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P R E F A C E  

The growth of commerce, engineering, and scientific work durin 
recent years has created an urgent and constantly rowing deman 
from navigators, engineer?, scientists, and the pubfic generally for 
complete tide and current information for the important waterwa s of 
the United States. To meet this demand and to complete ancfco- 
ordinate the tide and current data on f le  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 
ra idly 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 Chesa eake Bay and its tributaries. In addition 

the United States Army Engineers and the United States Navy have 
been included. Approximately one-half the current stations for which 
data are 'ven were occupied during the survey of 1927-28. 

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

and tributaries was prepared by H. E. Finne an and G. L. Anderson 
junior hydrographic and geodetic eneeers ,  6nited States Coast and 
Geodetic Survey, and Part 11, 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 wefe 
discussed in Special Publication No. 11 1, are reprinted in the appendlx 
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 Su-rve . 

a t  the time of publication. redicted tides and 

also contain summanes of the rincipal tide and current elements for 

the Coast and B eodetic Survey relating to tides an currents are 
listed in the back of this volume. 

% 

to the observations made t y this bureau, some observations made by 

Part I of this volume w a ich deals with the tides in Chesapeake Bay 

8'hese tables contain data based upon the latest information avallab 9 e 

currents for every day in the year at  a number o P principal ports and 

several thousand laces throug E out the world. Other ublications of 

They include the 

il 
11 
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TIDES AND CURRENTS IN CHESAPEAKE BAY AND 
TRIBUTARIES 

INTRODUCTION 

ortant waterways on our Atlantic coast. 
Chesapeake Bay, with its tributaries forms one of the most im- 

On this waterway are 
kcated many important cities, including the ports of Baltimore, 
Norfolk, and Newport News, which have a large trade carried in 
foreign and domestic vessels. I t  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 thd Chesapeake & Delaware Canal northward; 
through the Dismal Swamp Canal and the Albemarle & Chesapeake 
Canal southward. 

area of about 74,000 s uare 

the Rappahannock, York, and James, which rise in the Alleghany 
Mount ains . 

The earliest tidal observations on record at  the Coast and Geodetic 
Survey for Chesapeake Bay were made a t  Annapolis, Md., on June 6, 
1844. Observations were made tit 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 corqst. 
The methods and equipment used in the earlier da s were in keeping 
with the reconnaissance nature of tthe work. Wit{ 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, a 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. 

Numerous rivers empty into 

the Susquehanna, whic 1 

1 



Part 1.-TIDES IN CHESAPEAKE BAY AND TRIBUTARIES 
THE CHESAPEAKE WATERWAYS 

COMPONENT PARTS 

For the pur os0 of discussion! the waterways that make up Chesa- 
peake Bay an x 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 arts 

tions at which tide observations have been made. 
one or more illustrating figures have been prepared showing the 7 oca- 

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 sido. 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 2 5  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 Ham ton 

The York, the Rappahannock, the Potomac, and many small rivers 
and bays form RII irregular shore line on the western shore. 

Pocomoke Sound 
enters the bay from the northeast. 

Roads the James, Nansemond, and Elizabeth Rivers enter the TI ay. 

The eastern shore has many small creeks. 

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 u of irregular bays and sounds into which 
flow the Nanticoke and 8 hoptank Rivers and numerous smaller 
streams. 

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 IS 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}/2 miles 

THE UPPER BAY 

2 



TIDES AND CURRENTS I N  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 YORE RIVERS 

Hampton Roads, at  the south end of Chesapeake Bay, about 16 
miles west of Cape Henry, is the a poach to Norfolk, Newport News, 

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 Ham ton Roads from the southeast. 

depth of about 20 feet. The James River, emptying into the western 
end of Hampton Roads at Newport News, is the approach to Rich- 

and points on the James River an B is one of the important anchorages 

Hampton Roads has an average wi B th of about 5 miles and an average 

and City Point. I t  is navigable to the 
Newport News. The James River 

under a project to obtain R depth of 22 feet to the 
Nansemond River, on the southwest side of 

Hampton Roads, is the approach to the city of Suffolk, 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. 

RAPPAHANNOCE AND POTOMAC RIVERS 

Rappahannock River, on the western side of Chesapeake Bay, 40 
miles above the entrance and 111 miles below Baltimore, is the 
ap roach to the city of Fredcricksburg, at  the head of navi ation 95 
mi P es above the entrance, and to numerous villages and lanfhgs. A 
%foot channel leads to Fredericksburg. 

Potomac River on the western side of Chesapeake Bay, 66 miles 
above the entrance and 84 milos below Baltimore, forms the bounda 
between tho States of Maryland and Virginia, and is the approax 
to Alexandria and Washington and man villages and landin s. 
It is navigable to Washington, 95 miles a i ove the mouth, and t 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 tmbutaries is that at  Fort McHenry, Baltimore, Md. 

&he observations began in Jul , 1902, and have been continuous 
since that time. 
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 
week1 . 

A L e d  datum was established to which the heights on the curve 
were referred, by leveling between the tide staff and a number of 

For the tab iy os and discussions that follow the 
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:icr 
Pert 
4.3 
4 . 4  
4.4 
4. 4 
4.4 
4.1 
4.4 
4.3 
4.7 
4.2 
6.0 
4.2 
4.3 
3.6 
4.0 
3.7 
4.6 
4.4 
4.4 
4.2 
4.1 
3.7 
4.0 
3.9 

3.9 
4. 2 
4.6 
4.5 
4.3 

.______ 
4.5 

4.a 

permanent bench marks on shore. The staff was a t  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 hi h and low waters follow the moon's meridian passage, vary 

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 hi h and low waters for Fort McHenry, 

to exemplify the tides at Baltimore because it is less likely to be 
affectcd by changes in weather conditions. The change in tho 
lunitidal intervals from day to day is shown in columns 7 and 8. 
In the second column the figures in py-entheses 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 aro 
dbtained 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. 

TABLE 1.-Daily high and low waters, Fort Mcllenry,  Baltimore, Md. ,  June, 1919 

from f ay to day. A change in the wind or weather will vary the 

Baltimore, for the month of s; une, 1919. A summer month is used 

. 

Rise 
~ 

Fret 
1.9 
0.9 
1.6 
1.1 
1.2 
1.1 
1.1 

1.1 
0.7 
1.5 
0.4 
1.2 
0.4 
1.5 
0.6 
1.8 
0.5 
1.4 
0.6 
1.5 
0.3 
1.6 
0. f l  
f .8 
n. 5 
1.5 
0.0 
1.5 
0.5 
1.3 

.-_____ 

0.8 

, Moon' transit 
merid- 
ian of Date 

I-- 

Time of- 

High 
water 

Ifours 

21. 5 
9.0 

22.0 
10.5 
23.4 
11.8 

0.6 
11.9 
1.3 

11.7 
2.0 

13.8 
2.8 

15.3 
3.7 

15.8 
4.6 

16.5 
5.3 

17. 4 
0.3 

18.2 
0.8 

18.9 
7.2 

19. 6 
8.0 

20.2 
8 1  

21.4 

n. 4 

-. - -. 

__ 
Low 
water 

lloura 
1 .0  

16.2 
3. 2 

16.9 
4.3 

17. 7 
5.4 

6.7 
19.4 
7.7 

20.2 
9. 5 

20.9 
10.3 
21. 7 
11. 1 
22.3 
12. 2 
22.2 
13.0 
22.8 
13.4 
a3.2 

14.3 
0.9 

14.7 
0.4 

15.3 
2. 1 

15.8 

in. 6 

Duration of- 

Rim 

lloura 
7.4 

6.4 
5. 1 
6.2 
5.7 
0.4 

R. 1 
5. 2 
5.9 
4.0 

4.3 
6.9 
5. 0 
6.0 
4.7 
6.3 
4.3 
7. 1 
4. 4 
7. 5 
4.8 
7.0 
4.6 
6.3 
4.8 
7. 6 
4. Q 
6. 0 
5.6 

6.  a 

___.__ 

6. n 

__ 

Fall 

llouri 

7. x 
6. 7 
7. 3 
6. a 
7.2 
6.0 
6.7 
6. 1 
7.5 
6.4 

7. 5 
7. 1 
7.5 
0.4 
7.4 
0.5 
7.6 
5. 7 
7.7 
5. 4 
7. 1 
5.0 

7. 5 
6. G 
7.5 
4.8 
7.3 
5.9 
7.7 

.____. 

n. 5 

Lunitidal 
intervnl 

__ 
High 
water 

IInurs 
(5.9) 
a6 

(6.2) 
6. 1 

( 6 . 2 )  
0.7 

(6.7) 

7. 2 
(6.1) 
7. 1 

(5.2) 
7. 1 

(6.5) 
7.2 

(7.3) 
7.4 

(7.1) 
7.5 

(7.1) 
7.5 

(7.2) 
7. 7 

(7.2) 
7.4 

- -. - -. 

;) 

(;: i) 
(;: 

(7.1) 

Low 
wnter 

I ~ O U T R  
-1. 5) 

1.3 
- 0 . 2 )  

1. 0 
(0.0)  
1.0 

(0.3) 
1. 1 
(0.9) 
1.2 

(1.2) 
1.3 

(2.2) 
1.3 

(2.3) 
1.4 

(2.4) 
1. 2 

(2.8) 
0.4 'k "2' 

(;: ;) 

(2.4) 
-0.2 

(2.5) 
._____ 

-0. 7 

0.2 
(1.8) 

(1.5) 

Height of- Range- 

High 
water 

Pert 
6.2 
5.3 
5.9 
5 .  5 
6.6 
5. 2 
5.5 

5.4 
5.4 
5. 7 
5.4 
6. 4 
4.7 
5. 1 
4.6 
5.5 
5. 1 

4. 9 
5. 7 
4.4 
5.3 
4.6 
5.7 
5.0 
5.4 
6. 1 
6. 1 
5.0 
5.6 
5.0 

-..___ 

5. n 

Fall 

E'ect 

1.8 
0.9 
1. h 
1. 1 
1.5 
0. 8 
1.2 
0. 7 
1.2 
0. 7 
1. 2 
1.1 
1. 1 
1. 1 
0.9 
0.9 
0.7 
1.4 
0. 7 
1.6 
0. 'I 
1.3 
0.7 

1. 2 
I. 1 
1.2 
0.5 
1.6 
0.7 
1.4 

.-___- 
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TABLE 1.-Dailz/ high and low waters, Fort McHenry, Baltimore, Md., 

June, 191 9-Continued 
I_ __ 
doon' 
.ransil 
merid. 
isn of 
3reen. 
wich 

Lunitidul 
intervsl R a n g e  Time of- Duration of- 

- 
Low 

water 

__ 

Fall 

- 
Low 
water 

__ 

Fall 

Feet 
0.7 
1.4 
0.9 
1.5 
0.5 
1.4 
0.9 
1.4 
1.0 
1.0 
1.5 
0.5 
1. 2 
1.1 
1.2 
1.2 
1. 1 
0.0 
1.3 
1.3 
1.6 

1. 7 
2.1 
0.4 
0.8 
1.1 
1.9 
04.3 
1.13 

__ 

.--___ 

__ 
- _ _ _ _ _  
_---__ - 

-- 
Low 
water 

__ 
High 
water 

High 
water Rise Eigh 

water Rise 

rrougs 
2. I 

(15. 1) 
3.5 

(15.9) 
4.3 

(16.7) 
5.1 

(17.5) 
5.9 

(18.3) 

(19.2) 
7.6 

(20.1) 
8.6 

(21.1) 
9. 6 

10. h 
(23.1) 
11.7 

(0.2) 
12.7 
(1.1) 
13. 6 
(2.1) 
14. 5 

6. a 

(22. ?) 

_ _ _ _ _ _  

llours 
8. H 
21.7 
9. N 
22. 6 
10.5 

11.2 

I. 2 
11.8 
1. 1 
13.5 
2. 4 
14.0 
3.3 

14.8 
4.8 
16.6 
5. 1 
17.2 
6. 9 
17.0 
6.3 
20.4 
8. 2 
20.1 
8. 2 
20.8 

n. 4 

Ilours 
a. 1 
16.7 
3. 5 
l(i. 7 
3.4 
17.6 
5. 7 
18. 6 
7. 1 
19.3 
7.8 

18.3 
9. 6 
20.5 
10.6 
21. 4 
10.0 
22.3 
13. 2 
z1. 4 
13.1 

1.0 
14.2 

14. 2 
2.1 
10.3 

.--__. 
0. a 

__ 
_--__-  .--___ 

'lours 
6.7 
5.2 
6. :1 
5.9 
7. 1 
5.9 
5. 5 

0.7 
4.7 
5.8 
5.7 
8. 1 
4.4 

4.2 
7.4 
5.7 
6 .8  

6.5 
4.5 
5.3 
0.2 
7.4 
5.9 
0.0 
4. 5 

6.80 

_ _ _ _ _  

0. n 

4. o 

138.6 

l loura 
4.7 
7.9 
6.8 
ti. 9 
4.8 
7.0 
0. 3 
7.3 
5.9 
7. 6 
6. 7 
4.8 
7. 2 
6. 5 
7. a 
6. 6 
6. 1 
6.7 
N. 1 
6.2 
7.2 

7. 4 
7.9 
4.4 
6.0 
6.1 
8. 1 

6. u8 

_ _ _ - _ _  

378.6 

Iloura 
-0.6 
(1.6) 
0.0 
(0.8) 
-0.9 
(;: y 
(1.0) 
1.2 

(1.0) 
1.0 

-0.9) 
2.0 

(0.4) 
2. n 
(0.3) 
I .  3 'I ;) 
(0.3) 
1.4 

(0.8) 
_____. 

1.5 
-0.3) 
0.6 
(0.1) 
1.8 
55.3 
0.95 

-0.28 
0.07 

-- 

Feet 
5.8 
6. 1 
5. 5 
5.0 
6. 7 
6.4 
6.5 

5. 1 
4.8 
4.8 
3.9 
5.6 
4.9 
5. 7 

6.7 
5. 6 
6. 7 
6.0 
5.9 
6.1 
4.5 
3.4 
5.7 
6.2 
6.6 
5. 2 

5.33 

-_--- 

rz o 

rn 

Feet 
4.3 
4.4 
4.2 
4.0 
4.5 
4.3 
4.6 
4.1 
4.1 
3.2 
3.3 
3.4 
4.4 
3. R 
4.5 
3.8 
4.6 
4.9 
5.4 
4.7 
4.4 

3.4 
2.4 
3.0 
4.9 
5. 1 
4.0 

244. 1 
4.21 

_ _ _ _ _ _  

--___. _ _ _ _ _ _  

Feet 
1.5 
0.7 
1.3 
1.0 
1.2 
1. 1 
1.0 

1.0 
0.7 
1. R 
0.6 
2. 2 

1.9 
0.6 
1.9 

1.8 
0.6 
1.2 
0.7 
1.1 
1.0 
2.7 
1.3 
1.4 
0.6 
65.2 
1. 12 

-___. 

a. 6 

n. 9 

__ 

- 

Rum _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  - - - 
Means _ _ _ _  ~ ___________. 

Correction to intervals _ _ _ _ _ _ _  
Corrected intervals.. _ _ _ _  _ _ _ _  - .__--- 

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 vnlues oftcn differ from tho mcan for the montfh by from 
one to two hours. Variations of this magnitude are duo mainly to 
weather effocts, and occur freqiiently at  places where the range of 
tide is small. At Baltimore such meteorological fluctuations usually 
mask the smaller periodic variations due to astronomical condit,ions, 
and precise values for t,ho 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 m?nthly 
means, and, as esplained below, the values from 19-year penods of 
observations a ree very closely with each other. 

for the years 1903 to 1927, inchive,  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 &year groups by a maximum 
of 0.07 hour. The means of the two 19-year groups differ by 0.02 
hour for both tho high-water and low-water intervals. 

Tables 2 an 8 3 give the monthly values of the lunitidal intervals 



Year Jan. Feb Mar. 

M a .  Ilia. Ilia. 
- - -~  

1905 _ _ _ _ _ _ _ _ _ _ _  6.48 6.51 6.52 

1903. _ _ _ _ _ _ _ _ _ _  6.56 8.67 6.37 
1804. _..______ ~ 6.66 6.66 6.68 

1908.. _ _ _ _ _ _ _ _ _  6.60 6.64 6.54 
1907. _____.____ 6.68 6.51 6.41 

1910 _._.. ~ _ _ _ _ _  6.55 6.53 6.43 

1w)8 ____._____. 6.67 6.43 6.46 
1908.. _ _ _ _ _ _ _ _ _  6.51 6.63 6.36 

1911 _ _ _ _ _ _ _ _ _ _ _  6.48 6.49 6.44 
1912 ___..______ 6.51 6.60 6.60 
1913. _ _ _ _ _ _ _ _ _ _  6.51 6.43 6.35 
1914. _ _ _ _ _ _ _ _ _ _  6.35 6.36 6.51 
1915. _ _ _ _ _ _ _ _ _ _  6.39 6.61 6.44 
1916 _ _ _ _ _ _ _ _ _ _ _  6.44 6.55 6.68 
1917 _ _ _ _ _ _ _ _ _ _ _  6.86 6.27 6.43 
1918 _ _ _ _ _ _ _ _ _ _ _  6.42 6.38 6.41 
1919 _ _ _ _  ~ _ _ _ _ _ _  6.45 6.83 6.43 
1920 _ _ _ _ _ _ _ _ _ _ _  6.54 6.47 6.59 
1821 .... _ _ _ _ _ _ _  6.48 6.46 6.44 
1922.--- _ _ _ _ _ _  6.60 6.60 6.45 

1926 _ _ _ _ _ _ _ _ _ _ _  8.43 6.41 6.W 

1Bz( _ _ _ _ _ _ _ _ _ _ _  6.37 6.46 6.38 
1924 _ _ _ _ _ _ _ _ _ _ _  8.49 6.33 _ _ _ _ _ _  
1828..... ._____ 6.50 6.48 6.43 
1927 _ _ _ _ _ _ _ _ _ _ _  6.60 6.33 6.44 

6um I - - -  162.13 161.69 166.18 
Mean.-- 6.49 6.46 6.47 

---- 

Year Jan. 

An- b 
Apr. May June July Aug. 6ept. Oet. Nov. Dee. nual year 

mean mean 

Hrs. His .  His.  His.  Ilia. His.  His His.  His.  His. His.  
------ ----- 

6.39 6.61 6.46 6.63 6.86 6.42 6.56 6.65 6.67 6.54 6.52 

6.47 6.45 6.68 6.43 6.50 6.61 6.56 6.52 6.66 6.52 
6.63 6.60 6.54 6.63 6.55 6.46 6.60 6.57 6.66 6.55 

6.66 6.M 6.40 6.46 6.52 6.47 6.66 6.70 6.63 8.54 
6.38 6.30 6.31 8.54 8.58 6.46 6.66 6.46 6.47 6.47 

6.47 6.60 6.44 6.45 6.60 6.36 6.61 6.66 6.68 6.51 

6.42 6.43 6.64 6.51 6.52 6.52 6.47 6.55 6.45 6.49 
6.60 6.41 6.42 6.48 6.51 6.34 6.52 6.54 6.52 6.47 

6.34 6.37 6.48 6.43 6.47 6.49 6.54 6.25 6.68 6.45 
6.39 6.67 6.60 6.60 6.57 6.60 6.46 6.48 6.61 6.51 
6.49 6.46 6.44 6.48 6.40 6.48 6.54 6.40 6.54 6.46 
6.38 6.41 6.46 6.48 6.56 6.44 6.55 6.34 6.60 6.44 
6.42 6.49 6.41 6.68 6.65 6.36 6.441 6.47 6.68 6.48.6.46 
6.27 6.46 6.60 6.55 6.42 6.41 6.38 6.39 6.42 6.46 
6.49 6.34 6.46 6.66 6.46 6.37 6.68 6.52 6.46 6.44 
8.40 6.54 6.51 6.45 6.40 6.37 6.54 6.64 6.36 6.44' 
6.43 6.32 6.49 6.51 6.39 6.48 6.47 6.29 6.44 6.42 
6.34 6.35 6.48 6.67 8.60 6.41 6.45 6.43 6.60 6.48.6.46 
6.37 6.43 6.39 6.44 6.46 6.47 6.47 6.47 6.34 6.44 
6.38 6.42 6.42 6.47 6.52 6.52 6.51 6.52 6.62 6.49, 

6.44 6.41 6.45 6.63 6.49 6.63 6.41 8.59 6.45 6.48 

6.34 6.46 6.55 6.60 6.51 6.52 8.52 6.60 6.38 6.46 
6.35 6.37 6.58 8.60 6.54 6.47 6.47 6.45 6.60 6.46 

6.42 6.28 6.47 6.60 6.48 6.42 6.42 6.67 6.52 6.46 
6.34 8.46 6.46 6.46 6.54 6.44 6.47 6.35 6.37 6.43 

160.41 160.86 161.73 162.64 162.80 161.32 162.64 162.10 162 71 161.89 32 38 
6.42 6.43 6.47 8.51 6.51 6.45 6.61 6.481 6.51 6.48 6:48 

t 

---.------- 

- - 
Feb. 

Hra. 
0.80 
0.66 
0. 80 
0. 88 
0.76 
0.64 
0.77 
0.73 
0.67 
0.63 
0.77 
0.66 
0.86 
0.70 
0.64 
0.66 
0.67 
0.74 
0.73 
0.79 
0.66 
0.62 
0.74 
0.46 
0.77 
.7.19 
0.69 

-. 

- 
- 

His. 
0.62 
0.68 
0.65 
0.65 
0.57 
0.75 
0.59 
0.66 
0.80 
0.67 
0.68 
0.62 
0.76 
0.64 
0.88 
0.66 
0.67 
0.67 
0. 62 
0.88 
0.62 
0.63 
0.63 
0.66 
0.64 
16.20 
0.65 

Mar. Apr. 
--- 

Hia. IIra. 
0.77 0.73 
0.67 0.65 
0.62 0.75 
0.59 0.73 
0.88 0.65 
0.61 0.66 
0.69 0.66 
0.66 0.68 
0.61 0.54 
0.70 0.62 
0.71 0.66 
0.71 0.75 
0.70 0.80 
0.70 0.68 
0.72 0.66 
0.70 0.66 
0.63 0.88 
0.62 0.67 
0.59 0.59 
0.68 0.61 
0.66 0.62 
0.71 0.80 
0.63 0.58 
0.57 0.66 
0.61 0. 72 

16.42 16.47 
0.66 0.66 

--- 

His. 
0.74 
0. 70 

0.88 
0.66 
0.67 
0. BD 
0.65 
0.69 
0.71 

0.87 
0.62 
0.88 

0.84 
0.62 

0.69 

- - 

May 

His. 
0.67 
0.68 
0.67 
0.61 
0.54 
0.72 
0.80 
0.48 
0.47 
0.63 
0.66 
0.70 
0.66 
0.66 
0.62 
0.71 
0.57 
0.51 
0.69 
0. 62 
0.69 
0.58 
0.66 
0.57 
0. 74 
6.80 
0.63 

- 

- 
- 

-- 
His. 

.a60 

' 

. 0.66 

0. 66 t 
t 0.64 

H a .  
0.87 
0.85 
0.71 
0.60 
0.73 
0.88 
0.69 
0.84 
0.60 
0.73 
0.84 
0.56 
0.57 
0.41 
0.57 
0.80 
0.71 
0.69 
0.70 
0.67 
0.63 

0.73 
0.70 
0.80 

16.58 
0.69 

.--__- 

- 

- - 

3ept 

Hrs. 
0. 78 
0.72 
0.72 
0.73 
0.77 
0.66 
0.63 
0. 60 
0.88 
0.81 
0.88 
0.57 
0.57 
0.72 
0. 61 
0.69 
0.67 
0. 53 
0.49 
0.88 
0.83 
0.64 
0. 71 
0.63 
0.66 
8.56 
0.66 

- 

- 
- 

IIis. 
0.72 
0.84 
0.67 
0.77 
0.80 
0.81 
0.61 
0.63 
0.58 
0.76 
0.71 
0.61 
0.50 
0.80 
0.88 
0.71 
0.47 
0.63 
0.63 
0.59 
0.58 
0.64 
0.67 
0.67 
0.63 

16.09 
0.64 

-- 

Oct. Nov. 

Ilia. 
0.76 
0.67 
0.63 
0.72 
0.04 
0.58 
0.69 
0.57 
0. 68 
0.75 
0. 88 
0.63 
0.67 
0.47 
0.72 
0. 66 
0.70 
0.60 
0.52 
0.61 
0.56 
0.65 
0. 50 
0.82 
0.65 

16.02 
0.64 

-- 

Ilrs. 
0.77 
0.69 
0.73 
0.74 
0.62 
0.57 
0.72 
0.70 
0.64 
0.77 
0.74 
0.70 
0.89 
0.53 
0.74 
0. 60 
0.71 
0.67 
0.70 
0.64 
0.67 
0.63 
0.62 
0.45 
0.53 

16.47 
0.66 

Mean, 19 years, 1903 to 1921=0.67 hours. Mean, 18 years, 1909 to 1927-0.85 hours. 

- - 
Doc. 

Ilrs. 
0. 70 
0.68 
0.73 
0. 63 
0. R3 
0.54 
0.80 
0.53 
0.67 
0.79 
0. 84 
0.70 
0.60 
0. e0 
0.58 
0. 84 
0.48 
0.74 
0.72 
0.82 
0.69 
0.63 
0.66 
0. BB 
0.60 
6.85 
0.67 

- 

- 
- 

nuol year 
mean An- I mean 

In a period of approximately 19 years all of the more important 
variations of the tide-producing forces of the moon 
com lete cycles. It is, therefore, customary to regard t e values of 

The observations from 1903 to 1927 may be divided into two over- 

f? through 
tida P constants derived from a 19-year series a! being mean values. 
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1903: 

1927: 

Rise _ _ _ _ _ _ _ _ _ _ _ _ _  
Fall _ _ _ _ _ _ _ _ _  _ _ _ _  
Rise _ _ _ _ _ _ _ _ _ _ _ _ _  
Fall. _._.________ 

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 a t  Baltimore we ma take the results 

hour for the low water. 
of the last 19 years, which is 6.46 hours for the hig i water and 0.65 

high water, and similarly, tho duration of fall is the time required P or the 

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 a t  low water to its maximum hei h t  a t  

wator 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. As in the case of the lunitidal in- 
tervals, the monthly means show much loss variation than the individ- 
ual values, the yearly means less than the monthly means, and so on. 
TABLE &--Durations of rise and fall ,  Fort McHenry, Baltimore, Md.: Monthly 

means 1903 and 1927 

1 Jan. I Feb. I Mar. I Apr. I May 1 June I July 1 AuFl Scpt I Oct. I Nov. I Dec. ]Mean 
- _ -  - - ___ ~. __ __ - -. - - 

IIrs. Ilrs. IIrr .  IIra .  IIrs. IIrs. I l i a .  I l ra .  IIrs. 11r8. IIrs. IIrs. I h .  
5.82 5.77 5.50 5.75 5.78 5.96 5.06 5.77 5.83 5.80 5.75 5.96 5.78 
6.60 6.65 0.92 6.67 6 . ~ 4  6.48 6.76 6.85 0.69 0.62 ae7 e.4e e.@ 
6.80 5.56 5.64 5.71 5.72 6.82 5.85 5.82 6.78 5.82 5.82 5.77 5.76 
6.62 6.80 6.78 6.71 6.70 6.80 6.57 0.60 6.04 6.80 13.80 6.05 e.6e 

Table 4 gives the monthly means of the durations of rise and fall 
for the years 1903 and 1927, the first and last ears of the 25-year 

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 eriodic change from month 
to month, and this fact loads to the betef 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 
&year groups are, respectively: First group, 5.83 hours and 6.59 
hours; second group, 5.83 hours and 6.59 hours; third roup, 5.80 
hours and 6.62 hours; fourth group, 5.81 hours and 6.61 a ours; and 
fifth group, 5.83 hours and 6.59 hours. The differences between the 
corres onding values are small. 

are, respectively, 5.81 hours and 6.61 hours for each group. 
From the above it is evident that the tide a t  Baltimore is of the 

river type rather than the oceaa 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. 

series. In  this table there is clearly shown a mont K to month variation. 

If t E e two 19-year groups are used, the durations of rise and 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 
bot affected by the rise and fall of the tide. Mean sea level is a 
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basic datum €or 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 daily 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. It will be noted that even for 
a summer month when the weather conditions are relatively stable 
the v'ariation 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 stafl, Baltimore, Md. ,  June, 1919 

I h t e  I Fact I/ Data I Feet 11 Dato 1 Foot 

1 .._.._.._____....__._... 
2.- ..........-....-.. ~... 
3 _......____._.._........ 
4 ...-...- ~ ...-..-........ 
5 ............-.. ~ .... ~..  e . . -  -_._.__.......... ~... 
7 . . -  .-.......-....... ~... 

Q........................ 
10 _..-....___......_...... 

Sum __.___..._...... 
Mean-. ....___...._ 

8.....-.-....-....... ... 

6.14 11 ._....._._.._ ~ __.___ _ _  4.58 Z L - . .  ._______._....._. I 4.26 
5.04 12 ~.~ ...._..__..._.___ 4 . 6 4  2% ....__._._....__.._.. 3.89 
4 .W 13.- ....._._.__. ~ _._.___. 4.86 23 _._...______._._.._... 4.67 
4.78 14- ..-....... ~ ._.._...__ 4.72 24 ._.._...._...._.._...._ 4.76 
4.89 15 5.10 25.- .-.......-...... ~ .... 6.10 
5.08 16 ......-..__........_._. 4.78 26- .--..-. .........~..... 5.79 
4.62 17 .............-..-.... ~ 4.96 27 ...................... ~ 4.94 

4.87 19 4.93 ........................ 6.10 
4.89 20 ....................... 4.86 30 .-.-....--..-. ~ ..-..-.. 5.40 

Sum. ..-....-..... 47. Xi -%q Mean ..-....--.... 4.73 
Sum ~ . . . __. . . . -. -. 

4. K5 Mean .._.......___ 

4.40 18 ......-.......~........ 4 . m  2~....................-.. 3.40 

48.47 

-_______.__~_......_~--..___~I---_I____ 

Feet 

3.37 

3.47 
3.33 

6.50 
3.52 

3..50 

3.M) 
3.03 

3 . M  

3.96 

3.63 

3.48 
3.49 

5.75 

3,73 
3.86 

4.09 
3.80 

4.03 

3.62 
4.00 

3.88 
4.12 

92.11 
3.88 

3.01 

3.44 

to 1021=4.11 foot. Mean.  19 years, 1908 to 1927=4.14 feet. 

Feet Feet Feet Feet Feet Feet Fed Feel Feet Feet Feet Feet 

3.79 3.92 4.11 4.32 4.44 4.49 4.39 4.20 3.89 3 . 0  4.02 4.04 

4.04 4.36 4.37 4.78 4.39 4.61 4.54 4.39 3.92 3.42 4.10 
3.77 3.8'2 4.17 4.36 4.28 4.21 4.36 4.12 3.90 3.70 3.W 

3.62 3.97 4.00 4.62 4.57 4.67 4.37 4.34 3.74 3.40 4.05 
3.87 3.78 4.14 4.44 4.23 4.27 4.25 4.01 4.00  3.9.1 4.02 

4.00 4.42 4.17 4.36 4.49 4.46 4.06 4.37 3.77 3.75 4.15 4.08 

3.85 3.76 4.24 4.37 4.33 4.66 4.51 4.48 3.70 3.72 4.06 
3.71 3.96 4.44 4.37 4.28 4.54 4.40 4.03 3.95 3.87 4.W 

3.73 4.08 4.12 4.38 4.21 4.44 4 . M  4.62 5.78 3.77 4.10 

3.79 3.81 4.24 4.46 4.61 4.62 4.46 4.42 4.13 3 .M 4.17 4.10 

3.52 3.04 4.08 4.23 4 . m  4.47 4.40 4.43 4.01 3.77 4.03 

3.72 4.18 4.18 4.61 4.51 4.51 4.44 4.34 4.08 3.67 4.13 
4.05 3.99 4.33 4.34 4.47 4.51 4.4" 4.32 3.99 3.69 4.11 

3.62 4.37 4.40 4.40 4.20 4.44 4.44 4.40 4.20 4.W 4.17 4.22 

3.W 4.35 4.18 4.49 4.40 4.48 4.41 4.W 4.11 4.12 4.21 
3.86 4.07 4.F3 4.77 4.70 4.61 4.54 4.61 4.48 3.87 4.30 

4.04 4.24 4.88 4.44 4.48 4.39 4 . m  4.11 4.23 3.96 4.25 
3.97 4.13 4.38 4.41 4.49 4.46 4.68 4.38 3.98 3.88 4.16 

3.70 4.16 4.23 4.31.4.38 4 . 3  4.54 4.03 a. 3.61 4.08 4.16 

4.06 4.20 4.34 4.13 4.31 4.44 4.46 4.28 4.20 4.02 4.17 
_...__ 4.27 4.71 4.,54 4.40 4 . M  4.67 4.27 4.08 3.42 4.22 

3.57 3.88 4.10 4.25 4.'& 4.00 4.73 4.45 4.10 3.88 4.10 
3.W 4.11 4.31 4.44 4.41 4.50 4.49 4.49 4.13 4.02 4.21 

91. &? 101.7R 107.08 110.10 109.74 111.88 112.07 108.04 100.10 94.57 102.96 20. fa 
3.81 4.07 4.281 440 4.39 4.47 4.48 4.32 4.00 3.78 4.12 4.12 

1 
1 
1 
1 
1 

3.74 3.89 4.30 4.21 4.21 4 . m  4.09 4.23 3.87 3.60 4.00 

3.51 4.13 4.13 4.18 4.40 4.38 4.23 4.46 3.85 3 . w  4.00 

I_-__---I_------ 

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 a t  Baltimore for the same 
period, divided into 5-year groups. The maximum variation between 
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two years in the 25-year group is 0.34 foot while the maximum 

di erence 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 hei lit of sea 
level shown in Table 6 must be in large part, a t  least, cause f by these 
conditions. It is noted that there was an apparent increase in the 

FIGURE ‘L.-Annunl variation in sea level, Fort McIlenry, Baltimore 

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 comt 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 
wsters was 2.3 feet and the maximum difference between any two hi h 
waters was 3.3 feet. Again, as in the case of the time relations of t f e 
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 



Year Jan. Feb. Mar. 

Fed Fed Fed 
1WB. - _ _ _ _ _ _ _ _ _  4.24 4.09 4.86 
16Q4 _ - _ _ _ _ _ _ _ _ _  4.16 3.80 4.32 
1906 _ _ _ _ _ _ _ _ _ _ _  3.69 3.82 4.34 
leoB _ - _ _ _ _ _ _ _ _ _  4.48 4.04 4.18 
1807..... ._____ 4.26 4.08 4.42 

1810. -_______._ 4 2 6  4.03 4.61 

19oB. - _ _ _ _ _ _ _ _ _  4.16 4.16 4.42 
1W9 ______.._._ 4.23 4.23 4.20 

1911 _ _ _ _ _ _ _ _ _ _ _  4113 4.36 4.24 
1912. - - _ _ _ _ _ _ _ _  3.88 4.16 4.28 

1816. ____._____ 4.62 4.46 4.28 

1813---- _..____ 4.24 4.07 4.06 

1816 _--_____.__ 4.32 4.03 4.25 
1917.. _ _ _ _ _ _ _ _ _  4.28 4.04 4.64 

lea0 _-___..____ 4.23 4.31 4.18 

1918 _--____..__ 4.34 4.26 4.61 
1919 _--____..__ 4.18 4.36 4.38 

192l--. _ _ _ _ _  _ _ _  4.28 4.64 4.58 
1822.. __.._____ 3.86 4.36 4.61 

1826.. _ _ _ _ _ _ _ _ _  4.46 4.56 4.23 

1927 _____._____ 4.00 4.67 4.53 

1923----- ._____ 4.38 4.14 4.67 
1824 _ _ _ _ _ _ _ _ _ _ _  4.20 4.64 _ _ _ _ _ _  
19% _ - - _ _ _ _ _  _ _ _  4.00 4.41 4.06 

Sum I . - -  106.64 106.67 104.36 
Mean1..* 4.23 4.36 
Sums--- 80.76 79 00 82.46 
Means-- 4.25 4:16 4.34 
8umi.-. 80.a7 8i.w 78.00 
Meani.. 4.23 4 . B  4.33 
Mean(.- 4.24 4.22 4.34 

1914.. ____. _.__ 4.61 a.83 4.07 

An- 6 
Apr. May June July Aug. Sept. Oct. Nov. Dec. nual year 

~neatl mean 

Feet Fed Feet Fed Fed Fed Fed Fed Feet Fed Feet 
4.83 4.83 6.34 4.96 6.23 6.06 4.01 4.48 3.86 4.73 
4.41 4.76 4.84 4.87 4.77 4.04 4.64 4.45 4.18 4.62 
4.46 4.68 4.88 4.88 6.06 4.99 4.80 4.37 4.30 4.66 
4.63 4.67 6.09 6.16 6.13 4.Q7 4.Q4 4.26 4.00 4.62 
4.36 4.70 5.00 4.84 4.89 4.78 4.60 4.53 4.48 4.67 

4.86 4 6 8  4.83 6.03 5.03 6.22 4.86 4.27 4.20 4.66 4.61 

4.37 4.82 4.84 4.97 6.12 6.14 4.04 4.22 4.26 4.63 
4.62 4.97 4.91 4.83 6.12 6.04 4.63 4.47 4.33 4.62 

4.62 4.86 4.81 4.67 4.86 6.1d 4.88 4.28 4.24 4.68 
4.44 4.81 4.73 4.77 4.86 6.21 4.76 4.37 4.13 4.64 

4.33 4.76 5.00 6.04 6.23 6.00 4.84 4.62 4.13 4.68 

4.46 4.61 4.74 4.78 5.04 4.86 4.84 4.M) 4.26 4.56 
4.65 4.68 4.73 4.88 4.84 4.82 4.88 4.36 4.49 4.131 

4.74 4.73 6.13 6.04 6.08 4.69 4.86 4.68 4.16 4.68 
4.62 4.87 4.88 6.02 6.07 4.88 4.86 4.48 4.23 4.66 

4.M 4 .M 4.89 4.88 6.01 6.02 4.96 4.74 4.62 4.73 

4.90 4.76 6.04 4.64 6.06 4.M 4 . m  4.60 4.63 4.74 
4.69 6.17 6.31 6.27 6.20 6.09 6.17 4.88 4.41 4.84 

4.78 6.23 6.00 6.06 4.97 6.16 4.64 4.76 4.46 4.80 
4.66 4.92 4.89 6.08 5.01 6.15 4.83 4.62 4.39 4.70 

4.68 4.76 4.86 4.90 4.90 6.09 4.69 4.41 4.02 4.62 

4.67 4.87 4.88 4.95 6.06 6.04 5.00 4.62 4.64 4.74- 

4.74 4.88 4.68 4.87 6.01 5.01 4.82 4.79 4.62 4.71 
4.81 6.26 6.08 4.97 6.12 6.11 4.81 4.60 3.86 4.77 

4.38 4.66 4.80 4.86 6.18 6.28 4.88 4.62 4.38 4.64 

116. u m 7 6  123.90 123.82 126.03 126.12 121.23 112.80 107. 26 116.48 23.30 
4.62 4.83 4.96 4.85 6.04 6.04 4.86 4.61 4.29 4.88 4 .M 

87.49 8 1 . a  94.51 84. 08 96.76 96.44 82. lo 85.30 81.46 88.31 ----- 
4.60 4.81 4.97 4.86 5.04 6.02 4.85 4.48 4.28 4.65-.---? 

88.39 82.20 93.70 04.06 96.83 96.23 92.M 86.56 82.09 88.86 ---- - -  
4.65 4.86 4.93 4.96 6.04 6.08 4.87 4.66 4.82 4.68-.  - - -_  
4.62 4 . B  4.96 4.86 6.04 5.04 4.88 4.62 4.30 4.88 ___-__ 

------____----____ 

t 

----__-------- 

-----____-__---- 
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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 
Au ust and September. 

‘fable 7 also gives the annual means of high water on staff a t  Balti- 
more for the 25-year period. The greatest difference between any 
two yearly valuesis 0.32 foot. The maximum 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 

the variation in sea 

This was obtained by subtractin the values in 
Fable 6 from the correspondin values in Table 7. $ he maximum 
variation between any two year values is 0.08 foot. The maximum 

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, 

in weather conditions obviously causes a chan in the high water. 
To eliminate the variation in high water caused 
level, Table 8 which gives high water above for the 25-year 

eriod was prepared. 

variation between the means o b the 5-year groups is 0.03 foot. The 

TABLE &--High water above 8ea level, Fort McHenry, Baltimore, Md.: Annual 
means 

Year 

1803 _ _ _ _ _ _ _ _ _  
1904 .________ 
1906 .___ ~ _ _ _ _  
lwwI _ _ _ _ _ _ _ _ _  
1807 _ _ _ _ _ _ _ _ _  

Sum ... 
Mean - 

_ _ _ . . _ _ ~  

Feet Year Feet Year Feet Year Feet Year 

0.57 1808 _ _ _ _ _ _ _ _ _  0.67 1913..-. _ _ _ _ _  0. 53 1918 _______._ 0.65 1923 
O.,W 1oM) _ _ _ _ _  ___. 0.64 1914 ._____ _ _ _  0.54 1910 _______._ O..M 1924 
0.64 1910 ._____.__ 0.61 1016 _______._ 0.62 1820 ..______ 0.M) 192s 
0.57 1911 _.___ _ _ _ _  0.49 1918 _ _ _ _ _ _ _ _ _  O..V 1921 _ _ _ _ _ _  _ _ _  0.55 lgzB 
0.65 1812. ._______ 0.51 1017 _ _ _ _ _ _  _ _ _  0 .M 19 B... _ _ _ _ _ _  0.66 1927 

2.79 Sum.-. 2.66 8um ... 2.88 
0.66 Mean.. 0.63 Mean.. 0.68 

- - 

- - - 
sum..- 2.73 
Mean.. 

Mean, 1003 to l927,0.64 foot. 

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

1803 ..... .___ 
1961 ____.____ 
1905 _._______ 

1907 ___._.___ 
1008 __.._____ 

1-11 1-11 l--ll 1-11 l- 
0.66 1808 _ _ _ _ _  _ _ _ _  0.57 1913. _ _ _ _ _ _ _  ~ 0.M 1918 _ _ _ _ _ _ _ _ _  0.63 19 23.... _ _ _ _  ~ 0.69 
0.55 1808..-. _ _ _ _ _  0.54 1914 -...--... 0.65 1919 _ _ _ _ _ _ _  _ _  0.63 1924.. __._._ 0.64 
0.53 1910 _._______ 0.63 1915 .__.__ ~.~ 0.53 1920 _._______ 0.55 1925. _ _ _ _ _ _ _ _  0.53 

0.64 1912..-. _ _ _ _ _  0.66 1917 _ _ _ _ _ _ _ _ _  0.64 1022 _ _ _ _ _ _ _ _  ~ 0.114 lU2? _____.__ ~ 0.63 
0.66 ieii _ _ _ _ _ _ _ _ _  0.w ieie _ _ _ _ _ _ _ _ _  0.54 1921 _ _ _ _ _ _  _ _ _  0.64 1928. __-_._.. 0.64 

- - I_ - - 
Bum.-. 168 8iim..- 2.70 Sum.-. 2.69 Sum ... 2.67 %k:l ii: I/ Mean../ 0.54 11 Mean../ 0.64 / /  Mean..l 0.64 / /  Mean-./ ““63 

Mean A d  19 years-0.64. Mean of last 19 years-0.51. Mean of 26 years==O.M. 

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 lon itude of the moon’s node, 

of the earth’s equator. Table 9 gives annual means of high water 
causing a variation in the inclination of t E e moon’s orbit to the plane 
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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 

FIGURE 3.-Annual variation in high water, Fort McHenry, naltimore 

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 a t  
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 

'0 

FIQURE I.-Annual vfuiation in low water, Fort McHenry, Baltimore 

mean sea level, the lowest value occurrin in February and the highest 

the same seasonal variations. 
The 

tides do not come at the same time as their astronomlc causes but 
follow them by more or less definite intervals. -- The interval of time 

in Au ust and September. Comparing B igures 2, 3, and 4, it will be 
seen t t at  high water, low water, and sea level go through practically 

Spring high water occurs near the time of new or full-moon. 
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by which the tide follows the moons’ various rhan es is called the 

e of the tide. The spring high water is obtainef by adding the 

secutive high waters that fall nearest this time. As there are only 
four such high waters in a 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 sprin high water. 

we may assume that spring high water will do likewise. A study of 
the monthly values for this plane supports this assum tion. 

The plane of spring high water may be derived P rom 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 similar1 
water from high waters following the first and thir quarters of t e 
moon. The ratio of neap high water above mean sea level to mean 
hi h water above mean sea level a t  Baltimore is 0.83. 

$he values for tro ic tides were obt&ned from harmonic constants 
for the year 1907. $he value of tropic higher high water above mean 
wa level is 0.87 foot and that, of tropic lower high water is 0.12 foot 
above mean sea lcvrl. Tropic higher high water is 0.33 foot higher 
than mean high watrr. Its rise above mean sea level is about 1.8 
times that of mean high water. Tropic lower high water is 0.42 
foot lower than mean high water. I ts  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 es ecislly true for a station such as 

for several days will cause very high tides. To deterniino a lane 
of these high waters, the highest tido in each month is tabulate i and 
a mean derived. 

p P ase age to the time of new or full moon and taking the two con- 

Since high water exhi i its the same annual variations as sea level, 

B to spring hi R 

Baltimore, situated a t  the hea dp of bay. A southeast wind blowing 
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TABLE lO.-Monthly highest hi h water above mean sea level, Fort McHenry, 
ialtirnore, Md. 

Year 

-___ 

1903 _ _ _ _ _ _ _  
1904 _.__.._ 
1W5. - ~ .-.. 
lwx)... -... 
1W7..- ~ ___. 

sum-.. 
Mean.. 

"g 
Feet 
1.98 
1. fl.5 
1.93 
1.87 
1.86 

9.29 
1.86 

__ 

Highest 

1918 .___________________ 
1919 ._._-..______...____ 
1620 ___.____... ~ __..._._ 
1921 ______._____..._____ 
1922 __.____...____...__ ~ 

Sum .___ ~ _ _ _ _ _ _ _ _  
Moan _____.____._ 

ll 

Feet 
1923 ._._.______....___.. 1.66 
I924 2.21 
192.5 ~~ 1.86 

2.10 May 12 3.0 1926 ...._.___...._.___.. 2.01 
2.08 

10.08 ._________ 13.6 I Sum ._____._ ~ ..__ IO. 12 
2.02 .____._.._ 2.72 , Mean __..._._.__. 2.02 

1.8s May 19 ?.3 1 1927 ___......_....-_..._ 
-, 

Year Highest 11 Year 

_____ ~~ 

Dale Feet I Feel Date 1 Feet Feet 
June 2S 2.fl 1808 _ _ _ _ _ _  2.03 Jan. 12 2.8 1913 ._____ 2.00 
Jan. 22 11.9 I809 _ _ _ _ _ _  1.96 Uec. 13 2.7 1914 .___-. 2.08 
Sept. 2 2.7 1910 ...--. 1.91 Apr. IS 191.5 ...--. 2.36 
Oct. 18 82.4 1911 ...--- 1 1.78 Sept. 20 1::: l9lG ...--- 1 9 6  
June 5 2.4 1912 __..._ 1.88 SeDt. 24 2.8 1917 ...___ 1 1:95 

1 Average 1 IIighest /I Year 1 Average 

Highest 

Feel 
3.6 a. 2 

9 . 3  
2.8 

' 2 . 9  

nighest 

17.7 
3. M 
- - 

Date 
Oct. 24 
May 12 
Prc. S 
Nov. 16 
Oct. 12 

_____. 
- - - . - - - - . 

Feet 

3.9 
3.0 

16.1 
3.22 

1 Same height on Sept. 14. 
9 Same height on Sept. 20 and Nov. 8, 
a Aame height on Seut. 28. 

6 Same height on Oct. 18. 
7 Same height on Oct. 12. 

ENK-SE gale. 
4 Same height on Apr. 25. 
8 Same height on Oct. 19. 

+Fresh breezes. 

Mean of yearly average, 1803-1927=1.88 feet. 

Table 10 gives yearly averages of the monthly highest hi h waters 

sea level. The highest tido 
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 OI &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 tho 
25-year series is 1.98 feet above mean sea love1 which is about 3.7 
times the value for mean high water above mean sea level. 

and the highest tide each year for the 25-year period referre 3 to mean 
The series is divided into 5-year groups. 

T H E  PLANES OF LOW WATER 

For each of the high-water planes discussed in the previous section 
there is a corresponding low-water plane. The lanes are defined and 
discussed in the same way as the high-water p P anes, 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 

!?able 11 gives yearly values of low water on staff for the period 
1903 to 1927, inclusive. In computing the table the means for tho 
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. 

from month to month, and from year to year. 
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TABLE Il.--Low water on stag, Fort McHenry, Baltimore, Md.: Monthly means 

Sept. 

F ~ c t  
3.93 
3. 713 
3.85 
3. x3 
3. BO 
3.92 
3.91 
4. OH 
3. 69 
4. ox 
3.79 
3. 72 
3.a 
3.87 
3. 85 
3.85 
3.9x 
3.86 
4.01 
4. 02 
3. Rx 
4.00 
3. 96 
4. 17 
3. 93 

17. 81 
3.91 

-- 

'3.85 
3.81) 

'4.83 
3.84 

3. 92 

-_ 

- - 
Dee 

- 
Feci 
2.82 
3. 10 
3. 16 
2.92 
3.36 
3. 15 
3. 27 
3. 1x 
3. 22 
3.04 
3. 26 
3. 45 
3. 10 
3. 12 
3. 13 
3. 58 
3.32 
3. h3 
3.44 
3.3 
3. 47 
'2.85 
2.94 
3. 31 
3.46 

0. 62 
3.22 

1. 14 
3. 22 

2.01 
3. 26 

3.24 

- 

- 

__ 
- 
- 

Oct. 

-- 
Feet 
3.82 
3. 67 
3. fi5 
3.83 
3. 43 
3.82 
3. 42 
3. 72 
3. WI 
3.60 
3.90 
3.91 
3.89 
3. IK) 
3. 76 
3.82 
4.04 
3.85 
3. 66 
3. 8.3 
3. 73 
3.71 
3. 47 
3. 89 
3.94 

93. B8 
3. 76 

- 

____ 
71.41 
3. 76 

71.88 
3. 78 

3. 77 

__ 

-- 

- - 

Nov 

- 
Feet 
3.311 
3.35 
3.32 
3. 19 
3. 4R 
3. 14 
3. 41 
3. 27 
3. I8 
3.32 
3. 47 
3.32 
3. 59 
3. h5 
3. 46 
3.58 
3. w3 
3. 6 5  
3. io  
3.44 
3. 74 
3. 54 
3.36 
3. 55 
3. 59 

6. 51 
3.46 

5.29 
3.44 

6.65 
3. 61 

3.48 

- 

- 

-- 

-- 
- 

An- 
nus1 
mean 

Feet 
3. 57 
3. 39 
3.44 
3. 50 
3.44 
3.46 
3. .50 
3.58 
3. 53 
3. 42 
3. 45 
3.49 
3.61 
3. ,M 
3. 64 
3. 64 
3. 74 
3.59 
3. 68 
3.58 

- - 
Fob 

- 
Feei 
2. 89 
2. 73 
2. w) 
2.92 
2.93 
2. 92 
3. 10 
2.92 
3. 37 
3.04 
2. 98 
2. xa 
3. 43 
2. 91 
2. 91 
3. 18 
3.34 
3. 19 
3. 53 
3. 23 
3. OB 
3. 46 

3. 32 
3. 51 

R. OR 
3. 12 

7.97 
3.05 

0.87 
3. 20 

3. 12 

3.48 

- 

- 

- 

- 
- 

b 
year 
mean 

-- 
Feet 

' 3.47 

' 

.a50 

' 

' 3.63 

. 3. 86 

- - 
June 

1803 .__________ 
lwll..-- ~ .___.. 
1805 ...____._.. 
1808 ...._...__. 
1907 .._.._.._.. 
1808 ...._...._. 
1m ...- ___.__. 
I910 ... .. 
1911..-~ ...-.-. 
1912 ...._._..._ 

3.02 
2.94 
2.84 
3.39 
3.15 
2.98 
3.08 
3.27 
3.16 
2.85 

1914 .____._.___ 
1915 .._.__..__. 
1916 .._._..._.. 
1917 .__.______. 
1918 .._._..__.. 
1919 .--. ~ ..__.. 
1920 -.-. - __._ .. 
1921 _._._..__.. 
1922 .._-_._-_._ 
1923 .._._..___. 
1924 .._-___-._. 

~. .~ 
3.42 
3.45 
3.25 
3.18 
3.31 
3.16 
3. @i 
3.17 
2 78 
3.33 
3.07 

-- 
8. AA 
3. 65 

17. 13 
3. 53 

i7. 88 
3.67 

3. 65 

-- 

--- 

- 

- 
- 

- 
Mar. 

- 
Fed 
3.47 
3.21 
3. 24 
3. I1 
3. 28 
3. 23 
3. 10 
3. 44 
3. 18 

2.93 
2. 97 
3.31 
3. 14 
3. 49 
3 43 
3. 27 
3.02 
3. 46 
3. 42 
3.50 

3. 16 

3.43 

'7. 98 
3.25 

3. 18 

.~-.. 

3. a? 
__ 

- 

Apr. 

- 
Feet 
3. 76 
3.26 
3.37 
3. 41 
3.25 
3. 17 
3.44 
3. 89 
3. 51 

3.37 
3. 55 
3. 21 
3. 60 
3. 44 
3 77 
3. 52 
3. 77 
3.68 
3. 56 
3. 64 
3. M 
3. 61 
3. 33 
3. 5.5 

7. f0 
3. M 

8. 26 
3.49 

7. 3n 
3. 66 

3. 62 

3. 28 

I 

- 

_- 

- 

- 
Ma> 

- 
Fee< 
3. 74 
3.80 
3. 65-5 
3.55 
3.66 
3. 02 
3.86 
3. 62 
3. 68 
3. RH 
3. 51 
3. 53 
3. (13 
3. 62 
3. 74 
3. ,w 
4. 04 
3.80 
4. 11 
3. x1 
3.76 
4.09 
3. 68 
3. 52 
3. 71 

2. 48 
3. 70 

9.91 
3. 68 

0. 86 
3.73 

3. 70 

I 

- 

-- 

- 

- 
July 

- 
Feet 
3. 72 
3.70 
3.83 
3.98 
3.03 
3. 74 
3. 00 
3.87 
3. 60 
3.00 
8% 
3. 79 
3. w 
3.94 
3 87 
3. 79 
4. 11 
3. 70 
3. 8R 
3. XQ 
3. 79 
3. Ro 

3. 67 

4. 89 
3. 79 

1.92 
3. 79 

2. 09 
3. 79 

3. 79 

3. no 
3. n2 - 

- 

- 

- 

A W  

- 
Fed 
4. o(I 
3.04 
3. 80 
3.95 
3.67 
4.01 
3.95 
3.89 

3. ffi 
3. M5 
3. xo 
4.03 
3.92 
3.94 
3. 91 
4.01 
3. Ro 
3. R l  
3.m 
3. R5 
3. 95 
3. 71 
4.01 
3. 92 

7. 06 
3.88 

3. 73 
3. 811 

3. 82 
3. m 
3. xa 

3 a5 

_ _  
- 

-_ 

-- 
_ _  

Year J m .  i 
Feet 
4. 18 
3. 79 
3. 77 
3.80 

3. 77 
3. 79 
3. 78 
3. 78 
3. 59 
3. 67 
3. 59 
3. xa 
4.00 
3. 77 
3.87 
4. 19 
3. 80 
3. 115 
3. 80 
3. 53 
3.97 
3. 73 
3. fib 
3. 85 

3. no 

1913 .._.__.__..I a 1 1  

15. 36 
3.81 

I- 
Rum t... 59.81 
Mean :-.I 3. 15 

i1.44 
3. 23 

8.44 
3. 26 

__ 
'2. P3 
3.83 

'2.09 
3. 79 

_. 

3.24 3.81 
- 

1 25 years. 
9 First 19 yenrs. 
8 Last 19 years. 

4 First and lnst 19 year groups. 
Storm. 

TABLE I2.-Low water below sea leoel, Fort McHenry, Baltimore, Md.: Annual 
means 

L 

Yaar Feet Year Feet Year Feot Year Fect Year Feet 1-11 I-li I- /I- 1-11 L 
0. 56 
0. 57 
a60 
0. 17 
0.57 

1-11 
2&5 
0.57 

~ -- 
Mean of first 19 years-0.67 foot. Mean of last 19 yenrs-0.57 foot. Mean of 25 years-0.57 foot. 

Table 12 gives the annual means of low water referred to sea level 
at  Baltimore. The annual means show a proximately the same 
variation as the high waters in Table 8. T\e 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 corrocted 
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. 



- -- 
Year Feet Year Feet / /  Year Feet. 1 Year 

1903 ___...___ O..W 19oR ._.____._ 1913 _ - - _ _ _ - _ _  0.69 1918 _____.._. 
lHai .._______ 0.54 1900.. _._____ 1914 _____.___ 0.58 1919 ._.____ _ _  
1805 .._...___ 0.57 1910.. ____.._ 0. ,% i 1915-.- _____. 0.57 1920 ____.___. 
1904 ________. 0.Fd 1911.. .._____ 0.58 1916--- ..____ 0.68 1921 .._______ 
1907 -.______. 0.57 1912 __.__._.. 0.66, I 1917 _._._____ 0.67 1822 _____.__. 

SUI11 - - - 2. 93 Sum._- 2 8 9  Sum.-- 
Mean-. 0.G9 Mean-. 0.58 Mean.. 

- - 
Sum ... 2 8 2  
Mean. 0.N 

- .-.. ~ 

Plane 

Feet Year Feet 

0.67 1923 __.______ 0. 66 
0.55 1024 .____.__. 0.58 
0.67 1925 __.___._. 0.5h 
0.56 1920 _.__ ~ .__. 0.67 
0.56 1927 _ _ _ _ _ _ _ _ _  0.87 

sum..- 2.m 2.81 
0.56 Mean-. 0.56 

-- 

- ~ 

.____.~___I__^____ 

Plane 

Mean low water.-.. - - - 
Spring low water .._._._..___.._ ~ __._.. . 
Neap low water _.._..._._..________ _ _ _ _  
Perigean low water .... 
Apogean low water. ...-. -. . -. -. -. .. ~ ~ 

- .. . -. ._ -. - - - - - 

.~ - - _ _ _ _  ~ _ _  -. . . 

sea level 

0.57 Lower-low water .___.._________.._._... 0.67 a. 65 Higher-low water.. . _._..._..._.. ... . ~ 0.47 
0.48 Tropic lower-low water . ... . . . ... 0. 72 
0. f*4 0.30 
0.46 

Tropic higfler-low water ... -. . . . . . .-. . 

I I1 I - -  

Table 14 gives values for Iow-water pIanes 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 moan sea level. Therefore the 
tropic higher-hi h water rises 0.15 foot higher a b w e  the plane of 
mean sea level t a an 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 
mean Rea level. 

For the period 1903-1927 the highest tide was 6.3 feet above mean 
sea level and the lowest tide was 5.1 feet below ~iiean sea level. Table 
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Fed 
4 . 6  
3.9 
4 .9  
4.8 
3.2 

16 shows the distribution by months of the yearly highest and lowest 
tides that occurred during the 25-year period. The coliimn headed 
‘( Number” gives the number of times the highest tide occurred during 
the montth, 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 $6 was assigiied 
to each of these months. 

Tanm 15.--Monthly lowest low water below mean aea level, Fort McHenry, 
Baltimore, Md. 

Feet 
1w _ _ _ _ _ _  2.44 
1!nJQ ..____ 2.22 
1910 .___.. 2.10 
l$ t l l . _____  2.08 
11512 ._____ 2.B 

I 
Feet 
5.1 
3.7 

13.3 
3.5 
3 .5  

Feet 
1913 _ _ _ _ _ _  2.29 
1914 __.___ 2.24  
1915.----- 2.08 
1916 _ _ _ _ _ _  2.33 
1917 ____._ 2.29 

Dale 
Oct. 10 
Jan. 3 
Jan. UI 
Feb. 28 
Jan. 23 

1803 __..___ 
1904 ._..___ 
1905 __.._.. 
IBo(j __._... 
1907 __..__. 

Feet 
2.56 
2.27 
2.44 
2.39 
2.30 

Date 
Jan. 24 
Feb. 1 
Feh. 1 
Mar. 23 
Feb. 4 

1918 _..____..___.._____. 
1919 .__.._.___...___.._. 
1820 ..__.__...__..__._._ 
1921 _._____...__.._.._.. 
1922 .___._.____....____. 

Bums ____.____...__._.. 
Means _.______.._ ~ ___.. 

Fret Dale b’eel Fed Dale Fprl 
2.05 I.’eb. 21 3.2 11123 _______.____.._.__.. 2.21 E’eti. 15 3 . 7  
1.99 hlar. 2lI 4. i I824 ._._____.__...____.. 1 . 8 8  1)ec. 1 3 . 3  
2.W Mar. 6 3 . 3  IY25 ._..______.._._____. 2.30 Oet. 10 84 .0  
2. 14 J m .  18 3 . 4  1020 _..____.__._______._ 2. I 1  Jan. 29 8 . 3  
2 .M Nov. 25 3.2 I027 ....._____....__._.. 2.07 Jan. I(i 5. i 

10.30 .____.._.. 17.8 Sunis- ..-.. ~ ._._.__..__ 10.57 ._..____.. 18.0 
2 . a  __..___.__ 3.56 Means .._.._.__.._...._ 2.11 .~ ..____._ 3.60 

-__ - __ 

Date 
Der. 9 
Mar. 2 
Jan. 13 
Feb. 14 
Web. 5 

January .________ 
February _.______ 
March. _ _ _ _ _ _ _ _ _ _  
p i l - - - - - - - - - - - -  

RY - - - -  - - - - -_ - - -  
June _ _ _ _  _ _ _ _ _  __._ 
July. _ _ _ _ _  ~ ._____ 

Rrel 
3. N 
4.3 
3.3 
a. 8 
3.9 

Number Per rrnt Number Per rrnt Numhrr Prr crnt Numb;‘/Per rrnl 
296 10.0 R 32.0 August..--. _ _ _ _ _  1 4.0 0.0 
0 0.0 755 30.0 September .______ 396 15.4 0 0.0 
0 0.0 4 16.0 October .._______ 6 20.0 
IS$ 8.0 0 0 . 0 N o v e m b e r  _ _ _ _ _ _ _  2% 9.3 
2% 10.0 0 I)aceIltbnr.-..--- 2 6.0 IO. O 

igl !:: 
$0 1;:; ; 0.0 I________- 

S U ~ S  _ _ _ _ _ _  25 100.0 25 m a  

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 tjhe plane of reference for hydrographic survey- 
ing, i t  is dwirabla to adopt R standard value. 

A standard low-wahrr. plane with a fixed value WNS ndopted for 
Baltimore h the Coast nnd Geodetic Surve in February, 1929. 

Baltimore low-water dnfiini is the  mcnn low water ns determined from 19 years 
of observittioiie (1903- 1821) ; i t  Fort Mrllcbtiry niid IS 4.99 fret Iwlow brnch mark 
No. 1, also known as tlic harbor hmrd’s b r ~ i r t r  m a r k ,  He& wall, Fort McHenry, 
which is n cross 0x1 thc top of tlw sea w d l  at tlic first unglc in the wall southeatit 
from the United Btatw hiigincers wliarf at Port McHcnry. 

It is called t 9 le Baltimore low-water datum an J is defined ns follows: 
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This datum has been in use by the Coast and Geodetic Survey and 
by the United States Engineer office a t  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 da  to day. During this month 

in its first and third quarters on the 5th and 21st, respectively. 
Taking the six tides nearest to each of the above times, the avera e 
range of the tides near the new and full moon was 1.2 feet and t o 
average range of the tides near the quadratures was 1 foot. The 
spring and neap effect is evident from these values. The month1 and 

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 multi lying 

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 year1 values agree more closely 

the individual value closer to the mean. 
The means of the 5- ear roups do not vary appreciably, the maxi- 

mum variation for oac i 3  tab e 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 rnenn for the 25 years. 
%he mean range of tide at Baltimore is therefore taken as 1,11 feet. 

the moon was full and new on the 13t K and 27th, respectively? and 

yearly ranges for the 25-year period 1903-1927 are given in Tab T e 17. 

the observed mean range for each year by a factor to correct P or the 

in Table 18, the effect of the correction 9 actor being usually to bnng 
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TABLE 17.-Monthly mean range, Fort McIIerwg, Baltimore, M d .  

19 

1803 ______-___-  
1804 .._________ 
1w)5 _ _ _ _ _ _ _  _ _ _ _  
1906... __._____ 
1907 _._._.__._. 
1808 .__________ 
1" .._..._____ 
1910 ..-___-____ 
1011 ___.__-____ 
1912 ... ...__.__ 
1813 _____._____ 
1914 ... _..___._ 
1915 ___._...___ 
1916 ___._._.__. 
1917 ... _..___._ 
1918 _._._._____ 
1919 ..___..____ 
1920 .__.___.___ 
1921 _ _ _ _ _ _ - _ _ _ _  
1822 .__._______ 
I923 _ _ _ _ _ _ - _ _ _ _  
1924 _ _ _ _ _ _ _ _ _ _ _  
1826 _ _ _ _ _ _ _ _ _ _ _  
1920 _ _ _ _ _ _ _ _ _ _ _  
1927 _ _ _ _ _ _ _ _ _ _ _  

_. __ 

Fed Feef 
1.22 1.20 
1.22 1.13 
1.15 1.12 
1.07 1.12 
1.11 1.13 
1.18 1.24 
1.15 1.13 
0.99 1.11 
0.97 0.w 
1.14 1.12 
1.13 1.09 
l .W 1.05 
1.07 1.02 
1.07 1.12 
1.08 1.13 
1.03 1.08 
1.02 1.02 
1.15 1.12 
1.11 1.11 
1.07 1.12 
1.05 1.08 
1.13 1.08 
1.15 1.08 
I .  14 1.00 
1.10 1.13 

Fer!, 

:ti% 
1.12 
1. 13 
1.17 
1.12 
1.09 
I. 00 
1.12 
1. IO 
1.10 
1.08 
1.10 
1. IO 
1.10 
1.10 
1.14 
1.11 
1.11 
1. 10 
1.12 
1.10 
1.11 
1.12 __- 

Sum I - - - - -  27 59 27.01 
Mean 1: 10 I 1.10 

Feet I L14 
' 

' 1.11 

. 1.10 
' 

. 1.11 

' 1.11 

J 

- - 
Mar. 

- 
Fed 
1. 19 
1.11 
1.10 
1.08 
1.14 
1.19 
1.10 
1.07 
1. cw 
1.10 
1.13 
1.10 

1.11 
1.05 
1.08 
1. I1 
1.16 
1. 13 
1. 09 
1.07 

1.07 
1.03 
1.10 

!O. 37 
1.10 

!l. 01 
1. 11 

9.66 
1. 09 

1. 10 

0.98 

-.-. 

- 

- 

- 

- 
__ 

Yoar Feet Year Foct Year Foot Year Foot Yoar - __. __ ~ - -  

1903.. ______. 1.14 1698 .___ ~ _ _ _ _  1.17 1813 _ _ _ _ _ _ _ _ _  1.13 1918 _ _ _ _ _ _ _ _ _  1.10 1923 ._____ __. 
1004 ___.._____ 1.11 1909 ..___.___ 1.13 1914 _ _ _ _ _ _ _ _ _  1.13 1918 .________ 1.00 1824.-. ___.__ 
1W _ _ _ _ _ _ _ _ _ _  1.10 1810 .___.____ 1. I 1  1915.. .______ 1.10 1920 _ _ _ _ _ _ _ _ _  1.12 1026 .___.___. 

1(J@7... _ _ _ _ _ _ _  1.12 1012 _ _ _ _ _ _ _ _ _  1.16 1817---- _ _ _ _ _  1.11 1822 _ _ _ _ _ _ _ _ _  1.08 1921 ___._____ 
lwxl__._._. ._ .  1.10 1911 ._____.._ 1.08 1916 - - - _ - - _ _ _  1.11 1821 _--._._-- 1.09 1920 -_ - - - - - - -  

,Sum.-- 5.57 Rum.. 5.84 Sum-- 5.58 Sum.. 5.48 Bum.. 
Mean-- 1.11 Mean- 1.13 Mean. 1.12 Mean. 1.10 Mean. 

- - - - 
~- 

- I 
Apr. 

- 
Feet 
1.17 
1.15 
1.09 
1. 12 
1.10 
1.20 
1.08 
1. w 
I .  11 
1. 16 
1.00 
1. 10 
1.12 
1. 14 
I .  08 
1. 13 
1.07 
I .  17 
1.10 
1.10 
1.10 
1.15 
1.07 
1.00 
1. 12 

t7.84 
1.11 

!I. 24 
1. 12 

11.01 
1.11 

1.12 

- 
- 

- 

- 

- 

Fcet 
- 
1.07 
1.10 
1.08 
1.10 
1.12 

5.47 
1.08 

- 

1 25 yenn. a First 19 years. 

Feet 
Mean range _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  L 11 
S ring range.. _ _ _ _ _ _ _ _ _ _ _ _ _  L 26 2 eap range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.83 

- - 

M a  

- 
Fed 
1.19 
1.15 
1.13 
1.12 
1. 14 
1.20 
1.12 
1.07 
1. 00 
1.13 
1. IO 
1. 15 
1.13 
1.11 
1.13 
1.17 
1.13 
1. 14 
1. 12 
1.11 
1.12 
1.17 
1.07 
1. 13 
1.18 

28.27 
1. 13 

11.51 
1.13 

21.34 
1. 11 

1. I2 

- 

-- 

- 

- 

Feet Feet 
Apogean ran 7 e .-- _ _  _ _ _ _ _  _ _  0.95 Rind1 tropic ranKe. _ _  -. _ _ _ _  0.61 
Oreat diurna range .______ 1.44 Monthly extreme range .___ 4.18 
Bmall diurnal range .______ 0.78 Oreatest range __________.__ 10.4 

- - 
rune 

- 
Feet 
1.10 
1.15 
1.12 
1. 19 
1.14 
1.17 
1.12 
1. 15 
1.13 
I. 14 
1.07 
1. 14 
1. 12 
1. 13 
I .  12 
1. 17 
1.12 
1.19 
1.15 
1.19 
1.15 
1.11 
1.12 
1.15 
1. 14 

8.54 
1. 14 

!I. BR 
1.14 

!1.61 
1. 14 

1.14 

- 

- 

- 

- 
I 

I - 

July 

I 

Fed 
1.24 
1.17 
1.15 
1.17 
1.21 
1.23 
1.17 
1. 10 
I .  07 
1. 17 
1.20 
1. 19 
I. 11 
1. IO 
1. 15 
1. 17 
1.16 
1. 16 

1.20 

1.17 
1.10 
1. 18 
1.13 

a. 13 
I .  17 

a. 10 
1.17 

!1.96 
1. I O  

1. 16 

1. in 
1. in 

- 
- 

- 

- 
I 

- - 

Aug. 

- 
Feet 
1.17 
1. 13 
1.16 
1.18 
I. 22 
1.11 
1.17 
1.14 
1.11 
1. 17 
1. 19 
1.14 
1. m 
1.16 
1.13 
1.14 
1.18 
1.15 
1.16 
1.13 
1. 10 
1.17 
1.19 
1.17 
1. 14 

8.98 
1. 18 

12.02 
1.18 

22.01 

1.10 

- 

- 

- 
1. i a  - 

8 Lnst 19 ynnrs. 

-_ - 
hpt. 

- 
Feet 
1.13 
1.15 
1.14 
1.14 
1.13 
1.22 
1.13 
1. 14 
1.11 
1. 13 
1. 17 
1. 10 
1.12 
I. 12 
1. 13 
1.11 
1.11 
1. 16 
1. 15 
1.13 
1. 13 
1.11 
1. 13 
1. I 1  
1.11 

8.31 
1.13 

1.58 
1.14 

11.40 
1.13 

1. 14 

- 

- 

- 

- 
- 

- - 

Oct . 
- 
Feet 
1.09 
1.07 
1.15 
1.11 
1.07 
1.12 
1. I1 
1.13 
1.02 
1.00 
1.04 
1.08 
1.06 
1.06 
1.00 
1.10 
1.13 
1.10 
1.08 
1.10 
1. W 
1. 10 
1.12 
1. 09 
1.08 

!7.25 
1.08 

9. 69 
1.W 

9. 64 
1.09 

I. W 

- 

- 

- 

.- 

.- 

- - 
Nov. 

Feet 
1.10 
1.10 

1.07 

1.08 
1. Mi 
1.00 
1.08 
1.05 
1.03 
1.03 
1.03 
I. 04 
1.02 
1.02 
1. 00 
1.00 
1.05 
1.08 
1.06 
1.00 
1.06 
1.07 
1.03 

10.35 
1.05 

1. a5 

1. a5 

- 

lo. 01 
1. 05 

19.90 
I. 09 

1.07 

- - 
Dee. 

- 
Fed 
1.13 
1.08 
1.14 
1.08 
1. 12 
1. 10 
1. Mi 
1. oa 
1.02 
1.00 
1.01 
I .  04 
1.03 
I. 04 
1. IO 
1.05 
1. 09 
1. o!! 
1.01 
1.04 
1.05 
1. 10 
1.08 
1. 08 
1.08 

6.74 
1.07 

0.31 
1.07 

0.08 
1. 06 

1.06 

_- 

- 

-- 

- 

uusl year 
nenn mean 
-I- 

- 
n. 83 
1.11 

!l. 17 
1.11 

!O. 9s 
1.10 

1.10 

- 

__ 

- 

4 First and last 10 years. 

Mean range, first layear period=l.lZ feet. Mean range, last 18-year period-1.11 feet. Mean range, 
26 years, 1903 to 1927-1.11 fWt. 

TABLE 19.-Tidal ranges, Fort McHenry, Baltimore, M d .  
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Table 19 gives valiies for the various ranges for Baltimore obtained 
from the values for the varioiis datum planes disciissed 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, near, perigean, and apogean ranges. Additional ranges are 
defined as ollows: Great diurnal range is the distance between the 
mean higher-high water and the mean lower-low water, small diurnal 
range is the distance between the mean lower-highwater 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 between the tropic lower-high water and 
the tropic higher-low watcr, the monthly extreme range is the distance 
between monthly extreme high water and month1 .extreme low water, 

and the lowest tide observed. 
and the greatest range is thedistance between the hy ighest 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 
const ants. 

The tidal hoiirly ordinates a t  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 K gives the epochs. 

TARLE 2O.-ffarmonic ronstnnts, Port McITenry, Baltimore 

J I  .............. (0.012) 
Ki ............. 0.221 
Kz ............. 0.024 

MI ............ 0.014 

M~ ............ 0.474 
Ma.. .. ........I.. ..... 
M4 ............ 0.023 
Ma.. ......... 0.008 
Ma. ........... 1 ........ 
Nz ............. 0.088 
2N ............. (0.013) 
01 ............. 0.172 
00.. .......... (0 007) 
PI. ....... -~...l 0:07B 

11 
- 

Feet 
(0.012) 
0.218 
0. 026 
0.018 
0.007 

0. 461 
0. 002 

0. on4 
0.001 

0. 090 
0.010 
0. lan 
(0.007) 
0. OR8 

0. 021 

- 
Values in parentheses are inferred. 

QI ............. 
zy. ............ 
112.. ........... 
SI .............. 
s2 .............. 

Feet 
0. a33 

(0. W) 
(0.001) 
0. a47 
0. os4 

1lH) 11s 1.. ............I ........ 
S6L.  ................... 

101 A t  ............. (O.O(y1) 
3:: / j  T. .  .......... (0. 005) 

55 / /  pi .............. 1 0.003’ 

187 y 2  .............. 0.022 1w PI ............. 0.007 
308 Ms .................... 

(E) Sa ............. 0.501 
Ssa ........... 0.oBo 

H 
- 

Feet 
0. a32 

0.075 
0.087 

0.001 

0. Oa? 

(a004 
(0. 00lj 

n. 001 
(0. oa5) 
(0.011) 

0.024 
(0. ooe) 
0.380 
0. 089 

....... 

- 
X 

The formulas for determining the various ages of the tide from 
harmonic constants are AS follows: 
Phase age, in hours _ _ _ _ _ ~ . - _ ~ ~ ~ ~ ~ . . ~ ~ . _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ c _ _ _  0.984 (SOz-M’a) 
Parallax age, in hours _____- - -__ .  _ _ _ _ _ .  ___.___._.._______ 1.837 (M02-Noa) 
Diurnal age, in hours ..................................... 0.911 (Kol-Ool) 
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The phase a e of the tide a t  Fort McHenry, or the interval by which 

tides follow the moon’s first and third quarters, I ~ B  derived from the 
above formula, is 25.6 hours. 

The parallax age of the tide a t  Fort McHenry, or the interval by 
which peri ean and apogean tides follow the time when the moon is in 

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

spring tides fo P low new or full moon and the interval by which neap 

erigee an 2 apogee, respectively, as derived from the formula, is 38.6 
%ours 

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 s ring tides this is increased by 13 per cent. 

time of tropic higher high water the tide is increased by 61 per cent. 
The rise of the tide a t  the time of a tropic higher high water that 
occurs when the moon is full or new and is also in perigee should be 
13 4- 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 niettn low 
water was 1.63 feet. As in the Case of the extreme high wtLters, 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 
observod and predicted tide curves for that  day are shown in figure 5. 
The unusiial 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 da , as shown 

h h water should have risen 1.4 feet from the previous low water and 

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 a t  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 

At the time of perigean ti B es it is increased by 17 per cent and a t  the 

by prediction, should have been 0.7 foot above mean sea 1y evel. The 

fa 8 en 0.9 foot to the succeeding low water. The tide a t  Baltimore 
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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 
. 
J -  

4- 

3 -  
Obswvrd Tide Curve 

2 -  

I -  Au&. 4 1915 

Prrdktrd Tide Curve- 
0 

I -  

l l  I I I I I  1 1  I I 1 . 1  
18 20 22 0 2 4 6 8 ,  0 12 I& HI K1 20 22 0 

Hour8 

FIGURE 6.-Highast tide observed, Fort McEIenry, 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 

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 
sea level on January 26. On January 25, when the tide was rising all 
da , the plane of sea level was about normal, as the tide rose from 
be r ow 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. A t  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 durin extreme tides it is noted that 
the effect of the astronomic tide is neg7igible 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 u the water in the harbor. 

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 gives the genera P meteorological conditions at  the time of 

TABLE 2l.-Extreme tides, with meteorological conditions, Fort McHenry, 
Baltimore, M d . ,  1927 

Data 

1927 
Jan. 4 ._._.___________ 
Feb. 20 ___...____.._._ 
Mar. 28 ________. 
Apr. 4 ..__.......____ 
May 31 ...______ _ _  ..- 
June 28 _...__ - _ _ _ _  .-. 
July 3 ____..__________ 
Aug. 13 _.__________.. 
AUg. 14 _._.___._...... 
dept. 19 .___.._...._._ 
oct. 12 ___......__.___ 
Nov. 18. .____ .-. . . ~ _ _  
Dee. 16 ___________.___ 

Height of high water 

Ibserved 

Feet 
5.5 
6.7 
6.3 
0.2 
5.9 
6.1 
e. 3 
6.9 
5.9 
e. 1 
7.1 
6.1 
6.2 

Astro- 
nomical 

Feet 
4.6 
4.2 
4.5 
5.0 
6.6 
5.5 
5.3 
5.5 
5.5 
6.3 
6.4 
4.6 
4. 1 

Differ- 
ence 

Feet 
+O. 8 
2.6 
1.8 
1. 2 
0.4 
0.6 
1.0 
0.4 
0.4 
0.8 
1.7 
1.5 
21 

Height of low water 

0.4 
1. 7 
0.8 
1.7 
2.4 
2.6 
2.6 
a. 8 
2 8  
3.1 
2.8 
2 4  
1.3 

3.2 
3.0 
3.3 
3.7 
3.9 
4. 1 
4.0 
4.0 
4.0 
3.9 
3.8 
3. e a. 1 

-2. 8 
-1.3 
-2. 5 
-2 0 
-1.5 
-1.5 
-1.4 
-1.2 
-1.2 
-0.8 
-1.0 
-1.2 
-1.8 

Barometric pmure reduuul 
to sea level 

4verage 
daily 
value 
- 
Inches 
28.61 
29.70 
29.91 
30.32 
29. !36 

29.87 ae. 99 
29.92 
20.90 
29.86 
29.99 
29. bo 

. - - - - - - - 

30.23 
30.32 
30.00 
30.24 
29.86 
30.24 
30.10 
29.95 
30.13 
30. (XI 
30. 24 
30.11 
30. 05 

Annual 
mean 

Inchca 
30.05 
30. 06 
30.05 
30.05 
30.06 

30.05 
30.05 
30.05 
30.05 
30.05 
30.06 
30.06 

- - - - - 

30.05 
30.05 
30.05 
30.05 
30.05 
30.05 
30.05 
30. OS 
30.05 
30.05 
30.05 
30.05 
30.05 

Differ- 
enca 

1nche.S 
-0.64 
-0.36 
-0.14 
+o. 27 
-0.09 

-0.18 
-0.06 
-0.13 
-0.15 
-0.19 
-0.06 
-0.66 

- - - - - - - . 

+o. 18 
+o. 27 
-0. ob 
4-0.19 
-0.19 +o. 19 
4-0.06 
-0.10 +o. 08 +o. 01 +o. 19 
+o. 08 
0.00 

Wind 

I Milea vcr 



0. 54 
0. 77 
0. 31 
0. 87 
0. 12 
0. Si 
0. 45 
0. 67 
0. 49 
1.  98 .. . .. 

5. 3 
0. 57 
0. 67 
0. 47 
0. 72 
0. 39 
0. 65 
0. 48 
0. 64 
0. 46 
2. 20 
5. 1 
0. 02 

THE TIDE AT WASHINGTON, D. C. 

N A V Y  Y A R D  

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. Tho 
longest series was made during the years 1891-1898, when 7): years 
of continuoiis observations were takcn. In tho discussion that 
follows the height relations are based on the 7-ye~r  period 1892-1898. 
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Aug. Sept. Oct. N,ov. Deo. Sum Mean 

IIURATION O F  RISE 
- 

_______ .- ~ ~-~ 

Durations o j  rise and jd.-Mon t,hly valuos for duration of rise for 
the period August, 1891, to D mber, 1892, are given in Table 23. 
The reatest difference between any two of the 17 monthly values is 

subtracting the value of duration of rise for that month from the 
tidal c cle of 12.42 hours, and it follows that variations in the dura- 

Mean river leve1.-In the upper reaches of a long tidal river the 
plane obtained by averaging the hourly hei hts of the tide is, because 
of the slope of the river, somewhat higher t a an the sea level similarly 
obtained a t  a point on the opcn coast. The term river level has beon 
a plied to tbe former plane to distin 'uish i t  from the latter. Because 

river level are usu~lly greater than those of sea level. While t,hc. daily 
values of rivcr level a,t Wsshington sometimes var by several feet, 

seldom vary more t>han 0.2 foot. Table 24 givcs the monthly and 
Yearly values of river level on staff a t  the navy yard for the 7-year 

0.93 R our. The duration of fall for any month m i y  be obtained by 

tion o 9 fall are numerically equal to those in the duration of rise. 

o. f fluctuations in the fresh-water fischarge, the daily variations in 

the monthly values scldoni vary more than 1 foot an c r  the yea.rly values 

85320'--30-3 

___________ 

..~. __ ___ __ 
llours IIuurs IIoura 
7.91 7.83 7.W 
8.01 8.04 7.93 

___ ~ - - _ _ . _ ~ _ _  

____________ 

~_____ ~- 
IIoura IIours IIuurs Hours 
7.96 7.X9 38.62 7.92 
8.13 8.12 94.91 7.01 
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1888 

Feet 
4.44 
4.28 
3.79 
4.47 
4.79 
4.77 
4.70 
4.71 
4.78 
4.93 
4.67 
4.39 

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 o n  s tag ,  monthly means, navy  yard, Washington, D. C. 
_____ 

1897 

Feet 
-- 

4.06 
6. 10 
4.62 
4.42 
4.84 
4.86 
4.90 
4.90 
4.88 
6. 10 
4.34 
4.33 -- 

~. 

Month I 1892 1 1893 1898 

Feet 
4.08 
4.28 
4. M 

6.16 
4.91 
4.93 
4.91 
4.81 
6.07 
4.40 
4.37 

4.74 

I I 

Bum 

Feet 
30.21 
30.Q6 
30.66 
32.20 
34.10 
33.73 
33.07 
33.88 
33.78 
33. 76 
30. 5.5 
30.10 

_I- 

Feet Feet 
4.36 14.48 
4.67 1 4 . 6 0  
4.34 4.61 
4.34 4.76 
4.69 4.92 
4.78 4.92 

Feet Feet 
4.42 4.37 
4.27 3.87 
4.49 4.27 
4.70 4.78 
6.10 4.80 
4.63 4.88 
4.59 4.78 
4.80 4.71 
4.95 4.79 
4.80 4.68 
4. 14 4.36 
4.34 4.45 

-__. 

ouni _ _ _ _ _ _ _  ~ _ _ _ - _ _ _ _ _ _ _ _  JJ I O  w ti W . M  W.WI 
Mean..--.. _ _ _ _ _ _ _  ___.I 4148 I 4:M I 4.60 I 4.64 

I Interpolated values. 

Feet 
4.32 
4.42 
4.37 
4. Bo 
4.87 
4.82 
4.72 
4.81 
4.83 
4.82 
4.36 
4.30 

Curvas plotted from the monthly mean8 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 C I I ~ V C S  are 

c 

FIQIJBE 7.-Annual variations in high water, low water, and river level, Navy Yard, Washington 

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

The planes o high water.-Table 25 gives the monthly and yearly 
mean values o f high water on staff at the navy yard for the 7-year 
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period 1892 to 1898, inclusive. The lowest monthly value is 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 an two years shown in the table is 0.23 foot. 

it is only necessary to subtract from the values in Table 25 the cor- 
res ondrng values in Table 24. The results, which give the monthly 
ancf rar ly  means of high water above river level for the navy yard 
are s own 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. 

TABLE 25.-High water on staff, monthly means, navy yard, Washington, D. C .  

To eliminate the e ff ect of variations in river level on high water, 

Feet 
1.34 
1.32 
1.33 
1. 36 
1.47 
1.46 
1.45 
1.43 
1.38 
1.32 
1.31 
1.35 

Feet 
6.70 
5.99 
6.67 
6. 70 
6.16 
6.22 
6.89 
6.22 
6. 06 
5. 67 
8. M)  
5.60 

Feet 
11.22 
11.31 

1.41 
1.43 
1.40 
1.41 
1.44 
1.41 
1.45 
1.61 
1.41 
1.39 

70.26 
5. X8 

Feet 
1.44 
1.33 
1.34 
1.37 
1.42 
1.55 
1.52 
1.48 
1.47 
1.44 
1.33 
1.39 

~ ___ 
1883 
- 
Feet 
1 5.70 
2 6.81 

6.92 
6. 18 
6.32 
6. 33 
6. 17 
6.27 
6.33 
6.84 
5.96 
6.37 

73.00 
6. 08 

- 

Feel 
1.38 
1. 15 
1.32 
1.37 
1.41 
1.48 
1.40 
1.45 
1.40 
1.32 
1.39 
1.34 

1894 1885 
__- 
Feet Fed 
5.86 . 6. 70 
6. 80 5.02 
b. 83 6.69 
6.07 6. 15 
6.62 6.01 
6. 18 6.37 
6. 11 6. 18 
6. D 6. 16 
6.42 6.18 
e. 24 5.80 
5.47 6.76 
5. 73 5. 79 

72.31 70.81 
6.03 6.00 

-- 

- 
1898 

Feet 
- 

b. 48 
5.81 
6.93 
6.07 
6. b9 
6.40 
6. 42 
6.3.5 
6. 28 
6. 55 
b. 70 
6. 72 

73.11 
6.08 
- 

Feel 
39.64 
40.03 
39.96 
41.80 
44.12 
44.13 

43.83 
43. 79 
40.04 
39.76 

2: 

604.24 
42.02 
- 

_i 

dean 

Fed 
A66 
6.72 
6.71 
6.97 
6. 30 
6.30 
6. 18 
6.27 
6.28 
6.26 
b. 79 
6.88 

12.03 
6. 00 

- 
- 

TABLID 26.-High water above river level, monthly meane, navy yard, Washington, D.  C. 

~- 
sum _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  18.80 16.88 
Mean _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 1.38 I 1.41 

1 Interpolated values. 

17.08 16.37 
i.ra 1 1.36 

__ ____ 
1864 
-_ 
Feet 
1. 28 
1. 36 
1.34 
1.39 
1.62 
1. M) 
1.41 
1.62 
1.48 
1.42 
1.37 
1.44 

17.01 
1.42 

- 

- 

__ __ 
1897 
- 
Feel 
1.43 
1.25 
1.27 
1.36 
1.37 
1.50 
1.48 
1.46 
1.46 
1.44 

1.40 
1.38 

16.80 
1.40 - 

- - __ 
1888 
- 
Feel 
1. 39 
1.36 
1.39 
1.33 
1.43 
1.49 
1.49 
1.44 
1.46 
1.48 
1.30 
1.35 

16.80 
1.41 - 

- - 
Bum 

Feet 
- 

0. 43 
9.08 
9.40 
9.80 

10.02 
10.40 
10.20 
10.19 
10.06 
10. 03 
9.49 
9.66 

117. b6 
9.80 

- 

- 

- -__ 
Mean 

Feet 
1.35 
1.30 
1.34 
1.97 
1.43 
1.48 
1.48 

1.44 
1.43 
1.36 
1.98 

- 

1.48 

la 81 
1.40 - 
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1892 1803 

Feet Feet 
1.41 1.46 

____- 

_ _  ._ __ _I_ __ -___ . _ ~ _  . 

1804 1895 i n w  1x97 NUB sun1 hleaii 

Feet Feet Feet Feet Fert I M  Feel 
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 
staff, or 1.48 feet below mean river level. The latter value becomes 
1.52 feet after correcting the anniial means for the longitude of the 
moon’s node. Table 28 gives the monthly and yearly heights of 
low water on staff a t  the navy yard. The riiaximurn 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 betwrken yearly 
values is only 0.21 foot. It is noted that the values for low water 
on staff show much more variation than the snme values rcferred 
to river level. Table 29 gives the monthly and yearly values of 
low water below river Ievel. The maximum difference between nny 
two months is 0.35 foot, the maximum difference between yearly 
avera es of the monthly values in the last column of tho table is 

0.07 foot. Table 30 gives the annual means corrected for the longi- 
tude of the moon’s node. 
1 The plane of half-tide leuel.--Since tho plane of half-tido 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) is 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 rnoan river 
level; half-tide level is 4.66 feet on staff, or 0.04 foot below mean 
river level. 

0.23 B oot and the maximum difference between yearly values is 

1803 

1 2 . x ~  

3.25 

-__ 
Feet 

12.99 
3. IO 

3.62 
3. 28 
3.08 
3. 18 
3.31 
3.70 
3. on 
2. %W 

37.87 
3. 10 

TABLE 28.-Low water on atafl, monthly means, navy yard, Washington, D .  C .  

1894 

2 . x ~  

3. m 

- 
Feet 

2.84 
3.07 

3.05 
2.97 
2.95 
3. 18 
3.37 
3.28 
2. 75 
2.88 

37.09 
3. otl 

-- 

-- 

Month I in92 1x95 

Feet 
3.00 
2.70 
2.83 
3.38 
3.14 
3.34 
3. 1 3  
3.00 
3.15 
3. 02 
2.85 
2. w 

30.07 
3.06 

____- 
1896 

__- 
FPet 
2.08 
2. 79 
2.40 
2.88 
3.22 
3.20 
3. 14 
3.18 
3.23 
3.47 
3. 04 
2.95 

30.67 
3.05 

__- 

January __._.._.._._____.___.- 
February ___..._._..__.__..___ 
March ___._ __. -. .-. -. -. -. ___._ 

P’ ay ______.___.._ - - - - - - ~ __...___.__ ~ 

June ___.____..._.__.__._.__.._ 
July _________.._._____._.-- _ _ _  
August _________.__._._._..___ 
September ____._._____.____... 
October. - - _._ __-._._____ ~ _ _ _ _  
November ._.____._..____._.._ 
December. ___...__.__._______ 

Sum ___. _ _  .- - - -. .- - - -... 
Mean_.--. - - _ _  -. ._ - - -. . . 

~ _.._._..__._._._.. 

Feet 
2. 88 
3.25 
2.88 
2.96 
3.19 
3.25 
2.90 
3.21 
3.21 
2.74 
2.77 
2.78 

30.24 
3.02 

___ 

- __ 
1897 

Fer1 
2.Ii.5 
3.78 
3.30 
2. 94 
3.45 
3. 28 
3.31 
3.30 
3.32 
3.61 
2. 92 
2.87 

38.73 
3.23 

Fret 
2. 79 
2.92 
3. 13 
3.32 
3.69 
3.34 
3.31 
3. 40 
3.20 
3.74 
2. 98 
2. u3 

38.75 
3. 21 

- - 
gum 

Fed 
20.17 
21.27 
20.92 
22. IO 
21. 86 
22. CKI 
21.82 
22.47 
22.79 
23.57 
20.39 
19. w 

261.92 
21.84 

- 

- 

- 

Feet 
2. RB 
3.04 
2.90 
3.10 
3.41 
3. 24 
3. 12 
3.21 
3.20 
3.37 
2.91 a. w 

37.43 
3. 12 - 
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TABLE 29.-Low water below river level, monthly means, navy yard, Washington, D.  C .  

1898 

Feet 
1.30 
1.36 
1.41 
1.42 
1.47 
1.67 
1.62 
1.51 
1.61 
1.33 

1.44 

17.46 
1.45 

1.42 

Feet 
1. 37 
1.42 
1.35 
1. 38 
1.50 
1.61 
1.54 
1.58 
1.48 
1.61 
1.42 
1.46 

Sum 
-___ 

Feet 
10.04 
9.68 
9.04 

10.10 
10.24 
11.07 
11.25 
11.21 
10.99 
10.19 

10.20 

124.77 
10.39 

in. 16 

____ 
17.52 
1.46 

Fed 
1.46 
1.47 
1.39 
1.48 
1.57 
1.57 
1. 56 
1. 55 
1.55 
1.40 
1.M 
1.44 

- - 
1 893 

Fed 
11.60 
11.51 

1.41 
1. m 
1.40 
1.64 
1.65 
1.08 
1.57 
1. 33 
1.47 
1.48 

- 
Feet 
1.40 
1.32 
1.32 
1.48 
1.39 
1. 58 
1.59 
1. GO 
1. 66 
1.49 
1.42 
1.46 --__ 

18.24 
1.52 

1892 1893 

Feet Feet 
1.49 1.66 

~. 

Feet 
1. M 
1.43 
1.42 
1.42 
1.45 
1.86 

1.04 
1.58 
1.51 
1.39 
1.46 

1.84 

__ 
18. 14 
1. 51 

1804 1895 1896 1897 I 1898 Sum Mean 

Fed F ~ c t  Feet I’ect Feet Feet Fcrt 
1.55 1.52 1.54 i . m l i . 4 6  10.82 1.52 

_________ 

Feet 
1.37 
1. 17 
1.34 
1.42 
1.46 
1.54 
1. 66 
1. G5 
1.84 
1. 56 
1. 51 
1.48 

17.77 
1.48 

18% 1 1897 
-__ 

18.03 17.61 
1.54 I 1.47 

- 

- -_ 
Mean 

Feet 
1.43 
1.38 
1.38 
1.44 
1. 46 
1. .% 
1.61 
1. 00 
1.57 
1.46 
1.45 
1.46 

17.82 
1.48 

__ 

_____ ~~ 

FIGWEE 8.-Annual variation in range, Navy Yard, Washington 

0.10 foot. There is also a seasonal change in the column of mean 
month1 values, the range var ing from 3.07 feet in June to 2.68 

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 a t  Boston, near the open coast, it is only 0.2 foot. It 
appears, therefore, that such variation is largely a river effect, and 
lt is probably due to varying quantities of drainage water in the river. 

feet in 5 ebruary, a difference o 9 0.39 foot. 
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TABLE 31.-Range of t ide ,  monthly means, navy yard, Washington, D. C. 

35.13 35.22 

January ...................... 2.71 
February ..................... 2.74 
March ........................ 2.68 

34 14 36.04 

April ......................... 2.74 
M a y  .......................... 2.97 
June .......................... 2 97 

1895 

Keel 
2.70 
2.32 
2.68 
2. 79 
2. 87 
3.03 
3.05 
3. 10 
3.04 
2. x8 
2. $3 
2. no 

~.~~~ 
July _ _ _ _ _ _  ~ _ _ _ _  __. _ _ _ _ _ _  ~ _ _ _ _ _  2.99 
August ....................... 3.01 
September. ................... 2. X4 

1896 
-- 

Feet 
2.74 
2.83 
2.73 
2.87 
3.09 
3.07 
2.97 
3.07 
3.01 
2.X8 
a $3 
2. xn --- 

October ...................... 2.83 
November .................... 2.73 
December .................... 2.81 

1897 

Feet 
2.83 
2. 57 
2.69 
2. 83 
2.76 
3. OM 
3.08 
3. OG 
3.02 
2 .w 
2. no 
2. X6 

34.41 

2.92 

_I 

2.87 

1- 

18SM 
-- 

Feet 
2. e9 
2. 72 
2.80 
2. 75 
2.90 
3.06 
3. 11 
2.95 

2.81 
2. 72 
2.79 

34.36 

2.8s 

3.06 

2. nti 
Sum _ _ _ _ _ _ _ _  - .-- _ _ _ _ _ _  _ _  34.02 
Mean ................... 2.84 
Corrected mean .._.____ 2. Bo 

____- 
Sum 

Feet 
19.47 
18.76 
19.04 
19.70 
20.26 
21.47 
21.45 
21.40 
21.04 
20. .22 
19.65 
19.88 

242.32 
2o.m 
20.64 

I 

1 Interpolated values. 

Mean 

Feet 
__- 

2 7 8  
2.68 
2.72 
2.81 
2.89 
3.07 
3.06 
3.00 
3.01 
2.89 
2.81 
2.84 

34.62 
2.811 
2.95 

-__- 

__- 

18% 1894 

Feet Feet 
' 2 . 8 2  2.98 * 2.82 2.76 

2 8 2  2.76 
2. 93 2. 79 
2.80 2.87 
3.05 3. 21 
3.08 3. 16 
3.09 3. 12 
3.02 3.05 
2.94 2.95 
2. 88 2. 72 I 2. ni 2.85 

Monthly Highest 
Year average 

feet Date Feet 

1892 .......... 7.02 Sept. 14 ........... 7.9 
1893 .......... 7.81 Oct. 14 ............ 12.6 
1894 .......... 7.33 Sept. !B ........... 8.3 
1895 .......... 7.13 Jan. 11 ............ 7.6 
1888 _ _ _ _ _ _ _  ~ . -  7.56 86 t. 30 9.8 
1897 .......... 7.37 Fe!. P,Oct:%;::: 8.0 
1888 __._______ 7.68 Oct. 18 __________._ 9.7 

Sum.-- 61.79 63.8 
Mean-- 7.40 9. 11 

I _ - ~  - 

-- 

~~ -~ 

Monthly Lowest 
Year average 

feet 11ate Feet 

1892 .......... 1.85 Mar. 21 ........... 1.1 
1893 .......... 2.09 Dec. ui ............ 0.9 
1@94 .......... 1.811 Nov. 28 a ........ 1.2 
1895 .......... 1.82 Feb. lo-'.____.___._ 0.2 
1 8 0  .......... 1.47 Mar.3. ........... -0.7 
1897 .......... 2.08 Dee. 24 ............ 0.1 
1898 - - _ _ _ _ _ _ _ _  1.73 Nov. 27 _ _ - - _ - -  -_ - -  0.0 

Sum.-- 12.87 2. 8 

.~ .- 

- 
Mean.- 1.84 . 0.4 

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 t h s  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 hi hest high water each year for the seven years is 9.1 feet on 
staff. T i e  average of the yearly lowest low water for the same period 
is 0.4 foot. 
therefore, 8.7 feet and the greatest range is 13.2 feot. TRzn;Oeda$ 
riverage of the highest high water in each month is 7.40 feet on staff, 
or 2.8 feet above mean river level, and the yearly avera e of the lowest 

level. The average monthly extreme range is, then, 5.6 feet. 

Uigh I/ Low 

The average yearly extreme range for this 

tide of each month is 1.84 feet on staff, or 2.8 feet be f ow mean nver 

TABLE 32.-Extreme high and low waters on staff, navy yard, Washington, D. C. 

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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Feat 
Chain Bridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  37. 4 
Lockmills . . . . . . . . . . . . . . . . . . . . .  28. 4 
Aqueduct __________.__________ 15. 2 
Philadelphia Stcainboat Co. 

Wharf, Georgetown _ _ _ _ _ _ _ _ _ _  12.0 

Feet 
Long Bridge - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7. 6 
Arsenal Wharf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.0 
Alexandria . . . . . . . . . . . . . . . . . . . .  4. 4 

Feet ahovo 
low wtltor 

Chain Bridgc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  43. 1 
Aqueduct Bridge _ _ _ _ _ _ _ _ _ _ _ _ _ _  19. 5 
Eaaby Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13. 3 

Feat ahove 
low water 

Sewer Canal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13. 3 
Long Bridgc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12. 7 
Arsenal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11. 1 



2. 95 
3. 20 
2. 70 
3. 21 
2. 69 
3. 21 
2. 66 
5. 56 

1. 09 
0. 90 

13. 2 

l. 1. 889 

0. 29 
1. 43 
1. 62 
1. 24 
1. 65 
1. 21 
1. 56 
1. 29 
2. 80 
7. 9 
1. 52 
1. 58 
1. 46 
1. 56 
1. 48 
1. 65 
1. 37 
2. 76 
5. 3 
0. 04 

An automatic tide gage was in operation from July, 1898, to 
March, 1901, on the Norfolk & Washin ton steamboat wharf at the 

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 hi h and 

high-water interval came in May. The lowcst value for the low- 
water interval came in July, when it reached 1.78 hours. For the 

foot of Seventh Street. The monthly B unitidal intervals computed 

low water intervals came in February and the lowest value f or the 
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67.63 17.53 34.88 
5.04 2.82 2.81 

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 
r ise 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. This 
difference between duration of rise and duration of fall is typical of 
river tides. 

The mean range of tide a t  this station, as determined from 32 months 
of observations, is 2.90 feet. There is 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. There 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.-Lunitidal intervals and range, Seventh Street Vhar j ,  Washington, D.  C. 

The duration of fall is 6.73 hours. 

Month 

January.. . - - - -. - -. -. - 
February _..._.__ ____. 
March. _ _ _ _  ___.______ 
p i 1  _ _ _ _ _ _  ____.__ _ _ _  - 
June.. ___. . ______._._ 
July ...__.__._._.____. 
August .....______ 
September. .-..-. .-.- 
October. .._...._.____ 
November _.____..___ 
December ___. ._.___. 

By.. ~ - - - - - - _ _  ..- - - 

___ - __ - 
High-water 

interval 
- 

1898 

IIoura 
- - -. . -. . 
._ _ _  
.____ 

- _ _ _  __. . 
7.86 
7.76 
7.83 
7.61 
7. $4 
7.77 

- - .- - - -. 

- 

le00 

Feet 
1.29 
1.30 
1. a4 
1.47 
1.48 
I. 51 
1.51 
1.63 
1.47 
1.48 
1.38 

15.7% 
1.43 
1.41 

S u n .  ..__.__. 46.67 
Mean ..-.- . . I  7.78 

Corrected for longitude of mol 

1901 ~- 
Fed 
1.36 
1.20 
1.33 ___-__ ___--- _ _ _ _ _ _  _ _ _ _ _ _  _____- _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  -- 
3.88 
1.30 
1.27 

- 
1899 
__ 
Ilourr 

7. 80 
8. 23 
7.82 
7.74 
7.61 
7.62 
7.80 
7.73 
7.80 
7. 93 
7.85 
7.84 

93. 77 
7.81 

's nod 

- -  

J.ow-water 
interval 

ia9a 
___ 
IIoura 
. . . . - -.  
-. . -. -. 
-..__. 
-. . -. -. 
. . . - -. . 
. - - - -. . 

1.74 
1.94 
1.78 
2. 02 
2.00 
2. 30 

11.78 
1.96 

___ 

- 
1899 
- 
IIours 

2. 37 
2.08 
2.67 
2. 38 
2.27 
1.96 
1.78 
1.79 
1. w, 
1.91 
2.07 
2. 10 

20. 14 
__ 

2. i n  

- -. - __ ___ - 

Mean range Duration of 
rise 

__ 
1898 
_I 

IIours 
-..___. 
_...__ 
. - - - - - .  

-. . . -. 
- -. . -. 

0. 12 
5. 82 
6.05 
5.59 
5.84 
5.47 

5.82 

__ 
34. 89 

lloura Feet Feet 
5.43 ...-- _ _ _  2.92 
5.25 __..____ 2.35 
5.15 ._____.. 2.57 
5.38 .____ __. 3.01 
5.34 ._.._ ~ - .  3.03 
5.M __.__ _ _ _  3.21 
6.02 3.12 3.17 
5. !M 3.03 3. 10 

6.02 2. 78 3.04 

5. 74 2.79 2. 74 

5.114 3.02 2.87 

5.78 2.79 2. u7 
-__- 

-- 

TABLE 35.-€Iigh water, low water, and river level, Seventh Street Wharf, 
Washington, D .  C .  

1 Mean river level on staff ! Low water below river level 1 High water above river level 

1869 

Reet 
4. 77 
6.08 
5. 45 
5. 29 
5.49 
5.20 
5. 14 
5. e1 
5.51 
5.30 
5.36 
4.80 

Feet I Feet I Feet I 

5.06 _--___-------  
5.39 I: _ _ _ _ _ _  I _____._ I 

---- 
14.92 13.60 8.05 
4.W 1 4.63 1.51 1 

I node .... _ _ _ _  1.52 

Feet Feet 
1.48 1.36 
1.23 ],as 
1.33 1.42 
1.52 1.62 
1.57 1.64 
1.86 1.55 
1.84 1. 62 
1.59 1.05 
1.43 1.57 
1.65 1.55 
1.47 1.47 
1.40 _ _ _ _ _ _  

Fed 
1.44 
1. 12 
1.24 
1.49 
1.40 
1.56 
1. 53 
1.51 
1.44 
1.49 
1.40 
1.28 

18.96 
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, 1s 5.10 feet. As 
at the navy yard, it  is noted that during the winter months river level 
on staff is general1 below the average value. 

The value of hig yh 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. Tho 
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 hi hest tides for the two years is 2.82 feet 

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. 

above mean river level and t fl e mean of the monthly lowest tides for 

TABLE 36.-Highest and lowest observed tides, Seventh Street Wharj, Washington, D. C .  

Highest Lowest 
- Month 

1888-99 1 1899-1800 

Ilatc 
80 
29 

IS, 20 
21 

5 
9 
3 

13,14,1(1 
12 
10 
17 
10 

Feet a 
3. 2 
3.8 
3.3 
2. E 
3. 1 
2.7 
2.2 
2.3 
2.2 
2.7 
2. 3 

' 3.0 

1 Above mean river level. 
Mean of monthly highext = 2.62 feet ahove mean river level. Mean of monthly lowest = 2.64 feet below 

mean river level. Highest tide observed = 4.4 feet ahove mean river level. Lowest tide observed - a.8 
feet below mean river level. 

2 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 

and smallest in July. The low-water interval is greatest in Marc '3: values, it is noted that the high-water interval is largest in Februa 

and smallest in October. 
The seasonal variation in the high-water intervals appears to be 

opposite in direction to that indicated by observations a t  the navy 
yard. The variations in the low-water intervals at  
the two places, however are more consistent. 

(See Table 23.) 



TIDES AND CURRENTS IN CHESAPEAKE BAY 35 

A careful study of the intervals for each of the four stations in 
Washington, for which a ear or more of observations has been taken, 

hour reater in winter than in summer, and the low-water intervals 
are a % out 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. I t  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. 

reveals that usually the i igh-water intervals are a few tenths of an 

TABLE 37.-Tidal data, Eaaby Point, Washington, D. C. 

Mean 
high 
water 
IU staff 

Feet 
7. 14 
7.40 
7.28 
7.18 
7.2a 
1.23 
8.85 
8.16 
8.48 

6. 12 
8. 02 
8.87 

81.71 
8.81 

1---1--- 

Moan 
low 

water 
on staff 

Fed 

-- 
4.65 
4.53 
4.22 
3.94 
3.94 
4.08 
3.67 
3.31 
3.72 

3.46 
3.86 
4.69 

47.76 
3.Y8 

-- 

A p  _.__._____..._ I . U %  r5.W 
ay _ _ _ _ _ _ _ _ _ _ _ _  _ _  7.78 2.66 

June ______._--__ - 1  T . 7 0 1  2.72 
2.43 
-. 32 
-12 

_ .  

late 

1 
4 
a0 
3 
4 
30 
18 
28 
21 

4 
10 
20 

_ _ _ _ _  _ _ _ _ _  
___.. 

. ._ 
OCLOOer __.__------ I .OU A.01 
November __.______ 7 86 2.17 
December _ _ _ _ _ _ _ _  4 8:09 I 2.40 

Height 

Feet 
1.6 
3. 2 
3.4 
3. 1 
3. 1 
3.8 
2.4 
1.3 
2.4 

1. 2 
2.0 
2. 1 

29.0 
2.42 

___ 

_- 
-.._.-- 

1902 
January _ _ _ _ _ _ _ _ _  _ -  8.09 2.78 
February __._-____- 8.48 2.91 
March _ _ _ _ _ _ - - - - -  8.071 3.03 

Zed 
6.84 
5.98 
6.74 
6. MI 
6.68 
6. BB 
6.11 
4.73 
6.09 

I_I_ 

6um .._____ ~. 94 91 30.18 
Mean __..__ j 7:91 1 2.61 

Corrected for longitude of moon's n 

Fed 
22 9.8 

24,31 8.3 
17 8.8 
14 8.8 
7 8.3 

28 8.5 
12 7.9 
2 4 7 . 8  

29.31 8.4 

- __ 

Dura- 
tion 01 
rive 
- 
tZoura 

6. 30 
6. 11 
4.88 
5.26 
6.43 
6. 68 
6.79 
6. 6Q 
1.69 

6.33 
6.66 
6.04 

84.75 
5.40 

Fed 
2. KQ 
2.87 
3.04 
3.24 
3.29 
3.16 
3.08 
2.84 
2.74 

2.87 
2.17 
2.28 

33. w 
2.83 
2.77 

- 

- 

M~~~ I Highest tide 
tide 

nstaff Date LIeigh 
level j 1 
-I-l- 

1 Estimated. 

The mean range determined for tho year is 2.83 feet; corrected for 
the longitude of the moon's node, it becomes 2.77 feet. The monthly 
range is largest in August and smallest in February, a maximurn 
difference for the 12 months of 1.12 feet. The plane of mean high 
water on staff is determined as 6.81 feet and tho 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 Februar . Monthly low water reaches a 

ber. 
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. 

maximum of 4.59 feet in March an B a minimum of 3.31 feet in Novem- 

LIGHTHOUSE WHARF \ 

An 18-month series of continuous observations was made at the 
Lighthouse Wharf from December, 1924, to 1926. The monthly 
means for the time and height relations, with the date and 
height of extreme tides, are iven in The mtervals, as 
determined from the 18-mont a series, are, high-water interval, 7.77 
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Year and 
month 

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 .  e. 

Iligh- Low- 
water water 
inter- inter- 
val val 

1925 
January -... 
February. 
March ___.. 
A g i l - - . - - -  

ay _____._ 
June ._____. 
July .__._._ 
August L... 

Beptember. 
October .... 
November. 
December-. 

7.73 2.16 
7.85 2.73 
7.76 2.38 
7.71 2.12 
7.66 2.32 
7.73 2.02 
7.83 2.02 
7.77 1.93 
7.70 1.84 
7.89 2.01 
7.63 2. OQ 
7.91 2.32 

19-24 
January..-. 
February.. 
March..-.. 
p i 1  _ _ _ _ _ _  

ay _ _ _ _ _ _ _  
sum - - - 
Mean.- 

- - 
Dura. 
tion 
of 

rise 

7.77 2.37 
8.15 2.56 
7.60 2.27 
7.01 2.36 
7.69 2.25 

139.84 40.02 
7.77 2.22 

-__ 

rIoun 
5.52 

5. 67 
5. 12 

5.59 
5.34 
6. 71 
5.81 
5. 84 
5.92 
5. RB 
5. 54 
5. 59 

5.40 
5. 59 
5.33 
5.25 
5.44 

5.38 

__ 
QQ. n2 
5.55 

OOIl'S 

- - 
Mean 
high 
water 

on 
staff 

Fed 
5.35 

6. n9 
0.17 
6.64 
0. 19 
0.27 
0.30 
6.34 
6.41 
0.55 
5.99 
5.87 
5. 07 

5.44 
6.  W 
5. 49 

6. I1 
5.87 

- 
07.51 
5.97 

- - 
Mean 
low 

water 
on 

staff 

Feet 
2.49 

3.13 
3.42 
2.81 
3.20 
3.32 
3. 18 
3. 19 
3.20 
3.41 
3.04 
3. 11 
2.81 

2.70 
3.29 
2. 75 
3.00 
3.07 

55.12 
3.00 

- 

- 

- - 

Kkan 
range 

- 
Feet 
2.86 

2. 70 
2. 75 
2.83 
2.99 
2.95 
3. 12 
3. 15 
3.21 
3. 14 
2.95 
2. 76 
2.80 

2.74 
2.67 
2. 74 
2.87 
3.04 

52.39 
2.91 
2.88 

I_ __ 

Mean 
river 
level 
on 

staff 

Feet 
3.93 

__ 

4. 63 
4.80 
4.24 
4. 70 
4.80 
4. 75 
4.79 
4.84 
5.00 
4. 54 
4. 60 
4.25 

4.00 
4.63 
4.13 
4.45 
4.61 

81. '58 
4.63 
_.___ 

- - 
Mean 
tide 
lev61 
on 

staff 
- 
Feet 
3.92 

4. 51 
4. 80 
4. 22 
4.70 
4.80 
4. 74 
4.76 
4.80 

4. 52 
4.49 
4.24 

4.07 
4. 62 
4.12 
4.43 
4. 59 

4. On 

Hlghest tide 
-- 

Date 

9,13,24 

13 
11 
8 

22, 2.3 
1 
24 
5 

21, 

1 
13 
2 

21 
25 

12,15 
13 

10.14.59 

7920 

- 
Leigh 
on 

staff 

Feet 
6. 5 

6.8 
7.6 
6.8 
7.0 
7.0 
7.3 
7.1 
7.3 
7.3 
7.4 
7. 7 
7.2 

6. 5 
7.9 
6.5 
6.9 

n. 6 
7.09 

- 

6. n - 

..___ 

- 

Lowest tide 

Date 
_- 

1 

23 
2.3 

3.15 
1,9,11 

in 

8.9 
6 

2.&5 
1,30 
10 
18 
28 

28 
7 
6 

20 
4 __ 

- 
Ieight 

staff 
On 

Feet 
0.4 

1. 6 
1.7 
1.4 
2.4 
2 2  
2.4 
2.5 
2.6 
2. 5 ' 1.0 

11.6 
11.0 

1.3 
2.2 
1. 1 
1.0 
1. n - 
31. 1 
1.73 

._____ 

* Estlmated 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 

the winter months the range apparently moon's node. 
averages 0.4 foot less t an in the summer. 

Mean river level and mean tide level differ by 0.01 foot for this 
period of observation, mcan 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 aa 
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- 
seraations is, therefore, 5.36 feet and the greatest range is 7.5 feet. 

Durin% 

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 win of 
the Capitol, which is taken as the standard bench mark. $he 
elevation of this bench mark was determined by precise levels run 
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Mean soa-level, datum . . . . . . . . . . . . . . . . . . . .  
Mean river level. - - _ _ _  _________._._ ~ __.___ 
Mean high water.. . . - -. . . - - - - - - - - - - - - - - ~ ~ 

Mean low water ...._.___........___....__. 

between this mark and bench marks a t  Annapolis, Fredericksburg, 
and Richmond, and these values adjusted, taking into consideration 
the slope of the river. A detailed account of the ad'ustment of the 
Capitol bench mark is given on page 256, Coast and Beodetic Survey 
Report for 1896. 

In  1923 this Capitol bench mark WRS 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 Bert-level datum on staff was determined b levels 
run to each station and the vnlues given show tho heights a t ove or 
below this plane. 

The values givcn for the four Washington stations, navy yard, 
Seventh Street Wharf, Easby Point, and Lighthouse Wharf, were 
obtained direct from observations. The values in tho fifth column, 
accepted values for Washington, are given in previoiis 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 a t  the navy 
ard and Seventh Street Wharf for the mean high water and mean river 

LveI check closely with the accepted values for Washington. The 
accepted value for mean low water is higher than those determined 
a t  the above stations. 

Feet 
0.00 
0. !ai 
1.70 

-1.25 

TABLE 39.-Tidal dalum planes, washington, D. C. 
- - _  _ _ _  -- - - __ 

I 

Feet 
0.00 
O.fiO 
1.95 

-0.82 
.___ ~ _.__ 

- ..._ 

Navy 
yard, 7 
genrs, 
1892-98 

Fed Feet Fed 
0.00 0.00 00. RR 
0.1R 0.B 00.10 
1. <% 1. 74 8R. 96 

-1.28 -1.18 9 1 . a  _ _ _ _ _ _ _ _ _ _  -1.20 91.Qb 

- ... . 

Seventh 
Street 
Wharf, 

2% yonrs 
inu~-iooi 

Fed 
aoo 
0. !ai 
1.67 

-1.22 
- - - - -. - - 

I- 1-1- 

THE TIDE AT OLD POINT COMFORT, VA. 

THE INTERVALS AND RANGE 

Tide observations were begun a t  Old Point Comfort on July 1, 
1844, and continued, with some interm tions, until 1878. 

The vdues for the range and interva f s 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 ran e,  and length and date of 
series for all observations at  the station. fi is noted that the intervals 
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, Hour8 
6.41 
6.43 

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 is 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 eriod the value for duration of rise is 6.44 
hours and duration of fa 1p 1 is 5.98 hours. 

TABLE 4Q.-Tidal data, Old Point Comfort, Vu. 
_ _  

High-water Low-water Duration Mean I intarval 1 interval I 0frt.w 1 1 Date 1 Lengthofserim I 
Hours 

8.33 
8. 73 
8. 62 
8. 47 
8.W 
8. 71 
8.80 
8.82 

€Iowa 
1.92 
2. 30 
2. 18 
208 
2 14 
240 
2. 20 
2.35 

High- Low- 
year water water 

inter- inter- 
V a l  Val 

IIoura Hours 
-- 

1853 _____________. 8.8 14.7 
1864 .---._-___.___ 8.7 14.6 
1855 - - - - - - ~ -  ~ .____ 8.7 14.6 
ISMI _ _ - - _ - _ _ _ _ _ _ _ _  8.7 14.8 
1867 ________...___ 8.7 14.7 
1858 ____.....___._ 8.8 14.7 
1859 __________.___ 8.8 14.8 
1860 ______.__ ~ _ _ _ _  8.9 14.8 
1861 _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.8 14.7 
1862 _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.7 14.7 

6. 44 
6.39 

High- LOW- High- Low- 
Year water water Year water water 

inter- inter- inter- inter- 
val val val val 

IIrmra tloura Ilorcra Iloura 
-- ___-.__-___ 

1863 __._.....__.__ 8.8 14.8 1873 __......_..... 8.6 14.6 
1884 ________-___.. 8.7 14.8 1874 ________.__... 8.5 14.6 
1865 ____. ~ ______-. 8.8 14.8 1875 __________..__ 8.5 14.6 
1866 _________.._.. 8.7 14.6 1876 __..._._._.___ 8.6 14.7 
1867 __________._.. 8.8 14.8 1877 ____________._ 8.6 14.7 
1868 ________._._.. 9.0 14.9 1878. _______...___ 8.9 14.8 
1869 _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.9 14.0 -~ 
1870 ____________._ 8.8 14.7 Bum (%years) 227.2 3R2.7 
1871. _ _ _ _ _ _ _ _ _ _ _ _ _  8.7 14.7 Mean _ _ _ _ _ _ _ _ _ _  8.74 14.72 
1872 _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.7 14.7 

1844-1862 
1863-1877 

1888 
1891 
I905 
1909 

1918-1919 
192s 

8 years. 
25 V W S .  
80 hays.. 
1 month. 
4 days. 
3 days. 
6% months. 
20 days. 

2.69 
2.52 
2. 57 
2. 57 
2. 67 
2. R3 

1873 ... _ _ _ _  ..- ._____._. -. 
1874-.. _ _ _ _  _ _  ~ _ _ _ _ _ _ _  _ _ _ _  
1876. _ _ _  _ _ _ _ _  ~ - _._ ~ - _ _ _ _ _  

2.80 
2.49 
2.52 

Mean, 30 years, 2.67. 
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. .. 

Year Feet 
___-___ 

1846 ...................... 2.82 
1847 ...................... 2.67 
1848 ...................... 280 
1849.. .................... 2.60 
1850 ...................... 2.69 
1851 ...................... 2.52 
1852 ..................... 2.54 
1853 .................. 2.57 
1854 ..................... 2.49 
1x55.- ................... 2.53 

Sum ................ 20.03 
Mean .............. 2.003 

___ 

Mean for 30 yem=2.57 feet; for first 19 years=2.57 feet; for last 10 years~2 .55  feet. 

Table 42 ives the annual range of tide for the 30-year period 
1846-1875, &&led into 10-year groups. Table 43 gives the same 
values corrected for the longitudo of the moon's node. The iincor- 
rected values have a maximum variation of 0.46 foot between any 
two years in the 30-year series. Tho maximum variation between the 
means of the 10-year groups is 0.12 foot. In  t,he 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- ear series is 2.57 feet, for the 
first 19 years it is 2.57 feet, and for the 9 ast 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 art of the bay 
from the entrance, between Cape Charles and Cape If;,,,,, to Point 
Lookout, a t  the mouth of the Potomac River. 

Table 44 ives results derived for the 44 stations in the lower bay 
a t  which ti dp e observations have been made. The locations of these 
stations are shown in Figure 9, the number of each station bein the 
same in the figure as in the table. Ham ton Roads and the ar e 

d e  
K 

rivers on the western side of the ba wil P be discussed later. 
values for each station have been re B uced to approximate means by 
comparison with a standard station. 

.~ -________ .-______-.___-__ - 

Year Feet Year Feet 
-___- 

1850 ..................... 2.60 lBB0 ..................... 2.81 
1457 ..................... 2.52 1867. .................... 2.45 
1858 ..................... 2.56 1868 ..................... 2.51 
1859 ..................... 2.52 1869 ..................... 2.52 
1860 ...................... 2.53 1870 ..................... 2.134 
1861 ..................... 2.54 1871 .................... 2.63 
1R62 .................... 2.52 1872 ..................... 2.85 
1 % L  ............... 2.52 1R73 .................... 2.65 
1x64 .................... 2.51 1x74 ..................... 2.55 
1885 .................... 2.54 1 x 7 ~  .................. 2.59 

Bum .............. 25.26 Sum. ............. 25.70 
Mean ............. 2.526 Mean ............. 2.570 
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Do. ________________.____ ~ ._________ ~ _ _ _  
Old Point Comfort. __________________._____ 
rhimble Shoal Light _____________.___. ~ ~ - ~ -  

Do _________________.___________________ 
DO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _______._____________ 
DO.-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  

Vorthend Point. Back River _______._______ 

- - 

sta 
ti01 

- 
I 
2 

3 

4 
5 

6 
7 

8 

9 
IO 
11 

12 
13 

14 
15 
16 
17 

18 
19 

m 
21 

n 
23 

24 

25 

28 

27 
28 
29 
30 

31 
32 
33 
a4 
36 
36 
37 

38 
39 

8.81 
8.71 
8.11 
8.3: 
7.91 
8.41 
7.94 

TABLE 44.-TidaZ data, Lower Chesapeake Bay 

Lunitidal in- I tervals 
Locslity 

Higl 
wate: 

10. aa 
11.34 
11.74 
11.58 
11.66 
11.14 
0. 60 
0.83 
0. E3 
0. 76 

- 
LOW 
wate1 - 
Houri 

1.3( 
2. E4 
2. I% 
2. M 
2. P 
1. P 
1.4; 
2.21 
2.41 
2.91 
2 . x  
1.89 
1. 7E 
1. n 
2.06 
a 01 
1.01 
1.3 
2. a 
1.48 
2. 74 
1. wl 
2.38 
2.93 
2.62 
3. @a 
4. M 
4.88 
4.64 
4.38 
4.66 
4.79 
4.63 
5. 74 
6. OB 
6.31 
6.80 
5.89 
0.93 
7.00 
6.92 
6.91 

6.73 
6.48 
6.42 
6.47 
6.62 
6.58 
5.71 
5.57 
6.24 
6.49 
6.37 
5.88 
6.29 
7.22 
7.69 
6.43 
5.70 
6. 10 
6.03 
5.05 
5.47 
3.90 
4.47 
4.89 
3.22 
5.97 
3. 12 
4.00 

IIOUT 
0.6' 
5.4, 
5.6' 
6.0 
5. 71 
6.21 
5.9 
ti. II 
6. II 
6.9 
6.4 
6.24 
6.5! 
6. I' 
6.3! 
5.9: 
6. I' 
6.41 
6. OI 
e. 4: 
6. .5 
6. It 
6. I< 
6. M 
6. a 
0.21 
6,s 
5.81 
5.34 
5.8; 
6. gl; 
6.83 
6.05 
6. B(i 
5. @ 
5. !& 
5.86 
6.2: 
6.06 
6.26 
6.08 
6.28 

6.93 
5.92 
6.44 
6.28 
5.97 
6.88 
6.82 
6. 37 

5.45 
6.99 
6.05 
5.47 
5.16 
5. 20 
6. 73 
5.67 
5.76 
5.82 
5.75 
5.23 
6. OB 
5.76 

5.63 
5.24 
5.86 
5.13 

5. a9 

6 2 0  

Feet 
2.8: 
2.01 
2.1: 
2. 1: 
2.11 
2. 5s 
3. of 
2. M 
2.6! 
2.7; 
2.5! 
2.42 
2.9: 
2 . 4  
2.64 
2. 51 
2.73 
2. J1 
2. 5E 
2. Bc 
2. OB 
2.24 
2.46 
2.27 
t. 84 
1.01 
1.38 

1. 12 
1.11 
0.92 
1.17 
1.05 
1.10 
1. 15 
1.08 
1.00 
1.38 
1.22 
1.40 
1.21 

1. m 
I. io 

1.97 
2.08 
1.74 
2.30 
1.86 
1. e3 
2.00 
1.95 
1.31 
1.39 
1.82 
2.27 
2.37 
2.64 
2.17 
1.84 
1.69 
2. 46 

1.85 
1.57 
1.69 
1.70 
1.18 
1.46 
1.19 
1.85 
1.83 

1.90 

Observations 

18.54 
1905 
1915 
1910 
1919 
1891 
1918 
19lfJ 
1916 
1918 

1853-1878 
1908-7 
1909 
1911 
1918 
1808 
1006 
1918 
lB00 
leoe 
1901 

lW6-7 
1918 

1908-7 
1918 
1928 
lB00 
1861 

1806-69 
1898 

1911 
1928 
1859 
1898 

1808 
1909 
1849 

1804-5 
1- 
1828 

imi 

imi 

1802 
1902 
1906 
1907 
1868 

1901-2 
lW 
1906 
1910 
1911 
1896 
1906 
1907 
1W9 
1809 
1868 
1809 
1889 
1914 
1868 
1914 
1853 
1888 
1914 
1914 
Ills8 
1853 
1868 

- 
Length 

Dag8 
9 

I8 
21 
29 
3 

24 
2 
2 

14 
1 

70 
3 
1 

31 
17 
1 
7 
3 
4 
7 
6 

26 
1 

33 
2 

10 
19 

1M) 

10 n 
0 

24 
20 
3 

11 
3 

140 
16 
7 

14 

9,490 

m 

4 
9 
2 
34 
27 
27 
7 
5 

47 
64 

5 
30 
32 
8 

71 
44 
34 
52 
82 

166 
8 
3 
6 
8 

28 
20 
15 

m 

I Lunitidal intervals from series 1853-1878; range from series 1867-1876. 



- - 

sta- 
tion 

- 

40 
41 

42 

43 

44 

Year 
~- 

1874 

lsas 
1899 

1913-14 
1918 
imt 

1808-10 
1914 
1918 
1852 
1863 
1889 
1888 
1806 
1807 
1911 
1912 
1913 
1914 
I918 
1919 
1921 
1922 
1925 
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TABLE 44.-Tidal data, Lower Chesapeake Bay-Continued 

Length 

&"8 

30 
5 

240 
106 

8 
240 
R 
4 

12 n 
39 
49 
3 
80 
20 

7 
28 

7 
62 
39 
36 
80 
90 

Lunitidal in- 
tervals 

Locality 

water 

Hours 
8.82 

8. 11 
8. 11 
8.72 
8.23 
9.37 
8.42 
8.39 
9.02 
7.70 
7. 75 
8. 17 
7.94 
8.21 
7.94 
7.98 
7.72 

.8. 16 
7.90 
7.98 
7.87 

7.75 
7.98 

7. m 

- 
Low 
water 

lloura 
2.80 

2.40 
2. 10 

2.65 
2.93 
2. 63 
2.45 
2.31 
1.79 
1.92 
2.23 
2.34 
2. n 
1.94 
1.98 
1.06 
1.97 
1.88 
1.74 
1.77 
2.32 
1.72 
1. w 

2. a? 

- - 

Dura- 
ion of 
rise 

Wows 
6.92 

5.05 
6.96 
G. 89 
6. Os 
6.44 
6.89 
5.94 
0.71 
6.97 
6.83 
6.94 
6.00 
6.99 
0. 00 
0.00 
0. 08 
6.19 
6.98 
6.24 
6.10 
5. $7 
6.03 
6.88 

- - 

Mmn 
range 

Feet 
2.24 

2.62 
1.76 
2.30 
2.10 
2.68 
2.46 
2.13 
2.30 
3.03 
3.02 
3.12 
2.80 
3. 11 
2.99 
3.03 
2.91 

3.08 
9.20 
3.21 
2.89 
3.11 

3.39 

2. 80 

An examination of the table reveals that considerable differences 
exist between the observational 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 nvmber 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 ap roxi- 
mately uniform increase from the vicinity of the entrance to Boint 
Lookout, the total increase for this distance of 70 miles being about 
five hours, or 0.07 hour er mile. In the same distance the range 

about 0.02 foot per mile. The duration of rise shows no progressive 
change in this section of the bay. A disciission of the range and 
intervals in the entire bay is given on page 48. 

decreases from nearly 3 P eet to about 1% feet, an average decrease of 

THE TIDE IN THE MIDDLE BAY 

The middle bay, for the urpose of this discussion, includes the bay 

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. 

and tributaries from Point E ookout to Thomas Point, a distance of 53 

86320°-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 Fi re 10. In this part of the bay proper 

progressive changes that were noted in the lower ba , the intervals 

Thomas Point. 
In  the tributaries the time of tide generally becomes later and the 

ran e of tide greater from the mouth to the head of the waterway. 
&e 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 a t  stations along the bay in. the same latitude. The 
high-water intervals for stations Point No Polnt and Wenona are both 
about 0.9 hour. The high-water interval 111 the upper sound in- 
creases to about 1.2 hours a t  Sharkfin Shoal. 

the values for the intervals an r range show a continuation of the same 

showing a further increase of approximate1 three an B one-half hours 
and the range a decrease of about one-half fy  oot from Point Lookout to 

TABLE 45.-Tidal data, Middle Chesapeake Bay 

Mean 
range 

- - 

st* 
tlon 

- 

1 

a 
a 

4 
6 
6 
7 
8 
9 
10 
11 

12 

14 
ia 

16 

16 
17 
18 

19 
P 

Year 
~- 

Lunitidal in- 
tervals 

h l i t y  
High I- water 

Wentern Shore 

0. 60 
0.83 
0.58 
0.76 
0.84 
1.46 
1.52 
2.21 
1. 29 

FA8tm Shore 
Bloody Polnt Bar Llghthouse _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Do ______. _ _ _ _ _ _ _ _ _  - - - _ _ _ _ _ _ _ _  _ _ _  _ _  - - _ _ _ -  
Do _ _ _ _ _  ____-.- I Do -_____ _ _ _ _ _ _  _ _ _  - -. _ _ _ _ _ _ _ _  _ _ _ _ _ _ -  - - - -  

Hilgard Point, Kent Island _.___ _ _ _ _  _ _  _ _  - --- 
Greenwood Creek ..___________ _____._____- 

1.69 
1.77 
1.62 
2.03 
1.86 
2. 15 
2 81 
3.80 
5.02 

3.70 
2 82 
3.71 
4.21 
4.61 

a. 42 

3.80 
3.20 
4.01 
3.49 
3.58 
3. 52 
3.00 
3.87 

3.63 
3.66 

a. 62 

- 
Low 
water 

rloura 
6.93 
7.00 
0.92 
0.91 
7.49 

8. 60 
8.04 
7.82 
8. 12 
8.49 
7.87 
8.93 
8. 00 
9.09 
9.83 
9.96 
12.10 
9. 60 
9. 72 
9.02 
10.26 
10.49 
10.61 

a 52 

10.42 
9.95 
11.17 
10. a8 
10.06 
10.09 
10.48 
10.57 
10.99 
10.23 
10.84 

- - 

Dura- 
tion of 

rise 

Hour8 
6. 06 
0. I 
6.08 
0. 26 
6.77 
6.36 
6.44 
0.05 
6.89 
5.89 
6.70 
0.07 
5. 62 
6.07 
5.48 
6.40 
0.00 
6.34 
0.34 
6.46 
6.62 
6.87 
6.20 
6.42 

6.80 
6.67 
6. 28 
6.63 
6.34 
5.25 
5.66 
6.72 
4.96 
6. 72 
6.74 

I Observations 

Fee.! 

1.22 . 1.40 
1.21 
1. 11 
1.33 
1.38 
1.30 

1. 69 
1.43 
1.08 
1.60 
1.04 
1.09 
1.95 
2. 54 
2.92 
1.22 
1.31 
0.85 
0.81 
0.96 
0.79 

1. as 

1. m 

1. OB 
0.80 
1.08 
1.00 
1.47 
1. 10 
1. 14 
1.75 
0.83 
1.41 
1.07 

1849 
190-6 
1808 
1028 

1W)gg 
1847 
1848 
1848 
1898 
1808 
1910 

1908 
18b7 
1808 
1859 
1869 
1907 
1846 
1927 
1903 
1w)3 
1903 
1Q27 

1807 

1880 
1903 
1808 
lgog 
1846 
1847 
1899 
1008 
lR99 
1870 
1 0  

- 
Length 
__. 

7% 
10 
7 
14 
29 'a 
33 
19 
28 
a3 
3 

28 
6 
3 
10 
2 
1 

1 
2 

2 

H az 

a 
a 

2 
3 
19 
!a 
0 
46 
M 
12 
6 

24 
7 





- - 

St8. 
tion 

- 

21 
26 
23 

24 

26 
28 

27 
28 
29 

30 

31 

32 
33 

34 
36 

38 

87 
a8 

39 

40 
41 
42 

43 

44 
46 

40 

47 
48 

48 

w - 
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TABLE 46.-Tidal data, Middle Chesapeuke Bay-Continued 

43 

Locality 

I- 
Eautcrn Shore-Continued 

Miles River Bridge __.______________________ 
Po lar Island _ _ _ _ _ _ _ _  - _ _ _  __.__.________ _ _ _ _  

ghmana Island Wharf ____________. ~ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Sharps Island Light _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ti? 

u o  -----..-.-------------------.....---- 
Sharps Island __________________._......---- 
Choptank River Light _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  

IIours 
4.36 
3.69 
2.96 
2.63 
2.66 
2.91 
3.37 
3.31 
3. 11 
3.01 
4.01 
3. a5 
3. 67 
3.28 
3.78 
6.03 
6.81 
7.04 
7.41 
2.93 
3.03 
3.28 
3.01 
0.93 
0.81 
0.63 
1.17 
1.88 
1. bo 
0.84 

1.27 

2. OB 
3.24 
0. e4 
1.08 
1.37 
2. 14 
0.95 
0.89 
0. 73 
0.41 
0.50 
0.47 
0.90 
0.34 
0.09 
12.32 
0.63 
0.49 
0.43 
0.38 
0.26 
0. 21 
1.43 

1. ai 

3. m 

- 
LOW 
water 
- 
WOWS 
11.86 
10.71 
9.47 
10.01 
9.42 
9.61 
10.23 
9.30 
9.26 
9.33 
10.82 
10.86 
10.64 
9.83 
10.41 
0.46 
0.40 
1.42 

9.63 
9.67 
9. a4 
9.86 
7. 89 
7.73 
7.49 
7.67 
7.61 
7.78 
7.79 
7. e4 
8.41 
10. 25 
9. 11 
9.19 
7.49 
8. 12 
8. 30 
8.32 
8.61 
7.62 
7.28 
7.39 
7. €4 
7.28 
7.69 
6.96 
7. 17 

0. m 

6. m 
6. 90 
6.89 
7.83 
7.74 
6. 11 
7.00 
7.87 

- - 
Dura- 
;ion of 
rise 

- 
Hwra 
6.23 
6.40 
6.90 
4.94 
6.66 
6.82 
6.66 
6.43 
6.28 
6. 10 
6.61 
5.41 
6.36 
6.87 
6. 79 
6.67 
6.41 
6.62 
6.61 
6.82 
6.78 
6.46 
6.68 
6.46 
6. W 
6.66 
6.82 
6.79 
6.14 
6.47 
6. OB 
6.28 
6.36 
6.37 
6.47 
6.67 
6.38 
6.49 
6. 24 
4.76 
6.79 
6.87 
6.44 
6.42 
6.63 
5.73 
6. SO 
6.34 
6.42 
6. 06 
6.02 
6.22 
6. OB 
7. 66 
6.89 
6.98 

Mean 
range 

- 
Feet 
1.18 
1.00 
1.46 
1.31 
1.34 
1. 17 
1.33 
1.70 
1.62 
1. 66 
1.33 
1. a3 
1.72 
1.87 
1.46 
2.04 
1.39 
2 30 
1.82 
1.28 
1.31 
1. 23 
1. 63 
1.67 
1.41 
1.66 an 
a. 28 
2.47 
2.28 
2 42 
2 19 
1.96 
2.94 
3. OB 
2.82 
2.26 
2.42 
1.33 
2.69 
2. 17 
1.97 
2.71 
2 43 
2. 13 
1.40 
1.87 
1.62 
1.88 
1.90 
1.47 
1.49 
2.13 
1.46 
1.61 
1.74 

Observations 

Y W  

1927 
1846 
1902 
1809 
1898 
1902 
1848 
1902 
1910 
1902 
1927 
1848 
1871 
1902 
1927 
1870 
1927 
i m  .. . 
1927 
1903 
1808 
1910 
1871 
1901-2 
1910 

1902 
1902 

1858 

igia 

ima 
1902 ...- 
1868 
1928 
1868 
1868 
1902 
1907 
1lUE _.~_ 
1938 

1902 
1902 
1902 
1802 
1902 

1802 

1911 

1902 

imi 
im7 
igia ..._ 
1898 

IWM 

1806 
1848 

imi 
ima 

- 
Length 

- 
Dall8 

2 
12 
2a 
12 
40 
36 
w 
60 
26 
26 

76 n 
6 
3 
21 
1 
2 
1 
7 
14 
2 
9 
19 
36 n 
a0 
4 

2 
3 
1 
2 
2 

11 
2 
1 
2 

10 
3 
3 
4 
6 
17 
11 
16 
36 
27 
8 

3 
9 
14 

a 

a 
a 

a 

m 

a 

In Choptank River the high-water interval increases from about 
2.7 hours at Sharps Island Light on the ba to about 7.2 hours at 
Denton and to about 4 hours at Easton. &e 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. 

the high-water interval increases from about 3.5 

time of hi h water is about the same at Greenwood Creek as at Bloody 
Point. $he range of tide increases from about 1 foot at Bloody 
Point to about 1.2 feet at Miles River Bridge. 

In Eastern Ba 
hours at Bloody 3 oint to about 4.4 hours at Miles River Bridge. The 
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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. 

and 
tributary rivers from Thomas Point to the head of the bay, inc P uding 
the Chesapeake & Delaware Canal. Baltimore Harbor is discussed 
separately. Within this area are the cities of Baltimore and Annapo- 
lis, the towns of Havre de Grace, Elktan, Chesapeake City, and many 
smaller towns. 

TABLE 46.-Tidal data, U p p e r  Cheeapeake Bay 

THE TIDE IN THE UPPER BAY 

Upper Chesapeake Bay, as considered here, includes the ba 

- - 

Bts. 
tion 

- 

1 

2 

3 
4 

5 
0 
7 
? 

9 

IO 

11 
12 

la 

14 
15 
16 
17 
18 
19 m 

21 
23 
4 
!a 

28 

28 n 
28 
28 
30 

Locslity 

Xandy Point _ _ _ _  ~ ___. . -. . -. . . . . _ _  . . . . . . . . . .' 
Magothy River, near Rosa ( ' o w  .. _..___._ 
Magothy River, Deep Creek ... __._. . . . . . . . 

Western Shore I Hour8 
4.80 
4.75 
4.07 
4.84 
4.80 
4.83 
4.81 
5.04 
6. I8 
6.47 
5. 78 
5.99 
6. 04 
6. n 
6. 25 
0.70 
0.70 
0.32 
5.94 
6. 97 
7.27 
7. 23 
7.37 
8.33 
7. 55 
7.62 
7.80 
7. 75 
7. 93 
7.72 
8. 53 
8.91 
9.12 
9.30 
9.30 
9.5.5 
9.39 

C%esapcakc & Delaware Canal I 
9.57 
8. 82 
9.61 
9.09 
11.43 
11. 23 
11.54 
11.27 
11.14 

_I 

LOW 
water 

HOW8 
11.22 
10.65 
10.93 
11. 24 
11.18 
11.07 
11.33 
11.52 
0.07 
0.02 
0.02 
0. 76 
0.63 
0.72 
0. 69 
0.68 
0.82 
0.31 
12.00 
1.44 
1. 71 
1.49 
1.89 
2.82 
1.69 
1.00 

I .  41 
2. 50 
1. 98 
2. 67 
2.91 
2. 75 
3. 84 
4.30 
4.04 
4.08 
4.64 
6.50 
3.58 
3.01 
2. 8a 

1. 80 

3. 21 
2.59 
3.51 
3.40 
4.69 
6. 14 
0.02 
6. 83 
6.82 

_I __ 

Dura- 
tion of 

rise 

Hours 
0.00 
0.02 
0. 10 
0.02 
6.04 
6. 18 
5.80 
6.94 
6. 11 
5.46 
5. 76 
6. 24 
5. 41 
5.50 
8.66 
6.02 
5.88 
0.01 
0.30 
6.63 
5. Mi 
6. 74 
6.48 
6.51 
5.66 
6.92 
0.00 
0.34 
5.43 
5.74 
5.88 
6.00 
0.37 
6.46 
6. OB 
6.51 
6.30 
5.16 
6.02 
5. 50 
6.06 
6. Q4 

0.30 
0.33 
0.00 
6.23 
0.84 
0.09 
5.62 
5.34 
6.02 

- __ 

Mean 
range 

Feet 
0.88 
0.83 
0.88 
0.83 
0.88 
0.79 
0. a4 
0.86 
0.74 
0.99 
1.02 
1.01 
0. 89 
0.83 
0.97 
1. 02 
1.03 
1.00 

0.81 
1.21 
1. J,5 
1.52 
1.03 
1.11 
1. 24 
I. 15 
1. 06 
1.43 
1.36 
1.39 
1. 10 
1.75 
1. 92 
2. 12 
1.63 
2.09 
1.89 
2.06 
2 01 
2. 19 
243 

1. m 

2.74 
3.15 
2.30 
2.35 
3.30 
3.86 
5.12 
5.34 
8.48 

- 
Observations 

Yenr 

1898 
lR(L? ~._. 
1910 
1844 
19% 
1903 

1807 
1898 
1898 
1845 
1845 

184546 
18bl 
1867 
1897 

lsoB 
1846 
1 R07 

1888 

1840 
1870 
1927 
1846 
i~a8 .__. 
I801 
1927 
1846 
1899 
1927 
18% 

1918-1821 
1846 
1648 
1866 
1899 
1027 
157 
1648 
1846 
1888 

1898 
l8W 

1923-24 
1928 
1928 
1928 
1928 
1828 
le28 

~- 

Length 

Daw 
4 
1 

120 
120 

7 
4 
2 

6 
16 
180 

4 
60 a 
27 
2 
24 
4 
16 
7 
13 
13 
2 

80 
8 
7 
8 
16 
28 
2 
8 

84 
7 
7 
4 n 
11 
3 
7 
3 
14 

a 

6 
2 

120 
2 
43 
1 
77 

% 
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FIGITRE 11.-Tide stations, upper bay 85320°--30. (Face p. 45.) 
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TABLE 46.-Tidal data, Upper Chesapeake Bay-Continued 

Lunitidal in- 
tervals 

Locslit y 
High 
water 

Do ..________________.___ - _ _  - .. _ _ _ _ _  ~ _ _ _ _  
Wilson Point Wharf _ _ _ _  _ _  - _ _ _  _ _ _ _ _ _ _ _ _ _ _  ___ I  

Eastern Snore 

Town Point Wharf - - - -___ - - -___ - -  - - - - - - - -__ 
rrours 

a 62 
a w  
9.24 
8.84 
8. I8 
8.84 
8. 29 
8. 76 
8.81 
8. 58 
8.40 
8. 82 
8.67 
8.61 
8.83 
8. 05 
8. 63 
8.00 
8. 04 
8. 13 
8.00 
8. e3 
8.79 
8. 31 
8. 04 
8.45 
8.87 
8. 87 
7. Q3 
8.67 
7.48 
7. 64 
7. 13 
7.03 
7.27 
6.93 
h. 88 
6.31 
5.88 
5. 16 
6. 29 
6. I6 
6.67 
6.29 
6.72 
6. 40 
6.49 
6.53 
6.97 
7. 52 

- 
LOW 

water 

IIoura 
2. 87 
2.43 
3. 14 
3.36 
3. 27 
2. 51 
2.58 
2. 11 
2 71 
2. 78 
2. 29 
2. 75 
2. 46 
2. 88 
2. 76 
3. 52 

3.33 
2. 81 
3. 11 
3.00 
2.86 
2. 81 
3.08 
2.88 
2.82 
3. OQ 
4.03 
2.05 
3. 70 
1.62 
0.64 
1.22 
0.80 
1. OB 
0.24 
12.40 
0. 67 
12.23 
11.65 
0.73 
0.17 
0.45 
0. 24 
0.07 
0.64 
0. 23 
0. I6 
0.89 
1.45 

3. m 

- - 
Dura- 
tion o! 

rise 

EIOUra 
6. 76 
6. 63 
6. 10 
6.49 
6.81 
6.43 
5.73 
6.65 
6. 10 
6. 78 
7. 11 
6. 17 
6.21 
6.85 
6. 08 
5. 63 
5.33 
5.67 
6. 13 
6. 02 
8. OB 
5.67 
6.88 
6.23 
6.00 
5.63 
5. 78 

5.88 
4. 97 
5.87 
7.00 
5. 81 
6.23 
6.18 
6.69 
6.81 
5. e4 
6. OR 
6.82 
5.68 
5. 88 
6. 12 
6.05 
6.66 
6.80 
6. 28 
6.38 
6. OB 
6.07 

5. m 

Feet 
2.43 
2. 67 
2.28 
2.70 
2.02 
2. 18 
2 14 
1.48 
2.45 
1.77 
1.82 
1.90 
1.89 
1.68 
1.64 
2. 24 
2. 14 
1.94 
2. 01 
1. 76 
2.48 
2. 22 
1. QO 
2.63 
1.80 
1.80 
2. 46 
1. .&I 
1. 76 
1.14 
1.37 
1.45 
1. 22 
1.23 
1. 13 
1.01 
1. OB 
1.10 
0.88 
1. 18 
1.23 
1. a4 
1.18 
1.64 
1. 16 
1.6P 
1.48 
0.82 
1.88 
1.75 

Year 

18M 
1899 
le01 
16Q2 
1827 
1888 
1888 
1898 
1888 
1901 

1821 
1898 

1927 
1898 
1888 
1M7 
1888 
1827 
1888 
1888 
1888 
1888 
1899 
1870 
1888 
1827 
1888 
1846 
1898 
1803 
1887 
1m 
1827 
1847 
1898 
1897 
1W0 
1827 
1870 
1898 
I827 
1888 
lM6 
1870 
leoB 
1846 
1888 
1827 

1902 

1901 

&US 

3 
6 
3 
7 
3 
30 
4 
Q 
6 
2 
7 
16 
8 
3 
1 
3 
6 
6 
6 
3 
3 
6 
2 
4 
5 
2 
5 
4 
2 
10 
3 
8 
5 
8 

27 
45 
15 
15 
5 n 
70 
6 
37 
8 
6 
10 
15 
30 
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 Anna olis throu h the canal. 
As in the two sections of the bay alread &cussed, t 7l e intervals 
conhue  to increase toward the head of the i ay. The range however 
reaches a minimum value near the mouth of the Severn kiver and 
increases from this vicinity northward. 

I t  is noted from the table and from Figure 12 that the hi h-water 
interval increases from about 4.8 hours a t  Annapolis to a % out 7.1 
hours at  Tolchester Beach and to about 9.6 hours a t  Chesapeake 
City. The high-water interval continues to increase to a rn-urn 
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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  Reed Point Jetty. 

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 
Chesa eake City to the Delaware River, a distance of about 12 nauti- 

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  Chester town. 

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 Geor etown. 

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 Cit and Reedy Point Jetty. The simul- 

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 hi h 
water at  any placo will be represented by the highest oint in t f e 
slo e line passin that place, and the time and height o P low water 
wil be indicate$ by the lowest point on the slo e line. On the 
vertical line to the left the hourly hei hts of the ti e at Chesapeake 

heights of the tide a t  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 
Ba and dashed when the slope is in the opposite direction. 6 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 ran e,  through the canal. Consider the sta- 
tion at  Summit Bridge: !he highest slope line passing throu h 
this point is the 11-hour line, hence the high-water interval shou 5 d 
be approximately 11 hours. From Table 46 the observed value is 
11.4 hours. The lowest slope line going through this point is the 

From Annapolis to Pooles Islan J the range increases about 0.3 

. 

cal mies, P the range increases from about 2.4 feet to about 5.5 feet. 

At A i erdeen, station 18, the high-water interval is about 9.1 

taneous heights of the levo T of the water at  the two ends were plotted. 

x P 
City are plotted and on the vertica K line to the right the hourly 
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5-hour line, and hence the low-water interval should be approxi- 
mately 5 hours. The 
range or distance between the extreme slope lines on the scale is 
about 2.8 feet. 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-water interval, 
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 sorne- 
what modified by other conditions. . 

It is found to be 4.6 hours from the table. 

This is found to be 3.4 feet in the table. 

VARIATIONS IN RANGE AND TIME OF TIDE 

Figure 14 shows the ranges of tide for the two sides of Chesapeake 
The ranges of the tide in feet are plotted as ordinates and the Bay. 

J 

2 

FIGURE 14.-Variations in interval and rango, CJhesapeake Bay 

distances from a point 14 miles outside the entrance are plotted as 
abscisss. 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. 
I t  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 
approximate1 constant difference between the two sides of the bay. 

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 ahows 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 ran e decreases again and the difference in range on the 
sides of the bay 2 ecreases to 0.10 foot in the vicinity of Cove Point, 
where the bay is narrow. The range decreases to the vicinity of 

At Stingray 5 oint Light the difference is about 0.60 foot. In  this 
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Frou~r 16.-Tide stations, Hampton Itoads 
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Annapolis, and fromlhere 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 corres ondin ly small, a slight increase in 

of the Choptank River and Eastern Bay. From the vicinity of 
Thomas Point to the head of the ba the range of tide increases. 

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 Chesa eake Ba that on the flood the water would be 

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. 

Fi ures 12 and 14 show the variation in high-water lunitidal interval 
for 8 hesapeake Bay from the entrance to Chesapeake City and 
through the Chesa eake & Delaware Canal to Reedy Point, on the 
Delaware River. t is noted from the curves that the hi h-water 
interval increases from the entrance to the bay to Chesapea e 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 distanco of 171 miles, or an average increase of about 0.083 
hour per mile between the capes and the head of the bay. 

this difference occurring where t R g b  e bay roadens out at  the entrances 

The difference in the ranges on t K e eastern and western shores of 

deflected toward, an B on the e t b away from, the eastern shore. The 

gk 3; 

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 in 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 , b t o  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 bridge. 
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 i t  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 Ham ton Roads and Nansemond River, the time of 

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 Roade 

tide becomes later P rom Old Point Comfort toward Suffolk. In a 

- - 
Sta 
l o t  

- 
1 
2 a 

I 
6 
0 
7 
8 
9 

10 

11 
12 
13 

N 
16 

10 

17 
18 
19 

20 
21 
22 

- 

Lunitidal In- 
tervals 

Locslity 

9.06 
9.11 
8.07 
9.69 
9.m 
9.01 

9.43 

9.12 
9. 16 
8. Bo 
9.04 
9.66 
8. 31 

8. m 
in. 73 

LOW 
water 

IIozlra 

2. 52 
2. 61 
2.37 
2.80 
2.44 
2. rn 
3.19 
2.02 
2.88 
3.71 
2.92 

2.39 
3.23 
2.40 
2.43 
3.11 
3.71 
3.11 
2n4 
2.92 
2.88 
3.84 
3.85 
3.20 
2.64 
3.22 
4.28 
3.11 

2.38 

3.30 
2.91 

- 
2.3a 

3. ia 

-__ -_ -  
._____ 

a. 07 
a. 00 

- 

- - 
Durn- 
tion of 

rise 

I_ 

HWr8 
0.44 
0.38 
0.20 
0. M) 
0.34 
0.39 
6. 10 
6.91 
6.83 
0.46 
0.10 
a. ni 
6.15 

_ _ _ _ _ -  
- _ _ _ _ -  
0.17 
0.16 
0.31 
0.41 
0.37 
0.02 
6.80 
0.21 
0.19 
0.08 
5.76 
6.88 
6.82 
6.32 
6.21 
0.45 
6.01 
0.08 
0.22 
0.04 
e. 20 
6.40 - 

- - 

Meall 
range 

- 
Feet 
2.66 
2.69 
2.33 
2.74 
2.69 
2.39 
2.41 
2.77 
2.79 
2.78 
2.70 
3. 14 
2.86 
2.74 
2.77 
2. tlB 
3. m 
3. OB 
3. 16 
2.84 
3.26 
4.06 
2.73 
2.84 
2.64 
2.74 
2.92 a. a3 
2.76 

3.93 
2.76 
2.02 
2.70 
2. a3 
2.82 
2.46 

a. 24 

- 

___- 
Observations 

Year 

1863-1878 

1873 
1917 

3918-19 
1919 

1927-28 
1919 
1919 

1872-73 
1913 

1806 
1x91-1894 
19as-1916 
1912 
1873 
1912 
1912 
1913 
1870 
1918 

191&19 
191f!P19 
1919 
1919 
1874 
1887 
leoB 
19% 
1887 
1964 

1871-72 
1874 

1 ~ 1 0  
1919 
1828 

1918-19 

i87n 

- 
Langth 

- 
?:06 

10 
62 
17 
23 
4 

420 
5 
17 
216 
82 
1 
30 
467 

2,922 
2 
18 
3 
2 
2 
1 
3 
68 
19 
4 
13 
14 

4 
1 

16 
85 
89 
26 
20 
0 

in 

in 

~ 

1 Lunltidal intervals from series 1863-1878; range from series 1857-1876. 

THE TIDE IN THE J A M E S  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 

Newport News and Old 
point 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 increase 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. 

'ves tlw observational data for each station. 
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FIGURE l’l.-Varlations in interval find range, James River 

The range increases from 2.55 feet at Old Point Comfort to about 
2.7 feet st Newport News decreasing slowly to about 1.8 feet in the 
vicinity of Jamestown and gradually increasin to about 3.7 feet at 

at Old Point Comfort to about 5 hours at Richmond. 
Richmond. The duration of rise decreases gra % ually from 6.44 hours 

TABLE 48.-Tidal data, Jamee and York Rivere - 

Eta- 
lion 

- 
1 
2 

8 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 

17 
18 
19 

ie  

a0 

21 aa 
ZI 

Locality 
water 

IIours 
8. 74 
9. 12 
9.15 
8.80 
9. 04 
9.66 
9.41 
9.51 
9.65 
9.47 
10.38 
10.91 
11.08 
11.82 
12.00 
11.69 
12.24 
0.40 
1.43 
2.23 

0.33 
0.38 
1.16 
1.71 
1.74 
1.61 
0.70 
1. Bo 
1.96 
2.10 
2.64 
2.49 
2.36 
2. 12 

2. m 

- 
Low 
water 

liwrs 
2.30 
3.11 
3.07 
2.38 
3.00 
3.30 
8.04 
3.32 
3.24 
3.23 
4.14 
4.80 
5.14 
6. 18 
6.73 
6.78 
7.10 
7.39 
8.30 
9.06 
9.72 
7.07 
7.08 
8.06 
8.49 
8.89 
8. 14 
7. e3 
8.26 
8.82 
8.90 
9.41 
9. 18 
9.16 
9. 11 

__ __ 

Dura- 
Ion of 
rise 

Hwra 
6.44 
6.01 
0. 08 
6. a 
6.04 
6.20 
6.37 
6. 19 
6.41 
6.24 
6.24 
6.11 
6.92 
6. 64 e. 27 
6.91 
5.14 
6.43 
6. b6 
6. Bo 
4.88 
6.69 
6.72 
5. (13 
6.64 
1.77 
6.89 
6.26 
6.76 
6.66 
6.02 
5.66 
6.73 
6.62 
6.43 

- __ 

Mean 
range 

Fed 
2.55 
2. 75 
2.02 
2,70 
2.83 
2.82 
2. m 
2.73 
2.55 
2.56 

2. 30 
1.09 
1. E4 
1.98 
2.12 
1.71 

2. 14 
2.38 
1. 98 
1.97 
2.08 
2. OB 
2.48 
2.06 
2.85 
2.45 
2.47 
2.66 
2.83 
2.07 
2.69 
2.76 
3. 08 

2. m 

1. m 

Observations 

Ywr 

1863-1878 
18M 

1871-72 
1874 

1 w 1 0  
1011) 

18M 
1911-1 ~ . - ~  
1W 
1873 
1874 
1910 
1856 
1874 
1874 
1876 
1876 
1876 

1910-11 
1867 
1871 
1876 
1667 
1869 
1876 
1910 
lab2 
1876 

1910-11 

lea2 
186a 

i9m 

- 
sngth 

16 
85 ea 
26 
20 
12 
88 
30 
2 
6 
44 
44 
a0 
4 
12 
10 
90 
77 
89 

282 
30 
3 
6 
12 
2 
2 
18 
11 
2a 
80 
1 

90 
50 

a 

Lunitidal intervals from seriea 1863-1878; range from serlea 1667-1876, 
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- - 
sta. 
tion 

- 
24 
26 
26 
27 
28 
29 
30 
31 

32 
33 
34 

35 
38 
37 
38 

39 
40 
41 
42 
43 

44 

46 

46 u 

48 
4u 
60 
61 

52 
6-3 
M 
66 
MI 
67 
‘Sa 
59 
80 
61 

62 
03 
64 
66 
68 
67 
88 
O? 
70 

71 
72 
73 

74 

u o  ...................................... 
Do- _ _  - _ _ _  _ _ _ _ _ _ _  - - - _ _ _ _  - _ _  - - - _ _  _.___ _ _ _ _  
Do- - - - _ _  - _ _ _  - - - - - _ _  - _ _  - - - - - - - - - - _ _  - - 

Richmond, United States Engineers’ wharf. 
Do.. - _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

York Rluer 
York Rpit Light ............................ 

Do. ..................................... 
Do. ..................................... 

Marsh Point Watch House ................. 
Do- ..................................... 

York Point ................................. 
Tue Marshes Light ......................... 

Do ..................................... 
Do ..................................... 

Thorofare .__._ .__ - - - -. .-. -. .__ - -. . -. . - _ _  
Sedger Creek ............................... 

iiarter Point ______. - .___ .____ _.__ _ _  _ _ _  _ _ _  
loucanter Point ............................ 

Do 
Do ...................................... 
Do. - --. . ____._ ~ _ _ _ _  ~ _ _ _  - -.. _____. _ _ _  _ _  

Mumfort Island ............................ 
Bush Creek-. .............................. 
Whittakers Pier ............................ 
Deans Creak (near Qum Point) ............ 
Claybank. - - - _ _  - _ _ _  - _ _ _  - - - - - _ _  - - - - 
Capahosic Wharf ........................... 
Almonds Wharf- ........................... 
Moodys Old Wharf (opposite Purtan Hay) 
Anderson8 Dock (Belleview)---. _________._ 
wert Point ................................. 

Do. - _ _ _  - - _ _  - - _ _  - - - _ - _  _ _ _ _  _ _  - - - - - -. . - - 
Do--. _ _ _ _ _ _ _ _ _ _  ~ _ _ _ - _ _ _ _ _ _ _  _ _ _ _ _ _  .. _ _  _ _  
Do ..................................... 

Morgan Landing. Parnunkey River- - ~ ____. 
Lester Manor Pamunkey River.. _ _ _  _ _ _ _  ~. 

Northbury L’anding Pamunkey River---.. 

New Castle, Parnunkey River .............. 
Wakema, Mattaponi River.. ............... 
Walkerton, Mattaponi River ............... 
Aylett, Mattaponi River-. ................. 

8 
..................................... 

White Houge’Pamunkey River ............ 

Carter Landing, PaLunkey River .......... 

U. S. COAST AND GEODETIC SURVEY 

TABLE 48.-Tidal data, James and York Rivera-Continued 

. 

1 Lunitidal in- 
tervals 

New Point Comfort __.______ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Severn River. .............................. 
Mobjack, Philpotts Wharf .................. 

Do ..................................... 
Do ..................................... 

Locality 

James Rim-Continued 
Broadway, Appomattox River. - - - - _ _ _ _ _ _ _ _  
Walthall, Appomattox River. .............. 
Gatlings Wharf, Appomattox River-. ___._. 
Petersburg, Appomattox River.. ........... 
Bermuda Hundred ......................... 
Shirk Wharf 
WatkYos ...... : : : : : : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Curles Neck- ........... -..* ................ 

Do. .................................... 
Do. ................................... 

Meadowvilla. .............................. 
Varina ...................................... 
Dutch Gap ................................. - 

8.51 
8.53 
8.80 
8.51 
8.56 

.o.-........... ......................... 
Trents Reach ............................... 
Cox Wharf. ................................ 
Wiilis Wharf ............................... 
Falling Creek ............................... 

Do--.--- ................................ 
Warwick Wharf ............................ 
Richmond Bar ............................. 

.............................. 
.......................... 

.............. 

High 
water - 
r m s  
2.67 
2. 77 
2.90 
3.83 
2.21 
2.46 
3. 11 
3. 18 
3.51 

3. 21i 
3.86 
4.00 
3.73 
3.44 
3.67 
4.11 
3.80 
4.16 
4. I6 
4.37 
3.22 
3. UI 
4.51 
4.49 

4.22 
4.06 
4.25 

8.28 
8.14 
8.57 
8.68 
8. e3 

8. 57 
8. w 
9.79 
9. 17 
8.63 
8. U6 
9.08 
8. 97 

9. 19 
9.06 
9. 12 u, 10 
9.05 
9. A4 
9. 36 
9. 78 
9. 70 
10.18 
10. 23 
10.79 
11.65 
10.92 
0. 66 
0. 98 
1. 22 
2. 3 
2.78 
4.57 
12.00 
0. 51 
1. 69 

3. in 

_ _ _ - - -  

8. 07 

_ _ _ _ _ -  

Mobjaek Bag I 

Do ..................................... 8.80 
Auburn Wharf. ........................... - 1  8. 59 

__ 
Low 

water 

rroura 
9.09 
10. 04 
9.83 
10.62 
9.37 
9. 68 
(1.07 u. 94 
10.43 
9. m 
10. 55 
10.32 
10.87 
10.72 
10.07 
11.04 
11.64 
11.38 
11.05 
12.30 
11.37 
10.80 
11.08 
11.53 
11. 90 

11. 8D 
11.48 
11.74 

2. 74 
1.96 
2. 38 
2.41 
2. 51 
2. 28 
2. 48 
2. 26 
4. 04 

2. 43 
2. 45 

2. 70 

2.96 
2.81 
2. 32 
2.28 
3. 17 
3.21 

3. 63 
3. 13 
3. 95 
4.42 
6. 11 
5.92 
5.56 
6 . 0  
7. 52 
7. 71 
8.81 
9. 41 
10.36 
0. 40 
7.37 
9.34 

2 93 
2.57 

2. 42 
2.39 
2.89 
2.33 

- - -__-  

__._.. 

2.87 

a. ofi 

2 5n 

- 

__ __ 

Dura. 
tion 0. 
rise 

__ 
Iroura 
5. Bo 
5. 16 
5.68 
5.43 
5.26 
5.32 
5.56 
5.60 
5. .5G 
5. FA 
5. 13 

5. 55 
5.43 
6.79 
5.05 
4.99 
4.83 
6.52 
4. 27 
5.42 
4.84 
4.54 
5.40 
5.01 

4.95 
5.00 
4.93 

6. 54 
6.18 
6. 19 
6.17 
6. 12 
5. 79 
6.09 
6. 82 
5.75 

8. 10 
6.41 
8. 21 

8. 23 
6.25 
6.80 
6.82 
5.88  
6. 33 
6. 30 
6. 15 
6. 57 
0. 23 

5. (3 
5.73 
5.36 
6. 18 
6.88 
5. 92 

6.70 
6. F.3 
5. 00 
5. 56 
4.77 

5.58 

6.02 
6.09 
6. 17 
6.91 
6.26 

5. m 

_ _ _ _ _ -  

___._. 

a. 27 
._-__- 

6.  ni 

5. no 

6. oa 

- 

__ I- 

Menu 
range 

__ 
Feet 
3.00 
3. 67 
3.23 
2.88 
2. 62 
2.77 
2.87 
2.96 
3.37 
2.90 
3.47 
3.90 
3. 29 
3.48 
3. 54 
3. 21 
3.57 
4. 28 
3.83 
2.91 
4.04 
3. us 
3.40 
3.81 
3.60 
3.69 
3.62 
4.00 
3.62 

2. 09 
2. 24 
2.46 
2.47 
2. 40 
2. 38 
2. 78 
2.37 
2. 40 

2. 20 
2. 35 
2. 42 
2. 47 
2. 47 
2 45 
2.4a 
2. 71 
2.70 
2.93 
2. 72 
2.90 
2. ow 
2 88 
3.06 
3.36 
2. 82 

3. 18 
2. 58 
2.79 
2 92 
3.32 
2 85 
1 51 
3. 43 
3.86 
7.82 

227 
260 
2. 41 
2. 51 
2 75 
2.47 
2 65 

- - _ _ _  

3. a5 

- 

Observationn 
- -  

Year 

1862 
1852 
1892 
1892 
1853 
18Ro 
1853 
1853 
1852 
1880 
1911 
1u28 

1893-94 
1852-53 
1853 

1853 
1911 
1852 
1877 
1R62 
1853 
1875 

1876-77 
1879 

189a-94 
1803-04 
1911 

i n n  

1852 

ion1 
lW(t07 
1018 
1806 
lull 

1MJ4 
1011 
1918 
1857 
1918 
1857 
1911 
1V18 

1911-13 
1928 
1857 
1857 
1857 
1857 
101 1 
1857 
1911 
1857 
1857 
in57 

191 1-12 
1818 
1928 
lU12 
1912 
1u12 

1912-13 
1913 
1913 
1912 
I912 
1912 

inn8 

1908-7 
1864 
1888 

1906-7 
1910-11 
1928 
1911 - 

Length 

Dave 
1 
15 
19 
14 
3 

24 
3 
30 
38 
13 
7 
1 

270 
240 
10 
6 
7 
3 
2 
11 

3 
4 
30 
366 
330 
365 
390 
60 

7 
6 
26 
3 
1 
10 
1 
1 
2 

11 

30 

x 
.. 
2 
28 

128 
293 
6 
4 
1 
1 
2 
7 
1! 

1.5 
1 
1 
1 

150 
3 
1 
2 

100 
1 

w1 
1 
2 
28 
60 
2 

1 
12 
56 
19 
19 
1 
a 
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The high and low water intervals in the Chickahominy River 
increase from about 0.4 and 7.4 hours, respectively, a t  the mouth to 
2.2 and 9 hours a t  Graves Landing. The mean range is about 2 
feet a t  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 a t  Petersburg, a distance of about 9 miles. The 
range apparently increases from about 2.7 feet a t  City Point to about 
3.7 feet at  Walthall and decreases to about 2.9 feet a t  Petersburg. 

The York River enters the west side of Chesapeake Bay about, 
The river is comparatively straight and 

THE TIDE IN THE YORK RIVER 

30 miles from Cape Ilonry. 

0 K)  20 30 40 50 60 70 
N O  U tic81 Mi l rs  

FIGURE 18.-Variations in interval and range, York River 

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

Table 48 gives data for the 26 stations plotted on Fi ure 16 a t  

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 a t  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 R slight decrease in value between York Spit Light and 
West Point. Thoro 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 a t  West 
Point to 5.89 hours at  Northbury Landing. 

which tidal observations have been made in the York 8 iver, and 
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The range in the York River increases from about 2.2 feet a t  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. 

In the upper reaches of the latter two rivers the range decreases 
rapidly. 

The Rappahannock River, which empties into Chesapeake Bay on 
the western shore about 40 niiles from Ca e Henry, has a tidal length 
of about 95 miles from Stingray Point to R’redericksburg. 

THE TIDE IN THE BAPPAHANNOCK RIVER 

s 
6 

4 

2 

0 
I2 

lo 

‘*. 
IL. ‘ 5 8  

.Y 

u a 4 

.* 

e k -3 
0 

- 2  

‘ I  

I I 1 I I I I I I 
0 IO 20 30 40 SO 80 70 80 90 

Neutkef Milo8 
FIGURE 20.-Variatlons in interval and range, Rappahsnnock River 

Table 49 ives tidal data for the 26 stations in the Rappahannock 

the high-water interval. T i e  Yocations 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 a t  Fredricksburg, this being an increase 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 rise 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 
to about 1.6 feet at  Tappahannock and to about 2.8 feet at  Fredricks- 
burg. 

River, and Ifj. igure 20 shows ra hically the variations in the range and 
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TABLE 49.-Tidal data, Rappahannock and Potomac Rivers 

55 

Lunitidai in- 
terval 

Locality 
High l- water 

HOW8 
10. I 
10.78 

10. 60 
10. 63 
11.21 
11.21 
11. M 
11.14 
10. 83 
11.40 
11.57 
11. h8 
12. 28 
11. 88 
12. 23 
0.41 
0. 72 
0. 71 
1. 12 
0. 68 
1. h3 
2. 33 
3. 30 
2.80 
3. 75 
4. 16 
4. i6 
5.02 
4. 21, 
4.84 
6. 00 
6. 75 
6. 31 
6.02 
6.82 

in. 62 

Hog Island _____.______________-----.-.---.- 
Bundicks Wharf, ('om River _ _ _ _  - .- .____ _ _  
Lynch Point, Yeoromico River __...__ _ _ _ _ _  
Horn Point. Yeocomico River..-. _ _ _ _ _ _ _ _ _ _  
Mundy Point, Yeocomico River -..-. .. - - . 
Klnsele. Yeocomico River ___.__ _ _  - __. -. -. ..I ~~- , 
St. George River.-. ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -.-. 
Custom House Point, St. Mary8 River ....- 
St. M a r y ~ ,  St. Mary8 River.. _ _ _ _  .___._--_. 

Maryland Joint Light. - - - - - . - ~  _ _  _ _  _ _  _ _ _ _  .- .. Bennie Ora s Wharf Nanjemoy ('reek.-.-. 

Lower Smith Shoal, Thomas Point _ - - - _ _ _  ~ ~ _ _ _  _ _ _ -  I 

0. M 
0.83 
0.68 
0. 75 
0.80 
0. i7 
0.45 
0.83 
1.47 
1.05 
1. 10 
0.51 
12.28 
0. 61 
0. 52 
0. P7 
1.82 
1.38 
1. 37 
1. a 
1.62 
1. 40 
2.03 
1.67 
2. 62 
2. 62 
2.09 
2.08 

2.61 
2.38 
2.87 
3. 19 
2. 12 
3.76 
3.82 

2. ia 

__.__ 

- 
I A W  
water 

Yours 
4.38 
4. 67 
4. 78 
4. 53 
5. 27 
5. 62 

6.81 
5. 14 
5. 78 
5. R3 
5. 87 
5. 86 
5.80 
5. 61 
h. 74 
7. 16 
7. 76 
7. 68 
8. 12 
8.01 
8. 45 
8. 80 
0. 83 

10. 00 
10. w 
11.33 
11.74 

11. OH 
12.16 
0.48 
12.38 
0. 61 
0.88 
1. 32 

4.40 

11.713 

6.93 
7.00 
7. 12 
0.91 

7. 27 
7.07 
7.211 
8.70 
7.47 
7.41 
7. 01 

7.20 
7. 01 
7. 22 
i. Bo 
7.52 
7.4Q 
7. 70 
8.03 
'I. e4 
8. a 
8. 13 
8. e4 
8. fn 
8.47 
8.65 
8.74 
8. 61 
8.B 
8. Il? 
9.74 
8. 6i 
10. !a 
10.42 

7. m 

R. 68 

__.__. _ - - _ _ _  

- __ 

Xua- 
ion of 
rise 

IOU18 
6.87 
6.11 
5. 83 
R. 07 
5. 36 
5. 58 
6. 81 
5.73 
0. 00 
6.05 
6. 57 
5. 70 
6. 72 
6.38 
0. 27 
R. 48 
5. 07 
5. 38 
5. 45 
6. 42 
4. QQ 
5. M) 
4.96 
5. 78 
I41 
6. 17 
6. 24 
5. 44 
8. BB 
6. 68 
6. 10 
6. 62 
6. 78 
4.80 
6. 14 
5. 30 

6.05 
0. 25 
5.98 
6. 28 
6. 02 
6. 82 
5. 80 
6.07 
5. 18 
6.00 
6. 11 
6. 82 
5.63 

6.83 
6. 07 
6. 34 
6. 28 
6.30 
6. Q4 
6.01 
6. 14 
6.20 
5.94 
6. 26 
6. M 
6. M 
5.83 
5.81 
,5. 42 
6.82 
6. 74 
6.41 
4.82 
5.88 
5. 81 

6. 81 

._____ 

.-_-_- 

- __ 

Mean 
ange 

Feet 
1.12 
1. 10 
0. 82 
1. I6 
1.34 
1. 20 
1. 18 
1. %3 
1.53 
1.46 
1.64 

1.41 
1.78 
2. I8 
2.32 
1. ea 
1.63 
1. 64 
1.80 
1% 
1. a7 
1.43 
1.62 
1.60 

1.94 
2. (M 
2.22 
2.04 
1.89 
2.36 
2. 26 
240 
2.73 
2.84 

1.38 
1. 22 
1.B 
1.21 
1.20 
1. 56 
1.a 
1. 5-5 
2.07 
1.60 
1.35 
1. I 
1. 34 
1.44 
1. 81 
1. 78 
1. 75 
1.84 
1.67 
1. 6Q 
1.77 
1.81 
1.80 
1.61 
1. 76 
1. 72 
1.5a 
1.88 
1.M 

1. 11 
1.41 
1.51 
1.19 
1. le 
1. 13 
1.x 

I .  rd 

I .  ai 

I. 52 

1.48 

Observations 

Year 

1898 
1801 
1811 
1828 
1867 
1868 
1809 
1828 

1866-57 

18.56 
1809 
1810 
1868 
1868 
1868 
1856 

1-67 
leog 
1828 
l R 6 6  
1856 
lRyi 
1808 

18EA-55 
1851 
1864 
1809 
1828 
1854 
1864 
1864 
la4 
lM4 

1853-64 
low-10 

1848 
3804-6 
1808 
1828 
1908 
1 RW 
1868 
1805 
1880 
1805 
1868 
1868 
1867 
1858 
1808 
1880 
1805 
1W 
1808 
1800 
1888 
1880 
1804 
1888 
I880 
1828 

1803.1808 
1906-1810 

1828 
1882 
1827 
1804 
1828 
1882 
1804 
1862 

1801-2 

18% 

imi-2 

- 
m g t h  

Daprd 
28 
7 

140 
16 
7 
14 
16 
2 
10 

1 
14 
48 
1 
4 
h 

m 

6 
4 

28 
14 
1% 
I4 
43 
1 
2 
28 
4 

122 
1461 

6 
7 

B 
7 

a 

i 
3 
2 
0 
30 
B 
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- - 

sta-  
tion 

- 

59 
60 
61 
62 
83 
84 
65 
BB 
67 
68 
69 

70 

71 
72 - 

U. S. COAST AND GEODETIC SURVEY 

TABLE 49.-Tidal data, Rappahannock and Potomac Rivers-continued 

Looality 

Potomac Rloer-Continued 

Clifton Beach. ___________..._-.-.-..-----. 
Liverpool Point Wharf _______.__.......__. 

Poseys Wharf. _ _  - - _ _ _  _ _  - - - - - - - - -- - - - - -- - -. 
Stum Neck 
Oringrs  Wharf, Mattawoman Creek ---... 
Indian Head 
Cilymont - -. _ _  - - - - - -. -. . . . . . -. - - - - - - - - - - - -  . 

Do ____. 
Whitestone Point. 
Marshall IIall. 
Fort Washington ._._. __. - .___ .... _. . . _ _ _  _. 

-. . . . - - - - - - .- .. . . .. --. . -. - 

Lunitidal in- 
terval 

High 
water 

Hours 
6.37 
8.60 
6.66 . 6.12 
6.00 
6.32 
6.84 
6.78 
6.72 
7. 44 
7.03 
7. 17 
7.38 
7.88 
7.67 

7.58 
7. 77 
7. 78 

. -. - - -. . 

__ 

- 
LOW 
water 
.__ 

llours 
11. 38 
11. R3 
0. 00 
0. 13 

12.12 
0.08 
0.69 
0. 71 
1.00 
1.58 
1.30 
1.46 
1.66 
2. 12 
2.00 

1. 79 
2. 30 
1.87 

._____ 

- ___ 

DWa- 
tion of 

rise 

__ 

IImcr.9 
6.41 
6.09 
5. BB 
6.99 
6. 30 
6. 24 
6. 96 
6.07 
6. 72 
6. 88 
6.73 
6. 72 
6. 73 
6. 74 
8.67 

6. 77 
6.47 
6.91 

. - - - - - -. 

- - 

Mean 
range 

__ 

Feet 
1. 38 
1.47 
1. 33 
1. 66 
1.46 
1. 68 
1. 83 
1.71 
1. w 
1.84 
2. 11 
2.30 
2.63 
2.88 
2. 76 
2.82 
2. 79 
2.91 
3.08 

Observations 

Year 

1904 
1882 
1928 
1804 

186HX3 
1902 
19% 
1863 
1904 
1928 
1804 
1863 
1904 
1802 
1904 
1804 

1913-1915 
1872 
1914 

- 
Length 
___ 

Doua 
10 
4 
4 

10 
I6 

3 
9 
7 
3 

18 
5 
4 
9 

28 
40 
090 
20 
8 

1% 

. 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 a t  this 
office were made a t  Point Lookout in 1849. Since that time observa- 
tions have been made a t  numerous places throughout the length of 
the river. 

0 -  

- I  

I I 1 I I 1 I I I 
0 0 20 30 40 SO 60 70 80 90 

Nautlcel Miha 
FIOURE 2l.-Varlations In interval and range, Potomac River 

I n  Table 49 are given the results derived from observations a t  46 
The locations of these stations are 

An examination of the table shows that the 

It 
increases to about 2.1 hours at  Colonial Beach and to 7.8 hours at  

stations in the Potomac River. 
shown in Fi ure 19. 
time of tide E ecomes later as the distance up the river increases. 

The high-water interval a t  Point Lookout is about 0.6 hour. 
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TIDES AND CURRENTS IN CHESAPEAKE BAY 57 

Washington. Between Point Lookout and Washington a distancc 
of 90 miles, the high-water interval increases about 7 hours. The 
low-water interval is about 7% hours greater a t  Washington than a t  
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 a t  Washington. 

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

The locations of 12 stations a t  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 arc therefore relatively important. For this 
reason discrepancies are to be expected between values derived from 
short series of observations. 

TABLE 60.-Tidal data, Alexandria and Washington 
= 

eta 
ti01 

z 

1 

2 
3 
1 

6 
0 
7 
8 
B 
10 

11 
12 

Locality 

Lunitidal in- 
terv111 

__ 
High 
water 

Hairs 
7.86 
7.67 

7.56 
7. 76 
7. 77 
7. 78 
7.81 

7. 24 
7. 91 
7.m 
8.01 
8.02 
7. 72 
7.67 
7.74 
7. 67 
7.92 
7.91 

8.07 
7. u5 

__.--_ 

___.__ 

-__.._ 

- 

- 
Low 

water 

IIours 
2. 12 
2.00 

1.70 
2.46 
2. 22 
1. B0 
2. 18 

1.05 
2. 61 
2. 20 

1.84 
2. 07 
2. 78 
1.98 
2. 01 
2. 18 
2. 23 

2. 21 
2.21 

- -. - - -. 

----__. 

2. as 

- - - - - - . 

- 

--- 

Dura- 
ion of 
rive 

rrours 
6. 74 
5.67 

6.77 
b. 30 
6. 65 
6. 82 
6.03 

5. 58 
8.40 
A. BB 
b. 63 
6. 18 
h. (I6 
4. 01 
5.76 
6. 00 
6. 74 
6. 69 

6.80 
6. 74 

._____ 

._____ 

._.--- 

- 

Mean 
range 

Feet 
2.88 
2. 76 
2.82 
2.79 
3. 08 
2. 86 
2.04 
2.91 
2.85 
2. 01 
2. 77 
2. B8 
2. 78 
2. 88 
2. 91 
2.46 
2. 79 
2. 67 
2.97 
2. w) 
2. 96 
3. 24 
2. 83 - 

Observations 

Y W  

1862 
1 W  
1BO4 

1913-1916 
1882 

1926-26 
18g8 
1888 

1W1 
1807 

1801-2 
1H62 
1925 
1872 

1w31880 
1861 
1802 
1863 

’ 1891 
1802 

18BZ-18B8 
1866 
1924 -_ 

Jength 

- _. 

Days 
9 m 

25 
Fdo 
180 
385 
420 
30 

385 
12 
30 
2 

913 
6 
7 

10 
150 
385 

2.567 
6 

11 

40 
am 

85320°-30---5 
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Bodkin Point ............................... 
Do .............. I ....................... 
Do ...................................... 
Do ...................................... 

Beven Foot KJJOII Liplit.  ................... 
Do ...................................... 
Do ...................................... 
Do ...................................... 

Sparrows I'oixit ............................. 
Do ...................................... 
Do ................................... :.. 

Fort (!firroll ................................ 
Do ...................................... 
Do ...................................... 
Do ...................................... 

Rollers Point ............................... 
('urtis Ray, Sugar House Wharf ............ 
Curtis Creek l>rawbridge ................... 
Fort McHenry ............................. 
Hollmans Wharf ............................ 
I'ampbell and %ells Whirrf- ................. 
Jacksons Wharf, Fells Point .___ ~ _ _  - _ _  _ _  - - -. 

Do-. .................................... 
Aenderson Wharf, Bells Point .............. 
Woodnlls Dry Cock.-- ..................... 
City dock.. ................................ 
Reeder's Machine Shop. ................... 

DO ...................................... 

Do ..................................... 

- - 

Sta. 
tion 

- 
1 

2 

3 

4 

5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
16 - 

rroura 
5. Yg 
6.04 
6.22 
6.26 
fl. 70 

~ 6.70 
0.32 
5.94 
6.42 
6.Y6 
6.,M 

6.80 
6.42 
6.67 
0 .52  
8.56 
6.59 
fl. 42 
6.62 
6.48 
5.07 
6.74 
6.94 
fl. 70 
6.75 
6.64 
6 .42  
0.77 

6. rd 

U. S. COAST AND GEODETIC STJRVEY 

TABLE 51.-Tidal data, Baltimsre Harbor 

Lunitidal In- 
terval 

Locality I- 
water I High 

I- 

- 
LOW 
water 

F10UT8 
0.76 
0.63 
0. 72 
0. 09 
0. (J8 

0. 31 
12. 00 
0. f i3  
1. 31 
0.01 
0. 79 
0. 03 
0. 30 
1 . 3 6  
0. 60 
0. 54 
0.44 
0. 32 
0.05 
0. RB 
0.23 
0. R1 
0. 88 
0. 113 
0.90 
0. 72 
0. 71 
0. 62 

0.82 

- - 

Dum- 
tion of 
rise 

IhUT.3 
5. 24 
5.41 
5. 50 
5. 56 
6.02 
5. 88 
6. 01 
6.38 
5. 79 
6.65 
5. 93 
5. 87 
5.87 
6. 03 
6. 32 
6.83 
6.02 
A. 15 
8. 10 
5. 07 
6. 82 
5. 74 
6.93 
6. 06 
5.86 
5.85 
6. 92 
5. 71 
0. 15 

- - 

Mean 
range 

Feel 
1. 01 

0. 83 
0.07 
1.02 
1.03 
1.00 
1.20 
1.01 
1. OB 
1. 11 
1. cn 
0.96 
1.11 
0.91 
1. 13 
1.08 
1.11 
1. Fd 
1.11 
1.11 
1. 11 
1.19 
1.16 
1. OR 
1. 17 

1.09 
1.20 

0. ng 

1.48 

Observations 

1845 
1845 

184546 
1854 
1867 

1898 
lsoB 
1880 
1897 
1898 
18% 
1888 
1860 
1869 

1 U n  
1853 
1898 
1924 

1W3-1927 
1876 
1808 
1845 
1848 
1876 
1876 
1027 

1897 

inix-iwo 

in98 

- 
Length 

- 
Day8 

180 
4 
Bo 
29 
27 
2 

24 
4 

37 
180 

2 
7 
5 
7 
21 

1088 
3 

I9 
2 
5 

9131 
11 
5 .  

180 
150 
47 

2 
4 

18 

The range of the tide at  Seven Foot Knoll is about 1 foot. This 
increases to about 1.1 feet at  Fort McHenIy 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 McHen gage was 
in operation and simultaneous comparisons made with '% t at station 
the effects of weather would have been largely eliminated. 

HARMOMC CONSTANTS 

Tidal harmonic constants, derived by tho harmonic analysis of 
the hourly hei hts of the tide, have been determined for a number 

locations of the stations to which they "pply, and the en th and date 
of series from which they were determined, are given in %able 52. 

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

P of stations in 8 hesapeake Bay. These constants, to ether with the 

age 129 of the appendix. 



TABLE 52.-Harmonic constants, Chesapeake Buy 

Component 
Old Point Com. 

fort, 37" OCYN.,76 
19' w. 

District of Columbia Maryland Virginia 
I ~ 

Washington, 
Cavy Yard, 38' 
1 N., 77" OCY w 

I 

Richmond 370 
12' N., 77" 25' w 

Stingray Point 
Light, 37" 34' N., 

76O 16' W. 

Sharps Island 
Light, 38" 38' N., 

76' 23' W. 

Holland Island Dnun Point 
lar Light, 38O 04' Light, 38' 19' N. 
N., 76' 06' W. 76' 25' W. 

3mt Wimmim 
Aght. 37O 48' N. 

76' 16' W. 
__ 

L 

- 
L 

- 
I 
- 
)egrees 
(257) 
272 
253 
262 
88 

228 

355 
82 

______. 

__ 
L 

- 
H 

Feet 

0.146 
(0.016) 
(0.015) 
(0.010) 
0.582 

0.031 
0. (u8 

0. io2 
(0.014) 
0. 129 

__ 

-. - -. -. 

-. -. - -. 

. -. . . -. 

- - - - - -. 
(0.048) 
(0.025) 

- 
H H 

Fed 
(0.007) 
0. 155 
0. 071 
0.112 
0.008 
1.421 

0.083 
0.021 

0.294 
(0.055) 
0. la, 

(0.004) 
0. 031 
0.015 

(0.002) 
(0. 002) 

0. mi 

- 

. . . - - -. 

- -. . - -. 

. - -. . . . 

H l = l K  H H 

Feet 
(0. OoY) 
0.157 
0.064 
0.095 
0. 024 
1.377 
0.012 
0. 082 
0.034 
0.009 
0.243 

(0.032) 
0.105 

(0.005) 
0. 045 
0. 020 

(0.003) 
(0.002) 
0.045 
0.200 
0.005 
0.002 

(0.012) 
(0.010) 

io. 004) 

0.029 
0.063 

am 
0.253 
0. I36 - 

Fed 
(0.011) 
0. 202 
0.061 
0.216 
0.018 
1. 723 
0. 026 
0.211 
0.089 
0.034 
0.317 
(a 042) 
0.157 

(0.006) 
0. a31 
(0.030) 
(0. 004) 
(0. ooz) 
0. loo 
a w  
0.018 
am 

(0.014) 
(a 012) 
(0.041) 
(a 062) 
(0. M6) 
0.482 
0. 273 

. - - - - - - - 

_- 

Fed IDcpreed Feet 

0. K 8  

(0.01') 
(0. 006) 
0.507 

0. 033 
0.013 

0.114 
(0.015) 
0. 087 

-. . . . - - 
(0.023) 

. . -. . . - 

. . . - -. . 

0.707 I 12 I 0.555 
0.022 1 284 0.019 
0.0'22 69 1 0.016 

0.1% 349 0.089 

0.W 1 214 I 0.111 
(0.018) (326) (0.012) 

19 

264 
(0) 

(0.02s) (133) 
(0.015) I (219) 

. . . . . - - - 
_._... 

357 

. . . . . . . 
(0.026) 
(0. 073) 

(0. 
(0. om) 
0.024 
0. 166 
0.047 

-. -. -. 
(2-2) (0.004) I (351) I (0.013) 

(0.W (3.52) (0.017) 

1898 
29 days 

18581894 
2 Years  

1898 1898 
29days I 29dsys 

1898 
29 dam 19B4 

369 days 
series .___....__-- 1865-1877 
Length ___..._____ 2 years 

Values in parentheses are inferred. 



TABLE 52.-Harmonic cons#ants, Chesapeake Bay-Continued 

Maryland-Continued 

___________ 

I 
hve Point Light 
19' a"., i 6 O  li" m. 

ua 
0 

Seven Foot Knol 
Light,3Q0WN.,7t 

25' w. 

I 

0.501 1 1% 1 0.438 

- 
I 

ZLO 

285 I (0.091) 
274 (0.031) 

(316) I _______._ 
(216) 1 .___.____ 

Dcpreed 

293 
(259) 
(232) 
C305) 
212 

3M 
314 

. . . . . . - 

. - . . . . - 

192 
(173) 
319 

:lk River entrance Chasspeske City 
39' a6' N., 76'59'' 39" 32' N., 75' 4 d .  

w. I R. 

____- 
Fed *IT Deoreur Fed 

1.012 246 1.046 
.-- ...._.__...__.. 0.008 

..______._.___.___ 0.006 
0.012 o'033 I 6: 1 
(0.025) 0.184 219 0.197 O.OZ6 

a* 0.m 
____.__.. 0.001 

(0.112) (307) 0.052 
(0.039) (352) 0.040 

0.006 
0.001 

(3 

I- 

P 
? 

3 c 
M rc 

Values in parentheses m inferred. 



PART 11. 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 beginhing of 
this discussion that the tide is the rertical risin arid falling of the water 

is important that this difference be recognized, as well as the fact 
that slack water and high or low water do not in gencral occur a t  
the same time a t  a given point. For a detailed discussion of this 
sub'ect see page 134 of the appendix to this volume. 

dhe  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 otherobstruc- 
tions. As the movement progresses it 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,information 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 

The information from thesc early records is therefore meager. In  some 
cases the observations wcre takcn by liberating a float, following 
it around and occasionally locatin its position; in others the periods 

and uniform methods of observing currents have evolve and as 
a consequence the data furnish fuller information. In  recent years 
com rehensive current surveys of several important waterways of 

Ba and its tributaries which has now been complete will be re erred 
to ater in this text. 

surface, whereas the current is the horizonta !f flow of the water. It 

of currents was more or f ess incidental to the hydrographic work. 

of observation were brief. With t t e passage of time more s stematic 

the Qr nited States have been made and such a surve of Chesa eake 

d 

B P 
METHODS OF OBSERVING 

9 
The general process of observing currents consists of measuring, 

usually a t  fixed intervals of time such as hour1 or half hourly, 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 

velocit of the current; noting the direction t l e current is flowing 
a t  eac il measurement of velocity; and recording the direction, the 
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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 surve . The 
present form of float is a wooden pole so weighted with IeaJthat it 
will submer e for most of its length and assume a vertical position 

allowed to drift with the current while an observation is being made. 
The log line is 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 1s observed, 
usually b compass and pelorus on the vessel, and when practicable 
is verfie B by sextant angles between tho pole and fixed objects on 
shore. The velocity obtained by this method is considered the veloc- 
it at  a depth equal to one-half the length of the submerged portion 

The Price current meter is 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 1s 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 tele hone receiver connected in the circuit. When the 

causes the wheel to rotate, the speed of rotation and consequent y 
the frequency of the clicks in the tclcphono receiver depehding upon 
the velocity of the current, To obtain the velocity of the current 
therefore, it is only necessar to count the clicks in the receiver for 
a specified length of time andifrom a previously prepared rating table 
take the velocity corres onding to the observed number of clicks. 

meter. 
The Pettersson current meter, which is used for subsurface observing, 

records automatically on a photographic film numerals represen ting 
both the direction and velocity of the current. 

The recording mechanism of this meter is inclosed in a water-tight 
c linder and consists of a small camera and electric light actuated by 

near the outer edges of two glass disks, a compass disk, and a velocity 
disk. The cornpassedisk carries two compass needles and is free to 
move so that the needles assume a direction parallel to the earth's 
magnetic field. 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 1s 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. 

when place f in the water. The pole is attached to a log line and 

o 9 the pole. 

P meter is lowere t; into the water, the current striking the metal cu 9 

The direction of the su E surface current is not given by the Price 

c i ockwork to photograph, a t  half-hourly intervals, numerals inscribed 

The meter is equipped with 
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For a more detailed discussion of current measuring instruments, 
reference is made to United Stetes Coast and Geodetic Survey Special 
Publication No. 124, Instructions for Tidal Current Survays. 

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 ma netic 

on cross-section paper. The times of observation were taken as 
abscissz 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 a t  a primary tide station 
and average time differences computed for each depth for each of the 
four phases o€ current-namely, slack before flood, strength of flood, 
slack before ebb, and strenvth of ebb. Average true directions of 
flood and ebb were obtainecffor each series of observations and the 
average velocities of flood strength and ebb strength for each depth 
were reduced to moan values by applying a factor to correct for fhe 
range of tide at the primary tide station as explained in tho last 
section of the appendix, page 137. 

DISCUSSION OF THE RESULTS 

variation. The observed velocities for each depth were next p f otted 

EXPLANATORY STATEMENTS 

For convenience in discussing t,ho results of the ciirrent1 obser- 
vations in Chesapeake Bay and its tributaries, the area involved has 
been divided into the 18 sections listed below: 

1. Approachcs t o  Chesapeake Bay. 
2. Chesapcake Ba,y. 
3. Hampton Roads. 
4. Elizabeth arid Nansemond Rivcrs. 
6. James Rivcr and tributaries. 
6. York River and tributaries. 
7. Rappahannock River. 
8. Pocornoke Sound and Rivcr. 
9. Tangier Sound and tributaries. 

10. Potomac River and tributaries. 

11. Patiixent River. 
12. Little Choptank and Choptank 

Rivers. 
13. Eastern Ba . 
14. South and ievern Rivers. 
15. Chester River. 
16. Patapsco River. 
17. Sassafras and Elk Rivers. 
18. Chesapeake & Delaware Canal. 
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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 reduct,ions. 
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 
(OO), throughsast (go'), south (180°), and west (270'). The duration 
of flood, from slack before flood to slack before ebb, and the duration 
of ebb 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 betzween 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  com uting the mean current hour an average is obtained 

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 arc 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 (+) 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 usut$ly 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 1 ~ .  Table 54. 

of the interva 9 s for the following phases: Flood strength, slack before 



TABLE 53.-Cutrent data, Chesapeake Bay and tributaries 

[Referred to times of high water and low water at Old Point Comfort] 
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TABLE 53.-Current data, Cheaapeake Bay and tributaries-Continued 
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183 

158 

173 

170 

122 

116 

104 _ _ _ _  _ _ _ _  
_.._ 
133 

144 

116 _ _ _ _  _ _ _ _  
_.__ 
174 _ _ _ _  _ _ _ _  
- _ -_  - _ _ _  
.___ 
169 

- 
A 
c1 

0 

B 

Knts 
1. 16 

0.72 
0.83 
0.69 
0.45 
1.02 

1.07 

1.01 

0.85 

1.02 

1.28 
0.78 
0.79 
1.65 

1.84 

1.33 

0.95 

2 4 6  

0. gP 

0.97 

0.71 

0. e4 
1.1: 

0.71 

1.0; 

1.3; 

1.3 

1.34 
1.11 
0. z 
0.4 

1.7c 

0.49 

1. 03 

0.88 
0.91 
0.84 
0. w 
0.90 

D. 46 

D. 71 
D. 78 
0 . 6 8  
3.52 
1.28 
1.40 
I. 55 
1.96 
1. 55 
1. 75 
1. 17 

- - 

- 8 
3 V 

e e 
w - 

Hrs. 
6.70 

7. 17 
7.07 
6.52 
6.62 
7.83 

6.85 

5.51 

6.40 

7.42 

7.72 
7.22 
6.47 
8.70 

9.40 

7.50 

4.93 

6.10 

6.45 

5.60 

7.30 

6.3 

6.7 

6.2 

6.8: 

7.3 

7.7: 

7.0: 
6.2: 
5.5: 
5.a 

6.8: 

5. dF 

6. M 

5.87 
5.97 
5.97 
5.67 
6.39 

5.75 

5.45 
5.82 
7.77 
7.37 
6.87 
6.76 
6.65 
5.75 
5.42 
5.94 
5.67 

- - 
B 

9 
- 9  

1 2  n" 
a 

FIrs . ? 
0.70 

1.28 0 

1.39 e ;:= 5 
1.14 + 

1.51 U 
1.04 

0.83 g 
1.66 0 
1.43 g 
0.50 m 

M 
1.62 fl 
1. 64 

0.87 s 
0.83 i$ 

4 
3.01 

0.34 

200 

LBO 

2 61 

0.82 

223 

1.72 

2 4 8  

263 2 
J 

1.79 

1 6 9  

2.42 

1.59 3 
0 . z  E 
2 4 1  

0.38 
0. 33 0 

m 

1.61 

3. 91 
3.30 
3.34 m 
3.38 + 
5.02 4 
1. 79 
2.84 
5.06 

a2 -x 



TABLE 5 3 . 4 u r r e n t  data, Chesapeake Bay and tributarics-Continued 

Nov. 16-19, 1851 _ _ _ _ _ _ _  
Aug. 19-21.1928 _ _ _ _ _ _ _  

July 18-19, 1928 _ _ _ _ _ _ _  

Nov. 9-10,1920 _ _ _ _ _ _ _ _  

Nov. 20-23, 1851 ______. 

Nov. 56,1850 _ _ _ _ _ _ _ _ _  
Aug. 21-22, 1928 _ _ _ _ _ _ _  

July 1617, 1928 _ _ _ _ _ _ _  

July4-5, l%B _ _ _ _ _ _ _ _ _ _  

Ang. 30-31, 1849 _ _ _ _ _ _ _  

aa 
00 - - 

P 
I 
8 

9 - 
Yrs. 
2.64 

4.42 
e 3.02 

294 * 
287 z 
274 tj 
1.10 
1.02 0 
a78 M 
0.04 o 
3.48 d 
3.23 
242 # 
4.01 

M 

3.16 4 
2.61 
2.04 
200 
1.80 
1.67 
5.25 
5.28 
5.10 
5.04 
5.53 

29 

1 

1 

1 

3 

1 

1 

f! 

1 

_ _  1 

_. - 

5 
I 
5 
t 
d - 

His. 
4 70 
4.70 
460 
468 
7.00 

4.58 
4.48 
4.48 
4.38 
3.13 
3.33 
2.83 
1.93 
490 

4.75 
4.30 
6.67 

6.17 

5.55 
5.45 
5 . u  
3.95 
3.98 
3.98 
3.58 
3.38 
7.65 
7.55 
7.35 
6.95 
6.82 

- - 
- g 
.d 3 
P 

c 
8 - 
- 

H1.S. 
5.44 
5. 38 
5. 55 
5.45 
4.59 

6.45 
6.55 
6.60 
6.50 
5. 45 
3.95 
5.57 
6.65 
6.32 

6.22 
5.67 
4.67 

6.62 

6. 15 
5.80 
6.05 
6.95 
5.50 
5. 50 
5.90 
6. 10 
4.90 
5. 20 
5.30 
6.05 
7. 22 

Loartion 

Observations Flood strength 
- 
I. 

E i s  
E - 
His. 
7.41 
7.45 
7.38 
7.31 
9.25 

7.98 
7.83 
7.58 
7. 53 
5.78 
5.53 
5. 48 
533 

8.05 
6.95 

9.37 

a 0 5  

am 

83.5 
a io 
7.70 
7. 45 

Method I Depth 

-- 

Knts. His. 
1.24 6.88 
1.38 7.04 
1.38 6.87 
1.20 6.97 
1.10 7.83 

_-___  5.97 _ _ _ _ _  5.87 
5.82 

.____ 5.92 
0. 24 6.97 
0.33 7.47 
0.23 6.85 
0.23 5.77 
0.82 6.10 

0.71 6.20 
0.68 6.75 
0.94 7.75 

0.67 5.80 

1.01 6.62 
0.98 6.37 
0.92 5.47 
0.33 6.92 
0.33 6.92 
0.33 6.52 
0.33 8.32 
0.95 7.52 
1.05 7.22 
0. PO 7. 12 
0.65 6.37 
0.51 5.20 

0.57 an 

(8) Ciksopeah Boy-Continued 

f6 mile W. of Wolf Trap Light (370 
23'.4 N., 760 11' .9 W.). 

Hra. 
3.72 
3.66 
3.73 
3.69 
5.17 

4.61 
4.61 
4.68 
4.46 
2 16 
1.86 
1.96 
2.16 
4.80 

4.55 
3.55 
4.92 

6.37 

5.28 
4.83 
4.68 
4.18 
3.06 
3.06 
3.06 
3.06 
6. 13 
6.33 
6. 23 
6.58 
7.62 

His. 
7.46 
7.26 
7.26 
7.56 
9.00 

A@3 

Ap2 

A65 

A62 

FC6 

A n  
L19 

A101 

As3 

A38 

L18 

1% miles N. no E. of Wolf Trap 

Off Msttawoman C&k (370 23'.9 N., 
Light (37 23'.7 N 764 lW.O W.). 

76' 01'.0 W.). 

I----------- _________--_-  

Off Bland Point Piankatank R. (370 
31'3 N., 780 2fi.9 W.). 

6.06 
6.06 
5.56 
5.46 

8.30 
7.60 

9.42 

a 9 0  

am 

am 
am 
7.93 
7.23 
6.96 
6.86 
6.66 
6.46 
9.93 
9.83 
9. 58 
9.53 
IO. 02 

Off occohannock C m k  (37" 33'3 N., 
76OW.3 W.). 

miles 5. 630 E. of W m d d  Pt. 
L i e t  (370 34'.7 N., 76" 11'.3 W.). 

3% miles N. 720 E. of Windnull Pt. 
Light 36'3 N., 764 l(y.5 W.). 

4% miles S. P E. of Tang~er Sound 
Light (rP 4Y.6 N., 750 58'.2 W.). 

E. of Sandy Point, Orest Wiwmicc 
R. (3P W.3 N., 760 W.0 W.). _ _ _ _ -  

.__._ 
10.00 
10.15 
9.95 
9.80 la 37 

_ _ _ _  do-. . . _ _  12 
._..do. _ _  ._. 
Pole ..___ - _ _ _  
Meter _.__ _ _ _  11 

6 milas N. 20 W. d Smith Pt. Light 
(370 58'.9 N., 780 11'.4 W.). 

4% miles W. of Smith I. @P W.4 N., 
769 w.0 W.). 

Ll i  

FCJ 

FC4 

FC3 

A39 

AM 

Ll6 

A41 

L15 

L14 

wb2 

Wk1 

Fa3 

L13 

LIZ 

E74 

June 25-26, lag------- 

Jan. 25-26, 1921 _ _ _ _ _ _ _ _  

1920-192a _ _ _ _ _ _ _ _ _ _ _ _ _  - 

Mar. 30-31.1921 _ _ _ _ _ _ _  
July 4, Ang. 24,1928--- 

J ~ Y  CAW. m. I ~ L  
Aug. 24-25, 1928 _ _ _ _ _ _ _  
____do ________.________ 
____do ...___.._________ 
Ang. 28-27, 1819 _ _ _ _ _ _ _  

(9 
0 

33 
68 
98 

112 
0 
33 
66 
98 

12.1 

0 
33 
79 
7 

%9 
1922 
32 

22 
55 
88 

7 
5 

12%. 13; 

8 

8 

4: 

4: 

6 

8 

8 

7 
5 

11,12! 

(3) 

m, 21! 

i7%, m 

i. 77 

(9 

7.92 
7.61 
6.90 
6. 57 
7.59 

(4) 

(9 

8.38 
7.88 
6.78 
5.88 
8.67 

(9 

6.22 

a m  
_ _ _ _ _  
6.22 

a99 

a 12 

ia 87 

a30 am 
8.70 

7.85 

10. i 2  

(9 

10.80 

9.93 
10.19 
10.69 

(4) 

(4) 

11.50 
1288 
1 2  18 
11.48 
12.07 

io. 34 

. (3 

a 72 
12 22 

11.82 

11.42 

12.07 

ia 42 
0.55 

11.37 
11.50 
11. a 
11.20 

0. 57 

(3 

a a  a 47 
0.50 
0.46 
0.58 

(9 

(9 

0.42 
0.79 
1.00 
0.78 
a42 

(3 

a40 

0.61 

a87 

1.30 

0. 52 

0. m 
0.22 

0. 13 
0.49 
D. 30 
D. 36 

4.87 

(3 

6.02 
6.06 
6.02 
8.42 
5.97 

(9 

(4) 

6.38 
6.95 

9.70 
7.47 

855 

(3 

4.72 

9.32 

9.72 

6.43 

4.67 

4.17 

6. 10 

6. 15 
6.90 

6.22 

(4) 

7.62 
7.25 
6.50 
6.57 
7. 14 

(9 

(9 

a 41 8.34 

8.91 
9.26 
8. 72 

(9 

4.52 

la 92 

9.22 

9.52 

9.00 

6.37 

a 62 

8.38 

8.33 
8.33 

.____. 

9.92 

0 

ia 43 
io. 46 
10.02 
10.50 
10.24 

(3 

(3 

11.50 
12 06 
12 21 
12 16 
11. 62 

(9 
a42 

12 07 

11.62 

a 62 

(4) 

0.48 
0. 51 
0.81 
0.70 
0.59 

(9 

(9 

0.56 
0.59 

0.52 

0.50 
a43 

(4) 

0.50 

0.31 

a 47 
0.30 

0.47 

0. 53 

0.87 

0. 78 

0.73 
._.. 

a48 

7.55 

(9 

6.40 
6.36 
6.40 
6.00 
6.45 

(4) 

(3 

6.04 
5.47 
3.87 
2. 72 
495 

(9 

7. m 
3.10 

____. 

2 70 

5.99 

7. 75 

8.25 

5.32 

8.27 
5. 52 

.__._ 

5.48 

(9 

LOO 
5.74 
5.16 
6.28 
6.74 

(4) 

(4) 

6.75 
6.88 
6.84 
6.54 
7.09 

(4) 

3.79 

7.63 

7. 19 

6.35 

7.34 

5.58 

a io 
7. 06 
6.61 
7. 05 
6. 52 

150 

1') 

161 
169 
176 
155 
186 

(9 

(3 

151 
.___ 

.___ 
141 

(4) 

225 

141 

139 

151 

159 

80 

186 

160 _ _ _  _ _ _  

3% xdm 9. W E. of Point No Point 
Light (38" W.6 N., 760 11.1 W.). 

3 miles S.7gO E. of Point No Poinl 
Light (3s" 07'.0 N., 76" 12.7 W.). 

1 mile N. 4" W. of Point No Poinl 
Light (W OV.6 N., 76' 17'.5 W.). 

3 miles N. L130 E. of Point No Point 
Light (3So W.l N., 780 1Y.O W.). 

%miles N. 2P E. of Point No Poinl 
Light (380 W.9 N., 7g0 16'3. W.). 

4% miles 5.400 W. ofHoo 
Light (380 1w.2 N., 760 &$y July 4-5, AUK. 24-!&, 

1928. 

1% miles 5.71O W of Boo 
Light (380 13'.2 N.. 780 Of'??$? 

YA miles N. 620 W. of Hooper I. 
Light (3So 11.7 N. 780 W.2 W.) 

1% miles off Barren f. (38" lW.O N., 
76' 1T.1 W.). 

1% miles off Barren I. (38" 1Y.5 N., 
7 ~ 0  1 7 r a w 1  

&pt. 30-m. 1, 1849-.- 

oct. 84,1849 _ _ _ _ _ _ _ _ _  
sept. 4-5,lw)o _ _ _ _ _ _ _ _ _  
sept. 56, lsoo ___-_____ 
Oct. Z&Nov. 11,1897-- 

Oct. 45,  1849 .-__ ~ _ _ _ _  
Oct. 12-13, 1849 ..______ 

&pt. 14-16, 1927 _ _ _ _ _ _ _  

*sUrfm. . 

12 00 

10.12 

am 
0.06 

0.06 
11.43 

_____. 

4 Current irregular. 
Q, 
(D 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

g s  ;s 
5- 

Deg. 
348 
..__. 
..... 
..... 
355 
..... 
.-... 

352 

101 

. .-- 

..._. 

26 

...-. 

..... 

50 _ _ _ _ _  
..... _ _ _ _ _  

6 

6 

1 
..... 
-.. . 
34 

,h 
1 
f -- 

Kntd 
0.56 
0.54 
0.81 
0.65 
0.68 
0.87 
0.84 
0.60 
0.35 

0.35 

0.30 
0.17 

0.70 
e.69 
0.75 
0.85 
0.47 

a39 

a82  

0. 43 

1.01 
0.91 
0 79 
0 31 I '  

Sept. 13-14, 1927-_- .__. 

July25, 1848 .______.__ 

Sept. 9-10, 1927 _ _ _ _ _ _ _ _  

Oct. 20-21, l a 9  _______. 

1 --__.do.. . . _ _  7 
Meter-.. .__. 7 
. __.__do.. - - - -do- - _.__ - -. - 1 ;  

% _________.____ (3) 

1 Pole __._____ 7 
Meter __._ _ _  - 12 _ _ _ _ _  do-. __._ 30 

_____do-  - _ _ _ _  48 
1 _________.____ 8 

H56 

H55 

H51 

H53 

P a l  

L8 

H51 

H50 

T6 

Bu3 

847 

Fgl  

T 5  

T4 

Bc5 1 

I 5 mile h-. no W. of Bloody Pt. Bar 
Light (38O u . 7  N., 76O 24'.0 W.). 

1% miles N. 65O W. of Bloody Pt. Bar 
Light (38' M.8 N., 76O 25'.6 W.). 

3% miles N. (coo W. of Bloody Pt. Bar 
Light (38" M.6 N.. 76O W.7 W.). 

Off Cheston Point, West River (38O 
51'.4 K., 76' 31'.2 W.). 

154 miles A. 28' E. of Thomas Pt. 
Shoal Light (38' 5Y.5 N., 76' 25'.2 
W.). 

1% miles S. 500 E. of Thomas Pt. 
Shoal Light (38O 53'.1 N., 7G024'.9 
W.). 

Mid-channel, off Marshy Point, South 
River (380 54'.3 N., 76' 28'.8 W.). 

3miIe~N.49~E.ofThomas Pt. Shoal 
Light (38' 55'.9 N., 76O 23'.4 W.). 

3% miles N. 37O E. of Thomas F't 
Shoal Light (38' 56'.4 N., 76' 23'.8 
W.). 

2% miles 8.W E. of Greenbury Pt. 
Shoal Light (38" 5T.O N., 76' W.1 
W.). 
mile S. 35O E. of Greenbury Pt. 

Shoal Light (38' 57'.4 N.. 76' 2fi.7 
W.). 

$6 mile 8. 30" E. oi Greenbury Pt. 
Shoal Light (38' 57'.5 N., 76' 26'.9 

1 mile 5.700 E. of Sandy Pt. Light (3s" 
W.6 N., 76' 21'.9 W.). 

% mile S. 81' E. of Sandy Pt. Light 
(39' W.8 N.. 76' W.0 W.). 

1% miles 9.889 E. of Sandy Pt. Light 

W.). 

1.91 
1.91 
1.76 
1.71 
1.91 
202 
202 
1.92 
1.46 
1.36 
1.36 
1.n 

11.28 
11.28 
11.18 
225 

255 

1213 
0.01 

11.28 
1.41 
1.91 
1.96 
1.96 
212 

.__.__ 

1228 
0.26 

E28 
0.10 

257  

272 

.__--_ 

a m  

199 

_ _ _ _ _  _ _ _ _ _  
192 

_---- 

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
198 _ _ _ _ _  
.__.. _ _ _ _ _  

111 

_ _ _ _ _  
194 

an 

156 

..--_ 

----. 
____. 

198 
--_.. _ _ _ _ _  
__... 

202 

202 

183 
____. 
.____ _ _ _ _ _  

163 

180 

192 

176 

1 

1 

15 

Pole _.______ 

____.do- - - - _ _  14 
Pole ....____ 7 
Meter ._._.__ 23 

__.._do- .____ 57 
_.__-do.. __.. 92 
Pole _.....__ 6 

Meter __._ .. . 6 

1 

M 

Pole ____.___ 7 
Meter _.__ - - - 5 

_____do  .._____ 
_. -.-do--- - _ _ _  
Pole __._.___ .__________ 

;? 

- - 

i 
8 
Q 
c1 

- 
873 

H72 

Fa2 

8 7 0  

M4 

E63 

L11 

T7 

H62 

L10 

H57 

= 
ii 
t 
g g  

is 
2 - 
Hrs. 
7.23 
7.24 
7. 26 
6.88 
6.98 
6.96 
6.78 
6.44 
7. 85 

5.92 
5.84 
5.65 
5.67 
5.35 

6.44 
6.42 
5.86 
4.77 
9.58 

9.39 

7.87 
7. sa 
7.52 
963 

a 81 
atx 
a 62 
9. 30 

__ - 

5 
E 
3 - m - 

M a .  
8.79 
8.81 
8. 46 
8.26 
8. 25 
8.20 
8.05 
8. 10 
9.03 

7. 55 
7.30 
7.20 
7.25 
i. 62 

a io a 15 
7. 65 
6. 05 

11. i2 

10.51 

9.00 
9. 20 
9.05 

11.67 

10.65 
IO. 70 
10.80 
10.85 

- - 
B 
.d * 
5 
3 

3 
j, - 

€ITS. 
6.51 
6. 49 
7. 11 
6. Pj 
6. 80 
7.00 
6.95 
6.30 
7. 19 

6.50 
6.85 
6.80 
6.75 

6.20 
6. 10 
6.15 
7.05 
5.02 

7.23 

_ _ _ _  

7.70 
7. 40 
6.90 
5. 27 

5.25 

5.05 
5. 75 

5.20 

- - 

k 4 
2 - 
m __ 

€fTS. 
8. ss 
9. 15 
8. 69 

8.78 
8. 5s 
7.98 
9. so 
7.63 
7. i3  
7. 58 
7.48 

7.88 
7. 83 
7. 38 
6.68 

10.32 

ass 

863 

.__._ 

11.32 

IO. 28 
10.18 
9.53 

10.52 

9.48 
9.48 
9.43 

10.18 

Ebb strength 
- I Observations Flood strength 

e"= 
F - 
f h .  
11.93 
11.97 
12.01 
11.62 
11.98 
11.98 
11. e3 
11.1s 
0.21 

10. 48 
10. 28 
10. 28 
10.18 
9. 52 

11.38 
11. 3s 
10.48 
9.43 
1.95 

1.89 

12 13 
11. 93 
11.78 
205 

1.76 
1. 16 
0. 86 
2.06 

KntS. -1- 0. 78 Hra. 5.91 

0. 0.73 7 i  5.93 5.31 

0. 65 5. 57 
1.08 5.62 
1.07 5.42 

0.48 5.23 

0.30 5.92 

0.32 5.77 
0.92 _____. 

0.60 6.22 
0.69 6.32 
0.50 6.27 
0.40 5.37 
0.57 7.40 

0.48 5.19 

0.61 a s  4.72 602 

0. 51 5. 52 
0. 46 7. 15 

0. 50 7.17 
0. 50 7. 22 

0. 0.50 61 7.37 6.67 

0. 0.90 84 5.47 6.12 

0.29 0.30 5.57 5. 62 

(f) Chesapeake BapcContinued 

lgmilesN.88" E.of CovePt.,Light 
(38' 23'.2 N., 76' W.5 W.). 

Sept. 2-15,1927 _ _ _ _ _ _  

Sept. 15-16, 1927 _ _ _ _ _  

Oct. 4-19, 1697 _.__.._ 

Fed 
7 

15, 16,17 
38 39,43 
64 63,6; 

10 
24 
3s 
6 

I h .  
12.03 
12.01 
12.12 
11. F6 
11. 60 
11. 60 
11.40 
11. 20 
0.24 

10.75 
10.75 
10. 2.5 

10.12 

11.10 
11.05 
10.65 
9. 65 

io. 50 

220 

1.73 

a38 

0. a3 
2 15 

1.23 
1. 18 
1.28 
1.98 

a28 

Pole ...._. -. - 
Meter ... . - -. 

_____do.. -. .. 
_..-.do. - -. _. 

Meter ... . . . .I 
mile N. 7 8 O  E. of Cove Pt. Light 

%(38O 23'.3 N., 76" W.2 W.). 
__.._do. - -. .- 
.____do.. . - _. 

3% milas W. of James I. (38' 31'.1 N., 
76' 25'.8 W.). 

1 mile S. 43O W. of Hills F't. Little 
Choptank River entrance (38" 33' .O 
N., 76' 1Y.6 W.). 

1% miles S. 600 E. of Shsrps I. (38O 
36'.2 N.. 76' 19'. 8 W.). 

1% miles N. 33O W. of Cooks Point, 
Choptank River (So 3V.1 K., 76" 
18l.5 W.). 

3% miles N. s7" E. of Xwth C h m -  
@ Beach (38' 4Y.5 X., 76" 27.5 

3%'m3es N. 51° E. of North Chess- 
p y k e  Beach (38' 44'.8 N., 7fi0 

mile off G m t  Marsh Pt. (38'' 
'44'.9 N., 76' 21'.2 W.). 

28 .o W.). 

3% miles S. 4 P  W. of Bloody Pt. Bar Oct. 18-19, 1849 _____. .. 
Light (38O 47'3 N., 76O 26'.i W.) 

1% miles S. 220 E. of Bloody Pt. Bar Sept. 2-3, 1927 _______._ 
Light (Bo 48'.3 N., 76OW.6 W.). I I Pole _.______ I 7 

Aug. 10-11.1927 _ _ _ _ _ _  

AW. asept. 2, im-- 

Aug. 9-10,1927 _ _ _ _ _ _ _  

Aug. 84,1927 .______ ~ 

Sept. 2-Od. 1, 1887... 

Oct. 17-18, 1849 ._.____ 

Aug. 11-12,1927- - _.__ 

Aw. 22-23, 1927 -_____ 

July 2gAug. 12,1897. 

July 14-16, 1845 ___.._ 

Aug. 23-24, 1927 _ _ _ _ _  ~ 

June 14, 1910 _ _ _ _ _ _ _ _ _  
Dee. 5-8, 1896 _____.__ ~ 

June 22-July 22,1887- 

July 17-19, 1845 _ _ _ _ _ _  

1L io 
11.55 
la 85 
9.70 

12 01 
11.52 
11.49 
11.40 
11.70 
11. 50 
11.70 
11.20 

12 01 

am 

9.45 
9.95 
9.00 

11. 55 
11. €a 
11.15 

la 30 

11. a7 

ia a, 
ia 15 

a 72 

12 m 

10.05 
10.10 

11.93 

.- 

2 13 
1.98 
1.48 
1. 13 
2 19 
1.48 
2 18 
226 
228 
227 
208 
1.98 

11.70 
11. 50 

11. m 

a m  

2 10 

a m  
0. 18 

12 40 
203 
1. 98 
223 
L73 
2 31 

a83 
138 
1.23 
1.18 
140 

254 

2 57 

0. ii 
0. 72 
0. 77 
1. 17 
0.49 
0.49 

0. 06 
0. 16 
0.16 
0.21 
0.23 
0.35 

a 61 
atx 

0.24 a 49 

a= 

0.09 
0.18 
0. 17 
0. 50 
a 95 a 95 
1.15 
0.53 

a n  

a 51 a 51 
a 41 a 61 

an  

0.36 

a80 

0.69 

6.10 
6.35 
6.95 

5.49 
6.07 
6.28 
6.38 
4.00 
4.30 
3.80 
460 

a 0 5  

_ _ _ _  _ _ _ _  
- _ _ _  
5.56 

3.67 

5.15 
4.40 
7. 79 
7.40 
6. 45 
6.50 
6. 75 
5.55 

5.86 

4.40 
4 95 
4.85 
4.70 
7.82 

5.84 

6 41 

6.18 

11. 38 
11.48 
11. 38 
11. 33 
11.08 
11.17 
11.35 
11. 36 
9. 28 
9. 38 
9.08 
9.38 
7.28 
7.68 
7. 28 

11.15 

la 37 

a 18 
7. 93 
7.63 

11. 28 
11. 58 
11.68 
11.48 
11.00 

7.98 
am 
a 4 8  
a38 

io. 12 

11.62 

11 62 

0. 87 
0.67 
0.57 
0.52 
0.81 

0.67 

0.86 
0.71 
0.76 
0. 61 
0. 13 
0. 2.5 
0.24 
0. 79 

0.68 

0.09 

0.22 
0. 85 
0.85 
0. 85 
a 6 5  
0.90 

a s7 

0. 41 
0. 51 
0. 51 

0. n 
a 67 

a 18 

a 51 a 41 

0.83 

a m  
a n  

6. 32 
6.07 
5.47 
4.37 
6.93 
6.35 
6.14 
6.01 
8.42 

8. 62 
7.82 

a 12 

._._ 

.... 
6. 86 

a 75 

7. 27 
8. 02 
7. 37 
5.02 
5. 97 
5.92 
5.67 
6. 87 

6. 56 

a m  
7. 47 
7.57 
7.72 
4.60 

6.58 

6.01 

6.24 

4 
9 

14 
49 
64 

10 
6 

Meter--. _ _  _ _  
____do _.____ 

! Meter .____._  do ..____ 
26 Pole _ _ _ _ _ _ _ _  

74 

6 



TABLE 53.--Current data, Chyapeake Bay and tributaries-Continued 

2- 
5 

gs 
2 s  

Deg. 
176 
_._.. _ _ _ _ _  
-...- 
115 
____. 
_.... 
189 

(9 
193 

..-.. 

182 

___._ 

___.. 

.-... 
____. 
__... 
183 

194 

136 

150 

231 
238 
194 
196 

199 

181 

h .z 
B 

-__ 

Knb 
0.93 
0.97 
0.62 
0.411 
0.50 
0.50 
0.45 
0.63 

(9 
0.51 
0.55 
0.32 
0.36 
0.w 
0.97 

0.18 
0.65 

0 . a  

0.74 

0.64 

0.57 
0.72 
0.62 
0.96 

0.80 

0.51 

a 4 7  

Method 

Pole- - _ _ _  - ._ 
Meter _ _ _ _  _ _ _  
. -. .do.. - -. . 
.... do-. - _ _ _  
Pole.. .___ _ _  
Meter .__._.. 
. . . .do. - - - - 

Depth 

FCct 
7 

ll?.! 
283! 
4Sh 
7 

10 
16 

H42 

H41 

Bc4 

H40 

H39 

(3) CDcaapeakc Bay-Continued 

1% milesN. 86" E. of Sandy F't. Light 
(39O 01'.0 N., 76O 21'.6 W.). 

Off Mountain Pt.. Magothy River 
entrance (39°03'.4N.,76026'.1 W.). 

2 miles E. of Gibson I. (39O 04'.6 N., 
76' W.8 W.). 

2% miles N. 34O E. of Love Pt. Light 
(Bo 05'.4 N., 76O 15'.3 W.). 

2% miles N. 27OW.of Love Pt. Light 
(39' 05'.4 h., 76' 18'8 W.). 

0.93 
1.18 

(4) 

2. 26 
226 
279 
2 9 1  
2. 73 
283 
2 9 3  
218 

3.24 

2 7 6  
2.05 
3.70 
3.50 
3.00 
880 

3.36 

i 

----. 
345 

(9 
30 _ _ _ _ _  

...-. _ _ _ _ _  
356 _ _ _ _ _  

.-___ 
__.__ 

325 

356 

39 

11 
11 
39 
39 
28 
13 

3 

Bc2 

Bc3 

F C 2  

FCl 

"3 

TZ 

Off Patapsco River entranca (So 

Off Pat$& River entrance (39'08'2 

Off Patapse0 River entrance (39O 

W.1 N 76' 22.5 W.). 

N., 76 1W.8 W.). 

08'. 4 N.. 76' W.0 W.). 

Off P a t a p  River entrance (W 

Off P a t a p  River entrance (39O 

Off P a t a b  River'entrance (W 

W. 0 N., 760 23'. 0 W.). 

W.2 N. 76' Z'.1 W ). 

W.3 N., 760 lV.8 W.). 

E c k m a n  

.____do _ _ _ _ _ _  - 

.____do _ _ _ _ _ _ _  

. _ _ _ _ d o  _____._ 

._---do _ _ _ _  _ _ _  
___--do _ _ _ _ _ _ _  
Pole _ _ _ _ _ _  _ _ _  

meter. 
(3) 

16 
36 

') 16 
38 
6 

1 
' 

1 

-...-do __..__. 
Meter ._____. 
. __._ do--- ._ 
....- do ...._. . 
Pole ..______. 
Meter ___._. . 

- - 
4 2  

8 
23 

i 
s 

- 
HTS. 
10.40 
9. 77 
9.74 
9.68 

8. 56 
8.67 

a 61 

- - 
o 
.- 
Y 

2 
B 
3 

* 
k - 

H T S .  
5. 65 
5. 55 
7. 40 

6. 80 
6.95 
7. 85 
5. 12 

a m  

(4) 

6.53 
6.40 
6. 63 
6.03 
6.00 
6. 15 
6.65 
7.30 
5. 76 

6 48 

5.44 

6. 79 
7.33 
7.32 
7. 17 
7.22 
4.02 

5.23 

- - 
o .- 0 
* s 
3 

e n 
w - 

Elra. 
6. 77 
6. 87 
5. 02 
4. 22 
5. 62 
5. 47 
4.57 
7.31 

(9 
5. 89 
6.02 
5. 79 
6. 39 
6.42 
6. 27 
5. 77 
5. 12 
6. 66 

5.44 

6.98 

5.63 
5. OD 
5. 10 
5. 25 

8.40 

7. 19 

5.20 

Flood strength Ebb strength Observations 
- 

R 
'a .- - 0" 
J - 

rints 
0.23 
0. 77 
1. 22 
1.03 
0. 70 
0. 70 
0. 75 
0. io  

(9 
0. 55 
0.55 
0.69 
0. 58 
0. 81 
0.82 
0. 66 
0. 68 
0.55 

a 76 

0. 51 

0. 78 
0. 73 

0. n 
0.77 
0.36 

0. 52 

a n  

- 
U 

k 

"1"" 
- 

1 

If. 

1 

11 

1 

2 

2 

6 

6 
5 
1 

9 
29% 

Data 

Hrs. 

10.80 
10.60 
10.05 
9.85 
9. 50 

0.03 
12 20 

IITS. 
11. 68 
11. 33 
11.78 
12.38 
10.43 
10.38 
10.93 

Ilrs .  
1.96 
1. 96 
1.86 
2 11 
0. 86 
0. 96 
0.96 

Aug. 24-25,lW _ _ _ _ _ _  

Sept. 1-2, 1927 _ _ _ _ _ _ _ _  
-Lug. 21-23, 1845 _ _ _ _ _ _  
*4ng. 34,1927 -------- 

_____.-----__ 

(9 
11.70 
11.67 
11.82 
12 36 

12 10 
12 25 
11.10 

12 m 

__-_-. 

(4) 

11.81 
11. 65 
12. 03 
11.97 
11.78 
11. 83 
0.06 

11.98 
_ _ _ - -  

(9 
258 
2 5 5  
271 
284 
286 
2 8 6  
3.36 
208 
-__._ 

----- 

3. 50 

3.51 
2.35 
3.55 
3. 55 
2 70 
3. 60 

3.15 

(9 
10.12 
10. 06 
10.37 

10. 42 

10. 'Is 
9. 86 

io. 55 

ia 44 

11.07 

10.77 
9.91 

11.13 
11.04 
10.36 
11.39 

io. 96 

July 25-.4ug. 20,1927. 

H38 I Craighill Channel (39O 05'.5 N., 76' 

I 
bug. 3-4, 1927 _ _ _ _ _ _ _ _  

July 9-12, 1845..----. 

Aug. 4-6, 1845 _ _ _ _ _ _ _  ~ 

Mar. &Dee. 11,lQZo.. 0.78 

12 16 
11.11 
12.12 
12.12 
11.42 
1.80 

0.78 

12.22 

0.11 
12.02 
0.80 
0.45 

12.22 
11.82 

12.01 

JUne 11,1897 _ _ _ _ _ _ _ _ _ _  
May 17-June 16,1897- .____do ______. 1 6 

3.05 

_ _ _ _  
2.60 

5.60 

3.16 

3.78 
3. 88 
3. 58 
3.28 
3.23 
3.38 
3. 18 
2. 78 
2.21 
2.01 
1.91 
3.08 
3. 18 
3.08 
2. 98 

2 98 
2.98 
2. i3 
2. 53 
2. 5e 
2.48 
238 
2.53 
2. a 
2.78 
2 78 

2.78 
28E 
26E 
2. BE 
3.7: 
4.33 
3.81 
3. w 

_---- 

0.62 

0. 59 

0.37 

0.24 

0.24 

0.81 
0.69 
0.80 
0.54 
0.83 
0. 72 
0.77 
0. 65 
0. 55 
0.43 
0.40 
0. 83 
0. 93 
1. 11 
1.03 
0. 44 

1.32 
1.04 
1.00 
0.96 
0. 69 
0. 78 
0.69 
0.61 
0.42 
0. 42 
0.42 
0.96 

1.39 
1.18 
1.08 

1. m 
1.21 
1.01 
1.08 

a s  

6. 68 

6. 31 

622 

5.12 

5.78 

5.32 
5. 15 
5. 30 
5. 07 
5.55 
5.30 
5.40 
5. e5 
6. 11 
6.06 
6. 20 
5. 70 
5.70 
5.90 
6.50 
4. 14 

6.65 
6.55 
6.65 
6. 75 
6. M 
6.50 
6.30 
6.30 
6. 30 

6.45 
5. 73 

7. 00 
7.20 
7.30 

5.74 
5.50 
6. OP 
6 .X  

6. 20 

7. 20 

12.29 2. 70 0.49 

0. 59 

D. 77 

--__. 

0.32 

0. 81 
D. 79 
0. 75 
0. 54 
0.78 
0.77 
0. 72 
0. 40 
0.37 
0. 35 
0. 40 
1.23 
1.23 
1.21 
1. 13 
1. 12 

0.97 
0. i9  
0. FO 
0.71 
0. 69 
0.68 
0.68 
0.41 
0.37 
0. 42 
0.42 
1. 46 

0. e8 
0.78 
0.68 
1.45 
1.42 
1.22 
1.05 

a m  

5.74 

5. 11 

6.20 

7.30 

6.64 

7. 10 
7.27 
7.12 
7.35 
6. 87 

I .  02 
6.57 
6.31 
6.36 
6.22 
6.72 
6. 72 
6.52 
5.92 
8.28 

5. 77 
5. 87 
5.77 
5.67 
5.82 
5.92 
6. 12 
6. 12 
6. 12 
6.22 
5.97 
6.69 

5. 42 
5.22 
5.12 
5.22 
6.68 
(1. e3 
6.34 
6. 12 

2. 12 

La 55 

.---_ 

IO. 19 

a 87 

LO. 75 

11.24 
11.40 
11. 04 
11.14 
IO. 61 
IO. EO 
LO. 99 
IO. P8 
to. 12 
LO. a4 
IO. 03 
l i .  06 
11. 14 
11.01 
10.91 

rune 7-25, 1867 _ _ _ _ _ _ _  
hpt .  17,19,1845 _ _ _ _ _ _  
rune 4,1967 _ _ _ _ _ _ _ _ _ _ _  
May 27,1867 _ _ _ _ _ _ _ _ -  
Apr. %May 7,1897.- 

ruty M, 1927 .___..___ 

12.03 

___-__ 
12 22 

3. m 
0.26 

1.21 
1.28 
1.08 
1.21 
0.53 
0.58 
0.73 
0. 53 

11.94 
11.94 
11.90 
0. 53 
0.68 
0.53 
0. 18 

12 25 
12.30 
12. 20 
12.15 
11. 50 
11.70 
11.80 
12 10 
12.15 

12  15 
12 m 

11.80 
11.70 
11. bo 
11.50 

1.42 
0. 82 
0.87 

a m  

wb7 

BCl 

wb8 

% -  

I 
0, T1 

W H Z I  

% H a  

H28 

H24 

L7 

H23 

H22 

H2.5 

L6 

H20 

El9 

12. 02 

1.90 

12.04 

0. 11 
0.01 

12.38 
12. 23 
12.08 
11. S8 
12.13 
12. %3 
11.61 
11. $3 
11. 68 
12. 28 
12.38 
0. Mi 
0. 26 

0.06 
0.01 
0.01 
0.06 

11. 68 
11.78 
11.68 
11.98 
12. 03 
11.98 
12.1s 

..___. 

1.80 

.____ 

.w 
2. 91 
3.45 
2.55 
3.26 
2.66 
2.81 
2.91 
3.23 
2. 54 
2. 51 
2.51 
3.76 
3. S6 
3.46 
3. ?ti 

7 
5 

11 
18 
7 
5 

11 
18 
5 
5 
8 
7 
6 

14 
22 

---_ 

3% miles 5. 45O W. of Pooles I. (39" 
l4'.0 N., 7 6 O  19'5 W.). 

Off Lynch Point, Back River (39" 

1~milesSE.ofPoolesI. (39'15'.9N., 

15'.0 N., 76" 26.3 W.). 

760 14'.3 W.). 

July 11-12, 1927.------ 

1% miles SE.ofPoolesI.(39°16'.7N., 

s m i l e  SE. of Pooles I. (39'' 16'3 K., 
76O 14'.3 W.). 

76O 15l.3 W.). 

Tune 11-12, 1% .___.. 

-4ug. 16-17,19?7 ___._. 3.06 
2.96 
2.66 
2.61 
2.26 
2. 16 
226 
2. 61 
2.61 
2.56 
2.71 

--__- 
2.06 
206 
1.86 
1.86 
3.63 
3. E6 
3.54 
3.81 

10.72 
10.70 
10.54 
10.47 
10. 04 
10.06 
10.06 
10. 34 
10.35 
10.42 
10.48 

10. 28 
10.31 
10.18 
10.06 
11.36 
11.79 
11.40 
11. 59 

- - -__  

7 
Meter _._-_._ 8 

.__._do _.__.._ 19 
1 .._.do _ _ _ _ _ _ _  30 

4 
7 

35 Pole __.-. ---- 1 Meter _.___._ 
mile NW. of Pooles I. Light (Bo 

77j.6 N., 76" 16'.3 W.). 

Off Carroll Pt. Gunpowder River 
(3s" W . 5  N., 76" 18'3 W.). 

1 mile W. of Worton Pt. (39' 18'3 N., 

+$ mile NW. of Worton F't. (39" 
760 lY.4 W.). 

1W.6 N., 7@ 11'.1 w.). 

1 mile NW. ol worton Pt. (W 
W.1 N., 760 11'8 W.). 

._._do 

May 25-29,1846--.-.-. 

-4ug. 18-19,1927 ...- 12 38 
0.06 
0. 06 

12. 28 
0. 21 
0.59 
0.48 
0.75 

Meter _._____ I s  
_____do _ _ _ _ _ _ _  12! 
_____do ...__._ m 

7 

*surface. 
I p& of the observational record obtained with a Pette- current meter. 

Cnrrent irregular. 
Directions from Pettersson m n t  meter d Y .  



TABLE 53.-Cuttent data, Chesapeake Bay and tributaries-Continued 

a4ug. 17-18,1927 ______. 

-4ug. lb16,1927..- _ _ _ _  
June 34,1846 _______.__ 

Dam Fut 
% Pole _._.____. 4 

Meter _ _ _ _ _ _ _  63 
_____do ______. 10 

1 Pole ....____. 4 
Meter ___.. . . 5 

__.._do _...__. 8 
3 _ _ _ _ _ _ _ _ _ _ _  

July21-22, 1927 _ _ _ _ _ _ _  

June 22-25,1848 _ _ _ _ _ _ _  
July 22,1927 _ _ _ _ _ _ _ _ _ _ _  
June 26-27,1846 _____.. 

July 15,1927 _ _ _ _ _ _ _ _ _ _ _  

July 14-15,1927 _ _ _ _ _ _ _ _  

July 14,1!327 _ _ _ _ _ _ _ _ _ _ _  

55 Pole _______._ 7 
Meter ..____. 4 

_____do ____.._ 10 
._.__do ....___ 16 

3 .___.________. _ _ _ _ _ _ _ _ _ _ _  
$4 Pole ...______ 7 

1 _____________. _ _ _ _ _ _ _ _ _ _ _  
fb Pole _____.___ 7 

Meter.-----. 4 
_____do _ _ _ _ _ _ _  9 
_____do .______ 14 

1% Pole _______._ 5fb,; 

. .____do _ _ _ _ _ _ _  6 
_____do ______. 9 

M Pole _..._____ 43 
Meter _ _ _ _ _  _ _  3 

_____do _____._ 6 

Meter ___.._. 8 
_____do _ _ _ _ _ _ _  13 

Meter------- 

June 27,1646 _ _ _ _ _ _ _ _ _ _ _  
June 30-July 3, I.%&-.- 

July 1546,1927 _ _ _ _ _ _ _ _  

-__--do ____. - - 9 
1 _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
2% _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
% Pole _ _ _ _ _ _ _ _ _  7 

Meter _ _ _ _ _ _ _  3 

5 Pole .________ 7 
Meter _ _ _ _  -. - 12 

.____do ._.__ .- 30 
- _ _ - -  do ... . . -. 48 

1% Pettersson I meter. 
30,33 

- - 

8 .- * 
3 a 
w - 

Hra. 
7.02 
6.82 
6.82 
5.92 
5. 87 
5.67 
6.64 

6.32 
5.62 
5. P2 
5.62 
6.68 

6. 12 
6.27 
6.42 
6.06 

6.32 
6.52 
6.42 
6.52 
6.79 
6.65 
6.62 
6.84 
7.72 
7.82 
7.92 
7.62 
6.14 

6.68 

6.47 
7.02 

Flood strength 0 bsarvat ions 

I /  I Location 
% Method Depth 

Date 1 2 ~ 

-1-1- (2) Cksapeah BapLContinued 

W.7 N., 76O 11.4 W.). 

N., 76' 14'8 W.). 

1% mile NW. of Worton Pt. (39" 

Off Sandy Pt., Bush River (39O 21'.0 

Hrs. 
1.58 
1. 18 
1.18 
0.08 
0.03 

12. 40 

0. 58 
0.48 
0. 58 
0.48 

0.38 
0.43 
0. 48 

1.18 
1.38 
1.28 
1.28 
1.88 
1.88 
1. 78 
1.83 
2 4 8  
248 
2 48 
238 

E h .  
11.64 
11.41 
11.36 
10.59 
10. 60 
10.62 

Hra. Deg. Knta 
3.78 62 0.46 
3.88 ._.___ 0.56 
3.68 ...... 0.56 
2.38 319 0.58 
2.48 ....._ 0.43 
2.38 -.--.. 0.43 

44 0.93 

H18 

H21 

L5 

H15 

L4 

H14 

L3 

H 9  

H8 

8 7  

L2 

L1 

H6 

1% mile SE. of Taylor's I. Pt. (39O 

1% miles W. of Grove Pt. (39' W.4 
21'.7 N., 76O OV.6 W.). 

N., 76O 04'.3 W.). 
11.34 
11.56 
11.48 
11.64 

0.90 
0.80 
0. 80 
0.70 
0.81 

3.58 61 0.90 
3.78 ._._.. 0.90 
3.68 _ _ _ _ _ _  0.90 
3.38 .--... 0.80 

59 0.73 1% miles NW. of Grove Pt. (39O 

% mile S. of Cherry Tree Pt. (39O 

1% mile8 SW. of Turkey Pt. (39O 

mile NW. of Turkey Pt. Light (39O 

24'.4 N., 76O 04'.6 W.). 
24'3 N., 76' 07'2 W.). 

%',ON., 7 6 O  W.1 W.). 

'W.3 N., 76' 01'2 W.). 

11.56 
11.20 
11.14 

3.88 __.___ 0.57 
3.78 ___.__ 0.48 
41 4 8 0 . 6 8  4 4 1 0 . 5 7  

12.01 
12 04 
12. 01 
11.86 
12.12 
12 20 
1 2  os 
11.94 
12 21 
12 23 
1 2  24 
12 24 
.____- 

4.48 1 19 0.64 
4.08 _____. 0.63 
4.28 _ _ _ _ _ _  0.73 
4.18 _ _ _ _ _ _  0.64 
4.68 358 0.66 
488 _ _ _ _ _ _  0.51 
4.73 ..-... 0.46 
4.53 .____. 0.66 
4.88 352 0.67 
5.08 ___... 0.67 
5.08 ._____ 0.67 
5.08 ._..__ 0.67 

336 0.73 

1 mile E. of Spesutie I. (39" 27'.2 N., 
76O 02'3 W.). 

36 mile E. of Spsutie I. (So 21' .3 N., 
76O 03' .3 W.). 

1% miles NU'. of Spesutie I. (39" 28' 

H mile'NE. of Locust pt, Spsutie.1. 

H mile W. of Rocky Pt. (39" W .2 N., 

.2 N. 76O 02' . 5  W.). 

(39O 23' .EN., 76O 04' . 2 W.). 

76' 00' .2 W.j. 
1.93 
2 0 8  

1 2  40 
12 31 

7 
11 

(9 
bf! 
3 
6 

10 
(9 

C) 

(9 
(9 

7 
3 
7 

11 
( 3) 

; 
9 

14 
7 
4 

10 
16 

6% 

7 
14,lS 

34%. 37 
55,59 

2.03 
1.93 
( 7 )  

2 6 8  
2 6 8  
2 73 
2 73 

(3 
(3 

5. 18 
5.28 
0 
5.58 
5.48 
5.58 
5.88 

(3 
0 

0.53 
0.53 

( 7 )  

0. gs 
0.80 
0.79 
0.98 
0.09 

(3 

(3 
0.18 

0.05 
0. 10 
0.10 
0. 15 
(3 

0.10 
0. 10 
0. 10 
0.02 

0.02 
0.20 
0.20 

0. 20 

1. B 

1.77 
1.81 
1.67 
1.44 
__.. 

1.76 
1.87 
1.78 
1. 10 
1.65 

5.55 
5.65 

1 . 1 6  3.56 
1.06 3.46 _____.  1 _ _ _ _ _ _  1 170 

0.63 
0.63 
0.81 

0.98 
0.80 
0.99 
0.98 
0.29 

0.85 

0.74 

0.50 

0.30 
0.37 
0.31 
0.30 
0.46 

..__ 

._.. 

.___ 

..._ 
_._. _ _ _ _  
.___ 
.... 

2.30 

1. 92 
1.91 
1. 92 
1.84 

1.80 
1.88 
1.73 
1. 19 
1.52 

___. 

6.87 
6.87 

7.32 
7.32 
7.21 
7.47 

_-- -  

---- 

_ _ _ _  
__.. 

___. 

9.97 
0.02 
9.99 
9.79 
_._. 

9. 12 
8.52 
8.92 
9. 02 
7.62 
9.02 
7.42 
6.32 

7.40 

6.62 
6.47 
6.22 
6.27 
6.51 

6.47 
6.44 
6.29 
6.14 
6.49 

12 22 
12 17 

0.46 
0.39 
0.53 
0.55 

_-_-- 

_ _ _ _ _  

WM 
H5 

wb5 

wb4 

wb3 

Wb2 

HI 

W b l  

H3 

H 2  

PB 
A71 

c1 
A72 

Channel near Fishing Battery Light 

Channel near Flshlng Battery Light 
(390 29' .5 N., 76°,05' .2 W.). 

(39' 29.7 N., 76' 05' .3 W.). 

Apr. 19-20,1867 _ _ _ _ _ _ _  
July 1546,1927 _ _ _ _ _ _ _  5. 10 

5.10 
5.15 
4.95 
.____. 

.____. 

2.45 
2 40 
2. 43 
2.63 

3.30 
3.90 
3.50 
3.40 
4.80 
3.40 
5.00 
6. 10 

5.02 

5.80 
5.95 
6. 20 
6. 15 
5.91 

5.95 
5.98 
6. 13 
6.28 
5.93 

j ::E 5.06 I-.!"" 
1.26 5 0 6  ,_ .____ 

1% miles N., 71" E. of Fishing Bat- 
tery Light (39O 30' .O N., 76" 03' .7 
w 

July lt&l2,1867 _ _ _ _ _ _ _  
Apr. 23-25,1867 ___.___ 

Apr. 1648,1867 ___.___ 

July 643,1867-. .______ 

July 1'&13,1927 _ _ _ _ _ _ _  

_---- 
- - -__  

-0.01 
0.21 
0.12 

-0.10 
___._ 

0.74 
0. 11 
0.81 
0.77 

-0.03 
0.01 

-0.23 
-0.59 

0.25 

0.29 
0.28 
0.36 
0.24 
0.85 

0.39 
0.38 
0. 18 

-0.29 
0.20 

.o W.). 
mile off H a m  de Grace, Susque 

'hanna River (39' 32' .9 N., 76O 04' 
.8 W.). 

fB. mile off Havre de Grace Susque 
hanna River (39' 32' .9 s., 76" 04' 
.7 UT.). 

$6 mile off Havre de Grace Susque- 
hanna River (390 33' .O G., 76' 05' 
.2 W.). 

3.73 
3. 98 
3.88 
3.43 
(3 

3.78 
3.48 
3.78 
3.78 
2.58 
3. 18 
2. 28 
1.28 

2.52 

2.33 
2. 18 
2. A3 
1.98 
2. 73 

2.39 
2.37 
1.99 
1.37 
2 18 

5.13 
5.43 
5.38 
5.23 
(3 

5.88 
5.23 
5.88 
5.88 
4.48 
4. iP 
4.28 
4.08 

5. 02 

5.28 
5.23 
5. 28 
5.33 

5.20 
5.16 
5.01 
4. 57 
4.88 

I2 18 
12. 38 
12.31 
12.06 

4 . w  150 
4.19 

4.03 I...._ 

....__ i 142 

4.03 I____. 
July 2-5,1867 ________. 

July 13,1927 _ _ _ _ _ _ _ _ _ _  

M mile off Harre de Grace, Susque- 
hanna River (39O 33' .1 K., 76O 04' 
.7 W.). 

(3) Hampton Rwda 

fb mile S. of Old Pt. Comfort Light 
(36: 59' .6 N., 76' 18' .2 W.). 

y1 mlle S. of Old Pt. Comfort (36O 
5V .8 N., 76' 18' .7 17.). 

Mar. 10-12,1919 ..____ 

July 30--4ug. 15,1923. 

% mile S. of Old Pt. Comfort (36O 
59' 8 N., 76" 18' .8 W.). 
mile S of Old Pt Comfort (36' 59' 

'6. N., +So 18' .7 +.). 

' snrfaca. 
7 Current does not flood. 

9 Flood velocities too small to admit of an accurate direction determination. 
p Observed times of swinging of ship. 



TABLE 53.--Current data, Chesapeake Bay and tributaries-Continued 

0 

;% 
g? 
a $  

Deg. 
54 

.____ 
_.... _ _ _ _ _  

39 

330 

.___. 
-.... 

_ _ _ _  
..... 

47 

60 

8 _ _ _ _ _  _ _ _ _ _  
____. 

9 

1 

7 

61 

98 

70 

111 
_._.. 
._.__ 
.___. 
____. 
.___. 

4 B 
__- 

Knts  
2.05 
1.96 
1.65 
1.51 
0.95 
0.95 
0.80 
0.38 
0.38 
0.3s 
1.54 

1.40 

1.26 
1.35 
0.87 
0.92 
0.79 

1. XI 

0.94 

1.36 

1.21 

1.22 

1.30 
1.64 
1.26 
0.96 
0.73 
0.88 

m 
32 
7 

1 . 9 3  
1.88 
1.30 1 

5.05 

4.38 

6.04 

6.67 

211 

208 

231 

268 

6% 

(') 

6$4 

6% 

694 

2.23 

1.20 

2.12 

3.22 

2.45 

278 
._.__ 
.____ 

_ _ _ _ _  .___. 

165 

175 
_.___ 
---__ 
- - -__  
._.__ 

('9 
_.... 
._._. 

1M 

(11) 

---._ 

--_.. _ _ _ _ _  _ _ _ _ _  
114 

('1) 
..___ 
____. 
-.___ 
170 

184 
___.. 
--___ 
___._ 
278 _ _ _ _ _  _ _ _ _ _  - ____  _-___ 
224 - -___ _ _ _ _ _  - _ _ _ _  

0.52 
a84 
as3 

a 9 1  
0.74 

0.70 

0.28 
0.46 a 47 
0.57 
0.60 

0.60 
0.69 
0.61 
0.34 
0.60 

0. 50 
0.59 
0.64 
0.56 
0.54 

0.45 
0.49 
0.45 
0.40 
0.80 

0.43 
0.59 
0.45 
0.41 
0.52 
0.84 

0.74 
0.91 

1.06 
1.06 
1.07 
1.07 

0.83 

_ _ _ _ !  
_ _ _ _ I  

8 

337 

(11) 

..___ 

('0) 

_..._ 
287 

('9 

.-.-. 

..__. 

.____ 

350 

338 _ _ _ _ _  
.____ 
__.__ 

79 
_.___ _ _ - _ _  _ _ _ _ _  _ _ _ _ _  
35 

_ _ _ _ _  _ _ _ _ _  
_ _ _ _ _  

0.81 
0.90 
0.59 
1.16 

1.16 

.o. 53 
0.71 
0.47 
0.44 
0.60 

0. 70 
0.79 
0.66 
0.49 

0.60 

0.59 
0.51 
0.64 

0.60 
0.64 
0.65 

0.80 

a53 
0.35 
0.16 
0.85 
0.81 
0.w 
0.a 
1.16 

1.38 
1.26 
1.17 

26010.60 

a m  

am 

0.34 

aw 

1 

1% 

% 

Pole ._____--_ 
Meter .__. _ _  - _ _ _ _  .do-. - - ._ 

_.._.do- - - - - - 
Pole .__._.___ 
Meter .---... 

_____do. .___ ~ 

..__.do.. -. -. 
;Pettersson 

Meter. 
Pole ...______ 
Meter.-.---- _ _ _ _ _  do- - -. ._ 

--__.do. -. - - - 

7 
9 

22% 
36 

434.7 
4.6% 

10,IOM 
16 
6% 

7 
5% 

14 
22% 

2.08 
1.38 
1.sa 
1.18 
1.61 
1.58 
1.55 
1.18 
1.63 

1.28 
1.28 
1.28 
1.1 

= 
u 

8 - 3  
2 

z 9 
- 
Hra. 
12 31 
12 32 
12 21 
1 2  01 
11.71 
11.61 
11.60 
11.15 
11.14 
11.06 
1 2  2.5 

0.32 

11.71 
11.72 
11.77 
12.18 
11.76 

0.09 

12 18 

0.77 

1.49 

0.77 

0. 50 
0.50 
0. 13 
0.08 

-0.15 
-0.14 

- - 
R 
2 * 
5 
W 
V 
8 
G - 

Hra. 
6.05 
6.00 
6.05 
6.00 
5. i o  
5.70 
6.05 
5.75 
6.10 
6.00 
5.33 

5.15 

3.95 
4.30 
4.75 
5.55 
5.70 

4. 99 

6.94 

7.05 

6.04 

6.21 

5.40 
5.47 
EL90 
6. 00 
6.20 
6. 40 

- - 

." 8 
!i 
* 

W 

e n 
w 
- 

Hrs. 
6.37 
6.42 
6.37 
6.42 
6.72 
6.72 
6.37 
6.67 
6.32 
6.42 
7.09 

7.27 

8.47 
8. 12 
7.67 
6.87 
6.72 

7.43 

5.48 

5.37 

6.38 

6.21 

7.02 
6.95 
6.52 
6.42 
6.22 
6.02 

Observations I 2 1 Floodstrength Ebb strength 
- 
x 
Y 

B - 
s - 

Kntd _ _ _ _  
_.._ _ _ _ _  
.... 
0.70 
0.90 
0. 80 
0. 28 
0. 28 
0. 28 
1.34 

1.20 

0.91 
0.85 
0.87 
0.87 
0.56 

1.33 

1.24 

1.08 

1.08 

1. 12 

1.24 
1. 51 
1.41 
1.32 
1. 18 
1. 213 

Locstiou 
Date 

(3) Homplon Roads-Continued 

36 mile W. of Fort Wool (36" 59' .2 N., 
76" 18' .6 U-.). 

Hr8. 
1.56 
1.36 
1.26 
0.96 
0.66 
0. i1 
0.76 
0.01 
0. 16 
0. OF) 
0.93 

1.40 

12.18 
12. 28 
0. 26 
1.01 
0.58 

0.80 

1.72 

2 75 

2 8 4  

2.24 

1. 66 
1.63 
1.56 
1. 56 
1.41 
1. 51 

Hra. 
4.06 
4.46 
4.36 
4.31 
3.36 
3.26 
3.36 
3.66 
3.76 
3.66 
4.68 

4.57 

3. €6 
3.81 
3.76 
4.86 
3.94 

5.00 

4.47 

4.90 

5.95 

5.38 

5.29 
5. 46 
5. 11 
4.93 
4.46 
4. 71 

> a y  
1 Pole _....____ 

Meter _ _ _ _ _ _ _  
----.do .-.. - _ _  
-..-.do .___._. 

1 Pole .___.____ 
Meter .__.___ 

Feet 
7 

11 
27 
44 
2 
4% 
7 
2 

(9 

July 3l-AUg. 15,1928. 

% mile NW. of WiUoughby Spit (36" 
58' .6 N., 76" 18' .4 W.). 

Willoughby Bny entrance (36O 57' 
.7 N., 7 6 O  17' .9 W.). 

$6 mile S. of Old Pt. Comfort (36' 59' 
.6 N. 76O 18' .6 W.). 

3,gmilekR. of Old Pt. Comfort (xio 
5Y .8 N., 7 6 O  I Y  . 1 W.). 

Channel W. of naval operating base 
(36' 57' .2 X., 76'' W .3 W.). 

July 31-A~g. 1,1928. - 

Aug. 1-2,1928.. .____ 

Oct. 9,1854 ______.____ 

Aug. 24.1854 _ _ _ _ _ _ _ _ _  
Aug. 1-2,1928 __._____ 1 Pole _.._____ 

Meter ... . .- - - 
-....do. .__.._ 
--.-.do .... - - - 

10 Pole __.______ 

1% Pole .._._-.-_ 

$4 Float ..______ 

2%; Pole ...______ 

2 1 _.._.do _ _ _ _ _ _ _  
2 _..__do _ _ _ _ _ _ _  
1% __.__do ._____ 
1% Meter ....___ 

34 _____do-  .____ 
1% ____.do. _.._ 

i 
I 

Off piers, naval operating base (36" 

54 mile off submarine base (36O 57' . 4  

1% h e s  W. of naval operating base 

N!yrt  News'Channel(36O 57' .6 N. 

56' .8 N., 76" W .  1 W.). 

N. 76' W .5 W.). 

(36' 57' .2 N. 76" 21' . 4  W.). 

r R  21' 7 W )  

Aug. lO-S%pt. 7,1917. 

Mar. 7% 1919 __._____ 

Oct. 10,1854 _ _ _ _ _ _ _ _ _ _  
Feb. 13-18,1919 _.___. 

let .  11-13.1919 _.___.__ 

Feb. 27-hlar. 1,1919-- 

Aug. 9-16, 1928 _ _ _ _ _ _ _  

. - _. . . . . _, . 
2% miles EE. of Newport News Point 

Newport Xews'Channel (so 57' .3 N., 

Channel off Sewport News Pt. (36" 

(36' 56' .O N. 76O 23' .2 W.). 
76' 23' .6 W.) . 
W.3 N., 76" 24l.7 W.). 290 

2 5 8  5.05 ...__ 
2 0 8  ;; 1 4.48 ;;; _ _ _ _ _  
1.531 4.13 ;____ %I ...__ do.. . .-. 

Pettersson I meter. 

A83 

p7 

Ai7 

A81 

w1 
A7f 

Fg31 

A76 

w1 
AN 

As4 

AS. 

3 mile NE. of Naasamnnd River 
Light (ao 55'.3 N., 76" W . 0  W.). 

Ang. 10-16, 1928 _ _ _ _ _ _  4.81 
4.65 
4.51 
4.98 
4.28 

3.97 

4.40 
4.53 
4.60 
4.63 
4.43 

3.48 
3.58 
3.68 
4. 28 
4.42 

4.23 
4.63 
4. 28 
4. 13 
4.62 

4.23 
4. 13 
4. 18 
4. 18 
4.67 

5.28 
5.23 
5.23 
5. 18 
4.81 
4.65 
4.51 
4.98 
4.28 

4.58 
4.58 
4.40 
4.38 

6. 37 
6.43 
6.63 

6.60 
7. m 

5.51 

5.58 
5.07 
5.68 
6. 60 
6.35 

5.90 
5.85 
6.50 
6.25 
6.00 

6.60 
6.05 
6.65 
6.70 
6.09 

6.00 
5.90 
6.00 
5. so 
4.42 

5. 75 
6.70 
6.50 
7.05 
6.3; 
6.43 
6.63 
7.20 
6. 60 

6.48 
6. m 
6. m 
6.00 

1. 58 
1.59 
1.76 
L96 
1.81 

12 34 

0.86 
0.68 
1. 14 
1.48 
1.41 

0.41 
0.56 
0. 81 
0.61 
0.50 

0.96 
1.01 
1.11 
1.08 
1. 17 

0.81 
0.71 
0.71 
0.66 
0.50 

1.41 
1.66 
1.66 
1.81 
1.56 
1.59 
1.76 
1.96 
1.81 

1.36 
1.06 
1.06 
0.86 

4.53 
4.56 
4.66 
4.91 
5.31 

3.92 

4.44 
4.38 
4.34 
4. 16 
4. 26 

4.06 
4.11 
4. 16 
3.91 
3.33 

4. 16 
4. 16 
4.01 
3.91 
3. 55 

4.06 
4.01 
4. 16 
4. 16 
4.50 

4.56 
4.46 
4 4 6  
4.26 
4.53 
4.56 
4.66 
4.91 
5.31 

4.96 
4.86 
4.76 
4.m 

6.05 
5.99 
h 79 
5. 22 
5.82 

6.88 

6.84 
7.35 
6. 74 
5.82 
6.07 

6.52 
6.57 
5.92 
6. 17 
6.42 

5.82 
6.37 
5.77 
5.72 
6.33 

6.42 
6.52 
6.42 
6. 62 
am 
6.67 
5.72 
5.92 
5. 37 
6.05 
5.99 
5.79 
5.22 
5.82 

5.94 
6.22 
6.22 
6.42 

-a 05 
-a OB 

am 
-0.06 
0. OB 

11.39 

12 09 
12 14 
12 23 
12 13 
12 14 

11.46 
11. 58 
11.58 
11.64 
11.53 

11. n 
1 2  04 
11.81 
11.71 
11.95 

11.82 
11.76 
11.78 
11.81 
12 m 
a 15 

a05 
0. 00 

-0.07 
-0.05 
-0. 08 
-0. 06 

0.08 
0.08 

12 28 
12 18 
12 14 
12 OB 

4%,7 1.61 
4,655 L58 

1410% 1.55 
16 1.18 

1.63 

6% 0.80 

7 1.70 
8 2 0 3  lam 1.88 =: ;:E 

(4) -Eliwbdh and Namenumd Amcrs 

W mile E. of Craney I. Light (36' 53'.4 

Channel W. of Lambert Pt. (360 52.6 
N., 769 W.3 W.). 

N., 76" W.1 W.). 

MU. 12-14, 1919 _____. 

Aug. 3-14, 1928 ______. 

Kest Norfolk Bridge, Western Brancl 
(36O 51'.5 N., 76O W.6 W.). 

Aug. 3-4, 1928 _______. 

Off Berkley Eastern Branch (36O 

Berkley Bridge, Eastern Branch (36' 
W.5 N., 78" 17'.3 W.). 

W.5 N., 76" 16'.9 W.). 

May  20-21, 1876 _____. 

Ang. 13-14, 1928 

Sear N b: W Ry. Bridge Eastem 
Branch (36O &',.4 N. 76O h . 6  W.). 

Virginian Ry. Bndge hastern Branc 
(36' W.2 N., 76" ld. 7 W.). 

May %22, 1913 

Aug. 13-14, 1928 

Off St. Helena Southern Branch (36" 
4Y.6 N. 76O'17'.6 W.). 

mile I+. of N. dr P. B. L. RY. 
Bridge, Southern Braneh (36' 48I.S 
N., 76O 17'.5 W.). 

% mile NE. of Nansemond R i m  
Light (So W.3 N., 76' %'.O W.). 

Off Town Pt Nansamond R i m  
(3s" E3'.0 N.,%' W.9 W.). 

8 SnrISes. 

Aug. 10-11,1928 _ _ _ _ _  

11 Easterly. 



TABLE %.--Current data, Chesapeake Bay and tributaries-Continued 

Continued 
Off Dumpling I., Nansemond River 

(6) Jomcs R i m  and tributarie.8 

Aug. 10-11,1928 _ _ _ _ _ _ _  
(36' 48l.5 ?*'., 76'33'.5 W.). 

-.I 
00 - - 

9 
2 

? 

1218 8 
k 

- 
Yrs. 12. 08 p? 
12 16 

1.66 e 
1.39 * 
0.83 
0.56 0 
0.54 M 
0.49 0 
1.40 U 

M 
3.50 

3.48 

3.21 
3.17 

u, 

E -4 
3.43 

3.36 
3. 46 
3.36 
3. 12 
3.35 
3.21 
3.32 
3.31 
4. 58 

Day8 Fed Hre. 
1 Pole _ _ _ _ _ _ _ _ _  434 1.13 

Metar..--.-- 4% 1.18 
.___-do _ _ _ _ _ _  7 1.18 

Deg. 
174 _ _ - _ _ _  

._.___ 

Knta 
1.02 
1.02 
0.97 

Deg. 
347 _ _ _ _ _ _  

__.... 

Knta 
0.97 
0.97 
0.97 

mile off railroad docks, Neaport 
'Keas (36O 5V.7 N., 76' W.1 W.). 

mile 17. of Old Dominion Pier, 
'Newport News (36O 58l.5 N., 76' 

26'.8 17.). 

1% miles E. of Fishing Pt. (36' 58'.1 
N., i6' 28'.2 W.). 

mile off ship building plant New- 
'port Sews (36O 59r.4 N. 76O 2 . 9  w,) 
Near Ferwwns Wharf (37O 03'.9 N., 

76' 39'.6 W.). 
M mile E. of Hog I. (37O 11'.0 N., 76' 

3V.O W.). W milt: N. of Hog Pt. (37' 1Y.3 N., 
76" 41'.5 W.). 

Mar. 3-5,1919 _ _ _ _ _ _ _ _ _  
Aug. 9-10,1928. _ _ _ _ _ _  ~ 

.____do ___.____________ 

June 27-JuIy 11, 1910-. 

July 213-22, 1910 ._._.__ 

July 31--4ug. 2,1855--- 

-4ug. 6-9,1928 _ _ _ _ _ _ _ _ _  I 

1 

% 

1 

-----do. - ~ - 
Meter ._.____ 

----.do.. . . . - 
.___.do _ _ _ _ _ _  
Pole ___._____ 
Meter _ _ _ _ _ _ _  

____.do. -. . _ _  

7 
7 

18 
29 
434 
6% 
8% .____ 

3.38 
3. 58 
2.98 
2.48 
2.48 
2 3 8  
2.28 
3.62 

5.33 
5.18 
5.18 
5.08 
6.05 

._..__ ~ 0.95 
344 i 0.80 

___.__ ~ 0.90 
--...-I 0.70 

342 / 1.46 

8.62 

8.60 

7.48 
7.43 
7.96 
7.53 
7.80 

8.28 
8.48 
8.08 
8.03 

8.00 
7.90 
8.00 
9. 17 

a m  

326 0.34 

_ _ _ _ _ _  0.44 
._._.. 1.21 _ _ _ _ _ _  1.30 
____.. 1.23 
...___ 1.17 

255 0.93 
._____ 0.98 _ _ _ _ _ _  0.98 
_..___ 0.83 

._.. _ _  1.23 
___.__ 1.22 
__..._ 1.04 
290 1.48 

270 I 1.20 

353 1.13 

2 

1% 

I 

____.do _..__._ 
Pettersson 

meter. 
Pole ...___.. 
Meter.. _ _ _ _ _  

.___.do ....__ 
__.__do ...___ 
Pole _.___.__ 
Meter _ _ _ _ _ _ _  

___._do.-. . _ _  
_____do.  -. .. 

1 1  - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

32 
18 

7 
6 

12% 

7 
12 
30 
48 

m 

-_ -__  

4.68 
5.25 

5.31 
5.51 
5.23 

5.25 
5.10 
5.15 
5.15 
6.42 

4.58 

7.83 
8.03 
7.69 
7.73 
7.63 
7.78 
7.73 

_ _ _ _ _ _  1 1.18 _ _ _ _ _ _  11.01 
___.__ 0.65 

182 1 1. 13 _ _ _ _ _ _  1 1.13 
_ _ _ _ _ _ I  1.17 
__..-- 10.99 

9.75 

10.09 

10.92 

9.88 
9.78 
9.73 
9.68 

LO. 59 

10.68 
10.63 
10.58 
10.53 

.___._ 

4.98 

5. 29 
5.30 
4.05 
5.24 
405 
4.62 
5.45 

5.01 

5.35 
5.70 
5.25 
4.70 
5.42 

6.43 

6.59 

_ _ _ _ _  
_ _ _ _ _  
6.43 

66 

133 

150 

84 
.---- _-_- -  _ _ _ _ _  

89 

92 
__--- 
____. 
----- 
160 

91 

63 
__.-- 
.__-. 
._.__ 
__.-- 
.___. 

80 

104 

I21  
_..__. 

.____. 
121 

147 

137 

152 

___... 

---- -. 
172 

Aug. E-9,1928 _ _ _ _ _ _ _ _ _  1 1 Pole _ _ _ _ _ _ _ -  7 7.60 
Meter..- _ _ _ _  4 7.55 

.____do. _ _  - - - 10% 7.50 
_____do _ _ _ _  _ _  17 7.50 

3% 
1 1 3 

1 1 3 I 2 Aug. 21-23, 1918 _ _ _ _ _ _ _  

Meter _ _ _ _ _ _ _  1l,14 226 
..___do ._.__-- 27 1.90 
.___.do ______-  35 2 13 
_____do ____.-- 43 1.70 
-..-.do .._.___ 56 0.77 
Pole ____.____ _ _ _ _ _ _ _ _ _ _ _ _  2 4 5  

July 26-Aug. 17, 1928--( 3% Pole ________-  7 2 2 9  

i d y  21-28, 1928 _ _ _ _ _ _ _ _  1 Pole .________ 4% 2 2 5  
Meter _ _ _ _ _ _ _  20 2 5 5  

.___-do _ _ _ _ _ _ _  40 2 2 5  
__.__do ______-  60 0. 90 

- - 
..- 
3 
P 1 

Hrs. 
7.10 
7. 15 
7. 10 

5. 15 

5. 60 
5. 35 
5. 95 
6. 30 
6. 10 
6. 20 
6. 30 
5. 55 

400 

5. 35 

5.86 
5. 94 
6. 10 
6.42 
6.03 

5. 84 
5.64 
6.02 
6. 73 
6.30 
6.40 
6.45 
6. 35 
5.97 

Observations I Flood strength Ebb strength 

Loeation t: 1 1 Method I Depth 1 Data 

d 

€Ira. 
4.28 
4.33 
4.38 

€ITS. 
1.81 
1.91 
1.86 

2. 73 

2 5 6  
2. 51 
2. 51 
2 36 
2 16 
2 16 
2. 16 
2. 75 

4. a3 

4.43 

4.54 
4. 52 
4. 64 
4. 68 
4.86 

4. 73 
4. 73 
4.83 
4.89 
5. 13 
5.08 
5. 18 
5.08 
5.97 

€ITS. 
4. 16 
4. 28 
4.36 

Ilrs. 
5.32 
5. 27 
5.32 

7.21 

6. 82 
7.07 
6.47 
6. 12 
6.32 
6. 22 
6. 12 
6.87 

8.42 

7.07 

6. 56 
6.48 
6.32 
6. 00 
6.39 

6. 58 
6. 78 
6. 40 
5.69 
6. 12 
6.02 
5. 97 
6. 07 
6.45 

A85 

P4 

hss 

A87 

Fg23 

Fg24 

Mal 

A88 

A89 

A90 

Fg25 

5.95 ~ 142 I 1.70 
, I  

6.70 j 340 1 1.10 

6.56 1 134 1 1.80 
6.56 ...... 11.80 
5.86 _____. 1.40 
5.86'__..._, 1.00 
5.16 i 117 1 0.90 
5. 16 ' ____.. 1 0.90 

8.30 ~ ...__.' 1.0: 
8.53 i _ _ _ - _ _  i 1 5 0  

7.86 i 76 ~ I. 18 
1 .  

1 mile N. of Hog F't. (37O 1Y.8 N., 76O 
41'.5 W.). 

A4ug. 74,1928 _ _ _ _ _ _ _ _ _  

*ug. 6-7,1928 .________ 154 miles above Ferry F't. Chicka- 
hominy River (37' 16'.8 N., 76O 
5Y.9 W.). 

4 mile above Sloop Pt. (37" 11'.0 N., July 30-.4ug. 17, 1910-. 
'76" 5Z.2 W.). 

8.92 

9.84 

LO. 59 

9.95 
9.95 
9.85 
9.80 

11.17 

10.90 
10.90 
10. 70 
10.80 

(7) 

5. 50 

5. IO 
5.03 
4.90 
4.80 
480 
4.24 
5.70 

1. 26 

1.32 

1.22 

0.94 
1.04 
0.99 
0.94 
0.48 

0.84 
0.84 
0. a 
0. a 
0 

0.95 

0.93 
0.86 
0. 87 
0. 59 
0. 6s 
0. a 
0 . g  

1. 15 

1. 36 
1. 12 
0. 75 
1.41 
1.26 

1.08 

1.39 

1.14 

_ _ - _  
a 67 

6.63 

6.14 

_ _ _ _  
5.65 
5.60 
5.75 
5.80 
4.50 

5.3: 
5. x 
5. x 
5. 2 

0 

5. i f  

6.3: 
6% 
5.9: 
6.1; 
5. 8: 
7. i f  
6. 6: 

1% 

5.07 
5. 67 
6. 21 
7. 57 
5.62 

5. 62 

5.41 

6. m 
---- 
_ _ _ _  

6.88 

7.47 

6.75 

6.83 
6. 73 
6.83 
6.88 
7.67 

7.48 
7.43 
7. 48 
7.25 

_ _ _ _ _  

1.N 

2 16 
2 1s 
1.N 
1.8 
1. 1c 
2 12 
2. f2 

1.6; 

1.90 
1.80 
2 10 
2 05 
1.92 

2 93 

263 

4.09 

3.18 

0. 99 

1. 15 

1. 80 

1.09 
1. 19 
1.19 
1.04 
1.27 

0.89 
0.89 
0.85 
0. 85 

0.99 

1.00 

0. 84 
0.86 
0. 67 
0.81 
0. 69 
0. 44 
0. 82 

1. 23 

1.81 
1.77 
0. 95 
0.71 
1. 16 

1. 48 

1.74 

1. 54 

__-_ 
a 91 

5. 79 

6. 28 

_ _ _ _  
6. 77 
6.82 
6.67 
6. 62 
7.92 

7.07 
6. 92 
6.91 
7. 17 

_ _ _ _  

6ff 

6. IC 
6.07 
6. 5F 
6. 2t 
66( 
4.64 
5. 8( 

5. 46 

5. 35 
i 75 
i 15 
L85 
5. 80 

3. 80 

7.01 

3. 22 

._-_ 

.___ 

4.88 

5.61 

5. 76 

5.38 
5.32 
5.30 
5.28 
6. 58 

6.22 
6.15 
6.11 
6.08 

.____ 

0.50 

0. 54 
0. 52 
-0.12 
0. 33 

-0. 21 
-0.24 
0.88 

0. 31 

0. 40 
0. 53 
0. 52 
0.03 
0. 71 

1. 67 

L E3 

2 31 

2 32 

1.62 

Fgzs 

Fpn 
F@ 

-491 

Fgza 
-492 

Fg30 

rn 
A67 

La1 

Fgs 
A68 

Le3 

F g l a  

F g l l  

Fg12 

Fg13 

Fg14 

Off Windmill Pt. (37" W.7 K., 77' 
05'.7 W.). 
mile E. of City Pt. (37O lV.0 N., 

'TP,16'.3 W.). 
$4 d e  N. of City Pt. (37' 1V.3 N., 
TP N . 6  W.). 

Mouth of Appomattox River (37'18'. 
N., P W.0 Pi.). 

Off MdowviUe (37O 22'3 N.. 77' 

W mile below Dutch Qap Canal (370 
11.5 W.). 

27.8 N., 77' W.8 W.). 

mile below mouth of Gillis Creek 
'(37O 31'.2 N., no %'.Ow.). 

(6) York River and tribntarird 

mile off Tue Marshes Light (370 
3/64'.5 N., 76O 23'2 W.). 
tr, mile off Tue Marshes Light (37" 

14'.6 N., 76O 23'.4 W.). 

bpr. 27-May 11, 19lL.j 1 1 ______________I _ _ _ _ _ _ _ _ _ _ _ _  1 2 13 

4.80 
4.80 

5.50 

6.31 

6.39 

6.64 

5.20 
5. m 

e23 

7 Current does not flood. 



TABLE 53.-Curtent data, Chesapeake Bay and tributaries-Continued 

3- 
6' 
* 0  0 1 
E 2  

Deg. 
('3) _ _ _ _ _  
___._ 

80 

95 

100 

154 

151 

____. 

(19 
-___. 
___._ 
___._ 

55 

100 

175 

114 _ _ _ _ _  
...__ 
. - - - - 
. - - - - 

x 
4 .- 
3 s _- 

Knta 
1.50 
1.61 
1.09 
0.92 
1.71 

0.95 

1.00 

1.78 

1.00 

1.88 
204 
1.78 
1.46 
1.00 

1.26 

1.05 

0.64 

0.58 
0.58 

a 59 

- - - - -____  
- - - 

J m  13-30, 1913 ______._ 

Feb. 6, 1913 __________. 

$ 

J 

July 20-21,19!B ____._._ 

____do  ___________...... 

1 

3 

rmbii. 1881 _._______ $4 
luly Z3-24, I= _ _ _ _ _ _ _ _  1 

_.__do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  W 

luly 24,1928 _ _ _ _ _ _ _ _ _ _ _  $4 

Pole ______---  
_____do  ______-  
Meter __.____ - ----do _ _ _ _  - - - 

.---.do ..___ -. 
Pole ...______ 
Meter ___._ _ _  

___._do _ _ _ _ _ _ _  
_..._ do ...____ 
Pole __._.---- 
Meter _._...- 

..__.do _ _ _ _ _ _ _  

Aug. 21-22, 1923 _____.. 1 Pole __.._____ 

---.-do. _._ - -- 
.___-do. .... - - 

May Zi-31, 1881 ____... 1 1 
bIay30, 1881 ..____.... !& __.___._______ 

May 16, 1881 ______.... 9 ..____._______ 

May 21, 1881 _.____.... %I..___.______._ 

1 Meter .______ 

I 
I 

Mar. 3-May 20, 1881.. 1% Pole _..______ 

Feb. 28, 1881 ._________ %I _ _ _ _ _  do 

7 
9 

22! 
36 

5 

5 

- - 

'B 1 
5 
1 

+ 

'c1 

1;1 - 

Hrs. 
5.40 
5.45 
5.65 
5.55 
5.28 

4.95 

(7) 

5.29 

5.37 

5.67 
5.62 
5. 73 
5. 87 
6. 29 

6.29 

_ _ _ _  

665 
665 
6 7 5  
6.70 
5.40 
5.40 
5.60 
5. io 

- - 
B 
2l 
I. 0 
2 

3 - m 
~ 

Ilrs. 
3.41 
3.41 
3.51 
3.41 
4.09 

5.01 

_ _ _ _ _  
3.93 

4.01 

4.23 
4.23 
4 19 
4.23 
5.76 

6 76 

_ _ _ _ _  

4.06 
4.11 
4.06 
3.86 
3. 06 
3.16 
3. 56 
3.36 

- - 
.w 8 
s c 
"3 

e e 
s2 - 

Hrs. 
7.02 
6.97 
6. 77 
6. 87 
7. 14 

7.47 

.___ 

7. 13 

7.05 

6. 75 
6.80 
6. 69 
6. 55 
6. 13 

6. 13 

_ _ _ _  

5.77 
5. 77 
5. 67 
5. 72 
7. 02 
7.02 
6. 82 
6.72 

Flood strength Observations Ebb strength - 
h v a 
5 - 

Knta 
1.30 
1. 31 
1.29 
1.07 
L 41 

a 87 

(7) 

1.53 

0.70 

1.73 
1. 74 
1. 73 
1. 51 
1. 20 

a 4 9  

a61 a 74 
a83 
0.83 
a27 
a36 
a55 
R46 

Loartion c $ 
F 

Date Method Depth 

(6) York Rim and trhlarica-Con. 
Hrs. 
443 
4 %  

4.28 
5.23 

6.48 

C) 

5.06 

5.06 

4.98 
503 
4.88 
1 78 
5.89 

6.89 

4. m 

Hra. 
6.71 
6. 76 
7.06 
7. 11 
7. 26 

9. 19 

10. 73 

Hrs. 
2 16 
2 18 
2 2 4  
2 2 4  
290 

4.13 

6.10 

2 87 

2. &I 

3.02 
2 92 
2 9 8  
2 9 4  
4.a 

5. 52 

.____ 

2 3 4  
239 
2 18 
2 0 5  
1.87 
1.94 
2 2 7  
2 0 7  

FL% 
Pole _ _ _ _ _ _ _  _ _  4 
Meter _ _ _ _ _  - - 4 
___.do _ _ _ _ _ _ _  10 
----do ___._ _ _  16 

Bridge 
River 

near West Pt. Mattaponi 
( 3 P  3Y.4 s.. 76b 47'.3 W.). 

July -1, 1928 

Off Wakema, Matta ni River (37O 

Off Walkerton, Mattawni River (370 

Off Aylett Wattaponi River (37O 47'2 

3Y.2 N., 76' W.0 6. 
43'.4 N., TP 01'.5 W.). 

N., 770 ds; .2 W.). 

Apr. 12, 1912 _ _ _ _ _ _ _ _ _  
Apr. %May 13,1912-. 

June 10, 1912 

Nov. 10, 1911 ______._. 

Mar. 5, 1912 _.________ 

July -1, 1928 

Off West R. Pamunkey River (37O 

Off West Pt. Parnunkey River (370 

Brid e at West Pt., Pamunkey River 

31'.7 N., 76' 4W.l W.). 

31'.8 N., 76' 48'.1 W.). 
(3# 3Y.1 N., 76" 48'.5 W.). 

7. 26 

7. 66 
7. 51 
7. 71 
7.71 
856 

ia 81 

_ _ _ _ _  

7. 11 
7. 31 
7. 16 
7.31 

I----------- ----____.____ 

Off Lester Manor Parnunkey River 

0rtNortbbu-y Pamunkey River (370 

Bridge at Newcastle, Parnunkey 
River (370 W.0 X., 77" 11'.6 W.). 

(37' 34'.9 N., 76' 59'.4 W.). 

37'.5 N., T P b . 3  W.). 

:r) RappalUnmk RipCr a d  bibutaries 
% mile S. of Mosquito Pt. (370 3Y.8 

N., 76O 21'6 W.). 

1% mile S. of Mosquito Pt. (3i0 %'.I 
N.. 76O 2Y.7 W.). 

3. 83 
3.88 
3. 73 
3.58 
408 
4. I8 
4.38 
4.08 

____. 

('3 

(16) 

4.38 
4.68 
4.18 
c3 
5.00 
5.15 
4.9.5 
4.60 
7.09 

i. 25 

6.70 
7.20 
7.05 
6.95 
9.23 
8.00 
9.27 
9.85 

5.55 
5.45 
5.05 
3.95 
4.92 

5.25 

(13 

('6) 

7. 16 
7.06 
7.26 
('9 
858 
858 
8 %  
7.83 
9.67 

._.._ 

10.48 
10.48 
10.43 
10.38 
12. 23 
11. Ea 
1 2  23 
12.13 

8. 23 
8.08 
7.93 
7.28 
7. 08 

_.___ 

5.40 

__._- 

8. lo 
6. m 

D. 25 

(16) 

(16) 

0. 26 
0. 39 
0.26 
(16) 

0. 44 
0. 58 
0. 53 
0. 49 
0.85 

1.06 

1.17 
1.22 
1.08 
0.95 
0.71 
0.08 
0.56 
0.56 

0.57 
1.01 
0.98 
0.92 
1.28 

.__. 

0. 35 

-..- 

0.85 

0.34 

a 87 

C') 

( 1 9  

224 
234 
2.44 
('3 
3.30 
3.30 
3.21 
2 65 
5.02 

527 

5.24 
5.36 
5.28 
5.25 
7.72 
7. 31 
7.82 
7.9s  

3.6.3 
3.44 
3. 16 
2.61 
2 53 

2 8 8  

0.67 

3.26 

2.67 

1.m 

CarterCreek(3r39'3 N.76O.26'3 W.). 
Corntoman River, off Millenbeck 

Wharf (37O U . 2  N , 76" 28'.8 W.). 

2 
7 
6 

15 
24 

7 
4 
93 

15 
7 
4 
93 

15 
7 
8 
20 
32 

8 17 

(19 

(9 

c3 
7.40 
7.40 
7. 60 
7.05 
9. 55 

9. 75 

9.90 
9.80 
9. 75 
9.65 
0. '2-5 
12 30 
0.38 
0.45 

8. 3: 
8. 1c 
7. i C  
7.4: 
7. 1 7  

__... 

..... 

..--. 
7. C I  

-.... 

._-. 

(") 

(19 

5.u 
Ls( 
& a  "1 
0. 3. 
6. O! 
6.a 
5. 6! 
5. % 

6. O! 

6 . 3  
5. in 
6. o( 
6. 2( 
6.6' 
8. a 
6.a 
6. 2 

6. 1. 
5. SI 
6. O! 
6. 
5. 1 

_ _ _  
__- 
.._ 

4.8 

_ _ _  

Br7 
A56 

A57 

A58 

A59 

Fgi 

Fi3f 

AM 

A61 

A101 

Bd 
Br4 

Be 

Brl 

Br: 
Brl 

(*) 

('9 

3.06 
3. 16 
3 76 
('9 
4.93 
4.78 
4.73 
3.83 
6.50 

6.92 

6.58 
6.68 
6.63 
6.73 
9.48 
3.78 
9. 70 
9.68 

5.23 
4.83 
4.68 
4.48 
3.67 

4.40 

2. 10 

(19 

(19 

7.32 
7. 52 
6.42 
(16) 

6.07 
6.37 
6. 22 
6.77 
6. 59 

6.33 

6.12 
6.52 
6.42 
6.22 
5.75 
4.22 
5.57 
6. 17 

6. 27 
6.62 
6.37 
5.47 
7.25 

_... 

..__ 

.___ 

7.58 

.__. 

Eastern Branch Corrotoman 
(37O 4Z.8 N., j6O 27'.5 W.). 

River 

Western Branch Corrotoman 
( 3 P  U . 9  N., 76. W.6 W.). 

River 

__. . .do. .. . -. - 
Pole -..-. - -. . 1 ' I M  eter ... . - ._ 

July 18-19, 1928 _ _ _ _ _ _ _ _  mile W. of Rogue Pt. (rP W.2 X., 
'76, W.3 W.). 

'/4 mile below Tappahannd Bridge 
(37: 55'.9 N., 76' M.8 W.). 
mlle below Tappahannwk Bridge 

%@io 56'.0 K. 76" M.9 W.). 
Tsppahannoci Bridge (37" 56'.0 N., 

76O 51'.2 W.). 
July 19-20,1928 ..._____ 1 

Meter __.._ - - 3 
7 . - - - .do ....._ - 

.-... do. _ _  . - - 
l M /  Pole ...__._.- 

i Meter ...____ 
July 20-25.1928 _ _ _ _ _ _ _ _  Off Port Royal (38'' 1V.5 N., 77" 11'.4 

W.). 

(8) Pocomokc Sound and Rbu 
454 miles. S. 20 E. oi Tangier Sound 

Light ( 3 P  42.6 N., 75O 58'.2 W.). 

5.00 

4. so 3.32 

3.60 

u Southeasterly. 1 C m n t  weak and irregdzu. 7 Current does not flood. 1% Northerly. 18 Roatherly. 14 Northwesterly. 



TABLE 53.--Current data, Chesapeake Bay and tributaries-Continued 

Method ... Depth 

M Pole __.._____ 
Meter. - - 

._._.do .._..__ 
- -. . .do ._._. _. 

% 

1 

M 

% 

f$ 

?4 

Pole .._______ 
Meter .._____ 

--..-do _.__ .-- 
.___.do .__.___ 
Pole ....._.__ 
Meter .._____ 
-. -. .do. _. _ _  
____.do  .._.._. 
Pole ....___._ 
Meter _...__. 

-..._do .__..__ 
-----do __._ 
Pole ....____. 
Meter .__.___ 

-----do ..__ __. 
-___ .do  .__._._ 
Pole ...__.___ 
Meter ._.____ 
--... do.. .. . 
. . ._ .do.. -. . -. 
Pole ..._._.._ 
Meter ._..___ 

__._.do ..__._. - _ _  - -do--- -. - 

7.38 
7.18 
7.58 
9.88 
9.88 

10.03 
9.78 

.____. 11:17 _ _ _ _ _ _  0.96 

211 0.90 
....__ 1.08 _ _ _ _ _ _  1.00 
.____. 0.88 

...... 1 0.75 

- - 
B 
4 

t: 
L 0 

3 
2 - 

HTS. 
5.05 
5. 10 
4.95 
4.80 

i. 20 
7. w 

5. 35 
5.30 
5.25 
5.25 
7.40 
7.70 
7. 15 
6.90 
3.58 
3.68 
3.78 
3.68 
5.30 
5.20 
5.30 
5.40 

7.30 
7. i o  

(4) 

6.80 
6.90 
6.70 
6.80 

- - 
* g 
d 
" 2  

a" 

- 
&'S, 
250 
2 51 
246 
2.26 
4.78 
4.81 
4.78 
4.66 

3. 15 
3.20 
3. 18 
3.21 
5. 14 
5. 24 
5. 10 
5. 04 
234 
2 31 
2. 31 
2 31 
3.48 
3.52 
3.65 
3.75 

(4) 

- - 
2 - 
u s 
; Q 

- 
k - 

Hrs. 
4.90 
4.80 
4.90 
5. 10 
5. 10 
5.30 
5.30 
5.40 

5.75 
5.80 
5.95 
5.65 
5.30 
4.95 
5.45 
5.85 
7. 10 
i. 00 
6.80 
6.70 
5. 90 
6.05 
6.05 
5.95 

(4) 

6. 10 
6.00 
6 .20  
6.00 

- - 

.d 8 
ii 
U 

a 
e w 
e 

- 

Hrs 
7.5: 
7.6: 
7.5: 
i. 3: 
7.3; 
7.1: 
7. 1: 
7.0; 

6.67 
6.68 
6.47 
6. 77 
7. 12 
7.47 
6.97 
6.57 
5.32 
5.42 
5.62 
5.72 
6. 52 
6.37 
6.37 
6.47 

(4) 

6.32 
6.42 
6.22 
6.42 

Ebb strength Observations Flood strength 
- 
h 

0 

Y - - 
- 

K7lh 
1.56 
1.56 
1.55 
1.45 
1.07 
1. 15 
1.16 
1.07 

1. 17 
1.22 
1.21 
0.90 
0.90 
0.93 
0.80 
0.78 
1.07 
1. 16 
1. 16 
1.07 
0. 29 
0. 78 
0. 78 
D. 78 

(9 

1. 61 
1. 61 
1.61 
J. ti1 

Location 4 

F t: 
Data 

July 17-21,1928 _ _ _ _ _ _ _  

July 13-14,1928 _ _ _ _ _ _ _  

- 

pocbmokc Sound and Rh-Contd. 
-1- I- 
His. Deg. Knt. 
7.13 212 11.36 
6.98 _ _ _ _ _ _  1.M 

Fut 
7 

20 
50 
80 
4? 
4? 
9 

141 

7 
10 
25 
40 
7 

22 
55 
88 
7 
5 

11 
17 
7 

269 
7 
6 

16 
26 

2 
5 
8 

dt 

49 

Hrs. 
7.00 
7.20 
7.50 
6.80 
9.30 
9.20 
9.30 
9. 10 

8.20 
8. 15 
8.25 
8. 25 
9.70 
9.85 
9. 75 
9.85 
i. 28 
7.08 
7.08 
7.38 
8.40 
8.40 
8.50 
8.60 

(9 

9.30 
9.40 
9. 30 
g. 30 

Ilrs. 
3.53 
3.48 
3.43 
3.48 
5.98 
5.98 
6.08 
5.98 

4.68 
4.68 
4.78 
4.48 
6.28 
6.23 
6.18 
6.33 
4.26 
4.26 
4. 16 
3.96 
4. 78 
4.83 
4.93 
4.93 

(4) 

6.48 
6.48 
6.48 
6.38 

A5: 

A% 

A51 

A10: 

A4< 

A4i 

A.13 

A46 

2% miles E. of Watts I. (3i047'.8N. 
75" W.6 W.). 

6.68 ._.___ 1.25 
6.68 1 _____. 10.95 
9.28 i 171 1 0.87 
9.68 1 __.... I 1.05 
9.281 .-.- --  0.86 

$4 mile below Shelltown, Pmmokc 
River (37- 58'.3 N., 75' 38'.7 W.). 

(9) Tangier Sound and trihtaries 

1% miles XE. of Tangier Souno 
Light (370 48'.2 N., 15' 57'.5 W.). 

136 miles W. of Jams Is. (38' 00'.0 N., 
750 511.5 R-J. 

Kedges Straits off Solomons Lump 
Llght (38O 03'. 1 N., 76' W.8 W.) . 

Manokin River, 1 mile W. of Prickly 
Pt. (38" 05'.4 N., 75O 53'.6 W.). 

Nanticoke Rirer 1% miles off Halls 
Pt. (38O 11.5 d., 75' 57'.3 W.). 

Wicomico Rirer off Victor (3" 14'.3 
N,, 75' 51'.8 1.). 

9.28 i 0.77 
I !  

July 16-Aug. 22,1928- 

Aug. 21-22.1928 _ _ _ _ _ _  

July 5-6, 1928 _._______ 

----do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

July 9-10,1928 ________ ,  

July 11.1928 
4.94 
5.01 
4.86 
4.94 

A47 

A44 

A15 

A42 

L17 

A37 

A36 

A35 

Fg5 

Fpe 
A34 

A33 

A31 

Wicomioo Rirer off White Haven 
(38' 15l.9 N., 7.8" 47*.5 W.). 

Nanticoke River off Sandy Pt. ( S o  
15'.0 N., 75O 5SI.6 W.). 

ruly $10, 1928 __._____ 

ruly 10-11, 1928 _ _ _ _ _ _ _  

July 11-l2,1928 _ _ _ _ _ _ _  

;> 
12 
19 
7 
5 

12 
19 
7 
4 

lo? 
17 
7 
5 

13 
21 

(3 
7 
8 

21 
34 
7 

11 
27.28 
43,44 

7 

6.60 
6.70 
6.40 
6.35 
7.30 
7.70 
7.30 
7.00 
8.35 
8.30 
8.30 
8.25 
5.90 
6.20 
5.90 
6.00 

7.77 

5.45 
5.35 
5.35 
5.25 
7.54 
7.20 
7.42 
7.20 

(9 

5.10 

4.80 

('3 

('9 

6.90 
6.90 
6.80 
6.70 

.o. 35 
10.05 
LO. 15 
LO. 25 

IO. 00 
IO. 10 
IO. 20 
LO. 40 
8.70 
8.90 
9. 10 
8.80 

LO. 72 

9.50 
9.50 
9.50 
8.90 

LO. 54 
IO. 40 
IO. 34 
LO. 30 

(9 

8.52 

8.52 

('3 

('3 

9.40 
9.40 
9.50 
9.50 

1.06 
1.09 
1.09 
0.94 _ _ _ _  
_._. 
_.__ 
.___ 
1.39 
1.49 
1.49 
1.49 
1.31 
1.01 
1.21 
1.31 

0.57 

0.69 
0.69 
0.69 
0.39 
0.47 
0.64 
0.61 
0.45 

(9 

0.30 

0.27 

(3 

('3 

0.47 
0.59 
0.48 
0.59 

6.50 
6.40 
6.75 
6.90 
5.80 
5.50 
6.00 
6.30 
5.70 
5.60 
5.65 
5. 80 
6.50 
5.90 
6.30 
6.30 

4.87 

6.65 
6.98 
7. 18 
6. 78 
5.66 
6.02 
5.78 
5.70 

(9 

('3 

('3 

4.65 
4.85 
5.00 
5.10 

6.68 
6.68 
6.73 
6.83 
6.68 
6.78 
6.88 
6.98 
7.63 
7.48 
7.53 
7.63 
5.98 
5.68 
5.78 
5.88 

6. 22 

5.68 
5.91 
6.11 
5.61 
6.78 
6.80 
6. 78 
6.48 

(9 

('9 

('3 

5.13 
5.33 
5.38 
5.38 

1.14 
1. 19 
0.94 
0.69 
1.72 
1.31 
1.52 
1.62 
1.39 
1.29 
1. 19 
1.09 
- - -_  _ _ _ _  _ _ _ _  

5. S2 
6.02 
5.67 
5.52 
6.62 
6.92 
6.42 
6.02 
6. 72 
6.82 
6. 77 
6.62 
5.92 
6.52 
6. 12 _ _ _ _ _  6.12 

5.07 
5.02 
4.92 
4.6s 
5.42 
5.66 
5.52 
5.46 
6.21 
6. 18 
6.25 
6.28 
4. 16 
4. 20 
4. m 
4.17 

5.48 

4. 17 
4.18 

3. €3 
5.60 
5.68 
5.46 
5.31 

(9 

4.20 

3.52 

3.37 

('8) 

P9 

4.45 
4.47 
4.51 
4.49 

Pole -... -. - ..! 
Meter ...____ 1 

_____do _.._ - .. 
--._-do.-- - -. - 
Meter .__._. . 

____.do ....___ 1 _____do ____.__ 
Pole .....____ 1 1 Meter _ _ _ _ _ _ _  Nanticoke River off Chapter Pt. 

(W W.6 N., 75' 51.0 W.). 

Fishing Bay off Roasting Ear Pt. 
(Bo W.9 d., 76' W.6 W.). 

Iuly 10,1928 ---__-_--- 

(la) Potomac R i m  

2% miles S. 37' E. of Pt. Lookout 
Light (38' W 5 N. 76O 17'.6 W.). 

3% miles S. of domfihd Pt. (37' 5V.4 
N., 76O 21'.5 W.). 

0.62 

0.59 
0.49 
0.49 
0.49 
0.55 
0.51 
0.48 
0.58 

(4) 

('3 

('9 

0.47 
0.59 
0.58 
0.59 

7.55 

5. 77 
5.44 
5. 24 
5.64 
6. 76 
6.40 
6.64 
6.72 

(4) 

-.-- 

_-_- 

('9 

('9 

7.77 
7.57 
7.42 
7.32 

June 25-26.1849 _ _ _ _ _ _  
July 3-Aug. 23,1928-. 

2% miles 9. of Cornfield Pt. (So 01'.1 
N., 76' 21'.3 m?.). 

W mile S. of Cornfield Pt. (38O W.2 
li., 76" 2l'.2 W.). 

Smith Creek entranca (38' 05'.2 N., 

Smith Creek entrance (Bo 05'3 N., 

St. Marys R i m  (38' 07'1 N., 76' 

76" 24'.2 W.). 
76O 24'8 W.). 

26f.9 W.). 

July 2-24,1928 _______. 

July 3-Aug. 23,1928-. 

M a y 5 , l  SOB..-----... 

M a y  4,1908 _________. 

July 3,1928 __________. 

___. 

7 
6 

143 
23 
7 
3 
8 

13 
7 
5 

13 
21 

Yeowmico River entrance (38' W.1 
N., 76' 31'3 W.). 

236 miles off Piney Pt. (So 05'.9 N., 
76O 33'.1 W.). 

16 Current weak and irragular. 



TABLE 53.--Current data, Chesapeake Bay bnd tributaries-Continued 

;i 
3 

I 
Location 

A29 

A28 

A25 

Machodoc River entrance (380 W.7 
N., 76O 3V.3 W.). 

Bretons Bay entrance (38" 14'.5 N., 
76" 41'.7 W.). 

1% miles SE. of Blaldstone I. (38" 

A!?4 

A2l 

$4 mile off Rock F't. Wieomico Rivez 
(38O 16'.5 N., 76O 49'4 W.). 

$4 mile NE. of White F't. (ao 15'8 N., 
76O 57'A W.). 

0.00 
1238 
12.38 
I 2 3 8  

133 i0 .G _ _ _ _ _ _  10.85 
...___ 10.75 
__._.- 10.63 

% 

1 

f b  

1 

Pole _ _ _ _ _ _ _ _ _  
Met er... - - _. 
.____do ...__._ 
- - - - .do---. - -. 
Pole __..__... 
Meter ... - - -. 

.-.-.do. _. . . . . 
__._.do ....___ 
Pole .._._..__ 
Meter .._.__ - 
.-... do. _. .... 
. . .-.do.. . . -. - 
Pole .._...... 
Meter.. . - _ _ _  

I 0.25 
0. 18 
0.18 

0.28 
0.08 

I 2 2 0  
('9 

0.23 

._.___ 

' 340 0.45 
.____. 1 0.45 
_____. 0.55 

0.08'....__ 0.53 
34s a m  

_...__ 0.21 
___... 0.36 
._.___ 0.63 

( ' 5 )  ('9 
1'9 - _.___._.___.I:::::. 

7.42 
7.62 
5.62 
6.32 
7.27 
6.07 

6?2 
6.32 
6.32 
6.62 

6.02 
5.82 
6.12 

fi. 92 
7.10 
6.92 
6.92 

6.21 

('9) 

7 . 2 2  
6.97 

7.00 

6.27 

7.02 

7. 17 

7.22 
6.99 

6.92 
6.87 

i. 22 
i .42  

i .02 
1. 72 
4 . 7 2  
4 . 8 2  
4 . 8 2  
5.45 

6.92 
6. 92 
13.92 
7.02 

7.66 

7.97 
8.11 
7.85 
7.G 

I 7.68 

!.% 
5.66 
5.55 
8.72 

8.62 
8.18 
8.66 

8.01 
7.96 
7. 98 
8.04 

8.65 

('9 

aw, 
8.72 

a n  

a 7 0  

am 

8.67 

8.71 
8.79 

8.76 
8.77 

8.86 
8.76 

8 9 6  
7.76 
7.72 
7.69 
7.62 
8.36 

8.84 
8. 84 
884 sa 

IO. 18 
0.76 
0.96 
0.86 
0.16 
1.06 

0.86 
0.86 
0.86 

...... 1 0.32 
175 ' 1.36 

..__.. 1.35 _ _ _ _ _ _  1.06 

.____. 0.84 
__.__. 1.53 

180 1.51 
._____ 1.41 
..____ 1.31 

. -. -. - 
1.23 
1.18 
1.13 
0.68 
0.98 

. -. - - - . - - - - . 
337 1.16 

...___ 1.06 
__.... 1.30 
..____ 1.24 
..._.. 1.18 

$4 mile SE. of Maryland Pt. (38O 21'.2 1 
N., 7 7 O  11'3 W.). 

I 4qnia Creek entrants (38" W.6 N., 
77" W.9 W.). 

,% milas N. of Brenta F't. (38' S . 4  

4 mhe E. of Qnantia, Dock (38'31'.2 
N. 77' W.9 W.). 

N., 7 7 O  16'.1 W.). 

7 
14 
3.5 
56 
15 

10.70 
10.30 
10.20 
9.75 

10.30 

1 

5 2  

...-. do ....___ 
Pole ..._.._._ 
Meter ... _ _  ._ 

-..-.do..- - - - - 
Pole ..__..... 
Meter.-. - - _ _  
..._. do .._____ 

( veter ._..__. 
/.:--.do ...__._ 
._._.do .._.___ 
Pettersson 

meter. 
35 Pole .____.___ 

Meter ... - _ _ _  
___._do ..__ _ _ _  
__.-.do __.____ 

% Pole _..._____ 
Meter ___.__. 

____.do _ _ _ _ _ _ _  
.-..-do..- _ _ _  - 

% Pole __.______ 

I 

_. - 
$ la 
3 
t: 

i 
Hru. 
6.21 
6.188 
7.35 
6. 75 
5.58 
6.48 
7.48 
('9 

('6) 

5.58 
5.58 
5.48 
5.38 
6.65 
6.78 

('3 
6.38 
6.18 
6.28 
6.28 

('3 

7.03 
6.48 
5.98 
6.23 
9. 33 
9. 18 
9.08 
9. 13 

- - 

4 oc 
2 
* 

W 
P P 
iil - 

?Ira. 
7.64 
6.47 
5.60 
5.45 
3 . 8 2  
5. 12 
1. 12 
(3 

('6) 

5. 52 
5.42 
5.42 
5. 52 
5. 78 
3. 75 

('9 
5. 72 
1. 12 
7.02 
7.02 

('9 

5.07 
5.67 
1 2 7  
5.87 
i. 47 
5. 52 
1.62 
i. 57 

- - 
1 

2 
9 Fi - 
Hr6. 
5.34 
5.54 
5.53 
4. BB 
4.58 
4.46 
4.78 
('9 

09 

3.86 
3.84 
3.61 
3.48 
6.38 
6.45 
('3 
5.16 
5. 09 
5.09 
5.09 

CUI 
4. n 
4.56 
4.36 
4.25 
7.67 
7.88 
7. 84 
7.80 

Flood strength Ebb strength Observations ' 
- 
I. 

e 
;E 
F 
_. 

I h .  
10. 03 
10.33 
10. 23 
9.63 

10.08 
9.88 
9.88 
('9 

('9 

8.58 
8.58 
a 18 

.8.18 
11.08 
11.05 

('3 
__-__  _ _ _ _ _  
__--_ _ _ _ _ _  
09 

9.68 
9.43 
9. 18 
9.08 
0.26 
0.36 
0.36 
a 16 

- 1 Method 1 Depth 

k 
Date 

-1-1- 
(10) P o i m c  Riocr-Continued 

1% milas off Piney F't. (38O W.9 N., 
76" S.5 W.). 

Put 
7 

13 
34 
55 
7 

11 
28 
49 

73 
12 
7 
33 
8? 

133 
7 

6.8 
15,20 
24.32 

43 
13 
4 
63 
7 

143 
4! 
8 

21 
34 
7 
33 
85 
1 8  

43j 

? 

Hrs. 
7.85 
7.35 
6.95 

6.40 
5.60 
5.60 

6. m 

('9 

('3 

5. 10 
5.00 
4.90 
4.90 
9.43 
9.53 
('9 
7. 10 
7.30 
7.30 
7.30 

03 

6. 10 
6. 15 
6.25 
6.10 

9.70 
9.70 
9.70 

8.80 

Hra. 
4.78 
5.95 
6.82 
6.97 
5.60 
7.30 
8.30 
('0) 

('9 

6.90 
7.00 
7.00 
6.90 
3.64 
3.67 

('3 
5.70 
5.30 
5.40 
5.40 

('9 

7.35 
6.75 
6.15 
6.56 
6.95 
5.90 
5.80 
5.85 

A30 June %July 2,1928-- 

July 2,1928 _ _ _ _ _ _ _ _ _ _  

June 2349,1928 _ _ _ _ _ _  

June 27,1928 _ _ _ _ _ _ _ _ _  

June %28,1928 _ _ _ _ _ _  

June 28,1928 .________ 

June %27, 1928 _ _ _ _ _ _  

Jane S 2 9 ,  1928 _ _ _ _ _ _  

June %26, 1928- _ _ _ _ _  

A32 $4 mile off Piney Pt. (So W.8 N., 7G0 
S . 0  W.). 

I 

$4 mile S W. of Swan Pt. (38O 1T.1 N., 
76'55'.9 W.). 

156 miles NE. of White Pt. (38O 16'.4 
N., 7 6 O  56'.7 W.). 

Off Beabors F't. Upper Machodoc 
Creek (So 1S.d N., no 01'.9 W.). 

1% milas S. 71" E. of Persimmon Pt. 
(So 22.1 N., 76O 5V.4 W.). 

June 26,1928 

June 25-26, 1928 

June 23, 1928 

June 22-23 192S..-.. 

4.50 
4. 70 
5.00 
4.80 
6.80 
6. 10 
5. 15 
6.35 
('9 

6. 10 
6. 10 
6.10 
5.80 
8.15 
6.40 
6.60 
6.30 

5. 50 
5.32 
5.50 
5.50 

('9) 

5. m 
5. 20 

5.25 

5.45 

5.43 
5. 42 
5.50 
5.55 
5. 15 

i. 20 
i. 00 
i. 40 
i. 40 
I. 70 
I. 70 
1.60 
1. Bo 
1.87 

i. 50 
i. 50 
i. 50 
i. 40 

8.68 
8.38 
8.48 

9.48 
9.38 
8.93 
9.58 
('4 
7. 18 
7.18 
7. 18 

10.08 
10.03 
10.18 
9.93 

10.18 

8.98 
8.88 
8. 98 

8. 48 

8.98 

('9 
9.63 
9.58 
9.83 
9 . s  
9. SG 
9.90 
9. 93 
9.93 

9.88 
9.78 
0. 08 
0.08 
0.08 
0.08 
9.98 
9. 98 
0.32 

9. 98 
9. 98 
9. 98 
9.98 

la 13 

A22 

A= 

rn 

A19 

A18 

A17 

A16 

A15 

A14 

0.08 __._._ 1.01 
0.08 _ _ _ _ _ _  1.11 
0.28 ..._.. 3(o11.01 1.01 

$$ mile 5.64O E. of Persimmon Pt. (38' 
27.3 N., 7 7 O  W.2 W.). 

Off Brents Wharf, Port Tobacm Rir- 

1% miles SE. of Maryland Pt. (38' 

er (380 z7.9 N., 770 w.2 W.). 

W.6 N., 77" 11'3 W.). 

3 mile SE. of Maryland Pt. (38" W.8 
N., no 11'.8 W.). 

__-.do ...__._ _ _  _ _  _ _ _ _ _  

June 2~27.1928 __._.. 

June 21, 1928 __....._. 

June 23-22, 1928..---. 

1.06/ 9011.58 
0.76 ._____ 1.67 

rune 21, 1928 _ _ _ _ _ _ _ _ _  
0.96 ._____!  1.58 
1.16 _ _ _ _ _ _  1.50 
228 84 0.49 
2 1 8  __.___ 0.57 
2 18 _ _ _ _ _ _ '  0.57 
1.98 _ _ _ _ _ _ '  0.57 
0.85 ('3) I 0.51 

rune 23-21, 1928 ._____ 

3ept. 2&29,1928 ...-.. 

rune 1 ~ ~ 0 , 1 9 2 8  _.____ 

Westerly. 
11 Easterly. 
1' southerly. 
u C-t weak and irrpgular. 



TABLE 53.-Current data, Chesapeake Bay and tr ibutarieecontinued 

.* Y 

Hra. 
5.65 
5.52 
5.50 
5.48 
5.63 

4.80 
5. 20 
5. 30 
5.20 
6.80 
6. 30 
6 5 0  
6.40 
5. 10 
5.20 
5. 10 
5.20 
5.35 
5.40 
5.40 
5.45 
...___, 
5. 14 
5. 17 
5.02 
4.97 
4.77 

4.77 

(19 

q 
$ 3  
; 3  
i ; Q  

P o  

-- 
Hra. 
10.31 
10. 28 
10.28 
10.28 
10.31 

10.08 
10.48 
10. 48 
10.38 
10.08 
9.78 
9.88 
9. 78 

10.98 
11. 08 
10. 88 
10 98 
11.38 
11.38 
11.33 
11.43 
_._._. 

11. 48 
11.48 
11.37 
11.28 
10.78 

11.08 

('9 

2 4 5  

2.47 
243 

C 

+ a  .2- 5 
;:"8 9 
a s  
j, J "0 

_.__ 

Deg. Knta 
200 0.93 

0.73 
0.71 
0.62 
0.79 

201 0.97 
0.97 
0.91 
0.80 

115 0.47 
0.47 
0.47 
0.47 

176 0.61 
_.._.. 0.67 

0.67 

1.03 
__.... 1.12 
._____ 0.95 

180 1.04 

____._ 0.95 

168 0.59 1.11 

. - - -. . . - - - - 

-_.... a 9 7  

2.47 ____.. 
2.36 _ _ _ _ _ _  
._____ ('3) 

('9 PO) 

0.84 
0.81 

----- 

('3 

- c  E 
Gd 
G a  

Hrs. 
1.28 
1.28 
1.20 
1.18 
1.18 

1.18 
1.28 
1.28 
1.18 
1.28 
1.18 
1.18 
1.18 
2 8 8  
2 7 8  
2.78 
2.38 
1.98 
2 1 3  
2.38 
2.28 
.___.. 

248 
2.41 
2.21 
2.24 
1.78 

('9 . 

2- z %  
.% 

-- 

Deg. 
21 _ _ _ _ _  

.._.. _ _ _ _ _  

.._.. 

21 
.-__- 
...__ 
..--. 
306 

____. 
_.._. 
____. 

348 _ _ _ _ _  
.__._ 

340 
..___ 

_ _ _ _ _  
_ _ _ _ _  
...__ _ _ _ _ _  

0 
..._ 
..... _ _ _ _ _  _ _ _ _ _  
('3 

('9 

(10) Potomac Rim-Continued 

$4 mile N. 74O E. of Quantico Dock 
(38' 31'.3 N., 77' 16'8 W.). 

$4 mile N. 43O E. of Quantico Dock 
(38" 31'.4 N., 77" 1U.9 W.). 

Railway Bridge, Quantico Creek 
(Bo 31'.7 N., 7i0 17'.3 W.).  

June 18-20,1928 _ _ _ _ _  ~ 

June 19, 1928 _ _ _ _ _ _ _ _ _  

June 18, 19, 1928 ._____ 

Feet 
7 
5% 

14% 
21% 
15 

7 
6% 

16 
25% 
4% 
2 
5% 
9 
4% 
2% 
5 

10% 
7 
7 

16 
26 

7 
6 

15 
24 
15 

(3) 

(*) 

Hra. 
11.08 
11.18 
11.20 
11.22 
11.10 

11.70 
11.70 
11.60 
11.60 
9.70 
9.90 
9.80 
9.80 

12.30 
1230 
1220 
12.20 
0.w 

1240 
1235 
12.40 
1229 

0.34 
0.29 
0.35 
0.31 
0.01 

a31 

% 

% 

Meter _ _ _ _  - - - 
.__..do ..___ _ _  
-___. do ... _ _  _ _  
Pettersson 

meter. 
Pole __._..__ 
Meter.. . -. . 
...._ do.. - _ _  - 
-. - - .do.. . - - . 
Pole _.._.___ 
Meter.. - -. . 

__._.do. - - _ _ _  

Mid-channel off Alexandria (38" 

Off Bo& Field, Amcnstia River 
48'2 N 7j0 W . 2  W.). 

(38' 51'3 N., 7 P  W.6  W.). 

Nov. 10, 1913-June 2 

June 11-12, 1928 __..__ 
1915. 

0.25 
0.35 
0.35 
0.35 
. - - - - - 

('9 

('9 

0.69 

0.46 

('9 

(") 

0.53 

0.80 

0.55 

0.60 0. 55 
0.60 
0.52 

0.48 
0.48 
0.48 
0.40 

6.52 
6.67 
6.82 
6.87 

- - - - -. 

('9 

( '9)  

7.40 

7.30 

('9 

(") 

7.75 

6.50 

6.07 

6. 6. 17 17 
6. 17 
4.85 

7.90 

5.57 
5.77 
5. 72 
4.82 

- - 

.- 2 
4 

5 
n n 
kl 

0 

- 

Hra. 
6.77 
6.90 
6.92 
6.94 
6.79 

7. 62 
7. 22 
7. 12 
7. 22 
5.62 
6. 12 
5.92 
6.02 
7. 32 
7.22 
7.32 
7.22 
7.07 
7.02 
7.02 
6.97 

7.28 
7.25 
7.40 
7.45 
7.65 

7.65 

_ _ - _  

('9 

Ebb strength Flood strength Observations I 
I 

- 
R 

0 

Y - 
f - 

K& 
0.66 
0.62 
0.56 
0.57 

0.67 
0.67 
0. 61 
0.60 
0. 47 
0.47 
0.47 
0.47 
0.31 
0.67 
0. 67 
0. 59 
0. 96 
0.93 
0.87 
0.80 

1. lo 
1. 09 
1.00 
0.85 
0. 96 

a 62 

-_- -  

_ _ _ _  

('9 

I. W 

$3 
i% 
F 

Location 
Date 

I I 
Hr8. 
8.96 
9.04 
9.00 
8.98 
9.04 

9. 36 
9.38 
9. 38 
9. 31 
8.61 
8.51 

8. 51 
9.78 
9. 72 
9.66 
9. I34 
9.97 

10.10 
10.11 
10.01 
10.56 

10.32 

10.25 
10.21 
9.87 

10. n 

0 

a54 

io. 28 

Hra. 
1.03 
1.29 
1. 19 
1. 13 
1.46 

2.36 
1.96 
2. os 
1. 96 
1. 26 
1.06 
1. 16 
1. 16 
0.86 
0.66 
0.66 

1.96 
2 3 6  
2. 28 
2 0 6  

a 8 6  

A l l  

A10 

A9 

A8 

A7 

R 4  

A6 

R3 

A4 

M mile N. 41" E.  of Hallow-ing Pt. June 15,1928 ________. 
(380 at.8 N., no 07p.2 w.). 

$4 mile N. 16" E. of Hallowing Pt. June 1516, 1928 _____. 
(38" 38'.7 N., 77" 07'.6 W.). I 

Off Marshall Hall (So 41'.4 N., 77' 

Midehannel, east of J o m  Pt. (38O 
06'.1 X'.). 
47l.5 N., 7 P  W.3 W.). 

him. 23-28, 1914 ._____ 

June 11-15. 1928 _ _ _ _ _ _  
I __... do ....-- 1 

Pettemn 
Meter. 

205 1 Float ...____ 

Anaeostia Bridge Anacostia River 
(Bo 5Y.3 N., 76'5IY.4 W.). 

Benning Bridge, Anseostia River 

Washington channel, E. of Potomac 
(38' 53'3 N. 76' 5 f .7  M'J. 
Park (Bo 51'.8 N., T p  01'.2 W.). 

Off Gravelly Pt. (Bo 52'2 N.. no 
w.0 W.). 

5.90 
5. 75 
5.60 
5.56 

('9 

('9 

5.02 

5.12 

('9 

(") 

4.67 

5. 92 

6.35 
6. 25 
6.25 
6. 25 
7.57 

4. 52 

6. 85 
6.65 
6. 70 
7. 60 

June 1243,1928. _ _ _ _ _  ~ 2. 15 
2 2 5  
135 
235 
1.72 

('9 

('9) 

. 2  37 

0.25 

('9 

('0) 

a 12 

6.92 

6.70 
6.80 
6.55 
5.65 
5. 52 

7.97 

7. 25 
7.35 
7.40 &sa 

1. 98 
1.88 
1.88 
1.88 

_ _ - _ -  

(Is) 

('9) 

1.85 

2 15 

P 9 )  

('0) 

10.42 

0. 40 
0. 50 
0. ,50 
0.50 

('9 

('9 

0.49 

b. 36 

('9 

(Po) 

0.28 

0.65 
0. BO 
0.55 
0.60 
0.91 

0.50 

0. 98 
0.93 
0.98 a s  

11.63 
11.58 
11.53 
11.48 

('3 

(1') 

10.97 

11.37 

('9 

(10) 

6. 37 

6.42 

6.63 
6. 63 
6.38 
5.48 
6.67 

6. 07 

7.68 
7.58 
7.68 
8. 08 

2 2 6  
2.21 
2.11 
2.06 

('0 

('9) 

2 75 

3.05 

('9) 

('0) 

10.12 

9.82 

9.48 
9. 58 
9.48 

9.32 
a s  

_ _ _ _ _  
10.48 
10. 38 
10. 58 
10.78 

LO. 04 
IO. 01 
IO. 00 
9.97 
9.88 

('3 
2 
U 

c9 ,M 
lam + 
ias 3 

5 
5. 58 L? 
5.09 8 
5.01 ,M 

('0) 

a 

4.98 

4.75 

4.65 

5.32 ti 
5. 77 
5. n w 

% 

A5 

R2 

A3 

62 

F2 

F1 

A1 

RI 

L13 

Fg2 
H75 

Fg3 

Fg4 

H76 

Dec. 18, 1914 _ _ _ _ _ _ _ _ _ _  
June 11, 1928 _________. 

June 14-15,1928 _ _ _ _ _ _ _  

West of Potomae Park (380 W.4 N., 

mile above Highway Bridge 
4gGeorgetown Channel (Bo 5Y.6 

Key'Bridge, off Georgetown (38' 

no w . 3  W.). 

N. T p W . 7  W.). 
54'.2 N., 7 7 O  04'2 W.). 

Nov. 27, 1867 _ _ _ _ _ _ _ _ _ _  
Nov. 26, 1867 ._________ 

June 13-14. 1928 ______. 

Chain Bridge (Bo 55'3 N., n0 
w.0 W.). 

Ang. 19, 1914-June 10, 
1915. 

(11) Pafuzmt River 

1~milesN.84"E.ofDmmPt. Light 
(38- 1V.3 h'. 76" 23'.5 W.). 

3mileE.ofDkmPt .  (38' 19'.2N., 
76' 24'.5 W.). 

%milaE. of DrumPt. (38'18'.8N., 
76' 25'.3 W.). 

Oct. 4-5, 1849 

-4ug. 8-19,1908 
I 

Sept. 1617, 1927 ___.._. 9.85 
9.75 
9.30 

9.82 

10.02 

10.40 
10.50 
10.35 
10. 50 

ao5 

7 
Meter _ _ _ _ _ _ _  

.__-.do. -. . - - 
__.__do- _ _ _ _ _  

Off Pt. Patience (38' W.7 N., 76" 
s . 3  W.). 

Off Bro~me I. (38" ='.E N., 76' 33'.3 
W.). 

Off Benedict (38' W.7 N., 76' U . 3  
W.). 

AW. 11-12,1908 _ _ _ _ _ _  
Ang. 13-28, 1908 

Sept. 16-17, 1927 

a surfaoe. 
13 Southerly. 
1@ Current weak and irregular. 
17 Northerly. 

I* Practically no current. 
19 Current weak. did not flood during observations. 

Observations bf slack water scattered over 22 days indicate that current ebbs mast of the time. 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

a 
a b  gx 
22 

k g .  
141 _ _ _ _  

% 
2 -- 

Knta 
0.93 
0.93 
0.93 
0.88 

10.75 
10.75 
10.25 

101 0.35 
___.__ 0.39 _ _ _ _ _ _  0.30 

10.50 ___.._ 0.17 

228 

238 

..___ 
272 

271 

282 

_ _ _ _ _  
___._ 
200 _ _ _ _ _  _ _ _ _ _  
m 
('9 

_..__ 

0.92 

0.60 
0.69 
0.50 
0.40 
0.30 

0.77 

0.42 
0.52 
a33 
0.33 
0.39 
0.39 
a 4 3  
0.33 
a 4 2  

('9 

11.10 I 50 
11.05 _____. 
10.65 ...___ 
9.65 ,_..... 

11.32 69 

0.70 
0.69 
0.75 
Q.85 
0.27 

11.00 
11.00 
11.10 
10.90 
10.20 
10.10 
10.20 
i a3o  

78 0.27 _ _ _ _ _ _  0.27 
...._ 0.28 
____._ 0.18 

16 0.44 
_.__-- 0.44 _ _ _ _ _ _  0.33 _ _ _ _ _ _  0.33 

111 
____. 
.-_-- _ _ _ _ _  
340 

_ _ _ _ _  
30 

_ _ _ _ _  

_ _ _ _ _  

-__--  
.__.- 

31 
25 
39 
-.-_. 
____. _ _ _ _ _ i  

48 

73 
____. 
._.__ 
.__.. 
190 

206 
._._. 
.____ 
.__._ 

50 
.____ 
.--_. 

347 _ _ _ _ _  
.____ 

('9 
344 
.___. _ _ _ _ _  _ _ _ _ _  m 

0.61 
0.61 
a 52 a 54 

0.70 
ass 
0.64 

a40  

0.41 
0.40 

0.40 
0.57 
0.37 
0.50 
0.45 
0.29 

0.81 

0.33 
0.34 
0.34 
0.49 
0.43 

0.61 
0.57 
0.57 
0.38 
0.28 
a38 
0.38 

0.09 
0.18 
0.17 

(19 
0.36 
0.51 
0.51 
0.41 

o. 56 

a 6 1  

11.18 
11.53 
11.88 
11.73 

0.51 
0.31 

a 7 1  

1.76 
1.16 
0.86 
206 

12.12 
11.13 

10.68 

-_..__ 

i a w  

315 
_____. 
-____. 
_____. 

148 _ _ _ _ _ _  

187 

255 
236 
234 

_____. 

7 
9 

22% 
36 

(3) 

7 

37 
4% 

9 
23 

7% 
U 

7 
9 

14 

F }  14 
7 
6 
10% 
17 

.______ 

a m  

a 62 

a& 

1 a m  8.20 

8.50 
8.35 
7.05 

8.45 
8.20 

7.95 
7.70 

8.45 
9.95 
9.00 

(1') 

10.00 
10.15 
10.05 iaio an. 

10.48 
11.22 

11.58 
11.68 
11.48 
11.18 
10.68 
10.88 
10. 98 

1213 
a01 

11.2s 

( 1 9  

1228 
0.28 
am 

1228 
a i 0  

_.___. 
354 

358 

_____. 
244 

--_-_. 

158 _ _ _ _ _ _  
('9 
187 _ _ _ _ _ _  

_____. 

163 

--_--. 

___-_. 

Pole ..__ - - -. . 
Meter ___. - _ _  
- - - .do-. ~ _. 
Pole-. -. _ _  - -. 
Meter..---_. 
.__.do .__._.. 
Pole ___. .. . .. 
Meter.- _... 
___-do .____.. 
____do __.____ 
Pole _ _ _ _  _. -. _ _ _ _ _ _  

- - 
2 
Y 

in 
I - 

3rs. 
6.66 
6.72 
6.76 
6. 76 

5. 92 
5.84 
5.65 
5.67 
5.07 
5.08 
5.07 
5. 14 
5.35 

6.44 
6. 42 
5.86 
4.77 
5.94 

7.56 

6.71 
6.71 
6. 47 
6.07 
5.76 
5.85 
5.65 
5.47 
6. 08 

(9 

- - 

i - B * 
* rn - 

H77 

m 

H71 

M4 

H63 

B2 
M3 

H64 

HI35 

B1 

H66 

- __ 

- 8 
3 
W 
Q 

F 
8 - 
- 

Hrs. 
6.10 
6. 15 
6.20 
6. 20 

6. 50 
6.85 
6.80 
6.75 
5.85 

6.00 
6. 10 

5. 70 

_ _ _ _  
6.20 
6. 10 
6. 15 
7. 05 
6. 39 

5.67 

4. 25 
4. 15 
5.05 
4.95 
5.30 
5. 45 
5.35 
5.15 
4.52 

('9 

- - 
B 
U 

E 
% 
m - 

Hra. 

8.49 

a28 
a38 

a 43 

7.63 
7.73 
7.50 
7.48 
66.3 
6. 58 
6. 68 
6.78 

- _ _ _ _  
7. E€ 
7.83 
7 . 3  
6.R 
7.4i 

8.8: 

7. I€ 
7. 13 
7.4E 
7. M 
6. % 
7 . s  
7.02 
6. a 
7. 11 

('9 

- - 

I 8 
3 
W 

w 
n n 

- 
Hrs 
6. 3: 
6.2; 
6. Z 
6.2: 

5.9: 
5.5; 
5.6: 
5. T; 
6.5: 
6. 7: 
6.4: 
6.3: 

6.2: 
6. 3: 
6.2: 
5.3 

6. 7. 

8. 1' 

7.3 
7. 4' 
7. 1: 
6. Y 
7.0 
7.2 
7. 9( 

('4 

6. a 

a2  

Flood strength Ebb strength Obsarvations 

Location 1 hlethod Depth 
*I 

2 1  
Data 

(11) Patwent Rim-Continued 

N., 76" 41'.1 W.). 
O f f  Lyons C m k  Wharf (38' 44'.8 

Hra. 

8 70 

am 
as5 
a s  

7.55 
7.30 
7.20 
7.25 
7.20 
7.30 
7. 10 
7. 10 
7.63 

8.10 
8. 15 
7.65 
6.05 
7.45 

9.57 

9.35 
9.40 
a 8 5  
as0 a io 
a 2 5  a i o  
7. 90 
9.02 

('9 

Hrs. 
11.18 
11.28 
11.28 
11.18 

10.4% 
10. 28 
10.28 
10.18 
9. 58 
9.63 
9.68 

9. 52 

11. 38 
11.38 
10.48 
9.43 

10.29 

11.82 

12. 03 
12.03 
11.18 
10.58 
10.48 
10. 48 
9.98 
9.78 
9.92 

*9.68 

('4 

kp 1 
1 , Pole _ _ _ _ _ _ _ _  

hleter.. 
Sept. 16-17,1927 ___.-.- 

(28) Little Ch nk and CRopfank 
%a 

1 mile S. 4 3 O  W. of Eills Pt., Little 
Choptank River entrance, (38O 
33'.0 N., 76' 1W.6 W.). 

Off Casons Pt., Little Choptank 
River (So 31'.9 N., 76' 14'.5 W.). 

1% miles 5. 8oo E. of Shsrps I. (So 
36'2 N 

1% miles'k 33O' W. of Cooks Pt. 
Choptank'kiver (380 W.l N., 76; 
l I . 4  W.). 

2% mile+ N of Todds Pt. Choptank 
River (s 3Y.9 N., 76' 15'.1 W.). 

2 mi ls  N. of Todds Pt. Choptank 
River (38O W.7 N. 76' 15'.0 W.) 

$5 mile S. of Chop& River Light: 
Choptang River (38" W.8 N., 76' 

76O 1Y 8 W.). 

1w.9 W.). 

Sept. 13-14, 1927- .___. 

July 25, 1848.. _ _  - 
Sept. 9-10,1927 1 Pole .____._. I 

Meter. -. . . ., 
.__._do- -. . .. 
..... do ....-. 

136 Pole ._..._.. _ _ _  I i 1 1  ________._.._. 

A=. 12-14, 1902 

July l S l 9 ,  1848 

Sept. 8-9,lW 

0.35 I 87 1 0.67 

Pole ..._ - - - - - 
Meter .__._. . 

_____do. -. . - 
____.do. -. .- - 
Pole ...-- - - _ _  
hleter .__.__. 

..___do ______. 
_ _ _ _ -  do ... _ _ _  
Pole -.-. _ _ _ _  - -. 

W of Oxford Tred Avon River (38O 
il'.5 N., 76' 1W.8 W.). 

Sept. 7-8, 1927 

AW. 1-2, 1902 ________. 
Sept. 6, 1927 __._.______ %I Meter _ _ _ _ _ _ _  

I -  

Hd: 

0 2  H a  

% 
0, I H57 

el 

L9 

-a H58 

M1 

859 

M2 

H80 

H6l 

H51 

E52 

H47 

m 

Off Hsmbmoks Bar Choptank 
River (380 35'.8 N., fo 04's W.). 

Sept. 12-13, 1927 1 

1 

1 

3 
1 
1 

9 
1 

1 

1 

1 

1 

f! 

1 

% 

11.55 
11.60 
11.30 
11.45 

a43 
a43 

1.23 
1. 18 
1.28 
1.98 

11.52 
11.20 
11.15 
11.30 
11.35 

a43 

_.___ 

5.85 
5. 95 
6.06 
6.45 
6.40 
6.40 
6.45 

5.25 
5.20 
5.05 
5.75 
5.29 
7. 17 
6. 35 
6. 10 
4.00 
5.40 
6. 11 

5.85 
5.95 
6.20 
7.35 
6.27 

6. 15 
6.05 
5.95 
6.20 
5.30 
6.00 
6.35 

5.15 
4.40 
7.79 

('9 
140 
4.95 
4.85 
4.70 
7.82 

8. m 
a38 

a 6 3  

ia 18 
ia ca 

8. 43 

la 18 

9.48 
9.48 
9.43 

9.22 

7. 78 
7.08 
7.78 

7. 73 
8. 03 
8. 13 
7. 98 

ia 18 

a. 13 

a 47 

a 18 

a08 

8. 08 
7.73 

7. os 
7.53 
7.63 

a 18 
7.93 
7.63 

('9 
7.98 
am 
a 48 
8% 

LO. 12 

a 51 

a52 
a 51 

0.44 
0.76 
0.80 
0.64 

a50 
a50 
0.61 
0. 50 
0.41 
0. 17 
0.40 
0.45 
0. 54 
0.41 
0.71 

0.48 
0.44 
0.39 
0. 24 
0. 43 

0.36 
0.37 
0.37 
0. 18 
0.43 
0. 33 
0.23 

0.09 
0. 18 
0.22 

('9 
0.41 
0.51 
0.51 
0.51 
a a  

6.57 
6.47 
6.37 
5.97 
6.02 
6.02 
5.97 

7.17 
7.22 
7.37 
6.67 
7.13 
5.25 
6.07 
6.32 

7.02 
6.31 

6.57 
6.47 
6 . n  
5.07 
6. 15 

6. zi 
6.37 
6.47 
6.22 
7.12 
6.42 
6.07 

7.27 
8.02 
7.37 

('9 
802 
7.47 
7.57 
7.72 
660 

a 42 

6.78 
6.91 
6. Sa 
6.92 
a 0  
a x  
azt 

ass 
8.81 

8.62 
9. 30 

7. 16 
6.48 
6. 31 
6.46 
6.54 

__.__ 

_ _ _ _ _  
6.44 
6.56 
6.54 
5.85 
6.92 

6. 74 
6. 75 
6.46 
6.50 
6.21 
6.28 
6.25 

7.38 
7.66 
6.90 

('9 
7. m 
a 15 

a= 
7.98 
7.91 

B. C. & A. RT. Bridge Choptang 
Rive (38O 44.7 N., 75& 59 A W.). 

(1.9 Easurn mu 
l~milesS.22"E.ofBloodyPt.Bar 

Light gS0 48'.3 N., 76" U.6 W.). 

1?4milesSE.ofKentFt. (38'4Y.5N., 

1 mile SE. of Long Pt. (38' W.6 N., 
76O ZY.7 W.). 

76' 1Y.6 W .) . 

___-do 

Sept. 2-3, 1927 _.______. 

Oet. 15-18, 1846 .._..... 
Oct. 1516, 1849 
Sept. 2-3, 1927 ..._...__ 

_ _ _  
Pole ____. _ _  _ _  
Meter _.___._ 
..--do .___ ._ - _ _ _ _ _ _ _  
Pole .._._____ 
hfeter .___.__ 
__..do ._.__._ 
.___-do _.._ __. 

Pole .__. _ _  _ _ _  
Meter __.._.. 
__._do ._.._.. 
.... do .__.__. 
Pole ..__ ____. 
hleter ... . .-- 
____do ...- _ _ _  

. -. . - - - - - - _- - - 

_ _ _ _ _ _ _ _ _ _ _ _ _  

1% miles S. of Turkey Pt. (38O5Y.4 S., 

1% miles N. of Tilghman Pt. (38" 
76" 17'.6 W.). 

53'.0 N., 76O 15'.1 W.). 

Juiy 31, 1847 

Sect. %lo, 1927 ._._____ 11.55 
11.45 
11.55 
10. 60 
12 07 

11.45 
11. 50 
11.15 
11.15 
11.60 
11.50 
11.40 

0.08 
a 18 

12 40 

(18) 

am 
1.38 
1. 23 
I. 18 
1.40 

l~miIe~S.700W.ofBennettPt . (38~ 

Off Deep k a t e r  Pt. hiiles River (Bo 
W.8 N. 76" 13'.7 W.). 

48'2 N., 76' 12.6 W.). 

lune 17-18, 1847 .._____ 

Jept. &9,1927 ._______. 

1/1 mile above Long Pt. Miles River 

(14) Smth and Sewin Rim8 

Middamel  off Marshy Pt. South 
River (380'54~.3 N., 76" mt.8 WJ. 

Off Lee's VTharf, South River (38O 
57'.0 N., 76' 33'3 W.).. 

% mile 8. 35O E. of Greenbmy F't. 
Shosl Light (38" 57l.4 N., 76O 

% mile 8. 300 E. of Greenbury Pt. 

(38" W.4 N., 76' W.4 W.). 

%'.7 W.). 

Shoal Light (38O 57'.5 N., 76O 
w.9 w .) . 

'Smtaat. 

Sept. 7-8, 1927 ._______. 

IO Current weak and inegnkr. a practically 110 current. 



TABLE 53.-Current data, Chesapeake Bay and tributarieContinued 

Method 

CD 
0 - - 

a 

- 9  
$ 
Yrs. m 
7.42 
7.42 d 
7.48 0 
7.47 * 
7.71 m 
7.62 
7.81 e 
7.48 5 

U 
9.47 

9.67 
9.40 4 
a 7 4  i; 
9.75 

::E 2 
,:E 2 
Lao7 M 
9.92 rc 

9.28 
9.44 
9.46 

IO. 10 

9.81 
9.97 

io. 12 

Depth 

- - 

$ 
.s 
t 
.a 

- 

H48 

H49 

H43 

H44 

H45 

H46 

8 3 2  

H30 

Hrs. 
a s  
8.88 
9.08 
8.9s 
9.08 
9.33 
9.23 
9.23 

- - 
* f! 
i" 
3 

* 

V 

E; - 

Hrs. 
6.05 
6. 05 
6. 25 

5. 70 
5.90 
6. 20 
6.35 

6.20 

5. 15 
5.50 
6.35 

6.05 
6.30 
5. 10 
6. 60 
5. 65 
5.70 
5. 85 
5. 70 
5.25 

6. 50 

4. 25 
4. 80 
5.40 
5.80 
5.05 
5.15 
5.00 

_ _ _ _  

6. 20 

I 
Deg. IIra. 

134 12.38 
.___._ 12.38 
__.___ 12.38 _ _ _ _ _ _  12.28 

159 12.18 
___.__ 1228 _ _ _ _ _ _  1208 
_-__.. 11.68 

- - 

- 8 
B 
V 
e e 
El - 

His. 
6.37 
6.37 
6. 17 
6.22 
6. 72 
6.62 
6.22 
6.07 

7.27 
6.92 
6.07 

6.37 
6. 12 
7. 32 
5.82 
6.77 
6.72 
6. 57 
6.72 
6. 17 
6.22 
5.92 

8. 17 
7. 62 
7.02 
6.62 
7.37 
7.27 
7.42 

Hrs. 
9.25 
9.25 
9.25 
9.m 
9.80 

9.45 
9.30 

9.85 

1 Ebbstrength 

I 
Hrg. Deg. Knkr 
11.90 323 0.28 
11.90 - - -___  0.28 
11.95 __.___ 0.28 
12.15 __.___ 0.14 
0.08 318 0.13 

0.03 _..___ 0.18 
0.03 _ _ _ _ _ _  0.14 

0.33 _ _ _ _ _ _  a i 3  

____._ 
11.40 
11.50 
11.75 
10.30 
11.85 
11.75 
11.75 
ll.b 
11.85 
11.85 
11.55 

.______ - - - - _ _ '  0.56 
1.43 352 1 0.62 
1.53 _____. ,0 .67  
1.48 ..____ '0.53 
1.13 _ _ _ _ _ _  10.68 
2.03 38 0.76 
1.93 ._____ 0.81 
1.88 __.___ 0.76 
1.63 _ _ _ _ _ _  10.70 
2.73 47 0.75 
2.78 .--___ 0.75 
2.53 _ _ _ _ _ _  0.74 

I I  

11.03 
11.38 
10.43 
10.48 
11.08 
11.03 
11.18 

11.68 
11.63 
11.53 

10.58 

__..__.___.____... 
160 2.01 

-. 1... 2.16 
._____ 1.81 
__..._ 0.91 

220 1.91 
_.--__ 1.91 _ _ _ _ _ _  1.91 

228 1.81 
.___._ 1.91 _ _ _ _ _ _  1.86 

____._ 1.28 

9.83 
10.28 
10.68 
11.38 
11.13 
10.83 
la% 

136 1.71 
._____ 1.81 _ _ _ _ _ _  1.76 

148 2.31 
._____ 226 
__- -__  226 _ _ _ _ _ _  2.21 

340 
-.___ 
- - _ _ _  _ _ _ _ _  
316 

298 

342 

292 
--.__ 
..-.. 
...._ 

(16) 

324 
.-__. 
..___ 
.____ 

(16) 

('3 

(13 

(19  

95 
.-___ 

42 

.-__. 

10.25 
0.35 
0.30 
0.35 

._________. 

0.24 

0.49 

0.23 

0.30 
0.20 
0.20 
0.30 

(1') 

0.09 
0.19 
0.19 
a i 9  

(19 

(19 

0.1c 

(16) 

a 4 0  
0.35 
0.40 
0.35 
0.39 
0.38 
0.33 
0.33 

1.27 

('9 

3.16 
3.26 
3.08 
3.16 
3.96 
4.01 
4.11 
4.08 

(1:) 

(19 

288 

_____. 
._.__. 

228 

Observations 
- 

2 .-. 
k 

"1"" 
- 

1 

1 

1 

1 

1 

1 

1 

Loeation 
Date 

Aug. 25-26,1927. _ _ _ _ _  

Aug. 26-27, 1927 _ _ _ _ _ _  

-l-l-I-- 
(fi) soul* and & e m  Riocra-Contd. 

Off Naval -4cademy. Severn River 
(38' 5Y.1 K., 76' B'.? W.). 

Off Brewer Pt., Severn River (39" 
01'.8 N., 76" 31'.9 W.). 

(16) clruder R i m  

234 milas S. 12O E. of Lore Pt. Light 
(39' 01'.3 N., 76' 16'.4 W.). 

$5 mile NE. of Hail Pt. (39" 01'.0 N., 
76" 11'2 W.). 

3/6. mile NE. of Deep Pt. (No  06'.7 N., 
76" 06'.7 W.). 

Off Chestertown ( 3 P  1Y.5 N., 76O 

(16) Patopace Rioer 

fa mile off Frankie Pt. (39' W.7  N., 

1% miles E. of Roe% Pt. (39O lW.0 N., 

W.6 W.). 

76' 26'.2 W.). 

760 28'.4 w.). 

Fed 
7 
6 

15 
24 
7 
55: 

13% 
22 

7 
8 

20 
32 

4 
22 
35 
7 
7 

17 
28 
5 
7 

11 

7 
8 

13 
7 
4 
9 

14 

Knts. 
0. 18 
0. 18 
0. 18 
0.09 
0.38 
0.38 
0. 28 
0. 19 

0.38 
0.42 
0.36 
0. 31 
0. 37 
0.37 
0.73 
0. 58 
0. 76 
0. 76 
0.76 
0.65 
0.90 
0. 90 
0.69 

0. 25 
0. 33 
0.33 
0.28 
0.34 
0.40 
a% 

Pole ____.-- -- 
Meter .____ _ _  
- - - .do-- _ _  - - - 
.____do _._____ 
Pole. ..__-- - - 
Meter------- 
- - - -do .___ _ _ _  
____do _____.- 

Pole- _ _ _ _ _ _ _ _  
Meter.. - __. - 
..___do ._.___. 
..._ do .....-- 
Pole ...-. .- _ _  
Meter _.___._ 
___.do ...- _ _ _  
. . - .do. -. - - - ~ 

Pole _ _ _ _  -. - -- 
Meter.. - _ _ _ _  
.____do .-.. _ _ _  
-...do _.__ .-- 
Pole ._._---- - 
Meter _.___.. 
.____do _ _ _ _ _ _ _  
Pole ..____ _ _  - 
Meter _.___ - - 
.--..do .____ - - 
Pole ..-. __.._ 
Meter-. . - - _ _  
.___.do __..___ 
.___-do _ _ _ _ _ _ _  

Aug. 25-28, 1927 _ _ _ _ _ _  

hug. 2+30,1927 _----- 

Aug. 30-31, 1927 _ _ _ _ _ _  

Aug. 3l-Sept. 1, 1927- 

Aug. 45, 1927 _ _ _ _ _ _ _ _  
Aug. 5-6, 1927.- _ _ _ _ _ _  

H2!3 

wb 10 

W b l l  

wb12 

Wb13 

H32 

833 

HM 

H35 

H36 

Kl 

8 3 7  

H16 

H l 7  

Channal 1 mile S. of North Pt. (39O 
lV.7 N., 76O W.4 W.). 

Aug. 19-20,1927 6. I t  
6. OC 
6.7E 
6. @ 
5. 11 

4.82 

5. n 
5.E 

6. 85 
6. 8c 
6. tX 
6.9: 

(9 
___. 
_._. 
..__ 
___. 

(9 

('9 

6.21 

('3 

6. 25 
6.35 
6. W 
6.05 
6. 15 
6.05 
5.80 
5.75 

10.93 
10.93 
10.88 
10.68 
11.72 

10.17 

9.62 

10.05 

11.03 
10.88 
10.93 
10. a3 

(19 

._.__. 

.___.. 
_..__. 

('3 

('6) 

10.69 

(13 

0.16 
0.21 

12.28 
12.38 
0.16 
0.16 
0. 16 
0. 11 

1.83 
1.76 
1.58 
1.01 
2.70 

I2 32 

2.70 

1.10 

1.46 
1.36 
1.66 
1.31 

( 1 9  

I. 66 
1. 66 
1. 66 
1.66 

('6) 

0.40 
0.40 
0. 30 
0.30 
0. 75 

0.17 

0. 19 

0. 28 

0. 15 
0. 25 
0. 25 
0.20 

(19 

0. 19 
0.19 
0. 19 
0. 19 

('3 

('3 

1o.a 

('3 

0.40 
0.30 
0.35 
0.30 
0.24 
0.33 
0.38 
0.38 

6.27 
6.42 
5.67 
6.33 
7.30 

7.60 

7. 20 

7. 17 

5.57 
5.62 
5.82 
5.47 

( 1 9  

('9 

('3 

6.21 

('3 

6.17 
6.07 
6.42 
6.37 
6.27 
6.37 
6.52 
6.67 

9.47 
9.47 
9. 19 
a 87 a m  
a 9 3  

9.14 

8.98 

9.02 
8.94 
9. 16 
8.78 

('3 
9. 3s 
9.35 
9.35 
9.42 

('9 

C') 
9.12 

(9 

0.94 
1.01 
0.86 
0.90 
1.17 
1. 14 

1.20 
1. m 

Channel, S. of North Pt. (39" 1W.8 N 

58mileSW.of North Pt. (3Qo11',5N., 
76O 27'.1 W.). 

1% miles NE. of Rock Pt. (39' 11'.1 
N. 76" 27'.8 W.). 
3i  h e  NE. of Rock Pt. (39' 1W.7 N., 

76O W . 2  W.). 
Brewerton Channel, S. of SpalTOws 

Pt. (39" 11'.6 N., 76O W.0 R-.). 

760 mf.5 w.). June 5, 1867 _ _ _ _ _ _ _ _ _  
May %29,1867 

May 30, 1867 

May 31-June 4,1867. 

Aug. 19-20,1927 _.__._ 

1.75 

1.30 

1. 45 

0.8.3 
0.88 
1. 1s 
0.58 

('9 
1.98 
1.98 
1.98 
1.98 

('9 

(16) 

1. 48 

('9 

3. 13 
3.33 
3.28 
3.18 
3.18 
288 
288 
288 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _.___ 11.77 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _.___ 10.82 

_.__._____________.do __.._ 11.22 

1 Pole .____.___ 
Meter ___..._ 

.___.do ....___ 

._... do .______ 
1 Pole .__._._._ 

Meter _.__... 
__.._do .__.___ 
Pole ..__._ - _ _  
-Meter _....__ 

. ____do  -...-.. 

.____do ...__.. 
Pole _...___. . 
Meter .______ 

__.._do .....-. 
____do .______ 
Pole _____. - _ _  
-Meter ..__ - - - 
_____do .______ 

Bear Creek entrance (39" 13'.8 N., 76" 

Channel, N. of Hawkins Pt. (39" 13'.4 

w . 9  W.). 

N., 76' 3Y.1 W.). 

C y $ s  Creek entranm (39O 13'.1 N., 
r6 34'3 W.). 

July 28-29, 1927 ______. 

July 2€-27, 1927 _ _ _ _ _ _ _  13 
7 10.80 
1 10.80 

17% 10.SO 

5551 
1352, 

m 
(3) 10.90 

7 

21 

5% 0.33 
3 0.28 
7 a28 

11 0.33 
7 0.43 
5 0.53 

12 0.68 
19 0.78 

Northwest Harbor entrance. off Ft. 
McIIenry (39O 15'B N-76' 34'.5 W.). 

July 25-26, I927 _ _ _ _ _ _  
. ____do  __.._._ 
Float __._ _ _  - - 
Pole _ _ _ _ _ _ _  _ _  
Meter.-- - - - - 
.____do __.____ 
.____do _._____ 

Pole _-__----- 
Meter--- _ _  - - 
____do  _..._._ 
-__-do _ _ _ _ _ _ _  
Pole _____.___ 
Meter .______ 
----do __.____ 

do ___.___ 

Northwest Harbor entrance, off Ft. 
XfcIIenry (39O 15'.9 N.,7ff M'.5 W.!. 

Middle Branch (39" 15'.4 N., 76' 3Y.O 
W.). 

January-June 1903 - - ~ 

July 29-30.1927 _ _ _ _ _ _ _  

(17) Sassafras and hlk Rwera 

Od Grove Point Saf?safras River (39O 
Z . 7  N., 7 6 d . 6  W.). 

Cborgetown-Frederick Bridge Sassa- 
fras River (39" 2Y.9 N., 75O d . 0  W.) 

a suriacs. a Southerly. M Current weak and irregular. 21 Velocity not correet8d for range of tide. 17 xortheriy. 



TABLE 53.-Cun?ent datu, Chesapeake Buy and tributaries-Continued 

July 1%20,1927 _ _ _ _ _ _ _ _  

July 18-19.1927 -_______ 

===== 

;i 
B - 
Y 

Y m 

Pole _ _ _ _ _ _ _ _ _  
Meter---_.. 

..--.do _____._ 
_..__do __.___ ~ 

M Pole ___.____ ~ 

Meter _____._ 

El0 

H13 

E11 

E 1 2  

Cal 

E 4  

E 5  

E 6  

E 7  

IC& 

E8 

E 9  

_I 

His. 
3.55 
3.68 
3.68 
3.88 
4.55 
4.65 
4.48 
4.55 
4.48 
4 . s  
4.3s 
4.48 
5.m 
5.03 
4.93 

Looation 

Deg. Knt8 
30 0.65 

___-_. 0.56 _ _ _ _ _ _  0 .M 
____.. 0.46 
300.54 _ _ _ _ _ _  0.45 

...__. 0.46 
____._ 0.55 

19 0.57 _ _ _ _ _ _  0.60 
..._.. 0.58 _ _ _ _ _ _  0.49 

131 0.43 
._____ 0.49 
..____ 0.44 

N. from Revbolds Wharf Elk River 
(39' 2?".6 N., 75O 5W.7 d'.). 

July 19,1927 _ _ _ _ _ _ _ _ _ _ _  

July la-ZO, 1927 _ _ _ _ _ _ _ _  

OB Hendersons Pt. Elk River (W 
W.2 N., 7S0 51l.6 b.). 

I _ _ _ _ _  do _ _ _ _ _ _ _  
.__._ do-. .__._ 

$5 Pole ___._____ 
Meter .- -. . . 

_____do __..___ 
..___do .______ 

1 Pole ..._...._ 
hleter .____ _ _  

_.___do __.__._ 

Off Sandy Pt., Back Creek (39O 31'.7 
N., 75O 5Y.0 W.). 

4.03 
4.23 
4.23 

4.53 
.-.-.. 

77 yards W. of C h e s s m e  City 
Bridp. B x k  Creek (39' 31'.7 N., 
750 w . 7  W.). 

(18) Chesapeake and Delaware Canal 
C h a p t a k e  City Bridge (39' 31'.7 N., 

Near Chesapeake City Bridge (Bo 

1 mile E. of Chesapeake City Bridge 

1% miles W.of Summit Bridge (39O 

$4 mile E. of Summit Bridge (39O 

Pennsylvania R. R. Bridge (39O 3Y.E 

1 mile E. Of P. R. R. Bridge (So 32'3 
s m i l e  E. of St. O e o m  Bridge (W 

750 48'.7 W.). 

31'.7 N., 75' 4V.7 W.). 

(39' 31'9 N 

3Y.6 N., 75O 45'2 W.). 

3Y.7 N., 75' 43l.1 W.). 

N., 75O 42.2 W.). 

N., 750 41'. 2 W.). 

33'2 N., 75O W.7 W.). 

75' 47'.7 W ). 

(11) ' 1.35 
__._.. 1.13 
..._-- a90 

(11) -_... 
(11) 1.05 
(11) - .--- 

Obsarvations 

I I  I 

___.do ....___________.. 

May 13, 1927 .______._. 
1%Z3 ______._________ 
June4-6, 1925 .______.. 

May 13, 1927 _______... 

___.do .._____________._ 

$5 ______._____._ 

?4 __.__...__..._ 
5 Meter _._____ 
2 Pole ..._._.._ 

Meter .__._._ 
_____do _...___ 

% ________.__.._ 

$6 ,________.___._ 

4 26 
3.9s 
3.80 
3.72 

Pole .___.__. 
hfeter.-_ ._._ 

June 45,1928. ._______ 

(11) ___.. 
(11) 1.09 
(11) 1.37 

('1) 1.30 
__.._. 1.61 

Feci 
7 
4 

11 
18 
5! 
3 
6 

10 
5? 
3 
7 

11 
4? 
6 

10 

'3j 
9 

(3) 

(3) 

(9 
(3) " 

;J 
3 

13 
(3) 

(3) 

H18. 
0. 78 
0.88 
0. E3 
0. 78 
2.05 
1. 99 
1.98 
2. 18 
0.98 
0.85 
0.88 

1.83 
1.88 
1.88 

0.98 

0. %s 
1.60 
1.34 
1.20 

0.80 

0.80 
1. 24 
0.34 
0.38 
0.34 
0.50 

0.00 

0.78 

0.93 

- 

- 
Flood strength 

- - 
!3 
.3 - 
3 
3 
U 

iz - 
HT8. 
6.05 
6.00 
5.90 
5.90 
5.30 
5. 50 
5.40 
5.30 
6.20 
6. 10 
6. 10 
6.30 
5. 40 
5.30 
5. 10 

6.80 
6. 90 
6.85 
6.92 
6. 14 
7. 12 

i. 12 

7.12 
5. 93 
7. 26 
i. 25 
7.26 
1.42 

1.62 

- 

Hrr. 
0. 41 
a46 
0.31 
0.26 
0.96 
1.06 
0.96 
1.06 
0. 76 
0. 56 
0. 56 
0.66 
0.81 
0. 66 
0.56 

1.36 
1.41 
1.41 
2. 10 
1.06 
1.90 

1.50 

1.50 
0. 75 
1.18 
1.21 
1.18 
1.50 

1.20 

- 

Ebb strength 
- 

h 

3 
g - 

Knt8 
9. 70 
0.51 
0.61 
0.46 
0.74 
0. 75 
0.56 
0. 55 
1.47 
1.10 
1.38 
1.29 
1.33 
1.09 
1.04 

1.83 
1.65 
1.52 

1.39 

1.17 

-_.. 

.__. 
1. 17 
0.92 
1.11 
0.97 

- 

- - 

.- 8 
'CI $ 
.a e 
w - 

Hrs 
6.37 
6.42 
6.52 
6.52 
7.12 
6.92 
7.02 
7. 12 
6.22 
6.32 
6.32 
6. 12 
7.02 
7.22 
7.32 

5.62  
5. 52 
5.57 
5.50 
6.28 
5.30 

5.30 

5.30 
6. 49 
5. 16 
5. 17 
5.16 
5.00 

4.80 

- 
* Surface. 10 Westerly. 11 Essterly. 17 Northerly. n C m n t  data for stations near the eastern end of the canal rn giren in Table 62, p. 118. 

_. - 
Y 
U 
LI 

i3 
B 
a 

x 
_. 

Hrs. 
11.40 
11.45 
11.40 
11.41 
12 26 
12 24 
12.14 
12 25 
11.68 
11.48 
11.58 
11.68 
12.17 
12.12 
12. 04 

11.78 
11.84 
11.86 
12 64 
11.95 
12 34 

11.74 

11.94 
11.65 
11.50 
11.46 
11.38 
11.79 

11.24 

- 

w 
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TABLE 64.--Current observations, Chesapeake Bay and tributaries 

93 

Year of obser- Psrty of- 
vations 

- _I__ 

1845 _ _ _ _ _ _ _ _ _ _ _  Q. M. Bache _ _ - _ - _ _ _ _  
1846, 1849, 1850- 8. P. Lee _._.._ ~ ._____ 

1847, 1848 _ _ _ _ _ _  W. P. Mchrthur .__._ 
1861,1853,1854. John J. Almy _.______ 
1861 ----_._____ B. F. Sands _.._.._._ 
1866 --_.___.___ J. N. Maffltt __._. _ _ _  
1867 .---.______ C'. Fendall ____.._._-. 
1867 - - _ _ _ _ _ _ _ _  ~ F. P. Webber .... ___. 

1876-. _ _ _ _ _ _ _ _ _  J. R. Wier _ _ _ _ _ _ _ _ _ _ _  
1881 .___.__.__. 0. Bradford _____.___. 

1880, 1887- _ _ _ _  E. H. Ti l lnm _ _ _ _ _ _  ~ I 

Desig- "2: 
nating 
letten $:: 

Bc 6 

1, 18 

M 4 
12 

Ma 1 
F 2 

Wh 13 

W 2 
Br 7 

T 7 

- - ~ -  

"9" 2 

1897 _ _ _ _ _ _ _ _ _ _ _  1 R. L. Faris ____._____ I Fa 

1888 _ _ _ _ _ _ _ _ _ _ _  
lac@-. _ _ _ _ _ - _  _ -  

U. 8 S Casslus Sam C 
W: very, U. 6. N., 
commanding. c. C. Yatos _.__._____ Y 

le00 - - - _ _ - _ _ _ - -  
1802 .___ .____- ~ 

IW3 _ _ _ _ _ _ _ _ _ _ _  
1808,1910,1911, 

1812, 1913. 
1809.. _ _ _ _ _ _ _ _ _  

P. A. Welker _______. Wk 
J. B. Boutelle ._._ -.. B 
F. A. Kummel______.  K 
0. W. Ferguson .__.__ FK 

U. 8. Englneers _____. E 

1927 ... _ _ _ _ _ _ _ _  A J Hoskinson __..__ I :--.-- 

1912 1915 1919- 
1913: 1914: 1916. 
1917.. _ _ _ _ _ _ _ _ _  
1918. ~ ___.___ 

1018. _ _ _ _ _ _ _  
1919 ____.______ 
1919 _ _ _ _ _ _ _ _ _ _ _  
18#), 1921 , lgn-  

1828 ____.__.___ (f. L. Anderson _____. Ca 
1828 __.________ Ir. J. Oliver _______.  o 
1929-. - - .- _.___ Jack Senior.- - - _ _ _ _ _  - Sr 

Crews of light vessels. IIV 
H. P. Ritter.. ______. R 
P. C. Whitney _ _ _ _ _ _  ~ Wt 
Harry Leypoldt.-..-. LY 

E. B. Latham. _ _ _ _ _ _  La 
R. A. Seran __._______ So 
L. A. Pottar __.__.___ P 
U. 9. Fish Commis- F C  

don 

3 

1 

1 

2 
2 
1 

31 

11 

3 
4 
1 

10 

6 
1 
7 
6 

75 

102 

3 
1 
1 
- 

Locality 

Bay: Patapsco River to Severn 

Bar: Upper end toRaaDahannock 
River. 

.-  
River. 

Eastern Bay; Choptank River.-- 
Lower Bay; IInmpton Roads....- 
Entrance to Bay ._______...._____ 
JamcB River near Hog Island.. - - 
Potomac River at Washington.-- 
Bay: Near Susquohanna River and 

Elkaheth River.. ._..._______-___ 
Bay: South of Pocomoke Sound; 

Bay: Patapsco River to  Herring 

Bay. South River to Patuxent 

Hampton Roads ._---------_- ---- 

Patapsco River. 

Rappahannook River. 

Bay. 

River. 

Lower Bay near Cape Charles 
city. 

Bay near Patuwmt River ___- - - -  
Cho ~tank River _ _ _ _  ._._____-.-- 
Balt\rnoro IIarhor.. _ _ _ _ _ _ _ _ _ _ -  _ - -  
Bay arid tributaries' Sevorn River 

to Elizabeth Itivrr. 
Lower Bay nt Old Yolk Spit 

Channel; Chesapeake & Dela- 
ware Canal. 

Bay entrance and approaches- - - - 
Upper Potomac Hivor .____ ~ _ _ _ - _ -  
Ifampton Roads. ___.____________ 
Lower Bay: Wolf Trap Light to 

entranro. 
York River mouth _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
Approach to hay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hampton Roads; Elizaheth River 
Bay: Patapsco River to Rappa- 

Bay and tributnrtrs Susquehanna 

Dav and tributaries: South of 

hannock River. 

River to Patuxont River. 

Patuxent River. 
Chosapeake & Delaware Canal.. 
Pntomar River near Aiiuia Creek 
York Spit Channel 

Lmt ions  
plotted on 
flm 

a, 36. 

27-29, 34, 85. 

%,a, 35. 
24,27,31,34. 
24,n. 
32,33. 
36. 
29. 

31. 
27,33,34. 

28,%, 36. 

28,20,35. 

27,31. 

27. 

7836.  
28,36. a. 
27-29,3195. 

27,30. 

24.27. 
35. 27,31. 

24,27,31,33. 

28, a, 35 ,w .  

24,27,28,31-3& 

28,36. 
35. 
27. 

THE CURRENT IN THE APPROACHEB 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 ba is taken as 

Five current statfons plotted on Figure 24 lie eastward of t h i s h e  
and are therefore in the ap roaches to Chesapeake Bay. At the east- 

in a clbckwise 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 ap endix. Following the method usually 
employed for the reduction. o P rotary currents, the observed veloci- 
tles 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 

a straight line drawn from Cape Charles Light to Cape H enry Li ht. 

ynmost of these, station E Vl ,  the tidal current is rotary and turns 
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FICWE 24.-Cnrrent stations, approaches to Chesapeake Bay 
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from three hours before to three hours after high and low water. 
The nontidal current was determined by averagin the resolved 
hourly velocities for all times of the tide, a process w f ich 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 
velocit and direction of the nontidal current for each group is given 

from the resolved currents for the entire.series are also iven in Table 
56. Because of the irregularity of the direction of set, &ese resultant 
values differ from direct means of the values for the individual 
groups. 

in Tab 9 e 56. The mean velocity and direction of the set as derived 

TABLE 55.-Currents, station LVl 
[Observations, Fob. 16 to May 24, 1010.1 

- -. _ _ _  -~ ~ 1 Observed current i '  Vclorily , "[;':$'I 

Time referred to high water and low water a t  Old Point 
Comfort 

_[___I__- 

3 hours before high water .___.__......_____._-.....-.--.-------- 
2 hours before high water ____________._._____----------------..- 
1 hour before high water ___.___...__._______----....--.--------- 
High water _._____________-.____ --. _____._._.________ _ _ _  _ _ _ _  _ _ _ _  
1 hour after high water ___________.______._---..--------...----- 
2 hours after high water ____________________.--..-.-..--.---.-.. 
3 hours after high water .____._______._.__._--..-...--.-...--.-- 
3 hours before low water ____._______.___._._--.-..--.-...--...-- 
2 hours before low water ___.__._____________-------------.-.---- 
1 hour before low water ... _________________._.-------......-.-- 
I,ow water----..-.-.---..-.-.------------------..-..-.--------..- 
1 hour after low water ________.. ~ ._..._______......._-.--...---. 
2 hours after low water ......................................... 
3 hours after low water __.....____..__ ....__....____....__-.-..- 

Knots 
0. 14 
0. 09 
0.04 
0. os 
0. 11 
0.21 
0.21 
0.22 
0.22 
0.22 
0.22 
0.24 
0.22. 
0. 10 

Degrrfs 
281 
258 
1 fj9 
100 
134 
131 
149 
162 
170 
212 
220 
244 
247 
271 

TABLE 56.--Set of nonlidal current, statiox LV1 

-. - ____ 
Tidal current 

Velocity 

-- 
Knots 

0. 17 
0.10 
0.00 
0. 15 
0. 13 
0.20 
0. 17 
0.17 
0. 12 
0. 11 
0. 13 
0. 17 

0. 16 
0. 16 

__. 

Xrection 
(true) 

Degrees 
__ 

326 
336 
35 
<54 
74 
08 

115 
120 
157 
225 
265 
272 
270 
314 

Dimtion Velocity 
(true) 

I- ___ 

166 0. 04 

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 Flgure 25. 

In  this diagram each line drawn from the origin 0 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 lett,ers €2 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 hase of tido, a 

of the lines thus d rawn form an approximate ellipse, indicated by the 
dashed line. A point C was nest plotted from the smio  origin 0, 
its distance from 0 denoting the velocity and its direction from 0 

minus sign signif ing before and a plus sign after. 5 he outer ends 
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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 e and Cdenoting the velocity 
and direction of the tidal current a t  the time of high water and so on. 

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

U. 8. COAST AND GEODETIC SURVEY 

mRTH 

Direction from 
whleh wind is 

blowing 

- - -  KNOTS 
2 5  

&- -fo--=7 --e - ----- 
15 20 ----I=- m 

FIUURE 25 --Currant curve from $9 days of observatlons, station LV1 

tide taken from this diagram are given in the last two columns of 
Table 55. 

To determino 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) 

Veloo- 
ity of 
wind 

Knots 
0.48 
0.33 
0. 17 
0.12 

I aatvte 
mi. per 

Deurees De~mes h T  
I97 17 South.. _ _ _ _ _ _ _ _ _  17.3 
3 0  5 Southwest _ _ _ _ _ _  ~ 18.9 
254 -m west _ _ _ _ _ _ _  ~ _ _ _ _  18.1 
275 -40 Northwwt ...... 22.0 

mi. pet I h i r  Knots 
0.14 
0. 24 
0 . H  
0.41 

Degrees Deprcea 
24 u 
64 9 
84 -6 

174 a9 

North.. _ _ _ _ _ _ _ _ _  
Northeast _ _ _ _ _ _ _  
East _ _ _ _ _ _ _ _ _ _ _ _ _  
Southeast _ _ _ _ _ _ _  

20.7 
17.7 
16.3 
16.1 
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Results for station LV1 as given in Figure 25 and Tables 55 to 57 

show a rotary tidal current turning clockwise and having a velocity a t  
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, a t  Old Point Comfort. At strength of flood 
ths current sets approximately 290' true and at  stren th  of ebb l l O o  

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 eriod of observation. 

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 a t  this station, the stronger currents generally setting 
in a southerly direction. 

At Cape Charles Light Vessel, station LV2, 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 a t  Old Point Comfort being deter- 
mined b the method just outlined for station LV1. As the results of 

type with only a slight rotary tendency, the avera e hourly velocities 
tabulated as 

explained on page 63. The values thus obtained are given in Table 
53 age 65. 

5:ese results show that the average current as observed sets west- 
ward a t  strength of flood with a velocity of about one- uarter knot and 

strengths of flood and ebb occur about 4.2 hours after low and high 
water, res ectively, at  Old Point Comfort. The ebb current runs 

true. The minimum current sets approximately 200 E true one hour 

Wind currents which are P requently the predominating currents 

these re B uctions showed the current to be essentially of the reversing 

obtained were plotted and the strengths and sacks K 

eastward a t  strength of ebb with a velocity of one-t 1 ird knot. The 

about 1.3 R ours longer 

&e average velocity and 

0.1 knot greater 
than the flood. This easterly set of 
a proximately 0.05 drainage from the bay. 

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 
general1 to the right of the direction toward which the wind is blow- 
ing. TCe velocity of the wind current in knots averages about 1.6 
per cent of the velocit of the wind in statute miles per hour. Cur- 

unusual. 
rents of from 1 to 2 h nots, however, due chiefly to winds are not 
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TABLE 58.-Current due to wind, station LV2, September l-October $9, 1916 

(Directions true) 
___._____I_...-- 

Devia- 
Veloc- Direc- tion 
ity of tion of from 

current current 3:: 
tion 

--- 

1 

Direction from 
which wind is 

blowing 

Direction from 
which wind is 

blowing 

Veloc- 
ity of 
wind 

-- 
Satute 
mi. per 
hour 
18.6 
17.6 
19.3 
2 2 s  

Knotn 
0.37 
0.34 
0.29 
0.21 

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 

North .._________ 
Northesst. -. .~ - - 
Southeast ____..__ Esst ..-. ....-- ~ - .  

KNOTS .-.---* 1 

FIQURE 20.--Current ellipse for component M,, station LV2 
.IO 0 ____to_____1____7 .20 . o  

from these analyses are given in Table 59. The current ellipse for the 
principal component Mz 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. IC shows the tidal 
current to be only slightly rotary, the maximum velocit 

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 a t  Old Point Comfort. The 
strength of ebb sets 85' true and occurs a proximately two hours before 

of the reversin current, sets northward about one hour after low water 

It 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 1s approached 
due doubtless to the decreasing cross section of the mass of water 
entering or leaving the bay. 

knot and the minimum velocity only about 0.02 knot. I? t is being interest- Oa30 

low water. The minimum current, w R ich corresponds to the slack 

and southwar c f  about one hour after high water a t  Old Point Comfort. 

anta te  
mi. per 

hour 
22.8 
22.3 

18. 2 
16.2 

Degrees 
45 
64 
88 
161 

Degrees 
46 
9 

-2  
26 
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TABLE 59.-Current harmonic constants, station LVb 

[From 87-day series, June SAug.  27, 10121 

99 

North corn nent Esst component 
IIarmonic (true7" (true) Harmonic 

ponent ponent 
com- I com- 

I 1  x H LI 

~~~ ___ 
Knots Degrees Knots Degrers 

KI ... ._______ 0.138 118 0.172 211 01 ____-_- - - - -  
Mi .... _ _ _ _ _ _  0.036 W 0.301 0 Sa _ _ _ _ _ _ _ _ _ _ _  
Na .._________ 0.012 345 0.070 354 

North com onent East component 
(true? (true) 

Ir K H K 

Knots Degrer8 Knots Degrees 

.- 

___._ 

0.0.53 48 0.046 250 
0.016 163 0.065 10 

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 LV1 toward the entrance. The current hours for 
stations Sel, SI, and S2 also indicate that the current is later in mid- 
channel than in the shoaler watcr near shore. This condition is a 
general characteristic of currents in the cross section of a stream or 
passage. It is to be noted that, since the length of thc 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 a t  two stations is reater than 6.21 hours (one-half the tidal 
cycle) a smaller time di erence ma be obtained by adding 12.42 
hours to the smaller current hour be ore taking the difference. 

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

The results discussed up to this point apply to the current a t  or 
near the surface. As observations below the 14-foot depth were 
secured a t  only about 40 per cent of the current stations in the bay 
and tributaries, and since it is frc urntly desirable to compare the 

stated will apply to currents within 14 feet of the surface, and these 
currents will be referred to as surface currents. It ma be well to men- 

is particularly susceptible to. meteorologiral conditions and for t is 
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 tcnd 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 relative1 long series of pole observa- 
tions were secured-87 days in 1912, 73 d ays in 1915, and 160 days in 
1919. In  
general the observed velocities of strength of current across the 
narrowest part of the entrance are from 1 to l)i 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 

P *B 

THE CURRENT IN CHESAPEAKE BAY 

results a t  the various stations, the 1 iscussion except where otherwise 

Yl 
tion here that the curfent throughout the length o P the bay pro er 

Data for these stations are given in Table 53, p. 65. 



100 U. S. COAST AND GEODETIC SURVEY 

-- .____ .. 

Component H x Component 

Knob Degrees 
.TI _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  (0.014) (202) M 4  __________.__ 
KI _________.____ 0.156 178 Ms 
Kr.. .  ___.______ 0.068 320 Nz ._..----...-.- 
LL- _ _ _ _ _  ~ ~ _ _ _ _  (0.031) (279) 2N ____.__..__ 
MI ... ____._____ 0,017 104 01 .... ~ ..... ..- 
Ivf#.... _ _ _ _ _ _ _ _ _  1,101 253 1'1.. _ _ _ _ _  ._____. 

-- 
_____ --_____..- - ~ . 

x Component II I( II -- -- 
Knot8 Degrees Knots De[rrcca 
0.042 6.5 QI.. _ _ _ _ _ _ _ _ _ _ _ _  (0.034) (;;) 
0.010 41 8a - _ _ _ _ _ _ _ _ _ _ _ _ _  0.236 
0.254 217 % - - - I  _- -_  ~ ___. 0,014 3.50 

(0.034) 'I'% ._.-__-_______ (0.014 (278 
0. 176 '%) Pz- ._____-.______ 0 026 

(0,052) (17Y) Y Z  .._._...____ ~ - .  {0:@44 gE'I 
Inferred constants are In parentheses. The epochs refer t o  the tlmes of Qwd 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 

eater, while close to shore in Lynnhaven Roads they are somewhat 
rss 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 
hour 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 

age 105 of this text. Subsurface currents at  station A93 and A94 
Rave characteristics similar to those outlined for stations at  the 
entrance to the bay. The value for mean current hour a t  station A 5 

some unusual condition. 
From the latitude of Cape Charles northward to the vicinity of 

Windmill Point the observations indicate a current velocity a t  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 ap rcwcimately uniform velocit 

River and Mobjack Bay, stations in mid bay showing no  consistent 
variation from those near shore. Velocities a t  the lower depths are 
usually somewhat less than near the surface. 

appears too large and i t  seems probable that it has been influenced i y 

z for the entire width of the bay, inch c f  ing the approaches to Yor 
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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 propellorlike element 
which is actuated by the current. At the same time it automatically 
drops shot on a rooved compass needle which is pivoted above a 
circular box divi 4 ed in? a number- of compartments. From the 
revolutions recorded during a given interval of time the velocity is 
calculated, and the average diroction 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 t'he mouth of the Rappahannock 
River it is apparently about two hours later than in mid-bay west of 
Cape Charles, the strength of flood occurrmg two and one-half hours 
after hi h water at.Old Point Comfort. Along the shores the current 
is consi % erably 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 Mobjaclr Bay the time of current becomes decid- 
edly earlier as these waterways aro approached. A t  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 b tho half day of observations at  station A53 in 
the Great Wicomico giver the entrance to Po- 
comoke Sound the stren ths apparently have a velocity of about l 

Continuin up the bay, the next observational data are for stations 

a t  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 irregularit in velocity 

being too erratic to admit of the usual tabulation and reduction. 
Velocities of half a knot a t  strength of current prevail in this area. 
One day of observations a t  station L15 near Hooper Strait indicates 
a velocity a t  stren th of half a knot and a time about three hours 

From the vicmi.tz of Cedar Point northward to the head of the 
ba average ve1oci;tles of strength of current vary from about one- 
ha6 knot to a proximately 1 knot, the first-mentioned value generally 

to the more constricted parts. 
As the cufrent movement progresses northward the time of occur- 

rence of a given phaso of the current continues to become later and 
later until at  the northern extremity of the ba it is a tidal cycle 

Throughout the length of the ba the same general characteristics 

the lower reaches, the velocity is smaller at  t e lower deptii,a:i! 
the time of the current is earlier near shore especially over shoal 
areas and in the entrances to tributary waterways. 

At station A101 

knot and occur about one 'i, our earlier than in mid-bay off the entrance. 

off the mout fl of the Potomac River. (See fig. 28.) Here velocities 

and direction, the observational values for several o 9 the stations 

earlier than in mid- % ay to the westward. 

applying to t K e brpader portions of the bay and the last mentioned 

(12 hours 25 minutes) later than it is a fow mies 9 off the entrance. 

noted rn the lower part prevail. 9 n the upper art of the ba i! 
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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 a t  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 
smultaneous observations are available for a cross section they show 
in nearly all cases very small differences in velocity tit 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 I119 gave 
a tidal-current velocity of 0.6 knot a t  station 3318 and a corresponding 
velocity a t  station HI9 in mid-channel of 1.7 knots. Similar obser- 
vations at  stations HI9 and H20 covering half a day gave tidal cur- 
rent velocities of 1.8 knots at station H19 and 1.2 knots at station 
H20. 

Throughout the length of the ba the general. direction of the tidal 

broader parts where the current IS relatlvely 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- 
wnys usually flow in the general dircction of the channels leading to 
these waterways. 

In the upper part of the bay (fig. 29) currents have been observod 
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 a t  strength occurrin 

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, occurnng 
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 l d a y  series at  station H25 in Gunpowder River gav? a current 
of less than one-half knot about one-half hour earlier than m 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 a t  Old 
Point Comfort, are given in Table 53, pages 71 to 74. 

current at  times of strength is p?ra 9 le1 fo the axis of the bay. In the 

between three and four hours earlier than the current in mid-bay o 8 
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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 a t  
strength and an ebb current of approximately one-half knot a t  
strength. The current here is approximately 11 hours later than in 
the vicinity of Chesapeake Bay entrance, thp strength of flood occur- 
ring a t  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 stren th of flood 

slacks in the bay at  this time, a strength of ebb in the vicinity of 
Hooper Island Light, a slack before flood !n. the vicinity of Wolf Trap 
Light, and a elack 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 expl&ine( on page 98 for station 
LV2. Since the 
currents a t  all these stations run in a general north-and-south direction 
the amplitudes (11's) for the north component are considerably 
larger than those for the emt component. The magnitude of the 
amplitudes of components K, and 0, relative to that of Ma 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 MS 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 
Itre relatively small. 

Table 61 also cqntains the average velocity and direction of the 
nontidal set RS 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 haTmonic constants and nontidal set for eight stations in the 
l l ? V e T  part of Chesapeake Bay 

outside the entrance to  the bay, There IS a strength of e % b and two 

The resulting constants are given in Table 61. 

of serios Statiiin 

AVPrRKe noiitidnl 
set from resolved 
velocities - 

Directioi 

-. 

Days 
15 
15 

13 
211 
16 

29 

29 

7)$ 
_I_____ 

(truo) 

Degrees 
65 

165 

215 
190 
206 

101 

218 

238 

_~ 

- 
Velocity 

Knot8 
-- 

0.003 
0.067 

0.021 
0.221 
0. Ira 

0.013 

n. 125 
0.044 -- 

Ma 
Ma 
SI 
MI 
Ma 
Ma 
58 
Ki 
Ma 
0 1  
SS 
Mi 
8, 
MI 

North component 
Rarmon- (true) 

Knot8 
0.383 
0.293 

0.316 
0.655 
0.630 
0.w 
0. m 
0.644 
0.166 
0.069 
0.613 
0.060 
0.149 

0. 046 

ponent 
x 

Degrees 
MI 
72 

121 
131 
132 
150 
21 1 
147 
231 
181 
161 
188 
142 

m 

Enst Gomponent 
(true) 

n. 

Knots 
0.078 
0. 092 

0.033 
0.211 
0.181 
0.043 
0.041 
0. 140 
0.019 
0.049 
0.222 
0.016 
0.128 

0.017 

n 

Degrees 
183 
273 
329 
165 
137 
125 
128 
213 
134 
265 
100 
206 
314 
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 avera e 
current at  station H55 as derived from an 11-day series of po 7 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 a t  
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 ba are discussed on pages 96 and 97. 

type. According to the theory of this type of 
The ti ciy a1 movement in the bay is primarily of the progressive wave 

(See appendix, p. 134.) 

FIGURE 30.--Current curves showing distortion due to wind, station II GG 

movement, the strengths of flood and ebb current at a given place 
should occur a t  the times of high and low water, respectively, at that 
place. While a rough approximation to this condition revails over 

the theoretical wave movement is in places considerably modified. 
It is evident that the above-mentioned relation can not exist at  the 
extreme upper limit of the tidal movement where the honzontal flow 
of the water in a flood direction is prevented by obstructions, for a t  
such a place flood stfength must come when the water 1s rising most 
rapidly, which is mdway between low and high water. It is not 
su rising, therefore, that in approaching the upper reaches of these 

modified that the flood strength occurs when the local tide is nsing 
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, 

the greater part of the bay and its tributaries, the simp P e relation of 

ti c f  a1 waterways the time relation of current to tide 1s gradually so 
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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. 
Point the flood strength and high water have become practically sirnu[ 
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 IIavre 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 tho 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. 

Off Sand 

THE CURRENT IN HAMPTON ROADS 

The locations of the current stations which have been occupied in 
Ham ton Roads are plotted on Figure 31, and the data derived from 
the ogservations are given inTable 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)/4 knots and 1)i knots, 
res ectively. & the chmnel leading southward to Norfolk and Portsmouth 
observations indicate average velocities of three-fourths knot and 1 y1 
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 roup of stations in the immediate vicinity, show 

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. A t  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 Corre- 
sponding slack water in midstream, the currents a t  the two locations 

E 

that in mid-channe k southward of Old Point Comfort the current 1s 

86320°-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 ri s the normal position of 

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 trhe 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 Fi ure 31, and the results derived from the 
observations are given in %able 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 occurrin 

Comfort. The current in the Southern Branch appears to be from 
one-half to three-fourths hour later than in the eastern and western 

whkh is said to be abotit 100 yards off the B ock. Its position, how- 

average two and one-fourth hours before high water at O d  B On Pomt 

branches. 
Station A83 in the amroach 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 5 3 ,  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 A S .  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 a t  15 stations in the James River 
and ttt one station in each of its principal tributaries, the Chicka- 
hornin and hppomattox Rivers. The locations of the stations are 
plotte J on Figure 32, and the results derived from the obgervations 
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. Prom 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 fiood and from 1 to ! . S  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 fpw stations in thr lower part of t,lie river that aro in the 
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FIGURE :<:%.--Current stabionn, York River and tributaries 
RTilm0-3O. (Face p. 107.) 
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shoaler water away from the channel show velocities considerably 
less than those in mid-channel. Average velocities a t  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 stren ths of flood are approximately simultaneous 

the current becomes gradually later until in the vicinity of Dutch Gap 
i t  is about four and one-half hours later than a t  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. As in 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 hi h water a t  Old Point 
Comfort which appears to be about one hour earyier 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. 

with the high waters at  0 f: d Point Comfort. Progressing up the river, 

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. The locations of the 
stations are shown 011 Figure 33, and the results of the observations 
are given in Table.53, pages 79 and 80. Two stations off Tue Point a t  
the mouthof the m e r  and a third about 3 miles above the mouth show 
current velor*ities at  strength of slightly less than 1 knot. Observa- 
tions at  station A68 in niid-channel between Gloucester Point and 
Yorktown show an avemge velocity of 1.4 knots a t  strength of flood 
and 1.8 knots R t  strength of ebb. Two stations near by, one near 
either 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 h u t s  for strength of ebb. 

At the bridge over the Mattaponi River near West Point, station 
A69, vclocities 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. A t  
Walkerton, station Fg56, the observed flood and ebb strengths were 
both slightly less than 1 knot. At station Fg17 the current did not 
flood during 10 hours of observation, the maximuih 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 a t  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 
the current did not flood, the maximum ebb velocity being about 1 
knot. 

Inspecting the time relations for the York River somo roughness 
appears in the observational values, but from a general considerahon 
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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 a t  
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 is 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 Fg16, observations covering one day show that strengths of 
flood occur about two and one-half hours after high water a t  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 Fg21 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, res ectively, 

water 
away from the channel enerally show velocities somewhat smaller 
than those in the channef 

In  the Corrotoman River the observed currents were too weak and 
irregular to admit of the usual tabulation and reduction except at  
station AS8, a t  which a single strength of ebb of 0.3 knot was obtained. 
A t  station Br7 ifi 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. As in other water- 
ways already discussed the currents in the Ra pahannock generdy 

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. 

were obtained. The few observations taken in the shoaer P 

occur earlier near shore and in the mouths of t K e trlbutaries than in 
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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 
a pears to be due to wind effects, and this situatioq leads to the con- 
c P usion that the currents in this area are particularly subject to 
meteorological modifications. 

The time relations derived from the observations indicate that at  
stations AlOl, -452, and A50 the strengths of flood occur about two 
hours, one hour, and three and one-fourth hours, res wtivcly, aftor 
high water at  Old Point Comfort. From thcsr, vaues f it appears 
that the current becomes earlier from thc entrance toward the middle 
of the sound and then later toward the mouth of the Pocornolte River. 
Results from the short periods of observation at station? eastward 
of the entrance to the sound show currents generally ettrlier 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 tho other stations series of 
less than one day were socured. 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 l,2. knots. 
Similar velocities are indicated by half-day serieg of observations at 
station A49 in Ked es Straits and station A42 in Fishmg Bay. Veloc- 

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 stren ths of flood occurring 4.6 hours after high 

At stations in the tributaries, exceptin the Nantlcoke River, the 

observed current at. station A49 in Kedges Straits is about 2.5 hours 
earlier than a t  station A102, the strength of flood setting eastward 
about three fourths hour after high water at  Old Point Comfort. 

ities at  strength o 7 about 0.6 knot, 0.8 knot, and 1.1 knots were 

water at  Old Point Com B ort or three hours later than at station A51. 

current appears to be earlier than in t f e axis of, the sound. The 

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 Flgure 35, and in Table 
53, pagpa 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 m e r  to Alexandria the average strengths of the 
tidal current range in. velocity from one-half to one and one-fourth 
knots, but meteorologcal dlsturbances and fresh-water discharge may 
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ve rise to stronger currents. From the mouth to the vicinity of 
golonial Beach strengths of five or six tenths of a knot prevail. Above 
Colonial Beach the river becomes narrower and observations in mid- 
channel from Persimmon Point to  Alexandria give average tidal 
velocities a t  strength of 1 knot or more, except of€ 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 
a t  stations AI and R1 it appears that the current due to drainage is 
usually stronger than thc tidal current arid that consequently the 
current seldom runs upstream. 

From an examination of the results for the several cross sections 
of the river a t  which observations have been taken it appears that 
generally the velocitics at  the stations in mid-channel are approxi- 
mately the same as a t  those nearer the shore. I n  the cross section 
off Cornfield Point the velocity seems to decrease somewhat from 
station A37 northward, and a t  the cross section jus t  above Hallowing 
Point i t  is noted that a t  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 thc Potomac indicate that in tho 
mouths of most of the tributaries velocities at strength of less than 
one-half knot occur. At the stations in St. Marys Bivrr, 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. Onc day of observations in tho 
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 whore the strength of flood occurs about 7.1 hours after 
high water at Old Point Comfort. In the strrtrh 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 chan e in time again becomes pronounced, and 
in the vicinity of Alexan f ria and Washington thc strength of flood 
occurs about eight and three-fourths hours after high water a t  Old 
Point Comfort or four and three-fourths hours later than a t  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 bo approximately one hour earlier than 
in the river channel. For Bretons Bay, Wicomico River, and Upper 
Machodoc Creek tho corresponding value is about three hours. For 
Quantico Creek the value is about one-half hour nnd for the Ana- 
costia River it appears to be still smaller. 

Comparing the times of flood strength with those of the local hi h 

flood current occurs about one-half hour before high water. In  the 
vicinity of Colonial Bench and Persimmon Point the flood strength of 
the current occurs about one-half hour later than the local high 
water. Above tliis vicinity the current becomes progressively earlier 
with respect to the tide and a t  Washington the strength of flood pre- 
cedes the high water by about three hours. 

water, it appears that near the mouth of the river the strength of t a e 

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 a t  strength ap roxi- 
mating one-half knot prevail near the mouth, and that the ve P ocity 
gradually increases toward the head of the river, the value for station 
H77, 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 a t  Old Point Comfort or 
two and one-half hours earlier than flood strength in mid ba off the 
mouth. Off Point Patience the observations show it is stig 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 apprommately 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 CHOPTANE AND CHOPTANE RIVERS 

The locations of current stations in these streams are shown in 
Figure 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 a t  Old Point Comfort was obtained 
for station H70, and a velocity of about one-half knot with flood 
stren th three and one-half hours after high water a t  Old Point 
Comkrt  for station H71. 

In the Choptanlc River the observed stren ths of the tidal current 
range in volocity froin 0.3 to 0.9 knot. In t a o Tred Avon River the 
velocity appears to be less than one-half knot, and a t  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 observatlonal errors may have influenced one or both 
of these series of observntions. From a gcnernl consideration of the 
time relations, it  appears t,htLt in the broad part of the river from 
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Cooks Point to Castlehaven the strepgth 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  Old 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 N68 by 2.2 hours, and a t  station H65 in the 
mouth of the Tred Avon River by 2.5 hours. 

THE CURRENT IN EASTERN BAY 

Current stati0n.s in Eastern Bay are plotted on Figure 29 and tho 
results of the observations are given rn Table 53, 
currents are relatively weak, the strengths having ve ocities 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 a 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 i t  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 t h s  distance the strength 
offiood 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. 

page 89* The 

THE CURRENTS IN THE SOUTH AND BEVERN 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, p a p s  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 hi h water. At station H52 the 

tabulation and reduction. 
Values derived for stations in the Severn River indicate that 

in the dredged channel a t  the mouth of the river velocities a t  strength 
average about one-half knot. From Annapolis to Brewer Point, 
station 849, it a pears that velocities at  strength of about one 
fourth knot prevaif 

In  the channel southward of Greenbury Point strength of flood 
normal1 occurs about six and one-half hours after high water a t  Old 
Point c? omfort. 

Between Annapolis and Brewer Point the current is somewhat 
earlier, the strength of flood occurring about six hours after high 
water a t  Old Point Comfort. At Anna olis the strength of flood 

hours. 

observed currents were too weak an c f  irregular to admit of the usual 

apparently precedes the local high water pb y about two and one-half 
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THE CURRENT IN THE CHESTER RIVER 

The locations of the stations are plotted on Fi ure 29 and the 

The mean velocities at  stren th of current as derived from the 
data derived from the observations are given in Tab 7 e 53, page 90. 

observations increase gradually B 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 a t  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 wnter by 
about one and one-fourth hours at  tho 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 art, plotted 
on Figure 29, and the results of the observations are given in Tablc 
53, pages 90 and 91. 

The tidal currents are weak and meteorological effects arc thero- 
fore relatively more im ortant. Near the mouth the strengths of 

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 a t  Old Point Comfort or about two and one-half hours before 
local high water. 

current have average ve P ocities of about 0.3 knot. Above Sparrows 

THE CURRENTS IN THE SASSAFRAS AND ELK RIVERS 

The locations of the stations are plotted on Ei uro 29, and tho 
results derived from the observations are given in &ble 63, pages 91 
and 92. 

The observations in the Sassafras River indicnte current veloc- 
ities a t  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 
half a knot and in Back Creek it is near1 a knot. At station H10 

half hours before hi h water at  Old Point Comfort. In the upper 

[ours before high water at  Old Point Comfort. The strength of 
flood precedes the local high water b about two and one-fourth hours 

the observations show that strength of floo B occurs about two and one- 

art of the river an cf: in Back Creek flood strength occurs Rboiit two 

a t  the mouth of the river and by a 6 out 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 I% Delaware Canal the east-going and wost- 
going currents are designated flood and ebb, respectively, for all 
parts of the canal. The velocities' a t  stren 
about one and one-third knots throu hout 
In the western part from Chesapea B e 
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FIGUBE 36.-Current statio%, Chesepeake and Delaware Canal 
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FrOURE 38.-Sim11ltaneous currrnt rurves, Jnno 6,nnd 6, 1926. C. Curve for stntion Ca 2; D, Curve 
fnr staliou Ca 3 

Observations and covering the 24-hour period between 1 p. m., 
June 4, and 1 p. m., June 5 ,  1928. Curve I3 is a similar observational 
curve for station Ca2, covering the same period of time. The simi- 
larity between these two curves lndlcates that the current 1s essen- 
tially the same at  the two stations. 

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

FrauRE 39.-Simultaneous tide curves June 5 and 6, 1928. E. Observed tide curve for Chesapeake 
City; F, Pkedicted tide curve for Reedy Point 

/ 
7 

FIQURE 40.-Curve of difference in water level between Chesapeake City and Eeedy Point, June 5 
and 6, 1028 

peake City and Reedy Point. Cqrve H WRS similarly obtained from 
curves C and D, and it represents algebraic differences incurrent 
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 G, it  is noted that the times when tho 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 a t  the two ends of the canal. 

Comparing current curves C and D, it  1s evident that the current 
at  station Ca3 differs from the hydraulic flow a t  stations Cal and Ca2. 
The nature of this difference is indicated by the curve H lotted from 
the hourly velocity differences between stations Ca2 an z 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 

I 

KNOTS 

I I I I I  I I I I I  T' I I I I I  I I I I ' I "  

A. 
FIGURE 4L-Curve of velocity difforenceq June 6 and 6, 1028, showing the amount by which errst- 

ward and westward velocities were greaier at station Ca 3 than at station Ca 2 (obtained by sub- 
tracting curve C from 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. I t  seems, there- 
fore, that the peculiar current observed a t  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 a t  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 ap arently made possible by the 
existance of a marshy area of consi dp erable size located about half 
way between station Ca3 and St. Georges. This area appears to act 
as a reservoir, storin up water when the tide is rising and releasin it 

reveals the fact that for some hours while the tide is rising a t  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, 

when the tide is faling. f A careful study of curves C, D ,  a n f  F 
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TABLE 62.-Current data, eastern end of Chesapeake & Delaware Canal 

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

Time 

wows 
aflcr 
LW 
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It will be noted that a t  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 

minimum flood, and second stren th of flood. able 53, the 

are corrected to a mean value. 
Results derived from recent observations made by United States 

Army Enginoers at four stations in the canal have been incorporated 
in Tables 53 and G Z .  A total of approximately five days of observa- 
tions each were taken at  stations E4, 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 E10 and E12, Table 62, are of special inter- 
est, as they furnish additional examples of the unusual current move- 
ment observed a t  station Ca3 and give conclusive evldence that this 
type of current prevails from station E10 eastward to the jetties a t  
Reedy Yoint. 

# velocities of the various phases, inc 7 uding first stren th of flood, 

times are referred to the tides a t  0 F d Point Comfort and the volocities 
As in 

SIJMMARY OF SURFACE CIJRRENTS FROM THE LONGER SERIES 

For convenient reference the vdues derived for tho surface currents 
from the longer series of observations are compiled m Table 63. 
In  the table arc 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 ?f 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, deriped gra hically for 
each station from the avera e flood and ebb directions an a velocities, 
are given in the last two co f umns of the table. 



TABLE 63.--Sumnuary oj s u r j m  currenb at stations where observations covered a period oj seven days M more 

[Refarred to times or high water and IOW water at O I ~  Point ~omort] 

Station No. Latitude Longitude 

38 19.1 76 20.4 
.-38 23.2 76 20.5 
38 31.1 76 25.8 
38 44.8 76 a80 
38 50.8 76 25.6 
38 525  r6 25.2 
38 56.4 76 23.8 
39 00.8 16 22.0 

39 09.3 76 19.8 
39 10.1 1 76 23.8 
39 1 2 5  76 24.4 
39 20.1 1 76 11.8 

39 05.4 1 76 183  

- 
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CURRENT CHARTS 

Thc direction and velocity of the current a t  a nuniber of locations 
in Chpsqmako Bay and tributaries for each hour of the tide ut Old 
Point Comfort are represent>ed in Figures 42 to 54, which arc based 
on observations taken within 14 feet of the surfacc. The general 
direction of flow is represented by arrows and the avcrage vclocitits 
for the desiqnatcd hour of the tide by numerals ncar the nrrows. 
An ‘ IS ”  on the clinrt indicntcs slack water. A t  times of spring tides 
and perigean tides, the vclocitics will normally bo  greeter, and a t  times 
of neap tidrs and apogcnn tides less thnn those givcn on the charts. 
Winds and ot)lirr mctcoro1ogic:il conditions at h i e s  grtlttly modify 

ion niid ttie velocity of the current. 
httl on the nvcritgc high water nt Old Point Coinfort 

and strcngtli of flood viirren t at Chcsnpetikc Bay mtrance, station 
LV?, occ~ir  R t  f hc siiiiic tirnr; nnd s iwo thc diret.tions and velocitics 

d on the c.liurts tip1)I.y to tir~lcs reclroried. from high water tit 
Old Point, Conifort t!icy apply to the S ~ L I ~ O  tinies reckoned froiii 
strcngth of flood nt slation LV3. 

Dnily predictions ol  idic times of high water atl Old Point Comfort 
nnd the times of ilood strength at Chcsapedic Bay cntrnncc (station 
LV3) are included in  tlic Atlnntic Coast Tidc Tablcs and the Atlantic 
Coast Current Tulhs, rcspccctively. 

85320’- 3-9 
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FIGURE 42.-Currents at time of high water at Old Point Comfort ByzO'-30. (Few p. 122.) 
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FIG~-P.E 48.--C11rrents Fever) hours after high water at Old Point Comfort 
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APPENDIX 
GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 
[Reprinted from United Strites Coast and Geodetic Survey Special Publicatlon No. 1111 

I. TIDES, GENERAL CHARACTERISTICS 

DEFINITIONS 

The tido is the nnmc givcn to  tlic alternate risirig and falling of tlie level crf 
tlie sea, which at most ])laces occurs twice daily. The striking feature of thc 
tide is its intirntite relation t o  the movement of the moon. High water and low 
wntcr at  any giveii place follow the rnoon’s meridian passage by a very nearly 
cwnstant inlerval, and since the moon in its apparent movement around the 
cknrth crosses :L givcn meridian, on the average, 50 minutes later each day, the 
tide at most places likewise comes latcr each day by 50 minutes, on the average. 
The tidal day, 111,~ the lunar day, thcrrfore his an average length of 24 hours 
and 50 minutes. 

With respect to the tide, the “inoon’h nicridian passage” has a special signifi- 
CILIICC. It rcfcrs not only to  the instant whcn the moon is dircctly above the 
ineridi:m, but also t o  the instant when the moon is directly below the meridian, 
or 180O distant in longitude. In  this sense there are tlvo meridian passages in a 
tidal day, and they are distinguished by being referred to  as the upper and lo\%ecr 
tnrridian ptissages or upper and lowcr tranbits. 

The interval bctwecii the irioon’s mcridian passage (upper or lower) and the 
I ollowing high water is known as the “ high-water Iunitidttl intcrval.” Likewise 
I he intervtd I,ct,wecn the moon’s meridian passage and the following low water 
15 known as the “low-water lunitidal interval.” For short they are called, 
r iqect ivelv,  high-water interval and low-water interval and abbreviated as 

I n  its rising arid falling the title is accompanied by a horizontal forward and 
I)ackw:irtl inovemcnt of the water, called the tidal current. The two move- 
ments-the vertical risc and fall of the tide and the horizontal forward and 
Imckward niovenicnt of the  tidal current-arc intimately related, forming parts 
of the suine phenomenon brought about by the tidal forces of sun and moon. 

It is iieccssary, however, t o  distinguish clearly between tide and tidal eurrcnt, 
for the  relibtion between them is not a simple one nor is i t  everywhere the same. 
A t  one place a strong current may accompany LL tide having a very moderate 
rise awl fall, while at another place a like rise and full may be accompanied by 
n very weak ciirrrnt. Furtherinorc, the time relations between current and tide 
vary nidcly from place t o  placr. For the saltc of clearness, therefore, tide 
hhoiild be used t o  designatr the vertical movement of the water and tidal current 
1 he horixontnl niovenient. 

It is convenient to h a w  a single term t o  designate tlie whole phenonirnon 
I\ hirh iiicladcs tides and tidal currents. Unfortunately no such distinct term 
s,uists. For years, however, “ the  tide” or “ the  tides,” or even “flood and ebb,” 
have bcen used in this general sensc, and usually no confusion arises from this 
j p g c ,  bince the contcxt indicates thc RCIISC iritendcd; bu t  the use of the terni 

tide” to  denote tlic horizontal movenient of the water is confusing and is t o  be 
discouraged. 

With respect t o  the risc and fall of the water due to  the tide, high water and 
low water hitve 1)rccisc nic:inings. They rcfer not so niuch to  the height of tlic 
isatcr as to tlic phase of tlie tide. High water is tlic masirnuin height reached 
hy e:wh rising ticlc and low watcr the inininiurii height reached by each falling 
tide. 

It is importunt t o  note tha t  i t  is not the absolute height of the water which 
ia in question, for i t  is not, at all infrequcnt at many places t o  have the  low water 
of one day higher than the high water of another day. Whatever the  height 
of the watcr, when the rise of the tide ceases and the fall is to begin, the  tide is 
n t  hiKh wltter; nnd whcn the fall of the tide ceases imd the rise is to begin, the 

roiiows: H W I  and LWI. 
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tide is at low water. The abbreviations HW and LW are frecluerltly used io  
designate high and low water, respectively. 

From 
low watcr the tide begins rising, very slowly at first, but at a constantly incrcas- 
ing rate for about three hours, when the rate of rise is a maximum. The ribe 
then continues at a constantly decreasing rate for the following three hours, 
when high water is reached and  the rise ceases. The falling tide behaves in a 
similar manner, the rate of fall being least immediately after high water, but 
increasing coristantly for about  three hours, when i t  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- 
a ted t o  feet and tenths and plotting these heights t o  a suitsble scale on cross- 
section paper and drawing a smooth curve through these points. A more con- 
venient nicthod is t o  make use of a n  automatic tide gage by means of which  
the rise and fall of the tide is recordcd on a sheet of papcr as a continuous curve 
drawn t o  a suitable scale. Figure A shows a tide curve for Fort IIarniltoii, 
N. Y., for July 4, 1922. 

In  Il’igure A the  figures from 0 t o  24, increasing from left to  riglit, represt:rit 
tlic liours of thc day beginning with midnight. Nuinhering tlic hours cou- 

I n  its rising and falling tlic tide does uot move at  a uniform rate. 

Finviis .\ --Tidr r u r w  for Vo11 I l ~ m i l t o i i ,  .1 Y , July 4 ,  10L2 

sccutivcly to 24 eliminates all uncertainty i ts t o  whcthrr nioriiiiig or afteri~oon 
is meant and has the fiirthcr advantage of great convenience in computatioii. 
The figures on the left, increasing upward from 2.0 to  9.0, rqiPeHeilt the hc>ip,ht 
of the tide in feet as rrferrcd t o  n fixed vertical btaff. The t r t l r  curve presents 
the well-known form of the sine or cosiiie ciirvc. 

The difrercncc in height‘l,ctween a high w,$r arid a Imcedirig or following 
low water is known as the rangc of tide” or raiige.” The tiperage difference 
in the heights of high a id  low watcr at any givcn place is callcd the nican rangc. 

THE TIDE-PIZODUCING IpOllCEH 

The intenbity with which thv sun (or moon) attracts a pcirticlc of rnatter 0 1 1  
the  earth varies inversely as the  square of the  distrtnce. For the solid earth ELH 
a wholck the  distance is obviously t o  he rncasured from the criilrr of  the earth, 
since t h a t  is the center of mass of the wholc h d y .  But  the waters or t h r  earth, 
which may he considered as lying on the surface of the  earth, are on the  on^ 
side of the earth ii(wc’r to  ttic henvcnly bodies and on the other side farther away 
than thc center of the earth. Thc attraction of sun or moon for t h r  waters 
of the ocean is thus difrerciit in iiitensity from the attraction for tlic d i d  cartli 
ab :I wholc, aird thew tlifFerc.rr of attr:tctioii give rise t o  the  forcer tli:itl CBMO 
ilie oceaii waters t o  iriovc icl:  ( *  to tIi(- w l i t l  c.arth arid bring :ibout the tides. 
’!‘licsc forces arc called the, t r d c - ~ ~ i o c l u c i n ~  force\. 
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‘rlie matlieinatic:rl tlosclopiiic~iil of t hehe force6 showh tl i t i l  tlic 1 tdc-producing 
force of a heavenly body varies directly ns it? iiiass and inverselr tLb thc  cube 
of i(s distancee froiii lhr earth. The sitn has :t mass about 2ti,000,000 tinics as 
great as that, of tlir moon; bnt it is 380 tinics as f w  away from the earth. Its 
tide-protliicing force is tliercforc to thal of the moon as 26,000,000 is to  (380)s or 

When the relative motions of the rnrth, niooii, and snn nrc introduced into thc 
cquatioiis of the title-producing forcrs, it  is fourid that, the tide-producing forces 
of both sun and moon group thrniselves into tlirce clashes: ( a )  Those having a 
period of approximately half a day, knoirn ns the scniidiurnal forces; ( b )  those 
liaving a period of approvimatcly one day, known as diurnal forces; (c) those 
having a 1)eriod of half a month  or more, known as long-period forces. 

The dibtribntioii ot tlie tidal forces orcr t l i v  carth takes place in a regular 
maniic~r, varying ~ i t h  the Istitudc. Bul the rcsponsc of the various seas to 
t h t w  forcrs is very profotindly niotlificd by terrestrial features. As a result 
wc find the tides, rts they actually occur, dilfcring markedly at various places, 
tmt npparently I\ itli no rcagard to  1:ditude. 

Thesc forces 
go tlirougli t,mo coniplcte cycles in a tidnl day, anti i t  is because of the  pre- 
dominaricc of thcsc semidaily forccs that tlicrc arc’ at most places two complete 
tidal cycles, arid therefore two high aiid two low watcrs in a tidal day. 

SOIIIC\\ hat  less thcili oli~-lialf. 

The principal tide-produciiig forccs arc the scmidinrnal forces. 

VARIATIONS IN RANUE 

Tlic range of the t i  at any given plarr is not constant h i t  varies from dag 
l o  day;  indeed, it is rcptioit:tl to  find consrciitivr ranges equal Obviously, 
chsngiilg rnctrorological coiiditions will find reflection in vnriations of range, 
but the principal \:ti i:ttioiis arc dnc to  a.;irononiic causcs, bring broright about 
by v:triatioiis in the position of the moon relative to carth and sun. 

At tinics of new moon and fu!l moon tlie tidal forces of moon and sun are 
acting in the sanic clircction. High ITntcr tlicn rises higher and low water falls 
lowcr than uslid, so that  the range of the tidc at such tinics is grcatcr than 
thc avcragc. The tides :bf siirli timcs arc riLllcd “spring tides,’’ and the  range 
of thc titl(1 is tlicii I ~ n o u n  a s  the “spring range.” 

Whcn tlic nioon is i i i  ils first and third quarters, thr t i d d  forccs of sun and 
tiioon XI c opposed a n d  the tidc docs not risc as high nor fall ab low as thc average. 
A t  such tinics tlie tides arc,~alletl “neap tides,” arid the rangc of thc tidc then is 
known ns tlic “neap range. 

It is t o  I)(! iioted, Iiowcvcr, tha t  at most p ~ c c s  tlicrc is a lag of a day or two 
I)rtwccn t l i c  occiirrcncc of spring or neap tides and the corresponding phases 
of thc I I ~ O O I I ;  tha t  is, spring tides do not occur on tlic days of fnll and new nioon, 
))lit a day or t u o  later. Likcwiw neap tides follow the iiioon’s first and third 
cliiartcrs :Lfter a 1 1  intrrval of a tlny or two. T‘iis lag in tlie rcsponsc of the tide 
is knouIi :LJ the “age of phnsc inqiiality ” or “phase UKC” tind is gciierally 
awrihed t o  tlic cffccts of friction. 

Tile vurj ing distance of the nioon from the carth lihcwisc affccts tlic rangc of 
tlic tidc. I n  its niorcment around thr cartli the tnoon describes an e1lip.w in a 
period of approxiniatc%ly 27)$ dnys. When the  moon is in pcrigcc, or nearest the 
earth, its tide-producing power is incrc:ised, rcsnltinp; in an incrcascd risc and 
fall of the ticlc. Thcsc tidcs arc known as “perigean tid(~s,” and thc range at 
~ i i c l i  timce is cnllcd the “perigean range.” Wlicn the moon is farthest from the 

producing power is diniinishcd, the tides at such tirncs cshibiting 
e arid fall. Thcsc ti$s are called “apogcan tides” and tlie corres- 
the “apogcan range. 

I n  the respoiisc to  the m s change in position froin pcrigcc to  apogcc, it is 
fount1 t h t ,  lil,e tiic rcspor iir the casc of spring snd neap tides, there is a 
lag i n  t t ~ e  orciirrciicc of I can and apogcan tides. Tlic grcatcst rise and 
frill t t o c b s  not COUJC on tho d:t) \\ heir t110 niooii is in pcrigrc, but a day or two 
ktter. Lihc\risr, the lenst rise and T:tll does not occur on the day of the n ioon’~  
ttpogcc-, b i i t  a day or two later. ‘t’l i ic? illterra1 varies soinewhat from place t o  
I)lacc,   id in R O ~ C  regions i t  ma?; have a negativc v:~liic. This lag is known 
BS the  “age of paralln\ incquality 

The inoon does not move in the p 1 : ~ i i c ~  of the  Equnlor but  in an orbit makiiig 
an angle with tha t  plane of approxiniatcly 2355’. During tlic month, therc- 
fore, the moori ’s declination is constantly changing, and this change in the posi- 
tion of the  nioon produccs a variation in the consecutive rangcs of the tide. 
When the moon is on or closc t u  the J!k~rintor-that is, whcn its dccliiiatioii is 

01 “p:mtllax agc.” 
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small-consecutive rangw do not differ iniich, inorning and riftcrnoon lideh 
being very much alike. As tlir declination increases the difference in consecutive 
ranges increases, morning and afternoon tides beginning t o  show decided differ- 
ences, and at thc times of thr moon’s maximum semimonthly declination these 
differences are very nearly at n maximum. But  like the response t o  changes 
in  the  moon’s phase and parallax, thrre  is a lag in the  response t o  the change in 
dcclfmtion, this lag being known a8 thc “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, h i t  in some places i t  may have a negati\ o 
value. 

When t h e  moon is on or closc t o  the  Equator and the $ifference betweeii 
morning and afternoon tides small, the tides are known as equatorial tides.” 
A t  the times of the moon ’s maximum semimonttily declination, when t h e  differ- 
(~nees between morning ancl afternoon tides are a t  a maxiinum, the tides iml 
called “tropic tides,” since the moon is then near one of the Tropics. 

The three variations in the  range of the tide notcd above are exhibited by the 
tide the world over, but  not everywherc t o  the same degree. In  many regionfi 
the  variation from neaps to  spring# is the principal variation; in certain regions 
i t  is the variation from apogee to  perigee that  is the principal variation; niid 
in othcr regions it is the variation from rquutorinl to  tropic tidrs tha t  is tho 
predominant variation. 

The month of the moon’s ph:\scs ( tho  synodical month) is approximately 
29% days in length; the month of the  moon’o distance (the anomalistic month) 
is approximately 27f.4 days in length; thc month of the moon’s declination (the 
tropic month) is approximately 27)1 days in length. It follows, therefore, tha t  
very considerable variation in the range of the tide occurs during a year due 
t o  the changing relations of the  three variations to  each other. 

DIURNAI. INEQUALITY 

The difference between morning ant1 afternoon tides due to the declination of 
the moon is known as diurnal inequality, and where the diurnal inequality is 
considerable the rise antl fall of the tide is affected t o  a very marked degree both 
in  time and in height. Figure B reprrscnts graphically the differences in thc 
tide at San Francisco on October 18 and 24, 1022. On the former date  the moon 
was over the Equator, while on the latter date  the moon wao at its maximum 
south declination for tlie month. The upper diagram thiis represents the equa- 
torial tide for San Francisco, while the  lower diagram represents t,hc tropic tide. 

It will be notcd t h a t  on October 18 the morning arid afternoon tides show very 
close resemblance. In both cases the rise from low ua ter  to high water and the 
fall from high water t o  low water took place in approximately six hours. The 
heights to which the two high waters attained were very mar ly  the same, and 
likewise the  deprcssions of t h e  two low waters. 

On October 24, when the moon attained its extreme declination for tlie fort- 
night, tropic tides occurred. The characteristics of the rise and fall of the  tide 
on t h a t  day  differ markedly from those on the 18th, ~vlien the equatorial tides 
occured, these differences pertaining both to  the time and the Iieight. Instead 
of approximately equal duration of rise antl of fall of six hours, Iiotli morning 
slid afternoon, as was tlic case on the 18tli, we now have the morning rise occupy- 
ing less time thaii the afternoon rise and the morning fall more time than the  
evening fall. Even more striking are the differences in extent of rise and fall of 
morning and afternoon tidcs. The tide curve shows that there was a difference 
of a foot in the  two high waters of the 24ih and a difference of alniost 3 feet in 
the low waters. 

Definite names have been given t o  each of the two high antl 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 anx 
tidal day t h e  lower is called “lower low water” and the higher I ‘  higher low water. 

The diurnal inequality may be related directly t o  the  ratio of the tides brought 
about, respectively, by the  diurnnl and semidiurnal tide-producing forces. Those 
bodies of water which offer relatively little response t o  the  diurnal forces will 
exhibit but little diurnal inequality, while thosc bodies which offer relatively 
considerable response t o  these diurnal forces will exhibit considerable diurnal 
inequality. 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 tha t  with increasing diurnal inequality the lower high water arid 
higher low water tend to become oyual and merge, When this occurs there is 
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but one high and onc low water in a tidal day instead of two. 
frequently a t  Galveston, Tex., and at  a number of other places. 

This occurs 

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 
varioys kinds of tide may be grouped under three types, namely, Bemidiurnal, 
diurnal, and mixed. semidaily ” 
atid “daily” are frequently used. 

The simidiurnal type of tidc 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’found on the Atlantic coast of the United States. 

Instead of semidiurnal and diurnal the ternis 
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FrounE B.-Tide curve8, Snn Francisco, Oallf., Ootober 18 and 24, 1022 

In the diurnal type of tide but one high and one low water occur in a tidal day. 
b S o n ,  French Indo-China, may be cited aa a place where the tide is alwa s of 
the daily type, but i t  is to be noted that there are not many such places. &hen 
the 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. I., may be mentioned as ports at which the tide is 
frequently diurnal, while St. Michael, Alaska, may be cited as a port at which 
the tide is largely diurnal. 

The mixed type of tide is one in which two high and two low waters OCCUP 
during the tidal day but which exhibits marked diurnal inequality. Several 
forms may occur under this type. In one form the diurnal inequality ie exhib- 
lhd principally by the hi h waters; in another form it ie the low waters which 
exhibit the greater inequafity; or the diurnal inequality may be features of both 
high waters and low waters. 
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It is to be noted that when the tidc a t  any given placc is assigned to  any 
particular type it refers to the characteristics of the predominating tide a t  that  
place. A t  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, tlhe tide at such times resembling the semi- 
diurnal type. I t  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 semidiuriial to the.diurna1 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 h be the height of 
the tide, reckoned from sea level, thcn for any time t ,  we may write h = A  cos 
( a t + a ) + B  cos (bt+@)+ . . . In the above formula each tern1 represents a 
constituent of the tide which is defined by its aniplitude or semirange, A,  B ,  
etc., by an angular speed, a, b,  ete., and by an angle of constant value, a, (3, ete., 
which determines the relation of t h e  of maximum height to the time of hegin- 
ning of observation. 

We may also regard the matter from another viewpoint awl huppose the moor, 
and sun as tzde-producing bodzes to be replaccd by u number of 1iypothetic:rl 
tide-producing bodies, each of which moves around tile earth in the plane of thc 
Equator in a circular orbit with the carth as center. With t h r  furthrr assump- 
tion that each of these hypothetical tide-producing bodizs gives rise to  a simplr 
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 ttic form h=.4 cos (&+a) as above. The great advantage of EO 
regarding the tide is that i t  permits the complicated movements of sun and 

Each of the siniplc 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 m ith the angles which determine the relation of the 
high water of each of these component tides to some definite time origin and 
which are lrnowri as the epochs, constitute the harmonic constants. 

The periods of revolution of the hypotlietical tidal bodies or the speeds of thc 
various component tides are computed from astronomical data and depend only 
on thc7 relative movements of sun, moon, and earth. These periods being inde- 
pendent of local condition:; arc, thcrefore, the banie for all places on the surfacr 
of the eartli; what reniains to be dcterniined for thc various siniple constituent 
tides is their epochs and amplitutles, which vary from place to placc according 
to the type, time, and range of the tide. The mathematical process by which 
these epochs and ainplitudcs are disentangled from tidal observations is known 
as the harmonic analysis. 

The number of simple constituent tides is theoretically large, but most of 
them are of such m a l l  niagnitudc that they may for all practical purposes be 
disregarded. In the prediction of tides it is necessary to  take account of 20 to  
80, but the cliaritcleristics of the tide at any place may be determined easily 
from the 5 principal oncs. 

I t  is obvious that the principal lunar tidal component will be one which gives 
two high and two low waters in a tidal day of 24 hours and 60 minutes, or   no re 

exactly in 24.84 hours. - - - ==28’.98. 
This component hag been given the Bymbol Mz. Iikcwise, the principal solar 
tidal component is one that gives two high and two low waters in a solar day of 
24 hours. Its angular speed per hour is therefore ~ ~ ~ ~ ~ - 3 0 ’ . 0 0 .  The symbol 
for this principal solar component is Sz. 

Since the moon’s distance from the earth is not constant, bcing less than tho 
average at perigee and grenter at apogee, the period from one erigee to  another 
being on the average 27.65 days, we must introduce another Ry othetical tidal 
body, so that at perigee its high wafer will corrrspond with the %f~ high wuter, 

-moon relative to the earth to be replaced by a number of sirnplc movements. 

2x360’ 
24.84 Its spcetf per solar hour, therefore, is 
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and at apogee its low water will corrcbpond with fhc M A  high water. 111 other 
words, the tidal component which is to  takc account, of the moon's perigean 
movement must, in a period of 13.78 days, lose 180' on Mz, or a t  the rate of 
180' 13.78 =13".06 per day. Its hourly speed, therefore, is 28°.98-13i22=280.44. 

This component has been given the symbol Nz. 
The moon's change in declination is taken account! of by two components 

denoted by the symbols KI and 0 1 .  The speeds of these are determined by the 
following considerations: The average pcriod 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 a t  its maximum dec- 
lination they shall both be a t  a maximum, arid when the moon is on the Equator 
they shall neutralixe each other; that is, in n period of 13.66 days K1 shall gain 
on 01 one full rcrolution. Thc differcncc in thrir hourly speeds, therefore, is 

2 ~ x - 1 3 ~ 6 = l o . 0 Q 8 .  The mean of the speeds of thcsc two components must 
be that of the apparent diurnal movement of the moon about the earth, 
or m4=140.49. The sprcds are therefore derived from the equations 

7 - 1 4 O . 4 9  and Kl-O1= 1".098, from which K1= 16O.04 and 0 1 =  13O.94. 
It is customary to designate the amplitude of  any compoiient by the symbol 

of the component and the cpoch by the symbol with a degree mark Itdded. 
Thus Mz stands for the :impIitiide of the &I2 tidc and M," for the epoch of thlb 
tide. The fivc components enunlcratctl :hove arc thc principd oncs. Between 
20 and 30 components permit the prediction of the time and licight of the tidc 
at any given placr with considerable prcrision. 

From thc harmonic constants the chnracteristics of the tide a t  any place 
can be very readily determincd.1 The five principal constants alone permit the 
approximate determination of the tidal characteristics very easily. Thus, 
approximately, the mran range is 2Mz, spring range 2(Mz+Sz), neap range 
2(M2--S2) pcrigcnn rangc 2(M&N2), npogean mngc 2(M?--Nz), diurnal iz- 
equality n t  t h e  of tropic tides 2(1<1-101), high-water liinititlal interval 2m8* 
The variom :tgcs of the tide can likewise br rendilv determined. Approsiinately, 
thc ages in hours are: Phase age, SzO-MzO; pardllax age, 2(Mzo-Nzo); diurnal 
age, K1"-OI0. The type of  tidc, too,  nay be dotcrmined from the harmonic 

Ki+Oi constants through thc ratio h12+Sa* Where this rntio is less than 0.25, the tide 
js of Ilie scmitlinrnal typc; \)here the ratio is between 0.25 and 1.25, the titlc 
is of the iriiaed typc; and wlierc the ratio is over 1.25, the lide is of tlic diurnal 
typc. 

The periods of the various coiiiponcnt tides, like t1.e periods of the tide-pro- 
during forces, group thenisdvcs into tlircc rlasscs. The tides in the first class 
have periods of approsirnately half a day arid are known as semidiurnal tideb; 
the periods of thc tides in the second class are npprovimately one day, antl 
thew tides arc knowii as diurnal titles; I l i e  tides in thc third class have periods 
of half ti month or morc and are known as long-period tides. In shallow wcters 
due to the effects of dccrcascd depth, the tidcs arc modified and another class 
of simple tides is introduced having periods of less than half a clay, and these 
are known as shallow-wiltcr litlcs. 

The class to  which any component tide hclongs is generally indicated by 
the subscript used in the notation for the component tides, the subscript giving 
the number of period8 in a day. With long-pcriod tides generally 110 subscript 
i.1 used; nit11 semidiurnal tidcs the subscript i s  2; with diuriial tides the sui)- 
script is 1, antl with shallow-watcr tides the subscript is 3, 4, or more. Thus 
8% rcpIcscnts a solar annual c~inpone~it ,  PI a solar diurnal component, Mz a 
liinnr scniic'iurnal eornpoiieiit, S4 a d a r  shallow-mater component with a period 
of one-quarter of a day, :tiid A l e  :L I U J I W  ShZll(lw-W:Lt('r conlponent witli a period 
of one-sixth of a day. 
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360' 
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Ma 

~~ 

I See R. A .  Unrris, Manuel of Tltled, 1'1. I11 (U. 8. Coost end Cloodetlc Survey ILeport for 1604, 
A gpoudis 7). 
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TIDAL DATUM PLANER 

Tidal planes of reference form the 1)asis of all rational datum planes used 
in practiral 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 recovcred a t  any time, even though all bench-mark connections 
be lost. 

The principal tidal plane is that of mean sea level, which may he 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. A t  any given place this plane 
rnay bc 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 he noted that in such a 
determination the mean sea level is not freed from the effects of prevailing 
wind, atniospheric prcBsure, and other meteorological conditions. 

The plane of mean sea level must be carefully distinguished from the plane 
of half-tide level or, as it is frequently called. mean tide level. This latter 
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 levcl does not, at, moat places on  the oprn 
(boast differ by more than about a tcnth of a foot from t,lie 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 & period of n 
year or more. 

This plane 
at any given place is determined as the average of all the low 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 S;7nited States, thip plane is frequently 
spoken of as the “low-water plane” or the plane of low wttter”; 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 coaet of the IJnited States, the lower low watrrs may fall con- 
siderably below the plane of mean low water. In such places the plane of mean 
lower low wster is preferable for most purposca. This plane in determined as 
t h h  average of all the lower low waters over n period of a year or more. Where 
the tide is frequently diurnal, the single low water of the day is taken m the 
lower low water. 

The plane of mean high water is dctermined as the average of all the high 
waters over a period of a year or more. Where the diurn?; inequality in the 
high waters is small, this plane is fryquently spoken of as the plane of high 
water” or “the high-water plane.” on occasion lead to ron- 
fusion, and the denomination of this plane as thc pram of mean high water is 

For many purposes the plane of mean low water is important. 

This usage ma 

therefore preferable. 
In localities of considerable diurnal inenualits in  the high waters the higher 

high .waters frequently rim considerably above-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 €or a period of a year or more. Where the tide is 
frequently diurnal, the single high water of the day is taken as the higher 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 
low plane is desired, the plane of mean spring low water is Rornetimes used, ita 
name indicating that it is deteriiiined as the nican of the low waters occurring 
a t  spring tides. Another plane wnietime6 used, which is of interest because 
hased on harmonic constants, is known as the harmonic tide plane and for m y  
given place is determined as MZ+S2+Kl+01 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 positioncl of sun and moon relative t o  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’a phme, parallax, and declination, the periods of which are 
approxiniately 29% days, 27% days, and 2754 days, respectively. 
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ILI a period of 28 days, therefore, t hr plii~w wriiation will  have alinobt com- 

pleted a full cycle while the other variations will have gone through a full cycle 
and but  very little Inore. Hence., for tidal quantities varying largely with the 
phase variation, tidal ohscrv ations covering 29 days, or niultiplrs, coxistitute a 
fiatisfactory period for deterniiiiing these quantities. Such are the lunitidal 
intervals, the iiiean range, iiieztn high water, snd mean low water. For quantities 
v:trying largely with the declination of the moon, as, for exaniple, higher high 
water arid lower low writcr, 27 days, or multiples, constitute the  no re  satisfactory 
period. 

As will be seeii in the dctailed discussion of thc tides at Fort Hamilton, the 
values drtcrmincd from two diffcrcnt 29-day or 27-day periods may differ very 
cuiisidernbly. This is due to  the fact tha t  these periods are iiot esact syiiodie 
periods for the difrcreiit vrtriations, and to  the further fact that  variations having 
periods greater thau :L rnontli arc not taken into account. Furthermore, nietcoro- 
logical routlitions, \\ hicli chtmgr from month t o  month, leab e their impress 
on thc tides. For accur:ite tilts thc direct determination of the tidal datum 
plancs and other tidal quant s should be based on a series of observations that  
covrr a period of i~ ycar or preferably three years. Valucs derived froin shorter 
serics niust I)c corrc~ctccl to :t n i w n  value. 

Two iric.tliods may be employed for correcting the results of short series to  a 
RleLln \ :due. One method malccs I I R C  of tabular values, determined both from 
thcorl l ~ i i c l  otmxvation, for correcting for the  ditferent variatioiis. The other 
method nialm use of dirrct comparison with siniultaneous olwxvatioiis at some 
near-by port for which mean values have been determined from a series of con- 
siderable lengt!i. 
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Fiririiir (‘. -Vrlocity m i l  dircctiou cunos for Ibc wrrcnt,  Hudson River, July 22, 1822 

11. TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITION8 

Tidal currents are the  horizontal iiiovenients of the water that accom any the 
risiiig and falling of the tide. The horizontal movement of the t idafcurrent  
alld the vertical movement of the tide are intimately related a r t s  of the  same 
&henomenon brought about by the tide-producing forces o f  sun and moon. 

idal currents, like the  tides, are therefore periodic. 
It is the periodicity of the  tidal current tha t  chiefly distinguishes i t  from other 

$inds of currents, which are known by the general name of nontidal currents. 
rhese latter currents are brought about by causes t h a t  are  independent of the  
tides, such a1 winds, fresh-water ruii-off, and differences in density and tempera- 
ture. Currc%nts of thi4 claw do not exhibit tlie periodirity of tidal currents. 



I 7  Iitlal :itit1 ~iot i t i t la l  (r i tr (w1h occur togcther it1 the opc'ii iw:t anti  iii iiibIior(5 tidal 
bbaaters, the actual ciirrcmts experienced at any point being the resultant of the 
two classes of currents. I n  some place8 tidal currents predominate and in others 
nontidal currents predominate. Tidal currents generally attain considerable 
lclocity in narrow cntrances t o  bays, in constricted parts of rivers, and in pas- 
sages from one body of water t o  another. Along the coast, and farther offshore 
tidal currents nre generally of moderate velocity; and in the open sea, calculation 
based on the  theory of wave motion gives a tidal currcnt of less than one-tenth 
of a knot. 

RECTILIKEAR TIDAL CURRENTS 

In the entrance to  a bay or river and, in genc~al, 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 atid the  ebb current 
for a like period in tlie oppositc dircction. T h e  flood current is the  one that  
sets inland or upstrcam and the ebb current the  one tha t  sets seaward or down- 
stream. The  change from flood t o  ebb gives rise to  a period of slack water during 
which t h e  velocity of t h e  current is zero. An example of this type of current 
is shown in Figure C, which represents thc vclocity arid direction of the current 
as observed in the  Hudson River off Fort  Washington on July 22, 1022. 

I n  Figure C the upper curve represents the velocity of t h e  current in knots, 
flood being plotted above the axis of X and ebb below the  axis. The velocity 
curve represcnts approximately the  form of the cosine curve. The maximuni 
velocity of the flood current is called the strength of flood and the maximum ebb 
velocity the strength of ebb. T h e  knot  is tlie unit gciicrally mcd for nieasuring 
the  velocity of tidal currents and represents a vclocity of 1 riautical mile per 
hour. Knots may bc converted into statute niiles per hour by multiplying by 
1.15, or into feet per second hy multiplying by 1.60. 

The lower curve of Figure C is the direction curve of t h e  current, the  direction 
being given in dcgrecs, north being O", east go", south 180°, and west 270". 
The directions are magnetic and reprcsent the direction of the current as  derived 
from hourly observations. During the period of flood the direction curve sliofir 
t h a t  the current was running practically in the same dircction all the time, 
making a n  abrupt  shift of about  180" t o  the  opposite direction during the  period 
of slack mater. For the  ebb prriod the direction curve likewise shows the  cur- 
rent to  have been running; in approvimstcly tile swnc direction with a n  abrupt  
change of about 180" during slach. 

IlOTAItY TIDAL CURRENTS 

Offshore the tidal currents are  generally iiot of the rcctiliiiear or rever~iiig type. 
Instead of flowing in the  same general direction during t h e  entire period o f  the  
flood and iu the opposite direction during the ebb, the tidal currents offshore 
change directiou continually. Such currents are therefore called rotary currents. 
An example of this type of current is shown ill Figure L), whicli represetits the 
vclocity and direction of the  current at the beginning of each hoiir Of tlie after- 
noon on September 24, 1919, at  Nantucket Shoals Light Vesbel, stationed off 
the  coast of Massachusetts. 

The current is seen t o  have changed i ts  dircction at each hourly observation, 
the  rotation being in  the  direction of movement of the hands of a clock, or from 
north t o  m u t h  by way of east, then t o  north again by m ~ y  of west. In a period 
of about  12 hours i t  is seen t h a t  the  current has veered completcly round tlie 
compass. 

It will be noted t h a t  the  ends of the radii vectores, representing the velocities 
and  directions of the  current at the  beginning of each hour, define a somcwrhat 
irregular ellipse. If a number of okwa-vakions are  averaged, eliminating acci- 
dental errors and temporary meteorological disturbances, tlie rcgularity of thc 
curve is corisiderably incrcasetl. The awragc  period of tlic cycle is, froin a 
eonsidcrablc number of observations, found t o  be 1211 25'". I n  other words, the 
current day, like the  tidal day, is 24" 50"' in length. 

A characteristic feature of the  rotary current is the a lmncc  of slack water. 
Although the current generally varies from hour t o  hour, this variation froni 
greatest current t o  least current and back again t o  greatest cnrrent does not 
give rise t o  a period of slack water. When the  velocity of the rotary tidal current 
is least i t  is known as the mininium current, and when i t  is greatest it  is lrnown 
as the maximum current. The rnininium and maximunl velocities of the rotary 
current are thus related t o  each other in the same way as slack and Rtrength of 
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the rectilinear current, II minimum velocity following a maximum velocity by 
a n  iiiterval of about thrcc hours and  being followed in turn  by another maximu~u 
after a further interval of tlirec hours. 

VARIATIONS I N  STRENGTH O F  CURItENT 

Tidal currents exhibit changes in tlic strength of thc cicrrcnt thnt  correspoiitl 
closcly with the changes in range exhibited by tidcs. The strongest currents 
come with tlic spririg tides of ft i l l  and new iiioon and tlic wcalcest currents with 

True 
N 
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proportional t o  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 current. 

The relations subsisting between the  changcs in the vclocity of l-hc currcnt ai 
any given place and tlic raugc of the tide at t h a t  place may be derivcd from general 
considerations of a theoretical naturc. Variations iri the current that  involvc 
semidiurnal components will approximate corresponding changrs in the range of 
the tide; bnt for variations involving diurnal components the variation in tlic cnr- 
rent is about half tha t  in the tide. 

RELATION 0 1 7  TIME 01” CUllRENT TO TIME OF TIIII’: 

In  simple wave motion the times of slack and strength of currcnl imu it con- 
stant and simple relation t o  t h e  timrs of high and low waters. In  a progrcssivc 
wavc the  time of slack water comes, theorcticnlly, cxactly midway between high 
and low water and the time of strength at high and low water; in a stationary 
wavc slack comes at the times of high arid low water, while tlic strength of current, 
comes midway between high and  low water. 

The progressive-wave movetilent and the stationary-wavc iriovement are t h r  
t w o  principal types of tidal movements. A progressive wave is one whosc crest 
advances, 80 t h a t  in any body of water t h a t  sustains this type of tidal movement 
t h e  tiirics of high and low water progress from one end to the other. A btationarg 
wave is one tha t  oscillates about  a n  axis, high water occurring over the whok. 
area on one side of this axis at the  same instant tha t  low water occurs over thc 
whole area on the  other sidc of the  axis. 

The tidal movements of coastal waters are rarely of simple wave form; nevcr- 
theless, it is very convenient in the study of currents t o  refer fhe times of current 
to  t h e  times of tide. And where the  diurnal inequality in the tide is small, a s  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 cnrrerit ciirvvs in New York Hiirhor for 0ctohc.r !), 1919, 
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liioirm E.--’hIo nnii current ciirvw, Now York I I n i i v r ,  0 1  tohor !I, 1919 

the current cnrve being the dashed-line curve, represcittiiiK f h e  vclocit ies of thv 
mrrcnt  at a fitation in IJpper Ray, and the  tide curve bciiig thr full-linc cwvc,  
representing the  rise and fall of the tide at Fort Hamilton, on the  eastern shorc 
of the  Narrows. 

The diagrams of Figure E were drawn by plotting the ficights of the tide ~ n d  
the velocities of the  current to the same time scale rind to such velocity and 
height scales RN will make the  niaxiiniim ordinates of the  two curves approxi- 
iriatelg e q u d .  The  t ime axis or axis of X rcpresents tlic line of zero vclocity for 
t h c  cnrrcnt~ mid of mean sca level for t h e  tide, the  velocity of ihe  crirreiit bciiig 
plotted in accordance with the  scale o f  knots on the  left, while the height of the  
tide reckoned from mean sea level wa8 plotted in accordance with the scale in 
feet on the  right. 

From Figure E i t  is scrn tha t  the correspondirig features of t l ~ c  tide ond current 
i n  New York Harbor hear II very n e d y  constant time relation to  each other, 
and this eonatanry iit tiirir relation o f  t it1t.s and rsurrents ifi characteristic of tidal 
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waters in which the diurnal inequality is small. Tlik permits the times of slack 
and of strength of current t o  be referred to  the times of high and low water. 
Thus, from Figure E we firid 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 
ebb 3.0 hours before low water. In this connection, however, i t  is to  be noted 
1 hat  the tinre relations between the various phases of tide and current are subject 
to  thc  distiirbing effects of wind and weather. 

Apart froin the  disturbing effect of nontidal agenrics, the time relations bct~vcen 
fide and current are subject to variation in regions where thc  tide exhibits con- 
hiderablc diurnal inequality, as, for example, on the Pacific coast of the United 
Statcs. This variation is due to  the fact, previously mentioned, tha t  the 
diurnal inequality in the current at any  given place is, i n  general, only about half 
as great as tha t  in the tide. This brings about differences in the corresponding 
Ecatrircs of tide and current as bctwccn morning and afternoon. However, in  
such cases it is frequently possible t o  refer the current at a given placc to the tido 
at some othcr place wit11 coinparal)lc diurnal inequality. 

EPYEWT OY NONTIDAL CURRENT 

Tlie tidal rurrcnt is huhjrct i o  tlic disturbing infliicncc of nontidal currents 
which affect the rcgdnrity of its occurrence as regards time, velocity, and direc- 
tion. In t h r  cttse of the rectilinear rrirrent the effect of a steady nontidal current 
is, in gencrul, to  make both the periods and the velocities of flood and ebb 

U T  w 

F r o r J I t ~  E .-Effoct of uontidnl current on tidill cilrrcnt 

unequal and to  change thc times or slack water but to  Jcavc unchangcd the times 
of flood and ebb strengths. This is evident from a consideration of Figure F, 
which represents a simple rectilinear tidal current, the  lime axis of which is the  
line A B ,  flood velocities being plotted above the line and ebb velocities below. 

When unaffected hy noritidul currents, the periods of flood and ebb are, in 
~crieral, equal as represented in the  diagram. arid slack water occurs, rcgiilarIy 
threr hours and six minutes after thc tirncs of flood and cbb strengths. Rut if 
wc asmiiic :I stcatly nontidal current introduced which h i i n ,  in the direction of 
the tidal currcnt, a velocity coinponcnt rrpresentcd by the line CD, it  is evident 
tha t  thc strength of chb will he increased by a n  amount equal t o  C D ,  while t h r  
flood strength will be decreascd by the same amount. The current conditions 
may now be coniplctcly represented by drawing, as a new asis, the  line E P  
parallel to  A B  and distant froin it the  lcngth of CD.  

Obviously, if the vclocity of the nontidal current cscccds that of tlic tidal 
current, at the time of strength, the tidal current will be completely masked 
and the rcsriltant currcnt will set at all times in the  direction of the nontidsl 
ciirrent. Thus, if in Figure F, the line OP represents the velocity component 
of the iiontidal current in the direction of the tidal current, tlic new axis for 
meamring tlic velocity of the eoiribjiirrl ciirrrnt at any time will br tho linr GFI, 
parallel with the  line A B  mid pawing through the point 0, and the current will 
be flowing at all times in Ihr clh dircction. There will be 110 #lack waters, but 
at periods 6 hours 12 minute8 apart there will orcur minimum and maximum 
velocities represented, respectively, by the lines RS and TU. 

In 80 far as the effect of the nontidal current on tlic direction of the tidal cur- 
rent is concerned, i t  is only necessary t o  remark tha t  the resultant current will 
net in a direction which ut  any time is the resultunt of tllc tidal and riontidal 
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currents at that  time. This resultant direction and also the  resultant velocity 
may be determined either graphically by tlic parallelogram of velocities or by 
the usual trigoiioaetric computations. 

VELOCITY OF TIDAL CURRENTS AND PROGRESbION OF TIIB TIDE 

In  the tidal movement of the water it is necessary t o  distinguish clearly 
between the velocity of the currerit and the progression or rate of advance of 
the tide. I n  the formcsr case refcrc.nce is made t o  the  actual speed of a moving 
particle, while iri the latter case the reference is t o  the rate  of advance of thc 
tide phase or the velocity of propagation of wave motion, which generally is 
many times greater than thc velocity of the current. 

It is t o  be noted tha t  there is no neccssqry rrlationship between t h e  velocity 
of the tidal current at any place and the rate of advance of the tide at tha t  place. 
I n  other words, if the rate of advance of the  tide is known, we can not froin 
tha t  alone infer t h e  velocity of the current, nor vice vcrsa. The  rate of advance 
of the tide in any given body of water depends on tfic type of t i c h l  movcmrnt. 
I n  a progressive wave the tide moves approuimatcly in accordaiice with thc 
formula r=&d in which r is the rate of advance bf the tide, g the  accrleriifioii 
of gravity, and d tlic depth of the waterway. J n  Rtationary-wave movcinrnt, 
Ririce high or low water occurs, at  very ncarly the same time over a considcrablo 
arm, the rnte of advance is theoretically very great, but  actually there is alwag~ 
some progrcfision present, and this reduces the theoretical velocity considerably . 

The velocity of the current, or the actual speed with which the p:ri.ticles 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 advancc of the tidc. 

DISTAh’CE TlEAVELED BY A PARTICLE IN A TIDAL CYCLE 

I n  a rectilinear current the distance traveled by the water parficles or by 
any object floating in the water is obviously equal to  the product of the time 
by the averaae velocity during this interval of time. To determine the average 
velocity of thc  tidal current for any desired interval several mrl hods may bo 
used. 

If thc curvc of the tidal current has been plotted, the average velocity niay 
1)e derivrd as the mean of a number of ~neasurements of the velocity made at 
frequent intervals on the curve; as, for example, every 10 or 15 minutes. From 
the current curve the average velocity niay also be determined by dcriving the 
mean ordinate of the curve by use of the planimeter. For a full tidal cycle of 
flood or ebb, Iiowcver, 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 t o  the maximum ordinate, which is 2+7r, 
or 0.6366. 

The 1:ttter iiirthocl has another advantage in tha t  the vrlocity of the tidal 
cwrrent is almost invariably specified by its velocity at the time of strength, 
which corrcsporids t o  the maximum ordinate of the eosine curve; hence, thc  
average velocity of the tidal current for a flood or chb cycle is given imme- 
diately as the product of the btrength of the current by 0.6366. And though 
this method is only approximate, since the curve of the current iriny deviate 
inore or less from the cosine curve, in general the results will tx. sufficiently 
accurate for a11 practical purposes. I’or a normal flood or ebb period of 6.2 
hours the distancc a tidal current with a vclocity at strength of 1 kiiot will 
carry a floating object is, in nautical miles, 0.6366Xf3.2 -3.95, or 24,000 feet. 

1)IJRATION OF hLACIi 

I n  the change of direction of flow from flood t o  ebb, and vice versa, the tidal 
current goes through a period of slack water or zero velocity. Obviously, this 
period of slack is but monient:try, arid graphically i t  is represented by the  instant 
when the current curve cuts the zero line of velocities. For a brief period each 
side of slack water, liowever, the current is veiy weak, and in ordinary usage 
“slack water” denotes not only the instant of zero velocity but itlso the  period 
of weak cwrrerit. ”lie qucstion is tliercforo frequently raised, How long does 
81 ‘JVk  \\atcr lust? 

‘I‘o give slack wiitcr in i ts  ordinary usagc. u tlefinilc ~~ic~ariing, wc may define 
i t  to 1 x 1  the period during uhich the veloci ty  of the current is less thaii onc- 
t c w t h  of a knot. Vclocitics less than oxit.-terith of a knot niay generally bc 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 i t  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 
sttonger the kurrent 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 6h 1 2 . 6 m  we may write 
the equation of the current curve t/=A sin 0.48311, 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 t is the time in minutes from the instant of zero velocity. 
Ktting y=O.1 and solving for t (this value of t 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; 
5 knots, 4 minutes; 8 knots, 3 minutes; 10 knots, 2% minutes. 

HARMONIC CONSTANTS 

The tidal current, like the tide, may be regarded aa the resultant of a number 
of simple harmonic movements, each of the form y=A eoa (at f a ) ;  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 

M’Z: S‘z: N‘t: K‘,: O’l=mlM’’l: azS“l :  n2N’IZ: klK”l: olO1‘l 

where the small italic letters represent, respectivclv, the angular speed of the 
corresponding components. This shows at once that the diurnal inequality in 
the currents should bc approximately half that in the tide. 

MEAN VALUE0 

In thc nonharmonic analyfiis of current observations it i R  customary to refer 
the times of slack and strength of current to the times of high and low water of 
the tide at some suitable place, generally near by. I n  this method of anal ais 
t h e  time of current drtermined i8 in effect reduced to approximate mean v&e, 
eince the changcs 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 sliort series of observations must be reduccd to a mean value. 

In the ordinary tidal movement of the progressive or stationary wave types 
the change i n  the strength of the current from day to day ma be taken approxi- 
mately the same as the variation in the range of the tide. gence, the velocity 
of the ciirrcnt from a short series of observations may be corrected to a mean 
value by multiplying by a factor eqiial to the mean ranp;e of the tide divided by 
the range for the period of observations. It is to be noted that in this method of 
rediicirig to  a nipan valite any nontidal currents must first be eliminated and the 
fartor applid to the tidal current alone. This may be done by takin the strength 
of the tidal current as the half sum of the flood arid ebb strengths for the period 
in question. 

I n  some places the current, while exhibiting the characteristic features of the 
tidal current, is in reality a hydrarilic current dric to differences in head a t  the 
ends of R strait coiinectin East River 
and Harlem River in Newkork Harbor and Seymour Narrows in British Colum- 
bia are maniples of such straits, and the currents sweeping through these 
waterways are not tidal currents i n  the true sense, but hydraulic currents. The 
velocities of such currents vary as the square root of the head, and hence in 
rediiciiig the velocities of such currents to a mean value the factor to be used is 
the qua re  root of the factor used for ordinary tidal currents. 

two independent tidal bodies of water. 

85320”--30---10 



138 U. S .  COAST AND GEODETIC SURVEY 

PUBLICATIONS BY THE UNITED STATES COAST AND GEODETIC 
SURVEY RELATING TO TIDES AND CURRENTS 

TIDE AND CURRENT TABLES 
Price 

Tide Tables, United States and Foreign Ports _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $0. 75 
Tide Tables, Atlantic Coast, North America (reprinted from Tide Tables, 

United States and Foreign Ports) _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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 durrent Tables, San Francisco Bav _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Current Tables, Atlantic Coast, North Ame"riea- - - _ - _ - - - - - - - - - - - - - - - 
Current Tables, Pacific Coast, North America arid Philippine Islands__ - 
Current Diagram, Nantucket and Vineyard Sounds--- - - - - - - - - - - - - - - - - 

Tidal Current Charts, New York &&<,or _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
The tide tables contain the predicted times and heights of the tide for 

cach day in the year a t  a number of principal ports and tidal differences 
aud constants for many other places. The currcrit tables give the pre- 
dicted currents for each day in the year at n numbcr of principal ports 
and current differences and cormtants for many other stntioiis. The 
current diagrams are reproductions 011 an enlarged 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. 

Current Diagram, Chesapeake Ba _ _ _ _ - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TIDAL BENCH MARKS 

Special Publication No. 83 (Serial 193), Tidal Bench Marks, State of - New York, 1 9 2 2 - _ - - _ _ _ _ - _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Special Publication No. 119 (Serial 320), Tidal Bench Marks, District of 

HARBOR PUBLICATIONS 

Special Publication No. 111 (Serial 286), Tides and Currents in New 
York Harbor, 1926_- -_ - - - - - - - - - -_ - - - - - - - - -_ - - - - - - - - - - - - - - - - - - - - -  

Special Publication No. 116 (Serial 311), Tides and Currents in San 
Francisco Bay, 1925------ 

Special Publication No. 123 (&rial 336), Tides and Currents in Delaware 
Bay and River, 1 9 2 6 - _ _ _ - - - - - - - - - _ - _ - ~ - - - - - - - - - - - - - ~ - - - - ~ . - ~ - - - -  

Special Publication No. 127 (Serial 364), Tides and Currents in Southeast 
A l a s k a , 1 9 2 6 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - . . - - - - - - - - - - - -  

Special Publication No. 142, Tides and Currents in Boston Harbor, 1928- - 
Special Publication No. 160, Tides and Currents in Portsmouth Harbor, 

1 9 2 8 _ _ _ _ - - - - - - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - ~ - - - - -  
Special Publication 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 

Price 
The Gulf Stream by J. E. Pillsbury. Published as appendix to the Annual 

Report of the hnited 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-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $0. 20 
Special Publication No. 23, United States Coast and Geodetic Survey. 

Discrintion of its work, methods. and organization. Includes illus- 
trated-sections on tides and currents. This publication can be obtained 
free of charge from the office of the United States Coast and Geodetic 
Survev. 

Special Publication No. 32 (Serial 16), Descri tion of the United States 
Coast and Geodetic Survcy Tide-Predicting hachine No. 2, 1915- - - _ _  

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

Special Publication No. 98 (Serial 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, 
1 9 2 5 _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

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

Special Publication No. 124 (Serial 346), Instructioris for Tidal Current 
Surveys, 1926 ________________________________________-- - - - - - - - - -  

Serial 351, Tide and Current Investigations of the Coast and Geodetic 
Survcy, 1926____________________________________- - - - - - - - - - - - - - -  

Special Publication No. 135, Tidal Datum Planes, 1927- - - - - - - - - - - - - - - - 
Special Publication No. 139, Instructions for Tide Observations, 1928---- 
Special Publication No. 154, Instructions, Primary Tide Stations, 1929- - - - 
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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 showiiig the scope and contents of tlie publication 
is sent t o  each person whose name and address is on the mailing list of the subject 
covered by tlie publication. 

If you desire t o  receive notices regarding publications of tlie Coast and 
Geodetic Survey as issued, you should write t o  the  Director of tlie Coast and 
Geodetic Survey, Washington, D. C. ,  indicating the mailing lists on which you 
wish your name entered, or, if you prefer,.you may check the  lists on the form 
b l o w ,  rcxnove this sheet from the publication and mail i t  to  the Director of the 
Coast and Geodetic Survey, Washington, D. b. 

(Date) - - - - - - - - - - - - - - - - - - - -. 
The DIRECTOR, UNITED STATES COAST A N D  GEODETIC SURVEY, . Washington, D. C. 

DEAR SIR: I desire tha t  my nnmc shall be placed on the mailing lists itidi- 
check below t o  receive notices regarcbig publications issued b y  tho cated h 
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