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PREFACE 

In the preparation of this volume, the aim has been to collect, 
correlate, and present in usable form the mass of data derived from 
current observations taken a t  various times in Narragansett Bay, 
Buzzards Bay, Vineyard Sound, and Nantucket Sound, to the end 
that basic material in the files of the Coast and Geodetic Survey may 
be available for the use of the many individuals and interests desiring 
it, and at the same time be insured against loss or destruction to 
which all unpublished records are liable. 

Most of the results presented are based upon observations taken 
in connection with surveying operations of the Coast and Geodetic 
Survey. They date back to the year 1844 and include data from 
recent comprehensive current surveys covering the waterways men- 
tioned above. Some of the observational material was furnished by, 
or obtained in cooperation with, other organizations. Special ac- 
knowledgment is made to the United States Army Engineers who 
furnished data for a number of current stations in the Cape Cod 
Canal, and to the Lighthouse Service which cooperated in securing 
long series of current observations at a number of lightships. The 
section on the general characteristics of tidal currents, which in this 
volume precedes the discussion of the currents in the severnl water- 
ways, was taken frorn "Tides and Currents in New York Harbor," 
U. S. Coast and Geodetic Survev S~ecial Publication No. 11 1. Revised 

d 4 

(1935) Edition. 
In connection with this publictition, attention is directed to tho 

annual Current Tables, Atlantic Coast, North America. These 
tables contain data from which daily p;.edictions of the currents 
may be readily obtained for numerous locations in the areas covered 
by this volume. 
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CURRENTS IN NARRAGANSETT BAY, BUZZARDS 
BAY, AND NANTUCKET AND VINEYARD SOUNDS 

TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 

Tidal currents are the horizontal movements of the water that 
accompany the rising and falling of the tide. The horizontal move- 
iment of the tidal current and the vertical movement of the tide are 
ntimately related parts of the same phenomenon brought about by 
the tide-producing forces of sun and moon. Tidal currents, like the 
tides, are therefore periodic. 

I t  is the periodicity of the tidal current that chiefly distin uishes pb i t  from other kinds of currents in the sea, which are known y the 
general name of nontidal currents. These latter currents are brought 
about by clauses that are independent of the tides, such as winds, 
fresh-water run-off, and differences in density and temperature. 
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 current experienced at  any point 
being the resultant of the two classes of currents. In  some places 
tidal currents predominate and in others nontidal currents predomi- 
nate. Tidal currents generally attain considerable velocity in narrow 
entrances to bays, in constricted parts of rivers, and in passages from 
one body of water to another. Along the coast and farther offshore 
tidal currents are generally of moderate velocity; and in the open 
sea, calculation based on the theory of wave motion, gives a tidal 
current of less than one-tenth of a knot. 

REVERSING TIDAL CURRENTS 

In  the entrance to a bay or in a river and, in general, where a re- 
stricted width occurs, the tidal current is of the reversing or rectilinear 
type; that is, the flood current runs in one direction for a period of 
about 6 hours and the ebb current for a like period in the opposite 
direction. The flood current is the one that sets inland or upstream 
and the ebb current the one that sets seaward or downstream. 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 1, which represents the velocbity and direc- 
tion of the current as observed on August 8-9, 1922, in the Narrows, 
the entrnnce to New York Harbor. 

The curve of figure 1 was drawn by plotting the velocity ?f the 
current as observed a t  the beginning of each hour and drnwing a 
smooth curve that conformed as nearly as possible with the plotted 
velocities. The northerlv setting or flood velocities wero plotted 
above the line of zero velocity and the southerly setting or ebb ve- 
locities were plotted below this line. The velocities are given in 
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knots, which is the unit generally used in measuring tidal currents, 
and represents a velocity of 1 nautical mile per hour. Since a 
nautical mile has a length of 6,080 feet, knots may be converted into 
statute miles per hour by multiplying by 1.15, or into feet per second 
by multiplying by 1.69. 

The curve of the reversing current resembles the tide curve. The 
maximum velocity of the flood current, called the strength of flood, 
corresponds to the high water of the tide curve, while the maximum 
velocity of the ebb, called the strength of ebb, corresponds to the low 
water. The current day, like the tidal day, has a length averaging 24 
hours and 50 minutes. 

The current curve shown in figure 1 represents the current near 
the surface in the axis of the channel of the Narrows. From observa- 
tion and also from theory i t  is known that the tidal current extends 
from the surface to the bottom. In general i t  may be said that the 
velocity of the tidal current decreases from the surface to the bottom, 
the velocity near the bottom being about two thirds that at  the sur- 
face. But the effects of wind and fresh-water flow may bring about 
considerable variation in the vertical velocity distribution. 

The current in a channel is also characterized by a variation in 
the horizontal distribution of velocity. In  a rectangular channel of 
uniform cross-section, the velocity is greatest in the center of the 
channel, and decreases uniformly to both sides. Combining both the 
vertical and horizontal variations, i t  may be said that the average 
velocity of the current in a section of a regular channel is about three- 
quarters that of the central surface velocity. 

Where the current is undisturbed by wind or fresh-water flow, the 
flood and ebb velocities, and the durations of flood and ebb are approx- 
imately equal. In this case, too, the characteristics of the current from 
the surface to the bottom are much the same. That is, the strengths 
of the flood and ebb currents, and also the slacks, occur a t  about the 
same time from top to bottom. If, however, nontidal currents are 

resent, the characteristics of the tidal flow are modified considerably. 
&he effect of nontidal currents on tidal currents may be derived from 
general considerations. 

In  fi re 2 a purely tidal current is represented b the curve, 
referre F to the line AB as the line of zero velocity. r' he strengths 
of the flood and ebb are equal, as age also the durations of flood and 
ebb. In this case slack water occurs regularly 3 hours and 6 minutes 
(one-quarter of the current cycle of 12 hours and 25 minutes) after the 
times of flood and ebb strengths. If now a nontidal current is intro- 
duced which sets in the ebb direction with a velocity represented by 
the line CD, the strength of ebb will obvious1 be increased by an 
amount equal to CD and the flood strength wd be decreased by the 
same amount. The current conditions may now be represented b 
drawing, as the new line of zero velocities, the line EF parallel to AZ 
and distant from it the length of CD. 

Figure 2 now shows that the nontidal current not on1 increases 
the ebb strength while decreasing the flood strength, but a !' so changes 
the times of slack water. Slack before flood now comes later, while 
slack before ebb comes earlier. Hence the duration of ebb is 
increased while the duration of flood is decreased. 

If the velocity of the nontidal current exceeds that of the tidal 
current at  time of strength, the tidal current in the opposite direction 
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will be completely masked and the resultant current will set at  all 
times in the direction of the nontidaI current. Thus, if in figure 2 
the line O P  represents the velocity of the nontidal current, the new 
axis for measuring the velocity of the combined current at  any time 
will be the line GII and the current will be flowing a t  all times in the 

oh 6h l zh  18' 0 60 lzh 18" 24 1 

Knots l I I I I I I I I i l  1 1 1 1 1 1 1 1 1 1  1 '  
1 - 

- 
0 

1 - 

Aug. 8th Aug. 9th 

Frowas 1.-Current curve, the Narrows, New York Harbor, August 8-9, 1922. 

ebb direction. There will be no slack waters; but a t  periods 6 hours 
12 minutes apart there will occur minimum and maximum velocities 
represented, respectively, by the lines RS  and TU. 

Insofar as the effect of the nontidal current on the direction of the 
tidal current is concerned, it is only necessary to remark that the re- 
sultant current will set in a direction which a t  any time is the result- 

FlQURIC 2.-ERect of nontidal current on reversing tidal current. 

ant of the tidal and nontidal currents a t  that time. ~ h i :  resultant 
direction and also the resultant velocity may be determined either 
graphically by the parallelogram of velocities or by the usual trigo- 
nometric computations. 

VARIATIONS IN STRENGTH OF CURRENT 

Tidal currents exhibit periodic changes in the strength of the cur- 
Tent that correspond closely with the periodic changes in range exhib- 
ited by tides. Stronger currents than usual come with the spring tides 
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of full and new moon and the weaker currents with the neap tides of the 
moon's first and third quarters. Likewise, erigean tides are accom- 
panied by strong currents and apogean ti es b relatively weaker 
currents; and +hen the moon has considerable S $  eclination, the cur- 
rents, like the tides, are characterized by diurnal inequality. 

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

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

TYPES OF REVERSING CURRENTS 

Since tides and tidal currents are merely different aspects of the 
tidal movement of the waters, the former bang the vertical movement 
and the latter the horizontal movement, i t  is to be expected that tidal 
currents would show different types, corresponding to the different 
types of tide. And observations prove this to be the case. Reversing 
currents may be readily classed under the three types of semidaily, 
daily, and mixed. The semidaily type is one in which two flood 
strengths and two ebb strengths occur in a tidal day, with but little 
inequality between morning and afternoon currents. Figure 1, 
illustrating the current in the Narrows, New Yorlc Harbor, may be 
taken as representative of this type. 

The daily t pe of tidal current is characterized by one flood and 
one ebb in a i" ay. The upper diagram of figure 3, which represents 
the current as observed in the entrance to Mobile Bay, Ala., on May 
2-3, 1918, exemplifies this type of current. The mixed type of tidal 
current exhibits two floods and two ebbs in a day with considerable 
inequality between th6 forenoon and afternoon cycles. The lower 
diagram of figure 3, which represents the current observed in Rich 
Passage, Puget Sound, Wash., on March 29-30, 19 17, illustrates 
this type of current. 

In  general, it may be said that with reversing currents a given type 
of current accompanies a like ty 0 of tide; that is, semidaily currents 
~ c c u r  with semidaily tides, mixe ck' currents with mixed tides, and daily 
currents with daily tides. But as noted in considering the vanations 
in strength of current, the variations in the current that involve semi- 

inequality in the current a t  any place is generally less than in the 
tide a t  that place. 



TIDAL CURRENTS 5 
RELATION OF TIME OF CURRENT TO TIME OF TIDE 

In  simple wave motion the times of slack and strength of current 
bear a constant and simple relation to the times of high and low 
waters. In a rogressive wave the time of slack water comes, theo- 
retically, exact 7 midway between high and low water and the time 
of strength a t  high and low water; in a stationary wave slack comes a t  
the times of high and low water, while the strength of current comes 
midway between high and low water. 

0" 6 * 12" 18" 0" 6 l zh  1 8 ~  24 " 
Knots 1 1 1 1 1 1 1 1 1  1 1  1 1 1 1 1 1 1 1 1 1 1  
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Fiauur &-Current ourvea of daily and mixed types of reversing currents. 

The progressive-wave movement and the stationary-wave move- 
ment are the two principal types of tidal movements. A progressive 
wave is one whose cmst advances, so that in any body of water that 
sustains this type of tidal movement the times of high and low water 
pro ress from one end to the other. A stationary wave is one that 
oscfilates about an axis, high water occurring over the whole area on 
one side of this axis a t  the same instant that low water occurs over 
the whole area on the other side of the axis. 

The tidal movements of coastal waters are rarely of simple wave 
form; nevertheless, it is very convenient in the study of currents to 
fefer the times of current to the times of tide. And where tho diurnal 
Inequality in the tide is small, as is the case on the Atlantic coast, the 
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relation between the time of current and the time of tide is very 
nearly constant. This is brought out in figure 4, which represents 
the tide and current curves in the Narrows, New York Harbor, for 
August 8-9, 1922, the current curve being the dashed-line curve, rep- 
resenting the velocities of the current in the center of the channel, 
and the tide curve bein the full-line curve, representing the rise and 
fall of the tide a t  Port 8 amilton, on the eastern shore of the Narrows. 

The diagrams of figure 4 were drawn by plotting the heights of 
the tide and the velocities of the current to the same time scale and 
to such velocity and height scales as will make the maximum ordi- 
nates of the two curves approximately e ual. The time axis or axis of 
X represents the line of zero velocity 9 or 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 right, while the height of 
the tide reckoned from mean sea level was plotted in accordance with 
the scale in feet on the left. 

From figure 4 i t  is seen that the corresponding features of the 
tide and current a t  this station bear a nearly constant time relation 
to each other. This approximate constancy in time relations between 
current and tide is characteristic of tidal waters in which the diurnal 
inequality is small, and permits the times of slack and of stren th of 
the current to be referred to the times of high and low water. %hus 
from figure 4 we find that the strengths of the current come about 
an hour before the times of high and low water, while the slacks come 
about 1% hours after high water and 3 hours after low water. In this 
connection, however, it is to be noted that the time relations between 
corresponding phases of tide and current a t  any place frequently 
vary in consequence of disturbing effects of wind, weather, and fresh- 
water run-off. 

Quite apart from the disturbing effects of nontidal agencies, the 
time relations between current and tide are subject to variations in 
regions where the tide exhibits considerable diurnal inequality; as 
for example, on the Pacific coast of the United States. This variation 
is due to the fact, previously mentioned, that the diurnal inequality 
in the current a t  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 after- 
noon. However, in such cases i t  is frequently possible to refer the 
current a t  a given place to the tide a t  some other place with com- 
parable diurnal inequality. 

DISTANCE TRAVELED DURING A TIDAL CYCLE 

The vertical distance traveled by a floating object during the 
tidal cycle at  any place can be easily determined from the tide curve 
a t  that place. For the tide curve represents the successive heights 
of the surface of the water during the tidal cycle. Hence the vertical 
distance on the tide curve between a high water and low water gives 
the vertical distance through which a floating object moved during 
that tidal cycle. 

The close resemblance between the curve of the reversing current 
and the tide curve might lead one to conclude that from the current 
curve the horizontal distance traveled by a floating object can be as 
readily derived as the vertical distance is from the tide curve. The 
current curve, however, gives the successive speeds of the horizontal 
movement, and not the successive positions of a floating object. 
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Hence the current curve does not give directly the horizontal distance 
traveled by a floating object. 

If the velocity of the current during a tidal cycle were constant, the 
horizontal distance traveled by the water particles or by any object 
floating in the water would be given by multiplying the velocity by 
the period of duration. The velocity of the current, however, is not 
constant but changes continually throughout a tidal cycle. The 
distance traveled by the water particles is therefore the average 
velocity during the flood or ebb period in question, multiplied by the 
duration. 

The average velocity of the current during any given interval may 
be determined in several different ways. By measuring the velocity 

FIOUBE &-Tide and current curves, the Narrows, New York Harbor, August 8-9, 19m. 

on the current curve a t  frequent intervals, say every 10 or 15 minutes, 
the average velocity during the interval is easily derived. Or the 
area of the surface bounded by the current curve and the zero line of 
velocities may be determined by means of a planimeter and the 
average velocity derived by dividing this area by the'length of the 
zero line included within the current curve. 

The simplest method, however, consists in making use of the fact 
that the current curve approximates the cosine curve. And on the 
cosine curve it is known that the ratio of the mean ordinate to the 
maximum ordinate is 2 + ~ ,  or 0.637. Since the strength of the tidal 
current corresponds to the maximum ordinate, it follows that during 
any given flood or ebb period the average velocity will be the strength 
of the current multiplied by 0.637. 

In the semidaily or mixed types of current the duration of a flood 
or ebb period approximates 6.2 hours. Hence, in the case of such a 
current which has a velocity at  strength of one knot, a floating object 
will, during a flood or ebb period, be carried a distance of 0.637X6.2= 
3.95 nautical miles, or 24,000 feet. In a daily current of the same 
strength the distance will be twice as great. 
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I t  may be noted that the formula made use of in the preceding cal- 
culation can give only approximate results. For not only is the 
average current derived through the cosine relationship approximate, 
but what may be even more serious is the fact that in the formula 
i t  is assumed that the floating object during the various stages of its 
journey will experience the changes in velocity which occur at  the 
point where it started. Where more exact results are desired, correc- 
tions to the above approximate results can be applied. 

If the durations of flood and ebb are equal, and also the strengths of 
the flood and ebb currents, a floating oblect would be carried a given 
distance downstream and a like distance upstream. The presence of 
fresh water in tidal waterways, however, makes both the strength and 
duration of the ebb greater than the flood, and therefore floating 
objects tend to be carried out to sea. 

DURATION OF SLACK 

In the change of direction of flow from flood to ebb, and vice versa, 
the reversing tidal current goes through a period of slack water or 
zero velocity. Obviously, this period of slack is but momentary, and 
graphically i t  is represented by the instant when the current curve 
cuts the zero line of velocities. For a brief period each side of slack 
water, however, the current is very weak, and in ordinar 
"slack water" denotes not only the instant of zero velocity g ut usage 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 i t  to be the period during which the velocity of the current 
is less than one-tenth of a knot. Velocities 'less than one-tenth of 
a knot may generally be disregarded for practical purposes, and such 
velocities are, moreover, difficult to measure either with float or with 
current meter. For any given current it is now a simple matter to 
determine the duration of slack water, the current curve furnishing a 
ready means for this determination. 

In general, regarding the current curve as approximately a sine or 
cosine curve, the duration of slack water is a function of the strength 
of current--the stronger the current the less the duration of slack- 
and from the e uation of the sine curve we-may easily compute the 
duration of slac '=k water for currents of vanous stren ths. For the 
normal flood or ebb cycle of 6" 12.6m we may write t fl e equation of 
the current curve y=A sin 0.48313, in which A is the velocity of the 
current in knots at  time of strength, 0.4831 the angular velocity in 
degrees per minute, and t is the time in minutes from the instant of 
zero velocity. Setting y=0.1 and solving for t (this value of t giving 
half the duration of slack) we get for the duration of slack the follow- 
ing values: For a current with a strength of 1 knot, slack water is 24 
mmutes; for currents of 2 knots strength, 12 minutes; 3 knots, 8 
minutes; 4 knots, 6 minutes; 5 knots, 5 minutes; 6 knots, 4 minutes; 
8 knots, 3 minutes; 10 knots, 2% minutes. For the daily type of cur- 
rent with a given strength, the duration of slack is obviously twice 
that of a semidaily current with like strength. 

VELOCITY OF CURRENT AND PROGRESSION OF TIDE 

In the tidal movement of the water it is necessary to distinguish 
clearly between the velocity of the current and the progression or 
rate of advance of the tide. In  the former case reference is made to 
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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 is many times greater 
than the velocity of the current. 

I t  is to be noted that there is no necessary relationship between 
the velocity of the tidal current a t  any place and the rate of advance 
of the tide a t  that place. In other words, if the rate of advance of 
the tide is known we cannot 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= 48 ,  in which r is the rate of advance of the tide, g 
the acceleration of gravity, and h the depth of the waterway. I n  
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 some progression 
present, and this reduces the theoretical velocity considerably. 

The velocity of the current, or the actual speed with which the 
particles of water are moving past any fixed point, depends on the 
volume of water that must pass the gven 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. 

ROTARY TIDAL CURRENTS 

Within the channel of a bay or river, the current is compelled to 
follow the direction of the channel, upstream on the flood and down- 
stream on the ebb. Out in the open sea, however, this restriction 
no longer exists, the current having complete freedom so far as direc- 
tion is concerned. Offshore, therefore, tidal currents are generally 
not of the 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 
continually. Such currents are therefore called rotary currents. An 
example of this type of current is shown in figure 5, which represents 
the velocity and direction of the current a t  the beginning of each 
hour of the forenoon of July 30, 1922, a t  Nantucket Shoals Lightship, 
stationed off the coast of Massachusetts. 

The current is seen to have changed its direction a t  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 a little more than 12 hours it is 
seen that the current has shifted in direction completely round the 
compass. 

It will be noted that the tips of the arrows, representing the veloc- 
ities and directions of the current a t  the beginning of each hour. 
define a somewhat irregular elli se. If a number of observations are 
averaged, eliminating accidenta f' errors and .temporary meteorological 
disturbances, the regularity of the curve is considerably increased. 
The average period of the cycle is, from a considerable number of 
observations, found to be 12" 25". I n  other words, the current day 
for the rotary current, like the tidal day, is 24" 50m 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 
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again to greatest current does not give rise to a period of slack water. 
When the velocity of the rotary tidal current is least, it  is known 
as the minimum current, and when i t  is greatest i t  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 

- 

North 

P 

> 3 

4 

Sca/e of Knots 
I I I I I I I I I I  

0.0 0.2 0.4 0.6 0.8 /.O &f 

FIOURE 5.-Rotary current, Nantucket Shoals Lightship, forenoon of July 30, 1922. 

a maximum velocity by an interval of about 3 hours and being fol- 
lowed in turn by another maximum after a further interval of 3 
hours. 

Since the current day corresponds to the tidal day, i t  is convenient, 
in determining the average hourly velocity and direction of the rotary 
current, to make use of the times of h~gh  and low water a t  some 
nearby place for purpose of reference. In  figure 6 the average 
hourly velocity and direction of tho tidal current a t  Nantucket 
Shoals Lightship is shown with reference to the times of high and low 
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water a t  Boston, Mass., H standing for the time of high water, and 
L for the time of low water. 

In  figure 6 the velocity and direction of the current a t  the begin- 
ning of each hour is given by the length and direction of the line from 
the center of the ellipse to the hour m question. Thus a t  the time of 
high water a t  Boston the current a t  Nantucket Shoals Lightship has 
a velocity averaging 0.7 knot, setting K. 85' E. 

scale o f  Knots 

I I I I I I I I I I J  
0.0 0.2 as 0.6 0.8 1.0 

i - 
F I ~ U K E  0.-Mean current curve, Nantucket YhonIy Lightship. 

With regard to the current curve, or current ellipse as i t  may be 
called, which represents the rotary tidal current a t  any place, the basic 
features are the relation of the major and minor axes which determine 
the ellipticity of the curve, the direction of rotation, and the direction 
of the major axis. If the major and minor axes are nearly equal the 
ellipse will be nearly circular; if they differ greatly the eliipso will be 
flattened. Tn the northern hemisphere the direction of rotation of 

106216 0-38-2 
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the rotary current is, as a rule, with the hands of a clock, while in 
the southern hemisphere i t  is counter clockwise. But local hydro- 
graphic features may bring about a reversal of this general rule. 

Rotary tidal currents are subject to the periodic variations found 
in tides and reversing currents. These variations are related to the 
changes in the phase, parallax, and declination of the moon. At 
times of full and new moon the velocity of the rotary current is 
greater than the average, while at  the times of the moon's first and 
third quarters tho velocities are less than the average. Likewise 
when the moon is in perigee, stronger currents occur, while when the 
moon is in apogee the currents are weaker. In  general it may be 
taken that the percentage of increase or decrease in the velocity of 
the current in response to changes in phase and parallax is the same 
as the like increase or decrease in the local range of the tide. 

In  response to changes in the declination of the moon the rotary 
current exhibits diurnal inequality like the tide and reversing current. 
This manifests itself as a difference between morning and afternoon 
current ellipses. When the moon is on the equator the two current 
ellipses of a day are much alike; but when the moon is near its max- 
imum semimonthly declination the two current ellipses exhibit 
differences, principally in velocity. 

Like tides and reversing currents, rotary tidal currents may be 
grouped under the three types of semidaily, daily, and mixed. The 
semidaily type of rotary current is one which exhibits two full cycles 
within a tidal day, morning and afternoon currents differing but 
little. The daily type is one in which but one cycle occurs in a day; 
and the mixed type is one which exhibits two cycles within a d%y, 
but with considerable differences between morning and afternoon 
currents. 

EFFECTS OF NONTIDAL CURRENTS ON ROTARY CURRENTS 

In addition to the periodic variations to which rotary tidal currents 
are subject, they also exhibit fluctuations arising from the effects of 
nontidal currents. These effects can most conveniently be studied 
diagrammatically. 

Figure 6 represents the purely rotary tidal current a t  Nantucket 
Shoals Lightship. Now suppose that on a given day a wind begins 
blowing from the northeast such that it produces a wind-driven cur- 
rent of half a knot in a southwesterly direction. For that day, 
obviously, the velocity and direction of the current at Nant'ucket 
Shoals Lightship will be different than represented in figure 6. At 
2 hours before low water a t  Boston, for example, the tidd current 
sets southwesterly with a velocity of 0.85 knot on the average; but 
with a nontidal current due to the wind of 0.5 knot setting in the 
same direction, the velocity of the current now experienced will 
bo 0.85+0.50=1.35 knots, setting socthwesterly. On the other 
hand, about 2 hours before high water, the current will be setting 
0.85 - 0.50= 0.35 knot northeasterly. 

The current conditions a t  this time may be completely represented 
by chan 'ng the origin of the hourly velocity and direction lines in 
figure 6 r rom the center to a point 0.5 knot northeasterly of its pre- 
vious position. The lines drawn to the various hourly points on the 
ellipse from this new origin will now represent the velocity and 
direction of the t idd current as affected by the nontidnl current. 
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The average velocity of the tidal current at  the times of flood or 
ebb strength at  Nantucket Shoals Lightship is 0.85 knot. If the 
nontidal current due to the wind in the case just considered is greater 
than 0.85 knot, the origin of the velocity lines would lie outside the 
ellipse. In  that case the current would throughout the day be setting 
either southeasterly or southwesterly, completely masking the rotary 
character of the tidal current. By plotting the observed hourly veloc- 
ities and directions of the current, however, the tidal current would 
appear in its rotary character. This is illustrated in figure 7 for the 
current at  Frying Pan Shoal Lightship under dift'erent wind conditions. 
This lightship is stationed off the coast of North Carolina about 20 
miles southeasterly from Ca e Fear. The hourly velocity and direc- 
tion of the current here is re erred to the times of high and low water 
a t  Charleston, S. C. 
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FIGURE ?.-Effect of nontidnl current on rotary tidal current, Frying Pan Shoals Lightship. 

Observations made at this lightship show the tidal current here to 
be rotary clockwise, the average velocity at  strengths of flood and ebb 
being about a third of a knot and setting northwest and southeast, 
respectively. During the 5-day period January 29-February 2, 1920, 
the wind was blowing steadily from the northeast with a velocity of 
about 30 miles per hour, and the current was observed to be setting 
a t  all times southwesterly with a velocity varying frorn a little less 
than one half a knot to a little more than three-quarters of a knot. 
Apparently the current here at  this time was altogether nonticlal. 
But if the hourly velocity and direction of the current during this 
period is plotted, the rotary character of the current is immediately 
apparent. The right-hand diagram of figure 7 represents the current 
conditions during this 5-day period, the velocity and direction of the 
current at  the different hours being given by the length and direction 
of the lines drawn from the point P. 

Now, although the current a t  all times during this period set south- 
westerly, the diagram reveals clearly the existence of a rotary current 
&th a strength of about a third of a knot in a northwest and southeast 
direction. Furthermore, the diagram shows that the current actually 
observed consisted of a tidal current which was masked by a nontidal 
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current of greater velocity. In  fact the diagram permits the evalua- 
tion of this nontidal current. For this must clearly be given by the 
line joining the point P,with the center of the current ellipse, and this 
is found to have a length of about half a knot and a direction of S. 
60° W. This nontidal current was brought about by the northeasterly 
wind during the 5-day period in quest,ion. 

About 6 months later, throughout the 7-day period July 14-20, 
1920, the current at  Frying Pan Shoals Lightship was found to set 
easterl with velocities ranging from a little less than half a knot to B more t an a knot. On plotting the observations, as the left-hand dia- 
gram of figure 7 shows, the rot,ary character of the tidal current comes 
to light a t  once. During this 7-day period the wind was blowing stead- 
ily from the southwest with a velocity averaging approximately 30 
miles per hour. This brought about a wind-driven current setting a 
little north of east with a velocity somewhat greater than half a knot, 
and this completely masked the tidal current. 

HARMONIC CONSTANTS 

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

I t  can easily be shown that in inland tidal waters, like rivers and 
bays, the amplitudes of the various current components are related 
to each other, not as the amplitudes of the corresponding tidal com- 
ponents, but as these latter multiplied by their respective speeds; 
that is, in any given harbor, if we denote the various components of 
the current by primes and of the tide by double primes, we have 

where the small italic letters represent, respectively, the angular 
s eed of the corresponding components. This shows a t  once that 
t ! e diurnal inequality in the currents should be approximately half 
that in the tide. 

Rotary currents may likewise be analyzed harmonically,. but in 
this case i t  is necessary to resolve the hourly velocity and direction 
of the current into two components, one in the north-and-south direc- 
tion and the other in the east-and-west direction. Each set of hourly 
tabulations is then treated independently and analyzed in the usual 
manner. When the two sets of harmonic constants have been derived 
the like-named constants of the north-and-south and east-and-west 
directions may be combined into a single resultant, which will be an 
ellipse. 
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MEAN VALUES 

111 the nonharmonic analysis of current observations it is customary 
to refer the times of slack and strength of curreat to the times of hlgh 
and low water of the tide ctt some suitable place, generally nearby. 
In this method of analysis the time of current determined is in effect 
reduced to approximate mean value, since the changes in the tldal 
current from day to day may be taken to approximate the correspond- 
ing changes in the tide; but the velocity of the current as determined 
from a short series of observations must be reduced to a mean value. 

In the ordinary tidal movement of the progressive or stationary 
wave types the change in the strength of the current from day to day 
may be taken approximately the same as the variation in the range 
of the tide. Hence, the velocity of the current from a short series of 
observations may be corrected to a mean value by multiplying by a 
factor which is the ratio of the mean range of the tide to the range 
for the period of the observations. 

I t  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 strengths 
of the tidal current as the half sum of the flood and ebb strengths for 
the period in question. 

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



Part I-NARRAGANSETT BAY 

INTRODUCTION 

For the purpose of this publication Narragansett Bay is assumed 
to include the intercommunicating system of waterways that dis- 
charges into the sea through the navigable entrances between Point 
Judith and Sakonnet Point in the State of Rhode Island. Conanicut 
Island and Rhode Island separate the southern portion of this water 
area into three passages known as Western Passage, Eastern Passage, 
and Sakonnet River. 

A number of smaller islands are distributed over the bay, and many 
small bays and river entrances indent its shores. Of the tributary 
streams the two most important are Providence River and Taunton 
River which flow into the northern and eastern parts of the bay, 
respectively. The various passages serve as highways for water- 
borne traffic to and from the numerous cities and towns situated on 
the bay. Of major importance are the ports of Newport, about 
3 miles inside the entrance to Eastern Passage; Providence, a t  the 
head of Providence River about 27 miles from the ocean; and Fall 
River, a t  the mouth of Taunton River about 18 miles from Newport. 

Vessels of 18-foot draft can dock a t  Newport, and dredged channels 
having least depths of 30 feet a t  mean low water lead to Providence 
and Fall River. Seekonk River, a continuation of Providence River, 
is navigable to Pawtucket 4% miles above its mouth for vessels drawing 
14 feet. Taunton River has a least depth of 5 feet a t  mean low water 
to the head of navigation a t  Taunton which is 12): miles above 
Fall River. 

The tidal movement in Narragansett Bay with its vertical and 
honzontal constituents-tide and current, respectively-is a con- 
tinuation of the tide wave of the Atlantic Ocean which sweeps into 
the three entrances between Sakonnet Point and Point Judith and 
continues up the bay and into each of its tributaries until stopped by 
rapids or other obstructions. As is usual when oceanic tidal move- 
ments enter inland waterways, the nature of the movement is modified 
by the hydrographic features encountered, and in this area the local 
features are such that the current movement in particular is subjected 
to considerable distortion. A study of the observational data to be 
presented will lead to some conclusions relative to the nature of this 
distortion. 

OBSERVATIONS 

Current observations in Narragansett Bay and its immediate ap- 
proaches, as recorded in the files of the Coast and Geodetic Survey, 
began in the year 1844, when two current stations were occu ied just 
outside the entrance to the bay by G. S. Blake, who was con J' ucting a 
hydrographic survey in that area. Thirty years later, in 1874, H.  L. 
Marindin secured brief series of current observat'ions a t  a number of 
stations in Providence Harbor in connection with a physical survey 
of that waterway. He also observed the times of 58 slack waters in 
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the Seekonk River, off India Point. In  1889, J. E. Pillsbury, while 
surveying a speed course, observed currents a t  four stations in the 
Eastern Passage of Narragansett Bay. 

Through a cooperative arrangement between the Bureau of Light- 
houses and the Coast and Geodetic Survey, continuous hourly obser- 
vations of the direction and velocity of the current a t  Brenton Reef 
Lightship in the approach to Eastern Passage have been obtained for 
the following periods and dates: 3 months in 1913, 4 months in 1919, 
and 12 months in 1930 and 1931. 

In  recent years comprehensive current surveys of a number of the 
important waterways of the United States have been made, and the 
field work of such a survey of Narragansett Bay was executed by J. C. 
Sammons in 1930. One hundred and twenty current stations in the 
bay and connecting waterways were occupied, each for a period of 1 or 
more days. At each station, currents were observed a t  the surface 
and a t  several subsurface depths. 

In  1931, G. E. Boothe, supplementing the work of the preceding 
year, obtained 2:$ days of current observations a t  each of four current 
stations-two in the Seekonk River and two in the Sakonnet River. 

METHODS OF OBSERVING 

In  general, the process of observing currents consists of measuring 
usually a t  fixed intervals of time such as hourly or half-hourly, the 
velocity of the current; noting the direction the current is flowng-at 
each measurement of velocity; and recording the direction, the velocity 
and the time a t  which each measurement is made. Various means of 
taking such observations have been employed. The two devices 
most used in recent years by this Bureau and which were employed in 
1930 and 1931 in the Narragansett Bay work, are the current pole 
and the Price current meter. 

The current pole is a wooden pole so weighted with lead that i t  will 
submerge for most of its length and assume a vertical position when 
placed in the water. ? ole is attached to a line and allowed to 
drift with the current whi e an observation is being made. The 
line, known as a current line, is marked in principal and secondary 
divisions, each secondary division being one-tenth of a princip?l 
division. The length of each principal division bears the same rabio 

poles are some- 
times used when the water is very shallow. The 15-foot pole was used 
for all the observations secured on the Brenton Reef Li htship. 

The observations made by Blake, Marindin, and Pills % ury appear 
to have been taken by a method similar to the present current-pole 
method. In  place of the pole, Marindin used two cans connected by 
a wire, one can being submerged and the other allowed to float on the 
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surface. The submerged can was set a t  any desired depth by chang- 
ing the length of the connecting wire. A somewhat similar arrange- 
ment was probably used by Blake, for his records mention a "surface 
log" and an "under log." The details of Yillsbury's apparatus are 
not definitely known but i t  appears likely that i t  was similar to that 
used by Marindin. 

The Price current meter is used for taking subsurface observations 
of velocity only. The working parts of this meter consist of a set of 
conical metal cups arranged on the periphery of a wheel which is 
mounted on a vertical shaft. The upper end of this shaft actuates a 
mechanism which makes and breaks an electric circuit, producing 
clicks in a telephone receiver connected in the circuit. When the 
meter is lowered into the water, the current striking the metal cups 
causes the wheel to rotate, the speed of rotetion and consequently 
the frequency of the clicks in the telephone receiver depending upon 
the velocity of the current. To obtain the velocity of the current, 
therefore, i t  is only necessary to count the clicks in the receiver for a 
specified length of time and from a previously prepared rating table 
take the velocity corresponding to the observed number of clicks. 
Since the Price current meter does not give the direction of the cur- 
rent, i t  is generally used by this Bureau in conjunction with the cur- 
rent pole, the general direction of the subsurface current being in- 
ferred from the pole observations. 

METHODS OF REDUCING THE OBSERVATIONS 

Under this heading are outlined briefly several methods of current 
reduction, together with mention of the various series of current 
observations in Narragansett Bay to which each method was applied. 

The method described below, used in reducing the 1913 and the 
1919 series of observations a t  Brenton Reef Lightship, is typical of 
the procedure usually followed in reducing current observations for 
localities where the tidal current is of the reversing type. 

The records of the field party were first carefully verified to see 
that the observed directions had been accurately reduced to true 
azimuths by applying to the pelorus reading the proper corrections 
for the ship's head, the deviation of the ship's compass and the mag- 
netic variation. The observed velocities were next plotted on cross- 
section paper, the times of observations being taken as abscissae and 
the velocities plotted as ordinates, the flood velocities above and the 
ebb velocities below the horizontal line representing zero velocity. 
Smooth curves were drawn following the general trend of the plotted 
velocities and from these curves the times of slack waters and the 
times and velocities of the strengths of flood and ebb were taken. 
These times and velocities, together with the true direction of each 
strength of flood and ebb were tabulated on forms prepared for the 
purpose. The times of slack water and of strength of current were 
then compared with the times of high and low water a t  Newport 
and average time differences computed for each of the four phases of 
current-namely, slack before flood, strength of flood, slack before 
ebb, and stre th of ebb. Average true directions of flood and ebb 

I'f were obtained or each series of observations and the averago veloci- 
ties of flood strength and ebb strength were computed. 

Prior to 1930, current information for Narragansett Bay Proper 
was very meager and the extent of the irregularity existing in the 
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current movement there was not known. When the work of reduc- 
ing the records from the 1930 survey began, an attempt was made to 
follow the general scheme of reduction outlined above. As the work 
progressed, however, it became increasing1 apparent that the smooth- 
mg of the velocity curves into the usual z ood and ebb portions, with 
definite times of strength and slack, could not be accomplished with- 
out doing violence to the observational values. The current a t  
many s tstions would not fit the conventional form and, consequently, 
~t became necessary to devise special methods of reduci the ob- 
servations and presenting the results. The most noticeab e irregu- 
larity in the current as graphically represented ap eared in. the form 
of a depression in the approximate center of the ff' ood portion of the 
current curve when plotted as described above. This depression 
frequently reached the line of zero velocity or extended below it, in 
the latter case producing the anomaly of an ebb current and two 
extra slack waters near the time when the strength of the flood current 
would be expected to occur. 

A tabulation of the average velocities and directions of the current 
for each hour, or half hour, of the tidal cycle appeared to be a satis- 
factory means of showing the true nature of the current movement 
as observed at the various stations. To accomplish this purpose, the 
half-hourly observations of velocity and direction were tabulated in 
25 groups, one group for each half hour from zaro to 12 hours after 
the time of high water at  Newport. Each observed value was as- 
signed to the roup to which it most nearly corresponded in time.. A 
separate tabu f ation was made for each depth observed a t  each statlon. 

For each half-hourly group an average velocity and an average 
direction were com uted for the surface current as observed b pole, 

K E and an average ve ocit was obtained for each meter dept . To 
reduce the velocities t us obtained to approximate mean values 
there was applied to each a factor representing the ratio of the mean 
range of the tide a t  Newport to the range a t  Newport for the penod 
covered by the current observations. In  addition, the nontidal cur- 
rent near the surface for each series of observations was obtained by 
averaging algebraically the 25 half-hourly averages of velocity. ob- 
talned from the pole observations, considerin the flood as pos~tive 
and the ebb as negative. The observations o f Blake, Marindin, and 
Pillsbury, as well as the recent observations by Sammons and Boothe, 
were reduced by the half-hourly method. 

The times of 58 slack waters observed by Marindin in the Seekonk 
River, off India Point, were referred directly to the times of high water 
at Newport and average time differences obtained for the slacks be- 
fore Aood and the slacks before ebb. 

The 1930-31 series of hourly observations taken at Brenton Reef 
Lightship was reduced by the following method. The individual 
observed velocities were first resolved into their north and east :om- 
Ponents. The north and east components were each tabulated m 13 

oups, one group for each hour from 0 to 12 hours after high water at  
gewport The average velocity and direction for each hour were 
obtained'from this tabulation. From a plotting of the average hourly 
Values on cross-section paper, the times of slack and strength .and 
the velocities of Aood and ebb strengths were obtainqd. The dlrec- 
tlon and velocity of the nontidal current for the senes were deter- 
mined by averaging the resolved hourly ~elocit~ies for all times of the 
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tide, a process which eliminates the tidal current since the mean value 
of the resolved tidal current is zero. 

When series of current observations cover a number of months, 
the more important velocity variations average out in the reduction9 
and the direct averages of velocity are usually taken as mean values 
The two series a t  Brenton Reef Lightship were treated in this way, 
no correction being applied to tho observed velocities. 

The process of harmonic analysis used for the reduction of the 
hourly heights of the tide is also ppplicable to the reduction of the 
hourly velocities of the current. An 87-day series of observations 
a t  Brenton Reef Lightship was anal zed harmonically, the north and 9 east components of the observed ve ocities being tabulated and ana- 
lyzed separately. Special harmonic analyses for a number of stations 
were made for the purpose of developing the harmonics of the princi- 
pal tidal constituent Mz in connection with the stud of the peculiar 
current conditions observed in the bay. These are ti?' iscussed on page 
24. For a detailed explanation of the application of the harmon~c 
analysis to the reduction of tides and tidal currents, reference is made 
to United States Coast and Geodetic Survey Special Publication No. 
98, A Manual of the Harmonic Analysis and Prediction of Tides. 

PRESENTATION OF THE RESULTS 

DESIGNATION AND LOCATION OF STATIONS 

Each current station in Narragansett Bay has been given a designa- 
tion which consists generally of two parts; first, a letter or letters 
signifying the party or the chief of the party that occupied the station, 
and, second, a number or letter which is wherever possible the designa- 
tion originall assigned to the station. The letters forming the first 
part of the esignation and the party signified in each case are as 
follows: 

B 
B=G. S. Blake, 1844. S=  J. C. Sammons, 1930. 

M=H.  L. Marindin, 1874. Bo=G. E. Boothe, 1931. 
P=J. E. Pillsbury, 1889. 

LS=Crew of Brenton Reef Light- 
ship, 1913, 1919, 1930-31. 

The locations of the stations occupied are indicated in figures 8 and 
9 by red circles together with the corresponding station designations. 
The stations in Providence Harbor are included in figure 9, all other 
stations being represented in figure 8. 

EXPLANATION OF THE TABULAR D A T A  

For reasons stated in the description of the methods of reduct,ion, 
the usual plan of tabulating the results of current observations by 
giving the times of slaclrs and strengths of the current, together with 
the mean velocities of the strengths and the directions of flood and 
ebb, was not thought desirable for most of the stations in the Narra- 
gansett Bay area. That the tabular data might show as nearly as 
practicable the true nature of the current movement as o!,served a t  
the various stations, i t  was decided to tabulate the velocit~es and di- 
rections, obtained as described on page 19, for each honr from zero 
to 12 hours after high water a t  Newport. BY this method of presen- 
tation, data are given for 13 points in the tidal cycle instead of the 
usual 4 points, thus displaying the true nature of the current move- 
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lrlent and avoiding the necessity for forcing the irregularly shaped 
current curves characteristic of this area into the prescribed cosine 
form. 

In table 1 the hourly velocities and directions derived from the 
observations at  each station are given. The observations of each 
party are placed in a separate group, and the groups are arranged in 
chronological order, each under a subhead which indicates the ob- 
serving party and the year the observations were taken. The desig- 
nation of each station, a brief descriptive statement of its location, 
Its latitude and longitude to the nearest tenth of a minute? and the 
month and day of the beginnin and of the end of the senes of ob- 
servations are given. The tota k period in days covered by the ob- 
servations, the methods used and the depths at  which observations 
were made are also given. The depth tabulated for the observations 
taken by pole is in each case one-half the length of the submerged 
portion of the pole. The true directions are reckoned from true north 
(0°), through east (90'1, south (180°), and west (270'). In  most 
cases directions were observed only by pole, and congequently no di- 
fections are given for the meter depths. The velocltles are expressed 
In knots (nautical miles per hour), and decimals. The averItge ve- 
locjties and general directions of the nontidal currents for the various 
series of observations, shown in the last column of the table, apply to 
the surface currents as observed by pole. 

Table 2 contains the times of slack water and the times, directions, 
and velocities of the strengths of flood and ebb, derived from the three 
series of observations a t  Brenton Reef Lightship as explained on 
Pages 19 and 20. Average times of slack before flood and' slack 
before ebb obtained from the slack water observations a t  station M 
"A", off India Point, in the Seekonk River are included in thls table. 
The average velocities of the flood and ebb stren ths a t  station P 4 I in Eastern Passage are also included. It appears t at  these velocities 
constitute the only information recorded for this station. The time 
relations in table 2 are expressed in hours and decimals. The direc- 
tlons are true and the velocities are in knots. 

Harmonic constants from 87 days of current observations a t  
Brenton Reef Lightship are given in table 3. Constants for the 
north and enst components were derived separately as explained on 
Page 20. 

TYPICAL OBSERVED CURRENT CURVES 

In  figures 10 to 13, inclilsive, are shown curves plotted from current 
observations at  a number of stations in vnrious parts of Narragansett 
Bay. These curves serve as a rough index to the general character 
of the current movement and the extent of the irregularity in various 
parts of the area. They indicate that the effrct of the disturbing 
!nfluences that tend to distort the current curve from the cosine form 
1s relatively small near the entrance to the Eastern and Western 
Passages and that it reaclles a maximum at the bridges in the Sakon- 
net River. It will be noted that the two stations in Western Passage 
(fig. 10) were observed simultaneously as wore also the two in 
Eastern Passage (fig. 11). The four curves shown in figure 13 were 
plotted from observations rnade simultaneously at  the four stations, 
two in the Seel<onk River and two in the Srtkonnet River. The 
various curves show that the irre ularity differs not only from place 
to place but also for different tida f cycles a t  the same place. 
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NATURE OF THE OBSERVED IRREGULARITY 

A preliminary examination of the results of current observations 
in Narragansett Bay led to the belief that the peculiarity existing in 
that area is due to the effects of certain tidal constituents which as 

l . ~ ~ ~ ~ l ~ ~ ~ l ~ l ~ l ~ l ~ l ~ l , l , l l  

FIOUBE 10.-Cumnt velocities observed in Western Passage. 

Flaualc 11.-Current velocities observed in Eastern Paasage. 

I . I . I . I . I . I . I . I . l . I . I I I . ( (  

FIQUUE 12.-Current velocities observed between Rhode Island and Brlstol Neck. 

a result of local conditions are am lified or increased considerably 
beyond their usual magnitudes. ?he constituents suspected were 
the harmonics of the principal semidiurnal lunar component Ma. 
Evidence pointed to the M4 and Mg constituents which have periods 
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one-half and one-third, respectively, of the 12.42-hour period of Ma. 
The nature of this evidence is briefly outlined below. 

I t  is a recognized fact that bodies of water such as lakes and bays 
have natural periods of oscillation, depending upon their dimensions 
and shapes, and that impulses impressed upon them having approxi- 
mately these same periods build up large oscillations in accordanoe 

22h' 0 2 4 6 8 10 12 14 16 18 20 22 
Sept 22' iept  '23. 1931' I ' I ~ I L I S ~ ' ~ ' ~ ' ' - ~ ~  
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Fronsx 13.-Cunent veloaltiar observed in Beekonk and Bakonnet Rivers. 

Prrith the well-known principle of resonance. Each such oscillation 
h a  a vertical or tide constituent and a horizontal or current constit- 
uent. 

The determination of the exact natural eriod of oscillation of an 
imegularly formed body of water such ae d arragansett Bay is a very 
complicated problem but a rough approximation to the period may 
be obtained mathematically when the dimensions are known by 
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means of the following relation, which applies to a long rectangular 
bay of uniform depth: . - - 4 L  Period = -- 

Jgh 
Where L is the length of the bay, g the acceleration of gravity, and 
h the average depth of water in the bay. 

The length of Narragansett Bay is rough1 24 nautical miles, or 
145,920 feet. The approlamate average dept% at half tide level, as 
determined by avera 'n soundings in selected rectangular areas $ % drawn on a chart of t e ay, is 25 feet. Taking the acceleration of 
gravity as 32.2 feet per second and substituting in the above formula, 
we have: 

~ e r i o d = ~ ~ ~ ~ ~ ~ ~ ~ ~ = 2 0 , 5 7 4  seconds=5.72 hours 
432.2 ~ 2 5  

This roughly obtained value falls between the M, period of 6.21 
hours and the M6 period of 4.14 hours. I t  mi ht be expected, there- 
fore, that waves of both these periods, whic fl exist in the oceanic 
tide sweeping into the bay, and each of which ap roximates in period 
the natural period of the bay, would build up re atively large oscilla- . 
tions. 

P 
In order to determine the magnitudes of the principal lunar con- 

stituents a t  a number of selected stations in different parts of Narra- 
gansett Bay, the mean half hourly velocities as determined from the 
observations at  these stations wqre reduced by harmonic analysis. 
The process used was a modification of that described in Coast and 
Geodetic Survey Special Publjcation No. 98, A Manual of the 
Harmonic Analysis and Prediction of Tides. The mean half hour1 
velocities as referred tp the times of high water at  Newport, whic g 
had already been obtained from observations, were plotted on cross- 
section paper and a curve drawn through the plotted points. That 
portion of the curve representing a cpmplete semidiurnal tidal cycle 
of 12.42 hours b e g n m g  \nth the time of high water a t  Newport 
was divided into 24 equal parts. The velocities at  the points of 
division beginning with the time of high water at  Newport as the 
initial point, were entered as the 24 hourly means in form 194 illus- 
trated on page 150 of Special Publication No. 98. Then, doubling 
all subscripts in the form to allow for the fact that the means were 
actually half-hourly rather than .hourly values, the e och (c ' )  and 
the amplitude (R') of,each constituent were computed: The epoch 
thus obtained is the interval in degrees between the time of high 
water a t  Newport and the time of flood strength of the constituent 
and may be readily converted into solar hours by taking into account 
the period of the constituent. The smplitude represents the velocity 
of the constituent at  the strength of flood or ebb. 

The results obtained from the analysis for the Mz, M,, and Me 
constituents for station BQ 1 are shown diagramatically in figure 14. 
The velocity of the Ms constituent was so small as to be of no practical 
importance. The curves marked M2, M4, and M6 show the velocity 
and direction of the M2, M4, and Me currents, respectively, for the 
tidal cycle. Below these curves is shown a curve obtained by adding 
the three constituent curves and a t  the bottom of the figure is tho 
mean observed current curve from which the constituent curves were 
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derived. The striking similarity between the two last-mentioned 
curves, indicates clearly that the observed current movement is 
definitely a combination of the three movements represented by the 
three constituent curves, and that any other constituent movements 
must be relatively small and unimportant. I t  is clear also that the 
marked depression in the flood portion of the curve which is charac- 
teristic of the current throughout most of the Narragansett Bay area 
is due to the combination of an M4 ebb and an M, ebb which occur 
a t  this time. The general existence of this particular peculiarity 
indicates that the three constituent movements have approximately 
the same time relation to each other throughout the area. 

The analysis described above was made for 36 stations in different 
parts of Narragansett Bay and the results are given in table 4 and are 
also presented graphically in figures 15 and 16. In table 4, the times 
and velocities refer to the flood strengths of the respective constitu- 
ents, the times being reckoned from the time of high water at  Newport. 
I t  should be noted that the time given in each case is that of the first 
flood strength after Newport high water. In the case of the M,, con- 
stituent, successive flood strengths occur at  intervals of 4.14 hours and 
for 21f4 the interval is 6.2 1 hours. 

Figure 15 shows the times of flood strength of each of the three 
current constituents at  36 stations. The values are plotted from the 
data contained in table 4, the times after high water at  Newport 
being taken as ordinates and the latitudes of the stations as abscissae. 
The number of the station corresponding to each plotted point is 
given. The lines connecting the plotted points serve to identify the 
portions of the waterway represented by the points thus connected. 
The plottings show that each of the three movements is approximately 
simultaneous in all parts of the area and that the time relations 
existing between the movements are approximately uniform in the 
various passages. Much of the roughness apparent in the plotted 
values doubtless results from accidental conditions or weather effects 
which are always relatively important where the observational series 
are short and the current velocities small. I t  is evident that the 
Ma current and to a lesser degree the M, and M, currents occur 
somewhat earlier at  the Sakonnet River bridges than in other parts of 
the area. 

Figure 16 is similar to figure 15 except that velocities a t  strength 
instead of times are plotted as ordinates. The figure indicates the 
relative magnitudes of the three constituent velocities in the area as 
a whole, in the various portions of the area, and at the individual 
stations. 

To bring out more clearly. the nature of the current movement in 
Narragansett Bay and particularly the relation of the constituent 
cupents to the constituent t~des, a few brief statements relative to 
wave movements are given below. 

Two general types of tide waves are recognized, the progressive 
wave and the stationary wave. A progressive wave is one that 
travels or progresses from one part of a body of water to another. 
Such waves may be produced by throwing a pebble into a still pond. 
A stationary wave is one that oscillates about an axis, high water 
occurring over the whole area on one side of the axis a t  the same 
instant that low water occurs over the area on the other side of tho 
axis. A stationary wave may be set up in a rectangular tank partly 
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filled wit11 water by quickly raising and lowering one end of tlle tank. 
The wave oscillates about an axis or nodal line in the center of the 
t>ank, the water alternately rising and falling in each half of the tank. 

In  a. progressiv? wave the strengths of current come at  the times 
of high or low water and the slacks halfway between the high and 
low waters. In  a stationary wave the slacks occur a t  the times of 
high anti low water and the strengt,l~s midway between the high and 
low waters. A stationary wave oscillating in a bay open a t  one end 
~sua l l y  has its nxis or nodal line near the.mouth of the bay, the 
movement in the bay corresponding to tha.t m one-half of the above- 
mentioned tank. The formula stated on page 24 presupposes a 
movement of this sort. 

That each of the three. constituent movements is essentially a 
sttttionary wave movement is evidenced by tlle following facts: 

1. I n  each cnse the movement is very nearly simultaneous through- 
out the area. 

2. The a.mplitude of each constituent tide, as .shown by tidal 
harmonic constants for Newport, Rristol, and Proviclence, increnses 
from the mouth toward the head of the bay. 

3. A comparison of the time relations between tlie M2, M,, and M6 
tides and the corresponding currents as determined by analyses of the 
tide and current observations shows that in each case the strengths of 
the current occur a.pproximately midway between t!le high and low 
Waters of the tide, whicl.1 is the stationary wave relation. 

A striking characteristic of the M, and M6 movements is that 
a,lthough their effect in modifying the observed current curve is great, 
they are much less noticeable in the curve representing the heights of 
the tide. The explanation of this condition lies in the fact that the 
current velocities for a given amplitude of tide are increased in inverse 
ratio to t,heir periods. In the case of the tank it is appa.rent that if the 
Period of the oscillation were shortened to one-half its original value, 
the amplitude remainin the sa.me, the veloclty of the accompanving 
Current would be doubfed: if the period were reduced to one-third 
the velocity would be multiplied by three, nnd so on. I t  follows thai  
for the same rise and fall of the constituent tide the h& wave will 
Produce a current velocity three times that produced by the M2 WR,ve 
and that the distorting effect, of the Mg curve upon the M2 curve will 
be three times as great for the current as for the tide. 

SUMMARIZING STATEMENTS 

The current movement throughout Nnrragansett Ray is approxi- 
mat,ely simultaneous, the various phases of the current occurring at  
about the sanle time in all arts of the area with the exception of the 
Sakonnet River bridges. It these locations the current is from 1 to 
1% hours earlier than elsewhere in the area. A brief description of 
the movement in its relation to high water a t  Newport follows: At 
the time of high water a t  Newport the flood current has for the rnost 
?art ceased to flow and the ebb current is about to begin. A condi- 
tion approximating slaclt wa.ter prevails in most parts of the area. 
During ttle next 6 hours the current flows in an ebb direction grndlially 
increasing to it,s strength or maximum velocity for the first 3 hours 
"~1 then decreasing for 3 hours to another slack water. The flood 
current then begins, increasing for an hour or two to $1 rnasimum 

105216 0 - 6 3  
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velocity, then decreasing to a lesser value or minimum flood velocity, 
which occurs about 8 or 9 hours after Newport high wntcr, or approxi- 
mately in the middle of the flood period. A second increase in the 
flood velocity then occurs and a second maximum velocity is reached 
which usnally, but not in all cases, is greater than the first. This 
second maximum flood velocity occurs on the average about 1 I hours 
after Newport high wat,er. The velocity then decreases to another 
slack, completing the cycle of 12.42 hours. 

The above description applies to the movement in general but 
variations occur a t  the different stations and during different cycles 
at  the same station. As before stated, the various phases of the 
movement occur at  the Sakonnet River bridges an hour or more 
before the times given above. At stations near the entrance the 
condition of minimum flood frequently does not occur but a distortion 
of the current curve is always present. Wind currents and weather 
conditions also may exert temporarily a profound influence in modi- 
fying the above outlined condition. 

Tidal current velocities are subject to periotlic variations corre- 
sponding to variations in the rnnge of the tide. Due to these varia- 
tions, the velocity at  a given time may differ by 20 percent or Inore 
from a mean value, the velocities being greater than the mean a t  
times of spring tides and perigean tides nnd less than the mean at 
times of neap tides and apogean tides. The velocities mentioned 
below are npproxinlate mean velocities. 

Over the greater part of Narragansett Bay the usual nlaxilnum 
flood or ebb velocity is from one-half knot to 1 knot, the first men- 
tioned value applying approximately to the broad portions of the 
waterways, and the last mentioned to the more constricted sections. 
Velocities between 1 knot and 1% knots occur at  the bridges in the 
Seekonk River, a velocity of about 2 knots in the Narrows a t  the 
mouth of the Kickamuit River, and velocities of approximately 2% 
and 274 knots a t  the railway and highway bridges, respectively, in the 
Sakonnet River. In  the Sakonnet River, from the highway bridge to 
its mouth, current velocities are small being generally less than 
one-half knot. 

The currents a t  the Sakonnet River bridges are of considerable 
interest because of their large velocities, togetller with the fact that 
these velocities often change with great rapidity both in ~nagnitude 
and in direction due to the relatively large effects of the M, and M,, 
current constituents. Particular attention is invited to the fact that 
during the period between 7 hours and 9 hours after Newport high 
water, the individual observed velocities for a given time differ 
greatly from the mean values given in table 1.  At some time during 
this period the northward veloclty reaches its minimum value be- 
tween two maximums. The exact time of this minimum flood 
appears to vary considerably from cycle to cycle. On the average 
it occurs very pearly 8 hours after Newport high water. Its velocity 
may be small or of considerable magnitude in either a northward or a 
southward direction. The large velocities observed appear to be 
limited to the draws of the bridges, a t  which points the width of the 
stream is greatly constricted. The movement is very much the same 
a t  the two bridges, except that the,velocity is larger and the tendency 
for the current to flow southward in the middle of the flood period is 
more pronounced a t  the highway bridge than at the railway bridge. 
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NARRAGANSETT BAY 29 
CURRENT CHARTS 

The observed direction and velocity of the current at  a number of 
locations in Narragansett Bay for each hour of the tide a t  Newport 
are represented in figures 17 to 29. The observations used in prepar- 
ing the charts were taken within 14 feet of the surface. The locations 
a t  which the observations were taken are marked by circles. The 
observed directions of flow for the designated hour of the tide are 
represented by rtrrows drawn through the circles. The mean veloci- 
ties for the designated hour are shown to the nearest tenth of a knot 
by numerals near the circles. At times of spring tides and perigean 
tides, the velocities normally are greater and a t  times of neap tides 
and apogean tides less than those given on the charts. The spring 
and perigean effects are practically equal in this locality, each pro- 
ducing a velocity increase above the mean of about 20 percent. 
When spring and perigean effects combine, the velocities of the tidal 
current are greatest. When neap and apogean effects combine, the 
relocities of the tidal current are least. Winds and other meteorolog- 
lcal conditions a t  times modify both the direction and the velocity 
of the current. 



TABLE 1.-Current Data, Narragansett Bag W 

[Referred to times of high water a t  Newport] 
0 

Observations 1 I True directions and velocities 

( Obsorrer. location, and date tion I i I I Hours after high water 

3 1 4 1 5 1 6 1  7 1 8  9 1 O I l l / l 2  

Method Depth Units I 

Iriod/ 1 I / O / l I 2 /  

1.2 miles S., 60' E. of Bea~erteil  Light 
I I (41°26.3' N .  ilo22.6f W . )  l u ~  28. a: 

D!$i/  LO^.-.-/ Feq 1 g e e .  6 1 7 / 180 / 
Z?? ---do. - -. Knots .... 0.04 0. 18 0.44 .. - . . 

Bept.~5, 6-7; 9-10. .--. 1 1 ~ e g r e e s ~ . !  3.54 1 1% 1 167 1 
.... Knots .-.. 0. Nl 0. 13 0. -55 
.... ~eyrees.- 309 ..-..- 180 
.... ~ n o t s  .... 0.23 0.00 0.16 

0.4 mile X.. 45" W. of Fuller Rock Light 
(41°4i.Y N.. i1°23.?' W.). Oct. 10. 

0 . i  mile N., 76' E .  of ~a&afras Point 
f4I048.O' K., 71'23.4' R.), Sept. 11-12. 

0.2 mile north of Gaswfras Point (4i04S.2' 
N.. 71°23.6' W.). Sept. 10-11. 

0.2 mile S.. i6' E .  of east end State pier 
14l04K4' N.. 71°23.7' W.). Sent. 4-10. ,. ~ . - ~  ~ -. 

0.2mile N., 35' E. of east end State pier 
(41°48.6'N., 7lo23.8'W.), Sept. 9 9 .  25 

0.1 mile S., i5 'E.  of Fox Point (41'48.8' 
N.. 71'23.8' W.), Sept. 14-15. 19-20. 

0.3 mile X., 48' E .  of Fox Point (41°49.1Y 
N., i1°i3.i' W.), ,Sept: 1516. 

0.2 mile west of Indla Polnt (4I049.lY N., 
ilo23.6' W.). Sept. 17. 

Off India Point (41°49.V N.. 71'23.4' 153. 
Sept. 17. 
h-01th side of railroad hridge, India- 
Point (41'49.0' N., 71'23.3' W).,,Oct. 9. 

0.1 mile north of center of U ashington 
Highnfty Bridge (41'49.2' K., 71'23.3' 
W.). Sept. 21. 

1 0.2 mile north of center of Washington I Highway Bridge (41'48.3' N. ,  71'23.3' 
Mr.), Sept. 23. 

0.5 ~ni le  north of center of Washington 
Highway Bridge (41'49.4' N., 71'23.3' 
W.), Sept. 23. 

Tunnel bridge, east side of channel 
(41'49.4' Pr-.. 71'23.1' W.),  Sept. 24. 

0.1 mile south of Cold Spring Point 
(41'49.5' N., il023.V W.), Sept. 24. 

East of Cold Spring Point (41°49.6' N., 
71°22.Y W.), Sept. 24. 

I J. E. PILLSBUBY. 1889 1 I I 

/ 

0.6 mile S.. 16' W. of south end. Gould 
Island (41°31.2 N., 7I0M.Y W.). Aug. 
1-12. 

Degrees- - 
I Knots 

Degrees.. 
Knots 

Degree.. 
Knots 
Degree& 
Knots.. 
Degrees. 
Knots 

( 1 )  
Knots .-.. 

(1) 
Knots -... 

(1) 
Knots ..-_ 

( 9  
Knots ..-. 

(1) 
Knots.... 

(1) 
Knots .--. 

DWW.- 
Knots ---- 

Degrees.. 
Knots .... 
... do ...... 
.-.do ..-.-- 
.-.do -..--. 
Degrees.. 
Knots .... 

.-.do ...... 

.-.do ...... 
--.do .-.-.. 
Degrees-- 
Knots .... 

...... .-.do 
... do ...... 
-..do ...... 

O.6mile S., 2 0 O  E. of south end of Gould 
lslan-d (4I031.2'.N.. 7I020.4'W.), Aug. 
2-3. t-8. 

'- - - --- 

S. 
0.02 

N. 
0.06 

6. 
0.10 

S. 
0.08 
. .  
0.00 

S. 
0.02 

325 
0.11 

6 
0.23 
0.43 
0.43 
0.38 
235 

0.05 
0.41 
0.41 
0.41 

46 
0.34 
0.46 
0.40 
0.40 

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

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

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

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

S. 
0.31 

9. 
0.06 

s .  
0.51 

P. 
0.28 

S. 
0.13 

5. 
0.26 

I76 
0.18 

31 
0.12 
0.23 
0.23 
0.23 
186 

0.15 
0.46 
0.41 
0.46 

170 
0.34 
0.52 
0.52 
0.46 

0.6 mile N., 21' E. of Taylor Point 
f41°31.Y N., 7l021.3' W.), Aug. 4-5, 
e io .  
BRENTON REEF IIGHTSHIP. 

1930-31 2 

-1- - - --. 

S. 
0.52 

S. 
0.23 

8. 
0.69 

S. 
0.48 

S. 
11 37 

S. 
0.40 

169 
0.41 

68 
0. 12 
0.35 
0.35 
0.35 

188 
0.57 
0.62 
0.67 
0.62 

152 
0.46 
0.69 
0.75 
0.58 

Pole .... 7 
d o  .. 7 

LS 

I 1. C. SAMMONS. 1930 

1.5 miles S., 44' E. of Bearertail Light 
(41'25.V N., 71~22.6' w.), JUIY n, 
1930-July 31, 1931. 

d o  . .  7 
. d o  .... 7 
Meter.. 7 

do 18 ... .... 
d o  . .  29 
Pole.--- 7 

d o  . .  7 
Meter.. 11 

o . .  n 
--.do --.- 43 
Pole..-- 7 

d o  . .  7 
Meter-- 10 
... do .... 23 
... do .... 37 

S 18 0.3 mile east of Narragansett pier (41'- 
25.7' N., 7I0Z7.0' W.), Aug. 2s-30. 

0.3 mile S.,WO E .  of Watsons pier (41°- 
27.4's., 71'25.3' W.), July 21-22. 

S I9 

Bee footnotes a t  end of table. 

0.1 mile west of Whale Rock Light (41.- 
28.i' N., 71'25.6' W.), July 22-23. 



TABLE 1.-Current Data, Narragansett Bay-Continued W 
h3 

1 I I 

Sta- 
tion 

- 

I Observations I True directions and velocities 

Observer, location. and (late 

I J. C. SAMMONS. JSJO-Continued I  I  I  1 I l I I I I I I I I I I I I  4 

:$ 

0.8 mile N..48' W. of Beaver Tail Light 
(11' 27.5' N., 71°24.i' W.), July 21-23. 

0.5 mile N. 21' W. of Beavertail Light 
(41027.4~ k., 7i024.2 w.), ~ u l y  21-22. 

0.2 mils S., 71' W.of Bonnet Point (41°- 
23.1' N., 71°25.5' W.), July 22-23. 

Day8 
2 Pole.--. 
2 ... do .... 
2 Meter.. 
2 ... do .... 
2 -..do .... 
1 Pole .... 
1 .--do .--. 
1 Meter.. 
1 ---do .--. 
1 ..-do .... 

.... 1 Pole 
1 ... do .... . - -  

Method 

---- 

fleet 
7 Degrees.. 
7 Knots .... 

10 ---do.. .... 
2.5 -- -do-. .- -- 
40 ... do. ..... 
3% Degrees-. 
3% Kno ts.... 
9 ... do ...... 

23 --.do ..-. -- 
36 -.-do --.--- 
334 ........... 
3 54 - - - - - - - - - - - 

Depth 

2 Pole..-. 
2 ... do .... 
2 Meter.. 
2 --.do.. .. 
2 ... do .... 
1 Pole .... 
1 .-.do -.-. 

S 24 

S 26 

S 26 

7 .Degrees.. 
7 Kno ts...- 

11 - -  .do ------ 
27 ---do -.--.. 
43 .. .do.. .... 
7 Degree... 
7 Kno ts.... 
7 --.do. ..... 

17 ..-do ..--.- 
26 ... do ...... 
3% Degrees.. 
3% Kno ts.... 
9 ---do -----. 

23 .. .do.. .... 
36 ... do ---..- 
3% Degrees-. 
351 Kno ts.... 
6 ---do ...... 

I5 .--do ------ 
24 -..do ...... 

Units 

0.1 mileS.,71° E.of Dutch Island Light 
(41'29.8' N., 71'24.X W.), July 23-25. 

0.6mileN., 24' W.of Dutch Island Light 
(41'30.3' K., 71'24.6' W.), July 23-24. 

0.7 mile N., 45' W.of Dutch Island Ligh: 
(41°30.3' N., 71°25.0' W.) July 23-24. 1 --.do. .-. 

1 Meter.. 
1 ... do .... 
1 ..-do .--- 
: Pole.-.. 
1 --.do .... 
1 Meter.. 
1 --.do .-.- 
1 .-.do --.. 

Hours after high anter 

0.4 mile S., .WOE. ofnorth end of Dutch 
Island (41°30.7' S., 71°Z3.5' I%'.), July 
24-25. 

Xon- 
tidal 
cur- 

0 2  7 / 8 
9 / 1 0 I l l I l 2  

-1 ---- I -----__________ 

9 '27 

Pole..-. 
.-.do .--. 
Meter.. 

.-.do ..-. 

.. .do.-. . 
Pole .... 

--.do. ... 
Meter.. 
.. .do.. .. 
Pole.. . 
... do.-- 
Meter.. 
... do.-. 
--.do-. - 
Pole. - - 

.-.do.-- 
Meter.. 

--.do.-- 
--.do.-- 
Pole- - - 
..- do ... 
Meter.. 
... do .... 
Pole.. - 

--.do--- 
Metar-- 
.. .do-.. . 
Pole.. - 

---do.-- 
Meter-. 
... do .... 
Pole.. . 

.--do .--- 
Meter- 
.. .do.. .. 
Pole.-.- 
. - .do .--- 
Meter-. 

--.do ---. 
... do .... 
Pole..-- 

.-.do ..-- 
Meter.. 

- - -do--. . 
... do ..-- 
Pole.-- 

---do--- 
Meter.. 

--.do ..-. 
.. -do-. .. 

rent1 

d 

O.l1~ileN.,6.5~ E.of north end of Dutch 
Island (41°30.51 N., 71°238' W.), July 
24-25. 

.... ,' 1 Degrees.. !. 
Knots..--1 0. 00 

4 .--no ...... 0.29 
16 ..-do ...... 0, I5 
7'-1 Degri-:l  33 
7 Kno ts.... 0.36 

S 29 

S 30 

33 ... do ...... ,0.66 
52 -..do ...... 0.51 
7 Degree... 104 
7 Knots.-.- 0.36 
5 --.do .-..-- 0.36 

12 ... do ...... 0.36 

0.7 mile N., 67' E. of Plum Beach Light 
(41" 32.1' N.. 71'23.5' W.), Sept. 1516. 

0.5 mile N.. 52" E. of Plum Beach Light 
(41°32.1' N., 71°23.Y U'.), Sept. 15-16. 

S 31 0.4 mile N., 26O W. of Plum Beach Light 
(4132.2' N., 71°24.6' R.), Sept. 1516. 

19 ... do ...... 0.29 
3% Degrees.- 333 
3% Knots..-- 0.07 
4 .-.do .---.. 0.29 

14 ... do ...... 0.36 
351 Degrees.. 15 
3% Knots..-. 0.11 
4 ---do .-.--- 0.21 

14 --.do ...... 0.16 
354 Degrees.. ...... 
3% Kno ts.... 0.00 
2 ---do ...... 0.11 

9 32 

d 33 0.1 mile N., 45' W. of Old Gay Rock 
Light (41'34.4' N., 71°26.3' W.), 
July 11-12. 

0.1 mile west of south end of Fox Island 
(41'33.2 N., i1°25.3' IT.), Sept. 15-16. 

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

............ 
....... NE. 1 ...... 0 . 0 5  8 S 34 Mouth of Wickford Cove (41°34.4' N.. 

71°26.7' W.), July 11-12. 

S 35 

3311 Dems53;1--..-. 
354 Knots 0.15 

Off south epd Cornelius Island (41'- 
34.7' N., s1°26.Y W.), July 11-12. 

S 36 
. - 

6 --.do .---.- 0.15 
15 --.do -..-.- 0.15 
24 .-.do ...... 0.15 
7 Degrees ........ 
7 Kno ts.... 0.00 
6 ---do ...... 0.10 

0.5 mile S., 55O W. of North Point Light 
(41°34.1' N., 71°22.1Y W.), July 10-11. 

S 37 0.9 mile N., t33O W. of Sorth Point Light 
(41°34.5' N., 71'23.5' \V.), July 1C-11. 

14 .--do ...... 0.15 
22 ... do ..--.. 0.10 
7 Degrees.. 193 
7 Knots.... 0.05 
7 ... do ...... 0.26 

17 ..-do -.--.. / 0.21 
26 ---do ...-.. 0.15 

S 38 

See footnotes at end of table. 

0.2 mile S., 429 E. of Quonset Point 
(41°35.1' X., 71°24.2 W.), July 10-11. 



TABLE 1.-Current Data, Narragansett Bay-Continued C*, 

I I+ 

Observations True directions and velocities 

Sta- 
tion 

T,", Method Depth 

--- 

Ohserrer, location, and date Hours after high water 

Cnits I 9 1 0 1 1 ~ 1 2  tidal 
cur- 
rentl 

--/ ---- 
I I P J. C. SAMMONS. 1930-Continued 

S 39' 1 0.2 mile north of Xorth Point Light 
(41°34.6' K.. i1°22.3' W.). July S-10. 

1 ... do .... 
1 ... do.. .. 

0.7 mile north of Sorth Point Light 1 Pole .... 
(41C35.2'S.. iI022.4' W.), July %lo. 1 -.-do .... 

1 Meter.. 
1 ... do .... 

19 ....................... 
D Knots .... 89 1 166 1 

0.05 0.37 
5 ... do ...... 0.26 0.42 

............ 
286 S. 

0.21 0.01 
0.21 ...... 
0.21 -..... 
0.21 ...... 
251 N. 

0. 21 0.04 
0.32 ...... 
0.32 ...... 
0.21 --..-- 
216 SE. 

0.11 0. 10 
0.22 .-.--- 
0.11 - - - - - -  
0. I1 - - - - - -  

11 S. 
0. 22 0.01 
0.33 ...... 
O.&? ...... 
0.33 ...... 

1 N. 
0.11 0.01 
0.28 --.-.. 
0.22 -..... 
0.28 - - - - - -  

109 S. 
0. 27 0.21 
0.44 ...... 
0.27 ...... 
0.38 ...... 

12 --.do -..... 
20 ... do. ---.. 
7 De grew.. 
7 Knots .... 
5 ... do ----.. 

12 --.do ...... 
19 ... do ...... 
35i Degr ee... 
3% Knob .--. 
7 ... do. ---.. 

18 .-.do --.... 
29 .. do .-.... 

S 41 0.2 mile south of south end of Hope Is- 
land (41°35.fi' N., 71°Z2.3' JV.), July I $10. 

S 42 0.1 mile S., 70' IV. of Gooseberry Island 
(4lo3fi.2' S., i1'22.3' W.), July 69. 

N.. 76" W. of Oooseherry 
Island (41'36.3' S . ,  71'23.V K.), July ... 

! S 14 , 1.1 miles S., i1° W. of 
(41'36.6' N., 71'23.7' IT.), 

7 Degrees.. 
7 Knots -... 
5 -.-do - - - - - 

12 ... do. .... 
19 -.-do. -. - - 
631 Degrees.. 

.... 631 Knots 
6 ..-do - - - - -  

15 -..do- - - .- 
24 .-.do.. -. . 

S 45 0.2mile north of Despair Island (41'38.6' 
lu., ilo21.i' W.), July 74.  

0.8 mile S., 24O W. of Pine Hill Point 
(41°37.2' N.. 71°21.3.' W.), July 7-8. 

1 Pole.. . 
1 ... do .-- 
1 I Meter- /  

0.22 ..-... 
0.33 ..-.-- 
328 / SE. 

0.27 0. 05 

1 ..-do.-- 
1 -..do.-. 
1 Pole. .- 
1 ... do--- 
1 Meter. 
1 .--do.-. 
1 l l  ... iole.--l do ... 

1 -..do.-. 
1 Meter.. 

S 47 

S 48 0.7 mile S., 30' W. of North Point, PN- 
dence Island (4l039.5' K., i1°21.Y \V.), 
Sept. 12-13. 

0.2 mile S., 24" N*. of Pine Zill Point 
(41O37.7' N., 71°21.V W.), July i-8. 

0.23 ....-- 
29 NE. 

0. 56 0.01 
0.45 ...... 
0.45 ...... 
0.45 .-.--- 

SE. z ...... 
0.00 0.01 $ 
0.23 ...... 
0.23 .-..-. 
0.00 ...... ? 
. .  E .  0 
0.00 0.02 + 
U . l l - . - - - -  z 
0.00 ...-.. 

18 SE. 
0.13 0.02 2 

S 49 0.3 mile S., 46O E. of Warwick Light 
(41" 39.8' N., 71'22.4' IV.), Sept. 12-13. 

S 50 0.5 mile S., 84' Wr. of Warwick Light 
(41°40.1' N., il"23.4' W.), Sept. 12-13. 

S 51 

1 -..do.-- 
1 Meter-. 
1 ... do ... 
1 -..do..- 
1 Pole.-.. 
1 -..do.-- 
1 Meter.. 
1 -..do.-- 
1 ... do ... 
1 Pole. - -  
1 ... do-.- 

0.7 mile west of Warwick Light (41°40.V 
N., i1°23.i' W.), Sept. 12-13. 

S 52 0.8 mile S., 48' E. of North Point, PrU- 
dence Island (41'39.5' N., i1°20.V W.), 
July W 3 0 .  

0.34 
0.17 I:::::: 

5 53 1.1 miles X., So IV. of Popasquash Point 
(41°39.5' N.. 71°19.Y W.), July 29-30. 

1 Meter.. 
1 ---do ... 
1 ... do- - -  
1 Pole .... 
1 --.do. - -  - 
1 Meter.. 
1 ... do .... 
1 .-.do .... 

S 54 0.7 mile Pi., 3 P  K. of Popasquash Point 
(41°39.5' N., i1'18.5' Mr.), July 29-30. 

See footnotes a t  end of table. 

S 55 0.i miles.  4 i o W .  ofSorth Point Popa- 
squash geck (41°41.41N..71018~8' W.), 
July 30-31. 



TABLE 1.-Current Data, Narragansett Bay- Continued 

I ( Ohserrations I True directions and velocities 

Sta- 
tion Ohserrrer, location, and datc Rours after high water Non- 

Method Depth linits t~da l  
cur- 

Days Feet 
S 56 0.5 mile N. 71' Nr. of Conimicut Point 1 Pole -.-- 3% Degrees.. 112 121 116 117 113 ................... 112 

Light (41°43.2' N., i1°21.3' W.). July 1 d o  . .  3% Knots .... 0.22 0.45 0.36 0.36 0.45 ................... 0. 18 
30-31. 1 Meter-. 2 .-.do ...... 0.50 0.54 0.50 0.40 0.36 0.32 0.18 0.18 0.14 

i o . .  8 ... do ...... 0.40 0.40 0.27 0.36 0.45 0.32 0.09 0.14 0.09 
S 57 0.3 mile N. 40' W. of Conimicut Point 1 Pole ..-- 7 Degrees.. 92 104 118 132 120 88 123 159 117 

.... Light (41'43.3' N., i1°21.(Y W.) .  July 1 --.do 7 Knots .... 0.18 0.36 0.58 0.54 0.50 0.40 0.09 0.09 0.22 
30-31. 1 Meter.. 10 ... do ...... 0.18 0.32 0.40 0.58 0.58 0.36 0.04 0.04 0.09 

1 ... do .... 25 .-.do ...... 0.09 0.22 0.36 0.50 0.40 0.18 0.36 0.22 0.22 
1 .--do -.-- 40 .-.do ...... 0.09 0.22 0.36 0.50 0.50 0.18 0.54 0.54 0.09 

S58 0.4mileX.10°E.ofConimicutPoint  1 Pole ..-- 3% Degrees.- 155 162 153 160 1 135 . .  317 305 
Lieht (41'43.5' N., i1°20.6' W.), July 1 ... do .... 3% Knots .... 0.04 0.04 0.60 0.63 0.36 0.04 0.00 0.04 0.04 
3&31. 1 Meter.. 6 ... do ...... 0.18 0.32 0.57 0. 58 0.3'2 0.27 0.32 0.27 0.36 

94 .-.--- 
0.22 .-.-.. 
0.22 ....-. 
0.22 ...... 

77 SE. 
0.09 0.22 
0.09 ...... 
0.14 .-.-.- 
0.09 ...... 
319 SE. 

0.09 0.05 
o. n 

1 
1 

0.5 mile N. 35O W. of Sabine Point Light 1 
(41'46.2' S., 71'23.0' W.), July 31- 1 
Aug. 1. ? 

...... .-.do .... 10 .-.do 0.22 0. 14 0.51 0.50 0.36 0.22 0.32 0.45 0.36 

...... d o  . .  16  do 0.27 0.14 0.42 0.45 0.27 0.27 0.36 0.27 0.36 
........ Pole .... 3 x D e g r e e s  l i6  170 178 178 161 354 0 351 

.... ... do .... 3% Knots 0.00 0.25 0.30 0.40 0.23 0.10 0.25 0.30 0.15 
...... Meter.. 3 ... do 0.15 0.30 0.40 0.40 0.27 0.15 0.25 0.20 0.20 
...... d o  . .  11 ... do 0.10 0.30 0.40 0.35 0.20 0.15 0.25 0.15 0.10 

...... Pole .... 3% Degrees.- 163 186 194 1iB 174 ............. 142 
d o  3% Knots .-.. 0.00 0.35 0.30 0.35 0.47 0.20 0.00 0.00 0.15 

...... Meter.. r ... do 0.05 0.30 0.40 0.45 0.50 0.15 0.15 0.10 0.25 

...... d o  . .  16 .-.do 0.20 0.05 0.05 0. 25 0.30 0. 10 0.15 0.25 0..W 

S 60 0.4 mile S. 22O W. of Pomham Rocks 
Light (41°46.3' N.. i loP.4'  15' ). July 
31-Aug. 1. 

0.2 mile S.  i O o  E. of For Point (41°48.9' 
N., 71°23.i' W.), Au?. 1-2. 

0.1 mile S.  30" E.  of For *oint (41°48.9' 
S., i1°23.9' W.),  AUg. 1-2. 

I 61 

2 ... do.. .. 
1 Pole ...- 
1 ... do .... 
1 Meter.. 
1 .-.do .--. 
1 Pole .... 
1 __-do .... 
1 3feter.. 
1 .-.do --.. 

................... . . . . - .  - 
...... l . . - d o  .... 26 ... do 0.30 0.10 0.00 0.35 0.27 0.05 & 1 0 / 0 . 4 0  0.40 0.45 0.50 0.40 ...... 

0.1 mile X W" 15'. of Fuller Rock Light 1 2 Pole . 1 ; 1 r e  324 133 I 144 1 137 139 1 149 I . ....,....... 1 OiZ 1 69 1 3%3 1 334 I 323 1 SE. 
(41'47.7' X.. i1°23.0' W.), July 31- 2 ... do .... Knots .... 0.13 0.16 0.33 0.31 0.3i 0.20 0.00 0.00 0.22 0.09 0.20 0.31 0.33 0.05 
Aug.  2. 2 Meter.. 6 ..-do ...... 0.16 0.31 0.35 0.44 0.41 0.25 0.02 0.05 0.24 0.13 0.16 0.24 0.33 ...... 

...... 41 2 .... do-.. 15 -..do 0.27 0.20 0.38 0.44 0.44 0.13 0.02 0.13 0.M I l .50.3 0 4. 0 - . - - - . - - -. - - -. - - - - . - - - 
0.33 0.46 0.461 0.38 ...... 

47 48 52 3 8 N E .  
0.M 0.17 0.29 0.23 0.06 
0.00 0.29 0.34 0.46 ...... 
0.06 0.23 0.23 0.34 ...... 

. .  6X 23 40 SW. 
0.00 0. 12 0.40 0.46 0.08 
0.12 0.17 0.34 0.46 ...... 
0.12 o . n  o rn o s2 

0.1 mile N. 78' W. olFor  Point (41'48.8' 
N., 71%.1'W.), AUg. 1-2. I ............................................ 

9 . .  14 27 14 20 NE. 
0.04 0.00 0.18 0.33 0.37 0.30 0.04 
0.15 0.11 0.18 0.41 0.41 0.33 ...... 
0.07 0.18 0.26 0.30 0.33 0.33 ...... 
0.07 0.15 0.18 0.26 0.37 0.26 ...... 
147 4 11 12 12 19 S. 

0.04 0.11 0.22 0.26 0.37 0.37 0.05 
0.11 0.18 0.30 0.37 0.48 0.37 ...... 

...... 0.07 0.15 0.18 0.33 0.44 0.41 
179 23 13 0 0 3 9. , 

0.15 0.07 0.30 0.56 0.85 0.96 0.03 
0.26 0.22 0.48 0.70 1.04 0.96 ...... 
0.30 0.22 0.30 0.70 0.85 0.85 ...... 
303 51 30 34 I5 63 8. 

0.10 0.10 0.24 0.26 0.24 0.19 0.14 
0.39 0.39 0.39 0.48 0.39 0.39 ..-.-- 

...... 0.39 0.44 0.48 0.61 0.44 0.39 
0.48 0.53 0.53 0.61 0.53 0.29 - - - - - -  
. .  72 56 65 36 272 SW. 
C . 0 0  0.10 0.39 0.55 0.58 0.39 0.37 
0.53 0.58 0.88 0.94 0.87 0.48 ...--. 
0.48 0.63 0.78 0.80 0.82 0.48 -.---. 
0.58 0.73 0.68 0.80 0.53 0.58 - - - - - -  
. .  35 42 44 53 223 SW. 
O.M 0.97 0.92 0.97 0.58 0.29 o.n 
0.34 0.69 0.81 0.97 0.82 0.39 .----. 
0.63 0.63 0.97 1.04 0.87 0.48 .-.-.- 
0.63 0.88 0.90 1.04 0.92 0.58 ....-. 

64 64 136 110 146 163 S. 
0.18 0.18 0.13 0.04 0.26 0.03 0.03 

...... 0.31 0.35 0.31 0.31 0.26 0.47 
0.35 0.35 0.26 0.26 0.31 0.35 ----.- 
0.31 0.31 0.35 0.26 0.35 0 . .3  -----. 

61 26 32 34 35 54 NE. 
0.26 0.35 0.53 0.53 0.40 0.31 0.02 
0.18 0.44 0.66 0.75 0.75 0.31 .---.. 
0.18 0.48 0.62 1.06 0.62 0.35 ...... 

..... 0.26 0.44 0.75 0.83 0.70 0.40 
14 48 54 47 46 87 SW.  

0.18 0.48 0.88 1.14 1.14 0.38 0.04 
0.57 1 0.62 0.97 1.19 1.14 0.55 ...... 

...... 0.66 0.88 0.97 1.19 1.19 0.88 

...... 0.53 0.881 0.97 1.06 1.10 0.62 

S. 30O W .  of Adams Point, War- 
ren R. (41°42.7' N., 71°1i.8' W.). July 

S. 5O W. of Adams Point, War- 
ren R. (41°42.6' N., 71'17.7' W.), July 

1 ..-do .... 
1 Pole .... 
1 .do--.. 
I Meter--- 

S 67 0.3 mile S. 15O E. of south end, Little 
Island,W arren R. (41°43.7' N., 71°17.3' 
W.), July 28-29. 

S 68 

1 . do.-.. 
1 Pole ..... 
1 ..do--.- 
1 Meter.-- 

0.8 mile Pi. 77' W. of Castle Hill Light 
(41'27.9' N., 71°22.V W.), June 23-24. 

S 69 

1 ..do-.-- 
I ..do .... 
1 Pole..-. 
1 - do---- 
1 Meter.. 
1 ._do..-. 
1 - - -  do .--. 
1 Pole.-.. 
1 - do .... 
1 Meter-. 
1 ..-do -..- 
1 --.do .--- 
1 Pole.--. 

0.3 mile N. 6.5' W .  of Castle Hill Llght 
(41'27.9' N., 71'22.2' W.),  June 23-24. 

8 70 0.2 mile north of Castle Hill Light 
(41'27.9' N., 71°21.8' W.), June p 2 4 .  I 

I 
S 71 

1 .-.do ---. 
1 Meter-. 
1 ---do .--- 

0.2 mile N. 70° W. of snlithwest point. 
Conanicut Island (41°28.5' N , 71°22.8' 
W.). June 24-25. 

S 72 0.4 mile S. 56' W .  of Fort .&dams Light 
(41'28.7' N., 71'20.7' W.), June 24-25. 

Sw footnotes at end of table. 

8 73 0.7 mile S. 74' W.  of Fort Adams Liqht 
(41°B.7' N., 71'21.1' W.), June 21-25. 



Sta- 
tion 

TABLE ].--Current Data, Narragansett Bay-Continued W 
00 

I ( Ohserrations 1 T N ~  directions and velocities 

1 3. C. SAMMONS. lUeCont inued  I I 1 I I / I I I I I I I  1 1 / 1 1  > 

Observer, location, and date 

I 
- -, 

. .  ...... ...... S 74' 0.2 mile S. 43' E. of Fort Adams Light .... ...... m 
(11'28.7' N., 71°N.1' W.). July 1516. ---. 3% n 

S 75 0.2 mile S. 65" W. of South Light, Goat 
Island (41'28.9' N., 71'19.8' W.), 
Jyly 15-16. 

:$ 

S 76 0.1 mile N. 73' E. of South Light, Goat 
IslaDd (41°29.@' N., 71°19.5' W.), 
July 14-15. 

0.3 mile S. 3oo E. of North I'ipht, Goal 
Island (41'29.4' N. .  71'19.5' W.), 
July 14-15. 

Method 

0.3 mile N. tWO TV. of North Light, Goat 
Island (41'm.i' N.. r1°20.0' W.), 
July 14-15. 

0.1 mile S. Po W. of Rose Island Light 
(41'29.8' N., i1°2U.6' W.), June 252i .  

Depth 

0.3 mile N. 70' W, of Rose Island Light 
(41'29.8' N.. 71°21 .0' W.). June 25-27. 

0.8 mile hi. 76' I%'. of Rose Island Light 
(41°Z9.W N., 71°21.7' W.), June 25-21, 

I 

Units 

S 82 0.1 mile S. W W. of Gull Rock Light I (41'30.1' N.. 71°20.2' R.), July 1516. 

Hours after high water 

0 1 1 3 4 5 6  7 

8 l 9  l o ~ l i ) 1 2  - 

Non- 
tldsl 
cur- 
rent. 

A 

8 83 0.1 mile N. 50O E. of Ovll Rock Light 
(41DJg.X N., 71°19.9' W.), July 15-16. 

8 .!A 0.2 mile N. 6.5" W. of Bishop Rock 
(41031.1' N., il020.0' W.). June 30- 
July 1. 

S 85 0.5 mile north of Taslors Point (41°31.1' 
N., '11'21.6' W.), June =July 1. 

8 86 0.6 mile 6. 28O E. of Oould bland Light 
(41031.5' N.. 71°20.2' W.), June 30- 
July 1. 

6 87 0.3 mile S. 24' W. of north end of Oould 
Wand (4132.0' N.. 71°20.9' W.), July 
16-17. 

8 68 0.2 mile east of Fowlers Rocks (4132.0' 
N., 71°21.6' W.), July 16-17. 

S 89 

- - .a0 .--- 
Pole .... 

..-do .... 
Meter.. 
..do .... 

0.2 m ~ l e  east of Coddington Point 
(41'31.4' N., 71°i9.2' U'.), July 16-17. 

S 90 

.. .do. ... 
Pole .... 
.. do .... 
Meter.. 
... do-. .. 

1.1 mile N. 83' E. of Oould Island Light 
(41912.2'S.. 71°19.1' W.), July 16-17. 

...... 1 d o  . 14 ... do 0.43 0.50 0.62 0.43 0.37 0.37 0.43 0.43 
...... .... : 1 Pole 7 Degrees.. 131 124 144 168 355 14 331 

.... .... , 1 d o  i Knots 0.12 0.37 0.43 0.43 0.06 0.19 0.00 0.25 
...... 1 Mete.. 5 ..do 0.31 0.43 0.62 0.56 0.50 0.25 0.37 0.3i 
...... 1 .-.do .... 11 ... do 0.31 0.50 0.62 0.56 0.37 0.25 0.25 0.37 
...... 1 ... do .... 18 ... do 0.43 0.50 0.56 0.50 0.31 0.19 0.12 0.25 

....... 1 Pole .... 3 , sGegrees .  6 47 1W 194 18J 150 1?2 
.... .... I d o  3 S K n o t s  0.62 0.06 0.19 0.31 0.62 0.50 0.25 0.00 

...... 1 Meter.. 10 ... do 0.56 0.56 0.74 0.62 0.50 0.74 0.56 0.50 

...... 1 d o  . .  25 ..do 0.43 0.37 0.62 0.62 0.50 0.50 0.50 0.56 

...... 1 ... do .... 40 ... do 0.31 0.56 0.62 0.50 0.50 0.50 0.62 0.37 
.... 1% Pole 7 Degrees.. 177 148 176 180 183 170 178 1 

.... -.. ...- 1% do 7 Knots 0.08 0.24 0.83 0.59 0.49 0.54 0.11 0.02 
...... ... 1% Meter.. 10 do 0.28 0.20 0.87 0.70 0.57 0.54 0.32 0.24 
...... l d o  . .  25 ... do 0.32 0.24 0.57 0.65 0.49 0.40 0.19 0 1 9  
...... . .  ... d o  40 do 0.36 0.32 0.43 0.46 0.38 0.27 0 . Z  0.14 

l N  Pole.-- 3% Degrees.. 329 1M) 172 181 180 166 166 308 
.... 1% .-.do.-- 3% Knots 0.46 0.20 0.69 0.89 0.87 0.38 0.24 0.30 
... 

1 5  Meter.- 28 --.do.. 0.79 0.36 0. i3 0.95 0.83 0.59 0.21 0.35 
..... 1 do ... 69 .-.do 0.75 0.36 0.57 O.R3 0.79 0.57 0.24 0.43 

lk:::do.-- 110 -..do .--.- 0.73 0.57 0.49 0.71 0.65 0.46 0.16 0.21 

1% Pole.-. 
1% ... do.-- 
1% Meter.. 
1% ... do ... 
1% ... do .-. 
1 Pole-. . 
1 .-- do .-- 
1 Meter.. 
1 .-.do-.. 
1 .-.do--- 
1 Pole-. - 
1 ... do.-. 
1 Meter.. 
1 --.do.-- 
1 ... do-.. 
1 Pole.. . 
1 ..- do - - -  
1 Meter.. 
1 ... do ... 
1 ... do ... 
1 Pole.. . 
1  do^-. 
1 Meter.. 
1 .-.do.-- 
1 ... do ... 
1 Pole.. . 
1 ... do-.. 
1 Meter.. 
1 ... do-.. 
1 - - -  do.-. 
1 Pole.. - 
1 -..do.-. 
1 Meter.. 
1 - - -  do 
1 --.do ... 
1 Pole- -. 
1 ..-do..- 
1 Meter.. 
1 ---do.-. 
1 ...do..- 
1 Pole. -. 
1 ... do ... 
1 Meter.. 
1 ... do.-- 
1 ... do ... 
1 Pole.. 
1 .. 

1 ... do.-. 
1 ... do.-. 

See footnotes at end of table. 

44 
0.35 
0.35 
0.27 
0.22 
356 

0.44 
0.44 
0.57 
0.51 
341 

0.70 
0.76 
0.i6 
0.51 

10 
0.23 
0.37 
0.28 
0.18 

12 
0.41 
0.41 
0.32 
0.37 

56 
0.41 
0.28 
0.23 
0.37 
358 

0 . n  
0.34 

46 
0.24 
0.30 
0.24 
o.n 
354 

0.51 
0.64 
0.57 
0.38 
321 

0.32 
0.44 
0.38 
0.25 
354 

0.28 
0.32 
0.18 
0.28 

43 
0.28 
0.28 
0.37 
0.32 

42 
0.32 
0.23 
0.28 
0.18 

8 
0.34 
0.41 

S. 
0.25 

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

9. 
0.07 

...... 

...... 

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

0.00 
...... 
.--..- 
...... 

S. 
0.13 

---.-. 
--..-. 1: 
...... + 

N. 8 
0.20 

--.-.- + 
-.-.-. 0 
.-.--- + 

N. 
0.01 
----.- 2 
--.--- M 
.----- 4 

s. 
0.07 bJ 

...... 

0.20 
75 

0.07 
0.27 
0.48 
0.48 

19 
0 . n  
0.27 
0.34 
~ . a ,  

14 
0.27 
0.61 
0.48 
0.25 

33 
0.22 
0.24 
0.19 
o . n  
342 

0.32 
0.51 
0.25 
0.13 
335 

0.19 
0.19 
0.13 
0.19 

14 
0.32 
0.32 
0.37 
0.23 

16 
0.37 
0.41 
0.41 
0.37 

44 
0.37 
0.46 
0.46 
0.46 
356 

0.20 
0.41 

ZZi 
0.03 
0.19 
0.24 
0.24 
348 

0.64 
0.57 
0.57 
0.38 
332 

0.44 
0.38 
0.25 
0.25 

18 
0.46 
0.51 
0.37 
0.32 

34 
0.09 
0.23 
0.14 
0.28 

19 
0.46 
0.51 
0.69 
0.64 
348 

0.14 
0.34 

36 
0.08 
0.42 
0.19 
o.& 
348 

0.44 
0.57 
0.44 
0.25 
336 

0.38 
0.38 
0.38 
0.25 

21 
0.46 
0.46 
0.37 
0.32 

47 
0.37 
0.37 
0.37 
0.32 

42 
0.81 
0.55 
0 . w  
0.55 
3% 

0.14 
o . n  

0 

0.3 
353 

0.20 
0 2 7  
0.27 
0.41 
352 

o m  
0.34 
0.14 
0.07 

28 
0.20 
0.34 
0.48 
0.34 

225 
0.36 
0.49 
0.45 
0.36 
310 

0.51 
0.51 
0.51 
0.44 
326 

0.25 
0.51 
0.76 
0.64 

15 
0.46 
0.37 
0.37 
0.18 
246 

0.37 
0.28 
0.37 
0.37 

17 
0.55 
0.46 
0.64 
0.64 
349 

0.14 
0.41 

0.27 
358 

0.41 
0.48 
0.54 
0.14 
328 

0.34 
0.20 
0.27 
o.n 

36 
0.34 
0.48 
0.21 
0.41 

0.20 
4 

0.41 
0.48 
0.54 
0 .U 

21 
0.14 
o.n 
0.20 
0.21 

12 
0.41 
0.48 
0.41 
0.34 

o . n  
11 

0.20 
0.34 
0.48 
0.34 
48 

0.07 
0.34 
0.20 
0.34 

12 
0.27 
0.54 
0.41 
0.41 

0.14 
17 

0.14 
0.21 
0.27 
0.54 
.----- 
0.00 
0.00 
0.00 
0.00 

117 
0.21 
0.41 
0.54 
o.n 

...... 
S. 

0.06 
--..-. 
--.--- 
..---. 
N W .  
0.09 

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

NE. 
0.05 

...... 

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



TABLE 1.-Current Data, Narragansett Bay-Continued cP 
- -- .. 0 

J. C. SAMMONS. 1930-Continued 
Davs Feet 

0.6 mile S.,  7g0 E. of Halfway Rock 1 Pole..- 7 D8grees. 122 
Beawn (41°33.7' N., 7l0l9.2' W.), July 1 d o  - 7 Knots .... 0.10 
1-2. 1 Meter-. 20 ... do. .-.. 0.15 

1 .--do.-. 54 ... do .---. 0.40 

Stn- 
tion 

1 
0.3 mile N., 8S0 W. of Halfway Rock 

Beacon (4193.8' N., 71°20.4' W.) July I 1-3. 

2 
0.6 mile S. 60° E. of North Point Light 

(41034.11'~., 71021.6' W.), Julyl-2. 

Observer, location, and date 

1 
' 1.0 mile N.. 45' W. of Halfway Rock 1 

Beacon (4194.5' N., 7l020.Y W.), July 1 
2-3. 1 

1 
1 

1.0 mile N., 6' FV. of Halfway Rock 1 
Beacon (41°34.8'N., 71°20.1' W.), July 1 
2-3. 1 

1 
1 

On Melville Range, 0.6 mile from Front 1 
Light (41°34.5 N., 71'17.8 W.), July 1 
18-19, 1 

1 
1 

0.3 mile N., 78" W. of north end, Dyer 
Bland (41035.2 N., 51°18.5 W.). July 
18-19. 

Observations 

:$ Method Depth 

...do.7. 
Pole. .. . 
... do ---. 1 .-.do ~ 8 t e r . J  ---. 

.--do ---. 
Pole.. . . 

.-.do .-.. 1 ---do Memr.1 .--. 

0 1 2 3 4 6  

7 8 9 1 0 1 2 ~  
---- ---- 

c! 

True directions and reloctties 

Non- 

--.do. .-. 
... do --.- 
Pole .... 

.-.do .--- 
Meter.. 

--.do ---- 
---do -.-. 
Pole .... 

..-do ---- 
Meter.. 
... do ---- 
.-.do.. .. 

{.nits 

S "S" 0.6mile S., n0 E. of Sandy Point Light 

I (4195.8'K.. 71'17.9' W.), July 18-19. 

 ours after high water tidal 

rent 1 

S 99 0.7 mile S. 64' W. of Hog Island Shoal 
Light (41'37.6' N, 71017.2' W.), Aug. 1 8 4 .  

S 98 0.8 mile S. 27' W. of Hog Bland Shoal 
Light (41917.2' N. 71°16.W W.),  Sept. 
16-17. 

S 100 0.6 mile N., lZOW. of Homestead W harf 
(41'37.7' N., 71°18.4' W.), Aug. 8-9. 

S 101 

S 103 0.4 mile S. 3.5' UT. of Castle Island Light 
(4l038.V N., i1'17.5' W.) ,  July 17-18.. . 

0.6 mile S., 61' W. ot southwest point, 
Hog Island (41037.Y N., 71'17.8 W.), 
Aug. 8-9. Sept. 16-17. 

Y 102 0.1 mile N., 70' E. of Popasquash Point 
(41'39.0' N., 71'17.9' W.), July 17-18. 

9 105 0.7 mile i';. 42" UT. of Musselbed Shoal 
Light (41°38.7' x., 71'16.3' W.),  Aug. 1 7-8. 

S 104 0.1 mile N. 75' W. of spar "P", Bristol 
Harbor (41'40.4' N.. 71°17.1' W.), 
July 17-18. 

1 Pole .... 
1 ... do .... 
1 Meter.. 
1 --.do -.-. 
1 ---do. ..- 
1 Pole---. 
1 ---do ..-. 
1 Meter.. 

S 108 

1 .-.do .--. 
1 Mete.. 
1 --.do .--- 
1 Pole .... 
1 .--do. --. 
1 hieter.. 
I ... do --.. 

0.1 mile S. 24" E. of north Tower, Mount 
Hope Bridge (41°38.4' N., 71°15.5' 
W.), Aug. 7-8. 

1 ..-do .-.. 
1 Pole.-.. 
1 . - -do-.. . 
1 1 Meter.. I 
1 ---do ---. 
1 Pole .... 
1 .--do ..-- 
1 Meter.. 
1 ..-do .... 
1 ..-do .... 
1 Pole -... 
1 -..do .--. 

36 ... do .---.. 0.15 
3% Degrees-. 234 
3% Knots.-. 0.10 
6 ---do ..-... 0.37 

16 .-.do ..---- 5.37 
25 .-.do ...... 0.37 
7 Degrees.. 1'73 
7 Knots .... 0.05 
5 --.do -.---. 0.21 

14 ... do ...- -. 0.21 
23 .-.do ..---. 0.21 
7 Degrees. 56 
7 Knots .... 0.49 
9 .-.do ...... 0.56 

23 .-.do ..-... 0.35 
36 ... do ...... 0.28 
7 Degrees.. 26 
7 Knots..-. 0.42 

23 .-.do ..--.- 0.35 
57 --.do ...--. 0. P 
91 ..-do ..-- .. 0.35 

7 --.do ...-.. 0.41 
18 ... do ....-. 0.32 
29 ... do. ... . . 0.32 
3% Degrees.. ...... 
3% Knots.... 0.00 
7 ... do -..... 0.05 

16 ... do  ....-. 0.16 
26 .-.do ....-- 0.11 
7 Degrees.- 126 
7 Knots .-.. 0.22 
4 ... do ...... 0.40 

14 .-.do ..--.. 0.29 
7 Degrees.. 358 
7 Knots.... 0.24 

10 ... do ...... 0.34 
24 .-.do ...... 0.29 
36 ... do ..-... 0.19 
3% Degrees.. 37 
3% Knots..-. 0.07 
3 ... do ....-- 0. 27 

11 -.-do .....- 0.20 

7 Knots .... 0.27 
6 ..-do ...... 0.40 

14 ... do .... . . 0.34 
22 -.. do ----.. 0.20 
3% Degrees.. 32 
33.4 Knots .... 0.20 
4 ..-do ...-.. 0.40 

14 .-.do ....-- 0.27 
3% Degrees.. 175 
395 Knots .... 0.40 
6 -..do ...-.- 0.45 

13 ... do ....-. 0.45 
20 ... do ...... 0.40 
7 Degrees.. 67 
7 Knots ...- 0.62 

16 ... do ...-.. 0.73 
39 -.. do ----.. 0. 73 
62 .-.do .--..- 0.51 

0.30 0 . 5  0 
0.35 ....-- 0 
0.50 - - - - - -  
0.61 .----. 
317 S. 5 

0.13 0.01 + 
0.23 - - - - - -  
0.19 ------ z 
0.31 --..-- u 

4 N. 
0.35 0.m 
0.40 -.---- 
0.20 --.--- 0 
0.20 ..---- u 

63 S. 
0.05 0.11 =! 
0.32 -.--.. 0 
0.37 .--.-. 
0.32 - - - - - -  a 

0.21 ..---- 

0.26 .-.... * 
40 NE. 

0. 56 0. 19 
0.70 .... .- 
0.28 .-...- 
0.42 ...... 

16 NE. 
0.42 0.05 
0.42 ..--.. 
0.42 ...... 
0.70 ...-.. 

358 N. 
0. 42 0. 13 
0. 28 .... .. 
0.56 ..-.-- 
0.00 -..... 

26 NE. 
0. 68 0.02 
0.68 --...- 
0.27 ....-- 
0.27 --.... 

185 / SE. 
0. 16 0. 18 
0.27 ...... 
0.22 ....-- 

0.33 0. 05 
0.40 ...... 
0.40 ..-... a 
0.24 ..-... + 

22 s. g 0. 14 0.02 
0.34 ..-... 
0.34 ...... 

0.47 ...-.- 
0. 34 m 
0.34 1:::::: + 
0 . 2  o.!i * 
0 . n  ..-... 
0.27 ...... 

161 S. 
0. 55 0.07 

800 footnotes at end of table. 



TABLE 1.-Current Data, Narragansett Bay-Continued rP 
h3 

sta- 
tion 

( I )  S. 
Knots .... 1.36 
... do --.... 1. 47 
.--do ....-. I, 41 
... do -..... 1.47 
Demees.. 168 
Knots .... 0.06 

..-do .---.. 0.23 
--.do ..-..- 0. 18 
Degrees.. 44 
Knots .... 0.47 

Observer, location, and date 

Observations 

J. C. SAMMONS, 1-Continued 

West Draw. Tiverton rnilroad bridge 
(41°38.3' S., 71°12.9' W.). Aug. 7-8 ..-. 

1 - - .do-. . . 
0.9 mi'e N. 41' E. of Common Fence Pole .... 

Point (4I0U).O'N., 71°12.5' IV.), Aug. i .-.do.. . 1 6-7. / : I Meter-1 

Pe- 
riod 

I 

True directions and velocities 

1 Pole .... 
1 . . do .... 
1 Meter. 
1 ---do.. . . 

0.7 mile X. 18O W. of Common Fence 
Point (41°40.0' N., 71°13.6' W.). hug. 
6-7. 

Units 

1 ... do -.-- 
1 Pole .... 
1 ... do --. - 
1 1 Meter.. I 

Method 

The Sanows. Kickamuit River 
(41'41.9' N.. i1°14.7' W.), -2ug. 6-i ..... 

Depth 

Hours after high water 
- 

0 1 3 4 5 ~ 6 ~  7 1 8  1 9  ~ 1 0 ~ 1 1 ~ 1 2  , - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1 ... do. - - - 
1 Pole -... 
1 .--do.. .. 
1 Meter.. 
1 ... do ...- 
1 Pole .... 
1 . . .do--. . 
1 Xieter.. 

tidsl 
Non- 
cur- 
rent1 

> 

0.3 mile N. i 5 O  IV. of Mattapoiset Rock 
(41'42.8' N.. i1°13.3' W.), .tug. 5-6 ..... 

0.3 mile Pi. 33" W. of Bra>-ton Point 
(41'42.6' N., 71°11.9' IT.), Aug. 5-6 .... 

1 -..do.. . . 
1 Pole .... 
1 .--do.. . . 
1 I h1eter.. / 0.2 mile S. 70" E. of Borden Flat? Light 

(41°42.2' K., 71°10.3' W.), .tug. I-5 ..... 

0.2 mik N. m0 E. of Borden Flats Light 
(41'13.4' N., 71°10.4' W.), Aug. 4-5 ..... 

S 115 O f f  SheU OiI Co. dock, Steep Rrook, 

I Tauntno River (4lo4i.l' S., 7I0CLS.6' 
a . ) , aug .  cs ......-....--.--..- I 

2 Pole ...- 
2 /--.do .--- / 220 234 226 

0 . n i j n . a  o s  
0. 70 ' 0. 96 0. Sf 
0. 58 0. 79 0. 67 
0. 45 0. i 4  0.64 
l i i  .. . . . - . . . . . 

0.03 0.00 0.00 
0. 14 0. 10 0.07 
0.10 0. 10 0. 10 
0.10 0. 10 0. 10 

128 140 130 
0.33 0.22 0.22 
0.49 0.49 0.38 
0.44 0.44 0.38 
0.44 0.44 0 . n  

160 168 140 
0.44 0.49 0.49 
0.60 0.71 0.65 
0.49 0. 60 0. 60 
0.49 0.54 0.38 

134 115 48 
0.15 0.15 0.22 

ZIT --.-- 
0.51 '0.00 
0. 74 0. 20 
0. 32 0. 18 
0.26 0. 23 
347 359 

2 

0.2 mile east of Oould Island, Sakonnet 
River (4198.9' K., 71'12.9' W.) Sept. 
S l l .  

0.1 mile N. SO0 W .  of High Hill Point 
(41°32.9' N., 71'13.2' W.), Sept. 5-6. 

1 ... do.-. . 
1 - - -  do ... . 
1 Pole ...- 
1 ... do -... 
1 Meter.. 
1 - - -  do - - -  - 
1 ... do -.-- 
1 Pole .... 
1 - - -  do - - -  - 
1 Meter.. 
1 - - -  do - - - -  

S 118 

1 ... do .... 
2 Pole .... 
2 - - -  do - - - -  
2 Meter.. 
2 -.- do - - - -  
2 ... do ... - 
1 Poh ---. 
1 ... do ... . 
1 Meter.. 
1 .--do. .. . 
1 ... do.-. - 
1 Pole ...- 
1 . . .do. .. . 
1 Meter.. 
1 ... do. .-. 
1 .--do ..-. 
1 Pole ..-- 
1 ... do. .-. 

0.3 mile 8. 33" E. of Sandy Point, Sakon- 
net Riper (41°32.8' N., 71'13.8' W.), 
Sept. 5 4 .  

S 119 

S 120 1.0mile S.83" E. of Flint Point, Sakonnet 
River (41°29.1' N., 71°13.W W.) ,  Sept. 1 2-4. 

0.5 mile S. 38' E. of Flint Point (41°28.8' 
N., 71a13.9' W.), Sept. 2-3. 

1.1 miles N. W. of Breakwater Light. 
Sako et River (41°29.0' N.. 71°12.3' 
W.),%pt. 2-3. 

0.4 mile N. W. of Cormorant Rock 
(41°28.0' N.. 71°15.V W.), Sept. 4-5. 

S 123 0.1 mils west of Oould Island, Sakonnet I River (41°36.9' N., 71'13.4' W.), Sept. 
11-12. 1 Meter.- 

1 -- -do... - 
1 ... do.-- - 
1% Pole---- 
1% .-- do -.-. 
1% Meter.. 
1% -.-do -... 

See footnotes at end of table. 

S 124 9 0.6 mile west of Gould Island, Sakonnet 
River (41°36.9' N., 71°14.VU'.), Sept. 
l(t12. 



For reference to above table, see p. 21. 

s 1% 4 0.6 mile w ~ t  of  ast ton point (41°B.8' 

1 Directions given in points of the compass are general directions. 
2 See also table 2. 
a Eech station represents 3 or more stations -pied simnltaneously but combined because of their close proximity to one another The results given include observations for 

the range of depths indleatsn. The position in each arse is the approximate mean position of each group. 
4 Practically no tidal current. 

Average value. Actual observations vary from 0.2 knot southward to 2.4 knots northward. 
6 Average value. Actual observat~ons vary from 0.4 knot southward to 0.6 knot northward. 
7 Average value. Actual observations vary from 0.8 knot northward to 1.5 knots northward. 
I Average value. Actual observations vary from 0.6 knot northward to 2.5 knots northward. 
I Average value. Actual observations vary from 1.5 knots northward to 1.2 knots southward. 

l o  Average value. Actual observations vary from 0.4 knot northward to 1.7 knots northward. 
11 Ayerage value Actual observations vary lrom 0.0 knot to 2.2 knots northward. 
1: Average'value. Actual observations vary from 0.8 knot northward to 1.1 knots southward. 
11 Average value. Actual observations vary from 2.0 knots northward to 0.3 knot southward. 

S 1354 

8 136 

Bo 1 

Bo 2 

Bo 3 

Bo 4 

..................................... ... 
N.,71°17.3' W.), Bept. 8-9. 

0.2 mile N. XI0 E of Sheep Point 
(410n.k N., 71018.'11 w.), %pt. 8-9. 

0.3 mile, 8. 17O E.  of Coggeshall Ledge 
Tower (41°28.8' N., 71°18.6' W.), 
Sept. 84. 

G. E., BOOTHE, IS31 

N. Y., N. H. & H. R. H. bridge. See- 
konk River (41°49.0'N.,71023.3' W.), 
Sept. 21-24. 

West Draw Red Bridge, Seekonk 
River (41°&.6' N., 71'22.8' R.), Sept. 
21-24. 

Stone Bridge Sakonnet River (4197.5' 
N., 7l013.$ w.), Sept. 21-24. 

Railroad bridge, Tiverton, Sakonnet 
River (41'38.3' N., 71"12,9'W.), Sept. 
21-24. 

1 
1 
1 
1 
1 
1 
1 
1 
I 
1 

2% 
2% 
2% 

2% 
2% 
2% 
255 

2% 

2% 
2% 

d o  
Pole .... 

d o  
Meter-- 

d o  
.... Pole 

.. .do--- 
Meter.. 

d o  ... do--. 

.... Pole 
... .... do 
Meter-. 

.... 2%.--do 

.... ... do 
Pole.--. 
... . .  do 
Meter-- 

d o  
.... 2%--.do 

Pole.--- 
2%-..do ---. 
2%Meter-- 

.... 2%--.do 

.... 2%-.-do 
Pole--.. 
... .... do 

2XMeter.- 
.... 2%-.-do 
.... 2%---do 

14 
356 
3% 
4 

14 
7 
7 
7 

17 
28 

3 
355 
5 

12 
19 Ez 
4 

10 
17 
7 
7 
6 

15 
24 
7 
7 
4 

11 
17 

Degrees.- 
.... Knots 

... ..... do 

... ..... do 

... ..... do 

1 )  
.... Knots 

...... .-.do 

...... ---do 
... ...... do 

(I)  
.... Knots 

... ...... do 
--.do .----. 

...... ..do 
(1) 

Knots ---- 
... ...... do 

...... ---do 
... ...... do 

(1) 
.... Knots 

--.do .--.-. 
...... .-.do 
...... .-.do 

244 
0.20 
0.35 
0.30 
0.30 

N. 
0.27 
0.55 
0.44 
0.35 

N. 
0.13 
0.33 
0.31 
0.27 

S. 
1.47 
1.85 
1.83 
1.85 

S. 
1.62 
2.02 
2.09 
2.11 

219 
0.10 
0.35 
0.35 
0.30 

S. 
0.68 
0.60 
0.44 
0.41 

S. 
0.63 
0.60 
0.49 
0.52 

8. 
2.64 
2.46 
2.49 
2.60 

S. 
2.13 
2.42 
2.51 
2.55 

0.00 
0.35 
0.30 
0.35 

S. 
1.02 
1.07 
0.87 
0 . S  

S. 
0. !32 
0.98 
0.96 
0.W 

2.46 
2.16 
2.21 
2.31 

8. 
1.69 
1.86 
1.91 
1.88 

.................. 
0.00 
0.35 
0.30 
0.30 

S. 
1.26 
1.31 
1.20 
1.16 

S. 
1.02 
1.26 
1.11 
1.02 

S . S .  
2.29 
2.04 
2.11 
2.13 

S. 
1.31 
1.42 
1.44 
1.44 

0.00 
0.30 
0.35 
0.30 

S. 
1.40 
1.42 
1.33 
1.22 

S. 
1.31 
1.46 
1.35 
1.28 

0.91 
1.49 
1.51 
1.47 

0.16 
0.73 
0.80 
0.78 

2 
0.05 
0.20 
0.20 
0.20 

S. 
0.94 
0.92 
0.81 
0.72 

0.81 
0.98 
0.78 
0.74 

S . N . N .  
0.75 
1.53 
1.53 
1.55 

S . N . N .  
1.35 
1.55 
1.53 
1.51 

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

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

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

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

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

.................................................................................................. 
...... 
0.00 
0.25 
0.30 
0.20 

N. 
0.13 
0.46 
0.37 
0.46 

S . N .  
0. 11 
0.56 
0.54 
0.38 

2.91 
2.66 
2.66 
2.66 

2.15 
2.09 
2.06 
2.29 

281 
0.20 
0.30 
0.23 
0.27 

N. 
1.07 
1.02 
1.05 
1.05 

N. 
0.76 
0.81 
0.81 
0.59 

N. 
81.53 

1.66 
1.64 
1.58 

N. 
11 0.91 

0.87 
0.87 
0.91 

228 
0. 20 
0.30 
0.25 
0.30 

N. 
0.63 
0.55 
0.52 
0.46 

N. 
0. 33 
0.46 
0.41 
0.33 

N. 
00.56 

1.07 
1.02 

'1.04 
S. 

12 0. 16 
0.91 
0.93 
0.87 

256 
0.15 
0.25 
0.30 
0.30 

N. 
0.52 
0.48 
0.52 
0.48 

0. 28 
0.35 
0.38 
0.35 

101.28 
1.39 
1.35 
1.39 

13 0.67 
1.07 
1.07 
1.07 

252 
0.20 
0.35 
0.30 
0.30 

N. 
1.16 
1.13 
0.96 
0.89 

0. OR 
0.81 
0.74 
0.65 

2.41 
2.24 
2.22 
2.29 

N . N . N .  
1.44 
1.42 
1.44 
1.53 

238 
0. 20 
0.30 
0.30 
0.25 

N. 
1.29 
1.24 
1.16 
1.13 

N . N . N . N .  
1.07 
0.96 
0.96 
0.85 

N . N . N . S .  
2.04 
2.04 
2.04 
2.00 

' 0.53 
0.80 
0.73 
1.04 

225 
0. 20 
0.20 
0.20 
0.20 

N. 
0.96 
0.87 
0.85 
0.71 

0.62 
0.63 
0.60 
0.49 

0.93 
1.00 
0.95 
0.91 

S. 
1.28 
1.27 
1.27 
1.42 

SW. 
0. 13 

..... 

...... 

...... 

N. 
0.02 

...... 

...... 

...... 
S. 

0.00 
...... 
.--.-- 
...... 

N . *  
0.09 3 ...... 

...... 

...... 
S . '  

0.01 
.--..- g 
...... 
...... 



TABLE 2.-Current Data, Narragansett Bay, Slacks and Strengths 
[Referred to times of high water at Newport] 

I Observations 1 / Flood strength 1 I Ebbstrength 1 
Station 

no. 

LS 

M "A" 

P 4 

1 See also table I .  
Only slack.waters obseried. 

For referenca to above table, see p. 21. 

Loeation 

Brenton Reef Lightship (41'23.9' S., 
?1°Z.6'W.) .I  

0.1 mile esst of India Point (41'49.0' 
N. 71' 23.3' W.).a 

0.3 rhile west of Rase Island Light 
(41'29.8' N.. 7l021.iY '8.). 

Date 

Oct. 1-Dec. 26. 
1913. 

June 1 0 0 c t .  31, 
1919. 

July 27. 19WJuly 
31. 1931 

Sept. 8-Oct. 10. 
1874. 

August 1889 ....... 

Slack 

------ 
Hours 
after 
high 

loafer 
6.72 

6.48 

6.60 

6.29 

.--.-.. 

I I 

Days 
87 

120 

310 

15 

...... 
erly. 

Method 

Pole .--.. 

... do ...-. 

.--do .-... 

..-..-.-.. 

.......-.. 
erly. 

Dopth 

Feet 
7 

7 

7 

...--.. 

.-..... 

Time 

Hours 
after 
high 

water 
10.06 

10.03 

10.60 

....-.. 

.-.--.. 

Nontidal current 

Knots 
0.10 southward. 

0.W eastward. 

0.06 southward. 

Dirge- 
tion 

(true) 

Degrees 
356 

353 

343 

.-....--. 

North- 

Time 

Hours 

if$ 
waUr 
3.57 

3.47 

3.50 

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

I 
Veloc- 

ity 

- 

K n d s  
0.50 

0.46 

0.35 

-...... 

0.50 

:z 
(true) 

---- 

Degree8 
175 

156 

174 

.----.--- 

South- 

Slack 

Hour8 

if; 
water 
0.52 

0.60 

0.40 

0.41 

._-._-. 

~ e l o o  
itY 

Knots 
0. iO 

0.53 

0.60 

.-.-..- 

0.85 
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TABLE 3.-Current Harmonic Constants, Brenton Reef Lightship 

TABLE 4.-Times and Velocities o f  Flood Strength o f  M2, MI,  and Me 
Currents 

[From 87-day series, June 17-Sept. 11, 18191 

[Times are in hours alter high water a t  Newport] 

\ - 

Constituent 

- 
8 . .  
a . .  
I . .  
a . .  - -  
NI ........................... 
01 ........................... 
8 .  .......................... 

EASTERN PASSAGE, PROVIDENCE AND SEEKONK RIVERS - 
Days of Ma 

Station no. 

--.- ------- 
Ifours Knots Hours Knot8 IIoicra Knots 

9 . m /  a m  r x 7  0.07 2.44 0.02 
9. 91 0. 94 6. 00 0. 16 2. & 0. 05 

1 9. 44 1. 21 5. 43 0. 28 1. 17 0.06 
1 5  9. H8 0.6i 5.85 0. 25 3. 46 0.06 

9. 73 0. 55 6. 23 0. 13 3.39 ........................... 0. 06 
9. 32 0. 61 6. 36 0. 26 2.62 ............. 0. 13 
9.65 0.76 6.48 0.23 1.51 0.04 

1 10.15 0.38 6.63 0.06 2.94 0.06 
1 9.;0 0.23 5.69 0.08 2.00 0.06 
1 I). 00 0. 33 5 34 0. 12 2. 20 0.06 
1 9. 34 0. 22 6 0. 10 2. 35 0.06 
2 10.34 0.24 6.61 0.17 2. 55 0.06 ......................... 
255 9. 54 1.28 5.92 0. 36 2.80 0.38 ........................... 
239 9.53 1.00 5.91 . A 3 6  2.66 0.35 ........................ 

Magnetic variation, 14O west. 
ochs apply to flood strength of the severnl constituents. 
e local epochs refer to the local meridran, Oroenwich epochs to the Greenwich meridian. 

For reference to above table, see p. 21. 

North component (magnetic) East component (magnetic) 

Epochs Epochs 
Velocity Velocity 

WESTERN PA88AOE TO WARWICK 

Knots 
0.048 
0.277 
0.070 
0.025 
0. 096 
0.014 
0.067 

BETWEEN GOULD ISLAND AND WARWICK 

EASTERN PASSAGE TO TAUNTON AND KICXAMUIT RIVER8 

--- 
Degrees 

38 
149 
69 

164 
118 
155 
1 .W_ 

BAKONNET RIVER 

For reference to above table, see P. 26. 

Degrses 
109 
292 
354 
233 
200 
2211 
3111 

K n d s  
0.046 
0.041 
0.014 
0.018 
0.045 
0.019 
0.0?5 

Degrees 
114 
00 

Z33 
234 
104 
94 

137 

Degresr 
185 
202 
213 
303 
247 
166 
280 



PART 11-BUZZARDS BAY 

INTRODUCTION 

Buzzards Bay which indents the south coast of Massachusetts lies 
east .of Narragansett Bay and north of Vineyard Sound. I t  is sep- 
arated from the latter waterway by a chain of islands extending in a 
southwestward direction from Woods Hole to Sow and Pigs Reef, a 
distance of about 15 nautical miles. The main entrance, between 
Cuttyhunk Island and the mainland, has a width of approximately 
5 miles. Prom this entrance the bay extends in a northeastward 
direction for a dist,ance of about 25 miles, the width increasing to 8 or 
9 miles at  the central portion and decreasing from there to the upper 
extremity. Depths in excess of 30 feet prevail a t  the axis except in 
the extreme upper portion. The sllores are irregular and rocky. 

Four navigable passages connect Buzzards Bay directly with Vine- 
yard Sound. Of these, Quicks Hole is the deepest and most used, 
Woods Hole being second in importance. Robinsons Hole and 
Canapitsit Channel are narrow and shoal and are little used except 
by small craft. Cape Cod Canal connects Buzzards Bay with Cape 
Cod Bay. I t  has a length of about 8 milcs exclusive of the dredged 
approaches and a least depth of 22 feet. A 26-foot dredged channel 
leads to New Bedford which is an .important manufa.cturing and 
&ipiing centor on the ~lorthwestern side of the bay. 

The area included in this discussion comprises Buzzards Bay 
proper, the pa.ssa.ges between Buzzards Bay and Vineyard Sound, 
and the Cape Cod Canal. 

The ocean tides have access to Buzznrds Bay directly tllrough the 
main entrance and indirectly tlsough the several passnges connecting 
with Vineyard Sound. In Buzzllrds Bay proper the average rise and 
fall of the tide is approximately 4 feet, and high water occurs near the 
same time in all parts of the bay. The accompanying currents inside 
the ba,y are generally of small velocity, the flood attaining its strength 
when the tide is rising and the ebb reaclllng its strength when tho tide - 
is falling. 

In  Vineyard Sound the tidn.1 rise and frill is practically simultaneous 
wit11 that in Buzzards Bay. Tile amplitude of the movement, how- 
ever, js from If4 to 2f4 feet less in Vineyard Sound than in Buzzards 
Bay. This condition produces alternating differences in water level 
between the two bodies of water, the water surface of Buzzards Bay 
being higher at  high water a,nd lower a t  low water than tllat of Vine- 
yard Sound. As a result, the currents through the connectihg pas- 
s& es are to a grent extent h~draulic in character ~ n d  attain large 
veyocities, the southward max?mum occurring near tile time of higll 
water and the northwa,rd maximum near the time of low .water. 

In the Cape Cod Canal the flow 1s due t,o the varying difference in 
level between Buzzards and Capo Cod Bays. AS the tide in Cape 
Cod Bay has a mean range of about 9% feet and occurs approximately 
3 hours later thn.n the 4-foot tido of Buzzartis Bay, the periotlic dif- 
ferences in level are large and the resulting currents strong. Tile 
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eastward and westward currents in the canal reach their strengths of 
3 to 4 knots about 11 hours and 4 hours, respectively, after high water 
m Buzzards Bay, or approximately 1 hour after low and high waters 
in Cape Cod Bay. Daily predictions of the times and velocities of 
the current in the Cape Cod Canal a t  Bournedale, Mass., are given 
in the annual Current Tables for the Atlantic Coast of North America. 

OBSERVATIONS 

The earliest current observations on record for the Buzzards Bay 
area were taken in connection with a hydrographic survey conducted 
by G. S. Blake in 1844 and 1845. Seven stations distributed over tlle 
bay from the entrance to Butlers Point and one station in Quicks 
Bole were occupied. The period of observations at  each station 
Varied from one-half to 3ji days. During the period 1849-52 the 
surveying parties of J. R. Goldsborough and M. Woodhull observed 
currents at  19 locations in or near the passages connecting Buzzards 
Bay with Vineyard Sound. One or more days of observations were 
secured at  each location. In  1896, J. C. Hanus obtained short series 
of current observations at  four stations in Buzlards Bay proper. 

With the cooperation of the Bureau of Lighthouses, the Coast and 
Geodetic Survey secured continuous hourly observations of the 
velocity and direction of the current at  Hen and Chickens Lightsllip 
for a period of 3 months in 1913 and for a period of 17 nlontl~s in 
1930-31. 

In 1915, the year after the opening of the Cape Cod Canal, IT. B. 
Parsons, chief engineer of the Cape Cod Construction Co., made 
observations of the current velocity a t  10 locations in the cannl, nnd 
B. P. Ritter, of the Coast and Geodetic Survey, measured velocities 
at a station midway between the two ends. The 10 stations a t  which 
observations were secured by Parsons were reoccupied by TJnited 
States Army Engineers in 1933, a continuous series covering a penod 
of 8 days being obtained at  the central station, and series of 1 day or 
less a t  each of the others. 

The present (1936) project for increasing tlle width of the canal 
Presumably will modify somewhat the current regime in the canal. 
After the work has been completed, further current observations will 
be secured from which precise values for the times and velocities will 
be derived. 

In 1931, the field work of a comprehensive current survey of Buz- 
"rds Ray was executed by a party in charge of G. E. Boothe. From 
1 to 3ji days of half-hourly observations were secured a t  each of 90 

in the bay and connecting waterways, including the Cape 
pod Canal and the passages connecting with Vineyard Sound. At) 

station observations were taken a t  the surface and at  several 
subsurface depths. 

METHODS OF OBSERVING 

The apparatus nnd methods smployed in taking current ohservn- 
tiom in Buzzards Bay were in general identical with those dqscribed 
for Narragansett Bay on pages 17 and 18, part I-, of this publlcatlon. 
I t  appears that practically all tlle earlier observations were. taken 

some form of float attached to a graduated l i ~ e .  Different 
of floats have been used and the designations log", "cllip", 

"pole", have been applied to them at different times. 
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The current pole used in taking observations a t  Hen and Chickens 
Lightship wns 15 feet long with 1 foot of its length above the water 
surface. I t  thus measured the nverage current for the first 14 feet 
of depth. A 15-foot current pole was also used by Boothe in 1931 
for all.stations except those where shallow water made a shorter 
pole necessary. 

METHODS OF REDUCING THE OBSERVATIONS 

To nvoid unnecessary. repetition, references will be made in this 
section to the esplnnations of reduction methods given in part I of 
this publication. 

The observations taken in Buzzards Bay and vicinity during the 
period 1844 to 1896, inclusive, the observntions of Parsons and 
Rittcr in 1915, and the United States Army Engineers' observations 
taken in 1932, were all reduced by the usual method applicable to 
currents of the reversing type. This method as.applied to the 1913 
and 1919 series of observntions nt Brenton Reef Lightship is described 
on page 18, part I. Various time references were used in the original 
reductions, but for the uniform presentation of the data all times 
have been referred by means of known relationships to the same 
tidal reference, namely, high water nt Clark Point. High water 
alone, rather than both high and low water, was selected for this 
purpose because of a peculiarity of the tidal rise and fall in this local- 
ity which renders tile time of low water less definite than that of high 
water. 

For most of the 1931 observntions of Boothe, the half-hourly obser- 
vations of velocity and direction were tnbulated in 25 groups, one 
group for each half llour after the time of high water a t  Clark Point. 
Each observed value was assigned to the group to which it most 
nearly corresponded in time. A separate tabulation was made for 
each depth a t  each stntion. For each half-hourly group an average 
velocity nnd an average direction were computed for the surface 
current as observed by pole, and an average velocity was obtained 
for each meter depth. The velocities thus obtained were reduced to 
npprosimnte mean vnlues by the application of a factor which is the 
ratio of nverage tidal rnnge a t  Clark Point to the tidal range for the 
period covered by the current observations. The mean half-hourly 
velocities were plotted on cross section a er and from the resulting 
curves the strengths and slacks were ta  g u I' ated in the usual manner. 
For a few of Boothe's stations, other references which appeared more 
suitable than Clark Point high water were used in the original reduc- 
tions, but for uniformity of presentation the final tinlo relations were 
referred to Clark Point high water. 

In  the reduction of the 1913 and 1930-31 series of observations at 
Hen and Chickens Lightship, the method used was similar to that 
clescrihed on page 19, part 1, for the 1930-31 observations a t  Brenton 
Reef Lightship. The hourly velocities were resolvetl into tlleir north 
ant1 enst components, grouped and averaged to obtain the resultn~lt 
velocity nnd direction for each hour of the tide. The times, direc- 
tions, nnd velocities of tho maximum nnd minimum currents were 
obtainetl from a plotting of the hourly values. The velocity and 
direction of the nontitlal current for each month were also calculated 
from the resolved velocities. 
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Two 87-day series of observations a t  Hen and Chickens Lightship 
were analyzed harmonically. Following the procedure usually em- 
ployed for rotary currents, the north and east components of the 
observed velocities were tabulated and analy;/ed separately. The 
8-day series of current observations obtained by the United States 
Army Engineers in the Cape Cod Canal was reduced by harmonic 
analysis and the results corrected by comparison with the results 
from a similar analysis of a simultaneous series of tides a t  Common- 
wealth Piers, Boston. For a detailed explanntion of the application 
of harrnonic analysis to the reduction of tides and tidal currents, 
reference is made t,o United States Coast nnd Geodetic Survey 
Special Yublicntion Nc. 98, A Manual of the Harmonic Analysis and 
Prediction of Tides. 

PRESENTATION OF THE RESULTS 

DESIGNATION AND LOCATION OF STATIONS 

Each current station in the Buzzards Bay area has been given a 
designation which consists generally of two parts; first a letter or 
letters signifying the party or the chef of the party that occupie? the 
station, and secontl, a number which is wherever possible the designa- 
tlon originally nssipned to the station. The letters forming the first 

art of the designation and the party signified in each case are as  
Ionows: 

B=  G. S. Blake, 1844-45. P =  W. n. Parsons, 1915. 
G=J .  R. Goldshororrgh, 1849. R=H. P. Ritter, 1915. 
W= M. Woodhrrll, 1850-52. Bo=G. E. Boothe, 1931. 
H = J. C. Hallus, 1896. E = United States Army Engi- 

I,S=Crew of Hen and Chickens neers, 1932. 
Iightship, 1913, 1930-31. 

The locations of the stations are indicated in figure 30 b red circles, 
together with the corres onding station designations. lie stations 

1; 
4 

occupied by Parsons and itter in the Cape Cod Canal were reoccupied 
by United States Army engineers. Each of these is designated in 
figure 30 by the letter E followed by a number common to the different 
observing parties which indicates the distance of the station from the 
eastern end of the canal. 

EXPLANATION OF THE TABULAR D A T A  

Table 5 contains the results derived from the observations a t  each 
station. The observations of each party are ,placed in a separate 
group and the grou s are arranged in chronological order, each under 
a subhead which ingicates the observing party and the year the obser- 
vations were taken. The station number in the first colunln of the 
table corresponds to the designation of the station in figure 30 except 
that in the Cape Cod Canal where the same stations were occupied 

different parties, the letters P and R used in table 5 are onlitted 
figure 30, the letter E being used for such stations. I n  t l ~ e  second 

a brief descriptive statement of the station location. and i ts  
'atltude and longitude to the nearest tenth of a minute are given. 

~ol!owing the location, the dates of the beginning and end of each 
of observations, the length of the series in days, the niet.liods 

used, and the depths a t  which observations were made, are given. 
The depth tabulatetl for the observations taken by pole 1s In each 

one-half the length of tlic submerged portion of the pole. 
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I n  this table, all times nre expressed in hours and hundredths. 
The times of slack water and of flood and ebb strength are referred to 
high water a t  Clark Point. The true directions of the current a t  the 
times of flood and ebb strength are reckoned from true north (oO), 
through east (90°), south (180°), and west (270"). I n  most cases, 
directions were observed only by pole and consequently no directions 
are given for the meter depths. The velocities are expressed in knots 
(nautical miles per hour) and hundredths, a.nd have been corrected to 
refer them to average tidal conditions. To the velocities obtained 
from the two series a t  Hen and Chickens Lightship, no correction was 
applied as the more important velocity vanations average out in the 
results when the series covers a number of months. 

The mean current hour In the !&st column of the table is 
expressed in solar hours and 1s the r?ean interval between the Green- 
wich transit of the moon and the time of the strength of the flood 
current modified by the times of slack water and strength of ebb. In  
computing the mean current hour, an average is obtained of the inter- 
vals for the following phases: B'lood strength, slack before flood in- 
creased by one-fourth semilunar day (3.10 hours), slack before ebb 
decreased by one-fourth semilunar day, and ebb strength increased or 
decreased by one-half semilunar day (6.21 hours). Before taking the 
average, the four ph?ses are made comparable by the addition or 
rejection of sucll multiples of the semilunar day (12.42 hours) as may 
be necessary. 

The llourly velocities and directions derived from the two relatively 
long series of current observations a! Hen and Chickens Lightship are 
given in table 6. As in table 5, the directions are true and the velocities 
are given in knots and hundredths. The first two columns for each 
series give the average observed velocity and direction for each hour 
of the tide a t  Clark Point and the .last two columns give the average 
tidal current for each hour. 'l''he tidal current was obtained by elim- 
inating the average nontidal current for each series from each llourly 
velocity and direction obtained from that series. A graphic represen- 
tation of the current for each hour of the-tide as derived from the 1913 
series of observations a t  Hen and Chlckens Lightship is given in - 
figure 31. 

In  this diagrnm, each line drawn from the origin o represents by 
its length tlle mean obseryed yelo~ity of the current for its particular 
hour of the tide, and by its direction the average observed direction 
of the current for that hour. The numbers 0 to 12, inclusive, nt the 
outer ends of the lines indicate hours after high water a t  Clark Point. 
The points a t  the outer extremltles of the lines form an approximate 
ellipse indicnted by the dashed line. A point C is plotted from the 
same origin 0, its distance from 0 denoting the velocity and its direc- 
tion from 0 the direction of the computed nontidal current. The 
point C is  the origin from which the velocity and direction of the ticia1 
current may be measured, 8 line joining C and 2 denoting the velocity 
and direction of the tidal current 2 hours after high water, and so 
on. The velocity and dlrectlon of the tidal current for each hour 
may be measured from a d l ~ ~ a m  of this sort or i t  may be determined 
mathematically by subtracting the north and east components of the 
computed nontidal current from the north and east cDmponents of the 
observed current and obtalnlng the velocity and direction represented 
by the resulting components. 
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The velocity and direction of the nontidal current by months, de- 
termined by averaging the resolved hourly velocities, are given in 
table 7. The nontida,l current for each entire series is also given. 
Because of the irregularity of the direction of the nontidal current, 
the values for an entire series differ from direct avera.ges of the values 
for the monthly groups. 

1 

True North 

Scole of Knots 

I I I I I I I 
0.0 a\ 0.2 03 0.4 0.5 0.6 

F ~ ~ U R E  31.-Cursent ellipse, Hen and Chickens Lightship. 

The harmonic constants obtained from separate analyses of the 
north and east components of two 87-day series of current velocities 
observed at Hen and Chickens Lightship are given in table 8. For 
station E 225 the results obtained from the harmonic analysis of an 
8-day series of current observations, corrected by comparison with 
Boston tides as explaiqed on page 51, are given in table 9. As the 
current at  this location is of the reversing type, a single analysis of the 
Velocities was made, the eastward velocities being taken as positive 
and the westward velocities as negative. 
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TYPICAL CURRENT CURVES 

Typical velocity curves for six stations in Buzzards Bay vicinity 
are reproduced in figure 32. The curves show the relative times and 

velocities of the various phases of the current movement at the differ- 
ent locations. The curve for station Bo 5 in the Westport River 
entrance shows that the time from flood strength to ebb strength is 
much shorter than the time from ebb strength to flood strength. 
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This condition is as indicated by other curves in figure 32, of general 
occurrence in Buzzards Bay proper and in the passages between 
Buzzards Bay and Vineyard Sound. The curve for station BO 92 
in the Cape Cod Canal is typical of the current in that waterway in 
that the periods of time between strengths are approximately equal 
and the duration of the eastward or flood current is greater than that 
of the westward current. 

CURRENT CHARTS 

The observed direction and velocity of the current at  a number of 
locations in Buzzards Bay and vicinity for each hour of the tide a t  
Clark Point are represented in figures 33 to 45. The observations 
used in preparing the charts were taken within 14 feet of the surface. 
The locations a t  which the observations were taken are marked by 
circles. The observed directions of flow for the designated hours of 
the tide are represented by arrows drawn through the circles. The 
bean velocities for the designated hours are shown to the nearest tenth 
Of a knot by numerals near the circles. At times of spring tides and 
Perigean tides, the velocities normally are greater and at  times of neap 
tides and apogean tides less than those given on the charts. The 
spring and perigean effects are practically equal in this locality, each 
reducing a velocity increase above the mean of about 20 percent. 6 h en spring and perigean effects combine, the velocities of the tidal 

Current are greatest. When neap and apogean effects combine, the 
velocities of the tidal current are least. Winds anti other meteoro- 
logical conditions at  times modify both the direction nncl the velocity 
Of the current. 



TABLE 5.-Current Data, Buzzards Bay 

[Referred to times of high water a t  Clark Point] 

Sta- 
tion 
no. 

-- 

B 1 

B 2 

B 3 

B 4 

B 5 

B 6  

B 7 

B 8 

0 1 

(3 2 

0 3  

(3 4 

W 1 

U- 2 0.6mile S. 31- n-. orsouth Rock, Quicks Sept. Sor t .  2. 
Hole (41°ai..(Y N.. 7CP50.6' IF.). 1850. 

W 3 0.3mile S. 30- U'. ofSouth Rock, Quicks July 8-9, 1851 ....- - 

I J. C. HANUS. 18% I I I I 

I - -. do.. . . . 

z y - n  
rent 
hour 

Hour? 
10.29 

10.90 
10.70 
10.84 
10.86 

.-..... 

..----. 
10.02 
10.01 
11.38 

10.28 

0.99 

0.51 

0.14 

0.25 

0.19 

0.08 

1 

1 

I 
1 
1 

1 
1 
1 

2 

1 

2% 

1 

2% 

1 

1 

July 21-22, 1851..- 

July 28-29, 1851 ...- 

Aug. 9-10, 1851 .--. 

Aug. 10-11, 1851. - -  
July 16-17. 1852 ..-- 

July 18-19, 1851. 
-4ug. 16-17, 1851. 

Sept. 21-22, 1850.-- 

Sept. 22-23, Oct. 
31-Nor. 1, 1WO. 

Oct. 10-11, 1850 ...- 

July 1-2, Aug. 6-7, 
1851. 

July 5-6, 1851 ...-. 

July 31--4ug. 1, 
1851. 

W 4 

W 5 

W 6 

W 7 

W 8 

W 9 

W 10 

W 11 

W 12 

W 13 

U' 14 

U- 15 

I HEN AND CHICKENS LIGHTSHIP, 
1913. 1930-31 

--.do ----. 

--.do ----- 
---do -.... 
Pole .-... 
Chip..-. 

--.do ---.. 
Pole--..- 
Chip--.. 

---do.-- -- 

--.do .-... 

---do ---.- 
--.do ----- 

--.do ----. 

... do.. . . 

. - . do.. - - 

Ho!e (41'26.3' h7.. 7P50.4' W.). 
0.4 mlIr h-. 4 7 O  E. ofNorth Rock, Quick, 

IIole (41O27.3' h-., 70051.W W.1. 
0.5mile S. 44O E. of North Hock, Quicks 

Role (4I02i.4' N.. 70050.9' W.). 
0.3m1le N. 620 E. cf Korth Rock, Quicks 

Hole (41°27.2' N.. 70 51.0' W.). 
0.2 mile S. 41' JV. of Sfuth Rock. Quicks 

Hole (41'26.3' N., 10~50.4' W.). 
0.5 mile N. 74" R .  of Soutb Rock, 

Quicks Hole (41°26.6' N., 700S.8' W.). 
South e n t r a m  to Robinsons llole (41° 

26.6' h'., 70048.3' W . ) .  
0.3mile S. 58O JV. of Sobska Point Light 

(41°30.8' N., 70°39.7' W.). 
0.3 mile N.  5 3 O  E. of Uncatena Island, 

Woods Hole (41°31.5' N., 70041.6' W.). 
O.6mile S. 69' JV. of Nobska Polut Llght 

(41°30.8' N. 70040.0' W.). 
0.3 mile N. 3 P  E. of Unratew Island, 

Woods Hole (41°31.5' N., 70041.8' W.). 
0.7 mile S. 7Ge W. of Nobska Point 

Light (41°30.i' N., 70°40.2' W.). 
0.3 mile S.  6.5' W. of Nohska Point 

Light (4190.8' N.. 70W.7' W.). 

H 1 

I3 2 

H 3 

H 4 

H 5 

Slack 

Hours 
after 
hrgh 

water 
0.77 

1.67 
1.6i 
1.72 
1.77 

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

1.08 
1.03 
0.02 

12.29 

4.11 

3.48 

3.43 

2 8 8  

2.98 

3.21 

Observer, location, and year 

G. 9. BLAKE, 184445 

2.3miles N. 40' W. of Cuttyhunk Light 
(41'26.6' N. 70059.0' W.). 

2 . P ~ i l e s N . 4 5 ~  W. of Cuttyhunk Light 
(41°27.w N., 70059.7' w.). 

3.2miles N.44O IV. of Cuttyhunk Light 
(41'27.2' N.. 70059.8' W.). 

0.4 mile S.  720 E. of Bird Island Light 
(41°40.(Y N.. 70042.5' W.). 

2.5 miles S. 79" E. of Comorant Rock 
Beacon (41'35.8' N.. 70044.3' R.). 

0.6mileS.83°E.ofDumpllngRock~ 
Light (41°32.2' X 70054.5' IV.). 

1.4 m i l s  S. 48" E.  :f Clark Point (41' 
34.6' N.. 70052.7' W.). 

0.5 mile N- W. of South Rock, 
Quicks Hole (41°26.7' N., 70050.8 W.). 

J. R. GOLDSBOROUGH, 1849 

0.5 mile N. 37' W. of South Rock, 
Quicks Hole (41°26.1' N., 70050.6' W.). 

0.3 mile N. 4gQ E.  of North Rock, 
Quicks Hole (41°27.3' N., 70051.0' W.). 

0 . 7 m i l e S . 6 2 0 W . o f N o b s k a P o i n t  
Light (41°30.6' N., 70040.2' W.).  

North entrance to Woods Hole (41°31.6' 
N.. 70041.1 W.). 

M. WOODHULL. 185062 

O.4mile N.U0 E.oINortb Rock, Quicks 
Hole (41°n.4' N., 71'51.0' W.). 

1.0 mile S. 61° W. of Swnticut Polnt 
(41'34.4' N., 70°52.4' W.). 

0.4 mile S. 70° E. of Dumpling Rocks 
Light (41°32.2' N., 7O054.8' y.). 

4.5 miles S. 74O E. of Dumpling Rocks 
Light (41°31.0' N., 70°49.5' W.!. 

3.2 miles 6. 5i0 W. of Nyes Keck 
(41SU1.5' N., 70°42.8' W.). 

2.7 miles N. 43' W. of Wings Neck 
Light (41°42.6' N.. 70°42.4' W.). 

LS 3 . 8 m i l e ~ N . 5 5 ~  W.ofCuttyhunk Light Sep t embe r -De -  90 --. do ...- 
(41°27.1' N.. 71~01.1' w.). / cember 1913. I 1 1 

Aumst 193WDe- 510 ... do -.-- 

A .  9, 1896 . .  

d o  . . .  . 

-4pr. 21-23, 18%. . . 
Apr. S 2 4 ,  1896. -. 

Apr.2.5,18% -....- 

/ " " I  "" 

F:ood 
dura- 
tion 

Ifours 
6.45 

7.50 
7.85 
7.75 
8.00 

.-.---. 

.-..--. 
7.89 
7.78 
295  

5.30 

6.68 

6.08 

6.41 

6.01 

6.16 

A. 51 

Flood strength 

See footnotes at end of table. 

Ebb  
dura- 
tion 

Ifours 
5.97 

4.92 
4.57 
4.67 
4 4 2  

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

4.53 
4.64 
9.47 

7.12 

5.74 

6.36 

6.01 

6.41 

6 .B  

5.91 

Slack 

Hmra 
alter 
high 
water 
6.74 

6.59 
6.24 
6.39 
6.19 
(I) 
(1) 
5.59 
5.67 
9.49 

6.99 

9.85 

9.84 

9.44 

9.29 

9.24 

9.12 

Observations 

Time 

---------- 
Hours 
after 
high 

water 
10.19 

11.34 
10.79 
11.47 
11.64 
--.---. 
-.-.... 
10.23 
10.08 
11.19 

9.69 

0.76 

0.62 

11.84 

1239 

12 29 

1232 

Ebb  strenath 

$5 

% 

1 

9 

Time 

Hmra 
after 
high 
water 
3.47 

4.02 
4.12 
3.77 
3.87 

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

3.22 
3.26 

4.38 

6.51 

5.48 

5.53 

6.13 

5. W 

5.31 

Pole ..-. 

.-.do.. -. 

... do.. . . 

. - -do-. . . 

%...do -... 

yo:- 
(true) 

De- 
grees 

56 

42 
-.-..-. 

58 
58 

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

30 
33 

308 

.---..- 
183 

135 

152 

118 

150 

166 

Date 

June 27-28. 1844... 

July 9-10, 1844 ...-- 

July 13-14, 1844 ..-- 
Aug. 7-9. 10. 1844.- 

Aug. 12-16, 1844..- 

-4ug.25,26,1845..- 

Aug. 27, I845 --.... 

Sept. 25-26, 1845..- 

Nov. 12-13, 1849.-- 

Nov. 13-14, 1849..- 

Nov.5-6.1849 ....- 

Nov. 10.11, 1849.-- 

Sept. 2t26. 1850... 

D d ~  
(true) 

Dr- 
grees 

720 

212 
.-..... 

222 
219 

..--.-- 

.-.-... 
212 
211 

-..--..-.--...-----.. 
223 

3 

302 

24 

Zi4 

343 

357 

Method 

Lw ---.. 

d o  . .  
0 - .  

d o  . .  
d o  

d o  
d o  
..-do ..... 
... do ..... 

d o  . .  

d o  

d o  - -  

... do ..... 

d o  

d o  . .  

d o  . .  

Chip -... 
I 

Veloc- 
ity 

Knots 
0.70 

1.02 
1.07 
0.92 
0.87 

.....-. 

.-.---. 
0.29 
0.31 
0.32 

0.15 

1.83 

2.39 

1.40 

0.90 

0.93 

1.40 

~ a u z  
K 

1 

I 

2 
2 
3% 
3% 

I 

1 

1 

1 

1 

1?4/ 

~ e l o c .  
itY 

---- 

Knots 
0.70 

0.57 
0.57 
0.72 
0.72 

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

0.28 
0.25 

0.15 

1.43 

1.39 

2 15 

1.10 

0.88 

1.97 

Depth 

Fed 
0 

0 
24 
0 

15 
0 

16 
0 

I4 
0 

0 

9 

0 

0 

0 

0 

0 



Bo 11 0.2 mile S. 4S0 W. o: south end of Peni- July 2->7-8 -9...-. 
kese Island (41°26.6' N., 70055.5' W.). 

Bo 12 0.8 mile N. 41" W. of Penikese Island July 13-15 ..---.... 
(4lo27.V N., 70'56.2' W.). 

Bo 15 0.3 mile S. 2B0 E. of Dumpling Rocks I Light (41'32.0' N., 7W55.1' W.). 

Bo 13 1.i miles S. 03' W. of Mishaum Point July 9-l(t13-14-15. 

O.6mileS. UD W. ofSouth Rock, Quicks 
hole (41°25.9' N., 70'50.6' W .). 

Bo 14 

Bo 17 0.3 mile S. 42' W. of South Rock, Quicks ..... do ..-. I hole (41'26.3' N., 70'50.5' W.). I 

(41°29.1' N., 70'57.3' W.). 

0.4 mile S. 57' E. of Mishaum Point (41' 
30.7' N., 70°56.8' W.). 

Bo 19 0.6 mile P. U0 E. of North Rock, Quicks July l5-18 .--...-.. I hole (41°26.6' N., 70050.9' W.). I 

July 13-15 ..--..... 

Bo 18 0.5 mile S. 22O E. of North Rock, 
Quiets hole (41°26.6' N., 70051.1' W.). 

Bo 20 

Bo 21 

-. -. . . . - . . - . 
1.00 5.02 9.17 
1. 00 5.42 8.92 

s:. 1.00 ::" 5.80 I:: 968 

July 17-l8-23-24-2t 

&a footnotes at end of table. 

8% 
5 
14 
2!2 
6% 
6 

15.16 
24.25 

6% 
11 
28 
44 
654 

6.9 
1622 
25,35 

7 
5 
14 
23 
6% 

5.6 
13.U 
21.24 

6% 
6 
15 
24 
6% 
6 
I6 
25 

!% 
1J 
!44 
7 
8 
21 
34 
6% 
7 
I8 
2D 
7 
8 
20 
31 

I 
1 
1 
1 
3 
3 
3 
3 
2 
2 
2 
2 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2% 
2% 
2% 
2% 
3 
3 
3 
3 
1 
1 

1 
2% 
2% 
2% 
2 

0.4 mile N. 84' E. of North Rock, Quicks 
hole (41°27.1' N., 70051.G' W.). 

0.2mile N. 34O E. of North Rock. Quicks 
Hole (41'27.2' N.. 70051.2' W.). 

Pds.-.-- 
Meter--- 

d o  
--.do ..... 
Po le-.... 
Meter--. 

--.do .--.- 
.-.do -.-.- 
Pole ....- 
Meter.-- 

d o  . .  
d o  
Pole--.-- 
Me ter... 

--.do ....- 
--.do ..-.. 
Pole ..... 
Me ter... 

.--do .--.. 
..-do -... 
Pole--..- 
Me tar... 

.-.do ----. 
- .do ....- 
Pole ..... 
Meter ... 
... do ..... 
... do -.-. 
Po le..... 
Me tar... 

d o  . .  
d o  . .  
Pole ..... 
Meter... 

..-do ..... 

... do ....- 
Pole ....- 
Meter.-. 

--.do ..... 
d o  
Po le..... 
Me ter... 

1 - - - d o  .---- 
d o  
Pole---. 
Meter..- 

-..do- - .- 
d o  - - - 

July 17-18 ....-... 

July 22-25 ..-....-. 



sta- 
tion 
no. 

- 

Bo 22 

Bo 23 

Bo 24 

Bo 25 

Bo 26 

BO n 

Bo 28 

Bo 29 

Bo 30 

TABLE 5.-Current Data, Buzzards Bay-Continued 

Observer, location, and year I 1 
I 

G. E BOOTHE, 1931-Continued 

0.9 mile N. 57' E. of North Rock, Quicks July 2!-25 ......... 
Hole (A'"27.5' N., 70°j0.4' W.j. 

South End of Robinsons Hole (41'26.7' .4ug. Is11 ......... 
N., 70°48.Y W.). 

Middle of Robinsons Hole (41"27.01 N., .4ug. 1s12 ......... 
70°48.4' W.). 

Observations 1 I Flood strength I I I Ebb strength I I 

North End of Robinsons Hole (41'27.4' .4ug. 11-12 ........ 
N., 70°48.'7 W.). 

......... 0.5 mile s. 40. W. of the western end of July 2(tn 
Kettle Cove (41°29.0' N., 70°47.6' W.).  

.......... 4.1 miles S. 70' E. of Dumpling Rocks ..... do.. 
Light (41°30.Y 5., i0°50.1' R.). 

..... ........... 3.0 miles N. 73O E. of Dumpling Rocks do- 
Light (41'33.2' N., 70'51.5' W.) .  

1.3 miles N. lo0 E. of Round Hill Point -4ug. 12-14 - - - - - - - -  
(41'33.6' N., 70'55.4' W.).  

...... 1.9 miles N. 33O E. of Dumpling Rocks Aug. 13-15.. 
Light (41°33.9' N., 70°53.W W.). 

I 
1.2 miles S. M0 W. of Smnticut Point 

(41'34.4' N., 70°52.6' W.). 
Aug. 13-16, Sept. 

10-11. , Aug. 12-13 ........ i 
July 7-8 ........... 

Sept. %lo-25-S29 

Sept. lO-12 ........ 

Aug. 24-25, Sept. 
10-11-12-29. 

July 6-7 ........... 

hug. 24-25, Sept. 
11-12. 

July 6-8 ........... 

July %lo .......... 

.. .do .............. 

July 22-23 ......... 

3%' Pole. - -- 
3% Meter.-. 
3% ---do- - -. 
3% ... do.. .. 
1 Pole ..... 
1 Meter ... 
1 .--do .-.. 
1 Pole ..... 
1 Meter ... 

0.3 mile S. 25" W. of Ricketsons Point 
(41°34.4' N., 70°56.5' W.). 

0.5 mile N.  M0 W. of Clark Point (Old 
Tower) (41'35.7' N., 70'54.8' W.). 

1 .-.do .-.. 
2% Pole- --. 
2% Meter.-. 
2% - - -  do- - -. 
2% --.do.. .. 
2 Pole ..... 
2 Meter ... 
2 --.do .---. 
2 ---do ..--- 
3% Pole.. .. 
3% hleter ... 
3% --.do - - -. 

0.3 mile N. 8Z0 E. of Clark Point (Old 
Tower) (41°35.6' N., 70'53.7' IV.). 

I 0.9 mile S. 79' E. of Butler Flats Light 
(41'36.0' N., 70°;2.6' W.) .  

I 0.2 mile N. 2$0 W. of Butler Flats Light 
(41°36.4' N., 70'53.8' W.). 

0.3 mile S. 48O W. of Palmer Island 
Light (41°37.4' N., 70'54.9' W.). 

0.2mile S. 2 8 O  E. of Palmer Island Light 
(41°37.4' N., 70054.5' W.). 

1 Pole ..... 
1 Meter ... 
I .--do ..--. 
2 Pole .... 
2 Meter ... 
2 ... do. ... 
2 Pole ..... 
2 Meter..- 
2 ... do .... 
2 .. .do. ... 
1 Pole ..... 
1 Meter ... 
1 .. .do ..... 
1 Pole.-.. 
1 Meter ... 
1 ... do. ... 
1 Pole ..... 
1 Meter ... 
1 ... do.. .. 
1 .-. do .-.. 
2 Pole .... 
2 Meter ... 
2 .-.do ---. 
2 ... do.. .. 
2 Pole---- 
2 Meter--. 

I Emt draw Fairhaven Bridge New 
Bedford (41'38.4' N., 70°55.(Y k.) . 

I 1.4 miles N. 20" W. of Palmer Island 
Light (Upper New Bedford Herbor) 
(41'38.9' N.. 7P55.Y W.). 

w'feet -south of center pie;, Coggeshall 
Bridge, New Bedford (41°39.4' N., 
70055.0' W.). 

0.2 mile S. 17O E. of Weepecket Island 
(41°30.4' K., 70'44.3' W.). 

1.1 mi? S. 32°E.ofWest Island (41'34.0' 
N., 80'48.6' W.). 

0.9 mile N. 42O E. of Scontirut Point 1 (41°35.8' N., 70'50.4' W.). 

Sept. S10 ......... 

......... Sept. 8-10 

See footnotes at end of table. 







I Current weak and k r ~ ~ h ~ .  4 These stations were also occupied by the United States engineers in 1932. They W 
I Velocities from the 1913 ssies are considered more reliable than t h w  from the 1930-31 designated by the letter E in fig. 30. (Seep. 51.) 

series. r Station 2% was occupied by Parsons in 1915; Ritter in 1915; and the United Statea 
J Time of minimum current. Directions and velocities of minimum currents are as engineers in 1932. 

follows: 8 Meter observations at surface in center of Cape Cod Canal. 
7 E.=eastward. W.=westward.S.=southward; N.=northward. 

Seriea 

1913.. . . . - -- -. - - - - - - - - - - - -. - - - - - - -. - - 
1930-31- - -. - -. . -. . - - - - - -- - - --- - .. ---- 

8 Current irreghlar in velocity &d direction. Observed velocities between 0.1 and 1.0 
Minimum before ebb knot. * Directions very irregular due to weak current. 

10 Ebb direction indefinite. 

Minimum before flood 

Direction 

Deweyw 

138 

Direction 

Degrees 
305 
317 

Velocity :: ~h"",~$f,&~~,","ls6 by W. B. in 1915, -- 
ICnotr 

For reference to above table see pp. 51 and 52. 

0.31 
0.26 

Velocity 

Knds 
O. on 
0.06 
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TABLE 6.-Currents, Hen and Chickens Lightship 

I Series 

I 3 months. 1913 1 1  17 months, 1030-31 
Hours after hish 1 I -- 

water a t  Clark 
Point. 1 O r v e  current 1 Tidal current Observed current I Tidal current 

Velocities from the 1913 series are considered more reliable than those from the 1930-31 series. 
For reference to above table, see p. 52. 

TABLE 7.-Nontidal Current by Monthe, Hen and Chickens Lightship 

Date Date velocity dzsoon I-I- 
1913 

............... Sept. S O c t . 1 8  
.............. Oct. 19-Nov. 16 

Nov. 17-Dec. 15 .............. 
1930 

August ....................... 
September ................... 
October ...................... 
Novembor ................... 
December .................... 

Nontidnl current from 3-month series. 1913, velocity 0.12 knot true direction 153O. 
Nontidal current from 17-month series! 1930-31, velocity 0.09 ;not. true dlrectlon 131'. 
Velocities from the 1913 ssries are cms~dered more reliable than those from the 1830-31 serles. 

Knota 
0. 13 
0.11 
0.15 
0.09 
0.05 
0.11 
0.05 
0.08 
0. 10 
0.11 
0. 10 
0. 15 

For reference to above table, see P. 63. 

Knots 
0.15 
0.10 
0.15 

0.07 
0.08 
0.08 
0.08 
0.11 

Degrees 
98 

144 
186 
130 
129 
176 
1M 
189 
149 
102 
100 
113 

Drgreea 
183 
130 
139 

117 
111 
152 
94 

117 

1931 
January ...................... 
February .................... 
March ....................... 
A z i l  ......................... 

ay ......................... 
June. .--. - -. - -- - - -- - -- - - - .- -- 
July ......................... 
August ....................... 
September ................... 
October ...................... 
November ------------------- 
December .................... 
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TABLE 8.-Current Harmonic Constants, Hen and Chickens Lightship 

hs apply to the tlmes of maximum flow in a north or east dlrectlon. 
epochs refer to the 1-1 merldian, G~eeowlch epochs to the Greenwich meridian. 

The magnetic variation was lZO west in 1913 and 14" west In 1930. 
Velocities from the 1930 series are generally smaller than those from the 1913 series. Those from the 

earller series are ronsidered more reliable. 
For reference to above table. see p. 53. 

Constituent 

KI ........... 
M, .......... 
Me .......... 
Ms .......... 
x; ........... 
01 ........... 
62 ........... 

TABLE 9.-Current Harmonic Constants, Station E 225, Cape C o d  Canal 
1Sept. 2gOct. 4. 19'92. 8 days] 

E cha apply to the eastward stmngths of the snverd canstituents. TP e local epochs refer to the local meridian, Oresnwich epochs to the Oreenwich meridian. 
For referenea to above table, see p. 63. 

Sspt. 20-Dec. 15, 1913 (87 drtys) 

__---------- 

Constituent 

4 ....................... 
MI ...................... 
M4 ..................... 
Ma ...................... 

North component 
(magqetic) 

Veloc- 
ity 
- 

Knots 
0.328 
3.W 
0.288 
0.466 

Sept. I-Nov. 213, 1930 (87 days) 

East component 
(mhgnetic) 

Veloc- 
ity -- 
II 

Knots 
O.M7 
0.309 
0.051 
0.008 
0.087 
0.035 
0.084 

V d y  - 

Knots 
0.0M 
0.491 
0.074 
0.021 
0. 121 
0.049 
0.107 

Constltuent 

MB ...................... 
NI ....................... 
01 ....................... 
& ....................... 

VTjy"' 
- 

Knols 
0.102 
0.760 
0.116 
0. M8 

Local 
( I )  --- 

Degrees 
27 
180 
145 
26 

North component 
(magnetic) 

Epoch 

Green- 
wich 

Degrees 
97 
322 
88 
88 

Veloo 
ity 

Knda 
0.012 
o. lsr 
0.024 
0.023 
0.038 
0.024 
0.045 

East component 
(magnetic) 

Local 
K 

DL- 
greea 

67 
137 
31 
146 
122 
15 
135 

Epoch 

Epoch 

Veloc- 
ity - 

K n d s  
0.013 
0.310 
0.057 
0.024 
0.099 
O.OlR 
0.067 

Green- 
wich 

n e -  
green 
112 
ne 
315 
211 
284 
86 
277 

Local 
N 

DI- 
green 

31 
]so 
45 
131 
152 
15 
181 

Local 
(4 

--- 
De~retr 

151 
325 
217 

Ewch 

Green- 
wich 

ne-  
grees 
102 
322 
329 
197 
285 
86 
323 

Orean. 
wlch 

Ikgree~ 
1 2 0 8  

2M 
36 

358 

Local 
(4 

nt- 
qrecs 

209 
143 
42 
159 
100 
42 
183 

Epoch 

Green- 
wich 

DC- 
qreea 

279 
22.5 
326 
225 
242 
113 
305 

Local 
In) 

ne-  
greca 

4 
IN 
AB 
134 
155 
42 
192 

Omen- 
wich 

ne-  
grees 

75 
322 
352 
202 
297 
111 
934 



Part 111-NANTUCKET AND VINEYARD SOUNDS 

INTRODUCTION 

Nantucket and Vineyard Sounds form a continuous waterway 
which separates the islands of Nantucket and Marthas Vineyard 
from Cape Cod and the Elizabeth Islands. This waterway extends 
from Monomoy Point at  the eastern entrance of Nantucket Sound 
to Cuttyhunk Island a t  the western extremity of Vineyard Sound, 
a distance of 43 nautical miles. Its width vanes from 3 to 22 miles. 
Numerous sandy shoals are distributed over the area with channels 
and passageways between. The bottom is generally sandy with 
some rocky ledges and boulders along the shores. The sounds are 
navigable throughout their length for vessels having drafts up to 30 
feet and much coastwise shipping passes through them. 

The tidal movements of the Atlantic have direct access to Nan- 
tucket and Vineyard Sounds throu h three main passageways; from 
the east between Monomoy and N" antucket Islands, from the south 
between Nantucket and Marthas Vineyard Islands, and from the 
west between Marthas Vineyard and Cuttyhunk Islands. There 
are four passages connecting with Buzzards Bay which are mentioned 
on page 48 of this volume. 

In  addition to the currents in Nantucket and Vineyard Sounds 
proper, those in their immediate approaches and in the navigable 
river and harbor entrances are included in this discussion. Results 
from observational series less than one-half day in length are not 
included, and results given for stations in the approaches are limited 
to those derived from long series of observations a t  lightships and 
those from a current survey made in 1934. Currents in the passages 
connecting Vineyard Sound with Buzzards Bay arc included in part 
I1 of this publication. 

The currents which flow through Nantucket and Vineyard Sounds 
form a small part of the enormous inflow and outflow which accompany 
the rise and fall of the tide in the Gulf of Maine. This gulf has an 
area of about 36,000 square miles and a tidal rise and fall varying 
from 5 feet a t  Georges Shoal on its southern border to 40 feet in the 
upper end of the Bay of Fund which forms the northeastern exten- K sion. The volume of water, w ich during every 6-hour period of rise 
or fall flows over the curved line of shoals extending from Cape Sable 
to southeastern Massachusetts, is estimated to be approximately 60 
cubic miles. A maximum velocity of fl-om 1 to 2 knots over the 
entire length of this southern rim of the gulf and throughout Nan- 
tucket and Vineyard Sounds accompanies the flow a t  each rise or 
fall of the tide. 

Through Nantucket and Vineyard Sounds the flood current 
moves eastward and the ebb current westward. Although the time 
of a given phase of the tidal eurrent in the sounds varies somewhat 
from place to place, on the average the flood reaches its strength 
midway between the times of low water and high water in the Gulf 
of Maine and the strength of the ebb comes midway between the 
times of high water and low water in the gulf. The slack waters or 
periods of minimum current occur near the times of maximum and 
minimum heights of the tide in the gulf. 

70 
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In  Vineyard Sound and the western end of Nantucltet Sound, the 
c'urrents are for the most part of the reversing type, tthat is, the change 
from flood to ebb or ebb to flood is effected by a reversal of direction, 
a period of slack water preceding and following each flood or ebb. 

I n  the more open waters of Nantucket Sound and its eastern 
appr~ac~hes, the rotary type of tidal current, with its direction of 
flow shifting continuously to the right and no period of slack water, 
is more or less in evidence a t  the various current stations. 

As the methods employed in the observation, reduction, and pre- 
sentation of the current data for Nantucket and Vineyard Sounds 
closely parallel those used in connection with similar data for Narra- 
gansett and Buzzards Bays discussed in parts I and I1 of this publica- 
tion, frequent references will be made to parts I and I1 to avoid the 
repetition of various statements and explanations. 

OBSERVATIONS 

For nearly a century, observational records of current measure- 
ments made in Nantucket and Vineyard Sounds have been accumu- 
lating. The earliest of these records was secured by G. S. Blake in 
the year 1844 when two half-day stations were occupied in the western 
end of Vineyard Sound. Observations were taken a t  the surface and 
a t  one subsurface depth. 

In  1846-47, C. H. Davis observed surface currents a t  various 
locations in Nantucltet Sound. Series of one day or less were secured 
a t  each location. 

During the period 1850-53, M. Woodhull measured surface and 
subsurface currents a t  a number of stations distributed over both 
sounds. The usual length of series a t  each station was 1 day. 

I n  1852, C. H. McBlair occupied two half-day stations eastward of 
Clirtppaquiddick Island. 

In  1857, H. Mitcllell observed surface currents for periods of from 
one-half day to 2 days a t  a large number of locations scattered over 
Nantucket and Vineyard Sounds. He also obtained observations in 
the general vicinity of East Chop in 1863 and 1871 and in Edgartown 
Harbor in 1871. 

I n  1886, J. M. Hawley secured a day of observations in Edgartown 
Harbor. I n  1891, H. L. Marindin observed a t  a number of stations 
in Edgartown Harbor and KatRma Bay. 

Through a cooperative arrangement with the Bureau of Light- 
houses, long series of continuous hourly observations of the vclocity 
and direction of the current have been secured a t  a number of light- 
ships in the sounds and their immediate approaches. The names of 
the lightships a t  which such observations have been made are listed 
below together with the length of each series and the year i t  was 
obtained. - -- 

1 8tlll in progrw (June 1936). 

.- 
Series Lightship 

Stone Horse Shoal (old position).. 
Stone Horse Shoal (new position). 

............... (>rent Hound 8hoaI 
Pollock Hip(old position) ......... 

.................. Pollock Rip Slue 
............................ Do 

........ Pollock Rip (new position) 

- 
Lightship - 

vineysrd Sound .................. 
I h  ............................ 

Fence ...................... 
Cross Rip ......................... 

Do ........................... 
Bandkerchief ..................... 

Do ........................... 
................. ~ o v e l f u l  8hoa1.. 

Length ... 
Dars 

?55 
1 515 

R i  
S; 
87 
900 
389 

Yoar - 
1918-10 
1834-30 
1911 
1911 
1911 

1918-21 
1034-35 

Series 
-- 

Length/ Year . - --, -- 
Days 

87 
SlP 

R i  
8; 

3% 
87 
390 
R7 

1913 
1!13+31 
1013 
1013 

1834-35 
1911 

1931-35 
1913 
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Continuing the program of securing detrniled current information 
in the important waterways of the United States, the field work of a 
comprehensive current survey of Nantucket and Vineyard Sounds 
was executed in 1934 by a party in charge of E.  F. Hicks. This 
party secured observations a t  47 selected locations, the series a t  each 
locaticn, with a few exceptions, covering a period of 3 days. At each 
location observations were taken a t  the surface and a t  several sub- 
surface depths. 

METHODS OF OBSERVING 

The apparatus and methods used in measuring the velocities and 
directions of the currents in Nantucket and Vineyard Sounds were in 
general the same as those described in part I of this publication and ref- 
erence is made to pages 17 and 18 for a11 explanation of methods em- 
ployed and descriptions of the current pole and the Price current 
meter. The terms "log", "float", and "can" which are used in 
connection with some of the earl observations refer to floats of various K kinds with graduated lines attac ed for measuring the current. Before 
tlie current meter came into general use, currents below the surface 
were measured by means of two cans connected by a wire. One can 
was submerged and the other allowed to float on the water surface 
with current line attached. 

The current pole used in taking observations a t  the lightships was 
15 fcet long and floated with 1 foot of its length above the water 
surface. I t  thus mensured the average current for the first 14 feet 
of depth. A pole of the same length was used in connection with 
the 1934 observntions of Hicks except a t  a few stations where shallow 
water made a shorter po1e.necessary. 

At stations in the vlc~nlty of Edgartown, where slack waters only 
were observed, i t  appears that the times of slack were determined by 
watching the movements of the water surface or of floating objects 
thereon. 

METHODS OF REDUCING THE OBSERVATIONS 

REVERSING CURRENTS 

As the currents in Santucket and Vineynrd Sounds are mainly of 
the reversing type, the major part of the observational material has 
been subjected to the retluction process usually applietl to currents of 
that type. This process as applied to observations taken a t  Brenton 
Reef Lightship is outlined on page 18, part I. With some variations 
in minor details, nll the obscrvntions taken in this area prior to 1911 
and most of the more recent series have been treated in the manner 
there described. 

ROTARY CURRENTS 

For a number of tlie 1934 stations where the tendency of the current 
to rotate was more. or less pronounced, tlie half-hourly observed 
velocities and directions were. tabulated in groups reforreil to the 
times of tide a t  a reference stutlon, as esplainetl for tlie 1931 observa- 
tions in Buzzards Bay on page 50, part 11. 

An average velocity for each depth and an avera e direction for the 
pole observations were computed for each half-hour f y group. For the 

ole observations, the north and the east components of each linlf- 
lourly average veloc~ty were determined. For the entire series the 
average north component, the average east component, and the 
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resultant velocity and direction represented by the two were com- 
puted. This resultant is the average nontidal c n r r e ~ t  for the series. 

The half-hourly averages of velocity and direction were so plotted 
on polar coordinate paper that  the distance and direction of each 
plottad point representetl the velocity and direction, respectively, of 
the current a t  a designated half hour of the tide. The nontidnl cur- 
rent for the series was similarly plotted. The plotted half-hourly 
velocities generally formed a rough ellipse with the plotted nontidal 
current in the approsimnte center serving as a new origin from which 
the velocity and direction of the tidal current for each half hour could 
be measured. These hnlf-hourly values were scaled from the ellipse 
and, after applying to each velocity a factor to correct for range of 
tide a t  the reference station as esplained on page 19, part I, both the 
velocities and the directions were plotted on cross-section paper. 
From these plottings the time, direction, and velocity of each maxi- 
mum anti minimum phase of the current were tabulated. 

For the meter depths a t  the rotary stations, the nontidal current 
could not be computtd as the directions of the observed velocities 
were not known. The velocities, however, were tabulated and 
averaged in half-hourly groups and the ran e factor applied directly 7 to each average. The resulting mean 21a f-hourly velocities were 
plottrtl on cross-section paper and the times and magnitudes of the 
maximum nnd minimum velocities tabulated as in tlle case of the 
pole observations. 

IRBEGULAR CURRENTS 

Certain current stations in the vicinity of Edgartown Harbor show 
a departure frorrl the usual reversing current in that two nlaxirnums 
of velocity scpnrated by n period of smtlller velocity occur during 
the normal flood or ebb period of about 6 hours. Tabulations and 
reductlions for such stntions have brcn made in the usual manner 
except that the strength of flood or ebb litm been divided into three 
phases designtitcd first strength, minimuni flood or ebb, and second 
strength. The times, directions, and velocities of each of these 
phascs were subjected to the processes usunlly employed in reducing 
~lormnl flood or ebb strengths. 

LIGHTSHIPS 

The hourly pole observations a t  some of the lightships were treated 
in a manner silr~ilar to that  described for the pole observations a t  
the 1934 stations where tlle current wt:s rotary in nature. In rnost 
such cases the observed velocities were first resolved into north ant1 
east component velocities, etich component being ta1)ulatrd srpnrately 
and finnl results derived as outlined on pnge 19, part I ,  for the 1930-31 
series a t  I3rcntori Keef Liglitstiip. No co~*rcction was ilpplied to the 
average velocities from tiny ligl~tship scrics ns the observiltionril 
pcriotls were in till cases long nnd, const~clucntlp, t l ~ e  rnorc inlportnnt 
velocity variations were clirr~inlttecl by the :~vc.rwging process. 

HARMONIC ANALYSIS 

E1:~rrnonic nnalyses of the hourly velocities observed nt a number 
of the lightship sti~tions have been rnt~de. Some of the series were 
anttlyz~c! on a reversing basis, the flood velocities being consitlered 
as positive encl the ebb velocities negative. Others were treated as 
rotary currents, the velocities being resolved into their north rind east 
components, and n separate analysis made for each corriponent 
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To investigate the nature of the current irregularity observed in 
Edgartown Harbor, a special harmonic analysis was made of the 
half-hourly velocities observed a t  station 13 19. The lunar constit- 
uents on1 were sought and the values as directly obtained were 
corrected i y comparison with a simultaneous series of tides a t  Com- 
monwealth Piers, Boston. 

For a detailed explanation of the application of harmonic analysis 
to the reduction of tides and tidal currents, reference is made to 
United States Coast and Geodetic Survey Special Publication No. 98, 
A Manual of the Harmonic Analysis and Prediction of Tides. 

PRESENTATION OF THE RESULTS 

DESIGNATION AND LOCATION OF STATIONS 

Each current station in the Nantucket-Vineyard Sounds area has 
been given a designation .which consists generally of two parts: 
First a letter or letters signifying the party or the chief of the party 
that occupied the station, and second, a number or letter which is, 
wherever possible, the designation originally assigned to the station. 
The letters forming the first part of the designation and the party 
signified in each case are as follows: 

B= G. S. Blake, 1844. Mi = H. Mitchell, 1863. 
D = C .  H .  Davis, 1846-47. M t = H .  Mitchell, 1871. 
W= M. Woodhull, 1850-51. Ha=J.  M. Hawley, 1886. 

Wd= M. Woodhull, 1852-53. Ma=H. L. Marindin, 1891. 
Mc=C. H.  McBlair, 1852. L= Crew of Lightship, 191 1-36. 
M = H .  Mitchell, 1857. H = E .  F. Hicks, 1934. 

The locations of the stations are indicated in figures 46, 47, and 48 
red circles together with the corresponding station designations. 

he locations occupied during the period 1844 to 1853, inclusive, are ?' 
shown in figure .46; those occupied from 1857 to 1886 in figure 47; 
and those occupied from 189 1 to 1936 in figure 48. 

EXPLANATION OF THE TABULAR D A T A  

As tb.e tabular results derived from observations in Nantucket 
and Vineyard Sounds apply to two different t pes of current, they 
fall naturally into two groups. One group o 3 results represents a 
reversing movement with a velocity yarying from zero to a maximum 
and back to zero during a flood.period and repeatin6 the process in 
.in approximately opposite direc,tion during an'ehb penod. The other 
group represents a rotary movement, the velocity progressively 
shifting in direction and a t  the same time varying in magnitude 
from a minimum value to a maximum and back to a minimum during 
a flood period and repeating the process during an ebb period, succes- 
sive -. ?laximums or minimums being in approximately opposite 
directions. 

The currents a t  most of the stations are essentially of the reversing 
type and have been treated as such. However, a t  some of the 
lightship stations and the 1934 stations a t  which the rotary tendency 
was pronounced, the extent of this rotation is indicated in the results 
by substituting for the times ofs!ack, as given for reversing currents, 
the times, directions, and velocities of the minimum currents. 

Table 10 contains results from most of the current observations in 
Nantucket and Vineyard.Sounds that were obtained on a reversing. 
basis. Other results similarly obtalned are given for some of the 
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lightships and for stations in the vicinity of Edgartown in tables 12 
and 14, respectively. The explanation given on page 51 for table 5, 
part 11, of this volume applies to the three tables mentioned above, 
except that for a reference Boston instead of Clark Point tides are 
used and times are reckoned from both high and low waters instead 
of from high water only. Also, because of characteristic irregularities 
in the currents near Edgartown, additional current phases are given 
for some of the stations of table 14. 

An examination of the resul-ts given in table 14 shows that the 
nature of the current movement in Edgartown Harbor and vicinity 
changes with changing hydrographic conditions a t  the southern 
extremity of Katama Bay. 

In  the year 1846 and again in 1891 the southern entrance to Katama 
Bay was open and the flood current from the ocean set through 
Katama Bay and Edgartown Harbor into Nantucket Sound. When 
the observations of 1871 and those of 1934 were taken, the southern 
entrance was closed or practically so and the flood current from 
Nantucket Sound set through Edgartown Harbor into Katan~a  Bay. 

The results further give evidence that the extent. of the current 
irregularity observed in Edgartown Harbor varies with the opening 
and closing of this southern gateway to the ocean. W%en the southern 
entrance is closed the abnormality is pronounced, and when the 
southern entrance is open the current curve approximates the normal 
cosine form. 

A discussion of currents observed in Edgartown Harbor and 
Katama Bay in 1891, including velocity curves for a number of 
locations and a sketch of the area showing three openings, from 
Katama Bay to the ocean, which existed a t  that time, is contained in 
Appendix No. 5, part 11, of the report of the Superintendent of the 
Coast and Geodetic 

data derived from the 1934 observations and table 13 of data froni 
observations a t  various lightships. I n  table 11 the values derived 
from the pole observations represent the tidal current corrected for 
range; that is, the average nontidal current for the series b s  been 
eliminated from the results. For the meter the values given are 
averages of observed values, the velocities having been corrected by 
direct a plication of the range factor. 

The d' ata given in table 13 were derived from relatively long series 
and they represent direct averages of observed conditions. The 
nontidal current is included in these values and no ran e factor has 
been applied. In  both table 11 and table 13, the grection and 
velocity of the average nontidal current for each series of pole obser- 
vations are given. - 

The harmonic constants derived as explained on pa e 73 from % series of observations a t  various stations are given in ta les 15, 16, 
and 17. These constants consist of the amplitudes (H's) and phase 
lags (K's) of the more important periodic constituents of the current. 
Such constants form the basis for daily predictions of the current. 
From thcm also may be determined the general characteristics of the 
current movement and various nonharmonic constants which are 
usually obtained directly from observations. 
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I n  tables 15 and 17, the constants represent a reversing condition, 
the movement in the flood direction being positive and that in the 
ebb direction negative. The phase lags or epochs in this case refer 
to the maximum flood of each constituent. 

In  table 16 the north and east components of the movement are 
represented separately, south and west being negatives of these. The 
epochs have reference to the maximum velocity of the constituents in 
a nortjh or east direction. From the north and east component move- 
nlents, the rotational features of the constituents niay be developed. 

Compariri the relative magnitudes of the several constituents 
given in tab !l es 15 and 16, i t  is apparent that the lunar semidiurnal 
constituent Mz is the predominant element of the current movement 
a t  the stations listed. 

At station H 19 in Edgartown Harbor, the M4 and M, constituents 
as given in table 17 are large relative to hi2. The fact that these 
short-period lunar constituents have abnormally large alnplitudes a t  
this location accounts for the marked departure of the current move- 
ment a t  station H 1 9 from the prevailing M2 movement characteristic 
of Nantucket and Vineyard Sounds. 

Daily predictions of the current a t  Stone Horse Shoal Lightship 
based upon the constants given in table 15 are included in the annual 
Atlantic Coast Current Tables beginning with the issue for the year 
1937. 

REVERSING CURRENT CURVES 

I n  figures 49 and 50 are reproduced a number of velocity curves 
plotted directly from observations taken a t  various stations in 1934. 
The flood velocities are plotted above and the ebb velocities below 
the line representing zero velocity. Each group of two or three 
curves, plotted from a comrnon datum line, represents simultaneous 
observations a t  the stations indicated. The date of the observations 
is given for each group. 

The individual curves give an accurate picture of the movement 
as observed a t  each station, and a comparison of the curves in a 
given group shows the actual time and velocity differences observed 
a t  the several stations on the day indicated. -4s is usual with velocity 
curves plotted directly from observations, these curves show many 
irregularities. Some of the roughness is doubtless due to tlrcidentnl 
conditions, such as weather efl'ects and observational discrepancies, 
both of which are usually present to a greater or less degree. How- 
ever, the more pronounccd humps or depressions which appear on 
the curves frcqucntly occur again and again in the same part of the 
current cycle, forming a characteristic peculiarity of the movemerit 
a t  a given location. The curves for stations I1 15 and I3 23, figure 
50, show such persistent irregularities, and in the curve for station 
II 19 they are very marked. Other local peculiarities of the currcnts 
are evident from an examination of the curves. For e~nniple, n t  
station I1 27 the change from ebb strength to Aood strength is very 
rriuch more rapid than the change from flood strer~gth to ebb 
strength. 

ROTARY CURRENT DIAGRAMS 

To show graphically the nature of the rotary current movc~rlcnts 
ant1 the extent of the rotation a t  various lightsl~ip stations, tliagranls 
have been prepared showing the velocity and direction of the current> 
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for each hour of the tidal cycle from 3 hours before to 3 hours after 
high water and low wdter a t  Commonwealth Piers, Boston. These 
diagrams are reproduced in figures 51 and 52. The explanation of 
the diagram for Hen and Chiclrens Lightship given on page 52, pnrt 
11, together with the following brief statements will render these 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Knots I I I I H O ~ S  ' I 

3 - 

I I I I I I I I I I I I I 
F~~r laa :  49.-Ohaerved volority curve% Nnntucket and Vineyard Sou~i(Is. 

diagrt~rns intelligible. The letters Ti and I, indicatr~ liip11 wrrter 
and low wnter, rcspectivcly, r ~ t  Boston. 11- 1 signilic's 1 hour bc- 
fore high wnter, rind If+ 1 signifies 1 hour after high wcitcr nnd so 
on. The point C by its distance and direction from tho origin 
reprc~ent~s the velocity nnd direction of the average nonticlttl current 
for tlic scrics. 
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The stations at which the observations represented by the din- 
grams were taken are listed below by number and name, together 
with the length and year of each series used in preparing a diagram 

Station no. Name of lightship 

L 2 --..---.....--------- 
L 3 -.-........-- .-.-- ... 
L 4 -....-..-.-----.----- 
L 7 ....---..-.-.-.-..--- 
L 8 .........-.-----..--- 
L 9 ..----. ...--.-.--- ... 
L 10 ....--..-.-...------ 
L 11 ..----.---.-..--- ... 

Daya 
Hedge Fence --..--.--.---.--------------------.----------- 29 
Cross Rip.-. .. .-..--.---.----- -------------. --- - - - - - - - - - - -  25 
Handkerchief ....-.-------.-.----------------------------- 2a 
Stone Horse Shoal (new position). ...-.--.-.....-.--.----- 28 
Great Round fihoal.. . -.-..-.--.--.-....------------------ 87 
Pollock Rip (old position) --... .----------------------- ---- 87 
Pollock Rip Slue .--............--------------------------- 180 
Pollock Rip (new position) .-.--.--------------------.----- 26 
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True North 

1 

H-l 
L 2  

H+I H 
L+3 

L3 

H-3 

H-2 

L8 

Knots 
l l I I I I I 1 l J  
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

Fxounr 61.-Rotary current disgrnms from observetiom st llphtshlps; Nantucket Sound end eastern 
approaches. 
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1 rue North 

H -2 

Htl 

L- l 

H.3 

43  

H+I 

LII 

Knots 
I I I I I I I  

d.0 09 0.4 0.6 0.8 1.0 I.?. 1.4 l!6 

Flovar U.-Rotary owrent dhgmnu from obrervatfans at lightship; northern approaches to Nantucket 
Bound. 
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I t  is evident from the diagrams that the rotary tendency is very 
small at  station L 7, whereas a t  stations L 8 and L 9 it is considerable. 
At the other stations i t  is present in varying degrees but is not suf- 
ficiently pronounced to modify greatly the general reversing condition. 

The current ellipse for the M, constituent a t  Vineyard Sound 
Lightship, based upon the results of harmonic analyses of 2 months 

FJQVBE M.-M, current ellipse, Vineyard Bound Lightship. 

of observations in 1913, is shown in figui-e 53. I t  indicates that this 
constituent, the redominating element of the tidal current a t  Vine- 

ard Sound LigRtship, reaches its strength of approximately one- 
%lf knot in a south-southeastward direction about the time of high 
water a t  Boston, and the following minimum velocity of nearly 0.2 
knot in a west-southwestward direction about 3 hours after high 
water a t  Boston. Ap roximatel 6 hours after each maximum 
there is a maximum of t g e same ve f ocity setting in the opposite direc- 
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tion, and a like time and velocity relation exists between the two 
minimum phases. 

TIME RELATION OF CURRENT TO TIDE 

Where time relations of current to tide have been given for Nan- 
tucket and Vineyard Sounds in the tabular and graphical results 
discussed in the preceding pages, the reference used has been the 
tide a t  Commonwealth Piers, Boston. To show the times of the 
slacks and strengths near the main channel through the waterway 
in their relation to the times of local high and low waters, figure 54 
has been repared. The observed times of the four current phases 
a t  a num ! er of stations in or near the channel from the wostern 
end of Vineyard Sound to Monomoy Point were plotted and curves 
drawn through the plotted points. On the same sheet, curves rep- 
resenting the approximate times of high water and low water as 
determined from observations along the shores were drawn. The 
same time reference, namely, the transit of the moon over the meridian 
of Greenwich has been used for both tides and currents. The s c ~ l e  
a t  the top of the figure represents longitude and below this scale 
are given the names of a number of points along the channel. 

The curves show that the time of the current in the channel is 
about an hour later a t  Hedge Fence than off Gay Head. Eastward 
of Hed e Fence i t  becomes earlier, being about 234 hours earlier a t  
Stone aorse Shoal than a t  Hedge Fence. Variations from place to 

lace in the time relations between current and tide are considerably 
L e r  than the above values. For example, the two Lower curves 
of figure 54 show that the slack water before ebb in the channel 
north of Gay Head occurs nearly 4 hours after local high water. 
At Hed e Fence, this current phase occurs a t  about the same time 
as local g, igh water, and a t  Stone Horse Shoal i t  comes about 2% hours 
before local high water. 

I t  is seen that the time relation of current to local tide varies 
widely from place to place and that the time of current in the main 
channel through the sounds remains practically constant over the 
part of the waterway in the vicinity of West Chop where the time 
of tide changes most rapidly. I t  appears, therefore, that the time 
of this current is practically unaffected by local conditions of rise 
and fall, and is controlled by the more extensive movement in the 
Gulf of Maine. 

CURRENT CHARTS 

The observed direction and velocity of the current a t  a number 
of locations in Nantucket and Vineyard Sounds and vicinity for 
each hour from 2 hours before to 3 hours after high and low waters 
a t  Commonwealth Piers, Boston, is represented in figures 55 to 
66. The observations used in preparing the charts were taken by 
Hicks in 1934 and by the crews of lightships a t  various times. 
were all taken within 14 feet of the surface. The locations at  whic 
the observations were takon are marked b small circles. The 
observed directions of flow for the designate c r  hour of the tide are 
represented by arrows drawn through the circles. The mean veloci- 
ties for the designated hour are shown to the nearest tenth of a knot 
by numerals near the circles. At times of spring tides and perigean 
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tides, the velocities normally are greater and a t  times of neap tides 
and apogean tides less than those given on the charts. The spring 
and perigean effects are practically equal in this locality, each pro- 
ducing a velocity increase above the mean of about 20 percent. 
When spring and perigean effects combine, the velocities of the tidal 
current are greate~t.  When neap and apo ean effects combine, the 
velocities of the tidal current are least. n$ inds and other meteoro- 
logical conditions a t  times modify both the direction and the velocity 
of the current. 



Statiol 
no. 

TABLE 10.-Current Data, Nantucket and Vineyard Sounds, Strengths and Slacks 00 
cP 

[Referred to times of high water and low water a t  Commonwealth Piers, Boston] 

Observer, location, and year 

6. S. BLAKE. 1844 I 
2.5 mi!es N., 40O W. of Gay Head Light 

(4iozr.y N; 70~52.3' w.).  
2.7 miles N. 16" W. of Gay Head Light 

(41°23.5' N.; 70°51.2 W.). 

C. H. DAVIS, 1848-47 I 

Light (41'17.8' N.; 70°06.0' W.). 
2.0 miles N. 5 3 O  W. of Brant Point 

Light (41°18.6' N.; 70°07.6' W.). 
1.2 miles S. R 9 O  W. of old tower, Point 

Gammon (41'36.6' N.; 70°17.6' W.). 
1.4 miles S. 25' E. of old tower, Point 

Gammon (41'35.3' N.: 70°15.2' W.). 
1.7 miles S. .26O E. of old tower, Point 

Oammon (41°35.0' N: 70°15.0' W.). 
2.1 miles S. 17' W. of oid tower, Point 

Gammon (41°34.6' N.; 70°16.8' W.). 

X. WOODHULL, 1850-55 1 
1.3 miles S. 79' E. of Tarpaulin Core 

Light (41°27.Y N.; 70'43.8' W.). 
1.1 miles N. 61" E. of West Chop Light 

(41°29.4' N.; 70°34.7' W.). 
2.8 miles S. 7S0 E. d Tarpaulin Cove 

Light (41O27.6' N.; W41.8' W.). 

Date 

. 

July 18, 1844 ....... 

J u l y l b 1 6 , l  W... 

Aug.23,1846 ...... 

Aug.31,1846 ...... 

Aug. 31-Sept. 1, 
1846. 

Aug.23.1846 .---.. 
Aug.22,1846 ...... 

...... Sept. 18, 1847 

...... Sept.14,1847 

...... Sept.16,1847 

...... Sept. 17, 1847 

July27-28.1851.-. 

... Aug. 24-25,. 1851 

Aug. 1919. 1851..- 

0.8 mile &. of West Cbop Light ( 111°28.8' N.: 70°35.1' W.). 
0.4 mile N. 69' E. of Tarpaulin Cove 

Light (4I02S.3' N.; W45.0' W.). 

1.3 miles S. 25O W. of Cuttyhunk Light 
(11'23.7' N.; 70057.8' W.). 

1.1 mil- N. 43" W. of Oay Head Light 
(41°21.7' N.; 7G051.1' W.). 

2.3 miles S. 19' E. of Tarpaulin Cove 
Light (41°26.W N.  70044.5' W.). 

0.4 mile N. 23O E. ;f U'eqt Chop Light 
(41°29.2' N.; 70035.8' W.). 

0.4 mile N. 3 9  E. of E s t  Chop Light 
(41°?s.5' N.; 70033.9' W.). 

1.8 miles N. 4" E. of E3st Chop Light 
(41°30.0' N.; 70033.9' W.). 

2.8 miias N. 73' E. of East Chop Light 
(4lo29.W $J: 70030.5' W.). 

0.9 mile N. 16' E. of Ca Poge Light 
(4l"la.l' N.; 700zB.8' &. 

1.3 miles 5. 2 9 O  E. of Cape Poge Light 
(41°24.2' N.; 700zB.3' W.). 

6.8 m i k  S. 5L0 E. of Cape Poge Light 
(41°21.3' N.; 70°19.7' W.) 

5.1 mles  9. 7g0 W. of Bishop and Clerks 
Light (41'33.4' N.; 70°21.7' W.) 

3.1 miles N. 84' W. of hfonomoy Old 
Tower (41'33.9' N.; 70003.8' W.) 

2.1 miles 9. 34' W. of Monomoy Old 
Tower (41°31.8' N.; M001.2' W.) 

5.3 miles 9.43' E. of Bishop and Clerks 
Light (41030.6' N.; 70010.2' W.) 

1.1 miles N. 3Q0 W. of Great Point Light 
(41°24.3' N.; 70°03.7' W.) 

6.3mik.q N. 73" W. d B r a n t  Point Light 
(41°19.3' N.; 70013.5' W.) 

3.9 miles N. 39O E. of East Chop Light 
(41°31.3' N.; 70030.8' W.) 

2.6 miles N. 2 6 O  E. of West Chop Light 
(41°31.2' N.; 7 W . 5  W.) 

1.7 miles 8. 40" W. of Monomoy Old 
Tower (41°32.2' N: 70°01.1' W.) 

4.9 milas S. 36O W. 'of Monomoy Old 
Tower (41°29.6' N.; 70'03.5' W.) 

C. H. McBLNR, 18U 

Float..- 
Pole -..- - 
Float. - - 
Pole. - -. 

Aug. 12-13, 1851-- 

Oct. 4-5.1850;'July 
14-15.1851; Aug. 
34,1851. 

Aug. 2-3, 1852 -.-. 

July 24-25,1852. -. 

Aug. 18-19, 1852.. 

July 31-Aug. 1, 
1852. 

Aog. 1&1;, 1852.. 

July %29, 1852.- 

........... --..-do 

Aug. 13-14, 1852 ... 

Aug. 14-15, 1852.. 

Aug. 17-18, 1852.-. 

Aug. 24-25, 1852. -. 

Aug. 1C-11.1852.- 
..... Sept. 1-2 1852 

Aug. 28-29, 1852.-. 

Aug. %lo, 1852 .--. 

Aug. 7-8, 1852. 

Aug. 1%20, 18.52.-. 

Aug. 84, 1852 ..-.. 

... Aug. 12-13, 1852 

Aug. 12, 1853 

July 2526, 1853 

4.8 miles S. 11' E. of Cape Poge Light 
(41°20.6' N.' 70-25.9' W.) 

1.3 biles S. do E. of Cape Poge Light 

Float.. - 
Pole.--- 
Float.-- 
Pole.. -. 
Float.. . 
Pole. - - - 
Float. -. 
Pole .... 
Float -. . 
Pole. - -. 
Float .... 
Pole .... 
Float- - - 
Pole. --- 
Float. - - 
Pole. ... 
Float. - - 
Pole. - - - 
Float..-. 
Pole.---- 
Float.-.. 
Po le....- 
Float-.-. 
Pole..--. 
Float..-. 
Pole-..-. 
Float .... 
Pole..--- 
Float--.. 
Pole ..... 
Float---. 
Po le..... 
Float .... 
Po It..... 
Float .... 
Pole ..... 
Float--.. 
Pole.-.-- 
Float--.- 
Pole._--- 

Slack 

- 
Ilours 

%: 
wafer 

-0.11 
-0.11 

0.49 
0.49 

(I) 

(1) 

(3) 

1.24 

(4) 

-1.10 

-1.60 

-0.95 

-0.W 

0.80 
0.75 
0.70 
C. 70 
0.60 
0.55 

Observations 

- 

Dala 
% 

% 
1 

% 

1 

1 

1 

Sept. 3, 1852 ------_ 
Sept. %lo. 1852 ---_ 

Float .... 

. - -do ----- 

Flood 
dura- 

-- 

ZIours 
7.42 
7.22 
6.02 
6.r12 

6.32 

6.11 

7.11 

6.36 

5.96 
6.01 
6.06 
6.21 
6.46 
6.51 

(41025.1' N.; 70025.5' W.) 
I 
I 

Sea footnotes a t  end of table. 

Flood 

Time 

- 
EIourr 

‘f: 
water 

2.69 
2.69 
3.09 
3 .  

4.44 

200 

3.00 

2.50 

1 .  

3.85 
3 . 6  
3.50 
3.50 
2.75 

Method 

- 

I.og ..... 
d o  - 

%-..do .... 
d o  . .  

Float.-- 

d o  

.--do-. .. 

d o  

%...do .... 

d o  

.... %..-do 

. .  d o  

d o  

d o  
.... Pole 
... Float 
.... Pole 

Float.-- 
.... Pole 

Sl.uk 

- 
IIourr 
ajter 
high 

u!ater 
1.06 
0.YG 
0.26 
0.26 

1.31 

-1.24 

-0.74 

6.46-0.74 

-0.79 

0.51 
0.51 
0.51 
0.66 
0.81 
0.81 

Depth 

- 

Feet 
0 

21 
0 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
7% 
O 
795 
0 
5 

strength 

True 
direc 
tion 
- 

Degma 
29 
37 
38 
41 

150 

79 

81 

71 

94 

60 
....... 

111 
....... 

28 
2 . 8 0 .  

Ebb 

Time 

- 
Hours 
ajter 
high 

water 
3.76 
3.56 
4.16 
1.16 

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

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

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

5.01 

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

1.56 

1.56 

2.26 

2.26 

3.46 
3.41 
3.76 
3.78 
3.46 
3.46 

- 

Knots  
1.64 
1.64 
1.95 
1.95 

0.50 

0.32 

1.05 

1.07 

0.64 

1.26 
1.45 
1. 90 
2.13 
1.W 
1.93 

strength 

True 
direc- 
tion 
- 

Deyrers 
275 
264 
267 
267 

314 

290 

275 

274 

256 

225 
....... 

290 
....... 

203 
....... 

hour 

Knolr 
1.04 
1.14 
1.35 
1.35 

0.60 

0.37 

0.85 

0.97 

0.84 

1.66 
1.95 
2.10 
2.23 
1.61 
1.78 

Ifoura 
5.0:) 
5.20 
6.40 
6.40 

6.10 

6.31 

5.31 

5.96 

6. ffi 

6.46 
6.41 
G.3G 
6.21 
5 .X 
5.91 

- P 
m 

Hours 0 
0.93 0 

; $ 
1.08 ' 

9 z 
J 

0 
M 
0 
J 

2.08 2 

11.81 d" 
12.06 a 

-4 
12.27 M 

rC 
12 02 

1.24 
1.16 
1. XI 
I. 24 
0.99 
0.99 



7.66 

7.61 

5. 16 

--.-.-. 

.....-- 

8.01 

6.54 

6.61 

6.01 

6.56 

6.31 

6.38 

6.21 

6.41 

6.01 

5.41 

5.61 

6.91 

6.71 

6.81 

6.79 

6.16 

6.36 
6.41 

176 

102 

69 

.-_.... 

------- 
171 

102 

114 

90 

100 

128 

97 

78 

102 

96 

52 

14 

65 

80 

97 

141 

84 

110 

87 
82 

' 1.09 

1.11 

2.74 

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

228  

2.14 

2.07 

1.35 

1.61 

0.99 

1.36 

1.47 

0.62 

1.01 

1.16 

3.51 

1.76 

0.90 

1.27 

1.68 

0.93 

1.68 

2.36 
2.74 

I Aug. 9-10, 1857 .... 

Aug. 12-13, 1857 ... 

July 31, 1857 ...-.._ 

Aug. 15-16. 1857 ... 

Aug. 21, 1857 .----. 

Aug. 20, 1857 .--... 

Aug. 25-28. 1857 ... 

July 30, 1857 ....... 

Aug. 26, 1857 ..-... 

July 26, 1857 ....... 

Aug. 3. 1857 ...-... 

July 5-7, 1857 ..-... 

July 8-9, 1857 .-.... 

July 12-13, 1857 -.. 

July 13-14, 1857 ... 

July 17-18. 1857 ... 

July 19-20, 1857 .... 

July 27, 1857 -..... 

Aug. 3 4 ,  1857 ..... 

Aug. 15-16, 1857 ... 

4ug. 9-10, 1857 .... 

Sept.34,1857 ..... 

July28, 1863 ......- 

July 30-31, 1871 .-.. 

M-K 

M-L 

M-1, 

M-M 

M-m 

MQ 

M-P 

M-p 

M-Q 

M-r 

M-r 

M 1 

M 2 

M 3 

M 4 

M 5 

M 6 

M 7 

M 8 

M 11 

M 32 

M33 

Mi 2 

M t  3 , 
See 

348 

298 

257 

.-..... 

.-.--.- 

350 

287 

273 

291 

281 

298 

286 

262 

282 

a82 

246 

217 

210 

296 

265 

288 

279 

300 

282 
282 

-1.14 

-0.84 

0.11 

------- 
-...... 
-1.14 

0.91 

0.96 

0.36 

0.66 

0.86 

-0.62 

0 0 6  

-0.M 

-0.24 

-0.04 

-0.44 

0.46 

1.01 

-0.44 

-1.39 

6.91-0.64 

0.81 

0.31 
0.31 

1 

9 

% 

$5 

h 

$4 

$5 

$4 

$4 

? $  

2 

M 
4 

$4 

$4 

34 

5 

1 

35 

1 

$4 

1 

1.7 miles N. f6" W. of Monomoy Old 
Tower (41m034.3' N.. iOOO1. 7' W .). 

4.6 miles S..OO W. of Monomoy Old 
Tower (41°32.0' h-., 70°05.4' W.) 

1.3miles N. fBO_\Jr. of West Chop Light 
(41'29.3' S., 10'37.6' W . ) .  

4.1 miles N. 33" W. of Monomoy Old 
Tower (41°37.0' N., 70°02.6 W.).  

1.6 miles N. 13' W .  of Monamoy Old 
Toyer (41°35.1' N.. 70°00.1' W.). 

1.3 m~les S. f&iO W. of Monomoy Old 
Tcwer (41°33.1' N., 70°01.3' W.). 

1.5 miles N. 3' W. of East Chop Light 
(41°23.7' X . ,  70°34.2' W.). 

1.4 miles N. l l oE .  of E=t Chop Light 
(4I029.fi' N.. 70'33.7' W.). 

3.5 miks N. 67' E .  of East Chop Light 
(41'29.6' N.. 70G29.8' W.). 

2.0 miles N. ISo E. of East Chop Light 
(41°30.2' N., 70°33.3' W.) 

2.0 miles S. 71" B. of East Chop Light 
(41'27.8' N., 70°31.6' W.) 

3.8 miles N. 31° W. of Great Point Lipht 
(41'26.7' N.. 70°05.4' W.) 

7.5 miles N.  75' E .  of Cape Pcge Light 
(41°27.2' N., 70°1i.4' W.) 

0.9 mile S. So U'. of Old Tower, Point 
Gammon (41'35.7' N.. 70°1R.I' W.). 

2.Omiles S. 1" W. of Bishop and Clerks 
Light (41'32.4' N., 70°15.1' W.). 

3.7 miles N. 80' E. of Cape Poge Light 
(41'25.9' N., 70'22.2' W.). 

5.4 mil- S. 12" E. of Cape Poge Light 
(41°20.0' N., 70'25.6' W.). 

6.8 miles Pi. 10" E.  of Cape Poge Light 
(41'32.0' N., 70°25.6' W.). 

4.8 miles S. 71' E. of Dishopnnd Clerks 
Light (41°32.Y N.. 70°39.0' W.). 

6.7milesN.30° W.of Great Polnt Light 
(5lq29.2' N., 70°07.2' W.). 

1.7mlles S. 35" W. of blonomoy Old 
Tower (41°32.2 N.. 70°01.0' W.) 

1.1miles?i.60°W.of~ishopandClerks 
Light (41°S5.0' N., 7$16.3' W.). 

1.2 miles N.72O E. of finst Chop Light 
(41C23.6' N., ;0°32.5' W.). 

3.4 miles S. &iO E. cf Nobska Point 
Light (41°30.7' N .70°34.8' W.). 

footnotes a t  end of table. 

' 0.59 

0.71 

2.74 

....-.. 

--.--.- 

0.96 

2 14 

2.07 

1.25 

1.81 

1.59 

1.34 

1.37 

0.92 

0.94 

1.46 

3.71 

1.36 

0.85 

1.21 

1.48 

0.93 

1.88 

1.96 
2.19 

4.76 

4.81 

7.28 

----... 

------. 

4.41 

5.86 

5.81 

6.41 

5.86 

6.11 

6.04 

6.21 

6.01 

6.41 

7.01 

6.81 

5.51 

5.71 

5.61 

5.63 

5.51 

6.26 

6.06 
6.01 

1 1.31 

1.66 

3.86 

-----.. 

..-...- 

-0.14 

3.16 

3.46 

3.56 

2.86 

4.06 

2.39 

- -  
2 16 

2.46 

3.16 

2.36 

3.06 

2.66 

2.06 

1.11 

2.36 

4.40 

286  
2.76 

1 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7% 

0 
7% 

(...do .... 

d o  . .  

d o  . .  

d o  

d o  . .  

... do .-.. 

.-.do --.. 

d o  

... do --.. 

... do .... 

d o  . .  

... do .--. 

.-.do .-.. 

d o  . .  

... do --.. 

..-do ..-. 

..-do --.. 

d o .  

... do. ... 

.--do --.. 

... do ..-. 

d o  . .  

Can ..-.. 
Float ---. 
Can ..-.. 

' 11 .P  

11.64 

1.18 

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

11.03 

1.12 

1.28 

0.96 

0.80 

1.41 

0.05 

0.78 

1 2  11 

0.49 

0.46 

0.19 

0.74 

1.01 

12.41 

11.38 

1206 

1.45 

0.66 
0.69 

1-2.55 

-2.20 

1.20 

(7) 

( 8 )  

-290 

0.60 

0.60 

0.60 

0.35 

0.80 

-0.75 

0.10 

-0.80 

0.00 

0.20 

0.20 

-0.20 

0.55 

-1.00 

-1.93 

-1.30 

0.90 

0.20 
0.15 

1 1.23 

1.95 

3.W 

---..-. 

--.---- 
2.30 

3.50 

3.70 

3.00 

3.00 

3.80 

2.85 

3.40 

1.70 

3.40 

280 

230 

3.30 

3.60 

3.00 

1.70 

1.80 

3.30 

2.95 
3.20 





For reference to above table, sea p. 74. 

H 40 

H 41 

H 12 

8 44 

3.3milesN. 82' W. ofold Tower, Mono- 
moy Point (41°M.W N.; 70W.W W.). 

1.4 mile 3, W N'. of Old Tower Mono- 
moy point (41°a3.W N.; 70~01~3' w.). 

0.7 mile N. 73O W. of Great Point Light 
(41'23.6' N.; 70'03.7' W.). 

Pollock Rip Chmnel, 3.2 miles N. 1U0 
I'. of old tower, Monomoy Point 
(41°33.1 N.; 69'55.4' W.). 

8ept. 17-a0 ...--... 

Aug. i w e p t .  a... 

July 23-28 --...-.-. 

Aug. 14-17- ...-... 212 , 1. 86 

Current flowed northward tbrougbout period of observations, direction varying from 315O to 76'. Maximum velocity 0.6 knot setting ?r true. 
Current w e . .  mmmum observed velocity 0.3 knot eastward. 

a Current weak, maximum observed velocity 0.1 knot 
Current weak, maximum observed velocity 0.4 knot setting 58' true. 
Times of slack indefinite. 

"Direction not observed. 
1 Current weak, maximum velocity 0.4 knot, 114' t m a  
( Current weak, maximum velocity observed 0.2 knot southward 

For stations by Hicks not included in this tahle, see tables 11 and 14. 
'0 Current weak and irregular. Maximum velocity observed by pole=0.4 knot  
'1 Times of slacks and strengths at meter depths are indefinite. 

3 

3 

3 

3 
Meter.-. 

d o  . -  
.--do ....- 

13.02 10. m 

Pole ...-- 
Meter--- 

.--do ..--. 
d o  - -  
Pole ...-- 
Meter-.. 

---do ..--. 
.--do.----32.33 
Pole ....- 
Meter-.- 

d o  . -  
d ~ - -  
Pole ..... 

8 
21 
33 

7 
4 

11 
17 
8 
7 

20.21 

694.7 
10 
25 
40 
7 

-232 
-237 
-230 

-2 96 
(11) 

....-.- 

..----- 
-2.03 
-210 
-2.03 

.-205 
-1.138 
-1.63 
-1.32 
-1.25 
-2 23 

0.67 
0.70 
0.75 

2 12 

-----,- 
------- 

2.00 
1.m 
1.80 
1.84 
2.93 

2W 
2 8 3  
0.66 

.----.. 

124 

- - - - - - -  
------- 

170 --.--.. 
-----.- 
..----. 

28 
2 

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

53 
1 . E  

..-.-.. 

0.61 

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

I. n 
1.85 
1.80 
1.42 
1.10 
1.12 
0.98 
0.79 
2.08 

6 . 3 9 - 2 1 8  
1.98 8 4 9 4 1 3  

6 . 3 3 - 2 2 2  --.---- 1.72 I 

7.86 

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

(r 85 
6.88 
6.73 
6.75 
7.39 

6.68 
6.10 

0.46 
0.34 
0.10 

-1.35 

------- 
- - - - - - -  
-1.43 
-1.47 
-1.55 
-1.55 
-0. M 

7.36-0.62 
6.79-0.78 

-0.82 
-2.08 

.-..-.. 1.54 

..-.--. 1.87 

.--.... 1.80 

0.80 
-----------.--.--..--..-----------.-------.---------.----------------- 

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

O. a 
0.72 
0.78 
0.66 
1.61 
1.52 

1.M 
0. 10 

6.03 10.07 
6.93 
6.09 

T)O 

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

3aS 
-.----. 
-.-.-.. 
..---.- 

195 --..-.. 
I .  

...--.. 

10.66 
10.80 

0.46 

------- 
------- 

2 09 
1.86 
1.86 
1.80 
1.14 
1.23 
1 2 2  
1.10 

4.56 

------- 
- - - - - - -  

6.67 
5.54 
h 6 9  
6.67 
6.W 
5.08 
h 
h 7 4  

11.16 

------- .--.--- 
11. 29 
11.29 
11.28 
11.24 
12 10 
1210 
1212 
1212 



TABLE 11.-Current Data, Nantucket and Vineyard Sound#, Strength8 and Minimums 

O ~ ~ ~ Y B T ,  loation, and year 

( E. P. HICKS. 1PR4 

H 6 Menemshs Bight 0.2 mile west- I ward of ~enexhsha Pond en- 
trance (41°21.3'N.: 7O048.3'W.). 

H 18 Edgartown Harbor 1.4 miles N I sro w. oi cage' page ~ ~ g h i  
(4i0z.4' N.; m 29.0' w.), A U ~ .  
21-25 

3.i-rn;b N ,  &iO E. of Cape P e 
Llght (41°27.58N.; ;r0O21.8' ~ q f ,  
Aug. 8-17. 

H 2.2 mil= 8.46' W. of Bishop and I Clerk3 Light (41°334 N.; 
70'17.1' W.), a p t .  10-14. 

3 32 6.8milea N .  81' W. of ff reat Point 
Light (41'24.3' N.; 70°10.4'W.), 
July 23-28. 

B 34 2.4 miles south of Herring River 
DlOUth (41°37.0'N.; 7O"oa.W W.). 
Sept. 18-21. 

B 43 Orent Round Shoal Channel 3.9 I o ~ i ~  N. E. of ~ r s a t  ~bint  
Light (4198.Y N.; 6Q0Q.V W . ) .  
Joiy 24-Z7. 

---do ---- 
Esstern end of Omit Round S h d  Pole---- 

Channel (41'25.8' N. ;  69'45.5' Meter.. 
W.), Bept. 11-12. ---do ---- 

---do ---- I I 

4.6 milea 8. 78' E. of Biabop and 
Clerks Light (4193.5' N.; 
70"oo.W W.) .  Bept. 11-14. 

Emtern and of ff reat Round 8hoal 
C h a d  (41SW.4' N.;  6Q0U.3' 
W.) .  Aug. 14-16. 

I I  I I I I I I  

Values for pole are tidal current corrected for range (nontidal current eliminated). 
Values lor metar are mrscted lor mige by applying rmge laeM direct to obecved 
For refezan- to abore table, sae p. 76. 

Pob .--- 
Meter.- 

---do ---- 
---do ---- 
Pole..--- 
Metar.. 

---do ---- 

I I 

velocities. 



TABLE 12.-Current Data, Nantucket Sound Lightships, Strengths and Slacks 

Values given in this table repmsmt the average observed current. 
Additional data for lightships are given in table 13. 
For reference to above table, see p. 75. 

[Referred to times of high water and low water a t  Commonwealth Piem, Boston] 

S,ta- 
t ~ o n  
no. 

- 

L 2 

L 3 

L 4 

L 5 

L 6 

L 7 

L 10 

L 11 

Location 

Hedge Fence Lightship (41°28.3' N.; 
7Oo'Z.ff W.). 

Cross Ri Lightship (41°25.9' N.; 
70°17.5' tV.). 

Handkerchief Lightship (41°29.3' N.; 
7OoW.0' W .). 

Shpvelful Shoal Lightship (41'32.7' N.; 
69O59.3' W.). 

Stone Horse Shoal Lightship (4192.4' 
N.; 69'59.2' W.). 

Stone Horse Shoal Lightship (41°32.8' 
N.; 69"59.11 W.). 

Pollock Rip  Slue Lightship (41°36.7' 
N.; 69O53.8' W.). 

Pollock Rip Lizhtship (41°36.1' N.; 
69O51.1' W.). 

Flood 
d m -  
tion 

Hours 
6.41 

6.61 
6.70 
6.35 
6.26 
6.23 

6.56 

8.52 

5.60 

S h k  

------- 
flour8 
aflcr 
low 
watcr 
0.73 

-0.09 
-0.27 
-0.97 
-0.93 
-1.80 

-1.86 

-2.08 

-2.92 

Observations Flood strength 

Slack 

Hour8 
after 
high 
wafer 

0.89 

0. n 
0. 18 

-0.87 
-0.92 
-1.82 

-1.55 

-1.79 

-3.57 

Date 

September-December 1913 .....- 

..... do ~-.--.-----.----.--~~~~--- 
August 193-August 1935 -------. 
June-September 1911~ -..-..... 
August 1WAugus t  1935 .-----.- 
September-December 1913. ...-- 

December 1918-August 1919 

August 1934-January 1936 ....... 

Decsmber 1918-July 1921 .....-.. 

August 1934-August 193.5 ........ -2.66 

- 

2: 
ity 

Knols 
1.36 

1.35 
1.29 
1.76 
1.25 
1.98 

2.55 

1.99 

~i~~ 

Hours 
after 
low 
water 

3.W 

3.25 
3.14 
2.41 
2.51 
1.33 

1.44 

1.32 

-0.15 

'2- 

Days 
87 

87 
385 
87 

390 
87 

535 

720 

388 

True 

tion 

De- 
green 

108 

102 
91 
94 
80 
52 

60' 

37 

8 

E b b  strength 

Ebb  
durn- 
tion 

Hour8 
6.01 

5.81 
5.72 
6.07 
6.16 
6.19 

5.86 

5.90 

8.82 

Method 

Pole- -. . 

.-.do ..--- 
.--do ..--- 
..-do ----. 
.--do ..-.- 
d o  . .  

d o  - -  

-.-do ..... 

... do ..... 

... do ..... 

Time 

H w a  
after 
high 
rater 

3.77 

3.10 
3. 03 
1.79 
2.02 
1.19 

1.28 

1.01 

-0.28 

0.48 

Mean 
cur- 

cA 

Hours 
1.40 

0.72 
0.60 

12.08 
12.17 
11.23 

11-33 

11.13 

9.77 

6.53 

Depth 

Feel 
7 

7 
7 
7 
7 
7 

i 

7 

7 

7 5.89 10.55 

True 

z-- 
tion 

------- 

Dc- 
grcca 

268 

n l  
272 
243 
251 
m 
240 

225 

197 

202 

2: 
ity 

Knds 
1.29 

0.98 
0.93 
1.66 
1.28 
2.29 

244 

1.78 

1.94 

1.33 



TABLE 13. -Current Data, Nantucket and Vineyard Sounds Lip frtuhips, Strengths and Minim u mu 

1 Vebcities from the 1813 s&a are considered more reliable than those from the 1930-31 series. 

Valueu given in this table mpneent the average current observed by pole at an average depth of 7 feet. 
Additional data for lightships are given in table 12. 
For reference to above table, see p. 75, 



TABLE 14.-Current Data, Edgartown Harbor Vicinity 
[Rskmd to times of high water and low water at Commonwealth Piers. Boston] 

- 
SOUTHERN ENTRANCE OPEN 

- 

Bb. 
tion 
110. 

- 

D 7 

Ma I 

Ma 2 

Ma6 

Ma 7 

SOUTHERN ENTRANCE OPEN BUT CONSTRICTED 

----- 

Loeatlon 

0.1 mile 9. 52' W. ol Edgartown Light- 
h0um (U023.4' N 70°30.3' W.). 

0.2 mile 8. ~ . . b f  Edgertoan Light 
house (41°23.3' N W30.l' W.). 

0 . 2 m b  8 . P  W. ~~'SIKIWS Point (41'22.4' 
N.; 70°30.3' W.). 

E d  a r t o w n  L b h t b o ~  (U'S.4' N.; &.r w.) 
0.2 mib 8. aOO W. of 8 ~ 0 m  Point (41O22.4' 

N.; W30.4' W.). 

~t.0- 

Imcation 

0.6 mile 8. 53' W. 01 Edgwtom 

I I Flood 
Ob&uvstions ' I  Ebb strength 

F i t  strength I Minimum Rood I Second strength 1 

Date. 

Nw. Sb. l@8- 

Slack 

Hour8 
aflcr 
lolo 
water 
-1.90 

-0.70 

- 1  
-1.16 
-1.72 

-1.10 

0 b ~ ~ ~ t i o ~  

Slack 

Hwra 

h 
wdcr 
-1.51 

Litbum(Uo!WZN.; mSaTW .). \ 

Date. 

Oct. 1, 184~3 -.-----.---..-.. 
Sept. 11-21, 1891 ....--.--.. 
h p t .  18-21. 1891 ....----- .. 
Sept. 14-25, I891 ...--.--... 
Aug. 24-Sept. 28,1891 .---- 
bug. W p t .  26,1891. ---- 

Flood strength 

I \ 

Flood 
dura- 
tion 

Hour8 
7.4; 

5.91 

6.96 
6.54 
6.72 
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SOUTHERN ENTRANCE CLOSED 

1 A t  ststion EfB I, tbe obsarvatious show a double flood. 1 B.=southward; E.=eastward. 

For mkence to above tabla see p. 75. 
The cnrrent ,cycle as obsned  at .+tiom M t  !, Mt.2 Mt 4, and H I9 generally consists of a double flood and a double ebb. Starting at slack before h d ,  the westward or 

southward velocrty r n m a w  to a maurnum whrch IS des~gnated "First strength of flood." It then decreases to a minimum value, called "Minimum flood'', g e r  which it increases 
to a aeamd maximum designated "8econd s t y  b of flood." Similady after slack before ebb the eastward or northward velocity reaches a maximum, a mlnlmum, and a s w n d  
maxinimn which 81% des!gnated, rsapectively &st strength of ebb".,'chAinimum ebb", and "Second strength of ebb." 

A minas sign prssduig a peloQty ahom ihst its direction opposrb that indicsted by t& heading. The act& direction of such a velocity is enclosed in parentheses. a 
-4 

srstlon 
W. 

Mt 1 

M t  2 

M t  4 
E 19 

Location 

Midchannel west of 8nows Point (41°22.6' N.; 70°30.4' W.)  ........................... 

................ 0.1 mile8. 5 P  W.  of Edgartown Lighthouse (41°23.4' N.; W30.3' W.) 

0.1 mile 8 . 5 O  W .  of Edgartown Lighthouse (41°23.4' N . 7090.2' W.). ................. 
O l m i l e  S. nO E. of Edgartown Churcb tower(41°23.4;'N.; 7090.5' w.) ................ 

Observations 

Date 

July 13-14, 1871 ........................ 

...............~~~~~~~.~ July 15-21, 1871 

Aug. 1, 1871 ........................... 
Sept. 24-27, 1934 ....................... 

station no. 

Mt 1- ---..--.-.--..-..---- 

Mt 2 ..................... 

M t C  .................... 
H I%---..- ..-----.-..---- 

Period 
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% 

3 
$4 
jr, 
% 
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.......... 
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TABLE 15.-Current Harmonic Corutantr, Nantucket Sound Vicinitu a 
C .  00 

I I I I, I Station L 3. C r a ~  Rip Light- 11 Station L 4. Handkerchief 11 Station L 7, Stone Horse (1 Station L 11. Pollwk Rip 
S ~ P  Lightship Shod Lightship Lightship 

E hs apply to the times of flood strength. 
~ f i o c a l  epochs refer to the local meridian, Greenwich epochs to the Greenwich meridian. 
For relerence to above table, sea p. 76. 



TAB- 16.-Current Harmonic Comtants, Nantucket and Vineyard Sounds and Vicinity, North and East Components 
1,  I t  

Station L 1, Vineyard Sound Station L 8, preat Round Rip Station L 10, Pollock Rip I / /  Ughbhip Shoal L~ghtshlp I/ Slue Lightship 

E hs apply to the times of maximum Bow in a north or east direction. TFW epochs refer to the local meridian. Oreenwifb epochs to the Oreenwich meridian. 
F a  relerenes to above table, see p. 76. 

Constituent 

XI .................................... 
MI ................................... 
M 4 ................................... 
M @ ................................... 
Ma ................................... 
0 1  .................................... 
& .................................... 
8, .................................... 
Obsavations .................................... 

Cigy 

N. 
E. 
N. 
E. 
N. 
E. 
N. 
E. 
N. 
E. 
N. 
E. 
N. 
E. 
N. 
E. 

....................... Len h of series 
~ e t f k .  ...... ::I-xI-:-- ...................... 
Average depth- ................................. 
Dirwtions ....................................... 

17-Dec. 15,1913. 
68 days (two 29-day grcmpa).-- 

........................ pole.. 

........................ 7 feet. 
Magnetic, varhtion 13- W--- 

Velocity 

H 

Knots 

0.449 
0.189 
0.034 
0.029 

Sept. 

....................... 87 days 

....................... Pole.-. 
......................... 7 feet 
........................ True. 

Velocity 

H 

Knob 
0.003 
0.101 
0.621 
1.150 
0.128 
0.143 
0.021 
0.041 
0.020 
0.024 
0.011 
0.105 
0.10s 
0.231 
0.011 
0.007 

June 

Epoch 

~ocal (4 

_ _ _ _ _ _ -  

Drgreu 
.............................. 
.............................. 

153 
252 
92 
2.% 

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

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

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

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

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

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

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

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

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

.............................. 
21-Oct. 19, 

....................... 87 days 
........................ pole.. 
........................ 7 feat. 

. Magnetic, variation 14' W.- 

Velocity 

H 

K n d s  
0 . W  
0.085 
0.850 
1.lM 
0. laS 
0 . W  
0.021 
0.032 

;'2$ 
0.016 

;. 
0.153 
0 . m  
0.017 

June 

Epoch 

2:;- 
D e g e u  

295 
34 
16 
183 

and Nov. 

87 days. 
PO~S. 
7 feat. 
True. 

Velocity 

H 

Knota 

1.448 
0.500 
0.149 
0.091 
0. 064 
0.029 

...... 
June 

~ ~ c a l  (r) 

Degrees 
58 
%I 
191 
212 
83 
187 
15 
308 

240 
248 
264 
219 
259 
~n 
75 

2U-Sept. 14, 

Epoch 

",%- 

Degrus 
128 
51 
331 
12 
3 

107 
75 
6 

"d 
31& 

39' 
97 

355 
....... 1911. 

Epoch 

~ocal ( r )  

Dcprea 
149 
295 
135 
191 
225 
17 
303 
32 
88 
U 
69 
a 
164 
216 
354 
313 

'XMept. 14, 1911 

LOCU~ ( K )  

Dcgreca 
.............................. 
.............................. 

150 
185 
319 
141 
147 
20 

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

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

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

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

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

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

.............................. 
....................... 
l%Sept. 13, 

",'tr 
------- 

Dqrced 
219 
5 

n 5  
331 
145 
297 
2 
91 

295 
243 
139 
% 
304 
3.M 
274 
!ZB 

......... 

O,':K 

Degrees 

2 ~ )  
325 
239 
61 

208 
79 

1911. 
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TABLE 17.-Lunar Constituents o f  the Current, Station H 19, Edgartown 
Harbor, Nantucket Sound 

Pnla nharvntlnns. nvnrnee deuth 7 feet. 
i ;i'iySXbbG~~i~iOnSSsSZ~t. 5&%, 1934. 
Epochs apply to the westward strength of the several wnstituents. 
The local ~ D O C ~ S  refer to the local meridian, Qreenwlch ewcbs to the Oceanwich meddlan. 

r 

Constituent 

MI . - - - - . . . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
M, .- . .~.. . . . .-~..-.--------------------- 
M ~ . - ~ , - . ~ . - ~ ~ . - - . . ~ - - - - - - - - - - - - - - - - - - - - - .  
M'. .,-.........-------------- -- - - - - - - - - - -  

For reference to above table, see p. 76. 

Veloclty 

H 

Knds  
0.643 
0.330 
0.819 
0.111 

Epoch 

Local ( n )  

Degrees 
238 

15 
238 
230 

Oremwlch 

Deoreu 
821 
181 
1% 
!all 
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PUBLICATION NOTICES 

To make immediately available the results of its various activities to those 
interested, the Coast and Geodetic Survey maintains mailing lists of persons 
and firms desiring to receive notice of the issuance of charts, Coast Pilots, maps, 
and other publications. 

Should you desire to receive such notices, you may use the form given below, 
checking the lists covering the subjects in which you are interested. 

DIRECTOR, U. S. COAST AND GEODETIC SURVEY, 
Washington, D. C. 

DEAR SIR: I desire that my name be placed on the mailing lists indicated by 
check below, to  receive notification of the issuance of publications referring to 
the subjects indicated: 

109. Astronomic work. 
10SA. Base lines. 

I w 17 1 0 % ~ .  Coast Pilots. 
8 0109-C. Currents. 
il 109-D. Geodesy. 
rn 0109-E. Gravity. 

0109-F. Hydrography. 
010%-G. Leveling. 5 q 109-H. Nautical charts. 

h q 1 09-1. Oceanography. 
5 0109-5. Traverse. 

q 109-K. Seismology. 
0109-L. Terrestrial magnetism. 

109-M. Tides. 
q 10%-N. Topography. 
q 109-0. Triangulation. 
q 109-P. Cartography. 

109-R. Aeronautical charts. 

1 (Name) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I (Address) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A catalog of the publications issued by all Bureaus of the De artment of 
Commerce may be had upon application to the Chief, Division of 8ublicatioes, 
Department of Commerce, Washington, D. C. I t  also contains a list of libraries 
located in various cities throughout the United States, designated by Congress 
as public depositories, where all publications printed by the Government for 
public distribution may be consulted. 


