

1902

January. .. ........ 8.09 2.76  5.33 6.12 3.45 | 267 4,78 2| 80 4 1.2

February.. _._._... 8. 46 2.91 5. 55 8.02 3.85§ 2.17 4.94 27 111.4 10 2.0

March_. ... - 8,07 3.03; 504 6.87 4.5 2.8 5.73 2 {112.3 20 2.1

Sum_._...... 94,91 | 30.16 [ 84.75 | BL.71 | 47,76 | 33.96 | 64.72. -ce--- 107.7 ... 29.0
Mean._ . ... 7.9 2.51 | 5.40 6.81 3.08 | 2.83 5.30 {.ouooo 8 (... 2.42
Corrected for longitude of moon’snode_..____._ .. __._.____ b2 & S DRI SRRSO NN PRPIPUIPN BN

! Estimated.

The mean range determined for the year is 2.83 feet; corrected for
the longitude of the moon’s node, it becomes 2.77 feet. The monthly
range 1s largest in August and smallest in February, a maximum
difference for the 12 months of 1.12 feet. The plane of mean high
water on staff is determined as 6.81 feet and the plane of mean low
water is 3.98 feet on staff. Mean tide level is 5.39 feet on staff.
Monthly high water reaches a maximum of 7.40 feet in May and a
minimum of 6.02 feet in February. Monthly low water reaches a
lﬁmximum of 4.59 feet in March and a minimum of 3.31 feet in Novem-

er.

The mean of the highest tide in each month is 8.98 feet and the
highest tide is 12.3 feet on staff. The mean of the monthly lowest
observed tides is 2.42 feet and the lowest is 1.2 feet on staff. The
monthly extreme range is 6.56 feet and the greatest range for the 12
months is 11.1 feet.

LIGHTHOUSE WHARF \

An 18-month series of continuous observations was made at the
Lighthouse Wharf from December, 1924, to May 1926. The monthly
means for the time and height relations, together with the date and
height of extreme tides, are given in Table 38. The intervals, as
determined from the 18-month series, are, high-water interval, 7.77
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hours; low-water interval, 2.22 hours. The duration of rise is 5.55
hours and the duration of fall is 6.87 hours. The high-water interval
remains nearly constant throughout the year. The low-water interval
increases to a maximum of 2.73 hours in February and decreases to
1.84 hours in September, a variation of about 0.9 hour.

TaBLe 38.—Tidal data, Lighthouse Wharf, Washington, D. C.

Highest tide Towest tide
migh. | Low. | Dura.| Yioan | Moan| | Mean| Mean| FE
Year and | water | water | tion wl%er water | Mean | 108 | E8
month | inter- | inter- | of aLor | Weor | range | ' { 1O Date |EIEBY - [Height
val v rise ate on ate on
staft | stafl staff | staff stafl, staff
1924 Iours | Hours | ITours| Feet | Feet | Feet | Feet | Feet Feet Feet
December._| 7.79 | 2.27 | 5.52 | 535 2.49 | 2.86| 3.93| 3.92| 9,13,24 | 6.5 1 0.4
1925
January....[ 7.73 2.16 | 557 5.89 3.13] 276 453 4.51 13 6.8 23 1.5
February..| 7.85 2.73 5.12 | 8.17 3.421 275 | 4.8 | 4.8 11 7.8 28 1.7
March. .. __ 7.78 2.38 5.38 5. 64 2.81 2.83 4.24 4,22 81 4.8 3,18 1.4
April__..__ 7.7 2121 550 | 619} 3.20 299! 4.70| 4.70 22,23 | 7.0 | 8911 2.4
7.66 1 2,321 534 627} 3.32| 2.95] 4.80| 4.80 1{ 7.0 18 2.2
7.731 202 571 630 3.18) 3.12( 475 4.74 241 7.3 [i] 2.4
7.8831 2.02| 5.81 ) 6.3¢] 3.19| 3.15| 4.79| 4.76 5| 7.1 8,9 2.5
o} 777 1.93 5. 84 6.41 3.20 3.21 4,84 4.80 29 7.3 11,2,3,5 2.5
7767 1.841) 592 6.55) 3.41 3.14 1 500 | 4.98 7,20 7.3 1,30 2.5
October_.__| 7.89 | 2.01 588 | 599 3.04 205 4.6 4.52 1] 7.4 10] 1.0
November.| 7.63| 200 | 554 587 | 311 2.76| 4.50( 4.49 131 7.7 181 11.8
December..} 7.91 2,32 559) 567 281 288 425 4.24 2| 7.2 281 11.0
1926
Janvary...{ 7.77 | 237} 540| 544 270 2.74 ] 4,00} 4.07 8.5
February_ .| 815 2. 56 5. 59 5. 96 3.29 2.67 4.63 4.62 7.9
March. .. _. 7.60[ 2227 | 533 549 275| 2.74| 413 | 4,12 8.5
April____.__ 7.61 2.36 5.25 5. 87 3.00 2.87 4.45 4,43 6.9
BY e 7.69 1 2.25}! 5.44| 6.11 3.07| 3.04 | 4.61 4,58 6.8
Sum.___]139,84 | 40.02 | 99,82 {107.51 | 55,12 | 52,39 | 81.58 | 81.31 |_ 27.8
Mean__| 7.77) 2.22| b5.556]| 5971 3.06 | 291 | 453! 4.52|. 7.09
Corrected for longitude of moon’s node. - .-...._..| 2.88 |- |-._...- [ J

t Estimated values,

The range of tide as determined for the entire series is 2.91 feet.
This value becomes 2.86 feet when corrected for the longitude of the
moon’s node. During the winter months the range apparently
averages 0.4 foot less than in the summer.

Mean river level and mean tide level differ by 0.01 foot for this
period of observation, mean river level being 4.53 feet on staff and
mean tide level 4.52 feet on staff. Mean high water on staff is 5.97
feet; mean low water on staff is 3.06 feet. If curves are plotted as
for the navy yard from the monthly values of mean river level, mean
high water, and mean low water, these curves show a similar seasonal
change for each of the three planes.

The average of the monthly highest tides for the period is 7.09 feet
and the highest is 7.9 feet on staff. The average of the monthly
lowest tides is 1.73 feet on staff and the lowest observed is 0.4 foot.

The monthly extreme range, as determined from 18 months of ob-
servationsis, therefore, 5.36 feet and the greatest range is 7.5 feet.

TIDAL DATUM PLANFS

The plane of mean sea level as adopted for use in the District of
Columbia is 90.69 feet below bench mark No. 51, on the Senate wing of
the Capitol, which is taken as the standard bench mark. The
elevation of this bench mark was determined by precise levels run
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between this mark and bench marks at Annapolis, Fredericksburg,
and Richmond, and these values adjusted, taking into consideration
the slope of the river. A detailed account of the adjustment of the
Capitol bench mark is given on page 256, Coast and Geodetic Survey
Report for 1896.

In 1923 this Capitol bench mark was connected by precise levels
with many bench marks in the District of Columbia, including those
in the vicinity of the navy yard and Seventh Street Wharf. Special
Publication No. 119, Tidal Bench Marks, District of Columbia,
gives the descriptions and elevations of 83 bench marks in the District
of Columbia.

The relations between the mean sea-level datum and the values
determined for the tide stations in Washington are given in Table 39.
The value of mean sea-level datum on staff was determined by levels
run to each station and the values given show the heights above or
below this planc.

The values given for the four Washington stations, navy yard,
Seventh Street Wharf, Easby Poiut, and Lighthouse Wharf, were
obtained direct from observations. The values in the fifth column,
accepted values for Washington, are given in previous publications.
The accepted values for the mean high and low waters refer to the
navy yard. The elevations of the various planes below the Capitol
bench mark are given in the last column.

It is noted from the table that values determined at the navy

ard and Seventh Street Wharf for the mean high water and mean river
evel check closely with the accepted values for Washington. The
accepted value for mean low water is higher than those determined
at the above stations.

TasLe 39.—T7idal dalum planes, Washinglon, D. C.

« Observations af-— Accepted values

Navy ng’f&th Eashy | 1Bt | poterrad El&'i’(‘,g“n

v | Whar, | PO L) wheet, | L0 T8N | cgpitg)
ikpp-o8 | 2BYOAIS) ygory | 134 vears, Ty fn, | beneh

1598-1001 1924-1926 wmark

Feet Feet Feet Feet Feet Feet
Mean sea-level, datum..._..___.._________ 0.00 0.00 0. 00 0.00 0. 00 00. 69
Mean river level .. .__.. - — 0. 26 0.26 0. 60 0.16 0.29 00. 40
Mean high water - . 170 167 1.95 1.58 1.74 88. 95
Mean lowwater... ... ______ ... ___._ -1.25 -1.22 -0.82 —1.28 -1.18 91. 85
United States Engineers meanlow water __|.. ... .|ecceoooofonmuine o|eooomooe -1.26 91,95

THE TIDE AT OLD POINT COMFORT, VA.
THE INTERVALS AND RANGE

Tide observations were begun at Old Point Comfort on July 1,
1844, and continued, with some interrtptions, until 1878.

The values for the range and intervals based on 25 years of obser-
vations from 1853 to 1877 are as follows: High-water interval, 8.73
hours; low-water interval, 2.30 hours; and mean range, 2.55 feet.

Table 40 gives the intervals, mean range, and length and date of
series for all observations at the station. It is noted that the intervals
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for the period 1844—1852 are lower by about 0.4 hour than those from
the later series and the range is about 0.15 foot greater. The obser-
vations since 1918 indicate that intervals are about the mean value
and the range is about 0.1 foot less than the mean value for the 25-
year series.

Table 41 gives the yearly values for the high and low water inter-
vals for the 26-year period 1853-1878. The mean value for the high-
water interval 18 8.74 hours and for the low-water interval it is 14.72,
or 2.30 hours. The yearly values of both high and low water intervals
remain nearly constant, the high-water interval varying with a maxi-
mum of 0.5 hour and the low-water interval with a maximum of 0.4
hour. For the 26-year period the value for duration of rise is 6.44
hours and duration of faﬁ is 5.98 hours,

TaBLE 40.—Tidal data, Old Point Comfort, Va.

High-water | Low-water | Duration
interval interval of rise Mean range, Date Length of series
Hours Hours Hours Feet
8.33 1.92 6.41 2.70 1844-1852 | 8 years.,
8.73 2.30 6.43 2. 58 1853-1877 | 25 years.
8. 62 218 6.44 2.81 1888 80 days.
8. 47 208 6.39 2.55 1861 1 month.
8.03 214 6.79 2.55 1905 4 days.
8,71 2.40 6.31 2.55 1900 3 days.
8. 60 2.20 6. 40 2 44 1918-1919 | 534 months.
8.82 2.35 6. 47 2.40 1928 20 days.

TABLE 41.— Lunitidal intervals, Qld Point Comfort, Va.: Annual means

High-| Low- High-| Low- High- | Low-
water | water water | water water | water
Year inter- | inter- Year inter- | inter- Year inter- | inter-
val val val val val val
Hours | Houre Hours| Hours Iours | Hours
8. 14.7 8.8 . 1873 8.8 14.8
8.7 14.8 8.7 14.8 {| 1874 ____________ 8.5 14.5
8.7 14.6 8.8 14.8 || 1875 ... ... 85 14.6
8.7 14.8 8.7 14.8 || 1876 _____________ 8.6 14.7
8.7 14.7 8.8 14.8 5 14.7
8.8 14.7 9.0 14.9 14.8
8.8 14.8 8.9 14.9
8.9 14.8 8.8 14.7 382.7
8.8 14.7 8.7 14.7 14.72
8.7 14.7 8.7 14.7
Duration of rise=6.44 hours; duration of fall=5.98 hours.
TaBLE 42.—Range of tide, Old Point Comfort, Va.: Annual means
Year Feet Year Feet Year Feet

Bum._.___.......... 25.79
2. 58

Mean, 30 years, 2.57,
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TABLE 43.—Range of tide, Old Point Comfort, Va.: Annual means corrected for
longitude of the moon’s node

Year Feet Year Foet Year Feet

2.51
2. 54

25,26
2. 526

Mean for 30 years=2.57 feet; for first 19 years=2.57 feet; for last 19 years=2.55 feet.

Table 42 gives the annual range of tide for the 30-year period
1846-1875, (fivided into 10-year groups. Table 43 gives the same
values corrected for the longitude of the moon’s node. The uncor-
rected values have a maximum variation of 0.46 foot between any
two years in the 30-year series. The maximum variation between the
means of the 10-year groups is 0.12 foot. In the table of corrected
values the maximum variation between any two years reduces to
0.37 foot and the maximum variation between 10-year groups is
0.07 foot. The mean value for the 30-year series is 2.57 feet, for the
first 19 years it is 2.57 feet, and for the last 19 years 2.55 feet.

THE TIDES IN THE VARIOUS WATERWAYS
THE TIDE IN THE LOWER BAY

The lower bay, as previously defined, includes that part of the bay
from the entrance, between Cape Charles and Cape Henry, to Point
Lookout, at the mouth of the Potomac River.

Table 44 gives results derived for the 44 stations in the lower bay
at which tide observations have been made. The locations of these
stations are shown in Figure 9, the number of each station being the
same in the figure as in the table, Hampton Roads and the large
rivers on the western side of the bay will be discussed later. e
values for each station have been reduced to approximate means by
comparison with a standard station.
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TaBLE 44.—Tidal data, Lower Chesapeake Bay

Lunitidal In-

tervals Dura Observations
Sta- | Mean
tion Locality High | L “:_’g:i range

ig oW

water | water Year | Length
Western Shore Hours | Hours | Hours | Feet Days
1] Cape Henry oo oo ocicecicememan 7.82 1.30 6. 52 2.83 1854 9
2 | Lynnhaven Inlet. 7.98 2. 50 5.48 2.01 1905 18
Do.uncnean 8.33 2.64 5.69 2.13 1916 21
Do. 8.63 2.58 6.05 2.13 1916 20
Doooeoooo- 8.04 2.28 5.76 2.11 1919 3
3 7.48 1.28 6.20 2. 50 1891 24
__________________________ 7.4 1.47 5.97 3.08 1918 2
4 8.43 2.25 6.18 2.58 1919 2
5 | Willoughby 8pit... .. ... ... 8. 50 2.40 6.10 2.65 1816 14
____________ 8.88 2,91 5.97 2.77 1918 1
6] 01d Polnt Comlfort 8.74 2.30 6.44 2.55 | 18531878 1 9,498
7 1 Thimble 8hoal Light 8.15 1.89 6.26 2.43 1906-7 70
8.33 1.78 6. 55 2.92 1000 3
7.91 177 6.14 2.48 1011 1
8.40 2.06 6.35 2.64 1918 31
8 7.98 2.01 5.97 2. 55 1868 17
8.18 1. 61 8.57 2.75 1906 1
7.83 1,38 6, 45 2.3} 1918 7
] 8.28 2.28 6. 00 2. 56 1906 3
10 7.01 1.48 6.43 2. 80 1006 4
11 8.28 2.74 5.54 2.09 1901 7
8. 14 1.96 6.18 2.24 1906-7 8
D 8. 87 2.38 $.19 2.45 1918 -]
12 | New Point Comfort_ 851 | 2903| 5058] 227 19087 1
18 { Woll trap Light. . _ 8.95 2.62 6.38 L 64 1918 33
) 2 Y 9.20 3.08 6.21 1.01 1928 2
14 | Cricket Hill, Piankatank River__._._._ 9. 82 4.54 528 1.38 1908 10
15 | Cherry Pomt Piankatank River 10.80 4,99 5.81 1.20 1851 19
16 | Jackson Creek Piankatai® River 9.98 4,64 5,34 1.10 186869 150
17 | Stingray Point Lighto oo os 10. 25 4.38 5.87 1.12 1898 28
f)‘"‘ 10.63 4.65 5.98 111 1901 10
10. 62 4.79 5. 83 0.92 1911 27
L D 10. 60 4.53 6.07 1.17 1828 6
18 Dlvldh’l ...... 11.34 5.74 5.60 1.05 1869 24
19 | Great 11.74 6.08 5.68 1.10 1898 2
Do.... 11. 59 6.31 5.28 1.15 1901 3
Do.. 11.65 5.80 5.85 1.08 1609 1
20 | Pleeton, Cockrell 11. 14 5.89 5.25 1.00 1000 3
21 | Point Lookout__ ... __ . . . __. 0. 58 6. 93 6.05 1.38 1849 140
Do 0.83 7.00 6.25 1.22 1004-5 18
0.581 6.92| 608| 140 1908 7
0.76| 6.6L] 620] 121 1028 14
Eastern Shore

22 | Tylers Creek, 8mith Island_ .. _.....__.__ 1 0.24 6.73 5.93 1.97 1902 4
23 |-Janes Island. . ceo v ooiwa e 12. 40 6.48 5.92 2.08 1802 9
D 0.44 6. 42 6. 44 1.74 1908 2
0.33 6.47 6.28 2.30 1907 M
24 0.17| 6.62| 597 1.88 1868 27
0.04 6. 58 5. 88 1.93 1901-2 7
Q.21 5.71 6.92 2.00 1628 7
25 11.94 5.57 8.37 1.95 1906 5
1.63| 624/ 539 131 1910 47
D 11.94 6. 49 5.46 1.39 1911 60
28 | Great Fox Island................_.__...... 12. 36 6,37 5.99 1.82 1895 90
DO o e 11.93 5.88 8.05 2.27 1606 5
27 | Saxis, PocomokeSound___.__...._.__.___ .. 11,76 6.29 5.47 2.37 1607 30
28 Shellbown Md.,Pocomoke River.__.___._._ 12.37 7.22 5.15 2. 54 1869 32
29 Rehoboth Md., Pocomoke River_...._____. 0.47 7.60 5.20 2.17 1869 8
30 | Watts Istand Lighe__...._.___.__. 121070 1,16 { 543| 573| 1.84| 1868 71
) D 11.37 5.70 5.67 1.69 1869 44
31 ] Hunting Creek ... . ... __.......__ 11,82 8.10 6.72 2.48 1869 4
32 naeocK. . ..o, 11, 58 5. 63 5,92 1. 90 1814 52
33 | Pungoteague Creek__ ... . .. ... ....._. 10. 80 5.05 5.75 1.85 1868 82
34 | Nandua Creek._ ... ... .. ... ... ... 10.70 5.47 5.23 1. 57 1914 156
36 | Bandy Point..___ .. ... ... . 99 3.90 6.09 1.69 1853 8
36 | Occohannock Creek. ............_..... 10.23 4.47 5.76 1.70 1868 3
37 | Nasawaddox Creek...._...._ . . ... __ 10.09 4.80 520 1.18 1914 6
DO e 8.75 3.22 5.53 1. 46 1014 8
DOt 11.21 507 5.24 1.19 1868 2%
38 ] Hungers CreeK. ... oo a2 8.97 3.12 b. 85 1. 85 1853 20
30 ' Mattawoman Creek . ... ___. ... ... ... 9.13 4.00 5.13 1.83 1868 15

1 Lunitidal intervals from series 1853-1878;

range from serfes 1857~1875.
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TaBLE 44.—Tidal data, Lower Chesapeake Bay—Continued

Lunitidal in-
torvals Dura Observations
Sta- - 9% | Mean
tion Locality e | L u:ige of range
g oW
water | water Year Length
Eastern Shore—Continued
Hours | Hours | Feet Days

40 | Cherrystone Inlet 2.90 5.02 2,24 1874 18

41 | Cherrystone Lighthouse (oft Cape Charles
8.11 2.48 5,65 2. 52 1868 30
8. 11 2,18 5. 95 1.76 1809 1]
42 8.72 2.83 5.89 2.30 1913-14 240
8.23 2. 65 5. 68 2.10 1918 106
43 9.37 2.93 6.4 2. 56 1801 8
8.42 2.53 5.89 2.46 1908-10 240
8. 39 2.45 5.94 2.13 1914 8
. 02 2.31 6.71 2.30 1918 4
44 7.76 1.79 5.97 3.03 1852 12
7.75 1,02 5.83 3.02 1853 b4
8.17 2.23 5. 94 3.12 1869 39
7.94 2.34 5.60 2.60 1888 49
8.21 2.22 5.99 3.11 1906 3
7.94 1.64 6.00 2.98 1907 80
7.98 1.98 6.00 3.03 1911 2
7.72 1.66 8.06 2.91 1912 7
8.16 1.87 6.19 3.33 1913 28
7.98 1.98 5.98 3.08 1914 7
7.98 1.7 6.24 3.2 1918 52
7.87 .77 6.10 3.21 1919 39
7.89 2.32 5,57 2.89 1921 35
7.75 1.72 6.03 3.11 1022 90
7.98 1.99 5. 99 2.90 1925 90

An examination of the table reveals that considerable differences
exist between the obhservational values for stations near together and
even between different series of observations for the same station.
These differences are generally due to meteorological conditions pre-
vailing at the time the observations were taken, and they are there-
fore more pronounced when the values are based on short series of
observations, for the weather effects average out when means are
taken of a large number of observational values. For this reason,
only the values derived from the longer series should be considered
as precisely determined and the values from the very short series
should be regarded as approximations to mean values.

From a consideration of the tabular data it is found that the time
of tide becomes progressively later from the entrance toward the
head of the bay. Both high and low water intervals show approxi-
mately uniform increase from the vicinity of the entrance to Point
Lookout, the total increase for this distance of 70 miles being about
five hours, or 0.07 hour per mile. In the same distance the range
decreases from nearly 3 feet to about 1% feet, an average decrease of
about 0.02 foot per mile. The duration of rise shows no progressive
change in this section of the bay. A discussion of the range and
intervals in the entire bay is given on page 48.

THE TIDE IN THE MIDDLE BAY

The middle bay, for the purpose of this discussion, includes the bay
and tributaries from Point Lookout to Thomas Point, a distance of 53
miles. The northern part of Tangier Sound connects with the ba
through a series of straits between Smith Island and Bishop Head.
Choptank River and Eastern Bay also enter the bay on the eastern
shore and the Patuxent River on the western shore.

85320°—30-——4
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Table 45 gives the results, derived as in Table 44, for 50 stations for
which tide observations have been made in this area. The locations
of the stations are shown in Figure 10. In this part of the bay proper
the values for the intervals and range show a continuation of the same
progressive changes that were noted in the lower bay, the intervals
showing a further increase of approximately three and one-half hours
and the range a decrease of about one-half foot from Point Lookout to
Thomas Point.

In the tributaries the time of tide generally becomes later and the
range of tide greater from the mouth to the head of the waterway.

he tide in Tangier Sound has a greater range than at stations in the
bay adjacent. It is noted also that the range on the eastern shore of
Tangier Sound is greater than on the western shore and in turn this
range is greater than that on the western shore of the bay. The mean
range on the western shore of the bay is about 1.2 feet, on the western
side of Tangier Sound it is about 1.6 feet, and on the eastern shore of
the sound it is about 2.2 feet. The time of tide in Tangier Sound is
about the same as at stations along the bay in the same latitude. The
high-water intervals for stations Point No Point and Wenona are both
about 0.9 hour., The high-water interval in the upper sound in-
creases to about 1.2 hours at Sharkfin Shoal.

TaABLE 45.—T%idal data, Middle Chesapeake Bay

Lunitidal In-
torvals Dura Observations
Sta~ > | Mean
tion Locality | L ti;)ix;e of | range
ig ow
water | water Year | Length
Western Shore

Hours | Ilours | Hours | Feel Days
1 | Point Lookout. . 0. 56 6.93 6. 05 1.38 1849 140
D 0.83 7.00 6.25 1.22 1804-5 16
0.58 6.92 6.08| .1.40 1008 7
0.76 6. 91 6. 26 1.21 1028 14
2 0.84 7.49 5.77 1.1 1908-9 29
3 1.48 8. 52 5.38 1.38 1847 20
______ 1. 52 8. 50 b.44 1.38 1848 33
...... 2.2 8.04 6. 08 1.30 1848 18
1.29 7.82 5. 89 1.20 1808 29
........ 1.50 8.12 5. 89 1. 59 1908 33
..... 1.77 8.49 5.70 1.43 1910 3
4 | Solomons Island_....._...._... 1.52 7.87 6.07 1.08 1007 28
6| Willlams Whart. 2.03 8.98 5. 62 1. 50 1608 [}
6 | Long Point__. 1.86 8, 00 5.67 1.64 1857 3
7 | Benedict.. ... 2.15 9.00 5.48 1.69 1908 10
8 | Hunti 2.81 9.83 5.40 1. 95 18569 2
9 | Nottingham __ 3.60 9. 96 6. 06 2.54 1859 1

10 | Hills Bridge.. 502§ 1210 5. 34 2.02 1907 14
11 | Fairhaven, 3.42 9. 50 6.34 1,22 1846 32
Do.... 3.76 9.72 6. 40 1.31 1927 1
Do.. 2.82 9. 62 5. 82 0.85 1908 2
12 | Chester Creel 3.71 10. 20 5. 87 0.81 1003 3
13 | Draw, South River Bridge. ... 4.27 10. 49 6.2 0.95 1903 2
14 | Thomas Point Shoal Lighthouse.........__. 4,51} 10.51 6.42 0.79 1927 3

Fastern Shore

15 1 Bloody Point Bar Lighthouse__ . .___....... 3.80 | 10.42 6. 80 1,08 1899 2
Do 3.2 9, 95 b.67 0.90 1903 3
DO e 4.01 1117 5. 26 108 1606 19
) 2 ) 3.49 10.38 5. 563 1.0 1609 20
16 | Hilgard Point, Kent Island 3.58 1 10.66 534 1.47 1846 [
17 | Greenwood Creek __.._.... 3.52 | 10.69 5.25 1.10 1847 45
18 | Claiborne.._..... 3,60 10.46 5. 56 1.14 1899 54
Deo..._.. 3.87 | 10.57 5,72 1.76 1900 12
19 | Deep Water 3.52| 10.9% 4. 95 0.83 1899 ]
20 | 8t. Michaels_. 3.53| 10.23 5.72 1.41 1870 A4
D 3.66 | 10.34 5. 74 107 1008 7
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TaBLE 45.—T'idal data, Middle Chesapeake Bay—Continued

e Obeurasons
Dura-
Sta- Locality tion of | Mesn
tion rise range

High Low Y Length

water | water ear ngt

Eastern Shore—Continued

Hours | Hours | Hours | Feet Days

21 | Miles River Bridge.-..oceveemeeaoocaeanan 4,36 | 11.56 5.23 1,18 1927 2

22| PoplarIsland ... . _____________ 3.6901 10.71| 540 100 1846 12

23 | Tilghmans Island Wharf..___________ 206 0.47 5.90 1.45 1902 23

D 2,531 10.01 | 4.94 1.31 1009 12

% 2551 0.42| b5.55( L34 1898 40

291 e8| 582 L17 1902 35

26 3.37} 10023 588 133 1848 50

26 331 0.30| 643 L70 1002 50

311 9.25| e.28]| 162 1910 25

27 301 933 610 156 1002 25

28 4.01| 10.82| 5.61| 133 1027 2

29 3.85| 10.86 541 1.63 1848 7%

3.57| 10.64 | 535] 172 1871 2

3.28| 0.8 587| 187 1002 [}

3.78| 10.41| 579( L45 1927 3

30 6.03| 0.46 5.57T] 204 1870 21

6.81| 0401 6.41| 139 1027 1

31 7.04| 142 b5.62| 230 1870 2

7.411 0.90| 6.51( L82 1927 1

32 203! 05| 582 128 1903 7

33 303 0.67§ 578 131 1908 14

3.28| 924 646| 123 1910 2

34 301! 98] &58| LB 1871 9

35 093 7.80| 546! LB7| 1001-2 19

0.81| 7.73( 550! 141 1010 35

0.63| 749 656 156 1912 22

36 117 767 5902 222 1002 30

1.8 7.51| e670| 2.28 1002 4

37 1.0 7.78| 614 247 1902 2

a8 0.84| 7.79| B5.471 2.2 1858 2

1.31| 7.64] 600 242 1002 2

39 1.27| 841] 528 219 1858 3

3.20| 10.26 | £36| 195 1928 1

40 2.06 [ 911 537) 294 1858 2

41 fenna. . ...l 3.4 9.19 6.47 3.08 1858 2

42 | Great Shoals Light_ .. . . ... 0. 64 7.49 5,57 2,82 1002 P

L+ X 1.08{ 812! 538 225 1907 11

43 | White Haven__-o..._..___...._______._.____ 1.37 | 830! b5.49| 242 1858 2

....................... 214| 832 64| 1.33 1028 1

44 | Spring Island._ ... .__.____._._____.___.__._ 0.95| 861| 47| 259 1002 2

45 08| 7.52| 479 217 1002 20

073| 7.28! &87| 197 1002 10

46 0.41| 7.39| b544] 271 1002 3

0.50 | 7.50{ b.42( 243 1002 3

47 047 7.26| b5.63| 213 1902 4

48 0.90| 7597 573| L40 1901 (]

0.34| 69| 580 187 1902 17

000 717 534 L62 1007 11

1232 6.90( b542| Les 1911 15

053] 600 605 190 1012 35

49 0.49 | 6.80( 6.02| L47 1808 b1d

043y 7.63| 522! 140 1001 8

0.38{ 7.74( 508! 213 1002 2

0.25| 611 7.56| 1.45 1902 3

0.21| 7.00| 563 L51 1905 ]

50 143| 7.87| b5.98| 174 18490 14

In Choptank River the high-water interval increases from about
2.7 hours at Sharps Island Light on the bay to about 7.2 hours at
Denton and to about 4 hours at Easton. 'I}ile range increases from
about 1.2 feet at Sharps Island Light to about 2 feet at Denton.
At Easton it is about 1.3 feet.

In Eastern Bay the high-water interval increases from about 3.5
hours at Bloody Point to about 4.4 hours at Miles River Bridge. The
time of high water is about the same at Greenwood Creek as at Bloody
Point. The range of tide increases from about 1 foot at Bloody
Point to about 1.2 feet at Miles River Bridge.
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In the Patuxent River the high-water interval increases from
about 1.5 hours at Drum Point to about 2.1 hours at Benedict. The
mean range apparently increases from about 1.4 feet at Drum Point
to about 1.7 feet at Benedict and to about 2.9 feet at Hills Bridge.

THE TIDE IN THE UPPER BAY

Upper Chesapeake Bay, as considered here, includes the bay and
tributary rivers from Thomas Point to the head of the bay, including
the Chesapeake & Delaware Canal. Baltimore Harbor 18 discussed
separately. Within this area are the cities of Baltimore and Annapo-
lis, the towns of Havre de Grace, Elkton, Chesapeake City, and many
smaller towns. .

TaBLE 46.—Tidal data, Upper Chesapeake Bay

Lunitidal in-

tervals Dura Observations
Sta- . o ‘ ~ | Mean
tion Locality Hieh | Lo “?x’;eor rangs
g w
water | water Year | Length
Western Shore
Hours | Hours | Hours | Feet Days
1 | Greenbury Point Light 4. 11,22 0.86 1808 7
Do. 4.75 10. 65 6.62 0.83 1003 4
Do.. 4.67 10,93 6. 18 0.68 1910 1
2 | Annapoli 4.84 11. 24 602 .0.83 1844 120
Do... 4.8 | 11.18 6. 04 0.88 1928 120
3 | Rallroad bridge, Seve 4.8 ¢ 11.07 6.18 0.79 1903 7
4 | Eaglenest Point_ 4.81 11,33 5. 90 0.84 1503 4
Do 504 | 11.52 5,04 0. 86 1927 2
5 | 8andy Point. . .. ... ... 6. 18 0.07 6.11 0.74 1897 2
6 | Magothy River, near Ross Cove.. | 547 0,02 5. 45 0.99 1808 [}
7 | Magothy River, Deep Creek... 5.78 0.02 5.76 1.02 1808 15
8 5,99 0.75 5.24 1.01 1845 180
N - 6.04 0.63 5.41 0. 389 1845 4
- 8.22 0.72 5. 50 0.83 184546 60
- 6.25 0.89 5. 56 0. 97 1854 29
9 6.70 0.68 6.02 1.02 1867 27
| 670 0.82 5.88 1.03 1897 2
8.32 0.31 6.01 1.00 1898 P
504 12.00 6, 36 120 1806 4
10 - 6. 07 1. 44 5.53 0.81 1846 18
. 7.27 1.71 5. 56 121 1897 7
11 | Battery Point. . .. .. ._._..___ - 7.23 1.49 574 1.15 1846 13
12 | Gunpowder River, railroad bridge.. 7.37 1.80 5.48 1.52 1870 13
............................ . 8.33 2, 82 5. 51 .03 1927 2
13 - 7.55 1.99 5. 56 1.11 1846 60
Do . 7.82 1.60 5.92 124 1898 8
Do... 7.80 1.90 8. 00 1. 16 1801 7
Do.... . 7.75 1.41 6,34 1.08 1927 8
14 | Sendy Point. ... oo ooaaos . 7163 2,50 5.43 143 1848 15
15 | Towners Landing, Redmon Cove.. T2 1.98 5.74 1.36 1899 28
16 { Bush River, railroad bridge....... .| 853 2.67 5. 86 1.39 1927 2
17 | Romney Creek.__..._._._.. 8. 61 2.91 6.00 1. 18 1899 5
18 } Aberdeen Proving Ground. - 9.12 2.75 6.37 1.75 | 1919-1921 84
19 | Locust Point. .. ... ... 9.30 3.84 b. 46 1.92 1846 7
20 | Havre De Grace. .l 9.38 4,30 5,08 2.12 1846 7
Do.o.... . 9. 56 4.04 5.61 1. 1866 23
Do... - 9. 39 4.09 5.30 2.00 1899 22
L« | 9.80 4.64 516 1.89 1027 n
21 | Port Deposit, Susquehanna River._ 10. 52 5. 60 5.02 2.08 1927 3
22 Cargonters Point 912 3.56 5. 56 201 1848 7
23 | Turkey Point, Elk Ri 9.07 3.01 6.00 2.19 1848 3
24 | Frenchtown.__.......__ 8.87 2.63 5. 04 243 1899 14
25 9. 57 321 6,38 2.74 1808 6
8. 62 2.59 6.33 3.15 1899 2
9.51 3.61 6.00 2.38 1923-24 300
9. 69 3.46 6.2 2.35 1928 120
28 11. 43 4.59 8, 84 3.38 1928 129
n 11.23 5. 14 6.00 3.85 1928 2
28 11. 54 8.02 5. 52 5.12 1928 43
29 | Reedy Point Bridge. . ... ___.______ 11.27 5.93 5.34 5. 34 1928 1
30 ! Jetty.. . 11,14 5,62 5.62 5. 48 1928 7w
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TaBLE 46.—T'idal data, Upper Chesapeake Bay—Continued

Lufg:&;ﬂ tn Dura Observations
Sta- s | Mean
tion Locality tion of range
, High | Low { 'l%® ¥ Length
water | water ear
Eastern Shore
Iours | Hours | Flours | Feet Days
31 | Town Point Whart 8.62 2.87 5.76 2.43 1808 7
Do...... 8. 96 2,43 6. 53 2.67 1899 3
9.24 3. 14 6.10 2.8 1601 6
8.84 3.35 6.49 2.70 1902 3
..................... 8.18 3.7 5.91 2,02 1927 7
8.94 2.51 6.43 218 1809 3
............. 8.20 2.56 5,73 214 1808 30
........... 8.78 211 6.65 1.49 1808 4
8,81 2.71 6.10 2.45 1869 9
...... 8. 58 2.78 5.78 L 1901 (]
............ 8. 40 2.29 7.11 1.82 1802 2
_____________________ 8.92 2.76 6.17 1. 90 1927 7
...... 8,67 2. 48 8.21 1.89 1898 18
8.61 2.66 5. 95 1.69 1601 8
8.83 2,75 6.08 1.54 1927 3
9. 05 3.52 5, 83 2.24 1808 1
8.53 3.20 5.33 214 1809 3
9,00 3.33 5.67 1.94 1847 6
9.04 291 6.13 2.01 1898 6
9.13 3.11 6.02 1.76 1927 ]
9.00 3.00 6.00 2.49 18908 3
8.63 2. 96 5.67 2.2 1809 3
8,79 2,91 5.88 1.90 1809 [}
9.31 3.08 6.23 2.53 1868 2
0. 04 2.96 6.08 1. 80 1899 4
8.45 2.82 5.63 1.86 1870 b
______ 8.87 3.00 5.78 2.48 1399 2
...... 9. 97 4,03 5. 04 1. 56 1927 5
7.93 2.05 5. 88 1.76 1898 4
8,67 3.70 4.1 1.14 1846 2
7.49 1.52 5.97 1.37 1808 10
7.64 0. 64 7.00 1.45 1898 3
7.13 1.22 5.91 1.2 1807 8
7.03 0. 80 6.2 1.3 1800 3
.27 1.09 6.18 1.13 1927 8
5. 93 0.24 5.69 L01 1847 27
580 | 12.40 5.91 1.09 1868 45
8.31 0.67 |. 5.64 1.10 1897 15
Do.. 5.801 12,23 6.08 0.9 1809 15
48 | Kent Island Narrows_.____ 515 { 11.65 5. 62 1.18 1927 5
50 | Queenstown 6.29 0.73 5. 56 1.23 1870 27
Do...... 6,16 0.17 5.99 1.34 1888 70
Do... 6. 57 0.45 6.12 1.18 1027 6
51 | Town Bar Point 6,20 0.24 6. 05 1.65 1898 37
52 | Deep Creek.. . 5.72 0.07 5.85 1.18 1846 8
53 | Kings Creek_.. 6. 40 0. 54 5. 86 1.53 1870 6
84 | Cliffis Wh 6.49 0.3 6. 26 1.48 1909 10
56 | Harrisons Whar{, Frying Pan Point... _.__.| 6.53 0.15 8,38 0.82 1846 15
56 | Chestertown. . oo o coooieoas 6.97 0.890 6.08 1.89 1869 30
DO e 7.52 1.45 6.07 L7 1027 4

In Table 46 are given data for 56 stations at which tide observa-
tions have been made in this area. The locations of the stations
are shown in Figure 11. Figure 12 shows graphically the variation
in range and high-water interval plotted from values derived for the
stations nearest the main channel from Annapolis through the canal.
As in the two sections of the bay already discussed, the intervals
continue to increase toward the head of the bay. The range, however
reaches a minimum value near the mouth of the Severn River an
increases from this vicinity northward.

It is noted from the table and from Figure 12 that the high-water
interval increases from about 4.8 hours at Annapolis to about 7.1
hours at Tolchester Beach and to about 9.6 hours at Chesapeake
City. The high-water interval continues to increase to a maximum
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of about 11.5 hours near the center of the canal and then decreases
slightly to about 11.1 hours at Reedy Point Jetty.

From Annapolis to Pooles Island the range increases about 0.3
foot in a distance of 24 miles. From Pooles Island to Turkey Point,
Elk River, it increases about 1 foot in 16 miles, from Turkey Point
to Chesapeake City it increases about 0.2 foot in 10 miles. From
Chesapeake City to the Delaware River, a distance of about 12 nauti-
cal miles, the range increases from about 2.4 feet to about 5.5 feet.

In the Chester River the observed high-water interval increases
from about 5.9 hours at Love Point Light to about 7 hours at Ches-
tertown. Likewise the low-water interval increases from about
0.0 hours at Love Point Light to about 1 hour at Chestertown. The
range also increases from about 1 foot in the bay to about 1.9 feet
at Chestertown.

The tide in Sassafras River varies little from that in the bay near
the mouth, the intervals and range increasing slightly from the mouth
to Georgetown.

At Aberdeen, station 18, the high-water interval is about 9.1
hours; this increases to about 9.5 hours at Havre de Grace. The
low-water interval increases from about 2.8 hours at Aberdeen to
about 4.1 hours at Havre de Grace.

The tide in the Chesapeake & Delaware Canal is obviously due
to the tides in Chesapeake Bay and Delaware River. As noted
previously, the range of tide at Chesapeake City is about 2.4 feet
and the range at the jetty in the Delaware River is about 5.5 feet,
and the high-water intervals are 9.6 and 11.1 hours, respectively.
These differences in the range and time of the tides at the two ends
cause a hydraulic gradient through the canal, giving rise to variations
in the height of the water surface in the canal.

In Figure 13 are shown slope lines constructed for the canal
between Chesapeake City and Reedy Point Jetty. The simul-
taneous heights of the level of the water at the two ends were plotted.
The lines joining the simultaneous heights represent the slope of
the water surface in the canal. The slope lines represent the time
and range of the tide in the canal, since the time and height of high
water at any place will be represented by the highest point in the
slope line passing that place, and the time and height of low water
will be indicated by the lowest point on the slope line. On the
vertical line to the left the hourly heights of the tide at Chesapeake
City are plotted and on the vertical line to the right the hourly
heights of the tide at the jetty are plotted. The figures along the
vertical lines denote hours to which the indicated heights apply, the
numerals being placed to the right of the vertical line when the slope
is from Chesapeake Bay to Delaware River. The slope lines are
drawn full when the slope is from Delaware River to Chesapeake
Bay and dashed when the slope is in the opposite direction,

Is; the tidal movement in the canal is due to the difference in
the elevation of the water at the two ends, the slope lines in the
figure should indicate the approximate high water and low water
lunitidal intervals, and range, through the canal. Consider the sta-
tion at Summit Bridge: The highest slope line passing through
this point is the 11-hour line, hence the high-water interval should
be approximately 11 hours. From Table 46 the observed value is
11.4 hours. The lowest slope line going through this point is the
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5-hour line, and hence the low-water interval should be approxi-
mately 5 hours. It is found to be 4.8 hours from the table. The
range or distance between the extreme slope lines on the scale is
about 2.8 feet. This is found to be 3.4 feet in the table. Similarly,
the values for Biddle Point from the diagram are approximately:
High-water interval, 11.1 hours; low-water interval, 5.5 hours;
range, 4.6 feet. From the table these values are: High-waterinterval,
11.5 hours; low-water interval, 6 hours; range, 5.1 feet. From a
consideration of the above relations it appears that the tidal move-
ment in the canal, while largely hydraulic in character, is some-
what modified by other conditions. .

YARIATIONS IN RANGE AND TIME OF TIDE

Figure 14 shows the ranges of tide for the two sides of Chesapeake
Bay. The ranges of the tide in feet are plotted as ordinates and the
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F1gurE 14.—Variations in interval and rango, Chesapeake Bay

distances from a point 14 miles outside the entrance are plotted as
abscisse. The upper curve shows the range on the eastern side of
the bay and the lower shows the range on the western side of the bay.
It is noted from the curves that the range of tide on the eastern shore
is greater than the range on the western shore throughout the length
of the bay. The difference between the ranges on the two sides
varies, the maximum being about three-fourths foot. The difference
in range between Cape Charles and Cape Henry is about one-fourth
foot and the ranges decrease for a distance of about 50 miles, with an
approximately constant difference between the two sides of the bay.
At Stingray i;o'mt Light the difference is about 0.60 foot. In this
locality the range of the tide on each side of the bay begins to increase
slightly and the difference in range between the two sides shows a
marked increase. This increase in the range and large difference
 between the ranges continues to the vicinity of Point Lookout. At

this point the range decreases again and the difference in range on the
sides of the bay gecreases to 0.10 foot in the vicinity of Cove Point,
where the bay is narrow. The range decreases to the vicinity of
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Annapolis, and from§here to the head of the bay the range increases
and the difference in range decreases. :

It appears that the difference in range between the two sides of the
bay varies with the width of the bay. From Stingray Point to
Point Lookout the width of the bay increases and large rivers enter
the bay from both sides. In this area it is noted that the difference
in range reaches its maximum value. Between Point Lookout and
Annapolis the bay is relatively narrow and the difference in range
between the two sides is correspondingly small, a slight increase in
this difference occurring where tge baygbroadens out at the entrances
of the Choptank River and Eastern Bay. From the vicinity of
Thomas Point to the head of the bay the range of tide increases.

The difference in the ranges on the eastern and western shores of
the bay finds explanation in the deflecting force of the earth’s rotation,
which tends to deflect all moving bodies to the right in the Northern
Hemisphere and to the left in the Southern Hemisphere. It would
be expected in Chest:ipeake Bay that on the flood the water would be
deflected toward, and on the ebb away from, the eastern shore. The
high water would therefore rise higher and the low water fall lower
on this shore, thus producing a range greater than that on the western
shore.

Figures 12 and 14 show the variation in high-water lunitidal interval
for Chesapeake Bay from the entrance to Chesapeake City and
through the Chesapeake & Delaware Canal to Reedy Point, on the
Delaware River. }I)t is noted from the curves that the high-water
interval increases from the entrance to the bay to Chesapeake City.
From Chesapeake City to Summit Bridge the interval increases
rapidly. The interval remains nearly constant from Summit Bridge
to Biddle Point and from Biddle Point to the jetty in Delaware
River the interval decreases.

The high-water interval at Cape Henry, is 7.8 hours; this in-
creases to about 13 hours, or 0.6 hour, at Point Lookout; and to
about 9.6 hours at Chesapeake City. This is an increase of 14.2
hours in a distance of 171 miles, or an average increase of about 0.083
hour per mile between the capes and the head of the bay.

THE TIDE IN HAMPTON ROADS

Hampton Roads as considered here, includes Hampton Roads
proper and the Elizabeth and Nansemond Rivers.

Observations have been made at 22 stations in this area, the longest
series covering a 30-year period at Old Point Comfort. The results
of the observations are given in Table 47 and the stations are plotted
on Figure 15.

As 1n other tributaries of the bay, both the range and intervals
increase from the entrance toward the head of the waterway, the tide
becoming later from Old Point Comfort westward and dnto the
Elizabeth and Nansemond Rivers. The high-water interval in-
creases gradually from 8.74 hours at Old Point Comfort to about 9
hours at Craney Island, to about 9.2 hours at Portsmouth Navy Yard,
and to about 9.4 hours at the Norfolk & Western Railroad britlge.
"The range decreases from about 2.55 feet at Old Point Comfort to
2.47 at Sewalls Point (Hampton Roads naval base), and then in-
creases to about 2.8 feet at Craney Island Light and Portsmouth
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Navy Yard. In the Southern Branch it increases to about 3.1 feet
at the Norfolk & Western railroad bridge.

From the above it is noted that the tide between Craney Island
Light and Berkley has a nearly constant interval and range.

Considering Hampton Roads and Nansemond River, the time of
tide becomes later from Old Point Comfort toward Suffolk. In a
distance of about 25 miles the range increases about 1.4 feet and the
time of tide becomes later by about 2 hours.

TaBLE 47.—Tidal data, Hampton Roads

L“’gg,"%]s in Observations
Dura-
3&: Locality tioln of xgagg
High | Low rise
water | water Year | Length
Hours | Hours | Hours | Feet Days
1 8.74 2.30 8. 44 2.55 | 1853-1878 19, 490
2 8. 90 2.52 6.38 2.59 1918-19 18
3 8.72 2.52 6. 20 2.33 1873 62
8.87 2,37 6. 50 2.74 1917 17
9.23 2.89 6.34 2.59 | 1918-19 2
Do 8.83 2.44 6.39 2.39 1919 4
4 | Hampton Roads Neval Base_. 8.79 2.69 8. 10 2.47 1927-28 420
5 | La Fayette River Drawbridge. 9,09 3.18 5.91 2.77 1919 5
6 | Craney Island Light_....._.... 9.02 3.19 5.83 2.79 1919 17
7 | Portsmouth, Hospital Point. 9,08 2.62 6,46 2,78 1872-73 216
8| Berkley. ... 8,98 2.88 6.10 2.70 1913 82
6 | Baxters Landing 9.32 3.7 5. 61 314 1876 1
10 | Navy yard, Port: 9.07 2.62 6.15 2.85 1896 30
0. ..o [ 2 T, S, 2,74 | 1891-1804 457
______________________________ 2.77 | 1908-1915 2,922
11 | Naval Magazine 8.56 2.39 6,17 2.86 1012 2
12 | Norfolk & Western Railroad Bridge..._.._. 9.38 3.2 6,15 3.08 1873 18
13 | Deep Creek 8.77 2.46 6.31 3.09 1912 3
0. ... 8.84 2.43 6.41 3.15 1912 2
Do.. 0.48 3.11 6.37 2,84 1913 2
M| Millville__ ... ... 9.73 3.71 8.02 3.26 1876 1
15 | Middle Ground Light. .- 8.91 3.11 5.80 4.05 1918 3
0. 8.05 2,84 6.21 2,73 1918-19 58
16 | Watch House, Craney Island Flats 9.11 2.92 6.19 2.64 1918-19 19
Do 9.07| 208| 6.00] 2.64 1919 4
17 | Nensemond River Light 9.59 3.84 5.76 2.74 1919 13
18 | Wilsons Wharf__ 9.53 3.65 5.88 2.92 1874 14
19 §.681 3.29 6.32 3.03 1887 10
8,96 2.64 6.32 2.75 1909 4
20 9.43 3.22 8.21 32 1928 1
21 10.73 4,28 6.45 3.93 1887 10
22 9.12 3.1 8.01 2.75 1854 16
9.15 3.07 6.08 2.62 1871-72 85
8,60 2.38 8, 22 2.7 1874 85
9. 04 3.00 8.04 2,83 1909-10 25
9. 56 3.36 8. 20 2.82 1919 20
8.31 2.01 6. 40 2.45 1928 [}

1 Lunitidal Intervals from series 1853-1878; range from series 1857-1875.
THE TIDE IN THE JAMES RIVER

Observations have been made at 42 stations in the James River.
The locations of the stations are shown in Figure 16, and Table 48
ives the observational data for each station. Newport News and Old
oint Comfort are included for the purpose of comparison. Figure 17
shows graphically the variations in the high-water interval and the
range for the tide stations in this area.

An examination of the table shows that the high-water interval and
low-water interval incresse with approximate uniformity from Old
Point Comfort to Richmond, an increase of about 8 hours for the
high-water interval and about 9.4 hours for the low-water interval
occurring in a distance of about 90 miles.
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The range increases from 2.55 feet at Old Point Comfort to about
2.7 feet at Newport News, decreasing slowly to about 1.8 feet in the
vicinity of Jamestown and gradually increasing to about 3.7 feet at
Richmond. The duration of rise decreases gradually from 6.44 hours
at Old Point Comfort to about 5 hours at Richmond.

TaBLE 48.—Tidal data, James and York Rivers

Lunitidal in-

< tervals Dura- M Observations
ta- Locality tion of | a0
tion High | Low | rise | ™PE® [ Length
water | water | ear gt
James River Hours | Hours | Hours | Feet Days
1| Old Point Comfort_ ... oo 8.7 2.30 6.44 2.55 | 1853-1878 | 19,400
2| Newport News. .. ... .oco__._ 912 3.11 6.01 2.75 1854 15
D+ N 0. 15 3.07 6.08 2.62 1871-72 85
............ 8.60 2.38 6.22 2,70 1874 88
............ 9.04 3. 00 6.04 2.83 1909-10 25
............ 0. 56 3.36 6.20 2.82 1919 20
.......... 9.41 3.04 6.37 2.50 1928 12
8| Carrieville.____________ ... 9. 51 3.32 6.19 2.73 1854 66
4 | Youngs bathhouse_._.._._..._____. 9.65 3.24 6.41 2.55 1872 30
8| Rocks Wharl.._____._. . ... _.... . 9. 47 3.23 6.24 2.58 1854 2
6 | Fergusons Wharf. ... _._ . . __.___. 10.38 4.14 6.24 2.28 1910 [
7| Grove Wharf. _____ . .o -1 10.81 4.80 6.11 2.30 1855 44
8 | Hog Point, Hog Island -{ 11.08 5.14 5.92 1.99 1873 44
9 { Jamestown Island. 11.82 8.18 5. 64 1.84 1874 30
12. 00 8.73 6.27 1. 68 1910 4
10 11. 60 578 5.61 2,12 1858 12
11 e e anme e 12,24 7.10 5. 14 1.71 1874 10
12 | Gordon Creek, C ahominy Rive 0.40 7.38 5. 43 164 1874 90
13 | Mount Airy, Chickahominy River_ 1.43 8.30 5.58 2.14 1875 7
14 | Graves Landing, Chickashominy Rivel 2.2 9,08 5. 60 2,38 1878 39
15 | Windsor Shades, Chickahominy River. 2.28 9,73 4.98 1,98 1878 2
16 | Claremont Whart. 0.33 7.07 5.60 1.97 1910-11 252
Docee e, 0.38 7.08 8.73 2.08 1857 30
17 | Brandon Point. ... __...... 116 8.05 5.83 2.00 1878 3
18 | Stanley Wharf, Dunmore.... 1.71 8,49 5.64 2.48 1878 5
19 | Weynoak Wharf_____ ... __._. 4 LT4 8.39 8.77 2.65 1887 12
20 | Wilcox Wharf.. ._....coeonon 1.61 8. 14 5. 89 2.88 1850 2
DO e . 0.78 7.83 8.2 2.45 1875 2
D U, 1.60 8.28 5.76 2.47 1810 13
21 | Harrisons Landing...-.... 1.98 8. 82 5. 58 2. 66 1852 11
22 | Jordan Point.. ... .._... - 2.10 8.90 5.62 2.63 1878 26
P-] Cltﬁ Point. ... - 2.58 9.41 5. 50 2,67 1910-11 90
0 e emmcmmmc e mmm e - 2.49 9.18 5.73 2. 69 1928 1
)5 s I, 2.38 9.15 5. 62 2.75 1852 30
DOt 2.12 8.11 5. 43 3.08 1852 30

1 Lunitidal Intervals from serles 1853-1878; range from series 1857-1875,



52

U. B. COAST AND GEODETIC SURVEY

TaBLE 48.—Tidal data, James and York Rivers—Continued

Lunitidal in-

tervals Dura- Moan Observations
Sta- Locality -{ tion of | ¢ ohd e
ion High | Low | rise ¢ Year Length
water | water engt.
2 James River—Continued THours | Hours | Ilours | Feet Days
2 Broadway, Appomattox River. .. ... -..... 2.57 9.00 5,90 3.08 1852 1
2% Walthall, Appomattox River. ___. e 277 10.04 5.15 3.67 1852 15
o7 QGatlings Wharf, Appomattox River._..._._.| 2.90 9. 63 5.69 3.8 1892 19
3 Petersburg, Appomattox River.._ ...} 3,63} 10.62 5.43 2.88 1892 14
2 Bermuda Hundred . _._.______ - 2.21 9.37 5. 26 2.62 1853 3
30 Shirley Whart. _. 2.46 9. 56 5,32 2.77 1880 24
31 Watkins. .. __ 3.11 9.97 5. 56 2.87 1853 3
Curles Neck__ 3.18 9.4 5. 66 2,96 1853 30
0. ... 3.61 10.43 5. 50 3.37 1852 38
32 0 ... 3.18 9. 96 5. 64 2.90 1880 13
33 Meadowville. ... ... 3.26 ) 10.55 5.13 3,47 1911 7
31 Varina. ... o eemeeeen 3.86 | 10.32 5,96 3.90 1928 1
Duteh Gap. ... ieaia- 4.00 } 10,87 5. 65 3.20 1875 270
35 L R 3.73 10. 72 5.43 3.48 1803-94 240
36 Trents Reach._.___ ... 3.4 10.07 5.79 3.54 1852-53 10
37 Cox Wharl __ .. . ... 3.67) 11.04 5.05 3.21 1853 5
38 Willis Wharf. 4.11 11. 54 4.99 3.57 1852 7
Falling Creek 3.801 1139 4,83 4.28 1853 3
30 [\ . 4.15 11. 05 5, 52 3.83 1911 2
10 | Warwiek Wharf ... ... 4151 12301 4271 291 1852 11
41 | Richmond Bar. .. _ T T 437 | 1.370 5427 4.04| 1877 30
42 Drewry Island... ... .. oo 3.22] 10.80 4.84 3.98 1852 3
43 | Opposite Rocketts..._...___..___. ... 3. 11,08 4. 54 3.40 1853 4
Richmond, 4, 11.53 5. 40 3.81 1876 30
D 4. 11. 90 5.01 3.60 1876-77 366
................ 3.69 1879 330
11. 69 4,95 3.62 180394 365
11.48 5.00 4.00 1 390
11.74 4.93 3.52 1911 60
44 2.74 5. 54 2.09 1901 7
1. 96 6.18 2.4 1006-07 i}
2.38 6.19 2.45 1918 26
45 2.41 6.17 2.47 1906 3
2,51 6.12 2. 40 1911 1
46 2.8 5.79 2,36 1868 10
47 2,48 6,00 2.78 1804 1
2.26 6. 62 2.37 1911 1
Do.._. 4,04 5,75 2. 40 1018 2
48 | Thorofare. . ___ - oo b 9T oot 1857 %
49 | Sedger Creek. 2.43 6.10 2.29 1918 11
50 uarter Point.. 245 6. 41 2. 35 1857 2
51 loucester Poin 2.87 6.21 2.42 1911 28
Do ... 270 6. 27 2.47 1918 128
DO e e e e e m 2.47 1911-13 293
Do .. 9,19 2. 86 6,23 2.45 1928 3
52 | Mumfort Island. . 9.00 2.81 6. 26 2.46 1857 4
53 | Bush Creek .. ____ 9. 12 2.32 6. 80 2.71 1857 1
54 | Whittakers Pier____._.._.__._. 9.10 2.8 6. 82 2.70 1857 1
55 | Deans Creek (near Gum Point)_ .. ......_._ 9.05 3.17 5,88 2.93 1857 2
66 | Claybank. .. .o 0. 54 3.21 6.33 2.72 1911 7
67 | Capahosic Wharf. ... . ... ... 9. 36 3.06 6.30 2.90 1857 114
58 | Almonds Wharf._ . ... ... ... 9.78 3.63 8.15 2.69 1911 15
59 | Moodys Old Whart (opposite Purtan Bay).| 9.70 3.13 6. b7 2 88 1857 1
60 | Andersons Dock (Belleview)___.__.._..___. 10. 18 3.95 6.23 3.06 1857 1
6l | West Polnt. . oo, 10. 23 4. 42 5.81 3.36 1857 1
B B L T 10.79 5.11 5.C8 2,82 1911-12 150
DO e 11. 65 5.92 5.73 3.85 1918 3
Do, 10.92 5. 56 5.36 3.16 1928 1
62 | Morgan Landing, Pamunkey River. 0. 66 6. 60 6.18 2 58 1912 2
63 | Lester Manor, Pamunkey River._. 0.98 7.52 5,88 2,79 1912 100
64 | White House, Pamunkey River.. ... _.... 1.22 7.72 5,92 292 1912 1
65 | Northbury Landing, Pamunkey River..... 228 8.81 5. 89 3.32 1912-13 98
66 | Carter Landing, Pamunkey River..__.._.._. 2.78 9. 41 5.79 2 85 1913 1
67 { New Castle, Pamunkey River. .. eeaa| 457 10.36 6. 63 1.51 1913 2
68 | Wakema, Mattaponi River_... . 12,00 6. 40 5.€0 3.43 1912 2
69 | Walkerton, Mattaponi River__ .| 0.51 7.37 5, 568 3,86 1912 60
70 | Aylett, Mattaponi River_.__.___.__.._._.__ 1. 69 9,34 4.77 2.82 1912 2
Mobjack Bay
71 { New Point Comfort 8.51 2.03 5. 58 227 1000-7 1
72 | SBevern River. _.__..__._....._. 8,53 2,57 5,96 2. 50 1854 12
73 | Mobjack, Philpotts Wharf.._ 8.60 2. 58 6.02 2.41 1868 55
DoOo el 8.61 2, 42 6.09 2.51 1906~7 19
Do... 8. 56 2.39 6. 17 275 W10-11 19
Do....... 8. 80 2.89 5.01 2.47 1928 1
74 | Auburn Wharf. 8. 59 2.33 6.28 2.65 1911 2
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The high and low water intervals in the Chickahominy River
increase from about 0.4 and 7.4 hours, respectively, at the mouth to
2.2 and 9 hours at Graves Landing. The mean range is about 2
feet at the mouth and apparently increases somewhat toward the head
of the river. The high and low water intervals in the Appomattox
River increase from about 2.5 and 9.4 hours at City Point to 3.6
and 10.6 hours at Petersburg, a distance of about 9 miles. The
range apparently increases from about 2.7 feet at City Point to about
3.7 feet at Walthall and decreases to about 2.9 feet at Petersburg.

THE TIDE IN THE YORK RIVER

The York River enters the west side of Chesapeake Bay about
30 miles from Cape Henry. The river is comparatively straight and
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FIGURE 18.—Variations in interval and range, York River

has a 20-foot channel to West Point, at which place the river divides
to form the Pamunkey and Mattaponi Rivers.

Table 48 gives data for the 26 stations plotted on Figure 16 at
which tidal observations have been made in the York River, and
Figure 18 shows graphically the variations in the range and the high-
water interval.

The observations show that the high-water interval increases from
about 8.5 hours at York Spit Lighthouse to about 9 hours at Glouces-
ter Point and to about 10.8 hours at West Point. It is noted that the
time of high water is earlier in the Mattaponi River than in the
Pamunkey for equal distances from West Point. The duration
of rise shows a slight decrease in value between York Spit Light and
West Point. Thero is also a decrease in the duration of rise from West
Point up the Mattaponi River. There is an apparent increase in
the duration of rise in the Pamunkey River from 5.68 hours at West
Point to 5.89 hours at Northbury Landing.
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The range in the York River increases from about 2.2 feet at the
entrance to about 2.5 feet at Gloucester Point and to about 2.8
feet at West Point. The range in the Mattaponi River increases from
about 2.8 feet at West Point to about 3.9 feet at Walkerton. The
range in the Pamunkey River increases from about 2.8 feet at West
Point to about 3.3 feet at Northbury Landing.

I'Iii lthe upper reaches of the latter two rivers the range decreases

idly.
rapidly THE TIDE IN THE RAPPAHANNOCK RIVER

The Rappahannock River, which empties into Chesapeake Bay on

the western shore about 40 miles from Cape Henry, has a tidal length

of about 95 miles from Stingray Point to Fredericksburg.
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F1GURE 20.—Variations in interval and range, Rappahannock River

Table 49 gives tidal data for the 26 stations in the Rappahannock
River, and Figure 20 shows graphically the variations in the range and
the high-water interval. The locations of the stations are plotted on
Figure 19. An investigation of the table shows that the high-water
interval increases from about 10.5 hours at Stingray Point at the mouth
of the river to about 13.1 hours, or 0.7 hour, at Tappahannock and to
about 6.6 hours at Fredricksburg, this being an incredse of about
8.5 hours in the high-water interval in a distance of 95 miles. The
duration of rise decreases slightly from the Bay to Fredericksburg,
the duration of risé at Fredricksburg being about one-half hour less
than at the mouth of the river.

The mean range increases from about 1.1 feet at Stingray Point
{)o about 1.6 feet at Tappahannock and to about 2.8 feet at Fredricks-

urg.
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TaBLE 49.—Tidal data, Rappahannock and Potomac Rivers

55

Lunitidal in-

8t terval Dura- . Observations
a- Locality tion of | Loean
tion High | Low | rise | TDE®
water | water Year | Length
R“pp“"“""“k River Hours | Hours | Flours | Feet Days
1 10. 25 4,38 5.87 112 1808 28
10.78 4. 67 6.11 110 1901 7
10. 62 4.79 5. 83 0.92 1911 27
10. 60 4. 53 6.07 1.18 1928 (]
2 10. 63 5.27 5. 36 1.34 1857 4
3 Cn.rter Creek . .o 11. 21 5. 62 5. 59 1.20 1869 24
...................................... 11. 21 4.40 8.81 1.18 1909 5
4 Mlllenbeck Wharf, Corrotoman River...... 11. 56 5.83 573 1.33 1928 3
5| Urbanna. - ..o 11. 14 5.14 6. 00 1.53 1886-57 ]
8 | Monaskon, Carters Wharf___________.. . ___ 10. 83 5.78 5.05 1.46 1856 2
7 | Downman Creek. ... ... .. 11. 40 583 6. 57 1.64 1856 1
8 Whealton, Morattico_ ... __.________ 11. 57 5. 87 5,70 1.54 1909 18
.......................... 11. 58 5. 86 5.72 1.41 1910 4
9 Lan(‘aster [6] - ). S 12. 28 5.90 8.38 1.78 1856 2
10 { McCartys Wharf. ... ... 11. 88 5.61 6. 27 2.19 1868 1
11 'I‘otouskey Creek ..o oL 12.23 574 6.49 2.32 1856 1
12 | Lowery Point_ ... ..o .. 0.41 7.16 b. 87 1.68 1856 1
13 TapBa NOCK . el 0.72 7.75 b. 39 1.63 1856-57 385
....................... 0.71 7.68 5.45 1. 54 1009 30
DO ey e 1.12 812 5. 42 1. 80 1928 2
14 | Naylors Wharf._._. % ___________ ... .. 0.58 8.01 4.99 1°89 1855 1
15 | Mulberry Point . _.__. ... . ... ... 1. A3 8. 45 5. 50 1.37 1855 3
16 | Laytons Wharf_.__._______. ... .. .. ... 2.33 9. 80 4.956 1.43 1855 3
17§ Leedstown. .o oo annas 3. 30 0.93 5.79 1.52 1909 9
18 | Saunders Wharf. ... . ... ... 2.99 | 10.00 5.41 1.50 | 1854-55 38
19 | Green Bay . ... 3.75 | 10.00 6171 131 1854 134
20 | Port Royal ..o o all. 4,151 11,33 5. 24 1.94 1854 2
DO 4.7 11. 74 5. 44 2.03 1909 4
B s 502 11.78 5. 68 2.22 1928 1
21 | Walsingham__ ... ... 4,25 11.08 5. 59 2. 04 1854 2
22 | Mole Mount. . ... .. ... 4.84 | 12.18 5.10 1. 89 1854 1
23 | BUCKNOPS. - oo 6. 00 0.48 5. 52 2.38 1854 1
24 | Corbins Neck .. ... . e, 575 12.38 5.79 2,25 1854 1%
25 | Seddens Point. ... ... . ... ... .. 5.31 0. 51 4,80 2.40 1884 1
26 | Fredricksburg. ... ... .. ... _____. 6. 02 0. 88 5.14 273 1853-54 5
0 e e e mmacmimmmmmmeeemamcamcmnaa 6.62 1.32 5.30 28 1908-10 68
Potomac River
27 | Polnt Lookout. . ... ... .. ... 0. 58 6.93 6.05 1,38 1849 140
Do 0,83 7.00 6.25 1.22 1904-5 16
0.68 7.12 5. 98 1.29 1908 7
0.76 6.91 6. 26 1.21 1928 14
28 0. 80 7.20 6. 02 1.20 1808 15
29 0.77 7.27 5.92 1.58 1860 2
30 0.45 7.07 5. 80 1.22 1868 10
31 | Lynch Point, Yeocomico Rive eeaal 0.93 7.28 8,07 1,55 1905 20
32 | Horn Point, Yeocomico River__.._..__.__.__ 1,47 8.70 519 2.07 1860 1
33 | Mundy Point Yeocomico River.___._____ . 1.05 7.47 6. 00 1. 80 1905 14
84 | Kinsale, Yeocomico River...... | L10 7.41 6.11 1,38 1868 48
35 | Bt. George River. .. ... 0. 51 7.01 592 1.35 1868 1
36 | Custom House Point, 8t. Marys River.__.. 12,29 6. 66 5.63 1,52 1867 4
87 | 8t. Marys, 8t. Marys River_..__.___._...__ 0,61 7.20 5.83 1.34 1859 5
B U 0. 52 7.01 5.93 1.4 1908 8
38 | Piney Pomt .............. 0.87 7.22 8.07 1.91 1860 4
39 | Coles PoInt. .. ... il 1,82 7.90 6.3 1.79 1005 28
40 Blakistone Islzmd Tighto e 1.38 7.52 8.28 1.75 1862 14
41 | Coltons Wharf_ ... ..ol 1.37 7.49 6.30 1.84 1908 134
42 | Kaywood Point, Bretons BaY. i 1.22 7.70 5. 04 1.67 1860 14
43 | Leonardtown, Bretons B BY e mmenm e 1.82 8.03 6.01 1,60 1868 43
44 | Shipping Point, 8t. Clement Bay......._._ 1. 40 7.68 6. 14 1,77 1860 1
45 | Cobb Point Bar Light...._.__.__ . ... _. 2.03 8.25 6.20 1.81 1004 2
46 | Rock Point, Wicomico River.. . _......._.. 1.67 8.15 5.4 1.80 1868 28
47 | Bushwood, Wicomico River.. . 2. 7777’ 2,52| 86 626 151 1860 4
48 | Stoddsrd Point, Wicomico River.__-__..1 252! seo| em| 17| 1028 2
49 | Colonial Beach 2,09 8.47 6,04 1.72 | 1002-1908 122
2.08 8,57 5903 1.58 | 1906-1910 | 1461
2.13 8.74 5. 81 1.68 1928 ]
50 | 1 mile above Lower Cedar Point 2.61 9. 61 5.42 1.40 1862 7
51 | Dahl 2.38 8.88 5.92 1.48 1927 29
52 | Mathlas Peint .. ...l . 2.87 9. 85 5.74 1.12 1004 7
&3 | Brents Wharl, Port Tobacco River._.______ 3.73 9,74 6.41 1. 41 1928 1
54 | Port Tobacco, Port Tobacco River...__.__. 2.12 9. 62 4.92 1,57 1862 3
85 | Riverslde. ... ... .l 3.76 10. 28 5. 89 1.19 . 1904 2
56 | Bennle Gmg's Wharr Nanjemoy Creek_...._ 3.92 ) 10.43 5. 91 1.18 1862 9
57 | Maryland Point Ll ..................... 1.13 1901-2 30
58 | Lower Smith Bhoal Thomas Point 120 1901-2 28
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TaABLE 49.—Tidal data, Rappahannock and Potomac Rivers—Continued

L“‘}‘SS&‘ tn- Observations
Dura-
Sta- Mean
tion Locality aen | 10 ﬁl?i!;e of range
g| w
water | water Year | Length
Potomac River—Continued
Hours | Iours | ITours | Feel Days
39 | Clifton Beach_.__ ... ... 5,37 ] 11.38 6,41 1.38 1904 10
60 | Liverpool Point Wharf_ ... __________... 5.50 [ 11.83 6. 00 1.47 1862 4
61 [ Quantico. ... oo .. 5. 66 0, 00 5,08 1.33 1928 4
62 | Poseys Wharf.. ... ..... . 6.12 0.13 5. 99 1.56 1904 10
63 | Stump Neck....___..... 8.00 | 12.12 8. 30 1.46 186263 16
84 | Grinders Wharf, Mattaw 6. 32 0.08 6.24 1.58 1902 134
65 | Indian Head......_.._... 6.64 0. 69 5.95 1.63 1928 3
66 | Glymont.. 6.78 0.71 6. 07 1.71 1863 9
Do....__. 8.72 1.00 5.72 1.80 1004 7
87 | Whitestone Point____________._ . .._________ 7.4 1. 56 5.88 1.84 1928 3
68 } Marshall Hall_ .. .. . _______.____.. ... 7.03 1.30 5.73 2.11 1904 18
69 | Fort Washington_._.___._. . __________._.__ 7.17 1.45 5.72 2.30 1863 5
........ 7.38 1.65 5.73 2.53 1904 4
70 { Alexandria. .. ... ... 7.86 2.12 5.74 2.88 18682 9
........ 7.67 2.00 5.67 2,75 1904 29
................................. 2.82 1904 40
Do 7.56 1.79 5. 77 2.79 | 1913-1815 660
71 | 1 mile below Chgin Bridge. - 7.7 2.30 5474 2901 1872 26
72 | Chain Bridge. ... .. oo 7.78 1.87 5. 91 3.08 1914 8

. THE TIDE IN THE POTOMAC RIVER

The Potomac River, which enters Chesapeake Bay at Point
Lookout, is the water route to Alexandria and Washington. The
earliest tidal observations in the river that are on record at this
office were made at Point Lookout in 1849, Since that time observa-
tions have been made at numerous places throughout the length of
the river.
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FI1GURE 21.-—Variations in interval and range, Potomac River
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In Table 49 are given the results derived from observations at 46
stations in the Potomac River. The locations of these stations are
shown in Figure 19. An examination of the table shows that the
time of tide gecomes later as the distance up the river increases.

The high-water interval at Point Lookout is about 0.6 hour. It
increases to about 2.1 hours at Colonial Beach and to 7.8 hours at
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Washington. Between Point Lookout and Washington a distance
of 90 mules, the high-water interval increases about 7 hours. The
low-water interval 1s about 7% hours greater at Washington than at
Point Lookout.

The mean range of tide is about 1.3 feet at Point Lookout; this
increases to about 1.8 feet in the vicinity of Cobb Point. The range
then decreases to about 1.1 feet at Maryland Point and again increases
to about 2.9 feet at Washington.

Figure 21 shows the varations in range and high-water interval
in the Potomac River from Point Lookout to Washington. It is
noted from the curves that the high-water interval increases gradually
from Point Lookout to Washington. It will be seen that the varia-
tions shown by the range curve are analogous to those in the James
River (see fig. 17).

The locations of 12 stations at Alexandria and Washington are
shown on a separate chart (fig. 22) and data for these stations are
given in Table 50. Results for a number of these stations are dis-
cussed on pages 24 to 37.

THE TIDE IN BALTIMORE HARBOR

Table 51 gives tidal data for 15 stations in Baltimore Harbor.
The observations have been reduced to mean values by simultaneous
comparison with standard stations. The locations of the stations
are shown in Figure 23.

From a study of the tidal data given in the table it will be noted
that the high-water interval and the range increase slightly from
the mouth to the head. The range of tide in this area is small and
meteorological effects are therefore relatively importent. For this
reason discrepancies are to be expected between values derived from
short series of observations.

TaBLE 50.—Tidal data, Alexandria and Washinglon

L“‘i‘é}sﬁl‘ - Observations
Dura-
Sta- Mean .
tion Locality . [ = nl?iged range —
'3 W
water | water Year Length
Hours | Ilours | Ilours | Feet Days
1 | Alexandria, Va 7.86 12 5.74 2.88 1862 [}
Do 2.75 1904 20
Do.... 2. 82 1804 40
Do . 1.79 3 2.79 | 1813-1015 6890
2 | Arsenal, Washington, D. C. 7.78 2.48 5.30 3.08 1862 25
3 | Lighthouse Wharf__. 7.77 2.22 5. 55 2,86 1925-28 540
4 | SBeventh Street Whar| 7.78 1. 96 5.82 2.94 1808 180
Do 7.81 2.18 5.63 2.01 1809 365
________________________ 2. 85 1000-1 420
5 | Long Bridge (rallraad bridge)............... 7.24 1.65 559 2.91 1867 30
6! Easby Point. ... .. L. 7.91 2.61 5.40 2.77 1601-2 365
7 | New Hampshire Avenue. . .........__.__... 7.88 2.20 5. 68 2.98 1862 12
8} Potomae Boat Club_ _. ... .. .. 8. 01 2.38 5.63 2.78 1925 30
9t Aqueduct Bridge...... [ 8.02 1.84 6.18 2.88 1872
10 | Navy yard. .. ___.____. ; 7.72 2.07 565 2.91 | 1858-1860 913
ﬁo. - 7.67 2.76 4.01 2.46 1861 8
Do. 7.74 1.98 5.76 2.79 1862 7
Do. 7.67 2.01 5. 66 2, 87 1863 10
Do. 7.92 2.18 5.74 2.97 1891 150
Do. 7.0 2.23 5. 68 2,90 1892 365
| D 7 YU NONUNIN OUSSUUIR S JRPI 2.95 | 1892-1898 2567
11| Almshouse. . ...l ... 807 22| 58| 3.2 1865
12 | Benning Bridge. . . .. .o ooo.o.o. 7.95| 221 674 28 1924 11

85320°—30——5
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TaBLE 51.—T'idal data, Baltimore Harbor

L“‘iﬁgﬂ In Observations
Dura-
Sta- - Mean
tion Locality | 1o tix?il;e of range
gl w
water | water Year | Length
Fours | Fours | Hours | Feet Days
1 | Bodkin Point 5. 99 Q.75 5. 24 1.01 1845 180
[V 6. 04 0.63 5. 41 0.89 1845 4
Do... 8.22 0.72 5. 50 0.83 184548 680
[F . 6.26 0. 69 5. 56 0.97 1854 29
2 | Seven Foot Knoll Light. .. 8.70 Q.68 6.02 1.02 1867 27
Lo 6.70 0.82 5. 88 1.03 1897 2
Do e 6. 32 0.31 6.01 1. 00 1898 24
L DU 5. 94 12.00 6.36 1.20 1906 4
3 | Sparrows Point. ... ... 6.42 0.63 579 1.01 1806 37
[+ S 8. 46 1.31 5. 85 1.08 1897 180
Do 6. 54 0.61 5. 93 1.11 1898 2
[ 6. 66 0.79 5. 87 1.02 1808 7
4 | Fort Carroll . 6. 80 0.93 5.87 0. 96 1866 5
Do_.. 6.42 0. 39 6.03 1.11 1866 7
Do. 6. 67 1.35 5.32 0.91 1869 21
Do. 8. 52 0.69 5.83 1.13 | 1808-1000 1006
Do. 6. 56 0. 54 6.02 1.08 1927 3
& { Sollers P . 6. 59 0.4 6.15 1,11 1853 19
6 | Curtis Bay, Sugar House Wharf. 6.42 0.32 8.10 .M 1898 2
7 | Curtis Creek Drawbridge.__._. 6.62 0.65 5.97 111 1924
8| Fort McHenry ___.._._.._... 6.48 0. 68 5. 82 1.11 | 1903-1927 Q131
9 | Bollmans Wharf_______.___.. 5. 97 0.23 5.74 1.11 1876 11
10 | Campbell and Zells Wharf_____ 6.74 0.81 5. 93 1.19 1898 5
11 | Jacksons Whart, Fells Point__. 6.94 0.98 5.98 1.15 1846 180
Dol 8.79 0.93 5. 86 1. 06 1846 150
12 | Henderson Wharf, Fells Point. 6.75 0. 90 5.85 1.17 1876 47
13 | Woodalls Dry Dock _....._.... 6. 64 0.72 5. 92 1.48 1876 2
14 (Cltydoek. . ... ... - 6.42 0.71 5.71 1.09 1927 4
16 | Reeder’s Machine Shop. - - .____ 68.77 0.62 6.15 1. 20 1808 18
}

The range of the tide at Seven Foot Knoll is about 1 foot. This
increases to about 1.1 feet at Fort McHenry and to about 1.2 feet
at Reeder’s machine shop (station 15).

Most of the tidal observations at short-series stations in the harbor
were made prior to the establishment of the Fort McHenry gage.
To reduce the results from these observations to mean values they
were compared with a distant station which did not take into account
the weather conditions in Baltimore Harbor. If all the observations
in this harbor had been made while the Fort McHenry gage was
in operation and simultaneocus comparisons made with that station
the effects of weather would have been largely eliminated.

HARMONIC CONSTANTS

Tidal harmonic constants, derived by the harmonic analysis of
the hourly heights of the tide, have been determined for a number
of stations in Chesapeake Bay. These constants, together with the
locations of the stations to which they apply, and the length and date
of series from which they were determined, are given in Table 52.

From these constants the characteristics of the tide may be derived
as explained on page 129 of the appendix. The constants may also
be used for predicting the tides. IFor a detailed discussion of the
harmonic analysis and prediction of tides reference is made to Special
Publication No. 98 of this bureau,



TaBLE 52.—Harmonic constants, Chesapeake Bay

Virginia District of Columbia Maryland
. . . . . : ‘Washington, Sev- :
0Old Point Com- . Stin, Point | Great Wicomico| Washington, ’ Holland Isiand Drum Point Sharps Island
Component  [fort, 375 00 N 76°| pichmond 37% | [ RE'RTe s N, [Light, 37° 48" No| Navy Yard, 38 vy, 0B Streel |par Ulpht, 38° 04/|Light, 38° 19 N.,| Light, 38°39' N.,
19 W, 4 ¥ 76° 16’ W, 76° 16’ W. 52N, 77°00 W. 7%’ orw. N., 76° 06' W. 76° 25 W. 76°23' W.
q x H x H x H x H [ H x H & H x H x
Feet |Degrees| Feet [Degrees| Feet |Degrees| Feet |Degrees| Feel |Degrees| Feet [Degrees| Feet |Degrees
__________________________________ 0.007) | (257) | (0.009) | (263) |ooooooooabeomm e
0. 036 133 0.078 157 0.155 272 0. 157 274 0. 092 201 0. 087 240 0. 146 272
(0. 023) (325) | (0.023) (357) 0.071 253 0. 064 270 (0. 029) (33) | (0.021) (59) | (0.016) (126)
(0.016) (331) | (0.017) (353) 0.112 262 0. 095 255 (0. 020) (35) | (0.013) (58) | (0.015) (110)
(0. 006) (162) | (0. 006) (176) 0. 008 88 0. 024 37 (0. 007) (0. 007) (252) | (0.010) (272)
0. 529 296 0. 507 337 1.421 226 1.377 228 0. 707 12 0. 535 39 0. 582 80
___________________________________________________ 0.012 4 0N (R SN JRUUI R ORI AU S
0. 008 171 191 355 0.082 2 284 354 0. O?I 91

Values in parentheses are inferred.
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TasLe 52.—Harmonic consfants, Chesapeake Bay—Continued

Maryland—Continued

Thomas Point

Seven Foot Knoll

Component Love Point L1ght Baltimore, Fells | Baltimore, Fort Pooles Island |Elk River entrance,| Chesapeake City,

po Sheal Light, 38° 54’| 3g° 83’ N, 76° 17/ { Light, 39°09’ N, 76°Point, 39° 7’ N.,76° McHenry, 38° 16’ |Light, 38° 17" N, 75°] 39° 26’ NI, 76° 59’ | 39° 3¢ N, 75° 49]
N., 76° 26’ W, 25 35 ¥ N., 76° 35 W, 16’ W, W. Ww.

H x R X H X H x H x H « H x H «

Feet Degrees Feet Degrees Feel Degrees Feel Degrees Feet Degrees Feet Degrees Feel Degrees Feet . Degrees

......... 3 [©.5.7) 10 IR IR IR MR B (N O TN (310)
284 0. . 245 |
(220) l
(205) :
i

1923 1924
163 days 250 days

Values in parentheses are inferred.
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PART II. CURRENTS IN CHESAPEAKE BAY AND
TRIBUTARIES

OBSERVATIONS AND REDUCTIONS
INTRODUCTORY STATEMENTS

The words tide and current are often confused or used synony-
mously and it is therefore desired to emphasize at the begimming of
this discussion that the tide is the vertical rising and falling of the water
surface, whereas the current is the horizontal flow of the water. It
is important that this difference be recognized, as well as the fact
that slack water and high or low water do not in general occur at
the same time at a given point. For a detailed discussion of this
subject see page 134 of the appendix to this volume.

he tidal movement in Chesapeake Bay, with its vertical and hori-
zontal constituents—tide and current respectively—is a continuation
of the tidal wave of the Atlantic Ocean, which sweeps through the
entrance between the Virginia capes and is propagated up the bay
and into each of its tributaries until stopped by rapids or other obstruc-
tions. As the movement progresses 1t is subjected to many varia-
tions by the differing hydrographic features that it encounters.

Current observations in Chesapeake Bay as recorded in the files
of the Coast and Geodetic Survey began in the year 1845. Since
that date jnformation on currents in the bay and in its tributary
arms and rivers has been gradually accumulating. Many of the
observations, including all of the earlier ones, were taken by field
parties engaged in makin% hydrographic surveys and the observing
of currents was more or less incidental to the hydrographic work.
The information from these early records is therefore meager. In some
cases the observations were taken by liberating a float, following
it around and occasionally locating its position; in others the periods
of observation were brief. With the passage of tine more systematic
and uniform methods of observing currents have evolved and as
a consequence the data furnish fuller information. In recent years
comprehensive current surveys of several important waterways of
the {)Inited States have been made and such a survey of Chesapeake
Bay and its tributaries which has now been completeg wil
to later in this text.

1 be referred

METHODS OF OBSERVING

The general process of observing currents consists of measuring,
usually at fixed intervals of time such as hourly or half hourly, the
velocity of the current; noting the direction the current is flowing
at each measurement of velocity; and recordiug the direction, the
velocity and the time at which each measurement is made. Various
means of taking such observations have been devised and three
general methods which have recently been used in Chesapeake Bay
are briefly outlined in the following paragraphs, Where other
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methods have been used, they will be mentioned in connection
with the observations to which they apply.

The current-pole method which was used in the recent survey for
determining the velocity and direction of the surface currents, appears
also to have been employed, with some variations in the kind of
float used, for most of the current work prior to this survey. The
present form of float is a wooden pole so weighted with lead that it
will submerge for most of its length and assume a vertical position
when placed in the water. The pole is attached to a log line and
allowed to drift with the current while an observation is being made.
The log line i1s marked in principal and secondary divisions, each
secondary division being one-tenth of a principal division. The
length of each principal division bears the same ratio to a nautical
mile that the time the pole is allowed to drift bears to an hour. By
this means, the velocity in nautical miles per hour or knots is read
directly from the log line. The direction the pole drifts is observed,
usually by compass and pelorus on the vessel, and when practicable
is verified by sextant angles between the pole and fixed objects on
shore. The velocity obtained by this method is considered the veloc-
itfy at a depth equal to one-half the length of the submerged portion
of the pole.

The Price current meter 1s used for taking subsurface observations.
The working parts of this meter consist of a set of conical metal
cups arranged on the periphery of a wheel which is mounted on a
vertical shaft. The upper end of this shaft actuates a recording
mechanism which makes and breaks an electric circuit, producing
clicks in a telephone receiver connected in the circuit. When the
meter is lowered into the water, the current striking the metal cups
causes the wheel to rotate, the speed of rotation and consequently
the frequency of the clicks in the telephone receiver depe®ding upon
the velocity of the current. To obtain the velocity of the current
therefore, 1t is only necessary to count the clicks in the receiver for
a specified length of time and from a previously prepared rating table
take the velocity corresponding to the observed number of clicks.
The direction of the sugsurface current is not given by the Price
meter.

The Pettersson current meter, which is used for subsurface observing,
records automatically on a photographic film numerals representing
both the direction and velocity of the current.

The recording mechanism of this meter is inclosed in a water-tight
cFlinder and consists of a small camera and electric light actuated by
clockwork to photograph, at half-hourly intervals, numerals inscribed
near the outer edges of two glass disks, a compass disk, and a velocity
disk. The compass°disk carries two compass needles and is free to
move so that the needles assume a direction parallel to the earth’s
magnetic field. The meter is equipped with a vane which holds it
always in the same position relative to the current and consequently
the numeral on the compass dial at the instant it is photographed
represents the direction of the current at that instant. The velocity
disk is rotated by an anemometer wheel to which it is indirectly con-
nected by means of parallel magnets and reducing gears. The ane-
mometer wheel is rotated by the current and the difference between
two successive half-hourly readings, as interpreted by a rating table,
gives the average velocity of the current during the half hour.
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For a more detailed discussion of current measuring instruments,
reference is made to United States Coast and Geodetic Survey Special
Publication No. 124, Instructions for Tidal Current Surveys.

METHODS OF REDUCING THE OBSERVATIONS

The method outlined below was used for the reduction of the obser-
vations made in the recent current survey of Chesapeake Bay and
applies to most of the observations previous to that survey. Other
methods of reduction used in some cases will be mentioned later in the
discussion,

The records of the field party were first carefully verified to see that
the velocities had been correctly entered from the rating tables, and
that the observed directions were accurately reduced to true azimuths
by applying to the pelorus readings the proper corrections for the
ship’s head, the deviation of the ship’s compass, and the magnetic
variation. 'The observed velocities for each depth were next p%otted
on cross-section paper. The times of observation were taken as
abscisse and the flood and ebb velocities plotted as ordinates, the
flood velocities above and the ebb velocities below the horizontal line
representing zero velocity or slack water.

Smooth curves were drawn following the general trend of the plotted
velocities and from these curves the times of the slack waters and the
times and velocities of the strengths of flood and ebb were taken.
These times and velocities together with the average true direction
for each period of flood and ebb were tabulated on forms prepared for
this purpose.

The times of slack water and of strength of current were then com-
pared with the times of high and low water at a primary tide station
and average time differences computed for each depth for each of the
four phases of current—namely, slack before flood, strength of flood,
slack before ebb, and strength of ebb. Average true directions of
flood and ebb were obtained for each series of observations and the
average velocities of flood strength and ebb strength for each depth
were reduced to mean values by applying a factor to correct for the
range of tide at the primary tide station as explained in the last
section of the appendix, page 137.

DISCUSSION OF THE RESULTS
EXPLANATORY STATEMENTS

For convenience in discussing the results of the current obser-
vations in Chesapeake Bay and its tributaries, the area involved has
been divided into the 18 sections listed below:

1. Approaches to Chesapeake Bay. 11. Patuxent River.

2. Chesapcake Bay. 12. Little Choptank and Choptank
3. Hampton Roads. Rivers.

4, Elizabeth and Nansemond Rivers. | 13. Eastern Bay.

5. James River and tributaries. 14. South and Severn Rivers.

6. York River and tributaries. 15. Chester River.

7. Rappahannock River. 16. Patapsco River.

8. Pocomoke Sound and River. 17. Sassafras and Elk Rivers.

9. Tangier Sound and tributarics. 18. Chesapeake & Delaware Canal.
10. Potomac River and tributaries.
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Table 53 presents the data derived from the observations at each
station. Italicized subheads in this table correspond in number and
arrangement to the sections of the bay listed above. The times of
slacks and the times, true directions, and corrected velocities of the
strengths of current were tabulated directly from the reductions.
The times of slacks and strengths are referred to the tides at Old Point
Comfort, the slacks before flood and strengths of flood being referred
to the low waters, and the slacks before ebb and strengths of ebb to the
high waters. The true directions are reckoned from the true north
(0°), through east (90°), south (180°), and west (270°). The duration
of flood, from slack before flood to slack before ebb, and the duration
of ?bb from slack before ebb to slack before flood are given in the
table.

The mean current hour as given in the last column of the table
is expressed in solar hours and is the mean interval between the
Greenwich transit of the moon 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 average is obtained
of the intervals for the following phases: Flood strength, slack before
flood increased by one-fourth semilunar day (3.10 hours), slack
before ebb decreased by one-fourth semilunar day, and ebb strength
increased or decreased by one-half semilunar day (6.21 hours).
Before taking the average the four phases are made comparable by
the addition or rejection of such multiples of the semilunar day
(12.42 hours) as may be necessary.

The times are given in hours and decimals, the velocities in knots
(nautical miles per hour) and decimals, and the directions in whole
degrees. In the table a minus (—) sign indicates that the given
phase of the current is earlier than the specified phase of the tide at
Old Point Comfort. Where no sign is given, the plus (4 ) sign is
understood and indicates that the phase of the current in question is
later than the high water or low water at Old Point Comfort.

Each station has been designated by a number preceded by a letter
or letters. The letters signify the party or the chief of the party,
which occupied the stations and a number has been assigned to each
station of that party. In the survey of 1927 and 1928, the numbers
are those originally assigned to the stations. For the older observa-
tions this procedure was usually impossible, either because no numbers
had been assigned to the stations or because of the duplication of num-
bers that were assigned.

The location of each station has been plotted on one or more of the
10 charts, Figures 24, 27 to 29, and 31 to 36, inclusive. On Figure 24
the indicated depths are in fathoms at mean low water. All soundings
on the other illustrations are in feet at mean low water.

The various observing parties, with the dates of observation, the
designating letters, the number of stations occupied, the localities,
and the numbers of the illustrating figures on which the stations are
plotted, are tabulated in approximate chronological order in Table 54.



TaBLE 53.—Current data, Chesapeake Bay and tributaries

[Referred to times of high water and low water at Old Point Comfort]

Observations = Flood strength g = Ebb strength a | g
. S| = Jas] g | 8
= o - 8 o = k=) B
ﬁ Location 13 E. | &l 3 g §B .5 |5 _§
1] = =4 o = @ <2 2 = =
3 Date T | Mehod | Deptn | x| 2R B2 2 ) o2 | E3 (32| 8|3 |8
) = b G = o = <
& & 2| A |28 |2 |E (B |5 |8 |=
(1) Approaches to Chesapeake Bay
Days Feet Hrs. Hrs. | Deg. | Knts.| Hrs. | IIrs. | Irs, | Deg. | Knts., Hrs. | Hrs.
ivi U(grsmn?i;rt te;lpolralrylight vessel | Feb. 16-May 24, 1919_] 99 | Pole.__._._. R ) OTO]T0O] e O INC I R O I M 9.74
¢ ., 74° 51
vz Cz;?e Charles Light Vessel (37° 05’.3 { June 2-Aug. 27, 1912.__ 4207 298 (%0.26; 562) 0.60; 420 68 |20. 36 ; 6.80 ; 11.84
75° 43'.5 W.) Sept. 1-Oct. 29, 1915___ 420} 272 |0.23 15352 0.50] 4.10 80 [%0.30 | 6.90 | 11.7
Sel miles, N. 78° E of Cape Henry | Sept. 22-26, 1019._____. 540! 29210.26 (510 1.40| 506( 920.52!7.32| 0.46
nght (36" 577 4N., 75°50/.0 W.). !
81 | 334 miles, S. 6° W. of Cape Charles | Sept. 9-10, 1851__._.._ 5.40{ 288 [ 0.99 [6.52| 1.95| 510| 102/0.74 | 590 | 0.40
lght (37° 03’.6 N, 75° 54'.8 W.). !
82 | 634 miles, S. 12° W, of Cape Charles | Sept. 11-12, 1851 _..___. 592 205100550 2.33| 58| 104 |170:692| L15
nght (37° 0I'.2 N, 75° 50'.0 W.).
(2) Chesapeake Bay
A98 | 14 mile S. of Fxsherman L. (37° 04’.7 | July 24-26, 1628 .. ___. 7 2.781 5.13 1.4715.25{( 1.61{ 5.51 227 {7174 0.58
N., 75° 58’.4 W.). 5 273 513 1.42{525| 1.56} 506 L9711 717 0.4
1214 2.55| 5.03 1.41 1533 1.46¢ 5.11 1.61 709 0.36
. 20 2,28 4.93 4121565 1.51| 5.21 1.16 {6.77 ¢ 0.30
A97 | 676 miles N., 8° E. of Cape Henry | June 24-25, 1928__.___. 7 298| 508 1.221485] 1.41) 606 1.68 | 7.57 | 0.70
Light (37° 02'.4 N., 75° 59'.4 W.). 4 3.08; 513 1.16 49| 1.5} 6.01 1.96 7521 0.76
10 2.8 518 1095251 171} 566 1.09|7.17| 0.68
18 2.83) 548 ... __ 0.86)5.45) 1.8} 526 0.716.97) 0.33
AB8 | 474 miles N. of Cape Henry Light.| July 24-27, 1928______. 7 3.33| 600 209 1.181572| 2.68] 6.58 1.4516.70 | 148
(37°00'.5 N, 76° 00r.5 W.). 8,89 3.461 6.13 |_____. 1.351 5.8 { 2.841 6.56 | _____ 1.48 { 6.62 | 1.57
1 2581 5181 ... 1.37 1 6.20{ 2.36 {.._._.- [ D 6.22( 0.67
21,24 1.8 528 .___. 1.20(7.60( 3.04| 5961 0.92(482| 0.8
3 1.8 ] 535{.——...| 080778 319! 559 _____ 0.55 (464 0.81
LV3 | Tail of the Horseshoe Light Vessel, | June 2-Aug. 27, 1912 _ 7 3.64 | 6.49) 301 (3104|560 | 2.82] 6.37] 122i21.55{6.82| 165
3% miles N. of Cape Henry nght Aug. 2-Nov. 3, 1915__ 7 354 6.20 3051%0.90) 5.45] 2.57| 6.22| 12912141 16.97| 148
(36° 58’8 N., 76° 00V .4 W.). Apr. 9-Oct. 31, 1619___ 7 3.72) 644 | 312(0.96}528| 258 627 126 ’L50 | 7.14] L5&7
A95 { 2 miles N, 11° W, of Cape Henry | July 26-27, 1928 ___.___ 7 2637 593 28611539015 53] 6.28 1,28 13.27] 1.8
Light (36" 57°.5N., 76° 00r.9 W.). 13 268 6B .___._IL74I8%M| 516 & 1.49 [ 3.48] 189
32040 203 563 ... 415918957 451 6. 0.9413.47| L62
52 L43) 518 ... L43/9.25] 4281 5 0.73 13171 0.97
t Current rotary. 8ee Tables 55, 56, mds'l pages 95 and 96, 3 Velocity not eorrected for range of tide.
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TABLE 53.—Current data, Cheaspeake Bay and iributaries—Continued

-
Observations B Flood strength g B Ebb strength a g
- b} H k)
) M e o e = 51
=z Location Els |8 1»|35| 8|8 |8.|»|E|"8
g s @ sg 58| 8 o EE B3 8 | S g®
2 Date 3 Method Depth o g 3 § 2 2 '§ ™ gm 85 S o | 8
] o 23 k-] a A == £
8 & 2 g 8|8 |8 | &g |8 |28 |8
2) Chesapeake B tinned
@ pe ay—Continn Days Feet Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs .
Ayl2 | 16 mile N. of Cape Henry (36° 56".2 | Aug. 16, 1853 __.__..._.. ® 2.70 | 560 1.36 | 572 2.00| 520| 107]116{6.70 0.70
A4 LynNn’hm 00131Wd) 36° N., 76° | July 27-28, 1928 1 7 | 3.58] 6.08 5 576 | 80|0.72|717] 128
€, s ’ 28, 1928 _ __.... 5 . . . . . .
04'.9 2w)n oads (36° 55°4 v 5 | 3.58| 598 5. 5.76 |______ 0.83 [ 7.07| 1.28
12 | 3.53| 6.18 5. 6.31 |.__._. 0.696.52! 1.58
19 | 3.48| 5.98 5. 5.96 |______ 0.45{6.62] 1.39
Ayll Lynnhaven Roads (36° 569 N., 76° | Sept. 4, 1854________.__ [©) 3.98 | 5.98 3 5.15 9010278 | 114
05’ .6W.
Lyl0 Lynnhave)n Roads (36° 56’.2 N., 76° | Oct, 24-25, 1918 ___.___ 1 | Pole. .. )eeoas 3.45| 6.65 6.05 99| 1.07 }6.8 | 151
07’.2 I -
AYI10 | 3 mile N. of Thimbje Shoal Channel | Sept. 5, 1854___.______. i [©)] 223 573 314 /1.01/6.91| 272 6.22| 122{1.01]5.51 ] 1.04
(36° 59'.6 N, 76° 08'.5W ). ! 0| o8
Ly7 | 3% mile 91:1 o{l mmglgg ghoal) Channel | Oct. 10-11, 1918.___.___ P01 | Pole. ouoofeoooeeoo 2.60 | 5.25| 256 |0.80 16.02| 220 £.00] 127 | 0.85 | 6. -
(36° 59'.9 N., 76° w
A@3 | Thimble Qhoal Channel (36°59".3 N., | July 27-28,1928._______ 1| do...._. 7 | 3.68 22| 7.06 121|1.02|7.42| 166
0
008w 63 | 3.68 196! 6.5 |_____. 128]7.72] 143
1616 | 3.63 241 6.86 | _____ 0.78 1 7.22| 162
26% | 3.13 2.66 | 7.06 | ... 0.79 | 6.47 | 1.64
AyS | 3% mﬁue? E. 03,(’2%d ;’g’mt’ C%Vm)fort Sept. 25-26, 1854____._. ® 3.40 0.70 | 512| 98|1.65 870 0.5
Light (37° 6° 13°.7 W.).
Ly4 | 2% miles E. of 014 Point Comlort | Sept. 12-13, 1918___.._.. 1 | Pole. . . oo feoooceceooo. 400 555 20810.84|3.02| 0.60 | 6.05| 88 1.84 |9.40| 0.87
Light (37° 00.1N., 76° 15'.2 W.).
Lyll |6 mﬁes southwestward of Fishermuan Oct.30-31,1918. _____.| 1 |[.._.. 1o s TR R, 3.25| 5.75| 310 0.88 |4.92| 175 | 5.30 96 |1.33 ] 7.50 | 0.83
I (37° 02’2 N., 76° 04’ .5 W.). : 5 7 4,93 | 3.01
Ay5 | 5% miles E. of 0%,ack Rl‘ver Light (37° | Sept. 26-27, 1854__..._. %4 Flogt.u_.... ® 4.30] 802 340 | 1.55|7.49| 537 ] 7.07| 144 ,0.95 | 4 .
05’.1 N., 76! 7W.
Lyl | 7% mile W. of Flshermnn 1. (37°05°.9 { July 25-26,1918______.| 14| Pole..__.... 2.10 6.32{ 200 4.80| 156|246 |6.10 | 0.34
N., 75° 59’.8
E3 | 534 miles S, 36" W. of Old Plantation | Aug. 6,9, 10, 1909__... 1 oo L 8% ! 3.62| 7.09 0091|597 3.17| 6.83| 180 {0.04 | 6.45 | 200
F]a)ts Light (37° 09.2 N., 76° 06’.9
Ly5 | 3% mﬂSS: 8.10° E, of York Spit Light | Sept.30-Oct. 1,1018 .| 1 |..... 1 S FEU 3.00| 7.20| 346 | 0.32 (6.82| 3.40| 6.30 | 173 | 0.97 | 560 180
37° 09’4 N., 76° 13.9 W.).
E2 4}5( miles S. 43° W.of Old Plantation | Aug. 18,19,23,1909___ 1 |._.... s YR I, 475| 7.05| 16/0.61 [5.12| 3.45| 7.90 169 [0.71 | 7.30 ] 261
Flats Light (37° 10°.5 N., 76° 06”.7
w.).
Ay 2;? 31;131%, sg §6° ;«% otlzgl York § )prl: Light | Oct.7,1854. . _._______ 34| Float.__._.. ® 247 6.25] 327 0.60]6.10] 215 5.15| 149 [ 0.60 | 6.32 | 0.82
El | 4 miles 8. 49°'W. of Old Plantation | May-July, 1909 ______ 13| Pole.. _..... 514,815 | 4.20| 7.09 71080(570] 3.48| 6.87) 176 | L12[6.72| 223
lj‘wlats Light (37° 1.0 N., 76° 06'.6
Ay3 45?31711111016,85*9 ;‘;oofw Yorvl; Spit Light | Oct. 8,1854__________. 361 Float-_ ... ® 3.40 7.17 13 (0.76 |6.17]| 3.15| 59 | 170 |0.76 | 6.25 [ 1.72
sn1 Yggk b%lt)Channel (37° 129 N., 76° | Oct. 31-Nov.1,1029__| 1 | Pole.._..... 7 | 4.48) 7.28 81082/560) 3.66| 721 195|1.07 | 6.82| 2.48
5
Ly3 | 334 miles S. 84 W of Old Plantation | Sept. 10-11, 1918_._____ 1 | A0 e 480 | 7.20 .- 0.16 | 5.12] 3.50 7.75| 183 | 1.31 | 7.30 | 2.63
F]ats Light (37° 13’.3 N., 76° 07°.7
A100 | 54 mue 8. 89° W. of Old Plantation | Oct. 16-18,1928_ __..._| 1 |_____ do_...._ 7 | 4:08| 6.78! 355 |0.61|4.70] 236 6.66| 158! 1.36 | 7.72| 1.79
%a)ts Light (37° 13".7 N., 76° 03'.6
" 6.88 0.89 {540 306! 7.01 2.08
6. 68 1.36 | 6.15| 3.06 ® 6.21 1.64
6.43 |______ 1.63]6.85 3.46| 6.5 1.69
Ly6 | % mile 8. 85° E. of Old Plantation | Oct. 1-2,1918_ ___.__.. 1 6.25] 350 10.6316.57| 2.95| 5.9 1.30
%‘!a)ts Light (37° 13'.7 N, 76° 02°.0 i
Y1 | 134 miles N. 50° W. of Old Plantation | Sept. 25-29, 1899 1| 4.58 | 6.92| 356 | 160|559 | 3.75{ 7.17| 170 | 1.70 | 6.83 | 2.42
Flats Light (37° 14'.9 N., 76° 04’.6 i
La5 2% mms §, 86° E.of Tue Marshes | Sept. 5-7, 1918.......... 2 0.60 | 4.07| 23 |0.56 |6.94] L12| 260 122|049 |5 48 | 11.59
Light (37° 12.8 N, 76° 20°.6 W.).
La4 | 3} miles §. 82° E. of Tue Marshes | Sept. 5-7, 1918._.._.___ 2 1.73 | 4.43| 271 [ 0.98 [ 6.34 | 1.65| 4.88| 116 1.03 | 6.08 | 12.41
Light 37° 13.7 N., 76° 19’.0 W.).
A% | 134 miles N. 78° W. of York Spit | Aug. 16-17,1928____... 1 1.83 | 4.88] 309 0.98|6.55! 196| 5.11 .88 | 5.87 | 0.26
Light 37° 1229 N., 76° 17°.4 W.). 1.98 | 4.98 1.16 | 6.45] 2.01 | 5.26 .91 1 5.97 | 0.38
193 4.88 0.99 {645 1.96| 52 0.84{597] 033
1.83 | 4.88 0.84 | 6.75| 216 5.26 0.54 | 5.671 0.35
La6 | 134 miles 8. 31° W. of New Pt. Com- | Sept. 57, 1918_________ 2 Li12| 417 0.75)6.03| 0.73| 3.58 0.90 | 6.39 | 11.64
fort Light (37° 16’ 5N, 76°177.9 W ).
Ly2 | 13 miles S, 21° W. of New Pt, Com- | Aug. 27-28, 1918 ______| 1 |..._.do..o__\ooooo ... 0.00| 3.25 0.46 | 6.67 | 0.25| 3.40| 144 | 0.46 | 5.75 | 10.98
fort Light (37° 16°.7 N.,76°17°.3 W.).
A66 | 134 miles S. 75° W. of New Pt, Com- | July 25-27, 1928.______ 7 | 0.611 4.08| 327/0.99{6.97] 106 3.76 0.71 | 5.45 | 1L.61
fort Light (37° 17.6 N., 76° 18’8 6 | 0.78| 398 _____ 1.05(6.60 | 0.96| 3.8 0.78 | 5.82 | 11.64
w.). 13 | 1L23] 3.58 0.48 | 4.65 |—0.54 | 3.26 0.68 | 7.77 | 11.12
20 | 073, 3.28 0.27 | 5.05 |—0.64 | 3.31 0.52|7.37 | 10.91
A64 | 53 miles S.87° E.of Wolf Trap Light | July 16~Aug. 21, 1928_ _ 7 | 5.36| 805 0.855.55| 4.49| 802 1.28 | 6.87 | 3.30
(37° 3.1 N., 76° 04’ 3 W.). 810,12 | 530 816 .___. 0.99 | 5.66 | 4.54| 8.09 1.40 | 6.76 | 3.34
20,25 | 528 3.63 133 5.77 | 4.63| 7.69 1.55{6.65| 3.38
30,32 | 4.57| 7.65 | _____ 1.26 | 6.67 | 4.82| 7.78 0.96 | 5.75 | 3.02
40 | 458/ 7.98 0.656.00] 416 7.18 0.55[6.42] 2.79
48 | 443 7.62 106|648 4.49| 7.53 0.75|5.94 | 284
Ly9 | 3% miles 8. 88° E. of Wolf Trap | Oct. 15-17, 1918........ 507 7.70 0.80 | 5.75 | 4.40| 7.80 1.17 | 6.67 | 3.06
Light (37° 23".3 N, 76° 07/.0 W.).

i Surface.
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TasLE 53.—Current data, Chesapeake Bay and iributaries—Continued

1 -
Observations B Flood strength g ; Ebb strength a g,
. = b= S
S 5 |5 1a 5 % = 3 | 8y
p Location 5 | £ (29 2 : ‘BENENNESER
2 Date B Method Depth PR R - % |2 |8813 12 g
s 3 g g |88 s (2818 [BH 82132
5 ~ = |& |A >R | @ |B |A > 1R [=
@ peake Bay—Continued Deays Feet Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs.
A3 | % mile W. of Woll Trap Light (37° July 17-Aug. 21, 1928_ 1 470 741 16| 096|544 ] 3.72| 7.48| 188 |1.24 | 6.98 | 2.64
274 N.,76° 11" 9 W), 470} 7.45 1.08 | 538 | 3.66| 7.26 1.38 | 7.04 | 2.5
460 7.38| " 098 {555 | 3.73| 7.2 1.38 | 6.87 | 2.56
466 7.31 0731545 | 3.60| 7.56 (L. - 1.20|6.97| 262
Ay2 | 134 miles N. 77° E. of Wolf Trap | Nov. 16-19, 1851_______ 7.00| 9,25 1] 05045 | 517| 9007180 |1.10 | 7.83 | €42
Light (37° 28'.7 N., 76° 10,0 W.). o
A65 | Off Mattawoman Creek (3723’9 N., { Aug. 19-21, 1928_______ 1 71 45| 7.081 14[080(6.45( 461 _____| ____|_____ 5. 3.02
76° 01'.0 W.). 6 | 448 783 _____ 0.94 | 6.55 | 4.61 587 294
15 | 448 7.58 .. 0.50 [6.60 | 4.66 582 2.87
Piankatank 2? ;?ﬁ Lo 8':;’3 g‘fg 3.'%2 6.06 | 1247 0.24 s&gg Hé
: July18-19, 1928 _.__| 1 ! 5.78 . . . . .
Ae Oglgéaﬁd I;&lnztl' k)a R. @7 v ' 6 | 333! 553 (... 038 3.95] 1.86| 6.06| ____ 0.33]7.47| 1.02
15 | 28| 58|00 043 |557] 1.96 | 5.5 |- ... 0231685 0.78
24 | 193] 533 0.43 | 6.65! 216 | 5.46 .- 0.231577| 0.04
FC6 | Off Occohannock Creek (37° 33'.8 N., | Nov. 9-10,1920___.____ 1 16 | £900| 805/ 28|102]632| £8 | 890|174 0.82]610| 3.48
]
767 0F.3 W.). 33 1 475] s.05| 25101 [622| 45| 830] 186|071 {6220 3.2
48 | 430 6.95| 17053 |567{ 3.55| 7.60| 197 [ 0.68 | 6.75 | 242
Ayl | 256 miles S. 63° E, of Windmill Pt. | Nov. 20-23, 1851_..__._ 3 | 667| se2| 20|044[467| 4.92| 825| 150)004]775] 401
Light (375 34’7 N, 76° 11'.3 W), X w0 | 165
L19 3% miles N. 72° EN of Wilx(zydmlvlé Pt. | Nov. 5-6, 1850 1 6.17]| 9.37| 3401052662 637 p 9.42) 158]0.67]5.
t (37° 36’8 N, 76° 10°.5 W.).
Al01 S. 2° E. of Tangier Sonad Aug. 21-22, 1928 ____.__ 7] 55| 835l 14/102)615| 528 &28) 20057627 | 3.68
Light (37° 426 N., 75° 58'.2 W.). 9 | 545| 810 | .____ 121 | 580 483 808) - __ 101|662 3
2% 505 ] 7.70 ({22000 138 |605] 4.68| 7.93 " 0.98 | 6.37 | 3.16
W3R | PR ow) ) e es 14| e
A53 | E. of Sandy Point, Great Wicomico | July 16-17,1928_______ 3 3 3 3 .
R. (37° 4.3 N., 76° 18.0 W.). RS 350 3.00| 680 .. 0.3 g.gg 200
19 | 3.38 6.10 :iog 6. 48 R 3:32 .32 1&%
A38 | 6 miles N. 2° W. of Smith Pt. Light | July 4-5, 1928__________ 71 7.6 490 613/ 9. 135 .
3 g 1| 7.5 520 633 9.83 | ____ 165 (72| 5%
G IN., 76 1A W.). ® | 7.35 530 623 9,58 | 77C 080 |712| 510
4 | 69% 6.05| 6581 9.5 |20 065|637| 504
LI8 | 43¢ miles W. of Smith L. (37° 59".4 N., | Aug. 30-31, 1849 _______ 0] 6.82 7.22| 7.62| 1002|164 (0.51 | 520| 553
76° 0.0 W.).
L17 j 24 miles 8. 37° E. of Pt. Lookom June 25-26, 1849 . ____ ) R S ® 7710721 320 | 0.57 | 4.87( 622 9.92( 150 | 0.62 [ 7.55| 548
nght(38°(l)’5N,76°l7’ w).
FC5 | 3% miles 8. 70° E. of Point No Point | Jan. 25-26, 1921___.____ 1 0
Light (38° 06'.4 N., 76° 150 0W). ®
sglitolojojlololo ojololo]o
: 98
N 12
FC4 | 3% miles 8. 73° E. of Point No Poiat | 1920-1922_——..—____. 534 0| 7.92]10 8/043 /602 7.5210.43] 161 |0.48 | 6.40| 599
Light (38° 08'.6 N., 76° 13’.1 W.). 4 33 | 7.61|10.34| 6]047{606] 7.25/10.46| 169 | 0.51 | 6.36 | 574
3 i 66 | 690! 0.63| 350 |0.50|602] 6.50| 1002} 176 | 0.81 | 6.40 | 516
2 I 98 | 6.57|10.19 | 346 [ 0.46 {6.42| 6.57 | 10.50 | 155|0.70 | 6.00 | 528
2 |20 124 | 7.59{10.60 | 333|056 |597| 7.14 | 10.24 | 166 | 0.50 | 6.45 | 574
FC3 | 3 miles 8. 76° E. of Point No Point | Mar. 30-31, 1021______. 1 0
Light (38° 07.0 N., 76° 13’7 W.). 373 Ofolojolo]odoloilololole
A | 1 mile N.sst" W. o P;:igt_[yso Point | July 4, Aug. 24, 1928..| 1 7
TERL (357 OO N 76 IS W) o we o 0o lolo|lololo ololo]w®
o 32,35 :
A40 | 3 miles N. 63° E. of Point No Point | July 4-Aug. 25, 1928___ 7 | 838 |11.50 | 354 042|638 | 834 11.50| 151 | 0.56 | 6.04 | 6.75
Light (38° 09°.1 N., 76° 14/.0 W.). | Aug. 24-25, 1028 ____ 2 | 788|128 0.796.95| 8411208 _ 0.50 | 547 | 6.98
do 55 | 678 |1218 ) 1 100|855 8911221 |2 050 |3.87 | 6.8
. 88 | 5908|1148 | .. .. 0.78 | 9.70 | 9.26 1216 |-__ - 043|272 65
116 | 2% miles N. 22° E. ® 8.67 12,07 | 338 | 0,42 | 7.47| 872 {1162 | 141|052 |495| 7.00
Light (385 09'. )
Aa |4 mi]tes 3§° %’ 2wi~1 mlg%%yu vsvtmit Julgzs 45, Aug. 24-25, 7
fent ICEIW). | BB et @ O lololo|lolo|lo|lo|olo
2,21%
L15 | 1% miles 8. 71° W. of Hooper Strait | Sept. 30-Oct. 1, 1849___ 81 62| 872| 43|040|472| 452| 842 225|050 |77 370
Light (38° 13’2N,76° 8W).
L14 | 27 miles N. 62° W. of Hooper I | Oct. 89, 1849.________ I I 8 | 802|1222| 354 a6l |932]1092]|1207| 141 /031 {310] 7.63
Light (38° 16'.7 N., 76° 18’2 W. ).
Wiz | 134 miles O%B&mnf (38° 19°.0 Sept. 4-5, 1000________. 1) I re 182 | 341 |osr | 0.2 | 1.52 | 139 | 047 7.19
Wkl 1;;69;17%0%Bm1 (38° 10.5 N, | Sept. 5-6, 1900 160 4% 622 (1142} 345130 ]|0.72] o.52 | ______ 151 [ 0.30 | 270 | 6.35
Fa3 %qulﬁ E7 631 a])?ru% ;’t Light (38° | Oct. 28-Nov.11,1897..] 14 | Pole._____.__ 6 | 8991207 358 (052643 9.00 1200 150 |0.47 | 500} 7.34
L13 | 134 miles’ N. 845 E_"of Drum Pt. | Oct. 45, 1849____.____ 1 8 | 8121042 251 [0.28 | 4.67| 637 |1012]| s0!0.53|7.75| 558
Light (38° 1¢.3 N., 76° 23'.5 W.).
112 | 2 miles 8. 84° E. of Cove Pt. Light | Oct. 12-13, 1849________ U I 8 (1087 | 0.55| 340 {02 |417| 862] 025 18 | 087 |8 25| 810
(38° 23’0 N, 76° 20/ 4 W.).
H74 | 33 miles N. 86° W.of Cove Pt. Light | Sept. 14-186, 1927 1% Pole. 7 8
(38° 23’4 N, 76° 18°.6 W.). %| Meter—_7 2" 5
11,123
%, 20

3 Surface.

4 Current irregular.
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TaBLE 53.—Current data, Chesapeake Bay and tributaries—Continued

-
Observations =3 Flood strength g B Ebb strength e |8
. 2 g | H g |5
O 73 ~ a [~ ~ = - o 5
f Location % % = S s 2 —_5-, % % 2 2 21 B 5 2
=2 B feth h CEREE: S 183 B g
= Date _§ Method Dept '§ 2a | 25 % E § g= £k é 2 |8
o & z |E |A S & ® | & =} SlE |8
#) Chesapeake Bay—Continued
@ e = Feet Hrs. Knis.| Hrs. | Hrs. | Hrs, | Deg. | Knts.| Hrs. Hrs.
H73 | 176 miles N.88° E. of Cove Pt., Light | Sept. 2-15, 1927_______. 7 8.79 0.56 | 6.51; 8.88 . 0.78 | 5.91 7.23
(38° 23'.2 N,, 76° 20/.5 W.). 15, 16, 17 8.81 0.5416.49 | 888 0.77 15931 7.24
38, 39,43 8.46 0.81 | 7.11 9.15 0.73 | 5.31 7.2
60,63,60 | 8.26 0.65 | 6.85 | 8.69 0.65 | 5.57 | 6.8
H72 | % mile N. 78° E. of Cove Pt. Light | Sept. 15-16, 1927. 7 8.25 0.686.80| 863 1.0815.62| 6.98
(38° 3’.3 N, 76° 22.2 W), 10 8.20 0.87 | 7.00 | 8.78 1.07 | 5.42| 6.96
24 8.05 0.84 | 6.95| 858 0.84 | 5.47] 6.78
38 8.10 0.60 | 6.30 | 7.98 0.90 {612 644
Fa2 | 374 lgn]m W. o)l James I, (38°31°.1 N, | Oct. 4-19, 1897._____.._ 6 9.03 0.35|7.19| 9.80 048523 | 7.8
76° 25’ 8 W
H70 | 1 mile S. 43° W. of Hills Pt. Little | Sept. 13-14, 1927 7 7.55 0.35| 6.50 | 7.63 0.30 592 592
Choptank River entrance (38° 33’ .0 7 7.30 039|685 7.73, 0.29 {557 | 584
N., 76° 19.6 W.). 17 7.20 0.30 | 6.80 | 7.58 0.30 562 565
b14 7.25 0.17 | 6.75 | 7.48 0.321577| 567
M4 | 134 miles S. 60° E. of Sharps 1. (38° | July 25, 1848__ . __.____ ® 7.62 082 |....f o . 0.92 f.oonnn 5.35
36’2 N., 76° 19. 8 W.).
H63 | 136 miles N 33° W. of Cooks Pomt, Sept. 9-10, 1927________ 7 810 0.70 ;| 6.20| 7.88 0.601622| 64
Choptank River (38° 39.1 N, 12 815 0.69 610 7.8 0.60 | 6.32| 6.42
18'.5 W.). 30 7.65 0.7516.15] 7.38 0.50 {627 586
48 6.05 0.85|7.05{ 6.68 0.40 | 537 477
L11 | 3% miles N, 87° E. of North Chesa- | Oct. 20-21, 1849_______. 8 | 11.72 0.47 | 5.02 | 10.32 0.57 1 7.40 | 9.58
) e Beach (38° 42’.5 N., 76° 27".5
T7 { 376 miles N. 51° E. of North Chesa- | Aug. 16-28, 1897_______ 13 | Pole________ 6 11051 1.73 6/043(7.23]11.32| 1.89| 184 [ 0.48 | 519 9.39
mpeakl O%V%cach (38° 44’8 N., 76°
H62 | ¥ mile off Great Marsh Pt. (38° | Sept. 6-7,1927________ 1 4140 9.00¢ 038 7.70 | 10.28 | 12.13 170 1 0.61 | 4.72 | 7.87
49N, 76° 21’2 W), 7% 9.20) Q.28 7.40 | 10.18 | 11.93 |___._. 066 | 5.02( 7.82
12 9.05; 0.03 6.90| 9.53 | 11.78 | _____ 0.54 | 552 7.52
L10 | 336 miles 8. 47° W. of Bloody Pt. Bar | Oct. 18-19, 1849________ 1 8 | 1L67{ 215 5.27|10.52 | 205 197 [ 0.46 | 7.15 | 9.63
Light (38° 47”.8 N, 76° 26’.7 W.)
H57 | 174 miles 8. 22° E. of Bloody Pt. Bar | Sept. 2-3, 1927__.....__ 1 7 110.65] L23 525| 9.48| 176 | 187 [0.50}7.17 | 881
Light (38° 48’.3 N, 76° 22°.6 W.). 8 11070 1.18 520! 9481 1.16 {-..... 050172 866
20 ;10.80 | 1.28 505 9.43 0.86 | _..__ 0.6l |7.37 | 862
32 110.85 ! 1.98 575110181 206 I_____. 0.50 18671 9.30
H56 | 3 mile N. 27° W. of Bloody Pt. Bar | Aug. 10-11,1927____.__ 213 16 | 0.77  6.10 ) 11.38 | 1.91 6.32 | 9.81
Light (38° 50.7 N., 76° 24’ w.). 198} ... 0.72 | 6.35| 11.48 | 1.91 6.07| 9.76
1.48 1 _.___ 0.77 1 6.95 | 11.38 ¢ 1.76 547 | 9.40
L13 | _____ 1.17 {805 [ 11.33 § 171 4371 9.00
Hb55 | 134 miles N. 65° W. of Bloody Pt. Bar | Aug. 8-Sept. 2, 1927.__ 219 141049 549 | 11.08 | 1.91 693 9.83
Light (38° 50’.8 N., 76°25’ 6 W.). 1.48 ... 0.49 | 6.07 | 11.17 | 202 6.35| 9.58
218 |______ 061 628 )11.35| 202 614 979
226 |_..._. 0.66 1638 |11.36 | 192 604( 9.76
Hb54 | 334 miles N. 80° W. of Bloody Pt. Bar | Aug. 9-10, 1927__..._.. 228 3451006 (400 9.28| 1.46 8.421 9.21
Light (38° 50°.6 N., 76° 27' Ww. 31 [ 0.16 | 430 | 9.38 | 1.36 812 9.16
208 {.___.__ 0.16 [ 3.80} 9.08| 1.36 8.62| 0.08
1.98 f_.____ 0.21 | 460} 938 121 7.82| 897
H53 | Off Cheston Pomt West River (38° | Aug.8-9,1927_.___.__. 1120 2791 0.23 |_.____ 7.28 1 11.28 6.26
51’4 N., 76°31".2 W.). 11.70 0.35 7.68 [ 11.28 6. 56
1L50 .. . 024 | ___.. 7.28 (1118 6.33
Fal | 156 miles 8. 28° E. of Thomas Pt. | Sept. 2-Oct. 1,1897.___| 26 | Pole-__.__.. 6 {1201 | 0.82 14 104955 | 1L15 | 225 9. 59
%{rmal Light (38° 52.5 N., 76° 25’.2
L8 136 miles 50° E. of Thomas Pt. | Oct. 17-18, 1849_______. ) S SR 8 Q70| 210 3110233671037 255 201 | 0.68 875 10.08
Sh(;al nght (38° 53'.1 N., 76°24'.9
H51 | Mid-channe], oft Marshy Point, South | Aug.11-12,1927____.._ 1 7 0.457 0.08) 347 (0.09 | 515| 818 | 1213 156 0.09 | 7.27 | 7.38
Rlver(38°54’3N 76°%’8W) 9 995! 0.18 . ._.__ 018 440 7931 0.01 |._____ 0.18 802 7.55
14 9.00 | 1240 ___._ 017 (7.79| 7.63 | 11.28 |______ 0.22 | 7.37| 6.90
H50 | 3 miles N. 49° E. of Thomas Pt. Shoal | Aug. 22-23, 1927__._.__ 1 7 110630 203 2{050}7.40)11.28 | 141 198 | 0.85 | 5.02{ 9.28
Light (38° 55’.9 N., 76° 23’.4 W.). 23 1 11.55| 1.98 0956451158 1.91 |._____ 0.851597| 9.78
57 11160 223 0.95]650 ) 1L68 | 1.96 | ___._ 0.85] 592 9.9
92 1 1L15) L7 |.__.__ L15{675]|11.48 1 196 |._____ 0.6515.671 9.61
T6 | 344 miles N. 37° E. of Thomas Pt.| July 28-Aug. 12, 1897__| 15 6 |1L87] 231 2% {053 )5655{1L00{ 212 202,090 6.87| 9.8
Sh(;al Light (38° 56’4 N., 76° 23’8
Beg | 234 miles 8. 66° E. of Greenbury Pt. | July 14-16, 1845__ _____ 2 s 344 1 0.72 1 586 2021 0.87 16.56 }.__.._
Sh(;sl Light (38° 577.0 N., 76° 2¢’.1
H47 | 3 mile 8. 35° E. of Greenbury Pt. | Aug. 23-24, 1927_______ 10.00 ] 0.83| 344 { 0.36 ] .40
Shoal Light (38° 57°.4 N., 76° 26'.7 10.15, 138 0.51 1495
w.). 10.05 | 1.23 | .- 0.51 | 4.85
10.10 [71.18 ... _ 0.41 | 470
Fgl | 36 mile S. 30° E. of Greenbury Pt. | June 14, 1910_ _________ 872 L40] 329]0.61 } 7.82
§W1'10m Light (38° 57.5 N., 76" 26’.9
T5|1 l&i}e SN/O"7E° of §t;ndy Pt. Light (30° | Dec. 5-8, 1896._____..__ kI do__...__ 7% 1220 254 111078 | 584 | 11.62| 257 | 180} 0.83 | 6.58 | 10.26
6 6° 21’9 W.).
T4 % mllt&? 8811\; I;] gfzzs,an%e? Pt. Light | June 22-July 22, 1807_.| 27%4._._. do....... 6 [1L93| 257 9108 |64 |1L92) 272 192|0.82]|601] 10.32
° (3
Bce5 | 114 miles 8. SO E. of Sandy Pt. Light | July 17-19, 1845 . __._.| 1} - - 19]0.060]618 176 1 0.73 | 6.24 |oeeu.e
(39° 00".9 N., 76° 21’.6 W.),
1 Surface,
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TaBLE 53.—Current data, Chesapeake Bay and tributaries—Continued

9—08—,02E98

-
Observations = g 2 2
_ 5 | A S |5
] [ 1 5] ™ - S
S 18 |80 2|82 8 |8, |~|E "8
o e (83 = < < =g = = k=1
Date & Method Depth 2 o 23] 3 9 ] < o8 3] =1
5 ] g1 | £8 < g 5 g E5 = 2 18
2 E BE | S < E BE| 3
& B | B A > | = W | & A SO =R
(8) Chesapeake Bay—Continued
Feet Hrs. | Frs. .| Hrs. Hrs. | Hrs. | Hrs.
H42 | 134 miles N. 86° E. of Sandy Pt. Light | Aug. 24-25, 1927__._._. Pole. . ... 003! 338 5.65 1.96 6.77 | 10.40
(39°01’.0 N, 76° 21".6 W.). 2.48 5.55 1.96 6.87 1 9.77
2.38 'g.w 1.86 5v02§ gg;
2.33 20 211 4. .
H41 | Off Mountain Pt., Magothy River 0.98 6. 80 0.86 5621 861
entrance (39° 03'.4 N, 76° 26'.1 W.). 0.93 6.95 0.96 547 | 8.5
.18 7.85 0. 4.57 | 8.67
Be4 | 2 miles E. of Gibson I. (39° 04°.6 N, 1 512 % 7.31
76° 22 8 W.
H40 | 234 miles N. 34° E. of Love Pt. Light
(39° 05'.4 N, 76° 15°.3 W.). ® O]
H39 | 214 miles N, 27° W. of Love Pt. Light 28 0.55 | 6.53 5.89
(39°05'.4 N, 76° 18’3 W ). % 0.55 | 6.40 ﬁ 6. 02
7 0. 69 g g 7 5. gg
.y 91 0.58 | 6. 6.
H38 | Craighill Channel (39° 05'.5 N., 76° T3 0.81 | 6.00 gé 6. 42
2.6 W), 83 0.82 | 8,15 86 6.27
93 0. gg ’? 65 . 36 5.7
18 0. .30 06 5.12
Bc2 | Ofl Patapsco River entrance (39° 0.55 ] 5.76 6. 66
Be3 o:%l Npsoo" 76°Rﬂ o ontr (39°08".2
ata iver entrance 0.76 | 6.48 594
N., Ww.).
FC2 | O Patapsco River entrance (39° | Mar. 6-Dec. 11,1920___ Eckman 3 0.78 | 3.24 .51 | 5.4 3. 0. 6,98
08”. 4 N., 76° 207.0 W ). © o %
Jan. 27-Mar. 27,1921 . 16 11216 276 0.7816.79 3.51 0.64 | 5.63
Mar. 20-June 4,1922___ 36 j1L.11§ 2.05 0.73 733 2.35 0.47 | 5.00
FC1 Oft Patapsco Ifxver entrance (39° | Oct. 15-16,1920________ @) 1212} 3.70 0.87 1 7.32 3.55 0.57 | 5.10
09.0N., 76° 23'.0 W ). 1 12,12 350 0.77 1 7.17 3.55 0.72 | 5.25
. 38 | 11.42( 3.00 0.77 | 7.22 2.70 0.62 152
T3 | Oft Patapsco River entrance (39° | Jupe 11,1807 ____._____ 6 1.80} 3.8 0.36 | 4.02 3.60 0.96 | 8.40
0Y.2N., 76° 21’.1 W),
2 | 0ff Patapsco River ‘entrance (30° | May 17-June 16,1887 6 | o.78] 3.36 0.52 | 5.23 3.15 0.80 { 7.19
03 N., 76° 19,8 W),
Wb7 | Off Patapsco River entrance (39° { Junme 7-25, 1867.._.__..! 14 (... . _...... @ 12.03 6. 68 5.74
10°.1 N., 76° 23'.8 W),
Bel | Off Pata psoo River entrance (39° ) Sept. 17,19,1845_____..! 1% o e 6.31 5.11
10°.3N., 76° 21'.5 W.).
Wbhs |} Of Patapsco River entrance (39° | June 4,1867. __....._...] W . ... @) 12. 22 6. 22 6. 20
13 N., 76° 24°.0 W.).
Wbo | Off Pata psco River entrance (39° | May 27,1867....___._f Y| ool ) 3.20 5.12 7.30
15N, 76°25'.2 W,
T1} Ooff Patapsoo River entrance (39° Apr. 28-May 7,1897___ 4 0.26 5178 .99 6. 64
125N, 76° 244 W,
H27 | Ybmile off Tolchester Beach (39°13'.1 | July 89,1927 ... 7 1L21 . . 5.32 2.91 7.10
N., 76° 15". 2 Ww.). 5 1.28} 3.88 ). 5.15 3.45 7.2
11 1.08] 3.58 0.80 | 5.30 2. 56 7.12
18 1.21 3.28 0.54 1 5.07 3.26 7.35
H26 3% mll 45° W. of Pooles 1. (39° | July 11-12, 1927 _____.__ 7 0.53} 3.23 0.83 | 5.55 2.86 6. 87
ON., 76 197.6 W.). 5 0.58 | 3.38 0.72 { 5.30 2.81 7.12
11 0.73 3.18 0.77 | 5.40 2.91 7.02
18 0.53) 278 0.65 | 5.85 3.28 6.57 |
H28 | Off Lynch Pomt Back River (39° | Aug. 4-5, 1927 ________ 5 111.94] 2.21 0.55 | 6.11 2.56 6. 31
150 N., 76° 26.3 W.). 5 |1Le4| 201 0.43 | 6.06 2.51 6.36
8 {1190 191 0.40 | 6.20 2.51 6.22
H24 l%miles SE.of PoolesI. (39° 159N, | Aue. 17,1927 ______ ... 7 0.58| 3.08 0.83 | 5.70 3.76 6.72
76° 143 W.). 6 0.68; 3.18 0.93 | 5.70 3.86 6.7
14 0.58 | 3.08 1.11 | 5.90 3.46 6.52
22 018} 2.98 1.03 | 6.50 3.26 5.92
L7 l}? Euilo'ﬁ Svl% ;)fPooIesI (39°16". 7N, [ June 11-12, 1846 .. __.| 2 f el 0.44 | 4. 14 8.28
6° 14’3 !
H23 | 3 mile SE. of Pooles I, (39° 16’8 N, | Aug. 16-17,1927.______ 7 11225] 2.98 1.321 6651 0.06 3.06 . 5.77
76° 15'’.3 W.). 8 11230 2.98 1.04}6.55] 0.01 2.96 . 5.87
19 12220 2.73 1.001665] 0.01 2.66 . 5.77
30 12.15 2.53 0.96 | 6.75 0.06 2.61 . 5.67
H22 | 14 mile NW. of Pooles I. Light 39° | _.__ do .o ..__ 4 §1L50| 2.58 0.69 16601168 2.26 3 5.82
177.6 N., 76° 16’3 W), 7 J1L70] 2.48 0.78 1 6.50 | 11.78 | 2.16 3 5.92
11 [ 1.8} 2.38 0.69{6.30(1.68[ 226 . 6.12
H25 | Off Carroll Pt. Gunpowder River | Aug. 15-16, 1927 _.__.__ 7 11210) 2.5 0.61 1 6.30 | 11.98 | 2.61 3 6.12
(39° 18’.5 N., 76° 18’ .9 W.). 4 | 1215 | 2.48 0.426.30{12.03| 261 . 6.12
10 {1220 2.78 0.426.20 | 11.98 | 2.56 . 6.22
16 [ 1215} 278 0.42 ] 6.45 2.71 . 42 | 5.97
18 lm;‘l,evg.of “)faton Pt. (39° 189N, | May 25-29,1846________ - PRI 0.96 | 5.73 .46 | 6.69
76° 1274 W
H20 | 3 mile NW. of Worton Pt. (39° | Aug. 18-19,1927______ 7 (11.80| 278 13817001238} 206 0.98 | 5. 42
196 N., 76° 11’1 W.). 5 [1L70] 2.88 1.18 1 7.20| 0.06 | 206 0.88 ] 5.22
1214 11.60 | 2.68 1.0817.30) 0.06 1.8 0.78 | 5.12
2 ;1.5 2.68 0.88 | 72011228 1.86 0.8 | 5.22
HI19 |1 mile NW. of Worton Pt. (39° | July 22-Aug. 19, 1927__ 7 089 | 3.75 1.07 | 5.74 | 0.21 3.63 1.45 | 6.68
20.1 N., 76° 1’8 W), July 9-Aug. 19,1927 _. 635,7,8 1.42 ' 433 1.21 {559 059 3.8 1.42 | 8.83
July 22-Aug. 19,1927 __ - 16, 18 0.82| 3.81 1.07 1608 0.481 3.5¢ 1.22186.34
July 14-Ang. 19,1927 __ 24, 2514, 28 0.871 3.96 1.0816.301 0.751 3.81 1,057 6.12

3 Surface.
s Part of the observational record obtained with a Pettersson current meter.

irregular.
¢ Dlrecuons from Pettersson current meter only.
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TaABLE 53.—Current data, Chesapeake Bay and tributaries—Continued

*

-
Observations B Flood strength g 4 Ebb strength g
s = 3| H g |5
e — = ' = =
i Location S 2 g’\ o g 2 5 g’\ . 5 ® ]
2 < ! %z 183 % | w s 3= |28 g | © =
3 Date -§ Method Depth .xg g S| 2B E g ,§ E:‘ g5 % = g
o & w | & a > | & @ | & a O =
(2) Chesapeake Bay—Continued
. . Feet Hrs. | Hrs. | Deg. | Knls.| Hrs. | Hrs. | Hrs. | Deg. | Knits.| Hrs. | Hrs.
HI8 | 174 mile NW, of Worton Pt. (39° | Aug. 17-18,1927_____..] 14 Pole.____.___ 4 | 1.58] 3.78 5 0.46 | 5.40 | 0.56 | 3.66 230 0.66 | 7.02 | 11.64
20.7 N, 76° 124 W), . 6% 118 3.8 ..... 0.56 | 5. % 0.36 | 3.26 | _____ 0.76 | 6.82 | 11.41
- 10 L18 | 3.68 {______ 0.56 | 5. 0.36| 3.26 |__._._ 0.76 | 6.82 | 11.36
H21 | Of Sandy Pt., Bush River (39°21'.0 | Aug. 15-16,1927_..____ - 4 | 008| 238} 319|058 |6.50 | 0.16 |.._____ |- 1f _____ 5.92 [ 10.59
N, 76° 14'.8 W.). - 5 | 0 % 248 | ___ 0.43 g. gg 0.16| 2.76 {_._.._ 0.23 | 5.87 | 10.60
- 8 |12 238 ... 0.43 . 0.31 | 286 (... 0.23 | 5.67 { 10.62
L5 | 1% mugi SE736 069 ’I‘gylors I. Pt. (39° | June 36,1846 ... _{ 3 | . .| 44 (0,03 {578 | ... 236 ] 1.10 | 6.64 |_._.___
H15 1% miles “, of Grove Pt. (39° 23'4 | July 21-22, 1927 .. ___ 0.90 16.10| 0.26| 3.06| 254 |0.90 | 6.32 [ 11.34
N, 76° 04'.3 W.). 0.90 68| 0.8 | 416 _____ 0.80 | 5.62 | 11.56
8. 93 g g 0.76 1 3.96 |_____. 0.80 | 5.82 | 11. éi
. 8 0.8 3.86 |....__ 0.70 } 5.62 | 11.
L4 ] 134 miles NW. of Grove Pt. (39° | June 22-25,1846__.___. 0.73 | 5.74 {._____{ ______ 236 | 0.81 [ 6.68 [___.._
24’4 N., 76° 04°.6 W.). .
Hi4 | % }mle S of Cherry Tree Pt. (39° | July 22,1927 __.___.. 0.5716.30 | 0.26 | 3.36| 250 | 0.67 | 6.12 | 11.56
6N, 76° 072 W), 0.57 6.(115) 0.16 | 3.36 |._..- 0.67 | 6.27 | 11.20
0.48 | 6. 0.061 3.26 | ____. 0.68 | 6.42 | 11.14
L3 llémln(])ﬂﬁs 7SG‘°v02’0f ’I‘u)rkey Pt. (39° | June 26-27, 1846. ... __ 0.68 16.36 |- (... 208 {0.9816.06 [._....
H9 | 3 n}lle NW 2[ 'I:urkey Pt. Light (39° | July 15, 1927 ... 4.48 0.6416.10| 0.8 4.56 190 | 0.64 | 6.32 | 12.01
23N, 76° 0I'.2 W), 4.08 0.63 59| 0.8 | 4.8 | _____ 0.73 | 6.52 | 12.04
4.28 0.7316.00| 0.8 | 4.66 |.._.__ 0.63 | 6.42 | 12.01
4.18 0.64159 | 076 4.26 0.54 | 6.52 | 11.86
HS8 | 1 mile E. of §pesune I. (39° 27'.2 N., | July 14-15,1927. ____.. 4. 68 0.66 | 563 1.09] 3.8 0.53(6.79|12.12
76° 02'.3 W), 488 0.5115771 1.23| 3.8 0.56 | 6.65 | 12.20
4,73 0.46 | 5.80 ] 1.16 { 3.69 0.49 1 6.62 | 12.08
4,53 0.66 | 558 099 3.43 0.49 | 6.84 | 11.94
H7 | 34 mgle F of Spesutie I. (39°27" .3N., | July 14,1827 _________. 4.88 0.67 1470 | 0.76 | 3.76 0.87 77211221
76°03° .3 W.). 5.08 {______ 0.67 460 0.66| 3.96 | _____ 0.87 {7.82 | 1228
5.08 . 450 0.56 1 3.86 |.___.. 0.77 1 7.92 1 12.24
5.08 4.8 0.76 | 3.76 |_._.._ 0.67 | 7.62 {1224
L2 1%2m1]m NW. of Spt;sutle 1. (39°28 | June 27,1846 ool 1 fomee e 6.28 |- foeees 169 [ 0.73 | 6.14 |_____.
L1 | 3 mile NE, of Locust pt. Spesutie.l, | June 30-July 3,1846___| 24 J F I R, 5,74 |oceomefocaeaan 140 | 0.84 | 6.68 |......
(39° 28’ 8N,, 76° 04’ . 2 W.).
H6 % ml]e W.of Rocky Pt (39°2¢ 2N, | July 15-16,1927. ... 34 Pole.__.__._. 7 1.93 { 558 5.95 1.46 | 3.66 190 [ 0.63 | 6.47 | 1240
6° 00 2 W,) Meter....... 3 208 5.38 5.40 1.06 1 3.76 |....._ 0637021231
2037 518 | ... 0.53 | 5.55 1.16 7 3.56 |.ceaac 0.63 | 6.87 | 12.22
1.93 . 5565 | 1. 46 0.63
‘Wbé| Channel near Flshmg Battery Light | Apr. 19-20,1867........ [G] 3
(39° 20/ .5 N., 76° 05" .2 W.).
HS5 | Channel near Fxshmg Batterv Light | July 15-16,1927__...... 2.68
(39° 29.7 N., 76° 05" .3 W.). 2.68
2.73
273
‘Wb5 | 134 miles N, 71° E, of Fishing Bat- | July 10-12,1867_._____.| 1%/ __.._____..__. (& |-
t‘e';y Light (39° 30" .0 N., 76° 03’ .7
‘Wb4 | % mile N. 22° W, of Fishing Battery | Apr. 23-25,1867.___._.. 7 i (o] (p N O PSSR IS 190 [ 0.85 [ _l...__
Light (39° 30’ .2 N, 76° 05’ .3 W.). ’ 0 0 0
Wb3 | Channel SE. of Havre de Grace (39° | Apr. 16-18,1867..___._. [G) ) (0] [ N P R I 2051 0.74 | _lo_._.
32 .1 N, 76°05 .0 W.).
‘Wb2 | 36 mile off Havre de Grace, Susque- | July 6-9,1867.__.___.__} 124l ____________§ (&  |ooo._.j_... .. 340 | 0.18 | __j oo | ... 140 1 0.50 ¢ |l _____
l:;n‘}‘na) River (39° 32’ .9 N., 76° 05’
H1 | ¥4 mile off Havre de Grace, Susque- | July 12-13,1927_______ 3.73] 5131 (®
hapna River (39° 32 .9 N" 76° 04’ 3.98 | 5.43 |.__.__
8 W), 3.88| 538 _____
3.43] 5.2 .____
‘Wbl | ¥ mile off Havre de Grace, Susque- | July 2-5,1867_.__...... Y] (4] Y]
h7anm; River (39° 32’ .9 N, 76° 04’
H3 | 16 mile off Havre de Grace, Susque- | July 13,1927 _______._. 3.78 | 5.88| 313 [0.1013.30 { 0.66 9.12 | 0.74
hanna River (39° 33’ .0 N., 76° 05’ 3.481 578 [.____ 0.10 ; 3.90 | 0.9 8521 0.71
2 W) 3.781 588 [___._ 0.10 3.5 ; 0.8 8.92 ] 0.81
3.781 588 [.____ 0.02 ;340 0.76 9.021 0.77
H2 | % mile off Havre de Grace, Susque- {..__. [+ [+ S 258 4.48 | 328 |0.20 4.80 ] 0.9 7.62 1—0.03
hanna River (39° 33’ .1 N., 76° 04’ 3.18| 4.78 |....__ 0.023.40| 0.16 9.02 0.01
T W) 228 | 428 | ____. 0.20 1 5.00 | 0.86 7.42 |—0.23
1.281| 408 [..__.. 0.20 6.10{ 0.96 6.32 |—0.59
(3) Hampton Roads
P8 14 mile S. of Old Pt. Comfort Light | Mar, 10-12,1919_______ 2.52 | 5.02 2591 1.605.02 | 1.12 7.40 | 0.25
(36° 59’ 6 N,76°18 2 W,
A71 | ¥4 mile S. of Old Pt. Comfort (36° | July 30-Aug. 15,1928 __ 2.33 528 258177158 | 171 6.62| 0.29
59 8 N., 76° 18’ .7 W.). 218 | 523 |...__. 1.81 1 595| 1.71 6.47 | 0.28
203 | 528 | ... 1.67 | 6.20 | 1.91 6.22| 0.36
1.98 | 533 [.o-... 1.4 ]6.15| 171 6.27 | 0.24
C1 | ¥ mile S. of Old Pt. Comfort (36° | 1898 .__ __________.__. 273 . 5.91 2.22 6.51 | 0.85
59’ 8 NI, 76° 18’ .8 W.).
A72 | ¥ mile S. of 0Old Pt Comlort (36° 59’ | July 30-Aug. 16,1928 __ 2390 520 248|176 | 5.95 1.92 6.47 | 0.39
6. N., 76° 18’ .7 W.), 2,37 516 |-_..._ 1.87 : 5.98 | 1.93 6.44 | 0.38
1.99 | 501 [._.__. 1.78 1 6.13 1.70 6.20 | 0.18
48 1.37 1 4.57 |.____. 1.10 ! 6.28 1.23 6.14 |~0.29
13, Pettersson 30,33 218 | 4.88 ] 252 1.65 5.93 1.69 6.49 | 0.20
meter.
1 Surface. 8 Flood velocities too small to admit of an accurate direction determination.
7 Current does not flood. ¥ Observed times of swinging of ship.
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TABLE 53.—Current dala, Chesapeake Bay and tributaries—Continued

1
Observations £ | Floodstrength | g | E Ebb strength - | §
5 = = = =] 5
S ™ =] ™ e
- Location Pt 2 g Y E| & g g B £ °8
8 o 4 & 53| 2 © ] Sz |53 2 3 K]
2 Date g Method Depth a2 & |53 3| o s €381 ° |9
3 5 § 1 E7|EEl S 28| 8 (|8l g |58
a i 2 |G R > | = m | & a > | m | =
(3) Hampton Roads—Continued
. Feet Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs, | Hrs. Knts.| Hrs. | Firs.
AT3 %mgleYV of Fort Wool (36°5¢” .2N., | July 31-Aug. 15,1928. 7| .93 . 1.56 | 4.06 2.05 | 6.37 | 12.31
76° 18’ .6 W.), 1 | 178 ) 1.36 | 4.46 1.96 | 6.42 | 12.32
27 | 1.63 . 1.26 | 4.36 1.65 | 6.37 | 12.21
i 4 | 1.38] . 0.9 | 4.31 1.51 | 6.42 | 12.01
A74 | 34 mile NW_of WllloughbySplt (36° | July 31-Aug. 1,1928_ . 2 | 1.38) 448} 260 | 0.70 | 5.70 | 0.66  3.36 0.95]6.72 | 11.71
58 6 N., 76° 18’ 4 W.). 436 1.43 1 4.08 |._____ 0.90 | 570 | 0.71 ' 3.26 | ___.. 0.95 | 6.72 | 11.61
70 1137 4180 0.80 1 6.051 0.76 ' 3.36 .. 0.80 | 6.37 | 11.60
A75 Willoughby 1 Bay entrance (36° 57’ | Aug. 1-2,1928_________ 2 | 068 328 134;0.28(|575| 0.01! 3.66| 330]0.38 | 6.67 | 11.15
IN,76° 17 9 W), 4 1 048 3.181....__ 0.28 : 6.10 0.16‘ 3.76 |__.._ 0.38 | 6.32 | 11.14
6%| 0.48 | 3.08 |____ - 0.2816.001 0.06| 366 | ____ 0.35 | 6.42 | 11.06
Ay8 | 3 glge Sﬁ‘gflg)d Pt. )Comfort (36°59’ | Oct. 9,1854_...________ ® 202 4.40 | 2537/ 1.34 {533 | 093! 4681 47 154|700 1295
Ay7 %gl%qb}\ %{,?3?9 Pt. (;omfort (36° | Aug. 24,1854 .. ______ 2 LY SN 267! 538 | 253 |1.20|515| 140 | 4.57| 60| 140 7.27| 0.32
4
A76 | Channel W. of naval opemtmg base | Aug. 1-2,1928_________ 1 7 22| 4.2 .91 1 3.95 1218 [ 3.66 8| 1268471171
(36°57" .2 N.,, 76° 2r 3 W.). 8 | 1987 428 .85 | 4.30 {1228 | 3.81 (_____. 1.35 | 8.12 | 11.72
20 | 1.93] 4.18 .87 1 4.75 | 0.26 | 3.76 | - 0.87 | 7.67 | 11.77
32 | 188, 4.03 .87 | 5.551 1.01. 4.86 | .. - 0.92 ! 6.87 | 12.18
Wil | off pre\ n;n:al z;)’peratmg base (36° | Aug. 10-Sept. 7,1917..} 10 7 | L30| 4.2 .56 | 5.70 | 0.58 | 3.94 90796721176
6 | !
P5 %g‘mlg ooﬁasyubm‘z‘m)ue base (36° 57’ . Mar. 7-8,1919_._____.__ 134 Pole__._..... 634 223 505 .33 1499 { 0.80 | 5.00 11155743 ; 0.09
N., 76° 2/ 5 W. |
Ay9 H?asa"lue;' WNoI naovglyoperatmg base | Oct. 10,1854 ___. }él Float___..... .24 16,94 1.72|4.47 71004 548 | 12.18
57 .2N., 76° 21
P2 | Newport Newg Channel (36° 57’ .6 N.,| Feb. 13-18,1019._____. 234! Pole.__—..._. 081705 275] 4.90| 61]136!|537| 0.77
76° 21" .7 V
Pl 2)? moﬂes SE, b?f Neowport News Point {Oct. 11-13,1919_________ 2 . do...._.. .08 6,04 2.8 595 9811.216.38| 1.49
36° 56’ .0 N., 76° 23’ .2
P3 N;avzport ;\*ews Channel (3e° 57 3N.,| Feb.27-Mar. 1,1919__.| 2 | ____ do....... 6.21 | 2224 538! 701122621 077
6° 23 .6 W.).
A82 | Channel off \ewport News Pt. (36° | Aug.9-16,1928_______. 136, . do_..... 540 | 1.66 529 111130 7.02| 0.50
57’3 N., 76° 247 W), 114 Meter 547 ( 1.63
¥ 590! 1.5
| 6.00| 156
i 16.20 | 1.41 !
1 1 Pettersson 16,40 | 1
meter. i i
A83 | 34 mile NE, of Nansemnond River | Aug. 10-16, 1928_______ 4%.7 | 161} 4.81 6.37 | 1.56| 4.53 6.05 (—0.05
ight (36° 55°.3 N, 76° 26°.0 W.). 4,6 1.58 | 4.65 6.43 | 1.59| 4.56 5.99 —0.08
Light (8% 853 N., ) 10,104 1.55 | 4.51 6.63| 1.76| 4.66 5.79 [—0.06
16 | 1.18| 468 7.20] 196| 4.91 522! 0.08
64 1.63| 428 6.60 | 1.81} 531 5.8 | 0.08
(4) "Elizabeth and Nansemond Rivers
P7 | YmileE. of Cr%vneyl Light (36° 53’.4 | Mar. 12-14, 1919_..._._ 2 | Pole.__..... 63| 0.80| 3.97 55411234 | 3.92 6.88 | 11.39
N., 76° 2.3
A77 | Channel W of Lambert Pt. (36°52°.6 | Aug. 3-14,1928_.______ 2 | Pole._._.... 71 L70| 4.40 5.58 | 0.88| 444 6.84 | 12.09
N., 76° 2/.1 W.). 8 | 203| 453 5.07| 0.68| 4.38 7.35 | 12.14
18,20 | 1.88| 4.60 568 1.14| 4.34 6.74 1223
do 28,32 | 1.30| 4.63 6.60 | 148 4 16 5.82 | 1213
1 | Pettersson 18 | 1.48] 443 6.35 | 1.41| 4.26 6.07 | 1214
A8l | West Norfolk Bridge, Western Branch| Aug. 34, 1928 _______.. 1 P;ﬂf}‘&_‘_._“ 7 0.93{ 3.48 3 590 | 0.41| 4.06 6.52 | 11.46
(36° 51°.5 N, 76° 20/.8 W.). T 3 | 113] 358 .69 | 5851 0.56 1 4.11 6.57 | 11.58
" 073! 368 161|650 | 0.81| 416 592 | 11.58
0.78 | 4.28 .34 { 6.25 | 0.61 | 3.91 6.17 | 11.64
W2 | Off Berkley, Eastevl{rn) Branch (36° | May 20-21, 1876 . .__. 0.92 | 4.42 .60 | 6.00| 050 3.33 6.42 | 11.53
50’5 N., 76° 17’
Bridge, E Branch (36° | Aug. 13-14, 1928_______ 0.78 | 4.23 .50 | 6.60 | 0.96, 4.16 . 5.82 | 1L.77
AT Bwse{. ,76536 asv"ver)n i ¢ ¢ 1.38 | 4.63 0.59 | 6.05| 101, 4.16 0.69 | 6.37 | 12.04
0.88 | 4.28 0.6416.65| 1.11; 4.0l 0.59 | 5.77 | 1L.81
0.78 | 4.13 0.5 670} 1.06 5 3.91 0.51 | 572 | 11.71
Fg3l | Near N. & Wsoflty.NBri%goe, Easwwm) May 8-22,1913_. ... 1.50 } 4.62 0.54 {609 117 3.5 0.64 | 6.33 [ 11.95
Branch (36° 4 T6° 16°.6 W.).
A79 | Virginian Ry. Bridge, aswrn Branch| Aug. 13-14, 1928______. .23 423 0.451600] 0.81| 4.06 g.g g.g H’%
(36° 0.2 N, 76° 147, 7 W.). 1.23] 413 0.49 | 590 | 0.71| 4.01 . . .
113 4.18 0.45 | 6.00 | 0.71 | 4.16 0.65 | 6.42 | 11.78
1281 4.18 0.40 | 5.30 | 0.66 | 4.16 0.60 | 6.62 {1. 81
W1 | Off St. Helena, Southern Branch (36° | May 20-21, 1876____.__ 2.50 | 4.67 0.80 | 442 0.50| 4.50 0.80 | 800 | 12.28
496 N., 76°17.6 W ) ) 6671 o015
AB0 | % mile N. of N. & P. B. L, Ry. | Aug. 34,1938 ________ 208! 528 0.43 575 | 141! 4.56 0.53 | 6.
Bridge, Southern Branch (36° 48°.9 1.38 | 52 0.59 | 6.70 igg 113 g.% gg g(ol;
N., 76°177.5 W.). L58{ 528 0.45  6.50 | L . 92, 005
bRl SR | aglaE) i dx Coen ta
AS83 | 34 mile NE, of Nansemond River | Aug. 10-16 1928 ____... 1.61 | 4.81 . . 37 . 3 3 -~0.
i ° 26’ 1.58| 4.65 0.84 643 159 4.5 |..____ 0.81 | 599 |—0.08
Light (36 553 N., 76° 26.0 W.). 1.5 | 4.51 0.83 | 6.63| 1.76 | 466 __ 0.90 | 5.79 \~0.06
L18( 4.98 0.74 1720 19| 4.91 0.50 | 5.22| 0.08
1.63| 428 0.91{660| 1.8 531 _____ 116 | 5.82 | 0.08
ownh ! .08 | 6. 136 4.9 1.36 | 5.94 | 12.28
A o Ptmyzs' 9%?“ River | Aug. 10-11, 1928.......- 1Rl i3 108 ﬁ.‘ég 106 4.86 126 ] 6221|1218
®6° S5ON - 1281 448 1071620 106 4.76 117|622 1214
1.28| 4.38 1.07 1 6.00] 0.86, 4.86 0.97 | 6.42 [ 12.08
+ Sarface. 1 Easterly,
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TaBLE 53.—Current data, Chesapeake Bay and tributaries—Continued
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7 Current does not flood.

Observations B Flood strength g -3 Ebb strength o §
. S - 2] 3 5
] [ = [ - =2 5
i Location % 3:2: ! =1 & é % £ S ER - 5 E
2 Date B Method Depth | : E $5| 3 g | £ g:;:j FEAEE g
= =2 3 -] g - B -}
a & a8 g |& 2Sle|l a8 g |& 1R |8
(4) Elizabeth and Namemo’nd Rivers—
Continued Days Feet Hrs. | Hrs. | Deg. | Knts.| Hrs. | Hrs. | Hrs. | Deg. | Knts.| Irs. | Hrs.
A85 | Off Dumpling 1. Nansemond River | Aug. 10-11,1928_._____ 1 1L13| 428 174 | 1. 7.10 ) 1.81) 4.16| 347 |0.97 ] 532 | 12.08
(36° 48’5 N, 76° 5 W), 1187 4.33 1 _..__ L0217.15]| 1.91 4.286 . _ 0.97 | 5.27 1 1216
118 4.38 ) ._.__ 0.97 {710 1.86| 436 ' _____ 0.97 | 5321218
(6) James River and tributaries
P4 | 1 mile off railroad docks, Newport | Mar. 3-5,1919.._._.___ 4.00 110515 273 595 1.70 1 7.27 | 1.66
News (36° 57°.7 N, 76°26 1W.). ;
AB6 | 14 mile W. of Old Domlmon Pier, | Aug. 9-10,1928.._____ R 3.38 3 1.20 560 | 256 ( 6.56 1.80 1 6.82 1 1.39
;\;ewpos “r'): News (36° 58'.5 N., 76° g g . { ég : g gg g g% g 56 | i 80 227 % 66
’ 5 3 t 1 i . . 86 | .40 . 47 .02
2.48 3 10.95 {630 236, 586 1.00 | 6.12; 0.8
AB7 | 116 miles E. of Fishing Pt. (36° 58°.1 |_____ do. e 2.48 3 10,80 :6.101 216§ 5.16; 0.90 | 6.32| 0.56
N, 76° 28°.2 W.). 2.38 X 10.90;6.2| 216 516 0.90 | 622 0.54
2.28| 5 10.70 °6.30 | 2.16].516 ... 0.80 | 6.12 | 0.49
Fg23 | 16 mile off ship building plant, New- | June 27-July 11, 1910 . 3.621 6.05{ 342 (1.46 ,555| 275 592 145 1.16 | 6.87 | 1.40
port News (36° 59’4 N, 76° 259 W) |
Fgu N%lg :ge/rguvzgns ‘Wharf (37° 03’9 N, | July 20-22, 1910___ 6.45| 862 32 [ 0.34 | 4.00| 4.03| 7.63 196 1 0.90 | 8.42 | 3.50
Mal | 4 m%e‘l“l of Hog 1. 37° 1’0 N, July 31-Aug. 2, 1855___ ) 3 D 5.50 | 860 |...._. 0.4 535| 4.43 (813 |._____ 0.72 1707 3.48
AS88 | 15 mile } .4 of Hog Pt. (37° 12°.3 N, | Aug. 6-9,1928__.___._.__ 2% Pole______.. 7 510} 7.48 1.20 1586 { 454 | B 44 6.56 | 3.21
SR, 2 | 490 | 7.0 thleh| | ih o3| 35
. .96 |- . . 1 4. 8.48 3 .
2 4.68 | 7.53 1.23 6,42 | 4.68| 830 6.00 | 3.12
8 5.25 | 7.80 117 1 6.03 | 4.8 | 853 6.39 | 3.43
A9 |1 mlle N of Hog Pt. (37° 12.8 N, 76° | Aug.7-9,1928. _____.__ 5.31F 828 0.93 158 | 473 7.8 6.58 | 3.36
W PRI Iglw e AR s i
458 | 803 0.831673| 48| 769 5691 312
A90 | 1%4- miles above Ferry Pt. Chicka- Aug. 67,1928 ________ 5251 800 113630 513 7.73 6.12 | 3.35
hominy River (37° 16’8 N, 76° 510 | 8.00 1.23 1 6.40| 5.08| 7.63 6.02! 3.27
I 511 5o o838 | So8| 10 So7| 391
Fe2s | % xé}’lle above )Sloop Pt. (37° 140 N, | July 30-Aug. 17, 1910_. 6.42| 9.17 148597 5.97( o.47 6.45 | 4.58
60 57
Fg26 | Of Windmill Pt. (37° 18°.7 N., 77° | Sept. 22-Oct. 12, 1910_.1  13]-e oo Jooooee 6.67 1 892 310 (126 (663 6.8 9.75| 66/099 579( 4.8
0577 W.).
Fg27 | 1% mlle E of City Pt. (37° 1.0 N,, | Nov.2-21,1910._______ ) S PRSP IR 7.75 | 9.84 1.32 1 6.14 | 7.47 (1009 133} 1.156.28 | 5.61
TP 163 W, )
Fgs % m mile N. v%f)cny Pt. 37° 1¥.3 N., | Jan. 25, 1911 _._._.___. 73 FN IS . 10. 59 L2 6.75110.62 | 150 | 180 |..___. 5.76
0.94 1565 6.8 | 9.8 841109 |6.77| 538
A9 Moutt%%t ﬁpgovlélgttox River (37°18".7 Aug, 89,1928 __.____. 1.04 | 5601 6.73§ 0.78 |______ 119 1 6.8} 532
i 099575 6.8 973 {.._... 119 (6.67( &30
0.94 5.8 | 6.8 | 9.68 {._____ 104662 528
Fg2 Oﬂg’Mead)owvﬂle (37° 228 N, 77° | Feb.3, 1011 oo 0.48 14.50 | 7.67 | 10.50 | 891.277.92| 6.58
A9z | % mile below Duyteh Gap Canal (37° | Aug. 6-7,1928...._____ 200 | 0.4 5.33| 7.48|10.68| 921089 7.07) 622
FENFWEST O BB ) R IR e O
______ 0.85 | 5. 50 .48 | 10. ————- 3
...... 0.8 525 | 7.28110.53 |..__..10.85|7.17 | 6.08
Fg30 | 14 mile below mouth of Gillis Creek | Mar. 20-30, 1911 1 @) O] O (Y] [ I PN R, 1601099 | _____ | _____
(37°31".2 N, 77° 25'.0 W.).
(6) York Rirver and tributaries
La2 | 36 l:mleN ﬂ7’1;ue Marsl;es Light (37° | Aug. 26-28, 1918__..__. 246 | 550| 254 | 0.95]|5.76 | 1.80 | 4.98 91]1.00}6.66] 0.5
14 6
A67 | ¥ mile oﬂ' Tue Marshes Light (37° | July 26-Aug. 17, 1928__ 2204 510 0.93 | 6. 3? . 219 529 63084610 054
° 2 226 ( 503 0.86 (6.3 219 | 530 |- 0.86 | 6.07 | 0.52
146N, 76° 28’4 W.). 190 | 4.9 0.87 592 1L40| 4.05| ____. 8'37 6.50 _8%:
0.59 617 1.88% 6524 |_.____ .81 | 6.25 .
% %g t g 069|582 1.10] 405§ _____ 0.69 | 6.60 |—0.27
0.77{ 4.24 0.68!7.78 213 | 4.62 | _____ g g% 4, % ——g. g&s
Lal | 34 mile gﬂ Qoodv;m Neck (37° 13'.9 | Aug. 21-23, 1918_______ 245 570 0.890 | 6.62| 2656} 545 80| 0 5. .
N., 76° 26'.6 W. .
Fgo | U n’llle SE. %Glov!‘lreester Pt. (37° | Apr. 27-May1l,1911_; 1 T T PP 213 591 1.67] 501 104123 /6,46 0.31
146 N. 76° . 0.40
A68 ylmuest;Yﬁ %Glouce)ﬁter Pt. (37° | July 27-28, 1928___...__ g.g; 1 gg ?1;3 ]?i'— ig_l’ g;;.g o4
4.5 3 . . - .
6.27 2.10 5. 25 |ceae 0.95 | 6.15 0.52
7.57 | 2051 470 __..__ 0.71 | 4 g g g-‘.;o
1a3 | 4 mﬁe ab(g;g li',agl;tIov%ostagamagt; Aug. 28-30, 1918_..._.. 562 | 1.92) 542} 121 |1.16 |6. 3
landing : . 167
Fglo %zIJI‘lJﬂgeIgbO;e gﬁl’ayban)k Wharf (37° { Aug. 16,1911 ___..____ 5.62 6.43 1 147 6. 80
6° 8 L €
Fgll { % mile above Almondsvx.lle Wharf | Aug. 23-Sept. 6, 1911__ 6.59 | 137 7.01 3
(37° W' 6 N., 76°39.7 W.). 152 6.22{ 231
Fgl2 | % mile below "West Pt. (37° 307.9 N, | Nov.8 1911 .____co..| Y| e |oceeeeao...] 431! 664 340|114 16,20 409 [.___.__
e N T N T T N BT A T T A O T e e 2 32
Fgl13 | Mouth of Mattaponi River, off West | Nov. 11, 1911__ B e ST B L B e B T et ] EEEE R
Pt. (37°31".7T N, 76° 47°.4 W,). 1721091 | 1.62
Fgl4 | Mouth of Mattaponi River, offt West | Mar. 4,1912..__.____..
Bt (37° 317 N, 76° 474 W.).
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TaBLE 53.—Current daia, Chesapeake Bay and tributaries—Continued

i -
Observations = Flood strength . g = ] Ebb strength “ g
. ] 3 s} S S
S i =4 =
Z Location S § g — > 5 g § g —_ - | E ° é
§ Date T | Method | Deptn | o |52 |33 2 |3 | 2 |5 138| 5 S |0
3 3 - <R IR N B R E N R
& & m e |A | S|l lw|& (A |5 @& =
(6) York River and tributaries—Con.
. A Hrs, .| Frs. | Hrs.
A69 | Bridge near West Pt.,, Mattaponi | July 30-31, 1928 ..._.__ 4.43 7.02| 216
River (37°32.4 N., 76° 47'.3 W.). 4.38 6.97( 2.18
428 6.771 224
Fgl5 | Off Wakema, Mattaponi River (37° | Apr. 12, 1912 5 % Pl 2%
€ 8| ver pr. 12,1912 ... __.. .14 90
3¢.2N., 76° 54’.0 va)o
Fgl6 | Of Walkerton Mattspom River (37° | Apr. 24-May 13,1912__ 6.48 7.47 ] 413
43’ 4 N., 77° 01 5 W.
Fgl17 | off Aylett Mattaponi River (37°47'.2 June 10, 1912___.______ b [ A OO ;001 ® (<ccc---]1073) 100] 1.00 ... 6.10
L 17°06" 2 W),
Fgl8 | Off West Pt., Pamunkey River (37° | Nov. 10, 1911_._._._.__ ] PRI SR 5. 06 7.73 334115352 393 _.___. 1541178 ! 7.13 2.87
3I'.7N., 76°48’1W)
Fglo | Off West PL Pamunkey River (37° | Mar. 5,1912__...___.__ ] TN S, 506] 7.73] 328|070 |537| 401 7.26] 151} 1.00 ] 7.05] 284
31’8 N., 765 48’1 W.). ‘
A70 Bn e at W est Pt., P'amu.nkey River | July 30-31,1928________ 1 4% 498 793 () | 1.73 | 567 4B | 7.66| () | .88 ) 6.75| 3.02
321N, 76°48 Wo). i 4 503 . 4237 7.51 |oo-oo_ 204 ;680 292
11 4.88 . 419 7.70 . 1.7 6. 69 296
do_ .- 18 478 . 4.2 7.71 . 1.46 | 6.55| 294
Fg20 Ot{srl.e;i?rg%an;)gs g;t}rim‘#lgey River | Sept,3-Oct. 17,1912__1 1 | Pole_......_. 51 589 9.35] 23711201629 576 856 551 1.00]613| 421
Fg21 Ogyklig)r&hb%zyb"?am&%key River (37° Jan, 13-30, 1913__..____ || - do...... 51| 6.89 |...___. 290 1 0.49 {6.29) 676)10.81; 100|1.26 | 6.13 | 5.52
Fg22 | Bridge at Newcastle, Pamunkey { Feb. 6, 1913 ___._.___. b2 - do._._.... 27 [ESRSUEY NI U PRIV NI SO SPR . 1750 106 ool
River 37° 400N, 7'°11’6W)
() Raeppahannock River and tribularics
A54 | 34 mile 8. of Mosquito Pt. (37°35.8 | July 20-21, 1928_..____. 7 3.8 7.08 0.64 | 665 4.06 577 234
N, 76° 21’5 W.). 1235 3.88{ 6.98 0.74 | 6.65] 4.11 577 239
311 3.73 | 6.48 0.83 1675 4.06 5671 218
5015 3.58 | 618 0.83 /670 3.8 5721 208
AS5 1% mile S. of hiosqu.lto Pt. (37°35".1 |...-. s (o S 435 408 658 0.27 {540 | 3.06 702} 1.87
5 76° 2177 W.). 5 418 658 0.36 | 540} 3.16 7.02| LH
12 4.38| 698 0.55!560| 3.56 6.82| 227
19 408! 688 0461570 3.36 6721 207
i : , 25 {eueee-e ¢ Q.87
Br7 | Carter Creek (37°39’.3 N, 76° 26’3 W.)_[ Jan 6-11, 1881 ... 2 foeaaas 6.17 48 | 0. 45 oo oo 525{ 230|025
A56 | Corrotoman River, off Millenbeck | July 23-24, 1928____.__. 7 . .
Wharf (37° 40'.2 N, 76° 8 W.). Slbon | oo feojen || e} a9l 9]
%
A57 | Eastern Branch, Corrotoman River |.___ . ' [+ TR
@7°4Z 8N, 767 275 W.). O NCRNCERCE R NG N R RS R RN
15|
i 06 0.2 |732] 224
A58 | Western Branch, Corrotoman River | July 24, 1928 T 100 3% 0.39 | 7.52| 234
(37° 42 .9 N., 76° 2.6 W.). oL 418 600! 3.76 0.26 | 6.42; 2.44
15 (9 (9 o | (9| (9 (9 (e 08 | (9
500! 7.40| 3381059835, 498 0.44 ] 6.07| 3.30
A50 | 34 mile W. ofRoguePt (37°40°.2N., | July 18-19, 1928________ 2150 740 08| 605 478 0.58 | 6.37! 3.30
76° 3.3 W.). £95) 7.60 05|62 47 053 1622| 321
460 7.0 0.50 | 5.65 18 0.4 3.75; 26
Fg7 | Y4 mile b’elow T;agpszg’uan“nrock Bridge | Mar. 22-23, 1910._.___. 7.09| 9.55 0.80 | 5.8} & . 3
37° 55'.9 N., 76 - - 1. 6.33| 527
Fes %(mﬂe b’elow Tagpahanaock Bridge | Mar. 24, 1910 ... __ 7251 9.75| 324|1.25{6.00| 692 06
(37° 56’0 N. . 58 1.17 | 6.12 | 524
g0 | Tappabaueck Brides 7 .0 X, | uly 16.2,108.—... s o) 0| 1a|e®) 0 AR
767 512 W.). 705 9.75 |- 123|600 663 1.08 | 6.42 | 528
6.95 1 9.65 1.05 | 6.20 . g ?43 8 ‘.;? g 72% ; %
A61 | Off Port Royal (38° 10°.5 N., 77° 11'.4 | July 20-25, 1028 ezl 060 88T 0% 008 |s2| 73
W 9.27 | 0.38 0.73 | 6.85 | 9.70 0.56 | 5.57 | 7.82
9.85 | 0.4 0.76 | 6.25 | 9.68 0.56 | 6.17§ 7.95
(8) Pocomoke Sound and Riger
8.35 5.28
A101 | 456 miles. S.2° E, of Tangier Sound | Aug. 21-22, 1928
Light (37° 42'.6 N., 75° 58".2 W.). §{ %_g 1_2:;
7.45 g. g
Br3 | 3% miles W, of ParkersI. (37° 42,4 | May 27-31, 1881 .._____ 7.17 .
N., 75° 55'.9 W.). 4.40
Br4 | 314 Thiles W, of Parkers I. (37° 42.6 | May 30,1881 . 1 Mo mmm oo oo e
N., 75° 55'.5 W.). -] 210
Bré | Mouth of Pungoteague Creek (37° | May 16, I881. ...l M8 ieooooooooforomomomnen oo s
405N, 75518 W, b
Br5 | 1% mxlgo’E %Patkem 1. (37°42.AN,, | May 21,1881 ...} Mleeomoofemmeaeot SO0 oo R R
75° 7
Br2 | 2 miles N'W, o{' Thlc)ket Pt. (37° | Mar, 3-May 20, 1881 .. 114§ Pole.___._ ... 5 4.901{ 7.€0 8210.75]4.84 | 3.32
#“3IN,75°52.0W
Brl | Mouth of Chesconessex Creek (37° | Feb. 28,1881 ....._._. } 27 - do__.___ T30 I I VORI, FRN SO 3.60
45' 4N, 75° 48’4 W), " ai
7 Current does not flood. 11 Northerly. 1 Southerly. 14 Northwesterly. 1 Southeasterly. Current weak and irregular.
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TasLE 53.—Current data, Chesapeake Bay and tributaries—Continued

Station No.

A50

A5l
Al102
A49
A48
443

A46

Ad47
A44
Ads

A42

L17

A36
A35
Fgd
Fgb
A34

A33

A3l

. -2
Observations B Flood strength g 3 Ebb strength g
| 3 | H 8|k
[ [ -~
Location S ;": 5,\ ty ,g 2 g g,.\ By 5 © §
a ] S Py o = gy = 1 E-]
Dato B | Method Depth | EE IR 2 Ei B 3 g
g 2 g [A|S8l8 |8 |8 |[A|E]|& 5
Pocomoke Sound end Riper—Contd,
. . -~ Feet Hrs. | Hrs. | Deg. | Knts.| Hrs. | Firs. | Hrs. | Deg. | Knis.| Hrs. | Hra.
24 miles E. of WattsI. (37°47/.8N,, | July 17-21, 1628 7 | 5.05| 7.00 1.56 (4.90| 3.53]| 7.13| 212 | 1.36|7.52| 250
75° 50°.6 W.). 2 | 510| 7.2 1.56 | 4.80 | 3.48 | 6.98 |..o.-_ 146 | 7.62 | 251
858 J 1.3(5) 7.50 }55 4.?8 3.43 | 6.68 1.25(7.52 %g
. X 6.80 .45 | 5. 3.48 | 6.68 0.95|7.32] 2
% mile below Shelltown, Pocomoke | July 13-14, 1928 4150 7.301 9.30 1.07 (510} 598! 9.28 0.87 | 7.32 | 478
River (37° 58’.3 N., 75° 38".7 W.). 414 7.10] 9.20..____ 1.15 | 530 | 5.98 | 90.68 1.05]7.12| 4.81
9 ; 20| 9.30 1. éﬁ 5. go 6.08 | 9.28 0.86 | 7.12 i' gg
1435 7.00 | 9.10 107|540 598 | 9.28 0.77 | 7.02 | 4
(9) Tangier Sound and tribularies ’ !
1% miles NE. of Tangier Sound | July 16-Aug. 22, 1928__ 7 | 53 820 5|1.17 [575| 4.68] 7. .27 {6.67| 3.15
Light (37° 48’.2 N, T5° 57°.5 W ). ’ 10 | 530 815 12258 ] 468 7. .17 ] 6.62| 3.20
25 | 525| 825 121595 4.78] 7. .06 | 6.47 | 3.18
) 40 | 525 825 0.90 | 565 | 4.48| 7. .75 | 6.77 | 3.21
13§ miles W. of Janes Is. (38°00".0 N, | Aug. 21-22,1928._____ 7 | 7401 9.70 0.90 (530} 628! 9. .90 | 7.12 | 5.14
75° 54°.5 W). 22 | 7.70| 9.85 0.93/49| 623 9. 081747 524
55 | 7.15| 9.75 0.80 | 5.45 | 6.18 | 10. .00 [ 6.97] 510
. 88 | 690 9.85 0.78 | 5.85| 6.33| 9. .88 1 6.57 | 5.04
Eedges Stmns} off Solomons Lump | July 5-6, 1928.___.._... 7 3.58 | 7.28 1.07 1 7.10 | 4.2 3 234
Light (38°03’. 1 N., 76° 00’8 W.). 5 | 368 7.08 L1617.00! 4.2 2.31
1 | 3.78 | 7.08 116 | 6.80 | 4.16 2.31
. . . 17 | 3.68| 7.38 1.07 [ 6.70 | 3.9 231
Marokin River, 1 mile W. of Prickly |-.... [+ [/ S, 7 530 | 8.40 . 590 | 4.78 3.48
Pt. (38° 05’4 N, 75° 53’6 W.). 634 5.20| 8.40 6.05 | 4.83 3.52
1614 5.30 | 8.50 6.05 4.93 3.65
o . . 2614| 5.40 | 8.60 595 4.93 3.75
Ntli;ntlggske gwti:, 1;? m_;les e‘g Halls | July 9-10, 1928_..__.... 7
t. 38° 125 N, 75° 57".3 W).
: ) 12 (OO NN ENO I RO RO N BN O [ONN O ORI O N O
| 2%
‘Wicomico River, off Victor (38° 14/,3 | July 11, 1928_____..._.. 4% 6.80 1 9.30 6.10 | 6.48 4.94
N., 75° 5’8 W.). 271 6.90| 9.40 6.00 | 6.48 5.01
5 | 670 9.30 6.20 | 6.48 4.86
8 | 6.801 9.30 6.00 | 6.38 4.94
, ; ; 1.14 | 5.62] 507
Wicomico River, off White Haven July9-10,1928_.___....} 1 {Pole.___._.__ j 45 g gﬁg ; g 458 : g: g 11 8 o g it
(38° 15.9 N, 75° 47'.5 W ). 1; 6.40 6.75 | 6.73 0.04 [ 5.67] 4.92
) 90 | 6.83 0.69 | 5.52 | 4.98
2% 580 o668 1.72 1 6.62 | 5.42
Nanticoke River/ ofl Sandy Pt. (38° | July 10-11, 1928____.___| g ; :_;g g 188 172 602 o402
15'.0 N., 75° 55".6 W.). 12 | 730 6.00 | 6.88 1.52 1 6.42 | 5.52
1| T IR L 1% 6% &a
- 7. .39 | 6. .
Nanticoke River, off Chapter Pt.|July 11-12, 1928 ... - 7|8 A ] 1% 68| 618
(38° 2.6 N., 75° 52.0 W.). - 1045 8.30 5.65 | 7.53 1.19 1 6.77] 6.25
: 177] 8.25 5.80 | 7.63 109662 6.28
. - ) 5.98 ||l - -
Fishing Bay, off Roasting Ear Pt, | July 10,1928 .___..._.. - g g% 2_ % 5.68 |- 6.52] 4.20
(38° 16’.9 N., 76° 00’.6 W.). - 131 500 6.30| 578} 6.12| 4.20
21 | 6.00 6.30 | 5.88 .. ___|____|.o. 6.12| 4.17
(10) Potomac River i
7.55] 5.48
214 miles 8. 37° E. of Pt.,IA)voth))ut June 25-26, 1849__ ... Q] .77 4.87 6.2
Light (38° 00°.5 N, 76° 17.6 W.). . 577 4.17
334 miles S. of Cornfield Pt. (37° 597.4 | July 3-Aug. 23, 1928_... 7158 g2l 88 5ae| 418
N., 76° 21’5 W.). 21 | 535 7.18 | 6.11 5.2 4.20
34 | 525 6.78 | 5.61 5.64 | 3.8
- 6.76 | 5.60
i 001’1 | July 2-24,1928 .. .___. 7 | 7.54 5.66 | 6.78
234 miles S. of Cornfield Pt. (38° 0.1 y 2-24,1928.._.. nlrn 602 | 680 6.40 | 5.48
N., 76° 21’.3 W.). 2798 | 742 5.78 | 6.78 6.64 | 5.46
43: 44 7.2 570 | 6.48 6.72 | 5.31
7% mile S. of Cornfield Pt. (38° 02'.2 | July 3-Aug, 23, 1928. . 7
e S 9,914 4 0 0 0 [0 [OIEN O IO BN O]
N., 76° 21’.2 W.). 2235223}2’323% 0] * (OI OO ® )
e 5 V. i I 3.52
Smith (’lreevg entrance (38° 05,2 N, | May 5,1008 ________..l  J oo 510 852 30510.30 |-cooocfoeet i
wea'2w), o bbb e ol 31010027 el 3.
Smith Creek entrance (38° 058 N., | May 4,1908_ __......__|  PBleccoomoormommmemeeee 4.8 | 852 310]0.27
" ?Aaryslz “{i)" @38° 078 N., 76° | July 3, 1928 7
S0 5 ’ T St 0] o0 [ o] i) |e) e
e
eocomico River entrance (38° 02°.1 |---.. (s /s T
YN-, 7653172 W.). g e |mlomim] ]| oo ol ®|o
13 0 445
234 miles off Piney Pt. (38° 05’.9 N., | June 29-30, 1928_.__... g g% 8.40 L9
76° 331 W.). 13 | 6.80| 9.50 4.51
21 { 6.70( 9.5 4.48

1 Surface.

« Current irregular.
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TaBLE 53.—Current data, Chesapeake Bay and tributaries—Continued

Observations 3 Flood strength g B Ebb strength o ;5,
. = = =] = £
S e = s
i Location % g s 1. 5 g 5 g o | £ 8 g
2 9 a Syl = 2 @ STl = 4
: Date 2 | Method Depth | x4 | 2 = sl 21 % E gz 28| 2|2 |8
53 - B- e~ - = -— =
@ & Z |6 |A |5 |&|d|& |a |5 |2 |=
(10) Potomac River—Continued
. . Feet Hre. Knis.| Hrs. .\ Hrs. 8.
A30 | 134 Ignlm off Piney Pt. (38° 06’.9 N., | June 29-July 2, 1928___ 7 7.85 0.36 | 4.78 7.123 }gu
76° 32.5 W.). 13 7.35 0.56 | 5.95 6.47 1 5.564
254 g % 0. 53 6. g? 5.60 | 553
. . 3 0.78 | 6. X 3
A32 | 3 mile off Piney Pt. (38°07’.8N.,76° | July 2,1928___.__.._.._ 7 6.40 1 30 5.60 g. gg ig
320 W), 11 5.60 1.07 | 7.30 512 | 4.46
28 5.60 0.96 | 8.30 4,12 4.78
. 49 (15) (1) | (19 () | (9
A29 M%chgg?g Qgév%r )untmnoe (38° 08°.7 | June 28-29, 1928____.__ 4%
“Ner 0 Wele ;” (1) 9 | (1) | (0| 19 | (19 @ [ | @ |
12
A28 | Bretons Bay entrance (38° 14/.5 N., | June 27,1928 _________. 7 5.10 6.90 | 5.58
76° 417 W), ’ ! 34| 5.00 7.00 | 558 55
e ie) e
A25 | 134 miles SE. of Blakistone I. (38° | June 26-28, 1928 _.._._ 1% 71 943 3.64 2: 65 2; ‘33
i 1.7 N, 76° 4275 W), 6,8 \ 9.53 3.67; 6.78 6.45
| 3o I @ ORI )
A28 | Chanrel oft White Pt., Nomini Creek | June 28, 1928_.______.. 4% 7.10 5.70 7 6.38 5.16
(38°08'.1 N., 76° 43’3 W), 1% 7.30 530 | 6.18 5.00
b £ v &2 3
A27 | Off Long Pt., St. Clement Bay (38° | June 26-27, 1928.._.___ 7 ’ 6. 5.0
14°.5 N, 76° 43’.7 W.), 3%
: S a9y | en | gl |m
143%
A2 | )4 mile off Rock Pt. Wicomico River | June 28-29, 1928_._____ 1 414 6.10| 9.00 0.8 1 7.35( 7.03| 9.68 0.49 1 5.07 | 4.77
(38°16°.5 N., 76° 49’.3 W.). ! 8 6.15 [ 8.90 0.9016.75]| 6.48| 9.43 0.65 | 567 4.56
:ﬂ gﬁ g;g 8452 g.ég 5.922 g(lg 0.63 627 435
A21 | Y4 mile NE. of White Pt (38° 15’8 N., | June 25-26, 1928____.__ 7 | 880 0.18 0.45 | 6.95 %33 0.26 %3‘2 g% %?f;
76° 57°.4 W), 3Kl 970 0.08 0.57 159 ) 918§ 0.36 | _..._ 0.47 16.52} 7.88
8i4 0.70 { 0.08 0.57 1580} 9.081 0.36 |.___.. 0.47 1 6.62 | 7.84
1340 9.70 | Q.08 {...... 035158 | 9.13{ 0.16|...... 0.4516.57 1 7.8
A22 | 3 mile SW. of Swan Pt. (38°17/.1N., | June 26, 1928 . _______. 3| Pole......_-. 7 110.60: 0.28 4.50] 868 0.00 0.8  7.92] 7.04
76° 55'.9 W.). | Meter._...._ 3%, 10.10 { 0.18 4701 8.3811238 0.8 772 7.68
N A do___.__. 9 9.90 0.18 500! 84811238 0.75 | 7.42 7.66
[ A S do_._____ 1434/ 10.10 | 0.08" 480 | 8481238 0.6317.62| 7.68
A23 | 134 miles NE. of White Pt. (38° 16’.4 | June 25-26, 1928 ____.__ 1 Pole..__..___ 7 910 0.3 6.8 9.48| 0.9 0.77 1562 | 7.97
N., 76° 56°.7 W.). Meter.__._.. 7 970 0.28 6.10: 9.38{ 0.96 0.77 1 6.32| 8.11
_____ do_._.___ 18 | 10.20; 0.08 5.15¢ 8.93 | 0.46 0.5 7.271| 7.95
_____ do______. 29 9.65 | 1220 6.35; 9.58) 0.36 0.58 !6.07 | 7.87
A20 | Off Beabors Pt., Upper Machodoc | June 23,1928.._._.____ 35t Pole. ... 418 (19 (19) (1% (19 (15) ) | @9 (]
Creek (38° 18’9 N, T7° 01’9 W.). Meter______. 2W%0 7.50 {______ 6.10 | 7.18 | 10.18 0.4316.32| 5866
_____ do.._____ 6161 7.50 i. - e-e--| 6,10 | 7.18 {10.18 0.32;6.32| 566
_____ do 1045 7.50 | - 610 7.18{10.18{______[0.326.32 5.66
A19 | 134 miles S. 71° E. of Persimmon Pt. | June 22-23 1928 ___.___| 1 10.70; 1.2 5.80!10.08{ 0.76 | 17511.36 | 6.62| 872
(38° 22°.1 N, 76° 59’4 W.). 14 {1030} 1.18 6.15110.03 | 0.96 1.36 16.27 | 8.65
35 1020} 1.13 6.40 ( 10.18 | 0.86 1.06 1 6.02; 8.62
do 56 9.751 0.68 6.60( 9.93| 0.16 0.84 (582 818
Pettersson 15 | 10.30 | 0.98 6.30 } 10.18 | 1.06 1.53 1612 866
meter.
A18 | 14 mile S. 64° E. of Persimmon Pt. (38°_____ [ Uy S 1s| Pole__.__ 7 9.90{ 0.18 5.5 898} 0.8 1.51 6962 8.01
23N, T7°00.2 W), Meter__. 8 9.90 ¢ 0.08 532 8.8 ] 0.8 1.41 1710} 7.96
_____ do.._____ 20 9.90 { 0.08 550 8.68] 0.8 1.3116.92| 7.98
_____ do____... 32 9.90 | 0.28 5.50] B8.981 0.8 1.31 16.92] 804
A17 { Off Brents Wharf, Port Tobacco Riv- | June 26-27,1928..______ 1 {Pole.__.____. 3
er (38° 2I'.9N., 77°02.2 W.). . Meter___.._. 2 (9 ) [ (] @ | @ ®
_____ do_-..... 5 !
A16 | 1¥4 miles SE. of Maryland Pt. (38° | June 21,1928__________ 15| Pole._.._____ 7 110.80{ 0.98 5.25 1 9.63] 1.16 1.00 | 7.17 | 8.67
206 N., 77° 1’8 W.). Meter__..... 3 110.80 1 0.98 520 9.8} 1.16 1.08 1 7.22} 866
_____ do______. 7% 10.80 | 0.88 545 | 9.83] 126 0.98 6971 872
_____ do.______ 12 | 10.80 ; 0.88 52| 9.58 1.46 0.98 ;7221 871
Al5 | 76 mile SE. of Maryland Pt. (38° 20".8 | June 20-22, 1928 _______ 2 Pole _______ 7 110.95 1.18 5.43 1 9.96 ¢ 0.96 1.43 | 6.99 | 8.79
N, 77° 1’8 W.). Meter_______ 6 |10.90 | 1.10 542 991 1.06 1.40 | 7.60 ) 877
14 10.85 | 0.98 550! 9.93¢ 1.16 1.05 1692 876
2 110.80 | 0.96 5.65| 9.931 1.26 1.07 | 6.87 | 877
16 | 10.40 | 0.88 6.15 (1013 | 1.26 1.2216.27| 870
Al4 | 56 mile SE. of Maryland Pt. (38°21".2 | June 21,1928 .___.___. 11.10 520 9.8 1.06 1.58 | 7.22 | 8.86
N, 77° 1I'.9 W.). W% 11.20 500) 9.7 0.76 1.67 [ 7.42| 878
19 11110 5.40 | 10.08 | 0.96 1.58 | 7.02| 889
304 11.10 540 { 10.08 | 1.16 1.5017.02) 896
Al13 | Aquia Creek entrance (38° 23°.6 N., | June 20-21, 1928 _._____ 44 8.80 7.70 § 10.08 | 1228 0.49 1472 7.76
77° 18.9 W.). 114 8.80 7.70 { 10.08 | 1218 0.57 1472 | 7.72
4 8.80 7.60 ] 9.98 1218 0.57 | 4.82| 7.69
614 8.80 7.60 | 9.98 | 11.98 0.57 1482} 7.62
02 I%Nmi]u; N,. OI“P;'ents Pt. (38° 25°.4 | Sept. 28-29, 1928_______ 415 9.77 6.97 1 10.32 | 0.65 0.51 | 545| 836
., 77°18°.9 W),
Al2 | % m.{le E. of Quantico Dock (38°31°.2 | June 19-20, 1928 ______ 7 110.90 550 9.68{ 0.96 0.58 | 6,02 8.84
N., 77° 16/.1 W.), 8 | 10.90 550 9.987 0.96 | ___.__ 0.74 | 6.92 | 884
15 | 10.90 550 9.98| 0.98 |______ 0.67 16.92]| 884
2 | 11.00 5401 9.98( 1.06 0.68(7.02| 884
¥ Westerly. 17 Northerly.
11 Easterly. 18 Pole observations bad due to wind.
13 Southerly. 1% Practically no current.

# Current weak and irregular,
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TaBLE 53.—Current dala, Chesapeake Bay and tributaries—Continued

3 Surface.
12 outherly.

16 Current weak and irregular,

17 Northerly.

18 Practically no current.

1 Carrent weak; did not flood during observations.
» Observations of slack water scattered over 22 days indicate that current ebbs most of the time,

Observations 4 Flood strength =] =4 Ebb strength ?,
; 2 g | H £ |§
=3 ' = ] P ) ey 3
Z Location 8 S § | = E S S _E S %’ §
g Dat T | Method S sz |38l 3 || S 122|883 |° |
2 ate £ e S |ER (25| S |82 2|28z 8
& & 4|6 |A |f|&|&d|E |A |5]|=a|=
(10) Potomac River—Continued
Days Hrs. | Deg. { Knts.| Hrs. Hrs. | Deg. | Knts.) Hrs. | Hrs.
All | ¥ mile N. 74° E, of Quantwo Dock | June 18-20, 1928_._._.. 1 1.28 2 . 5.65 1.03 . 6.77 | 8.96
(38° 31,3 N.,, 77° 16°.6 W.). b 1.28 5. 52 1.29 6.90 | 9.04
1.20 5. 50 1.19 6.92) 9.00
1.18 5. 48 1.13 6.941 898
1.18 5.63 1.46 6.79 | 9.04
A10 | ¥ mile N. 43° E. of Quantico Dock | June 19, 1928__.______. . 1.18 4.80 2.36 7.62| 9.36
(38° 31’4 N, 77° 16°’.9 W ). . 1.28 5.20 1.96 7.221 9.38
. 1.28 5. 30 2.06 712 9.38
. 1.18 5.20 1. 96 7.221 9.31
A9 | Railway Bridge, Quantico Creek | June 18, 19, 1928_______ 9.70 | 1.28 6. 80 1.26 5.62( 8.61
(38° 31" 7N, 77° 1773 W ). 9.90 | 1.18 6.30 1.06 6121 851
9.80 { 1.18 6. 50 1.16 592 854
9.80 | 1.18 6.40 1.16 6.02 | 851
A8 | 78 mile N. 41° E, of Hallowing Pt. | June 15,1928__._____._ 12.30 | 288 5.10 0.86 7.32| 9.78
(38° 38" 8N, 7T7T° 07".2 W.). 1230 278 5.20 ©0.66 7.22| 9.72
12201 2.78 5.10 0. 66 7.32 ] 9.66
1220 ¢ 2.38 5.20 0. 86 7221 9.64
A7 | 3 mile N. 16° E. of Hallowing Pt. | June 15-16, 1928_____.. 1 0.63 | 198 5.35 1.96 707 9.97
(38° 387N, T7°07" .6 W.). 1240 | 213 5.40 2 36 7.02 | 10. 10
1235 2.38 5.40 2.26 7.02 1 10.11
1240 | 2.28 b.45 208 6.97 | 10.07
R4} Off Maashall Hall (38°41’4N,, 77° | Mar. 23-26, 1914_______ 12,29 4 e el 10. 55
061
A6 | Mid-channel, east of Jones Pt. (38° | June 11-15, 1928 ._____ 3% 0.34 0(1.10] 514 180 | 1.04 { 7.28 { 10.32
475N, 77°02’ W) 0.20) 241 |.____. 1.09 § 5.17 43 - 0.9717.25{10.28
0.35 | 2.27 |______ 1.00 | 5.02 Y PR 0.95]7.40 | 10.25
0.31) 2,24 |...__. 0.85 . 97 Y/ PO 0.84 | 7.45 | 10. 21
1 001 178 |._____ 0.96 1477 6 oo 081765 9.8
R3 | Mid-channel, off Alemndm (38° | Nov. 10, 1913-June 2, | 205 0.31 (€50 T 7 [ N F 7.65 {10.27
48’2 N, 77° 02'.2 1915.
A4 Off Bollmg Field, Anacostm River | June 11-12, 1928 . ______
(@8° S8 N, T 006 W.). @) o9 | @ | @ ORRCRNORNC!
A5 | Anacostia dges Anacosua River | June 12-13,1928____._. 1 [Pole......_. 70 | 0.40 | 5.90 240 10.25 1 6.52]10.04
(38°523N.,76°5¢4W). ¢+ 1 I Meter_._..] 5 }1225] 1.88)._____ 0.50 ) 5.75 0.3516.67 } 10.01
______ 0.50 | 5.60 aeee-2l 0.35 | 6.82 | 10.00
______ 0.50 | 5.55 -aeu--1 0,351 6,871 9.97
R2 | Benning Bridge, Anacostia River | Dec. 18, 1914 . @n ——- [ PO 9.98
(38° 53'.8 N., 76° 57 7 Ww.).
A3 | Washington channel of ,Potomac June 11, 1928 __.__.___
Park (V8 N, T° 02 W), @ || o9 O RCERCRNC
A2 Ot Gr%;eﬂy Pt. (38° 5272 N, 77° | June 14-15, 1928 __..___
2.0 W) @) @ | @ | @) | @ | @
F2 ng 3;' f;oggmac) Park (38°524 N, | Nov. 27, 1867. 322 | 0.49 | 5.02 122} 0.60 | 7.40 | 10.02
F1| 16 mile above Highway Bridge, | Nov. 26, 1867_____._.__ 201 | 0.36 | 5.12 100 { 0.46 | 7.30 | 10.34
QGeorgetown Channel (38° 52’6
N, TP 02’7 W.).
Al Key, Bndge, oﬂ: Georgetown (38° | June 13-14, 1928 . _____
AN, T W2W.). CRRCENC) ® ||| m®
R1 | Chain Bridge (38° 55".8 N., 77° | Aug. 19, 1914¢-June 10, @0 | () | () @@ | @
07.0 W.). 1915,
(11) Patuzent River
L13 | 1V4milesN.84° E. of Drum Pt. Light | Oct. 4-5,1849__________ 251 | 0.28 | 4.67 | 6.37 801053775 558
(38°19°.3 N, 76° 23'.5 W.).
Fg2 5/ﬁmlle E o‘(vll;rum Pt. (38°19.2N., | Aug. 8-19, 1908_ Pole.___.._. 6.92 | _.f___. 5.92 | 6.42 6010.80}6.50] 509
HT5 %mﬂe 8. of Drum Pt. (38°18'8N,, | Sept. 16-17,1927._____. 6.70 245 10.85{6.35 | 6.63 401 0.55 | 6.07 | 4.98
76° 25'.3 W.). 6.8 9.75 | _____ 0.60{6.25| 663 9.58 [.__.__ 0.60 617 | 501
6.55 | 9.30 1______ 0.55]6.25| 638! 9.48 | _____ 0.5516.17 | 475
565 | 805 .. ___ 0.60|6.25] 548 893 ... 0.606.17 | 3.8
Fg3 Ogy l;t. Patience (38° 10°.7 N, 76° | Aug. 11-12, 1908 ______ 5. 52 306  0.91} 7.57 | 6.67 178 1 0.52 | 4.85 | 4.65
Fet 01‘:N Broome I. (38° 23.8 N., 76° 33,3 | Aug. 13-28, 1008.______ 7.97 24 | 0.50 | 4.52 | 6.07 5.32
H76 | Off Benedict (38° 30°.7 N., 76° 40,3 | Sept. 16-17, 1027.______ 7.25 3109|685 7.68 5.77
Ww.). 7.35|10.50 |.__.__ 0.93)6.65| 7.58 5.77
7.40 1 10.35 |._____ 0.9816.70| 7.68 5.82
6.90110.50 {___.__ 0.85(7.60| 8.08 588

98
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TaBLE 53.—Current dala, Chesapeake Bay and tributaries—Continued

L—08—,03838

Observations & Flood strength g £ Ebb strength a E,
. I 3 =] )
2 [~ e [ 1] e 2 3
E Location % g |£ sl 21" % £ B Exl 25 g
o 3 = = @ ey = o
2 Date T | Mehod | Depn | ¥ EE HENRRE &= §§ ERRE
= - - b~ @ Pl = — i
@ & @ [ =} > 2 @ 3 =} > =
\1 1) Paturent River—Continued
Days Feet Hrs. | Hrs. | Deg. | Knis.| Hrs. | Hrs. Hrs. | Hrs.
H77 Oﬂ Lyons Creek Wharf (38° 44’.8 | Sept. 16-17, 1927 _._. 1 {Pole.. ... 7 8.60|11.30| 315}1.08{6.10( 828 6.32; 6.66
N., 76° 41’.1 W.). Meter.__ ... 7 8651130 {.__... 0931615} 838 8271 6.72
_____ do..__.. 18 8.70 | 11.30 0.98 6.2 8.48 6.22| 6.76
_____ do_.___. 29 86571150 |___ .. 1.03 /6,20 843 6221 6.76
(18) Little Chm& and Choptank
s
H70 | 1 mile 5. 43° W. of Hills Pt., Little | Sept. 13-14, 1927___.__ 7.55 .35 16.50 ] 7.63 5921 5.92
! Choptank River entrance, (38° 7.30 .39 | 6.85 | 7.73 5.57 | 584
i 33.0N., 76° 19'.6 W.). 7.20 .30 | 6.80 | 7.50 562 5.65
] 7.25 17 16.75| 7.48 577 567
H71 | Off Casons Pt., Little Choptank |.____ L5 s 7.20 57 {5851 6.63 6.57 | 5.07
River (38°31'.9N., 76° 14'.5 W.). 7.30 57 | 5.70 | 6.58 6721 508
7.10 47 16.00 | 6.68 6.42 { 5.07
7.10 .41 1 6.10§ 6.78 6.32| 514
M4 | 13 miles 8.60° E. of Sharps I. (38° | July 25, 1848 ___._____ 7.62 .82 |ococfocnono| 9.52) 228 10.92 (.. ___ 5.35
36'.2 N, 76° 19’ 8 W),
H63 | 13§ miles N, 33° W. of Cooks Pt., | Sept. 9-10, 1927______. 8.10 6.20 | 7.88 8.22| 6.44
Chopt,a.nk R]vel' (38°39.1 N, 76° 8.15 610! 7.8 6.32 7 6.42
18’4 W.). 7.65 6.15| 7.38 6.271 5.86
6. 05 7.05| 6.68 5.37 | 4.7
B2 | 214 miles N, of Todds Pt'& Choptank | Aug. 12-14, 1902_._____ 7.45 6.39] 7.42 6.03 | 594
River (38°39 .9 N, 76°15.1 W.),
M3 | 2 miles N. of Todds Pt., Choptank | July 18-19, 1848_______ ) B D, [0} 9. 57 567} 8.82|11.82| 271|077 675 7.5
River (38° 39°.7 N, 76° 15'.0 W.). :
H64 | 14 mile S. of Choptank River Light, { Sept. 8-9, 1927 ... 7 9.35 4.25; 7.18 0.42]817 6.71
Choptank River (38° 38’.8 N., 76° 7 9. 40 4157 7.13 0.52 1827 6.71
100.9 W), 17% 8.8 505 7.48 0.33]7.37) 6.47
28 8. 50 495} 7.03 0.33 | 7.47 | 6.07
He5 | W, of Oxfard, Tred Avon River (38° | Sept. 7-8, 1927 _....__ 7 8.10 530 6.98 0.39]712] 576
41 5N, 76° 10/.8 W.), 6 8.25 545( 7.28 0.39 (697 58
15 8.10 5351 7.03 043 [7.07| 565
24 7.90 515§ 6.63 0.3317.27} 547
B1 | N. of Oxford, Tred \von River (38° { Aug. 1-2,1902__.._____ l 9.02 452 7.12 042179 | 606
41’9 N, 76° 1074 W .). {
H66 | 1% mile below Easton Pt., Tred Avon | Sept. 6,1927___________ | 8 | (1 | (OENONNC)
River (38° 45 .8 N, 765 06'.2 W.). {
H67 | Of Hambrooks Bar, Choptank | Sept. 12-13, 1927___.._. 1 [Pole........_ 7 8.85(11.551 111 {0.61 {585 828 | 11.18} 315{0.51 1 6.57| 678
River (38° 35’8 N, 76° 04’8 W.). 9 885 (1L60 [-.____ 0.61 {359 | 8381153 0.51 1647 691
2% 8.80 | 11.30 |...... 0521605 843 |11.88 | _____ 0.52)6.37| 692
36 8.60 ; 11.45 0.54 {6.45| 863 |11.73 |.__.__ 415971 6.9
H6S | B. C. & A. Ry Bridge, Choptank | ____ s 1o S 1 7 11020 043 340/ 0.66{6.40110.18| 071} 148 ! 0.76 | 6.02 | 8 41
River (38° 44’.7 N, 75° 59 8 W), 8 [10.20] 0.43 |-__.. 0.70 | 6.40 | 10.18 | 0.51 |___.__ 0.80 | 6.02| 836
13 (1000, 043 |_..... 64 164511003 0.31 0.64 | 5.97| 822
(18) Eastern Bay
H57 | 174 miles 8. 22° E. of Bloody Pt. Bar | Sept.2-3,1927____._____ 7 110.65; 1.3 30|0401525] 9.48 050|717} 8.81
Light (38° 48’3 N, 76° 22 6 W.). 8 [10.70) 1.18 {.____. 0.40 | 5.20 | 9.48 0507221 866
20 (1080} 128 {..___. 0.41] 5.05| 9.43 0.61737| 862
32 [10.85 | 1.98 | _____ 0.40 { 5.75 | 10.18 0.50 | 6.67 | 9.30
L9 | 1y mﬂesSE .of Kent Pt. (38°49.5N., | Oct. 15-18,18s6_______| 3 |__J____ 0Ll 311057529 |.___. 0.41 713 |.____.
76° A7 W) Oct. 15-16, 1849._ 8 8.47 | 11.52 2510371717 9.22 0.17 | 525 | 7.16
H58 { 1 mile SE. o{ Long Pt. (38°50°.6 N, | Sept. 2-3, 1927_________ 7 820! 11.20 391050)635) 813 0.40 16,07 | 6.48
76° 1.6 W.). 8141 8101115 |.__.__ 0.45(6.10| 7.78 0.45 [ 6.32 | 6.31
21 9.50 1 11.30 |.__.__ 0.291400] 7.08 0.54 1 842 6.46
3314 8.80111.35 | . . 0.56!5.40] 7.78 0.41!7.02, 6.5
M1 l%égii(;s S.of }‘urkey Pt.(38°52 4N, | July 31,1847 ___.______ [ IR PO A 48 10.81 (6.11 |._____. 0.71]6.311._____
H59 | 114 miles N of Tilghman Pt. (38° | Sept. 9-10, 1927_____._. 7 830 0.33158 | 7.73 0.48 1 6.57 | 6.44
53’.0 N, 76° 15'.1 W), 9 8.50 0.34 {59 | 8.03 0.44 |1 6.47 | 6.56
22151 8.35 0.34 16,20 813: 0390 (6.22| 6.54
36 | 7.05 0.49 17.35| 7.98! 0.24 1507 | 585
M2 l}gor,nglﬁ’s 460" V;: of Ben) nett Pt. (38° | June 17-18, 1847 _ ______ O] 8.62 0.43 16.27 | 8.47 | 0.4316.15| 6.92
76° 1 i
H60 | Off Deep ‘Water Pt. Miles River (38° | Sept. 89,1927 ... 7 8.45 0.61 |6.15] 818! 0361627 6.74
482N, 76°12°.6 W.). 9 8.45 0.57 | 6.05| 8.08 0.3716371! 6.75
z 8.20 0.57 1595 7.73 -10.37 1 6.47 | 6.46
37 8.30 0.33{6.20( 808 018622 6.5
H61 | 34 mile above Long Pt. Miles River | Sept. 7-8, 1927 _.____._. 4% 8.2 0.28 {530 7.08 04317.12 ] 6.21
(38° 46’4 N., 76° 094 W ). 7% 7.95 0.3816.00 | 7.53 0.33 (642 6.28
7.70 0.38{635| 7.63 0.231607, 626
(14) South and Serern Rivers
H51 | Midchannel, off Marshy Pt. South | Aug. 11-12, 1927___.___ 1 7.27 | 7.38
River (38° 54’.3 N., 76° 28’8W . . 802 7.55
7.37 6.90
H52 | Off Lee’s Wharf, South River (38° | Aug. 12-13, 1927 ___..__ 1
57.0N., 76° 332 W.). o | @9
HA47 | 34 mile 8. 35° E. of Greenbury Pt. | Aug. 23-24, 1927 ____.__ 1 802! 7.70
Shoal Light (38° 57'.4 N 76° 7.47 | 815
7 W.). 7.57( 7.08
7.72 | 7.91
Fel | %6 mile 8. 30° E. Greenbury Pt. | June 14, 1910_.________ 14 460} 812
g?oalwljdght (38° 57’5 N 76°

3 Burface. 18 Current weak and irregular. 18 Practically no current,
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TaBLE 53.—Current data, Chesapeake Bay and tributaries—Continued

Observations ES Flood strength g 3 Ebb strength a E
. = k=] = 2
=] 4 9 o 2 ] ~ a = ¥
. Location BENENESE R RENESS RN R
k- Date % | Method | Deptn ; EE 2218 | 3 3|5 321312 |3
3 - G = L] B3 =]
s g 2 & [ |2|=m| &8 18 |5 &=
14) South and Severn Rivers—Contd.
“ Feet Hrs. | Hrs. | Deg. | Knis.! Hrs. | Hrs, | Deg. | FHrs. | Knis.] Hrs. | Hrs.
H48 | Off Naval Academy, Severn River | Aug. 25-26, 1927 7 9,25 . 6.05 | 888 | 1341238 ,0.1816.37 7.42
(38° 59.1 N, 76° 28’7 W.). [] 9.25 6.05 | 8.88 . 6.37 | 7.42
15 | 9.25 6.25 | 9.08 6.17 | 7.48
24 9.20 6.20] 8.98 6.2 7.47
H49 | Off Brewer Pt., Severn River (39° | Aug. 26-27, 1927 7 9.80 5.70 | 9.08 6.72] 7.71
01’8 N., 76° 31 9 W), 5% 9.85 590 9.33 6.52 | 7.87
134 9.45 6.2} 9.23 6.22| 7.62
22 9.30 635 9.2 6.07| 7.48
(15) Chester River
H43 | 214 miles 8. 12° E. of Love Pt. Light | Aug. 25-26, 1927 7 5.15 0.38[7.27] 9.47
(39°01’.3 N, 76° 16’4 W.). 8 5. 50 0.4216.92| 9.35
20 6.35 0.36 | 6.07 | 9.48
% Y R ACEANY
H44 ile NE. of Hail Pt. (39°01’.0 N, { Aug. 29-30, 1927 7 . 3 .
1/471(151"1 fl’ 2 W(?) .H ¢ ¢ ;) 6.30 0.37 1612 9.67
22 5.10 0731732 9.40
35 6. gg 0.58 g 32 g. ;g
H45 ile NE ofDee Pt. (39° 06".7N., | Aug. 30-31, 1927 7 5. 0.76 | 6.77 .
%AI(!S]"‘ 06'.7 W.). P ¢ g 7 5.70 0.76 1 6.72 | 9.68
17 5.85 0.76 | 6.57 | 9.71
2 AR
H46 | Off Chestertown (39° 12.5 N., 76° ; Aug. 31-Sept.1,1927..{ 1 | Pole.__...... 5 5.25 3 5 3
03’.6 W.). ¢ Meter__...__ 7 6.20 0.90 | 6.22 | 10.07
..... do....... 11 6. 50 0.69 | 592 9.92
(16) Putapsce River
H3 mile off Frankie Pt. (390° 08’7 N., | Aug. 45,1927 _..______ 1 7 1200 1.48 4.25 0.25 (817 9.28
T w). ¢ e 8 {11.90] 163 4,80 033 [7.62] 9.44
13 [11.70§ 158 5. g g g (75 gg lg: g
H30 | 134 miles E, of Rock Pt. (39°10’.0N,, | Aug.56,1927_._..____ 1 7 (1200} 258 5. . .
:};ﬁc' 26’ 4 W(t). ¢ e 4 0.08] 248 5.05 0.34 | 7.37 | 10.12
9 (1210) 218 5.15 0.40 | 7.27 | 9.87
14 (12351 2.28 5.00 02617421 9.9
H?29 ; Channel] 1 mile S. of North Pt. (39° | Aug. 19-20,1927_______ 1 [ Pole......_.- 7 ;11,207 178 34010.2516.15,10.93 | 1.8 150 1 0.40 | 6.27 | 9.47
10°.7 N., 76° 26’ 4 W ). 1.73 0. 6. . 1.76 5 6.42 | 9.47
1.63 . 6. 1.58 5671 9.19
1.33 6. 101 : 6.33 | 8.87
Wb10 Ct;g.:mel Sw?f North Pt. (39° 10°.8 N.,| June5, 1887_..__..__. 3 A 1 7.30 [ 10.66
Wbl 3¢ mél;,SW of North Pt. (39° 1V 5N, | May 2829, 1867 ___.__ 7.60 i 893
76
Wbi12 | 134 miles NE. of Rock Pt. (39°11'.1 | May 30, 1887 __..___... 7.20
‘\Y 76°27'.8 W.).
Wbi13 mlle NE. of Rock Pt. (39° 10°.7 N, | May 31-June 4, 1867._. ) SO PR S do..___ 11.22
76° 2872 W),
H32 | Brewerton Channel, S. of Sparrows | Aug. 19-20,1927_______ 7 | 10.60
Pt. (39° 11’6 N., 76° 29°.0 W.). 7 110.50
1734 10.75
28 110.30
H33 | Bear Creek entrance (39° 13'.8 N., 76° | July 28-29, 1927________ 414
299 W), 8 (16
13
H34 | Channel, N’ or Hawkins Pt. (39°13".4 | July 26-27,1927___.____ 7 110.80
N., 76° 1W.). 7 110.80
1714( 10. 80
28 11. 00

H35 | Curtis Creek entrance (39° 13.1 N., | July 27-28,1927________
76° 34’.6 W),

H36 | Northwest Harbor entrance, off Ft. | July 25-26, 1927______.

i
McHenry (39°15'.8 N, 76° 34'.5 W), el @] ® f @@ | ||| m]m]|®

28
K1 | Northwest Harbor entrance, off Ft. | January-June 1903._._ ® 10.90 | 148 | (i) no.10! 6.21 | 10.60 | 1.27 | (15) [10.08 6.21 | 9.12
McHenry (39° 15°.9 N, 76°34’.5 W3,
H37 Mlddle Branch (39° 154 N, 76° 370 | July 29-30, 1927__..____ 1 7
W lgh @ ! [@ @[] @O
21
(17) Sassafras and Elk Rigers
H16 | Off Grove Point, Sasafras River (398° | July 21-22,1927________ 1 |Pole..__.___ 5% 0.33°) 3.13 9510.40 |1 6.251 0.18 0.40 | 6.17 | 10.94
227N, 76° 02.8 W.). - 3 0.28 | 3.33 |.--._. 0.35{6.35] 0.21 0.30 | 6.07 | 11.01
- 7 028§ 3281 _____ 0.40 } 6.00 | 12,28 0.35 ] 6.42 | 10.86
- 11 0.33 | 3.18 {__.___ 0.3516.05|12.38 0.30 | 6.37 | 10.90
H17 | Georgetown-Frederick Bridge, Sassa- | July 20-21,1927_.______ 1 . 7 0.431 3.18 42 (0.39 | 6.15| 0.16 0.24 |1 6.27 | 11.17
fras River (39° 21’9 N, 75° 53’.0 W.). - 5 0.53 ) 28 |...___ 0.33 605! 0.18 0.33 | 6.37 | 11. 14
- 12 0.68; 283 | _.___ 0.33 5901 0.16 .10.38]6.52 1120
....... 19 0.78 7 288 1. 103357 ] 011 0.38 16,67 1120
3 Surface. 1 Soutberly. 10 Current weak and irregular. 17 Northerly. 1 Velocity not corrected for range of tide.
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TaBLE 53.—Current dala, Chesapeake Bay and tributaries—Continued

Bt
Observations z Flood strength 5 g Ebb strength -
. = = 5] ~
2 ] 9 [l ] . = ;
:: Location é %B g 2l & -g %.3 %3 g 2 & 5 og
e BEl B B5| % | ° lg
2 Date _g Method Depth § E & gg g § .§ E"’ 35 Eo 21§
@ B @ | R [ >R | = [EB A >R A
(17) Sassafras and Elk Rivers—Con.
Feet Hrs. Hrs. | Hre. | Hrs.
H10 | N. from Reybolds Wha.rt Elk River | July 19-20, 1927________ 7 0 0.78 6.05] 0.41] 3.86
(39° 277.6 N., 75° 58/.7 W.). 4 | 0.88 6.00| 046! 3.81
. 1 | 0.8 5.90 | 0.31] 3.81 .
18 0.78 590 0.26 3.76 .
H13 | Offt Hendersons Pt., Elk River (39° | July 18-19, 1927 ._..__ 514 2.08 530 096! 4.46 s
33.2N., 75° 51".6 W.). 37| 198 551 1.06| 426 6.92
6 . 1.98 5.401 0.96; 4.16 7.02
10 | 218 530 1.06| 4.36 7.12
H11 | Off Sandy Pt., Back Creek (30° 31°.7 | July 19, 1927. ... 514 0.98 6.20! 0.76 3.5 6.22
N., 75° 52 0°W). 3| 0.88 6.10) 0.56) 3.46 6.32
7 | 0.88 6.10} 0.5 | 3.56 6.32
1 | 0.78 6.30| 0.66| 3.86 6.12
H12 { 77_yards W. of Chesapeake City | July 19-20, 1927._______ 415 1.83 540 | 0.81 | 4.06 7.02
Bridge, Back Creek (39° 31.7 N, 6 1.88 521 066 3.96 7.22
75° 48°.7 W.). 10 | 1.88 5.10] 0.56| 3.81 7.32
(18) Chesapeake and Delaware Canal 2
Cal Chesapeake C)ty Bridge (39° 31°.7N., | June 4-5, 1928 ___._____ 416 0.98| 403} () 4135|688 | 1.36| 3.81 | (V) | 1.83| 562/ 1178
75° 48" 3 08 4 1131690 1.41| 3.81 | ... 1.65 | 552§ 11.84
9 | 098] 423 ___.. 090168 | 1.41] 3.8 {._____ 1.521 5.57 1 11.86
E4 | Near Chesapeake City Bridge (39° May 13,1927 ... ® 1.60 ... y | 6.92] 2210 1 _____. (0 ... 5.50 | 12. 64
3.7 N., 75° 48°.7 W.). 1928-29 .. ... .__. LU | 453 (ug 1.05(6.14 | 1064 392! (9 [1.39|6.28 1195
E5 | 1 mile €. of Chesapeake City Bridge | May 13,1927 __...__.__ ® 1.20 e @y .. 712 190} _____. (0 |- 5.30 | 1234
(39° 3V.9N. 75°47°.7 W.).
E6 | 134 miles W. of Summit Bridge (39° | ____ A0 e ® 0801 420 (0 | L17]712] 150} 3.50] (% |1.17 | 530! 11.74
32.6 N., 7T5° 45'.2 W ).
E7 ] 3 mile E. of Summit Bridge (39° May 13,1927 .. __ ® 0.80 {_._..__ L2) T SO 7121 1L.50 .. ... oy | 5301194
327N, 75° 3.1 W)). 9829 ... 71 L4 42 (u; 1.09593) 0.75] 3401 () | 1.17]6.49 ) 11.65
{Ca2 PennsylvamaR R. Bndge (39° 32'.8 JuneHs 1928 ..o __ 41| 0.34 | 3.88[ () |1.37 726 1.18) 854 | () §0.92] 516 [ 11.50
N, 75° 42’.2 3] 0.38] 3.80]...___ 1.61 | 7.25 | 1.21| 3.48 |___... 1.11 | 5.17 | 11. 46
13 { 0.34) 372{ (1) (130(7.26{ 1.18 | 3.34 |._____ 0.97 | 516 | 11.38
E8 | 1mile E. of P. R. R. Bridge (39°32’.6 { May 13,1927 __.__.____ ® 0.50 .o___.{ = oo 7.42) 150\ [CO )5 A 5.00 | 11.79
N., 75 41', 2W) 1]
E9 | 1% mile E. of St. Georgm Bridge (39° |..--- 1 S, ® 0,00 330 | ... 7.62) 1.20| 33| (0 |_____ 4.80 | 1.4
33,2 N., 75° 38°.7 W ).

3 Surface. 1 Westerly. u Easterly. 1 Northerly. 2 Current data for stations near the eastern end of the canal are given in Table 62, p. 118.
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TIDES AND CURRENTS IN CHESAPEAKE BAY

TABLE 54.—Current observations, Chesapeake Bay and tributaries

;. |Num-
. Desig- Locations
Year of obser Party of— nating| PeF Locality plotted on
vations letters|of 5t
eLlers) tions figures
1846 ... Q. M. Bache....._... Bc 6 | Bay: Patapsco River to Severn | 29,35.
River.
1846, 1840, 1850_| 8. P. Lee..___..__.... L 19 Bayi: Upper end to Rappahannock | 27-20, 34, 35.
River.
1847, 1848 ... W. P, McArthur_____ M 4 | Eastern Bay; Choptank River.._.| 28, 29, 35.
1851, 1853, 1854 John J. Almy.._ .. _.__ Ay 12 | Lower Bay; Hampton Roads._.._.. 24, 27,31, 34.
18561 B.F.8ands..__.____. 8 2| Entranceto Bay...._..._____..___ 24,27,
J. N, Maffitt .. __._. Ma 1 | James River near Hog Island ... 32,33.
C.Fendall....__.___. F 2 | Potomac River at Washington..._| 35,
F. P. Webber__..._.. Wb 13 | Bay: Near Susquehanna Riverand | 29,
Patapsco River.
J.B. Wier._..._...... w 2 | Elizabeth River.. ... ... ... 3L
-| Q. Bradford Br 7 | Bay: South of Pocomoke Sound; | 27,33,34.
Rappahannock River.
E.H. Tilman_.____. T 7 | Bay: Patapsco River to Herring | 28, 29, 35.
Bay.
R.L. Faris._______.. Fa 3 Bay:YSouth River to Patuxent | 28,29, 35,
ver. .
U. 8. 8, Casslus, Sam (o} 1 | Hampton Roads... o .co__.o_.o._ 27,81,
W. Very, U.8.N.,
commanding, :
1809, ... C.C, Yates.__.___._. Y 1| Lower Bay near Cape Charles | 27,
City.
1900 . ... P. A Welker.._.._._ Wk 2| Bay n);nr Patuxent River......... 28, 35,
B 2 | Choptank River..._._._ .
K 1 | Baltlmore Iarbor .
1908, 1910, 1911, | O. W, Ferguson_.__.._ Fg 31 | Bayand tributaries: SBevern River | 27-29, 31-35,
1912, 1913. to Elizabeth Rlver. i
1909 . ... U. 8. Engineers..___. E 11 | Lower Bay at Old York S8pit | 27,36,
Channel; Chesapeake & Dela-
ware Canal.
Crews of light vessels.| LV 3 | Bay entrance and approaches .| 24,27,
H. P. Ritter_.. R 4 | Upper Potomac River. 35.
P. C. Whitney. Wt 1 | Hampton Roads._...._. 27,31,
Harry Leypoldt Ly 10 | Lower Bay: Wolf Tra 24,27, 31, 33,
entrance.
B B.latham..._....; La 8| York River mouth...__________.._ 27,32,33.
H.A.Seran____._.__.] Se 1| Approachtobay. ... .__...._. 24,27,
L.A.Potter_._..__..| P 7 | Hampton Roads; Elizabeth River_| 27,31, 32,
U. 8. Fish Commis- | FC 6 | Bay: Patapsco River to Rappa- | 27,28, 29, 35,
sion. hannock River,
A.J. Hoskinson_.__.. o 75 | Bay and tributaries: Susquehanna | 28, 29, 35, 36,
River to Patuxent River.
G.L.Anderson._.___.._ A 102 | Bay and tributaries: South of | 24,27, 28, 31-35,
Patuxent River, i
(. L. Anderson_._..._ Ca 3 | Chesapeske & Delaware Canal_.| 29,36.
.| H.J. Oliver.....___. o] 1 | Potomac River near Aquia Creek_| 35,
Jack Senidor.__.__._.. Sr 1 | York 8pit Channel_....._..___.... 27.

THE CURRENT IN THE APPROACHES TO CHESAPEAKE BAY

Because of the relationship between the current movements inside
the bay and those off the entrance, the latter are included in this
discussion. For convenience, the lower limit of the bay is taken as
a straight line drawn from Cape Charles Light to Cape Henry Light.
Five current stations plotted on Figure 24 lie eastward of this line
and are therefore in the apgroaches to Chesapeake Bay. At the east-
ernmost of these, station LV1, the tidal current is rotary and turns
in a clockwise direction. The characteristics of the rotary type of
current, which is the type generally found offshore, are discussed
in detail on page 132 of the appendix. Following the method usuall
employed for the reduction of rotary currents, the observed veloci-
ties were resolved into their north and east components and then
tabulated with reference to the times of high and low water at Old
Point Comfort. The average velocity and direction of the current
as obtained from the tabulation is given in Table 55 for each hour
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TIDES AND CURRENTS IN CHESAPEAKE BAY 95

from three hours before to three hours after high and low water.
The nontidal current was determined by averaging the resolved
hourly velocities for all times of the tide, a process which eliminates
the tidal current since the mean value of the resolved tidal current
is approximately zero. This was done in groups of 29 days and the
velomtif and direction of the nontidal current for each group is given
in Table 56. The mean velocity and direction of the set as derived
from the resolved currents for the entire series are also given in Table
56. Because of the irregularity of the direction of set, these resultant
values differ from direct means of the values for the individual
groups.
TABLE 55.—Currents, station LV1

[Observations, Fob, 16 to May 24, 1010.]

Observed current Tidal current

Time referred to high w%ter ?n(: low water at Old Point
omfor
. Direction : Direction
Velocity (true) Velocity (true)

Knots | Degrees Knots | Degrees
3 hours before high water___________________________ . _..... 0.14 281 0.17 326
2 hours before high water_.. .. .. .. .

=)
=3
=]
»
>
4
—
S
)
@0
=3

1 hour before high water_.___________ . ao- 0.04 169 0.09 35
High water. .. ciiiccianan 0,08 109 0.15 54
1 hour after high water_ ... .. . e 0.11 134 0.13 74
2 hours after high water. ... ... 0.21 131 0.20 98
3 hours after high water_ ... ... 0.21 149 0,17 115
3 hours before low water_ 0.22 162 0.17 120
2 hours before low water. 0.22 179 0.12 157
1 hour before low water 0.22 212 0.11 225
Low water.__....._... 0.22 220 0.13 255
1 hour after low water... 0,24 244 0.17 272
2 hours after low water. .. ... 0.22 247 0.18 279
3 hours after low water ... ... 0.16 271 0.18 314

TaABLE 56.—Set of nontidal current, station LV1

Direction

Date of observations (true) Velocity

1919 Degrees | Knots
Fob., 18- MaAT. 16 ettt e cm e 211 0.13
Mar, 1-20____... 207 0.24
Apr.1-20_______ 155 0. 04
Apr. 26-May 24 180 0.05
Series Feb. 16~-May 24 201 0.12

A graphic representation of both the observed current and the tidal
current, which is the observed current with the nontidal current elimi-
nated, is given in Figure 25.

In this diagram each line drawn from the origin O represents by its
length the mean observed velocity of the current for its particular hour
of tide, and by its direction the average observed direction of the
current for that hour. The letters H and L refer to the times of high
and low water, respectively, and the numbers following them indicate
the number of hours before, or after, the designated phase of tide, a
minus sign signifying before and a plus sign after. The outer ends
of the lines thus drawn form an approximate ellipse, indicated by the
dashed line. A point C was next plotted from the same origin O,
ts distance from O denoting the velocity and its direction from 0
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the direction of the computed nontidal current. The point C now
becomes the origin from which the velocities and directions of the tidal
current may be measured, a line joining H and C denoting the velocity
and direction of the tidal current at the time of high water and so on.

The velocity and direction of the tidal current for each hour of the

NORTH
]

KNOTS
05 0 05 Joo T s 20 25
FIGURE 25.—Current curve from 99 days of observations, station LV1

tide taken from this diagram are given in the last two columns of
Table 55.
To determine the current due to wind at station LV, the resolved
hourly currents were grouped according to the direction of the wind.
Average values computed for each group are given in Table 57.

TABLE 57.—~Current due to wind, station LV1

(Directions true)

Devia- Devia-
Direction from | Veloc- { Veloc- | Direc- ftrlo:;] Direction from | Veloe-{ Veloc- | Direc- tti-l:;
which wind is | ity of | ity of | tion of w? d which wind is | ity of | ity of | tion of wind
blowing wind | current| current/ 0 blowing wind | current| current| J0
direc- direc-
tion tion
» Statute
mi, per
Knots | Degrees| Degrees hour | Knots | Degrees| Degrees
orth. vt X 0.48 197 17 || South. . ._...... 17.3 0.14 24 4
Northeast . . f 0.33 230 5 i| Southwest.. ... 16.9 0.24 54 9
ast_______. . 0.17 250 ~20 i West . _..._..__.. 18.1 0.24 84 -6
Southeast 0.12 275 —40 || Northwest_..... 22,0 0. 41 174 39
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Results for station LiV1 asgiven in Figure 25 and Tables 55 to 57
show a rotary tidal current turning clockwise and having a velocity at
strength of about 0.2 knot and a minimum velocity midway between
the times of strength of about 0.1 knot. The strengths of flood and
ebb of this tidal current occur approximately two hours after low and
high water, respectively, at Old Point Comfort. At strength of flood
this current sets approximately 290° true and at strength of ebb 110°
true. The minimum current sets approximately 200° true one hour
before low water, and approximately 20° true one hour before high
water at Old Point Comfort.

Nontidal currents of variable velocity and mostly southerly in
direction occurred during the period of observation. ’

Wind currents which are i}l)'equentlv the predominating currents
usually set somewhat to the right of the direction toward which the
wind is blowing, but there seem to be some marked exceptions to this
rule. The average velocity of the wind current in knots is about 1.8
per cent of the velocity of the wind in statute miles per hour. The
observations indicate that wind currents of from 1 to 2 knots are
not uncommon at this station, the stronger currents generally setting
in a southerly direction.

At Cape Charles Light Vessel, station LLV2, two series of observa-
tions were obtained—=87 days in 1912 and 59 days in 1915. Each
series was reduced independently, the average velocity and direction
of the current for each hour of tide at Old Point Comfort being deter-
mined by the method just outlined for station LiV1. As the results of
these reguctions showed the current to be essentially of the reversing
type with only a slight rotary tendency, the average hourly velocities
obtained were plotted and the strengths and slacks tabulated as
explained on page 63. The values thus obtained are given in Table
53, }k)lage 65.

These results show that the average current as observed sets west-
ward at strength of flood with a velocity of about one-quarter knot and
eastward at strength of ebb with a velocity of one-third knot. The
strengths of flood and ebb occur about 4.2 hours after low and high
water, reSﬁectively, at Old Point Comfort. The ebb current runs
about 1.3 hours longer and attains a velocity about 0.1 knot greater
than the flood. This condition suggests a nontidal easterly set of
approximately 0.05 knot due probably to drainage from the bay.

he average velocity and direction of tﬁis nontidal set for each series
of observations, derived from the resolutions as explained for station
LV1, are as follows: For the 87-day series 0.11 knot 27° true, and for
the 59-day series 0.05 knot 67° true.

For the 1915 series a wind reduction was made, the results of which
are given in Table 58. As at station LV1, the wind current sets
generally to the right of the direction toward which the wind is blow-
ing. The velocity of the wind current in knots averages about 1.6
per cent of the velociti; of the wind in statute miles per hour. Cur-
rents glf from 1 to 2 knots, however, due chiefly to winds are not
unusual.
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TABLE 58.—Current due to wind, station LV 2, September 1-October 29, 1915

(Directions true)

Devia- l Devia-
tion Direction from | Veloc- | Veloe- | Direc- | 108

Direction from | Veloc- | Veloe- | Direc- from O rom e | Yoros: | flrec, from

which wind is | ity of | ity of { tion of

blowing wind |current | current 5‘;:,';3 blowing wind |current |current 3‘;},23_
tion tion
Statute
Tni. per
hour | Knote | Degrees Knots | Degrees| Degrees
22.8 0. 30 108 | 0.37 45 45
22.3 0.34 233 0.34 54 9
16. 2 0.12 324 | 0.29 88 -2
18.21 019 19 | 0.21 161 2

i

The resolved hourly velocities for the 87-day series were reduced
by harmonic analysis (see appendix, pp. 128 and 137) the north and east
components being analyzed separately. The harmonic constants

NORTH

CEN R TR

10 [ 10 20 30
FI6URE 26.-—Current ellipse for component Ms, station LV2

from these analyses are given in Table 59. The current ellipse for the
principal component M, based on the data of Table 59 is shown in
Figure 26. This ellipse represents the tidal current only since the
harmonic analysis eliminates the nontidal current. Ivshows the tidal
current to be only slightly rotary, the maximum velocity being 0.30
knot and the minimum velocity only about 0.02 knot. It is interest-
ing to note that the rotation is counterclockwise or opposite to that at
station LV1. The strength of flood sets 265° true and occurs approx-
imately two hours before high water at Old Point Comfort. The
strength of ebb sets 85° true and occurs approximately two hours before
low water. The minimum current, wﬁlch corresponds to the slack
of the reversing current, sets northward about one hour after low water
and southward about one hour after high water at Old Point Comfort.

Ii will be noted that in the approaches to the bay the current veloci-
ties as given in Table 53, p. 65, increase as the entrance is approached
due doubtless to the decreasing cross section of the mass of water
entering or leaving the bay.
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TABLE 59.—Current harmonic constants, statton LV 2

[From 87-day series, June 2-Aug. 27, 1912]

North comgonent East component North comgonent East component
Harmonic (true true) Harmonic (true (true)
com- com-
ponent ponent
I x H I3 H x H '
Kmnots | Degrees | Knots | Degrees Knots | Degrees | Knots | Degrees
) T 0.138 118 0.172 211 f Oteccccemeee 0. 053 46 0. 046 250
Mo ool 0. 036 50 0. 301 Ol Baooccans 0.016 163 0. 085 10
Naceoao_o 0.012 345 0.070 354

An examination of the mean current hours for the stations in the
approaches to the bay shows that the current becomes progressively
later from Station LiV1 toward the entrance. The current hours for
stations Sel, S1, and S2 also indicate that the current is later in mid-
channel than in the shoaler water near shore. This condition is a
general characteristic of currents in the cross section of & stream or
passage. It is to be noted that, since the length of the tidal cycle is
12.42 hours, the current hours in Table 53 have been kept within the
limits 0.00 hour to 12.41 hours, inclusive, 12.42 hours being taken as
0.00 hour. It follows that if the difference between the mean current
hours at two stations is greater than 6.21 hours (one-half the tidal
cycle) a smaller time difference may be obtained by adding 12.42
hours to the smaller current hour before taking the difference. ,

The results for all the stations outside the entrance with the excep-
tion of station S1 indicate a nontidal easterly set of the current, and
it seems probable that the westerly set indicated by the one day of
observations at this station was due to temporary meteorological
conditions,

THE CURRENT IN CHESAPEAKE BAY

The results discussed up to this point apply to the current at or
near the surface. As observations below the 14-foot depth were
secured at only about 40 per cent of the current stations in the bay
and tributaries, and since it is frequently desirable to compare the
results at the various stations, the discussion except where otherwise
stated will apply to currents within 14 feet of the surface, and these
currents will be referred to assurface currents. Itmay be well to men-
tion here that the current throughout the length of the bay proper
is particularly susceptible to meteorological conditions and for this
reason results from short series of observations may differ consider-
ably from the general trend of results for stations in the vicinity.
Mean values from the longer series are generally quite consistent
because the meteorological effects tend to average out. .

Between Fisherman Island and Cape Henry are six current stations,
see Figure 27, distributed across the entrance to the bay. At four of
these stations subsurface as well as surface observations have been
obtained. At station LV3 three relatively long series of pole observa-
tions were secured—87 days in 1912, 73 days in 1915, and 160 days in
1919. Data for these stations are given in Table 53, p. 65. In
general the observed velocities of strength of current across the
narrowest part of the entrance are from 1 to 1% knots for the flood
stream and from 1 to 2 knots for the ebb stream. The velocity varies
from the surface to the bottom, there being usually a slight increase
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for several feet of depth and then a marked decrease as the bottom is
approached. From Fisherman Island southward to station A95 the
current appears to occur progressively later. Near the Cape Henry
shore however it becomes earlier again. In mid-channel the current
is approximately an hour later than at points close to the shore.
At station LLV3 the strength of the flood current occurs simultane-
ously with high water at Old Point Comfort.

In addition to the data given in Table 53 other information for
station L.V3, including average values from all the observations at
the station, is given in Table 63. The results from the harmonic
analysis of an 87-day series of hourly velocities at station L.V3 are
given in Table 60. Chesapeake Bay entrance is a principal current
station for which daily predictions are given in the current tables
published annually by this bureau.

TaBLE 60.—Current harmonic constants, station LV3

[From 87-day series, Aug.1-Oct. 26, 1919}

Component H x Component H x Component H .

Degrees Degrees Degrees
(202) 55 (111)

179 41 278

320 227 350

(279) (201) (278

194 134 (228

253 (179) (231

Inferred constants are in parentheses. 'The epochs refer to the times of lood strength of their respec-
tive components.

In the portion of the bay to the westward of the entrance cross
section just discussed 11 current stations have been occupied for
periods of from one-half to one day. In this area the strengths of
current attain an average velocity of about 1 knot. The observations
indicate that in the vicinity of Fisherman Island the velocities are
Freater, while close to shore in Lynnhaven Roads they are somewhat
ess than this value. The periods of observation are too short for
well-determined time relations, but a decided tendency of the current
to occur earlier inside the entrance is apparent. This tendency is
particularly noticeable in the channel to Hampton Roads, the current
in the channel off the entrance to Hampton Roads being about one
bour earlier than the current at the entrance to the bay. Southward
of Old Point Comfort the current is still earlier as may be seen on
Eage 105 of this text. Subsurface currents at station A93 and A94

ave characteristics similar to those outlined for stations at the
entrance to the bay. The value for mean current hour at station Ay5
appears too large and it seems probable that it has been influenced by
some unusual condition. )

From the latitude of Cape Charles northward to the vicinity of
Windmill Point the observations indicate a current velocity at strength
of slightly less than 1 knot on the average. The ebb stream as would
be expected is generally somewhat stronger than the flood. The
surface current appears to have an approximately uniform velocitK
for the entire width of the bay, including the approaches to Yor
River and Mobjack Bay, stations in mid bay showing no consistent
variation from those near shore. Velocities at the lower depths are
usually somewhat less than near the surface.
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At station FC6 and other stations occupied by the United States
Fish Commission observations were taken with an Eckman meter.
This meter records on a dial the revolutions of a propeilorlike element
which is actuated by the current. At the same time it automatically
drops shot on a grooved compass needle which is pivoted above a
circular box diviged into a number of compartments. From the
revolutions recorded during a given interval of time the velocity is
calculated, and the average direction is determined from the distri-
bution of the shot in the various compartments,

Following the axis of the bay northward the current becomes later
with approximate uniformity. Off the mouth of the Rappahannock
River 1t is apparently about two hours later than in mid-bay west of
Cape Charles, the strength of flood occurring two and one-half hours
after high water at Old Point Comfort. Along the shores the current
is consigerably earlier than at the axis of the bay, and it appears that
northward of New Point Comfort it is earlier on the western shore
than on the eastern by about half an hour. In the channels leading
to York River and Mobjack Bay the time of current becomes decid-
edly earlier as these waterways are approached. At station A62 in
the Piankatank River the observations indicate a strength of current
of about one-third knot occurring approximately three hours earlier
than the current in the middle of the bay off the mouth of the river.
A similar velocity and a similar time with respect to the current in
the bay is indicated by the half day of observations at station A53 in
the Great Wicomico f{’iver. At station A101 in the entrance to Po-
comoke Sound the strengths apparently have a velocity of about 1
knot and occur about one hour earlier than in mid-bay off the entrance.

Continuing up the bay, the next observational data are for stations
off the mouth of the Potomac River. (See fig. 28.) Here velocities
at strength average from one-half to three-fourths knot and strengths
of flood occur about three and three-fourths hours after high water
at Old Point Comfort. In the broad portion of the bay above Point
Lookout the currents exhibit considerable irregularity in velocity
and direction, the observational values for several of the stations
being too erratic to admit of the usual tabulation and reduction.
Velocities of half a knot at strength of current prevail in this area.
One day of observations at station L.15 near Hooper Strait indicates
a velocity at strength of half a knot and a time about three hours
earlier than in mid-bay to the westward.

From the vicinity of Cedar Point northward to the head of the
bay average velocities of strength of current vary from about one-
haﬂ knot to aﬁproxlmately 1 knot, the first-mentioned value generally
applying to the broader portions of the bay and the last mentioned
to the more constricted parts.

As the current movement progresses northward the time of occur-
rence of a given phase of the current continues to become later and
later until at the northern extremity of the bay it is a tidal cycle
(12 hours 25 minutes) later than it is a few miles off the entrance.
Throughout the length of the bay the same general characteristics
noted in the lower part prevail. In the upper part of the bay, as in
the lower reaches, the velocity is smaller at the lower deptlZs, and
the time of the current is earlier near shore especially over shoal
areas and in the entrances to tributary waterways.
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The distribution of the surface velocity in several cross sections of
the bay has been studied, and it has been found that generally the
velocity at strength for the stations near shore is substantially the
same as for stations in mid-channel in the same cross section. The
velocities obtained from the observations in some cases seem to indi-
cate considerable differences in velocity at different stations in a cross
section, but the values for the stations near shore are in practically
all cases based on very short series of observations and can not, there-
fore, be taken as representing average conditions. Moreover, where
simultaneous observations are available for a cross section they show
in nearly all cases very small differences in velocity at the different
stations. The most pronounced exception to this general condition
was noted at the cross section off Worton Point (see fig. 29), where a
half day of simultaneous observations at stations H18 and H19 gave
a tidal-current velocity of 0.6 knot at station H18 and a corresponding
velocity at station H19 in mid-channel of 1.7 knots. Similar obser-
vations at stations H19 and H20 covering half a day gave tidal cur-
Iﬁant velocities of 1.8 knots at station H19 and 1.2 knots at station

20.

Throughout the length of the bay the general direction of the tidal
current at times of strength is parallel to the axis of the bay. In the
broader parts where the current is relatively weak and therefore easily
modified by meteorological conditions, considerable variations in
direction frequently occur. For a similar reason directions at most
stations become somewhat irregular near the times of slack water.
It also appears that there is a slight rotary tendency at some stations
in the broader parts of the bay. This tendency is evidenced chiefly
by the seeming reluctance of the current to come to a definite slack,
but rather to reverse by a shifting of direction.

The currents setting into and out of the various tributary water-
ways usually flow in the general direction of the channels leading to
these waterways.

In the upper part of the bay (fig. 29) currents have been observed
at a single station near the mouth of each of the following tributary
rivers: West River, Magothy River, Back River, Gunpowder River,
and Bush River.

One-half day of observations at station H53 in the West River
showed a current of about one-fourth knot at strength occurrin
between three and four hours earlier than the current in mid-bay OE
the entrance.

One day of observations at station H41, in the mouth of the Mago-
thy River, gave a current of slightly more than half a knot, occurring
about one hour earlier than the current in mid-bay.

At station H28 in the Back River one and one-fourth days of obser-
vations showed a current of less than one-half knot about one hour
earlier than in midbay.

A 1-day series at station H25 in Gunpowder River gave a current
of less than one-half knot about one-half hour earlier than in midbay.
One day of observations at station H21 in the Bush River showed
currents of less than half a knot about one hour earlier than in midbay.

Results for the above-mentioned stations, including the times of
the various phases of current referred to the times of tide at Old
Point Comfort, are given in Table 53, pages 71 to 74,
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At the mouth of the Susquehanna River, off Havre de Grace, five
short series of observations show a flood current up to 0.2 knot at
strength and an ebb current of approximately one-half knot at
strength. The current here i1s approximately 11 hours later than in
the vicinity of Chesapeake Bay entrance, the strength of flood occur-
ring at about the time of the moon’s transit at Greenwich, or about
one and one half hours before high water at Old Point Comfort.
At this time under normal conditions there is also a strength of flood
outside the entrance to the bay. There 1s a strength of e%b and two
slacks in the bay at this time, a strength of ebb in the vicinity of
Hooper Island Light, a slack before flood in the vicinity of Wolf Trap
Light, and a slack before ebb in the vicinity of Holland Point.

The hourly velocities for eight of the stations observed by Tillman
and Faris in 1897 were resolved into north and east components and
reduced by harmonic analysis as explained on page 98 for station
LV2. The resulting constants are given in Table 61. Since the
currents at all these stations run in a general north-and-south direction
the amplitudes (II’s) for the north component are considerably
larger than those for the east component. The magnitude of the
smplitudes of components K, and O, relative to that of M, for
station T4 indicates that the diurnal constituents of the current are
of considerable importance in the vicinity of this station. The north
component of the principal element M; has for each station a value
somewhat less than the tidal current velocity given in Table 63,
due to the fact that the effects of the other constituents of the tidal
current are included in the latter value. The resultant amplitude
of the north and east components will in each case differ but little
from the value for the north component since the east components
are relatively small.

Table 61 also contains the average velocity and direction of the
nontidal set as derived from the resolved velocities for each series of
observations. These values may be compared with the correspond-
ing values given in Table 63 which were obtained graphically from
the average observed flood and ebb currents.

TaBLE 61.—Current harmonic constants and nontidal set for eight staiions in the
upper part of Chesapeake Bay

Average nontidal

set from resolved North component | East component
Length | Velocities Harmon- true) true
Station of serics —— i)conglllig
({?l'}z)on Velocity H x b2 x
Days Degrees | Knots Knots | Degrees | Knots | Degrees
b J R 15 65 0.063 M; 0. 383 58 0.078 103
Fa2. e 15 165 0. 067 M; 0. 290 72 0.092 273
Sy 0.0460 20 0.017 329
L3 P 13 216 0.021 M, 0.316 121 0,033 155
Falo e 29 190 0. 221 M; 0. 565 131 0.211 137
L o S, 15 205 0.168 M 0. 539 132 0.181 125
N 0.093 156 0,043 129
K 0.220 211 0. 041 218
L ¥ TR 29 101 0.013 M, 0. 644 147 0. 140 134
0, 0.166 231 0.019 255
84 0. 069 181 0. 049 100
SO 29 218 0.125 M 0. 513 161 0,222 208
8, 0. 060 188 0.015 314
. 7Y% 236 0. 044 M;j 0.149 142 0.128 164
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The effect of winds in modifying a reversing tidal current is shown
in Figure 30. In this figure the curve A represents the average
current at station H55 as derived from an 11-day series of po%e
observations. The curves B and C are plotted from pole observations
taken during northerly and southerly winds, respectively, and the
differences between these curves and the curve A show in each case
the approximate distortion due to wind at the time the observations
were taken. It will be noted that the normal tidal current even at
its strength is sometimes overcome completely and reversed in direc-
tion by the wind current. Observations throughout the length of the
bay frequently show similar effects. Wind effects in the approaches
to the bay are discussed on pages 96 and 97.

The tidal movement in the bay is primarily of the progressive wave
type. (See appendix, p. 134.) According to the theory of this type of
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F1GURE 30.—Current curves showing distortion due to wind, station H &5
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movement, the strengths of flood and ebb current at a given place
should occur at the times of high and low water, respectively, at that
place. While a rough approximation to this condition prevails over
the greater part of the bay and its tributaries, the simple relation of
the theoretical wave movement is in places considerably modified.
1t is evident that the above-mentioned relation can not exist at the
extreme upper limit of the tidal movement where the horizontal flow
of the water in a flood direction is prevented by obstructions, for at
such a place flood strength must come when the water is rising most
rapidly, which is midway between low and high water. It is not
suprising, therefore, that in approaching the upper reaches of these
tidal waterways the time relation of current to tide is gradually so
modified that the flood strength occurs when the local tide is rsing
most rapidly, which is about three hours before high water.
Comparing the observed times of current in midstream, from the
entrance to the head of the bay, with the times of local high water,
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it is found that in the lower part of the bay the strength of flood
follows the high water by about one hour. Passing up the bay the
current becomes gradually earlier with respect to the tide. Off Sand

Point the flood strength and high water have become practically simul-
taneous and at the mouth of the Susquehanna River the flood current
precedes the high water by about two hours. It will be noted that
the time relation of current to tide has changed about three hours
between the Virginia capes and Havre de Grace. The high water
of the tidal movement covers this distance in about 14 hours and
the current progresses over the same path in approximately 11 hours,
The ratio of the rate of advance of the current movement to that
of the tide averages for the entire bay about one and one-fourth.
It is not uniform, however, but shows a considerable increase toward
the head of the bay. Tide and current advance at nearly the same
rate in the lower reaches of the bay, whereas near the head the rate
of advance of the current movement is about twice that of the tide.

THE CURRENT IN HAMPTON ROADS

The locations of the current stations which have been occupied in
Hampton Roads are plotted on Figure 31, and the data derived from
the ogservations are given in Table 53, pages 75 to 77. The results show
that in general the strengths of current in the channels have velocities
of from 1 to 2 knots. In mid-channel southward of Old Point
Comfort the average strength of the flood is about 1% knots and that
of the ebb about 2 knots. In Newport News channel and the dee
water southward of the middle ground, strengths of flood and eb
appear to have average velocities of about 1) knots and 1% knots,
respectively.

n the channel leading southward to Norfolk and Portsmouth
observations indicate average velocities of three-fourths knot and 1%
knots for strengths of flood and ebb, respectively.

It should be noted that considerable variations from the average
velocities given above may be produced by meteorological conditions
as well as by periodic astronomical effects.

Results from a 5-day series of observations at station A72, which is
representative of a group of stations in the immediate vicinity, show
that in mid—channef southward of Old Point Comfort the current is
1.2 hours earlier than at station LV3 in Chesapeake Bay entrance,
and that the strength of flood occurs 1.2 hours before high water at
Old Point Comfort. These values apply to the surface current as
defined on page 99. At the lower depths the velocities are somewhat
less and the times slightly earlier. To the westward in the channel
to Newport News the current is a few tenths of an hour later than at
station A72. In the shoal areas, near shore, and in the channel to
Norfolk the currents generally are about one hour earlier than in
Hampton Roads channel.

Navigators familar with conditions near the dock at Old Point
Comfort state that in the immediate vicinity of the dock the current
turns from 45 minutes to one hour earlier than in mid-channel to the
southward. It follows that during the period of about an hour
which elapses between each slack water at the dock and the ¢orre-
sponding slack water in midstream, the currents at the two locations

85320°—30——=8
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are flowing in opposite directions. The boundary between these two
streams is generally visible as a line of tide rips the normal position of
which is said to be about 100 yards off the (Fock. Its position, how-
ever, changes with meteorological conditions, northerly and southerly
winds causing it to move from its average position away from and
toward the dock, respectively.

The value 0.85 for mean current hour at station C1 appears too
large by four or five tenths of an hour, and since it is based on times
of slack water as indicated by the swinging of a ship at anchor it
seems likely that the swinging of the ship lagged behind the actual
slack water by this amount.

THE CURRENTS IN THE ELIZABETH AND NANSEMOND RIVERS

In the Elizabeth River 2 current stations have been occupied near
the entrance, 4 in the Eastern Branch, 2 in the Southern Branch, and
1 in the entrance to the Western Branch. The locations of these
stations are plotted on Figure 31, and the results derived from the
observations are given in Table 53, page 77. The general trend of
these results indicates a flood velocity of from one-half to three-
fourths knot and an ebb velocity of from one-half to 1 knot in the
river and in each of its three branches. The current movement from
the mouth of the river to station A79 in the Eastern Branch appears to
be practically simultaneous, the strength of flood occurring on the
average two and one-fourth hours before high water at Old Point
Comfort. The current in the Southern Branch appears to be from
one-half to three-fourths hour later than in the eastern and western
branches.

Station A83 in the approach to the Nansemond River and stations
A84 and A85 in the river are plotted on Figure 32, and the results from
the observations are given in Table 53, pages 77 and 78. Results from
one and one-half days of observations at station A83 show a flood
strength of 0.7 knot and an ebb strength of 0.8 knot, the flood strength
occurring 1.6 hours before high water at Old Point Comfort. Results
for the two stations in the river indicate strengths of more than a
knot at station A84 and of 1 knot at station A85. The current
appears to become slightly earlier from the mouth toward the head of
the stream.

THE CURRENT IN THE JAMES RIVER

Observations have been obtained at 15 stations in the James River
and at one station in each of its principal tributaries, the Chicka-
hominy and Appomattox Rivers. The locations of the stations are
plotted on Figure 32, and the results derived from the observations
are given in Table 53, pages 78 and 79. The velocities in mid-channel
appear to be approximately uniform over the greater part of the length
of the river. From Newport News to the mouth of the Appomattox
River the observational values indicate average velocities of from 1
to 1.5 knots for the strength of flood and from 1 to 1.8 knots for the
strength of ebb. Observations above Jones Neck indicate average
strengths somewhat less than 1 knot. At station Fg30 near Rich-
mond the current did not flood during the one day of observations,
the ebb velocity during that period varying from about 0.5 knot to
1 knot. The few stations in the lower part of the river that arc in the
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shoaler water away from the channel show velocities considerably
less than those in mid-channel. Average velocities at strength of
slightly more than a knot were obtained for stations A90 and A91 in
the Chickahominy and Appomattox Rivers, respectively.

Time relations for stations in the channel westward of Newport
News show that the strengths of flood are approximately simultaneous
with the high waters at Old Point Comfort. Progressing up the river,
the current becomes gradually later until in the vicinity of Dutch Gap
1t 1s about four and one-half hours later than at Newport News. The
high water of the tide wave requires about seven hours to travel this
distance, and the average rate of advance of the current movement for
this stretch of the river is therefore about one and one-half times that
of the high water. Asin the bay this rate is not uniform but increases
toward the head of the river,

At station A90 in the Chickahominy River the strength of flood
occurs about one and three-fourths hours after high water at Old Point
Comfort which appears to be about one hour earlier than the strength
of flood in the channel off the mouth. At station A91 in the Appo-
mattox River the flood strength occurs about three and three-fourths
hours after high water at Old Point Comfort which is approximately
one-half hour before flood strength in mid-channel off the mouth.

THE CURRENTS IN THE YORK RIVER AND TRIBUTARIES

Nine current stations have been occupied in the York River and
six each in the Mattaponi and Pamunkey Rivers. Thelocations of the
stations are shown on Figure 33, and the results of the observations
are given in Table 53, pages 79 and 80. Two stations off Tue Point at
the mouth of the river and a third about 3 miles above the mouth show
current velocities at strength of slightly less than 1 knot. Observa-
tions at station A68 in mid-channel between Gloucester Point and
Yorktown show an average velocity of 1.4 knots at strength of flood
and 1.8 knots at strength of ebb. Two stations near by, one near
cither side of the channel, give strength velocities of about 1.2 knots
for both flood and ebb in these locations. Velocities for three stations
between Yorktown and West Point range from 1.1 to 1.4 knots for
strength of flood and from 1.5 to 1.7 knots for strength of ebb.

At the bridge over the Mattaponi River near West Point, station
A9, velocities of 1.3 knots for the flood strength and 1.4 knots for the
ebb strength were indicated by the observations. At station Fgl5
the flood and ebb strengths were 1.4 and 1.7 knots, respectively. At
Walkerton, station Fgb6, the observed flood and ebb strengths were
both slightly less than 1 knot. At station Fgl17 the current did not
flood during 10 hours of observation, the maximufn velocity being
about 1 knot in an ebb direction.

Flood and ebb strengths of 1.7 and 1.9 knots, respectively, were
obtained from observations at the bridge over the Pamunkey River
near West Point. At station Fg20 one day of observations gave a
flood velocity of 1.2 knots and an ebb velocity of 1 knot. At station
Fg21 a similar series gave flood and ebb strengths of 0.5 knot and 1.3
knots, respectively. At station Fg22 during 7 hours of observation
f,(he current did not flood, the maximum ebb velocity being about 1

not.

Inspecting the time relations for the York River some roughness
appears in the observational values, but from a general consideration
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of the results the following approximate relations are derived. From
the mouth of the river to Yorktown the strength of flood occurs about,
one hour before high water at Old Point Comfort. Above Yorktown
the current becomes later, the strength of flood in the general vicinity
of Ferry Point being simultaneous with high water at Old Point Com-
fort, and that at West Point about one hour later than high water at
Old Point Comfort.

Results of observations at the two bridges near West Point, sub-
stantiated by other observations near by, indicate that at the bridge
over the Pamunkey River the current 1s 0.8 hour later than at the
bridge over the Mattaponi River.” Above West Point in the Matta-
poni River the current becomes progressively later. At Walkerton,
station Fgl6, observations covering one day show that strengths of
flood occur about two and one-half hours after high water at Old Point
Comfort or three and one-half hours after the corresponding phase of
the current at the mouth of the York River.

Similarly the current becomes later in the Pamunkey River, obser-
vations at stations Fg20 and Fg2l indicating strengths of flood
approximately two and one-half and four hours,respectively, after high
water at Old Point Comfort.

In the York River the current and tide appear to advance up the
river at about the same rate, each movement requiring about two
hours to travel from the mouth of the river to West Point. Above
West Point in the Mattaponi and Pamunkey Rivers the current
becomes progressively earlier with respect to the tide.

THE CURRENT IN THE RAPPAHANNOCK RIVER

The positions at which current observations have been obtained in
the Rappahannock River are plotted on Figure 34, and the results
derived from the observations are given in Table 53, pages 80 and 81.

The results for stations A54 and A59 indicate that in the lower part
of the river the strengths of flood and ebb have in mid-channel veloc-
ities of about 0.6 knot. In the channel at Tappahannock Bridge
flood and ebb strengths of 1.2 and 1.1 knots, respectively, were derived
from one day of observations. For station A61 in the channel off
Port Royal strengths of flood and ebb of 0.6 and 0.5 knot, respectively,
were obtained. The few observations taken in the shoaler water
away from the channel Fenerally show velocities somewhat smaller
than those in the channel.

In the Corrotoman River the observed currents were too weak and
irregular to admit of the usual tabulation and reduction except at
station A58, at which a single strength of ebb of 0.3 knot was obtained.
At station Br7 in Carter Creek the observed velocities were also small.

Observations at four stations in the channel indicate that strengths
of flood occur as follows after high water at Old Point Comfort: Off
Mosquito Point, 0.8 hour; off Rogue Point, 1.7 hours; off Tappa-
hannock, 3.8 hours; and off Port Royal, 6.1 hours. Asin other water-
ways already discussed the currents in the Rappahannock generally
occur earlier near shore and in the mouths of the tributaries than in
mid-channel of the river. .

In the stretch of the river between Mosquito Point and Tappahan-
nock the strength of the flood current occurs approximately one hour
before local high water. At Port Royal the strengths of flood appar-
ently precede the local high waters by two and one-half hours.
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THE CURRENT IN POCOMOKE SOUND AND RIVER

The current stations occupied in this arm of the bay are plotted on
Figure 27, and the results derived are given in Table 53, pages 81 and 82.

Along the axis of greatest depth between stations A101 and A50
the average velocity of the tidal current at strength appears to range
from 1 to 1.5 knots. In the shoaler areas observations indicate some-
what smaller velocities. The roughness of the observational values
appears to be due to wind effects, and this situation leads to the con-
cﬁlsion that the currents in this area are particularly subject to
meteorological modifications.

The time relations derived from the observations indicate that at
stations A101, A52, and A50 the strengths of flood occur about two
hours, one hour, and three and one-fourth hours, respectively, after
high water at Old Point Comfort. From these va{)ues it appears
that the current becomes earlier from the entrance toward the middle
of the sound and then later toward the mouth of the Pocomoke River.
Results from the short periods of observation at stations eastward
of the entrance to the sound show currents generally earlier than in
mid-channel.

THE CURRENTS IN TANGIER SOUND AND TRIBUTARIES

The stations in Tangier Sound and tributaries are plotted on
Figures 27 and 28, and the data derived from the observations are
given in Table 53, pages 82 and 83. '

Series of observations covering periods of one day each were
obtained at stations A102 and A47. At the other stations series of
less than one day were secured. From such short periods of observa-
tion some inconsistencies in the results are to be expected. It
appears that in mid-channel from station A51 northward to station
A45 the average velocity at strength of current is from 1 to 1% knots.
Similar velocities are indicated by half-day series of observations at
station A49 in Kedges Straits and station A42 in Fishing Bay. Veloc-
ities at strength of about 0.6 knot, 0.8 knot, and 1.1 knots were
obtained for stations A48, A46, and A47, respectively.

Observations at station A51 indicate that strength of flood occurs
1.6 hours after high water at Old Point Comfort. Progressing up the
channel the current becomes gradually later until at station A45 the
observations show strengths of flood occurring 4.6 hours after high
water at Old Point Comiort or three hours later than at station A51.
At stations in the tributaries, excepting the Nanticoke River, the
current appears to be earlier than in the axis of the sound. The
observed current at station A49 in Kedges Straits is about 2.8 hours
earlier than at station A102, the strength of flood setting eastward
about three fourths hour after high water at Old Point Comfort.

THE CURRENTS IN THE POTOMAC RIVER AND TRIBUTARIES

The current stations which have been occupied in this important
tributary of Chesapeake Bay are plotted on Figure 35, and in Table
53, pages 83 to 87, are given the results of the observations.

Considering first the velocities in mid-channel, it is found that
from the mouth of the river to Alexandria the average strengths of the
tidal current range in velocity from one-half to one and one-fourth
knots, but meteorological disturbances and fresh-water discharge may
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%ve rise to stronger currents. From the mouth to the vicinity of
olonial Beach strengths of five or six tenths of a knot prevail. Above
Colonial Beach the rver becomes narrower and observations in mid-
channel from Persimmon Point to Alexandria give average tidal
velocities at strength of 1 knot or more, except off Quantico where the
observed velocity is about 0.8 knot. In the vicinity of Washington
the strengths generally have velocities less than one-half knot, and
at stations A1 and R1 it appears that the current due to drainage is
usually stronger than the tidal curremt and that consequently the
eurrent seldom runs upstream.

From an examination of the results for the several cross sections
of the river at which observations have been taken it appears that
generally the velocities at the stations in mid-channel are approxi-
mately the same as at those nearer the shore. In the cross section
off Cornfield Point the velocity seems to decrease somewhat from
station A37 northward, and at the cross section just above Hallowing
Point it is noted that at station A8, which is well away from the
channel, the velocity is considerably less than at station A7 in mid-
channel.

Observations in the tributaries of the Potomac indicate that in the
mouths of most of the tributaries velocities at strength of less than
one-half knot occur. At the stations in St. Marys River, Yeocomico
River, Machodoc River, St. Clement Bay, and Port Tobacco River
the observed currents were too weak and irregular to admit of the
usual tabulation and reduction. In the narrow channel leading to
Nomini Creek a single observed strength of flood showed a velocity
of one and one-fourth knots. One day of observations in the
Wicomico River gave a flood velocity of 0.9 knot and an ebb velocity
of 0.6 knot.

Studying the time relations for the stations in mid-channel, it is
found that in the mouth of the river the strength of the flood current
occurs about four hours after high water at Old Point Comfort, and it
appears that a similar relation applies off Piney Point. Above Piney
Point the current becomes progressively later to the vicinity of Per-
simmon Point where the strength of flood occurs about 7.1 hours after
high water at Old Point Comfort. In the stretch of the river between
Persimmon Point and Quantico it appears that there is very little
variation in the time of current, the observed current off Quantico
being only about 0.3 hour later than that off Persimmon Point.
Above Quantico the change in time again becomes pronounced, and
in the vicinity of Alexandria and Washington the strength of flood
occurs about eight and three-fourths hours after high water at Old
Point Comfort or four and three-fourths hours later than at the mouth
of the river.

The current for a given cross section is generally earlier away from
the channel and in the mouths of the tributaries than in mid-channel
of the river. In the lower part of the river where there is a broad
expanse of water the stations near the edge of the channel show times
roughly an hour earlier than those in the center of the channel. In
the more constricted parts the differences in time from center to edge
of channel are considerably less than the above value.

The observations in the mouths of the tributaries show considerable
variation in the time relations between these locations and the mid-
channel of the river. In the mouths of Nomini Creek and Aquia
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Creek the currents appear to be approximately one hour earlier than
in the river channel. For Bretons Bay, Wicomico River, and Upper
Machodoe Creek the corresponding value is about three hours. For
Quantico Creek the value 1s about one-half hour and for the Ana-
costia River it appears to be still smaller.

Comparing the times of flood strength with those of the local high
water, 1t appears that near the mouth of the river the strength of the
flood current occurs about one-half hour before high water. In the
vicinity of Colonial Beach and Persimmon Point the flood strength of
the current occurs about one-half hour later than the local high
water. Above this vicinity the current becomes progressively earler
with respect to the tide and at Washington the strength of flood pre-
cedes the high water by about three hours.

THE CURRENT IN THE PATUXENT RIVER

The positions of the current stations in the Patuxent River are
plotted on Figure 35, and the results derived from the observations are
given in Table 53, pages 87 and 88. The stations are all located in the
channel, and the results indicate that velocities at strength approxi-
mating one-half knot prevail near the mouth, and that the velocity

radually increases toward the head of the river, the value for station

77, off Lyons Creek Wharf, being about 1 knot.

Off Drum Point the strength of the flood current occurs about
three and one-half hours after high water at Old Point Comfort or
two and one-half hours earlier than flood strength in mid bay off the
mouth. Off Point Patience the observations show it is stiﬁ earlier
by about one-third hour. Above this point the current appears to
become progressively later, the strength of flood at Lyons Creek
Wharf being approximately five hours later than high water at Old
Point Comfort.

In the stretch of the river between the mouth and Benedict it
appears that the strength of the flood current precedes the local high
water by about two hours. The corresponding value for Lyons
Creek Wharf is very nearly two and one-half hours.

THE CURRENTS IN THE LITTLE CHOPTANK AND CHOPTANK RIVERS

The locations of current stations in these streams are shown in
Figdure 28, and the observational data are given in Table 53, pages 88
and §89.

Two stations were occupied in the Little Choptank River. A
strength of current of about one-third knot with flood strength occur-
ring 4.3 hours after high water at Old Point Comfort was obtained
for station H70, and a velocity of about one-half knot with flood
strength three and one-half hours after high water at Old Point
Comfort for station H71. ,

In the Choptank River the observed strengths of the tidal current
range in velocity from 0.3 to 0.9 knot. In the Tred Avon River the
velocity appears to be less than one-half knot, and at station H66 a
half day of observations showed practically no current.

Considering the time relations, it is noted that the results for
stations B2 and M3 are not consistent, and it appears that accidental
conditions or observational errors may have influenced one or both
of these series of observations. From a general consideration of the
time relations, it appears that in the broad part of the river from
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Cooks Point to Castlehaven the strength of the flood current occurs
about five hours after high water at Old Point Comfort. Above
Castlehaven it appears that the current becomes later and at station
H68 the strength of flood occurs about six and three-fourths hours
after high water at Old Point Comfort. At station H65, in the Tred
Avon River, the strength of the flood current occurs about 4.2 hours
after high water at Qld Point Comfort.

In the Choptank River, as in other waterways already discussed,
the time of current with reference to the time of local tide becomes
earlier from the mouth toward the head of the stream. Near the
mouth the strength of flood precedes the local high water by about
1.5 hours, at station H68 by 2.2 hours, and at station H65 in the
mouth of the Tred Avon River by 2.5 hours.

THE CURRENT IN EASTERN BAY

Current stations in Eastern Bay are plotted on Figure 29 and the
results of the observations are given in Table 53, page 89. The
currents are relatively weak, the strengths having velocities usually
less than half a knot. As seems to be universally true of the tribu-
taries of Chespeake Bay, the current in the mouth is considerably
earlier than in the bay outside, the channel to the eastward of Kent
Point experiencing & current about three hours earlier than the one
to the westward. The observations from station-H58 east of Kent
Point to station H61 in the Miles River show no marked variation
in time of current, and it appears that in this stretch of water the
strength of flood current occurs approximately five hours after high
water at Old Point Comfort. Over most of this distance the strength
of flood in the channel precedes the local high water by about 2% hours.
At station H61 the observations indicate that strengths of flood occur
approximately three hours before local high water.

THE CURRENTS IN THE SOUTH AND SEVERN RIVERS

The positions of the current stations in these tributaries are plotted
on Figure 29, and the results derived from the observations are given
in Table 53, pages 89 and 90.

The observations in the mouth of the South River, station H51,
indicate a weak tidal current with strength of flood occurring about
five and three-fourths hours after high water at Old Point Comfort,
or about two hours before local high water. At station H52 the
observed currents were too weak and irregular to admit of the usual
tabulation and reduction.

Values derived for stations in the Severn River indicate that
in the dredged channel at the mouth of the river velocities at strength
average about one-half knot. From Annapolis to Brewer Point,
station H49, it appears that velocities at strength of about one
fourth knot prevaif.

In the channel southward of Greenbury Point strength of flood
normally occurs about six and one-half hours after high water at Old
Point Comfort.

Between Annapolis and Brewer Point the current is somewhat
earlier, the strength of flood occurring about six hours after high
water at Old Point Comfort. At Annapolis the strength of flood
?pparently precedes the local high water by about two and one-half

ours,
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THE CURRENT IN THE CHESTER RIVER

The locations of the stations are plotted on Figure 29 and the
data derived from the observations are given in Table 53, page 90.

« The mean velocities at strength of current as derived from the
observations increase gradually %rom about 0.3 knot near the mouth
of the river to about 0.8 knot at Chestertown.

The current becomes progressively later from the mouth toward
the head of the river. At the mouth the strength of flood occurs
about seven and three fourths hours and at Chestertown about eight
and one-half hours later than high water at Old Point Comfort.
The strength of the flood current precedes the local high water by
about one and one-fourth hours at the mouth of the river and by
about two and one-half hours at Chestertown.

THE CURRENT IN THE PATAPSCO RIVER

The locations of the stations in the Patapsco River are plotted
on Figure 29, and the results of the observations are given in Table
53, pages 90 and 91.

The tidal currents are weak and meteorological effects are there-
fore relatively more important. Near the mouth the strengths of
current have average velocities of about 0.3 knot. Above Sparrows
Point and in the tributary creeks the observed velocities were very
small and irregular in direction. The time of current appears to be
approximately the same for the entire river. Strength of flood
occurs on the average about seven and three-fourths hours after high
water at Old Point Comfort or about two and one-half hours before
local high water.

THE CURRENTS IN THE SASSAFRAS AND ELK RIVERS

The locations of the stations are plotted on Figure 29, and the
results derived from the observations are given in Table 53, pages 91
and 92.

The observations in the Sassafras River indicate current veloc-
ities at strength of between 0.3 and 0.4 knot. Strength of flood
occurs about nine and one-half hours after high water at Old Point
Comfort and precedes the local high water by about two and one-half
hours at the mouth and by nearly three hours at Georgetown.

In the Elk River the average velocity at strength is approximately
balf a knot and in Back Creek it is nearly a knot. At station H10
the observations show that strength of flood occurs about two and one-
half hours before high water at Old Point Comfort. In the upper

art of the river and in Back Creek flood strength occurs about two
Eours before high water at Old Point Comfort. The strength of
flood precedes the local high water by about two and one-fourth hours
at the mouth of the river and by about three hours in Back Creek.

THE CURRENT IN THE CHESAPEAKE & DELAWARE CANAL

The locations of the stations are plotted on Figure 36, and data
derived from the observations are given in Tables 53 and 62.

In the Chesapeake & Delaware Canal the east-going and west-
going currents are designated flood and ebb, respectively, for all
parts of the canal. The velocities at strength of current average
about one and one-third knots throughout tie length of the canal.
In the western part from Chesapeake City to t%xe Pennsylvania
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Railroad bridge there appears to be very little variation in the time
of current. In this part of the waterway and apparently as far east-
ward as St. Georges the east-going current reaches its strength about
two and one-fourth hours before high water at Old Point Comfort.
In the eastern end of the canal observations show a rather unusual

£AST
1

wrst
1
\

FIGURE 37.~Simnltaneous current curves, June 4 and 3, 1928. A. Curve for atation Ca 1; B, Curvae
for siaticn Ca 2 .

current condition which, together with its relation to the currents
in the western part of the canal is discussed below.

To aid in a study of the current movement in the canal curves
were constructed which are reproduced on Figures 37 to 41, inclusive.
Curve A is the current curve for station Cal plotted direct from pole

~N
1
BRI

Frauvrr 38.8imultaneous current curves, June 5 and 6, 1928, . Curve for station Ca 2; D, Curve
for station Ca 3

observations and covering the 24-hour period between 1 p. m.,
June 4, and 1 p. m., June 5, 1928. Curve g is a similar observational
curve for station Ca2, covering the same period of time, The simi-
larity between these two curves indicates that the current is essen-
tially the same at the two stations,

Curves ( and IJ are simultaneous observational curves for stations
Ca2 and Ca3, respectively. Curve E is the observed tide curve for
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Chesapeake City at the western end of the canal, and curve F is the
predicted tide curve for Reedy Point at the eastern end. Curve @
was obtained by plotting the hourly differences between curve E and
curve F, and represents the difference in water level between Chesa-

FIGURE

39.—Simultaneous tide curves, June 5 and 6, 1928,
City; F, Predicted tide curve for Reedy Point

E. Observed tide curve for Chesapeake

FIGURE 40.—Curve of difference in water level between Chesapeake City and Reedy Point, June 5

peake City and Reedy Point.

Curve H was similarly obtained from

curves ' and D, and it represents algebraic differences in current

velocity between station Ca2 and station Ca3.

Curves C to H,

inclusive, are all simultaneous, covering the period 5 p. m., June 5,
to 5 p. m., June 6, 1928,
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Considering the relation between the current at station Ca2,
curve C, and the difference in water level at the two ends of the canal,
curve @, it is noted that the times when the two reach their maxi-
mum and zero values are approximately the same, and the direction
of flow is generally the direction of slope. This condition together
with the fact that currents at stations Cal and Ca2 are practically
simultaneous, leads to the conclusion that the current movement
in the western half of the canal is hydraulic in character, depending
upon the differences in water level at the two ends of the canal.

Comparing current curves C and D, it is evident that the current
at station Ca3 differs from the hydraulic flow at stations Cal and Ca2.
The nature of this difference is indicated by the curve H plotted from
the hourly velocity differences between stations Ca2 and Ca3. This
curve follows the Reedy Point tide curve with an average lag of about
one and three-fourths hours and represents approximately the type of

FIGURE 41.—Curve of velocity differences, June 5 and 8, 1028, showing the amount by which east-
ward and westward velocities were greater at station Ca 3 than at station Ca 2 (obtained by sub-
tracting eurve C frow curve D)

current that would be expected to result from the rise and fall of the
tide at Reedy Point if uncomplicated by other effects. It seems, there-
fore, that the peculiar current observed at station Ca3 is a combination
of two currents. One the hydraulic current, flowing through the canal
as a whole due to varying differences in water level at the two ends,
and the other an inflow and outflow limited to the eastern end of the
canal and due to the rising and falling of the tide in the Delaware
River.

The condition just outlined is apgarently made possible by the
existance of a marshy area of considerable size located about half
way between station Ca3 and St. Georges. This area appears to act
as a reservoir, storing up water when the tide is rising and releasing it
when the tide is falling. A careful study of curves C, D, and F
reveals the fact that for some hours while the tide is rising at Reedy
Point the water flows into this marshy area from both directions and
for a similar period while the tide is falling at Reedy Point an outflow
in both directions occurs.



TaABLE 62.—Current dala, eastern end of Chesapeake & Delaware Canal

[Referred to times of high water and low water at Old Point Comfort]

Observations Flood or eastward current
Ebb or west-
wartd cur{gnt
Sta- i ini Strengt]
tion Location Slack First strength | Minimum flood| Second strength Slack
Ne- Date Period] Method | Depth - ) - ‘
Time | VE2* | Time | VE9® | Time Veloe- Time | Veloe-
|
Howrs | Hours Hours Hours I{ours | Hours ‘
after after after after afler afler |
Feet Lw LW | Knots| LW | Knots | LW | Knots | HW H : Knots
E10 | 13 miles E. of St. Georges Bridge (39° [O) 10.0 | e 11.87 | ... .. e
3.1 N., 75° 37.0 W), 7 | 1021 11.17| 0.38| 036 009 3.18| 1.03| 1L.65| 1.80; 0.87
Ca3 | Reedy FPoint Bridge (39° 33’.4 N, 75° 434 9.40{ 1120 1.14 0.73 0.47 273 1.20 ] 10.38 0.81 ’ 1.20
35°.0 W.). 3 9.45 11.15 134 0.48 0.82 2.63 1.60 | 10.63 0.76 ! 115
12 9.40| 11.10 119 0.53 0.72 2.68 i 145 10.68 0.76 i 1.05
i
Ell | ¥ mile E. of Reedy Point Bridge (39° 0] 10,5 ool U I o101 s SR,
AN, TP WIW) |
E12 | Reedy Point (39° 33 .6 N.,75°34’.0W.) | 1928-1920____._____ 5 | Meter..... 7 9.78 1 1.01 101 0.73 0.47 2 69 1.06 | 10.32 .07 ! 1.30
1 Surface,
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It will be noted that at station Ca3 the flood or easterly current
increases from slack to strength, then decreases to a smaller velocity
which has been designated minimum flood, and again increases to a
second strength. In Table 62 are %'iven observational times and
velocities of the various phases, including first strength of flood,
minimum flood, and second strength of flood. As in Table 53, the
times are referred to the tides at Old Point Comfort and the velocities
are corrected to a mean value.

Results derived from recent observations made by United States
Army Engineers at four stations in the canal have been incorporated
in Tables 53 and 62. A total of approximately five days of observa-
tions each were taken at stations k4, E7, E10, and E12, Figure 36.
The tabular values show that data obtained from these observations
compare favorably with the observational information previously
obtained, upon which the foregoing discussion is based.

The values for stations 510 and E12, Table 62, are of special inter-
est, as they furnish additional examples of the unusual current move-
ment observed at station Ca3 and give conclusive evidence that tlis
type of current prevails from station E10 eastward to the jetties at
Reedy Point.

SUMMARY OF SURFACE CURRENTS FROM THE LONGER SERIES

For convenient reference the values derived for the surface currents
from the longer series of observations are compiled in Table 63.
In the table are given data derived from all the observations taken at
and above the 14-foot depth for each station where the series of obser-
vations covered a period of seven days or more. As in Table 53, the
times are referred to the tide at Old Point Comfort and the velocities
are reduced to mean values by correcting for range of tide. The
direction and velocity of the nontidal current, derived graphically for
each station from the average flood and ebb directions and velocities,
are given in the last two columns of the table.



TABLE 63.—Summary of surface currents al stations where observations covered a period of seven days or more

[Referred to times of high water and low water at Old Point Comfort]

Observations Flood strength Ebb strength Set
Statlon N Latitude | Longitud Slack Flood | gpop dre. | cureant
on No. itude n e ac] i : ura- | curren :
Direc- dura- Direc- s Direc-
Year | Period Time | tion | VEI%™ | “tion Time | tion | Veoo | tom | Bour | 4o | Veloc-
(true) y (true) v (true) | 1t¥
Hours | Hours Hours | Hours
North West after after after after -
e ! e ! Days | L. W. | L. W. | Degrees} Knots | Hours | H. W. | H, W. | Degrees| Knots | Hours | Hours | Degrees| Knots
Approaches to Chesapeake Bay
37 1.6 | 74 511 1919 k! SRURINUN SR ORI SUNUTU SV SO S, SO 9.74 201 0.12
37 05.3 ] 75 43.5 (1912 1915 146 1.40 4.20 285 0.24 5. 87 9. bb 4.15 74 0.33 6.8 11.82_ 47 0.08
38.8] 76 00.4 |1912, 1;)15, 320 3.63 6. 41 306 0.97 5.45 2.66 6 20 128 149 8.97 1. 57 126 0.26
191
1911 76 20.4 1897 14 899 | 1207 358 0. 52 6.43 9.00 | 1200 159 0.47 5.99 7.34 73 0.09
2.2 7 20.5 1927 8 879 1203 M8 0. 56 6. 51 8.88 | 11.93 163 0.78 5.91 7.23 150 0.12
3.1} 76 25.8 1897 1434 9.03 0.24 352 0.35 7.19 9.80 0.21 162 0.48 523 7.85 138 0.08
4.8 76 280 1897 13 10. 50 1.7 6 0.43 7.3 11.32 1.89 184 0.48 5.19 9.39 170 0.03
50.8| 76 25.6 1927 11 11.76 1.83 14 0.49 5. 78| 11.12 1.96 192 0.79 6.64 9.70 189 0.15
525( 76 25.2 1897 26 12.01 0.82 14 0.49 5.56 | 1L.15 2.25 194 (- 0.79 6. 86 9. 59 194 0.15
56.41 76 23.8 1897 15 11. 87 2.31 p-} 0. 53 5.85 1 11.00 212 202 0.90 6. 87 9.86 196 0.19
00.8: 76 220 1897 274 11.93 2.57 9 0.80 6.41; 11.92 2.72 192 0.82 6.01 10. 32 252 0.03
05.41 76 183 1927 11 11. 68 2.26 30 0.55 | «6.47| 11.73 2.56 193 0.53 5.95 | 10.09 105 0.08
09.3| 76 19.8 1897 20%| 0.78 3.36 3 0.52 5231 1201 3.15 199 0.80 7.19 1 10.96 225 0.17
101} 76 23.8 1867 14 1203 3.05 355 0. 62 6.681 1229 2.70 171 0.49 5.74 | 10.55 10 0.08
1251 76 24.4 1897 7 0.28 3.18 30 0.24 5781 12.04 2.99 219 0.32 6641 10.75 241 0.05
2.1 76 11.8 1927 11 .28 4.18 43 1.18 5.64 0. 50 3.8 218 1.43 6.78 | 11.68 197 0.14
3 5.8 76 18.8 1898 69 b At 15 DR SUU S 5.91 221 e 6. 51 0.85
36 5.8| 76 20.1 1917 10 1.30 426 195 0. 56 5.70 0. 58 3.94 9 0.79 6721 11.76 354 0.12
Potomac River
R aee i 38 48.2 77 022 )1913-1915 205 0.3 [Q] 477 11.08 |___.__.. (U] 7.65 | 10.27

1 Northerly.

? Southerly.
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CURRENT CHARTS

The direction and velocity of the current at a number of locations
in Chesapeake Bay and tributaries for each hour of the tide at Old
Point Comfort are represented in Figures 42 to 54, which are based
on observations taken within 14 feet of the surface. The general
direction of flow is represented by arrows and the average velocities
for the designated hour of the tide by nuinerals near the arrows.
An “8” on the chart indicates slack water. At times of spring tides
and perigean tides, the velocities will normally be grester, and at times
of neap tides and apogean tides less than those given on the charts.
Winds and other meteorological conditions at times greatly modify
both the direction and the velocity of the current.

It happens that on the average high water at Old Point Comfort
and streugth of {lood current at Chesapeake Bay entrance, station
LV3, oceur at the same time; and since the directions and velocities
indicated on the charts apply to times reckoned from high water at
Old Point Comfort they apply to the same times reckoned from
strength of flood at station LV3.

Daily predictions of the times of high water at Old Peint Comfort
and the times of flood strength at Chesapeake Bay entrance (station
L.V3) are included in the Atlantic Coast Tide Tables and the Atlantic
Coast Current Tables, respectively.,

85320°—30——9
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FIGURE 42.—Currepts at time of high water at OJd Point Comfort
85320°—30. (Faoce p. 122.)







































APPENDIX
GENERAL CHARACTERISTICS OF TIDES AND CURRENTS

[Reprinted from United States Coast and Geodetic Survey Special Publication No. 111]
' 1. TIDES, GENERAL CHARACTERISTICS

DEFINITIONS

The tide is the name given to the alternate rising and falling of the level of
the sea, which at most places occurs twice daily. The striking feature of the
tide is its intimate relation to the movement of the moon. High water and low
water at any given place follow the moon’s meridian passage by a very nearly
constant interval, and since the moon in its apparent movement around the
carth crosses a given meridian, on the average, 50 minutes later each day, the
tide at most places likewise comes later cach day by 50 minutes, on the average.
The tidal day, like the lunar day, therefore has an average length of 24 hours
and 50 minutes.

With respect to the tide, the “moon’s eridian passage’” has a special signifi-
cance. [t refers not only to the instant when the moon is directly above the
meridian, but also to the instaut when the moon is directly below the meridian,
or 180° distant in longitude. In this sense there are two meridian passages in a
tidal day, and they are distinguished by being referred to as the upper and lower
moeridian passages or upper and lower transits.

The interval between the moon’s meridian passage (upper or lower) and the
following high water is known as the “ high-water lunitidal interval.”” Likewise
the interval between the moon’s meridian passage and the following low water
is known as the ‘“low-water lunitidal interval.” TFor short they are called,
respectivelv, high-water interval and low-water interval and abbreviated as
follows: HWI and LWI.

Tn its rising and falling the tide is accompanied by a horizontal forward and
backward movement of the water, called the tidal eurrent. The two move-
ments—the vertical rise and fall of the tide and the horizontal forward and
backward movement of the tidal current—are intimately related, forming parts
of the same phenomenon brought about by the tidal forees of sun and moon.

It is neeessary, however, to distinguish clearly between tide and tidal current,
for the relation between them is not a simple one nor is it everywhere the same.
At one place a strong current may accompany a tide having a very moderate
rise and fall, while at another place a like rise and fall may be accompanied by
a very weak current. Furthermore, the time relations between current and tide
vary widely from place to place. For the sake of clearness, therefore, tide
should be used to designate the vertical movement of the water and tidal current
the horizontal movement.

It is convenient to have a single term to designate the whole phenomenon
whieh includes tides and tidal currents. Unfortunately no such distinet term
oxists. TFor years, however, ‘““the tide’’ or “the tides,” or even “flood and ebb,”
have been used in this general sense, and usually no confusion arises from this
usage, since the context indicates the sense intended; but the usc of the term
“tide’’ to denote the horizontal movement of the water is confusing and is to be
discouraged.

With respeet to the rise and fall of the water due to the tide, high water and
low water have precise meanings. They refer not so much to the height of the
water as to the phase of the tide. High water is the maximum height reached
i)}'i cach rising tide and low water the minimum height reached by each falling

ide.

. It is important to note that it is not the absolute height of the water which
is in question, for it is not at all infrequent at many places to have the low water
of one day higher than the high water of another day. Whatever the height
of the water, when the rise of the tide ceases and the fall is to begin, the tide is
at high water; and when the fall of the tide ceases and the rise is to begin, the
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tide is at low water. The abbreviations HW and LW are {requently used to
designatc high and low water, respectively.

In its rising and falling the tide does not move at a uniform rate. ¥From
low water the tide begins rising, very slowly at first, but at a constantly increas-
ing rate for about three hours, when the rate of risc is & maximum. The rise
then continues at a constantly decreasing rate for the following three hours,
when high water is reached and the rise ceascs. The falling tide bechaves in a
similar manner, the rate of fall being least immediatcly after high water, buf
increasing constantly for about three lhours, when it is at a maximum, and
then decreasing for a period of three hours till low water is reached.

The rate of rise and fall and other characteristics of the tide may best be
studied by representing the rise and fall graphically. This may be done by
reading the height of the tide at regular intervals on a fixed vertical staff gradu-
ated to feet and tenths and plotting these heights to a suitable scale on cross-
section paper and drawing a smooth curve through these points. A more con-
venient method is to make use of an automatic tide gage by means of which
the rise and fall of the tide is recorded on a sheet of paper as a continuous curve
drawn to a suitable scale. Figure A shows a tide curve for Fort Hamilton,
N. Y., for July 4, 1922.

In Figure A the figures from 0 to 24, increasing from left to right, represent
the hours of the day beginning with midnight. Numbering the hours con-
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Fiavre A.——Tid(; curve for ¥ort Hamilton, N. Y., July 4, 1922

secutively to 24 eliminates all uncertainty as to whether morning or afternoon
is meant and has the further advantage of great convenience in computation.
The figures on the left, increasing upward from 2.0 to 9.0, represent the height
of the tide in feet as referred to a fixed vertical staff. The tide curve presents
the well-known form of the sine or eosine curve.

The difference in height between a high water and a preceding or following
low water is known as the ‘“‘range of tide” or ‘‘range.” The average difference
in the heights of high and low water at any given place is called the mmean range.

THE TIDE-PRODUCING FORCES

The intensity with which the sun (or moon) attracts a particle of matter on
the earth varies inversely as the square of the distanec. For the solid earth as
a whole the distance is obviously to be measured from the center of the carth,
since that is the center of mass of the whole body. But the waters of the earth,
which may be considered as lying on the surface of the earth, are on the onc
side of the earth ncarer to the heavenly bodies and on the other side farther away
than the center of the earth. The attraction of sun or moon for the waters
of the ocean is thus different in intensity from the attraction for the solid carth
as a whole, and these differences of attraction give rise to the forees that cause
the ocean waters to move relative to the solid earth and bring about the tides.
These forces are called the tide-producing forees.
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The mathematical development of these forees shows thatl the {ide-producing
force of a heavenly body varies directly as its mass and inversely as the cube
of its distance from the earth. The sun has a mass about 26,000,000 times as
great as that of the moon; but it is 389 times as far away from the earth. Its
tide-producing foree is therefore to that of the moon as 26,000,000 is Lo (389)3 or
somewhat less than one-half.

When the relative motions of the earth, moon, and sun are introduced into the
cquations of the tide-producing forees, it is found that the tide-producing forces
of both sun and moon group themselves into three classes: (a) Those having a
period of approximately half a day, known as the semidiurnal forces; (b) those
having a period of approximately one day, known as diurnal forces; (c) those
having a period of half a month or more, known as long-period forces.

The distribution of the tidal forces over the earth takes place in a regular
manner, varying with the latitude. But the response of the various seas to
these forees is very profoundly modified by terrestrial features. As a result
we find the tides, as they actually occur, differing markedly at various places,
but apparently with no regard to latitude.

The principal tide-producing forees are the semidiurnal foreces. These forees
go through two complete eycles in a tidal day, and it is because of the pre-
dominance of these semidaily forces that there are at most places two complete
tidal cycles, and therefore two high and two low waters in a tidal day.

VARIATIONS IN RANGE

The range of the tide at any given place is not constant but varies from day
{o day; indeed, it is cxceptional to find consccutive ranges equal. Obviously,
ehanging meteorological conditions will find reflection in variations of range,
but the principal variations are due to astronomic causes, being brought about
by variations in the position of the moon relative to earth and sun.

At times of new moon and full moon the tidal forces of moon and sun are
acting in the same dircetion. High water then rises higher and low water falls
lower than usual, so that the range of the tide at such times is greater than
the average. The tides at sueh times arc called ““spring tides,”” and the range
of the tide is then known as the “spring range.”

When the moon is in its first and third quarters, the tidal forces of sun and
moon are opposed and the tide does not rise as high nor fall as low as the average.
At such times the tides are called ‘‘neap tides,” and the range of the tide then is
known as the “neap range.”

It is to be noted, however, that at most p.aces there is a lag of a day or two
between the occurrence of spring or neap tides and the corresponding phases
of the moon; that is, spring tides do not occur on the days of full and new moon,
but a day or two later. Likewise neap tides follow the moon’s first and third
quarters after an interval of a day or two. Tis lag in the response of the tide
is known a3 the “age of phase inequality” or “phase age” and is generally
ascribed to the effects of friction.

The varying distance of the moon from the earth likewise affects the range of
the tide. 1n its movement around the carth the moon describes an ellipse in a
period of approximately 27} days. When the moon is in perigee, or nearest the
earth, its tide-produeing power is increased, resulting in an increased rise and
fall of the tide. These tides are known as “perigean tides,” and the range at
such times is ealled the “perigean range.”  When the moon is farthest from the
earth, its tide-producing power is diminished, the tides at such times exhibiting
a decreased rise and fall. These tides arc called “apogean tides’ and the corres-
ponding range the ‘“‘apogean range.”

1n the response o the moon’s change in position from perigee to apogee, it is
found that, like the responses in the case of spring and neap tides, there is a
lag in the occurrence of perigean and apogean tides. The greatest rise and
fall does not come on the day when the moon is in perigee, but a day or two
later,  Likewise, the least rise and fall does not occur on the day of the moon’s
apogee, but a day or two later. This interval varies somewhat from place to
place, and in some regions it may have a negative value. This lag is known
as the ‘“‘age of parallax incquality” or “parallax age.”

The moon does not move in the plane of the Equator but in an orbit making
an angle with that plane of approximately 23)4°. During the month, there-
fore, the moon’s declination is constantly changing, and this change in the posi-
tion of the moon produces a variation in the consecutive ranges of the tide.
When the moon is on or close to the Equator—that is, when its declination is
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small—consecutive ranges do not differ much, morning and afternoon tides
being very much alike. As the declination increases the difference in consecutive
ranges increases, morning and afternoon tides heginning to show dccided differ-
ences, and at the times of the moon’s maximuin semimonthly declination these
differences are very nearly at a maximum. But like the response to changes
in the moon’s phase and parallax, there is a lag in the respouse to the change in
declination, this lag being known as the ‘‘age of diurnal inequality’” or ‘“‘diurnal
age.”” Like the phase and parallax ages, the diurnal age varies from place to
place, being generally about one day, but in some places it may have a negative
value.

When the moon is on or close to the Equator and the difference between
morning and afternoon tides small, the tides are known as ‘“‘equatorial tides.”
At the times of the moon’s maximum semimonthly declination, when the differ~
ences between morning and afternoon tides are at a maxiinum, the tides arc
called ‘“tropic tides,”” since the moon is then near one of the Tropies.

The three variations in the range of the tide noted above are exhibited by the
tide the world over, but not everywhere to the same degree. In many regions
the variation from neaps to springs is the principal variation; in certain regions
it is the variation from apogec to perigee that is the principal variation; and
in other regions it is the variation from equatorial to tropic tides that is the
predominant variation.

The month of the moon’s phases (the synodical month) is approximately
20% days in length; the month of the moon’s distance (the anomalistic month)
is approximately 274 days in length; the month of the moon’s declination (the
tropic month) is approximately 27)4 days in length. It follows, therefore, that
very considerable variation in the range of the tide occurs during a year due
to the changing relations of the three variations to each other,

DIURNAL INEQUALITY

The difference between morning and afternoon tides due to the declination of
the moon is known as diurnal inequality, and where the diurnal inequality is
considerable the rise and fall of the tide is affected to a very marked degree both
in time and in height. Figure B represents graphically the differences in the
tide at San Francisco on October 18 and 24, 1922. On the former date the moon
was over the Equator, while on the latter date the moon was at its maximum
south declination for the month. The upper diagram thus represents the equa-
torial tide for San Franecisco, while the lower diagram represents the tropic tide.

It will be noted that on October 18 the morning and afternoon tides show very
close resemblance. In both cases the rise from low water to high water and the
fall from high water to low water took place in approximately six hours. The
heights to which the two high waters atlained were very nearly the same, and
likewise the depressions of the two low waters.

On October 24, when the moon atfained its extreme declination for the fort-
night, tropic tides occurred. The characteristics of the rise and fall of the tide
on that day differ markedly from those on the 18th, when the equatorial tides
ocecured, these differences pertaining both to the time and the height. Instead
of approximately equal duration of rise and of fall of six hours, both morning
and afternoon, as was the case on the 18th, we now have tlie morning rise occupy-
ing less time than the afternoon rise and the morning fall more time than the
evening fall. Even more striking are the differences in extent of risc and fall of
morning and afternoon tides. The tide eurve shows that there was a difference
of a foot in the two high waters of the 24th and a difference of almost 3 feet in
the low waters.

Definite names have been given to each of the two high and two low waters
of a tidal day. Of the high waters, the higher is called the ‘“higher high water”
and the lower the ‘‘lower high water.”” Likewise, of the two low waters of an
tidal day the lower is called ‘“‘lower low water” and the higher ‘‘ higher low water.”

The diurnal inequality may be related directly to the ratio of the tides brought
about, respectively, by the diurnal and semidiurnal tide-producing forces. Those
bodies of water which offer relatively little response to the diurnal forces will
exhibit but little diurnal inequality, while those bodies which offer relatively
considerable response to these diurnal forces will exhibit considerable diurnal
incquality. On the Atlantic coast of the United States there is relatively little
diurnal inequality, while on the Pacific coast there is considerable inequality.

It is obvious that with increasing diurnal inequality the lower high water and
higher low water tend to hecome equal and merge, When this occurs there is
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but one high and one low water in a tidal day instead of two. This oceurs
frequently at Galveston, Tex., and at a number of other places.

TYPES OF TIDE

From place to place the characteristics of the rise and fall of the tide generally
differ in one or more respects; but according to the predominating features the
variops kinds of tide may be grouped under three types, namely, semidiurnal,
diurnal, and mixed. Instead of semidiurnal and diurnal the terms ‘‘semidaily”’
and ‘“daily’’ are frequently used.

The simidiurnal type of tide is one in which two high and two low waters occur
each tidal day with but little diurnal inequality; that is, morning and afternoon
tides resemble each other closely. Figure A may be taken as representing this
type of tide, and this is the type Tound on the Atlantic coast of the United States.
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FIGURE B.--Tide curves, San Francisco, Calif., October 18 and 24, 1922

In the diurnal type of tide but one high and one low water occur in a tidal day.
Do-Son, French Indo-China, may be cited as a place where the tide is always of
the daily type, but it is to be noted that there are not many such places. Vghen

€ moon’s declination is zero the diurnal tidal forces tend to vanish, and there
are generally two high and two low waters during the day at such times. Gal-
veston, Tex., and Manila, P. 1., may be mentioned as ports at which the tide is
frequently diurpal, while St. Michael, Alaska, may be cited as a port at which

e tide is largely diurnal.

The mixed type of tide is one in which two high and two low waters occur
during the tidal day but which exhibits marked diurnal inequality. Several
formg may occur under this type. In one form the diurnal inequality is exhib-
lt"id_ principally by the high waters; in another form it is the low waters which
exhibit the greater inequality; or the diurnal inequality may be features of both

igh waters and low waters.



128 U. S. COAST AND GEODETIC SURVEY

It is to be noted that when the tide at any given place is assigned to any
particular type it refers to the characteristics of the predominating tide at that
place. At the time of the moon’s maximum semimonthly declination the semi-
diurnal type exhibits more or less diurnal inequality and thus approaches the
mixed type; and when the moon is on or near the Equator the diurnal inequality
of the mixed type is at a minimum, the tide at such times resembling the semi-
diurnal type. It is the characteristics of the predominating tide that determine
the type of tide at any given place. With the aid of harmonic constants the type
of tide may be defined by definite ratios of the semidiurnal to the diurnal
constituents.

Type of tide is intimately associated with diurnal inequality and hence depends
on the relation of the semidiurnal to the .diurnal tides; and it is the variation in
this relation that makes possible the various forms of the mixed type of tide.

HARMONIC CONSTANTS

Since the tide is periodic in character, it may be regarded as the resultant of
a number of simple harmonic movements. In other words, if A be the height of
the tide, reckoned from sea level, then for any time ¢, we may write h=4 cos
(at+a)+B cos (bt+8)+ . .. In the above formula each term represents a
constituent of the tide which is defined by its amplitude or semirange, A, B,
etc., by an angular speed, a, b, etc., and by an angle of constant value, «, 8, etc.,
which determiines the relation of time of maximum height to the time of hegin-
ning of observation.

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

_moon relative to the earth to be replaced by a number of simplc movements.

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

The periods of revolution of the hypothetical tidal bodies or the speeds of the
various component tides are computed from astronomical data and depend only
on the relative movements of sun, moon, and earth. These periods being inde-
pendent of local conditions are, therefore, the same for all places on the surface
of the earth; what remains to be determined for the various simple constituent
tides is their epochis and amplitudes, which vary from place to place according
to the type, time, and range of the tide. The mathematical process by which
these epochs and amplitudes are disentangled from tidal ohservations is known
as the harmonic analysis.

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

It is obvious that the principsl lunar tidal component wili be one which gives
two high and two low waters in a tidal day of 24 hours and 50 minuteg, or 1nore
exactly in 24.84 hours. Its spced per solar hour, therefore, is —2—3<431§£— == 28°.98.
This component has been given the symbol M,. Likewise, the principal solar

tidal cornponent is one that gives two high and two low gvaters in a solar day of
24 hours. Its angular speed per hour is therefore -2—>~<2369~ =30°.00. The symbol
for this principal solar component is S;.

Since the moon’s distance from the earth is not constant, being less than the
average at perigee and greater at apogee, the period from one perigee to another
being on the average 27.565 days, we must introduce another hypothetical tidal
body, so that at perigee its high water will correspond with the M, high water,
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and at apogee its low water will correspond with the M, high water. In other

words, the tidal component which is to take account of the moon’s perigean

movg:ment must, in a period of 13.78 days, loge 180° on M,, or at the rate of
=]

—1%—;%; =13°.06 per day. Its hourly specd, therefore, is 28°.98—‘1%ﬁ@=28°-44-

This component has been given the symbol N,.

The mooun’s change in declination is taken account of by two components
denoted by the symbols K, and O;. The speeds of these are determined by the
following considerations: The average period from one maximum declination
to another is a half tropic month, or 13.66 days. The speeds of these two com-
ponents should, therefore, be such that when the moon is at its maximum dec-
lination they shall both be at a maximum, and when the moon is on the Equator
they shall neutralize each other; that is, in a period of 13.66 days K, shall gain
on O; one full revolution, The difference in their hourly speeds, therefore, is

o
5&'31%966=l°.098. The mean of the speeds of these two components must
be thato of the apparent diurnal movement of the moon about the earth,
or %=14°.49. The specds are therefore derived from the equations

I\]:zl_ol==14".49 and K;~0;=1°.098, from which K;=15°04 and 0;=13°.94.

It is customary to designate the amplitude of any component by the symbol
of the component and the epoch by the symbol with a degree mark added.
Thus M, stands for the amplitude of the M; tide and M,° for the cpoch of this
tide. The five components enumecrated above are the principal ones. Between
20 and 30 components permit the prediction of the time and height of the tide
at any given place with considerable precision. '

From the harmonic constants the characteristics of the tide at any place
can be very readily determined.! The five principal constants alone permit the
approximate determination of the tidal characteristics very easily. Thus,
approximately, the mean range is 2M;, spring range 2(M,+8;), neap range
2(M;—8S;) perigean range 2(M,;+N;), apogean range 2(M.—N,), diurnal ilg-

equality at time of tropic tides 2(K;+O;), high-water lunitidal interval Q‘g%g'

The various ages of the tide can likewise be readily determined. Approximately,
the ages in hours are: Phase age, S;°—M;°; parallax age, 2(M;°—N,°); diurnal
age, K°—0°. The type of tide, too, may be determined from the harmonic

constants through the ratio Mt_:’_"s"; + Where this ratio is less than 0.25, the tide

is of ihe semidiurnal type; where the ratio is between 0.25 and 1.25, the tide
is of the mixed type; and where the ratio is over 1.25, the tide is of the diurnal
type.

The periods of the various componcent tides, like the periods of the tide-pro-
ducing forees, group themselves into three classes. The tides in the first class
have periods of approximately half a day and are known as semidiurnal tides;
the periods of the tides in the sccond class are approximately one day, and
these tides are known as diurnal tides; the tides in the third class have periods
of half a month or more and are known as long-period tides. In ghallow waters
due to the eflcets of decrcased depth, the tides are modified and another class
of simple tides is introduced having periods of less than half a day, and these
are known as shallow-water tides.

The class to which any component tide belongs is generally indicated by
the subseript used in the notation for the component tides, the subseript giving
the number of periods i a day. With long-period tides generally no subseript
is used; with semidiurnal tides the subscript is 2; with diurnal tides the sub-
seript is 1, and with shallow-water tides the subscript is 3, 4, or more. Thus
Sa represents a solar annual component, Py a solar diurnal component, M; a
lunar semidiurnal component, 8; a solar shallow-water component with a period
of one-quarter of a day, and M, a lunar shallow-water component with a period
of one-sixth of a day.

i See R. A. Harris, Mapual of Tides, Ft. I1I (U. 8. Coost and Ceodetic Survey Report for 1804,
Appendix 7).
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TIDAL DATUM PLANES

Tidal planes of reference formn the basis of all rational datum planes used
in practical or scientific work. The advantage of the datum plane based on
tidal determination lies not only in simplicity of definition, but also in the fact
that it may be recovered at any time, even though all bench-mark eonnections
be lost.

The principal tidal plane is that of mean sea level, which 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. At any given place this plane
may be determined by deriving the mean height of the tide. This is perhaps
best done by adding the hourly heights of the tide over a period of a year or
more and deriving the mean hourly height. It is to be noted that in such a
determination the mean sea level is not freed from the effects of prevailing
wind, atmospheric pressure, and other meteorological conditions.

The plane of mean sca level must be carefully distinguished from the plane
of half-tide level or, as it is frequently called, mean tide level. This Iatter
plane is one determined as the half sum of the high and low waters. It is there-
fore the plane that lies halfway between the planes of mean low water and mean
high water. The plane of half-tide level does not, at most places on the open
coast differ by more than about a tenth of a foot from the plane of mean sea
level, and where this difference is known the plane of mean sea level may be
determined from that of half-tide level. Like all of the tidal planes, the plane
of half-tide level should be determined by observations covering a period of a
YEeAr or more.

For many purposes the plane of mean low water is important. This plane
at any given place is determined as the average of all the lJow waters during a
period of a year or more. Where the diurnal inequality in the low waters is
small, as on the Atlantic coast of the United States, this plane is frequently
spoken of as the ‘“low-water plane’ or ‘“‘the plane of low water’; but strictly
it should be called the plane of mean low water.

Where the tides exhibit considerable diurnal inequality in the low waters,
as on the Pacific coast of the United States, the lower low waters may fall con-
siderably below the plane of mean low water. In such places the plane of mean
lower low water is preferable for most purposes. This plane is determined as
the average of all the lower low waters over a period of a year or more. Where
the tide is frequently diurnal, the single low water of the day is taken as the
lower low water.

The plane of mean high water is determined as the average of all the high
waters over a period of a year or more. Where the diurnal inequality in the
high waters is small, this plane is frequently spoken of as ‘‘the planc of high
water’’ or ‘‘the high-water plane.” This usage may on occasion lead to con-
fusion, and the denomination of this plane as the pranc of mean high water is
therefore preferable.

In localities of considerable diurnal inequality in the high waters the higher
high “waters frequently risc considerably ahove the plane of mean high water.
A higher plane is therefore of importance for many purposes, and the plane
of higher high water is preferred. This plane is determined as the average of
all the higher high waters for a period of & year or more. Where the tide is
frequently diurnal, the single high water of the day is taken as the lhigher high
water. ‘

The tidal planes described above are the principal ones and the ones most
generally used. Other planes, however, are sometimes used. Where a very
Jow plane is desired, the plane of mean spring low water is sometimes used, its
name indicating that it is determined as the mean of the low waters occurring
at spring tides. Another planc sometimes used, which is of interest because
based on harmonic constants, is known as the harmonic tide plane and for any
given place is determined as M,;4-8;4K,40, below mean sea level.

MEAN VALUES

Since the rise and fall of the tide varies from day to day, chiefly in accordance
with the changing positions of sun and moon relative to the earth, any tidal
quantities determined directly from a short series of tidal observations must
be corrected to a mean value. The principal variations are those connected
with the moon’s phase, parallax, and declination, the pecriods of which are
approximately 29% days, 27% days, and 2734 days, respectively,
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Tu a period of 20 days, therefore, the plasc variation will have almost com-
pleted a full cycle while the other variations will have gone through a full cycle
and but very little more. Hence, for tidal quantities varying largely with the
phase variation, tidal observations covering 29 days, or multiples, constitute a
satisfactory period for determining these quantitics. Such are the lunitidal
intervals, the mean range, mean high water, and mean low water. For quantities
varying largely with the declination of the moon, as, for example, higher high
water and lower low water, 27 days, or multiples, constitute the more satisfactory
period.

As will be secn in the detailed discussion of the tides at Fort Hamilton, the
values determined from two different 29-day or 27-day periods may differ very
considerably. This is due to the fact that these periods are not exact synodie
periods for the different variations, and to the further fact that variations having
periods greater than a month are not taken into account. Furthermore, meteoro-
logical conditions, which change from month to month, leave their impress
on the tides. For accurate results the direct determination of the tidal datum
planes and other tidal quantities should be based on a scries of observations that
cover a period of a year or preferably three years. Values derived from shorter
series must be corrected Lo a nean value,

Two methods may be employed for correeting the results of short series to a
mean value. One method makes use of tabular values, determined both from
theory and observation, for correcting for the different variations. The other
method makes use of direct comparison with simultaneous observations at some
near-by port for which mean values have been determined from a series of con-
siderable length.
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F1uaure C.o-Velocity und direction curves for the current, Hudson River, July 22, 1922

II. TIDAL CURRENTS, GENERAL CHARACTERISTICS
DEFINITIONB

. Tidal currents are the horizontal movements of the water that accompany the

rising and falling of the tide. The horizontal movement of the tidaP current

and the vertical movement of the tide are intimately related parts of the same
henomenon brought about by the tide-producing forces olp sun and moon.
idal currents, like the tides, are therefore periodic.

It is the periodicity of the tidal current that chiefly distinguishes it from other
lnnds of currents, which are known by the general name of nontidal currents.
1_‘ hese latter currents are brought about by causes that are independent of the
tides, such as winds, fresh-water run-off, and differences in density and tempera-
ture. Currents of this class do not exhibit the periodicity of tidal currents,
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Tida) and nontidal currents occur together in the open sea and in inshore tidal
waters, the actual currents experienced at any point being the resultant of the
two classes of currents. In some places tidal currents predominate and in others
nontidal currents predominate. Tidal currents generally attain considerable
velocity in narrow entrances to bays, in constricted parts of rivers, and in pas-
sages from one body of water to another. Along the coast and farther offshore
tidal currents are generally of moderate velocity; and in the open sea, calculation
b?se(ll( ont the theory of wave motion gives a tidal current of less than one-tenth
of a knot.

RECTILINEAR TIDAL CURRENTS

In the entrance to a bay or river and, in general, where a restricted width
occurs, the tidal current is of the rectilinear or reversing type; that is, the flood
current runs in one direction for a period of about six hours and the ebb current
for a like period in the opposite direction. The flood current is the one that
sets inland or upstream and the ebb current the one that sets seaward or down-
stream. The change from flood to ebb gives rise to a period of slack water during
which the velocity of the current is zero. An example of this type of current
is shown in Figure C, which represents the velocity and direetion of the current
as observed in the Hudson River off Fort Washington on July 22, 1922.

In Figure C the upper curve represents the velocity of the current in knots,
flood being plotted above the axis of X and ebb below the axis. The velocity
curve represents approximately the form of the cosine curve. The maximum
velocity of the flood current is called the strength of flood and the maximum ebb
velocity the strength of ebb. The knot is thie unit generally used for measuring
the velocity of tidal currents and represents a vclocity of 1 nautical mile per
hour. Knots may be converted into statute miles per hour by multiplying by
1.15, or into feet per second hy multiplying by 1.69.

The lower curve of Figure C is the direction curve of the current, the direction
being given in degrees, north being 0°, east 90°, south 180°, and west 270°.
The dircctions are magnetic and represent the direction of the current as derived
from hourly ohservations. During the period of flood the direction curve shows
that the current was running practically in the same direction all the time,
making an abrupt shift of about 180° to the opposite direction during the period
of slack water. For the ebb period the direction curve likewise shows the cur-
rent to have been running in approximately the same direction with an abrupt
change of about 180° during slack.

ROTARY TIDAL CURRENTS

Offshore the tidal currents are generally not of the rectilinear or reversing type.
Instead of flowing in the same general direetion during the entire period of the
flood and in the opposite direction during the ebb, the tidal currents offshore
change direction continually. Such currents are thercefore called rotary currents.
An example of this type of current is shown in Figure D, which represents the
velocity and direction of the current at the beginning of each hour of the after-
noon on September 24, 1919, at Nantucket Shoals Light Vessel, stationed off
the coast of Massachusetts.

The current is seen to have changed its direction at each hourly observation,
the rotation being in the direction of movement of the hands of a clock, or from
north to south by way of east, then to north again by way of west. In a period
of about 12 hours it is seen that the current has veered completely round the
compass.

It will be noted that the ends of the radii vectores, representing the velocities
and directions of the current at the beginning of cach hour, define a somewhat
irregular cllipse. If a number of observations are averaged, eliminating acci-
dental errors and temporary meteorological disturbances, the regularity of the
curve is cousiderably increased. The average period of the cycle is, from a
considerable number of observations, found to be 12k 25=,  In other words, the
current day, like the tidal day, is 24" 50 in length.

A characteristic feature of the rotary current is the absence of slack water.
Although the current generally varies from hour to hour, this variation from
greatest current to least current and back again to greatest current does not
give rise to a period of slack water. When the velocity of the rotary tidal current
is least it is known as the minimum current, and when it is greatest it is known
as the maximum current. The minimum and maximum velocities of the rotary
current are thus related to each other in the same way as slack and strength of



TIDES AND CURRENTS IN CHESAPEAKE BAY 133

the rectilinear current, a minimum velocity following a maximum velocity by
an interval of about three hours and being followed in turn by anothcr maximum
after a further interval of three hours.

VARIATIONS IN STRENGTH OF CURRENT

Tidal currents exhibit changes in the strength of the current that correspond
closcly with the changes in range exhibited by tides. The strongest currents
come with the spring tides of full and new moon and the weakest currents with
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Fiaure D.-~Rotary current, Nantucket Shoals Light Vessel, afternoon of September 24, 1919

the neap tides of the moon’s first and third quarters. Likewise, perigean tides
are accompanied by strong currents and apogean tides by weak currents; and
when the wmoon has considerable declination, the currents, like the tides, are
charneterized by diurnal inequality.

As related to the moon’s changing phascs, the declination i the strength of the
current from day to day is approximately proportional to the corresponding
change in the range of the tide. The moon's changing distance likewise brings
about changes in the veloeity of the strength of the current which is approximately
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proportional to the corresponding change in the range of the tide; but in regard
to the moon’s changing declination, tide and current do not respond alike, the
diurnal variation in the tide at any place being generally greater than the diurnal
variation in the currcent,

The relations subsisting between the changes in the velocity of the current at
any given placc and the range of the tide at that place may be derived from general
considerations of a theoretical nature. Variations in the current that involve
semidiurnal components will approximate corresponding changes in the range of
the tide; but for variations involving diurnal components the variation in the cur-
rent is about half that in the tide.

RELATION OF TIME OF CURRENT TO TIME OF TIDE

In simiple wave motion the times of slack and strength of current bear a con-
stant and simple relation to the times of high and low waters. In a progressive
wave the time of slack water comes, theoretically, cxactly midway between high
and low water and the time of strength at high and low water; in a stationary
wave slack comes at the times of high and low water, while the strength of current
comes midway between high and low water.

The progressive-wave movement and the stationary-wave movement are the
two principal types of tidal movements. A progressive wave is one whose crest
advances, so that in any body of water that sustains this type of tidal movement
the times of high and low water progress from one end to the other. A stationary
wave is one that oscillates about an axis, high water occurring over the whole
area on one side of this axis at the same instant that low water occurs over the
whole area on the other sidc of the axis.

The tidal movements of coastal waters are rarely of simple wave form; never-
theless, it is very convenient in the study of currents to refer the times of current
to the times of tide. And where the diurnal inequality in the tide is small, os is
the case on the Atlantic coast, the relation between the time of current and
the time of tide is very nearly constant. This is brought out in Figure E, which
represents the tidal and current curves in New York Harbor for October 9, 1919,
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F1gurg F.—Tide and current curves, New York Harbor, October 9, 1919

the current curve being the dashed-line curve, representing the velocities of the
current at a station in Upper Bay, and the tide curyve being the full-line curve,
representing the rise and fall of the tide at Fort Hamilton, on the eastern shore
of the Narrows.

The diagrams of Figure E were drawn by plotting the heights of the tide and
the velocitics of the current to the same time scale and to such veloecity and
height scales as will make the maximum ordinates of the two curves approxi-
mately equal. The time axis or axis of X represents the line of zero veloeily for
the currents and of mean sea level for the tide, the velocity of the current being
plotted in accordance with the scale of knots on the left, while the height of the
iide reckoned from mean sea level was plotted in accordance with the scale in
feet on the right. .

From Figure E it is scen that the corresponding features of the tide and current
in New York Harhor bear a very nearly constant time relation to each other,
and this constancy in time relation of tides and currents is characteristic of tidal
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waters in which the diurnal inequality is small. This permits the times of slack
and of strength of current to be referred to the times of high and low water.
Thus, from Figure E we find strength of ebb occurred about 0.6 hour after the
time of low water, both morning and afternoon; slack before flood occurred 2.2
hours before high water; strength of flood 0.4 hour after high water; slack before
cbb 3.0 hours before low water. In this connection, however, it is to be noted
that the time relations between the various phases of tide and current are subjeet
to the disturbing effects of wind and weather.

Apart from the disturbing effect of nontidal agencies, the time relations between
tide and current are subject to variation in regions where the tide exhibits con-
siderable diurnal inequality, as, for example, on the Pacific coast of the United
States. This variation is due to the fact, previously mentioned, that the
diurnal inequality in the current at any given place is, in general, only about half
as great as that in the tide. This brings about differences in the corresponding
features of tide and current as between morning and afternoon. However, in
such cases it is frequently possible to refer the current at a given place to the tide
at some otlhcr place with comparable diurnal incquality.

EFFECT OF NONTIDAL CURRENT
The tidal current is subject to the disturbing influenee of nontidal currents
which affect the regularity of its occurrence as regards time, velocity, and direc-
tion. In the case of the rectilinear current the effect of a steady nontidal current
is, in gencral, to make both the periods and the velocities of flood and ebb
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unequal and to change the times of slack water but to leave unchanged the times
of flood and ebb strengths. This is evident from a consideration of Figure F,
which represents a simple rectilinear tidal current, the time axis of which is the
line A B, flood velocities being plotted above the line and ebb velocities below.

When unaffected by nontidal currents, the periods of flood and ebb are, in
general, equal as represented in the diagram, and slack water occurs, regularly
three hours and six minutes after the times of flood and c¢hb strengths. But if
we assumne i steady nontidal current introduced which has, in the direction of
the tidal current, a velocity component represented by the line CD, it is cvident
that the strength of ¢hb will be increased by an amount cqual to €D, while the
flood strength will be decreased by the same amount. The current conditions
may now be completely represented by drawing, as a new axis, the line EF
parallel to AB and distant from it the length of ¢D.

Obviously, if the velocilty of the nontidal current execeds that of the tidal
current at the time of strength, the tidal current will be completely masked
and the resultant current will set at all times in the direction of the nontidal
current. Thus, if in Figure F, the line OP represents the velocity component
of the nontidal current in the direction of the tidal current, the new axis for
mensuring the velocity of the combined current at any time will be the line GH,
parallel with the linc AB and passing through the point O, and the current will
be fowing at all times in the ¢bb dircetion. There will be no slack waters, but
at periods 6 hours 12 minutes apart there will occur minimum and maximum
velocities represented, respectively, by the lines RS and T'U.

In so far as the effect of the nontidal current on the direction of the tidal cur-
rent is concerned, it is only necessary to remark that the resultant current will
set in a direction which at any thne is the resultant of the tidal and nontidal
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currents at that time. This resultant direction and also the rcsultant velocity
may be determined cither graphically by the parallelogram of velocities or by
the usual trigonometric computations.

VELOCITY OF TIDAL CURRENTS AND PROGRESS8ION OF THE TIDE

In the tidal movement of the water it is necessary to distinguish clearly
between the velocity of the current and the progression or rate of advance of
the tide. In the former case reference is made to the actual speed of a moving
particle, while in the latter case the refcrence is to the rate of advance of the
tide phase or the velocity of propagation of wave motion, which generally is
many times greater than the velocity of the current.

It is to be noted that there is no necessary reclationship between the velocity
of the tidal current at any place and the rate of advance of the tide at that place.
In other words, if the rate of advance of the tide is known, we can not from
that alone infer the velocity of the current, nor vice versa. The rate of advance
of the tide in any given body of water depends on the type of tidal movement.
In a progressive wave the tide moves approximately in accordance with the
formula r=1/gd in which r is the rate of advance of the tide, g the acceleration
of gravity, and d the depth of the waterway. In stationary-wave movement,
since high or low water occurs, at verv nearly the same time over a considerable
area, the rate of advance is theoretically very great, but actually there is always
some progression present, and this reduces the theoretical velocity considerably.

The velocity of the current, or the actual speed with which the particles of
water are moving past any fixed point, depends on the volume of water that
must pass the given point and the cross section of the channel at that point.
The velocity of the current is thus independent of the rate of advance of the tide.

DISTANCE TRAVELED BY A PARTICLE IN A TIDAL CYCLE

In a rectilinear current the distance traveled by the water particles or by
any object floating in the water is obviously equal to the product of the time
by the average velocity during this interval of time. To determine the average
velocity of the tidal current for any desired interval scveral mecthods may be
used.

If the curve of the tidal current has been plotted, the average velocity may
be derived as the mean of a number of measurements of the velocity made at
frequent intervals on the curve; as, for example, every 10 or 15 minutes. From
the current curve the average vclocity may also be determined by deriving the
mean ordinate of the curve by use of the planimeter. TFor a full tidal cycle of
flood or ebb, however, since the current curve generally approximates the cosine
curve, the simplest method consists in making use of the well-known ratio of
the mean ordinate of the cosine curve o the maximum ordinate, which is 2-+m,
or 0.6366.

The latter method has another advantage in that the velocity of the tidal
current is almost invariably specified by its velocity at the time of strength,
which corresponds to the maximum ordinate of the cosine curve; hence, the
average velocity of the tidal current for a flood or ehb ecycle is given imme-
diately as the product of the strength of the current by 0.6366. And though
this method is only approximate, since the curve of the current may deviate
more or less from the cosine curve, in general the results will be sufficiently
acceurate for all practical purposes. ¥or a normal flood or ebb period of 6.2
hours the distance a tidal current with a velocity at strength of 1 knot will
carry a floating object is, in nautical miles, 0.6366:X6.2 =3.95, or 24,000 feet.

DURATION OF SLACK

In the change of direction of flow from flood to ebb, and vice versa, the tidal
current goes through a period of slack water or zero velocity. Obviously, this
period of slack is but momentary, and graphically it is represented by the instant
when the current curve cuts the zero line of velocities. For a brief period each
side of slack water, however, the current is very weak, and in ordinary usage
‘“‘glack water” denotes not only the instant of zero velocity but also the period
of weak current. The question is therefore frequently raised, How long does
slack water last?

To give slack water in its ordinary usage o definite meaning, we may define
it to be the period during which the velocity of the current is less than one-
tenth of a knot., Velocities less than one-tenth of a knot may generally be dis-
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regarded for practical purposes, and such velocities are, moreover, difficult to
measure either with float or with current meter. For any given current it is
now a simple matter to determine the duration of slack water, the current curve
furnishing a ready means for this determination.

In general, regarding the current curve as approximately a sine or cosine
curve, the duration of slack water is a function of the strength of current—the
stronger the turrent the less the duration of slack——and from the equation of the
sine curve we may easily compute the duration of slack water for currents of
various strengths. For the normal flood or ebb cycle of 68 12.6m we may write
the equation of the current curve y=A sin 0.4831¢, in which A is the velocity of
the current in knots at time of strength, 0.4831 the angular velocity in degrees

r minute, and ¢ is the time in minutes from the instant of zero velocity.
g:tting y=0.1 and solving for t (this value of { giving half the duration of
slack), we get for the duration of slack the following values: For a current
with a strength of 1 knot, slack water is 24 minutes; for currents of 2 knots
strength, 12 minutes; 3 knots, 8 minutes; 4 knots, 6 minutes; 5 knots, 5 minutes;
. @ knots, 4 minutes; 8 knots, 3 minutes; 10 knots, 2% minutes.

HARMONIC CONSTANTS

The tidal current, like the tide, may be regarded as the resultant of a number
of simple harmonic movements, each of the form y=A cos (at +«); hence, tidal
currents may be analyzed in a manner analogous to that used in tides and the
harmonic current constants derived. These constants permit the characteristics
of the currents to be determined in the same manner as the tidal harmonic con-
stants, and they may also be used in the prediction of the times of slack and the
times and velocities of the strength of current,

It can easily be shown that in coastal or inland tidal waters the amplitudes of
the various current components are related to each other, not as the amplitudes
of the corresponding tidal components, but as these latter multiplied by their
respective speeds; that is, in any given harbor, if we denote the various compo-
nents of the current by primes and of the tide by double primes, we have
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where the small italic letters represent, respectively, the angular speed of the
corresponding components. This shows at once that the diurnal inequality in
the currents should be approximately half that in the tide.

MEAN VALUES

In the nonharnonic analysis of current observations it is customary to refer
the times of slack and strength of current to the times of high and low water of
the tide at sonie suitable place, generally near by. 1In this method of analysis
the time of current determined is in effect reduced to approximate mean value,
since the changes in the tidal current from day to day may be taken to approxi-
mate the corresponding changes in the tide; but the velocity of the current as
determined from a short series of observations must be reduced to a mean value.

In the ordinary tidal movement of the progressive or stationary wave types
the change in the strength of the current from day to day may be taken approxi-
mately the same as the variation in the range of the tide. ﬁence, the velocity
of the current from a short series of observations may be’ corrected to a mean
value by multiplying by a factor equal to the mean range of the tide divided by
the range for the period of observations. It is to be noted that in this method of
reducing to a mean value any nontidal currents must first be eliminated and the
factor applied to the tidal current alone.  This may be done by taking the strength
of the tidal current as the half sum of the flood and ebb strengths for the period
in question.

In some places the current, while exhibiting the characteristic features of the
tidal current, is in reality a hydraulic current due to differences in head at the
ends of a strait connectinthwo independent tidal bodies of water. East River
and Harlem River in New York Harbor and Seymour Narrows in British Colum-
bia are examples of such straits, and the currents sweeping through these
waterways are not tidal currents in the true sense, but hydraulic currents. The
velocities of such currents vary as the square root of the head, and hence in
reducing the velocities of such currents to a mean value the factor to be used is
the square root of the factor used for ordinary tidal currents,

85320°—30——10
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PUBLICATIONS BY THE UNITED STATES COAST AND GEODETIC

SURVEY RELATING TO TIDES AND CURRENTS
TIDE AND CURRENT TABLES

Tide Tables, United States and Foreign Ports. . ________.__._.________
Tide Tables, Atlantic Coast, North America (reprinted from Tlde Tables,

United States and Forelgn Ports) o ..
Tide Tables, Pacific Coast, North America, Eastern Asia and Island

Groups (reprinted from Tide Tables, United States and Foreign Ports) .
Tide Table, New York Harbor__. ... _____ . ___ . _______ . _____.____
Tide Table, Boston Harbor._.___________ . . _____._.
Tide and Current Tables, San Francisco Bay. _ .. _ .. ___.__._____
Current Tables, Atlantic Const North Ameriea__ .. ________._____
Current Tables, Pacific Coast, North America and Philippine Islands._ _ .
Current Diagram, Nantucket "and Yineyard Sounds___ ... ________.__._.
Current Diagram, Chesapeake Bay___ ... _______.____________________
Tidal Current Charts, New York Harbor._ _ . _ _ .. .__

The tide tables contain the predicted times and heights of the tide for
each day in the year at a number of principal ports and tidal differences
and constants for many other places. The current tables give the pre-
dicted currents for each day in the year at a number of principal ports
and current differences and constants for many other stations. The
current diagrams are reproductions on an enlurged scale of similar dia-
grams contained in the current tables.

The tidal current charts consist of a set of 12 charts which give the
direction and velocity of the current for each hour of the tide and in
addition present a comprehensive view of the tidal current movement for
the harbor as a whole.

The tide and current tables are issued in advance annually and may
be purchased at the office of the United States Coast and Geodetic Survey
or from any of its agencies.

TIDAL RENCH MARKS

Special Publication No. 83 (Serial 193), Tidal Bench Marks, State of
~New York, 1922 . o oo e
Specml Publlcatlon No. 119 (Serial 320), Tidal Bench Marks, District of
Columbia, 1925 _ _ o e
Special Publication No. 128 (Serial 370), Tidal Bench Marks, State of
Rhode Island, 1927 . . o e
Speciza%l Publication No. 136, Tidal Bench Marks, State of Connecticut,
Y02 e e

928
Sp;egnza.g Publication No. 155, Tidal Bench Marks, State of Massachusetts,

HARBOR PUBLICATIONS

Special Publication No. 111 (Serial 285), Tides and Currents in New
York Harbor, 1926_ _ . - _ . e
Special Publication No. 115 (Serial 311), Tides and Currents in San
Franciseo Bay, 1925 . e
Special Publication No. 123 (Serial 336), Tides and Currents in Delaware
Bay and River, 1926. _ _ _ . ..
8pecial Publication No. 127 (Serial 364), Tides and Currents in Southeast
Alaska, 1926 . . . - . e
8pecial Publication No. 142, Tides and Currents in Boston Harbor, 1928__
Specxal Publication No. 150, Tides and Currents in Portsmouth Harbor,

192
Special Puyblication No. 162, Tides and Currents in Chesapeake Bay...

The above harbor publications aim to give in detail the results of all the
observational data available for each harbor covered.
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MISCELLANEOUS PUBLICATIONS

The Gulf Stream, by J. E. Pillsbury. Published as appendix to the Annual
Report of the United States Coast and Geodetic Survey for the year 1890,
This report is no longer available for distribution but may be consulted
in any of the larger libraries.

Manual of Tides, by R. A. Harris. This publication was issued in separate
parts as appendices to the Annual Reports of the United States Coast
and Geodetic Survey for the years 1894, 1897, 1900, 1904, and 1907.
These reports are no longer available! for distribution but may be
consulted in any of the larger libraries.

Arctic Tides, R. A. Harris, 1911 _ _ . ____ ...

Special Publication No. 23, United States Coast and Geodetic Survey.
Discription of its work, methods, and organization. Includes illus-
trated sections on tides and currents. This publication can be obtained
fSree of charge from the office of the United States Coast and Geodetic

urvey.

Special Publication No. 32 (Serial 16), Description of the United States
Coast and Geodetic Survey Tide-Predicting Machine No. 2, 1915 ___._

Special Publication No. 41 (Scrial 60), Use of Mean Sea Level as the
.Datum for Elevations, 1917 . ________ ...

Special Publication No. 98 (Serinl 244), A Manual of the Harmonic
Analysis and Prediction of Tides, 1924_.___ . ___ ... __.._

Serial 280, Tidal and Current Surveys, Methods, Instruments, and Pur-
poses, 1924. This is a small pamphlet which may be obtained free cf
charge from the office of the United States Coast and Geodetic Survey.

Special Publication No. 113 (Serial 300), Portable Automatic Tide Gauge,
1925 o iieeeio_ Ll e mmmmemeemaen

Special Publication No. 121 (Serial 330), Coastal Currents Along the
Pacific Coast of the United States, 1926____._.___.____________._____

Special Publication No. 124 (Serial 346), Instructions for Tidal Current
Surveys, 1926 . . e

Serial 351, Tide and Current Investigations of the Coast and Geodetic
Survey, 1926, _ . e

Special Publication No. 135, Tidal Datum Planes, 1927________________

Special Publieation No. 139, Instructions for Tide Observations, 1928___.

Special Publication No. 154, Instructions, Primary Tide Stations, 1929____

139

Price

. 20
. 06

Except as otherwise noted, all the above publications are for sale
by the Superintendent of Documents, Government Printing Office,

Washington, D. C., to whom remittance should be sent.
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PUBLICATION NOTICES

The Coast and Geodetic Survey maintains mailing lists containing the names
and addresses of persons interested in its publications. When a new publica-
tion or a new edition of a publication is issued on any of the subjects covered
by the mailing list, a circular showing the scope and contents of the publication
is sent to each person whose name and address is on the mailing list of the subject
covered by the publication.

If you desire to receive notices regarding publications of the Coast and
Geodetic Survey as issued, you should write to the Director of the Coast and
Geodetic Survey, Washington, D. C., indicating the mailing lists on whieh you
wish your name entered, or, if you prefer, you may check the lists on the form
below, remove this sheet from the publication, and mail it to the Director of the
Coast and Geodetic Survey, Washington, D. ¢.

Date) oo ..

The Director, UNiTED STATES CoAsT AND GEODETIC SURVEY,
«  Washkington, D. C.
Dear Sir; I desire that my name shall be placed on the mailing lists indi-
cated by check below to receive notices regarding publications issued by the
United gtates Coast and Geodetie Survey:
109. Astronomic Work.
109-A. Base Lines.
109-B. Coast Pilot.
109-C. Currents.
108-D. Geodesy, or Measurements of the Earth.
109-E. Gravity.
109-F. Hydrography.
109-G. Leveling.
109-H. Nautical Charts.
'109-1I.  Oceanography.
109-J. Precise Traverse.
109-K. Seismology.
109-L. Terrestrial Magnetism.
109-M. Tides.
109-N. Topography.
109-0. Triangulation.
109-P. Cartography.
109-R. Airway maps.

(Name)_ .. ,
(Address)y . . ... e e e e
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