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TIDES AND CURRENTS IN BOSTON HARBOR 

INTRODUCTION 

This volume constitutes the fifth of a series on tides and currenta 
in important waterways of the United States, the purpose of which is 
to make available to the mariner, the en ineer, the scientist, and the 
public generally the tidal and current f ata now in the files of the 
United States Coast and Geodetic Survey. I n  pre aring this pub- 

of all observations in Boston Harbor which were available a t  the time 
of the publication. 

The tide observations include a long series a t  the navy yard a t  
Charlestown, which extended more or less continuously from 1847 to 
1877; a series a t  Commonwealth Pier No. 5 in South Boston, which 
commenced in 1921 and is still being continued; and a number of 
short series covering periods from a single da to a number of months 

known as primary, a primary tide station being one which is main- 
tained over a series of years for the main purpose of securing extensive 
tidal information in any locality. The shorter series of observations 
were generally taken in connection with other hydrographic work, 
especially for use in the reduction of soundings to a uniform datum. 
Results from short series are corrected by comparison with simul- 
taneous observations a t  some primary tide station. I n  addition to 
the records of the Coast and Geodetic Survey, there are also included 
in this volume the results of tidal Observations a t  the navy yard by 
the Nav officials for the period 1902 to 1911 and shorter series a t  
Moon d a d  and Nut Island by city officials. 

The current observations include those taken under the direction 
of the following parties: Lieut. C. H. Davis, in 1847 and 1848; Assist- 
ant Henry Mitchell, in 1860, 1861, and 1863; and Lieut. R. W. Wood- 
worth,in 1926. Current data secured by the committee on the Charles 
River Dam in 1902 are also included. I n  eneral the current obser- 
vations at each station covered only a f a y  or two, but n t  a few 
stations the observations were continued over longer periods. The 
observations were reduced by comparison with the tides n t  one of 
the primary tide stations. 

'I'hrough a cooperative arrangement with the Bureau of Lighthouses 
hourly current observations were taken on the Boston Light Vessel 
during two periods-from September 22 to December 26, 1913, and 
from June 8, 1926, to June 30, 1927. . 

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

Attention is also directed to the tide and current tnbles which are 
ublished in advance annually by the Coast and Geodetic Surve . 

a t  the time of publication. They include the predicted tides and 
currents for every day in the year at a number of principal ports and 

lication it has been the aim to give in considerable a etail the results 

a t  various places throughout the harbor. Ty he two longer series are 

bhese tables contain data based upon the latest information availab 9 e 
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2 U. S. COAST AND GEODETIC SURVEY 

also contain summaries of the principal tidal and current elerncnts 
for several thousand places throughout the world. Other publica- 
tions of the Coast and Geodetic Survey relating to tides and currents 
are listed in the back of this volume. 

Changes in the ph siographic features of Boston Harbor during the 

England in 1775 (fig. 1) with a modern chart of the Coast and Geodetic 
Survey covering this harbor (fig. 2).  

TIDE OBSERVATIONS, BOSTON NAVY YARD 

The first primary tide station in Boston Harbor was established at  
the Charlestown Navy Yard, June 1, 1847, under the direction of Lieut. 
C. H. Davis. In  the preceding year there was a short series of observa- 
tions covering the period October 30 to November 20, this short series 
constitu$ing the earliest tide observations in Boston Harbor of which 
we have record. 

Original tide scale.-At first the observntions wcre made by rending 
the height of the water on a tide scale located at  the old dry dock. 
These readings were generally taken every five minutes near the times 
of high and low water, beginning about a half hour before the esti- 
mated time and continuing until after the tido had turned. The tide 
scale was located on the southern side of entrance to the old dry  dock 
(Dry Dock No. l), 'ust outside the gate. The scale consisted of copper 
or bronze strips in / aid in the stone wall of the dry dock, these strips 
having presumably been set in place during tho construction of the 
dock some 16 years before the tide observations were commenced. 

In  addition to the scale used for the tide observations, there were 
five other similar scales in the walls of the dry dock, four of theso being 
inside the dock and the other, like the tide scale, outside the gate. 
Apparently, the inlaid strips of each scale had been originally spaced 
a t  l-foot intervals, although during the period of observations and 
afterwards it was reported that the opening of the seams between tho 
stones of the wall had caused the distance between strips on adjacent 
stones to bo slightly in excess of 1 foot. Each even foot of the scales 
was marked by a numeral, also inlaid in the stone. The scales inside 
tho dry dock were complete, with the zeros corresponding with the 
level of the dock sills and the 30-foot elevation corresponding with the 
top of the co ing, the last inlaid stri being 1 foot below the coping a t  

tide scale, commenced with the 16-foot mark and ended with the 29- 
foot mark just 1 foot below the top of the coping. 

Auxiliary stuf.-It was reported that an auxilary staff was used for 
the tide observations to obtain the subdivisions of the foot, and such 
a staff was presumably used also to obtain readings below the 16- 
foot mark of the scale. Just how this auxiliary staff was set is not 
known. Although it was reported from time to time that the zero of 

auge was 30 feet below the top of the coping above the scale, which 
Bad been adopted as a bench mark, it is quite reasonable to assume 
that in the actual setting any one of the footmarks of the auxiliary 
staff may have been brought opposite the corresponding footrnark of 
the inlaid scale. I n  such case the distance of the staff zero below the 
bench mark would have exceeded 30 feet by an amount equal to the 
excess expansion of the seams between the stones lying above the 
graduation used in setting the auxiliary staff. 

past 150 years are il i ustrated by a comparison of a map published in 

the 29-foot e P evation. The two sca P es outside the gate, includ~ng the 
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Tide observers.-The first staff readings were taken by Isaac 
Williams, a sergeant in the Marine Corps, who served as tide observer 
from the beginning of the series in 1847 until the time of his death on 
August 14, 1857. He was succeeded by his son-in-law, T. E. Ready, 
who served until the station was temporarily discontinued in 1866. 

Letter from tide observer.-The following is a copy of a letter written 
by Mr. Williams in 1857, apparently in reply to inquiries from the 
office : 

Capt. M. L. SMITH, 

DEAR SIR: Yours of the 7th instant has just been received, and I hasten to 
answer the question asked therein. 

1. “Have the tides been observed at the same spot and the same gauge?” 
The wall of the dry dock has settled some 4 or 6 inches; there is a difference of 
2 inches in some of the feet, say from 20 to 22 feet. The font will measure near 
14 inches, while in some other feet the measure is nearly right. I have within a 
short time taken the observation a short distance below. I have taken particular 
notice that it did not vary a moment in time or measurement. 

2. The time is kept by a rather poor watch which I keep regulated by Cam- 
bridge time. I have used the same watch or rather the same time, for a number 
of years. I have made application to hr. Mitchell to purchase a good one 
warranted from 1 to 10 years. Hope you will use your influence in getting the 
permission to purchase. 

3. My work of observing has been always the same. 
4. I am not aware that there has been any change in the depth of the water 

near the gauge or in the channels leading to it. I never look at the difference 
between mean and a parent time but take my observations every 6 minutes, 30 
minufes previous to figh and low water. When the last 5 minutes expire I wait 
until the water begins to rise or fall; I then note (after stopping 5 minutes) the 
first rise or fall and then in 5 minutes more make another observation and leave 
until half an  hour of the next tide. 

CHARLESTOWN, MASS., J u l y  9, 1857. 

Assistant in charge Coast SurveU Ofice, Washington, D. C. 

Yours truly, 
(Signed) ISAAC WILLIAMS. 

lbyansion of seams in dry dock.-From the above letter it appears 
that in 1857 the seams between the stones had opened by a very 
noticeable amount, although it is possible that the excess of 2 inches 
noted b Mr. Williams may have been estimated by eye rather than 
obtainei by direct measurement. Mr. Williams attributed these 
openin s to a settlement of the dock, but from later investigations, 

on the Charles River Dam, it appears more pro able that they resulted 
from the action of frost in raising the stones above the seams. 

mange of location of staff.-Some time in 1857 the p!ace of takin 
the observations was changed from the entrance to the dry doc. 
to a point about 400 feet easterly, and i t  is possible that the state- 
ment in Mr. Williams’s letter that he had “within a short time 
taken the observation a short distance below,” had reference to this 
change. He adds that he had “taken particular notice that it did 
not vary a moment in time or measurement.” Just how the staff 
in its new position was set to agree with the old tide scale is not 
known, possibly b water-level comparisons. 

Repazrs to dry  ock.-It appears that about the ear 1859 the dry 
dock was lengthened by extending the inner en and that other 
repairs were made. References to these repairs are contained in a 

% especia K ly those of John R. Freeman, chief en ineer of the committee 

i 
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letter from Henry Mitchell, assistant in the Coast Survey, under date 
of October 21, 1860, in which he writes- 

In a recent letter on tidal matters I gave you information of an error in the 
position of the Charlestown gauge. I have fully examined this matter now and 
can make an official report. 

Within the last year the blocks of granite, forming the outer position of the dry 
dock, have been removed to  make repairs; and when these were replaced it was 
thought advisable to  drop them a little below their old positions, as it had been 
found that the coping of the dock inclined inland. The positions of the copper 
figures were also altered, so as to make the top of the wall read 30 feet, as before. 

The gauge is placed in a situation which makes it rather inconvenient for level- 
ing, so that lines run by different persons differ several hundre dtha. 

We have determined, with the utmost care, that  the coping directly over copper 
figures, instead of reading 30 feet on our gauge, reads 29.93 feet-i. e., 0.07 lower 
than before repairs. 

If your mean low water read 14.76 feet below coping before, i t  should now be 
14.69 below same point of new wall. 

In my last I stated that the dock coping inclines seaward. I find now that the 
observer had accidexftally reversed his figures and that i t  still inclines inland 
over one-tenth foot for the original length of the dock. 

This letter contained a rough sketch showing the position of the 
tide gauge a short distance to the northeastward of the dry-dock 
entrance. 

Mr. Mitchell ascertained that tho top of the coping which was 
being used as a bench mark corresponded to a reading of 29.93 feet 
on the tide auge instead of 30 feet. I t  is assumed that this result 
was obtaine 8 by leveling to the tide staff which was located north- 
easterly from the dry-dock entrance and did not refer to the bronze 
scale below the bench mark. The 29-fOOt division of the bronze 
scale is on the coping stone itself, and no disturbance of the stone 
would have affected the relation of bench mark to this scale division. 
Although Mr. Mitchell assumed that the difference of 0.07 foot 
between 30 feet and 29.93 feet was duo to a change in the elevation 
of the bench mark, it is not a t  all certain that the tide staff had previ- 
ously been set with its zero exactly 30 feet below the bench mark. 
Taking into consideration the wide openings between the stones, as 
reported by Mr. Williams in 1857, i t  seems quite possible that in 
resetting these stones the bench mark on the coping may have been 
lowered by even a greater amount than 0.07 foot. 

Installation of box gauge.-The tide station appears to have been 
retained in its position northeast of the dry dock until May 28, 1861, 
when a box gauge was installed in a tide hoclse a short distance sou th- 
westerly from the dry-dock entrance. The following is a copy of 
Henry Mitchell's descriptions of this gauge : 

A cylindrical copper float 6% by 9 inches (outside) rises and falls within a 
copper pipe of 6 inches (imide) diameter, closed at bottom. A wooden box 
incases the copper pi e and rotects the latter from being jammed by vessels 
1 ing alongside the wiarf. &is box is firmly secured to a pile by iron straps. 
$he water enters the outer box by several half-inch holes near the bottom and 
enters the copper pipe by six %-inch holes, similarly situated. 

The graduated rod, from which the observer reads the height of the tide, 
passes from a socket in the float upward through the floor of the house built for 
the self-registering tide gauge. A hole through the roof of the house will allow 
the gauge rod to  pass up to any height. This hole is to be covered whenever it 
storms, and at such times the observer may shut up the hole, it  being provided 
with hin es. Whenever the observer is not at the station the pole is doubled 
upon i t shnges  in order that  i t  need not be exposed to accidents by projecting 
above the roof-the flying-jib booms of vemels frequently project over the gauge 
house. 
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The reading point upon this new gauge is so placed that the heights will corre- 

The observer may always keep his gauge rod dry and thus prevent clianges of 

Cost of aborc, exclusive of expenses for traveling and subsistence of builder, $42. 
The self-registering gauge to which reference is made in the pre- 

ceding description was a gauge that had previously been installed by 
A. Boschke, for the harbor improvement commission of Boston. 
This gauge was placed in charge of the same tide observer who read 
the Coast Survey tide gauge. 

The box gauge, like the previous staff gauge, was read by the tide 
observer every five minutes near the times of high and low water. 

Observations appear to have been continued with the box gttiige 
until the series was temporarily stopped, September 30, 1866. 

Reestablishment of station with setf-registering gauge.-On August 15, 
1867, the tide station was reestablished and R self-registering gauge 
was installed at  the dock next southwest of the dry dock, A. C. 
Mitchell having charge of the installation. Mr. Mitchell was in- 
structed to put up a staff for comparative readings and also a bos 
gauge. 

The observer first placed in charge of the self-registering gauge 
when installed in 1867 was C. Levin, who served until September 3, 
1867, nnd was succeeded by Henry Howland, who continued in 
charge until the end of the series, in 1877. 

Establishment qf new bench mark.-When the self-registering gauge 
of the Coast Survey was installed in August, 1867, A. C. Mitchell 
reported “The old bench mark does not exist, the dry dock having 
been rebuilt.” Mr. Mitchell presumably considered the relaying of 
the stones as equivalent to the destruction of the old bench mark 
and established another bench mark near the upper end of the dry 
dock on a section that WRS built about the year 1859, the dock being 
len thened about that time. 

4his mark, now designated as “B. M. 2,” and originally referred to 
as the “new bench mark,” was described as “the top of the facing of 
the dry dock on the west side and near the head directly over tho foot 
of the long steps and is designated by an arrowhead cut.in the side 
of the stone.” A spike driven into a spile directly in the roar of the 
tide house and corresponding with the 18-foot mark on the staff WRS 
1.433 feet below the new bench mark, thus making the new bench 
mark 19.433 feet above the zero of tho tide staff. 

I n  the following year Mr. Mitchell connected the new bench mark 
with the point on the coping previously used as the old bench mark and 
ascertained that the new bench mark was 0.176 foot lower thanJhe old 
one. The zero of the new staff was therefore approximately 10.61 feet 
below the old bench mark, assuming the elevation of the coping had 
not been materially chan ed. 

designed by John M. Batchelder was insta led for experimental pur- 
poses, the regular gauge being continued in operation. The pressure 
of the water was transmitted through a rubber bag filled with glycerin, 
and the rise and fall of the tide was automatically registered in the 
form of a curve similar to the curve from the regular gauge. In  the 
records it was called the “glycerin auge.” It was retained in use 
until February, 1872. The records 7 rom this gauge are not used in 
this publication. 

spond with those upon the staff gauge heretofore used. 

float line. 

9 Pressure gauge.-In the 7 atter part of the ear 1869 a pressure gauge 
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Repairs to dry dock.-In the years 1869 and 1870 extensive repairs 
were made to the dry dock, which included the relaying of the coping 

, stones. These repairs necessitated the removal of the tide station to 
another position in July, 1870. 

Porcelain tide stay.-In the latter part of the ear 1869 the tide staff 
had been reported to be in bad condition. Unier date of October 23, 
1869, A. C. Mitchell was informed that a new porcelain staff would be 
sent to him for installation, and he was instructed as follows: 

These tide staffs are made of sheet iron, with a porcelain covering on the face 
side and paint on the back side. They should be handled with some care to avoid 
bending, lest the covering be cracked. You should select a place for the one at the 
navy yard where i t  will be as secure as may be from accidental injury and remain 
as a permanent scale for reference, and not too far from the tide gau e. It should 
be fixed up on the stone wall of a wharf, if i t  can be done convenientfy, and where 
the height of the water can be read on it at any time. We use for economy ordi- 
nar brass wood screws with thick brass washers between the heads of the screws 
snBthe  plates. These washers fit into the holes in the plates and protect the 
coating from injury. The plates can be screwed upon a well-painted pine plank, 
which must be at least 2 inches tbick and a little longer and wider than the plates. 
The staff is 20 feet long and made in 10-foot sections, and you will find in putting 
it up that the lower end of the upper section must go a little over or under the 
upper end of the other piece in order to preserve the proper distance between the 
divisions. The pine plank that receives the plates may be fixed directly upon the 
wall if that  is perpendicular, but if not, then to another piece of timber properly 
cut to bring it so, and painted. All the bolts or spikes used should be of brass or 
co per in order to Becure durability. 

f f  you can do so, i t  will be best to place the 2O-fooc mark of this staff on a level 
with the old bench mark at the entrance of the dry dock, which reads 30 feet on 
its own scale. We believe some of the copper figures and marks are still remaining 
which will enable you to find that lace for the 30. That bench mark has been 
used a great deal and we know its Eistory, and if you can place the new staff as 
here directed it will be very convenient in computations, there being 'ust 10 feet 
difference. We believe the old bench mark has never been submerged more than 
once or twice when there were very severe easterly storms. 

We suppose you will have to use a level to fix the position of the new staff or to 
ascertain its height relatively to the bench marks and while doing 80 we want 
you to level between the old bench mark a t  the entrance to the dry dock and the 
bench mark fixed by you in August, 1867, near the head of the dry dock. 

1, 1869, asking for further instructions and stated- 

of the dry dock. 

In reply to the above Mr. Mitchell wrote under date of November 

The old bench mark is again gone, as they have just taken down the lower end 

In reply to this letter the assistant in charge of the Coast Survey 

We infer from your letter of the 1st that  the repairs that are being made at 
the dry dock are so extensive that i t  is not best for us to put up the porcelain 
staff until they are completed. When they renew the copper scale at the entrance 
of the d m  dock we shall want to know how i t  compares with the old one, and it 
will, we su pose, be necessary for us to do it by leveling. We will therefore 
defer the wtole thing till then. 

ofice wrote- 

On January 12, 1870, A.  C. Mitchell wrote- 
Before leaving Boston I found that the marks on the tide staff at the nav 

yard had become so obliterated that it could not be read at low water. So f 
ordered John Case t o  prepare the pile for the porcelain plates (the same pile 
being the only suitable place) and instructed him how to put the plates on so 
that the 18-foot mark would come in the same place as before. I expect that 
this has been done and also that the dry dock is done. The plates can be moved 
at any time, so that the 20-foot mark can be on R level with the bench mark, but 
the Booner it is done the better, before the screws get rusted in. Would it not 
be best for me to go and attend to thRt when I get through here? 
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On February 9, 1870, Mr. Mitchell again wrote- 
I have altered the staff a t  the Charlestown Navy Yard as you directed, so that 

the 20-foot mark on the staff corresponds with the bench mark at entrance of 
dry dock. The bench mark a t  foot of entrancc of dry dock is 0.166 foot abovc 
the bench mark at head of d r l  dock. Tlme level6 I ran over eight times on 
three separate days (the only suitable weather I have had), and they all agree 
with one another within half a hundredth-most of them nearer-so that I am 
quite sure they are correct. The staff is attached to the same pile as before, behind 
the tide house, 8 or 10 feet from it. 

Change in  location o j  gauge.-On July 19-21, 1870, the self-register- 
ing tide gauge was moved to the next pier on the o posite side of the 

the staff was carried away by a colliding steamer on July 24 and 
reinstalled July 26, 1870, with the 20-foot mark level with bench 
mark No. 1. Apparently there was no further change in the position 
of thc tide station until it was discontinued on February 19, 1877. 

Later series at navy vard.-Since the primary station was dis- 
continued in 1877 observations covering a few tides were made at  
the navy yard in 1892, 1893, and 1894. These were taken in con- 
nection with hydrographic work, but the series were too short to be 
of any value except for comparison. 

In  1902 an automatic tide gauge was installed by the public works 
department of the nav yard, and observations have been continued 

tabulated, but such results as are available are included in this 
publica tion. 

The datum to which these later observations are referred has been 
reported as 14.54 feet below bench mark 2. If the elevation of bench 
mark 1 above bench wark 2 is taken as 0.36 foot from the average of 
all the levels between 1900 and 1923, this datum is foiind to be 14.90 
feet below bench mark 1. 

Reduction to a ungorm datum.-The reduction of all the observations 
a t  the navy ymd to a uniform datum must depend largely upon a 
single bench mark, thc top of the coping of the dry dock over the 
inlaid tide scale used for the early observations. Unfortunately, 
this bench mark has bcen subject to souie changes, as already noted, 
the principal changes being the expansion of the joints botween the 
storm of tho dry-dock wall by the action of frost and the changes 
due to relaying the stones at times of repairs. The exact amount of 
tliesc changes as they occurred at different times can not now be 
determined, but we can draw some conclusion in regard to the prob- 
ably maximum variations from such information as we have ttvailable. 

Dry Dock No. 1, at Charbestown.-Together with one being built 
at  Norfolk, Va., Rt the same time, Dry Dock No. 1, at Charlestown, 
i s  the oldest dry dock in tho United States. It was authorized by 
act of Congress passed March 3, 1827, and the coping was completed 
in 1831. It was built under the direction of Loanimi Baldwiri, a 
noted engineer of that poriod. In  preparing for ths foundation, exca- 
vations were made through 18 inches of marsh mud, 5 feet of blue 
clay, 13 feet of yellow sand and gravel, then hard clay interspersed 
with small strata of sand, gravel, and bowlders. Piles were driven 
3 feet from centers each way to hardpan or rock at depths of from 
8 to 30 feet. The walls are of eastern granite, laid in cement mortar. 

on which it had been established. T rl e removal of t'be 
same tide sta s!2 was delayed to await the arrival of aleveling instrument, bu t  

to  the present time. J he records, however, have not been coirrpletely 
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Tide observations were commenced in 1847, about 16 years after 
the completion of the dock. Ten years later, in 1857, the tide observer 
reported opening of joints between the stones under the bench mark, 
estimated to be as much as 2 inches in some cases. About two ycars 
later, in 1859-60, repairs were made which involved the relaying of 
the coping stones. Other repairs involving the relaying of tho coping 
stones were made 10 years later, in 1869-70. 

Leveling connections.-Until the year 1867 the tide staffs were 
referred solely to bench mark 1, tho top of the coping at  the entrance 
to the dry dock. In  1867 bench mark 2 was established on the c.opinp 
near the head of the dry dock. 

The elevation of the old bench mark No. 1 above the new bcnch 
mark No. 2 has been reported from time to time as follows: 
June, 1868, A. C. Mitchell, Coast Survey _ _ _ _  - - _ _  - - 0. 171; 
Feb. 8, 1870, A. C. Mitchell, Coast Survey ______._____ - _ _ _ _ - - - - - - -  . 156 
July 26, 1870, A. C. Mitchell, Coast Survey-- _ _  _ _ _ _ _ _ _ _ _  _-.--- . 153 
1878, city survey office, Boston, Mass- _ _ _ _ _ _ _ _  _. __._________-----_ . 21 
1882, Gilbert Hodges _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .____ _ _ - _ _ _ _ _ _ _ _ _ - _ - _  . 2:; 
January, 1900, Hyde & Sherry, civil engineers, Boston _ _ _ _ _ _ _ _ _ _ _ _ - - - _  . 35 
1903, F. M. Miner, city surveyor's office Boston ._______-_.___ - - - - - - _  . 34 
1903, W. E. Spear, Charles River Dam, hoston _ _ _ _  -. _ _ _ _ _ _ _ _ _ _ - - _ - - - _  . 34 
1903, H. B. Wood, State harbor commission _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ . 37 
Aug. 9, 1916, N. €I. Heck, Coast and Geodetic Survey _ _ _ _ _ _ _ _ _  _ - _ - - - _  . 37 
Oct. 13-16, 1923, E. B. Roberts, Coast and Geodetic Siirvey _____.----_ . 36 
Nov. 15, 1927, Dwight P. Robinson & Co. (Inc.), New York _ _ _ _ _ _  _ - _ - _  . 3 6  

The changa from 0.176 in 1868 to 0.155 in 1870 was probably diic 
to the repairs in 1869, while the gradual change from 1870 to 1900 inay 
be assumed to be due primarily to the action of frost on the seams 
between the stones. Between 1900 and 1927 the changes are small 
and irregular. 

In  1916 the third bench mark, designated as bonch mark 3, which 
consisted of a standard disk of the Coast and Geodetic Survey, was 
established on Dry Dock No. 2 at  the navy yard. This dock was 
built in 1905. The relation of bench mark 3 to the two oldor benches 
has been determined by levels as follows: 

Fool 

Below Bcloa 
j B M 1  r= A M 2  

Fool Fool 
Aug. 9, 1918, N. 11. Heck, Coast and Geodetic Survey _________________.__ ~ ._________ 
October 1923 E. H. Roberts Coast and Geodetic Survey _ _ _ _  _ _ _  _ _ _ _ _  ~ _ _ _ _  .___ _ _ _ _  - -  
Novernder, ld27, Dwight P. kobinson Co. (Inc.), New York _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  .a 

Assuming that bench mark 3 has remained fixed, the above results 
suggest that both the older bench marks may have settled from 0.03 to 
0.04 foot between 1916 and 1927, although the differences are too small 
to be conclusive. 

Tide scale.-In 1903 measurements under the direction of John R. 
Freeman, chief engineer of the committee on the Charles River Dam, 
were made between the footmarks of the inlaid tide scales on the walls 
of the dry dock. It was found that the spacing between marks on the 
same stone was always exactly 1 foot, but between marks on different 
stones the difference was a little in excess of 1 foot. On the tido scale, 
directly under bonch mark 1, the excess varied from 0.04 to 0.07 foot, 
with a total excess of 0.36 foot between the top of the coping and the 
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16-foot mark, which was the lowest division of the scale. It was also 
determined that the top of the coping was 30.47 feet above tho aver- 
age level of the gate sills of the dry dock. 

Another measurement of this scale, made under the direction of an 
officer of the Coast and Geodetic Survey on June 27, 1927, indicated 
an excess varying from 0.04 to 0.08 foot between individual stones and 
a total excess in the entire scale which was 0.04 foot greater than that 
obtained in 1903. Although this suggests that bench mark 1 inay 
have risen 0.04 foot during the period 1903 to 1927, it will be noted 
that the levels between bench mark 1 and bench inark 2 show a rela- 
tive change of only 0.02 foot for this period, and that levels to bench 
mark 3 indicate a settlement of 0.04 foot between 1916 and 1927. 

Conclusions in regard to bench-mark changes.-What conclusions can 
be drawn from the above data in regard to any changes in the elevation 
of bench mark 1 since the tide observations were comnienced in 1847? 
Changes from three causes are conceivable-settlement of the dock as 
a whole, raising of the stones by the action of frost in the seams be- 
tween the stones, and changes caused by relaying the stones during 
repairs. 

The dock WRS substantially constructed by a capable unginoer; 
spproxirnately 16 years had elapsed after its construction before the 
tide observations were comnienced; and a careful investigation by 
the chief engineer of the committee of the Charles River Dam in 1902 
failed to reveal any evidence of s settlement. For these reasons we 
ma 

Zhanges due to other causes are in evidence, but the exact amount 
of such changes is unknown. It will be noted that in 1857 an ex an- 

inches in some cases was reported. I n  1903 a careful measurement 
ave the maximum expansion between two stones as 0.07 foot, or a F ittle less than 1 inch, and in 1927 this expansion was found approxi- 

mately the same. Taking into account the possibility that the value 
given in 1857 may have been only a rough estimate rather than a 
dircvt measurenient, there appears to be no reason for concluding that 
the elevation of the bench mark on the coping since 1903 has differed 
materially from its elevation in 1857 because of the opening of the 
seanis between the stones. It appears probable that the exparision 
due to the action of the frost had already reached a maximum in 
1857, and it is not impossible that this expansion had reached a 
iiiaxirnum prior to that time. As the dry-dock walls had been com- 
pleted approximately 16 years before the tide observations were 
comriienced in 1847, i t  is reasonable to assume that there had already 
been some expansion in the seams prior to the beginning of the obser- 
vations, and the bench mark may not have changed much in elevation 
between that time and 1857. 

During the repairs of 1859 some of the stones were relaid, and i t  is 
probable that the bench mark on the coping was lowered a little 
but through the action of frost in subsequent years again raised. 
Similarly in 1869-70 the bench mark may have been lowered again 
N m a l l  amount by repairs and later raised through the action of frost. 

From the year 1900 to the present time (1927) leveling connections 
with other bench marks indicate that bench mark 1 has remained 
very nearly fixed. If all the leveling is accepted as absolute1 
accurltte, bench mark 1 apprtrently rose 0.02 foot relative to benc 

safely disregard the question of settlement. 

siori of  the seams between stones amounting to approximate P y 2 

i! 
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mark 2 between the years 1900 and 1916 and then settled 0.01 foot 
relative to bench mark 2 or 0.04 foot relative to bench mark 3 between 
the years 1916 and 1927, but these differences are too small to  be 
conclusive. 

Because of the uncertainty in regard to the exact amount of the 
fluctuation in the elevation of bench mark 1 due to the ctwses 
described and also for want of positive information concerning the 
methods always used for connecting the several tide staffs with the 
bench mark, no attempt has been made to apply corrections for 
these fluctuations, but the heights of the tide planes as directly 
obtained are compiled in the tables which follow. The general 
uniformity of the results indicate no considerable change in the 
datum. 

Reduction of records.-Detailed results from each year of observa- 
tions obtained from the reduction of the tide records for the navy 
yard are given in Tables 1 to 8,  and summaries of the tidal data are 
included in Tables 25 to 28. The items contained in these tables are 
explained in the following paragraphs: 

Lunitidal intervals.-The mean high-water lunitidal interval is the 
average time that elapses between the transit of the moon ovcr the 
meridian of a place and the following high water. Similarly, the 
mean low-water lunitidal interval is the time between the transit of 
the moon and the following low water. For brevity these intervals 
are frequently designated simply as the high and low water intervals 
and are represented by the symbols H W I  and LWl, respectively. 
In  general the tides are referred to either the upper or lower meridian 
passage of the moon. The intervals usual1 vary from day to day 

sun, but the average over a considerable period of time is fairly conetant 
for any particular locality. 

The mean high-water interval is also sometimes called the “cor- 
rected establishment of the ort,” and is approximately the same as 

times of new and full moon. At such times, however, the intervals 
are usually 10 to 15 minutes greater than the mean. 

The mean high-water interval at the navy yard, as derived from 
30 years of observations from 1847 to 1876, is 11.44 hours, or 11 hours 
26 minutes, and the mean low-water interval for the same eriod is 

individual years will be found in Table 1. The averages for the three 
IO-year groups are also ‘ven. 

Mean riae intervaZ.-Tre mean rise interval, abbreviated MRI, is 
the avera e time between the transit of the moon and the middle of 

half period of rise to the mean low-water interval, rejecting multi les 
of the semidiurnal tidal period (12.42 hours) when desired. &he 
mean rise interval is convenient for comparing the time of the tides 
a t  different stations when it is unnecessary to distinguish between 
the high and low water differences. The mean rise interval for the 
nav yard is 8.34 hours. 

g o p i c  lunitidal intervals.-Near the times of the maximum decli- 
nation of the moon there is often considerable inequality both in the 
intervals and in the heights of the two high waters and also of the 
two low waters of each day. The term “tropic tides” is applied to 

with changes in the phase, parallax, and dec 1v ination of the moon and 

the “high water, full and c E ange,” which applies to the tide a t  the 

5.23 hours, or 5 hours 14 minutes. The intervals as obtaine z for the 

the perio f of the rise of the tide. It may be computed by adding the 
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the tides at  this time. From an harmonic analysis of the observations 
for the year 1869, the followin tropic intervals were obtained for the 

referring to the higher of the two high waters of the day a t  the time 
of the tropic tides-11.36a hours; tropic lower high-water interval, 
referring to the lower of the two high waters of the day, 11.58b hours; 
tropic higher low-water interval, referring to the higher of the two 
low waters of the day, 5.15a hours; and tropic lower low-water inter- 
val, referring to the lower of the two low waters of the day, 5.46b 
hours. Tho intervals marked “a” refer exclusively to the moon’s 
upper meridian passage at  the time of its north declination and to 
the lower meridian passage a t  the south declination; the intervals 
marked “ b ”  refer exclusively to the moon’s lower meridian passage 
a t  its north declination and to the upper meridian passage a t  the 
south declination. 

From an inspection of these tropic intervals, the sequence of the 
tides is higher high water to lower low water followed by the lower 
high and higher low water. 

Greenwich intervab.-The lunitidal intervals which are usually 
corn uted and published refer to the transits of the moon over the 
locarmeridian of the place where the tides have been observed. Such 
intervals do not afford a direct means for comparing the time of the 
tide a t  stations located in different longitudes but require certain 
corrections for the dif€erence in longitude. If the lunitidal intervals 
for all stations were referred to the transits of the moon over some 
standard meridian, such as the meridian of Greenwich, they would 
afford R direct means of obtaining the actual difference in the time of 
tide without further correction. In west longitude the Greenwich 
intervals exceed the local intervals by an amount equal to the average 
time elapsed between the transit of the moon over the meridian of 
Greenwich and the transit over the local meridian. For the longitude 
of the navy yard, and also for Commonwealth Pier No. 5 in Boston 
this is 4.90 hours. Applying this difference to the local lunitidai 
intervals and rejecting multiples of the semidiurnal period when 
desired, the corresponding Greenwich intervals are obtained. The 
Greenwich intervals for mean high water, mean low water, and mean 
rise of tide are included in Table 26. 

Duration of r ise  of ti&.-The mean duration of rise of tide, abbre- 
viated DR, is the average time required for the water to rise from its 
minimum height a t  low water to ib maximum height at  high water. 
Similarly the mean duration of fall is the average time required for 
the tide to fall from high to low water. Since the average period 
between two consecutive high waters or between two consecutive low 
waters is the semilunar day, or 12.42 hours, the sum of the mean 
duration of rise and the mean duration of fall must equal this amount. 
The mean duration of rise for the navy yard from 30 ears of obser- 

Therefore, the average time required for the tide to rise from low to 
high water at the navy yard is the same as the average time required 
for i t  to fall from high to low water. The duration of rise for indi- 
vidual years will be found in Table 1. The average for three 10-year 
groups are also given. 

Hagh and low water heights.-The mean hi h and low water heights 

navy yard: Tropic higher hig a -water interval-that is, the interval 

vations is 6.21 hours, and the mean duration of fa1 3 is the same. 

a t  the navy yard for each of the 30 years of o %J servations by the Coast 
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Survey and also for 9 years of observations by the navy-yard authori- 
ties are given in Table 2. These heights are referred as near as prac- 
ticable to the zero of the original tide scale, which was 30 feet below 
bench mark 1 on the copin of the dry dock. In Table 3 these hei hts 

mean high water from the entire series is 4.81 feet above the sea-level 
datum and mean low water 4.93 feet below this datum. When cor- 
rected for the lon itude of the moon’s node these values become 

The spring and neap high and low waters depending upon the phase 
of the moon, the peri ean and apogean high and low waters depending 

pending upon the declination of the moon, the diurnal high and low 
waters depending upon the daily height inequalities, and the extreme 
high and low waters depending upon a combination of astronomical 
and meteorological conditions are included in Table 27. These planes 
were derived from the ,corresponding tidal ranges and inequalities. 

Mean range of tide.--The mean range of tide is the difference in 
height between the mean of all high waters and the mean of all low 
waters. From theoretical considerations, the range of tide is least 
when the longitude of the moon’s node is zero and the inclination 
of the moon’s orbit to the Equator is a t  a maximum and greatest 
when the lon itude of the moon’s node is 180” and the inclination of 
its orbit to t a e Equator a minimum. This inequality has a period 
of approximately 19 years, and in order to reduce the range as deter- 
mined from a single year of observations to a mean value a correction 
factor is necessary. The mean of the corrected ranges for the navy 
yard for 39 years is 9.71 feet. The mean range for each individual 
year as directly obtained and also as corrected for the longitude 
of the moon’s node will be found in Table 4.  The corrected ranges 
have also been arranged in groups, the first three groups containing 
10 years each and the last group 9 years. The averages for these 
are (1847-1856) 9.83 feet, (1857-1866) 9.77 feet, (1867-1876) 9.66 
feet, and (1902-1911) 9.57 feet. It will be noted that the range 
consis ten tly diminishes but not by a uniform amount, the difference 
between the third and last group being only 0.09 foot, although 
there is a gap of 25 years between these two groups. Changes 
in the mean range of tide in harbors due to various changes in the 
configuration of the shore line and bottom are not unusual. 

Ranges depending upon phase and parallax of the moon.-The spring 
range of tide is the average maximum seniidiurnal range near the 
times of new and full moon; the neap range of tido is the average 
minimum semidiurnal range near the times of the quadratures of 
the moon; the perigean range of tide is the average maximum semi- 
diurnal range when the moon is near its perigee; and the apogean 
range is the average of the minimum semidiurnal range when the 
moon is near its apogee. 

Near the times of new and full moon the forces of the sun and 
moon conspire to increase the range of tide, and near the quadra- 
tures their forces are opposed to each other, causing a diminution 
in the range. The nearness of the moon when it is in perigee 
tends to give an increased range, while its greater distance when 
in apogee tends to diminish the range. The spring and neap ranges 
of tide a t  the navy yard, as derived from a phase reduction of the 

are referred to the sea-leve T datum which is defined on page 41. %he 

4.80 feet and 4.91 fg eet, respectively. 

upon the parallax o f the moon, the tropic high and low waters de- 
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high and low waters for 30 years (1847-1876), are 11.09 and 8.32 feet, 
respectively. The perigean and apogean ranges, as derived by apply- 
ing to the mean range differences obtained from the harmonic anal- 
ysis of the hourly heights for the year 1869, are 11.37 and 8.39 feet, 
respectively. 

It will be noted that the perigean range is a little greater than 
the spring range. In this locality the parallax of the moon appears 
to have a little greater influence in increasing the range of tide than 
does the phase of the moon. When the perigean and spring tides 
occur about the same time of month the range of tide will be es- 
pecially large, and when the apogean and neap tides occur together 
the range will be especially small. 

Diurnal ranges.-There is usually a difference in the height of the 
two high waters of each day and also in the height of the two low 
waters. For distinction, the two high waters of each day are desig- 
nated as the higher high and lower high and the two low waters as the 
higher low and the lower low. The great diurnal range of tide is the 
difference in height between the average of all the higher high waters 
and the average of all the lower low waters. The mall diurnal range 

waters and the average of all the higher low waters. 
The diurnal ranges for tho navy yard, obtained by applying inequali- 

ties from the reductions of a single year (1869) to the mean range for 
39 years, are 10.44 feet for the great diurnal range and 8.98 feet for the 
small diurnal range. 

Tropic ranges.-The high and low waters near the times of maximum 
declination of the moon are designated as tropic tides. At these times, 
while the average semidiurnal range of tide is less than usual, the 
inequality in the heights is generally greater. The great tropic range 
is the difference in height between the tropic higher high water and 
the tropic lower low water, and the small tropic range is the difference 
in height between the tropic lower high water and tho tropic higher low 
water. The values of these ranges, as derived from an analysis of the 
observations for the year 1869, are 10.24 feet for the great tropic range 
and 7.85 feet for the small tropic range. 

Ea-treme ranges.-Extreme tides result primarily from meteorologi- 
cal conditions, but the may also depend largely upon combinations of 

observations a t  the navy yard, as far as available, are given in Tables 5 
and 6. The average of tho monthly extremes for each year and the 
fiverages for the corresponding calendar months throughout the series 
are also given. The average monthly extreme range of tide is the dif- 
ference between the average of the inonthly extreme high waters and 
the average of the monthly extreme low waters. For the navy yard 
this was found to be 13.93 feet. The greatest range between the high- 
est tide observed and the lowest tide observed was 18.5 feet. 

Diurnal inequalities.-The diurnal high-water inequality is the dif- 
ference between the mean of the higher high waters and the mean of 
all high waters. The diurnal low-water inequality is the difference 
between the mean of all low waters and the mean of the lower low 
waters. As determined from the high and low waters for one year 
(1869), the diurnal hi 
to be 0.40 foot and t 

is the difference in height between the average o B all the lower high 

astronornical causes. ;;;. he highest and lowest tides for each month of 

inequality a t  the navy yard was found 
low-water inequality as 0.33 foot'. 

81772-28-2 
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Mean tide leve1.-Mean tide level, also known as half tide level, is 
a lane midway between the mean of all high waters and the mean of 

the nrtvy yard the mean tide level was obtained for each year of obser- 
vations, and the results are given in Table 7. The mean tide level for 
the entire series of 39 years was found to be 20.12 feet above the zero 
of the tide scale. In Table 8 the mean tide level for each year is 
referred to the sea-level datum. 

Spring and neap tide level.-Aside from the irregular fluctuations 
due primarily to meteorological conditions, there appear to be small 
variations in the mean tide level due to change in the phase of the 
moon. From the phase reductions for the navy yard covering a period 
of 30 years, from 1847 to 1876, the spring tide level, or average level a t  
the time of the spring tides, was found to be 0.04 foot below the mean 
tide level, and the neap tide level, or average level a t  the time of the 
neap tides, was 0.04 foot above the mean tide level. 

Mean sea level.-The mean sea level is obtained by taking the aver- 
age of the hourly heights of the tide over a considerable period of 
time. For placespear the coast mean sea level thus obtained differs 
very little from the mean tide level derived from the high and low 
waters. The records for three years-1868, 1869, and 1871-at the 
navy yard were reduced to obtain mean sea level, and the average 
elevation of mean sea level above mean tide level for these years was 
0.16 foot. Adding this difference to the mean tide level as obtained 
from the 39 years of observations, we have 20.28 feet as the elevation 
of mean sea level above zero of the original tide scale. A discussion 
of the sea-level datum will be found on page 41 under “Tidal datums.” 

Harmonic constants.-Tidal harmonic constants from a11“ harmonic 
analysis of the hourly heights of the tide a t  the navy yard have been 
determined from a series of 369 days, beginning January 1, 1869. 
The processes used in the anal sis are described in Special Publication 

from this series of observations are given in Table 28. For many 
ears, until the more recent series of observations was started in 

gouth Boston, these constants were used in making the tidal predic- 
tions for Boston for the annual tide tables of the Coast and Geodetic 
Survey. 

Age8 of t7Le tide.-Inequalities in the tide resulting from changes 
in astronomical conditions will generally follow the assumed cause by 
several hours in time. The time that elapses between the cause and 
the maximum effect on the tide is called the age. 

The following ages have been derived from the harmonic constafts 
for the navy yard: The phase we, or interval by which the sprmg 
and neap tides follow the new and full moon or the quadratures, 38 
hours; the parallax age, or interval by which the perigean and apogean 
tides follow the corresponding positions of the moon, 57.7 hours; and 
the diurnal age, or interval by which the tropic tides follow the maxi- 
mum north and south declination of the moon, 19.1 hours. 

TIDE OBSERVATIONS, COMMONWEALTH PIER NO. 5 

A primary tide station was established on Commonwealth Pier No. 
Fj,.South Boston, on May 3, 1921. The float well is a 12-inch iron pi e 

access of water. The pipe is about 23 feet long to the intake, and 

al P low waters. In the reduction of the long series of observations at  

No. 98 of the Coast and Geo 1 etic Survey. The harmonic constants 

with a conical casting containing a %-inch hole nt the bottom for t R e 
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below the intake there is a supporting section 734 feet long in which 
are cut four 3 by 9 inch slots for the admission of water. The intakr 
to the main pipe is about 7 feet below mean low water and 6 feet 
above the bottom of the harbor. Kerosene is used inside the float 
pipe to prevent freezingin the wintertime. Any differonce in level in 
the pipe due to the introduction of this kerosene is taken into account 
in the tabulations by comparative readings on an exposed tide staff. 

Tide sta,.-A portable tide staff was installed, the support being 
secured to a pile on the north side of the pier near the inner end. 
At  first a 12-foot standard staff was used with the 12-foot mark cor- 
responding to the top of support. On September 1, 1922, this was 
replaced by n new staff, the support for which was nailed to the old 
support with the top a t  the same elevat’ion. The new portable staff 
was set with the 15-foot mark corresponding to the top of this sup- 
port. All tabuIations of this serios have been referred to the second 
staff. From first-order levels, October 13 to 16, 1923, by party of 
E. B. Roberts, the zero of this staff was found to be 17.97 feet below 
the old bench mark 1 a t  the navy yard. As the original series of 
observations at  the navy yard was referred to a datum 30 feet below 
this bench mark, the staff readings of the later series can be made com- 
parable with the old series by the addition of the constant 12.03 feet. 

Primary bench mark.-As the tide-staff support in its exposed posi- 
tion is in more or less danger of destruction or change, it is necessary 
to check its elevation from time to time by leveling to some bench 
mark in the near vicinity. The mark adopted as the primary beneh 
mark for this series of observations is desi&ated as “B. M. 7’ ’  and 
consists of a standard disk stamped “7/1922,” which is cemented into 
the upper surface of water table on the side of heating plant opposite 
Commonwealth Pier No. 5.  This bench mark is 21.45 feet above the 
zero of the tide staff installed in September, 1922. The primary bench 
mark has also been connected by levels with a number of other 
bench marks in Boston to further insure the permanency of the tidal 
datums. 

Reduction o records.-The records of the observations at  Common- 

means and extremes of t*ho high and low waters are compiled in Tables 
9 to 24, and summaries of the tidal data are included in Tables 25 to 
28. Definitions of the various tidal constants have already been given 
on ages 10-14 in connection with the observations a t  the navy yard. 

honthly means.-The monthly means for the first portion of the 
series of observations a t  Commonwealth Pier No. 5 to the end of the 
year 1924 were derived from 29-day  group^, beginning with the first 
of each calendar month. Beginning with the year 1925, the means 
have been derived from the full calendar months. The record from 
the first few months of observations was rejected as defective on 
account of the clogging of the intake to the float well, and the tabu- 
lated means begin with August, 1921. 

Annual variation.-The several tide planes appear to be subject to 
certain seasonal fluctuations, as illustrated in Figures 3 to 6, which rep. 
resent the means from the observations at  Commonwealth Pier No. 5 
covering a period of a little more than five years. By Figure 3 it will 
be noted that the high water in the summer months is several tenths 
of a foot higher than in the winter months. Figure 4, which repre- 
sents the annual variation in the low water, is somewhat siniilar to that 
for the high water but shows a secondarydepression through the middle 

wealth Pier ff 0. 5 have been reduced by the usual methods. Monthly 
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Fig. 3.-ANNUAL VARIATION I N  H I G H  WATER, COMMONWEALTH PIER NO. 5 

Fig. 5.-ANNUAL VARIATION I N  RANGE O F  TIDE,  COMMONWEALTH PIER NO. 5 

c 

Flg.6-ANNUAL VARIATION I N  MEAN T IDE LEVEL AND MEAN SEA LEVEL. 
COMMONWEALTH PIER NO. 5 
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of the su~nmer’. Figure 5 shows the variation in the mean range, 
which depends upon the relative variation in the high and low water 
heights. 

Mean tide level, which is a mean between the high and low water 
heights, and the sea level, which is the average of the hourly heights, 
are represented in Figure 6.  It will be noted that these two curves 
are approximately parallel and that the mean tide level is consistently 
about a tenth of a foot lower than the sea level. Both the mean tide 
level and the sea love1 are from two to three tenths of a foot higher in 
the sumnier months than in the winter months. 

The fluctuations illustrated by these figures may be due partly to 
nicterological conditions depending upon changes in the sensons and 
partly to astronomical conditions depending upon changes in the 
declinrttion and parallax of the sun. 

h f e r d s ,  ranges and inequaZitie.s.--ln addition to the principal 
tidal elements dcrived from the full series of observations, the sum- 
niarics of Tables 25 to 28 include the following uantities for Coin- 
nionwenlth Pier No. 5. Intervals, ranges, and ti 1 e planes depending 
upon the tropic tides, and the a es of the tide were computed from 

and apogean rangcs were obtained by applying differences derived 
from the harmonic constants to the mean range of tide from the full 
series of observations The diurnal high and low water inequalities 
were obtained from three complete years of observations, 1922 to 1924, 
inclusive. The diurnal ranges were obtained by applying the diurnal 
inequalities to the mean range for the entire series of observations. 
The relations of the spring and neap tide levels to the mean tide level 
were obtained from a phase reduction of the high and low waters for 
the year 1924. 

Tide planes.-The tide planes given in Table 27 are referred to 
both the sea-level datum and the Boston low-water datum which 
are defined on page 41. The relations of the different tide planes to 
each other and to mean tide level depend largely upon the various 
tidal ranges and inequalities. The mean tide Ievel at  the navy yard 
was derived independently from the high and low water observations 
covcring some 39 years. The observations a t  Commonwealth Pier 
No. 5 nvaileble at the time of this publication cover a period of only a 
little more thnn fivc years. Because of the fluctuations in the yearly 
mean lcvcl in any locality, this shorter period of observations is not 
sufficient for a satisfactory independent determination of mean tide 
level. Comparisons have therefore been made with siinultaneous 
observations a t  Portland, Me., where a mean level has been deter- 
mined from 15 years of observations. During the period of obser- 
vations at Commonwealth Pier No. 5 it appears that  the average 
level of the water was 0.07 foot below normal, and this differcnce has 
been applied in Table 27 to the mean tide level and other tide planes 
determined from the observations at  Commonwealth Pier No. 5, 
excepting the highest and lowest tides observed, which are taken 
without modification. 

Harmonic constants.-The harmonic constants for Commonwealth 
Pier No. 5, which are given in Table 28, were derived from an analysis 
of two 369-day series beginning January 1, 1922, and January 1, 1924. 
These constants are now being used in inakin the tidal predictions 

of the Coast and 
Geodetic Survey. 

This curve shows two maxima and two minima points. 

the harmonic constants given in 4 able 28. The spring, neap, perigean 

for Boston, published in the annual tide tabes  Is1 
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TIDE OBSERVATIONS, MISCELLANEOUS SERIES 

Besides the princi a1 series of tide observations at the navy yard 

shorter series in various parts of the harbor which were obtained 
from time to time in connection with other hydrographic work. The 
observations have been reduced and compared with simultaneous 
observations at certain standard ports, and the results are given in 
Table 29. For the comparisons the observations at the navy yard 
and Commonwealth Pier No. 5 were used as far as practicable, but 
when observations at either of these stations were not available 
other ports of reference were used. 

The results obtained from very short series of observations may be 
affected by accidental conditions prevailing at the time of the obser- 
vations, which would be largely eliminated in a longer series. For 
this reason such results are to be considered only as ap roximnte 

the same eneral locality. 

the tide stations which are enumerated in the preceding table. In  
obtaining these adjusted valu'es consideration was given to various 
factors involved. The results from the more recent observations 
were given preference to those of earlier observations, not 
of possible changes in the tide due to changes in the 
of the harbor but also because the later series were 
under more favorable conditions. The difficulties of maintaining 
accurate time in the earlier years were undoubtedly much greater 
than during more recent years. 

In making the adjustment consideration was given to the harbor 
as a whole. The times of the high and low waters throughout the 
harbor differ by only a small amount, the tides at the navy ynrd 
occurring about a quarter of an hour later than at  Boston Light. 
The mean range of tide at  the navy yard is about 0.7 foot greater 
than a t  Boston Light. The mean range throughout the harbor varies 
from 9 to 10 feet. 

For the 
two primary stations a t  the navy yard and Commonwealth Pier No. 
5 these ranges were obtained direct1 from the observations. For 
the other stations they were derived c y applying to the mean range 
factors based upon the observations a t  the primary stations. 

Information in regard to the distance that tidal influences extend 
up the several rivers is included in Table 30 for convenience of 
reference. 

CURRENT OBSERVATIONS, 1847 AND 1848 

In  connection with a hydrogra hic survey of Boston Harbor under 
the direction of Lieut. Comman (P er Charles H. Davis, current obser- 
vations were taken between June 9 and October 22, in 1847, and 
between June 7 and October 21, in 1848. A sailing schooner, the 
U. S. S. Gallatin, was used in making the observations, and the work 
was under the immediate supervision of Lieut. John N. Maffitt. 
Although the apparatus used is not described in the records it is 
prosumed that the velocities were obtained by a log line and that 

and at  Commonwea s th Pier No. 5 ,  there have been a number of 

values and subject to adjustments based upon other tida P data for 

Adjuste B tidal data.-Table 30 contains adjusted tidal results for 

The spring and neap ranges are included in this table. 
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they represent the currents near the surface. Directions of the cur- 
rent were obtained by angles between the float and objects on shore. 

The results from these observations are shown in Table 31. The 
station numbers refer to those assigned jn the original reductions but 
are prefixed by the letter "D" to signify that they are statlons OCCU- 
pied by the party of Lieutenant Davis. Numbers omitted refer to 
stations for which insufficient data were obtained or to stations which 
were reoccu ied after a preceding number had already been assigned. 

made, the length of observations is given to the nearest half or whole 
da . 

$he times of the slacks and strengths are referred to the tides as 
observed at the Boston Navy Yard, the slack before flood and the 
flood strength being referred to. the low waters and the slack before 
ebb and ebb strength to the h g h  waters. In general the current 
phases follow the tidal phases to which they are refcrred, but if the 
current occurs earlier than the tide, it is indicated in the table by 8 
minus ( - ) sign. The time differences are given in hours and decimals. 

The direction for the flood and ebb strength is reckoned in degrees 
from the true north as O', through east as 90°, south NO0, and west 
270'. The velocities of the flood and ebb strength have been cor- 
rected by factors depending upon the range of tide at the navy yard. 

The flood duration from slack befors flood to slack before ebb and 
the ebb duration from slack before ebb to slack before flood are given 
in hours and decimals. 

Mean current hour.-The mean current hour as given in this table 
is expressed in solar time and is the mean interval between the transit 
of the moon over the meridian of Greenwich and the time of the 
strength of the flood current modified by the times of slack water and 
strength of ebb. In computing the mean current hour an average is 
obtained of the intervals for the following phases: Flood strength, 
slack before flood increased by one-fourth semilunar day (3.10 hours), 
slack after flood decreased by one-fourth semilunar day, and ebb 
strength increased or decreased by one-half semilunar day (6.21 
hours). Before taking the average the four phases are made compar- 
able by the addition or re ection of such multiples of the semilunar 

Following t K e location and dates on which the observations were 

day (12.42 hours) as may A e necessary. 

CURRENT OBSERVATIONS, 1860, 1861, AND 1863 

,4 survey of Boston Harbor was undertaken in 1860, and current 
observations were made between July 30 and October 10, 1860, under 
the direction of Assistant Henry Mitchell. Additional observations 
were m'ade between August 4 and September 19, 1861, and between 
kugust'8 and August 29, 1863, under the direction of Assistant 
Mitchell. 

Surface velocities were obtained b i  a lo line. Observations for 
different depths were made by using two cygndcrs or two globes con- 
nected by wire, the upper cylinder or globe supporting tho lower one, 
which was set at various depths. By this method the observed cur- 
rent was the resultant of the current at  the surface and a t  the depth 
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of the lower cylindcr or globe. I n  thwc obqervntions thc direction 
of the ciirrent u-nq obtnincd by angle9 Iwtwecn the float nnd object. 
on the shore. 

The  rpsiilt,s given in Table 32 cover depths to 10 nnd 12 feet,, nncl 
mny therefore hc considered ns applying to tho cnrrcnt, n t  an avernw 
depth of 5 to  G feet. The n i i r n h s  for the stntions occupied in 1Ri0 

Fig 8.-CURRENT STATIONS, BROAD SOUND 

are thc Same as originally nsqigncd, rind following these the sintion? 
occiipicd in 1MiI nnd 1803 nrc numlwrccl in t,hc order in which t h y  
were occnpicd. All t,hc sttation niimlwrs in this tnhle me prcfi\-ed l>>r 
the  lcttcr “iM” to  signify thnt  they were stations occi ip ied I,>T the 
pnrty of Assistnnt Mitchell. Tahlc :<2 iq similar t o  the pre(w1inz 
tnhlc which was cxplrbincd on pnqc I O .  
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CURRENT OBSERVATIONS, 1902 

In connection with a general survey preliminary to the construction 
of the Charles River Dam, the committee in charge obtained current 
observations at  several points in Boston Harbor. These current 
observations were conducted by W. E. Spear under the direction of 
J. R. Freeman, chief engineer, and the results were ublished in 1903 
by the committee on the Charles River Dam. $hey were made 
rincipally in the channels in four localities, between Boston and East 

Eoston, between Governors Island and Castle Island, between Deer 
Island and Long Island, and between Long Island and Moon Head. 
In  the first three localities named the observations were taken at  five 
different depths, namely, near the surface, about one-third to bottom, 
one-half to bottom, two-thirds to bottom, and near the bottom. In 
the last location the observations were taken at  four de ths only. 

meters bein used for the different de ths. Three of these were 

an Ellis meter. The direction of the carrent was in general parallel 
to the axis of the stream. 

The observations were made principally near the mid-channel, 
where the velocity is grentest, but there were also some observations 
made at  a number of points in the sections across the channels. The 
results in Table 33 are from the observations in the mid-channel and 
refer to the several de ths indicated. In  this table the station num- 

The velocities were obtained by current meters, i! ve different 

Ritehie Has a ell meters, one a Fteley & B teams meter, and the other 

bers are refixed by t E e letter “C”  to signify that tho observations 
were ma tl e by the committee on the Charles River Dam. 

CURRENT OBSERVATIONS, 1926 

A special tidal current survey of Boston Harbor was begun June 8, 
1926, by a arty under the direction of R. W. Woodworth, of the 
Coast and B eodetic Survey. The work was continued until August 
11, 1926, when the party proceeded to Portsmouth, N. H., for a 
survey of that locality. 

Equipment.-The floating equi men t included the two wire-drag 

which was leased for the period of the survey. In addition to these 
three launches which were used in the observation of currents, the 
launch Treasure Trove, a 40-foot boat, was leased as a dispatch boat 
and was also used for observing currents. Each of the three larger 
launches had accommodations for a crew of eight men, while the 
smaller launch had accommodations for six men. All launches were 
equipped to remain on station for periods of one week at  a time. The 
principal current apparatus ’ in use consisted of current poles, Price 
current meters, and bifilar current indicators. There was also in use 
a Pettersson current meter. 

Current pole.-The current poles were used in obtainin the direc- 

used was 16 feet long and weighted to float uprightly with 1 foot of 
its length above the water surface. Such a pole would therefore 
indicate the resultant current for the first 14 feet of depth, whioh 

launches, Ogden and Rodgers, an c f  the launch Elelma, a 55-foot boat 

tion and velocity of the current near the surface. The PO P e generally 

~ 

1 A paratus used In current surrey8 la described in considerable detril In Speciai Publication 124 of 
the dl & 0. Survey. 
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may be considered as referring to an average depth of 7 feet. For 
very shallow depths shorter current poles were used. 

The line attached to the pole was so graduated that the observer 
determined the velocity in knots by the number of divisions that 
passed over a given point during an interval of one minute. To 
permit the pole to get a sufficient distance beyond the disturbed 
waters near the launch and also to attain the velocity of the current 
before observing, a stray line of approximately 100 feet in length was 
used between the graduated line and the pole. 

The direction of the current relative to the boat was obtained by 
means of the pelorus, a graduated dial arranged in a convenient 
place on the boat so that the current line would pass over its center 
as the pole was carried out by the current. The direction of the 
vessel’s head being known by the compass, the direction of the 
current for each observation was readily calculated, corrections 
being applied for the deviation and variation of the compass. 

Price meter.-Price current meters were generally used for the lower 
depths. These meters indicate velocity only. Meter cups rotating 
with the current cause an electric contact to be made a t  each turn of 
the cups, or, with a device known as the pentahead used for the greater 
velocities, a t  each five turns of the cups. These contacts are audible 
to an observer with ear phones on board the boat and indicata the 
velocity of the current b their frequenc . Each meter in use during 

and a rating table was prepared, showing the velocity of the current 
corresponding to different rates of rotation of the meter cups. 

In  order to expedite the raising or lowering of the meter to any 
desired depth and at  the same time to revent i t  bein carriedside- 

weight was used. The meter, which was raised and lowered by its 
own cable, was shackled to the guiding cable in such a manner as 
to ermit it to slide u and down as desired. 

different depths a t  which the velocities were obtained by the Price 
current meter, an apparatus known as the bifilar current indicator 
was used. This device enabled the direction of the current at  three 
different depths to be determined simultaneously. Three vanes, each 
supported by two parallel wires, were arranged so that they could be 
lowered independently to the depths desired. The supporting wires 
were connected with frames which turned with the vanes. Indi- 
cators attached to the frames, passing over peloryses, gave the direc- 
tion of the current relative to the vessel’s heading. 

Pettersson meter.-A Pettersson current meter was also used in this 
survey, but as only a single meter of this type was available obser- 
vations were made principally with the Price meter and the currenk 
pole. At several current stations the Pettersson meter was used in 
connection with the Price meter with very satisfactory agreement in 
results. 

The Pettersson meter is designed to give a photographic record of 
both the velocity and direction of the current and wil1,operate aufo- 
matically for a period of two weeks, A water-tight cylinder contans 
a tiny camera with a roll of film moved by clockwork, a small elec- 
tric lamp with batteries, a glass velocity disk with numerals inscribed 
near the outer ed$e, and a glass compass disk carrying two magnetic 
needles and inscribed with numerals to indicate direction. 

the survey was tested t y the United 6 tates Bureau of Standards, 

wise by any strong current, a guiding ca E le held vertical s y by a heavy 

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

Stations occupied .-During this survey 56 current stations were 
occupied in Boston Harbor, the locations being indicated in Figures 
7 to 1 1 .  At stations W1, W18, and W37 the observations covered 
periods from 6 to 14 days. A t  the other stations the period of obser- 
vations ranged from one-half to two days. 

In general observations were made at  each station with both the 
current pole and the Price meter, the latter being set a t  depths 
approximately equal to two-tenths, five-tenths, and eight-tenths of 
the depth at each station. These observations were usually made in 
groups a t  half-hourly intervals, each group consisting of a pole obser- 
vation and two meter observations a t  each of the depths, the direc- 
tion of the current at each depth being obtained by the bifilar current 
indicator. Supplementary observations with the Pettersson meter 
were obtained a t  stations W2, W5, W9, W10, W33, W49, and W54, 
the results practically agreeing with those obtained by the Price 
meter. 

Reduction of records.-Following the method enerally employed 

a t  approximate half-hourly intervals were plotted on cross-section 
paper with the flood velocities above and the ebb velocities below the 
zero line representin slack water. A smooth curve was then drawn 

a t  strength of flood and ebb were tabulated. 
The times of slack water and strength of current were then com- 

pared with the times of hi h and low water a t  the primary tide 

were reduced to mean velocity b com arison with the range of tide 
a t  the rimary tide station. $he Jrections of the current as 
observef on the pelorus were corrected for ship’s head and the 
variation and deviation of the ship’s compass and are therefore 
represented in true azimuth as reckoned from the north toward the 
east. 

The reductions were made separately for each depth a t  which 
observations were taken, and the results are given in Table 34. The 
station numbers are as originall assigned in the survey, with the 

by Lieutenant Woodworth in 1926. 
Harmonic unuZysis.-The hourly velocities a t  stations W1, W16, 

and W37 were reduced by harmonic analysis. Station W1 is located 
at the entrance to Nantasket Roads, Station W16 is at the entrmoe 
to President Roads, and Station W37 is in the channel between 

in the reduction of current observations, the ve P ocities as observed 

following the eneral 7 ine of the plotted velocities. From these curves 
the times of s 7 ack water and the times and velocities of the current 

station a t  Commonwealth 5 ier No. 5 ,  and the observed velocities 

letter ‘ I  W” prefixed to indicate t hy at  the stations were those occupied 
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Boston and East Boston. The total lengths of series used for the 
analyses a t  these stations were 5, 14, and 6 days, respectively. For 
station Wl6 two separate analyses were made, one for A 10-day 
series and the other for a 4-day series. 

Because of the shortness of these series, the usual elimination 
processes were not applicable, but corrections were made by com- 
parison with tidal harmonic constants derived from simultaneous tide 

The 
observations a t  Commonwealth Pier No. 5 ,  Boston. 
were made for components MP, M,, M,,, Nz, Sp, K,, and O,,  and va ues 
for other components were inferred from these prmcipal components 
and from the tidal components for Boston. The harmonic constants 
are given in Table 35. 

The consistency of the results derived from the several series indi- 
cates that the semidiurnal components for these stations have been 
reasonably well determined, notwithstanding the shortness of the 
series of observations upon which they are based. The constants 
derived for the diurnal components, especially the epochs for these 
components, are less well determined. Because of the small anipli- 
tude of these components and also of components M,, and M,, the 
epochs are very sensitive to any small irregularities introduced by 
accidental conditions. On the other hand, the small amplitudes of 
these components in this locality render them of little practical 
im ortance. 

itation W16. off Deer Island Linht a t  the entrance to President 
Roads, is a p&cipal current statio; for which predictions are given 
in the current tables published annually by this bureau. Hereafter 
these predictions wil be based upon the harmonic constants in 
Table 35. 

CURRENT OBSERVATIONS, BOSTON LIGHT VESSEL 

There have been two series of current observations a t  the Boston 
Light Vessel in accordance with a general plan for obtaining such 
observations through a cooperative arrangement between the Coast 
and Geodetic Survey and the Bureau of Lighthouses. The first 
series of current observations a t  the Boston Light Vessel covers the 
period September 22 to December 26, 1913, and the second series 
June 8, 1926, to June 30, 1927. The apparatus consisted of a lo 
line graduated for a run of 60 seconds, a 15-fOOt current pole weighte 
to float with 1 foot of its length above water, a pelorus, and a stop 
watch or sand lass, the latter having been used for the earlier obser- 

The tidal current in this locality is weak and slightly rotary and 
is affected to a considerable extent by the wind. In general the 
velocities are less than one-half knot. The maximum velocity 
recorded was 1 knot, which occurred on April 7,1927, during a north- 
west gale and a t  a time when the normal tidal current would have 
been easterly. The wind therefore tended to increase the normal 
velocity and also to divert the direction of the current to the south 
of east. 

TidaZ current.-In reducing these records the observed velocities 
were resolved in north and east directions and then referred to the 
times of hi$h water at  Boston, the earlier series being referred to the 
predicted tides for the navy yard and the later series to the observed 

i 
vations. An o a servation was taken each hour of the day. 
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tides at Commonwealth Pier No. 5 .  The average velocity and 
direction of the current for each hour after high water are given in 
Table 36. The average times for the slacks and the strengths for 
both series are referred to the tides a t  Commonwealth Pier No. 5 ,  
and the velocity and direction at  the strength of flood and ebb are 
also given. The average velocity of the tidal current a t  strength of 
flood and ebb is only 0.1 knot. This velocity, being derived from 
resolved currents, grouped according to the number of hours after 
hi h water, is less than would be obtained by selecting the maximum 

or exact direction. The average velocity for both flood and ebb 
current obtained b such a selection for a 29-day period was 0.3 knot. 

current for each month of observations. This set is very irregular, 
and the velocity is too small to be of practical importance. The 
resultant set from the longer series is in an easterly direction with a 
velocity of 0.02 knot. Because of the irregularity in the direction of 
the set from month to month, this velocity derived from the resolved 
currents for the entire series is less than the average of the set for 
each month taken re ardless of direction. 

the current in this locality, the resolved currents were grouped in 
accordance with the direction of the wind, and the results are given 
in Table 38. The current due to the wind had an average velocity 
from 0.06 to 0.19 knot in a direction usually somewhat to the right 
of the direction toward which the wind was blowing. 

Ilurmonic analysis.-The resolved hourly velocities for a 22 l-day 
series beginning June 9, 1926, were reduced by harmonic analysis, 
separate analysis being made for the north and east components. 
The resulting values for the principal components are given in Table 
39. As the currents in the locality are chiefly in an easterly and 
westerly direction, the values of the H’s for the east component are 
somewhat larger than the H’s for the north component. The east 
component of principal element M2 has an amplitude of 0.08 knot, 
which is consistent with the velocity of the tidal current as given in 
Table 36. 

SUMMARY OF SURFACE CURRENTS 

For the navigator the currents near the surface are of principal 
importance, and for convenience the resulte for these currents from 
the several surveys are brou h t  together in Table 40 and grouped 
according to location. For t i e  purpose of this table avera es have 

meter observations to a depth of 14 feet, and the times of slack and 
strength of current for all stations are referred to the tides at  Common- 
wealth Pier No. 5,  in order that they may be comparable with each 
other. 

The results from the observations a t  the various stations listed in 
this table show a number of minor irregularities. Some of these may 
be due to location. The current near the shore may differ consider- 
ably from that in the middle of the channel, and the current at  sta- 
tions near each other may sometimes vary in time, velocity, and direc- 
tion. Some of the irregularities may be due to changes in the con- 

ve 7 ocities during the periods of flood and ebb regardless of tidal hour 

Set of current.- 9 n Table 37 there is given the set of the nontidal 

Wind reduction.- B n order to determine the effect of the wind on 

been taken of the results from the pole observations and f rom the 
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figuration of the harbor, and the currents observed during the later 
surveys may actually differ from those of earlier surveys. Many of 
the small irregularities, however, may be the result of accidental con- 
ditions prevailing a t  the time of the observations. Only in a few 
instances did the observations a t  any station cover more than two 
days, and in many cases the period was one day or less. There was 
therefore no opportunity to average out any accidental errors that 
might have resulted from special conditions prevailing on the day or 
da s on which the observations were made. 

$he tidal currents have access to Boston Harbor through two main 
channels, President Roads and Nantasket Roads. In  general the 
times of the current phases do not differ greatly in different parts of 
the harbor. The slack before flood occurs near or soon after the time 
of low water and the strength of flood from three to four hours later. 

1 
Betby A f t e r  Before A f t e r  Before A f  trr  

L W  L W  ww HW L W  LW 

Fig. 12.-TYPICAL CURRENT CURVES FOR STATIONS D46, W13, AND W16 

The slack before ebb occurs near the time of high water a,nd tho 
strength of ebb from three to four hours later. 

The Narrows.-The Narrows (see fig. 7) is a channel leading into 
Boston Harbor from the southeastward, with Lovell Island on the 
northeast and Georges Island and Gallups Island on the southwest. 
In this locality tho main flood and ebb streams appear to flow wester1 
and easterly, passing between Georges Island on the south and Love 1 
and Gallups Islands on the north. In  that part of the Narrows 
lying between Lovell and Gallups Islands the currents appear to he 
somewhat irregular, as indicated by the observatlons made at  the 

I .  single station D46 in the year 1848. This is illustrated in Figure 12, 
in which a typical curve prepared from the current observations of 
1848 a t  station D46 is comparod with corres onding curves for sta- 

at the entrance to President Roads. It shoul~' he kept in mind, 

9 

tion W13 between Lovell and Georges Islan B s and for station W16 
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however, that the observations at  station D46 were made many years 
ago, and it is not impossible that changes such as the recent improve- 
ment in the North Channel may have materially affected the current 
in this localit 
O# Moon f%ad.-From an examination of Table 40 and by refer- 

ence to Figure 10 it  will be noted that in the passage between Moon 
Head and Long Island, and also between Thompson and Spectacle 
Islands, the results from the recent observations in 1926 differ materi- 
ally from those of the earlier series in regard to the time of the turning 
of the current. The relation of the current from observations of 1848 
at station D47 with the current in 1926 at stations W11 and W20, and 
also with the current a t  the principal current station Wl6, is illus- 
trated in Figure 13. In the earlier observations the phase of the cur- 
rent corresponded approximately with those for the harbor generally 

8efo'orr A f f e r  &fore A f t e r  Be&-# Af far  
LW LW HW HW L W  L W  

I" LW 1" 2" 3h3h 1" Ih HW /* 2" 3W 2' / A  LW 1.4 
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Fig. 13.-TYPICAL C U R R E N T  CURVES FOR STATIONS D47, W11, W20, A N D  W16 

but in the later series the times of the phases have been advanced two 
or three hours. 

As these passages connect the main current stream through Presi- 
dent Roads with the current strerim entering Quincy Bay throu h 

cross currents which would depend to a considerable extent upon the 
relative volume of water passing through the main channels. Such 
currents might be affected to a considerable extent by changes in the 
configuration of thc harbor. 

Condensed current data-For convenience of reference there have 
been compiled in Table 41 condensed current data for selected locali- 
ties. The time differences refer to the current at the principal station 
W16, off Deer Island Light at  the entrance to President Roads. These 
differences, which are pven ta the nearest five minutes, represent the 
average differences for all phases of the current, including both the 

Nantasket Roads, the currents through these passages are virtual K y 
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slacks and strengths of the current, the minus si indicating that the 
current phases occur earlier than a t  the principa Y station and the plus 
sign that they occur later. The strength of flood interval is the avorage 
interval between the transit of the moon over the local meridian and 
the time of the following strength of flood. The direction of the 
strength of flood is ven in degrees as reckoned from the true north by 

velocities at  the strength of flood and ebb. The observations at  the 
current stations listed in the last column furnished the basis for the 
data given in this table, but small adjustments have been made, and 
the results are given in rounded numbers. 

Current ckrts.-Currents in Boston Harbor are schematically 
represented for each hour of the tide a t  Commonwealth Pier No. 5 in 
Figures 14 to 25, which are based primarily upon the observations of 
1926. The general direction in which the current is flowing is repre- 
sented by arrows and the average velocities in knots and tenths of 
knots by small figures near the arrows. A t  the times of spring and 
perigean tides the velocities will usually be greater and at  the times 
of neap and apogean tides less than indicated. Winds and other 
meteorological conditions may also affect both the velocity and direc- 
tion of the current. 

Near the times of high and low water, the currents slacken and are 
more or less irregular in direction. The velocities, usually small at 
these times, are not included in the charts. The maximum velocity is 
reac.hed three or four hours after high and low waters. The average 
velocity at  strength of current through the entrances to the harbor 
is approximately 1% knots. Inside the harbor this velocity dimin- 
ishes to about 1 knot or less, except that through Nantasket Gut east 
of Peddocks Island the average velocity a t  strength of current is 294 
knots. 

way of the east. f he flood and ebb velocities represent the average 

TEMPERATURE AND DENSTTY OBSERVATIONS 

Temperature and density observations of the sea water in Boston 
Harbor have been made from time to time in connection with tide 
observations, and the mean results which are available have been 
compiled in Tables 42 to 44. The results of such observations at  the 
navy yard from February to December in 1863 are given in Table 42. 

Incidental to the tide observations at Commonwealth Pier No. 5, 
South Boston, the observer takes a temperature &pd density obser- 
vation of the sea water each day the tide station is visited. There 
are no re uirements that he visit the station 
that the 8, our selected should be the same 

o'clock in the afternoon. It may be assume 1 that the observations 

required to make these visits on Sundays 
actually selected for the visits have probably covered nearly all 
hours of daylight but appear to be more fre uent between 3 and 5 

are distributed approximately uniformly over all phases of the tide. 
The observed densities were corrected and reduced to temperature 
15' C. Table 43 contains the monthly means and extremes of the 
temperatures and densities observed. 

Incidental to the special current survey of 1926, temperatures and 
densities were taken at  three different depths at nearly all of the 
stations occupied. The densities were reduced to temperature 15' 
C., and the results have been compiled in Table 44. 
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FIg.l4.-CURRENTS AT T I M E  OF LOW W A T E R  A T  C O M M O N W E A L T H  PIER 
NO. 5. END OF EBB, CURRENTS GENERALLY WEAK AND IRREGULAR 
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Fig. 15.-CURRENTS ONE HOUR AFTER LOW WATER AT COMMONWEALTH 
PIER NO. 5 
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Fig. 16.-CURRENTS TWO HOURS AFTER LOW WATER AT COMMONWEALTH 
PIER NO. 5 
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Fig. 17.-CURRENTS THREE HOURS AFTER LOW WATER AT COMMONWEALTH 
PIER NO. 5 
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Fig. 18.-CURRENTS FOUR HOURS AFTER LOW WATER A T  COMMONWEALTH 
PIER NO. 5 
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Fig. 19.-CURRENTS FIVE HOURS AFTER LOW WATER AT C O M M O N W E A L T H  
PIER NO. 5 
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Flg.20.-CURRENTS AT TIME OF HIGH WATER AT COMMONWEALTH PIER 
NO. 5. END OF FLOOD, CURRENTS GENERALLY WEAK AND IRREGULAR 
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FIE. 71.-CURRENTS ONE HOUR AFTER H I G H  WATER AT COMMONWEAL.TH 
PIER NO. 5 
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Fig. 22.-CURRENTS TWO H O U R S  ;E',E;",,HI$iH WATER AT COMMONWEALTH 
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Fig. 23.-CURRENTS T H R E E  HOURS AFTER H I G H  W A T E R  A T  C O M M O N W E A L T H  
PIER NO. 5 
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Flg. 24.-CURRENTS FOUR HOURS AFTER HIGH WATER AT COMMONWEALTH 
PIER NO. 5 
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Fig. 25.-CURRENTS FIVE H O U R S  AFTER HIGH WATER A T  COMMONWEALTH 
PIER NO. 5 
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TIDAL DATUMS 

Height datums.-A height datum is a horizontal plane or level 
surface from which elevatiops are reckoned. Hei ht  datums may 
be adopted either for local or general use. For loc 9 use in a limited 
area the datum may he taken as any horizontal plane, either selected 
arbitrarily or derived from some tide plane. For general use over 
large areas a datum must follow the curvature of the earth, and the 
best and most universally accepted datum is one based on the mean 
level of the sea. 

.Mean sea level.-Mean sea level has been defined as the plane 
about which the tide oscillates or as the surface which the sea would 
assume when undisturbed by the rise and fall of the tide. The plane 
thus defined is the ideal datum which is sought, but the mean sea 
level obtained from a limited series of tide observations must be 
considered only as an approximation to the ideal datum. 

For practical purposes, moan sea level is determined independently 
at a number of primary tide stations, and in the adjustment of a level 
net over a large area it is assumed that these various local determi- 
nations are in the same level surface. Whether this assumption is 
strictly true is beyond the scope of this work, but it serves for all 
practical engineerin purposes. 

of the hourly heights of the sea over a considerable perio of time and, 
in some cases, by correcting tho result by a comparison with simulta- 
neous observations at  another station where the datum has been 
determined from a longer series of observations. Mean sea level 
thus obtained will depend to some extent upon the particular obser- 
vations used in the determinations, and small changes ma be 

in the calculrttions. 
SeaAeveZ datum.-For engineering work the fixedness of a datum is 

of more importance than a precise agreement with a theoretical 
definition. For this reason there should be a distinction between 
the sea level which may have been adopted as a datum for engineerin 

from time to time from dl observations available. The sea-level 
datum ado ted for Rmton in connection with the precise leveling or 
1923 was B erived from the hourly heights of the sea a t  Common- 
wealth Pier No. 5 ,  covering a period of two years beginning August 1, 
1921, the results being corrected by a comparison with those obtained 
from simultaneous observations at Portland, Me., the corresponding 
datum at the latter place bemg based upon 11 years of observations. 

This sea-level datum is dofined as being 13.304 feet below bench- 
mark 7 in the vicinit of the tide station. Through the first-order 

in Boston and vicinity. 
Boston low-water datum.-For some purposes a low-water datum is 

more convenient than the sea-level datum. Soundings on charts 
for marinors and the predicted heights of the tide in published tide 
tables aro usually referred to a low-water datum, Likewise much 

eering work is referred to low-water datums. 
n the Atlantic coast of the United States the mean of all low 

waters, called mean low water, is usually sought as the datum. 

c f  
The mean sea leve ? in any locality is obtained by takin the average 

expected as additional observations become available and are inc 7 uded 

work and the best-known mean soa level which may be determine i 

leveling of 1923 this c9 atum was referred to many other bench marks 
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Unlike mean sea level, mean low water tis determined in different 
localities is not even approximately in the same level surface but 
varies with the range of tide, and for this reason it is not adapted to 
leveling operations over large areas. Even in a small area there will 
be slight differences in mean low water from point to point; for 
example, mean low water as determined at the nav yard is 0.07 foot 

South Boston. For practical purposes, however, a low-water datum 
may be adopted which will approximately represent the mean low 
water over a limited area. 

For Boston Harbor such a datum has been selected and designated 
8s the “Boston low-water datum.” This datum is defined as bein 
14.69 feet below bench mark 1 on the old dr dock at the navy yar 
in Charlestown. It was established by the 8 oast Survey many years 
ago from observations at the navy yard and has since been used by 
the United States Army Engineers and others. This datum is 
0.04 foot above the best-determined mean low water at the navy 
yard and 0.03 foot below the best-determined mean low water a t  
Commonwealth Pier No. 5 for all observations available at this time. 
Because of long usage and close agreement with the later results 
from many years of observations, the continued use of this Boston 
low-water datum is very desirable. 

Boston city base.-The Boston city base is a datum which has 
been used by the city of Boston for many years. According to the 
report of the city engineer of Boston for the year 1904, it  is 15.11 
feet below the “new” bench mark on the coping of the old dr r  dock, 
which is bench mark 2 of the Coast and Geodetic Survey. The 
elevation relative to bench mark 1 on the coping at the entrance to 
the dry dock is also given in the same report, but bench mark 2 is 
the basic bench mark for the Boston city levels. 

Nuq-yard datum.-The datum used by the Nav Department for 

defined as a plane 114.54 feet below “Navy-Yard Bench Mark 1,” 
which is bench mark 2 of the Coast and Geodetic Survey. 

Summary of datums.-The relations of these datums to the sea- 
level datum as determined by the leveling of 1923 are as follows: 

Feet 
Sea-level datum (13.304 feet below B. M. 7) _ _ _ _ _  _ _ _ _ _ - - - _ _ _ - _ _ _ _ _ -  0.00 
Boston low-water datum (14.69 feet below B. M. 1) _ _ - _ _ _ - _ - _ _ _ _ _ _ _  -4.87 
Boston cit base (16.11 feet below B. M. 2) ____...._------ - - - -  _ _ _ _ _ _  -6. 06 
Navy-yardldstum (114.54 feet below B. M. 2) _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _ - _ _ _  -106.08 

lower than the mean low water at  Commonwea f th Pier No. 5 in 

fi 

work in the vicinity of the navy yard a t  Char iy estown has been 

BENCH MARKS 

A bench mark is a definite point on a more or less permanent 
object used as a reference for elevations. The standard bench mark 
used by the Coast and Geodetic Surve is a brass disk 334 inches in 
diameter containin the inscription “5. $3. COAST & GEODETIC 
SURVEY BENC& MARK,” together with other information 
Other well-defined points are also used as bench marks. Through 
bench marks tidal datums determined from observations are preserved 
for the future use of the engineer. 

The following is a list of the several groups of bench marks around 
Boston Harbor which are described in this volume: 
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Boston Light, Little Brewster 
Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  43 

Lovells Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  43 
Georges Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 
Chelsea Creek Entrance _ _ _ _ _ _ _ _ _  44 
Boston (Charlestown) _ _ _ _ _ _ _ _ _ _ _  44 
Boston (central portion)-- _ _ _ _ _ _  - 45 
South Boston _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  46 

I Page 
I Cambridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  47 
’ Brookline _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  47 
I Neponset River Railroad Bridge-- 47 

Nut Island _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  48 
1 Weymouth Fore River Brid e _ _ _  48 

Crow Point, Hingham Ifarbor 
Entrance___-__-_____-_______ 40 

The elevations of the bench mark are referred to the principal 
tidal datums. Many of them have been connected directly by 
spirit levels with the basic bench marks used in defining the datums, 
and others are connected with the datums through simultaneous 
water levels. The method used in referrin the bench marks to the 
datums is indicated a t  the beginning of eac % group of marks. 

BOSTON LIQHT, LITTLE BREWSTER IBLAND 

The following bench marks have been referred to the Boston 
standard datums, through the primary tide station at  Common- 
wealth Pier No. 5 ,  by simultaneous water levels covering the period 
June 9 to July 21, 1921; the references to the local mean low water 
are based upon the relations established through the several series 
of observations at Boston Light: 

Bench mark 1 (established in 1860) is !,he center of a circle cut on top of a 
ledge of stone and marked thus “C 0 S. It is about 340 feet westerly from 
the lighthouse and 16 feet southeast of the southeast corner of a boathouse 
(new in 1899). Elevation, 20.77 feet above sea-level datum; 26.64 feet above 
Boston low-water datum; 26.30 feet above local mean low water. 

Bench mark 3 (established by United States Engineers) is the center of a 
cross cut on a granite post on the western mound of the island. It bears the 

inscription @ . Elevation, 20.60 feet above sea-level datum; 26.47feet above 

Boston low-water datum; 26.13 feet above local mean low water. 
Bench mark 4 (established in 1899) is the top of an  eyebolt, without a ring, 

which is set in the rock westerly from bench mark 3 and is 16 feet north of the 
northeast corner of the boathouse. Elevation, 15.22 feet above sea-level datum; 
20.09 feet above Boston low-water datum; 19.75 feet above local mean low 
water. 

Bench mark 6 (established in 1899) is the top of an eyebolt, containing a large 
ring, which is set in a rock near and northerly from bench mark 4. Elevation, 
13.69 feet above sea-level datum; 18.66 feet above Boston low-water datum; 
18.22 feet above local mean low water. 

Bench mark 8 (established in 1916) is a atandard Coast and Geodetic Survey 
bench mark set vertioally in ledge in front of keeper’s house and near it. Eleva- 
tion, 21.05 feet above sea-level datum; 26.92 feet above Baston low-water 
datum; 26.68 feet above local mean low water. 

Bench mark 9 (established in 1926) is a standard Coast and Geodetic Survey 
bench mark cemented in the‘,rock 2O,,feet from the keeper’s house toward the 
lighthouse. It is stamped 9/1926. Elevation, 18.64 feet above sea-level 
datum; 23.61 feet above Boston low-water datum; 23.17 feet above local mean 
low water. 

Bench mark 10 (established in 1926) is a standard Coast and Geodetic Survey 
bench mark cemented into the ro$ on the Roint making out northwest from the 
keeper’s house. It is stamped 10/1926. Elevation, 11.44 feet above sea- 
level datum; 16.31 feet above Boston law-water datum; 16.97 feet above local 
mean low water. 

LOVELL8 ISLAND 

U. S. E. 

1886 

The following bench mark is referred to the mean low water a8 
adopted by the United State? Enpneers; the mean low water, as 
&rived from the very short senes of observations in 1912 by the Coast 



44 U. S. COAST AND GEODETIC SURVEY 

and Geodetic Survey, is 0.26 foot higher, but on account of the short- 
ness of this series the result is not conclusive: 

Bench mark 1 (established by United States Engineers) is the top of a bronze 
bolt in the concrete in the yard of the Engineer reservation at Lovells Island. 
It was later reported that a pipe with screw cap had been set over the bench 
mark to prevent its being disturbed. Elevation, 16.82 feet above United States 
Engineers low water. 

GIEORQES ISLAND 

The following bench marks are referred to the mean low water 
as adopted by United States Engineers: 

Bench mark 3 (established by United States Engineers) consists of a lead 
plug in a lar e stone on the south side of the sea wall, 36.7 feet from the angle in 
the wall a n t  1.25 feet from the outer face of the same. Elevation, 13.49 feet 
above United States Engineers low water. 

Bench mark 5a (established in 1916) is the top of an iron bolt 66.9 feet north 
from the southwest corner of the sea wall and 4.15 feet from face of same. Ele- 
vation, 12.93 feet above United States Engineers low water. 

Bench mark 6 (established in 1906) is top of large flat stone alongside of an 
iron bolt on west sea wall. It is 33.1 feet north from southwest corner of the 
wall and 1 foot from the face of same. Elevation, 12.84 feet above United 
States Engineers low water. 

Bench mark 6a (established in 1916) is the top of bolt described under bench 
mark 6. Elevation, 12.90 feet above United States Engineers low water. 

Bench mark 7 (established in 1916) is a standard Coast and Geodetic Survey 
bench mark set horizontally in the southeast corner of the red brick building at 
inner end of wharf at Fort Warren. Elevation, 15.25 feet above United States 
Engineers low water. 

CHELSEA CREEE ENTRANCE 

The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier 
No. 5, by a comparison of simultaneous tides consisting of 13 hi h 

31, 1926: 
Bench mark ,f (established in 1926) is a Coast and Geodetic Survey standard 

disk, stamped 1/1926,” set on top of the west abutment of highway bridge, 2 
feet south of south edge of bridge. Elevation, 12.76 feet above sea-level datum; 
17.63 feet above Boston low-water datum. 

Bench mark 2 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “2/1926,” set on top of the west abutment of highway bridge, 2 
feet north of north edge of bridge. Elevation, 12.89 feet above sea-level datum; 
17.76 feet above Boston low-water datum. 

Bench mark :‘ (establ2hed in 1926) is a Coast and Geodeti? Survey standard 
disk, stamped 3/1926, set on top of east abutment of highway bridge, 18 
inches south of south edge of bridge. Elevation, 12.84 feet above sea-level datum; 
17.71 feet above Boston low-water datum. 

waters and 14 low waters observed during the period July 24 to Ju ! 9 

BOSTON (CHARLESTOWN) 

The following bench marks are referred directly to the Boston 
standard datums. by spirit-leveling connections : 

Bench mark 1, which has been used since the year 1846, is the top of the granite 
wall at the entrance to the United States Navy Dry Dock No. 1 at Charlestown. 
The point taken is directly over the inlaid bronze scale at the southerly corner 
and outside the floating gate of the dock. Originally there was apparently no 
special identification mark, but in 1916 a reference W&B made to a rectangle cut 
in the stone. Elevation, 9.820 feet above sea-level datum; 14.69 feet abovs 
Boston low-water datum. 

Bench mark 2 (established in 1867 by A. C. Mitchell), often designated as the 
“new bench mark ” is top of facing of United States Navy Dry Dock No. 1 at 
Charlestown, on the west side and near the head directly over the foot of the 
long steps. The place is indicated by an arrow cut in the side of the stone. 
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This bench mark has also been designated as “Navy Yard B. M. 1,” but it should 
be distinguished from the original bench mark 1 described above. Elevation, 
9.455 feet above sea-level datum; 14.33 feet above Boston low-water datum. 

Bench mark 3 (established in 1916 by N. H. Heck) is a standard Coast and 
Geodetic Surve brass disk set horizontally in the granite block at the head of 
United States Gavy Dry Dock No. 2 at Charlestown. Elevation 8.957 feet 
above sea-level datum; 13.83 feet above Boston low-water datum. 

Navy-yard bench mark 8 is at the head of Dry Dock No. 2 in the Charlestown 
Navy Yard in the top of the masonry about 1 foot north of betich mark No. 3. 
A chiseled square. Elevation, 9.485 feet above sea-level datum; 14.35 feet above 
Boston low-water datum. 

Navy-yard bench mark 10 is north of the tennis courts in the Charlestown Navy 
Yard, in the pier supporting a column on the southeast side of an octagonal 
building. A chiseled square. Elevation, 13.307 feet above sea-level datum; 
18.18 feet above Boston low-water datum. 

Navy-yard bench mark 18 is in the Charlestown Navy Yard, at the corner of 
Second Avenue and Thirteenth Street, in the top of the lower course of masonry 
at the southwest corner of building 75. Elevation, 10.946 
feet above sea-level datum; 15.81 feet above Boston low-water datum. 

Navy-yard bench mark 19 is in the Charlestown Navy Yard, at the corner of 
Fifth Avenue and Sixteenth Street, in the top of the lower course of stone at the 
northeast corner of building 77. A chiseled square. Elevation, 12.979 feet 
above sea-level datum; 17.85 feet above Boston low-water datum. 

Bench mark “ Waverly House” is a Boston city bench mark on the right outer 
corner, facing the building, of the second stone step a t  the entrance to Waverly 
House on the City Square. A point on the step. Elevation, 18.140 feet above 
sea-level datum; 23.01 feet above Boston low-water datum. 

Bench mark F2, near Charlestown, is vertically in the center of the west side 
of the fourth pier from the eastern or Charlestown end of the “Prison Point 
Bridge,” which is a viaduct carrying Prison Point Street over the railroad tracks 
and connecting East Cambridge and Charlestown. A brass disk. Elevation, 
11.575 feet above sea-level datum; 16.44 feet above Boston low-water datum. 
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A chiseled square. 

BOSTON (CENTRAL PORTION) 

The following bench marks are referred directly to the Boston 
standard datums by spiribleveling connections : 
rJ Bench mark “Post Office” is a Weather Bureau bench mark on the poet-office 
building at the corner of Milk Street and Post Office Square, in the corner stone 
a t  the southeast corner, 1 foot above th0 sidewalk. Bench mark is a chiseled 
square. Elevation, 14.587 feet above sea-level datum; 19.46 feet above Boston 
low-water datum. 

Bench mark “83 South Street” (established by Boston city engineers) is a 
Boston city bench mark on the lower iron step at 83 South Street. The left 
outer corner of the step, facing the building. Elevation, 12.785 feet above sea- 
level datum; 17.66 feet above Boston low-water datum. 

Bench mark 52 (established in 1923 by E. B. Roberts) is a Coast and Geodetic 
Survey standard disk 306 feet south of the south end of the train shed at the 
Southern Union Station, 213 feet south of signal bridge No, 1; 63 feet north of 
signal bridge No. 5; 4% feet east of an easterly approach track; in the top of 
the stone coping a t  the south end of the iron railing. Elevetion, 19.308 feet 
above sea-level datum; 24.18 feet above Boston low-water datum. 

Bench mark ( (B.  & A. mileage 0.40” is on the northwest corner of the end 
capstone of the retaining wall at mileage 0.40 on the Boston & Albany Railroad 
and also on the New York, New Haven & Hartford Railroad, south of the tracks 
of the latter railroad. A chiseled square. Elevation, 12.123 feet above sca- 
level datum; 16.99 feet above Boston low-water datum. 

Bench mark “E!. & A. milcage 0.61” is on the northeast corner of the central 
pier of the Boston & Albany Railroad bridge No. 3 a t  mileage 0.61. A chiseled 
square. Elevation, 1.542 feet above sea-level datum; 6.41 feet above Boston 
low-water datum. 

Bench mark H2 (B. I% A. mileage 1-19) is set horizontally in the footing at 
the south end of the east center pier Of the Boston & Albany Railroad brid e at 
mileage 1.19, which is the second*overhead bridge south of the Trinity &ace 
depot of the Boston & Albany Railroad. Elevation, 1.371 feet 
above sea-level datum; 6.24 feet above Boston low-water datum. 

A brass disk. 

81772-28-4 



46 U.  S. COAST AND GEODETIC SURVEY 

Bench mark “B. & A. mileage 1.35” is at mileage 1.35 on the Boston & Albany 
Railroad, on the northwest corner of the lower stone step at the baggage-room 
door of the Huntington Avenue depot. A chiseled square. Elevation, 4.521 
feet above sea-level datum; 9.39 feet above Boston low-water datum. 

Bench mark “B. & A. mileage 2.41” is on the northwest corner of the south- 
west pier of the Boston & Albany Railroad signal bridge just east of bridge No. 
16 at mileage 2.41. Elevation, 11.417 feet above sea-level 
datum; 16.29 feet above Boston low-water datum. 

Bench mark G2 (B. & A. mileage 3.13) is a t  the east end of the center support 
of Cottage Farm bridge No. 18 carrying Commonwealth Avenue over the Boston 
& Albany Railroad tracks a t  mileage 3.13, in the east face of the support, 2% feet 
above the ground. Elevation, 11.001 feet above sert-level datum; 
15.87 feet above Boston low-water datum. 

Bench mark “Van Orden Cottage Farm” (B. & A. mileage 3.13) is a t  t h  
east end of the foundation of the north abutment of Cottage Farm bridge No. 18 
carrying Commonwealth Avenue over the Boston & Albany Railroad tracks a t  
mileage 3.13. Elevation, 10.075 feet above sea-level datum 
14.94 feet above Boston low-water datum. 

Bench mark “Boston & Albany Cottage Farm” (€3. & A. mileage 3.13) is on 
the west wing, south abutment, of Cottage Farm bridge No. 18 carrying Com- 
monwealth Avenue over the Boston I% Albany Railroad tracks at mileage 3.13, 
in the northwest corner of the lower coping stone. A chiseled square. Eleva- 
tion, 12.497 feet above sea-level datum; 17.37 feet above Boston low-water 
datum. 

Bench mark.“Cottage Farm, Boston City” (B. & A. mileage 3.13) is in line 
with the north curb of Commonwealth Avenue and southwest of the Boston & 
Albany Railroad tracks, near the northwest end of the top of the abutment of 
Cottage Farm bridge No. 18 carrying Commonwealth Avenue over the railroad 
at mileage 3.13. Elevation, 27.802 feet above 
sea-level datum; 32.67 feet above Boston low-water datum. 

A chiseled square. 

A brass disk. 

A chiseled square. 

A point on the bridge abutment. 

SOUTH BOSTON 

The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections : 

Bench mark 6 (established in 1921) is a Coast and Geodetic Survey standard 
disk cemented in window sill of fifth window on northerly side of shore end of 
Commonwealth Pier No. 5, opposite tide staff. Stamped ‘6/1921.” Elevation, 
15.16 feet above sea-level datum; 20.02 feet above Boston low-water datum. 

Bench mark 7 (established in 1922) is a Coast and Geodetic Survey standard 
disk cemented in upper surface of ,a\?, table on side of heating plant opposite 
Commonwealth Pier No. 5, stamped This has been adopted as the 
primary bench mark for the tidal series at Commonwealth Pier No. 6. Elevation, 
13.304 feet above sea-level datum; 18.17 feet above Boston low-water datum, 

Bench mark (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped 8/1922,” cemented in stone retaining wall opposite stairway 
leading down from Summer Street to C Street, and is on ledge just above first 
landing about 7 feet below the top of wall. Elevation, 24.813 feet above sea-level 
datum; 29.68 feet above Boston low-water datum. 

Bench mark “481 Summer Street’’ (established by Boston city engineers) is 
the outer right-hand corner of granite doorstep, when facing building, of No. 481 
Summer Street. Elevation, 21.519 feet above sea-level datum; 26.39 feet above 
Boston low-water datum. 

Bench mark 20, or “dry dock” (established by Commonwealth of Massachu- 
eetts), is the top of brass cap on iroIi rod, 2 inches in diameter, which has its foot 
in bedrock and extends upward through the concrete backing of the southern 
wall of the Navy Dry Dock No. 3 in South Boston, nearly to the surface,,, and is 
inclosed in a 4-inch iron pipe. Bench 
Mark-Do not Disturb.” This bench mark was established by the Common- 
wealth of Massachusetts and is maintained by the Navy Department. Elevation, 
10.272 feet above sea-level datum; 15.14 feet above Boston low-water datum. 

Bench mark 9 (established in 1922) is a Coast and Geodetic Survey standard 
dhk, stamped “9/1922,” set in water table on the F Street side of No. 416 West 
Broadway, under third window, 51% feet from front of building. I n  1922 
building was occupied by P. F. Care Furniture Co. Elevation, 47.480 feet above 
sea-level datum; 52.35 feet above goston low-water datum. 

7/1922.” 

A cast-iron cover bears the inscription 
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Bench mark ?! (established in 1922) is a Coast and Geodetic Survcv standard 
disk, stamped 10/1922” set in water table about 2 inches above sidewalk on 
F Street side of No. 423 West Broadway, 45.6 feet from front of building. I n  
1922 building was occupied by F. W. Woolworth Co. store. Elevation, 44.675 
feet above sea-level datum; 49.55 feet above Boston low-water datum. 

Bench mark “481 West Broadway ” (established by Boston city engineers) is 
a Boston city bench mark, on the right buttress of thc stone stairway a t  No. 481 
West Broadway. The right outer corner of the buttress, facing the building. 
Elevation, 59.15 feet above sea-level datum; 64.02 feet above Boston low-water 
datum. 

Bench mark “82 G Street ” (established by Boston city engineers) is a Boston 
city bench mark on the right buttress, facing the building, at the side of the 
stairway at No. 82 G Street. Thc lower outer corner of the buttress. Elevation, 
104.183 feet above sea-level datum; 109.05 feet abovc Boston low-water datum. 

Bench mark A 1  (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped 11/1922,” set in north end of fifth marble step inside iron gate 
and back of north gatepost at  entrance to Washington Monument in Thomas 
Park, Dorchester Heights, South Boston. Elevation, 143.884 fect above sea- 
level datum; 148.75 feet above Boston low-water datum. 

Bench mark 12 (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped ‘ I  12/1922,” set in top of step a t  ri ht of doorway on entering build- 
ing a t  north entrance to South Boston High tchool. Elevation, 111.578 feet 
above sea-level datum; 116.45 feet above Boston low-water datum. 

CAMBRIDGE 

The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections : 

Bench mark E2, a t  East Cambridge, Middlesex County, about 600 feet north 
of the Boston & Maine Railroad depot, in the top of the footing a t  the east end 
the north abutment of the bridge carrying the Southcrn Division over the Fitch- 
burg Division, 4 feet cast of thc east rail and 2 feet above the Fitchburg Division 
track level. A brass disk. Elevation, 9.16 feet above sea-level datum; 14.03 
feet above Bostpp low-water datum. 

Massachusetts Institute of Technology” is in the basement of 
the Massachusetts Institute of Technoloyy, in the floor in front of the door to room 
3-019, in the concrete cap on & pile driven into the ground and covered by an 
iron plate in the floor. A brass plug in the concrete cap. Elevation, 5.203 feet 
above sea-level datum; 10.07 feet above Boston low-water datum. 

Bench mark “Cambridge City” i5 in the top at the west end of the north abut- 
ment of Harvard Bridge carrying Massachusetts Avenue over the Charles River, 
at the street level and on the Charles River Road, 2 feet from the railings on the 
bridge. A brass plug. Elevation, 14.951 feet above sea-level datum; 19.82 
feet above Boston low-water datum. 

Bench mark 

BROOKLINE 

The following bench marks .are referred directly to the Boston 
standard datums by spirit-levehng connections: 

Bench mark Q2 is about 300 feet west of the west end of the Boston and Albany 
Railroad depot at Brookline, 5 feet south of the south rail in the center of the 
south abutment of the Boston & Albany Railroad bridge do. 1.66, 3 feet above 
the ground, Elevation, 17.743 feet above sea-level datum; 22.61 
feet above Boston low-water datum. 

Bench mark “Van Orden St. Marys Street” is at the east end of the north 
abutment of St. Marys Street Bridge over the Boston & Albany Railroad tracks, 
in the top of the second stone. A chiseled square. Elevation, 11.706 feet above 
sea-level datum; 16.58 feet above Boston low-water datum. 

A brass disk. 

NEPONBET RIVER RAILROAD BRIDGE 

The following bench marks. are referred to the Boston standard 
datums through the primary tlde station at Commonwealth Pier No. 
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5, by a comparison of simultaneous tides consisting of 13 high waters 
and 11 low waters observed during the period July 14 to July 22, 1926: 

Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “1/1926,” cemented in drill hole flush with the horizontal to 
surface of the stone bridge pier at the southerly side of the railroad bridge lit% 
span. The mark is about 1 foot from the bridge span on its easterly side. Ele- 
vation, 9.14 feet above sea-level datum; 14.01 feet above Boston low-water datum. 

Bench mark E (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped 2/1926,” cemented in drill hole flush with the horizontal top  
surface in the next stone pier to the south of bench mark 1. Elevation, 9.06 
feet above sea-level datum; 13.93 feet above Boston low-water datum. 

Bench mark 3 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “3/1926,” cemented in drill hole flush with the horizontal t op  
surface of stone bridge pier on the southerly side of the railroad bridge, just north 
of that in which bench mark 1 is located. Elevation, 8.49 feet above sea-level 
datum; 13.36 feet above Boston low-water datum. 

NUT ISLAND 

The following bench marks are referred to the Boston standard 
datums through the primary tide station at  Commonwealth Pier No. 
5,  by a comparison of simultaneous tides consisting of S9 high waters 
and 88 low waters observed during the period June 9 to July 27, 1926: 

Bench mark 1 (established by the city of Boston) is a stone monument on the 
westerly side of Nut Island and reported to be easily found. Elevation, 21.55 
feet above sea-level datum; 29.42 feet above Boston low-watcr datum. 

Bench mark 2 (established in 1916) is a Coast and Geodetic Survey standard 
disk set in northeast corner of granite foundation of sewer umping station. 
Elevation, 27.11 feet above sea-level datum; 31.98 fect above Eoston low-water 
datum. 

Bench mark 3 (cstablished in 1916) is a %-inch brass bolt set vertically in 
granite block of retaining wall just north of shore end of coal pier. Elevation, 
18.88 feet above sea-level datum; 23.75 feet above Boston low-water datum. 

Bench mark 4 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “4/1926,” cemented in a drill holc in the concrete coping of a sewer 
manhole about 40 yards northwest from the shore end of the pier. Elevation, 
22.03 feet above sea-level datum; 26.90 feet above Boston low-water datum. 

Bench mark 5 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “5/1926,” cemented on top of a granite block on the upper sea wall 
about 50 yards south from the boathouse. Elevation, 14.37 feet above sea-level 
datum; 19.24 feet above Boston low-water datum. 

WEYMOUTH FORE RIVER BRIDGE 

The followin bench marks are referred to the Boston standard 
datums througt the primary tide station at  Commonwealth Pier 
No. 5 ,  by a comparison of simultaneous tides consisting of 14 high 
waters and 14 low waters observed during the period June 17 to 
July 14, 1926: 

Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “1/1926,” set flush with the concrete surface of the stair platform 
on its southeast corner south of brick building of Edison coaling plant. Eleva- 
tion, 10.68 feet above sea-level datum. 15.55 feet above Boston low-water datum. 

Bench mark 2 (established in 19261 is a Coast and Geodetic Survey standard 
disk, stamped “2/1926,” set flush with the surface of the concrete wharf near 
the southwest corner, just south of the concrete mooring bitt block. Elevation, 
9.77 feet above sea-level datum; 14.64 feet above Boston low-water datum. 

(establ%hed in 1926) is a Coast and Geodetic Survey standard 
disk, stamped 3/1926, set flush with the surface of the concrete-fence top 
that makes out from the extreme easterly side of the wharf running normal to 
the road. Elevation, 14.40 feet above sea-level datum; 19.27 feet above Boston 
low-water datum. 

Bench mark 
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CROW POINT, XINGHAM HARBOR ENTRANCE 

The followin bench marks are referred to the Boston standard 
datums througa the primary tide station a t  Commonwealth Pier 
No. 5 ,  by a comparison of simultaneous tides consisting of 37 high 
waters and 36 low waters observed during the period June 19 to 
July 8, 1926: 

Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “1/1926,” cemented in a drill hole on top of stone sea wall north- 
west from dock and about halfway between dock entrance and shore. Elevation, 
9.44 feet above sea-level datum; 14.31 feet above Boston low-water datum. 

Bench mark 2 (establkhed in 1926) is a Coast and Geodetic Survey standard 
disk, stamped 2/1926, cemented in a drill hole on top of stone sea wall on 
main shore line about 20 feet south of dock entrance at a turn in the wall. Eleva- 
tion, 9.00 feet abovo sea leveldatum; 13.87 feet above Boston low-water datum. 

Bench mark 3 (estab,?ished in 1926) is a Coast and Geodetic Survey standard 
disk, stamped “3/1926, cemented in a drill hole on top of stone sea wall on main 
shore line about 100 yards northwest of dock entrance a t  a sudden bend in the 
shore line. Elevation, 9.33 feet above sea-level datum; 14.20 feet above Boston 
low-water datum. 

TABLES 
The following tables ive the results which have been obtained 

from the observational f ata discussed in the preceding pages. Ex- 
planations of the terms used will be found in the text. A list of the 
tables follows: 

1. 

2. 
3. 

4. 
E. 

6. 

7. 
8. 
9. 
10. 
11. 
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15. 
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Y a r d - - - _ . _ _ _ - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Mean range of tide, Boston Navy Yard _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Monthly extreme high water above sea-level datum, Boston Navy 

Yard- - - -_- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Monthly extreme low water below sea-level datum, Boston Navy 

Yard---------- ,-------------------- .-----------------------  
Mean tide level on original tide scale, Boston Navy Yard- - - - - - - - - - 
Mean tide level referred to  sea-level datum, Boston Navy Yard--..- 
High-water lunitidal interval, Commonwealth Pier No. 5- - - - - - - - - - 
Low-water lunitidal interval, Commonwealth Pier No. 5- - - - - - - - - - 
Duration of rise of tide, Commonwealth Pier No. 5 _ _ _ _ _ _ _ - _ - _ - - - _ _  
Mean high water on tide staff, Commonwealth Pier No. 5 _-- - - - - - - -  
Mean high water above sea-level datum, Commonwealth Pier No. 5-  - 
Mean low water on tide staff, Commonwealth Pier No. 6 _ _ _ - - - _ _ _ _ - -  
Mean low water below sea-level datum, Commonwealth Pier No. 5- - 
Mean range of tide, Commonwealth Pier No. 5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
Mean range corrected for longitude of moon’s node, Commonwealth 

P i e r N o . 5 _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Monthly extreme high water above sea-level datum, Commonwealth 

Mean tide level on tide staff, Commonwealth Pier No. 5 . _ _ _ _ _ _ _ _ - -  
Mean tide level referred to sea-level datum, Commonwealth Pier 

Pnge 
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50 
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58 
58 
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59 

60 

60 
61 
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1847 1 _ _ _ _ _ _ _  
1848 _ _ _ _ _ _ _ _  
l849 _ _ _ _ _ _ _ _  
1860 _ _ _ _ _ _ _ _  
1853 
1864 _ _ _ _ _ _ _ _  
1855 ..______ 
1868 _ _ _ _ _ - _ _  

Means.--. 

ism________ 
1852 _ _ _ _ _ _ _ _  

27. Summary of tide planes, Boston Navy Yard and Commonwealth 
Pier No. 5 _ _ _ _ _ _ - _ - - - - _ - - - - _ - - _ _ _ - - - _ _ - - - - _ _ _ _ _ _ _ _ - _ - _ _ - _ _ -  

28. Tidal harmonic constants, Boston Navy Yard and Commonwealth 
Pier No. 5 _ _ _ _ _ _ - - _ - _ - - _ - - - - - _ - - _ _ _ - _ _ - _ _ - - - - - - _ - - - - _ - _ - _ - - -  

29. Tidal data, Boston Harbor, 1847-1926 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
30. Adjusted tidal data, Boston Harbor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
31. Current data from observationa of C. H. Davis, 1847, 1848 _ _ _ _ _ _ _ _ _  
32. Current data from observations of H. Mitchell, 1860, 1861, 1863--_- 
33. Current data from observations of committee on Charles River Dam, 

1 9 0 2 _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ - - _ - - - - _ - _ - - - _ _ - _ - _ _ _ _ _ ~ ~ ~ ~ - - ~ - ~ ~ ~ ~ ~ - - - -  
34. Current data from observations of R. W. Woodworth, 1926 _ _ _ _ _ _ _ _ _  
35. Current harmonic constants, stations W1, W16, and W37 _ _ _ _ _ _ _ _ _ _  
30. Tidal currents, Boston Li h t  Vessel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
37. Set of nontidal currents, goston Light Vessel . . . . . . . . . . . . . . . . . . . .  
38. Currents due to wind, Boston Light Vessel _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _  
39. Current harmonic constants, Boston Light Vessel-..-, _ _ _ _ _ _ _ _ _ _ _ _  
40. Summary of data for surface currents _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - -  
41. Condensed current data for selected localities- _ - - - - - - - - - _ - - - - - - - - 
42. Temperature and density of sea water, Boston Navy Yard, 1863-- 
43. Temperature and density of sea water, Commonwealth Pier NO. 5, 

44. Temperature and density of sea water, Boston Harbor, 1926- - - - - - - - - - 
1921-1926___________-____-____- - - - - - - -_ -_ - - - - - - - - - - - - - - - - - - - - - - - -  

Houra 
11.35 
11.37 
11.40 
11.37 

11.38 
11.40 
11.40 
11.37 
11. aa 

11. a7 
11.w 

- 

Paye 

63 

64 
05 
67 
68 
70 

72 
73 
79 
79 
80 
80 
81 
82 
89 
90 

90 
92 

Iours 
5.20 
5.22 
5. 18 
5.23 
5.28 

5.26 
6.28 
6.35 
5.33 
5.26 

5.22 

-~ _ _  

TABLE 1.-Mean lunitidal intervals and duration of rise of tide, Boston Navy Yard 

Houri 
6.20 
6.22 
6.22 
6.20 
6. 19 

6.22 
6.19 
6. 18 
6.20 
6.21 

8.25 

-- 

~ H W I  

1857 _ _ _ _ _ _ _  
1868 ___-_-_  
1859 _ _ _ _ _ _ _  lam __-____  
1861 _ _ _ _ _ _ _  
1882 _--_---  
1863 _ _ _ _ _ _ _  
1864 _ _ _ _ _ _ _  
1865 _ _ _ _ _ _ _  
1866 1 _ _ _ _ _ _  

Hours 
11.40 
11.44 
11.40 
11.43 
11.47 
11.47 
11.47 
11.47 
11.63 
11.63 

- i-ll - I-- 
Yours ' Hour8 
5.20 ' 6.15 
5. 17 1 6.20 
5.20 , 0.20 
6. 17 1 6. 20 
5. 17 6.20 
5. 17 6.20 
5. 18 6.20 
5.22 6.18 
5.20 6.20 
5. 17 6.20 
5. 19 6. 19 
-- 

- . . . . . . 

Lunitidal 
intervals 

Year I HWI 
- 

Hoerd 
1867 1 _ _ _ _ _ _  11.48 
1868 _ _ _ _ _ _ _  11.63 
1869 _ _ _ _ _ _ _  11.47 
1871 _ _ _ _ _ _ _  1 11.47 
1872 _ _ _ _ _ _ _  11.47 
1873 _ _ _ _ _ _ _  11.35 
1874 _ _ _ _ _ _ _  11.40 
1875 __-_-_-  11.52 
1876 _ _ _ _ _ _ _  11.48 

1870 _ _ _ _ _ _ _  i 11.60 
M e a n s . . k i i  I 

LWI 

Toura 
6.28 
6.26 
6.30 
5.28 
5. n 
5.32 
5. n 
5.25 
5.26 
5. 17 
6.25 
- 

t0ur8 

6. a8 
6.20 

6.17 
6.23 
6.26 
6. 16 

6.16 
6.27 

,6.23 

6. ia 

13. ai - 
____ 

1 Records for year incomplete; see note 1, Table 2. 
Mean high-water lunitidal interval for entire series ____________.__ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  =11.44 hours 
Mean low-water lunitidal interval for entire series . . . . . . . . . . . . . . . . . . . . . .  - _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  - 5.23 hours 
Mean duration of rise of tide for entire series. - _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  - 0.21 houre 

TABLE 2.-Mean high and low water on original tide scale, Boston Navy Yard 

Mean 
Year high , water __ - -I- 

I849 _ _ _ _ _ _  25.30 
1860 _ _ _ _ _ _  25.23 
1861 _ _ _ _ _ _  26.18 
1862 _ _ _ _ _ _  25.17 
1863 _ _ _ _ _ _  26.15 
1864 _ _ _ - _ -  24.88 
1856 _ _ _ _ _ _  26.08 
18M _ _ _ _ _ _  26.06 

Means. 25.17 
- 
, - 

Mean I Mean 

- 1  - _ _ _ I  - .. 

Mean Mean1 Mean Mean ";6?;/ Year 1 high 1 low 1 1  Year high low 
water , water water ' water water 

Feet 1 
15.40 

15.19 
15.23 
15.26 
15.27 1 
15.15 
16.11 
15.11 
16.23 
- 

____-_- 
1 Records for year incomplete, the following months being represented: 1847, rune to December; 1868 

January to 8e tember; 1867, August to December; 1902, February to December; 1803, January to August: 
October to dvember;  1% July to December; 1906, January, April to December; 1806, January to 
Auguat; 1808, January, Aprii to November; 1808, March to December; 1910, March to Deoamber. 

Mean high water from entire aeries _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -24.88 feet on or&inal tide scale 
Mean low water from entlre series _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -16.26 feet on original tlde scale 

The above heighhts are referred to the original tide scale on Dry Dock No. 1 at the navy ard. 
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TABLE 3.-Mean high and low water referred to sea-level datum, Boston Navy Yard 

9.88 
9.87 
9.75 
9.80 
9.66 

Year I 

9 . 8 4 1 9 0 4 1  _ _ _ _ _ _ _ _ _ _ _ _ _ _ '  9.89 
1905' _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  9.87 
1006 I - -  - - - ~ _ _ _  _ _ _ _ _  9.79 
19071 _ _ _ _ _ _ _ _ _ _ _ _  _ _  _________. 
19081 ... _ _ _ _ _ _ _ _ _ _ _  9.72 
19091 - - - -  ~ ___._____ 9.49 

- 
I Mean Mean 1 ,  

high I low , 
water, water ~ , 

9.73 
9.60 

g.77 I 

Tear 1 

I910 1- - - - ~ - - - ~ ~ ~ 9.32 
1911 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  9.30 

Mean$ _ _ _ _ _ _ _  9.88 

-,- 
4.99 /-4.90 / /  

Mean Mean 
high I low 

water 1 water ,j 
- -- 

Feel I Feet / /  
4.82 ,-4 78 
4.07 -4:88 1 1  

4.83 -5.07 

Mean Mean 

water water 
Year I high 1 low 

I P e ;  1 Feet 
1887 ' _ _ _ _ _  4.80 -4.94 

1873 -.-... I 4.75 1-4.84 
1874 _ - _ _ _ _  1 4.66 -4.93 
1876 - - _ _ _ _  4.68 -4.86 
1876 _ - _ _ _ _ '  4.74 -4.78 

/Mean Mean 
j water water 

Year 1 high 1 low 

I -- -_ _- 

-____ - 
I Records for year incomplete; see note 1, Table 2. 

Above table is derived b referring the values in Table 2 to the sea-leva1 datum deflnod on 41. 
Mean high water from ent ie  series _-_---______._.._______ _. . _ _ _ _  _ _ _  =4.81 feet above seafevel datum 
Mean low water from entire series __-_. - _  ._______ ~ ____. ~ _ _ _ _ _ _ _  . ~ ._____ -4.93 feet below sea-level datum 
Mean high water (corrocted lor longitudeof moon's node1 .............. -4.80 feet above sea-level datum 
Mean low water (oorrected for longitude of moon's node): .--.-...-.--.. -4.91 feet below sea-level datum 

TABLE 4.-Mean range of tide, Boston Navy Yard 
~ 

1 Mean 
Year , range 

--I 
Fret 
10.21 
9.97 

10.14 
10.05 
9.96 
9.84 
9. 77 
9.71 
9.88 
9.63 

Means. _ _ _ _ _ _ I  9.89 I- 

~ 

Factor 

0.97 
.97 
.97 
.98 
.88 

1.00 
1.01 
1.01 
1.02 
1.03 

__-__--  -. 
1.03 
1.03 
1.02 
1.02 
1.01 
1.00 
.88 . 98 
.97 
.97 

Feet 

9.80 
9.84 
9.87 

9.82 

Feel 
9.80 
9.74 
9.70 
9.82 
9.62 
9.05 
9.69 
9.49 
9.44 
9.62 

Feet 
0.97 I 9.61 
.97 9.46 

9.60 1 9.72 
1.00 , 9.63 
1.01 9.75 
1.02 9.78 
1.031 9.77 
1 03 9.71 
1:03 I 9.81 

.. 

.97 j 8.615 

.97 9.57 

. W J  9.68 -___-----_ 
9. 7a 

1 9.67 
~ 

- - - - - - - - ;  
1 Records for year Incomplete; 880 note 1, Table 2. 

Mean range of tide from entire serf es..--.....--.-... ---___-_____________-----.---------------- -9.74 leet 
Corrected mean range from entire 88rbS------------- ---___-.________________________________-- -9.71 feet 

The 5 r s t  column following the Year contains the mean range of tide as dlrectly obtained from the observa 
tions; in the next column we given the factors for correcting for the longitude of the moon'8 node; and in 
the lat column the mean range azj corrected by this factor. 
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TABLE S.--Monthly extreme high water above sea-level datum, Boston Navy Yard- 
Continued 

53 

. - 

Date 

1867: 
Aug. 29 _ _ _ _ _ _ _  
Sept. 1 ______._ 
Oct.11. _ _ _ _  _ - _  
Nov. 12 ... _ _ _ _  
Dee. 13 _ _ _ _ _ _ _  

Highest ..... 
Average_.-. 

_______- 
Date I Height1 

..__- 

Height 

Feet 
7.4 
6.4 
6.0 
6.6 
8.4 

8.4 
6.98 

~ 

- __ 

Feb. 28. -..-. ~ 7.4 

Sept. 19,21 .... 
Oct. 2 L  _ _ _ _ _ _  
Nov. 18 _ _ _ _ _ _ _  
Dee. IS.-. _ _ _ _  

6.6 
7.6 
7.0 
7.2 

A r . lO, l l____ 

June  6,7. _ _ _ _ _  
July 5- - _ _ _ _ _ _  
Aug. 4 _ _ _ _ _ _ _ _  
J a y  10 _ _ _ _ _ _ _  6.9 

7.3 
7.4 
6. 7 
6.7 

Nov. 15 _ _ _ _ _ _ _ ,  7.5 , 

Date  IHelght 
Date . - I I1 . 

1808: 
Oct. 8,11_____ 1 Ti 
Nov. _ _ _ _ _  

1909: 
Mar. 26 _ _ _ _ _ _ _  1 7.4 

Reyt. 2 __.____ ~ 7.2 
Oct. 1,2, 28,30. 6.6 
Nov. 24 _ _ _ _ _ _ _  7.4 
Dec. 26 _ _ _ _ _ _ _ I  9.9 

1903: 
Jan. 14 _ _ _ _ _ _ _ _  6.6 
Feb. 11 _ _ _ _ _ _ _  6.8 
Mar. 29 _ _ _ _ _ _ _  6.4 
Apr. 30. -. _ _ _ _  6.7 
M a y  1 ___.____ 6.9 
June25 _ _ _ _ _ _ _  7.4 1 

7 2  July 26 _ _ _ _ _ _ _  
Aug. 23 _ _ _ _ _ _  7.0 

Nov 5.fl.17.-. 1 6.4 6.8 1 1  Oct. 10.. _ _ _ _ _ _  
I /  

1868: 
Jan.9 ___..__._ 1 8 . 1  
Feb. 8. -.-...- 7.2 
Mar. 21 ......- 1 6.Y 

!- 
EIighest.-.-.l 9.9 
Average- - - - ,  7.05 

i- 

Nov.6 _ _ _ _ _ _ _  1 7.0 
Uec.8 _ _ _ _ _  _ _ _  6.5 1 1  

1874: 

Feb. 16. _ _ _ _  _ _  
Apr. l R - - .  .___ 6.4 
Maylfl ._.__ _ _  6.8 1 
June 12 .....-- 6.4 ~ 

July31 _ _ _ _ _ _ _  6.3 ' 1  
Aug. 29 .....- ~ 6.6 1 1  

Ort. 27.28 _ _ _ _ _ ,  f t : :  i '  
Nov. 23 _._____ 7 0 
Dee. 24 _ _ _ _ _ _ _  1 618 1 '  

Bept. 28 ._.____ 

Highest---..I 7.6 
Average--.-/ 6.87 

/- 

1805: 
Jan. 25 _ _ _ _ _ _ _ _  
Apr. 22 _ _ _ _ _ _ _  
M a y  19 _ _ _ _ _ _ _  7.1 
June17,1Y..-. 6.3 
July31 --..... 6.7 
Aug. 30 _._.___ 6.7 
Sept. 30 __.____ 

Dec. 25 _ _ _ _ _ _ _  

1 
1911: 1 

Jan.15 _ _ _ _  ___.I 7.0 
Feb. 13 _ _ _ _ _ . _ I  6.6 
Mar. 30 _ _ . _ _ _ _ I  6.6 
Atir. 29 _ _ _ _ _ _ _  i 0. 6 
May2,30 _ _ _ _ _  1 7 . 1  
June 1 _ _ _ _ _ _ _ _ I  7.1 
July 24 _ _ _ _ _ _ _  6.9 
Aug.26 _ _ _ _ _ _ _  I 6.0 
%Dt. 18 _ _ _ _ _ - - I  6. 1 I-- 

Highest ...-- 8 . G  
Average.-../ -6.05 1~ ,'- 1 

1876: 1 :  
Jan. Q... . . ~ ~ .. 

Mar. 8.. _ _ _ _ _ _  6 8 

June3.5 _.____ 1 6:s / /  
J u l y 3  ._____.. 1 6.7 , 
A u g . 3  __._.___ I 6 3  I '  
Sept. 17 ____.._ ~ 6:3 1 '  

Nov. l........ 5.1 ' 1  
Dec. 13. . - -__. '  8.0 

Feb. 8 ____..._ 1 !: 1 
A r 8  o:4 1 1  
day 711::::::1 7 4 

OCt. 16 ...--.-.' 6.7 I1 

Oct. 12 _ _ _ _ _ _ _ _  6.8 
Nov.7 _ _ _ _ _ _ _ _  1 6 . 9  
Dec. 5 ______._ ~ 6.8 

Highest..--- 7.1 
Average.-.-! 6.62 

Monthly aver- I 
ages for en- 1 
tireseries: 1 

I_- 

January _ _ _ _ _ _ !  7.08 
Fehruary.---.l 6.82 
March _ _ _ _ _ _  _ _  6.86 
April _ _ _ _  ~ _ _ _ _  I 6.93 
May 6.77 
June _ _ _ _ _ _ _ _  6.81 
July _ _ _ _ _ _ _ _ _ _  6.83 
August-. _ _ _ _ _  1 6.68 
September---.i 6.66 
October _ _ _ _ _ _ _  I 6.82 
November ...- 7.12 
December----i - 7.34 

nighest.--.. 8.0 1 '  
Average ..../ 6.62 j /  

- 1  ~ 

1876: i i  
Jan. 10 _ _ _ _ _ _ _ _ I  7.5 
Feb. 10 _ _ _ _ _ _ _ I  6.U ' 
Mar. 29.. _ _ _ _ _  6.7 
Apr.27 ... _ _ _ _  1 7.2 
M a y  25 _ _ _ _ _ _ _  6.6 
Junn24 .......' 7.1 
July21-------1 7.2 
Aug. 19 ._..___I 7.1 

Highest..-.. 8.5 
Average. ~ - - 6.70 I- Average for ! 

series .....I 6.89 

Highest tide of them observations w88 10.1 feat above the see-level datum and ooourred on Apr. 16,1881, 

The height8 in the above table are referred to the see-fevel datum deflned on p. 41. 
during a mvere storm whioh destroyed the Minoto Led e Lighthouse. 
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1862 
Jan. 17 _ _ _ _ _ _ _ _  
Feb. 9 _ _ _ _ _ _ _ _  
Mar.7 _ _ _ _ _ _ _ _  

ay 5 _ _ _ _ _ _ _ _  
June 3 _ _ _ _ _ _ _ _  
July20 _ _ _ _ _ _ _  
Aug. 18 _ _ _ _ _ _ _  
Sept. 15 _ _ _ _ _ _ _  

A r 3  9 . -__-- -__ 

TABLE &-Monthly cztreme low water 

Date 1 Height 11 Date I Height 

_ _ _ ~  - - ~~- 

22 
7.0 
7.6 

6.9 
6.9 
7.0 
6.9 

, Boston Navy Yard 

11 Date [Height 

____ - - _ _  _ ~ -  

1857: 
Jan. 11 ___..___ 
Feb. 24 _ _ _ _ _ _ _  
Mar.27 _ _ _ _ _ _ _  
A r 2 7  

June 24 _ _ _ _ _ _ _  
July 24 _ _ _ _ _ _ _ _  
Aug. 19 _ _ _ _ _ _ _  
Sept. 6 _ _ _ _ _ _ _ _  
Oct. 6 _ _ _ _ _ _ _ _ _  
Nov. 2 _ _ _ _ _ _ _ _  
Dec. 2 _ _ _ _ _ _ _ _  

Lowest - - - ~ - 
Average. - - - 

Jan. 1 _ _ _ _ _ _ _ _ _  
Feb. 27 _ _ _ _ _ _ _  
Mar. 19 _ _ _ _ _ _ _  

ay 14 _ _ _ _ _ _ _  
June 12 _ _ _ _ _ _ _  
July 11 _ _ _ _ _ _ _ _  
Aug. 9,10 _ _ _ _ _  
Sept. 7 _ _ _ _ _ _ _ _  
Oct. 22,23--... 
Nov. 20 _ _ _ _ _ _ _  
Dec.23-.-..-. 

&y 25::::::: 

1858: 

2.L _ _ _ -  

1847: Feel 
June 13 _ _ _ _ _ _ _  ~ 6.6 / /  Fed 

7.1 
6.8 
7.2 

6.7 
6.1 
6.1 
6.5 
6.7 
7.1 
7.4 

7.4 
6.78 

7.3 
6.6 
6.8 

7.1 
6.9 
6.5 
6.7 
6.2 
6.8 
7.4 

::: 

- - 
;:; 

1862 
Jan. 2 _ _ _ _ _ _ _ _ _  
Feb. 16 26-.-- 
Mar. ld _ _ _ _ _ _ _  

ay 16 _ _ _ _ _ _ _  
June 12 _ _ _ _ _ _ _  
July 12 _ _ _ _ _ _ _ _  
Aug. 11 _ _ _ _ _ _ _  
Bept.28 _ _ _ _ _  _ _  
Oct. 26 -______-  
Nov. 23 _ _ _ _ _ _ _  
Dec. 20 _ _ _ _ _ _ _  

A 9. r 16 _ _ _ - _ _ _  

I= I1 

Feel 
7.7 
6.7 
7.1 

6.9 
6.8 
6.4 
6.5 
7.3 
8.1 
7.7 

;:: 

ISPB: 
Jan.920 _ _ _ _ _  6.9 
Feb. $1 _ _ _ _ _ _ _  6.2 
Mar.6 _ _ _ _ _ _ _  1 7 . 9 1 1  

July29 _ _ _ _ _ _ _  
Aug. 28 _ _ _ _ _ _ _  
Bept. 24, 27--- 
Oct. 23 ___--__-  
Nov. 22 _ _ _ _ _ _ _  
Dec. 21 _ _ _ _ _ _ _  

DW. 9, 11 _ _ _ _ _  7.3 

7.0 
7.4 
6.6 
7.5 
7.5 
6.7 1 

1849 
Jan. 8 _ _ _ _ _ _ _ _ _ I  7.2 
Feb. 8 _ _ _ _ _ _ _ _ I  6.8 
Mar. 28 _ _ _ _ _ _ _ !  6.7 
A r 28 _ _ _ _ _ _  
June22 _ _ _ _ _ _ _  I 7.2 
July21 _ _ _ _ _  _ _ I  7.0 
Aug. 19 _ _ _ _ _ _ _  1 6.6 
Bept. 17 -.----- 1 6.4 
Oct. 31 _ _ _ _ _ _ _ _ I  6.4 
Nov. 30 _ _ _ _ _ _ _  6.8 
Dec.28 _ _ _ _ _ _ _  1 7 . 1  

&i 2 ~ . . - . . - i  ;:: 

~ 

- 
1863: 

Jan. 19 _ _ _ _ _ _ _ _  7.7 
Feb. 17 _ _ _ _ _ _ _  7.6 
Mar. 20 _ _ _ _ _ _ _  7.2 
Apr.9 _ _ _ _ _ _ _ _  6.7 
May5  .--..... 6.7 
June 4 _ _ _ _ _ _ _ _  7.0 
July 31 _ _ _ _ _ _ _  ~ 7.4 
Aug. 1 _ _ _ _ _ _ _ _  7.3 
Sept. 28 _ _ _ _ _ _ _  6.5 
Oct. 14. _ _ _ _ _ _  6.0 
Nov. 11 _ _ _ _ _ _ _  6.6 
Dec. 16 _ _ _ _ _ _ _  7.4 

19.53: 
Jan. 9. _ _ _ _ _ _ _ _  
Feb. 27 _ _ _ _ _ _ _  
Mar. 28 _ _ _ _ _ _ _  
2 . 2 5  _ _ _ _ _ _ _  

ay24 _ _ _ _ _ _ _  
June 21 _ _ _ _ _ _ _  
July 21 _ _ _ _ _ _ _  
Aug. 21 _ _ _ _ _ _ _  
Sept. 5 _ _ _ _ _ _ _ _  
Oct. 4 -_-_-_--_ 

- 
Lowest .-...I 7.9 /I 
Averam--.- 7.00 

6.8 
6.6 
7.4 
7.7 
7.4 
7.4 
6.9 
6.0 
6.3 
6.6 

- 
Lowest ...-- 7.5 
Average. - - - 6.89 -- 1859: 

Jan. 20 _ _ _ _ _ _ _ _  7.5 
Feb. 17 _ _ _ _ _ _ _  7.6 
Mar. 20 _ _ _ _ _ _ _  7.2 

June 3 ____. _ _ _  7.1 
July 31 _ _ _ _  _ _ _ _  7.3 
Aug. 1 _ _ _ _ _ _ _ _  7.3 
Sept. 27..-.... 6.7 
Oct. 28 _ _ _ _ _ _ _ _  6.7 
Nov. 13 .....-- 7.1 
Dec. 12. - - ~ _ _ _  6.6 

Lowest ...-. 7.6 
Average. ~ - - 7.05 

A 9. r 17 _ _ _ - -  _ _  tJ3; a y 6  _ _ _ _  _ _ _ _  

- 
- - 1880: 

Jan. 11 _ _ _ _ _ _ _ _  7.3 
Feb. 10 _ _ _ _ _ _ _  7.9 
Mar. 10 _ _ _ _ _ _ _  7.6 

a y 6  _ _ _ _ _ _ _ _  7.0 
June22, 24-... 6.3 
July 20 __._____ 6.8 
Aug. 18 19 .... 6.8 
Bept. ld -.....- 7.6 
Oct. 1.5 _ _ _ _ _ _ _ _  7.6 
Nov. 13 _ _ _ _ _ _ _  6.6 
Dec. 14 .______ 7.6 

Lowest ..... 7.9 
Average.-.. 7.19 

A p  - _ _ - _ _ - -  7.5 

- - 1861: 
Jan. 30,31_____ 6.6 
Feb.25,28 _ _ _ _  7.6 
Mar. 28 _ _ _ _ _ _  8.2 
A r 2 8  

June 22. _ _ _ _  _ _  6.7 
, July22,23 _ _ _ _ _  6.4 

Aug.8 _ _ _ _ _ _ _ _  6.3 
Bept. 7 _ _ _ _ _ _ _ _  e. 9 
oot. e _ _ _ _ _ _ _ _ _  7.3 
Nov. 4 _ _ _ _ _ _ _ _  7.2 
Dec.2 _ _ _ _ _ _ _ _  7.7 

Lowest ..... 8.2 
Average- - - - 

&y 25::::::: ;:: 

- 
7. I6 

1854: 
Jan. 28 _ _ _ _ _ _ _ _  
Feb. 27 _ _ _ _ _ _ _  
Mar . l______  _ _  

- -- 
7.9 
7.7 
7.5 

Lowest ...-.' 7.9 
AVer8ge....j 7.15 

1864: 
Jan. 9 _ _ _ _ _ _ _ _ _  
Feb. 9 _ _ _ _ _ _ _ _  
Mar.9 _ _ _ _ _ _ _ _  
A r 7  _ _ _ _ _ _ _ _  
d a y 6  ____.___ 
June 22 _ _ _ _ _ _ _  
July 19 _ _ _ _ _ _ _ _  
Aug. 20 _ _ _ _ _ _ _  
Sept. 17 _ _ _ _ _ _ _  
Oct. 17 _ _ _ _ _ _ _ _  
Nov. 14 _ _ _ _ _ _ _  
Dec. 12 _ _ _ _ _ _ _  

Lowest ..... 
Average- - _ _  

Jan. 11 ___.____ 
Feb. 27 _ _ _ _ _ _ _  
Mar.28 _ _ _ _ _ _ _  
A r . 2 0  _ _ _ _ _ _ _  9 ay24 _ _ _ _ _ _ _  
June 24- _ _ _ _ _ _  
July 10 _ _ _ _ _ _ _ _  
Aug. 8 _____._. 
Sept. 6 _ _ _ _ _ _ _ _  
Oct. 7 _ _ _ _ _ - _ _ _  
Nov. 3 _ _ _ _ _ _ _ _  
DeC.3 _ _ _ _ _ _ _ _  

1865: 
__... 

Jan.21_______ - 1  6.3 
Feb. 17 _ _ _ _ _ _ _  1 6.7 
Mar.21_______ I 7.6 
A$ 17 _._____ 1 ::j 
June2 _ _ _ _ _ _  _ _  6.6 
July31 _._.____ 1 7.1 
Aug. 30 _ _ _ _ _ _ _  6.8 
sept. 28 _ _ _ _ _ _ _  1 8.4 
Oot. 28 _____-  _ _  6. 7 

ay 18 _ _ _ _ _ _ _  

- - 
7.3 
8.1 
7.5 
7.0 
6.7 
7.0 
7.0 
7.6 
7.3 
7.3 
6.6 
7.8 

8.1 
7.26 

6.7 
7.7 
7.6 
7.1 
6.6 
6.7 
6.6 
7.0 
7.1 
7.3 
7.8 
7.6 

- 
= 

Jan.27 _ _ _ _ _ _ _ _  
Feb. 27 _ _ _ _ _ _ _  
Mar. 30 _ _ _ _ _ _ _  
A r 15 
&y 13::::::: 
June 12 _ _ _ _ _ _ _  

6.7 
7.2 
7.1 

i:; 
7.4 

- 
'Lowest .....I 7.9 
Averwe. - -. 6.86 

Nov. 24 _ _ _ _ _ _ _  
Deo. 24 _ _ _ _ _ _ _  

Lowest --... 
Average. - - - 

Jan. 11 _ _ _ _ _ _ _ _  
Feb. 6,7. _ _ _ _ _  
Mar.8.9 _ _ _ _ _ _  
A r 6  
da ; I  6:::::::: 
June 3 _ _ _ _ _ _ _ _  
Julv 21 _ _ _ _ _ _  _ _  

1856: 

7.2 
6.6 
7.6 
6.77 

6.1 
7.0 
7.9 
7.4 
6. 8 
6.9 
6.6 

- - 
1866: 

Jan. l_________ 
Feb. 16 
Mar. 19 ..... _ _  

ay 16 ...-... 
June 13 _ _ _ _ _ _ _  
July 12 _ _ _ _ _ _ _ _  
Aug. 11 ._.____ 
Sept. 28 _ _ _ _ _ _ _  

P I 8  - - - - - _ _  

7.2 
7.8 
7.6 

7.1 
6.6 
6.7 
7.0 

6. 7,8 8 Aug.28 .______ 
Bept. 26 _ _ _ - _ _ _  
Oct.24 ----_--- 
Nov. 23 _ _ _ _ _ _ _  
Dec. 21 _------ 

11 Lowest ...../1.7 
Average---. 7.01 

7.4 
7.1 
7.3 
7.3 
7.3 

Auk  17 18 .... 
Bept. d, 17 _ _ _ _  
Oct. 13 __._____ 
Nov. 12 _ _ _ _ _ _ _  
Dec. 10 _ _ _ _ _ _ _  

- 
Lowest. .... 7.8 
Average--.. 7.13 ll I- 

6.3 
6.6 
6.8 
6.8 
7.0 II I- / /  Loweet .-.../ 7.8 

Average. - - - 7.17 
- l- II - l- / I  - l- I I  - I= 
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TABLE 6.-Monthly extreme low water below aea-level datum, Boston Navy Yard- 

Continued 

Lowest tide of theae ol~mrvetlons wW 8.4 feet M O W  the sea-level datum and occurred Feh. n, 1869. 
The helghts in the above table are referred to the Ilea-level datum denned on p. 41. 
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HOlLr8 
11.26 
11.27 
11.28 
11.28 
11.27 
11.27 
1130 
11.31 
11.32 
11.81 
11.26 
11.28 

TABLE 7.--Mean tide level on original tide scale, Boston Navy Yard 

Hour8 
11.28 
11. a7 
11.28 
11.28. 
11.28 
11,3@ 
11.34 
11.33 
11.32 
11.30, 
11.27 
11.28 

Mean tide level from entire series I s  20.12 feet on original tide scale. 
Above table is derived from the mean high and low water heights given in Table 2. 

Mean tide level from entire series is 0.08 feet below sea-level datum 
Above table Is derived by referring the values in Table 7 to the sklevel  datum defined on p. 41s 

TABLE 9.-High-water lunitidal interval, Commonwealth Pier No .  5 

1 

11.28 11.28 ' 11.31 
11.29 11.36 1 11.20 

- - 
1925 

Hwra 
11.24 
11.30 
11.28 
P1.33 

11.26 

11.36 

11.243 
11.30 

11.29 

11. m 
ii.3e 

11.32 

11. a i  

- 

1926 1 Mean 
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TABLIJ 10.-Low-wdsr lunitidal interval, Commonwealth Pier No. 6 

Hours 
6.28 
6.28 
6.26 
6.26 
6.29 
6.27 
6.28 
6.27 
6. 28 
6.27 
6.23 
6.25 

57 

- - 
M W  

Hours 
___ 

6.02 
6.02 
6.01 
6.01 
6.02 
5.03 
6.00 
6.06 
6.06 
6.06 
6.04 
6.03 

5. 04 
- 

Hours 
6.24 
6.23 
6.26 
6.27 
6.26 
6.27 
6.26 
6.27 
6. 27 
6.24 
6.23 
6.28 -- 

Hours 
6.25 
6.23 
6.27 
6. 26 
6. 27 
6.25 
6.28 
6.28 
6.28 
6.25 
6. 23 
6.26 

Hours 
6.21 
6.27 
6.26 
6. 28 
6.26 
6.27 
6. 19 
6.27 
6.30 
6.23 
6. 25 
6.26 -- 

= 
lox 

Hours 
6.01 
4.98 
4.94 
4.86 
5.04 
6. 04 
5.07 
5. OB 
5.00 
4.69 
5.01 
4.95 

- 

- - 
loati 

HOUr.9 
6.03 
A03 
5.03 
6.04 
6.00 
6.03 
5. MI 
5.04 
6.05 
5. 08 
5.01 
5.04 

- 
- - 
19% 

Hours 
4.97 
LO1 
6.02 
6.02 
4.98 
6.00 
6.02 
5. 04 
5.04 
5.04 
5.03 
6.03 

5.02 

- 

- 
- 

Month 1838 

How8 
6. OB 
5.05 
5.04 
6.03 
6.03 
5.04 
5.14 
5. 04 
6.08 
5.08 
5.07 
5.07 

HCWr.9 
6.01 
6. 01 
6.02 
4.09 
5.03 
5. OB 
5.16 
5.10 
b. 11 
5.06 
5.03 
5.01 

5.06 5.00 

TABLE ll.-Duration of rise of tide, Commonwealth Pier No.  6 

Month I 1921 1 1922 1 1923 19% Mean 
.-. 1-1-1 .~ ~ ... . 

6.26 I 6.25 6.27 1 6.23 

TABLE 12.--Mean high water on tide staf, Commonwealth Pier No .  6 
- - 
Kean 

Feet 
_. 

12.53 
12 73 
12.74 
12 78 
12.70 
12.85 
12 81 
12. 86 
12 85 
12.83 
12.80 
12 88 

- - 
19% 

Feet 
12 37 
12.03 
12 51 
12.66 
12.70 
12 76 
12.84 
12 WI 
12 79 
12.78 
12. M) 
12 6-d 

__ 
1924 Month 1 1921 1 1922 1 1923 

Fed 
12.74 
12. 60 
12 79 
12.89 
12.87 
1294 
12 80 
12 76 
12 66 
12 73 
12 93 
12.73 

12 79 
- 

Feel 
12.47 
12.88 
13.21 
12 93 
12.93 
12.83 
12 75 
12 83 
12. 94 
12. 86 
12 80 
12 63 

12.83, 
- 

12.70 
- 

12 m 
_- 

12 77 

The above heights are referred to the tide Staff installed in September, 1922, the cero of which is 21.46 feet 
,below bench mark 7. 
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TABLE 13.-Mean high water above sea-level datum, Commonwealth Pier No.  6 

Fed 
4.22 
4.78 
4.36 
4.60 
4.66 
4.61 
4.70 
4.81 
4.84 
4.63 
4.36 
4.47 

4.68 

Feet 
4.38 
4.68 
4.U 
4.63 
4.64 
4.70 
4.68 
4.71 
4.70 
4 . m  
4 .M . 4.61 

4.62 
-- 

- - 
1924 1826 1 Mean Month j 1921 1 I922 

- ---I- 
Feet 
4.68 
4.64 
4.64 
4.74 
4. 72 
4.79 
4.66 
4. 60 
4.60 
4. MI 
4.78 
4.68 

4.64 
- 

Feet 
4.32 
4. 73 
6.06 
4.78 
4.78 
4.68 
4.60 
4.88 
4.78 
4. 71 
4.66 
4.38 

4.88 
- 

Feet 
4.48 
4.42 
4.32 
4.47 
4.64 
4.83 
4.88 
4.70 
4.73 
4.68 
4.61 
4.61 

4.611 
- 

Above table Is derived by referring the values in Table 12 to the sea-level datum deflned on p. 41. 

TABLEI 14.-Mean low water on tide stag, Commonwealth Pier No.  6 
- - 
1928 Month 1 1921 I 1922 

Fed 
3.28 
3.01 
2.88 
3.00 
3.02 
3.26 
3.08 
3.08 
3.08 
3. 21 
3.36 
3.11 

Fed 
2.85 
3.28 
2.87 
3.04 
3. 19 
3.11 
3.16 
3. n 
3. 28 

3. 19 
a. KO 
a. a6 

Feet 
299 
3.02 
3.02 
3. OB 

3.14 

3.16 
8.26 
3.28 

a. 18 
3. 20 

a. 16 

3. ia 

Feet Feet 
2.81 3.10 
3.11 2.84 
3.46 2.87 
3. 18 3. 13 
3.32 3.26 
3. 27 3. 17 
3.19 3.14 
3.27 3.12 
3.02 3.23 
3.19 3.16 
3.08 3.14 
2.74 3.19 -- 

3.31 
3.36 
3.14 

3. 11 3.14 1 3.11 
- - - . 

3.18 
__-_ 

3.16 

The above heights are referred to the tide staff installed in Beptember, 1922, the zero of which is 21.46 feet 
below bench mark 7. 

TABLE 16.-Mean low water below sea-level datum, Commonwealth Pier No. 6 

Feet 
6.20 
4.87 
6.28 
6.11 

6.04 
6. W 
4.93 
4.87 
4.86 

1.80 

4. m 

4. m 

Feet 
6.16 
6.13 
6. I6 
6.08 
4.87 
4.80 
E. 01 
6.00 
4.98 
4.90 
4.89 
6.02 

Feet Feet 
6.36 4.87 
6.31 6. 14 
6.14 6. Zl 
6.08 6. 16 
6.03 6.13 
4.94 4.89 
4.99 6.07 
4 . w  , 6.07 
4.06 6.07 
4.84 4.94 
4.80 4.79 
6.01 6.04 1 

Feet Feet 

4.70 6. m 

4.913 6.01 

6. la 4.92 

6.41 4.88 

6.34 6.06 
6.04 6.31 

4.97 6.02 
4.83 4.90 
4.88 4.88 

4.88 6.03 

4.96 6.00 
6.07 6.01 

-- 
6.01 1 6.04 4.97 6.03 

-- 
Above table fa derived by referring the values in Table 14 to the sea-level datum deflned on p. 41. 
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TABLE IS.-Mean range of tide, Commonwealth Pier No. 6 

Feet 
9.66 
9.77 
9.76 
9.76 
9.61 
9.66 
9.66 
9.68 
9.92 
9.67 

Month 

Fad 
9.53 
9.73 
9.60 
9.49 
9.44 
9.61 
9.69 
9.73 
9.86 
9.86 

1 1921 1 19x2 1923 

Feet 
9.46 
9.68 
9.91 
9.89 
9.86 
9.68 
9.72 
9.67 
9.67 
8.62 
9.57 
9.82 

9.68 
- 

1924 

- - 
1928 

__ - 
1928 

Feet 
-- 
9.42 
9.66 
9.64 
9.61 
9.61 
9.86 
9.70 
9.74 
9.61 
9.28 
9.31 
9.27 

9. 62 
- 

59 

= 
Mean 

Ped 
- 

9.64 
9.71 
9.72 
9.68 
9. 61 
9. Bd 
9.70 
9.71 
9.68 
9.68 
9.64 
9.63 

9.64 

Valued in above table are dfaerencea between the mean hIgb and low waters for each month rn obtalned 
directly from the obmvrtions. For mean range corrected for longitude of moon's node, nee following table. 

TABLE lir.-Mean ranae corrected for lonoitude of moon's node, Commonwealth 
Pier N;. 6 

__ 

1W 

Feet 
9.18 
9.39 
9.61 
9.69 
9.69 
9.39 
9.48 
9.38 
9.28 
9.28 
9.28 
9.8a 

9.39 
- 

Feet 
9.47 
9.67 
9. MI 
9.66 
9.4a 
9.37 
9.37 
9.37 
9.72 
8.48 
9. MI 
9.69 

9.60 
- 

Feet 
9.34 
9. Id 
9.41 
9.30 
9.25 
9.42 
9.60 
9. M 
9.46 
9.47 
9.33 

9.40 

9. 28 - 

- 
1928 

Fed 
9.33 
9.66 
9. M 
9.61 
9.41 
9.66 
8.80 
9. 64 
9.41 
9.19 
9.22 
9.18 

9.43 
- 

Reel 
9.84 
9. b 
9.81 
9.47 
9.40 
9.48 
9.48 
9.48 
9.46 
9.36 
9.31 
9.80 - 
9.49 

The above table 1s derived from Table I 6  by applying factors depending upon the longitude of the moon% 
node. See p. 12. 
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leal: 
Aug. 3 , 4  _ _ _ _ _ _  
Nov. 29 _ _ _ _ _ _ _  
Dec. 14 _ _ _ _ _ _ _  
Sept. 2 _ _ _ _ _ _ _ _  
OCt.30 _ _ _ _ _ _ _  

TABLP~ lS.-Monthly extreme high water above sea-level datum, Commonwealth 
Pier No. 6 

Fed 
6.7 
6.6 
6.9 
7.8 
6.6 

Date Helght Data IHelghtil Data /Heel@t/I I--- ll I 

1923: 
A r X J  
d a y  1-z:::::: 
June 28- _ _ _ _ _ _  
July26 _ _ _ _ _ _ _  
Aug. 12, 14 _ _ _ _  
Bept. 13 _ _ _ _ _ _ _  
OCt. 12 _ _ _ _ _ _ _ _  
Nov.7 .-...... 
Dec. 6 _ _ _ _ _ _ _ _  

Highest..--. 
Average.. - - 

Jan. 6 _ _ _ _ _ _ _ _  
Feb. 6 _ _ _ _ _ _ _ _  
Mer. 12 _ _ _ _ _ _ _  p20 _ _ _ _ _ _ _  

aY22 _ _ _ _ _ _ _  
June 16 _ _ _ _ _ _ _  
July 18 _ _ _ _ _ _ _  
Aug. 14 _ _ _ _ _ _ _  
Rept. 4.10 _ _ _ _  
Oct. 29 - - - - _ _ _  
Nov. 29 _ _ _ _ _ _ _  
DW.28 _ _ _ _ _ _ _  

Highest---.- 
Average .... 

1924: 

Fed 
7.2 
6.9 
6.9 
6.3  
6.0 
6.1 
6.6 
7.0 
7.2 
7 .2  
6.73 

6.7 
7.3 
6.8 
6.8 
6.8 
6.9 
7.2 
6.6 
6.3 
7.1 
7.1 
6.8 
7.3 
6.86 

- 
- 

- 

Highest..--- 
Average -... 

Monthly aver- 
sues for entire 

- 
7.8 
6.73 - 

1926: 
Jan. 2 4 2 8  _ _ _ _  6.7 
Feb. 23, % - - - I  
Mar. 26. B... 
Apr. 12: _ _ _ _ _ _  
May 11 _ _ _ _ _ _ _  
June 9 _ _ _ _ _ _ _ _  
July 8 _ _ _ _ _ _ _ _  
Aug. 6, 7 _ _ _ _ _ _  
Sept. 3 _ _ _ _ _ _ _ _  
Oct. 6, 26 _ _ _ _ _  
Nov. 16 _ _ _ _ _ _ _  
Dec. 17 _ _ _ _ _ _ _  

6.3 
6.2 
7.0 
6.8 
6.7 
6.7 
6 .2  
6.9 
6.7 

Highsst .....1'1.0 
Averaae. - - -. 6.61 

Highest..-.. 
Average ...- 

Jan. 14 _ _ _ _ _ _ _ _  
Feb. 13 _ _ _ _ _ _ _  
Mar. 16 _ _ _ _ _ _ _  
A r . 1 1 _ _ _ _ _ _ _  

June 8,9. _ _ _ _ _  
July 24.-. - _ _ _  
Aug. 26--- _ _ _ _  
Elept. 22, 24..- 
Oct. 21, 22, 23- 
Nov. 20 _ _ _ _ _ _ _  
Dee. 17 _ _ _ _ _ _ _  

Highest.--.. 
Average. - - 

Jan. 16 _ _ _ _ _ _ _ _  
Feb. 3 _ _ _ _ _ _ _ _  
Mar.7 _ _ _ _ _ _ _ _  

1822: 

d ay 11 _ _ _ _ _ _ _  

1923: 

- 
7 8 
6:90 1 
6.4 
6.7 
6.9 
7.6 
6.7 
6.4 
6.6 
6.6 
7.1 
6.6 
7.1 
6.6 
7.6 
6.74 

6.7 
7.0 
7.0 

- 

- 
- - 

1928: 
Nov. 19 _ _ _ _ _ _ _  1 !? 
Dec. 11 _ _ _ _ _ _ _  

January. - - - 
February ... 
March _ _ _ _ _ _  
A ril_______ 
d a y  _ _ _ _ _ _ _  

6.76 
7.04 
6.66 
6.80 
6.6R 

Gries: 1 

1926: 
Jan. 15 _ _ _ _ _ _ _ _  
Feb. 10 _ _ _ _ _ _ _  
Mar. 13, 14 _ _ _ _  
F.l________ 
8Y 10 _ _ _ _ _ _ _  

June 28 _._____ 
July 24, 26. 27- 
Aug. 26.-. _ _ _ _  
Rept. 20,21,22- 
Oct. 20 _ _ _ _ _ _ _  

- 
7.3 
7.8 
6.6 
6.2 
6.3 
6.3 
6.3 
7.1 
6.7 
7.3 

June _ _ _ _ _ _ _ _  I 6.70 
July _ _ _ _ _ _ _ _  
August ....- 
Eeptember-. 
October-.--. 
November.. 
December-- 

6.62 
6.68 
6.67 
6.77 
7.16 
6.62 

I- 
Average 

for series 6.73 

Highest tlde of these observations was 7.8 feat above the sea-level datum and occurred on Nov. 29,1921 

The heights in the above table are referred to the see-level datum deflned on p. 41. 
and on Feb. 10.1925. 

TABLB 19.-Monthly extreme low water below sea-level datum, Commonwealth 
Pier No.  6 

iHeight!/ Date IHeighI 
- 1  _ _ _ _  

1921: 
Aug.4.6,6 _ _ _ _  
Rept. 2 _ _ _ _ _ _ _ _  
Oct. 2 --.--.--- 
Nor. 16 _ _ _ _ _ _ _  
DW. 16. 18. 19. 

F e d  
7.1 
7.1 
8.8 
6.2 
6.9 

1923: 
A r 3  __._____ 
9 a i  2 ______._ 
June 1 _ _ _ _ _ _ _ _  
July 1,n ___._ 
Aug. 14, 16 _.__ 
Sept. 12 _ _ _ _ _ _ _  
Oct. 11 _ _ _ _ _ _ _ _  
Nov. 9 _ _ _ _ _ _ _ _  
Dec.8.9 _ _ _ _ _ _  

Lowest ...-. 
Average ...-. 

Jan. 7 _ _ _ _ _ _ _ _ _  
Feb. 2a _ _ _ _ _ _ _  

1924: 

Mar. a,%--- 

Fed 
8 . 2  
7.6 
7.1 
6.6 
6.1 
6.9 
7.2 
7.3 
7.4 
8.2 
7.10 

7.7 
6.7 

- - 
6.6 

1926: 
Jan. 23.... _ _ _ _  
Feb. 22 _ _ _ _ _ _ _  
Mar.23 _ _ _ _ _ _ _  
A r.10,13 _ _ _ _  
June 8 _____.__ 
July 7 _ _ _ _ _ _ _ _ _  
Aug. 6 _ _ _ _ _ _ _ _  
Sept. 2 3 _ _ _ _ _ _  
Oct. ad _ _ _ _ _ _ _ _  
Nor. 17 _ _ _ _ _ _ _  
Dee. 17, 18 _ _ _ _  

ERaY 11 _____-- 

Fed 
7.4 
7.6 
7.1 
6.4 
7.1 
6.9 
7.3 
7.4 
6.7 
6.7 
7.2 
8.9 

1926: 
Nov. 20 _ _ _ _ _ _ _  1 1; 
Dec. 19 _ _ _ _ _ _ _  

LOW&.-.-- 
Averam-.. 

Monthly aver- 
ages for en- 

- 
7.6 
7.04 - 

January _ _ _ _ _ _ _  
Feb ruary....- 
March __..____ 

ay ----.----_ 
June _ _ _ _ _ _ _ _ _ _  
July _ _ _ _ _ _ _ _ _ _  
August ...____ 
Eeptember---. 
October _ _ _ _ _ _ _  
November.--. 

A 2 ril __---____ 

I- 

7.42 
7.36 
7.08 
7.18 
7.10 
6.86 
6.94 
6.87 
6.82 
6. m 
6.86 

July 26 _ _ _ _ _ _ _ _  
Aug. 24 _ _ _ _ _ _ _  
Sept. 23 ___.___ 
Oct. 10 _ _ _ _ _ _ _ _  
NOV. 18, 19 _ _ _ _  
Deo. 18, 19---- 

Lowsst ...-- 
Average-.--. 

Jan. 30 _ _ _ _ _ _ _ _  
Feb. 4 _ _ _ _ _ _ _ _  
Mar. 7 _ _ _ _ _ _ _ _  

1923: 

Lowest tlde of these observetlons wan 8.2 feet below the sea-level datum and occurred on Apr. 3, lW. 
The helgh I s  In the above table are referred lo 8eB4eveI datum deflned on p. 41. 

6.8 
7.1 
6.7 
7.3 
6.7 
2 

8.1 
7.08 

6.6 
7.0 
7.3 

- 
1826: 

Jan. 16 _ _ _ _ _ _ _ _  
Feb. la _._____ 
M a r . l L _ _ _ _ _ _  
A 9. r 13 ------- 

aY29.80-.-. 
June 28 _____._ 
July27 _ _ _ _ _ _ _ _  
Aug.24 _ _ _ _ _ _ _  
8ept. 23 _ _ _ _ _ _ _  
OCt. 21 _ _ _ _ _ _ _ _  

7.6 
7.4 
7.3 i 
7.3 I 
6.7 1 
6.8 
7.1 
7.0 
6.9 
6.8 

June 17 _._____ 
July 16 ___.____ 
8ept 12 la--- 
Aug. 16 _ _ _ _ _ _ _  
OCt BO 'al.... 
No;. Zti, 27--. 
DW. 26 __._.__ 

7.1 
6. 9 

8.6 
6.6 

6.6 
7.6 
8.1 

Average for 
series.. ... 7. MI 



._ __ 
1823 

Feet 
8. 14 
7.96 

8.11 

8. 23 

7.98 

8.28 

_ _ ~  

7.90 

8.08 

8.0~ 
a02 

8.10 

Boll 

- - ._ 

1824 

Feet 
7.76 
R. 11 

8.18 

8.19 

___ 

a 4  
8% 

ao8 
8.17 

8. ia 

7.74 

8.12 

8.08 

TIDES AND CURRENTS IN BOSTON HARBOR 

TABLE 20.-Mean tide level on tide staff] Commonwealth Pier No. 6 
-_ 
1923 

-_ 
1924 
- 
Feet 
7. ti4 
8.00 
8.33 
8.08 
8.12 
8.05 
7.97 
8.06 
7.98 
8.02 

7.63 

7.98 

7. m 
- 

__ 
1928 

Feet 
7.88 
7.70 
7.67 
7.88 
7.97 
7.98 
7.08 
7.98 
8.08 
7.98 
7.90 
7. 82 

Feel 
8.01 
7.86 
7.83 
7.94 
7.94 
8.10 
7.94 
7.92 
7.88 
7.97 
8.16 
7.02 

7.95 
- 

7.91 7.94 7. I 

The above bei8hts are referred to the tide stsfl installed in Eeptember, 1922, the cero of which Is 21.46 feet 
below bench mark 7. 

TABLE 21.-Mean tide level referred to sea-level datum, Commonwealth Pie N o .  6 

Mean 

Feet 
- 

-a a9 -. m 

-. ia 
-. 27 -. 21 -. 17 
-. 16 -. 16 -. 14 -. 11 -. 18 
-.!a 
-. 20 
- 

1926 

~- 

Month ' 1921 1 1922 
- .  ~ 

I 

1924 
__ ~- 

Feet 
-0.61 -. 15 +. 18 -. 00 -. 03 -. 10 -. 18 -. 10 
-. 17 -. I3 -. 21 -. 62 

-. 17 - 

. -~ 

1928 

Feet 
-0.49 -. 06 -. 46 -. 30 -. 21 -. 21 -. 15 -. 08 -. 11 -. 01 -. 31 -. 17 
-. 21 - 

1923 

Feet 
-0.14 -. 30 -. 32 -. 21 -. 21 -. 06 -. 21 
-. 20 -. 18 .oo -. 23 
-. 20 

-. 2a 

- 

Feet 
-0.29 -. 46 -. 48 -. 27 -. 18 -. 17 -. 17 -. 17 -. 00 -. 17 -. 1 -. 23 

-. 24 - 

Feet 
-0.63 -. 45 -. 28 -. 19 -. 21 -. 07 -. 09 -. 08 -. 09 -. 04 -. 03 -. 24 

Above table is derived by referring the values in Table 10 to the sea-level datum deflned on p. 41. 

TABLE 22.--Mean sea level on tide staff] Commonwealth Pier No. 5 
-~ __ 

Mean 

Feet 
7.88 
7.90 

8.08 
8.12 
8. 16 

8.13 

8.00 

aoo 

a 12 
a 13 
a 15 
a 13 

1928 

Fed 

_ -  

7. 77 

7.81 
7.97 

aza 

a 07 
a 07 a 14 
aza 

am 

8.16 
8.28 
7.88 

10% 

Feet 
7.07 
7. R2 
7. 79 
8.01 
8.10 

8.11 

8.18 
8. OB 
8.01 
8.01 

a 11 
a 11 

.. . ~~ ' 
I 

8.08 1 8.10 8. OB aw 

The above height# are rqferred to the tide stafl installed In September, 1922, the cero of whioh to 2l.U feet 
below bench mark 7. 

81772-28-6 
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TABLE 23.-Mean 8ea level referred to sea-level datum, Commonwealth Pier No. b 

Feet 
-0.01 -. 19 -. 10 -. 04 -. 06 
f. 08 -. G3 -. 13 -. 17 
- .os 
-. 11 +. 11 

1024 

Feet 
-0.40 -. 04 +. 28 +. 03 +. 11 +. 04 -. 07 +. 02 -. 03 -. 02 -. 09 -. 41 

1025 1 1828 

-. 36 -. 14 
-. 05 -. 04 -. 04 -. 04 f. 03 -. 06 -. 14 -. 14 

-. 34 
-. 08 
-. in 
. .~ -.os -. 01 +. 08 
.M) +. 10 -. 19 -. 00 

-. 12 

Mean 

Fed 
-0. n -. 16 -. 15 -. 07 -. 03 +. 01 -. 03 -. 02 -. 02 .oo -. 02 -. 16 

_- 

- 
-.* I __ -.08 

Above table is derlved by referring the values in Table 22 to the was-level datum defined on p. 41. 

TABLE 24.-Di$erence between mean 8ea level and mean tide level, Commonwealth 
Pier No .  6 

Feet Feet 
0. 14 0. 13 
.15 .I1 . 16 .13 
.15 .17 
.15 .15 
.12 .l3 
.16 .12 
.14 .IO 
.12 .12 
.ll .13 
.10 .ll 
.12 .12 

Feet Feet 
0.11 0.11 
.ll .12 
.ll .12 
.l2 .13 
.14 .13 
.14 .13 . 11 .13 
.l2 .13 
.14 .12 
.ll .ll 
.12 .ll 
.ll 1 .G3 

.12 12 

1026 

Rut 
0.11 
.12 
.12 
.12 . 13 
.13 
.14 
.14 
.I1 
.11 . 12 
.ll 

.12 

_- 

Mean 

Feel 
- 

0.12 
.12 
.13 
.14 
.14 
.13 
.13 
.13 
.12 . 11 
.11 
.ll 

.12 
- 

The above table was prepared by subtracting the mean tide level as com uted from the high andlow 
waters for each month from the mean BBB level a8 computed from the hourly {eights for the corresponding 
month. 

TABLE 25.-Summary of time relations, Boston Navy Yard and Commonwea1,th 
Pier N o .  6 

:ommonwealth 
Pier No. 6 

Hour8 
11.a 
6.04 
8.17 
11.171 
11.4Ob 
c000 
5.mb 
3.77 
8.94 
.66 
0.26 
6.17 
84.1 
62 2 

Tima are glven In hour8 and decimals. Interval8 marked "a" refer excluslvely to the moon's upper 
meridian passage at its north declination and to the lower meridlan passage at the south decUnatlon. 
Intervals marked "b" refer exclusively to t e moon's lower meridfan passage at Its north dcclination and 
to the upper merldlan pass e at the south $ecllnation. 

For erplanatfon of tlme r%tions, see pp. 10. 17. 
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TABLE 2G.--Summary of ranges and inequalities, Boston Navy Yard and Common- 

wealth Pzer N o .  6 . 
! Navy yard 
i 

Magnitude 

I Mean range..-.. . _ _ _  _ _  ____.________________________ _ _ _ _  
Spring range ..--..-.....-..-.-.------------------------ 
Neap range. - _ _ _ _  .___ _ _ _  _ _ - _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Perigean range _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
Apogean range _ _ _ _  _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _ _ _ _  
Great diurnal range .--.... _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
Small diurnal range ___._____ ~ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Great trooic ranre. _ _  ________.___._______-..-..----.... 

Oreatest range. _ _ _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _ _ _ _ - _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _  
Diurnal high-water inequality.. -_  _ _ - _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  
Diurnal low-water ineaualltp- - - _ _  - - - - _ _  - - - _ _ _  _ _ _  _ _  _ _  
Spring tide level below-mean tide level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Neap tide level above mean tide lve l___________________ 
Mean tide level below mean sea level - _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Feet 
9.71 

11.09 
8.32 
11.37 
8.39 
10.44 
8.88 
10.24 
7.85 
13.93 
18. €4 
.40 
.33 
.04 
.M . ie 

- _  -_I-__- _~_______- ' 
For explanation of ranges and inequalities, 888 pp. 12, 17. 

Ratio to 
nean rangc 

1. ooo 
1.142 
.857 
1.171 
.884 
1.075 
.926 
1.056 .w 
1.435 
1.906 
.041 
.034 
.004 
.004 
.ole 

Commonwealth Pier 
No. 6 

- 

dagnitude 

Feet 
9.42 la 89 
7.82 

7.97 
10.21 

9.93 
7.64 
13.79 

.46 

.34 

.MI 

.05 

.12 

11. m 

8. e3 

18.00 

Ratfo to 
nean range 

1. OOO 
1.15f 
.830 
1.189 
.846 
1.081 
.916 
1.054 
.a11 
1.m 
1.6BB 
.048 

.006 

.MM 

.013 

. me 

TABLE 27.-Summary of tide planes, Boston Navy Yard and Commonwealth Pier 
No .  6 

- 

Navy yard 

Referred 
to sea-level 

datum 
_ _  

Fed 
10.1 
e. 89 
6.83 
6.46 
6.20 
6. 16 
4.80 
4.10 
4.14 
4. I4 
3.78 
.10 .oo -. 02 -. 06 -. 10 

-4.07 
-4.18 
-4.26 
-4.68 
-4.87 
-4.91 
-6. OB 
-5.24 
-6.64 
-6.74 
-7.04 -a 4 

datum 
-.  

Feet 
16.0 
11.76 
10.60 
LO. 82 
10.07 
10.02 

' 9.67 
9. n 
9.01 
9.01 
8.66 
4. 97 
4.87 
4.86 
4.81 
4.77 
.80 . 69 
.62 
.Pa .oo -. 04 -. P -. 37 -. 77 -. 87 

-2.17 
-3.6 

- -  - 

Commonwdth Pier 
No. 6 

_- 

Referred 
o sea-level 

datum 

Feet 
7.8 
6.73 
6.47 
6.26 
6.09 
4.88 
4.68 
1.13 
3.91 
3.88 

-. 01 
.a0 -. 08 -. 18 -. 19 

-3.88 
-4.08 
-4. w 
--I 87 
-4.81 
-4.06 
-1.18 
-5.68 
-6.78 
-7. MI 

a 67 

-a 97 

-a a 

Referred 
to Bmton 
l0w-water 

datum 

ReeL 
12 7 
11.80 
10.84 
10.13 

9.86 
9.46 
9.00 
8.70 

4.86 
4.87 
4.79 
4.74 
4.88 . w  
.a8 
.81 
.87 .oo .a -. OB -. 81 

9. en 

a 78 
a54 

-. re -. se 
-a. ID 
-8.8 

- ~ ~~ 

For explanation of tide planes, sea p. 17. 
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TABLE 28.-Tidal harmonic consfan88, Boston Navy Yard and Commonwealth Pier 

I Navyyard,MQ 

Component 

Feet 
(0.029) 
.443 
.182 . a03 
.030 
4.439 
.Oll 
.OM . 1R9 
.045 
1.017 
(. 115) 
.365 
(.OM) 
.148 
.057 

(. m) 
(. 006) 
.w3 
.707 .w - _- - - - - - 

(: F3) 
.211 

(. 014) 

.094 . os1 
. - _ _ _ - _ _ -  

No.  6 

Commonwealth Pier No. 6 

18% 

, 
H 

Feet 
(0.026) 
.449 
.3m 
.284 
. o s  
4.371 
,008 
.072 
.I23 
.OB 
.995 . 115 
.348 

(. 014) 
.158 
.070 

(. m) 
(: E) 
.699 
.003 
,007 
.a46 
.045 
.218 

(. 013) 
,022 .1m 
.a48 

I 

(;;;) 

21 
15 
117 
330 
299 
107 
232 
18 
300 
287 
117 
(151) 
135 
110 
(100) 
(5) 
76 
5 

210 
190 
16 
271 
310 
(110) 
108 
143 
87 

1824 
~ 

H 

Feet 
(0.025) 
.449 
.154 
.lea 
,017 
4.407 

.004 

.083 . 128 

.027 

.986 

.148 
,371 

(. 014) . 136 
(. 072) 
(. 010) 
(. 006) 
.031 
.721 
.007 
.m 

(. 031) 
(. 106) 
.192 

(. 014) 

.155 

.150 

. - - - - - - - 

x 

(146) 
138 
8 

355 
127 
328 
229 
104 
225 

8 
302 
274 
110 

(;;;) 

(110) 
(102) 
(3) 
100 
3 

183 
194 
(344) 
(m) 
27 

(111) 

74 
12 

Moans 
_ _  -- 

€I 

Fed 
(0.025) 
.449 
,252 
.215 .om 
4.389 .om 
,068 . 126 
,028 
.m 
, 132 
.300 

(. 014) 
,147 
.071' 
(. 010) 

.710 

.005 

.m 

.038 

.076 

.205 
(. 014) 
.a22 
.152 
.loo 

(: E) 

0 

y;;) 
14 
6 

1% 
329 
284 
108 
229 
14 
301 
280 
118 

110 
(101 

88 
4 

187 
182 

0 
283 

u;;) 

(41 

aa 
(;:) 

108 
49 

Vdues In parentheses are inferred. References to the harmonic constants in this table are glVen on 
pp. 14. 17. 
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Sta- 
tion 
No. 
.- 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

TIDES AND CURRENTS I N  BOBTON HARBOR 65 
TABLE 29.-Tidal data, Boaton Harbor, 1847-1986 

Broad Sound: 
{ Nahant (42' 25' N., 

70' 55'W.). 
Point of Pines Lynn 

Harbor (42' >7# N., 
70' 58' W.). 

Boston Harbor Entrance: 

Boston Light Nan. 
tasket Roads (42' 
20' N., 70' 53' W.). { 

Lovells Island the 
Narrows (4$ 20' 
N., 70' 68' WJ, 

Georges Island Nan. 1 tasket Roads (42' 
19' N., 70'56' W.). 

R a i n s f o r d  Island, 
Nantasket R n a d 8 
(420 19' N., 70' 67' 

'BoutoTkarbor, northern 

Deer Island, Shirley 
Gut (42O 21' N., 70' 
58' W. 

Piont &ley Wharl 
(42' 21' N.. 70' 58' 

shore: 

W.). I Chelsea Creek En- 
trance (42O 23' N., 
7lo00'W.). 

Boston Inner Harbor: 
Charlostown Bridge 

(42' 22' N., 71° 04' 
W.) 

W a r r e n  A v e n u e  
Bridge, Charles Riv 
er. (42" 22' N., 71' 
MI W \ - I. ., 

Craigies Bridge (Chflr 
lea River Dam) (42' 
22' N., 71" 04 W.) 

Navy yard Charles- 

71' 03' W.) 
town (azb 22' N., 

Do ____. ~ ___. - _ _ -  
Chelsea Hridge, Mys- 

tic River (42' 23' N., 
71" OY W.) 

Middlesex Avenue 
Bridge Mystic Riv- 
er (42' h' N., 71'09' 
W.) 

Medford Brid e Mys 
tic River (42% i5' N., 
71' 07' W.) 

Boston Harbor, Western 
Dover Streat Bridge, 

Fort Point Channel 
$2: 21' N., 71° 04' 

Shore: 

Rf&bad brldge. Soutl 
Bay (42' 20 N., 71' 
04' W.) 

Yea ~- 

184' 
'185: 

189 
1189 

184' 

18% 

1189 
,1921 

191: 

184' 

1189: 

ISM 
189: 

1894 

1851 

1894 

'185; 

1892 

189: 

1864 
192f 

1863 

1891 

1863 i m z  
1847 
to 

1870 
1902 
to 

lQll 
1892 

1860 

1800 

1803 

1863 

- I  
Length , HWI 

Houri 
20 days _ _ _ _ _ _  11.11 
13 days __.___ 11.05 
7 days _ _ _ _ _ _ _  11.28 
6 days _ _ _ _ _ _ _  11.40 

3% months-.; 11.30 
1% months..i 11.28 
____do  _ _ _ _ _ _ _  11.16 

1 month .-... 11.27 
1% months-. 11.19 

5 days _ _ _ _ _ _ _  11.28 

I 

1 day _____.__ I 11.64 
2days _ _ _ _ _ _  - 1  11.19 
14 days _____. ,  11.38 
2 days _ _ _ _  _ _ _ I  11.40 

1 day _ _ _ _ _ _ _ _ ,  11.28 
2 days _ _ _ _ _ _ _  1 11.07 
0 days _ _ _ _ _ _ _  I ll.w 

1 day _ _ _ _  _ _ _ _  11 78 

2 days _ _ _ _ _ _ _  11.62 

3 days ____._ - 11.37 

I '  

I 

Pdays .-....-I 11.10 
7 days .....-- 11.57 

I day _ _ _ _ _ _ _ _  1 11.34 

...- do .......I 11.49 
I 

____do  _ _ _ _ _ _ _  11.44 
1 days __.____ 1 11.51 

3Oyears ..... j 11.44 

I I years _ _ _ _ _ _  ,~ _ _ _ _  _. 
Lday _ _ _ _  _ _ _ _ ,  11.41 

. ___do  ____.__ 111.59 

..-.do __.___ _ '  11.79 

LWI 

Elourc 
4.87 
4.66 
5.02 
5.10 

5.02 
5.08 
4.91 

5.04 
5.00 

5. M) 

5.03 
4. Bo 
5. 10 
5.25 

5.65 
4.94 
5.11 

5.15 

5. 23 

5.20 

4.92 
5.28 

5. 18 

5.13 

5.23 
5.33 

5.23 

._-.-. 
5.48 

5.73 

G. CQ 

5. 13 

5.29 

~- 
~ 

Dura, 
Ion 01 
rise 

Bouri 
6.24 
6. 39 
8.28 
6.30 

6. m 
6. 22 
6. 19 

6.23 
6. 19 

6 2 8  

5.91 
6. 29 
6.28 
6. 15 

5. 03 
6. 13 
5.95 

6.63 

6.29 

6. 17 

6. 18 
6. 29 

6.16 

0.30 

6.21 e. 18 

e. 21 

_.__ 

5. 03 

5. 80 

5.79 

6.21 

6. 10 

.- __ 

Mean 
range 

F& 
8.91 
9.02 
9.06 
9.16 

9. oa a 09 
8.04 

0.08 
8.92 

9. 10 

9.65 
9. 36 
9.08 
9. 06 

9.22 
8.86 
9.01 

8.97 

9.05 

9.51 

9.78 
9. 61 

9. 94 

9.85 

9.04 
9.65 

9.75 

9.67 

0. 07 

9.75 

9.46 

0.94 

9.85 

- - ___- . __ -- 

Compared with- 

Navy yard. 
DO. 
Do. 
Do. 

DO. 
Do. 

Do. 

Fort Hamilton, N. 
Y. 

Commouwea l th  
Pier No. 5. 

Portland, Me. 

Nav yard. 

h n d y  Hook, N. J. 
Fort Hamilton, N 

80. 

Y _ .  
Do. 

Sandy Hook, N. J .  
Fort Hamilton, N. 

Y. 
Do. 

Navy yard. 

DO. 

Do. 
Commonwea l th  

Pier No. 5. 

Navy yard. 

Do. 

110. 
Do. 

3andy Rook, N. J. 

Vavy yard. 

Do. 

no. 

DO. 
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TABLE 29.-Tidal data, Boston Harbor, 184'Y-19i?6-Continued 

21 

22 

tion ' Locallty , ' Yea1 

Rdroad  bridge, Ne- 1926 

Moon Head (4P 19' I 1908 

onset River (42O 17' E., 71' 02' W.) 1 
N. 70°59' W.) I 

Boston Harbor, Southern ! 
Shore: 

- -- -- ____ ._ . - 

Boston Harbor Western 
Shore-Contihued. 

20 1 Cmtle Island (42' 20' 1892 
(1894 N , 71' 01' W.) 

1 year _ _ _ _ _ _ _  

3 months-.-. 
6 months -... 
1% months-. 

11.14 

11.66 
11.49 
11.37 

I{ Nut Island (42O 17' N., i iiii 
70° 57' W.) { I 1926 

4days -......' 

2 days _ _ _ _ _ _ _  
1 day _ _ _ _ _  _ _ _  
20 days _ _ _ _ _ _  

7 days _ _ _ _ _ _ _  

1 day _ _ _ _ _ _ _ _  
3 days _ _ _ _ _ _  ~ 

2R I HiEgham Hln$ham 

29 ' StTrw%rT&ill Hing- 1 h m B a  4zai7(N., 
70° 63' '$j I 

Hmbat'(42" 15 N., 

11.60 

11.30 

11.28 

11.41 

11.61 

11.36 

11.33 

--__ 

Length HWI 

I Houri 
t5 years _ _ _ _ _ _  11.29 

}8 days -...... 11. 16 
2 days. _ _ _ _ _ _  11.24 

6 days _ _ _ _ _ _ _  11.28 

I 

Lw: 
- 

I€GUf 
6. O! 

6.1; 
6.21 

6. (x 

4.94 

6.41 
5.26 
6.17 

6.26 

5. 1s 

6.23 

5.28 

n. 33 

5.06 

6.23 

- 

_ _  - __  
DWt 
ion I 
rise 

Hour 
0.2: 

6. CU 
6. 

6 . X  

6.21 

6. 14 
6.23 
6. u1 

6.26 

6. 15 
6. 18 
6.06 

8.13 

6.30 

0. 10 

__ 

~ ~- - 

Mea 
rang 

Feel 
9.4: 

9.41 
9. 6( 

9.61 

9.14 

8.99 
8.99 
9.21 

9.61 

IO. 30 
9.61 
8.40 

9.40 

9.62 

9.82 

- 

.~ 

Compared with- 

Sand Hook I' J. 
Fort ffemilt&,'N. 

Commonwea l th  

Fort Hamilton, N. 

Y. 

Pier No. 5. 

Y. 

Portland, Me. 

C 0 nl m o n w e a1 t h 
Pier No. 6. 

Fort Hamilton, N. 
Y. 

Do. 

Do. 
Commonwea l th  

Fort Hamilton, N. 
Pier No. 5. 

Y. 

Common weal th  
Pler No. 5 .  

Do. 

Fort Hamilton, N. 
Y. 

For reference to the observations listed In this table, see p. I?. 



_- - 

8ta- 
tton 
No. 

1 
2 

3 
4 
5 
G 

7 

9 

10 
11 
12 
13 
14 
15 
10 

17 
18 
19 
20 
21 
22 

23 
24 
26 
28 
27 
28 
29 

8 

TIDES AND CURRENTS IN BOSTON HARBOR 

TABLE 3Q.-Adjusted tidal data, Boston Harbor 

Locality 1 HWI 

BOUT8 
Nahant ------. _ _ - _  __-____-._---__-____-----.. _ _ _ _  
Lynn Harbor _ _ _ _  _ _  _ _ _ _ _  _ _  ~ _ - - - _ _ -  ~ - _ _ _ - _  _ _ _  _ _  ~ - - 
Boston Light, Nantasket Roads _ _ _ _ _ _  ~ ____._.___ 11 22 
Lovells Island, The Narrows --_____._____. ~ _ _ _ _ _  ~ 11: 22 
Qeorges Island Nantasket Roads--. _ _ _ _ _ _ _ _ _ _ _ _ _  11.22 
Rainsford Isladd, Nantasket Roads _ _ _ _  ~ __.______ 1 11.23 

DBerIsIand, Shirley Qut ..... _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _  11.30 
Point Shirley Wharf ___. _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  11.37 
Chelsea Creak entrance _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 11.57 

Broad Sound: 

Boston Rarhor entrance: 

Northern shore: 

13oston Inner Harhnr. . ~. ~~ .~ .~ 
Charles Itiror fjridgo _....__._.__..___.____._____ 11.40 
Warron nri(ige, (!harlos ltivor ___________ .  .______  11.411 
Cralaios llrirlas (Cliarles River Darn).. ____. . _ _ _  11.50 
Nav? Yard. dharlestown. _...._________.____...- I 11.44 
oheisea nridge, Mystic River ___..___.__________ 1 1 t . G  
Middlesex Avenue Bridge, Mystic River ........I 11.59 
Medford Bridge, Mystic River __.__________ _ _ _ _ _ /  11.79 

Western shore. I 
Dover Btreet nrldge, Fort Point Channel -.--...I 11.34 
Railroad bridge, South Hay- _ _  _.________________ 11.89 
Commonwealth Pier No. 5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  11.~9 
Castle Island ___..___ ~ ..___.....__________.------' 11.24 
RniIroad bridge, Neponset River. _ _ _ _ _ _ _ _ _  ~ _ _ _ _  11. 28 
MoonIIead ___________.____ _ _  _____..__ ~ __.______ 11.24 

Nut Island ____.____ _ _  _________...__..___._______ 11.37 
Sheep Island Hingham Bay. ___________.________ 11.40 
Weymouth Gore River Bridg e....-. _ _  _ _ _ _  _ _ _ _  _ _ _  11.51 
Wevmouth Back River Bridge ________________. ~ 11. M) 

Southern shore: 

Crow Point. lIlngham llarbor entrancg _ _ _ _ _ _ _ _ _  11.41 
Ilinghaiti. lIin%liam IJarlmr ..____._.___...______ 11.45 
Strawberry 11i11, Ilingl~nrn nay ......___._.___. ~ 11.40 

LWI 

%Wr8 
5.00 
5. 10 

5.01 
5.02 
5.02 
5.03 

6. 10 
5.20 
5.28 

5.26 
5.20 
5.30 
5.23 
5.48 
5.73 
0.00 

5.13 
5 . B  
6.04 
5. 04 
5. OR 
5.04 

5.17 
6.20 
5.33 
6.36 
5.28 
5.30 
6. 26 
__ 

~ 

h r a -  
ion oi 
rise 

Koun 
6. 25 
0. 30 

6.21 
6.20 

0.20 

6.20 
8.17 

e. 20 

a a  
8.20 
6.20 
6.20 
6.21 
6.97 
5.86 
6.79 

G. 21 

6.25 
0.20 

e. io 

e. 20 
e. 20 

0.20 
0.20 
6.18 
0. 15 
G. 13 
6.15 
0. 16 
__ 

- 

Range of tide 

, 
~ e a n  ' Sprint 

Feet 
9.0 
9.2 

Feet 
10.4 
10. 7 

9.0 10.4 

9.1 10.8 
0. 1 , 10.6 

9.1 10.0 

9. 5 
9. 5 
9. 5 

0.7 
9.7 
9.7 
9. 7 
0.8 
9.8 
9. 5 

9. 6 
9. R 
9.4 
9.4 
9.5 
9. 1 

9. a 
9. 5 
9.5 
9.5 
9. 5 
9.5 
9. 6 

11.0 
11.0 
11.0 

11.1 
11. 1 
11.1 
11.1 
11.2 
11. 2 
10. R 

11.0 
11.0 
10.9 
10. 0 
11.0 
10.6 

10.7 
11.0 
11.0 
11.0 
11.0 
11.0 
11. 0 

Veap 

Feet 

- 

7.5 
7.6 

7.5 
7. G 

7.6 

7. 9 
7.9 
7.9 

8.3 
8. 3 
8.3 
8.3 
8.4 
8. 4 
8.2 

8. 2 
8.2 
7.8 
7.8 
7. 9 
7.6 

7.6 
7.9 
7.9 
7.9 
7.9 
7.9 
7. 9 

7. e 

Nom-Tidal influences extend up the several rivers tributary to Boston Harbor as follows: 
Chelsea River 3 miles to a dain at Slade's Spice Mill. 
Mystic River ' 5  miles to a dam at Cradock Bridge, Medford. 
Malden Rive;, 2 miles above its confluence with the Mystic River to a point beyond the Charles Street 

Charles River 1 mile to the Charles River Dam. 
Neponset Riv& 4 miles to a dam at Milton Lower Mills. 
Weymouth For; River e miles to a dam at East Braintree. 
Weymouth Back Rive; 4 miles to the highway brldge at East Weymouth. 
For referenoe to above kble, see p. 18. 

Bridge. 



TABLE 3l.--Currenf dda from observations of C. H. Davis, 1847, 1848 

[Referred to times of high water and low water at Boston Navy Yard] 

Veloe tion 
ItY 

hour 

1% 

M 
$$ 

1% 

1 

1 

1 

14 
1 

$$ 

M 
1% 

1 

1 

.33 

-.67 

-1.00 

-.17 

.@9 

-.74 

.25 

. -. . . - - 
.w 
.2: 

.4i 

. x  

.5( 

-_ 
~~ 

Flooc 
dura. 
tion 

__ 

Hour. 
5.N 

5. 8; 
6.3( 

__ -. 

Sta 
tior 
No 

- 

D1 

DI  
D3 

D4 

D5 

D6 
D i  

D8 

D 10 

D11 

D12 

D13 

D16 

D18 

D19 

D22 

D24 

D26 

- 1  1- __ 

Veloc. 
i ty  

- 

Knots 
0.9 

. I  

1.6 

1.0 

1.2 

1.5 

. 7  

1.0 

1.3 

. 9  

1.0 

1.2 

.6 

2 3  

1.2 

1.0 

1.0 

.-____ 

Slack ~ 

Date , Timi 
Diree 
tion 

(true) 
Direc. 
tion 

(true) 
Time 

HOW 
after 
HIV 
3. % 

2. 5E 
3.17 

_ - _ _ _ _  
4.21 

4.21 
3. 38 

3. 71 

2.83 

3.00 

2.50 

4.01 

3.17 

.83 

3.71 

3.54 

3.29 

2. li 

Hours 
after 
H W  
0.42 

-.. 42 
.42 

.-.___ 

.33 

._..__ 

.--... 

-. 37 

-. 25 

-. 42 

-. 17 

.50 

-. 37 

-2 17 

.OO 

0 

273 

332 
350 

330 

294 

320 

313 

295 

253 

280 

282 

309 

190 

255 

236 

220 

236 

_ _ _ _ _ _  

0 

96 

135 
143 

135 

115 

40 
138 

93 

90 

76 

95 

eo 
102 

70 

88 

50 

50 

16 

Knots Hours Hours 
0.6 6.62 1 1.61 

.6  6.55 .58 
1 . 6 ,  6.121 1.25 

1.1 _ _  _ _ _ _ _  ~ 

.57 

. 6  5.55 .40 

. 9  6.18 ' 1.52 

Daus 1 LW 
June 74,1848 - _ _ _ _  1 , 0.83 4.3 Charles River Entrnnm. 0 2  milo N f.nO P of 

22' 

im 
171' 

- _ _  Oct. 8-10. 1847 _ _ _ _ _  1 I --.m 3.2 
Oct. 12, 1848 - - -____ $51 .33 4 . 0  

_..._ 

2.8: 

3.31 

3. 1; 

3.1; 

3.6: 

3. w 

.____ 
6.54 

--_.__ Oct. 21, 1898 _ _ _ _ _ _ _ I  
I 

Oct. 20, 1848 _ _ _ _ _ _ _ I  
I 

-__- -do  _ _ _ _ _  - - - - _ _  I 
Oct. 22. 1847; Oct. 1 

Oct. 16, 1848 _ _ _ _ _ _ _  
20,1848. 

Oct. 20,1848 _ _ _ _ _ _ _ ,  

.oo 
eo0 

.os 
-.%I 

-. 67 

-. 83 

.47 

-. 17 

5.76 

6.48 

6.46 

6.87 

6.24 

6.01 

.---__ 

6.04 

6.04 

6.21 

_____. 

June 8-10. 17-18, 1 
1847. I 

Oct. 12 and 16,1848 ~ 

OCt. 15, 1848. _ _ _ _ _ _ I  

4.04 

2.67 

1.83 
1.2 1 6.41 

.8 -_..___ 

3.0 6.38 

1 . 6 '  6.38 

. 9  6.21 

.6  1 _ _ _ _ _ _ _  
1 

1 

OCt. 7, 1848 . _ _ _ _ _ _ _ I  % .17 4.21 

July21, 1847; Oct. , 1 .42 3.29 

Ju ly  20, Sept. 24- 

I 

12.1848. 

30, 1847. I 
OCt. 14, 1848 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ /  3.04 

.25 

. 17 

-. 17 

- - .= I  2 y  
.17 283 

- .50 3.00 

= I  

80 

I20 

55 

63 

.7 I __-----. 
1 

.4  _______. 

.4  6.21 

.4 6.21 

.4 6.38 

.6 6.29 

1.2 6.37 

.9 6.54 

. 5  6.71 

.9 6.21 

.4 5.54 

1.3 1 6 2 1  

1.3 6.46 

1.0 9.72 

. 7  I 6.13 

1.7 _ _ _ _ _ _ _  
1.1 5.54 

1.2 6.29 

3.0 6.71 

1.4 6.3 

2 0  6.B 

1.2 6.88 

1 

- ~- 

.---.-- 

.% 

. 01 

.97 

.Mi 

.38 

.55 

.80 

.20 

.24 

.63 

.88 

-1.02 

.93 

_ _ _ _ - _  
1. m 
1.14 

.77 

1.16 

1.18 

1.09 

~ _ _  

.'5 I _------- 

.5 I _ _ _ _ _ _ - _  

.5  6.21 

.4 I 6.21 

.4  I 6.04 
, 

206 

194 

315 

256 

253 

216 

256 

266 

230 

234 

245 

215 

265 

136 

313 

214 

268 

241 

162 

252 

257 

2M) 

DZ7 

D28 

D29 

D30 

D31 

D34 

D35 

D36 

D3i 

2 75 

3.54 

200 

1.75 

3.21 

3.00 

2 65 

3.00 

3.00 

2.75 

3.00 

283 

3.21 

.85 

3.17 

3.71 

3.71 

3.54 

283 

3.63 

3. e4 

3.21 

-. 75 

.oo 
-. 25 

-. 33 
-. 33 
-. 17 

-. 67 

-. 33 
-. 17 

-. 17 
-4.25 

.33 

. 17  

.67 

.17 

-. 54 

2 75 

3.46 

3.00 

2.33 

2.50 

3. 00 

233 

2 2 5  

3.00 

3.38 

3.00 

292 

3.88 

3.38 

3.54 

3.71 

3.29 

3.46 

3.79 

34 

62 

75 

65 

72 

80 

48 

80 

307 

120 

36 

60 

61 

12 

52 

82 

80 

1.0 

1.0 

. 7  

.4 

1. 1 

. 6  

1.4 

1.5 

. 4  

6. 13 

6.05 

5.88 

5. 71 

6.21 

6.88 

6. 21 

5.96 

2 70 

D40 

D41 

D44 

J U ~ Y  TL 1847; Oct. 1 
6 and'lo, 1848. 

July 8, 1847; Oct. I 
Oct. 15-16, laaS----i 

10,1848. 

Oct. 16 and 21, 1 

Oct. 15, 1848 _..__- 
1848. 

act. 20-21, Mi---- 

Oct. 15. 1848 __----- 
Oct. 10, 1848 ------- 

.5  6.29 

1.6 _ _ _ _ _ _ _  
1.0 6.86 

1.8 6.13 

2 5  5.71 

1.6 

1.8 

.5  

6.04 .Z 

6.13 .2: 

5.54 -.1: 

July 9-10, 1847; 

Oct. 6 and 12,1848- 
Oct. 10, 1848. 

Oct. 14-15, 1847.-.. 

~_ - 1- _ _ _ _  - ~ 

For a referents to the observations listed in  above table, sea p. 18. 



TABLE 32.-Current data from observcrtions of H .  Mitchell, 1860, 1861,1865 

[Referred to times of high watar and low water at Boston Navy Yard1 

f5 
?4 

0 

1.40 

.a 

- - _  

St& 
tiom 
No. 

-_ 

M 3  

M4 
M 5  

M7 
MI0 
MI2 
A113 

M14 

MI6 
MI7 

MX9 

M20 

M2I 

M22 
M26 

M27 

hi30 

M33 

M35 

__ __ 

Slack 

~- 

Hours 
after 
H W  
0.17 

.08 -. 33 
-. 08 

.OO -. os -. 33 

-. 47 

-. 03 .os 
-. 87 

.33 

.33 

-. 67 
.OO 

.I3 

-. 33 
.25 

.25 

Obatrvations 

~ __ 

E b b  
d m -  
tion 

E b b  strength 
__ 

P a  
riod 

Daw 
1 

1 
1 

1 

M W  
m n t  
hour Direc 

tion 
(true) 

Date Time Time 

~ 

Hour8 

4.13 

3. 17 
3.29 

3.54 
3.79 
2. 17 
4.04 

3.63 

4.04 
292 

292 

3.21 

3.89 

2 17 
3.00 

2.92 

4.46 

4.21 

3.m 

%% 

P 
m Hours 

after 
LW 
1.00 

.oo 
-. 25 

Hour. 

3.54 

3.03 
2.50 

3.29 
3.46 
3.38 
2 92 

3.38 

283 
3. a8 

3.17 

4.13 

3.88 

3.46 
3.38 

3.63 

3.54 

3.88 

3.88 

% 1860 
Aug. 2-3 

Aug. 5-8 
July 31--4~g. l-... 

0 

4 

7: 
6: 

33 
62 
73 
84 

81 

65 
15 

45 

14 

89 

52 
128 

68 

62 

116 

92 

Knds 
0.3 

.8 

. 9  

1.2 
1.6 
.8 

1. 1 

1.0 

2.0 
1.1 

.8 

.6 

1.2 

1. 7 
. 5  

.4  

.4  

1.2 

. 3  

Hour4 
7.04 

6.13 
6.29 

6.29 
6.46 
6.04 
6.57 

6. 60 

6.44 
6.21 

6.33 

5.88 

6. 13 

6.30 
6.79 

3.66 

6.96 

6.79 

5.26 

Between The Qraves and Nahant Head (420 23' 

H&ie Channel (db'56' N., 700 53'45' y.); 
South of Brewster Bar (420 19' 27' N., 70' 54 06 

W N  70053'04'W 

W.\. 
268 .a 
244 .a  
220 1.0 
247 1.3 
za4 1.2 

6.29 
6. 13 

6.13 
5.96 
6.38 
5.85 

5.82 

5.98 
6.21 

6.09 

5. 64 

6.29 

6.12 
5.63 

6.76 

5.46 

5.63 

7. I6 

Bl8Ci~Roclr Channel (42" 19'33" 70" 55' 12' W.) 
Nantasket Roads (4P 18' 55' N ido 54' 58' W.)-. 
RamsEeadSpit ( 4 2 0 W W N  ?Oo55'W'W).---. 
~ o r t h  of oe~rges I. in main h i p  channel (aZ0 IW 
Between Gearges I. and Qdups  I. (ra" 19'26' N., 

South Channel (420W35.N 70055'13'W.)..-- 
North Channel entrance to $road Sonnd (420 W 
Between Nirea Mate and Gallups I. (42'' 19'45' N., 

Between Nixes Mate and Long I. Light (4P 19' 

Broad 8onnd Channel (420 W 09' N., 70' 57' 31' 

28' N., 70° 55' 43"W.). 

700 55' 56' W.) . 
58' N., 700 56'23' W.). 

70° 56' 36' W.). 

12' N 700 56' 50' W.) 
W \  

Aug. 14-15 
Aug. 8-9 _ _ _ _ _ _ _ _ _ _  
Sept. 17 __________. 
hug. 18.19 _ _ _ _ _ _ _ _  

.oo 
1 .25 
% -.25 

1 .03 

1 , -.os 
1 .20 
1 .w 
1 -.75 

1 .oo 

274 1.2 

1.4 

1.6 
1.4 

.4 

.4 

1.3 

2 2  
.3 

. 4  

. 4  

. 7  

.8 

25: 

251 
194 

228 

IS9 

267 

238 
330 

257 

2-55 

304 

281 

Aug. 16-16 _______. 
Aug. 30-31 _ _ _ _ _ _ _ _  
Aug. 31-Sept. I---. 

Sept. 15-16 _ _ _ _ _ _ _ _  
Sept. 14-15 _ _ _ _ _ _ _ _  1.18 

1.34 

.38 M 
1.00 * 
.82 

1.28 

1.55 

.89 

sGi& out 21' w N., 700 58' 11' w.) _ _ _ _ _ _ _  
Between Thompsons I. and Spectacle I. (42' 19' 20' 

East end of Lower Middle Shoal (e W 17'N., 700 

C z % . o I A p p l c I .  (4!P21'40'N..7O059'48' 

N., 70" 59'33' W.).. 

W.). 

70" 5(y 69. W.). 

W' W.). 

Channel 8. of Lower Middle Shoal (ra" W 12' N., 

N. of Lower Middle Shoal (420 W 32" N. 709 59' 

6.38 
6.79 

7.41 
6.63 

5.41 

ti. 41 
7.71 

6.28 

6.76 
6.41 
7.21 

7.21 

6.31 

7.21 

6.51 

7.21 

6.46 

6.64 

1.35 
1. 28 

.93 
1.38 

.______ 

1.51 
1.64 

.72 

1.39 
1.04 
.71 

- - - _- - - 
1.48 

1.28 

1.68 

L38 

L3U 

1. fi6 

1.57 

- 

3.21 ' 309 
3.54 29s 

2 1 7  176 
3. 54 24!2 

_ _  ._._. .___--- 

3.10 303 
4.60 279 

1.4 
1.0 

. 6  

.7 

6.01 
5.63 

5.01 
5.79 

7.01 

6.01 
4.71 

6.16 

.30 .oo 
-. 83 
.33 

.90 

. 10 -. 40 

.OO 

-. 18 -. 10 -. 70 

.4a 

.4u 

MJB I Upper Middle Shoal (420 21'01"N. 71°01'06" W.)- 
M39 ' NW. of Upper Middle Shoal (42' 21' OY' N., 71" 

E. of Blrd I. Flats (420 21' 28'' X., il0 01'06'' W.).. 
M51 Mouth of Charles River (42O 2 2  12" N , 71' OB' 

01' zzr' W.). 

W' W.). 

MU) 4.96 
3.88 

4 
84 

.7 

.9 

3.20 ' 139 ; . 4  
Mg5 qouth of Qovernors I. (420 W 57" N., 71' 00' 46" 

1.0 
.3  

.4 

W.). 
SE. of Castle Island (42" W.25" N., 71° 00' 33" W.). 
Between E. Boston and BIrd I. (42O 21' 45" N.. 

VW. mint ofBoston Flats (42021'46" N., 71° 0'2' 
71° 01' 46" W.). 

M66 
M68 

M69 

M70 
M71 
M72 

M73 

M74 

M75 

M7d 

M n  
M78 

M 79 

MRO 

~ 

4.05 

3.00 

4. 17 
3.80 
3.40 

4. m 

4.60 

4.m 

4.30 

3.40 

4.23 

3.59 

3.75 

.____--  1.4 
85 1 .4  

77 I .4  

106 i .9 
122 . 9  
1Z2 .8 

280 

4. 17 
3.30 
2.80 

- _ _  -- - . 
3.40 

3.40 

4.10 

4.10 

3.78 

4.17 

3.92 

.8 5.68 

. I  6.01 

. I  5.21 

_ _ _ _ _ _ -  5.21 

( 4 2 " ( ~ 4 5 " ~ . , i t o 0 1 ' 0 8 " ~ . ) - .  
W. of Bird I.Sboal(42021'17"N il"Ol'28"W.)- 
Off canter of Bird I. (420 21' 22" 71" 01' 37" Rr.)- 

Am. 8 _____-- -_- - -  
1863 I Edge S. Boston Flats (429 21' W' N.. 71' 02' 53" 

Fort Pt. Channel (SE. of Fosters Wharf) (ra" 21' 

M)+lc River Entrance, (429 me"., 71O 50" 

Jmction Charles and Mystic Rivers (429 22' 14" 

W.). 

21"N., 71" 03' 00" W.). 

W.). 

N 71" 03' W' W.). 
NE.%OIU union wharf ( 4 ~  21' w' N., 710 02' 5 ~ '  

_ _  __---  ------- 
34 1.0 

147 .9 

101 1.0 

188 '  LO 

61 1 1.2 

159 .9 

180 

28 

323 

15 

241 

324 

30(1 

6. 11 .6  

.6  

.7 

.4 

1.1 

.9 

5.21 1 --.a 
5.91 ~ .5C 

I 

Cr21: .oc 

5.78, .x 
896/ -.of W.). 

Fort Point Channel above railroad (42 W 45" N., 

Between E. Boston and 6. Boston Flats (429 21' 

Ship C&el, off Slate Ledge (420 21' 15" N., 71" 

71' 03' 35" W.). 

30" N. 71° 02' 40" W.). 

01' W' W.). 

Aug.21.22 _ _ _ _ _ _ _ _  1 1 '  .a 
Aug.27-Z? _ _ _ _ _ _ _ _  1 1 1.00 

I 

. 9  5.79 I .a 127 .9 6.83 

I 1 1  

For a referancs to the observations listed in above table, sea p. 19 



-~ __ 

Sta- 
tion 
No. 

Eours 
ajier 
L W  
4.07 
4.03 
4.07 
4.07 
1.85 
3.47 
3.47 
1.38 

TABLE 33.--Current data from observations of committee on Charles River Dam, 1906 

[Referred to times of high water and low water at Boston Navy Yard] 

O 

345 

........ 
____.___ 

310 

______.. 

..__.._. 

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

I 

1 Date 

I 
I 

I 

Channel between Deer I. and Long I. (e 20' 15" N., 70' 57' W' W-.). 
Nor 15 ....____.. 

C4 Channel between Long I. and Moon Nov. 18.19 ._____ 
((3-HI Head (420 18' 33" N., ioo 58' 54'' W.).  

I 

I 
'eriod! Depth 

Days ' Fed 

Yi 1; 

; 
18 

' 2 4  
1 35 

~ 16 
22 

~~ ___ 
Flood strength 

Slack 

.?&UT8 
affer 
LW 
0. 13 
.02 
.OO -. 05 -. 10 
.42 
.OO -. 13 -. 25 

1 32 -. 13 
3 .a, 

42 -.33 
63 -.42 

6 .a, 
12 .M) 

l 17 .08 

1 32 -.25 

h' 3 --.a8 

.__ 

Veloc- 
ity 

Knds 
0.88 
.98 
.88 
.98 
.6.i 
.96 

1.06 
1.06 
1.06 
.fdl 

1.50 
1.69 
1.46 
1.50 
1.32 
.32 
.27 
.27 
.32 

tion 

Ehb strength I 

I Hours 
affer 

Hours H R  
6. CS 0.00 
6.27 . W  
6.29 .08 
8.34 .as 
6.31 .OO 
6.22 .43 
6.66 ' .47 
6.81 .47 
6.93 .47 
6.81 .47 
6.13 -.W 
6.46 . I7  
6.54 
6.62 % 
6.66 .03 
6.96 .67 
6.79 .58 
6.88 .67 
6.80 .67 

1 

1 The direction of the current is taken as approximately parallel with the axis of the channel, as this information was not obtained by the instruments 
For a reference to the observations listed in above table, see p. 21. 

4 

Knots 
0. 79 
.96 

1.00 
.79 
.62 

1.40 
1.56 
1.40 
.86 
.65 

I. 69 
1. 78 
1.82 
1.46 
.96 
.45 
.59 
.25 
.30 

~ 

__ 

Mean 
!urrent 
hour 

_ -  

H o u r ~  
1.22 
1.06 
1.07 
1.05 
1.13 
1.36 
1.31 
1.22 
1.04 
1.09 
1.13 
1.08 
.95 
.96 
.95 

1. 13 
1.31 
1. 15 
1. 12 

_ _  



TABLE 34.---Current data from observations of R.  W .  Woodworth, 19% 
[Referred to times of high water and low water at Commonwealth Pier No. 5, Boston] 

__ 

Slack 

- -  

Hours 
oftm 
LW 
0. 18 
.14 
.13 
.16 
.05 
'00 .oo 
.a2 
.46 
.52 
.55 
.55 
.30 
.25 
.a0 
.a0 
.35 
.30 
.25 
.% 
.57 
.40 
.40 
.40 .m .m .m 
.60 
.55 
.38 
.!a 

- __ 

St& 
bion 
No. 

~ - - 

Flood strength 
__ 

Flood 
dura- 
tion 

Ebb strength 

Period Method Dept 

__ 

Time Time 

Hours 
after 
HW 
0.43 
.31 
.31 
.26 

-. 42 -. 55 
-. 58 
-, 60 

.70 

.70 

.78 

.85 

.85 

.55 

.50 

.60 

.40 

.XI 

.50 

.55 

.05 

.OO .w .w 

.10 

.10 

.10 

.75 

.78 

.88 
1.02 

EOUrs 
Ujfer 
H W  
3.65 
3.65 
3.64 
3.65 
3.20 
3. 18 
3.30 
3.30 
3.82 
3.85 
3.85 
3.85 
3.95 

4.00 
4.40 
450 
4.50 
4.50 
3.60 
3.60 
L60 
3.60 
3.85 
3.85 
986 
3.98 
3.88 
3.95 
3.92 

3.90 
3. m 

260 
257 
262 
260 
160 

150 
. - - - -. . 

1926 
July 7-12, Aug. 4-5 S. of Boston Light (42' IY 12" 

N., 70' 53' 20" W.). 

Nantasket Gut (42' 18' 11" N., June 14-15, July 
7Oo55'3U"W.). 1&11. 

N., 709 57' 05'' W.). 
$$ mile NE. Nut I. (42O 16' 58" June 14-15, July 

10-11. 

Weymouth, Fore River En- June 10-11 _ _ _ _ _ _ _  
tranoe (42' 15' 55" N., 70° 56' 
W' W.). 

SW. d B m n  I., Eingham .-.--do _______.___ 
Bay (W 16'W' N., 70° 54' 14" 
W.). 

Weymouth Back River June 16-17 _ _ _ _ _ _ _  
'$!Fi4 'W'N.,70"55'5Y'W.). 

Knds  
1.52 

Kmta 
87 1. 55 

1.53 
1.36 
1. 15 
229 
2. 40 
2.49 

Hour8 
5.92 
6.00 
5. !XI 

Wl 

UT2 

wa 

w4 

w 5  

WB 

w7 

w 9  

I 

7 
16 
25 
7 
7 

18 
29 
7 
6 

15 
24 
7 
4 

10 
16 
7 
6 

14 
22 

6 
10 
5 

12 
19 
7 
9 

22 
34 

!? 

6.64 .47 
6.n .43 
6.75 .46 
6.79 .4? 2.41 

1.31 
1.25 
1.31 
1.2.5 
.41 
.4s 
.45 .a 

1. 10 
1.10 
1.01 
.91 

1.18 
1.21 
1.27 
1. n 
.89 
.89 
.89 

1.11 
1. 14 
.98 
.82 

- - -. - - . 
135 
128 
124 
129 
191 
162 
201 
222 
130 1 
129 
129 I 

127 1 

165 I 

SW'lY, 

. - _ _ _ - _ I  

..____ 
___.__ 

_ _ _ _ _ _ I  

-=-i 234 
2 4 1  
246 

5.82 1.25 
5. ge 1.29 
5.94 1.32 
5.87 1.35 
5.62 1.31 
5.87 1.07 
5.87 .Qfl 
5 77 1.01 
6. 12 1.13 
5.97 , 1.19 
5.92 1.23 
5.87' 1.24 
6.69 1. 10 
6.57 , 1. 04 
6.57 1.04 
6.57 1 1.04 

6.27 
6.02 

5.67 
5.43 

an .89 

5.84 

Quincy Point Bridge Wey- ___._do _..___.____ 

SE Rainsford I. NantAet  June 21-22, July 

month Fore River (d 14' 40" 
N., 70" 58' 03" W.). 

Eioads (W 18' 2d' N., 700 56' 
W' W.). 

7-8. 
1.14 
.BB 

1 Supplementary observations with Pettersson current meter. 



TABLE 34.-Cunent datu from obseruatwns of R. W .  Woodworth, 1986-Continued 

Method D e p ~  

- 
Observations 

- __ 

SlWk 

- 
How8 
affn 
LW 
0.46 

.50 

.44 

.32 

-1.12 
-1.20 
-1.15 

.05 

.15 

.oo -. 05 -. 12 -. 18 
-. 22 
-. 25 
.42 
.52 
.48 
.52 
.15 
.a, 
.05 .oo 
.44 
.33 
.27 
.a 

-. 20 .oo -. 10 
-. 10 
1.25 
.75 
.25 
.50 

-1. m 

__ - 

Flood 

tion 
dura- 

~ 

Hours 
5.49 
5.60 
5.61 
5.75 
5.30 
5.05 
5. 10 
5.05 
4.50 
4.30 
4.75 
4.80 
5. 27 
5.63 
5.72 
5.78 
6.35 
6. 25 
6.25 
6.21 
6.70 
6.65 
6.55 
6.60 
5.84 
5.96 
6. 19 
6.29 
6.05 
5.85 
5. 85 
6. 50 
4.85 
5.20 
6.20 
6.90 

. -_ __ 

Slack 

~ - 

Ebb 
dura 
tion 

~~ -_ 

M W  
Rlrrent 
hoar 

__ 

Hours 
0.92 
.92 
.87 
.79 

-1.25 
-1.32 
-1.39 
-L 36 -. I2 -. 05 -. 01 -. 02 
.a3 
.21 
.22 
.23 

1.34 
1.39 
1.37 
I. a9 
1.28 
1.09 
1. 11 
1.15 
1.17 
I .  13 
1. 14 
1.12 
.44 
.54 
.55 
.70 

1.10 
.97 
.97 

1.60 

StS- 
tion 
No. Locstfon __ 

Timt 

__ 
Hour: 
after 
HW 
3 a  
3.3 
3. 'I: 
3.8: 1.x 
1.2 
1. a 
.% 

3.a 
3. x 
3.50 
3. 50 
3.12 
3.20 
3. 24 
3.28 
4.65 
4.88 
4.60 
4. 60 
3.90 
3.80 
3.95 
3.95 
4.08 
3.99 
3.95 
3.92 
3. 65 
3. 70 
3.95 
3. 80 
3.25 
3.40 
3.65 
4.35 

__ 

Velw 
ity 

Direc 
tion 

(true) 
Date Periot 

-7 - HOW4 

3% 
aat 
3.1: 
Lo! 
.6f 
.5: 
.61 .n 
1.a 
1.a 
L60 
1.60 
2 05 
2.24 
2.25 
224 
3.42 
3.48 
3.58 
3.62 
4.10 
3.80 
3. 75 
3.95 
3. i d  
3.81 
3. 77 
3.75 
2.35 
2. 50 
2. 50 
2.60 
3. 70 
3.65 
3.40 
4.05 

% 
Hvurr 

-0.N -. 15 
-. 20 -. 18 

-2.15 
-2.32 
-2.35 
-2.95 
-1.70 
-1.80 
-1.50 
-1.50 
-1.10 -. 80 -. 75 
-. 72 

.52 

.52 

.48 .a 

.60 

.40 

.35 

.35 

.M 

.04 

.?I  

.24 -. 40 
-. 40 
-. 50 

.15 -. 15 
-. 30 

.20 
1. 15 

1926 
June 23-24, July 

7-8. 

June 22-23, July 
8-9. 

June 24-25--.-.-.- 

June 24-25, July 
11-12. 

July 11-12, 23-24-. 

July 15-16 ____.____ 

July 14-24, Aug 
3-7. 

Dags 
2 Knold 

0. s! 
.8f 
.I . 76 
.34 
.36 
.3E 
.35 
.65 
.36 
.56 
.56 

1.09 
1.01 
.94 
.94 

1.19 
1.03 
1. la  
1.09 
1.70 
1.64 
1. 64 
1. 52 
I .  79 
1. 76 
1.60 
1.40 
1. 47 
1.48 
1.42 
1.42 
.28 
.47 
.46 
.58 

W10 )5 mile NW. RainsIord I. (e 18' 
45"N.,7O057'42" W.). 

W11 ?i mile ENE. Moon Head (W 
18' 33" N., 70° 58' 57" W .) . 

W12 NW. of Georges I. (42' 1Y W' 
N., TOo 56' W' WJ. 

W13 The Karrows (ao i Y  25" N., 70° 
55'"" W.). 

0 

52 
42 
38 
46 

127 
123 
145 
144 
43 
46 
40 
43 

107 
98 
97 

115 
38 
29 
38 
38 
87 
86 
95 
83 
83 
89 
93 
44 

124 
102 
100 
109 
38 
8 

26 
351 

Knotc 
0.95 
1. m 
.95 
.82 
.41 
.50 
.39 
.3a 
.85 
.81 
.BB 
.61 

1.34 
1.36 
1.24 
1.22 
.&I .a 
.60 

1.55 
1.38 
1.38 
1.32 
1.51 
1.46 
1.43 
1.34 
1.62 
1.78 
1.72 
1.72 
.48 
.50 
.56 
.58 

.m 

I .  

6 
16 
25 
7 
2 
7 

5 
12 
19 
7 
6 

14 
24 
7 
6 

14 
22 
7 
i 

16 
26 
7 

13 
32 
51 
7 

11 
"8 
45 
7 
5 

12 

1; 

m 

SW. of Nuas Mate, (42' 1Y 57" 
N., 700 56'57'' W.). 

OR Long I. Head Light (42'' 1Y 
.%" N., 70" 57' 27" W.). 

274 
284 
270 
267 
270 
'27 1 
268 
243 
255 
2.54 
286 
184 
176 
im 
im 

Mid-channel. Y. of Dear I. Light 
(Q'? M'"' N., 700 57'W' W.). 

\ i  mile 8. Dear I. Light (420 LW 
17" N., 7@ 57' 18" W.). luly 1 5 1 6  ... ._-.__ 

ruly 18-19 .________ \v.0flongI.(42°19'1@"N.,700 
58'W' W.). 

Y -:ti 
6 -.lo 
9 -.lo 
7 -1.48 
3 -1.25 I 

7-8 -1.32 
12 -1.52 
7 .40 
3 .35 
8 .35 

E 2 2 0  I 
3.30 ' 
1.18 I 
1.28 , 
1.31 
1.28 

3.65 
3.65 
3.65 
3. 60 
3.70 
3.65 
3.60 
3.85 
3.85 
3. 85 
3.40 
4.25 
2 4 0  
4.15 
4.25 I 

3.60 1 
3.60 
3.70 
3. a5 
3.55 
3.60 
3.40 
3.40 
2.30 

4.2s 
4.15 
4.25 
4.15 
3.47 
3.70 
3.53 
3.63 

3.70 
3.87 
3.80 
3.20 
3.30 

3.60 ' 

3.20 
3. 20 

.09 . 11 

.13 

.14 
-1.57 
-1.41 
-L41 
-L49 

.37 

.a3 

.35 

.35 
1.24 
118 
1. P 
1.20 
.87 
.91 
.85 
.BB 

L05 
.71 

1.03 
1.13 
.7J 
.75 
.Ea 
.89 

L 17 

1.15 
1.19 -. 03 

.95 

.94 

.89 

.87 

.93 

.98 

.97 
1. os 
1.10 
1.19 
L20 
.64 
.65 
.57 
.66 

1. m 

.m 

280 
265 
265 
205 
.48 .a 
.72 
.70 

230  
2. w 
200 
2. w 
3. w 
3.M 
3.30 
3.36 
3.1c 
3. M 
3. M 
3.a 
3.N 
3.u 
3. 1: 
2 %  
2.7: 
2 7! 
2 7! 
3.a 
3.7: 
3.a 
3.7: 

2 7( 
2 71 
2 M  
28( 
3.4I 
3.3 
3.3 
3.3 
3.6 
3 .8  
3.6 
3.7 
3.1 
3. 1 
3.0 
3.1 

3.711 

2 m  

w) 
280 
I 1  
264 
310 
314 
304 
303 
244 
233 
248 
252 
263 
262 
270 m 
243 
235 
238 
248 
234 
234 
228 
243 
235 
m 
234 
237 
336 
328 
332 
326 
23E 

m 
301 
301 
3(x 
3(w 
281 
28i 
3% 
3oi 
31( 
30! 
3a 
30: 
281 
2a a 

.a 

.40 

.39 

.39 

.32 

.36 

.31 

.36 

.61 

.60 

.61 

.56 

-. 90 -. 55 -. 55 -. 55 
-2.80 
-2.73 
-2. 72 
-2. so 
-. 90 
-1.05 
-. 95 -. 90 

.70 

85 
68 
80 
102 
116 
105 
122 
137 
70 
46 
52 
60 
70 
83 

1Ca 
106 

59 
60 
59 
76 
66 
66 
64 
68 
51 
48 
54 
53 
122 
112 
120 
132 
32 

124 
121 m 
124 
116 
114 
1X 
124 
1% 
136 
124 
l l i  
Iof 
1Z 
1% 

i m  

.49 

.55 

.44 

.44 

.65 .a 

.46 

.41 

.88 

.80 

.66 

.71 

.65 

.79 

.54 

.28 

.79 

.81 .a 

.36 

.94 

.85 

.81 

.67 

.67 

.77 

.72 

.63 

.65 

.70 

.50 

.44 
1.43 

-83 
.89 
.89 
.18 
1.04 
1.09 
1.09 
.98 
.93 

1.01 
-96 

7.07 
6.m 
6. 62 
6. 62 
7.49 
7.65 
7.57 
7.45 
7.47 
7.57 
7.47 
7.37 
6.w 
5.92 
5.37 
5.M 
6.77 
6.12 
5.77 
5.57 
6.22 
6.37 
5.87 
6.12 
6.52 
6.67 
6.07 
5.67 
6.77 
6.82 
6.72 
6.82 
6.92 

5.97 
6.22 
6.a 
6.22 
5.87 
5.92 
5.82 
5.67 
L35 
6.27 

5.87 
6.21 
6.31 
6. Oi 
6.19 

6. i o  

w19 

w m  

w21 

W22 

W23 

W24 

w2: 

w3f 

WZ 
W 2  

W2! 

u-3 

w 3  

4 mile W. of Moon Head (420 
18' 25" N., 71° 00' Cr2" W.) . 

ymile NE.  of Thompsons'I. 
(W19'25"N.,7O05YW' W.). 

June 18-19 _ _ _ _ _ _ _ _ _  

June 25-26, July 
8-9. 

June 25-26 

June 29-30. ______. 

----do-- _ _ _ _ _ _ _ _ _ _  

June *July I--- 

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

July 14-15 _ _ _ _ _ _ _ _  

July Zl-23 _ _ _ _ _ _ _ _  
July 14-15 _ _ _ _ _ _ _ _  

July 1C20 _______. 

July 19-21 

July 20-21 ___.___ 

& mile NW. of Spectacle I. (420 
1@'43"N.,7O05Y35" W.). 

3E. of Castle I. (420 1Y 55" N., 
71' 00' 15" W.). 

fsmile N. of Thompsons I. 
(42" 1Y 27" N., 71° O@' 25" W.). 

14 .%I 
7 .60 
4 .45 

10 .30 

.54 

.56 

.54 

.74 

.44 

.66 

.57 

.71 

.74 

.80 

.71 

.57 

.62 

.47 

.62 
-58 
.55 

15 .20 
7 ~ .25 
7 . l 5  

18 -.lo 
29 -.30 
7 .30 
4 .45 %mile W. Thimble I., Dorches 

ter Bay (W 18' 30" N., 71' 

Neponset River R. R. Bridgc 
(W 17' 10" N., 71" 02' 16" W.) 

mile SE. of Apple I. (42" 20 
55"N.,70°58'55" W.). 

01' 55" W.). 10 .10 
16 .35 
7 .25 
2 .35 
6 .15 

10 -05 
7 ! .85 
6 1.05 

16 ' .80 
26 ' .95 
2 -.a1 

.e4 

.55 

.49 
1.21 

.69 

.8 

.69 

.68 

.96 

.92 

.97 

.96 

.83 

.84 

.80 

.75 

.?3 

.73 

.8Q 
1.00 

Shirley Gut  (4P 21' i0" N., 70' 

Off Winthrop (4P 21' 50" N., 70' 
5a' I@' W.). 

w W' W.). 

I 
7 ' .15 
3 1 .30 
8 .a0 

12 .20 
7 .10 

6.45. .a 
6.a .z aoo .@ 
6.20 .I: 
6.55 .4( 
6.50 .4( 
6.60 .5! 

SW. side channel off Castle I 
(42°W25"N.,710W38" W.) 

Middle of channel off Castle I 
(W 2O'W' N., 71'00' 3@" W.) 

NE. side channel off Castle 1 (e W 35" N., 71° 00' 32" W .) 

7 .I5 
16 .20 
26 .05 
7 .45 
7 .40 

6.75 .5: 
6.07 .2; 
6.15 .3( 
6.32 .I; 
6.55 .e4 

17 .40 
28 .30 
7 -.05 
3 .oo 
8 -.m 

... 

.82 

.93 

.93 

.94 

.95 I 

6.20 
6.05 

6.30 
6.35 

-. i l  
-.a -. I I  

.a 13 -.05 

1 Supplementary obsen.ations with Pettersson current meter. 



TABLE 34.-current data from obsertiations of B. FV. woodworth, 1926-Continued 
- -_ 

Sta 
tioi 
No 

- 

w3: 

w3: 

F3! 

w3; 

n'3f 

w3i  

t5-33 

W 40 

W42 

--__- 
I 

Flood strength 

__ __ 

Slack 

Hmm 
af2Cr 
H W  
0. o(1 
.o(I .a 
.30 
.45 
.e5 
.75 

1.25 
.30 
.40 
.40 
.30 -. 20 -. 30 -. 10 -. 25 -. 35 
.OO 
.IO 
.10 
.50 
.10 .ea 
.35 
.51 
.40 

- __ 

Ebb 
dura 
tion 

Ebb stmngth 
Flood 
dura- 
tion 

__ 

Veloc- 
ity Time 

D k .  
tion 

(true) 
__ 

128 
121 
124 
121 
124 
127 
137 
131 
124 
123 
132 
136 
31 
24 
22 
31 

163 
156 
161 
156 
164 
156 
158 
161 
162 
154 
148 
147 
158 
82 
75 

105 
85 
53 
49 
41 
44 

Houri 
aficr 

Feet  LW 
0.3G 

17 .4c 
+ .4c 

z2 1% + 1.10 
17 .70 
28 .30 

Hours 
nftm 

I 
I 

16 Pole .... 1 
Meter.-. I 

1926 Days SW. side channel o f f  S Boston July 1 6 1 7 .  . 
Dry Dock (42' 2G' 42'  S , 7l0 
01' ow' W.). 

HOW. 
after 
H W  
3 . 3  
3.54 
3 . 3  
3 . x  

ZW K m ~  
3 29 320 0.51 
3.70 318 
3.60 330 
3 70 302 
4.05 322 
4.15 308 
4.15 313 
4.20 308 
3.80 331 
4.00 337 
3.80 309 
3.80 318 
3.80 x)8 
3.75 214 
3.85 200 
3.50 225 
3.60 351 
3 60 a n  

Hours 
5.95 
5.85 
6.15 
6.35 
5.50 
5.80 
6.30 
7.20 
4.95 
4. 85 
4.95 
5. 15 
4.95 
4.75 
4.90 
5.30 
5.30 
5.45 
5.60 
5.65 

5.37 
5.39 
6.29 
6.94 
5.30 

- - - - - -. 

Knob 
0.71 
.71 
.62 
.62 
. 79 
.73 
.62 
.50 
.69 
.73 
.63 
.69 
.29 
.29 
.39 
.39 
.53 
.54 
.54 
.54 
.44 
.61 
.64 
.50 
.43 
.43 
.47 
. 4 i  
.43 
. I4  
. I 6  
.11 
. I 7  
.22 
.22 
.a2 . ia 

Hour, 
6.4: 
6.5; 
6.2: 
6.0; 
6.9: 
6.6: 
6. 1: 
5.2: 
7.4i 
7.55 
7.4i 
7. zi 
7.4i 
7.61 
7.5: 
7. 11 
7. 12 
6. 97 
6.82 
6.77 

7. 05 
7. a7 
6.13 
5.48 
7. 12 
7. 37 
6. 72 
6.42 

6.92 
5.92 
7.02 
6.22 
5.97 
5. 57 
3.7.2 

-____. 

8.07 

Hour8 
0.79 
.99 
.99 
.97 

1.46 
1.52 
3.45 
1.50 
1.21 
1.24 
1.17 
1.17 
1.09 
1.10 
1.31 
.93 
.89 

1.05 
1.18 
1.14 

1.26 
1.23 
1.07 
.87 
.80 
.91 
.68 
.58 

1. 18 
.63 
.55 
.74 

1. 51 
1.40 
1.51 
3.18 

. - - - - - - 

.5i 

.71 

.71 

.79 

.73 

.71 

.6c 

.74 

.63 

.73 

.74 

.24 

.24 

.24 

.24 

.53 

.44 

.44 

.44 

.38 

.40 

.49 

.53 

.37 

.37 

.38 

.09 

.16 

.16 

.07 

.16 

.22 

.22 

.P 

.-__ 

.3n 

--do.. . _ _  I 
Middle of channel off S. Boston .-. 

Dry Dock (420 20' 46" N., 71° 
01' 05" W.). 

'...do ____. i 
xfeter.-./ 

-..do.l..J 
..- do ... _. 

;$ Pole..-.- 
Meter--. 
... do ____. 
... do ..___ 

1 Pole-.--. 
Meter.-. 

1 Pole .... 

NE. side channel off S. Boston 
Dry Dock (420 W 51" N., 71° 

Entrance to South Bay (42' 21' 

01' W' W.). 

12" N., 71' 03' M" W.). 

7 1.00 
7 1.00 

17 .90 

4 1.m 
? 1:: 

3.40 a. gn ... do _ _ _ _ _  
---do.. . - 

I Pole ...-. 
Meter.-- 

11 1.25 
l i  .70 
i .60 
6 1 .80 

12 I .75 
18 .70 
28 
7 .98 

19 .31 
30 -.18 
7 .55 
7 .90 

28 -.05 
7 1.30 
7 .30 

18 -.35 
28 .20 
7 .75 
7 .50 

17 .50 
28 1.25 

- - - - - -. 
n .% 

17 .m 

W. sfde channei off 
Ferry (42" 21' 53'' 
55" W.). 

Middle of channel off E. Boston 
Ferry (42' 22' W' N., 7 1 O  or 
49" w .) . 

E. Boston 
N., 71" GZ' 

-..do _ _ _ _  .I ... 
3.70 331 

332 . . -do--. . 
. . .do--. _. 

9 Pole .... 
Meter--. 

3.80 
_ _ _ - _  
3. E 3  
3.79 
3.64 
3.41 
3. 60 
3.60 
3.50 
3.40 
2.70 
1.90 
2 0 0  
3. 00 
4.40 
4.20 
4.15 
6.05 

- -. - - - - . 
340 
336 
338 
324 
340 
336 
330 
330 

260 
270 
270 
218 
224 
223 
poi 

. . - - -. - 

July 21-22, 2631, 
~ u g .  2-3, s i n  

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

1 Pole_-.-. 
Meter--- 

~ - .do ____. 
... do ____. 

1 1 Pole ..... 
Meter..- 

- - .do.. _. - 
1 .- .do.. . - 

1 1 Pole ..... 
Meter..- 

E. side channel 
Farrg (42' 22' 
42' W.). 

off E. Boston 
CY' N., 71' 0 2  5.05 .30 

5.70 .35 
6.00 .30 
4.35 --.a 
5.50 -.45 
6.50 -.lo 
5 .40 ,  -.6 
6.20 .70 
fi A 5  7n 

Liidchannel off Pier 2 navy 
yard (42" 22' 16" N., '71' 03' 
1V' W.). 

$ear Charles River Bridge (42' 
22' 10" N., 71' 03' 31" W.). 

July 2829  ....-.. . 

July 3C-3 I _ _ _ . _ . . . .  

I I.-- , .." , 
6.85 1 .10 '  
8 7 0 1  3.70 I 

Wi Pole--..- 
Meter..- 1. - .do .___. 

4.20 
4. 20 
380 
3.80 
3.85 
3.95 
3.80 
3.85 
2.80 
2.80 
2.80 
2.80 
3. 95 
4. 15 
3.90 
3 35 
4.20 
4.10 
4.20 
4.05 
4.20 
4.20 
4. 00 
4.05 
280 
2 7 2  
280 
280 
2. 78 
3.43 
3 47 
3.30 
3 0 3  
3 95 
4 00 
e00 
3.85 

.41 

.40 

.41 

.50 

.45 

.45 

.46 

.46 

.42 

.41 

.42 

.51 

.29 

.34 

.58 

.63 

.47 

.47 

.47 

.47 
.57 

.60 

.65 

.70 

.70 

.20 

.M 

.53 

.55 -. 30 -. 50 

1.44 
1.48 
1.31 
1.31 
1.34 
1.41 
1.36 
1.84 
.54 
.61 
.54 
.57 

1.24 
1.35 
1.19 
.92 

1.32 
1.29 
1. 13 
.w  

1.32 
1.32 
1.14 
1.20 
.59 
.59 
.53 
.5o 
.40 

1.14 

1.07 
1.03 
.a5 
.70 
.68 
.59 
1. gP 
1.92 
1.63 
1.02 
.98 
.99 
.97 
.89 

1.05 
.98 

1. 17 
1. 18 

1. m 

202 
197 
187 
186 
200 
196 
199 
196 
183 
179 
178 
194 
188 
190 
182 
184 
284 
288 
288 
290 
94 
86 
86 
84 
68 
68 
62 
82 
80 
32 
28 
22 
34 
12 
16 
24 
12 
49 
46 
.io 

.51 

.60 

.51 

.50 

.55 

.65 

.51 

.41 

.62 

.71 

.62 

.61 

.59 

.49 

.43 

.38 

.62 

.67 

.57 

.47 
.47 
.52 
.47 
.42 
.% 
.94 
.86 
.75 
.65 

1.60 
1.50 
1.35 
1. 15 
.26 
.38 
.38 
.43 
.69 
.69 
.63 
.55 . io 
.55 
.4R 
. 3 i  
.51 
.51 
..% 
.51 

6.37 
6.42 

6.07 
6.92 
6.84 
6.44 
6.27 
5.97 
6.27 
5. 97 
6.37 
7. 02 
7. 22 
6. 62 
5.92 
7.02 

6. 32 
6. 27 
6. 89 
6.97 
6. 17 
6.07 
5. 89 
6. 12 
5. 72 
5. 84 
5. 70 
5. 92 
6.07 
5. 95 
6. 07 
5.72 
5.42 
5.42 
5. 77 
6. 10 
6.40 
6.00 
5.77 
6.97 
7. 02 
6.82 
6.97 
6. 12 
6.2'2 
6.37 
6.52 

a 07 

6.87 

3.80 
3.80 
3.80 
3.80 
4.00 
4.20 
3.95 
3.95 
3. 80 
4.20 
3.60 
3. i o  
3.50 
4. 05 
3.85 
3.60 
3.55 
3.60 
3.50 
3.25 
3.50 
3.50 
3. 50 
3. 60 
3. 10 

3.08 
288 

3.82 
3.92 
2.75 
2.80 
2. 80 
2.65 
4.35 
4.35 
4. (w 

3.88 I 
3.90 1 

w 43 

"44 E 
-3 
4 

w45 
E3 

\V46 

3 a  

W47 

W4R 

w49 

w50 

15-31 

W52 

11.53 

\v 54 

Near Pier 6, Navy yard (42" 22' July 29-30 -....-... 

I 25" N.. 71'02' 56" W.). 

Mid-channel of navy yard (42'' :--...do ___.__. ~..~.. 
22'24" N., 71° 02' 51" W.). 1 

Near Maverick St., E. Boston , Julr W... .... .. 
(42"2'22''N.,71°02'48" W.). , 

NE. navy yard (42" 22' 4U" X., ' July 3fF31 . .__ .... 
71' 02' 47'' W., . 

7 
6 

16 
26 ; 
18 
28 

7 
7 

17 
25 
i 

1 

lk 
26 

.&I 

.90 

.60 .w 

29 
32 
28 
24 
27 
26 
24 
19 
14 
7 
R 

6.05 
6.00 
6.35 
6. 35 
5.50 
5.58 
5.98 
6.15 
6.45 
6. 15 
6.45 
6.05 
5. 40 
5. 20 
5.80 
6. 50 
5. 40 
5. 55 
6. 10 
6. 15 
5. 53 
5. 45 
6.25 
6.35 
6.53 
6. 30 
6.70 
6.58 
6. 72 
6. 50 
6.35 
6.47 
6.35 
6. io  
7. oc' 
7.00 
6.65 
6.32 
6.02 
6.42 
6. 65 
5.45 
5.40 
5. Bo 
5.45 
6.  :30 
6. 20 
6. 05 
5.90 

, -. .do.. . . . 
1 I Pole ..... 

Meter..- 
.95 
.90 
.80 
.65 

-. 50 -. 40 
-. 40 -. 20 

1. 00 
.95 
.55 
.05 

7 1 0 0  
6 .90 

12 .30 
20 .20 
7 .97 
5 1. 00 

14 35 
23 .35 

7 -.lo 
18 .05 
32 -.30 
45 -.28 

.32 

.48 
30 
.35 

- 03 
- 55 
-. tx 
-. 45 
1.25 
1 3 8  
.88 
.1: 
.70 

13 .TO 
32 .5S 

. l 5  

.05 
8 .35 

13 .40 

7: - 45 

52 .55 

'. - .do.. . ~. 
... do -.... 

>/z Pole -...- 
M e t e  ... 

.-.do __._. 

... do ... . - 
! Pole-.-.. 

Meter..- 

-. 20 
-. 40 

.15 -. 10 

.10 

.30 

.15 

.20 

.15 

.10 

.25 

.20 

.35 

.45 

.18 

. IO 

.15 

.05 

.02 

.57 

.58 

.52 

.45 

.a 

.20 

.15 -. 05 
1.32 
1. 15 
1. os 
.55 

-.IO 
-. 15 -. !O -. 25 

.zJ 

.OO 

.15 

. 05  

8 
16 
18 
20 
M 
99 

101 
95 

104 
274 
270 
267 
270 
254 
248 

--.do ___._ 
... do ..... 

1 Pole ....- 
Meter ... 

Sear hleridiau St. Bridge, Chel- 
sea River (42' 23' 10" N., 71' 

.4ug. ?-3.. -. . ... . 

w 18'' W.). 

710 03' 01" W.) . 
Mystic River (aa 23' 10" N.. ,_..__do .......-.--.. / 

, - -.do.. . . . 

1 Pole ...--' , Meter ... 
l...do ___. . 
l...do ....- 

2 1 Pole -.... 
Meter..- 

i---do.1-.. 
I-. .do-.. - - 
L.do -.... 

2 i Pole ....- 
i Meter ...' 
'.-.do __.._ 
' . -. do ... . - 

1 Pole----. 
~ Meter-..' 
,___do-  _ _ _  
j _ _  .do.. - - 

2 , Pole -... 
i Meter ... 
' ---do---. 
;.-.do _.__ 

1 I Pole l 
j Meter.. 
1. -.do.. . . 
--.do. -. . 

1 I Pole -.... 
I Bleter.-- 
,.--do.1--. 
I.. .do.. -. 

/.--do -.... I 

.32 

.47 

.57 
1. 18 
1.11 
1.09 
1.05 
1. 15 
1.38 
1.38 
1.38 
1.38 
.31 
.38 
.43 
. 4 3  
.56 
..% 
.53 
.55 .a 
.85 
.43 
.32 
. 41 
.41 
.41 
.41 

Hypocrite Channel (42' 20' 54" 
N., 70° 53' 45" W.). 

Aug. 3-5.. .__...__I 

243 
267 
265 

201 
194 
198 
174 
172 
172 
174 
259 
254 
247 
240 
230 

mi North Channel (42' 21' 03" N., 
70" 56' 00" W .) . E, 

20 2 
4 
9 

14 
7 

12 
30 
4s 

NE. of Deer 1. (420 21' 30" N., 
ioo 5 7  14" W.). 

A L ~ .  5-6 __.-_ .___ 

Aup. 3-5.. . .--.... Broad Sound (420 22' 22" N., 
70' 54' 02" W .) . 

4.4i 
4.43 
4. 13 
3.53 
3.70 , 
3.w 
3.80 .__._.. 
3.80 ..___.. 
3.10 322 
3.10 319 
3.30 3?5 
3.40 , 328 

S of Nahant, Broad Sound ( 4 2  
21' 40" N , ioo 54' 30" W.). 

Aug. 3 4  ... .-.. _ _  
.. 
F3 
84 

3.10 __._.___ 
4.40 1.9 
4.40 I 164 
4.50 164 I 
4.50 164 1 

1 Supplementary observations with Pettersou current meter. 



w 5 5  

w.56 

after 
LW 
2.40 
2 0 0  
2. 50 
2 0 0  
2 5 0  
2 5 0  
250 
3.00 

TABLE 34.--Current data from observations of R. W. Woodworth, 19.26-Continued 

281 
286 
2(n 

268 
259 
265 
a69 

.___--- 

I 
1926 ' Days j Fed 

7 
(429 W.54" N., 71" 02'07" W.). Mater.-.i -4 

NW. of 9. Boston Dry Dock ' .4ug. 9-10. __..._._ 1 5 , Pole __.._ ~ 

1 ..-a0 _ _ _ _  I 11 

NW of S Boston Dry Dock ...-- do.. ~. -.. . 
(42' 21' 05" N., 71'01' 58" w ). 

~ 

~ __ 

Slack 

Hours 
after 
LW 
-0.95 
-1.25 
-. 40 
-. 65 
.60 
.!XI 

1.30 
1.00 

__ 

~ 

veloc- 
ity 

K& 
0. 20 

.10 

.10 

.10 

.m .m 

.m 

.m 

__ __ 

Flood 
dura- 
tion 

Hours 
6.80 
6.60 
6.65 
5.90 
4.05 
2 95 
805 
4.25 

Hours 
after 
HW 

-0.40 -. 90 
.OO 

-1.00 
-1.60 
-2. 40 
-1.90 
-1.00 

I- -____ 
I 

Knot8 Houra 
190 0.10 5.63 
160 '  .lo 5.82 
123 .10 5.77 _ _ _ _ _  .10 6.52 

1.39 .50 9.47 
134 .40 9.37 

132 .XI a37 

i . 33  ' l7 

Hours 
-0. m 
-. 45 

.17 -. 32 

.21 

.09 

.31 

.47 

NOTE.-At station WP, which is % mile off Nut Wand observations were made June 21:Z 1928 but strong 8W. winds with velocity of 25 to 40 miles per hour were blowing 
continuously and rendered current observations unreliable. ' During most of this time the current)was hnning northerly or northeasterly with a velocity ranging from 0.1 to 0.6 knot. 

A t  station W39, off south shore, and station W41, off north shore at entrance to  Charles River, the current is weak and irregular, the velocity in genernl being less than 
0.3 knot. 

For a reference to the observations listed in above table, sea p. 21. 



TIDES AND CURRENTS IN BOSTON HARBOR 

TABLE 35.--Current harmonic constants, stations W l ,  Wl6 ,  W37 

79 

Mack before flood _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ - _ _ _ _ - _ _  _ - _ _  LW+O.B hour ___-  
Rtrength of flood _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  - --.-- 1 LWS-3.83 how8 ... 
Slack before ebb . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EW+O.l6 hour _ _ _ _  
Stren th of ebb ____________________--.--- --- EW+3 .9Ohoura... 
Veloefttp at strength of f l d .  _ _ _ _ _ _ _ - _ _ _ - - _ _  0.14 knot. _ _ _ _ _ _ _ _ _  
Velocity st strength of ebb ________. _ _ _ - _  - - -_  0.16 knot. __--__. _ _  
Direotion at atrength of flood __________.---- 269°-..... _-_-._. _ _  
Direction at strength of ebb _ _ _ _ _ _ _ _ - _ - - - - - -  79O---.-.. - - - - _ _ _ _ -  
_____ 

_c__~. ____________ 
Station W1 Nantaaket 1 Roads dntranca 

LW+O.B hour _ _ _ _  LW+O.B how. 
LWS3.23 bows-.. LWS3.81 how. 
HW-0.117 hour _ _ _ _  HW-0.67 hour. 
HW+3.50 hours. .. HW+3.58hom. 
0.07 knot _ _ _ _ _ _ _ _ _ _  0.08 knot. 
0.10 knot. _ _ _ _ _ _ _ _ _  0.11 knot. 
No-... _ _ _ _ _ _ _ _ _ _ _  266'. 
86'________________ 8 6 .  
-I___ _______._- 

Length of series.--. _ _ _  - _ _ _  _ _ _ _  1 6 days _ _ _ _  _ _  _ _ _  _ _ _  _ _ _  

___~____ 
Btatlon W16, Preslden 

Roads Entrance 

E 

__- 
Station W37 between 
loston and daat Boston 

The component epochs refer to the times of flood strength of the several components. 
81'8 In pnrenthoses. For reference to  the harmonic constants in this table, see p. P. 

Inferred constants 

TABLE 36.-Tidal currents, Boston Light Vessel 

11 
. -  - _ _ _  - - - - - ____-___ -- - - - 

Observations Sept. 22-Dec. 26, 1913 Observations June 8, 1926-June 30, 1927 
___ - ~ _ _  
Time referred to high water at 

Boston Navy Yard Velocity 
I 

High water ..... _ _ _ - _  _ _  _.._____ 
1 hour efter high water _ _ _ _ _ _ _ _  
2 hours after hinh water _____._ 
3 hours after hi& water. ...... 
4 hours after high water. ..-... 
5 hours after high water _ _ _ _ _ _ _  
6 hours after high water _ _ _ _ _ _ _  
7 hours after high water .______ 
8 hours after hlKh water _ _ _ _ _ _ _  
9 houra after hi water. ...... 
10 hours after hic.. water ___.__ 
11 hours after hlgh water..-..- 
12 hours alter high water ...... 

Bnot 
0.00 

.OB 

.12 

.I4 

.15 

. I 2  

.05 

.04 

.OB 

.12 
- 1 4  
.oQ 
.04 
- 

Direction Time referred to high water 
(true) ut Commonwealth Pier No. R Ve'cc'ty 

.--_ 
76 
76 
76 
84 
81 

113 
200 
260 
281 
280 
289 
266 

Eiah water _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  

6 hours after hi& water------ 
6 hours after high wat er...... 
7 hours after hinh watar ....-- 

Xnol 
0.03 

.OB 

.oQ 

.IO 

.10 

.@E 

.03 . 01 .In 

.OB . Oh 

.03  

.02 

)hotion 
(true) 

0 

76 
84 
88 
92 
86 
82 
9a 

a441 w 
286 
266 
30 

a10 

~..... - 
PHASES REFERRED TO TIDES A T  COMMONWEALTH PIER NO. 5 

- - _- 
____I__ __ - ___I_ 

. -- ~ _ _  
1 
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181 
161 
62 

154 
74 
206 
202 m 

TABLE 37.--Set of nontidal current, Boston Light Vessel 
~ - - ~ - -  - _  - ____ ___~--_____ __ __ 

I 
Observations Bept. 22-Dec. 26,1913 

Miles 
20.2 
19.2 
16.9 
15.9 
17.3 
16.1 
18.3 
20.0 

Month 

, 
Knots 

0.17 197 
.1R 1 230 
.I4 278 
.15 337 
.19 16 
.18 41 
.12 76 
. 10 166 

North East (mag- 
l (magnetic) i netic) com- 
component, ponent 

0 

17 
5 
8 

22 
16 

-4 
-14 

31 

I 1 1- 

369 
795 
322 
670 
528 

1,111 
816 

1,642 

Resultant 
veloclty 

Hilea 
16.1 
20.7 
15.0 
14.6 

15.4 
14.7 
19. G 

ia.8 

Knot 
0.04 
.05 
.05 
.M 
. 01 

Knots 
0.08 
.09 
.os 
.OS 
. W  
.IO .w 
. I 1  

Observations June 
- . _._ - 

0.00 0.07 
.03 .04 .oo .oo . 01 .oo .oo .oo 
.02 .01 

-. 02 .02 

184 
229 
283 
346 
32 
66 
90 

158 

Direction 
(magnetic) 

0 

90 
191 
11 

124 

117 

8,1926-June 30,1927 

1 Records cover only a portion of the month. 
For reference to above table, see p. 26. 

TABLE 38.--Current due to wind, Boston Light Vessel 

Directlon from wtiicl 
wind is blowing, 

North __..__ ~ _ _ _ _ _ _ _  
Northeast. _ _ _ _ _ _ _ _ _  
East. - ____________. 
Southest _ _ _ _  - - - - - 
South ... _ _ _ _ _ _ _ _ _ _ _  
Southwest _ _ _ _ _  _ _  - - 
West ... _ _ _ _ _ _ _ _ _ _ _ _  
Northwest - _ _ _  _ _  _ _ _  

Aver- 
Num- age 
ber of wind 
obser- veloc- 
vatlons ity per 

hour 

I Devia- Aver- Devla- 
Num- age Aver- 
ber of wind agecur- Direc- , ;,;; 
obser- veloc- rent ve- 1 wind 
ratlop ity per loolty dlrec- 

hour , tion 

tIon of 

0 

14 
4 

23 
31 
32 
21 
0 

23 

Maximum current observed was 1 knot on Apr. 7, 1927, with tbe wind blowing from the northwest 

For reference to above table, see p. 25. 
with a velocity from 34 to 40 mlles per hour. 



TIDES AND CWRRNNTS IN BOSTON HARBOR 

Component 

TABLE 39.-Current harmonic constants, Boston highs Vessel 

[From 221-day series, June 9,1926-Jan. 15,19271 

North com- 
ponent 

(magnetic) 

H l K  

Knot 
0.019 
.M)8 
.OM .w 
.003 

81 

O j Knot O Knd 
204 N J  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.007 313 1 .019 27 
138 01 _ _ _ _  __._____ _ _ _ _ _ _  ~ .W 78 .017 266 
6 1 / 5 2  -.________________ ~ .a04 204 017 @O 

219 st - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .w1 2% 1 :om 294 
2 4 ;  ! I 

___-- _--_________ ________ 
Eastcorn- 

(magnetic) 
ponent 1 

- Component 

For reference to above table, see p. 25. 



TABLE 40.--Summary of data fw surface currents 

[Referred to times of high and low water at Commonwealth Pier No. 5. Boston] _ _ _ - - _ _ - ~  
I 

Station No. Latitude 
I 
I 
I 

cx, 
h3 

Longitude 

___ 

W52 _ _ _ _ _ _ _ _ _ _  
D28 ____._._._ 
D27 _ _ _ _ _ _ _ _ _ _  
W 5 1 _ _ _ _ _ _ _ _ _ _  

42 22 22 70 54 02 1926 _ _ _ _ _ _ _ _ _  
42 22 51 70 56 17 1848--.. _.__ ~ 

42 21 48 70 56 58 1848 _____.___ 
42 21 30 70 57 14 1926 .___ ~ _ _ _ _  

~- __ 

Floc+ 
luration 

- .  
~ 

Slack 
____ 
Direc- 
tion 

(true) 
__ 

a 

55 
84 

120 
188 

46 
63 
48 
80 
35 
16 

30 
15 
50 

16 
50 
65 
73 

Mean 
current 

hour 

-_ 

0.77 

. 01 

.98 

.26 
1.09 

1.47 
.97 

1.93 
.93 
.50 
.71 

1.17 
1.00 
1. 14 

.43 
1.05 
1.02 .a 

-__ 

Velocity 

-__ 

Velocity 

Knotd 

0. 1 

.4 

.6 

.4 

.5  

. 3  

.4 

.7  

.4 

.7  

.4 

1.6 
1. 1 
1. 6 

. 6  

.9  
2.0 
.8 

D i m -  
tion 

(true) 

Slack 
Period Time 

Hours 
i J ta  61 V 

Houra Hours 
nffer L W aJ& L W Dags 0 

255 

256 
230 

315 
324 

Knots 

0. 1 

. 4  

. 8  

. 5  

.4  

. 3  

.4 

.6 

. 5  

.5  

.4  

1.4 
1.4 
1.2 

1. 0 
1.0 
1. 6 
1.2 

Hours 

5.00 

6.21 
5.43 

6.21 
6. 11 

5.38 
6.04 
6. 17 

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

6.84 

6.43 
6.21 
6.04 

. - - - - - - - - 
6. 21 
5.98 
6.38 

1913,1926-27 484 0.58 3.23 

1.94 
3.75 

2 19 
3.22 

3.73 
3.40 
4.45 
3. 73 
2.94 
3.95 

3.45 
4. 07 
3.48 

3.23 
3.73 
3.02 
3.57 

-a 67 

-. 60 -. 12 

-. 35 
.10 

.32 . 15 
1.24 
.32 -. 18 
.IS 

. ,5s 

.23 

.40 

3.58 

290 
3.25 

3.15 
4.45 

4.28 
3.61 
4.35 
2.98 
2.98 
2. 75 

3. E9 
3. 07 
3.69 

9 2  -.56 
1 .70 

% -.31 
1 .24 

231 
253 
256 
194 
2 0 6 '  
173 

mi 
194 
236 

226 
220 
254 
284 

2 .40 
1 .E 
1 .61 

-. 02 
.32 , 
.12 
.M 1 

2 32 
3.44 
4. 19 
2 32 

N d ,  OJ (hem lrhrd 
D M  _ _ _ _  ~ _ _ _ _ _  41 21 22 170 53 28 

~ ~ r u u a ~ r  or- ~ e r o r t c r  

H y r i t c  C h a n y l  

1 

D37 _ _ _ _ _ _ _ _ _ _  42 21 01 70 52 04 

-. 18 

-. 02 

.23 

. I 8  -. 18 

-. 10 

-. 52 

-. 18 

-0.02 
.37 
.40 -. 18 
.40 

. 07 -. 02 

-. 88 -. 18 -. 02 
-4.10 

-. 32 
-1.67 

265 

3.15 

3.32 
3.10 
248 

3. 15 

2.48 

2.40 

3.94 
3.65 
3.61 
3.44 
3.44 

3.69 
3.15 

3.19 
4.19 
3.53 
3.15 

3.78 
3.47 

75 

65 

72 
68 
62 

34 

72 

80 

80 
84 
82 
62 
52 

33 
48 

101 
84 
80 
307 

81 
43 

. 9  

.5 

. 8  
1.0 
1.2 

. 6  

. 9  

.4 

1.2 
1.5 
2 0  
.9  

1.4 

1.2 
1.3 

1.3 
1. 1 
1.3 
1. a 

1. a . a  

6.S 

6.71 

6. 13 
5.89 
6.37 

6.29 

6.21 

5.54 

6.88 
5.96 
6.29 
6.29 
6.38 

6.29 
6.21 

6.88 
6.57 
5.46 
9.72 

5.60 
7.91 

.55 

.80 

.83 

.59 

.38 

.66 

.m 

.24 

1.09 
.92 

1. 18 
.56 

1. 16 

.95 

.63 

.17 

.92 

.88 
-1.02 

.88 -. 0 

w 

1% 

1 
2 
1!6 

% 

f C 1  

!/2 

1 
fi 
1 
1 
1% 

1 
1% 

2 
1 
1 
1 

i 

1 l i  

. I9 

.52 

.19 -. 10 

.02 

.02 

-. 48 

-. 81 

.69 

.16 

.52 
-. 06 

.61 

. I 9  

.02 

-_ 17 
.22 
.27 -. 55 

.I1 

.07 

3.19 

3.19 

3.22 
280 
286 

3. 19 

294 

3. 19 

3.40 
3. 16 
3. E2 
2.69 
3.82 

3.48 
3.02 

2 18 
3.11 
3.40 
1.09 

3.57 
1.53 

266 

230 

ma 
254 
256 

216 

.7  

. 4  

.8 
1.2 
1.0 

1. a 

L.88 

5.71 

6.29 
6.53 
6.05 

6.13 

6.21 

6.88 

5.54 
6.46 
6. 13 
6. 13 
6.04 

6. 13 
6.21 

5.54 
5.85 
5.96 
2 70 

5.82 
4.51 

M4---. _ _ _ _ _ _ _  I42 20 66 ' 70 53 45 

D35 _ _ _ _  ~ _ _ _ _ _  1 42 20 51 70 53 45 
w49. _____.._. I 42 m 54 70 53 45 

~ 

w m t  or C ~ J  Iakh 
I 

D34 ____.___._ 42 20 37 70 54 04 

Calf I . - k a l  Brmster I. 

D39 ____._____ I 42 20 12 70 53 47 I 234 
~ 

245 

I 

m '  
258 
257 
244 
252 

220 
215 

271 

1. 1 

.6 

.5 1 
1 5  
1.8 
. 8  

1.6 

1.0 
1.4 

1.0 
1.2 
1.5 
.4 

1.4 
.5 

D58 ____...._. 42 19 23 70 51 09 j 1847 _.--. ~.. 
W l  .-..... ~... 42 19 12 70 53 20 ~ 1926 ..-...... 
D56 ._..._..__ 42 19 10 70 57 21 , 1W .--...... 
M 5  ___._...... 42 19 27 70 54 06 j 1860 -.-...... 
D53 ._.....__. 42 19 11 70 54 52 1 184748 -...-. 

Blac: Rock Channel j 
M 7  i 42 19 33 70 55 12 1 1860 ---...... 
D41 _ _ _ . . . _ . _ _ I  42 19 27 70 55 15 184748 -..... 

Tlle Narrows 

W13 _____...._ 42 19 25 70 55 38 ' 1926 __---.. . 
h113 ____._.. . 42 19 28 70 55 43 I 1880...... .. 
D4.4 ____.___._ 42 19 31 70 55 50 184748 .-.. . 
D46 __.._..... 42 19 42 70 55 18 1848 ___-.__._ 

Georgw L-Wupa I ~ 

257 I 
2681 



TABLE 40.-Sztmmcr+y of data for surface currents-Continued 

W28 .___..__.. ~ 42 21 50 
M30 ...___.._., 42 21 40 

!O 59 30 
'0 59 48 

___ 

Mean 
current 

hour 

0.38 

1.18 
1. a7 

.49 
1.13 

1.16 
1. a4 
1.18 

1. m 

-. 03 
.36 

.91 
1. m 

1. ?3 

___- ____-__. - 

I 
StationNo. ' Latitude 

____~___ 
Flood strength 

____ 

Slack 

_____ -- 

Observations 
-~ 

Slack 
Year Period 

Ebb strength 

Ebb 
iuration 

. ..___ 

Hours 

6. 33 

5.88 
6.13 

6.47 
6.29 
6.38 
6.51 
6.13 
5.75 

6.a 
6.30 

6.21 
6. Yf3 

6.80 

D i r e  
tion 

(true) 
__ ~ 

45 

14 
35 

113 
90 
88 
86 
88 
86 

32 
52 

Time Time 

___ 
HOW8 
rtu H w 

3.07 

3.36 
4.64 

3.68 
4.00 
3.86 
4.04 
4.03 
3.85 

230 
2.32 

4.20 
4.61 

3.58 

I 
I 

I ~ 

1 __ .-I- 
t I 

1 
I o N Y 4 ,  , 0 ?est,, 

Gallups I.-NUa Mate 

MI9 _____.____ 1 42 19 45 70 56 36 

Nubble Channel 

M20 _ _ _ _ _ _ _ _ _ _  42 19 42 ! 70 56 50 
W14.. ____.___ 42 19 57 70 56 57 

Entrance President R O Q ~ S ,  Dem I.- 

I 
! 

I 

Low I 

Hours 
Dags after LW 

Hours 
fter L F5 

3.36 

4.32 
3.49 

242 
3.89 
4.40 
3.80 
4.07 
3.95 

2.98 
3.65 

Hours 
per HW 

-0.72 

.48 

.51 

-. 40 
.M 
.15 
.04 
.48 
.%I 

-1.25 -. 52 

.a -. 18 

.32 

0 

228 

199 
221 

249 
270 w 
268 
287 
268 

235 
238 

Knois ~ Hours 

0.8 

.6 

.8 

1.7 
1.7 
3.0 
1.5 
1.2 
1.5 

1.4 
1.7 

.8  

.4  

. 7  

-0.56 

.19 

.47 

-. 10 
.19 
.36 
.38 
.44 
.08 

-. 50 -. 39 

.24 

.61 

.95 

6.09 

(L54 
6.29 

5.95 
6.13 
6.04 
5.91 
6.29 
6.67 

5.50 
6. 12 

6.21 
5.46 

5.62 

0.4 , 
I 

I 
I 

1.5 1 
1.5 
2.3 
1.8 
1.3 1 

1.2 
2.2 

' 

I 

.7 

.4 I 
I 

.B 

, 
W17 ._._..____ 42 20 17 70 57 18 
C3 ____..__ .__ 42 20 15 1 70 57 20 
D19 _.._..___. 42 20 10 70 57 16 
W16 _.._____._ 42 20 08 70 57 22 
M21 __....____ 42 20 9 70 57 31 
W15 __._..__._ 42 19 58 1 70 57 21 

302 
25.5 

332 

123 
62 1 

117 

265 
3.73 

3. 70 

I 
1 1  
2% w' 
w 

1 
1 

1 

I 
I 

H 

1 
1 

2 
1 
1 
Yi 

I 

1 

1 ,  
%. 

1% 
%' 

1 1  
1 1  
%! 

%I 

H w 
1 1  

~ 

E 

6.01 
6.24 
6.87 
6.76 
5.63 
6.46 
5.16 

l 
.02 

-.M I 
-. 23 
1.02 

-.31 
-. 51 

I 

.27 
-_as 
.40 
.42 
.49 
.12 
.19 

D16 __.___._._ I 4 2  
D13 ___.__.___ 1 42 
D12 __.._._.._ 42 
MZ7 __....___. 1 42 
M33 ____._..__ 42 
D10 ____._._.. 42 
M35 ___.______ 42 

1.2 6.41 
.9 6.18 
. 6  5.55 
.4  5.66 

1.2 6. 79 
. 5  5.96 
.3 5.26 

.58 
1.52 
.40 
.82 

1.55 
.57 
.89 

.9I 

.63 
1.34 
1. @3 
1. 15 
.95 

1.00 

1.18 
1.23 
1.49 
1.39 
.89 

1.35 
1.28 
1.10 

-. 16 .n 
1.57 
1.04 
.71 
.83 

1.36 
1.64 

1.58 
_---- ---- 

1.72 
1.48 
1.17 
1.30 

309 1.2 
282 1.0 
280 .9 
25i . 4  
304 . 7  
295 1.0 
251 .8 

-. 22 
.65 -. 02 
.28 
.40 -. 10 
.40 

-. 22 
-. 10 
.60 
.28 
.25 
.40 

3.32 
4.16 
2.65 
3.07 
4.36 
2.98 
3.23 

102 
80 
95 
68 

116 
90 
92 

93 
116 
130 
127 

120 
138 

.... 

139 
124 
126 
106 
124 
124 
111 
115 

154 
133 
1% 
122 
12i 

4 
4 
8: 

I 5! 
13! 

2. 56 
4.23 
3.21 
3.82 
4. O i  
3.36 
4. 07 

3.36 
3. 10 
3.66 
3.63 
3.29 
3.35 
3.57 

1.5 
. 9  

1.5 
1.0 
1. 4 

ti. 66 
6. 19 
5. 97 
fi. 31 
fi. 41 
5. 89 

.___.____. 

313 . i  5.76 
288 .9 6.23 
310 1 0 6.45 
308 8 6 11 

1 0  6 0 1  
297 9 6. 53 
320 1 5 ._.____-. 

3a1 

3 8A 
3.22 
4.33 
3 6 5  
4 20 
3 5 8  
3. 53 

3 35 
4 0 0  
3.80 
4.32 
3.40 
4.53 
4.11 
4 3 6  

I 

2 0 0  
2.88 
3.90 
3.95 
3. 55 
5.11 
4.36 
4.35 

D8 _ _ _ _ _ _ _ _ _ _ _ _ I  42 20 34 171 00 18 
W31_.._______ 42 20 35 71 00 32 
C2 _____..__... 42 20 34 71 00 31 
W30 ______.... 42 20 30 71 00 30 
M66 _..._..._. 42 20 25 71 00 33 
W29 _.__.__.._ 42 20 25 71 00 38 
D 7  ___._____...' 42 20 36 171 00 44 

.... 
1 . 1  
1.4 

.__._._._ 7.01 
. i  4.90 

5.65 
5. 66 
5.90 
6.04 
5.63 
6.54 

. 4  5.41 
7. 52 
6.77 
6. 76 
6. 52 
6.38 
6.79 
5.88 

1.05 -. 35 
.55 

-. 03 
0 
.45 
.15 
.48 

-. 43 
-1 .n  

.73 

.05 -. 55 
-. 68 
-. 25 

- - -_- - - -. 

.65 
__---  --- 

.55 

.55 -. 20 

.OB 

42 20 57 ' 71 00 46 
42 m 51 71 01 00 
42 20 46 71 01 05 
42 20 45 71 01 08 
42 20 42 1 71 01 09 
42 21 01 71 01 06 
42 21 02 71 01 22 
42 20 57 71 01 25 

.29 
1.00 
1.15 
.56 
.35 
.66 
.77 
.19 

-. 87 
.95 

1.19 
.29 
.49 
.56 
. I9  

1.29 

1.12 

. - - - - - - - 
3.90 
4. 10 
4.36 
3.45 
3.40 
3.73 
3.02 

2.30 
2.62 
4 11 
3.49 
2.99 
2.36 

4.79 
. - - - - - - - 

4.x 
---.--- ~ 

--__---. 
3. 55 
3. s( 
3.9; 

., 

.8  

.9 

. 7  
1.3 
. 9  

1.1 

.1 

.1 

.9 

.9 

.8 

.7 
1.0 
.4 

. 9  
1. 1 

.8 

.8 

.5 
1.4 
1.0 
1.2 

.2 

.2  

.9  

.1 

.1 

. 6  

.3 
- - - - - - - - . 

.9  
1.0 

- - - - - - - 
.6  
. 2  

1.1 

South B~slon-Bird Ii Flals 
5. 73 
8.84 
6.63 
6.41 
7.21 
7.41 

7.71 
.___ _ _ _ _  

6.64 . - - - - - - - 

7.21 
6.31 
7.55 
6.46 

6. 69 
3.58 
5.79 
6.01 
5.21 
5.01 

4.71 
.------- 

5.78 
. - - - - - - - 

5.21 
6.11 
4.87 
5.M 

3.73 M?9 __._______ 142 21 30 71 02 40 
D4 _ _ _ _ _ _ _ _ _ _ _  ~ 42 21 3 5 1 7 1  02 40 

I 
Fori Point &nyl 

M?3 _ _ _ _ . _ _ _ _ _ !  42 21 20 ' 71 02 53 
M74 _ _ _ _ _ _ _ _ _ _ '  42 21 21 , 71 03 00 
W35 _ _ _ _ _ _ _ _ _ _  I 42 21 12 1 71 03 04 
M'IB _ _ _ _ _ _ _ _ _ _ ,  42 m r15 171 03 35 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4.75 ' 34 1.0 
3.53 2 6 '  . 3  
4.38 61 1 1.2 



TABLE 40.-Summary oj data lor surjace currents-Continued 
_____- 

! Observations 

~ -~ __- 
I 

Ebb strength 
___-~ 

Station No. ' Ebb 
durntion 

;e~oclty 1 
Mean 

current 
hour DIIEC- 

Time bmn 
(true) 

Time tion , Velocity 
(true) 1 I 

~~ ~ _ _  
Hwrs 

qter HlV 

3. 15 
3.10 
3. 76 
3.50 
3.32 
3.55 
3.53 

I 

2.73 
4.45 
4.68 
3.98 
4.03 
3.85 

I 
4. a, 
4.10 
3.80 
3.78 
4.35 

3.56 

I 
3.50 

1 Dagts aJWLlV I Hours 

How8 
Mer L IY 

2.99 
3.60 
3.81 
4.24 
4.23 
4.29 
3.63 

3.40 
4.29 
2.30 
4.52 
3.73 
4.30 

2.80 
3. w 
4.05 
3.59 

4. m 

4.17 

4.13 

283 
338 
338 
345 
350 
15 
337 

332 
323 
260 
273 
9x4 
221 

10 
26 
30 
17 s 

98 

270 

h-nota ' 
I 

I 
0. $ 
.4 
.6 
.9 
1.6 
1.0 
. 5  

. 6  
1.0 
.2 
. 6  
.9 
.2 

, 
. 7  
. 6  
6 

. 5  

.9 

. 6  

.5 

Hours 

6.26 
7.24 
7. 04 
6.25 
6.12 
7.21 
6.97 

6.55 
6.51 
7.49 
6.62 
6.63 
6.09 

6.12 
6.87 
6.40 
7. 13 
7.21 

e. 73 

6.67 

9 1 r 
+$ 

l /  

I 
1 i  
ffl 

1 )  
I '  

42 21 46 71 02 40 
4 2 2 2 0 2  7 1 0 2 4 2  
42 22 00 71 02 49 

0.24 
.72 
.96 
.27 
.52 
1.19 
.72 

.I1 

.99 

.80 
1.02 
.94 
.62 

-. 45 
.92 
.85 
.98 
.89 

.73 

.77 

6.16 
5.18 
5.38 
6.17 
6.30 
5.21 
5.45 

5. 87 
5.91 
4.93 
5.80 
5.79 
6.33 

6.30 
5.55 
ko2 
5.29 
5.21 

5.69 

5.75 

0. 15 
-. 35 
.09 
.19 
.57 
.15 

-. 08 

-. 27 
.65 -. 52 
.57 
.48 
.70 

-. 40 
.2a 
.62 
.02 -. 15 

.17 

. z I  

0.72 
.86 
1. 24 
1. 14 
1.25 
1.38 
I. 04 

.58 
1.68 
.90 
1.61 
1.38 
1.46 

.58 
1.38 
1.46 
1.30 
1.26 

I. 25 

1.26 

77 
151 
157 
165 
1 43 
168 
160 

135 
101 
78 
96 
84 
51 

181 
198 
200 
189 
147 

2.97 

89 

0.4 
.4 
. 4  
.9 

1. 6 
. 4  
.5 

.7  

.7 

. I  

.Q 

.7 

.2 

.4 

.4 

.4 

.3 

. 6  

.6 

.s 

42 21 57 1 71 02 49 
42 22 01 i ii E 5i 
42 21 59 71 02 52 
42 21 55171 02 55 

D 2  _..________ 142 22 18 71 02 55 
M76 _._.______ ,42 22 14 71 03 00 
W40 _ _ _ _ _ _ _ _ _ _  142 la I6 71 03 IO 
DI.._________ 1 42 22 14 71 03 I9 
M51_.________ 42 22 12 71 03 29 
W42 __._______ 1 42 22 10 71 03 31 

W45 __._______ 4 2 2 2 2 2  7 1 0 2 4 8  
W44 _.._______ 42 2 2  24 7l 02 51 
W43 .--... _ _ _ _  42 22 2.5 71 02 56 
W46 __.____._. 42 22 40 71 02 47 
M75 _._. ~ _ _ _ _ _  42 22 42 71 02 50 

n 02 1s 

71 03 01 

190 
185 j 

I 

24-1 
252 , 
26.5 

3 {O 
:ion 

239 

259 

z 2  

233 

291 
320 
313 

227 

247 
241 
534 
2m 
214 

160 
162 

I 

. 6  ___....._. 
5.42 

Lofag I.--5pcCiaclC 1. 

D18 _ _ _ _ _ _ _ _ _ _ I  42 19 4% 70 58 10 
W18 ._____..._ 42 19 10 70 58 30 

-2.02 -. 08 

-. 95 -. 27 
.83 

.l5 
- 2  76 

-_ 08 

-. rA 

.30 

.16 

-2 29 . i5 
.48 

-_ 22 

.15 

.32 

.76 

.82 

.32 

-. 48 -_ 35 

.98 
3 .  -13 

3. 56 
3. 15 
:<. 6.5 

:{. 1.5 
1. 2G 

3.85 

.8 ______.__ 
7.00 

-1.00 
1.01 

.35 

.64 
1.22 

1.00 
-1.47 

2.02 
3.58 

2.0; 
2.52 
3. 3; 

3. 5; 
. .) 

3. 22 

2.69 

3. 18 

2. i9 

.64 
4.13 
3.36 

. 3.35 
3.65 
3.73 
3.98 
3.90 
3.90 

2.72 
3.02 

. 5  

.7 

.9 

.7 

.75 

.35 
-. 48 
.45 

-_ 
. ( I  

-1.39 

.a 

-. 0.8 

.!28 

.m 

-1.17 
.16 
.44 

.4€ 

.44 

.44 

. 5 €  

.16 

.4 

6 ' 2  
7 

3 
i 

..FI 

.-I 

.8 

.G 

4 9.5 
0. 46 
1;. Ri 

i. Pi{ 
4 Y? 

5. Y i  

5. 6% 

6.27 

6. 21 

5. 13 
6.84 
6.29 

5. 55 

7.47 
5.96 
5.79 

C. 79 
7.54 

1926-. __. . .-. 
1848 .__.. ~ ... 
1m.. . - -. . . . 

1 
! 2  

1 
2 

1 

1 

1 

I 

1 

2 

1 
% 

I 

2 l  1 95 
2 

SPCdaCic I.- Thmpbon I. 

M26 ._..______ 42 19 20 70 59 33 
\\.!XI _.._____._ 42 19 25 70 59 50 

. 5  

. 5  

.8 

.5 

.9 

. 7  

.4 

.4 

.7 

1.0 

1.6 
1.2 
1. 1 
1. 1 
1.7 

2.3 
3.0 

1860-. -. . . . . . 
1926 -.-. . . . 

Thompson I.- Castle I. 

W23_-. ..____ 42 19 27 71 00 25 1926. ..__ 

TAomp3on I.-Moon Head 

W19 ... ._____ 42 18 25 71 00 02 1926-. ...- . 

Dorchwtcr Bay 
I 

W24--. ._____ 42 I8 30 ' 71 01 55 1920 __._ .-- 

Nepo~et  Ritcr 

I 
I I 

71 02 16 1 1926 _ _ _ _ _ _ _ _ _  
Ai? Eead-? I. ! 

6.45 

6.73 

6. 15 

6.21 

7.29 
6.68 
6.13 

6.87 

6.46 
6.29 
5.99 
5.54 
_-.-- 

6.67 
6. 71 

.89 

.12 

.93 

-80 

-1.33 
1.19 
.93 

.92 

1.14 
I. 14 
1.40 

1.33 
I. m 

.!5 

. I ,  

2. 14 

3.60 

3.69 

1. 14 
3.34 
3.07 

3.72 

. 4  

. 3  

. 5  

. 8  

Wll_____._.__' 42 18 33 70 58 57 ~ 1926 ___._____ 
C4 __.._..____. 42 18 33 70 58 54 1902 __.___.__ 
D47 ._________ 42 18 34 io 58 47 1848 _______._ 

I 
Lung I.-RarnsJord I. 

W10 ______..__ I 4 2  18 45 70 57 42 
Nanta8kel Roads 

I 47 

5.96 
6. 13 
6.43 
6.88 

- - - - . - - 

5. 73 
5.71 

6 2  Mi0 __._____-_ I42 18 55 70 51 58 ISM.-. _ _ _ _ _ _ I  

1)51______ ___. 42 18 38 70 55 49 1848 _ _ _ _ _ _ _ _ _  
w 9  _ _ _ _ _ _ _ _ _ _ _  142 18 m 70 56 40 1826.. _ _ _ _ _ _ _  
D49 _ _ _ _ _ _ _ _ _ _  42 18 20 70 56 42 1847 _ _ _ _ _ _ _ _ _  
D48 ___-.__ _ _ _ I  42 18 05 I 70 57 01 1848 _______.. 

61 
54 
60 
% /  

Nanlnstet Out' I 

2 1 .o: 
.1$ 

3 4 0 '  
12 I 

W 2  _ _ _ _  ~ _ _ _ _ _ _  1 42 18 11 70 55 30 1928.. ______. 
D52--. _ _ _ _ _ _ _  42 18 10 70 55 31 1848 .____ _ _ _ _  

I ! 

2. 1 
2.5 

3.19 
3.66 

I 



TABLE 4O.-Summary of data for surface currents-Continued M 
00 

- _ ._ -_ 

Observations 

I 

~ I 
Prddocb I.-NtCl I. 

W 3  _ _ _ _ _ _ _ _ _ _ _  42 16 58 70 57 05 

Eingham Bay 

W 5  _.___._.___ 42 16 44 70 54 14 

WeymouB Fore Rioer 

W 4  __.__ _ _ _ _  ~ 42 15 55 70 56 OS 1926. __..__ I 
W 7  _____.__.__ 42 14 40 i o  58 03 1926 _...__._.' 1 , 

Weymou# Back Rwer, 1 1 

i 1  
N-5 _ _ _ _ _ _ _ _ _ _ _  I 42 14 50 i o  55 55 ' 1926 _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ ~  ~~ _ .  ~ _ -  

For reference to Table 40, see p. 25. 

-- _ 

Slack 

~ __  
Hours 

rim L w 

0.48 

.30 

.25 .m 

.44 

~ 
_____ 

Flood strength 

Time 

Hours 
$fer L 1v 

3.72 

3. 13 

3.33 
3.05 

3.80 

0 

132 

129 

_. 
Flood 

duration 
Velocity 

Knots HOUTS 

1.6 

. 9  

165 5 
225 6 

165 1.2 
- _ 

6.47 

6.42 

6.63 
6. 15 

5.82 
~- 

~ 

Slack 

-~ - 

Hours 
ria HW 

0.70 

.47 

.e 

.10 

.01 
_. -. 

Ebb strength 

Time 

__ 
ROUTS 

ftterHW 

3.84 

4.47 

3.92 
3.85 

3. €4 

Velocity 

Knoh 

1.3 

1.1 

.4 

. 9  

1.2 

5.79 1.12 
6.27 .89 3 

0 
tj 

6.60 1.05 M 
c3 

- E  -~ 



TIDES AND CURRENTS I N  BOSTON HARBOR 

TABLSO 41.-Condensed current data for selected localities 
[Time differences refer to currents off Deer Island Light In President Roads Entrance] 

__ - 

Locstion 

Boston Light Vessel 
Nahant (off East PointL-. 
Lynn Harbor Entrance: 
North Channel (off Ores1 

Faun) _ _ _ _ _  - _ _ _  - - _ _ _  __. 
Hypocrite Channel ________. 
Nantasket Roads Entrance 
Black Rock Channel _ _ _ _ _ _ _  
The Xsrrows off Georges I. 
Tho Narrows {ofl (fallups 1. 
Betweon Oallups I. and 

Georges I ___________.___. 
Between Qallupa I. and 

Nixes Mate. 
Nubble Channel ...--.+ ___. 
President Roads Entrancf 

Bhlrley Gut.. _ _ _ - _ _ _ - -  _ - - -_  
Off Winthrop (1 milesouth' 
Governors I. Channel (en' 

(off Deer I. Light). 

Nubble Channel ...--.+ ___. 
President Roads Entrancf 

Bhlrley Gut.. _ _ _ - _ _ _ - -  _ - - -_  
Off Winthrop (1 milesouth' 
Governors I. Channel (en' 

(off Deer I. Light). 

trance. 

Castle I.). 
Main skip channel (06 

Fort Point Channel En. 
trance. 

Between Boston and E. 
Boston. 

Off Navy Yard, I%oston _ _ _  
Chelsea River Entrance..-. 
Mystic River Entrance .... 
Between LOUK I. and 8pec. 

tach I. 
Between Spectacle I. and 

m t i n  r.  __. . . 
Between Spectacle I. and 

Between Thompson I. and 

Between Thomuson I. and 

Thompson I. 

Castle I. 

MoonHesd. 
Dorohester Bay (off Thfm. 

ble I.). 
Ne nset River N Y N. PaL 11. R. R.(orid i j .  
Between M W ~  n d  and 

Long I. 

ford I. 

Qeorges I.). 

Between Long I. and Rains. 

N a n t a s k e t  R o a d s  (off 

Nantasket Roads (off Rains, 
ford I.). 

Nut  I. 

I.). 

Nantasket Gut _ _ _ _ _  _ _ _ _ _ _ _ _  
Between Peddocks I. and 

Hingham Day (off Bumkln 

Wevmouth Fore Rivet En- 
tiance. 

(Quincy Pt. Bridge 

(drawbridge). 

Weymouth  Fore River  

Weymouth Back k lve r  

Lati- 
tude 

.. - 

pi? 
42 20 
42 2E 
42 25 

42 21 
42 21 
42 18 
42 19 
42 IS 
42 20 

42 19 
42 20 

42 20 

42 21 
42 22 
42 21 

42 20 

42 21 

42 22 

42 22 
42 23 
42 23 
42 19 

42 20 

42 19 

42 19 

42 18 

42 IS 

42 17 

42 19 

42 19 

42 19 

42 18 

42 18 
42 17 

42 16 

42 16 

42 15 

42 15 

a m  

lVesf 
t. 11. m. 

70 45 -0 25 
70 55 -0 25 
70 57 -0 10 I 
70 55 -0 20 
70 50 -0 30 
70 56 , (1) 

70 50 
70 57 

70 57 
70 67 

-0 45 
-0 45 

+o 05 
0 0 0  

70 58 1-1 00 
70 58 i-0 16 
70 59 1+0 05 

71 01 0 00 

_____ - 

Strength of 
flood 
- 
Inter- 
val 

Y. m. 
8 15 
8 2 0  
8 15 

8 30 
7 5 0  
8 16 
8 20 
7 55 
6 06 

7 35 
8 25 

8 55 
8 GO 

8 2 0  
7 46 
8 45 

8 50 

71 031 0 00 8 50 

71 03 kO 05 6 50 

71 03 1:O 10 9 00 
71 02 4-0 10 9 10 
71 03 +O 10 9 10 
70 58 1-0 10 8 35 

71 00 

71 00 

71 00 

71 00 

71 02 

71 02 

70 59 

70 58 

70 55 

70 57 

70 66 
70 57 

70 64 

70 €0 

70 58 

70 56 

-0 25 

-2 40 

-0 15 

-1 00 

-0 15 

-0 26 

-2 30 

-0 15 

0 0 0  

t o  10 

-0 35 
+O 05 

0 0 0  

0 0 0  

-0 15 

-0 05 

8 15 

6 40 

8 16 

7 45 

8 16 

7 5 0  

5 40 

8 25 

8 45 

9 0 0  

7 55 
8 46 

8 10 

8 25 

8 05 

8 6 0  

__ 
Direc 
tion 

0 

255 

325 

200 
255 
260 
220 
270 
135 

260 
230 

195 
270 

235 
300 
330 

215 

205 

340 

25 
100 
270 
185 

250 

310 

240 

260 

230 

230 

310 

225 

245 

240 

160 
130 

130 

185 

225 

106 

a n  

--_ 

Flood 
elocit! 

Knots 
0.1 
.7 
.4 

1.4 
1.2 
1.5 
1.2 
1.2 
. 4  

1.0 
. 4  

.8 
1.8 

1.5 
.7  
. e  

1.0 

.2 

.4 

. 4  

.5  

.5  

. 4  

.8 

. 3  

.6 

.4 

.8 

.0 

.4 

. 8  

1.5 

I .  2 

2.3 
1.5 

.9 

.5  

. e  
1.2 

89 

$&ptyi Bash of data 

Knot8 ~ hrrent  station^ 
0.1 Light vassel. 

. B  D30, W53. 
W54. . 5  

1. e 
1.0 
1.5 
1.2 
1.2 
1.0 

.9 

.8 

W50. 
w49. 
Wl. 
M17, D41. 
W13, M13. D44. 
D4B. 

M14, W12. 
M19. 

7 M20, W14. 
W16. 

. .  
1.6 

1.5 
. 8  
. 7  

1 .1  

.3  

. G  

.6 .e  

. 5  

.5 

. 8  

. 5  

.8 

.5  

.Q 

. 7  

.4 

1.0 

1.5 

1.3 

2 0  
1.3 

1.1 

.4 

.9 

1.2 

W27, M22. 
W B .  
w2G. 

W30, D7, W33. 

w35. 

w37. 

w44, w4e. 
w47. 
W48. 
W18. 

D l l ,  w21, w 2 2  

WM. 

w23. 

w19. 

w24. 

W25. 

w11. 

w10. 

M10, D51. 

D48, D49, WQ. 
W2, D52. 
w3. 

w5. 
w4. 

w 7 .  

we. 

1 Current irregular between Gallups Island and Lovell Island. See p. 26. 
For reference to Table 41. s0e p, 27. 



90 U.  S. COAST AND GEODETIC SURVEY 

TABLE 42.-Temperature and density of sea water, Boston Navy Yard, 1863 

I Temperature, ' C .  Density at 15' C. 
Month 1 Mean Mean Heaviest 

. ..____ 

Warmest Coldest 

I 
___ 

Lightest 

1.4 
3.3 
10.6 
17.8 
19.4 
22. 8 
22. 8 
19.4 
15.0 
8.9 
5.0 

-1.1 -. 6 
1.9 
6.9 
9.4 
15.0 
15. 0 
12. x 
8. B 
5.6 

-1. 1 

1.0203 
1.0201 
1.0173 
1.0186 
1.0224 
1.0215 
1.0205 
1. om 
1.0205 
1.0194 
1.0188 

1.0239 
1.0236 
1.0224 
1.0215 
1.0242 
1.0251 
1.0227 
1.0235 
1.0223 
1.0221 
1.0207 

1.0163 
1.0127 
1.0123 
1.0133 
1.0197 
1.0143 
1.0168 
1.0181 
1.0182 
1.0132 
1.0168 -~ 

1.0251 1.0123 
_. 

Means and extremes. - -. -. .._______. 1 9.7 
- _ _  

For reference to above table, see p. 28. 

22.8 -1.1 1 1.0200 

TABLE 43.--?'emperalure and density of sea water, Commoniodth P i e r  No.  6, 
1961-1966 

I Temperature, O C .  Density at 15" C. 

Karmes' Lightest Coldest 
- _  

10.0 
13. 2 
16. 5 
15. 0 
15.2 
9.0 
4.2 -. 5 
-. 5 

-1.5 
-1.0 -. 8 
3.5 
8.0 
13.5 

16. 8 
14.2 
8.0 
4.2 -. 2 

io. 2 

Mean 
___ 

1.0188 
1.0224 
1.0193 
1.0220 
1.0232 
1.0234 
1.0225 
1.0217 

1.0217 

1.0228 
1. om 
1.0206 
1. om 
1. om 
1.0199 
1.0194 
1.0220 
1.0214 
1.0225 
1.0228 
1.0230 

- 

Heavies1 

1.0208 
1.0231 
1.0218 
1.0230 
1.0235 
1.0239 
1.0237 
1.0228 

1.0239 

1.0233 
1.0236 
1.0228 
1.0222 
1.0223 
1.0231 
1.0222 
1.0230 
1.0222 
1.0232 
1.0232 
1.0232 

16.2 
19.0 
22.0 
19.2 
19.5 
14. 0 

5.0 

22.0 

.8 
2.0 
5.6 
8.5 
17.0 
18.6 
21.0 
21.2 
18.8 
16.2 
8.5 
4.5 

9. n 
- 
- 

1.0131 
1.0196 
1.0124 
1 . m  
1.0228 
1. om 
1.0182 
1. om1 

Means and extremes. _ _ _ _ _  ~ _..______ 13.0 I= 1.0124 
1922: 

January _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
February. - - _ _  - _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  
March. - _ _ _  ._.___ _ _ _ _ _ _ - - - _ _  ~ _ _ _ _ _  _ _  _ _  

-. 4 
.3 
3.0 

1.0211 
1.0204 

' 1.0157 
1.0185 
1.016a 
1.0128 
1.0161 
1.0189 
1.0109 
1.0219 
1.0220 
1.0.224 

1.0128 21.2 

1.0 
. 2  
3.0 
9.0 
13.5 
19.0 
18.8 
20.0 
17. 5 
15.2 
11.0 
7.8 

20.0 

- - 

- 
I_ 

1.0215 

1.0211 
1,0219 
1. om 
1.0197 
1. om 
1.0218 
1.0224 
1.0227 
1.0230 
1.0229 
1.0225 
1. om 

-1.5 

-1.2 
-1.5 
-1.0 

.o  
13.0 
14.0 

16.6 
11.0 
6. 6 
3. 2 

8. n 

la. 2 

1.0236 

1.0224 
1.0228 
1.0225 
1.0216 
1. om 
1.0225 
1.0230 
1.0232 
1.0234 
1.0234 
1.0232 
1.0222 

I. 0234 
-.- 

-- -- 

1.0198 
1. om 
1.0160 
1.0140 
1.0178 
1.0210 
1,0216 
1.0221 
1.0227 
1.0220 
1.0216 
1.0176 

-1.5 1.0216 
____I_. - 1.0140 -- 



TIDES AND CURRENTS IN BOSTON HARBOR 91 

TABLB 43.-Temperature and density of sea water, Commonwealth Pier No. 5 ,  
1981-1 926-Continued 

i Temperature, "C. 
Month 

-1.0 
1. 1 
3.5 
7.7 

10.8 
15.8 
17.2 
19.2 
17. 3 
11. 0 
7. a 
3.7 - 

Means and extremes.- _ _ _ _  _ _ _ _ _ _ _ _ _ _  I 9.4 

I - ~ - - _ _ _ ~ -  
For reference to above table, nee p. 28. 

..- 

?arm& 

3.5 
.5  

4.5 
8.8 

11.0 
18.8 
18. II 
20.0 
19.0 
15.0 
11.5 
4. 5 

20.0 - __ 

--. 2 
2.7 
6. 0 

10.0 
12.5 
18.5 
19.2 
21.2 
20.5 
14.2 

R. 5 
6. 5 - 

21. 2 - 
_I 

.- __ 
Coldest 

-0.5 
-1.0 

.5  
3. 2 
8. 2 

10.0 
14.5 
15.2 
12.8 
9.8 
5. 2 -. 5 

-1. @ 

-1. a 
-1.2 

6.5 
8.8 

15.1 
17. 8 
14.2 
7. t 
4. 5 
0 

-1.Z 

-- _- 

1. a 

la. 5 

- 
- 

2.3 -1.3 
1. 5 , -1.5 
2.8 - . 3  
7.01 2.5 

11.8 I 6.7 
17.3 11.2 
21.3 I 16.2 
21.0 17.5 
17.8 16.0 
16.5 10.2 
10.0 i. 0 
fi.5 1 -.3 

Density at 15' 0. 

Mean 

1.0213 
1.0220 
1.0211 
1.0197 
1.0201 
1.0218 
1.0224 
1.0223 
1.0212 
1.0223 
1.0227 
1. om 
1.0218 

1.0228 
1.0214 

1.0207 
1.0220 
1.0225 
1.0230 
1.0228 
1.0228 
1.0231 
1.0227 
1.0217 

-__. 

1.0208 

1.0222 - 
1.0225 
1.0224 
1. om 
1.0210 
1.0216 
1. one 
1.0230 
1. o n 6  
1.0291 
1,0232 
1.0227 
1.0226 

21.3 ~ -1.5 1 1.0223 

:haviast 

1.0224 
1.0228 
1.0226 
1.0216 
1.021i 
1.0222 
1.0228 
1.0230 
1.0223 
1. om 
1.031 
1.0234 

1.0234 
__ 
- -- 

1.0237 
1.0230 
1.0220 
1.0221 
1.0226 
1.0231 
1.0233 
1.0233 
1.0233 
1.0233 
1.0230 
1.0232 

1.0237 

1.0234 
1.0231 
1.0223 
1. one 
1.0228 
1.0232 
1.0234 
I. 0228 
1.0234 
1.0238 
1.0234 
1.0236 

- - 

1.0238 

Aghtest 

1.0194 
1. om 
1.0175 
1.0180 
1.0171 
1. om 
1.0218 
1.0212 
1,0189 
1.0214 
1. om 
1.0225 

1.0160 

1.0202 
1.0170 
1.0177 
1.0174 
1.0213 
1.0211 
1.0217 
1.0220 
1.0218 
1.0227 
1.0220 
1.0167 

1.0167 

1.0213 
1.0215 
1.0170 
1.0165 
1.0191 
1.0213 
1.0214 
1.0221 
1.0228 
1. m 5  
1.0213 
1.0217 

1.0165 

= 
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TABLE 44.-Temperature and density of sea water, Boston Harbor, 1986 

June 23.. _ _  - _ _  .___ 1 22.00-n. i o  
June 23 _ _ _ _ _ _ _ _ _ _ _  6.00- (i. 0 

I 14.00-14.11 
July8 ______.______ 1 7.25- 7.3 , 10.10-10.2 

, 14.15-14.2 

Station No. Date 

w2 -..... 

19% 
July 7 _ _ _ _ _ _ _ _ _ _ _ _  
July 8 _ _ _ _ _ _ _ _ _ _ _ _  
July 9 _ _ _ _ _ _ _ _  _ _ _ _  
July 10 _ _ _ _ _ _ _ _ _ _ _  
July 11. _ _ _ _ _ _ _ _ _ _  
July 12 _ _ _ _ _ _ _ _ _ _  ~ 

Means.. - - - 

June 14 _ _ _ _ _ _ _ _ _ _ _  
June 15 _ _ _ _ _ _ _ _ _ _ _  
July 10 _ _ _ _ _ _ _ _ _ _ _  
July 1 L -  - - - -_ -_ -  

Means. _ _ _  - 
June 14 ____.______ 
June 15 ______.____ 
July 10 _ _ _ _ _ _ _ _ _ _ _  
July 11 _ _ _ _  ~ - _ _  _ _ _  

Time 

14.15-14.25 
6.30- 6.45 

14.00-14.30 
21.45 

14.X-14.60 
23.16 

8.20- 8.46 
14.16-14.45 

6.00 

6.40- e.55 

14. m n. 10-22. m e. 00- 6. 16 

_ _ _ _ _ _ _ _ _ - _  

21.25-22.05 
6.05- 6.15 

14.05-14.15 
14.35-14.45 
20.10-20.20 
6.10- 6.18 

14.15-14.30 
6. 15- 6.26 

14.10-14.20 
22.10-22.20 
6. io- 6. m 

June 16 _ _ _ _ _ _  _ _ _ _ _ _ ,  14.X-14.24 
1 n. 12-22.23 

June17 _ _ _ _ _ _ _ _ _ _ _  ~l 6.40- 6.50 

June 16. - _ _ _ _ _ _ _ _ _ I  1200-12.10 
, 22.00-22 10 

June 17. _ _ _ _ _ _  _ _ _ _  1 6.00- 6.10 

June 21- _ _  _ _ _ _  _ _ _  - 22.10-22.20 
June 22 _ _ _ _ _ _ _ _ _ _ _ '  6.46- 7.10 

DO _ _ _ _ _ _ _ _ _ _ _ _  1 2.15- 2.24 

1 
June 21 ___._______ 14.00-14.09 

1 22.01-22.09 
June 22 _ _ _ _ _ _ _ _ _ _ _  6.02- 6.10 
JUIY 7 ______.______ 1 2 2  00-z i o  
July8 _ _ _ _  _ _  _____.. 6. 10- R.2C 

l 14.05-14.20 

__ ~ -. 

Temperature, "C. 
Density 

Air Water 

1 (7 f t . )  I (16 ft.) 
17.2 14.4 1 13.5 
16.0 12.8 14.3 
19.5 13.4 12.6 

. . . . . . . . . . . . . . . . . . . . . .  
17.5 12.2 1 10.7 
18.0 13.0 12.8 
16.1 1 12.5 13.0 
15.0 13. 5 13.3 
19 3 13.5 12 8 
18:7 ~ 14.0 1 14.0 
21.0 14.5 13.5 
17.2 1 14.4 14.4 
12.6 14.3 14.2 --- 

_ _ _ _ _ _ _ _ _ _ _ - - - -  - - - -_- -  --- --- 
~ (yo ";#! 

15. 2 
13.0 12.3 12.0 
14.2 1 12.8 12.1 
17.5 15.1 14.9 
17. 0 13. 7 13. 5 
19.8 1 15.1 14.6 

~ - -  __-- 
O f t )  ( I ; {! ;  

14.5 ' ( 13:2 
13.2 1 13 0 12.8 
18.5 16.5 15.8 
15.0 I 14.5 14.5 
21.0 16.5 16. 5 

===I=- 
(4f t . )  ( l o f t . )  

13. 5 15. 9 12.9 
18.0 I 14.0 15.4 
18.1 15.1 17.4 

-== 
(9f t . )  , (28ft.) 

13.0 I 13.4 1 12.4 
10.1 13.7 13.1 
18.2 14. 1 1 13.6 
14.2 12.8 1 12.5 

14.9 ~ 14.3 i::? 1 13.7 13.4 -- l- - _ _ _ _  _ _  __ - -____ 1 ------ - --- --- 
16. 3 
16.8 13.6 I 13.: 
16.0 14.0 14. 
17.6 14.6 1 14.1 
21. 0 14.4 13. I 
2 2 2  16.4 1 15.( 

("IC2 {.7l&i 
8. 9 1.0237 

12.8 1.0238 _ _ _ _ - _ _  1.0238 
9.8 1.0237 

12.8 - _ _ _ - _ -  
12.5 ______. 
12.6 1.0238 
13.3 1.0238 
14.0 1.023e 
14.0 _ _ _ _ _ _  ~ 

12.9 .-__--- 
14.3 1.0238 

_ _  ~ - - 1.0239 =__ 
'e;{& ;.7Jh& 

12.0 1.0244 
12.0 1.0243 
14.7 1.0237 
13.5 1.0234 
14.3 1.0234 ~- _ _ _  _ _ _ _  I. 0240 ~- 

(2W.B' ygi2 
12.7 1.0237 
14.6 1.0257 
14.5 1.0248 
15.5 1.0243 -- _ _ _ _  I. 0243 

'1w; {.t&f& 

10.7 1.0214 
13.5 1.0234 -- 

1.0220 

(19ft.) (6 (1.) 
13.3 1.0234 
13.2 1.0236 
13.2 1.0234 -- 

1.0235 -- 

18.4 1.0260 
18.3 ' 1.0241 

--- _ _ . . _ _ . . I  1.0233 -- -- 

( l e f t . )  (86ft 

1.0242 1.0247 
10240 1.0237 
1:0240 ~ 1.0245 

1.0237 1 l.Od7 

1.0248 I 1.0245 
1.0240 I 1.0242 

1.0240 i 1.0241 _____- __- 
(18ft.) (8Qf t . )  
1.0237 1 1.0240 
1.0237 1.0237 
1.0237 1 1.0230 
1.0238 1.0238 
1.0235 ' 1.0230 
1.0232 1.0233 -- 
1.0236 , 1.0238 

( l b f t . )  ' (26ft . )  
10233 1.0244 

1. 0242 1.0264 
1.0242 1.0240 

1: 0232 ' 1. 0228 

1.0237 , 1.0241 

1.0211 1.0213 
1.0227 1.0228 

1.0223 I 1.0226 

1.0233 1.0231 
=-=I- 

(loft.) ' (left.) 

1.0260 1.0241 
1.0243 1 1.0242 

1.0232 1 1.0233 
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TABLE 44.-Temperature and deneidy of sea water, Boston Harbor, 1998-Contd. 

Time Denaty 
Air Water 

w11 -..... 1828 
June 22- _ _ _ _ _ _  _ _  
June 23 _ _ _ _ _ _ _ _ _  
July 8 _ _ _ _ _ _ _ _ _ _ _  
Ju ly  8 _____.____ 

22.10-22.18 
6.20- 6.35 

10.16-10.20 
6. lo- 6. 20 

14.06-14.16 

- _ - - _ _ - _ _ _ _  

17. ( 
18. c 
20. I 
20. E 
20.5 - _ _ _ _ _ _  

===== 

18.1 
20. c 
16.6 - 

- _ - _ _ _  - - 
14.1 
18. ( 
16. 1 
23. c 
17.8 
15. ( 

1.0231 

(6f t . )  
1.022; 
1. om 
1.022 

- 1.0230 = pug 
1.0230 
1.0228 

1.0231 - 
(.w& 

1.0233 
1.0229 

1.0230 

( a t0  
1.0238 
1.0236 
1 .021  
1.0242 
1.024d 
1.0264 

- 
June 24. - _ _ _ _ _  _ _  6. lo- 6. 20 

14.10-14.20 
22.10-22.20 

Means-.-. _ _ - - _ _  -- - 
(6 lt.: 
14.4 
17.6 
16.0 
14.6 
16.1 
14.5 - 

===r== 

(6ft.I 
15.2 
14. 5 
14.9 
17.4 
14, 1 - 

_ _ _ - _ _  - __ ' G p 5  
====== 
(ISft.) 

15.4 
16.6 
14.8 
15.1 
16.0 
14.7 
15. 4 
16. 7 
15.6 
16. Q 

16. 5 
16.5 
16.6 
16. 7 
17.2 
17.4 
18.4 
17. 1 
17. 6 
17.0 
17.6 
15.7 
18 6 
18.2 
17.2 
17. 6 
18. 1 
15. 1 

le. 9 

13. a 

1. om 
(aft.) 
1.0264 
1. OM 
1. on1 
1.0275 
1.027: 
1.027( 

__ -- 1.02B 

(18ft.l 
1.0241 
1.0234 
1.0221 
1.0243 
1.0283 
1.0280 

- - - - 
( a f t .  

13. I 
16. E 
14. f 
14. € 
14.6 
15. ( - 

-____. - 
(lCft.1 

16.1 
14. 
14. f 
17.4 
13. i 

June 24 _ _ _ _ _ _ _ _ _ _  
Ju ly  11 _ _ _ _ _ _ _ _ _ _  
July 12 _ _ _ _ _ _ _ _ _ _  

Means _ _ _  
July 11 _ _ - _ _ _ _ _ _ _  
July 12 - _ _ _  ~ _ _ _ _ _  
July 23 _ _ _ _ _ _ _ _ _ _  

6. 15- 6.35 
14.10-14.20 
21.10-21.35 
2.10- 2. 15 
10.10-10. zo 
6.10- 6. 20 

-----. - -- 
20.3 
17. E 
15. E 

18. c 
a. a 
- 
----__ 

16. c = 
ia a 
ia a 
le. s 
15.1 

14.7 
16.0 
15.2 
17. 0 
17.5 
21.8 
20.8 
18. 6 
25.0 
17.2 
IS. 6 
23.0 
18. 5 
16.8 n. 0 
20.5 
18.1 
28. 1 
24.1 
21.1 
2 8  5 
23. 0 
18.2 
19.5 
17.2 1a 2 - -.--_. 
14.8 
14.6 
16.0 
15.5 
II 

- * - -_-  - 

1.026i 

(6 f t . )  
1,0235 

1. 023f 
1.0241 
1.0237 

- - 

I. one 

1.0244 = 
y4& 
1.0235 
1.0231 
1.0240 
1.0235 

1.0242 

(Mft.) 
1.0232 
1.0233 
i. 0231 
1.0238 
1.0238 

1. 0234 

- - 

- 
_- - 
@4 tg& 
- -- 
(61 It.) 
1.0237 
1.0234 
1.0231 
1.0235 
1.0234 
1.0298 
1.0238 
1.0234 
1.m 
1.0231 
1.0231 
1.0231 
1.0234 
1.0232 
1.0233 
1.0230 
1.0231 
1.0232 
I. 0237 
1.0233 
1.0233 
1. 0226 
1.0232 
1. q u 4  
1.0228 
1.0231 
1.0234 
1.0229 
1. oaao 
1.0230 

W14 ...... 14.10-14.20 
22.10-Zi: ii 
6. 10- 6.20 

14.40-14.55 
22.05-22.25 

__-_ -_  - 
(raft.: 

15. I 

(32 f t.: 
14. 7 
15.8 
14. a 
16.1 
15. 4 
14.7 
16.2 
15. d 
15. 6 
15.9 
17.0 
16.4 
16. 6 
16.8 
16.7 
16.8 
17. 1 
16.4 
17.2 
16.8 
16. 6 
17.0 
15.5 
18.4 
16.8 
16. 8 
18.6 
17.3 
13.2 
13.8 

= 

. - - - - - - - 
' 2 W 3  
= 
(51 it.) 

14. 7 
15.8 
14.6 
16.0 
16. 6 
14.5 
16.3 
15.6 
15.2 
15. 7 
16.2 
16.0 
15. Q 
16.2 
16.9 
16.8 
16.2 
16.0 
17. 6 
16.5 
15.0 
16.8 
15.3 

16.3 
16. 7 
16.6 
l G  1 
12.6 
11. I 

le. a 

- 
.______ - 
'46ft.1 

15. 6 
14.7 
16. 7 
16.4 

1.0238 

(61t.) 
1.023s 

(13jt.I 
1.0241 
1.0237 
1.0234 
1.0234 
1.0233 
1.0235 
1. om 
1.0234 
1.0231 
1. 0234 
1.0232 
1.0232 
1,0230 
1.0230 
1.0232 
1.0232 
1. 0232 
1.0232 
I. or33 
1.0234 
1.0238 
1.0220 
1.0232 
1.0234 
1.0220 
1.0231 
1.0236 
1.0231 
1.0232 
1.0236 

1.0233 

U l f t . )  
1.0233 
1. oajs 
1.0244 
I. ma 

__ ___ 

======= 

- - 

1.0!235 ___ 
$!$$ 
__ - 
(SSft.) 
1.0238 
1.0298 
1.0231 
1.0233 
1.0234 
1. or36 
1.0238 
1.0237 
1.0233 
1. om 
1.8231 
1.0233 
1.0232 
1.0234 
1.0232 
1.0232 
1.0232 
1.0233 
1.0234 
1.0233 
1.0235 
1.0226 
1.0233 
1.0234 
1.0228 
1 . w 2  
1.0233 
1.0230 
1.0231 
1.0232 

1.0233 

(88ft.) 
1.0238 
1. Oacl 
1.0242 
1.0238 

- 
- 

W15 ...-.. 

wie ...-.. 
13.15-13.25 

14.16-14.25 
22.wz2.10 
6. Ob 6. 16 

14.00-14.10 
22.00-22.16 
6. 00- 6. IO 

14.30-14.40 
22.08-n. 16 
7. 10- 7.20 

14,00-14.10 
20.w20.10 

14.15-14.21 
22. w22.10  
8.10- 0.20 

15. &I-15.10 
M. w22.10  
6.05- 6.16 

14.00-14.10 
22.00-22.10 
e. 05- 6. 15 
3. 00- 3.10 
LO. 00-10. I6 
6. 10- 6.20 

15.00-16.10 
12. 00-!a 10 

e. 10- 6. 20 

e. io- 5.20 

n. eo-22. IO 
14.00-14.10 

9.26- Q. 35 

.---_-----__ .----__ - 
I 1  fl.) 
15. 6 
14.1 
15.7 
15.6 

1.0233 
~. __ 
f6&7 
1. O M  
1.0246 
1.0233 

=====z 

(18ft.) 
16.6 
14.6 
l &  6 
16.6 
I_ -._.._ __ 

w17 .-.__.. 

81 

3. 10. 3.20 

2. lo- 2.20 

.a 10-10.20 
e. io- e. 20 

L. 0238 - 1.0240 
1_ 

1.0241 
= 
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TABLE 44.-Temperatwe and density of sea water, Boston Harbor, 1966-Contd. 

Station No 

w21 ....... 

W%...... 

W28,,.... 

WZO.. .... 

W80...... 

_ -- 

Data 

rune 28 ________.-- 
rune ao _ _ _ _ _ _ _ _ _ _  

Meam..... 

July 19 .......... 
J U ~ Y  m ___..__.._ 

Means..-. 

2 00- 2.10 
a 00-10.10 
6.00- 6.10 

3.2Q- 3. a6 
2.10-22.23 
6.17- 6. 26 

_.-_.. ~ 

---I ---- 
1.0240 

-----=- 
14.00-1180 18.0 16.2 k.7 1 16.7 l.&Ol 1.0238 (\:i& (Sft.) (8 t.) (fa t.) (a t . )  (8f t . )  
6.16- 6.46 16.8 16.6 16.6 16.6 1.0237 1.0237 1.0237 

___.____._______________._____.____:I  __---_-- 1.0243 I 1.02.41 
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TABLE 44.- Temperature and deneity of sea water, Boston Harbor, 1996-Contd. 

96 

Temperature, ‘0. 
Date 1 Time 1 

Air I Water 
Station h Delisity 

----I-- 
M e w  _ _ _ _ _ _  / ___-.________ I _.______ 1 _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _  1 1.W I 1.0232 

--I---- 

(7ft.) ’ ( 2 7 f t .  (88ft.) (7fl.) (27ft.l 
July 16 _ _ _ _ _ _ _ _ _ _ _ _  lO.IblO.20 16.6 1.0234 1,0234 
Ju ly17  _ _ _ _ _ _ _ _ _ _ _  4 6.10- 6.20 I ?! I %:I $4 I 16.0 ~ 1.0234 11.0240 

--’ ---- 
Ju ly17  _ _ _ _ _ _ _ _ _ _ _  4 7.!20-7.bOl 

19.01 (7ft.) 16.61 (27fl.) 16.61 (87ft.) 1 6 2 1 1 & 2 ’ F  (7 f . )  (27ft.) 

16.W16.16 17.8 16.6 16.1 l6:0 I 1:0242 1.0241 

--_IC--- 

Means _ _ _ _ _ _  1 _ _ _ _  ~ _ _ _ _  ___] _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _  I _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _  Ii.0261 /1.0260 

------- 
Means. _ _ _ _  - ----.I- _ - _ _ - -  -. -----. - _ _ _ _ _  _ _  _ _  ___. _ _  - _ _ _  _ _ _  ~ 1,0237 1.0228 

(7Jt . )  ( 1 7 J t )  (S8fi.) (7ft.) ( f 7 f ! 4  
luly27 _ _ _ _ _ _ _ _ _ _ _ _  14.20-14.40 23.0 18.01 17.6 17.6 1.0262 1.0250 

-__======= = ---- 

lulya _ _ _ _ _ _ _ _ _ _ _ _  2.10-2.25 
10.10-10.20 20.9 18.7 18.1 17.5 1.0224 1.0221 

-------I_ 

Means _ _ _ _ _  _ _ _  _ - - - - - - -  _ - - _ - - _ -  - - - -  ~ __.____________ ~ _ _ _ _ _ _  1 . 0 m  1.0224 
I_II_-PII-- 

( 7 f t . )  (18Jt.) (I t ) (7 ft.) (18 ft.) 
,uly 28.. _ _ _ _ _ _ _ _ _ _  13.46-1.1.26 21.0 18.0 17.7 14.5 1.0331 1.0237 
uly29 _ _ _ _ _ _ _ _ _ - _ _  14.00-14.15 15.0 17.8 17.0 17.5 1.0238 1.0231 

Means ______..__. - - - - -_ - - - - - - - -  ---._._-___ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  1.0234 1.0234 

(ef t . )  (26ft.) (88ft.) (6 r t . )  (18ft.) 
Uly%-.-. ______._  6.10-fL20 18.0 18.0 18.0 1 7 . 6 1 . 0 2 2 6 1 . 0 2 2 8  

10.10-10.20 16.6 17.8 17.4 17.2 1.0224 1.0229 
2.10- 2.17 18.0 17.0 17.0 17.0 1.0225 1.0231 

1.0220 

----___--_I --__---_ 
-- 

Means _ _ _ _  ___-----------. _----.-- -..-_-___ _ _ _ _  _ .__ _ _ _ _  _ _ _ _  1.0223 
-----=-- 

1.0298 = 
(9Sft. 1.0j2 

1.0262 

1.0242 - 
(%% 
1.025 
1.0290 

1.0232 - (y.& 
1.0265 
1.0289 

1.0259 

1.0238 
1.0236 
1.02m 
1.0232 
1.0237 

1.0230 
1. om 
1.0228 
1.0228 
1.0228 
1.0226 
1.0213 

- 
==a 

($0 Jt.) 

.- .__-_- 

1.0220 -- -- 
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TABLE 44.-Temperature and density of sea water, Boston Harbor, 1986-Con'cd. 

Means ....... 

July 29 ............ 

July 30 ___._ - _ _  - -  

_____.________ 
1 

Temperature, OC. 
Density -. Date  

................................. 1.0219 
--=== 

--- I-- 

July 29 ............ 
July 30 ............ 

Means. - - - - - 

July 30 ........... 

. 

6. 10- 6.20 
10.10-10.20 
2. 10- 2.25 

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

(7ffJ 
17.0 18.0 
18.0 I 18.2 
23.0 17.5 

I--___-- 

1.0224 

617ft.) ( t 8 f t . )  (7fl.l 
17.6 17.5 1.0224 
18.0 1 17.8 1.0219 
17.5 17.3 1.0227 

----- .__,__--- 

A w . 3  ............ 
Aug.4 ............ 
Aug.5 ........... 

---- ----- 
(18ft.) ( 4 G f t . )  (7811.) 

21.15-21.30 19.Q 14.6 12 1 11.9 
6.10-6.50 21.7 15.5 14.3 10.Q 

22.10-22.25 1 18.7 12. 6 12. 7 10. 6 

14.20-14.55 I 20.7 16.Q 15.0 13.3 
6.00-8.15 17.81 16.8 15.3 14.7 

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

10.10-10.20 
6.10- 6.20 
2.10- 2.20 

10.10-10.20 

2.10- 2.20 
6.30- c.40 

-f---.--..J- 

(8ft.b ( K l f t )  (Stft.) (8 f t . )  
17.0 17.0 I 17.0 18.5 1.0233 
21.5 17.2 17.0 16. 5 1.0235 
20.9 17.3 17.0 1.0237 
18.5 :!:; 1 16.6 16.0 1.0233 
21.0 18.0 18.0 18.0 1 . 0 ~ 6  
24.5 17.8 17.7 17.5 1.0287 

I------ ............................................. 1.0242 

,__/__I___ - 

-- 

Water 
- ~ _ _  -- I Air I I I 

- 
(E8 Jf.) 
1.0216 
1.0218 
1.0224 

( 7 f t . )  ( 1 7 f f . )  (Mff.) ( 7 f t . )  
17.0 1.0216 

~ 1'5'5 15.0 1 :::: 1 :::: 1 17.0 1 1.0218 
17.0 17.3 17.0 16.8 1.0213 

'10. 10-10.20 
6. 10- 6. 20 
2.05- 2. 15 

July %--. ___.__ ~ _ _  
July 31 ............ 

1.0218 - __ y&; 
1.0227 
1.0231 

6. lo- 6.20 
10.10-10.20 
2. 10- 2.20 

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

22. W-22.15 
14.00-14.15 

1.0228 - __. ifmi 
1.0220 
1.0228 

1.0224 

t 8 f t . )  
1.0228 
1.0226 
1.0229 

1.0227 

( 1 t J t . )  
1.0224 
1.0225 
1. 0220 

- 
- - 

- 
- - 

1.0230 

1.0226 
1.0218 
1.0229 

___. - 
(28 ft.) 

1.0224 = 
3'8 ft.) 

1.0224 
1.0226 
1. 022s 

1. one 
- 
- 
(molt.) - - -. . - - 

1.0227 
1.0223 

Means. ..... .._... ........ 1.- 

Ju ly%.  .......... 
Ju ly31 . .~  .......... 

1.0224 

(6ft.). 
1. 0221 
1.0221 
1.0226 

1.0223 

( 6 f t . )  
1.0320 
1. om 
1.0224 

1.0222 

(18P.) 
1.0238 
1.0233 
1.0246 
1.0237 
1.0234 

- 
I__ 

- 
~ 

- 
- - 

Means.. ... ............ ....... ....... ....... 

Aug. 2 
Aug.3 ........... 

-l--I- 

Means.. ... .......... -1.. ..... .I-. ..... -1.. ...... I... .... 1.0223 - - 
y 4 4  
1.0225 
1.0224 

1.0224 

(46ft .b  
1.0238 
1.0238 
1.0241 
1.0235 
1.0231 

__ 
__ - 

1.0226 - (y m1 

(Y i;itl 

1.0226 
1.0226 

1.0224 
- 
- _- 

1.0235 
1.0236 
1.0240 
1.0236 

1.0236 
-- 
_p y .  i f 5  

1. one 
1.0231 
1.023h 
1.0244 
1.0266 

--'------- 
Aug. 2 -GI%E "?F - 

17.5 

............ 2. 10- 2.20 
10.10-10.20 23.5 1 20.0 20. 5 

A ~ g . 3  ......... -.j 6.20-6.351 2 3 . 1 )  17.71 
I-__- 

. Means.. .... \ _  ............ \ -  ....... \-. ...... I ........ 1 ....... 

Means. 

5 - - -. - -. 
fl ....... 

7-..-.-. 

Means. 

5 ....... 
6. ...... 

Means. 

----- I ........ i ........ I ........ I.- ...... 11.0238 1.0237 - - 
\%& 
1.0236 
1. 0238 
1.0234 
1,0244 
1.0261 

AUK. 
Aug. 

AUK. 

AUK. 
AUK. 

..... 

..... 

..... 

..... 

..... 

1.0241 
__. - 
(8  Jt.) 
1.0230 
1.0236 
1.0237 

I===-= (Jfl.) ~ ( 8 f t . )  (1Jfl.) (Jft.) 
1 17.51 1 8 . 5 ,  17.5 ~ 1.0234 

17. 5 19.9 17.8 1.0234 1 lQ.5  18.2 1 17.8 17.3 1.02% 
~L------------.- 

.I ............... '. ............... 1.0235 
-____I-- ----- I 1  1.0236 

~ - 1.0234 - 
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TABLE 44.-Temperature and density of sea water, Boston Harbor, 1.926-Contd. 
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Means.. _ _ _ _  
Aug.7 ____.______. 

_____ _ _  

Gtation No. 

- 

W62 _ _ _ _  - __. 

--- _ _ _ _ _ _  ~ _ _ _ _ _  .___ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  - - - ~  --__ 
(sJ!:o 1 ("4 

6.16-8.60 20.2 

_.___._ 
17.2 

( I S f t .  

---- 
1.0233 1.0233 ~ 1.0233 

1.0236 1.0238 1 . d 6  

---__ ---- 
( S f t . )  ( S f t . )  I (19ft 

For reference to above table, see p. 28. 



A P P E N D I X  

GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 
IRcprinted from United Stat- Coast and Geodetic Survey Special Publication No. 1111 

1. TIDES, GENERAL CHARACTERISTICS 
DEFINITIONS 

The tide is the name given to the alternate risin and falling of the level of 
the sea which at most places occurs twice daily. %he striking feature of the 
tide is its intimate relation to the movement of the moon. Hi h water and low 
water at any given place follow the moon’s meridian passage !y a very nearly 
constant interval, and since tHe moon in its apparent movement around the 
earth crosses a given meridian, on the avera e, 50 minutes later each day, the 
tide at most places likewise comes later each f a y  by 50 minutes, on the average. 
The tidal day, like the lunar day, therefore, has an average length of 24 houra 
and 50 minutes. 

With respect to the tide, the “moon’s meridian passage” has a s ecial signifi- 
cance. It refers not only to the instant when the moon is directry 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 (up er or lower) and the 
following high water is known as the (‘high-water lunitidar interval.” Likewise 
the interval between the moon’s meridian passag,e and the following low water 
is known as the “low-water lunitidal interval. For short they are called, 
respective1 high-water interval and low-water interval and abbreviated fu1 
follows: H%I and LWI. 

I n  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 parts 
of the same phenomenon brought about by the tidal forces of sun and moon. 

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

henomenon 
which includes tides and tidtl currents. Unfortunately no such &tinct ter’tf 
exists. 
have been used in this general sense, and usually no confusion arises from this 
usa e, since the context indicates the sense intended; but the use of the term 
“tife” 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 so much to the height of the 
water as to the phase of the tide. High water is the maximum height reached 
by each rising tide and low water the minimum height reached by each falling 
tide. 

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

It is convenient to have a single term to designate the whole 

For years, however, tho tide” or “the tides,” or even “flood and ebb, 

98 
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In its rising and falling the tide does not move at a uniform rate. From 

low water the tide begins rising, very slowly at first, but at a constantly increas- 
ing rate for about three hours, when the rate of rise is a maximum. The rise 
then continues at a constantly decreasing rate for the following three hours, 
when high water is reached and the rise ceases. The falling tide behaves in a 
similar manner, the rate of fall being least immediate1 after high water, but 
increasing constantly for about three hours when i t  fs at a maximum, and 
then decreasing for a period of three hours tih low water is reached. 

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

In hgure  A the figures from 0 to 24, increasing from left to right, represent 
the hours of the day beginning with midnight. Numbering the hours con- 
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U J -  
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40 
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FIG. A.-Tide ourve for Fort HamUton, N. Y., July 4, 1822 

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

The difference in height between a high water and,,a receding or following 
low water i s  known as the “range of tide” or “range. !he average difference 
in the heights of high and low water at any given place is called the mean range. 

THE TIDE-PRODUCING FORCES 

The intensity with which the sun (or moon) attracts a particle of matter on 
the earth varies inversely as the square of the distance. 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 inass of the whole body. But the waters of the earth, 
which may be considered as lying on the surface of the earth, are on the one 
side of the earth nearer to tho heavenly bodies and on the other side farther away 
than the center of the earth. The attraction of sun or moon for the waters 
of the ocean is thus different in intensity from the attraction for the solid earth 
a8 a whole, and these differences of attrpction give rise to the forces that cause 
the ocean waters to move relative to the solid earth and bring about the tides. 
These forces are called the tide-producing forces. 
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The mathematical development of these forces shows that the tide-producing 
force of a heavenly body varies directly as its mass and inversely as the cube 
of its distance from the earth. The sun has a mass about 26,000,000 times as 
great as that  of the moon; but it is 389 times as far away from the earth. 11s 
tide-producing forre is therefore to that of the moon as 26,000,000 is to (389)*, 
or somcwhat less than one-half. 

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

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

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

VARIATIONS IN RANGE 

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

A t  times of new moon and full moon the tidal forces of moon and sun are 
acting in the same direction. High water then rises higher and low water falls 
lower than usual, so that the range of the tide at such times is greater than 
the average. The tides a t  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 as low as the 
average. 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, spring tides do not occur on the days of full and new moon, 
but a day or two later. Likewise neap tides follow the moon’s first and third 
quarters after an interval of a day or two. Thislfag in the response of the tide 
is known as the “age of phase inequality” or phase age” and is generally 
ascribed to  the effects of friction. 

The varying distance of the moon from the earth likewise affects the range of 
the  tide. In its movement around the earth the moon describes an ellipse in a 
period of approximately 27% days. When thc moon is in pcrigee, or nearest the 
earth, its tide-producing power is increased, resulting in an increased rise and 
fall of thc tide, These tides arc known as “perigean tides,” and the range at 
such times is called the “perigean range.” When the moon is farthest from the 
earth, its tide-producing power is diminished, the tiel?! a t  such times,whihiting 
a decreascd rise and fall. These tides are called apogean tides and the 
corresponding range the “apogean range.” 

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

Thc m o m  does not move in the plane of the Equator but in an orbit, making 
an angle with that plane of approximately 23%”. During the month, there- 
fore, the moon’s declination is constantly changing, and this change in the posi- 
tion of t h  moon protlriccs a variation in the conec!critive ranges of the, tide. 
When the moon is on or close to the Equator-that is, when its dcrlination IS 
small-consecutive ranges do not differ much, morning arid aftcrnoon tides be- 

At  such times the titles are called 
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ing very much alike. A s  the declination increases the difference in consecutive 
ranges increases, morning arid afternoon tides beginning to show decided 
differences, and a t  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 moon’s phase and parallax, there ib a lag in the response to  
the change in dec?ilnation, 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 thc moon is on or close to the Equator and the difference between 
morning and afternoon tides small, the tides are known as “equatorial titles”. 
At 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 tlic range of the tide noted above nrc exhibited by the 
tide the world over, hiit not everywhere to the same degree. In many regions 
the lariation from neaps to springs is the principal variation; in certain regions 
it is the variation from apogee to perigee that is the principal variation; :‘nd 
in other regions it is the variation from equatorial t o  tropic tides that is the 
predominant variation. 

The month of the moon’s phascs (the synodical niontli) is approxinrately 
29% days in length; the month of the Inoon’8 distarirc (the anorrialistic month) 
is approximately 2734 days in length; the month of the moon’s declination (the 
tropic month) is approximately 27% days in length. It follows, therefore, that  
very consideralbe 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 betwrcn morning and afternoon tides due to the declination of 
the moon is known as diurnal inequnlity, and where the diurnal inequality is 
consiclerablc the risc ant1 fall of the tide is affected to a very marked degree both 
in time and in height. Figure I3 represents graphically the diffcrenres in the 
tide a t  Sail Francisco on October 18 and 24, 1922. On the former date the moon 
was over the Equator, while on the latter date the ninon was at its maximum 
south derliiiation for the month. The upper tliagrmi thus represents the equa- 
torial tide for Sari Francisco, while the lower diagram represents the tropic tidc. 

I t  will be notcd that on October 18 the morning and afternoon tidcs show very 
closo rescinblancr. In  both cases the rise from low water to high water and the 
fall from high water to  low wnter took plare in approximately six hours. The 
heights to  wliicli tlic two high waters attained were very nearly the sanie, and 
likowise the dcpressioris of the two low waters. 

On October 24, when the moon attained its extrenie declination for the fort- 
night, tropic tidcs occurrrtl. The characteristics of the risc and fall of the titic 
on that day differ markedly from those on the 18th, when the cqnatorial tides 
occurrcv!, these diffcrcriccs pcrtnining both to  the time and tlie height. Iiistead 
of approxirnatdy equal duration of risc and of fall of six hours, both morning 
and afternoon, as was tlre case on the 18th, we now have the morning rise oceupy- 
ing less time than tlic afternoon rise and the iiiorning fall more t h e  than tlie 
evening fall. Even more striking are the differences in extent of rise arid fall of 
morning iind aftrrrioon tides. The tide curve shows that there JWLS n difference 
of a foot in the two high watrrs of the 24th and a difference of almost 3 fcet in 
the low waters 

Uefinitr names have bren given to each of the two high and two low waters 
oi a tidal day. Of the high waters, the higher is called the “higher high water” 
and the lower the “lower h$h water.” Likewise, of the two low watrrs of ltnx 
tidal dny the lower is cnllctl 

Thc dirirnal inequality may be related dircctly to the ratio of thc tides brought 
about, respectively, b 7 the diiirnnl and srmidiurnal tide-produring forces. Those 
bodies of watcr whici offer relatively little response to  the diurnal forces will 
exhibit but littlr diiirnrtl incqiiality, while those bodicw which offer rrlatively 
considerable rrsponsc to tliese dilirnal forces will exhibit considerable diurnal 
incqiiality. On the Atlantic coast of the United Statcs therc is rrlatively little 
diurnal inequality, while on the Pacific roast there is consicterabltt ineqnality . 

It is obvious that with increasing diurnal incqiinlity the l o ~ c r  Iiigh wltter nnd 
higher low watw tend to become equal and merge. When this occurs tlierc is 
but one high and one low water in a tidal day instcad of two. This occiirs 
frcquently a t  Galveston, Tex., and a t  a number of other plarrs. 

lower low water” arid the higher “higher low water. 
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TYPES OF TIDE 

From place to place the characteristics of the rise and fall of the tide generally 
differ in one or more respects; but according to the predominating features the 
various kinds of tide may be grouped under three typee, namely, semidiurndy 
diurnal, and mixed. 
and “daily” are frequently used. 

The semidiurnal type of tide ie 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 
t y  e of tide, and this is the type found on the Atlantic.coast of the United States. 

i n  the diurnal type of tide but one high and one low water occur in a tidal day. 
Do-Son, French Indo-China, may be cited as a place where the tide is always of 

Instead of semidiurnal and diurnal the terms “semidaily 
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FIQ. B.-Tide curves, 8an Francisco, Calif., October 18 and 24,1922 

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

The mixed type of tide is one in which two high and two low water6 occur 
during the tidal dav but which exhibits marked diurnal ineaualitv. Several 
forms-may occur unher this type. In  one form the diurnal inequality is exhib- 
ited principally by the high waters; in another form it is the low waters which 
exhibit the greater inequality; or the diurnal inequality may be features of both 
hi h waters and low waters. f t  is to be noted that when the tide at any given place is assigned to  any 
particular type, i t  refers to the characteristics of the predominating tide at that 
place. At  the time of the moon’s maximum semimonthly declination the semi- 
diurnal type exhibits more or less diurnal inequality and thus approaches the 
mixed type; and when the moon is on or near the Equator the diurnal inequality 
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of the mixed ty e is at a minimum, the tide at such times resembling the semi- 
diurnal type. I% is the characteristics of the predominating tide that determine 
the type of tide at any given place. With the aid of harmonic aonstants the type 
of tide may be defined by definite ratios of the semidiurnal t o  the diurnal 
constituents. 

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

HARMONIC CONSTANTS 

Since the tide is periodic in character, it may be regarded as the resultant of 
a number of simple harmonic movements. In  other words, if h be the height of 
the tide, reckoned from sea level, then for any time t ,  we may write h=A cos 
(at Sa) +B COS (bt+B) + . . . In  the above formula each term represents 
a constituent of the tide which is defined by its amplitude or semirange, A ,  B, 
etc., by an angular speed, a, b, etc., and by an angle of constant value, a, j3, etc., 
which determines the relation of time of maximum height to thc time of begin- 
ning of observation. 

We may also regard the matter from another viewpoint and suppose the moon 
and sun as tide-producing bodies to be replaced by a number of hypothetiaal 
tide-producing 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 tide-producing bodies gives rise to a simple 
tide, the high water of which occurs a certain number of hours after its upper 
meridian passage and the low water the same number of hours after its lower 
meridian passage, the oscillation produced by each of these simple tides may be 
written in the form h = A  cos ( a t f a )  as above. The great advantage of so 
regarding the tide is that i t  permits 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 component. The amplitudes or semiranges of the 
component tides, together with the angles which determine the relation of the 
high water of each of these component tides to some definite time origin and 
which are known as the epochs, constitute the harmonic constants. 

The periods of revolution of the hypothetical tidal bodies or the speeds of the 
various component 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 epochs and amplitudes which vary from place to place according 
to the type, time, and range of the tide. The mathematical process by which 
these epochs a?d 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. I n  the prediction of tides i t  is necessary to take account of 20 to 
30, but the c.haracteristics of the tide at any place may be determined easily 
from the 6 principal ones. 

It ie obvious that the principal lunar tidal component will be one which gives 
two high and two low waters in a tidal day of 24 hours and 50 minutes, or more 
exsatly in 24.84 hours. Its speed per solar hour, therefore, is -----=28'.98, 
This component has been given the 8 mbol MI. Likewise, the principal solar 

24 hours. Its angular speed per hour is therefore - 2x~~00=300 .00 .  The symbol 
for this principal solar component is St. 

Since the moon's distance from the earth is not constant, being less than the 
average at perigee and greater a t  apogee, the period from one perigee to another 
being on the average 27.65 days, we must introduce another hy othetical tidal 
body, RO that at perigee its high water will correspond with the kl, high water, 
and at apogee it8 low water will correspond with the M2 high water. I n  other 
words, the tidal component which is to take account of the moon's perigean 
movement must, in a period of 13.78 days, lose 180° on Mt, or at tho rate of 

This component has been given the symbol N1. 

2 X 360' 
24.84 

tidal component is one that gives two E igh and two low waters in a solar day of 

180' - 13O.06 per day. Its hourly speed, therefore, is 28° .98-13~~=280.44 .  
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The moon's change in declination is taken account of by two components 
denoted by the symbols K1 and 0 1 .  The speeds of these are determined by the 
following considerations: The average period from one maximum declination to 
another is a half tropic month, or 13.66 days. The speeds of these two compo- 
nents shonld, 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 neutralize each other; that  is, in a period of 13.66 days KI shall gain on O1 
one full revolution. The difference in their hourly speeds, therefore, is 2 4 ~ ~ ~ . ~ ~  
=1'.098. The mean of the speeds of these two components miist be that of 
the apparent diurnal movement of the moon about the earth, or 21 ~ ~ = 1 4 ' . 4 9 .  

The speeds are therefore derived from the equations E('+ 01=14'.49 and K1 - 0, 
= 1O.098, from wliich Kj= 15O.04 and 0, = 13O.94. 

It is custoniary to designate the amplitude of any component by the symbol of 
the component and the epoch by the symbol with a degree mark added. Thus 
Mz stands for the amplitude of the Mz tide arid Mzo for the epoch of this tide. 
The five components enumerated above are the principal ones. Between 20 and 
30 components permit the prediction of the time and height of the tide a t  any 
given place with considerable precision. 

From the harmonic constants the characteristics of the tide at any place can 
be very readily determined.' The five principal constants alone permit the ap- 
proximate determination of the tidal characteristirs very easily. Thus, approxi- 
mately, the mean range is 2M,, spring range 2(M2+8Q, neap. range 2(MZ-.Sz), 
perigean range 2(Mz+Nz),  apogean range 2(M2- N2), diur@ inequality a t  time 
of tropic tides 2(KI+ 01), high-water lunitidal interval 28,i8. The various ages 
of the tide can likewise be readily determined. Approximately, the ages in hours 
are: Phase age, Szo - MZ'; parallax age, 2( M2' - Nzo) ; diurnal age, Kt' - 01'. 
The type of tide, too, may be determined from the harmonic constants through 

Where this ratio is less than 0.25, the tide is of the semi- the ratio 
diurnal type; where the ratio is hetwcen 0.2.5 and 1.25, the tide is of the mixed 
type; aqd where the ratio is over 1.25, the tide is of the diurnal type. 

The periods of the various component tidcs, like the periods of the tide-produc- 
ing force.;, group themselves into t,hree classes. The tides in the first class have 
periods of approximately half a day and are known as semidirirnal tides; the 
periods of the tides in thc second class are approximately one day, and these 
tides are known as diiirrial tides; the tides in the third class have periods of 
half a month or more and n,re known as long-period tides. In shnllow waters, 
dtxe to the cffcrts of decreased dcpth, the tides are modifiet and another class 
of simple tides is introduced having periotlr of less than half a day, and these 
are known as shallow-water tides 

The class to which any component tide belongs is generally indicated by the 
subscript used in the notation for the component tides, the subscript giving thc 
number of periods in a day. With long-period tides generally no subscript is 
used; with semidiurnal tides the subscript ir 2; with diurnal tide3 the srlbscript 
is 1, and with shallow-water tides the subscript is 3, 4, or more. Thus Sz repre- 
sents a solar annual componcnt, PI a solar diurnal component, Mz a lunar semi- 
diurnal component, Sa a solar shallow-water component with a period of one- 
quarter of a day, and Me a lunar shallow-watcr compownt with a period of 
one-siuth of a day. 

360' 

360' 

2 

M 

K1$-O1. 
Mz + Sz 

TIDAL DATUM PLANES 

Tidal planes of refererice form the basis of all rational datum planes used 
in practical or scientific work. The advantage of the datum plane based on tidal 
determination lie3 not only in simplicity of definition, but also in the fact that  
i t  msy be recovered at any time, even thoaqh all bench-merk connections be 
lost. 

The principal tidal plane is that of mean sea level, which may be defincd &S 
the plane ab3ut which the tide o?.cillatea, or as the surface the 88% woald assume 
when undisturbed by the rise and fall of the tide. At any given place this 
plane mag be determined by deriving the mean height of the tide. This is 

1 BPO H i\. Harris, h f ~ i i l i ~ l  01 Tidm, Pt. III (U. S. ( ' 0 x 4  rind Geodetic Slrrvey Roport for 1804, 
Appendix 7) 
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perhaps best done by adding the hourly heights of the tide over a period of a 
year or more and deriving the mean hourly height. It is to be noted that in 
such a determination the mean sea level is not freed from the effects of prevailing 
wind , atmospheric pressure, and other meteorological conditions. 

The plane of mean sea level must be carefully distinguished from the lane 
of half-tide level or, as it is frequently called, mean-tide level. This Patter 
plane is one determined as the half sum of the high and low waters. It is therefore 
the plane that lies halfway between the planes of mean low water and mean high 
water. The plane of half-tide level does not, a t  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 waters during a 
period of a year or more. Where the diurnal inequality in the low waters is 
small, as on the btlantic coast of the ypited States, this plane is frequently 
spoken of as the the plane of low water”; but strictly 
i t  should be called the plane of mean low water. 

Where the tides exhibit considerable diurnal inequality in the low waters, 
as on the Pacific coast of the United States, the lower low waters may fall con- 
siderably below the plane of mean low water. In such places the plane of mean 
ower 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 ormore. Where 
the tide is frequently diurnal, the single low water of the day is taken as the 
lower low water. 

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

In  localities of considerable diurnal ine uality in the high waters the higher 
high waters frequently rise considerably &ove the plane of mean high water, 
A higher plane is therefore of importance for many purposes, and the plane of 
higher high water is preferred. This plane is determined as the average of all 
the higher high waters for a period of a year or more. Where the tide is fre- 
quently diurnal, the single high yater of the day is taken as the higher high water. 

The tidal planes described above are the principal ones and the ones most 
generally used. Where a very low 
plane is desiredt the plane of mean spring low water is sometimes used, its name 
indicating that it is determined as the mean of the low waters occurring a t  spring 
tides. Another plane sometimes used, which is of interest because based on 
harmonic constants, is known as the harmonic tide plane and for any given place 
is determined as Ma+ Sn+ KI + 01 below mean sea level. 

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

low-water plane” or 

Other planes, however, are sometimes used. 

MEAN VALUES 

Since the rise and fall of the tide varies from da to day, chiefly in accordance 
with the changing positions of sun and moon refative to the earth, any tidal 
quantities determined directly from a short series of tidal observations must be 
corrected to a mean value. The principal variations are those connected with 
the moon’s phase, parallax, and declination, the periods of which are approxi- 
mately 29% days, 27% days, and 27% days, respectively. 

In  a period of 29 days, therefore, the.phase variation will have almost com- 
pleted a full cycle while the other variations will have gone through a full cycle 
and but very little more. Hence, for tidal quantities varying largely with the 
phase variation, tidal observations covering 29 days, or multiples, constitute a 
satisfactory period for determining these quantities. Such are the lunitidal 
intervals, the mean range, mean high water, and mean low water. For quantities 
varying largely with the declination of the moon, as, for example, higher high 
water and lower low water, 27 days, or multiples, constitute the more satisfactory 
period. 

As will be seen in the detai!ed discussion of the tides a t  Fort Hamilton, the 
values determined from two different 29-day or 27-day periods may differ very 
considerably. This is dr e to the fact that these periods are not exact synodic 
periois for the different variations, and to the further fact that variations having 
periods greater than a month are not taken into account. Furthermore, meteoro- 
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logical conditions, which change from month to month, leave their impress 
on the tides. For accurate results the direct determination of the tidal datum 
planes and other tidal quantities should be based on a series 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 
near-by port for which mean values have been determined from a series of 
considerable length. 

11. TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 

Tidal currents are the horizontal movements of the water that accom any the 
rising and falling of the tide, The horizontal movement of the tidafcurrent 
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. 

idal currents, like the tides, are therefore periodic. 

I 
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FxO. 0.-Velocity and direction ourvea for the current, Hudson River, July 22,192!2 

It is the periodicit of the tidal current that chiefly distinguishes it from other 
kinds of currents, wKich are known by the general name of nontidal currents. 
These latter currents are brought about by cauBes that are independent of the 
tides, such as winds, fresh-water run-off, and differences in density and tempera- 
ture. Currents of this class do not exhibit the periodicity of tidal currents. 

Tidal and nontidal currents occur together in the open sea and in inshore tidal 
waters, the actual currents experienced at any point being the resultant of the 
two classes of currents. In  some places tidal currents predominate and in others 
nontidal currents predominate. Tidal currents generally attain considerable 
velocity in narrow entrances to bays, in constricted parts of rivers, and in 
88  ea from one body of water to another. Along the coast and farther ofdo&; 
tifa1 currents are generally of moderate velocity. and in the open sea, calculation 
baaed on the theory of wave motion, gives a tidal current of less than one-tenth 
of a knot. 



TIDEB AND CURREINTB IN BOSTON HARBOR 107 
RECTILINEAR 'TIDAL CURRENTS 

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

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

The lower curve of Figure $is the direction curve of the current, the direction 
being given in degrees, north being O", east go', south 180", and west 270'. 
The directions are magnetic and represent the direction of the current as derived 
from hourly observations. During the eriod of flood the direction curve shows 
that the current was running practicazy in the same direction all the time 
makin an abrupt shift of about 180' to the opposite-direction during the perioJ 
of slacf water. For the ebb period the direction curve likewise shows the cur- 
rent to have been running in approximately the same direction with an abrupt 
change of about 180" during slack. 

ROTARY TIDAL CURRENTS 
Offshore the tidal currents are generally not of the rectilinear or reversing type. 

Instead of flowing in the same general direction during the entire period of the 
flood and in the opposite direction during the ebb, the tidal currents offshore 
change direction continual1 . Such currents are therefore called rotary currents. 
An example of this type o f  current is shown in Figure D, which represents the 
velocity and direction of the current at the be innin of each hour of the after- 
noon on September 24, 1919, at Nanfiucket lhoals b g h t  Vessel, stationed off 
the coast of Massachusetts. 

The current is Been t o  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 IB somewhat 
irregular ellipse. If a number of observations are averaged, eliminating acci- 
dental errors and temporary meteorological disturbances, the regularity of the 
curve js considerably increased. The average period of the cycle is, from a 
considerable number of observations found to be 12h 25m. In  other words, the 
current day, like the tidal day, is 24h 6W 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 

When the velocity of the rotary tidal current 
least, it  is known as the minimum current, and when i t  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 IN STRENOTH OF CURRENT 

ive rise to a period of slack water. 

Tidal currents exhibit changes in the stren h of the current that correspond 

come with the spring hdes of fd and new moon and the weakest currents with 
the neap tides of the moon's first and third quarters. Likewise, perigean tides 
are accompanied by strong curfeqts and apogean tides by weak currents; and when 
the moon has considerable Variation, the currents, like the tides, are characterized 
by diurnal inequality. 

closely with the chang.ea in ran e exhibited e5t y tides. The strongest currenta 
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As related to the moon’e changing phases, the variation in the strength of 
the current from day to day L approximately proportional to the corresponding 
change in the range of the tide. The moon’a 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. 

North 

/ 

Scale o f  Knots 
1 I I I I I 1 I 

0.0 0.2 0.4 0.6 0.6 1.0 1.2 1.4 
FIG.  D.-Rotary current, Nantucket Shoals Light Vwel ,  afternoon of September 24, 1910 

The relations subsisting between the changes in the velocity of the current 
a t  any given place and the range of the tide at t h a t  place may be derived from 
general considerations of 8 theoretical nature. Variations in the current that  
involve semidiurnal components will approximate correaponding changes in the 
range of the tide; bu t  for variations involving diurnal components the variation 
in the current is about half that in the tide. 
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RELATION OF TIME OF CURRENT TO TIME OF TIDE 

109 

I n  simple wave motion the times of slack and strength of current bear a con- 
s tant  and simple relation t o  the  times of high and low waters. I n  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 stiitionary 
wave slack comes at the  times of high and low water, while tlie strength of current 
comes midway between high and low water. 

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

The tidal movements of coastal waters are rarely of simple wave form; never- 
theless, i t  is very convenient in the  study of currents t o  refer the times ut current 
to the times of tide. And where the diurnal inequality in the tide is small, 
as is the case on the Atlantic coast, the  relation between the time of current 
and the  time of tide is very nearly constant. This i s  brought out  in Fi ure E, 
which represents the  tidal and current curves in New York Harbor for 8ctober 
9, 1919, the  current curve being the dashed-line curve, representing the velocities 
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FIa. E.-Tide and current curres, New York IIarbor, October 9, 1918 

of the  current at a station in TJpper Bay, and the tide curve 1)eing the full-line 
curve, representing tlic rise and fall of the tide at Fort Hamilton, on the eastern 
shore of the  Narrows. 

The diagrams of Figure E were drawn by plotting the heights of the tide 
and the  velocities of the  current t o  the same time scale arid to such velocity 
and height scales as will make the maxi~niirn ordinates of the two ciirves approxi- 
mately equal. The time axis or axis of X represents the line of zero velocitj for 
the  currents and of mean sea level for the tide, the velocity of the current being 
plotted in accordance with the scale of knots on the left, while the height of the  
tide reckoned from mean sea level was plotted in accordance with the scalc in 
feet on the right. 

From Figure K it is seen tha t  the corresponding features of the  tide and current 
in  New York Harbor bear a very near1 constant time relation to  eacli other, 
and this constancy in t imr relation of ti&s and currents is rharncteristic of tidal 
waters in which the  diurnal ineqiiality is small. This permits the times of slack 
and of strength of current to  be refcrrcd t o  tlie times of high and low water. 
Thus, from FiKure E we find strength of ebb occurred about 0.6 hour after t h e  
time of low water, both morning and afternoon; slack before flood orcurrrd 2.2 
hours before high water; strength of flood 0.4 hour after high water; slack before 
ebb 3.0 hours hefore low water. In  this connection, however, i t  is to be noted 
t h a t  the  time relations between the various phases of tide and current arc subject 
to the disturbing dfects of wind and wrattier. 

Apart from the disturbing effect of noritidal agcncies, the time rrlnfions 
between tide and ciirrrtrt are subject t o  variation in regions where the t ide 
exhibits considt>rable diiirnsl inequality, as, for example, on t h e  Pacific const of 
the  United States. This variation is due t o  the  fact, previously meiitioiicd, t h a t  

81772-28-8 
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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 as between morning and afternoon. How- 
ever, in such cases it ie frequently possible to refer the current a t  a given place 
to the tide at some other place with comparable diurnal inequality. 

EFFECT OF NONTIDAL CURRENT 

The tidal current is subject to the disturbing influence of nontidal currenta 
which affect the regularity of its occurrence as regards time, velocity? and direc- 
tion. I n  the case of the rectilinear current the effect of a steady nontidal current 
is, in general, to make both the periods and fhe 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 
E’, which re resents a simple rectilinear tidal current, the time axis of which is 
the line A$ flood velocities being plotted above the line and ebb velocities 
below. 

When unaffected by nontidal currents, the periods of flood and ebb are, in 
general, equal as represented in the diagram, and slack water occurs regularly 
three hours and six minutes after the times of flood and ebb strengths. But If 
we assume a steady 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.-Effect of nontidal current on tidal current 

tha t  the strength of ebb will be increased by an amount equal to CD, while the 
flood strength will be decreased by the same amount. The current conditions 
may now be completely represented by drawin as a new axis, the line EF 
parallel to A B  and distant from i t  the length of 8D 

Obviously, if the velocity of the nontitlal eurreht cxceeds that of the tidal 
current at the time of strength, the tidal current will be completely masked 
and the resultant current will set at all times in the direction of the nontidal 
current. Thus, if in Figure F the line OP represents the velocity component 
of the nontidal current in the direction of the tidal current, the new axis for 
measuring the velocity of the combined current at any time will be the line GO 
and the current will be flowing a t  all times in the ebb direction. There will be 
no slack waters; but at period8 6 hours 12 minutes apart there will occur mini- 
mum and maximum velocities represented, respectively, by the lines RS and TU. 

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

. the usual trigonometric computations. 

VELOCITY OF TIDAL CURRENTS AND PROGRESSION OF THE TIDE 

In  the tidal movement of the water i t  is neceaesry to distinguish clearly 
between the velocity of the current and the progression or rete of advance of 
the tide. I n  the former case reference ia made to the actual speed of a moving 
particle, while in the latter case the reference is to the rate of advance of the 
tide phase or the velocity of propagation of wave motion, which generally ia 
many times greater than the velocity of the current. 
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It is to be noted that there is no necessary relationship between the velocity 

of the tidal current at any place and the rate of advance of the tide at that place. 
I n  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. 
I n  a progressive 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. In  stationary-wave movement, 
since high or low water occurs a t  very nearly the same time over a considerable 
area, the rate of advance is theoretically very great; but actually there is always 
aome progression present, and this reduces the theoretical velocity considerably. 

The velocity of the current, or the actual speed with which the particles of 
water are moving past any fixed point, depends on the volume of water that 
must pass the given point and the cross-section of the channel a t  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 

In a rectillinear current the distance traveled by the water particles or by 
any object floating in the water is obviously equal to the product of the time 
by the average velocity during this interval of time. To determine the average 
velocity of the tidal current for any desired interval several methods may 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 a t  
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 full tidal cycle of 
flood or ebb, however, since the current curve generally approximates the cosine 
curve, the simplest method consists in making use of t h e  well-known ratio of 
the mean ordinate of the cosine curve to the maximum ordinate which is 2+z, 
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 haximum ordinate of the cosine curve; hence, the 
average velocity of the tidal current for a flood or &b cycle is given imme- 
diately as the product of the strength of the current by 0.6368. And though 
this method ia 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 criod of 0.2 
hours the distance a tidal current with a velocity at  strength o f  1 knot will 
carry a floating object is, in nautical miles, 0.6366X6.2=3.95, or 24,000 feet. 

DURATION OF SLACK 

It1 the.change of direction of flow from flood to ebb, and vice versa, the tidal 
current goes through a period of slack water or zero velocity. Obviously, this 
period of slack is but momentary, and graphically it is represented by the 
instant when the current curve cuts the zero line of velocities. For a brief 
period each side of slack water, however, the current is very weak, and in 
ordinary usage “alack water” denotes not only the inst,ant 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 define 
it to be the period during which the velocity of the current is less than one- 
tenth of a knot. Velocities less than one-tenth of a knot mav generally bo dis- 
regarded for practical purposes, and such velocities are, moieover, difficult to 
measure either with float or with current meter. For any given current it is 
now a simple matter to determine the duration of slack water, the current curve 
furnishing a ready means for this determinetion. 

I n  general, regarding the current curve as approximately a sine or cosine 
curve, the duration of slack water is R 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 
various strengths. For the normal flood or ebb cycle of 6 h  12.W we may write 
the equation of the current curve v = A  sin 0.48311, in which A is the velocity of 
the current in knots at time of +ren@h, 0.4831 t h e  angular velocity in degrees 
per minute, and t is the time In minutes from the instant of zero velocity. 
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Setting 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 minufes; 
6 knots, 4 minutes; 8 knots, 3 minutes; 10 knots, 2% minutes. 

HARMONIC CONSTANTS 

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

It can easily be shown that in coastal or inland tidal waters the amplitudes of 
the various current components are related to each ather, 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 hanre 

M’z: S’i: ”1: K’1: 0’1=m2M’’l: 8 8 “ ~ :  nzN’’1: klK”1: 0 1 0 ” l  

where the small italic letters repreaent, respectively, the angular speed of the 
corresponding components. This shows a t  once that the diurnal inequality in 
the currents should be approximately half that in the tide. 

M E A N  VALUES 

I n  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 a t  some suitable place, generally near by. In this method of anal si8 
the time of current determined is in effect reduced to approximate mean vafue, 
since the changes in the tidal current from day to day may be taken to  approxi- 
m.ate the corresponding changes in the tide; but the velocity of the current as 
deterniined from a short series of observations must be reduaed to a mean value. 

In the ordinary tidal movement of the progressive a r  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 multiplyiiig by a factor equal to  the mean range of the tide divided by 
the ranKe for the period of observations. It is to be noted that in this method of 
reducing to a mean value any nontidal currents must first be eliminated and the 
factor applied to the tidal current alone. This may be done by taking the strength 
of the tidal current as the half sum of the flood and ebb strengths for the period 
in question. 

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

GEODETIC SURVEY RELATlNG TO TIDES AND CUR- 
RENTS 

TIDE AND CURRENT TABLEG 
-ice 

Tide Tables, United States and Foreign Ports- _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  $0. 75 
Tide Tables, Atlantic Coast, North America (reprinted from Tide Tahles, . 

United States and Foreign Ports) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tide Tables, Pacific Coast, North America, Emtern Ada and Island 

Group (reprinted from Tide Tables, United States and Fareign Ports)-- 
Tide Table, New York Harbor ____-_________________________________ 
Current Tables, Atlantic Coast, North Amerioa--- - - - _ _  _ _  _ _  - - - - - - - _ _ _  - 
Current Tables, Pacitic Cosst, North America and Philippine Islands-- - - 
Current Diagram, Nantucket and Vineyard Bounds- - - - - - - - - - - - - - - - - - - 
Current Diagram, Chesapeake b y - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

The tide tables contain the predicted times and heights of the tide for 
each day in the year at a number of principal porte and tidal differences 
and constants for many other places. The current tables give the pre- 
dicted currents for each day in the year at a pumbex of principal ports 
and current differences and constants 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. 

TIDAL BENCH MARKS 

Special Publication No. 83 (Serial 193), Tidal Beiich Marks, State of 
New York, 1 9 2 2 _ - _ - - _ _ _ - _ _ _ _ - - - - - - - - ~ - ~ - - ~ - - - - - - - - - - - - - - - - - - - - -  

Special Publication No. 119 (Serial 320), Tidal Bench Marks, District of 
Columbia, 1925 _ _ _ _ _ _ _ _  - _ _ _  _ _ _  _ _  - _ _  _ _  _ _  _ _ _ _ _  - _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  - 

Special Publication No. 128 (Serial 370), Tidal Bench Marks, State of 
Rhode Island, 1927___________--_- -____________________-- - - -_- - - -  

Special Publication No. 136. Tidal Bench Marks, State of Connecticut, 
1 9 2 7 - - _ - _ - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - -  

Special Publication No. 141. Tidal Bench Marks, State of California, 
1928- , - -_ - - - - - - - - - - - - -_ - - - - - - - - - - . - - - - - , - - - - - - - - - - - - - - - - - - - - - .  

HARBOR PUBLICATIONS 

SDecial Publication No. 111 (Serial 285). Tides and Currents in New 

Francisco Bay, 1925 ____________-___________________________- - - - - -  
Special Publication No. 123 (Serial 33.3, Tides and Currents in Delaware 

Bay and River, 1926 ____________-_--_________________________-- - - -  
Special Publication No. 127 (Serial 3641, Tides and Currents in Southeast 

Alafika 1 9 2 6 ~ _ _ _ _ . _ _ _ _ _ - - _ - - _ - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - ~ - - - ~ - ~ -  
Special hblication No. 142. Tides and Currents in Boston Harbor, 

1 9 2 8 - - - - - - - - - - - - - - - - - - - - _ - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Special Publication No. - Tides and Currents in Portsmouth Harbor (in 

reparation). F he above harbor publicat,ions aim to give in detail the results of all the 
observational data available for each harbor covered. 

MISCELLANEOUS PUBLICATIONS 

The Gulf Stream, by J. E. Pillsburv. Published as appendix to the Ailnual 
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 largcr libraries. 

Manual of Tides, by R. A. Harris. This publication was issued in separate 
parts as appendices to the Annual Reports of the United States Coast 
and Geodetic Survey for the y v r s  1894, !897, 1900, 1904, and 1907. 
These reports are no longer avdab le  for distribution but may be con- 
sulted in any of the larger libraries. 

Arctic Tides, 1911 _ _ _ _ _ _ _ - -  - - - -  - - -  - -  - - - - - -  - - - _ _ _  - - _ - - _ _  - _ _  - _ - -_ -_  _ - -  
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PCllV 

Special 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,v. 

Special Publication No. 32 (Serial 16), Description of the United States 
Coast and Geodetic Survey Tidepredicting Machine No. 2, 1915-__- $0. 20 

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

Special Publication No. 98 (Serial 244), A Manual of the Harmonic 
Analysis and Prediction of Tides, 1924 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 4  00 

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

Special Publication No. 113 (Serial 300), Portable Automatic Tide Gauge, 
1 9 2 5 - _ _ - - _ - _ _ - _ _ _ - _ _ - - _ - - - - - _ - - - - - - - - - - - - - - - - _ _ - - - _ - - - - - - - - - - - -  . 10 

Special Publication No, 121 (Serial 330), Coastal Currents Along the 
Pacific Coast of the United States, 1926 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _  . 16 

Special Publication No. 124 (Serial 346), Instructions for Tidal Current 
Surveye ,1926-- -__- - - -_ , - - - - - - , - - - - - - - - - - , - - - - - , - - - -_- - - - - - - - - -  . 16 

Serial 351, Tide and Current Investigations of the Coast and Geodetic 
Surve 1926-_- - - - - - - - - - , - , - , - , - , - - - - - - - - -_- - - - - - - - - - - - - - - - - - -_- - -  . 16 

Special hblication No. 135, Tidal Datum Planes, 1927 __-_ -__ - -_ - - - - -  . 30 
Special Publication No. 139, Instructions for Tide Observations, 1928- . 20 

Except as otherwise noted, all the above publications are for sale 
by the Superintendent of Documents, Government Printing Office, 
Washington, D. C., to whom remittance should be sent. 
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