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PREFACE 

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

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

The waterways that have been surveyed under this plan and for 
which informhtion has been published were undertaken in the fol- 
lowing order: New York Harbor, Special Publication No. 111; San 
Francisco Bay, Special Publication No. 115; Delaware Bay and River, 
Special Publication No. 123 ; Southeast Alaska, Special Publication 
No. 127; Boston Harbor, Special Publication No. 142; and the present 
publication on Portsmouth Karbor and tributaries. 

The data md tables presented in this volume are based on the 
results of all the surveys and observations that have been made in 
Portsmouth Harbor from 1850 to date, the most recent results being 
obtained from the tide and current survey of the harbor in 1926. 

A discussion of the general characteristics of tides and currents 
will be found in the appendix of this volume, which is a reprint of the 
first two sections of Special Publication No. 111. 
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TIDES AND CURRENTS IN PORTSMOUTH HARBOR 

LNTRODUCTION 
It is not the purpose of this publication to deal with any involved 

or mathematical theory of tides or tidal currents, but rather to col- 
lect, tabulate, and discuss the data from many ears of tide and cur- 
rent observations in Portsmouth and Portlan (9 Harbors. It is de- 
sired to present these results in such forpl as will be of the most value 
and interest to scient& and professional organizations as well as the 
general public, and at  the same time tabulate and summarize all of 
the essential data from the observations so that valuable information 
would not be lost by destruction of the on a1 records by fire or other 

introduced as are necessary to explain or clarify the tables and dia- 
grams presented. 

Portsmouth Harbor is one of the important deep-water harbors of 
the North Atlantic coast. The Government maintains in the harbor 
one of the important submarine bases on the Atlantic coast. With 
the modern trend toward larger and faster submarines, an accurate 
and up-to-date knowledge of the tide and current action in the harbor 
is a necessary supplement to the successful navigation of this water- 
way. The current in portions of the harbor a'proaches a velocity 

tions of the harbor is a severe hazard to navigation unless accurate 
infohnation of its action is available. 

The earliest tidal observations on record in Portsmouth Harbor 
were taken a t  Fort Constitution in 1851, 1852, and 1853. The record 
is not continuous over the period but consists of a few weeks' con- 
tinuous record for each of the three years. The main objective of 
tidal observations at  this period was to establish a datum plane to 
which hydrographic work could be referred. Time at  this early date we very uncertain, and the value of time relations from early obser- 
vations can not, therefore, be ven as much weight as observat;lons 

All of the tidal observations in Portsmouth Harbor have been short- 
period observations of a few days or weeks. The longest continuous 
record is from observations at Fort Constitution in 1853 and 1898. 
But even at  this station there has not been a long enough continuous 
record to establish mean tidal constants from the method of direct 
tabulation. To determine mean tidal characteristics from the obser- 
vations'it has been necessary to compare each series of observations 
mth some standard station outside of the harbor. The nearest 
standard station with a tide similar to that a t  Portsmouth is Port- 
land, Me., which has been used in the comparisons and, &s the stand- 
ard station, will be discussed at some length in this publication. 

Late in the year 1926 a standard tide station WRS established s t  the 
Portsmouth Navy Pard, which will be kept in continouus operation 
for several years. At some future date, when a long series is available 
from the records of this station, the mean values listed in this pnblics- 
tion may be slightly changed. But until this series is available tho 
values in this publication will be accepted as the best available for 
Portsmouth Harbor. 

causes. Only such mathematical form Is" as and discussions will be 

of 6 knots a t  times of maximum tidal action an C F  in the confhed por- 

tsken after the standard-time f elts were established in 1885. 

1 



Part I.-TIDES IN PORTSMOUTH HARBOR AND 
TRIBUTARIES 

- ,  

By A. J. HOSKiWsoN, 'Uri'it6d"Stdes Coast aml Geodetic Survey 

COMPONENT PARTS 

This volume treats of the tides and currents of the navi able por- 
tion of Portsmouth Harbor and its tributaries. It is divid e% into two 
parts, the first dealing with tides and the second with cuments. For 
the purposes of this publication it is found convenient to divide the 
waterwa into two sections-Portsmouth Harbor proper, and, sec- 
ondly, Ascataqua River and its tributaries. Strictly speaking, 
Portsmouth Harbor is the mouth of the Piscataqua River. 

s 

PORTSMOUTH HARBOR 

Portsmouth Harbor, lying 37 miles southwestward of Cape Eliaa- 
beth and about 25 miles northward of Cape Ann Lighthouses, is the 
only harbor of refuge for deep-draft vessels between Portland, Me., 
and Gloucester, Mass. For the purposes of this publication the 
entrance to Portsmouth Harbor may be considered as a cross section 
between Odiornes Point and the rocky reefs and islands south of 
Gerrish Island. 

Portsmouth Harbor is the approach to the cities of Portsnzouth, N. 
H., and Dover, N. H., and the towns of Newcastle, N. H., ICittery, 
Me., South Newmarket, N. H., and Exeter, N. H. A part of the 
boundary line between the States of Maine and New Hampshire is n 
natural one formed by Portsmouth Harbor and Piscataqua tmd 
Salmon Falls Rivers. 

Portsmouth has some trade in large coasting vessels and bar ea, 
principally in coal. Creosote is imported in large tank steamers. t h e  
depths in the harbor are sufEcient for the largest ships, and the harbor 
is open throughout the year. On the north side of the harbor, opposite 
Portsmouth, is the United States navy yard, which is located on 
Seavy Island. 

Scattered throughout the harbor are a number of islands, man !of 
which are connected with the mainland by means of bridges. %he 
larger and more important islands are Gerrish, Newcastle, and Seavy. 
Little Harbor, a good anchorage for small ships, lies on the west side 
of the entrance to Portsmouth Harbor, three quarters of a mile west- 
ward of Whaleback Lighthouse. Pepperell Cove, on the eastern side 
of the harbor, northeastward of Portsmouth Harbor Lighthouse, is also 
8 good anchorage for small coasting vessels and yachts. 

Portsmouth is on the south side of the Piscataqua River, about 4 
miles above the entrance to the harbor. There are depths from 20 to 
30 feet at the wharves. There is no passenger service by water, but 
there is a small amount of coastwise trade and an occasional foreign 
arrival. 

a 



TIDES AND CURRENTS IN PORTSMOUTH HARBOR 

PISCATAQUA RIVER AND TRIBUTARIES 

3 

The Piscataqua River above Portsmouth forms the approach to 
the Salmon Falls, Cocheco, Bellamy, Oyster, Lamprey, and Exeter 
Rivers, the towns of Durham, Newmarket, and Exeter, and the city 
of Dover. These cities and towns are also connected by railroad. 

The Piscataqua is a wide, deep, navigable river with tidal currents 
of considerable velocity. About 3% niiles above Portsmouth, in the 
vicinity of Dover Point, the Piscataqua River is forked, a northerly 
branch merging into the Salmon Falls and Cocheco Rivers and a 
southwester1 branch merging into the Bellamy, Oyster, Lamprey, 
and Exeter ii ivers. South of Fox Point the southwesterly branch of 
the Piscataqua widens to form Little Bay and Great Bay, which are 
connected by Furber Strait in the vicinity of Adams Point. Great Bay, 
a shoal bay about 3% d e s  wide with narrow, crooked channels, 
serves as the approach to the Lam rey and Eseter Rivers. 

and crooked and shoal at  the heads. Some of them have been 
improved by dredging. There is little business by water above 
Portsmouth, escept in sniall craft and an occasional cargo of coal. 
The tidaI currents are very strong in places. 

The channels m the tributaries o f the Piscataqua River are narrow 

THE TIDE AT PORTLAND, ME. 
THE PORTLAND TIDE STATION 

The Portland, Me., tide station is the nearest standard station 
to Portsmouth Harbor at which tides have been observed for a con- 
siderable period of time. Furthermore, the type of tide at  Portland, 
Me., is similar to that at Portsmouth Harbor. Therefore, the tide 
at  Portland, Me., is used as tlie standard station to which the short 
series of tides at various paces in Portsmouth Harbor are referred. 
This makes it necessary to consider in detail the tide at  Portland, 
Me. 

The tide station at Portland, Me., is located on the. east side 
of shed No. 6 on the central portion of the Grand Trunk Railroad 
pier, latitude 43O 39' 10" N. and longitude 70" 15' 07'' W. Obser- 
vations are made with a United States Coast and Geodetic Survey 
automatic tide gauge of the three-roller type. Standard time for the 
meridian 75O W. is used, and all heights are referred to the zero of a 
tide staff located on piling near the station. It has been necessary to 
renew the staff from time to time as the numbers became faded or 
erased through exposure to the elements, but care has been' taken 
to carefully connect by levels the new staff in each case with-the 
permanent bench marks on shore near the station. The zero of the 
staff is carefully connected by spirit levels with several permanent 
bench marks in the city of Portland. For convenience in tabulation 
and for uniformity all of the elevations have been referred to the 
zero of the staff of 1910. . 

LUNITIDAL INTERVALS 

The lunitidal interval niay be defined as the difference in time 
between the nioon's transit over the local meridian and the next 
succeeding high or low water. From the definition it is evident that 
there will be two lunitidal intervals; that is, the high-water interval 
and the low-water interval. 



4 U 8.  COAST AND QEODETIC SURVEY 

Tl 
The lunitidal intervals have a definite periodic variation from da 

to day due largely to the relative positions of the sun and moon wit 
respect to the earth. The controlling factor in the variation is the 
declination of the moon. In areas where the declination of the moon 
has a minor effect on the tidal action, as on the North Atlantic coast, 
the variation in lunitidal interval is small except for those irregular 
variations caused by wind and weather. From the definition it is 
evident that, in the coniputation of lunitidal intervals, the time of 
the moon’s transit and the time of high and low water must be reduced 
to the local meridian. This reduction is easily niade with the help of 
astronomical tables, but considerable time and labor may be saved in 
the computations if the daily values of lunitidal intervals are not 
reduced to the local meridian but are computed as follows: Subtract 
the time of the moon’s transit (meridian of Greenwich given in Nauti- 
cal Almanac) from the time of high or low water (standard time). 
This computation will necessarily need correction, since neither the 
moon’s transit nor the time of tide have been reduced to the local 
meridian. This value may be reduced to the local meridian by apply- 
ing a correction factor. The daily values are sunmed for any month 
and the correction factor applied to the mean. This factor for any 
nionth at Portland, Me., is +0.15 hour. This value varies slightly 
from day to day throughout the month, so that it can not be applied 
to the daily uncorrected values to obtain the correct interval for that 
day. If the correct interval for each day is desired, each value must 
be reduced to the local meridian. 

Table 1 is a record of the observations and corn utation for lunitidal 
intervals for the month of August, 1936, at 5 ortland, Me. The 
month of August was selected as an illustration of the intervals 
because meteorological conditions during the summer months are 
generally less variable than at other seasons of the year. In column 
2 are recorded the times of the moon’s transits over the meridian of 
Greenwich. Those quantities in parentheses are the lower transits 
of the moon or 180’ in longitude from the upper transit. The times 
of high and low water are recorded in colunms 3 and 4 (seventy-fifth 
meridian time). Column 5 is the difference between columns 3 and 
2, being careful to select the transit of the moon ‘ust preceding the 

columns 4 and 2. The mean of the daily values for the month is 
reduced to the local meridian by applying the correction factor for 
Portland (+0.15 hour). The remaining columns in the table will be 
discussed in later paragraphs. 

In Table 2 are recorded the monthly and yearly means of lunitidal 
intervals for thq; years 1912 to 1919. There is considerable variation 
in the monthly values in the table, but the yearly values are very 
nearly constant. The maximum difference between any two years 
in the series is only 0.05 hour for the high-water intervals and 0.08 
hour for the low-water intervals, and the variation of any yearly 
value from the mean for the series would be about 0.03 hour, or less 
than 2 minutes, which is as close as any high or low water can be 
determined from a tide curve. 

The best available values to date for hi h and low water intervals 

high-water interval and 4.94 hours for the low-water mterval. 

high water used. Column 6 is obtained by simi !I ar methods from 

me the means of the yearly values in Ta % le 2, 11.16. hours for the 



TIDES AND CURRENTS IN PORTSMOUTH HARBOR 5 
DURATION OF EISE AND FALL 

The duration of rise is that time during which the tide is increasing 
in height o r j t  is the difference in time between low water and the 
next succeed1 high water. The duration of fall is the time between 
high water an Y the next succeeding low water. 

In  columns 7 and 8 of Table 1 are given the daily values for dura- 
tion of rise and fall for the month of August, 1926, at  Portland, Me. 
The variations in these values from day to day are due largely to +e 
variations in meteorological conditions and the effect of the chan e in 

change in about 27% days. 
In  Table 3 are resented the monthly and yearly means for dura- 

the duration of'rise and fall may be figured either from the daily 
times of high and low water or from the lunitidal intervals. The 
monthly and yearly means are most easily computed from the luni- 
tidal intervals as follows: The high-water interval minus the low- 
water interval equals the duration of rise, and 12.42 hours minus the 
duration of rise equals the duration of fall (12.42 hours is the average 
time between an upper and lower transit of the moon). 

The values in Table 3 show considerable variabon from month to 
month, as would be expected, since they are computed from the luni- 
tidal intervals, which have a similar variation. 

In Table 4 are recorded the yearly means for duration of rise and 
fall for the years 1912 to 1919. These values are yery nearly constant 
from year to year, as in the case of the lunitidal intervals. The best 
available values to date for the durations of rise and fall  are the means 
of the yearly values in Table 4, which is 6.21 hours for each interval. 

declination of the maon, which goes through one complete cyc F e of 

tion of rise and f 8B for the two yeam, 1912 and 1919. The values for 

MEAN SEA LEVEL 

Engineers, in general, are more interested in mean sea level than 
in any other tidal datum plane, because of its almost universal adop- 
tion as the reference plane for elevations throughout the country. 
The earliest surveys in this country were generally based on arbitrary 
datum planes selected by the engmeer in charge of the work. This 
method was satisfacto a t  that time, but when surveys began to 
overlap, engineering an 7 legal difliculties were encountered. It soon 
became apparent that the only permanent solution of these problems 
was to adopt a Universal datum plane for all parts of the country.. 
The natural plane for this purpose IS the surface of the sea, but unfor- 
tunately the elevation of this plane is not constant but varies from 
hour to hour, day to day, and year to year, due to tidal action and 
meteorological changes. Since the plane is variable, some position 
in its cycle of variation must be selected as the datum. The average 
height, or the plane or mean sea level, has been selected as the most 
lo cal and the most nearly constant position of the plane. 

%lean sea level may then be defined as the avera 

rise and fall of the tide. The value of mean sea level may be deter- 
mined by taking 8 mean of the hourly heights of the tide over a con- 
siderable period of time. The hourly heights ma be taken directly 

from an automatic tide gauge which has been referred to a tide staff 

sea, or the elevation the water would assume if un %;" isturbed height by Of the the 

from a stationary tide staff or they may be scale c9 from a tide curve 
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or to bench marks on shore. Well-determined values of mean sea 
level are available a t  any station where the Coast and Geodetic Survey 
has tidal observations covering a period of several years and slight1 
less precise values a t  many secondary stations where shorter perio d s 
of observation are available. The value of mean sea level has been 
carried throughout the country by a network of lines of precise levels, 
so that the value of mean sea level is available in most of the larger 
cities of the country and, when the network of levels is completed, 
will be available a t  any important city in the country. 
By continued study and comparison of the results of tidal observa- 

tions from various stations throughout the count , as longer periods 

tions of sea level will be obtained, so that short-period observations 
may, in the future, be reduced to mean value with increased precision. 

The daily values of sea level a t  Portknd, Me., for the month of 
June, 1919, are tabulated in Table 5. The value for each day is 
the mean of the 24 hourly heighta for that day. Twenty-four hours 
is not an exact tidal cycle, therefore it is to be espected that the daily 
values would show considerable variation from day to day. If, 
however, all of the variation was due to this cause, the daily values 
would follow a definite periodic variation. A glance at  Table 5 shows 
that the daily values do not have a definite periodic variation but are 
very irregular. The major part of the variation must then be caused 
by changes in meteorological conditions, which will be better illus- 
trated in the section entitled “Effect of wind and weather on the tide.” 
The greatest difference between the values of sea level for any two 
days in the month is 1.1 feet and between any consecutive days is 
0.8 foot. If a winter month had been selected when meteorological 
conditions are more unstable, the variations would have been consider- 
ably larger. It is evident from this table that a single day’s observa- 
tions to determine sea level may be in error by a foot or more. 

Monthly and year1 values of sea level a t  Portland Me., from 1912 
to 1925 are tabulatex in Table 6. The month1 vahes are derived 
as the means of all the hourly heights for the &st 29 days of each 
month and the yeakly values as the means of the 12 monthly values 
for that year. Thepa te s t  difference between any two monthly 
means in a single year is 0.73 foot and between any two consecutive 
months is 0.65 foot. The greatest Werence between any two yearly 
values in the series is 0.22 foot and between any two consecutive 
years is 0.12 foot. If the series be divided into 2-year roups, the 

Et; similarly, the variation for any 5-year group would be 0.06 foot 
and for 10-year groups, 0.03 foot. If the series a t  Portland were ot 
longer duration, it is quite probable that the 10-year groups would 
show slightly more variation, since the margin of overlap in the groups 
would be reduced. It is interesting to note that the values for any 
8, 9, or 10 year group is from 0.01 to 0.03 foot higher than the mean 
for the entire 14-year series. This would indicate that there is 8 
periodic variation in the yearly values which completes one c cle 

irregular increase to 1919, with a rather rapid decrease to 1922, thus 
indicating a cycle of about 10 years. When a lon r series is avail- 

more definitely established. 

of observation become available, a better know Y edge of the varia- 

atest variation of any group from the mean value wou s d be 0.10 

in less than 14 years. The yearly vdues show a low in 1913 an B an 
able a t  this station the existence or nonexistence o P this cycle will be 
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The monthly values have a very definite periodic variation through- 

out the year, as can be seen from an inspection ob Table 6 for any 
year of the series. To represent this periodic variation most accu- 
rately, the average value for each.month as determined from the 14- 
year series is shown diagrammatlcally in Figure 1. By taking the 
average value of each month for a period of 14 years, most of the irreg- 
ular variations should be eliminated. The sea-level curve in Figure 
1 shows that sea level a t  Portland, Me., is lowest in the spring months 
and highest during the midsummer months. There is a second high 
in the curve in October and a secpnd low in September, thus indicating 
that there is more than one pmod involved m the variations. (See 
Special Publication No. 111, pp. 47 and 48.) The curves of high and 

FEET 

0.10 

0.15 

FIO. 1.-Annual variation in sealevel, high water and low water at Portland, Me., from 14 Years 
of observations 

low water, also shown in Figure 1, will be discussed in the section 
entitled “High and low water planes.” 

The best available value for sea level on tide staff a t  Portland, Me., 
is the mean of the 14-year series from 1912 to 1926, inclusive, which is 
13.11 feet. 

THE PLANES OF HIGH A N D  LOW WATER 

The height of high and low water varies from day to day, due largely 
to .the periodic change in position .of the moon with respect to the 
earth and sun. This change in posltion of the moon ma , for ease of 

parallax, and the declinational components. Each of these ccrmpietes 
discussion, be resolved into three component motions- tz e phase the 
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one cycle of movement during its lunar month; that is, the synodic 
the anomalistic, or the tro ic month. For simplicity m discussion, 
each component motion wdf be discussed as if it were independent of 
the other two. 

During the synodic month (approximately 29% days in length) 
the moon passes through its four phasea-new moon, fist’ quarter, 
full moon, and last quarter. At times of new and full moon, or when 
the moon and sun are actin in conjunction, the high waters rise 

this period are called spring tides. When the moon is in its first or 
last quarter, or when the moon and sun are acting in opposition, the 
rise and fall of the tiae is less than normal, and these tides are called 
neap tides. The planes of high and low water, usually computed for 
the synodic month, are spring high water, spring low water, neap high 
water, and neap low water. 

To determine the value for the plane of spring high or low water, 
the two high or low waters that occur nearest the time of maximum 
effect will be tabulated for each month, thus giving four values from 
which to determine the monthly value. The time of maximum effect 
may be determined by adding the phase age of the tide to the time 
of new or full moon. The phase age of the tide at Portland, Me., or 
the time by which the spring tides lag behind their respective positions 
of the moon, is 34.7 hours, as will be determined later under the sec- 
tion entitled “Tidal harmonic constants.” 

The planes of neap high and low water are determined in exactly 
the same wa except that the first and last quarters of the moon are 

The heights of the above planes will also be affected by the other 
component motions of the moon and by meteorological changes. 
Thus, to get an accurate determination of any plane, several years of 
observations are necessary. 

During the anomalistic month (approximately 27% days in length) 
the moon makes one complete circuit of its elliptical path around 
the earth, passing through peri ee (the nearest point to the earth) 

in perigee the tide-producing forces are greater than the average, 
thus causing an increased rise and fall of the tide. Conversely, when 
the moon is in apogee the tide-producing forces are less, and the rise 
and fall of the tide is correspondingly decreased. The tides occurring 
at  these periods are called, respectively, the perigean and a ogean 

anomalistic month are perigean bi h water, perigean low water, 

that occur nearest the time of maximp.  or.minimum tidal effect, 
which will be 56.0 hours after the moon 18 1 ~ .  either perigee or apogee, 
56.0 hours being the parallax age for Portland, Me., or the time by 
which the perigean or apogean tides lag their respective positions 
of the moon. 

During the tro ic month (approximately 27% days) the moon 

passing through its maximum north and south declinations. During 
the period when the moon is on or near the Equator the two high 
waters €or the day rise to nearly the same height and the two low 

higher and the low waters fa K 1 lower than normal, and tides during 

substituted 9 or new and full moon. 

and apogee (the farthest point P rom the earth). When the moon is 

tides, and the planes of high and low water usually computed P or the 

a ogeap high water, and apogean k ow water. The value of each 
p Ya ne for any month is determmed from the two high or low waters 

completes one cyoe P in declinahon, crossing the Rquator twice and 
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waters fall to nearly the same level, and the duration of rise and fall 
between successive tides is uniform. The tides.during this period 
are called the e,quatorial tides. When the moon is a t  either its max- 
imum north or south declinational points the two high waters and 
the two low waters for the day are unequal in height, and the duration 
of rise and fall is also unequal. This is well illustrated in Figure B 
of the appendix to this volume. The tides at times of maximum 
declination of the moon are called tropic tides, since the moon is then 
near one of the Tyopics. The planes of high and low water usually 
computed for the tropic month are mean higher high water, mean 
lower low water, tropic higher high water, and tropic lower low water. 
The planes of lower high water and higher low water may also be 
computed. 

Mean higher high water and mean lower low water for any tropic 
month are determined as the average of all the higher high waters 
or lower low waters for the month. Tropic higher high water and 
tro io lower low water are determined from the two higher high waters 

inequality, or 17.5 hours after the moon passes its maximum decli- 
national point, 17.5 hours being the diurnal age for Portland, Me., 
or the time by which the tropic tides lag behind their respective 
positions of the moon. 
As explained in the appendix, these three component actions are 

apparent in the tide everywhere but not to the same extent. The 
diurnal inequality of the tide on the North Atlantic coast is very 
small as conipared with its effect on the Pacific coast. At Portlmd, 
Me., the phase component and parallax component are nearly equal. 

Since these three lunar months are all of different lengths, there 
will be many possible combinations of the above planes, as spring 
perigean tropic higher high water, etc. It is evident then that the 
mean value for any of the above planes will not be accurately deter- 
mined until the observations are averaged over a penod of sufEicient 
len th that all of the combinations will have made one complete 

p%shed in a period of about 19 years. 
The value for any of the high or low water planes above described 

may be determined from the harmonic constank and is much less 
timeoonsurning than the method of direct tabulation. This method 
has been used in determining values for these planes a t  Portland, 
Me., and the value for each plane will be found in the section entitled 
“Sunimary of tidal data,” of this volume. 

The most important and most widely ,used planes of high and low 
water are mean high water and mean low water, which axe determined 
as the average height of all the high or low waters over a considerable 
period of time. 

The plane of mean low water has been adopted as the datum plane 
for all of the hydrographic work of the Coast and Geodetic Survey 
on the Atlantic coast and for all heights in the tide and current tables 
published by this bureau. It is also extensively used as a datum for 
other engineering and hydrographic work along the coast and inland 
waterways. 

Table 7 is a tabulation of low waters a t  Portland, Me., monthly 
and yearly means for the years 1912 to 1.925. The monthly means 
axe determined as the average value of all the low waters for the first 

9 ‘  

or F ower low watem that occur nearest the time of greatest diurnal 

c c e  7 or have completed several full cycles. This will be accom- 
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29 days of each month, the 1st day of March being added to the 
February series to .complete the 29day period whenever necessary. 
The monthly values in the tables show large variations from month 
to month, the greatest difference between any two months in a single 
year being 0.87 foot and between any two consecutive months 0.65 
foot. These large variations are due to meteorological changes and 
to the periodic variations introduced by the fact that a 29day series 
is not an exact cycle for all of the component motions of the moon 
previously discussed. The yearly means show much smaller varia- 
tion, as would be expected, since the nieteorological effects will more 
nearly balance and the periodic effects will be diminished as the vari- 
ous motions of the moon will have more nearly completed even 
cycles. The ma.xiniuni difference between any two years in the series 
is 0.35 foot and between m y  two consecutive years is 0.19 foot. 

If the yearly values of Table 7 are subtracted from the yearly values 
of sea level in Table 6, the resulting values-low water below sea 
level-should then be nearly free from meteorological effects, for the 
effect of wind and weather is large1 reflected in the height of sea level 

subtractions are shown in Table 8. The maximum difference between 
any two years is now 0.27 foot and between any two consecutive 
years is 0.15 foot. There is also now apparent a definite periodic 
variation from year to year, with the lowest value in 1913 and the 
highest about 1933. This periodic. variation is caused by the varia- 
tion in longitude of the moon’s node, which makes one complete cycle 
in a period of 18.6 years. The tidal forces caused by this variation 
are least in 1913 and greatest in 1922, thus agreeing with the values in 
Table 8. Factors to reduce the yearly values to a mean have been 
computed. (See R. A. Harris’s Manual of Tides, Pt. 111, “Value of 
F.”) After applying these factors, the values in Table 9 are obtained, 
which should be very nearly constant from year to year. The maxi- 
mum difference between any two years in the series is now 0.16 foot 
and between any two consecutive years is 0.12 foot. The maximum 
variation of any value from the mean for the 14 years, 1912 to 1935, 
is 0.09 foot. With the exception of the two years, 1912 and 1919, 
the agreement of mean yearly values to the mean for the 14-year 
period is very good. 

The variations from year to year can be more readily seen at a 
lance if presented in diagrammatic f o e ,  which has been done in 
kgure 2. Curve C represents the yearly means as taken from Table 
8, and the periodic variation from year to year is very definite and 
quite uniform, tho “wild” years on the curve being 1912, 1919, and 
1920. The value for 1912 may be slightly in error, due to trouble 
with mud and rust in the float well of the gauge during that year. 
The value for 1919 is too smdl and the vslue for 1920 too large, thus 
causing a large irregularity in the curve at this point. This irregu- 
larity is probably due to meteorological causes during these two years. 
Other standard stations along the Atlantic coast show a sindar 
variation during these two years, thus supporting the theory of un- 
usual storm acbon during this period. Curve D represents the vari- 
ation in yearly mean values after applyin the factors to correct for 

.slightly overcorrective effect; that is, the values that were on the 
lower portion of the curve dre now above the mean value, while those 

and not in an increased rise or fal r of the tide. The results of these 

longitude of the moon’s node. These f actors apparently have a 
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that were on the upper portion of the curve are now below the mean 
value. The great irregularity between the years 1919 and 1920 is 
improved very little on curve D, thus indicating that the irregularity 
is not caused by the periodic variations. The small irregularities 
from year to year in cuz'ves C and D which impart slight vanations in 
the curves must be due to meteorological changes which have not 
been entirely eliminated by referring the curves to sea level. 

The annual variation of low water from month to month throughout 
the year is illustrated in Figure 1. In general, the curve shows the 
same seasonal variations as shown by the sea-level curve, although the 
second high and second low are more pronounced than on the sea- 
level curve, indicating that, while the main cause of the variation is 
meteorolo 'cal changes which affect sea level, there may also be some 

the sea-level curve. 
The best available value of mean low water below sea level on the 

tide staff a t  Portland, Me., is the mean of the 14 years tabulated& 

other srua ff influence acting on the low waters. which is not present in 

AaC YEAWY MEANS 

B 1  D YEARLY M I A N 3  CORRECTED rOR WNGITUDI 05 THE UOCN'S NOM I 
- 

FIG. z.-PerIodic variation In hlgh and low water planes at Portland, Me. 

Table 9, or 4.47 feet. Nearly the same value would be obtained by 
taking a mean of the values in Table 8 for a complete half cycle of the 
variation from the lowest to the highest portion of the curve, or from 
the years 1913 to 1922. This mean is also 4.47 feet. The best svail- 
able value of mean low water on the staff may be obtained by sub- 
tractin? 4.47 from the accepted value of mean sea level, or 13.11- 
4.47=8.64 feet. Nearly the same value ma be obtained directly 

1913 to 1923. This mean is 8.66 feet, or a difference of 0.02 foot from 
the accepted value. 
In Table 10 are tabulated the values of high water, monthly and 

yearly means, for the years 1912 to 1935. The monthly values are 
determined as the average value of all the high waters for the fint 
29 days of each month. The maximum difference between any two 
months in a single year, as shown in Table 10, is 0.70 foot and between 
any two consecutive months is 0.53 foot. These values are nearly the 
same as those for the low-water variations. The maximum difference 

from Table 7 by taking the .mean of the year s y values for the years 

5520-2+2 
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between any two years in the series is 0.36 foot and between any two 
consecutive years is 0.15 foot. 

To eliminate as far as possible the meteorological effecb, the yearly 
values of sea level are subtracted from the yearly means in Table 10. 
The results are tabulated in Table 11. The variation from year to 

ear is now greatly reduced, and the periodic variation due to the 
Cngitude of the moon's node is now evident, which may be oliminated 
by applying the same factors used in correctin tho low waters. The 
results of this computation are tabulated in table  12. The yearly 
variations are illustrated by c w e s  A and B, Figure 2. The over- 
corrective effect of the factors to correct for the longitude of the moon's 
node is also apparent in the high-water curves. The small irregulari- 
ties caused by wind and weather are also apparent in the high-water 
curves, the greatest valhtion being between the yoars 1919 and 1920, 
the same as in the low-water curves. The variation in the high-water 
curve is, however, somewhat less pronounced than on the low-water 
curve, thus further supporting the theory that the irregularity is 
caused by meteorological and not astronomicd causes, since astro- 
nomical forces have an equal effect on both high and low water. 

The annual variation in high water from month to month through- 
out the year is illustrated in Figure 1 and, in general, is similar to 
the variation of the sea-level and low-water planes. The second high 
and second low are, however, less pronounced than on either of the 
other two curves. The greater part of the variation shown by the 
three curves in Figure 1 IS no doubt caused by changes in mcteoro- 

, logical conditions during the year. But the fact that the low-water 
curves and the high-water curves do not follow the sea-level curve 
exactly would indicate that there might be some other factor present 
in these two curves. If the values on the sea-level curve are sub- 
tracted from those on each of the other two, the resulting curve in 
each case should show the effect of the forces which cause the differ- 
ences between the sea-level curve and the other two. The results of 
these subtractions, which can readily. be seen from Figure 1, would 
give values veqy close to the datum hne in each case. These values 
would have a shght periodic tendency, however, and the two resulthg 
curves would be complimentary, Indicating that the cause was some 
astronomical force that acted equally on both high and low waters. 
The probable explanation of this phenomenon is that the values which 
are computed for a 29-day month. are to some extent in error, owing 
to the fact that a 29-day period 1s slightly greater than a complete 
cycle for the parallax variation of the moon. If the curves of E'lgure 
1 were computed using a 19-year series, during which time this varia- 
tion would be eliminated, the curves would no doubt be more nearly 
similar. 

The best available value to date for mean high water above sea 
level should be obtained by tahng the mean of all the yearly values 
in Table 12, which is 4.43 feet. Nearly the same value would be 
obtained by taking the mean of the uncorrected values of Table 11 
for the 10-year eriod, 1913 to 1922, which is also 4.43 feet. 

The best av a$ ' able value to date for the s t d  readkg of mean high 
water is obtained by adding 4.43 feet to the value of mean sea level, 
or 13.11 +4.43 = 17.54 feet. Nearly the same value would be obtained 
b taking the mean of the yearly values of st& readings, .given in 
d b l e  10 for the 10-year period, 1913 to 1922. This mean 1s 17.56, 
or a difference of 0.02 foot from the above value. 
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On the Atlantic coast the declinational datum lanes are of rel- 

of the tides is small. Like other hi h-water planes, the declinational 

tions extending over a period of a month or even a year must be 
reduced to a mean value. These declinational planes may also be 
derived from the harmonic constants. The harmonic constants from 
the analysis of a 369-day series at Portland, Me., beginning January 
1, 1925, show that the plane of higher high water lies 0.47 foot above 
the lane of mean high water, or 4.91 feet above mean sea level. The 

4.44 feet above mean sea level; However, the value 4.43 feet should 
be accepted for the height of this plane above mean sea level, since it 
is based upon 14 years of direct tabulation-1912 to 1925, inclusive. 
The. height of the plane of mean lower high water (3.98 feet above sea 
level) at Portland, Me., has been obtained from the harmonic con- 
stants for the 369-day series in 1925 referred to above. 

The lane of mean higher low water (4.15 feet below sea level) 
at Por tf and, Me., and also that of mean lower low water (4.82 feet 
below sea level) have been obtained from the 369-day series in 1925 
referred to above. The plane of mean low water (4.47 feet below sea 
level) has been obtained from 14 years of direct tabulation-1912 to 
1935, inclusive. 
In the “Summary of tidal data, Portland, Me.,” on page 19, the 

height relations for the planes of tropic higher high water, tropic 
lower high water, tropic higher low water, tropic lower low water, 
spring hgh  water, spring low water, neap high water, neap low water, 
perigean high water, pengean low water, apogean hgh  water, and 
apogean low water, dl referred to sea level, have been derived from 
harmonic constants for a 369-day series of tides at Portland, Me., 
beginning January 1, 1925. 

Other important tidal datums we those of storm high water and 
storm low water, which are discussed in the section on “Effect of 
wind and weather on the tide,” and also the plane of half-tide level, 
which is discussed in the following section. 

atively minor importance, since the diurnal inequ 8p. ity in the height 

planes exhibit annual variations an % when determined fr.om observa- 

res s ts of this analysis show that the plane of mean high water lies 

THE PLANE OF HALF-TIDE LEVEL 

The plane of half-tide level (or mean tide level, as it is sometimes 
called) is that plane which lies exactly halfway between the planes of 
memi high water and mean low water. The value for this plane wi l l  
then be determined from the accepted values of‘mean high and low 
water as follows: (17.54+8.64) + 2 =  13.09 feet, which will be the 
st& reading for half-tide level. This value is 0.02 foot below the value 
of mean sea level and may also be determined from Tables 12 and 9 
thus: (4.43-4.47)+2= -0.02 foot. Therefore, the plane of half- 
tide level is 0.02 foot below the sea-level plane. .The value of half- 
tide level for any month or year may be computed by taking the half 
sum of the values in Tables 7 and 10 for the month or ear desired. 

of sea level for that period. Thus the variation in sea level, as dw 
cussed in a previous section, will also apply to the plane of half-tide 
level. 

The value as thus determined will approach v e q  neary T the KaIye 
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The plane of half-tide level is often confused with sea level or taken 
to be the same plane. This would be true in a Simple sine curve, 
but in the tide curve the rise of hi h water above sea level is not equal 

mean sea level are not the same plane. At open-ocean stations, like 
Portland, Me., where the two planes lie so close together, one could 
be substituted for the other for many practical purposes without 
serious error, but for the sake of clarity it should be emphasized that 
thcy are distinct and separate planes. 

the fall of low water below sea k evel. Therefore half-tide level and 

THE RANGE OF THE TIDE 

The range of the tide, which is the difference in elevation between 
any high water and the corresponding low water, varies from day to 
day, month to month, a d  year to year, much the same as the high 
and low waters from which it is computed. Since there ere many 
planes of high end low water, it is obvious that there will be as many 
different ranges as there are combinations of high and low water 
planes. The more important ranges are enumerated as follows: 
Mean range, spring range, neap range, perigean range, apogean range, 
and several kinds of tropic and storm ranges. 

The. 
value for mean range at  Portland, Me., for any month or year from 
1912 to 1935 may be easily computed from the tables of mean high 
and mean low water. This is the only range et  Portland that has 
been computed from the tabulation for the 14-year period. The 
other ranges have been computed from the harmonic consttmts, cnd 
their values will be fouud in the table in the section on “Summary of 
tidal data.” 

The variation iu range from day to day is shown in the last two 
columns of Table 1. From this table it is evident that in a single 
month, selected at  random, the range varies from 6.7 to 13.3 feet, or 
a difference between extremes of 6.6 feet. This variation is caused 
largely by the change in position of the moon with respect to the sun 
and earth. The declinational efFect of the moon can be easily seen 
from the table. On August 5 end 20 the moon was at  its maximum 
north and south declinations, respectively, and the morning and after- 
noon ranges for the 5th and 21st should then show the greatest he- 
quality for the month, as is the case. The moon was on the Equator- 
on the 13th and 26th; therefore the morning and afternoon range on 
the 14th and 27th should be very nearly equal, as is evident from the 
table. On August 8 the moon was new, and on the 23d it was full; 
therefore the range on the day following these periods should be larger 
thw when the moon is in the first or last quarter, which occurred on 
the 16th and 30th of the month. This relation also holds in the table, 
but the maximum of the 24th is more definite than on the 9th. This 
is caused by the parallax of the moon. On August 10 the moon was 
in apogee, which causes a decreased range. Thus the maximum effect 
of the 8th was nearly balanced by the minimum effect of the 10th. 
On August 23 the moon was in perigee, which caused a maximum 
range; therefore full moon and perigee acted in conjunction a t  this 
period to produce the maximum range for the month. The daily 
variations that do not follow any of the three periods above described 
must be caused by varying meteorological conditions. 

The most important of the above ranges is the nieen range. 
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The variations in range from month to month may be obtained by 
subtracting the values of Table 7 from the corresponding values in 
Table 10. The yearly means may be obtained by subtracting the 
values of Table .7 from those of Table 10, or b adding the.values of 

tabulated in Table 13. The values in Table 13 have a definite peri- 
odic variation which makes one complete cycle in about 19 years, 
the lowest value in the cycle occurring in 1913 and the highest value 
in 1922. This is caused by the variation in longitude of the moon’s 
node, which was discussed in the section on high and low water planes. 
These yearly values may be corrected to mean values by a p p l p g  the 
same factors used to make similar corrections in the hi h and low 

yearly values should now be very nearly constant, but there is still 
some ii-regulaiity in the values. This may be best illustrated di* 
grammatically, which has been done in Figure 3. Curve A shows 
very clearly the periodic variation froni year to year. Curve B shows 
the variation after applying the correction or longitude of the moon’s, 
node. The factor has a slight over-corrective effect, as was noticed 

Table 8 to those of Table 11. The results of t T I  ese computations are 

waters. The results of this reduction are shown in Tab f e 14. The 

Fm. &-Periodic variation in the range of tlde at Portland, Me. 

in the y h  and low waters; that .is, the values in the up er portion 
of curve 
are now too hi h. The small irregularities in the curve must be due 
to the effects o f wind and weather. The most serious of these irregu- 
larities occur in 1919 and 1920, the value for 1919 being too low and 
for 1920 too high. A similar irregularity is noticed at other stations 
dong the Atlantic coast, indicating that it was probabl the result 

irre laritiies in the curves. 
T%.mean of the 14 values in Table 14 should furnish the best 

available value to date for the mean range at  Portland, Me., which is 
8.90 feet. The same value may also be obtained by subtracting the 
accepted value of mean low water from that for mean high water. 
Nearly the same value should be obtained by taking the mean of the 
uncorrected ranges in Table 13 for the 10-year period, 1913 to 1922, 
which is also 8.90 feet. The value of 8.90 feet, as determined from 
the recent 14-year series, will be accepted as the best available value 
for the mean range of the tide at  Portland, Me. 

are now too low and those in the lower-portion o s the curve 

of weather conditions during those two years that caus e l  the abrupt 
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TIDAL HARMONIC CONSTANTS 

The complicated tidal forces are resolved into hypothetical simple 
forces by the mathematical process of harmonic analysis of the 
hourly heights of the tide. From this process several constants are 
derived for any particular place on the earth’s surface. These con- 
stants are known as harmonic constants and are used rimarily in 
the prediction of tides by setting their values on the ti&-predicting 
machine. This subject is more fully discussed in the appendix of 
this volume, and a detailed discussion may be found in the Manual of 
Tides, by R. A. Harris, or in Harmonic Analysis and Prediction of 
Tides, by Paul Schuremaxn. 

Harmonic analyses of the tides a t  Portland, Me., have been com- 
puted for four 369-day periods, the first beginning August 1, 1864, 
and ending August 4, 1865, the second from January 1,1915, to Jan- 
uary 4, 1916, the third from January 1, 1916, to January 3, 1917, and 
the fourth from January 1, 1925, to January 4, 1936. The results. 
of the analyses for these four periods are tabulated in Table 15. The 
amplitudes are expressed in feet, and the epochs (in degrees) are re- 
ferred to the local meridian. The values inclosed in parentheses are 
inferred from other constants and are not derived directly from analy- 
sis.. A number of tidal values may be easily derived from the har- 
monic constants by means of formulas given in the Manual of Tides. 

The ages of the tide are computed as follows: 
Phase age in hours equals 0.984 (Soz-Moa).  
Parallax age in hours equals 1.837 (Moa-Noa). 
Diurnal age in hours equals 0.911 (KO1-Ool). 
Substituting the average epoch values of the various constants 

for Portland, Me., in the above formulas, the phase age e uals 

equals 17.5 hours. 
The type of tide may be determined from the ratio (K1+O1)+ 

(M2+Sa). When this ratio is less than 0.25 the tide is of the semi- 
daily type. Substituting the average amplitude values of the con- 
stants for Portland, Me., the ratio is 0.16; therefore the tide is of 
the semidaily type, as may also be seen from t-he tide curve for any 
month. The sequence of the tide may also be readily determined, 
but the formulas are rather involved and will not be reproduced 
here. The results from the formulas give, as the sequence, higher 
high water to lower low water. The high and low water planes 
and ranges may also be computed from the harmonic constants, 
but the formulas are too involved to present here. The values 
for the several planes and ranges thus computed will be found in 
the section on “Sumniary of tidal data.” 

34.7 hours, the parallax age equals 56.0 hours, and the diurn ag- age 

EFFECT OF WIND AND WEATHER ON THE TIDE 

The effect of wind and weather on the tide is a subject in itself 
and can, therefore, only be touched upon shghtly in this volume. 
It is not the purpose here to enter into any lengthy or mathematical 
discussion of meteorological changes and their effects upon the tide, 
but rather to deal with the sub’ect in a general way in an endeavor 

be explained, and to emphasize the fact that weather conditions 
may change to a considerable extent the time and height of any 
high or low water. 

to show how some of the irregu 1 arities in the tidal observations may 
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A t  open-ocean stations where fresh-water discharge is not a factor 

in tidal action, any high or low water that rises higher or falls lower 
than can be accounted for from astronomical causes must be due to 
either meteorological or seismological changes. Seismological changes 
are rather rare except in those areas of volcanic origin where the. 
volcanic forces are to some extent still active or in localities subject 
to frequent earthquakes. The station a t  Portland, Me., does not 
lie in or near such an area, therefore seismological changes will not 
be discussed in this volume. The changes in tidal action from this 
cause have been discussed at  some length in Special Publication 
No. 115, Tides and Currents in San Francisco Bay, and also Special 
Publication No. 127, Tides and Currents in Southeast Alaska. 

Meteorological changes as they affect tidal txctions may be divided 
into two classes somewhat closely related; that is, wind and baro- 
metric pressure. The action of the wind upon the surface of the 
sea is to set up a surface current in the direction of the wind or, to 
be more eyact, somewhat to the right of the direction of the wind 
in the Northern Hemisphere. The effect of this current, if it is toward 
the shore, is to pile up the water along the coast and, if it is away 
from the shore, to draw the water away from the shore line. Since 
windstorms are enerally of much longer duration than the duration 

largely reflected in changes of sea level, so that the natural tidal 
,forces act from a different datum for the period of the storm. The 
extent to which wind action influences the tides depends entirely 
upon the strength and duration of the storm, since it takes some 
time to set a current in motion and likewise some tinie for the current 
to cease flowing after the force of the storm is spent. 

Changes in barometric pressure have a direct effect on the height 
of sea level. An increase in pressure over an area tends to depress 
sea level, while a decrease in pressure allows sea level to rise. Changes 
in barometric pressure, like windstorms, are enerally of several 

to the wiud action. 
The selection of values of high or low water that are indicative of 

storm action must necessarily be either somewhat arbitra 
very complicated. No doubt the most accurate method of 
ing the influence of storm action would be to compare the actual 
height of every high and low water with the astronomical or theo- 
retical height for that time and from the difference, and also from 
accurate and complete storm data regarding wind and pressure, 
determine the influence of storms of various intensities. This method 
would necessarily be very complicated and too detailed for practical 
use. From a practical standpoint it is only those storms that pro- 
duce extreme tides that are of interest, and for the purpose of this 
discussion this will be the basis of selection. 

The highest and lowest tide for each month have been selected and 
tabulated as extreme monthly tides. The mean of these 12 values for 
any year is then called the storm high, or storni low, water for that 
year, and the highest and lowest monthly value for each year is 
entered as the extreme high or low water for the year. The results 
of this selection and computation are tabulated in Table 16. The 
values in the table show somewhat smaller variation from year to 
year than might be expected from the method of selection. The maxi- 

of rise or fall o f the tide, the net result is that the wind action is 

days’ duration, so that the action on the tidal B orces is quite similar 
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mum difference between any two years in the storm high watere is 
0.70 foot and in the storm low waters 0.63 foot. The maximum 
difference between any two yearly values in the highest high or lowest 
low tides is 1.2 feet for the hgh  watew and 1.0 foot for the low waters. 
If the series extended over a longer period of time, these d u e s  
would, no doubt, be somewhat increased. 

The average value of storm high water for the 14-year series is 
19.69 feet for the staff readin or 6.58 feet above the plane of mean 
sea level. The value of mean%gh water above mean sea level for the 
same period is 4.43 feet, or a difference of 2.15 feet. All of this differ- 
ence is not due to storm action, for by the method of selection we find 
that nearly all of the extreme tides for the months occur on or near 
the time of maximum astronomical tides for the month. This would 
be expected, since a small storm at times of maximum rise and fall 
will give a higher or lower reading than a storm of much greater 
intensity at times of minimum tidal action. From this information 
1.75 feet of the increased rise can be accounted for by astronomical 
causes, leaving 0.40 foot as the average yearly increase in high water 
caused by wind and weather. This represents an increased rise 
above mean sea level of about 6 per cent more than the astronomical 
tides. The value for low water also shows about 6 per cent depres- 
sion. The highest tide for the series, 21.1 feet on the staff, or 8.0 
feet above mean sea level, is 1.2 feet higher than the astronomical 
tide for that date, which represents an increased rise of about 18 per 
cent over the normal tide. The lowest low water for the series shows 
about 20 per cent increased fall below the normal tide for that day. 

The average yearly storm range for the 14-year series will be 
19.69-6.65, or 13.01 feet. The average extreme range will be 
20.47-5.93, or 14.54 feet. The greatest range is 21.1-5.4, or 15.7 
feet, which is about 2.3 feet greater than the greatest possible astro- 
nomical range for the series. 

In  order to show the neral meteorological conditions a t  times of 

tides of each month at  Portland, Me., from January to September, 
1926, together with the meteorological cdnditions on such days are 
entered in the table. For pu oses of comparison, the astronomical, 
or theoretical, tides for the 'g ays of extreme tides have also been 
entered in the table. From the table it is readily seen that most of 
the extreme low watew occurred when the barometric pressure was 
high,. while most of the extreme high waters occurred when the baro- 
metric pressure was low. 

An example of the variation in sea level as a result of changes in 
barometric pressure is illustrated in Figure 4. In  this diagram the 
daily variahon in sea level is represented in one curve and the daily 
variation in baxometric pressure for the same period is represented by 
another curve. The scale of the sesdevel curve is feet and the scale 
of the pressure curve is inches of mercury. Therefore the amplitudes 
of the two curves should be nearly the same but of opposite sign. From 
the curves it is evident that, whde the ordinates of the curves as 
measured from the datum are not equal, epery sharp rise or fall in sea 
level is accompanied by a corresponding m e  or fall m pressure. The 
smaller variations in sea level and pressure do not agree so.well as 
the larger variations. This might be expected, because other causes 

extreme tides, Table 17 r as been compiled. The highest and lowest 
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entering into the variations may eady  mask a small variation due to 
changes in pressure. Most of the s m d  changes in sea level that do 
not correspond to changes in pressure can be explained by wind action 
at that time. 
From the curves (fig. 4) and the results in Table 17 there can be 

no doubt about the great effect of pressure and wind action on the 
tides. In places of mall rise and fall, meteorologicd changes may 
even be the controlling factors. 

DAY or THL YONTH 

FEET OR INCHES 
0.5 r 

0.4 - 
0.) - 

I DAILY VARIATION or BAROYLTIIIC CRUSURL IN INCHLS 
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Ratios 
Spring r a n g e ~ m e a n r a n g e _ - - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ - - - - _ ~ ~ ~ ~ _ _ _ - ~ ~ _ _ _ _  1.16 
Neap range+mean range- -_______--____, -______-_-___-- -____--____-  0.84 
Perigean range+mean r a n g e _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _  1.20 
Apogean range+mean ,range- _ _  - _ _ _ _  _ _ _ _ _  _ _  _ _ _ _ _  _ _  _ _ _ -  - _ _  - _ _ _ _ _ _  _ _ _  0.84 
Great diurnal range+mean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.09 
Small diurnal range-imean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.91 
Great tropic range+mean r a n g e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _  1. 10 
Small tropic range+mean range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.83 

Feet 
Mean high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 43 
Mean higher high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.91 
Mean lower high water above sea level -___--____--_____--___________ 3.98 
Tropic higher high water above sea level ___-_____-______-_______  ~ _ _ _ _  4 98 
Tropic lower high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.65 
Spring high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  i _ _ _ _ _ _ _ _ _ _  5.12 
Neap high water above sea level- _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  3.71 
Perigean high water above sea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5.34 
Apogean high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.71 
Storm high water above sea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6.58 
Highest high water above sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.89 
Mean higher low water below sea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.15 
Mean low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L _ _ _ _  4 47 
Mean lower low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.82 
Tropic lower low water below sea level- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4. 85 
Tropic higher low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.78 
Spring low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5. 16 
Neap low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.75 
Perigean low water below sea level _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5.38 
Apogean low water below e a  level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.76 
Storm low water below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6.43 
Lowest low water below sea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.71 
Half-tide level below sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.02 

Height relations 

THE TIDE IN PORTSMOUTH HARBOR AND TRIBUTARIES 

The earliest record of tidal observations in Portsmouth Harbor is 
in 1851, when observations were made at  Fort Constitution for a 
period of several weeks. Since that time there have been many series 
of observations at various places in the harbor and tributaries, most 
of which were made in connection with hydrogra hic or other engi- 

period of time was required. Therefore many of these series of obser- 
vations are not continuous but are daylight readings on staff gauges, 
sometimes on successive days and sometimes a t  broken intervals. 
There are a few places where a continuous record of several days or 
weeks is available. 

A series of observations was started a t  Fort Constitution in 1851 
to determine tidal characteristics for Porhmouth Harbor. A record 
was obtained for 86 consecutive days in 1851, 48 days in 1852, and 
166 days in 1853. The auge was then discontinued, and no further 

plete record available for an portion of the harbor a t  the present 
t ime. A longer partial reco rJ is available for the station a t  the navy 
yard, Seavy Island, where the naval authorities maintained a gauge 
for a period of. 25 consecutive lunar months to determine the elevation 
of the high and low water planes a t  the yard. The time relations for 
this series are, however, not available. 

neering projects in the harbor where the local tida 8 action for a short 

record was obtained unti T 1898. The series in 1853 is the longest com- 
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The locations of stations in Portsmouth Harbor and tributaries 

where tidal observations have been made are shown in Figures 5 and 6 
by means of circles lettered from A to J, inclusive. At most of them 
stations two or mom short series of observations are available, so that 
a comparison of tidal constants at Merent  periods may be made. 
In the tide and current survey of 1926 several of the old stations were 
reoccupied and a few new stations were established a t  controlling 
points in t.he harbor. 
All of the short-period observations in the harboi have been reduced 

to mean values by comparisop with some standard station, or b 
applying factors to correct them for periodic variations. Port lani  
Me., has been used as the standard station whenever possible, because 
of the similarity of the tides a t  the two stations. Some of the earlier 
observations in the harbor were taken befoie the Portland gauge was 
estclblished, and it is, therefore, impossible to make a direct compari- 
son of the observations with the Portland station, and some other 
form of reduction has been employed in such cases. Since the times 
and methods of observations at  each stetion in the harbor are quite 
different, it seems advisable to discuss first each station separately and 
later collect and tabulate the accepted values for each station in one 
table for further comparison and di3cussion. 

STATION A, JAFFBEY POINT, N. H. 

This station was located on the eastern shore of Little Harbor (lati- 
tude 43O 03.3' N. and longitude 70' 42.9' W.), on the outer end of the 
Army pier at Fort Stark: This station is located so near the entrance 

oint of T.ittle Harbor that there should be very little dflerence 
edween the tidal action at this phce and that. in the outer harbor. 
There are three short periods of observations available at this sta- 

tion, as follows: One series of 10 days in 1903, another of 2 days in 
1919, and a third of 6 days in 1936. The tidal characteristics fdr the 
two later periods have been reduced to mean values by comparison 
of simultaneous observations with the Portland station. The obser- 
vations from the 1903 series have been reduced to mean values by 
comparison of simultaneous observations with Porkmouth, N. H. 
(Commercial Wharf). The Portland gauge was not in operation in 
1903, and a direct comparison with this station is impossible. The 
values obtained for the three series by the methods just explained are 
tabulated in Table 18. 

The values of lunitidal intervals for the three periods are very 
nearly the same, but the value of mean range for the 1903 observations 
is about 0.5 foot greater than that for either of the other two series, 
wvlde the results for the two later series are very nearly the same. 
This difference may be due to the method o€ indirect comparison or 
it may be the natural irregulsrity in the tidal values. 

The best available values to date for tidal characteristics a t  sta- 
tion A should be the wei hted means of all the observations. These ' 
values are shown in the fast line of the table. The values for each 
series of observations has been weighted in direct proportion to the 
number of days of observations in the series. 

E 



. .- ~. - 
Fro. B.-Tide etatione, Portsmouth Harbor 
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STATION B, GERRISH ISLAND, ME. 

This station was located on the outer end of the Army pier on me 
western side of Gerrish Island and about mile north of Whaleback 
Reef Lighthouse. The station is in latitude 43' 04.0' N. and longi- 
tude 70' 41.8' W. It was established 1926 in connection with 
the tide and current survey of that year and was occupied for a 
period of seven consecutive days. This is the only series of tidal 
observations that has been taken a t  this place. The results from this 
series were reduced to mean values by direct comparison with observa- 
tions at Portland. The mean values are iven in Table 19. 

agree closely with those for station A. This might be expected, since 
the stations are both near the entrance points of the harbor, one on 
either side, so that the time and height of the tide should be very 
nearly the same a t  either station. 

The values of mean range and lunitid 9 intervals for this station 

STATION C, FORT CONSTITUTION, N. H. 

This station was located on the Army pier at Fort Constitution, 
Newcastle Island (latitude 43' 04.3' N. and lon itude 70° 42.7' W.). 

than a t  any'other place in the harbor because of the number of series 
a t  this place and also the lengths of some of the series. The earliest 
observations here were taken in 1851, when 86 days of continuous 
record were obtained. The station was again operated in 1852 and 
1853, but, owing to the scale of the gau e being too large, the 1852 

the value of mean range is, therefore, too small. The following year 
a new gauge was installed and a record obtained for 166 consecutive 
days. No further observations were made until 1898, when 74 days 
of observations were recorded. Since this date there have been sev- 
eral short periods of observations at this station. The results from 
each series have been reduced to mean values and are tabulated in 
Table 30, the last line of the table being the weighted means of all 
the observations since 1885. 

The three earliest series were taken before standard-time belts 
were established in the United States, and the time relations could 
not, therefore, be given as much weight as those from observations 
a t  a later date when the kind of time used was no longer an uncertain 

z factor. Automatic gauges were also in the experimental stage a t  this 
time, and the results are not quite as reliable as similar records at a 
later date. 

The best determined single period at Fort Constitution is probably 
the 74 days of observations taken in 1898. B this time automatic 

[shed about 1885, time was no longer a doubtful factor in the records. 
All values in the table have been reduced to mean values either by  
comparison with the Portland (Me.) or Boston (Mass.) observations, 
or by applying factors to correct for periodic variations. It is impos- 
sible to compare the records for 1851,1852, and 1853 with any standard 
station, and the results have, therefore, been reduced to mean values 
by applying factors to correct for the h o r n  eriodic variations. 

tions prior to 1885 have been omitted. Beginning with the series 
of 1898, weights were given in accordance with the lengths of seriea 

The tidal characteristics at this station are proba Q ly better determined 

observations do not contain the lowest f: ow waters of the series and 

auges were reliable, and, the standard-time be T ts having been estab- 

In arriving a t  the weighted means given in pr able 20, all observa- 
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for the various years shown. The best available values to date for 
tidal characteristics for Fort Constitution, N. H., are the weighted 
means of all observations since 1885 and are given in the last line of 
Table 20. 

STATION D. XITTERY POINT, ME. 

This station was located on Kittery Point, Pepperell Cove, Me. 
(latitude 43' 05' N. and longitude 70' 42' W.). There are two 
periods of observations available at  this station-one in 1917, when 
64 high waters and 64 low waters were recorded, and another in 1919, 
when 23 highs and 23 lows were obtained. In  neither case were the 
observations from consecutive tides, but they were the high and low 
waters obtained from a series of daytime observations on a st& 
gauge, es$ablished in connection with hydrographic work in the 
harbor. The results from each series have been reduced to mean 
values by comparisons with simultaneous observations at Portland, 
Me. The results thus obtained are tabulated in Table 21. The 
best available values for this station are the weighted means of the 
two series as tabulated iu the last line of the table. Each series was 
weighted in proportion to the number of days in the series. 

STATION E, PORTSMOUTH NAVY YARD, ME. 

This station is located st the ferry landing in the navy yard, on 
Seavy Island (latitude 43' 04.8' N. and longitude 70' 44.5' W.). 
The earliest series at this place is one started in 1902 by the navy-yard 
authorities to determine the elevations of the high and low water 
planes at  the yard. Heights of high and low water were recorded 
for a period of 25 lunar months. The time relations for this period 
are not available. In  1919 a four-day series of observations was 
taken in connection with hydrographic work in the harbor. Late in 
August, 1926, an autoniatic gauge (United States Coast and Geodetic 
Survey threeroller type) was installed at the ferry landing, where it 
will be kept in continuous operation for a number of years. This 
gauge was installed and is maintained jointly by the navy-yard 
authorities and the Coast and Geodetic Survey. In  the near future, 
when a two or three year series of observations is available at  this 
station, the tidal characteristics for tbis station will be better estab- 
lished than at present and will probably be the 'best-determined 
values in the harbor. 

The results from each series of observations is tabulated in Table 22. 
The values in the table have been reduced to mean values by corn- 
parison with thePortland (Me.) tide station or by correcting the 
results for periodic variations. The best available values to date for 
this station are the weighted means of all observations as shown in 
the last line of the table. Each series has been weighted in direct 
proportion to the number of days of observations in the series. 

STATION F, COMMERtXAL 'WHAIIF. PORTSMOUTH. N. E. 

This station was located on Commercial Wharf in the city of 
Portsmouth (latitude 43' 04.7' N. and longitude 70' 45.1' W.). 
There is only one series of observations available at  this station. 
Daytime observations on a plain st& were made at  this place in 
connection with hydrographic work in the harbor in 1903. Sixty- 
four high waters and 68 low waters were recorded during the series. 
The results from this series have been reduced to mean values by 
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comparison with the station at Fort Constitution, N. H., and by 
applying factors to correct for periodic variations. The results of 
the reductions are tabulated in Table 23. 

STATION G, ATLANTIC COBPORATION SHIPYARD, POBTSMOUTH, N. E.. 

This station was located on the docks of the Atlantic Corporation 
Shi yard, on the Piscataqua River (latitude 43O 05.4' N. and longi- 
t u , e  B 70' 46.0' W.). There are two series of observations available 
at  this station, one of 10 days' duration in 1919 and another of 5 
days in 1926. The results from each series have been reduced to 
mean values by comparison of simultaneous observations with the 
Portland (Me.) tide station. The results are tabulated in Table 24. 
The best available values to date for this station are the weighted 
means of the two series of observations which are given in the last 
line of the table. 

STATION H. DOVER POINT, N. H. 

There are two series of observations at  this station, one in 1913 
and one in 1926. The location of thle gauge for each period was 
slightly different. In 1913 the gauge was located on a dock north OI 
the railroad bridge. In 1936 the gauge was located on the center 
pier of the draw of the railroad bndge. The two locations are less 
than 400 yards apart, so the tidal action should be very nearly the 
same a t  both places. The 1913 series consists of daytime observa- 
tions taken in connection with hydrographic work. Values w ~ r e  
obtbined for 41 high and 42 low waters. The 1926 sedes consists 
of six consecutive days 0; observations with an automatic gdu e. 

comparison with the Portland (Me.) tide station. The results of the 
comparisons are tabulated in Table 25. 

The mean range for the two series, as shown in the table, agree 
very well, but the lunitidal intervals are quite different, both high 
water and low water occurring later in 1926 than in 1913. The rela- 
tion. between duration of rise and duratipn of fall is also quite 'Mer- 
ent in the two series. The interval of qse was slightly reater than 

siderably larger than the duration of rise. This station is located 
well up the Piscataqua River where fresh-water discharge would have 
a considerstble effect on the tidal action, and it is, therefore, quite 
probable that the difference in the time relations are due to this cause. 
The series of 1913 was taken in the midsummer months, when the 
run-off is generally small, while the 1926 series was taken in the early. 
fall, when the run-off is larger. 

The weighted means of the two series should 've average conditions 

values to date.for this station. The mean values thus computed, by 
wei hting each series in direct proportion to its length, .are tabulated 
in %%e last line of the table. 

The results from each senes have been reduced to  mean values % y 

the interval of fall in 1913, while in 1926 the duration of B all was con- 

at this station and will, therefore, be accepte f as the best available 

STATION I, SALMON FALLS RIVER HIGHWAY BRIDGE 

This station was located on the highway toll bddge across the Sal- 
mon Falls River, near the city of Dover, N. H. (latitude 43O 11.4' N. 
and longitude 70° 49.5' W.)* This bridge is very near1 a t  the head 
of navigation of the river, as the channel above the t ridge shoals 
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rapidly to 6 feet or less. The only observations available at this 
station are from a 6-day series taken in 1926 in connection with the 
tide and current survey of the harbor of that year. The results from 
this series have been reduced to mean values by comparison with 
the standard tide station at Portland, Me. The resdte of .this 
oomparison are shown in Table 26. The effect of fresh-water dis-1 
charge at this station is very weu shown by the intervals for duration 
of rise and fall, the duration of fall being 0.4 hour mom than the dura- 
tion of rise. 

STATION J, EXETEB IUVEB ENTBANCE. N. E. 

This station was located at the draw span of the Boston & Mph.14 
Railroad bridge across the Exeter River just above the head of Great 
Bay (latitude 43' 03.2' N. and longitude 70' 54.7' W,). The Exeter 
River is navigable above this station by lGht-draft vessels as f a r  'as 
the cit of Exeter, N. H. 

T id8  observations at this station wer0 made only in 1926, when 
five days' record were obtained from an automatic auge. The results: 

with the standard tide station at Portland, Me., and are tabulated 
in Table 27. The effect of fresh-water discharge on the tide is alsp 
shown at this station by the duration of fall being considerably longer 
than the duration of rise. 

of these observations have been reduced to mean va 7 ues by comparison 

SUMMABY 

The accepted values of tidal characteristics for each station in 
Portsmouth Harbor are for convenience collected and tabulated in. 
Tabe 28. The accepted values for the standard tide station a t  

pariyn. 
Tidal movements in coastal waters are rarely of a simple wave 

movement, but it is frequently of considarable value and interest in 
tide and current predictions to determine which type of wave move- 
ment is most nearly represented. The two principal types of wave 
movement are the ststiona and the progressive. The .station 

water occurs at all stations on one side of the axis at the same time that: 
low water occurs at all stations on the otlier side of the axis. The 
range of the tide generally increases toward the head of the bay; 
and slack water occurs at the time of high ,ahd low water. The 
progressivewave movement is one in whifh the eresb of the wave 
advances, so that the time of tide becomes later and the range g&- 
erally decreases as the distance from the entrance of the bay increases.' 
In this type of movement slack water occurs about halfway between 
the tirjnes of high and low water, with the meximum strength of 
flow at times of high and low water. 

It is evident from an inspeotion crf Table 28 that the tide in Ports- 
mouth Harbor is not of the &ationary-wave type of movement, for 
the time of the tide is M e m t  at every station in the harbor and the 
range decreases toward the head of the harbor. 

I€ the movement is of the progressive-wave type , the range of the tide 
should decrease from the mouth to thehad of the ba at approximately 

Port \ and, Me., are also included in tha table for purposes of com- 

"g wave is one in which the ti 7 e oscillates about an axis, so that hig 

a uniform rate, and the time of tide should become r ater m 'aixordanc6 
553&29--3 
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with the formulafor therate of advance of a progressive wave (R - d& 
where R is the rate of advance, g is the acceleration due to gravity, 
and d is the average depth of the channel below sea level. 

The rate of decrease in range for the outer portion of the harbor, 
or between stations B and D on one shore and A and C on the dther, 
is about 0.11 foot per mile. The rate of decrease for the inner portion 
of the harbor, or between stations C and F on one shore and stations 
D and E on the other, is about 0.51 foot per mile. The difference 
in rate of decrease of range in the two portions of the harbor is prob- 
ably due to the con6guration of the channel. The outer harbor is 
straight and free of obstructions and of nearly uniform depth, while 
the inner harbor has many obstructions in the channel and is variable 
in depth. In the lower reaches of the Piscataqua River, where the 
configuration of the channel is somewhat similar to that in the inner 
harbor, the rate of decrease in range is approximately e ual to that 

0.42 foot per mile as compared with 0.51 for the inner harbor. The 
range at each of the two river stations above station H is slightly 
greater than that a t  H, which is no doubt caused by the constxiction 
of the channel at each place. From the rate of decrease of range 
done it is not evident whether the tide is of the progressive type or not. 

From 
the formula (R = d@!) the tide should be 0.06 hour later at station C 
than at  station A and from Table 28 the actual average difference is 
0.05 hour. The theoretical difference in time between stations A 
and E is 0.13 hour, while the actual time is 0.24 hour. Therefore, 
for that portion of the harbor from the entrance to the navy yard 
the tidal movement is largely of the progressive-wave type. Accord- 
ing to theory) the tide at  station G should be 0.10 hour later than 
at station F, while the actual time difference is 0.26 hour. Between 
stations G and H the theoretical time is 0.22 hour, while the actual 
time is 0.90 hour. Therefore, between these stations it is evident 
that the movement of the tide is not entirely of the rogressive- 
wave type. It is probable that the tidal movement in Fortmnouth 
Harbor and tributaries is largely of the pro ssive-wave type, but 

depth and width of the channels the theory does not hold very we 
in some portions of the waterway. 

The two river stations I and J each have a range of tide greater 
thanstation H, wEch is several miles downstream. This must be 
due to the constriction of the channel a t  each of these stations. A t  
station H the channel has an average width of 400 yards and an aver- 
age depth of 20 feet, while a t  staQon I the width has been reduced 

th to 5 feet, and at  station J the width is 
the depth to 6 feet. 

or river current has very little effect on the 
Portsmouth Harbor tlhd tributaries. The 

up-river stations I and J, where the dura- 
longer than the duration of rise. Nearly 

all of the observations in the wctterway have been taken duritlg 
summer months, when the mh-off is mall, and itis quite probable 
that observations taken at other times of the year would show the 
effect of run-off farther downstream. When a year of observations 
is available from the navy gerd station the effect of freshehs on the 
tidal mtion ctt that place dumg the year will be known. 

for the inner harbor, the rate between stahons E and H ll eing about 

The best test of the progressive wave is the time relations. 

arylnfi because of the numerous obstmotions in  the^ c r ameils aad the v; 



Part 11.-CURRENTS IN PORTSMOUTH HARBOR 

By E. A. LE LACHEUR, Urtited States Coast and Geodetic Survey 

Part I1 of this publication deals with the tidal current in Ports- 
mouth Harbor and its tributaries. The movements of the tidal cur- 
rent in the approaches to Portsmouth Harbor from the Atlantic 
Ocean are also..incluhd because of the relationship between such 
tidal current movements offshore and those in Portsmouth Harbor 
Proper- 

Tidal currents in this waterway are discussed under the following 
sections: 

1. The current in the approaches to Portsmouth Harbor. 
2. The current in Portsmouth Harbor entrance. 
3. The current in Portsmouth Harbor, vicinity of Newcastle, N. H. 
4. The current in Portsmouth Harbor, vicinity of Portsmouth, 

5 .  The current in the Piscataqua River and tributaries. 
N. H. 

APPROACHES TO PORTSMOUTH HARBOR 

For convenience in~discussing the tidal current in the approaches 
to Portsmouth Harbor, the entrance to the harbor is defined by a 
line joining Odiornes Point and Kitts Rocks whistle buoy. Current 
stations located north of this line are, therefore, in Portsmouth Harbor, 
and those located south of this line are in the approaches to Ports- 
mouth Harbor. Figure 7 shows the locations of two current stations 
which have been occupied in the approaches to Portsmouth Harbor, 
the records of which are on file in the office of the Coast and Geodetic 
Survey. 

The tidal current in Portsmouth Harbor is of the reversin type; 

six hours and then ebbs, or sets southerly or easterly, for the following 
periobaf.abou% six hours. Duetto frebwater run-off in thePiscataqua 
Ri&f *&dXs tributaries, the p6riod*of.thefd~athn of trheselhis 
erdy increased to about seven hours duration and that of the ood 
decreased to about five hours duration. When the current changes 
from flood to ebb, or  vice versa, there is a period of slack water, or 
time of no current. Theoretically, this change takes place instantl . 
that it may be considered as slack varies from a few minutes duration 
to lialf an hour, or even longer. In the case of this reversing type of 
current, there is an increase in the velocity of the flood or ebb from 
the time of slack water until about three hours later, when the cur- 
rent attainsitsmaximum strength. Then it decreases in velocity over 
another period of about three hours until the following slack water 

Offshore, however, away from the immediate influences of the mast, 
the tidal current is uite dgerent from the current famd in inland 

that is, it floods or sets northerly or westerly for a period o B about 

r- 
Actually, however, the period during which the current is so feeb 9 e 

occurs. 

29 
tidal waters. Instea 8 of setting in one general direction, or flooding, 





TDES AND CURRENTS IN POBTSMOUTH -OR 32 
for a period of about 6 hours, and ebbing in the o posite direction 
during the following period of about 6 hours, the tid 3 currant offshore 
changes in direction and velocity continually, so that in a period of 
about 12% hours it wil l  have set in all directions of the compass. 

Th i~  type of current is d e d  a rotary current in distinction from 
the reversin type of current found in inland tidal waters suchas 

information on the reversing, or rectxear,  and rotary types of cur- 
rent, see page 89 of the appendix to this publication. 

At  current stations 1 and 2, shown in Figure 7, the tidal currant 
is distinctly rotary in type, turning clockwise. Twice in a lunar day 
of 24 hours and 50 minutes the tidal current swings around in a com- 
plete ellipse, as shown in Figure D in the appendix. A characteristic 
feature of the rotary current is the absence of slack water. The cur- 
rent is always running and vanes in velocit and direction hour by 

rent, to a period of least velocity, or minimum current. I n  half a 
tidal day, or a period of 12 hours and 25 minutes, two maximum and 
two minimum velocities of the tidal current occur. These are related 
to one another in the same way as slack before flood, strength of 
flood, slack before ebb, and stren th of ebb in the case of the reversing 

mum velocity by an interval of about three hours and is followed in 
turn by another maximum velocity after a further interval of about 
three hours. 

Current data for stations 1 and 2 are given in Table 29. Observa- 
tions were made continuously by means of ole and log line a t  hourly 

standard 15-foot pole, weighted with sheet lead so as to submerge 14 
feet. The log line was graduated in knots and tenths of knots for a 
run of 60 seconds, which was the interval of time used for each obser- 
vation. Owing to the len th of the current pole used, current data 

a t  a depth of 7 feet, or, approximately, at the surfwe. 
Current station 1 was located about onehalf mile south of York 

L e whistle buoy 24YL and about 1% d e s  eastof MurrayRock, 

buoy 1, which marks the northeast end of Gunboat Shoal. The cur- 
rent at both stati6ns is of the rotary type, .turning clockwise, the flood 
setting southwesterly at station 1 and northwesterly at station 2. 
It is a weak current, however. It will be noted from Figure 7 that 
current station 1 is located about 5 miles from the entrance to Ports  
mouth Harbor, while station 2 is but a mile away from this entrance. 
In Table 29 the time of the tidal current at stations 1 and 2 is re- 

ferred to the time of redicted slack water before flood at Portsmouth 

current at all current stations mentioned in this publication, and it is 
also one of the standard reference stations for which full predictions 
for every day in the year are ven in the Atlantic Coast Current 

Survey. The times of strength of flood at  stations 1 and 2 occur 
about two and onehalf and one and one-half hours later, respectively, 
than the same phase of the current a t  Portsmouth Harbor entrance. 

Portsmouth % arbor and the Piscat ua River. For more detailed 

hour. It varies from a period of greatest v tJ ocity, or maximum cur- 

type of current. A minimum v tf ocity of the current follows a maxi- 

intervals. The current pole used was the B oast and Geodetic Survey 

for atations 1 and 2 in Tab 5 e 29 represent average current conditions 

w 3 ' e current station 2 was located about onehalf mile east of bell 

Harbor entrance. .p his is the reference station for the times of the 

Tables, a serial publication of t e e United States Coast and Geodetic 
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It-will be noted that the velocity of the flood st these stations is 
rather small compared with that of about 1% knots a t  Portsmouth 
Harbor entrance. Because of proximity to the harbor entrance, the 
velocity of the current at  station 2 is obviously greater than that a t  
station 1. The directions (true) of the flood strength at  each'ststion 
are given to the nearest 5' reckoned from 0' N., 90' E., 180' S., 270' 
W., and360' N. This method of giving the direction of the current is 
used for pole observations a t  all current stations mentioned in this pub- 

The direction of the tidal current at the time of stren th 

The velocity and direction of the set, or nontidal current, for the 
%day observation period is also given for each station in Table 29. 
This current is largely due to winds, fresh-water run-off, or some other 
meteorological factor or factors in distinction from the tide which is 
an astronomical phenomenon. It will be noted that the set, or non- 
tidal current, at each station is approximately as great in velocity as 
the tidal current. When strong winds occur it may completely mask 
a weak tidal current. 

' lication. 
of ebb at  stations 1 and 2 is approximately 45' and 145', respective 5 y. 

PORTSMOUTH HARBOR ENTRANCE 

For all practical purposes Portsmouth Harbor entrance may be 
taken as the mouth of the Piscata ua River where the latter meets 

from the vicinity of Odiornes Point and Kitts Rocks to the vicinity 
of Pepperell Cove, off Fort Point, a 2 - d e  stretch of deep water. 

In  mid-channel depths of 40 to 70 feet are found. South and west of 
Gerrish Island several rocky reefs and islets occur. The eastern 
shore of Newcastle Island is also rocky. The channel is wide, deep, 
and free from shoals, havh depths of 30 feet or more and widths of 

and Fort Point. Depths of 1 foot or less at  mean low water are found 
between Whaleback Reef and Wood Island and between the latter 
and Gerrish Island, making this portion of Portsmouth Harbor 
practically useless for navigation purposes. 
Figure 8 shows the locations of 19 current stations occupied in 

Portsmouth Harbor entrance by the followi field arties of the 
United States Coast and Geodetic Survey: C . 3 .  Woocfhull, in 1852; 
P. A. Welker, in 1898; J. H. Hawley, in 1919; and R. W. Woodworth, 
in 1926. Observations at  a majority of these stations were made in 
the summer of 1926, when the Coast and Geodetic Survey made an 
extensive tide and current survey of Portsmouth Harbor and its 
tributaries. Currents were observed on cross sections of Portsmouth 
Harbor entrance in 1926, as follows: 

1. Between Odiornes Point and Whaleback Reef-stations 2, 3, 
and 4. 

2. Between Fort Point and Gerrish Island-stations 13 and 15. 
Station 11 was a control station for current stations occupied in 

Portsmouth Harbor entrance in 1926, and continuous observations 
by current pole and log line and also by current meter were made at  
this station for a total of five and onefourth days from August 11 to 
13 and from August 30 to September 2. The data derived from 
current observations a t  these 19 stations in Portsmouth Harbor 
entrance are given in Table 30. For each station these data refer 

the Atlantic Ocean. This would inc 4 ude that portion of the waterway 

more than s quarter of a m' lf e in its narrowest reaches off Wood Island 
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to the tidal current near the sur facea t  a depth of about 7 feet- 
and are based on observations made by means of current pole and 
log line. 

The times of slack water and strengths of flood and ebb in Table 30 
are 'ven in hours and tenths of hours and are referred to the times of 
pregcted slack water at Portsmouth Harbor entrance, one of the 
standard reference stations for which full redictions for every day in 
the year are given in the Atlantic Coast 8 urrent Tables. The loca- 
tion of this standard reference station is approximately that of cur- 
rent station 11, shown in Fi ure 8, located about one-fourth mile 
northwest of Whaleback Reef f A  ight. 

The durations of flood and ebb are also given in hours and tenths of 
hours, and it will be noted from the table that the duration of ebb at 
nearly all the current stations in Portsmouth Harbor entrance is con- 
siderably greater than that of the flood, owing to fresh-water discharge. 
The velocities of flood and ebb strengths are given in knots and tenths 
of knots and are corrected to a mean range of tide. The' true direc- 
tions of the flood and ebb currents a t  times of strength are given to the 
nearest 5'. 
In general, it will be noted from the table that the current turns 

earlier in the shallower reaches near the eastern and western shores of 
the harbor entrance than it does in mid-channel. This is shown very 
distinctly for flood observations at stations 1, 4, and 7, and ebb 
observations at stations 2, 5, and 7. The depths of water a t  stations 
5 and 7 at mean low water are but 14 or 15 feet as compared with 
depths of 40 to 50 feet at the mid-channel stations 3, 9, 11, 12, 14, 
16, 18, and 19. 

The greatest velocities of the current on the flood and ebb occur 
mainly at stations which are located on the axis of the channel. 
Under normal weather conditions, the average velocity of flood at 
time of strength at these stations is about 1% knots, although in 
mid-channel, off Fort Point, velocities of about 2 knots occur. Ebb 
strength averages about 1% knots at these stations and average veloci- 
ties exceeding 2 knots obtain at certain points in the waterwa At  
stations along the eastern and western shores of Portsmouth garbor 
entrance the strengths of flood and ebb average from about 0.65 to 
0.85 knot, as will be readily seen from the data for stations 1, 2, 4, 
5, 6, 7, and 17, given in Table 30. 

The average duration of flood and ebb at station 11, Fi ure 8, for 

rent Tables, are 5.8 and 6.6 hours, respectively. In mid-channel, a t  
stations 3,9,11,12, 14, 16,18, and 19, the avera e durations of flood 
and ebb are about 5% and 7 hours, respectiv 3 y. With increased 
fresh-water run-off the duration of ebb is correspondingly increased 
and the duration of flood is decreased. 

It will be noted from Table 30 that the duration and velocity of 
flood at station 18, north of Fort Point, is considerably greater than 
that a t  station 19, while on the ebb the converse is true. This phe- 
nomenon may be explained by the fact that the influence of the 
flood is felt more at station 18 than it is a t  station 19. ,4lthough 
the two stations are close together, the depth of water is greater 
a t  the former station. The flood, upon entering Pohmouth Harbor, 
is undoubtedly deflected by Fort Point, Fishing Islands, and the 
western shores of Gerrish Island,, causing its influenoe to be felt 

which daily current predictions are given in the Atlantic E oast Cur- 
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more at  station 18 than at station 19. This may also explain the 
rather small velocities of flood and ebb at station 17 at the entrance 
to Pepperell Cove. That the flood is deflected by Fort Point is broUght 
out by the data for station 13 in Table 30 which show the direchon 
of flood to be N. 5' E. (true), while the ebb direction at  time of 
strength is 145O (true), or S. 35O E. 

The unusually long ebb duration at  station 5 'and long flood dura- 
tions at stations l and 4 may be explained by the locahons of these 
stations. The flood at station 5 is interfered with by the many rocks 
and shoals south of Gerrish Island. It is interesting to note that at  
stations 1 and 4 the duration of flood is three hours longer than 
that of ebb, while at  stations 2 and 6 on the other side of the harbor 
entrance the ebb runs three hours longer than the flood. The depths 
of water north of Wood Island indicate that the ebb is deflected 
toward Little Harbor entrance by Wood Island and Whaleback 
Reef. This is brought out by the long ebb durations at  stations 
2 and 6. While there is considerable interference to the flood at  
station 5, causing a flood duration of less than four hours, there 
is lesser interference to the ebb at  this station, resulting in an ebb 
duration of nearly lline hours. 

At the 11 current stations occupied by the field party of R. W. 
Woodworth in 1926, in Porkmouth Harbor entrance, observations 
of subsurface currenta were also made by means of a Price current 
meter with telephone attachment. These observations w m  made 
at three depthd.2,0.5,  and 0.8 of the de th at  each station. The 

of flood and ebb have been reduced t.0 a mean range of tide and are 
ven to the nearest hundredth of a knot for,comparative pur oses. 

to the times of predicted slack water at  Porlsmouth Harbor entrance 
(a roximately at station 11). The durations of flood and ebb as 

hundredth of an hour, also for comparative purposes, and the direc- 
tions of the current at  flood and ebb strengths are given to the nearest 
degree. 

At most of these stations currenta were observed at  half-hour 
intervals for 25 consecutive hours. Stations 2,3,4, and 5 as well as 
stations 13 and 15 were located on cross sections of Porbmouth 
Harbor entrance. Station 10, located east of Newcaatle Island, 
was occupied for two days, and the control station, No. 11, was 
occupied for more than five days. At all these stations the current 
~EI of the reversing, or rectilinear, type, and generally the ebb rune 
considerably longer than the flood with the exception of station 4, 
located southwest of Whaleback Reef Light. 

In addition to the subsurface veloolty determinations at each 
station, subsurface current directions were also observed by means 
of a bifilar suspension current-direction indicator, a device permitting 
simultaneous determinations of the direction of the current at the 
three depths at  each station where velocities were observed with 
the Price current meter. Bifilar subsurface currentdirection obser- 
vations were not obtained at station 2, however, off Odiornes Point. 
It will be noticed from Table 31 that at  times of flood an$ ebb 
strengths the directions of the current at  subsurface depths are 
spproximately the same as those at the surface. 

.results of these observataons are given in 4 able 31. The velocities 

!f he times of the current €or each depth at  each station are re P erred 

w 3 as the times of current at each station are given to the nearest 
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Fin. E.-Currentstatlons, Portsmouth Harbcir Entrance 
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In  general, the velocity of the current decreases as the depth 
incm’ases, in accordance with the distribution of velocity in ordinary 
hydraulic flow. This is true in Portsmouth Harbor entrance at times 
of ebb strength, as will be noted in Table 31 for all the stations at 
which current observations have been made. On the flood, however, 
as illustrated by the data for station 10 in Table 31, the velocit 
may show an increase from the surface downward for a considerab f e 
depth. It will be noted from Table 31 that a t  station 10, located 
east of Newcastle Island, the velocity of flood strengths a t  the lower 
depths is reater than that for ebb strengths. 

is evidently due to the nontidal or fresh-water discharge from the 
Piscataqua River. Having a density less than that of sea water, 
this fresh water tends to remain near thesurface. On the ebbboth 
tidal and nontidal waters are moving in the same direction, and there- 
fore the vertical velocity distribution is similar to that in water under 
hydraulic motion. On the flood the nontidal water near the surface 
tends to move seaward and thus decreases the velocity of the tidal 
current near the surface. With increased depth the effect of the 
nontidal water diminishes, and hence the full velocity of the flood 
current is attained a t  some distance from the surface. 
In consequence of the diminution of the flood strength near the 

surface by fresh water, an increase in the duration of the flood period 
may be expected with increased depth. This is clearly shown by the 
current data for stations 10 and 11 in Table 31. The stations are 
located in mid-channel in deep water off Newcastle Island. It will 
be noted that at station 10 the ebb runs about.20 minutes longer than 
the flood at the surface, while at  station 11 it  runs more than 50 
minutes longer than the flood. At the bottom depth at  each station, 
however, the flood runs half an hour longer than the ebb. 

In  addition to Price meter observations at  station 10, Pettersson 
current-meter observations were also obtained at  the middle depth of 
19 feet. Whereaa the Price meter is only used to obtain current 
velocities, the Petternson meter is used to obtain current directions as 
well as velocities. The Price meter cups rotate with the current and 
cause an electric contact to be made with each complete rotation, or 
each five rotations, as the case may be. These contacts are audible 
to an observer with ear phones on board the observing boat and indi- 
cate the velocity of the current by their frequency. 

The Petternson meter is designed to give a photographic record of 
both the velocity and direction of the current and will operate auto- 
matically for a period of two weeks. A water-tight cylinder contains 
a small camera with a roll of film moved by clockwork, a small electric 
lamp with batteries, a glass velocity disk with numerals inscribed 
near the outer edge, and a glass compass disk carrying two magnetic 
needles and inscribed with nunierals to indicate direction. 

The corn ass dial is free to move so that the needles may assume 
a north-an:-south direction. The velocity dial, thmugh a system 
of reducing gears and parallel magnets, rotates with an anemometer 
wheel which is actuated by the current. At intervals of 30 minutes 
the electric lamp is automatically flashed and a picture is taken show- 
ing certain numerals on the veloclty and compass dials. The numeral 
on the velocity dial indicates the accumulated motion of that dial due 
to the movement of the current. The difference between two succes- 

The di ff erence in the vertical distribution of the current velocity 
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sive readings, as interpmted b a rating table, gives the average veloc- 

compass dial indicates the direction of the current at  the moment 
the picture was taken. 

Pettersson meter observations were obtained continuously at station 
10 for a period of two days from 9:20 a. m., August 30, 1926, to 10 
a. m., September 1, 1926. The velocities observed during this series 
agree very closely with those obtained by means of the Price current 
meter, while the current directions observed agree favorably with 
those obtained by means of the bifilar suspension current-direchon 
indicator. 

ity of the current for the h aT f-hour period. The numeral on the 

PORTSMOUTH HARBOR, VICINITY OF NEWCASTLE, N. H. 

The area covered by this section of Portsniouth Harbor is that 
lying northerly and northwegterly from the town of Newcastle, on 
Newcastle Island, and extending from Salamander Point to the 
vicinity of Sullivan Point, Seavy Island. In  the Piscataqua River 
stretch of this section mid-channel depths of 50 to 80 feet obtain. 
East of Seav Island are Jamaica and Clarks Islands, which are small 

channel is located between these islands, uniting in the vicinity of 
Hicks Rocks with a similar channel located west of Kittery Point 
and north of Seavy Island. Between Salamander and Kittery Points 
the channel of the Piscataqua River is more than a quarter of a mile 
wide, but south of Clarks and Seavy Islands it narrows down to 
about half, this width. 

Figure 9 shows the locations of 10 current stations occupied in this 
portion of Portsniouth Harbor by the following field parties of the 
United States Coast and Geodetic Survey: P. A. Welker, in 1898; 
and R. W. Woodworth, in 1926. Observations at  a majority of these 
stations were made in the summer of 1926, when the Coast and Geo- 
detic Survex nude an extensive tide and current survey of Ports- 
mouth Harbor and its tributaries. Currents were observed on a cross 
section between Salamander and Kittery Points at  stations 1,2,  and 3. 

Station 2 was a control station for current stations occupied in this 
portion of Portsmouth Harbor in 1926, and continuous observations 
by current pole and log line and also by current meter were made at  
this station for a total of 11 days from August 16 to 27. The data 
derived from current observations at  these 10 stations in Portsmouth 
Harbor are given in Table 32. For each station these data refer to 
the tidal current near the surface, at a depth of about 7 feet, and are 
based op observations made by means of current pole and log line. 

The times of slack water and strengths of flood and ebb in Table 
32 are 'ven in hours and tenths of hours and are referred to the times 

standard reference stations for which full predictions for every day 
in the par are given in the Atlantic Coast Current Tables. 

The durations of flood and ebb are also giyen in hours and tenths 
of hours. The velocities of flood and ebb strengths are given in knots 
and tenths of knots and are corrected to a mean range of tide. The 
true directions of the flood and ebb currents pt times of strength are 
given to the nearest 5O. 

Most of the current stations in this section of Portsmouth Harbor 
were located in mid-channel either in the Piscataqua River proper or 

in estent an (9 very rocky on their westward shores. A narrow, %-foot 

of pre Lg icted slack water at  Portsmouth Harbor entrance, one of the 
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in the channels north and west of Hicks Rocks and Clarks Island, 
It will be noticed from the data in Table 32 that at  station 6, off 
Kittery Point, Me., the time of slack water before flood and ebb occurs 
about one and onehalf hours earlier than it does at  Portsmouth 
Harbor entrance, off Whaleback Reef Light, while at  station 5 it 
occurs half an hour earlier than it does at  the harbor entrance. At 
both these stations the durations of flood and ebb are equal-6.2 

hours each. A t  station 9 the duration of flood is slightly greater than 
that of ebb, indicatizig that at. these three stations, 5,  6, and 9, fresh- 
water discharge from the Piscataqua River is not noticeable. It will 
dso be noticed that at  stations 3 and 4 similar conditions obtain. . 
On the other hand, the duration of ebb at  station 1, just north of 

Salamander Point, is relatively long, being' about 10% hours, .while 
the strength is considerable, 2.4 knots, as compared with a flood. 
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duration of about 1% hours and strength of about knot, indicating 
that the flood is not noticeable to any extent off Newcastle and that 
fresh-water discharge from the Piscataqua River is felt considerably 
at  this point. This is also borne out by the results of the lon series 

off Salamander Point, at station 2, the average velocities of flood and 
ebb at times of stren th are about equal, being approximately 1% 
knots each, while the &mation of ebb is but 0.4 hour longer than that 
of flood. 

It is highly probable that this condition is due to the contour of the 
northeast coast of Newcastle Island in the vicinit of Fort Point. 
As the flood pro es8es northerly in Portsmouth &arbor from the 

tions at  various current stations and discussed at some len th in the 

entrance.” On the other hand, there appears to be no interference 
to the pro reasion of the ebb at station 1, off Newcastle. At this 
station slm% before flood occurs about half an hour later than it does 
at  the harbor entrance, while slack before ebb occurs nearly four 
hours earlier than the corresponding slack water a t  the entrance. 

While stations 7 and 8, in mid-channel south of Clarks Island, were 
occupied at  an interval of time of 30 years apart, the results of the 
pbservations, as given in Table 32, ee quite closely. Slack water 

velocities of flood and ebb, especially the former, are considerably 
greater. This is most likely due to the locations of the two stations, 
considering the fact that the channel of the Piscataqua River is but 
an eighth of a mile wide at this point. Durations of flood and ebb 
are smilax et both stations, in each case the ebb duration being 
ap roximately 15 minutes longer than that of the flood. 

$he results of current observations at station 10 are of interest in 
showing a duration of flood, or southerly current, of 11 hours aa 

ainst an ebb duration, or northerly current, of but 1% hours. 
%e main progression of the flood in the Piscat ua River fol- 
lows the dee channel betwean Clarka and Newca8e Islands, but 
the flood. is Bividd b Clarks Island, so that a portion of it passes 

of observations at the control station No. 2 (11 days). In mid-c B annel 

entrance, it is de P ected easterly by Fort Point, as shown by observa- 

preceding section of this publication, under “ Portsmout % Harbor 

occurs somewhat earlier at  station 7 Y t an it does at station 8, add the 

north of the island an B 
ing between Clafks and 
dood strength at station 
or northerly stream, is but 
the Piscataqua River, as 
2, 7, and 8, progresses between Clarks and Newcastle I h d s ,  but 
part of it asses around Clarks Island to the northward. Again, the 
ebb from &at branch of the Piscataqua River which flows northward 
and eastward of Seavy Island in the narrow channel between that 
islanq and the mainland probably divides in the vicinity north of 
Jamaca Island, so that some of its effect is felt as a souther1 or flood 

channel in the path of stations 9, 5, 1, and 2. 
Slack before flood at station 10 occurs about two and three-fourths 

hours before local low water, or about the h i e  of mean tide level. 
At this time, under average conditions, there is approximately an 
average de th of water of about 4 feet in the area between Jamaica 
and Seavy$lands, which area at the time of mean low water is dry, 

current at station 10. The greater part of this ebb would 3 ollow the 
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as shown in a section of the Coast and Geodetic Survey Chart No. 
0329 (fig. 9). It will be noted from the data in Table 32 that slack 
before flood at station 9, northeast of Jamaica Island, occurs more 
than four hours later than it does at station 10. By inference, then, 
it follows that while the current is s t i l l  ebbing at  station 9 over a period 
of four hours, it is flooding, or running southerly, at station 10. This 
southerly current at station 10, however, is not a true flood, for a t  
the same time that it is ebbing at station 9 it is also ebbing at  stations 
7, 8, 5, and 2, or running easterl . This souther1 current a t  station 

the area between Jamaica and Seavy Islands which has filled up with 
water at hi h tide empties into the Piscataqua River in a southerly 
direction. %he velocity of the flood over this 4-hour interval 
averages about h o t ,  while during the following seven hours it 
increases to an average strength of about 1% knots. 

At the eight current stations occupied by the field party of R. W. 
Woodworth in 1926 in t.his section of Portsmouth Harbor, olxeerva- 
tions of subsurface currents were also made by means of a Price 
current meter with telephone attachment. These observations were 
made at  three depths4.2,0.5, and 0.8 of the depth at  each station. 
The results of these observations are given in Table 33. The veloci- 
ties of flood and ebb have been reduced to a mean range of tide and 
are given to the nesiwt hundredth of a knot for comparative purposes. 
The times of the current for each depth at  each station are referred 
to the times of predicted slack water a t  Portsmouth Harbor Entrance 
(off Whaleback Reef Light). The durations of flood and ebb as well 
as the times of current at each station are given to the nearest hun- 
dredth of an hour, also for comparative purposes, and the directions 
of the current at flood and ebb strengths are given to the nearest 
degree. 

At most of these stations currents were observed at  half-hour 
intervals for 25 consecutive.hours. Stations 1,2, and 3 were located 
on a cross section of the harbor between Salamander Point, Newcastle 
Island, N. H., and Kittery Point, Me. Station 2 was also the con- 
trol station for this portion of the harbor current survey of 1926, and 
continuous observations were obtained a t  this station for 11 days 
fromAugust 16 to 27,1926. Current station 5, located betweenchrks 
Island and Hicks Rocks, was occupied for two days. At all these 
stations the current is of the revemg, or rectilinear, type. In most 
cases the duration of flood exceeds that of ebb. 

In  addition to the subsurface velocity determinations at  each sta- 
tion, subsurface current directions were also observed by means of 
the b5lar suspension current-direction indicator, a device permitting 
simultaneous determinations of the direction of the current a t  the 
three depths a t  each station where velocities were observed with the 
Price. current meter. At stations 1 and 7 bifilar observations were 
not made while the current was ebbing, owing to the swiftness of 
the ebb at  times of strength. 

In general, the velocity of the current decreases as the depth in- 
creases, in accordance mth the distribution of velocity in ordinary 
hydraulic flow. In several cases, however, the data in Table 33 do 
not verify this general conclusion, for a t  some stations the strength 
of ebb appears to be rather constant a t  all depths, or even to increase 
somewhat. The data show such a condition at  stations 4, 2, and 10, 

10 for the first four hours of the d ood is due, theregre, to the fact that 
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but this may be due to the individual locations of these stations. The 
data derived from observations at  station 2 are based upon a series 
of considerable length, this being a control station for this area. 

Similarly, the strength of ebb appeal8 to be rather uniform for 
all depths at  a majority of these stations or even to increase some- 
what as the depth increases, notably at the control station No. 2. 
On the flood, the nontidal water or fresh-water run-off near the sur- 
face tends to move seaward and thus decreases the velocity of the 
tidal current near the surface. With increased de th the effect of 
the nontidal water diminishes, and hence the f u1p velocity of the 
flood current is obtained at some distance from the surface. Again, 
as the effect of the nontidal water diminishes with depth, the time of 
slack water before flood advances, as shown by the data in Table 
33 for the repfesentative mid-channel stations 2, 3, and 7, stations 
where fresh-water run-off is mainly encountered. 

In consequence of the diminution of the flood strength new the 
surface by fresh water, and increase in the duration of the flood period 
may be expected with increased depth. This i8 clearly shown in 
Table 33 by the current data for the mid-channel stations 2, 3, and 
7, referred to above. It will be noted that at the control station 
(station 2) the ebb runs sbout 20 minutes longer than the flood a t  
the surface; at the middle depth (24 feet) the flood runs about 20 
minutes longer than the ebb; while at the bottom depth (38 feet) 
the flood runs about 50 minutes, or nearly an hour, longer than the 
flood. 

At station 3 the flood runs longer than the ebb by nearly two hours 
at the surface while at the bottom depth (40 feet) it runs three and 
three-fourths hours longer than the ebb. While the flood runs but 
a few minutes longer than the ebb at the surface at station 7, it runs 
an hour longer at the bottom depth, 48 feet. It will be further noted 
from the data in Table 33 that at times of flood and ebb strengths the 
directions of the current at subsurface depths are approximately the 
same as those at the surface. 

That the current in this portion of Portsmouth Harbor is rather 
r is indicated by notes from the current record of observations ~ m P  ma e at station 4 (fi 9) in September, 1898, which state that the 

current was continua& changing in direction from flood to ebb, as 
indicated by the swingtng of the observing vessel while at  anchor on 
station. It is possible, however, that the vessel was located in an eddy. 

PORTSMOUTH HAPBOR, VICINITY OF PORTSMOUTH, N. H. 

This section of Portsmouth Harbor includes that portion of the 
Piscataqua River and its branches from the vicinity of Sullivan Point, 
Seavy Island, to the Portsmouth water front southwest of Badgers 
Island, a distance of about 1 % nautical miles. The prominent islands 
in this area-Seavy, Badgers, Newcastle, Goat, Marvin, and Pierces- 
have all been connected to the Maine and New Hampshire mainlands 
by means of bridges and breakwaters. No observations are available 
in the office of the Coast and Geodetic Survey for that shoal and little- 
used portion of Portamouth Harbor south of the connected islands- 
Marvin, Goat, and Newcastle. ' 

Most of the commerce in this section of Portsmouth Harbor follows 
the Piscataqua' River proper, where mid-channel depths of over 60 
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feet are found. The ap roach to Kittery, Me., is in the narrow chan- 

kin Island on the southeast. This channel as well as the one north of 
Seavy Island is used on1 by vessels of light draft. 

this portion of Portsmouth Harbor b the following field parties of 

W. E. Parker, in 1903; J. H. Hawley, in 1919; and R. W. Woodworth, 
in 1926. Observations at  a majonty of these stations were made in 
the summer of 1926, when an extensive tide and current survey of 
Portamouth Harbor and ita tributaries was made. 

The control station for current stations occupied in this portion of 
Portsniouth Harbor in 1926 was station 2 of the precediq section 
(referred to above), located in mid-channel off Sslamander Point in the 
vicinity of Newcsstle, where continuous current observations by 
means of current pole and log line and also by current meter were made 
for a total of 11 days from August 16 to 27. 

The data derived from observations at  the 14 current sttLtions in 
the vicinity of Portsmouth, N. H., are given in Table 34. For each 
ststion f,hese data refer to the tidal current near the surface, a t  a 
depth of about 7 feet, and are based on observations made by means 
of current pole and log line. At station 11, however, located just 
north,of the bridge connecting Pierces Island with the Portsmouth 
water front, it was impossible to use a current pole, o to the con- 
gestion of boata a t  anchor in the stream. The current Y at8 for this 
station, therefore, am derived from meter observations at  a depth of 
5 feet. 

The times of slack water and strengths of flood and ebb in Table 
34 are 'ven in hours and tenths of hours and am referred to the times 

back Reef Light), one of the standard reference stations for which 
f d  predictions for every day in the year are given in the Atlantic 
Coast Current Tables. 

The durations of flood and ebb are also given in hours and tenths 
of hours. The velocities of flood md ebb strengths are given in knob 
and tenths of knots and are corrected to a mean range of tide. The 
true directions of the flood and ebb currenta at times of strength are 
given to the nearest 5'. 

Most of the current stations in this section of Portsmouth Harbor 
were located in mid-channel either in the Piscataqua River or in the 
channels leading northward and southward from the river pro er. 
In general, it will be noted from the table that a t  the md-c g annel 

stations (stations 1, 3, 6, 7, 8, 9, and 14) slack water before flood 
occurs about 10 m u t e s  later than the time of the corresponding 
slack water a t  the entrance to the harbor, while slack water before 
ebb occurs about 25 minutes later than the corresponding slack at  
the reference station off Whaleback Reef Light. Nearer the shores of 
a stream where shallow water prevails the current general turns 
earlier than it does in mid-channel. This is indicated by floo B obser- 
vations at stations 4, 5, 12, and 13 and by ebb observations at  sttG 
tions 5 and 12. It will be noted from the data in Table 34 that a t  
station 5,  located in the narrow channel connecting the Piscataqua 
River with the great shoal body of water lying to the southward, the 

ne1 between Badgers an : Squash Islands on the northwest and Pump- 

Figure 10 shows the P ocations of 14 current stations occupied in 

the United States Coast and Geodetic B urvey: P. A. Welker, in 1898; 

of p 2 cted slack water a t  Portsmouth Harbor Entrance (off Whale- 
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cwen t  turns nearly one and onehalf hours earlier than it does at 
the entrance to Portsmouth Harbor on both the flood and the ebb. 

to note that the time of current at stations 9 and 10, 

the latter station is located in rather sho water. The results are 
rather well determiqed, the series of observations being of two days' 
length a t  each station. While slack water is but 10 minutes earlier 
at station 10 than it is at station 9, the times of strength of current 
appear to be simultaneous. 

At station 11, located in mid-channel north of the bridge connecting 
Pierces Island with the Portsmouth water front, the current con- 
ditions are very peculiar. The data for this station are comparable 
with those for station 9, located in mid-channel in the Piscataqua 
River, since observations were made simultaneously at both stations, 
August 19 to 20, 1926. Slack water before flood at  station 11 occurs 
0.9 hour, or about 55 minutes, later than it does at station 9, while 
there is little difference in the time of ebb at  both stations. The 
strength of flood at station 11 likewise occurs an hour later than it 
does at  station 9. The flood at station 11 sets northerly and the ebb 
southerly. On account of Pierces Island, a natural obstruction to 
the progression of the tidal current, the water flowing northerly at 
station 11 must have entered the shoal area in the vicmity of Little 
Island (see fi 10) Sither from the narrow ass e between Pierces 
and Marvin K'slands or from the namow c 1 3  ann between Marvin 
Island and Frame Point. 

Referred to the times of local tides, slack water before flood at 
station 11 occurs three hours after low water, or about the time of 
mean tide level, when there is no interference to the flood entering 
the narrow passage between Pierces and Marvin Islands, since there 
is a proximately 4 feet of water at that point at that time. Strength 

is a proximately 8 feet of water in the above-mentioned passage. 
Slac E before ebb occurs two hours after local high water, or near the 
time of mean tide level. 

The current continues to ebb, or run southerly, at station 11, but 
a t  the same time the tide is f , and at the time of mean 1ow.watm 

lev d in the Piscataqua River proper continues to fall until the water 
in the vicinity of Little Island is higher than that in the former locality. 
The water in the vicinit of Little Island therefore flows northward, 

Piscataqua River. 
Current conditions at station 11 are uite irregular, for while there 

ference to the ebb, at least under average tidal conditions such as 
obtained when currents were observed at  this station in August, 
1926. The data in Table 34 would give a flood duration of 5.3 hours, 
but the results of the above-mentioned observations indicate that the 
northerly current at station 11 obtains for about 1O.g h q w  out of 
the half-tidd day of 12 hours 25 minutes. A considerable mount  of 
this flood is r e d y  due to interference with the ebb as described above. 
The ebb at this station is very weak, having R velocity of about % 
knot. 

It is interesti 

t i  
off Seavy Islan T Navy Yard, is practical1 simultaneous, although 

of B ood at this station occurs one hour before high water, when there 

the assage between Pierces 7 an Marvin Islands dries. The water 

making a secondaq floo B condition at  station 11, and empties into the 

is no apparent interference to the floo 1 there 18 considerable inter- 

6620-2-4 
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It will be noted from the data in Table 34 that there is very little 
Merence in the time of current in mid-channel in this l%-mile stretch 
of the Piscatsqua River. This fact is evident from a comparison of 
the data for stations 1, off Sullivan Point, and 14, off Badgers Idand, 
the results showing that the time of current at the latter locality 
occurs about 15 minutes later than it does off Sullivan Point. 

At most of the mid-channel stations in this section of Portsmouth 
Harbor the duration of ebb is somewhat longer than that of flood. 
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This is lilremtise true' at the smaller channel stations 5 and 10, shown 
in Figure 10. At some stations, however, flood m s  longer than ebb. 
This is most likely due to the locations of these stations. 
The tidal cukrent in the Piscataqua River has considerable velocity 

especially in places where the channel is constricted. Average flood 
strdgths 6f 3% knots arid average ebb strengths of 4 hots may be 
encountered in the river in the vicinity of Sullivan and Henderson 
Points, Seavy Island, and west of Badgers Island, as shown by the 
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data in Table 34 for stations 1, 2, 3, 6, 7, 8, and 14. During spring 
tides currents of 5 to 6 knots may be encountered in this section of 
Portsmouth Harbor. The average strengths of flood and ebb at the 
mid-channel stations 1, 3, 6, 7, 8, 9, and 14 are 2.9 and 3.1 ho t s ,  
respectively. 

At the eight current stations occupied by the field party of R. W. 
Woodworth in 1926 in tbis section of Portsmouth Harbor, observa- 
tions of subsurface currents were also made by means of a Price cur- 
rent meter with telephone attachment. These observations were 
made at three depths-0.2, 0.5, and 0.8 of the depth at each station 
with the exception of station 11, where a mean low water depth of 
but 10 feet obtained. The results of these observations are given in 
Table 36. The velocities of flood and ebb have been reduced to a 
mean range of tide and are given to the nearest hundredth of a h o t  
for comparative purposes. The times of the current for each depth 
at each station are referred to the times of predicted slack water at 
Portsmouth Harbor entrance (off Whaleback Reef Light). The 
durations of flood and ebb as well as the times of current at each 
station are given to the nearest hundredth of an hour, also for com- 
parative purposes, and the directions of the current at flood and ebb 
strengths are given to the nearest degree. 

At stations 3, 9, 10, and 14 currents were observed at  half-hour 
intervals for 50 consecutive hours, while at stations 5, 7, 11, and 12 
(fig. 10) currents were observed for 25 consecutive hours. The mid- 
channel station off Salamander Point, Newcastle Island (station 2 of 
Tables 32 and 33), was the control station for this portion of the har- 
bor current survey of 1926, and continuous observations were ob- 
tained at this stahon for 11 days from August 16 to 27, 1926. At all 
these stations the current is of the reversing, or rectilinear, type. 

In addition to  the subsurface velocity observatiops at each station, 
subsurface current directions were also observed at stations 5 and 10 
by means of a bifilar suspension current-direction indicator. While 
the subsurface directions of the ebb, or northerly stream, at  station 
5 are rather uniform, those of the flood differ considerably. The 
flood at the bottom depth (20 feet) appears to set about 20° farther 
south than that near the surface. At station 10, in the channel north 
of Seavy Island, the subsurface directions of flood and ebb appear to 
be rather uniform, like those near the surface. 
In general, the velocity of the current decreases as the depth in- 

cremes, in accordance with the distribution of velocity in ordinary 
hydraulic flow. The data for the eight stations in Table 35 agree 
rather closely with this general statement. At all these stations the 
ebb decreases with increased depth, especially at the mid-channel sta- 
tions in the Piscataqua River. Such decreases in velocity a t  stations 
7,9, and 14 are 15 ,13, and 12 per cent, respectively, for currents near 
the bottom of the river as compared with currents near the surface. 
At  stations 12 and 10, in the channel northeasterly from Seavy Island, 
the velocity of the ebb, or easterly, stream decreaaes from the surface 
to the bottom by approximatel 35 and 10 per cent, respectively. 

stations 3 and 7, the velocity may show an increase from the surface 
downward for a considerable depth, or be rather uniform in velocity. 
A t  all depths at station 5 the flood, or southerly stream, is about twice 
as great m velocity as the ebb. ‘At station 7 the flood current exceeds 

On the flood, however, as il P ustrated by the data in Table 35 for 

/ 
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the ebb in velocity at all depths. Generally, however, the flood 
like the ebb, decreases as the depth increases. At the mid-channel 
stations 9 and 14 such decreases in flood velocities are 9 and 4 per 
cent,. respectively, for currents near the bottom as compared mth  
currents near the surface. At station 12 this decrease is about 16 
per cent. At mid-channel stations 3 and 7 there appears to be little, 
If any, decrease in flood velocity with increased depth. Ebb velocities 
at all depths are likewise rather uniform at  station 3, south of Seavy 
Island. 

PISCATAQUA RIVER AND TRIBUTARIES 

The area covered by this section of Portsmouth Harbor is that above 
the city of Portsmouth, N. H., and comprises the Piscataqua River 
and its tidal tributaries such as Little Bay, Furber Strait, Great Bay, 
Bellamy River, Oyster River, and Exeter River-a drainage area of 
considerable extent. About 4 miles above Portsmouth, in the vicinity 
of Dover Point, the Piscataqua River is formed by two branches or 
forlis-a northerly and a westerly branch. The natural channel of 
the river is wide and deep from Portsmouth to Dover Point, depths 
from 40 to 65 feet obtaining. The river varies in width from less 
than an eighth of a mile south of Spinney Creek entrance to more than 
half a mile in the vicinity of Frankfort Island and Mast Cove. 

North of Dover Point the river, especially in the channel narrows 
considerably, and mean low-water depths of about 20 feet obtain. 
West of the railroad drawbridge at  Dover Point, however, the channel 
is wide and deep, and depths of 35 to 65 feet may be carried for 5 miles 
to the vicinity of Furber Strait, which connects Little Bay with 
Great Bay. Little Bay is really only a wide stretch of waterway about 
2 miles long from Fox Point to Adams Point, where the river has a 
width of about three-fourths of a mile. Great Bay, about 3% miles 
in width, is very shoal. 
Figure 11 shows the locations of seven current stations occupied in 

this portion of Portsmouth Harbor, as follows: Atlantic Corporation 
Ship ard, in 1919; and a field arty of the United States Coast and 
Geo (9 etic Survey in charge of fl. W. Woodworth, in 1926. All sta- 
tions, with the exception of station 2, were occupied by the latter 
field party. 

Observations at  station 2, made in the Piscataqua River in April 
to June, 1919, off the Atlantic Corporation Shipyard by officials of 
that concern, consist only of slack-water determinations. During 
this interval of time 37 ebb-slack observations were obtained and 
but 1 flood-slack observation. 

Station 1 was located at  the railroad drawbridge northwest of 
Nobles Island. Current conditions are rather peculiar a t  this locality 
hi that the flood direction is northeasterly and the ebb southerly. 
This is due to the fact that a part of the flood which progresses north2 
westerly in the Piscataqua River off Portsmouth passes around Nobles 
Island to the southward and then rejoins the main flood in the river 
north of station 1. 

The data derived from current obseivations at these seven stations 
in Portsmouth Harbor are given in Table 36. For each station these 
data refer to the tidal current near the surface, at a depth of about 
7 feet, and are based on observations made by means of current pole 
and log line. 
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The times of slack water and strengths of flood and ebb in Table 36 

are given in hours and tenths of hours and are referred to the times 
of predicted slack water at Portsmouth Harbor entrance, one of the 
standard reference stations for which full predictions for every day in 
the ear arb given in advance annually in the Atlantic Coast Current , 
TabTes. 
. The durations of flood and ebb are also given in hours and tenths 

of hours. The velocities of flood and ebb strengths are given in knots 
and tenths of knots and are corrected to a mean range of tide. The 
true directions of the flood and ebb currents at times of strength are 
given to the nearest 5 O .  

FIQ. ll.-Cnrrent statim, Piscataqua River and tributaries 

Stations 3,4, 5, 6, and 7 were located in mid-channel, and at  the 
first three stations continuous observations were made half-hourly 
for 52 hours. A t  stations 1, 6, and 7 observations were made for 26 
hours. 

At most of the stations in this section of Portsmouth Harbor slack 
water before ebb occurs from 10 to 30 minutes later than it does at 
Portsmouth Harbor entrance. This is likewise true of slack water 
before flood. However, a t  station 6, south of Sturgeon Creek en- 
trance and about 10 miles above the entrance to the harbor, the 
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current turns about 10 minutes earlier on both flood and ebb than it 
does at  the latter place. 

At  stations 1, 2, and 6 the duration of ebb greatly exceeds that of 
flood, while at stations 3,4,5, and 7 the durations of flood and ebb are 
approximately equal. It will also be noted from the data in the table 

' that while the ebb is greater in velocity than the flood at each station 
with the exception of station 1 the excess velocity in each case is 
rather smd.  

Regarding velocities, itrong ebbs and floods are found at stations 
3 and 5 owing to constrictions in the river a t  these points. The com- 

aratively a m d  velocities a t  stations 1 and 6 are chiefly due to their 
fkations. The smd ebb velocity a t  station 1 may be attributed to 
the prominent point to the northward, in the vicinity of the Atlantic 
Corporation Shipyard, which deflects the ebb to the eastward. 
Since the mean low water depth at  station 1 was but 6 feet, it was 
necessary to use a short current pole instead of the standard 15-foot 
current pole. 

A t  five of the current stations occupied by the field party of R. W. 
Woodworth in 1926, the mid-channel stations 3, 4, 5, 6, and 7, obser- 
vations of subsurface currents were also made by means of a Price 
current meter. These observations were made at three depths-0.2, 
0.5, and 0.8 of the depth at  each station. The results of these obser- 
vations are given.in Table 37. The velocities of flood and ebb have 
been reduced to a mean range of tide and are given to the nearest 
hundredth of a knot for comparative purposes. The times of the 
current for each depth at  each station are referred to the times of 
predicted slack water a t  Portsmouth Harbor entrance (off Whaleback 
Reef Light). The durations of flood and ebb as well as the times of 
current a t  each station are given to the nearest hundredth of an hour, 
also for comparative purposes, and the directions of the current at 
flood and ebb strengths are given to the nearest degree. 

Owing to the great ebb velocities at station 5, no meter observation:, 
were obtained near the time of strength of the ebb current. The 
mean low water depth a t  this station averaged about 20 feet, but in 
spots depths up to 40 feet obtained because the observing vessel 
swung to conslderable anchor chdn. Whenever possible, meter 
readings at a depth of 25 feet were obtained, but the results of these 
observations checked quite closely with those obtained at  a depth of 
16 feet, which are given in the table. Currents were observed at  this 
station, and also at  stations 3 and 4, half-hourly for 52 consecutive 
hours. Stations 6 and 7 were occupied for 26 hours. A t  all of these 
stations the current is of the reveqsing, or rectilinear, type and is of 
considerable velocity. 

The results of observations for station 7, in Furber Strait, are of 
interest in that the time of slack water on both flood and ebb is 
practically simultaneous at  all depths. The time of strength of 
current, however, appears to become earlier as the depth increases. 
Again, the velocities of flood and ebb appear to be uniform at  all 
depths, the ebb being but slightly stronger in velocity than the 
flood. 

The same characteristics of the current are present to a certain 
extent at station 4, in the Piscataqua River, where the times at  slack 
before ebb a t  all depths, and likewise the times of strength of ebb, 
are practically simultaneous. This condition is not apparent on the 
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flood, the times of slack before flood and strength of flood generally 
becoming earlier as the depth increases. 

The times of slack before flood at station 6 increase considerably 
with depth, .the change from ebb to flood occurring an hour earlier 
at  the bottom depth than it does at  the surfaae. On the other hand, 
there is little difference in the time of slack before ebb at  all depths at  
this station. There is likewise a diminution in the velocity of cuFent 
at; time of strength, especially on the ebb. This advancement of tune 
of slack water with increased depth and difference in the vertical 
distribution of the current velocity is evidently due to the nonhdal 
or fresh-water discharge.from the Piscataqua and Salmon Falls 
Rivers. Having a density less than that of sea water, this fresh water 
tends to remain near the surface. On the ebb both tidal and nontidal 
waters are moving in the same direction, and, therefore, the vertical 
velocity distribution is similar to that in water under hydraulic 
motion. 

It wi l l  be noted in the data for station 6 in Table 37 that, while 
the ebb runs more than a half-hour longer than the flood at the sur- 
face, the flood runs newly half an hour longer than the ebb at  the 
middle depth and newly one and onehalf hours longer than the-ekb 
at the bottom depth. Under normal conditions this is charactenstm 
of a current station located in a river where considerable fresh-water 
ri~n-off obtains. 
On comparing the data for stations 3 and 4 it appears that the 

duration of ebb at  all depths a t  station 3 is greater than that of flood, 
while at station 4, also in mid-channel and 2 miles farther upstream, 
the o posite is true. The latter condition is likewise true at  stations 

In  addition to the subsurface velocity observations at  statiqn 4, 
subsurface current directions were also observed by means of a b i l a r  
current-direction indicator. At this station the direction of the cur- 
rent at time of strength appears to be rather uniform a t  all depths. 
Continuous bi6lar observahons were, not made at stations 3 and 5, 
owing to the strong velocities of the current 'at time of strength. 

CURRENT DIAGRAMS 

The current movement in Portsmouth Harbor for each hour of the 
tide at Portsmouth, N. H., is represented diagrammatically in Figures 
12 to 23, which are based primarily upon observations made in 1926. 
The general direction in which the current is flowing is represented by 
arrows and the average velocities in knots and tenths of knots by 
small fi ures accompanying the arrows. At times of spring and pen- 
gem ti di es the velocities wil l  usually be greater and at times of neap 
and apogean tides less than indicated. Winds and other meteoro- 
logical conditions may also affect both the velocity and direction of the 
current. 

It will be noted from Figures 12 to 23 that the strengths of flood 
and ebb, or times of maximum current in this waterway, occur about 
five hours after the time of local low water and high water, respectmely, 
or near the times of high and low water. The dmection of the flood in 
Portsmouth Harbor and the Piscataqua River is northerly and westr 
erly, while in Furber Strait and also in .the channel between Marvin 
and Goat Islands it is southerly. 

5 a n  t 7. 
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The average velocity of flood and ebb in mid-channel at the harbor 
entrance is about 1 to 1 % knots. off Fort Point it increws to ap NIX- 

south of Sea Island and between Badgers Island and the Portsr 
mouth water v9 ront, while average velocities of 3% to 4% knob occur 
in the Piscatqua River off the Atlanhc Corporation Shipyard and 
also in the vicmity of Dover Point. 

imably 2 knots. Strong average velocities of 3 to 4 knots o E tain 





Fm. Il).-CurmtS me hour sltea low wntar at Portsmouth, N. H. 



FIG. Il.-CUrremts two h m  afbr low wstpa at PortSmoath, N. H. 
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p ? ~ .  17.-ClulCmts five hours eitpa low water at Portsmouth, N. H. 



FIG. l&-Currents at time of high water at Portsmouth, N. H. 







Y 



FIQ. B.-Ou?e.nta four horn 8fte.r high water at Portamonth, N. H. 



Fro. 23.-Cnrrents flve hours after high water at Portcnnouth, N. H. 
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TABLE 1.-High and low waters at Portland, Me., August, 1986 

Lunitidal 
Interval Dnratfon of- Etslght of- Time of- 

- 
GaW 
rater 

- 
LOW 
rater 

Fat  
- 

8 6  
a6 
a9 

a6 

a 4  

8.8 
a 4  

9.4 
8 4  
9.3 

9.2 
a 5  
9.3 
9.0 
a 7  
a6 
a9 
a 4  
a9 

a 3  

a8 

9. a 

9.4 
9. a 

9 . 8  
a8 
% a  
a8 

a 4  
9.0 

9.0 

0.2 
9.1 

9.1 
9.3 

9.0 

9 .4  
._____ 

8C 
7.1 

'8.1 
7.1 
7.4 
6 . 4  
7. I 
6.1 
7. 8 
6.t 
7. I 
7. ( 
7.1 
7.4 
7. I 
E.( 
7. I 
at 
84 

- 
Fall 
- 
Tma 

6.3 
6.1 
5.8 

6.2 
5.9 
6.3 
h 7  
6.2 
6.7 
6.4 
6.1 
6.4 
5.6 
6.6 
6.1 
6.1 
5.9 

6.8 
6.2 
5.7 
6.4 
6.0 
6.4 
6.8 
6.0 
6.0 
6.1 
6.0 
6.0 
6.1 
6.0 

6.6 
5.8 

6.0 

_____. 

ao 

___--- 
6.3 

La 
6.0 
aa 
6.8 
6.5 
5 . 8  

' 6.9  
La 
e.a 
& a  
LE 
6.1 
6 . e  
6.9 
6 . C  
6 . C  
6 . C  
6 . 8  
6 . 8  
6.1 

&Zh 
rater 

PeLd 
17.5 
17.9 
16. 9 
17.8 
16. 8 

16.7 
17.9 
16.7 
17.9 
16. 9 

16 9 la 2 
17.1 
17.7 
17.4 

11.7 
17.0 
17.6 
16.9 
17.2 
16.7 
17.0 
16.9 
17.0 
16.9 
16. 0 
17.0 

17.1 

17.4 

17.0 
16.8 

16. e 
la1 
17. I 

17. 
19. c 
18 I 
1s. c 
19. t 
19. ( 

19. t 
19. ( 
19. ( 
19. ( 

181 
la! 

- 

ia 1 

ia o 

-____ 

ia a 
ia 4 

16. a 

ia a 

ia e 

ia I 

.__-_. 

ia t ia t 

mse 
- 
F& ___-__ 

9.4 
a 4  

8.7 
8 1  

8.3 
8 6  
a 5  

s o  ao 

a 5  

a8 
a4 
as 

a8 

a8 
a6 
a6 
a 5  

a 4  

a i  

8.1 
9.0 

____-. 

8.2 

SO 

7.8 
7.8 
7.4 
7.9 
6.9 
7.7 
7.1 
7.8 
6.9 

7.7 
8.7 
a 3  
9.3 
9.4 

1L 6 
1L 7 
12 4 
12 3 
la6 
l a 4  

12 4 
12 0 
11. D 
11.0 

10.8 

ao 

io. ti io. 6 

___--- 

io. 8 

io. a 
9.8 

Fall 
- 
Be& 

9.0 
9.4 
8 0  

9.0 
7.4 
9.5 
7.3 
9.6 
7.4 
9.6 
7.7 
a6 
7.6 
9.2 
8 4  
9.1 
8 6  
9.3 
8.1 
9.1 
7.9 
a9 
7.7 

7.7 
7.9 
7.7 

. 7.5 
7.7 
6.8 
7.8 
6.8 

6.7 

7.3 
9.5 
7.9 

10.6 
9.0 

11.6 
lo. 2 
1a6 
1a9 
13.1 
1L 6 

11.8 
12 6 
11.9 
11.6 
11. 2 
10.6 
lo. 7 

lo. 0 

, - - - - - - 

a2 

.____-- s o  
a 7  

13. a 

9.5 

P m a  
4.7 

17.3 
6.0 is. 3 
6.7 

19. a 
8.0 

n 3  
9.0 

21.0 
9.7 

a 0  
10.6 
a 5  
10.9 
!a. 4 
11.7 

12 6 

l3.0 
1.0 

13.6 
1.6 

14. 4 
2 6  

1h 0 

1h 6 
4.0 

16.6 
LO 

17.4 
6.0 

7.0 

8.0 

.-____. 
ao 
a6 

3.3 

ia a 
ia 3 

m. a a i  ai. a 
a a a  
io. 8 

12 a 
a4 

9.0  

ma 
1L 4 
! a 6  

_-_-_- 
l 8 . C  
1.1 

14. c 
21 

16. ( 
3.3  

16. I 
- 

Iaura 
11.0 
a 6  
11.8 

0.5 
12 6 
1.5 

13. 7 
2 6  

14  7 
3.4 

15.8 
4.4 

16.0 
6.0 

17.0 
5.6 

17.6 
6.0 

18.3 
6.7 

l a 7  
7.4 

19.6 
SO 

2L a 
9.4 

2L 0 

2 2 0  
1L 0 

11. e 
0. E 
l3.0 
1. e 

14. c 
2c 

14. I 
3.1 

16.4 
4 . 8  

16.1 
6.( 

17.4 
e.( 
la! 

19.4 
7.1 nt 
8.1 

21. 1 
9.1 

aZ1 

__--_. 

ma 
a6 

io. a 

0.0 

7. ! 

hug. 1 

a 
3 

4 

6 

6 

7 

8 

g 

io 

11 

11 

19 

14 

11 

It 

li 

11 

1( 

ac 
a: 
2 

2 

2. 

a 
a1 
2 

2 

2 

- 
619.3 
11.01 
+a 11 
11. a: 
- 

aaR8 
4. 7t 

+a 11 - 
4. m 
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TABLE. 2.-Lunitidal intervals, Portland, Me.: Monthly and yearly meam from 
1918 to lQlQ 

Howr 
1 l . n  
11.19 
11.14 
1 l . P  
11.80 
11.14 
11.16 
11.16 
11.08 
11.13 
i i .a i  
11.21 

HIGH-WATER INTERVALS 

-- 
Haua 

11.16 
1 l .U  
1Ll4 
lLoB 
11.14 
11 .9  
1 l . B  
l l . P  
1 i . a  
1 i . a  
1 i . a  
11.10 

Ewa 
6.01) 
4.98 
4.89 
4 8 9  
4.86 
4.94 
4.93 
6.M 
6.01 
4.94 
4.94 

4.94 

4.82 

--- 
Haua Ema 

4.W 4.91 
4.88 4.98 
4 . I  4.96 
4.m 4.93 
4.96 4.91 
4.76 4.86 
4.99 4.89 
4.89 4.94 
4.90 4.w 
6.20 4.96 
6.n 4.94 

4.94 l e a  
4.90 4.91 --- 

1916 I 1917 I 1918 I 1919 

-1-1 ~~ 

Howr Ewa 
11.la 11.21 
11.11 11.20 
11.01 11.09 
11.01 11.04 

11.20 11.18 
11.16 11.07 
11.24 11.18 
11.19 11.17 
11 .a  11.18 
11.23 11.17 

11.01 11 ia 

11.25 ii.ia 
-I- 

ll. 14 11.19 11-16 I 11.14 11.16 ' 11.17 I 11.18 I 11.18 I 
Mean of the ywrly means. 11.16. 

LOW-WATER INTERVALS 

1913 

Eaua 
c9a 
4.91 
4.93 
4.94 
4.95 
4.91 
COB 
4.88 
4.94 
4.93 
4.w 
6.01 

4.94 

- 

- 

1914 I 1916 1916 1918 1919 

Haua 
4.88 
4.97 
4.93 
4.89 
4.9a 
4.82 
6.07 
6.27 
6.27 
4.94 
4.93 
4.96 

6.00 
- 

HOW8 
6.M 
5.00 
4.91 
6.00 

la 
4.89 
4.88 
4.82 
4.98 
4.81 
4.91 

4.82 

4. 90 

- 

Hmra 
4.91 
4.90 
4.9a 
4.91 
4.85 
4.96 
4.90 
4.88 
6.08 
6.04 
4.96 
4.89 

4.9a 
- 

4.94 
4.9a 
4.97 
6.00 
4.91 
4.91 
4.90 
4.86 
6.08 
6.12 
4.97 
4.96 - 
4.96 

Mean of the yearly means, 4.94. 

T A B L ~  3.-Durdion if r i s e  and fall at Portland, Me.: Monthly and ysorly man8 
for the gears lQl8  and 1919 

Duration of- 

~ 

1919 

I 

Haua 
6.17 

6.H 
6.11 
6.14 
6.14 
6. 16 
8.14 

6.16 

6.20 
6. ai 

6.25 

6. ai 



1912 1913 1914 l9l6 1916 1917 1918 1919 

Hours Hours Hours Hours Houra Hours Hours Hours 
---__--- 

DWaUOIlOfrlse Duratlondhrll______________ ________._____ 6.14 628  6.19 La3 6.a 6.21 6 . P  6.22 6.m 6.a 6.21 6.P 6.26 6.16 bT%l Mean 

Hours 

TABLE 7.-Lou) water on tide staff at PorBmd, Me.: Monthly and yearly means 

June1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June 6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June7 ___.______________ 
June8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Year 1 Jan. IFeb. 

-- 

13.56 June 11 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12.98 June21 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.66 
13.61 June 12 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1294 June22 _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.46 
13.66 June 13 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l3.00 Junes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.48 
13.41 June 14 _ _ _ _ _ _ _ _ _ _ _ _  13.01 June24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.62 
13.68 Jnw 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.16 June25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1d.B 
13.89 J-16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l3.U J-28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.0s 
13.67 June17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l3.B I-27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.08 
13.49 June 18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.29 June%--. _ _ _ _ _ _ _ _ _ _ _ _  12.90 

- - 
Apr. 

- 
Feet a 67 an ais 
a& 
a 74 
a 65 
a 67 
a 74 
a 75 
ads 
a 57 
a 41 
as4 
a s  
am 
- 

June9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.31 
June 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l2.M 

M e a -  - _ _  _--- --- 

a IB I a 61 I a 10 

June19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.00 June26 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l2.W 
J u n e P  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13.P June30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1274 

8um _ _ _ _ _ _ _ _ _ _ _ _  131.86 Sum _ _ _ _ _ _ _ _ _ _ _ _  130.83 
Mean _ _ _ _ _ _ _ _ _ _ _  13.09 Mean _ _ _ _ _ _ _ _ _ _ _  13.18 

- - 
xov. 

- 
F& 
8.83 

8.73 

8.79 
9.04 

a 81 

aea 
am 
am 

aw 
atw 
atx 
ass 
a 47 
arls 
a 74 
- 
- 

Peel 
ass 
am 
a 74 

a 69 

am 
am 
am 
a a  
a a  
aso a 47 

8.78 

8.68 

8 66 

a m  
I 
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TABLE &-Low water below sea level, Portland, Me.: Annual means 

Yesr I Feet (1 ' Year I Feet 11 . year I Feet 

l9D . . . . . . . . . . . . . . . . . . . .  
1914 . . . . . . . . . . . . . . . . . . . .  
1915 . . . . . . . . . . . . . . . . . . . .  
1916 . . . . . . . . . . . . . . . . . . . .  
1913 . . . . . . . . . . . . . . . . . . . .  4.42 1917 ____--_-________--_ 4.46 1 19.22 --__----------__--_ 4.59 

4.35 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.45 1924 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.58 
4.39 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.60 19!& _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.53 
4.44 1921 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.59 

4.33 i 9 i a  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.49 1833 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  AMI 

1912; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.54 1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.48 I922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.46 

1914 . . . . . . . . . . . . . . . . . . . .  4.47 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.38 1924 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.47 
1915 . . . . . . . . . . . . . . . . . . . .  4.49 1 9 m  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.M) 1925 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.44 
1916 . . . . . . . . . . . . . . . . . . . .  4.61 1921 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.46 

1913 . . . . . . . . . . . . . . . . . . . .  146 1918 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.47 19% _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.45 

MW, ima to isas, 4.47. 

YeSr 

1914 . . . . . . . . . . . . . . . . . . . .  
1913 . . . . . . . . . . . . . . . . . . . .  
1914 . . . . . . . . . . . . . . . . . . . .  
1915 . . . . . . . . . . . . . . . . . . . .  
1916 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  '-- 

4.46 
4. % 
4.47 
4.44 

- 

Feet Year Feet YeCn Feet 

4.34 1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.39 im _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.55 
4.34 1918 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.41 1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.54 
4.36 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.43 19% _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.55 
4.33 19Xl___________________ 4.54 19% _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.48 
4.39 1921 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.53 

TABLE 10.-High water 0% t ide  stag at Portland, Me.: Monthly and yearly means 

YeCn 

1912 . . . . . . . . . . . . . . . . . . . .  
1913 . . . . . . . . . . . . . . . . . . . .  
1914 . . . . . . . . . . . . . . . . . . . .  
1916 . . . . . . . . . . . . . . . . . . . .  
1916 . . . . . . . . . . . . . . . . . . . .  

TABLE 11.-High water above sea level, Portland, Me.: Yearly means 

Feet YeCn Feet Y W  Feet 

4.46 1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.41 192a _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  4.42 
4.47 1918 ______r____________ 4.39 1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.41 
4.48 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.36 19% _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.44 
4.43 l9aO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.44 1926 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.39 
4.46 1921 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.40 

Mean, 1912 to l925,4.44. Mean, 1913 to leZa.4.43. 

TABLE l2.-High water above aea level? Portland, Me.: Annual means corrected jor 
variation in longztude of the moon's node 

~ 

Mw, 1912 to IS%, 4.43. 



Y W  Feet Y W  

1912 _ _ _ _ _ _ _ _ _ I  _ _ _ _ _ _ _ _ _ _  8.78 1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1913 . . . . . . . . . . . . . . . . . . . .  am i g m  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1914 . . . . . . . . . . . . . . . . . . . .  a71 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1915 . . . . . . . . . . . . . . . . . . . .  an iw _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1918 . . . . . . . . . . . . . . . . . . . .  8.83 1831 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Feat I Y W  Feet 

8 8 6  l%?2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.14 aw im _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  s 12 a s  isae _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.13 
9.14 i w ~  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.01 
9.12 

C o m p  

Y W  

1912 . . . . . . . . . . . . . . . . . . . .  
1913 . . . . . . . . . . . . . . . . . . . .  
iei4 . . . . . . . . . . . . . . . . . . . .  
1915 . . . . . . . . . . . . . . . . . . . .  
BM . . . . . . . . . . . . . . . . . . . .  

mrm 
(141.9) 
181.6 
867.8 
21.2 
141.7 
3!23.5 
2W 0 
75. a 
70.7 

Ma 1 

(152 a) 
181. a 
83. 2 

(89 9 
111. 2 

0.0 
Ma4 
123.7 

292.1 

E3 

(0: 01 

(2 9 
(a 0) 

901.8 
(101.8) 
177.0 
lsl. 7 

Feet Y W  Feet 

9.01 
aga am 
aga am 1831 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a88 

19l6 

H 
- 

K 

861.2 
366.8 

170.1 
118 1 
!286.2 
!296.0 
aSal 
114 0 
(149.5) 
123.5 
104.8 

lOa 7 

179.9 
163. 5 
!2W1 

m.5 
BW. 1 

la. 8 
141.8 

iaa a 
ma 

81. a 

(El 
as 

as+ 2 

(107.0) 

_ _  _--_. 

1918 
- 
H 
- 

K - 
Dsorsas 

857.5 
280 
115.2 
824.0 
l86.4 
8 1  4 

Boa1 
292.6 

(:E ? 

74. a 

(281.1) 
iia 1 

(% 3 
(E3 
7h 2 

8R9 
869.8 
184.6 
109.0 

a47.0 
198.6 
298.4 

19.8 

ao 

9:: 3 
-_ _ _ _  _ _  

- 
H 

Fwt 

a 211 
0.161 
0.018 4.m 
0.001 am 
0.045 
0. OOB 
a m  
(0.134) 
0. a69 
(a 016) a ita aim 

a m  

0.008 

a w  
0. ma 
a m  
(a 014) 

- 
(a 0%) a 457 

L 3 
0.717 
0. m 
0.163 

0.111 a 050 
0.008 

- 
K 

- 
DsmW 

ai 
147. a 
aaa 4 

(2 3 
8.7 

w . 8  
70.1 
07.1 

249.0 
291.9 
(281.4) 
112 0 

98. 2 

loa 1 
366.1 
119.9 
95.8 
a5 

aOl0 
802.6 

(104.8) 
1% 5 
119.7 
118.4 

(;e;) 
8: 3 

a a  a 

- 

- 
H 

Fed 

0.194 a 160 a 017 
4.988 
0.008 
0.031 
a w  
0.012 
0.840 

(0.015) 
a142 
a084 

- 
(t 2 

(t ;2 

L %I 

$%) 

a m  
0.705 
0.004 

am 

(a 014) 
0.135 

a008 

0. oaa 
0.214 

0.045 

- 
K - 

32) 
lal. 9 
W 0  
10.9 

828.0 
3482 
M.7 
7a.4 

276.6 
293.1 

(151.0) 
119.4 
89.8 

101.2 
8589 
lsl. 2 
1% 9 

a46.5 
181.9 
m a 4  

141.2 
118.4 

131.8 

(Z 

(:E 8 

(a=. 9) 

(;E 9 
- 
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Frcf 
!20.0 
20.7 
20.0 
20.6 
20.2 
20.3 
21.1 
ai.1 
20.3 
20.3 
20.7 
20.1 

19.9 
20.1 

U. S. COAST AND QEODETIC SURVEY 

TABLE 16.-Extreme tides on tide staff, Portland, Me., i9id to 1996 

Date 
Jan. 5 
oat. 2 
DOC. 14 
Dec. 7 
Jan. 5 
Dec. 14 
Nov. 19 
DW. 7 
June 10 
Nov. 29 
Apr. 11 
A r 30 

June 9 
J& 17 

Year 

Astrc- 
nomid 

-- 
Fed 

19.0 

19.1 
17.8 
19.0 
19.2 
19. s 
19.7 

m a  

19.6 

Fed 
19.07 
19.52 
19.73 
19.88 
19. e3 
19.62 
19.92 
20.08 
19. e8 

19.66 
19.07 
19. 88 
19.38 

19. m 

DUBr 
ence 

E& 
0.6 

0.3 
L1 
0.1 
0.0 

-0.3 
0.2 

as 

ai 

Mean _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 ______________I 19.09 

Annual 
mean 

- - 
Storm 
low 

water 

D m  
ence 

F& 
0.73 
0.70 
0.59 
a74 
0.09 
0.78 
a83  
7.05 
8.70 
0.78 
0.46 
6.61 
a47 a4a 

Inelre8 ' 
a9.m 
29.92 
29.92 
29.92 
29.92 
29.92 
29.92 
29.92 
29.92' 

29.92 

29.92 
29.92 

29.92 

29.92 
29.92 
29.92 
29.92 
29.83 

a88 

InChm 

-0.39 
-0.10 -am 
-0.80 
-0.10 

0.04 
-0.11 

0.08 

-0.35 

a i 9  

aoi 
aaa 

-0.08 

0.30 
-0.06 

0.18 
0.19 aai 

Xigheat high water Lowest low water 

F& 
0.0 
5.9 
5.0 
6.4 
6.1 

0.4 

b.9 
0.4 
6.F 
b.4 
h5 
L Q  

a i  
a 4  

Date 
Mar. 2 
Mar. 23 
Apr. P 
Oct. 8, 
Feb. 4 
Jan. 24 
sept. aa 
Dec. 11 
Dec. 25 
AUg. 6 
Feb. 14 
Apr. 3 
Dec. 27 
AUg. 6. 

TABLE 17.-Relation between meteorological changes and extreme tides, Portland, 
Me., 1996 

I Heightofhighwater 

I- 
Fad 

20.1 
2 R O  
19.4 
189 
19.1 
19.2 

19.9 
19.0 

19. a 

I- I Height of low water 

b.9 
a 2  

0.8 

0.4 
0.4 
0.4 

a 2  a i  
e 7  

0.6 
a 4  
0.0 
0.9 
7.5 
7.1 
0.8 
7.0 
6.8 

- 
-0.0 

-0.4 
-0.8 
-0.7 
-0.4 
-0.4 
-0.6 
-0.4 

-0. a 

- 

lverage 
daily 
Value 

- 
Inellet3 

29.67 
29. E3 !&sa 
%MI 
29.83 
29.96 
29.81 
30.00 

a m  

30.11 
29. E4 
29.93 
80.14 
30.B 
29. 80 
30.10 
30.11 
30.13 

I- 

Wind 
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Haura 
6.28 
6.32 
6.88 
6.32 
6.40 
6.87 
6.18 
6.u 

' (1.30 

-- 
Hmra 

6.14 
6.10 
6.09 
6.10 
Loa 
6.06 
6.24 
6.24 

6.l2 
-- 

Hours Hours 
4. 6.061 81 

4.95 6.2a 

Fall 

HOW8 
6.06 
6.21 
6.14 

T A I ~ L ~  lQ.-TidOl char~tm'stics, station Bi GeF1.ish I s l a d  wharf, Ye. 

6.10 

Y W  

Hours 
6.21 

TABLE. 2Q.-Tidcrl charaderistics, station C, Fort Conatitution, N .  H. 

Fsd 
8.78 

8.70 
a 21 

a n  
a s  
a 75 
a 413 
am 

Hours 
11.36 
11.38 
11. 38 
11.23 
11.37 
11.06 
11.31 
1L 31 

Houra 
6.08 
6.06 
6.05 
4. 91 
4.87 
4.69 
5.13 
iil3 

TABLE 2l.-Tidd charadm'atica, station D, Kittmy Point, Me. 

YeSr Lengthofaeries 
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TULE 2Z.-Tidd charactm'sties, stdion E, Portsmouth Navy Yard, Seavy 
Island, Me. 

I I -7 Lunitidal intervals [ Duration of- 

Lunitidal intervals 

zg I :a, 

YeaS Lengthofseries Range 

Duration of- 

Rise 1 Fall 

HWrs HWrS HoWs HOW8 
leas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I I d a y s  ___-___________ 1 ??WI 11.501 6.171 6.331 6.09 

TABLE 24.-Tidal characteristics, station G, Atlantic Corporation Shipyard, Ports- 
mouth, N .  H .  

I I Lunltidal intervals I Duration of- I 

 TABLE^ 26.-Tidd characteristics, station I ,  Salmon Falls River Highwag Bridge 

Y W  
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TABLE 27.-Tidal characteristics., station J ,  Exeter River Railroad Bridge, N. E .  

Location 

Lunltidal intaw& I Duratbn of- 

Latitude 

Rise 1 Fall 

~ 

J m  Point (Fort Stark), N. H _ _ _ _ _ _ _ _  
OernshIsland Wharf, M a  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Fort Constitution, N. H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Kit- Point, Me . . . . . . . . . . . . . . . . . . . . . .  
PortsmouthNavy Yard Me _________-__ 
Commeroisl Wharf, Porkmouth N.H-- 
Atlantic C or8tIon Shipyard,'Ports- 
Dover Point, N. H . . . . . . . . . . . . . . . . . . . . . .  
Salmon Falls River highway bridge----- 
Exetm Rio~aentrance, N. H _ _ _ _ _ _ _ _ _ _ _ _  
Standard tlde station, Portland, Me-..- 

mouth, N%. 

TABLEI 28.-Tidd charaderistics for stations in Portsmouth Harbor and tribu- 
taries 

?Or$ 

43 08.8 
48 04.0 
43 04.3 
43 05.0 
43 04.8 
43 04 7 
48 0a4 

48 07.3 
43 11.4 
43 08.2 

43 89.2 

WBt, 

70 429 
70 41.8 
70 42.7 
70 420 
70 44.6 
70 45.1 
70 & O  

70 49.5 
70 49.5 
70 54.7 

70 16.1 
- 

I Duration of- 

Hmra 
11. a0 
1l.B 
11.24 
11.27 
11.34 
11. bo 
11.77 

12 90 
la. e4 

11.16 

ia a 

- 

- 

k& Rise Fall 
--- 

- 

I. 
%UT8 H W 8  HWr8 
4.88 6.82 6.10 
6.01 6.21 6.21 
4.94 6.80 6.12 
5.08 6.19 6.23 
ha2 6.12 6.80 
517 6.33 6.08 
543 6.34 6.08 

TABLE 29.-Tidal and nontidd current i n  the a proaches to Portsmouth Harbor, 
party of J .  w. ~ a & y  

[Referred to time of pmdlct8d slack More flood at PortsmcRlth Harbor emtranoe] 

Tlme I ' 1-1- 
a ai 

I 



TABLE ~Q.-CUW& dah ,  Portmouth Harbor entrance, from reSdt8 Of obseruations near the SUTfaCS 

[ReXmed to times of predicted slack Watm at Portsmouth Harbor entrsncel 

' 

Time 

Hours 
1.8 
a 4  
2 6  
1.2 

1.8 
3.6 
1.9 
2 7  

2 7  

1.9 
a 4  

1.9 

3.1 
1.9 
1.9 
ao 
a4 
a7 
2 8 .  

Locatian 

I 

D h  
tlon 

(true) 

Devrccs 
aM 
350 

-- 

325 
300 

295 
346 
aio 
am 
am 
3% 

5 

20 

6 
336 
356 
a30 

276 
806 
800 

-I I I l- 
C. H. Woodhull-- _ _  
R. W. Woodworth-- _ _ _ _ _  do-- _r _ _ _ _ _ _ _ _ _ _  
____.do. - - _ _ _ _ _ _ _ _ _ _ _  

Hours 
October 1853- _ _ _ _  -2 6 

_____do. _ _ _ _ _ _ _ _ _ _  +O. 6 
____-do. _ _ _ _ _ _ _ _ _  -4.0 

Augnst,'lBaB _ _ _ _ _ _  +o.9 

Emrs 
2 6  3.6 
2 6  
1.6 

0.8 
6.4 
1.8 

2 8  
2 4  
2 7  
2 6  

2 2  

Degreed K W  
156 170 0.9 a8 
175 1.6 
150 1.0 

1m 0.5 
196 1.0 
130 1.1 

185 1.1 
190 1.2 
190 1.8 
I76 I L 4  

176 1.3 

Flood strangth 

6 
6 
7 
8 

9 
10 
11 
12 

18 
14 
16 
16 

North- of Whaleback Reef _ _ _ _ _ _  _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _  _____do. _ _ _ _ _ _ _ _ _ _ _  +&a 
Off Jaffrey Point __________r________ _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do-. _ _ _ _ _ _ _ _ _ _  +1.3 
Entrsnce to Little Harbor-. _ _ _ _ _ _ _  _____do.. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do-- - _ _ _ _ _ _  -1.8 
Off Whalebaok Reef- - _.___________ P. A. Walker_- ____: Ootobw, 9- - _ _ _  +O. 8 

Mid-channel off Whaleback Red-- J. H. Hawk May I919 _ _ _ _ _ _ _ _ _  +0.6 off Newmtfe Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. W. Woo8k61.:: A&, 1926 _ _ _ _ _ _  -a I 
Off Wood Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _  44.1 
Off Stielman Rocks _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P. A. Welkex _ _ _ _ _ _ _  Octobex, l898 _ _ _ _ _  44.8 

Off Fort P d t  . . . . . . . . . . . . . . . . . . . . .  R. W. Woodworth-- September leas--- -0.1 
Mid-cbannal, off Fort Point- _ _ _ _ _ _  P. A. Weka- -  _ _ _ _ _  October lh- _ _ _ _  +O. 2 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  RiW. Woodworth-- 8e temk,lBaB--. -0.2 
_____do.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J. H. Hawley _ _ _ _ _ _ _  d y ,  I919 _ _ _ _ _ _ _ _ _  +0.4 

- 
7 b  
ity 

Knots 
0.7 
0.6 
0.8 
1.0 

- 

0. a 
a6 
0.7 
0.8 

0.6 
1.1 
1.1 
1.2 

1.8 
1.7 

1.5 

0.6 
1.8 
1.4 

1. a 

17 
18 
19 

- - 

Wood 
dura- 
tion 

- 
E w a  
9.1 
4.7 
6. 6 ia 1 
a6 

a8 
r a  

a 2  

4.8 

6.6 

6.8 
5.6 

6.2 

6.1 

5.Q 
4 8  

.-____ 
ao 

ao Northwest of Fishing Islands-- _ _ _ _  R. W. Woodwork- 
Off Cod Rock . . . . . . . . . . . . . . . . . . . . . .  0. H. Woodhull _ _ _ _  

_____do _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P. A. Welker.- _ _ _ _ _  

- - 
slack 
before 
ebb 

- 
Eours 

+o. 2 
+0.2 

-2 0 
+o. 2 
-0.8 
+o. 7 

+ a 2  
0.0 

-0.1 

+o. 1 

-0.1 
-0.4 

+o.'6 
+ a 4  -a 6 

2: ! 

ao 

_----_ 

Ebb strength 

-1-1- 

- - 
Ebb 
dura- 
tion 

- 
Eours 

aa 
7.7 
6.8 
2. a 
8 8  
7.6 
6.6 
6. 6 

a9 
a 2  

a9 

a2 

7. a 
a 4  

6.6 

.____-. 
6. 4 

6.6 
I .  6 

43 
h3 



= 

Bta- 
tion 
No. 

- 
2 

, 3  

4 

5 

6 

7 

i o  

. 11 

12 

'TABLE fi,-ResuUs ]rem current observat;ons d vadowr d e p t h ,  Portsmouth garbor  mtrame,  pa& of 8. w. woodworth 
[Referred to timse of predicted slack watm at Portsmouth Harbor entrsnce] 

Loostion 

-~ ~ 

. . .  
Dff Odlornes Point ___________---  --- 

Mid-channel, off Kitta Rocks --... 

Southwest of Whdebsag Reef--..-- 

Northeast of Whalebfbck Reel. ----- 

Off Jaf?rey Point _________________-  - 

Entrance to Little Harbor ______- --- 

Off Newcastle Island ____________--. 

Off WoodIsland ______________-_--. 

Off Fort Point ______________--  ----. 

I I  

I I -  
Fa, 

i, 
14 aa 
7 
8 n 

34 
7 
7 

17 as 
7 
3 
7 

11 
7 
7 

19 
83 
7 
3 
7 

11 
7 
8 

19 
30 

I 
g 

a2 
35 

7 
B 
I5 
24 

Flood strength 

____-- 
___-_-  
324 
320 
319 
336 
302 
31 2 
314 
306 
2.94 
276 
279 aeo 
346 
a45 

R as 
808 
302 
311 
314 
Id 

357 
359 

4 
356 
357 
868 
857 

6 
363 
3m 

0 

- 
'doe 
itY 

- 
mole 

0.49 
0.48 
0.53 
0.82 

0.76 
0.64 
0.96 
0.86 
0.76 
0.64 
0.27 
0.37 
0.82 

0.88 
0.88 
0.57 
0.61 
0.74 
0.75 
0.74 

I.  10 
1.17 
1.24 
1.21 
1.11 
1.04 
1 . 0 s  
0.95 
I.  76 
1.71 
1. SI 
1. e.9 

0.64 

a 82 

aa7 

ass 

- -- 

llood 
iura- 
tion 

- 
Facts 
4.75 
166 
4.60 
4.60 
5.66 
6. (M 
6. 35 
5.66 

10.10 
10.24 
10.12 
9.35 
3.60 s. 65 
3.70 
3.56 
4.85 
4.91 
4.86 
4.81 
8.85 
6. 65 
6.66 
6.55 
6.15 
6.97 
6. !a7 
6.43 
5. a1 
6.76 
6.15 
6.47 

e. 10 
6.05 e. 00 

a 17 

Mare 
ebb 

- 

Ebb 8tmngth 

T i e  

Bows 
3.66 
e 3 5  
Le5 
4.86 
2 62 
238 
286 
3.12 
1.55 
1. Bo 
1.70 
1.45 
0.80 
1.65 
0.8s 
am 
5.85 
4.65 
4.50 
5.00 
1.75 
1.70 
1.75 
1.66 
245 

24l 
2 67 
26a 

a. 88 
4.46 
4.45 
4.23 
1. of 

2 3a 
2 4a 

2 68 

- 
TdOO- 
Icp 

motJ 
0.84 

0.73 
0.63 
1.67 
1.64 
1.23 
0.94 
1.01 
1.05 
0.95 

0.57 

1.08 
0. gs 

1.14 
1.26 
1.09 

1. ad 
1.18 
1.12 
1. n 
1. B( 
1. a 
1.3: 
1. gt 
2 0: 
1. R 
1. M 

- 

aer 

au 
0. 51 

a 57 
0.4a 

0.81 
atx 

am 
1. u 

Tours 
7. el7 
7.87 
7. $2 
7.82 
B 77 
&77 
7.07 
6.87 
2 32 
2 IS 
280 
3.07 
8 82 
a 77 a 72 a 87 
7.57 
7.51 
7.56 
7.61 
5.57 
6.77 
6.87 
5.87 
5 2 7  
6.46 
6. I6 
5.99 
6.61 
6.66 
6. !a7 
5.96 

6. Sa 
6. 43 

aa5 

a 37 

my 
1 
1 
1 
1 
i 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
a 
2 !I 5 

1 
1 
1 
1 
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TABLE 31.-Results from current observations at various depths, Portsmouth Harbor entrance, party of R. W .  Woodworth-Continued 

Knot8 
1.92 
1.82 
1.82 
1.80 
0.78 
0.63 

0.88 
0.78 

Location 

.Hours Daw8 9 
6.42 1 

8.57 
8.57 1 
8.47 
6.47 

1 
8.07 1 Y  

6.47 ; p "  

a 6 7  

Data 

HOW8 

-0.80 
-0.45 
-0.45 
+0.55 
+0.65 
H.65 
+a65 

-0.10 15 Mid-channel, off Fort Point _ _ _ _ _ _ _ _  

17 :Northwest of Fishing Islands _ _ _ _ _ _ _  

Hmr8 Degrees 
3.65 130 
2 9 5  147 
3:45 216 
5.85 80 
5.95 80 
5.95 80 
5.95 75 

3.45 138 

---- 
Fskt H W 8  HMbT8 

Pole -... 7 -0.18 1.92 
Metes-.. 8 -0.a 1.77 ... do _ _ _ _  21 -0.38 202 
-.do _ - - -  84-0.38 2 0 2  
Pole---. 7 +O.m 3.42 
Meter--- 10 +0.82 8.87 
.-do 25 +0.62 2 8 7  
--do---- 40 +a12 282 

Hours IDwee.8 
1.3 280 
2 4  280 
8.0 28O 

8.0 282 
1.8 a35 
1.8 20 

2 7  280 

8.8 200 

2 4  28O 
1.9 315 

Dire+ 
tlon 

(true) 

Degrea 
355 
a43 
a50 
357 
276 
275 
300 am 

- 

- 

Knots How8 
a8 1.8 
1.8 6.0 
1.8 7.1 

1.9 6.5 
ae a 2  
as 6.2 

a i  6.1 

1.8 11.0 

1.3 6.0 
1.0 6.3 

- 
Velm 
ib 

- 
Knots 

1.27 
1.32 
1.32 
I. 15 
0.68 

0.68 
0.78 

a 6s 

- 

Haura 
3.0 
2.5 
1.6 

4.1 

1.8 

3.0 
3.0 
2.1 

1.8 

1.0 

- - 
Flood 
d m  
tion 

- 
Hours 

6.00 
5.95 
5.85 
5.85 
5.95 
5.96 
5.85 
6.86 

Degree# Knot8 
105 2 4  
85 1.2 
65 0.5 

Bo 1.4 

200 1.1 

80 8.1 
80 2 7  

135 1.0 

1% a8 

10 a 2  

-1-1- 

I I I I 

TABLE 32.-Results from current observations near the surface, Portsmoilth Harbor, vicinity of Newcastle, N .  H. 
[Referred to times of predicted slack water at Portsmouth Harbor entrance] 

Location Party of- 1 Date I 
I I 

-- - 

slack 
before 
flood 

- 
HOW8 
+a 4 

% 
ao -a 7 

-1.8 

+ a 1  

-4.7 
2: 

Floodstrength I 

-1-1-1- 

- - 
slack 

before 
ebb 

- 
Hwrs 
-8.7 
+a a +a 8 

-a 4 

+as  

+a 4 

+ a 8  

-1. s 

+t: 
- 

Ebb strength 

- - 

Ebb 
d u m  
tion 

BOW8 
10.6 
6.4 
5.3 

6.9 

6.2 

a 4  
8.1 
1.4 

cia 

6.8 

- 



TABLE 33.-Realts from current observations d varioua depths, Portsmouth Harbor, vidnity of Newcbslle, N. E., party of R.  W .  Woodworth 
[Referred to timas of predicted slack water at Portsmouth Harbor entmce.1 

O b -  
tions 

Date with- 

___- 

e m =  
8 
f sta- 
KI tion p: 

1 

' 2  

.3 

6 

0 

7 

.. ..- -- 
9 

10 

- 

Depth LQCsti0n 

1920 
bug. 20-21 ___- 

Aug. 16-27 _--- 

Off ,  Salamander Point _ _ _ _ _ _ _ _ _ _  _ _  _ _ _  __. 
Fed 

Pole _ _ _ _ _  7 
Meter.-- 10 

---do _____  25 
-.-do _____  
Pole _ _ _ _ _  

Northenat of ClarzrS Island 

Southwest of Kittery Point Bridge _ _ _ _ _ _ .  

- .  
South of Clarks Island- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  

. - . - . . - _ _  . _. . . 
Northeast of Jamaics'kland _ _ _ _ _ _ _ _ _ _  :-- 

9 
24 
38 
7 

10 
25 
40 
7 
1 

18 
20 
1 
ti 

13 
21 
1 

28 
48 
1 
I 

21 
1 
4 

1c 
1f 

ia 

ia 

FIood strength 

nm 
tion 
:true) 

kyrccs 
260 
266 
24s 
255 asa 
273 
275 
274 
280 
262 
270 
272 
337 
312 
384 
328 

18 
28 
31 
35 

262 
249 
280 
272 
314 
302 
311 
318 
198 
193 
193 
203 

- 

- 
?doc- 
i t Y  

Knots 
0.82 
1.01 
0.90 
0.80 
1.30 
1. a8 
1.34 
1.40 
LlM 
1.64 
1.64 
1.54 
0.87 
0.64 
0.75 
0.74 
0.70 
0.68 

0.70 
2 07 
1.93 
2.03 
1.91 
1.04 
0.99 
1.07 
1.04 
1.83 
1 . a  
1.74 
1.05 

- 

o. 70 

- 

- - 

Flood 
aura- 
tion 

- 
EOUT8 

1 . a  
1.82 a 12 a 08 
a 0 2  
0.00 
6. 39 
6.62 
7.15 
7.15 

8.10 
0.22 
6.32 
5.07 
5.47 
a 2 5  
.5. .95 
6.00 

6.16 
6.16 
0.30 

0.35 
6.30 
a 3 0  
0.35 

11. 00 
11. aa 
lo. 80 

am 

a io 

am 

io. 80 
- 

- - 

Black 
JEfOrn 
ebb 

Emrs 
-3.68 
-3.50 
-3.38 
-3.42 

0.32 
0.32 
0.37 
0.38 
0.66 
0.45 
0.65 
0.80 

-0.37 
-0.33 
-0.95 
-0.83 
-1.50 
-1.05 
-1.06 
-1.80 

0.30 
0.40 
0.35 
0.45 
0.05 

0.00 
0.00 

0. 3: 

0. oa 

o.4 
aa  
o. at 
-- 

Ebb strength - 
Time 

Emus 
8 06 
3.15 
3.10 
3.06 
2 5 3  
2.40 a 08 
1.88 
1. 80 
l. 76 
1.45 
1. 56 

1.77 
1.97 
2.03 
1.80 
1.70 

3.05 
ZEil 
2.96 
2 70 
2.10 
256 
286 
2.M 
1. o[ 
1.2: 
l.X 
1.1i 

1. n 

;?E 

- 
Direc- 
tion 

(true) 

- - 

Rngth 
3f o b  
tions 
BWa- 

- 
Dam 

1 
1 
1 

11 
11 
11 
11 
1 
1 
1 
1 
2 
2 
a 
2 
1 
1 
1 
1 
1 
1 
1 

. 1  
1 
1 
1 
1 
1 
1 
1 
1 

-- 



- - 
Sta- 
tion 
No. 

- 
1 
2 
3 
4 
6 

6 
' 7  

8 
9 
10 

11 
la 
18 
14 

_. 

TABU 34.-ReaJts from currant obsmatbona near the sudace, Portsmouth Harbor, Uichity of Porkmouth, N .  H .  
[Referred to time5 of predicted slack Wabr at Portsmouth Harbor entranoel 

I I 

Hours Hours 
Off Snllivan Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J. H. HawW _ _ _ _ _ _ _  June, 1919 _ _ _ _ _ _ _ _ _  +0.3 2 7  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  W E Parker _ _ _ _ _ _ _  September 1903--- +0.2 3.0 
South of Seavy Island _ _ _ _ _ _ _ _ _ _ _ _ _ _  R 'W' Woodworth-- August l i  _ _ _ _ _ _  -0.1 2 6 
____do _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P.'A.'WdhI _ _ _ _ _ _ _  Octobei, 18Bg _ _ _ _ _  -0.2 2.3 
Between Goat snd Marpin I s l a n k  R. W. Woodworth-. August, 1926 _ _ _ _ _ _  -1.4 2 1 
Off Henderson Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  W E Parker _ _ _ _ _ _ _  September 1w)3-.- -0.2 Z 2  
Northeast of Pierces Island _ _ _ _ _ _ _ _ _  R:W; Woodworth-. August lh _ _ _ _ _ _  +O. 2 3.3 
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P. A. W d h I  _ _ _ _ _ _ _  Octobd, 189% _ _ _ _ _  +O. 6 2 4  
Northof PieroesIsland _ _ _ _ _ _ _ _ _ _ _ _  R. W. Woodworth.. August. 1926 _ _ _ _ _ _  +0.3 2.6 
Channel north of Seavy Island _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do. - _ _ _ _ _ _ _ _ _ _  +O. 1 2 6 

Off Portsmouth water front ._______ _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _  +l. 2 3.6 
Southeast ol BadWS Island _ _ _ _ _ _ _ _  _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _  -0.2 2 9 
Westof Portsmouth-KIttery Bridge W E. PmkW _ _ _ _ _ _  Septpanber l%L- 0.0 3.0 
Southwest of B a r n  Island _ _ _ _ _ _ _  R.'W. Woodworth.: August, lid6 _ _ _ _ _ _  +O. 1 2 9 

2 See explanstion m p. 43. 1 Northerly. 

KnOi.¶ 
2.6 
2 8  

2.8 
1. 2 

3.4 
2 6  

21 
1. 6 
1. 2 
1. 1 
1.3 
3.3 

3.2 

I I Ebbstrength 

BO -ai 8.6 110 
+a8 3.4 170 
+a7 3.8 140 

6.1 +a6 3.6 110 
6.1 +a3 3.7 80 

4-0.6 (9 . (a)'6o 

6.4 $ a 6  3.6 110 
6.2 +a4 3.4 la6 

24 +0.3 ' 3.4 

a southerly. 

KnouI 
3.1 
40 
3.8 

0.8 

3.1 
23 
2 8  
3.0 
1.9 

0.4 
3.3 

.__-_-. 

a2 

3.7 - 

- - 

Ebb 
dura- 
tion 

Eours 
6.6 
LO 
R 8  

6.6 

6.4 
5.9 
6 3  
6.3 
6.3 

.____- 

a 0  
6.0 
6.2 



TABLE 36.-&?8&8 from current observations a4 vonous depths, Portsmouth Harbor, Vicinity of Portsmouth, I?. E., party of E .  W. Woodworth 
[Reffmed to times of prdOt6d slack water at Portranoath Harbor entrence] 

Observa- 

with- 
Date tlons 

- - 

ierva- 
Horn 

- 
mm a 

a a a 
1 
1 
1 
1 
1 
1 
1 
1 

a 
2 

2 

1 
1 
1 
1 
1 
1 

2 

2 

a 
a 
a 
a 
a 

a 
a 

Depth 

- - 
Slack 

before 
ebb 

- - 
slack 
before 
flood 

- - 
sta- 
tlon 
No. 

- 
3 

6 

I 

9 

ia 

11 

u 

14 

Ebb strength 
I 

Flood 8Wmgth - 
Telob 
1tY 

Knots 
297 
2 91 

298 
1. aa 
1.27 
1. a3 
1.11 
2 05 
2 61 
2 %  
262 
a 11 
2 14 
207 
L92 
1.47 
L 46 
1.44 
1. a8 
1.81 
1.08 
a94 

0. a7 
289 
a 01 
208 

- 

a. sa 

1. ai 

0.88 

am 

- 
Time Time 

Looatlm 

HOW8 
so. Bo +a. 67 
+o. 57 
+a60 
-1.45 
-1.45 
-l. 50 
-1.46 
4-0.76 

so. 70 
+O. 05 
+a 47 +o. Bo 

+am 
+a30 

+a 27 +a 30 
+O. 05 
so. 86 

so. a +o. 4 
+am 
$0.48 

so. w 

so. m 

so. 6s 

+a a3 

+a 30 

+a w 
+a w - 

Embrs 
2 85 
aw) 
a03 
3.13 
1.85 
1.75 
1.86 
2 06 
8.45 

290 
a00 
3.65 
coa 
4.03 
4.10 a m  

3. a0 

a 67 an 

iT ar16 
a. 3s 
a24 
2eo 
a24 

3.01 

a m 
aol 

- 

Kmra 
6.82 
L 75 
6.85 
6.84 
0.57 
6.a 
6.a 
6.5a 
h97 
h92 
6.75 
6.87 
6.30 

6.21 
6. 80 
6.37 
6. 37 
6.81 
(9 

6.87 
6.77 
5.68 

6.10 
6.07 
6.a 

aao 
6. ai 

ti7 
6. ai 

Hmrs 
-a os 
-a 08 
-0.08 
-0. OB 
-1.88 
-1. a 
L1.58 
-1.4 
+a aa 

+am +a 27 so. 80 
+o. 34 

4-0.10 

+O. 14 
+L aa 
+l. 17 

-0. a3 

2% 

G! 
+a 14 

-a a3 
-a as 5; 
c: - 

Emrs 
a. 54 a n  
260 
254 
a07 
2 ia 
am 
2 17 
a32 
3. !a 
3.17 
272 
2e4 
2 m  
2 67 

204 
a 57 
2.M 

3.6? an 
2a 
an 
2 Q  
an 
2 w  
2% 
254 
2g 

am 

asa 

- 

6.60 
6.67 
6.57 

6.85 
6.00 
6.00 
6.90 
6.45 

6.67 
6.56 &la 

6.8 

aw 

eaa 
6. ai 
6. ai 
&la 
6.06 
6.05 b08 
6.G 
6.65 
6.05 
6.w 
6. 21 
6.a 
6.35 am 

li 
30 
4.9 
7 
5 
la 

7 
10 
I 
40 
7 
10 
aJ 
40 
7 
4 
9 
16 
5 
8 
7 
4 
9 
14 
7 
10 
2f 
4c 

m 
Northeast of PiemeS Island __.___________- 

North ol PI- Island ______._____I______ 

Channelnorth of S e s ~ I s h d  .....-.-.-. 

Southwest of Badgem I s h d  --__-. -_----- 
1::::: :::I 

a Sea explanstion on p. 43. 8 southe31y. Northerly. 



TABLE 36.-Results from current observations near the surface, Piscataqua River and tributaries 

[Referred to times of prediotea slack mter at Portsmouth Harbor entnmcel 

HourS HOW6 
1 Northwest of Nobles Island, _ _ _ _ _ _ _  R. W. Woodworth-- 68p@mber, leaS..- 4-0.7 3.1 
2 : Off Atlantic Corporation Shipyard. A e t i c  Corpora- AprMune, l919-.- 1 +a 5 _______. 
3 _.___do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. W. woodworth-- septemb&r, I Q ~ ~ L  ao 3.2 

tm Shipyard. 
u 

4 i Mid-chsnnel. southeast Of =- _ _ _ _ _  do-- _ _ _ _ _ _ _ _ _ _ _ _  _____do ______-- -___ +O. 1 3.1 
, fort Island. 

5 . Mid-channel south of Dover Point- ____.do- _ _ _ _ _ _ _ _ _ _ _ _ _  _;__.do- _ _ _ _ _ _ _ _ _ _ _  3.5 
6 South of Btuigeon Cree& entrance-- _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do _ _ _ _ _ _ _ _ _ _ _ _  -0.2 2 3 
7 : Mid-channel,. off Adams Point, _____do _ _ _ _ _ _ _ _ _ _ _ _  .__ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _  3.2 

I slack before flood, 1 observation; slack before ebb, 37 observations. 

0.0 

44 .2  
, FurberBtrmt. 

!E VdO* itY 
-- 
kgTM8 KMtS 

50 1.6 

305 3.6 

310 2.6 

270 as 
356 1.6 
185 20 

_ _ _ _ _ _ _  

I 1 Ebbstrength 

-1-1-1- 

I I I 

- 
V 0 b  
ity 
- 
E d 0  
0.9 

4.4 

2 9  

4.2 
1.9 
21 

._____ 

- - 
. .  

Ebb 
dura- 
tion 

- 
Eoura 

6.9 
6.8 

6.3 

a 2  

a2 

6.1 
6.5 



= 

sta- 
tion 
No. 

TABLE 37.-RsSUtts from ewmt obsmations at vaPhb8 depths, P iscahpa River and tributadds, party of R.  w. WoodUodh 
[Referred to times of predicted slaob water at Portsmouth Harbor entrance] 

Off Atlantic Corporation Shipyard.-. ___- .  

Midchamel, southeast of FrGkfort hand. 

Mid-channel, south of Dover Point--.-..-. 

South of Bturgeon Creek entrance-.. 

MIdchanneI, off Adam8 Polnt, Furber 
strait. 

__-do _ _ _ _ _  
--do.-- __  

---do _ _ _ _ _ _ _ _ _ _  Polk-.... 
Meter-.. 

---do 
. A 0  _---- 

Bept.a-4 _ _ _ _ _ _  Pole---- 
Meter--.. 

.--do _ _ _ _ _  
---do ____- 

Sept. W _ _ _ _ _ _  Polk .... 
Meter .... 

.-.do _ _ _ _ _  

.--do _ _ _ _ _  

FMt 
7 

12 
30 
48 
7 
9 

23 
30 
7 
4 

10 
10 
7 
5 

12 
20 
7 
9 

!a2 
30 

1 Mew oimrvatfona not made near time of strength of ebb. 

- - 

S l a  
before 
fhod 

- 
Flood streilgth 

Hours 
3.24 
3.80 
3.12 
3.37 
3.07 
2.1 
2 07 
2so 
3.47 
3.27 

3.07 
2 32 
3 4 2  
2 4 2  
2 37 

3.42 
3.37 
3. a7 

au 

baa 

- 

.- . . . _. 
I 

-I- 

- - 

Flood 
iura- 
tion 

- 
Bolus 

6.05 
ao9 
6.w 
ao5 
6.25 
0.33 
6. 33 
a45 
a% 
6.27 
6.31 
6.31 
LQO 

6.45 

6.26 

arm 
a go 
aa5 

azi a 30 - 

- - 
slaob: 
before 
ebb 

- 
Hours 
+a 17 
+a 17 +a 20 
+a 15 
+a43 
+a43 
+a +a4 
+am +a 35 +a 37 
+a43 -a a0 -a a0 -a a0 -a io 
+a50 
+a50 
+a 50 +a 55 

Ebbat- 1 

6lOUr8 
3.13 
3.23 
3.13 
3.23 
3.23 
3.27 
3.27 
3. a0 
3.70 

Dam 

2% 

1 
1 
1 
1 
1 
1 
1 
1 - 



A P P E N D I X  

GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 
[Beprinted from Unlted Strtea Chat and Geodetie Survey Special Publication No. Ill] 

I. TIDES, GENERAL CHABACTERISTLCS 

DEPINITIONS 

The tide is the name given to the alternate rising and falling of the level of 
the sea, which at most places occum twice daily. The striking feature of the 
tide is its intimate relation to the movement of the moon. High water and low 
water at any given place foUm the moon’s meridian passage by a very nearly 
constant interval, and since the moon in its apparent movement around the 
earth cro88es a given meridian, on the average, 50 minutea later each day, the 
tide at most p h  likewise comea 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- 
cance. 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 are two meridian passages in a 
tidal day, and they are distinguished by being referred to as the upper and lower 
meridian passages or upper and lower transits. 

The interval between the moon’s meridian passage (upper or lower) and the 
following high water is known aa the “high-water lunitidal interval.” Likewise 
the interval between the moon’s meridian passage and the following low water 
ia known as the “low-water lunitidal interval.” For short they are celled, 
respectively, 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 and the horizontal forward and 
backward movement of the tidal current-are intimately related, forming parte 
of the same phenomenon brought about by the tidal forces of sun and moon. 

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

It is convenient to have a single term to designate the whole phenomenon 
which includes tidea and tidal currents. Unfortunately no such distinct term 
exists. For years, however, “the tide” or “the tides,” or even “flood and ebb,’’ 
have been used in this general sense, and U S U ~ ~  no confusion arises from this 
usage, 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 water due to the tide, high water and 
low water have precise meanings. They refer not BO much to the height of the 
water as to the phase of the tide. High water is the maximum height reached 
by each rising tide and low water the minimum height reached by each falling 
tide. 

It is important to note that it is not the absolute height of the water which 
ie 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 ie to begin, the tide is 

It 
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TIDEB AND CURRENTS IN PORTSMO& HARBOR 81 
at high water; and when the fall of the tide ceases and the rise is to begin, the 
tide k at low water. The abbreviations HW and LW are frequently used to 
designate high and low water, respectively. 
In ib rising and falling the tide does not move at a uniform rate. From 

low water the tide begins rising, very slowly a t  first, but at a constantly incress- 
ing rate for about three hours, when the rate of rise is a maximum. The rise 
then continues a t  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 about three hours, when it is a t  a maximum, and 
then decreasing for a period of three hours till low water is reached. 

The rate of rise and fall and other characteristics of the tide may best be 
studied by representing the rise and fall graphically. This may be done by 
reading the height of the tide at regular intervals on a fixed vertical staff gradu- 
ated to feet and tenths and plotting these heights to B suitable scale on cross- 
section paper and drawing a smooth curve through these points. A more con- 
venient method is to d e  use of an automatic tide gauge by means of which 
the rise and fall of the tide is recorded on a sheet of paper as a continuous curve 
drawn to a suitable scde. Figure A shows a tide curve for Fort Hamilton, 
N. Y., for Jul 4, 1922. 
In Figure 1 the figures from 0 to 24, increasing from left t o  right, represent 

the hours of the day beginning with midnight. Numbering the hours con- 

Re. A.-Tide curve for Fort Hamilton, N. y., July 4,1922 

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

receding or following 
low water is known aa the “range of tide” or “range.” %e average difference 
in the heights of high and low water at any given place is called %he mean range. 

The difference in height between a high water and a 

THE TIDE-PRODUCING FORCES 

The intensity with which the sun (or moon) attracts a particle of matter on 
the’earth varies inversely as the square of the disthnce. For the solid earth as 
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 waters of the earth, 
which may be considered IIB lying on the surface of the esrth, are on the one 
side of the earth nearer to the heavenly bodies and on the other side farther away 
than the center of the earth. The attrrtotion of sun or moon for the waters 
of the ocean i s  thus Werent in intensity from the attraction for the solid earth 
as a whole, and these differences of attraction give rise to the forces that cause 
the ocean waters to move relative to the eolid earth and bring about the tides. 
These forces are called the tideproducing forces. 
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The mathematicd development of these forces shows that the tide-producing 
force of a heavenly body varies directly as ‘its mass and inversely 88 the cube 
of its distance from the earth. The sun has a 11188s about 26,000,000 times aa 
great 88 that of the moon; but it is 389 times 88 f a r  away from the earth. Its 
tide-producing force is therefore to that of the moon aa 26,000,000 is to (389)’ or 
somewhat less than one-half. 
When the relative motions of the earth, moon, and sun are introduced into the 

e uations of the tide-producing forces, it is found that the tide-producing forces 08 both sun and moon group themselves into three classes: (a) Those having 8 
period of approximately half a day, known as the semidiurnal forces; (b those 
having a period of approximately one day, known aa diurnal forces; (c] those 
having a period of half a month or more, known as long-period forces. 

”he distribution of the tidal forces over the earth takes place in a regular 
manner, varying with the latitude. But the response of the various sew to 
these forces is very profoundly modified by terrestrial features. AB a result 
we h d  the tides w they actually occur, differing markedly at various place4 
but apparently &th no regard to latitude. 

The principal tide-producing forces are the semidiurnal forces. These forces 
go through two complete cycles in a tidal day,,and it is because of the re- 
dominance of these semidaily forces that there are at  most places two compfete 
tidal cycles, and4herefore two high and two low waters in a tidal day. 

VARIATIONS I N  RANGE 

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

At ti- 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 falle 
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 
moon are opposed and the tide does not rise as high nor fall 88 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 places there is a lag of a day or two 
between the occurrence of spring or neap tides and the corresponding’phases 
of the moon; that is, sprb tides do not occur on the days of full  and new moon, 
but a day or two later. kkewise neap tides follow the moon’s first and third 
quarters after an interval of a day or two. This lag in the response of the tide 
is known &e the “age of phase mequality” or “phase age” and is generally 
ascribed to the effects of friction. 

The var ‘ng distance of the moon from the earth likewise affects the range of 
the tide. E its movement around the earth the moon describes an ellipse in a 
period of ap roximately 27% days. When the moon is in perigee, or nearest the 
earth, its de-producing power is increased, resulting in an increased rise and 
fall of the tide. These tides axe known as “perigean tides,” and the range a t  
such times is called the ‘!perigean range.” When the moon is farthest from the 
earth, its tide-producing ower is diminished, the tides at such times exhibiting 
a decreased rise and fd. These tides are called “apogean tides” and the 
corresponding range the “apogean range.” 

In the res onse to the moon’s change in position from perigee to apogee, it is 
found that, %ke the responses in the case of spring and neap tides, there is a 
lag in the occurrence of’ perigean and apogean tides. The greatest rise and 
fall does not come on the day when the moon is in perlgee, but a day or two 
later. Likewise, the least rise and fall does not occur on the day of the moon’s 
a ogee, but a day or two later. This interval varies somewhat from place to 
$ce, and in some regions it may have a negative value. This lag is known . 
as the “age of parallas inequdity” or ‘‘parallax age.” 

The moon does not move in the plane of the Ejuator but in an orbit making 
an angle with that plane of approximately 23% . During the month, there- 
fore, the moods dechnation is constantly changing, and this change in the posi- 
tion of the moon produces t~ variation in the consecutive ranges of the tide. 
When the moon is on or close to the Equator-that is, when its declination is 
smd-consecutive ranges do not differ much, morning and afternoon tides 
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being very much alike. As the declination increases the difference in consecutive 
ranges increases, morning and afternoon tides beginning to show decided 
differences, and at the times of the moon’s maximum semimonthly declination 
these differences are very nearly at  a maximum. But like the response to 
changes in the moods phase and parallax, there is a lag in the response t o  
the2hange in declination, this lag being known as the “age of diurnal inequality” 
or diurnal age.” Like the phase and parallax ages, the diurnal age varies 
from place to place, being generally about one day, but in some places it may 
have a negative value. 

When the moon is on or close to the Equator and the ,$ifTerence between 
morning and afternoon tides small, the tides are known as equatorial tides.” 
A t  the times of the moon’s maximum semimonthly declination, when the differ- 
ences between morning and afternoon tides are a t  a maximum, the tides are 
called “tropic tides,’’ since the moon is then near one of the Tropics. 

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

The month of the moon’s phases (the synodical month) is approximatel 
29j4 days in length; the month of the moon s distance (the anomalistic month7 
is approximately 27!.(i 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 due 
to the changing relations of the three variations to each other. 

DIURNAL INEQUALITY 

The difference between morning and afternoon tides due to the declination of 
the moon is known as diurnal inequality, rand where the diurnal inequality is 
considerable the rise and fall of the tide is affected to a very marked degree both 
in time and in height. Figure B represents graphically the differences in the 
tide at San Francisco on October 18 and 24, 1922. On the former date the moon 
was over the Equator while on the latter date the moon was a t  its maximum 
south declination for the month. The upper diagram thus represents the 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 
occurred, these differences pertaining both to the time and the hei ht. 
of approximately equal duration of rise and of fall of six hours, {oth morning 
and afternoon, as was the case on the lSth, we now have the morning rise occupy- 
ing less time than the afternoon rise and the morning fall more time than the 
evening fall. Even more strikin are the differences in extent of rise and fall  of 
morning and afternoon tides. &e tide curve shows that there waa a difTerence 
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,yd two low waters 
of a tidal day. Of the high waters, the hieher is called the higher high water” 
and the lower the “lower high water.“ Likewise, of the two low waters of any 
tidal day the lower is called “lower low water” and the higher “higher low water.’’ 

The diurnal inequality may be related directly to the ratio of the tides brought 
about, respectively, by the diurnal and semidiurnal tideproducing forceg. 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 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 
but one high and one low water in a tidal day instead of two. This occurs 
frequently at Galveston, Tes., and a t  a number of other places. 

Instead. 

.I 
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TIP18 OB W E  

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

The semidiurnal type of tide is one in which two high and two low waters occur 
each tidal day with but little diurnal inequality; that is, morning and afternoon 
tides resemble each other closely. Figure A may be taken as representing this 
ty e of tide, and this is the type found on the Atlantic’coast of the United States. 

fn  the diurnal type of tide but one high and one low water occuf in a tidal day 
Do-Son, French Indo-China, may be cited ae a place where the tide is alwayrr oi 
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F I ~ .  B.-Tlde cnrvea, San FranW, Calif., October l8 and !24, lSaa 

the daily type, but it is to be noted that there are not many such places. When 
the moon’s declination is 5ero the diurnal tidal forces tend to vanish, and there 
are generally two high and two low waters during the day a t  such times. G+- 
veston, Tex., and Manila, P. I. may be mentioned as ports a t  which the tide is 
frequently diurnal, while St. dichael, Alaska, mpy be cited as a port at which 
the tide is largely diurnal. 

.The mixed ty e of tide is one in which two high and two low waters occur 
during the tidaf day but which exhibits marked diurnal inequality. Several 
Eorms bay occur under this type. In one form the diurnal inequslity is exhib- 
ited principally by the high waters; in another form it is the low waters which 
exhibit the greater inequality; or the diurnal inequality may be features of both 

water8 and low waters. 
is to be noted that when the tide at any given place-is *signed to any 

particular type it refers to the characteristics of “e predomlnating tide at  t h a t  
{ h e .  At the t i e  of the ntoon’s maximum semmonthly dechnation the semi- 

iurnal type exhibits more or lesa diurnal inequality and thus approaches the 
mixed type; and when the mopn is on or near the Equator the diurnal inequality 



TIDES AND CURRENTS IN POIWSMOUTH HARBOR 85 
of the mixed t e is at a minimum the tide at  such timea reeembling the semi- 
diurnal type. % is the characterishcs of the predominating tide that determine 
the type of tide at any given place. With the aid of harmonic constants the type 
of tide may be defined by definite ratios of the eemidiurnal to the diurnal 
conatituents. 

Type of tide is intimately associated with cliurnal inequality and hence d e p d a  
on the da t ion  of the seunidiurnal to the diurnal tidea; and it is the variation in 
thie relation that makw possible the various forms of the mixed type of tide. 

HARMONIC CONSTANT8 

. Since the tide is periodic in character, it may be regarded as the resultant of 
a number of simple harmonic movements. In other words, if h be the height of 
the tide, reckoned from sea level, then for any time t we may write h=A COB 
(&+!)+I3 cos (bt+B)+ . . . In the above form& each term represents a 
constituent of the hde which is defined by its amplitude or semirange, A, B, 
etc., by an angular speed, a, b, etc., and by an angle of constant value, a, 8, etc., 
which determines the relation of time of maximum height to the time of begin- 
nin of observation. 

#e may also regard the matter from another viewpoint and sup se the moon 
and sun as tide-producing bodies to be replaced by a number of?hypothetical 
tideproducing bodies, each of which moves around the earth in the lane of the 
Equator in a circular orbit with the earth as center. With the furtEer assump 
tion that each of these hypothetical tideproducing bodies ves rise to a simple 
tide, the high water of which occurs a certain number of fours after its upper 
meridian passage and the low water the same number of hours after its lower 
meridian passage, the oscillation produced by each of these simple tides may be 
written in the form A=A cos (at+.) as above. The great advantage of so 
regarding the tide is that it permita the complicated movements of sun and 
moon relative to the earth to be replaced by a number of simple movements. 

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

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

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

It is obvious that the principal lunar tidal compohent will be one which gives 
two high and two low waters in a tidal day of 24 hours and 60 minutes, or more 
exactly in 24.84 hours. Its speed per solar hour, therefore, is -=28O.98. 
This component has been given the symbol MI. Likewise, the principa :solar 
tidal component is one that gives two high and two low waters in a solar day of 
24 hours. Its angular speed per hour is therefore 2 v = 3 0 0 . 0 0 .  The symbol 
for this principal mlar component is &. 

Since the moon's distance from the earth is not constant, being lees than the 
average a t  perigee and greater at apogee, the period from one perigee to another 
being on the average 27.55 days, we must introduce another h thetical t idd 
body, so that at perigee its high water will correspond with the%, high water, 
and at apogee ita low water will correspond with the Ma 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, loes 180° on Me or at the rate of l3;P - 280.44. Its hourly speed, therefore, is' 28O.98--- 180' -- 13.78-130.06 per day. 

This component has been given the symbol Ns. 
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The moon's change in declination is taken account of by two components 
denoted by the symbole KI and 01. The s p e d  of these are determined by the 
followine; considerations: The average eriod from one maximum declination to 
ailother 1 a half tropic month or 13.6i days. The speeds of these two compo- 
nenta should, therefore, be such that when the moon is a t  its maximum declina- 
tion they shall both be at a maximum, and when the moon is on the Equator they 
shall neutralbe each other; that is, in a period of 13.66 days KI shall gain on 01 
cne full  revolution. The difierence in their hourly speeds, therefore, is 24x 13.66 
=1'.098. The mean of the speeds of these two components must be that of 
the apparent diurnal movement of the moon about the earth, or ==14'.49. 

The speeds are therefore derived from the equations -=14'.49 and K1-01 
=1'.098, from whloh K1=15'.04 ssd 01=13'.94. 

It is customary to designate the amplitude of any component by the symbol of 
the com onent and the epoch by the symbol with a degree mark added. Thus 
MI stangs for the amplitude of the Ma tide and Ma' for the epoch of this tide. 
The five components enumerated above are the principal ones. Between 20 and 
30 com onents permit the prediction of the time and height of the tide at  any 
given pface with considerable precision. 

From the harmonic constanta the characteristics of the tide at  any place can 
be very readily determined.' The five principal constants alone permit the ap- 
proximate determination of the tidal characteristics very easily. Thus a roxi- 
mately, the mean range is 2M2, spring ra e 2(M,+Ss), neap range h(g-S), 
perigean range 2(Ms+Na), apogean range 2 x ~ - N 2 ) ,  diur:al inequality at  time 
of tropic tides 2(Kl+O1), high-water lunitidal interval &. The various ages 
of the tide can likewise be readily determined. Approximately, the ages in hours 
are: Phase ape, S~"-M~O; parallax sge, ~(MIO-N~'); diurnal age, K1'-01'. 
The type of hde, too, may be determined from the harmonic constants through 
the ratio,- lcl+o' Where this ratio is less than 0.25, the tide is of the semi- Ma+Si 
diurnal type; where the ratio is between 0.25 and 1.25, the tide is of the mixed 
t 
?he periods of the various component tides, like the periods of t i e  tide-produc- 

ing forces group themselves into three classes. The tides in the first c h  have 
periods 01 a proximately half a day and are known as semidiurnal tides; the_ 

eriods of t f e  tides in the second class are approximately one day, and these #? idea are known as diurnal tides; the tides in the third class have periods of 
half a month or more and are known as lon period tides. In shallow waters, 
due to the .effects of decreased depth, the ti$& are modified and another class 
of eimple tides is introduced having periods of less than half a day, and these 
are known aa 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 day. With long-period tides generally no subscript is 
Ued; with semidiurnal tides the subscript is 2; with diurnal tides the subscript 
is 1, and with shallow-water tides the subscript is 3, 4, or more. Thus Sa repre- 
sents a solar annual component, PI a solar diurnal component, Ms a lunh  semi- 
diurnal component, S4 a solar shallow-water component with a period of one- 
quarter of a day, and Me a lunar shallow-water component with a period of 
onesixth of a day. 
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e; and where the ratio is over 1.25, the tide is of the diurnal t pe. 

TIDAL DATUM PLANE5 

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 connectionskbe 

The principal tidal plane is that of mean sea level, which may be definedkas 
the plane about which the tide oscillates, or as the surface the ma would assume 
when undisturbed by the rise and fall of the tide. At any given place thia 
plane may be determined by deriving the mean height of the tide. Thb is 

I BeeB.A.HarriqManaalofTIdes,Pt.III(U.S. CoastaaaaeodetlcBurvey R e p a r t l ~ ~ A p p a ~ .  
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perhaps beat 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 d e c k  of prevailing 
wind, atmospheric preseure, and other meteorological conditione. 

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 aa the half s u m  of the high and low waters. It is therefore 
the plane that lies hrtlfway between the planes of mean low water and mean high 
water. The plane of half-tide level does not, at most places on the open coast 
differ by more than about a tenth of a foot from the plane of mean sea level, and 
where this difference is known the plane of mean sea level may be determined 
from that of half-tide level. Like all of the tidal planes, the plane of half-tide 
level should be determined by observations covering a period of a year or more. 

This plane 
at any given place is determined as the average of all the low watem dunng a 
period of a year or more. Where the diurnal inequality in the low watera is 
small, as on the Atlantic coast of the United States, this plane is frequently 
spoken of as the “low-water plane” or “the plane of low water”; but strictly 
it should be called the plane of mean low water. 

Where the tides exhibit considerable diurnal inequality in the low waters, 
a s  on the Pacific coast of the United States, the lower low waters may fall  con- 
siderably below the plane of mean low water. In such places the plane of mean 
lower low water is preferable for most purposes. This plane is determined as 
the average of all the lower low waters over a period of a year or more. Where 
the tide is frequently diurnal, the single low water of the day is taken 88 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 88 “the plane of high water” 
or “the high-water lane.” This usage may on occasion lead to confusion, and 
the denomnation opthis plane as the plane of mean high water is therefore pref- 
erable. 

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 lane is therefore of im rtance for many pgrposes, and the plane of 
higher higg water is preferred. %is plane is determined as the average of all 
.the higher high waters for a period of a year or more. Where the tide ia frequently 
. & u r d ,  the single high water of the day is taken as the higher high water. 

The tidal planes described above are the principal onea and the ones most 
wera l ly  used. Other plaqes, however, are sometimes used. Where a very low 
rlane is desired, the plane of mean spring low water is sometimes used, its name 
ndicating that it is determined as the mean of the low watem occurring at spring 

tides. Another plane sometimes used, which is of interest because baaed on 
harmonic constants, is known aa the harmonic tide plane and for any given place 
5s determined aa M~+&+K~+OI  below mean sea level. 

87 

For many purposes the plane of mean low water is important. 

MEAN VALUM 

Since the rise and fall of the tide varies from da to day, chiefly in accordance 
witk the changine poeitions of sun and moon A t h e  to the earth, any tidal 
quantities detemuned 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 hase, parallax, and declination, the periods of which are approxi- 
mately 29$days, 27% days, and 27% days, reapqtiyely 

In a period of 29 days, therefore, the phase vanation 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 uantities varyin6 largely with the 
phase variation, tidal observations covering 1 9  days, or multiplee, constitute a 
satisfactory period for determinin these quantities. Such are the lunitidal 
intervals, the mean ran e, mean higf water and mean low water. For quantities 
varying largely with t%e declination of the moon, as, for example, higher high 
water and lower low water, 27 days, or multiples, constitute the more satisfactory 
period. 
As will be seen in the detailed discussion of the tides at  Fort Hamilton, the 

values determined from two different 29day or 27day periods may differ very 
eonsiderably. This is due to the fact that these periods are not exact s nodic 
periods for the different variations, and to the further fact that variations Kaving 
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priods greater than a month are not taken into account. Furthermore, meteoro- 
ogical conditions, which change from month to month, leave their impress on 

the tides. For accurate results the direct determination of the tidal datum planee 
and other tidal quantities should be based on a aeriea of observations that cover 
a period of a year or preferably three years. Values derived from shorter series 
must be corrected to a mean value. 
Two methods may be employed for correcting the results of short series to a 

mean value. One method makes use of tabular values, determined both from 
theory and observation, for correcting for the different variations. The other 
method makes use of direct comparison with simultaneous observations at some 
nesr-by port for which mean values have been determined from a series of con- 
siderable length. 

II. TIDAL CUBRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 

Tidal currents are the horizontal movements of the water that accompany the 
rising and falling of the tide. The horieontal movement of the tidal current 
and the vertical movement of the tide are intimately related parts of the same 

henomenon brought about by the tide-producing forces of sun and moon. 
%dal currents, like the tides, are therefore periodic. 
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Fm. C.-Veldty and direction curm for the current, Hudson River, July 22; 1922 

It is the periodicity of the tidal current that chiefly diitinguishes it from other 
kinds of currents, which are known by the general name of nontidal currents. 
These latter currents are brought about by causes that are independent of the 
tides, such as winds, fresh-water run-off, and differences in deneity and tempera- 
ture. 

Tidal and nontidal currents occur to ther in the open sea and in inshore tidal 
waters, the actual currents experiencerat 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- 

s from one body of wabr to another. Along the coast and farther offshore % currents are generdy of moderate velocity; and in the open sea, calculation 
baaed on the theory of wave motion gives a tidal current of lesa than one-tenth 
of a knot. 

Curmnts of this class do not exhibit the periodicity of tidal currents. 
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~ C T I L I N E A R  TIDAL CURRENTS 

In the entrance to a bay or river and, in generalt where a restricted width 
occurs, the tidal current is of the rectilinear or revemng type; that is, the flood 
current runs in one direction for a period of Bbout six hours and the ebb current 
for a like period in the opposite direction. The flood current is the one that 
eets inland or upstream and the ebb current the one that sets seaward or down- 
dream. 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 u per curve represents the velocity of the current in knots, 

flood bemg plotted agove the axis of X and ebb below the asis. The velocity 
curve represents approsimately the form of the cosine curve. The masimum 
velocity of the flood current is called the strength of flood and the mayimum ebb 
velocit the strength of ebb. The knot is the unit generally used for measuring 
the veLcity 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 b multi lying by 1.69. 

The lower curve of Figure J i s  the Xirection curve of the current, the direction 
being given in degrees, north being O', east 90°, south M O O ,  and west 270O. 
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 running practically in the same direction all the time, 
making an abrupt shift of about 180° to the opposite direction during the period 
of slack water. For the ebb period the  direction curve likewise shows the cur- 
rent to have been running. in approximately the same direction with an abrupt 
change of about 180' dunng slack. 

ROTARY TIDAL CURRENTS 

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

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

It will be noted that the ends of the radii vectores, representing the velocities 
and directions of the current at the beginning of each hour, define a somewhat 
irregular ellipse. If a number of observations are averaged, eliminating aoci- 
dental errors and temporary meteorological disturbances, the regulaiity of the 
curve is considerably increased. The average period of the cycle is, from a 
considerable number of observations, found to be 12h 25". In other words, the 
current day, like the tidal day, is 24h 50111 in length. 

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

Tidal currents exhibit changes in the strength of the current 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 
the neap tides of the moon's first and third quarters. Likewise, perigean tides 
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are accom anied by strong currents and apogean tides by weak currents; and when 
the moon Ls considerable variation,. the currents, like the tides, are characterized 
by diurnal inequality. 
As r a t e d  to the moon's changing phases, the variation in the strength of 

the current from day to day is approximately proportional to the corresponding 
change in the range of the tide. The moon s changing distance likewise brings 
about changes in the velocity of the strength of the current which is approxi- 
mately 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 diur- 
nal variation in the current. 

Tws 
North 

Scale o f  Knots 
I I I I I I I I 

0.0 QZ 0.4 0.6 0.8 10 1.2 1.4 
FIO. D.-Rotary current, Nantucket Shoals Light Vessel, afternoon of September 24,1919 

The relations subsisting between the changes in the velocity of the current 
at any given place and the range of the tide at that place may be derived from 
general considerations of a theoretical nature. Variations in the current that 
involve semidiurnal components will approsimate corresponding changes in the 
range of the tide; but for variations involving diurnal components the variation 
in the current is about half that in the tide. 
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BELATION OF TIME OF CURBENT TO TIME OF TIDE 

. 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 sustsins this type of tidal movement 
the times of high and low water progress from one end to the other. A stationary 
wave is one that oscillates about an axis, high water occurring over the whole 
area on one side of this axis at the same instant that low water occurs overthe 

,whole area on the other side of 'the axis. 
The tidal movements of coastal waters are rarely of simple wave form; never- 

theless, i t  is very convenient in the study of currents to refer the'times of current 
t o  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 brought out in Figure E 
which represents the tidal and current curves in New York Harbor for October 

c..t 

FIG. E.-Tide and current cuwea, New York Herbor, October 9,1919 

9, 1919, the current curve being the dashed-line curve, representing the velocities 
of the current at a station in Upper Bay, and the tide c,urve being the full-line 
curve, representing the rise and fall  of the tide at Fort Hamilton, on the eastern 

i shore of the Narrows. 
The diagrams of Figure E were drawn by plotting the heights of the tide 

. and the velocities, of the current to the same time scale and to  such'velocity 
. and height scales as will make the maximum ordinates of the two curves approxi- 
mately equal. The time axis or axis of X represents the line of zero velocity fbr 
'the currents and of mean sea level for the tide, the velocity of the current being 
plotted in accordance with the scale of knots on the left, while the height of the 
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 the tide and current 
in New York Harbor bear a very nearly constant time relation to each other 
and this constancy in time relatidn of tides and curFnts is characteristic of tidal 
waters in which the diurnal inequality is small. Ths 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 are subject 

Apart fro* the disturbing effect of nontidal agencies,. the time relations 
between tide and current me subject to variation in regons where the tide 
exhibits considerable .diurnal inecluality, as, for examp!e, on the Pacific coast of 

' t o  the disturbing effects of wind and weather. 

5520-2-7 
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the.United States. This variation is due to the fact, previously mentioned, that 
the diurnal inequality in the current at any given place is, in general, only about 
half as great as that in the tide. This brings about differences in the corre- 
sponding features of tide and current aa between morning and afternoon. How- 
ever, in such caaes it is frequently possible to refer the current at a given place 
to the tide at some other place with comparable diurnal inequality. 
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EFFECT OF NONTIDAL CURRENT 

The tidal current is subject to the disiurbing influence of nontidal currents 
which affect the regularity of its occurrence aa regards time, velocityl and direc- 
tion. In the case of the rectilinear current the effect of a steady nontdd current 
is, in general, to make both the periods and the velocities of flood and ebb 
unequal and to change the times of slack water but to leave unchanged the times 
of flood and ebb strengths. This is evident from a consideration of Figure F, 
which represents a simple rectilinear tidal current, the time axis of which is the 
line 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 
generrtl, equal aa represen@d in the diagram, and slack water occurs regularly 

. three hours and six minutes after the times of flood and ebb &rengths. But if 
we assume a s'teady nontidal current introduced which has, in the direction of 
the tidal current, a velocity component represented by the line CD, it is evident 

FIG. F.-ELct Of nontidal current on tIdd eUrreRt 

: khat the s t rdgth of ebb will be increased by an amount e ual to CD, while the 
flood strength will be decreased by the same amount. T%e current conditions 
may now be corn letely represented by drawing as a new axis, the line EF 
parallel to AB ancfdistant from it the length of Cb. 

Obviously, if the velocity of the nontidal current exceeds that of the tidal 
current a t  the time of strength, the tidal current will. be completely masked 
and the resultant current will set a t  all times in the dwection of the nontidal 

. current. Thus, if in Figure F the line OP represents the velocity component 
of the nontidal current in the dire.ction of the tidal current,. the new axis for 
measuring the velocity of the combined current a t  any time mll be the line GH, 
parallel with the line AB and passing through the point 0, and the current wiU 
be flowing at all times in the ebb direction. There will be no slack waters, but 
a t  periods 6 hours 12 minutes apart there will occur minimum and maximum 
velocities represented, respectively, p the lines RS and TU. 

In so f a r  as the effect of the nont&l current on the direction of the tidal cur- 
rent is concerned, it is only necessary to remark that the resultant current will 
set in a direction which at any time is the resultant of the tidal and nontidal 
currents a t  that time. This resultaat direction and also the resultant velocity 
may be deterinined either graphically by the parallelogram of velocities or by 
the usual trigonometric computations. 

VELOCITY OB TIDAL CURRENTS AND PROGRESSION OB TEE TIDE 

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

It is to be noted that there is no necessary relationship betwen 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 progrwixe wave the tide moves approximately in accordance with the 
formula r= dgd  in which r is the rate of advance of the tide, g the acceleration’ 
of gravity, and d the depth of the waterway. I n  stationary-wave movement, 
since 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 always 
some progression present, and this reduces the theoretical velocity considerably. 

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

DISTANCE TRAVELED BY A PARTICLE I N  A TIDAL CYCLE 

I n  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 avera e velocity during this interval of time. To determine the average 
velocity of t f e  tidal current for any desired interval several methods may be 
used. 

If the curve of the tidal current has been plotted, the average .velocity may 
be derived as the mean of a number of measurements of the velocity made at 
frequent intervals on the curve; as, for example, every 10 or 15 minutes. From 
the current curve the average velocity may also be determined by deriving the 
mean ordinate of the curve by use of the planimeter. For a fu l l  tidal cycle of 
flood or ebb, however, since the current curve generally approximates the cosine 
curve, the simplest method consists in making use of the well-known ratio of 
the mean ordinate of the cosine curve to the maximum ordinate, which is 2+a, 
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 -mum ordinate of the cosine curve; hence, the  
average velocity of the 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 general the results will be sufficiently 
accurate for all practical purposes. For a normal flood or ebb period of 6.2 
hours the distance a tidal current with a velocity at strength of 1 knot will 
aarry a floating object is, in nautical miles, 0.6366><6.2=3.95, or 24,000 feet. 

- DURATION OF SLACK 

I n  the change of direction of flow from flood to ebb, and vice versa, the tidal 
current oes through a period of slack water or zero velocity. Obviously, this 
period of slack is but momentary, and graphically it is represented by the instant 
when the current curve cuts the zero line of velocities. For a brief period each 

. side of slack water, however, the current is very weak, and in ordinary usage 
“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 
slack water last? 

To give slack water in its ordinary usage a definite meaning, we may de6ne 
it to be the period during which the velocity of the current is less than one- 
tenth of a knot. Velocities less than one-tenth of a knot may generally be dis- 
regarded for practical .purposes, and such velocities are, moreover, difficult to 
measure either with float or with current meter. For any given current i t  is 
now a simple matter to determine the duration of slack water, the current curve 
furnishing a ready means for this determination. 

I n  general, regarding the current curve as approsimately a sine or cosine 
curve, the duration of slack water is a function of the strength of current-the 
stronger the current the less the duration of slack-and from the equation of the 
sine curve we may easily compute the duration of slack water for currents of 
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various strengths. For the normd flood or ebb cycle of 6h 12.W we may write 
the equation of the current curve y= A sin 0.4831tJ in which A is the velocity of 
the current in knots at time of strength, 0.4831 the angular velocity in 'degrees 

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

The tidal current, like the tide, may be regarded aa the resultant of a number. 
of simple harmonic movements, each of the form g = A  cou. (at+.); hence, tidal 
currepts 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 timea of slack and the 
times and velocities of the strength of current. 

It can easily be shown that in coastal or inland tidal waters the amplitudes of 
the various current components are related to each other, not as the amplitudes 
of the corresponding tidal components, but as these latter multiplied by their 
respective speeds; that is, in any given harbor, if we denote the various compo- 
nents of the current by primes and of the tide by double primes, we have 

M'Z: 5'2: "2: K'I: O'l=%M''2:upS''2: nnN"2:k1h"l: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 to approximate mean value, 
since the changes in the tidal current from day to day may be taken to approxi- 
mate the corresponding changes in the tide; but the velocity of the current as 
determined from a short series of observations must be reduced to a mean value;. 
In the ordinary tidal movement of the progressive or stationary wave types 

the change in the strength of the current from day to day may be taken approxi- 
mately.the same as the variation in the range of the tide. 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 range for the period of observations. It is to be noted that in this method of 
reducing to a mean value any nontidal currents must first be eliminated and the 
factor applied to the tidal current alone. This may be done by takin the strength 
of the tidal current as the half sum of the flood and ebb strengths for the period 
in question. 

In  some places the current, while exhibiting the characteristic features of the 
tidal current, is in reality a hydraulic current due to differencesin 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 Britieh Colum- 
bia are examples of such straits, and the currents sweeping through these 
waterways are not tidal currents in the true sense, but hydraulic currents. 
The velocities of such currents vary as the square root of the head, and hence 
in reducing the velocities of such currents to a mean value the factor to be 
used is the square root of the factor used for ordhary tidal currents. 
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TIDE A N D  CURRENT TABLES 
Price 

Tide Tables, United States and,Foreign Porta--- _ _ _ _ _ _ _ _  - - _ _ _  _ _ _ _ _ _  - _ _  $0.75 
Tide Tables, Atlantic Coast, North America (reprinted from Tide Tables, 

United States and Foreign Ports) . 15 
Tide Tables, Pacific Coast, North America, Eastern Asia and Island 

Groups (reprinted from Tide Tables, United States and Foreign Ports) - . 15 
Tide Table, New York Harbor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .05 
Current Tables, Atlantic Coast, North America _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 10 
Current Tables, Pacific Coast, North America and Philippine Islands---- . 10 
Current Diagram, Nantucket and Vineyard Sounds- - - _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  . 15 
Current Diagram, Chesapeake Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ c _ _ _ _ _ _ _ _ _ _ _ _  . 15 

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 man The current tables give the pre- 
dicted currents for eaci day in the year a t  a number of principal ports 
and current differences and constante for many other stations. The 
current diagrams are reproductions on an enlarged scale of similar dia- 
grams contained in the current tables. 

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

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

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

Arctic Tides, 6. A. Harris, 1911 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specid Publication No. 23, United States Coast and Geodetic Survey. 

Description 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 
Surve 

Special $ublication No. 32 (Serial la), Description of the United States 
Coast and Geodetic .Survey Tide-Predicting Machine No. 2, 1915---- 

Special Publication No. 41 (Serial'60), Use of Mean Sea Level as the 
Datum for Elevations, 1917_-_-_---____--_----------------,;----- 

Special Publication No. 98 (Serial 244), A Manual of the Harmonic 
Analysis and Prediction of Tides, 1924 _______-_____________________ 

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

Special Publication No. 113 (Serial 300), Portable Automatic Tide Gauge, 
1925-----,______-,---____-_-_---_______,--------_------------- 

Special Publication No. 121 (Serial 330), Coastal Currents Along the 
Pacific Coast of the United states, 1926 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

special Publication No. I124 (Serial 346), Instructions for Tidal Current 
surveys, 1926 ________________________________________---------- 

&rial 351, Tide and Current Investigations of the Coast and Geodetic 
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Except as oth-bmise now,  all the above publications are for sale 
by the Superintendent of Documents, Government Printing Office, 
Washington, D. C., to whom remittance should be sent. 



I N D E X  
-- 



INDEX 

Page 
Portlanci Me., meteorological &e& on tide. 1668 

range oi tide _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  14,15,63,67 
summary of tidal data _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l9-!20,71 
tldal data, summary of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
tide station, location ol_.____. _ _ _ _ _  _ _ _ _ _ _  

Portsmouth Harbor. - - _ _ _  _ _ _ _  _ _  _ _ _ _ _ _ _ _ _  - - _ _  2 82 
charact8r of current movement _ _ _ _ _ _ _ _ _ _ _ _  49-62 
character of tidal movement _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  27,28 
component parts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
c u m t  data ________-________-_-___________ 72-17 
current stations, approaches to, locstion of.- a0 
current stations, location of _ _ _ _ _ _ _ _ _ _ _ _ _  35,38,44 
currents in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  29,3240 
currents in the approaches to _ _ _ _ _ _ _ _ _ _ _ _ _ _  29 
duration of rise and fall of tide _ _ _ _ _ _ _ _ _ _ _ _ _  69-71 

icfeaturw _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  482 L%Ph intervals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  69-71 
range of tide _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  69-71 
summary of tidal conditions _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  27 71 
tidal data _ _ _ _ _ _  - _ _  _ _ _  _ _  _ _ _  - _ _  _ _  _ _  _ _ _ _ _ _  69,70: 71 
tidesin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a0 
tide stations, location of 22 

Portsmouth Navy Yard Me tides at.. aS, 70,71 
Proeresgion of tide and h o & y  of tidal-& 

rent _ _ _ _  _. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  92 
Prograasive wave _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  27,aS 

Range of tide _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _  14,82 
apngesn.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14,82 
extreme ____________________________________  19 
great diurnal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 
great tropic _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 
mean ______________________________________  14 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14,82 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14.82 
19 

small tropic ________________________________  19 
spring. _ _ _ _ _ _  _ _  _ _ _ _  --i _ _ _ _  _ _  - _ _  _ _  _ _  _ _  _ _  14,82 
variatim in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  14-15,M 

Rise and fall of tide _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6,8041 
River d m e  etfect on tidal rwme, 

19-* 7; 

. 

~ t h H a ; b o r  !a8 

variations in _____________._________________ 89 
Summary tidal conditions, Portland Me-- 19-.34 71 

tidal coddltions, Portsmouth Harbor-. _ _ _ _  27,71 
Synodid mouth ---------__---- -_ ---------- - 83 

Variations in range of tide _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14-15,82 
Variations in.strength of current _ _ _ _ _ _ _ _ _ _ _ _ _  89 
Velocity of tidal currents and progre8sion of 

0 


