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PREFACE 

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

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

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

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

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

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

Attention is also directed to the tide and current tables, which are 
published in advance annually by the Coast and Geodetic Survey. 
These tables contain data based upon the latest information available 
at the time of publication. They include the predicted tides and 
currents for every day in the year at a number of principal ports and 
also contain summanes of the principal tide and current elements for 
several thousand places throughout the world. Other publications of 
the Coast and Geodetic Survey relating to tides and currents are 
listed in the back of this volume. 

D 



CONTENTS 

Page 
Preface__________________________________________________________ II 
Introduction_____________________________________________________ 1 

Part 1.-Tides In Chesapeake Bay and Tributaries 

The Chesapeake waterways _______________________________________ _ 

~h:10~:~tr;~~~~============================================ The middle bay ______________________________________________ _ 
The upper bay _______________________________________________ _ 
Hampton Roads, James and York Rivers _______________________ _ 
Rappahannock and Potomac Rivers ____________________________ _ 

The tide at Baltimore (Fort• McHenry) _____________________________ _ 
The series of observations _____________________________________ _ 
The lunitidal intervals ________________________________________ _ 
The durations of rise and fall _____________________ . ____________ _ 
The mean sea leveL __________________________________________ _ 
The planes of high water _______________________________________ _ 
The planes of low water _______________________________________ _ 
The plane of half-tide level_ ___________________________________ _ 
The range of the tide _________________________________________ _ 
Harmonie constants __________________________________________ _ 
Effects of wind and weather ___________________________________ _ 

The tide at Washington, D. C _____________________________________ _ 
Navy yard __________________________________________________ _ 
Seventh Street Wharf _________________________________________ _ 
Easby Point _________________________________________________ _ 
Lighthouse Wharf ____________________________________________ _ 
Tidal-datum planes ___________________________________________ _ 

The tide at Old Point Comfort, Va _________________________________ _ 
The intervals and range _______________________________________ _ 

The tides in the various waterways _________ , ________________________ _ 
The tide in the lower bay __ . __________________________________ _ 
The tide in the middle bay ____________________________________ _ 
The tide in the upper bay _________ . ___________________________ _ 
Variations in range and time of tide ____________________________ _ 
The tide in Hampton Roads ___________________________________ _ 
The tide in the James River ___________________________________ _ 
The tide in the York River ____________________________________ _ 
The tide in the Rappahannock River ____________________________ _ 
The tide in the Potomac River _________________________________ _ 
The tide in Baltimore Harbor __________________________________ _ 
Harmonic constants __________ . _________________________ . ______ _ 

Part Il.-Currents In Chesapeake Bay and Tributaries 
Observations and reductions ________________________________________ · 

Introductory statements ______________________________________ _ 
Methods of observing •... _____________________________________ _ 
Methods of reducing the observations ___________________________ _ 

Discussion of the results __________________________________________ _ 
Explanatory statements _______________________________________ _ 
The current in the approaches to Chesapeake Bay _______________ _ 
The current in Chesapeake Bay ________________________________ _ 
The current in Ham})ton Roads ________________________________ _ 
The currents in the Elizabeth and Nansemond Rivers ____________ _ 
The current in the James River ________________________________ _ 
The currents in the York River and tributaries __________________ _ 

Ill 

2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
7 
7 
9 

14 
18 
18 
20 
21 
24 
24 
32 
34 
35 
36 
37 
37 
39 
39 
41 
44 
48 
49 
50 
53 
54 
56 
57 
58 

61 
61 
61 
63 
63 
63 
93 
99 

105 
106 
106 
107 



IV CONTENTS 

Discussion of the results-Continued. Page 
The current in the Rappahannock River____ ______ _____ 108 
The currents in Pocomoke Sound and River_________ _ ___ . 109 
The currents in Tangier Sound and tributaries_______ __ __ 109 
The currents in the Potomac River and tributaries______ ____ 109 
The current in the Patuxent River__________________ _____ 111 
The currents in the Little Choptank and Choptank Rivers_ _ _ _ _ 111 
The current in Eastern Bay_____ _________________ __ ____ 112 
The currents in the South and Severn Rivers________ ___ __ 112 
The current in the Chester River___________ _____________ 113 
The current in the Patapsco River_________ _________ ___ 113 
The currents in the Sassafras and Elk Rivers____________ 113 
The current in the Chesapeake & Delaware Canal______ 113 
Summary of surface currents from the longer series____ 119 Current charts _____ - _ __ _ _ __ __ __ _______ _____ _ _ _ _ _ _ _ _ _ _ 121 

APPENDIX 

Tides, general characteristics______ _ _ _ 123 
Definitions ___ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 123 
The tide-producing forces_____ _______ 124 
Variations in range___ 125 
Diurnal inequality_______ _ _ _ _ _ 126 
Types of tide____________ _ 127 
Harmonic constants_ ____ 128 
Tidal datum planes________ 130 
Mean values_________ ______ 130 

Tidal currents, general characteristics_____ 131 
Definitions___________________________ 131 
Rectilinear tidal currents_______________ _ 132 
Rotary tidal currents_____________ _______ ______ ______ 132 
Variations in strength of current___________ _ _ _ _ _ 133 
Relation of time of current to time of tide____ ______ 134 
Effect of nontidal current__________ 135 
Velocity of tidal eurrents and progression of tide_ 136 
Distance traveled by a particle in a tidal cycle___ 136 
Duration of slack____________________ 136 
Harmonic constants______________________ ________ _____ 137 
Mean values________ ___________________ ____ ___________ __ 137 

List of publications relating to tides and currents by the United States 
Coast and Geodetic Survey____________ _____ ____ _ ___ ___ 138 

Index____________________________________________________________ 141 

ILLUSTRATIONS 

1. ChCilapeake Bay and tributaries____________________ ___________ VIII 
2. Annual variation in sea level, Fort McHenry, Baltimore____________ 9 
3. Annual variation in high water, Fort McHenry, Baltimore______ __ 12 
4. Annual variation in low water, Fort McHenry, Baltimore___________ 12 
5. Highest tide observed, Fort McHenry, Baltimore_______ ________ 22 
6. Lowest tide observed, Fort McHenry, Baltimore_ _______________ 22 
7. Annual variations in high water, low water, and river level, navy yard, 

Washington.__________________________ _ _ _ _ __ _ _ _ _ _ _ __ _ 26 
8. Annual variation in range, navy yard, Washington_________________ 29 
9. Tide stations, lower bay____________________________ ______ ____ 39 

10. Tide stations, middle bay__________________________________ ____ 42 
11. Tide stations, upper bay_____________________________ ____ _ __ 45 
12. Variations in interval and range, Annapolis to Reedy Point__ 46 
13. Slope lines, Chesapeake & Delaware Canal________ 46 
14. Variations in interval and range, Chesapeake Bay_ 48 
15. Tide stations, Hampton Roads___________________ 49 
16. Tide stations, James and York Rivers_____________________ 50 
17. Variations in interval and range, James River_________ ____ _ _ 51 
18. Variations in interval and range, York River__________ 53 
19. Tide stations, Rappahannock and Potomac Rivers_______ 54 
20. Variations in interval and range, Rappahannock River____ 54 
21. Variations in interval and range, Potomac River___________ 56 
22. Tide stations, Alexandria and Washington____________ ____________ 56 



CONTENTS V 

Page 
23. Tide stations, Baltimore Harbor_________________________________ 57 
24. Current stations, approaches to Chesapeake Bay__________________ 94 
25. Current curve from 99 days of observations, station LV L _ _ _ _ _ _ _ _ _ 96 
26. Current ellipse for component M2, station LV 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 98 
27. Current stations, Chesapeake Bay, entrance to Smith Point_________ 99 
28. Current stations, Chesapeake Bay, Smith Point to Herring Bay_____ 101 
29. Current stations, Chesapeake Bay, Herring Bay to Havre de Grace__ 102 
30. Current curves showing distortion due to wind, station H 55________ 104 
31. Current stations, Hampton Roads and Elizabeth River_____________ 105 
32. Current stations, Nansemond and James Rivers___________________ 106 
33. Current stations, York River and tributaries______________________ 107 
34. Current stations, Rappahannock River _________________________ . 108 
35. Current stations, Potomac and Patuxent Rivers___________________ 109 
36. Current stations, Chesapeake & Delaware Canal__________________ 114 
37. Simultaneous current curves, Chesapeake & Delaware Canal________ 115 
38. Simultaneous current curves, Chesapeake & Delaware Canal________ l 15 
39. Simultaneous tide curves, Chesapeake & Delaware CanaL _ _ _ _ _ _ _ _ _ _ ll6 
40. Curve of difference in water level, Chesapeake & Delaware CanaL___ 116 
41. Curve of velocity differences, Chesapeake & Delaware Canal________ 117 
42. Currents at time of high water at Old Point Comfort_______________ 122 
43. Currents one hour after high water _______________ .. ____________ ._ 122 
44. Currents two hours after high water_____________________________ 122 
45. Currents three hours after high water _________________ .__________ 122 
46. Currents four hours after high water __________________________ - _ _ 122 
47. Currents five hours after high water______________________________ 122 
48. Currents six hours after high water _________________________ - _ - _ _ 122 
49. Currents seven hours after high water____________________________ 122 
50. Currents eight hours after high water____________________________ 122 
51. Currents nine hours after high water_____________________________ 122 
52. Currents 10 hours after high water_______________________________ 122 
53. Currents 11 hours after high water_______________________________ 122 
54. Currents 12 hours after high water_______________________________ 122 

TABLES 

1. Daily high and low waters, Fort McHenry, Baltimore.I.Md _________ _ 
2. High-water intervals, monthly means, Fort McHenry, Haltimore, Md_ 
3. Low-water intervals, monthly means, Fort McHenry, Baltimore, Md_ 
4. Durations of rise and fall, Fort McHenry, Baltimore, Md., monthly means 1903 and 1927 _______________________________________ _ 
5. Daily sea level on staff, Baltimore, Md., June, 1919 _______________ _ 
6. Sea level on staff, monthly means, Fort McHenry, Baltimore, Md ___ _ 
7. High water on staff, monthly means, Fort McHenry-, Baltimore, Md __ 
8. High water above sea level, Fort McHenry, Baltimore, Md., annual means _____________________________________________________ _ 

9. High water above sea level, Fort McHenry, Baltimore, Md., annual 
means corrected for longitude of the moon's node _______________ _ 

10. 

11. 
12. 

13. 

14. 
15. 

16. 
17. 

18. 

19. 
20. 
21. 

22. 
23. 

Monthly highest high water above sea level, Fort McHenry, Baltimore, 
Md _____________________ •- _____________________________________ - -- - ---

Low water on staff, Fort McHenry, Baltimor~ Md., monthly means_ 
Low water below sea level, Fort McHenry, Haltimore, Md., annual means _____________________________________________________ _ 

Low water below sea level, Fort McHenry, Baltimore, Md., annual 
means corrected for longitude of the moon's node _______________ _ 

Low-water planes, Fort McHenry, Baltimore, Md ________________ _ 
Monthly lowest low water below mean sea level, Fort McHenry, Balti-more, Md _________________________________________________ _ 

Months of occurrence of highest and lowest tides, 1903-1927 ____ - - - -
Range of tide, Fort McHenry, Baltimore, Md., monthly and yearly 

means _____________ ------ ----------- - ---- - - ----- - - - - -- - -- - -
Range of tide, Fort McHenry, Baltimore, Md., annual means corrected 

for longitude of the moon's node _____________________________ _ 
Tidal ranges, Fort McHenry, Baltimore, Md _____________________ _ 
Harmonic constants, Fort McHenry, Baltimore, Md __________ - _ - - -
Extreme tides with meteorological conditions, Fort McHenry, Balti-

more, Md., 1927 _______________________ - _. __ - ______ - - - - - - - - - -
Summary of tidal data, Fort McHenry, Baltimore, Md ____________ _ 
Lunitidal intervals, navy yard, Washington, D. C ________________ _ 

4-5 
6 
6 

7 
8 
8 

10 

11 

11 

14 
15 

15 

16 
16 

17 
17 

19 

19 
19 
20 

23 
24 
25 



VI 

24. 
25. 
26. 

27. 

28. 
29. 

30. 

31. 
32. 
33. 
34. 
35. 

36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 

62. 
63. 

CONTENTS 

River level-on staff, monthly means, navy ya.rd, Washington, D. C __ 
High water on staff, monthly means, navy yard, Washin11:ton, D. C __ 

Hii~ C~~~~ ~~~~-e-~iver _I~ve~ ~~~t~~:-~:~~~• ~-a-vy ya~~~~ ~~~ngt~~~ 
High water above river level, navy yard, Washington, D. C., annual 

means corrected for longitude of the moon's node _______________ _ 
Low water on staff, monthly means, navy yard, Washington, D. C __ 
Low water below river level, monthly means, navy yard, Washington, 

D. C __________ ------------------ -------------------------
Low water below river level, navy yard, Washington, D. C., annual 

means eorrected for longitude of the moon's node _______________ _ 
Range of tide, monthly me!lns, navy yard, Washington, D. c ______ _ 
Extreme high and low waters on staff, navy yardbWashington, D. C_ 
Summary of tidal data, navy yard, Washington, . c ____________ _ 
Lunitidal intervals and range, Seventh Street Wharf, Washington, D. C_ 
High water, low water and river level, Seventh Street Wharf, Wash-

ington, D. C___ ____ __ _ _ _ _ __ _ __ __ ___ ___ __ __ _ __ _ _ 
Highest and lowest tides, Seventh Street Wharf, Washington, D. 
Tidal data, oint, Washington, D. C ______________________ _ 
Tidal data, use Wharf, Washington, D. C_____ _ _________ _ 
Tidal datum panes, Washington, D. c __________________________ _ 
Tidal data, Old Point Comfort, Va ____________________________ _ 
Lunitidal intervals, Old Point Comfort, Vs.., annual means ________ _ 
Range of tide, Old Point Comfort, Va., annual means _____________ _ 

Page 
26 
27 

27 

28 
28 

29 

29 
30 
30 
32 
33 

33 
34 
35 
36 
37 
38 
38 
38 

Range of tide, Old Point Comfort, Va., annual means corrected for 
longitude of the moon's node__________________________________ 39 

Tidal data, lower Chesapeake Bay__________________ _ __________ 40-41 
Tidal data, middle Chesapeake Bay_________________ _ _ _ _ _ ___ 42-43 
Tidal data, ~pper Chesapeake Bay_______ ____ ___ _ ________ 44-45 
Tidal data, Hampton Roads____________________________________ 50 
Tidal data, James and York Rivers________ _ ___________________ 51-52 
Tidal data, Rappahannock and Potomac Rivers____ _ _ _ _ _ _ _ _ _ _ _ _ _ 55-56 
Tidal data, Alexandria and Washington______ _________________ 57 
Tidal data, Baltimore Harbor_______________ _ _ _ _ _ _ _ _ _ _ 58 
Harmonic constants, Chesapeake Bay __ • _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ 59-60 
Current data, Chesapeake Bay and tributaries.___ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ 65-92 
Current observations, Chesapeake Bay and tributaries_____________ 93 
Currents, station LV 1 _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ __ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ 95 
Set of nontidal current, station LV L_ _____ ____________________ 95 
Current due to wind, station LV 1.------------------------------ 96 Current due to wind, station LV 2_ ______ _________ _________ 98 
Current harmonic constants, station LV 2_____________ __________ 99 
Current harmonic constants, station LV 3________________________ 100 
Current harmonic constants and nontidal set for eight stations in the 

upper part of Chesapeake Bay____ ___________________ ______ 103 
Current data eastern end of Chesapeake & Delaware Canal_________ 118 
Summary of surface currents at stations where observations covered a 

period of seven days or more__________________________________ 120 



.FIGURE !.-Chesapeake Bay and tributaries 



TIDES AND CURRENTS IN CHESAPEAKE BAY AND 
TRIBUTARIES 

INTRODUCTION 

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

The main entrance to the bay, between Cape Charles and Cape 
Henry, has a width of 10 miles and a depth in the main channel of 
from 50 to 100 feet. The bay is approximately 170 nautical miles 
in length from the entrance to the mouth of the Susquehanna River. 
Throughout this stretch the channel depths are not less than 14 feet. 

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

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

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

1 



Part 1.-TIDES IN CHESAPEAKE BAY AND TRIBUTARIES 

THE CHESAPEAKE WATERWAYS 

COMPONENT PARTS 

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

THE LOWER BAY 

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

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

THE MIDDLE BAY 

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

THE UPPER BAY 

The upper bay extends from the Severn River to the mouth of the 
Susquehanna River, a distance of about 40 miles. This part of the 
bay varies in width, the maximum being about 8 miles. The main 
channel for most of its length is close to the eastern shore. The 
western shore is covered with extensive shoals through which num
erous small channels lead. The Chesapeake & Delaware Canal 
connects Chesapeake Bay and the Delaware River with a sea-level 
canal the effective depth of which is 12 feet at mean low water. The 
entrance to the canal 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}f miles 
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TIDES AND CURRENTS IN CHESAPEAKE BAY 3 

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

HAMPTON ROADS, JAMES AND YORK RIVERS 

Hampton Roads, at the south end of Chesapeake Bay, about 16 
miles west of Cape Henry, is the apl)roach to Norfolk, Newport News, 
and points on the James River and 1s one of the important anchorages 
of the east coast of the United States. A channel of 37 feet leads to 
the anchorage. The Elizabeth River, on which Norfolk and Ports
mouth are located, enters Hampton Roads from the southeast. 
Hampton Roads has an average width of about 5 miles and an average 
depth of about 20 feet. The James River, emptying into the western 
end of Hampton Roads at Newport News, is the approach to Rich
mond, Petersburg, Smithfield, and City Point. It is navigable to the 
city of Richmond, 89 miles above N cwport News. The ,James River 
is being improved under a project to obtain a depth of 22 feet to the 
city of Richmond. Nansemond River, on the southwest side of 
Hampton Roads, is the approach to the city of 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. 

RAPPAHANNOCK AND POTOMAC RIVERS 

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

Potomac River on the western side of Chesapeake Bay, 66 miles 
above the entrance and 84 miles below Baltimore, forms the boundary 
between the States of Maryland and Virginia, and is the approach 
to Alexandria and Washington and many villages and landings. 
It is navigable to Washington, 95 miles above the mouth, and by 
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 lon~er series of tide observations obtained in Chesa
peake Bay and tnbutaries is that at Fort McHenry, Baltimore, Md. 
The observations began in July, 1902, and have been continuous 
since that time. For the tables and discussions that follow the 
period 1903 to 1927 will be used. A Coast and Geodetic Survey 
standard automatic tide ~auge was used. The heights on a paper 
record were compared with a fixed zero by readings made on a 
fixed staff, these comparative readings being made several times 
weekly. 

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

THE LUNITIDAL INTERVALS 

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

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

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

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

, Moon's Time of- Duration of- Lunitldal Height or- Range-
transit interval 

Date merid· .. 
i11n of 

·--·-- ---- --- - ~-----
Green- High Low Rise Fall High I,ow High Low Rise Fall wich water water water water water water 

------ -------------- --- ---- ---· --
llours /lours /lours llours /lours Ilours llours Feet Feet Feet Feet 

L .......... (2.5) 8. 4 1.0 7. 4 -------- (5.9) (-1.5) 6. 2 Cl 1.9 -------
14. 0 21. 5 16. 2 s.a 7.8 fl.6 1. 3 5.3 4. 4 0.9 l.8 2 ___________ (:J.4) 9.6 a. 2 6.4 Ii. 7 (fl. 2) (-0.2) 5.9 4. 4 1.5 0.9 
15. 9 22.0 16. fl 5. l 7. 3 6.1 J. 0 ,5. ,? 4. 4 1.1 1.5 

3. ---------- (4.3) l0.5 4.3 6.2 6. 3 (6. 2) (0.0) 5,6 4. 4 1. 2 1. 1 
16. 7 Zl.4 17. 7 5. 7 7.2 6. 7 1.0 5. 2 4.1 1.1 1. 5 4- __________ (5.1) 11. 8 5. 4 6.4 6.0 (6. 7) (0.3) 5. 5 4.4 1. l 0.8 
17.4 -------- 18. 5 -------- 6. 7 -------- 1. 1 -------- 4.3 -------- 1.2 

5_ -------··- (5. 8) 0.6 6. 7 6.1 6.1 7. 2 (0.9) 5.4 4. 7 1.1 0. 7 
18. 2 11. 9 19. 4 5. 2 7. 5 (6.1) 1. 2 5.4 4. 2 0. 7 1.2 6. __________ (6.5) 1.3 7.1 5.9 6.4 7.1 (1. 2) 5. 7 5.0 1.5 0. 7 
18. 9 11. 7 20. 2 4.0 8. 5 (5. 2) l. 3 5. 4 4. 2 0.4 l. 2 

7. ---------- (7. 3) 2.0 9.5 li.8 7. 5 7. 1 (2.2) 5. 4 4. 3 1. 2 1.1 
19. 6 13.8 20.9 4. 3 7. 1 (6. 5) 1.3 4. 7 3.6 0. 4 1. 1 

8. --·------- (8.0) 2.8 10. 3 5.9 7.5 7. 2 (2. 3) 5. 1 4.0 1. 5 1. l 
20.3 15.3 21. 7 5. 0 6. 4 (7. 3) I. 4 4.6 3. 7 0.6 0.9 

9. ---------- (8. 7) 3. 7 11. 1 6.0 7. 4 7. 4 (2.4) 5.5 4.6 1.8 0.9 
21.1 15. 8 22.3 4. 7 6.5 (7.1) 1.2 5.1 4. 4 0.6 0.1 

10. ---------- (9.4) 4.6 12. 2 6. 3 7. 6 7.5 (2.8) 5.8 4.4 1.4 1.4 
21.8 16. 5 22.2 4. 3 5. 7 (7. 1) 0.4 4. 9 4.2 0.15 0. 7 IL __________ (10. 2) 5. 3 13. 0 7. 1 7. 7 7.5 (2.8) 5. 7 4. 1 I. 5 1.6 
!!2. 6 17. 4 22.8 4. 4 li.4 (7.2) 0.2 4.4 3. 7 0.3 0. 7 12 ___________ 

(11. O) 6.3 13. 4 7. 5 7. l 7. 7 (Z.4) 5. 3 4.0 1.6 1.3 
23. 4 18. 2 23. 2 4.8 5.0 (7. 2) -0.2 4.6 3.9 0.6 0. 7 

13. --------·· (11.8) 6.8 7. 6 7. 4 --<i.si· 5. 7 t'. 8 --------
-------- 18. 9 14.3 4.6 7. 5 (7.1) 5.0 4.5 0.5 1. 2 14 ___________ 

0.3 7. 2 0.11 6.3 6.G 6.9 0.6 5.4 3,9 I. 5 I. I 
(12. 7) rn. 6 14. 7 4.9 7. 5 (6.9) (2.0) 5.1 4. 2 0.9 1.2 

15. _ ··•··---- 1. l 8.0 0.4 7. 6 4.8 6.11 -0.7 6.1 4. 6 1.15 0.5 
(13. 5) 20.2 15. 3 4. fl 7.3 (6. 7) (1.8) 5.0 4.5 0.5 1.6 

16. ---------- 1.9 8.1 2.1 6. 0 5.9 6.2 0.2 5.6 4.3 1. 3 0. 7 
(14.3) 21. 4 15. 8 5,6 7. 7 (7.1) (1, 5) 5.0 4.2 0.8 1.4 
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TABLE 1.-Daily high and low waters, Fort McHenry, Baltimore, Md., 
June, 1919-Continued 

Moon's 
Time of- Duration of- Lunitidal 

transit interval IIeight of- Range--
Date merid-

ian or 
Green- Iligh Low Rise Fall High Low Bigh Low Rise Fall wich water water water water water water 

-- --·-----·------------
llours [lours Jlours /lours /lours /lours /Iour, Feet Feet Feet Feet 

17 _ ---------- 2. 7 8.8 2.1 6. 7 4. 7 6.1 -0.6 5.8 4.3 1.5 0. 7 
(15. 1) 21. 7 16. 7 5. 2 7.9 (6.6) (1.6) 5. 1 4.4 0. 7 1.4 

18. ---------- 3. 5 9,8 3. 5 6.:l n. s 6.3 0.0 5. 5 4.2 1.3 0.9 
(15, 9) 22, 6 10. 7 5. 9 6.9 (6. 7) (0.8) 5.0 4.0 1.0 1. 5 Jg ___________ 4.3 10, 5 ,3. 4 7. 1 4.8 6.2 -0.9 5. 7 4. 5 1.2 0.5 
(16. 7) 23.4 17. 5 5.9 7.0 (6. 7) (0.8) 5.4 4.3 1. l 1.4 

2()_ - - - - -- ---- 5.1 11. 2 5. 7 5. 5 6.3 6.1 0. 6 t,.5 4.l, J.0 0.9 
(17. 5) -------- 18. 5 7. 3 -------- (1.0) ---5:1·· 4. 1 -------- 1.4 2L __________ 5.9 I. 2 7. 1 6. 7 5. 9 (7. 7) 1.2 4.1 l.0 l.0 
(18.3) 11.8 19. 3 4. 7 7. 5 5.9 (1.0) 4.8 3.2 o. 7 1.6 22 ___________ 6.8 1.1 7. 8 5. 8 6. 7 (6.8) 1.0 4. 8 3,3 1.6 1.5 
(19. 2) 13. 5 JR. 3 5. 7 4.R 6. 7 (-0.9) 3.9 3.4 0.6 0.5 ZL __________ 7.6 2.4 9. 6 8.1 7. 2 (7, 2) 2.0 5.6 4. 4 2. 2 I. 2 
(20. l) 14.0 20. 5 4.4 6. 5 6. 4 (0.4) 4.9 3. R 0.5 1.1 24. __________ 8.6 3. 3 10. 6 6.8 7.3 (7. 2) 2.0 5. 7 4.5 1. 9 1. 2 
(21. 1) B.8 21. 4 4.2 6. 6 6. 2 (0,3) r,.o 3.8 0.5 1.2 25 ___________ 9. 6 4.8 10.9 7. 4 6. 1 (7. 7) 1.3 5. 7 4.6 1.9 1.1 
(22.1) 16.6 22.3 5. 7 -~- 7 7.0 (0. 2) 5. 5 4.0 0.9 0.6 26 ___________ 10.6 5.1 13, 2 6.8 8, 1 (7. O) 2,6 6. 7 5.4 1.8 1.3 
(23. 1) 17. 2 2:1.4 4.0 6.2 6.6 (0. 3) o.o 4. 7 0.6 1. 3 27. __________ 11. 7 5.9 13.1 6.5 7.2 (6.8) 1.4 5.!l 4.4 l.Z 1.5 

··10:21· 17. tl --------- 4.5 --T4-- 5.9 ··,11:sr /i. l -------- o. 7 -------28 ___________ 
6.3 1.0 5.3 (6. 1) 4.5 ,1. 4 1.1 1. 7 

12. 7 20.4 14. 2 6. 2 7.9 7. 7 1.5 3.4 2,4 1.0 2.1 
29. ---------- (1.1) 8.2 0.8 7.4 4.4 (7. l) (-0.3) 5. 7 3.0 2. 7 0.4 

13.6 20.1 14. 2 5.9 6.0 6.5 0.6 6.2 4. ll 1.3 0,8 30 ___________ (2. 1) 8. 2 2. 2 6.0 6. 1 (6. 1) (0.1) 6. 5 5.1 1.4 1.1 
14. 5 20.8 16. 3 4. 5 8.1 6.3 1.8 5, 2 4,6 0.6 1. 9 

Sum .... ________________ 336. 5 379. 5 311L6 MT 3()(J. 3 -244:T 65.2 64.3 Means ____ . _____________ ... ------ 5.80 6.06 6. 75 0.95 5.33 4. 21 1.12 1.13 
Correction to intervals ... _____ -------- -------- -------- -0.28 -0.28 -·------ -------- -------- -------Corrected intervals. __________ -------- -------- -------- 6.47 0.67 -------- -------- -------- -------

It will be noted that consecutive high or low water lunitidal inter
vals frequently differ from each other by two or three hours, and that 
individual values often 9i~er from t~o mean_ for the month by from 
one to two hours. Varrnt,10ns of this magmtude are due mamly to 
weather effects, and occur frequently at places where the range of 
tide is small. At Baltimore such mefoorological fluctuations usually 
mask the smaller periodic variations due to astronomical conditions, 
and precise values for the last-named variations can be obtained only 
by averaging a large number of observations, in which case the non
periodic weather effects tend to average out. 

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

Tables 2 and 3 give the monthly values of the lunitidal intervals 
for the years 1903 to 1927, inclusive, and also the annual means of 
high-wat-Or int-Orval and low-water interval for the 25-year period, 
divided into 5-year groups. A study of these tables reveals that the 
monthly high or low water intervals sometimes differ from each other 
by 3 or 4 tenths of an hour, while the yearly values differ by a maxi
mum of 0.15 hour, and the means of the 5-year groups by a maximum 
of 0.07 hour. The means of the two 19-year groups differ by 0.02 
hour for both the high-water and low-water intervals. 
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TABLE 2.-High-water intervals, monthly means, Fort McHenry, Baltimore, Md. 

An• 5-
Year Jan. Feb Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. nual year 

mean mean 
--------------------------

lira. Hrs. lira. Hrs. Hrs. Hrs. Hrs. llrs. Hrs. lira Hrs. lira. Hrs. lira. 
1003 •........•• 6. 56 6. 57 6. 37 6. 47 6. 45 6.58 6. 43 6.W 6. 61 6. 56 6. 52 6.66 6. 52 

16.62 
1004 •....•••..• 6.66 6.66 6. 58 6. 53 6.W 6.54 6. 53 6. li5 6. 46 6. 50 6. 57 6. 56 6. 55 
1905 ........... 6.48 6. 51 6. 52 6.39 6. 61 6. 46 6.63 6. 66 6. 42 6. 55 6.65 6. 67 6. 54 
1906 ••.•••.•••• 6.50 6.50 6.54 6.66 6.5.3 6. 40 6.46 6. 52 6. 47 6.56 6. 70 6.63 6.54 
1907 •.......••• 6.58 6. 51 6. 41 6.38 6.30 6.31 6. 54 6.58 6.46 6.66 6.46 6. 47 6. 47 
1908 ........... 6. 57 6.43 6. 45 6. 42 6.43 6. 54 6. 51 6. 52 6. 52 6. 47 6. 55 6.45 6. 49 

16.49 
1909 .•......•.• 6. 51 6. 53 6.36 6.50 6. 41 6.42 6.48 6. 51 6.34 6. 52 6. 54 6. 52 6. 47 
1910. ····• ....• 6. 55 6.53 6. 43 6. 47 6.50 6.44 6. 45 6.60 6. 36 6. 61 6.65 6. 58 6. 51 
1911 .........•. 6.48 6.48 6.44 6.34 6.37 6.48 6. 43 6.47 6. 49 6.54 6. 25 6.58 6.45 
1!112 ........... 6. 61 6.50 6.50 6.39 6. 67 6. 00 6.00 6. 57 6./i(J 6. 45 6.48 6.111 6. 61 
1913 ••.....•.•• 6. 51 6.43 6.35 6.49 6.46 6.44 6.48 6.40 6. 48 6.54 6.40 6.54 6.46 
1914 ••........• 6.35 6.36 6. 51 6.38 6.41 6.45 6.48 6.56 6.44 6. 551 6.34 6. 50 6.44 
1915 •.........• 6.39 6. 51 6.44 6.42 6.49 6.41 6. 58 6.65 6.36 6.44 6.47 6.58 6.48 6,46 
1916 ........... 6.44 6.55 6. 68 6.27 6.45 6. 00 6. 55 6.42 6. 41 6.38 6.39 6.42 6.46 
1917 •...•...••• 6.36 6. 27 6.43 6.49 6.34 6.46 6. 56 6.46 6. 37 6. 58 6. 52 6.46 6.44 
1918 ...•......• 6.42 6. 38 6. 41 6.40 6. 54 6. 61 6. 45 6.40 6. 37 6. 54 6.54 6.36 6. 44 
11119 ••..••••••. 6.45 6.33 6.43 6. 43 6.32 6.49 6. 51 6.39 6.48 6. 47 6.29 6.44 6.42 
1920 •.....••.•. 6.54 6.47 6. 59 6.34 6.35 6.48 6. 57 6.00 6. 41 6.45 6.43 6.00 6.48 6.45 
1921. ••••••.... 6.48 6.46 6.44 6. 37 6.43 6.39 6.44 6.46 6.47 6. 47 6. 47 6.34 6.44 
1922 •..••••.... 6.50 6.00 6.45 6.38 6.42 6.42 6.47 6.52 6. 52 6. 51 6.52 6.62 6.49 
1923 •......•••• 6. 37 6.46 6.38 6.34 6.46 6.55 6.00 6. 51 6.52 6. 5~ 6.50 6.38 6.46 

16.46 
1924 ........••• 6.49 6.33 ------ 6.35 6.37 6.58 6. 50 6.54 6. 47 6. 47 6.45 6.00 6.46 
11125 ........••• 6.43 6.41 6.00 6.44 6. 41 6.45 6.53 6.49 6.~ 6. 41 6. !i9 6.45 6. 48 
1926 •••.•.•.... 6. 50 6.48 6.43 6.42 6.28 6.47 6.00 6.48 6.42 6. 42 6. 57 6.52 6.46 
1927 ••••••••... 6.00 6.33 6.44 6.34 6.46 6.46 6.46 6.54 6.44 6. 47 6.35 6.37 6.43 ----

Sum 1 ••• 162.13 161. 73 161. 89 32.38 161. 59 155.18 160. 41 160. 86 162. 64 162. 80 161.32 162. 64 162. 101162. 71 
Mean •.. 6.49 6.46 6. 47 6.42 6.43 6.47 6. 51 6. 51 6.46 6. 51 6. 48 6. 51 6.48 6.48 

1 26 years. 

Mean, 19 years, 1003 to 1921-6.48 hours. Mean, 19 years, 1909 to 1927-6.46 hours. 

TABLE 3.-Low-water intervals, monthly means, Fort McHenry, Baltimore, Md. 

An• 5-
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. nual year 

mean mean 
------------------------ --

Hrs. Hr,. lira. llrs. Hra. Hra. Hrs. Ilrs. Hrs. Hrs. Hrs. Ilra. Hra. Hrs. 
1903 .••........ 0. 74 0.80 0.87 0. 72 0.67 0.62 0. 77 o. 73 o. 78 0. 76 0. 77 0. 70 o. 74 
1004 ...•••••..• o. 61 0.65 0.85 0.84 0.68 0.69 0.67 0.65 0. 72 0.67 0.69 0.68 0. 70 
1905 ••..•....•. 0.65 0.80 0. 71 0.67 0.67 0.65 0.62 o. 75 0. 72 0.63 0. 73 0. 73 0.69 0.69 
1906 ..••..•.... 0.82 0.69 0.60 0. 77 0.61 0.65 0.59 o. 73 0. 73 o. 72 0. 74 0.63 0.69 
1907 ........... 0. 67 0. 76 0. 73 0.60 0.54 o. 57 0.66 0.65 0. 77 0.64 0.62 0. 03 0.65 
1908 ........... 0. 74 0.64 0.88 0.81 0. 72 o. 75 0. 51 0.65 0.66 0.58 0. 57 0.54 0.67 
1009 ....•..•... 0.63 0. 77 0.69 o. 61 0.80 0.59 0.69 0.65 0.63 0.69 0. 72 0.80 0.60 
1910 ..........• 0.82 0. 73 0.84 0.53 0.48 0.66 0.66 0.68 0.60 0.57 o. 70 0.53 0.65 0.66 
1911 ..•....•..• 0.61 0.57 0.60 0.58 0.47 0.60 0.61 0.54 0.68 o. 58 0.54 0.67 0.59 
1912 ....•..••.• 0.67 0.63 o. 73 0. 76 0.63 0.67 0. 70 0.62 0.81 o. 75 0. 77 o. 70 0. 71 
1913 •••......•• 0.81 o. 77 0.84 o. 71 0.66 0.58 0. 71 0.66 0.68 0.68 0. 74 0.84 o. 72 I 0.66 

1914 .•......... 0.64 0.65 0.56 0.61 0. 70 0.62 o. 71 0. 75 0.57 0.63 o. 70 0. 70 0.65 
1915 ..•.....••• 0.65 0.85 0.57 0.50 0.66 0. 76 0. 70 0.80 0. 57 0.67 0.69 0.60 0.67 
1916 •••.•••••.. 0.74 o. 70 0.41 0.60 0.65 0.64 0. 70 0.58 0. 72 0.47 0.53 0.89 0.62 
1917 •...•....•• 0.57 0.54 0.57 0.68 0.62 0.88 0. 72 0.66 o. 61 0. 72 o. 74 0.58 0.66 
1918 •••••.•••.. 0.54 0.66 0.60 0. 71 0. 71 0.66 0. 70 0.66 0.69 0.66 0.60 0.84 0.67 I 0.64 

1919 ••••••..... 0. 75 0.57 0. 71 0.47 0.57 0.67 0.63 0.66 0.67 0. 70 o. 71 0.48 0.63 
1920 ........... 0.65 o. 74 0.69 0.63 0.51 0.67 0.62 0.67 0. 53 0.60 0.67 0. 74 0.64 
1921. •••....... 0.68 0. 73 0. 70 0.63 0.59 0. 52 0.59 0.59 o. 49 0.52 o. 70 0,72 0.62 
1922 ..•.•.....• o. 70 0. 79 0.57 0.59 0.62 0.68 0.68 0.61 0.66 o. 61 0.64 0.82 0.66 
1928 ........... 0.64 0.66 0.63 0.66 0.69 0.62 0.66 0.62 0.63 O.M 0.67 0.59 0.62 I 0.63 

19~ ........... 0.61 0.62 ------ 0.54 0.58 0.63 0. 71 0.60 0.64 0.65 0.63 0.63 0.62 
1926 ........... 0.54 0. 74 0. 73 0.67 0.66 0.63 0.63 0.58 0. 71 o. 50 0.62 0.66 0.64 
1926 ••.......•• 0.66 0.46 o. 70 0.67 o. 57 0.55 0. 57 0.66 0.63 0.82 0.45 0.66 0.62 
1927 .••••...... 0. 70 0. 77 0.80 0.63 o. 74 0.64 0.61 0. 72 0.66 0. 65 0.53 0.60 0.67 

Sum •••. - 1-6.09 16. 42 16.47 16.56 16.02 16.47 16.85 16. 49 3.28 16.84 17.19 16.58 15.80 16.20 
Mean .•. 0.67 0.69 0.69 0.64 0.63 0.65 0.66 0.66 0.66 0.64 0.66 0. 67 0.66 0.66 

Mean, 19 years, 1003 to 1921-0.67 hours. Mean, 19 years, 1009 to 1927-0.65 hours. 

In a period of approximately 19 years all of the more important 
variations of the t1de-producmg forces of the moon go through 
complete cycles. It is, therefore, customary to regard the values of 
tidal constants derived from a 19-year series as being mean values. 
The observations from 1903 to 1927 may be divided into two over-
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lapping 19-year groups, 1903 to 1921 and 1909 to 1927. From the 
first 19-year group the high-water interval is 6.48 hours and the low
water interval is 0.66 hour. From the second 19-year group, these 
intervals are 6.46 hours and 0.65 hour, respectively. For the mean 
values of the lunitidal intervals at Baltimore we may take the results 
of the last 19 years, which is 6.46 hours for the high water and 0.65 
hour for the low water. 

THE DURATIONS OF RISE AND FALL 

The duration of rise of the tide is the time required for the water to 
rise from its minimum height at low water to its maximum height at 
high water, and similarly, the duration of fall is the time required for the 
water to fall from high water to low water. In Table 1 are given the in
dividual values for the durations of rise and fall for the month of June, 
1919. These values show similar fluctuations to those of the lunitidal 
intervals and due to the same causes. As in the case of the lunitidal in
tervals, the monthly means show much less variation than the individ
ual values, the yearly means less than the monthly means, and so on. 
TABLE 4.-Durations of rise and fall, Fort McHenry, Baltimore, Md.: Monthly 

means 1903 and 1927 
--·-· .. --·- ---··-- -- ... -

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

1903: Ilra. llrs. Hrs. llrs. llrs. Ilrs. Ilrs. llrs. Ilrs. llrs. Jira. llrs. Hrs. Rise _____________ 5. 82 5. 77 5. 50 5. 75 5. 78 5. 9fl 5.66 5. 77 5. 83 5. 80 5. 75 5.96 Ii. 78 
F1liL ... _________ 6. 00 6. 65 6. 92 6.67 6.64 6.46 6. 76 6. 65 6. 59 6. 62 6. 67 6.46 6.64 

1927: Rise _____________ 5. 80 5. 56 5. 64 5. 71 5. 72 5. 82 5.85 5.82 5. 78 5.82 Ii. 82 5. 77 Ii. 76 Fall _____________ 6.62 6.86 6. 78 6. 71 6. 70 6. 60 6. 57 6. 60 6. 64 6. 60 6. 60 6. 65 6. 66 

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

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

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

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

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

THE MEAN SEA LEVEL 

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

The 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 variation in daily sea level may be as much as 2.39 feet between 
the extremes for the month. Takmg the means of the three 10-day 
series, the maximum variation is only 0.12 foot. 

TABLE 5.-Daily sea level on staff, Baltimore, Md., June, 1919 

Date Feet Date Feet Dato Feet 

L _______________________ 5. 14 IL_____________________ 4. 58 21. ------------- ___ ----- 4. 25 
2.----------------------- .5.04 12 _____________________ 4.W 22_______________________ 3.89 
3________________________ 4.86 13_______________________ 4.86 23 ---------------------- 4.07 
4________________________ 4. 78 14________________________ 4. 72 24_______________________ 4. 7o 
5 ______________ ---- 4.80 15 __ -------·----------- 5.10 25 __________ ------------ 5.10 
6_________________ .5.08 }6_______________________ 4. 78 26_______________________ 5. 711 
7________________________ 4.52 17______________________ 4.115 27_______________________ 4.94 
8________________________ 4.40 18_______________________ 4.08 28_______________________ 3.40 
9________________________ 4,87 Jg_ -------------- 4.93 2\l_______________________ 5.10 

10________________________ 4.89 20_______________________ 4.86 30_______________________ 5.40 

Rum ________________ 48.47 Rum ______________ 47.00 Kum._____________ 47. 2\l 
Mean__ ___________ 4.85 Mean_____________ 4.80 Mean_____________ 4. 73 

---~----------------------~-------~--

TABLE 6.-Sea level on staff: Monthly means; Fort McHenry, Baltimore, Md. 

An- 5-
Year Jan, J;'eb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec, nual year 

mean mean ---- ------ ----------------
Feet Feet Fut Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 1903 ___________ 3, f,4 3. 47 4.04 4. 36 4. 37 4. 78 4.39 4. 61 4. 50 4. 39 3.92 3, 42 

4.161 
19()4 ___________ 3. 52 3.33 3. 77 3.82 4.17 4.35 4.28 4.21 4.:-16 4.12 3. \lO 3. 70 3.00 !1105 ___________ 3. 41 3.37 3. 79 3.92 4.11 4. 32 4, 44 4.40 4.39 4.20 3.04 3. 80 4, 02 4. 04 
1006_ -·-- ------ 3, \lO a. 50 3. G2 3. 97 4.00 4. fi2 4, 57 4. 57 4. 37 4.34 3. 74 3. 40 4. 05 1007 ___________ 3, 72 3. 52 3. 87 3, 78 4.14 4. 44 4,23 4, 27 4. 25 4.01 4.00 3. 9,5 4.02 1908 ___________ 3.64 3. 5/S 3, 85 3, 76 4. 24 4. 37 4. 33 4, 55 4. 51 4. 46 3. 70 3, 72 4.00 

14.08 

1909 ___________ 3,72 3,63 3. 71 3,96 4.44 4.37 4, 28 4.M 4, 46 4.03 3. 95 3. 87 4. 08 lijJO ___________ 3. 84 3. 50 4.00 4. 42 4. 17 4. 36 4.49 4, 46 4. 65 4, 37 3. 77 3. 7/i 4. 15 
l91L -· __ -- ____ 3, 71 3.86 3, 73 4,08 4.12 4. 38 4, 21 4, 44 4. 60 4. 62 ~- 78 3, 77 4. IO 
11112 ___ -------- 3. 311 3. 61 3. 74 3. 89 4.30 4.21 4, 21 4. 28 4. 69 4, 23 3. 87 3,60 4.00 1Yl3 ___________ 3. 74 3 . .53 3. 52 3, 94 4.00 4, 2'& 4. 20 4. 47 4.40 4.43 4.01 3. 77 4.03 

14, 10 

11114 ___________ 3.99 3. 44 3. 54 4, 13 4. 13 4.18 4. 40 4.38 4. 23 4. 46 3. Sfi 3, 99 4.01.l 1915 ___________ 3.00 3.95 3. 79 3, 81 4. 24 4. 46 4, 51 4. 62 4. 45 4, 42 4. 13 3. 64 4, 17 1916 ___________ 3.80 3,48 3. 72 4.18 4, 18 4. 61 4, 51 4. 51 4, 44 4. 34 4.08 3. 67 4.13 
1917 ----------- 3, 73 3, 49 4. 05 3,99 4. 33 4. 34 4. 47 4. fil 4, 42 4, 32 3.99 3. 69 4, 11 
1918 ___________ 3.85 3, 73 3.90 4, 35 4. 18 4, 49 4, 40 4.48 4, 41 4.38 4.11 4.12 4. 21 

14. 22 

1111\l ___________ 
3. 67 3, 85 3, 86 4, 07 4.03 4. 77 4, 70 4. 01 4. 54 4. 61 4.48 3, 87 4, 30 1920 ___________ 
3. 67 3, 75 3. 62 4, 37 4.40 4.40 4, 29 4, 44 4. 44 4.40 4, 20 4.00 4. 17 

192!_ ___ ·------ 3, 75 4.09 4.04 4, 24 4, 68 4.44 4.48 4. 39 4. 60 4.11 4.23 3.00 4.25 
1922 _______ ---- 3. 33 a. 80 3, 97 4, 13 4.38 4, 41 4. 49 4, 45 4, 58 4. 38 3.98 3. 88 4.15 1923 ___________ 

3. 87 3. 62 4, 05 4.20 4.34 4, 13 4.:in 4. 44 4. 45 4. 28 4. 26 4.02 4. 17 

14.16 

11124 __ • -- __ ---- 3.64 4.00 ------ 4, 27 4. 71 4.M 4, 40 4. 54 4. r,7 4. 27 4.08 3, 42 4, 22 
Jlj2,5_ --- - ------ 3. 89 4. 03 3. 70 4.1/i 4. 23 4, 31 .4. 38 4. 3.3 4. 54 4,03 8. (l(J 3.liJ 4. 08 
1926_ ---------- 3,4:; 3. 88 3, 57 3,88 4. 10 4. 25 4. 28 4. 60 4. 73 4.45 4. 10 3. 88 4.10 
1927 ----------- 3. 47 4.12 3.99 4.ll 4, 31 4.44 4, 41 4, 50 4.49 4, 49 4.13 4.02 4. 21 

Sum ____ 92.33 92, ll 91, 5.1 101. 78 107. 08 llO. 10 109. 74 JU. 68 112, 07 108. 04 100.10 94. 57 102,96 20. no Mean ___ 3.69 3.68 3. 81 4.07 4, 28j 4.40 4. 39 4. 47 4.48 4. 32 4.00 3. 78 4, 12 4.12 

Mean, 19 years, 1003 to 1021=4.ll foot. Mean, 19 years, 1909 to 1927=4.14 feet, 

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

From the above it is noted that the plane of mean sea level varies 
from day to day, from month to month, and from year to year. Even 
the 19-year periods vary somewhat. This variation in mean sea 
level is attributed to meteorological conditions. Since meteorological 
conditions vary from year to year, the variation in the height of sea 
level shown in Table 6 must be in large part, at least, caused by these 
conditions. It is noted that there was an apparent increase in the 
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FIGURE 2.-Annual variation in sea level, Fort McHenry, 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 coast from Maine to Florida. The average 
variation in sea level from month to month is shown in Figure 2. 
The curve is an average curve for the 25-year series and shows that 
sea level is lower in February than in August and September by about 
0.8 foot. 

THE PLANES OF IDGH WATER 

As in the lunitidal intervals and durations of rise and fall already 
discussed, so also in the heights of the high and low waters, the obser
vations show considerable variation. In the ninth column of Table 1 
are given the individual heights of high water for a month. During 
this period the maximum difference in the heights of successive high 
waters was 2.3 feet and the maximum difference between any two high 
waters was 3.3 feet. Again, as in the case of the time relat10ns of the 
t.i.de, the larger fluctuations are due to meteorological effects. Th<1re 
are, however, a number of periodic changes in the heights of high 
water, common to tides the world over which are due to the varying 
positions of the sun and moon with respect to the earth 

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

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

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

TABLE 1.-High water on staff: Monthly means, Fort McHenry, Baltimore, Md. 

An• Ii-
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. nual year 

mean mean ----------------- --
Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 

1003 •.•••....•. 4. 24 4.09 4.66 4.93 4.113 5.34 4. 00 6. 23 6. 06 4.111 4.48 3. 95 4. 73 l 4.00 

1004 ..••......• 4.16 3.86 4.32 4.41 4. 76 4.94 4.87 4. 77 4.94 4.64 4.45 4.19 4. 52 
1005 ••••..•.... 3.99 3.92 4.34 4.46 4.68 4.89 4.08 5. 06 4.99 4.80 4.37 4.30 4.66 
1006 ..••....... 4.46 4.04 4. 19 4. 53 4. 67 5.09 6.16 . 6.13 4.97 4. 04 4. 26 4.00 4.62 
1007 •••••...... 4.26 4.06 4.42 4.35 4. 70 5.00 4.84 4.89 4. 79 4.50 4.53 4.48 4. 67 
1908 •.••...•... 4.16 4.16 4.42 4.37 4.82 4. 04 4. 97 5. 12 6.14 4.04 4.22 4.26 

4.631 1009 ........... 4.23 4.23 4. 20 4. 62 4.97 4. 91 4.83 6.12 5.04 4. 53 4. 47 4.33 4.62 
1910 •.••....•.• 4.26 4.03 4. 51 4.05 4.69 4.113 6.03 6.03 5. 221 4.86 4. 27 4.20 4. 66 4.61 
1911 •..•..•.... 4.13 4.36 4. 24 4.62 4.66 4. 91 4. 67 4.96 6.10 4.08 4. 26 4.24 4. 59 
1912 •....•..... 3.99 4.16 4. 28 4.44 4.81 4. 73 4. 77 4.86 5. 21 4. 75 4.37 4. 13 4.64 
1013 ...•....... 4.24 4.07 4.06 4.46 4. 61 4. 74 4. 78 5.04 4.00 4.04 4.60 4.26 4.56 

/ 4.63 

1014 ••.....•... 4.51 3.03 4.07 4.65 4.68 4. 73 4.98 4. 94 4.82 4.99 4.35 4.49 4.60 
1915 •..•....... 4. 52 4.45 4.20 4.33 4. 76 5.00 6.04 5. 23 5.00 4. 94 4.62 4. 13 4.69 
1916 ...•....... 4.32 4.03 4. 25 4. 74 4. 73 5.13 5.04 5. 08 4.99 4.86 4. 59 4.16 4.66 
1917 .•.•....... 4.26 4.04 4. 64 4.52 4.87 4.89 5.02 5.07 4.08 4. 86 4.48 4. 23 4. 65 
1918 .........•• 4.34 4.26 4. 51 4. 00 4. 75 6.04 4. 96 6.06 4. 96 4.92 4.60 4.63 4. 74 

/ 4. 76 
1919 ........... 4.18 4.36 4.38 4. 69 5.17 5.31 5. 27 5.20 6.00 5.17 4.99 4.41 4.84 
1920 ........... 4.23 4.31 4.18 4.04 4.94 4.99 4.86 6.01 6.02 4.95 4. 74 4.62 4. 73 
1921.. •.....•.• 4.28 4.64 4. 59 4. 78 6. 23 6.00 6.06 4. 07 5.16 4.64 4. 75 4. 45 4. 80 
1922 .•......... 3. 85 4.35 4.51 4.66 4.92 4. 99 6.09 5. 01 6. 15 4.113 4.52 4.39 4. 70 
1923 •..••.....• 4.38 4.14 4. 57 4. 74 4.88 4. 68 4. 97 5. 01 5. 01 4.82 4. 79 4.6:l 4. 71 

14- 70 
1924 ....•...•.• 4.20 4. 64 4. 81 5.26 5.08 4. 97 5.12 5.11 4. 81 4.60 3. 95 4. 77 
1925 .•.•.....•. 4.45 4.56 4.23 4.68 4. 75 4.86 4. IJO 4.00 5. OIi 4.59 4. 41 4.02 4.62 
1926 ..•.....••• 4. 00 4.41 4.06 4.39 4. 65 4.80 4.86 5.18 5. 28 4.98 4.62 4.39 4.64 
1927 .•.•..••.•. 4. 00 4. 67 4.53 4. 67 4. 87 4.99 4. 95 5. 06 5.04 5.00 4.62 4.64 4. 74 

8um 1 ••• lOIS.64 105. 67 104.35 ll5. 44 120. 75 123. 00 123. 82 126. 03 126.12 121. 23 ll2. 86 107. 26 116. 49 23.30 
Meant •• 4. 23 4. 23 4. 36 4. 62 4.83 ~00 4., &04 &04 4.85 4.M ~29 4.66 4.00 

Sum• ..• 80.76'79.cii 82. 45 87. 411 91. 42 04. 51 94. 08 95. 75 95. 44 112. 10 85. 30 81. 45 88. 31. ...... 
Mean• .• 4. 25 4. 16 4. 34 4. 60 ,.m .,, •-~r '·"' '·" , ... ..,,, '-''---··-
Sum• .•• Bo.37 81. 64 78.00 88.39 92. 20 93. 70 04. 05 115. 83 96. 23 92. 60 86. 55 82. 09 88. 86 ••••. -
Mean• •• 4. 23 4. 29 4.33 4.65 4.86 4.~ 4.95 5.04 5.06 4.87 4.66 4.32 4.68 ••...• 

Mean• •• 4. 24 4. 22 ---- 4. 83 4. 95 4. 115 5. 04 5. 04 4. 86 4. 52 4. 30 4. 66 •••••• 4. 34 4. 62 

l 25 years. • First 19 years. a Last 19 years, I First and last 19 years, 



TIDES AND CURRENTS IN CHESAPEAKE BAY 11 

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

Table 7 also gives the annual means of high water on staff at Balti
more for the 25-year period. The greatest difference between any 
two yearly values 1s 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 b:y a change 
in weather conditions obviously causes a change in the high water. 
To eliminate the variation in high water caused by the variation in sea 
level, Table 8 which gives high water above sea level for the 25-year 
period was prepared. This was obtained by subtracting the values in 
Table 6 from the corresponding values in Table 7. The maximum 
variation between any two yearly values is 0.08 foot. The maximum 
variation between the means of the 5-year groups is 0.03 foot. The 
variations are much smaller in Table 8 than in Table 7. It appears, 
therefore, that the planes of high water and sea level pass through a 
similar annual variation. 

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

Year Feet Year Feet Year Feet Year Feet Year Feet 

1903 ...••..•. 0.57 1908 ..•••••.. 0.57 1913 ...••.••• 0.53 1918 •.•••..•• 0.58 1923 •.•••..•• O.M 
1004. -···-·-· 0. M 1\JO!l .....• ___ 0. M 1914 ......• __ 0. 54 1910 ..•...••. 0.54 1924......... 0. 55 
1905 ....•.... 0. 64 1910 ......... 0. 51 1915 ......•.. 0. 6-2 1m........ 0. 56 1925......... O. M 
1906 ..• ··--·· 0. 57 1911-. •.•••.. 0. 49 HII6 ..•...•.. 0. 53 1921-. .••.•.. 0. 55 1006......... 0. M 
1907 ......... 0.55 1912 •........ O.M 1917 •.•...•.• O.M 1922 .••...••• 0.55 1927 •..•••..• 0.53 

Sum ••• 2.79 Sum ..• 2.65 Bum •.• 2.66 Bum •.. 2.731 Sum ..• 2,70 
Mean. 0.56 Mean .. 0.53 Mean •• 0.63 Mean •• 0.M Mean •• O.M 

Mean, 1903 to 1927, O.M foot. 

TABLE 9.-High water above sea level, Fort McHenry, Baltimore, Md.: Annual 
mean11 corrected for longitude of the moon's node 

Year Foot Year Feet Year Feet Year Feet Year Feet 

1003 •...•.... 0.56 1908 ....••..• 0.57 1913 •..•..•.• O.M 1918 .••.••.•• 0.53 1923 ...•....• 0.63 
1004. __ .....• 0. 55 1900 .•.••.... 0. M 1914 ..•...•.. 0. 55 1919 ....•.••. 0. 53 1924......... 0. 54 
1005 ........• O. 53 1910 ....•.... 0. 5/l 1915 ......•.• 0. 53 1920 ....•..•• 0. M 192,L....... 0. 53 
1906 ......•.• 0.56 1911.. •.•.... 0.50 1916 ......•.. 0.54 1921.. ..•.••. O.M 1926 •........ O.M 
1907. _. _. _ ..• O. M 1912......... O. M 1917. _ •...• _. O. 54 1922.. .. • ..• • 0. M 1927 •.. - . - . . • 0. 53 

Sum ..• 2. 74 
Mean. 0.56 

Sum ... 2. 68 
Mean •. O.M 

Sum ••. 2. 70 
Mean •• 0,54 

Sum •.. 2.69 
Mean •. 0.54 

Mean ftrst 19 years-o. M. MeBn of last 19 years=0.54. Mean of 25 years-0.M. 

Sum... 2. 67 
Mean.. o.,53 

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 m the longitude of the moon's node, 
causing a variation in the inclination of the moon's orbit to the plane 
of the earth's equator. Table 9 gives annual means of high water 
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above sea level corrected for the longitude of the moon's node for each 
of the 25 years of observation. It is noted that although the means of 
the 5-year groups in Tables 8 and 9 vary somewhat, the means of the 
25-year groups are identical in both tables. In the latter table the 
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FIGURE 3.-Annual variation in high water, Fort McHenry, Baltimore 

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

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

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

Spring high water occurs near the time of new or full moon. The 
tides do not come at the same time as their astronomic causes but 
follow them by more or less definite intervals. _ The interval of time 



TIDES AND CURRENTS IN CHESAPEAKE BAY 13 

by which the tide follows the moons' various changes is called the 
age of the tide. The spring high water is obtained by adding the 
phase age to the time of new or full moon and taking the two con
secutive high waters that fall nearest this time. As there are only 
four such high waters in 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 spring high water. 

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

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

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

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

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

Wind and weather eonditions at times cause the water to rise 
abnormally high. This is especially true for a station such as 
Baltimore, situated at the head of a b1ty. A southeast wind blowing 
for several days will cause very high tides. To determine a plane 
of these high waters, the highest tide in each month is tabulated and 
a mean derived. 
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TABLE 10.-Monthly highest high water above mean sea level, Fort McHenry, 
Baltimore, Md. 

Year Aver• Highest age 

Feet Date Feet 
1003 ..•.... 1.98 June 25 2.6 
1904 ....... 1. 65 Jan. 22 I 1. I) 
1005 ..•.... 1.ll3 Sept. 2 2. 7 
1900 ..•.... J. 87 Oct. 18 '2.4 
1007 ....... 1.86 June 5 2. 4 

Sum ... 9. 211 ---------- 12.0 
Mean .. 1.86 ---------- 2.40 

Year 

1918 ...........•...•...• 
1919 ...........•........ 
Hl20 •••.• _ ••...•• _ ...•.• 
1921. ..•................ 
1922 ...........•.......• 

Average 

Feet 
2.02 
2. 16 
I. 95 
2.10 
1.85 

Year Aver• 
age 

Feet 
1008 ...... 2.00 
1009 ...... 1.96 
l\HO ...••• 1. 91 
1911. ..... 1. 78 
1912 ...... 1.88 

Sum .. 9.56 
Mean. 1.91 

Highest 

Date Feet 
June 22 2. 8 
June 211 '2.6 
Nov. 17 2. 9 
May 12 3.0 
May 19 2.3 

Sum............. 10.08 .......... 13.6 
Moan............ 2.02 .......... 2. 72 

1 Same height on Sept. 14. 
• Samo height on Sept. 20 and Nov. 8. 
• Same height on Sept. 211. 
• Same height on Apr. 25, 
• Same height on Oct. 19. 

Mean of yearly average, 1003-1927-J.98 feet. 

Highest Year Aver- Highest ago 

Date Feet Feet Date Feet 
Jan. 12 2.8 1913 ...... 2.09 Oct. 20 3.5 
Dec. 13 2. 7 1914 ...... 2.08 Jan. 3 3.2 
Apr. 18 4 2.4 191.1 ...••. 2.36 Aug. 4 0 5.3 
Sept. 20 •2.4 1916 ...... l.96 June 16 2.8 
Sept. 24 2.8 1917 ...... l. 95 Apr. fl 7 2.11 

---------- 13.1 Sum .. 10.44 ----------- 17. 7 
---------- 2. 62 Mean. 2.09 ---------- 3. 54 

Year 

IIJ23 ...•................ 
1924 ...•.••••......•... 
192.5 ................. ·--
1926 ................... . 
1927 ................... . 

Average 

Feet 
1.00 
2. 21 
1.86 
2.01 
2.08 

lllghest 

Date Feet 
Oct. 24 fa. 5 
May 12 a 3.3 
nee. r; 2.4 
Nov. 16 3.9 
Oct. 12 3.0 

Sum............. 10.12 ...•...•.. 16.1 
Mean............ 2.02 .....•.•.• 3.22 

• Same height on Oct. 18. 
' Same height on Oct. 12. 
• ENE•SE gale. 
+ Fresh breezes. 

Table 10 gives yearly averages of the monthly highest high waters 
and the highest tide each year for the 25-year period referred to mean 
sea level. The series is divided into 5-year groups. The highest tide 
recorded occurred on Au~ust 4, 1915, when the height was 5.3 feet 
above mean sea level, which is 4.8 feet above the average high water. 
The maximum variation between any two yearly averages is 0.71 
foot and the maximum difference between the means of 5-year groups 
is 0.23 foot. The maximum difference between the mean for the 25 
years and any yearly value is 0.38 foot. The average value for the 
25-year series is 1.98 feet above mean sea level which is about 3. 7 
times the value for mean high water above mean sea level. 

THE PLANES OF LOW WATER 

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

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

An• 5-
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. nual year 

mean mean 

------------------ ------
Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 

1003_ ...•..... _ 3.02 2.89 3. 47 3. 76 3. 74 4.18 3. 72 4.00 3.98 3. 82 3.38 2. 82 3. 57 
1004 __ ···-···-- 2.94 2. 73 3. 21 3.26 3. 60 3. 79 3. 70 3. 04 3. 7!) 3. 57 3.35 3. JO 3. 39 
1005 ___ ····-·-- 2.84 2.80 3. 24 3.37 3. 55 3. 77 3.83 3.00 3.85 3.6513.32 3.16 3. 44 3. 47 
1006.--------·- 3. 39 2. 92 3. 11 3. 41 3.55 3.00 3. 98 3. 95 3. 83 3.83 3.10 2.02 3. 50 
1007 __ . ________ 3.15 2. 93 3. 28 3. 25 3.56 3.80 3. 63 3. 67 3. flO 3. 43 3. 48 3.36 3.44 
l!l08 _________ ._ 2.08 2. 92 3. 23 3.17 3. 02 3. 77 3. 74 4.01 3. ll2 3. 82 3. 14 3. 15 3. 46 
100\l - - - - . - . - - . - 3. 08 3.10 3.10 3.44 3.86 3. 79 3. 00 3. 95 3. 91 3. 42 3. 41 3. 27 3. so 
1910 ____ --·-- 3. 27 2.92 3. 44 3. 89 3. 62 3. 78 3. 87 3.89 4. 08 3. 72 3. 27 3. 18 3. 58 3. 50 
1911___ 3.16 3. 37 3. 16 3. 51 3. 58 3. 78 3. 60 3. 85 3. 99 3.00 3.18 3. 22 3. 53 
1912._ __ ::::::: 2. 85 3.04 3. 18 3. 28 3. 08 3. 59 3. 00 3. fi!! 4. 08 3.60 3. 32 3. 04 3. 42 
1913 __ . ________ 3. 11 2. 98 2.m 3.37 3. 51 3. 67 3. 58 3. &5 3. 79 3. 00 3. 47 3. 25 3. 45 
1914_ ...... -- .. 3.42 2.88 2.97 3. 55 3. 53 3. 59 3. 79 3.80 3. 72 3. 01 3.32 3. 45 3. 49 1915 ___________ 3. 45 3. 43 3.31 3. 21 3. 63 3.88 3. 93 4.03 3. 88 3.89 3. 50 3. 10 3. 61 3. 53 
1916 ___________ 3. 25 2. 01 3.14 3. 00 3. 62 4.00 3. 04 3. 92 3. 87 3.80 3.55 3. 12 3. 56 
1917 _______ .• __ 3. 18 2. 91 3. 49 3. 44 3. 74 3. 77 3. 87 3.04 3. 85 3. 76 3. 46 3. 13 3. 54 
1918_ .. ----··-- 3. 31 3.18 3 43 3 77 3. 58 3.87 3. 79 3. 91 3.85 3. 82 3.68 3. 58 3. 64 
1919 _______ .. __ 3.16 3.34 3. 27 3. 52 4. 04 4.19 4. 11 4.01 3. 08 4.04 3.93 3. 32 3. 74 
1920 ... ---·-·-- 3. 08 3. 19 3.02 3. 77 3.80 3. 80 3. 70 3.Ril 3.81i 3.85 3.li,I 3. 53 3. 59 3. /lli 
l92L.----··-- 3. 17 3. 53 3. 46 3. 08 4. 11 3. 85 3.88 3. 81 4.01 3. 56 3. i0 3. 44 3. 08 
1922 _______ .• __ 2. 78 3. 23 3. 42 3. 56 3.1!1 3. 80 3. 89 3. 88 4. 02 3. 83 3. 44 3. 3li 3. 58 
1923 ________ . __ 3. 33 3.00 3.50 3. 64 3. 76 3. 53 3. 79 3. 8/i 3. 88 3. 73 3. 74 ~- 47 3.61 

13. 5 

1924 ___________ 3.07 3.46 - - ~ -- - 3. 00 4.00 3. 97 3.80 3. 95 4.00 3. 71 3.51 •2. 85 3. 65 
1925 ___ -- __ - . __ 3. 30 3.48 3. 16 3. 61 3. 08 3. i3 3.R0 3. 71 3.06 3. 47 3.36 2.04 3.52 
1926.-·-----·-- 2. 86 3. 32 3. 0.1 3. 33 3. 52 3. f,5 a. 67 4.01 4. 17 3.89 3. 55 3. 31 3. 53 
1927 ___ ·--·-·-- 2. 00 3. 51 3.43 3. 55 3. 71 3. 85 3. 82 3. 92 3. 93 3.94 3. 59 3.46 3. 64 

1l 

------- ----Sum 1 ___ 78.05 78. 00 77. OR 87. f,0 92.48 95.36 04.69 97.05 07.81 03. 08 Ril.51 80. 52 88. 611 
Me11n t •. 3.12 3. 12 3. 25 3. 50 3. 70 3.81 3. 79 3.88 3. 91 3. 76 3. 46 3. 22 3. 55 ---------------------------
Sum• ___ 59. 81 57. 97 61. 44 00. 25 69. 91 72. P3 71. 02 73. 73 73.85 71. 41 65.20 61.14 67.13 
Mean I __ 3.15 3.05 3. 23 3. 49 3. 68 3. 83 3. 79 3. 88 3.89 3. 76 3. 44 3. 22 3.53 ---- ---------
Sum•--- 59. 73 00.87 58.44 67. 38 70.86 72.00 72.00 73. 82 74. 83 71.86 66. 65 02.01 67. 86 
Mean• .. 3.14 3. 20 3. 25 3. 55 3. 73 3. 79 3. 79 3.89 3.04 3. 78 3. 51 3. 26 3. 57 ---------
Mean• __ 3.14 3.12 3.24 3. 52 3. 70 3.81 3. 70 3.88 3. 92 a. 77 3.48 3.24 3.55 

~---
1 25 yet1rs. 
• First 10 years. 

• First and Inst 19 year groups. 
• Storm. 

• Lil.St 19 years. 

TABLE 12.-Low water below sea let•el, Fort McHenry, Baltimore, Md.: Annual 
means 

Year Feet 

1903.-·•·-·-- 0. 59 
1004 .••..•..• 0. 57 
1005 ... ---··- o. 58 
1900 ..•...••• 0. M 
1907. -······· 0. 58 

Sum •.• 2. 87 
Mean. 0.57 

Feet I 
11-----1---

Year Year Feet 

1908 •.... _ ... 0. 60 
1009 .. -•-···· 0. 58 
11110 •. ---···· 0. 57 
1911._ .. _. ___ 0. 57 
1912 .••.•.• _. 0. 58 

Sum .. _ 2.00 
Mean .. 0.58 

1913 .•.•• __ -- 0. /i8 
1914---·-···· 0. 57 
1915----·--·- 0. 56 
1916--·-···-- 0. 57 
1917 ·-·····-· 0. 57 

Bum •.. 2. 85 
Mean_. 0.57 

Year Feet j 

rn18 ..• ·-···- o.n 
l\l!IL. •.••.•. 0. 56 
1920 .. ,.•-··· 0. 58 
l\l2L .•.... __ 0. 57 
1922---·-·-·· 0. 57 

Bum .. _ 2.85 
Mean __ 0.57 

Year Feet 

-----
1923._....... 0. M 
1924·-·-····· 0. 57 
1925. -·--·- _ _ 0. 56 
1926_. _____ •. 0. 57 
J027_........ o. 57 

Sum_.. 2. 83 
Mean .. 0.57 

Mean or first 19 years-0.57 foot. Mean of last 19 years-0.57 foot. Mean of 25 years-0.57 root. 

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

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

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

TABLE 13.-Low water below sea lev_el, Fort McHenry, Baltimore, Md.: Annual 
means corrected for longitude of moon's node 

Year Feet Year Feet Year Feet Year Year Feet 

l!J03 _________ 0. 58 19()8 _________ 0. 60 1913 _________ 0. 59 1918 _________ 0. 57 1923_________ 0. 55 
1004 _________ 0. f,f, J\lOO _________ 0. 58 11)14 _________ 0. 58 19JU _________ 0. 5/i 1924_________ 0. 66 
1905 _________ 0. 57 1910 _________ 0. 58 1915 _________ o. 57 192() _________ 0. 57 1925_________ 0. 55 
1906 _________ 0. 54 1911 _________ 0. 58 J91fi _________ 0. 58 192!_ ________ 0. 56 !92()_________ 0. 57 
1907 _________ 0. 57 1912. ________ 0. 59 1917,-------- o. 57 1922 _________ o. 56 1027_________ 0. 57 

Sum ___ 2. 82 Sum ___ 2.03 Sum ___ 2. 89 sum ___ 2. 81 Sum ___ 2.80 
Mean_ 0.56 Mean __ 0. 59 Mean __ 0.58 Mean __ 0. 56 Moan__ 0. 56 

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

TABLE 14.-Low-water planes, Fort Mcllenry, Baltimore, Md. 

Plane 
Feet Ill 
~~~; Plane 

sea level 

Mean low water _______________________ _ O. 57 Lower-low water ______________________ _ 
Spring low water ______________________ _ 
Neap low water _______________________ _ 
Perigean low water ____________________ _ 
Apogean low water ___________________ _ 

O. 65 Higher-low water_ ___________________ _ 
O. 48 'J'ropie lower-low water _______________ _ 
0.64 'Tropic higher-low water _____________ _ 
0.46 

. 

:Feet 
below 
mean 

sea level 

0.67 
0.47 
0. 72 
o.au 

Table 14 gives values for low-water planes derived by harmonic and 
nonharmonic reductions of the observations. It is noted that the 
tropic lower~low water is the lowest of the low-water planes as was 
the tropic higher-high water the highest of the high-water planes. 
Tropic higher-high water is 0.87 foot above mean sea level and tropic 
lower-low water is 0. 72 foot below mean sea level. Therefore the 
tropic higher-high water rises 0.15 foot higher above the :plane of 
mean sea level than the tropic lower-low water falls below this plane. 
It will be noted that the differences between the low-water planes are 
less than the differences between the high-water planes. 

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

For the period 1903-1927 the highest tide was 5.3 feet above mean 
sea level and the lowest tide was 5.1 feet below mean sea level. Table 
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16 shows the distribution by months of the yearly highest and lowest 
tides that occurred during the 25-year penod. The column headed 
"Number" gives the number of times the highest tide occurred during 
the month, and the column marked "Per cent" gives the monthly 
occurrence on a percentage basis. When the same yearly maximum 
or minimum height occurred in more than one month of the same year 
a fraction is used. For example, if the highest tide of the year 
occurred in both January and September, the number ½ was assigned 
to each of these months. 

TABLE 15.-Monthly lowest low water below mean sea level, Fort McHenry, 
Baltimore, Md. 

Year Aver- Lowest Year Aver-, Lowest Year Aver-
age age flj(r 

Fut, Date Feet Feet Date Feet Fe,t 
1903. ______ 2.56 Oct. 10 4. 6 JIJ()8 ______ 2.44 Jan. 24 .u 19)3 ______ 2. 29 
1004 ___ ---- 2. 27 Jan. a 3.9 J\JOO ______ 2. 22 Feb, 1 3. 7 1914 ______ 2. 20 
1005. ______ 2. 44 Jan. 26 4.9 1910 ______ 2.10 J;'eh. 1 1:1.3 1915 ______ 2. 08 
1006 _______ 2.3Q J<'eb. 28 4. 8 rn11_ _____ 2. 0/i Mar. 23 3. 5 1916. _____ 2.33 
1007 ------- 2. 30 Jan. 23 3. 2 rn12 ______ 2. 29 J<'eb. 4 3. 5 1917. _____ 2. 22 

J__ 

Sums ______ 11.96 - - - ---- ~ - - 21. 4 Hums ____ II. 13 ---------- 19.1 Hutn~---- 11. 12 
Means _____ 2. 39 4. 2X Menns_ .. 2.2:l --------- 3. 82 .Means ___ 2.22 

Yenr .\ vrraRe 1,owrst lTuar A vera~e 

----------11 -----------

1918 ___________________ _ 

1~19-. ------------------1920. ___ -- _____ • ___ • ___ _ 
JP21 ___________________ _ 
1922 ___________________ _ 

Feet 
2. 05 
J.W 
2.04 
2. 14 
2.08 

])ate 
Feb. 21 
Mar. 29 
Mar. 6 
Jan. 18 
Nov. 25 

Feet 
3. 2 
4. 7 
3. 3 
a. 4 
:i. 2 

l\123. __________________ _ 
rn21 ___________________ _ 

1\125 . ____ ~--- _ -- __ ~- -- __ 
IU26 ___________________ _ 
rn21 ___________________ _ 

Fed 
2. 21 
1. 88 
2.ao 
2. ]I 
2. 07 

Lowest 

Date Feet 
Der. g 3. 8 
Mar. 2 4. 3 
Jan. 13 3. 3 
F~b. 14 3. 8 
Feb. 5 3. 9 

---------- 19. l 
---··------ 3. 82 

J,owest 

Date Feet 
Feh. 15 3. 7 
Dec. 1 :i.:J 
Oct. JO '4. 0 
Jan. 29 a. a 
Jan. rn 3. 7 

Sums _________________ _ 10. 30 __________ 17. 8 Sums _________________ _ 
Means_---------------- 2. 06 __________ 3. 56 Means ________________ _ JO. ,;7 ---------- JS. 0 

2.11 ---------- 3. 60 

1 Sarne height on Nov. 4. ' Same height on Dec. 29. 

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

Month II ighe-st tideR Lowest tides Month Highest tide., !,owe.st, tides 
----------- ----------- -----

Number Per rent Number Percent Numher Per rent Numbrrl Per rr11t January. ________ 2>2 10.0 R 32.0 August. _________ 1 4.0 0 0.0 February ________ 0 0.0 7hi 30.0 September _______ 3% 15. 4 0 0.0 March ___________ 0 o.o 4 16.0 October _________ 5 20.0 1>2· 6. 0 M;r!L.. ________ 1>2 6.0 0 o.o November _______ 2½ u. a H2 6.0 ay _____________ 2% IO.O 0 0.0 December. ______ 2 8.0 2\'i 10.0 June _____________ 4>3 17. 3 0 0.0 July _____________ 0 0.0 0 0.0 Sums--~--- 25 100.0 2/i 100.0 

Any tidal plane varies from different series, the longer the series 
from which it is determined the more precist> are tht> valueR obtained. 
As mean low water iR the plane of reference for hydrographic survey
ing, it is desirable to adopt, a st,andard value. 

A standard low-wat,er piano with a fixed value w»s adopted for 
Baltimore by the Coast and Geodetic Survey in :February, 1929. 
It is called the Balt.imore low-water datum and is defined as follows: 

Baltimore low-water datum i1-1 the mc,an low wafor as determined from 19 years 
of observations (1003--Hl21) 11.t, Fort Mclkurv aud is 4.99 feet below bench mark 
No. 1, also known as the harbor board's be1ich mark, sea wall, Fort McHenry, 
which is a cros1, on the top of the sea wall at the first angle in the wall southeast 
from the United States Engineers wharf at l.<'ort McHenry. 
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This datum has been in use by the Coast and Geodetic Survey and 
by the United States Engineer office at Baltimore since its determina
tion in 1922. Bench mark No. 1 has been used as a primary bench 
mark since 1903 and from a comparison with other bench marks its 
elevation has not changed appreciably during 26 years. 

THE PLANE OF HALF-TIDE LEVEL 

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

THE RANGE OF THE TIDE 

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

The daily range of the tide for the month of June, 1919, is given in 
Table 1. A scanning of this table shows considerable variations in 
the range from tide to tide and from day to day. During this month 
the moon was full and new on the 13th and 27th, respectively1 and 
in its first and third quarters on the 5th and 21st, respectively. 
Taking the six tides nearest to each of the above times, the average 
range of the tides near the new and full moon was 1.2 feet and the 
average range of the tides near the quadratures was 1 foot. The 
spring and neap effect is evident from these values. The monthly and 
yearly ranges for the 25-year period 1903-1927 are given in Table 17. 

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

for both tables but the individual yearly values agree more closely 
in Table 18, the effect of the correction factor being usually to bring 
the individual value closer to the mean. 

The means of the 5-year groups do not vary appreciably, the maxi
mum variation for each table being 0.04 foot. In Table 18 the mean 
for the first 19-year period is 1.12 feet. The mean for the last 19-
.Y_ear period is 1.11 feet, which latter is the mean for the 25 years. 
The mean range of tide at Baltimore is therefore taken as 1.11 feet. 
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TABLE 17.-Monthly mean range, Fort Mcllenry, Baltimore, Md. 
-- -

An- !I-
Year Jan . . Feb. Mar. Apr. May June July Aug, Sept. Oct. Nov. Dec. nual year 

mean mean 

------------------------
Feet Feet Feet Feet Feet Feet Feet Feet Feet Fett Feet Feet Fe,t Feet 1003 ___________ 1. 22 1.20 1.19 1.17 1.19 1. 16 1. 24 1.17 1.13 1.09 1. 10 1.13 1.17 I Ll 

19()4 ___________ 1. 22 1.13 1. 11 1.15 1.15 1.15 1.17 1.13 1.15 1.07 1.10 1.09 1.14 
1905. ---------- 1.15 1.12 1.10 1.09 1.13 1.12 1.15 1.16 1.14 1.15 1. Ob I. 14 I. 12 1906 ___________ 1.07 1.12 1.08 1. 12 1.12 1.19 1.17 1. 18 1. 14 1.11 1.07 1.08 1.12 1907 ___________ 1.11 1. 13 1. 14 1.10 1.14 1.14 1. 21 1.22 I. 13 1.07 1.0.5 I. 12 1.13 

4 

1908----------- 1.18 1. 24 1. rn 1. 20 1.20 1.17 1. 23 1. 11 1. 2'J 1. 12 1.08 1. 10 1.17 
1909. --- -- ----- I. 15 I. 13 I. 10 1.08 1.12 1.12 1.17 1.17 1.13 1. ll 1.06 1.06 1.12 
1910..--------- 0.99 1.11 1.07 1.00 1.07 1.15 1. Ill 1.14 1.14 1.13 1.00 1.02 1. 0Q 1.11 
1911. .. ________ 0.97 0.99 1.08 J, 11 1. 08 1.13 1.07 1.11 1.11 1. 02 1.08 1.02 1.00 
1912----------- 1.14 I. 12 I. 10 1.16 1.13 1.14 1. 17 1.17 I. J:l 1.09 1.05 1.00 1.12 
1913. __________ 1. 13 1.09 I. 13 1.00 1. 10 1.07 1. 20 1.19 1.17 1.04 1.03 1.01 1. 10 1914 ___________ 1.00 1.05 I. 10 1.10 l.15 1.14 1.19 1. 14 1. 10 1.08 1.03 1.04 I. 10 1915 ___________ 1.01. 1.02 0.98 1. 12 1.13 1.12 1. 11 I. 20 1. 12 1.05 1.03 1.03 1.08 1.1 0 1916 ___________ 1.07 1. 12 1. 11 I. 14 1.ll 1.13 I. 10 1.16 1.12 1.06 1.04 1.04 1. 10 1917 ___________ 1.08 1. 13 1.05 1.08 1. 13 1. 12 1. 15 1.13 I. 13 1.09 1.02 1.10 I. 10 1918 ___________ 1.03 1.08 1.08 1.13 1.17 1.17 1.17 1.14 1.11 I. 10 1.02 1.0.5 1.10 
1919_ -- ---- ---- 1.02 1.02 I. ll 1.07 1.13 1.12 1.16 1.19 1. 11 1.13 1.06 1.00 I. 10 1920 ___________ 1.15 l. 12 1.16 1.17 1. 14 1.19 1.16 1.15 1, 16 1.10 1.09 1.0<J 1.14 1.1 1921. __________ 

1. 11 1.11 1. 13 1.10 1.12 1.15 1.18 1. 16 1.15 1.08 1.0.5 1, 01 1. 11 
1922----------- 1.07 1.12 I. 09 1.10 I. ll 1.19 1.20 1.13 1. 13 1.10 1. 08 1.04 I. 11 1923 ___________ 1.05 1.08 1. 07 1. 10 1. 12 1.15 1.18 1. 10 1.13 1.00 1.0.5 1.05 l. 10 
1024--·-------- 1.13 1.08 ------ 1.15 1.17 1.11 1.17 1.17 I. 11 1. 10 1.06 1. 10 1.12 
1925 ..••. ··- ... 1.15 1.08 1. 07 1. 07 1.07 1. 12 1.10 I. 10 1.13 1.12 1.05 1.08 1.10 I. 11 
1926 ..•. ·--··-- 1.14 1.00 1.03 1.00 1. 13 1.15 1.19 1.17 I. 11 1.09 1.07 1.08 1. 11 
1927--··------- 1. JO 1. 13 1. 10 1. 12 1. 16 1. 14 1.13 1.14 l. Jl 1.06 1.03 1.08 1.12 

Sum 1 ___ •• 27.59 27. 61 26. 37 27.84 28.27 28.M 29. 13 28. 98 28. 31 27. 25 20. 35 26. 74 27.83 
Mean 1 •••• I. 10 I. IO I. IO l.ll I. 13 I. 14 1.17 1.16 1.13 1.09 1.05 1.07 1.11 --
Sum'···-· 20.95 21. 00 21.01 21.24 21. .51 21.68 22.16 22.02 21.59 20.69 20.01 20.31 21. 17 
Mean• •.•• 1.10 1.Jl I. 1l 1.12 1.13 I. 14 I. 17 1.16 I. 14 1.09 I. 05 1.07 I. 1l 

Sum•···-· 20.64 20.67 19.56 21.01 21.34 21.61 21.1!6 22. 01 21.40 20.64 19.90 20.08 20.98 
Mean• .• -- 1.09 1.00 1.09 I. l1 I. 12 1.14 I. Hl 1.16 1.13 1.09 1.00 1.06 I. 10 

Mean• .. -• 1. JO l. 10 1.10 1, 12 1.12 I. 14 I. 16 I. 16 1.14 1.09 1.07 1.06 I. JO 

--~--,-~•-- ·-

1 25 years. a First 19 years. a Lust 10 years. • First and last 10 years. 

TABLE 18.-Range of tide, Fort McHenry, Baltimore, Md.: Annual means corrected 
for longitude of the moon's node 

Year Feet 

1903 ..•...•. _. 1.14 
1904 .... -••-·· 1.11 
1905 ........ _. I. 10 
1906 .......... !. JO 
1907 ..•.•.. _ .. 1.12 

Sum ... fd7 
Mean .. 1.ll 

Year Feet 

1008 ..•. _ .. __ 1.17 
1909·-•·-···· 1.13 
1910 ..• _ ....• I.II 
1911. ..... - .. 1.08 
1912·-······· I. 16 

Sum .. 5. 64 
Mean. I. 13 

Year Foot 

1913.·-··-··· 1.13 
1914 .. --·-··· I. 13 
1915---······ I. JO 
1916..... .... I. 1l 
1917 ...••.... 1.11 

Sum .. 5.58 
Mean. 1.12 

Year Feet 

11118 .•....•.. 1.10 
19111 .•..• _ •.. I. 09 
1920 ....•.... 1.12 
1921. .. _ •.•.. I. 09 
192!L •..•••. 1.08 

Sum .. 5.48 
Mean. 1.10 

Yunr Feet 

1923 .•. ·-···- 1.01 
1924 ..•. •-··· I. 10 
1112/i .... -•·-· 1.08 
1926 .•.. -.... 1. 10 
1927 .•.. ·-·-- 1.12 

Sum.. 5.41 
Mean. 1.09 

Mean range, first 19-year perlod-1.12 feet. Mean range, last 19-year perlod•l.11 feet. Mean range, 
25 years, 1903 to 1927•1.ll feet. 

TABLE 19.-Tidal ranges, Fort McHenry, Baltimore, Md. 

Mean range .••••. -•..••..•• 
Spring range .•.••..•...... -
Neap range·-···-·······-·· 
Perlgean range ..•••••••• - •• 

Feet 
1.11 
1.26 
0.93 
1. 31 

Feet 
Apogean range ..•.. ·-···.. O. 95 
Great diurnal range....... 1. 44 
Small diurnal range ..•.. _. o. 78 
Great tropic range.··-·-·· 1. 59 

Feet 
SmRII tropic range ....... _. O. 51 
Monthly extreme range.... 4. 18 
Oreatest range_ ••.••.... __ . JO. 4 
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Table 19 gives values for the various ranges for Baltimore obtained 
from the values for the various datum planes discussed under high
water and low-water planes. The names of the following ranges are 
apparent from the planes from which they are determined: Mean, 
spring, neap, perigean, and apogean ranges. Additional ranges are 
defined as follows: Great diurnal range 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-high water and the mean 
higher-low water, the great tropic range is the distance between the 
tropic higher-high water and the tropic lower-low water, the small 
tropic range is the distance between the tropic lower-high water and 
the tropic higher-low water, the monthly extreme range is the distance 
between monthly extreme high water and monthly extreme low water, 
and the greatest range is the distance between the highest tide observed 
and the lowest tide observed. 

HARMONIC CONSTANTS 

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

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

TABLI<, 20.-llarmonic constant.~, Fort McHenry, Baltimore 

1907 1025 

Component Con1pommt 
II JI ll H « 

-----1----------- ----------------

J1 .. ·---··-----
K1. ----·-· -· ·-
K2·----·-·-·---
l,i------··------
Mt•--···-·--·-

Peet 
(0. 012) 
0. 221 
o. 024 
0. 017 
0. 014 

Degrees 
(290) 
296 
202 
218 
130 

M2 ..... -· ·--·- 0. 474 191 
M, .... ______ ._ .---··--- -----·--
M•··-·-··--··- 0.02:l 304 
M,._ --···---- 0.008 225 
M,. ····-·----- -------·· ·---·---

N2·--·- --·----- 0.008 171 
2N ···---------· (0. 013) (150) 
o,-·-···---·-·· 0.112 aoo 
00 .. __ --·. -- -- (0. 007) (285) 
P1.·······--··· 0.07b 284 

Feet 
(0. 012) 
o. 218 
0.025 
O.Ol9 
0.007 

0. 4fll 
0. 002 
0. 021 
0.004 
0. 001 

o. 090 
0. 010 
0.168 

(0.007) 
0. 066 

Values in parentheses are inferred. 

Degrees 
(290) 
2\16 
220 
2:l0 

68 

100 
62 

310 
191 
fi5 

167 
100 
300 

(285) 
286 

Q,·----··-····· 
2Q---·········· 
H, .. ·--··· ·--·
R ' 1- - ---- - - - - - - - -
H2--------------

Peet 
0. 033 

(0.004) 
(0. 001) 
0. 047 
o. 084 

Degrees 
267 

(316) 
(217) 
228 
217 

"•···--········· ··-···--- --------
86-------·-- ----- --------- --------
'I',... (0.005) (217) 
>-, -···--•--··-- (0.OOl) (203) 
µ, ... -.. --·-·· 0. 003 07 

Put 
o. 032 

(0. 004) 
(0. 001) 
0.075 
0.087 

0. 001 
0. 001 

(0. 00.1) 
o.ooa 

(0. 011) 

Degree, 
281 

(316) 
(216) 
222 
216 

.55 
36 

(210) 
184 

(164) 

·······-·-----·- 0.022 181 0.024 168 
Pl-·-·------·-·· 0.007 310 (0.000) (311) 
Ms·-·····--···--·--·--- ________ ----·-·-· _______ _ 
Sa.·-··-------- 0.501 129 0.369 122 
Ssa .... __ .. ___ . 0. 080 56 0. 089 354 

The formulas for determining the var10us ages of the tide from 
harmonic constants are as follows: 
Phase age, in hours ______________ . _____________________ 0.984 (S0

2
-M0

2
) 

Parallax age, in hours __________ -----·------------------ 1.837 (M 0
2-N°2) 

Diurnal age, in hours __________ .. ____ .. __ .. __________ .. __ _ _ _ _ _ 0. 911 (K 0 
1 - 0° 

1
) 
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The phase age of the tide at Fort McHenry, or the interval by which 
spring tides follow new or full moon and the interval by which neap 
tides follow the moon's first and third quarters, as derived from the 
above formula, is 25.6 hours. 

The parallax age of the tide at Fort McHenry, or the interval by 
which perigean and apogean tides follow the time when the moon is in 
perigee and apogee, respectively, as derived from the formula, is 38.6 
hours. 

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 hours, the 
minus sign indicating that time of tide is 9.1 hours before the maxi
mum north or south declination. 

EFFECTS OF WIND AND WEATHER 

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

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

The highest high water at Baltimore for the 25-year period 1903 to 
1927 occurred on August 4, 1915, when the tide rose to a height of 5.3 
feet above mean sea level, or 4.8 feet above mean high water. The 
observed and predicted tide curves for that day are shown in figure 5. 
The unusual height reached was due to prolonged easterly weather 
during which the wind reached a maximum velocity of 39 miles per 
hour. The height of the astronomic high water on that day, as shown 
by prediction, should have been 0. 7 foot above mean sea level. The 
high water should have risen 1.4 feet from the previous low water and 
fallen 0.9 foot to the succeeding low water. The tide at Baltimore 
registered a rise of 5.5 feet from the previous low water and a fall of 
4.8 feet to the succeeding low water. The predicted duration of rise 
was 7.2 hours, while the actual duration of rise was 9.8 hours. The 
predicted duration of fall was 7.2 hours and the actual duration of fall 
was 16.3 hours. The value of sea level for the day was 2.7 feet above 
the value of mean sea level. 

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

._,------~----------------------.--.. 
,:: 
5 

I; 

J 

2 

o1-=:,...c.---+------------------------1--1 
Auf. I;, /915 

20 22 0 a /0 /2 /I; 16 18 20 22 0 
Hour, 

FIGURE 5.-Hlghest tide observed, Fort McHenry, Baltimore 

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

.. 
~ 
2 

J 

" , 
0 0 IZ /ti ZO O ,,:.,,, 0 12 10 ZD 0 /Z 

FIGURE 6.-Lowest tide observed, Fort McHenry, Baltimore 

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

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

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

Dste 

1927 Jan. 4 _______________ _ 
Feb. 20 ______________ _ 

Mar. 2fL --------··----Apr. 4 _______________ _ 
May 31__ _______ ··----
June 26 ______________ _ 
July 3 _______________ _ 
Aug. 13 _____________ _ 
Aug. 14 ______________ _ 
t,ept. 19 _____________ _ 
Oct. 12 ______________ _ 
Nov. 18 _____________ _ 

Dec. 16 •• -----·-··----

Jan.16 .. ----········· 
Feb.28. _____ . _. ·- _. _. 
Mar.3·-·--··-···----

~:-;. ~?-.-::::::::::::: 
June 6·-··----·-·-··· 
July 4·------···-·-·-· 
Aug.9 ...• ·-···-·-·--
Aug.'I/ ___ ··-·-·-····· 
Sept. s----·------···· 
Oct. 14--···-·-·-·-··-
Nov.6_•-·-----·---··· 
Dec.2L ............• 

Height of high wster 

Feet 
5. 5 
6. 7 
6.3 
6.2 
5.9 
6.1 
6.3 
5.9 
li.9 
6.1 
7.1 
6.1 
6. 2 

Feet 
4.6 
4.2 
4.5 
5.0 
li.5 
5. 5 
5.3 
li.5 
5.5 
6.3 
5.4 
4.6 
4.1 

Differ
ence 

Feet 
+0.11 

2.5 
1.8 
1. 2 
0.4 
0.6 
1.0 
0.4 
0.4 
0.8 
1. 7 
1.5 
2. 1 

Height of low water 

0.4 3. 2 -2.8 
1. 7 3.0 -1.3 
0.8 3.3 -2.5 
1. 7 3. 7 -2.0 
2.4 3.9 -1.5 
2.6 4. 1 -1.5 
2.6 4.0 -1.4 
2.8 4.0 -1.2 
2. 8 4.0 -1.2 
3.1 3.9 -0.8 
2.8 3.8 -1.0 
2. 4 3.6 -1.2 
1.3 3.1 -1.8 

Bsrometrlc p1'81!Sure reduced 
to sea level Wind 

Average 
dally 
value 

lnche• 
29.51 
29. 70 
29.91 
30.32 
29.96 

29.87 
29.99 
29.92 
29.90 
29.86 
29.00 
29.50 

30. 23 
30.32 
30.00 
30.24 
29.86 
30.24 
30.10 
29.95 
30.13 
30.06 
30. 24 
30.11 
30.05 

Annual 
moon 

Differ
ence 

Prevail-
ing Average 

direction velocity 

lnchea Tncheo 
30.05 -0.64 SE _____ _ 
30.05 -0.35 NE ____ _ 
30.05 -0.14 N ______ _ 
30.05 +o.27 E ______ _ 
30.05 -o.oo s _______ _ 

30.05 -0.18 NW_ •. __ 
30.05 -0.06 SE_ ..... 
30. 05 -0.13 SSW--·· 
30. 05 -0. 15 SW ..•.. 
30.05 -0.19 SE ...•.. 
30.05 -0.06 NW ..... 
30. 05 -0. 55 SW ...•. 

30.05 +0.18 NW ____ . 
30.05 +o.27 NW._ .•. 
30.05 -0.05 NW .... _ 
30.05 +0.10 s ____ ...• 
30.05 -0.19 NW_. __ . 
30.05 +o. rn SW ...•• 
30.05 +0.05 NW .. _ .. 
30.05 -0.10 sw_. __ . 
30.05 +o.os N. ______ 
30.05 +0.01 NE_ ..• _ 
30.05 +0.19 NW _____ 
30.05 +o.06 w _____ .. 
30.05 o.oo NW ..... 

Miles per 
hour 

11 
20 
8 

14 
6 

8 
8 
7 
8 

24 
16 
16 

16 
12 
22 
15 
17 
10 
2 

12 
12 
7 

11 
18 
17 
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TABLE 22.-Summary of tidal data, Fort McHenry, Baltimore, Md. 

TIME RELATIONS 
High-water· intervaL _______________________________________ hours__ 6. 48 
Low-water intervaL _________________________________________ do____ 0. 66 
Duration of rise _____________________________________________ do____ 5. 82 
Duration of falL ____________________________________________ do____ 6. 60 
Phase age __________________________________________________ do ____ 25. 6 
Parallax age ________________________________________________ do_ _ _ _ 38. 6 
Diurnal age _______________________________ ~ ________________ do___ -9. 1 

RANGES 
Mean range _________________________________________________ feet __ 
Great diurnal range _____ _: ___________________________________ do ___ _ 
Small diurnal range _________________________________________ do ___ _ 
Great tropic range __________________________________________ do ___ _ 
Small tropic range __________________________________________ do ___ _ 

~:!~~!~;!~================================================~~==== Perigean range ______________________________________________ do ___ _ 
Apogean range _____________ .. _______________________________ do ___ _ 
Average monthly extreme range ______________________________ do ___ _ 
Greatest range _______________________________________________ do ___ _ 

~:1~gr!~;!e+-+-m~=~nr!~;~~===--=: = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
Perigean range -+- mean range____ _ _ _ _ _ _ ______________ .. _ .. __________ _ 
Apogean range-+- mean range ______________________________________ _ 
Great diurnal range-+- mean range ___________________________________ _ 
Great tropic range-+- mean range ___________________________________ _ 

HEIGHT RELATIONS 

Mean high water above mean sea leveL ________________________ feet__ 
Mean higher high water above mean sea leveL _________________ do ___ _ 
Mean lower high water above mean sea leveL _________________ do ___ _ 
Tropic higher high water above mean sea leveL ________________ do ___ _ 
Tropic lower high water above mean sea leveL _______________ .. _do ___ _ 
Spring high water above mean sea leveL _______________________ do ___ _ 
Neap high water above mean sea leveL ________________________ do ___ _ 
Perigean high water above mean sea leveL _____________________ do ___ _ 
Apogean high water above mean sea leveL _____________________ do ___ _ 
Average monthly highest high water above mean sea levcL ______ do ___ _ 
Highest high water above mean sea level_ _____________________ do ___ _ 
Mean low water below mean sea leveL ________________________ do ___ _ 
Mean lower low water below mean sea leve!_ ___________________ do ___ _ 
Mean higher low water below mean sea level ___________________ do ___ _ 
Tropic lower low water below mean sea leveL __________________ do ___ _ 
Tropic higher low water below mean sea leveL _________________ do ___ _ 
Spring low water below mean sea leve!_ ________________________ do ___ _ 
Neap low water below mean sea leveL ________________________ do ___ _ 
Perigean low water below mean sea leveL ______________________ do ___ _ 
Apogean low water below mean sea JeveL __ _: ___________________ do ___ _ 
Average monthly lowest low water below mean sea leveL ________ do ___ _ 
Lowest low water below mean sea leveL _______________________ do ___ _ 
Half-tide level below mean sea leveL __________________________ do. __ _ 

THE TIDE AT WASHINGTON, D. C. 

NAVY YARD 

l. 11 
1. 44 
0. 78 
l. 59 
0. 51 
1. 26 
0. 93 
1. 31 
0. 95 
4. 18 

10. 4 
1. 13 
0. 84 
l. 18 
0. 86 
l. 30 
1. 43 

0. 54 
0. 77 
0. 31 
0. 87 
0. 12 
0. 61 
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 

Tide observations have been made at the navy yard for periods 
totaling about 10 years. Observations wem first made in 1858 and 
a number of series were made between that time and 1898. The 
longest series was made during the years 1891-18!)8, when 7}~ years 
of continuous observations were taken. In the discussion that 
follows the height relations are based on the 7-year period 1892-1898. 
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The time relations are based on the observations for 17 months in 
1891-92. 

L11,nitida,l intervals.-The lunitidal intervals or the times by which 
the tides follow the transits of the moon have been determmed for 
the navy yard from periods of observation totaling about 5 years. 
The results from each series of observations are shown in Table 50. 
The monthly intervals for 17 months in 1891 and 1892 are given in 
Table 23. 

From Table 50 it appears that the high-water interval increases 
from about 7.7 hours m 1860 to about 7.9 hours in 1892. The 
monthly means, Table 23, indicate a seasonal change in the high-watei
interval; from January to May it is about 7¾ hours and from June to 
December about 8 hours. 

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

TABLE 23.-Lunitidal intervals, navy yard, Washington, D. C. 

HIOH•WATER INTERVAL 

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

----- . -- /loursll Ilrmr.,, Tlonrs II our., Jlours Hours I lours II ours Ilou~s ; lours II ours Hours II our a llou~a 

1892 .......... 7. 77 7. 70 7. 80 7. 71 7. 71 7. 93 8. 06 8. 01 8. 04 7. 93 8. 13 8. 12 94. 91 7. 91 
1891. ......... ······ ...... ·····•1······ ............ •····· 7. 91 7. 93 7. 93 7. 96 7. 89 39. 62 7. 92 
-----· --------· --

LOW·WATER INTERVAL 

;~91.:.~~~~.~~1-·~.~-1··~:~1.~~=i····~~
1

-...... 

1 

...... -

1 
..... ~

1

-;.-;-

1
2.13 l 2.18 I 2.34 I 2. 23 I 10. 91 I 

1892.. .. ...... 2. a5 2. 23 I 2. 56 2. 43 2. 25 2. 3o 2. oo 2. o3 2. oa 1. 16 2. 22 2. 50 26. 12 

DURATION OF RISE 

1891. ......... 1--···•l-·····l······l-·····I·- ---1-•-··-l······l 5.&l I f>.80 1.i.75 15.62 15.66 128.il I 1892.......... 5. 42 5. 47 5. 24 ,i. 21! r,. 46 5. n:i fi. 00 5. 98 fi. 01 6. 17 fi. 01 5. 62 68. lO 

·---·-~---------.--·-----------------· -~-------·· 

2.18 
2.23 

5. 74 
5. f,8 

Duration.'! of ri8e andfall.-Monthly values for duration of rise for 
the period August, 1891, to December, 1892, are given in Table 23. 
The greatest difference between any two of the 17 monthly values is 
0.93 hour. The duration of fall for any month may be obtained by 
subtracting the value of duration of rise for that month from the 
t~dal cycle of 12.42 hol!rs, and it follows tha~ variations i~ the du_ra
t10n of fall are numerically equal to those m the duration of nse. 

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

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

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

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

Month 1892 18D3 1894 1895 1896 1897 1898 Sum Mean 

----
Feet Feet Feet Feet Feet Feet Feet Feet Feet 

Jsnuary •••.•••..•.••.. _ •.•.• _ 4.36 14.48 4.42 4. 37 4.44 4.05 4. 09 30. 21 4.32 
February •...•.. -•..••. _-·-·-_ 4.67 14. 5-0 4.27 3.87 4. 2/J IUO 4.28 30.9/j 4.42 
March •.• _ .......•... -.. -- ..• _ 4.34 4. 51 4.49 4.27 3. 79 4. 62 4.M 30.56 4.37 
April ............... -· .... ··-- 4.34 4. 75 4. 70 4. 78 4. 47 4. 42 4. 74 32.20 4.60 
May.····------ ________ ----·· 4.69 4.92 5.10 4.60 4. 79 4.84 5.16 34.10 4.87 
June ••••••••.•...•.•.. -·-- .••. 4. 76 4.92 4.63 4.88 4. 77 4.86 4. 91 33, 73 4.82 
July. -·-· •..•• -..•.... --.. -.•. 4.44 4. 73 4.59 4. 78 4. 70 4.00 4.93 33.07 4. 72 
August. •.••.•.•.•........ _ .• _ 4. 79 4.86 4.80 4. 71 4. 71 4.00 4. 91 33.68 4.81 
September .......... --·-····-· 4.69 4.88 4. 95 4. 79 4. 78 4.88 4. 81 33. 78 4.83 
October .••.•. _ .••..........• _ 4. 25 5.03 4.80 4.58 4.93 5. 10 5.07 33, 76 4.82 November ........ ____________ 4.19 4.55 4.14 4.36 4.57 4.34 4.40 30.M 4.36 
December •..•.•.•.•. -........ 4. 24 3. 98 4.34 4.45 4.39 4. 33 4. 37 30.10 4.30 

Sum •.....••...•...••••. 53. 76 56.11 55.23 54.44 54.60 56.34 56. 21 386.69 55.24 
Mean .•... _ ...•..• ·--- 4.48 4.68 4.60 4.54 4. 55 4. 70 4.68 32.23 4.60 

1 Interpolated values. 

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

-.. .. I 

i.: 
6 

Apr MIi)' .JuM ,Jul Aug St1pf Ot:t 

Jh Wa r 
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FIGVRE 7.-Annual variations in high water, low water, and river level, Navy Yard, Washington 

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

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

To eliminate the effect of variations in river level on high water, 
it is only necessary to subtract from the values in Table 25 the cor
respondmg values in Table 24. The results, which give the monthly 
and yearly means of high water above river level for the navy yard 
are shown 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. 

Month 1802 1803 1894 1895 1896 1897 1898 Sum Mean 

----------
Feet Feet Fut Fut Feet Feet Feet Feet Feet 

January_ - - - - - ------ --- - -- - --- 5. 70 I 5. 70 5.86 5. 70 5. 72 5.48 5.48 39.64 5. 66 
February ___ - - -- -- -- - -- - - -- - -- 5.00 I 5, 81 5.60 5.02 5. 62 6.35 5.64 40.03 5. 72 
March ___________ -___ - _ -- - --- - 5.67 5.92 5.83 5.59 5.13 5.89 5.93 39.96 6. 71 

tr:t1_-_~: :: : : :: : : : : : :: : :: : : : : :: 5. 70 6.18 6.07 6.15 5.86 5. 77 6.07 41.80 5.97 
6.16 6.32 6.52 6. 01 6. 31 6. 21 6.59 44. 12 6.30 

June ____ - --- - - - - -- - - - - - -- - -- - - 6.22 6.33 6.18 6.37 6.27 6. 36 6.40 44.13 6.30 
July_ - -- -- -- -- - - -- - - -- -- - - -- -- 5.89 6.17 6.11 6. 18 6.11 6. 39 6.42 43,27 6.18 
August- ____ --------------- --- 6. 22 6.27 6.28 6.16 6. 23 6.36 6.35 43.87 6.27 
September ________ -- - - -- -- -- -- 6, 05 6.33 6.42 6.19 6. 24 6.34 6. 26 43. 83 6.26 
October _______ ------ --- - --- - -- 5. 57 6.64 6. 24 5.90 6.35 6.54 6.65 43. 79 6.26 
November ___ ------- - --------- 6.60 5.00 5. 47 6. 75 6.94 5. 72 5. 70 40.04 6. 7:l 
December ___ --------------- __ 5.59 5. 37 .5. 73 5. 79 5.83 5. 73 5. 72 311. 76 5.68 

Sum __ -- ___ - -- - -- - -- ____ 70.26 73.00 72.31 70.81 71. 61 73. 14 73.11 504. 24 72.03 
Mean ____ --- --- - -- --- --- 5,86 6.08 6.03 6.90 5.97 6.09 6.09 42.02 6.00 

1 Interpolated values. 

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

- - ,~ Month 1892 1893 1894 1895 1800 1897 1898 Sum 

--- ------
Feet Feet Feet Feet Feet Feet Feet Feet Feet 

January ___ --- _________ , _ ----- 1. 34 I l. 22 1. 44 I. 33 I. 28 I. 43 1.39 9. 43 1. 35 
February ___ -- ---- ------- ----- 1. 32 I 1. 31 1. 33 1. 15 1. 36 1. 25 1. 36 9.08 1.30 March ________________________ I. 33 1. 41 1. 34 I. 32 I. 34 I. 27 I. 30 9.40 I. 34 

tr:tL_~: :: :: : : : : :: : : : : : : : : : : : : 1. 36 1. 43 1. 37 1. 37 1.39 1. 35 1. 33 9.60 1. 37 
1. 47 1.40 I. 42 I. 41 1.52 I. 37 1. 43 10.02 1. 43 

June _______ - -- -- -- - - - -- - - -- - -- 1. 46 1. 41 1. 55 1. 49 1. 60 1.50 1. 49 10.40 1.49 
July __ -_ - __ - - -- - -- -- - - - -- - - -- - 1. 45 1.44 I. 52 1.40 1.41 1.49 1.49 10.20 1. 46 
August_ ---- -- - - -- --- - -- - - -- - - 1. 43 1. 41 1. 48 1. 45 1. 52 1. 46 1. 44 10.19 1.46 

teJ:~b~r~~: ::: : : :: : : :: : : : : : : : : 
1. 36 1.45 1.47 1. 40 1.46 1. 46 I. 45 10.05 1.44 
I. 32 1. 61 1.44 I. 32 1.42 1. 44 1.48 10. 03 1. 43 November __________ - _________ 1.31 1. 41 1. 33 1. 39 1. 37 1. 38 1. 30 9.49 1.36 

December ______ -------------- 1. 36 1. 39 1.39 1.34 1.44 1. 40 I. 35 9.66 1.38 

Bum ____ -·· _____________ 16. 60 16. 89 17. 08 16. 37 17. 01 16.80 16.90 117.M 16.81 
Mean ___________ -- - --- -- 1. 38 1. 41 1.42 1. 36 1.42 1.40 1. 41 9.80 1.40 

1 Interpolated values. 
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TABLE 27.-High water above river level, navy yard, Washington, D. C.: Annual 
means corrected for longitude of the moort's node 

------------·-----~-- ~-~------ --------

1892 1893 1804 1895 1896 18!!7 18U8 Sum Mean 

Feet Feet Feet Feet Feet Feet Feet Feet Feet 
I. 41 1. 45 1. 46 I. 40 I. 45 I. 43 I. 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 :J.12 feet on 
staff, or 1.48 feet below mean river level. The latter value becomes 
1.52 feet after correcting the annual means for the longitude of the 
moon's node. Table 28 gives the monthly and yearly heights of 
low water on staff at the navy yard. The maximum difference 
between any two monthly values is 1.38 feet. The maximum differ
ence between any two means of the monthly values in the last column 
of the table is 0.57 foot and the maximum difference between yearly 
values is only 0.21 foot. It is noted that the values for low water 
on staff show much more variation than the same values ref erred 
to river level. Table 29 gives the monthly and yearly values of 
low water below river level. The maximum difference between any 
two months is 0.35 foot, the maximum difference between yearly 
averages of the monthly values in the last column of the table is 
0.23 foot and the maximum difference between yearly values is 
0.07 foot. Table 30 gives the annual means corrected for the longi
tude of the moon's node. 
I The plane of ha(f-tide level.-Since the plane of half-tide level is 
the plane halfway between mean high water and mean low water and 
from the 7-year series 1892-1898, the value of mean high water 
(uncorrected) is 6 feet on staff, or 1.40 feet above mean river level, 
and mean low water is 3.12 feet on staff, or l.48 feet below mean river 
level; half-tide level is 4.56 feet on staff, or 0.04 foot below mean 
river level. 

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

Month 1892 1893 1894 1895 1896 1897 1898 Sum Mean 

--------·--- ---- -- -~ 
Feet Feet Feet Feet Feet Feet Fret Feet Feet 

January_. ______ . __ ..... ______ 2.99 I 2. 88 2. 88 3.00 2. 08 2. f,,1 2. 70 20. 17 2.88 
February ... ___ . ________ . ___ .. 3. 25 I 2.99 2. 84 2. 70 2. 79 3. 78 2.92 21. 27 3.04 
March .. ---·-----------·····--· 2.99 3. JO 3.07 2. 9:l 2. 40 3. 30 3. 13 20.92 2. 99 
~:~1------------------------- 2.96 3. 25 3. 28 3. 36 2.99 2. 94 3. 32 22. JO 3. 16 

3.19 3. ,52 3. 6,5 3.14 3.22 3. 45 3.69 2.1. 86 3. 41 June __________________________ 3. 25 3. 28 2.97 3. 84 3.20 3. 28 3. 34 22. ll6 3. 24 

~i:!~si::::::::::::::::::::::: 2.00 3.08 2.95 3. l:l 3. 14 3. 31 3. 31 21. 82 3.12 
3. 21 3.18 3. 16 3.06 3. 16 3.30 3. 40 22. 47 3. 21 

September. ____ . ____ .. ________ 3. 21 3. 31 3. 37 3.15 3. 23 3. 32 3. 20 22. 79 3. 26 
October_. __________ ..... --- .. 2. 74 3. 70 3. 29 3. 02 3. 47 3. 61 3. 74 23 . .57 3. 37 November ____________________ 2. 77 3. 08 2. 75 2.85 3. 04 2. 92 2.98 20. 39 2. 91 December. ___________________ 2. 78 2. 50 2.88 2.99 2. 95 2. 87 2. 93 19. 00 2.84 ---------------------Sum ____________________ 36. 24 37. 87 37. 09 36. 67 30. r,7 38. 73 38. 75 261.92 37. 43 Mean_. _________________ 3. 02 3.16 3. ()\j 3. 06 3.05 3. 23 3. 23 21. 84 3.12 

1 Interpolated values. 
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TABLE 29.-Low water below river level, monthly means, navy yard, Washington, D. C. 

Month 1892 1893 1894 1895 1896 1897 1898 8um Mean 

--------------
Fut Fed Fut Feet Fed Feet Feet Feet Feet 

January .. ____________________ 1. 37 11.60 1. 54 1. 37 1. 46 1.40 1.30 10. 04 1. 43 February _____________________ 1. 42 1 1. 51 1. 43 1.17 1. 47 1. 32 1.36 9.68 1. 38 March ________________________ 1. 35 1. 41 1. 42 1. 34 1. 39 1. 32 1. 41 9.64 1.38 
ApriL .. ______________ ...... __ 1. 38 1.50 1. 42 1. 42 1. 48 1. 48 1. 42 10.10 1. 44 May _________________________ 1. 50 1.40 1.45 1. 46 1. 57 1. 39 1. 47 10. 24 1. 46 
June ______ ---- ................ 1. 51 1.64 1.66 1. 54 1. 57 1. 58 1. 57 11.07 1.58 July __________________________ 1. 54 1. 65 1. 64 1. 65 1. 56 1. 59 1. 62 11. 25 1.61 
August_---------------------- 1.58 l.fl8 1.64 1.65 1. 55 1. 60 1. 51 11. 21 1. 60 
September ______ ._ .... _. ______ 1.48 1. 57 1.58 1.64 1. 55 1. 56 1. 61 10. gg 1. 57 
October-------------· _______ l. 51 l. 33 1. 51 1. 56 1. 46 1. 49 l. 33 10.19 1.46 
November ____________________ 1.42 1.47 1. 39 1. 51 1. /i.1 I. 42 1. 42 10. 16 1. 45 
December ____________ ........ 1.46 1. 48 1. 46 1. 46 1. 44 1. 46 1. 44 10.20 1. 46 

. 

I 

Sum ____________________ 17 . .52 18. 24 18.14 17. 77 18.03 17. 61 17. 46 124. 77 17. 82 Mean ___________________ 1. 46 1. 52 1. 51 1. 48 1.50 1. 47 1. 45 10. 39 1. 48 

1 Interpolated values. 

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

1892 1893 1894 1805 1806 1897 1898 Sum Mean 

--··-- ------~ ---------
Feet Feet Feet Feet Feet Feet Feet Feet Fut 
1. 49 I. 56 I. 55 I. 52 L 54 I. 50 1.46 10. 62 1. 52 

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

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

t>n f"t1b Mar Apr Moy VUf)tJ vuty AUii St1pt Oct Nov ~ ,. 

._ 
l.----" --I--- ---- -

~ 

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

0.10 foot. There is also a seasonal change in the column of mean 
monthly values, the range var7ing from 3.07 feet in June to 2.68 
feet in February, a difference o 0.39 foot. 

The·maximum difference between monthly means for Baltimore 
from 25 years of observations is 0.12 foot, the largest range occurring 
in July and the smallest in November. At Philadelphia on the 
Delaware River, the average seasonal variation in range is about 1 
foot, whereas at Boston, near the open coast, it is only 0.2 foot. It 
~ppears, therefore, that such variation is largely a river effect, and 
1t 1s probably due to varying quantities of drainage water in the river. 
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TABLE 31.-Range of tide, monthly means, navy yard, Washington, D. C. 

Month 1892 1893 1894 1895 

------
Feet Feet Feet Feet 

January_-------------------·- 2. 71 1 2.82 2.98 2. 70 
February ________ • ______ .--·-· 2. 74 l 2.82 2. 76 2.32 
March ___ • ____________ ------·- 2.68 2. 82 2. 76 2.66 
AprlL __________________ • ---·- 2. 74 2. 93 2. 79 2. 79 May _________________________ • 2.97 2.80 2. 87 2. 87 
June ____________ .......•.. ···- 2. 97 3. 05 3. 21 3. 03 
JuJy ..•. ·-····- -· - -·······-··· 2.99 3.09 3. 16 3.05 
August .... __ ._ •... _._-·-··.-· 3.01 3. 09 3.12 3.10 

~8.ft~t:~::=::: :: : : : : : : :: : :::: 2. 84 3. 02 3. 05 3. 04 
2.83 2.94 2.115 2.88 

November ... ---·--··········· 2. 73 2. 88 2. 72 2.90 
December .. __ .• ···- ___ ....... 2.81 2. 87 2. 85 2.80 ---------

Sum.·--········-····-·· 34.02 35. 13 35. 22 34.14 
Mean ..... '"-. __ ..•..... 2.84 2. 93 2.94 2.84 
Corrected mean ........ 2.90 

I 
3.01 3. 02 2. 92 

1 Interpolated values. 

1800 1807 1898 

------
Feet Feet Feet 
2. 74 2.83 2. 69 
2.83 2. 67 2. 72 
2. 73 2.59 2.80 
2.87 2.83 2. 75 
3.09 2. 76 2.90 
3. 07 3. 08 3. 06 
2.97 3. 08 3. 11 
3. 07 3.06 2. 95 
3.01 3.02 3.06 
2.88 2.93 2. 81 
2.90 2.80 2. 72 
2.88 2.86 2. 70 -------·· 

35.04 34. 41 34. 36 
2. 92 2. 87 2. 86 
2.00 2. 92 2.88 

Sum 

--
Feet 
19.47 
18. 76 
19.04 
19. 70 
20. 26 
21. 47 
21. 45 
21. 40 
21.04 
20. 22 
HI. 65 
19.86 
--

242. 32 
20. 20 
20.64 

Mean 

Fut 
2. 7 
2.68 

8 

2 

9 
7 

2. 7 
2.81 
2.8 
3.0 
3. 
3. 

06 
06 

3.01 
2.8 \l 

4 

2 

2.81 
2. 8 

34. 6 
2. 88 
2. 95 

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

High 

Monthly Highest 
Year average 1--------1 

feet Date 

1892.......... 7. 02 
1893.......... 7. 81 
18\14.......... 7. 33 
1895.......... 7. 13 
1896.......... 7. 55 
1897 .•••••.. _. 7.37 
1898 •••••. -... 7. 58 

Bum •• _ 51. 79 
Mean_. 7. 40 

Sept. 14. ...•••..•• 
Oct. 14 ..••......• -
Sept. 28 .........•• 
Jan. IL ..... -..•.• 
Sept. 30 •.•.....•.• 
Feb, 23, Oct. 23_ ••• 
Oct. 18 ••••••.•.••• 

Feet 

7. g 
12. 5 
8.3 
7. 6 
9.8 
8.0 
9. 7 

63.8 
9.11 

Low 

Monthly Lowest 
Year average 1-------

1892.·-······· 
1893 ....•.•... 
19114 .........• 
1895 ......... . 
1896-·-······· 
1897 ....•.•... 
1898 •••••••.•• 

feet 

l.R5 
2.09 
1. 88 
l.82 
1. 47 
2.03 
I. 73 

Bum_.. 12. 87 
Mean.. 1.84 

Date 

Mar. 2L.·-·-··--· 
Dec. 26 •• --•··-···-
Nov. 28,29·-·-··-· 
Feb. 10 •.......•... 
Mar. 3 •••••••••••• 
Dec. 24 ........•... 
Nov. 27..·-······-

Feet 

1.1 
0.9 
1.2 
0.2 

-o. 7 
0.1 
0.0 

2. 8 
0.4 

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

In connection with extreme tides an account is given of two freshets 
in the vicinity of Washington. The freshet which occurred on 
November 25 and 26, 1877, which was one of the highest on record, 
was investigated by Charles Junken, of t}}is office. The United 
States Coast and Geodetic Survey Report for 1878, page 24, gives 
the following: · 
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At the Chain Bridge the water reached fully up to the level of the top of the 
old piers, and Mr. Junken found that the rise amounted to 36 feet above the level 
of mean high tide. At Lockmills the rise was 27 feet; at the aqueduct, 13 feet 
9 inches; at the Philadelphia Steamboat Co.'s wharf, Georgetown, the rise was 
10 feet 7 inches; at the Long Bridge, 6 feet 2 inches; at the Arsenal Wharf, 5 feet 
6 inches; and at Alexandria the water rose 3 feet above the level of mean high 
tide. 

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

Feet 
Chain Bridge __________________ 37. 4 
Lockmills _____________________ 28. 4 
Aqueduct _____________________ 15. 2 
Philadelphia Steamboat Co. 

Wharf, Georgetown __________ 12. 0 

Long Bridge _________________ _ 
Arsenal Wharf _______________ _ 
Alexandria ___________________ _ 

Feet 
7. 6 
7. 0 
4. 4 

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

Quoting from the report: 
On the 2d of June there occurred the greatest freshet in the Potomac River of 

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

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

Feet above Feet above 
low water low water 

Chain Bridge_____ _ _ _ _ _ _ _ _ _ _ _ _ _ 43. 1 Sewer CanaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13. 3 
Aqueduct Bridge ______________ 19. 5 Long Bridge __________________ 12. 7 
Easby Point_ _________________ 13. 3 Arsenal_ ______________________ 11. 1 

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

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

TABLE 33.-Summary of tidal data, navy yard, Washington, D. C. 

TIME RELATIONS 
High-water intervaL ______________________________________ hours __ 
Low-water interval_ _______________________________________ do ___ _ 
Duration of rise ___________________________________________ do ___ _ 
Duration of fall ______________________ ~ ____________________ do ___ _ 
Phase age ________________________________________________ do ___ _ 
Parallax age ______________________________________________ do ___ _ 
Diurnalage ______________________________________________ do ___ _ 

RANGES 
Mean range ______________________________________________ feet __ _ 
Great diurnal range _______________________________________ do ___ _ 
Small diurnal range _______________________________________ do ___ _ 
Great tropic range ________________________________________ do ___ _ 
Small tropic range ________________________________________ do ___ _ 
Springrange _____________________________________________ do ___ _ 
Neap range ______________________________________________ do ___ _ 
Average monthly extreme range ________________ .. ___________ do ___ _ 
Greatest range ____________________________________________ do ___ _ 
Spring range+mean range ______________________________________ _ 
Neap range-+-mean range _______________________________________ _ 
Great diurnal range+mean range ________________________________ _ 
Great tropic range+mean range _________ - - -- - - - - _ - _ - - __ -- _______ _ 

HEIGHT RELATIONS 

Mean river level above mean sea level datum _________________ feet __ _ 
Mean high water above mean river level_ ____________________ do ___ _ 
Mean higher high water above mean river leveL ______________ do ___ _ 
Mean lower high water above mean river leveL _______________ do ___ _ 
Tropic higher high water above mean river leveL _____________ do ___ _ 
Tropic lower high water above mean river leveL ______________ do ___ _ 
Spring high water above mean river level_ ___________________ do ___ _ 
Neap high water above mean river JeveL ____________________ do ___ _ 
Average monthly highest high water above mean river level _____ do ___ _ 
Highest high water above mean river leveL _________________ do ___ _ 
Mean low water below mean river leveL _____________________ do ___ _ 
Mean lower low water below mean river leveL ________________ do ___ _ 
Mean higher low water below mean river leveL _ _ _ _ _ _ _ _ _ _ ___ do ___ _ 
Tropic lower low water below mean river leveL __ . _ _ _ _ _ _____ do ___ _ 
Tropic higher low water below ~can river leveL ______________ do ___ _ 
Sprmg low water below mean river leveL ____________________ do ___ _ 
Neap low water below mean river leveL _____________________ do ___ _ 
Average monthly lowest low water below mean river leveL _____ do ___ _ 
Lowest low water below mean river level_ ____________________ do ___ _ 
Half tide level below mean river leveL _______________________ do ___ _ 

SEVENTH STREET WHARF 

7. 82 
2. 14 
5. 68 
6. 74 

43. 3 
47. 7 

-18. 2 

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

13. 2 
1. 09 
0. 90 
1. QB 
1. <J9 

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 & Washington steamboat wharf at the 
foot of Seventh Street. The monthly lunitidal intervals computed 
from 18 months of observations are given in Table 34. It will be 
noted that for the year 1899 the highest value for both the high and 
low water intervals came in February and the lowest value for the 
high-water interval came in May. The lowest value for the low
water interval came in July, when it reached 1.78 hours. For the 
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18-month series the mean value for the high-water interval is 7.80 
hours and for the low-water interval 2.11 hours. The duration of 
rise is found to be least in March, when it is about 5.2 hours, and 
greatest in the months from July to October, when it remains about 
0.3 hour greater than the mean value. The mean duration of rise 
for the series is 5.69 hours. The duration of fall is 6. 73 hours. This 
difference between duration of rise and duration of fall is typical of 
river tides. · 

The mean range of tide at this station, as determined from 32 months 
of observations, is 2.90 feet. There 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 Wharf, Washington, D. C. 

Month 

High.water 
Interval 

1898 1800 

J,ow-water 
interval 

1898 1809 

Duration of 
rise Mean range 

1898 1899 1898 1899 1900 1901 

-------1--------------------------
!lours 

January ..................... . 
February ............ . 
March ............... _ •...... 
April.. ............... -······· 
May 
June ....................... .. 

:t~~us"t':.:::::::::~::: ~: ;i 
September........... 7. 83 
October.............. 7.61 
November_.......... 7.84 
December........... 7. 77 

llours 
7.80 
8. 23 
7.82 
7. 74 
7.61 
7. 62 
7.80 
7. 73 
7.80 
7. 93 
7. 85 
7. 84 

I/ours 

1. 74 
1. 94 
1. 78 
2.02 
2.00 
2.30 

I/our., 
2. 37 
2.98 
2.67 
2. 38 
2. 27 
1.96 
1. 78 
I. 79 
1.86 
1.01 
2.07 
2. 10 

IlourB 

6.12 
5. 82 
6.05 
5. 59 
5.84 
5. 47 

Ilours 
5. 43 
5. 25 
5. 15 
5. 36 
5. 34 
5. f>ll 
6.02 
5.94 
5. 94 
6.02 
5. 78 
5. 74 

Feel 

3.12 
3. 03 
3.02 
2. 78 
2. 79 
2. 70 

Feet 
2. 02 
2. 35 
2. 57 
3. 01 
3.03 
3. 21 
3.17 
3.10 
2. 87 
3.04 
2. 87 
2. 74 

Feet 
2. 65 
2. 68 
2. 77 
2. Oil 
3. 02 
3. 06 
3.13 
3.18 
3.04 
3.03 
2.85 

Feet 
2. 76 
2. 50 
2. 72 

Swn .. _ ..... _ 40. fl7 9:J. 77 11. 78 20. 14 34. 80 67. 63 
Mean ........ 7.78 7.81 1.96 2.18 5.82 5.64 

Corrected for longitude of moon's node ................................. . 

17. 53 34. 88 32. 40 I 7. 98 
2.\l2 2.91 2.95 2.66 
2. 94 2. 91 2. 92 2. 61 

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

Mean river level on staff Low water below river level 

Month 

High water above river 
level 

1898 1899 1900 1901 1898 1899 1900 1901 1898 1809 1900 1001 

----- ---------· ---------- . ------
Peet Feet Feet Feet Feet Feet Feet Feet Fett Fett Ftel Fett 

~'!1:=li)~[i 
4. 77 4. 44 4. 75 ------- 1. 48 1. 36 1.40 ------- 1. 44 1.29 1.36 
6.08 4. 53 4.06 ------- 1. 23 1,38 1.30 ------- 1. 12 l.30 l. 20 
5. 45 4.88 4. 79 ------- 1.33 1.42 1. 39 ------- 1. 24 1. 34 1.33 
5.29 4.87 .,. ______ ------- 1.52 1.52 ------- ------- I. 49 1. 47 
5. 49 5.06 -·----- ·------ 1. 57 1. 54 ------- ------- 1. 46 1.48 
5. 26 5. 30 ------- ------- 1. 65 1.55 ------- .T62· 1. 56 1. 51 
5.14 5.00 1. 60 1.64 1. 62 I. 53 1. 51 

Se U!rust. . ... .... 5. 41 ,5. 61 5. 25 1.55 1. 59 1. 65 1. 48 1. 51 1. 53 
0 

Ptember. ..... 5. 30 5. 51 5. 24 1,61 1.43 1. 57 1.41 1.44 1. 47 
};fctober......... 5. 69 5.30 5. 27 1.41 1.55 1.55 1. 37 1. 411 1.48 
]) ovember...... 4. 85 5.30 4. 90 1.39 1. 47 1. 47 1.40 1.40 1. 38 

0Cember... .•. 4. 95 4.86 ------- ------- 1.49 1. 46 ------- ------- 1. 30 1.28 ------- ----·---------------
Sum 31. 67 63.12 54.92 13.60 9.05 17.112 16.63 4.09 8.48 111. lltl 15.76 3.89 

C Mean::::: .5.28 5.26 4.00 4.53 1. 51 1. 49 1. 51 1. 36 1. 41 1.41 1.43 1.30 
0rrected for longitude of moons node ••••.••• 1.52 1.49 1. 49 1.33 1. 42 1. 41 1.41 1.27 

--~-------
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Monthly values for river level at Seventh Street Wharf, as deter
mined from 32 months of observations, are given in Table 35. The 
value for river level, as determined from this series, is 5.10 feet. As 
at the navy yard, it is noted that during the winter months river level 
on staff is generally below the average value. 

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

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

TABLE 36.-llighest and lowest observed tides, Seventh Street Wharf, Washington, D. C. 

Highest Lowest 

Month 
1898-99 1899--1000 1898-99 1899-1900 

Datt Fut• Date Feet• Date Fe,t • Datt Fttt • December _________________ 4 4.4 24 2.8 9 3.2 30 3. 2 
January _______________ ---- 26 2.2 20 1. 8 1 3.8 29 3.8 
February __________ ------- Zl 2. 7 22, 24 2. 2 12 2.9 18,20 3.3 March ____________________ 5 3. 7 1 2.3 13, 20 2.1 21 2.8 April _____________________ 7 3.1 29 2. 4 16 2.5 5 3. 1 May ______________________ 

4, 5, 11 2.8 28 2.9 26,29,31 1. 8 9 2. 7 June ______________________ 23,24 2. 6 19 2. 7 16 2. 3 3 2. 2 July ______________________ 25 2. 8 12 2.4 0 2.8 10, 13, 14, rn 2.3 August_ __________________ 21,29 2.9 16 2. 5 4, 20,23 1.8 12 2. 2 September ________________ 11, 13, 19, 24 2. 6 11 2. 5 21,30 2.0 18 2. 7 
October_. _______ . __ ---- ___ 31 3, 6 7 2. 7 I, 7, 20 2.2 17 2. 3 November ________________ 1 3, 9 26 3. 3 6 2. 4 10 3.0 

Sum ________________ 
37. 3 30.5 29,8 

I 
33. 6 Mean _______________ 3, 11 2.M 2. 48 2. 80 

1 Above mean river level. 2 Below mean river level. 
Moo.no( monthly highest = 2.82 Ceet above mean river level. Mean of monthly lowest - 2.64 feet below 

mean river level. Highest tide observed = 4.4 feet above mean river level. Lowest tide observed = 3.8 
feet below mean river level, 

EASBY POINT 

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

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

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

High- Low- Dura- Mea.n Mean Mean Highest tide Lowest tide 
high low Mean tide Year and month water water tionof water water range level interval interval rise on staff on staff on staff Date Height Date Ileight 

·------------------ ----- --
1001 Ilour, Iloura lloura Feet Fut Fed Fed Fed Fut 

tt:r=:::::::::::: 7. 94 2.64 5.30 7. 14 4.55 2./i9 5.84 22 9.8 I 1.5 
7. 76 2. 65 5. 11 7.40 4./i3 2. 87 5. ll6 24,31 8.3 4 3. 2 

June- •••.... -..... 7. 70 2. 72 4. 98 7.26 4.22 3.04 6. 74 17 8.6 30 3.4 
July .. ·-·····-····- 7.69 2.43 5.26 7. 18 3.94 3.24 5.156 14 8.6 3 3.1 
August_·-•·-··-··- 7. 75 2.32 6.43 7. 23 3.94 3.29 5. 58 7 8.3 4 3. 1 
September __ ··-··- 7. 70 2.12 5. 58 7. 23 4.08 3. 15 5.66 28 8.5 30 3.3 
October_--········ 7.80 2.01 5. 79 6,65 3. 57 3.08 5.11 12 7.9 18 2.4 
November-.. -••··· 7.86 2. 17 5.69 6.15 3.31 2.84 4. 73 24 7.6 28 1. 3 
December .......•. 8.00 2.40 5. 69 6.46 3. 72 2. 74 5.00 29,31 8.4 21 2.4 

1902 
January···-······· 8.00 2. 76 5. 33 6.12 3. 45 2. 67 4. 78 22 8.0 4 I. 2 
February .....•..• - 8.46 2.91 5. o5 6.02 3.85 2. 17 4.94 'l:I lll.4 10 2.0 
March .• _-···-···- 8. 07 3. 03 5.04 6.87 4./i9 2.28 5. 73 2 •12.a 20 2.1 

--
Sum--.--•-·. 94. 91 30.16 64. 75 81. 71 47. 75 33. ll6 64. 72. ------- 107. 7 ------ 29.0 
Mean _______ 7. 91 2. 51 5.40 6.81 3.08 2.83 6.30 _ __ .. ___ 8.08 ------ 2. 42 

Corrected for longitude of moon's node ___________ ·---·-··-·· 2. 77 -------- ------- ------- ------ -------

1 Estimated. 

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

LIGHTHOUSE WHARF 

An 18-month series of continuous observations was made at the 
Lighthouse Wharf from December, 1924, to May 1926. The monthly 
means for the time and height relations, together with the date and 
height of extreme tides, are given in Table 38. The intervals, as 
determined from the 18-month series, are, high-water interval, 7.77 
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hours; low-water interval, 2.22 hours. The duration of rise is ,5.55 
hours and the duration of fall is 6.87 hours. The high-water interval 
remains nearly constant throughout the year. The low-water interval 
increases to a maximum of 2. 73 hours m February and decreases to 
1.84 hours in September, a variation of about 0.9 hour. 

TABLE 38.-Tidal data, Lighthouse Wharf, Washington, D. C. 

High- Low- Dura- Mean Mean Mean Mean Highest tide i,owest tide 

Year and water water tion high low Mean river tide 
month inter- Inter- of water water range level level Height Height on on on on val val rise staff staff staff staff Date on Date on 

staff. staff 
-------------- -~---

1924 Jlours Hours Hours li'eet Feet Feet Feet Feet Feet F'eet 
December __ 7. 79 2.27 5. 52 5. 35 2. 49 2.86 3.93 3. 92 9, 13, 24 6. 5 1 0.4 

1925 
January ____ 7. 73 2.16 5. 57 5.89 3.13 2. 76 4.53 4. 51 13 6.8 23 1. 5 
February __ 7.85 2. 73 5.12 6.17 3.42 2. 75 4.80 4.80 11 7.6 28 I. 7 March _____ 7. 76 2.38 5.38 5. 64 2. 81 2.83 4.24 4. 22 8 6.8 3, 15 1.4 
tf.ril_ - .. -- 7. 71 2.12 5. 59 6.19 3. 20 2.00 4. 70 4. 70 22,23 7.0 8, 9, 11 2.4 

BY------- 7.66 2.32 5. 34 6. 27 3. 32 2.95 4.80 4.80 1 7. 0 18 2. 2 June _______ 7. 73 2.02 .5, 71 6.30 3.18 3.12 4. 75 4. 74 24 7.3 6 2.4 July _______ 7. 83 2.02 5.81 6.34 3. 19 3.15 4. 79 4. 76 5 7.1 8,9 2.5 August. ___ 7. 77 1.93 5.84 6. 41 3.20 3. 21 4. 84 4.80 29 7. 3 1, 2,3, 5 2.5 
September. 7. 76 1.84 5.92 6. 55 3. 41 3.14 5.00 4.98 7,20 7. 3 1,30 2. 5 
October ____ 7.89 2.01 5.88 5.99 3.04 2. 95 4,1\4 4. 52 1 7. 4 10 1 1.0 
November. 7. 63 2.09 5.54 5. 87 3.11 2. 76 4. 50 4. 49 13 7. 7 18 'l.6 December __ 7. 91 2.32 5. 59 5.67 2. 81 2.86 4. 25 4. 24 2 7. 2 28 •1.0 

1926 
January ____ 7. 77 2.37 5. 40 5. 44 2. 70 2. 74 4. 09 4. 07 21 6. 5 29 1. 3 
February __ 8.15 2. 56 5. 59 5.96 3. 29 2. 67 4. 63 4. 62 25 7.9 7 2.2 March. ____ 7.60 2. 27 5. 33 5. 49 2. 7,5 2. 74 4.13 4.12 12, 15 6. 5 5 1. l tl:ri'-- ---- 7. 61 2.36 5.25 5. 87 3.00 2. 87 4. 45 4. 43 13 6.9 20 1.6 ay _______ 7.69 2. 25 5.44 6.11 3. 07 3. 04 4. 61 4. 59 10, 14, 29 6.8 4 1.8 --------Bum ___ 139.84 40.02 99.82 107. 51 55.12 52.39 81.,58 81. 31 ---------- 127.6 -------- 31.1 

Mean __ 7. 77 2. 22 5. li5 5. 97 3.00 2. 01 4. 53 4. 52 ----------- 7.09 -------- 1. 73 
Corrected for longitude of moon's node __________ 2.86 ------- ------- ---------- ------- -------- -------

1 Estimated values. 

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

Mean river level and mean tide level differ by 0.01 foot for this 
period of observation, mean river level being 4.53 feet on staff and 
mean tide level 4.52 feet on staff. Mean high water on staff is 5.97 
feet; mean low water on staff is 3.06 feet. If curves are plotted a~ 
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
ser"i{ations is, therefore, 5.36 feet and the greatest range is 7.5 feet. 

TIDAL DATUM PLANES 

The plane of mean sea ievel as adopted for use in the District of 
Columbia is 90.69 feet below bench mark No. 51, on the Senate wing of 
the Capitol, which is taken as the standard bench mark. The 
elevation of this bench mark was determined by precise levels run 
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between this mark and bench marks at Annapolis, Fredericksburg, 
and Richmond, and these values adjusted, takmg into consideration 
the slope of the river. A detailed account of the adjustment (1f the 
Capitol bench mark is given on page 256, Coast and Geodetic Survey 
Report for 1896. 

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

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

The values given for the four Washington stations, navy yard, 
Seventh Street Wharf, Easby Point, and Lighthouse Wharf, were 
obtained direct from observations. 'fhe values in the fifth column, 
accepted values for Washington, are given in previous publications. 
The accepted values for the mean high and low waters refer to the 
navy yard. The elevations of the various p1anes below the Capitol 
bench mark are given in the last column. 

It is noted from the table that values determined at the navy 
yard and Seventh Street Wharf for the mean high water and mean river 
level check closely with the accepted values for Washington. The 
accepted value for mean low water is higher than those determined 
at the above stations. 

TABLE 39.-Tidal datum 71lanc8, Washington, D. C. 

• Ohservat.lons at.-- Accepted values 
··•--·-----·----~---,----I--------.. -

Navy Reventh 
yard, 7 Htreet 
years, \\'hart, 

1892-os f~l!oo1· 

Eashy 
Point, 1 

year 
1901-2 

Light- Referred Elevation 
h_onse to mean \xllow 

Vi harf, sea-level Capitol 
1 H years, datum hench 
1924-1926 mark 

-------------1'------------------
Feet Feet Feet Feet 

Mean sea•level, datum ..•.••............. _ 0. 00 O. 00 O. 00 o. 00 
Mean river leve'----·············-·····--· 0. 26 O. 26 0.60 o. 16 
Mean high water_ .... _ .. _................. I. 70 1. 67 1. 95 1. 58 
Mean low water ............ •-·--···-··-··- -1. 2.5 -1. 22 -0.82 -1. 28 
United States Englneersmeanlowwater.-j-····-···· ...•..............•..........• 

THE TIDE AT OLD POINT COMFORT, VA. 

THE INTERVALS AND RANGE 

Feet 
0. 00 
0. 29 
1. i4 

-1.16 
-1. 26 

Feet 
00. 69 
ll0.40 
88.95 
91.85 
91. 96 

Tide observations were begun at Old Point Comfort on July 1, 
1844, and continued, with some interrt':!ptions, until 1878. 

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

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

Table 41 gives the yearly values for the high and low water inter
vals for the 26-year period 1853-1878. The mean value for the high
water interval 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 period the value for duration of rise is 6.44 
hours and duration of fall is 5.98 hours. 

TABLE 40.-Tidal data, Old Point Comfort, Va. 

High.water Low•water Duration Mean range Date Length or series Interval Interval of rLse 

Houra Hour• Hours Fm 
8.33 1. 92 6. 41 2. 70 1844-1852 8 years. 
8. 73 2.30 6.43 2. 5/i 1853-1877 2., years. 
8. 62 2. 18 6. 44 2. 81 1888 80 days. 
8. 47 2. 08 6.39 2. 55 1891 1 month. 
8.113 2.14 6. 79 2. 55 1905 4 days, 
8. 71 2. 40 6. 31 2. 55 lllO!l 3 days. 
8.60 2. 20 6.40 2. 44 1918-1919 Ii½ months. 
8.82 2.35 6.47 2. 40 1928 20 days. 

TABLE 41.-Lunitidal intervals, Old Point Comfort, Va.: Annual means 

Year 
High• Low• 
water water 
inter• Inter• 
val val 

Year 

High• 
water 
Inter• 

val 

Low• 
water 
inter• 
val 

Year 

High• Low• 
water water 
inter• Inter• 

val val 

-----'------1-------------11----------
lloura 

1853.............. 8.8 
1854.............. 8. 7 
1855 .. ······•·•··· 8. 7 
1856. --·········-- 8. 7 
1857 .............. 8. 7 
1858.............. 8.8 
1859. ·--···----··· 8. 8 
1860.............. 8.9 
1861.............. 8.8 
1862.............. 8. 7 

lloura 
14. 7 
14. 6 
14. 6 
14. 8 
14. 7 
14. 7 
14. 8 
14. 8 
14. 7 
14. 7 

lloura 
1863.............. 8.8 
1864 .. ··--·····--· I!. 7 
186.5.............. 8. 8 
1866.............. 8. 7 
1867.............. 8.8 
1868.............. 9.0 
1869. ............. 8. 9 
1870.............. 8. 8 
1871.. ••••.•.••... 8. 7 
1872.............. 8. 7 

Jloura 
14. 8 
14.8 
14.8 
14. 6 
14.8 
14. 9 
14. y 
14. 7 
14. 7 
14. 7 

lloura lloura 
1873. ............. 8. 6 14. 6 
1874.............. 8.5 14.5 
1875.............. 8. 5 14. fi 
1876.............. 8. 6 14. 7 
1877 .............. 8. 6 14. 7 
1878.............. 8. 0 14. 8 

Sum (26 years). m. 2 382. 7 
Mean.......... 8. 74 14. 72 

Duration or rise-6.44 hours; duration or raJl-5.98 hours. 

TABLE 42.-Range of tide, Old Point Comfort, Va.: Annual means 

Year Feet 

1846. ······--············· 2. 89 
1847...................... 2. 75 
1848. ..................... 2. 68 
1849 •. ·••····•···•···•···• 2. 67 
1850...................... 2. 75 
18/H...................... 2. 56 
1862...................... 2. 56 
1853...................... 2. M 
1864.. ••..•••..••.••.•••.. 2. 45 
1865...................... 2. 47 

Sum................ 26. 33 
Mean.............. 2. 63 

Mean, 30 years, 2.57, 

Year Feet Year 

1856. . . . . . . . . . . . . . • . . . • • • 2. 43 1866 ..•.•.....•.•.....••. 
1857..................... 2. 45 1867 .................... . 
1858..................... 2. 49 1868 ..................•.. 
1869...... ... . .. . . • . • • . . • 2. 46 1869 ......•.............. 
1860. .. . . . . . . . . . . • . . . . . . . 2. 49 1870 .................... . 
1861..................... 2.52 1871.. •......•......•.... 
1862..................... 2. 53 1872 .................... . 
1863..................... 2. 56 1873 .•..•.......•........ 
1864 •.••..........•.. ·• .. 2. 66 1874 ....••..............• 
1865 •••.•.•...•.......... ,~ 1875 .................... . 

Sum.............. 25. IO Sum .....•....•••• 
Mean............. 2. 51 Mean .•...••••••.. 

Feet 

2.59 
2.52 
2. 57 
2. 57 
2. 67 
2. 63 
2. 63 
2. 60 
2.49 
2. 52 

25. 71! 
2. 58 
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TABLE 43.-Range of tide, Old Point Comfort, Va.: Annual means corrected for 
longitude of the moon's node 

Year Feet Year Feet Year Feet 

1846 __ -- __ ---------------- 2. 82 18/l6_____________________ 2. 50 1866_____________________ 2. 51 
1847______________________ 2.67 18/l7_____________________ 2.52 1867_____________________ 2.45 
1848______________________ 2.60 18/l8_____________________ 2.56 1868_____________________ 2.51 
1849______________________ 2.60 1859_____________________ 2.52 1869_____________________ 2.52 
1850 .. ___ . ___ . __ . _______ -- 2. 69 1860. _ -- ____ -- _. _ .. ___ -- -- 2. 53 1870. ____ -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 64 
18/ll______________________ 2.52 186).____________________ 2.54 1871.. ___ --------------- 2.63 
18.'l2________________ _____ 2.M 1862_________________ ___ 2.52 1872_____________________ 2.65 
1853_ ----- _ ----- _ 2. 57 186.1._ ·- 2. 52 1873 ____ ------ --- ------- 2. 65 
1854_______________ 2.49 1864_____ 2.51 1874_____________________ 2.55 
1865. _ ------ ------------- 2. 53 1865. _______ ---- -- _ -- --- 2. 54 1875. _________ -- ------ --- 2. 59 

Sum________________ 26.03 Sum______________ 2.~. 26 Sum._____________ 25. 70 
Meau__ ____________ 2. 603 Mean_____________ 2. 526 Mean_____________ 2. 570 

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

Table 42 gives the annual range of tide for the 30-year period 
1846-1875, divided into IO-year groups. Table 43 gives the same 
values corrected for the longitude of the moon's node. The uncor
rected values have a maximum variation of 0.46 foot between any 
two years in the 30-year series. The maximum variation between the 
means of the IO-year groups is 0.12 foot. In the table of corrected 
values the maximum variation between any two years reduces to 
0.37 foot and the maximum variation between IO-year groups is 
0.07 foot. The mean value for the 30-year series is 2.57 feet, for the 
first 19 years it is 2.57 feet, and for the last 19 ye4J.rs 2.55 feet. 

THE TIDES IN THE VARIOUS WATERWAYS 

THE TIDE IN THE LOWER BAY 

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

Table 44 gives results derived for the 44 stations in the lower bay 
at which tide observations have been made. The locations of these 
stations are shown in Figure 9, the number of each station being the 
same in the figure as in the table. Hamf ton Roads and the lai:ge 
rivers on the western side of the bay wil be discussed later. The 
values for each station have been reduced to approximate means by 
comparison with a standard station. 
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Sta• 
tion 

1 
2 

3 

4 
5 

6 
7 

8 

9 
10 
11 

12 
13 

14 
15 
16 
17 

18 
19 

~ 
21 

22 
23 

24 

25 

26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
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TABLE 44.-Tidal data, Lower Chesapeake Bay 

Lunltldal ln• 
tervals 

Dura- Mean Locality tion of 
rise range 

High Low 
water water 

------
JI' eatern Shore Hours llour, Jloura Feet 

Cape Henry .•.•..••....•..•...•.•.•.••••.•• 7. 82 1.30 6. 52 2.83 
Lynnhaven Inlet ..........•.•.•...•.....•.. 7. 98 2.50 5.48 2.01 

Do .••.•.••••.••....•..•...•........•... 8.33 2.64 5.69 2. 13 
Do •...•••...•.....•.....•.....•.•..•..• 8.63 2.58 6.05 2.13 
Do ..•....•...••..•..•.....•.....•..•.•• 8.04 2.28 5. 76 2.11 

Lynnhaven Inlet .....•......•....•....•••.• 7. 48 1.28 6.20 2. 59 
Do ..•...•.•....•.•..........•....•••... 7.44 1.47 5. 97 3.08 

~ Bea.con (off Ocean View) ..•.•........•..• 8.43 2.25 ij, 18 2.58 
llloughby Spit. .......................... 8.50 2.40 6.10 2.65 

Do .•..•••..••.•.••..•.....••....•..••.. 8.88 2. 91 5.97 2. 77 
Old Point Comfort ........•...•........•..• 8. 74 2.30 6.44 2.55 
Thimble Shoal Light ..•...•.•.•.•.•.....•.. 8. 15 1.89 6.26 2.43 

Do •••.••••••..•••••...••..•.•••.•..• .'. 8.33 1. 78 6.55 2.92 
Do ••....•...•...•...•.....•.......•.•.. 7. 91 l. 77 6.14 2.48 
Do .•..•.••.••...•••.•.•••.•.•.....•••.• 8.40 2.05 6.35 2.64 

Northend Point, Back River ...........••.. 7. 98 2.01 5.97 2.55 
Do .••••.•••.•.•.•••..•..•.•.•.•...•.... 8.18 1. 61 6. 67 2. 75 
Do •.....••.••.•.••..•.....••••..•.•..•• 7. 83 1.38 6. 45 2. JI 

Bradshaw Wharf, Ba.ck River .•••.•.•. -.... 8.28 2. 28 6.00 2. 56 
Amorys Wharf, Back River ..••••..••.....• 7.91 1.48 11.43 2.80 
York Spit Light .•....••.•.•...•............ 8.28 2. 74 5. 54 2.09 

Do .••.•.•••...•••••....••.•.•...•...... 8.14 1.96 6.18 2.24 
Do .•..•.•.•••...•..••..•..•.•.•... -··-· 8. 57 2.38 6.19 2.46 

New Point Comfort ..••..••.•.•.•...••..... 8.61 2.93 5,58 2.27 
Wolt trap Light .•..•.••••••.•.•...•...•••.• 8.95 2,62 6.88 1.64 

Do._ ...•..• -··········---·•-···---··--· 9.29 3.08 6. 21 1.01 
Cricket Hill, Plankatank River ............ II. 82 4. 54 6.28 1. 38 
Cherry Point, PlankatanViiver ....••.•..• 10.80 4.99 5.81 1. 20 
Jackson Crook, Plankata River ...•...... 9.98 4.64 5. 34 1.10 
StlnE':y Point Light .••...•...•............ 10.25 4.38 5. 87 1.12 

10.63 4.65 5.98 1.11 
Do ..•...•.......••........••........... 10.62 4. 79 5.83 0.112 
Do .••.•.•••...•.•.....•.•..........••.• 10. 60 4.53 6.07 1.17 

Dlvld1Wi Creek ......••......•...•...•...•.. 11. 34 5. 74 5.60 1.06 
Great lcomlco River Light ...........••.. 11. 74 6.06 5.68 1. 10 

Do ...••.•••••.•...•••...•. -•..••••..•... 11.59 6. 31 5,28 1.15 
Do ..•...•.•.•.•.......•............••.. 11.65 5. 80 5.85 1.08 

Flooton, Cockrell Creek ...•..•..•...•.•...• 11. 14 5.89 5. 25 1.00 
Point Lookout ...•....•.....•.............. o. 56 6. 93 6.05 1.38 

Do •••...••....•.....................•.• 0.83 7.00 6. 25 1.22 
Do •••••••••••••••••••.•••.•••..•••..••• 0. 58 6.92 6.08 1.40 
Do •.•.•.•••.....•...•.•.....•.......•.. o. 75 6. lil 6.26 1.21 

Ea,tern Shore 

Tylers Creek, Smith Island ..•••.•••...•.••• 0.24 6. 73 5.93 1.97 
·Janes Island .•••.•.•.••..•••...•...•........ 12. 40 6.48 5.92 2. 06 

Do .•.••••••.•••••••.•.•••.•...•...••..• 0.44 6.42 6.44 1. 74 
Do ....•..••...•••••••••••..•.••••.••••. 0.33 6. 47 6.28 2.30 

Crlst\eld, Md., Little Annemessex River ... o. 17 6.62 5.97 1. 86 
Do ...••.•••.•••••...••..•.•..••.......• 0.04 6.58 5.88 1.93 
Do ... ·················-·····•······· ••• 0.21 5. 71 6.92 2.00 

Cod Harbor, Tangier Island .............•.. 11.94 5.57 6. 37 1. 95 
Do ...••.•••••••.•.•...•.•.•..........•• 11. 63 6.24 5.39 1. 31 
Do ....•.•.•..••••.•••••........•....•.. 11.94 6.49 5.45 I. 39 

Great Fox Island .••.•••••.•..........••.... 12.36 6.37 5.99 l. 82 
Do ....•.•....••...••................•.• ll. 93 5.88 6.05 2.27 

Saxis, Pocomoke Sound .................... 11. 76 6.29 5. 47 2. 37 
Shelltown, Md.,Pocomoke River ........... ]2.37 7.22 5.15 2.54 
Rehoboth, Md'l Pocomoke River .......... 0.47 7.69 5.20 2.17 
Watt.s Island L ght .•••..•.......••......... 11.16 5. 43 5. 73 1.84 

Do ....•.......•.••......•.......•..•... 11. 37 5. 70 5. 67 1.69 
Hunting Creek .••.•.....•••.......••....... ll.82 6.10 5. 7:J 2.46 
Onacock ...•.•.•.•.•.....•.•.....•.•.....•.• 11. 55 5.63 5.92 l.90 
Pungote~e Crook ................•........ 10. 80 5.05 5. 7li 1. 85 
Nandua reek ..........•...........••..•.. 10. 70 5. 47 5. 23 1. 57 
Sandy Point ...................•............ 9.99 3.90 6.09 I. 69 
Occoha.nnock Crook .....•..............••.. 10.23 4.47 5. 76 1. 70 
Nasawaddox Crook ..•.......••............ 10.09 4.89 5 20 l.18 

Do •.•.....••.•......................... 8. 75 3.22 5. ,53 I. 46 
Do ......•.......•...................... 11.21 5.97 5. 24 1. 19 

Hungers Creek ......•.................... . 8. 97 3.12 5.85 1.85 
B nC 39 M tta.worna ,reek........................ 9.13 4. 00 5.13 1.83 

1 Lunltldal intervals from series 1853-1878; range from series 1857-1875. 

0 bservations 

Year Length 

Da11a 
1854 9 
1905 18 
1915 21 
1916 29 
1919 3 
1891 24 
1918 2 
19!fJ 2 
11116 14 
1918 1 

1853-1878 I 9,496 
1900-7 70 

1909 3 
19ll 1 
1918 31 
1868 17 
1006 1 
1918 7 
1906 3 
1906 4 
1901 7 

19C6-7 6 
1918 26 

1900-7 1 
1918 33 
1928 2 
1906 10 
1851 19 

1808-69 1 50 
1898 28 
1901 10 
11111 27 
1928 6 
1869 24 
1898 20 
1901 3 
1909 11 
1909 3 
1849 140 

1904-5 16 
1908 7 
192S 14 

1002 4 
1002 9 
1906 2 
1907 34 
1868 27 

1001-2 27 
1928 7 
1906 5 
]910 47 
1911 60 
1895 90 
1906 5 
1907 30 
1869 32 
1869 8 
1868 71 
1869 44 
]869 34 
1914 52 
1868 82 
1914 156 
1853 8 
1868 3 
1914 6 
1914 8 
1868 26 
1853 20 
1868 15 
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Observations 

Sta
tion Locality 

Lunltidal in
tervals 

f------1 l?o'::°~r Mean 1---------,----
rlse range 

Eaatern Shore-Continued 
40 Cherrystone Inlet. ________________________ _ 
41 Cherrystone Lighthouse (off Cape Charles 

42 c~:&~~~i~i~f~~=~~~~~~==~~~: ::::::::::::! 
Do _________________ ................... . 

43 Old Plantation Flats Lighthouse ......•.... 
Do .................................... . 
Do._.·-···-·-···· ...... ··•··-··· .....•. 
Do ............................ ·-··· ... . 

44 Fisherman Island ..............•...........• 
Do._ .. _._ ................... -·_ .•...... 
Do .................................•... 
Do ...... _ .........•.. ·- ..... _·-._ ..•. __ 
Do ................. ·--· ............... . 
Do ... ·-·· .... ···-._.····-·- .. ·-·· ..... . 
Do .. _ .... _ ... _ ............. _ ... _._·-_-· 
Do_ .......... ·-·-·-· ....... ···-····-··. 
Do_ .. --· ............... ·-···-··· .. -··--
Do __ -·· .... ···-· ..... ·-·-··. ·-- ·--· ···-
Do ..... _.·- ...... __ ...... _. __ . __ ... _ .. . 
Do ...... --.. -.. -.... ·- ............. -.. . 
Do. - . -- -... - - . - -- ... --.. - -.. - - - . --- -- - -
Do_ .. ____ - ___ --· - . -· _ ·- __ ·-· _ ... _ -· .. . 
Do _____ ._ -- ---- --. _ ·- __ --· .... ____ . _ .. . 

High Low 
water water 

Hours 
8.82 

8.11 
8. 11 
8. 72 
8.23 
0. 37 
8.42 
8.39 
9.02 
7. 76 
7. 75 
8.17 
7. 94 
8. 21 
7.94 
7.98 
7. 72 

,8.16 
7.96 
7.98 
7.87 
7.89 
7. 75 
7.98 

Hours 
2.90 

2.46 
2.16 
2. 8.1 
2.55 
2. 93 
2. 53 
2.45 
2. 31 
1. 70 
1. 92 
2.23 
2.34 
2.22 
1. 94 
1.08 
1.66 
1. 07 
1.98 
1. 74 
1. 77 
2.32 
1. 72 
1.00 

lloun 
5.92 

5.65 
5.05 
6.89 
5.68 
6.44 
5.80 
5,94 
6. 71 
5. 97 
5.83 
5,94 
5.60 
5.99 
6.00 
6.00 
6.06 
6. 19 
5.98 
6.24 
6. 10 
5.·57 
6.03 
5.00 

Feet 
2.24 

2.52 
I. 76 
2.30 
2.10 
2.56 
2.46 
2.13 
2.30 
3.03 
3.02 
3.12 
2.60 
3. 11 
2.00 
3.03 
2. 91 
3.32 
3.06 
3. 20 
3. 21 
2.80 
3.11 
2.00 

Year Length 

1874 

1868 
1899 

1913-14 
1918 
1901 

1900-10 
1914 
1918 
1852 
1853 
1869 
1888 
1906 
1907 
1911 
1912 
1913 
1914 
1918 
1919 
1921 
1922 
1925 

Dava 
18 

30 
5 

240 
106 

8 
240 

8 
4 

12 
27 
30 
49 
3 

80 
:Ml 
7 

28 
7 

52 
39 
35 
90 
90 

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 number of observational values. For this reason, 
only the values derived from the longer series should be considered 
as precisely determined and the values from the very short series 
should be regarded as approximations to mean values. 

From a consideration of the tabular data it is found that the time 
of tide becomes progressively later from the entrance toward the 
head of the bay. Both high and low water intervals show approxi
mately uniform increase from the vicinity of the entrance to Point 
Lookout, the total increase for this distance of 70 miles being about 
five hours, or 0.07 hour per mile. In the same distance the range 
decreases from nearly 3 feet to about 1½ feet, an average decrease of 
about 0.02 foot per mile. The duration of rise shows no progressive 
change in this section of the bay. A discussion of the range and 
intervals in the entire bay is given on page 48. 

THE TIDE IN THE MIDDLE BAY 

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

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

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

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

TABLE 45.-Tidal data, Middle Chesapeake Bay 

Sta
tion Locality 

Weatern Shore 

1 Point Lookout •••••••••••..•••••.••••••...• Do ••••••••.•.••••. ____________________ _ 
Do··-··-----·- ________________________ _ 
Do ____ -- __ ----- ______ -- -______ -_ ---___ _ 

2 Point No Point ____________________________ _ 
3 Drum Point__ _____________________________ _ 

Do ___________________________________ _ 
Do __ -· - _________________________ --___ _ 
Do •••••• _ •• ·--- ___ - ----- . ---------- -- --
Do-·-····-·-·-- ____ ------___ -_ - ----___ -
Do._ -••• ··-····--· - . ---• -_ -- ---------- _ 4 Solomons Island_ ••• _______________________ _ 

6 Wllllams WharL---·-----------------------6 Long Point _____ •••• ___ • ___________________ _ 
7 Benedict. __________________ -. _________ -___ _ 

: ~~m~~~~~============ = = == = = = = =: = =: :: :: 10 Hills Bridge ______ ···-----·--·------ _______ _ 
11 Fairhaven, Herring BaY-···------·---------Do--···· ------- -·· _____________________ _ 

Do-•••• ··-·-·····-·-- ___ •• __ -·__ _ _. _. _ 
12 Chester Creek----·--------·-·--------------
13 Draw, South River Bridge ____ -·----·--. __ _ 
M Thomas Point Shoal Lighthouse ___ •• ______ _ 

F.aatern Shore 

16 Bloody Point Bar Lighthouse _____________ _ 
Do •••••••••••••.••• _____ ••••• __________ _ 
Do-··--·······---··-·-· _______________ _ 
Do-·-··-··-··--·· ••• _-·····- ______ . ___ -

16 Hllgard Point, Kent Island _______ -·. ______ • 
17 Greenwood Creek ________________________ _ 
18 Claiborne __ •• -·-···----·· ••• ·--. __ .•• __ .•• _ Do ______ • __ . _____ • _________________ -___ _ 

: ft~Ki:~:::r./~!~::::::::::::::: ::: : : : : ::_ :: 
Do •• ------·. ____________ -________ --- ___ _ 

Lunitldal in-
tervals 

High Low 
water water 

----
lloura lloura 

0. 56 6.93 
0. 83 7. 00 
0.58 6.92 
o. 75 6. 91 
0.84 7.49 
1.46 8. 52 
1. 52 8. 50 
2.27 8. fl4 
1. 29 7. 82 
I. 59 8.12 
I. 77 8.49 
I. 52 7. 87 
2.03 8.98 
1.85 8. 60 
2.15 9.00 
2. 81 9.83 
3.60 ll.96 
5.02 12.10 
3.42 ll. 50 
3. 76 9. 72 
2. 82 9.62 
3. 71 10.26 
4.27 10. 40 
4. 51 10. 51 

3. 80 10. 42 
3. 20 D. 91i 
4. 01 11.17 
3.49 10. 88 
3. 58 10. 66 
3. 52 10. 69 
3, 60 10.46 
3. 87 10. 57 
a. 52 10.00 
3. 53 10. 23 
3.66 10. 34 

Dura-
tlon of 

rise 

--
lloura 

6.05 
6. 2/i 
6.08 
6. 20 
5. 77 
5.36 
5.44 
6.05 
6. 89 
5.89 
5. 70 
6. 07 
5. 52 
5. 67 
5.48 
5.40 
6.06 
5.34 
6.34 
6.46 
5.62 
5.87 
6.20 
6.42 

5.80 
5.67 
5. 26 
5. 53 
5. 34 
5.25 
5.56 
5. 72 
4.95 
5. 72 
5. 74 

Mean 
range 

Feet 
1. as 
I. 22 

.1.40 
I. 21 
1. 11 
1. 38 
1. 38 
1. 30 
I. 20 
1. 59 
I. 43 
1.08 
1.50 
1.64 
1. 69 
1. 95 
2. 54 
2.92 
1.22 
1. 31 
0.85 
0. 81 
0.95 
o. 79 

1.06 
0.90 
1.08 
1.00 
I. 47 
1. 10 
1.14 
1. 75 
0.83 
1. 41 
1.07 

O bservatlons 

Year 

1849 
1004-5 
1908 
11)28 

1908-9 
1847 
1848 
1848 
1898 
1908 
1010 
1907 
1008 
18.57 
1008 
1859 
18.59 
1007 
1846 
1927 
1903 
1903 
1903 
1927 

1890 
1903 
1906 
!DOIi 
1846 
1847 
1899 
lDOII 
1800 
1870 
1009 

Length 

Dtl111 
140 

16 
7 

14 
29 
20 
33 
19 
29 
33 
3 

26 
6 
3 

10 
2 
I 

32 
1 
2 
a 
2 
a 

2 
3 

19 
~ 
6 

45 
M 
12 
5 

24 
7 

¼ 



i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
I 
i 
I 
i 

i 
I 
I 
I 
i 
I 
I 
i 
I 
I 
i 
I 



Sta• 
tlon 

21 
22 
23 

24 

2li 
26 

27 
28 
29 

30 

31 

32 
33 

34 
35 

36 

37 
38 

39 

40 
41 
42 

43 

44 
45 

46 

47 
48 

49 

60 
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Lunltldal In• Observations tervals 
Dura- Mean Locality tlon of range rise High Low Year Length water water 

-----
Eaatern Shoro-Contlnued 

Hours Hours Hour, Feet Da11• 
Miles River Bridge •••••••••.•••.•.......••• 4.36 11.56 5.23 1. 18 1927 2 
Po/i:lar Island •••••••.........•..•........•. 3.69 10. 71 5.40 1.00 1846 12 
Tl ghmans Island Wharf .•.•......•...•.•••• 2.95 9.47 5.00 1.45 1002 22 

Do •..•.•...••..••.......•..........•... 2.53 JO. 01 4.94 1. 31 1009 12 
Sha1E~ Island Llgh t ........................ 2.65 9.42 5.55 l. 34 1898 40 

2.91 9. 51 5.82 1.17 1002 35 
Sharps Island •............................. 3.37 10. 23 5.56 1. 33 1848 60 
Chofl:nk River Light.. ..•••.............• 3. 31 9.30 6.43 1. 70 1002 60 

3.11 9. 2li ti. 28 1. 62 1910 2li 
Oxford ..•..••.............................. 3.01 9.33 6.10 1. 56 1002 2li 
Easton ..•••••••.•.•....................•••• 4.01 10.82 5. 61 1. 33 1927 2 
Cambridge .••••••••••...................... 3.85 10.86 5.41 1. 63 1848 75 

Do .••••••••••...•...................•.. 3. 57 10. 64 5.35 1. 72 1871 22 
Do .. _ •••••••.•••...................... _ 3.28 9.83 5.87 1.87 1002 6 
Do ..••••.•.•.•..•............... _ ....•• 3. 78 10. 41 5. 79 I. 45 1927 3 

Two Johns Landing .•............••...•.••. 6.03 0.46 5. 57 2.04 1870 21 
Do ...•.......................•.....•... 6.81 0.40 6.41 1.39 1927 I 

Denton ••••••••••...•.••.•..•.•.......•.... 7.04 1. 42 5.62 2. 30 1870 2 
Do ••••••••••••••....•...•.............. 7.41 0.00 6. 51 1. 82 1927 1 

Casons Point •••••......•.•....•.........•.. 2.93 9.53 5.82 1. 28 1903 7 
Mad;•on ••••••••••.......•.••.•.•.•••...•.. 3.03 9.67 5. 78 1. 31 1908 14 

Do .••••••••..••.•••••.......•.•........ 3.28 9.24 6.46 1. 23 1910 2 
Church Creek: .......••••••.......•....•.... 3.01 9.85 5. 58 1. 53 1871 9 
HooBei Strait Light ...•..............•..••• 0.93 7.89 5.46 1.57 1001-2 19 

0. 81 7. 73 5. 50 1. 41 1910 35 
Do ••••••••••••.......•...•.......•••••• 0.63 7. 49 5. 56 1. 65 1912 22 

Sharkftn Shoal Light. .•••••.•.•••.....•••.• 1.17 7.67 5.92 2. 22 1902 30 
Do ••. _ ....•.......................•.... 1. 88 7.51 6. 79 2.26 1902 " Elliott Island Wharf.. •..•...............••. 1. 50 7. 78 6.14 2. 47 1002 2 

Roaring Point WharL ••......•.........•.• 0.84 7. 79 5.47 2.26 1858 2 
Do .••••••••••••...••..... _ •.• _ .••..••.• 1. 31 7.64 6.09 2. 42 1902 2 

Lewis Wharf. .. ·-·---· .•...... _ ...........• I. 27 8.41 5.28 2. 19 1858 3 
Do .....................•......... __ ...• 3.20 10. 26 5.36 1. 95 1928 1 

Point No Point ......•.•..••.....•.......... 2.06 9.11 5.37 2.94 1858 2 
Vienna ..•...............................•.. 3.24 9.19 6.47 3.06 1858 2 
Great Shoals Light ..........•.......•...... 0.64 7.49 5. 57 2.82 1902 2 

Do 1.08 8.12 5.38 2. 2li 1007 11 
White Haven ...••.•....... ····--·-· ........ 1. 37 8.30 5.49 2. 42 1858 2 

Do ...... ---······· ......... ··-- ........ 2. 14 8.32 6.24 1.33 1928 1 
Spring Island ..•. ·-·- ....•...• __ .......... _. 0.95 8. 61 4. 76 2.59 1002 2 
Wenona.··--·-··· •....••.•••••••..••.•.••.• 0.89 7.52 5. 79 2. 17 1902 20 

Do ...•....•........••.........•.•.....• o. 73 7.28 5.87 1. 97 1002 10 
Cox & Co's, Wharf, Manokln River •. 0.41 7.39 5.44 2. 71 1902 3 

Do .•••.••••••....... __ ........ __ ....... 0.50 7.50 5.42 2. 43 1902 3 
Blf Annomessox River ... _ ........•..•..•.. o. 47 7.26 5.63 2.13 1902 4 
So omons Lun1p Light. ___ .•............... 0.00 7. 59 5. 73 1.40 1001 6 

Do .... ··············-·-·--············· 0.34 6,96 5.80 1.87 1902 17 
Do ••.•••.•..•.....•.............•.•.••. 0.09 7. 17 5.34 1.62 1007 11 
Do .•.•. ·············-··········-······· 12. 32 6.00 5.42 1.68 1911 16 
Do .••.•...•••.•••••.......•.....•.••••• 0.53 6.00 6.05 1.00 11112 36 

Holland Island Bar Light .................. 0.49 6.89 6.02 1.47 1898 27 
Do ••....•••••••••....••.•.•.......••••• 0.43 7.63 5.22 1.49 1001 8 
Do .••••••.•.......•.............•.....• 0.38 7. 74 5.06 2.13 1002 2 
Do ..••••••.••.•.•.•........•.....•..... 0.25 6.11 7.56 1.45 1902 3 
Do •••••••••••.•••.••.•.....••..••••.••• o. 21 7.00 5.63 1. 61 1006 9 

Holland Island .••••.••••••••..•.••.....•... 1.43 7. 87 5.98 1. 74 1849 14 

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

In Eastern Bay the high-water interval increases from about 3.5 
hours at Bloody Point to about 4.4 hours at Miles River Bridge. The 
time of hjgh water is about the same at Greenwood Creek as at Bloody 
Point. The range of tide increases from about 1 foot at Bloody 
Point to about 1.2 feet at Miles River Bridge. 
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In the Patuxent River the high-water interval increases from 
about 1.5 hours at Drum Point to about 2.1 hours at Benedict. The 
mean range apparently increases from about 1.4 feet at Drum Point 
to about 1. 7 feet at Benedict and to about 2.9 feet at Hills Bridge. 

THE TIDE IN THE UPPER BAY 

Upper Chesapeake Bay, as considered here, includes the bay and 
tributary rivers from Thomas Point to the head of the bay, including 
the Chesapeake & Delaware Canal. Baltimore Harbor 1s discussed 
separately. Within this area are the cities of Baltimore and Annapo
lis, the towns of Havre de Grace, ElktQn, Chesapeake City, and many 
smaller towns. , 

TABLE 46.-Tidal data, Upper Chesapeake Bay 

Lunitldal in• Observations tervals 
Sta· Dura• Mean 
tlon Locality tion of range rise High Low Year Length water water 

------ ---
Weatern Shore 

Hours Hour, Hours Feet Da111 
1 Greenbury Point Light ..•••.•....•......•.• 4.80 11.22 0.00 0.86 1898 7 

Do ....•.••.•....•.•••••.......•........• 4. 75 10.M 6.62 0.83 1003 4 
Do ...•••...••.....••.•.......•.....•... 4. 67 10. 93 6.16 0.68 1910 1 

2 Annapolis ••..••••....••.••....•.......•.•.• 4.84 11.24 6.02 . 0.83 1844 120 
Do ..••••..•••.•....••••..•..•••.....•..• 4.80 11. 18 6.04 0.88 11)28 120 

3 Rallroad bridge, Severn River ..•..•.....•.. 4.83 11.07 6. 18 o. 79 1903 7 
4 Eaglenest Point. •.•..•..•...••••.....•..... 4. 81 11. 33 5.00 0.84 1003 4 

Do ...•...••••.•.•.•••.•.•.....•......... 5.04 11. 52 5. 94 0.86 1927 2 
5 Sandy Point ................................ 6. 18 0.07 6.11 0. 74 1897 2 
6 Magothy River, near Ross Cove .......•....• 5. 47 0.02 5. 45 0.99 1898 6 
7 Magothy River, Deep Creek ................ 5. 78 0.02 5. 76 1.02 1898 M 
8 Bodkin Point ...••....•..••................. 5.99 0. 75 5. 24 1.01 1845 180 

Do ••.....•••..........•................ 6.04 0.63 b. 41 0.89 1845 4 
Do ..•....•..•........................... 6.22 o. 72 5.50 0.83 184lH6 60 
Do ..........••.......•.................. 6. 25 o. 69 5.56 0.97 1854 29 

g Seven Foot Knoll Light. •......•........... 6. 70 0.68 6.02 1.02 1867 27 
Do ...•......•....••...•................. 6. 70 0.82 5.88 1. 03 1897 2 
Do ...•.•.....•.......................... 6. 32 0.31 6.01 1.00 1898 24 
Do ...•....•••...••.................•..... 5. 94 12. 00 o. 36 1. 20 1906 4 

10 Turkey Point, Middle River ...•........... 6. !17 1.44 5. 53 0. 81 1846 16 
Do .........••••..••......•••............ 7. 27 I. 71 5.56 1. 21 1897 7 

11 Battery Point. .•........••.......•......... 7. 23 1. 49 5. 74 1. 1,5 1846 13 
12 Gun1rowder River, railroad.bridge .......... 7.37 1.89 5. 48 1.52 1870 13 

8.33 2.82 5. 51 1.03 1927 2 
13 Poohis Island Light .•.•••..•.•..•.......•... 7. 55 1.99 5. 56 1.11 1846 60 

Do_ •..•..••.••••.•••.•..•.•............ 7. 52 1.60 Ii. 92 1. 24 1898 8 
Do •.•..•..••..•.•..•••.•.•.............. 7.00 1.00 6.00 1. 15 1001 1 
Do ......••••••.•••.•••••••..•.•...•..... 7. 75 1. 41 6. 34 l. 06 1927 8 

14 Sandy Point. .•..••••••••.••.•.•......•..... 7. 93 2. 50 5. 43 1.43 1846 16 
16 Towners Landing, Redmon Co,e .••....... 7. 72 1.98 5. 74 1.36 1899 26 
16 Bush River, railroad bridge ..•...•.•..•..... 8.63 2. 67 5.86 1.39 1927 2 
17 Romney Creek •..•••...•..•••...•....•.••.. 8. 91 2. 91 6.00 1.16 1899 6 
18 Aberdeen Proving Ground ....•••........•.. 9.12 2. 75 6. 37 1. 75 1911Hll21 84 
19 Locust Point. .•••..••.......•.............. 9.30 3.84 5.46 I. 92 1846 7 
20 Havre De Grace ••..••..•...•••....•..•..... 9.36 4.30 5.06 2. 12 1846 7 

Do ...•..••.•.•.•••..•.....••......•..... 9.55 4.04 6. 51 1. 03 1866 23 
Do •.•••••••••.•••.•••..•.•••......•..... 9. 39 4.09 5. 30 2.09 1899 22 
Do_ •.••••••.••••.••..••.•••..••........ 9.80 4.64 5.16 1. 89 11127 11 

21 Port Deposit, Susquehanna River ...•...... 10. 62 5. 50 5.02 2.06 1927 3 
22 Carrenters Point ..••..•.•..••.....••••..•.. 9. l:l 3.66 5. 66 2. 01 1846 7 
23 Tur ey Point, Elk River ••.•••...••........ 9.07 3.01 6.06 2.19 1846 3 
24 Frenchtown ..•••••••....•.•.•..•.....•...•. 8.87 2. 93 5. 94 2. 43 1800 14 

Cheaa~ake ct Delaware Canal 

25 Chesapeake City •..••....••.•...•....•••••. 9. 57 3. 21 6.36 2. 74 1898 6 
Do ....••..••..•••.••.....•........•.••.• 8. 92 2.59 6.33 3.15 1899 2 
Do_ ••••••.••.•.•.......••...........•.• 9. 51 3. 61 6.00 2.36 1923-24 30() 
Do .•.....••..•.•................•.•.... 9.69 3.46 6.23 2.35 1928 120 

26 Summit Bridge .•.......•................•.• 11. 43 4. 59 6.84 3. 36 1928 129 
27 Railroad bridge (Pennsylvania) .........•••• 11. 23 5.14 6,09 3.85 1928 2 
28 Biddle Point ...•.•...................•...•• 11.64 6.02 5. 52 5. 12 1928 43 
29 Reedy Point Bridge •.....•..........•...... 11. 27 5. 93 5.34 5.34 1928 I 
30 Jetty ••••••••••••••••••••••••••••••••••••••• 11.14 6.52 6.62 6.48 11128 77 
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TABLE 46.-Tidal data, Upper Chesapeake Bay-Continued 

45 

Lunitldal In- ObseM'atlons tervaJg 
Dura- Mean Locality tion of range 

High Low rise 
water water Year Lellith 

----
Eastern Shore 

Iloura 1-Ioura llours Feet Dapa 
Town Point Wharf.. ______________________ . 8. 62 2.87 15. 715 2.43 1898 7 

Do .... _ .. _ .. _ .•... _ .........•. _ ... ___ ... 8. 96 2. 43 6.153 2.67 1800 3 
Do .....•.•... _ •..•.. _ .. _ ..•.. _ ..... _ .. _. 9.24 3.14 6.10 2.28 1001 6 
Do ...•. _ ....................•..... _ ..... 8.84 3.36 6.49 2. 70 1002 3 
Do ..•. -----· .•..•••••• _____ ........••. _. 9.18 3. 27 5. 91 2.02 1927 7 

Bohemia River drawbridge ................. 8.94 2. 61 6.43 2.18 1809 3 
Rey bolds Wharf.. ..............•.........•. 8. 29 2. 156 15. 73 2. 14 1898 30 

Do ... _. __ ._ •........ _ ..... _ .......... _ .. 8. 76 2.11 6.615 1. 49 1898 4 
Do ...•.•................................ 8. 81 2. 71 6.10 2. 415 1800 9 
Do ...... _ •.............................. 8.156 2. 78 15. 78 1. 77 1001 6 
Do ...•...•.............................. 9.40 2. 29 7.11 1.82 1002 2 
Do ...•......................•........... 8. 92 2. 715 6. 17 1.00 1927 7 

Betterton, Md .............................. 8. 67 2. 46 6. 21 1. 89 1898 16 
Do ..•..... _ ... _ ................. _ .. ____ . 8. 61 2.66 15.95 1.69 1001 8 
Do_._ •. _. __ .... _._. ___ . __ .. _ .... _ .. _ ... 8.83 2. 75 6.08 1. 54 1927 3 

.Lloyds Creek ... ____ --··-_ ... ___ ............ 9.0/5 3. 52 5. 153 2.24 1898 l 
Turners Creek._ -..... - -. _ .. _ -- _ •... - -- _ ... _ 8.153 3. 20 15.33 2.14 1800 3 
Cassidys Wharf.. .... _-·----···· ..... ···-·-· 9.00 3.33 15.67 1.94 1847 6 

Do ...•.•.•............... ___ ... __ . __ .... 9.04 2. 91 6.13 2. 01 1898 6 Do ... _ .. __ . ___ ... __ .. _______ •. _____ . ____ 9. 13 3.11 6.02 1. 76 1927 5 
Shellcross WharL ......... --·-··. __ ---·---- 9.00 3.00 6.00 2.49 1898 3 

Do ... __ . ____ ...•••. _._ .. ___ ..... ___ ._._. 8.63 2. 96' 15.67 2. 22 1800 3 
Raisin Wharf.. •.•.••... ·--- .......• -··--·-- 8. 79 2. 91 5.88 1.00 1800 6 
Georgetown Bridge .... _ ..... ____ -... ____ ... 9. 31 3.08 6.23 2. 153 1898 2 

Do ... ___ •• __ -- ...... ___ . _ ... _ - --..... _ .. 0.04 2. 96 6.08 1.00 1800 4 
Wilson Point Wharf.._ ... _ ... _ .... ___ .. _. __ 8. 45 2.82 5.63 1. 86 1870 5 

Do ________ ..•• -- ... _. __ .... __ -.... __ . _ .. 8.87 3.09 5. 78 2.46 1800 2 
Do .... _ ... ___ ••.•..... _ ...• _ ...•• _._ .. _. 0.97 4.03 5. 94 1.156 1927 5 

Harris Wharf. •.•••.•. __ ...... _ ... -.....• ___ 7. 93 2. 0/5 15.88 1. 76 1898 4 
Rocky Point, stm Pond .....•....••...•.... 8. 67 3. 70 4. 97 1.14 1846 2 
Gales Wharf ... ___ •••• -- --- .... -- -..... _ ... _ 7.49 1. 52 5. 97 1. 37 1898 10 
Fairlee Creek ..••••. -- - •• - - -- - . -.. - -- - .. - - .. 7.64 0.64 7.00 1. 45 1898 3 
Tolchester Beach Wharf ...............•.... 7.13 1. 22 5. 91 1. 22 1897 8 

Do .... ___ ..•............•............ _ .. 7.03 0.80 6.23 1. 23 1900 5 
Do .........••................•.......... 7.27 1.09 6.18 1.13 1927 8 

Rock Hall .... __ •....................... _ ... 15.93 0.24 5.69 1. 01 1847 27 
Love Point Light.. ......................... li.89 12. 40 15. 91 1.00 1898 45 

Do .....•••............ _ ..... _ ........... 6.31 0.67 5.64 1.10 1897 115 
Do ......•...•.......... _ ..............•.. 5.89 12. 23 6.08 0.96 1900 15 

Kent Island Narrows ....................... 5.15 11.65 5. 02 1. 18 1927 5 
Quee:oitown ....•........ ___ ................ 6.29 o. 73 15.56 1. 23 1870 27 

6.16 0.17 15.00 1. 34 1898 70 
Do ........ _ .•.......... _._ ........ _ ..... 6.57 0.45 6.12 1.13 1927 6 

Town Bar Point ............................ 6.29 0. 24 6. 0/5 1. 66 1898 37 
Deep Creek .•..•........................... 5. 72 0.07 15.615 1.16 1846 8 

~Mas~~~:::::::::::::::::::::::::::::::: 
6.40 0.54 15.86 1. 52 1870 6 
6.49 0. 23 6. 26 1. 48 1009 10 

RarrlBOns Wharf, l<'rylng Pa.n Point •••...•• 6.53 0.15 6.38 0.82 1846 15 
Chestertown ... __ •••• __ •.• _____ ..•.• _. ___ ._. 6.97 0.89 6.08 1.8D 1869 30 

Do ... _____ • __ .•.. ____ • ____ .•.•• _ .••. ____ 7. 52 1. 45 6.07 1. 76 1927 4 

In Table 46 are given data for 56 stations at which tide observa
tions have been made in this area. The locations of the stations 
are shown in Figure 11. Figure 12 shows graphically the variation 
in range and high-water interval plotted from values derived for the 
stations nearest the main channel from Annapolis through the canal. 
As in the two sections of the bay already discussed, the intervals 
continue to increase toward the head of the bay. The range~owever1 
reaches a minimum value near the mouth of the Severn .ttiver and 
increases from this vicinity northward. 

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

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

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

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

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

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

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

If the tidal movement in the canal is due to the difference in 
the elevation of the water at the two ends, the slope lines in the 
figure should indicate the approximate high water and low water 
lunitidal intervals, and range, through the canal. Consider the sta
tion at Summit Bridge: The highest slope line passing through 
this point is the 11-hour line, hence the high-water interval should 
be approximately 11 hours. From Table 46 the observed value is 
11.4 hours. The lowest slope line going through this point is the 



48 U. S. COAST AND GEODETIC SURVEY 

5-hour line, and hence the low-water interval should be approxi
mately 5 hours. It is found to be 4.6 hours from the table. The 
range or distance between the extreme slope lines on the scale is 
about 2.8 feet. This is found to be 3.4 feet m the table. Similarly, 
the values for Biddle Point from the diagram are approximately: 
High-water interval, 11.1 hours; low-water interval, 5.5 hours; 
range, 4.6 feet. From the table these values are: High-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 lar~ely hydraulic in character, is some
what modified by other condit10ns .. 

VARIATIONS IN RANGE AND TIME OF TIDE 

Figure 14 shows the ranges of tide for the two sides of Chesapeake 
Bay. The ranges of the tide in feet are plotted as ordinates and the 
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distances from a point 14 miles outside the entrance are plotted as 
abscissre. The upper curve shows the range on the eastern side of 
the bay and the lower shows the range on the western side of the bay. 
It is noted from the curves that the range of tide on the eastern shore 
is greater than the range on the western shore throughout the length 
of the bay. The difference between the ranges on the two sides 
varies, the maximum being about three-fourths foot. The difference 
in range between Cape Charles and Cape Henry is about one-fourth 
foot and the ranges decrease for a distance of about 50 miles, with an 
approximately constant difference between the two sides of the bay. 
At Stingray Point Light the difference is about 0.60 foot. In this 
locality the range of the tide on each side of the bay begins to increase 
slightly and the difference in ran~e between the two sides ehows a 
marked increase. This increase m the ran~e and large difference 
between the ranges continues to the vicinity of Point Lookout. At 
this point the range decreases again and the difference in range on the 
sides of the hay decreases to 0.10 foot in the vicinity of Cove Point, 
where the bay is narrow. The range decreases to the vicinity of 
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Annapolis, and 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 rans-e 
between the two sides is correspondingly small, a slight increase m 
this difference occurring where the bay broadens out at the entrances 
of the Choptank River and Eastern Bay. From the vicinity of 
Thomas Point to the head of the bay the range of tide increases. 

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

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

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

THE TIDE IN HAMPTON ROADS 

Hampton Roads as considered here, includes Hampton Roads 
proper and the Elizabeth and N ansemond 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 ,4D.to the 
Elizabeth and N ansemond Rivers. The high-water interval in
creases gradually from 8.74 hours at Old Point Comfort to about 9 
hours at Craney Island, to about 9.2 hours at Portsmouth Navy Yard, 
and to about 9.4 hours at the Norfolk & Western Railroad britlge. 
The range decreases from about 2.55 feet at Old Point Comfort to 
2.47 at Sewalls Point (Hampton Roads naval base), and then in
creases to about 2.8 feet at Craney Island Light and Portsmouth 
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Navy Yard. In the Southern Branch it increases to about 3.1 feet 
at the Norfolk & Western railroad bridge. 

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

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

TABLE 47.-Tidal data, Hampton Roads 

0 bservations 

Sta. 
tlon Locality 

Lunltidal In• 
tervals 

1-----1 lfu~c Mean 1------
rise range 

High Low 
water water Year Length __ ,_ ______________ , __________ , _____ , __ _ 
Jloura IIoor, Roura 

1 Old Point Comfort......................... 8. 74 2. 30 6. 44 
2 Soldiers' Home.•-··--············--·-·····- 8. 90 2. 52 6. 38 
3 Sewall Point ••...•......•....•.•.... _...... 8, 72 2. 52 6. 20 

Do •.....•........ ·•·····-······-···-··-· 8. 87 2. 37 6. ro 
Do...................................... 9. 23 2. 89 6. 34 
Do .....••.•..... _....................... 8. 83 2. 44 6. 39 

4 Hampton Roads Ne.val Base .. _............ 8. 79 2.69 6.10 
II La Fayette River Drawbridge ...•.•... _.... 9. 09 3.18 5. 91 
6 Craney Island LlghL...................... 9. 02 3. HI 5. 83 
7 Portsmouth, Hospital Point................ 9. 08 2. 62 6. 46 

: E:~~!~; Landing ____ ........... _ ..... __ ..... gJi i:rf g-~~ 
10 NaB'/ard,. Portsmouth.................... g. ~~ ... 2. 92 •..• 6. 15. 

Do_ ..................................... ····-··· ........ -······· 
11 Naval Magazine--········-··-·---·········· 8. 56 2.39 6.17 
12 Norfolk & Western Railroad Bridge ... _.... 9. 38 3. 23 6.15 
13 Deep Creek ......•.......•...... _.......... 8. 77 2. 46 6. 31 

Do...................................... 8. 84 2. 43 6. 41 
Do...................................... 9. 48 3. 11 6. 37 

M Millville·-·································· !I. 73 a. 71 6. 02 
16 Middle Ground Light .•... -................ 8. 91 3.11 5. 80 

Do ..•..••.•• •····-······-··············· 9. 06 2. 84 6. 21 
16 Watch House, Craney Island Flats......... 9. 11 2. 92 6. 19 

Do...................................... 11.07 2.118 6.09 
17 Ne.nsemond River Light .. _................. 9. 59 3. 84 5. 75 
18 Wflsons Wharf .. ••···-··········-·········· 9.153 3.65 5.88 
19 Newman Point............................. 9. 61 a. 29 6.82 

Do ........•. •-······---·-·--···--····-·- 8. 96 2. 64 6. 32 
20 Nansemond River, near Dumpling l!land.. !I. 43 3. 22 6. 21 
21 Suffolk, Va._·--···-.··-····-·-·. ___ -··-·-·· 10. 73 4. 28 6. 45 
22 Nel]rt News ... •·-··--··-··-··-·········· 9.12 3.11 6. 01 

o·-···--·--·--·--------··-··········-·• 9.15 3.07 6.08 
O .. •··--···--···-··---···-···------·--- 8. 60 2. 38 6. 22 
··········-··••··········- -·--·····- __ o. 04 a. oo 6. 04 

D ··-··-··--·-····-···-·•···--·-··---··· 9. 56 3. 36 6. 20 
Do .. -· ..... _._ .•. _ .....•.. - . - _. -.•.••• _. 9. 31 2. 91 6. 40 

I Lunltide.l intervals from series 1863-1878; range from series 1857-18711. 

THE TIDE IN THE JAMES RIVER 

Feet 
2. 55 18&1-1878 
2. 59 1918-19 
2. 33 1873 
2. 74 1917 
2. 59 1918-19 
2. 39 1919 
2. 47 1927-28 
2. 77 1919 
2. 79 1919 
2. 78 187:i-73 
2. 70 1913 
3. 14 18711 
2. 85 18116 
2. 74 1891-18114 
2. 77 190!H915 
2. 86 1912 
3. 08 1873 
a. 09 1912 
3.15 1912 
2. 84 1913 
3. 26 1876 
4. 05 1918 
2. 73 1918-19 
2. 64 1918-10 
2.64 1919 
2. 74 1919 
2. 92 1874 
3. 03 1887 
2. 75 1909 
3. 24 11128 
a. 93 1ss1 
2. 75 18M 
2. 62 1871-72 
2. 70 1874 
2.83 lOOIH0 
2. 82 1919 
2.46 1928 

Daus 
19,496 

16 
62 
17 
23 
4 

420 
5 

17 
215 
82 
1 

30 
41,7 

2,922 
2 

18 
3 
2 
2 
1 
3 

68 
19 
4 

13 
14 
10 
4 
1 

10 
15 
65 
85 
25 
20 
6 

Observations have been made at 42 stations in the James River. 
The locations of the stations are shown in Figure 16, and Table 48 
gives the observational data for each station. Newport News and Old 
Point CO'infort 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. 
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FIGURE 17.-Variatlons In Interval and range, James River 

The range increases from 2.55 feet at Old Point Comfort to about 
2.7 feet at Newport Newst decreasing slowly to about 1.8 feet in the 
vicinity of Jamestown ana gradually increasing to about 3.7 feet at 
Richmond. The duration of rise decreases_gradually from 6.44 hours 
at Old Point Comfort to about 5 hours at Richmond. 

TABLE 48.-Tidal data, James and York Rivers 
··--··---·--· ... 

Lunltldal In- 0 bservatlons 
Sta-

tervals Dura- Mean Locality tlon of tlon Illgh Low rise range 
water water Year Length 

------
James River lloura Jiour, Hour, Feet Dav, 

1 Old Point Comfort_ ________________________ 8. 74 2.30 6.44 2.55 1853-1878 I 0,406 
2 Newport News _____________________________ 0.12 3.11 6. 01 2. 75 18M 15 Do ______________________________________ 

0.15 3, 07 6. 08 2.62 1871-72 65 Do ______________________________________ 
8.60 2.38 6.22 2, 70 1874 86 Do ______________________________________ 0.04 3.00 fi.04 2.83 1900-10 26 

Do_ - - --- .. -- -- -- - - . - -- _ ...... - -- .... __ - -1 0.56 3.36 6.20 2.82 1010 20 
Do ____ ._ - _ - _______ - ___ -- --- - -- - . - - -- - -- -1 0.41 3.04 6.37 2.50 1028 12 

8 Carrlevllle _____ . _. ____ ... ____ .. __ . _ .. _ .. __ .. 9.51 3.32 6.19 2. 73 18M 66 
4 Youngs bathhouse __________________________ 9.65 3.24 6. 41 2. 55 1872 30 
11 Rocks Wharf _______________________________ 9,47 3. 23 6. 24 2.56 18M 2 
6 Fergusons Wharf. __________________________ 10.38 4.14 6. 24 2. 28 1910 6 
7 Grove Wharf ___ ---------------------------- 10. 91 4.80 6.11 2.30 18M 44 
8 Hog Point, Hog Island ________________ • _____ 11.06 6.14 5.92 1.99 1873 44 
9 Jamestown Island __ ------------------------ 11. 82 6.18 5.64 1.34 1874 30 Do ________ -------- ____ -- ________________ 12.00 5. 73 6.27 1.98 1910 4 

10 Ooke Wharf ________________________________ 11.69 5. 78 5. 91 2.12 1856 12 
11 Dillard Wharf._---·----------------------·- 12. 24 7.10 5.14 1. 71 1874 10 
12 Gordon Oreek, Chlokahomln.k River_ - __ • __ 0.40 7.39 5.43 1.94 1874 90 
13 MountAlry, Chlckahomlny Iver __________ 1.43 8.30 5.M 2.14 1875 77 
14 Graves Landing, Chlckahomlny River. ____ 2.23 9.05 5.60 2.38 1875 39 
15 Windsor Rhades, Chlckahomlny River _____ 2.28 9. 72 4.98 1,98 1875 2 
16 Claremont Wharf ___________________________ 0.33 7.07 5.69 1. 97 1910-11 2112 

Do_._ •. _. _________________ - --- - - - -- - ____ 0.38 7.08 5. 72 2. 08 1857 30 
17 Brandon Point_. ___________________________ 

1.16 8.05 5.53 2. 09 1875 3 
18 Stanley Wharf, Dunmore _____ • ___ - - -- ______ 1. 71 8.49 5.64 2.48 1875 5 
19 Weynoak Wharf ____________________________ 1. 74 8.39 5. 77 2.65 1867 12 
20 Wilcox Wharf. ____________ ----------------- 1. 61 8.14 5.89 2.65 1859 2 Do ______________________________________ 

0. 76. 7.93 5,25 2.45 1875 2 
Do- - -- -- - - - ------ _ ... - - . -- - - - ---- - --- _ ·- 1.60 8.26 5. 76 2. 47 1910 13 

21 Harrlsons Landing. __ . _____________________ 1. 95 8.82 5.55 2.66 1862 11 
22 Jordan Point_------------------------------ 2.10 8.00 5,62 2.63 1875 26 
23 Cltb;olnt. __________ • ___ • _________________ 2.M 9.41 5.56 2. 67 1910-11 00 

2.49 9.18 5. 73 2.69 1928 1 Do ______________________________________ 
2.35 9.16 5.62 2. 76 1852 so 

Do_ - - • -- - - - - -- - - __ - - -- - - • - - - -- - - -- - - -_ -- 2.12 9.11 5. 43 3.06 1852 30 
1 Lunltldal Intervals from series 1853-1878; range from series 1867-1876, 
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TABLE 48.-Tidal data, James and York River1J-Continued 

Lunitldal in- 0 bservations tervals Dura-Sta- Locality tion of Menu --------~----
tion range High Low rise Year Length water water 

---------
James Rivtr-Continued llours /lours /lours Feet Dav« 24 

25 
Broadway, Appomattox River _____________ 2. 57 9.00 5.00 3.00 1852 1 

26 
Walthall, Appomattox River _______________ 2. 77 10. 04 5.1/i 3. 67 1852 15 

Zl 
Oatlings Wharf, Appomattox River ________ 2.00 9.63 5.69 3.23 1892 19 

28 
Petersburg, Appomattox River _____________ 3.63 10. 62 6.43 2.88 1892 14 
Bermuda Hundred __________ . __________ . --- 2. 21 9. 37 5. 26 2.62 1853 3 29 

U'!~~fns"'h~~'.:::::::::::::::::::::::::::::: 2.46 9. 56 5.32 2. 77 1880 24 30 3. JI 9.97 5.56 2.87 185.1 3 31 Curles Neck _______________ • _________________ 3.18' 9. 94 5.66 2.96 185,1 30 Do ______________________________________ 3. 51 10.43 5.50 3.37 1852 38 

32 
Do _____________________________________ 3.18 9.96 5,f,4 2.00 1880 13 

33 
Meadowville _______________________________ 3. 26 10. ,55 5.13 3.47 ]Q]l 7 

34 
Varina __ .. _____________ .. ___ . __ .. ___ ._ - - . - -- 3. 86 10.32 5.96 3.90 1928 1 
Dutch Gap _________________________________ 4.00 10. 87 5. 55 3. 29 1875 ZTO 

35 Do_~------------------------------------ 3. 73 10. 72 5. 43 3.48 1893-94 240 

36 
Trents Reach _______________________________ 3.44 10. 07 6. 79 3.64 1852-53 10 

37 
Cox Wharf. ________________________________ 3.67 11.04 5. 05 3. 21 1853 5 

38 
Willia Wharf_ ______________________________ 4.11 11.64 4.99 3. 57 1852 7 
Falllng Creek _______________________________ 3.80 11.39 4.83 4. 28 1853 3 

39 
Do ______________________________________ 4. 15 11.05 5. 52 3. 83 1911 2 

40 ~~~~~dw:::!:::::::::::::::::::::::::::: 
4.15 12.30 4. 27 2.91 1852 11 

41 4.37 11. 37 5.42 4.04 1877 30 

42 
Drewr;v Island ______________________________ 3.22 10.80 4.84 3.98 1852 3 

43 
Of.pos1te Rocketts _____________________ ----- 3. 20 11. 08 4.64 3. 40 1853 4 R chmond, Rocketts Wharf. _______________ 4. 51 11. 53 5.40 3. 81 1875 30 Do ________________________________ • _____ 4.49 11.00 5. 01 3.60 187&-77 366 Do ______________ • ___ • __ • ________________ _______ .., -------- -------- 3. 69 1879 330 Do _____________________________ -----. ____ 4.22 11. 611 4.95 3.62 1893-94 365 
Richmond, United States Engineers' wharf_ 4.06 11.48 5.00 4.00 1003-04 390 Do __________________________ • ________ • __ 

4.26 11.74 4.93 3.52 1911 60 

York River 
44 York Spit Light_ ___________________________ 8.28 2. 74 5. 54 2.09 1001 7 

Do __ ----------------------------- _______ 8.14 1. 96 6.18 2. 24 1006-07 6 Do ______________________________________ 8. 57 2.38 6. 19 2.45 1918 26 
45 Marsh Point Watch House _________________ 8.58 2.41 6.17 2. 47 1906 3 Do ______________________________________ 8.63 2. 51 6.12 2. 40 1011 1 
46 York Point _________________________________ 8.07 2. 28 5. 70 2. 36 18f,8 10 
4] Tue Marshes Light.. _______________________ 8. 57 2. 48 6.00 2. 78 18\l4 1 Do _____________________________________ 

8.88 2. 26 6. 62 2. 37 lllll 1 Do _____________________________________ 
9. 79 4. 04 5. 75 2. 40 1018 2 

48 Thorofare _______________ . ___________________ 9. 17 ------ - - -------- -------- 1857 J4 
49 Sedger Creek _______ ------------------------ 8,,53 2. 43 fi.10 2. 211 1918 11 
50 guarter Point ______________________________ 8.86 2. 45 6. 41 2.35 1857 2 
51 loucester Point__ ___________ . _______ . ______ 9.08 2. 87 6. 21 2. 42 1911 28 Do. ____________________________________ 

8. 97 2. 70 6. 27 2. 47 1018 128 Do _____________________________________ -------- -------- -------- 2. 47 1911-13 2113 Do _____________________________________ 9.19 2. 96 6. 23 2. 45 1928 5 
52 Mumfort Island ____________________________ 9.00 2. 81 6. 2'5 2. 46 1857 4 
53 Bush Creek ________________________________ 9.12 2. 32 6,80 2.71 1857 1 
64 Whittakers Pier ____________________________ 9. 10 2. 28 6.82 2. 70 1857 1 
55 Deans Creek (near Oum Point) ____________ 9.05 3. 17 5.88 2.93 1857 2 
66 Claybank __________________________________ 9 . .54 3. 21 6. 33 2. 72 Hill 7 
57 Capahoslc Wharf- __________________________ 9. 36 3.06 6. 30 2.00 1857 H• 
58 Almond! Wharf._-------------- ____________ 9. 78 3. 63 6.15 :i_ 69 1911 1.5 
59 Moodye Old Wharf (opposite Purtan Bay)_ 9. 70 3. 13 6. 57 2.88 18,57 1 
60 Andersons Dock (Belleview) _______________ 10.18 3. 95 6. 23 3.00 1857 1 
61 West Point. ___________ --------------- ______ 10. 23 4. 42 5. 81 3.36 1857 1 Do _____________________________________ 

10. 79 5. 11 5. cs 2.82 19!1-12 150 Do_ •• _. ____ •• __________________________ II. 65 5. 92 5. 73 3. 05 1918 a Do _____________________________________ 
10. 92 5.56 5. 30 3.16 1928 1 

62 Morgan Landing, Pamunkey River __ . _____ 0. 66 6.00 6.18 2. /i6 1912 2 
63 Lester Manor, Pamunkey River ___________ 0. 98 7. 52 5.88 2. 79 1912 100 
6f White House, Pamunkey River ____________ 1. 22 7. 72 5. 92 2. 92 11112 1 
65 Northbury Landing, Pamunkey River _____ 2. 28 8.81 5. 89 3. 32 1912-13 96 
66 Carter Landing, Pamunkey River __________ 2. 78 9. 41 5. 70 2.85 1913 I 
67 New Castle, Pamunkey River ______________ 4.57 10. 36 6. f;3 I. 51 1913 2 
68 Wakema, Mattaponl River _________________ 12. 00 6. 40 5. co 3. 43 1912 28 
OIi Walkerton, Mattaponl River _______________ 0. 51 7. 37 5. 56 3,86 1912 60 
70 Aylett, Mattaponl River ___________________ 1. 69 9,34 4. 77 Z,82 1912 2 

Mob}ack Bai 
71 New Point Comfort ________________________ 8. 51 2. 93 5.58 2. 27 1006-7 1 
72 Severn River_------------------------------ 8. 53 2. 57 5,96 2. 50 1854 12 
73 MobJack, Philpotts Wharf__ ________________ 8.60 2. 5~ 6.02 2. 41 1868 55 Do_. __________ • _____ • __________ • _______ 

8. 51 2. 42 6.00 2. 51 1906-7 Ill 
Do_.--------------- ____________________ 8. 56 2.39 6. 17 2. 75 1910--ll 19 Do _____________________________________ 

8. 80 2.89 5. 91 2.47 1928 1 
74, Auburn Wharf _____________________________ 8. 59 2. 33 6.26 2. 65 1011 2 
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The high and low water intervals in the Chickahominy River 
increase from about 0.4 and 7.4 hours, respectively, at the mouth to 
2.2 and 9 hours at Graves Landing. The mean range is about 2 
feet at the mouth and apparently increases somewhat toward the head 
of the river. The high and low water intervals in the Appomattox 
River increase from about 2.5 and 9.4 hours at City Point to 3.6 
and 10.6 hours at Petersburg, a distance of about 9 miles. The 
range apparently increases from about 2.7 feet at City Point to about 
3.7 feet at Walthall and decreases to about 2.9 feet at Petersburg. 

THE TIDE IN THE YORK RIVER 

The York River enters the west side of Chesapeake Ba;Y about 
30 miles from Cape Henry. The river is comparatively straight and 
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has a 20-foot channel to West Point, at which place the river divides 
to form the Pamunkey and Mattaponi Rivers. 

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

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

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

THE TIDE IN THE RAPPAHANNOCK RIVER 

The Rappahannock River, which empties into Chesapeake Bay on 
the western shore about 40 miles from Cape Henry, has a tidal length 
of about 95 miles from Stingray Point to Fredericksburg. 
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FIGURE 20.-Varlatlons In Interval snd range, Rappahannock River 

Table 49 gives tidal data for the 26 stations in the Rappahannock 
River, and Figure 20 shows graphically the variations in the range and 
the high-water interval. The locations of the stations are plotted on 
Figure 19. An investigation of the table shows that the high-water 
interval increases from about 10.5 hours at Stingray Point at the mouth 
of the river to about 13.1 hours, or 0.7 hour, at Tappahannock and to 
about 6.6 hours at Fredricksburg, this being an mcrease 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. 
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TABLE 49.-Tidal data, Rappahannock and Potomac Rivers 

LuniticlRI in• Observations 
Sta• terval Dura• Mean 
tlon Locality tion of range High Low rise Year Length water water 

---------
Rappahannock River Hour, Hours lloura Feet Dap1 

1 Stin~y Point Light ........•..•....•...... 10.2.5 •. 38 5. 87 1.12 1808 28 
10. 78 4. 67 6.11 1. 10 1001 7 

Do ........••.....•...... _ .. _ •.... _ ...... 10. 62 4. 79 5. 83 0.92 1911 27 
Do._ ..... -.•.• -- . -•• _ •.....• ·- -..... ·- .. 10. 60 4. fi3 6.07 1. 16 11128 6 

2 Whitestone Wharf, Lawson Bay •. _. __ ._. ___ 10. 63 5. 27 5. 36 I. 34 1857 4 
3 Carter Creek. ___________________ ------ ___ . II. 21 5. 62 5. 59 1. 20 18611 24 

Do •.• ·--- ___ ...• __ .-·. -. ---. ---. -___ . ___ 11. 21 4. 40 6. 81 I. 18 1009 5 
4 Millenbeck Wharf, Corrotoman River ______ II. 56 5. S.3 5. 73 I. 3.3 11128 3 
5 Urbanna _____ ------ .. --··--- -- -··---- -- -- -. II. 14 5. 14 6.00 I. 53 ISM--57 6 
6 Monaskon, Carters Wharf. ____________ • ____ 10. 83 5. 78 5. 05 I. 46 18/i6 2 
7 Downman Creek. ____ --- ___________________ ll. 40 5. 83 5. 57 I. 64 1856 1 
8 Whealton, Morattlco _______________________ 11. 57 5. 87 5. 70 l.M 1009 16 

Do •• --------·----------- -___ . ___ . ______ II. 58 5.86 5. 72 1. 41 1910 4 
9 LancMter Creek __ -----·-------- ____________ 12. 28 5. 00 6.38 I. 78 181i6 2 

10 
¥o1~i.m; 'ci~:::::::::::::::::: ::: : ::::: 11. 88 5. 61 6. 27 2. 19 1856 1 

11 12. 23 5. 74 6. 49 2. 32 1856 1 
12 ¥~;f:ot!~~;k::: :: : : : : : : : : : : : : : : : : : : : : : : : : 0. 41 7. 16 5. 67 I. 68 1855 1 
13 0. 72 7.7fi 5. 39 I. 63 1856--57 366 

0. 71 7. 68 5. 45 I. 54 1009 30 

N a/i~~ Wharf. .• __ .~= __________ .. _________ I. 12 8. 12 5. 42 1.80 1928 2 
14 0. 58 8.01 4.00 l."89 1865 I 
15 Mulberry Point_----·-·---- ________________ 1. /\3 8. 45 5. 50 1. 37 ISM 3 
16 

r!lJ~riw':_~~r!::::::::::::::::::::::::::::: 
2. 33 9. 80 4. 95 1. 43 1855 3 

17 3. 30 0. 93 5. 79 1. 52 1909 9 
18 Saunders Wharf ____ . ___ .. ___ .. ___ . _______ ._ 2. 00 10. 00 6. 41 I. 50 1854-55 38 
l9 Green Bay. __ -·---_-·-- _____________ ----·-_ 3. 75 10. 00 6. 17 I. 31 1854 I½ 
20 Port Royal.--·--········_-·-- --- - ___ --- ---- 4. 15 11. 33 5. 24 I. 94 1854 2 

Do ________ ··---·--··------------·------- 4. 76 11. 74 5. 44 2. 03 1009 24 
Do_---- •• - .•• ·- --·- -- -- --- ------------- 5.02 11. 78 5. 66 2.22 1928 I 

21 Walsingham ________ .. _____ . ________________ 4. 2,5 11. 08 5. 59 2. 04 1854 2 
22 Mole Mount ___ ---------------------------- 4. 84 12. 16 5. 10 1.89 1854 I 
23 Buckners _______ •• -- ----------.....•.. ----.. 6.00 0. 48 5. 52 2.36 1854 I 
24 Corbins Neck-. __ ----·-····-··- ___ -·· .•.. -· 5. 75 12. 38 5. 79 2. 25 1854 I½ 
2.5 Seddens Point--···-······---··--- __________ 5. 31 0. 51 4.80 2. 40 1854 1 
26 Fredricksburg _____________________ .. _. _. ___ 6.02 0.88 5. 14 2. 73 1863-54 6 

Do __ -_____ ------------------ ------------ 6.62 1. 32 5. 30 2.84 1009-10 66 
Potomac River 

27 Point Lookout ____ • _______ • ________ . _______ 0. 56 6.93 6.05 1. 38 1849 140 
Do_. ---- -• -- ---------. ·- ____________ ---_ 0.83 7.00 0. 25 I. 22 1904-6 16 
Do._ -------------- ----• -- --- --- --- --- --- 0.08 7. 12 5. 98 I. 29 1008 7 
Do._ -_ -----.. ------ ----- ---------------- 0. 75 6. 91 6. 26 I. 21 1928 14 

28 Smith Creek. ___ --- --- ----------- ------- --- 0.80 7. 20 6. 02 1. 20 1008 15 
29 Ilog Island ________________ --- -------- --- ___ 0. i7 7. 27 ,5. 92 I. 55 1860 2 
30 Bundlcks Wharf, Coan River. ______________ 0.45 7. 07 5. 80 J. 22 1868 10 
31 Lynch Point, Yeocomico River _____________ 0.93 7. 28 6.07 1.5.5 1005 20 
32 Hom Point, Yeocomlco River ______________ J. 47 8. 70 5.111 2. 07 1860 I 
33 Mundy Point, Yeooomlco River _____ ··---·- 1.05 7. 47 6.00 I. 60 1005 14 
84 Kinsale, Yeocomico River __________________ l. JO 7. 41 6.11 I. 35 1868 48 
35 St. George River ____________________________ 0. ,51 7. 01 5.112 I. 36 1808 I 
36 Custom House Point, St. Marys River .... _ 12. 29 6. 66 5. 63 1. 52 1867 4 
37 St. Marys, St. Marys Rlver __ . ___ . ___ . _ --_. 0. 61 7. 20 5. 8.1 I. 34 1859 6 

Do ___ -- --- . ---- ---- _____________ ---. ---. o. 52 7. 01 5.113 I. 44 1008 6 
38 Piney Point _____________________________ . __ 0. 87 7. 22 6.07 J. 91 1860 4 
311 Coles PolnL. _ - - - ---- ---- ---------. ------ -_ 1. 82 i.00 6. 34 I. 79 1005 26 
40 Blaklstone Island Light _____ . __ . ____ . -_ -__ . I. 38 7.52 6. 28 I. 75 1862 14 
41 Coltons Wharf. ___ .----·· ____ ---------- ---- I. 37 7. 49 6.30 1.84 1008 I½ 
42 Kaywood Point, Bretollll Bay ______________ J. 22 7. 70 5.94 I. 67 1860 14 
43 Leonardtown, Bretons Bay ______ . __________ I. 62 8.03 6. 01 I. 69 1868 43 
44 Shipping Point, St. Clement Bay __________ 1.40 7.68 6. 14 J. 77 1860 1 
45 Cobb Point Bar Light._. _____ . ____ • ________ 2.03 8.2.5 6. 20 l.81 1904 2 
46 Rook Point, W lcomlco River _____ ·- ________ I. 67 8. 15 5.94 I. 80 1868 28 
47 Bushwoodp Wicomico River---·--·--------- 2. 52 8.68 6. 26 J. 51 1860 4 
48 Stoddard olnt, Wicomico River ___ ._--·· __ 2. 52 8.60 6.114 1. 75 11128 2 
49 Colonial Beach _______ --- _ ----------· ------- 2.09 8. 47 6.04 J. 72 1002-1006 122 

Do ___ --- -----. -------------------. -----_ 2.08 8. 57 5. 93 I. 58 1006-11110 1461 
Do _____ ---- __ ------- ---- ------• --. --. -_. 2.13 8. 74 5. 81 I. 68 1928 6 

50 I mile above Lower Cedar Point ___________ 2. 61 9.61 ,5. 42 I. 40 1862 7 
51 

~~~W:n i>cini~::::: :: :: : : : :: : : : :: : : : : ::: : : : 2.38 8.88 5.112 1.48 1927 29 
52 2.87 9.M 5. 74 I. 12 1904 7 
53 Brents Wh3rf, Port Tobacco River -. _ .. ____ 3. 73 9. 74 6.41 I. 41 1928 1 
54 Port Toba.,co, Port Tobacco River __ ------- 2. 12 9. 62 4.92 1. 57 1862 3 
55 Riverside--. ___ . __ - ___ -- ------ .. ---- ----- -.. 3. 75 10. 28 5.89 1.19 1904 2 
56 

t~~~.?J1~i.;1'ttiit~~'.1!~'.1?~~~~~~~::::: ---~~~~- .. '.~~~~- ---~~~~-
1. 18 1862 9 

57 I. 13 1001-2 30 
68 Lower Smith Shoal, Thomas Point _________ ---·-·-------·-- ________ 1.20 1001-2 29 
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TABLE 49.-Tidal data, Rappahannock and Potomac Rivers-Continued 

0 bservatlons 

Sta• 
tion Locality 

Lunltldal in• 
terval 

,_ ____ , fi>o1::'~i Mean 1-----,----
rlse range 

High Low water water Year Length 

--1---------------1------______ , ____ , __ _ 
Potomac River-Continued 

Hours Iloura I fours 
59 Clifton Beach.............................. 5. 37 11. 38 6. 41 
60 Liverpool Point Wharf..................... 5. liO 11. 83 6. OIi 
61 Quantico................................... 5. 66 o. 00 5. 66 
62 Poseys Wharf. ••.•.••••..............•.••... 6.12 0.13 5. 99 

: it:/:i°!er;'~tarn1aitawoiiiaiicireeir::::::: g~ 1~J~ i: ~ 
65 Indian Head................................ 6. 64 0. 69 5. 95 
66 Olymont... .. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 78 o. 71 6. 07 

Do...................................... 6. 72 I. 00 5. 72 
67 Whitestone Point. . . . . . . . . . . . . . . . . . . . . . . . . . 7. 44 I. 56 5. 88 
68 Marshall Hall.............................. 7. 03 I. 30 5. 73 
69 Fort Washington........................... 7. 17 I. 45 5. 72 

Do...................................... 7. 38 I. 65 5. 73 
70 Alexandria................................. 7. 86 2.12 5. 74 

Do....................................... 7. 67 2. 00 5. 67 
Do .....................•........................................ 
Do...................................... 7. 56 I. 79 5. 77 

71 1 mile below Ch(lin Bridge.................. 7. 77 2. 30 5. 47, 
72 Chain Bridge............................... 7. 78 I. 87 5. 91 

• THE TIDE IN THE POTOMAC RIVER 

Feet 
1. 38 
I. 47 
1. 33 
I. 56 
1. 46 
1. 58 
1. 63 
I. 71 
1.80 
1.84 
2. 11 
2.30 
2. 53 
2.88 
2. 75· 
2.82 
2. 79 
2.111 
3. 08 

1904 
1862 
1928 
1904 

1862-63 
1902 
1928 
1863 
1904 
1926 
1904 
1863 
1904 
1862 
1904 
1904 

1913-1915 
1872 
1914 

Dav, 
10 
4 
4 

10 
16 
l½ 
3 
9 
7 
3 

18 
5 
4 
9 

29 
40 

690 
26 
8 

The Potomac River, which enters Chesapeake Bay at Point 
Lookout, is the water route to Alexandria and Washington. The 
earliest tidal observations in the river that are on record at this 
office were made at Point Lookout in 1849. Since that time observa
tions have been made at numerous places throughout the length of 
the river. 

0 IO zo JO +o ~ eo 70 80 so 
N•u#lcel Mii.a 

FIGURE 21.-Varlations In interval and range, Potomac River 

In Table 49 are given the results derived from observations at 46 
stations in the Potomac River. The locations of these stations are 
shown in Figure 19. An examination of the table shows that the 
time of tide becomes later as the distance up the river increases. 

The high-water interval at Point Lookout is about 0.6 hour. It 
increases to about 2.1 hours at Colonial Beach and to 7.8 hours at 
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Flou~E 22.-Tide stations, Alexandria and Washington 85320°-30. (Fa.ce p. 56.) 
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Washington. Between Point Lookout and Washington a distance 
of 90 miles, the high-water interval increases about 7 hours. The 
low-water interval 1s about 7¾ hours greater at Washington than at 
Point Lookout. 

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

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

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

THE TIDE IN BALTIMORE HARBOR 

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

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

Sta
tion 

TABLE 50.-Tidal data, Alexandria and Washington 

Locality 

Lunitidal in
terval 

,-----, l?oi:[~i Mean 
rise range 

High Low 
water water 

Observations 

Year Length 

1---------------1---·---------
Hours Ilours 1 lours 

l Alexandria, Va............................. 7. 8fi 2. 12 5. i4 
Do...................................... 7. 67 2. 00 5. 67 
Do ............................................................. . 
Do...................................... 7. 56 1. 79 6. 77 

2 Arsenal, Washington, D. C................. 7. 76 2. 46 5. 30 
3 Lighthouse Wharf.......................... 7. 77 2. 22 6. 66 
t Seventh Street Wharf...................... 7. 78 I. 00 5. 82 

Do...................................... 7. 81 2.18 5.63 
Do ................................. ., .......................... . 

5 Long Bridge (railrQad bridge)............... 7. 24 I. 65 5. 59 
6 Easby Point................................ 7. 91 2. 51 5. 40 
7 New Hampshire A venue................... 7. 88 2. 20 5. 68 
8 Potomac Boat Club........................ 8. 01 2. 38 5. 63 
9 Aqueduct Bridge............................ 8.02 1.84 6.18 

10 Nav:bci.~~~::.::::::::::::::::::::::::::::::: u~ ~: ~~ t ~i 
Do...................................... 7.74 1.98 5.76 
Do...................................... 7. 67 2. OJ 6. 66 
Do.,.................................... 7. 92 2. 18 5. 74 
Do...................................... 7. 91 2. 23 5. 68 

ll Do ............................................................. . 

12 
Almshouse .......... _ .................. _... 8. 07 2. 21 6. M 
Benning Bridge............................ 7. 05 2. 21 6, 74 

85320°-30--5 

Peet 
2.88 
2. 75 
2. 82 
2. 79 
3. 08 
2. 86 
2. 94 
2.IH 
2.85 
2. 91 
2. 77 
2. 98 
2. 78 
2. 88 
2. 01 
2.46 
2. 79 
2. 67 
2.97 
2. 90 
2. 05 
3. 24 
2. 83 

1862 
1004 
1004 

1913-1915 
1862 

1926-26 
1898 
1800 

lQ00-1 
1867 

1001-2 
1862 
1925 
1872 

1858-1860 
1861 
1862 
1863 

, 1891 
1892 

181l2-l898 
1865 
1924 

Dava 
g 

2IJ 
40 

690 
2,5 

540 
180 
365 
420 
30 

365 
12 
30 
2 

913 
5 
7 

JO 
150 
365 

2.557 
6 

11 
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TABLE 51.-Tidal data, Baltim:Jre Harbor 

Sta
tion Locality 

1 Bodkin Point_·----·········-··---·-··---·--
Do __ .. _. ___ ...•. T--···-·--·-·-·-··--··--
DO--------------·----------···--··-·-·--
Do ____ . ___________ ._ .... __ ·_··-·-----·--

2 Seven F'oot Knoll Livlit. --·-····--·----·---
Do ___ ... -•----·--------···---·--·-·--·--1 
DO---·--------··-------···---·-··--·-·--
Do ___ . ________ . ________ . ___ ·----·--·-·--

3 Sparrows l'oinL--------------·----·---·----
Do_ ... _____ ._ ... -----------··---·---··--
DD-·-·-·-·-··-·---·----·-------··-·-·'--Do ___ . _________ .. ________ ._. ___ .... _ .• __ 

4 Fort CarroJl __ ··-·-----·----·-·---------·---Do ___ ._ .. _. _____ . __ . ___________ . _____ ··· 
DO---·------------··----------------·---
Do ___ ._ .. _ .. --•·--·-------···-·--··--·--
DD.----··-·-·----------------------·-·--

5 Sollers Point__ __ .·-·---·--·---·.···---··-·--
6 Curtis Bay, Sugar House Wharf.._ .. ____ . __ 
7 Curtis Creek lJrawbridge _______ ·-·-----··--
8 1''ort McHenrY---·-····--··---···---··--·-· 
9 Bollmans WharL-.------··--···--···-···-

lO <'ampbell and Zells Wh11rL __ ·-·--·-·---·-
ll Jacksons Wharf, Fells Point. .•......... _. __ 

DD---·--------·----·------·-··-··---··--
l2 Henderson Wharf, Fells l'oiut ..... --·---·--
13 Woodalls Dry Dock_. _____ ··-···--···---··-
14 City dock. __ -··-------·---·-····----·---··-
15 Reeder's Machine Shop.--·--·-·····----·--

Lunltidal Jn-
terval 

High Low 
water water 

--
Ilours Hours 

5. 99 0, 71l 
6.04 0, 63 
6. 22 0, 72 
6. 26 0. 60 
6. 70 0. 68 
6. 70 0. 82 
6. 32 0. 31 
5. U4 12. 00 
6. 42 0. fi:l 
6. Y6 1.:,1 
6. 54 0.61 
6. f,6 0. 79 
6.80 0. 113 
6. 42 0, 39 
6. 67 I. 35 
6. !i2 0. 69 
ti. 56 0.M 
6. 59 0.44 
6. 42 0. 32 
6.62 0, 65 
6. 48 0. 66 
5. Q7 0. 23 
6. 74 0, 81 
6. 94 0. U8 
6. 711 0. 03 
6. 75 0.00 
6. 64 0. 72 
6. 42 0. 71 
6. 77 o. 62 

Dura· Mean tion of range rise 

--
Hours Feet 

5. 24 1. 01 
5. 41 0.89 
,5. 50 o. 83 
5. 56 0.97 
6.02 1.02 
5. 88 1.03 
6. 01 1.00 
6. 36 1.20 .,.n 1.01 
5. 65 1.06 
5. 93 1.ll 
5. 87 1. 02 
5. 87 o. 96 
6.03 1.ll 
5. 32 0.91 
fi.83 1.13 
6.02 1.08 
6.15 1. ll 
6. JO 1.54 
5. Y7 L II 
5.82 I. ll 
5. 74 Lil 
5. U3 1.19 
5, 96 L 15 
5.86 1.06 
5.85 1.17 

5. 921 1.48 
5. 71 I. 09 
6.15 L 20 

I 

Observations 

Year Length 

Dau• 
1845 180 
1845 4 

1845-46 60 
1854 29 
1867 27 
1897 2 
1898 24 
1906 4 
1800 37 
1897 180 
1898 2 
1898 7 
1866 5 
1866 7 
1869 21 

1898-11)00 ]096 
rn21 3 
1853 19 
1898 2 
1924 5 

1003-1927 9131 
1876 11 
1898 5 
1845 180 
1846 150 
1876 47 
1876 2 
1927 4 
1898 18 

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

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

HARMONIC CONSTANTS 

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

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



TABLE 52.-Harmonic constants, Chesapeake Bay 

Virginia District of Columbia Maryland 

Component 
Old Point Com- Richmond 37°, Stingray Point Great Wicomico Washington, w3:~fg~i~ee~ev- Holland Island Drum Point Sharps Island 

fort, 3
1
7°9'or,,N_ '.,76° 32, N., no 25, W. Light,37° 34' N., Light, 37° 48' N., Navy Yard, 38° Wharf 380 52' N Bar Light, 38° CW Light, 38° 19' N., Light, 38° 38' N., 

n 76° 16' W. 76° 16' W. 52' N., 77° 00' W. 77°• OI' W. ·• N., 76° 06' W. 76° 25' W. 76° 23' W. 

H H H H H H H H H 
------l-----1------------ ---------------------------------------

Feet Degreu 
J, ________________ --------- --------
Ki--------------- 0.186 119 
K, __ ------------- o. 062 277 
L,________________ 0. 064 270 
M, _______________ --------- --------
M,_______________ 1. 220 248 
M, _______________ --------- --------M,_______________ o. 039 244 
M,_______________ 0. 016 191 
Me--------------------------------
N,_______________ o. 269 226 
2N _______________ ________________ _ 
o,________________ o. 138 143 oo ______________________________ _ 

Feet 
(0. 0ll) 
0. 202 
0. 061 
0. 216 
0. 018 

1. 723 
0.026 
0. 2ll 
0.089 
0.034 

0.317 
(Q042) 
0.157 

(0. 006) 
p,________________ o. 064 114 0. 031 
Q,________________ 0. 044 130 (0. 030) 
2Q _______________ --------- -------- (0.004) 
R, ________________________________ (0.002) 

Degreu 
(227) 
238 
173 
148 
238 
122 
136 
140 
95 

122 

97 
(72) 
262 

(215) 

240 
(273) 
(2&,) 
(160) 

Feet Degreu Feet Degrees Feet Degrees 
--------- -------- --------- -------- (0. 007) (257) 

0. 086 133 0.078 157 0.155 272 
(0.023) (325) (0.023) (357) 0. 071 253 
(0.016) (331) (0. 017) (353) 0.112 262 
(0. 006) (162) (0. 006) (176) Q008 88 
0.529 296 0.507 337 1. 421 226 

--~:~-- ---~~~-- --g: ~__I_ __ ~----~~~-- ---~~! __ 
o. 112 261 o. 114 I 322 o. 294 200 

(0. 015) (226) (0. 015) (307) (0. 055) (188) 
0. 075 190 0. 087 I 194 0. 100 292 

--------- -------- _________ ; ________ (0. 004) (244) 

co. 028) (133) co. 026) I (157) o. 031 214 

-~~~~~~~- --~~~=~- _ co. 017) _I __ c213J _ <g: ~) <ml 
--------- -------- ---------'-------- (0.002) (268) s,________________ _________ ________ o. 100 120 __________________________________________________ _ 

s,________________ 0. 227 269 Q 246 150 0. 083 325 0. 085 357 0. 201 270 

S.---------------- --------- -------- 0. 018 223 --------- -------- --------- -------- --------- --------

*;-~~=::::=::::::: ::::::::: :::::::: c~lm) <~l co.005) (325) co.005) (357) co:026) (330) 
>., ________________ --------- -------- (Q012) (139) (0.004) (309) (0.004) (347) (0.073) (258) 
,,_, ________________ (0.029) (228) (0.041) (84) (0.013) (266) (0.012) (318) --------- --------
., ________________ (Q054) (228) (0.062) (100) (0.022) (265) (0.022) (324) (0.036) (196) 
Pt--------------------------------- (0.006) (272) --------- -------- --------- -------- (0.003) (303) l\IS ______________ --------- -------- --------- ________ _________ ________ _________ ________ 0.024 2<Yl 
Sa________________ o. 320 126 0. 482 49 --------- -------- --------- -------· 0. 166 121 
85a_______________ 0. 106 161 o. 273 :s5 --------- -------- --------- -------- 0.047 195 

Series ___________ _ 
Length __________ _ 18/»-1877 

2 years 

Values in parentheses are inferred. 

1903-4 
369 days 

1898 
29 days 

1898 
29 days 

1858--1894 
2 years 

Feet Degrees 
(0. 009) (263) 
0. 157 274 
0.064 270 
0.095 255 
0.024 37 
1. 377 228 
0.012 79 
0.082 2 
0.034 66 
0.009 180 

0.243 205 
(0. 032) (182) 
0.105 296 

(0. 005) (253) 

0.045 287 
0. 020 294 

(0. 003) (317) 
(0. 002) (269) 

0.045 214 
0.200 269 
0.005 317 
0.002 200 

(0. 012) (269) 
(0. 010) (247) 
0.029 254 
0.063 213 

(0. 004) (305) 
Q_02fl 42 
0.253 124 
0.136 250 

Feet 
---------

0.092 
(0. 029) 
(0. 020) 
(0. 007) 

0. 707 
--- -- - ---

0.022 
0.022 

0. 1:is 
(0. 018) 
0.094 

Degree• Feet 
------- - ---------

201 0.087 
(33) (0. 021) 
(35) (0. 013) 

(207) (0. 007) 

12 0.555 
-------- ---- -----

284 0. 019 
69 0. 016 

349 0. 089 
(326) (0. 012) 
214 0. Ill 

Degreu Feet 
- ------- ---------

240 0.146 
(59) (0.016) 
(58) (0. 015) 

(252) (0. 010) 

39 0.582 
-------- ---------

354 0. 031 
142 0.038 

19 0.102 
(0) (0. 014) 

264 o. 129 

(0. 030) (201) (0. 029) (240) (0. 048) 
(0. 018) (220) (0. 022) (276) (0. 025) 

Degreu 
--------

272 
(126) 
(110) 
(272) 

80 
--------

91 
239 

51 
(31) 
272 

(272) 
(272) 

o. 101 33 o. 078 I 59 o. ooo 126 
--------- -------- ---------j-------- _________ I _______ _ 

(0. 006) (33) (0. 005) (59) (0. 004) I (126) 

(0. 005) (22) (0. 004) ( 48) (0. 004) (102) 
(0. 017) (351) (0. 013) (18) (0. 014) (34) 
(0. 027) (352) (0. 017) (22) (0. 020) (55) 

::::::::: :::::::: ::::::::: :::::::: :::::::::!:::::::: 
---1---~--

1899-1925 
2 years 

1898 
29 days 

1898 
29 days 

1898 
29days 



TABLE 52.-Harrrwnic constants, Chesapeake Bay-Continued 

Maryland-Continued 

Thoma.s Point Love Point Light, Se..-en Foot Knoll Baltimore, Fells Baltimore, Fort Pooles Island Elk River entrance,! Chesapeake City 
Shoal Light, 38° 54' 39° 03' N., 76° 17' Light,39°0!/'N.,76° Point, 39° 17' N.,76° McHenry, 39° 16' Light,39° 17'N., 75° 39° 26' N., 76° 59' 39° 32' N., 75° 4gl. 

N., 76° 26' W. W. 25' W. 35' W. N., 76° 35' W. 16' W. W. W. 

Component 

Il • H • H • H I • H • Il • H • Il i • _______ , ________________________ / __________________________ / __ _ 
I I 

Feet Degree, Feet Degrees Feet Degrees Feet I Degrees Feet Degrees Feet Degrees Feet Degrees Feet ' Deurees 

~;::::::::::::::::: ---ii:206-- ----268-- ---o:is2-- ----275-- ---ii:2'74-- ----284-- ---o:i29--1----299-- <gJ~) <::) ---0:00-- ----2\la~- ---ii:338·· ··-·w1·· <g: g!!) <m) 
K, _________________ (0.014) (127) (0.0-21) (210) (0.024) (?.lO) 0.034 : 242 0.024 216 (0.026) (259) (0.046) (284) 0.067 318 
L,__________________ (0.011) (134) (0.016) (277) (0.013) (205) 0.032 I 249 0.018 224 (O.0li) (232) (0.027) (273) 0.0&4 284 
M, _________________ (0.011) (283) (0.015) (288) (0.013) (298) 0.024 I 170 0.010 99 (0.016) (305) (0.020) (322) 0.027 19 

M,_________________ 0. 367 119 0. 501 168 0. 438 185 0. 572 , 190 0. 468 190 0. 572 212 1. 012 246 I. 046 263 
M:,. ________________ ---------- _________________________________________________________ !_________ 0.002 62 __________ _________ __________ _________ 0.008 16 
M,_________________ 0.015 62 0.004 177 0.022 43 0.011 ! 329 0.022 307 0.006 304 0.033 8 0.021 6 
M&----·-----····--- 0.009 21 0.001 212 0.010 217 0.006 : 185 0.006 208 0.012 314 0.012 62 0.016 140 
Mi--------------------------· _________ ---------- _________ --------------····- __________ ._________ 0.001 55 ---------- ___________________ --------- 0.006 276 

N,.________________ 0.078 103 0.1]2 159 0.092 165 0.092 I 163 0.094 169 0.114 192 0.184 219 0.197 238 
2N- ________________ (0.010) (88) (0.01.5) (149) (0.012) (145) __________ _________ 0.012 128 (0.015) (173) (0.025) (192) 0.026 213 
o,__________________ 0.100 297 0.1,1 301 o. 002 312 0.112 · 321 o. 1,0 306 0.162 319 o. 200 337 o. 208 324 oo _________________________________________________________________________ ----------;--------- (0.001) (285) __________ _________ __________ _________ 0.001 306 

p,__________________ (0.068) (268) (0.083) (275) (0.091) (284) O.o.51 , 314 0.070 285 (0.091) (293) (0.112) (307) 0.o.52 341 
QI __________ ------ (0. 019) (312) (0. 034) (314) (0. 018) (326) -----··---:--------- 0. 032 274 (0. 031) (331) (0. 039) (352) 0. 040 328 

~=: =============== :::::::::: ========= ========== ========= ========== ========= ==========;========= \Z: ~m mij ========== ========= ========== ========= z: ::i ~ s, _____________________________________________________________________________________ !_________ o.061 225 __________ _________ __________ _________ 0.020 239 
s, __________________ O.o.51 127 0.076 210 0.087 220 0.075 255 0.086 216 0.095 259 0.169 284 0.134 304 

S.------------------ ---------- --------- ---------- --------- ---------- --------- ---------- --------- 0.001 55 ---------- --------- ---------- --------- ---------- ---------s,__________________ __________ _________ __________ _________ __________ _________ __________ _________ o. 001 36 
T,__________________ (O. 003) (127) (0. 005) (210) (0. 00.'>) (220) __________ _________ (0. 005) (216) 

).,__________________ (0. 003) (123) (0. 004) (188) (0. 003) (201) ---------- --------- 0. 003 194 
,,..__________________ (0.009) (110) (0.012) (126) (0.011) (150) ---------- --------- 0.007 131 
.,__________________ (0.015) (10,5) (0.022) (160) (0.018) (168) ---------- --------- 0.023 174 

(0.006) 

(0.004) 
(0.014) 
(0.022) 

(259) 

(234) 
(165) 
(195) 

(0. 010) 

(0. 007) 
(0.024) 
(0. 036) 

(284) 

(264) 
(208) 
(222) 

Pl------·-----------------------------------------------------------------------------·_________ (0.000) (310) ---------- -------·- ---------- ---------

(0. 008) -(304) 
(0. 007) (282) 
(0. 025) (222) 
(0. 038) (242) 
(0. 008) (328) 

Sa.. _________________ ---------- --------- ---------- --------- ---------- --------- 0. 260 123 0. 348 126 ---------- --------- ---------- --------- ---------- ---------
Ssa. _______________ ---------- --------- ---------- --------- ---------- --------- 0.000 35 0.087 67 ---------- --------- ---------- --------- ---------- ---------

Series _____________ _ 
Length. _________ - - -I 

1898 
29 days 

Values In parentheses are inferred. 

1898 
29 days 

1898 
29 days 

1845--46 
369 days 

1907--8, 1925 
2 y~ars 

1898 
29 days 

1898 
29 days 

1923 rm 
163 days 250 days 



PART II. CURRENTS IN CHESAPEAKE BAY AND 
TRIBUTARIES 

OBSERVATIONS AND REDUCTIONS 

INTRODUCTORY STATEMENTS 

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

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

Current observations in Chesapeake Bay as recorded in the files 
of the Coast and Geodetic Survey began in the year 1845. Since 
that dateJnformation 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 making hydrographic surveys and the observing 
of currents was more or less incidental to the hydrographic work. 
The information from these early records is therefore meager. In some 
cases the observations were taken by liberating a float, following 
it around and occasionally locating its position; in others the periods 
of observation were brief. With the passage of time more systematic 
and uniform methods of observing currents have evolved and as 
a consequence the data furnish fuller information. In recent years 
comp_rehensive current surveys of several important waterways of 
the United States have been made and such a survey of Chesapeake 
Bay and its tributaries which has now been completed will be referred 
to later in this text. 

METHODS OF OBSERVING 

The general process of observing currents consists of measuring, 
\lsually at fixed intervals of time such as hourly or half hourly, the 
velocity of the current; noting the direction the current is flowing 
at each measurement of velocity; and recording the direction, the 
velocity and the time at which each measurement is made. Various 
:means of taking such observations have been devised and three 
general methods which have recently been used in Chesapeake Bay 
are briefly outlined in the following paragraphs. Where other 
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methods have been used, they will be mentioned m 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, appearn 
also to have been employed, with some variations in the kind of 
float used, for most of the current work prior to this survey. The 
present form of float is a wooden pole so weighted with lead that it 
will submerge for most of its length and assume a vertical position 
when placed in the water. The pole is attached to a log line and 
allowed to drift with the current while an observation is being made. 
The log line 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 is observed, 
usually: by compass and pelorus on the vessel, and when practicable 
is verified by sextant angle£ between the pole and fixed objects on 
shore. The velocity obtained by this method is considered the veloc
ity at a depth equal to one-half the length of the submerged portion 
of the pole. 

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 is mounted on a 
vertical shaft. The upper end of this shaft actuates a recording 
mechanism which makes and breaks an electric circuit, producing 
clicks in a telephone receiver connected in the circuit. When the 
qi.eter is lowered into the water, the current striking the metal cups 
causes the wheel to rotate, the speed of rotation and consequently 
the frequency of the clicks in the telephone receiver depe1'ding upon 
the velocity of the current. To obtain the velocity of the current 
therefore, it is only necessary to count the clicks in the receiver for 
a specified length of time and from a previously prepared rating table 
take the velocity corresponding to the observed number of clicks. 
The direction of the subsurface current is not given by the Price 
meter. 

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

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

METHODS OF REDUCING THE OBSERVATIONS 

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

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

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

The times of slack water and of strength of current were then com
pared with the times of high and low water at a primary tide station 
and average time differences computed for each depth for each of the 
four phases of current-namely, slack before flood, strength of flood, 
slack before ebb, and stren~th of ebb. Average true directions of 
flood and ebb were obtained for each series of observations and the 
average velocities of flood strength and ebb strength for each depth 
were reduced to mean ve1ues by applying a factor to correct for ,t.he 
ran~e of 'tide at the primary tide station as explained in the last 
sect10n of the appendix, page 137. 

DISCUSSION OF THE RESULTS 

EXPLANATORY STATEMENTS 

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

1. Approaches to Chesapeake Bay. 
2. Chesapeake Bay. 
3. Hampton Roads. 
4. Elizabeth and Nansemond Rivers. 
5. James River and tributaries. 

11. Patuxent River. 
12. Little Choptank and Choptank 

Rivers. 
13. Eastern Bay. 
14. South and Severn Rivers. 

6. York River and tributaries. 15. Chester River. 
7. Rappahannock River. 
8. Pocomoke Sound and River. 

16. Patapsco River. 
17. Sassafras and Elk Rivers. 

9. Tangier Sound and tributaries. 
10. Potomac River and tributaries. 

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 
stren~ths of current were tabulated directly from the reductions. 
The times of slacks and strengths are referred to the tides at Old Point 
Comfort, the slacks before flood and strengths of flood being referred 
to the low waters, and the slacks before ebb and strengths of ebb to the 
high waters. The true directions are reckoned from the true north 
(0°), through east (90°), south (180°), and west (270°). The duration 
of flood, from slack before flood to slack before ebb, and the duration 
of 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 between the 
Greenwich transit of the moon and the time of the strength of the 
flood current modified by the times of slack water and strength of 
ebb. In computing the mean current hour an average is obtained 
of the intervals for the following phases: Flood strength, slack before 
flood increased by one-fourth semilunar day (3.10 hours), slack 
before ebb decreased by one-fourth semilunar day, and ebb strength 
increased or decreased by one-half semilunar day (6.21 hours). 
Before taking the average the four phases are made comP.arable by 
the addition or rejection of such multiples of the sem1lunar day 
(12.42 hours) as may be necessary. 

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

Each station has been designated by a number preceded by a letter 
or letters. The letters signify the party or the chief of the party, 
which occupied the stations and a number has been assigned to each 
station of that party. In the survey of 1927 and 1928, the numbers 
are those originally assigned to the stations. For the older observa
tions this procedure was usually impossible, either because no numbers 
had been assigned to the stations or because of the duplication of num~ 
hers 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 observation1 the 
designating letters, the number of stations occupied, the localities, 
and the numbers of the illustrating figures on which the stations are 
plotted, are tabulated in approximate chronological order in Table 54. 
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(1) Approadlu to ctiua~~ Bar 

U.S. S. Brant, temporary light vessel 
(37" 04'.6 N., 74° 51'.1 W.). c:w.: Charles Light Vessel (37" 05'.3 

., 75° 43'.5 W.). 
8¾ miles, N. 78° E. of Cape Henry 

Light (36° 57'.4 N., 75° 50'.0 W.). 
3¾ miles, S. 6° W. of Cape Charles 

Light (37° 03'.6 N., 75° 54'.8 W.). 
6¾ miles, S. 12" W. of Cape Charles 

Light (37° 01'.2 N., 75° 56'.0 W.). 

(!) Clluapeakt Bay 

½ mile S. of Fisherman I. (37° 04'.7 
N., 75° 58'.4 W.). 

6¼ miles N., 8° E. of Cape Henry 
Light (37° 0'¥.4 N., 75° 59'.4 W.). 

4¼ miles N. of Cape Henry Light. 
(37" 00'.5 N., 76° 00'.5 W.). 

Tail of the Horseshoe Light Vessel, 
3¾ miles N. of Cape Henry Light 
(36° 58'.8 N., 76° 00'.4 W.). 

2 milt!e N., 11° W. of Cape Henry 
Light (36° 57'.5 N., 76° 00'.9 W.). 

TABLE 53.-Current data, Chesapeake Bay and tributaries 

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

Observations :: Flood strength 
>-< ... ... 
~ = ~ .£~ i "' _,, 

Date ""' Method "'i:!: i Depth ,,. c,:, 

" 8""' 
., ... 

~ 
,__ 

"' --~ 
Po. @ f: A > 

I -------

I Davs Fut 
I 

Hrs. Hrs. Deg. Knts. 
Feb. l&-May 24, 1919 .• 99 Pole .. - _____ 7 ------- (1) (1) (1) 

lune 2-Aug. 27, 1912 ___ 87 _____ do ______ 7 I 1.40 4.20 298 'O. 26 
Sept. I-Oct. 29, 1915 ___ 59 _____ do ______ 7 1.40 4.20 272 'O. 23 
Sept. 22-26, 1919 _______ 3~l _____ do ______ ------------- 2. 72 5.40 292 0.26 

Sept. 9-10, 1851..------ 1 -------------- ------------ 1.85 5.40 288 0.00 

Sept. 11-12, 1851.. •...• 1 -------------- ---------·-- 3.25 5.92 295 1.00 

July 24-26, 1928 _______ 1 Pole ________ 7 2. 78 5.13 306 1.47 Meter _______ 5 2. 73 5.13 ------ 1.42 
..••. do ______ 12½ 2.55 5. 03 ------- 1.41 _____ do ______ 20 2.28 4.93 --29g° 1.21 

June 24-25, 1928. ------ 1 Pole. _______ 7 2. 98 5. 08 1. 23 Meter _______ 4 3.08 5.13 _____ ..,. 1.16 _____ do ______ 10 2.88 5.18 ------- 1.09 _____ do ______ 16 2.63 5. 48 --299- 0.86 
July 24-27, 1928 .• ----- 2 Pole ________ 7 3. 38 6.00 1. 18 

2 Met.,r _______ 6,8,9 3.46 6.13 ------ l. 35 ½ _____ do ______ 15 2. 58 5.18 ------ 1. 37 
2 _____ do ______ 21,24 1.86 5.28 ------ 1. 29 
2 _____ do ______ 

33 1.83 5.35 -----· 0.89 
June 2-Aug. 27, 1912. _ 87 Pole ________ 7 3.64 6.49 301 •1.04 
Aug. 23-Nov. 3, 1915. _ 73 _____ do ••. ___ 7 3.M e.29 305 '0.90 
Apr. IH)ct. 31, 1919 .•• 160 -----do .•••.• 7 3. 72 8.44 312 U96 
Iuly 26-27, 1928 .. ----- 1 _____ do ______ 7 2.63 5.~ 286 1.53 Meter ______ . 13 2.68 6.28 ------ 1.74 

..•.. do. _____ 32½ 2.03 5.63 -----.. 1.59 _____ do ______ 
52 1.43 5.18 ------ l. 43 

= :: Ebb strength 

1 :Il 
1i, 1i, = 

""' 
e ~~ ~i ~ "' 0 ""' 
,,. s=i 0 "-' .;~ 0 

~ ..!! 'al 
rn f: A > ----------

Hrs. Ilrs. Ilr.,. Deg. Knts. 
(1) (1) (') (1) (1) 

5. 62 0. 60 4.20 6S 'O. 36 
5. 52 0. 50 4. IO 80 'O. 30 
5.10 1.40 5.06 112 o. 52 

6.52 l. 95 5.10 102 0. 74 

5.50 2.33 5.83 104 l. 70 

5.25 1.61 5.51 156 2. 27 
5.25 1.56 5.06 ------ 1.97 
5.33 1.46 5.11 ------ 1.61 
5.65 1. 51 5.21 ------ 1.16 
4.85 1. 41 6.06 132 1.68 
4.90 1.56 6.01 ------ l. 96 
5.25 l. 71 5.66 ------ 1.09 
5.45 1.86 5.26 ------ o. 71 
5. 72 2. 68 6.58 134 1. 45 
5.80 2.84 6.56 ------ 1.48 
6.20 2.36 ------- ------ ------
7.60 3.04 5.96 ------ 0. 92 
7. 78 3.19 5.59 0.55 
5.60 2.82 6.37 122 '1.55 
5.45 2.57 6.22 129 '1.41 
5.28 2.58 6.27 126 '1.50 
9.15 5.36 6. 26 92 1. 28 
8. 94 5.16 6. 16 ------ 1.49 
8. 95 4.56 6.96 ------ 0.94 
9.25 4. 26 5. 71 ------ 0. 73 

t Current rotary. Be& Tables 55, 56, and f/1, pages 95 and 1111. s V eloclty not corrected for range of tide. 

\ ~ 
= t 
~ 5;; 
:1 0 

..c:l 
""' § .0 CD .0 
rail ::;i 
----
Hrs. Hrs. 
------ 9. 74 

6.80 11. 84 
6. 90 11. 79 
7.32 0.46 

5.90 0.40 

6.00 1.15 

7.17 0.58 
7.17 0.44 
7.0\I 0.36 
6. 77 0.30 
7. 57 0. 70 
7.52 0. 76 
7.17 0.68 
6.97 0.38 
6. 70 1.48 
6.62 1. 57 
6.22 0.67 
4.82 0.86 
4.64 0. 81 
6.82 l. 65 
6.97 1.48 
7. 14 1.57 
3.27 1.86 
3.48 1. 89 
3.47 1.62 
3.17 0.97 



TABLE 53.-Current data, Cheaspeake Bay and tributarie8----Continued 

Observations ii:: 

~ Location 

I Date 

tll 

(!) Chuapeake Ba,--Continued 

Ay12 ¼ mile N. of Cape Henry (36° 56'.2 Aug. 16, 1853 ..•••••••• 
N., 76° 00'.3 W.). 

A94 Lynuhaven Roads (36° 55'.4 N., 76° July 27-28, 1928 ...•••. 
04'.9 W.). 

Ayll Lynnhaven Roads (36° 56'.9 N., 76° Sept. 4, 1854 ...••••••.. 
05'.6W.). 

LyI0 Lynnhaven Roads (36° 56'.2 N., 76° Oct. 24-25, 1918. ...•.•• 
07'.2 W.). 

Ayl0 ¾mile N. of Thimble Shoal Channel Sept. 5, 1854 ...•.....•• 
(36° 59' .6 N ., 76° 08' .5W .) . 

LY7 ¾ mile N. of Thimble Shoal Channel Oct. 10-11, 1918. .•.•.•• 
(36° 59'.9 Nai 76° 09'.2 W.). 

A93 Thimble Sho Channel(36° 59'.3N., July 27-28, 1928 ....•.•• 
76° 09'.9.W.) 

AY6 3¾ miles E. of Old Point Comfort Sept. 25-26, 1854 ..••••• 
Light (37°00'.2Nd 76° 13'.7 W.). 

Ly4 2¼ miles E. of 01 Point Comfort l:lept. 12-13, 1918 ...•.•• 
Light (37° 00'.l N., 76° 15'.2 W.). 

Lyll 6 miles southwestward of Fisherman Oct. 30-31, 1918 ....••• 
I. (37° 02'.2 N., 76° 04'.5 W.). 

AY5 5l4 miles E. of Back River Light (37° Sept. 26-27, 1854 •.••••• 
05'.l ~ 76° 09'.7 W.). 

Lyl ¼ mile . of Fisherman I. (37° 05'.9 July 25-26, 1918 .....•• 
N., 75° 59'.8 W.). 

E3 5½ miles S. 36° W. or Old Plantation Aug. 6, 9, 10. 1909 ..••• 
Flats Light (37° 09'.2 N., 76° 06'.9 
W.). 

Ly5 3¾ miles S. 19° E. or York Spit Light Sept. 30-0ct. 1, 1918 ..• 

E2 
(37° 09'.4 N.& 76° 13'.9 W.). 

Aug. 18, 19, 23, 1909 •.• 4½ miles s. 43 W.orOld Plantation 
Flats Light (37° 10'.5 N., 76° 06'.7 
W.). 

A.y4 2½ miles S. 46° E. or York Spit Light Oct. 7, 1854 ...•....... 
(37° 10'.9 N., 76°13'.0 W.). 

El 4 miles S. 49° W. of Old Plantation May-July, 1909 ...... . 
Flats Light (37° 11' .0 N ., 76° 06' .6 
W.). 

AY3 4l4 miles S. 75° E. of York Spit Light Oct. 8, 1854 .....•..... 
(37° 11'.5 N., 76° 10'.l W.). 

Snl York Spit Channel (37° 12'.9 N., 76° Oct. 31-Nov. I, 1929 ... 
08'.5 W.). 

LY3 3l4 miles 8. 84° W. of Old Plantation Sept. 10-11, 1918 .•..... 
Flats Light (37° 13'.3 N., 76° 07'.7 
W.). 

AIOO % mile 8. 89° W. of Old Plantation Oct. 16-18, 1928 ...•••. 
Flats Light (37° 13'.7 N., 76° 03'.6 
W.). 

LY6 ¾ mile 8. 85° E. or Old Plantation Oct. 1-2, 1918 ..•••..•• 
Flats Light (37° 13'.7 N., 76° 02'.0 
W.). 

YI 1 ¾ miles N. 50° W. of Old Plantation Sept. 26-29, 1899 .....•. 
Flats Light (37° 14'.9 N., 76° 04'.6 
W.). 

La5 

Lll4 

A99 

Lll6 

LY2 

A66 

2½ miles S. 56° E. of Tue Marshes Sept. 5-7, 1918 ........ . 
Light (37° 12'.8 N., 76° 20'.6 W.). I 

3l4 miles 8. 82" E. of Tue Marshes Sept. 5-7, 1918 ......... ' 
Light (37° 13'. 7 N ., 76° 19' .0 W .) . I 

l}i miles N. 78° W. or York Spit Aug. 16-17, 1928 ..•.... 
Light (37° 12'.9 N., 76° 17'.4 W.). 

1% miles S. 31° W. of New Pt. Com• Sept. 5-7, 1918 ........ . 
fort Light (37° 16'.5 N., 76° 17'.9 W.). 

1½ miles S. 21° W. of New pt, Com• Aug. 27-28, 1918 ...•... 
fort Light (37° 16'.7 N,., 76° 17'.3 W.). 

1¾ miles 8. 75° W. of 1'ew pt, Com• July 25-27, 1928 ...••.. 
fort Light (37° 17' .6 N ., 76° 18' .8 
W.). 

A64 5¾ miles S.87° E.or Wolf Trap Light July 16-Aug. 21, 1928 •. 
(37° 23'.I N., 76° 04'.3 W.). 

Lyll 3½ miles S. 88° E. of Wolf Trap Oct. 15-17, 1918. ••••••• 
Light (37° 23'.3 N., 76° 07'.0 W.). 

1 Surface. 

... .. 
~ ., 

"' Method Depth Sl -"' ... " "' iii !ls 

Davs Feet Hrt. 
¼ Float .••.•.. (') 2. 70 

I Pole ........ 7 3.58 
Meter ....... 5 3.58 

..... do ...... 12 3. 53 

..... do ...... 19 3.48 
¼ Float. ....... (') 3.98 

1 Pole ........ ------------ 3.45 

¼ Float ......• (') 2. 23 

I Pole ....•... ------------ 2.60 

1 . .... do ..•.... 7 3.68 

Meter ....... 6¼ 3.68 
..... do .....• 16¼ 3.63 
..... do ...... 26¼ 3.13 

¾ Float. ...... (') 3.40 

I Pole ........ ------------ 4.00 

I ..... do .....• ------------ 3.25 

¾ Float. •.•.•. (') 4.30 

H Pole ••..•••. ------------ 2.10 

I .••.. do ..••.. 8¼ 3.62 

I ..... do •...•• ------------ 3.00 

I ..••. do ...•.. ------------ 4. 75 

¼ Float. ..•... (1) 2. 47 

I½ Pole .•...... 5¼,8½ 4.20 

½ Float ...•..• 

Pole ....••.. 

( 3) 3. 40 

7 4.48 

. .... do.-................ 4.80 

. .... do ..... . 7 4:08 

Meter....... 16 4. 08 
..... do...... 40 3. 33 
..... do...... 64, 3.03 

1 Pole.................... 2. 80 

4.58 

2 Pole.................... 0. 60 

2 _ .••• do.................. I. 73 

Pole........ 7 
Meter....... 8 

..... do...... 20 

..... do...... 32 
2 Pole .....•.•............ 

1.831' 
1.98 
1. 93 
1.83 
1.12 

. .•.. do.................. 0.00 

I¼ ..... do...... 7 0. 61 
Meter....... 6 0. 78 

. .... do...... 13 I. 23 

..... do...... 20 0. 73 
6 Pole........ 7 5. 36 
6 Meter....... 8, IO, 12 5. 30 
2 ..... do...... 20,25 5.28 
5 •.... do...... 30,32 4.57 
I ..... do...... 40 4. 58 
4 •.•.• do...... 48 4. 43 
l¼ Pole .••••.• T··········· 5. 07 

Flood strength = 
i M = = ~j 

I>, 

"' -..ii:: ·i "' .§ ... ., ... 
l .!:=~ 

~ E-< A --
Hra. Deg. Knts. Hrs. 
5.60 301 1.36 5. 72 

6. 08 262 0.47 5.25 
5.98 ------ 0. 73 5.35 
6. 18 ------ 0.94 5.90 
5.98 ------ 0.90 5.80 
5.98 289 0.92 4.59 

6.65 301 0. 77 5.57 

5. 73 314 1.01 6. 91 

5.25 256 0.80 6.02 

6.38 261 1.02 5.00 

4. 70 6. 23 ...... 1. 18 
6. 28 1 •..••• 1.03 5.20 
6.43 ------ 0.89 5. 95 
5.52 276 0.85 3. 72 

5.55 298 0.84 3.02 

5. 75 310 0.88 4.92 

8.02 340 1.55 7.49 

------- ------ ------ 6.32 

7. 09 0 0. 91 5.97 

7.20 346 0.32 6.82 

7.05 16 0.61 5.12 
I 

I 

6. 25 327 0. 60 6. JO 

7. 09 7 o. 80 5. 70 

7. 17 13 0. 76 6.17 

7. 28 8 0. 82 5. 60 

7. 20 0.16 5.12 

6. 78 355 0. 61 4. 70 

6.88 '······ 0.89 5.40 
6.681······ 1.36 6.15 
6.43 '······ 1.63 6.85 
6. 25 350 0. 63 6. 57 

6.92 356 1.60 5.59 

4. 07 2f3 o. 56 6. 94 

4. 43 271 0. 98 6. 34 

4. 88 309 0. 98 6. 55 
4.98 1.16 6.45 
4. 88 0. 99 6. 45 
4.88 0.84 6. 75 
4. 17 340 o. 75 6. 03 

3. 25 301 0. 46 6. 67 

4.08 
3.98 
3.58 
3.28 
8.05 
8.16 
8.63 
7.65 
7.98 
7.62 
7. 70 

327 0.99 
1.05 
0.48 
0.27 

15 0. 85 
0.99 
1.33 
1.26 
0.65 
I. 06 

20 0.80 

6.97 
6.60 
4. fi5 
5.05 
5. 55 
5.66 
5. 77 
6.67 
6.00 
6.48 
5. 75 

ii:: 
~ ... 
Cl) 

a:: ., 
{1 ., 
@ 

--
Hrs. 
2.00 

2.41 
2. 51 
3.01 
2.86 
2.15 

2.60 

2. 72 

2.20 

2.26 

1.96 
2.41 
2. 66 
o. 70 

0.60 

1. 75 

5.37 

2. 00 

3. 17 

3.40 

3.45 

2.15 

3.48 

3.15 

3.66 

3.50 

2. 36 

3.06 
3.06 
3.46 
2.95 

3. 75 

1.12 

1.65 

1.96 
2.01 
1.96 
2.16 
o. 73 

0.25 

1.06 
0.96 

-0.54 
-0.64 

4.49 
4.54 
4.63 
4.82 
4.16 
4.49 
4.40 

Ebb strength i:l 
= Cl) 

~ii:: 
.§~ 
E-< 

Hra. 
5.20 

5. 76 
5. 76 
6.31 
5.96 
5.15 

6.05 

6.22 

'6.00 

7.06 

6.56 
6.86 
7.06 
5.12 

6.05 

5.30 

7.07 

4.80 

6.83 

6.30 

7.90 

5.15 

6.87 

5.90 

7.21 

7. 75 

6.66 

7.01 
6. 21 
6.56 
5.90 

7. 17 

3.60 

4.88 

5. 11 
5. 26 
5. 26 
5.26 
3.58 

3.40 

3. 76 
3.86 
3.26 
3.31 
8.02 
8.09 
7.69 
7. 78 
7.16 
7.53 
7.80 

i ~ ~ = 
~j i = .8 

"' ~ ~e 0 .,, 
al .,, 

i A > 1:1 

Deg. Knts. Hra. Flra. 
107 1.16 6. 70 0. 70 

80 0. 72 7.17 1.28 
------ 0.83 7.07 1.28 
------ 0.69 6.52 1.58 
------ 0.45 6.62 1.39 

90 1.02 7.83 1.14 

99 1.07 6.85 1. 51 

122 1.01 5.51 1.04 

127 0.85 6.40 0.83 

121 1.02 7.42 1.66 

------ 1.28 7. 72 1.43 
------ o. 78 7.22 1.62 
------ 0. 79 6.47 1.64 

98 1.65 8. 70 0.50 

88 1.84 9.40 0.87 

96 1.33 7.50 0.83 

144 0.95 4.93 3.01 

156 2. 46 6.10 0.34 

180 0.94 6.45 2.00 

173 0.97 5.60 L80 

169 0. 71 7.30 2.61 

149 0. 60 6. 32 0. 82 

176 1. 12 6. 72 2. 23 

170 0. 76 6. 25 1. 72 

195 1.07 6.82 2.48 

183 I. 31 7. 30 2. 63 

158 I. 36 7. 72 I. 79 

1.34 7.02 2.08 
1.11 6.27 1.64 
0. 73 5. 57 I. 69 

173 0.43 5.85 1.30 

170 1. 70 6.83 2.42 

122 0. 49 5. 48 11. 59 

116 1. 03 6. 08 12. 41 

104 0. 88 5. 87 
0. 91 5. 97 
0.84 5. 97 
0. 54 5.67 

133 0. 90 6. 39 

0.26 
0.38 
0.33 
0.35 

11.64 

144 o. 46 5. 75 10. 96 

116 o. 71 5. 45 
0. 78 5.82 
0.68 7.77 
0.52 7. 37 

174 1.28 6.87 
1.40 6.76 
I. 55 6. 65 
0. 96 5. 75 
0.55 6.42 
0. 75 5. 94 

169 1. 17 6. 67 

11.61 
11.64 
11.12 
10. 91 
3.30 
3.34 
3. 38 
3.02 
2. 79 
2.84 
3.06 



TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

Observations 

Location 
Date Method Depth 

(B) C1iuapeau &,-Continued 
Dapa Fed 

A63 ½ mile W. of Wolf Trap Light (37° 1uly 17-Aug. 21, 1928__ l½ Pole________ 7 
23'.4 N., 76" 11' .9 W.). Meter_______ 5 

_____ do______ 12 
_____ do______ 20 

AY2 l¾ miles N. 77° E. of Wolf Trap 
Light (37° 23'. 7 N ., 76" 10' .0 W .) . 

Nov. 16-19, 185L______ 2½ _________________________ _ 

A65 Off Matta woman Creek (37° 23' .9 N ., 
76° 01'.0 W.). 

Aug. 19-21, 1928 ______ _ 

A62 Off Bland Point, Piankata.nk R. (37° 1uly l!H9, 1928 ______ _ 
31'.8 N., 76" 21'.9 W.). 

FC6 Off Ocoohannock Creek (37° 33'.8 N., Nov. 9-10, 1920 _______ _ 

Ayl 

Ll9 

Al0l 

76° 02'.3 W.). 

2¾ miies S. 63° E. of Windmill Pt. 
Light (37° 34'.7 N., 76" 11'.3 W.). 

3¼ miles N. 72" E. of Windmill Pt. 
Light (37° 36'.8 N., 76" 10'.5 W.). 

4¾ miles S. 2° E. of T!lllgier Sound 
Light (37° 42'.6 N., 75° 58'.2 W.). 

Nov. 20-23, 1851_ _____ _ 

Nov. lHI, 1850 ________ _ 

Aug. 21-22, 1928 ______ _ 

A.53 E. of Sandy Point, Great Wicomico 1uly 16-17, 1928 ______ _ 
R. (37° 49'.3 N., 76" 18'.0 W.). 

A38 6 miles N. 2° W. ol Smith Pt. Light 1uly 4--5, 1928 _________ _ 
(37° 58'.9 N., 76" 11'.4 W.). 

Pole _______ _ 
Meter ______ _ 

_____ do _____ _ 
_____ do _____ _ 
Pole _______ _ 
Meter ______ _ 

_____ do _____ _ 
_____ do _____ _ 

Eckmanme
ter. _____ do _____ _ 

_____ do _____ _ 

7 
6 

15 
25 
7 
6 

15 
24 
16 

33 
48 

3 -------------- ------------

1 -------------- ------------
Pole _______ _ 
Meter ______ _ 

_____ do _____ _ 
_____ do _____ _ 

½ Pole ________ _ 
Meter ______ _ 

_____ do _____ _ 
_____ do _____ _ 
Pole ________ _ 
Meter ______ _ 

_____ do _____ _ 
_____ do _____ _ 

7 
9 

22½ 
36 
7 
5 

12 
19 
7 

11 
28 
44 

Ll8 4¾miles W. of Smith I. (37° 59'.4 N., Aug. 30-31, 1849 _________ 1 (I) 
76" 00'.0 W.). 

LI7 2¾ miles S. 37° E. of Pt. Lookout June 25-26, 1849 _______ -------------- (1) 
Light C38° 00'.5 N., 76° 17'.6 W.). 

FC5 3¾ miles S. 7fl' E. of Point No Point Ian. 25-26, 1921_ _______ 1 Eckmanme- 0 
Light (38" 06'.4 N., 76" 13'.0 W.). ter. _____ do ______ 33 _____ do ______ 

66 _____ do ______ 
98 _____ do ______ 112 

FC4 3¾ miles S. 73" E. of Point No Poi.at 1920-1922 ______________ 
5½ _____ do ______ 

0 
Light (38" 06'.6 N., 76° 13'.l W.). 4 _____ do ______ 

33 
3 

_____ do ______ 
66 

2 _____ do ______ 
98 

2 _____ do ______ 
124 

FC3 3 miles s. 76" E. of Point No Point Mar. 30-31, 1921 _______ 1 
_ ____ do _____ 

0 
Light C38° 07'.0 N., 76" 13'.7 W.). _____ do.. __ 33 _____ do ___ 

79 
A39 1 mile N. 4° W. of Point No Point 1uly 4, Aug. 24, 1928 ___ 1 Pole _____ 7 

Light (38° 08'.6 N., 76° 17'.5 W.). Meter __ s, 9 _____ do _____ 
20,22 _____ do _____ 32,35 

A40 3 miles N. 63° E. of Point No Point 1uly 4--Aug. 25, 1928 ___ 2½ 
Pole ______ 

7 
Light (38° 09'.l N., 76" 14'.0 W.). Aug. 24-25, 1928 _______ 1 

Meter _______ 
22 _____ do _________________ 1 _ ____ do ______ 
55 -- ___ do _________________ 1 _ ____ do. _____ 88 

L16 2¾ miles N. Zl' E. of Point No Point Aug. 26-27, 1849 _______ 1 (') 
Light (38° 09'.9 N., 76° 16' .3. W.). 

--------------

Hr,. 
4. 70 
4. 70 
4.60 
4. 66 
7.00 

4. 58 
4.48 
4. 48 
4.38 
3.13 
3.33 
2. 83 
1. 93 
4.90 

4. 75 
4. 30 
6.67 

6.17 

5.55 
5.45 
5.'ll5 
3.95 
3.98 
3.98 
3.58 
3.38 
7.65 
7.55 
7. 35 
6. 95 
6. 82 

7. 77 

l (•) 

7.92 
7.61 
6.90 
6. 57 
7.59 

} (') 

} (') 
8.38 
7.88 
6. 78 
5.98 
8.67 

A41 4½ miles S. 40° W. of H~ Strait 1 uly 4-5, Aug. 24-25, Pole _________ 

12½,ii½} 
Light (38° 10'.2 N., 76" .2 W.). 1928, Meter _______ 

(') _____ do ______ 
_____ do ______ 20,21½ 

L15 l¼ miles S. 71° W. of H~ Strait Sept. 30-0ct. I, 1849 ___ -------------- 8 6. 22 
Light (38° 13'.2 N., 76" .8 W.). 

LU 27/4 miles N. 62° W. of Hooper I. Oct. 8-9, 1849 _________ -------------- 8 8.02 
Light (38° 16'.7 NI 76" 18'.2 W.). 

Wk2 l¾ miles off Barren . (38" 19'.0 N., Sept. 4-5, 1900 _________ ½ -------------- 4¾ -------76° 17'.l W.). 
Wkl 1 ½ miles off Barren I. (38" 19' .5 N., Sept. o-6, 1900 _________ ½ -------------- 4¾ 6. 22 

76" 17'.6 W.). 
Fa3 3'¼ miles E. of Drum Pt. Light (38° Oct. 28-Nov. 11, 1897 __ 14 Pole _________ 6 8. 99 

19'.l N., 76" 20'.4 W.). 
L13 l½ miles N. 84° E. of Drum Pt. Oct. 4--5, 1849 _________ -------------- 8 8.12 

Light (38° 19'.3 N., 76° 23'.5 W.). 
L12 2 miles S. 84° E. of Cove Pt. Light Oct. 12-13, 1849 ________ -------------- 8 10. 87 

(38° 23'.0 N., 76" 20'.4 W.). 
H74 3¾ miles N. 86° W. of Cove Pt. Light Sept. 14-16, 1927 _______ l½ Pole _________ 7 8. 70 

(38° 23'.4 N., 76" 18'.6 W.). ¼ Meter _______ 5 8. 30 
l½ ____ _do ______ 11, 12½ 8. 60 
I½ _____ do_ - _. ·- 17½,20 7.85 

• Surface. 

Flood strength 

Hra. 
7.41 
7.45 
7.38 
7. 31 
9.25 

7.98 
7.83 
7.58 
7. 53 
5. 78 
5.53 
5. 48 
5- 33 
8. 05 

Deg. 
16 

Kms. 
0.96 
1.08 
0.98 

------ 0. 73 
1 0.50 

14 0.89 
0.94 
0.89 
0.84 

299 0.39 
0.38 
0. 43 

------ 0. 43 
28 1.02 

Hra. 
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 

8.05 25 1.01 6.22 
6. 95 17 o. 53 5. 67 
8. 92 20 0. 44 4. 67 

9. 37 349 o. 52 6. 62 

8.35 14 1.02 
8. 10 ------ 1. 21 
7. 70 ------ 1. 38 
7. 45 ------ 1. 39 

10. 00 350 0. 30 
10. 15 ------ 0. 50 
9. 95 ------ 0. 60 
9. 80 ------ 0. 75 

10. 37 3 0. 51 

10. 72 3291 0. 57 

(•) (•) (') 

10.80 8 0.43 
10.34 6 0. 47 
9.93 359 0.50 

10.19 346 0.46 
10.69 333 0.56 

(') (') (') 

(') (') (') 

11. 50 3M 0.42 
12. 88 o. 79 
12.18 1.00 
11. 48 0. 78 
12. 07 338 0.42 

. (') (') (') 

8. 72 43 0. 40 

12. 22 3M 0. 61 

11.82 341 0. 87 

11.42 345 1. 30 

12.07 358 0.52 

io. 42 251 0.28 

0.55 349 0.22 

11.37 8 0. 23 
11.50 0.49 
11 . .0 0.30 
11.20 0.36 

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 

4. !;7 

(') 

6.02 
6.06 
6.02 
6. 42 
5. 97 

(') 

(') 

6. 38 
6. 95 
8. 55 
9. 70 
7. 47 

(') 

4. 72 

9.32 

9. 72 

6. 43 

4.67 

4.17 

6.10 
------
6.15 
6.90 

• Current irregular. 

Ebb strength 

Hra. 
3. 72 
3.66 
3. 73 
3.69 
5.17 

4.61 
4.61 
4. 66 
4.46 
2.16 
1.86 
1. 96 
2.16 
4. 80 

Hr,. 
7.46 
7.26 
7.26 
7.56 
9.00 

6.06 
6.06 
5. 56 
5.46 
8. 90 

4.55 8.30 
3. 55 7.60 
4. 92 8. 25 

Deg. 
188 

Kms. 
1.24 
1. 38 
1.38 
1.20 
1.10 

124 0. 24 
0.33 
0. 23 
0.23 

174 0. 82 

Hra. 
6.98 
7.04 
6.87 
6.97 
7.83 

5.97 
5.87 
5.82 
5- 92 
6.97 
7.47 
6. 85 
5. 77 
6.10 

186 o. 71 6. 20 
197 0. 68 6. 75 
159 0. 94 7. 75 

6. 37 ~ 9. 42 158 0. 67 5. 80 

5.28 
4.83 
4.68 
4.48 
3.06 
3.06 
3.06 
3.06 
6.13 
6.33 
6. 23 
6. 58 
7. 62 

6. 22 

(•) 

7.52 
7.25 
6.50 
6. 57 
7.14 

(') 

(') 

8.34 
8. 41 
8. 91 
9.26 
8. 72 

(') 

4. 52 

lo.92 

9.22 

9.52 

9.00 

6. 37 

8.62 

8.38 
-------

8.33 
8.33 

8. 28 
8. 08 
7.93 
7.28 
6. 96 
6.86 
6. 66 
6.46 
9.93 
9.83 
9. 58 
9.53 

10.02 

9.92 

(') 

10. 43 
lo. 46 
10.02 
10.50 
10.24 

(') 

(') 

11. 50 
12. 06 
12. 21 
12.16 
11.62 

(') 

8. 42 

12. 07 

11. 52 

12. 00 

10. 12 

0. 25 

0.06 
-------

0.06 
11.43 

220 0.57 
1.01 
0. 98 
0.92 

140 0. 33 
0.33 
0.33 
0.33 
0. 95 
I. 85 
0. 80 
0.65 
o. 51 

150 0. 62 

(•) (') 

161 0.48 
169 0.51 
176 0.81 
155 0. 70 
166 0.59 

(') (') 

(') (') 

151 0.56 
0.59 
0. 50 
0.43 

141 0.52 

(') (') 

225 0.50 

141 0. 31 

139 0. 47 

151 0.30 

159 0.47 

80 0.53 

186 0.87 

160 0. 78 
------ ------
------ 0. 73 
------ 0. 48 

6. 27 
6.62 
6.37 
5.47 
6.92 
6.92 
6.52 
6.32 
7.52 
7.22 
7. 12 
6. 37 
5.20 

7.55 

(') 

6.40 
6.36 
6. 40 
6.00 
6. 4.5 

(') 

(') 

6.04 
5. 4.7 
3.87 
2. 72 
4. 95 

(') 

7. 70 

3.10 

2. 70 

5.99 

7. 75 

8. 25 

6.32 
------
6. 27 
5.52 

Hra. 
2.64 
2. 59 
2.56 
2.62 
4.42 

3.02 
2. 94 
2.87 
2. 74 
1. IO 
1.02 
0. 78 
0.04 
3.48 

3.23 
2. 42 
4. 01 

4.65 

3.68 
3.44 
3.16 
2.61 
2.04 
2.00 
1.80 
1.67 
5- 25 
5. 28 
5.10 
5. 04 
5. 53 

5. 48 

(') 

5. 99 
5. 74 
5.16 
5. 28 
5. 74 

(') 

(') 

6. 75 
6.98 
6. 84 
6. 54 
7. 09 

(') 

3. 79 

7.63 

7.19 

6.35 

7.34 

5.58 

8.10 

7.06 
6. 61 
7.05 
6.52 

d 

t-3 .... 
t:, 
t;j 
O'l 

> z 
t:, 

C 

I z 
t-3 
O'l 

..... z 
n 
~ 
t;j 

~ 
i,; 
t;j 

> 
~ 
t:cl 
> 
>-< 

~ 
~ 



TABLE 53.-Current data, Che8apeake Bay and tributaries--Continued 

Observations ::!' Flood strength Cl ::!' Ebb strength i=l 
.... i ~ " l!: .Sl 0 ... .. 

~ 
.. e 5tJ z ~ 

., " ti ~~ " Location ;!:! .£~ >, '<l -~- >, ::, 0 

] '<l " .. ~ "'<,::, I " "t ~ ~ '<l ".c: Date -~ Method Depth ... s .... ,, .. ] {'.I """ "'"' .c g! i 0 .!::~ e"" .!::~ 
" ~ ~ 8 > .c ;:;J a, p... a, 8 A > ;.. en A I'< 

----,------------------
(.t) Ch£sa~a/ce Bar-Continued 

Davs Hrs. Hrs. Deg. Kn/8. Hrs. Hrs. Hrs. Deg. Kn/8. Hrs. Hrs. Fut 
H73 l¾ miles N. 88° E. of Cove Pt., Light Sept. 2--15, 1927 -------- 8 Pole _________ 7 8. 79 12.03 348 0.56 6. 51 8.88 11. 93 163 0. 78 5. 91 7.23 

(38° 23'.2 N., 76° 20'.5 W.). Meter _______ 15, 16, 17 8. 81 12. 01 ------ 0. 54 6. 49 8. 88 11. 97 ------ 0. 77 5. 93 7.24 
_____ do ______ 38, 39, 43 8.46 12.12 ------ 0.81 7.11 9.15 12.01 ------ 0. 73 5.31 7. 26 
_____ do ______ 60, 63, 69 8.26 11. 66 ------ 0. 65 6.85 8.69 11.62 ------ 0. 65 5. 57 6.88 

H72 ¾ mile N. 78° E. of Cove pt, Light Sept. HH6, 1927 _______ 1 Pole _________ 7 8.25 11. 80 355 0. 68 6. 80 8. 63 11.98 139 1.08 5. 62 6. 98 
(38° 23'.3 N., 76° 22'.2 W.). Meter _______ 10 R. 20 11. 60 ------ 0.87 7.00 8. 78 11.98 ------ 1.07 5. 42 6.96 

____ _cto ______ 24 8. 05 11. 40 ------ 0.84 6. 95 8.5S 11.83 ------ 0.84 5.47 6. 78 
_____ do ______ 38 8.10 11. 20 ------ 0.60 6.30 7. 98 11. 18 ------ 0.90 6.12 6.44 

'Fa2 3¼ miles W. of James I. (38° 31'.l N., Oct. 4-19, 1897 _________ 14¾ Pole _________ 6 9.03 0.24 352 0.35 7.19 9.80 o. 21 162 0.48 5.23 7. 85 

H70 
76° 25'.8 W.). 

267 0.30 5.92 5. 92 1 mile S. 43° W. of Hills Pt. Little Sept. 13-14, 1927 _______ 1 _ ____ do ______ 7 7.55 10. 75 101 0.35 6. 50 7. 63 10. 48 
Choptank River entrance (38° 33' .0 Meter _______ 7 7.30 10. 75 ------ 0.39 6. 85 7. 73 10. 28 ------ 0.29 5. 57 5. 84 
N., 76° 19'.6 W.). _____ do ______ 17 7.20 10. 25 ------ 0.30 6. 80 7. 58' 10. 28 ------ 0.30 5. 62 5. 65 

_____ do_ - ____ 27 7. 25 10. 50 ------ o. 17 6. 75 7.48 10. 18 ------ 0. 32 5. 77 5. 67 
M4 1¾ miles S. 60" E. of Sharps I. (38° Jnly 25, 1848 __ -------- ½ -------------- (') 7.62 10.12 26 0.82 ------ ------- 9. 52 228 0.92 ------ 5.35 

36'.2 N., 76° 19'. 8 W.). 
6. 44 H63 1¾ miles N. 33° W. of Cooks Point, Sept. ~10, 1927 ________ 1 Pole ________ 7 8.10 11.10 50 o. 70 6. 20 7.88 11.38 238 0.60 6. 22 

Choptank River (38° 39'.l N., 76° Meter _______ 12 8.15 11.05 ------ 0.69 6. 10 7. 83 11. 38 ------ 0.69 6. 32 6. 42 
18'.5 W.). _____ do ______ 30 7.65 10.65 ------ o. 75 6. 15 7. 38 10. 48 ------ 0.50 6. 27 5. 86 

_____ do- - ____ 48 6.05 9. 65 ------ 0.85 7.05 6. 68 9.43 ------ 0.40 5. 37 4. 77 
LU 3½ miles N. 87° E. of North Chesa- Oct. 20-21, 1849 ________ 1 -------------- 8 11. 72 2. 20 6 0.47 5. 02 10. 32 1.95 197 0.57 7.40 9.58 

\f.f.e Beach (38° 42' .5 N., 76° 27' .5 
) 

9.39 T7 3¼ miles N. 51° E. of North Chesa- Aug. 16-28, 1897 _______ 13 Pole ________ 6 10. 51 1. 73 6 0.43 7. 23 11.32 1.89 184 0.48 5.19 
peake Beach (380 44'.8 N., 76° 
28'.0W.). 

4. 72 7.87 H62 ½ mile off Great Marsh Pt. (380 Sept. 6-7, 1927 ________ 1 _____ do _______ 4½ 9.00 0. 38 1 1.01 7. 70 10.28 12.13 170 0.61 
44'.9 N., 76° 21'.2 W.). Meter _______ n, 9. 20 0. 28 ------ 0. 91 7.40 10. 18 ll. 93 ------ 0. 66 5.02 7.82 

_____ do ______ 12 9.05 0. 03 ------ 0. 79 6. 90 9.53 11. 78 ------ 0.54 5. 52 7.52 
LIO 3¾ miles S. 47° W. of Bloody Pt. Bar Oct. 18-19, 1849 ________ 1 -------------- 8 11.67 2. 15. 34 0. 31 5. 27 10.52 2. 05 197 0.46 7.15 9. 63 

Light (38° 47'.8 N., 76° 26'.7 W.) 
187 0. 50 7.17 8. 81 H57 l¼ miles S. 22° E. of Bloody Pt. Bar Sept. 2--3, 1927 _________ 1 Pole ________ 7 10.65 1. 23 30 0.40 5. 25 9.48 1. 76 

Light (38° 48'.3 N., 76° 22'.6 W.). Meter _______ 8 JO. 70 1. 18 ::::::1 8:!? 5. 20 9.48 1.16 ------ 0. 50 7. 22 8. 66 
_____ do ______ 20 10.80 1. 28 5.05 9.43 0.86 ------ 0. 61 7.37 8. 62 _____ do ______ 

32 10. 85 1.98 ------ 0.40 5. 75 10.18 2.06 ------ 0. 50 6. 67 9. 30 

H56 ¾ mile N. 27° W. of Bloody Pt. Bar Aug. 10-11, 1927 _______ ' _____ do ______ 7 lL 70' 2. 13 16 0. 77 6. 10 11. 38 I 1. 91 199 '0. 87 6. 32 9.81 
Light (38° 50'.7 N., 76° 24'.0 W.). I Meter _______ 9 11.55 1.98 0. 72 6. 35 11. 48 I 1. 91 0.67 6. 07 9. 76 

1=====~~=: :::: 
22 Io. 85 1.48 0. 77 6. 95 11. 38 1. 76 0.57 5. 47 9.40 
35 9. 70 1. 13 1. 17 8. 05 11.33 1.71 0.52 4.37 9.00 

R55 l¾milesN.65° W. of Bloody Pt. Bar Aug. 8-Sept. 2, 1927 ___ 11 Pole. _______ 7 12. 01 2. 19 14 0.49 5.49 11.08 J. 91 192 0.81 6. 93 9.83 
Light (38° 50'.8 N., 76° 25'.6 W.). Meter _______ 7½,8,8½ 11. 52 1.48 0.49 6. 07 11. 17 2.02 0. 77 6. 35 9. 58 _____ do ______ 19, 20, 21 11.49 2.18 0. 61 6. 28 11. 35 2. 02 0.67 6.14 9. 79 

_____ do_ - ---- 30½,32, 33½ 11.40 2. 26 0. 66 6.38 11. 36 1.92 0. 67 6. 04 9. 76 
HM 3¾milesN. 80°W.ofBloodyPt. Bar Aug. ~10, 1927 ________ 1 Pole ________ 7 11. 70 2. 28 345 0.06 4. 00 9. 28 1.46 198 0.86 8.42 9.21 

Light (38° 50'.6 N., 76° 27'.7 W.). Meter _______ 4 11. 50 2. 27 0.16 4. 30 9. 38 1. 36 0. 71 8.12 9.16 8 _____ ,fo ______ 9 11. 70 2. 08 0.16 3. 80 9.08 1.36 0. 76 8. 62 9. (l! .... 
_____ do ______ 14 11.20 1.98 0. 21 4. 60 9.38 J. 21 o. 61 7.82 8. 97 t::1 

H53 Off Cheston Point, West River (38° Aug. 8-9, 1927 _________ ½ Pole ________ 4½ ------- 11. 20 279 0.23 7.28 11.28 111 0.13 6. 26 l;J 
51'.4 N., 76° 31'.2 W.). Meter _______ 6½ ------- 11. 70 0.35 7.68 11.28 0. 25 6. 56 r:J). 

_____ do ______ IO 1L50 0. 24 7.28 11. 18 0.24 6. 33 > Fal 1% miles 8. 28° E. of Thomas Pt. Sept. 2--Oct. 1, 1897__ __ 26 Pole ________ 6 12. 01 0.82 14 0.49 5. 56 IL 15 2. 25 194 0. 79 6.86 9.59 
Shoal Light (38° 52' .5 N ., 76° 25' .2 z 
W.). t::1 

L8 1¾ miles S. 50" E. of Thomas Pt. Oct. 17-18, 1849 ________ 1 -------------- 8 0. 70 2.10 31 0. 23 3. 67 IO. 37 2.55 201 0.68 8. 75 lQ.06 C":l Shoal Light (38° 53'.1 N., 76°24'.9 cl W.). 
H51 Mid-channel, off Marshy Point, South Ang.11-12, 1927 _______ 1 Pole ________ 7 9.45 0.08 347 0.09 5.15 8. 18 12.13 156 0. 09 7. 27 7.38 ~ 

River (38° 54'.3 N., 76° 28'.8 W.). Meter _______ 9 9.95 0.18 0.18 4. 40 7.93 0.01 0. 18 8.02 7. 55 ~ 
_____ do ______ 14 9.00 12. 40 0.17 7. 79 7.63 11. 28 0.22 7. 37 6.90 l;J 

H50 3milesN. 49° E.ofThomas pt, Shoal Aug. 22-23, 1927 _______ 1 Pole ________ 7 Io. 30 2. 03 2 0.50 7.40 11. 28 1. 41 198 0. 85 5.02 9. 28 z 
Light (38° 55'.9 N., 76° 23'.4 W.). Meter _______ 23 11.55 1.98 0. 95 6. 45 11. 58 1. 91 0.85 5. 97 9. 78 8 

_____ do ______ 57 11.60 2. 23 0. 95 6. 50 1L68 1.96 0.85 5.92 9.90 
r:J). 

_____ do ______ 92 11. 15 L 73 Ll5 6. 75 11.48 1.96 0. 65 5.67 9. 61 .... 
T6 3).8 miles N. 37° E. of Thomas Pt. Jnly 28-Aug. 12, 1897 __ 15 Pole. - ------ 6 IL87 2. 31 26 0.53 5. 55 !LOO 2.12 202 0.90 6. 87 9.86 z 

Shoal Light (38° 56'.4 N., 76° 23'.8 
W.). C":l 

Bc6 2¾ miles S. 66° E. of Oreenbury Pt. Jnly 14-16, J845 __ ----- 2 -------------- ------------ ------- ------- 344 0. 72 5.86 ------- ------- 202 0. 87 6. 56 ::i:: 
Shoal Light (38° 57'.0 N., 76° 24'.1 l;J 
W.). r:J). 

H47 ¾ mile S. 35° E. of Oreenbury Pt. Aug. 23-24, 1927 _______ Pole ________ 7 Io.00 0. 83 344 0.36 4.40 7.98 12. 28 183 0. 41 8. 02 7. 70 > 
Shoal Light (38° 57'.4 N., 76° 'l6'.7 Meter _______ 5 Io.15 L38 0. 51 4. 95 8. 68 0. 26 0. 51 7. 47 8.15 "d 
W.). _____ do _______ 

10½ 10.05 1. 23 0. 51 4.85 8. 48 0.06 0.51 7.57 7.98 l;J 
_____ do _______ 17 10.10 ri.18 0.41 4. 70 8.38 12.28 0. 51 7. 72 7. 91 > 

Fgl % mile S. 3QO E. oi Greenbury Pt. June 14, 1910 __________ ½ Pole ________ ------------ 8. 72 L40 329 0. 61 7.82 Io.12 0.10 163 0. 41 4.60 8. 12 ~ 
Shoal Light (38° 57' .5 N ., 76° 26' .9 l;J 
W.). 

b:I T5 I mileS.700 E. of Sandy Pt. Light (39" Dec. 5--8, 1896 __________ 3 - - __ _do ___ - -- - 7½ 12.20 2. 54 11 0. 78 5. 84 1L62 2.57 180 0.83 6. 58 lo. 26 
00'.6 N., 76° 21'.9 W .). > 

T4 ¼ mile S. 81° E. of Sandy Pt. Light Jnne 22-Jnly 22, 1897 __ 27½ _____ do ____ 6 
-IL93_,_ 2.57-

9 0.80 6. 41 1L92 2.72 192 0.82 6.01 10.32 >-l 
(39° 00'.8 N., 76° 22'.0 W.). 

Bc.5 I H miles S. 88" E. of Sandy Pt. Light Jnly 17-19, }845 _______ l½ -------------- ------------ lll 0.69 6.18 ------- ------- 176 0. 73 6. 24 
(39° 00'.9 N., 76° 21'.6 W.). 

I Swface. 

~ ..-



TABLE 53.-Current data, Chf:3apeake Bay and tributaries--Continued 

•'!~ Observations is: Flood strength " is: Ebb strength 
..:l :3 ~ 0 (Ii\','.\:. 

~" 1: -· 

I 
... 

~ .§~ I ~ ... .. 1:1 Location "' " "' Cl .::: t' -0 .::: 
~is: :3s >, 

J, -0 " "'is: b~ d ·S Date 0 Method Depth {'.l ·s -0 ..st o::l 

j ~ 9..:l 
., ... 0 0 0 s~ '" ... C 

.$ !::;::'.. ,; 0 .$ -~~ ,; 
;:,.. 00 f: A > i>: 00 f: A > --------

($) Clluapeake Bau-Continued 

H42 
Davs Feet Hrs. IIrs. Deg. Knts. Hrs. llrs. llrs. Deg. Knt..,. 

114 milesN. 86° E. of Sandy pt_ Light Aug. 24--25, 1927 _______ 1 Pole ________ 7 0. 03 3. 38 1 0. 23 5.65 11. 68 1.96 176 0. 93 
(39° 01'.0 N., 76° 21'.6 W.). Meter _______ 11)2 12. 20 2.48 ------ o. 77 5. 55 11.33 1.96 ------ 0. 97 _____ do ______ 28), 10.80 2. 38 ------ 1. 22 ·7_ 40 11. 78 1.86 ------ 0. 62 

n-n 
_____ do ______ 45½ 10. 60 2. 33 ------ 1.03 8. 20 12. 38 2. 11 ------ 0. 48 

Off Mountain Ft., Magothy River Sept. 1-2, 1927 _________ 1 Pole. _______ 7 10. 05 0.98 313 0. 70 6. 80 10. 43 0. 86 115 0. 50 
entrance (39° 03'.4 N., 76° 26'.l W.). Meter _______ 10 9.85 0. 93 ------ 0. 70 6.95 10.38 o. 96 ------ 0. 50 

Bc4 
_____ do ______ 

________ 16_-1-_9. 50_ 1. 18 ------ 0. 75 7. 85 10.93 0. 96 ------ 0.45 
2 miles E. of Gibson I. (39° 04'.6 N., Aug. 21-23, 1845 ____ ... l½ -------------- 345 o. 70 5. 12 ------- ------- 189 0.63 

76° 22'.8 W.). 
H40 2¾ miles N. 34° E. of Love Ft. Light Aug. H, 1927 _________ 1 Pole ________ ~,2} (') (39° 05'.4 N., 76° 15'.3 W.). Meter _______ (') (') (') (') (•) (•) (') (•) _____ do ______ 12 
H39 214 miles N ., 27° W. of Love Ft. Light July 25-Aug. 20, 1927 __ 11 Pole ________ 7 11. 70 2. 26 30 0. 55 6. 53 11. 81 2. 58 193 0. 51 

(39° 05' .4 N ., 76° 18' .3 W .) . Meter _______ 7),, 8 11. 67 2. 26 ------ 0.55 6.40 11. 65" 2. 55 ------ 0. 55 
_____ do ______ 19 11.82 2. 79 ------ 0.69 6. 63 12. 031 2. 71 ------ 0.32 
_____ do.----- 30 12. 36 2. 91 ------ 0.58 6. 03 11. 97 2. 84 ------ 0.36 

H38 Craighill Channel (39° 05'.5 N., 76° Aug. H, 1927 _________ 1 Pole ________ 7 12. 20 2. 73 356 o. 81 6.00 11. 78 2. 86 182 0.86 
23'.6 W.). Meter _______ 7 12. JO 2. 83 ------ 0.82 6.15 11.83 2. 86 ------ 0.97 _____ do ______ 17½ 12. 25 2. 93 ------ o. 66 6.65 0.06 3.36 ------ 0. 51 _____ do ______ 28 11. 10 2. 18 ------ 0. 68 7.30 11.98 2. 06 ------ 0.18 

Bc2 Off Patapsco River entrance (39° July 9-12, 1845 ________ 2 -------------- ------------ ------- ------- 325 0.5.5 5. 76 ------- ------- 183 0.65 
08'.l N., 76° 22'.5 W.). 

Bc3 OJI Pata~ River entrance (39° 08' .2 Aug. H, 1845 _________ 2 -------------- ------------ ------- ------- 356 0. 76 6. 48 ------- ------- 194 0.82 
N., 76 19'.8 W.). 

:fC2 Off Patapsco River entrance (39• Mar. &-Dec. 11, 1920 ... 6 Eckman (') 0. 78 3.24 39 0. 51 5.44 12. 22 3. 50 136 o. 74 
08'. 4 N., 76° ro'.O W.). meter. 

Jan. 27-Mar. 27, 1921.. 6 _____ do _______ 16 12.16 2. 76 11 o. 78 6. 79 0.11 3. 51 150 0.64 
Mar. 29-June 4, 1922 ___ 5 _ ____ do _______ 36 11.11 2.05 11 0. 73 7.33 12.02 2. 35 181 0. 47 

FCl Off Patapsco River entrance (39" Oct. 15-16, 1920 ________ 1 _____ do _______ (') 12.12 3. 70 39 0. 87 7. 32 0.60 3.55 231 0.57 
09'. 0 N., 76° 23'. OW.). _____ do _______ 

16 12.12 3.50 39 0. 77 7.17 0.45 3. 55 236 0. 72 
_____ do _______ 38 11.42 3.00 28 0. 77 7. 22 12. 22 2. 70 194 0.62 

T3 Off Patapsco River entrance (39° June 11, 1897 ___________ ½ Pole _________ 6 1. 80 3. 80 13 0.36 4.02 11.82 3.60 196 0.96 
09'.2 N., 76° 21'.l W.). 

T2 Off Patapsco River entrance (39" May 17-June 16, 18111 __ 29)4 _____ do _______ 6 o. 78 3.36 3 0.52 5.23 12.01 3.15 199 0.80 
09' .3 N., 76° 19',8 W.). 

Wb7 Off Patapsco River entrance (39" June 7-25, 1867 ________ , 14 -------------- (') 12. 03 3.05 355 0. 62 6.68 12.29 2. 70 lil 0.49 
10'.l N., 76° :13'.8 W.). 

Bel Off Patapsco River entrance (39" Sept. 17, 19, 1845 _______ 1½ -------------- ------------ ------- ------- 31 o. 59 6. 31 ------- ------- 202 0.59 
10'.3-N., 76° 21' .5 W.). 

00 Wb8 Off Patapseo River entrance (:J90 June 4, 1867 ____________ ½ -------------- (') 12. 22 2.60 6 0.37 6. 22 12. 02 1.80 212 0. 77 
0, 11'.3 N., 76° 24'.0 W.). 
~ Wb9 Off Patapsco River entrance (:J90 May 27, 1867 __________ ½ -------------- (') 3.20 5.60 24 0.24 5.12 1.90 ------- ------ ------t.;) 11'.5 N., 76° 25'.2 W.). 0 Apr. 28-May 7, 1897 ___ 4 12. 04 0 Tl Off Patapsco River entrance (39" 7 Pole _________ 0.26 3.16 30 0.24 5. 78 .99 219 0.32 

I 12'.5 N, 76" 24'.4 W.). 
H27 ½ mile off Tolchester Beach (39° 13' .1 July !Hl, 1927 __________ _ ____ do _______ 7 1. 21 3. 78 19 0.81 5.32 0.11 2. 91 218 0. 81 ~ 

T 
N., 76° 15'.2 W.). Meter _______ 5 1.28 3. 88 0.69 5. 15 0.01 3. 46 0. 79 . _____ do _______ 11 1.08 3. 58 0.80 5.30 12. 38 2.56 0. 75 

_____ do _______ 18 1. 21 3.28 0.54 5.07 12. 28 3. 26 0.54 
H26 3½ miles S. 45° W. of Pooles I. (:J90 July 11-12, 1927 ________ Pole _________ 7 0.53 3.23 32 0.83 5.55 12.08 2.86 230 0. 78 

0:, 14'.0 N., 76° 19'.6 W.). Meter _______ 5 0.58 3.38 0. 72 5.30 11.88 2.81 0. 77 
_____ do _______ 11 o. 73 3. 18 0. 77 5.40 12.13 2. 91 0. 72 
_____ do _______ 18 0. 53 2. 78 0.65 5. 85 12. 38 3. 28 0. 40 

H28 Off Lynch Point, Back River (39" Aug. 4-5, 1927 _________ l¾ Pole _________ 5 11.94 2.21 311 0. 55 6.11 J 1. 6.1 2. 56 131 0. 37 
15'.0 N., 76° 26.3 W.). Meter _______ 5 11.94 2.01 0.43 6.06 11. 58 2. 51 o. 35 _____ do _______ 8 11.90 1. 91 0.40 6. 20 11.68 2. 51 0. 40 

H2' l½mllesSE.ofPoolesl. (39" 15'.9N., Aug. 17, 1927 ___________ ½ Pole _________ 7 0.58 3.08 32 0.83 5. 70 12.28 3. 76 201 1.23 
76° 14'.3 W.). Meter _______ 6 0.68 3.18 0.93 5. 70 12.38 3. rn 1.23 _____ do _______ 14 0.58 3.08 1. 11 5.90 0.06 3. 46 1. 21 

_____ do _______ 22 0.18 2.98 1.03 6.50 0.26 3. 26 1. 13 
L7 lJ,s miles SE.of PoolesI. (39°16'.7N., june 11-12, 1846 _______ 2 -------------- ------------ ------- ------- 34 0.44 4.14 228 1.12 

76° 14'.3 W.). 
7 H23 ¾mile SE. of Pooles I. (39° 16'.8 N., Aug.16--17,1927 _______ Pole _________ 12. 25 2.98 24 1.32 6. 65 0.06 3. 06 201 0.97 

76° 15'.3 W.). Meter _______ 8 12. 30 2.98 1.04 6.55 0.01 2.96 0.79 _____ do _______ 19 , 12. 20 2. 73 1.00 6.65 0.01 2. 66 O.FO 
I ____ do _______ 30 12.15 2. 53 0.96 6. 75 0.06 2. 61 0. 71 

H22 )4 mile NW. of Pooles I. Light (39° 
____ do _________________ ;, Pole _________ 4 11.50 2. 58 48 0. 69 6.f\O 11.68 2.26 217 0.69 

17'.6 N., 76" 16'.3 W.). Met.er _______ 7 11. 70 2.48 0. 78 6.50 11. 78 2.16 0.68 
_____ do .... ___ 11 11.80 2. 38 0.69 6.30 11.68 2. 26 0.69 

H25 Off Carroll Pt. Gunpowder River Aug. 15-16, 1927 _______ Pole.... _______ 7 12.10 2. 53 52 0. 61 6.30 11. 98 2. 61 203 o. 41 
(:J90 18'.5 N., 76° 18'.II W.). Meter _______ 4 12.15 2.48 0.42 6.30 12.03 2.61 0.37 

_____ do _______ 10 12. 20 2. 78 0.42 6.20 11. 98 2.56 0.42 
_____ do _______ 16 12.15 2. 78 0.42 6.45 12.18 2. 71 0.42 

L6 I mile W.or Worton Pt. (39° 18'.9N., May 25-29, 1846 ________ 3½ -------------- ------------ ------- ------- 30 0.96 5. 73 ------- ------- 209 1. 46 
76° 12'.4 W.). 

H20 ¾ mile NW. of Worton Pt. (39" Aug. 18-19, 1927 ______ ½ Pole _________ 7 11.80 2. 78 56 1.38 7.00 12. 38 2.06 208 0. 98 
19'.6 N., 76" 11'.l W.). Meter _______ 5 11. 70 2. 88 1.18 7.20 0.06 2.06 0.88 

_____ do _______ 12½ 11.M 2. 68 1.08 7.30 0.06 1. 86 0. 78 
_____ do _______ 20 11. 50 2.68 0. 88 7.20 12. 28 1.86 0.118 

H19 1 mile NW. of Worton Pt. (39" July 22-Aui,:. 19, 1927 __ 4 Pole _________ 7 0.89 3. 75 45 1.07 5. 74 0.21 3.63 228 1.45 
20'.l N., 76° 11' .8 W.). July 9-Aug. 19, 1927 __ • 11 Meter•------ 6½,7,8 1. 421 4.33 •42 1. 21 5.59 0.59 3.86 '215 1. 42 

July 22-Aug. 19, 1927 __ 4 _____ do _______ 16, 18 0.82 3.81 1.07 6. OR 0.48 3.54 1. 22 
July 14-Aug. 19, 1927 __ 5 ____ _dol ______ 24, 25½, 28 0.87 3.96 '38 1.08 6.30 o. 75 3. 81 •216 1.05 

a Surface. • Current irregular. 
• Part of the observational record obtained with a Pettersson current meter. • Directions from Pettersson current meter only. 
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TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

Observations Flood strength Ebb strength 

Location 

Date Method Depth 

---j---------------l---------:t----1-----1----1---1----+---1--- --- ----------------

(t) Chesapeau Rav-Continued 

Hl8 lH mile NW. of Worton Pt. (39° Aug. 17-18,1927 ...... . 
20'.7 N., 76° 12'.4 W.). 

Da"8 
½ 

Fut 
Pole ... ·-···· 4 

6½ 
10 

Hrs. 
1. 58 
1. 18 
1. 18 
0.08 
0.03 

12. 40 

Hr,. 
3. 78 
3.88 
3.68 
2.38 
2. 48 
2.38 

Deg. Knts. 
62 0. 46 

0.56 
0.56 

319 0. 58 
o. 43 
0.43 

44 o. 93 

Hrs. 
5. 40 
5. 60 
5.60 
6. 50 
6. 55 
6. 75 
5. 78 

Hrs. Hrs. Deg. Knts. Hrs. Hrs. 
0. 56 3. 66 238 0. 66 7. 02 II. 64 

H21 Off Sandy Pt., Bush River (39° 21'.0 Aug. 1&-16, 1927. ·- .... 
N., 76° 14'.8 W.). 

L.5 I¾ mile SE. of Taylor's I. Pt. (39° June :Hl, 1846 ...•...... 
21'.7 N., 76° 09'.6 W.). 

Hl5 l¾ miles W. of Grove Pt. (39° 23'.4 July 21-22, 1927 •••.... 

L4 

H14 

N., 76° 04'.3 W.). 

1¾ miles NW. of Grove Pt. (39° June 22-25, 1846 ..•.... 
24'.4 N., 76° 04'.6 W.). 

¾ mile S. of Cherry Tree Pt. (39° July 22, 1927 .....•..... 
24'.6 N., 76° 07'.2 W.). 

L3 l½ miles SW. of Turkey Pt. (39° June 26-27, 1846 ••..... 
26'.0 N., 76° 02'.1 W.). 

H9 ¾ mile NW. of Turkey Ft. Light (39° July 15, 1927 ...•..•••.. 
27'.3 N., 76° 01'.2 W.). 

HS 1 mile E. of Spesutie I. (39° 27'.2 N., July 14-15, 1927 •.....•• 
76° 02'.3 W.). 

HT ¾ mile E. of Spesntie I. (39° 27' .3 N., July 14, 1927 ......•.••• 
76° 03' .3 W.). 

L2 1)4 miles NW. of Spesutie I. (39° 28' June 27, 1846 ......••••• 
.2 N., 76° 02'. 5 W.). 

Ll ¾ mile NE. of Locust pt, Spesutie.I. June 30-July 3, 1846 ••• 
{39° 28' .SN., 76° 04'. 2 W.). 

H6 ¾ mile W. of Rocky Pt. (39° 29' .2 N., July 15--16, 1927 •. ·-···· 
76° 00' .2 W.j, 

Wb6 Channel near Fishing Battery Light Apr. 11)-20, 1867 .•.•.• --
(39" 29' .5 N., 76° 05' .2 W.). 

H5 Channel near Fishing Battery Light July 15--16, 1927 ..•••• _. 
(39° 29.7 N., 76° 05' .3 W.). 

Wb5 1¾ miles N., 71° E. of Fishing Bat• 
tery Light (39° 30' .0 N ., 76° 03' .7 
W.). 

July 10-12, 1867 ........ 

Wb4 ½ mile N. 22° W. or Fishing Battery Apr. 23-25, 1867 ...... -. 
Light (39° 30' .2 N., 76° 05' .3 W.). 

Wb3 Channel SE. of Havre de Grace (39° Apr. 16-18, 1867 ........ 
32' .1 NII 76° 05' .0 W.). 

Wb2 ¾ mile o Havre de Grace, Susque- July 6---9, 1867 ....... ·-· 
hanna River (39° 32' .9 N., 76° 05' 
.OW.). 

Hl l4 mile off Havre de Grace, Susqne- July lZ...13, 1927 ........ 
hanna River (39° 32' .9 N., 76° 04' 
. SW.). 

Wbl ¾ mile off Havre de Grace, Busque-
hanna River (39° 32' .9 N ., 76° 04' 
.7W.). 

July 2-5, 1867_ ......... 

Ha ¾ mile off Havre de Grace, Susque- July 13, 1927_··-·-···-· 
hanna River (39" 33' .0 N ., 76° 05' 
. 2W.). 

H2 ½ mile off Havre de Grace, Busque• --·-.do ____ ·--··--· .. ·-· 
hanna River (39° 33' .1 N., 76° 04' 
.7W.). 

(S) Hampton Roads 

P6 ½ mile S. of Old pt_ Comfort Light Mar. 10-12, 1919 ....... 
(36° 59' .6 N., 76° 18' .2 W.). 

A71 l4 mile S. of Old Pt. Comfort (360 July 30-Aug. 15, 1928 .. 
59' .8 N., 76° 18' .7 W.). 

Cl l4 mile S. of Old Pt. Comfort (360 1898 ... - ............... 
59' 8 N., 76° 18' .8 W.). 

A72 ½ mile S. of Old Ft. Comfort (36° 59' 
6. N., 76° 18' .7 W.). 

July 3Q-Ang. 16, 1928 .. 

I Surface. 
1 Current doe, not flood. 

Meter .. _ ... . 0.36 3.26 ······ 0.76 6.82 11.41 
.... _do .... - .. 0.36 3.26 ······ 0. 76 6.82 11.36 
Pole ... ·-···· 4 0.16 --····· ··-··- ...... 5. 92 10. 59 
Meter .. _ ... . 5 0. 16 2. 76 ...... 0. 23 5. 87 10. 60 

..... do .... - .. 8 0. 31 2. 86 0. 23 5. 67 10. 62 
3 ··--··· ---···· 236 I. 10 6. 64 

½ Pole .... _.... 7 0. 58 3. 58 61 o. 90 6. IO 
Meter .. _.... 4 0. 48 3. 78 ...... 0. 90 6. 80 

.... _do._ .. _._ 10 0.58 3.68 ...... 0.90 6.60 

. ·---do._ ... -. 16 0. 48 3. 38 0. 80 6. 80 
3 ········--··•· ·-·----····· ··-·-·· ···---· 59 0. 73 5. 74 

½ Pole ... ·-···· 7 O. 38 4. 28 44 o. 57 6. 30 
Meter.·-···· 8 o. 43 3. 88 ·-···· o. 57 6. 15 

...• -do .... _.. 13 0. 48 3. 78 ...... 0. 48 6. 00 

o. 26 3. 96 
0. 86 4.16 
o. 76 3. 96 
o. 86 3. 86 

254 o. 90 6. 32 11. 34 
0. 80 5. 62 11. 56 
0.80 5.82 11.48 
0. 70 5. 62 11. 64 

236 0. 81 6. 68 

0. 26 °3. 36 250 0. 67 6. 12 II. 56 
0. 16 3. 36 ·-···· 0. 67 6. 27 11. 20 
0. 06 3. 26 ...... 0. 68 6. 42 11.14 

1 ··---···-···-· ··-·-----··· ·--···· ·•····- 48 o. 68 6. 36 ·---··· ··-···· 208 0. 98 6. 06 

½ Pole .... _ .... 
Meter.·-···· 

··-·-do_ ... - .. 
....• do .... - .. 

1)4 Pole·--·-···· 
Meter.·-···-

··-·-do ... __ .. 
··---do ...... . 

½ Pole .. ·-····
Meter._ ..•. _ 

.•.•. do·-····
·····do._ ..... 

7 1.18 4.48 
4 1.38 4.08 
9 1.28 4.28 

14 1. 28 4.18 
5½, 7 1. 88 4. 68 

3 1.88 4.88 
6 1.78 4.73 
9 1.83 4.53 
4½ 2.48 4. 88 
3 2.48 5.08 
6 2.48 5.08 
9 2.38 5.08 

19 0. 64 6.10 
0. 63 5. 90 
0. 73 6. 00 
0. 64 5. 90 

358 0. 66 5. 63 
0. 51 5. 77 
0. 46 5. 80 
0. 66 5. 58 

352 o. 67 4. 70 
0.67 4.60 
o. 67 4 . .'iO 
0.67 4.80 

336 0. 73 6. 28 

2l4 -·--·-·---···· ·---···----- ···---· ·-····· 305 0. 80 5. 74 

½ Pole .. ·-···-
Meter .••••• _ 

··--·do .....•. 
••• _.do ....... 

¾-·--··•······· 

½ Pole .....•... 
Meter .....•• 

··--·do ..... -. 
... _.do .....•. 

1½ --------------

¼ ······---··--· 

¾ ······--···-·· 

1¾ --------------

Pole ........ 
Meter .... - .. 

- .... do ....... 
.. - .. do ...... 

1½ --------------

½ Pole ......... 
Meter ....... 

..... do ....... 

..... do ....... 
½ Pole ........ 

Meter ....... 
..-.. do ....... 
..... do ....... 

2 Pole ......... 

..... do ....... 
Meter ....... 

..... do ....... 

... _.do ....... 
69 (') 

5 Pole ......... 
Meter ....... 

... _.do ....... 

..... do ....... 
1½ Pettersson 

meter. 

(') 

(') 

(') 

{') 

(') 

(1) 

7 
3 

7 
11 

5½ 
3 
6 

10 

7 
3 
7 

11 

7 
4 
9 

14 
7 
4 

10 
16 

6¾ 

7 
14, 15 

34½,37 
55,59 

------------
7 

12 
30 
48 

30,33 

I. 93 5. 58 31 0. 53 5. 95 
2.08 5.38 ···-·· 0.53 5.40 

2.03 5.18 0.53 I 5.55 
1.93 5.28 ·-c'5·· 0.53 5.55 
{') (;") (') ------
2.68 5.58 357 0.98 5.10 
2.68 5.48 0.80 5.10 
2. 73 5.58 0. 79 5.15 
2. 73 5.88 0.98 4.95 

------- ------- ------ 0.09 ------

(;") (') 0 (') ------
(') (') n (;") 

------- ------- 340 0.18 

3. 73 5.13 (') 0.05 
3.98 5.43 0.10 
3.88 5.38 0.10 
3.43 5.23 0. 15 
(') (') (') (') 

3. 78 5.88 313 o. 10 
3. 48 5. 78 0.10 
3. 78 5.88 0.10 
3. 78 5.88 0.02 
2.58 4.48 328 0.20 
3.18 4. 78 0.02 
2. 28 4.28 0.20 
1.28 4.08 0.20 

2.52 5.02 259 1.60 5.02 

2. 33 5.28 2.58 I. 77 5.80 
2.18 5. 23 I.SI 5. 95 
2.13 .,. 28 1. 67 6. 20 
1.98 5.33 1.44 6.15 
2. 73 ------- ------ ------ 5. 91 

2.39 5.20 248 1. 76 5.95 
2.37 5.16 1.87. 5.98 
1. 99 5.01 1. 78 i 6.13 
1.37 4. 57 1.10 I 6.28 
2.18 4.88 252 1.6515.93 

o. 86 4. 56 
0. 86 4.86 
0.86 4. 66 
0. 76 4. 26 
1. 09 3. 86 
1. 23 3. 86 
1. 16 3. 69 
0. 99 3. 43 
o. 76 3. 76 
0.66 3. 96 
0. 56 3. 86 
0. 76 3. 76 

190 0. 64 6. 32 12. 01 
0. 73 6. 52 12. 04 
0. 63 6. 42 12. 01 
0. 54 6. 52 11. 86 

163 0. 53 6. 79 12. 12 
0. 56 6. 65 12. 20 
0. 49 6. 62 12. 08 
0. 49 6. 84 11. 94 

148 o. 87 7. 72 12. 21 
0. 87 7. 82 12. 28 
0. 77 7. 92 12. 24 
o. 67 7. 62 12. 24 

169 0. 73 6. 14 

140 o. 84 6. 68 

1. 46 3. 66 190 0. 63 6. 47 12. 40 
I. 06 3. 76 ···-·· 0. 63 7. 02 12. 31 

1. 1G : 3. 56 ------ 0.63 6.87 12. 22 
1.06 3.46 0.63 6.87 12.17 

------- ------- 170 0.81 ------ ------
1.36 4.96 168 0.98 7.32 0.46 
1.36 4. 76 ------ 0.80 7.32 0.39 
1.46 5.06 ------ 0.99 7. 27 0.53 
1. 26 5 06 ------ 0.98 7.47 0.55 

------- ------- ------ 0.29 ------ ------

------- ------- 190 0.85 ------ ------

------- ------- 205 0. 74 ------ ------
------- ------- 140 0.50 ------ ------

12. 18 4.06 150 0.30 9.97 -0.01 
12.38 4.19 0.37 10.02 0.21 
12. 31 4.03 0.37 9.99 0.12 
12.06 4.03 0.30 9. 79 -0.10 

------- ·······[ 142 0.46 ------ ------

0.66 
_______ , ______ 

------ 9.12 o. 74 
0. 96 I ------ 8. 52 0. 71 ·····-·1···--· 
0.86 :::::::i:=:::: ------ 8. 92 0.81 
0. 76 9.02 0. 77 
0.96 -------i------ ------ 7.62 -0.03 
0.16 -------,-- - ------ 9.02 0.01 
0.86 ------------- ------ 7.42 -0.23 
0.96 ------- ------ ------ 6.32 -0.59 

1. 12 5.05 74 2.30 7.40 0.25 

1. 71 4.56 65 1. 92 6.62 0.29 
I. 71 4.66 1.91 6.47 0.26 
1. 91 4.86 1.92 6.22 0.36 
1. 71 4.66 1.84 6.27 0.24 
2.22 ------- ------ --~--- 6. 51 0.85 

:: ro I. .. ~=-1. 92 1.80 6.47 0.39 
1. 93 1.88 6.44 0.38 
1. 70 4.721······ 1. 73 6.29 o. 18 
1. 23 4.39 ···-·· 1. 19 6.14 -0.29 
1.69 4.781 80 1.52 6.49 0.20 

• Flood velocities too small to admit of an accurate direction determination. 
• Observed times of swinging of ship. 
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TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

Observations ~ I Flood strength = ~ I .Sl 
i ~ ... .. Location .. = :l e "' ~== .2- >, 

"' "' 
., 

"t § j Date .Sl Method Depth ~ "' ~ f-1 .;t! ~ ,$ "' ~ '1l E-< A > ~ 
------

(-~) Hampton Road.t-Continued 

Hr8.1 Hr8. % mile W. or Fort Wool (36° 59' .2 N ., 
Dava Feet Deg. Knta. Hr8. July 31-Aug. 15,1928 __ 1 Pole _________ 7 1. 93 '------- 6.05 76° 18' .6 W.). Meter _______ 11 1 78 I ------ 6.00 _____ do _______ Z1 1: 63 1:::::::c::: 6.05 

¾ mile NW. of Willoughby Spit (36° 
_____ do _______ 

44 u: h.48-,--260-
6.00 July 31-Aug. 1, 1928 ___ 1 Pole _________ 2 o. 70 5.70 58' .6 N., 76° 18' .4 W.). Meter _______ 4½ 1. 43 ; 4. 08 ------ 0.90 5. 70 

Willoughby Bay entrance (36• 
_____ do _______ 

7 1.13 4.18 '------ 0.80 6.05 57' Aug. 1-2, 1928 _________ ¼ Pole _________ 2 0.68 3. 28 I 134 0. 28 5. 75 .7 N., 76° 17' .9 W.). Meter _______ 4 0.48 3.18 1------ 0. 28 6.10 
% mile S. or Old Pt. Comfort (36° 59' 

_____ do _______ 6½ 0.48 3. 08 , ______ 0. 28 6.00 
.6 N., 76° 18' .6 W.). 

Oct. 9, 1854 ____________ Hf Floot ________ (') 2.02 4.40 I 2.'\3 I. 34 5.33 
%mile SW. of Old Pt. Comfort (36° Aug. 24, 1854 __________ 2. 67 5. 38 1. 20 59' .8 N., 76° 19'. 1 W.). 

¼ _____ do _______ ---- 2.'\3 5.15 
Channel W. of naval operating base Aug. 1-2, 1928 _________ 1 Pole. _______ 7 2. 23 I 4. 23 190 i o. 91 3.95 (36° 57' .2 N., 76° 20' .3 W.). Meter _______ 8 1.981 4. 28 ::::::i g: ~ 4. 30 -- __ .do _______ 20 1. 93 4. 18 4. 75 
Off piers, naval operating base 

_____ do _______ 32 1.88 4.03 ------ 0.87 5.55 (36• Aug. Io-8ept. 7, 1917 __ 10 Pole _________ 7 I. 30 4. 26 195 0.56 5. 70 56' .8 N., 76° 20'. I W.). 
¾ mile off submarine ba.se (36° 57' • 4 Mar. 7--8, 1919 _________ 1½; Pole _________ 6¾ 2.23 5.05 2ll 1. 33 4. 99 N., 76° 20' .5 W.). I 
l¾ miles W. of naval operating base Oct. IO, 1854 ___________ ½; Float ________ (l) 1. 20 4.38 208 1. 24 6.94 (36° 57' .2 N., 76° 21'. 4 W.). 
Newport News Channel (36° 57' .6 N., Feb. 13-18, 1919 _______ 2J,.! Pole _________ 6¾ 2.12 6.04 231 1. 08 7.05 76° 21' .7 W.). 
2J,s miles SE. of Newport News Point Ot>t. 11-13, 1919 _________ 2 _ ____ do _______ 

6¾ 3. 22 6.67 268 1.08 6.04 (36° 56' .0 N., 76° 23' .2 W.). 
Newport News Channel (36° 57' .3 N., Feb. Zl-Mar. 1, 1919 ___ 2 _ ____ do _______ 6¾ 2.45 5. 72 268 1. 12 6. 21 76° 23' .6 W.). · 
Channel off Kewport News Pt. (36° Aug. !H6, 1928 ________ 1½•---- _do ______ 7 2.68 5. 11 290 I. 24 5.40 57'.3 N., 76° 24'.7 W.). 1½

1 
Meter _______ 7¼,10 2. 58 5.05 ------ 1. 51 5. 47 

½:-----do ______ 18½ 2. 08 4.48 ------ 1. 41 5. 90 
l½i ..... do ______ 25,29~2 I. 98 4.58 ------ 1. 32 6.00 ¾l _____ do ______ 40 1. 63 4.63 ---- -- 1. 18 6. 20 
1 / Pettersson 20 i. 53 I 4.43 ------ 1. 28 6.40 

meter. : 

¾ mlle NE. of Nan.,emond River Aug. 10-16, l!l28 _______ l½ Pole ________ 4½,7 1. 61 I 4. 81 Z18 0. 52 6.37 
Light (36° 55'.3 N., 76° 26'.0 W.). Meter _______ 4,6½ 1.58 4.65 0. 84 6.43 _____ do ______ 10, 10½ 1. 55 4. 51 0. 83 6.63 _____ do ______ 16 1. 18 4. 98 0. 74 7.20 

Pettersson 6¼ 1. 63 4. 28 0. 91 6.60 

(4) 
0

Elizabdll and Name=d Jm,era 
meter. 

¼ mile E. of Craney I. Light (36° 53' .4 
N., 76° 20'.3 W.). 

Mar. 12-14, 1919 _______ 2 Pole ________ 6¾ 0. 80 3. 97 165 o. 70 5.54 

Channel W. of Lambert pt_ (36° 52'.6 Aug. 3-14, 1928 ________ 2 Pole ________ 7 1. 70 4.40 175 o. 28 5.58 
N., 76° 20'.l W.). Meter _______ 8 2. 03 4.53 0.46 5. 07 _____ do ______ 18, 20 1. 88 4. 60 0. 47 5. 68 _____ do ______ 28,32 1. 30 4.63 o. 57 6.60 

Pettersson 18 1.48 4. 43 0.60 6.35 
meter. 

West Norfolk Bridge, W estem Branch Aug. 3-4, 1928 _________ 1 Pole. _______ 7 0.93 3.48 ("') 0.60 5. 90 
(36° 51' .5 N ., 76° 20' .6 W .) . Meter _______ 3 1. 13 3. 58 0.69 5.85 _____ do ______ n, 0. 73 3.68 0. 61 6.50 _____ do ______ 12 0. 78 4. 28 0.34 6.25 

Off Berkley, Eastern Branch (36· May :»-21, 1876 _______ l½ -------------- ------------- 0.92 4.42 100 0.60 6.00 
50'.5 N., 76° 17'.3 W.). 

6.60 Berkley Bridge, Eastern Branch (36° Ang. 13-14, 1928 _______ Pole. _______ 7 0. 78 4.23 (II) o. 50 
50'.5 N., 76° 16'.9 W.). Meter _______ 5½ 1. 38 4.63 0.59 6.05 _____ do ______ 13½ 0.88 4. 28 0.64 6.65 _____ do. _____ 21H 0. 78 4. 13 0. 56 6. 70 

Kear N. & W. Ry. Bridge, Eastern May 8-22, 1913 ________ -------------- ---·-------- 1.50 4. 62 114 0.54 6.09 
Branch (36° 50'.4 N.i.?6° 16'.6 W.). 

Virginian Ry. Bridge, astern Branch Aug. 13-14, 1928. ______ Pole ________ 7 1. 23 4.23 (11) 0.45 6.00 
(36° 50'.2 N., 76° 14'. 7 W.). Meter _______ 5 1. 23 4. 13 0.49 5.90 _____ do ______ 12 1.13 4.18 0.45 6.00 _____ do ______ 19 1. 28 4.18 0.40 5. so 

Off St. Helena, Southern Branch (36° May ro-21, 1876. ______ lH -------------- ------------ 2. 50 4. 67 170 0.80 4. 42 
49'.6 N., 76° 17'.6 W.). 

7 2. 08 5. 28 184 0.43 5. 75 ¾ mile N. of N. & P. B. L. Ry. Aug. 3-4, 1928 _________ Pole _________ 
Bridge, Southern Branch (36° 48' .9 Meter _______ 9 1.38 5. 23 0.59 6. 70 
N., 76° 17'.5 W.). _____ do ______ 

22~i 1. 5!! 5.23 0.45 6.50 _____ do ______ 36 1.18 5. 18 0.41 7.05 
¾ mlle NE. of Nansemond River Aug. 10-16 1928 _______ l¼ Pole _________ 4½,7 1. 61 4.81 278 0.52 6. 37 

Light (36° 55'.3 N., 76° 26'.0 W.). Meter _______ 4,6½ 1. 58 4. 65 o. 84 6. 43 _____ do ______ 10, 10½ 1.55 4. 51 0. 83 6.63 _____ do ______ 16 1. 18 4. 98 0. 74 7.20 
;:Pettersson 6½ 1.63 4.28 o. 91 6.60 

Meter. 
Off Town Ft., Nansemond River Aug. 10-11, 1928 _______ ¾ Pole _________ 7 1.28 4. 58 224 1.06 6.48 

(36° 53' .0 N ., 76° 29'.9 W .). Meter _______ 5¾ 1. 28 4. 58 1.06 Jl. 20 _____ do ______ H 1.28 4. 48 1.07 6.20 
_____ do ______ 22¾ 1.28 4.38 1.07 6.00 

~ Ebb strength ti 
~ = ~ 0 

~ 
.. ~ = ":l "' ~== ~j t- .8 ., ::, 

.bl 0 "' = <) _§::i .... 0 .0 I ,$ I !::C ol .0 
al E-< A > ~ ::11 

--1--------
1 

I 
Hra . . ! Hr8. Deg. Knta. 
1. 56 : 4. 06 54 2.05 
1. 36 . 4.46 ------ 1. 96 
1. 26 4.36 ---- - - 1. 65 
0. 96 4. 31 ------ 1. 51 
0.66 3. 36 39 0.95 
0. 71 3. 26 ------ 0.95 
0. 76 3. 36 --- - -- 0.80 
0.01 ! 3.66 330 0.38 
0.16 I 3. 76 ---- - 0.38 
0.06 I 3.66 ----- - 0.38 
0. 93 I 4.68 47 l. 54 

1. 40 4.57 60 1. 40 

12. 18 3.66 8 1. 26 
12. 28 3. 81 ------ 1. 35 
0. 26 3. 76 ------ 0.87 
1.01 4.86 ------ 0.92 
0.58 ! 3. 94 I 9 o. 79 

0.80 5.00 ! 1 1. 55 

1. 72 4.47 7 0.94 

2. 75 4.90 61 1. 36 

2.84 5.95 98 1. 21 

2.24 5.38 70 1. 22 

I. 66 5.29 111 I. 30 
1.63 5. 46 -- ---- I. 64 
1.56 5. II ------ 1. 26 
I. 56 4. 93 -- ---- 0.96 
1. 41 4. 46 - --- -- 0. 73 
1. 51 4. 71 - ----- 0.88 

1. 56 4.53 ---~-i ~ ~ 1. 59 4.56 
1. 76 4.66 0.90 
1. 96 4. 91 0.59 
1. 81 5. 31 1.16 

12. 34 3. 92 8 1. 16 

0.86 4. 44 337 .0.53 
0.68 4.38 0. 71 
1. 14 4. 34 0.47 
1. 48 4. 16 0.44 
1.41 4.26 0.60 

0.41 4.06 (11) 0. 70 
0.56 4.11 o. 79 
0. 81 4. 16 0.66 
0.61 I 3. 91 0. 49 
0.50 3.33 260 o. 60 

0.96 4. 16 (10) 0.60 
1.01 4.16 0.69 
1. lI 4.01 0.59 
1.06 3. 91 0. 51 
1. 17 3. 55 287 0.64 

o. 81 4.06 (10) 0.60 
0. 71 4. 01 0.64 
0. 71 4. 16 0.65 
0.66 4.16 0. 60 
0.50 4. 50 350 0.80 

1. 41 4.56 338 0. 53 
1.66 4.46 0. 34 
1.66 4. 46 0.35 
1.81 4.26 0.16 
1.56 4. 53 79 0.85 
1. 59 4. 56 0. 81 
1. 76 4.66 0.90 
1. 96 4. 91 0.59 
1. 81 5. 31 1.16 

1.36 4. 96 35 1. 36 
1. 06 4.86 1. 26 
1. 06 4. 76 1.17 
0.86 4.86 0. 97 

Hrs. 
6.37 
6.42 
6.37 
6.42 
6. 72 
6. 72 
6.37 
6.67 
6.32 
6.42 
7. 09 

7. z; 

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 

6.05 
5. 99 
5. 79 
5.22 
5.82 

6.88 

6. 84 
7.35 
6. 74 
5. 82 
6.07 

6.52 
6. 57 
5.92 
6. I 7 
6.42 

5.82 
6.37 
5. 77 
5. 72 
6. 33 

6.42 
6.52 
6. 42 
6.62 
8.00 

6.67 
5. 72 
5.92 

Hr 8. 
12. 3 1 
12. 
12. 2 

32 
1 
l 
1 
1 

12. 0 
11. 7 
11. 6 
11. 
11. I 

60 
5 
4 

06 
25 

11.1 
11. 
12. 

0.3 2 

1 
2 
7 
8 
6 

11. 7 
11. 7 
II. 7 
12. 1 
11.7 

0. 

12.1 

09 

8 

7 

9 

77 

0. 7 

1. 4 

0. 

o. 
0. 

50 
50 
3 0.1 

o. 08 
5 
4 

-0.1 
-0.1 

-0.05 
-0.08 
-0.06 

O. ll! 
0.08 

11.39 

12. 09 
12.14 
12. 23 
12. 13 
12.14 

11.46 
11.58 
11. 58 
11. 64 
11.53 

11. 77 
12. 04 
11.81 
11. 71 
11. 95 

11.82 
11. 76 
11. 78 
II.SI 
12. 28 

0. 15 
0.00 
0. 05 

5. 37 -0.07 
6.05 -0.05 
5.9!> -0.08 
5. 79 -0.06 
5.22 0.00 
5.82 0. 08 

5.94 12. 28 
6.22 12.18 
6. 22 12.14 
6.42 12. Ill 

I Surface. II Westerly. II Easterly. 
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TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

] ~ Ebb strength i:: ~ 

.. = ] tri_l ~ ~ :3 ~~ 
~::: .S:.;- >, ~ ., ';:::, ]§ >, ~ 0 

8.,._. ~g ~ .?_ ,bl "'s::::i ., .. '"'~ ·g ; ;i.ci 

Location 

0 bservations Flood strength 

Date Method Depth 

~ ci~ ;. ! ! ~ ci ~ ~ i 
--------------+--------l--·1------1-----I·--------------_______ _ 
(4) Elizabetll and Na11semond Rivers-

Continued 
Dau• Fed Hra. A85 Off Dumpling I., Nansemond River 

(36° 48'.5 N., 76° 33'.5 W.). 
Aug. 10-11, 1928....... 1 Pole •....••.• 

Meter ...••.• 
4½ 1. 13 
4½ 1.18 
7 1. 18 

(5) James Rivtr and tributaries 

P4 ½ mile off railroad docks, Newport Mar. 3-5, 1919 ........ . 
News (36° 57'.7 N., 76° 26'.l W.). 

.A.86 ½ mile W. of Old Dominion Pier, Aug. ~10, 1928 ••..... _ 
Newport News (36° 58'.5 N., 76° 
26'.8 W.). 

A87 1¼ miles E. of Fishing Pt. (36° 58'.1 ..... do .....•..•••.••.. 
N., 76° 28'.2 W.). 

FgZJ 

Fg24 

Mal 

ASS 

¼ mile off ship building plant, New• June 27-July 11, 1910 .• 
port News (36° 59'.4 N., 76° 26'.9 W.) 

Near Fergusons Wharf (37° 03'.9 N., July 20-22, 1910 ...... . 
76° 39'.6 w .). 

¼ mile E. of Hog I. (37° 11'.0 N., 76° July 31-Aug. 2, 1855 ... 
39'.0 W.). 

½ mifo N. of Hog Pt. (37° 12'.3 N., Aug. 6-9, 1928 ..•...... 
76° 41' .5 w .). 

A89 1 mile N. of Hog Pt. (37° 12'.8 N., 76° Aug. 7-9, 1928 ..••••• __ 
41'.5 W.). 

AOO H• miles above Ferry Pt. Chicks• Aug. 6-7, 1928.·---··-
hominy River (37° 16'.8 N., 76° 
52'.9 W.). 

Fg2.5 

Fg26 

Fg27 

Fg28 

A91 

Fg29 

A92 

Fg30 

La2 

Affl 

Lal 

Fg9 

A68 

l..63 

FglO. 

Fgll 

Fgl2 

¾ mile above Sloop Pt. (37° 14'.0 N., 
76° 57' .2 w .). 

Off Windmill Pt. (37° 18'.7 N., 77° 
05'.7 W.). 

¼ mile E. ol City Pt. (37° 19'.0 N., 
77° 16' .3 W .). 

¼ mile N. of City Pt. (37° 19' .3 N ., 
77° 16'.6 W.). 

Mouth of Appomattox River (37° 18'.7 
N., 7'1" 18'.0 W.). 

Off M68dowvi!le (37° 22' .8 N., 77° 
19'.5 W.). 

¾ mile below Dutch Gap Cana.I (37° 
22'.8 N., 77° 20'.8 W.). 

¼ mile below mouth of Gillis Creek 
(37° 31'.2 N., 77° 25'.0 W.). 

(G) York Ri•tr a11d tributaries 

¾ mile off Tue Marshes Light (37° 
14'.5N., 76° 23'.2 W.). 

¾ mile off Tue Marshes Light (37° 
14'.6 N., 76° 23'.4 W.). 

¾ mile off Goodwin Neck (37° 13'.9 
N., 76° 26'.6 W.). 

¾ mile SE. of Gloucester Pt. (37° 
14'.6 N. 76° 30' .1 W.). 

¾ mile SW. of Gloucester Pt. 
14'.5 N., 76° 30' .4 W.). 

(37° 

¾ mile above Yorktown steamboat 
landing (37° 14'.5 N., 76° 30'.i W.). 

¼ mile above Claybank Wharf (37° 
20°.9 N., 76° 36'.9 W .). 

¾ mile above Almondsvi!le Wharf 
(37° 23'.6 N., 76° 39'.7 W.). 

¾ mile below West Pt. (37° 30'.9 N., 
76° 4i'.5 W.). 

Fg13 Mouth of Matiw.ni River, off West I Pt. (37° 31'.7 ., 76° 47'.4 W.). 
Fgl4 Mouth of Mat~ni River, off West 

Pt. (37° 31'.7 ., 76° 47'.4 W.). 

1 Current does not llood. 

July 3o-Aug. 17, 1910_. 

Sept, 22-Oct. 12, 1910 .. ! 

Nov. 2-21, 1910 .•.•••.. 

Jan. 25, 1911 ..•.•••.... 

Aug. 8-9, 1928 .• - ••.... 

Feb. 3, 1911. •.. - .••.•. 

Aug. 6-7, 1928 •••.•..•• 

Mar. ~30, 1911. ••••.• 

Aug. 26-28, 1918-.••.•. 

July 26-Aug. 17, 1928 .. 

Aug. 21-23, 1918-.•.... 

Apr. 27-May 11, 1911.. 

July 27-28, 1928 ...••... 

Aug. 28-30, 1918 .•••••. 

Aug. 16, 1911. ..••••... 

Aug. 23-Sept. 6, 1911.. 

Nov. 8, 1911. •....•.•.. 

Nov. 11, 1911. ...••.... 

Mar. 4, 1912 ......•..•. 

..... do .....• 

2 Pele ...... _. 6¾ 4. 00 

1 ..... do...... 7 3.38 
Meter .. --•·· · 7 3. 58 

. .... do...... 18 2.98 

..... do...... 29 2.48 
½ Pole ....... _. 4½ 2. 48 

Meter....... 6½ 2. 38 
•-... do...... 8½ 2.28 

1 ·····-···-·-·· --····-··--· 3. 62 

1% ·····•········ -··········· 6. 45 

1½ .....•........ -··········· 5. 50 

2½ Pole ....... . 
Meter ...... . 

..... do _____ . 

.... Ao ...... . 
2 Pettersson 

meter. 
1½ Pole ....... . 

Meter ...... . 
..... do ..... . 
..... do ..... . 

I Pole ....... . 
Meter ...... . 

. .... do ..... . 

..... do ..... . 

7 
8 

20 
32 
18 

7 
5 

12½ 
20 
7 

12 
30 
48 

1 ·········-···· ····--··---· 

1¼ -------------- ------------
1 -------------- ------------

¾ ·········-···· ------------
Pole ........ 7 
Meter ...•••. 4 

....• do ...•.• 10½ 

....• do ...... 17 
½ ...••...•..... ------------

Pole ..•...... 7 
Meter .•..... 5½ 

..•. do ...•.... 14 

..•. do •.....•. 22¾ 

-------------- ------------

2 Pole .•....... 
______ ._ _____ 

3½ Pole ......... 7 
3½ Meter ....... 11, 14 
1 ..... do ....... 27 
3 ..... do ....... 35 
1 ..... do ....... 43 
3 ..... do .....•. 56 
2 Pole ......... ------------

-------------- ------------
Pole ........• 4½ 
Meter ..•.... 2ll 

.•.•. do .....•. 40 

..... do •...... 60 
2 Pole •....••.. ------------
½ ··•····•······ ------------

1 -------------- ------------
½ ···••··••·•··· ------------
¾ ··•··•••···•·• ------------
½ ··•····•·••··· ------------

5. 10 
5.00 
4.96 
4. 68 
5.25 

5. 31 
5. 51 
5. 23 
4. 58 
5.25 
5.10 
5. 15 

6. 42 
5. 15 j 

6.67 

7. 75 

-------
7.60 
7. 55 
7.50 
7.50 
9.59 

8. 55 
8. 35 
8. 40 
8. 45 

(') 

2. 46 

2. 29 
2. 26 
1.90 
2. 13 
I. 70 
0. 77 
2. 45 

2. 13 

2. 25 
2. 55 
2. 25 
0.90 
2. 72 

3. 73 

3.M 

4. 31 

4. 06 

-------

llra. 
4. 28 
4.33 
4.38 

6. 70 

5. 78 
5.93 
5.43 
5. 33 
5. 18 
5.18 
5.08 
6.05 

8. 62 

8. 60 

7. 48 
7. 43 
7.96 
7. 53 
7.80 

8. 28 
8.48 
8. 08 
8.03 
8. 00 
8.00 
7.90 
8.00 
9. 17 

8. 92 

9.84 

10.59 

9. 95 
9. 95 
9.85 
9.80 

11.17 

10. 90 
10.90 
10. 70 
10.80 

(') 

5. 50 

5. JO 
5. 03 
4.90 
4. 80 
4. 80 
4.24 
5. 70 

-------
4. 80 
4. 80 
5. 20 
5.20 
5. 50 

6. 31 

6.39 

6. 64 

-------
(l.23 

Deg. K71U. Hrs. 
174 1. 02 7. 10 

..•... 1. 02 7. 15 
····-· 0. 97 7.10 

340 1.10 5.15 

330 1. 20 5. 60 
...... 1.10 5.35 
-·-··· 1.20 5.95 
······' 0.95 6.30 

344 i o. 80 6. 10 
..... .i 0.90 6. 20 
....... I o. 10 6. 30 

342 [ 1. 46 5. 55 

3261 0. 34 4. 00 

...... 0.44 5.35 

270 I 1.20 5.86 
...... 1.21 5.94 
...... 1.30 6.10 
...... 1.23 6.42 
······ 1.17 6.03 

255 

353 

290 

310 

322 

335 

265 

270 

270 

(') 

254 

271 

260 

292 

280 

323 

338 

329 

340 

------
344 

0. 93 
0. 98 
0. 98 
0.83 
1. 13 
1.23 
1.22 
1.04 
1. 48 

1.26 

1. 32 

1. 22 

0.94 
1.04 
0.99 
0.94 
0.48 

0.84 
0.84 
0. 85 
0.85 

(') 

0.95 

0.93 
0.86 
0.87 
0.59 
0.69 

5. 81 
5.64 
6.02 
6. 73 
6.30 
6.40 
6. 45 
6.35 
5. 97 

6.63 

6.14 

5. 65 
5.60 
5. 75 
5.80 
4. 50 

5. 35 
5. 50 
5. 50 
5. 25 

(') 

5. 76 

6.32 
6. 35 
5.92 
6.17 
5. 82 

0. 68 , 7. 78 
0. 89 6. 62 

1. 13 5. 96 

I. 36 6. 07 
1. 12 5.67 
o. 75 6.27 
1. 41 7. 57 
1. 26 5.62 

1.(18 5.62 

1.39 5.41 

1.14 6.20 

0. 67'). ..... 

Hrs. 
1. 81 
1. 91 
1. 86 

2. 73 

2. 56 
2. 51 
2. 51 
2. 36 
2.16 
2. 16 
2.16 
2. 75 

1 

Hrs. I Deg. Kn/3. 
4. 16 I 347 o. 97 
4.26 ' ...... 0.97 

4. 36 1······ o. 97 

5. 95 i 142 1. 70 
' I 

6. 56 i 134 11, 80 
6.56 : ....... 1.80 
5. 86 ...... i 1. 40 
5.86 ······: 1.00 
5.16 i 117 I 0.90 
5. 16 ' ..... .! o. 90 

. 5.16 '······1 0. 80 
5. 92 145 1. 16 

Hrs. Hrs. 
5. 32 12. 08 
5. 27 12. 16 
5. 32 12. 18 

7.27 1.66 

6. 82 1. 39 
7.07 1.46 
6. 47 1. 02 
6. 12 0. 83 
6. 32 0. 56 
6. 22 o. 54 
6.12 0. 49 
6.87 1. 40 

4. 03 7. 63 196 0. 90 8. 42 3. 50 

4. 43 8. 13 0. 72 7.07 

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 

6.88 

7.47 

6. 75 

6.83 
6. 73 
6.83 
6.88 
7. 67 

7. 48 
7. 43 
7. 48 
7.28 

-------

1. 80 

2. 19 
2. 19 
1. 40 
1. 88 
1.10 
2. 13 
2. 65 

1. 67 

1. 90 
1. 80 
2.10 
2. 05 
1. 92 

2. 93 

2. 63 

4. 09 

-------
3.18 

8.44 6911.40 6.56 
8.44 ······' 1.55 6.48 
8. 48 ...... / 1. 42 6. 32 
8.30 · ...... 1 1.07 6.001· 
8. 53 ······i 1. 50 6. 39 

I I 

7. 86 76 i 1. 181 6. 58 I 
7. 83 ...... ! I. 18 6. 78 
8. 03 .... .. I. 01 6. 40 
7. 69 •..... 0. 65 5. 69 
7. 73 182 I. 13 6. 12 
7. 63 •.• . . . 1. 13 6. 02 
7. 78 .• ... . 1. 17 5. 97 
7. 73 .. . . .. 0. 99 6. 07 
9. 47 121 I 1. 46 6. 45 

I 

9. 75 66 0.99 5. 79 

10.09 133 1.15 6.28 

10.92 150 1. 80 

9.88 84 1.09 6. 77 
9. 78 1. 19 6.82 
9. 73 1.19 6.67 
9.68 1.04 6. 62 

10.59 89 1. 27 7. 92 

10.68 92 0.89 7.07 
10. 63 0.89 6.92 
10. 58 0.85 6.92 
10. 53 0. 85 7. 17 

------- 160 0.99 ------

4.98 91 1.00 6. 66 

5. 29 63 0.84 6.10 
5.30 0.86 6.07 
4. 05 0. 67 6. 50 
5. 24 0. 81 6. 25 
4. 05 0. 69 6. 60 
4. 62 0. 44 4. 64 
5. 45 80 0. 82 5. 80 

5. 01 104 1. 23 6. 46 

5. 35 127 1. 81 6.35 
5. 70 1. 77 6. 75 
5. 25 0.95 6.15 
4. 70 0. 71 4. 85 
5.42 121 1. 16 6. 80 

6.43 147 1. 48 6.80 

6. 59 137 1. 74 7.01 

152 1. 54 6.22 

------- ------ ------ ------
6. 43 172 0. 91 

3.48 

3. 21 
3.17 
3.33 
3.12 
3.43 

3. 36 
3.46 
3.36 
3. 12 
3.35 
3.27 
3.32 
3. 31 
4. 58 

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. 27 
-0.24 

0.88 

0. 31 

0.40 
0. 53 
0. 52 
0.03 
o. 71 

1. 67 

1. 63 

2. 31 

2. 32 

1. 62 

8 
H 
1::::1 
tr.l 
!'Jl 

> z 
1::::1 

0 
0 
:;i:1 

~ z 
8 
!'Jl 

H z 
0 
t:::: 
tr.l 
!'Jl 
> 
"d 
l.;1 
> : 
c:l 
> 
>-< 

-.;r. 
1:0 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

I 

0 bservations :,!'. Flood strength i:: :,!'. i ~ 
~ 

,.. ::I 

Location 
:;i :;i i:: 

I s .. 
"' 

;::: ::, " 
.9 "" " ~~ ~j 

;,. 'O .:: 

s Date 0 Method Depth I " .... a~ ] .... .: " f~ " 
a:, " ~ A~ ~ ;,.. 00 ~ is. 00 

-- -------- ----

(6) York .Ri.er a'lld tributarit-Con. 
Da11• Fut Hr,. Hr,. Deg. Knts. Hrs. Hrs. 

A69 Bridge near West Pt., Mattaponi July 30-31, 1928 ________ 
River (37" 32'.4 X., 76° 47'.3 W.). 

Fg15 Off Wakema, Mat~ni River (37° Apr. 12, 1912 __________ 
39'.2 N., 76° 54'.0 .). 

Fg16 Off Walkerton, Mattaponi River (37" Apr. 24--May 13,1912 __ 
43'.4 N., 77" 01'.5 W.). 

Fg17 Off Aylett, Mattaponi River (37° 47' 2 June 10, 1912 __________ 
N., 77" 06' .2 W.). • 

Fgl8 Off West Pt., Pamunkey River (37° Nov. 10, 191L---------
31'.7 N., 76° 48'.l W.). 

Mar. 5, 1912 ___________ 1 Fgl9 Off West Pt., Pamunkey River (37" 
31'.8 N., 76° 48'.l W.). 

July 30-31, 1928 ________ 1 A70 Bri~e at West Pt., Pamunkey River 
(3 32'.l N., 76° 48'.5 W.). 

Fg20 Off Lester Manor
6 

Pamunkey River Sept. 3-Oct. 17, 1912 ___ 
(37c 34'.9 N., 76 59'.4 W.). 

Fg21 Off.N orthbury, Pamunkey River (37° Jan. 13-30, 1913 ________ 
37'.5 N., 77" 07'.3 W.). 

Fg22 Bridge at Newcastle, Pamunkey Feb. 6, 1913 ___________ 
River (37" 40'.0 N., 77" 11'.6 W.). 

(7) Rappallannod: Rilla atld tributarit• 

AM ¾ mile S. of Mosquito Pt. (37" 35'.8 1uly 20-21, 1928 ________ 
N., 76° 21' .5 W.). 

A55 l¾ mile 08. of Mosquito Pt. (37° 35'.1 __ .. _do _________________ 

N., 76 21'.7 W.). 

Br7 CarterCreek(37°39'.3N~76°26'.3W.)_ Jan6-11, 188L _______ _ 
A56 Corrotoman River, off Millenbeck July 23-24, 1928 _______ _ 

Wharf (37° 40' .2 N , 76° 28' .8 W .) . 

A57 Eastern Branch, Corrotoman River _____ do ________________ _ 

A58 

(37° 42'.8 N., 76° 27'.5 W.). 

Western Branch, Corrotoman River 
(37" 42'.9 N., 76° 29'.6 W.). 

A59 ¾ mile W. of Rogue Ft. (37" 40' .2 N ., 
76° 33'.3 W.). 

Fg7 

Fg8 

A60 

¾ mile below Tappahannock Bridge 
(37° 55'.9 N., 76° 50'.8 W.). 

¾ mile below Tappahannock Bridge 
(37° 56'.0 N., 76° 50'.9 W.). 

Tappahannock Bridge (37° 56'.0 N., 
76° 51'.2 W.). 

July 24, 1928 __________ _ 

1uly lS-19, 1928 _______ _ 

Mar. 22--23, 191Q ______ _ 
Mar. 24, 1910 _________ _ 

July 19-20, 1928 _______ _ 

A61 Off Port Royal (38° 10'.5 N., 77° 11'.4 July 20-25, 1928 _______ _ 
W.). 

1 Pole _________ 4 4. 43 6. 83 (") 1. 30 5.40 3. 41 
Meter _______ 4 4. 38 6. 88 ------ 1. 31 5. 45 3. 41 ____ .do _______ 10 4. 28 6. 83 ------ 1. 29 5. 65 3. 51 

_____ do _______ 16 4. 28 6. 88 --- --- 1.07 5. 55 3. 41 
½ -------------- ------------ 5. 23 ------- 260 1. 41 5. 28 4. 09 

I 

·1 -------------- ------------ 6. 48 8. 56 275 0. 87 4. 95 5. 01 ~. -------------- ------------ (') (') (') F) (') -------

~2 -------------- ------------ 5. 06 7. 73 334 1. 53 5. 29 3. 93 

½ -------------- ------------ 5. 06 7. 73 328 0. 70 5. 37 4. 01 

1 Pole _________ 4½ 4.98 7.93 (") 1. 73 5. 67 4. 23 
Meter _______ 4 5. 03 7.63 --- --- I. 74 5. 62 4. 23 _____ do _______ 11 4.88 7. 78 ---- -- 1. 73 5. 73 4. 19 _____ do ______ 18 4, 78 7. 78 ------ 1. 51 5.87 4. 23 

1 Pole _________ 5½ 5. 89 9.35 237 1. 20 6. 29 5. 76 

¼ _____ do _______ 5½ 6. 89 ------- 290 0. 49 6. 29 6. 76 

¼-----do _______ 5½ ------- ------- ------ ------ ------ -------

1 _____ do _______ 7 3. 83 7. 08 292 0. 64 6. 65 4. 06 
Meter _______ 12½ 3.88 6. 98 ------ 0. 74 6. 65 4.11 _____ do _______ 31½ 3. 73 6. 48 ------ 0. 83 6. 75 4. 06 

-----do _______ 50½ 3. 58 6. 18 ------ 0.83 6. 70 3.86 
½ Pole _________ 4H 4. 08 6. 58 288 0. 27 5. 40 3.06 

Meter _______ 5 4. 18 6. 58 0. 36 5. 40 3. 16 ------____ .do _______ 12 4.38 6. 98 ------ 0. 55 5. 60 3. 56 _____ do _______ 
19 4. 08 6. 88 ------ 0. 46 5. 70 3. 36 

48 0. 45 ½ Pole_________ 2 1------. 6.17 

1 -Met~~~~~:::: 1~5 1} <"> _____ do ______ _ 

½ -r«i1e~~~~~:::: ~ I} 
(11) ('•) (II) (11) 

Meter_______ t)i (") ('") (l") (1") (16) 

:::::~~::::::: 15 ' 
)i Pole_________ 7 I 4. 38 ___________________ 5.10 3. 06 

Meter_______ 4 4. 68 i-·-----j------ ______ 4. 90 3.16 _____ do_______ 9½ 4.18 ___________________ 6. 00 I 3. 76 
_____ do_______ 15 (") ('"} ('"> (I") (1") (1") 
Pole_________ 7 5. 00 

1 
7. 40 338 0. 59 6. 35 4. 93 

Meter_______ 8 5. 15 i 7. 40 ______ 0. 58 I 6. 05 4. 78 
do 'I 20 4. 95 I 7. 60 ______ 0. 58 1 6. 20 4. 73 

1 i:::::do:::::::, ________ 32 __ i:~ I l:~ --338- 8::' t~ ui 
1),ll_;~;~---~::::::\ _________ ~~ 677:_: 20 II :: : (:: :: : :: : 6. ~ 

Meter_______ 3 9.80 1.17 5.90 _____ do_______ 7 7.0/5 9.75 1.23 6.00 
______ do.______ 12 6.95 9.65 1.05 6.20 

1½1 Pole_________ 4½,7 9.23 0.25 (") 0.69 6.67 

'1t;;~t====== 8~J !:~ lra ======1 g:~ i:~ 
I 

6.58 
6.68 
6.63 
6. 73 
9.48 
il. 78 
9. 70 
9.68 

Ebb strength 

I i:: 
0 .. ~ ~ 

i:: I 
.£~ ~ ";;;:,:, ~" : ::, 
o:::i ·c1 "" .,.,.. 
"'" ~ ! :§ 6>-< .. ~ 

g:: A~ > I f,;l __ I_ 

Hr&. Deg. Knts. Hr,. 
6. 71 (") 1. 50 7.02 
6. 76 ------ 1. 61 6.97 
7.06 ------ 1.09 6. 77 
7.11 ------ 0. 92 6.87 
7. 26 80 1. 71 7.14 

9.19 95 0. 95 7. 47 

10. 73 100 1.00 ------

------- 154 1. 78 7.13 

7. 26 151 1.00 7.05 

7. 66 (") 1.88 6. 75 
7. 51 ------ 2. 04 6. 80 
7. 71 ------ 1. 78 6.69 
7. 71 ------ 1. 46 6. 55 
8. 56 55 1. 00 6. 13 

10. 81 100 1. 26 6.13 

------- 175 1.05 ------

7.11 114 0. 64 5. 77 
7.31 ------ 0. 59 5. 77 
7.16 ------ 0.58 5. 67 
7. 31 ------ 0.58 5. 72 

------- ------ ------ 7. 02 
------- ------ ... _____ 7.02 
------- ------ ------ 6. 82 
------- ------ ------ 6. 72 

5. 25 

(16) (") (16) (16) 

7. 16 154 0. 26 7. 32 
7. 06 0. 39 7. 52 
7.26 0.26 6.42 
(1") (") (") (") 
8. 58 174 0. 44 6. 07 
8. 58 ------1 0. 58 I 6. 37 
8.28 ______ : 0.53 6.22 
7.83 ______ 10.49 6.77 
9. 67 14i

1 I o. 85 6. 59 

150 1. 06 6. 33 

10. 48 (") I 1. 17 6. 12 
10. 48 ------' 1. 22 6. 52 
10. 43 -----J 1. 08 6. 42 
10. 38 0. 95 6. 22 
12. 23 (15) o. 71 5. 75 
11.88 0.08 4.22 
12. 23 o. 56 5. 57 
12. 13 0. 56 6. 17 

(I!) Pocomoke Sound and Rit>eT 

AIOI 4¾ miles. S. 2° E. of Tangier Sound Aug. 21-22, llr.8------
Light (37° 42'.6 N., 75° 58'.2 W.). 

I 
Pole_________ 7 5.55 8.35 14 11.02 6.15 5.28 8.28 220 0.57 6.27 
Meter_______ 9 5.45 8.10 ------1 1.21 5.80 4.83 8.08 1.01 6.62 

_____ do_______ 36 3.95 7.45 ______ 1.39 6.95 4.48 7.28 0.92 5.47 
May 27-31, 1881 ______ _ 

"El ., 
~ ~ 

0 

~.Cl 

::s 

Hr,. 
2. 16 
2. 18 
2. 24 
2. 24 
2. 90 

4. 13 

6.10 

2. 87 

2.84 

3.02 
2. 92 
2. 96 
2. 94 
4. 21 

5.52 

------

2. 34 
2. 39 
2.18 
2. 05 
1. 87 
1.94 
2. 27 
2. 07 

(11) 

2. 24 
2. 34 
2.44 
(") 
3.30 
3. 30 
3. 21 
2. 65 
5. 02 

5. 27 

5.24 
5.36 
5.28 
5.25 
7. 72 
7.31 
7.82 
7. 95 

3.68 
3.44 
3.16 
2.61 
2. 53 

Br3 

Br4 

Br6 

Br5 

Br2 

Brl 

3½ miles W, of Parkers I. (37° 42'.4 
N., 75° 55'.9 V{.). 

3¾ miles W. of Parkers I. (37° 42' .6 
N., 75° 55'.5 W.). 

May 30, 1881. ________ _ 

_____ do_______ 22½ 5.05 7.i0 ------11.38 6.05 4.68 7.93 0.98 6.37 

1 1-------------- ------------ 4. ~ 7.17 64 0.48 5.17 3.67 7.08 229 1. 28 7. 25 

¾-------------- ------------ ------- ------- ------ ------ 4.40 ------- ------ ------ ------

\ji:-------------- ___________________ 

1 

_______ ------!------ 2. JO 5. 40 290 0. 35 _____ _ 

2. 88 

0.67 

3. 26 

2.67 

1.82 

Month of Pungoteagne Creek (37° 
40'.5 N., 75° 51'.8 W.). 

¾ mile E. of Parkers I. (37°42'.lN., 
75° 50'. 7 W.). 

2 miles NW. of Thicket Pt. (37° 
44'.3 N., 75° 52'.0 W.). 

Mouth of Chesconessex Creek (37° 
45'.4 N., 75° 48'.4 W.). 

May 16, 1881. ________ _ 

May 21, 1881. ________ _ 

Mar. 3-May 20, 1881-. 

Feb. 28, 1881. ________ _ 

,:\;:.:;.-:::: ···; :: ,:;;I ~'\,-~~;~- 4.84 3.32 8.10 222 0.85 7.58 

¾
1 

_____ do ______ 5 ,------+------
1
______ ______ 3.60 6.20 230 j 0.34 

1 Current does not flood. "Northerly. 11 Rontherly. " Northwesterly. u Southeasterly. "' Current weak and irregular. 

00 o· 



TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

0 bservations ~ Flood strength C: ~ Ebb strength .; 

~ 
,-a ,3 :::: C: tl 

I 
.. .9 

Location 
.. " .. g~ 

] " " C: ~ ~ 
.. C: -:. 

t: 
';;~ .s~ t' " 

Date 'O Method " ~ ~ 
'O "' ~~ :3~ t' ti ..8 

i .g Depth ,!,j cl 'O ""' ·z 'O 

" 13..-a ., ... 0 0 
,!,j 

13:::l "'" 
<l 

00 "' .::l .t~ 
~ .9 " .tb 0 .,, "' 

~ ~ " .; .,, " a:, A r,. ai ~ A :> ~ ::s 
----- ----------------

Pocomolu Sound a11d Rion-Contd. 

A52 2¼ mill"! E. of Watts I. (37° 47'.8 N July 17-21, 1928 ________ 
Davs Fut Hn. Hrs. Deg. Kms. Hrs. Hrs. Hrs. Deg. Kms. Hrs. Hra. 

1 Pole _________ 7 5.05 
75° 50'.6 W.). ., 7.00 22 1.56 4.90 3.53 7. 13 212 1.36 7.52 2. 50 Meter_ ______ 20 5.10 7.20 ------ 1.56 4.80 3.48 6.98 1.46 7.62 2. 51 ------_____ do _______ 50 4.95 7.50 ------ 1.55 4. 90 3.43 6.68 ------ 1.25 7. 52 2.46 

A50 
_____ do _______ 

80 4.80 
¼ U:,.Ue below Shelltown, Pocomoke July 13-14, 1928 ________ 6.80 ------ I. 45 5. JO 3. 48 6.68 0.95 7. 32 2.26 ¼ Pole _________ 4¼ 7. 30 

------
River (37° 58'.3 N., 75° 38'.7 W.). Meter ______ 9.30 43 1. 01 I 5.10 5.98 9.28 171 0.87 7. 32 4. 78 

_____ do _______ 4½ 7.10 9.20 ------ I. 15 5. 30 5.98 9.68 ------ 1.05 7. 12 4. 81 
9 i. 20 9.30 ------ I. 16 5.30 6.08 9.28 0.86 7.12 4. 78 ------_____ do _______ 

14½ 7.00 
(9) Ta,igier Sou11d a,id tril,utaries 

9.10 ------ 1.07 5.40 5. 98 9.28 ------ 0. 7i 7.02 4.66 

A51 lj,s miles NE. of Tangier Sound July 16-Aug. 22, 1928 __ ¾ Pole _________ 
I 

Light (37° 48' .2 N., 75° 57' .5 W .) . 
7 5. 35 8.20 5 I. 17 5. 75 4.68 7.08 --~:~-i u~ 6.67 3.15 

Meter _______ 10 5.30 8.15 ------ I. 22 5.80 4.68 7. 38 6.62 3.20 _____ do _______ 25 5. 25 8. 25 ------ I. 21 5.95 4. 78 7. 18 6.47 3.18 

A102 I ~s miles W. of Janes Is. (38° OO' .0 N Aug. 21-22, 1928 _______ 
_____ do _______ 

40 5.25 8. 25 -- ---- 0. 90 5. 65 4.48· 7. 58 
-----·1 0.96 

6. 77 3. 21 
1 Pole _________ 7 7.40 9. 70 

______ , 0. 75 

75° 54'.5 W.). ., 1 0.90 5. 30 6.28 9.88 
211 I 0. 90 

7.12 5.14 
Meter _______ 22 7. 70 9.85 ------ 0. 93 4. 95 6. 23 9.88 ------ 1.08 7.47 5.24 _____ do _______ 55 7.15 9. 75 ------ 0.80 5. 45 6.18 10. 03 -----· I. 00 6. 97 5.10 

A49 Kedges Straits
1 

off Solomons Lump July 5--0, 1928 __________ 
_____ do _______ 88 6.90 9.85 ------ o. 78 5.85 6.33 9. 78 ------ 0.88 6. 57 5.04 

Light (38° 03. 1 N., 76° 00'.8 W.). 
¼ Pole _________ 7 3.58 i. 28 105 1.07 7. JO 4. 26 5.32 2.34 

Meter _______ 5 3.68 7.08 I. 16 
------- ------i------

------ 7.00 4. 26 5.42 2.31 _____ do _______ 11 3. 78 7.08 ------ 1.16 6.80 4.16 ------!------ 5. 62 2. 31 

A48 Manokin River, I mile W. of Prickly 
_____ do _______ 17 3.68 7. 38 1.07 6. 70 3.96 5. 72 _____ do _________________ ½ Pole _________ ------ ------ '------ 2. 31 

Pt. (38° 05'.4 N., 75° 53'.6 W.). Meter _______ 
7 5.30 8.40 32 0. 29 5. 90 4. 78 --fig" 171 , 0.-59 6. 52 3.48 
6½ 5.20 8.40 ------ o. 78 6.05 4.83 8.38 ______ : o. 58 6.37 3.52 _____ do _______ 16¼ 5.30 8.50 ------ 0. 78 6.05 4. 93 8.58 ------! 0. 58 6.37 3.65 

A43 Nanticoke Ri,er, I¾ miles off Halls July 9-10, 1928 _________ 
_____ do _______ 26½ 5. 40 8.60 ------ 0. 78 5. 95 4.93 8. 78 ______ ; o. 48 6. 47 3. 75 

Pt. (38° 12'.5 N., 75° 57'.3 W.). 
½ Pole _________ 7 

} (•) I (•) Meter _______ 6 _____ do _______ 16 (') (') (') (') (') (•) (') (') (') 

A46 Wicomico River1 off Victor (38° 14' 3 j July 11 1928 
_____ do _______ 26 

N 75° 51' 8 \"\ ) . ' ----------- ¼ Pole _________ 4½ 6.80 9.30 34 0.61 6. JO 6.48 9.88 6.32 4.94 .. . . . I Meter _______ 2 6.90 9.40 0.61 
242 , 0. 91 

_____ do _______ ------ 6.00 6.48 9.98 ------i o. 91 6.42 5.01 
5 6. 70 9.30 ------ 0.61 6.20 6.48 9.68 6.22 4.86 _____ do _______ ------· 1.01 
8 6.80 9.30 ------ 0.61 6.00 6.38 9.98 ______ i 1.01 6.42 4. 94 

A47 Wicomico River, off White Haven July 9-10, 1928 _______ -- Pole _________ , 4½ 6.60 JO. 35 89 1.06 I 6.50 6.68 9.38 284 1. 1415. 92 5.07 

(38° 15' .9 N ., 75° 47' .5 W .) . 
Meter _______ 5 6. 70 10.05 ----- 1.09 16.40' 6.68 9.38 1.19 6.02 5.02 

_____ do _______ 12 6.40 10.15 ------ 1.09 6. 75 6. 73 9.13 8:: It~~ 4.92 
_____ do _______ 19 6.35 10.25 ----- 0.94 6.90 6.83 9.23 4. 98 

A44 Nanticoke River
1 

off Sandy Pt. (38° July 10-11, 1928 ________ ½ Pole _________ 7 7.30 ------- ------ ------ 5.80. 6.68 10.18 168 1.12:6.62 5.42 

15'.0 N., 75° 55 .6 W.). 
Meter _______ 5 7. 70 ------- ------ ------ 5.50 6. 78 10.38 1.31 6.92 5.66 

_____ do _______ 12 7.30 ------- ------ ------ 6.00 6.88 10. 28 1. 52 6.42 5.52 
_____ do _______ 19 7.00 ------- ------ ------ 6.30 6.98 10.28 1. 62 6.02 5.46 

A45 Nanticoke River& off Chapter pt_ July 11-12, 1928 ________ ½ Pole _________ 7 8.35 10.00 14 1.39 5. 70 7.63 11.58 204 1.39 6. 72 6. 21 

(38° 'll'.6 N., 75 52'.0 W.). 
Meter _______ 4 8.30 10. 10 I. 49 5.60 7.48 11.58 1.29, 6.82 6.18 8 

_____ do _______ 10½ 8.30 10.20 I. 49 5.65 7.53 11.68 1.19, 6. 77 6.25 ... 
_____ do _______ 17 8. 25 10.40 I. 49 5.80 7.63 11.58 1.09 6.62 6.28 t::;1 

A42 Fishing Bay, off Roasting Ear pt_ July 10, 1928 ___________ ¼ Pole _________ 7 5.90 8. 70 334 I. 31 6.50 5.98 ------- ------ ------ 5.92 4.16 t.".l 
rJ:). 

(38° 16'.9 N., 76° 00'.6 W.). Meter _______ 5 6.20 8.90 1.01 5.90 5.68 ------- ------ ------ 6.52 4.20 
_____ do _______ 13 5.90 9. JO '------ I. 21 6.30 5. 78 ------- ------ ------ 6.12 4.20 >-_____ do _______ 21 6.00 8.801------ I. 31 6.30 5.88 ------- ------ ------ 6.12 4.17 z 

(1(!) PotomacRiver ~ 

L17 2;., miles s. 37° E. of pt_ Lookout June 25-26, 1849 _______ 1 -------------- (') 7. 7i 10. 72 329 0.57 4.87 6. 22 9.92 150 0.62 7.55 5.48 0 
Light (38° 00'.5 N., 76° 17'.6 W.). 0 

A37 3¾ miles S. of Cornfield pt_ (37° 59'.4 July 3-Aug. 23, 1928 ___ Pole _________ 7 5.45 9.50 313 0.69 6.65 5.68 8. 78 102 0.59 5. 77 4.17 ~ 
N., 76° 21'.5 W.). 

Meter _______ 8 5. 35 9.50 0.69 6.98 5. 91 8.68 0.49 5.44 4.18 ~ _____ do _______ 21 5.35 9.50 0.69 7. 18 6.11 8.58 0.49 5.24 4. 20 t,j 
_____ do _______ 34 5. 25 8. 90 0.39 6. 78 5.61 8.48 0.49 5.64 3.88 

A36 2¼ miles S. of Cornfield pt_ (38° 01' .1 July 2-24, 1928 _______ -- 2½ Pole _________ 7 7.54 10. 54 280 0.47 5.66 6. 78 10. 26 112 0.55 6. 76 5.60 z 
N., 76° 21'.3 W.). 

Meter _______ 11 7.20 10.40 0.64 6.02 6.80 10.23 ------1 o. 51 6.40 5.48 • 
_____ do ______ _l 27, 28 7. 42 10. 34 0.61 5. 78 6. 78 10.01 ------ 0. 48 6.64 5.46 

rJ:). 

_____ do _______ l 43,44 7.20 10.30 0.45 5. 70 6.48 9.98 ------ o. 58 6. 72 5.31 .... 
A35 ¼ mile S. of Cornfield Pt. (38° 02'.2 July 3-Aug. 23, 1928--- 1½ Pole...------1 7 } 

z 
N., 76° 21'.2 W.). Meter _______ , 9, 9½ (') (') (') (') (') (') (') {') (1) (') {') 0 _____ do _______ 22, 22½, 23½ 

_____ do _______ l 35, 36, 37½ lil 
Fg5 Smith Creek entrance (38° 05'.2 N., May 5, 1908 ___________ ½ --------------,------------ 5.10 8.52 305 0.30 ------ ------- ------- ------ ------ ------ 3.52 t,j 

76° 24'.2 W.). ! 
w 

Fg6 Smith Creek entrance (38° 05'.8 N., May 4, 1908 ___________ ¼ --------------'------------ 4.80 8.52 310 0.27 ------ ------- ------- ------ ------ ------ 3.37 >-
76° 24' .3 W.). 

'"d 

A34 St. Marys River (38° 07' .8 N., 76° July 3, 1928 ____________ ¼ Pole _________ 

J¼} 
t_,,j 

26'.9W.). 
Meter _______ 

(l') (l') (") (") (l') (") (1') <••) (") (") (14) >-
_____ do _______ ~ _____ do _______ 

A33 Yeocomico River entrance (38° 02'.1 ----_do _______________ - . ¼ Pole _________ 7 

} 
to 

N., 76° 31' .2 W.). 
Meter _______ 3 (••) (") (I') (l') (l') (l') c••> (••) (") (l') 

_____ do _______ 8 (") >-
_____ do _______ 13 

,-< 

A31 2¾ miles off Piney pt_ (38° 05'.9 N., June 29-30, 1928 _______ Pole _________ 7 
6.90 I 9.40 278 0.47 4.65 5.13 9. 08 131 0.47 7. 77 4.45 

76° 33'.1 W.). 
Meter _______ 5 6.90 9.40 0.59 4.85 5.33 8.98 0.59 7.57 4.47 

_____ do _______ 13 6.80 9.50 0.48 5.00 5.38 9.08 0.58 7.42 4.51 
_____ do _______ 21 6. 70 9.50 0.59 5.10 5.38 9.08 0.59 7.32 4. 48 

• Surface. • Current irregular. " Current weak and irregular. 

00 
~ 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

0 bservations ~ Flood strength a ~ Ebb strength i:i 
~ .!a l:Q a t 0 

~ 
... ij lo 

.s 
6!3 z Location ~ 

a lo a 'd 
a .9ci' >, 'O .:: .:: ..9-;, >, !3 ..8 'O 

., .,~ 'a 
., 

'":il= ] j Date Method Depth "t" 'O "t" 'O a ~ 1 a~ ., ... 0 ] 1 a:::i ., ... .Q $ 
" 

.!::;:!. ,l -=~ ~ .Q a, p.. a, ~ A > la, a, ~ A i"1 ::.l - --------------,------
(10) Potomac Rivtr-ContiDued 

Dar• Fut Hra. Hr,. Dtg. Knts. Hra. Hra. Hra. Dtg. JKnts. lira. Hr•. A.30 1 l4 miles off Piney Pt. (38° 06' .9 N ., June 29-July 2, 1928 ___ 1 Pole _________ 7 7.85 10.00 290 0.36 4. 78 6. 21 10.03 148 0. 61 7.64 5. 34 
76° 32'.5 W.). Meter _______ 13 7.35 10.30 ------ 0.56 5.95 6."88 10.33 ------' 0.56 6.47 5.M _____ do _______ 34 6.95 10.30 ------ 0. 56 6.82 7.35 10. 23 ------, 0. 51 5.60 5.53 _____ do _______ 

55 6.20 9.60 ------ 0. 78 6.97 6. 75 9.63 ______ / 0. 53 5.45 4.88 
A32 l4 mile off Piney Pt. (38° 07'.8 N., 76° July 2, 1928 ___________ ½ Pole _________ 7 6.40 9.00 280 1.50 5.60 5.58 10.08 147 : 0. 70 6.82 4.58 

32'.0 W.). Meter _______ 11 5.60 8. 80 ------ 1.07 7.30 6.48 9.68 ______ j o. 47 5.12 4. 46 ____ _do _______ 
28 5.60 8. 90 ------ 0.96 8.30 7.48 9.88 ------1 0.36 4.12 4. 78 _____ do _______ 49 (10) (") (16) (") (16) (") (11) (It) l <"> (I') (1') 

A2ll Machodoc River entrance (38" <Y3'.7 June 28--29, 1928 _______ ½ Pole _________ 4½ 
} (10) 

N., 76° 39'.3 W.). Meter _______ 3 (!•) (I•) (16) (16) (16) (16) (16) I (16) (16) (") _____ do _______ 7½ ! _____ do _______ 12 
A28 Bretons Bay entrance (38° 14'.5 N., June ZT, 1928- _________ ½ Pole _________ 7 5.10 8. 90 28 0.61 6. 90 5.58 8. 58 202 1 0. 41 5.52 3.86 76° 41'.7 W.). Meter _______ 3½ 5.00 8. 90 ------ 0.61 7.00 5.58 8. 58 ------1 0.41 5.42 3.84 _____ do _______ 

8½ 4.90 8.60 ------ 0.49 7.00 5.48 8.18 ------1 o. 39 5.42 3.61 _____ do _______ 
13½ 4.90 8. 20 ---- -- 0. 49 6. 90 5.38 · 8.18 ------ 0.39 5. 52 3.48 A21i Ht miles SE. of Blakistone I. (38· June 26-28, 1928 _______ 1½ Pole _________ 7 9.43 11. 10 250 0.43 3.64 6.65 11.08 86, 0.90 8. 78 6.38 

11'.7 N., 76° 42'.5 W.). Meter _______ 6,8 9.53 11. 15 ------ 0.38 3.67 6. 78 11.05 ------ 0.90 8. 75 6.45 _____ do _______ 15,20 } (11) (") (16) (") (16) (") (16) (11) (16) (16) (16) _____ do _______ 24,32 
A26 Channel off White Pt., Nomini Creek June 28, 1928 __________ ½ Pole _________ 4½ 7.10 10.10 153 1. 20 5. 70 6.38 ------- ------ ------ 6. 72 5.16 

(38° 08' .1 N ., 76° 43' .3 W .) . Meter _______ 1½ 7.30 9. 90 ------ 1.20 5.30 6.18 ------- ------ ------ 7.12 5.09 ____ _do _______ 4 7.30 9.80 ------ 1. 32 5.40 6.28 ------- ------ ------ 7.02 5.09 _____ do _______ 6½ 7.30 9.80 ------ 1.32 5. 40 6.28 ------- ------ ------ 7.02 5.09 AZT Off Long Pt.& St. Clement Bay (38° June 26-Zl, 1928 _______ ½ Pole _________ i~} (1') 
14'.5 N., 76 43'.7 W.). . Meter _______ 

(1') (16) {I') (1') (10) (1') (1') (16) (16) (I') _____ do _______ 
_____ do _______ 14½· 

M¥ ½ mile off Rock Pt. Wicomico River June 28--29, 1928- ______ 1 Pole _________ 4½ 6.10 9.00 10 0.89 7.35 7.03 9.68 142 0.49 5.07 4. 77 
(38° 16'.5 N., 76° 49' .3 W.). Meter _______ 8 6.15 8.90 ------ 0.90 6. 75 6.48 9.43 ------ 0.65 5.67 4.56 _____ do _______ 21 6.25 8. 70 ------ 0. 58 6.15 5. 98 9.18 ------ 0.63 6. 27 4.35 _____ do _______ 34 6.10 8.30 ------ 0.46 6.56 6. 23 9.08 ------ 0.46 5.87 4. 25 A21 ½ mile NE. of White Pt. (38° 15' .8 N., June 26-26, 1928- ______ ½ Pole _________ 7 8.80 0.18 346 0.45 6.95 9.33 0.26 12/i 0.35 5.47 7.67 
76° 57'.4 W.). Meter _______ 3½ 9. 70 0. M ------ 0.57 5.90 9.18 0.36 ------ 0. 47 6.52 7.86 _____ do _______ 8½ 9. 70 0.08 ------ 0.57 5.80 9.08 0.36 ------ 0.47 6.62 7.84 _____ do _______ 

13½ 9. 70 0.08 ------ 0. 35 5.86 9.13 0.16 ---·-- 0.45 6.57 7.80 

A..22 .½ mile SW. of Swan Pt. (38° 17'.1 N., June 26, 1928 __________ ½ Pole _________ 7 [ 10. 60 ; 0. 28 340 0.4514.50 8.68 0. Oo 133 j 0. 85 7. 92 7.94 
76° 55'.9 W.). Meter _______ 

~½ 1gi:i 
0. 18 0.45 4. 70 8.38 12. 38 ------1 0. 85 7. 72 7.68 _____ do _______ 0.18 0.55 I 5.00 8.48 12. 38 ------1 o. 75 7.42 7.66 _____ do _______ 14½ 10.10 0.08· ------ 0. 53 4.80 8. 48 12. 38 _ ____ _j 0.63 7.62 7.68 

A23 Ht miles NE. of White Pt. (38° 16'.4 June 25-26, 1928 _______ Pole _________ 7 9.10 0. 23 348 0. 27 6. 80 9.48 0.96 140 I 0. 77 5.62 7.ITT 
N., 76° 56'.7 W.). Meter _______ 7 9. 70 0.28 0.27 6.10 9.38 0.96 ------1 0. 77 6.32 8.11 _____ do _______ 18 10. 20 0.08 ------ 0.36 5.15 8.93 0.46 ------, 0.56 7.27 7.95 _____ do _______ 29 9.65 12. 20 ------ 0.63 6.35 9. 58 0.36 ------1 0. 58 6.07 7.!rl 

A20 Off Beabors Pt., Upper Machodoc June 23, 1928 __________ % Pole _________ 4),§ (IS) (1') (IS) (IS) (") (11') (Ii) (!') I<") (") (") 
Creek (38° 18'.9 N., 77° 01'.9 W.). Meter _______ 2½1 7. 50 (10) ------ 6. 10 7.18 10.18 (11) 0. 43 6. 32 5.416 8 _____ do _______ 6W 7.50 i------- ------ 6.10 7.18 10.18 ------1 0. 32 6.32 5.66 .... 

_____ do _______ 10½1 7.50 1------- ------ ------ 6.10 7.18 10.18 _____ _/ 0.32 6.32 5.66 t::1 
A19 1¼ milas S. 71° E. of Persimmon Ft. June 22-23 1928 _______ Pole _________ 7 10. 70 I 1. 23 337 1.16 5.80 10.08 0. 76 --~'.~-I u:: 6.62 8. 72 l_,J:j 

(38° 22'.1 N., 76° 59'.4 W.). ~Ieter_ ______ 14 10.30 1. 18 1.06 6.15 10.03 0.96 6.27 8.65 r/l 
_____ do _______ 35 10.20 1. 13 1. 3G 6.40 10.18 0.86 ------ 1. 06 6.02 8.62 > _____ do _______ 56 9. 75 0.68 1.24 6.60 9.93 0.16 0.84 5.82 8.18 

§ Pettersson 15 10.30 0.98 1. 18 6.30 10.18 1.06 1.53 6.12 8. 66 
meter. 

A18 ½ mile S. 64° E. of Persimmon Pt. (38°i _____ do _________________ h Pole _________ 7 9.90 0.18 340 1. 01 5. 50 8.98 0.86 180 1. 51 6.92 8.01 C 22'.3 N., 77° 00'.2 W.). ~Ieter _______ 8 9.90 0.08 1.01 5.32 8.88 0.86 1. 41 7.10 7.96 

! _____ do _______ 20 9.90 0.08 1.11 5.50 8. 98 0.86 1. 31 6.92 7.98 _____ do _______ 32 9.90 0. 28 1.01 5.50 8. 98 0.86 1. 31 6.92 8.04 
A17 Off Brents Wharf, Port Tobacco Riv- June 26-27, 1928 _______ Pole _________ 3 

} (10) er (38° 27'.9 N., 77° 02'.2 W.). Meter _______ 2 (!') (I') (") (") (I') (1') (I') (1') (10) (10) t"l 
_____ do _______ 5 z 

Al6 1¼ miles SE. of Maryland Pt. (380 June 21, 1928 __________ ., Pole _________ 7 \ 10.80 0.98 265 0.80 5.25 9.63 1.16 72 1.00 7.17 8.67 8 
20'.6 N., 77° 11'.8 W.). ~feter _______ 3 10.80 0. 98 0. 78 5.20 9.58 1.16 1.08 7. 22 8. 66 r/l 

_____ do _______ i½' 10.80 0.88 0.88 5. 45 9.83 1. 26 0.98 I ~.97 8. 72 ,... 
_____ do _______ 12 i 10.80 0.88 0.80 5. 20 9.58 1.46 0. 98 7. 22 8. 71 z 

Al5 ¼ mile SE. of Maryland Pt. (38° 20'.8 June 20-22, 1928 _______ 2 Pole _________ 7 I 10. 95 1.18 270 1. 08 5. 43 9. 96 0.96 82 1.43 6.99 8. 79 
N., 77° 11'.8 W.). Meter _______ 6 10.90 1. 10 1.05 5. 42 9. 90 1.06 1.40 7.00 8. 77 C _____ do _______ 14 10.85 0. 98 0.82 5.50 9.93 1.16 1.05 6.92 8. 76 = _____ do _______ 22 10.80 0.96 0.84 5. 55 9.93 1.26 1.07 6. 87 8. 77 l_,J:j 

Pettersson 16 10.40 0.88 0.92 6.15 Io.13 1.26 1. 22 6.27 8. 70 r/l 
meter. > 

AU ¾ mile SE. of Maryland Pt. (38° 21' .2 June 21, 1928 __________ J.~ Pole _________ 7 11.10 ------- ------ ------ 5.20 9.88 1. 06 90 1. 58 i. 22 8.86 ~ N., 77° 11'.9 W.). Meter _______ 7½ ll. 20 ------- ------ ------ 5.00 9. 78 0. 76 1.67 7. 42 8. 76 _____ do _______ 19 11.10 ------- ------ ------ 5.40 10. 08 0.96 1. 58 7.02 8.89 > _____ do _______ 30½ 11.10 ------- ------ ----- 5. 40 10.08 1.16 1.50 7.02 8.96 r: A13 Aquia Creek entrance (38° 23'.6 N., June 20-21, 1928 _______ ½ Pole _________ 4½ 8.80 ------- ------ ------ 7. 70 10.08 12. 28 84 0.49 4. 72 7. 76 
77° 18'.9 W.). Meter _______ 1½ 8.80 ------- ------ ------ 7. 70 10.08 12.18 0.57 4. 72 7. 72 _____ do _______ 4 8.80 ------- ------ ------ 7.60 9.98 12.18 0.57 4.82 7.69 a! _____ do _______ 6½ 8.80 ------- ------ ------ 7.60 9.98 11.98 0.57 4.82 7.62 > 

02 1¾ miles N. of Brents Ft. (38° 25'.4 Sept. 28--29, 1928 _______ ½ Pole _________ 4½ 9. 77 0.60 (17) 0.56 6.97 10.32 0.65 (13) 0. 51 5.45 8.36 ><I 
N., 77° 18'.9 W.). 

June 19-20, 1928 _______ ½ Pole _________ 7 
10. 90 I 1.38 7 0.98 5.50 9.98 0.96 195 0.58 6.92 8.84 Al2 ¾ mile E. of Quantico Dock (38° 31' .2 

N., 77° 16'.l W.). Meter _______ 6 10.90 1. 38 ------ 0.94 5.50 9.98 0. 96 0. 74 6.92 8.84 _____ do _______ 15 10. 90 1. 38 ------ 0.97 5.50 9.98 0.96 0.67 6.92 8. 84 _____ do _______ 
24 11.00 1. 18 ------ 0.88 5.40 9.98 1.06 0.68 7.02 8.84 

II Westerly. 11 Northerly. 
II Easterly. u Pole observations bad due to wind. 

00 1, Southerly. 1• Pract!cally no current. 
11 Current weak and irregular. at: 



TABLE 53.-Current data, Chesapeake Bay and tributaries--Continued 

:;: .... 
0 bservations :;: Flood strength ,:: Ebb strength ,:: 

...:i ~ ~ 
;:I 

i~ ci 
I ~ ... " ~ ... :3 z Location " 

,:: ~ .;!l " ~ e e .9~ !' 'Cl e ]~ ;,. 0 ,:: 

" 
., '2;,:: ~ .a 

I Date 'Cl Method Depth ";,:: "t ;:I cl 'Cl ,.,;::1 'Cl <l 
-~ ."I s...:i ., ... 

~ 
0 {1 5:::i "'"' .!a ,c $ 

"' .$ -~~ 0 .!!l !::C > ,c 
~ Cll p.. Cll ~ A ;- f;; Cll ~ A ~ 

--,---------------------
(10) Potomac River-Continued 

Dapa Fut Hra. Hr3. Deg. Knts. Hr3. Hra. Hr3. Deg. Knts. Hrs. Hrs. 
All ½ mile N. 74° E. of Quantico Dock June IS--:Ml, 1928 .•••.•• I¾ Pole ...•..... 7 11.08 1. 28 21 0.66 5.65 10. 31 1.03 200 o. 93 6. 77 8.96 

(38° 31' .3 N ., 77° 16' .6 W .) . • Meter ......• 5½ ll.18 1.28 ------ 0.62 5.52 10. 28 I. 29 ------ 0. 73 6.90 9.04 
..... do ....... 14½ 11. :Ml 1.20 ------ 0.56 5.50 10.28 1.19 ------ o. 71 6.92 9.00 
..... do ....... 21½ 11. 22 1. 18 ------ 0. 57 5.48 10.28 1.13 ------ 0. 62 6.94 8.98 
Pettersson 15 11.10 1. 18 ------ 0. 62 5.63 10.31 1.46 ------ o. 79 6. 79 9.04 

meter. 
AlO ¾ mile N. 43° E. of Quantico Dock June 19, 1928 ..•......• ½ Pole ........ 7 11. 10 I 1. 18 21 0.67 4.80 10.08 2.36 :Mll 0.97 7.62 9. 36 

(38° 31'.4 N., 77° 16'.9 W .). Meter ...... 6½ :u::, I. 28 ------ 0.67 5. 20 10.48 1.96 ------ 0. 97 7. 22 9.38 
..... do ...... 16 1.28 ------ 0. 61 5. 30 10.48 2.06 ------ 0. 91 7. 12 9. 38 
..... do ...... 25½ 11.60 1. 18 ------ 0.60 5. 20 10. 38 1. 96 ------ o. 80 7. 22 9. 31 

A9 Railway Bridge, Quantico Creek June 18, 19, 1928 ....... ½ Pole ........ 4½ 9. 70 1.28 306 0.47 6.80 10.08 1. 26 115 0. 47 5. 62 8. 61 
(38° 31'.7 N., 77° 17'.3 W.). Meter ...... 2 9. 90 1. 18 ------ 0.47 6. 30 9. 78 1.06 ------ 0.47 6.12 8. 51 

..... do ...... 5½ 9.80 1. 18 ------ 0.47 6. 50 9.88 1.16 ------ 0.47 5.92 8. 54 

..... do ...... 9 9.80 1. 18 ------ 0. 47 6.40 9. 78 1.16 ------ 0. 47 6.02 8. 51 
AS ¼ mile N. 41° E. of Hallowing Pt. June 15, 1928 .••.....•• ½ Pole ........ 4½ 12. 30 2. 88 348 o. 31 5. 10 10. 98 0.86 176 o. 61 7.32 9. 78 

(38° 38'.8 N., 77° 07'.2 W.). Meter ...... 2~, 12. 30 2. 78 ------ 0. 67 5. :Ml 11. 08 • 0.66 ------ 0.67 7. 22 9. 72 
..... do ...... 5 1220 2. 78 ------ 0.67 5.10 10.88 0.66 ------ o. 67 7.32 9.66 
..... do ...... 10½ 12. lMJ 2. 38 ------ 0. 59 5.20 10 98 0. 86 ------ 0.59 7.22 9.64 

A7 ¾ mile N. 16° E. of Hallowing Ft. June IS-16, 1928 .....•• I Pole ........ 7 0.03 1.98 340 0.96 5.35 11.38 1.96 168 1.11 7.07 9.97 
(38° 38'.7 N., 77° 07'.6 W.). Meter .....• 7 12. 40 2.13 ------ 0. 93 5.40 11. 38 2. 36 ------ 1.03 7.02 10.10 

..... do ...... 16 12. 35 2.38 ------ 0.87 5.40 11.33 2. 26 ------ 1.12 7.02 10.11 

..... do ...... 26 12.40 2.28 ------ 0.80 6.46 11.43 206 ------ o. 95 6. 97 10.07 
R4 Off Marshall Hall (38° 41'.4 N., 77° Mar. 23-26, 1914 ..•.... ½ ....•......•.. (') 12. 29 ------- ------ ------ ------ ------- ------- ------ ------ ------ 10.55 

06'.l W.). 
(380 180 1.04 7.28 10.32 A6 Mid-channel, east of Jones Pt. June 11-15, 1928 ....... 3½ Pole ........ 7 0. 34 2. 48 0 1. 10 5.14 11.48 245 

47'.5 N., 77" 02'.3 W.). Meter ...... 6 0. 29 2 41 ------ 1. 09 5. 17 11. 46 2. 43 ------ 0. 97 7. 25 10.28 
..... do ...... 15 0.35 2. 27 ------ 1.00 5.02 11.37 2.47 ------ o. 95 7.40 10.25 
..... do ...... 24 0. 31 2.24 ------ 0.85 4.97 11. 28 2.47 ------ 0. 84 7.45 10. 21 

1 Petterson 15 0.01 1. 78 ------ o. 96 4.77 10. 78 2.36 ------ 0. 81 7. 65 9.87 
Meter. 

R3 Mid-channel, otf Alexandria (380 Nov. 10, 1913-June 2, 205 Float. ...... (') 0. 31 ------- (17) ------ 4. 77 11.08 ------- (") ------ 7.65 10.27 
48'.2 N., 77° 02'.2 W.). 1915. 

A4 Off Bolling Field, Anacostia River June 11-12, 1928 ....... ½ Pole ........ 
4½} (38° 51'.8 N., 77" 00'.6 W.). Meter ...... 

1~ (10) (11) (••) ('•) (111) (111) (111) (10) (10) (18) (Ill) ..... do ...... ! 
..... do ...... ; 19 

A.5 Anacostis Bridge
6 

Anacostis River June 12-13, 1928 ....•.• ' Pole ...•.... 4½ 12.15 1.98 70 o. 40 5.90 11.63 2. 26 240 0.25 6.52 10.04 
(38° 52'.3 N., 76 59'.4 W.). Meter •...•. 5 12. 25 1.88 0.50 5. 75 11.58 2. 21 0.35 6.67 10. 01 

.... .do ..•••. 12 12. 35 1.88 0.50 5.60 11.53 2.11 0.35 6.82 10.00 

..••. do ...... 19 1235 1.88 0.50 5.55 11.48 2. 06 0.35 6.87 9.97 
R2 Benning Bridge, Anacostia River Dec. 18, 1914. •······•• ¾ ··••········•• (') 11. 72 (17) ------ ------ ------- ------- (") ------ ------ 9.98 

(38° 53'.8 N., 76° 57'.7 W.). 
A3 Washington channel, E. of Potomac June 11, 1928 ..••..•... ½ Pole .....•.. 4½ 

} (I') 
Park (38° 51'.8 N., 77° 01'.2 W.). Meter .....• 5½ (IS) (I!) (") (IS) (18) (11) (18) (18) (18) (IS) .•... do ....•. 15 

..... do ...••• 23 >-3 
,A2 Off Gravelly Pt. (38° 52'.2 N., 77° June 14-15, 1928 ..••... ½ Pole .......• 7 ..... 

02'.0W.). Meter ...••.. 5 (") (It) 
t:,' 

.... Ao ....•. 13 (") (") (") (") (") (11) (19) (") (10) t,,j 

..... do ....•. 21 rJl 

F2 West of Potomac Park (38° 52'.4 N., Nov. 27, 1867 .......••• ½ ·•·•···•·•·•·· ------------ 1237 1.85 322 0.49 5.02 10. 97 2 75 122 0.69 7.40 10. 02 > 77° 02'.3 W.). 
0.36 z Fl ¼ mile above Highway Bridge, Nov. 26, 1867 .....•.... ½ ·•·•···•••••·· ------------ 0.25 2.15 291 5.12 11.37 3.05 100 0.46 7.30 Io. 34 t:,' Georgetown Channel (38° 52' .6 

N., 77° 02'.7 W.). C .AI Key Bridge, off Georgetown (380 June 13-14, 1928 ..•.... I Pole ........ 4½ } (") ~ 
54'.2 N., 77° Ol'.2 W.). Meter ...... 5 (10) (10) (10) (") (") (10) (I') (19) (") (19) .•... do ...... 13 

.•... do ...... 21 
Rt Chain Bridge (380 55'.8 N., Tr' Aug. 19, 1914--June 10, ------- -------------- (') ("') (20) (20) (20) ('°) (20) ("') (20) (20) (20) ("') z 07'.0W.). 1915. 

>-3 
(11) Patuzent RilJtr rJl 

..... 
LI3 l½milesN.84° E. or Drum Ft. Light Oct. 4-5, 1849 .......... -------------- 8 8.12 10.42 251 0. 28 4. 67 6. 37 10.12 80 o. 53 7. 75 5. 58 z 

(38° 19'.3 N., 76° 23'.5 W.). 
Aug. 8-19, 1908 .... '"'.' .. C Fg2 ¾mileE.ofDrumPt. (38° 19'.2N., ¾ Pole ........ ------------ 6.92 ------- ------ ------ 5. 92 6.42 9.82 60 0.80 6.50 5.09 

76° :W.5 W.). = H75 ¾miles. of Drum Pt. (38° 18' .8 N ., Sept. 16-17, 1927.. ..... ..... do ...... 7 6. 70 9.85 245 0.65 6.35 6.63 9.48 40 0.55 6.07 4.98 t,,j 
76° 25'.3 W.). Meter ....... 14 6.80 9. 75 0.60 6. 25 6.63 9. 58 0.60 6.17 5.01 ~ ..... do ...... 36 6.55 9.30 0.55 6.25 6. 38 9.48 o. 55 6.17 4. 75 

..... do ...... 58 5.65 8. 05 0.60 6. 25 5.48 8. 93 0.60 6.17 3.85 ~ Fg3 Off Pt. Patience (38° 19'.7 N., 76° Aug. 11-12, 1901L ..... ¾ Pole .......•. ------------ 5. 52 9.82 306 0.91 7.57 6.67 9.32 178 0.52 4.85 4.65 
29'.3 W.). > 

Fg4 Otf Broome I. (38° 23'.8 N., 76° 33'.3 Aug. 13-28, 1908 ......• ,, _____ do ______ ------------. 7.97 10.02 284 0.50 4. 52 6.07 ------- ------ ------ 7.90 5. 32 : W.). 
H76 Off Benedict (38° 30'.7 N., 76° 40'.3 Sept, 16-17, 1927 •...... ..... do ...... 7 7. 25 10. 40 31 0.98 6.85 7.68 10. 48 217 0.48 5.57 5. 77 

b:j W.). Meter .....• 7 7.35 10.50 0.93 6.65 7.58 10. 38 0.48 5. 77 5. 77 
..... do ...... 17½ 7.40 10.35 0.98 6. 70 7.68 10. 58 0.48 5. 72 6.82 > 
..... do ...... 28 6. 90 10.50 0. 85 7.60 8.08 10. 78 0.40 4.82 5.88 >< 

• Surface. u Practically no current. 
u Southerly. " Current weak; did not flood during observations. 
It Current weak and irregular. 20 Observations of slack water scattered over 22 days indicate that current ebbs most of the time. 
11 Northerly. 

00 
---1 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

Observations is:: Flood strength = .s 
0 z Location = 
j Date 

a, 

\11) Patuxent Ri..,r-Continued 

H77 Off Lyons Creek Wharf 
N., 76° 41'.l W.). 

(38° 44'.s Sept. 16-17, 1927 _______ 

(11) Little Ch~ and Clloptan.t 

H70 1 mile s. 43° W. or Hills Pt., Little Sept. 13-14, 1927 ______ 
Choptsnk River entrance, (38° 
33'.0 N., 76° 19'.6 W.). 

H71 Off Casons Pt., Little Choptank _____ do. _______________ 
River (38° 31'.9 N., 76° 14'.5 W.). 

M4 l¾ miles s. 60° E. or Sharps I. (38° July 25, 1848 ____ ------
36'.2 N., 76° 19'.8 W.). 

H63 l¾ miles N., 33° W. of Cooks Pt., Sept. 9-10, 1927 _____ --
Choptank River (38° 39'.1 N., 76° 
18'.4 W.). 

B2 2¾ miles N. of Todds Pt.& Choptank Aug. 12-14, 1902 _______ 
Rh·er (38° 39'.9 N., 76 15'.l W.). 

M3 2 miles N. of Todds Pt., Choptank July 18--19, 1848 ___ ----
River (38° 39'.7 N., 76° 15'.0 W.). 

H64 ~~ mile S. of Choptank River Light, Sept. 8--9, 1927__ _______ 
Choptank River (38" 38'.8 N., 76° 
10'.9 W.). 

H65 W. of Oxford, Tred Avon River (38° 
41'.5 N., 76° 10'.8 W.). 

Sept. 7-8, 1927 _________ 

Bl N. of Oxford, Tred Avon River (38° Aug. 1-2, 19()2 _________ 
I 41'.9 N., 76° 10'.4 W.). 

H66 ½ mile below Easton Ft., Tred Avon Sept. 6, 1927 -----------/ 
River (38° 45'.8 N., 76° 06'.2 W.). 

H67 Off Hambroolrs Bar, Choptank Sept. 12-13, 1927 ______ _ 
River (38° 35'.8 N., 76° 04' .8 W.). 

~ H68 B. C. & A. R7. Bridge, Choptank _____ do ________________ _ 
g; River (38° « .7 N., 75° 59 .8 W.). 

~ (1$) Eastern Bay 

lo 

f 
-1 

H57 l¼ miles S. 22° E. of Bloody Pt. Bar Sept. 2--3, 1927 ________ _ 
Light (38° 48' .3 N ., 76° 22' .6 W .) . 

L9 IJ4milesSE.ol Kent Ft. (38°49'.5N., 
76° 'JJY.7 W.). 

H58 I mile SE. of Long Ft. (38° 50'.6 N., 
76° 19'.6 W.). 

Oct. 1.'>-18, 1846 _______ _ 
Oct. l.'>-16, 1849 _______ _ 
Sept. 2-3, 1927 ____ -----

Ml l¾milesS.ofTurkeyPt.(38°52'.4N., July 31, 1847__ ________ _ 
76° 17'.6 W.). 

H59 1¼ miles N. of Tilghman Pt. (38° Sept. 9-10, 1927 _______ _ 
53'.0 N., 76° 15'.I W.). 

M2 I¼milesS.70"W.ofBennettPt.(38° Junel7-18, 1847 ______ _ 
50'.8 N., 76° 13'.7 W.). 

HOO Off Deep Water Ft. Miles River (38° Sept. 8--9, 1927 ________ _ 
48'.2 N., 76° 12'.6 W.). 

H61 ¾ mile above Long Pt. Miles River Sept. 7-8, 1927 ________ _ 
(38° t6'.4 N., 76° 09'.4 W.). 

(14) Sooi/1 and &urn River, 

H51 Midcbannel, off Marshy Ft. South Aug. 11-12, 1927 ______ _ 
River (38° 54' .3 N ., 76° 28' .8 W .) . 

H52 Off Lee's Wharf, South River (38° Aug. 12-13, 1927 ______ _ 
57'.0 N., 76° 33' .2 W.). 

H47 ¾ mile S. 35° E. of Oreenbnry Ft. Aug. 23-24, 1927 ______ _ 
Shoal Light (38° 57'.4 N., 76° 
'JIJ'.7W.). 

;rgJ. % mile S. 30° E. of Oreenbury Pt. June 14, 1910 _________ _ 
Shoe.I Light (38° 57'.5 N., 76° 
26'.9 W.). 

..:I .. ti .. 
~ " = ::I 

~is:: ~i 
>, 

"" ., 
j "" Method Depth "" -~ .h4 a...::i .,.., 

l Q !::~ 
" ~ 8 > p.. a, A --------

Dara Fut Hr,. Hro. 1kg. K'lli8. Hr,. 
6. 10 1 Pole ________ 7 8. 60 ll.30 315 1.08 

Meter ______ 7 8.65 11.30 ------ 0.93 6.15 
_____ do ______ 18 8. 70 11. 30 ------ 0.98 6.20 
_____ do ______ 29 8.65 11.50 ------ 1. 03 6.20 

1 Pole ________ 7 7.55 10. 75 101 0.35 6. 50 
Meter ______ 7 7.30 10. 75 ------ 0.39 6.85 

_____ do ______ 17 7.20 10.25 ------ 0.30 6.80 
_____ do ______ 27 7.25 10. 50 ------ 0.17 6. 75 

1 Pole ________ 7 7.20 9.60 62 0.57 5.85 
Meter ______ 6 7.30 9.55 ------ 0.57 5. 70 _____ do ______ 15 7.10 9.55 -- ---- 0.47 6.00 

_____ do ______ 24 7.10 9. 70 ------ 0.41 6.10 
,,; '------ ----- --- (') 7.62 10.12 26 0.82 ------

1 Pole ________ 7 8.10 11.10 50 0. 70 6.20 
Meter ______ 12 8. 15 11.05 ------ 0.69 6.10 

_____ do ______ 30 7.65 10.65 ·----- 0. 75 6.15 
_____ do ______ 48 6.05 9.65 ------ Q.85 7.05 

Hi Pole ________ ------------ 7.45 11. 32 69 o. 27 6. 39 

I -------------- (') 9.57 0.35 87 0.67 5.67 

I Pole _________ 7 9.35 ll.00 78 0.27 4. 25 
Meter _______ 7 9.40 11.00 ------ 0. 27 4.15 _____ do ______ 17½ 8. 85 II. 10 - - - - - 0.28 5.05 _____ do ______ 28 8. 50 10.90 ------ 0.18 4.95 

I Pole _________ 7 8.10 10.20 16 0.44 5.30 
Meter _______ 6 8. 25 10.10 ------ 0.44 5. 45 _____ do _______ 15 8. IO IO. 20 ------ 0.33 5.35 _____ do _______ 24 7. 90 10. 30 ------ 0.33 5. 15 

½ Pole _________ ------------ 9.00 -- ----- ------ ------ 4. 52 

½ Meter _______ 6 (18) (!S) (") (") (") 

Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 
_____ do. _____ _ 
Pole ________ _ 
Meter. _____ _ 

_____ do ______ _ 

Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 
, ____ .do ______ _ 

7 8.85 
9 8.85 

22½ 8.80 
36 8. 60 
7 10. 20 
8 10.20 

13 IO. 00 

7 
8 

20 
32 

10. 65 
IO. 70 
10.80 
10.85 

II. 55 
11.60 
11.30 
11.45 
0. 43 
0.43 
0. 43 

I. 23 
1. 18 
I. 28 
I. 98 

111 0.61 5. 85 
0. 61 5. 95 
0. 52 6. 05 
0. 54 6. 45 

340 0. 66 6. 40 
o. 70 6.40 
0. 64 6. 45 

3 --------- ----- ------------ ------- ------- 31 

30 0. 40 
0.40 
0.41 
0.40 
0.57 
0.37 
0. 50 
0.45 
0.29 
0. 56 
0.81 

5. 25 
5.20 
5.05 
5. 75 
5. 29 
7.17 
6. 35 
6.10 
4.00 
5.40 
6.11 

I ______________ 8 8. 47 11. 52 25 
I Pole_________ 7 8.20 11.20 39 

Meter_______ 8½ 8.10 11. 15 _____ _ 
_____ do_______ 21 9. 50 11. 30 _____ _ 
______ do_______ 33½ 8. 80 11. 35 

~~ -------·------ (
1
) ------- ------- 48 

Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 
_____ do ______ _ 

Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 
_____ do ______ _ 
Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 

7 
9 

22½ 
36 

(') 

7 
9 

23 
37 
4½ 
7½ 

12 

8. 30 II. 55 
8. 50 11.45 
8.35 11. 55 
7.05 10. 60 
8. 62 12. 07 

8. 45 II. 45 
8:45 11.50 
8. 20 11. 15 
8. 30 11. 15 
8. 20 11. 60 
7. 95 11. 50 
7.70 11.40 

Pole_________ 7 9. 45 0.08 
0. 18 

12. 40 
Meter_______ 9 9. 95 

_____ do_______ 14 9.00 

73 o. 33 5.85 
0. 34 5. 95 
0. 34 6. 20 
o. 49 7.35 

190 0. 43 6. 27 

206 o. 61 6. 15 
0.57 6. 05 
0. 57 5. 95 
o. 38 6. 20 

50 o. 28 5.30 
0. 38 6. 00 
0. 38 6. 35 

347 o. 09 5. 15 
0. 18 4. 40 
0.17 7. 79 

½ Pole_________ 4½} 

_:"_1_e:.!~==::::: l: (II) · 
(l6) (IO) (1') (11) 

Pole_________ 7 10.00 
Meter_______ 5 10.15 

_____ do_______ IO½ 10.05 
_____ do_______ 17 IO. IO 

½ Pole_________ ____________ 8. 72 

0. 83 344 o. 36 4. 40 
1. 38 0. 51 4. 95 
1. 23 0. 51 4. 85 
1. 18 ------ o. 41 4. 70 
1. 40 329 0. 61 7. 82 

is:: Ebb strength = = .. 
~ ., 
.h4 
Q 

.$ 
"' --

Hr,. 
8. 28 
8. 38 
8.48 
8. 43 

7.63 
7. 73 
7.50 
7.48 
6. 63 
6. 58 
6.68 
6. 78 

-------
7. 88 
7.83 
7.38 
6.68 
7.42 

8. 82 

7.18 
7.13 
7. 48 
7.03 
6.98 
7.28 
7.03 
6.63 
7. 12 

(18) 

8.28 
8. 38 
8.43 
8. 63 

Io.18 
10. 18 
10. 03 

.. 
" ~is:: I~ 

E-< 
--

Hra. 
11.18 
11.28 
11.28 
11. 18 

10. 4'8 
10. 28 
10. 28 
10.18 
9. 58 
9.63 
9.68 

.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 

(18) 

11. 18 
11. 53 
11.88 
11. 73 
0. 71 
0.51 
0.31 

.Sl 

i = 
~~ 

>, 

'a "" " ... 0 .,, 
!::~ .; .,, 
A :> r,;i --I---
1kg. Knts. Hr8. 

141 0.93 6. 32 
------ 0.93 6. 27 
------ 0.93 6.22 
------ 0.88 6.22 

267 0.30 5.92 
------ o. 29 5. 57 
------ 0.30 5.62 
--- --- 0.32 5. 77 

244 0. 52 6.57 
------ 0. 52 6. i2 
------ 0.62 6.42 
--- --- 0.46 6.32 

228 0.92 ------
238 0.60 6.22 

------ 0. 69 6.32 
------ 0.50 6. 27 
------ 0.40 5.37 

272 0.30 6.03 

271 o. 77 6. 75 

282 0.42 8. 17 
------ 0.52 8. 27 
------ 0. 33 7. 37 
------ 0.33 7. 47 

200 0.39 7.12 
------ 0.39 6.97 
------ 0. 43 7. 07 
------ 0.33 7. 27 

229 0. 42 7.90 

(") (18) (18) 

315 0. 51 6. 57 
0. 51 6. 47 
0. 52 6. 37 
0. 44 5. 97 

148 0. 76 II. 02 
0.80 6.02 
0. 64 5. 97 

9. 48 l 76 187 0. 50 7. 17 
9. 48 I. 16 0. 50 7. 22 
9. 43 0. 86 o. 61 7. 37 

10. 18 2. 06 0. 50 6. 67 
255 0. 41 7.13 

9. 22 12. 12 236 0. 17 5. 25 
8. 13 11. 13 234 0. 40 6. 07 
7. 78 10. 93 ------ 0. 45 6. 32 
7. 08 10. 68 ------ 0. 54 8. 42 
7. 78 10. 93 0. 41 7. 02 

------- ------- 228 0. 71 6. 31 

7. 73 10. 88 
8.03 10. 98 
8. 13 10. 83 
7. 98 10. 48 
8. 47 11. 22 

8.18 11. 58 
8. 08 11. 68 
7. 73 11. 48 
8. 08 11. 18 
7.08 IO. 68 
7. 53 10. 88 
7.63 IO. 98 

8. 18 12. 13 
7. 93 0. 01 
7.63 11.28 

260 0. 48 6. 57 
0.44 6.47 
0.39 6. 22 
0. 24 5.07 

354 0. 43 6.15 

358 o. 36 6. 27 
0. 37 6. 37 
0. 37 6. 47 
0.18 6. 22 

244 0. 43 7. 12 
0. 33 6. 42 
0.23 6.07 

156 o. 09 7. 27 
0. 18 8. 02 
0.22 7.37 

(16) 

7.98 
8. 68 
8. 48 
8.38 

10.12 

(") (16) (") (1') 

12.28 
0.'11, 
0.06 

12. 28 
0. 10 

183 0.41 
0. 51 
0.51 

--iii.f &:½ 

8.02 
7.47 
7.57 
7. 72 
4.60 

• surface. II Cnm,nt weak and imlgular. " Practically no commt. 

.l 
t 
gi; 

0 
.<l = gJ 

~ 
--

Hrs. 
6.66 
6. i2 
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. 06 

(11) 

6. 78 
6.91 
6.92 
6.92 
8. 41 
8. 36 
8. 22 

8. 81 
8. 66 
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. 615 
6. 90 

(") 

7. 70 
8.15 
7.98 
7.91 
8.12 

00 
00 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

0 bservations :,:: Flood strength d j:r; Ebb strength = 
~ 

_g 
D::l 

d 

~l3 0 <;j _g 

I t d l3 
... ... d 1 z ~ " Location t: ii ~ "' <;i:,:: .s- ~ 0 

d ,:, "i:: I " b~ ~ ,:, .a 
:3 Date Method Depth ] d 

i .-"I s-- ~e .-"I 9::Q "'"' .Q " ., M M .!::e .i .Q "' 
in p.. 00 8 A > ""' 00 8 A > l"1 ~ 

--,_ ----------------
(14) Soul/a and &IJtrn Riv.ira-Contd. 

Hrs. Hrs. Hrs. Dag, Fed Hrs. Hrs. Deg. Kma. Hrs. Deg. Ilrs. Knu. 
H48 Off Naval Academy, Severn River Aug. 25-26, 1927 ··----- 1 Pole _____ .... 7 9.25 11. 90 323 0.28 6.05 8. 88 134 12. 38 0.18 6. 37 7.42 

(38° 59'.l N., 76° 28'.7 W.). Meter ..•.... 6 9.25 11.90 ------ 0. 28 6.05 8.88 ------ 12. 38 0.18 6.37 7.42 
•.... do ....... 15 9. 25 11. 95 ------ 0. 28 6. 25 9. 08 ------ 12. 38 0.18 6.17 7.48 
•.... do ..... -• 24 9. 20 12. 15 ------ 0.14 6. 20 8.98 ------ 12. 28 0.09 6.22 7.47 

H49 Off Brewer Pt., Severn River (39° Aug. 26--27, 1927 •...... 1 Pole ..... •-·· 7 9.80 0.08 318 0.13 5. 70 9.08 159 12.18 0.38 6. 72 7. 71 
01'.8 N., 76° 31'.9 W.). Meter ....... 5~i 9.85 0.33 ------ 0. 13 5.90 9.33 ------ 12. 28 0.38 6.52 7.87 

•.... do ....... 13½ 9.45 0. 03 ------ 0.18 6. 20 9. 23 ------ 12. 08 o. 28 6.22 7.62 
.• - .. do ....... 22 9. 30 0.03 ------ 0.14 6.35 9.23 ------ 11. 68 0.19 6.07 7.48 

(15) Chuter Rwer 
H43 2H miles S. 12° E. of Love Pt. Light Aug. 25-26, 1927 ·····-· 1 Pole ......... 7 11. 80 1. 93 206 0. 13 5. 15 10. 53 336 1. 51 0.38 7. 27 9.47 

(39° 01'.3 N., 76° 16'.4 W.). Meter ....... 8 11.30 2.13 ------ 0.32 5. 50 10.38 ------ 1.46 0.42 6. 92 9.35 
•.... do ....... 20 11.05 2.33 ------ 0. 51 6.35 10.98 ------ 1. 36 0.36 6.07 9.46 
..... do .....•. 32 ------- ------- o. 56 ------ ------- ------ 0.31 ------ ------

H44 ;1 mile NE. of Hail Pt. (39° 01'.0 N., Aug, 29-30, 1927 .....•. l Pole ........• 7 11.40 1.43 352 0.62 6.05 11.03 160 ··2~01·1 o. 37 6.37 9. 50 
76° 11'.2 W.). Meter ......• 9 11. 50 1.53 0.67 6.30 11. 38 ------ 2.16 0.37 6.12 9.67 

.. _ .. do ....... 22 11. 75 1.48 ------ o. 53 5.10 10. 43 ------ 1.81 o. 73 7. 32 9.40 

..... do ......• 35 10.30 1.13 ------ 0.68 6.60 10.48 ------ 0. 91 o. 58 5.82 8. 74 
H45 ¾ mile NE. of Deep Ft. (39° 06'.7 N., Aug. 30-31, 1927 ··----- 1 Pole .. _ ... --- 7 11.85 2.03 38 0. 76 5. 65 11.08 220 1. 91 0. 76 6. 77 9. 75 

76° 00'.7 W.). Meter ... •--- 7 11.75 1.93 ------ 0. 81 5. 70 11.03 ------ 1. 91 o. 76 6. 72 9.68 
·---·do .... ·-- 17 11. 75 1. 88 ------ o. 76 5.85 11.18 ------ 1.91 o. 76 6. 57 9. 71 
.- ... do ..... -- 28 11. 30 1.63 ------ 0. 70 5. 70 10. 58 ------ 1.26 0.65 6. 72 9.22 

H46 Off Chestertown (39° 12'.5 N., 76° Aug. 31-8ept. 1, 1927 - _ 1 Pole ..... •--· 5 11.85 2. 73 47 0. 75 5.25 11. 68 226 1. 81 0.90 6.17 10.30 
03'.6W.). Meter ... •-·· 7 11.85 2. 78 ------ o. 75 6. 20 11. 63 ------ 1. 91 0. 90 6.22 10. 07 

_____ do._. ____ 11 11. 55 2.53 ------ 0. 74 6. 50 11.63 ------ 1. 86 0.69 5. 92 9.92 
(16) Putap,co Rive, 

H31. ½ mile off Frankie Ft. (39° 08'.7 N., Aug. 4--5, 1927 _________ 1 Pole .... ----· 7 12. 00 1.48 281 0.15 4. 25 9.83 136 1. 71 0. 25 8.17 9.28 
76° 26'.2 W.). Meter .. ---·· 8 11. 90 1.63 ------ 0.28 4.80 10. 28 ------ 1.81 0. 33 7.62 9.44 

___ .. do·--·--- 13 11. 70 I. 58 ------ 0. 28 5.40 10.68 ------ I. 76 0.33 7. 02 9.46 
H30 l¾ miles E. of Rock Pt. (39° 10'.0 N., Aug. H, 1927 _________ 1 Pole ..... - ... 7 12. 00 2.58 314 0.33 5.80 11.38 148 2.31 0. 28 6.62 10.10 

76° 26'.4 W.). Meter ... •--- 4 0.08 2. 48 ------ 0.34 5.05 11. 13 ------ 2. 26 0.34 7.37 10.12 
____ .do·-··--· 9 12. 10 2.18 ------ 0.35 5.15 10.83 ------ 2. 26 0.40 7.27 9.87 
_____ do _______ H 12. 35 2.28 ------- 0.21 5. 00 10. 93 __ ,. ...... 2.21 0. 26 7.42 9.97 

H29 Channel 1 mile S. of North Pt. (39° Aug. 19-20, 1927 _______ 1 I Pole .. _______ 7 11. 20 I. 78 340 0.25 6.15110. 93 u: !--~~- 0.40 6.27 9.47 
10'.7 N., 76° 26'.4 W.). Meter _______ 8 11. 35 1. 73 0.35 6.00 10. 93 .0.40 6.42 9.47 

---·-do ... --.- 18 10. 55 1.63 0.30 6. 75 10. 88 1:m ::::::: 0. 30 5. 67 9.19 
·---.do _______ 28 10.35 I. 33 0.35 6. 09 10. 68 0.30 6.33 8. 87 

Wbl0 Channel, S. of North Pt. (39° 10'.8 N., June 5, 1867 --·---·--- ½ -------------· (') 0.60 ------- ------ ------ 5.12 11. 72 2. 70 I 184 o. 75 7.30 10. 66 
76° 26'.5 W.). I 

Whll %mile SW.of North Pt. (39° 11'.5N., May 28-29, 1867 . ______ 1 -------------- _ ____ do .. ___ 11. 77 I. 75 316 0.24 4.82 10.17 12. 321 134 0.17 7.60 8. 93 
76° 27'.1 W.). 

Wbl2 I¼ miles NE. of Rock Pt. (39° 11'.l May 30, 1867 --·----·-- ½ -------------- _____ do .. ___ 10.82 1.30 298 0.49 5.22 9.62 2. 70 135 0.19 7.20 9.14 
N., 76° 27'.8 W.). i-3 

Wb13 ~, mile NE. of Rock Pt. (39° 10'.7 N., May 31-June 4, 1867 ·-· 1 ____ .do .... - 11.22 l. 45 342 0.23 5.25 10.05 1. 10 104 0. 28 7.17 8.98 .... -------------- i::, 
76° 28'.2 W.). trJ H32 Brewerton Channel, S. or Sparrows Aug, 19-20, 1927 ··-··-· Pole·--·-·--- 7 10.60 0.88 292 0.30 6.85 11. 03 1. 46 110 0.15 5.57 9.02 rJl Pt. (39° 11'.6 N., 76° 29'.0 W.). :!\ieter_.-... _ i 10. 50 0.88 0.20 6.80 10. 88 1.36 0. 25 5.62 8.94 

._._.do .... -·- 1n, 10. 75 l.lS 0.20 6.60 10.93 1.66 0. 25 5.82 9.16 > 

..... do .. ·--·· 28 10.30 0.58 0.30 6. 95 10.83 1. 31 0.20 5.47 8. 78 z 
H33 Bear Creek entrance (39° 13' .8 N ., 76° July 28-29, 1927. _____ ._ Pole·-··-·-·- :½} i::, 

29'.9 W.). Meter .. --··· (") (16) (16) (16) (") (16) (") (16) (") (") (1') 
___ ._do·--·-·· 13 0 

H34 Channel, N. ofHawkius Pt. (39° 13'.4 July 26--27, 1927 ________ ½ Pole .. -·•---· 7 10. 80 1.98 324 0.09 ------ ------- 1. 66 126 0.19 9.35 q 
N., 76° 32'.l W.). Meter_ ...... i 10. 80 1.98 0.19 ------ ------- 1. 66 0.19 9. 35 

~ .. ___ do .... - .. 17½ 10. 80 l.98 0.19 ------ ------- l. 66 0.19 9.35 
.. ___ do .... - .. 28 11.00 1.98 0.19 ------ ------- 1.66 0.19 9.42 

H35 Curtis Creek entrance (39° 13'.1 N., July 27-28, 1927_. ______ Pole .... ----· 
7 } ~ 76° 34'.6 W.). Meter ___ ·--· 5~;; (1') (!!) (10) (") (") (10) (") (10) (1') (16) (16) 

-- .. -do ....... ~h rJl 
. ____ do.----·-

H36 Northwest Harbor entrance. off Ft. July 25-26, 1927 _______ Pole·----·-·· ~Lt I 
.... 

McHenry (39° 15' .8 N~ 76° 34' .5 W.). Meter .. ---·· (10) (") (16) 
z 

_____ do._. ____ (10) (16) (") (") (1') (1') (10) (1') 

. ____ do_···-·- 0 = Kl Northwest Harbor entrance, off Ft. January-June 1903 ____ 4 Float __ ··--·- (') 10.90 1.48 (17) 11 0.10 6. 21 10.69 1. 27 (") 11 0.08 6.21 9.12 l?'.I 
H37 

McHenry (39° 15'.9 N~ 76" 34'.5 w.;. 
~ Middle Branch (39° 15'.4 N., 76° 37'.0 July 29-30, 1927 ________ 1 Pole ___ . _____ 

Ii½} W.). Meter. ______ 
(16) (") (16) (") (10) (11) (1') (1') (1') (1') (I') ~ _____ do __ .. ___ 

_____ do_. _____ 21 > (17) Stusafraa and Elk Rivera 

= Hl6 Off Grove Point, Sassafras River (39° July 21-22, 1927 ________ Pole _________ 5½ 0.33 3.13 95 0. 40 6.25 0.16 3.16 288 0.40 6.17 10.94 
'U.7 N., 76° 02.6 W.). Meter ___ . ___ 3 0.28 3.33 0.35 6.35 0.21 3. 26 0.30 6.07 11.01 td 

. ____ do_···-·- 7 0. 28 3.28 0.40 6.00 12.28 3.06 0.35 6.42 10.86 > ._. __ do _______ 11 0.33 3.18 0.35 6.05 12. 38 3.16 0.30 6.37 10.90 -< H17 Georgetown-Frederick Bridge, Sassa• July 20-21, 1927_. ______ Pole __ ·--·--- 7 0.43 3.18 42 0.39 6.15 0.16 3.96 226 0.24 6.27 11.17 
fras River (39° 21'.9 N., 75° 53'.0 W.). Meter .. _. ___ 5 0.53 2. 88 0.38 6.05 0.16 4.01 0.33 6.37 11. 14 

.. ___ do.-·--·- 12 0.68 2. 88 0.33 5.90 0.16 4.11 0.38 6.52 11. 20 

.. ___ do_._. ___ 19 0. 78 2. 88 0.33 5. 75 0.11 4.06 0. 38 6. 67 11.20 

I Surface. 11 Southerly. ., Cunent weak and irregular. 11 Northerly. 11 Velocity not corrected for range of tide. 

co 
~ 



TABLE 53.-Current data, Chesapeake Bay and tributaries-Continued 

0 bservations Flood strength Ebb strength 

Location 
Date Method Depth 

---1----------------1---------1--+------1-----1----------------------
(17) St!Mafru and El1' .Ririera-Con. 

HlO N. from Reybolds Wharf, Elk River 
(39° 27'.6 N., 75° 58'.7 W.). 

Dap8 
July 19-20, 192L______ 1 Pole ________ _ 

H13 Off Hendersons Pt . ..,!".lk River (39° 
33'.2 N., 75° 51'.6 w .). 

July ll>--19, 192L _____ _ 

Hll Off Sandy Pt., Baek Creek (39° 31'.7 July 19, 1927 __________ _ 
N., 75° 52'.0 W.). 

R12 77 yards W. of Chesapeake City July 19-20, 1927 _______ _ 
Bridi,e, Back Creek (39° 31'.7 N., 
75° 48'.7 W.}. 

(18) Chuapeake and De/aware Canal" 
Cal Chesapeake City Bridge (39° 31' .7 N ., June 4--5, 1928_ --------

750 48'.7 W.). 

E4 Near Chesapeake City Bridge (39° 
31'.7 N., 75° 48'.7 W.). 

E5 1 mile E. of Chesapeake City Bridge 
(39° 31'.9 N. 75° 47'.7 W.}. 

E6 l½ milt'S W.of Summit Bridge (39° 
32'.6 N., 75° 45'.2 W.). 

E7 ¾ mile E. of Summit Bridge (39° 
32'.7 N., 75° 43'.l W.). 

(Ca2 Pennsylvania R. R. Bridge (39° 32'.S 
N., 75° 42'.2 W.). 

ES 1 mile E. of P. R. R. Bridge (39° 32'.6 
N., 75° 41'. 2 W.). 

E9 Ji mile E. of St. Georges Bridge (39° 
33'.2 N., 75° 38'.7 W.). 

May 13, 1927 _________ _ 
1928-29 ________ •• ----. -
May 13, 1927 _________ _ 

_____ do ________________ _ 

May 13, 1927 _________ _ 
1928--29. __ -- _ -- •• --- __ _ 
June H, 1928 ________ _ 

May 13, 1927 _________ _ 

_____ do _________ . ______ _ 

Meter _____ _ 
_____ do ______ _ 
_____ do ______ . 

½ Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 
_____ do . ·----

½ Pole ________ _ 
Meter ______ _ 

_____ do ______ • 
_____ do ______ _ 

1 Pole ________ _ 
Meter ______ _ 

- ___ _cto _____ --

1 Pole ________ _ 
Meter ______ _ 

_____ do ______ _ 

½ --------------5 Meter ______ _ 

½ --------------

½ -------------

½ --------------5 Meter ______ _ 
2 Pole ________ _ 

Meter ______ _ 
_____ do ______ _ 

¼ -------------

½ --------------

Fett 

(') 

(') 

(') 

(') 

(') 

(') 

7 
4 

11 
18 , 
sy;: 
3 ' 
6 I 

10 
5½ 
3 
7 

11 
4½ 
6 

10 

4½ 
3 
9 

1 

7 
4½ 
3 

13 

Hrs. 
o. 78 
0.88 
0.83 
o. 78 
2.08 
I. 98 
1. 98 
2.18 
o. 98 
0.88 
0.88 
o. 78 
1. 83 
1. 88 
1. 88 

0.98 
0. 93 
0.98 
1.60 
1. 34 
1. 20 

0.80 

0.80 
I. 24 
0.34 
0.38 
0.34 
0.50 

0.00 

Hr,. 
3. 5S 
3.68 
3.68 
3.88 
4.58 
4. 68 
4.48 
4. 58 
4.48 
4.08 
4. 38 
4.48 
5.03 
5.03 
4. 93 

Deg. Knts. 
30 0. 65 

------ o. f>6 
------ o. 56 
------ o. 46 

30 0. 54 
------ 0. 45 
------ 0. 46 
------ 0. 55 

19 0. 57 
------ 0. 60 
------ 0. 58 
------ 0. 49 

131 0. 43 
------ 0. 49 
------ 0. 44 

4. 03 (11) . 1. 35 
4. 23 ------ 1.13 
4. 23 ------ 0. 90 

4. 53 
--- - . -- (ll) 

(11) 
(11) 

1.05 

Hrs. 
6.05 
6.00 
5. 90 
5. 90 
5.30 
5.50 
5.40 
5.30 
6.20 
6. 10 
6. IO 
6.30 
5. 40 
5.20 
5.10 

6.80 
6.90 
6.85 
6. 92 
6.H 
7.12 

4. 20 (11) 1.17 7.12 

------- (11) ------
4. 26 (11) !. 09 
3. 98 (11) 1. 37 
3. 80 ------ I. 61 
3. 72 (11) 1. 30 

------- ------
(11) 

3.30 

7.12 
5. 93 
7. 2fl 
7. 25 
7.26 
7.42 

7.62 

Hrs. 
0. 41 
0.46 
0. 31 
0. 26 
0.96 
I. 00 
0.96 · 
l. 06 
0. 76 
0. 56 
o. 56 
0.66 
0.81 
0.66 
0.56 

1. 36 
1. 41 
1.41 
2. IO 
1.06 
1.90 

1. 50 

1. 50 
0. 75 
1.18 
I. 21 
1. 18 
1.50 

I. 20 

Hrs. 
3.86 
3. 81 
3. 81 
3. 76 
4.46 
4.26 
4.16 
4.36 
3.56 
3.46 
3. 56 
3.86 
4.06 
3.96 
3. 81 

3. 81 
3. 81 
3.86 

3.92 

3.50 

Deg. Knts. 
216 ()_ 70 

------ 0.51 
------ 0. 61 
------ o. 46 

209 o. 74 
------ 0. 75 
------ 0. f>6 
------ 0. 55 

225 1. 47 
------ 1.10 
------ I. 38 
------ I. 29 

310 1.33 
------ 1. 09 
------ 1. 04 

(10) 1.83 
1.65 
1.52 

(") -----
(") I. 39 
(10) 

Hra. 
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 

Hr8. 
11.40 
11.45 
11.40 
11.41 
12. 26 
12. 24 
12.14 
12. 28 
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 

(10) 1.17 5. 30 11. 74 

------- (10) ------ 5. 30 11. 94 
3. 40 (10) I. 17 6. 49 11. 65 
3. 54 (10) 0. 92 5. 16 11. 50 
3. 48 ------ 1.11 5.17 11. 46 
3.34 ------ 0.97 5.16 11.38 

------- (10) ------ 5.00 11. 711 

3. 30 (10) ------ 4. 80 11. 24 

I Surface. II Westerly. 11 Easterly. 17 Northerly. " Current data for stations near the eastern end of the csnal are given in Table 62, p. 118. 
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TABLE 54.-Current observations, Chesapeake Bay and tributaries 

Year of obser• 
vat!ons Party or-

D . Nurn• 
~II(· her 

natmg or sta· 
letters tions 

Locality 
Locations 
plotted on 

figures 

1845 ••..•.•.••• 0. M. Bache......... Be 

1846, 1849, 18/iO. 8. P. Lee............. L 

1847, 1848 ...... W. P. McArthur..... M 
1851, 1853, 1854. John J. Almy........ Ay 
1851. .......•.• B. F. Sands.......... S 
1855 ........•.. J. N. Maffitt......... Ma 
1867 ........•.. C. FendalL......... F 
1867 ........•.• F. P. Webber .•...... Wb 

1876 .•......•.. J.B. Wier ........... W 
1881. .......•.. 0. Bradford.......... Br 

1896, 1897 ....•.. E. H. TIIJrnan....... T 

1897 .....•..•.. R. L. Faris.......... Fa 

1898 .•...•..•.. U.S. S. Cassius, Sam C 
W. Very, U. S. N., 
commanding. 

1899 .•..•.•.••• C. C. Yates.......... Y 

!!JOO ...•.•..••. P.A. Welker........ Wk 
1902 ........•.• J.B. Boutelle........ D 
1903 .....•..••. F. A. KumrneL....... K 
1908, 1910, 19!1, O. W. Ferguson...... Fg 

1912, 1913. 
1909 .•....••••• U.S. Engineers...... E 

1912, 1915, 1919. Crews ofllght vessels. LV 
1913, 1914, 1915. H.P. Ritter......... R 
1917 ••..•...••• P. C. Whitney....... Wt 
1918 ...•.••.•.. Harry Leypoldt...... Ly 

lll18 .......••.. 
1919 ..•...•.•.• 
1919 .......... . 
l!l20, 1921, 1922. 

1927. .••.....•• 

E. B. Latham •.•.•... 
H. A. Seran ...•.....• 
L. A. Potter ........ . 
U. S. Fish Commis· 

slon. 
A. J. Hoskinson ..... . 

La 
Se 
p 

FC 

II 

1928 .........•. O.L.Anderson....... A 

1928 ........... 0. L. Anderson...... Ca 
1928..... ...•.. II. J. Oliver........ 0 
1929 .........•• Jack Senior.......... Sr 

6 Bay: Patapsco River to Severn 21l, 35. 
River. 

19 Bay: Upper end toRappahannock 27-29, 34, 35. 
River. 

4 Eastern Bay; Choptank River.... 2S, 29, 35. 
12 Lower Bay; Hampton Roads...... 24, 27, 31, 34. 

2 Entrance to Bay .............•.... 24,27. 
1 James River near Hog Island ..... 32,33. 
2 Potomac River at Washington .... 35. 

13 Bay: Near Susquehanna River and 29. 
Patapsco River. 

2 Elizabeth River ........•.....••... 31. 
7 Bay: South of Pocomoke Sound; 27, 33, 34. 

Rappahannock River. 
7 Day: Patapsco River to Herring 28, 21l, 35. 

Bay. 
3 Dav: South River to Patuxent 28, 29, 35, 

River. 
1 Hampton Roads .•....•....•..•••. 27,31, 

I Lower Bay near Cape Charles 27. 
City. 

2 Bay near Patuxent River ...•••... 
2 Chopt1'nk River ................. . 
I Baltltnore Harbor .. ··············-

31 Day and tributaries: Severn River 
to Elizabeth River. 

11 Lower Bay at Old York Spit 
Channel; Chesapeake & Dela• 
ware Canal. 

3 BJ\Y entrance and J\pproaches ..... 
4 Upper Potomac Rivur·--·········· 
1 Hampton Hoads .. ·-·····-······-· 

IO Lower Bay: Wolf Trap Light to 
entrance. 

6 York River moutb .•..•..•........ 
1 Approach to bay··-··············· 
7 Hi,mpton Roads; Elizabeth River. 
6 BJ\y: Patapsco River to Rappa• 

bannock River. 

28,35. 
28,35. 
29. 
27-29, 31-35. 

. 27,30. 

24,27. 
35. 
27,31. 
24, 27, 31, 33, 

27,~33. 
24,~,. 
27, 31, 32. 
27, 28, 29, 35, 

75 Bay and tributaries: Susquehanna 28, 29, 35, 36. 
Rlve.r to Pa.tuxent Rivn. 

102 Bay and tributsries: South or 24, 27, 28, 31-35. 
Patuxent River. 

3 Chesapeake & Delaware Canl\L. 21l, 36. 
1 Potomnc River near Aqula Creek. 35. 
I York Spit Channel................ 27. 

THE CURRENT IN THE APPROACHES TO CHESAPEAKE BAY 

Because of the relationship between the current movements inside 
the bay and those off the entrance, the latter are included in this 
discussion. For convenience, the lower limit of the bay is taken as 
a straight line drawn from Cape Charles Light to Cape Henry Light. 
Five current stations plotted on Figure 24 lie eastward of this line 
and are therefore in the approaches to Chesapeake Bay. At the east
ernmost of these, station LVI, the tidal current is rotary and turns 
in a clockwise direction. The characteristics of the rotary type of 
current, which is the type generally found offshore, are discussed 
in detail on page 132 of the appendix. Following the method usually
eruployed for the reduction of rotary currents, the observed veloci
ties were resolved into their north and east components and then 
tabulated with reference to the times of high and low water at Old 
Point Comfort. The average velocity and direction of the current 
as obtained from the tabulation is given in Table 55 for each hour 
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from three hours before to three hours after high and low water. 
The nontidal current was determined by averaging the resolved 
hourly velocities for all times of the tide, a process which eliminates 
the tidal current since the mean value of the resolved tidal current 
is ap-proximately zero. This was done in groups of 29 days and the 
velocity and direction of the nontidal current for each group is given 
in Table 56. The mean velocity and direction of the set as derived 
from the resolved currents for the entire series are also given in Table 
56. Because of the irregularity of the direction of set, these resultant 
values differ from direct means of the values for the individual 
groups. 

TABLE 55.-Currents, station L Vl 

[Observations, Feb. 16 to May 24, 1010.J 

0 bserved current Tidal current 
Time referred to high water and low water at Old Point 

Comfort 
Vclorlty Direction Velocity Direction 

(true) (true) 

-------------------1----------· --· 

3 hours before high water ______________________________________ _ 
2 hours before hl~h water ______________________________________ _ 
1 hour before high water _____________________ . __________________ _ 
High water ____________________________________________________ _ 
1 hour after high water ________________________________________ _ 
2 hours alter high water _______________________________________ _ 
3 hours after high water _______________________________________ _ 
3 hours before low water _______________________________________ _ 
2 hours before low water _______________________________________ _ 
1 hour before low water - - - ---- ----- ---- --------- --- ---- --- - --- -
Low water _________ ----- - - _ - - - -- - -- - - -- - -- - - - - -- - -_ - ________ -- _ 
1 hour after low water _________________________________________ _ 
2 hours after low water-------- --- -- -- -- -- -- ---- _______________ _ 
3 hours after low water -- - - -- - --- - -- - - - ___ --- --- _______________ _ 

I<nots 
0.14 
0.09 
0.04 
0. 08 
0.11 
0. 21 
o. 21 
o. 22 
0.22 
0.22 
0.22 
0. 24 
0.22 
0.16 

Degr,rs 
281 
2f,8 
Jfi9 
109 
134 
131 
]49 
1[,2 
179 
212 
229 
244 
247 
271 

TABLE 56.-Set of nontidal current, station L V 1 

Date of observations 

1919 
Feb. 16-Mar. 16 _______ - _ - - _ - -- - - - - - - -- -- - - - - - - - - - - - ________________________________ _ 
Mar. 1-21L _________________________________________________________________________ _ 
Apr. 1-29 __________________________________________________________________________ _ 
Apr. 26-May 24 ______________________ -- - -- - -- - -- -- __________________ • ______________ _ 

Series Feb. 16-May 24 _ • ______ - ___ - - - - -- - _________ • ____________ •• _. __________ _ 

I<nots 
0. 17 
0.10 
0.09 
o. 1.5 
0.13 
0.20 
0. 17 
o. 17 
0. 12 
0.11 
0. 13 
0.17 
0. 16 
0.16 

Degrees 
326 
335 

35 
.54 
74 
98 

115 
120 
1,57 
22,5 
2.5.5 
272 
279 
314 

Direction Velocity 
(true) 

Degrees Knot• 
211 0. 13 
207 0. 24 
165 0.04 
180 0.05 

201 0.12 

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

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

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

NORTH 

( ... L~ 

' L-+1 \ 

\\ 

' ', 
',,J 

', 
'· •,, 

., 
', 

............... __ 
w ...... _ .. 

FmuRE 25.-Current curve from 99 days of observations, station LVl 

H+2 

tide taken from this diagram are given in the last two columns of 
Table 55. 

To determine the current due· to wind at station LV1, the resolved 
hourly currents were grouped according to the direction of the wind. 

Average values computed for each group are given in Table 57. 

Direction from 
which wind is 

blowing 

> 

North.·······---
Northeast .••.••. 
East._ .• ___ •••.• _ 
Southeast.--··--

TABLE 57.-Current due to wind, station LV1 

(Directions true) 

Devla• 
Veloc- Veloo• Dlrec- tlon Direction from Veloe- Veloc-
tty of ity of tion of from which wind is tty of tty of wind wind current current dlrec- blowing wind current 

tlon 

---- - ----
Statute Statute 
mi.per 
hour Knot, Deoree, Degree, 

ml.per 
hour Knot, 

20. 7 0.18 1117 17 South ..••••••••• 17. 3 0.H 
17. 7 0.33 2.10 5 Southwest .•..••. 16.11 0. 24 
16. 3 0. 17 2/iO -20 West ..••..•...•. 18. 1 0.24 
16. l 0. 12 275 -40 Northwest .•..•. 22.0 0. 41 

Dlrec-
tlon of 
current 

--

Degree, 
24 
li4 
84 

174 

Devla-
tlon 
from 
wind 
dlrec• 
tlon 

--

Deoree 
24 

-
3 

g 
6 
9 
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Results for station LVl as given in Fi~ure 25 and Tables 55 to 57 
show a rotary tidal current turning clockwise and having a velocity at 
stren~th 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 
hi~h water, respectively, at Old Point Comfort. At strength of flood 
this current sets approximately 290° true and at stren8th of ebb 110° 
true. The minimum current sets approximately 200 true one hour 
before low water, and approximately 20° true one hour before high 
water at Old Point Comfort. 

N ontidal currents of variable velocity and mostly southerly in 
direction occurred during the period of observation. 

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

At Cape Charles Light Vessel, station 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 at Old Point Comfort being deter
mined by the method just outlined for station LVI. As the results of 
these reductions showed the current to be essentially of the reversing 
type with only a slight rotary tendency, the average hourly velocities 
obtained were plotted and the strengths and slacks tabulated as 
explained on page 63. The values thus obtained are given in Table 
53, page 65. 

These results show that the avera~e current as observed sets west
ward at strength of flood with a velocity of about one-quarter knot and 
eastward at strength of ebb with a velocity of one-third knot. The 
strengths of flood and ebb occur about 4.2 hours after low and high 
water, respectively, at Old Point Comfort. The ebb current runs 
about 1.3 hours longer and attains a velocity about 0.1 knot greater 
than the flood. This condition suggests a nontidal easterly set of 
approximately 0.05 knot due J.)robably to drainage from the bay. 
The average velocity and direction of this nontidal set for each series 
of observations, derived from the resolutions as explained for station 
LVl, 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 LVl, the wind current sets 
generally to the right of the direction toward which the wind is blow
ing. The velocity of the wind current in knots averages about 1.6 
per cent of the velocity of the wind in statute miles per hour. Cur
rents of from 1 to 2 knots, however, due chiefly to winds are not 
unusual. 
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TABLE 58.-Current due to wind, station LV2, September 1-0ctober 29, 1915 

(Directions true) 

- --
I Devia- I 

Devla· 
Direction from Veloc- Veloc- Direc- tion Dirert!on from Veloc- Veloc- Direc- tion 
which wind is ity of ity of tion of from which wind is ltyof ity of tion of from 

wind wind blowing wind current current direc- blowing wind current current direc-
tion tion 

---- ------
Sl,atute Statute 
rni. per mi.per 

hour Kno/8 Degrees Degrees hour Knot8 Dtgree8 Dtgreu 
North ........... 22.8 0.30 108 I 18 South ___________ 18. 6 0. 37 45 45 
Northeast. ______ 22. a 0.34 233' 8 Southwest .••.... 17. 6 0.34 54 9 East. ____________ lti. 2 o. 12 324 I 54 West ____________ 19. 3 0.29 88 -2 
Southeast.. ______ 18. 2 0.19 19 ! 64 Northwe.st_ ______ 22.6 0. 21 161 26 

' - -

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 

L L-1 

~--·····~-'-~' H-1 H 

KNOTS 

.10 0 .10 .20 , 0 

FIGURE 26.-Current ellipse for component Ms, station LV2 

from these analyses are given in Table 59. The current ellipse for the 
principal component M 2 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. It shows the tidal 
current to be only slightly rotary, the maximum velocity being 0.30 
knot and the mimmum velocity only about 0.02 knot. It is interest
ing to note that the rotation is counterclockwise or opposite to that at 
station LVI. The strength of flood sets 265° true and occurs approx
imately two hours before high water at Old Point Comfort. The 
strength of ebb sets 85° true and occurs approximately two hours before 
low water. The minimum cUITent, which corresponds to the slack 
of the reversing current, sets northward about one hour after low water 
and southward about one hour after high water at Old Point Comfort. 

Ii, will be noted that in the approaches to the bay the current veloci
ties as given in Table 53, p. 65, mcrease as the entrance is approached 
due doubtless to the decreasing cross section of the mass of water 
entering or leaving the bay. 
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TABLE 59.-Current harmonic constant~, station L V2 

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

North comgonent East component North comsonent 
(true (true) Harmonic (true 

com-

II . II • 
ponent 

II . 
------- -- - ------

Knots Degrees Knota Degrees Knots Degrees 
0.138 118 0. 172 211 o, ___________ 0.053 46 
0.036 50 o. 301 0 s,_ ---------- o. 016 163 
0. 012 345 0.070 354 

East component 
(true) 

H • 
------

Knots Degrees 
0.046 250 
0.065 JO 

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 LVI 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 water near shore. This condition is a 
general characteristic of currents in the cross section of a 8tream or 
passage. It is to be noted that, since the length of the tidal cycle is 
12.42 hours, the current hours in Table 53 have been kept within the 
limits 0.00 hour to 12.41 hours, inclusive, 12.42 hours being taken as 
0.00 hour. It follows that if the difference between the mean current 
hours at two stations is greater than 6.21 hours (one-half the tidal 
cycle) a smaller time difference may be obtained by adding 12.42 
hours to the smaller current hour before taking the difference. -

The results for all the stations outside the entrance with the excep
tion of station SI indicate a nontidal easterly set of the current, and 
it seems _probable ~hat t~e westerly set indicated by the one day of 
observat10ns at this stat10n was due to temporary meteorological 
conditions. 

THE CURRENT IN CHESAPEAKE BAY 

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

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

In addition to the data given in Table 53 other information for 
station LV3, including average value.s from all the observations at 
the station, is given in Table 63. The results from the harmonic 
analysis of an 87-day series of hourly velocities at station LV3 are 
given in Table 60. Chesapeake Bay entrance is a principal current 
station for which daily predictions are given in the current tables 
published annually by this bureau. 

TABLE 60.-Current harmonic constants, station LV3 

[l<'rom 87-<lay series, Aug.1-0rt. 26, lll19] 

=======:===.· ---------=-----------·- ======--s==:=c===== 
Component H 

Knots J, _______________ (0.014) 
K, ______________ 0.156 
K, ______________ o. 008 
L, ______________ (0.031) 
M, _____________ 0.017 

Mt------------- 1.101 

Degree, 
(202) 
179 
326 

(279) 
104 
253 

Component II 

Knots 
M, _____________ 0. 042 
M, ______________ (I. 010 
N, ______________ 0.2M 
2N _____________ (0.034) 
(), ___________ --- 0. 176 
!', _______ ------- (0. 052) 

Degrees 
55 
41 

227 
(201) 
134 

(179) 

Component II 

Knot• Q, ______________ (0. 034) 
s, ______________ o. 236 
s, ____ , _________ 0.014 
'I', ______________ (0. 014l 
,.., _______________ (0.026 
,, _______________ (0. 040 

Dt(/TU8 
(lll) 
278 
3/iO 

(278l 
(228 
(231 

Inferred eonstants are In parentheses. The epochs refer to the times of flood strength of their respec
tive eomponents. 

In the portion of the bay to the westward of the entranc; 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 
greater, while close to shore in Lynnhaven Roads they are somewhat 
less 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 
m 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 
page 105 of this text. Subsurface currents at station A93 and A94 
have characteristics sirnilar to those outlined for stations at the 
entrance to the bay. The value for mean current hour at station Ay5 
appears too large and it seems probable that it has been influenced by 
some unusual condition. 

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

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

Continuing up the bay, the next observational data are for stations 
off the mouth of the Potomac River. (See fig. 28.) Here velocities 
at strength average from one-half to three-fourths knot and strengths 
of flood occur about three and three-fourths hours after high water 
at Old Point Comfort. In the broad portion of the bay above Point 
Lookout the currents exhibit considerable irregularity in velocity 
and direction, the observational values for several of the stations 
being too erratic to admit of the usual tabulation and reduction. 
Velocities of half a knot at strength of current prevail in this area. 
One day of observations at station L15 near Hooper Strait indicates 
a velocity at strength of half a knot and a time about three hours 
earlier than in mid-bay to the westward. 

From the vicinity of Cedar Point northward to the head of the 
bay average velocities of strength of current vary from about one
half knot to approximately 1 knot, the first-mentioned value generally 
applying to the hr?ader portions of the bay and the last mentioned 
to the more constrwted parts. 

As the current movement progresses northward the time of occur
rence of a given phase of the current continues to become later and 
later until at the northern extremity of the bay it is a tidal cycle 
(12 hours 25 minutes) later than it is a few miles off the entrance. 
Throushout the length of the bay the same general characteristics 
noted m the lower part prevail. In the upper part of the bay, as in 
the lower reaches, the velocity is smaller at the lower depths, and 
the time of the current is earlier near shore especially over shoal 
areas and in the entrances to tributary waterways. 
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The distribution of the surface velocity in several cross sections of 
the bay has been studied, and it has been found that generally the 
velocity at strength for the stations near shore is substantially the 
same as for stations in mid-channel in the same cross section. The 
velocities obtained from the observations in some cases seem to indi
cate considerable differences in velocity at different stations in a cross 
section, but the values for the stations near shore are in practically 
all cases based on very short series of observations and can not, there
fore, be taken as representing average conditions. Moreover, where 
simultaneous observations are available for a cross section they: show 
in nearly all cases very small differences in velocity at the d1ff erent 
stations. The most pronounced exception to this general condition 
was noted at the cross section off Worton Point (see fig. 29), where a 
half day of simultaneous observations at stations H18 and H19 gave 
a tidal-current velocity of 0.6 knot at station H18 and a corresponding 
velocity at station H19 in mid-channel of 1.7 knots. Similar obser
vations at stations H19 and H20 covering half a day gave tidal cur
rent velocities of 1.8 knots at station Hl9 and 1.2 knots at station 
H20. 

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

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

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

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

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

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

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

Results for the above-mentioned stations, including the times of 
the various phases of current referred to the times of tide at Old 
Point Comfort, are given in Table 531 pages 71 to 74. 
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At the mouth of the Susquehanna River, off Havre de Grace, five 
short series of observations show a flood current up to 0. 2 knot at 
strength and an ebb current of approximately one-half knot at 
strength. The current here is approximately 11 hours later than in 
the vicinity of Chesapeake Bay entrance, the strength of flood occur
ring at about the time of the moon's transit at Greenwich, or about 
one and one half hours before high water at Old Point Comfort. 
At this time under normal conditions there is also a strength of flood 
outside the entrance to the bay. There is a strength of ebb and two 
slacks in the bay at this time, a strength of ebb in the vicinity of 
Hooper Island Light, a slack before flood in the vicinity of Wolf Trap 
Light, and a 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 explained on page 98 for station 
LV2. The resulting constants are given in Table 61. Since the 
currents at all these stations run in a general north-and-south direction 
the amplitudes (H's) for the north component are considerably 
larger than those for the east component. The magnitude of the 
Bmplitudes of components K 1 and 0 1 relative to that of M 2 for 
station T4 indicates that the diurnal constituents of the current are 
of considerable importance in the vicinity of this station. The north 
component of the principal element M~ has for each station a value 
somewhat less than the tidal current velocity given in Table 63, 
due to the fact that the effects of the other constituents of the tidal 
current are included in the latter v~lu~. The result~nt amplitude 
of the north and east components will m each case differ but little 
from the value for the north component since the east components 
are relatively small. 

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

TABLE 61.-rurrent harmonic constants and nontidal set for eight stations in the 
upper part of Chesapeake Bay 

Avr.rage nontidnl 
North oomponent East oomponent set from resolved 

Length velocities Harmon- (true) (true) 
Station of serfos le com-

Direction 
Velocity 

ponent 
(true) H • n • 

--- --··- --- ------
Davs Degree, KnotB Knots Degru• Knots Degree• 

Fa3 __________________ 15 65 0,063 M, 0. 383 116 0.078 193 
Faz __________________ 15 165 o. 007 Mt 0. 290 72 0.092 273 

s, 0.046 90 0.017 329 
T7 .. _. ,. ____________ 13 215 0.021 M, o. 315 121 0.033 155 
FaL _________________ 21J 100 0.221 M, o. 555 131 0. 211 137 •ro ___________________ 15 205 0. lf>S M, 0.539 132 0.181 125 

s, 0.003 lflfl 0.043 129 
R, 0.220 211 0.041 213 

T4 ___________________ 29 101 0.013 M, 0.644 147 0.140 134 
o, 0.166 231 0.019 255 
s, o. 009 181 0.049 100 

T2 ___________________ 20 218 0.125 M1 0.513 161 0.222 206 
s, 0.060 188 0.015 314 

Tl •• _________________ 7h 236 0.044 M, 0.149 142 0.128 164 
-
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The effect of winds in modifying a reversing tidal current is shown 
in Figure 30. In this figure the curve A represents the average 
current at station H55 as derived from an 11-day series of pole 
observations. The curves B and Oare plotted from pole observat10ns 
taken during northerly and southerly winds, respectively, and the 
differences between these curves and the curve A show in each case 
the approximate distortion due to wind at the time the observations 
were taken. It will be noted that the normal tidal current even at 
its strength is sometimes overcome completely and reversed in direc
tion by the wind current. Observati!:ms throughout the length of the 
bay frequently show similar effects. Wind effects in the approaches 
to the bay are discussed on pages 96 and 97. 

The tidal movement in the bay is primarily of the progressive wave 
type. (See appendix, p. 134.) According to the theory of this type of 
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F10URR 30.-Current curves showing distortion due to wind, station II r,r, 

movement, the strengths of flood and ebb current at a given place 
should occur at the times of high and low water, respectively, at that 
place. While a rough approximation to this condition prevails over 
the greater part of the bay and its tributaries, the simple relation of 
the theoretical wave movement is in places considerably modified. 
It is evident that the above-mentioned relation can not exist at the 
extreme upper limit of the tidal movement where the horizontal flow 
of the water in a flood direction is prevented by obstructions, for at 
such a place flood strength must come when the water is rising most 
rapi<Py, which is midway_ between lo_w and high water. It is not 
supnsmg, therefore, that m approachmg the upper reachei;; of these 
tidal waterways the time relation of current to tide is gradually so 
modified that the flood strength occurs when the local tide is nsing 
most rapidly, which is about three hours before hi~h water. 

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

THE CURRENT IN HAMPTON ROADS 

The locations of the current stations which have been occupied in 
Hampton Roads are plotted on Figure 31, and the data derived from 
the observations are given in Table 53, pages 7 5 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 1¾ knots and that 
of the ebb about 2 knots. In Newport News channel and the deep 
water southward of the middle ground, strengths of flood and ebb 
appear to have average velocities of about 1% knots and l½ knots, 
respectively. 

In the chtmnel leading southward to Norfolk and Portsmouth 
observations indicate avrrage velocities of three-fourths knot and 1¼ 
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, whic-h is 
representative of a group of stations in the immediate vicinity, show 
that in mid-channel southward of Old Point Comfort the current is 
1.2 hours earlier than at station LV3 in Chesapeake Bay entrance, 
and that the strength of flood occurs 1.2 hours before high water at 
Old Point Comfort. These values apply . to the surface current as 
defined on page 99. At the lower depths the velocities are somewhat 
less and the times slightly earlier. To the westward in the channel 
to Newport News the current is a few tenths of an hour later than at 
station A72. In the shoal areas, near shore, and in the channel to 
Norfolk the currents generally are about one hour earlier than in 
Hampton Roads channel. 

Navigators f amilar 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 eaeh slack water at the dock and the corre
sponding slack water in midstream, the currents at the two locations 

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

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

THE CURRENTS JN THE ELIZABETH AND NANSEMOND RIVERS 

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

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

THE CURRENT IN THE JAMES RIVER 

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

Time relations for stations in the channel westward of Newport 
News show that the strengths of flood are approximately simultaneous 
with the high waters at Old Point Comfort. Pro~ressing up the river, 
the current becomes gradually later until in the vicinity of Dutch Gap 
it is about four and one-half hours later than at Newport News. The 
high water of the tide wave requires about seven hours to travel this 
distance, and the average rate of advance of the current movement for 
this stretch of the river is therefore about one and one-half times that 
of the high water. 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 high water at Old Point 
Comfort which appears to be about one hour earlier than the strength 
of flood in the channel off the mouth. At station A91 in the Appo
mattox River the flood strength occurs about three and three-fourths 
hours af t,er high water at Old Point Comfort which is approximately 
one-half hour before flood strength in mid-channel off the mouth. 

THE CURRENTS IN THE YORK RIVER AND TRIBUTARIES 

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

At the bridge over the Mattaponi River near West Point, station 
A69, velocities of 1.3 knots for the flood strength and 1.4 knots for the 
ebb strength were indicated by the observations. At station Fgl5 
the flood and ebb strengths were 1.4 and 1.7 knots, respectively. At 
Walkerton, station Fg56, the observed flood and ebb strengths were 
both slightly less than 1 knot. At station Fgl 7 the current did not 
flood during 10 hours of observation, the maximum velocity being 
about 1 knot in an ebb direction. 

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

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

Results of observations at the two bridges near West Point, sub
stantiated by other observations near by, indicate that at the bridge 
over the Pamunkey River the current 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 at Old Point 
Comfort or three and one-half hours after the corresponding phase of 
the current at the mouth of the York River. 

Similarly the current becomes later in the Pamunkey River, obser
vations at stations Fg20 and 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, respectively, 
were obtained. The few observations taken in the shoaler water 
away from the channel generally show velocities somewhat smaller 
than those in the channel. 

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

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

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



Special l>ublication No. 162 

" ,.., 

" • 
us. ._,. .. 

.. 
" 
• 

I01 ,, .. •• •• 

" 
"' 

" 

.. , .. 

' V' " \ 



Special Publication No. 162 

... 

rr 

85320°-30. (Face p. 109.) 



TIDES AND CURRENTS IN CHESAPEAKE BAY 109 

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 AIOI and A50 
the average velocity of the tidal current at strength appears to range 
from I to 1.5 knots. In the shoaler areas observations mdicate some
what smaller velocities. The roughness of the observational values 
appears to be due to wind effects, and this situatio~ leads to the con
clusion that the currents in this area are particularly subject to 
meteorological modifications. 

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

THE CURRENTS IN TANGIER SOUND AND TRIBUTARIES 

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

Series of observat10ns covering periods of one day each were 
obtained at stations Al02 and A47. At the other stations series of 
less than one day were secured. From such short periods of observa
tion some inconsistencies in the results are to be expected. It 
appears that in mid-channel from station A51 northward to station 
A45 the average velocity at strength of current is from 1 to I% knots. 
Similar velocities are indicated by half-day series of observations at 
station A49 in Kedges Straits and station A42 in Fishing Bay. Veloc
ities at strength of about 0.6 knot, 0.8 knot, and 1.1 knots were 
obtained for stations A48, A46, and A47, respectively. 

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

THE CURRENTS IN THE POTOMAC RIVER AND TRIBUTARIES 

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

Considering first the velocities in mid-channel, it is found that 
from the mouth of the river to Alexandria the average strengths of the 
tidal current range in velocity from· one-half to one and one-fourth 
knots, but meteorological disturbances and fresh-water discharge may 
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give rise to stronger currents. From the mouth to the vicinity of 
Colonial 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 at strength of 1 knot or more, except off Quantico where the 
observed velocity is about 0.8 knot. In the vicinity of Washington 
the strengths generally have velocities less than one-half knot, and 
at stations Al and RI it appears that the current due to drainage is 
usually stronger than the tidal curre:nt and that consequently the 
current seldom runs upstream. 

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

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

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

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

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

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

THE CURRENT IN THE PATUXENT RIVER 

The positions of the current stations in the Patuxent River are 
plotted on Figure 35, and the results derived from the observations are 
given in Table 53, pages 87 and 88. The stations are all located in the 
channel, and the results indicate that velocities at strength approxi
mating one-half knot prevail near the mouth, and that the velocity 
gradually increases toward the head of the river, the value for station 
H77, off Lyons Creek Wharf, being about I knot. 

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

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

THE CURRENTS IN THE LITTLE CHOPTANK AND CHOPTANK RIVERS 

The locations of current stations in these streams are shown in 
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 at Old Point Comfort was obtained 
for station H70, and a velocity of about one-half knot with flood 
strength three and one-half hours after high water at Old Point 
Comfort for station H71. 

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

Considering the time relations, it is noted that the results for 
stations B2 and M3 are not consistent, and it appears that accidental 
conditions or observational errors may have influenced one or both 
of these series of observations. From a general consideration of the 
time relations, it appearH that in the broad part of the river from 
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Cooks Point to Castlehaven the stre;ngth 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 H68 by 2.2 hours, and at station H65 in the 
mouth of the Tred Avon River by 2.5 hours. 

THE CURRENT IN EASTERN BAY 

Current stations in Eastern Bay are :plotted on Figure 29 and the 
results of the observations are given m Table 53, page 89. The 
currents are relatively weak, the strengths having velocities usually 
less than half a knot. As seems to be universally true of the tribu
taries of Chespeake Bay, the current in the mouth is considerably 
earlier than in the bay outside, the channel to the eastward of Kent 
Point experiencing 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 it appears that in this stretch of water the 
strength of flood current occurs approximately five hours after high 
water at Old Point Comfort. Over most of this distance the strength 
o{fiood in the channel precedes the local high water by about 2½ hours. 
At station H61 the observations indicate that strengths of flood occur 
approximately three hours before local high water. 

THE CURRENTS IN THE SOUTH AND SEVERN RIVERS 

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

The observat10ns in the mouth of the South River, station H51, 
indicate a weak tidal current with strength of flood occurring about 
five and three-fourths hours after high water at Old Point Comfort, 
or about two hours before local high water. At station H52 the 
observed currents were too weak and irregular to admit of the usual 
tabulation and reduction. 

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

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

Between Annapolis and Brewer Point the current is somewhat 
earlier, the stren~th of flood occurring about six hours after high 
water at Old Pomt Comfort. At Annapolis the strength of flood 
apparently precedes the local high water by about two and one-half 
hours. 
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THE CURRENT IN THE CHESTER RIVER 

The locations of the stations are plotted on Figure 29 and the 
data derived from the observations are given in Table 53, page 90. 
• The mean velocities at strength of current as derived from the 

observations increase gradually from about 0.3 knot near the mouth 
of the river to about 0.8 knot at Chestertown. 

The current becomes progressively later from the mouth toward 
the head of the river, At the mouth the strength of flood occurs 
about seven and three fourths hours and at Chestertown about eight 
and one-half hours later than high water at Old Point Comfort. 
The strength of the flood current precedes the local hi~h water 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 tho Patapsco River are plotted 
on Figure 29, and the results of the observations are given in 'l'able 
53, pages 90 and 91. 

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

THE CURRENTS IN THE SASSAFRAS AND ELK RIVERS 

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

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

In the Elk River the average velocity at strength is approximately 
half a knot and in Back Creek it is nearly a knot. At station H 10 
the observations show that strength of flood occurs about two and one
half hours before high water at Old Point Comfort. In the upper 
part of the river and in Back Creek flood strength occurs about two 
hours before high water at Old Point Comfort. The strength of 
flood precedes the local high water by about two and one-fourth hours 
at the mouth of the river and by about three hours in Back Creek. 

THE CURRENT IN THE CHESAPEAKE & DELAWARE CANAL 

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

In the Chesapeake & Delaware Canal the east-going and west
going currents are designated flood and ebb, respectively, for all 
parts of the canal. The velocities' at strength of current average 
about one and one-third knots. throughout the length of the can5:l. 
In the western part from Chesapeake City to the Pennsylvania 
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Railroad bridge there appears to be very little variation in the time 
of current. In this part of the waterway and apparently as far east
ward as St. Georges the east-going current reaches its strength about 
two and one-fourth hours before high water at Old Point Comfort. 
In the eastern end of the canal observations .show a rather unusual 
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FtoURE 37.-Simultaneous current curves, Jnne 4 and 5, 1928. A. Curve ror station Ca. I; B, Curve 
for station Ca 2 

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

To aid in a study of the current movement in the canal curves 
were constructed which are reproduced on Figures 37 to 41, inclusive. 
Curve A is the current curve for station Cal plotted direct from pole 
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FmuRE 38,-Slroultaneous current curves, J11ne 5 and II, l928. C. Curve (or station C'a 2; D, Curve 
for station Ca 3 

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

Curves O and D are simultaneous observational curves for stations 
Ca2 and Ca3, respectively. Curve Eis the observed tide curve for 
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Chesapeake City at the western end of the canal, and curve Fis the 
p:redicted tide curve for Reedy Point at the eastern end. Curve G 
was obtained by plotting the hourly differences between curve E and 
curve F, and represents the difference in water level between Chesa-
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FIGURE 39.-Rimultaneous tide curve,;, June 5 and 6, 1928. E. Observed tide curve for Chesapeake 
City; F, Predicted tide curve !or Reedy Point 
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FIGURE 40.-Curve of difference in water level between Chesapeake City and Reedy Point, June 5 
· and 6, 1928 

peake City and Reedy Point. Cu,rve H was similarly obtained from 
curves C and D, and it represents algebraic differences in current 
velocity between station Ca2 and station Ca3. Curves O to H, 
inclusive, are all simultaneous, covering the period 5 p. m., June 5, 
to 5 p. m., June 6, 1928. 



TIDES AND CURRENTS IN CHESAPEAKE BAY 117 

Considering the relation between the current at station Ca2, 
curve 0, and the difference in water level at the two ends of the canal, 
curve G, it is noted that the times when the two reach their maxi
mum and zero values are approximately the same, and the direction 
of flow is generally the direction of slope. This condition together 
with the fact that currents at stations Cal and Ca2 are practically 
simultaneous, leads to the conclusion that the current movement 
in the western half of the canal is hydraulic in character, depending 
upon the differences in water level at the two ends of the canal. 

Comparing current curves O and D, it is evident that the current 
at station Ca3 differs from the hydraulic flow at stations Cal and Ca2. 
The nature of this difference is indicated by the curve H/lotted from 
the hourly velocity differences between stations Ca2 an 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 
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l''IGURE 41.-Curve oi velocity ditl'erences, June 5 and 6, 1028, showing the amount by which east
ward and westward velocities were greater at station Ca 3 than at station Ca 2 (obtained by sub
tr8<Jtlng curve O 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. It seems, there
fore, that the peculiar current observed at station Ca3 is a combination 
of two currents. One the hydraulic current, flowing through the canal 
as a whole due to varying differences in water level at the two ends, 
and the other an inflow and outflow limited to the eastern end of the 
canal and due to the rising and falling of the tide in the Delaware 
River. 

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



TABLE 62.-Current data, eaatern end of Chesapeake & Delaware Canal 

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

Observations Flood or eastward current 
Ebb or west-
ward current 

Sta- First strength Minimum flood Second strength strengt_h 
tion Location Slack Slack 
:r.o. 

Date Period Method Depth 
I Veloc-

I Time Veloc- Time Veloc- Time 
\"eloc-

Time ity ity ity i ity 

·------------------------ ---i~--

Hours Hour, Hours llonrs Ilonr, ! II011rs, 
afur after after after after a~er 

l Knots na,, Feet LW LW Knou LW Knots LW Knou HW HW 
ElO l¼ miles E. of St. Georges Bridge (39° May 13, 1927 ______ ½ (1) 10.0 -------- -------- -------- -------- -------- -------- 11.87 ----------------

33'.l N., 75° 37'.0 W.). 1928-1929 __________ ,5 Meter _____ 7 10. 21 11.17 0.38 0.36 0. 09 3.18 1. 03 11. 65 1.80' 0.87 

Ca3 Reedy Point Bridge (39° 33'.4 N., 75° June :Hi, 1928 _____ 1 Pole _______ 4½ 9.40 11. 20 1.14 0. 73 0.47 2. 73 1.20 10.38 o. 81 I 1.20 
35'.0W.). Meter ..... 3 9.'-5 11. 15 1.34 0.48 0.82 2.63 1. 00 10. 63 0. 76 : 1. 15 ____ _cto _____ 12 9.40 11. 10 1.19 0.53 0. 72 2.88 1.45 IO.US 0. i6 1.05 

i 
Ell ¼ mile E. of Reedy Point Bridge (39° May 13, 1927 ______ ½------------ (1) IO. 5 -------- 10.1 I 

33'./i N., 75° 34'.9 W.) 
-------- -------- -------- -------· -------- --------,--------

I 

El2 Reedy Point (39° 33·.6N., 75°34'.0W.) 192lH929 __________ 5 Meter _____ 7 9. 78 11.01 1.01 o. 73 0.47 2.69 1.06 10.32 1.01 I 1.30 
I 

1 Surface. 
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It will be noted that at station Ca3 the flood or easterly current 
increases from slack to strength, then decreases to a smaller velocity 
which has been designated minimum flood, and again increases to a 
second strength. In Table 62 are given observational times and 
velocities of the various phases, including first strength of flood, 
minimum flood, and second strength of flood. As in Table 53, the 
times are referred to the tides at Old Point Comfort and the velocities 
are corrected to a mean value. 

Results derived from recent observations made by United States 
Army Engineers at four stations in the canal have been incorporated 
in Tables 53 and 62. A total of approximately five days of observa
tions each were taken at stations E4, E7, ElO, 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 ElO and E12, Table 62, are of special inter
est, as they furnish additional examples of the unusual current move
ment observed at station Ca3 and give conclusive evidence that this 
type of current prevails from station El0 eastward to the jetties at 
Reedy Point. 

SUMMARY OF SURFACE CURRENTS FROM THE LONGER SERIES 

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



TABLE 63.-Summary of surface currents at stations where observations covered a period of 8even days or more 

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

0 bservations Flood strength Ebb strength 

Flood Ebb Mean 
Station No. Latitude Longitude Slack Direc- dura- Slack Direc- dura- current 

Year Period Time tion Veloc- tion Time tion Veloc- tion hour 
(true) ity (true) ity 

------------ ---------------------
Hour, Hours Hour, Hours 

North We.ti after after after after 
0 , 0 , Dav, L.W. L.W. Deqreu Knot, Hour, H.W. H.W. Dtgreu Knou Hour, Hour, 

Approacllt, to Chtaapeake Bav 

g~ --::::::::::::::::::::! 37 04.61 74 51. l 1919 99 -------- -------- ----285- -------- -------- ---i65- -------- -----ff -------- -------- 9. 74 
37 05.3 75 43.5 1912, 1915 146 1.40 4. 20 o. 24 5.57 4.15 0.33 6.85 11.82 

Chup,ualceBav 

L V3 _____ ------------------ 36 58.8 76 00.4 1912, 1915, 320 3.63 6. 41 306 0.97 5.45 2.66 6. 29 126 1.49 8.97 1.57 
1919 

Fa3 ____ -- ---------- -- -- ---- 38 19. l 76 20.4 1897 14 8. 99 12. 07 358 0.52 6.43 9.00 12. 00 159 0.47 5.99 7.34 H73 _______________________ __ 38 23. 2 76 20.5 1927 8 8. 79 12. 03 348 0. 56 6.51 8.88 11.93 163 o. 78 5. 91 7.23 Fa2. _______________________ 38 31.1 76 25.8 1897 14'1-4 9.03 0.24 352 0. 35 7.19 9. 80 o. 21 162 0.48 5. 23 7. 85 T7 _________________________ 
38 44.8 76 28.0 1897 13 10. 50 1. 73 6 0.43 7.23 11.32 1.89 184 0.48 5.19 9.39 H55. ______________________ 38 50.8 76 25.6 1927 11 11. 76 1.83 14 0.49 5. 78 11. 12 1.96 192 o. 79 6.64 9. 70 Fa! ________________________ 38 52. 5 76 2.'i.2 1897 26 12. 01 0.82 14 0.49 5.56 11.15 2. 25 194 o. 79 6.86 9. 59 T6 _________________________ 
38 56. 4 76 23. 8 1897 15 11. 87 2. 31 21; 0.53 5.55 11.00 2.12 202 0.90 6.87 9.86 T4.. ________________________ 
39 00.8 76 22.0 1897 27½ 11. 93 2. 57 9 0.80 6.41 11.92 2. 72 192 0.82 6.01 10. 32 

H39. __ -------------------- 39 05.4 76 18. 3 1927 11 11. F.8 2.26 30 0. 55 • 6. 47 11. 73 2.56 193 0.53 5.95 10. 09 T2 _________________________ 
39 09.3 76 19.8 1897 29¾ o. 78 3. 36 3 0.52 5.23 12. 01 3.15 199 0.80 7.19 10.96 ·wb7 ___ . __________________ 39 10.1 76 23.8 1867 14 12. ca 3.05 355 0.62 6.68 12. 29 2. 70 171 0.49 5. 74 10. 55 

Tl_ ___ -- . ------------------ 39 12. 5 76 24. 4 1897 7 0.26 3.16 30 0. 24 5. 78 12. 04 2. 99 219 0.32 6. 64 10. 75 
H19 ___ -------------------- 39 20.1 76 11.8 1927 11 1. 28 4.18 43 1. 18 5.64 0.50 3.80 218 1.43 6. 78 11.68 

Hampton Road8 

Wu::::::::::::=:: :::~::::I 36 59.8 I 76 18.8 1898 69 2. 73 ___ 4._26_ .... ilis· -------- 5. 91 2. 22 -------- -------- -------- 6. 51 0. 85 
36 56.8 76 20. 1 1917 10 1.30 0.56 5. 70 o. 58 3.94 9 0. 79 6. 72 11.76 

Potomac Ri..r 
R3 _________________________ l 38 48. 2 77 02.2 1913-1915 205. 0. 31 -------- (I) -------- 4.. 77 11-~ -------- (') -------- 7.65 10. 27 

I Northerly. • Southerly. 

Set 

Direc-
tion Veloc-

(true) ity 

d 

Degrees Knot, 

201 0.12 
47 o.~ 

126 0.26 

73 0.09 
150 o. 12 
138 o.~ 
170 0.03 
189 o. 15 
194 o. 15 
196 0. 19 
252 0.03 
105 o.~ 
225 o. 17 

10 0.06 
241 0. 05 
197 0.14 

364 ----o:-ii 

-------- --------
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CURRENT CHARTS 

The direction and velocity of the current at a number of locations 
in Ches11peake Bay and tributaries for each hour of the tide at Old 
Point Comfort are represented in Figures 42 to 54, which are based 
on observations taken within 14 feet of the surface. The general 
direction of flow is represented by arrows and the average velocities 
for the designatr.d hour of the tide by numerals near the arrows. 
An "S" on tho chart indic11tcs slack water. At times of spring tides 
and perigean tides, the velocities will normally he gronter, and at times 
of neap tides and apogeun tides Jess than those given on the charts. 
Winds and other meteorological conditions ut times greatly modify 
both the direction and the velocity of the current. 

It happens thnt on the uverngc high water at Old Point Comfort 
and strength of flood cmTPnt, at Chcsnpcuke Bay entrance, station 
LV3, occur at the same time; and since tho directions and volociti<•s 
indicated on Urn chart;:; apply to times reckoned from high water at 
Old Point Comfort they apply to the s11mc times reckoned from 
strength of flood at station LV3. 

Daily predictions of the times of high water at Old Point Comfort 
und the times of Hood strength at Chesapeake Buy entrance (station 
LV3) arc included in tlw Atlantic Coast Tide Tables and the Atlantic 
Coast Current Tables, respectively. 

85320°-30--!) 
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FmCRE 42.-Currents at time or high water at Old Point Comfort 
85320°-30. (Face p. l2'l.) 
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F!GCRE 43.-Currents one hour after high water at Old Point Comfort 

&5320°-30. (Face p. 122.) 
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FIGURE 45.-Currents three hours after high water at Old Point Comfort 
85320°-30. (Face p. 122.) 
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F1G"CRE 46.-Currents four hours after high water at Old Point Comfort 
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85320°-30. (Face p. 122.) 

' ·r 

,r 



Sp«jal Publication No. 162 

• ,., 

I 
+ I 

I 
l 
I 

l , ... 

F1m.:lll: H.-Currents ftve hours after high water at Old Point Comfort 
&320°- 30. ( Fare p . 122.) 
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F!Gl:R& t9.-Currents seYen hours after high water at Old Point Comfort 
85320°-30. (Face p. 122.) 



Special Publication No. 161 

FIGURE ro.- Currents eight hours after high water at Old Point Comfort 85320°-30. (Face p. 122.) 
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Fto1JRE 51.-CUITents nine hours after high water at Old Point Comfort 
85320°-30. (Face p • 122.) 
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F1,~l"R11: 52.-Current ten hours after high water at Old Point Comfort 
853a>0 -30. (Face p. 122.) 
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FIGURE 53.-Currents elel'en hours after high water at Old Point Comfort 
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85320°-30. (Face p. 122.) 
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FIGURE M.-Currents tweh-e hours after high water at Old Point Comfort 
853~0 -30. (Face p. 122.) 



APPENDIX 

GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 

[Roprinte,I from United States Coa.st and Geodetic Survey Special Publication No. 111] 

I. TIDES, GENERAL CHARACTERISTICS 

DEFINITIONS 

The ti<lc i8 the name given to the alternate rising and falling of the level of 
the Rea, which at most places occurs twice daily. The striking feature of the 
ti<lc is its intimate relation to the movement of the moon. High water and low 
water at any giveu place follow the moon's meridian passage by a very nearly 
constant interval, an<l Hince the moon in its apparent movement around the 
earth crosses a given meridian, on the average, 50 minutes later each day, the 
ti<le at most places likewise comes later each day by 50 minutes, on the average. 
The tidal day, like the lunar day, therefore has an average length of 24 hours 
and 50 minutes. 

With respect to the tide, the "moon's meridian passage" has a special signifi
c1mce. It refers not only to the instant when the moon is directly above the 
meridian, but also to the instant when the moon is directly below the meridian, 
or 180° distant in longitude. In this sense there arc two meridian passages in a 
tidal day, and they are distinguished by being referred to as the upper and lower 
meridian pttssages or upper and lower transits. 

The interval between the moon's meridian passage (upper or lower) and the 
following high water is known as the "high-water lunitidal interval." Likewise 
the interval between the moon's meridian passage and the following low water 
i:-; known as the "low-water lunitidal interval." For short they are called, 
n•spcctivclv, high-water interval and low-water interval and abbreviated as 
follows: HWI and LWI. 

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

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

It is convenient to have a single term to designate the whole phenomenon 
which i11cludes tides and tidal currents. Unfortunately no such distinct term 
,,xists. For years, however, "the tide" or "the tides," or even "flood and ebb," 
have been used in this general sense, and usually no confusion arises from this 
11Hagc, since the context indicates the sense intended; but the use of the term 
"tide" to denote the horizontal movement of the water is confusing and is to be 
discouraged. 

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

It is important to note that it is not the absolute height of the water which 
i~ in question, for it is not, at all infrequent at many places to have the low water 
of one day higher than the high water of another day. Whatever the height 
of the water, when the rise of the tide ceases and the fall is to begin, the tide is 
11.t high water; and when the fall of the tide ceases nnd the rise is to begin, the 

123 



124 U. S. COAST AND GEODETIC SURVEY 

tide is at low water. The abbreviations HW and LW arc frequently used to 
designate high and low water, respectively. 

In its rising and falling the tide does uot move at a uniform rate. From 
low water the tide begins rising, very slowly at first, but at a constantly increas
ing rate for about three hours, when the rate of rise is a maximum. The rise 
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 constantly for ahout three hours, when it is at a maximum, and 
then decreasing for a period of three hours till low water is reached. 

The rate of rise and fall and other characteristics of the tide may hcst 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 Rtaff gradu
ated to feet and tenths and plotting tllese heights to a suitable scale on cro8H
section paper and drawing a smooth curve through these points. A more con
venient method is to make use of an automatic tide gage hy means of which 
the rise and fall of the tide is recorded on a sheet of paper as a continuous curve 
drawn to a suitable scale. Figure A shows a tide curve for Fort Hamilton, 
N. Y., for July 4, 1922. 

In Figure A the figures from 0 to 24, increasing from left to right, represent 
the hours of the day beginning with midnight. Numbering the hours con-
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sccutively to 24 eliminates all uncertainty a;; to whether morning or afternoon 
is meant and has the further advantage of great convenience in computation. 
The figures on the left, increasinf~ upward from 2.0 to 9.0, rcpreHent the height, 
of the tide in feet as referred to a fixed vertical staff. The tide cmvc prcscn1,H 
the well-known form of the sine or cosine curve. 

The difference in height between a high water and a preceding or following 
low water is known as the "range of tide" or "range." The avcra!!:C difference 
in the heights of high aud low water at any given place is called the mean range. 

'rJIE TIDE-PRODUCING FOHCES 

The intensity with which the sun (or moon) attractii a pttrticle of matter 011 
the earth varies inversely as the square of the diRtancc,. For the solid earth aH 
a whole the distance is obviously to be measured from the center of the earth, 
since that is the center of mass of the whole body. But the w1ttcrs of the earth, 
which may be considered as lying on the surface of the earth, are on the one 
side of the e1trth Hearer to the heavenly bodies and on the other side farther away 
than the center of the earth. The attraction of sun or moon for the watcrn 
of the ocean is thus different in intensity from the attraction for the :,olid earth 
:.tH a whole, and these diffcrenccH of attrnctiou give rise to the forces that cauHe 
the ocean waters to move relative to the ~olid earth and bring about the tideH. 
'.!'l,esc forces are called the tide-producing forces. 
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The mathematical devclop11w11t of these forces Rhows that the tide-producing 
force of a heavenly body varies dircctlv ns its mass and inversclv as the cube 
of its distance froin the ·earth. The s11·i1 has a mass about 2ti,OOO,OOO times as 
great as thut of the moon; but it is 389 times as far uway from the curth. Its 
tide-producing force is therefore to that of the moon as 26,000,000 is to (389) 3 or 
somewhat less than one-half. 

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

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

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

VARIATIONS IN RANGE 

The range of the title at any given place is not constant but varies from day 
to day; indeed, it is cxcepti01ml to finrl consecutive ranges equal. Obviously, 
changiHg meteorological conditions will find reflection in nuiations of range, 
but the principal variations are dnc to astronomic causes, being brought about 
by vnriations in the position of the moon relative to earth and sun. 

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

When the moon is in its first and third quarters, the tidal forces of sun and 
11100n arc opposed and the tide docs not rise as high nor foll as low as the average. 
At such times the tides are called "neap tides," and the range of the tide then is 
known as the "neap range." 

It is to be noted, however, that at most p:aces there is a lag of a day or two 
between the occurrence of spring or neap tides and the corresponding phases 
of the moon; tbat is, spring tides do not occur on the days of full and new moon, 
hnt a day or two later. Likewise neap tides follow the moon's first and third 
quarters after a11 interval of a day or two. T,his lag in the response of the tide 
is known mi the "age of phase inequality" or "phase age" and is generally 
ascribed to the effects of friction. 

The v:,,rying distance of the moon from the earth likewise affects the range of 
Uie tide. In its movement around the earth the moon describes 1111 ellipse in a 
period of approximatdy 27h days. When the moon is in perigee, or nearest the 
earth, its tide-producing power iR increased, resulting in an increa~ed rise and 
fall of the tide. These tides arc known t1s "perigean tides," and the range at 
such times is called the "pcrigcan range." When the moon is farthest from the 
earth, its tide-producing power is diminished, the tides at such times exhibiting 
a decreased riRe and fall. These tides arc called "apogean tides" and the corres
J)onding range the "apogcan range." 

J n the response to the moon's change in position from perigee to apogee, it is 
founrl that, like the responses in the case of spring and neap tides, there is a 
lap; in tlie occurrence of perigcan and apogcan tides. The greatest rise and 
foll does not, come on the day when the moon is in perigee, but a day or two 
latt-r. LikewiHe, the least riHe and f:111 docs not occur on the day of the moon's 
apogee, but a clay or two later. This interval varies somewhat from place to 
Place, and in some regions it may have a negative value. This lag is known 
as the "age of parallax inequality 1' or "parallax age." 

The moon does not move in the pb110 of the Equator but in an orbit making 
an angle with that plane of approximately 23% 0

• During the month, there
fore, the moon's declination is constantly changing, and this change in the posi
tion of the moon produces a v:iriatio11 in the consecutive ranges of the tide. 
When the moon is on or close tu the Bquator-that is, when its declination is 
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small-consecutive ranges do not differ mnch, morning aud afternoon ti<leH 
being very much alike. As the declination increases the difference in consecutive 
ranges increases, morning and afternoon tides beginning to show decided differ
ences, and at the times of the moon's maximum semimonthly declination these 
differences are very nearly at R maximum. But like the response to changes 
in the moon's phase and parallax, there is a lag in the response to the change in 
declination, this lag being known as the "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 clay, hut in some places it may have a negative 
value. 

When the moon is on or close to the Equator and the di!Terence between 
morning and afternoon tides small, the tides are known as "equatorial tides." 
At the times of the moon's maximum semimonthly declination, when the differ
ences between morning and afternoon tides arc at a maximum, the tides am 
called "tropic tides," since the moon is then near one of the Tropics. 

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

The month of the moon's phases (the synodical month) is approximately 
29½ clays in length; the month of the moon '8 distance (the anomalistic month) 
is approximately 27~~ days in length; the month of the moon's declination (the 
tropic month) is approximately 27}~ days in length. It follows, therefore, that 
very considerable variation in the range of the tide occurs during a year clue 
to the changing relations of the three variations to each other. 

DIURNAL INEQUALITY 

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

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

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

Definite names have been given to each of the two high and two low waters 
of a tidal clay. 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 anr, 
tidal clay the lower is called "lower low water" and the higher" higher low water.' 

The diurnal inequality may be related directly to the ratio of the tides brought 
about, respectively, by the diurnnl and 1,emidiurnal tide-producing forces. Those 
bodies of water which offer relatively little response to the diurnal forces will 
exhibit but little diurnal inequality, while those bodies which offer relatively 
considerable response to these diurnal forces will exhibit considerable diurnal 
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 that with increasing diurnal inequality the lower high water and 
higher low water tend to become equal and merge, When this occurs there is 
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but one high and one low water in a tidal day instead of two. This occurs 
frequently at Galveston, Tex., and at a number of other places. 

TYPES OF TIDE 

From place to place the characteristics of the rise and fall of the tide generally 
differ in one or more respects; but according to the predominating features the 
vario).ls kinds of tide may be grouped under three types, namely, semidiurnal, 
diurnal, and mixed. Instead of semidiurnal and diurnal the tem1s "semidaily" 
and "daily" are frequently used. 

The simidiurnal type of tide is one in which two high and two loy,r 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. 

lO 

FIGURE B.--Ticle curves, San Francisco, Oallf., October 18 ancl 24, rn22 

In the diurnal type of tide but one high and one low water occur in a tidal day. 
Do-Son, French ludo-China, may be cited as a place where the tide is always of 
the daily type, but it is to be noted that there are not many such places. When 
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 occur 
turing the tidal day but which exhibits marked diurnal inequality. Several 
.onns may occur under this type. In one form the diurnal inequality is exhib
ited principally by the high waters; in another form it is the low waters which 
ehxhibit the greater inequality; or the diurnal inequality may be features of both 

lgh waters and low waters. 
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It il5 to be noted that when the title at any given place is assigned to any 
particular type it refers to the characteristics of the predominating tide at that 
place. At the time of the moon's maximum semimonthly declination the semi
diurnal type exhibits more or less diurnal inequality and thus approaches the 
mixed type; and when the moon is on or near the Equator the diurnal inequality 
of the mixed type is at a minimum, the tide at such times resembling the semi
diurnal type. It is the characteristics of the predominating tide that determine 
the type of tide at any given place. With the aid of harmonic constants the type 
of tide may be defined by definite rntios of the semidiurnal to the diurnal 
constituents. 

Type of tide is intimately associated with diurnal inequality and hence depends 
on the relation of the semidiurnal to the .diurnal tides; and it is the variat10n 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 tlie resultant of 
a number of simple harmonic movements. In other words, if h be the height of 
the tide, reckoned from sea level, then for any time t, we may write h=A cos 
(at+a.)+B cos (bt+fl)+ In the above formula each term represents a 
constituent of the tide which is defined by its amplitude or semirange, A, B, 
etc., by an angular speed, a, b, etc., and by an angle of constant value, a., /3, etc., 
which determines the rel!ttion of time of maximum height to the time of begin
ning of observation. 

We may also regard the matter from another viewpoint and suppose the moon 
and sun as tide-producing bodies to be replaceu by a number of hypothetical 
tide-producing bodies, each of which moves around the earth in the plane of the 
Equator in a circular orbit with the earth as center. With the further assump
tion that each of these hypothetical tide-producing bodibs gives rise to a simple 
tide, the liigh 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 m:i,y be 
written in the form h=A cos (at+a.) as above. The great advantage of so 
regarding the tide is that it permits the complicated movements of sun and 

.moon relative to the earth to be replaced by a number of Rimple movements. 
Each of the simple tides into which the tide of nature is resolved is called a 

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

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

The number of simple constituent tides is theoretically large, but most of 
them are of such small magnitude that they may for all practical purposes be 
disregarded. ln the prediction of tides it is necessary to take account of 20 to 
80, but the charnct.eristics of the tide at any place may be determined easily 
from the 5 principal one;;. 

It 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 50 minutes, or more 

exactly in 24.8,1 hours. Its speed per solar hour, therefore, is ?-fit{~c=28°.98. 
This component has been given the symbol M2. Likewise, the principal solar 
tidal component is one that gives two high and two low waters in a solar day of 

. 2X360° 24 hours. Its angular speed per hour 1s therefore --24-- =30°.00. The symbol 

for this principal solar component is S2• 

Since the moon's distance from the earth is not constant, being less than the 
average at perigee and greater at apogee, the period from one perigee to another 
being on the average 27.55 days, we must introduce another hypo_thetical tidal 
body, so that at perigee its high water will correspond with the M2 Iligh water, 
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and at apogee its low water will corrc;;pond with t,hc M2 high water. In other 
words, the tidal component which is to take account of the moon's perigean 
movement must, in a period of 13.78 days, lose 180° on M2, or at the rate of 

}
3
~~-i =13°.06 per day. Hs hourly speed, therefore, is 28°.98-_1~;-.i_t,=28°.44. 

This component has been given the symbol N2. 
The moon's change in declination is taken account of by two components 

denoted by the symbols K1 and 0 1• The speeds of theRe are determined by the 
following considerations: The average period from one maximum declination 
to another is a half tropic month, or 13.66 days. The speeds of these two com
ponents should, therefore, be such that when the moon is at its maximum dec
lination they shall both be at a maximum, and when the moon is on the Equator 
they shall neutralize each other; that is, in a period of 13.66 days K1 shall gain 
on 0 1 one full revolution. The difference in their hourly speeds, therefore, is 

360° 
24 X-i:lli6=1°.098. The meau of the speeds of these two components must 

be that of the apparent diurnal movement of the moon about the earth, 
360° 

or 24_84 = 14° .49. The speeds nre therefore derived from the equations 

K,!01=14°.49 and K 1-01= 1°.098, from which K 1= 15°.04 and 01= 13°.94. 

It is customary to designate the amplitude of any component by the symbol 
of the component and the epoch by the symbol with a degree mark added. 
Thus M 2 stands for the amplitude of the M 2 tide o.nrl M2° for the epoch of th11:, 
tide. The five components e11u111erated above are the principal ones. Between 
20 and 30 components permit the prediction of the time and height of the tide 
at any given place with considerable precision. 

From the harmonic constants the clrnracterist.ics of the tide 11t any place 
can be very readily determined. 1 The five principal cmrntants alone permit the 
approximate determination of the tidal characteristics very easily. Thus, 
approximately, the mean range is 2M2, spring range 2(M2+S2), nenp range 
2(M2-S2) perigean range 2(M2+N2), apogean r::inge 2(M2-N2), diurnal in-

equality nt time of tropic tides 2(K1+01), high-water luniticlal interval 2r;;. 
The various ages of the tide can likewise be readily determined. Approximately, 
the ages in hours are: Phase age, S2°- M2°; parallax age, 2(M2°-N2°); diurnal 
age, K 1°-0z0

• The type of tide, too, may be determined from the harmonic 

constants through the ratio ~;;t~~• Where this ratio is less than 0.25, the tide 

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

The periods of the varions component tides, like the periods of the tide-pro
ducing foree:;, group thcmsnlves into three classes. The tides in the first class 
have periods of approximately half n day and are known as semidiurnal tidei;; 
the periods of the tides in the second class arc approximately one day, and 
1hesc tides arc lrnowu 11s diurnal tides; the tides in the third class h11ve periods 
of half a month or more and are known as long-period tides. In shallow wnters 
due to the effects of decreased depth, the tides are modified and another class 
of simple tides is introduced having periods of less than half a day, and these 
are known as shallow-water tides. 

The class to which any component tide belongs is generally indicated by 
the subscript used in the notation for the component tides, the subscript giving 
the number of periods in a d11y. With long-period tides generally no subscript 
iH used; ,vith semidiurnal tides the subscript is 2; with diurnal tides the sub
script is I, and with shallow-water tides the subscript is 3, 4, or more. Thus 
811, represents a solar annual component, P1 a solar diurnal component, M 2 a 
lnnar semidinrnal component, S, a solar shallow-water component with a period 
of one-quarter of a day, nud M& n lunar shallow-wuter component with a period 
of one-sixth of a day. 

1 Boo R. A. Uarris, Manual of Tides, Pt. Ill (U. S. Coost and Geodetic Survey Report for 1804, 
Appeudix 7). 
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TIDAi, DATUM PLANER 

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

The principal tidal plane is that of mean sea level, which may be defined as 
the plane about which the tide oscillates, or as the surface, the sea would assume 
when undisturbed by the rise and fall of the tide. At any given place this plane 
may be determined by deriving the mean height of the tide. This is perhap8 
best done by adding the hourly heights of _the tide over a period of a year or 
more and deriving the mean hourly height. It is to be noted that in such a 
determination the mean sea level is not freed from the effects of prevailing 
wind, atmospheric pressure, and other meteorological conditions. 

The plane of mean 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 level docs not, at most places on the open 
coast differ by more than about a tenth of a foot from the plane of mean sea 
level, and where this difference is known the plane of mean sea level may be 
determined from that of half-tide level. Like all of the tidal planes, the plane 
of half-tide level should be determined by observations covering a period of a 
year or more. 

For many purposes the plane of mean low water is important. This plane 
at any given place is determined as the a\·erage 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 United States, thie plane is frequently 
spoken of as the "low-water plane" or "the plane of low water"; but strictly 
it should be called the plane of mean low water. 

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

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

In localities of considerable diurnal inequality in the high waters the higher 
high ·waters frequently rise considerably above the plane of mean high water. 
A higher plane is therefore of importance for many purposes, and the plane 
of higher high water is preferred. This plane is determined as the average of 
all the higher high waters for a period of 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 sometimes used, its 
name indicating that it is determined as the mean of the low waters occurring 
at spring tides. Another plane sometimes used, which is of interest because 
based on harmonic constants, is known as the harmonic tide plane and for any 
given place is determined as M2+S2+K1+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 positions of sun and moon relative to the earth, any tidal 
quantities determined directly from a short series of tidal observations must, 
be corrected to a mean value. The principal variations are those connected 
with the moon's phase, parallax, and declination, the periods of which are 
approximately 29½ days, 27½ days, and 27% days, respectively, 
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Ju a µeriocl of 2H days, tlrnrefore, the pha,w variation will have almost com
pleted a full cycle while the other variations will have gone through a full cycle 
and but very little more. Hence, for tidal quantities varyin11: largely with the 
phase variation, tidal observations covering 29 days, or multiples, ooustitute a 
satisfactory period for determining these quantities. Such are the lunitidal 
intervals, tl1e mean range, mean high water, and mean low water. For quantities 
varying largely with the declination of the moon, as, for example, higher high 
water and lower low water, 27 dayR, or multiples, constitute the more satisfactory 
period. 

As will be seen in the detailed discussion of the tides at Fort Hamilton, the 
rnlues determined from two different 20-day or 27-day periods may differ very 
eonsidernbly. This is due to the fact that these periods are not exact synodic 
periods for tho different variations, and to the further fact that Yariations having 
periods greater than a month arc not taken into account. Furthermore, meteoro
logical conditions, which change from month to month, leave their impress 
on the tides. For accurate l'CHults the direct determination of the tidal datum 
planes and other tidal quantities should be based on a series of observations that 
cover a period of n year or preferably three years. Values derived from shorter 
series must he corrected to a mPan value. 

Two methods may be employed for correcting tho results of short series to tt 
mean nllue. One method makes use of tabular values, determined both from 
theory 11ml observation, for correcting for the different variations. The other 
method makes use of direct comparison with simultaneous observations at some 
near-by port for which mean values have been determined from a series of con
siderable length. 
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F1<nmii: c. -\\•1odty nnd directiou curves for the c-urrcnt, UuUson River, July 22, 192:.? 

II. TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 

l+~ 

Tidal currents are the horizontal movements of the water that accom1any the 
rising and falling of the tide. The horizontal movement of the tida current 
and the vertical movement of the tide are intimately related farts of the same 
phenomenon brought about by the tide-producing forces o sun and moon. 
Tidal currents, like the tides, are therefore periodic. 

It is the periodicity of the tidal current that chiefly distinguishes it from other 
kinds of currents, which are known by the general name of nontidal currents. 
'~hese latter currents are brought about by causes that are independent of the 
tides, such as winds, fresh-water run-off, and differences in density and tempera
ture. Currl•nt.s of this clas~ do not exhibit the periodicity of tidal currents. 
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Tidal and lloutirlal c1J1T('1Jl.H uccur together in l,he opeu t,(,tt allll in inshon• tidal 
waters, the actual currents experienced at any point being the resultant of the 
two classes of currents. In some places tidal currents predominate and in others 
nontidal currents predominate. Tidal currents generally attain considerable 
·velocity in narrow entrances to bays, in constricted parts of rivers, and in pas
sages from one body of water to another. Along the coast and farther offshore 
tidal currents nrc generally of moderate velocity; and in the open sea, calculation 
based on the theory of wave motion gives a tidal current of less than one-tC"nth 
of a knot. 

RECTILINEAR TIDAL CURRENTS 

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

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

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

HOTAHY TIDAL CURUENTS 

Offshore the tidal currents are generally Hot of the rectilinear or reverni11g type. 
Instead of flowing in the same general direction during the entire period of the 
flood and in the opposite direction during the ebb, the tidal currents offshore 
change direction continually. Huch currents arc therefore called rotary currents. 
An example of this type of current is shown in Figure D, which represe11ts the 
velocity and direction of the current at the beginning of each hour of the after
noon on September 24, Hl19, at Nantucket Shoals Light Vessel, stationed off 
the coast of Massachusetts. 

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

It will be noted that the ends of the radii vcctorcs, representing the velocities 
and directions of the current at the beginning of each hour, define a somewhat 
irregular ellipse. If a number of ohservwtions arc averaged, eliminating acci
dental errors and temporary meteorological disturbances, the regularity of the 
curve is considerably increased. The average period of the cycle is, from a 
considerable number of observations, found to be 12h 25m. In other words, the 
current day, like the tidal day, is 24.h 50n, in length. 

A characteristic feature of the rotary current is the absence of slack water. 
Although the current generally varies from hour to hour, this variation from 
greatest current to least current and back again to greatest current does not 
give rise to a period of slack water. When the velocity of the rotary tidal current 
is least it is known as the minimum current, and when it is greatest it is known 
as the maximum current. The minimum 11nd maximum velocities of the rotary 
current are thus related to each other in the same way as slack and Rtrength of 
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the rectilinear current, a minimum velocity following a maximum velocity by 
an interval of about three hours and being followed in turn by another maximum 
after a further interval of three hours. 

VARIATIONS IN STRENGTH OF CURUENT 

Tidal currents exhibit changes iu tho strength of the cuncnt that correspond 
closely with the changes in range exhibited by tides. The strongest currents 
come with the spring tides of full and new moon and the weakest currents with 
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FIGURE D.--Hotary rurrent, Nantucket Shoals Light Vessel, nlternoon of Reptember 24, 1910 

tlie neap t:dcs of the moon's first and third quartern. Likewise, perigean tides 
11re accompanied by strong currents and apogean tides by weak currents; and 
when the moon has considerable decliHation, the curr,mts, like the tides, aro 
<'hamcteri.zcd by diurnal inequality. 

As rdatPd to the moon 'H elmnginµ; phase,:, the decli1mtio11 iu the :;treugth of the 
(•t11Tent from day to day is approximately proportional to the corn:spondiug 
c,hange in thP rauge of the tidl'. The 1110011 's l'hanging dista11ce likewrne bring~ 
about change:; iu the veloeity of the :-;tn•ngth of the cunent which is approximately 
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proportional to the corresponding change in the range of the tide; but in regard 
to the moon's changing declination, tide and current do not respond alike, the 
diurnal variation in the tide at any place being generally greater than the diurnal 
variation in the current. 

The relations subsisting between the changes in the velocity of the current a1, 
any given place and the range of the tide at that place may be derived from general 
considerations of a theoretical nature. Variations in the current that involve 
semidiurnal components will approximate corresponding changes in the range of 
the tide; but for variations involving diurnal components the variation in the rnr
rent is about half that in the tide. 

RELATION OJ• TIMI~ O~' CUllRENT 'l'O 'l'JME 01'' T!Dl•; 

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

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

The tidal movements of coastal waters are rarely of simple wave form; never
theless, it is very convenient in the study of currents to refer the times of current 
to the times of tide. And where the diurnal inequality in the tide is small, as 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 brou!!,'ht. out in Figure E, which 
represent8 the tirlal and emrcnt c·11rvcs in New York Ht1rhor for October !l, 1919, 
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the current curve being the dashed-line eurve, representing thC' velocities of the 
current at a station in Upper Bay, and the tide curve being the full-line curve, 
representing the rise and fall of the tide at Fort Hamilton, on the eastern shore 
of the Narrows. 

The diagrams of :Figure E were drawn by plotting the heights of the tide 4nd 
the velocities of the current to the same time scale and to such velocity and 
height scaleH ms will make the maximum ordinates of the two curves 1tpproxi
mately equal. The time axis or axiK of X rppresents the line of zero velocity for 
the currents and of mean sea level for the tide, the velocity of the currc11t beillg 
plotted in accordance with the scale of knots on the left, while the height of the 
tide reckoned from mean sea level was plotted in accordance with the scale in 
feet on the right. 

From Figure E it is seen that the corresponding features of tile tide and current 
in New York Harbor bear a verv nearly constant time relation to each other, 
and this constancy in time; relatioi1 of tides an<! currents iR charaderistic of tidal 
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waters in which the diurnal inequality is small. This permits the times of slack 
and of strength of current to be referred to the times of high and low water. 
Thus, from Figure E we find strength of ebb occurred about 0.6 hour after the 
time of low water, both morning and afternoon; slack before flood occurred 2.2 
hours before high water; strength of flood 0.4 hour after high water; slack before 
ebb 3.0 hours before low water. In this connection, however, it is to be noted 
that the time relations between the various phases of tide and current arc subject 
to the disturbing effects of wind and weather. 

Apart from the disturbing effect of nontidal agencies, the time relations between 
1 i<lc and current arc subject to variation in regions where the tide exhibits con
,-:idcrablc diurnal inequality, as, for example, on the Pacific coast of the United 
t-;tates. This variation is due to the fact, previously mentioned, that the 
diurnal inequality in the current at any given place is, in general, only about half 
:is great as that in the tide. This brings about differences in the corresponding 
features of tide and cnrrent as between rnorning and afternoon. However, in 
such cases it is frequently possible to rC'fer the current at a given place to the tide 
at some o\hcr place with comparable diurnal inequality. 

The tidal current iR subject to the disturbing influence of nontidaJ currents 
which affect the regularity of its occurrence as regards time, velocity, and direc
tion. In the case of the rectilinear eurrcnt the effect of a steadv nontidal current 
is, in general, to rnake both the periods and the velocities ·or flood and ebb 

o------B---.----l1---l---------------·-----.... 

... 
J<'roU!\E .J<'.-.Etfoct of uontidal current on tirlnl current 

unequal and to change the timeR of slack water but to leave unchanged the times 
of flood and ebb Rtrengths. This is evident from a consideration of Figure F, 
which represents a simple rectilinear tidal current, the time axis of which is the 
line AB, flood velocities being plotted above the line and ebb velocities below. 

When unaffected by nontidal currents, the periods of flood and ebb are, in 
gcucra.1, equal as represented in the diagram, and slack water occurs, regularly 
three hours and six minutes after the times of flood and ebb strengths. But if 
we assume a steady nontidal current introduced which hnH, in the direction of 
the tidal current, a velocity component represented by the line CD, it is evident 
that the strength of ebb will be increased by an amount equal to CD, while the 
flood strength will be decreased by the same amount. The current conditions 
may now be completely represented by drawing, as a new axis, the line EF 
parallel to AB and distant from it the length of CD. 

Obviously, if the velocity of the nontida1 current exceeds that of the tidal 
current at the time of strength, the tidal current will be completely masked 
aud t.he resultant current will set at all times in the direction of the nontidal 
current. Thus, if in Figure F, the line OP represents the velocity component 
of the nontidal current in the direction of the tidal current, the new axis for 
measuring the velocity of 1hc combined current at nny time will bP- the Jilw Gll, 
parallel with the line A.B and passing through the point 0, and the current will 
be flowing at all times in tlw ebb direction. There will be no slack waters, but 
at periods 6 hours 12 minutes apart there will occur minimum and maximum 
velocities represented, respectively, by the lines RS and TU. 

In so far as the effect of the nontidal current on tl1c direction of the tidal cur
rent is concerned, it is only necessary to remark that the result.ant current will 
set in a direction which at an.r time is the resultant of the tidal and nontidal 
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currents at that time. This resultant direction and also the resultant velocity 
may be determined either graphically by the parallelogram of velocities or by 
the usual trigonometric computations. 

VELOCITY OF TIDAL CURRENTS AND PROGRESSION OF THE TIDE 

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

It is to be noted that there is no necess:i,ry r0lationship between the velocity 
of the tidal current at any place and the rate of advance of the tide at that place. 
In other words, if the rate of advance of the tide is known, we can not from 
that alone infer the velocity of the current, nor vice versa. The rate of advance 
of the tide in any given body of water depends on the type of tidal movement. 
In a progressive wave the tide moves approximately in accordance with the 
formula r=-./iid in which r is the rate of advance of the tide, a the acceleratfon 
of gravity, and d the depth of the waterway. In stationary-wave movement, 
i,ince high or low water occurs, at very nearly the same time over a considerable 
area, the rate of advance is theoretically very great, but actually there is alway,1 
i;ome progression present, and this reduces the theoretical velocity conHiderably. 

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

DISTANC~~ 'l'HAVELED BY A PARTICLE IN A TIDAL CYCLE 

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

If the curve of the tidal current has been plotted, the average velocity may 
be derived as the mean of a number of measurements of the velocity made at 
frequent intervals on the curve; as, for example, every 10 or 15 minutes. From 
the current curve the average velocity may also be determined by deriving the 
mean ordinate of the curve by use of the planimcter. For l1 full tidal cycle of 
flood or ebb, however, since the current curve generally approxima1,es the cosine 
curve, the simplest method consists in making use of the well-known ratio of 
the mean ordinate of the cosine curve to the maximum ordinate, which is 2+ir, 
or 0.6366. 

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

DURATION OF t-;LACK 

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

To give slack water in its ordinary usage a definite HH·aning, we may define 
it, to be the pcriorl during which tl1e velocity of the current is less than one
tenth of a knot. Velocities less than one-tenth of a knot may generally be dis-
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regarded for practical purposes, and such velocities are, moreover, difficult to 
measure either with float or with current meter. For any given current it is 
now a simple matter to determine the duration of slack water, the current curve 
furnishing a ready means for this determination. 

In general, regarding the current curve as approximately a sine or cosine 
curve, the duration of slack water is a function of the strength of current-the 
st!-onger the current· the less the duration of slack-and from the equation of the 
sine curve we may easily compute the duration of slack water for currents of 
various strengths. For the normal flood or ebb cycle of 6h 12.6m we may write 
the equation of the current curve y=A sin 0.4831t, in which A is the velocity of 
the current in knots at time of strength, 0.4831 the angular velocity in degrees 
per minute, and t is the time in minutes from the instant of zero velocity. 
Setting y=O.l 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 minutesi 
e knots, 4 minutes; 8 knots, 3 minutes; 10 knots, 2¼ minutes. 

HARMONIC CONSTANTS 

The tidal current, like the tide, may be regarded as the resultant of a number 
of simple harmonic movements, each of the form y=A cos (at +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'2: S'2: N'2: K'1: 0'1=m2M"2: s2S"2: n2N"2: k1K''t: 010"1 

where the small italic letters represent, respectively, the angular speed of the 
corresponding components. This shows at once that the diurnal inequality in 
the currents should be approximately half that in the tide. 

MEAN VALUES 

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

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

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

ss320°-ao-10 
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PUBLICATIONS BY THE UNITED STATES COAST AND GEODETIC 
SURVEY RELATING TO. TIDES AND CURRENTS 

TIDE AND CURRENT TABLES 

Tide Tables, United States and Foreign Ports _____________ c _________ _ 

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 Tabl~ Boston Harbor ________________________________________ _ 
Tide and vurrent Tables, San Francisco Bay ________________________ _ 
Current Tables, Atlantic Coast, North America ______________________ _ 
Current Tables, Pacific Coast, North America and Philippine Islands ___ _ 
Current Diagram, Nantucket and Vineyard Sounds ___________________ _ 
Current Diagram, Chesapeake Bay _________________________________ _ 
Tidal Current Charts, New York Harbor ___________________________ _ 

The tide tables contain the predicted times and heights of the tide for 
each day in the year at a number of principal ports and tidal differences 
and constants for many other places. The current tables give the pre
dicted currents for each day in the year at a number of principal ports 
and current differences and constants for manv other stations. 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 U11ited States Coast and Geodetic Survey 
or from any of its agencies. 

TIDAL BENCH MARKS 

Prke 

$0. 75 

. 15 

. 15 

. 05 

. 05 

. 05 

. 10 

. 10 

. 15 

. 15 

. 25 

Special Publication No. 83 (Serial 193), Tidal Bench Marks, State of · New York, 1922 __________________________________________ . _ _ _ _ _ . 20 
Special Publication No. 119 (Serial 320), Tidal Bench Marks, District of 

Columbia, 1925_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 05 
Special Publication No. 128 (Serial 370), Tidal Bench Marks, State of 

Rhode Island, 1927_______________________________________ ______ . 10 
Special Publication No. 136, Tidal Bench Marks, State of Connecticut, 

1927___________________________________________________________ . 10 
Special Publication No. 141, Tidal Bench Marks, State of California, 

1928___________________________________________________________ . 15 
Special Publication No. 148, Tidal Bench Marks, State of New Jersey, 

1928___________________________________________________________ . 10 
Special Publication No. 155, Tidal Bench Marks, State of Massachusetts, 

1929-------------~-------------------------------------------- . 10 

HARBOR PUBLICATIONS 

Special Publication No. 111 (Serial 285), Tides and Currents in New 
York Harbor, 1925 ________________ - _____ - ________ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 30 

Special Publication No. 115 (Serial 311), Tides and Currents in San 
Francisco Bay, 1925 ______ ·-------------------------------------- . 20 

Special Publication No. 123 (Serial 336), Tides and Currents in Delaware 
Bay and River, 1926 __________ - ___ - ____ - - _____ - __ - __ - _ - - ____ - - _ _ . 25 

Special Publication No. 127 (Serial 364), Tides and Currents in Southeast 
Alaska, 1926 _ - - - _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 25 

Special Publication No. 142, Tides and Currents in Boston Harbor, 1928_ _ . 30 
Special Publication No. 150, Tides and Currents in Portsmouth Harbor, 

1928___________________________________________________________ . 20 
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 

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

Manual of Tides, by R. A. Harris. This publieation 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 availablel for distribution but may be 
consulted in any of the larger libraries. 

Price 

Arctic Tides, R. A. Harris, 191 L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $0. 20 
Special Publication No. 23, United States Coast and Geodetic Survey. 

Discription of its work, methods, and organization. Includes illus
trated sections on tides and currents. This publication can be obtained 
free of charge from the office of the United States Coast and Geodetic 
Survev. 

Special Publication No. 32 (Serial 16), Description of the United States 
Coast and Geodetic Survey Tide.:Predicting Machine No. 2, 1915_____ . 20 

Special Publication No. 41 (Serial 60), Use of Mean Sea Level as the 
.Datum for Elevations, 1917______________________________________ . 05 

Special Publication No. 98 (Serial 244), A Manual of the Harmonic 
Analysis and Prediction of Tides, 1924_____________________________ 1. 00 

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

Special Publication No. 113 (Serial 300), Portable Automatic Tide Gauge, 
1925 ________________________________________ ·------------------ . 10 

Special Publication No. 121 (Serial 330), Coastal Currents Along the 
Pacific Coast of the United States, 1926____________________________ . 15 

Special Publication No. 124 (Serial 346), Instructions for Tidal Current 
Surveys, 1926___________________________________________________ . 15 

Serial 351, Tide and Current Investigations of the Coast and Geodetic 
Survey, 1926___________________________________________________ . 15 

Special Publication No. 135, Tidal Datum Planes, 1927 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 30 
Special Publication No. 139, Instructions for Tide Observations, 1928____ . 20 
Special Publication No. 154, Instructions, Primary Tide Stations, 1929_ _ _ _ . 10 

Except as otherwise noted, all tho above publications are for sale 
by the Superintendent of Documents, Government Printing Office, 
Washington, D. C., to whom remittance should be sent. 
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PUBLICATION NOTICES 

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

If you desire to receive notices regarding publications of the Coast and 
Geodetic Survey as issued, you should write to the Director of the Coast and 
Geodetic Survey, Washington, D. C., indicating the mailing lists on which you 
wish your name entered, or, if you prefer, you may check the lists on the form 
below, remove this sheet from the publication.1-.and mail it to the Director of the 
Coast and Geodetic Survey, Washmgton, D. I.J, 

(Date) ___________________ - - -

The DIRECTOR, UNITED STATES CoAsT AND GEODETIC SURVEY, 
• Washington, D. C. 
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cated by check below to receive notices regarding publications issued by the 
United States Coast and Geodetic Survey: 
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